OIL1.P.03 CTPOUTEJIbBHASI MEXAHUKA
VyeOHuk

YyeSHUK HOBOTO MOKONEHHS COAEPKUT KOMILIEKC MATEPHLIONR, HEOOXONHMBIX
13 0BecTieyeHHA BCETO YUeOHOTO MPollecca Mo AHCTIRTETHHE «CTPOHTENBHAA MeXa-
Hukar. OH CHaOXKeH YUPAKHEHMAMH, 3AlaHHAMA 1A CAMOCTOATENBHBIX pabor ¢
00PA3LAMHM PELICHMI, YKASAHUAMM 1O BRIIOAHEHUIO KOHTPOAbHBIX PADOT, 1IpHME-
paMu pacyeros M BONPOCAMH 4051 1IOAIOTOBKH K 3K33MCHY.

ABTOPBI CIPEMUIHCE K TOMY, 9T0Dbl CIYASHTH, 3AKOHYAB H3IYIEHHUE CTPOH-
TENRHOW MEXAHIKM B paMKax yUeOHOMO 1UIaHa, TIOAYUKIH BOIMOXHOCTD YBEPEHHO
PCLUATE 331890 CTPOUTCABHON MCXAHHKH C HCTIONB3OBAHHEM MCPCOHANBHBIX KOM-
NbIOTEPOB M COBPEMEHHMBIX BBIMHCIMTEABHBIN KOMIAcKcoB (Ha npumepe [TBK
SCAD).

YueGHUK COOTBCTCTBYET [OCYAAPCTBEHHOMY OOPAIOBATEILHOMY CTAHAAPTY
AUCLUHMONHHBL «CTPOUTENBHAA MCXAHWKa» UHXCHEPHON NOATOTOBKU MO HANPABIC-
HHIO «CTPOHUTCARCTEOY.

IMpeaHasHauAETCA CTYAECHTAM AHEBHOM, BeuepHell U 3ao4ol dopy obyueHud,
H3VLAIONIIHM  AMCUMIIHAY «CTpOMTETLIAT MeXalluKas,



NPEANCRIOBHE

B OpOCKTHBIX  OPraHM3aliMgX  SHAUMTCHLHAA  “ACcTh  pACMETOR  CTPOMTEbHBIX
KOHCTPYKUME BBIIOIHAETCH A  HepcoHanbHbelx  kommutorepax (1K) ¢ nomowssio
CNEUMATBHMX TTPOSKTHO-BRIUKCTHTENBHBIX KoaIUercor {MTBK), B kOTopbIx 01paxalTes 1
HCTIONB3YIOTCH  caMble  COBpPEMEtlHLIe HOCTIRCHHE N0 DACHeTY M MPOCKTHPOBAHHIO
COOPYREHHH,

IloaroToBxa MHMKCHCPOB CTPOHTCLHBIX CACHMANEHOCTCH MODKHE YUIHTHIBATE JTO
o0CcTOATENBCTBO ¥ BXKAOMATL B cebs U o0ydeHHe HHPOPMALHOHNO-KOMIBIOTEPHLIM
TCXHOMOTUSIM  NPOEKTUPORAHMA COOPYweHHit © wcuoussorannem T1ex [IBK, koropsie
JOCTYNHBI A4 BHCIPCHUA B yucOHbIH mponece.

[Mpumenaemere [IBK ommualoTes Apyr oT OpyTa METONHHYECKHMMH H CEPBHCHBIMA
pa3paloTKaMu, HO BCE OHW PEANM3YIOT YHCIEHHBIE METOIbl CTATHHECKMX U JHHAMHYECKHX
PAcUCTOB CTPOMTCILHOH MCXRHHMEM, CTPOAIMHECH B OCHOBHOM HA METONE KOHEUHBIX
anemerTon (MK3) B opme MeTona nepeMeieHn i CTPOUTENBHON MEXAIHKH.

He cTaBg 38044y KaueCTBEHHOTO COHOCTABNCHHA Mexay cobofl paznwumpix (1BK,
OTMETHM, YTC BO MHOICHX MPOEKTILIX CTPOHTENEHBIX OpranMIanuax ucmolibiyerca 1IBK
Structure construction automatic design (SCAD), paspabateieacmiiit 8 Yipause (r. Kuer)
rpymof cncuuanueton (SCALD Group) [19).

NBK SCAD cocToHT #3 neckonekux nporpamm. Ero  ocuopoil  asi1deTcs
ojHoUMennas  uporpamma  SCAD,  kovopas  noiBoiser  OUPEACHHTb  HANPAKEHHO-

gedopmupyemoe  cocrosnne (HIAC) or cTaTHHECKMX H IHHAMHRECKMX BOSICHCTBHI
Npencrapiennsid YMIC copepiut komiiiexe yuebHO-METOAMYECKHX MATEPUANOs, |

HeOOXOAUMBIX M TUPENOJABaTeNaM H CTyQeHTaM ans oQecnedeHHs Bcerd yuebHoro .
npouecca (Iexnki, ynpamiennit, paGor B knacee [K 5 NpH BLINCIUEHHN CTYACHTAMH



CAMOCTOATENEHEIX  pacyeTHLIX  paboT) Mo AWCUHILIHHE «CTpoﬁTanHas MEXaHHKA
CTEPKIEBEIX CHCTEM {CTAaTHKA)» ¢ npumMeHenues [1K n nporpamver SCAD.

YMK otpakcaeT MeToauky npuMenesns MK w mporpammsl SCAD ¢ camoro Hauana
yueGHOro npolecca IO Hi3ydeiHio AMCLHNANEL «CTpouTennilas MexXaluka», T. ¢. YKC Ha
2TANC HIYHICHUA MCTOOO0B PAcUCTa CTATHYCCKH ONPCACTIHMBIX CTEPAHEBBIX CHCTEM.

[ToNOANTENBABIE CTOPOHH TAKOH METOIHMKH OTMEYEHbl ABTOPAMH B 3aKIOUYCHHH K
YMK (e, ¢ 444), a Take B JIOKJANaX HA YueDHO-METONMYECKHX KOH(CPCHUMAX,
(eM., nanpumep, [29-31]).

ITpu coctapnennu YMK nenonvsosane u apyrue yuelubie nmocofHS no pacueTy
cTepaHeBblX cuereM [7-18, 24] u uo Teopud yupyroerd [32-34], modroroBReniuie
cotpyaHuxamu kagenpel CM u TY CHOLLTY,

JIna penieHnA 1EKOTOPRIX 337ad, paccMotpelikbix B YMK, nemonszosansl CHuTT
{21, 22] w pabora [23] no pacueTy coOpyKeHHH, DACIONONCHHLIX H4 TPYHTOBOM
OCHOBAHHH.

Cneayer o0patuTh BHHMaHHe uuTateqded YMK Ha aBa BawubIX, ¢ TOUKH 3PSHHA
aBTOPOR, MOMEITTA [TPH OLIEHKE NPEICTARNSHAOIO 30ECh MATEPHANA.

Bo-lepBbIX, aBTOPbL CIPEMHINCE K TOMY, YT0ObL CTYAeHTH chellranuuoct T1IC,
3AKOHYHMB M3YHCHME CTPOHTCNBHOH MCXaHHKH B paMkax y4e0HOTO mnana, 0oayuyund
BOSMOXKHOCTE  YBEPEHHO pelliaTh 3alaud¥  CIPOHTENsHON  MCXaHMKM A NuHeitHo-
AePOPMUPYEMEIX CTEPHKIIEBEIX CHCTEM € MCIOIL30B3HUECM IICPCOHANBHBIX KOMMNLIOTEPOB H
COBPEMEIHBIX BBLIYHCAHTIBHBIX KOMTIICKCOB {Ha npuMepe FIBK SCAD).

Bo-Bropbix, awlopbl Ha NPOCTHIX NPUMEPAX  CTapaluck HayHHTh  CTYACHTOB
NOHUMATL PadoTy CTEPHMEBRIX CHCTEM, KAK [OBOPAT HHOIJA: [OHUMATh «HIPY CHIDY B
PA3IMYHLIX CTEPHKHEBBIX CTPOHTENbHLIX KONCTPYKLUAX,

Jlng 3ToM 11enH aBTOPB! HCMORLAOBAIH [IPHMEPE! PACUCTOB CIEPHKHEBLIX CHCTCM KAK
¢ npuMenenuenM 11K, Tak o spyuryio (6ez npumentenins ITK). [Ipu »ToM nnst RACTAAHOCTH
WCTIONE30BAIUCE M OPOCTRIE rpadHyeckde crocobLl, HAHPHMED Takue, KAK MOCTPOCHHE
MHOTOYTONBHHKA CHI TPH PAcCMOTPCHHK PaBHOBCCHA Kakoi-JIMDO HacTH cTepwHceroil
CHCTEMBI, HJI OpHTHHANBHBI rpadmudeckuit cnocod . C. Tonywkesnuya 1o pacuery
HepaipesHsix OancK H paM.

B ¥MK paccMOTpeHO OTpaHHYCHHOC YHCIO BOIPOCOB. PAN BAXHBIX pPa3zACIOB
CTpOHTCJ'[bHOI:EI MCXAHHKH, H2OPHUMED METOQALI PCUICHHA I[CJ’IHHCF[HHK 3aJav, 341a4y Ha
YCTOHUHBOCTD CTPOMTEIBHEIX KOHCTPYKIEHA | pAl APYTHX, HE BOIWKIM B JaHnbli Y MK,



1. OBIUYE CBEJJEHHUSA O CTEPKHEBBLIX CHCTEMAX

1.1. OcHoBRAR 321a4a CTPOMTEILHOH MEXaHHKH

CtpovTennHas MexaHWwka — HAyka O TPUHIIMITAX W MeTOnax pacveTa
COOpPYXEHUI H KOMCTPYKLHMH 1A POYHOCTB, KCCTKOCTL, YCTOHUMBOCTL — Ha BCCX
ITdLAX CBOEID PA3BHTHMSA CBA3aHA C YPOBHEM pa3BHTHS MATEMATHKM, MEXAHHKH H
HAYKH O CONPOTHRIEHUH MaTEPHATOR.

Ocnoenei 3adaueit cmpoumenviol MexXanuky AGAAEMCA GHpederenue
uénpn.ﬂceﬁu0-0e¢0p.uupyemozo cocmoanun (HAC) koncmpyryuit u coopyncernui
O BHEWINNX 6030elicmanil (CITOGBIX, KUNEMAMUYLECKUX, MEMAEPAMYPHDBIX).

IMoa onpesencHuem HIAC nosHuMakyr oupesencHHe BHYTPCHHAX  YCHIMI,
HATIPAXKEHHH, COOTBETCTBY UMK UM Je(opMalHii H nepeMelennii, BO3HUKAIOWHUX B
INCMCHTAX COOPYXKCHMM, .

B cootretcTRHM ¢ pezynpTatamu pacueta HJIC ycrananmuBaroTcs pasMeph
OTAENBHBIX MCMCHTOB COOPYXKEeHNH, HeobXoquMbIC AN obecreveiius UX HANeKIOH
paboTel HA APOYHOCb, HCECMKOCHB 11 YCMOIUBOCHME TIPH MUHHMAIIBHBIX 30TPATAX
Ha CTPOMTENBHRIE MATEpHalhl H BOIBECHHE (CTPOUTETLCTRO).

Taxum 00pazoM, Oe3 CTPOMTEILHON MEXaHHKH I[€BO3IMONKIO NPOCKTHPOBAlINE
panroHanbHEIX KOHCTPYKIHA 1 coopyXeHHil.

CTpouTensHas MEXaHHKa Io3BoNAeT GOPMHPOBATL 3HAHKSA, YMEHHS W HABLIKH,
HGOGXO};HMHB GYiylIMM  HHRKEHSpaM-CIporTensM jis  paboTsl B obiactu
NPOSKTHPOBAIHS H BO3BEACHHSA CTPOMTENLHBIX KOHCTPYKIIME.

Lenero 00yyeHnA CTPONTEIBHOH MEXAHHKE CTYICHTOB BCCX CICLHANBHOCTCH
HanpapreHud «CTPOUTENLCTBOY ABNHIOTCH:

1. 3naune NpUHLKIOB M METONOB PACUCTA COOPYKCHHE RO ONpE/eleHUIo
HIOC or 3a3dHHBIX BHCIUHMX BO3ACHCTBHMH (CHIOBBIX, KHHEMAaTHUECKHX H
TEMIICPATYPHbIX). .

2. YmeHue COCTABNATL W 3HATWIHPOBATL PACUETHLIE CXEMB! PATIHHUHBIX
COOPYAKEHHI V1A HX PACHeTa HA 3aJ8HHEC BO3ACIHCTBHA,

3. ¥Ymenue pemén, npoctefive 3aJayd CTPOHTENLHOW MEeXxaHWKH 1pH
HOMOLUH MaJibiX BBIMACAHTCALHBIX CPCACTB {KANBKYJIATOPOB).

4, VMeHHE DACCUMTBIBATE C/JIOKHBIC PACUCTHBIC CXCMbl Ha COBPCMCHHBIX
KOMBLIOTEPAX (B HACTOAIE® BPEMA 4allle BCETO MCMNOMBIYIOTCA MEPCOHATIbHbIE
komneoTepsl (I1K)) ¢ ucnmonb3oBaHHMEM COOTBETCTBYIOLUMX MPOrPaMM  pacueTa,



NOCTPOCHHBIX Ha OCHORE METOI0B CTpOHTeHInHOﬁ MEXAHWKH.

5. ¥MeHHe O1leHNRATh NPABUILHOCThL PCIYALTATOR PACHETA. -

1.2. PacueTHBIC CXEMEL COOPYKCHHEH

Pewsenne 3apaun  oupeneneuus HAC coopymeHus UPenCTABARET coboii
clokHyw npobnemy. Ha opaktuke oHa  pollacTea  padiMYMbIMH TTYTAMM:
HAMYPHWME — UCCHedOGARUAME B BO3BOIMMBIX  MAH  Y3KE  HOCTPOBHHBIX
COOPYKEHHAX;  IKCHEPHMERMATBIUBIMI  HCCACOOGANUAMN NG CHEHRATBIIC
HIZOMOBTENNBIX MOOCARX COOPYHCCHUA, PACHEMOM COOPYHCENIiL RO CREURATHNO
Pa3pabomaRHbIM DACYERILEIM CXEMILM.

B nanHoM yueOnom nocodun paccMaTpUBaeTcsa TPeTHi NyTh pelienus 3aqauu
06 onpcacicuun HJAC — pacuceTHbIi,

PacueTuag cXeMa COOPYXKEHMA TomeKo nDpubammenxo otpaxaetr HAC
COOpYKCHHS. CTCHEHD TOUHOCTH OTPEKEHHA PACHETHOH CXeMOH pealbHOil paboThl
COOPYKEHNS CBA3AHA € BOIMOKHOCTAMH PacyeTUHKOB! '

1} 10 YUuCTY B pacycCTHOH CXCMC ICOMETPHUHA NCMCHTOB COOPYMCHMA H HX
COEMHEHHS APYT € APYTOM;

2) mo yuery B pacqeTHOH cxeMme pazHooOpasHblx (HIMKO-MEXAHNUCCKHX
CBOICTB MATCPHANIOR, UCTIO/b3YCMBIX B COOPYKEHHH,

3} N0  MCOOTB3OBAHHIO  BHIYHCIHTETLHOH TEXHHKM C  JIOCTATOMHBIMH
TeXHHUSCKUMM XapPaKTCPUCTHKAMH, [O3BOMAIOLIMMH BhIIOAHHTE pacyet HAC ¢
HEOOXQIMMOH TOYHOCTLEQ.

PaccmoTpuM, Kak peilaroTcs 3TH BONPOCHL [PH COCTABJICHMM PACUCTHOI
CXEMEI COOPYIKSHUH.

1) JAnA reoMeTpHYeckore NpPCICTABICHHS YICMCHTOB COOPYKCHMA B
paC‘lCTHOFI CXEME OGbl‘{HO HX ACIAT HA C}lé}jy[‘Oml‘[e 'lpld THLHA

o Cmepyucnecsie  AeMEHMbl,  KOTOpbLIE  OTJIRYAKITCA 0T APYIHX
3HAUMTENMLHLIM  Lpeobiaganuem InuuLl dReMeHTa f Hal pasMepamu b A cro
uolepedHoro ceueHna (puc. 1.1, a).

Ecii npu wccncnoBaduy  H3rnOueix  ncedopMalpid  CTCPHHA [OPHMEHUMA
FMUOTE3d  IWOCKHX  CeYeHnd, u3BecTHas  YUalIEMyCA W3 JMCHHOTHHEI
«ConpoTUBIEHHE MATEpHaioBy, TO CTCPKCHE KIACCHOULHDYIOT KAK MIOMKNI
cmepucens. OOBIYHO 3Ta ruloreza  coONMIOAASTCA NOPH IOCTATOYHO  MATIOM
oTtholtennn A/7 (oM. puc. 1.1, g). [pn6amkeino OyacM cUNTaTh CTepPKeHb TOHKHM,
conia A/f <175, Takoll crepseds B pacqerHOR cxeme wzobpamxaercs nmanei,
HPENCTABIAKAIER OCh CTEPHXHSA. RCAN MMO0TE3a NAOCKHX CeYeHHIl He NPUMEHHME, TO

CTEPKEHD 1E CHHTAIOT TOHKHM, 4 K.TaCCHli)HIIpr}OT KaK faaxa-cmenkd.



Puc. 1.1

o Daemenntsl, 0OUN H3 PAIMEPOs KOMOPLIX (MOuna h) MHO20 MeHbule
d6yx dpyeux paimepos. K TakuM NieMeHTAM B CTPONTERBHON HPAKTMKE OTHOCHT
cmenku, monkue nawmet (puc. 1.1, 0), moukue oborouxu.

B pacdernoli cxeme COOPYMEHHA TaKHE 3NEMEHTBHl  UPEICTABIANTCA
cpenuHIoll [UIOCKOCTLIO ANA CTeH ¥ TOHKMX IUMT {cM. puc. 1.1, ) u cpeaunnoii
KPUBOAMHERHOM 110BEPXHOCTBIO AN TOHKOA 000104 KN,

o Maccugnsie rnemenmst, KOTOPLIE HMEWT BCE TpPH pa3Mepa OfHOIQ
nopaAka. B pacucTHON CXCME OHM W H300pakaloTed B BH/E TIPOCTPAHCTBEHITRIX T
3a0aHHBIX PA3MCPOB.

Humerorca coopy:kenus, OpeacraBiiiowpe co0oil KOHCTPYKLUHIO TOIBKO M3
CTCPAHCBBIX D7CMCHTOB. Takyw cHeTeMy 00BIYHO HasblBawdT CTepiKHeBas
cHCTEMA, '

2) M3 pa3zsoofpasHelX  QM3MKO-MeXaHHYeCKWX CBOMCTB  MaTepnanos
COOPYJKEHHH Yallle BCEro B PACUETHON cXxeMe paccMarpupagtcs (H3IHYECKAR MOACHD
B BHIE Tuneiino-dedopmupyemoco mera. B 3ToM cliydae HCKOMBIE TIEPEMEITIEHUA,
Haupsowenua M acopmauny (HOC coopy:KcHHA) ONpCACHRIOTCA M3 CUCTEMEL
JIMHEHHBIX YPAaBHEHHH M NIPH MX ONPEILISHUH OKA3bIBACTCA [IPHMEHHMBIM HPUHINN
nerasucumocnu deicmeun cia (BOIMOKHOCTE CIIOXKEHHH pPe3YNbTaToR pacueTa
COOPYKCHHA OT JIH0OBIX BHCIIHHX RO3ACHCTBHIL).

Henuvuelinpie 3a7a4d  CTPONTENLHOH MEXAHMKHM B [AHHOM 10COOHM  HE
PaccMaTPHBAIOTCH.

3) B vactosamee spemst 4 oupeaeneHus HJC coOpyxeHHHA HCNONb3VHITCA
[EPCOHANBHEIC KOMIIBIOTCPEE C TCXHHYECKHMH XapaKTePUCTHKAMH, MO3BOMAIONIMMH
peanlu3oBaTe pa3paloTaHHEIE B CIPOMIENBHON MEXAHHKE METOJAbLI H 1IONYYAThb
JOCTATOMHO TOYHLIE ANA HHXKEHEPHOH NPakTHKM pesynetaThl. OnHako npobneMa
paszpaboTky ¥ npumeHenna npy pacuetax HAC Haubonce palMoHanbHBIX pacueTHBIX -



cXeM BCerfa Oyier octaBarbes akryausHoil. Ho ofcykicuue iMxX  BOLPOCOB
BBIXOHT 32 PAMKM JaHBol'o yucBHore nocofina. -

1.3. Bo3;jiciicTBMA Ha COOPYIKCHHA

Bosmelicteus  MO%BO  KlaccHOHUMPOBAT 11O PasiduHbIM  UPH3HAKAM.
Hanpsimep, MX  MOKHO PasileIHTL DA ciAoesie  gazdeficmeun  (nacpyixu),
MeMRepAntypibie 8030CRCINGHA H Kunemamudeckie go3deiicmens (3aduanisie
nepeMEnens).

Bozaciicrans  MOKHO  pasieNuTh 1A IBA  KNACCAD  CHHAMHYECKHE B
DUHUMUHECKHE,

K cmamuueckum OTHOCHICH BORICHCTBIS, KOTOpRIE He coolllakyT Maccam
COOPYKCHHA YCKOPEHME, WIH COOBIWAIOT TAKHC Malble Mo 3MaYer o YCKOPCHHA,
YTO, BOZHHKAIIWMMH LPH FIOM CHIAMU WHCPLUM, Npu oupeucacHur FHLC moxnao
LpeHeBpetb. 3HIUUCHHS, HAUPABIEHHE 1 KON(PHUIYPAlNA CTATHHECKOrO BO3ACHCTRHA
HE H3MCHAKTCA B0 BpeMend. Bo3MOMHO M3MCHCHMC KOOPIAMHAL BO3UCHCTEWA
(MOABMKHEY HAYPY3Ka), HO OHO TMPOHCXO;IMT TaK MENNSHHO, 410 COXPALHETCH
CTATHYECKIH XapaKTep RO3ICHCTRAA.

flpu  cmamuuveckom  go3deitcmeny  coopyycenue  dedopmupyemes,
CUINUKAIOM  NEPEeMEUEnNA €20 MOHeK §  COOMGeHCMEYION{Ite  YCrAuN i
NARPHNCCHUSA, KOMOPsie NPl padome cooOpyicenus € YRAPYOU CHWGORH ne
HIMEIRIOMCA 60 GPEMCHI,

K ounamuueckum OTHOCATCA BOIICHCTRHA, KOTOPHIC COODWAIOT -MALCaM
COOPYKCHUA CYLUCCTBEINIBIC YCKOPEHHA N, CACLOBAICIBLHO, BBI3LIBAICT TAKAE CHIIL
HHepUMK, 910 ux BikAHKe Ha HAC coopyxenna jonxmio OuITh yuTeno,

3iauenivic, HATIPARNCHHC W KOHQUIYPaLHs M KOOPUHHATL AMHAMMYCCKOIO
BOBAEHCIBUA (CPa3zy BCe LAPAMCTPbl WM HEKOTOPBIE M3 HMX) HIMEIAIOTCA BO
BPCMCHH.

TMpumepavy  AHHAMHYECKHX  BOJACHCTBMI  ABRAWOTCA  yoapisle U
BUOPQUUONNBe  NAlDY3SKH, BbIsBaHHbIC UCHCIBMCM  MAlUMH  H  MEXAHM3MOB,
Goszdelicinglin  GIPUGHBIX  GOAH  MEPeT  IPYHIOBYIY H  BO3YWIAYIY  CPeRYy,;
CEHCMUYECKOE 8030 ICMEHE HA COOPYRCIME K 1. /1,

Hunanuveckne 60302icmens abispleqiom KoAeOQituid cOOPyMCeHnn, RpU
KOMOPHIX HIMCHANINCA 86 GPEMENI KAK NEPEMCULEHNA MOYER COOPYMCENin, MaK
H CERBAIIBIE € REPEME{ERUAMY OCPHOPMUL UL, YU U HARDANCCHUN.

B jrasHOoM nocodun paceMaTpuBaroTeA TONBKO CTATHUCCKHE BOBACHCTBHS 104
CTEPIKIIEBLIE CHCTEMBI.



14, CTpykTypa Kypca «CTponTe 1bHASH MEXAHHKA» B y4eGHOM mi1ane

«CTpOMTEABHRAA MEXAHUKA» ABIASTCA JOIHUECKUM NPOAOIKEHUEM JUCLHNTHH
«Teoperuueckas Mexanuka» W «ColupoTUBIEHHE MaTepuanoB». B Hell Tawme
HCMIOB3YROTCA  SHAHUA, [OAYUYCHHBIE CTYACHTAMKH TpH  H3YUEHMH JHCUHIAHH
«Brlcwas MateMaTUKay H «BRIMHCITUTCABHAS MATCMATHKS,

B ¢BA3K ¢ TOJIBKO YTO NPHBCACHHBIM TPCACTABICHKEM O paloTe CoopyreHuit
OpY CTATHYCCKOM M JMHAMHHCCKOM BOZACHCIBHAX CLPOMICIBLHYIC MCXAHWKY ACHAT
Ha jiBe uacTh (cxema L)

1. CTaTHKa COOPYKCHHIL.

2. JIMHAMUKA cOOpYKeHUH.

Hpy sToM crarnka coopyseHnil peidres na gpsa pasgena: «CrpoHTelbHas
MCXaHHKa CTCPKHEBBIX cHCTeM» H « Teopua yapyrocti» (M. cxemy 1)

CIponTEbHAS MEXAHHKA ]
1.CraTnra coopymenni 2. InsaMyka coopyxenni
1. CtponTenniiag Mexalliika
CTCPWRHERbIX CHETEM
(CYpOHTENLIAN MEXAHIEA) 1.2. Teopun ynpyrocrn
Cxewma |

B crarnke coopywenwit paiien 1.1, B KOTOPOM IIPH  CTATHYCCKHX
BOSACHCTBMAX PACCMATPHBAKITCA MCTO/Ibl PACUCTA CTCPIKHEBBIX CHCTEM, COCTORLILHX
H3 TOHKHX CICPOKHCH, 06biuHO Ha3blBaroT IPocTo «CTPOHTEIIbHAT MCXAHMKAY.

B pazuene 1.2 ctatuku coopymxennit (Teopust yupyroct) paccMarpHBarTC
OOCTAHOBKM H MCTOMS! PACHeTa [IPH CTATHYCCKHX BOZACHCTBUAX TONCTBIX OAnoK
(6a:10K-CTEHOK), 1I1IACTHH (101KT), 060HOHEK H IPOCTPAHCTBERHBIX MACCHBHBIX TCIL.

AHHEMUKS  COOPYMXKCHHH NOCBAICHA [OCTANOBKAM M METOAAM  PElICHHS
NMHAMHYCCKHX 3aiau, KaK CTCPXKHEBBIX CMCTCM, 1aK ¥ COOPYXKEHMH, UMCIOMUX
TINOCKHE B MACCHBHBIE 3JEMEHTBI.



Hannoe yveGHoe nocofiue nocesmeno paiseny 1.1, cTpouTenbHOH MEXaHHKH
(eM. cxemy 1).

Meroipbl crpouresibHOR MEXAHWKH H MOCTPOSHHBIE HA HX OCHOBE MPOTrPaMMEI
pacueTa pasinulbIX CTEPXKHEBBIX KOHCTPYKLMH Ha IICPCOHAJIBHBIX KOMIBIOTEpax
(FIK) uciionb3yrrea 3aTeM B CIEHHANTRHLIX KYpPeaxX « MeTaLTHUECKHE KOHCTPYKUWHY,
«Kenesoberoulinie KolCTPYKUMH», «OCHOBaHMA M (DYHIAMEHTBH» M CHECLHAILHBIX
Kypeax 10 pacqesy W IPOeKTHPORAHHIO COOPYHKEHMNH, YUTAEMBIX REIMYCKAIOHIMMH
KadenpaMy.

L5, Trnbl n/10¢KAX ¢Tep:KHEBHIX CHCTEM M TeTANTH HX PACYCTHRIX CXEM

Bee coopyxcHMA ABIAITC npocmpencmeentsimu huandecknmu renamu. Ho
€C1h CTEPHERBIE KOHCTPYKLIAM, PACYETHBIE CXEMbl KOTOPBIX (B BUIE COBOKYIIHOCTH
OCCH CTCPIKHCH) B ACHCTBYIOLIAN HAIPY3KA OKA3bIBAKYICH PACIGNMKESHHbIMIA B OAHOH
wiockoctn. Takne CTEPHHEBLIE CHCTEMBI HA3BIBAIITCH MROCKHMU CIHEPICHERHIME
CHCTHEMAMU,

[IpUHLMIHANBHOIO PazIHYUa B METOSAX PACYETa MPOCTPAlCTBENUBLIX M
OMOCKMX  CTEPKHEBLIX cxereM  Her. OaHAKO, HOCKOJABKY PacueT  ILUIOCKHX
CTCPMHCBBEX CUCTEM OpOILe, 10 00biYHO B YYEHLIX NOCOOHAX MO CTPOMTENLHOH
MEXAHMKE METOThl pacyeTa CTE[UKHEBBIX CHCTEM JIEMOHCTPHPYIOTCA 1A ILIOCKHX
CHCTEMAX.

HanbHedmee  0o0oOuteHMe MeTOMO8 Ha  [POCTPAHCTREHHBIE  3aayuil
saTpyaHeHuil He Bbi3uiBaeT. [lodToMy M B OpeanaracMoM  y4eOHOM nocoOMH
PACCMOTPEHBl TMIBKO 1UIOCKHE CTePKHerble ciucrembl. [IpH 3TOM paccMOTpeHs
TONLKO HauGoee YacTO BCTPEHAIOUIHECS B HIDKEHEPHOH [PAKTHRC TANB (PHMCPbI
HX CXCM [PHBCIEHB! Ha pue. 1.2}

t. baaku {puc. 1.2, a);

2. Pamsl (puc. 1.2, 0,

3. Apku (puc. 1.2, 8);

4. @cpmnt (puc. 1.2, 2.

QOBIMHO LIPK pacHere BCA PacyeTHad cXeMa OTHOCHTCH K KakoH-TO obigeit
cicmeme xoopounam {OCK). Ins npocrpancTsellHON crepxHeBol cuetemsl OCK
ABAACTCA NTPOCTPAHCTBCHHOH (LUTPHXOBBIE NHHUM Ha puc. 1.2, xc).

1lpH paccMOTPEHHH [UIOCKHX CTEKHCBLIX CHCTCM €C pACYETHAd  CXCMA
W300paKACTCA HAd  KAKOH-TO OAHOW KOOPAMHATHOH [UIOCKOCTH, HalpHMep, Ha
wiockocTd XOZ [1- 6, 19, 20].



a) 1 2 3

¥
P
A
x

Puc. 1.2

JeTasiamu pacueTHbLX CXEM CTEPMHERBIX CUCTEM (CM. puc. 1.2) ARIsOICH:

*  CTEPHHH ([IPAMOIHHCHHLIC 0 KPUBOJIHHEHHLIE),

*  yiahl {3KeCTKHE, IAPHUPHBIE H KOMOMHMPOBAHHbBIE), B KOTOPBIX CTCPKAM
COCIHIAOTCA JPYT € APYTOM;
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* ONOPSI (OIOPHEIC Y3IBI).

CTep®HH B PAcUeTHON CxeMe H306PAKAKTCS THHAAMH, COBHAKAOMMA ¢ €ro
LEHTPaNbHOH CChIO.

IMouepeunoe cedenye CTEMKHENR, XapaKTEPHIYETCR NNOMIAABI0 S W MOMEHTOM
uHepuun [ (mns mnockoro cTepxHs, uirnbalowerocs B mnockoerd XOZ, /= ])_.).

Mpu onpeaenennt HAC nnockoit cTepixHeBoil CHCTEMDI HEN3BECTHLIMM BENMUHHAMA
B N000M CCUCHHM CTCPMHSA, H8XOMALIErocas B YCNOBHAX NPOLOABHOH H H3ruOHOMR
HeIPMALH, HBIAHTCA:

aepemeiendn (TMACHNBIC NEPEMELIEHHS CEMEHHS ¥ M W COOTBETCTREHHO B
HanpasneHuy ocell X 1 Z 1 yro:1 nosopota cevcHus 6=0,);

yewaus (narubarowi MoMent M, monepeunas cuna ¢ ¥ NpoaoneHas cHna
N, AelCTBYIONIHE B TOH XKe MIOCKOCTH),

depopranun (M3rnda K («Kannan), cABUIa ¥ H NPOIMILHONA €- pacTmKeHHs
UM CHSaTHA).

KecTkne y3.abl COCOMHAKWT NMIXOAAIME K HEMY KOHUCESIE IIONCPEUHBIC
cedenus crepatell Tak, 94to oDecrMEYURAT GNHHAKOROCThL NHUHEHHBIX H YIIOBBEX
TEPEMELICHHIT 3THX CEUeHMH B IUIOCKOCTH, B KOTOPOH HAxOAMTCHA CTEKHEBAS
cHeTeMa.

[pu schopmaud nnockoil cTepxueBod cucteMbl B nnockocTH XOZ moboi
ee WECTKUI y3eT ¢ HOMEPOM [ HMEET TPH CTENSHH CBOBO L YTIPYTHX MEPEMEIIEHNH,

KOTOPBIE MOKILO BLIPA3UTL BCKTOPOM.
u; =|wl (1.1

rae  m;, w, MPOEKIHH TomIore TMACHHOTO mepeMclIcHMA yana B maockocTn XO0Z
COOTBETCTBEHHO Ha ocH X 1 Z; B; — yron OBOpOTA JKECTKOr0 y3Ia BOKPYT OCH Y.,

[TonoxKTeAbHBIE HAIPABICHHS NEPEMEINEHHH Y3Id TAKHE e, KaK B CEHCHHH
crepkas. OHY MOKa3aHsl Ha puc 1.2, 3.

Llapuupubie  y3ael  00CCICUMBAIOT  PABEHCTBO  TONBKO  JHHCHHBIX
[CPEMCLICHUA  COBIHHACMBIY KOHLUOB CTepXHeH, HO pa3spelialorT HE3aBHCHUMBIH
¢BODOTHEIH TIOBOPOT KaKI0TO CTCPXKHA Ha CBOH yrod HOBOPOTA.

Ipu nchopmaumn ynpyroi 1nHeHHO-1eQOPMHPYEMOA IOCKOH CTEPKHEBOH
cucteMel B mockocTd XOZ mobo# mapHUpHEBIH y3en ¢ HOMepoM [ HMeeT [Be
cTenend cpoGoOBl YNPYTMX [CPCMCLICHWH, DPOeKuMy Kkotopeix X M Z Ha
cootBetcTEyromwre oc OCK XO0Z  mMo®HO BLIPA3UTL BEKTOPOM
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u = u’l (12)

Onopel, H300PaXCHHEIE Ha PACHCTHBIX CXCMAX [IACCKHX CTEPHKHCBBIX CHCTEM
(cM. pHe. 1.2), OTHOCATCA K CNETYIOHIAM THIAM SKeCTKWX (HemedhopMupyembix)
CBA3CH.

Hiaprnupnan nedewscnas onopa, KBHBAICHTHAS OJHOH HESCTKOH CBAIM
COOpPYAKEHHA ¢ HETIOABILKHLIM HECTKMM ocHoBaiimeM {(pue. 1.3, a). Ceaib (CTepxKeHb
¢ LUAPHUPAMH 110 KOHLAM) H YCHIHE B HEH 1[CPIEHIHKYISIPHBL [NIOCKOCTH KAYCHUA
OMOPHL ¥ NPOXOJAT Hepes TeHTp mapHupa. Takoil onopHE y3em WMeeT IBe CTemeHd
cBODOABI. KOHELL CTCPXKHA, [OAXOAALIEr0 K OINOPHOMY [UIAPHHPY. MOMKCT
NepeMeIlaTsey B HANPABNEHWH  LAPAUIENMBHOM  [UIOCKOCTH  KAMEHUH M
TIOBOPAYMBATLECH HA KAKOH-TO YTOM.

- sl = *@—'%—*H
IS

AN

—
v T

S .

Yeumue B OHDPHOIl/i CBA3IH ﬂBﬁCTByeT Ha OCHOBAaIIHE (nepenae]‘ Ha HEro CHIy

”fl‘j’ s

Puc. 1.3

JAaBNEHHA CO CIOPOHB!I COODYKEHHS) H Ha CAMO COOpPYXEHHE (IepefiacT Ha
COOPYXKEeHHE CHNY I@BIEHHA OCHOBAaHHA Ha COOPY/KEHHE, HalblBAEMYIO peakiie
ocHopauud), Cusa JaBACHHA HA OCHOBAHMC M CHWIA Cr0 PC4KUMH paBHBl 10
3HAYEHHFO, HO HAMPABAEHb! B Pa3HbIE CTOPOHEL

[Tpu pacueTe coOpy:KEHNA PACUETYUKA HHTEPECYET CIUTA PEAKIIHH GCHOBAHHA,
4 1IpH pacueTe QYHIAMCHTA 10 ONOPY — JAB/ICHHE 1A OCHOBAHHE.

Hlapuapran nenodsumcngn oropa, HKBUBLICHTHAN  UBYM  CBR3SM,
nepeceKaroMMen B HenTpe wapHupa (pue. 1.3, ). Takas ofiopa HMEET TOIRKO OMHY
CTeneHb CBODOMEL — MOBOPAMHBATLCA BOKPYI WApHHpA. [lonnas onopHas peakus,
ECHCTBYIOIIIaA HA COOPY:KEHUE B TIGHTpe INApHHPA, TPH pacdeTax oObIYHO
NPEACTABAACTCA CC OBYMA COCTABIAOIIMMH

3amemanionian  onopa  (aderka), OKBABLIEHTHAN TPEM  CBH3AM, HE
AepeceKalollnMes B ogHol Touke (pue. 1.3, &) Takas omopa He MMEET HH OfIHOH
CreneHH c¢BoOodbl, T.C. 33KPCIUIACT KOHEU CTEPHKHA OT JTHHCHULIX W YIJOBBIX
nepeMenicHHd. B 3ToM cliyyae Ha COOpYmEHHE JIEHCTBYHT TPH COCTABJSIOUINX
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10JEHO# O1LOPHOH peakiuu (cM. puc. 1.3, g).
Bevpeuawren  rax  Hadbisaemele  «CKONBSALKC 380CIAKH», JOIYCKAIOMUC
CMCLICHNA KOLLA CTEeP&ILL BA0MIL €10 ocH (puc. 1.3, 2) uaw - momepex (puc. 1.3, 4).

1.6. TloHATHC 0 FEOMCTPHYCCKH B3IMEHAEMBIX H HEHIMEHHEMbIX CHCFEMAX

B CTpOWTERARHRIX  CTEPXKHERBIX  KOHCTPYKUMHX  QOBUIHO  HCUQUIB3YIOT
ceomempuyecky newsmensemsre (FH) cuctemil. K nnM oTnocates KOHCTPYKITH, 6
ROPMIUPHIX NPu NPeHeDpedcenutt YApYauMy 0egopMayuamy Cmepyciell, paccmosiime
MENCAY HOBLIMU MOUKAMY KOHCHPYRYHT Oy0em Hel s MeRHbLM.

[MpumMepom Takod TeoMETpHYECKH NCHIMEHASMON CHCTEMBl ARTSETCH pama,
u3o0paxeHHas Ha puc¢. 1.4, g, CoenuHeHus ¢repsKHCH B Heil mMoxny cofoif v c
HEMTOABMAKHEIM AKECTKHM OCHORAHMEM — XKecTkue. ECNH CYHIath CTeprkHM pambl
HeAeUPMUPYCMEIME (KCCTKMMM), TO IIPH BO3OCHCTBHH HA Hee HArpy3ku Bce ee
TOUKH Oy YT HEMORRMKHEIMH. - ‘

K ceomempuueckn wusmensemeim (FH) cucTeMaM  oTHOCSTCA  Takue
KOHCTPYKIHK, Koniopbie OORYCKUIOT NEPEMENCHUE MOYCK KOHCIPYKYHY 00Jce 6
MOM CAVHAEe, RO20G e CIERHCIY BYOym Heecmrumn.

[TpumMcpoM T4KOH CHCTCMB! ABASETCH KOHCTPYKUHA, KOTOpas MORAYYHTCH H3
paccauTpeHHOl Hy puc. |4, @ pamMpl, CCIH BCC #CCTKMC COCOHHCHHS CTepXIed
CTAHYT apHKpHEIME (puc. 1.4, &), Takas cHeTeMa TeOMeTPHYECKH N3MEHHeMa, T.K,
o4 neiersues 11000 Ma10H FOPH3OHTRILIOH IAMPY3KH U3IMEHHT CBOE NONMKERHE
Ha TUTOCKOCTH JTaKe IIPH OTCYFCTBHA AedopMaiiiy CrepxucH,

@ &) & _
i =
/ |

Puc. 1.4

Henw B reomeTpHuecKH M3MEHAECMYI0 UIAPHHPHO-CTEPIKHERYIO CHCIEMY,
H300paKcHAY10 Ha puc.|. 4, 6, OCTABNTE packoc, IanpUMep, TaK, KaK ITO NMOKazaHo
Ha pHc. 1.4, e, 10, HECMOIPA HA OTCYICTBHE JKECTKMX YHIOB, OH4 CT4HCT
re0MeTPHIECKH HEH3MEHASMOIT.

llpuMeyanne. MMCHHO TTOSTOMY, HAPHMEp, TIPH KOHCTPYHPOBAHHA CTPOUTCAEHEIX JICCOR
v 3IaHHI, KOraa TRY/THO 00ecHCYHTE HeCTKOCTE VATOR, KPOMC BCPTHKATKHAIX W TOPH3CHTATEHKIX
" CTCPHHCH BROAATCS PACKOCHL.

Takum OﬁpBBOM, CCAN CHIEPDHCHESAR CHCIMEMA UMECH! MULILKO MWECMKue
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COCOUHENNR 8 PIIAX, MO OHA 2E0MEMPUICCKR REUIMEHACMA.

Haituvne wapHuprelx y3i06 YMEHbHIGEm HYUCHO CEATCN & CMEPHCHEesOl
CHEMEME U NPI UTTHUIHEM HUCTE HIAPHUPHLIX COOUNSIUDR MONCEM RPUBECMU K
ceomMempuiecki uimenAemoll cucmeme. Taxkue cucmembi 8 CHpouUmenbcnge
nPpuMenAnty e ciuedyem.

MeToanuKa MCCICAOBaHAS FCOMECTPHUCCKOH HCH3MEHACMOCTH CTCPXKHCBBIX
cucTeM B nocobum SyneT paccMoTpena B pazjiete 2.

1.7. TloHATHE 0 CLATHYCCKR ONPEUCIHMBIX H HEOIPEIC. THMBIX CHCTEMAX

Ans onpeaenenus HIC crepaueroit cHeTeMEbl HE00X0AMMO HANTH B KOKIOM
CEUEHUH CIePMHA!

® TpU BHYTpeHHUX yeHims (M, N );

& TPH COOTBETCTRYIOITHX YCHIHAM J2QOpPMAIHHK (K,7Y,8 ),

® TpH NepeMerucHuA (i, w,0).

nCpC‘IH(‘)JIGHHblC BCIHYMHBl CBA3aHB MCKIY co0oll U ¢ BHeuHeH Harpyskof
COOTHOIICHHAMH (YPaBHEHHSIMH), M3BECTHBIMH M3 AHCUMILTHHBL «CONpoTHBICHHE
MaTepHanosy (1.3) - (1.5).

Jid 3amucH 3THX COOTHOWENMA paccMOTPHUM COCTOSHHA (ECKOHSHHO Manoro

IneMeHTa ofY, BBIPESAHHOIO W3 CTEPKHCBOH CHCTCMbl H OTHCCCHHOIO K CHUTCMC
koopaunar XOZ (puc. 1.5).

a) &)
104
N i M-dM
— —
i dy N+dN
()+d()
8
w w ey
1+ M 0+ 0
u B
- P widu o
dxfl+e
l\ >0

Puc. 1.5

Ha anement neficTByioT pacmpeaeieHHele Harpy3KH BOaek (¢.) H TMOTepex
(g-) ocm crepxun (pue. 1.5, @) Ha puc. 1.3 NOKa3aHbl 10MGKATCABHBIC

HamnpasngHUA BHEUIHHX HATPY30K, yCPL"IHﬁ, HC(pOpM&IIHﬁ H nepcmcmelmﬁ.

14



YKas3aHHBIC ACBATL HeW3BecTHbIX Xapaktepuetnk HUC mnocko# minefino
nedopMUpOBaHHOH CTEPKHEBOE  CHCTOMBL  CBA3AHBI MOKIY c000i  IeBsThiO
YPABHCHHAMH, OOPAsYIOMMME CACAYIOMIHE TPH TPYTITIRG (NPH RLIGPaHHOH cucteme
KOOP/JIMHAT ¢ BbIOPAHHOM ITPABHIIC 3HAKOB),

YparHeHHs PABHOBCCHA 2ICMEHTA dx (YPABHEHMH CTATHKY)

N Al dM

- ) o - =4 1-3
a4 Tt ——=0 (1.3)
YpapHeHus canzu jedopvauni H nepemMelIeH i
' d
8=@; Y=- —dl: K=——B; (L4
dx dx dx '
¥paBHenus, co0TBETCTBYOILME 3akoHY 'yka
N 0] M
£=— Y=h=—; K=ol 1.5
s TMes T (1.3)
E
3neck Eum (G=——— - COOTBCTCTBCHHO MOIYIE YIPYTOCTH [OPH
2L+ v)

PACTAKCHHH (CKATHH)} H MOAYNL YOPYTOCTH NPH CIBMTOBLIX jeGopMatiax (MoIyIk
capura}). B seipaxenne nocacanero BXonuT kodbduumuent [yaccona v MaTepuana.

1,5,/ — cooTreTcTREHNO KOdDEMNHEHT POPMBI, [IGLIALD B MOMEHT HHCPLHE
TIOMEPEUHOID CCHEHMA CTEPHHA,

IllecTs U3 ACBATH YpaBHEHHT ARIFIOTCA THOOEPSHIMATEHEIME. DT 03HAUAET,
4TO JJIA PEILEHWS CHCTCMbl YPaBHCHMH 1A cTepkHS HeoOXO0OMMO HMETh INeCcTh
TPAHHYHEIX YCTOBMH — N0 TPH Ha KaXAOM KOHIE KakIOID CTeDKHHA. JTHMH
YCIOBHSIMH MOTYT OLITH NepeMeIleHHs U YCH.INs Ha KOHIAX CTEPXHA: ¥ WId N
w o owm 0, 0 umu M.

[Tpu pewenny cHeTeMbl yparhennit ([.3) — (1.5) A HEKOTOPHIX CTEPKHERbIX
CHCTCM HCH3BCCTHBIC BHYTpeHHME yeunua N, (3, M B ceveHnax moOsIX cTepikHel, B
TOM YHCIE H ONOPHBIX, MOTYT BbIThL OTIPENENCILL TOMhKO H3 YPaBHSHHH pABHOBECHS
(1.3). Tukne CTePKHEBBIC CHCTCMBI HAZBIBAIOTCH CHIGHINYECKHE ORPEOCTUMBIMY.

3aTtemM M3 ypaBHEeHWA. COOTRETCTBYIOIUX 7Iakody T'vka (1.5), onpeneisnics
JchopManny # 3aTeM U3 ypaBHeHuH (1.4)  nepemelieHua.

/178 MHOTHX CTEPMKHEBBLIX CUCIEM ONPECACHNTL YCHIHA 13 PCLICHHA TOILKO
ypaenenuil craruku  (1.3) Oe3 TpHRTedcHWA APYTHX  ypaBHeHMil CHCTEMBI
(1.3} - (1.5) re ynactca. Taknc CTCPHKHEBLIE CHCTEMEBE HA3BLIBAIOTCS CAHAMUYECKH
HEONPEOCTUMBIMH.

le‘lhlep- PHCCMUTPHM B3 CTeP&uA (e DuIKN), OLIMSAIOUIHCES FARPEINICHHCM . KQHILOR
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(puc. 1.6).30eck 110 cpaBHeHHIC ¢ pHC. 1.5 UpHHALO ¢ . =q) 8 ¢4, =—u5.
Hurelpupya ypaBHeHMs paBHoBecus (1.3), NOIy4yHM. BRIpHKEHMA Zns yoini B obedx
Oallkax:
N=—gx+C: Q= guw+Cy; M= [0dc=Cy. (1.6}
TMokaxem, uro Ganka, WzoOpamcHHas Ha pHc 1.6, ¢ cTaTHuccku onpeacnuma. Jns
NOKA3aTCNBCTBA 3ZAMUOICM TPH TPAHHUHBIX YCTOBHA JUTA YCHNHH Ha JcRoM KOHIE Banku:
N=0; (=0, M=0. [loacrarue r{1.6) 2T HYICBRIC 3HAYCHUA W X =), Hal1CM DOCTOTHHRIC

remuunakl C =05 Oy =0; ¢, =0, 3ateym u3 (1.6) onpeaensTes U yCUNUA:

N=—gx; (Q=—qx; M= ][Qdx=- [gxdx :7(1.5‘:3'3):1 (1.7
Yeunus M,Q,N onpeacimck TOARKO N3 ypaBHCHMH cTaTukd (1.3). 3Tv BeIpakcHHA

CTIPABEITHBE] TS JIIOOGIN CSUCHHIT, B TOM YHCIE H QMOPIOro cedcHUd pH x =/, CIgNoBaTeabHO,
Dasikd CTATHYECKH OLIPe e/ 1IMA.

a) )
).Z’S nz‘s
- X X l_x 3 * el l-x
<k X, | L X, |
EETNERERERAR S R IVER VR N
il el d i Ml vl
“1 e G .
Puc. 1.6

Jna eropoit Oankd (pue. 1.6, &) 3TH yCHITEA HE YNASTCA HAHTH TONBKC H3 YPABHEHUH
PABHOBECHA, TAK KAK HEH3BECTHEI (H He MOTYT ObITe HafileHBl HI YDPaBHCHUII DPABHOBECHA)
BEPTHKANBHEIC YCHIIHA [0 KOHUAM 0ankHd. banka cTaTnyeck Heofpedennva. A pellicHus 3aa4n
HeoOXOAHMO paccMOTpeTh H ApYrHe YparHCHUA cHcTemel ypaeHcHHR (1.3) — (1.5). Peurchue
ToI00HKIX 327184 B CTPOHTCIRHOH MCXAHHKE CTCPKHCRBIX CHCTCM OY/ICT pacCMOTPCHO B £71aBeC 6.

Asa 8axensix NPAKMUYECKIX 8616004 MOXKIIQ CIETATE W3 PRCCMOTPEHHONO
NPUMCP4a [10 ONPEACTCHHI0 YCHITHHA B CTATHUYCCKH ONPCIACTMMOH CHCTEME:

1. Hpu onpedeienun ycuiuii 6 CHMQMUUECKN unpedemm-aﬁ CHCIEME W3
YPASHEHU T FAGHOBECHA HCECIIKOCIb €8 CIEPHCHER RUKAK HE HCHONBIYENICA.

2. Bmecto ppoucaypel HHTerpHpoBaHuA OMQQCpPCHUHANBHBIX  YPaBHCHUI
paproeecun (1.3), sanucanneix anA  OGecKOHeWHO MANOrG 3MEMeHTa dx ¢
HCTIONB30BAHUEM TPAHUSHBIX YCIOBHEA [1AA cTepwHeH, Hexompte yeuaua M (N @

J0foM  cewenuu CIMEPNCHER CMGMUMEecKll ORpeeiuMon  CUCIEMB MOMCHO
onpedeiims W3 YpacReNul  PAGHOGECHA  OAA  HACHMI  KOHCHIDYKHUH,
PACROIOHCERHON CREER AN CAPAEA O PACCMAMPHEAEMOZ0 CEHEHUA.

llepBbiii REIBOA O4YEBHOEH, HOTOMY 4TO B YPaBHEHHHA PABHOBECHA HE BXOUAT
BeanuuHel S, /,Q, £.(, BXoaaue B bu3udeckue ypasHeHHs 3akoHa I'yka (1.5) u
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(uepes nedopMani) B TeoOMeTpHYCCKIE YpasHenns (1.4).

1O 03IHAHACT, MTO APH ORPEdeNeRUN YCURE 8 CIAMEYECKH ORPeJeTUMbIX
CHCMEMAX MONCHO NPUHILMANE 06l YUCTEHHBIE SHAYEHUR IMUX napamMempog,
& MOM YUCTE H CHUPANE CIIEPHCHE ABCOTOMI0 NCECHKIMU,

A8 NOACHEHHA BTOPOID BbLIBOLY BEPHEMCA ¥ DPACCMOTPCHHEO CTATHUECKH
onpenenumoit Oanku, niofipasemod na puc. 1.6, a. Pacceuem Banky » cewenn# c
KOOPIMHATOH X W UCIOIB3YCM OHNEBH;IHLIF (AKT, KOTOPHIfi GBEUL HCIIONE30BAH H IPH
COCTABIEHHW YpaBHeHHH paBHOBecHS ;UiA OecKOHEWHO Mamoro aneMerrta dJdy: ecnu
RAXOQUMCR & DAGHOBECHN 6CA GanKa, mo Haxoddmcs & pasMosecuy ¥ Awdas
estdenennan w3 wee wacmes. Torna, HanpuMep. ana uacty DalkH, pacliolokeHHOH
Jesee cedenud (puc. 1.7), ypasHeHNs PABHOBECHI 323 IHIIYTCA B BUJIE;

S XTR o (g )+ N =0,
32U = Q= (gyx)= 0 (1.8)
M =M+ (g3x)-(0.5x0) = 0.

Orcrona Hafinem Te e yeunma (1.7), xotopele B NpHmMepe GbIIH HAHIEHEI

HHTETPHpOBaHHCM ypaBHenuH (1.3):

R .
N=—qx; Q=-gyx; M=-105gx (1.9)
[MonyueHnple  OTPHLEATENBHBIE  3HAKA  YCHIHH  TOKA3BIBAKOT,  UTO

AefiCTBHUTENBRbIE YCHINA B CCUCHHMH HMEKOT NPOTHBONONOXKHEIE HANPABICHUA, IO
CPABHEHHIO ¢ TEMM, KOTODBIC [IPUHATE! Ha puc, 1.7,

LA
Z lx
%....x__e N Q“ - rd
K] i il i e
VIUITIIIN N RN ERRTIRRTE N
/ T TEIIA T
@ M M ™~
)
Puc. 1.7

HekoMmble yOWIHA MOMKHO ONPEIETIHTE H H3 YDABHCHMH PABHOBECHA And
upasod uyactd Sankd. Ho B 3ToM cryuae HeoOXonuMo BHauane HalTH OMopHLIE
PEaKIMH B 3aCAKE, IPHMEUNE YPaBHCHNA PaBIOBECHA /1A BecH Oanku,

Henoussosanue ypaBHEHHMH PAaBHOBECHS, KaK KO BCEH CTEpiKHEBON CHCTEME,
Tak ® K moboli ec BhiaeneHHOH 4acTH, ABNASTCA OJHMM M3 BaXKHeHNIMX cnocobos
KONTPOMA YCHIHH, TONYYCHHBIX PACYETOM CTCpXKHEBAIX cHeTemM Ha [TK.

1.8. MeToabl pacueTa CTEPKHEBbIX CHCTEM N0 onpeleaennio ux HAC

Pemense 3afiasuun 1o pacHeTy CISPKHEBOH CHCTEMBI ¢ LENBH) QIPSASTe U ee
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11A4C HawHACTCS ¢ BLITONHCHHS CIC/TYILITX IBYX TYHKTOR.

. [pexac Beero, BLUICHACICH PHHALNICKHOCTE CICPMHKHEBOH cHereMbl K
CTATHHECKHW OTPeJIeNHMEM HITH K CTATHYECKH TeompefeniMsim cucremMan. s
ITOTO BLINOJIHAKTCA ABS MPOLUEAYPLI:

1.1.  TloncuureiBaeTcs  TAK  HAZLIBAGMSH  «CHEHCHb  CHIQIMUSCCKON
HEORPEOCIHMOCIIEY CTCPKHEBON CHCTEMEL

1.2, [lpoBoigrcs MCCHEIOBAHHE  Z€OMEMPHYECKON  HECUIMECHACMOCE
CTEKHERON KOHCTPYKIIMA.

Pemenuio 3Tix Bonpocos & y4ed110M ocoOHH MOCBAIIEH cNeMy M pazaen.
B HeM cHauana paccMaTpUBACTCH CIPYKIYPHOE OOPa3OB4HHC [COMCTPHUCCKH
HEHAMEHACMBIX  CTATHYSCKH  OTIPEACIMMEIX M CTATHYECKH  HEeOoTpeIeTHMBIX
CTCPKHCBBIX CHCTCM, & 3aTeM IIPHBOIATCA [PUMCEDLI BLITOJIUEHHS YKalalliol BLIlLe
IPOBEPKH.

2. BribupaeTca MeToA pelienna 3ajavd no onpeaeienunn HIC crepxuenoii
CHCTEMBI.

OcuoBHeIMH MeToTaMK pacdeta HJIC cTepikHeBBIX CHCTEM ABIAIOTCA IBA
MCTOI4;

2.1. Memoo cun,

2.2. Memoo nepemeenuii.

Hpedeapumenvumie cecOennn ¢ memoode cui

B memode cur (MC} cnauaia onpedensiomcs VCHaus & OnopHblx CEasax
SHYIHIDCHHWEC  Veuaus 6 Wo0slx  cevenuax  cmepicnell.  3amem  onpedensiomcs
dedhoprsalin CMEPHCHEN 1 REPEMEWEHIR NX CEHeHUN, UHMEPECVIOWHE DAUYENTIK,

Ecau cmepmucnesan cucmema cmamudecki onpedenima, To nofLie onopusie
PEAKNHH M BHYIPEHHME YCHIMA MOIYT ObITh OLIPEAENEHB TOIBKQ U3 VPABHCHHA
pPaRHOBECHA. MPHMEHAEMEIX KaK AN BCeH CTEPMKHEBOW CHCTEMbL, Tak M L Mo6oi
BLINCNCTIHON K3 Hee gacTH. TIpH DTOM, KAaK BHIHO H3 CHCTeMEl ypasHenuil (1.3) -
(1.3), TaKkue XapaKTepPUCTHRH CTCPAHCH KAK UX MKCCTKOCTH IPH NpoJonbusix ES,
crBHTORBIX (S 1 m3rnbHrx  £f  gedopMalHAX Opd OUPSULISHAN YCWIHH HE
HCIIONB3YHOTCA.

Meroarka PaLHOHANBHOIO HCIOIB30BAHMA  YDABHCHHMA pABHOBCCHA jUid
ONMpeAcneHAs YCUN#H B CTATMYECKH ONPEMENHMBIX  CTEPKHEBBIX CHCTEMAX B
3ABHCHMOCTH HX KOHCTPYKTHBHBIX 0coDCHHOCTET paceMoTpena 8 pazgene 5 VMK

HPHMU‘IZU‘IHC. CJleﬂ.yCT OIMETHTE. YTO METOOHKY OTpe&IcicHia yCHJ’IH‘.‘?‘I B C{TaTHHCCKH
OIIPCUCANIMbBIX CTEPMKHEBDIX CHCTEMAX © NIOMOILBRY ypaBHEHHf"I PaBHOBCCHR ODBIYHO HE HASETRAOT
“MCTOJIOM CHI». | loHaTHS GMETCQT CHIT» QTHOCHT TOThKQ K CTATHUCCKYE HEOIPCACTHMEIM CHCTEMAM.

Ilocae onpeneneivs ycHAHH B CTATHYECKH OLPEICHUMOI CHCTeMe MOTYT OBITh
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OnpeacicHal AeGOPMAlHE CCUCHUE CTEPKHEBOH CHCTEMBl # HX TIepeMelleH .

JedopManud  OMpenensa0Tes U3 ypaBHeHwit 3akona [yka (1.5). Bompoc
OLPCAC/IEHHs lICpeMEILEHil B CTATHYCCKH ONPCACTHMEIX CTE[SKHEBBIX CHCTEMAX
paccMoTpeH B paszfene 6. Pewenue moi wacmu sadawu  onpedesenus HIIC
CHIEPICHERDIL CUCHIEMBL ROZMONCHU  MONABKG AP HAZHAYEHNU VKA3AHNBIX  BbIMC
ycecmrocmed npodoasnblx ES | cosnzoenix GS - u uzzubneix EI dedhopyanar.

Eciu cmepiicHesan CHCMIEMa CMAMUNECKH HeOnPederimd, T0 YPABHCHH
PABHOBECHMN JUIA OINPEJCICHHA OMOPHBIX pCakUMi H BHYTPEHHMX YCHIUE B Hedl
HeJocTaTouHo.  JInd  onpeseneHus  «IHIIHHX»  HEH3BECTILIX  COCTABISIOTCH
IOMOMIMTENLILIE  YPABHEHMA, CBAZAHHLIE C© paccMOTpenueM nedopmauui n
NEpPeMELIEHHH CTE[KHEBON CUCTEMBL KaK IHHCHIO nedopMupyeMoil CHETEME.

Hnes Metona cWn pacdueTa CTATHYECKH HEOUPENSAHMBIX CHCTCM H CIo
ANTOPMTM PaccMOTPEHL! B pasgciac 7 YME.

llocne oOfpenencHHS «IHIEAHX» HEH3BECTHBIX ¢ [IOMOLIBI) YPaBHEHHit
PABHOBECHA MOKHO HAfTH JHOOBIC OIOPHBIE PEAKUHW W YCHIMS CTEPEKHEBO
CHCTEMBI. 3aTeM MOMKHO OMPEASHHTh HHTCPECYIOIINC pacdeTdHka 1edopManiy M
[ICPCMELICHHS.

Hpedsapumenpnute cegedenua o Memooe nepemeuienii

fipu  pacyeme  cmepycHeeoli  cucmeMsl  IHIM  MeMOO0M  CHAYQId
ORpPeQeaTIOMe HEKOMOPbIe nepeseljerus (0 Hux Dydem CKazano nuice),

B ¢TpouTepHOR MCXAaHHKE CTEPAKHEBLIX CHCTEM MeToad nepemertenuii (MIT)
RCTpEYaeTCA B ABYX METQAHUECKUX paspaloTkax,

ITepeaa memoduyeckan pazpabomka semoda nepeMeenun ROABHAACH 6
nepued PAIBUMUA CIPOUMETSHOT MEXUHURY, KO20Q 608 PAcyembl, &bAOIHIAUCE,
VCADBHO 2080PS, SPVUHYI0 {Be3s uCnOIb306aHUA 3,::exmponﬂbzx BLIYUCTUMENBIBIX
Mawin (3BM)).

Tarord mMero; mepeMelicHAR 00BIMHO HA3BIBAIOT «KRacCHYeCKnw», OH oueHb
MPOCT M HArNAICH, OCO0EHHO M4 MIOHMMAHUs @ilOpHIMA 3T0ro Mcrona. C HHM
MOKHO O3HAKOMHTBECA B YUeCHHKAX MO CTPOMTSNLHON MEXAHHKE, BBIIYIEHHbIX A0
2005 1. (em., Hampumep, [7]). Ho xnaccmueckn#t MIT uMeeT TOT HeAoCTaTok, uro
ABTOMATH3UPOBATE €TI0 € [IENbI0 YHUBEPCANIBHOIO fIPHMEHEHHA JJIA PACUCTOB NHOGBIX
CAOAHBLX CTEPAKHEBBIX CMCTCM Ha coBpeMelinbIX [1K okasanock HEROIMOKHRIM,

Bmopan, «cospemennan», paspabomxka  memoda  nepemewenuti  daf
CIEpHCHERbIX CHCIMEM ReARWIuCh 6 ceasn ¢ puseumuen 3BM u pazeumuem
UHCAEHHO20 MEMOOQ PEHIENUS PATUYNBIX (DUILKO-MAMEMAMUMECKUY 3a0ay, & MoM

quCEe a0y MEXGHUKY MEEpO0e0 JedlopMupyemoco meaq, Komopsii Gl nazean
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MEMmodom Koneunsix sremenmos (MK3).

TMpuMcHUTCIBHO K pacCMAaTpPHBAEMOR 334a4¢ PacueTrd ILIOCKHUX CTepKHEBBIX
CHCTEM CIHEPHCHERUA CUCIIEMA PACCMAMPUBAERCS KAK COROKVIHOCHE CIEPICIIE8bIX
IREMENMOE KOHEHHOT OIUHBI, COCOUHEHHBLY MENCOY COBOK U C OCHOBAHUEM 8 VALIX.

[put 1oM MKD  AgIAEMCA  HUCTIEHKHbIM MEMODOM  PEeHts  CUCTeMbl
ypaenenuii (1.3) — (1.5) ¢ 3adanimisy paruslivl M YeA06UAMU.

TMockoneKy pemeHne YKa3aHHOH CHCTEMbl YPABRHEHHH MOMHO TTPEACTARHTE B
dopme MetToma cun, B hapMe MeToAa NePEMETEEHHE H B (hOpME CMEILIAHHOTD MEeToa,
KOTAa 32 HEHMIBECTHRIC FAPHHHMAIOTCS M YCHIIHA M [epeMellelus, TO U YHCICHHbIH
MCTOI PCLUICHHSA 3TOH cucTembl ypasHeHuit MKD moxer Obirb Lipe/icTaBIeH B 3THX
e hopMax penieHHs.

Bo Bcex HMCIOLIHMXCA B 1IACTOALICC BPCMA IPOTPAaMMax aBTOMATH3HPOBARHOTD
pacuera coopyxenuit Ha 1K MeTOI0OM KOHEYHBIX HIEMEHTOR MCToL3yeTes dopma
MeToa mepememerii. TIpi IJTOM TONYYCHHEIH «COBPCMCHHEIH» MCTOZ pacieTa
CTCPHKHEBOH CHCTEMBL MOMKET ObIlb 1IPEACTaBIEH KaK «Memod Koneunsx 24eMenmos
8 hopme memada repevenentily WIH KaK «Memood nepemeryenutt & gropme memooa
KOUEYHBIX DACMEIHINOEY,

Haest 31010 Meroga W er0 allopurM Ha [PUMEPE 1ICCKMX CTEPIKHCBBIX
CHCTCM AeMOHCTPHpYWOTes B pasaene 8 gansoro YMEK. a rakke, HampHMep, B
yuefHoM mocofuM asTopos [4] ¥ B yueOHbIX OCODUAX, HAMHCAHHBIX Ha Kadelpe
[10 — 13] apyrimu apTOpaMH.

B MKD & dhopue MII 30 nepsonanaibHbie HEUIBECIHLIC RPUKLMAIOM
nepemewens  yitoe cosorymmrocmy K3, ma xomopwe pazbuma cmepxcnesas
cuememd. YHCIO HEM3IBECTHBIX [IEPEMEHIEHHA KaXKIOTO YHIA PABHO YHMCIY ero
¢rerneneil cBoGOIbL.

HensBecTHRIC IEPEMCLICHMSE Y3N0B B PACceTHOH CXEME CTEPHHEBOH CHCTEMbL
mit - MKD  oupeyensirorea  peuresndies  OCHOBHOH  paspewrarolie#l  cHcTeMEl
a;re0paMyecKnX YPARHEHHTH METO/IA NEpeMeLen kil

3aTcM M0 HallICHHBIM MCPCMCLUCHHAM Y3/10B OHOPCACAANTICA CBAAHHBIC ¢
NepeMELICHIAMH YCHIIHA B CEHEHHAX 10 KOHIAM CTEPXKHEBBIX WIEMEHTOB U B JIPYTHX
ceUelUaX CTepxKueit.

Kax ykaselBalloCh B Havane [PeAbLAYIISTO [OAPA3AS)A, HPEXIAS YeM
MPMCTYNHTE K BLIOOPY MeETOAa pacueTa CTEPHKHEeBOH CHCTeMLI HeoBXxoXMMo
BLIACHHUTE CC TPHHALICKHOCTL K CTAaTHUCCKH ONPCICAMMBIM MIH CTATHUCCKH
HeollpeAenHMMM  cHeTemaM, Tlpp  TOM  wecnenyeTcs M FeOMETPHUYSCKAs
HEH3IMEHAESMOCTE CHCTEMEL. JTOMY BOMIPOCY M TIOCBALIRH cleTylouii pazgen YMK.
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2. VCJIOBHA TEOMETPHUYECKOM HEH3IMEHAEMOCTH
H CTATHYECKO# ONPEIEJUMOCTH
NJOCKHX CTEPXIEBBIX CHCTEM

2.1. llonsaTure o xecTknx auckax, Cnocobnl ux obpazosanns

Aecmxum onckom (falcc INPOCTO QHEKOM) B CIPOMTENLHON  MeXalHKe
HA3bIBACTCA TIAOCKAR  CTCPWKHCRAA cHeTeMa, @ KOMOPOTE  HPeOROIONCERUE O
nedehopMupveMocmu Mamepuara  npuseOut K© RORHOMY  OMCYICIGUR?
OMIROCHMENBNBIX NEPEMEUENNT 6CeX MOYEK NPUHAOREHCAMUX CUCMEME.

Byncm paccmatpugars AMCKM. HaxoAdwees B LIockoeTd XOZ (oM. pre. 1.2,
). JAMck, He 3aKpenneHHbii Ha 1MOCKOCTH, Ha3LIBACTCA ce0bodnsim. On He umeem
OMULOCHMEABHBIX CERCHEH CEODONBE JACMEHIROE €20 COCIMAGIRIOMNYX, NO HMECH
RIpH CHENENH CBOGO0Bl, CEAIAHHBIX € 20 NEPEMEHICHUCM HA HAOCKOCMIN KaK
MeecmKozo mena. TakUMH CTCNCHAMH CRODOIBE ABRAKTCA THHEHHbIC ICPCMCITICHUS
¥ ¢ w Jucka B HarpaBTeHun ocelt X W Z W yrou LoBopotd 8 OTHOCHTENLHO OCH
Y (em. pue. 1.2, ).

Jakpenaentplii TMCK HC WMCCT cTernchHeH ceodoasl, TaxkoH AHCK MOMKHO
CUMTATh HENOOGHNCHBIM OCHOGAHEEM (JTANEE NPOCTO GCHOGAHHEM) AN YACTHUHOTO
HIH TONHOTO 3akperields Ha HCM ¢ TIOMOIIBKY ONOpHRIX cRAlel (cM. puc. 1.6)
nwboro coboHOro aucka. Pacemotpum cnocobsl obpasosanus Juckos (pue. 2.1).

Mpumep 1. Onkn 1 coegunense N0GOre MHcIa CrepikHed KeCTKHMM Y3IaMi €o3ael
HOBBIH THCK .

Ouuu crepwedb (cxema 1 Ha puc. 2.1, a) apnsgercs quckom. JIsa wan Gonee cTepxuci,
COCAMHEHHLIX XKECTKMMH y3namis (cxeMul 2 — 5 na puc. 2.1, a), Takke 0Opaty 0T iHCK.

BaMKHY 138 CTEARHEBAA CHCTCMIL, NOJYUSHHAL [IOCICALBATCNBHBIM COSTHHCHNIEM cTepkHe
(HHCKOB) HaBBIBACICH SaMKHpIM Kormypos, LUIH 8 SaMKHYTOM KOHTYPE CTEpiHH (IHCKH)
COWAHECHBI KCCTKHMI Vi 1amy (CXeMbl 4 1 3 Ha pHe, 2.1, a), TO SaMKRYTHIT KOHTYD BY8T AHCKoY,

Mpumep 2. 3aMKHYTBLIE KOHTYP ¢ OTHHM, JBYMS H TpeMs INADHHPAMH SIRJAETCH
NHCKOM,

Ecmu ABA CTCRAKHA {JHCKH.) COCNMHHTE HC KCCTKMM, a [HApPHHPHBIM Y3IT0M (CXema 1 na
pHc. 21, -"’J). TC TNOAYYHTCA H3MCHACMAA CHCTCMA. Taxaa cucTema HPLACTABIACT caboii
MEXARIIMOM ¢ OONOH OMAOCRIMETLION CIMEREIBIY CENBOOLE (B'iaHMHmﬁ ¥ronl NosgpoTa HCKOB
8, BoxpyT ocH Y).

CoeuuciiMe KOUIOR CTCPXKHEEH dTOr0 MCXaHW3MZ CLIC C GAHUM CTEPKHEM © HCCTKHMIM
yinaMn (cxema 2 Ha puc. 2.1, 6); OHMM KECTKMM, APYTHM IIAPHMPHBLIM y3namu (cxema 3
Ha puc. 2.1, &), win modvke waphupusivi yiiavu, (cxema 4 Ha prc. 210 6) HCRwuaer
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BOSMOKHOCTE OTHOCHTEIBHCTC YIaa [M0BOPOTa BI H JEJAET CHCTEMY HKECTKHM JHCKOM.

Juck ws mpex cmepxcncil, coeounennplx wapnipasy (cxeMa 4 ga puc. 2.1, 63, asairenca
OcHOGOH O0OpAIOSARNA  PORIeMKH HPOCMENINNX 200MEMPUNECKH  HeHIMEHREMBIX  (epm
(cm., HATIpHMED, cXeMe! | ¥ 2 He pre, 1.2,)
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Pue, 2.t

Havanenaa ctanus oﬁpa'soaaﬂuﬂ PCINETKH [t)epML[ KaKk MHCKa MOPOACMOHCTPIHpOBata Ha

cxeme 5 puc. 2.1, 6, Thc WecTKMH JHCK B BUAE TPEYIOIbHUKA (OH 1aTeHer) SRNAETCH CTOPOHOH
HOBOTO TpeyronbHHxa. ('TepkNeBas CHCTEMAa B BUAC MBYX TPEYTOJNbHHKOB 1PE/ICTaBiaer coboi
HOBbIHA AHCK, E10 «HapaliHBaHHe» 110000HEM 00pazoM MOKET ObITh HIPOIOIKCHO,

OO0paTéM BHUMAHHE Ha CTEPRHCBYIO CHCTOMY, #300pakeHHyr Ha cxeve 3 puc. 2.1, a. Tlo
cBoeMy 0O0paloBaHHIO OHA QHAIOIHYHA TPCYTONBHNKY Ha cxeme 4 pue. 2.1, 4 # Takike
(IPCACTaBAAET cobofi GTPCYTOIBHHK?, TAK KaK COCTOHT M3 TPCX JHCKOB, COCTMICHHBIX MCKY
co(ofl NTapHIPHBIMH Y3/IaMA: 182 jI¥CKA NPCACTARIAIOT coB0il NPAMBIC CTePKNIY, 3 OJIHH - JUCK B
BH/IC A8YX CTCp)[(HCﬁ, COC/IHFIICHHLIX HCCTKHM  VIITOM, I[I‘r’puxonan upsmMas Ha FIOH CXCMe
MOKa3LIBACT, HTO YCIAOBHO MOKHO TPCICTARHTE YTOIOBOH AHCK Kak NPAMON  CTEPKCHB,
COCHMHAIOUMH TC HC JBA 1MapHHpA. HMKaKMX OTHOCHTEIBHBIX llepeMedleHHE Tpex JIMCKOB,
oBpazyIoLWMX ITY CHCTCMY, HCF.

TIpaMOyroibHBEIE MHCKM C ONHHM M IBYMS lHapHupaMH (¢xemsl | ¢ 2 Ha pue, 2.1, «)
COOTRETCTBEHHO AHANONHYHBI IHCKAM TPEYTOIBHOH GOpMBI (CM. ¢XeMbl 2 H 3 Ba pHe, 2.1, 6},

IprBedem NpHMEphl 00patoBasKA CREPHHEBOR CHUECMBI B BHILC JAMKHYTOIO KOHTYpA He
npeacTasnAWero coboil HCK, a ABRARIIEHACH MCXHHIMOM.
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Mpumep 3. 3JaMKHYTBIH KONTYP B BHIC IHADHHPHOIO COSAMHEHMH HE HETHIpeX
CERIKHCH (UHCKOB) He AABIAETCH THCKOM.

fia cxeme 4 puc. 2.1, & nokazaHa CTepAKHERAas CHCTEMA M3 MCTBIPCX  CTCPXKHEH,
COEMWHCHHBIX WAPHHPHBIMHA VinaMu. BRIHO, YTO HONApHO HEeTBIPE CTEPHHA (IMCKA) CHCTEME]
HMEHT BUIMOKHOCTE COBEPIIATS OTHOCHTEISEQE NEPCMEIICHAHE B BH/IC B3AHMHOO YIia TOBOPOTA
110 OTHOLLEHHIO APYr K Apyry. 1103ToMy Takas cHcTeMa AHCKOM HC SRITACTCA.

OOpaTHM BHHMAHHE BUIC HA OHY CHCTCMY, TAKKC HC ARNSHINYOCH AMCKOM (CXeMa 5 ua
puc. 2.1, ¢). BHelIHe OHa WMCCT BH TPCYTOREANKA. HO ¢ TOUKH 3penitsa OBpatoBtHns IHCKLB OHA
TAKOBBIM HC ABSIFCTCA, TAK XAK COCTOMT M3 HETLIPEX JHCKOB. COCAMEHCHHLEX [IAPHHPHBIMA Y3IaMEL
Oua npegetasnaer coboft Mexannam. lia cxeme 3 pue. 2.1, ¢ wrpuxoroil nuHuci nokazawo
BUBMWKHOE UTHOUH TEIIBHOC [IEPEMCLUEHHE C¢ CTeKHEI (IHCKOB).

ITpumep 4. TpH WAPHADPA B 3aMKHYTOM KOHTYPE 1€ 10KHE PACHGEALATHCH HAL OAHOH
npaMoii (cxemst 4 ¥ 5 Ha puc. 2.1, ), TAK KaK B TAKOM CIyvac 0Gpasyercs MIHUBLHHO
HIMEHARMAN CHCTEMA.

Kax wke GLuto mokazuio 8 UpCABIYMICM APUMEPE, CIEpKHEBAS CHCTEMA B BHIC
JAMKHYTOTO KOHTYPa H3 TPEX UMCKOH, COCAHHCHHBIX TPCMA LIADHHPAMH, ABJIAETCR OHCKeM. llpu
ITOM IIAPHHPLL MOTYT YCTAHABIMBATLCA B KOHIYPC KAK YIUAHO (cM. cxemy 4 Ha puc. 2.1. &;
cxemy 3 Ha pue, 2.1, & exemut b, 2, 2 wa prc. 2.1, 2), nnws b1 0HA HC PACTIONATATHCH HA OJTHOL
UpAMOA (CM. cxembi 4 1 5 Ha pae. 2.1, 2).

J7 NOACHEHUA 3TOMO PCCMOTPIM CTCPAKHCAYK) CHUTCMY B BHIS IMCKA — (TPeYTONLHHMKAY,
COCTORLCTO M3 TPeX JIMCKOB, COSIKICHHBIX WIAPHMPAMUE {CM., HAUPAMCP XHCK Ha cxeme 4
puc. 2.4, ). [IpennonouM, YTo LMHI W3 SHCKOB UPEACTABIACT COO0H HCHOUBUKHOE KECTKOC
OCHOBAHHMC ¢ 3AKPCIUIEHHBIMH Hi HeM WapHnpamu A 1 B (pue. 2.2, «). Tpernit wapHupruii yic

C Takc HEITOABUXEH U K HEMY HPHITOWCHA COCRLIOTOHEHHAT CHITY P

Puc. 2.2

CueremMa B LEMOM TEOMETPHHCCKH HCH3MCHASMa (OTCYTCTRYHIT KaK OTHOCHTCTRHBC
[IePeMELEHHA TOUCK JHCKA, TAK W NCPEMCUICHUS ¢ro Kak ecTkoro nenoro). IMo cyrd yien C
MOKHO PACCMATPHBATE KaK mapuupno—cho,rmmmy'}o omopy, PacCMOTPCHHYI0 Ha puc. 1.3, & B
MepsoM patsienc.

CHcTeMa ABTACTCA CTATHYCCKH ONPCACAHMON, TAK K4K IpoJoasublie ycumuma N N, B
CTCPKHAX TIPH 3318HHOIL HATPYIKS ONpPEOCNAIOTCA M3 YPaBHCHME paBHobecud. Ha puc. 2.2, @
parHobecHe  yima O cucTempl  oTpamence TpadiMuecKH  (PaBHOACHCIBYIOWIAM — BCCX  CHIL
IeHCTBY IOMIKX HA Y33 PaBHa (Y0, O¥IOMY TPEYIONLHHK CHIl JONAKCEH ObITh 3aMKHYT).

Ecnu napamerp A ymeusliars, 10 yiea C Oyier npulmnkarecs K npsmoi AB. Torna
CTOPOHEI TPEYTONSHHKA CHI, OTPDKAIOWETO DPABRHORCCHE YMia, [IPCACTABIAIOMIME 3IHAMENHA
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UPOAOAEHBIX e NV N, ByayT yBeIMuHBaTLCH H B Ipeele (IIPH [ONadaniy y3ma Ha npamyro A8)
cTaHyT Beckonedno Gonelwnmi. Takad cHCTeMa HAILIBAETCA MZHosenHo wimengemon. blpu
OTKIOHCHME y3na € Ha Manyl BCTMMEHY # CHCTCMA CHOBA CTAHORHTCA HCHIMCHACMOH, HO
3HAUMCHUA yeUnMit &), N, 6yayT X074 4 HC GCCKOHCUHRIMHU, HO OUCHE BOTBIIUHMI.

Mruoseiio  MsMetaeMnie B BNHIKHE K HHM CTCPAHNCBLIE CHCTEMBLI B CTPOHICILHBLA
KOHCTPYRIMAX OPpHMENATL HE CIICIYET.

2.2. YcioBHA 3aKpen.IeHHs JHCKA Ha OCHOBAHYH H YCJTOBHA
CTATH1ECKOH ONpPedeHMOCTH ONOPHbIX PeaKUni

CroGoanelil THCK 001314CT Ha NAOCKOCTY TPeMs CTEMeHAMY ¢BoBOIDL.

[IpuxpeiuieHe nHCKa K OCHOBAHHIO OJHOI ONOPHOH CBia3bw (cM, puc. 1.3, a)
YMEHBIIAET YHCAQ cTenencit csoBoiLl Ha oY (NHIAST IHCK BOIMOKHOCTH
NEPEMCILATECA B HAIPABICHHH TOCTABICHHOH cBasn). [T0310My BapHART

A, <3, 2.1y
rae #, — HMCIO OLOPHLIX CBA3EH, 10KA3BIBAET, 9TO ONOPHBIX CBA3EH HE L0CTATOUHO
QA TPHKPEIUIEHAA JHCKA K HENOABHKHOMY OCHOBaHHKY. Baphanr

n,, >3 (2.2)
NOKA3biBAET, 4TO ONOpHBIX cbA3ell Domawme tpedyemerx Tpex. C TOUKM 3peHus
MHITHMAJILHO HEOOXOAHMOIo dHCNa OUOPHLIX CRA3EH MpH yornoBHu (2.2) umetores
«WHUTHHE CBAZH.

O6paTHM BHMMaHHE HAa OROPHBIE CBAIH, HPHKPEIUIAIIIHCG JIHCK. © TOUEH
IPEHHS CTATHYECKOH ONPeJeTHMOCTH YCHIMIT B HUX (OMOPHLIX PeaKitdi ).

Yeunun ¢ onopuvix ceazax, Npuxkpenaalomux OHcK K ociiosaituio, dyoym
CRRAIMUHECKH ONPEOCTUMBIMIL, CCAN HX He Boiee mpex, m.e. He Boiee wucra
VPAaSHeH Uil PAGHOGECHA, KOMOPSIE OMPANCHIONt PABHOSECHE DLCKA.

Xorn yenosue (2.1) yaesieTBopser 31oMy TPeOOBAHMIO, PACCMATPHBATE
TAKYH cHCTEMY He GyJeM, Tak Kak OHA HMeeT HEIOCTATOMHOE YHCIIO CBA3ell 1id ee
3aKpEIUIeHNA Ha OCHOBALHA, T.C. ABNACTCA TEOMETPHYECKH HIMeHASMOH CHCTEMOI.

Yeuosue (2.2) uoKasbBaer, 4T0  MMCIO  OIHOPHLIX  peakuuil  domsie
HMEROIIMXCS TPpeX ypaBHeHHH paBHOBecHs. YCILTHA B YCIOBHO «THIHHX» CBA3INX
TAKKC YCIOBHO HA3blBAIOT <JIMIMHHMHY» HCH3BCCTHBIMH. Takas cHCcTeMa ABIACTCA
gHentie  clmamuvecky  Heonpedesrumoi.  Meromika  pacuera  CraTUdecku
HEONpeaeNiMBIX CHCTEM BYIOET PacCMOTpeHa MOCTe OIHAKOMNCHWS YUAAXCA C
PACYETOM CLATHUYECKH OIIPEAEHMBIX CHUTEM.

Taxknm 0bpa3oM, HeEBXOAUMBIM YCA0GUEM TEOMETPUYECKOH HEH3MEHHEMOCTH
CHCTEMBl W3 ODHOTO AHCKA W CMO CTATUHCCKOH OMNPCICHHMOCTH OTHOCHTCNBIO
OINOPHBIX PEAKLME H ABIACTCA YCNOBUE

24



Ao =3 (2.3)

OnHAKC TO YCIOBHE HeAOXQINUMB, HO Hedocmamoune KAk N 3aKpeniIcHus
IHeKa, TAK U 119 olpeJeneHus OLOPHEBIX peakiui K3 TPCX yPaBHCHHEA PABHOBCCHA.

M B oM # B JPYroM BapHaHTe TPAKTOBKW ycioBHs (2.3) nHeobxomwmo
BBIIONRHEHHE ellie CAeAYIONICTO JONOMHHTCIEHOIO TPeOORAHHS.

Ocu onopupx ceéAzelr u, Ciaedosamensno, AURuu  Oeficmenn
FCRIUE 8 HUX HE O0ANCIb! REPECEKAMBCR & GOR0M mouke u ne doancuwr  (2.3)*
Obinib HAPALIEABHBIMNL,

1o qonoaHdrenbHoe TpefoBaHHe K ycdoruK (2.3) OTMedUeHO TeM ke
HoMepoM (2.3) co 3eezouKol cBEpXY.

TPH CBA3H, KOTOPLIC 3AKPETLEOT JHMCK HA OCHOBAHHMH M UMEKT CTATHYECKH
onpeendMhie  YCHTHA {peakumu), MOryT ObTe peannioBadbl B BHAE OIHOM
3AUICMIAOILCH omopsl {(cM. cxemy | hHa puc. 1.2, @) HNH B BHAE UIAPHHUPHO
HELONBWAKHON H IIAPHUPHO TIOEBIKHON 01O, MOCTABIEHHEX TaK, KaK TTOKA3aHo Ha
cxemax 2 u 3 Ha puc. 1.2, a).

PaccMoTpum  BapuadThl HETIPABMIGHOH PacCTAHOBKY HEOOXOOWMBIX /I
JaKpenyienis OUCKa TpeX ONOPHBIX CBA3CH, KOriaa JONOIHUTCNBHOC yoioBue (2.3)%
He BLIMomieHo. Torga, HCCMOTPA HA BBIIOJIHCHHE HEOOXQLMMOr0 yenosus (2.3),
IHCK He OyeT HeloiABuKHO 3aKperied Ha OCHOBAHHM, 3 TIONYHMTCA MPHOBEHHO
wiMengeMan cucteMa. [lpu smom mpu onopueie  peakyuu ne sopm  Guime
onpedeaerinl 43 Mpex YPagHeRli PasHOBECHs.

Mpumep 1. PaceMoTpuM paMy, H308paxkeHHY0 Ha pue. 2.3, a.

ad
Z 4
V, i Y
4 w by
H A3 X

/Y I
Va Vg

Puc. 2.3

Oua npeacrapnact coboll ¢AHHEIR JIMCK, HEMOMBHKHO NPHKPETUIEHHBIH K OCHOBAHUED
TPeMA OTOPHBEIMH CBA3IAMM. JICHCTBUTCTLHD, MRC ONOPHEIC CBAZH IIEPCCEKAIOTCA B OMOPHOM
WAPHHPE A W JIMILAIOT UAMCK ABYX CTEMeHel cBoGoabl (MepeMeIlueHEd JHCKA MO0 HanpasICHHK
KoupAnHaTHEIX ocell X v Z), TpeTea (sepTHXANLNAR) CBA3L B IIAPHUPE 5 JHUIaeT JHCK W TPCThSH
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CTCTICHH CBOGOORI B BHOC MOBOPOTA JMCKA BOKPYE OCH Y, NpOXoasmcii wepel wapHup A.
llonyucHHas KOHCTPYKIIMA HC WMCET 1M OTHOCHTCIBHBIX 1IEPEMEILCHHE TO4YEK MHCKA, HH
MIEPEMEINCHHIT JINCKA KaK KCCTKOrO U010,

Cyctema ABMACTCA CTATHHCCKH ONPCACINMON, TAK K4K JIOOBIE YCUIHA B IRH MOUYT ObiTb
OTIPESICACHEI TOMTLKD © IIOMONIBI0 YPAaBHCHEN PasHUBECHS.

Ais MOACHCHMA BAXNOCTH TIPABMNBNOH [IOCTAHOBKH OLOPHBIX  CBA3CH  paccMOTPHM
YPABHCHHC PDABHOBCCHA 171 ONPCACRCHUS BCPFHKANRIION OIIOPHOH PpCaKLMK Fp 1 e1'o peteHne:

M y=-Poh,+ Vg b =0, 28
h
Ve=pP-2. 2
[ By 2.9)

Ecmn miedo A onopnol peakuny ¥y oTHOCHTEIRHO onopsl 4 Gy1eT YMeHbaThEA (0TIopa
B Synaer npubmirkaTaca K ocH Z), 10 peakins ¥y, Oyiler yesennunsatees, B npesiene, koraa reso
by ByueT PABHO HYJIHO, HUKOMAs ONIOPHaA peakuua cranet GeckoHedHo Gonbuiod (oM. (2.9)).

Takoi Bapuaut m300pmxen Ha puc. 2.3. 6. OH COOTBCTCTRYCT CIIVHAaK), KOTHAA BCC Tph
OIOPHBIC CBATH IIEPECCKAIOTCA B OO TOMKS {8 JdHHOM HPHMEPe ~ B olope ). ITa Touka. Kak
H3BCCTHO M3 KYPCa TEOPETHUECKOH MEXAHHKY, Ha3bIBACTCH MZHOGEHHBIM HEHIPOM 8PAUCHUA
PAceMATPHBEEMO}] CHeTeMBL CaMa cHeTeMa ABJIACTCA MTHOBCHHO IIIMCHACMOI CHETEMOI.

Kak W B npcibllylleM iIpHMepe, B CTPOMTCIRHBIX KOHCTPYKIIMAX HC JIOTIYCKAacres
HPHMCHEHHE HE TOIBKO TAKHX CHCTCM, HO W ONH3KHX K UM,

He caedyem donycxante n gapuenma, Ko:0a MOUKA NEpecodentis ceAiel HAXodunics «
BECKORCHROCIN, H.€. KO20A OAOHIE COA3N napaiiebisl. TAKOH BIPHAHT NPHKPCILICHHA AHCKA
nokataH Ha pHc. 24, g, 4 (na puc. 2.4, § BOPIMKANBHBIC CBA3H HAPSACTAB.ICHEI LIAPHUPHO
NOABHAHEIMIL (KATKOBEIMH} ONOpami)).

a o]
LI &5 A

TITTTTIY 77 !

Prc. 2.4
XOT# ONOPHLIX PeaxliMii B OTIOPHBIX CEHIX H YPABHCHHE PARHORCCHA MO-MPCKHCMY (00
EPM, HAHTH OMOPHBIE PCAKLME M3 YPABHSHHA PAaBHOBCCHA He yHacTes. I'akas cHCTeMa MIHOBCHEQ
M3MCHAEME 110 TOTO MOMEHTA, 110Ka kakuss MHOO ¢sdss HCe OyacT oTknoHeHa oT mepTHikanu. Ecaw
Takoe OTKAOHEHHE OYACT MaiibIM, CHCTeMa Xord & He OyacT imMenseMol, Ho OyaeT umcers
GONLIENE PEAKITHK AZKE LIPH CPABHHTEIRHO MU10M 3HAUCHHH HAPPY3IKH.

2.3. YeaoBua reoMeTpHYCCKOI HEHIMEHAEMOCTH U CTATHYECKOH
OUPEACTHMOCTH AHCKA B BHIIC 0IHOTO 3aMKHYTOI'0 KOHTYPA
PaccMoTpiM MHCK B BHAC 3aMKHYTOIO KONTYpA 6¢3 IWAPHHPOB (CM. ¢XeMy 5 Ha
pHc. 2.1, g}, ByiieM CUMTaTh, 4TO YCNOBHY €10 3AKPENICHHS HA OCHOBAHMHE K YCIIOBHA
sRewHel CHAMIYECKON DRPECCAMOCHIN TAKOTO TUCKA BBIIONHEHH {(prc. 2.5, o)
TpH  onopanie  peakudd  (ff 4,V F,) onpeseneHsl  COOTBETCTBECHHO M3 Tpex
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ypanHeHwii pasioseenst » X =0, Y M, =0; YZ=0.

o #Z 6 L ? Flf 1M &

» p e a7
g Y, ’ Y, ¢

H, RS - VI L N b

+ ry

;':'53//; /’/ UV4 VB
Va4 Vy
Puc. 2.5

OHAKD DNIPENemuTh yeumng M, Q. N B MoGoM CEHCHHH TAKOTO 3aMKHYTOTO

KOHTYP4 ¢ NOMOLUBH) YPABHEHHH PABHOBECHA HEBOIMOWKHO. JeHCTRHTEABHO (CM.
pue. 1.7}, nasg empepencHua yewanii M, (2, N B ceueHHH, pa3pesalolleM CUCTEMY Na
JBC YaCTH (CHEBA M CIPABA OT CeYeHW ), HCMONh3YIOTCS YPABHEHUS PAaRKORECHS BH1a
(1.8). B mofom ceweHHH 3aMKHYTOTO KOITYPA MOIATHE «C/1eBa» (MM «CIpaBa») oT
CeYEHHS CTEPIKHSA HE MMEIOT CMBICHA, TAK KAK PaBHblE HCHIBCCTHBIC YCHNNA BORIYT B
KQKAOC TAKOC YPUBHEHHE MBMKAbL CO 3IHAKOM IITIOCH M €O 3HAKOM «MHHYCH
(puc. 2.5, #): HimpIMH  cnosamp, YpaBHeHHS PAaBHOBECHA TOXICCTBCHHO
YIOOBACTBOPAIOTCA MPH NIOOEIX 3HAUCHAAX YCUIHI B PACCMATPHBACMOM CEYEHHH.

Taxum o6pazoM, 3EMKHYHBIE KoRmMyp 6e1 paspeiqioujix e2o Wiaprupes
MPUNCORE CIAFHYECKH HEONPEOCTIM.

MokHO paceMmyrpuBars BHYrpeHHMe yeHnud M, O, N Kak YCHIHS B Tpex
BUYTPCHHMX CBAIAX, JTHIUAKILHMC JACBYH H TPABYK) CIOPOHBL CEHEHMH B3AHMHBIX
NEPCMELICHHA 110 HAUpaBTeHHe ocel X M 7 U B3aUMHOTO VYINa MOBOpOTA
OTHOCHTEIRHO OcH Y. O/THH M3 BAPHARTOB CXEMAaTHUHOTO M300pasKeIna 3TUX cBaseit
npusedcH Ha pue. 2.5, ¢ [IpM TakOM DNPCACTABNCHME YCHUHA CTATHUCCKYR
HCOUPEUEIHMOCTE 3AMKHYTOTO KOHTYPa HA3bIBAIOT SHVPERHEN CMaMmu4ecKol
HEORPEAETUMOCIILIO.

O0paTHM BHHMAHKE HA TO, MTO pa3pe3 CTEPRHA KOHTYpPa CeuyeHHeM YyIalser
FUH I CBASH M JeNaeT KOHTYP He3aMxHYTHIM. (JIIaK0 011 [MO-TPeXKIEMY OCTaeTes
auckoM {cMm. puc. 2.9, §). € TouKH 3pcHHA COPY3OBAHMA 1MCKA YUANCHHBIE CBASH
SBMAKTCH  «NMIUHHEMKY.  «JIHAIHAMEY ¢ TOYKH 3PEHHA HX  CTaTHYeCKoi
OTPE/ICMHMOCTH OKa3LIBAKITCA M YCHITHA B 3THX TPEX CBA3AX.

IIpi DocTaHOBKE B KAKOM-NHOO CEUYCHMH CIEPKHEBOIO JIMCKA B BUME
JAMKHYTOI'O KOHTYPA o0rezo wapHupa (cMm. cxemy | ua puc. 2.1, &) oponcxoaur
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YIAISHHE @OHOH BHYTPCHHCH CBA3H, MCIUAKOLIEH ABYM CTOPOHAM CCHEHUS B3aHMHO
TTOROPAYHBATLCA BOKPYD OCH Y, KOHTYP NPH 3TOM OCTaQTcA AWCKOM. [lpu 31om
CTATHYCCKAA HEOIIPEJCTHMOCTE KONTYPa YMCHBIIHUTCA M& 081y CIAHHHILY, TOCKONBKY
TTOARIAECTCH 00RO OOHOAHIIMETLHOC YPASHEHIIE PABHOGECHS BUAZ

Me =Y M =0 (wm Y ME =0). (2.10)
3AMHCEIBASMOTO OTHOCHTEBHO 1OCTaBneHAoro wapHupa . TakoH wapnup B
JaneHeimeM GyaeM HA3LIBATE OONHAMHBM WAPHEPOM.

Takrm  00pazoM, [PH YCTA4HOBKC B CTEPKHEBOM 3aMKHYTOM KOHTYpE
OAUHOYHOTO MIAPHWPa KOHTYpD OCTAHETCH JMCKOM, HO YXe TOMbKO ¢ IBYMA
<IMILHHMHEY CBH3AMH M JBYMS BHYTPCHHE CTaTHUECKH HEOMPESCTHMBIMH YCHIHIMH
B HHX.

AHANOTHYHO, TpH BBEACHMM B KOHTYP BTOPOFO H TPETRETO INMAPHUPOBR,
CHCTEMA [MO-lIPEXKHEMY OCTAHEFCA  AMCKOM (IS TPCX  LUapHHPOB  JOJEKIO
BRIIONHATLCA  YCHOBHE O HEPAacHONOMKEHMH X Ha OfHOW mpamoi). Jluck
COOTBETCTREHHO CTAHOBUICA OOHH Pa3 BHYTPCHHE CTATHUECKM HEONMPEAETUMBIM TPH
JABYX HIADHUPAX U CTATHYECKH ONpPEIeTHMBIM — IPH TPEX,

Ecau 8 3aMKHYIMOM KOHMYPE HOCIUBIEHU DOLblte MPex WapHRUPOs, CHCMEMA
CPIGHOGUIMCA  2EOMEMPIMECKY  USMENAeMOn {(CA., Hanpumep, cxembl 4 u 5 Hu
puc. 2.1, a).

Yneno «IHMIIHKEX» CBA3CH B AHCKE — KOHTYPE, PABHOE YHUCTY (JTANIHMX»
(CTATUYECKH HEOTIPEMIENHMEIX) HEMZBECTHBIX MOMKHO HOACHHTATS (10 (POPMYIC

e (2.11)

Tipu wcnonvsoeanun 3moi opmyast 018 ROOCHEMA HUCHA AHUHEX CBAICR

M AMMREXYCHAKEH, BXONMIME B HEC BEIHYMHBL MMCIOT CICIYIOIIMH cMuica: 3 - Tpr
JAHWHHX CBA3H (TPH JIMIUIHX YCHIHA} B 3aMKHYTOM JlHMcke (€3 LIapHHpOB; n:"m -
YHCIIO OJMHOUIEIX IIAPHHPOB B 3aMKHYTOM JIHCKE, KMl U3 KOTOPbIX YMEHBILACT
YHCIIO «JIHITHHX» CBA3eH (YCUIMA) HA COMHHALLY.

Hpu seiuuciesun no gopmyne (2.11) moryT nonyuuThes TpY BapHAHTa:
Dak<0;2) i =0; D3>0 >0,

TlepBblil BApHAHT NOKA3LIBAET, YTO YHCAO LIAPHHPOR B KOHTYpe BoJiblue Tpex
(A, > 3), L.e. yYOaAcHbE HE MONLKO MPH GAHINUXY CBAIN, NO N neohXOOuMble
COAIH, YIAICHHC KOTOPBIX [IPHBOAHT K FEOMETPHYECKOH H3MEHASMOCTH JMCcKa B
BU[IE 3aMKHYTOLO KOHTYpd. CHCmemd ¢ ¢Hoe 3aMKHYIMO20 KONMYpPa NP HAAUYHH
fe1ee mpex WAPHUPOE ABHO 2EOMEMPUNECKH HIMEHACMA.

TpcTHH BapHaHT [TOKASBIBACT, MTO CHCHEMA 6 GuOe JAMKHYMO0 KOUMYpd

28



HpH  HAARSHK  COROO  HAR  08YX  uapuupos (n,, <3) AeéHo cmamuuecku
neonpedenumd.

BTropol BapuaNT NOKA3LIBACT, YTO HHUCAO LWIAPHHPOB B JHCKE B BHIC
3aMKHYTOTO KOHTYpa paBHO TpeM (1, =3}, «JIumnuxy cBsizel W, CICAOBATENBHO.
«IATIHAX» YCHAKH B IHCKE HET.

Takum 00pasoM, BapHaHT pacdeTa 2 ABAACTCA neoﬁxm)mubm yeaoeuem
2EOMEMPUYECKOT HEUIMEHACMOCIIE H CMATUNECKON onpedeInmocmy ducka 6
grde CROGOONO20 SAMKHYIHOZO KOWMYpA.

Ana nucka B BHAE OJHOIO NPHKPEINCHHOIO K OCHOBAHHMIO 3AMKHYTOIO
KOHTYPA  HeoOXOOHMBIM  YCIOBNEM  2e0MEMPUUECKON  HeUIMEHALMOCHN
H cmamuveckoll  onpedeaumocmit, Kpeme cobuodenun  yoiaosus  (2.3)
U OONOHEMEABHOZ0 mpefosanus (2.3)* npasuibMoit JCmanoeka oneprelx
CAAICUH, ABAREMUA MAKHCE CODHDOEHEE YCIOCUA

. ny =0 mnmny =3 212
H JOTIOMHATCIBHOTO TpeboRaHHs;
mpu  wWapHHpE 6 JAMKHPMOM  KOHMEpE Me  DoXHCHBI

X (2.12)*
PACRONGAMBCA HA 0OHON RPAMOIL '

2.4, YenoBHda reoMeTpHYecKoil HeHIMeHIeMOCTH
H CTATAYMECKOH ONpeae/IHMOCTH CTEPKHEBOI CHCTEMB] KAK CHETEMBI JHCKOB,
COLAMHEHHBIX IAPHHPAMY

Yerosun ceomempuneckoit nensmenzemocmu

byzeMm paccMatpHBaTL CTEPIKHEBBIE CHCTCMBI (CM., Hatpumcp phe. 1.2), xak
CHCTEMB MHCKOB, COBAHHEHHBIX MeXAY co00l odunounsismi mapnapavi (Kaxapi
13 HIX IKBMBANCHTEH NIBYM CBA3ZAM), 2 C OCHOBAHHEM  OIOPHBIMH CBA3AMH.

Yueno AUCKOB, OAMHOYHBIX WAPHHPOB, COCIMHSHOIIHX JHCKH MERIY coOOH n
OMOPHBIX CHAZCH COCTHRAACT COOTBETCIBEHHO 71, gy -

CoLoCTaBACHUE CYMMAPHOTO wHcna (n,, + 2nj,, } ONOPHBIX CRS3eH W CcRA3EN,
COCIMHAIOUIMX JHCKH MEKIY cOO0H, ¢ 4ichoM 34, CTCICHEH cBOOUILI BCEX JAMCKOB,
KOTAA ONH ABNAOTCH CBOGOIHEIMH, T.e. OTOCACHHBIMA JApyl OT Apyra W OT
OQCHOBAMMA, IPHBCACT K TPCM BAPUAHEAM OUEHKA EOMETPHYECKO] HENIMEHASMOCTH
cucrennl. Hlepablil BapHanT B BHAE

(11, + 200, ) < 3my : (2.13)
MOKASBLIBAET, 4T0 CBAseH B CUCTEME HETOCTATOUHO NI YHHUTOXKEHHA BCEX CTEReHel
CROGOUBT CBOBOHBIX JUCKOB H CHCMEMA ABHO 2EOMEMPUYECKH UIMENAEMA.
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Heoﬁxm)u.uomy yoirosuio “eomempaqecwoﬁ HeuIMenNaeMocmun chcmenn
OTBEYACT YCJIOBHC

(Fgny + 20,2 31, (2.14)

OnHAKo 2me yerosie ReOBXOOUMO, HO HEOCHAMONNO OAR OKONRAMETDHOZD

CYHCOCRUA 0 280MEMIPDUNECKONR HewIMeHnemocmy cucimembl. JIOMKHO Takke

coduwnaTeca TpeOOBAHKC O NPABHILHON NIOCTAHOBKE [MAPHHPOB M ONOPIILIX cBA3e,
R TOM YHCIE I BBIIGJIHEHHE VCI0BHH {2.3) 1 (2.3)F,

Yenosun crmamuneckoil OnpedeIumoctmi RpU HEXONCOLHHR YCHARN 8 ORODHBIX
CEAZAX U 6 COAIAX, COEOUNANUUX GUCKU MeNcdY coboli

PaccMoTpum [Ba BapHanTa MOCTAHOBKM 3a]a4yli [0 GUPENSNSHHUIO YCWIMH B
CTCPKHEBEIX CHCTEMAX. '

3anaua 1. CraBuTcd 3anaya onpeneneHus ycuunii o scex (ng, + 20, ) CBA3AX.
ITO 03HAdaeT, YTO AHCKH OTPE3aHbl OF OCHOBAHHS M APYL OT APYra (CBA3H yIAJICHEL)
M JelCTBHE CBA3CH Ha OcHOBAlME H Ha JHCKH 3aMEHSHO jcHCTBHEM MoOka

HEM3BECTHRIX YCwnui B coainx obium ancaom i, = (k,, + 2n,,).

il
Jru YCHIHA H Tp36yCTCH QUPCACTHTE AT AadabHEHUICTO pacdeTa 0T HX
JCHCTBHA KaXUIOTO CBOOOMIOIO JUCKE OTACNLHO H q)yHJ.IaMCHTOB onop.
Tax Kak NMHCKH OTHC/HCHBI ADYT" OT Apyra, TO pAaBHOBCCHC KaXKIOOr0 AMCKA 1101
OeHCTRUEM OPUAOKEHHBIX K HEMY Harpysok W yCHJ’lHﬁ B VIANCHHBIX CBA3AX
ONMUCBIBACTCA TpEMA YpaBHEHHAMH pPaBHOBECHSA. ,uﬂﬂ BCEX AMCKOR YHCIOM  #y

TNONYYHTCA CHETEMA 7y, = 31, YPaBHEHNH parHoBECHA,

COHOCTABICHHE CYMMApHOTO 9HeIa i, = (s, +2n{),) HEHIBECTHLIX YCHIMI B
OTIOPHBIX CRA3AX W B CBAIAX, COSIAMHAWINHX IHCKM Mexay colofl, ¢ uMcnoM
Ay, =31, ypaBHEHi PARHOBECHA BCEX JAMCKOB, KOTIA OHH SBIAIOTCA CBODOAHBIMH,
T.€. OTASTEHHEIMU JPYT OT jPYra M OT OCHOBAHHA, HPHBSUET K TPCM BApMAHTAM
OUEHKH CTATHMCCKON ONPCOCTUMOCTH cHcTeMEl. [lepRulit BapHaHT B BU/E

(Mon + 2R, ) > 30, {2.15)
MOKA3bIBAET, YTO YHCIIO HEH3BECTHLIX YCHNMHA B ¢Bf3AX GONBIIE MMCIa yPaBHEHAUH

PABHOBECHA IS CHCTCMbL cBOOOOHBIX OT CBAICH ONCKOB W cucmema meho
CHAMaYecKu ueanpet)eﬁwua.

Heobxooumomy ycaosuwy cmamuueckod  onpedeiumocnil  CHCHEMbL
OTBEYAET YCIOBHE

(tgp + 208, ) < 30, (2.16)
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Couoctasngas  euipwskenust (2.13) — (2.16), BuauM. uTO neoBxodumbim
yenosHem U 2eOMEMPUHNCCKOW  HEUIMCHACMOCHY - U CHIAMUYCCKOU
ORPEGEIUMOCIN CclCHeMbl Oydem pagencmeo

(ngg + 20y ) =3n,. 2.17)
OnHaKO 20 YeA0BHE REOAXOOUMO, HO HEDOCIAMAYILO OIA OKONYAMETLHA20
CYHCOCHUA O ZLOMEMPHUCCKON  HeUIMEIAeMOCd  H  CHIMHYecKol
onpedesumocmu  cucmeser.  Jlomxuo  Takxe  colmoiarscd  TpeboBaHue o
MPABHALHON TOCTAHOBKE IMAPHHPOB 1 GMOPRLIX CBA3EH, R TOM YHMCAE H BHTIOIHEHHE
yenoeuit (2.3) 1 (2.3)*,
Zamaua 2. Unoraa npy peutenu 3a1aquy onpeieTednsa YCUIRH B CTePKHEBEIX
CHCTEMAX CTABHTCA LEAb ONPEINCICHMA YCHIHH He Cpa3y BO BCEX CBA3AX,
COETHHAOWMX JIMCKHM MEHAY coBOH ¥ ¢ OCHOBAHHEM, A MOALKO 6 OROPHEIX CEAIAX.

37O 03HAUAET, UTO B OTANTHE OT 3a4a4K | ONPEACNEHNA YCHIHE CHCTEMA AHCKOB HC
PA3ACIIACTCH 10 LAPHHPAM H OTHE)BHEIE AHCKH. ' ) i

Cucmesa duckog ¢ 3adade 2 omoentemen MoALKE DM OCHOGAINA: ONOPHLIE
CTEPXKHH HHCIIOM A, YHANAWOTCH M 3aMEHAIOTCA YCHIHAMH B HHX, T.C. OfOPUBLIMH
peakuuaMu. YHCITO0 HEeW3IBECTHBIX VCHIWH IpU pacyeTe NpHPABHUBAETCHA uHCTY
ONOPHLIX PEAKLHA: 1, =1, .

Yucno ypaBHeHHﬁ PaBHOBECHA # KOTOPBIE MOKBO 3aTTACATRE ANTA ONHCAHIIA

Yp?
PABHORECHA CHCTEMBL JIMCKOB, COCIHHCHHEIX [IIIARHWPAMA H OTRCNEHILIX OT
QCHOBAHHA, ONPCICTIHTCH H3 BRIPAMKCHHWA B BHAC!

ny, = (34 ay,), (2.18)
rie 3 TpH YpaBHEHHS PABHOBCCHS, KOTOPLIC MOMHO 3aIEHCATb A4 BCCH CHCTEMEL
OMCKOB, OTAEJIEHHON OT OCHOHAHMAH, ¢CH Obl OHA GhulA €lMHBIM JHCKOM {AMCKH
ObL1d  Ohl  CORTMHEHB MeXAY COBOM IKECTKMMH ysmaMu), nj, — YUCIO
HOTIOUHUTIILHBIX YparueHdil pasHOBecua Buaa (2.10), paBHoe uMcny odunounsix
WapRuPOS, NOCMAATEHHbLX 8 YITAX COCOHNEHUR OUCKOE MeHCDY coboil,

Heobxooumee  ycirosue — 2e0MempHIecKolt HEUIMEHREMOCTIN "
emamuyeckolt onpederumocmu B 3anave 2 sMmecTo yonoedua (2.17) Beipasurcs
ypaBHEHHEM

fon = (3+ 1) (219

Tarke kak H B 3371aue | 2mo yorosue neodxedumo, Ho HeGOCIHAmMownoe 018
OKOHMAMETBIOI0  CYHCOEHUA 0 20MCMIPDHYECKON  HEUIMENAEMOCHN U
cmamuieckoil  onpederumocmy  cucmemst. JJOTKHO  rakke  cofmoaaTthes
TpeGOBAHUC O NPABUILHOH 11OCTAHOBKE LAPHHPOB H ONIGPIILIX CRA3CH, B TOM YHCHC #
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BRIMONHeHHe yemornid (2.3) u (2.3)%.
[pumeuanne. UHcio YPARHCHUE PABHOBCCHS B sajlade 2, UPCACTIRICHHOC (DOPMYyIni
(2.18), u yemorue (2.19) MOXHO MOAYUHTH M HCMOCPCICTRCHHe W3 ypaeHceHu® (2.17), conu

1IEPEHECTH BJIIHYIIHY 2”{‘;1& 3 JIEBOR vacTh YPABHCHHA B LIPABYKY M ¥YHCCTh, YTO YHCIO0 JHCKOB B

CHCTeME GANMLIIE YHCTA COSAMHAHNITMY HX LIAPHHPOB HA OJHY CRHHHTLY: f’l:[ = .’Tirllu +1.

Yenoeun zeomempuneckoli HeU3IMEHREMOCTIE H CIMAMUNECKOT ORPEIETUMOCINN
R pueme 6 CHCIMEME JAMKHYIBIX KOILIYPO6

[MpeanonoxuM, 410 B CUCTEME COSIMHEHHEIX JIPYT ¢ IPYI'OM MHCKOB HMEHTCH
3AMKHYTEIE KOHTYPH! IHCTOM #,. Torna OHH MOMKHE OBITE YUTEHB! TIPH OLEHKE
reoMeTpHdeckod  HEeH3MEHAEMOCTH M CTATHYECKOH  OTpelenuMocTH  (HAnH
HEOTPEeICTHMOCTH) CHCTEMBL

ITOT yHET NMPOHIBOAXTCH B COOTBETCTBHH ¢ BhipaskeHHueM (2.11) nobGasrennem
COOTBETCTBEHHO B NEBYIO M [IPABYH> HACTk paBeHcTBa (2.19) gyucna 3, «IHIIHHX»
HEM3IBECTHEIX B 7, 3AMKHYTELIX KOHTYPAX U UMCIA M|, SOOONHWTEILHEIX YpaBHouuii
pagHoBecHa  Buia (2,10} OTHOCHMTENBHO OOMHOYHBIX 1UADHHPOB 60 6CEX A,
IAMKHYIBIX KOHINYPEX,

B pesyabTaTe TNOAYUHM  He0OX0dUMOE  YOIOEHE  2COMEMPUHECKOH
HEUIMEHREMOCHIY H CIAMUYECKOR ORPeOeTUMOCE CHCMEMBY B BHAE

(#gn +3m, ) =(3+ nf‘m + nlkm).

Beiiosany 1peodpazoBadue 310i1 GopMysibl ¢ yHeTOM CACAYIOIIHUX ABYX
IaMEUAHWH.

1. B pacyeTHBIX CXCMaxX CTEPKHEBBIX CHCTEM (cM., Hanpumcp, puc. 1.2 u
prc. 2.1) wuzofpaxkeHHe OJHHOYHBIX IHAPHHPOB, OTHOCHLLMECH K 3AMKHYTHIM
KOHTYPaM, HHUEM He OTAHYAIOTCA 0T OFMHOYHEIX NIAPHHPOB, COCTHHTIONINX NHCKH
MexIy co0OH M nNOITOMY TPYAHO PasiciuTh HX TIPH IOJCMETe Ha [IAPHUPLI
COSMUHAKIIME JIMCKY 1 LIAPHUPB, HOCTABNEHHBIE BHYTPH JIMCKOB,

2. B pacueTHLIX cXeMaX CTe[KHERBIX CHCTEM KPOME OONHOUNBIX HIAPHHDPOS,
COCAMHAMILMX B ¥31¢ TOALKO JBa Jucka (puc. 2.6, 4), MOTYT OBITE WAPHHPEL
Ogeitnsie (1Ba OIMHOYHLIX), mpoitste (TPH OJMHOYHEIX) U 1.1., COSAHHHIOLIME R
yie COOTBETCTBEHHO TPH AKCKa (pHC. 2.0, §), YeThipe AMcKa (pHC. 2.6, 6) B T.1.

Tax Kax rOOCHUMBIEREMCA HUCAO OOUHOYNBIX WADHIPOS, MO BYHCIL) Dbiine
SRUMAMEALHBIM! O8OHHbIC, MPOUNLIC H OpYZUe WAPHRUPH Ce0Ven 3AMEHAND
COOMBEMCHIEYIOW UM HHCTOM OOUHOUHBIX APHUDOE,

B cBasy ¢ 3THMH 3aMCHaHHAMH 3alMILCM NPeABlIYIUee HeefxXoduMoe yeilogne

aea;wempuuecxoﬁ RENTMEHACMOCHIH i cmamuuecKoi OHPE()&TIMHOCMM
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CMEPHCHEEON CUCIEMBI B BUAE
{nyy +3n) =G +ny,), (2.20)
re  m,, =#j, +M, — CYMMapHOE 4HCIO OJHHOYHLIX WAPHHPOB, K KOTOPHIM

IPYUBOATCA g¢e olinble, TPOHHBIE W T./1. INAPHAPL CTEPKHEBOH CHCTEMBI.
7] .
i * — T—
i
‘

Puc. 2.6

a

Yenosue (2.20) HeobXo0uMO, HO HEOOCHAMOUND O0AA OKONYAMETLHOZO
CYMCOEHUA 0 ZEOMEMpPUNECKOR  NEUIMEHAEMOCHME [ CHIGMURECKOl
onpederumocmu cucmemul. JJONONBHTCIBHBIM YCIOBHEM HBIDICTCA TpeOoBanHe
NIPABMJIBLHOH PACCTAHOBKY LIAPHHPOR M NOIYYEHHA ACHCTBHTENBHO 2E0Mempuiecky
newsmenremofi  cucmemel.  [eoMeTpudeckas  HEUIMEHMEMOCTH  CHCTEMEL,
yaosaeTBopsomedl yenosuo (2.20), ycTaHABNHBACTCH CHIPYKMYPHOLM AHAIHIOM
CTEPWHEBOH CHCTEMB! KN CNEUMANbHBM HCCIEAOBAHHEM.

CTpyxTypHblii  aHaAM3 CTCPXKHEBOH CHCTEMBl CBA3AH C  BBIABICHHEM
HMEIOLIKXCA AHCKOB B CTEPKHEBOA cucTeme W OpOBEpKOH  (IPaBHILHOCTH
COeIHHEHH WX ONOPHBEIMH CBA3AMH ¢ OCHOBAHHEM H LHAPHUPHBIMY Y3aMH MCAKILY
co6oii. Ilpy 3TOM YHHTHIBAKTCA PACCMOTPEHHBIC B 3TOM NOPA3ILIEe PEKOMEHTaI[HH
(2.3 u(2.3)% (2.12)y n (2.12)* no ycTaHORKE ONMOPHBIX cBA3CH K IMIAPHHPOB, KOTOPLIC
He TIPHBOAAT K 0Opa30oBaHUI0 TEOMETPHUECKH HeH3IMEHSeMBIX HacTeill cCTepKHeBOH
CHCTEMEI H BCCH CHCTEMBI B LIGJIOM.

Crenganbasie MeTogp! dcciaetosanud [H OyayT paccMorpenst B RajlbHEHILEM.,

2.5. BuIiscHeHHe NPHHALIEKHOCTH CTEPKHEBO§ CHCTEMBI K CTATHYECKH
OoNpeseaHMBbIM WIH CTATHYCCKH HEDNPEACTHMBIM CHCTCMAM

[Mpexac ucM HPACTYTIHTE K PACUETy CTEPIKHEBOH CHCTEMBI L0 ONPEALTCHHIO
¢¢ HAC BeifCHAWOT, ABRIASTCA OHAa CTATHYECKH ONPEAenHMOH HIH CTAaTHYSCKH
HEONpe AeTUMOi,

Jna JTOro BBINOJHAIOTCA CJICAYIOLIHE ABA JeHcTBHA (0DOSHAUEHHA H CMBICH
ACHCTBMH HOMEeH ObITh TOHATEH U2 NPEABIAYIINX 00BACHEHHI )

¢ 1. IlogcynTeiBaeTca CTeTeHb CTATHYCCKOH HCOmpeIeMMMOCTH CTEP/KHEBOH
CHCTEMBI
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n=an, —ng, =(r, +3n)—3+n,,) (221}
M JIEJIEETCH BRIBOJ, COOTBCTCTBYIOLLUI 1I0:1YUCHHOMY PesyILTATY pacucTa.
¢ 2. BunonuseTcd  HCCTEAOBAHME — TEOMETPHMHMECKOH  HEHIMEHASMOCTH
CTCPAHCBON CHCTCMEL ’
B neproM NyHKTe OpPOREPKH MOK1YYa€1CH GAMH H3 CIEAYHIUMX TPEX BAPHAHTOB
PC3Y/ILTATOB.
Bapuanm I: n<0. Kak nokasago BbllIC, O0Af makeid cucmiems

GMROTHACHCA HeOBXOOUMOE PUAOSHE CIMAMUNECKON ONPedeTUMOCHE T.K. 1HCTIO0
HEUIBECTHBIX VCHIHA 7, = {1, +37,) MCHBLIC wuckd 1y, =(3+m,) ypasHenuid

paBHOBEUMH, MMERWHXCS A1 ONPCACTCHHA VKAZaHHLIX YCHMRWH, Ho He
ABINOIHACHICA HEOBXOOUMOE YCrOBHE 2E0MEMPUMECKON HEUIMEHACHOCIH, T.XK,
YHCIIO CBASCH B CHCTCMC ByIeT MEHLILE YNCNa cTerenelt cBobda;ILl ee AHCKOB,

HHBIMI cTOBaMHM, MpH MONYYeHHM PedyNbrara pacterd no gopmyne (2.21) B
BHAC BApHaHTA # <0 HeobXOIMMO CACIATH BBIROM, HTO MAKUA CHCHEME RGHO
EOMEMPUMECKH UIMEHACMA,

Bapuanum 2: n=0. Bunoausemen neofxodumoe yciosue chmamuveckoi
OnpPedeTUMOCINE  CIEPHCHEGOR  cucimemsl, T.K. UHCIO HEHIBECTHBIX  YCHAHMI

a, = (4, + 30, ) pasHO YHCHY Ay = (3+ 1) ypaBHeHKH PABHOBCCHA, UMCIOLEHXCA

ANnd oNipeAeneHHd YKasaHHBIX yCHJlHﬁ.
Bapuanm 3. n> 0. Cicmema 26H0 CIMAMHYECKTH Heonpet)mu.un. T.K. HHCIID

HeHIRECTHLIX YCHAMH #n, = (n,, + 3n,) Ooabuic uucia Hyp = (3+n,,) ypaBHenni

PABHORECHA, UMEFOUIHXCA AN ONPEASIICHNA YKA3AHHBIX YCHIHI,

Bo BTOPOM NYHKTE NPOBEPKM BRINONHASTCA CTPYKTYPHBIA dHAlM3 CTEPKHCBOR
cueTembl, BCIH CHOTCMa MMEET NOCTATOMHOE YHCAO CRAZEH, COSOHHAIONINX THCKH
Mexcay coboll ¥ ¢ ocHoBUHKMCEM (BTOPOR M TpeTHH BapWaHTHl NEPBOTO NYHKTA), W
CBA3M B [EH OpPaBUNBLHO  MOCTABIEHBl (¢ TOMKM  3PEHMA  JIAHHBIX  BBILUEC
PEKOMEH/ANMEA), TO BCA KOHCTPYKUMA 00pa3yeT eIMHLIA HEHOOABIGKHEIT TUCK M
ARTACTCA TEOMETPHYECKH HEWSMEHICMON CHCTEMOH,

Pasauune reoMerpHueckH HEM3MEHAEMBIXK CHCTEM, KOTODLIM B IIYHKTE |
COOTBETCTBYET BIOPUH M TPCTHIl BapHAHTLI, COCTOMT B TOM, YTO NMPH BRITOTHEHHH
YCIOBHA BTOPOTO BAPMAHTA CIEPIKHEBAd CHCTeMa OyLeT CTATHUCCKH ONPCACIHMA, a
[IpPH BbINONHEHHN TPETLET O BAPHAHTA — CTATHHECKH HEOTIPEeiMa.

B uony4e¢HMH T4KMX BLIBOAOB H COCTOHT CMBICT BBEITIONIHAEMOM NPOBEPKH
CTEPKHEROI cHcTeMbl Oepe;l pacueronm ce HIC.

PaccMOTPAM  OpMMEpEl  NIPOBEPKH  CTATHMCCKOH  ONpPeingiMMOocTd  Mnu
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HEONPEAENIMMOCTH  PacuCTHBIX  CXCM  Pa3NMYHBIX  CTEPHHCRBIX  CHCTEM,
H300pameHHLIX Ha puc. 1.2, Tpouexypy mpoeepx GyleM BBITONNATE B BRAS
YKAIAHHBIX BLIIE IRVX NYHKTOB.

Tpumep 1. flpacmenune batxu (puc. 1.2, a
1. Jna seex wu3oOpakeHHbIX GanoKk NpH BEITIONHEHHM DVHKTA | ¢ HCDOMBE30BaHHCM

dopumynst (2.21) umeem: n, =3, n, =0, n, =(n,+30)=3; n,=0, n =0C3+n,)=3 u

o
n=n,—n, =0. Bunonuaemea neobXodumoe yrosue cHAmMUNECKOR OHPEOEIMOCIE IMUX

farok, 3anucanHoe B BHae a, =3 (2.3) unn B Buae »n =0.

o

2. CTpyKTypEBIH &HaT#3 #300pRXKEHHBIX pAcYeTHRIX CXEM [0KAa3RIBAET, YTO BCE
TPHBEASHHSIC RAPUAHTE TTHPUCOC/IHHCHKA DANKY K OCHOBAHHIO TpEMSA CBASAMH YIOBIETBOPREOT H
Tpebosanmio (2.3)*: CRAZM HC MApAnNCNbLHEL JIPYT K IPYTY H HE NCPCCCKAIOTCA B OJAOHE TOUKe.
TMostomy 6ce npocwmeiinine Ganku, usobpaxcennste na puc. L2, a, zeomempuuecku
HEUIMEHREMbI.

O6muit BEIBO HAa OCHOBAHHH NYHKTOB | W 2! 8ce npocmeiiuatie Ganku, u3olparccHusie Ha
puc. 1.2, a, cmamusieckn onpedenusmsl.

Tpumep 2. Hepapeznan baaxa (puc.i.2, 6)

1. B coorserciBun ¢ dopmyaoit (221) n, =3, #, =0, n,=(n, +3n)=50 n, =0,

o
n,=(3+n,)=3 n n=n-n,=2>0. Tpex ypasuenuh pasnocecus, KOMOPHIE MUNHO
anucams 08 GoAKd, HEQOCMAMONND Of ONPEOEreHHR NARM HEHIGCCHIBIX ORODHBIX
PeaKuui. '

2. CTpYKTYPHBIA aHaNH? KOHCTPYKUMH TIOKA3LIBACT, 49T¢ [ATE CBAISH, HPHKPEINIAIOLIHE
Ganky K OCHOBAHHIO, HE [IEPECEKANITCS B OAHOH TOMKE H HE (APAMNENbHE! Apyr Xpyry. basxa
REAREMICR 2EOMEMPUNECKR HEUIMENAEMOII CHCMEMOTL.

QOmnit BBIBOI HA OCHOBE MYHKTOB | 11 2! GaiIKa 2eoMempuiecKy HEUIMEeRAENa N 064 paza
CRIQIMUNECK Y HeONPedeTUME,

Mpusep 3. IHaprapnan baxxa (pre. 1.2, 6)

1. B coorsetcrerd © Gopmynod (2.21) n, =5, n, =0, n,=(n, +3n)=5; n, =2,

on

n,=Q@+m)=5 u n=m—n, =0, Bunvinremca neobxodumoe yeioeue CHamudeckon

onpedeTumocmu SaiKy.

les]
I

D
C pa
A 3R P Ve
Puc. 2.7
2. CrpyKIypHBIA UHWIMI JUIAHHOR PACMeTHON CXeMBbl DankH BBUIOMHACTCA B BHAC

TOCTPOEHNA  TaK Ha3BIBAEMON  madcHoi  cxemm {puc. 2.7} MM cxeuw  08pasosdnus
2E0MEMPUHECKH HEUFMEHARMON KOHCIPYK YUY,
TlocTpocHHe CXCMBI HauWHACTCS €O 3BCHA AB Danxn, KOTOpOe, Kak TOKA3laHO B NEPBOM
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NPHMCPE, SBUACTCH TEOMCTPHUCCKH HEHIMEHAEMBIM M CTATHHCCKH ONPEICAHMEIM M THCKOM,
NPUKPENNEHHBIM K OCHOBAHHMIO. [103TOMY OH MOWET CHMTAThCA OCEOBAHHEM I CNCIYHOLHLCTO
aucka. EC B crasu ¢ aTum, wapHup £ 6aMKN MOXKCT CHHTATRCA IHAPHHPHO HEMOIBHXHOM anopott
E (em. pue, 2.7).

Huck EC, coeauHeHHBIH NBYMA CBN3AMH B ILapHHpe £ C HEMOABHMKHBIM IHCKOM AR,
OKa31bIBACTCA TOXKC 3AKPETIEHHBIM, TAK KAK OH MMCET TPCThKY CBA3h B BMAC onophl Gamkn (.
[loaToMy D70T AMCK MOKET PACCMATPHBATLEA K&K HENOABWAHOC OCHOBAHKE WA mucka FD. Tlo
OTHOINEHHED K HEMY [IPOBONATCA Paccy:ISHHA AHATOTHYHbIE PHBE/IeHHBIM BRime. I gemaercs
BEIRQ;1, YTQ H TOT JIHCK 3AKPENNCH. Baake 2e0Mempuiecku HeuIMeHnema.

Takny o6paszoM, MOKHO CAEAATE OBMIMIE BRIBO, UTO BAIKA cMaInuecKkl onpedenma.

Mpumep 4. Paua, uznfpancennan na cxeme I puc. 1.2, 2.

1. B cooreetcTBHN ¢ topmyioH (2.21): n, =3, # =0, n, =(» =0,

on

+3n.)=3. n

T
R, = (B+n_1=3 w n=n—n,=0. Bunoansemca neobxodustoe ycinshe cmamuiecKoi

oHpEAETUMOCHIN PAMBI.

2. Pava R6:32€MCA 2€0MEMPUNECKI HEUIMEHACMOR CHCHEMOR, TAK KK OHA TIPC/ICTARAACT
cafoi ofIME JHCK, NPHCOEAHACHREIH K OCHORAHHIO TPCMA CRAIEMIL, HE TIEPCCEKAIIAMUECA B O/TROIM
TOMKC M HC NAPATIETbHBIMU APYT APYTY.

OOWHH BLIBOA: pasMa CHIGMUNECKE onpedeTitma.

Ipumep 5. Pasa, wzobpancennan na cxeme 2 puc. 1.2, 2.
1. B cootBeTcTBHu c (opmymod (2.21): n#, =3+3+1=7, a, =0, n =(n

+3n}=7.

it

n,=l4=4, n =0G+n,}=3+4=7 u n=n,-n,=0. Beinornsemca Heobxodumoe

VCHOBHE CMAMURECKOR ORPEOCTUMUICIE DAMEL.

2. CrpyKTYPHEIH 202703 PACHETHOH CXEMBI PAMBEI HO3BOIHACT OTMCTHTE CIICLY KILICE.

B cxeme 2 pamst ua puc.l.2, &, mapuupel 4 H B HEUOABMKHBIL, T4K KAK OHH
UPHHAWICKAT HENOLBUKHBIM MHCKAM-CTEPIKHAM, DACIOIQOHEHHBIM HIDKES IMAPHHPOB M 3KECTKO
CBAYUHHBIM ¢ OCHOBAHMEM.

Aucxu AC w BC BMecTe ¢ HEMOABHKHBIM THCKOM OCHORAHMA 00PAIYIOT HCTORHKHEIH
IOHCK, KOTOPBIH YCNOBIIO MOKNO [IPEACTABHTL KaK «TPCYrobHuK» 4BC (eM. cxembi 1 — 3 Ha
puc. 2.1, 2).

Keerkuit auck DE apucoc HHCH WapHupos 1) (R CRAIM)} K HSNOABIKHOW MacTH paMbl 1
MMCCT TPCTHIG BCPTHKANLHYIO CB3b B onope £ . Takolt AHCK TOKE HEMOABHACH.

Takum 00paloM, sca pasma npedcmasiaem cobOR COUHBLE HMEROOGRMCNBIT OHCK, M.
REIREMCA CHCHEMON 2EOMEMPUYECCKH NEUIMEIIALMO L.

OOmNi REBON. paMa CIMARIUYCCKH ORPEOETUMA.

[Mpumep 6. Pava, usvbparcennan na cxeme 3 puc. 1.2, 2

1. B COOTBETCTBIH c thopyymnoit 2.210): n,=2+3=5, n =1,
n,={n, +3n1=(5+3)=8§; n,=l+2=3, n,=03+n,1=3+3=6 i
n=n,—n, =8-06=2>0, Hedocataemt 06px ypasncrus pasiiosecus 018 ORPEOSTEHUA 6CeX
PREIARHBIX HONIGECIMHBIX YoHARE, Pama 0saxcos: cmamuyecku rneonpedetama. BrlnonHeHnem
CTPYKTYPHOIO AHAIN3A BEIACHAM €€ N€0MeTPHYECKYI0 HEHIMEHAEMOCTh.
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2. B cxeme 3 pamel Ha puc.].2, 2 wapaip C 0THOCHTCH K HCHOABINKHOMY JIMCKY. Juck
ADC Towe HenOABHKER, TAK KAk OH NPHKPELIICH K OCHOBAHMN ABYMA CEA3AMH R onope 4 H
ABYM% cBA3RMH B lrapHupe (. Kpome TOTO, 3TOT AMCK CRA3AH ¢ HCTOMBHXHBIM mapHupom C
auckom-crepwteM DC | Jlenaes BoIROA, MTO paMa TEOMETPUYCCKH HEHIMCHAEMA,

OBuuid  BLIBRA paMa ceOMeMPUNECKH HEUIMEHAEME H  O08ANCOLI  CHAMUYECKY
Heonpederuma.

Tlpumep 7. Pama, uzobpaxcennan ua puc. 2.8, a

L
E
D c
A

B

2

7777

Puc. 2.8

1. B cooterctemy ¢ dopmyaait  (2.21) A, =2+1+2=5, n, =0,
A, ={n, +3n3=03+0)=3. &, =l+1=2, ”\p=(3+"m)=3"'2:5 W n=n-n, =0.

Boinonnsemen nevfxXo0umoe yerogiie Camueckod oNpedeTitmocny pamsl.

2. CrpyKTypHbil  aHanW3 pacdCTHCOH CXCMBl DAMBl NOKA3BIBACT, YTO OHL SIRASCICH
MIHORCHHG WiMeHAeMol ciicmiesmol. J|CICTERTENBHO, UPH DAaCeMOTpeHUH JMcka DBE mowHo
CYNTATE Cr0 NPHCOSIHHCHHBIM K OCHOBAHHED TPEMS CBAJAMIL, MEPECCRAOUINMHCA 8 TOUKe O,
ABMAWLCHCH MIHOBCHHBIM LEHTPOM BRAllCHHA Tucka (puc. 2.8, 6).

Obumii BeIRON: Hecmompa nd cobmodenie HeaOXoMUMO20 VCI0BUA CHIGRIHMECKO
ORPEOCTUMOCNU, CHCIEME MAKOROH He REIACHICA. AHAOTHUHEN cayuail yike 6518 paceMOTpeH
B Nonpasacnc 2.4 (eM. pue. 2.3).

Npumep 8. Pava, uzolpancennas na puc. 2.9

1. B cooteetetBun ¢ dopmynodi (2.21y: n, =2+1=3, n =12,

*

o=, +3n)=3+0)=9n, =5+2=7, n, =Gtn,)=3+7-10

o

anr=n-n, =-1<0.

TTonyuuiiM Mepeald BAPMAHT PE3YALTATA P NOICUCTS CTEUCHI
CTATHYECKOH HeOUPCASIHMOCTH pambl. EMY COOTBETCTBYCT BbIBOL
pama AGHO 2COMEMPUNECKE NIMeHAeMa. TIPOBEPKY IT0I0 BBIIONHUM C
MOMOUIBIO CTPYKTYPHOI'0 BHAIIN3A PACHCTHOH CXEMBI.

2. CHavara paccMoTpiM auck 4BCE, kKoTOpbHi NPUKPCRAEH K B
OCHOBAHWID TPCMH OTIOPHEIMU CEARIMY, HC NCPCCCKARITNMHCA B OHOH 2
TOMKE M HC TapanmenpHeiMH  Apyr apyry, Tako#  awex  Oymer 7777
He3MenacMolil  cucTemoli.  Ere Mmowme  paccmarpuBaTh  Kak

Puc. 2.9
HEMOUBHKHOE OCHOBAHHE JUIA YACTH CHCTEMbL BHILIC WAPHMpoB C 1 £
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HAucku CDF o DE BMecte ¢ HENIOABHKHBIM JHCKOM A BCE o0pa3yroT «TpeyroibHury. Ha
cXeMe OH YCHOBHO MOKA33aH INTPHXOBLIMA JIHHAAMH. B pesyRbTaTe TAKOro CTPYKTYPHOTO aHaMH33
YCTAHABMHBASM, MTO BCA YACTE KOHCTPYXIHMH, NEKAUlAf HHXE UIAPHEPOR F W E Momer
PaccMaTpPUBATLCH KAK HETIOJBMKHEI IMCK — DCHOBAHME JUEA BRIIIE JeKanIeHd JacTH.

OcTaBIIancad KOHCTPYRIIHA MOMKET PaccMATPHRATECA KK CHCTEMa HeTBIPEX THCKOB, TPH H3
KOTOpBIX, B TOM yufne HEMOARMKHBIA QMCK — OCHOBAHME, YCIOBHO TIOKA3aHBL HITPHXOBBIMH
AMHHAMH, Tak Kax AHCKH COSIMHEHEE APYT C ZPYIOM TONBKO LUAPHHPHBEIMH YI/AMH, TO O9EBHIND,
4TC TAKad CHCTEMA [EOMETPHHYSCKH HaMeHAeMa (oM. cxemsl 4 v 5 Ba pue. 2.1, 2).

Hpumep 9. Tpexuwapnaprar apra be3 samaxncka (em. exeny I na puc. 1.2, 0)

t. B coorsercTeum ¢ dopmyach (2.21%: n, =4, n =0, n,={(n +3n)=4, n, =1,
#,=03+n,1=3+1=4 u n=n-n, =0 Bunoansemcr neobxedumoe yciosue
CHIQMUNECKON OnPEOETUMOCHIUE DAMBL.

2. TpexmapHupHas apka, WiobpaxeHHad Ha cxeme | puc. 1.2, 2, zeomempuyecku
HeuzMeHresma, TAK KAk TPH OKECTKMX fMCKA (IRC TIOAVAPKH W KCCTKHH HCOOMBWKHEN JHCK

OCHOBAHHS) COCTHHEHE] [MAPHAPAMI R «TPCYTOIRHHK?, KOTOPhIA B IAHHOM MPUMEPC HCTIOABNHKCH.

Mpumep 10, Tpexwaprupran apre ¢ 3amanckoi (ca, cxemy 2 wa puc. 1.2, 0)
1. B ¢cootReTCTRAY ¢ bopMynolt (2.21): m, =3.m, =1, n, =(n, +3n)=6;n, =3,

o

Ry=B+m,)=3+3=06 w n=n-n,=0. BunoiHsemca neolxodumoe  ycnosuc
CMamEEcKOl ONpeOETHMOCTIN DaAMbI.

2. TpexiwmaprnpHas apka, Hio0pakcHRads Ha cxeme 2 puc. 1.2, o, ceomempuiecku
neumenaemy, lelicTBHTCILHO, TPH KCCTKHX OMCKA (JBC TIONYApKM M WCCTKHH INCK B BHAC
3ATSKKY) COCAMHEHb! IUAPHUPAMH B «TDEYTONBHMK» W ODPAIYEOT €NMHELI JHCK. JTOT MUCK
NPHKPCTITEH & OCHOBAHHIO TPEMA CTEPKHAMM, HE NEPCCeKArOIUMMHCA B OAHOH TOMKE W He
napanneNLHBIME APYT APYTY.

OObu1Mi BRIBOL: TPEXIUAPHUPHAS APKA ¢ 3ATAKKOH CTATHYECKH OLIPE/IEIMMA.

2.6. NMoaever cTenenH ecrarwueckoli HeonpeaeTuMocTn depm

®opmyna (2.21) Ana noAcueTa cTEMeHH CTATHYECKONH HEONpeleTHMOCTH
NPHMCHHMA KO BCCM CTCPORHCBBRIM CHCTCMaM, IPHBCICHRBIM Ha puc. 1.2.

OnHako TpH  WCTonsI0BARWM  3TOH  dopmynel 1nd  depM  Bo3pacTaer
TPYOOEMKOCTh TIOACYCTA YHCIA OAHHOYHBIX [APHHPOB, MOCKOILKY B pacdeTHO
cxeMe depMel (CM., HAIPUMED, CXeMb] Ha pUC. |.2.¢) BCTPeYarTesl WAPHHPL! PA3HON
KPaTHOCTH OJHHOHHOMY II&PHHPY.

Oxa3sbiBaerca BOIMOMKHBIM TONY4eHUus aita §repM Donee npoctoit hopMymnsl.
OTo fenaeTed Ha OCHOBE MCTIONbL30BAHUA CIETYIONIEr G OCHORHOTO CBOFCTRA GrepM.

Ecan  nazpyika wa  pepmy, uMewu{yo RPAMOAUHEIHbIE CRIEPHCHU,
HPUAOHCERA K PIAAM PepMbl, Mo 6C€ Y31bl PACHEMHBIX CXEM (lepy CHumanmcs
WIAPHEPHBIMI U 8 €6 CIEPHCHAX GOTHUKQIOM MOIbKO RPOOOTLHBIE CULbE,
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HedicTBrTentHo, moBoft cTepKeHb © HOMEPOM /i, BLLAGICHHEIL M3 depMbl ¢
y3N0BOi HArpy3KoH, HMEET HIAPHUPLL 10 KOHUaM (puc. 2.10), a 3HAYMT — HaXOoAHTCH
B PaBHOBECHH TOJBKO NpH JefiCTBHA MPOTONBHEX CHI N, NeHCTBYIOWHX B 3THX

MIApHHpaX Had  CTCPHKCHB, CTep)kHH ¢ HYIEBBIMH YCHIHAMH HA3LIBAKOTCA
WCHYJTEBBIMHD,

N; pacTmkenHe N; N, CHATHE N,
O 0O > —_— O———
Nt ] L el .
i i
Puc. 2.10

Taxkum o0pasoM, B $CpMC HMCCTCA #, HEM3BCCTHBIX YCHIMHA B CTEpHHAX
bepMbl U n,, HEMIRECTHRIX YCHNMI B ONOPHBIX cTepkHAX depMbl. Beero mpw
pewehny sagagn of HC depmbr 6yaeM HMeT: #, = A, + #,, HEH3BECTHRIX YCHNRIL.
Bee 3Tu younus AcHCTBYIOT Ha Y361 ICPMBL YHCIOM /7,

14 Ka#Z0r0 y31a i GOpMbl MOKHO COCTABHTE AB4 YPABHEHHA PaBHOBECHA. B
cucteme OCK, koropas niobpaskena Ha puc. 1.2, ¢, OHH MOTYT OBITh TIPEICTARMCHLT
8 BUAE (2.22).

B uentpe y3na nepecekaloTcsl NHUHH ICICTBUA BCCK CHJI, ACHCTBYIOLLNX HA
yaeil [MosroMy TpeTbe ypasHeHUe paBHOBECHS YiNa, MMESIONICE BHI PABCHCTRA HYNIO
MOMEHTOB OTHOCHTEIBHO LIEHTPA Y34, YAOBIETBOPAETCA TOKISCTBEHHO H HC MOMKCT
OBITH MCTIOIIB3OBAHO WIS OLIPEACICHHS Yeruui B depmax.

[ W,
X, =0 2z =0 (2.22)
i=1 i=1

Beero ana s, y3nos QepMel OyseM UMCTE iy, = 2n7, YPABHCHHA PUBHOBECHY,

Takum ofpasoM, kpoMe GopMynsl (2.21) CTCIICHE CTATHYCCKOH HEONIPCICIHMOCTH
thepmM MOXKHO HARTH Tarke 1o dopmyne
n=a, - ay =00 +n0n)—2n‘\,.- (2.23)

Mpyn  wucnone3oBauMH  3TOH  OPMYNIEL NOAYYANOTCSH TC KE BAPHAHTBI
PE3yILTATOB PACYETA, KUTUPLIE OLIMCAHB U (hopMyanl (2.21).

Heobx0o0uMoMy yCHO8HI0 CMAMINECKON onpederumocmu pepmui Byoent
coomeemcmeosams ycrosue i =10, KOMOpoOMy COOMEEMCINEYEM PAGENCINEO HILCAA
Ay =, + Aoy HEUIGECHIHBIX  JCHANN 6 CHEPHCHAX  (hepmsl Hucly ny, =2n,
ypasuenuii pagrosecun yiioe suoq (2.22),

JMna Toro uto®el npu EHIDOAHEHUM HeofBxogumoro ycnosua n=0 depma
Oblra  JeHCTBHTCIBHO  CTATHYCCKH  oupcaciuMol  HeoOxoammo  coluroineame
AOTIONHUTCHLHOTC YCIOBMA O TeOMETPHUECKOH HenimenseMocTH depmul. Jlan
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npocTeHWux no obpaszoBaduio Gepm »To ['H JokaseiBacTCa CTPYKTYPHBLIM aHANTH3OM
tdepMBl € TNOMOUIBK MPOLEIYpbl IOCICIOBATENLHOTO IMApAIIHBAHHMA JHCKA,
npeAcTaBnAolero Gepmy, 00pazoBaAHHEM HOBBIX «TPEYTOABHEIX» AMCKOB (CM. pHC.
2.1,8.5).

MOpumep 11. Gepma, umﬁp'amemm» napuc. 1.2,¢,2

1. B cooteeTeTRitH ¢ dropyynoi (2.23) amecn:
a,=(n, +n, )=(4-2+4+5)+3=20 ny, =2n,=2-10=20 u

n=n, = ny, =0 +n,) - 2n,=0

Boinoansemes nenixedumoe yraCRUHe CHIGHINECKO
oRpedeusocr thepmni.

2, Crpyriypsbli aHATIN3  (CpPMBL.  BBUTONHEHHWIE 110
NPONCAYDE HADALUHBAHNA AHCcKa (¢M. puc.2.l, 0. 5) rioka3biBaeT, 410
bepya mpenctasaser  coboH el anek. OH sCH08MKHO
HPHKPCICICH K OCHOBAHHK TPUMA CBASAMH, HE HEPCCCKarlilHMHCA 8
OOl TOUKE W HC mapandelNhHbiMW pyr Sipyly. O0nwil wueoiL
epma cmamuueckn onpedeinma. 7777

PaceMOTpeHNnbIC MPOCTRIC [PHCMEL CTPYKTYPHOIO  aHalnla
HHOI/l4  HE  (Q3BONAKOT  OPOBECTH  ANANN3  IeOMCTpHuccKoi Puc. 2.11
HEH3MCHSCMUOCTH CIePHEBOM cHETeMBl. ¢CH oua pOpasopana Bonee
CIKIKHBIM CHOCODaM.

TIPHMEPOM TAKOA CHCIEMB] ABIFCTCA HA TEpabii BIrIAI NpocTan gepMa, HIDOPAKCEHAL Ha
prc. 2.11.

O:1HAKO HaMiTh CYPYKTYPHBIH ananu: vrol GepMel nytes o0pasoBanis JAMCKY B BWAC
TPEYroJiBHMKa2  HE  yzaacted. 3icch  Heolxoamwo  apuberdHyte K CHICIMAIBHRM - MCTOZOM
HCCNCAOBAHWS TCOMCTPHYCCKOH HCHIMCHACMOUTH CTCPRKACRBIX CHETCM, OiAHH N3 KOTOpBIX OyaeT
paccmoTpen B moapasaeac 4.8 sactv 2 ywedHOTo nocobuA, Tiocne WiIyYCHWS  crocobom
CUPEICICHAS YCHIMEA B CTEPRHAX DCpM.
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3. IPEABAPHTE. IbHbLIE CBEAEHHA O PACUYETE CTEPXKHEBBIX
CHCTEM METOAOM KOHEYHBIX 3.ITEMEHTOB
C UCHOJIB30OBAHHEM [MPOI'PAMMEBL SCAD

3.1, [IpeacTagacHHe PACYECTHOA CXEMBI CTEPRHEBOH CHCTEMBE
KAK CHCTeMbI KOHEYHBLIX CTEPKHEBBIX 31eMEHTOB

Hpy pelenvs OCHOBHONM 33JaYH CTPOWIENBHOH MEX4HHKH (OnpencieHHe
nepeMeltenuil, younunit u aedopMalmnit oT 33JaHHLIX BHEIIHHX BO3IEHCTBHIL) anA
CTEPIKHEBBIX CHCTEM METOAOM KOHeuHbIX diementToB (MK3) ux mpencrapnsor kak
CHCTEMbBl THIIOBLIX CTEPMKHEBLIX KOHEUHLIX JIeMEHTOR {K3), CoeauHEHHBIX MEkKLY
co00M U ¢ OCHOBAHMEM B KECTKHX M LUADHHPHBIX Y3aX. 3TO MPOACMOHCTPHPOBAHO
B Oonbwom umcae pabor, nanpumep [7-13], rae nokasaxo, wro KD Moryr
OpeacTapnaTh co00H Kak CHCTCMY HECKOJILKMX COEOWHEHHBIX JAPYT ¢ APyrom
CTEPHHEH, TAK H MMETE BHJL OJFHOTO MPAMOTUHENHOFO CTENKHA,

B apannom yucOHOM nocoOuM DpH pacdeTe CTEPIKHEBHRIX cucTem MKD
paccMarTpyBaeIca €10 peasmsauua B (popme McToda ncpememeHuid Ha TIK ¢
MOMOLITLIO nporpammil - SCAD  [19], B  KOIOpOil  MCOONL3YIOTCA — TOTLKO
NPAMOIHHCHHBIC CTCPAKHCBLIC 3ICMEHTHI. _ )

B nnockux crepixHeBnIX cuctemax B uporpamme SCAD  ucnonbsyiotcs
npaMosHileiibie crepixiessle K3 asyx tunos:

1. Crepxens, paboraronuii TONLKO B yCIOBUAX HPOAONBEHBIX AcopMaumii. B
€TI0 CEUSHHIX BOZUMKAIOT TONLKO MPOAOTLHEIE YCHIHA & .

B TakMx YCHOBHAX HAXOAATCR CTCPHKHH B PACYETHOH cxeMe (epmbl, KOTOpas
HMEET LIApHUPHEIE Y306l (cM. nonpasaen 2.6). [losromy KD tuna | waswisalor
ICMCHTOM THHL «CIIEPAHCEis RAOCKOR eprbiy.

OuHako 1ak0H  HIEMEHT {BHCLWHHM TIPH3HAKOM €0 B PaCUeTHOW cxeme
cTepKHeBOH CHCTEMbl ARNSETCA HANHUME WAPHUPOB 110 r0 KOHUAM M OTCYTCTBHE
HONEPEUHOE HAIPY3KM Ha HCTO) MOACT BCTPCTHTLCA B pacueTHoi cxeme MKD u
IWAPHUPHOH GAKH 1 paMbl {CM., HanipUmep, cxemy 3 wa pue. 1.2).

2. Crepskedb, B CCUCHHAX KOTOpOre B OOWEM CNY4ae MOTYT BOSHUKHYTH
H3rHOHbBIE, MOLEPEdHbIE M UPOLONbLHBLIE AeQOPMALMH W COOTBETCTBYIOLUME UM
yeunug M, QN .

B Takux ycioeusx B obiem cuyuae padOTAIT CTEPKHH IUIOCKOH pambl.
Mosromy K3 tHna 2 4a3biBaloT 2MEMEHTOM THIIA «CHHEPMCEND HAGCKOR DAV,

Ha pacyetHoit cxeme MKD ans pam u 610K TakoH JMEMEHT BCTpedaeTcd B
pPamHYHOM  BHC, KOTOPHIH XapaKTCpH3YeIrcs 4HCIOM  BHYTPCHHHX  CBs3eif,
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HPHKPETIIAIONIMX €70 K HaMedeHHEIM B pacdeTHOW cxeMe yamam. [Jlamee 3o
NpPOAEMOHCTPHPOBAHO Ha NpuMepe TUIocko#t pamsl (puc. 3.1, @), B3ATOR M3 KHUEM
[19] aBTOpOB BBMHCAMTENBHOIO KoMimiekca SCAD. Pama reoMerpuuecku
HeMIMEeHseMa M OAMH pa3 CTATHYCCKH Heonpedenmsa (oM. dopmyny (2.21), us
KOTOpo# cneayet, yto n=(4+3-1)-(3+3)=1).

a) A}
3 6 7 8
(6) ) (8)
2 1G]
D—--=0 3 4
{5)
Z‘ v
e M 3)
b Z
O4t-menns o I ‘Y
& & ! JL'-I—’ ----- bX . 2
I ;0
Puc. 3.1

ITpu nmoctpoenun anroputma MK B nporpamve SCAD cTepKHCBas CHCTCMa
COOTHOCHTCA © KIpaBOA JekapTrosoil cucTemoll koopausar XYZ (oM. puc. 3.1, a).
Takyt cucTeMy KOOPAHHAT HA3BIBAIOT 001HEl cncremoil koopaunat (OCK) id Beeit
CTCPKHCBOIM CHCTCMBI. '

[lageran cmepacHesas cucmena eyimaemcs PacRoaoncenioll & RIockoem
AOZ (eM. puc. 3.1.a).

B npuHOHUe Kam b M3 CTepKHEH paMbl, [IDHBEICHHONH Ha puc. 3.1, ¢, MoxeT
OEITE pazfener Ha NG KOHSHHOE YHCAO CTEPRHEBRLIX MIEMEHTOR OTAHYAIOUHXCH
0T ANPOKCAMHPYEMOI0 CIEPMKHA TONLKO IHHOH W XApaxTepoM HPHKPCLUICHHS
WIEMEHTOR K Y3IaM.

IMostomy npu nocTpocHuy pacdcTHOH cxemsl MKD3 ncobxoaumo, npesxae
BCEr0, BRIOpaTh pallMOHAILHOE /1A PEIeHMA 381a4K HHCIO KOHEUHBIX CTCPHKHUBBIX
ITEMEHTOB, ATMIPOKCHMHPYIOWMX CTeHRHH 333aHHON PaMBl H HAMETHTh Ha pamc
¥31BL, B KOTOPEIX K3 cOCIMHAIOTCA IPYT € APYTOM H C OCHOBAHHCM.

[Tpy paccMOTpPCHHM BONPOCR O [OCTPOCHHM PACUCTHOH CXCMBI CTCPKHCBOH
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cucTeMel 11 ee pacucTa MKD Ha nepcoHanrHOM KOMIIBKITEPE ¢ TTOMOLIBID
nporpaMMel SCAD OyieM yuWTBIBaTE cleayromee (CM. METOAMYECKHE YKAa3aHUA B
kuHIe [19] 1 B ClIpaBKe K NporpaMuMe, a TAKKE B IPHIOKEHNH | K TaHHoMy YMK),

1. Koneunwie aaemenmst & pacuemnoti cxeste MK3 ona emeporcuesoti cucmesst
CHUMGIOMCH COLOHettbisMu OpY2 ¢ OPY2OM 1 € OCHOSANNEM & HOMEHEHNbIX Na
PUCYENHOL CXeMle V3iaax.

2. 3a ocuosnoie neuzgecmiible genununbl, Komopste ¢ MKD ¢ dhopre vemoda
REPEMEWEns  ORPEOCIAIOMCR 6 NEPEYI0  ouepedb,  MPUHUMAION  KOMROHEHMb
AUHETIHBIX 1 YeROBEIX HEPEMCIYCHIET GCEX HAMEHEHNOIX Y3A06 PACHemMION CXeMbl RO
HUADABAEHUR TIX cmeneneti cannodel,

3. flo naiidenvist nepeMelgeniam Y3106 KaMc002e KONCUHOZ0 DIEMENNA
CIMEPAHCHEROH  CUCIEMbI,  ORPEOSITIOMCA  YCHAUA 8  CEAAX,  MPUCOLOMHSIONUX
KOHEUIBE ITEMEUMBL K VITAM.

KomionenTel HekoMBIX nLepemelieHuit y3moB B MKD  obosHatawics B
COOTBCTCTBHA € OCAMM  0ONICH CHCTEMBI  KOOPAMHAT, K KOTOPOH OTHOCHICH
PACUCTHAA CXEMA,

B nporpamme SCAD, rue Mecnonbsyeres

73 1y, ty; npaBas  cucTema ocell  koopiaunar  XYZ

s, {prc. 3.1), B Tabuuuax < PeyNLTATAMH

Hey PacyeTOB KOMIIOHEHTHI MepeMeIUeHUH ifofo2o

i W, HCECMKO20  YIAG | RpOCmpancmectiol

cmepucneson  cucmembl  0003HAMAIOTCA
COOTBeTeTBEHHO X;, Y, £ UX, UY, UZs

X(h 3THM  HaNpaBIEHUAM  KOMIIOHCH10B

Y2y Ha

nepeMellleHnit  COOTBETCTRYET  HyMEpallna:

Puc. 32 1, 2. 3, 4, 5, 6, HCNONB3OBAHHAA [MPH
0803HAUCHHU COOTBCTCTBYIOUIMX KOMIOHEH-
Tor nepeMemienyil 8 YMK (puc 3.2).

Ha puc. 3.2 nokasaHbl UONOMHICAbHBIE HANPABIEHWUR  KOMITOHEHTOB
niepeMellleH A, MpuAAThe B YMK npu pacemotpenun anroputva MKD.

Ona mnockoit cTepikHeBoH cHCTeMBl, Haxoadmeiica B mockoctn XOZ,
[OAMKCHHC TUIOCKOTO JKCCTKOTO y3Ma 7 OHpPCACIACTCH KOMIIOHCHTAMU IIHMHCHHBIX
nepemewternit X, Z; (WM uy;, uq;) ¥ yraom nosopora UY, (WiH us;) BOKpYD ocu
mapaicnbHoi ocu Y (eM. puc. 3.2).

IMockoneky TpyaceMKoCTh HHcAeHAoH peannsauny anropurMa MK 3aBucuT
OT UHCNa HEH3BECTIBIX MepeMelllentH BO BeeX HAMCUCHHBIX Y4/1aX PacucTHOH CXeMBI
CTEPKHEBOH CHCTEMBI, JKENATENbIO HaMewaTh HAHMEHbLIEE HHCIIO Y3IOB, 8 3HAYHT
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Pa3ILqATH CTEPUKHEBYIO CUCTEMY HA NAHMEINBITEE HHCNO CTEPIKUERBIX KOWCHITLIX
DMEMEHTOB.

‘HaHMeHbLHEE HHCHO C'I'epH(HeBbIX KOHEYHBIX 3IEMCHTOB [lOJIy"‘IH'l'CH Torad,
KOTIA Y36l B pacueTHoi cxeme MK nainadenst B aganHoi crepkiiesoil cucTeme B
¥3J4X {B TOM UYHACIC LEAPHHEPHEIX) COEAMHCHUS NPAMBIX CTEPHEH MOELY cobOR # ¢
OCHOBaHHEM, a TaKXKe Ha cROBOAHKIX (KOHCONLHRIX) KOHIAX CTEKHeH. .

Oauako MIIOTI4, HANpUMEp, B MecTax NPHIONSIMA COCPENOTOMSHHLIX CHIT
MOMEHTOB, HAH B APYIHX CEUYEHHAX CTEPKHER € LEIbH) [I0NYHERAN AOUIONHHTEIBHOA
uabOpMaLMK © TepeMelleHHAX W YCUIMAX B HHX, TPHXOJMTCH Ha3HAuaTh B
PACUETHOH CXEME AOMONHUTEIBHOE YHCIO Y3I0B,

C uencl Boifopa Ha¥MEHGLIIETO YHCTA HEHW3BECTHRIX [EpeMeleHHil B
pacucTHOH cxeme MKD pamebi, u3o0pamcHHOH HA puc. 3.1, g, MpHMCM BapHAHT CC
pazfuenns Ha MHHHMAaNBHOE YMCIO cTepikHeRbIX K3, Koraa xaxablii CTepHeHb
paccMaTpuBaerca Kak oauH K2 Tara 2.

[TpoaemMoHCTpHpYeM 0CcOOSHHOCTH NPOIEAYPE] TOCTPOSHHA PACHETHONH CXEMBbI
MK pamal ¢ ucrone3oBaHdem nporpavmel  SCAD. [lpw  3tom  Gyaeum
PYKOBOICTBOBATECH YKAa3dHWAMM aBTOPOB BEIYMCTHTCIBROIO KoMiuickea SCAD,
OpHBCACHHBIX B KHHIe |19] M cHOpaBKC K IporpamMMe, a TaKKe METOIHYSCKHMH
yKa3aHHAMH, JaHHLIMH B TpHaoxkenvd | nactosmero YMK,

3.2. NocTpoenune pacteTHoH cxeMbl MKJ wa 31anax nocTraHoBKH OHOPHBIX
CBAEH M OTHHOYHBIX IHAPHUPOR HA KOHCYHBIX YIEMEHTAX

IMeproravaibHO 1A PaccMaTPHBAEMOH paMEl ¢ TIOMOIIEIO IMporpaMMel SCAD
CTPOUTCH MPOMEKYTOYHAA pacueTHad cxeMa MKD ¢ HazHadeHWeM TOMBKO KECTHMX
yaroB (puc. 3.1. @) TIpn oM ua cxeme B mporpamme SCAD yxaselBacTes K
HyMEeparnus y3IoB i KOHEUHBIX HIEMEHTOB.

* BeeM KOIIGYHBIM 3MieMelTaM B ITOH cxeMe HaiHavaeTca THMN 2 «CTepkeHb
nmocked pamer» (oM. [19], chpaBky K TiporpaMmc M MCTOIMYCCKHC YKa3aHuA B
npunsicenun 1k YMK),

3aTeM, MpOMONIKAA MOCTPOCHUe pacueTiioit cxembl MKD, mocneaosaTefibuo
BBEAEM B y3iax | M 2 NMpoMexyTOUHOH CXEMbL KCCTKMC CBA3H B BHIC CTCPMHCH ¢
rapHUpaMH o KOHILAM B HaNpaBNIeHHH napartnensHoM ocH X W ocH Z (puc. 3.3, ).

[MocTaHOBKA KECTKUX OMOPHBIX CBA3CH B y3NBI | H 2 MPHBA3LIBACT PACUETHYH)
CXeMy K JKECTKOMY OCHOBaHMIO. B TakoH cueleMe LepeMelueHus HaMEUCHHBIX
ROCEMH KECTKWX yIOB OyilyT TIPOMCXOOUTE OT BHEIMHMX BO3ACHCTBUE (HAIPy3KH,
OCafKH OTOp H H3MEHEHHS TeMIepaTypwl cTepskHeBhix K3) Toneko Kak ynpyrHe
LICPEMEILEHHS.
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Ofmee uucno n,, KOMILOHCHTOB YNPYrMX [EPeMELICHUE BCCX Ky, Y3MOB
NPOMEKYTOUNIOI PACUETHON CXEMDI APN OMCYINCIIGUN UX 3AKPENICHUN EHEWHUM
CERIAMU HO HARPAGAEHI UX CeneHeli cgpbodbr DyIeT paBHO

1, =30, (3.1}

I mpoMexkyTouHOW cxeMel ua pue. 3.1, & nomyuum »n, =3-8=24,

a) )

[ TN
=N
-1
| fe)
o
-
-
=
.
o
=
0

(6) (N (%) (6

Pue. 3.3

Brenenne B y3m61 1 0 2 MPOMCKYTOUHON pacueTHOH cxeMbl {(cv. puc. 3.1, 6)
BHCIUHUX CBA3CH B FOPHSOHTAILHOM H BCPTHKANBHOM HANPABICHUAX NMHITAKT 3TH
¥3:bl VUPYTHX AHHCAHEIX NepeMeIUsHHH B HaNpaRTeHHAX BBENEHHLIX CBAIEH, HO HE
NUIMAKT YIPYIHX YIIT0B NoBopoTa (eM. puc. 3.3, a).

3T0 NO3BORANT 3aNHCATh  DOPMYTy [T TOACHETa OOWIEro WHCAR A,

KOMIIOHEHTOB YOpPYTHX fepeMelllendil ons BCeX », KeCTKHX Y3I0B B pACHCTHOM

¥
cxeme MKD npu BBeAGHHM B OTH YaNel #, KECTKHMX CBA3CH TIO ITanpasieHyio
CTCOSHCH CBODOABL Y3I10B:
my =3n, —n,. {3.2)
Tlo aToli hopmyne s MOTyueHHON HOBOH TIPOMEXKYTOUHOM CXEMbI (CM. PHC.
3.3, a) 6ymcm umeTh #1, =3-8§ -4 =20 ynpyrux nepemertleHHR yIHx y310B.

Ecnu He cTaguth TENLIO OMpEICREHNC YTIOB MMOBOPOTA HHMHHX CCUCHHH
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crepxHelf paMbl, NOIXOAALIHX K IIAPHMPHBIM OfOpaM, TO B MNONYYEHHOM
NPOMCKYTOMHOH pacyeTHOH oXcMe (eM. puc. 3.3, @) HYXKHO MCKIIOUHTL U3 yucna
HCH3BCCTHBIX YTJHI IIOBOPOTA Y3108 | 1 2.

C 31Ol LEeNb0 MOKHO MOJHOCTBIO 3AKPENHTE Y37TLI 1 ¥ 2 B IpOMCayTOHHOH
pacueTHOMH ¢xeme Ha puc. 3.1, & BBEOCHHEM B OfIOpax TPEX CRAIEH, NHIIAKIINX Y30k
cMeleHHH 1o Beem TpeM manpasneuuasm {X, Z u UY) 3arem, ans obecncueHus
BOIMOMHOCTH HIKHHX KOHUOB 10K CBOGO/HO 1I0BOPAUHBATLCH OTHOCHTENLHO
ocell mapaniensiblx ocM Y, AOUONBMTENbLIO [OCTABHTE LIAPHUPBl HA HHKHMX
KOHIAX croek. Toraa olopHbIE Y3IIs Ha CTpOALeiica pacueTHoH cxeme MK MokHo
H300pa3HTE T4K, KAK 3TO [10Ka3aHo Ha pHc. 3.3, 6.

Ipu >TOM BapMaHTe IpeICTABNEHHA WAPHUPHG HEMOIBMXKHELX OLIOP B
pacieTHOR cxeme MKD paccmatpupaeMoft paMbl M3 00LIEro uMeId HEHM3IBECTHRIX
YUPYIHX NepeMElUeHHH y3M0B NOJHOCTBHY HCKIHYATCA BCe LIECTh KOMIOHEHTOB
nepeMeilledliit ecTKUX onopHbIX yinos | M 2 W ocTadetea #, =3-8-6=18

HCH3BCCTHRIX  KOMITOHEHTOB nepememermﬁ HAaMEUYCHHEBEIX B pacqemoﬁ CXEMC
HMECTKHX Y3NOB.

[Mpouenypel BBEICHHA KECTKMX ONOPHBIX CBA3CH M HOCTAHOBKH IIAPHUPOR
IyTeM yaalneHHAs Ha npoMekyTtodHoH cxeme MKD Hy:KHBIX cBasclt 00 KoHUAM
crepxkHeBsix K3 tuna 2 nerko shmonusioTces B nporpavme SCAD (em. [19] n
METOONYECKUE YKA3aHUA B NpHaokeruk 1 k YMK).

ITpumMevanye, B npolicaype MOCTAHOBKH MApHUPOB Ha KOHCUHBIH aMemeHT THa 2 oM
PacCMATPHBACTCA B BHAE, KOTIA HA KaAIOM €TI0 KOHIIC HMCHITCA BCC TpH CBATH J1NA KCCTKOID
COCIMHCHHUA C COOTBETCTBYHOLMM HECTKHM Y510M.

Tpu sTom xaxapld K2 cooTHocHICH ¢ MecTHOH cHeteMoH koopuHay (MCK) XIYI1ZL,
KoTopas, Kek M ()CK, cunracted npakoii, Ee
och X1 cormagaet ¢ ocsio crepxHesoro K u
STHM OHPCACNACT ¥ BampamicHue oced Y |
Z1. Hauano occl coBnamaer c yxiom K13,
koTopkiff ofiosHauaetcs Homepom | B MCK
{BTopol yzen K3 obolnauaertca midpoit 2).

MCK cunrtactes «npupszannoit» k KD, 5
MNoyromy 1pu  pacuosnoxetin ocu K3 B
WIOCKOH CTEMKHEBOM CHCIEME ¢ HAKIIOHOM Ha
YTOM (P TO OTHOMCHHIK X ocu X obulel

CHCTEMBI KOOPAMHAT 118 BCeH CrepEHeBOH

cueTEMEL,  Todowense  oceli MCK Ha I
o
i1ockocTH XOZ Takke ONPelsIfeTca YTHM 2
yriaoM (pHe. 3.4).
e 34

O6parum BuuManze, gto mpH ¢ = 90°
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u @ =270° MCK X1Y1Z1 nosopaunsacTcs oTHOCHTENEHO ock X1 emre Ha yrom W = 180° (o,
[§9] 1 MeTomnyeckHe yrazanua & nipuroxeHun 1 x YMK),

C yuetom ofo3iauennit B TPHUREASHHOM NPHMedaHHH TOCTAHOBKA ONHHOYHBIX
waprupos Ha K3 ¢ uomepamu /., 3, 5 cronutes x yaateduro cpaseil UY B yanmax /
yrux K3 (Hymepatms yanos 8 MCK). B pesy/state Ha CTPOSIIEHCA ¢ DOMOIMBI
nporpaMmel SCAD pacuetHoit cxeme MKD BHU3Y KOHeUHRIX dneMeHTOBR / ¥ 3 1 Ha
aesoM koHNE KD § mosBATCS 0OHAOUHBIC apHAPE (cM. pHc. 3.3, 6).

3.3. TpeacTaBnenne Ha pacieTHoil cxeme MK?D
CTep:KHeBOH CHETEMBE IIAPDHUPHLIX Y3I0B

B pacemarpusacmoit pame (cM. puc. 3.1,a) y3en NPUMBIKAHHA HHXKHETO PHIENS
pamMbl K Opapoil CTOHKE ABAASTCA MOMHOCTRE) WIAPHHPHBIM. B TO e Bpems, Ha
NOCTPOSHHOH IPOMEXKYTOUHON cXxeme (cM. puc. 3.6, §) y3en 4 ABNAeTCA KECTKHM.

Tak kak WapHUpP B paccMaTpUBaEMOM mapHHpHoM yane Ha 3aJaHHoil pame
ABNACTCA JBOHHBIM, TO IIPH YCTaHOBKE OJKBHMBAJEHTHBIX €My IBYX OIMHOYHBIX
IAPHUPOB HA TPH, CXOIALEXCA B YUIE KOHETHBIX 2JIeMEHTA, BOIMOKHE! CIEAYIOIIHS
TpH BapHaHTa.

1. Jlpa OOMHOYHBLIX WApHHpa CTABATCH COOTBETCTBEHHO B y3nmax [ u 2
KOHCUHBIX wWieMcHToB 3 W 4. B 3rom Bapuanre y3ien 4 Oyncr HMers Buj,
M300pakCHEARIH Ha pHC. 3.5, &, 4TC 03HAYAeT COeNHICHUE KOHLIOB KD, CXOaATwXes B
y3le 4, CBAISIME, TIOKA3aHHBIMH Ha pHe. 3.5, 6.

a} 8}

Puc. 3.5

B 3TOM EapdaHTe Ha NPOMEXKYTOTHOH pacdeTHOA cxeme (puc. 3.3, &) ¢
MOMOUIRK Tporpavme SCAD semorndered npoueypa yaanenus ceasn UY B yanax
I u 2 (B MccTHOH cHeTeme Koopm»[}{aT) K3 3 u 4. B pesynbTare nonyuurtea
pacueTHas c¢xema MKD Uil paccMaTpHBaeMOH pambl B BHAE, H300paMEHHOM
Ha puc. 3.6, a.

2. JIBa OMHOYHEIX IIAPHHAPA NOCTABIEHR! COOTRETCTBENHO B y31ax 2 K3 31 5.
B srom Bapuante y3ca 4 ma pacuermoil cxeme MK3D Oyaer wnvers B,
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H300paXeHHRIH Ha puc. 3.5, 6, uTO 03HAYACT coeauHeHHe KOHUoB K3, cxoaawmumxes B
yiie 4, cBA3AMH, H300PAKEHHBIMH HA PHE, 3.5, 2.

. i ) 5
: —d g ’ ¢ :
(6) Y {8 (6) (7 8
(2) 4 (2) (%)

3 4 3 gO—————Op 4
(5) (5)

(1) 3) (h (3)

zy ¥ 4\ ¥
," ,“
1 &7 X 2 1 & X 2
/777977/' 77" 7777 Vecrziidg 777

Prc. 3.6

B srom BapHaHTe Ha TPOMEKYTOYHOH pacdeTHoH cxeme (puc. 3.3, 6)
nomoubio nporpaMmsl SCAD erinonnsercs npouedypa yaaneHus cesasu UY B yznax
2 MCK) K3 3 u 5. B pesynbTaTe moRayuuTcs pacyeTHas cxema MKD s
paccMaTpHBaeMoii paMel B BHAE, H30OpaKeHHOM Ha puc. 3.6, 6.

3. OauHO4YHBIE WAPHWPH NOCTABASHE B yimax 2 M | COOTBETCTBEHHO
KOHEUHBIX 37eMeHTOB 1 4. B 3ToM BapnauTe y3en 4 Ha pacdeTHoil cxeme MK3
GyaeT HMeTh BHIl, H300paKCHHLIH Ha prc. 3.5, . DT0 03HAYACT COCAHHCHHE KOHLOB
KOHCUYHBIX ICMEHTOB, CXOAALIMXCA B yiie 4, cobisaMy, w300POKEHHBIMH
Ha pH¢. 3.5, e. '

B aTtoM BapuaHTe Ha NIpoOMexyTOuHOH pacueTHoH cxeme {puc. 3.3, 6) ¢
nomous uporpamMmel SCAD seinonnsercs upolenypa ynanenus cessi UY B yamax
2w | cootsercreeHdo K3 5 v 4. B pesynetare nonyuuTcs pacueThas cxema MKD
IS pacCMAaTpHBAcMOil paMbl B BHAC, H300paxCHHOM Ha puc. 3.7, a.

flocTaHOBKA INAPHHPOB B mMOOOM W3 pACCMOTPEHHRIX RAPHRHTOR HE
YMEHBIIAET YHCIO HEM3BECTHRIX B y3ne 4. Bo Bcex BapuaiTax oH OyaeT WMeTL Tpu
CTCIICHH CBOGOﬂbl, 4 3HAYHT TPH HCH3BCCTHbIX KUM[IUHCH';I‘OB llept‘-MULlleH}ll‘:i ()J,Ba
NHHEHHEIX 4 OJHH YIOJ [I0BOPOTa).

Onuako, B paccMOTPEHHRIX BapHantax /, 2, 3 ¥MEKTCA B BHAY PazNnHyHLIE
YTTIBI [IOBOPOTA: COOTBCTCTBCHHO y3na 2 KD 5, yama 1 KD 4, y3ma 2 K3 3,

OORMHO TIPY HCTIONE30BaHUH MK} 1719 CTCPXKHEBBIX CHCTEM YITIbl TOBOPOTOR
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ceycHuil K3, moaxousmux x NIAPHHAPHEIM Y13171aM, HE NMPHUHAMEOT 338 HCH3IBCCTHERIC
BCIHYHMHEI, KaK 370 ObINO cACNAHO TIPUMETTHTCABHO K MAPHHPHBIM OTIOPDHBIM Y3/7aM.

d) . ‘ )

L ﬁ : — 3
Q) N (8) (6) h )
(2) 4) (2) (4)

4
3 Jo—-oﬁ 4 3
(5) (5}
1) 3 (n 3
7z { v z s v
b B
1 X 2 1 & X 2
/77/;'7'/"7'"' 7777 f77'h77//"/"'"'b 7777
Puc. 3.7

TMoyroMy NpUOATHI 33 HEM3BRCCTHYK BEHUMHY YTON TTOBOPOTA Yama 4 MOXKHO
BOOOIIE HCKIHMHTL W3 HHC/IA HEHIBCCTHBIX, SHIMOMHHUE NPOLEAYPY, AHAAOTHUHYIO
To#, KOTOpas GLINA BLIIOAHEHA AN OTNOPHBIX Y3108 [ U 2.

ITo  O3HaYyaeT, 4TO Yy3enl 4 MOXKHO CHENaTe He MOBOpPauHBARIMMCA
TIOCTAHOBKOH AOMNONHHTEILHOH gnewmnedl cBs3W, Aenawpomefl nmopopoTr y3nma 4 B
nanpasneHi UY HeBodMomHbiM. Takasd cBaze B yie 4 ycloBHO HiobpakeHa Ha
cTposuieiica ¢ nomomsl nporpaMmel SCAD pacuerHoil cxeme (cM. puc. 3.7, ) 4 Ha
OTHENBEHOM H308paKeHHH cXeMbl y3na 4 B BHae puc. 3.8, a u puc. 3.8, 6.

a)

Puc.3.8

JusefiHeie nepeMelicHuA y3na 4 B HanpaBAeHUAX X U Z [IpH 7TOM OCTAKOTCH
BOSMOMCHBIMH.

OnuospeMenio B pacuetiiol cxeme MK neobxonumo yiatuts ceass UY Ha
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oM K3, 1oAX0AAIeT K y3ITy 4, Ha KOTOPOM 3Ta CBA3h ¢ IKCCTKHM Y3I0M 4 ccTh, JTa
OTIepaliHd aHaJOTHYHA TIOCTAHOBKE B vie 4 TPeThero MmapiHpa Ha TPeTbeM
KOHEUIOM WIEMCHTC, NOAXOMIILIEM K Y41y 4, Ha KOTOPOM B PacCMalpUBAEMOM y3nic
wapHupa fner. [Ipa 3tom 1a cTpoaeiica ¢ nomoupio nporpaMmel SCAD pacuetnoit
exeme MK 108 paceMaTpHBacMOi paMbl NOABUTC WAPHUD W HA TPCTHEM CTEPKHC
(puc. 3.7, ).

Cxema TapHUpHOre coelvrenns Beex Tpex KD, pomxoasnwx K y3ny 4,
H308PAXCHA U 13 0TI BhIpesaltionM y3ie (puc. 3.8, a n puc. 3.8, 6).

OO0wruo Ha pacuerHodi cxeme MKD (ne s nporpamme SCAD} Tako#t ysen,
HMCHOILMIT TOABKO [B¢ AHHEHHBIX cTencln ¢BoDOAB # HEC MMCHIMHA B 9xene
HEH3BCCTHRIX YINIA I0BOPOTA 0003HAYACTCH B BH/IE, UPKBEACHHOM Ha pHe. 3.8, 4.

Ukcno Ueu3BEeCTHBIX KOMIOHEHTOD IepeMellcHMHA B PAcueTHOH cCXeMe,
Wiodpaxennol Ha puc. 3.7, 6 Oyner pasHo n, =3-8-6-1=17.

3.4, Ocobe”HoCTh Yuera Ha pacueTHoil cxeve MKD KoHCONLHBIX cTepxHei

Dra ocoGeHHOCTE cBAsaHa ¢ y3tamd MK, HaMeHCHHBIMM Ha  KOHIAX
KOHCOJIGH, HAaIpHMED, B paccMarpusaeMol pame (cM. puc. 3.1, a).

Jeno B TOM, 9TO MpH IIOCTPOEHHN C HOMOLIBIO HIperpavivbet SCAD HavaibHOH
cxempl MKD CTCpKHCBOH CHCTEMBI KECTKHME Y3IB HA3HAYaKTeA ¥ HA KOHIAEX
KOHCONCH. DTO 03HayacT, YTO IPM pCILEHWH 330a4l  pacucTa, HampHMeD,
paccMartpuBaeMoil pamel, MKD B dopme MeTtona mepeMeieHmit B ofimee wHcno
A, =17, TOACYHTAHHBIX BLIUE HEHIBECTHBIX, BOWIAH M IICCTh  HEWIBCCTHBIX
NEPEMEIUEHUA KOHIIOB KoHconedt (1, s + 1,5 =0).

Haoraa LICpEMeLIeHHSA KOHILOB

KOHCOICH MOryT PACHETHHES ne
HHTEpecoBaTh. 3 @ o (8)

AN

Torya upx pacdere paMel ¢ KOHCONAMH
MOWKHO TEPHMEHHTE TIPHEM 110 HCKIIOUEITHI0 2) @)
HEH3BECTHBIX HCPeMCILCHHI KOHLIOB
korconelf M3 OOLIETO 4HMCIA HEH3IBECTHBIX . 4
BEAMYHMH B pacuctHoil cxeme MKD, koTopslid (5)
OhUl NpUMeHeH BHINIe IIPY  HCKIOYEHHH
YTTIOB MOBOPOTA y37T0R 1, 2, 4.

NoctynaM  cueayownm — obpasom
(pHc. 3.9):

1) nonmHOCThIO 3aKpenuM yimel 5 u 8
pacueTnoit cxembl MKD, Brens s kaxasli w3 Puc. 3.9
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ITHX YINOB [0 TPU SHEMITLUX HOECMKUX CERTH TIO IATPABICHHIO CTCOCHEH CBOOOR
FIUX Y310B (CBA3H B HANpapacHnsx X, Z, UY);

2} YAATHM O TPH HYMIpenitiex ceaszi, COeIWHIIOMHC y3usT / 1 2 (iyMeparind
Y3II0B B MCCTHOH CHCTEMC KOOPAHHAT) KOHEYHBIX %1EMEHTOB 0 U & COOTBCTCTBCHHO €
SKECTKHMH TANbKO YTO 3aKPeTTeHHBEIME (cM. . 1)) y3namu J ¥ §.

B pesynuraTte ntux aedctBuii Ha pacuetHoli cxeme MKD pamer (cM. puc. 3.9)
OpH  TOACYETE HEU3BCCTHBIX  BelMM4MH  #, B  dopmyic {(3.2) mnoayuuM
a,=3-8-6-1-6=11.

O6patTiM BHUMAHHE, 9TO TIpH pacueTe pambl MKD mo pacuetHol cxeme,
TpHBeAeHHOA Ha puc. 3.9, smopsl yerud M, 0, N Ha xoncomnd OyIayT MOCTPOCHBI
Jiake NpH HCKIIOYSHHN H3 YMCa HeH3BEeCTHBIX NepeMellenuii y31oB S u &,

Hernogenne yaor 5 1 8 n3 pacderHolt cxembr MK3 pambr moxer OblTh
MOMYYeHO U NPHEMOM HCKITIOUEHHA Boobiue Kotconel U3 paccMaTpHBaeMoki paMbl.

JcHCTBUTENLHO, KOHCONM ABNAKTCH CTATHHECKM OUPEASTHMBIMH HaCTAMH
paccMarpuBaeMoil pamm (cM. puc. 3.1, a). Moromy na ompeneneHus ycunuit B
T060M ceYeHHH KONCOEH HX MOMKHO OTeJIMTE OT paMbl H pacCMATPUBATEL OTAEHLHO
KAK KOHCOAbHbIE OATKH ¢ 3aleMISIONMMH ONOPAMH B CEYEHWAX, [JI¢ KOHCOIH
NpHCOENHHAIOTCS K paMe (CM. Hampumep, cxeMy | ua puc. 1.2).

JareM, cocrapmawomue M,O,N  ONOPHBIX pCAKUMH, [ONYYCHHLIE B
3AIEMIAIOMNK ONOpax KOHcoNMeH, NpPUKIAablBAlOTCd Ha OCTaBUIYIOCA MOCHe
YASIEHAA KOHCOMEH 4aCTh paMbl B BHYE BHEIUHEH HATPY3KH Ha COOTBETCTBYIOIHE
Y351 paMbl.

TTocTpocHue pacueTHOR cxemel MK pambl 0¢3 KOHCONEH 0CTACTCA MPTKHUM.
Oxa OyIeT UMETh BUJ, NPHBEAEHHBIA Ha puc. 3.9, HO §e3 KOHCONBHBIX KOHEUHBIX
anevenToB. COOTBETCTBEHHO M3IMEHUTCA H  HYMEpauMs YWIOB H  KOHEYHLIX
3JICMEHTOB pucucTHOH cxeMbl, ONHAKO M3IMEHEHHE HYMCDALHMH Y310B M KOHCUHBIX
3NEMEHTOR He BAMAET Ha pe3ynbTaThl ee pacyeta MKD.

3.5, BuyrpensHne yCH/IAA B KOHUEBBIX cedenHax KD ruma 2
H OPaBpUI0 3HAKOR A8 HHX

[Tocne Toro, kax 8 MKD 6yayr ofipenie/leHbl KOMIOOHEHTH NepeMellleHHi gcex
HaMeueHHbIX Y08 pacueTHO cxeviel MKD crepkeeBoll cHCTeMEl, ONpeaenAIoTes
YCHITHA B KOHLEBBIX CCYCHMAX CTCPIKHCBBIX KOHCUHBIX JJICMCHTOB. |

DTO  O3HAYAST, YTO HPMMEHMISALHO K  PAcCMaTPHBAgeMOB  CTaTHYECKH
Heonpe,le1dmMoii pame (cM. prc. 3.1, o) B obllleM cIydae OT BHEUIHETO BO3AEHCTRHS
HA Hee cHa4ana onpezenarca n, =17 KOMIIOINEHTOB MOEpeMEILEHHH ANS CXeMBbl,

n306panenHoli Ha puc. 3.7, 6, Hid r, = 11 124 cXeMsl, m300pameHHoil Ha puc. 3.9.
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3arcM HAXOIATCA BHYTpeHHHe younaua M, Q.. N, B KOHLUCBBIX CCUCHHAX K

CTEPKHEBBIX KOWEUHBIX INEMEHTOB THWMA 2, BXOJAIIMX B paccMaTpuUBaeMyl
PacueTHYIO CXCMY.
2TH yCcHNuUs ompeiensloTed B MecTHol cucTeme koopawHat (MCK) s
Ka@#A0TO KOHEYHOro 3MIeMeNTa, MO3TOMY & =1 A1 KOHLEBOTO CCYEHHS, B KOTOpPOM
HAXOOM 1CH HAUano ocel KoopauHar 1 k = 2 A4 BrOPOTO KOHUEBOIO CEHEHNA,
ﬂpnmcqalme. HHoraa cedeHne B Hauale H KOHUE KOHEMHOTO 3JIEMEHTA B MCCTHOH CHCTEME

KOOPAMHAT 0003HavaloT Be wudpamn 1 w 2. a Oykeamu «H» H «x». B ganeHeiwem Oyayt
HCILOMTK0BATRCA 004 BHAA 0D0THANCHHIL

Uneno ¥ BHA ONPEACTAEMBIX YCHIME Ha AOOM KOHIE JICMCHIA BABHCHT OT
YHCNa YCIOBHBIX CBA3CH, NPHKPENOAOIUHX Mo K COOTBEICTBYHILIEMY MHECTKOMY
OHOPHOMY Y31y B pacucTHoH cxeve MKD (eum. vanpuwmep, puc. 3.3).

Ha puc. 310, o 6 w»300pakeRpl COOTBCTCTBCHHO TOPHIOHTAILHBIH W
BEPTHKATLHEIH KOHEYHDBIE 3AEMEHTEE THIA 2 B BRIPEIAHHOM H3 CTE(HKHEBOR CHCTEMBI
BHIIC, 14 BAPMAHTA, KOrA 3MCMEHTLL HMEKT N0 TPH CBAH Ha KaxaoM wonue. [pu
IrOM  PAIPCIAHHBIC  CBA3H, IIPHCOCAMHAIOLIMC DICMENT K COOTBETCTRYIOUIHM
YINAM  CTEKHEBOH CHCTCMbL, YAXICHB W 33MCHEHBI yCHmusamu M 0, N,
(k=1.2 um k=9H,K).

4
ay &) X1
. N,
h
2 . M-

nepx

= )=
HiI3 =z Ia

g |z

Puc. 3.10
Ha puc. 3.10 v puc. 3.11 mokasaMbl NOJOKHUTENLHBIE HATIPABNEHUs NeHCTBHA

BHYTPCHHUX yCWIMH B y3nax snmeMedToB. [IpH 5TOM HCnONB30OBaHbI CICAYIOLIHE
NPAaBKUAIA, NPHHATRIE B Aporpamme SCAD,
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llponoaeHoe YCHIHE B Y31C CHMHMT4eTCA  [ONMKHTEALHBIM, KOTEL OHO
PacTAMBACT CTCPHKEHD,

INonepeynas cuna MONOXKMTENBHA, KOTIA €€ BEKTOP B yane | coRMagaer 1o
HATIPABJICHHIO C IIONIOXKHMTCABHBIM HAIIPaBACHMEM ocH ZI McCTHOH CHCTCMBI
KOODAHHAT, 8 B yare 2 — MMeeT MPOTHEONOANKHOE HATPARICHNE.

Harubaromsii MOMCHT IIOJIOKHTCNICH, CCIM OH PACTATHBACT «HMAKHIOWO® (N0
OTHOLICHHIO K HAlIPABNEHUIC 0Cck 71) cropony crepkns. Ha puc. 3.10 n 311 «Hus»
W «Repx» cTepkHel (B TOM  uMCNE M AN BEPTHKANRHOTO) ob03HadYeH
COOTBETCTBYIOLIMMH HAINHCAMH.

Ecnn Hanpasnenne ocm X1 MCK Gy1er wimeneno Ha obpaTHRI (Takas
BOIMOKHOCTE B riporpamMme SCAD npcaycMOTPCHE), TO H3MCHATCH HOMCPA Y3/I0B
KOHEYHOTO 3JIeMeHTa B MEeCTHOI cHeTeMe koop/uaat (puc. 3.11, , ).

a) ) 6)
Zl & Z1 .
M, o
X1
o 0 BEPX l
Na U3 Lt N,
.
o Y1 & M 2]}
Ny
v XI
Puc. 3.11

Jipyrue RapuaHThl KOHEHHOTO IeMeHTa THna 2 (Tabn. 3.1} nonydawrcs
yIANeHHEM U3 KCCTKHX Y3M10B | M 2 pacCMOTPCHHOMO KOHCUYHOIO %ICMCHTA TCX HAH
MHBIX  cBs3edl.  JIpM  3TOM  37EMEHT  JIOKEH  OCTARATRCH  [EOMETPHYECKH
HEH3IMEHAESMEIM.

Bo sropom cronbue Taba, 3.1 oTpaxkeH XapakTep OHNHpaHHS KOHIIOR
CTEPRHEBOIO KOIEUToro sneMenta THra 2 B pacucTHoil cxeme MKD. Bua onop
ONpPCACAACTCA MHCIAOM M BMACM OlOpHBIX csased (cm. pue. 1.3}, Bapuanrbi
KOHEYHBIX JIEMEHTOB, KOTOPHIE TOIYYAHITCH W3 MPHBEIEHHBIX TYTEM MNEPEMEHbI
OTIOP MeCTaMHU, B TabTHIE Tie IPHBOAATCA.

B Tperpem crosdue 1a0nMUbl 110KA3AHEL TIOJIOKHTEIBHBIE HANPABICHHMN
BHYTPEHHHX YCHIHEL, NeHCTBYIONIX B M0 ONOPHBIX CBAAX, HA DMEMEHT.
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Tabnuua 3.1

Ne BUI MPHKPENICHHA KOHCHHRIX ANCMCHTOR | BHYTPCHHHC YCHAWSA 8 GNOPHAIX CRATAX |
BapHaHTA K yuaM pacueraoi cxemer MK3 KOHEUHBTX MEeMCHTOR
1 2 3
a 71
P M, Q_ » ¥l M
1 = = - _&l
= Nl | 2 1\'3
oz
A 71
MAQ Y1 M,
2 £ AN, e §1
Z AT NN L 2
o
3 ;j—| E
°
5 sl————;_:,
TR
b :
6

AL AW
THREw o
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Nponomxcauc rabnmer 3.1

Ne Bitd iPHKPCLLTCHAR KOHEUHBIX MIEMCHTOR | BHYTPEHHAC YCHIHA B OLIOPHBIX CBA3AX
BAPIaHTA K Y37MaM pacueTHoi cxemer MK3 | KOMEYHBIX 2CMEHTOR

; it

| |

10
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3.6. Haznauenne :kecrKocreil KOHEUHBIX IEMEHTOB
B pacueTHoH cxeme MKD crepxneBoil cHexembl
B noapazgeie 1.7 npu aHanuse cucTeMsl ypasacHHH (1.3) — (1.3) ana
ONPENE/eHHA HEH3IBECTHBIX TiepeMerleHn#, yeunuif u gedopManuil B cTepkHEBbIX
CHCTEMaX MOKET GRITh OTMEUEHA CHEAYIOWAs BaXkHas HHpOpMALIKA:
I. Tlpu onpexencHun vemauid M, O.N B CTaTMYCCKH  ONpCACITHMBIX

CTEPKHEBBIX CHCTEMaX M3 YparHeHHH parHorecHd (1.3) (1uti ypaBHeHHit paRHOBECHS
B Buge (1.8)) He TpeOycTea 3a7aBaTh 3HAYCHHMA KECTKOCTCH cTepiHeH (oM.
uoupaznen 1.7).

2. llpu ompeneneHUH ASHCTBUTENBHLIX (peanbHBIX) MepeMeleHnit u, w, B
cedeHH TOHKMX crepkHedl (De3z yuera cIsurosblXx fedopMarnui) B CTaTHYECKH
ompenenuMoit  crcteMe  Tpebyeres  3aganue  AeHCTBUTENBHLIX  (peanblbix)
OpOosHbX FA 1 m3rmu0Hbix £7 KecTKOCTEH CTepaHEH (CM. pasaenst 6, 7 1 8),

OnHaKko, #pa  HCREABIOGAHUN 0331  PACYEMA  CMEPHCHEGHX  CHCMEM
upacpammet SCAD, pearuzyrwuien MKD g popme memooa nepemenfenuii, sadanue
HCCCKOCIEN CIEPHCHEl mpedyenmca 0axce npu ONPeoeReHdi MOAbKO YCuIuil 8
CIamuueckn onpedenmsix cucmemnax (cM. uaews 1 anroputy MK?D B pazaene 8).

TlpaBna, y4uTLBas 1.1, 3aMETHM, UTO, €CIH 8 CHAMEYECKH ONPpeoetumoil
CHIEDNCHERONE  cememe mpefyemca  onpedenums  MOALKO  yCuius, mo apy
pacueme ¢ nomoibio npozpammbl SCAD moscno 3a0ame npoH380bHbIE 3HAUCHUR
mcecmxocmeli cmepyenei. Hanpuvep, moncuo npunamy EF = El =1,

Ecan /e CHEPHCHERAA CUCMEMA CHIQMHNYECKN ORpeQeilimd, HO € nel
mpedyemca GHpedenims REPeMeleltin, Al Ol CAmUYecKy Heonpedeiuma,
MO HpU RHAHAUCHUH MHCECMKOCMCH CHEPHCHCH HeobX00uMO  HCROIB3I06anTs
DealoHble IHAREHHA HCECMKOCMEN Cmepuchei.

IlpumeuaHne. 3T0oT Bompoc OYACT MOHATCH MOCNE W3ydeHHA paircior 6-8 YMEK,
IMpoucaypa 3aJaHud KCCTKOCTCH CTCPIKHCH TIPH HCTIONL30BaHuH nporpaMMel SCAD
paccMOTpeHa B TpPHMEPaX Paciyera KOHKPETHEIX CTSPIKHEBBIX CHCTEM B [IPHIOMKEKHH
1 YMK.

3.7. 3arpy:xenne pacaeruoii cxempt MK

SarpysenueM B nporpammve SCAD  Ha3siBaloT CHCTEMY OAHOBPEMEHHO
JEHCTBYIOMIMX HAIPY30K,

OHa ¥ Ta e CTePKHEBAA CHCTEMA MOMXKET ObITh PaccuMTaHa OT HECKOLbKHX
sarpyxeHui. [loaToMy npeTycMOTpeHa MX HyMepatis.

[MporpamMma SCAD mnossosmeT cpasy BbLINOJIHUTL PACHET OT HCCKOTBKHX
BapHAHTOB 3arpyseHHH H oT TIOOBIX WX KOMOHHAIHI,
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B ¢OOTHETCTBHM ¢ BWIOM Harpy3ok, KOTOpRIC BCTpeYAatOTes B y4eOHBIX
pabBotax, B YMK paccMOTpCHO: 3233HUC COCPCHOTOYEHHBIX CHN H  MOMEHTOB,
ACHCTBYHLIMX B Y30naX pacveTHOif CXeMbl ¥ B N00OM CCHEHHMH MO JITHHE 3eMEHTA
THOA 2, M PaBHOMEpPHO pachpefelcHHOH HarpysKH, [PHIOXEHHOW Ha yJacTKe
IUIHHBL 3ICMEHTa THIA 2,

Tlpodedypa 3JalaHus  5TOTo  BUIa wHarpysok B nporpamme SCAD
NPOAESMOHCTPHPOBAHA HA KOHKDPETHBIX IIPHMEpax, KOTOphic OyaAyT pacCMOTPEHbLE
AAnCe. Hanpumep, B npuioxenun 1 k YME. 31ecs paceMoTpuM TOARKO HEKOTOPhIE
OBH1IHE BOTIPOCLI.

3aoanue yinoson nazpysku. flpexkae BCEro, OTMETHM, YTO Y3I0Bag Harpyska
japaerca B obineit cneTeMe KOOPAHHAT.

s 1mocKo cTepiHeBOH CHCTEMB!, pacderHas cXema KOTOpOH HaxoIuTed B
nnockoetd XO7Z, y3108a8 HACPY3Ka NPeACTaBIACTCA COCPETOTOUCHHBIMH CITAMH B
Harmpasnendi ocell X 81 Z H MOMCHTOM, JEACTBYIOIHM BOKPYT och Y (pHe. 3.12, a),
Ha 3T0M pHCYHKE NOKa3aHb NONOKHTENLHEE HATARIESHNS Y3N0BEIX YOHITHIL

a) z 6) 8) X1

& 4z Iy
| : H

Yien

Puc. 3,12 '

3adanee nazpyxi na 1esmennt. Harpysxa Ha cam 3ICMERT MOXKCT 381aBaTbCA
kak B ofmei (puc. 3.12, &), rak u 8 mectrol (puc. 1.12, &) cvcTeMax koop/uHar.
flpy aToM Hago OkTe BHHUMATEFLHBIM, TaK Kak OJHA U Ta e Rarpyska Oymer

" OTHOCHTRCH K PATHBIM OCAM KOOPRHHAT.

B raucctre npuMepa va puc. 3.12, ¢ u300pasked OOHH M TOT e BEPTHKATEHBIH]
ICMEHT,

Ho wma puc. 3.12, & narpyska oTHecena Kk o0uieH cHcTeMe KOOpIMHAT,
[losromy rOpU3OHTAIIRHAA COCTABIMOINAY P, cooTHocaTcA © ockid X obwed

57



CHCTCMLI KOOPANHAT, A BCPTHKaNbHAA P; — ¢ oceio Z. Moment HEﬁCTByeT
oTHOCHTENBHO OcH Y, Bee YKa3aHHBIC COCTABIAKINKC ITOI0AKHTCIIBHBIL.

Ha puc, 3.12, 8 Harpy3xka OTHCCEHA K OCAM MCCTHOH CHCTCMBI KOOpPIMHAT:
TOPH3OHTATRHAA COCTARNTAIOINAS ARTACTCA MpoeKUMeil HAa 0Ch Z 1) BEPTHKANBHAS — Ha
ock X1; MOMCHT 3a1acTCA ACHCTBYIOMHM BOKPYL ocd Y 1.

Kak Buauuv, 9To6h MOMEHT OB [ONOKHTSNBHBEIM, B MCCTHOH CHCTCMC
KOOPAHHAT OH ;I0MKeH WMeTh TIPOTHROTIONOMKHOE HATIPABIIEHHE TTO CPABHEHUID ¢ €10
3aaaHHeM B 00LICH cucTeMe KoopauHaT {eM. puc. 3.12, 6).

AHaNOTUYIHOE TIPABMIIO 3HAKOB HCTOIBIYETCA H MPH PAcTIPEASNEHHOH BAOIL
CIEPHHA  HAIPY3Ke (PABHOMCPHO DaclOpcIclICHHas Ha ICMCHTEe 3 Harpyska
{puc. 1.10) monoxkuTensHa).

[Tpy 380aHYH COCPEIOTOUCHHON HAarpy3KH 11a aneMenT YKA3LIBACTCH HE TOJBKO
ee¢ 3HAYeHWe W 3HaK, Ho M paccroaHne al ot yina | 10 TOYKH TNPHIOKCHHS
COCPENOTOYCHHON HATpy3KH.

B 10K&1bHOM OKHC 334HHS HATPY3KM HA CTE[RKIEBOI IMEMEHT B Nporpamme
SCAD npe1ycMOTPeHO 3afiaHMe  JIHHEHHO HM3MEHMIOIEHC  Pacilpeac/]CHHOH
Harpy3kH Ha 11000M yYacTRe CTepkKIis.

Ilocne 3a1aHNA HaTPY30K B KOHKPETHOM 3arPyKEHWM HAA0 COXPAHHTD Cro 101
COOTBCTCTBYFOUIHM 3TOMY 3arPYHKENHIO HOMEPOM (CM. Ianee NpHMephl pacueTa).
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4, IPABHJA TTOCTPOEHMSA DITHOP BHYTPEHHUX YCHJHH M O N
HA CTEP/HSAX IJIOCKOH CTEPKHEBOH CHCTEMBI

4.1. Dnwopa u3rndawulux MOMeHToB Af

B CTPOMTETLHON MEXaHUKE NPU HATMUHNA HA CTEPHHAX MIOCKOH cTepKHEROH
CHCTEMBL BCEX TPEX YKAZAHHBIX 210D YCHWIMH NPHHATO CHUTATE 30H0PY H3rHOaWLHX
MOMEHTOB QCHOBHOH W, KaK 11paBWi0, H3oBpaKars ee nepeoi.

Bropoit uiofpaxaloT INI0PY NONEPCUHEIX CUIt {J, CBA3AHHBIX ¢ M3rMOAI0IIMMK
MOMEHTAMH ZABHCHMOCTRRY) (=dM /dx , rae oce X malpasnedna BAOJAB OLH
KaX 4070 CTCP*HA,

3artem M306paKaleT JMKPY NPOI0TRHBEIX CU HA CTEPKHAX.

Taxan rocIenoBaTCNLHOCTL YNODHA, HAOPHMCP, OPH PACugrc CTAaTH4ECKH
ONPEACANMBLX, PAM BPYUHYIO, TAK KAK, OCTPOKE J100PY M, MOKHO HOCTPOUTH 1O
Hell amopy O, 4 satem 10 suopam M M O mocrpowrs uopy N . Jwo Byuer

NPRICMOHCTPUPOBAHG B JANBHGHILEM.

[Ipasuio nocmpoenus ynwopnt M
Jist 10cTpoeHMA OPAMHATEL 3Pl M B KakoM Nubo0 ccueHMH & CTCPMHA
HEOUXOAHMO BRIIOTHHTL CNENYIOUINE NIRE OMEPALINH.
1. MoacudtaTe B CCHEHMM K  HHCACHHOC 3Ha'iCHME H3rubawouero
momenra M,
2. OTnowuTh HalnelHOe UYMCIEHHOE 377aYCHHC B BMIC  OPIMHATH
NCPUEILAMKYIAPHO OCH CICPKHA ¢ PACHANYIMON  UICHOQIOWUM  MOMEHHTOM

CIOpONBL  CMEPHCHR (€O CHIOPOHBI  PACIHAHYMOZ0  HIZHDGIOWUM  MOMENMOM
8OTOKNA CINEPICHA).

Yucaennoe 3nayenue wseubaougezo momenma M, e cevenuy k  pasuo

NuCrEnIOMY Jitauentio ascedparueckor: cymaer 2 M mosenmos M, ecex cun

£, deficmaviowux na criepycies\io Cuchemy ¢ Tobok 00Hol 13 CIMOPOH CEHeRuA,

BIAMBIX OMHOCKINENLITD THOYKY k HO OCH CIREPHCIAL

ﬂfff‘_ :Z"‘d.{; (4'1)

;

PacTaryTas CTOPOHA CTCPKHA B CCMEHMM, MOMKET OLITH YCTAHOBICHA H3
duInueckuX coodpaskenui (M. puc. 1.7}

l'[pe;ulon(mmm, HTO € [IOMOLELKY 2TOTO MPABWHIIA HA CTATHHCCKH OHPCHCHHMOI‘:{
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CTCPAXHCBOH CHCTCMC B BMIC KOHCOUIM JIOMAHOL'O ouepranus (puc. 4.1) locrpoens
TPH 3MOPH M COOTBETCTEGHHO AR TPEX BAPWAHTOB 3AIPYMEHHA KOHCOIM
COCPCIlOTOMCHHLIM — MOMEHTIOM,  COCPCAOTOMEHIOH  cMROH M PABHOMCPHO
pacnpefieneHHoN HaIPy3KoH.

Opaunatel COOTBETCTBYIOLINX TPEX MOp A NOCTPOEHBl Ha pactanyrof
CTOPUHE CTEPHHEH, 00pa3yIOLNX KOHCOE.

Puc. 4.1

Buna 3MIOPEI M » OPOHHATEI KOTOpOﬁ OTARKCHBL OT OCH CTEPHAA C pacmHymﬁ
CTOPOHBLI  CTEPXKHA (CM. puc. 41) HNOZBOJACT OTMCTHUTL CHICAYHOLUIMC HPHU3HAKH
NPaBHIIBHOrO BHAA KD H3rnBarlX MOMEHTOR Ha CTEPHKHERRIX CHCTEMAX.

Ilpuznaru npasunbnoezo euda amoper M

IIpy noctpoennn 3mw0ps M Ha pACTAHYTOH CTOPOHE CTEPHKHA OHA UMEeT
CIeJyIOILHE CBOMHCTRA.

1. Ha yuactke 0paMOro crepxkHd, cBoGOAHOM OT HAIPY3KM, >iOpa
NPAMOJIHHENHA,

2. Ha yuyacTke pacnpengleHHOH HAIPY3KH OHA O4ePYEHA KPMBOH JeMHUeH,
BRINYKIOH B  CTOpOHY JcficTBuA  Harpysku. Korzna Harpyska paBHOMEpHO
pacnpeAeneHa BI0b JUTHHBI CTEPKHA, KPHUBAs siBisnerTcs 1apaboioH BTOPOI CTCNCHH.

3. B TouKe NpHAGKCHUA COCPENOTOMCHHOM CHIIBI DTIOPA HMEET U3N0M, OCTPHE
KOTOPOTQ HAlPAB.IEHO B CIOPOHY AEHCTEHS CHIIBI.

4. B To4ke NpUNOKEHHA COCPEAOTOMEHHOI0 MOMEHTA 3I0Pa MMEET CKAYOK B
OPIMHATAX, PABHBIH BCIHYMHC MOMCHTA. '

5. B ceueHHy, HAX0AALIEMEH HA IPAHMIE HEIATPYKEHHOI'O YUACTKA CTCPHKHAR H
YUACTKR, 3arpyKEHHOTO pacnpeleneH ol Harpy3Koi, KpuBas iMHAA I1H0PLL [LIABHO
(0e3 M3noMa) NepexoIUT B MPAMOAMHEHHYIO HMIIOPY, KOTOpad ARMACTC KACATEbHOMN
K KPHBOJNMHEAHOMY y4acTKy.

3Ty npu3nakn Oynem HCII0IbIOBATA KAK TPH TOCTPOCHHH Suwpsl M
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BPYYHYK), TAK [ AMA KOQHTPONA YXKCEC NOCTPOCHHBIX DUKP, HANPHMED, ¢ MOMOLHBIO

[IEPCOHANLHOLD KOMUBKYTEPE, peausyiomero MKD ¢ Helions3oBaHneM UporpaMmb
SCAD. Jro nanee Gyner npogeMOHCTPUPOBANO HA fIpHMEpaX.

Hpasuite siaxos das opounam wmwp M

[lpn nocrpocHuy opamAar  2mopsl M BpydHylo, xak  3T1a Onuio

(POASMOBCTPAPOBAHO Ha pue. 4.1, pacTAuyTas CTOPOHA CTCPAKHS B KaKOoM-11HO0
CeYCHUK MOKET GbITh OMpeaeiena u3 YUCTO PUIMUCCKOro npedcrasnciiud ob uarube
CEUCHHA CTCIKHA PHIMKSHHBIM K HEMY MOMEHTOM (CM. pue. 1.7).

OnHaxko mpu  wHcAenHoM  pacdeme  Kawcool  opdwrame  2mioper M

npucaausaemcn snwax. Flenoaezvemes 3nak nwpet M u npu nocmpoenun no et
aiopel ¢ ncnoasoadiea sasucumocmu Q =dM /dx.

B jajbReiUCM 0pY HATHAYSHHMH 3HAKA OPAMHHATHL 3OPLl A, OLTWKEHHOH €
PACTAHYTOR CTOPOHB! crefrichs, OyAeM UCTONL30RATE TOHATHA «HHI® H «BEpPX»
CTEPKILA, KOTOPLIE ObLNN JdHB [0 OTHOWCHHID K KOHCHHOMY HICMCHTY CTCPXHA.

Onu Gy onpeselicHbl B COOTBETCTEHH ¢ HONOMKHTENLHbIM HANPABIEHHEM
oci Z1 MecTHOH CHCTeMbl KOODAHRAT KOHEGUHOre ¥TemeHTa (cM. puc. 3.10 u puc.
3.11). Ho it nouaTna oTHOCATCA K J1000MY YUACTKY NPAMOTO CTCPAKHA, HA KOTOPOM
crpouTes 3mtopa (eM. puc, 1.7), Nake eciu ¥IoT y4acTOK He Pa3/leleH HA KOHEUHLIe
3.IEMEHTBI.

Ecau  pacmanvmo  «HudICHee»  BOIOKNG — CHEPIKNS, Mo opdunama
OMKIGOBIBAEMCS  OM OCH  CHEPHCHA  «6HUZY U el APUCBAUGUEMCA 3HUK «+»
(pue. 4. 2).

Ecan ace pacmanymo  «gepxuee» GOTOKHO CHICPICHA, MO OpouHama

OMKIAOBIEAENCH OM OCU CRIEPHCHS KBREPXY U €ll APUCBUUBISMES IRAK « — »
(puc. 4.3).

1
1
+
1
5.1
1
i
1
1
1
1
1
§
1
1

RLER 8

il-u

Puc. 4.2
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«Huz» ® M,

Puc. 4.3

Hcnonwioganue Rynkmupa 013 000IHAYEHUR CHU3AN CIREPHCHA
u nanpaeaenns ocu X1 mecmnoll cucmemsl Koopounam
ORI YRAZAHEA HAYGA H KOHKA KOHEYHOZ0 J1EMEN I

Ha pacuetitoft cxeme cTepXiieBod cHCTeMbl, KOTAZ M300PaKEHA BPYYHYHD KCA
pacuerHaa cxema MKD, neynoGHo pHcoBaTh 0OCH MCCTHOH CHCTCMBI KOOPIOUHAT Ha
Kak/J0M €€ 31eMeHTe. Y aofHee HHKHIOW CTOPOHY KOHEYHbIX WIEMEHTOR OTMETHTL
NYHKTUPOM TaK, KaK 3T0 10Ka3aHo Ha puc. 4.2, puc. 4.3,

Kak usBectro (cM. puc. 3.4), HA OJHOM H TOM K KOHEUHOM IEMCHTE,
DACHOTIOMEHHOM B CTEPHEBOH CHCTEME [OPM3OHTANLHO, HAKIOHHO MM
peprukanbie ock X1 MCK momer OplTh H4lpaBlieHa M B OODATHYK CTOPOHY.
Oanake npu IToM 0Ck Z] HA KOHEHYHOM 2NEMEHTE MOKET OCTAILCH HANPABICHHOA B
Ty OKC CTOPOHY (CM. FODH3OHTAIBHLIN KOHEUHBIH JNICMEHT COOTRETCTBEHHO
Ha pue, 3.10 u puc. 3.11). Toraa Ha u3oDpameHHOR pacueTnofl cXeMe KOHCUHOTO
SNEMEHTAa He TTOHATHO, KaKoH ero ysen HPeACTaB/HeT HAUWI0 KOHCUHOTO ¥ICMCHTA,
KaKOH — KOHeLl,.

Hna Tore, 4ToBB NYHKTHP YKa3bIBAN HE TONBKO HA HAUPABICHHE OCH Z1, HO H
HanpasiacHie ocn X1 M, TakuM o0pa3oM, ykaselBan Hadano (H) W koHel (K)
KOHEUHBIX JIEMEHIOB, JFUACGHMCE 018 60eX COPUIOHINAABHOIX N HAKTONHBIX
KOHEUHBIX 71eMenrmos och X1 RGNPAS.LRMG 8001b OCH CINEPIHCHA CIE6A — HANPABO,
KUK ORA  HANPAGACHA  OAR KOUEUHBIX  2EMEHMO8 npu 0" <p<90" u
270° < 9 <360° (cm. puc. 3.4).

Tlpr 2TOM NOYHKTHP, HOCTABIEHHbIA ¢ HMXHEH CTOPOHBI CTCDKHA, Oyzer
NOKA3BIBATE HE TOJNBKO HanpaeleHHe ocH Z1 BBEpPX OT OCH CTCPKHA, HO M
HarpasicHue ocn X1 BROUS Cropus sBnpaBo (CM. pue. 4.2 1 puc. 4.3).
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Yenoeusen maxyce, Ha SCPMUKAAIBHOM KOHEUHOM IACMERITIC HUNCILUNE €20
YIea cunmamn navarom oceil npasoii MCK u nanpagiames oce X1 gsepx. Toraa
JeRAA CHOPON GEPMUKATBHOZO CIEPHCIA GY0ent YCN106HO CHUMAMbBCA HUNCHel
CHOPOROH KoHeanoeo 3aemenma (eM. puc. 4.2 u puc. 4.3).

Hocmpoenue 3mwoper M na 2ieMmenme cmepycHs c60HOOHOM OM RUZDYIKU

H3 npupeaeniibix BLie cBOKCTB 3M0pbl M (NPH3HAKOB NPABH/ILHOMA 3M1HOPLI}
H3BECTHO, HTO, CCTH HA KOHCUNOM 21EMEHME CIEPXCHA HEM sHewnen HASPV3IKU, mo
OPd W3CUSAOWUX MoMeMos Ha ey Bvdem npavoauneinoil. [ns ce nocTpoena
DOCTATOUHO BbIMUCIATh OPANHATHE TONBKO B KOHEYHbIX CE4EHHSX TAK01'0 DIeMeHTa.

PacemMoTpuM MpHMEp UCTIONBL30BAHKA YTOTO CBOHCTBA NPH NOCTPOCHHM 311I0PLL

M BpyuHYWO M NPHBEICM MCTOAMYECKUE YKAAHMC 110 UCOONB3I0BAHMKD 3ITOIO
cBoiicTBa B nporpamme SCAD.

Npumep 1. Ecan ans fO0CTPOCHRA ITEON WArHGAKINX MOMEHTOB J171A CTBp)KHCBDﬁ.
CHCTEME] TIPH TpEX BapHaHTaX €C 3arpy#cHuA (cm. cxemiel 1, 2 u 3 Ha puc. 4.1} mocTpocHs
pacyetHbie cxemel MKD (cxemnt 1, 2 1 3 na puc. 4.4), To BX MOKHO HCIONE30BATE H ANS
MOCTPOCHNA COUTBEICTBYIOMHA 30p M Bpyunyta.

H_}’HKHIHPOM HE FMUX CXEMAX OMMEYERE RUMCHAR CMOPORA KOHEUHHIX ) 1eMeHmoe, an
ITOM IIYHKTHD YKA3LIBACT TAKXKE HANPABNCHHC OCH X1 MeCTHOR cucTeMnt KOQOPAKHAT il HA HA4aN0
(1) W KoHET (K} KOHCYHOro 3aeMenta (oM. pue. 4.2 u puc, 4.3}

Jmopa  w3rdOailiiy  MOMCHIOR HA  KKA0M  ¢RODOAHOM  OT HArpyikH  MieMeHTe
apamoruiieiina. OHa MOKCT OHITH NOCTPORHA 10 ABYM OPAWMHATAM, TOACUHTAHHLIM U8 CEYEeHUH
{H} ¥ (X) N0 KOHLAM KOHCHHBIX IEMEHTOR, MOAXOMAMIMX K JKCCTKHM YanaM COOTBCTCTBYHHIMX
pacyerHbIx cxem MKD,

Puc. 4.4

Kaxkiag n3 rakux OPAHHAT MTPY PYUHOM pacHEeTe BHIYMCIHACTCH H3 yPABHEHHA PAaBHOBECHH
COCTARNCHHOIO OTHOCHTSNEHO pPACCMATPHBUCMOrO CEYEHHS CTEPWHN JUIX MdCTH CTGP)KHeBUﬁ
CACTEMEIL, pﬂ.UﬂGHOJ}(CHHOﬁ ¢ noboil CTOPOHLT 0T CCHCHUA. ILI'[Z paCCManHBi\GM(}ﬁ CHCTCMBL
KOHCOJILHOI O BYLAA HPOWE COCTARKTH YPABHCHMC PaBROBCCHS UTA CBOBOHOI OT 32/1enKH HaeTH.
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Memaduneckoe yxazanue npu  noocwemie  opdunam apyumyre. s onpejlenenns
HAMMOAGIICID MOMEHTA B CCHCHHMM CTCPHHSA. IIPH DPYUHOM nojedete aircGpanucekoll cyMme
MOMCHTOB BCCX CHJI C OAHON CTOPOHBI OT ceucHus (4.1), PCXOMCHAYCTCS CPaly CTaBWTh 3HAKH
CIATAEMBIX MOMEHTOB M B COCTBETCTBHH C ITHM NPABHIOM JHAKOB.

3aTem BesuuynHa M B BUIE OPAMHATBI OTKIAALIBACTCA OT OCH CTEPIKHA HA PACTHHYTOH
CTOPOHE CTEPAHA, KOTOPad OTMEYAETCAd 3HAKOM: [IPH 3HAKE «[11J0C» OPAMHATA OTKIAALIBACTCA
GBHI {CO CTOPCHR MYHKTHPA); NpH 3HAKC «MHHYC» - «BRCPX» {CO CTOPOHR 0OpaTHOH
MYHKTHPY ).

B peaynkraTe B yanax (H) ¥ (K) BceX c3000/IHBIX OT HACPYIKH WICMCHTOR OYIYT [OMYHEHE!
U OTIOWCHEI B COOTBETCTBHHM ¢ [PWHATHIM TIPAaBMIOM OPIWHATEL JTOPR M . COCAMHAA 3TH
CPIMHATE HAa KOKIOM KOHEYHOM 3MEMEHTE TIPAMBIMH [IMHUAMY DOCTPOMM 4HacTh NWOpbl A
€ IMHCHHBIMH yHacTKamu (cM. puc. 4.4).

Memoouneckne ykazanue npy pacdeme ¢ HOMOuwbi0  npocpamssl SCAD,  Tlpu
HCTIONR30RAHUU nporpaMMel SCAD 1A MOCTPOCHHA MMHOPE! H2MHOANIIHY MOMEHTOR HCOGX01HMO
HCMONBIOBATE BOIMOKHOCTh 3TOH NPOTPAMMEI HAa3HAYMATb HA KOHCUEOCM 1EMCHTC Heobxoanmoe
HHCAC CeUSHHI.

Aar KOHewno2o 2iemennn, 0ex HOSDYIKH HA €20 NPOACme, { HEIbW) YMEHbWIeHUR
YHCTEHHOR UHOpManuN, suidasasmoit npozpavseir SCAD novie pacuema cmepicieson
cucrmentt WK, Heobxoodume Hasuauume MOIsKe 060 CEHEHUR RO KONNAM rieMenma
(cm. [2, 19] 1 METOANHECKHE YKA3HUA, NIPHBEIEHHBLE B TIPI0KEHHH | kK YMK).

[ToctpoeHue 30:0pBl HA KOHEYHOM 3NEMCHTE ¢ PABHOMEPHO PACDIPENEiEHHOH Harpyskoi
BBIIOTHACTCR C HCHONBIOBAHHEM BTOPOre 13 NEPeYHCIISHHBIX BbILUE CBOHCTB B3NP H3THOROLINX
MOMEHTOB. PaccMOTpHM MpaKTHyeckue PEKOMEHIAUHH TI0 TOCTPOCHHIG 3TOH DIIIOPE! BPYYHYIO U C
fIoMOILIG porpamyel SCAD.

Hocmpoenue 3moper M na snemenme cmepycna npu oeficmeun
HO 220 OAHIE PABHOMEPHO PACAPEDETEHNON HAZPYIKH

Ecau no scett daune K3 pacnoiodcend  PasHOMEpHO  PACHDEOCTEHHAR
HAPNIKA, MO IROPA UISUBAIOWUX MOMEHIRO0] HA Hew Oydem umems 8ud rapubote
BMOPOTT CIENCHTT ¢ BBINVKAOCBIO HARPABICHHOT 6 COPONY JCHCMBIS HAZPYIKH.

Aas  nprOMMKEHHOTO  NOCTPOEHHMA  JMIOPLl  H3ruBalolllHX — MOMEHTOR
YKa3aHHOTG NapadoIHyeckoro O4YepTAHMA AOCTATOUHO BBIMHCIHTL TOJIBKO TPH cC
OPJAHHATH: CHayanma B ceudeHudx (H) 1 (K} KOHEYHOI'O JMeMEeH1ad, 4 3aIéM B €10
cpeJHeM ceyeHHH (c).

Hokaxem upocToil n yaobupli, NpHOAKAKEHHBIA CNIOCOD BEIYHCICHNA CPEHC
OpAHHATH TO OPJINHATAM B KpaiiHix ceuenuax K3,

Mpurmep 2. Brupekem (mo yzmaM «be (1) u «x» {2} MCK) U3 crepKHCBOH CHCTCMBI
AMCVICHT, 3aTPYKCHHEIN PARHOMCPHO. PACTIPCACICHHON HArpy3kOH HHTCHCHBHOCTRIO ¢ (pHC. 4.3, @).
PaccMoTpHM cro, Kak OaIky Ha ABYx OMOpax, Noj ACHCTRHCM BHYTPCHHHX YCHAME NO KoHUaM
3MCMEHTA M pacnpenecHHolt Harpy3ku {puc. 4.5, 6).

I[l)GﬂB.TItEHHC YKa3aHHLIX TPEX OTOPIILIX B3l He BMACT Ha YCHIIHA B MICMEHTS, TaK KdK B
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BHIPE3AHHOM COCTOHMHM OH HAXOAMTCA R PABHOBCCHM, TIOATOMY B AODARICHHBIX CBAIAX YCHIIMAH
(peaxitin) OyayT HyICBRIMI

Puc. 4.5

HarnGaownid momenr M B cpenseM ceueHHu memcuta (CM. pue. 4.5, A} MOWKHO
BBIUHCINTL KAK CYMMy cpeamich opaHHatsl M (mom)=0.5(M + M) (puc. 4.5, §) muueiinoi
IMUOPbl MOMEHTOB (JIHHHH ONOPHBIX MOMEHTOB, HAH «1.0.M»} H CPEIHCH OpauHaTE. M :q.f2 /8

napaboaH4eckoi 3MOpsl B Npocrof Banke Ha ABYX OUOPAX OT PABHOMEPHO PACNPCTIEREHHOH
HarpyaxH (puc. 4.5, )
o
M, =03(M,+M )+ M. {4.2)
0be CYMMUPYCMEIE OPTHHATEI B PACCMOTPEHHOM IPHMEDE LOUIOMKHICIIBHBI, TAK Kak DHH
PACHIOIOMEHE! CHH3Y OT ocH OATKA.

tia puc. 4.6 moka3ad BADHAHT, KOTA4 opavHara M (nom)=0.5(M + M) orpudarensua
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a
OpAHHATA M =¢F" /8 1pu yKa3AHHOM HALPABIEHHN Hdl PY3KH ¢ [LOEOKHTCIbHA ),
¢

—
NE —
b ot

Puc. 4.6

Ha puc. 4.5 u puc. 4.6 NpoReMOHCTPHPOBRAH rpaiaHANHTHHCCKUE cmocod NOCTNOCHUA
napaGonuteckoli AMIOPE 00 TPeM CE CYMMapHWM opfuHatam (M M M) u no Ttpem
KacaTeMbHEIM X mnapaone B COOTBETCTBYWOIIMX TOWKAX HA KOHUAX OPAHHAT (OTMCHCHB!
KPECTHROM).

CMBICTT 3TOCO TPAOAHATHTHYECKOTO cnoceda OyzeT MOHATCH, eclNi pPaceMOTPETh Ha
YRUIAHHBIX DHCYHEAX Huopy M{R) 1TpeyroisHoi Gopasl, (HOKAIAHHYI0 MITPAXOBLIMU JTHEHAMU,

iopa M(R) ABxscTes anopei 8 Gaaxe o1 papHoaciicTrysoncH R = g/ pacnpencicHyoi
uarpy3ixn. Opannara 3snopsl B MECTe NPHADKEHUA PABHOJSHCTBYIOUIEH POBHO B ABa pa3za Hofibme
opnuuatl M OF paBHOMEpHO pacnpeAcTeHHOM HAarpyskd {cM. puc. 4.5, & u puc. 4.6). Kpome
TOCO, BUAHC, UTO AMHHH OPOUHAT ITOH 3IHOPEL, B TOUKAX OMOP ABIAKTCA KaCATENLHBIMH K KPS B

srye napadonst. Tpered kacarcribHas X KpusoasHeiizol Jmiope M° mpoBosmTea uepe3 KOHCH
opamuaren M2 (oM. puc. 4.5, 2 1 puc. 4.6).

TNockonsXy NMpH CYyMMUPOBAHHH OPHMHAT B CPeINeM CEYeHHH CTepHA opouwama M.
CHIIAOBIGAEMCR M J1L.0.M HEPREHOUKYAAPHG (CH CIIEDHCHA, TO KACATE/IEHAA K KPABOIHHEHRHOH
ITKIPE B 9TUM CEYSHIH JIOTKHE OBITh TApaiiedbHa LOM {eM. puc. 4.6).

[ipy nenoaszosanuu GOPMYNL! (4,1) MOMEHTHI TIOICTARNAKTCS B HCC ¢O CROHM 3HaKoM. B
npHMene Ha puc. 4.7 apeanoJaractes, uTo opnuHara M (mo.m)=0.5(M + M ) oTpunarenbHa, a
aprmuata M = g/” /8 nonowuTeIsHa YMCACHHO Gonbrie opaHaTH M, (1.0.M.). B pesymbTate
cyMMapHas opauHaTa M OyacT noRoXKHUTENEHOH BEHUHHOM.

B cxeme 3 Ha puc. 4.4 KOHCYHBIH 3MEMEHT, Ha KOTOpBIE AeHCTBYST PABHOMEPHO
pacnpeIencHHas HalPYIKka HHTCHCHRHOCTRIO ¢ , H3MHOAIOMIMG MOMCHTBE HA ACBOM (W) M TIPAROM {(x)
KOHLAX NPU BLYHCACHHH ¢ MOMOLIBIO ypapHeuds pasioBecHa (4.1} okazanuch COOTBETCTBCHHO
PABHBIMH:

M, = R-(0.8N=0.5¢1"; M, =0 (4.3)

TlpuMmeHeHHt  YKa3aHHOrO  rpaoaHamMTHUSCKOTD  HPHEMI A 9TOLO  Ciydan
TPOICMOHCTPHPOBAHO HA pHe. 4.7.

Tak xax paccMaTpuBacMmblii Ha cxeme 3 puc. 4.4 aneMeHT ABIAETCA KOHCONBHBEIM, TO
HITHOAMIIHIT MOMEHT B CpPEfHCM CCUEHHHM KOHCOIH TIPOCTO BEUHCHACTCA 1o (opmync- {4.1):
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, gl ! g’ 2
’w =—f—}{=)=--——- = ‘-0. |25 ] .
¢ (2) {4) 8 #

Memooduveckoe yxaranwiue apu pacdeme ¢ nomouitw npozpammsl SCAD. Tlpu
MCNONBL3VBANHE NporpanMel SCAD 175 MocTPoCHHA HTIOPE! HIrHGAKIOIIK MOMEHTOR HeOBxOMMO
MCOONL308ATE BOIMOKHOCTE ¥TUA MPOTPEMMILL HAlHAaMalb Ha KOHCHHOM MiCMeHTC scobxoammoc
YHCIHO CCYSHUH.

M) 50,5q!2
%

3 5 X Ll "

gt i3=0028g8
M =0.5g1*

‘LosrR=0.4g!

0.5R=0.5¢1"]

Puc. 4.7

JAR KGHENRO2G INeMENMA, C PAGHOMEPH) pACnpedeIennolt HUzpYIKot Ha e20 npoaeme, ¢
HEBI0 YMEHBMEHUA NUCICIIHO G undopmannn, swdadacnon npocpammois SCAD nocue pacuema
cmepxcneaoi cucmemer MK, docmamouno RaInauumy moavke no Qune ITeMeHma moIsko
Mmpu cedenu! D8R N0 KORUGM 2IeMeNma ¥ 00Ho no exo cepedune (cv. |2, 19] 1 MeToauveckue
YKa33HHA, BPABCICHHLIC B IPHIokeHnd | kK YMK).

Pacemorperublii 1pueM  MOXCT ObiTh MCHOIR30BAH H NPH JPYIOro BuAa
Harpyske. 210 OyleT NpPOASMOHCIPHPOBAHC B JANbHEHINEM NPU  PELLICHUK
NIpakTHYECKHX 3a1a4.

4.2. Juiopa nonepevuHkIx cua

Hpasuaa nocmpoenus opdunam mopsr Q0

i nocrpoeHns opaMHATH M0psL ) B KakoM - MO0 CeUCHMH HCOOX0MMO:

1. OBHHM 3 MPpHBE/ICHBIX HHXKE cnocobos OﬂpCﬂCﬂHTB YHCIEHHOC 3HAYCHHC
NONIEPEIHON CHIThI B CEYCHUM M CE 3HAK, )

2. Omtoxdis Haﬁ![CHHOG YHCHEHHOC  3HAYCHHNE B BUAC OPANHATHI
llelIf:H,'l]deJlﬂp}lO OCH CTepAHA < OJII-IOﬁ 13 CTOPOH CTCRHHA B COOTBCTCTBMH CO
3HakoM (.

YucneHHoe 3HAYEHHE MONEPEUHOH CHIIbL B CEYCHAH W €€ 3HAK MOXKHO
onpencnnTL AByMA cnocobaMu.
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Cnoco6 1. Onpedeaenue nOREPEUNO CHALL 6 CEREHII CIHEPNCHA
U3 YPRENEHUA PAGHOBECHA HACHTH CIEPHCHESON CHCmeMbl
CA€6a UAN CHPAGA ON CEHEHUR

Hucnennoe snavenue nonepennoit cuast (J, 6 wobom cevenuu k crmepacns
PUBHO  qUCACHHOMY 3navenulo anzefpauweckoli cymmbr 3P, . npoexyun ecex
suewnpx cuit P, Oellcmeyiomus na CMEPXCHERyIo cucmemy ¢ ao0ol oonol 13

CIROPON CEYEHUR, Ha H()p.’waffb H KOCH Cmep.)ﬁ(:ffﬂ 8 CeYCH U k N
O =2h . (4.4)
4

Hopmaisio Ha NpaMONHMHEHHOM CTEPKHEBOM KOHGUHOM 3JJIEMEHTE ABIAETCA
ock 71 €ro MecTHOH cucTembl KOOpAMHAT, noyromy F,; =Py ,. 3nak upoekuuu
F,; =Py, cunet F; ¢ HoMepoM { B ypaBHeHHMH {4.4) UPHHHMAEM [IONOKHUTSIIBHBIM,
KOTda HanpasneHHe 1IPOEeKiMA CORIIAJIAET C OTPHIETEIBHBIM HAUPABIeHEM OCH Z1,

3Hak Honepewioll cuiel (), OlpedenseTca MO HANPABJISHHIO €¢ BEKTOpa B
ceverun & (cM. puc. 1.7).

TIpHMEHAA Y10 LPABHIC K KOHCHHOMY ICMCHTY MOKHO chopMyIHpoBaTs ¢10
B CITe,/ Iy OLEM BHAE.

Bexmop nonepeqnoil Cuisl CHUMAemCs ROTONCUMETHIBIM, ECTU OF I A260M
KOHYE (H) KOHEYHO2O 3TeMEHMA CIMEPHCHA COGRAOIEM NO HARPABACHUIG ¢ ocbio £1, d
na rpasom konie (K) — npamugonoioxcen nanpaaaentio ocu Z1 (em. puc, 4.8).

a & Xi e
Q¥=QR

Bexmop nonepeuHoll Cliibl CHUMQEMCH OMPUYametbiblM, ecal OH ha JAegoM
konge (H) KOueunpzo 3AeMenma CMEPHCHA N0 HARPUGIEHIK e COoRngdacm ¢
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nanpasrenuesm ocu Z1, a Ha npasom korye (K) — cosnadaem ¢ nanpagiennesm ocu 21
{cM, puc. 4.9).

a s i1

Puc. 4.9

TonoxeHHe CEYeHMA «H» 1 «K» CTEPAKHA OUPEHENALICA 1) HALDABJICHHK) OCH
X1 MCK v MO#eT OBITh YCTAHOBRHO TAKKE C NIOMOLLLIO TYHKTHPA, MOCTABIEHIOTO
Ha «HHKHCH» CTOPOHE ClTepHHA (CM. puc. 3.4, puc. 4.8 v puc. 4.9).

Ha puc. 48 n puc. 4.9 npuseaensl 20pel (¢ © JINIOKHTEILHBIMA M
OTpHUATENLHBLIMHA OpAHHATAMH OIS KOHCUHOIO 3MEMEHTA, B IIPSACIax KOTOPOra HeT
Harpy3kn, [lpu atom B cevenpax «w» (1) o «wo» (2) KD r MCK nokazans
HAMPABIEHNA BEKTOPOB NONOKNUTETLIBIX H OTPHLATCIBHBIX NONEPEHHBIX CHIL.

Hampagnenne nonepeunol CWiibl 6 H000M CeyeHiy MOKHO HAHTH 110 npaBuly
CTYNOTO YINa»: eCau NOMU RO IRI0PE MOMERIMOS, HOCHMPOCHRON HU PACMARYINOU
CMOPORE CREPINCHA, 8 NANPABTERUN CEHEHNS CIMEPNCUA, WO BEKMOPD NONEpeunoi
cuAbl 6 IMOM cexenyl obpazyem mynot yzou ¢ omopott M (uau o kacameasnoil K
Hell, ecau smwopa M kpugoaunetina) {pnc. 4.10).

2 T@ &)

Puc. 4.10
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Hanpapnenne ABMMKEHHS TIO JMIOPE MOMEHTOB K CEYCHHIO MOKA3IAHO HA
puc. 4.10 crpenkamu. [lonyueHHOe HanpapIcHAE BEKTOPA 39BHCHT YKA3LIBACT M Ha
€10 3HAK B COOTBETCTBMH C HalpaBleHHEM Ha cTepiHe ocH Z1.

Croco6 2. Onpedenenue nonepeuoi ClTbt 6 CONCHUN CIEPHCHA
RO IUOPE MOMEHMOS U3 Ypasienusn pasnosecua (= dM /dx
9nn PeCKOHET RO MAROZ0 IREMeEnma dx

Uucnennoe  3HaveHHe () ToJUyHaeTcs W3 TOrO  YCNOBHA,  4TO
O=dM/de=tgo, Tie @ — Yrol HakiOHA KacatenbHod k »mwope M B
paccMaTpyBaeMOM CeYeHMH K OCH CTepkHA. [Ipu nuueltnodl smope M yron «
PABEH YTy HAKIIOHA CAMOI 31II0PH K ocH cTepskHs (puc. 4.11, puc. 4.12):

0= g MM 43)

3uax ) ompenenseTcs MO 3HAKY NMPOHIBOIAHLIX cx u dM .

4 ' tx

Puc. 4. 11

Puc. 4.12
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Ha pucd.ll, 412 nppuscicHnl »mopsl M Ha  TOPHIOHTANRHOM W
BEPTHKANBHOM KOHCYHBIX 3JICMCHTAX COUTBETCTBCHHO ¢ LIOJOMKHTCILEBIMH M
OTPHUATENHHRIMA  3HaKaMH  opnuHAT. [lokazawnl HampaBTeHHs, TO  KOTOPbIM
OPOUCXOANT IIONOXKHTCAbHOC HIM OTPHUATCIBHOC IPHPAILCHHE ITPOH3BOANLIX
de o dM .

Ha prc. 4.11 » puc. 4.12 nokazaH W CNocod TONYYCHMS HanpaRieHds
BEKTOPOB TMOTICPEUUBIX CHI {2 3HAYMT M 3MaKa ) B COOTBETCTRKH € OCHIO Zl) B
HAMAJABHOM (H) M KOHUEBOM (K} CEMEHNAX KOHEYHBIX IEMEHTOR N0 HPABHITY «TYIOr0
yanay. '

IMpumep L. [locTpounm 3miopel ( anA TPCX PACHETHBIX OXeM, IS KOTOPHIX rma prc. 4.1 u

44 OuH TOCTPOSHE! 3MICPsl M, mepBBIM cnocobas. Smwopsl O AN MPUBSACHTEIX TIPUMEPOE
LEPBBIM C1OCODOM CTPOATCS MPOCTO BPYUny1o. Ot mpuseaeHs! Ha puc, 4.13.

Puc. 4.13

AH&HH}HDS’H FIE HIGPhl, MOKHO OTMETHTL COSHVIOMINAEG CBONHCTBY ATTHPEL (_), ABJIANOIKECH
MPHIHAKAMH CC TIPARHIBHOTO BH A2, KOTOPRIC 6}’;’[6&[ AdRec HCMOTR3IORATR IIPH KOHTPOTIC 3THPhE Q
Hpusnaxu npasuasrozo enda snopst O

l. Ha gpaMom 3neMeHTe ©e3 HaTpy3kKH [0 €r0 [UIHHE LOUEPS4HAH CHIA
TIOCTOAHHA | 3MHopa ( HMeeT NMpAMOYTONBHYE0 GOpMY.

2. B cedeHHM, Koropoe cOBIAauaeT ¢ JeHCTBYIOUICH 1101€PEK OCH CTEPKHSA
COCPENOTOUCHHOH CHNOH, OpMHATH >Mophl (J CNERAa H CHpaRa OT CHIRl HMEIOT
CKaY0K, PABHBIH BCIMUHHC 3TOH CHIIBL

3. Ha yuaceke ¢ pasBHOMEPHO PaClPEULIEHHOA Harpyskod suwpa
OPAMOTHHEITHA M MMeeT HaknoH K ocw crepxus (puc. 3.11, 3), TaHrenc yria
KOTO[OTO PaBEH WHTCHCHBHOCTH Harpy3wH g =4}/ dv =fg . Hyneramy 3Hauenmo
Ha 3mope {} Ha y9acTKe ¢ paBHOMEPHO paclpeeNeHHOH HArPy3KoH COOTRETCTRYET

BRCTPEMANBHOE 3HAHEHHE Ha 3Iope M.
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TMpupeaem ¢nocod NOCTPOSHHA INIOPBL J HA YYACTKE CTCPHHS ¢ PpaBHOMEPHO
pacrpeaeneHHoi Harpy3koH. )

BripexeM ydacTOK CTEPKHA C PABHOMCPHO pACIpeIeNeHHoH Harpy:koit u
OPEACTABAM €0 B BHIIE KOHEUHOID AEMEHTd, OTHCCEHHOTO K MECTHOH cHcTeMe
KOOP/IMHAT (cM. puc. 4.5, a).

[IpeacTaBHB 3TOT 3EMEHT, HAXOAALINICH B PABHOBECHM 110 OCHCTBMCM
HATpY3KY M YCHAMHE Mo €ro KoHUAM, kak Banky na nsyx onopax (cu. puc. 4.5, d),
HCITONB3YCM NPHHIHN HC3ABHCHMOCTH OCHCTBMA CHIL PACCMOTPHM BaIRY OTACILIO
OT JIEHCTBHS TOBKO OMOPHBIX MOMEHTOB (CM. PHC. 4.5, 8) M TOBKO OTF HAIPYIKH (CM.
puc. 4.5, 2).

[Tpu jnedictery Ha Galky TONBKO PABHOMEPHO PACIPEISNICHHON HAFPYIKH
smopa O LoTICpeYHOH CUMk MpUBedeHa Ha puc, 4,14, a, B¢ OPAMHATH B HAHATEHOM
H KOHCYHOM CCUeHUM Oaltki pagHbl O1OPHBIM PeaKLHsIM:

On, =+05¢1. (4.6}

DMM0pa MONCPeUHEIX CHII 0T NeHCTBIA HA OANKy OLIOPHBIX MOMCHTOB B JIH000M
CCHCHUH BallKH HMeet LOCTOSHHYI0 opaniaty (puc. 4,14, 6). paBHyO
M, —M,
=
3HaK OpAHMHATB] 3aBHCHT OT COOTHOUICHHS OIOPHBIX MOMeHTOB M, u M, B

QOII = tg o= (4'7}

phipakennn (4.7). Ecm M > M, To sHak sermunssr (), GyNeT MonokuTensHLM
(cM. pie, 4.14, 0), B IPOTHBHOM ¢yyae  OTPHIETAIBIBIM (cM. prc, 4.14, 2).

CymMapHast a0opa (& UOJAYHHTCH AHHCHHOH, TIOTOMY JUTH ee NOCTPOSHNA
A0CTATOYHO BBIYUCIHTE OPJHHATEI TONLKO B HAYANLIOM (H) 1 KOHEHHOM (K)
CCYEHUAX PACCMATPHUBACMOL0 YHACTKA CTCPKHA {KOHCYHODO 2ACMeNTa):

Qu,x = —I‘{),K +Q0|| = i05q1+M (48)

Cymmapuste sniopst O Jula BapHaiToB, korya &, >0 v &, <0, nocTpoeHs
COOTBETCTBCHHO Ha pUc, 4.14, ¢ 0 puc. 4.14, 0.

Brrumciinm 1o dhopmyne (4.8) opauHaTs! omophl 0 Ha YUACTKE ¢ pABHOMEPHO
pactpetencHHoi Harpyskoli Ha cxeme 3 puc. 4,13,

IMpu #Hazpaucuuolt MCK (cm. pue. 4.4) 118 ROHCYHOTrO 37TeMeHTa C
PABHOMEPHO pacrpeleNeHHoR Harpyskol umeem M, = -0.5¢/%, M, =0. Torna no
dopMyne (4.8} A ITOTO  Ke  IMCMCHTA  [IOAYYACM  OPIMHATB  OIKPLI
LEPEPE3LIBAIOUIMX CHIT B HAYATLHOM (H) H KOHEYHOM (K) CeUeHHIX:
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QH.K =40.5¢/ +0_‘(__Ol-i]i:2

I
= 40,54+ 0.5q] = {‘g . s

PesyarTaT pacueTa paccMOTPEHHBIM CMOCODOM COBTANACT ¢ PE3IYNILTATOM
pacueTa 3THX OPIHHAT NepsbiM cliocobom (cM. cxeMy 3 Ha prc. 4.13).

@)

s

&)

»

Puc. 4.14
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4.3. nwopa npoI0ILHLIX cHI Y
Hpaesuna nocmpoenus opounam nwoper N
Ai1a nocTpoeHHA OpaMHATR 3MIOPEL N B KaKoM — AHB0 CCUSHUH HEODXOAHMO;
1. OnHuM K3 NPUBCACHABIX HIDKE CTIOCO00B ONPeienHTE YHCICHHOE IHAYeHUE
HPOOOIBROTE CHLIABE 8 CeHelil 1 e Jak.
2. OTnoxHTL HAHACHMOE YHMCICHHOE 3HAYeHHe N B BHIC OPAHHALBI

NePNEHINKYIAPHO OCH CTCPRKHA ¢ GONOU U3 CIHODOR CIEPWCHA 6 COOMEEeMCMmEHit
co nakom N.

Crocob 1. Onpedeienne RPOOGIbROL CHLABL § COMeH I CIEPICHA
43 ypasienis PAGHOSECHR RACME CHEPHCHA CIE6A HAH CRPALA OM CeHCHUN

Yuctennoe suaveiue npodoasHolt cuast N, 6 mobos cevenun k cmepacus
DUSHO YUCACHHOMY 3AUeltio areebpauyeckoll CyMMbl RPDOEKUI 8CeX BHEIHHEX CiT
Fi, QelicmeyIowux Ha CIREPICHEBYIO CUCTREMY ¢ JFOBON 0OHOI U3 CHIOPOIL CeNeltunA,
HA KACAMENBHYIO K OCU CIREPXCHS 6 ceventin k :

P[5 vlinasa

Ny = Paci = & Faci {(4.10)
i §
KacarensHas k ocH upsamMonuHeiinoro crepskHesoro K3 coBuanaet ¢ ocbiw X1
ero MCK, noatomy £, ; = Py ;. BHaK NpoekHMH F,.; = P ciibl P ¢ HOMepoM i

B ypaHeHun (4.10) IPMHHMAEM MNOMOKHTENLHBIM, KOIZA HAIPABISHHE TPUCKUHH
COBLANACT ¢ OTPHLATENBHBLIM HanpasicHueM ocd X1, 3HaK 0polonuaol ciitbl N,
OLpPeASIseTCA 1O HANPABJICHHIO ¢C BCKTOpa B ceuelink £ (cMm. puc. 1.7):
Pucmsicueaiomast  npodoabias  cuda 6 CEMENHY  CHICPICHR  CHUMAemos
ROAONCUTREALHON, CHCUMTIOWUS — ompuyameisiol (oM. pre. 1.7 upuc. 4.15),

P4 B

Puc.4.15
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Dmopsl N IS CTEOKHEROH CHCTEMBI, PACcCMOTPCHHOH B MpeibIAYLX

noapazgenax {cM. puc. 4.1, puc. 4.13) orT Tpex BUAOB HATPY3IOK, NPHBCACHL HA
cxemax 1, 2, 3 puc. 4.16.

1

o, q

I

Puc. 4.16

OpOHHATEL TUX HIOP BO BCEX CEUEHMSX BBIUHCNEHB PACCMOTPEHHEIM
Ciocofon, 1. € ¢ HCNOMbLIOBAHYEM YpaBHeHui pasnosecha (4. 10).

Crnocod 2. Onpeodeicnue npodoasRol cliibl 8 CEHEHUE CIEPHCHA H3
PACCMOMPENUA PAGHOGECUA Y308 CIEPHCHEGOH CUCTEMbT

Ans mwunocTpaudn BTOPOro cuocoba paceMorpdm yzen € na cxeme 2
puc. 4.1, Buipexem y3e1 U DPacCMOTPHM €r0  paBHOBCCHE NOJ  AefiCTBHCM
TOTICPEYHBIX H HPOAWIbHBLIX Chl. BeRTOPE 10NCPCHHEIX CHI, 4eACTRYIOIME Ha y3en,
naiiziem 110 npasuily «1yioro yinas {(puc. 4.10). [ponoassele cunel B aBYyX
paipesanAanx CTepwbaX (€ HOMEPaMM $§ W 7) ONMPSACTATCE M3 ABYX YpaBHEHHH
panuosecus puaa 3 X =0, 3 Z =0 (puc. 4.17).

2 W=GL=F

L4 s N

: t- g o .

. L) . L

. A

5 \Ltq N =0 =0 N Z

! it >

; —G— N~y

PoLe=F 1 n
Puc. 4.17 . Puc. 4.18

PaceMoTpuM TCHCPL HCKOTOPHIEM y3€1 ¢ ABYMs HAKIOHHEIMH MO OTHOUIEHHIO
OPYT K Apyry crepskasay (pue, 4.18),

[peAnonoxaM, 9TO MONepeyHsle CHUbL, JCHCTBYIOWHE HA Y3&7, H3BECTHLL
J1s onpeacicHMs IPOROILHBIX CHIL B IBYX Pajpe3asBeIX CTEPKHAX (¢ HOMEpPaMM §
7) MOMKHO UCITONTL30BATE TE e YPARHEHWS PABHOBECHA, UWTO M ULl 1IPCAbIAYICTO
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y31a. Ho Teneps IpH aHANMTHYECKOM PEICHUH NPUASTCA PElIHTb CHCTEMY IBYX
YPABHEHUI! ¢ ABYMS HEH3IRECTHBIMH.

Ha puc. 4.18 paBHOBCCHE PACCMATPHUBAEMOIO Y3ild OTPAKESHO I'DAdhHUCCRY ¢
TTOMOIHBIO MHOTOYTOTBHHKA CHIL.

OrnoRie NocaCAOBATCABHO (B A060H oucpeaHocTH) B BRGpANHOM MacTabe
CHII H3BECCTHBIC BCKTOPBI NIONCPCUHBIX CHN B LIPOBEACHILIX {DeCKOHCUNO BIAH3KO K
YTY) CeMEenRuAX, I0.TyYHM HX paBHOAEHCTBYIOILYKY K. '

Ty paBHOACHCTBYIOLLYEO pacKIadslBack Ha (B HalpaBNelidst; NapalicibiblX
QCAM PA3pe3aHHbBIX CTEPIKHEH H 3aMBIKAEM TPEYI'OUBHHK CHIL, HOCTABYE HANPABIEHUA
BEKTOPOR MCKOMBIX NPOJOABHEIX CHI Tak, 41006l PaBHONCHCTBYIOWIAR BCEX CHA,
JNCHCTBYIONIHX Ha y3e, OblNa paBHa HYIIK).

Haupasnening HalieHHblXx BeKTOPOB MPOZOABHBIX CHI NOKA3LIBAIOT, CHKAThl
WITH PACTAHYTHl CTEPKHH (B HAILEM IIPHMEpE — CKAThE).

QUEBHAHO, 4TO W3 JIBYX YPABHCHHI PABHOBECHA Y31a MOFYT GbITh OIPEIENeHkl
iIpOJOMIBHBIE CHITEL TOMLKO B JIBYX CTCPHKHAX.

Ecnu ke Buipe3aHHbIH y3en useeT OoMbIUCC UHMCNO CTepXMeld, To BCe
OCTAlbHBIC LPO:0ILHBIE CHIBL, KPOME HCKOMBIX JIBYX (He JIERKAlUMX Ha OfHOM
TIpAMOH) J0IKHEL GBITE OLPEASIIEHE! U3 KAKMX-TO APYTHX YII0B, MHAYE 1UIPOAOTLEHBIE
YCHIMA B Y3¢ GYAYT CTATHYECKU HEONPCACTHMbL.

B kauecTRe npuMepa CTATHYECKH OMPCACIHMOTO Y3Na ¢ YUCIOM CTepHHCH,
CXOMALMXCA B Y3Ae, Goabllte ABYX paceMoTpuM y3en D (oM. cxemy 2 Ha puc. 4.1).

M3 ero paccMOTpCHHS BHOHM, HTO TPH BEKTODA NONCPEYHLIX CHII B CEUCHHAX
CTEPKHEH ¥ y3Ia M3BECTHBI (IBa M3 HMX paBHbl Hymo). MisecrHo W upononbHoe
YCHAKE B TIPUMBIKGIMIICH CBEPXY K Y31y Koilconu (0RO paBro Hy.1w0). [Tosromy, xoTa
B Y37C H CXOiHTCH DOnee JBYX CTepikiell, HCH3BECTHRIX TIPOIOJIBHBIX YCHIHI Oyner
TONBKO JiBa. O17W W ONpeaenaIca W3 ABYX YPaBHEHHH paBHOBECHS.

[puznaku npasuiasrozo suda yoper N

1. Ha npaMom cTepwxie O3 HaIPy3:KM NO Cfo UTHHC HPOAOILHAY CUIa
LOCTOAHHA W 2opd N HMCCT MIPIMOYTOMEHYTO OPMY.

2. B ceuenun, KOTOpoe COBMAA4ACT C JleHCIBYWLEH BOORL OCH CTCPXIA
COCPEROTOMCHHOH CHIION, OpPAHHATHL IOPLL () CICBa M cOpaBa OT CHIBL HMEWT
CKAYOK, PABHEIN BETHYHHE HTOH CHITBI.

3. Ha yuacTke ¢ paBHOMEPHO PacTIPC/ICASHHOH BIOMB CTEPKHA HAIPYIKOH
HHTEHCHBHOCTLIO ¢ JMEOpa N TPAMOIMHCHHA W MMEET HAKAOH K OCH CTEPHKHA,
TAHICHC YIUIa KOTOPOTO PABeH HHTEHCHBHOUTH HATPY3IKM ¢, = dN /dv=1g f3.

[Tocnenuuit sBapranT paccMOTpeH Ha pre. 4,19 i npsMosuefisoro KD,
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Pue. 419

4.4. Ucnoassyemete cmocedp KoHTPOad AocTpoeRubIX dmiop M, O, N

Mocne noctpoenws mmop M, (N wpyunyw wu va [IK, ¢ nomowmeo,
wanpumep, nporpammul SCAD, OHM A0UkHBW ObITh OBA3ATENEHO TPOREpPEHLI
PACHETHHKOM.,

FTOT  KOHIPOL  BBIMOTHAETCS KAk [0  BHEMHEMY BURy 3uwp (10
NepeYHCIICHIBIM BhILIE CBOMCTBAM (MPM3IHAKAM) HPARMILHLIX IOMOP), TAK U NYTEM
APOBEPKU PABHOBCCHS CTEPKHEBOM CHCTEMB! M TIOORIX OTCECUEHHEIX H3 HEC YacTeh,

- B mpakTHke pacyeTOB AAR KOHTPONA NOCTPUSHABIX MNP HCHONB3YIOTCH
CRENYIOLGME BAPHAHTHL LIPMMEHEHHA TPEX YPABHCHHH PABHOBCCHR AA TIOCKOI
3aa9H;

1. Mcnonnsyercs ypasHennc paBHOBeouda ) =dM /g OeckoHedHo Mamoro
anementa dx crepxud, C €0 TOMOIILIO NPOBEPRETCA COOTBETCTBHC 3m0p M v O
1O HX BH[TY ¥ 3MAKY.

2. PaccmarpMBacICA  PUBHORECHE  BCSH  CTEPKHEBOH  CHCTCMBI, T.C.
MCUOHB3YIITCA TPH YPaBHEHHA PAaBHOBCCHA JUIA [VIOCKOR CTEPRKHEBON CHCTEME BHIA

CHLTEMLL CHLTUMbI CHCTEMb!

Y M, =0, DPy=0; YPF,;=0 (concTpykmms oTHOCHTCA K ofmieil
i i : i

cucTeMe koopannat X07).
3. PacCMaTpHBACTCA DHBHOBECHE Y3NOB CTCPAKHCBOH  CHCTEMBI, T.C.
UCTIONBL3YIOTCH Te KE TpH BUJa YDABHCHWH DaBHOBCCHA, HO and  modoro
yina ¥ina y1Ta
BLIPEIAHHOTO y3ua: 3. M, =0, 3 Py =0; Y B, =0,r00 i — HOMCD CTEpHHA,
i i i

MMOIXO0OA0ICTIO K Y3RY.

yiTa
3.1. O6p4RO PaBHORECHE Y3JIOB 110 MOMCHTAM ( ZM:' =) nnocrpapyetcd
;
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TIOKa30M BLIPE3AHHEIX Y3N0B (cM. Hanpumep, puc. 4.17 u puc. 4.18).

PexoMeHAYeTCA, A  HADMAJHOCTH DABHOBECHA Y3JI0B [0 MOMEHTHM,
TIOKA3BIBATEL BBIPE3AHHBIE Y3NBI OPAMO Ha HSPTCKE 3MH0psl M (CM. llalkee NpuMEphl
PACUETOB CTCPACHERBIX CHCTEM).

3.2, PaceMOTPEHHE OCTABIUNXCS IBYX YPABHCHUN DABHOBECHA Y3710B ILIOCKOH

¥iie yina

cTepikcnenoil cucteMsl { 3. 7 ¢ =0; ¥ P 5 =0) OTPOXKUCT PABHOBECHE YINOB O

H i
NONEePeuHEIM H IPOAOTEHBIM CUIIaM.

210  paBHOBECHE WUIKCTPHPYHOT JEMOHCTPALMEH BLIPE3AHHEIX  Y37OB.
YpaBHCH#HA PABHOBECHH Y3IOB MPOBEPAOTCA NHOO QHATHTHYUSCKH (3alHCBIBAIOTCA
YpaBHEHHA paBHOBecHs Ha HauwOoidee NOAXOIMIIHC NS  UPOBEPKH OCH) HIAH
NOKA3LIBACTCA  3aMKHYTBIH  [IPW  PABHOBECHH  MHOTOYTOJNBHHMK  BCEX  CHIL,
AeHCTBYIOLHX HA y3ea (CM., Harpumep, pxc. 4.18).

4. OuchHp ObICTpOl NMPOBEPKON NPABMIBHOCTH AMIOP B paMax ABJIAETCA
NPOBEPKA  PABHOBCCHA  BRIpEIaHHBIX  purenceit  pam. 31a npoeepka
NpOAeMOHCTPHPOBAHA JANSE BO MHOTHX MPHMCPAX PacycTa paM.

TepefizeM K paccMOTPEHHIO PalHOHMIBHBIX CIOOCOGOB  HCIGIBIOBAHHA
ypaBHCHMIL papHOBecHA BPYUHYI (Oe3 npumenenns [TK) ana onpeaenenna yeunuii B
PATHYHEIX THHAX CTATHYECKH ONPEIENHMBIX CTEPKHCBEIX CHCTEM.
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5. HCMOJIB30BAHUE KOHCTPYKTHBHBIX OCOBEHHOCTER
CTATHYMECKH ONPEAEJNUMBIX CTEPKHEBBIX CHCTEM 1JIA
BblBOPA PAUHOHAJILHOIO CNIOCOBA ONPEIEJEHHSA
YCHIHH C NIOMOWBLI) YPABHEHHUH PABHOBECHSA
5.1. IlocieaoRaTeILHOCTL ONPEACICHAT YCHIHE BPYUHYIO

Yeunua npH pacueTe CTATHHECKH OLPCUSAHMBIX CHCISM OLPCASNAKTCA &
PANTHYHBIX CBASAX: B OMODHBIX (QIOPHLIE DEAKUNH), B LWAPHUPHBIX (IABICHHA B
WapHUpax), BO BHYTPCHHMX CBA3AX cCedcHMH crepiHell (BHYIPCHHMC ycuiug
M, Q. N).

[MociaenosaTenLHOCTE  ONPEICNEHHY ITHX YCHIMH TNpW  py4YHOM pacuelc
crepxruesoll cuetemel (0e3 npumenernns TIK) MoxeT ObITH palinyHOA W 3aBHCHT Kak
OT  [OCTABNEHHOH 33144l PYUHOI'D  pacueTa, Tak M 0T  KOHCTPYKTHBEHLIX
ocobeHHOCTCH CTCPWHEBOH CHCTEMBI.

B srom noapazuene yueOroro nocodus 0yaeM paccMATpPHBATh CTATHYCCKH
ONPEACIMMY IO CICPKHCBYH)Y CUCTCMY © TOUKH 3peHHS HeOOX0IHMOCTH LIOCIPOCHHA B
HeH BpYMHYH MIOpP BHYTpeHHHX YCHaud M, Q. N . C aTol Touku 3penus Byuem
CTPOHTE H NOCIEHOBATC/ABHOCTE PEIICHNA 330344, HMES TaKXKe B BHAY HOCTROEHHE
HanGonee PALMORANBHOUO K HATITAIHONO Y TH OTIPEIENEHHA YCHAHI,

B cmipoumennloli Mexanuke cmepicnegmx CUcmem Rpt noCHpoeHui epyunyIo
(6ez ucnoabsosunus K} smop M. QN 8 makux cmamuueckn onpedeiumnx
CIMEPHCHEBBIX CUHCMEMAX KAK paMbl ¥ Daixy ApUNAmo cmpoumes enauaite omopy M,
maK Karx 3amem no vet moxcem ovtmb rocmpoera amopa Q. das pam no onope ()
sozcem Goimn rocmpoena smopa N (M. noapazuen 4.2).

B obmem cnyyae nocrpoenne smwpsl M MoKeT OblTh 3ATPYAHEHO HIK
HEBOIMMKHO D3 NPeaBapuTCILHOTO OIPCACTCHHA ONOPHBIX peakilvi 1 AaBneHuii p
wapHupax. fosmomy pacsem CRGMUYECKY ORPeOeIMBX CMEPHCHEBBIX CHCMEN
BEVUHYIO 0ObIYHO HAYKHUWIOM ¢ ORPESeTETNA UMECHHG MMUX VOUAUT.

HerkoTopbic paccy®IEHHS Ha TeMy ONpPCACACHHA YCHIHH B OLOPULIX CBA3AX |
QABACHHH B WapHupax OLui NpUBCACHR B todpazacac 2.4. Tam paccMOTpeHs! ABe
Janadn.

' Hpyn pewenny nepaoii 3adanu 8 CHEPHCNEBOT CHCmMeEMe YOUTAIOMCA 8¢
OROPIHBIE CEH3N M CBR3M & WAPHUPAX ¥ SUMENAIOMCH COORSEMCMEVIONHUMY YCUIUAMY,
CTepikHEBAS CHCTEMA IIPeRPALUACTCA B CHLTEMY OTHENBHDIX JIMCKOB, ANA KawkA0T0 H3
KOTOPBIX MONKHO COCTABHTE TPH YPaBHCHUsA pasHOBecHs, TTpH DTOM B CTarTMucCkM
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onpeacaMMol cucreMe Oyaetr cobaroaateea pasenctso (2.17). s 3m, ypasnenni

PABHOBECHA W OIPCACAKTCA BCC OIIOPHBIC praKlKMH H BCC NABJICHHA B LUAPHHPAX.
3ateM Ha K 0™ THCKS OTIETTEHO MOTYT DBLITH MOCTPOEHE! DTIFOPLI YCHHHH.

ﬂpu GRMOOM capraHme Petlenua 3adaqy 6 Cmepoa.‘fresoﬁ cHcmeme ’RaYaIe
YOAAAIOMER MOABKO onophsle ¢8azl. o wapnupam, coeouitmonum OUCKE MeNCoy
COHOH, CUCTEMd HE DAIPEIAEMTA.

Mpumenanne. B cTatTniuccku onpeeMHMBIX paMaX ¢ THCKAMH B BHAE 3aMKHYTHIX KOHTYDPOB
A8 TOCTPOCHHA  3MOR  YCHUNHH  HCoDXOMMMO RBITONHUTE «PACKPBITHC) KOHTYPOR NYTCM
pa3pesaHuA OJHOTO M3 TPEX UWAPHMPOB, MMEIOLIMXCA B KOHTYpS (YHalicHHE IBYX cBA3ed) U

OMPCASTCHUS 3AMCHSKNILTX THAPHHDP NRYX NARICHHE. 3T0 GYICT MPOACMOHCTPHPORAHD B MPHMEpL
noapasfena (4.3).

[Tocne onpefencHust OMOPHBLIX PEaKUWil M TIO ABA YCHIUS B pa3pe3asHOM
IWAPHHPE KAXIOIO KOHTYPA TAKKC BOMOKHO NOCTPOCHHE BCEX 3MIOP YCHIMH.
CQoTBETCTBYIONMHE IPHMEDE] [IPHBe/ICHE B Hogpasnetax (4.3) u (4.4).

Huoraa noctpoenue sniopsl M MoxeT OLITE BEIMOIHEHO ¢ NPeABAPHTEIBHBIM
QIIPECIEIEHHEM TONBKO YACTH ONOPHBIX PCAKUMH CTEPKHCBOM CHCTEMBI, MK ARKC
Gea ompejieneHid OMOPHLIX peaktiil. Jto GyMeT MpoAeMOHCTPHPOBAHO Ha TIpHMepe
pacycTa paMel B nogpazacic (4.3).

B nmamsoM paisene yueGHoro mocobHA TIPOAEMOHCTPHPOBAHBL TIPHMEPHI
PALHOHANBLHOIO HMCHOJIB30BAHHA KOHCTPYKTHBHLIX OCOOEHIIOCTEH CTEepKHEBBIX
CHCTEM TPH ONPENSTEHHH. YCHIMI B CEUEHMAX CTEPKHEH, ONOPHBIX PEeaKuui H
JaBNCHHH B LIAPHHPAX.

5.2, Henoab3oBaHHE dTAKHON CXeMbl IIAPHUPHOi Ganku

H3yuuM 3TOT CNOCO0 HA I1IpMMEpPe LAPHUPHON OalkH, pacyersas CXeMa
koTopoll w3obpamena Ha puc. 1.2, & [lpumagznM Oanke KOHKpETHbIE pasMepsl H
JarpysvM €e KOHKPCTHOH Harpyskod (puc. 5.1, &), [Iyers [\ =4 =7; [, =1.4/;
a=b=02c=0151;d=021;4,=2g: g9, =q: B =P, =06g]; M,=02¢/".

Ipy BEUTONBCHHM CTPYKTYPHOTO aHalWza 9TOH MapHUpHOH OankM ¢ LeIbio
HCCITEOBAHHMA €€ 1€0METPUHYECKON HEHMIMEHACMOCTH (CcM, noapasgcn 2.5) Owina
UCIONRBIOBAHA TaK HA3MIBAaeMasd ITAKHAA CKeMa, KOTopas mokasana, 4To Oalika
ABJIACTCA CTATHYECKH OTpeAenuMOoli CHeTeMOEH.

DTaKHaA CXEMd OKa3pIBACTCA yZ0OHOH IR paHMOHANBHOTO NPHAMCHCHMA
YpaBHeHWH pPaBHOBECHA IPH ONPeAeIeHUM ONOPHBIX PEaKUMH DdIKM W YCWIHH B ¢e
CEUSHUAX.

JeHCTBATE IBHO, U3 ITAKHOA CXCMB] XOPOLUG BAIHO, 4TO 3BcHO FD sBascres
caMoii BepxHel MPHKPenIeHHOH YacThi0 KOHCTPYKIHH H MOKET ObITh PACCUHTAHD
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HE3ARHCHMO OT ApyTux. [IpMMenWR ypaBHEHNA pABHORCCHA JINA PAcycTa roi
MPHEPEIUICHHON} YACTH M ONPCICAHB B MUCHC JAPYTHX HCH3BCCTHBIX M OHOPHYK
Peakuiio Vi MOKHO TiEpeiiTi K paciery octaBmeics Hinxenexamel sacrn 6anky
AF | KoTOpas 110 OTHOLICHHKY K OPHKPCINKCHHOMY 3BeHY FID SBaanact ocHoBHOR
YACThHY KOHCTPYKIHH.

AHanu3upys HUKeNekallylo ¥acTe AF, BuauMm, 9T0 B Heit 3Beno EF
ABNACTCA IPHKPCIICHHON 4acThio, 3 3BeH0 A8 — OCHOBHOHR 4aCTBIO KOHCTPYKIMH,
[Tpu 3roM peakino ¥ HeobXONHMO NPUAGKHTL Kak HArPY3Ky Ha HHKHIOIO HacTh,
HAlPAB/ICHHYH), KOHEYHO, B OOPATHYIO CTOPOHY [0 OTHOIIEHMK} C HANpasReHHEM
PeaKiiy ¥ Ha BBILISIEKANIYH) YaCTh KOHCTPYKIIHH — 3BSHO FD .

(OCHOBHO® 3BEHO PACCUHTATh OTAENbHO HENB3A, TAK KaK He M3IBECTHA BETHYNHA
JaBNCHHA HA HETO BhIENexaltell npukperulennof wacth. [ToaToMy NpodomxeHnCM
pacueTa OyIeT paCceMOTPEHNE CHAYANA IPHKPLIVICHHOM YACTH, 4 34TEM OCHUBHOM,

VYkazaHHas fnpouelypa  pacdeTa  HIapHHpHOH  0ajkH,  Ha3biBaemas
aHaTHTHYECKHM  crocofoM, O0BYHO NPHUMEHAZACE MM PYYHOM pacveTe ¢
TPHMEHCHHUCM MAJBIX BBMHCTHTCIBHBIX CPCACTB (HATPUMCP, KATLRYIATOPA),

Pe3ynuTarsl Takoro pacdyeTa Ans paccMaTpueaeMoil Oankd, B3AThie M3
yueGuore nocotus [6], npuseneis! Ha puc. 5.1, ¢-0.

5.3. Ucenoib30BaAHHE KOHCTPYKTHBHBIX 0co0eHHOCTEH CTATHYHECKH
Onpefe/HMbIX PaM 6¢3 JAMKHYTBIX KOHTYPOB

PaccmoTpiM BHANANME paMy, M30Opamennyr Ha puc. 5.2.a.

Q)ZG)'aia. 634455
=0 ri ______ 8——
a \
)
‘
a i
_,g: HMA ) _‘}_‘-,_S 1 ) Jai 3 4Pa % 1 F
V4 Ve b
Puc. 5.2

Pama cTaruucckn OnpeocTamMa, T.K.:
1) o popmyne (2.21) nouyqaem n=(4+3-0)-(3+1}=0;
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2) LPOCTOR CTPYKTYPHBIA AHANITS fIOKAZBIBACT, YTO paMa [eOMEIPHUSCKH
HEHIMEHAEMA.

OTMeTHM, YTO paMa COCTOMT H3 OCHOBHOH dacTu B BHae nmcka AC,
OPUKPENAEHHOT0 K @CHOBAHHIO TPEMH CBAZMMH B 3alleMisiolUcH onope 4, H
nApuKpennennoil vactw B Buae ancka CB. locneaHdH MHCK MPHUKPEILIEH JBYMA
cBAsAMH B iapHupe C K OCHOBLOMY JHCKY ¥ OIHOR CBA3BI (BEpPTHRATRHON) — K
OCHOBAHMHD.

Tlockoneky paMa CTaTHYCCKH OMpeleliMa, ¢ T[OMOWEBR  YpPaRHEHHT
paBHOBECHS B HEH MOXHO ONIPEAEINTD 1H00RIE YCHIHS,

Jist Toro  yrofbl HMeTh BO3MOXKHOCTE [ORHOTG  COTMOCTARIEHHA
pesyIbTaTaMu pactera pamsl Ha IIK ¢ ucnonssoBasmem 1o nporpaMvbt SCAD,
peamayroweit MK, pasofrem pavy Ha Te xe KD (prc. 5.2,6), Ha KOTOpPhIE OHA
pa30HBACTLA [IPH €€ PACYETE TI0 YKa3aHHOH nporpaMume (eM. noapasnen 3)

3Haxu 8HYMPERHUX YCUAUN OyOex ORpedetstmb 6 COOMBEMCmen ¢ 3a0ariiol
dan kaxcdozo K2 secmuoli cucmemoll ocell KOOpounam no NpASUAaM, NPUHAMBIM &
npoepamate SCAD (cMm. paszen 4).

Utoler He pHCcOBaTL Ha Kaxk10M crepxee ocu MCK, npu pyuront cueme Oynem
OTMEYATE CC HA CXCME CTEP/KHEBOH CHCTeMEL C IIOMOIHBIO «IIPABHIIA ITYHKTHPA» (CM.
pasznen 4.1).

B cooTreTCTRUE ¢ 3a/ianHOR HATpy3K0H u ¢lenaHHOH pa3OuBKOH pamMel Ha K3
cli¢ IO BHIIONHCHHMA pacyeTOR ofpalilaeM BHMMAHHe HA To, 9TO HA KAKIAOM
y1eMeHTe dmopa M Oyzer npamonmueiiHa. JT0 03HAMAET, YTO ANA CC GCTPOCHAS
Ha KQXIOM DIEMEHTE JOCTATOYHO HMETh JIR€ OPJMHATHL 3IIOPE H3rHOARONLM X
MOMCHTOB. B Ha4ailbHOM H KOHEWIIOM CeUeHHH 3MeMeHToB. T1pH 3ToM 0YeRHIHO
TAKKE, YTO KOHLEBbIE OPAMHATBI B y31¢, TAC CXOASTCA TONBKO [1BA COCEANHX
TeMeniTa, 6VAYT YHCTEHNO PABHSE! APYT APYrY (3HAK, 3aBHCSHIME OT HAOpPaBJISHNH
ocr Z1 MCK na 2Tux 30eMeHTaxX, MOKCT PasiIHYaTees, ¢M. paszen 4).

LEOCTARMM  34;1a4y  OTIPEAENEHHS ONOPHRIX PEAKUMH M LIOCTPOCHUS 3EEOD
yeumwit M, Q, N pamsl

_ Moc1eI0BaTEILHOCTL PELIEHNA 3ALAMH BPYUHYIO

Crpysrypa paMbl TAKOBA, YTO BHIOJHHWThL NMOCTABICHHYIO 33Tady MOXKNO B
pasnH4Hoil NoclaeoBaTeNsHOCTH, Paiiliuue- BAPUAHTOR COCTOHUT, TIPCHKIC BCCTO, B
MOAXO/Ee K ONIPE/ENSHIH) ONOPHBIX PEaKMH, 8 HMEHHO!

Bapuanm 1. Tipexic 4eM MPUCTYTIATE K NOCTPOCHHUIO 2MTIOP YCHTHE MOMKIIO
onpefeTuTh Boe 4eThmpe peakumu (£f V7, M ) 3arem 10CTPOUTh 3IMOpH!
MON.
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Bapuanm 2. Onpenenute Tonmbko peakuuio Fy. 3aTeM MOCTPOHTH 3THOPSL

M.O.N, B npouscee MOCTPOCHHA KOTOPBIX ONpPEOCNATCA M OCTAABHEIC ONOPHBIC
peAKUHE.

Bapuanm 3. Dmopa M wmoxer Owith nmocTpocHa cpaly, 0603 OUpeOcIcHUA
OMOPHBIX peakiivi. 3a1eM 110 Hel ¢ HCHONB30BAHUEM YpaBHeHHA 0 =dM /dx moxer
ObITH TOCTPOCHA 3Mopa O W JTOTOM W3 PacCMOTPCHHA DPABHOBCCHA Y3NOB PAMBI
MOUYT ObITH ONpPEAEAcHb! TPOA0NIBHBIE CHITBL B DISMEHTAX paMel H MOCTpoeHa MTopa
N. .

Hepevii sapuanm necaedoeameasnocmu pewtenns adaun. lpn nojcuere
CTCOEHH  cTaTHUCCKOR  HeonpeaenuMocTd  » (CM.  Hayado nOodpasiena  5.3)
COUOCTABNANOCE HUCTO (4) HEHIBECIHBIX OMOPHBIX peakunii pamet (H .V, M ,,V5)
¢ uucsoM (341} ypasteHMH pABHOBECHA, KOTOPLIE MOMKHO COCTABMTE A0 HX
onpeaciacHds. OYCBHAHO, YTO ?TH YPABHCHUA MOJKHO 3aMUCATE B BHAC!

L2 X=00 2.277=0; 3.3 M, =0; 4.3 MIT =0, (5.1)

lMosToMy H pelIcHHE 3a/1a4M MOKHO HAYATH C© PEUICHMS FTOH CHCTEMBI
VPaBHCUHI. Eo HOBOANT CPasy OLPLSISANTE OLIOPHBIE PEAKIHH PaMBbl.

Peiucune cucreMbl ypapHCHRA MOKHO BBLINONHHTL T0-Pa3sHOMY.

1. MoKHO cpasy COCTABHATL BCH) CHCTCMY YPAaBHCHHH, HAZHAYHE HANPABICHUS
HCKOMBIX  PEaKIHH  1IPOH3BONILHO, HAUPHMEP, B COOTBETCTBMH ¢ HANpPaBIEHHEM
o0meH chucTeMBT oceH KOOpIMHAT JUTA paMbl (puc. 5.2, o), ¥ petunuTh e {19 paM C
MHOTHMM HCH3BCCTHBIMH CHCTCMa YPaBHCHUH MOKCTE OblTb pellieHa ¢ LOMOLEbK
cuenuaibHOfl  nporpaMvel  guia K, Haopumep, ¢ MOMOMIBIKG  OPOrpaMMbl,
HMetoteiica B yueGroM knacce [IK.

2. Tpx pemendd NpocTLIX  3a7a4  PAHHOHANH3ALKS PCUICHRA  CHCTCMEL
YPaBHEHHH COCTOMT B TOM, 4TO HeOOX0HMO, 1IPEKIE BCETO, BBIJICIHTE H3 CHCTEMBI
vpaBHellil ypaBlieHHs paBHOBECHS ¢ ofHOH nemisecTHOH peakuuedt. Hamprumep, B
paccMaTpURAGMOH CHCTEME YPABHCHHI TAKHX YP4BHCHMI IBa (IepBOC U YCTBCPTOL).

PetltiB 7TH YPABHEHHA, C YYCTOM YKC HAHJICHHBIX HEH3BECTHBIX NPONOTKHTE
IOQHUCK TaKHX ke ypasHeHHH. EclM TUKOBLIX HET, MCKATB CHCTEMbl YPaBHUCHMH ¢
JIBYMA HEW3BECTHBIMM M T. L.

B namem cayvae Bcs cHCTEMa ypaBHEHHH MOKET ObITh PEleHa KaK OTIC)IBHOE
peUICHHC HETBIPCX YPaBHeHMH ¢ OJIHMM HeW3BeCTHBIM Kaxkzoe: 1. Us 3> X =0

mafiaem  H,=P. 2. U3 I MEP™ =0 wajimem Vg =P 3. Uz Y7 =0 nmonyanm
Vi=-P. 4. U3 3 M, =0 onpedenum, 4T0 PeakTHBHEI MOMEHT B 3alelKe paBeH

M, =~3Pa.3HuKk « —» y peakiun F; v y MOMeHTa M , TOKa3bIBACT, YTO KaxkIas M3
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3THX PEdKUMil HAMPaBTeHa B 0OPATHYIO CTOPOHY IO CPaBHEHHIO € COOTBETCTREHHO
NEPBOHAYANILHO  3AJaHHLIM  HaupasicHuem (cM. puc. 5.2, a). HenpasnibHbie
HaNpaBNeHys PCaKUMi HAZO 3a4CPKHYTE H NOCTaBMThL MpaBunkHLIC. B HaweM cnytuae
APABFIBHBIC HATPABICHUA PCakumil w WX onpecncHuble sHaYcHus {8 obem Buae)
pHseACHbl Ha pyc. 5.2, 6).

Onpenenue ONOpHEIE peakHi MOXHO JOCTATOYHO GHICTPO MOCTPOUTL IO
BHYTpennux yeunnit M, (2, ¥ . Bysem ctponts ux, nonaras P=1kH, a=2 M.

Hoempoenue snopur M
Tak Kak 3MOpa Ha KaOXIOM HICMEHTC nHHelinas, OyieM BBIYHCIATH
n3rabarpmue MoMeHTsl B Havane (yzen 1 8 MCK) v B konue (y3e1 2 MCK) 3nemcHTa
(i HaoGopoT). 3HAKM OPIMHAT OTMEYACM N0  «IPABHIY TYHKTHpa» W B
COOTBETCTBHU C UPABMUIOM 3HAKOR OTKIZIBIBGCM OT OCH CTEKHA «CHH3Y» MIH
«cBepxy» OT ocH crepxus. PasmepHocts opawHar, kM, wa puc. 5.3, g, e
MOCTPOCHA MOPA, HE YKa3pIBaloTCA.

Puc. 5.3

[TocTpocHde 3opsl M HauHem ¢ KOHCHHOTO CMEHTA paMbl NOJ HOMEPOM 2,
a 3aTeM 1ocNeI0BaTeTbHO paceMoTpum K3 3,5, 4, 1 (eM. puc. 5.2,6).

2 2 .
Jaemerm 2. M = M35 =0. Dinopa KMeCT HY!NCBLIC OPAMHATLL HE 3aBHCHMO

OT BEAKYHIILL OHOPHOH peaklny V.

85



Juemenm 3. Mi=0; M3=-1xkH-2m=-2xH-m. Tlo oM asym
OpAHHATAM CTPOHM 3Mopy M Ha 3neMenTe 3 HpaBoil CTOHKH paMel.

Dnemenm 5. UarnGaroniyit MomMeHT M; (B yaae 2 MCK) #a K3 5 uaiinem u3
paccMOTpeHHA pAaBHOBECHA MOMEHTOR B y3ne 6 cucteMel KD {cm. puc. 52,0 u

puc. 5.3). Tlo u3BecTHOMY MOMEHTY M; =2 HaXxomHM M; = M§ = 2. Ilo Tomy, kak

MOMEHT M3 meficTRYeT Ha y3erm 6, BHAHO, YTO OH PacTATHBAET BEPXHIOI CTOPOHY

ITEMEHTa 5, a 3HaYHT ¥ ero opaunarta B cedeHud 2 (MCK) momkHa ObITh OTIOXEHS
CBEpXY H 110 [IPAaBHITY JHAKCB OPIHHATA HMECT OTPHUATE/NBHBIH 3HAK.
[Nocroneky B yane 5 (® 3agaHHOH paMe oH oGo3nadeH GyxBoi ) YCTaHOBIEH

Lrapuup, TO H3THGaronnLi MoMeHT M, B yine | K3 5 1omken GHITL paBeH HyIo.
HMCHHO 13 ypupHEHNA paBHoBeckst », M{P*™ =0 u Gbiuna onpenencya peaxuus Vy
=P=|. [To3aroMy npsMan JIHHUA, OTPAHHYHBAIOMAN OPIHHATL] ITHOPA H3ITHOATOLIMX
MOMEHTOB HA 3IeMeHTe 3 Mpoiifer 4epe3 BEPUIHHY OpPIHHATHI M§ =-2 B yuc 2
(MCK) snemenTa 1 ny.1esywr opauHary B yine 1 (MCK).

Inemenm 4. Tlo NpH3NaKaM NpPaBHLIIOTO BHIA >Mepel M npaMoiTnHeiinas
KDY HA MEMEHTE 5 (€3 MITOMOB AOMKHA NPOIMLKHTECA M B nipcactax K3 4. [Tpu
JTOM BCE OPIHHATHI HA dneMeHTe 4 OKaKyTes C HIDKHEH CTOPOHW anemeHTa. JTo
O3HUYACT. 1O HAHOUOIAE MOMEHTE PACTATHBAIOT HIDKHEOK CTOPONY 3eMeHTa 4 H
UMEROT TIONIOWUTENLHBIF 3HaK. M3 T000HA TPEYTONBHHUKOR BH/AHO, UTO ODAHHATA B
y3ac 1 (MCK) anemenra 4 pasra 2.

Bnemenm [ Vsrnbaromui MOMEHT Mé B ceueHrH 2 (MCK) K3 1
DIpeJENUTCA W3 paBHoBecHd yina 4 (eM. puc. 5.2, & u puc. 5.3) mo momentam. llo
H3BCCTHOMY MOMEHTY Ml4 =2 paiem Mé =M} =2, Tax kak 3TOT MoMenT Ha

NEBOH CTOMKE pACTACMBAET «BCPXHHC» BOJIOKHA, TO W HailZenHas opauHaTa
OTKNAALIRAETCH OT OCH CTOHKM «BBEPX», T.e. BIpaso (B HanparieHuu ocH Z1 MCK),

Takan opaMHATA 110 TPABHIY 3HAKOB, OPHHATOMY B nporpamme SCAD, uMeer znax
CMHHYC».

B yane 1 (MCK) K3 | opaniara HaruGarlero MOMeHTa H3BECTHA, MOCKONbKY
OH4 PuBHA ONPCACICHHOM ONOpHO# peakmun: M, = M, =6 (cm. puc. 5.2,6). Tak kax
3TOT MOMEHT DACTATHBACT BEPXHIOI CTOPOHY 3MEMEHTA |, TO M OpIMHATY AMOPH
M B y33¢ | HAA0 OTNOKHTE «CBCPXy». TAKAS OPIMHATA CUMTACTCA OTPHLIATENLHOM.
Hocmpoenue rnwpei Q

anﬂBapHTEJILHbII:I aHANH3 oM IaeMOl JHOPEHI Q TIOKA3BIBAET, 4YTO Ha
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kax10M KD OHA HMCET MOCTOAHHEIC OPAHHATH, HHCIIEHIOE THAYENHC KOTOPKIX M HX
JHAK TIPOCTO ONPEREMOTCH H NEPBBIM W BTOPBIM ClIOCOOAMM, OHHCAHHBIMH B
noapasaeie 3.2 yacbyoro gocobus. 3mopa {0 npusencda Ha puc. 5.4,

4
T
T
T
ity
T
T
'y
7

i
(o) '

L)

Puc. 5.4

Hocmpoenue rnwpyt N
nmopa N {puc, 5.5} 2eTKO CTPOMTCY KAK NEPBLIM, Tak ¥ BTOPLIM CHOCODAMH,
OIMCAHHBIME B rtojpaszaenc 4.3.

b= Ni=g3=1 _._..fmﬂﬂg

t HAF - H ,{ FHA
1 R i3 SiE | = e =t 2 =t
i ; i 5 2=
s il
N5=Q4:1 ' - ] Il“ ﬂ'yg"QQ:]
1
: M 1 M=w=1
i T D
- d 10
': (’N v 1,0
? | Niaa -]
Mb=fh=1 ¢ -
4 T
2 2
l ' : NI:N2=11
60 :
1‘ = 10 o ; +2
i S v
K=-Ngl=1 2 1
Puc. 5.5
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Jns oHPCAC/ICHHA, IPOAONBHBIX CHJI BTOPKIM ¢O0c000M Ha puc, 5.5 noxa3aHbl
shIpe3aHHEIE YL 4 B 6 pambl (cM. puc. 5.2,6), U3 KOTOPRIX N0 HAiileHHBIM paHee
monepeyHEIM cunam (cM. puc. 5.4) onpeneasloTca NPosOAbHLIE CHIIBI B 3MeMEHTaX |,
3, 4 n 5. llpoaonbHas cHla B 3NeMEHTE 2 ONpeeTHTCd T0 MPOJAXIBHON CHie

,3 = N23 =1 U3 paccMOTpEHHS paBHOBecHA yana 3 (oM. puc. 5.5).

Bmeopoit gapuanm nociredveamensuocmu  pewenun 3adauu. B oToM

BapMaHTe TIeped TocTpoeHHeM 2mop M, QN  BpYYHYKY W3 YpaRHEHMUS

> M= () onpenensercs TOMBKO OMopHas peaxuus V=P =1. Tlocne ataro

ROIMOMKHO TIOCTpOeHHE mobol w3 amop B modoil mocnenosarensHocTH. 1lpH >TOM
OIIOPHEIC pCaKUMH B  3aidcike B onpegensTcs B NPOLCCCC  IOCTPOCHHA
COOTBETCTEYIOMK 3MEOP YCHITHH Ha eBoil CTOHKe paMel.

Tpemuii eapuanm nocredpsamenvnocmu pewenia adauu. B IToM
BapHaHnTe mneper MocipoenseM HBmop M,0,N  peakliMy npcoBapuTeNBlio  le
onpeensoTea. [To3ToMy oKa3bBaeTCa HEBOIMOXKHBIM IOCTPOMTE MOphl (), N HU
OJHHM K3 crnocoboB {cMm. noapasaensl 4.2 U 4.3). Ogaako 3nwpa M MoxeT ObITh
MocTpoeHa. 3aTpyaHeHVe BOZHMKHET TONBKO OpH onpeneneHun  #rubawoiero
MomeHTa B cedeHHHM | (MCK) ancmenTta | KoTopeld, kasatoch Obl, HEBO3MOMKHO
olpesienuTs 6e3 onpeaeneHus onopHoH peakumu Vi, Ho ro He rTaxe ects
BOSMOMKHOCTE BbIYHCIHMTE M3THOAROLMH MOMEHT B JTOM CE4€HHM C  IIOMOLUBH)
CIRTYIONIX PAcCy KASHHIL.

Bripcaem pHICIE paMbl CCUCHHCM TI0  CTOHKAM  paMel, [IPOXONALIAM
Oeckoneuno Onmsko or parens. [lonepedsas chia B NPOBEUSHHOM CCMCHMM 2 Ha
sneMenTe 3 npaBoif CTOMKH W3BECTHA MO IHAYEHHIY K IO HANPARNEHHI0 AeficTBUA Ha

OTCCUCHHELIT pHrCIb (Q'; =P=1, puc. 5.6}.

Puc. 5.6

Ho Torga u3 paccMOTpeHHs PABHOBECHMA BCEX CHII, ACHCTBYIOLUMX HA PUIC/b B
FOPU3IOHTANEHOM HAIPABACHHH, MOXKHO YTBEPHKIAThL, UTO MONEpedHas CHia Qé B
cevemun 2 onementa | UMEET TaKoe ke 3HayeHWe, KAk M HOMEpeuHas CHiIa
Q;:P:l, HO HMMeer IIPOTUBOIIOIOKHOE HAanpasBaeHue {cm. puc. 3.6). 210

[OKA3BIBACT, YTO YIOM HAKNOHA @ H 3N10pE M K OCH JI€BOi CTOHKH paBeH yriay

88



HAKNOHA H1HpeL A ¥ ocW NTpaRoH CTOHKH. PaBHLT U BETTHUNHEL fgr = 1.
Tak xak BepXHAT opIUHaTa YMOpH M Ha cToiftke pasHa M ; =2, TO MOMEHT B
HIKHEM CeseHUH cTolikn Gyaer M| = M| +2a gz =2+4.1=6.

TMoctpous smopy M, MoxHO 10 Hefl (T.€. BTOPHIM CMOCODOM, CM. TIOApainen
4.2) uocipouts Aanopy Q, a 3arem coocofoM BRIPE3AHMA YINOB ONPEISTHTD
TPONONRALIC CUNEL B CTEP/KHAX paMel (cM. rogpassen 4.3 M BBIPC3aHHBIC Y371Bl HA
pyc. 5.5).

Mpumeyanme. [lpw OMPEIeNeHHM DOPOJIOTBHEIX CHIT B CTCPKHAX pPamel  CIOCOOOM
BBIDSJAHHA  YIOE  BePTMKANLHBIC COCTABIAIONME OTOPHEIX  peakuuii  ompereTsaTcs W3
PACCMOTPEHHS PABHOBCCHS OIMOPHLIX Y3I0B B BEPTHKATEHOM HampaBieHHH. Torxa n3 y3na | pame:
(oM. pHe. 5.2, f) naiiaem V), =F) = NI] =1 nusysma2: Vg =V, = le =1 (cm. prc. 5.5).

Ecau skc QuopHeIC peakiiMe ORLUIM ONPEICTCHE! 3apaHee, TO PABHOBECHE ONOPHBIX Y3NI0B
OVIeT CIYKUTE OIHHM U3 KOHTPOIICH OTIPEJICIICHUA YCHITHEL,

5.4. Henoap30BaHHE KOHCTPYKTUBHBIX 0COOCHHOCTEH CTraTHYecKH
ONpeNeaHMbIX PaM, IMCIOIIHX IAMKHYTHIC KOHTYPRE

PaccMOTpHM paMy B BHIC OJHOIO IIPAMOYTONBHOIO 3#MKHYTOIO KOHTYPA CO
CTOPOHAMH HapaINenbHEMHE ocaM X 1 Z obweil creTeMel KoopauHaT (puc. 5.7).

Y(T4HOBK& TPCX pPa3spe3arOliMX KOHTYDP MIAPHUPOB, HEOOXONHMEBIX /1
CTATHICCKOM ONPETETHMOCTH KOUTYPa, IPEICTABNCHA TPCM% BAPHAHTAMH!

I. Aea 1uwapuupa o0a3areiabHO NOCTABNEHH HA Kakoii-to oaHOH (moboit)
CTOPOHE KOHTYpa (pHe. 5.7,a).

2. Kawxapli 13 [ApHAPOB NOCTABJICH Ha TPCX PA3HRIY CTOPOHAX KOH1YPA. TIpn
STOM B4 W3 HHX JICHKAT HA NPAMOM NMHKY NapaiienbHOH ABYM CTOpOHaM KOHTYpa
(puc. 5.7,6).

3. Bee T mapiipa paclookelll HA TPEX CTOPUHAX KOHTYPd TdK, YTO HC
HMEET MECTO HE OiMH 13 NPETBIAYIINX Clydaes {pHc. 3.7.8).
Pacuer nToll cTaTudecky ONpCACIMMOH paMbl BPYUHYH N0 OOPEIENERMK) YCHAMH
OOMKCH HAMHHATBCH © OHPELENSHHs OIIOPHBIX peaxiwil. Jlns mcex BapHanToB
paccTaHOBKM ILAPHHMPOB B KOHTYPC, IOCICIOBATCABHO HKCNOAb3YA  YPABHCHHA
pastiogecus 2 X =0; Y M, =0, > Z =0, saligeV cOOTBEICIBEHHO!
Hy=0, V,=225xH; V, =375 xkH.

3uren U LOCTPOBHMA S0P YCHIHH Ha CTePXKHAX 3aMKHYTOTQ KOHTYpa
He0OX0THMO Paspe3aTh KOHTYD MUIMMYM MO OALOMY K3 WapHipoB. Ha pue. 5.7 nst
KKIOTO BAPHAHTA PACCTAHOBKHM MIADPHHMPOB B KOHTYPE IOKA3AH LUAPHMP, KOTOPLLI
nanGonee y1o6u0 paspesaTe, YToOH ONMPEISINTL B HEM IBA YCHIHA B YIAJICHHBIX B
PE3YILTATE Pa3pesd IapHHPd CBA3AX.
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Puc. 5.7

B papuanTax 1 ¥ 2 paccTaHOBKH HIADHHPOR PA3PE3 BLITONHSH B INAPHHPax £
YTO HO3BOIAST KiKIOE LEU3BLCTHOC YCHWAHC B HTHX LIAPHUPAX HAifth W3 01HOrO
YPABHEHHS PABHOBECHS.

Tak B BapuanTe | {cM. puc. 4.7,4) u3 ZM&,L =0 naitzem Fp =30 kH. 3arewm,
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H3 ZMEBE =() onpeaenum Hp =5.625 kH.
B sapuante 2 {cM. prc. 5.7, 0) U3 ZM}?CE =0 wmaiinem Hp =16.875 kil
3arem, u3 ZMEE =0 onpeemum ¥ =3.75 kH.

B Bapnante 3 pacCTAHOBKM IMAPHHEPOB NPAKTUYECKH Oe3palmiyHo, Kakoif
[APHUP pa3pe3aTs, TAK KaK OPH palpe3aHud modoro M3 Tpex IHApHHPOR A7s
OMPERENCHHS B HHX TIPOIOMALHOH W NOAEPeHHo clilbl PHAETCA COBMECTHO PEIIATh
ABa ypaBHCHHs pasHoBCCHA, Ha puc. 5.7, 6 paspeyan wapuup £

AN COCTARNEHWA ABYX YPaBHEHMH paBHOBECHA HEOOX0IHMO NpeIBapHTEILHO
33/1aTh HANPABICHHA BCKTOPOB NOTIEPEUYHBIX M NPOAOIIBHBIX CHIL JTH HAPAB/IEHWA
Moryr Obitb BeIOpasbl NpoHlBoneHO. llocne pelleHws  CHCTEMBI  VpaBHEHHH
HEW3IBECTHRIE YCHAMA B IHAPHHPE TIONYYaTCAd C  IIOAOKHTEABHBIM HIH ¢
OTpHBATCAbLHEIM  3HAKOM. [Ipn  orpunarelsHOM  3Hake HAWASHHOTD  VCHIHA
HANPABACHUE BEKTOPA HANO 3aMEHMTh Ha 0OpaTHOE W TPONOMAKHTL pacueT mno
JambHeRINeMY ONpeNieneHy0 YCUMMH B paMe Opd OpaBHIBULIX HANPaBiIcHiX
YCHIIHIL B IIAPIHPHLIX CBA3AX.

Ha puc. 3.7, ¢ nokazaHbl JIEHCTRHTENBHEIC HANPABIEHHS YCHIHH B IapHHpe
F, onipeneneHHbIC M3 CHCTEMBI ABYX YPaBIICHHI C IBYMs HCH3BCCTHBIMH:

. 3 B
LY M= 23 M =0, (5.2)

JainbHeHIuMiA X0l pelieHHA 337a4d 10 TIOCTPOSHHIY W KOHTPOIW 2P
yeunuit A O, N ¥ UX KOHTPONIO BBHIMONIRETCH [0 METOAMKE, PACCMOTPENHOH B

[IPEABLLYUICM LIPUMEPE, H 31eCh He MPHBOIHTCH.

-
5.5. Henodb3oBaHHe KOHCTPYKTHRBHBIX 0COBCHHOCTEH TPEXIIAPHAPHLIX 3POK
TpexmapHupHas apwa fBNgeTcS CTATHYECKH ONpenenuMoi CTep)KIICBdﬁ
CHCTEMOH, PACYCTHAA CXEMA KOTOPOH BCTPEHACTCH B IBYX BHAX!

1. TpexmapHMpHas apka 03 3aTaKKH (pHc. 5.8, a).

2. TpexirapHHpHas apka ¢ 3aTsKkoH {puc. 5.8, 6).

PaccMo rpuM ITOCNeIoBaTeNBHOCTS ONpeTeneHHs YCIITHH B ITOH KOHCTPYKLIHK

€ MOMOTIIRIQ YPAaBHEHHT paBHOBECHA BCei apKy M eC OTIeNbHBIX YacTei.

o sywingro nowuManua oco0eHHOCTeH paGoThl apKM  BHITIOIHMM  1Ba

YCNOBHA:

® paccMOTPHM JeHCTBHC HA HCC TONBKO BCPTHKAAbHON HAIDY KU,

e Pacuer 0LIOPHBIX PEAKIHE H YCHIKH B CTATHHECKH ONPEISNHMEIX apkax Oes
3ATKKA K ¢ 3ataxkell OyacMm BHIIOAHATE ORHOBpEMEHHO ¢ Oankoil,
MMere Takoff Ke TpoNeT W TaKyl K€ HArpy3Ky, Kak H apka
(cMm. pue. 5.8).
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Puc. 5.8
B pe3yneTare WCNONB3OBAHHA COOTBETCTBYIOIIHMX YPaBHEHMH paBRHOBECHS

TONYyYaHOTCA BBEPAKEHHMA U8 OlLpPeleNcHUs ONOPHBIX pedkUMH M BHYTPCHHHX
yeumuii M,0,N B ceueHusx apku. Brauare pacemoTpum Bonpoc of OnopHbix
PeakIMAX B TPEXLIAPHHPHOH apKe.

Bepmuxaabiiste peakytin onop 6 mpexuaprupHoil apKe Ge3 3amaxicKy

1.3 ypasHeHus Y M, =0 Haxomum:

Vy=V{=SMi/l p ‘ (5.3)
2. W3 yparhenus Y Z =0 nonyuaem ’
Ve=by=Yz"-v,. (5.4)

Fopusonmaneisie onopnsie peakyun 8 MPexiapHEPHON apKke (e3 IAMANCKI
3. M3 ypasrenns 3 X =0 ycTaHaBAdBaeM, UTo

Hy=Hg=H. (5.%)
4. W3 ypapueHua M, =Y M =3 MIP*™ =0 nonyvaem
H= ’%C— (5.6)

Popusontaasuoe yeriine H  HasbBacTes pacnoeposm dpri. [lna moscHenus
ITOTO HA3BALUA PACCMOTPHM pHE. 5.9, a.
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Puc. 5.9

Ha nem m3o00paxeHo aeHcTBUE YCHIMH B ONOPHBIX CBA3AX apku 0e3 3aTamKKH,
KOTZa apka ONMpPAeTCA HA CTEHBl KAaKOro-1o 3aamusa. Buamo, uto yemmus H
«PACMPAIOT» CTEHBl M CO3Jal0T B HHX H3rMOalOMe MOMEHTHI, BHI3BIBAIOLIAEC HA
BHYTPEHHHMX CTOPOHAX TMOMEPEUHBIX CEHCHHH CTEH PACTATMBAIOIINE HAIPAKEHHA.

HCCMOTP!I Ha HaJH4YHE B TIONEPEYHLIX CEYEHHAX CTEHbl CHKHMAKOIIHX
HanpsukeHdi oT ee coOCTBEHHOrO Beca M OT CHKMMAIOIIMX CTEHY BEPTUKATIbHbIX
JIABJICHHIT OT ONMOP apKH, C BHYTPEHHEH CTOPOHBI CTEHBI CyMMapHBIE HalpAKEHHA
MOTYT OCTAThCA pacTArMBalOIAMH. B OeToHHOH cTeHe AnA BOCHPHATHA ITHX
PACTATHBAIOUIMX HAMPHKEHHH MOXKHO 1oA00paTh apMatypy, a B KHPIH4HON CTeHE
PACTATHBAKOIIMX HATIPAKEHHH I0NYCKATh HENb3A.

Ilockonsky pacmop apku / rnepefaeTcs Ha HIDKE KAL) KOHCTPYKIIHIO
uepe3 TOPH3OHTANLHYIO OMOPHYIO CBA3b, TO, ANA Toro urobel ybGpath jelcTeie
pacriopa, B OJHON H3 ONOp APKH TOPH3OHTANBHYIO CBfA3b YAAMAOT. YT0ObI
TpeXINAPHHPHAS apKa OCTANach TeOMeTPHYECKH HEH3MEHAEMON M CTaTHYecKH
ONpeIeIUMOil, YAAJICHHYIO CBA3b CTABAT B BHJE 3aTSKKH, COCHMHAIOLIEH MEXKIY
coBoil fieBYI0 H OpaByl0 INApPHHPHBIE ONOphl apkd. JUis yBenWueHHs BEHICOTHI
HaXOJANIETOcA TMOJ apKoH MOMCINEHHA, 3aTSHKKA MOMeET ObITh NMOCTaBICHA BbILIE
onop (cM. puc. 5.8, ).

[MockonsKy NpH apke ¢ 3aTAKKON OHA M3 ee Onop JejiaeTcd MAPHHPHO —
TOAIRHAKHON, OHA TMEpefaeT Ha HHKE JIeKallyld YacThb KOHCTPYKLMH TOIBKO
BepTHKaNLHOC AaBnenue apku. [Ipy BepTUKaNbHON HAPY3KE HAa dpKy M IIAPHUPHO —
HETIO/BIDKHASL O1opa Oy/IeT nepeiaBaTh TONbKO BepTHKanbHOe Hasnenue, [losTomy
JIaBIeHVe apKW ¢ 3aTHKKOH HAa HIDKE JISKAIYI0 KOHCTPYKUHIO OYAET TONBKO
BEPTHKAIILHBIM (cM. puc. 5.9, ).
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Bepmuxanvibie pearuun 0Hop 6 MpexulapiiupHon apKe ¢ JAMANCKO i

BeprukaibHbiC peakiiiH apkH ¢ 3aTHRKON OCTAOTCA TAKHMH KC, KAK M B apKe
$03 3aTAKKH ¥ ONpeaCIATCa W3 Brpaienui (5.3) u (5.4).

Dopusonmansnsie peakynu & mMpexmwiapuupnol apke ¢ 3aMANCKOH
omeymemgyom.

Tenepr 11epeiiieM K ONPEIENSHHIO YCHIIHH B cedeHNAR apkH. HameTum Ha ocu
APKH HEKOTOPOE ceueHue & (oM. pHc. 5.8, a, /).

Buympennne ycunnx M,Q,N 6 mobom cewenunn k apku Ges lamancku

ONPEIEIATCH H3 BRIPAXXCHUI (MHAEKC & OyaeM olycKaTh):

M=M"-H.z, 37
O=(0"cosa-Hsing, (5.8)
N=—(Q°sina+ H cosa), (5.9)

rae - MY, Q° SBNSOICA COOTBETCTBEHHO W3IHGAIOUIMM MOMEHTOM H IIOTIePedHOMH

cu:10 B moboM ceueHHH & npocToil 6anky, HMewet TaKoH e TpoIeT H HecyiLeH
TAKYH0 e Harpy3Ky, Kak apka (cM. puc. 5.8, a);

¢ TpexcTaBnfeT cofoifl  yrom Hak/ToOHa KacaTCIOBHOH (HOpManH) B
paccMaTpHBacMOM CEYeHHWM K OCH AapKH 10 OTHOWIGHWIO K TOPH3CHTANLHON
(BepTHKanbHOH) ocn X (Z) (oM. puc. 5.8, @, ).

HPHME'{BHHQ. ,H.‘Tﬂ BBIYHCACHHA OPOHHATBI CCHMEHHA X H JHAYEHHH cOosr W sing B
HABMCHMOCTH OT OUCPTAHHA OCH APKH HCTOABIYIOTCH CIeAyIoMmHe GopMynLL.

[Ipu napadoauveckom ovepmarui:

:=4f(/x- 2y tga=£=g(f—2x);
I de |-
. ) tger 1 (5.10)
sing = .

———; 08 = ———.
\]+tgza Jl+ig‘a

Hpu kpveoecs ovepmanuu:

5

r=!—-+i; o= f —r(l-cos);
8f 2
e (5.1
. 0.5/-x f Lo
sing=———; cosa=vl-sin"a,

¥
LIC £ — paaHKC OKPYKHOCTH, [0 KOTODOH OHCPHCHY apkd.
Buympennne yeuaun M. Q,N ¢ moboy ceuenun k apxu ¢ samaxcroit
B cevenwax apxu nuxce samsxcku younuna M, Q. N onpeaensiores TOmLKo 1o

BCPTHKATBHBIM peakuusM. [I03ToMY HX MOXKRO BBIMHCIHTE H3 BLIPpaReHIMH:
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M=M" Q=0%ctsa; N=-0’sina {5.12)
Hdns onpepcnenua yCUNHil 8 ceverusx apxu evie 3AmHENCKy HeOOX0IHMO
NPEABAPUTERHO «PACKPhITE» 3aMKRYTeIH KOHTYp EC # ONpeieRuTs NPOROALHGS

yeunme H7 B satsxke (cm. prc. 58, 6) C oTofl uemBi yMANMMM  3ATHKKY
{«packpoeM» 3aMKHYTBI KOHTYP). JleHCrBHe 3aTSKKH HA TeBYI0 ¥ NPaBylo HacT#

apKy 3aMCEHHUM YCHUINCM )LII1K . Torga oHO OHPCACIATCA U3 YPABHCHHA:

Me=Y M =% M9 =0, : (5.13)
OTci01a BLIPARXKEHHE A% BRIYUCICHAS £/ MOWKHO PEACTABITE B BHAE
ME
H™ = C i (5.14)
!

Tlocne onpemenenus H' yewniud B moGoM CEMEHHH apKU BblUlE 3ATHHKH
MOZKHO HallTH H3 BRIpaKeHui:

M=M’-H"-2"; (5.15)
0=0Q"cosa—H"sina; (5.16)
N=—(0"sina+H"cosa), (5.17)

rae z° =z —a {(cM. puc.5.8, &)

Hpumevanue. Fcnn 3ataxka OyncT TOCTAaBACHZ Ha YpoBHE otlop, 10 (cm. pHe. 3.8, ©)
mosynum a=0, f =f-a=F. 2 =z—a=z u youme H'B javikee (5.14) craser pasno
pacitapy F apuw (5.6). a popmya (5.13) - (5.17) nepefinyT B doprymel (5.7) ~ (5.9).

ConocTasiaeHue BHYTpeHHHX yeunuit M, O N B ceuenmsax apkv u Oankn
TIOKA3BIBACT pasHy¥c B 3HAYECHHAX M 3HAKAX COOTRETCTBYIOUIMX YCHNHH #
IHAYEHHAX W XapaKkrepe HOPMANBHBIX M KacaTenbHBIX HANpAMEHHH, Bhl3RIBACMBIX
ITHMH YCHIBUAMH.

OtmeTHM cnenyioide GakTopsl:

1. Pacnop H apxu (uwiu yeuma H " & samiicke) BAAZONPUAIMHO &AuSEM HA
INAYEHNS U3eHDMOWUX MOMEHIROE U HONEPEUHBIX CII 8 CEYCHUAX apKil.

JeictrrTEnbRo, W3 gopmy:n (5.7) n (5.13} Buano, 40 n3rnbaolne MOMEHTH
M ® apke meubmic Ganounwx MY Ha senmumvy -z (Wim H'z" ans apsu ¢
zaTsorkoit). M3 dopmyn (5.8) m (5.14) BHAHO, 49TO YMEHLUIAKTCA 3HAYCHUA o
MONCPCHHbIX CHIL

2. Mamepuatr apru pabomaem 6 Ooaee OAGONPUAMHOM  HOAPANCEHHOM
COCMOAHUY, YeM 8 DatKe.

JIeACTBHTENEHO, XpPOME YMCHBLICHHA WH3rHOal0lMX MOMEHTOB B apke,
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OTMETHM [OABRNEHHE B HEH CORMMAKILIHX yClIIIHﬁ N

Kax migno w3 GopMymsl BHENEHTPEHHOrO CHATHA o =N/ 4+t M/W 8

CBA3M C HATHYHMEM B NIOOOM CEeYeHNH apKM TIPOJONBHOH CHIbL,  HMeknned
OTPHLATENLHEIH 31aK, HOPMANEHLIC HANPSIKCHUA B CCUSHHH apKku pacnpeeneHsl 1o
CEUCHHIO DoJIce PAaBHOMCPHO, 4cM B Danke. OHH MOTYT DEITE CHKHMAIOLIMMH BO BCEX
TOUKaX CedeHMA (CM. BHJl JTOPH, NpHBEIASHHBIH Ha puHe. 5.8, 6. B Qopmyne
COOTBETCTBEHNO MPHUATO: |, 2 —HIKHAT H BepxXHsin TOUKH ceuehus apku; A4, W —
MTOMTAE o MOMEHT COMPATHRISHHA CedeHHA).

B Gaake ke, HaoDOPOT, B COOTBETCTIBYIOMIEM cedeHMH k., TpH OOMbLIEM
IHGYEHHH H3THOAIOMIETO MOMEHTA. OTCYTCTBYET MPOioNbHaA cung, [losTomy B Ganke
SMI0pa HOPMANLHBIX HANpSXeHHH BOIHHKAET TONBKO OT u3arnba W HMeeT BuI,
npuBEASHHbIH Ha pue. 5.8, 2,

[ToaToMy apka, MepekpeiBammias TAKOH Ke TPONeT M HeCYllas TaKyr ke
1arpy3Ky Kak 0aTka, H BHIMOTHEHHAA W3 TAKOro ke Matepuana, OyieT uMeTh Gonee
TOHKOE IOTIePeYHOE CedeHHe, uem Danka,

BeamoMenmuas mpexuiapiupnas apxka
H3 Qopmynel (5.7) g apxu 0e3 3aTkKH (oM. puc. 5.8, ¢) BHAHO, HMTO
wicHOIOIEe MOMENMbl 6 mpexwaprupnolt apke Oyovim HYIeguMu R0 &cex ee
CEUECHMAX, €CAU OHA MeCem NOCMONHHYKO HAZPVIKY U OuepueRd no  Kpugol,
cognadaiowieti ¢ INOPOI USZUDAIOUX MOMERMOR 8 DANKE OM IMOU HAZDYIKY,
JelicTBUTENLHO, TPHPABHAR HYTIY BhipameHHue (5.7), moxydunM:
M
=
H
Tak kak 3HadeHue H MOCTOANHO, TO OPAMHATH z Oe3MOMEHTHOR apkH

(5.18)

M3MEHAFOTCA 110 IJIHHE €€ lIPOJIeTa TAKKe KAK HIMEHATCA H3rHOarlIHC MOMCHTBI
M? B Ganke npu paccmaTpuBacMoil Harpyske. Ha puc. 5.10 nokaszano oucpranue
BeIMOMEHTHOH APKHA ;1A HECKOJLKWX BHJIOR HATPY30K.

[IpH HATPY3KaX B BHAC COCPCAOTOUCHIBIX CHIT Oe3MOMEHTHAS TpeXIapHipHan
apka MO BHENIHEMY BWIY, COOTBETCTBYOUIEMY oimope M B npocroil Ganke or
IAMAHHOH HATPY3KH, CTAHOBUTCA TpCXIUapuupioH pamoi {cm. pue. 516G, a).
O110pHble pedKIMK, Paciop H BHYTPCHHHC YCHIIKA B TAKHX paMax OMpeaensdoTes mo
MOy 4EHHBIM BBILLE QOPMyAaM 1714 KPHBOJIMHCHHON TPeX1LAPHHPHOM apkH.

Mpi paBHOMCPHO PHCOPCACIACHHON Harpy3kc smwopa A" vMeeT odepTaHHe
KBaApaTHunOi napa0onsl, MO3TOMY W 0OE3MOMEHTHAf apKa upH 3ToH Harpyske
aomxHa OBITE OucpYeHa Mo KBagpaTH4HOH mapabone (cM. puc. 5.10, ).
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mrven=nvko

[

I (.

OpsHHaThl z 8pOK HC 3ABHCAT OT 3HAYCHHH HAIPY3OK, a BBIYHCIAIOTCA IO
cooTBeTCTRYIOMWEel dopmyie (5.10) TOABKC Mo e 3313HHBIM LapaMeTpaM: NPoneTy /
HcTpene f.

5.6. HenoanzoBaHHe KOHCTPYKTHBHBIX ocobennocrteii depm

B nosapazaene 2.6 yuyeBHoro nocobus 6bUI0 OTMEYEHO OCHOBHOE CROHCTBO
CTEPKHCBOR CHCTCMBI, HA3BIBACMOT B HHKCHCPROI NpakTHKE QepMOoi:

Hpu Hacpyske Ha makylo CHCmeMy, nepedasaemyio 8 eude Ccocpedomosenitbly
CUT HA Y3Abi, & KOMOPBIX COCOUHAIOMCA CHICPHCHU, 8 PACHCMHON cxeMe pepmbl OaR
ONpECEREHUR YOUALT U NEPEMEYEHUT 60 CeX YIIUX VCMAHABIUSQIOMCA HOCATbHbIE
ez mpenus) wapuupsl.

Ipu smom  Qepma 00INCHA  OCMAMBCR  200MEMPUYECKY  HELZMENACMOl
CUHCMEMON, & KANCOOM CMEPIICHE Kk KOMOpol 603HIKRAEN MOABKG RPOOOIbHOE Youaue
N, (cM. puc. 2.10).

B mxeHepHol MpakTHke scrpedatotes depMbl pasmiynol koHdHrypanuu c
PA3IHUHBIM BHAOM CTEPIKHCBOH PCLICTKH.

C wnaccupuraumed epM O 3THM [PHM3HAKAM MOKHO, B YacTHOCTH,
MIO3HAKOMHTBCA ¢ MOMOIIBIO TiporpaMMel SCAD. Jims 3TOFO HATO OTKPBITL KaKok-
HHOYOe npockT (cM. npunoxkchHke 1 YMK), otkpeite pasacn Cxema, a 3aTeM Ha
MHCTPYMCHTHIBHOH IIAHGIH HaXAaTh KHOIKY «lcHepauus nporoTia depMbDs.
[loABHTCA [MANOTOBOE OKHO, ¢ TOMOIRED KOTOPOTO MOWHO NO3HAKOMHTECH C
PA3NHYHBIMH THIIAMH §epM H ¢ HX Pa3THYHBIMA CTCPAKHCBBIMU PCLICTKAMH.

Jnsl IpeaBapuTeIbHOTO O3HAKOMIICHHA ¢ HAMMCHOBAHUM 3JIEMEHTOB (epMBl
npuBeAeH puc. 5.11, B3aThiil U3 yuebroro nocobua [7].
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Crodixn Bepxanii mode Packocsl

OnopHAIi
YICH

T'iluHm]’zT

I Iponet

Huxnuii osac

. +
1 .
T g

aHe. 1

Pue. 5.11

Yncao HeWIRECTHRIX Yowaul nm, B depMe paBHO CcyMMe YWcTa n,
HEMIBECTHBIX UPOAONALHEIX YCUIHA B CTEPHHAX (IEPMBI H HMCIA Hy, 1TPOAOIBHBIX
YCHITUH B OTMOPHLIX CTEPKHAX (BEPMBI, T.€. 1, =, +#,, .

B craiMueckk oupgigauMol depMe quci0 By, = A, 4 Ry, ACIDKHO PABHATLCH

UHCIY ypaBHenni pasnosecus #y, =2n, puna (2.22), Tae 4, paBHO WMCTY Y3NOB

epmbl. FHBIMM CI0BAMH, CTCIICHE CTAaTHUYCCKOH HCONPCACITMMOCTH CTATHUCCKH
onpeaciaMol GepMel, oupelcHdeMol 13 BeipakeHna (2.23), aomkna Oblre pasHa
HYMWO. - 3TO YCROBHE ARAACTCA M 11€00XQAHMLIM VCIOBHEM JIH TOTO, HTOODI
CTATHYECKH onpejleauMan depMa Obina reoMeTpHueckH HewsmeHsemoll cuetemol,
Heusvenaemoctt @epMbl NPOBEPAETCS © NOMOLIBIO ¢C CTPYKTYPHOTO aHANK3a (CM.
noapasgen 2.6).

Payuonanvtsle cHOCODH HPUMENEHUA YPashien il pasnogecus
ORA OUPEPCICHNUA YCUTUI 6 CIEPHCHAX hepM

[Ipy pacuctax GepM BPYHHYIO MIOH KOHTPOME YCHAMI, TONYYEIIBIX PacyeToM
wa LK, ranpumep ¢ nomoueio nporpamMer SCAD, peanmnsyromeit MKD, yeunus 8
CTePIKHAX TUIOCKHX CTATHUYCCKH ONpefendMBIX QepM OMpelentioTes ¢ MOMONIBIO
ypaBHEHNI paBHOBECHA.

[Ipy pyynoM pacdeTte ¢ MNOMOHIBH YPABHEHHIT paBHOBecHs OBBIYHO BHauunNe
ONPCACTAOT OROPHLIC PCAKUMH (CpMEl. MCTOAMKA MX OTIPCICTCHMA AHATOTHYHA
T0M, KOTOpas HCIONB3OBANACL MPH ONPSACHEHUH ONOPHBIX PCAKLME Ganok, paM,
apok.

Ypaplielifa  paBlIOBecHA UCTONLIYIOTCA AAS  OMPSAeneHus YCHIWA W B
crepaxiax depm. Tlpn 3TOM, B 3aBUCHMOCTH OT KOHCTPYKTHBHBIX 0coOcHHOCTCH
depmel, HCHOTLIYIOT YPaBHEHWS PaBHOBECHS NGO TONBKO JNd O/IHOTG Y374,
BLIPE3aA Y3¢n 13 hepMel, THOO AnA vacTH hepMBl, 0TPC3Iad ¢¢ OT HCPMBI CCHUCHHEM.
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B coOTBETCTBHA € FTHMH IPHEMAMU X B HIDKEHEPHOH IPAKTHKE HABIRAIOT
«Criocof seipesanus yanor» wan «Cnocol ceuenuity. CTPOYroCcTH B THX HA3BalMAX
HeT, T. K. B OOOMX CJIyyadx IPOBOAWTCH CEUYCHHC, OTPC3aloLiec uacTh QepMpl or
uciof KoHCTpykuMHM. Ho Bpimenende y3na, B KOTOPOM CXOMATCA IARa CTEPIKHR W
Gonce, XapakrTepHO TeM, HTO Jld HEero IPWMEeHHMBI TONBKO [JBA YPAaBHEHHA
paBHosecus Buna (2.22). TpeThe ypaBHCHHC pPaBHOBCCHA, PABCUCTBO HYNW
MOMCHTOB, YIOBIETBOPAETCS TONIECTECHHO TpH moboM  (lame HE BEpHOM)
3IHAYSHUM YCHAKA M TOITOMY HE MOKCT HCIIOIB30BATRCS JUIA OIPCACICHNS YCHAMIL B
CTEPHHAX, CXOAALIHXCH B y3e.

B HeKOTOPHIX CAY4asx [IPH PYYHOM CYETE A8 ONPCIENCHHA YCHINA B KAKOM-
aubo creprue depmsl Goee PAUMOHANBLHEIM OKA3bIBAETCA CMOcoh, B KOTOpOM
NoCNeOBATENRHO HCNONB3YIOTCA 00a HA3RaHHEIX BLILe crnocofa. Torna rosopst ob
OlPEICTIEHHH YCHIIHA «KOMOHHHPOBAHHBIM CLIOC0D0MY,

Crocob suipe3anun yinoe
ITpodeMOHCTPHPYEM 3TOT Clocol Ha npUMepe oupeseneHus younua 4 (puc.
5.12, @) depmsl, B3ATOH K3 yueOHoro nocoBua [7]. Onopuble peakunu Oyaem
CYHTATH YHKC ONPEACNEHHBIMA.
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B srom cmocobc MCnONB3YeICd Kak AHAIMTHYCCKOC, Tak M rpadmueckoe
peuicHie. B 000MX Caydanx i3 00Ho20 yiaa MOMCHO RAUMU MOALKO 080 (RO YUCKY
ypasHentil  pagkiosecus 0 Yila) uenzsecmuwmx  yewaun. Ocmaawible  Youaua,
deftemeyioune na V3ea, Q0RJCHbl Dbl UIECCMHBL,

Anarumpuecrkoe pemienne. Cpazy ouUpeienuTs yeugue N, BeIPE3aHHEM
ofHoOro yina { £ unu D)) 1e yoacTes, TAK KaK B KAXKIOM H3 YKA3AHHBLIX JBYX Y3/10B
CTCPKHEA 4 CXOAMTCA MO TPH HeWwsBecTHbIX yoeunud, [losromy, 4rodsl peurirs
NOCTARNCHHYHK 3a7ady, BRIPEKEM CHAvana, sanpumep, yzen 4 (puc. 5.12, &) u u3
YPABHCHHA PABHOBLCCHSA

YZ=V,+Nsind5" =0 : (5.19)
CHJI, ICHCTRYIONMX Ha  y3em (HEH3IBECTHhIC VCHIWA  HANPaRNAeM  Kak
PACTAMMBAIOLUKE ), ONpeaSTHM yeumne N

3
Ny=—=F=PF 5.20
T2 G20

3ateM, MONY4YNB BeMHYHHY ycunmua N, BepexeM ysen £ (puc. 5.12, 8} H
3AMUIEM VPaBHEHHE PARKOBECHS CHJ, AeliCTRYIONWX HAa OSTOT Y3ed, Ha OCh
X' MepPOeHIKKYRAPHYIO cTepikHIo 3 (yermnio N, )

— N, ~ Pcosd5° + N, cosd5” =0. (5.21)

[logcrasue croma u3 (5.20) HalinenHoe ycHnue V), MOJIY4YHM YCHIIHE
Ny =-P/2. 30ax MRHYC NOKA3BIBACT, KAK M B CIYYAC YCWIHA N|, UTO CTEPWEHb
CHAT, & HE PACTAHYT, KAK MLl )TO MPEANONarany npH 3anic YpaBHeHNH paBHOBECHA.

Fpaguueckoe peuterrne. PapHoBecHe cHMi, ACHCTBYIOLIMX HA ONOPHBIH y3ci
4, MOWKHO MPeCcTaBHTh rpadHyeck. Yien 6yNeT HAXOHThCA B PABHOBECHH TOIBKO
TOrAa, KOIMA paBHONCHCTBYWILIAA OHTHX CHI PaBlia HYNO. 2TO0 03HAYAeT, YTO
TPEeYroJIbHHK, COCTaBNEHHBIE M3 BEKIOPOB CHI, HEHCTBYIOILMX HA y3€l, AQLKEH
GBITH 3aMKHYT. 1{0CKONBKY H3RECTHON MOKA ABNACTCA TONRKO OMOPHad peakiya Vo,
ro A7 MOCTPOEHHA TPEYTONBHHKA CHI HEOOXOMHMO OTIOKUTL BEKTOP ITOH CHIb B
yI0OHOM Ins mocTpoeHMH MacTade M padIoKHTL €r0 Ha IOBE COCTARNAIOLIME,
Mapaneneabe CTepraaam | 1 2 gepMbl. HallpaBneHHA N0IyUYCHHBIX TAKHM 00pasoMm
yeunui N 1 N, B TPEyTrOAbHHKC CHN CTABATCA TAK, YTOOB! paBHOACHCTBYROILAS
BCEX CHMA, JCHCTBYIOLIHX Ha y3en A, Oblla paBRa HYJIRO,

Teneps, Kkoriga ONPENENeHO YCAIME |, 4HAOIAYHO PacCMaTPHBACTCA
paBHOBCCHC CHt, JcHeTByromMX Ha yien £, CiooxuB Bektop yeoima A,

HCﬁCTByFDU.ICTO Ha 2TOT ¥3ClH, C BCKTOpOM CHIbLI P, I[IOIY4YHM  BCKTOp
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paBHOAEHCTBYIOIISH H3BECTHBIX CHJ, ACHCTBYIOMMX Ha y3en E (oHa mokasaHa
LWITPHXOBOH JIHHUEH). Pasiioxkus 31y paBHOIAECHCTBYIOLIYIO HA [BE COCTABIANOLIME
napajiIebHbIe CTEPAHAM 3 1 4 )epMEl H HOCTABHB COOTBETCTBYIOIIHE HATIPABIECHHA
BekTopoB N3 m N, W3 yCioBMA paBEeHCTBa HYJIO paBHO/CHCTBYIOmEH Bcex cui,
JIeHCTRYIOMMX Ha y3en E, Haligem ycunus B cTepkHAX 3 M 4 W HampaBneHwe WX
neiicTsus Ha ysen E. )

Hyneeste cmepaichu 6 pepme

[Tpu pacuere (epM BCTpeHarTCs CiIyuyad, KOrJa IPH 3arpyeHHH hepMbl
YCHIIHA B HEKOTODHIX ¢ CTePHKHAX OKA3BIBAIOTCH PABHBIMH Hyj0. Takue cTepmH#
HA3LIBAIOTCA HYACEHIMU.

Ectb HylleBble CTEP:KHH, KOTOpble BBIABIAKTCH Ha uepreke (epmel Mo
npocTEiM  Tpu3HakaM. OCHOBHLIMM NpH3HAKaMH, MOCTPOCHHLIMH Ha crocobe
BBIPE3aHHUs! Y3108, ABJAIOTCA CACAYIOLNE JIBA [IPU3HAKA:

1) ecny He3arpy:KeHHBIH Y3ell COe/IHHAET TOJTBKO JBA CTEPXKHS, HE JIeKaluX
Ha OJIHOI NPAMOIL, TO 00a CTEpKH OYaYT HYNEBLIMU,

2) ecny He3arpy>KeHHbIH y3€J COCAHHACT TPH CTEPIKH, Ba U3 KOTOPBIX JIeHkKAT
Ha OHO} NPAMO#, TO YCHITHE B TPETHEM CTepikHEe OyACT HYICBEIM.

[Tpumep repeoro ysna uzobpaskes Ha puc. 5.13, a, Broporo Ha puc. 5.13, 6.

a) &)
Ny N
1
Z b z /
N2 NB N2
L—w—-——# - - —-A—b
X X
Puc. 5.13

JlokaszaTenbCTBOM NEPBOTO MPH3HAKA ABIACTCS NPHMEHEHHE K MEpBOMY Y3Iy
cHavana ypapHeHus papHoBecus » Z =0, u3 KoToporo cneayer, uro N, =0, a 3arem
ypaBHeH#s pagHoBecus » X = (), U3 KOTOpOro cieayer, uto U yeumie N5 =0.

Joka3aTenbcTBO BTOPOro MpH3HAKA TONYHAETCA M3 YPABHEHH:S PABHOBECHS
3 Z =0, npuveHeHHoro ko Bropomy y3ay. [omyuum N, =0. W3 ypasuemus
> X =0 nonyuutcs Ny = N,.

Hpescoe uem npumenums ymu RpUsHAKU K (epme neobxooumo onpedeitms
VCURUA 6 OROPHBIX CHIEPICHAX (epMbl.

Huorna sarpyaeHue GepMbl MOKET ObITh TAKNM, 4TO OOJIBILIMHCTBO CTEPAKHEH
B Heli OT NpHIOMKeHHOH Harpy3kd He paboTaloT, T. e. ABIAWTCA HynersIMH. Taxoi
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npumep NpHselIeH Ha pHe. 5.14.

Pue. 5.14

B HEKOTOPHIX CIAyHasX HYJICBEIE CTEPWHM $EpMbl BBIFBIAIOTCA HE 110
MpHREASHHEIM TNPH3IHAKAM, a B DeIyNeTaTe HEKOTOPOTO AaHANM3a, HArmpHMep,
YYHTHIBAOIIETO CHMMETPHUHOCTE YCHIAMA B CTCPIKHAX (PEPMBL, MONYYaIOWyKocs
BCHEACTBHE CHMMETPHK CaMON QEPMEL H CHMMETPHH € 3AIPYKEHMS,

[[pumepom Takoro crmywas srmsetcsa thepma, wiobpaxennas na puc. 5.15 [7].
Mpewcac Beero, B HEH M3 pacCMOTPCHHS DABHOBCCHA Y3Aa 6 yCTAHABJIMBACTCA, UTO
BCMS/ICTRHE CHMMETPHMH YCHITHA B HAKNOHHLIX CTCPUKHAX, TIOAXOIALIMX ¥ Y31y ©
JOJIKHEL OLITL CHMMCTPHYHBIMH K PaBHBIMH ApYT ApyTy: N, = N;.

p ¢ N,

Puc. 5.15

B To ke BpeMs, U3 ypaBHeHus paBHoRecus >/ =0 ang ysma 6 cienyer, 9ro
N = —N5. Taxue npoTHROpeunBbie TPeOOBAHHA MOI'YT ObIlb BbIILOJIHEHbl TOALKO B
Clydae, korjga oda yeuiua Oyuyr dyneewivu. Jlocne 310ro no BTOpoMy NpH3IHAKY
HYNEBEIX CTEPHKHEeH U3 ¥310B 2 W 3 MOIYYHTCH, YTO M YeHAun Ns u Ng Bynyr tamoxe
EY/ICBBIMH.

Mpusevande. Yeprexn gepm na pue.5.14 1 na puc. 5.15 B3sarel w3 vaebroro nocotng [7].
“}-’JleBble CTEPHHH TAM OTMEMCHBL KDY RKAMHE. Tax nx Gy,HCM OTMEYATh H JAIeC,

Hmewrcd W Opyrae upumepsl 00HApY'KEHUS SBHO HYJCBbIX CTEPWKHEH B
depmax (eM., HanpamMep, [7]).

Pacuer  depmbi  BPY4HYH)  PEKOMEHAYETCA  BLIAOJAHATE B TAKOH
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NOCTCAOBATCTHHOCTH!

1. OnpenemsnoTes onapibe PeariMu GepMEL.

2. Ha pacaerHoii cxeme ¢epMbl IO pa3sIHYHLIM IPH3LAKAM OTMEUAKITCH BCE
ARHO HYACRBIE CTEP/HN. TO MOKET YIPOCTHTD JaTbHeflnee QLPEHCIICHHE YCUIRiA B
JOPYTHX CTEPKIAX.

3. C y4eToM  OTMCYCHHBIX  HYIACBLIX  CTepikHed  Buifupaercs  cmocod
onpefeneHnNs  KOHKPETHOI'D  YCHIHS, MHIePeCYRIero pacucrdnxd.  Cmocod
BLIPE3AHHA Y310B ObLUT TOALKO YTO TNPOICMOHCTPHPOBAH. PaccMoTpum reiepn
CHOCOOB! CeqeHHA U KOMOHWHHPOBAHHBIH,

] Cnocofist cevennii 4 KOMOHRAPUSANH BT

[TprMenny cHaYana cuocod ceueHuit s OIpeacncHus yeuaun N, B depme,
wio0pamennol va puc, 5.16. Dyaem cumrarh, YTO ONEpalHM MO TIPOBEpKE
CTATHYECKOH ONpedeIUMOCTH (hepMbl BBIMONHEHL!, (QUPSACICHBE TAKKC OMOPHLIC
PEAKUMH H OTMEUelE! (KPYXKAMH) ABHO HYNEBRIC CTEIKHH.

Yenumue N, MOKHO HAltn 10C000M  1I0CICAUBATCIIBHOTO BLIPCIAHHA U
PACCMOTPEHHS paBHOBecHa y3noB a, b, c.d . MoxHO Tarke, nposens cevenne 1-1,

pacccub GepMy Ha UBC HaCTH W OUPCACANTE N, W3 0JJHOr0 YPARHCHHA PABIIORECHA

2 3 ]
.N[
d
N b
N Ny

" T a

d myos
% 2P e 2 3 1 P

Puc. 5.16
2M, =P-2d+N, -y =0 n1g uacTu $epMbl CTIpaBa OT cedermas. 3To ypapieHne

OTPAMNKACT PABCHCTBO HYJI BCCX CHII, ,JICﬁCTBy}OUIHX II¢ TIPaBYIO OTCEYEHHYED HACThR

(bepIVl}:;l OYHOCHICHEHO  TOUKM My, KOTOPAA HajbIBACTCH MOMEHTIION TOUKOH.

Hemonesoranue W3 Tpex ypaBliendi PaBlOBecHs HMEHHG ITOTO YPABHEHHMS CRA3GHO
¢ TEM, WTO B MOMCHTHOH TOYKC ITCPCCCKAKOTCA YCHUHA elle ABYX CTepuKHelH,
TONAaBIEX B paipe3 depmel HA Age qacTh. [10CKOIBKY OHM, KAK 0 HHTEPECYIOLICE HAC

YCHIIHE 1;V1 . TAKXKEC HC M3BCCTIHbL, TO BO3MOMHOCTE UX HCKIHOUCHHA H CBA3AHA C

BbIOOPOM FTOL0 ypasHerusa pasiiosecHs. B pesynstate nowyuns: Ny =2Pd/ b
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Touno Takxe, TPH HeOBXOAHMOCTH OTpefienenws ycumws N., yiobro
HCIIQIL30BATE  ClIOCOD  pacceueHun  (epmel ceueHmem 2-2 (cm, pue. 5.16) o
OTIPe;ICITHTR 3TO0  ycumue W3 ypaBHEHHS PARHOBCCHS B BHTE
Y M, =2P-2d-P-(3d+4d)+ N,-4d =0 ana vactu depMbl creBa OT ceucHus
2-2. Toraa nonyuum N, =0.75P.

IIpu onpenencHun yeunus N; TaKe McOoue3ycrca cnocod  ccucHMi
(ceuenme 3-3), no HeoOXoIHMOe 1N OMpelefelids ATOM0 YCHIHUSA YpaBlCHUE
paBHOBECHA ByIeT uMeTh BHI ». 7 =P — N;cos(90” —@)=0 nma cun cupasa ot
ceuerns 3-3. Orcrona Ny = Pisine.

Cnocod ccycHHA DpPHMCHMM HC TOMBKO B CIy9ac, KOTZa CCHCHHC,
paccekatomiee ¢epMy, pazpesaeT TPH CTepKHA. ITOT cnocadd OpUMEHMM H TIpH
OONBLIEM WHCIE TIEPeceKaeMBlX CTepikHelH, ecli ecTh BOIMOKIEOCTL HCKMIOUHTE M3
YPABHCHHSA PABHOBECHA 1A ONPEIEIeHNA HCKOMOI0 YCHIIMA BCC OCTANLIBIE YCHIINA,
nouasiuke B paspes. Jpumepom senaetea yeunne N B diepme, wioOpaKCeHHOA Ha
puc. 5.17. O"o Moxker OHITE ONPCACACHO € IOMOLILKY ccucHHA |-, XoTs oHo
nepecekaeT 4eThipe CTEpHA. YCHIME B TpeX M3 HHX He ROHIYT B YpABHEeHHE
DPaBHOBECHA BCeX CHI, JAelCcTBYIOIUMX Ha 4acTh (epMLl TIpaBee CeuCHHMA.

COCTABIEHHOE OTHOCHTENBHO MOMEHTHOM TOUKN 7, ; sz] =075P-d+N; - ly=0.

H vero onpeacnutes yennune Ny =-0.75Pd /b, .

f%f“’u

oy

h

Fant Jil

2 J \ "y r%
S
¥y =125F e 1 Vp=079P

Puc. 5.17

KoMOuuKpoBaHHBIH cnoco® NpoAeMOHCTPHpPYEM Ha TIPHMEPE OLPCIULSHHN
yeunus N, 3neck paccevenHe tepMbl Ha IBE 4acTH, HANpHMEp cedeHMeM 2-2, He

OPHBOANT K BO3MOXHOCTH COCTABICHHA OJIHOTO YPaBHEHHA pPABHOBSCHA A
OHPEeACICHUA OSHOTO HCHIBCCTHOTO YCHITHA .'V}. .

MokHO COCTaBHTE ¥PABHCHHC pPaBliOBCCHA, HApHUMEP, AlA YAacTH flJepMBl
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crigsa OT cevenua: p. 2 =1.25P - P—Nysing + N, sing =0, HO B HETo BXOAAT 1BA
HECH3IBCCTHRIX YCHAHA,

HeobxonrMo uMert BTOPOS YPABHEHHE € FTHMM Ke JABYMH HEH3IBECTHBIMH.
TakuM ypaBHetHeM ABIASTCH ypaBHeHHe paBHoBecks 2 X = Nycosa + Nycosa =0

y3na C Ha ock X . M3 Hero cnenyer, uto M. =—N, . [Toacrasup 370 BhIpakeHUe Ang
ycunHs N, B IPCIBIYINEE YPaBHEHNE PABHOBECHS JUIA BCCH JTEBOH YacTi QepMel,

NOAyHHM O1HO  YPABHCHHC ¢ HEN3IBCCTHRIM A":!, H3 KOTOpOro Haﬁ_ﬂeMl
Ny =—0.125P/sina.

5.7. OcHoBHbIe cBOICTBA CTATHYECKH ONPeAe/IAMBIX H CTATHMECKH
HeonpeaeMMbIX CTEPRHEBbIX CHCTEM B CPABHEHUN

OTMCTHM  TONBKO OCHOBHBIE CBOMCTBA  CTATHUECKH  ONPEICIMMBIX M
CTATHMECKH HEONPENSNHMBIX CTEPHKHCBBIX CHCTEM, KOTOPBIC OUEBHIHLL H3 AHAIH3A
COOTBETCTRYIOIIMX MM CHCTCM YpashHeHHit (1.3) - (1.5).

MpHupeaem COMOCTABNCHHE 3THUX CROMCTB, 3altMCAB MX B JIBa TapaiTe/ibiHbIX
croalia Tadn. 5.1,

OTMCTHM TaKKe CIIeIVIONee BAKHOE CBOUCTRO CTATHYCCKH ONPEICHIMBIX M
CTUTHHECKH HEONPEReiMMBLIX CTCPRHEBBIX CHCTEM, KOTOPOC BRITCKACT W3 ananuza
uieaa ceaseil B 3THX cHeTeMax (oM. pasgen 2 nocoGus).

Paspyuienne o7 mneperpy3km mobol CeA3W B CTATUYCCKH  OLPEACTHMOR
CTepRICBOH CHCTEME A8NACT 3TY CHCTEMY YACTHYHO HIH HOIHOCTBI I'EOMETPHUSCKH
H3MCHACMON CHCTEMOT. '

B cratuvecky BHeoupeleNMMOH CTEKHCBOW CHCTEME pPaspyIUeHHE CBAM
MOWET HPUBCCTH HE K PASPYLICIHI0 KUHCTPYKUHM, 8 TONBKO K NEPEPaclpe/Ieienume
B (1CiT BHYTPEHHUX YCHIIHH.

JINA TIOACHCHHS 3TOTO PAacCMOTPUM CTEPHKHCBBIC CHCTEMLI, MPHBEASHHBIC
slpusepe pasjena 1 rabn. 5.1,

JloTMyCTHM, 4TO B CTATUYCCKH ONpeacaMMoi M B CTaTUYeCKH HEOBPEIeIHMOit
ceremax #3rufaoue MOMEHTBL B 3A/ICNKAX MPEBLICHIM HEKOTOPHIE JIOIVCTHMLIC
NPe/IC/Ibl U PA3PYILHIMY CBAIH, BOCIPHHHMAOLIHE MOMEHTHI,

Taraa, cTaTu¥eckd OUpelenMas CUCTEMA, TOTEPAR OHY (33aUIEeMIAKIILYIO)
CBA3L CTaHET ICOMCTPHYCCKH W3MenseMoH cHevemol M Byner He crnocobxa HectH
HaI'PY3KYy YKa3aHHOIO BHAA.

CraTHeaeekd  HeonpehendMas  CHeTeMa, 10TEPAB  33lEMIAIONYRK:  CBA3b,
OCTAHCTCA TCOMCTPHYECKH HEHAMEHAEMOH CUCTEMOH, CroCoOHON HECTH YRAZAHHYIO
HACPYIKY.
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Tadnwna 5.1

CraTuyeckn onpenemumbie (CO) cHeTeMbl

Cratnueckn neonpeaeanmsbie (CH) encremnl

1. Yeunus B cedeHHAX CTEpAHEH H BHI
HX 3TH0P BJIOJTE OCeH CTepKHEl He 3asucam or
napameTpos E,G,v MatepHasia, M3 KOTOPOIo
BHITIOJIHEHA ~ CTEPKHEBask CcHCTeMa, M
PA3MEPOB MONEPEYHBIX CEHEHHIT CTEPIKHEM.
Mpwumep Yeuuns M, ON B a8yx

oT

CO cHcTemax, BHINONHEHHBIX W3  Pa3HBIX
MaTepHAIoB M MMEIOWHX  PasinyHbIe
HoNepeyHble  cedeHus  crepwHeit  Oyayr

COBEPLUICHHO OAHHAKOBBIMH.

1. Yeunus B CeMCHNAX CTEPKHEH W BHIT
WX 2MIOp BAOAL Oceil crepiHed 3asucam ot
napamerpos £,G,v marepHana, M3 KOTOpPOro
BLINIOJNIHEHA  CTepKHEBas cHCTeMa, i
pa3MepoB CeueHHil cTepaHeil.

MNpumep. Younua M,O.N B 18yx

or

CH CHCTCMAX, BBIITOJTHCHHBIX H3 PasHbIX
HMCHOIIHX

CEHCHHA

MATePHAIOB W PABITHYHEIE
nonepeyHbIe crepiHelt  OyayT
COBEpILICHHO pasHbimMK [4, 5],

2. Yeunua B CO crepxHesoil cHcreme
BOHHKAIOT MOA6KO OT 3aJaHHOH HArpysku M
HE BOZHHKAIOT OT BOIACHCTBHIL B BUIE OCAILKH
OMIOp H TEMTIEPATYPHbIX BO3ASHCTBHIL.

IMpaumep s | Ocanka 3anenxku
miobpakennoit  CO  Gankm  npusener
CBODOOHOMY CMEUEHIIO BCell KOHCOU

2. Yka3zaHHOE M3MCHCHHE TEMIEpaTyphl
BONTOKOH OaikH BRI3OBET cBoDOjHBIC (De3
yeunuif) neopmaiiuy YTHHEHAS W W3THOa
BasnkH.

CaETRRE s i
LT

3 = t; >0

R

2. Yeumnus 8 CH crepikHenoil cuereme
BO3JHHKAIOT He MOAbKe OT 33IaHHON HArPY3KH,
HO H OT OCAIKH OMOPH OT TEMIEPATYPHBIX
BosaeicTeunii [4, 5] 1 paszaen 5 nocobus.

I pumsmep s |. Ocanka sazenku n
YKa3aHHOE M3MEHEHHE TeMIICPaTyphl BOJOKOH
waobpakensoii. CH  Bankn  npuseser
BO3BHUKHOBCHHIO He  CBOO0OHBIX  U32uOHbIX
dehopmayuii,  CORPOGONCOIOIUXCH  UseHGaI0-
ugimue momenmani (em. 1abn. 2.3 m 2.4 8 [4]).

5.8. MccaeioBaHme reoMeTpHYECKOl HeM3MeHAeMOCTH CTePIRHeBbIX CHCTEM
CTATHYECKHM CMOCOGOM «HYJIEBLIX HATPY30K» HPH COOII0ICHIH
HeoOXoauMoro yejosus n =0
IMpy ycTaHOBNCHHH NPHHALIEKHOCTH CTEPKHEBOH CHCTEMBI K CTATHYECKH

OnpeienuMBIM CHCTEMAM CHAuYala MOJACYMTHIBAETCH CTEIEHb ee CTATHYECKON
neonpenenumoct n (oM. pasgen 2). Ilonysenne pesynstata B Buiae n=0
NOKa3bIBACT, HTO HeoOXOoIMMOE YCNOBHE €€ CTaTHYECKOH OmpeaenuMocTH W
reoMeTpHueckoll HEM3IMEHAEMOCTH BBINONHACTCA. HeOGXOMHMO  I0MOTHHTENBHO
NPOBEPHTHL HNPABHILHOCTE CTPYKTYPHOTO 0Opa30BaHUA CTEPHKHEBOH CHCTEMBI W3
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COCTABISAOILIMX CHCTCMY SIHCKOE,

B uexoropeix ¢iydasxX CTPYKTYDHBI anamM3 3aTpyaden, Kak 2710 Osinto
MOXazano Ha mpHMepe hepMel, H300paKCHIOH Ha puc. 211,

Toraa ans HCCHACIOBAHHMA I'€OMETIPHYECKON HEHIMEHAEMOCTH CTEPHKHEBBIX
CHCTEM. (IPUMERAIOT ApyrHe cmocobsl. OaHUM H3 HUX NS CHCTEM, Y KOTOPBIX
cobmomaetest yenosie # =0, spnsercda cnocod «HYNEBRIX HATPY30K», OCHOBAHHLIM
HA TOM, YTO B CHAMHNECKHU ONPEOCAUMON CMEPNCHEoU CUCIREME NPU OMCYIMCMans
QEHCMEBHSt Ha HEEe HA2PY KU VCUAUS B0 BCEX CIEPHCHAX OVOVIR Hyl1eably.

3T0 CBOHFCTBO CHEAyeT M3 PAcCMOTPEHMA YPABHCHMH PABHOBECHA 1IpK
OTCYTCTHMM HAUPY3KH Ha CraTHdecky ONpeIemHMYI0 CHCTEMY, MO3TOMy cnocod
«HYACBBIX  1IATPYIOK»  ABAAETCA  CTATHYECKHM  cnocofoM  MOeCREenOBAHMA
FEOMCTPHUCCKOH HEM3MCHASMOCTH CTATHYECKH OLPCIC.MMBIX CTEPHKHEBRIX CHCTEM.

OunpeneieHde  yCaIHT B CTCPXKHEBOR CMCTEME CTATHHECKMM  criocoDoM
«HYJICBBIX HATPYIOK» BPYUAYK) CBOIWTCH K HCNOIb30BAHUIO KOICTPYKTHBHLIX
OCODSHIOCTEH CTEPIKHEBLIX CHCTEM, PACCMOTPEHHBIX B NPERbLYUIHX LOAPASHENAX.

OO0LYHO  1pH  cOoDNMIOAeHHH  ychoBks w =0 HCTIONE3YHIT  1aKyH
MOCICI0BATENBHOCT PACHETA,

1. Cuauanma, ecni »TO  BOZMOKHO, H3I COOTBETCTBYHOIUWX  YPaBHEHHH
PABHOBECWS OMPEASNAT OMOPHBIC PCaKUMKM CTepxHesoll cucremsl. Hpu HyieBol
HAFPYIKC 518 CTATHHECKH OTPCUCTHHMYHK) CHCTCMY OHH JONAKHBI ObITh PABHBI HYIHO,

2. 3areM, BBIMBIAKYT SRHO HYIEBLIE BHYTPEHHWE YCUIUA B HREMEHTax
CTEPAHEBON CHCTEMBL

3. B wacTi cTepKHeRO# CHCTCMBI, B KOTOPOH YCHIHA HE OLPCUCHEHHBIMU C
MOTYT ObITh  OHLPCUCHEHB] W3 YPABHEHMWH DaBHOBECHA, 3JAKTCH  KAKUM-NTHOO
YCLTMEM, TIDEANCRATAN BOIMOKNOCTL B0 BOIHMKHOBEHHA, KaK eciH OBl 5Ta 4acTb
Gbla CTATHYCCKY HEOTIPCASANMON.

3ateM, ¢ MOMOTIBI) YpaBHEeHWH pasHOBECHS ONPEACNAOT BCE OCTANBHEIC
yeunus. [Ipd 37OM MOTYT BCTPCTHTRCHA J1Ba BAPHAHTA:

3.1. Bez nporusBopeddii yaaioce ONPEIfHTh BCE YCHNHA B ONM, Kak B
SAUAHHOE YCHITHE, NOAYdWIMCh He HYNeBBLIMH. JTO 03HAYaeT, 4TO CACnaHHoe
JOMYIIIEHHE O BOBMOMNKHOCTH BO3HMKHOBCHAS 3aJd4HHOIO YCHIMA paBuibHOS M
HCCReIyeMas YacTs CHCTEME] ABNACTCS CTATHHECKH HEOPEILiMMOH CHCTEMOH, a Bes
KOHCTPYKEHA (Lipn 17 = ) -- reOMETPHUECKH H3MEHAEMOH.

[MTpuwmep L PacemoTpunm gepuy {puc. 5.18, @). /11 ycTAHOB.ICHHA UDHHALISKEOCTH €
K CO nau CH cueremam no dopsyne (2.23) BBINOTHASM TIPOBEPKY CTCHEHH €€ CTATHYECKON

HeonpeAeanMoeTH: A =(a, +n, ) -2a, = (9+3)~2-6=0. Dre1 peiyInar H0KAILIBALT, HTO

codmoaacTes  HenbxognMoc yCnoshae CTETUHCCKOI ONPEUCTIMMOCTH H ['ﬁOMt}TpH‘-{CCKUﬁ
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HEU3MEeHASMOC l"l’l-d.)i:prl.

) )

P

Pac. 5.18

CoBepIUEHHO QYEBHAHO, YTO 3Ta GepMa rEOMCTPHYECKA HIMEHAEMA, T. K. B £C CTPYKTYpPS
HMeeTCHd  3AMKHYTBIA KOHTYP, COCTOSIIMH W3 YCTHIPCX IMCKOR, COC/MHCHHKIX MCThIPhMS
niapHHpaMu. (7IHaKo, /19 03HAKOMACHHA ¢ TPONCOYPOH CTATHUCCKOTO CMOCO8a WCCNCIOBAHHUS
rCOMETPHICCKOW HCM3MCHSCMOCTH, I UCCICAOBAHHA MeOMETPHUIECKOR HEH3MCHACMOCTH (CpMLI
TPHMEHHM CTATHISCKHHA CIOCOD B TONBKO YTO NIPHBEICHHOH 110CHCLOBATEBHOCTH.

1. 3 1pex ypasueHHi paBHOBECHA LA BeeH (EPMbL YCTAHABNHUBACM. YTC YCHIHA B TPEX
OTIOPHBIA CBA3AX PUBHbI HY MO,

2. Mo npHsHaKaM ABHO HY/I€BbIX CTCPHKHEH YCTAHABIHMBACM, YTO TPH CTEPKHA (ICDMbI
ABNAKILCA ABHY HY ICBBIMH.

3. K ocrasweiica vactn GepMbl C HEONPCACHCHHBIME YCHITHAMH IPHMEHHM JOUY ILEHAS.
YTQ ITA 4ACTH CTATHHECKH HCONPEUENHMA 1 [IO3TOMY B CC CTCPKHAX BOIMOKHO BOIHHKHOBSHHC
YCHIIHE H O3 HArpy3KM (HaNnpuMep, 0T TEMNEPATYPHOTC BOILEHCTBHA).

Beizem 3Ty gacTs u2 (epmnl {puc..5.18, £) ¥ c/leracM OPeAMONOKCHHE, TO CTCPHCHR,
OTMEUCHHSBIE WITPHXOROH AHHWCH, HArPCT W ABHT HA Y3Mbl, K KOTOPRIM OH TIPHKDPEIVICH,
curoin N, .

13 papHOBECHA CWJT, NCHCTBYIOILMX Ha y3ed 3, nafimesm youaua Ny, u N, {pue. 5.18, 4).

3arcM, U3 NOCNENOBATEILHONO PACCMOTPCHMS paBHoBecHs ViMos L, 2, 4 (ma puc. 518, )
TMOKA3AH TOMLKO y3en 1), Hali1eM YCHINA RO BCEX CTEPXKHAX BeLaghentory gparvenra hepunl, [pr
ITOM BHHO, YTO HE BCTPETHTCA HUKAKOrO TIPOTUBOPETNA! BCC V3MBI OYIYT B PABHOBCCHH 1 BLC
YCHITHA He By AYT pasHu HYIIO.

370 03HAYACT, 4TO 38]aHHOC HC HyTcBoe veunuwe N, B REBOH Waclu KOHCIPyKUMH

JICHCTBHTENLHO BOIMOMKHO, KK M BCE ONPEICTCHIBIC YCHYIMH B CYSKHAX  BBLACHEHHOIO
pparmenta, 37O 03HA4YACT, MTO BBIALICHHLIA (iparsent depmel cTaruveckd weonpeacanm. [lpu
coluoieHny YooK 7 =0 310 BOSMOMKHO TOIBKO B TOM CITyHde, CCIH 8 OPYT0i 4acTH qepMel HE
NOCTATOYMHO CBA3CH, 1 OHA TEOMETPHYSCKH HIMEHACMA (ITO H BHAIID U3 PHCYHKA depmbl).

3.2, Tlpu onpeagiennu youiMi IOAYSNIOCE HPOTHBOPEYHE (OTCYTCTBHC — PABHOBCCHA
KAaKOI0-NHBC  y3Id K APYIOLY MIEMEHTA). 3T0 O3HAYAET, 4TO COCHAHHOE JAONYILEHHC HC
HOAIBEPAMNUCH. TONZa NPHHATOE HE HYJEBbIM 33JaHHOC YCHIME HeoOXONHMO NPHHETH PARHEIM
Hyme. 3aTeM HA#TH OPYTHE [TOABHBILHECA HYJIEBBIE YCHIHA. LCaH TpH ITOM BCT OCTANhHhIC
YCH/IHA  OKA3BIBAIOTCA HYIEBBIMH, CHCTEMAa TNPABHIBHG ODPA3OBaHA H ARJACTCH CTATHHMOCKH
OIPEIETHMOH.
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Ecny 9acth CTepKIeH OCTANTCA © HCONPEUC/ICHHBIMH YCHHMAMH, TAKOC HCCISI0BAHUC
[LORTOPACTCA.

IMpuwvep 2. Pacemorpum depmy, nzobpaskerHylo Ha pue. 2.11. Jna nee cobmopaerca
rrecodxoanMoc TpeGoBaRne CTATHYCCKOH onpeicmumocTi # = (0. DTe oirayacT, yTe ofince 4HeIo
cBMiciH B (hepMc JOCTATOMHO ANA TOro, 4TO Obl OHA ObLid [COMETPHYIECKH HUH3IMCHHEMA o
CTATIIMCCKH ONPe/CTHMA.

[TpocToid CTPYKTYPHBIA aHAMM3 9T0H hepMbl OKA3BIBAETCA HCBUSMOMHBIM, TAK KdK HET HH
Q/IHOTO TPEYTONBHHKL, KOTOPBIH MOKEC ObUIO OBl BIATh 33 OCHOBY 00pa30BAHHA (EpMBl, KaK 310
OBII0 ROIMOKHO 119 epM. IPHBESIEHHbIX Hi vxesax [ u 2 puc. 1.2, ¢, :

[toatomy NMpUMEHHM IR MccregoBaHua ce I'H paccmarpuBaeMblH cTaTHYeCKHH criocol
“HYJICRBIX HATPY30K», '

1. H3 ypamrHcHUE paBHORCCHA ANS Beek fepMbl YCTAHABIHBAEM, YTC OMOPHBIE PEAKIIH
pasiel Bynia (puc. 5,19, ).

)

Puc. 5.19

2. fABHO HYREBEIX CcTepikHell HeT, B To ke BpeMs yCHAMS B CECPKHAX OCTalOTCA HC
OTIPCICIACMBIMH HH CIIOCOO0M BLIPEIAHAA Y108, HH CEHCHHUI.

3. (enaeM NPCITONOKERNE O TOM, YTO, HE CMOTPA Ha COOIMONAOWEEE yoiosne  n=0,
cucteMa CH H B HEll ROIMOKHO BOSHHKHOBEHHE YCHIHH M [OPH HYNSBUH HAIpyske (Kak 210 ObL10
CACITAHO B MPC/TRITYIEM MpHMepe).

3anaansmcn younneMm N, H, H0CHEA0BATRIBRO BoIPeIan yubl 6, 4, 2, |, Haddem youina B
CTCPIHAX, COCAHHCHHAIX B y3Ie | (CM. TPEYTONBHUKH CUn Ha puc. 5.19, 6).

[Ipy moCTpOCHIUU TPEYTONBHHKE CHI Ans yina 1, oDHapyixuBaem, uTO OH NONYYWIICH
HC3AMKEYTEIM, DTO O3HAUACT, YTO PABHOMACHCTRYIONAA CHI, JCHCTBYHOMIMX Ha yich | He paBHi
HYIK M, CHCAOBATENBRD, ¥3ea | He HAXQAHTCA B PABHOBECHH. JTOrO ORITH HC MOWKCT: TIPH 000t
HArpy3Ke M O3 Hee yiel! JOIDKEH HAXOQAHTBCA B papHosecunl. OTCIONA CIEAYEeT H TAKQ BLIBO.L
Haue ,ior:ymcmdc 0 TOM, 9T0 O3 Harpy3KH Ka Qepmy B CTEpPkHE 2-0 BOIMOMKHO BUSHHUKHOBEHHY
YCMIIHA, HC MPABHTLHO. YCHINE N, CIEAYeT NPHHATL PABHLIM HYILO.

Ho Kak TONBKO MBI PHPABHASM YOHIHe N, HYI0. H3 LPHBEACHHBIX TPCYIOIIBHHEOB CHA
noIy4arTc HyJCBEIMH Bee yennna B diepme. OTciona menaem OBLWMA BBLBOL TAK KIK COO 0L ICH
HCOAXOAHMOC yCORMC n=( M TPH HYIEBOH HArPY3KC BCE YCHIHA pPaBibl Hymwe, To depaa

LICOMUIPHYCCKH HEHIMSHAEMA H CTATHYECKH ONPEACTHMA.
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AHATOMHYHOC HOCICROIBANNRE MOMKET Ohith BBIITOIHCHO H AU CTCPIKHCBBIX CHETEM JIPYIHX
THHOB.

Hpumep 3 Pacomorpum pavy, M3oDpameHHywr Ha pHe. 520, a jlna wee
YLOBJIETBOPACTCS HEODXOAMMOE YCJIOBME CTAaTHYECKOH OOPSACIMMOCTH M FeOMETPHHUCCKOH

HersenseMocTi: v =(n,, +3a. -G8 +n, )= (5+3-0)-(3+2)=0.

Pue. 5.20

- Mposepky TH sBemoanmy. cnocoboM  HYNCBOH  HAIPYIKH, BLINOJHHE  CHEAYIONIUE
PACCYHACHHA,

Jlusiust ZeHCTBHA 1HOAHOA PEAKUMY B Oniope A I3 yCIOBHA PaBHOBeCHA IHcka AD npoiinet
9eped wapuap 0. M3 rex sxe coodpameHnH TMHHA DeHCTBHA MONHOH 0NOpHOH peakuui B omope
C npofiger gepes mapaup £. Obe nuHAN geHcTBHA NepecekyTcs B Todke () ¢ BEPTHKANLHON
peaxumceit ¥, .

Tak Kax BCE TPH OMOPHLIX PEAKLHH [IEPECEKIUCE B O;1HOM TOYKE, TO, 33aBLINCH OJHOH 13

WX KaK HEKOTOPONH HE HY/MEBOH BEAHMHHON, MOKCM U3 TPCYTONRHHKA CHII, MOCTPOBHHOTD 1714
TouKH (), OUPENENHTE ARC JIPYTHX peakiuu. LIpH 9TOM He BCTPETHM HHKAKOTQ 1POIUBOPCYUHS:
TPEYrONLHHK CHI OYAET 3aMKHYT, A KCH CHCTEME By 4T HAXOAHTHCH B PABHOBCCHH.

Otcroga nonydaem BLIBOA: HAIIE AONYIMEHHE O BUIMUKHOCTH BOBHHKHOBEHHA PEAKUMIT H
Ge3 HArpy3kM MOKa3blBacl, MI0 CHOTEMd, HECMOTPA H4 BBITKNTHEHHE YCIORWA a =0, nrascres
FEOMETPHYECKH H3IMEHAEMOH CHCTeMOI.

Ecau capnnyte mwapanp O wan K (oM. puc. 5.20, &), To MHHMM ASHCTIMN peakumit ne
OynyT nepecckaThed B OAHOM Touke. B 3TOM cnyuae, OpH NpELlOIUKEHHH O BOMOMKHOCTH
BOIHWKHOBCHHA OJHOH M3 peakuuii, MONyuum UPUTHBOPEMHE: DAMA H¢ OVACT HaXoAHTHCA B
PABHOBECHH. 3HAMHT, N10DA% W3 pedKiHH B BAPHAHTC € PaMbl PABHA HYJEO, @ 3HAYMT, PaBHLl HYIO
H BCC YCHIIMA B CEUCHHMAX CTEPXKHEH PaMBL. ITO B CBOIY OMCPULh O3HAYACT, 4TO CHCTEMA MPABHABHO
o0pPAI0BAHA B ABNACTCA FEOMETPHUCCKH HEHIMCHACMUR H CTUTHICCKH OTIPCACTHMOI.

110



5.9. llonsTHe 0 THHHAX BAHSHUSA H HX HCHOIL30BAHHH NPH pacueTe
CTePAHEeBbIX CHCTEM
Beeoenue

Mo cux nop B stoMm pasnene YMK paccmarpupanach MeToaHKa OnpesieneHs
YCHIHH CTAaTHIECKHM METO/IOM (C TIOMONIBIO YPABHEHHI PaBHOBECHS) B CTATHUECKH
OINpEACINMbIX CTEPIKHEBBIX CHCTEMAX OT ACHCTBHS HA HUX HENOJBHKHON HAIPY3Ku.

O/Hako, HAa HEKOTOpHIE COOPYKEHHA JCHCTBYIOT W MOABHXKHBIE HATrpY3KH,
[TpuMepoM MOMKET CHYXKHTh MPOMBIIIJIEHHOE 3/aHHEe, B KOTOPOM [pPH €ro
IKCTLTYATAIIMH TPEyCMOTPEHO HCTIOB30BAHNHE KPaHa.

CraHuHa KpaHa MOMET TepeMellaThCs, HanpuMep, BJOJb MAIIHHHOTO 3a7d
HEKTPOCTAHIMK [0 CleUHANbHBIM TOAKPaHOBRIM Oankam. Baons noaxpaHoBhiX
0anok ynoKeHbl penbChl, Ha KOTOpbIE YEpe3 Kojleca CTAHMHBI KpaHa MepenarTest
CHIIBI IABICHHUA OT cOOCTBEHHOrO BECa KpaHa M HECYLIEro UM rpysa.

Takum oOpazoM, 0pH [BMXEHMM KpaHa mnoakpaHoBas Oanka Gyzer
MCNBITHIBATE JABJICHHE KOMEC KPaHA B BHJIE IPYIIbl HOABHAKHBIX COCPENOTOYEHHBIX
CHIL.

ITockoneky mnoaxkpaHoBas ©Oalka onMpaeTcs Ha' TIOMNEPEYHbIE  paMbl
NPOMBIUIIEHHOTO 3/aHus, TO JeHCTBHME NOABMKHOH HAarpyskd NepegaeTca M Ha
MOMepevHBIe paMBl 30aHKHs W Ha UX QYHIAMEHT.

BTOphIM IPHMEPOM COOPYXKEHHH, BOCTIPHHAMAIOIMX TOABHAKHBIE HATPY3KH,
ABisioTes MOCTBL. [IpM 3TOM CHMIBI JaBJEHWS Ha MOCT MOTYT OBITB caMbie
pasuooOpa3Hple (OT Ipynnbl COCPEIOTOYEHHBIX [ABICHMI Kojec Moe3fa HIM oT
MHOTOYHCIEHHOT0 M pa3Hoo0pasHOro AaBTOTPAHCIOPTA, OT  paclpeleseHHoro
[aBIEHUA MO KAKOH-TO JUIHHE MOCTA, HANpUMep, OT ABHXKYILEHCS AEMOHCTpALHH
moaeit uT. 1.).

Ipu  aBwkyuiedics 10 COOPYKEHMIO WIM €ro 3[EMEHTY Harpyske BCe
BHYTPEHHHE YCHUIIHA H ONMOPHBIE PeakiHu GyayT H3MEHATBCH [0 CBOEMY 3HAYCHHUIO H
no HanpasieHuio fAeiicteus. [lodTomy BO3HMKAaeT BOTIPOC O METOJAHKE pacyera
COOPYKEHHMIA M HX MEMEHTOR OT TMOJBWKHOI Harpy3KH.

[lpy oTOM clemyeT OTMETHTb, YTO IBIXKYIIAACA HArpyska Moxer ObITh
pACcCMOTPEHA M KAaK CTaTHueckas (HE BLI3BLIBAIONMIAA TOABICHHA IOMOJHHTEILHOM
HATPY3KH B BHJIE CHII HMHEPLUM) M Kak JMHAMHYecKas (KOrIa MOABIAIOTCS CHIL
HHEPLHH, KOTOPBIE HEOOXOAMMO YHHMTHIBATE KaK MOMOMHHTEILHYH HArpysKy Hi
COOPYAEHNE).

Kax noxasano B nojgpasiene 1.4 YMK Ha cxeme pa3ieneHHs CTPOMTENLHOI |
MEXaHWKH HA «CTATHKY COOPYKEHHI» W HA «IHHAMHKY COOPYMKEHHit», IaHHOE |
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yuebHoe nocobue coorBeTcTByeT uacTH «CTaTmka coopysxcHuity.  [lorromy
TO/IBHZKHAA HArpyska GyileT paccMaTpHBAaThCA KaK CcTAaTHYeCKaA. BOHpOCk! IMHAMUKH
ByayT Hayuarbes B Yacty «JIuHaMHKd COOPYKCHHH»,
Hsyuenne Bolpoca ¢ pacyeTe cOOPYKCHKH Ha MOABMMKHYIO HArPY3KY HAYHCM
¢ MOHATHA O MHNHAX BIMANHS. ‘
Honamue o 2unuy eAUANNR OJR YOUAHT

PaccMoTpHM ofionpoeTHyr 0anky, e KOTOPOH ABIKETCH COCPEI0TOICHHAS
cuaa P =1 kH.

IMTpn YKa3anHOM [TONIOWEITHH ''pys cnesa . Tpys ciipasa
eAHHUSHOTO rpy3a M3 ypasHCHMi : :

! :

PABHOBCCHA OMOPHLIC PEaKUNH BEIpasATCd
Kax NHHelHbIe QYHKUUN KOOPIHHATHI X!

I-x x

Va=1 ;o VH=1‘T

OTH QYHRKUHH ABIAIOTCA (YRKRUAMYU

gANANUR CAUHUMHOH CHABL HA BCIHYHHBI

(5.22)

(Ha 3HAYENWA W 3HAKH) OTIOPHBIX peaKuHil.

Ipadmkn s1ux GyHRUHE  BANSHHS
HA3LIBAKITCH JUHHAMY BAUAHUA
SIHHHYHOM CUNBl Ha BCAMHHHBI OTIOPHEIX
peaKuu.

I'pabuxy  nuBeliHBX  byHKURA
BIUAHHS  MOKHO TIOCTPOMTE MO ABYM
OpOHHATaM, Hanopumep, upw x=0 0 x=/
(puc. 5.21).

JIMnue BIMAHNA MOXKHO NOCTPOUTE H
ana yemunid My v Oy B mroGoM cedcHHM &
npoieTa  Oankn. Tlpn  3TomM  OT/IENBHO
cTpoaTes  aBa  TpadMKa DI KaKAONO

YCHAMA: KOTIA FPY3 HaXO/AMTCH CICBA OT
PACCMATPHBACMOrQ  CCYCHUS & M KOTZA OH HAXOJAMTCH CIIpaBa OT CCUCHHMA,
TMoayvactea BeTed N.8.M, v 1.8.0, ClieBa U clpaBa ot ceueHus & (em. pae. 5.21).
Henoawsoganue 1Nl 1HANNI Q7 YCHAUE
¢ HETTbI0 ORPeOeIeHER HCKOMOZO0 PCUAUR OM 2DYRA6L CUt

JIMHUK BIHMSAHWUA MOXHQ HCHIONB30OBATH 4 ONPCTICASHHA BEMUYHHBI YCUNHA,
A KOTOpOIc 0OHa TMNOCTpOCHA, OT moboii IPYILILL UM, ﬂei:lCTBy]-O]J_[MX Ha
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paccMaTPHBACMY KOHCTPYKLILO (B JaHHOM LIPHMEPE — HA LIPOCTYHo 0allky).

BuluMcienue HCKOMOL0 YCHIIHA OT I'pyHHH COCpCLAOTOYCHHBIX CHJI P, C

HOMCPOM § 11 OT TPYIINBl PABHOMEPHO PACHPEICNCHHLIX HAIPY3OK HHTCHCUBHOCTBIO
g C HOMEPOM j DYJET BLIIOMTECA N0 GopMyILc:

Vewmne =3 F oz 43 g, ;. (5.23)
i ) a

3aech Z; ABIACTCH Op,I[HHaTOﬁ JHHUH BITHAHWA AT8 paACcCMaTpUBacMOro

YCHIINA, COOTBEICTBYICH COCPElOTO4MEHHOH cuine B o ; Tpencramnsger cobofi

OMOUadb  JIHHEW  BHRGIHMA  HaXoNdIuelicAd [oj  pacnipefeleHHol  Harpy3kofl
HHTEHCHBHOCTH g ;. Bee mponzsencnus B dopmyne (5.23) GepyTca co CBOHMH
BHAKAMH,

Jna monyuenns MAKCHMANBHOIO 3HAYCHHA HCKOMOIO YCHIMS HE0DX04MMO
Pa3MECTUTE IPy3bl Taxum 08pazoM, 4ToOwl BeruHCIcHHE 110 Gopmye (5.23) nano aro
3HAUEHHE,

Bonpoc 0 mocTpoeHHH JTHHUE BuAHUS OBLI MPONEMOINCTPHPOBAH HA NIPHMCpE
[PUCTOH  OAHONPONETHOH OalKW. AHANOTHYHO ¢ HCOONB3OBAHHEM YpaBHeHHI
pPABHOBECHA MOWHO MOCTPOHTR NWHHM BRAMAHHA JNA. OTIOPHBIX Peakldil u
BHYTpeuHXx ycunuit M, O N B CCUEHHAX CTCPKHEH JIOOBIX  CTTHYECKH
OUPEASIHMBIX CTEPKHEBBIX CHCTEM (IIAPHUPHBIX §anoK, paM, TPeXITIApHHPHBIX apoK
u epm) [7, 10].

3HAYHTENEHO OONEC CIIOAKHO JHHHH BIHAHHA LA UCKOMBIX YCHIMEA CLPORTCH
U1 CTATHYCCKH HCONPCASIHMBIX CTEOKHEBbIX CHCTEM, HAIPHMEP A1 OIKPAHOBBIX
G0k, KOT1a OHH TpeAcTarIAIoT cofol Hepaipesnyro Janky.

(OHake  WCMONL30BAHHE  COBPEMCHHBIX — FAPOrPAMMHBIX  KOMILUIEKCUB
(nanpumep, uporpasMel SCAD) mnozsonger mgoctaTouHo OBICTPO  QMpEeAEHAThH
HCKOMBIE YCHIHA OT 1060 1arpy3kd npH moboM ee KOHKPCTHOM UHOJIOMKCHHH B
[IPOLICCCC NCPCABHKEHUA [H) COOPYHEHHIO.

5.10. Hudgiopmanun o cGOpHHKe 3a0aHAI 118 CAMOCTOATEIBHBIX PACHETHBIX
padoT cTyaeHToB Ha Temy «Onpeaenenne yenauit 1 noci1poenue sawp M, O N

B CTATHHECKH OTIPe1cIUMBIX CTEPIKHEBEIX CHCTEMAXY
HMayueHHC pauHOHANBHBIX CHOCOOOB OIPEUC/ICHHS YCHIMA B CraTHYECKH
OUPENEIHMBIX CTEPKHEBBIX CHCTEMAX © YUETOM HX KOHCTPYKTHBHBIX ocofeHHOCTEH
ABMNAeTCA  OYEHb BAKHBIM JTAalloM y4eOHOro Tipouecca N0 AHCLHIUIMHE
«CTPOHTCABHER MEXAHUKAY.

JuanHe TECOpPHM H  YMCHHE peliaTt TIPAKTHHCCKHAC 3d4a4l  T103BOJIICT
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YUAEMYCH  J1YdINe  TIOHHMATh (.)6[1111!‘3 CBOHCTB#R  CTATHUCCKM OIPCACNHMBIX
CTCP/KHEREIX  CHCTEM W WX  pajTuuyie, onpetendemMoe  KOHCTPYKTHBHBIMH
ocofcHHOCTAME PasIHYHLIX THIIOB KOHCTPYKUMH (Danok, paM, apok, (epM).

A1 spIpaloTky 3Hanud M YMEHHH CUYIOCHTOB Mo BeeM pasdciam YMK
VYaIlHMCA B Opollecce o0YUeHHS 3afJar0TCs T8 CAMOCTOSTEILHOMO POLICHHS Pl
3a09HMH M 3a7ad, B TOM HHCNC H3 c0OpHHKA 3aJanmil W 33734, OpPUBEACHHOTO B
npuaokedn 2 k YMK. YacTb 3a0aHnid oTHOCHICH K pazpeny «Pacuer ¢raruiecku
ONPCACNHMLIX CTEPIKHCBAIX CHCTCMaM.

MeToaHKa BEUIONHEH M 3aJaHHH ¥ 34,549 CIPOMTC H HCFONB30BAHANT

1) pacueToB BpYUHYIO, pEalU3VIOWIUX AUTA OUPEACNEHHA YCHITHHA MPHUBSACHHBIE
BBILIE PALIMOHANBHBIE CHOCOORI [IPHMEHCHHS YPABHCHUA PABHOBCCHA;

2) pacyetos Ha 1K mo nporpamye SCAD, peamsyoueil MK,

Conocraenenye pe3yALTATOB  PacueToOB  JByMA  crniocoflaMH  mO3BOnAeT
YUaLLCMYCA JIYYILE TOHATL paboTy paccMaTpHBAEMOi CTEPIKIEBOH CHCTEMEL ¢ TOUKH
3peHUs pacipeeNe s B Hell yCHInHA.

Jna ynpotlieHHa TOATOTOBKK YHallMXCH [0 NPUMEHEHHIO TIporpavMel SCAD
ua yposae «lonssoearens» B npunosxenun 1 YMK npuBcnocHbl mMeTonmucckmc
YKa3aHHA [0 UCTIONML30BAHKIO 3TOH NpOTpaMMbl IPH PacdeTe CTEPIKHEBBIX CHCTEM.

Kpome Toro, B pr:103eHHH 3 NIPHBEICHE] TIPHMEPEL 0hOpPMITEHHS JTOMALIEHX
pacdeTHRIX pafoT (3amanuil) no npeanaraemoil B YMEK Meroiuke COMETAHMA B HHX
pacueTtos Ha [IK ¢ momomer nporpammel SCAD, peamusyioniedi MK? B dopme
METOAd  [IEPEMELUCHHA M pacueToB  BPYHMHYH), PEaNHu3yIOIHX PalHOHANLHO
COCTAB/IEHHBIC YPABHEHMS PABHOBCCHA,

B clopuuke sasanuil TpHBENEHB! TaKkKe 3alaHHA N0 PacyeTy CTATHHECKH
HCONPCACAMMBIX CTCPKHEBBIX CHCTeM. PaccMoTpeHHE METOIMKH pacyeTa 3THX
CHCTEM MPHBSIEHO B pazdenax 6, 7, 8, 9 YMK.

Kpome 3azanuil mna pacucTipiX padoT B MPHNOKEHHH 5 NPHBEICHBI Taioke
3a7a4y, KOTOPbIE MOIyrT Oblb HMCIOIR3OBAHBL KAK CAMHM CTYICHTOM (Ins
CAMOKOHTPOMA), TAK W TIPETIOJABATENEM NA OBICTPOH KOHTPONBHOH IiOBEPKH
YPOBHSA 3HAHWH H YMEHWH yHaIMXCA.
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6. ONPEJEJAFHHUE NEPEMELUIEHUA CEYEHHHA CTEP)KHE#A
JHHEAHO AE®OPMMPYEMbBIX CTEPKHEBBLIX CHCTEM

6.1. BeeacHue

[pyt pewweHun 3agayuy onupeienenna HAC nnockoil crepwperod cHeTeMbl 0T
CTATHYECKH (TPHAMECHHOH BHCWHEH HAIPYIKH UL KIKAOIO CCHMCHUA HmeeM 9
HEUIBECTHBIX Behuud {cM. puc. 1.5):

M., O, N — BHYTpPEHHHE YCHIIMAH B CEHEITHH;

K,Y.& - COOTBCICTBYHOLIHE mec])opmaunu B CCHMCHHH,

U, W,G — NEPEMEIICHHA CEUCHHA.

Jlo cux Nop NpH pelcHrn 3anaqu 0b oupeaescaun HIOC crepxpesnix cuciem
CTAaBWIACL TOBKO YacTh 3TOH 3a]auM, a MMEHHO! 3a1a4a Ol'IpVEJIEJ'IEHPIH BHYTPCHHHX
yeurrid M, (2, N B CeUEHPAX CTATHYCCKY ONPEIeIMMbIX CTEPAHEBBIX CHCTCM.

[ocne onpedeneslns YKasanHbIX YCHITHH MOWKHO M3 YPABHEHUHA, 0TPakaOUHX
sakon Tyka (1.5), oupeiciHTs COOTBETCTBYIOUIME BEIMMMHEBl, OTPaXalolIne
nedopmauuy u3ruba k. nomepeydsle jeopmauni (AedOpMALHN CIOBATA) ¥ H
11po0EHBIE AedopManny ¢ .

Tpr MepeMElietHa CCUEHHA MOXHO ONpPEJeTINTh 3aTeM HMHTETPUPOBAHHMCM
NudiepeHLIMANBHEIX YPaBHEHHE (1.4) HPH 3387aWHBIX TPAHMYHBIX YCAOBHAX,

B Kypce CONMPOTHBACHHA  MaTepHanos  Takoli  criocol  onpenenenus
nepeMelleH i Dbl TPOUNNIOCTPHPORAH Ha lipuMmepax paccMorperua HAC npambix
CTEPHHEH NPY NPOIOABHBIX U HITHOHBIX JdedopMailuax.

KpoMe ToLD, B KYpee CONPOTHRICHHS MATEPHATOB PACCMATPHBAIICH TAKAC
MCTOJ ONpE/ICIEHHS NepeMeIelnil, OCHOBAHHBIT Ha BHIUHCICHNH I0TENNNANBHOI
IHeprHH AedOPMAIHH CTCPKHEBOH cueteMbl. OH GBIT pednn3oBaH B BuAS GopMyih
KacTribalio, U3 KOTopoi 3aTeM ANd OHPEACICHAS NepeMelleHnil ceMennil CTePKHCH
nonyqaeTes popmyna Makceeia — Mopa,

B CTpOMTCNBHON MEXAlHKe JIiE  ONPCACICHHS: (IepeMellenuil  coueHil
CTEPKHERBIX CHCTeM 00bIMHO Hellolb3yeres hopmy.ta Makceenia - Mopa. Bompoc o
¢e omydcHHs 0asupyercs Ha 33KOHE COXPAHEHMA 3Heprin npu  achopmadi
JNHHEAHO ehOPMHPOBAINON  CIepKHOBOH CHCTEMBI, PCalU3yeMOro B Qopme
HpUHIMLIA (Hayand) BO3MOXKHBIX I1IEpPEeMEILEITHA,
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B ¥MK sonpoc o nonyueHnn 210# QOpMybi PACCMOTPEH B COKpALEHHOM
dopme. bomce mompoBno ¢ HUM  MOMHO UO3HAKOMHTbCA B ydcOHMKax 110
CTPOHTENLHOH MCXaHHUKE, Halpumep, [7, 10].

6.2. ®opmyaa Makerenna-Mopa 114 onpefeeHHst JeHCTBHTEABHBIX
nepeMeilleHHi AHHeH0 JedopMHPYeMBIX CTEP:RHERBIX CHCTEM
Heficmeumennnpie Repesmetienus u deopmaynu

PacemoTpum  HekoTOpoe epyzoeoe  cocmosnue NMHeRHO  1chopMHpyCeMoil
CTCDKHCBOH CHCTCMLL B BHAC paMul (puc. 6.1, a).

a) l P &) <) &)
& P
] @ b, G} 8y (2 622 }523
- s >
- £ A 450 &
Agl s Sl “f a8 1%7 e A
3 (I:;_. 1 \A Ay . & 2k

/ 1p

Puc. 6.1

[Toa peiicTeHeM NpUIOXEHHOH BRHEINHEH CraTM4eCKOR HalIPy3kn B 1K00M
CCUCHHH CTEPXKHEBOHl CHCTEMB! BO3ZHMKAIOT BHYTPSHHHE YCHIIMA M,0,N,

AeopMannNd K.V, L, U TepeMetlennd u,,w,.0,. Huiekc p y obosnaucnmii

BENUUHH YCWAMHA, dedopmMannii M UCPCMCLICHHH [TOKA3LIBAET MX MPHHAATEKUOCTE
rPY30BOMY COCTOAHHIO. Camo IPY30BOEC COCTOSHME HA PHC. L.D, @ Takke OTMEYEHO
KaK COCTOAHHE «pn.
Bee ykasanHble BEIHYHIEL B pAME SBNAIOTCH OeUCHIBUIMETbHBIMY UL UCITHIHBLM,
3a)aHHan pAMA CTATHYCCKH OIPEIEIIHMA, [IOOTOMY delcHGUmennihle YCUITHA

M,.Q,. ¥, B 100X ee CeYEHRAX OT 3a1aHHOH HATPY3KH TCrKo onpegenoted. Tlo

dopmymam  (1.5) 3zacoHa ['yka IeIKO ONPCOCTAIOTCA ©  COOTBETCTBYIOLINE
deficmeumebitbie NeOpMaLHu:

Mp v Qp ) N

K 2 6.1

P pr YeTHGe e T Es

PaccMOTPHM  METOAHKY ONPCACICHHA  JelCRIGUMETbbY  TIePEMETTCHUIT
HEO60]-0 ceYyelivga paCCManHBaeMOFO prBOBOI'O COCTOHHHSA p'(ll\lbl CHavanag da
llpHIﬂepe OIIPCACJICHHA TOPH30HTANLIIOro HepeMCLL[eHHH Alp ceyeHa £ paMbI

(cM. pHe. 6.1, a).

116



Boimoxcnsie nepesmeiiennun u degpopranun

Ma06paznM HexkOTOpOE scroaneamenbrioe cocmonrnue | paceMaTpHBacMoi
pamel (puc. 6.1, 6), B KOTOpoM BHeWHEH Harpyskoi Oyflem onaraTe eQMHHYHYKY
CHIlY, GEHCTBYIOWYH B CCUCHEH B € Hanpagienui ucKomozo nepeveiyenui Ay, &
2PVI080M cocmastiuy parvibl. QT 3TOH eTHHHIHOR CUNBl B CEHEHHAX CTEPHHEH NaME
BOTHHKHYT BHYTPEHHKE yeumna M. 0, N,

BregeM and BCTOMOraTeTRHOTD COCTOSHUS DPAMLI TOHATH «EOTMOMNCHBIE
nepemetyenusy U COOTBETCTBYIOIINE HM «803MOMCHble de@opyaruuy, Tloy RuMH
6yAeM [OHUMATL Hofbie Atdabie IIepeMetiedis u¥ w*,@* U cOOTBETCTBYIOUIHE HM
Maabte AcGopMAaLiHi

f8* dw ¥ du*
_ A

ot = ; y*=0* .
dy ey

AOTYCKACMBIC HATTOWKECHHBIMA Ha paMy CBA3AMH.

) (6.2}

Hanpumep, TAKMMH BO3MOKHBIMH NCPEMCILCHUAMH M AchOpPMALUAMH  BO
BCTTOMOTATEILHOM COCTOSHAN PaMbl MOJKHO CHH1aTb AeHCTBHTEILHBIE YiIPYLHC
TEPEMEILeHHAMHE M 1eOPMALMAMHE PAMBL, BLI3BAHHLIC 3aJRHHBIMH B [PY30BOM
COCTORHHUH paMBL HALPYIKaMH (cM. puc. 6.1, a).

IMpeanonoxuM, YTO BO  BCHOMOTATEMLHOM  COCTOANMH ~ paMbi  3a4AHDBI
BOIMOMHEIE  TepeMertenuss  w* w* 8%  u  posmoxwble gcopmaunn  {6.2}

P,E) P
JeHCTBUTENLHBIM IehOPMALMAM B [PY30BOM COCTOTHHH, T.C. 384aHbl BO3MOMHLIE

NEPCMCUICHHA H ne(bopmauun B BHIIC

COOTBETCTBCHHO PABHLIC UCHETBUTCIBHBIM UCPSMCUICHHAM LIP W W

wr=u,, wrsw, =0, {6.3)

K* =k, yR=v, t=g (6.4)

Hpunuun ¢o3moxcHbiX REPEMERICHUT 018 AHHERRO OCHOPMRpYeron
CHIEPHCHEGON CUTIEMbL

Ana nuHeitHo pedopmupyeMoii ¢TepkueBOH CHCTEMBI B - COOTBETCTBHH C
FJAKOHOM  COXpaHeHus HHEePruM MOKHO 1anHcaTh Tak naseisacMbiii  «flpunumn
(Hauamo) Bosmokebix nepemcuicuuiin  (TIBIT wmuw  HBII) B caeayrowei
GopMyRHpOBKC.

dan muneting  Oedopyupyenotl crep¥CHESON  CHCMEMbL,  HOXDOAWEUCA 8
pasHosecul, cyusa pabombl A, cosepuidernoll  NPUIONCCHHLIMY K CUCTREME
BHEHINAMNI CHAAMU Hd COUMBEMCTRBVIOIIX INHA CLAGM 803MONCHHLX REPEMENEHUAX,
U pafiomel B, cocepwdesol  SHYMPDEHNUMU  VCUTHAMU  CHCMEMBL HA
COMMBETRCIEYIO MUY SO3MONCHBIY JeODAGYLAY, POGT HVARK:
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A+B=0. (6.5)
ITpumcuus [1BI] k OcckoHCUHO ManoMy MCMEHTY MIHHOM dx (em. puac. 1.5), u
HCIOAE30BAB ypaBHeHHs (1.3) — (1.5), nocne npeHeOpexeHHs CnaracMEIMH BTOPOro
nopaaka Manoct (cM. {7, 10]), moaydnm BeIpakeHne juid pabotet 4, BHEIHMX CHA,
K KOTOPSIM OTHOCHTCA M HAIPY3KH 110 [UIHHE 3neMenTa (cM. puc, |.5,a} u BHyTpeHHKE
YCHNHS TIO €T0 KoHlaM (cM. puc. 1.5, 6}, B BHIe
Ay =(M-x*+0 - v*+N -£¥)dx. : (6.6)
Ana BecH CTCPXKHCBOH CHCTCME!, 1OC/AE MHTETPHPOBAaHMA o amuue L peex
cTepiKHEHR, TOMYyYHM: )
A= J:,_(M-K*+Q-y*+N-a*)dx= j‘,_M-K*dx*‘L_Q-y*dx-F }}_N—E*dx. (6.7)
3nces: A — paboTa BHCIUHHX CHI, npﬂnome}mmi K CTepXHeBOH cucTeMe, Ha
COOTBCTCTBYIOLLNA MM BU3SMOMKHBIX NCpeMCIUCHHAX;, M. QN - BHYTpelHHe yCHIHS

B CTEpKHERBOH cucTeMe, s KoTopoi npumenen [IBIL, k*, y*,e* — Bo3MOXHBIE

fethopMaliHi, COOTBETCTBYHOIINE BOIMOMKHRIM NIepeMeteHHaM (6.2).

Dopmyia Makceesa — Mopa d.ia onpedenenus nepemenierui

YpapHeHle (6.7) OTpaxkaer 1PHHUMIL  BO3MOMKHBIX — NEPCMELICHHN
npUMenHTEnHRO K NMoSoi  nuuelno JedopMupyeMoH cucteme. 3HauMT OHO
HPUMCHHMO W K PaMe BO BCIIOMOFATENBHOM COCTOAHMH [ (eM. pHc. 6.1, 6).

Torma B hopmync (6.7) M =M,; Q@=0; N =N, TIpu 9ToM 32 BOSMOKIILIE
nepeMcIlieHda M JedopMalMM  paMbl  MOXKHO  MIPHHSThR  COOTRETCTBEHHO
ASHUTBHTENBHBIC MCPCMCLICHHS M AChOPMALIHH PaMbl B IPY30BOM COCTOANUH, T.€.
HCTIQNTB30BATE [IPH 3amdCH  ypaBHeHUs (6.7) paseHcrsa (6.3), (6.4), a Taxke
papeucTBo A=A, =LA, + 3, R,y

B sTOM paBcHCTBG crnaracMoe B BWAe CYMMEl OTpakaer pafoTy Bcex m
COCTABIMIOILAX R, peaxuui BO  BCIOMOTATCIBHOM — COCTOAHHM [ Ha

COOTBCTCIBYRIUMX HM MNCPCMCLICHHAX ¢ B TpY30BOM COCTOAIIHH p. Toraa

"y
uoiyyum Gopsyiy (6.7) 8 Buae:

1A= _[LMI -lcpdr+j}_Q] -ypdx-f-J}_Nl E,dv — X Ry Oy (6.8)

dt 117D

®opmyna (6.8) npeacraraser coboit dopmyny Makceenia — Mopa s
OMPCACICHASA MCPCMCILICHHA A, B TPY30BOM COCTOMINN paMbl (¢M. pic. 6.1).

[Mockonsky B IpPY30BOM COCTOSHHH paMbl IeQOpMalliM  CBA3ANLL C
BHYTPEHHHMH YCHIMAMU Qopmynamu saxona lyka (6.1), To dopmyna Makceenna —
Mopa MoxkeT ObITh 3d04CAHA M B CICAYIOWCM BHAC!
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MM

-8y,= [—rFdct LQ'Q”dx i L ”dx e (6.9)

Coomegemcmeane eOUHUYHON CITbL 60 6CHOMOZAMETBHOM COCIMOAHNN
cmepmneso& cucmemsl HCKOMﬂMy nepmemeuum 8 ee apyzosau COCMOAHNN

M3 dopmynsr Makcsenna — Mopa B suse (6.8) wm (6.9) BuaHo, 4TO B EBO#
ee yacTH oTpaxaerca pabora €IMHUYHON BHELIHEH CHIIBI, TIPUAOKCHHOH BO
BCIIOMOTATeIbHOM COCTOAHHM, HAa COOTBETCTBYIOIUIEM 3TOH CHiie HefiCTBHTENbHBIX
MEPEMEILCHHAX B IPY30BOM COCTOSHHH.

Ecnn BO BCHOMOraTeTbHOM COCTOAHMM CTEPIKHEBOH CHCTEMB! (B JaHHOM
cliydae pambl) BCerjia TPHKNAALIBATE CAHHHYHYIO CHIY, COOMBEMCMEYIOuyio
UCKOMOMY nepemenjenuio, To neBas 4acTb (hopMynsl Beerna OyIeT UMETh TaKoii e
BHJ, Kak M B dopmynax (6.8) n (6.9). Cymma paboT OCTANBHBIX BHEUIHUX CHI
BCIIOMOTaTeNILHOTO COCTOSHMSA, NPEACTABIAOMIMX OMOPHLIE PEAKLHH, BhI3BAHHBIC
eAMHMYHON CHIION, NepeHeceHa ¢ OOPATHBIM 3HAKOM B NPABYIO HacTh (GOPMyIs
Maxkcsenna — Mopa.

Cnenosatenbio, sbipaxenus (6.8) n (6.9) dopmynst Makcsenna — Mopa
ABAeTCAa OOMMMH M UL ONpeneneHus APYTrHX NepeMelleHHid cedenuii crepskuei.
HeobxoauMo TONBKO BO BCIIOMOTATENBHOM COCTOSHHUH CTEPHKHEBOH CHCTEMb
NPHIOKHTh CANHHYHYIO CHIY, COOTBETCTBYIOLIYID HMCKOMOMY MepeMelleHHIO B
IPY30BOM COCTOAHHH.

Ha puc. 6.1, ¢ u puc. 6.1, ¢ n300pakeHbl COOTBETCTBEHHO BCTIOMOTATENbHbE
cocTosHuMs 2 M 3 paccMaTpuBaeMoil pambl UlA  ONpEJAENeHHs BEPTHKAIBHOIO
nepemMenieHus A, , 1 yria nopopota A;, CeHeHHs B paMbl B COCTOAHHH P PaMBbL.

Bee nepemerueHus cedeHHid pambl OyaeM OTHOCHTB K HEKOTOpoH obiuei
cucTeMe KoopauHar, HszoOpamennod Ha puc. 6.1, a. TopusontasbHyio H
BEPTHKAIBHYIO 0Ch OTMeTHM 1M(pamu | H 2, a yroa NoBopoTa cedeHHi cTepKHel
Oyaem ormeuats UndpoH 3 Kak MOBOPOT OTHOCHTENLHO OCH (IITPHXOBAN JAUHHA HA
puc. 6.1, a), nepreHanKyIsipHON MJIOCKOCTH, B KOTOPO jexkaT ocu | u 2.,

OueBHIHO, YTO -JUIsS ONPENENEHHA BCEX TPEX MCKOMBIX ACHCTBHTEILHBIX
nepememieruii Ay,, A;,, Az, B IPY30BOM COCTOAHHH PaMbl MOXKHO HCIOITb30BaTh|

oary 06yt hopmynst Makesesuty —Mopa B BUJIE:

1-A,= J'L—ﬂdx-%-ijQ'de""]}_ E”dx YR s 1=1,2,3. (6160

|
B rpysosoM cocTosiHMH, H300pakeHHOM Ha (puc. 6.1, a), nelictyer Tomxm

3a/laHHasd BHEUIHAA Harpyska. Cocrasnsionine Cm HEPEMBI.HEHHH onop B T'py3OBOH‘

COCTOSHHH, COOTBETCTBYIONIME COCTABISIONMM R, PEAKIMIi OTCYTCTBYIOL
1
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TTosroMmy nociemHee wiaracmoe B Qopmyne (6.10) DpH OTCYTUTBMH 3alaHHBIX
nepeMelieHuk O10p CTEPXXHEBOH CHCTEMBI B €€ IPY30BOM COCTOAHHH PABHO HYJIO,

6.3. ¥npowenue dhopyyasl Makcsenia — Mopa
A5 KOHKPETHOI'0 BHAA CTEPKHEBBIX CHCTEM

Popmyra MakcBenna - Mopa coAepEMT TPH HITEIPAIa, OTPANKAIOLIMX
COOTBETCTBCHHO BAHAHHE HA MCKOMOE TEPEMElleHHe HITUDHBIX, CHBHIOBBIX M
TPONONLHEIX AedopMaiui cTepxHe# B e rPY30BOM COCTOAHHH, [IE M OnpefendeTcs
HCPCMCLICHHE.

Yarme BCEro B CTEPIKHEBBIX CHCTEMAaX HCTOMLIYIOTCA TOHKHE CTEPXKHM, Y
KOTOpBIX MaJ0 OTHOWCHHEe A//, rac & — BeicoTa Dadkd, a [ ¢¢ miMHA. B Takmx
CIEPKHEBBIX CHCTEMAX BAHAHHE paboThl MOMEPEYHBIX CHIT  BCTIOMOMATENLHOrO
COCTOSHHSA HA COOTBETCTBYICLIMX CHABHIOBLIX ACOPMAIHAX FPY30BOTO COCTOAHMS
H3 HCKOMEBIC IEPEeMEUICHMA OKa3blBACTCH HCIHAYMTCI/BHBIM, II03TOMY BTOPBIM
HHTCrPAaoM B opmyne (6.10) 0Opun0 npenedperator.

Kpome Toro, mampHuMmep, MpH OonepedHOH Harpyske Ha 0anky B Ipy3oBoM
COCTOAHHMM, TIPOAOJIBHBIC CHABL B OasKe, a 3HAYUMT H NpOAoIBHEIC gedopmaunn (6.1)
papinl Hymo. 3HauyHT 0pu H3rube Ganok OT MOMEPeuHEIX HATPY30K B dopMyne
(6.10) TpeTuii uHTETpan pasen Hya0e ¥ AporuOLl 6anoK U YITLI TOBOPOTA HX cevellHi
OUPEAENATCH TOTBKO ¢ TOMOIILIS NEPBOTO HHTErpana.

B depmax, npy AeACTBHM Ha HHX CTATHYECKOH YIMOBOH HATPY3KH, B CTEPXKHAX
BO3ZHMKAIOT TOJILKO NPOAONBHEIC cHibl, [ToaToMy B Gopmyic (6.10) octacTes TonbKO
TPeTHH MATErpall. Tak Kak JUIA Kawk 1010 CTEPMHA IPOAGILHOE YCHIIME U MKECTKOCTD
CTEPXHS TOCTOAHHEL MO €ro ANHMHe, TO ANA (epM TPeTHH HHTerpan 3aMeHseTcs

CYMMOH:
NN NN,
1A = P = k=123, 6.11
i LL EA % (EA)L k < ( )
3mece § — HOMEP HCKOMOTO IICPCMEILCHHA N HOMEP COOTBCTCTBYIOLICTO

BCIOMOTATENRHOTO COCTOAHMA, & — HOMEp CTE[kH, #, — THCIO CTepkHel B depme.

6.4. Criocofi1 BLIYACIEHHA HHTerpaJios B hopmyne Makcseana — Mopa

B cTpowrensiioil  MeXaHWKE CTEKHEBREX  CHMCTEM  JI7IA  BRIYHCNEHUSA
HHTErpanoB, BXOJAIMMX B Qopmyny Maxcsemuia — Mopa (6.10), ncmonnsyior
CIeTyIONMe TpH crnocoba: '

1. AHamTHYecKuH cnocod.

2. Ppado-anamuruueckuii cnocob (cnocad A. H. Bepeuraruua).

3. Uncnenswiii cioco® CuMIicoHa.

PaccMOTpUM HX Ha NpUMEpPe BBITHCACHHS MICPBOTO HHTETPpaia GOPMYIIEL.
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[perkae Beero, 3aMEHUM HMHTErpajy 10 JUIMHE L BCeX CTepiKHeH cymMon
MHTErPaIoB U8 OTAENBHBIX YHACTKOB HHTETPHPOBAHHS.

YyacTkoM HHTErpHpOBaHWA LIHHOH [/, GymeM cuHTaTh YacTh CTEPIKHA, HA
KOTOPOM 31I0PLI BHYTPEHHHUX YCHIIMH, BXOIANIMX MO HHTETpall, He HMEIOT CKa4yKOB
M Pe3KOro H3MEHEeHNs (B BHIAE YTTIOB H3/IOMA ) OPAHHAT M KECTKOCTH.

Tak Kak CKauKM OpPAMHAT M M3JIOMBI B OMIOpax H3rubaiomMX MOMEHTOB
NMPOHCXONAT COOTBETCTBEHHO B MECTC TNPHIOKCHHS K CTCPIKHIO BHEIIHMX
COCPEIOTOMEHHbBIX MOMEHTOB M MONEPEUHbIX K OCH CTepiKHEH CHII, TO rpaHHIaMH
YHACTKOB HMHTETPHPOBAHHA /[IA TEpBOro MHTerpama OyneM CUHTATh: OMOPHI
CTepIKHEH; Y3/Ibl COCAMHEHMA CTepIKHEH; MecTa NPHIOKEHHA COCPEAOTOHEHHBIX
MOMEHTOB H TIOMEPeYHBIX K OCH CTepIKHS COCPeJOTOUeHHBIX CHIT; MECTa H3MEeHEHHS
W3ruOHOM KECTKOCTH CTEPIKHEH.

Taxum o6pasom, nepsbii nﬂ'rerpan B (6.10) MOKHO NPEACTABHTDL B BHIE:

MM,

Ap= [—=2 ;,I (E”’?’dx i=1,2,3. (6.11)

re r — HOMep y4acTKa HHTerpPHPOBaHMUA, a 11, — UX HHCIIO.

¥
Teneps mepeiiieM K paccMOTPEHHIO CIOCOOOB BLIYHCICHHS HHTETPATIOR
Makcsenia — Mopa, paccMOTpeB MHTErpaj  TONBKO HAa OLHOM  YHacTke
HHTErPHPOBAHHA.
Yatre BCero JKecTKOCTh CTEPHHA HA H3THO HAa 0THOM YYAaCTKE MHTETPHPOBAHHA

MOCTOAHHA, TIO3TOMY [PE/ICTABUM I‘l]-l’l"eI’paJI Hd OJIHOM YHaCTKe B BUJIC!
jM"idt IM M, dx. (6.12)
i (ED), (Ef S A

Hanomuum, 4T0 i — HOMEp HMCKOMOIO HEPEMEHICHHS W COOTBETCTBYHOLIErO
€My BCIIOMOTaTeIbHOro COCTOAHMS (CM., Hanpumep, puc. 6.1).

st BeigmcieHns uaTerpana (6.12) aHanMTHYECKMM crocoboM Tox 3HaK
HHTErpana 10MKibl ObiTh noAcTaBieHbl GyHkmn M, =M (x), M, =M, (x), a

3aTeM MPOH3BEJICHO AHAINTHYECKOE HHTErPHPOBaHHE.

I'pado-anamuriueckuii croco6® Obu1 npeanoxen A.H. Bepemarnaeiv s
BapHaHToB, Korma M,.=M, (x) saBngercs nmHeHHON QyHKUMeN, a (YHKUHH
M,,=M,,(x) Ha y4acTKe MHTEIPHPOBaHHS COOTBETCTBYET IpaHk, IS KOTOPOro
HPOCTO BBIYHCIACTCA TUIOIANL @), H €€ LEHTD THKECTH C (puc. 6.2).

Torma wuurerpan (6.12) Ha yyacTKke HHTErPHPOBAHHA F BHIMHCIAETCA 110
topmyne (6.13) [7, 10]:
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W, M-, ’
MM, dy = 2 S (6.13)
(ED}, | (£D),

ITpu BrivMcnenny uuTerpana (6.12) ¢ vcnonbioBaHKeM GOPMYNILL YHCASHHOTO
HHTCrpHpOBaHid CuMICOHA HEOOXONMMO Ha 3mopax M, =M (x) u M, =M, x) B

TPY30BOM M BCIOMOTATENLIIOM COCTOANMAX HMETE 3iladelMA OpAMHAT B Hawane (i},
cepeAHHE (C) M KOHUE (K) Y4aCTKa HHTEIPHPOBAHMA # €To ATuHY /[, Torsa

) — !r H n < < K K
(EF; JM,_,M,?,dx = e, [M”M,.p MM + MY M,_,,]. (6.14)

Kak muzBectiio, B o00mem Buae QopMyna UHCISHHOIO HHTETPHPOBAHUS
apageTcd NpHOIHKeHHOR. Ho AT YY9acTKOB YHTCIPUPOBAHHS ¢ JTMHEHHOH 3MHPOH
M,, :M,.p(x) W 3Iopol M, =M, (x) 8 BHae JIMHEHHOR QYHKLMYM HIH KBAIPATHIHORA
napabonsl MHTerpan Makceesla — Mopa sbrypcasietcs 10 Qopuyiac CuMicoHa
TOYHO.

6.5. Marpu4HblH BHI BLIYHCAeHHH HHTerpaaa Makcseita — Mopa
no $popmyae Cumncona
Brotuucaenua unmezpana 0 001020 YH4ACMKA RIMESPUPOCANHA
Dopmyny Cumncona (6.14) ana  panmbHeflliero MHCOONB3OBAHMA  YA00HD
GPCICTABHTE B MATPHYHOM BHae. C 3Toil Lelb0 M3 OpPOHHAT JMIOp MIrHGAOLIHX
MOMEHTOB B Haualle, CepelHHe W KOHLIE YYACTKA MHICIPHPOBAHMA ¢ HOMEPOM + BO
RCIOOMOTATENBHOM COCTOMHHH ¢ HOMEPOM | M IPY3I0BOM COCLIOSHUM P COCTEBHM

CICAY OWHE MATPHLIbIL

M,'.i A’f;r
m, = ML om, =] M (6.15)
s o,

Torma srruucnenus uurerpana no Qopmyne Cummcona (6.14) MoxkHO
TPEACIABHTL B CASAYIOWCH MATPUYHON JRIHMCH:
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1

— M M_ dc=(m,) -L,-
(El)rfr g (mn) r mrp’ {6,16)

rae (m, ) — TpaHCTIOHHpOBAHHAA MaTpHLia m,;, T.e. — MaTpuua crpoka; L, -

JMaroHanbHas  Martpuia  koodduumentoB Qopmynst CuMIcoHa Ha - yydcTKe
WHTETPHPOBAHUS C HOMEPOM 7

v

" S(ED), (6.17)

. Betuucienua unmezpana na 6cex yuacmkax UHmMezpuposanus
hopmyast Maxceenna — Mopa

Ecmit npumenuts hopmysty CHMICOHA U1 BCEX YHACTKOB HHTErDHPOBaHHA B

(opmysie Makesenia — Mopa (6.11), To BRYHCICHHA HHTEIrpala MOKHO
HPEICTABHTH B CIEIYIONIEM BHIE:
MM r= ﬂ'
1A, = MM 4o = miy'L
bl :Zuj T (m) Lm, (6.18)

3nech m;, m, — MATPHILBI CTONOIBI OPAHHAT HTIOP H3rHbaloIIMX MOMEHTOR B

Hayane (H), cepeamsre (c) M KoHume (k) BceXx YJYacTKOB HHTErpHpPOBaHHA
COOTBETCTBEHHO BO BCIOMOraTeNbHOM COCTOAHHH [ W TPY30BOM COCTOSHHH pi
L — cooTBeTCTBYIOIAs NPEIbIIyIIHM MaTpHiiaM OGI0YHO-IHArOHAILHAS MATPHIA
koo hunmentos dopmynsl CHMIICOHA /Ui BCEX YYacTKOB MHTerpuposanus. bonee
MOoApOGHO €O CTPYKTYPOil YKA3aHHBIX MATDHIL MOKHO O3HAKOMHTHCH B YUCOHBIX
nocobuax [7, 10].

Buoruucnenue cpazy HECKOIbKUX REPEMEWEH UL 8 2PY3080M COCIMOANIN

Marpuunasi (opma 3anmHcH  BhUHCIeHHH 1o dopmyne CumincoHa B
NPEALIAYIIEM CIydae MO3BONSAET KOMIAKTHO 3alHCaTh BHIMUCIEHHA B ClIy4Yae, KOraa
TpebyeTcs NoICYUTATE B FPY30BOM COCTOSHHH Cpa3y HECKOIBKO NEPEMENIeHHH.

Hanpumep, Ui [ONydeHMs Tpex NepemerieHuil cedenns B pambl (oM.
puc. 5.1), moskem 3anucarb popmyiny (6.19) ¢ yuerom (6.20):

d,=(M)"-L-m,; (6.19)
Ay,

d,=|4,, | (6.20)
A;,
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3nece d, npeacTaBIaeT coB0H BCKTOP HCKOMBIX LIEPeMEILCHMIL

Marpuiel L ¥ m, TIpH 0/THHAKOBOM HHUC/E YHaCTKOB HHTETPUPOBAHHA HMCIOT
TakoH e BHI, KaK M B Ipeaslyiieh gopmyne (6.18); matpuua M cooTBeTCTBYCT
matpHuuaM L » m

» W COCTOMT M3 Tpex cronfuoe m; (i = 1, 2, 3), xaxaslii w3

KOTOPLIX Ipe/ICTABRgeT COGOH BEKTOP C OpSMHaTaMM 3M0pbl M, Ha BeeX ydacTkax
HHTETPHPOBAHHA B HAYANE, CCPCIMHC M KOHUE KAKI0TO YYACTKA,

C upHMCpamMH PacucTOB B MATPHYHOH (oOpME MOWHO INO3NAKOMHTBCH B
yuebHbIx nocobuax [7, 10].

6.6. [losATHe 0 MAaTPHLIE NOAATIAHBOCTH ClepARIeBOM CHCTeMBL, MaTpHiHan
thopma ee BLIMHCIEHHS NIPH HCNo.b30Bauui Gopvyisl CHMIcoHa

Jo cux mop B paccMmaTpHBaeMod pame (¢M. pue. 6.1) cTaBMnachL 3anava
OTIpeeNIEHHs MePEMEIleHHH TOALKO B TPY30BOM COCTOSHHH (oM. pHc. 6.t.a) or
K4KOH-TO 340aHHONW B 3TOM COCTOAHHA Narpy3xd. JAng Toro urofsl OHpeesMTh TPH
MepeMenicHUs B CCYCHHN B ObLIM COCTABICHLL TPM BCMOMOIATENbHLIX COCTOSHHA
{cM. pue. 6.1, 6, 8, 2).

MpennonoxumM, 4T0 B 2TOM KC CHCTeMe [OCTaBNeHa 3471344 OAPCHCACHHA
BeKTOP (6.2() TeX e TPex NepeMELIen i, HO OT FPYIIIIL COCPE0TOUEHHAIX YCHIHH
R.P, B (puc. 6.4, a), JeicTRYIONMHX B HANPABICHHH HCKOMBLIX MepeMellennit u
0fpazy1oilix BEKTOp

A
p=AY (6.21)
A
rae £ npeactasaset cofo# cocpenoTOYEHHBIR MOMEHT.
@) ) 8) )
N
DlloL ok |l
AL Ady «9n P
-7 P1 b, : e d Balraecd S
2 I3 i 1 511 1 512 5]3
b BUA
Puc. 6.4

Tak kax TpeGyerca onpe/enuTh TaKHC Ke lEPEMEIeHHA, KdK H B 3anade,
uzobpakelHolt Ha puc. 6.1, @, TO BCMOMOFATENBHBIC COCTOAHHS A/l HCIGIB30BAHMA
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thopmynet Maxcsenna — Mopa (6.10) ocranytes Takumu ke (cM. puc. 6.1, 6, 6, 2

pHc. 6.4, 6, 8, 2).

Ecit BO BCHOMOraTenbHBIX COCTOAHMAX OT JICHCTBHA CAMHHYHBIX CHI
ONpeleNaTh [epeMelleHns d,; TI0 TeM e HANpaBIeHHAM, YTO M B TIPY30BOM

COCTOSIHHH, TO, HCIOJb3ys 3aKOH ['yKa W NPHHIMI HE3aBHCHMOCTH ICHCTBUS CHII,

MOKHO 3aMHCaTh yPABHEHUS:
Ay =8 R +8P +835;
Aqp =85 R +85 P, +853P;
Azp =838 +83,P +853 A
B MaTpuuHOii 3a1MCH 3TH YPaBHEHUS MOYKHO NPE/ICTABUTL B BHJIE!
Alp 8, 83 83| AR
Byp |=[821 B B3| Py,
A;, 83 O3 8|~

WM TIPH KOMIAKTHOMN 3anucH MaTpyi —cTondnos (6.20) u (6.21) — B Buje:

dp-:D-p,

rae :
By S Oy

D=\3§, \51{ 85

8y 8y “‘595_

npeacTaBnAeT coboil MaTpHily BAMAHHMA CcHI, oOpasyiommx Bexktop p (6.21) Ha|

(6.22)

(6.23)

(6.24)

(6.25)

nepemeiienus, obpasyiommx sekrop d, (6.20). Takyio maTpuily B CTpOHTeJIbHOﬁ‘

MEXAHHKE HA3BIBAKT Mampuyeli noOamiueéocmy CTEPKHEBOH cHCTeMbl (B nauuom

cJlydae pamel) B HAMPABICHHSAX ACHCTBYIOMMX CHIL

Koadduumentsl 5T0it MaTpHibl NpeACTaBAsioT coboif nepemenieHHs BO |
BCTIOMOTATENIBHBIX COCTOAHHAX (cM. pHc. 6.4, 6, 6, 2), KOTOpLIE ONpeIeNATCs nog

¢opmyne Makcpenna — Mopa (s mobeix i=1,2,3 u k=1,2,3);

I 8 =1;+8= jLMMde ILQ'Q"dH N":“dx.

[Mpu 3TOM NOKA3BIBAIOTCS CPa3y JABE TEOPEMBI CTPOUTENLHOH MEXAHHKH:

(6.26)

1. Teopema © B3aMMHOCTH paGoT s JHOOBIX [BYX COCTOAHMIT paMbl,
3arpy’KeHHBIX KaKoii-TO Harpyskoil (B daHHOM ciyvae NpR eAMHATHEIX ycmmsxj

cobmozaeTcs paBeHcTBo padot 1y -8, =1;-6;;).

2. Teopema 0 B3aHMHOCTH IepeMeLIeHIi (B aHHOM ciyuae 8y =8y, ).
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TMepeblii MHACKC B BLIPAKCHUM O, = O, TIOKA3BIBACT HOMCD HATIPARNCHHA, TIO
KOTOPOMY OMNPEACTACTCH IMepeMcltenue. BTopoit uiiIcke TIOKA3BIBAST  HOMep
BCOOMOTATCILHOIO COCTOSHUA, B KOTOPOM LIPHACHKEIA CAHNUUMNAL cHAA (MOITOMY
UPH 3aMCH paboTbl CHJ1 €AMHMUHAS CHITA OTMCYCHA MHICKCOM DPaBHLIM BTOPOMY
HHJEKCY B 0003HA4YSHHH MepeMellieHus ). '

O0paTuM BHUMAHKMC Ha CACLYIOILHC CBOHCTBA MATPULILL TOSAT.THBOCTH:

1. Ona kRazpaTHas  MMeer TOPHAcK (A-R) 14 A — HMHCIO CTPOK

COOTBETCTBEHHO B BekTOpax d , 1 p.

2. Ha ee rnmasuoil auaronanH, oTMewcHHoH B (6.25) mTpHxoBOH NHHHEH,
PACTIONAIAIOTCA UEMEHTH, KOTOPHIE BCETIA [IONOKHICIBHbL, TAK KAK TIPH
parencTRe i =k moT mMOOBIM U3 TPeX HHTETPANOB {6.20) TOAbH rerpaibHas
¢ yHKLMA BHYTPEHHETD YCHANA HMEET BTOPYIO CTETIEHD.

3. Tax xax f)J]eMellTLl.ManHHLI paBHLl 8, =&, npu mobwix { w k, ToO
MATPHLA CHMMETPHYHA.

Hna serauesenns sexropa d, (6.20) B rpysososM cocToauus {cM. puc. 6.4, a)

MOKHO HCIIOJIB30BATE BEIPAKCHHE (0. 19) mm (6.24).
[Mpu scmonk30BaHHK 3aK0HA ['Vka U OPUHLHIA HEIABHCHMOCTH JEHCTBHA G
BEKTOp M3rHOAFOLINX MOMEHTOB M, B IPY3OROM COCTOAHHH MOKHO TIPEICTABUTE B

BHC

m,=M:p. (6.27)

[Toactasunm 310 BEpaxenye B (6.19) u comoetasrM ero ¢ (6.24). Torja oueBHAHO,
YTO AIH BBIYUCIICHHS MATPULLL ITOAATIHBOCTH MOMKHO HCIOIb30BaTh BLIPAMKCHHC:

D=(M)'LM. - (6.28)
C nprnMepaMH pacueToB MATPHUE D MOKHO [OIHAKOMHTRCH B yueGHRIX
nocoGusx [7, 10].

6.7. Onpene;ienne nepeMeLennii
B CTAaTHYECKH ONPEAEIHMBIX CTEPHKHEBBLX CHCTEMAX
0T 3aAaHHO{ 0canK OTOP

Hna  oupeiejeHua  UePeMCINCHUHA CTCPKHCBLIX CHCTEM  OT  BIIRHIHETO
BOINEHCTEHUs B nOApa3xene 6. 2 Opina nonyucHa gopMyna Makceeina — Mopa (6.10).

Ora dopMyna orpakacT paloTy BHEINHHX CHI M BHYTPEHHHX YCHIHE RO
BCIOMOTATEIbHOM COCTOMHHY 381aHHOH CTCPHCBOH CHCTEMEL na
COOTBETCTBYIOINHX BHEIHHHM CHJIAM M BHYTPEHHHM  YCMAMAM  BOSMOMHBIX
UEPEMELIEHHAX H 1eGOpMalHAX.
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Bo3moaxkHbIe NepeMeILeHH H BO3MOXKHBIE Ae(opMalliy BO BCIOMOTraTeILHOM
COCTOAHMH 3a/laHHON CTEPXKHEBOW CHUCTEMBI TPHHATEL PABHBIMH COOTBETCTBEHHO
JNCHCTBUTENBHBIM TIEPEMEILICHHAM W ACHCTBHTEILHBIM Je(hOpMaHaM «Ipy30BOrON
COCTOAHMA 3a1aHHOH PaMBbI

[Toj «rpy30BbiM» COCTOAHHEM NOHMMAETCS COCTOAHMUE CTCPIKHEBOM CHCTEMBI
0T moforo BHEUIHEro BO3ACHCTBHA (CHIOBOTO RO3IACHCTBHA B BHJIE 3aJaHHOIN
HAIPY3KH, 3a/IaHHOM OCA/IKH ONOP M 3a/laHHOI0 TEMIECPATYPHOIO BO3ACHCTBHA).

B cootBercTBHE €O CBOMCTBaMH CTATHYECKH OMpEAeNHMEIX cHCTeM (cM. Taba.
5.1 B nonpasyene 5.7 YMK) o1 3a7aHHOH ocaiku OHOP B «IPY30BOM» COCTOSHMH
pambl IIpH OTCYTCTBHH BHEIIHGH HAarpy3ku He BO3HHKAIOT BHYTPEHHHME YCHIIHA
M,.0,N,. a 3nauur (cMm. ypasHenus (1.5) sakonma Tyka) He BO3HMKAOT W

Aeopmalun CTepKHeH K,.Y,.&,. [losToMy Bce WHTerpansl B TNpaBoH HacTH

thopmynet (6.10) GyayT paBHEI HYITIO.

B pesynstate u3 dopmynsl (6.10) nmomyumm cneaywouryio gopmyny Ui
OTpejieNeHNs TIepeMeleHnii B CTATHYECKH ONpPeNeMMBIX CTEP/KHEBBIX CHCTEMax
TOJBLKO OT €€ 3a/IaHHBIX MepeMelleHui («ocagok») onop:

l-A,-p=—sz,,,,--cmp, § =4 Th3 (6.29)

Mt npuMeHeHus 310l OPMYNIBI K ONpPEeNeHHI0 TeX jKe MepeMelIeHHUH,
KOTOpBEIE yKa3aHbl Ha puc. 6.1, @ , HO TONBKO HE OT HATPY3KH, a OT 3aJaHHBIX
cmenieHnii onop (puc. 6.5), HeoOXOAMMO COCTaBHTH T€ HKE BCHOMOraTENbLHBIE
coctosaHus (cM. puc. 6.5, 6, 6 2), 4TO M NPH ONpPEeIENeHHH [epeMellieHHit oT
3a1aHHOM HAarpy3KH (cMm. puc. 6.1, 6, 6, 2).

a) &) a) £)

® ©) ® ®

e 1 . Ryy=1 Rga=1 /Rm3=1
Ly kX Y, S N
g T %?ﬁ hgy o D=0 I, =N
'R.ﬂ,}l=0 7 :R‘n‘2=0 :-Rﬂ3=0
Puc. 6.5

Ho reneps, mnsa mcnonbzoBanus (opmynsl (6.29) HeoOXoauMo B Tpy30BOM
COCTOSIHMM paMbl YKa3aTh 3a/[aHHbie nepementenns onopel A (cMm. puc. 6.5, @), a Bo
BCIOMOTATEIbHBIX COCTOAHUAX BBIYMCINTL M YKa3aTh HANpaBICHHA peakuuii Bcex
ONOp  CTEPKHEBOH  cHcTeMbl (B JaHHOM  TIpUMEpe  TONBKO  OJIHO¥H)
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(cM. puc. 6.5, 4, g, 2).

Bee weobxoaumeic nna seiurcTeHHs no gopmyne {(6.29) BeNWUHILI YKa3ambl
Ha puc. 6.5.

Boruvcnenssie o dopmyie (6.29) mepeMmelucHus OyIyT CBOGOIHBIMH (He
CTeCHEHHBIMH), Tak KaK MPH 3THX MepeMellieHHAX B cTepkHesof cHeTeme He Gyier
BOIHHKATH HHKAaKHX ycMiuH. Ee ameMclTol nepeMecTATcs Kak JKECTKHE AHCKH B
HEKOTOPOE HOBOE HEHAMNPAKEHHOE TONOKEHHE KK YacTH MexaHuiva {puc. 6.6).

. B _-5 ________ o 1}
1 —= < SRS I
rerrt /777&777 /7773777 F /777%77

Puc. 6.6

Bompoc ompenenewis nepemenienuii no Qopwvyne Makceemta — Mopa B
CTATHYECKH HEONPEIEINMBIX CTEPIKHEBBIX CHCTCMAax OyJcT paccMOTped B pasncne 7
Mocoe O3HAKOMIIEHHA € METOOOM CHI pacdeTa CTATHYECKH HEONPeUS)IMMBbIX
CTCPHHCBBIX CHUCTCM.

6.8. Onpenenenye nepemMenieHHi
B CTATHYECKW ONPEISIHMBIX CTEPHKHEBBIX CHCTEMAX
0T H3IMEHCHUA TEMNEPATYPBI HX CTepiKHeH

[Monyuennas obwas dopmyna Makcesenna — Mopa (6.10) npumenuma u npu
TEMIIEPATYPHBIX BO3AEHCTRHAX HA CTEPWHEBBIE CHCTEMBL,

TeMmepaTypHoe BO3AeHCTBHE HE BRI3RIBAST
YCMIIMIE B CTATHMECKH ONPEACIHMBIX CTCPMKHCBBIX
cncteMax (cm. Tadn. 5.1 B nogpaznene 5.7 YMK), B
1,TOXE BpeMA OT TeMIEpaTypHOro BO3ASHCTBUA

NIPOMCXOJAT ACQOPMALIHY CTEPHEH. 3T0 o3HaUaeT,
YTQ NMPOHCXOAAMNC ICHOPMALNA H CBAIAHHBIE €
HUMH TIepeMellleHHA MBIAKICH CBODOAHBIMH (HC
CTECHEHHEIMH).

Pacemotpuy Bompoc o6 onpefeneHud JTHX
¢RoDOIABIX (HC BBIIBIBAIOLIMX YCHIMIT) TeMmepa- Puc. 6.7
TYPHLIX AeOopMAIIHAX CTEPKHE.
H300pa3nm na puc. 6.7 GeckolledHo MaNki MMeMEHT cTepKHA JHOR dx.
BydeM CYMTaTh, 9T0 NPOH3OULID MIMEHEHME TEMUSPATYPB BCPXHEIO H
IMAHETD BONOKOH CTEP/KHA COOTRETCTBEHHO Ha f, U [, Tpagycos,rae f, >1, >0,

bynaeM nomaraTe cTepiXKeHb TOHKMM H HM3MCHCHHE TEMUEPATYPbL 110 €00
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BhicoTe nuHedubiM. Torma £, = 0.5(¢, + ;).

VANHHEHAS HHXKHETO, CPe/IHEr0 M BEPXHEro BOJOKOH OJIeMeHTa  dy
COOTBETCTBEHHO COCTAaBISIOT A, . =afdy, Ay =afde, Ay =ofdy, tae o

ABJAETCs KO PUIMEHTOM THHEIHOTO PACIIMPEHHS MATEPHAIIA CTEPIKHA.

Otciona cieiyer BbIpaXKEHME Ul NPOAOILHONH AedopMalmMH CTEpKHA OT
cpenHeii Temneparypsl f, = 0.5(1, +1,)

&, =0,. (6.30)

Kpome Toro, npoHcxoiauT aedopMaiia HCKPHBICHHS CTEPXKHA, IPH KOTOPOH
cedeHuA AMeMeHTa dx TIOBOpavYMBAOTCA Ha yron do, (oM. puc. 6.7).

YenosHo aeopMHPOBaHHBIN OT H3MEHEHHA TEMIEPATYPhl BONOKOH 3EMEHT
nokasaH B Buje Tpaneiin ABKL, LeHTp KpHBH3HEI cTepxHA (0603HAUMM €ro TOUKOi
() pacnionokeH AANEKO OT ro OCH: Ha PacCTOAHMHM paguyca kpususHbel R. [Tosromy
HCKPHMBIICHHE BOJIOKOH CTepikHs Ha puc. 6.7 wHe nokaszano. [lpubnmkenHo
KL =(1+ar,)dx, CD=(1+at,)dx,. AB=(1+at,)dx. Torna
KL-4B alt,—t,)dx

do, = 1gdd, = e p (6.31)

Orciona noy4aem AeOpMaLHIO HCKPHBICHHS CTCPKHS:
P Ll (632)

dx h
3nech BeMUMHA
Wa=t) '
P L A 6.33

p (6.33)

npeacTaBnseT co0oil TpajgHeHT TeMmepatyp No TONIIHWHE /s CTep)KHA, paBHbI
TAHTEHCY YI7ia HAKIOHA IMHEITHOM SMIOPbl TEMIIEPATYp K BEPTHKAMH.

Barmmmem Tenepsk Gopmyny Makcsenia — Mopa s onpenencHHs Tex e
nepemenieHuii B pame, n3obpaxenno# Ha puc. 6.1, a n Ha puc. 6.5, HO TONBKO OT |
YKa3aHHOTO 3/16Ch BO3/ICHCTBISA TEMIEPATyPbL. : ]

®opmyny npenctasum B Buae (6.8). Tlpu otom samamem ee ama moGoro |
riepeMerenis ¢ HOMEPOM i , YYTEM, YTO Ha paMy HE BOZACHCTBYIOT HH HArpysKH, |
HA ocanku onop. [ledopMmauin B «rpy30BOM» COCTOAHHH 3aMEHHM yxazammmﬂ
TeMIIEpaTypPHBIMH nedopmatiami. TOrAA UIs TOHKHUX CTEPKHEH NMOnyHnm:

1A= [ M -xdxc+ | N;-g.dx. (6.34)

Bonpoc onpejeneHus TNepeMeleHMH B CTATHYECKH  HEONpeIequMEIX
CTEPKHEBBIX CcHCTeMax Gy/IeT pacCMOTpEeH B pasiene 7 Mociae pacCMOTPEHHA MeToaa
CHJI pacYeTa CTATHYECKH HEONPEAeIMMBIX CTEDKHEBBIX CHCTEM.
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7. PACHET CTATUHECKH HEOTIPEAEJTMMbIX
CTEPXHEBLIX CHCTEM METO/JIOM CH.J1
7.1. Haeqa MeToXa CHJI HA TPHMCPE PAMBI

PaccMoTpev paMy, HaoOpakeHnywo Ha puc. 7.1, o. Tpebyerca nocipours JLIf
5TOft pambl 3MIOpPEL BHYTPEHHHX younuii M, QN .

o I I
trd i —
g 1 -
g -~ gq L \\‘) by
:: : \/ . -
uenin = ¥ P 3= 0
= P ¥ai . s I l-ﬁ#ﬁa
'f}i—v - )
3¥ 1 X Ly =0
Puc. 7.1

Kax Bcerna pacuer HayMHAEM ¢ BLIACHCHWS [IPHHA/UISKHOCTH paMbl K
CTATHUCCKH ONPEACTHMBIM WIH K CTATHYECKH HEOTPEIEIMMbIM CHCTEMAM.

CHauana noAcYHTLIBAEM CTeNEHb CTATHYECKOH HEONPEALTHMOCTH:

n =(nuu +3nk)-(3+n|lu): (6 +30) _(3+0) =3. (71)

Pesynerar noxasuiBaeT, 4TO paMa TPH paia CTATHUECKH HeOnpemendmMa, T.e.
OHA C TOYKH 3PEHHUA OLIPCHENCHNA B HEl YCHIIMH ¢ NOMOLIBI0 HMEIOLWIEroca 4HCa
YPaBHCHHI! paBilOBECHS HMEeT TPU «HIITHNE» HEHIBECTHRIE,

Pesynprar (7.1) NOK43bIBACT TAKKE, YTO paMa HMEET TPH «IHIIHHX» CBA3M €
TOYUKH 3PEHHS 9HMCIA CBA3EH, ACTAIOLIMX 3TY CHCTEMY IeOMETPHYECKH HEH3IMEHAEMO
CHCTEMOM, T.C. CAMHBLIM HEMOMBHAHLIM AMCKOM (CM. pasfen 2 no MeCneoBaHu
FCOMCTPHUCCKON — HCH3MCHACMOCTH  CTEPKHEBRIX  cHeTeM).  JleHCTBHTENbHO,
CIPYKTYDHBIA aHamu3 pambl NOKA3LIBACT, YTO OHA npeacTapnger cofioif eaHnbIi
JMCE. Jl1A 2aKpenjieHHA JHCKA HA OCHOBAHHMH A0CTATOUHO HMCTBH TPH CBH3H, HE
IEPCCCKAILMCES B OJHOH TOUKe W HC ndpanienbiible (eM. nozapazaen 2.2).
Cre;lopaTenbHO, TPH OLIOPHLIC CBH3M N3 HMEHOLEIMXCA LUCCTH MOTYT ¢ 3TOH TOUKA
IPCHMA paccMaTPHBATECA Kak «IHIIlHe». Kak Gyner nokazano B CNeaymileMm
NYHKTE, 33 IMLUIHAE» MOIYT HPMHMMATLCS HC TONBKO ONOPHBIC CBA3M, HO H
BHYTPEHHHE CBA3H B CEHEHUAX CTERHEN.
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Jlns pacuerta cTaTHYECKH HEOTIPEIETHMON CHCTEMET MOMKET BRITL MCTTONB3ORAH
METO I, TO3RONSIOIWME COCTARBHTE HCAOCTAKLMC YPABUCHHA ATA  oNpeAchcHHs
WNULIHUX» HeH3IBECTHLIX YCIINH. 3TOT MCTOI HA3bIBAKT B CTPOHMTE/BHOR MCXaHUKE
MEmOoOoM cUA.

PaccMOTpHM eTo WACKy W TIOCTEeA0BATENBHOCTE PACHeTa HA MpPUMEPE paMbl,
pacueTuas cxema KoTopoH u3oOpaxcHa Ha puc. 7.1,a.

1, H3 sadanpoli cmamuaqeckin HEONPeOe HMOU CMEPHCHESON clCmeMmb
VOQAAIOMCA  «THKINUE) CERIU N ROJPHACICA  CIMAMBYCCKH  OHpeOetumMan
cmepafcnesaﬂ CHCMEMA, HA3bI8AEMAR (OCHOGHON CUCMEMON Memodd clLit.

OCHOBHAS CHCTCMA AOJEKHA ObITh CTATHYECKH GUPEASIHMON, TO3TOMY NS HEE
JOMKHEb: COBIOAATBCA TBa YeaoBuA: 1) r=0; 2) oHa AoTxHA ORITH TEOMETPHYRCKH
HEH3IMeHAeMOil. '

«QOcHOBHOHY Takas CcHCTEMa HA3LIBACTCA [IOTOMY, YIO BCC OCTAIBHBIC
ACHCTBHA 10 PACUETY 3alaHHOH CTEPKHEBOH CUCTEMBI METOOM CHJI BHITONHAKTCS C
TIOMOIIRIC 3TOH CHCTEMBL.

JelicTBAC yNANEHHBIX «TALEHMX» CBSA3€H Ha OCHOBHYHK) CHCTEMY 3aMEHAOTCA
JCHCTBHEM «JIHIITHUX» HEH3BECTHLIX YCIIIMH, KOTOPBIE M NOAJCKAT ONpPEACICHHIO B
MCTOLC CHIL

IMpumeaaitue, fpy Libope ocHOBION CHCTEMEL B 3aJaHHOH paMe, T.c. MPY YAANCHIH TPCK
JIMHUX UBHJCﬁ, CHeayeT U(—)pa'l‘]‘]'[f: BHHMAHHNE Ha TO, SMITO HMESTCA 0eCKOHEUNO OOILIIOR MHETO
BAPHAHTOR. 1o obbACHASTCH TEM, YTO KpOME HIECTH BHEWHHX CIHOPHBLR CBH'}CH, KOTOPLIM
COOTBCTCTRYIOT OMOPHBIC PEAKINY, Kaxioe (M3 DECcKOHEdHO OONBIIOTO YHCTA) CEUEHHE paMbl
COMIEP KUT TPH BHYTPCHHUX CRA3M, KOTOPRIM COOTBCTCTBYIOT TPH BHYTPCHHHX younua M, ON .

HU3TUMy 34 1TPH JINWHKE CBA3W B paME MOTYT GLITL Bl:IGpaH[:I HE TONBKO TPH H3 IIECTH
CMOpHBIX CBH]Cﬁ, HO olble TPH BHYTPCHHHX CBASH B CEMCHMAX cTepmxeﬁ paMEL, NHLIE o5l
TIOMY4YEHH4A OCHOBHAH CHCTEMA Oblna CTATHYECKH oupeue.lm.vmﬁ. & JHAMHT 1 1COMETPHYCCKHE
HEHIMEHAEMOH.

Ha HC. 1.2 1.4 paccwsa’rpnsaemoﬁ PaMBl HIPHBEUCHBL YCTBIDE M3 OecKoneHo OOUIBILOI0
1HCNa RAPHAWTOR CTATHHCCKN ONPCACAHMEBIX OCHOBHBIX CHCTEM.

D 2) k) 4

g Py

Pne. 7.2

IIJ'I)I pacycTa Bb}ﬁ“pﬂcTCK Ta OCHORHaAA CHCTCMA, KOTOpas {IpHBOOHT K Hanbonee
PALHOHAILHOMY pacyeTy. BOII]JOC 0 pauHOHANBHOCTH 6y,"[CT paccMoTpeH Ha TIDUMEPE PacHiTa
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HCPa3pesieIx famok B noapaseac 7,2,

B AAHHOM [IPUMEPC PACYETA PaMbl JTOT BONPOC HE PACCMATIPHBULTCA. B kaucerre OCHORHOH
CHCTCMBI I8 ,L[ﬂJIL]IC]l;]I.UCﬁ ASMOHECTpaukl MCTCAd CH.1 HCHONRIOREH nCthlﬁ BapHAaHT OCHORHO#H
CHCTEMBI B BHAC PaMbl, KOTOpas Y¥KC BCTPCMATACE B NPCABIAYIIEM pasaene npH pacCMOTRCHEH
BOTIPOCA N0 CMPCACRCHME) NEPCMCIUCHWH (M. pHe. 7.2).

2. Cocmadanenica max HAILIEACMOE «IKGHSAACHMHOEC cocmonniey ()
aptfpanioze  capuanma ochoenel cucmemw (puc. 7.1, 6), Jna rtoro, qrofu
OCHOBHAS CHCTCMA 110  BO3HHMKAIOLWIHMM B HCH  [epeMellleHHAM, YCUIHAM H
deopMaliMaM ObLTA IKBURATEHTHA 3aJaHHON CTATHUYECKHM HEOLPEIEIHMON pave,
HCODX0IHMO NMOCTaBHTE BHIOpAHHOH OCHOBHOH cHcTeMe CNeAVIOHE TPH YCIORHA
(cm. puc. 7.1, a, 6):

1) ocHoBHas cHCTEMa JIOMKHA HCORITBIRATE Te K€ BHEWIHUE BOBHCHCTBHA,
KOTOPLIC HCIBITBHIBACT 3adaliliaf pama (B JAHHOM Clydae Ha OCHOBHYK) CHCTEMY
pamel 10ikHa ASHCTROBATH 3043aHHAS HA HCC HAIPY2KA;

2) BMECTO ymaneHHBIX CBA3eH K Helf JOGKHBL Obrvh [PHIOKCHBI JIHIIHHC
HEH3BCCTHBIC, ABIAIIIMECA YCHIHAMH B V/IAICHHLIX CBAIAX,

3) B HaNpaRNEHWH YALIEHHBIX CBsielt j(0JKHBI ObITh MOCTABNCHE YCIIOBHA
PABCHCTBA HYNKO NICPEeMELLEHHH T HANPABICHHAM YAATICHHBIX CBa3eit.

3. Cocmacaalomes py3oeoe COCHIGRHUE OCHOSHOU CHCIMEMB H R
BCROMOSAMETBHUIX COCIROANIE OCHOGHOR CHCHIEMAI, 6 KANCOOM HI KOMOpLIX
O2RCHEYEm  CONNRYNUA  CHNI, COOIMBEMCIMEVIONAA JIHIMNEMY HEUIRECHIHOMY

(puc. 7.3
a) ip &) : & 2)

=]
LiI3e[el b

2
3'/,13—'1

B 2THX BCHOMOTATENBLHBIX COCTOAHMAX OOO3HAYCHBL [CPCMELLCHHA 110
HAMPasJICHHE) YAANCHHBIX MHIIHAX cBAsci. Kak G0 nokazaHo B Mpeibayliem
pasicne, 3TH  TMEPEMELICHWA  MOTYT  GhITh  OUPEACACHBI € TOMOLILED
COOTRETCTBYHOLHX Qopmyn Makcsenana — Mopa.

lpumeuanne. [Ina ynoGcTBa ByMEpauWd AWIUHHX HEHIBECTHBIX B IIPMMCPC TPHHATA
ofilat CHCTCMA KOOPAKHAT, IpHBEaenias Ha pue. 6.1, 7.1 u 7.3,
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HpH HCTIOSTRI0RAHUY  UMCACHHOTG  ¢l10coba CHMIICOMA UL BBYHCICHHA
HWHTCTPATOB Maxkcmenna — MOp& BO BCIIOMOTATEIILHBIX COCTOSHUAX JIOJKHBL ObITH

MOCTPACHEL 3ITI0PLL yCPUI]r{ﬁ H COCTABJACHBM COOTBCTCTBYHIMING MATPHLbI M N mp

MITMOA0INMX MOMEHTOB BO BCIIOMOTATC/BHBIX H IPY30BOM COCTORHHMAX M MATPHLA

L koa(duinenTon GopMyRE yucTeHHOro wHTerpuposanns CiMncona [7, 10].
3atem no dopmyaam (6.19) 1 (6.28)} BEIMHCIAKTCH COOTBETCTBCHH( BEKTOP

MCPEMCUICHAH @, B IPy30BOM COCTOAHMM p (oM. puc. 7.3, @) M wmaTpuna

HNOJATIWBOCTH OCHOBHOR cHcTeMbl I B HalnpapJIeHHH YIATeHHBIX THIITHWX cRa3edt.

4. Hz ychoenit pasencmeg Wy Repemewmentdi 8 IKGUBHLACHWIHOM
COCMORILY  OCHOBRON  CUCIHEMBl N0 NANPAeAenUiy  POWIEHHbIX  CBAZEN
COCIAGTREMCA CHCMEMA YPasuenitil Memoda Cui 048 ORPEeDEIeHHA JTHWHUY
HeHIGECHBIX YCUANI, _

C o7oif Leablo, UCHOoB3YA 38KOH I'yka M MPHHIKIT HE3ABHCHMOCTH JECHCTEHA
CHI AIA AnHeHHO aedopmupyemoll pambl, 3ammmieM yenosus A; =0, i=1,23
(cu. puc. 7.1,6) B Buae:

X +0 X +83X5+4,,=0;
By Xy +00X, + 853 X3 +48,,=0, (7.2
By Xy + 832X 5 + 83385 +45,=0. .

TMomy4mwmm cuctemy Tpex anrebpadyeckHX ypaBHEHHIT 1nd oNpenesIeHus Tpex
JIMISHUX HEHIRECTHHIX B BRIOpAHHOA OCHOBHOH cHCTEME.

Tako# ke BHI cHCTEMA YpaBHEHMH OyIeT MMCTb H IUIS APYIHX BADHAHTUB
OCHOBHBIX CHCTEM /14 3aIaHHOH cTaTHYeCKH HeompeaenuMoil paMel. Hpu sTom camu
JUITHHE  HeM3BECTHBIE M KODGQHLMCHTBL, OTPAKANWILHC [CPCMCIUEHHS 10
HATIPAB/ICHUK JIMIIHMX HEM3BECTHBIX, 6Y,TYT COOTRETCTROBATE BEIGPAHHOH OCHOBHOH
CHCTEME.

B MaTpH4HO# opme cHerema ypaBHeHHi (7.2) OyneT HMeTs B

Dx+d,=0. (7.3)
3neck  MaTpHna mofatmHeocTH D, oTpakalomas  mepeMelleHus  Bo
BCTIOMOFATENEHEIX cocTORHHAX | - 3 (oM. pHe. 7.3, &. 6, 2), BekTop d,, TICpeMELLCHAUI

B TPY30BOM COCTOAHHH (M. puc. 7.3, &) uMetoT cooTBeTcTBeHTIO BUL {6.25) 1 (6.20),
Bekrop cToabeL © aneMEHTAMH B BULC AMILIHHX HEA3BECTHRIX HMEeT B
X
x=| X, |. (7.4}
X 3
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B npagoii wactw MarpuuyHoro ypassenusa (7.2) mmeem BekTOop cronfen ¢
HYTEBBIMH NIEMEHTAMH!

0=|0]. ~. ' (7.5)

OOpaTHM RHHMaHHe Ha TO, YTO MEPBOE CIAraeMoe B MATPHHHOM YPABHCHMH
(7.3) npeactaenAeT coboil BekTOp NepeMelIcHU d, TIO HAUPARTEHHIO YNANEHHEIX
AMIIHAX CBA3CH, BRIIBAHHBIX ITHIIHHMM HeW3BecTHRIME (cM. (6.24), xorma BekTop
cuil p (6.21) na puc. 6.4 3aMercH BextopoM X (7.4) Ha'puc. 7.2, 6).

3. Pereaemen cucmema ypasHeniii (7.2) e kanonunecxkoi sanucu uan (7.3) &
Mampuurom gude 1 ONPeOeIHeMCcn GEKMOP ARIRUX Heu3secmuolx (7.4).

JAns peteHus CHCTEMB! ypaBHCHHI McTOnAa CHI MOXKET ObITL MCIONBIOBaHA
meofasg cTaHIAPTHAA MPOTPAMMA AT PEUICHAS CUCTEMET ANTebpaudecknX YPABHEHHI.
B yueOnom xacce [MK kadenps! crpouTeIsHOH MCXaHHKH H TEOPHH YIIPYTOCTH M Ha
caifte kaceaps htip://smily.cef.sphgti.ru cOOTRETCTRYIOIHAA NPOIPAMMA HMESTCH,

6. Buduciaiomca opdunamst Mmp SHYMPCHHUX YCUARE 6 CEHEHUAX
cmepycHet 3Q0aHION PAMbBI 1 HO HIM CIPOAIICA COOMBEINCIEVIOULNE IRIOPbI.
Tax kak paMa ABAAETCH .THHeHHO NeopMHpyeMoil CHCIEMOH, TO BBIYHCICHHC
OPIHMHAT DJIMIOP YCUNHH B TI000M CedeHHM & paMbl MOWeT OBITh NpPelCTABNEHO B
CNEAYIOWICH COOTBCTCTBCHHO KaHOHHMUCCKOH MIM MaTpuuHo# dopMe (orpaHHYHMCA
TOIBKO BbIPAKEHHEM [ BRIHHCHEHHA yeunua A )

My =M =M, + My X+ Mg Xy + My Xy (7.6)
m:masz)+m,X1+m2X2+m3X3=mp+M-x.' (7.7

[MTockonpky 3NOPBE M3rM04IOIIMX MOMEHTOB BO BCEX BCTIOMOTATENLHBIX
COCTOSHHUAX YKE TIOCTPOSHEI (CM. OYHKT 3 MOCHEN0BATE/IbHOCTH PACUCTA) H NHIIHHC
HCH3BCCTHBIC OIpeAcieHsl (cM. NpedplaymuH TYHKT), TO JJI8 BHIIOJHEHUH
BRIMMCIICHHH 110 2THM QopMynaM UMCIOTCA BCC HCOOX0IMMLIE BETTMYMHLL

Mo nonmydyenHelM opoMHaTam A B Hauale, CCPCAMHC H KOHLC YUACTKOB

HHTETPHPOBAHHUSA CTPOHUTCSA COOTBETCTRYHIIAN HTHOpa M.
Oxonyarenbible 3MOPH 1oLEPedHblX 7 0 NPOAONBHBIX N CHT MOryT OLITE
[OCTpOENE! 10 3HATIOFHYHEIM QOPMYIaM, €CITH, KaK W 7L H3rROAIMX MOMEHTOB,
ObUIH TTOCTPOSHB! COOTBETCTBYKMIUHE HIOPb! BO BCIIOMOTATCIBHBIX COCTOAHMAX, HITH
MOTYT ObITL TOCTPOEHEI M0 OKOHUYATENBHON HIope M, Kak 910 ObUIO IOKA3IHO HA
IpHMEPaX PACHETa CTATHIECKH OIPCICAWMBIX CUCTEM B pasjenax 4 u 5.
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7. Belnonnsemcs KOHIMPob ROCHMPOCHHBIX INIOP.
Jliasi 3TOT0 NPUMEHHMBI BCE BHbI KOHTPOJISL, KOTOPbIE OblIM PACCMOTPEHBI 1IPH
pacHere CTATHHECKH ONPEAe/IMMBIX CTEPXKHEBBIX CHCTEM (CM. pasjesl 4 u 5).
IMpuBeacHHas HA HpUMEpPE PaMbl OCEIOBATENBHOCTE PacyeTa M BH BCEX
(popMyJ1, HCIOJIL3YEMBIX B METOZE CHII, OCTAIOTCS TAKHMH JKE M [IPH PACHETE JAPYIHX
CTepPKHEBBIX cHCTeM. B caeayiomem nojipasjene Merojl CHil IPHMEHEH K pacydery
HepaspesHbix 0alloK.

7.2. Pacuer Hepa3pe3HbIX DANOK METOIOM CHJI
Buibop payuonaibnoil 0CHo6HON CuCmEeMbl

PaccMotpuM n pa3 CTATMYECKH HEONPEACIMMYIO HepaspesHyio Oaiky.
YenosHo ee pacuerTHas cxema n3oOpaxkena Ha puc. 7.4, a B BHje Tpex (parMeHTOB
"Ganku ¢ Homepamun omop k=0,L2,...(G-1),iL+]),...(n=1).n(n+]) u

nponeram fy, s, oo b By i by by

i+l n-1

A »ﬁm 51 T,

B  cooTBercTBHM ¢  TMpPUBEIEHHOH B  TIPEABUIYUIEM  MOApa3ieie
NOCEI0BATE/IBHOCTI) PacHeTa, UM pacueTa HepaspesHoil Oankm METOZOM CHi
HeoOx0aHMO BbIOpaTh PalHOHANBEHYIO OCHOBHYK) CHCTEMY.

Hmes npencraBiicHne 0 X0/¢ pacyera CTEPKHEBOH CHCTEMBI METOIOM CHI,
OTMETHM, HTO er0 TPYAOEMKOCTh, MPeKAe BCEro, CBA3AHA CO CICAYIOIHMH 3TanaMi
pacuera:

— € HeoDXOAMMOCTBIO —MOCTpoeHHs odmop yewmii M, u M; B0

BCIOMOTaTeILHbIX COCTOAHMAX i=1,2,...,n
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— ¢ BBIYHCICHHEM KOP(PHUUMEHTOR U CBOGOJHBIX YNCHOB YPABHEHHH METOMA
CHE;

— C pelrennemM cUCTEMBl YPaBHEHHI METOIa CHIT,

— C [0CTPOEHHEM OKOHYATCIBHBIX 3I0P YCHIHIH.

BumonHEM aHMIMS TPYAOSMKOCTH pacuera JUTA 3a7aHHOf Dallku ¢ YOuKM
3peHnA BHGOpA pasAHIHBIX OCHOBHLIX CHCTEM.

ITpu 3ToM yuTem, uTo Ddalka SBAACTCA TOHKOH M HMCCT MOMNCPCUHYR K CC OCH
Harpy3ky. Torfa B HCTIONB3YEMbIX A onpefenesnd KodphHuHenToR 1 cBoG0IHbIX
WICHOB ypaBHeHM MeToza cun dopmynax Makesemna — Mopa 6yayT yuuThHIBATLCA
TONBKCG NEpBRIC  HHTETpanbl, COOTBETCTRYIOIIHE YYETY TOMRKG  H3THOHBIX
JedopmMaliHit. '

ITpocToii anann3 NMOKA3LIBACT, YTO CAMOH PalHOHANBHON OCHOBHOH CHCTCMOH,
IUPpH KOTOPOHM pacyer METoUOM CHJE OKa3blBAeTCs HAMOOMEE 1POCIBIM, ABIACTCA
cHCTeMa B BUAE LEMOYKH TIPOCTEIX oTHOTIpoNieTHRtX Ganok {puc. 7.4, ).

Takas OCHOBHa$# CHCTCMa MCTOAA CHJ DONYYHMTCA, CCAH 33 JIHIIHUC CBA3M
LUPHHATE CBH3H, KOTOPBIM COOTBETCTBYHT H3IMOARIIHE MOMEHTH B CCHEHMAX
Hepaspesnoi 0aIkM Han e€e TPOMEKYTOYHBIMH ONOpPaMH (MX YHCNO Kak pad
PABHO 7 ).

DKBUBAICHTHOE COCTOAHHE OCHOBHOK CHCTEMB] METO/E CHII JUIA HEpaspesHoi
fanku GyneT UMeTh RHA, U3obpakenImii Ha puc. 7.4, &,

PanHOHATHIIOCTE BROPAHHOM OCHOBHOH CHCTEMBI CBA3aHA ¢ TeM, YTO IMIOpa

}‘IJ!J H3THOANLIMX MOMCHTOB B Fpy30BOM  BCHOOMOUATCINBEHOM COCTOAHHH HMCCT

mpocTol BHA, TAK KaK CTOMTCA HAa KaXOOM mponeTe Gaiki OTACTLHO {Ha pHe. 7.5
[IGKA3aH BH 3TTHOP TOARKO HA MPOAETAX ¢ HOMEpPaMH ¢ B + 1),

Kpome TOro, BO BCTIOMOTATENLUBIX COCTOAHHAX OCHOBHOH CHCTEMBI, OT
AEHCTBHA €OMHMYHBIX OIOPHBIX MOMEHTOB, 3MIOPBl MomenToB M; (i=12,..,n)
TAKKC HMEIOT MNpocTOH OZHOTHNMHEIN BHMA (Ha puc. 7.5 noKazaibl 3MIOPL!
M, . M;. M1} ¥ 28BIAKTCA [10KAIbHBIMH,

Bee 3to cunpHO yhpomaeT BeIUHCAeHHE KOdPPHIHMEUTOBR M CBOGOTHBIX
WICHOB CHCTEMB! YPABHCHHH METORG CHII ANA HCPA3PC3IHBIX Danok..

CucTeMa YpaBHEHHMH MeTOAa CWJI  LIOAYMaeTIcs U3 YOIOBHA, YTO0 B
IKBHBATEHTHOM COCTONHHM OCHOBHOM cHcTemsl Q8JIKM BCE «YIIBl DACKPBITHAR
ONOPHBIX WapHAPOB A, (i =1,2,..., 7} AOTAHEl OBITE PAaBHBL HYTKO.

Hinke mnoxazaHo, uto 14 BeOpaHHOH OCHOBHOH CHCTCMBI 3HAYHTENGLHO
YIPOIASTCH W CAMO COCTABNEHHE CHCTEMBI YPARHEHHH METOIA CHII.
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M,

i-3 -2 Y
avli-
1/;‘ -1
1=2
B M,
A
i-1 i Moy

1,4,

Puc. 7.5

«¥Ypasuenue mpex MOMEHMO6» QR 3ANNCH CHCMEMbL YPAGHEN Il npu pacaeme
HEPAIPEINBIX DAIOK Memodon cli

Bridpannas paunoHANLHAS OCHOBHAA CHCTCMA DPHBOIHT K TOMY, 4To Niodoc
YPABHCHHE CHCTEMBl  YPABHEHHI MeTo/la CH, KpoMe AByX KpaiHux, Oyaer
COep&KATE TOILKO TPH IHALWNMX HCH3IBCCTHRIX OOpHLIX MoMenTos. Kpahuue
ypaBleiids GyAYT COACPHKATH TOALKO 110 JBY IUILBEHX HCU3IRECTHRIX.

FTO 03HAYACT, MTO UPH pelenuH 3aa4H B MATpivYHOM BMIe MaTpuia D
Oy/eT AMeTL HeHYNERBle FICMCHTHI TOSIBKO HA TNaBUOH AuaroHann (Aauarolanb
CHMMETPHIE MALPHLBL) H A8YX DOD0UYHLIX ANarOHANSX, LIPHMBIKAIIEX K Hell ciesa o
copasa (7.8). ‘

Ilpi y10M MOBOC YPABHEHHC CHCTCMBLL ypanlearil MCTOHa CHA MOXET ObiTh
1I0:1YYCHO U3 YPABHCHHA ¢ HOMEpOM 7 (nmepsblil vHZexe KOdPAHUNMEHTOR K
CRODOJIHOTO WICHA ITOr0 YPAaBHCHHA), KOTOPOC HMecT BuA (7.9), noucradoskoi B
HEI'O 3HAMEHHS /. PABHOIQ HOMCPY YPaBHEHUA.
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D= COn Ty G (7.8)
5:7\—-1»;_:2 \5;12-1,;\1—1 \ﬁn—l.n
L \5.-1‘};.-_—1 N
B Xing +8,, X +0; X +4;,=0 (7.9)

. Ypapuenue (7.9), uMes B BMIY HATHUHE B HEM TONBKO TpeX IHINHUX
AEH3BECTHLIX B BHZAC OIOPHBIX MOMCHTOB HCpalpesHoHl Oanky, Ha3bIBAKOT
«YPABHEHHEM TPeX MOMEHTOB.

IMpu 5ToM OKa3LIBASTCA BO3MOXKHBIM [PEICTABHTE BBEIDAKCHHA INA CTO
KOMPQHUHEHTOB H ¢B0G01HOIC YIeHa B BHAE YIOOHOM 1N pacHeToB.
PaccmoTpumM cHauata obmpH ciyyali, korma:
HepaspesHaa ©Oanka Ha [IpoleTe ¢ HOMEPOM [  MMECT JKCCTKOCTB
wa warub Ef;; '

- HATpy3Ka, a 3HAYMT W COOTBETCTBYlOLIas eif amopa M, Ha mpomeTe ¢
HOMepoM /. HeCHMMETPHUYHA OTHOCHTENILHO cepedHHHl mpolnera. LICHTp TamecTH
NIOLLAIY € MFOPhI PACOOAOKEH HA PACCTOAHAN @; M b, COOTBETCTBEHHO OT Nesoi
W [IPaBOIT ONIOPLL NpOICTa {CM. puc. 7.5).

Toraa nocne BHIYHCASHHS NEPBOTO HHTETPANA B COOTBETCTBYIONIKX hopMynax
Makceenna — Mopa ¢ acmonezosadueM GopMynsl A. H. Bepemaruua nonyanm:

L IM,-M,-_] PR

i

o | HE s (7.10)
2 2
o= | Miges ) Mgty fa (710
g W El, " 3EI, 3El,
MM, /;
1. -8, .. ,= i :+Idx= i+] . )
O b T e 2
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MM . MM @, ©,.h
loAy= | L | gy = O (7.13)
iEl o EL LI; ElL,
Beegem 0BOIIAYCHNSA:
El,=kEI I =1/k, (7.14)
TOC k;,— OTHOCHIC/EHAA 3KECTKOCTH Upoyera ¢ Homepom i, K/ — HekoTopas

JTamoHIas KCECTKOCTL, K KOTOPOﬁ OTHCCCHElI XCCTKOCTH BCCX [IPOJICTOB, .!',- -

fipHBeIeHHas JIHIA TPOJIeTa ¢ HOMEPOM /. YUMTLIBAIOIAS CTO KCCTKOCTE.
C yucToM 3TMX ODO3HAYEHMA YPABHEHME Tpex MomeHroB (7.9) momHO
TIpeACTaBHTE B BHIE:
- - - - g b
). X T { G bt M Wt 5 Nl
"E'XFI'JFZ([J Jr1';'+] )"‘\;+"IJ+I X = 6(',‘1 t ’j(’ / ). {7.15)
ity I il
J:[ﬂﬂ HAaCcTHOrQ CNyvad, Koldad BCg¢ 11pOiacThl DUlIKH  HMEKT QHUHEKQBY Hy
KECTKOCTh (B BBIpakeHHW (7.14) cmenyer mpmusSte k; =1), yparHenHe Tpex
MOMCHTOB HMECT BHAL
wa; Wb
) — TR
Lo X 2L+ ) Xl Xy = (’("[ T

i il

.. (7.16)

[Ipy yrom, it BapHiaHTa 3arpy:KeHHA OalKH HaTpy3KOH, CHMMETPHUYHOH Ha
K IOM 1UPOIETe GTHOCUTETRHO CepPeHAH nponeTa (a; =4 =1,/ 2), nonywmn:

LoXo 20 +40) X+ X = e+, (7.17)

PaccMoTpHM pAn NMpHMEpPOB MCHONB30BaHMA (POPMYilbl 3-X MOMEHTOB s
pacdera Hepa3peannix Handk.

IT'puyep L Hycrs rpebyeres noctpouts Mnopsr M ¢ O B oaromponerioi danxe (pue,
7.6) OT HArPYIKH CHMMETPHYHOH OTHOCHTENBLHO COPEUHEDB! DNHHE MPOIETA (HOPMANBHAN K UCH
HaTHH HAIPYIKA NOKA3aHa YCIOBHO).

Henonniorande GopMynel (2.21) NPHROAMT HAC K pesyReraTy: #=(4+3-0)-(3+0)=1.
ITO MOKA3HBAeT, uTO Oanka MMCET OAHY MOIHIOK CBAY: H COOTBCTCTBYIOINCE CH HIIHCC
HEMIBECTHUE,

Ana pacuera MeTOAOM CHA ITUR OINIH Pd3 CTATHYECKN HEONPEULIKMOH OJAHOLPOICTHCH
Bamky OKaILIRACTCH BOIMOKHEIM MPEICTABHTE ©¢ KaK HEPaIPe3HYK IOBYXOPOICTHYR) Danxy n
ROCTIONRIOBATECA PACCMOTPEHEOCIl BBIIE OCHOBHOM cHcTeMOH W NOTYYEHHBIM € €€ [OMOLILI0
YPARHCHUCM TPEX MOMCHTOB.

{1 3TOH IMeTBI0 3aMCHHM 3aelKy TIpoJeToM OScKOHEeYHO MANoi AnHHBl (puc. 7.6, a)
KOTOPBI HMCCT JKECTKOCTh Hd W3rH0 paBHyl mecTkoeTH Ef sanaunoit Gwuc. [Ipu stom nponet
OCCKOHEHHO ManmoH UTHHRL DyXeT HMeTe DeckoHedyHe OONblIyKy YISHbHYK SKECTKOCTB HA
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w3rul £/ /7). noyromy HJIC OCHOBHOTC 3arpyeHHOre npofeTa OailkH ¢ KOHEYHOH yEEIbHOH
KCCTKOCTBEO T /1, IIpH Takol 3aMEHE BaLICMIAIOWEH OLIOPLI NPAKTHHECKH 116 AMEHHTCA.

1lo Temept iUte pacyerTa 3aMaHHONA OJHONPONETHOH Oankm OoARHnacsk hopMankHAK
BOIMOMKHOCTE HCLOIB30BATh OCHOBHYIO CHCTCMY M €€ IKBHBATICHTHOE COCTOAHHMC B - BHIC,
wioBpaxcHHoM Ha puc. 7.4, 4. Kpalisaa cneBa On0pa [O-HPCHKHEMY OTMEHACICH KAk NylieBas.
HyMepauus [poneros HAYHHACTCS © MePBOIO,

a) ! : &

Puc. 7.6

Cuctema Q/IHH pa3 CTAaTHYECKH HEOIIpeaenkMa, IO3TOMY BMCCTO CHCTEMBI ypaBHCHHii
McTOma CHIT BiAA (7.2) MOMYYHMM TOIIBKO O/THO YPABHEHHE, KOTOPOC DONYYHTCH H3 YPABHCHHA 3-X
MoMeHTOB (7.17), noacTanoskoft /i =1:

. LoX, 20+ - X+, X, =3 e, +w,)., (7.18)

Tak kak X, =X, =0, @ =0, /, =/, w;=w n /| - DecxoHedHo vanax BenuvNKa, TO H3

(7.15) mosryauM:

Xy=-=—. ) (719
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MToayuenue manunnsx rmiop M & Q
RPH PAITHYHGIX HALPYIKAX, CHMMEMPUNHBX 1G RPOTeME
C NOMOBIEK TOJYHCHHOrC BRIPAKEHHS INA MOMCHTA B 3AIUEMNAOILEH ONOPE MOXHO
NOCTPOUTL IMEOPET M o ( I KOHKPETHOTO BHAA HATPY3OK, CHMMCTPHUHBIX HA MPOICTE DANKM.
Ha puc. 7.6, g L1 BuSpanHOi OCHOBHOH CHCTEMEI NPUBACHA 3Mopa M , Lipu paBHOMEpIO
pacnpenenenHoit narpyike. [Inomane smopul npenctartser coboii NMapaomuueckuil cerMeHT,
No¥TOMY (zlzq[3/l2. Toraa X, :r—qu /8. OTROMKWB OPIMHATY JTOT0 MOMCHTR CBEPXY OT GCH

faTKH, NOCTPOMM JHHING ONCPHEIX MOMCHTOB (f.0.M.) Dankm (JUTpHXOBAA IMHNS HA cxeme M
puc. 7.6, o).

OparHATH QKOHIATENLHON MIOPE MOMCHTOR A Ha Ganke MolydaloTca cyMMHPOBAHHCM
OTPULATCTLHBIX OPAMHAT IMopht M(1.0M.) € MONOKHMTCRBEHEIMM OpOHHATAMH OOEOPs M :
M=M(nomi+ Mﬂ. Panec vakag 3nopa, BONYYEHHAA CYMMHDOBAHHEM YKA3AHHBEX 3MK0D, YHe
ReTpenanace Hav {eM. npusep 2 noapasgena 4.1). Toneko smopa M, 1am ofo3navanacs M°.
[Tps npakTH:eCKIX pacycTax BerpeyaroTes ofa obolnadcHUA.

Kpome opannatel ~gl” /8 B saiesimiomed Ouope, KAk 3T 6B/10 NOKAIAHO B HPHMEPE 2

nogpazgena 41, S NOCTPOEHHA 3AORB! HA 3arpyEHHOM NPpONETe y,‘.'lOGHO BOCNO/IB3CEATECH
DPINHATOH B CEpeaHHC nponera, moNy-aemMoi 1] dopmyne BHI4 (4.2):
M =-gl* 116+ gl /8=gl* 16,

lonoxenne makcHmanLHOH opasHatel M A0 ATHHE NPONSIa YCTAHOBHM, ONPSIETHB
ceuenre, B KotopoM (O =0. llosromy suadane noctpoum mmiopy . [lockonkky 31a sniopa
NMUHERHAasA, Ui ee [IOCTPOEHHA JOCTATOYHO HMETH ABE OPIMHATEI, HalpHMep, B Havane (N) u B
KOHIC (K) mponera no gopMyle sraa (4.8):

Q=0+ B M) . gl (0-Ca"/8)

iy 7.20)
/ 2 ! 8§ 8

: 5
Otcroma nonysacm O, =F) =§q.’, p.=-F-= —%qﬂ 3mopa  nocTpocHa Ha PHe. 7.6,a.

TaMm ke nokasaHst ouopusie peaxudn V) u V, (ume ¥, u V) cooracrcreenno omop 1 (n)
1 2 (K) DRIKH {10 TPHHATOH HYMEPALUM B MECYHOR CHCICMe KoopawHar ais MKD, cm. pasaen 4).

HIOMo)eHME  CCueHHA ©  Hy1eBOH  OPAMHATOH 3mopht (). KOTOPU  COOTBETCTBYET
MAKCHMAABHEIA H3rubatoluMii MOMCHT R NpOIJeTe, OTPEMENUTCA, HAMPUMER, N3 CHETYIIICTO
YDABHEHYN PaBHOBECHS Yactd JaJIKW TpaBee cedetind DANKW, PACTIOIOMSHHOIO HA PACCTOAHNM X
OF MPAROH OMOpLE.

O, =V, —gx=0. ) {7.21)

Otkyaa cnenyer. ute x =3/8, To e 3HAUCHIUC TIONYYHTCA H W3 NOAODHS TPCYrOThHHKOR
amapkl ¢ (cM, cxemy (J Ha puc. 7.6 a)
MakcuMansubiif HIrMDaHUi MOMEHT B 3TOM CEYSHHR OUNPEICTHTCA W3 YDABHEHHA

paBHOBECHS U1 3TOH e uuctn Danen: M, =V, 3 /8-g-(3/8° 17 /2=5q1" /128.
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AHAITOTHYHO BLINOTHACTCS pacHeT OHIIOHPOHCTPIOﬁ fiamkn M IpA JIPYITX CUMMCTPHYMHEBIA 13

nposnete Harpyskax. HeoBXoauMeIc 478 PACCTa IHAUCHHA OPAMHAT 3MOp M, o (E100@Lci w
MPUBCACHEL HAa pUC. 7.6, 6, 6 ¢ COOTBCTCTBCHHO LPH USHCTBUM HA NPOJIET OAHOH, BBYX W TPEX
COCPEAOTOYEHHbIX CH.L.

Brropel M 1 QR oHONPONCTHOH Danky, paccdaTpurRacMoro rRuda (eM. pec. 7.G) npu
HanhOICC MACTO BOTPCHAKHIIMXCA HATPY3Kax GPHBcAcHL B Tadn. 7.1 {cm. tawwe Tabn. 2.1 B
yueGHoM mocobuu [3] v Tadbn. 5 B |8]).

Hcnonesys dopMyny YparHCHHA 3-X MOMCHTOB TNpH Harpy3ke HCCHMMCTPHUHON Ha
NPONCTE, MOXHO TAKKC TIONYYHTh COOTBCTCTRYROIIMG TaOMMUHBIC MIOPK YCUIMHI M 3HAUCHHS
OMOPHKIX peakuui ng paceMaTpuracMott banky (em. Tabn. 7.1, Tabn. 2.1 8 [3] u Taba. 5 B {R]). .

IMoctpocnunie & Tabn. 7.1 tabmuudpic INHPEl X1 OJHOMPONETHLIX  CTATHICCKA
HCOTIPENCAMMBIX DAOK NPH YACTO BCTPCURKIUMXCH B HIDKCHEPHON MPAKTHKES HAIPy3KaX yu0OHL
A UK TPAKTHYSCKOLIO HCHOALIOBAHHA.

I punep 2. Pacemotpum Danky, mobpaxedsylo Ha puc, 7,6,¢, KOrda oHa HMCET CLpaBa
KOHCOIs (pue, 7.7, a). [IpedmomowmuM, YTO 313 KOHCOL 3AUPYACHA COCPEAOTOYCHHOH cHaoid P,
OpUIoKENNoH Ha KoHUE ¥oHcomn. Koncods MpeacTamuaer coBOof CraTHYGcKH ONPENEHIHMBLR
ITEMEHT Danky, .HAa KOTOPOM B J060M CE4CHHM € NOMOLWSK) COOTBETCTBYHOUMNIX YDPABHEHWH
PABHOBECHA MOKET DbITh OUPENLIEH N3rNBAOILHIE MOMEHT W IOTNCPeYHAL CHATA. J1pH nocTpocHUM
uep M H Q Ha KOHCOIH OH# MOAET ObITh PACCMOTPEHA OTARNLHO (pHe. 7.7.6).

a) a) Pl

AN

P, @
A = = © //\

777 \ I
¥\ =3Pl /2 V, =3Pl /2 ¥, =3P /21 ¥y 3Pl 72+ P

“Pue. 7.7

OII}JCJLUHHB O]'lOpH};lﬁ MOMCHT ¥ BCPTHRKATRHYE) DCARIIMK) B 3d/ICNKC KOHCOMH, MOMTM
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FAMCHHTE BOSIEACTBIE KOHCONH HA OCTAILRYIO OAAKY BOJUCHCTRMEM JTHX YCHIIHH, [IPHIIOKEHHbIX
Ha orope 2 (em. puc. 7.7, a). HyMepauuw onop nenolssyem Takyio e, Kax B Ipedblayled Gaike.

Hoeucpeynas cuaa P, KOTOPas LCPCIEETCH (7 KOHCOME HA ONOpY 2, ROCTPHMCTCA 3TOi
OmOpoi 1 yennui B 6anke He gr130scT. [103TOMY BHIONHUM JansHERmMMi pacuer BanxH TONLKO oT
aeficrens narudaomero momenta P

[Ipon3seas 3aMeHy 3alLEMIAIONEH OMOPL! JOTIONHUTENLHAIM NPOIETOM GECKOHEHHO MAoil
JfHHBY W BeIOPAB  OCHOBHYIO CHCTEMY OalkKH NpH €€ pacueTe METOAOM Ci1 B BMIE,
npeacTaBAeHHOM Ha puc. 7.4, 6. 3annweM ypaBReHue (7.18) 474 ompedeneHHA THILIHETO
HEHM3BECTHOTO YCHIHA B BUAE OGNIOPHOIO MUMEHTA B 3aJENKe:

B X, A2 Ly X 4y Xy =0 (7.22)

B ommade oT upeasiayiero HpUMEpa, 31eCk HET HAIPY3KH B IPEAENax LpoaeTa, 103 1oMy
w, =0, =0. B Toxe Bpema, ouopubti MOMeHT X, HE pPaBeH HYNO, 3 PABeH MOMEHTY,
NEHCTAYIONICMY CO CTOPOHR! KOHCOMH Ha Danky. HyXHO TONBKO HMCTB B BHIY, YTO B YPABHEHWH
3-X MOMCHTOB BCC OMOPHBIC MOMCHTH] NPHHATH PACTATHBAHOIMMH HIKHHUC BOJOKHA 0anku, TO
€CTH MOIOMKWTEIPHBIMH, 4 MOMCHT, NeiicTBYHOIMHA Ha BaNky O CTOPOHBI KOHCOMH, PacTATHBACT
BCPXHHC BONTOKHA, T.C. OH OTPHIATCTLHEIA. [To3Tomy B ypasHeHue (7.22) nonetasuM X, = —P/.

B peayasrate w3 (7.22) noayunm: X, =--X, /2= pl/ /2 (puc. 7.7, 8).

Dmopst M u @ B Gaike oT AeficTBUA TONBKC OHOpHOrC MoMmedTa X, =Pl (nps
OTPC3aHHOH KOHCOMH) M B GaNike NpH HANMYHH KOHCONH NOCTPOCHK! COOTBETCTRCHHO Ha pue. 7.7, 4
u puc. 7.7, 2. Pazanaue cOCTOMT TOABKD B TOM, YTO [PH YHCTC BCPTHKAILHOTO ROZACHCTRHA
KOHCO/TH B ONOpS 2 K PCAKIIMHU, BLISRAHHOH OnopHEM MoMeHTOM X, = -P!, noGarnscrea peaxuns,
BbI3BAHHAA BEPTHKAIBHON Crilof P,

Mpuwmep 3 K «abnyunsimr HaskaMm OTHOCHTCT W oARONpeneTHas Ganxka ¢ aByMa
JALeMIBUOLUMK onopamu (puc. 7.8, a).

a)

&)

)

Puc. 7.8
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Takas Ganka TAKKS IPOCTO PACCYHUTHIBASTCA ¢ MOMOILBK) YPABHEHHMS 3-X MOMEHTOB, KAK
MpH HATPY3KAX CHMMCTPHYHEIX HA MPONeTe, 1aK W 11PH HECHMMETPHYIBIX Hal'pyskax. PacemMorpum
ofLmiA cinyuai, KOraa HATPY 3Ky HecuMMeTpradHa {pirc. 7.8, a).

3aMeHHB 3AIEMIAOLIHE OMOPR  NPONCTAMM  OCCKOHCUHO Mamofl  JANHALL,  TOIYUHM
HCPa3pe3Hyl Ganky C JIBYMT NPOMOKYTONMHRIMH onopamu (puc. 7.8, @). Onopuuie MoMexibl
X, W X, Hepaspe3zHoll Danki, PABHBIC ONOPHEIM MOMCHTAM COOTBCTCTBCHHO B Ncsoll # mpaBoii
JajenKax 3aqaHHol OANKI, NPHMEM 32 THITHAC HEeWIRCCTHRIC (pHe. 7.8, 6).

B sToM ciydae, moclefoBaTellbHO NPHHAB B YPABRHCHKH 3-X WOMCHTOR (7.16) 3Haucuus
i=1wui=2, n0onydunm 180 YDABHCHHA ¢ ABYMA HEW3BECTHBIMIL

2[-,\'1+f-)(:=—6%ﬁ};
(7.23)

I X, +20 X, = ei”T‘i)

OTCHga:
,
X, zf'l—in(Zhva),

24
2 (7.24)

X, = I;f’(zcaéh).

Ang MOCTPOCHWA OKOMUATENLHOR uoppt M (pue. 7.8.0) cHavana cTPOMTCA JLOM.
(UrTpHXoBas HITHA), WMSIOWAN OIPHUATEbEBIC OPIMHATBL. 3aTeM OT HCC OTKMAJLIRAKTCA
TIOMOKHTCLHEIE OPAHRATRL NHOPE] M),

Pewenne win Daikn ¢ CHMMETPHYHOR Harpyskol MONy4HTCA H3 3TOre oGlEro peucHns,
eci NpHHATE @ =b={/2 . Ilpn >roM nonyuutes X| = X, =-w/!.

‘Tabnpynsle 3MIOPE] A8 OTHOMPOICTHON GATKH ¢ ABYM# 3alIEMIAICLIMMU ONOPAMI LPH
ACHCTBHY HCKOTOPBIX KOHKPCTHEIX Harpysok npuseiacin: utadu. 7.1, (em. rukke Taln. 2.1 B [3] u
Tabn. 5 r [R]).

7.3. Cayyail 3arpysccHHA Hepazpe3Hoif fallkn 3a/aHHEIM MOMEHTOM
Ha KpaliHel wapnupnoi onope. [loHATHe 0 POKYCHBIX TOUKAX
Oononpoaemnan daika

Pacemorpum 2mnopy wirndarownx MoMenTos M Ha omnonponeTHod Ganke,
LIOCTOCHHYIO B IpUMeEpe 2 TPeAblay1Ielo noAPasiena 0T 3aHH0IC HA WAPHUPHOH
ONepe OMOPHOrO MOMEHTA (CM. puc. 7.7, €). |lpy OTCYTCIBUM HAIPY3IKH B LIDEACNAX
upojgetd OanKM 20K0pa Ha NPoOAeTe NPAMOIHHEHHA. Ee OpAMHATHLL OUPAHMUEHBI
TiHHel, npedcraspiuell coOOH JIMHMIO ONOPHBIX MOMEHTOR (n.0.M.). Touky
NePeCceueHHs ITOMH NPAMON THHNAKM € OCHID DAIKK HAB1BAIOT «POKYCHOH TOYKOI»,

Mpu sawemamomedl onope {3ageaxe) Oanku cieea QoycHaa rodxa
pacnonoxeHa Ha uposaere Sanxu Ha paccfo;mnn ¢> =1/3 oT 3azenkm n HazBIBACTCA
«IeRoit QoKyCHOR TouKoil» (prc. 7.9, @). [IpH 3cpRaNLIIOM OTpameHHH cxeMbl Oanku,
saleKa OKaxeTcs cnpasa (pHe. 7.9,6). (PokycHan 104Ka CTHHET «IPaBOH (POKYCHOI
TOMKOIT: HA TIpOJIETe ¥ OYST PAclIoNONEHa HA PACCTOAHAN <) ={/3 OT 3alenkn.
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B ofoux crny4asx npHHATO, YTO OMNOPHBLIH MOMEHT Ha LIAPHUPHOH omnope (o
BXOMMT B (opMymy 3-X MOMEHTOB KaK OMOPHBIH MoMeHT X,) M3BeCTCH (B AaHHOM
cnyudae X5 =—m). Torna X, =-X,/2=0.5m

[Mockoneky BCe OpAMHATHL JMIOPbI M OTIOXKEHBI € PACTAHYTOH CTOPOHbL
CTEPIKHA, TO MFOPA NO3BOIAET H300pa3NTh BHA M3OTHYTOH OCH Gankh (IITpHXOBad
muaug Ha puc: 7.9, a, 6). Hynesol opannare smopsl M COOTBETCTBYET TOUKA €
HYJIEBOH KpHBH3HOH Oaiki, T.e. TOYKAa Ha OCH Oalku, B KOTOPOH HPOHCXOIMT
H3MEHEHHE PACTAHYTOH CTOPOHBI OANKH.

&)
8) = 4 g =
_ﬂ "."0 -
T 2 Xy=-m
=113

i
I
~
—
)
]
—

.

Pue. 7.9

Heyxnponemnan banka.

PaccMoTpuM  ABYXHpOJMeTHYHO 0anky 3arpyKEeHHYI TONBKO OMOPHBIM
MOMEHTOM —m Ha npaBoil mapHupHOil omope (puc. 7.9, ). banka oaun pai
CTATMYECKH HEONpeienuMa. 3amuuieM il Hee ypaBHEeHHe 3-X MOMEHTOR B oOuenM
Buze (7.15):

20+ L)Xy +1 - X5 =0. (7.25)
(3necs yareno, uto X, =0 u ; =w, =0). Torna sensBecTHLIl ONOPHEI MOM
X| MOMKHO TIpEACTaBHTh B BUAE: -
Hi==sd, (72
rae (¢ yuerom (7.14))
I

I, Lk L. ElL i _
Ky =2+ =2 2 ) = 2( 24 ) = 2(2 41 - ‘
2 (]2 ) (,2 K ) (,2 A, ) (ﬁ ) (7.27

npejacTaBnser coboif OTHOIIEHHE H3BECTHOTO MOMeHTa X, Ha npaBoil o
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nponeTa 2 K HCH3BCCTHOMY MomeHTy X Ta Jepoit omope. [loCKONBKY 310

OTHOINEHHE CBA3AHO C ICEON (JOKYCHON| TOUKOH HA MPONCTC 2 Cro HA3LIBAKOT «ICBIIM
GOKYCHBIM  OTHOIIEHHEM OTIOPHRIX MOMEHTOR Ha HE3arpyXeHHOM 1poneTe ¢
HoMepoM 2, 3HAK «MMHYC» B OTHOLICITHH OTOPIEBIX MOMEHTOB Ha NMpaBoil M IeRoit
QIopax MOKa3kEBaET, 9TC OHH MMET PA3HbIE ZHAKH.

B nocneaucwm paeenctre (7.27) McONBI0BAHA BeTHYHHA

=2 (r=12), (7.28)

KOTOpas MpeacTaBIieT coboll yienunyo (DTHECCHHYIO K eTMHHYHOR MNHHe NPoNeTa)
HECTKOUTH HPOJIETA ¢ HOMEPOM F. JTY KCCTKOCTL HIIOIIa HA3LIBAIOT «IOTOMHOM
HECTKOCTREO®.

O6patumM RHHUMaHHE Ha 1O, WTO Jesoe orycroe omuoweiue K, onoprsix

sovenmos (7.27) 306UCtim He MOILKO O OWIHOWENUs HecmKOCmel npoaemos 2 u
1, no u om omuowenus ux dann. Viz nocnesrero pareHcTra (7.27) BUIHO, YTO st

oipedeacnun Ky MOKCNO uchnoab3osame Makice OMHOWEHUE WIOIBKO YoeTbHbLX
acecmrocment iy u i) npoaemos, nedxodsux Kk onope 1 ¢ HeUISeCmHbIM ONOPHbIM
arovenmom Xy, IoIToMY B dalmbHeHIIEM H3 IPHBEACHHBIX HCCKOIBKHX BO3MOKHEBIX
BBIDIKEHHE 1A onpeaeneHHa K5 O¥/IeM HCTIOAR30BATH REIPAKSHHE
, I
Ky=20+1). (7.29)
]

TlpumMcHEM 3TO BbIpaxkeHHe NN HCCNeOBAHMS RIMAHHSA 3HAYEHUA YISIRHLIX
KECTROCTEH §j M i, Ha svadcHMC K, M Ha 3HAYCHHC HCKOMOTO OMOPHOrG MOMEHTa
X, (7.26) npu ycnoBHM, uYTO OMOPHBIH MOMEHT X, FPECTARINET W3RECTHYIO
NOCTORANNYIO BemwuuHy (wa puc. 79, & X, =—m} H YyACIBHAL NECTKOCTH
iy = Efy /1, Ttawxke nocToAHHa.

1. Hcecaedosanue, ceA3qunoe c yeenHYeHHeM ROOHHON NCECIRKOCIMH
i =Ef /L. W3 popaxenna (7.29) sMauM, 4To 1IpH YBCJIMYCHHH TIOFOHIIOMN
keeTkocT  §y = Efy /], mponera 1 (em. puc. 7.9, &), sHauenwme K, Oyaer
YMEHBINIATRCA, YBenmueHMe J =Lf /f, mower ObITE CBA2AHO C YyBEIMYCHHEM
KECTKOCTH £7| M ¢ YMCHBIICHHCM ATHHLBI NIpo1eTa /| .

Hpemronoaum, 4To xeCTROCTL GATKA Ha 060HX IponeTax OJHHAKOBA M paBHa
£l Torna ypeIudeHHE NOFOHHGW KECTKOCTH OVIST CBH3AHO ¢ YMEHbLUICHHCM
{VIMHbE OponeTa /).

Mpu §, 50 i =(EN/}) > =< u oraomenwe (i, /i) — 0. Torma usz (7.29)
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K5 — 2 u 38auenHe onopHoro Mmomenta u3 (7.26) X; — —(0.5X,)=0.5m.

W3 nopobusi TpeyronbHUKOB Ha dmope M ¢ MONOKHTENBHBIMH  H
OTpULIATE/ILHBIMI  OpJMHATAMH BHAHO (oM. puc. 7.9, ), 4T0 W3MeHseTca H
paccrosiHue ¢ . JeitcTBuTtensro, npu 5 =/:

€ _(h-¢)
X~ X ' I

{

(HIX_Z Ta+Ky) @31

|x :I

IMpu K, —>2 w3 (7.31) cumeayer, uto ¢, = (/,/3). Iro no:u-mf.:'mol

COOTBETCTRYET Criocofy 3aMeHbl 3alleMsIolIeH onopsl Ganku Gecxoueqno MaJTbIM
rpoerom /| — 0.

|

2. Hccnedoganue, ceéazaninoe ¢ YMEHbUICHNEM ROZ0HHON HCECMKOCMU
iy =EI /.. W3 peipakenusa (7.29) BuIMM, YTO NPH YMEHBINEHHH TOTOHHOM
wectkoctn iy =El /I, nponera 1 (cm. puc. 7.9, 6), 3mauenne K, Gyner
yBeUuMBarbes. YMenbiienue i = EI /I moxer ObiTh CBA3aHO ¢ yMeHbmeHneM‘
#ecTKoCTH El| M ¢ yBelMueHHeM AIHHLE nponeTa /).

Tlpeanonoxum, 4T0 AMHA NPONETa /| OCTAETCS MOCTONHHON H PaBHOI JUTHHE |
nponera l; (/, =/, =1).. Torna ymeHblileHHe NOroHHO XkecTkocTH I = Efy /1, Gynet
CBA3AHO ¢ YMEHBIICHHEM kecTkocT Ely nponera /.

Ipu EIL >0 i =(EL /1) — 0 n otHomenue (iy /i) — . U3 (7.29), (7. 31),
(7.26) cooTBeTCTBEHHO chenyer, uto: Ky =, ¢; = 0: X; —=0.

DTOT BAPHAHT COOTBETCTBYET CIIyHal0, KOT/A MEPBbiif MPOeT M3- 3a HyJeBoil
weerkoetd  Ely - dakrnueckn  orcyrerByer. Onopa 1 craHoBuTCS Kkpaitneil

5TOM NpHET mpAMo B omopy | (Ha puc. 7.9, 6 oHa nokazaHa TOMEUHOH nuHHEH),
Taknm oBpazom nesas GOKYCHAs TOYKA Ha BTOPOM NPOJETe NPH LIAPHHPHO! TIeB oil
OInope COBNANAET ¢ LEHTPOM OMOPHOTO AapHHPA.

[TpoMekyTOUHBIH BapHaHT Sm0psl M HA BTOPOM M IEPBOM Mpojierax mpi
PaBHBIX MOTOHHBIX KECTKOCTAX MPONeToR (i = i, ) mokazaH Ha puc. 7.9, ¢ mTpHXoBoi
nuuueit. Ipu stom u3 (7.29), (7.31) u (7.26) coorsercTRenHo nonydaem: K, =45
e =l/4; X\=-X,/4=m/4.
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Hony4us onophbiit MOMEHT X| = m /4, MOXKEM JOCTPOMUTH IMIOPY MOMEHTOS
H4 MCPBOM poCcTe GaTkH, TOCKOIbKY HAM H1BECTHO, YTO OHA 3MIOPA NPAMONHHERHA
¥ 4TO MOMCHT B KpaHHeH 1eBoft WIapHMpHOH OHOpe MePBOro MPOIETA PABEH HYITHO
(cm. pue. 7.9, ). MHBIMYW cnoBaMu, HAM H3BECTHO, YTO /1eBaA (BOKYCHAS TOYKA Ha
NepBOM MPONETE COBNANACT C JICBOH LWAPHHPHOHA 0110poit.

OO6paTHM BHHMaIHE HA TO, YFO JNA TIONY4eHHA BenHuuH K|, ¢, X, Ha 3ToM
ApPONETE MOXKHO HCIOQNBL30BATL COOTBCTCTRCHHO (opmyan (7.29), (7.31), (7.26).
ToabKo caeAyeT YMEHBIIUT Ha CAMHHILY VHACKCH), BXOMALINX B HUX BEIv4HH. [1pu
3TOM MOABHTCA BEIHYHHA TIOTOHHOH KecTkoctW i, = Ef /{, Hecymecrsywmero
nponera /. TTockousky B ASHCTBHTCABHOCTH TAKOTO HPONETA HET, OYASM CUHTATh,

uto iy = Ef /I, =0. Kak MBI yKe BUOCTH OPH BBIMTOIHEHHOM BBILIC MCCNCIOBAHHY,
3ITO JOCTHIAETCS, ABYMS CIIOCO0aMU:

1. JloGapnennuli cneBa ((HDUKTHBHEBL) HPOJIET HMEET TAKYID K€ JUIMHY KaK
peaisabiii lepieii tiponer (I, =1 ), a xecTkoeTb nponerta £7, =0.

2. JobapheHublit cneBa (QUKTHBRKIN) TPORET WMEET TAKYH) KE HECTKOCThH Ha
u3THO, KdK peannuEerit nepeeli mpoter (£ = E1)), a ero anmuna /) = .

Torua u3 ykasauHelx (opMyn COOTBETCTBEHHO TonydHM: K=o ¢ =0; '
X,=-X,/K =0,

Baaka ¢ qucnom npoiemog boace deyx

PaccMoTpHM HepaipesHylo DafKy ¢ HHENOM HPOICTOR, PpaBHEIM #+1>2 (owm.
prc. 7.4, ). Takaa Oanka » pa3s cTaTH4ecKd Heonpedeiuma. Tlpk e¢ pacucte
MCTOUOM CHII HCODXOAMMO COCTABHTH M PCIUHTE CHCTEMY # YPABHCHMH C R
THITHUMHE HCH3RECTHRIMH. Jna BuIOpaHHOH palMOHANBHOR OCHOBHON CHCTEMBI
(cM. puc. 7.4, £) gKakg0e ypaBHEHHE CHCTCMB YPABHCHHH METOJA CHI HMeeT BHT
YPABHEHWUA C Tpema Hem3pecTHbIMH. B obiuem ciytae Takoe ypaBHCHHE HMCCT BHT
(7.15).

B paccumarpuBaemoM 31ech YaCTHOM CIydae LEPOMCTHI HepaipesHoil Gamku
HC3AIPYXKEHbL, 4 HArPY3Ka MPEACTaBNENa TOJIBKO 3A04HHBIM MOMCHTOM Ha kpalincii
nparoit onope. TIpH HTOM OKA3BIRAETCS ROIMOMNKHBIM LOAYUHTR OOLICC BBRIPAKCHUE
And BLIMHCICHHMA JICBOTC ONOPHOIO MOMEHT4 Ha mobom mpodere Oaikn 110
W3BCCTHOMY TipaBoMy onopHomy MomeHTy. Jias Hepaspesoil Oaiku ¢ o
HEHIBCCTHRIM  OFOPHEIM MOMEHTOM STO MPOACMOHCTPHPORANG HA TPEABLAYIIHX
HIpPHMEPaXx.,

TMpn Apyx 1 Hosec HCH3BCCTHBIX HEODXOINMO PACCMOTPETE H BTOpoe u OoJlee
YPABHEHHH TPEX MOMEIITOB.
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IIpy 722 paccMOIpiUM  BTOpPOE  YpamHenMe 3-X MOMENTOR CHCTCMEI
YPABHCHMI METOJA CHI, TIONaraf, 4To B ypaBHeHMH obulero BHaa (7.13) npuuaro
i=2.Toraa monyuum:

L X+ 2L+ B)- Xy + - Xy =0, (7.32)

[Moncrasum B Helo peunreHHe (7.26), DONYYEHHOE H3 TNEPBOTO YPABHEMMHA.
Torna nonyuum

—hy X /K420 + ) Xy + 1y X,y =0

Orcroaa )
Xy =-X3/K,, . (7.33)
rag (¢ ynetoM cooTHomenwit (7.14) u (7.28))
5 A 5 ! ; 1
Ky= 2 /Ky + 224D =2+2(2-—)=2+2(2-—
3=y ([3 ) 1)( K2) {.2( Kz) (7.34)

ipeacrasiseT coboil nesoe GOKyCHOE OTHOUCHHE A TPICTC HEPA3PC3HOH Ganku ¢
HoMepom 3 (cM. puc. 7.4, a).

Paccrosinne 01 1eBoil ONOPH 10 NeBai GoKyCcHOH TOMKH Ha IMPONCTC ¢
HoMepom 3 onpeaenuTea 13 dopmynel (7.31) npe yBeanueHMH 8 Helt HHASKCOB Hl
SIMHALY.

TMonyucHHBIE BLIPAKCHHS MOKHO [EPEACTABUTS B 0fileM BHE!

{ I { |
K,.=2+—’L’—1 20— =24 L (2— 3
lr ( Kr---l . ir -1 Kr -1 ) (7 i 5)
X =—X, /K, (7.36)
[Tockonsky JeBoe GOKYCHOE OTHOMEHNE HA MEpBOM TiponeTte (i =1) nipecTHo

(K, =), @iropdT™ BeMHCIEHHA NeBLIX (OKYCHLIX OTHOWIEHMH HAa MNponcTax

Hepaspesuoil Ganku mo Qopwyne (7.35) HauMraeTca co BTOPOTO ApoacTa (7 =2).
3arem (mpH TpexniponeTHoft banke) Ang v =3 onpcacaicrea Ky uT.A a0 k=n+1 |

o dopyyie (7.36) rHaobOPOT, MO HARECTHOMY CAMOMY TIPABOMY -OMO{PHOMY
MomenTy X, ., =—# Ha OIOPE ¢ HOMEPOM r =n+| mponeTa r Hepaspcinoi Gax
MOCTENOBATEABHO  ONPCACISIICH OUOPHBIE MOMEHTH HA OMNOpax ¢ MeHBID
rroMepoM. Jia ABYXLpoieTHOH Ganky Takumu MomeHTavin Oy ayT MoMenTsl X (mpd
pAacCMOTPEHHH MpoieTa ¢ HOMepoMm r=2) B X, {OpH PacCMOTPEHHH (1EPBOT
nponera. [lockodeKy oTiowekne K| =« noryuum X, =0, g

PaccMOTpeHHaa npoUcaypa pacueTa HepaspesHoil Gainku no gopmynan (7.3
u (7.36) orpaxaer 4acTHBH caydaii TAK HalLIBAEMOTO «CTMocofa TPOTOHKY
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peweHns  aarebpanyeckoil CHCTEMBI YpaBHEHHMH € TpeXAMaroHaJIBHOH MaTpHuci
KO)DGUIHEHTOB TIPH HEM3RECTHEIX BCIHUMHAX.

Crocof TpOTOHKM 17 YAcTHOIO CAy4as 3alPY#eHHA HepaspeiHol Oasaku
OTOPHBIM MOMCHTOM Ha KpalHel Npapoii onope COCTOMT B ABYX MpoLeaypax,
KOTOPBEE MOKHG OPETICTARHTH CXEMAMH!

1. Tlpavas nporouka: K, = K, —» .. — K,,,, (npu nu3scctHoM K| =x )

2. O6patHas uporovka: X,,, — X, = ...— X, (0pu useecTHom X, | (34eck
Xn+l =~—m ))'

s onpeneNeHHA MOI0KCHHA NMEBBHIX (OKYCHBIX Todex B rnponerax OaTKH
MOKHO HCIIOMb30BaTh GopMyTTy

N

I}

r

c, = m . (737)

IT p u m e p. Jouycrm, 910 Hanka, H30OpaKeHHAT 1a pHC. 7.4, 4, UMEET UcTRIpe Npo.eTa
{puc. 7.10), T.e. oHa TPWKIB CTATHHECKH Heoupeaenwma (n=23). Ee onopul umeior uomepa
r=0,1,234 .

Xy = —0.072m /
I L 3

Y = - N Y. Y
4 £f 2 \\ ’/

X, =0.018m

X, =027m
Puic. 7.10

Ha nipaBoii onope ¢ HoMepoM 4 3a1ai onopHbli MOMEHT, pACTATHBAOMIMI BEPXHHE BOJIOKHA
danku X,y =-m. Tpebycrea nocTpouth 3niopy M 78 BapHanuTa, KOTAA SKCCTKOCTH BCEX
TIPGNCTOR PABHBI APYT APYTY W PaBHBE £/ W JUTHHEI BCEX PONCTOR PABHLL APYT APYTY U PaBHE [

Jas noctpoenna smopnl M ¢ nmomonnie modydeHHslx  dopmyn (7.35) u (7.36)
HEODXLANMO:

— BBIMHCHHTE HOIOHBBIC WECTOCTH 7, (7.28) [uim BCSX 9¢TLIPEX NPONEIos;
- BBUIONHHTE (IPGUCAYPY NpaMOH MPOrOHKH W MOCASI0BATeABHO no ¢opmyne (7.35)
BLIYHCHTL NSRBI JOKYCHLIC OTHOMEHNA K, | 774 BCexX ueTLIpex mpoaetas (+ =1,2,3,4 ¢ yyeToM
Tora, 1o K| =50).

— BBHIMTHHTE MPOUCTYPY OﬁpaTHOﬁ MPOrOHKH H MOCNCIOBATCIEHO, HAYHHAA C 331aHNOrG
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MOMCHT2 X, =—m, o Gopmyac (7.36) RRIYNCAUTA OPIHEATH MOMCHTOB Ha onepax 3, 2, 1, 0;
— QTIOMHTE BRITHCICHHBIC GPAMHATH ¢ YHCTOM HX 3HAKA OT OCH DalKH;
— TIOCTPOWTE NHHAH CIIOPHBLE MOMEHTOB HA KAKIOM [IpOJIETe.
PeayneTarThl BEYHCIEHHH NpUBeaeHhl B TabIL. 7.2,
Tabnura 7.2

Brraucinae Mele Heowmepz npunetor Gamm

BEIHTHILT 1 2 I 3 4

5= EL L 1 i H B
i 1

K. =2+2 (i--—) E =0 Ey=4 Ky=375 K, =373
Tl “al ;
I,

r=0+Kr.) =0 ;=02 C;=U.21f. gy =021
x X, =0 X =0018m | X,-0072m | X3 =021m
A, X =0018m | X,-00Mm | A3=027m X, =-m

B tabn. 7.2 npuBcacHE TAKKE PACCTOAHMS ¢, OT JeBofl OMope NponcTa Ao neeoit dokycenol
TOUKN, RRIMHCICHHRIC JITT Kak0ro nponeta no dopsyae (7.37).

[lo meiuMcIeHHBIM opAMEATaM TocTpocHa amopa M (puc. 7.10). Kak BMaHO 3HAaueBH:
OMOPHEBIX MOMCHTOB OLICTPO YMCHBIIAIOTCA C YIATEHHEM OT 3arpyKEHHOH Omaps!.

Bee smemble (HoxyCHBIC TOUKH PACTICICHKCHB B OpCacIaxX NCBOH TPETH COOTBETCTRYHOIIHX
TPONIETOR.

3azpyrcenue BarKin oROPHBIM MOMEHINOM Ha Kpainei 1e6oi onope.
Hpassie poxycrusie mouxn. Coomeememeyroniue gopmyisi crocoda RPOcoRKH

Ecnw npuaoknTe k Oanke, nzodpamenHoll va puc. 7.4, @, Harpy3Ky B RHjE
MOMCHTA Ha onope ¢ Homepoy (. TO BCA pacCMOTPCHHAS BRILC TIPOLEAYPA PacicTa
ocTaHnercs D83 W3MEHEHUR, HO H3MEHSTCH HHIEKCRI B MONYYSHHLIX RRIIIE PAcUETHRIX
dopMynax cnocoda OporoHKH.

Tpyu TakoM BapHaHTE 3ATPYHEHHA DANKH IMOPKI MOMEHTOR Ha CRODOJHBIX OT
Harpys3Kky nponcTax OYAYT HMCTh BHA IIPAMBIX NHHHUIL, [ICPCCCKAIOILMK OCh DallKn B
ApaBkIX (JOKYCHBIX TOUKAX. PACTIONGAKEHHMX B Mpelenax NMparhlX TpeTel MponeTos.
310 6bLUIC MPOAEMOHCTPHPOBAHO BRILE HAa [PHMEpE OAHOMPONETHOH Ganky
{cm. puc. 7.9, 6). )

[Mpoueaypa cloceda UPOrOHKH B 3TOM BAPHAHTE JATPYKeHHA SATKH ONOPHbIM
MOMEHTOM Ha JIeRoH KkpaifHell MapHHpHOH onope Ha4HHAeTCA ¢ NPAMOH NPOToHKH
CTIPABA HAICBO IO NONYYCHHIO NpaBbiX (OKYCHBIX OTHOLICHHHA 10 Qopmyire:

l 1 [\ 1
Kio=2+l2 o2 g (7.38)
Ir Kl'rl Ll Kr+l
{lpy 3TOM. ROCKONLKY ANlA KpafiHero mpasoro nponeTa ¢  KpaHdeii

mapuuproit onopoli npasoe GOKYCHOE OTHOWEHHE H3BecTHO (K., =), To
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onpefenende  npaBbiX  GOKYCHRIX  OTHOLIGHMA [0 TpdBeAeHiol  dopMyie
EBITIONHACTCS MOCAE0BATETLHON MO;ICTAHOBKOH HOMEPOB NPONCTOR ¥ = #, ..., 2, L.

[Tocne polUIONHCHMA npoucaypbl Hp’lMDﬁ IIPOI'OHKH, BbINOJHACTCA 06paTHaﬁ
NpoTOHKa IIpPH KOTOpOf’I, HayHuHad ¢ 32aJaHHOrQ OlMOpHOre MOMEHTa XD=7m,

NOCHENOBATENEHO BBITHCAMIOTCA BCE OCTATRHbIE OTIOPHBIE MOMEHTE o dopMyne
—
Xr -7 r—l"‘Kr' {7.39)
ITpu 3TOM NOCHCOOBATENBHO PACCMATPHBAIOTCA OpoNeThi € ¥ =1, 2. (n +1).

TMpumeyanne. Cnocof6 MpOroHKY PEUICHHA CHCTCMBL  VPAaBHCHME McTOna cum ¢
TpeXAHaTOnansHoit mMaTpunelt npy pacueTe HepaspesHoil Ganky peamiiopatca B Gopmc crmocoda,
KOTOPLIA MOXKHO Ha3BaThs «cnocofoM (OKYCHBIX OTHOLLEHMH -OMOPHBIX MOMCHTOB HCPa3pe3HOM
BAIIKH Ha He3arPYKEHHBIX [POIETaX» HIH «CITOCOO0M MOMEHTHBIX (POKYCHBIX OTHOLUICHIHY.

I'lpuueuypa ONDENENSHHA MOMEHTHBIX L]JOK}’CHI:[X OTHOLUCHAA  HAMHHACTCA  C Yxe
HiIBCCTHOLO QJUK}’CH()FO OTHOLWIEHAA ATA ]\'pai‘[HEl‘O TIpOJETA.

OOpaTHM BHYMaHHE, YTO NPX KpaiHell cheBa LIapHWPHOH onopc OHa HMeeT Homep 0, a
HAIUMHAKIWHACA OT Hee TIpONET HMEET HOMCP 1. [lpH 3TOM H3BECTHBIM JCBBIM [b()KyCH]:IM
OTHOLICHHEM AB/IACTCA BEJIHYHHA KI o, .

Eciu e nepoi Kpai&ﬁeﬁ OHUPU]‘& ABJIACTCA 3alUeMIIdrolias ornopa, Te caMda onopa B
1IPHHATBIX 0003IHAYEHHUAX A1 HCOJL30BAHNHA d}OpMyJ’[BI 3-X MOMEHTOB HMeeT HOMCD 1, a
HAYHHAKILIHICA OT Hee TIPONET HMEET HOMEP 2 “p}'l FTOM OKaib[BAETCHA, HTD AN TIPOJICTA,
HOIYIOErQ OT 344€f/IKH  JICBOC (bOK}'CHDC OTHOWEHHE TOKC HIBCCTHO H COCTABIACT RCIIHYHHY
K,=2. _

"ITO OTHOCHUTCSH M K 3ANEITKC HA TOCHSAHEM IPONCTC Hepa]pe3110i7| Ganku crpaBa: HOMEP
3GIENKH 1 HOMEp Niponeta DyaeT paseH a1, [lpn >TOM H3RCCTHRIM OvaAeT Npasoe droxycHuve
ornowenne K =2.

7.4, Ciyuaii 3arpysKeHHH 0MHOI0 OPOJIETA HEPA3pe3Hoit Ga ikn

[Mpeamonoxum, ¥To B liepaspesnoil Ganke 3arpyxeH HEKOTOPLIH OOHK NponeT
¢ HoMepoM 4 (Ha pHc.7.11 Ha 3arpyXeHHOM LIponeTe (10Ka3aHa TOMbKO 110 .M).

Puc. 7.11

Pacuer Ganku NeBee M MpaBee 3ArPyXEHHOTO MpaIeta ObUT TONBKO 4TO
PaCCMOTPEH B PC3YABLTATC PCLUCHHA YPABHCHHH METOA CHIN B BHIE YpPaBHEHHI 3-x
MOMEHTOB. 3AlIHCAHHLIX A APOJCTOR JIEBCC H MPaBec 3arpyeHHolo upoicid. [pu
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JafaHHOM 34TPYRCHHH OafKM OCTATOCh PACCMOTPCTh /BA ypaBHEHWA W3 Bcefl
CHCTEMBI YPABHCHMI 3-x MoMel108. B 00LLEM BHAE UX MOKHO 3AMHCATE ¢ MOMONIEBIO
ypasHeHHa (7.13), npuuss B Hix i=k--1 1 i =k. DTH ABa YPABHCHMA 1101Yy4aICs B
RIC (0, by, g, H3BECTHBIC TIAPAMETPEI HTOPBI M |, HA SATPYIKCHHOM LIpQJIETE & )

Ypasuenne (k—1) 7, X, 5420, +L ) X, +1, - X, -—6((2"?“ %;
Kk

Vpasuenue (k) Lo Xy 420+ ) X+ X :—6(0;"‘?"\)
il

Bripazum onopuetit Moment X, _, ¢ nomowpro BeIpaskeHHs (7.36) uepes
OMopHBIH MOMCHT X;_ Ha ACBOI OMNOpC 3arPyXCHHOrO TPONICTa, AHANOIMULD
BBIPa3HM A ., ¢ [IOMOLIEIO BHIpaxenua {7.39) uepes MomeHT X .

[locne oToro pemum ABa YpaBHEHHA C© JABYMSA HECH3IBECTHBIMH OIIOPHBIME
MOMEHTAMH 3arPYREHHOTO NPoJceTa. B pesynsTare TosryquMm:

X, = 6(1)2,\(}\’,1.5‘. —ak); X, = 6@:‘,(!\’,;.(1‘ — by )'
L (1- K Kp) i1 - K K}

A8 4aclo BCTPCHAOLICTOCA YACTHOIO CHYHas CUMMETPHYHON HAFPY3KH Ha
3AUPYXEHHOM [POJIETE ITH BLIPAKEHHA IPHHHMAIOT BHL
= 3o, (K. - 1) L X, = 3o (K, 1) ‘

L(- KK L(1-K,K)

(7.40

(7.41)

Arcopumm peuwtenun 3adauu cRocoDOM NPOZONKY RO HOCHPOCH W IpE] M
HPH 3a2PYNCEHII 001020 RPOICHIA HepazPe3tol DAk

L. Onpeens1oTes (IOTOHHALIE WeceTKOCTH i, (7.28) npoTeTor 6anku.

2. [psiMOH NPOroHKOH clIeBa HAIIPABO [TOCNSAOBATENRHO QIIPEARIAIOTCA JICRLIE
thokycusie otHoweHus K, (7.31) ans Beex nponetos OayIKn, HAYHHASL ¢ W3BCCTHOH
penuuuiLl K| =co apu kpalinell cnesa IAPHHMPHOH oOmope. HIH © H3BECTHOR
BCIMUHHBL K, = 2, ecM KpafiHeil cheba ABisieTcs 3adenka.

3. TpaMoit mporoHkol clipaea HAACBO MOCTCIOBATEIRHO ONMPEICITAIOTCH
npasble GokycHbe oTHomends K, (7.38) ana Beex NpotetoB DaNKH, HAWMHAS ©
H3BECTHOH BenmuuHbl K, =c [OpH KpaHHel CRpasa [APHHPHON onope, WIH ¢
H3BECTHO Bemunuubel K, =2, ecid KpalfHelH cripaRa SRNACTCA 3a/I0Ka.

4. Ha 3a1pysKCHHOM DPOJICTC C HOMEPOM K ONPCICIACTCH LUIOWAAD @), 3ITOPL
MOMEHTOB OT 3afallfOf MaFpy3kM M pPaccTOSHMS @ u by COOTBETCTBCHHO 0T

JMEBOH W ﬂp&BOﬁ OITOp 3arpyRCHHOTO TIPOJIETA /10 NEHTPA TAKECTH INMOWATH () .
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5. OnpenensoTes OTIOPHEIE MOMEITET HA 3aTPYKEHIIOM TIPONETe Mo (popMynaM
{7.40) npy HecuMMeTpUYHONH Harpy3ke Ha mponere unu no topvyne (7.41) npu
CUMMETPHYHOMH Harpyske.

6. C noMowbw Jeewx  QOKyCHeIX  OTHOWEHMA 110 opyyne  (7.36)
ONpeAeNATCA OMOPHBIE MOMEHTEI HA OMIOPAX CERA OT 3arpyKEHHOTO NPONETA.

7. C npoMowpr 0paBbX (OKYCHBIX OTHOWCHWH 10 Qopmyne (7.39)
OMPENendiOTCA CIMOPHbIE MOMEHTDLI Ha ONOopax CTIPaBa oT 3arpyAKeHHOTO NponeTa.

[pumevanue. Cnocol NPOroHKH NpHMEHUM H 114 BoTece ofero cayvas. Korla y OaTki
JAMPYHEHB! BCE HIIH HCCKO1BKO IIPDJIETOB. ITOT cnocod HINOXKCH, HAIPHMED, B y‘ICGHOM nocodHn
i8]

OnHako peicHUe B HTHX (Gonce o0IMX) CAYYadX CTAHOBHTCA M DONCe TPYTOCMKWM. Jina
06].!.]6]'0 C..'I)i‘lasl 3ﬂl‘py)KCHHH )’JOGHCC BHEIMIOTHHTE pacucT METOI0OM KOHCUHBIX JJICMCHTOB B (bOpMe

MeTOAa Hepemeltennii. Haes 51oro MeToaa pacemorpena s paszacne 8 YMK, a takke B yueOHLIX
wocodnsx [3, 8, 11~ 13].

7.5. I'padmuecknii cnocod C.C. Toaywkernua

HrnaraeMmelii B 310M Topaziacac cuocod Own paipadorad C.C. LoMymeBHMeM, KOTAa OH
ORLT cTYACHTOM HawreTo dakynkTeTa, Oanako pabota 6r7a M onyGnvkorana Tonkko B 1937 ron
TONBLKO B TPy/ax JICHUHIPAACKOTO UHCTHTYTA MPOMBIIEICHHOrG CTPOMTCARCTRA (BEIN.4). Tloyromy
Crecod Mano H3RCCTCH, XOTA OTNHYACTCA HCKTIOYHTCIRHOH NPOCTOTOH H OPUIMHAILHOCTEID.

Cuocotd 6e11 BHeaper B yvebubli nponece Ha WCD CTIGITLY B 1972 . [16], korna
Y4AUMHCH 11pH BBINTOIIHEHHH PacdeTHbiX pafol 110 CTPOUTEILHOH MEXAHMKE IIPAKTHYSCKH MO
BOCTIONBIOBATHCA M3 «BBIMHCIHTEARHOM TEXHHKK» TOALKO TorapiMUUecKoil AHHEHKOH.

Mockoaeky €Mocod ABRMACTCA TpaduucCKkuM, cciiyac OH MOTCPAA CROC NPAKTHMECKOS
JHAMCHHC KAK NpakTHueckuii cnocod pacdcTa. Ho macH. 3amoMeHHbIC B CTO OCHOBY, NPCACTABIAINT
HHTEPEC H B HACTOMLICC BpeMd, KOIJA PacdeThl BHIMONNAIOTCA Ha coBpeMenHuix [MK. ArTopb!
JAHHOTO MOCOOHA PEIIHEM HINOKHTE 3TH HISH LA TOro, YTOOLI YYauIHCCA MOMTH HX
HCIIOMLIOBATL AN AYUUIEre NOHAMAHHA <HIPH CHA» B TAKOH PAacTpOCTPalicHNoil HikKeHepHOH
KOIICTPYKUHH, KAK Iepaspe3nas Ganka.

Hasnauenne cnocoéa C.C, oayuikesuua

Tpaduueckuil cioco C.C. Coaylikesnua pacueTa HePaIpeIHBIX HANOK NOIBOIACT:

I. HaiiTh Ha KaxA0M MpoJcTe Hepaipe3Hol HaikH MOMOKCHUE ACBRIX 0 NPABEIX (POKYCHEIX
Touek (b.1.). IMpw sToM rpadiIccky OCYIMCCTBAACTEA MpAMAA [POrOHKA CACBA HANPaBo Ans
onpeneienua epplx (.T. HA ocu OankH U TPAMAA NPOrONKa CHPABA HANCHO AJ OUPCIKCICHIN
npasbix .7, (BMCCTO ONPEACHCHHS [IPH AHUIMTHHCCKOI I[POrOHKS [ICBBIX M UPEBbIX (OKYCHBIX
OTHOIICHUH Y,

2. OnpeacnanTte OpadHATR N.0.M. HAZ (.T. TOpH  1arpysKeHUH  NPONCTOR - Datku
IEPNEHAVKYIApHOH K ocW  Dankd  warpyseoil. 1lpomciypa  onpeiencHma  ITHX  opHHAT
OCYIICCTRIMET MPMICAYPY 08paTHOH NPOTOHKI CNpaga HAMEBO A OTIPCACIEHHA OPAWHAT [LOM.
HAT JCBEIME T B MPOJICTaX GANKW ¥ CACRA HAMPABG A ONPCACACHUR OPAHHAT 1.0.M. HAX
npasevMH §.T.
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padnueckuit ciiocod C.C. FOIYWKCBHYY MCNONBIYET GOCHOBHUE CBOHCTBO OPIMHAT
IMOPH WICHOAKIMIMX  MOMCHTOB B CEYEHHAX, [J¢ PAcloNOMEeRbl JlEeBble W IpaBsle §L.T.»
(COKpANICHHD: «OCHOBHOC CBOHCTRO (OKYCHBIX TOHCK®), 4 TAKKC — JBC COOPMYRMPORAHHBIC H
aocazanipie C.C. TonyIrkesmueM TeOPeMB), Ha3BAHHLIE HM Kak «TeopcMa ob y3ey H «Teopeva o
CTEPHHED.

wOenoeroe coolicmer QOKPCHBIY MOYEE»

PaccMoTpum 2iopy A, miobpakennyo Ha pHe 7.1 (. [Ipeimonoxns, 4To K 3arpyREHHOMY
nposcTy pofaricHa clle Kakas-To Harpyka. (JUeBHTHO, YTG OT EOICNHUTENLHOH HArpyikn sce
opouHane NopK M HIMEHAMCA KPOME GPOUNAM & CCYeHURX HaIKy, 208 Pacnoanycess Iefvle
BOKYCHAte mouKI 8 NpoIemax DAY CIe8A M APPYICEHHO20 NPOIAEMA ¥ OPOUHAM & CEYEHUAX
Barticlt, 20¢ PACROAVHCEN B RPABBIE (POKYCHHLE MOYKI € NPOICTRAX DQIKYU CADABA 6/ 3AZPYNCCHHOZO
npoaema.

JT0 B COLTABAAET CYIL <«OCHOBHOIC CBOMCTBA (UKYCHRIX TOUEK», KOTOPOE 3aTeM
uenoaeiyeres B enocobe C.C. Nonynmkesnya.

«Teopema o8 yiten
Mpexac geM chOopMyYIHNORATH TCOPEMY, H300patHM ARa KpaluHX NParkiX NPONCTA HEpa3pe3Hoi
BanKH, OTPC3aHHREIX OT Hee ceucnHem (pHc. 7.12). Harpyakoli arnactes MOMCRT ¥ Ha kpafHeit

npasoi anope.

Puc. 7.12

B03raYHM HOMEP2 MPOACTOB H ONOP B COOTBETCTBHH C HyMepaUMeH, IpHAATON LT
NCITOAB30BAHNA GOPMYIIBL TPEX MOMCHTOB. (PeIHION omopy afo3HdaYHM KK OM0pd ¢ HOMEPOM 1.
Qcraneniie 0003H49CHAA CICNTARLL B COOTBCTCTRHH ¢ 000IHaYeHMEM OMOpPLL.
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«Teopema 06 yanes» GOpPMYIHPYETCA CHEAYIOWNM 00pazoM.

Hsaubmouue  movenmet 6 GIuncaliuux  mpenisx  npoiemos  Hepaspesnoil  Gai,
ROOXOORMUX K OROPE € HOMEPOM © RPOHODYHONIILIL ROZOINBIN HCECHIKOCIAN APOICIN0E APH
}’C_’I()ﬂlt}?.\’, YRR} RENGACHTA ('l’?f)f"‘l”(’"ha‘ GHRL HAZDVIKY W Onopa »oHE HMeem .'mueﬁm}.‘u Hepe e s
REPRENIUKYIRPHOZO 0CH BaiRY.

s HoKa3arelbCTRA 1COPCMEL, HA NPHECACHHULIX TIPOICTAR HANKH H300PAM RUT MIKODL
M oT 3a7@HHOTO MOMCHTA Ta KpaHHci npaBoi mapuupioit orope. (OOpAHHATEL ITOH HTIOPLT 1A
PACcCTOAIHH OANOH TPCTH COOTRCTCTRYMIIMX TIPAICTOR 0D03WagMM z, W I,,;. Ha pucyske
TAKAT HIOOPAKCIT BRI WIOTHYTOH 0CTT Gamkm.

MocTaruy 3a;7auy: onpesiciuTe  yronm noropata £, ceucHms Oamkm Haja onopoi r.
Beiro/iHum ¥1y 3a4a4y ¢ NOMOLILIO UnTerpata Makcrenna - Mopa. TMprtey, Tak kak 7o covenue
ameTes 00mMM s oboux uponctos, (Qopmyny Makceesna - Mopa MOXKHO  BBIMHCIHHTS,
NPHIMPKHEB B YIIC 7 CAMHHYHBIH MOMCHT BO BCIOMOIATCHBHOM COCTORHMK MO0 K HPOHCYY r
{prc. 7.12, 6), nubo n k nponery r+1 (puc. 7.12, &). Toraa SyxyT paBHhl HATCIPATRL

M-M, M-M,

o =] de= |
| E v EI

oy (742)

Tepseiii  unwrerpan  oTpakaeT  HCUOIL3OBAUME  BCUOMOTATCABUOTO  COCTOSMMA,
UPCACTABICHHOrO Ha puc, 7.12, 6, eropolf usverpas  Hapuc, 7,12, &

B pesyabTaTe BLIMHCHCHHA 3THX HHTerpaos Makcseiiia ~ Mopa © HOMOUIBK 1paBKia
AH. Bepenmariia, DoayunM:

@z, .,"
=== (7.43)

HIH

ag bz haing
R TR TR (744
Tak xak i, =Ef /Lwn i ,=El /[, npeacrannmor cofolt noromneic ACCTKOCTH
LPONCTOB, OTCIOAA MOKHO 3ANCATE, TTO
28, ::—: :f:_-: ‘ (7.4%)
31'0 H 'l‘peﬁonn:m::h NOKA38Th. MoxHO 110,’106})31‘!: MOMENT A1 TUKHM, YTO YOI LOBOPOTA
Gy;ler pasen 20, =1, Toraa uonyunm pascHcrsa:

2, =0 2, = (7.46)

Hpumep zpauueckoco onpedeienua NOTVICEHRA POKPCIBIX MOYEK
semodom C.C. Penyuunesuua

Paccyotpum Danky, miofpaxeimyto ua pue, 7.13. Hast pocioLbl UPCAIOIHEENM, 41O BCe
npojictsl paBHbl JIMHE [ M BCC NPONETBl UMEIOT NOCTOAHRYI kectkoote Ef . Torma noronwas
KECTROCTE RCCX APOJICTOB paBHa § = Ef /1.

Ipaduueckuii pacqer 10 ONpeaeacHHio (.1, COCTOHT B CALAYIOUIEM.

1. MponeTil Gaaku ASAATCA HA TPH PABHBLIX HYACTH,

2. B rpersx, OAnkalitliX K BEYTPEHHUM ONopaM 0ailkH. OTKNALLIBAKTCH OTPEIKH pakHbIC
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TIOTOHHBIM EKCCTKOCTAM [IPOJICTAB.

Puc. 7.13

3. Cnenys npouenype OoKa3aTeqLCTIBa Teopembl 00 Y37Me, NPEANOIATAEM, UTO HA OLOpE ¢
HOMCPOM 2 HPHIOMEH HCKOTOP&IH (PUKTHBHEI MOMCHT mfli". KOTOpBIil BbI3pIiBAET B TPEIAX,

Bramkalmpx K onope | ONOPHBIE MOMEHTBI PABHEIC TIONOHHEBIM KCCTKOCEAM COOTBCTCTBYIONIHX
MPOACTOR. ITC NOIBONACT NIO U3BCCTHOA NMeBoH .7, /| meproro nponcTa HafiTH MOMOMKCHHS TCBOH
¢.1. F, Ha BTOpOM OpoIcTe.

AHANOIHYHBIE PACCYIKACHHA IIPOBOIATCA AN APYIHX GLOP.

4. JaA onpedelicHUA BCeX NPaBbix .T. IPOAETOB, NPOLEAYPA ¢ MPUIOKEHHEM HEKOTOPOIO

LbHKT"RHOFD MOMCHTA My Chcsa OT PACCMATPHBACMEIX TIPONETOE BBINONHACTCA, HAYHWHAA C

sapectroit nipasoil dr. Fy, KoTopas HaxoaMTes Ha paccrostun £, /3 ot saxenkn. Lloctpochun
BCNOMOCATCIBHBX  QHRTHBHBX 3I0OP MOMCHIOB 1PH  OUPQICICHHA [MpaBhiXx .7, MOKa3dHR
WTPHXOBEIMH THHHAMY.

«Teopema o cmepwcien
Mpexae wemM chopMynHpoBaTh TEOpeMY, PACCMOTPHM OIHOMPONCTHYK Oaiky ¢
NPOHIBONLHOH HAIPYIKOH Ha TPONCTE, NPCACTARICHHY 0 Ha pHe, 7.14,a.
[Mocrpoenne mop A Ha Takoill 0ajgke METOTOM CHI ¢ MCTIONBIORAHHEM (hOpMYyTHl 3-X
MOMCHTOR YHC paccMaTpuBaniock. [loaobras sriropa asnsercs TabnuyHod (oM. Tabn, 7.1)
Of1uee BbIpaKeHue U1 GHOPHOIO MOMCHTA B 33J€JIKe 4 UPHESACHO B YKA3aHHOM Tabnuue:
Jawb
MA =- ,’2 -
3nece @ — nAoIAAL 3Py M, 1DYI0BOIO COCTOAHHA OSHOBHOH CHCTEMb! HA FipoICTe

(7.47)

SWIKH; A — PACCTORHHE OT ee HCHTPA TIXRECTH JLO Lpasol olophl (oM. pic. 6.5 i popmyny (7.16)).
Ha puc. 7.14, 6 mrpuxoroit muuneH wiofipakena m.0.M. I8 Saky NpH 3a3aHA0H HATPyI3KC.
Ha 3tom ke pHCYHKE OTMEMEHL OPHHHATA J1.0.M. Ha paccTosHMH //3 oT 3ajenku. Dna
OPJIHHATE COOTBCTCTRYCT IONOKCHHED AeBOM (.T. BaIKH ¥ paBHA
#=3M_, :_Zcr:b.
3 =
Teopema o cTepikHe hopMyTUPYRTCA CACAYIOUIHM nOpA3IOM.

(7.48)

Hsoubaiouguit MoAem & ceuentil, PACROAVNCERIOM Na PACCTROAHUL MPEmi NpOIema om
ACROU (APABOT) 3UOLAKN, HE TABUCURT GIH BEAUNUNK MOMEHMA, APUTONCCHIIOZ0 K APARDMY (H€80OMY)
CHOPHOMY CEHEHUIO. '

JHokalaTeabCTBOM SHASCTCA MOpa H3rnOarHIMX MOMCHTOR, MOCTPOCHHAX HA [PONECTC
OaJIKH 0T GNOPHOTO MOMEHTA /4 , APHIOKEHHOTO Ha [IPABOM IIAPHHPEOH oOope.

Taxax antopa yxke Gblna NocTpoeHa HA pHe. 7.9, a. JIHAA OMOPHBIX MOMEHTOB He3aEN M)
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O GEAUMHNHLI MOMEHMA M B 3TOM CNYYAC SArPYXeHHA BANTKN 8Ce20@ MCpeccKacT ock Oanxn B
eBoitd) T., HAXOIAWEACS HA paceTosHun £/ 3 0T 3a1eakn.
Kax nokazano wna puc. 704, o, or

NPHAGKCHHOTG K Ganke onopHoro MoMmeua m a) m

HIMEHAKTCA BCC OpPAHHATBI N.0.M. OT 3aJaHHOH

HAUPY3KIL KPOME OPAHHATRl ¢ Han aesod §.r. F,

(ee HOMEp COOTBEICTBYET HOMEPY 2° NpoeTa
GaMkH  upH HCHGIBIOBAHKH  QOPMYIBl  3-X
MOMEHTORB).

Opavnara M(F,) B ce9eHun Gauxn, 1a¢

pacnoaoiena Aewad $.r. FL. OKOHuYATENBHOH

smopsl A wanbawownx  Momenros B Gadke,
foIydaeTca alredpandeckusM (C YHCTOM 3IHAKOR
Op/IMHAT) CYMMUDPOBAHHCM:

MF)y=pu+ M (F), (7.49)

MY

# — OTPMLIATCNLHAA OPMHATA 1.0.M. OT
3a1aHHO Ha Ganky Harpy3xu, OnpeicTeHHas o 2)
Gopmyne (7.48) B CCUCHWH, TAC PachoIOiKCcHA
Acras h.1.;

M, {(F}) - NOTOKUTCALHAA  OPUHHAIR

VAN

TPY30BOH OPEL M, COOTBETCTBYIOIL@A FTOMY

e CEUeHHIO.

Ofie opAMIaTL B NPAaBOi YACTH PUBCHCTEA Puc. 7.14
(7.49) He 3aBHCAT OT NPUIOKEHHOrO Ha IPaBoi
OMDPE MOMEHTA 17, NOJIOMY HE 3aBUCHT OT Hel'0 M opamHata M (F, ) OKoHYaTenbHOI 3mopsl M .

ITO NOATBEPKIACT CHOPMYAKPOBAHHY I TEOPEMY.

NMpuyeqanne. Teopema 00 y3ae cnpaBedMBa He TOMBLKO MPY BO3ACHCTBHM HA MPONCT
HAIPY3KM, HO M [IPH $304HHOH 0CA1Ke OLIOP I 1IPA 320aHHOM TeMNEPATYPHOM BO3IcHeTRIM, JInnng
QNOPHBIX MOMEHTOB LIPH ITHX BO3ASHCTBUAX GY/CT HMETE Takoll ¢ BHI, KAK H NPH HACPYIKE (CM.
rabn. 8.2 u 8.3). B Tabn. 1aHbi M 3HAUCHHA OMOPHOTO MOMEHTa M , OT 3aMAHHON OCANKH ONOP WK

TEMIEPATYBI, KOTOPHTH HEOOXOZNM A5 RMHUCICHAS OpMHATH £ = 2M /3.

Henonvzoaare meopestbi 0 CHEPHCHE 4 DCHOBROIO CEORCMER BOKYCHBIX MOUEK
QA 2PAPHHECKO20 OnPedeIen R OPOUNRGEIM 1.0.M. HBO GOKYCHBIMIL IMOMKEM U

unun  onopHbtx MoMeHIoG  Ha  tobov  nporeme  wepazpemiol  bake w  cnocobe
C.C. Doayuxesuua CHpoumes Ho J8)M OPOUHAMAN. COOMBEINCMEENHD N} TCROT I HAO RpaGoil
hoRyCHBLML MOYKan.

[poueaypa ompeICACHUA OpIMHAT 1.0.M. HA KAKIOM MPOACTE, HALPUMEP. HAL JCBLIMH
§.T., HAUMHAGTCA C H3BECTHONH OpAMHATEL J.0.M. WAl KpafincH ncsoit ¢.1.. 3arem npoueaypa
TORTOPACTCA AAA OMPCACTCHHA OP;UTHAT JLO.M. HAT NPABBIMH (. T., HAYHIASA C HIBECTHOH OPIHHATHI
131 kpaiHeil npasoii g,
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B kavecTBe npuMEpa paccMOTPHM 3TY 3aJla4uy Ui HEpa3pesHol Ok, PUBEJICHHON Ha
puc. 7.15, a. Tlponetsr ‘Ganku paBubl iuHe /; w3ruGHLIE JKECTKOCTH TpONeToB pasHE £l |
HHTEHCHUBHOCTh ¢ PABHOMEPHO PacTpeeNeHHON HATPY3KH npuasaTa pasuoi | kH.

1 CITTIITIIIIIl
2A =

hY

-

-

-
7’
‘\\\\\\\

&

Puc. 7.15

Hpu rpaguyeckom pacuere Ganku cnocoGom C.C. TolylKeBHHa 10 NOCTPOCHHIO THOPHL
M BEIMOTHACTCSH CHETYIOUIMIl AITOPHTM.

I. Onpedenniomen negwie F,u npasvie F| (oxycnvie mouxu na nponemax baaxu (pue. |
6.15,6). {
1.1, BeMmCAsioTcs MOroHHBIC JKECTKOCTH nponetos i, =El /I, (r=2,3,4). B .uannow.;
IPHMEPE BCE OTOHHBIE JKECTKOCTH PABHBI i .

1.2. Kaxnsiit nponer Owiku AeNSTCA Ha TPH PaBHBIC YacTH M B Tpersx Giuskaimmx
BHYTPCHHHM omopaM (B BeIOpaHHOM yzao0HOM Juis pacdera Macmrabe) or ocH ©
OTKIIAIBIBAIOTCS OPAMHATEL PABHBIC [OTOHHBIM JKECTKOCTAM COOTBETCTBYIONIMX PO
(puc. 7.12, 6).

1.3. TIpHMeHEHHEM «TE0peMBI 00 y3ne» K onope 2 1o 3BeCTHOH JeBoil (.1. F, HAXOIHIC
nesast p.r. Fy. 3arem npoueaypa noBTOpACTCA JUiA ONOPE! 3 ¥ HaXonuTes nesas .1, Fj.
1.4, AHanoru4HO, PUMEHSs TeopeMy 00 ysne k onope 3, 1o ussectHoit npasoi ¢.1. Fy
Haxogures npagas G.r.  F;  (COOTBeTCTBYIOUEE nNoOCTpoeHue Ha puc. 7.15, A nok

il
MITPHXOBBIMH JIMHHAMM). 3aTeM NPOLELypa NOBTOPACTes JUIs yana 2 i HaxoxuTes npasas dur. FL
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Hpumeqanue, Ha puc. 7.15, 6 cripasa u ciesa H300PaKCHBL PUEKTHBHLIC MOMEITH B2 .
KOTOPBIC B COOTRETCTRUH ¢ «TEOPCMOIL 06 YAIe» HCHOABSYIOTS 118 10J60pd TOHHOTO PABCHETHY
MOMEHTOBR B TpeTax, Onmmalilidx K paccMaTpHBACMOH ONope, COOTBCTCTBYHMUHM NOTOHHBIM
AecTkocTaM. Lipu 3ToM GHKTHBHEIR MOMEHT CNpaBa MCNONB3YETCH 1UNA ACNYUCHHS NICBRIX §.T., &
DUKTHBHBIH MOMEHT CACBA HCROIILIYCTCA TIPH MOTYHMCHHN MPARHX ¢.T.

2. Onpedetaiomes opoRNAMEl C, 4 €, 1.0.M. HAO J1easimu i npaguiaty d.m. (puc. 7.15, ).

2.1. B cootBercTBMM ¢ 3aNaHHBIM BO3ZEHCTBMEM (Harpyika, ocajka OMOp MpoNeTa,
TEMIEPATYPHOE BO3ICHCTBHE HA CTOPOMBI Daliki B OPONETE) BLIYMCASIOTCA OPAHHATEl NHHWH
OMOPHBIX MOMCHTOB 4 M ' B MNponcTax Oafnkd COOTRCTCTRCHHO Hajy nesoit W 1paroeil
(HOKYCHBIMH TOUYKaMH OIMKalInEMM COOTBETCTBCHHO K MEBOH H NpaBoi 3ancnkam (cm. pue. 7.14
TIpH 3&MIeNKe C¢Ba).

2.2, Kaxaoil nponeT 0ankd ACHHICTH HA TPH PABHLIC SACTH W B TPCTAX LPOICIOB (B
BLIOpaHHOM y00HOM AN pacdeTa MacluTade) o7 ocH BAIKH OTKN/THBAKTCE ONAHHATH PABHBIE
RCMUMMHAM ¢ M ' COOTRCTCTBYIOUIMX TIPONCTOR (Ha puc. 7.15, ¢ HCHYICRbIC OPAUHATHL

4w ' OY@yT TONLKO Ia 3arpyReNoM IpoagTe),

2.3. Cnpaga K Danke TPHENAIBIBACTCA (QHKTHBHEIH MOMCHTA J'ﬂ:{]p (cM. pre. 7.15, &) n

noadHpaeTes TakykM, YToObl onopa 2, TOBEPHYBIUAACA OT 3afaHHOIl Ha TponcT 3 Harpyiku Ha

RAKOH-TO yros 0,(g), QHKIHBHBIM MOMEHTOM TOBEPHYIaCh OBpaTHO Ha TakoH e yroa
Szhné:p] =—{q).

B pesyaeTaTe onopa 2 OKAKETCAd B YCIOBHAX (IMKTHBHOIO 3alIEMJIEHHS (3A4C)KH). M0

UO3ROMMET IPUMEHHTE TEOPEMY ¢ CTEPKHE CHAWIA K IPONSTY 2, a 3aTeM K Npodiety 3 o IpoBceTH
HA KOWKAOM H3 BHX JLO.M.

Ha mponere 2 npr aByX 1aMEMIAIONINX DIOPAX (BTOPAX HCKYCCTBCHHO CAENAHA 1aAeNKo# ¢
NOMOTIEIG (AUKTHRHONC MOMCHTA mg") W OPH OTCYTCTBNH HAa HCM HACPY3KH MOJTYUHTCH 71.0.M.
€ HYNEBBIMHW OPAHHATAML.

[Iponet 3 Tarxe OyaeT MMETE BHUKTHRHYIO tauleMIsiony onopy 2, OnopHsid MOMCHT B
Heil GYCT paRcH HYMO U3 paRHORCCHA HUKTURHON JARCIKH 2 10 MOMCHTAM, TEHCTRYFOIIHM HA HEE
€O CTOPOHE! NpONeTeR 2 1 3.

[TosroMy J.0.M. Ha NPOACTC C HOMEPOM 3, B COQTBCTCTBHI C «TEOPCMOIl O CTEpKIe».
oda3aLeHo poiueT (cM. prc. 7.14, 2) 01 HYNCBOR OpUMHATSL B YiNe 2 M KOHCW OPjIHHATH 4 B
TpeTd mponeta GnuEaiilell K WCKYCCTBEHHO cOTaHHON 3ajcnke Ha omope 2 (va puc. 715 »
MOCTPOCHHE NIOKA3AHO TOHKOH CnoluHoH nancii).

TCl'leb BCTYIIACT B CHIY HCIOMIBIOBAHHS «OCIOBHOTO CBOHCTBA le[(yCHbl.\' TOYCK»!

n
apHIOHCEHUe CRpasd K feie (;bllh‘mﬂRHOCO MOMCHING fﬂqlp ROIBOANIC Rpogeemuy oM. Hd

NPOTeRILY 2w 3, He coeaaro ue PeatbHbiMU ROAYHeHILhE (J.D()HHGMM LML T SCC MY

HPOIANCCHUN KPOME OPAUNAN, COOMECMCMEVOUINY 108bM POKYCHBLN MOUKEM HE HPOJICTHAX
2 n 3 Apuroscenue uxmusnoco mosenma cnpasa om npoaenos 2 u 3 He ROGANRIG N4

UpINHAMB LOM. C; H €, 8 CEHENNAX, 20¢ pacnoroscensl fokycusie mouxu VF, u F;.

3TO O3HATACT, 9TO OPOUHAMBL C; U O, (PUKIMNUEHBLY 1T.0.M. Ha Rpeaemax 2 i 3 bydym
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OPOURAMAMH OKOHYAMENBNBIX 1.0 M. HA IMUX RPOICINAX OM 3A0AHHOR PeaTbHON HAZPYIKIL
2.2. TouHo Takoe #ke paccyxjacHue (cM. Ha puc. 7.15, 6 NOCTPOCHHUE CTUIOMIHBIMH TOHKHMH
JMHAAMH (PHKTHBHEIX J1.0.M. Ha Iposerax 3 U 4) BBIMONHACTCSA ¢ NOMOIBK (PUKTHBHBIX MOMEHTOB

m;" . JL1s OTOPBI 3 M ONpe/IensaeTes Op/IHHATA ¢3 ACHCTBHTENLHOM JI.0.M. Ha nponere 4 Hal JCBO#

¢z B,
2.3, AHanoruumas npoueiypa NOCHEI0BATE/BHO MPUMEHACTCA K onopam 3 w 2
ONpee/IeHAA ASHCTBHTENBHBIX OPIMHAT JLOM €§, €3, C3. B CCYCHUAX GWIKH, IIe COOTBETCTBEHHO.

pacrionoxkeHs! mpassie q.T. £y, F{, F). IloctpocHusi ()MKTUBHBIX J.0.M. B COOTBETCTBHH C

«TEOPEMOI O CTEPHKHEY Ha pHC. 7.13, 6 BBINOJIHCHBI TOHKMMH WITPAXOBBIMH JTHHHANH.

2.4, TlonyyHB Ha KaskIOM NpoJeTe HepaipesHoi Gajiky 1Mo aBe OpAHHATH ACHCTBHTEIbHBIX
I1.0.M., IPOBOJIHM 3TH JI1.0.M. (TOJICTBIE IITPHXOBBIE THHUK Ha pHC. 7,15, 6).

2.5. Bumomuseres KOHTPOITb TOCTPOEHHH J1.0.M., 3aKITI0UAIONIMICA B NPOBEPKE PaBEHCTBA
OMOPHBEIX MOMCHTOB, TOMYYEHHRIX HA ONOPAX MOCTPOCHHEM J1.O.M. JUIs MPONETOR C/EBA W CrpaBd
or onop. B paccmotpenHOM npuMepe onopHbie MOMEHTR X, H Xy MONYYHIHCH NOCTPOCHHAMH

JI.O0.M. Ha CMEXHBIX [MPONETax JOCTATOYHO TOTHO.

Kpome TOro, cOnocTaBieHHe HHCIEHHBIX 3HAYCHMIT OMOPHBIX MOMEHTOB, IMOJYYEHHBIX
rpaMyecKuM PacueTOM, € COOTBETCTBYIOMIMMH MOMEHTaMHM, MojyueHHbiMH pacuerom MKD s
paszene 8, TAKHKE MOKA3BIBAET XOPOLIYIO TOMHOCTD BBINOMHEHAOIO IpaiHuecKoro pacyera.

Tpumeuanne. [IponemoHCTpHpOBAH IPEMED pacyueTa OT HArPY3KkH Ha Danky. AHANOMHYHO
pelaeTcA 3ajgada M MPH 3ajaHHOM ocagke ormop OaikW M MpPH 3a1aHHOM TEMICPaTYPHOM
BO3ACHCTBIM Ha CTOpoHE! ee nposeTos [16]. Heobxomumeie otpeski ¢ w4’ npu 51oM Gepytes
w3 Tabn. 8.2 u 8.3, i

7.6. MeToan1yecKHe yKa3aHUA 10 pacvyeTy MeToA0M CHJ
Hepaszpe3HbIx 6210K, HMEIOLHX OIOPhI B BH/IE «CKOJL3SIIAXY 3a1e10K

Obocnosanue nOAGNEHUA 8 PACHENMHBIX CXEMAX GANOK (CKONbIAUUXY 300€/10K 6 |
Hanpaeienu REPREHOUKYIAApHOM ocu barok

B nogpasiene 7.2 u3yuenne npuMeHEHNS METO/A cnn K pacuery Hepazpezmi

Ganok GBINO HAYATO C PACCMOTPEHMS CTATMHECKH HEONPEACIHMBIX OIHOMPOIETHBIX

Hanok (puc. 7.16). ]
a 7 &)

I g X

:; 5

RS
o
N

Cholis

S
“=
e

pal
IT777?

Puc. 7.16
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C TOUKM IPEHnsA CTCNCHH CTATHYOCKOH HEOUPEINHMOCTH BCPAHHE Gallku Ha
puc 7.16 OTIHMUAKTCA OT COOTBCICIBYIOMMX HHmHHX GamoK HATHYMEM OAHOH
AOTOITHUTCHLROH HHIUHCH HCH3BECTHOH B BM/IE IPQJIOIBHOTO YCHITHA.

Hpu nonepeunoil k ocu 6arox HaAzpy3Ke uAU NPH HAZPYIKE 6 GHOE MOMEHIOE
MG RPOOCIBHAA THUIHAR NEUIGECHIHAR PAGHA HYTIO, ROTIMOMY NP ROCIPOEHIIN
nwop yeuawit M u Q om nazpyiku nonepeuitofi K ocu BaT0K WA OM RASPYIKY 8
sude momenmos BaIKu ¢ OONON IAWeMIRIOed onopoli Gyoym odun pas, a ¢
dBYMR 3A0CTAKAMEU — 064 DA CIHAMUHECKI HEORPEOETUMBIMU CHCMEMAMN.

MeroaMka pacqeTa ONHONPONCTHRIX W MHOTOTIPONIETHRIX 040K METOLOM CHIl
H IIPHUMEPBI WX pacucTa ObUIM paccMOTPCHB B nogpasiene 7.2.

DTHOPE MOMEHTOR ,UIS OJHONPOICTHEIX Ga10K, M306paxennbx na pHc. 7.16
OT ACHCTBHA HEKOTOPBIX HATPY30K NMpeacTasnelibt B tabn. 7.1,

B zaganmax mni pacucrasix pador B npumokeHun 1 YMEK, xpome Gatox
w3ofpaxenLix Ha puc. 7.16, Menonb3osaHet SaNKH CO «CKOMRZAIIMMHY 34TIETKAMH B
HaMPaBICHHKM  10MEpeYHOM €& OCH  {NeBblc onopel Ha pHe, 7.17). Taxas
3aMIeMAAONIAA ONTOPA HE MMEET CBA3H B HAIIPARICHHH HOMCPCHHOM K OCH Baliki.

Hcno, yro yaancute B SALCMIAIOICH OfOpe nonepednol K ocH DaNKH CBA3H
UPH [TONCPEIHOR HITH MOMCHTHOH Halrpy3rc Ha Owiky BBI3OBCT HeGmaronpuatHoo
#imeHenne HAC Ganok, npusesennbix Ha puc. 7.16.

OuHako, CKOJIB3ALLAA 3AJCTKE YKA3AHHOTO BHIE BCTPEYAETCA KAK PeaibHAs
OUOpd  OPH  MOCTPOCHHMM  PallMOHAlBHOH  pacueTHOH  ¢XeMBl  ImA  pacdera
CHMMCTPHYHBIX HCPA3PE3HBIX 040K ¢ CHMMETPHYHOH HAIPY3KOH HA HHX.

DTO0  IPOASMOHCIPHpOBaHO Ma pHe. 717, TOC TPHBCICH  TpHMep
CHMMCTPHIHOR  oTHOCcHTenbne ocn OC Hepaspesnoil Gankd ¢ CHMMETPHYHOM
OTHOCHTCI/IEHO 310H ke OcH Harpyskoil. g pacuera Taxoli nepaspesnod Ganku
MOKET OBITh TI0CTPOEHA PacueTHAN CXEMa, IIPS/ICTABIAIOIAN TONBKO CC JCBYH) WK
LpaByto LONOBHEHY ot ocl cuMMeTprA (OC).

- 2 -y ) % = = r=y
o = - ocC
ME
7777 7777 7777 Vol N
am—g = o
N il 7 Y 7
Puc. 7.17

HJeficTeHTelIbHO CedeHHe, coBlajawlee ¢ ockk cuMMeTpru (OC) B uenoi
Hepaspestiofl Oafke, BCAEACTBHE CHMMETPHH OalkH M HArPy3KH He MMeCT yina
UOBOPOTA W HC MMCET FOPHBOHTAIBHOIY NEPEMELUCHUA (TOPH3OHTANLHYIO CRA3L B
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JICBO# KpailHeH onope 1pM YKasaHHOH HArpy3K€ MOXKHO YOINTb M YCJIOBHO
fepeHecTH ee B cedenuwe Oanku Ha ocH cummerpun. Ha HJC OGankm 310 HE
nosnuger). B ToXe Bpems 3TO ceuyeHHe HMEeT BO3MOKHOCTH CMEIIATHCH 110
BepTHkany. Takas BO3MOKHOCTE HE HapyllacT CHMMETPHHM —NEpEMENICHHIH
CHMMETPUYHOI GanKku NpH CHMMETPHYHOH Harpyske.

Pacemorpenne npy cHMMETPHUYHOI Harpyske Ha Hainky TonbKo ojHO#M (J1H0D0i)
TIOJIOBHHBI HEPA3PE3HON GAlKH npu ROCMANOGKE CKOAB3AWCIL OROPYL 6 Ccevenuu
banxu, cosnadarouwem c ocvlo cummempuu OC, nonHocteo ortpakaer HJIC
BRIOpaHHOI MONOBHHEI Hanku npH ee paboTe B cocTaBe NHENoiH Hanku.

Takum o0pasoM, NpHUMEHEHHE CKONB3AIMX 3a/E€M0K YKa3aHHOTO BHIA Ha
JNICBOM MM HA NPABOM KOHIle GAlkW B pacuyeTHBIX CXEMaX HEpaspesHbIX Oanok
obocHoBaHO. PaccMoTpeHHME B pPacueTHBIX CXeMax HepaspesHblx Oanok ans
PACHETHBLIX 3a0aHHIl CTYACHTAM CKOJIL3AMIMX 3a/Ie/IOK OHOBPEMEHHO Ha JIEBOM H HA
NpPaBoOM KOHLAX HepaspesHoit Oanky (cM. cOOPHHK 3a1aHuii B IpHIOKeHUN 1) Hmeer
METOIMYECKYIO HAIPABICHHOCTb.

Himenenusn ¢ hopmynax 0aa korphunuenmoe ypagnenus «mpex MomMenmoey
U 6 hopmyaax O LIYUCTCHUA 1CEHIX U NPABLIX POKYCHBIX OMHOMWEH U,
8BIZGAHIBIC NOAGTEHUEM ) DK CKONBIAUUX 3A0€T0K,

s toro, uToObl BBEISIBMTH XapaKTep H YHCICHHOE BLIPAKEHME H3MEHEHHil
HAC onpuonponernpix Oanok (cM. puc. 7.16) mocne ynaneHus Bepmxanbm-:.
ONOPHBIX CBA3CH B JIEBBIX 3aUIEMIAIOWAX ONOPAX, BBHINOAHAM METOAOM CHIl |
MOCTPOEHHE S0P H3THOAKOILMX MOMEHTOR /Ui 0ANOK, H300paKeHHbIX Ha puc. 7.18.

AHanu3 TpUKpErieHus JTHX OanoK JKECTKHMH ONOPHBIMH CBA3AMH K|
JKECTKOMY OCHOBAHMEO MOKa3bIBAET, YTO BCE [pHBE/IeHHLIE HAa pHe. 7.18 Ga.maij'
(nony4enuble yialeHHeM y Oanok. u300pameHHLIX Ha pHe. 7.16, BepTHKAILHBIX
cBA3E B JIEBBIX  3AIUEMIBIIONIMX  ONOpax),  OCTAlOTCH reomerpmecm;{
HEH3MEHACMBIMH. b

a) ?Z . 8)

o B X A

- 5> f

, ]

0 2
) A B }%m JE_”

f A I £

7 Vo ad 7 ;

Puc. 7.18
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[Tpu nonepeHpx K OCH GaNok HArPY3KAX MIIH HPH HATPY3IKE B BU/IE MOMEHTOB
NPOAONEHAA JTHEIHAS HEHW3IBECTHas B anke ¢ HeNOARIKHOH UIAPHHPIOH OMopoid
(cm. puc. 7.18, «) Byaer parna nymo. TlootoMmy ofe Gaaxu, usobpayceribie
Ha puc. 2, a, & ¢ mouku 3peRun nocmpoenus niop M u O 6voym cmamuvecku
onpedeIumMsimi. ]

PaccMOTpUM BapMadT sarpysxenns Oamkd, uzobpaxennodt na prc.7.18, 6,
MONMepedHoH K €¢ 0CH H HC CHMMCTPHYHOH OTHOCHTC/IBHO CCPCIHHEL IPONCTa
HArpY3Kofl, IpUBEAeHHOH K paBHOgelicTByIomel R (pyc. 7.19).

a Nz R
,
M=R 3 o X
a b /ﬁ Va=R

Puc. 7.19

Hs3 ypaerenuil paBHOBCCHA HAXOIUM:
Ve=R, M, =Rb, (7.50)
Cootsercrayrowas suwpa M om pasnodeiicmeyiou{eii Hazpy3IKn MOCTPOCHA
Ha puc. 7.19, #. Ee opauHATEl OrpaHMveHbl TOHKHMH TYHKTHPHBIMH JHHHAMH.
Opiuarer HeHCTBHTE/BHOR 3UOPB 38BHCHT OT BAA Harpys3kd. OOHaKo NMHHMA
OMOPHBIX MOMEHTOB {N.0.M} (3KkMpHAas IYHKTHpHa# npAmas Ha puc. 7.19, 6} W ee
OPAMHATHI 3ABUCHT TOILKO OT BEAIMMHH R 1 b,
banka ¢ moaHo#N 3amemnsowed onopoil copaea (puc. 7.18, &) npu pacuere or
AHAJOIHYHOM HarpyskH OyAeT OHH pa3s CTATHUECKH HEOMpPedendMoil cucTemoil.
AeHCTBHTENBHO 110 (POPMY.IC IOECYCTA CTCNCHH CTATHIECKOH HEONpPeacnMyMOoCT| 1ns
oI Gankd monyyaem:
n=n, —B+n,)=5-3-0)=2. (7.51}
Tak kak ogHOH THMHER HEHM3IBECTHOH ABISETCA NPAIOTLHOE YCHITHE, KOTOpOE
NPH LOLEPEITHOR K OcH OANKK HAIPY3KC P4BHO HYJI0, TO JJI8 33/1aHHON HAarpy3KH [1pH
pacHeTe METOOM CHII OCTACTCA TOMLKO OJIHCO JIHILHEe HeM3BCCTHOSG, Kak B B Dalke
u300paxkeHioi va puc. 7.18, 2.
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Mpy MCNoIB30BAHMM YPABHEHHA TPEX MOMCHTOB {cM. noapainen 7.2) ins
0obcux Hanox (cv. puc.7.18, 6, 2) 3alLeMIAIOULY IO ONOPY JaMEHAeM JONONHRTEILHELM
nponetoM {5 Gecxoreuno Manoit 1Ak (puc. 7.20, a).

a) a R
I ¥

7 h

o |
Z 2
1
10
7 D
H

6)
&)
2)

Pue. 7.20

Copu3osTansiyle cBA3b B oliope 2 (cM. puc. 7.20, a) ¢ HYIICBBIM YCHIIHEM DpH
3aManiHol Harpyske B Ganke, n3obpakcusiol Ha pwe. 7.18, e, ynamiem. Tps
HYMEpPaIWH onop SallkH, HMeiollel Ha JEROM KOHIIC CKONB3ALUIYIO B HATIPABICHHH
nonepeuoM  ocH  Oanke  sasenKy, oTa  OnRopa  oTMedacTes  HomepoM 0
{em. pue. 7.20, a).

TIprmen 3a HHIIHIOW HER3BECTHYIO QIIOpHLIH MoMenT B onope | # 13ofpainm
JKBMBAUCHTHOC  COCTORHHE  BHIOpanHoH  OCHOBHOW  CHMCTeMbBL  METOJd  CHI
(prc. 7.20, 6). Kpome 3ananHoil Harpyskn & suue pasHodeHcTsyiomel R el
HemsBecTHOR X| IKBHBAICHTHOMY COCTOAHHIO OTbeuact TpeboBaHMe PaBEHCTBA
HYTK YINd «PacKpRiTHA [RapHHpa» Hal onopoii 1:

A =0 ‘ . (7.52)

Yernopwe (7.52) B METONE CHIL 1IPH MCOONL30BAHUN IIPHILHITA HEIABHCHMOCTH
ACHCTBHY CHA W 3aKoHa Fyka UpeicTaRiseTcs 8 BUAAE YPABHEHHR [0H QNpeIeAeHus
AHUTHETO HeW3BeCTHOTO X | (m3rubalomlcro MOMENTa B CeveHMM Oankd  Hai

onopoit 1):
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O X+ 4y, =0 (7.53)

Yroa &), packphiTHs WapHHpa 1 oT €IMHWIHOTO MoMenTa (oM. puc. 7.20, )

JUES TOHKON OalKK OIPEHeNHTCA ¢ YI€TOM TOIbKO HAMHOHBIX AedopMariuit Oanky mo
dbopmyne Makcrenna — Mopa (18 BRIYHCNEHHS HCMONBIORAH TUCTEHHEH criocob

CuMncoHa [pH [PCHEOPEMEHMH YYACTKd WHMTETPHPOBaHMA OCCKOHCUHO Masoi
JUTHHEL £y ):

M} I
8= [k de= -
. J TR I7h

(1)(1)+4(1)(1)+(1)(1)]:%- (7.54)

Yion A, pacKpeITHA WAPHHPY HA ONOPOH | OT ICHCTBYIOLCH HAMPY3KH 14

TOHKO[l Gankw Taike onpegciuteda no Qopmyne Maxceenna - Mopa toabko ¢
yuergm u3rubHeix fedopmanuil. Kax n opu BB QopMyasl Tpex MOMEHTOB (cM.
noapasaea 7.2), mpejcTaBHM BLIUUCIEHHE WHTerpana B oOmeM BuAe jma uoloil
HaIPY3KH ¢ HCMOIL30BaHKUeM cnocoba Bepemarusa:

Mol e oy
0 Ef Ef Ei |

Heungiib3oralme 3T0TO cnocoba B JaHHOM TIPpUMEepe yI!,OﬁHO MOTOMY, 4TO

Ay, = (7.55)

UEHTPY TAKECTH MAOIIAAN (0 MIOPH M, Ha APRIeTe Hanky [UTHHOH / TipH Jiobom
€T0 PACTOIOKEHHH MO AJIMHE TIpOJETa BO BCIOMOTATEILHOM COCTOAHHH C 3LIOPOH
M| COOTBETCTRYET OPJMHATA PaBHad eMHHIE (oM. puc. 7.20, ).

B pesynprate, ans muwned  HewasecTHOR X, npu apoboH  Harpyskc
oepesHoil K ocu Gaiku Hi B BHIC MOMCHTOB [I0JryqaeM 08Iy hopMmyny:
=%
= L

Tockonsky paccmaTtprBacmas Gailka QAHOUPONCTHAA, TO B Ud)ibHeAIEM (KaK
ITO AENANOCE H paHee B Nojpaziene 7.2) DpousBeigM CISIYIOIIME 3aMCHbI B
0003HAYCHHAX BeNTHYMH, BXoAAILUX B hopMyTy (7.56):

X (7.56)

— 3aMeHMM 0003HaucHME A, ONOPHOrO MOMEHTZ Hail Mpapol onopel B

FBUBANCHTHOM COCTOAHHH OCHOBHOH CHCTEMBI MeTOma ca (cM. puc. 7.20, §) na
obosHauenne M, onopHOro MoMeHTa B omope B (oM. puc. 7.18, 8).

He GyAeM HCTOIL30BATE HHASKE 1 B 0003HAYCHIAX Oy H {.

Toraa nna paccMaTpHBaEMOTO BAPHAHTA HATPY3KH HOTYUHM:

Mp=—=. (7.57)
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Bemuunna o - nnomans smopsl M, B rpy30BOM COCTOSHHH Ha NpoIeTe
fankn 0T 3a7aHHOI Ha MpoJeTe HATPY3KHN OIpe/elIAeTcs Kak CyMMa JBYX ILUIOIIALCH:
0= + 0. (7.58)
rae @, =Rbh-[/2 — nuomank SMOPEl OT OMNOPHBIX MOMEHTOB, d M SBIACTCA
MIOMIAZBI0 JMIOPEl MOMEHTOB B CTaTHYECKM omnpeienuMoil Oanke Ha aByX
HWIAPHUPHBIX OMOPax OT 3aJaHHOH Ha NpoNeTe HArpy3KH (cM. pHc. 4.4).
BeprukaneHas cocrabisioman Vo onopHoif  peakuuu B onope B
(cm, pue. 7.18, 6, 2) ABIACTCA CTATHUCCKH ONPEACAHMON BETHUHHOMN, ONpeenseMoit
U3 ypaBHeHUs pasHoBecH: danku » Z =0 . OTKy 2 nomy4um:
Vg=R. (7.59)
Bextop peakius HanpasleH B CTOPOHY OOpaTHYH HampaBIeHHK) BEKTOpa
paBHozAeHcTBYIOIIEH R nonepeuHoii k ocn bankn Harpysky. Ecnu nonepedHoit k ocu
Ganku HATPY3KH HET (HarnpuMep, Harpy3Kka TOJLKO MOMeHTHasA), To Vp = R=0.
Orciofa cneiyer, YTO ONOPHBIH MOMEHT B CKOmb3sllell 3amenke A
(cm. puc. 7.18, 8, ) paBen:
M, =Rb—Mpgz=Rb—(w/l) (7.60)
ﬁocrponm amopy usrnbaromux MoMentos M B Gankax, W3o0pakeHHBIX Ha
puc. 7.18, 6, 2, 0T HEKOTOPBIX HACTHBIX CIIYy4AEB HAIPY30K.

Mpumep 1. Chavana paccMOTPHM BAPHAHT PABHOMEPHO pacnﬁencueuﬂoifi HArpysKu.
B arom cayuae (cm. puc. 7.21) momyuanm:

R=ql; b=1/2; Rb=gl*/2;

3 . J (7.61)

o=+ =gl" /4-+ql"[12=gl" /3.
Haobpasum n.0.m. (puc. 7.21, 6). Ot Hee OTI0AHM OPHHATEL TOPb M; B NIPOCTOH Oanke

C ABYMA  LWAPHHPHBIMH - ONOPAaMH, HATPyXCHHON pasHojeifictsylomeil R (nyHKTUPHEI

TpeyroibHuk Ha puc.7.21, 6), Toraa amopa M: OT PaBHOMEPHO paclpeIe/ieHHON HATPY3IKH HA

puc. 7.21, & OyaeT NpeACTABAATLCA CIUIOWHOH KPHBOH AuHHEH napabonHueckoro ovepTaHus
(cm. obbacHeHue B noapasaene 4.1).

JeiicTeutensuuie amopst M) a1 npoctoi Gaikk ¢ ABYMS WWAPHHUPHLIMI ONOpaMu A
BAPHAHTOB C OJHOI, JIBYMA W TPEMS COCPEAOTOYEHHBIMH CHIAMH, PABHBIMH P W NPUIOKEHHBIMH
CHMMETPHHYHO NPHBE/ICHSB HA puc. 7.6, TaM ke JaHbl 3HAYCHHS COOTBETCTBYIOWMX Uomaaei '),

J1a cocpeaoToMeHHOM CHilbl, NPMIIOKEHHOH B CEPE/IMHE NPOETa, H PaBHOH P noayunm:
R=P b=){3-B5=Pl}2:
w=o,+o) =PI 4-+PI* [8=3PI* /8 (7.62)

My ==3Pl/8, M,=Pl/2-3Pl/8=PIlI8.
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'
a) 1 R=yl

<

q 1
T N
A . B
f i C
I

Puc. 7.21

TlocTponM 1.0.M. H OKOHUYATENLHY K 30py M (puc. 7.22).

ay 1!—’
]
4 . B 1
7 i
2 ;
3
Pt
1/ A M,
Pl My - ; Ms
®- @ /
B .
PI/8 PIS R=F
Puc. 7.22

Jdna asyx cua, paeBsix P M JendlWMX NPORET HAa TPH paBHBIE HacTh (oM. puc, 7.6)
TIONYHUM:

R=2P, b=i:2, Rb=PI,

=M, )+a%=PI*/2-+2P" 19 = 6.5P1" /9 =0.722P1 (7.63)

on

My =-635P1/9=0.722Pi;, M, =PI-0.722P/ =0278P.
MMoeTpony 1,0.M, H OKOHYATCIBHYHO 0Py A (prHC, .7.23].

AHATIOTHMHO MOKHO MOCTPOUTE TIOPH! H3THOATONIHY MOMCHTOB i JIPYTHX BapHAHTOB
1ArpYAEHH paccMaTpuBaeMod GailkH. '
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a) pl R=2P lf-’

—

dom 07221
M=0.27% P ’

- -.-_.______7444<..__

0 |

-

g A
57 = \LNO

0.33351 ) 0.278P1

Puc, 7.23

PaccMoTpuM Tereps OAHY M TY ke Hepa3pesHylo 0anky ¢ HeCKOIbKMMH
TpONeTaMi, HO ¢ PAZHLIMH 321IEMAAIOLMME OII0paMH 110 KOHUaM (puc, 7.24).

[Tockoneky s pacuera 3THX Ganok oT 3aj]aHHOH Harpy3kH hipelnonaraercs
ACTIONB30BAHHE MeTOMa CMI ¢ CHCTEMOH YpaBHEHHWH B B ypaBleHHH Tpex
MOMEHTOB (CM. ronpasacn 7.2), HOMEpa Ouop M up(meTo"ia INA NpHBEAEHHBIX Ha
puc. 7.24 cxem Gailok 3aBUCAT OT BHAa JIEBOI ONOpPEL

JamemTarowel onope ¢ TPEMSA CBASAMIL HA JICBOM KOHLC OaIKH {CXCMBI @ H §)
NMPUCBAHBACTCA HOMCP |, 8 CHICAYIOLCMY 38 HEl HponeTy — HoMep 2,

10 CBA3AHO C TeM, YTO OpH pacueTe GANKM ¢ HCIONB3ICBAHMEM YPAaBHEHHS
TPEX MOMEHTOR TAKAs ONOpPAa 3AMCHACTCA B PAacucTHOH CX€MEe LOLOIHHTE/IBHBIM
opoaeToM  OeCKOHEYHO Manoil JTHHet (eM. puc. 7.6 w1 7.8). B pesynpTaTe 4ero »
PACHCTHOR CXeMe LIPH SAilglIKe CAEeBa HOMBIAKTCE 0nopd ¢ HomepoM { u mponet ¢
HOMEpOM 1.

Onope oo «CKONB3AWER» 3a0¢NKOH H4 JICBOM KOHLC Oaslkd, IpHCBaHBaeTCA
Hamep 0, a cneaytoninit 3a Hefl mposeT o6Go3HauaeTes HoMepoM 1.

PaccMoTpuy MeTOAMKY pacueTa DATKM METOAOM CHI JINA TPEX BapHAHTOB
PACHONOKEHHA CKONB3ALICH 3ACNKH: TONLKC chesa (puc. 7.24, 0), Tonbko chipasa
(puc. 7.24, 8) 1 cuepa u cupasa (puc. 7.24, 2).

ByneM cuHTaTh, 4TO 3aTPyiKeH TOALKO OMH MpOTeT DamkH: {; B Bapuawrax |;
u 3; !, B papuanT¢ 2. 34rpYyMEHMC BRIOJHCHO BPCMCHHOH HAIpY3KOH B BHIE,
LPEJACTABIEHHOM Ha pHe. 7.25.

Tpebyerca nocTtponte omropy uzrubaromux moMentos M B Ganke s
NPEANGIMKEHMY, YTO BCEC UPOIETH! DAIKM HMEHT OAHHAKOBYH) JKECTKOCTL Ha H3THE,
paBHyl L.
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Puc.7.25

Pemense MeTomOM CHII BHIIOAHMM ¢ MCHONE30BAHYEM IBYX CHOCOOOB ero
PCATIA3ALIMH:

1. Pemenue ¢ HCN0Np30BAHMEM CHCTEMBI YPABHEHHIT METOIA CHIT;

2. Peienue cnocofoM OKYCHBIX OTHOLUGHHE ONOPHBIX MOMEHTOSB.

7.7. CROALIAIHAS 327€]1Ka HMeeTes TONLKO HA JIeB0M KOHLe
Hepa3pe3Hoii faJKu

Pewenue ¢ uchonbiosanuem cucmemsi YpasHenui Memooa cui
Bbironnaes ero B Cleay el nocheIoBaTeIbHOCTH.
1. lloAcunTHIBAEM CTENEHb CTATHYECKOMR HEOMPEASTNMOCTH BajIKH:
n=ny, —3=8-3=5.

172



Banka 5 paz cTaTHyeckn HeonpeaenuMa,

2. CocraBisieM IKBABAICHIHOE COCIOAHHE PALIMOHAIBHON OCHOBHON CHCTeMb
Camky 19 METO/A CUN, MPUHHMAS 34 JIMLIHNC HCH3BCCTHLIC onopumé MOMCHTEIL B
onopax 1, 2, 3 1 4 M 0AHY NUMITHIOK HEHIBECTHYIO B BUIE IOPHIOHTAINLHOH CHIlLL B
onope 5 (pue. 7.26).

Xy Xi Xa Ai}q A 'Xj
7 A ez 5 I3 A
>
(2) (3)

Puc. 7.26

OrMeramM, o OUOPHAIA MOMEHT B CKONB34IUSH 3ajJeNke ¢ HoMepoM { paBeH
HEW3RECTHOMY TOKa MOMeHTY X, To - ecte: M, = X,. Momenr B cnope 5 paben
Hymo: M5 =0,

3. Hexoms M3 yc10BHH PaBCHCTBA HYMIO HCPCMCLLCHHIA [0 HAIPABICHHUIO
YIAICHHBLX CBA3CH B OKBHBALICHTHOM COCTOAHMM BRIGPAHHOH OCHOBHONH CHCTEMEI
SallkH NP pacdere METOAOM CHI, COCTABHM CHCTEMY YPABHEHHIl METO/a Cul s
OTIpeeNelMa JIHWHAX HCH3BCCTHBIX (YCHIME B YOANCHHBIX <UIHILHMX» CBA3AX
3aMaHHOH OanKn),

B cooTtBeTcTBHH © BBIOpaHHOH OCHOBHOH CHCTCMOH Ans HepajpesHol Oanku
{emM. puc. 7.26) nroboc ypagHeHNE 3TON cHCTeMbl ypaBHeHuil Byder umers ge Doaee
TPEX CTaraeMurX {CM. ypasHenue (7.9) B nogpazaete 7.2).

TMpu »roM, a1 BeeX KOPGMDOHMUMCHTOB M CBODOAHBIX WICHOB YPAaBHCHHMI
HONY4CHBE HOPMYIB Y A00HLIE 218 NPAKTHHECKUX PACHeTOR HepaspesHbix Hanok {cM.
suipamenns (7,100 - (7.17) B moapaznene 7.2).

Jma paccmaTpumaemoli Ganiu co CKONBIAINEH 3ATMENKOH Ha TeBOM KOHIE
6aIKd W Harpy3kod Ha nposiere £ (oM. pue. 7.24, © v puc, 7.26) oramuue or
NPUBCACHHBIX  opmyn Gyiaer COCTOATE TOMpKO B (OpMyNe AN BBIYHCIEHHS
KoxprnuenTa §;;. IT0 CBAIAHO ¢ BHAOM dmIepLl M (prc. 7.27, a).

JleficTBHTENLHO, IPH WCTIONR30RAHNMM HHTeTpana Makceemna - Mopa ¢ yueTomM
TONLKO H3THOILIX MedopMaluil MM MNpOICTOB © PAaBHOH MKCCTKOCTBIO Ha M3IHO
TONY49HM:
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M, _ b b

S=1 LN T
u=l El EI 3ET

A
oy
R
;-':_. \—
)

3
DJ’-J!
®

Puc, 727

Tak kak Apu BeipoAe QOPMYALI TPEX MOMEHTOB BCA CHCTEMA YPARHECHMI
yMHOXKAIack Ha 6L£7, To nony4u;

Byy =6/ + 215, (7.64)

B pesynntate, mpH pacdeTe paccmarpusacMoil Oanku {cm. pue. 7.24, 6)

OKZ3BIBACTCH BOSMOKHBIM MCIIOJIB30BAHHE QOPMYI TPEX MOMCHTOB, MOJYYCHHBIX B
nonpasnene 7.2.

HAns GallKy © [TOCTOSIHHOH JKCCTKOCTRIO NPOASTOB U C HArpy3KoH Ha mporete [
CHMMETPHYHOH OTHOCHTENIBHO CePeAHHBI Mpoiera (oM, puc. 7.25 1 puc, 7.26) npu
HATMIYHE Ha JeBOM KoHIe Oanku cKONe3fIeH 3aJeflKH MOXKHO HCIONL3OBATE (C
yueroM popmyast (7.64)) ypaBHenne Tpex MOMEHTOB B Brac (7.17).

C noMouply 3TOTO YDABHEHHA TIONYHHM CHCTEMY HETblpEX YPABHCHHE ¢
HETEIPLMA HEM3BECTHRIMA Bu/Ia (7.63).

1D (i=18(6.17) ¢ yaetom {7.64)) (6], + 21.) X, + 1, X, =0,
2)(i=2B(6.17)) X, +2(ly + L)X, + [ X5 =3y

NE=38(6.17)) X2 + 205 + L)X + 1, X =30,
(=4 B(6.17)) Xy + 20, +I)Xs +1sX =0,

[laToe ypaBHeHHEe METONA CHIT B JKBHRWICHTHOM COCTOAHHH {cM. puc. 7.26)

(7.63)

VIPAaXACT paBCHCTBU-H}’J[K) CYMMAPHOI o TOpH30HTAIIbHOTO TICPEMCIEICHHSA CCHCHHA 5
0T BCEX JHIIHHX HEH3BCCTHBIX W OT 34AHHOI HAIPY3EH WU MUOKCT ObITE
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MPEACTABICHO B BUIE
5) 851X + 85, X + 053.X5 + 854 Xy + 0555 + As, =0.

Tak Kak TOpH3OHTANTLHOE MNEPEMEHmICHWE CcedeHHs 5 OT BceX ONMOpHBIX
MOMEHTOB M I01epeuHOil k ocu OGainku Harpysku no gopmyne Makcesemia — Mopa
PABHO HYIIFO, TO H3 ypaBHeHHd nonydaem Xs = 0.

C yuerom Ttoro, 4to X5 = M5 =0, n jumHa nponera /s ABiseTcs OECKOHEUHO
Malloi BeIMYMHOMH, CHCTeMa ypaBHeHuH (7.65) npumMeT BUI:

1) (i=18(6.17)) 3 +20L)X, +5X, =0;
2)(i=2B(6.17) LX| +2(l, + B)X; + Xy =-3ay;

N(i=38(6.17) LX, +2(5; +1,)X; +1, X, =3a;; (7:684
4)(i=4 B(6.17)) [,X;+20,X,=0,
HIH B MATPHYHOM BHJIC:
Dx=-d,, (7.67)
rae Ans BeIOpaHHOH OCHOBHOM cHeTeMbl 6ankw (cMm. puc. 7.27)
(64, +21,) L
ol HI A N EE D : (7.68)
Iy 20+14)
el e 2y
0
g (7.69)
P -3, 1
0

BenuuuAy @y BBIMHCHSEM U 3arpy)KeHHOTO Tpoiera Ganku mo dopmyle,

OpHBEIEeHHOH Ha puc. 7.6, 2.
4. Penraem cucTEeMY YpaBHCHHIH M ONpEe/IsieM BEKTOP JHLIHMX HEH3BECTHBIX: |

x=[ " (7.70)

5. CTpOouM 3MI0pYy MOMEHTOB, TIPECTABIAA €8 KaK CyMMY:
- i A
M=M, +M,, (7.71) i
rae M, — sniopa u3rHbarOLIHX MOMEHTOB Ha 3arPy/KECHHOM TpoJeTe. i

I1 p nm e p. BemomHum yncinoBoii npumep, nonarad, uro: =8 m; [, =9m; 1, =8M;‘1
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{, =6M; G =B80xIl. Torna vaTpia n03aTAHROCTH OCHOBKOH CHCTEMBI (IOMIY4HTCA B BHIC

66
9

9
34 R
8 28 6

6 12

(7.72)

J:lJ'[S[ BBEITHCITCHHA TIAOINAJM C}y 3MIOPB MOMCHTOB Ha 3aIDYHKCHHOM HPOICTE B TPY30BOM

COCTORHHH OCHOBHOE CHUCTCMB MOCTROMM 3TY MOPY. B obwem Buxe Jupa Or ’3&,‘13“]!0)1

HATPY3KH NpHBEISHA Ha pHe. 7.28.

Torma
10-80-82

Puc. 7.28

@y =————=1600; 3 w, = 4800
; 32 g

H BCKTOD CBGﬁDﬂHBIX HIEHOB [IONIYYATCA B BUOE!

_dp:

—4800
— 4800

Lo ]

: _‘

[ocie pewedHA CHCTEMB! YPABHEHHI TIOMydaeM:

147 ]
_.-108.0

= KHm.
-1574
Xy 78.7

(7.73)

(7.74)

(7.75)

Flo HailaeHHBIM OTIOPHBIM MOMEHTAM TOCTPOMM SMIOPY M | (1.0.M.), @ 33TEM OKORYATETEHYD

smopy M (Pue. 7.29).

Pewtenue cnocobom ¢0K}'C.Hbix OMHOWMEHU T CROPHBLX MOMEHMUE

Jns mocTpoeHus 3MIOPEl MOMEHTOB B HepaspesHol Oanke, m300paxkeHHOH Ha
prc. 7.24, @, MOXHO BOCTOIB30ORATRCHA M criocoBoM MOMEHTHEIX  (POKYCHEIX

OTHOLICHHH, AJIFCOPHTM KOTOPOIro ANA Clyvasd 3arpyiReHHd OQHOrO Npofera Danku

OHMCAH B loApazgene 7.4,

llpoaﬂanmupycm 0COOCHHOCTL 3TOTO MCTONA NMpH HAJIHYKH Ha JICBOM KOHUC

BauTki CKONB3AWIEH 3agenkn (CM., Hanpumep, puc. 7.24, 6},
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Puc. 7.29

Kak ® mpu HanuuMu Ha JIeBOM KOHIE Oa/lKM IUIAPHUPHOH ONOPEI, pacuer
HAYMHACTCA C ONpe/elieHHs BeeX NeBhIX (POKYCHBIX OTHOIIEHHMIT OMOPHBIX MOMEHTOB
Ha He3arpyKeHHBIX MpONeTaX, HAYMHAS C M3BECTHOIO IeBOTO (OKYCHOTO
OTHOILICHHS.

[MocTpoennas smopa U3rubalonIMX MOMEHTOB (M. pHc. 7.29) mOKa3bIBaeT, 410
1Opy OTCYTCTBHH HArPY3KH Ha MpojeTe /|, 3aKaHYMBAKOMMMCS ClIeBa CKOJB3SAILEH
3a1enKoil ¢ HoMepoM 0, ONOPHEIE MOMEHTH! paBHEL BHaHO, 4TO JieBas (oKycHas
Touka F|; Ha nposere /; orcyrerByer. JleBoe ¢okycHOe OTHONIEHHE OIMOPHBIX
MOMEHTOB Ha npoeTe /| paBHO eHHHUIIE:

MO
X

HM3BecTHO hOKYCHOE OTHOLIEHHE OMOPHLIX MOMEHTOB H Ha BTOPOM TPOJNETE,

370 BHIHO M3 NIEPBOTO YPABHEHHA CHCTEMBI ypaBHeH#Hil (7.65):

=K =1. : (7.76)

X, .
=5 7.71
R (7.77)
I/le IIPH PABHBIX XKECTKOCTSX MPOIETOB Ha H3rHO
e e St 5l (7.78)
51 2 IZ 12

VikameM NanbHEHIIYIO NOCNEI0BATENBHOCTE pacyera:
1. I1o n3BecTHOMY J1€BOMY (DOKYCHOMY OTHOLICHHIO MOMEHTOB HA HpoJeTe /3
(7.78) Haxonnm neBoe (HOKyCHOE OTHOLIECHHE
L 1 ;
Ky =2+2(2-—) (1.79)
h K,
2. ITo u3BecTHOMY npaBoMy (HOKYCHOMY OTHOMIEHHIO OTIOPHBIX MOMEHTOB HA
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nponete I, {cM. ypaBaeHHC 4 B (7.65)) , paBHOMY NPH PABHLEX KECTKOCTAX NPOJETOB

Hd U3I'H0
X,
w23 oK =2,
x, (7.80)
HaXOUHM IipaBoe [bOKyCl{Cle OTHOINIEHHE
/ 1
Eyj=2+202-—
3 L ( K, ) (7.81)

3. CrponM smopy M ,Ha 3arpyxeHHOM TponieTe Gamku (cm. puc. 7.28) H
BBIUMCIIACM ILTOLIAAD 3TOH MLKODS! 2y

4. Tlo dopmyram (7.41) ompepenseMm oONOpHBIE MOMeHTH X,u X3 Ha

3Arpy’KCHHOM [PONETC OaNKH:

X, = @K - (7.82)
H( - K;3K3) '
_ ek 1) :
KK (7.83)

5. Tlo reBOMY OKYCHOMY OTHOLIEHHIO OIOPHEIX MOMEHTOB Ha NPEJICTC CIICBA
OT 3arpy>KCHHOIO HAXOAMM HCH3BCCTHLIHA OMOPHEIA MOMEHT Ha npoaeTte L (7.77)

Xy=——=. (7.84)

6. Ha (7.76) onpenensem OMOpHLIH MOMEHT B CKOnh3AwIei 3agenke: M, = X
7. Ho npaBoMy (OKYCHOMY OTHOMICHMK) OTOPHBIX MOMEHTOB ‘Ha IpONeTe
cripapa 0T 3arPYKEHHOTO HaX0JHM HeH3BECTHHIH onopHsLit MoMenT (7.80)
X
Ky
§. Ilo walineHHLIM ONOPHBIM MOMEHTAM CTPOHM JLOM. Ha Oalke M
OKOHYATENBHYIO 3TI0pY M (cM. pue. 7.29).

X, =

(7.85)

“TI p v ™ e p. Bunomsm pacdeT 6amku ¢ TEMH & NapaMeTpamH, KOTOpLIE BLUIM B3ATLI i
upedeLEYIIEM UpHMepe. TORUd,  BbIIOAHAR  BLIMMCIECHHA B COOTBCICIBHH ¢ TONBKO Y10
PACCMOTPEHHBIM AICPHTMOUM, LHOJIYHHM!

1. Jlcrtic GoKyCHBIC OTHOMICHHA: K, =2 Jr(w§ =7333 K, = 2+2(2v 1=4.1;
9 8 7.333
2. [paetic pokycHble oTHOWRHHA: K =2, K = 2+%(2 - %) =3.125.
3. OnopHEE MOMEHTBI Ha 3arpyKCHHOM TPOIETe:
x, = 210G =D g g X, = SMLLLGE ) NPT

PTog1-3.125-4.1) T g(1-3.125-4.0)
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4, OIIOpHLlL‘ MOMEHTLL CHIEBa 0T 3arpy»eHHOro upoiela:

p = (1079 _ 14 7gHm; M, =X, =14.7xHu.
7.333
5. Onoprlﬁ MOMEHTEL CHPAEa 07 3aiPYRCHHEOIO IIPOACTAL
¥, ==X ST g9 ki,
Ky

PesymiTate pacueTa ofenMH ¢TI0COBAMH METOMA CHIE TIPAKTHIECKH COBIALAIOT.
7.8. Croaninmas 3a1cKa AMeeTed TOTBKO HA IPAKOM KOHLE
Hepaspe3Hoi Gajiku
Pewennte ¢ ncnoav308aniem CHCMEMSl YPAGHEH U Memoda cul

BrinosHgeM c¢ro B NMOCICAOBATEILHOCTH, AlANOIMYHONA HCOOMRIOBAHHON B
BapuaHTe 1.

1. TlomcynThIBAEM CTEMEHE CTATHYECKOH HEOTIPEALIMMOCTH DAJIKK:

n=n, -3=8-3=5.

baika 5 pas cTaTHYeCKH HeonpeneauMa.

2. CocTarnseM 3KBHBANEBHTHOE COCTOAHHE PALMOHAIBHOH OCHOBHOH CHCTEMEL
Ganku a0 MeToida CHUN, NPUHHEMAN 32 [HIIHUE HEM3IBECTHLIE ONOPHHIE
MOMEHTH] B oONopaXx ¢ Homepamu 1, 2, 3 H 4 H OSHY IHIIHIO
FOPHICHTANLHYIO ey B onope 0 {puc. 7.30).

3. Hexomn 43 yca0BMH PaBeHCTBA HyNK NEpEMEILEHHE MO HATPABIEHHIO
YOANEHHEIX CBA3EH B JKBHBANIEHTHOM COCTOSHHH BbiOpAHHOH OCHOBHOH CHCTEMEI
Gankn npy pacveTe MeTOJAO0M CHI, COCTABUM CHCTEMY YPaBHEHMIt METOaa CHI ams
ONpENSISHHA JIMIIHMX HEHM3BECTHBIX (YCWIMH B YOAJIEHHBIX «IHIIHMX» CBA3AX
3a7auHoit Ganxu).

Lo T L

S
fa

Puc. 7.30

JLot riepBeIX TpEX YPABHEHHH MeToDa CHN 1A pacyeTa Ganky © mocToAHHoM
HECTKOCTBIO MPOJETOB M ¢ CHMMETPHYHOH HArpy3kOH Ha HMX OTHOCHTC/BHO
CCPEMHEL IIPXICTOR HCNOAE3YEM 001yo GopMyny Tpex MoMerToB (7.17)
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D(i=18(617) 2LX, +1X, =0;
N (i=2 B (6.17) LX, + 206 +5)X, + L X, = 3w (7.86)
3 (=3 8(6.17) X, + 200, +1) X, +1,X, =~3@y;,

YerBepToe ypaBHEHHE 110/1y4aeTCA KAK YPABHCHHE MSTOIA CHIT JUIA YCTBCPTONG
H T TOTO CMCKHBIX MPOIICTOB OCUOBROM CHCTCMBE METOM2 CIUI Danky (cm. puc. 7.30),

4Y B Xy +83, X, =0 (787)

OHO OTPaXaeT PABCHCTRO HYNIO B3AWMHOTO YINIA UOBOPOTA A, CeveHHH

OCHOBHOH cHeteMmbl Ganky, noaxomamux K omope 4. [Ipn 9TOM  OMEBHIHO

(cM. noapassen  7.2),  9TO  BIAMMHBIT  YToil  1IOBOPOTA  JTHX  CCUEHMEL,

BREBAHHELI eXMITMMHLIM  MOMeHTOM X; =1 Oyaer onpenmeiatecs 110 dopmyle
Makcaeana — Mopa

M
by = (i L

TR 65] (7.88)

rie ouopsl Ay U M, GyayT amiopaMu WITHOSKODIMA MOMEHTOB Ha mposrere [y o1

CANFMYTIBLIX MOMEHTOB X3 =1 1 X, =] (puc. 7.31).

U 4P
B Pary | G@
TT7 TR
A /
|
90 é 2 : g -
2 A
LTI ST Vs " Wz vzl sy
)
\ 1 1
Puc. 7.31

BrauMHEIid YTod [MOBopoTa CCYCHHMH, TIOAXOIAMMX K vrope 4, OT CIIHMHHYHOT'O
MomenTa X, =1 onpeucnurcs w3 uurerpaia Makcsesra — Mopa

644= Mﬁ%—d\c‘-—!" + ]5

i EI 3EI EL (7.89
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Taxum obpazom, yeTBeproe ypaBHeHue meropa cui (7.87) B BuIOpanHoi
OCHOBHOH cucTeMe Oankm mociie yMHOKeHHs ero Ha 6F[, kak 970 ObUIO CHEJNAHO B
YPaBHEHMH 3-X MOMEHTOB (CcM. nozapasaen 7.2), MoayunTCs B BUIE:

4) 1,X, + (21, +61)X, =0 (7.90)

Npumenanne. Tak kak HoMep [ omops! Gk, /U1 KOTOPOH COCTABIACTCS YPAaBHEHHE BHIA
(7.90) BGyner M3MEHATHCA JUIA HEpa3pesHblX OIOK ¢ PamIHYHBIM YHCAOM TPONETOB, TO LIS
BhIuMCIeHns KodbhuimeHTa O NPH HANIMHH CKOJNB3AMEH OMOPH HA NpaBoM KoHue Gamki
MOIKHO 3a1HCaTh hOpMyITy A

; 8, =(2,+6l.,). (7.91)
|

B paccmarpusaemom npumepe nipu i =4 (cM. puc. 7.31) & =(2/, +6/5).

ITaToe ypasHeHue METON@ CHJI B JKBHBANEHTHOM cocTosHMM (cM. puc. 7.30)
OTPaXKACT PABCHCTBO HY/M0 CYMMapHOTO TOPH30OHTANBHOTO TepeMelleHHs [0
HAMpPaBIEeHHIO NMATOH yAaneHHoii CBA3M OT BCeX JUITHHX HEM3BECTHBIX M OT 3a1aHHOH
HArPY3KH M MOMKET OBITh IPEICTABICHO B BHIE

5) 051X + 05, X5 + 053.X3 + 054 Xy + 055X5 =85, =0

Tak Kak ropuIOHTaNBHOE NepeMelieHie onopsl ¢ HoMepoMm () 0T BCeX ONOPHBIX
MOMEHTOB M Monepeunoii kK ocH Ganku Harpy3kn no popmyne Makceenna — Mopa
PaBHO HYIIIO, TO U3 YpaBHeHHA nonydaem X =0.

Taxum obpaszom, Wi pelleHHs MOCTABIEHHOH 3a7a4H HeoOXOINUMO PElHTh
CHCTEMY IOJYHEHHbIX BbIIl¢ 4 YPABHEHHH ¢ 4 HCH3BECTHBIMH. |

B matpuumoii (opMe Ta cHCTEMa YpaBHEHHI METOJA CHJI 3aIHChIBASTCS B
Buze (7.67). B ueii BeKTOp cBOGOMHBIX UICHOB NPH 3arpyKEHHH TPOJeTa [, Kak i B
npeisliyieM Bapuante umeer Bua (7.69), a marpuua nomatauBoctn D omna
BBIOpaHHOI OCHOBHOI cucTeMbl Ganku (cM. puc. 7.30) npumer BU:
2L, I8
L 2(L+1h) Iy

I 2 +1y) Iy
Iy (21, +6l5) |

BenuuuHy My BEIMHCIAEM UM 3arPyKEHHOTO nponeta bankn (cM. puc. 7.28)|
1

b= : (7'921'351
|

no topmysie, npuBeieHHOH Ha 3ToM pHcyHke. [lpu apyrux cxemax my*em\}
TMpoJeTa cOOTBETCTBYIONIYIO (POPMYITY MOMKHO B3STH HA pHC. 7.6, 2. i

4. Pemiaem cHcreMy ypaBHEHMI M ONpe/ensieM BeKTOp JHIIHHX Heuznem-‘m:m-!f
(7.70). |
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5. CtpouM 310Dy MOMEHTOB, [PEACTABMAA €¢ KAK CYMMY II0 dopmyne (7.71).

I pwumep. Bunoanum uucnoBol npusmep, nonaras, uto: [, =6m; f, =8m; [, =9m;

Iy =8um; ¢ =80xH. Toraa MaTpuua NOAATAHBOCTH OCHOBHOH CHCTEMBI MIONYUHTCA B BHAE:

(12 6 TI
;6 2% 8 i
L8 3409 (7.93)
L 9 66

IL'ES! BRIMUCIICHUA TINOINAAH ¢}, TIOPEI MOMCHTOB HA 3ArpyWCHHOM TIPONCTC B T]HY30ROM

COCTOAHHM OCHOBHOH CHCTCMEL. KAK W B TIpCABLAYIICM BAPHAHTE, HCTTOAB3YEM PHC. 7.28:

o) =£%-§=16001 3&]]:4800. (7.94)
TO]'}IB BEKTOpP CBOﬁOL'[HB[X YHICHOB TIO_J'ly‘lHTCiI B BHIS
1]
— 48K
A= ol (7.95)
L 0
INocne pewlesns cUCTEMS! YPABHEHHH N0IyYacM:
' X7 [ 787
N e T (7.96)
Xy | |-1080 '
x| ey

[lo MONYy4YCHH&IM OMOPHEIM MOMEHTaM INOCTpouM snwpy M (n.0M.), a 3aTeMm

OKOHUATCARHYX Amopy M (Pnc. 7.32).

1574 1450

L / Ll o .

787 /777/7/ Vo eich T

-

Pue, 7.32
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Penteniue ¢ ucnonviosainnem cnocoda
MOMERMHBIX (POKYCHBIX OMHOWEN HiL
Ana nMocTpocHHA 3MOPL MOMEHTOB B HepazpesHo# Gaike, H300paxeHHOR Ha
pre. 7.32, MOKHO BOCRQILIOBATLCH M CMTOCOGOM MOMEHTHEIX (DOKYCHEIX OTHOLISHUI,
ATrOPHTM KOTOPOrO 73 CHYYaa 3arpykcHHA onporo mponcta Oaikm onMcaH B
noapazaene 7.4 ¢ B TpeisLTyIHeM upumepe A8 BapHanTa |
1. fIo msrecrnomy mesomy HOKYCHOMY OTHOILEHHIO MOMEHTOR Ha riponere /,

pasaosMy K, = 2 Haxoausm 1¢so¢ POKYCHOE OTHOMEHHE

i 1
K, =243 - —9.
3 fz( Kz) (7.97)

[pH pABHOI KCCTKOCTH NPOIETOs HA HIFHO
K1:2—+br(2--—t). (7.98)
’ /3 K '
2. Tlo H3BeCTHOMY LIPaBOMY (POKYCHOMY OTHOILEHHIO OTIOPHBIX MOMEHTOB Hi
nponere f, (cM. B CUCTEME YpaBHERHH MeT0aa cult ypasHenne 4 (7.90}), paBuomy

UPH PaBHBIX WECTKOCTAX NPNITETOB Ha H3rHD

X , I
s =Ky =240 (7.9
X, A
naxonum (cu. [1]) nparoe HOKYCHOC OTHOLICHHES
i 1
Ki=2+3(2--—). 0
3 ) K;) (7.1001

[Tpu paBrO¥ KECTKOCTU TPONETOB Ha WITHE
! 1
Ky=2452-—). 1011
3 7, X (7.10
3. Crponm 'miopy M, Ha 3arpyREHHOM NPOICTC Danmku (cMm. puc. 7.28) ¢
BRIMHCNAEM [LUIOAAE FTOH BMIOPEL 0y,
4, Vlo dopmynaM (7.41) onpencnaem onopHmc MomcHThl X, uw Ay Ha

SarpYKEeHHOM [ponete Oatku:

3w, (Ki -1 -
X, =33 '
N _ (7.102)
(K-
’ __fs(I*KsKi)- (7.104)

.5. [To nepomy QOKYCHOMY OTHOWIEHHIO OTIOPHLIX MOMEHTOR Ha NPONETE C/ICka
OT 3arPYKEHHOTO HAXO/IAM HEeH3BeCTHBIH OTIOPHLIH MOMCHT
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X X
X =-2__22
i X, > (7.104)

6. Tlo IIpaBOMY Q)OKYCHOM}/ OTHOLIEHHIO OROPHBLIX MOMCHTOB Ha TIpONCTS
CIIpaga OT 3arpyKEHHOTO HAXOIHM HEH3BECTHBIH Ol'IUprlfl MOMECHT

X4=—K,- (7.105)
7. OQueBuuno, uto M, =X, .

8. Ilo madaeHHbIM ONOOPHBIM MOMEHTAM CTPOMM JL.OM. Ha Danke
(cM. pHe. 7.32, @) ¥ okOHHATETRHYR 0Py M (oM. puc. 7.32, 6).

n pPHMEDp. BrinomrHnm pacaer BATTKH © TCMH KC apaMcTpaMi, XOTophic BRUTH BIATE] np#
pacHeETe Oanmku ACPBBIM cnocofiom. Torna, BRITOAHAA RRIMHCICHHA B COOTECTCTRHH ¢ TOJILKO UTO
PACCMOTPCHHEIM ANTORNHTMOM, TIONYHHM!

1.7leBbie poxycHEle oTHOmEHR: K, =2 K, =2+E(2—é] =3.125.

Z

2. [Npapiie GoKyCHEIC OTHOICHHS; K4=2+6 -—7333 Ki=2 z(’ %):4.1.

3. OmopHEic MOMEHTHI Ha 3arpyKCHHOM TIPOACTE:

. — s
- 3 1600(4‘1,i:,,]57_5 xHw: - ~ 3-16003.125 -1} - 1079,
&1-3.125-4.1) B(1-3.125-4.1}
4.01I0PHBIC MOMEHTD! CIIEBE 0T 3aIPYIEHHOTO POICTa:
PR AR 12 P
X, 2
3. QuopHEIC MOMEHTEL CHIPABa OT 3aCPYKCHHOTO OPONETA:
X —-107,
X, ==X _CITD 4y i Moo= X, =147 xlim
K 7.333 ’

Pe3)’llb'l dThl pACHETA B BAPHAHTE 2 PAacnIoNOKeHHA CHEOQIBIALIEH 8MEITIKH OOCHMH cnocobamiu
METOTA CHN NPAKTHYECKH COBIIAUAKYT.

7.9. Cxonp3siliasg 3anejKa HMEETCH HA JICBOM H HA ledBOM KOHDAX
Hepa3pe3Hol faakhi
Pewenue ¢ ucnosvioequuem CHCIMEMBL YPREHEHRR Memoda cua

BrunonuseM ero B MOCHEI0BATENRHOCTH, AHAIOTHYHON HCMONE30BAHHON B
papuanTax 1 u 2.

1. [loacunThiBaEM CTEREHD CTATHYCCKOH HeonpeaeIMMOCTH BanKe:
R=n,, —3=7-3=4.
banka 4 pa3a cTaTHYeCKH HEOTIPEeNMA,
2. CocTaBiaeM 3KBHBAJICHTHOE COCTOAHHE PAITHOHATBLHON OCHOBHON CHCTEMBI
OQMKH /LTA METONA CI, [IPHHEMASA 38 NUIIHAE HEH3IBECTHLIC ONOPHEIC MOMEHTHI B
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onopax ¢ Homepamu 1, 2, 3 (puc. 7.33). YeTmepTylo IHIIHIOK CBf3bk B BHE
TOPH3OHTATEHOM citsl B onope 0 MK B onope 4 He y#ansieM, TAK KaK yCHINE B Heil
OT paccMaTpHBaEMOH HArPy3KH PaBHO HYJIIO.

3. Hcxons W3 ycnoBHii paBeHCTBA HYIIO TepeMemeHHH Mo HanpaBIeHHIo
VIANCHHBIX CBA3CH B 9KBMBAJICHTHOM COCTOSHMM BbIODaHHOH OCHOBHOH CHCTEMBI
OankH IpU pacyeTe METOJOM CHII, COCTABHM CHCTEMY yYPaBHEHHH METOAA CHN A7
OMPENCHCHHS JMIIHUX HEU3BECTHBIX (YCWIMH B YHAICHHBIX (UIMIIHMX» CBH3AX
3aaHHOH Dankm).

X X, Xg
% I, 7 b

(2)

Puc, 7.33

Jms cocTaBneHMs CHCTEMBbl YPAaBHEHMH MeToda CHI IIpH pacuere ©Ganku ¢
MOCTOAHHO} JKECTKOCTBIO HPOJICTOB M C HArpy3koil Ha mposere /3 cumme’rpwmoﬁ
OTHOCHTENBHO cepeamubl npoiera (cM. puc. 7.28) ucronbiyeM GopMyny Tpex
momeHToB (7.17). .

Ilpn o9ToM ans BhYHCHEHHA Koo(uumuenta &, B CBASH C HANHYHEM
CKOJIb3AMIEH 3a/eKH Ha 1eBOM KoHue Oanku ucronbsyem Qopmyny (7.64), a wim
BBIUMCICHUS KOd(duuMenTa Oy; B CBA3M C HaIM4AEM CKOJNB3AIICH 3ale/iKH Hi
[IPABOM KoHUE OAIKH HCNONIb3yeM Belpaskenne (7.91):

1) (i=18(6.17) c yaerom (15)): (6} +21,)X, +1,X, =0 3

2)(i=2 B (6.17)): LX) +2(0, + )X, + 13X =-3w;; « (7.106)

3)(i=3 B(6.17) c yuerom (41)): LX, + (2 +61,)X; =—3m;.

B maTtpuuHOM BHAE 9T cHCTeMa YPABHEHWl HMECT TaKOH jKe BHJ, KaK H B
npeasymnx sapuanTax (7.67). Camu jxe MAaTPHIBI HMEIOT BHL:

T BTSN

G +2b e ol

D= 12 2(]2 +I3) I3 % (7!0‘&'
Iy Rl el :
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~d, = -3, |. (7.10%)
-3,
X
x={X,|. (7.109}
A3 ]

4. Pewaem cucteMy yparHenui (7.67) mpu marpumax s suie (7.107), (7.108)
OLpEleNReM BCKTOP THILHKAX Heu3BecTHRIX (7.109).

5. Ctpoum 3Mopy MOMEHTOR, NPSICTABIAA ¢¢ KAK cyMMy 1o dopmyne (7.71).

Il puwme p. Bunonuum uncnoBoli mpusep, monmaras, ure: [ =8wm; [, =9m; /,=8wm;

{; =6wm; G =80xH. Torsa MaTpHIIA TIOATIHROCTH OCHOBHOM CHCTEMBI HOAYYHTCA B BULIC:

66 9 0]
D=5 34 8. (7.110)
0 8 szJ

% BLIYMCICHUA NNOWAAM () J1E0PEl MOMEHTOB Ha 3arpyKCHHOM TPOICTC B TPYIOBOM
3 P

COCTOAHHM OCHOBHOM CHUTEMBI KAK H B NPEAbLIAYMEM BAPHAHTC HCTIOAK3YCM PHC. 7.28:

2
m3=%8—=1600;3(u3=4800. (7111
Torna BCKTOD CROGO,.’IHBIX HACHOR IOJIYHHTCA B BHIL!

g

-d, =i —4800 |, (7.112)
{ —4800
Mocrie penieHHA CHCTEME] YPaBlIeHHI NoAyYaemM:

X7 [ 1761
x=| X, [=|-128.8 i , (7.113)

Xl =725

[lo nooyueHHBIM OMOPHBIM MOMCHTAM TMOCTPOHM anwpy M, (moM), a sarem

on

UROHUATEIRHYH0 AMpy M (Prc. 7.34),
Peuenne ¢ ucnonviosanuem crocoba
MOMEHTIHBIX (POKYCREIX ONHOWICHUT
Ans mocTpoelHs SMopsl MOMEHTOB B Hepaspe3Hoi (alsike. H300pakeHHON Ha
puc. 7.34, MOMKHO BOCIIO/IB30BATBCA M CHOCOOOM MOMEHTHEIX (POKYCHEIX OTHOMEHHH,
AIrOPHTM KOTOPOro JAA CAyYas 3arpysKeHus OJHOIO Lpoietd Oanku omucaH B
nogpasaene 7.4 B B upeilbllylUHX IPHMCpax 7718 BapuaHToB 1 1 2, >
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[poanamusupyeM 0coOEHHOCTL 3TOrO METONd NPH HAIMYHHM  CKOJIb3ALIEH
3anenku Ha oboux KoHuax Ganku (cM. puc. 7.24, 2).

__________ 72,5

i AT

=

=]

17.6 (&3] 17.6

219,3

Puc. 7.34

INocTpoennas smiopa H3rnGaroLUHX MOMEHTOB (cM. puc. 7.34) nokasbIBaeT, 410

NpH OTCYTCTBHH HATPY3KH Ha Ipolere /i, 3aKaHYMBAIONIMMCA ClIEBAa CKOJIB3AMICH

3ajielikoil ¢ Homepom (), OMOpHBIE MOMEHTBI paBHbt. Buano, uto nepas okycHad

Touka F, mHa mponere /[, orcyrerByer. JleBoe (OKYCHOE OTHOLIGHME ONOPHBIX
MOMEHTOB Ha NMpoJIeTe /| PABHO €IMHUIIE:

MO

X,

Hssectro (oKyCcHOE OTHOUICHHE OMOPHBIX MOMEHTOB M HA BTOPOM IIpOJIETE, |

D70 BUJHO U3 IEPBOTO YPABHEHHUS CHCTEMBI ypaBHennii (7. 65):

=K =1, (7.114)|

5 ‘
~22oK,, 13)
P 5 (7.115)
e NpH PaBHBIX JKECTKOCTAX MPOJIETOB Ha H3rHO
Ky =SS+ 2 gl (7.116)
&y b h

1. Ilo n3BecTHOMY NeBOMY (DOKYCHOMY OTHOLICHHIO MOMEHTOB Ha rposere

pasiomy K, (7.116) npu paBHOH #ECTKOCTH MPOJETOB HA M3rHO HAXOIMM JIEBOES

(oKyCcHOE OTHOILEHHE

l 1 _
K;=2+2@2-—).
3 +,3( Kz) (7.117)

2. IlpaBoe (okycHOE OTHOLIEHHE ONOPHBIX MOMEHTOB Ha TponeTe /y (cM.

CHCTEME ypaBHEHHMH Merona cil ypasHenue 4 (7.90)) npH paBHBIX JKECTKO
[IPOJIETOB Ha M3rM0 W3BECTHO, TAK KAK OTPEAENIeTCs U3 BRIPAKEHHS
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—%=K£=2+6;—: (7.118)
3. Crpoum smiopy M, Ha sarpyxenHom npornere Ganku (cm. puc. 7.28) u
BBIYHCIIAEM IUIOMIAb 3TOMH SIIOpPBl M5 .
4. Tlo dopmynam (7.4) ompepmensieM ONOPHEIE MOMEHTHI X, M & ; Ha

3arpyKEeHHOM rponere /3 Gankm:

3m3(K3-1)
=33 . 119
2T L(-K,KY) il
e L iad (7.120)

3 .
h(1-K;3K3)
5. ITo nesomy (OKyCHOMY OTHOLIEHUIO OMOPHBEIX MOMEHTOB HA MPOJIETE ClIeBa
oT 3arpyskeHHoro (7.115) HaxoauM HeH3BECTHBII ONOPHbIH MOMEHT

S e (7.121)

6. OnopHeli MOMEHT B CKONMb3sMIeH 3afenke ¢ Homepom () paBeH ONOpPHOMY
MoMeHTy X (7.114). ;

7. OnopHeiif MoMeHT M; B mpaBoil CKOJIB3ANICH '3aelKe paBeH OMOPHOMY
MomeHTy X3 (7.120) Ha 3arpykeHHOM IpoJieTe.

8. ITo HalifieHHBIM OMOPHBIM MOMEHTAM CTPOMM J1.0.M. Ha Mpojerax Oanku u
OKOHYATENbHYIO 3mopy M (cM. puc. 7.34).

I p u M e p. Bomoasnm pacuer Gankn ¢ TEMH ke napamMeTpamMy, KOTopbie GbIIH BIATHI IPH

pacuere Ganky nepseM criocoGoM. Tora, BEIMONHSA BLMHCIEHHSA B COOTBETCTBUM C TOMBKO HTO
PACCMOTPEHHBIM &JTOPHTMOM, TTOJySHM:

1. Jlenbie oxycHble oTHOWeHuA: Ky =1 K, =2-|-6%=‘;’.333;K3 =2+%(2—ﬁ)=4‘1;

2. Ipasie dokycrbie oTHomeHus: K) =1; K =2+ 6% =6.5.

3. OnopHble MOMEHTHI Ha 3arPY/KEHHOM TposieTe:

3.1600(6.5-1) _3-1600(4.1-1)

= ==128.65 kHwm; X;= =-72.51kHm,
2T 80-6.5-4.1) s TTR1-6.541) i
4. OnopHEle MOMEHTEI CIIEBA OT 3arPyKEHHOI0 MpoJeTa:
| =—Lﬂgﬁ§l=]7.54xHM; M, =X, =17.54xHm.
1533

5. OnopHEIt MOMEHT CIIpaBa OT 3arpyAKeHHOrO IPOeTa;
M, =X, =17.54 xHwm,
PesyibTaThl paciera obenMi clocobaMn METOAa CHIT IIPAKTHYECKH COBNAAIOT,
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7.10. Mpumenenne rpaguyeckoro cnocoda C.C. Noaymkesnya
151 HATOKR, HMEIOIINX CKOJIb3AIIHE 3A/1e/TKH
PaceMoTpuM HepaspesHyio 6anky (puc, 7.35, a), ana kotopoii B noapaszene 7.7 yake Gbina
TIoCTpOCHA ITI0pa H3rHOAKIIHX MOMCHTOB METOIOM CHIJI C UCTIONIB30BAHUEM CHCTEMBbI ypElBHCHI{ﬁ.
COCTABNEHHON ¢ MOMOIIBIO POPMYITBI TPEX MOMEHTOB H € MCIONB30BAHMEM CNOCO0a MOMCHTHBIX
(pokycHbix otHomeHHH (pue. 7.29).

a) 80 80 80

P
3o
|
N

Puc. 7.35

AHanmu3upys 3mopy H3rHOaonMX MOMEHTOB, BHIHM, YTO MOCKONbKY Ha KpaiifHeMm JIeBoM
nposneTe HepadpesHoH Oanku, HMEIOUIEM NEBYK ONOpy B Buie CKOMb3ANICH 3aeNKH, np
OTCYTCTBMM HArpy3KH Ha MpoJjere 3Mmiopa MIruGalouMx MOMEHTOB MOCTOSHHA (OTCYTCTBYET
[ONepedHas CHIia B riposieTe Ganku), TO Jepas u npasas (OKYCHBIE TOUKH OTCYTCTBYIOT.

B ¢BA3H ¢ 3THM MOIYYHM H3MEHCHHC NPH NPHMEHEHWH TEOpeMbl 00 yine, JOKa3aHHOI B
nozpasaene 7.5. DTo NPOAEMOHCTPHPOBAHO Ha puc. 7.36.

«Teopema 06 y3ne» npu cKoAb3AWEl 3A0LTKE HA TEEOM KOHUE HEpaspeinoi banku
H306pasum /B KpailHHX clieBa HE3arpyKEeHHBIX MPOJETa HepaspesHoil Gamkn, nmeroniel
CKOJB3AMIYIO 32/e/Ky Ha 1eBoM KoHne Ganku (puc. 7.36).

Harpyskoii Ha MpoJeThi SBISCTCS ONOPHBI MOMEHT M1, NPWIOKCHHBIH Ha orope 2
(ua puc. 7.36, & TakuM MOMeHTOM sAeTcs MomeHT -108 kH'm). )
Hamenenne B «Teopeme 06 y3ne» npH HaIHYHME B Hepa3pe3HoH Oalike ckonb3sAmIeH ouopﬂ’,
HA Kpaiueil geroit onope Gyjier TONLKO A ONOPHOTO y3na | W opMynupyeTcs cleayiouHm
obpazom: |
Heubaiouue MoMenmul z, U z, 6 Oauocaiiuux mpemsx npoiemos | u 2 nepaspenoi

Banku, nooxodawux K onope ¢ Homepom I, npu YKA3GHHOU HA2PYIKE COOMEEmcmeeH ;
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HPORGPHUCHATEHBL NOAORURE NOROHHOL JCECHKOCRILM npoxema | n Jeecmxocmu npoiema 2 npu
YEA0GRUAX, WG ApPGIemsl CROGOCTRL M HAPYIEH W oropd | ne HMeem JuHelHOc0 NepeMeyenns
HeprerouKIApHoe ocy Garry (e, puc. 7.36, a).

2 § o, [2 @
T 7__“7_7-""‘--\ e Y m
{0 ) ,
' : : —
5 i E g N ; -
:‘ ", | @
< b RIERSYE Wi
: 1/2 : 12 E
6) |
: ' : . ™
: T 3
.i \\ @ i a
7 @=l i 7777
8} ; :
! S
7 . 7777

wy =02
Puc. 7.36

Hnave rosops (cM, prc.7.36), HabnionaeTen cooTHoweH E:
3z
o5 TG {(7.122)
J1¢ I} M Eo MPEACTAsNArT cofoi OpAMHATHI SMEOPEl WITKOAIOUIMX MOMEHIOB (0T 38aaHHON
SAMPY3KH B BHAC MOMCHTA #71) B CEHSHHAX ORIKN PucHOIOMCHHBIX OT OTIOpLL | HA PACCTORHMAX
20H0H TPETH IAHHBL CODTBETCIBYIOWErD NpOAeTa; iy = £ /4 B iy = El, /1, SBAMIOTES MOTOHNBLIMK
HECTKOCTAMH CODTBETCTBEHHO IposicTon 1 1 2.

I LOKAJUTENBCTBA 3TOT0 NOCTABHM 387ady OMPCACACHHA YIIa [OBOPOTA €, CCueHMA
dunxi Haa onopodi 1. BemoRHAM 3Ty 3329y © noMouBK HeTerpana Makeseiia - Mopa. Tlpuuem,
K KaK 3TO Ced4eHNe ABNACTCA 0dUMM /T oboux nponeTos, dopmyay Makcseum - Mopa Meuso
BBIMBCINATE, MPWITOXKHR B Y37I¢ | COMHMIHBIE MOMCHT BO ECOOMOIATEILHUM COCTOAHHH NHBO K
cponety 1 (eM. puc. 7.36, 6), nubo x nponeTy 2 (oM. puc. 7.36, &), Torau OyayT paBHE! HHTETPASEL:

M-M, M-M,
0 = [—dr = [——Ldx. ' (7.123)
i El n El
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Teprelil  MHTErpait  OIPRKALT  HCUOILIOBAHMC  BCTIOMOTATERBEHOTO  COCTOAHMS,
HPCACTABACHHOTO Ha PUC. 7.36, 6, BTOPOH HHTerpaN - Ha pue. 7.36, ¢
B peSYMRTATE REIMHCICHMA 3THX MHTErpion Makcseuna — Mopa ¢ #OMOWEIO LpaBHiIa
A.H. Bepemardna, moayuss:
_Wn Wyt

8, = =,
| £l £, (7.124)
Hau
0 LhiYz
g, Dl 2 2
R, El, (7.125)
Tax kak i, =FIl /{n iy=El, /1, npencrasnaot cof0oH NOrOHALIE WeCTKOCYH NPOJICTOR,
OTCHIA MOKHO JATKCATE, 4TO
M7
20, =—1-=22,
0S4 (7.126)

310 u Tpeboranochk Aokaiarte. MoxkHo noobpark MOMEHT m TAKHM, UTO YTOJA DOBOPOTA
Gynet pasen 26, =1, Torma noIyaum paBeHCTHA:

zy =080 z;=4,. (7.127)

fipumenenue meopemsr 06 yiiae 418 ORPLOCIEHUA GOKYCHBIX MOUEK HA NPOIEMAX HEPAIPEIHO
BATKH, UMEHIHE T CKOTDIRUYIC IRICAKY HA AE6OM KOHHE CwTKH
MpumeHeHse TeopeMsl 08 yine it IIPUeNeNAn GOKYCHBIX TOUCK B HEpaspeinoit Sanwc,
HMEOIielt Ha neBomM Kouie Banxy wapHupHY {pre. 7.37, a) RIH 3aWEMIRIOULYR ONOPY © TPEMA
casasMR (pue, 7.37, 6) n3secTHO (oM. noapasaen 7.5). Pacemorpum 0cofieHHOCTE NpHMEHEHHA ITOR
TeopeMbi B BAPHAHTE, KOT/IA Ha IgBO ONOPE HMESTCA CKOb3RINAA 3aaenka (puc. 7.37, 6),

Puc. 7.37

Onpedenenue neswx oxycnmx movexk. B BapuaHTax nepazpesyoit banku ¢ wpalname
cnepa wapwdpHoil onopoit {cm. puc. 7.37, @) n nouuch (¢ rpeMs CBA3AMM) 3ajcnKoi (cx |
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puc: 7.37. §) Ha NMCPBOM CIEBA OPOJTCTC YXKE HMCHOTCH HIBECTHRIS NCBble (QOKYCHBIC TOYKH. LlpH
nrapiuHpHOH orope ciepa fiesas oKycHaa Todka f| OyJdeT HaxoaMTeCA B Kpaiinci maprupHoi
ormope. Tag kak Jra QoOKYCHas TOWKA OTHOCHTCA K TIPOKRCTY © #omepom |, cc ofo3uakdcAne mvect
nancke 1. Mpn saniemumouled onope cAeBa WIBCCTHO, YTO JIcBas (okycHas Touka F, mponcra c
HOMCPEM 2 Oy/ICT HaXOMHTLCA Ha PACCTOANNY parHOM /, /3 OT 3a1CHKH.

Tlo »TMM HM3BCCTHBLIM TCBBIM (POKYCHLIM TOUKAM, MPUMEHAA H3BCCTHYIC TcopeMy o6 y3ne
C.C. TonyurkeBHwa (cM. rmompadiacs 7.5) mociacnomRarcNbHO X OnopHeiM yisam 1, 2, 3 npu
WApHHPHOH OMOPE CACRA, HAHACM RCC OCTAThHMIC NCHLIE QOKYCHAIC TOWKA HA nposcrax 2, 3, 4.
s sapvanTa © [ONHOH 3aMIEMAAMWCH OMOPOH CNCBA AHAIONHYHO, HAMUEM JICBBIC (POKYCHBIC
TOYKH B Iponerax 3,4, 5.

[Ipy HanHuun CKONBL3AIUCH 3aUE3KH HA JICBOM KOHLUE HepaipesHod GalkH (eM. pre. 7.37, &)
I8 OUPEASICHHA JeBaH (OKYCHOH TOWKH £ K ONOPHOMY yiny | HEOOXOUHMO HPHMEHHIBL
G YHCHHBIR BBILIC HOBBIR BAPHAHT TCOPCMBI 00 y3ie,

Jna ero Hcnompiosanua LpH ONpedeneiMH MeBol QOKYCHOH ToUKH [f; Heolxooumo Ha
nponere | BpOBECTH MOCTOANNYED TOPY H3IHOAKWMX MOMEHTOB ¢ OPUMHATONH pasHo# (.5 /.

ITosyuHB OMOPUBIA MOMEHT Ha olope 1. HPOBOAMM JLO.M. HA UPOIEIe 2 Yepes OpaMHaly
paBiyto /; B Onumaiiuiei K yiny | TpeTH BTOPOro npoaeTa, DTUM HOCTPOSHHCM U OIPEACIHTCH
NoJIOKEHNE JeBolt (hokycHoH ToukH F, Ha mpolieTe 2.

Bee ocraapHue IcBbIE POKYCHEIE TOYKH (B AAHHOM NPHMEPC Ha upoicrax 3 n 4)
OUPCAGIHKTCH IPHMEHCHHEM 0OBIMHOR Teopenbl 00 y31¢ (CM. (PCTBIIYLIHC BAPHARTRL Ha PHC.
137

O0paTiM BHMMAHWC WA TO, YTO BO BCCX BAPHAHTAX APH OMPEdElEHHH KAKAOH NCBOW
JoKYCHOR TOURH Clipasa K DaiIKe NPHRIAIMBACTCA KaskIbH pas HOBBIH QUKTHBHBIA MOMEHT m,'l:",
KOTOPHIA CHHTACTCA 1HO00PAHHBIM TAK, YTOOh NPUMCHHTE TCOPEMY 00 YINe K COOTBCTCTBYIIIICMY
OITOPHOMY Y3AY.

Onpedeaenue npagetx Poxyersix mouer. 110CRoNbKY HA NPABOM KOHLE, PACCMATPHBACMBIX
Hd puc. 7.37 HepaspesHeiX DANOK, HCT CKONBIANIHX 330¢/I0K, TO Ha KpaiificM ¢TipaBa NpoIcTe
HMCCTCS YKE W3BECTHas npasad QokycHas Todka f, (HA KpafHCM COpaBa NPONCTS, HMCHOINCM
noscep 4), wan Fy — B BapHaHTe, TA¢ KPAiHUI crpaBa poaeT HMEET HOMep 5.

IModToMy AMd  OMpedclcHHA  HpaBsix  (QOKYCHBIX  TOMCK  HA  JPYCHX  IIPONCTAax
LIOCHE ZOBATENBHO LIPHMEHACTCE 0OBIHAA TeopeMa of yine (cM. moapaszaen 7.5).

Jlna ¢e upHMeHeHHA K KOHUKPETHOMY ONOPHOMY Y31y K GAIKE CUPABA [[PHKIALIBACTCH
KA pas HORBIH  uxTHBHBA MomenrT myp®™. O CHUMTACICR NOAODPUHHBIM TaK, 9TO K
pAacCMarpHBACMOMY OTIOPHOMY Y371y MOJKHO LIPHMCHHTh XAPaKTCPHOE UL TeopeMbl of yinc
rpadHueckoe NOCTPOCHME, AHAIOIHYHOS PaccMOTPEHHOMY BBILIE IIPH  ONPEIciSHUM  AEBbIX
(bOKYEHBIX FOYEK.

[Mpaphic HOKYCHLIE TOYKH OUPEACINICH CTAHAAPTHRIM [IPHCMOM  HA  BCCX  DpOACTax
PICCMATPHBAEMBIX HA PHE, 4 DAJIOK, KPOME 1IPEICTa, HMERILEIO CKOIh3ANIYR 3aieawy. Ha srom
upostere upapoil gokycHoR ToukM (Takoke kak W oJesoit) — Her. B sTom Bapuamte nocaennei
OIPLICIACMOH NPABOil (QOKYCHOH TOUKOH SBISCTCA TO¥Ka F) .
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Onpedenenue opounam i.0.M. & CCHEHUAX NPOAEMOE DaIKu,
20€ pacnoa0HCeHsl 1egble POKYCHBIE MOYKU.

JIns MOCTPOGHHS J1.0.M. 3MIOPH H3THOAKOMIMX MOMEHTOB TIPONETAX OT KAKOH-TO 3afaHHOM
Harpy3kH (cMm., HampuMep, puc. 7.35, 6) Ha Ka¥kAOM TPOJCTE HEOOXOANMO 3HAThL JIODLIE /e
OPAMHATEI J1.0.M.

B rpaduaeckom crnocobe C.C. IonylnkeBuua Iis KakIAoro nposiera HepaspesHoi Oauku
OMpeeNAi0OTCs B OpPIMHATEI JI.O.M. B CCUCHUAX Oanku, rJi¢ pacnojioiKeHbi JICBLIC H MPaBLIe
(hoKycHBIE TOUKH,

ITpw 3ToM (Tak e KaK NpH ONPEACHeHHHA (POKYCHBIX TOYCK) OKA3LIBAIOTCA YAKE H3BECTHBIMH
Op/IMHATH J.O.M. B CCHEHHAX DaNkH, I/Ie PacTioNoKeHa H3BCCTHA JieBas (POKyCHAd TOUKA HA CaMOM
JIEBOM MpojieTe OAIKH W I/le PACIIO/IOKEeHa H3BECTHAs Npasas (JOKYCHAA TOMKA HA CAMOM [IPaBOM
TPONETe.

Jance (tak ke Kak TIpH OnpedcTeHMM (DOKYCHBIX TOWEK) HMCHONB3YETCS AITOPHTM
MOCHEAOBATEIBHOTO ONIPEACACHHA OPIAMHAT JI.O.M, HaJl YK€ ONPEICACHHBIMH JTCBbIMH (HOKYCHBIMH
TOYKaMH (XOJ1 C/ICBa HANpaBO) M Ha/l y/KE ONPEACACHHBIMH MPABBIMH (DOKYCHBIMH TOIKaMH (X0
CIIpaBa HATIEBO).

- Jna 3T0r0 MCMOAB3YETCA OCHOBHOE CBOHCTBO (JOKYCHBIX TOYEK M TeopeMa O crepikHe
(cm. prc, 7.15 B noapasnene 7.5).

Oanako, HaJTHYHE KPaiHero JICBOro MPOJIeTa cO CKONB3sAIICH 3a1eNKOoi (M. BapuanT Gankn,
H300paKeHHBIH Ha puc. 7.35, @), HA KOTOPOM HET HH JIEBOH, HH MpaBoil (HOKYCHOH TOHKH, HE
MO3BONACT UCTIONB30BATE HA 3TOM Tiposere Teopemy o crepxne C. C. Nomymkesuua. Tem ne
MEHEE, i B 3TOM BapHAHTE OKA3bIBACTCA BO3MOKHBIM TPA(hMuECKOe NOCTPOCHHME J1.0.M. HA 3TOM H Ha
BTOPOM [IPOJICTE JUIA MOYSCHUS NEpBOH HCOOXOMMMOM OpIMHATBL €3 =My 1.0.M. B CeueHUN
Gamkn, B KOTOPOM paciiolioxkeHa Jiesas (hokycHas Touka F, .

D10 NOATBEPKIAACTCS  AHATM30M  MPHMEPOB  pacdera  OHOMNpPOJIETHOH  Dasiku
(cm. pue. 7.19 — puc. 7.23) co cKONL3AMICH 3ameiKOH HA ee eBOM KoHue (A4) W ¢ MONHOMN

3aeMIAIOMEH ONopoii Ha 1paBoM KoHue (B), paccMOTPCHHBIX NPH PasTHUYHBIX HArpys3kax Ha
MpOJET,

JleicTBuTENbHO, KaK MOKA3aHO B NpUMepax, J.O.M. OT 3ajaHHoil Ha Ganke
HEPHCHINKYIAPHOIT K och Ganky HArpy3KH ¢ PaBHOASHCTBYIOMEH R MOKHO MOCTpouTE dmiopy M
no AByM opaunHatam ( M, u M) Ha onopax Gajiku.

Jins wamocrpatk ocoGeHHOCTH IpUMeHeHHs Teopembl 0 ctepikse C.C. TNoayikesuda juia
Hepazpe3Hbix 040K, HMEKOUINX CIEBa CKONB3ALIYI0 3a/IeIKy, PACCMOTPHM CHavYana Hepa3pesHyio
HanKy ¢ noaHei 3agenkoit caesa (eM. puc. 7.15, @ noapaznena 7.5).

B paccmorpenrom Ha puc. 7.13, ¢ npumepe mpolexypa ONpeieaeHus OpIHHAT J1L.O.M, B
CEUEHHAX, TJIe PAcTIONOKEHE! JICBEIC (POKYCHBIC TOMKH, HAMHHACTCA ¢ ONpPEJEIeHHs MO H3BECTHOH

OpAMHATE JLOM. ;=M Ha Nponere ¢ HOMEPOM 2 TICpBOH HEH3BECTHOM opammarsi ¢ = My
JLO.M. B CeHCHIH nposeTa Galki ¢ HOMEpOM 3, B KOTOPOM pacrookena nesas §. 1. £.

Ilpn 3ToMm (1715 MonyyeHNs BO3MOKHOCTH TPHMEHEHNA TEOPEMBI O CTEPYKHE) K HEPa3pe3Hoi

Ganie NPHKIAALIBACTCA CHIPaBa (PMKTHBHBIA MOMEHT m;" (cm. pue. 7.15, ).
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DIOT MOMEHT 1IPHIOKEH JUIA TOro, uTebml MOBCPHYTE coucHUC Ganki Haa onopoi 2,
NIOBEPHYBIIEECH O 1AHHOA Ha Danky HaTPYIKH Ha Kakoi-To yrom B,, B oOpaTiywo cTopoty Ha
‘Takoit e yron. Tlpd 3ToM cyMMapHEIH YToI AOBOPATA OTIOPHOTO Conciis 2 0T ASHCTBS APy
W YKA3aHHOTO (IMXKTHRHOTO MOMCHTA OKAKCTCA PABHLIM HYNK. 0 PaBHOCHILAC HANHYMIO B
QMOPHOM y31¢ 2 PUKTHBHO 3ameIRN.

B pesynsTaTe MOSBMCHNS (BHKTHBHON 32/CIKH HOABMAACE BOIMOMKHOCTh HCIOIBSUBAHS
TCOPEMAl O CTCOXWHC M HA TpoteTe Hanku ¢ noMepoM 2 M Ha uponere Gunkn ¢ Homepom 3
{cae. puc. 7.15, & B noapasaene 7.5 ¢ MPUBCISHITLIC TaM COOTBCTCTBYIOUIHE PACCYKACHHS, KUTUPSBIC
3MeCH HE MABTOPSICTCH).

Teueph PaccMOTPEM BAPHAHE HEPAspe3HON DARKH, KOTAa Ha ce JMICBOM KOHIC HMCCTeS
CKUJIL3AMAN Jagenka (eM. puc. 7.35, a).

T npinoxerHOH HAa BaTKy Harpy3xH ccuachue 0anky Ham onopoii | moBepHETCA Ha KaKOf-
10 yroa 6. lAA MPHMCSHCHHA TCOPEMRI O CTCPWKHC NPHAOKHM HA NPABOM KOHUE Oa'IKM TAakoH
Gurusnsii Moment my", uroGe onoproe cevenue | BaNkK NOBCPHYAIOCK Ha yron —6), .

B pesynbrate B yine | noaBHTcA QUKTUBHAA 33JCMKa, H CaMAiil KPLHHHI CICRA [IPOICT CO
CROMAbIAWEH 3aJeNkoH Ha erc JIeBOM KOHLC OKQKCTCE padoTAlONHM B YCHOBMAX  Danxi,
PACCMOTPERHON Ha pre. 7.19 — 7.23 ¢ pazaluHBIMH HACPY3KaMH HA 3TOT TIPOICT.

Kax yxe oTMeuanock, J.0.M. HA 3TOM NPOACTC MOMKHO TPOBCCTH MO ABVM OHOPHLIM
OPIHHATAM, KOTOPIE OTIPCACKATCA TIO (FOPMYAAM, 1IQIYUCHHBIM B Maapazicne 7.7.

B cOOTRCTCTRHH ¢ 0003HAUEHNAMNA, TIPHHATLIMA 1131 HUPAZPCIHLIX BIOK. 31H DOPMYIIbl
1T MPONIETA € HOMCDOM | 3anniliy1cs B saae:

,
M =-— (7.128)

i
), = 0 {JL.o.M.} Hﬂ’]’, N (7.420)

IS 00— LTOWANE NP6l f‘rfp B I'PY30BOM COCTOARHH Ha TIPONCTC 1 Haakm OT 3anaHHON HA apoacTe

Harpysky; oy (noM)=RE-{/2 — nnomags 3ﬁmpbl OT OHOPHbIX  MOMCHTOH, a)}l, ABARECTCA
MTOIMAIRFD SMIOPH MOMCHTOB B CTATHMECKH ONPEACHMMON GANKS HA ABYX LUGPHHPHBIX OOPAX OT
JanaHHo# HA TPOSCTS HATPY3KHM {cM. pHc. 7.6},

BepTHKaskas COCTABAAKILAA V,' ONOPHOH peakuHii B onope | oT Barpy3ku Ha mponet |
ABIDIETCA CTATUMECKH OlPRAE INMOH BETMYHHCH, oNpeaeniemMoli U3 YPABHCHUA PaBHORCCHA Danxu
\‘Z.‘lponcra 1 =0

W=Rr. (7.130)

Bexrop peaknun  sanpamied B CTOpOHY  OOPATHYH:  HAMPABACHHK) — BCKTOpA
paruoacicTByomel R nonepediod k ocn Gaiku naipydsu. Ecan nonepednoil k ocu Baaku
HATPY3KH HCT (HANpHMEP, HATPY3KA TONBKO MoMeuTHan), Ta V, = R=0.

Orci0ia CACAYCT, ITO ONOPHEIA MOMEHT 3, B CKOILBIWEH 3aucnke ¢ Homepom O (or
HAFPY3KH 118 [POJETE ¢ PABHOACHCTBYIOWER R, HPHJIOKEHHOH HAd PACCTOTHAH £ OT HMKTHBHOH
IAACAKH B o1ope ) onpeseanres no dopmync:

My=Rb-M, =Rbh—(w,i1)}. (7131
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I NpOBSACHHS YHACTKA 1.0.M. HA NPQIICTE C HOMCPOM 2 ¢ 1CILIO ONPCACTCHUA OPIHHATH
0.0M. ¢; =My NOCTATQUHO WMETh OPAHHATY A, (7.129) ¥ U3RCCTHYIO € COoOmMEemcmeuu ¢
meopeMoit 6 cmepyucne 018 npodema 2 0pORHAMY |, JLOM 8 CEUEHUN, HAXODRM{EMCA HQ
pacemonnuu /3 om Puxmuenon 3adercu € onoprom yzae 1 (cMm. TeopeMy o CTEpkHE B
noApazgene 7.6).

NoecTpocHHBIA Hepe3 REPIUKHHK OPAWHAT M| M |1; YYACTOK HMKTHBHOH 1.0.M. H3 BTOpPOM
MPOSCT2 OT HATPYIKH M QMKTHBHOTO MOMCHYA my’ Ha IpaBOM KOHLE Hepaspeinoit Sanku Gyoem
UMEMb OOHY PEILNYH) OPOUHAMY, KOMOpad GYOen omseyamb ROIbko 3A0AHHON HoZpyY3Ke U HE
WIMEHACMCA APU NPUIONCENLH  (DUIMUSHNZD MOMEHMG, RPUTONCENHOR0 20€-m0 Cnpasa om
paccMampusaemo2o npoltema. Imoil apdunamott Bydem opounama c; = M, 8 cevenn nposema 2,
20 pacnnroNcena 1esan oxvenas mouka Fy .

Taxum o6pazom, rpaduuccknst cnocod C.C. onyLIKEBWYA OKAZBIBACTCA NPUMEHHM H 178
Hepazpe’Hoi 6ATKK, MMERICH Ha NCROM KOHUE CKOIM3ALLYFO 388EIKY.

Mpamep L Jloctpoum smepy merubamiuux someHToB {cM. prc. 7.35, 6) B Danke,

wiobpaxkcHHoH Ha pue. 7.35, @, npumenns rpadisuccriti cnocod C.C. [anyiukesuda. Pewchne
BHITIOTHUM B YKAZaHHOH HHKE NOCTIC/AORATCNRHOCTH.

1. Ang onpenicacHnn HOKYCHRIX TOMCK NOCTPOUM cxemy Dankn (puc. 7.38) 8 y100HOM ans
IpAPHUECHBX PICUCTOR MacuITabe.

- 05 0.54,

N 2
' 7 NE S

r -
; 4‘\\\‘
N R W& i F R
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Puc. 7.38

2. PazncauM kamami npoieT SankM (KpoMme NPORCTa CO CKONLIAMICH 3anedkoi) Ha Tpu
paBubie YacTH (cm. pre. 7.38) .

3. Ang JanbHeHIBero NpHMEHCHAS TeOpEMbl 00 Y318, 8 HAMEHEHHEBIX TPETAX NPOIETOR OT
ocu 0ankd OTKIAZRIBACM B YA0DHUM MACWITa0e OPUMHATBHL, PUBHLIC [JOIOHHBIM KECTKUCTHM
COOTBCTCTRYMIIMX RPANETOB (CM. pHe. 7.3K).

TlockoneKy B paccMaTpHRACMOH 0anke KCCTKOCTU HA W3rHG fpONeToB NPHEATH
NOCTORHMKIMM JINA BCCX NPOJICTOB, TO BPH TNOACHCTE NOTOHHEIX kecTkocTel (4Toful noayduts
NOIOHHEIS KECTKOCTH 8 BHAC UCALIX HHCEN) TIPHMEM HKCCTKOCTh Ha M3rHG PARHON HAHMCHENIEMY
06WEeMy JIeNHTENO A3 Yuce] PABHBIX (UTHHE MPoneToB. B 1annom caywae npudumaem E/f =72,

Torpa rmonyaum: i, =72/8=9, i/ =72/9=8, i, =72/6=12
Jar nporera | co ckoap3AweH 3aneakor nodykaem 4, =72/8=9. Ha nponere |

HeoOX0AMMO OTNOMHTR Ha OTOPe HOMepoM § 1 Ha Omupe ¢ HOMepoM | (Kak nokasano Ha pae. 3)
OTpC30K pasHbIi .55 =4.5.
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4. HocneAoR4TeNBHO TIPUMCHAS ¢ NOMOWILIO (DHKTHBHOTO MOMEHTA, TIPHAOMKCHHOIO Ha
npapom KoHUE Sanke (eM. pre. 7.38), Tepemy 0f y3ne K onopHbiM cedenuam 1, 2 1 3 (upuvenciue
TeapeMbl 00 Yadec K yKalalHBIM OMOPHLIM YIIAM NOKAAMO CICIOWHLIMH JIMHHAMH), HAXOIUM
neswie (hoxycHelC TouKn Fy, Fy, F, .

5. AHanmOoTHYHO, TIOCICAORATCIABHO TMPUMEHAS C TIOMOIIBI) (QHKTHEHOM  MOMEHTA,
MPHAOKCHHOTD HA ICROM Koxstte famkn, Teopemy 06 yine k OMOPHBIM CCUSHHAM 3 H 2 {TIOCTPOCHIA
MOKA3AHK INTPHXORKIMH THHHAMM), HAXOONM NpaBbic YOKYCHEIC TOUKN Fy 9 F) .

6. Tloctpons B BRIGpanNoM ApM OAPCICICHMH HOKYCHBIX TOYeK Macwtabe cxemy
paccMaTpHBaeMoit fanku (puc. 7.39) 1 OTMETHM HA CXCME YIKC OLPEACIIEHHBLE POKYCHBIC TOYKH.

gj 0 i I'L’ 5 }
F ay =

Puc. 7.39

7. ITa sarpysennom nponere (B 1aHAOM CAYYAE ¢ HOMEPOM 3} B TPCTAX NPONCTA OTKNA/LIBACH
OPAMIEXTBL Ay M 45 MOM., KAPAKIEPHBIE LI SUAAHHON HAIPYIKH AP NPEMCHCHHM K 1aHHOMY
IPONETY TEOPEMBl O CTEPKHE (CODTERCTCTBCHHO NPH (PUKTHRHOM 33]CHKC HA JICBOH Onope M npy
(HKTHBHOA 3azenKe Ha nparoil omope npoaeta. CM. TCOpeMy © CTepiHe B noapasmenc 7.5,

B nassoM npHMepec Ha TpOAeT JeHCTBYIOT TPH  COCPEROTOMCHHLIC chibt G = 80 kll,
OPHIEKSHIBE CHMMETPHYHO OTHOCHTEIILHC CepeiuHbl npojieTa. Lipn moboi camMeTpuyiHON Ha
npoieTe Harpy3ke (eM. hopMyny 7.48):

] mj
Wy =uy =——=. (7.132)
h
DopMyld Wid OUPCHLICHHA (), 1IPH TPEX COCPEAOTONCHHSIX CILIAX NPHBCACHA Ha puc. 7.6:

C16GE  10-80-8°

N = 1600 kH-n". . (7.133)
32
Tarna
gy = =2 100 e, (7.134)
I g

%. B rpadmucckoM cnocobe C.C. ToayluKeBHYa NPH JAPYRCHAN TOIBKO DAHOTC GPOIETA, KaK
4 B aHATHTHICCKOM enocobe OKYCHBIX OTHOUICIHH, MPH H3BCCTHBIX (POKYCHBIX TOMKAX CHaYana
ONPEACIIOTCA ONOPHEIE MOMEHTLE HA 32 PYKCHHOM [POMEre. ITH OTIOPHBIE OPIMHATHL 1.0.M. HA
3arPYAHCHHOM OpOICTE OMNPENSIAIOTCA UOCIPOEHHEM JLG.M. 1O OPAHHATAM HAd (OKYCHBIMI
TOMKAMM 3TOTO MpeIeTd. B AaHHOM CAyMae npn 3alpysmeHHH TIDOACTA C HOMEpoM 3 310
BHITIOTHACTCH B TAKOH MOCHEA0BATCILHOCTH!

8.1. Chauana ¢ MOMOINLID QAKIMBHOIO MUOMEHT! Hd UPABOM KOHIC HCPA3pe3HOR Barks
00pa3yercs HHKIHBHAA 3A4L0KA B CNOPHOM CCYCHHM 2,
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82, OUKIMBHAY 3aLIKA B Yyl 2 ROIBOJACT NPHMEHHIE (COpEMY O CICPEHe K
HE3ATPYHEHROMY MPONeTy ¢ HoMepom 2. Tak Kak HaIpyIkH HA HOM HOT, LO.M. HG HeM HPOXoOum
HEPET YHCE HIGECHHYIO Aeapio Qokycuyio mouky F, ou (no meopeme o cmepiche) uepes
opounamy iy =0 & CONENUN PACNOIONCEHROM Ha pacemoshui 1,13 om dukmuenot 3adeaxu ¢
yiae 2.

8.3, 3areM crpoHIca UPAMOIRHERHBIR YHACTOK s.0.0. HA 3AIPYHCHHOM 1PONILTC ¢ HOMEpoM 3,
TTOT YUACTOK [LOM. NPOHICT (H3 YCHOBHS PABHOBCCHA OHNOPHOTD y30a 2 ¢ PHKTHBHOH 3a1ekoR)
HEPCE HYIERYK OPARHATY B GHKIHBHON 3a1CHKe H vepei opausary g6 = 200 xHM B cevenun
HPOJICTa 3, PACUONOKEHHOM (110 TEOPEME O CTEPHKHE AMIA FTOI0 LIPMICIA) Ha PACCTONHKK [ /3 or
GUETHBHOH 347C1KH B ¥31¢ 2 (Ha pHE. 6 3TOT YHACTOK 1.0 M. [IOKA34H CNIEGUIHGH THHHEH).

8.4, llpoBencHHRIT VHACTOK J1.0.M. Ha MponeTe 3 ABaAsdercd $UKTHBHBIM, TAK KAK OHA (1.0.M)
COOTBCTCTBYCT HE TONBKO 33Z4HHON HA MPOJCTC HATPYIKS, HO H IPATOKCHIOMY HA panoM KOHLC
HCpazpeIHo# DANKH PHKTHBHOMY MOMCHTY.

Qonake o0ua OpOUNAMA MO DUKMUENOE 1.0.M. 8 COOMEEMCHGHN ¢ OCHOBHBIM
caviicmeon  oxvenux mouex (cM. nogpasfien 7.5) oxaieteaemca omscuaowel peaisio
IGOGHNOE RAPYIKE, U HE HIMEHRARCH ONT NPHADNCENHA chpasa durkmusioco mometima. Taxoii
NPANHATOH FBIACTCS OPAMHATA ¢ B CCHCHHH OankH, rac npuaokeHa GokycHas Touka £y,

8.5, AHANOTHYHO OT 3aMAHHOH Ha NPONCTC HarPY3kH HAXOHTCA OPAHHATA ¢ J1.O.M. B CCUEHHN
nponera, Mie pachonoskeHd apasag pokyesas touka [y C 970# neapio dUkTHBHAA 3afenka
Oﬁpﬂ'lOBb]BELl'lﬂCb B OMOpHOM yHJ’[E Jc TIOMOUBH (1]14}\'1‘11]!1-[0[‘0 MOMCHTA, DNPHIIOKCHHOTO K

nepaspesHoit Qaske  cnesa.  llpamoli yuacTox thukTHBHOH N.0M. C NOMCILBH KOTOPOIO
QNPSACINNACE Op/AHHATA (‘_’1. TIOKA3aH Hd pHC. 6 l]]TpHXOﬂOﬁ JIHEHHCH,

8.6, Hepez monyqeHHbie opanbarsl ¢, ool J.0M. Ha 3ArPYIRCHHOM NPOIETe, WMCIOUIHG
PCANBHBIC THAYUCHHA H OTBCHAKNIHC 3A0AHAOR HATPYIKES, TIPOROG,IHTCH ACHACTBHTCABLHAA A.0.M. 114
BCETO NPOTETH, KOTOPAT HA OITOPHBIX BCPTHRAAAX OTCCUCT OTPEIKH, 11O KOTOPLIM B BRIGPAHHOM 118
HITHOAIWHX MOMCHTOB MacilTabe onpele/ATCA ONOpPHbLIC MOMCHTBl HA 3arpy:KEHHOM MNPOICTC.
3Has HX, ¢ NOMOILE0 (GOKYCHBIX TOYCK [, W F; MPOBOIHM N.0.M, Ha nponeTax 2 n 4.

Ha npoaete co ckoam3AMCH 3alefkol 1.0.M. CTPOHTCA Mo NO.YYSHAOIH Ha onope | opaRHaTe.
TIOCKONBKY HIBECTHO, HTO CC OP/IMHATL NPH OTCYTCTBMH HATPY3KH 1ia 9TOM [IPOICTC NOCTOAHHBI.

8.7. 11.‘]5-1 [MIONYYEHHA OKOHYATC/LHBIX OPAHHAT F[BI‘HG(!%OLHHX MOMEHTOB Ha 3arpym<eHHOM
Aapongre o1 [IOCTpOEllHOﬁ J0M. HEOOXOMNMO  OTHOKHTE OPAHHATLl IILOPBI MOMCHTOB B
CTATHYECKH OUPEUSIMMON BaNKe O sajanHol narpysku (oM. 1y JIopy Ha pHe. 7.28). Juces
YIODE! HE HAKIQABIBALL YIH HOCLPOCHHA HA KapIity BLIHOJUHCHHLIX |pa(1nmccxux IIOC'IT)OCHH]\:L Hu
HPABOJISTCH,

Kak sokasado, rpadmucckud ciocod C.C. TonyluxeBHua  Ierko  NMPHMEHISTCH H K
HepaspesHhM Gallkam, HMEIOIMM CRONBIAWME 3AUSHKH HA HEBOM H Ha NPABOM KOHIAX, Peinerne
NeiyMaeTes oMeHh POCTO H LT BIOAHS VIOBACTBOPHTCHBHBIC PCIYMBTATEL. JHAHHC MCTO
NOACIHC ANA TICHAMAHWS «HTPBI CHIDY B HCPA3PLsHB X Dankax.

197



7.1, OcoleHHOCTE PeATHIALMM METOIA CHA
TIPH pacdeTe HEPAIPEINBIX GaN0OK 0T 3aMAHAOH 0CATKH HX OMOP
H OT TEMOEPaTYPHOr0 BO3aeiicTBIS
Pewenue npu zadannsix nepemeiieuax onop
Hpumenenne meToza cunm K pacueTy  HepaspesHmix  Gatok  Obuio
UPOEMOHCIPHPOBAHO HA [IPHMEPE BHELIHETO BO3NEHCTBHA HA HUX B BHJC 321aHHBIX
BHELIHKX HATPY3O0K.
OO0paTtHM BHMMAHHC HA TO, YTO BHCIUHEE BO3JACHCTEHE B METOAC CMH
NPOARIACTSA TOILKO OPH BEMHCIACHHH CBODOJHBIX 'WICHOB A; , CHCTEMb] ypaBHennil

(cM,, Hanpumep, oOWHMH BHA YPABHCHMA TPTX MOMCHTOB (C HOMEpOM / B CHCTEMe
YpaBrHeHH ) and HepaspesHsX Hanok (7.9)),

ITpu neficTBuM BlIEIIHEH HArpy3KM HAa HepaspesHyro Oanxy BeNWUMHA A p
onpeaenseTcs OT Harpy3KH, JeHcTBYOLIeH Ha 1BA CMEKHBIX DPOJICTA C HOMEpPaMi |
ui+t.

ITpn ?TOM 178 pasHBIX BapHMAHTOB OATOK M HATPY30K HAa YKajaHHLIE JIBa
CMEKHBIX [POIETA BEIHYHMHA —6A,-‘p (noCiIc YMHOMCHHSL ypaBUCHHA Ha 6Ef n

Hepenoca CEOOQIHOIO HICHA YPABHCHHA B CIO NPABYIO YACTE) BRIYHCIACTCA B BHIE,
MOKa3aHHOM B ypaBHenusax (7.15) — (7.17).

Ecnu marpyska Ha OTHX NpomeTax oOTCYTCTBYET, TO IUIOWAIH ANHp
3THOAIOUIMX MOMSHTOB ); H ©,,, OYIYT paBHLI UYIIO.

PaceMoTpUM HMEHHO 3TOT c/Tyyai, Ho OyieM BO3AeHCTBOBATL HA YTH [IPOJIETH
3azandeM oca, 10k ux onop. Ha puc. 7. 40 10Kka3aHO COOTBETCTBYIOLICE «IPY30ROCH
COCTOAHUC /1A ABYX CMCKHBIX IIPONETOB ¢ HOMEpaMu [ H /41 OCHOBHOH cHCTEMBI
METO/1a CHI JJIA Hepa3pesHoH Gankn,

i1 i I
i C; . i
L (Y4 ci+l;

mEEES - Sl X
][ l.- 11
T |
Puc, 7.40

Tepemetucnue A; |, O3HavaeT B3aHMHBIH Yron [oBopoTa cewenwit Gamkm,

HOAXOAALIKMX K OIOOPC ¢ HOMCPOM [, BBI3BAHHBIH 3a4aHHOB OcCaakoi omnop
Hepa3pe3Hoi fanku.
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TaK KaK paccMaTPHBAKITCS MMHEITHO-IehOPMUPYEMBIC CTEPKHEBBIC CHCTEMDI,
TG 3aJANABIE OCANKH OTIOP NPEANOAAIAKTCH MAIBIMH BEAHIHHAMH, TO
Cirl 7%
fiai

IIpumep |, B KauccTne aprMeps peannsaliy npH PacueTs HePaspe3HilX GA10K MCTo1a

& -~
Al 2040, g0, Higag, =t (7.135)

CH UQCTPOWN IMOPY WIrMOAIOMMUX MOMCHTOR AAA ONHOTIPONCTRON CTATHHMCCKH HCONpeACnnMok
GalIKM, paccMOTPEHHOR HA pe. 7.6, OF 32, 4HHOND BCPTHRANBIOID CIMHUYHOTO MICPCMEILCHIA e
13;1CaKH (CM. ICPBYIO CTPUKY U JeBniil cronber 1ada. 7.3).

Tatnnoa 7.3

o T P
Cxema 0ankn u RO3ACHCTRASR ! 2mopa M u peaxuuy

e e e

(

3EN

b e ——— B L -

4ET1 ( I

i 6E1/1

Jlesa YacTh YPABHEHHA TPEX MOMEHTOB (7.18), SailHCAHHOG /A QUPEICILHHA ONOPUOID
MOMENTA B 3ARENKE, NP CMCHS RHCUIMETO BO3ACicTBMA Ha Oanky ocTanietcs OC3 MIMCHCHMA.
Hamennres Tonnko Npapas MacTk 3TOTO YPARHCHIA!

PRy 6FT

~6ElA,, = _omﬂf"l + (“1 Y= ~6ENG+ %) =

I a
Toina ypagresue tpex momentos (7.18) nosyunrcs g BHIC:
6E1

L

(7.136)

Qreona NOAYYIHM OHO[)Hblﬁ MOMCHT B 3 ICAKE!
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Xy ==, (7.137)

3HaK «MHHYC» TIOKA3LIBACT, 410 ONOPHBEIA MOMCHT PacTATHBACT BCPXHCCE BONMOKHO OATRK B
CCUCHHM Y 3a0EIKN.

Anopd HArHGAKILWKK MOMEHTOB B PACCMATPUBACMOI DafKe TIPHRCICTIA BO BTOPRM cToI0UC
tali. 7.3, TaM Ke LOKA3aHB] ONOPHLIE pedkunU Danky upH JaAINIOM BHEITHEM BOIICHCTBHA 8
BHE CAHHHUKOTO BCPTHKAIBHOIO MEPEMCLICHHA €€ SANCIKM.

AHANOTHYHO MOXHO  BbILIOJIHMTE PACYET OSHOUPGICTHOH CTAIMYCCKH TCOTIPCTCNHMOH
Galki HPU PATALHBIX ONOPHBIX CAAIRX Mo €€ Kofyam (¢, 1abn. 3.1 ) 1 0T ApyrHX nepeMeimcini
HIOp.

B rafn. 7.3 upHBeiaeHE pC3YTRTATLT PACTCTOR OAROTPOACTHON CTATHMECKI HEONPCARIMMOH
GAIKM C OJHOH M JIBYMA 3AJCIKAMH [10 CC KOWTAM JUIA JIRYX BAPHAHTOB 3AJAHHMX CHHHHUHRIX
NEPEMCHICHHAX OlIOp.

Pewienne npu 3a0anR0M UIMEHEHUN MEMREPAIMYPbL
HUNCHEN 1 gepXHel cmopon baikn
[lpeamonokuy, 4T0 BUCIUIHM BO3ACHCTBUCM Ha B3 PACCMATPHBACMABIX
CMCHHBIX LIPONCTa Hepaspe3Hofl GankW ABNAETCA HE HAIPY3KA M HE 34/aHHOL
nepeMerileHde ONop, a 3a)aHHOe MIMCHEHHE TeMMEPaTypsl /, W 7, COOTRETCTBEHNO
WipkHEH W BepxHel cTopoH Danku.

Toraa To mpaeas 4acTh YPABHEHHSA TpeX MOMeHTOR B tdopmynax (7.15) -

(7.17), (ymuowmennan 1a 6£7 ), Gyner uMeth BRI {¢M. Gopmy.y (6.34)
—6EI-A; ,= ~6FI([, M, -x,de+ | N, -g,)dx. (7.138)

INpu wcnonesoBanun Gopyynel (7.138) mpuMeM clHEAYIOWME HCXOUHBIE
ABUMBIC MATCPHA TIPONCTOB HANKH OIMHAROBEIN 1 MMeeT KOdYQQHIHMeHT THHeHHO1'0
pacuIMpeHHa MaTCpHama o ; 1, > 1, > 0; mpoaonslinie ¢kl N; B paccMaTpPHBACMBIX
CMOKHBIX LtpolleTax OankH oT eaMUMMHOTO MOMCHTaA, MPHIOKENHOTO Ha OIOpe ¢
HOMEPOM { {(cM. pHC. 7.5), paBHbI HYIUO.

Torna ¢ yueroM (6.32) nna Hepaspe3sblx OaOK TOCTONHHOH BLICOTHL A
LHOLUEPeUHOro CCHCHUA TONYHHM:

—6EL-A, = —6Ela(| M, tydv=[ M-t )dx. (7.139)

Burancnss waverpanst ¢ uctonbzoBanMeM npasuia A H. Bepemaruua (cw.
dopyyny (6.13), Beipaserve (7.139) MoKeM NPe/ICFABHTE B BHIL!

—6EI-A, = ~6EM(®, T+ Bpy Ty ). (7.140)

er‘ra Hal 0603HAYCHUCM 1LI0MAAN AOKA3BIBACT, YTO 3Ta MAOINALAE OTHOCHTCYH
HE K JIHONC I'PY30BOTO COCTOAWHA, KaK 3TO ObLIO MPH BHCLEHCM BOSACHCTBMYM B BH/IC
HAIpy3ku Ha npoIer, 4 kK J0Kpe HITAGAOIIX MOMEHTOB BO BCUOMOTATCILHOM
COCTOAHHH ¢ HOMEPOM i.
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Mpuwep 2. PacemoTpuM npumep pacucta Sanku, NPCACTARACHHOH B8 nepsoi M RTOPOR
crpokax nepsoro crondua rabn. 7.4.
Tabnuna 74

| Cxema Oaky 1 BO3ACHCTARRS 3nwopa M ¥ peakunu
!
i 3 f V.5Eat EFus,
J g :
1 | EFar,

\
N
| e YT

L ty AR 4
EFa, EFa.,
Elat £lot

1
i
!
|
]
1
|
[
F
1
i
i
1
|
i
|
1
I
'
1
1
1
i
I
'
'
i
i
I
]
I
i
i
I
I

i 3 f 1 £

Briayucamum Npansy YacTh YPABHRCHHA TPCX MOMECHTOB, 3ATHCAKHYIO JUIS IKHHBAICHTHOIO
COCTUSHEA OCHOBHOH chueTemsl Oankd (oM. puc, 7.6), B siac (7.18), HO NPH 3aTaHHOM BO3ACHCTBUN:
=6EL-A) = —6ElalDy -1+, 1) (7.141)

Tak kKak MEpBslid UPONET B IKBHBANCHTHOM COCTOSHUM OCHOBHOH CHCTEMBL ABINASTCR
(METHEHBIM TUTOEAL 1! MMEST GECKOACUHO MANYIO ANUHY, T, ¢fo3nauad w, = M T, =1,

Gopmyay (7.141) noiyaus B sune:

~6El- A, & —6Efo-TW 1. {(7.142)
Taxk kak B =0.5-1./=1/2 10
=6Ff -0 = - 3Ela- i, (7.143)
Torua ypasnenne [7.18) npnver sua:
2-X,= ~3Fl-t/d, (7.144%
OTciona
X= —-1.5Elo-t. (7.145)

3HAE «MHHYC» 1TOKUILBACT, 9TO MOMEHT 8 HEEMIA0INCH 0Iope PAcTATHBACT BCPXHIOWD
cTopoHy Gaign. IM0pa MOMEHTOB N COOTECTCTRYKMUHE CH OMODHBIC PCAKHHY TPHBCNEHB! &
Tabn. 7.4.

ABAAOTPYHBIM PEIUSHHEM NONYYCHbL YOGS U B §aiKe ¢ IByMA 3amenkami {cm. Tabn, 7.4).
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8. PACYET CTEPKHERBBIX CHCTEM METOQ1OM KOHEHYHBIX
JJEMEHTOB B ®OPME METO/1A NEPEMELLEHHIA

8.1. IlpeucraBieHHe 3a3a49H pPaciera CTepKHEBOR eucTeMbl MKD
KAK CyMMBI BCNIOMOTATENLHOH H OCHOBHOH 3axad

B painene 3 Gninut JaHbl NepBLle [TPEACTABICHHA O PaCUCTe CTEPHKHEBBIX
cicteM MKD B dopme Metoda nepemeulenuil. Ha npumepc nnockoit pambl ObLLO
TOKA3aHO, UTO Takoil PacueT HAYHHACTCHA ¢ MOCTPOCHMA PACHCTHON CXEMB], KOFia
337aHHAA CTE[NKHEBAA CHCTCMA HNPCACTABILICTCA Kak COBOKYIHOCTh KOHEYHBIX
CTCPZKHCBBIX 3ICMCHTOB, COEJIHHEHHBIX MEXLY CODOH M ¢ OCHOBAHMEM B JKECTKHX
y3uax {cm. pac, 3.1

CaMy KOHeUHLIe NEMEHTHI M OCHOBRAHUE [IPSACTABIIAKTCH [IPHCOLIHHEHHbIMH
K y3J1aM TPEMA CBA3AMM (AECTKO), ABYMA CBAINMU (B BMIC WADHHPHOH ONOPLI UIK
CCKONB3ALMX»  3ANEN0K), ONHOH CBA3LI. Bce BWibl KOHEUHBIX  %ICMCHTOB,
NOUYHAKIIHXCA B 33BMCHMOCTH OT WX M[PHCOSAMHEHMA K JCCTKAM  y3/1aM,
upusgiens! B Taba. 3.1,

[Ipu upexscragacaun pemenna MK3 B dopme meroua uepemewcHuin 3a
OCHOBHBIE HCM3BECTHBIE BC/AMMMHBI, KOTOPLIE OIPENCIAIOTCH B [CPBYIY QMCPClb,
NIPUHHMAKOTCA [I€PEMELIEHHA HaMCYCHHBIX MECTKHX Y3IITOR PACHETHOM CXEMbl 110
HAMPARNEHUIO HX cTeneHed ¢poboabl. Ofmee YUCI0 HEWIBCCTHBIX TICPEMEMICHHN B
¥3nax nocTpoenno pacueTHol cxeve MK onpeacantes no dopmy.e (3.2),

3arem no onpeaesenHbim B MKD B dopmc McToaa  nepemelnenwii
NEPEMELIEHHAM  Y310B, ONPCIEIAIOTCS YCHNMA R CBA3MX, [IPUCOCIHHAIOINX
KOHEUHSIE WIEMEHTH K ¥3)1aM. DTH YCHIINA ANA Ka:KO0TO BHAA KOHEUHBIX RICMEHTOR
noxajzauel & Taba, 3.1,

[Tocne aroro crposres SNOpe yernud M, Q,N Ha Ka#I0M KOHCUHOM
IMEMEHTE.

B nanHoM pasiieiie pacCMaTpPHBAETCA ANTOPUTM PeLLEHHs BCell 3a0aun pacyera
cTepekueBoit cuctembt MK B dopmc McToma nepemeinennit. Ilpu sroM 3anaua
BLIONHASTCA Kak cyMma peoiesns uByX 3a1ad MKD: ecnemozameinvnon n
OCHUGHON.

Benomozamenvian 3adaua MK DpHBOMMT BCC HC YIIOBLIC CTATHUECKHE
BO3JCHCTEHA HA KOHCYHBIE DNEMEHTHl (B BHIE HAIPY30K, NIMCHEIHS TEMIEpaTyphl
OMEMEHTOB H 3aAAHHDLIX TICPCMCILIEHHI MX Y310B) K ¥310BbIM BOSOCHCTBHAM.
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B ocnogneii 3aoave MKD 1IpoM3BOAHMTCR  PacHEl CHCTOMbL B BHIC
COBOKYMHOCTH ICMCHTOB H YHIOB HAa NOJIYYCHHYIO BO BCIOMOIATE/LHOH 3anauc
Y3I0BYH Harpysky [7-13].

AnvoprT™ pacueta crepHersx cuctem MKD ¢ Wcnonw3oBanneM >ThX ABYX
3aA84 PACCMOTPHM HA IPUMEPE [ITOCKO paMil, w300paxkennoi na puc. 8. 1.

1P

2}

S HHB

77
Prc. 8.1
[pu nocTpoeHndt pacuerHol cXeMB! JTOH paMmbl 1Uis ee pacuera MKD ¢

HoMonieo nporpamMer SCAD pazmenus paMy y3iaMH Ha CICDHCBBIE KOHCUHBIC
meMenTh! THN2 2 «CTepxeHb MUIockol pamel {puc. 8.2, a).

Puc. 8.2

Ha npupeseHnoit pacuetHoit cxeme (eM. puc. 8.2, ) oTMEMEHbl TOABKO Y3NLI
pasOueHua pambl Ha KOHEUHBIC NIEMEHTEl, KOTOPLIE HMEWT CTCHCHY cBoboanl (i 1
i) Onopunie y3nel (g W h) pacueTiioil cXcMB! HE HMCHIT CTelCHCH CBODOIDL
MO3TOMY OHM Ha pHC. 8.2, g He 10Ka3a B!,

B cedeHHH pHTEAs paMbl, € Ha HEIO IPHITOKCHA COCPCIOTOMCHHAS CHAA,
TAIOKE MOMHO OLIIO HAZHAYHTE Y30/, KK 9TO ACHANOCE UPH PACUETe CTATHUYCCKH
OnpeNennMEIX WapnupieX Ganok u pam (oM, pazien 4).
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OnH4Ko B NpUMEpe paccMOTPeH JpyroH ¢locod LPHUBEIEHHA HATPYIKM Ha
WIEMEHT K YHIOBOH HAarpy3ke, KOTOpLIA B pamkax BCAOMOraTenbHo#H 3anadu
MO3BONAET TIPHBECTH K Y31aM  3NeMeHTa  KaK  pacTpe/lelleHHYH, Tak |
COCPENOTOUCHHBIE HATPY3IKH.

Ha puc. 8.2, 4, ¢ oTpakeH cMbIC] HCIONB30BalLs BeromoratenLuoi (I) n
ocroBroOi (II) 3agau MKD mma moctpocHus smop yeunud M, O, N B 3aiaHHOA
pave. Tlokazano, wTo MTOpbl yeunuit B pame Mim ee pacdernoil cxeme MK2D
{cM. puc. 8.2, a) paBHBl CyMME COOTBCTCTBYHOIUMX MIFOP yewinil B cocToanuax [ u (1
pamel {puc. 8.2, 0, ), T.c. puc. 8.2 0TpaxacT paBCHCTRA:

M=M, + M,
O=0+0: (8.1)
N=N +Np.

Cocrosuue [ 3a0aHHO0} paMBL TOIYUCHO U3 pacycTHOH cxeMbl pambl s MK3,
(cM. puc. 8.2, g), BBCICHHCM CBA3eH B Y31Ibl / M j 1O MaNpaBICHHK UX CTelcHefi
cBoboEL.

Ha puc. 8.2, 6 BBeneHue Tpex crAscil B WeCTKHH y3ed / Npe/cTaRIeHo & BHIle
BBEJCHHA 3afICNKH, 4 BBEACHHME JIRYX CBAZel B LUAPHMPHBIA Y380l j — BBCACHHCM
WAPHHPHO-HENOABHKHON 0nopsl, B pelyibTare NOIyUHAACE CHCTCMA CTCPHKHCBBIX
EMEHTOR ¢ HCTIOABMAKHBIMHE CBAIAMH B y3Jlax.

B Takoii cHcTeMe pacueT KadIoro 3IeMeHTa MOXKHO BHINONHATE HEIABHCHMO
oT apyrux. HupiMu cnosamu, atmopst A, ¢, &) 0T 3a1adHbIX BHELIHHX BOIACHCTRHUIT
B COCTOSHHUM [ MOTYT OLITE IOCTPOSHB! OTAENBHO JITA Ka#A0TO WIEMEeHTA.

3ajayn  onpedeficHHA ONOPHBIX peaklMil M TOCTPOCHUS IMIOp  VCHIHIT
B UIOCKHX [OPAMBIX CTEIKHAX, HEMoJBHKHO [PHKPENUIEHHBEX K KECTKOMY
OCHOBAHMIO TpeMA CRAZAMM (CTATHUECKH OTIPEJL/MHMBIE CTEPAKHH), YETBIPbMIA,
NATBE) B LIECTHR0 CBAIAMH  (CTATAYECKY  HCOIPCACIHMBIC CTCPHKHH)  OLLAH
paccMOTpPEeHs! B pasacinax 4, 6, 7.

Pesyaprartel Takux pacueToB A1 HanGoIee YacTo BCTPSYAIMACH BADHAHTOB
CTATHUCCKHX HATPYI0K HA MIOCKHE CTEPHHHM NIpeacTaBiesbl B Tabm 7.1,

TIpH OTAENBHOM pacteTe HIEMEHLOB ¢ SAKPCHNCHHBIMH Y3TaMH TIONYHATCA
HE TOJLKO DMIHOPh] YCHITHA Ha 37€MEHTE, HO H PCAKIHH B JOTIONIHTELHO RRCIEHHEIX
ca3ax (oM. Tabn. 7.1), nosromy B y3nax pacueTHoll cxemnl MKD, rme cxousrcs
Apa aneMenTta B Oosee, B AONOIHHTCIBHO BBEASHHBIX CBAAX MOXHO BBIMMCIHTH
CYMMapHbIe OHOPHBIC PCAKLHH.

Ha puc, 8.2, 6 B 3azmenke ya1a i v WapHUPHOR 0LOPC y318 j IYHKTHPIRIMU
THHHSIMH B BHIE BEKTOPOB CW.I (M MOMENTA B 33/Ie/iKe Y3Md [} B COOTBCTCTBHH
¢ TpHHATOH Ha puc. 8.2, g o0uWeH cHcTeMOl ocell KOOPAMHAT MOKa3aHLI
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NOIOAHTCIBHBIC HATIPABICHHA CYMMAPHBIX peakuHii.

[Tepblid HHIeKe ¥y 0003HaYeHHT peakuMii oTOOpakACT HOMED HATIPARITCHUS
uepemetletds y31a B oblueil cucreme ocell koopiuuyar (cM. pue. 3.2), KOTOPOMY
COOTBCTCTBYCT BBCACHHAA CBA3D.

B cocrosnun pawel | peifctsHe Ha Hee BBENSHHOH 3alelKH B y31e | M
BEC/ICHHONM NIAPHUPHOH omopbl B y3a¢ j (eM. puc. 8.2, o puc. 8.3, a) MOWHO
JaMelnTh AeHcTBHeM HafNelHpIX B 9THX O110paX CYMMApHbIX ONOPHLIX PCAKUMEA
(puc. 8.3, §). Torma smopel M., (), N, B cocrosHuH pambl [ MOXKRHO CYHIalh
3MK0paMH 0T 3a/laHHBIX BHCINHHX HArpy30K M PAaBHBIX CYMMAapHBIM peakilMiM
Y3I0BEIX CHI, HI0OpaKCHHBIX Ha puc. 8.3, 4.

a)

Puc. 8.3

OTcioNa TORATCH CMBICT pacdeTa pamel B coctoadi 1l oT IeHcTBys y3I0BHIX
HArpysok {cM. pic. 8.2, 4), KOTOPbIE YULISHIQ PaBblibl COOTBCTCTBYIOLUNM Y3I0BLIM
Harpyskam B coetoside I {eM. puc. 8.3, 4), HO HMCHT NPOTHBOIOIOKHBIC WM
HanpasncHua., Pesynmbratom pacueta pambl B coctoanuu 11 gsnforea »moph
MOy Ny '

CyMMHPOBAHNC HAPPY30K B cocTosuuax I {em. puc. 8.3, &) n H (e, puc. 8.2.8)
TIPUBOAHT K YHHUTOKCIIHIO YEIOBBIX HAIPYIOK M 1101YHEHHIO 3a)aHHLIX HALPY30K L
pamy (e, pre. 8.2, a). Tlosromy sl0pbl yeUIMH B 3ajaHHOB paMe  laxoke
LONYHAIOTCH CYMMHPOBAHHEM J11I0p e B cocrosHmax 1 u I1(8.1).

8.2. lloceq0BaTeNbHOCTE PeINEnts OCHOBHOMH 3amayn MKD
METOAOM IIepeMeIIcHHH
Odoznauenun yii0esx 6ETUNHN 8 00WEN CUCIEME OCETl KOOPOURAI

Xoi petucHHs ocHoBHOH 3azaud MKD meromom nepemermennii paceMoTpuy

Ha IPHMCPC PACUCTHOH CXEMBbE © Y3IOROH HAIPY3KOH, H306pameHHoﬁ Ha prc. 8.2, &,
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by/ieM CUHTETH, YTO CXEMA OTHECEHA K O0IEH cHereMme Ocell KOOpinHar,
u306pa)keHHOﬁ Ha puc. 3.2, D1TuM, Kaxk Obl10 HOKAZAHO B HPEALLLYILEM [IOAPA3ALIE,
ONpeaendarTCd HHIOCKCREL Y 0003naueHni YIMOBRIX HACPY3O0K, [lepememenuﬁ Y3loe H
BOBHHKAIOWMX BHYTPEHHHX Y3M0BLIX YCHIIHIL.

MpnmeuaHun. ‘ }

1. Mpy M310AKEHHH X0Ja pacueTa CTepkHeBBIX cHcTeM MKD ©ynem ucnonesosath
OUOSHAMCHHA M MCTOAMKY, UPHHATEE B M3saHHbX Ha kadeape CM u TY CHGTTIY yuceOHbix
nocoOuax [7, 8].

Bepxuui nHneke 8 0603HAUCHUAX BCAMYMH 0B03HAYAET HOMEP KOHCUHOTO %ICMEHTA.

[Tepsbii  HHAHHA HHAEKC OOOIHAMAET HAUPABASHHE YCHIIMA WM HCPEMEIWCHHA B
COOTBCTCTRHY C HOMCPOM OCH KOOP/IMHAT {00IUCH MM MCCTHOH).

Bropo# miskuyi HiAekc 0003NMAAcT HOMSP Y3Ma B PAcHETIION CXeMe,

Yepra Han CUMBOAOM YCHAMH. NEpPEMEMIEHHH WM JPYTHX  BEIMYHH  O3HAuaeT
MPHHAICKHOCTE X K MCCTHOH cHeTeMe koopauuaT (MOK).

CTpoubiMH - OYKBAMH  NOAYKHPHOTO  LIPHATA  0DO3HAYAIOTCA  BEKTOPLI-C rO10LbI
Mpoteupimi - BykBaMb  1OXYKHPHOrO  WpHdTa  000IHAMAIOTCR  HPAMOYIONBHBIE  MATPHLBL.
Comsomer { )" ¥ ( )' 03HAYAKT COOTBETCTBCHHO ONCPAIMID TPAHCTIOHUPORAHUA U ONCPAILHIO
00paIcHHA MaTpHIL.

2, B 10 we BpeMs yuieHo, 9o B upmpamme SCAD 1MOCKAA CTEPIKHECBAS CMCTEMa
PAcTIONEXKCHA B NoockocTH XOZ (oM. puc. 3.2).

B cawam ¢ yrum (8 onumane or yuedrmx nocobui {7, 8]), seprukaiban ovk 0D03HACH 7,
{3), 4 HAMPABACHUC NEPCMCILCHHA Y31a B BHAC yria noeopota UY npodcxoanT Bokpyr ocH Y H
0003HaYeHO HOMepoM 5 (oM. puc. 3.2).

3. llepexon or oGo3HAUCHUA BEAHYMH, MPHHATEIX B Y MK, k oGo3HatucHUAM, TPUHATHIM B
nporpamme SCAD, cacnan B nocofHl nocne paccMOTPElIHA OCHOBHONH 3aJaYH MCTOAA KOHEYHBIX
IMeMEHTOR B GOPME METOIA NEPEMEILEHHIH.

Beeaem  oDosnauvenua (8.2) BEKTOpPOB  y3.108bIX  HAPY30K HAa  paMy
(cm. puc. 8.2, )

54

| K
P, [
p=| | B=[BoRm g |- (8.2)
P:i poi |_3;'

JedficTBHe BHEIIHEN y3I0BOH HAIPY3KH BbI30OBCT ActhopMaumo paMbl. Ec yiasl
RONYYAT NIEPEMENLCHNA, KOTOPHIE IPERCTABUM B BUAE BeK1opos (8.3),

T
|y,
u; li Y
u= U, =| 4. u. = .
uj » i 3 | J H},‘
Us;

(8.3)

Bo BHYTPCHHHMX CBA3AX, MPHCOCAHIIAIOUINX CTEPIKIIEBEIE KOHEUHBIE 1IEMEHThI
14 2 «CTCPKCHL NJI0CKOH paMbby K Y371aM 1, BOBHHKHYT BHYTPEHHHE YCHIIUA,
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Ynanum BHYTPEHHHE CRA3H, COSNMHAIOUAE HIEMEHTBL € Y31aMM pambl,
3aMEHHE MX COOTBETCTRYIOUIMMM YCHNHSMH, NeHCTBYHOIMMH M HAa y3Ibl H Ha
31C¢MEHTLE. JTO IOKA3all0 Ha npuMepe yana [ (puc. R.4).

Puc. 84

Buewnue yanosvie naspysku, delicmayiowgte na y3en i, U auympeniue yeuina,
delicmeyrouiie RA Y31l | LIEMERINOE, ROKA3AHB 6 COOMBCMCMBNY ¢ RPUGEOeHNOH
obuyel cucmeMaol 0Celt KOOPOUHIM KaK ROAONCUTHEbHbIC 6EIUYHHDL.

Buympenuue yeunus, delicmayoujite itd esipeiannptii y3ea i cucmemst, oyovm
UMEmb HARPABACHUN, OOPAMHBIC RO CPAGHEHWIO © COOMBEMCMEYIOWUMY VCUAUIMY,
DelcmeyIyIay va  ZEMENMBL N, CIe008AMEAbHO, GY0Ym  OMPUIAMETBHBIMU
geanyunamy (Ha puc. 8.4 OHY TOKA3AHB DITPHXOBBIMH JIHHMAMH ),

Bexmoptt gauympennux yeuaui, deficmeyviowiue -G KoHEbl (Y31b1) KOHEUHBIX
2AEMENMO8, APLICMABUM § RUDE GEKMOPIE

F. .
i 1i F]_,i
f:r , =5 f’:F . (8.4)
; 37
£y

[MockonbKy paccMarpvBaelcs JMHERHO-1e(POpMUpYEMan CHCTEMA, TG MeNCoy
gekmopor T (8.4) envmpennux viroselx yoututl, OelCMEVIOUHY A KOHEUHHIE
daesenmot, 4 sexmopom U (8.3) nepemewjenuil vzioe umeemcs coenadente no

APAglAV IMakos U UMeemcs auiteias CEA3L, ROMODYI MONCHG npedcmaeumh & aude:
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f=Ku, (8.5)

rae K abasctea mampuryeld etusnus cocTapIAIOWMX YIPYTHX NCPEMELICHHE

Y3I0B (ICMCHTOB BEKTOPA U) HY COCTABMAIOLUIME BHYTPEHHHX V3JIOBBIX YCWIHHA

(saementos Bexropa T} Dra mMarpuua HAILIBASTCH TAKKE MUMPULEl MEeCTHKOCIY
paccMaTpUBaEMOil COROKYITHOCTH COEIHHEHHBIX 3TEMEHTOR.

B coorreTcTBHY co cTpyKTypoil rexTopor f (8.4 u (8.3) Beipawenue (8.5)

MOIKHO TAK/KE OPEACTABUTE €IIE B ABYX HopMax 3amHcH:
f; K; K,-f- u

ff Kﬂ‘ . KJ)" n, , (86)
£y Ky Ko Kisy E Ky KIBU- ;i
£ Ko Kae Kagy i Ky Ky | o
= K K Kssir | Koy Ky | s |- (87)
£, Kuji Ko Kisi '1 Kig Ky |y

Fa; Kaji Kny Kasy ' Ky Kaay | s,

Haﬂyuenue PAIPEUAIOI el CHCMEMB YPAGHEN U
MEMOOd REPEMEECHUT

[locne NpHIOKCHMS YHIOBBIX HAIPY30OK K PaccMaTpHBACMON CHCTCME M
BOZHHKHOBEHHS B HEH yCMIHil, OHa B UCHOM H JIOGBIC BhUICICHHBIE M3 Hee 4acTH
AO/KHBE HAXOMHTBECH B PABHOBECHM NOA ACHCTBMCM [PHAOKCHHBIX HAIPY3OK,
peaxiuit B OMOpPAax W BHYTPEHHHX YCHIUE B CEMEHMSAX CTEPKHEN {paspesaHHbIX Lpy
BBIJETEHHMH YACTH CHCTEMBI).

PaBHoBccHe BRIpe3saHHoro y3na i/ {(em. puc. 8.4) wa mockoctn XOZ
[IPCACTABNACTCA TPEMA YPABHCHHAMH DaBHOBCCHA, KOTOPLIC B MaTPH4NOH 3amHcK
HPEACTABISEOTCH OAHIM YPABHCHHEM

p;—1;=0, (8.8)
[ BEKTOP [ 33J2HHLIX HA Y3€J { BHELIHMX Y310BbiX HAIPY30K M BekTop f
CYMMApHBIX BHYTPEHIHMX YIMOBRIX YCHAHH B 3IEMEHTAX. CXOMILIMXCA B y3ie
HMCKOT COOTBETCTBEIEHO BH/, NMPHBSACHHLIH COOTBETCTREHHO B RplpameHHAX (8.2) n
(8.4).

Hpu stoM sna moGoro anemcura Fy; Bextopa f;, rne 4£=1,3,5 - nomep
HAMpaBIeHHA YCHIHA, CYMIECTBYET PABEHCTBO (CM. prc. 8.4);

Fa=Fi+Fi =2 F;. (k=13.5) (8.9)

ref
Ansa seero sexropa f; ysna i
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f, =31 (8.10)

e
MaTpuyHOC YpABHCHHE PABHOBECHA anatorndnoe (8.8) MO0 3anHCcaTh H A1
yaaa j. Toraa pns seedh pacdernol cxempl paubl B coctoaunk II {cm. puc.8.2, 8)
nosyYumM
p-1=90. {8.11)
CTpyKTYpa, BXOISIIUX CIOA BEKTOPOB, noHATHa 13 (8.2) u (8.4).
VuuthiBa® RHHEHY0 3aBacHMocTh {.5), n3 (8.11) nouayunM  cHeTeMy
ypaBuenniit MK3 B Qopme metosa nepeMeticHit
Ku=p (8.12)
JnA ompefeneHHd BexkTopa U (8.3) y3M0BRIX [ICPEMEIHCHHH, COOTBETCTBYIOILMX
3a/aHHOMY BEKTOpY P (8.2) y3N0BLIX HArpy30K.
CucreMy ypaeHeHni (8.12) B COOTBETCTBAM CO CTPYKTYPOH BEKTOPOB W H P
MOYHO TaKXke MPencTaBuTh B Brae (6.13) u (B.14),

[Ku' K.f,l' u; _ p;

3 (8.13)
K}f K.'f u; P,
Ko Ko Kise : Kuy Ky | B;
Ky Kay Kisi E Ky Ky oy B,
Ksyy  Ksy Kssf;_i Ksyi Koz | us; =] P o (814

K Ko Kisp Ky Koy jw; A
K K33ﬂ K]ij ! K3ljj K}zjj My,

15 Toro uToGel peUmTs 3Ty CHCTEMY YpaBHeHHH HeobxoauMO chopMHpOBaTE
MaTpiLy keetkocTh K. DToMy Bollpocy TiocsAUleH noapainen 8.6.

Pewenue cucmeMoi ypasuenuii Memodd REPEME{enii
MHocae Ttoro kKak chOpPMUpPOBAHHAR CHCIEMA NHHEHHBIX anredpaMuecKkux
ypaeiennit (8.12) Gymer pewena, T.c. B cocroanmu If pacdyeTHOH cxeMBI pamhl
(cM. prc. 82, g) onpenenuTea BeKTOP u (8.3) yINOBLIX TEPEMEINEHHH, MOKHO
fepeiiTi K PACCMOTPEHMEO YCA0BH HEP23PLIBHOCTH

R m
u; =u; =u;

(8.15)

COOTBETCTREHHO OTP@KAINMUINX PABENICTEO REPEMEILCHHH y3nos I 1 i 31eMEHTOs,

m_ . f
uouf=u;=u,

CXOAALIMXCA B Y3€ J, C FMCPCMCLICHHAMH CaMoro ysna { {cm. pue. 8.4) u

fEpeMCUICHRI YIMOB f” W MCMCHTOB, CXOAALHXCS B YAle [, ¢ NepeMemleHiIMT
CaMOro Y3na J.
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Henonusyst 3TH yCROBHS HEPaspLIBHOCTH KONIERLIX CEUCTIHH CTepkIeRLIX
JNCMEHTOB H Y108 B pacueTnol cxeme II (cm. puc. 8.2, 8), Haiinem nepeMeineHua
KOHLICBBLX CCHCHMH MICMCHTOB 5, 71, 1 (V3IOB 3ICMEHTOB, CM., HATIpUMep, pHC. 8.4).

Onpedeiennue y3108uLx Yowiuil JieMenmos
f duen cucmeme ocelt koopounam

Mexy BEKTOPOM Y3TORBIX TepeMelleHuil ¥ y300BmIX  yCHani 100010
KOHEUHOro MMeMEHTA ¢ HOMepoM » B obmiel cucTeMe KOOPIHHAT CYIIECTRYET
SMHEHHAA CBA3b, AHAIOTHYHAA CBA3H {1.5) ang Beei CTEKHEBOH CHCTEMBI:

f"=K'u", (8.16)
Henonweiya 9Ty cBAIL, N0 ONPEAETSHHOMY BEKIOPY U MOKHO HARTH BEKTOP

" y3nosuix ycHnul onemenTa - B obuieii cucTeMe KOOPANHAT. “YTH VINORbIC YCHAHS
B yane i onemenTa €" K B yale ¢ 2JeMeHTa ¢’ NoKasaHe! Ha puc. 8.4,

Bornpoc ¢ noctpoenyun Marpun xeetkoct K QNS KOHEYHBIX 3ICMCUTOB B
ofieff crcTeMe KOOpARHAT OYAET PacCMOTPEH B noapasacnc 8.5.
Onpedeneriie y310801X YCUIUE JHEMEHINOE
8 MECIIQil CUCIeMe 0Celt Koopounam
B npoepamme SCALD gce anympenntie yCuaus, oeticmay e 1d Kokiyer (v’mm)
KOHEUHBIX 3ICMEHINGE ORPCOCTAIOMCH 8 MeCHNOb cucmeme oceil Koopouwam
Kaxcopzo yiemenma (CM. nnoapaszaen 3).
B ormmuure o1 ofosnauenus {7 BexTopa yanoBetX yeHnui anementa » B OCK
06o3HaYeHHC BCKTOpa yeMIMd B y31ax amementa » B MCK umeer crepxy

obosnauenis sepry: f', Bextop f' y3noBbix vewmmit anemenra r 5 MCK
onpezesserca mo sektopy f yanoseix yeummit snementa » B QCK ¢ nowmomrio

MaTpriciel C' MpeodpazoBaHIA BEKTOPOE Y3NIOBLIX YCHIHY DJCMCHTA F IPH NOBOPOTC
KOOPAMHATHBEIX OCEH:

fh :Crfﬁ‘- (8.17)

Boopoc © nocTpoeHHH MaTpHUBl  NpeofpasoBaHHA  BEKTOPOB  OyieT
paccMOTPEH B rtogpazaene 8.5,
Hocmpoenne nop yowini 8 KOHEUHBIX LICHERMIAX
& cocmoanuu I (ocnosnan zaoana MK3) u oxonvamenbibix 3n0p yeuaiii
DMOPRL YCHITHE B KAX10M KOHEUHOM 3ISMEHTE CTPOATCA B MCCTHOH cncTeMe
oceif koopauHaT. [IpH y3noROH HArpY3Ke HA PACUSTHYIO CXSMY PaMbl B cocToanuu 11
{cM. puc. 8.2, &) DIMIOPBI YCHIUIT HA BCCX X TEMEHTax OyAyT JIMHCHHbIMU.
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OxoHYaTeRBHBIC IMOPEL YCUTHH B 3a/[aHHOH pame (cM. pHc. 8.2, ) momydaics
CYMMHPOB3HHEM 3MIOP B COOTBETCTBHY C BhIpakeHHaMHE (8.1).

B mporpamme SCAD Bea mpouenypa pacueta MKD B dopme Merona
MEPEMEIIICHIA ABTOMATHIHPOBAHA,

TIpH HTOM PEesyNIbTATHL PACUCTE AOMYHAKTCA KK 8 padruucckoM BUIC (B BHAC
KaplHibl JedopMannil CTepKHCBOH CHCTEMBl M B BHIE 3MMOP YCHNMI), Tak U B
Tabanunoi popme.

Snauenun nepeMewlenuii & y31ax pacuemHoR cXeMbl  GMOQIOMCR 6
npozpamme SCAD ¢ obiyeri cucmeme oceli Koopounam,

Yeunua Ha 3leMenme ¢ HQ3HAUEHHOM HUCIE CEMENNil ROTYHIOMes ¢
Mecemtoli cucmeme ocell koopounam. [lpapHna sHaxoB ans yoidil 8 mobom
CCUCHHUM 3IeMEHTA OBLIH IIPHBE/IEHE B opastene 4.

Koumpois noayuennsix pesyiemamog pacuema

fTocneaHMM, HO BXKHBIM HTANOM pellienia 3adaul NOCTPOCHUA op M, ON,
ABMAETCH KOHTPONbL PE3YNLTATOB pacdeTa. BBINOANEHHE pPazHUHBIX TIPOBEPOK
PE3YILTATOR PACUETOR MPOICMOHCTPHPOBAHD B OAPA3ALHAX 4 ¥ 5 U B IPHIOKSIHUAX
| 1 2. K Hum oTHOCATCS:

1. TIposepka BMAA MO YCUIHE [0 BPHIHAKAM LIPABHIBHEIX JOHOD.

2. Tiposepka COOTBCTCTBUS UPYL Apyry Mop M U (0 © yu¢ToM YpPaBHCHUS
pasHoBCCHA dM / dx = () GCCKOHCYHO MATIOTO CTEP/KHEROFO BNEMEHTA IJUHOH dX .

3. Tlposepka paBHOBECHA BeGH CTEPKHEBON cHCTeMb! M NI0GOH ¢ce oTCeueHHOH
4aCTH, B TOM YUCNE:

3.1. [poeepka paBHOBECHA MOMEHTOB, NEHCTBYHIIMX HA TI00H y3en |
CTEPKHEBOH CHCTEMBI, ¢ TIOMOLILIO YPABHEHHA PABHOBECHS yina » M, =0.

3.2, TIposepka pagHOBCCHS IIPOCKLAHA BCCX CHII, NCHCTBYHOLMX Ha y3en §, Ha
No6y0 0ch, B TOM YHCIC KoopauHaTHyw (> X, =0; Y7, =0).

"pHMﬁ‘iaHﬂﬂ. B le{{BCJ.[CHHOﬁ BRIINE NOCIICAOBATEIIBHUCTI PACHETE INIOCKUX CTCPIKHEBBIX
cHCTeM THMa «[THockas paman P sotipoces MK noka veTasierbl Ge3 PaceMoTpeHHsL.

K HMM OTHOCHTCA BOHPOC O TOM, YTO BEKTOpY " (8.17) B MecTHoii cucteme oceil
KOOPAHHAT COOTRETCTBYET BEKTOR U, ")) BeKTOpHI CBA3AHEL OPYT ¢ mpyrom dopmymo (§.20),
AHAMOTHYHOH (IPHBCICHHOMY BBILIE Bhipaskeenio (8,16), sanucaHHOMy B o0lIcH cHCleme ocelt
koopanuatr. Marpuua K8 (8.20) sesneres marpuucii weerkoctd K3 ¢ HoMeposm 7 B Mectholi
cueTeMe ocel xoupiHHal, CBAsh MEKLY MATPRUAMH, BXONANMMM B BRIpaxcHia (8.16) u (8.20)
OCYWECTSIAETSA ¢ NOMOILBE MAaTPULB] 1peODPa3OBAHUA C” s eune (8.17).

MMocTpoctiMe MaTPHIL KCCTKOCTH 2IEMCHTOB B MECTHOH M B 00med cHeremax ocedl
KOOPJHHAT Oylly't paceMOTpersl B nogpazienax 8.4 u 8.5,
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B nojpasacie 8.5 GyACT paccMoTpeHO M MOCTPOCHMC MaTphu npeobpazosanua € ana
TICPEXOLA OY BCKTOPOB YIAOBRIX MCPCMCUICHAH W YCHIHI W3 OAHOH CHCTEME! KOOPAHHAT B mobyio
APYTYK CHCTEMY KOGPIMHAT,

DopmHpoBaHie MATPHUR HKCCTKOCTH U Paspeilatounic cueTembl ypasucHHA Oyner
PACCMOTPCHO B rogpasneie 8.6..

8.3. [1nockue crepkieBbie KOHEUHBIE HIEMENThI
B MECTHOH cHCTeMe oceH KoopIwHaT
[lpeanonoxuy, wro umcercs cocrosnuc 1l naockol crepkHeROH CHCTEMBY
Tuna «[Inockas paMan H B 3TOM COCTOAHAY B COBOKYIHOUTH CTCPHHCERIX KOHCHHBIX

IAEMCHTOR HMCCTCH DAEMEHT ¢ (F - HOMED ?HCMCHTa) C JABYMA KWECTKAMH Y31aMu i

Wj(phc. 8.5), riac i M — poMepa Y3108 B PACHETHOI cxeMe.
1}

Puc. 8.5

BBIACIHM TOT 3NEMEHT H OTHECEM £0 K MECTHOH CHCTCMC OCCHl KOOPAMHAT,
YKA3bIBAOIIEH NONUKMTEABHOC HANPARACHNC YCHAUI (pre. 8.5, d) o nepemeltenyii
{puc. 8.5, 6} B cro y3aax.

BrejgeM 000IHa9eHHA COCTaBIAIONIMX YHIOBRIX YCH/IMH M OCPCMEIUCHNWH M

0f0IHAYEHNA COOTBETCTRYIOIINX MM REKTOPOR B MECTUOH CHCTeMC QCCH KOOpAMHAT
(8.1R), (8.19).

wr [gr -l
= ?‘, =L = F (8.18)
[T ¥
| fn’,
U I M T =1y | (8.19)
u o
’ ify; 3r J

Hockoneky paccmarpHBagMElit INCMEHT SBIFETCA AIMHERHO-AChOPMUPYCMBIM,

T0 Bekrop ' y370BLIX YCHIMH 3TOrO 9/IEMCHTA JAMHCHHO CBAIAH C BEKTOPOM
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" yanoBbix nepemeulenuit. Tak ke Kak ana obuiel cHCTeMBl occH XOOPAHHAT
{cMm. {8.16)) 3anmiuem 3Ty cBa35 B Buac (8.20).
i"=K'u. o (8.20)
B (8.20) marpuna K" npencrasnser coboit MATPHIYY BAKSHUA COCTABNAIOMINX
TepeMeIneHni yaT0B AMeMEHTa Ha COCTABAAIOWINE YCHIME B 3THX y3naX B MECTHOl
cHcTeMe ocell  koopamHaT. Oba  HA3BIBAETCH TAKKE MaTpHLEH  KECTKOCTH
PACCMATPUBACMOrG KOHCUHOTO 3HEMEHTa B MECTHOH CHCTeMe oce koopauHar. Ee
CTPYKTYPa COOTBCICTEYET CTPYKTYPE BEKTOPOR f° u m" (cm. suipaxenns (8.18) u
(8.19)). Tosromy sMecTo (8.20) MOKHO TakOKe 3alucath BeipaxeHHa (8.21) u (B.22):

ff’ﬁ 'K, X [u]

P
IHEC A . (8.21)
F| Rl AISH K5 E Ky Ky
311" E;Iu [“'3311' E;ﬁu i I?;lr_'j E;.‘w}
Bl | Ko Kow Kt Kay Koy L8
Ff; ]?irl ji E‘lr_'!_,fi E{Sf’i i ,lri.jf K’-lgu ' -
F;‘r,' K,{l_,il' E‘;-}_;l E{S it :‘ E.;I i k-_{:&y
F.‘S’,'_ K;l i —75'-1,’1 K’iﬂf {‘ Egljj R'-éhj

Hi conocrapaerits (8.20), (8.21) u (8.22) nonywaem (8.23), vae wawnplit
MEMEHT K,’,'if matpuiid K’ OTpakacT BAHAHHC [IEPEMELLEHMN ya [ B

HanpasncHuy ¢ (#=1,3,5) na ycunue B y37¢ 7 B HanpawiaeHny [ (f=1,3,5).

Klrln Kli]i.' K{SH :\ E(ll}‘ Kigij KII:SU
K';Iu E’,ﬁn K{SWH 1 Kglu R-.’;Sq K.’:N,‘
K = K} K;’ =] f_{l'iﬁj?{?i', ,E;”VE“_,"LE{IL_1?5’_.31}__’?_55_5_0_ (1.23)
Klﬂ K;H I Klil I RT].E i Elg it ': Elrljj Elrf‘j,l flri i ’ .
k}rl Ji 17(13 bii Eﬁ’iﬁ Ji E [?3"] i E’:Sﬂ _’?ZS_;,I
_I?Srl 5 ESI'%,V ]?;‘ i : E;I i E.:}jf K“Jy

W3 seipasennst (8.22) Buaxo, wro QuIHYECKH dnemenT K MATpHIE] K"
npeactapiAetr coboll ycuaue, koropoe nefictyer B yile / B Hanpasnenuns [ B
MECTHOH CHCTEME OCeil KOOPAMHAT, MPH YCMOBHH, YTO Y3CT j TONYUHIT €AHEHYHOE
[epeMelicHie B UAPABREHHY 1 (), = 1), a BCe UCTATIbHbIC (E€PEMELIEHHS PABHEL

HYIIO,
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AHAIOIMUYHBIA CMBICT HMEIOT H 3NIEMEHTEL APYrHX Gokos MaTpHusl K.

OTCIOJJ& creayceT crnocof OnpeaciCHHA 3JIEMEHTOBR MATPHLEL Kr._ HA oo
JAKPENHTE Y3l [ H j 21EMEHTA OT CMEIUEHHA N0 HaUPaBIEHHIO HX CrelleHeH
cBO0OOB H 34aTh lEPEMEILEHHE: Et;f =1(t=1,3,5).

B kauccree npHMepa NpOACMOHCTPHPYEM MONYYeHHE MEPBOIO H TPEThCro
cTon61oB MaTprusl K.

Botwucaenue 3nemMenmos nepeoze crmoabya Mampuigst K'

BeejieM B y3Ibl § M 3eMEHTa, H300pakeHHOrO Ha puc, 8.5, 3aneMIA0iHe,
oropsl (pHe. 8.6, a), ¥T0 KBHBAICHTHO BBEACHHIO CBAlCH B HanpasreHuax 17, 3" u 5
MCCTHOH CHCTeMBI ocell KOOPAMHAT (CM. puc. 8.5, a ).

Puc. 8.6

i
SamaiMM B yane [ uepeMeitenHe 5, =1 (cm. puc. 8.6, «) Bee apyrde
nepeMenieHnd y3noe OydeM nomararte paRHBLIMH HYTK. B MaTpHYHOM BHIpaXKCHHH
(8.22) oTo 6yAeT paBHOCH/IBHO 33JAHHIO BEKTOPA NePeMELLEHHH
w=0100000). (8.24)
YMHOKHE B MATPHYHOM Bhipaxennu (8.22) MaTpuily xecTkocTH K’ Ha 3107

BCKTOP, [TOTYYHM BEKTOD Y3OBRIX YCHITHH B BUIE

fr=(’?|rm Earm' Xsrm Klrl.fi K.{i,’i E.irl,'f)i' . (8.25)

fIpy  3a72HHOM TICPCMCIIICHUN Y378 | TIPOMCXOJMT TONBKO NPONOMEHAS

redopmanus ©KaTHA CTCPIKHCBOMO »icMeHTa {cM. puc. 8.6, a). Harnbawwne

MOMCHTBI M TIONCPCUHBIC CHITBI B CEHEHMAX 3JEMENTA He BO3HHKAOT. [TonToMy M3

WECEH BBEUSHHBIX CBAIEH MHYJCBBIE DPEAKUHMH BO3HMKHYT TONBKO B JABYX
FOPHIOHTANBHBIX CBA3AX (CM. pHC. 8.6, u).

Peakuns  K||; OTPHUATCABHA, T4K KAaK €€ HANPABNEHHE B yie |
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TIPOTHBOTIONIOHQ TONMKHTENEHOMY HAaNpaBACHUIO NPOJAQIRHOTO YCUNHA B yane i
MECTHOH CHCTeMBI koopruuar (¢M. puc. 8.5, ¢). Ona onpenendtcs M3 H3BECTHOM

—
{rif

hopmy:iiel AT = -, OTpaKAOINEH 3aK0H ['yKa NMpH pacTs:KCHMH — CHRATHM

(EFY
2.EMEHTA #. B NpUBEAEHHOM [PHMEPE MMEEM VKOPOUCHHC CTCPMHA HA BCAMUMHY
o o _ rogar

Al"==1u Ky =—(EFY /",

Peakinn K| ji OMPEASIUTCS WS YCIOBHA DABHOBCCHA 3CMCHTA HA ock |
(cv. puc. 8.6, a).

Eciy cuutarh, S9To HOIUKHTEILHLM EPOZOIALHEIM YOUTIHCM B y3ie ; Gyuer,
Kak @ B yine [, pacraruBafoulce ycunne (oM. puc. 8.5, a), 1o unonyamm. uto
= vr ror ’
K=K =—(EFY /1.

[IpuMeuanue. B aqpHeiieM 1aM, IIe Y10 HE Bbl3bBact COMHEHHA KeCTROCTH KOHCYHBIX
SNEMEHTOB ¥ HX AnMny Gyiem oB03HaualL Be3 MHUCKCA £, T, €, B JAHHOM [PHMEpE TIPHMeM

Elrljix:EIrlii = FFIL

Takum 08pazom, 3anucadHEi B BRIpLKCHAH (8.23) nepBblil cToufels MATPUILGL
weeTkoeTH K PAcCMATPHBAGMOro 7IEMEHTA B MECTHOI CHCTEME KOOPAHHAT Hpy
APUHAMOM  ADJsuIe 3HAK08 018 nepeMewenul u ycuwt ¢ yzax {cMm. puc. 8.3)
Teneps MOKET ObITh UPEICTaBISH B BHjlE

(-EF/t 0 0 -EF/ 0 0. (8.26)

Beiuucaenue ynemenmos mpempezo cmortua mampryn K
B TOM e CTCPKHCBOM XICMCHTC ¢ 3AIMCMITARDIIHMHE COOPAMH 33,[adHM B Y3IE
i mepeMerienye (Yrol MOBOpPOTa BOKPYT ock Y, T.€. B HanpasieHun 5) iy, =1 (oM.

puc. 8.6, 6). Bee npyrue mepeMciucHus y3noe Oyem monalais paBHbIMM HYI1O. B
MaTpHYHOM BeIpaxennn (3.22) 510 Oyuaer pPaBHOCHIIBHO 3@/IAHHK)  BeKTOpd
nepeMeteHui -

a=(001000). (827
VMHOKUE B MaTpHUHOM Bhipaxerun (1.22) matpuiry wectkoctu K Ha avor

BEKTOPD, NMOMYYHM BCKTOPR Y3M0BBIX YCHI[Hfi, paBHbIﬁ TPETBEMY C’I'OJIGLL}' MaTPHL bl

saectroctH K

=, = Ty = s = —r T .
f =(K,5;-,- Kisip  Kassy Kli_;‘: Kz.s_,-f KSS_;’E]' (1.28)
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3NOpE! YCHARH JUIA TAaKOTO CTCPIKHA DPH 33JaHHOM BO3TERCTBHN ABAAFOTCA
TaONHYHBIMA (CM., HallpUMeEp, HMOpY M3rnfarouix MoMmcHToB B T1a0n. 7.2). 3Ta
amopa M npuBeena # Ha puc. 8.6, 4. Tam e ykazanhl 3HAYEHHA W HANDABACHHA
COOTBCTCTBYIOIMX TIOCTPOEHHOH 3niope onopHulx peakuuit. Hanpasneuns peaxumit
B COOTBETCTBHH C TIPHHATHIMH HONOMKUTEHRHRAMH HANPABNCHUAMH, YKA3AHHBIME HA
puc. 8.5, 4, NosBonAKT 3anmdcaTs ypeTHH cronbeu paccMaTpuBaeMoll MaTpHLLI
HECTKOCTH B BHAE!

0 —6E1/ 4B 0 —6EIE -2EI). (8.29)
Bca MATpHUug XKECTKOCTH K?’ TNQCKOTO CTSMKHCROIO INESMEHTA C KECTRHMH

y3namMH (cM. puc. 1.9) B MecTiON cHcTeME ocell KOOPAHHAT MNOMYYHTCS B BHAE!

~EF /i 0 0 1 EF/ 0 0

0 12E1/F  ~6EI/* 1 0 “12E11P —6ELif?

0 ~SEI/P_ _AEIM 10 6E1 /1 2EI/1
Rl et (8.30)
—EF/jl 0 0 | EFN 0 0

2 ! hl

0 2EI/F -6EI/F T 0 —12E11P —6ELI?

{0 GET/I?  -2ETL 10 ~6EI/1P ~4El/] |

KOHTPO/ICM DOCTPOSHUA MATPULB! XKECTKOCTH ABIMETCR ©¢ CUMMeTpus [8, 10.
i2,13].

B crepxiuesmix cucremax Tunia  «flnockas pava» B MeCTax PacnOIOMEHVS
WAPHHUPOB 0OA3ATENBHO HAZHAYMAIOTCA Y3ALT PA3ICACHHA HA DAEMEHTR (cM, pHE. 3, 9},
NO3TOMY NMOAYHAKTCA 3NEMEHTRT, U300parkeHHbte Ha puc. 8.7.

Jiia sneMedTos, u3obpaxeHHsIX Ha puc. 8.7, @, 6, v pHc, 8.7, & ¢ BMECTO
BexTopon yewauit (8.18) n nepemeuienwii (8.19) OyacM MMCTh COOTRETCTBYIOINUE
8CKTOPLL B BUAE!

7, |
’} (8.31)
—r tirr — ilrJI = HI-I’.i"_
o= W=y = 0 (8.32)
Jd J 3

IR - N X R F 1 |
(S R S R A T A (8.33)
{ 'J ! [HJ] Lr
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_r —r —r
&< Tl o g | (8.34)
! —r " 4 —r —r .

iy Uy "

Jluueiinasn CBA3E MEKAY Y3IMOBEIMH YCHIUAMY 1 Y3NOBRIMH TMEPEMCLLICHUAMH B
BHAE (8.20) octaercs B¢l HIMEHCHHA,

a)

8}

Fy

Puc. 8.7

Botpawetns (8.22) u (8.23) uavensatcs B CBIIN C MIMEHEHHEM CTPYKTYDHI

BEKTODOB VINOBEIX yoHMMH W nepemeiiebnii, Jua 3neMeHTa Ha puc. 8.7, a .6

HONYYHM:

ol
X
1l

AHATOTAYHO

-

=, =
Kiyi Ko Kisy
r g T

s Kaa o Kisy

[}
!
!
i
:
r r r v ¥ —F <
-Igs_lii___é's‘_ii_ Ksg;i CKsiy Ky || Bs - (8.33)
_______ L e

!

I

1

|

Koy Ky 1 (8.36)

T r r [ v
Kay Kany Ky Ky Kasy |

M4 3NeMEHT&Z ¢ ABYMA IHAPHHPHBIMHM YijlaMH TI0 KOHUAM

[ORYYHM MATPHYHBIE YpasHeHHs (8.37) u (8.38).

BrmpcneHue ¢TonBIOB MaTpull KecTkocTd (8.36) u (8.38) npoussomuarcd Tak
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e, Kak 3To OBUI0 TOKA3aHO Ha IpyAMepe CTEePKHA < KCCTKHMH  Y3)IaMH.
COOT’BCTCTByIOHIHE KOHEYHBIE DNIEMEHTERI ¢ BBEXEHHBIMH B Y3NEBI CBA3ZAMH IPHBCICHLI

Ha puc. 8.8,4a, 6.
F];--l Kiii Kl }. Ky Kiy || ug
Fii_| By Koy | Ky Kiy | 7 8.37)
Fj Kl Kisji : Ky Ky my | .
1?3';’ I?Srlji Esrjﬁ i _3r]jj Efsf, ‘7.{}‘
Kirm Elrzu i ]?lrlu' Elr%'
g | Ki Ki| | Kiy Kby | Koy Ky -
K, K| \Ki, Ky Ky, Ky (59
Ky Koy EXL{IJJ Ly
a 3 i / aj !

Puc. 8.8

Brinonaue OpoucaAypy BRYHCICHHA CTONOLOB MATPHEL KCCTKOCTH TS
3IEMCHTOB € ilapHUPOM B y‘}.?TCj H ¢ IHapHHPAMH B 0DOHX YIMAX, IMOTYUHM MaTpullLL
AKCCTKOCTH COOTBCTCTBCHHO B BHIE!

-EF i 0 01 BRI 0
® K 0 3ENE 3EP L0 -3EL/P
K'=(_" 7= 0 3EIMP 3EI L0 EE
L(ﬂ' £ i i Tomoosmen S | (8.39)
—EFil 0 0 | EFI 0
|
0 SENT =3B 0 -3EP]
~-EF/l 0 | EF/ 0
- N |
< |Ki Kj 0 0 | 0 0
= p— — ={-—"—"F"""""""7"7"77== | .
K, K,| {-eFit 0 | EFi 0 (8.40)
[ 0 0o | 0 0

Bee paccMOTPEHHbIE B 9TOM pPasIciC MATPHIEI ECTKOCTH OCTPOEHB B
1IpUHATOR MCCTHOH cHcTeMe oceil KoOpAHHAT 1emMeHTOB (CM. pHe. 8.5, a).

{lockonpky B OCHOBHOM paspeiiaiimeM ypardHennn MKD B dopme merona
nepeMerientiit (8.12) nenonbsyercs Matpuua keetkoceTH K B oBimeit cuereme ocelt
KOODAHHAT, ICpeiIeM K PaCCMOTPEHHID ROITPOCA O [IOCTPOSHUH ITOH MaTpPHLIBL
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8.4. [IpecdpazopaHie BEKTOPOB NepeMeTHCHHH H YCHIWEH B ¥3.18X M MATPHT
MECTKOCTH KOHEUHOIO0 3/1eMeHTa U3 of1eii cuereMs! oceil kKoopauuar B
MeCTHYW) U HaoBopor

B obiem cayuae niocknii cTepaHeBoii 1neMeHT € ¢ «IPHBA3ANHON» K HeMY
mecTHOR cucreMoil ocedt koopuuuar X1 (17, Y1 (20, Z1 (3 (¢cM. puc. 8.5) 8
pacueTHOM  cXeMe CTEepPXKHEROH KOHCTPYKIIMM OKa3BIBAETCA [OBEPHYTHIM 11O
OTHOLIENHEO K o0wel cucTeMe oceit koopanuat X, (1), Y(2), Z(3) (em. puc. 3.4).

Bee eeeacuupic B moppasuaciac (8.3) 174 KOHCHHOTO 3JICMCHTA 0003HAavRNIMA,
BEMMYMH B MECTHOH  CHCTeME  KOOpAUHAT  Oyiyr  aHATOUMYHBIMA - OIS
COOTBETCTBYIOLUIMX BeNU4HH M B oOuieil cHcTeMe KoOpaduaT, HO He OYIyT MMeTh
¢Bepxy ueprbl {cM,, Haupumep, (8,16} BmecTo (8.20}).

Mepexon OT BEKTOPOB y310BBIX yeuauil f/ » nepevewenwid w] yama |

CTCPIKHCBOTO 1CMCHTA &, OTHCCCHHBIX K OBmieil cucTeMe ocell KOOPAHIAT, K
COOTRETCTRYIONIM REKTOPAM YINORBIX YCHMHE T, M DepeMemenni i) , OTHeCeHHbIX
K MECTHOH CMCISMe OCei KOOPAMHAL, MOKHO LpSACcTaBrib B Buue [8, 11, 13];
t7=C/f/; i/ =Clul, (8.41)

rze €] — MaTpHia HanpaBIfIOLIMX KOCHHYCOB. (KOCHHYCOB VITIOB MEXAY
MOTOXKUTETLHEIMH  HATIPARNEHNAMR ocell ofulell 1 MecTHON CHCTEM KoOpaMHaT),
ABIAOLAscd  MaTpuucll  npeoGpa3zoRaHMA  BCKTOPOB  YMIOBBIX  yoHAMH n
nepemeinennii & obimeil cHcTeMe XKOOPAMHAT B COOTBRTCTRYIONIIME BEKropa B
MECTHOH CHCTEME KOODINHAT.

Jlist 3KeCIKOro W WapHupHOro y3ia § (1pu npudsisix va puc. 3.1 u puc. 8.5
YHCHOBEIX 0003nadenuax ocell odmwei N MecTHOM cHCTeM KOOPAKMHAT 1 HANPARICHHS
YUId FOBOPOTA) 370 MATPHUA DYAST COOTBETCTBEHHO HMCETh BHIL

rcos(l",l) cos(1".3}) cos(1".5) _
C! =|cos(3",1) cos(3",3) cos(3",5)|; (8.42)
cos(5".1) cos(5",3) cos(5"5)

C - cos(l:._l) 005(1’1,3) . (8.43)
cos(37,1)  cos(3",3)

Ans BTOPOro y3ia © HOMCPOM j CTCPPKHCBOTO KOHGYHOTO 3NEMEHTa (cM.
puc. 8.5, pHe. 8.7} B pacucrrodl cxeme MKD cucrembr «Ilnockas pama» B
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BeIpaXeHHAX (8.42) — (8.43) u3meHACTCR TOALKO HILICKC, ODOIHAMAIOWNAT HOMEp
y3na.

Kax y#e oTMevaiock B KOMMEHTapHAX K pHe.3.4, BCTpeuaIoTes ABa BapHaHTa
NOBOPOTA MECTHOH CHUTCMBL OCEH KOODIVHAT BMECTS CO CTCIRHCBRIM KOHEUIbiM
IAEMEHTOM:

1. [lua n¢ BCPTHKANBHBIX KOHEHHBIX IEMEHTOB DPACIHOIOREUMLIX NPaBee
BEPTHKANH, COBIAA0MeHE ¢ ovbi0 Z, MCCTHAA CHCTCMA OCeA  KOOPAMHAT
IOBOPAUHBACTCA BMECTC € WIEMEHTOM BOKpPYI ocH Y oOWeH CcHeTeMbl ocei
KOOPIORHAT TONLKO Ha yron — 90" < ¢ < +90°,

2. JIna BepTUKAMLHBIX MMCMEHTOR W JNCMEHYOB, PACTIONOMCHHBIX IeBeC
BePTHKANH, COBNaAawuied ¢ ocklo Z, MCCTHAA chcTeMa ocell  KoopiuHar
MOBOPAYUBAETCA BMECTE € HJICMEHTOM BOKpYI ocH Y oOuicH cucTeMu! Ocel
KOOPAMEAT chavana Ha yroa 90" <@ < 270", a sateM Bokpyr MecTHOH ocn X1 Ha
yroi gy =180°,

Tonyqaronmecs 1mpn 31oM Marpuil C; 118 KCCTKHX H UADHUPHLIX Y3N0B
npu GpiOpPaMHOM Rpasule IMAKos I REpEMEWEnuit Y Youiui 8 yinax i W

{ca. puc. 8.5 u puc. 8.7) Oyayt uMets Bua (2.44), (2.45).

Kecrruit ysen

1. Mpu nosopove oceir MCK 2. MNpu nosopare oceit MCK
Ha yron —90Y << +90° Ba yroa 90 < < 270°
HHayron y=10° H Ha yron y =180°
(cos ¢" —sing” 0—= {-~sin ¢" —cosg” O
C) =| sing” cosq” Ol Cl =|-cosq¢” sing” 0 (8.44)
| o 0 1J Lo 0 -1
1laprnpubrit ysen
1) npu noropore oceit MCK 2) npH Bosopoie vcclH MUK
Ha yrost — 907 < @ < +90" na yror 907 <@ <270°
#Ha yroa gy =0° n na yroa y =180°
sing”  cosg' [— cosp’  sing J

Torua ais Beero CTCPIKREBOIO WICMCHTA C Y3IAMM § W J LIQIYYHM
" =C't"; ¥ =Cuw. (8.46)
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C y4yeTom CTPYKTYpbl BEKTOPOB YHIOBBIX YCHAHI M nepeMellicHWH B BHIE

seipakennil (8.18) # (8,19) 1 c yuerom puipaxennil (8.46) warpuua C'nan
CTCPAHEBOTG MWICMEHTA MOXKET OBITh npeicraBlIcHa KAaK [THArOHaNbRaA onoqHas
MATPHUA

c, 0
C'= 8.47
0 o (8.47)
YMHOKHE BRIpaxcHus {8.46) a obpatHyto MaTpuly (C7) T, TIQTY MM
rr =(Cr)-li-r; o’ =(Cr)- !aﬁr‘ (848)

MojicTaBuM B [IPBOC PABCHCTRO (8.46) BMeCTo Bekropd [ ero BBIpAMCHHE
(8.20), a 3areM sTopoe paseHcTso (8.46). Toraa moayuum

f =(CH ' =(C"Y'Ks =(¢C")y"'KCv'
HIH l
f =K', (8.49) .
rae '
K" =(C"y'K'¢r (8.50)
Gymet MmavpMuell KECTKOCTH KOHEdHOTo 3nemMenTa B obwell cueTeme ocedt
KOOpIHHAT.
Moxno mowasate [8, 11, 13], wrto matpuua C" ABAAETCA OPTOTOHATBHOMH

MATPHILEH, [/11 KOTOPOH BBITIOAHSICTCS PABEHCTRA (CY =(CH". Totaa

K" =(C")y'K'C". (8.51

8.5. PopMuUpPOBAHYE MATPHIIBI JKECTKOCTH /Lt pacyeTHOH cXeMbl paMbl

Ana  GopMupoadus Matpulsl xecTkoctd K pacdeTHOH cxeMB!  paMmbl,
W300paxkeHHol Ha pyc. 8.2, 8, paccMOTPHM BLIpaxenye (8.6). .

W3 Hero caenyer, 4o
f.

!

K,u; + K,-,-u_,- =f, +f,}-;

f= K +Ku, =1, +f,.

(8.52)

3neck coctapiAtomas ; BexTopa f; no aHaToTHK C BRIpakeHHeM (8.10) Moxer
OBITh [IPEICTABNEHA B BHJIC

Ky =f,= ¥ fi= 3 Kju). (8.53)

reij rei,j

221



H3 yenosHa HepaspblBHOCTH mepeMeiuedudl yimor £ u " aIeMeHTos,
CXOAAMMXCS B Ya1¢ | (cM. pHC. 8.4}, ¢ MepeMenienHaMH CAMOro y31a i B cocTonluk I
pacqeTHOH CXEMBL paMBbl (CM. pHe. 8.2, €) CACOYCT, HTO

uj =u,, (8.54)
TJ€ ATA PACCMATPHBACMOTO HIpHMCPA F = 5, M. '
Torga emecto (8.53) MOXKHO 3a114CaTh

Kj;=f, = 2 ;= T Kju}= ¥ Kju, (8.55)

rei, vei, f rel,f
H BmecTo (8.52)
— v 4 \
fi=Ki5Pf+K'n -ZKJ“"-‘- Z Kf‘iu-j’

¥y
rei rai,f
, , (8.56)
f,=K u,+Ku = Z -K W+ Z_Kﬁuj.
rei.f rej

Otceoga cieayeT NpHHIMO GOpMHpOBaHMA JnA pacdeTHoRt cxempt MKD
paceMatTpusaeMoil pambl (¢M. puc. 8.2, @) 3neMeHTOR HN0YHONH MATPHIGI KECTKOCTH,
KOTOpad BXOOUT B CHCTCMY ypaBHeHKH Buza (8.13):

YK, T K}
_ Kn’ KIJ' _| rei fEZf.j Y (8 57)
K; Ky K, X Kj '
rei, f rei.j

B paccMatpuBaemoii pame (cMm. puc. 8.2, 6) y3en [ MMEIOT 3MEMEHTBL § U,
Y3€J1 j — NCMEHTH! 1 U f. Y3IBl [ U j OIHOBPEMEHHO HMEKTCA TONBKO HE INEMEHTE
m. Llostomy u3 (8.57) moayuum

| K Kl (K +KJ) K3 8.58)
K. K. K™ K™ +K’..) ' ’
rQ b i ( N i

Bxomamme ciona HioUHBIC MATPHLIEL NS 3IEMEHTOB 5, i W ¢ B 00Wel cucTeMe
0cel KOOPIMHAT TIONYWarcA M3 BeIpaxeHHs (8.51) ¢ TMOMOWBIY  MATPHLK!
#ectkocTH K COOTBEICTRYIONIETO TOPH3OHTAILHOTO THIIOBOIO 7EMEHTA ¢
COOTBETCTRYIOWEH MaTpynpl NpeobpasoBanns €7 npU NoBOpoTe KOOPAMHATHEIX
oceft THIIOROTO DeMeHTA [0 ero MOJOKCHHA B 33JakHOH paMe.

Matpuua secrkoetd K cueremsr ypasuennit (8. 12) ockonuoii sanaun MKD
1% CTEPHHEBOMH KOHCTPYKUHH ¢ 1 CTETICHAMM CBOGOMBI ¥3H0B BYIET RMeTE BHI
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i Klu rell rel.f rclne

|VK|| ZKh ZK;, ZKin

K=K, .. K, .. K, |=| 2Kj

i w|= 2] LKy LKL (859)
LKnl " Knj KmlJ ZK:’] Z K:,,j ZK;m
{renl ronf rean

8.6. OGo3HaYeHNs YIIOBLIX MEPEMEIICHNH H YCH IR B CeMeHHAX cTepKHel
B nporpamne SCAD

MepeMeweHna y3:08 CrepxHEBON CHCTEMBI OTIPEAEIAIOTCA B 00MIeH cucTeme
KOOpaHHAT (cM. puc. 3.1).

O003Ha4YCHHA ICPeMCIUCHHA TI0Oro ysna  CTePKHEBOH CHCTEMbl THIA
«lTaockan pava», npuxiaTeie B nporpamMe SCAD, GuinM mansl B nogpazaene 3.1,
OTKYa CleayeT, YTO MCKOMEI BeKTop nepeMellcHHE u (8.3) 114 paccMaTpuBaeMoi
paMel (cM. puc. 8.2, @) upejAcTaBnseTcs b BUIE:

u=[X, z, LY, 7,]. (8.60)

HckoMele BHYTPEHHHE YCHIHA B TIODOM CEMEHHH £ KOHCHHOTO MICMEHTA THIA
2 cuctembl «Ilitockas pama» ¢ HOMepoMm r onpeaenaorca B nporpamume SCAD s
MECTHOMH CHCTEME OCeH KOOPAHHAT U NIPEACTABIAIOTCA BEKTOpoM (8.61),

Mpuaatkie B nporpamve SCAD nonokuTenbHBIC HAMPABICHHA BHEIUHHX
Y3MOBBIX HATPY30K H BHYTPCHHHMX YCH!Ri, AeHCTBYIOLMX Ha y3Ibl H DEMEHTH
crepxcﬂesbix cructem Thna «lTnockas paMan, mokasaHsl B noapasaenax 3 u 4.

i
£ =\ M |, (8.61)
| &%

JIns pamel, paccMaTpHBaeMOH B KauCCTBC MPHMCEPa A NOACHEHHA HOEH W
anmroputma MKZ (cum. prc. 8.1 n puc. 8.2), N0.I0KHTE1bHBIE HANPABNEHNA BHETHHX
HATPY30K, AEHCTRBYIOIHWX Ha Y3NMbl, M BHYTPEHHHX YCHIHH, ACHCTBYIOMIMX Ha
TEMEHTHI, ApH pacuete o mporpammc SCAD w300paxens Ha puc. 8.9,

Hcnonbsopaune B yuebupix mocobwsx [8, 11, 13] w 8 nporpamme SCAD
PasiHUHBIX O0G03HAYEHME MepeMelieHHHl Y3noB, YCHIHA B CCHCHMAX CTCPHKHEN H
NPAHATHIX NS HAX MPaBHN 3HAKOB NPHHUHNHANBHOIC 3HAYECHHA AJIA IOHHMAHWS
MK 11e HMErOT W Hi PC3YALTATLI PACUETA HE BIMAIOT.
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2 S
¥1 QZ . 2-_)1
- NT 12, Ay

X1 Z(3) L
. v T2 ® 21

Y1 ’ Ut (5 > Y1 &
»/ s X .

Pue. 8.9

01 p M e p. Branonwum pacueT pamel, W3oGpakeHHoit Ha prc. 8.1, MKD r dopme MeTona
NepCMEEnyi © HeNoIBIOBaIHeM nporpaMmel SCAD.

3uaaUM CAEAYIOLIHMC XAPAKTEPHCTHRI CC MATOPIANa 1 pasMepoB:

Pama sbinosnena 13 skeleioberoda (Geron knacea B25 [14]).

Croigkn M purenp MMEHOt COOTBETCTRCHHO pasMepel nonepenHoro ceuctut 40-40 cm u
4060 em.

Jmba croek # parens cCOTBCTCTBEHHO PaBHEL 6 M 1 & M.

Tpebyercsa ¢ nomowneio Nporpammel SCAD nocIpoHTs DIKPLT YCHAHI JUIS CIEAVIONHX
Tpex sarpys#cHud pamer: 1. ) =1T/m; 2. g, =1T/m; 3. P=8T.

Pacucrian cxema MKD npHuata B BHIE, LIPHBSUSHHOM Ha pHe. 8.2, a nph inoGoM 14
BAPDHAHTOB TOCTAHOBKH OJHHOUHOrO WAPHHPA B yuic J (BONpOC © HaiHEYCHHH [HAPHHPOR
¢M. B noapaifene 3.3}

[TociedoBatensHOCTh pacieTa ¢ HenomeloBaiHe™ nporpasmei SCAD setuonudeTcs B
COUTBCTCTEHH ¢ PEROMCHIANHAMH, TAHHBIMI B TPHIOKERHH | & VMK,

HpeacTanicHie pe3y;IbTATOB pacieTa H ¢iiocofbl KOHTPOA H3BECTbL Y4aINeMyea 13
neapassenod 4 k 5, 4 Tagoxe W3 npunokenys | x YME.

3.1.1er PE3YALTATH PACHCTA 404 33JaHHEIX TPCX BAPHAHTOR 1aTPYHEHHS IPHBCACHE! TO/IBKO
8 BHAE dmiop M (puc. 8.10).
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9. IPHMEPLI HCTIOJIB3OBAHUA NPOTPAMMBE SCAD
JJE PACYETA 1 AHAJIN3A PABOTBI CFATHYECKH
HEONPEJEAHMbBIX BAJTOK U PAM

B npeanaymem  pasgene  YMK  Ha  upuMepe IUIOCKOH  pabl
MpoJIeMOHCTPHPOBAHA NOCIENOBATENbHOCTE ee pacuera MKD B dQopme merona
LIEPEMEIEH I, .

B 3toM pazaene ocHOBHOE BHMMAaHHE yAeleno upumenennwy MK3D v dopue
MCTOAa [ICPCMCILCHHMH, PCallM30BAHHOIO © [OMOWLK Tporpammel SCAD na
HNEPCOHAUIBHOM KQMEIBEOTEPE, KaK HHC'[‘pyhﬂeH’l'ﬂ, HO3BOJIAISTO Gb[l.'«'l'p()
NpoaHaNU3HPOBATE OCOOEHHOCT: PabOThl KaKOH-NHBO CTEPKHEBOR CHCTEMBL H
BHIIOMHUTE KAKUE-TTMO0 HCCNCI0BAHUE,

9.1. Pacuer nepaspesnnix 6aaok MKD ¢ moas3osannem nporpammet SCAD

HanomuuMm, 9TO B NoApasjene 5 Gplna paccMOTPeHa MeTOAMKa pacyera Haiky,
pa3pclanHeil WAPHUPaMK HA OTICIbLHBIC 3BCHBA. [lpHueM vncno wapuupos Suio
nozobpaHo TakKAM, YTO OHA Craua crarndcckd oupencnumoit, [lonobnyw Banky 8
y4e0HOM Kypce CTPOHTENEHOH MEXaHHKH HAZbIBANT WUpHUPHOU OAaakol.

Hepaspesuoti Hankofi Na3bIBAKOT CTATUYECKH HEANPEASTHMYI) Danky, He
pazpe3aeMyrd Ha HacTH HU OJHHM LIAPHHPOM, B TOM YMCIC H B MCCTC CC ONHMPAHHA
HA TIPOMEKY TOUHBIE LIapHUpHBIE Onopkl (pHe, 9.1).

a
/ 0.5, Py P,

M

AT » ¢ hlllllllullllllllll}f

774777
al i R b | h 5]
e ple
o 3 T3 6
Loy 2 2 N 3 4 4 2 5 67
e i i i 8
7777 Vi STFFTT?
Puc. 9.1

Xox pacyera Hepaspesubix Danok uo nporpamme SCAD npaktuueckn ne

226



OIHYASTCH OT X0ja pacdera wWapHHpHbiXx Oainok (cM. npuwiowkende ] k YMK).
Tlpuyem noctpoenne pacuetHoit cxemwet MKD (pwc. 9.1, §) ans cTaTudecku
Heonpenenuyoil Hepaspe3Hod Oanku, (e, puc. 9.1, g, gaxe npouie mocTpoeHMs
pacueTHOH cxemsl Ang wapHwpHedl Ganku {eM. puc. 11 npuwioxenns 1 k YMK),
MOCKOIBKY He TpeOyeTcd YCTaHABNMBATL LIAPHUDBI, a 3HAYMT M He Tpedyerca
HA3HA4AThL Ykl ceTikH KD B MECTAX NOCTAHOBKH [LAPHMPOB.

o »Tofi OpuuMHe B JaHHOM pajleNe BOTIPOCH TPONEAYPRE  pacueTa
HEpA3PE3HbIX D4NOK ¢ NOMOUIB porpaMMbl SCAD npe ACHCTBHH Ha HMX BHEIIHMX
Harpy3oK He paccmMaTpHUBarTCA.

OcHOBHOE BHHMZHME IIpDH pacdeTe Hepa3peslbix 6amok ©  TMOMOINBI
uporpammbl SCAD yieneno Boupocam MCCHEA0BAHHA P HAIHOALINX MOMEHTOB
OT fgelcTBus Ha OankM BHEWIHMX HArPy30K, & TAKXKE BOApOCcaM pacyera 0alox OT
OCAAKK OO H TEMIEPATYPHOO BO3ASHCTBHA,

9.2, ()npeneneﬂue }'Cl‘lJ’lHﬁ B OIHONIPOJIETHRIX CTATHYCCKM HCONPCICTIRMbIX
DAMKAX HA KECTKAX OHOpax 0T MOTIEPEYHBIX K HX 0CHAM Harpyiok

Bonpocw  onpezenenuss youanii M w0 oanomponetdelx  Oanox  mpH
NEACTBHH 110 ITHHE NPONETa PasiH4HBIX HATPY30K H NPH Pa3NMyHbX OLOPAX 10
KOH[1aM TponeTa (cM. puc, 7.16 u puc. 7.18}, ObIMH paccMOTpeHBl B pazncie 7 npH
M3YYCHHH MeTona cui. Peayaeial pacycra Oblil UPHBCIACH B BHAC 3LHOD YCWIMI
M u QO (cm. 1abn. 7.1

Bee yru Dankm nerko paccuureiBaotres MKD ¢ senosszoBandeM nporpaMmeol
SCAD. llpu cocTaRneHMM HUCXOHBIX JAHHBIX JANA PACYETa W YTSCHHHA Pe3yNbTaTOB
pacueTa HeOOXOIHMO NOMHHTE CICAYIOILHE CBSACHH.

1. Tipx nonepednoil kK ocH OaiKu HAPY3KE HIPOUCHBHBIC CHIILL B OWJIKC paBHbI
Hynto. Tlodromy, inadenue ﬁpono;rbﬂoﬁ XecTkoeTH  FF Dankn He RIMSeT Ha
UCKOMEIE yCHIMA M M (0 W 11a MepeMetieH s (MPOTHGEL 1 yIiisl HOBOPOTA) cedeHuit
Ganku.

Cnecaosarcisho, @ wpozpavmme SCAD dns anemenmos muna 2, na Komopste
farxa pazbusaemca ¢ ee pacuemnoin cxeme MK3D, npodonenan scecmxocme
INEMENmMoE Moxcem (uims 300aHa 8 6ROC NPONIBOTLHOZO INAYEHUR, HARPIMED,
EF=1.

2. B craTivecky HeoNpe e MMOi fanke npH NOCTOSHAGH MECTKOCTH Ha H3THD
El ee 3HavyeHWe TaKwke HE BMHMAST HA MCKOMEIE yoeunmua M u (. DOCKONBKY B
YPaBHEHHAX METOd CHA 148 OLpPeIeNeHdsA JHMIIHHX HEH3BECTHBIX. CBA3AHHEIX ©
uarnbom Hanmk¥, BenuurHa £/ MoxeT GelTh cOKpalrieHa (oM. pasfen 7).
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MosroMmy das Basku, necyugeli MoOTRKO RONEPENNVIO K €8 OCH Id2PYIKY, U
uMeIouiell  HOCIMOAHNYI0  JcecmKkocmb  Ha  u3aub EI mma  scecmiocnms  npu
oOnpedeenil Yol ¢ nomouinio npozpamsol SCAD yvozcem Opiimb 300aHa 8 6ude

npouzgoasiozo snavenus El nanptmep, El =1.

1a,14H * 3anaH

Oonaxo RPOUHZEOTHHOEC 3qoanite inauenis yncecmrocmi Fl GauRem Ra

381aH
GETUHHRE! 6CEX Nepemewienuii baaru npu uszube (npozudbt o yeasl nosopoma
ceuenunl DaKi).

Han NOAVHEHS deticmeumenbbIx 3HAUend nepemejeriu,
COOMBEMCINBPIOUX  JCUCMANMERBNOMY  3HAYeRIa  weeemkocmy ha wzené  EI

naiidennnle pacvemoMm Repemewenua Hpu wcecmrochut Kl doaxcusl Ouime

LET .

39]3H
VMHONCEHB it Koapghuyuenm k= £l

3T0 030AYAET, HANPUMED, YTO 078 HOIVYEHUH PEUTbHbIX NEPeMeiyeni)
ceveruli Garku npu 132ube, RePeMeeHun, SoIYUCTeNHbIE RPN SHAYENUL HCECKGCmY

El aoan = §, Q0acnn Gurms pasderensi Ha yeecmrocms EI

9:3. [focrpocHke M0 YCHIHI B Hepa3peInoii 6a4Ke 0T KOMOHHAUMY
HEeCKOJILKHX 3arpy:Kennii

CTporTeNbHbIe KOHCTPYKLME U COOPYMCHMS PACCHHMTBIBAIOTCH HA PATHYIONO
BHA4 TOCTOAHHLIC, BPEMEWHEIE W 0CO0BIE HAIPY3KH, HA HX KOMOMUAUMH M
COYETAHHA,

B nporpamme  SCAD  neuonbsylores  OOpedeneHHag  Tpolleaypa
(pOpPMHUPOBAHHA KOMOHHAIIHY 3aTpyRCHUH.

KomOuBaLMA 3arpysxenuit npcoctaBagcT cofoit cyMMmy aBvx w o Dosdee
sarpyxkenuii.  FIpM 9ToM Harpy3kH B CYMMHPYEMBIX 3ArPYHCHHUAX MOTYT OLITh
YMHOWKCHBE Ha ONPCACNCHHLIH kod(hpulivenT OOIBIE WAH MEHBINC CIMHHOLL.
HHBIMK ClOBAME, ¢ HOMOILBIO 3aK0la ['yka U MPUHTIATE CYNEPNO3NULUH (LIPHHLHIE
HE3ABHCHMOCTH TEACTBHSA CHLT) MOXKET ObITE TOCTPOCHO HOBOE 3aTpykeHHe,

B kauectse npuMepa pacemotprv Sanky (puc. 9.2, ¢) ¢ nponcTaMu paeioit
IHHE! { =6 M i padBHO KCCTKOCTRIO Ha Harub L7 .

lpemionoxnm, 4To pactier Oamkn ¢ noMowew nporpamMel SCAD
BBITIONHACTCA PH YeThIpeX 3AIPYHCHHAX NMUACPCUHOH K OCH Danku eJMHHYHOR
P4BHOMEPHO pacmpeleleHHol warpyswol, JeHerBywuicH COOTBCTCTBCHIO Ha
MEPBOM, BTOPOM, TPETLEM NPOJICTAX W HA KOMCOIH.

Tax kax ace nPOICMBL 1 KOHCOAL GATKU UMEIOM DOUHURKOBYH) HCECHKOCG HA

u3eub, MO IMNA HCECIMKOCHTL AU ROCMPOENUN NTHoP yc.'u_«mr} Arooicem Guima npunama

228



229



pasioti edunuye (cm. noacrenun & noopasoere 9.2). Tpefivemas daa pacuema no
npozpamme SCAD & kauecmee uwexoOublx Oanumnsix npodorbhas wecmkocmy EF
MAKNCE MONHCEM DblMb HPUHAMI PASHON COUHUNHOMY THAYEHUIO.

Pacuernas cxema MKD Oankn 118 ee pacuera ¢ noMomnio nporpaMMul SCAD
npeAcTasncHa Ha pue. 9.2, 6 B BUAE COBOKYMHOCTH HeThipeX KD rtuna 2 (3neMeHT
HHOCKOI paMbt).

Omopel M B Ganke, MOTYYAIOUIMECH 1IPH YKA3AHHBIX YCTHIPEX 3arPYyKeHmax
GanKky, NpHBEAEHEl COOTBETCTREHHO Ha pHC. 9.2, 6 — ¢. MOMEHThI BHMHCHAIHCHL B
TPEX CCUCHHAX KaKZOTO UICMCHTA: B Hayale, CepelMHE M KOHIE sneMeHta. B
Tafnune pesyneTaroe pacdyeta B nporpaMme SCAD OHH OTMEUEHBI COOTBCTCTBCHHO
uudppama 1, 2, 3. B aHanoru4HOM BMZE MOTYT OBITH TPENCTABNEHBI H 3IEOPHI
nornepedHerx cua .

M3 ykazaHHBIX 3aIpYKEeHHH MOXHO COCTABHTH PA3NHYHBIE MX KOMOMHAIMM 1
BBHIYHCANTE HCKOMBIE BENHYMHBl YCHIMA B HEMCUCHHEIX CCYCHMAX CTepkKHeH mpu
ITHX KOMOHHALMAX HAIPY30K Ha GaTky.

Ecam cocrapuTh kKOMOMHALMIO B BHIE CYMMBl BCEX HeTHIpEX 3arpymeHuii npu
EIHMHHUHEIX KOPOHIMENTAX ANA KamJOro 3arpyueHuA, TO MOAYyUdM 3arpymeHue
Becit GalkM e/MHMUION paBHOMEPHO paclpe/elicHHOH HATpY3koit. B sToMm caydac i
BCC HCKOMBIC BCIIMYMILL B KAXI0M CCUCHUY Dankn mosryyates aqrebpanydeckumM (T.e.
¢ YY€TOM 3HAKA) CYMMHPOBAHHEM COOTBETCTBYIOIIHX BCIHYHI B HTOM CCHCHHM RO
BCEX 3ArpymMeHHax.

B npuHupIe 31a KOMOHAALMS 3arPyKCHUIl MOKET BRITH TIPETYCMOTPERA CPa3y:
KaK 3arpy:Kende 5 Ha JTane co3jlaHWd  JarpykeHMH. 3T0 B CIC1aHO B
paccMaTPHBACMOM 3JeCh NpHMepe. mopa M amd 3arpykeHus 5 NOCTPOSHA Ha
puc, 9.2, . AHanoridHo MozkeT OBTh ONYUCHA M 3010pa ().

IMpogeMoHcTpUpyeM cnocod MONYydeHHS 3arpyikeHus 5 Oankv caMHBUHOR
HATPY3IKO ¢ LIOMOLIE MPoucypht «KoMGHIAIIMA 3arpykenyin,

C 1ol Uensl nocnie RBIMOIHEHUA

" e MCHOAHEIE AAHHEE
pacueTa OankH OT BCCX 3arpyweHHil (B @l AHEE &

o g
TOM HHCHE R PACCMATPHRAEMOM 1puMepe ' B racsersncrens

H 0T CYMMapHOro zarpysedua  5) g ng“"a”b”“'e HCKOAHbIE ASHHEIE

OTKpelBaeM OkHO JlepeBo ynpapienus %3 Amania

NPOEKTOM (HIUKE TIPHBE/IEHA ET0 HACTS), : m:_z-? MHIAE KBNS HEMMHERHBIX HATPY30K
3axo1MM Ha BeTBb CreHATLHLIE g rorbimaum serpyxenni

HCXOAHBIC NAHHBIC H OTKPBIBACM JHANOIOBOC OKHO KDMﬁHHaH“H Jarpymennﬁ-
(3,:'.[CCI: TAKKe IpHBENcHa TONLKO er ‘laCTb).
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B3 OKHE BHTMIOIRAIOTCA CNeTYIONTHE JCHCTBHA:

1. 3azaoTea KOI(QQHUUMEHTD, HA KOTOPBIE YMHOMANTCH COOTBETCTBYHIMIME
3ATPYKCHUA IIPH COITAHNH KOMOHHAUHMY 3arpyskeHuil (B Hamem NpuMepe Ams BrexX
sarpyxkeHHil KodQAHINEHTH NPHHATE PABHLIMY €IMHHLC). JTa NCPBay KOMOHHANHA
oTMeyaeTca B okHC «Houep koMORRaukuy» HoMepom 1.

M i sarges eend v womep worfimatine Ko dompsHT

i s e e e e it | Gamucs e omBunanum
ir_i npGner | o b
i

; rE Enpunm 2 i

i -
;

— s e - Yganewie mmﬁunaumé
, B

i E"Doﬂd{ 3 i JET ST

[,

I iKDHCDﬂb i FHoraep . CrfHALAK

s et s s e - .

e pce noansra . ;C\ - Rt

EorGHsalig 5ar pyseri
111 6 1 - L2 (L3 1 +(LA* 1
2. HaxnmaeTcs xHonka «3anuce koMOMHaumu», B pesyusrtatre B oxme
, «KomGuuauuy 3arpyxchHus» Oyuer 3amcana GopMyna, no KoTopoit dopMupyerces

3Ta [CPBas KOMOHHALLMS 3AL PYHRERHE (M. PHBCACHHRIH parMenHT oKHa).

3, ABLI0MHUHO MOTYT OhITE COCTABIENBl M APYTHE KOMOHEAUMH 3arpyKeHui,
B KOTOpBLE MOIrYT OBITL BKMIOYCHB H  PaHee Colaauiele  koMOHHammk. B
paccMaTpuBacmMOM TIPHMEpe, KaK BHAHO W3 oKlia KomGnuamuu 3arpysenmii, Oblna
COYIAHA TORBKO OA1a KOMOUHALMA.

4, Tlocne cosdaHMs HykHWX KOMOWHALMH 3arpyxennil HaxaTHeM KHOIIKH
«OK» AualoroBoe 0KHO 3aKpPBIBAECTCA.

5. Ha acpese yrupaincHus npoextoM B payese Pacder Buinonnserca pacuer
KomGunauny 3arpysedui.
B passesie PeayanTatsl Jepepa YNPaBACHHA HPOCKTOM MOKHO YOCUNTCH B TOM, 410
AT BBITIOATICHHONO TIPHMCPE PE3YALTATH PACHET OT 3arpyKeHud 5 U 0T Co3fanton
KOMOUHALMH 3ArpYXEHHH COBINATAIOT.

OGpaTiM BHIMAHHE HA TO, YTO TIPH PACUESTC OT HAIPY3IKH B BHIE KOMOHRawKH
sarpyxenuil opawnara M, smopul M B mobom ceucHnu b Oankn nodydaeTcs
anmrefpandeckyM (C YYETOM 311aKa OpIMHATE) CYMMHPOBEHHEM N0 opuy e

M =Y M =YaM,. 9.1y

i i
rhe | — HOMEp 3arpyxkeims (B npHumepe (= 1-4), M, ;= a,:'\?f,‘_,—f MO0 TE LI
Wi OTPHIATENLHBIH H3rOaKIUHI MOMEHT B CCUCHHM & OT -I'0 31Dy KEHHS, M i

HONOAKUTENBHEIH HIH OTPHLATENSHBIH H3rHOAKOWHA MOMEHT B CEeHIN k 0T i-ro
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eunuYNO20  3AIPYREHHH; o — KOIPPHLHCHT YBCIHHYCHHA WAH  YMCHBIUCHMA
€OUHUYHOT HATPYIKY B 3ArPYMKEHNHM I,

AHANOrMYHO NOACHUTHBACTCA NONepeuHas cuia (.

Tak e MOXMET OBITH BBIMHCICHA H [POLONbHAA cuila N, , €cliM B COCTAaB
Harpy3o0K 3arpyaeHHii, H3 KOTOPLIX COCTABNACTCA KOMONHIALIHA 3arpyKeHHil, BXOIAT
M IPOAOIBHBEIE HATPY 3KH.

9.4. TlocTpoenue orubarommx snp M, 1 M, Ans Hepazpelnoii 6aikn

3TOT BONPOC PACcCMOTPHM HA NPHMEPS HepaspesHoi Oanku, n3obpakeHHON Ha
puc. 9.2, a. Tpeanonoxuy, 4To 6anka sarpyxera cIenyolleld Harpy3ko:

1. TlocToAHHON, PABHOMEPHO PACHPEENEHHOH HAIPY3KOH MHTEHCUBHOCTHLIO
p, aeicisyowmeil no sceii Anvue Ganku. B 3ToM RapuanTe 3arpyxedusa Ganku B

MOBOM ©C CCUCHHN & BOIHMKHET IOCTOAHHBA HIrROAOWHA MoMeHT M, .

2. BpemeHHON, paBHOMEPHO pacTipeAeIeHHOR Harpy3Kohd HHTEHCHBHOCTLIO v,
KOTOpas MOKET ObITE NPHITOKEHA B OTACNBIOCTH [0 LTHHE KAX10MO MPOSETa W Ha
KOHCONMH. Takue OTACHBHBIC 3arPYAKCHHA OTMCTHM COOTBCTCTBCHHO HOMCpaMH
i=12,34,

B ceuennu & Ganxy oF moGoro 3arpy:KCHHA BPCMEHHOH HATPY3KOH ¢ HoMepoM
i BOBHHKACT MOIOMKHMTCIEHLIA (PACTAHBAIOIIHA HHAHIOW CTOPOHY CCUCHMA) Ky
OTPUIATENRHEI  (PACTATHBAIOIIMH  REPXHIO CTOPOHY CeYEeHHA) W3IrMOatoIINi
MOMEHT M, ;.

H3ru6aroimii MOMEHT B CCYCHHM A MpIl AeHCTBHHU Ha Beto BATKY MOCTOSHHOM

HAPY3KM H BPEMCHHOMH HAIDY3KH B BU/E YKA3AHHBIX YCTHIPEX 3arpyAKCHHA MOMHO
NOMYYHThL B PE3YITbTATE CYMMHPOBAHHS TI0 rOpMyne;

M, =M"'vf’+ZM’”" (9.2)
i

ByacM CuMTaTh, YTO BPEMEHHAS HATPY3KA ¢ HOMCPaMH 3arpyKcHHi i =1,2,3,4
MOJKCT OTCYTCTBOBATL Ha Oalke WIH MoXKeT OBITh TIPHAOKEHA B JKOBLIX
KOMOHHALUMAX 3THX 3aTPyKEBH: M0doe 0AHO 3aIPyKEHNE, JNIODBE ABA 3aIPYKCHNA,
ToGLIe TPH 3arpy>kKeHHs, BCE 3arpyKeHud cpazy.

3 dpopmynnt (9.2} BraHo (cM. Taloke pHC. 9.2), 4TO MpH pazHBIX KOMOHHAUMAX
3arpyxeHus OANKH BPEMERHOH RATPY3KOH B CEUEHHH & OYAYT NOIyuaThCd PasHbIC
BETHYHIILI M3THOAIOIHX MOMEHTOB.

,H,.'lﬂ pactcTa OaNKH B&KHO HMETE TAHHLIE O MAKCHMAMLITOM JMk max H

MHHHManBHOM  Af; . WITHOAIOWIMX MOMENTAX, KOTOPHIE MOTYT BOIHMKHYTH B
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A:000M €€ ceueHud k npH HauXyAIuMX KOMOHHALHAX BPeMEHHOH HATPY3KH.
Marcumatbibis uZHOQIOUWUM MOMEHMOM M, | B KaKOM-THDO CCMeHHH

k  cTepxHCcROH  CHCTEMBI  Ha3BIBACTCH  HOHOOIGWMUE  ROAOHCUMETLHEII
{PaCTATHBAIOLIMA HIDKHIOI CTODOHY CTEDXHA B PaccMarTpHBAEMOM CEUEHHH) HIM,
CCIM HET OONOXKHTCALHLIX MOMCHTOB B CCYCHHH, HOAOUMERBUIHT ompuuamezzbuuﬁ
(pacTATHBAIOINMIT BEPXHI CTOPOHY CTEPWKHS B PACCMATPHBACMOM  CCUCHMM)
WIrHBatoLHit MOMCHT.

Munumansnpm uszubaiowium momenmom M, . B KaKOM-MUOO ceueHHH k

CTepPHKHEBOH CHCTEMB] HA3LIBAETCA HANGOABULUL OMpHEameabsLi
(pacTATMBAIOWMIT BEPXHIOK CTOPOHY CTEPXKHA B PacCMaTpHBAEMOM CEUCHMH) HIIM,
€CIM HET OTPHLATENBULIX MOMEHTOB B CEHECHHM, HAUMENBULUI NONONCUMENBHBLI
(pacTAHBAIOIIMI BEPXHIOW CTOPOHY CTEPKHA B pPaccMaTpHBACMOM CCHEHMM)
W3THOAIOWMA MOMEHT.

OueBHnHO, YTO 014 HOTyucHUA A, .. M M, . COOTBETCTBCHHO IOMAHSI

HCIIOAL30BATRCA HOPMYIbL:
Mk,max =Mk,p +Z-‘M;J* (93)

Mk,min =Mk.p+ZMl:j' (94)

M3 dopmynst (9.3) BUAHO, 410 119 HOMYUCHHA MAKCHMATBHOTO WiTnHBaromero
MOMEHTA B CeHeHHH Kk DAIKH K II0CTORHHOMY MOMCHTY ‘Mﬁ'«"p (OH MOMKET HMETb KAk
HOJIOKHTCIILHLIA, TaK H OTpHIIaTEJIbelﬁ BHHK) AOJAKHBI ﬂUﬁaBﬂﬂTbC}l TOJBKY
NONOKMTEAbHBIE  M3rMGAOlIHe  MOMCHTSL M}, OT 3arpyscHuil  BpeMeHHOH
HArpYy3Koi. .

OT‘pHIIaTEJIbeIE H3THOAIIHE MOMCHTBI, [TONYHAKIIAUCCA B PaCCMATPUBACMOM
CeYeHWH k& OT JIpYTHX 3arpyXeHHH BpemeHHOH Harpy3koH, npH  1o/cuere
MAKCUMANBHOrO  M3MHOAIONIero  MOMeHTa  He YUUTBIBAKOTCH, TAK KAK  Y4CT
OTpPHUIATENbHBIX MOMCHTOB YMCHLINACT 3HAYUCHHC HOJOKHTCIBHAIO HBFHGBKJ[U.CHJ
MOMCUTA  MNM  YBEAUYHBAET  3UAYCHHE  OTPHUATCABHOTO  MOMEHTA, £CIH
MUKCHMAJIBHLIA MOMCHT MOXKET MMETh TOJIRKO 3HAK MHHYC.

BosMoxHOCT:  He yHeTa OTPUTIATEITHHBIX opmma'r' B pacCMaTpHBACMOM
CEUSHHH O3HAYAeT NpCAIIONCKEHHE o OTCYTCTBHUH COOTBCTCTBYIOUIHX BPEMEHHbIX
HArpy30K (CM. NEPEYHCNECHHBIE BBINIE BO3IMOKHBIE BapHadtel  KoMOMHaLm#

' 3arpyKeHHH BpCMCHHON HATPY3KOH).
AHATOTHYHO B Gopmyic (9.4) And MOTYYCHHA MUEHMATBHOI'O M3IHBAKILE o
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MOMCHTA B CCYCHHH &k  Dankw X TOCTOAHHOMY (I'IO,’IO}I(HTCJ'IBHOMY AN
mpuuarenbuomy) MOMEHTY Mk‘,, AOMAKHB BOBABIATECH TONBKO OTPHUATC/TLHBIE

usrnbaroye MoMeHTEl M| ; OT 3arpyxeHuil BpeMesHo#M HarpyKo#,

TMonoxuTensHble HarMGaOMEe MOMEHTEI B 3TOM CCHCHHH OT KakuX-nubo
sarpyxeluit BpeMeHHOR Harpy3koH HC YYMTHIBAIOTCS, TAK KAK YUET 3THX MOMCHTOB
NpH  HOACHETC MUHHMAILHOTO H3ruDaiolero MOMENTa YMENLILAST SHAUCHHC
OTpHIIATENSHOTO  M3rHOAIONIEr0  MOMEHT4  HMIM  YBEMHYMBACT  3HAUCHUC
MONOAUTENBHOTO MOMEHTA, €CTM MHHHMANBHBIA H3THGAMMHA MOMEHT MOMKET UMETE
TONMBLKO 3HAK ILTIOC.

Takum obpazom, dzr kaxcdoco cevenua k Garku paccmampueaemes CGost
HAUXYOUIAR KOMOUHGYNR 3ACPVNCENUT DAY BPEMEHROR HOSDYIKON.

Ilp npakTHYeCKOM peUleHHH 3aZadM Bhaucmenme M, . M, .

BBITIOMHACTCA TOABKO ANTH HauOonee XAPAKTEPHMX ceuenuii. TakMMH CCUCHHUAMH
HABIAKTCAD OLIOPHLIC CEUCHHA; CECYCHHA, B KOTODBIX PAacCIIONOXKEHbl  Yibl KB,
CEHCHHA, B KOTOPbIX HPHIOACHLI BHCIMHUC COCPELIAOTOYCHHBIC HAUDY3IKH; CPECIHUC
CCHCHHWA 3.TEMENTOB ITPH padnoMEpHO pacrlpeaencHHoﬁ HAaIPY3Ke HT. 4.

Oraoxne opaumatel M, ... # M, .. OT OCH CrepiHS U COCAHHMB
COOTBETCTRCHIHO HX KOHU.H, nonyyuM Tax Aa3blBaeMple  orudarinHe INKpLL
iMlnax H Mmin' ]

IMonyunB 7TakHe SHOPbL, MONKHO BBUEIGAHHTL . NMOAGOP ApMATYpLl  Jas
Aene300eTOHHON OATKH HIH HPOHU3BECTH T1TOJICYET Haﬂpﬂ)KCHHi‘i A4 MeTaliiH4eckoil
Oalku ¢ HOCHCIYIOWHM PACUCTOM Ha MPOUMHACTD, KECTKOCTL U ycTOﬁ‘lHBOCTL.

I p» s e p. JIna NOACHCHAS TIOCTPOCHHA OTHGAIONIHX HTop A

max M M i BbIIOIIMM
pacueT HepaspesHoii dakn, wiobpakeHHoR Fa pac. 9.2, a, oT sarpyxenuy Beeil DankH n0CTOAHNON
HarpyIKOH ¢ MHICHCMBHOCTBK P =2 T/M 11 OT BPCMEHWOH HAIPY3KH MHTCHCHBHOCTHIO

vy =1 = 4 T/M NpH 3aIPYRCHAN KGO0 LIPOACT GANKH U KOHCOTH OTACNBHO,

1ockonbKy Ha BPoJieTax GUIKH sallaka PAacTIpCACTICHAAn HATPY$Ka, TO NPA AWBoOpe aucna
BICMCHTOBR HA [IpoJieTax DUITKH MOWHO HAZHAYHTE 110 OHHOMY WICMCHTY HA KaXIAOM MPRCGACTS.

[TpH pUBHOMESPHO PACHPEICTCHHON MIOCTOAHHON W BPCMCHHON Harpy3ke NS NOCTOCHMSI
Mop M H Mg, Ha BaIKe Ha KOKIOM 2ICMCHTE JUTHHON PABHON ATHHC BponicTa Heobxoanmo
HasHAMUTE MHHHMYM 110 TPH CSUCHHA,

Bochonkiyesmea  yke HMCKOIIAMHCA pPEIymBTaTAMW  PACYCTOR Dalikl O  CAMHHHHLIX
Harpy3ox {cm. puc. 9.2).

(cTaRvE HYMCPaUMIo 2arpy:KCHHR TAkoH e, KaKoi ol OLUIA NPH CIUTHWYHON HAIPY3KE,
dopmyns {9.3) u (9.4) sanmwem B BUAE:
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4 _ 4
Mk,fmxx :_zpifwk.p-‘—_zviMl;i; 9.5)

4 Y N T—
‘Mk.max = prMk,p + Z L 'MI(..- . (9.6)

[lo cyTa ™1 opMyie ABIAKICA COUrBeTCTBCHHO dopvymamu (9.3) u (9.4), Tak xax
—_ — . .k7 _
pidy =M v M =M v M = M B srompnsepe = ps 2y, =vad
Borpcacuns mo gopuynam (9.5) v (Y.6) BRIDOIHEHE B HA4ale, CEPeAMHE H KOHUL
INCMETOB HA nponeTax Oankn (raba. 9.1).
Ha puc, 9.4 npuseness:: 3n10[§a Mk,p OF OOCTORHHOH HAIPY3KH Ha Daaky # ornbaroue
amopes M, 1 My, . TocTpocHHBIE © nomMowbio nporpamyebl Microesofi Excel.

OpAMHATEL FTUX  JMHOP  OTMEUEHBI COOTBETCTBEHHO POMOOBRIHLIMH, KPYyTILIMH M
KBAIPATHEIMH 3HAUKAMY R CCYCHMAX DANKY B HAYANE, B CCPEAWHE U B KOHUIE /I¢MEHTOB.

Mpu anaanie >nwop ofpaTM BHMMAHWE Ha TO, 410 B OMOPHLX ceuchuax Oankn
WIPHGAIOULE MOMCITEL Af; (o DONYUIIHCE CO THAKOM « ~ », @ B CEPEAHRAX HEPBOIO H TPEThETO

MpongTen Usrubamoniuce MoMerTel My Lo HMCIOT BHAK « + ».

Tabnaunua 9.1
TS a———— = :
H3rufaronme MOMCHTEL B CCYCHMAX k poneTos Ganky, Qi
' TMpover | ! Mpoer2 {iponer 3
k=1 | k=27 k=3 | k=1 | k=2 | k=3 | k=1 | k=2 [#=3
- I | £=2
M, 15230 | 7,615 | —5,538 | -5,538 | -2,077 1,385

| 1,385 0,692 0
M~ 4,154 ) 2077 ) 8,308 | -8.308 | 10385 ) 5923 I 6923 3461 0

M, -1,385 | 0,692 l 2,769 2,769 | -3.46l L'9‘69’ ! 9,692 1 13,154 0

M, | 0077 1-0038 ] -0154 ) 0454 | 0492 | 0538 | 0538 | -0.730 | -2

L S U,

IMI, | 4231 | 8307 | 27969 | 2769 | 10557 | 1923 | 1923 {13846 0
- —— * -
;E_Mﬂ-, I lesle | -2.08 ! -14.000:-14.000{ ~5.538 [-16.613 {16615 4102 | -2
i [ H

| | | T

| 5615 | 5,605 |

T
1519 | 7,346 | -7.346 | 4827 1 )
1

M., | 6192 | 3.09%

—
M | -1.931 ll].403| -2.846 | -2.846 13.076_‘ 5,423 = —5423 | 18.673 | -1

| Mima | -22.808 | 0,981 :19.615_'[19.615 ~3,019 —23.961{—23.961'; 0,635 1 -3
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\—0—3arp.Mp —a— WVmax —a—Mmin

Puc. 9.4

Eule oAMH npuMep NocTpoSHMA OTHOARILMA 0P UPUBCACH B LPHIKKEHRY 3
YMK,

9.5. Ucrionp3oBanie GoKYCHBIX TOYUEK HA IIPOJIeTax HepaspesHsix 6anaok 118
KOHTPOJIA INOP H3rHGAKOHX MOMCHTOR NPH 3ArPY:KEHHH OJHOr0 NPoaeTa NN
KOHCO1H JAJKU

PacyeTulK, NONYYHB pesyAbTaT pacueTa crepkHeroi cucteMsl MKD Ha [1K,
IOMKCH YMETb €T0 IPOBEPATD.

B npHBeseHHOM BBIIIE NpHMEpe pacucTa HepaspesHol Gankn MK? ana
nposepkd op A 0ORIMHO UCTIOTBIYIOT CREICHHA, [OJYHEHHBIE LPH M3YHCHHK
METOOA CM1 [PHMCHUTCOLHO K pacyeTy HcpaspesiblX ©aloK M., B HacTHOCTH,
CNE/IYEONIHE CREAESHHA 0 HOKYCHBIX TOYUKAX M MX cBOHCTBaX (CM. pazaen 7).

Hpu haepyixe, pacnoaoiCeEHRON MOABRO HU KUKOM-MO GOHOM Rponeme Daaky
NI MOALKO Ha ee Koncorw, mopa M ona KaxmcOoM He3acpYNCeHHOM 8HEuHEl
HAZPYIKOH ApONeme MPAMOAUHENHG U obxsamenso nepecekaem ocb Gk 8 max
nazpieaenoll hokycroli mouke, naxodsyeiica 8 npedeiax GuabHel (RO OMHOWERUIC
K 3QEPYHCCHHOU Yacmu Galki) mpemy DMoco Apoaema.

TIpsavas JTMHHA 2M0PpE] M Ha HEIATPYXKEHHOM LIPOIIETE ¢ HOMEPOM F SBIACTCH
THEMEH, COBARHAIONIEH OpAMAATY M, = M, 3miopsl Ha 0paBoil ONOPE ¢ HOMEPOM #
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¥ NERYFO opamHaTy M. =M, oUopel Ha Jceoil onope ¢ HoMepoM -1, T. ¢
ABIIACTCH ANHUEN ONOPHEBIX MOMENMOE (TLOM.) HA PACCMATPHBACMOM [IPOITCTE,

Ecan HeiaepyaceHNblll NPOACM PACROIONCEN A€8ee 30CDYHCENIOF) NPOACH
WAN FUSPYICEHHOI KOHCOMY, O 1.0.M. HA HEIAZPYHCEHHOM HPOICHE REPECERden OCh
Oaiky & npederax aeeoli mpemu npoiema (oM. puc. 9.2, 8 ¢). COOTBETCTBYIOLLAA
TOYKA [ICPECCUEHMA 1.0.M. € OCbI0 Oatkn Ha3BIBAETCH Je60H (POKYCHOH MOUKOil
PACCMATPHBAEMOTO ITPOTETA,

[py 3TOM UMEETEA COOTUOILSIHE OPAUHAT OUOPHLIX MOMCHTOR:

M M, =K, (9.7)
M, |

, HA3LIBALTCH  J€66iM (f)o.\’yc;{bw OMHOWERHEM  ONOITHBXY  MOMENmOs

rae K
HepazpesHoll Baaklt HO He3aZPYHCeHHOM RPOALMEe ¢ HUMEPOM ¥ RPU 3dSDVHCEHUY
HEPASPEIHOU DATKY CHPABA O PUCCMUMPUEAEMOZ0 HEIASPYHCENHO20 NPOTemd.

Kak moxazawo B pasaene 7 YMK, nesoe dowrycroe ornoutenus K,
onpege;aercs 1mo bopmyne (7.35):

K =24t Ly,
N fr-l Kr—l

OTKYZa clIefyeT, HTe OHO 3dBHCHMT OT COOTHOLIGHHA LIOrOHHOM KeCTKOCTH
i, =(ED), /I, paccMaTpUBacMOro  TponcTa M HOIQHHOH — 3KECTKOCTH
i =(EDN,_/l._| NpCAbIAYLICro CIeBa He3arpyKeHHOro Upoiera ¢ HoMepoM 7 —|
H 1eBOTO (hoKycHOrO OTHOIHEHHA K,_, OMOPHBLIX MOMEHTOR HA MPCABLIYLICM CHCBA
upoiere. Tockonsky nepoe QOKYCHOE OTHOIUGHME I8 CaMOTo KpaifHero ciepa
UpoNeTa B Hepaspesuoi fanke u3ecTHO [1], TO MOXKHO onipelennth Jeboe QokycHoe
OTHOLICHHE OTIOPHBIX MOMCHTOB Ha N000M npoaere Ganku.

Ecnu ne3acpyxcentblil Rpoiem PACHOUONCER NPUBEE JUSPYHCEHHO20 HPUALHI
UAY FAPYHCEHHOL KOHCOMU, MO T.0.M. HA HEIAZPNVHCEHHOM RPOIEME NEPECERACT OCh
fasku 6 npederax mpasonr mpemy npoiema (cm. puc. 9.2, & — e} Jra Touxa
HEPECCUEHis HATBIBACTCH MPAGod OKYCHOT MOYKG DACCMATPHBACMOTO IIPOJIETA.

[Tpy yrom uMeeTca COOTHONTEHHE OPAWHAT ONOPHBIX MOMEHTOB! B

_ﬂ-ﬁ = .- ﬂ:i;—| - K}'" 9.8)
np 2

M
rac K[ Ha3blBACTCH HpaebiM  (DOKYCHBIM  OMHOWCNUEM  OROPHBX  MOMCHITOE

Hepa.’:pe.?Hoﬁ feaaku Ha HE3AZPVIHCEHHOM HPOAeMe ¢ HoMepoM ¥ HPE 3a2pVorelin
uepa:ipe,?ﬁozi Haaky creca om PaccMampuedeMacy He3QepyHCenioco RPoieind.
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Kak nokazano B pasnene 7 YMK, npasoc dokychoe orhowmenue K,
olpenenserca no gopmync (7.38)
1

Ki=2+-1(2-

Tt ril

)s

OTKyJa chefyeT, HTO OHO 3aBHCMT OT COOTHOLIEHHS TIOTOHHOH IKECTKOCTH
i, =(EN /I paccMaTpHBacMoOre  bOpoiaera M MOTOHHOH ~ MECTKOCTH
b =(EIY, /., CTETYIONETO CTIPARA HE3AIPYHEHHOIG HPONETA ¢ HOMCPOM # + |
H mpasora QOKYCHOro oTHOWeHHA K., OIOPHBIX MOMEHTOB 112 CIeAYIOINEM CTipaBa
LPOETE,

IMockoneky npaBoe (OKYCHOE OTHOINEHME ,UIA CAMOTO KpalHCro crpasa
IpoNeTa B HepaspesHoil DanKe HIBECTHO (CM. pasged 7), TO MOKHO OTIpeleidTh
mpagoe HOKYCHOE OTHOLISHHE OLOPHBIX MOMEHTOB Ha 11000M mposete Sankm.

Kak BUIHM, HOI0XCeHUE JE86IX (Apusnix) (HOKYCHBIX MOYEK HA ApoReme DKy
HE 3A6UCUR OM HAZPYIOK, PACROTONCENNbIX CAPASd (CRe8d) om PUccMampuenemozo
HPOREMG, 4 ORPECETHEMU MOABKC IHAUEHURMU HCCCMKOCIET U AIuHaMY RPOIEMOS
nepapesnot Gaaku.

Oror Bonpoc OBl HCCNEI0BAH B pasacne 7 NpH OPHMEHEHHH K pacdery
Hepazpe3HEIX 0alok METOAA CHi U ClOCOOA ero PeaNIaliHy JLTH CITYYas 3arpyKeluns
TOMLKG ONHOTO TIpoJieTa OAIKH MK TONBKO €€ KOHCOMH, HAa3BAHHOMO cnocobowM
MOMEHTHLIX (POKYCHEIX OTHOLIEHMIT,

Harnanroe npeacrasnenne o pabore HepaspesHeIX OaNOK M HCOONR3OBAHHH
QOKYCHBIX TOHYEK IIPH HMX pacdeTe L0 PAcCMOTpeHHe B paizaenc 7 rpadHucckoro
cnocoba C.C.Tonymkesuaa {cM. Takxke [17]).

B yuebHOM npouecce Mo CTPOHTENbLHOH MeXaHWKe YYallHics, BRITOJHHB Ha
TK ¢ nomoutery nporpammsl SCAD pacuer no DOCTPOCHHIO DIIOP yCHIui B Ganke
A1 PaiIMYHBIX ee 3arpy:eHubi (eMm. puc. 9.2). B Ka4eCTBE KOHTPOJIS BLIIONHACT
pac4eT OANKH METOAOM CHII, B TOM HYHMCTE C MCTIONE30BAHUEM (hOKYCHRIX Todek. Kak
3ITO JeNaeTes, NPOASMOHCTPUPORAHO B pas/ielic 7 U B IPHIOKEHHH 3.

B nandoM rnocof0MH  OTpaHHYMMCH  [TPOBEPKOH  ONOPHBIX  MOMEHTOB,
MONYYeHHBEX TOJBKO HPH 3aIPYeHHH KOHcOMR Ganku (cM. pre. 9.2, e). JIns sroro
BOCTIONBIYEMCH NEBbIMH (DOKYCHBIME OTHOLISHHMNMY, CLPSUCASCMLIMH o QopMyTie
(7.35).

C y4eToM HYMEDALMH OIOP H LIPOIETOB HCPA3PCIHLIX HAToK, IPUHUMASMBIX B
METOJIE CHT, TIPOJIET ¢ 3aNEMAAICILIEH 0IIOpoit cieBa (cM. puc. 9.2, o) uMcet oMep 2.
JeBoc (PoKycHOE OTHOLICHHE ONOPHBIX MOMEHTOR Ha 9TOM {IPONETE H3IBECTHO {CM.
paznen 7y
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M, i 1 is 1
——:](.,:24—i 2-—)=2+=2-)=2.
M, 2 l_]( Kl) w(. OC)) (9.9)
TOI"JZ[EI TI{PH PABHBIX MOTOHHBIX KECTKOCTAX PEATLHBIX ITPONETOB Ganku:
M, i 1 1
— oKy =24 (2 =2+(2 -~} =3.5;
A l.( Kz) 2-2) : (9.10)
M, i 1 1
A K =24 5(2-) =2+ (2-—)=3.714,
A I_( K}) ( 313 9.11)

OOpaTHEIM  X0A0M [0 H3BECTHOMY OLOPHOMY MOMeHTY M, =0.51eM
{cM. puc. 9.2, e) monyUYrM:
My=-M,/3714=05/3714=0137c'm;
M, =-M;/35=-0.13/3.5=-0.04 1c-m;
My =-M,/2=-004/2=0.02 c'm.

PesynnsTaThl pacueTa HepaspesHoH OAJIKH OT paccMaTpHBACMOTO 3aIpyXKelHs

MK coBMagasoT ¢ pe3yibTaTaMu €8 pacdera cliocofom (GoKyCHBIX OTHOIEHHH.
9.6. Ucnonn3osanue nporpammel SCAD s pacuera fanok
€ YOPYTHMH ONIOPHBIMH CBH3HMH KOHC'HHOH HKECTKOCTH

PaceMmoTpeHHble BRIE GanKkH HMENM KeCTKHE ONOpHBIE CBA3M, B pcanbHuix
YCMOBMAX OankH OnHpaloTcs Ha Kakywo-To JehopMupycemyie {Oynem nonaratk —
yapyryie) cuetemy. OT napiennf, HepelalIUuxcd B MecTax onwpasws Oamkw,
ynpyras cucrema jgedopMHpyeTcd, B pesylbTaTe Yero INPOMCXOZMT  YOpyroc
CMCIIICHHC OMOPHBIX CRAZCH Oanku. _

[lona11MBOCTE HITH KECTEOCTh CHCTEMBI, HA KOTOPYIO OmupacTes Saiika, B
HAMPABNEHHI OMOPHEIX cBa3elt MokeT OLITL onpenencHa (eM. pasawisl 6 — 8 YMK).

Tornaz BMECTO BBCACHHSA B PACUCTHYID CXEMY HepaspesHod OailkH MKeCTKHX
OMOPHBIX CBA3CH BBOJAT CBASH C KOHKPCTHOH KOHEYHOH >KECTKOCTBIO A, (MIH
nogaTnuBocTeie 8.). Takyr  fanky MONKHO paccMATpHBATL  KaK  Oanky,
OITHPARITYKOCS Ha yn;ﬁyrue OITOPEI € 33,IaHHBIMH XapaKTCPHCTHKAMH KECTKOCTH HIH
MOIATTHBOCTH.

CBA3k C KOHEHHOH ReCTROCTEKY (WIH MOJATNHBOCTEIO) OOBMHO B pacdeTHo
cxeMe MpencTasIAeTcs npyxuHOH (pHe. 9.5).

Ha puc. 9.3, @ ynpyras cessp n3o0pakeHa B COCTOSHHH, KOTIAa Ha Hee o0
CTOPOHBL PACCYHTHIBASMOH CHCTEMBI (JONYCTHM, HepaspesHoil Gaiku) AeicTBycT
CHRUMAIUIAd IpY#HRY cuna V. OT DToro Bo3ReHCTBHS BEPXHHH KOHEL IIPYKHHEI
TOMYYHT YTIPYTOe NepeMElleHye A, [0 OTHOIICHHK) K OCHOBAHWIY [IPYHHHEL,

KOTOpOE GyI[EM NONATaTEh HCTIOIBHAHEIM.
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a) V." ‘ 6)

Puc. 9.5

TTo yCnoBHKY TIOCTAHOBKM BCEX HW3y4MaeMblX B namHoM yueduom nocoun
YUPYTHX CHCTCM HOPEANOIaractCs, Y0 OHN LIONMHHAOTCH 3aKkoHy Tyka, DTOT 3dkoH
MPHMEHHTENBII0 K PACCMATPUBAEMON PYXMHE MOXKHO [IPE/CTABHTh B JIBYX BHJIAX:

V.=k,A, (9.12)
A =6,V (9.13)

Bemnuuny k. KoTopas, KaKk BMAWO M3 ypaBHeHusa sakoHa [yka (9,12},
npeacrasusier cobol  cuny, BBRISBIBAOWYKY CAUHHYHOS mepeMerieime A, =1,
HA3LIBAKT  dCecmKocmuio  yapyeoli  onoproit  cessu. Ee paiMepHoctbir  Oyier
«cHna/nepemelennes (te/m. xHM a T 10).

Benwwpna &, koTopad, Kak BHIHO W3 ypasHeuna saxoua [yka (9.13),

pejicrapiaser coboil  nepeMcHICHHC, Bel3BaHHOE  ejMlMuHOd  cunoit V=1,
HA3BIBACTCH ROOUNLIUBOCHIBIO VUPYEOT Onopholl casszd, PA3MePHOCTBK TTOJATAHROCTH
Oyser «nepemenienye/cunan (M/te, M/xH u 1. 1)

H2 ypasnenui saxoa I'yka B Buae {9.12) u (9.13) BHIHO, YTO KECTKOCTh M
UQATIHBOCTE YUPYTOH CBA3H ABIAIOTCH BeTHYMHAMH OOPATHBIMH MO OTHOTIEHHIO
ApYT K ApyTYy:

d,=lr: r=1/8, &, r=1 (9.14)

B o»rom yuebrom nocofGuu  OyacM  momarark, 410 CBA3H  ABJIAKTCS
ABYCTOPOHHHMH, T. €. PabOTAIOT KaK HA CHKATHE, TAK W 1A PACTMKCHHE, B HMCHT B
000HX CIYIadX O/IMHAKORYH) XKCCTKOCTD {MAH A0AATIHBOCTL),

TouyHo Takke MOXKHO TIPEICTABHTL YIPYLYIO CBA3L  He TONBKO B
BEPTHKAIBHOM, HO H B TIOOOM APYIroM HaNpaBaCHHA,

Ecnu  ynpyras cBa3bk  COOTBETCTBYeT 3alesike, T. €. MCIIAcT olope
JIOBOPAYUBATECA, TO 3aK0H ['yKa MOKHO Npe/ICTARUMTE B BHIE

M, =m0, (9.15)
B, =0.M,. (9.16)
Kectroets npyxuinl, pabotatollieit Ha mosoport, B {9.15) npencraenset coboi
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MOMEHT A, =, ., KOTOPHI COOTBETCTBYET MOBOPOTY YUPYroH 3a/iefikH Ha yron
0, =1. PaiMeplocTblo XECTKOCTH CBA3H Ha DOBOPOT OyueT «MOMEHT/yron
noropota» (Te'M/paj, kH-m/pan u 1. 0.).

COOIBETCTBCHHO YIIPYrag NOAATNMBOCTE 32J8KH HA TNoBopor 8 (9.16)
nipefcTaBscT cofolt yron nosopoTa 3ai¢iky @ =0, BLIBAHHBIL CAMHHYHBIM
MOMCHTOM M, =1, # HMEeT pa3MEpPHOCTh «¥TOJT MOBOPOTA/MOMEHT» (pag/ T¢'M,
pax/ KH'M BT 1)

i p u m e p. Paccmorpun Banxy, HiobpaxenHyto Ha pue, 9.6, a. Jlan onpenengsHocth
pacyeToB BY/CM 11032raTh, YTo Ganka Wene3oleToRHaR H ALINONHCHA H3 OcTona wiacea B235 [22]

Tlpoaersi Banku paBsbl & M U papsnt Mexkay coGoil. banka UMCCT NPAMOYTOALHOR ITOHEPEUHOE
ceuenue ¢ pasmepamn b =40 ca; b =60 cu.

[Tpeanoaokss, 47O KpafHME ONOPHI HCRA3PEIROA Galikit ¢ JOCTATOYHOR CIeTIeHbo
TOYHOCTH MOMHO C‘IM.TBTI: KECTKUMH, & (',‘p(:‘ldHRH ORGP JASIRCICA YHPYSQ RODGRLTUROE W UAMeem

HekomopYIO Heecmkacme ky = 5-10% re.

a) p=2
I R Tﬂﬂ\ﬂl FRRRRRRRR R R}
AT p - : £ 6 W o ard
}7;57 >
&)

A
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C nosompro  diporpavMnt SCAD  1pedyCios BbNGIHHTE  PACYHET 110 OHPCACICHHIG
nepeMeunekiil n yeunuit M om0 B coucnmax DadKK, @ TAKAC BCPTHEAIBHOIO 1ICPEMEIIEHHA
CPCAHCH YUPYIOH CUOPB (UPYHHHBI) W DCAKUHH B HEH OT 3A1DY#EHHA OIKH OCTORHHOW
PABHOMEDHO PaClIpEaEneHHOA HArPY3KOH HHTEHCHBHOCTBIO 17 =2 To/M, BKNOYAKWER B celn n
cofCTBEHHBLH Bec OaNKkH.

Xoja pemcHua nepeedi tanasu ¢ uenoaezosaduem mporpammel SCAD oberunmii (oM.
npuaokceHne 1 x YMK). [Tpcanoaowny, utoe yacTh paboTel yiKe BRIMOTHEeHA. JJEck PacCMOTPNM
TOMLKO MPOUCAYPY YCTAHOBKH B PACYCTHYIO CXCMY GAMKH YNPYToil CBA3H KONCUHOH KECTKOCTH,

Pewienne 1a0a4u De: yuema CHMMEMPUN HEPAZPeINoi BAIKH
Jlna BROIA YNPYroil CBATH KOHEHHOR KCCTKOCTH B Pasnene ¥aanl H 31eMenThl OTKPhIBACY

MEHK) IR BBOAA MEMCHTOB M HAMKHMASM KHOMKY 1 g «BBoJ CBA3CH KOHCHHOH JKCCTKOCTHY.
Orkpoerca avanorosoe OKHO CBAZM KOHEUHOH AeCTKOCTH {3NCMCHT THNA 51}, 31cCh NpURCACH
BH/1 HaCTH 3TOTO OKHA ;|19 CTCPXNKHCBO cHCTeMM THRA «[laockan paMan ¢ BECACHHOH 3anaHHOM
HKCCTKOCTRIO CRAZH B HALPARICHUN 7.

Ctraema |

Npasta J

“(L'ITB(.‘]L'IHB HAIHAUCHHYK) KCCTROCTE HAMATHCM  KHONIKH «OK». JAKPBIBACM OKHO H

orMcuyacy yaci §aikd, B KOTOpHITT YCTAHARIWBACTCA YNpyras CBA3L ¢ 3Toi wecTkocTure. TNocae
3TON0 HaKuMacTea kHonka «OK» Ha HHCTpYMeHTanbHOH naHeaIn Haztadeuna K3,

Ecan na ¢unetpax oToGpakcHHA HTKATLL COOTBSTCYBYIOWMG KHOUKH, 10 M Pacu¢uod
CXEME OKONO Y343, B KOTOPLIH BBEICHA YOPYrad CBA3L B BHAE CHELHANBHOIC KOHEYHOIO JIEMEHTA
THNA 51, NOABATCH JTOL HOMED JIEMEHTA H HOMEP CT0 HECTKOCTH.

Becw aanbHeiiuni pacyer Hepaspesnol GaTki MPOBOAHTEA KaK 0O0BIYHO.

Ha puc. 9.6, 6, » cooTBeTeTReHHO m300pakeHm smiopa M W 3mopa ! © ONOPHBIMK
peakumamu ¥, (s=1,2.3).

Pewenne 3a0auu ¢ puemom CuMMempiiu Hepazpesioil darxu

[IpM HajlH4YMH CHMMETPHYHOCTH DPacCYMTBIBAEMOIl CUCTEMBI W JCHCTBYIOWICH Ha Hee
HAIPY3KH BCerMa HeOOX0IHMO 00paTHIL Ha 3TO BHHMAHNC, NOCKOILKY BOC TICPCMEINCHHS H YCHIHA
B TAKOH CHCTEME DYAYT CHMMCTPIYHBIMIE OTHOCHTCARHO OCH CHMMCETPHH.

70 CBOICTBO MOKCT OHITE HCNOTEOBAHG TIPH PACHCTC YMCHBIICHHCM PACUCTHOM CXCME! B
nBa paza. IpoACMOHCTPUPYCM 3TO HA NPUMCPE PACCMATPHBACMOH BanKH,

Ocb cuMmeTpHi HaNKH 1 HACPY 3KH HA HEE NPOXCHHT BEPTHKANLHO HCPCI CPCIAHION 01opy.
(OfpaT¥M BHHMAHHC HA TO, YTO TOPHIOHTAILHAA CBA3L WA NCBOH ouope (BHewHe KAk Obl
napywalowan ceMMerpuio Oankm) ue Hapyiaetr cummerpun HAC Sankm npn  3agaHHoib
IONEPEYHOH HAIPY3KE, TAK Kak CTATHYCCKW ONPCICIHMAas PCakilig B TOH CRATH [IpH Takom
HAPPY3Ke pABHA HYNIO. ’

Mz paccuorpcHwa ccucHMa ©anku WAL cpeancii onopoi, COBMANAOLICTO C  OCLKO
CHMMCTPHH, € TOUKM CTO TICPCMCINCHHA BHIHO, YTO YION HOBOPOTA FIOID CCUCHHA [IPH pacuyere
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OLIKM MOKET NONYHUTBECH TOIbKO PaBHBIM HYJAI0, MOCKOIRKY O HC BOAMOKCH H3 yCI’lOBHﬁ
CHMMETPHH, -

Ilo y¢I0BHIO CHMMETPHH TA4KKE HEBOSMOMKHO I'OPHIOHTAILHOS LEPCMCIUCHHC JTOrg
COMCHHS HH BHRBO, HH BIIPABO,

B BepTHKafbHOM  HallDABICHHH, 1OCKOALKY Cpelilsdd onopa  npeactasaier  coboit
BCPTHKWILHYK) YAPYFO TIOZATIHREYI CBA3h, BOPTHKAABHOS HEPEMEIICHHE CCYEHHA Oankd max
cpeaHcii oTopoll B 3aBHCHMOCTH 0T ACHCTBYIOWEH HaIPy KK HA DAJIKY HO3MOKHO KAK BHM3, TaK H
BBepx. Takoe HCPEMCUECHIC IIC TIAPYTIIACT YCIOBHH CHMMCTPHH NCPCMCLICHHE ¥ YCHAMIA,

C YHETOM 1010 aHaini3a paciHTTHYHY CXCMY DAnKH MOKHO YMEHBIUHTE  CHICIYIONIHM
obpazom. R

1. PEI.L’CMUTPHM TOJIBKO ACBYH MM TRILKO TIPARYHO IOAIO0BHRY pvaC’THOﬁ CXEMBL (CM. pHcC.
9.6. 0. rae u300paxeHa Uactb GAIKY JERCE DCH CUMMCTPHH).

2. B ceueuumn Han Ulll)p()[:i YCIAHABIMBACY KCCTKYI0 ChAlL (’iam:ﬂxy).r e TTOABOTAOILY IO
CCHOHH O 1]030'31[‘11152\'!"[;(3}[ N UOPH3OHTAMBHYH) CHAh, HE TIOIBOHEONLYIG CCHCIHED CMEWATHCH
POPHSOHTLILHO.

3. Keerkoers seprukaiLioli VOpyrol ceasd (LIpYKMHLL) YMCHBILACM BASOC (10 CRABHCITHIO
C KOCTROCTBHY TAKOH He CBA3H B PRCUSTHON ¢XeMe 1A Beelt Gaukn.

ITO CBAIAHO C TCM, UTO 025 0DECHEHEHIS GEPRINKATBHOZG NEPeMenenus YApyaot Cessu npi
PUCCMORDEHIL FURIOGHIT partlemnofr CXCMBI  PORH(2O BEPNUKLTHHOMY RepEMEUENing
QUATOSHYHOH COS3H APT JACCROMPENUn 60CH DATRI HAT0 HCNONH308aTh 3akoH 1'yka (912} n (9.13)
H YHECTh, UTQG AARJACHHT V‘. HA [PYXUHY € TIOJIOBHHBI DaAKH YMCHBINWTCA BIIBOC,

[loaTosy, 9ro0bl NCPEMCUEHHE CBABH A LS M3MENNIOChL, M KECTKOCTL LUPYKMHEL K,
AQTKNIA YMCHLIITHTECA BAROC. €1 1] YMCHBMICHHOC BABOC FHAMCHHE HRECTKOCTH NPYANLEL HORUE34110
Ha pHc. 9.6, 7. .

Peaynurar pacucta OAMKA 08 PDACCMATPMBACMOH  CC MaUid  MOAYUIECS NOTNOCTBIG
COBILLIAIOIEAM € PCIYALTATOM PACTICTA ;9 ITOH MACTH NPH PACCMOTPCHHH TOHHOR pacel Hoji
CXEMELL.

PeryabTar pacuera iIA BLOpOH 10a0sKuHsl DaTKA (B JTAFTIOM CITYyMac MPaRoi) CHMMETPHUYCH
PC3yABTATY PACHETA PACCHHTHIBASMOH TONOBHAHBL (B JAHHOM Clyvae JCBOH) M TIONVOCTHK
COBTIAZIACT C PCIY.ILTATOM PACHCTA, NOAYUEHHOM (A Beeli Oaikn (eM. 3uropy M Ha puc. 9.6, 6)

B HCKOTOPBIX CaywanX, HANPHMCP WPH OlMpabid Hepaspesneii Oaikn na (ryHiadMeHTeL
RA3BCACHITLIC HA HOIOCTATOTHO M3YHCHHOM TPYHTOBOM OCHOUBAHHH, HEC|KOCTDL (I'lUIlﬂTJlldBOL‘Tb}
OUOp H3IBCCTII TCAGCTATOUYHO TOUHO.

TosroMy pacuciuuky 1CpaIpesnoil DAfTKH HA YNIPYTO TIONATIHBRIX OOpax WPHICICH
TPOBECTH HCCACIOBAHNC HIMCIICHHA yCH.‘IHﬁ B CCUCHHAX OLTRH W pcammifi <C Onop B S4BHCHMOCTH
O HIMEHCHNA ACCTROCTH BCEX HMH HaCTH ONOp,

Hecnedosauue ¢ nomowpro npozpammel SCAD sauniun neecmrocmit
YHPYZUX OROD HEPA3PEINOH GaAKu 1a INOPY WIZHOGIOR{HX MOMeHmod

PaccMOTpUM 3TOT BOIPOC HA lipUMepe JBYXTIPONETIION Hepaspe3Hol Oalkn,
wzobpakelnoi na puc. 9.6, a.
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[ToctaguM 34Ja4y HCCHeIOBAHWS MIMEHEHHA JNkop M u (), BLIIBAHHOTG
HIMCHCHMEM RECTKOCTY CPedHe onopsl B pesienax 0 <k, <o,

Dmopel M u () 1na BapHaHTa KCCTKOCTH cpeRHeit ofopel ky =5- 10 T 6uiam
LPHBEACHD! COOTBETCTBEHHO HA PHC. 9.6, & 2. DTH DITHOPLI H300PaKEHB CIUTOIIHEIMH
JMHHAMK Ha puc. 9.7, v u puc. 9.7, 6.

Ans AeMOHCTPAUHH BAMAHAS HA HCKOMBIE BCIMYMHBI {OCPCMEIICHHA H
VCHAKH) 3HAUCHHS XECTKOCTH CPE/IIEH ONOPH BLITIONHMM PAacyetT GANKH 1iPH MBYX
KPaHHHX 3HAUCHHAX KCCTKOCTH onopel; A, =« k =0,

o)
-0

4.5 ',’]‘\’){_4,1 4.5

Pyc. 9.7

TIpu Gecxonewno OONLUIOM 3HAYCHHH SKECTKOCTH CPCIHedl ONOpbl HMecM
BAPUAHT OATKH HA HKECTKHX Ollopax. B HTOM cilyuae MOKHO [IPOCTO PaccMOTpeTh
NERBIA W NpaBbtil MposeTsl GANKH OTACABHO C TPEMA WeCTKHMK ChRIiMH Ha cpeanedt
onope {8 uporpamye SCAD vp chasu 1o Hanpagnenuw oceli obiieH cucTeMml
koop;iHaT obosnavaotea X, Z, UY).

Jnwpsl M u Q ans sapuamra ¢ OeCKOHSUHO HECTKOH cpesticlh onopoi
{(sanenkoit) H300pakeHsl WTPHXOBHIMA AVHAHAME COOTBETCTREHHO Ha pHe. 9.7, a, 6.

Hynepoe 3HaucHMe eclkoctn cpeancdl Oopht COOTBETCTBYET BApPHAHTY,
KOTA2 CpCAIHAA BEPTHKAIBHAA CBA3L OTCYTCTBYeT. Takag Ganka  Ccrardd4ecky
onpeic.imMa. DTopel A W B HCH MIBECTHSI M KMCKT BHA, W300paXeHHbiA
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FOYedHBIMHM JTHHUAMH COOTRCTCTBEHHO Ha puc. 9.7, a, 6.

BepTHxansHOC NCPCMCLICHUC CPCAHETO CCUCHHA H3MCHACTCA OT -HY/1ECBOIC MPpH
ADCONHTHO HECTKOA OLIOPE A0 MAKCHMAIBHOIO 1POIrnda OLIKM, COCTABAAIIEI) —
24.5 MM, NpH OTCYTCTBUH cpedHeil onopel. 3Hak nporuba oTpHUATENLKBIA, TaK Kak
nepemMelugHna B uporpamme SCAD BuiHMCHAKTCH B 00LICH CHCTEME KOOPUHHAT (OCh
Z obuieii cucTemMbl KOOPAMHAT HaNpasAeHa BBEPX, a IPOrud  BHW3).

Kak BoauM, 3nadeHHe S>KeCTKOCTH CcpeAHedl ONopubl B BCPTUKAIILHOM
HAlPABJCHUH Cyl.U,CCTBCHHU BJIMACT Hd BCJIHYHHbBI IlepeMeLLleHHﬁ Ce‘-leHl'if;l H yCld.'ll/li/'l

B HHUX, 0coOCHHO HA BENHYHHDI H3FH6&K)LLLMX MOMECHTOB.

9.7. Hcnonk3oBaHHe TeOPeMBE 08 Y3/1e ANA KOHTPOAS MHOP HAIrHGAI0IWAX
MOMEHTOB B PAM3aX C JHHEHHO He CMEAIIIHMHCH YLIaMH

Metos koHewHbIX wieMen108, pearndyemplii Ha [IK ¢ nomowmsio, Hanpumep,
nporpamybl SCAD, noiponseT J0CTATOMHO MPOCTO M OBICTPO NOAYHHTL JSMIOpPL
YCHVHA B CTEPHEBBIX CHCTEMAX, & TAKKE HEPEMELIEHHR 1H0DBIX CeHeHnH CTEPKHEH.
Ilpu 3TOM, OKa3bIBAETCA ROZMOMKHEIM OCTATOYHO MPOCTO M OLICTPO BHINOAHHTH
HCCNEAOBANA U3MENSHHA YCHIHI M TEPeMELCHHH B CTEPHKIICBBIX CHCTCMAax B
JABHCHMOCTH OT HIMEHEHMS €€ 3JAIPYXCHHI M B 3ABHCHMOCIH OT H3MEHEHHs
PAIHYHBIX [IAPAMETPOB CTERAKHEN, HANPHUMED HX XECTKOCTH. )

Bo3sMo®HOCTL BLICTPOIO HCCICHOBAHMA CTEPAHEBOH CHeTeMblL B yucOHOM
APOLECCE 110 CTPOHTENLHON MEXAHHKE ABJINSICH BECEMA BAKHOH, TaK KaK 03BONAET
JAEMOHCTPHPOBATL YHALUHMCA «HTPY CHII» B PACCMaTpUBaeMOH CTEPKIICBOH CHCTEME,
CBAJAHHYIO C H3MCHCHHCM TEX WU MHBIX €€ XAPAKTEPHCTHE.

OnHako OeIcTphlil pelyasTaT pacueTa, noayyensbid MKD na 11K ¢ nomowso
KakoH-NTHO0 nporpaMmbl, HC BCCrAa OTBCHACT HA BOOPOC, IOYCMY TONYHHICA TAKOH
pesyaptar. Iloyromy wacro ans aHanMsa pe3yiblaros pacdera, HalpuMep, nop
W3rHOAKIIMX  MOMEHTOB  WCTONBIYIOT CBCASHHA H3 JAPYTMX METOA0B  pacudera
CTCPHKHCBBIX cHCTEM. TIpHMCpbl HCDOUL3OBAHMSE TAKHX NOHSTHH, Kak «oKycHia
TouKa», «(POKYCHOE OTHOHIEHHEY ONOPHBIX MOMEHTOR HAa HE3arpyKEHHOM Npofere
nepaspe3toid dankn (cM. pasaca 7 1 noapa3acn 9.5) NnpHBCICHb BRILIC 318 aHANH3A H
KOH'TPOJIS 310D W31'M0at0ILIMY MOMEHTOR R HEPA3PE3HLIX BaNKax \IPH 3arpyKEHHH HX
HArPY3KOil 11a KaKoM-N1B0 01IOM NPONCTa. )

B paszacne 7 npH paceMOTpeHHH rpadHyeckoro crnocoda pacueTa CTaTHYEeCKH
seonpeaenuMeix  Ganox w  pav, paspadotannoro C.C.lomymkennuem, ObLIM
chopMyTHPOBAHLI H IOKA3aHLI meopesma od yiie W meopema o cmepcie. Oy
UCIOIB3YETCH B rpaduueckoM cuocobe A1 oupeaciieHHs (POKYCHbIX TOMEK H
OP/IMHAT 30D M3rHOAOWMK MOMEHTOB B CEHEHMAX, IAE PACIOAMKENbl doKkyCHble
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TOHKH Ha CTepkHAX 0anox M pav. 3TH TEOPCMBI MOMHO HCAONLIOBATL W IpH
KOHTPOJIE 310D H3THOAOLINX MOMEHTOB.

Huxe paccMOTPEHO NPUMCHCHHE Teopembl 00 yIne IUIS KOHTPQUA 3INOpPb!
H3rHOAOMHX MOMCHTOR B paMe, He HMEIOWEH NUHCHHLIX CMELeHH Y3108,
COOTBCTCTB}'I{)HIeF] NEACTBAIO COCPEAOTOMEHHOTC  MOMEHTa, (IPHAOCKEHHOIO K
HCKOTOPOMY y3ay # (puc. 9.8),

7

12}
>
M, i (1) F
q 1 1 t
3 Z 1
(=) T

Puc. 9.8

Teopema 06 y3ne AO3BONAET HOHATR RBoNpoc ¢ GEAKTOpPaXx, BAMANOLNX Hi
pacHpesesende MOMEHTa M, Mexily CTepAKHAMM, CXOIAWHMMHCA B YUIE ¥
{pnc. 9.8, puc. 9.9, a).

PasnosecHe yiua 4 110 MOMEHTAM, JEHCTBYIOWMNM HA y3en, BbIpaXaeTcsd
YpaBHEHHEM )

M,=32 M,  r=smt.

(9.17)

P&l
Ha puc. 9.9, & s yina o HPHBEICHBl HEKOTOPHIE BCIIOMOIATERLHAIS
NOCTPOCHHA, CBA3aHHBIC ¢ TCOpeMoil of yane (¢M. pazicn 7):

* INTPUXOBBIMH [THHHAME [10Ka3aH MOBOPOT ocell CTepiKHEl, CXOTAILMXCHE B
HECTKDM Y3NIC # , CEA32HHBIA ¢ [TOBOPOTOM 3TOTO Y3713 Ha HCKOTOPKIE yron w,, . [pu
aTOM A = ol = ol =a,:

® CHIAOWMNBIMH JIHHHAMHM MOK23aH 6N0 JHIOP H32UBAIOWNX MOMEHMOE Ha
MMM B

we n o

CHEPHCHAX PAMDL, NOOXOORWUX K y3ay U, U ODANHATE ITHX d1uep M

CCYCHHAX CTCP}KHeﬁ B yine;
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® § COOTRETCTBHMHM ¢ Teopemoll 08 yinc, NoKasaibl OpAMHATBl Z,,Z,.Z, B

COUeHHAX CTEMKHEH, PaclmoNoXCHHBIX Ha PACCTORHKMM OJiMxafiiueil K yiy 0aHoH
TPCTH ABWHEl /. {F = 5,/m,1 } cTepRReH.

T

a) Mf 5} | T

N : " \

5 b g7

M, (& )M’” M (0 AT Vi \
; \ a\c\:;ji__ﬂjfmﬂ

\‘s) z | M

BN L/—-‘:__
Puc. 9.9

Ecan B y3ne ¥ pamsi (eM. pyc. 9.8) npunosnth MOMCHT pasHLId 2M,, To
YTOJi IOBOPOTA Y3N4 TakHke yABOHTCH it Dy et paned 2o, .

[ipsmem 2o, =1. Torna, xak usBecTHio (¢M. Teopemy o6 ysne B noapasaene
7.4), MoNydHM, 5T0 BCC OPJMHEATEL 2, (7 = §,4,1 ) DIOP H3rKOAROMIHX MOMERTUB HA
cremiktax  GyIAyr SUCHEHNO PABHB NOFOHHLIM KCCTKOCTAM  COOTBETCTBYOUIMX
cTepKHeER, T. €. z,. =1, TOC /. = E[A:‘ /1. npeacrasaacT coboii NOTOHEYI} KeCTKOCTD
CTEpAUS # HPH eT0 W3TAGS OTHOCHTENLHO OCH Y (MMICKC ) JARCe 118 COKPALIEHNT
3anucH GyaeM onyckate). B 9ToM cocTorT cMbicH Teopemsr 0f yine (noapodnee oM.
8 nogpastenc 7.4).

Y300paznM ang 310ro sapuanta {¢ yrnom 2a, =1 10BOPOTa y3/Ia u } 3OPY
HArWEAroUMX MOMEHTOB Ba M000OM CTCPKHE © HOMEPOM ¥ = 5, M, 1, HORXOIAGIRM K
vy & (puc. 9.10).

Pue. 9.10
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by/ieM HyMepOoBaTh KO CTEPHA r Tak, Kak Tokazano na puc. 9.10. Kouen
C HOMEpOM 2 SBMAETCH AANLHHM [0 OTHOLIEHHIO K 3aIPYIKECHHOMY Y3y paMmbl (MK
3aIrPYKCHHOMY CTCDAKHI), €CIM 3AIPYKCHHBIM B PAME ABIACTCH HE Y360, a Kaxoi-
THO0 CTEepKEHE).

Homepa Kouunos CTCpXKHA 7 OTp43MM  HHACKCAMH B 0003HAYCHUAX
COOTBETCTBYKIIHMX OPJAHHAT H3THOAUIMX MOMEHTOB, B 0003HaYeHHH [bOK}'CHOﬁ

TouxH F; , Gmokaiimed K ALTEHEMY KOHIYY CTEPKHA 2 # 8 0003HAMEHHH PAcCTOAHNA

¢~ OT cedenns 2 10 Gmokaifinedt k neMy dokycHoi Toukn F; .

Yepra B 0G03HAYEHMAX OPOUHAT HIrHGAIOUINX MOMEHTOB [0 KOHLAM CTEPHKHA
O3HAYaeT, YTO OHM COOTBCTCTBYIOT BAPHAHTY, KOIIA Y3€J ¥ MOBEPHYICA Ha yrod
20, =1.

3 crnocoba MOMCHTHEIX (hOKYCHBIX OTHOIHEHHH (CM. pasaen 7) M3BECTHO, 4TO
dokycuas Touka Fy , 4epes KOTOPYHK) IPOXOAHT IMIOPE MOMEHTOB Ha CTEPXKHE r NPH
MOBOPOTE Y3/la ¥ pambl Ha yron 2o, =1, HaXopdrcs B npeienax JaibHed TpeT
AAMHBL CTEpXkHS IO OTHOIMICHHIO K 3arpy>KCHHOH 9acTH CTCPKHCBOH CHCTEMBI M
MCH/LY MOMEHTAMH 110 KOHUAM CTEPIHA ¥ CYLIECTBYET COOTHOLIEHHE

My = -MiK3, (9.18)
roe K3 Gokycuoe OTHONICHUC MOMCHTOB, 3IHAYCHHC KOTOPOrO 3aBHCHT OT
nonokernus GoxycHoil Toukn Fy . MokHO BoipasuTe K 4epel paccrosHue ¢y OT
yana 2" 10 okycHo# Toukn F3 (e, pirc. 9.10):

K3 =(1—1—l), ' (9.19)
C

2

Mpr o1oM, kak BHAHO {(cM. puc. 9.10), ¢ ydeToM 3HaKOB H3THOAIOUHX
MOMCHTOE

G, -3y = () - B13). (9.20)

Henonszya (9.18), nomyyus BeIpamende [AA  onpefeNeliHf  BelUYHHE
OpAHHATHL A_J,’ Ha cTepkHe + B y37e 1 (cMm. puc. 9.10):

M =a, i, a,.:;,(?’:&m,f)-
2- 1 ) (9.21)
K

IIpy waprdpHOi onOpe CTepXHA B y3Ie 2 Mg:o U GOKYCHad TOYKa

COBIAZACT ¢ 3THM y3noM (ch, =0; K5 =oo). Torna opamuata M| =37 /2 =1.5{".
np 2 P 1
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[lpy manuyum B y31¢ 2 CICPXKHA ¢ KECTKOIl 3afenwd Touka F, Oyner
RAXORATECS TOMHO Ha paccroanu ! /3 or sagenku (cf =1"/3;K] =2). Toraa
H.’ =2i". -

COOTBETCTBYIOIUHE TUM BapHAUTAM JMIOPE H3rUGAIOITHX MOMSHTOB Ha

cTepikHe H3OOpaKEHBl TOYEUHOR K LITPHXOBOH IHEUAME (cM. pHc. 9.10).

Taxum oOpasom, Mpy NOBOPOTE Y371a ¢ PaMbI ¢ THHEHHO HC CMCILAIOIMMHUCH
Yy3aMn Ha yron 2q, = 1 (em. puc. 2.13) nsruGarowmmii MoMenT M/, aeiicTByloLIHi B
y3ne v Ha moOOH CrepKeHb #, NOAXOAALIMH K 3TOMY Y3y, OTIPENENHTCA M3

BelpakeHua (2.21) ™o MOTOHHOH KeCcTKOCTH CTepHkHs §, H 1o (oKycHOMY

otHowenuio K.

Kax BHONO, MOroHHaA XECTKOCTh CTEPKHA i, M (DOKycHoe oTHOWCHMEe K3
3ABHCAT OT JKECTKOCTH crepwua wa wirnb (El),, ot anuum ctepxus [, W or
WECTKOCTH  y3na 2 CTepKHA, KOTOpas MW onpejenseT 3HauYcHue (HOKYCHOTO
oTHoWeHHA K u nonoxende GOKYCHOH ToUkH F; Ha CTEpRHE,

Tpu yToM cooTHONTEHHE OPAHHAT M3THOAKIUMX MOMCHTOB, ACHCTBYIOLIMX Ha
CTCPKHHA, CXOOAIINCSA B y3ae © (CM. prc. 9.9, g), DpH cro noBopoTe Ha yroi
20, =1, 6yaer pagHo:

MM M =aj, a,i, ai, 9.22)
rne ir :@ ; al’ :__"3—11 (P’ =Samyt)-
r 2-—) (9.23)
K3

VYpaeuenne papHoBecHs (9.17) ymna » npu nosopore ero Ha yron 2o, =1
MONYYHTCS B BUJlE:

M, =ai +a,i,+ai, (9.24)
rie M, - cocpepoToueHHBE MOMCHT, ACHCTBYIOUMA Ha yienm u  paw
{cm. puc. 9.9, q), BuIspIBAIONIAI yTOa TOROPOTa Y3ma 2ar, =1.

B COOTBCTCTBHH © 3aK0HOM ['yKa HMeeM 3aBHCHMOCTS 2M, = M, - 20, win
M, /M, =a,, (9.25)
Tak kak 3RAYEHHE COCPEJOTOMEHHOI0 MOMCHTa M, 3amaHo, TO BelWYiHa
a, =M, /M, ang 3a1aunoli paMbl HIBECTHA W YpaBHeHWe paHoBecHA y3ia (9.17)

NMOTYYHTCS U3 YPAaBHEHHA PABHOBECHA HTOMO yina (9.24) yMHOREHHEM IOCIEHErD
Ha YIo/ IOBOPOTA y3la ¥ PaBHbIH o,. B pc3ynsTarte nomyumns
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IM?J = IIW.‘1(11! = (a,iii + am’-m + al i’ ) ’ all' (9'26)

ITony4eHHY®0 HHQOPMALMI® MOMNKHO MCNOUL30BATL ATH KOHTPOIA 3UHpPHI
H3rnGaroIWNL MOMEHTOR B pacCMaTpHBaeMol pame, noctpoentoi na [1K ¢ nomomeio
uporpaMmel SCAD,

IMpnwmep 1 Bumoannv pacueT pambl (cM. puc. 9.8) ua MK ¢ ucroTuiosanmes
nporpamMmel SCAD RpH CleyOWHX NAPAMETPAX paMbl JITHNA purenedi pavul pasda 12 M BrICOTA
HH¥HHWX CTOCK PaBHa 8 M; BEPXHAA CTOHK HMEET BBICOTY 4 m.

Cxema paMu 244 ec pacdera MKD ¢ nomowsto nporpaMmel SCAD npubeaesa Ha puc. 9.11.

o £ !

Z
3 5
la00 4 R 5 -
il
1 -3
1
€ 1]

Puc. 9.11

Moctpoum  2N10pY  HITHOAKMUHX  MOMCHIOE Or ICHCTBHH 3asasHoIo B y3ne 3
cocpeaorouennoro momenta M, —1000 kHu. Tlpy TOM YCA0BHMCH YHHTLIBATE TONLKO HITHOHBIE
nedopmauni crepxted. [lpoaonensie AedopMaLiu cTepkHel paMel IPHMEM PABHBIMH HYJIHO.

Mpy fAwdom cnocode 3a/1aHHA TIPOAOALHON KeCTROCTH crepuucd FF ang uckaodenna
npononeHsix Acdopmaunii crepxkued B pazgene «Hainavenus» GyaeM MCIONb30BATE KMEIOLIYIOCA

DYHKLMK) - i «O0BCAMHEHHC NICPEMCILEHHIA Y3008 (oM. punoxedne | k YMEK).

KecrkocTh £y Ha WArud OTHOCUTCNBEHO OCH Y OOLICH CHCTCMBI KOOpPAMHAT U BCCX
CTCpKHEH R IPUMEPC NPHAATA OTMHAKOROH. CNCAORATETRHO, NPH PACTETE PAMBI MOXHO 3aNaTh aTY
KCCTKOCTE PARHON N0GOMY YAOGHOMY /AN pacueTa KOHCYHOMY 3HauCHHIO (cM. noapazaen 9.2).

JE9 MOMYUCHUS NCHHIX 3HAMCHITT OTOHHKIX skecTROCTeH CTCPHHCH (JINS MCMONbI0BAHNS
TeopeMsl 00 y31¢) npuMeM  Efv=24 ¥H-m>. Torna nonyuum: =i =24/8=3 «kHwm
iy =i, =1, =24/12=2 xHws: i, =24/4=6 kHum. PeaynsTar pacueTta npeicTaBuM B BHIAC HMIHPh!
3O MOMEHTOB (puc.9.12).

BRINONHHM KOHTPONL AMTFOPEL, MCHOALTYS GOKYCHRIC TOUKH I TeopeMy o yane, [peoxac
BCCTO, OTMCUAEM, YTO BCC 3MIOPH HITNGAINIWX MOMCHTOR H3 HCIATPWKCHHRIX B HX IIPOICTAX

CTCPXHAX TlpSIMOJ'IIIHCi;IHLI H MPOXOIAT 4EpeR fl)O[\'}'CHlsIC TOHKH ’*‘;,‘,"la.l'thHlZ ne OTHOLICHHIO K

TArpYyKCHHOMY Yany paver. TIPUUCM TIONOMKEHMC HEKOTOPRX (QOKYCHBIX Touck F; 3aBemomo
wipecTio, K HuM oTHocATCH (oKYCHBIC ToukH Ha cTepkHAX ¥ H 6, kOTOpBE cOBMAZMOT C
MAPHUPILIMH SLOPIMH COOTRCTCTRCEHE 2 1 6. K minecTHiM (OKYCHBLIM TOYKOM OTHOCATCA M
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cboxycublc TOMKW Bd CTCPEKHAX 1us, KOTOPBIC PACIIONOKERR! Ha PAcCTOANNA DABHEM QIHOR TpETH
ANMHLL COOTRETCTBYIONIUX TTPOACTOR CTC]’J)KH{.‘H OTF COOTBLTCTBY HOMIHX 3ALUEMIANINK OIOp lus.

Puc. 9.12

Honoxenne Gokycebix Toger £, Ry crepwhax 2w 4 He wseecTHO. X nonewenne
AOCTATAYHO MPOCTO I JOCTATOUHO TOMHO MUKET 65ITh ONPEACICHO ¢ NOMUILBIU TeopeMbl 0f yie,
HPHMEHASMOT OTALILEO & yiny 7 1 K y3ny 4.

IIpumenenne meapessi 00 y3e K yinty 70a8 onpededenun dovycuoi mogry F. y

TionbepeM MOMERT M, , NPHAOMKEHHBIH B y31e 3 rakuM, 930bul y3en 7 NOBSPHYICA HA o
pasHLA enuHune. Torda B COOTBOICTRIA © Teopemoil 00 y3je, MpuMeHCHHOR K yudy 7
HUITHOARKIIME MOMEHTRI B CEUEHHAX CTEPHHCH, CXOOSWIXcA B y30e 7, GyAyT paBHB MOTOHHBIM

HCCTKOCTAM COOTRETCTRYROLIMX CrepskHed (puc. 9.43).

)

P

2

Puc. 9.13

flpu 3TOoM uHelH4A 3110pa HIrHOAIOWIMX MOMEHTOB Ha CTCpwHe & npoitieT wepes

HOKYCHYIO TOUKY F;’ W Yepes SepUInLY OpARHAThL i, = 2 TaK, KAK NOKa3aHo Ha ITOM PHCYREC. B
pt"S)IJ!b'l"dTe B ymc 7 Ol'l]Je,E[CJ]HTCﬂ OopanHaTa .Mf]ﬁ =3 u u3 PaBHOBECHA ITOIG Yuia OpIHEAtY
Ml=3.

o 210l op/iMHaTe A OPAMHATE [, =6 NPOBOAHM TIPAMUNHHERHYHO JUKPY w3rHOaowmx
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. .2 N
MoMeHToB Ha crepxHe 2. Oua nepeceuyer ock crepskHy 2 B okycHo# Touke 5 . Ee paccroanue ot
yisia 7 MoxkeT OBITE OnpeacncHo npumokcHydo (rpaduuccknM nocTpocHueM B Maclitale), Kak

- 2
MOKA3AI0 HA pPHC. 2. l6, HIH TOMHO HCXOAA HS NOJ00HH TPCYI'OJILHNKA € KATCTaMHU, PdBHBIMH ¢, H

2 . 2

2 P (K T

M3 =3, W TpeYronbHUKa € KATCTAMH, paBHEIME ([, f3)—c§ n i, =6. Toraa % =%
el = 3"; = 0.44(4) M.

v 2 "
(4EeBHIHO, 9T MOAOKEHAC POKYCHOH TOUKM £ HC WIMCHUTCA, €CAL COCPCAOTOUCHHBI

MOMCHT, TIPHIOKCHHRIH K pavc B yanc 3, ByNeT H3MCHATHCA. 3TO 03HAYACT, 4TO Mpasoe POKYCHOES
2 4
oTHolleHHe (9.19) Ha crepskne 2 Gyaet papHo K3 = (m— 1}=8. B npuseacunom ua puc. 2.15

. 497.93

peIYALTATC pacHeTa IT0 (pOK_VCHOC OTHOIICHHT pParRHO K’“p —W

-=8. Tcopcma ob yiac
TTO3BOTHNA OTIPEAEAHTE 310 POKYCHOE OTHOWEHHE A0CTATOMHO LIPOCTO H TOMHO.

Hpumenenue meopemut 00 yi1e K y3y 4 018 onpedeienus QoKYCHOT MOUKYH F;
Toabepem moMerT A, . NpHIOKEHHBIH B ¥31¢ 3 TaknM, 4Telhi yien 4 MOBCPHYACK HA yron

paBHeiii eguHuue. Torna B cOOTBETCTEBMH ¢ TeopeMolt of yane, NPMMCHCHHOH K y3ny 4,
HIruOalompe MOMEHTE! B CCYCHHAX CTCPAHCH, CXOOAIMXCA B y3nc 4, GyAyT paBHsl MOFOHHLIM
WECTKOCTAM COOTBCTCTBYIOIIMX CTCpkHCH (puc. 9.14). [Ipu 31oM 3n0pbl M3rudaloumMx MOMEHTOB
Ha CTEPKHAX 3, 4 n 5 0poiidyT TaK, KaKk NoKazaHo Ha pucyHKC,

=35

7 =4

b= N 3 E
rs
13=3
B

4

'h

y .
/
2.4

Puc. 9.14

ITUM MOCTPOCHACM ONPEACANTEA MOJIMKCHHE A2MBHEH NG OTHHUCHHIO K Y31y 3 GoxyCHOH
TOMKH F;. Le paccrosmue or ysma 4 mMoxeT GuTh onpeAcncHO rpadHHCCKHM MOCTPOCHHCM B

Macirade u TOUHO, MO AHAJIOTHH € TEM, KaK 3TO caciang i yiia 7. B PC3YALTATE NOIYUHM
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4 Pt .
LI ULE) s uey= 8512 =324 m.
8.5 2 °105-3
Orcona no gopmyne (9.19) nonygaem doxycHoe oTHOLEHNE K; = (%-l): 27. U3
5 190.87
PE3YNLTATOR pacueta paMel (eM. puc. 2.12) uonyuum Ky = 054 =2

Takum oOpazom, Teopema 00 y3ic 4 nNoO3RONSCT OBICTPO W TOUHO HAHTH (OKYCHOE
OTHOILICHHC MOMCHTOB Ha CFCPAKHC 4.

Pacnpedenenne sadanneeo 8 yiae 3 pamm cocpedomodennozo movmenma M, = 1000 kHwu
Mexcoy cmepyciany 1, 2 u 4, cxodnuumucn ¢ yie 3
Jns ompeneneHna HacTd mMomenTa M, = 1000 klis, upnxogameiics Ha KOKABIA CTEpXKens,

HCMO:AbL3YeM cootHowcHHE (9.22). TIpn 210M [HOrOHHBIE RKECTKOCTH CTEPSKHEH NpH TPUHATOHR
HITHOHOI IKECTKOCTH CTEDIKHeR yme N3BeCcTHBl (oM. Beiwe). Berucnum no dopmyac (9.21)

BEMTHYHEL! KOMWMPHLIMCHTOB g ¢

a|= 3 = 3 =2;a2= 31 = 3] =l.6;u_,=———3l =—31 :l.84
2 1-= 2- (2-— 2-—) (2--—
( é) ( 2) ¢ KQZ) ( 8) ( K§) { 2_7)

Torna npy yrac aoropoTa y3ia 3 parHom 2o, =1 noaywnm:

JW,' =2.3=6T1CM, ;Tff =1.6-6=9.6 TCM; ﬁf =1.84-2 =368 To M.

Lipu 3TOM K3 PABHOBCCHA MOMCITOR B ¥3AC 3 ClCAYCT, 410

M, =6+96+368=19.28 1c-m.

Tak xax B y3ne 3 pampl 3a3aH MomenT 000 kHwm, To 173 nosyueHHs COOTBETCTBYIOWMK
€MY MOMEHTOB B CEMEHHAX CTEPKHEH, NOAXCAAILMX K Y3y & =3 3a4aHHOH pambl, 8 npeaplaymee
YPaBHEHHE HeoOXOANMO YMHOKNTh HA BEMMUHHY o, =1000/19.28 =51/867 (cm. (2.25)). Toraa
TIONYUHM:

M3y =M -, =311.202 kHw; M3 =497.923 kHw; M7 =190.870 kHwm.

ITOT PeIYIALTAT NOAHOCTRIG CORMANACT ¢ PEIVIRTATOM, NONYUEHHRIM pacdeTom pamer MK3
¢ nomontkio mporpamMbl SCAD (oM. pue. 9.12). Ouernano. wro coGmogaeTcs W ypaBHEHUE
paBuosecka (2.17) y3na:

1000 = (311.20+497.92 + 190.87) = 999.99.

Hmea hokycHBIC OTHOWICHUA K3 crepoknci paMer. cxoganmxes B yite 3, no dopmyne
(2.18) nafizem opANHATEl HICHOAKINMX MOMEHTOB Ha APYTHX  KOHUAX  CICPXHEd:
M: =-3112/2=1556 xHx; M: =-497.92/8=62.24 xHv: M} =-190.87:2.7 = 70.69 wHu.

Mpuutcammii B yien 4 momcut My = 70,69 kHM (cm. puc 9.125) pacopenennrea Memny
CXOAALUMMHCA B 3TOM YINIe CTCPHKHAME 3 # 5 B TAKOM K€ COOTHOWIEHMH, KAK H NIPH SAHHHYHOM
yIIIE NOBOPOTA ¥271a 4 [PH HCHONL30BAHHK teopembl 00 yiiae k yiny 4. JefAcTBuTensuo, u3
pasHOBECHA Y3na 4 PN HCNONB30BAHMN TeopeMbl 08 yane {CM. puc. 9.14) cikeayer, uto

M, =M =M+ M},
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rae M, =M3 =85 klm: M =4.5 klm: M =4 xlm.

B cooteetcTeMuM ¢ zakowoM  [yka  yrowm uoBopora  y31a 4 paseH

o, =M,/ M, =70.69/85=8.316. Torna
M) =Mla, =45-8316=37.422 xHu;
M =Mio,=4.8316=3326 kHw.

Tlpu ToM cobawjaeTed ypaBHCHKE PABHOBCCHA yina 4; ’

M, = M: « M} unn 70.69 = (37.42+33.26) = 70.68 kHw.

Kak BHauM, B cllydasax 3arpyKeuHs llepaspesHbix 0anox u pasM ¢ nuHefiHe He
CMELIAIOIMMHEN Y3AMA HAIPY3KOH B BUAE COCPCLOTOUCHHOIO MOMCHTA B Y3IIC HAK
TIPH 3arPyHCHHH KAKOT0-JING0 OJHOro CTEPAHA TeopeMa 08 y3ae noszronaer Gelcipo
H TOYHO BBIIOUHHTE KOHTPOJIb 30P H3rHOAlOMWKX MOMCHTOB 110CTPOCHHBLIX,
uanpumep, Ha 11K ¢ noMonsio kakoli-nnéo nporpaMmel.

BosMOXKHOCTH KOHTPO:1E 3MI0P H3rHOAI0IWHMY MOMEHTOB YBETHUIBAIOTCA, €I
HCTIONB30BATE NS 3TOI0 TAKKE «TEOpeMy © CTepxHe», Joka3aTcnbCTBO 3Tl
TEOPEMBI H €€ NpUMeHeH’e Obl10 NPOAeMOHCTPHPOBaRO B yueOHuX nocobusx [1, 6]
IPH PaCcCMOTPElMH rpaduueckoro cnocoba pacueTa HepaspesHbIX GalloK 1 pam.

Teopema 06 y3ne D03BOIAET KCMONB30BATL CC ANt M3MEHEHMA KApPTHHEI
ycHnHii B Gankax M paMax B HYKHOM HanpasieHHn. Paccmorprm 3ty BOSMOKHOCTD
Ha NpHMepe pamsl, H00pAXKCHAOI Ha puc, 9.135.

Ilpumep 2. PaccMorpus paMy, HIOBPAKCHHYIO Ha puc. 9.15, a. Tpebycrca nocTponTs
Ha €€ CTePIHAX 3TMIOPY HITHOAIOIIHX MOMEITOB.

a) Pyp i, £ p
L
2 k
M.
2 5 3&
-
I S 1'
1
Crarras

Puc. 9.15

TToctpone 3niopy A4 Ha CTaTH4eCKH OUPEAENTHMOIT KOHCOIH, NOTYYHM COCPCLOTOUCHHYIO
CHJIY ¥ MOMEHT, ACHCTBYIOIIME Ha OCTATEHYRY YacThk paMel (pe. 9.15, 6}, 31a wacTe pamsl TPHKAB
CTATHYECKH HeonpeaeauMa. Ecau npeHeOpCraTh BAHAHHEM npoaoisHeX gedopmaunii crepxucH
Ha TICPEMCTICHHA CCYCHHH CYCPIKHEH PaMbl, TO TIPH NMOCTPOSHUH 3N1OPbL HIIMOAIOWHX MOMEHTOB
M Ha cTCPHMAX PAaMBL MOKIIO PACCMATPHBATE €€ KAK PAMY C JIMHEHHO HE CMEIIAMOLIMMCA Y3N0M 2
(oM, puc. 9.15, 6). Toraa warnbupie aedopmauun crepscHed 1 1 2 GyayT BBI3BIBATHECA TOABKD
MOMCITTOM M, = P 1o 'm. aeficTsyromnm B yane 2.
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B coothereThHA ¢ Teopemoil o6 yaae, jicHcTryromnii Ha ysea 2 MOMEUT PacipeieInTea
MUY CTEPHKHAMA PAMEL B COOTHOMERNH (CM. 0603HAYEHUA B NPSALINYLIEM NOAPaziec):

M, Mla,
Lol S ®27)
M; OMa, ai
Mpu s3ToM cofmoaawTca YpaRHeHUA PABHOBECHA
My=Mle M, M, =M, + 32 (9.28)
Y ¥paBHCHHE 3aKkoHa ['yka
MyiM, =q,. 9.29)

MockouibKy B padMe H3RCCTHO MONOKeHAE (OKYCHBIX TOYCK F; H Ff, BOKYCHBIX
2
otHOWEHUE K1 =2 u 3 =2.ToBCOOTBEICTBHU ¢ (221} oy =0, =2 W
My M

N o

vae dy =(EI} A oniy =(£1); /], NOIOHHRC KCCTROCTH CTEPRHEH, CXO;UINIXCA B y3ac 2.

Takum oOpasoM, Teopema 00 Y3IC MTO3RONAET YBUACTh, ¥TO B PaccMalPHBAEMOH pame
IOPA MOMEHTOR [IOJIYHHYCA B 3ABHCHMOCTH OT COOTIIOTICHHA [IOIOHHBIX XeCIKOCTeH cTepKHel,

Kak BH,THO M3 BRIDAKCHMA NS BREIMMCISHMA NOTOHHOM JKOCTKOCTH CTOPWKHI, OHA MOKCT
WIMEHATBECA € HIMCHCHICM AIHHAT CTCPHHA U KECTKOCTH CTCPAKHA.

MpenetanuM  w3rulnue  KCCTKOCTM  CTOHKM  # PHICNR  COOTBETCTRCHWO B
wHae (E), =k, Bl (Ef), =k, K. TlosciaBnB BLpwKeHA 434 NOFOHHBIX KCCTKOCTCH

CTCRMHCH © YHCTOM ITHX TIPCIICTARTICHAR AX skecTkocted B (2.30), nomyyms

— ‘ﬁll . klms‘ '[2 (9 31]
T . .
M7 Kyl

Takms ofpasoM, B HMOP MITHEUOUINX MOMCHTOR HA CTCPWKHAX ABHCHT OT COOTHOUWICTIHA
WIIHOHBIX KECTKOCTEH CIepoRHel U COUTHOWEHHA JUIHH CTCPRACH.

PaccMOTpUM Bapuant, Koljla  WIHHBI CTEPRHCH Daninl Mexay colol w pasHbl G M.
”CCJ‘]C}I)«'CM AAA IPAHATEIX  JNMHH CTCp)KHCl“! BAKAHUC COOTHOLLUEHHA KECTROCTEH CTep)l\‘Heﬁ Ha BHU
omop M, ya IHAMCHMA ODAWHAT SMTIOP W HA WX 3HAKM [LTA CHCTYIONMX TPCX RAPHAHTOB FHAHEHH
ko3tmienTon ki.écﬁ HECTKOCTER Ha Hil'nh CToHKK v pHreas:

Lok =4 ko =1
=0, k =1,

2o
=0;

3ok =l ks

o

Mpusenm cuny P= 1 e, amuny kowcomr /, =1.5 w1,

LA napmanTa 1 noaymacy 31KPY MOMCHIOB, H30TOpaxennyo da puc. 2,16, 4. 3auaHHwii s
yine monvent M, =1.5 ToM B coorrerersun © reopemoit 00 yiie u cootHowennem (9.31) upu
3RAATUBIX NAPAMETPUX PACHPCICANICH MEKILY CTCPRHAMU TTOPOBHY.

Ha puc. 9.16, &, ¢ uokaHbl Hopsl M B pavme 98 CICAYIOHMX ABYX BapHAHTOB
COOTHOLICHHS KECTKOCTH Ha M3 UG CTOAKH W pHrens,
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a) 1,3

& 0,375

0.37
&) 1.5 ;
|
2
M-2-1
Q
ﬂn'
6} 1.5
2 ih 1.5 q 4
3
M-3-1
0.75 _|]
Puc. 9.16

.

Takum 00pasoM, Teopema 00 yane 0 HarHuHe QOKYCHBIX TOMEK WA CTCPIKHAX NOIBOAKIOT
OBECTPO NOAYYHTE DTIOPY HITHOAIOWMX MOMEHTOB Hil CTCPAKHAX NMPH PAITHHHLIX COOTHOWEHHAX
HITAOHEIX JECTKOCTEl CTEPKHEH B PARTUHHLIX COOTHOWEHHAX HX MH

TIpumenanue, Ecan B Rapuante 2 cacnaTh NPCANOIOKCHHC O TOM, TO CTOHKA paMbl UMEET
HC TOABKD HYTCBYK} MCCTKOCTL HA W3MMO, HO W PARNYH) HYMO H MPOJCA&HYK KECTKOCTE (B
npeAbITyLteyM BapHAHTC 2 (OTMETHM ero Kak BapHanT 2-1) owa Opl1a npunsya HecKoHCUHO
BombL1u0it), To 370 BYJET PABHOCHILHG OTCYTCTBMIO cTOMKH. B mapnaute 2 ¢ nynepoit npononenod
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HCCTKOCTREO CTOlKG (OTMeTHM cro kak Rapuant 2-2) wnopa M Oyaer umern sua (M-2-2),
UPHBCACHHB Ha puc. 9.17. AHaNOFUYHO B BAPHAHTE 3 OPH OTCYTCTBHH ME TONBKO HITWOHOH
HECTKOCTH B PHIEAE, HO M TPOACIEHOHA KCCTKOCTH, MOAYyUM dmopy (M-3-2) na puc. 9.17.

a)

M-2-2

q

1

on
&) 1S
W, 0
M-3-2
Puc. 907

Bee nocrpoesHne smiopu jlerko nonyuarres Ha K npe HCnonmioBaHdu 4Ns pacucta
panbl, Haapumep, nporpamysl SCAD. Oanako BRIMOAMCHHLIA aHANHI NOIBOAACT AYIUIC TIOHATL
BAMAHME M3MEHCHHA [1APAMETPOR PaMBI 1ia e paboTy.

Paccmorpennsie B pasiene 2 nocoGua npuvepn: pacdera Banok u pam
IOKA3LIBAIOT, ¥TO ¢ novowbio nporpamMst SCAD ans [NK, peannsylowmeii airopumm
pacdera crTepkucBpX cuctem MKD, pacueruMk  voker poctarodno  Gwicrpo
BHINOIHATE UCCHCAGBAHNA BIUAHESA PA3NUYHBIX (aKTOPOB HA HCKOMBIE BETHYHMHLI B
CTEIKHEBBIX CHCTEMAX.

HponeMOBCTPHPOBAHO TAKKE, YIO MCHONbL3OBAHHE (OKYCHBIX TOYEK, KX
CBOHCTS ¥ COOTBEICTEVIOIIMX TEOpeM NOIRONACT Ay4Mle HOHATH  paboty
HepaspesHulx Banok 1 paM U OLICTPO POBCPATH JMTOPSI HITHOAOLARX MOMCHTOB.
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10. PACHET BAJTOK H PAM HA HENNPEPBIBHOM YIIPYTOM
OCHOBAHWU MOAEJIH BHHK/EPA

10.1. Ypasuenne u3rnda ToHKoH 6aTKH, ONHPAOIMEHCH N0 CBOCH /L tuue
HA HCHPLPLIBHOE YNIPYroe ocHOBaHue mMone i Bankaepa

Harpysku, AeiicTByfounie Ha NPOMBILUIEHHBE M TPAKAZHCKUE COOPYKCHNA,
ycpe3 QYHAAMCHTEI NCPCHAKTCA HA TPYNTOBOE OCHOBAHHE. ]"[pH-I'IpOCK‘I'HpOBaHHH
COOPYXEHUA BOIHUKAST HEOOXOAUMOCTh OMPCACNCHHS HANpsKelHi no mnowanu
KoHTaKkTa (rynpaMeHTa H OCHOBAHHA, KOTOPHIE HMCHOMLIYIOTCH KAK U1 PACHETA
IPYHTOBOIO OCHOBaHMA, TAK H 1714 pacuera (yHlaMenra:

Muorpa dgynaameHT Hmeer suy Oa:iku, OUMpPAKOWCHCA NO CBOCH ANHHC Ha
rpyHT. CO30aHHI0 pacyeTHOH CXeMbl TAKOH CHCTeMbL M METOAAM C¢ PACUCTa
nocsawcHo MHoro paor, B ToM wiciae padotul [14, 15, 231

B nannom YMY paccMarpusaerca pelmende 3aaaun o0 n3rnbc ToHkoH Ganky
B O0ILEM CY4ae NEPEMEHHOI BHICOTRI A(X), NeXallel Ha IPYHTOBOM OCHOBAHHM, HA

KOTOPYIO ASHiCTBYCT HEXOTODAf 3a7JaHHad Ha OLIKY BHCLIHAA HOPMAIBHAS K OCH
Oasxw marpysxa g(x)=g(x,¥) b, rae b wmpuna Gankn (puc. 10.1).

g(x)

Puc. 10.1

lipuy nelicTeny Harpy3ku cHerema «baika-ocHoBanue» moopMHpycTCa.
Hepa3pulBHOCTL  BEPTHEANLHBIX W COPHIOHTATRHBIX  NEpeMelleHHi  miomaau
KOHTAKTa B KaiI0H TOUKC € KOODAHHATAMH X,) TIPHBOJHT K BOIHHKHOBEHHID
HOPMAIBHBIX F{X, }') U KacaTeNILHBIX T(X,}) HAIIPAKECHHMIL.

OO0bI4HO IIpPH PACHCTS TOHKHX Oanok ot HOpM‘dJ’leOﬁ K OCH (anku 1Arpy3akH
BIHAHHCM KACATEThHARIX Haﬂpﬁ}l{@ﬂﬂf‘i Ha H3rHOHBIC ,I_letlJOpM‘dLIHH H HOpMAJILHBIC
HANIPAKCHHUA B Ganxc npcneﬁpera}or. 310 PaABHOCHIABHO AONYHIEHWUH) HE YYCTa

HEepa3phIBHOCTH nepememeﬂuﬁ TOUYEK KOHTAKTHOH INIOCKOCTH B FOPH30OHTANMBIIOM
HampaBlcHHN. ’
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HHBIMH CTORAMH, B Cly4ae A€ACTBUA HOPMANbHOH K ocH BankM Harpysky
g(xy=q(x,y)-b npu mnirnbe OGaakW. JexamcH HA YOPYFOM  OCHOBAHHH,
npepnonaractes cBobogHoc (6¢3 TPeHKA) NPOCKAJIB3BBAHKC OAJIKH N0 IVIOCKOCTH
KOHTAKTA C OCHOBAHHEM. .

{Ipy TaxoM ZOMYyMIEHHH [O NIOIMAAM KOHTAKTA OANKM BOIHHKAIOT TOINBKO
HopManbHble uanpsixenua  r(x,y). Tlpn neOoipwol wupure b Oankn 31H
HaTNPAKEHHA NPH OTHHAKOBOH KOOPAMHATE X CUHTAIOTCH NOCTOAHHBIMH MO LIHPHHE
H MPUBOIATCA K OCH DAJIKM B BUAE PEAKTHBHOIO YIENLHOIO Youia r(x)=#(x,y) b
{cm. puc. 10.1). ’

3anaddast Harpyska g(x)=g(x,v)-b H peakTHBHBIE yYCHIHA r{Xx)=r{x, V) b
MCPHEHANKYIPHBT K ocM  Oajlkk  H  ypaBHOBEIUMBAKIT  Jpyr  Apyra
(WX paBHOZICHCTBYIOLKE NeKaT Ha OJI0H BepTHKANM, paBHBI ApYr APYTY H
HANMpPABJICHE B PA3HBIC CTOPOHBI).

VparHenue H3rnGa TOHKOH Ganku ¢ nepeMeHHON BAONL €€ OCH JKECTKOCThIO
Ha W3ru6 £/(x) 6yner umers BuA [14]:

d? d*w(x)
— Ef(x})———]=q(x)—r(x}, (10.1)
di? [ dc’ 1=4
M s DANKY ¢ DOCTOAHHOH KCECTKOCTRIO Ha u3rund E/
4
EI d—"“ﬁ—"f) = g(x) - r(x). (10.2)
dx

B ypaeueunn (10.1) n (10.2) Bxous1r iBe HEH3BECTHBIX BENMYMHBL [IPOIHO
Ganku wi(x) N HOPMAILHOE PECAKTHBHOE YACNBHOE YCHIHE r(X), KOTOpBIe Tpedyercd
ONpedentTh Kak AJIA pacycTa GaNKK, TAK H [UIA PACYETA FPYHTOBOTO OCHOBAHHUA.

Jna penieHus Tako#d 3aaa4d HeoOXONHMO HMETh €1I¢ OJHO YPABHEHHE,
CBAIBIBAIOIIEE YKA3aHHBIC JBe HCKOMBbIE (yHKUMH. C 3TOil NIENBIO B MCXaHHKC
IPYHTOB MCIIOAB3YIOT Pa3iHIHbIE PACYETHHIE MOIETH FPYHTOBOTO OCHOBaHUA [23].

K wauBonee mpocThIM MOJAeNAM, MPUMEHAEMBIM B HHXeHEepHOH MNpakTHKe
(B ToM uncac ¥ B nporpamme SCAD), ornockTes Moselb Kosdgryuenma nocme
WIH Moders Bunkilepa, Ha3BaHHAA TAK [0 MMEHH HEMEIKOTO WHDKEHEPa, BIIEpPRbIE
HCIONB30BaBIIETO ATY Mogenn B 1867 1. B 3anauc of nirube penscosoro nyTu [14].

OCHOBHOC ~ AOMYLICHAC O3TOH  MOICHH  OTPAKACTCR  UPOMOPUHOHATBHOH
3ABHCHMOCTBHY

‘ x, y)=c-wix,y), (10.3)
rae w{x,y) — ocaaKa OCHOBAHHA B TOUKE C KOORIHHATAMH X,V ILIOCKOCTH KOHTAKE:
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Guakd M ocHOBamHA; F(X,V) — HOPMAMLHOE JaRrMelnde Ha [PYHTOBOS OCHOBAHHE B
3T0i e Touke, ¢ — KO3QOHIHEHT, Xapaktepu3yioHHMA KeCTKOCTh YOPYIOro
OCHOBAHMA W HasblBacMbIH OOBIUHO B HIDKeHepuoH npakTHke KodhpuLHenToM
TOCTEITH.

Hz (10.3) uawo, 9T0, €CNH pa3sMepHOCTH BesiHuuH F(X, ¥} & w{x,)) IPHHATH
coorsercrsenna Ta=H/m M, To s ¢ nomyuus pasvepioets  Hiv®=Tla/m.

Jns Gankn ¢ oOTHOCHTeNkHO HeBouapwod wupwHeR b ypaswchue (10.3)
NPHBOIUTCH K BHIY ‘

_ r{x.vy-b=c-b-wix,y), (10.4)
HIH C yueToM TOTO, UTO M, ) h=r(x) 1 wlx, p)=w(x), kK Buiy
rix)=c-b-nwix}), (10.5)

[Tps pacuere Tax HasbBagMbIX «0anOYHBIX IIHTY [14, 15] U3 Sanounoil MmanTL

Bhipe3acTes Hanka umprHOH & =1. Toraa emecta (10.5) Gyaem MMCTh
Fx)y=c-wnix). (10.6}

Mexanugeckd moaeas Buuiocpa nipd onHpaHuH Oankd Ha OClioBaHMeE
npencrapagercss 11adopoM HE €BAZAHHMX JAPYD € JIPYTOM TIPYKHH, MMEKIIHX
KECTROCTE ¢, Y CHOBHO 9TA CXCMa ¢ IPY:KHHaMH Hiolpakena Ha puc. 10.2.

Mpr ucnonwiosanmuy MoAeIn BUHKISpa N4 TPYHTOBBIX OCHOBAHMEA CHENYET
LBOMHHTB, 4T0 18 OONBIWMHCTBA TPYHTOR 3T3 MOJCHL BechbMa yenoeua. (0 nrom
YUANUMCH DEKOMEHYETCS fipodecTh B yuyeOnoM mnocobuun [i4], B yuebuuxe no
MEXaHHKe 1PyHTOB [23], a Tarmke B nocobuM x nmporpamme SCAD, vanucanuom
pa3paboTyUKamMH 3TOH OPOIPaMMBI.

Puc. 102

His pealpHbix 1PYHIOB 3HAYCHMA KOIGDHUHCHTa TOCTEAH ONpeActAlnTes
BeChMAa NPHOTIKEHHO, MOITOMY B CTPABOYHRIX Tabuuuax Aans OfHHMX H TEX KC
IPYHTOB  OOBIMHU 1IPDHBOAAT JHATIA30H BOIMOKIIONO H3IMEHEHM KOd(hpHiIMeHTa
nocrenw. B tafn. 10.1 npHeetersl sHadeHns KO3Q(UURCHTOB TIOCTENH, BIATbIE U3
yucOiroro nocobua [15].

Huxe ppeanonaractes, uto modens Bunknepa e euiae (105} wmn (10.6)
IPHMEHUMA 11PH pacdeTce DaNKd Ha PPYHTOBOM OCHOBAHUH.
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Tadgnuua 10.1

KoahuilHeHTol KECTKOCTH OCHOBAHKA ANA PAUTHYHBIX rPYHTOB [ 15] |
AHHA ANA PARTHYH il 110 .

Matepual OcHOBaHNA o o ¢ (Mila/v)
ThnsieyR. [lecok CBEKEHaCHITANHLIA. TARHA MOKpan pa3MArYCHHAR | 1-5
Tlecok ccxkasmiica danaactabifl, ['pasnii wacsmmoit. [mina saaxdan 5 =50
[ecok naotuocaexasmuics. [ paBait (g ruocaexkanniics. lllebens.
Xpaur [#Ha Manoft BaaxHoCTH 50 - 100
Mecuano-TIHITHCTBIA, HCKYCC IBCIEO YILIOTHCHHBIA. [nunaTecpaas (100200 i
Msrkas TpemnnobaTaa ckata. Hssectaak. Mecvannx. Mepinora. | 200- 1000 I
Xopowas Tecprasckana 1000 - 13000 |
Eevon 8000 — 15000
_ Craiiuoe ocrorasiic | 50150 |

Moncrasus, vanpuMep, spipaxesne (10.5) B ypaprenns (10.1), (10.2) n3rnba
Oanku, newaedl Ha YOpYroM OCHOBaHMM BHHKNEpA, MOMYyWiM COOGTBETICTBEHHO
CHEAYIOHE ypaBHeHm« A onpeRenenny aporuda Sanku:

[mm‘-’;(‘)]w “bw(x) = g(x) (10.7)
fx
Ak 1A 6ankH ¢ TOCTOSHHOH KECTKOCThIO Ha w3rHG Ef

g ”’“’H bowix)=qlx). T (10.8)

dv?
VsMected Gonslioe auciio paboTt, 8 KOTOPBIX AEMOTICTPHPYIOTCA PasTHIHbIE, B
ToM 4MChe ¥ uncacHibie [14, 15, MeTonn peitieima »roit 3aaauH.

10.2. NMpumenenne aporpammbl SCAD ans paciera GaikH,
Aemalued Ha YHIPYroM oCHORAHHN Molens Bunkaepa

Bonpockl, CBA3EHHBIE ¢ BLIDOPOM MOASIH IPYHTOBOMO OCHOBAHMA NIPH pacueTe
COOPYKCHHH, ONMPAIUMXCA KaXoi-T0 cBOEH YdcThio (TAnpUMep CTOpoHOH Gamku)
HA HENpEPLIBHOE YMPYTOC OCHOBAHHE, OOBLMNMHO PACCMATPHBANOTCH TONBKO MNOCIE
HIY4YCHWA TCOPMH YIPYTOCTH M MeXawuku rpyHToB. TlodroMy B JanHoM nocoOuu
Tpu penopkzoBatn niporpammel SCAD, nocrpocHuoii Ha ocHoBE MK?3, am
PAcUeTA YKAAHHBIX COUPYKEHUH npuweneﬂa HanBonee NPOCTas MOAENE TPYHTOBOTD
OCHOBaHHA — MOJieNb BuHknepa.

Haes MKD u xoa pacuera HTHM METOZOM MIIOCKHX CTEPIKHEBBIX CHCTEM BRI
pacemoTpeHsl g pasiene 8 VMK,

A% pacueTa nNocKiX CTCPWHCBBIX CHCTEM, HMEIOLUMX 110 KAKHM-T0 CTEPHKAAM
onUpalKe Ha YNpyroc BHHKIEPOBCKOE OCHOBAHME, HCNOJNB3YETCH BCE TOT KC
JEMCHT 110CKOH pavsl (Tun 2 1o khaccupuxauni mporpavssl SCAD), ¥ koropore
NpH 33JAHHH KCCTKOCTH HCOGX0AMMO BBECTR 3HaudeHue koa(priumenTa noctem
TPYHTOBOIO OCHOBaHUA (cn. puc. 10.3).
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JICMCHT COCOHHACICA C yilaMu pacqe‘ruox‘«i cxeMbl ana MK3 CTCpH(HEBOﬁ
CHCTEMEI B Y3IaX 1 ¥ 2 MeCTHOH CHCTEMEI KOOpPAHHAT, & C [PYHTOBBIM OCHOBAHHCM
BO BCCX TOYKAX 10 JAHHE JJICMEHTA. + )

X1
Ilpu 3TOM NPETIOITATACTCH, 9T¢ COCUHHEHHE

Z1
OankK c ocHoBaHMeM, Korna colmosaarrcs

—————

yenosua (3.5), (3.6), asadcTcd ABYXCTOPON- i
HHM, 470 O3HAYAET BOIMOKHOUTE BO3HHE- X1
HOBEHHA KAK CHKUMAIOUMMX," TAK M pacTH- IR
THBAKOUIMX YCHIMIL #{x). ’

B pealbHbIX YCHOBHAX PACTATHBAIOILIX

yeunuit (X} TO NOJOMIBE OankH W MHa

Puc. 10.3
TTOBEPXHOCTH OCHOBaHHA BOIHMKHYTh HE

MOXKET, TOCKONBKY IPYHTOBOC OCHOBAHWE fbH.’}H‘iECRH HE MOXKET NEpellarbh TAKHX
VCHIHMEA Ha 04Ky, 2 OaTKa — Ha OCHOBAHHE.

B sToM ciyyae Galka OpoOCTO OTOPBETCAs OT rpyHTa. HHBIMH crnosamu, B
PCalEHBIX YCNOBHAX CBA3L DK C OCHOBAHHEM B Kamoﬁ TOYKEC HWMEET TOJbKO
OJHOCTOPOHHHIT Xapaktep.

BOHpOC O pacueTe CHCTEM ¢ OJHOCTOPOHHHMM CBA3ZAMH ABIACTCH Bonee
CllOKHBIM H B JNAaHHOM y'-leﬁl{()M‘ nocobun  He paccMaTpHBaCTCA. HOI)T()M)( B
IPHBCACHHBIX HIDKC NPHMCPAX CBASH IPCANONATAKTCH IBYCTOPOHHAMH.

T p u M e p. PaccMoTpiM NpuMep pacyeTa Ganki, NPHBENEHHLIA B yuebHoM rocodun [15].
Pacuer Bemoanen MK ana Sanku anmnoit 30 v moctosuHoi wecTkocTH Ha wsrub El = 1-10°
kH-M’, onupaomeHca Ha ocHoBanke ¢ kodhdmunenTom moctenn ¢ = 400 xkH/’. PaccMoTpeHE!
TpH Jarpykesps: 1) cOCpezOTOUCHRBIM MoMeHTOM M = 200 kll'M, npunoxkeHHbIM K npaBoMy
KOHLY OankH I HaMpPaBieHHH 110 4acoBON cTpeske; 2) cocpemoToucHHol cungil P = 100 xH,
NPHIOKENHONH ¥ MpasoMy KOHUY OankH B Hamlp4BNEHHH CBEPXY BHHZ, 3) PARHOMEPHO
pacTipenencunoi Harpy3koi ¢ = 50 kH/M, npraoxeHoil 0o Beell AMHHe GANKH B HAMPaRNCHHH
CBEPXY BHH3.

B pacuernod cxeme MKD Oanka Gtina pazbura Ha TpM paBHRIX no anwHe K2, Bhaa,
H00paxeHHOro Ha pre. 10.3.

B rabi. 10.2 nprBenensr mpornGel Ganxm (My) B yamax K3, noayucuneic B pabote [15] »
PEIY.IBTATE TOMHOIO PCLWICHEA H B PC3VABTATC HHCACHHOro peiicHis MKD ¢ menoanzoeasteem
KOHEYHOTO 3/1eMEeHTd, NOCTPOCHHOrO Ha 6a3¢ TOYHOTO pCIICHHA, H KOHSHHOIO MIEMEHIL ¢
kyOHICCKOH aNMpoKcHMAITNGH YHKUMA aporubos. .

B naunom yucGHoM pocofnn B Tabnuuy JOMORHHTENBHC BHECEHLI UPOrHBH TpH
CYMMAPHOM 3arpysKelHH, KOTOA YCWIHA F(X) NOIy4YdaioTes CKHMAKUTIMHE 0o BCCH MIOCKOCTH

onHpannAa OaJIKH Ha IPYHTOBOC OCHOBRHKE ¥ B pPedllbEBIX ¥CNOBHAX OTPLIBA Banxu o1 TPYHTA BC
[IPOHCXOIUT.
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Tabdbnuuwa 10.2

w, MM
_L‘— T T Yncacunoe petuchHe B pabore [15] PacEﬁ;mTEEﬁT
' SCAD
oM | Touwoe K3, nonyuenneid | K ¢ kyOuueckoi PasOueka Pasduexa i
5 DEIEHHE Ha Baze TOYHOTO | anapokcHMaieil Ganku Ha Ounkn Ha 15
| PCIICHHA DYHKIHH TpH K73 K3 tHma 2 ’
{ nporubos Thna 2 i
3arpyscennel |
q 0282 T -0282 —0177 0272 I a2m
10 -1872 ] —1872 ! ~1.865 1864 | 1872
00 ) g T TSt T T TmonsT | T vare | vair
30 10.004 10.004 9.986 -9.986 -10.000
{ 3arpyxenue 2
o —5.650 —5.650 -5.591 5.580 5.650
10 -3.349 -3.349 3.346 3.345 3.348
T2 T 1093 | 160z | 1z T oienoe | -roa |
3¢ | 5032 50.327 50,152 ~50.150 -50.320
3arpyxesnue 3
0 125 [ 125 l 125 ~125 -125
[ 10 125 1 125 | 125 -135 125
I 20 125 | 125 125 ~125 -125 j
30 125 125 '*}*'f 125 |15 -1
CyMMapHoe 320 pyKCHIHC ’ |
0 119.1 (19,1 119.1 et | -ne
e T 05 )T THieR 119.8 —119.7 ~119.7 1
20 1340 134.0 135.0 1339 -134.0 —|
BN 185.3 Coas1 [ ass1 | o153 |

BentonuuM pelilenre 3Tofl e 3a4aMH ¢ HCNons30RaHneM mporpaMvu SCAD.

PanbueHue Ganky HA KOHSUHLIC DIEMCHTH OCTABUM TakHw xe, Kax 8 pabote [15] (1pm K3
Tuita 2 «llnockas pamas £ A0N0INKTEALEEIM BBEAEHHEM KOMpPHIINEHTA nOCTENN),

[loche OHATEIRHOCTE PACYETR TPH HEMOABIOBAHUM nporpammbl SCAD yuawemyca yxe
nisecrHalem. upwaosenne I x YMK). 3aech obparum BHHMAanHe TOMBKG HA NPOUCAYPY 3alaHui
HECTKOCTH D) KK, 1IPH KETOPOH 3uUacich M kosdpuUMeHT TOCTCIM OCHUBAHHS,

FauaHne mecTRoCTEH MmeMeHTOB Dwiky MONET ObiTh BLIIVIHEHO MO0 HA FIANE CO3IAHNA
pacdcTHO# cxemel Dankn B pasacie Cxema, 1u60 — B paszede HasnadeuHe cOOTBETCTBEHHO ¢

nomomel KHomok P «[ CHCp2UHA TPOTOTHNA paMbi» H ﬁ“ «HatHadenne wecTKOCTER
cTepkHed» [2].

B ofoux cmy4asx paccMarTpHBAOTCA TPM OKHA JKeCcTKOCTE CTePHHEBLIX IEMERTOD.
TlepBoe OKHO COOTRETCTBYET Pa3icy MeHIO « KCCTKOCTH CTCpAHEN,

3neck oTMeuaeM «YKCICHHOC OTHCaHHE W MCPHCXOOHM B OTHOMMEHHBIH pa3jie.
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B OTKPHIRIICMCH OKHE (HEDKC TIPHBCIEHA HEIBKO 200 HacTh) 0TMeuacM «Crepixellh ITOCKoH
PAMEIY M SAIIACHIBACM 33/IAHHOS SHAMCHHE KCCTROCTH Dyt Ha wsrub.

KETTKOCTY CTepstnen  MENEHHDE OMMCAHUE | K oo MLIeHTE YIpYrorD DCHOBAHMA i

) Tuna aemenTa Mpoaonsnas xecTwacrs EF ﬁl___ -~

" Crepxens naoce o dephs (Tun 1
Wzribran secTkocTe - Pazmepes AQpa ceveHia

Ely 1000000 w2 vl | -

B oxHe «lIponoasHas weetkoeTs EF » BHocuM sHauenne « I» (M. noapasaen 2.1 yroro

& Crepxetb nnockon parb {Tun 2

yueSHoro nocobus), 1ociie storo Bxoiaus B pasien « KoaddmumcHTs yIPYTOre ocHOBAIAY
BEPXHCTO MCHIO OKHA, [1pU J10M OTKPOCTCA TPE1he OKHO. HUACTH KOTOPOIO IPHACUCHA HKC,

Kecrrocru cTepkren | Huciennos onicarue K03 @GUUMERTD! YAPYrOrD ACHOBIHHA |

Hnpuyroe ACHOBAHHE Mo 00 (1 Yrpyroe ocrosanse Ne ocu 21
C1 {"'""“‘"V kH/mM"3 IR T kHMm™
co 77T A o KH
uihpﬂﬂﬂ TAQCKACTH SNHPAHKA : LUMFMHE DNGCHPETH ORMPAHKHA
W T "

i

nporaday OATKH TIRPACHANKY TAPIEIM ¢ ocH, oBosuaven Cl.

I3 COUTBCTCITHMU ¢  MECTHOH  cHcTeMoil KOOPAHNAT  [FOPHIOHTAABLHOUD  3JCMCHTL
(ca. pre. 10.3) sanncninaey s3agadHoe B Opumepe sHaveHue Cl i none «YIPYTroe oCHOBAHHUC TI0
ocy Zlp. B okHe yRa3bIBACTCA U IIHPHHA ITOCKOCTH OMTHPakHs OaTRi.

[Mocne HaxaTHa B OKHe kKHONKY «OK» okHo 3akpoerca. kanec HeoGXOIHMO BRIIONHHTE
AeHCTEMS MO NPHCBOCHHIO JANAHHOH IKCCTKOCTH NMYMHRIM JNCMITAM (CM. oLMcatinge ITOH
MPOUCIYPET B IpHAoKeHnd | K YMK).

B paccmatpiBacMOM TIPHMCPE KCCTKOCTh DuIKH Ha H3ru0 1A BCCX KOHCUHLIX 2ICMCHTOR
olHakoBa. CoOTBETCTRYIOIIHE MM KOI(PQULUKCHIBI HOCTCAN TAKKE O/IHHAKOBRL,

Bee ocTaneHple ONEPaliHM OPOLEAYPH pacucTa o HpolparMe SCAD wirecTHsl

Mporubsl 6adkH, MORYHEHHEE © KCITOIb3OBaHHeM nporpavvbl SCAD B yimax K7D
{Tuba. 10.2} upubeachsl 1as ABYX BapHAHTOS pasbuenus Gamkn: ma Tpu wHa 15 KD,

ANany3  PTHX POIARTUTOB  POKA3BIRACT  HX  TIPAKTHUCCKOC — COBIAZCHHE
€ COOTBETCTBY HOHIMMY pU3yHsTaraMu B padore [15].

OFIMUHC 3HAKOB NEPEMCIISHNH, NOTYICHAX B pabore [15] v 1ipu pacdere mo nporpamse
SCAD, ¢BA3aMO C NPHHATEIMH  TIPOTHBOTICIONHEIMH HATIPABICHUAMH  BEPTHKMIBHLIX  OCeh
koopauHat B paGote [15] W B porpamme SCAD.

Bua omeop 00anok aum TPEX JATPYREHMH W RX CYMMapHoil KomMORHAUMHA TIpHBCACHL.
COOTBCICTBEHHO Ha pHC. 10.4, «, 6, 6, .

B cooTpeTcTeMM ¢ IPOLOPUMOHATLHON HBHCHMOCTERY  MoAchH  Boukacpa  {10.6)
GHATOTHMIILIE JHIPLL HMEKT H DENKTHBHBIE YCHAHA r(x) 1A UPHHATHEX f;arpymcnnﬁ.
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a)

1 P) "3 4
6)
3 4
: A . "
&)
| 2 3 4
2)
i 2 3 "3
Puc. 104

(}0paTuM BHHMAHHE HA TO, 970 TIPH S4IPYMEAHH 3 PaBHOMEPHO PaciPeacneHHO’ Mo BeeH
IHHC GaTkn Harpyixoil (B UQHHOM  ITPUMEPS - HHTEHCHBHOCTLED  g(x) =350 kHm?) @ npu
HCTIONBIOBAHKHM 1WA IPYHTOBOTO OCHOBAHHA MOAe M Brlknepa nonyuactes {c™. puc. 10.4, &)

[ABHOMEDPHAR 110 BUeH WWIHHE 0cadka Danku (B nanHoM npuMepe 125 mm = 0.125M);

PABHOMEPH( [ECHPCNETICHHOE 110 ATHHE Dalkd  pPEaRTHBHOE YCHAHE (B HaHHOM
nprmepe r(x) = 400 - 0.125 = 50 kH/v> |, ou. (3.6]).

Do 0smayaeT, 9T0 DaiKa, 3arpY:KCHHAA 10 BCSi JTIMHC PaBHOMCPHO pachpeacrieHHOH
BHEUIHER HATPYIKOH g(r)=¢ K PABHOMEDHO PACTIPSNCICHHBLIM DEAKTHRHBIM OTHOPOM TPYHTA
#(x)=r =g, ne 6ynct wsrnbatees (oM. puc. 0.4, 6) n B Hed He GyneT H3rnGUOIAX MOMCHTOS
W TOMEPEUHBIX CHIL

Ha puc. 10.5, o .6 npuseneHsl coovseTctherHo smopul M Tm, u @, T, B datke iz
CYMMapHOi KOMGMHAWHN 3arpy:eHHH, KOTOPOMY COOTBETCTBYET BRI IMKp ocanok wi(x) n

peaxtHanex yorinai P{X), H300paKeHHBIR Ha pre. 10.4, 2,
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a) 405

— 1 {
1 2 3
6) ’
1 2 3
. aae— Y T
23,47 31,31 24,91

Puc. 10.5

10.3. ¥Yaew mepeMeHHocTry HeCTKOCTH HANKH HA W3rnG A TIEPeMeHHOCTH
KoY(MpUNHEHTA NOCTETH Mo ANHHE Ganku mpu pacyere MKD .

Baiaxd, uMerOuan no ¢6oeil June HePEMCHHYIO WCECMKOCMb Ha u3zub

B waweHepHO#l npaxkruke 4acro serpedawrces cayqam [14], korua Oanka,
Niewalnan Ha ynpyroM OCHOBAHMH, MMEeT HENPEepBhIBHO HIH CKauKamM (Hanpumep,
PH  M3MEHSHHH  BbICOTH  Kene300erOHHOM  Gankn B KAaKOM-T0  CeveHunH)
H3MEHAIOWYIOCH [0 ARHIE BaJKH KECTKOCTE HA H3rHO.

MeToa KOHEHHBIX ANEMEHTOR HOZBOUAST PEIINTE ITY 33134y 0¢3 3arpy HEHHA,
Jnsa wamiocTpanuy paccMOTPHM Oanky nepeMEHHOro CEeHueHHA, PACCUHTAHHYIO B

pabote [15] MK, ¥ n0BTOpHM €¢ pacueT ¢ HCHOIL30BAHHCM IIp()l"de\'[bl SCAD
(puc. 10.6, a).

H pwn m e p Pacuer OaiKW BuIIOIHHM [PH CICAYIOWHX lapametpax: A =03,

hy=06m, i=04wm, F=150kH, P, =200xH, A =250kH, F;=230kH, M, =450xH/M
¢, =40 kH/v, ¢, =60 kH/m. Moayar ynpyroctu Matepuaia famkm: £ =2- 107 kH/M? ko3(hdu-

LUHEHT ITOCTENH TPYHTOBOrO OCHOBAHNS B HampasneHnn £: Cl = 1800kH/M".

Pe3ynsTaTel pacueTa B BUAC 3MIOPL NPerHtos 6anku, MM, a TAKKC B BHIC 3m0p yCHIHi M,
Tm, u O, T, npuseaeHs! coOTBETCTBEHHO Ha prc. 10.6, 6, ¢, 2

ITH pe3yneTaThl 6AHIKG COBMANAKT C PE3yNLTATAMH TPHBEACHHEIMH B paboTe [15] npu
HCTIOTB30BAHHH KOHUEUHLIX SICMEHTOB, MOCTPOCHHBIX HA OCHOBS TOMHOTO PELLCHHA YPABHCHHA
H3rHGa DaikK Ha yupyroM ocHoBanny Bunkiepa.
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o PZ 4 P ' P
] T, !

P T VI, g

! 5 - VIOV T

TESEE=SETESSSEEE 2SS
178 S ///I] 77 77 TRITITIITV 7 (4

182.7

230

Prc. 10.6

Baika, Jencdwiasn na ZpyRmosom ocioganiiu moderu Bunkiepa
¢ nepemensin Koddduyuenmon nocmein

B PEaTbHBIX YCNIOBHAX Oanka MOECT JNOKATH HA IPYHATOBOM OCHOBAHHH C
Cl)ﬂlilrﬂ(ﬂ-Mex’:l}llithCKM.\'lld XAPAKTCPHCTHKAMM, {IPOMIBOALIIO H3IMCHANUIKMHCA 10
JUIMHE BaKu. MOI!"YT OBITEL CaMBIC PAVIHYHBIC BAPHAHTEL YTOT0 W3IMEHCHHY.
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MeToa KOHCUHBIX 3AEMEHTOB OPH UCTONLIOBAHHM UIA YMCT4 KOHTAKTA Gatxu
¢ [PYHTOBBIM OCHOBAHHCM MOJCTH BHHKNEPd [03BOMACT paccdHTBIBATL W Dajiky €
nepemedHbIM ®03pdHIHEHTOM MTocTenH. HealOX0AUMO TOILK0 TP pazdKeHnH Daiky
Ha KOHEHMHLIC 3ICMEHTHI, ONMpAlOlIciicA HA YUYAaCTKM [PYHTOBOIC OCHOBAHHA C
PATHMHBIME KOO (QUOACHTAMH OOCTENIH, YUHTBIBATL TO OOCTOATE/ILCTBYO, YTO B
npeAenax KLKIOTO KOHEYHOTO 3NeMeHTa HeoGX0AMMO Ha3HAYUTL NOCTOAHHOE
(ocpexiendoe) 3nauenue KodddinenTa nocreny. .

BoaMMKHOCTH JIOCTATOUHO GRICTPOTO peliedud TOM0GHRIX 3a7a4 ¢ NOMOLIBIO
nporpaMMel SCAD f03BONACT HCCAENOBATE H3MeleHNe OCANoK M YCHIHE B Ganke H
H2 TOREPXHOCTH [PYHTOROTO OCHOBRAHHMS BCJIEJICTBHE H3MEHEHMA  WECTKOCTH
OCHOBAHHA HA OTHOC/LHBIX YY4aCTKAaX KOHTaKTa Dankm ¢ OCHOBAHKMCM HIIM 11071 Beeil
Bankoi,

I pnmep Chasana pid OwIKd NOCTOAHHOH JKECTKOUTH, PACCMOTPEHHUH B [pRMepe
moapaziena 3.2, HecnegyeM HM3IMeHeHHMe NporHOoB OankH M yCUJIME B Hell MpH YBETHUCHMN
KCCTKOCTH OCHORAHHA [T Beeil Gamkoll B o paz (co mavcaua C1=0.4 MTla/M 70 38aucHHA
C1 =40 MlTa‘m).

Pesyis1arsl pacderd Jng CyMMapHOR KOMOMHALMH BCEX JAIPYHCHHE (M uphMep B
noapazaene 10.2) B srae 110p OCAI0K Wi x ) W 210p yenadid M, 0 npuBesgHbl COUTBETCTBEHHO
Ha puc. 10.7, a, 86, &,

a)

8) 100

Puc. 10.7

Kak BuaHo u3 conoctaenenss puc. 10.7, @ ¢ puc. 10.4, 2, NpH YBEMHUCHHH XCCTKOCTH
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OCHOBAHHA B CTO D3 10 CPABHEHHKD ¢ Damioil, pAcCMOTPCHAOI B mpuMepe nogpasgena 10.2, Ganka
CTaHOBHTCA OTHOCHTCABHO THOKOH. B 9ToM cayvac Bonee TouMET XapakTep ce AChOPMHPOBAHUS
MONYHACTCS NPI AOCTATOUHO GOMBIIOM MHCIIC INCMCHTOB (yHKTHPOM Mmokasan sapHanT ¢ 15 K3),

Jlna rubro#t 6ankm Ree ChOPMALHH MPOMCXOJAT B 30HE, OMH3KOH K I[PHAOKEHHLIM
COCPEIOTOUCHHBIM YCHAHAM. DMOopE M 1 (IpH 310M TaK0Ke UMEIOT B 310i 30He HanGonkume
OPAHHATEL YKA34HHOE YBEIMYEHHE KECTKOCTH OCHOBRHHA [IPHBCIIO K CYLIECTBCHHOMY WIMCHCHHIO
BHiA IMIOP YCHANH K X 3HAY€HHIA.

‘Terepk  RBITOJHKUM  UCCHC/IOBAHHC, MIMCHUE TOMRKO UTC Ha3Ha'CHHBEIT KOM(HINeHT
ROCTENH OCHOBAHNR, YMCHBLIHE CrO B IPC/cIaX TPCTHEMO XOHCUHOTO 3neMonTa GaTkn (B BapHante
pacueTHOH cxeMbl OLIKH C TPeMA FICMCHTaMH), 10 HYJICROMO 3HAUCHWS. 3TO O3HAyYaeT, YTo

* TPETBEM 3ICMCHTOM 0anka HC ONHPAcTCA Ha QCHORAHNC, a MPCACTABAACT CODOH KOHCONE.

Pe3ynLTaThl PACHETa, AHANOTHIHEIC NIPE/ICTARACHHAM Ha puc. 10.7, g, 6, ¢ pu cyMMapHoM

3arpyxeHun 0anku, npuscacHel Ha puc. 108, 4, 6, 6.

a}
1.2 06, od
2787
%) 38268 3700
o 120,0 )
&) . 600
254 A

834,5

Puc. 10.8

H3 pucyHka BHMAHO, YTO TNPH OTCYTCTBHH TpPYHTa NOA KPailHHM CTpaBa KOHCYHEIM
WeMenTOM, Dalka B npelenax 3TOro 3NeMeHTa paloTaeT Kak KOHCOME OT MPUIOKCHHKIX Ha Heo
Harpy3okK.

10.4. Pacuer paM, HMEIOINX CTEPKHH € HCTIPCPLIBHLIM KOHTAKTOM TH) CBOeil
AJIHHE ¢ YIPYTHM OcHOBaHHeM Mojzenn Bunkaepa

B MmkenepHnoil npakTHKe He0OX0AMMOCTE B HCMONB3OBAHHH KOHEUHOIO
WIEMEHTA THUA 2, KOTOPHIH L0 CBOGH UIMHE MMEET HENPEPHIBHBIA KOHTAKT ¢
YOPYrHM OCHOBaHHEM Moean Bunknepa, BcTpeuaerca 1 npH pacyete NNOCKHX paM.
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[Ipusmep 1axoii pamet {puc. 10.9) npuseaen B pabore [13]. Buimonaum ec pacder ¢
MoOMOOILI0 TporpaMmsl SCAD,

IMTpumep B opumepe pacucta 1pyOL! OPHHATE CleQyIOWue MAPAMETPRL o =2.5M;
h=05wm: g =17/ ; MORYTE YTIPYTOCTH Wenesobetona £ =2.4- 0% rres 2.

Tpyba  wacTHuHO  HAXQAHICH B IpydTe
¢ koabPpHIEEHTOM nocTend Cl= 500 Te/’.

Ay 1pyOrl 3HAMHTENLHO NPEBBILAET PASMCDal €C

nonepeynore cevenna. [lokazanHas Ha puc.3.9 Harpyika, a
TAKE  napaMerpel  TpyORl H  TPYHTA  OCTAlOTCH

OAHHAKOBBIMH [0 BCeH AHHE TpyOm. B 3TOM caAyuae jans

pacyera ocaAuk TPYOBL U YCHIMA B e¢ TIOMEPEHHBIX

CEUBHHAA MOKHO BRIIEINTE CIOH WMHUPHHOH pasHoit =1 M

B HAlIPARACHHE ATMHEI TPYGLI, T.e. BHIOTHRTE PAcueT A
TNOCKOH PaMbL.

B paGote [I13] ® B nauxoM  upHMepe
TPENNONAraeTcs. YTo Tpyfa yiee BoiBeneHa. Pacyer Mo cxcMe NNOCKOH paMe! RLITOIHATCS TOMBKD

Prc, 109

OT AeHCTBHA COCPEACTOHEHHOH cuisl P = 2ga W PaBHOMCPHO PAaclpCACHCHHOH Harpysxu
HHTEHCHBHOCTRIC ¢ (fiea yueTa coBcTREHHOTO Beca paMel K cliocoda €¢ BOsEEACHMA W Oe3 yuela
ZABIIEHUA TPYHTa Ha TpyOy M0CAe CC 3ACKITKH): .

Flpy HasHAag9cHUM pacueTHOH cXeMEr paMel B paboTe [13] caeqan paa aonyiueuni.

Anuest cTepakHei OLIIN DPURATEL N0 BHCLIHEMY PAIMEPY NOTIEPEYHOTO CeueHHd TpyObl,

IIpy Ha3HaueHMH MCCTKOCTH cTepkmell Ha HATHO HE yUMTBIBAJHCL T4K HA3BIBAEMbIE
@KCSCTKHE BCTABKHY TIO JUTHHE CTEPXKHEH B.30OHE Y308 PamMbl.

B paccMaTpuBAacMOM MPHMEpPEe C WCHOUL30BAHMeM nporpammel SCAD Owina npuusta
AHATOTMYHAS PACUCTHAA CXEMa,

Z=-0%04l | 6 5 T .
=0 7 Z=—- 00041
p—— 4
Z=-0.0044
2 zZ
ATV &
4 X 5
Z=-0.0041 Rx=-0.05 Rx=10.05 7= — 0.0041
X=-0.0001 X= 0.0001
! 3
5 6
n}l- ----------- -.-2.--.-..—-..—--345
Z=-0.0041 Z=—0.0039 4 Z=— (0041
R~ 205 K= — 195 Ry=—-2.05
Puc. 10.10 '
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[Mpoucaypa NOCTPOCHUA PAcYETHBIX cxem pam B niporpamme SCAD pacoMarpusanack B
pazaenc 3. TloaroMy HoCTpoEHHE PACHETIION CXEMEI 3AJAHRON PaMbl IPYAHOCTH HE NPSACTARIACT
(puc. 10, 10).

Ana pacemarpuBaemoli I0CKOIH paMbl HA KOMIOM CTCIHKHC HAIHAUCHO MO /B3 KOHCYHEIX
aneMenTa THNA 2. lIpH HAIHAYCHHU KCCTKOCTH KOHCUHBIX MICMCHTOR, MMCKMIHX KOHTAKT TI0 HX
OAHHC ¢ OCHORAHHCM THNa BHHKICPA, BBOIWTCA 3HAYCNNS 3AJ2HHOMO B 3a734¢ KOMpGHLUHCHTA
MoCTeNH.

Ha puc. 10.10 u3o0pamcHa KapTHAA nepememennii Z, M, Beex yanos K3 or sarpyxenus
pambi ¢t P=5 T n narpyskoi g =1T/m.

Kpome Toro, s yimax 4 u 5 [(IpMBEAEHB] BEIHYHHLI TOPH3OHTAILHBIX [EpeMeLICHR H
COOTBETCTBYICIMHE HM LOPH3OHTANBHLIE DPEAKTHBHBIE JaBaeHWA. BeadunHbl  BepTHRANBHBIX
PEARTHBHBIX AABJCHHIT yKa3aHH B y31aX 1, 2, 3.

CooTBeTcTBYIOWAN dmopa A, T-M, niobpakena ua pue. 1011,

1,72

|

7 1,23

Puc. 10,1

[Moy4eHHBIC PETYNBTATEl TIPAKTHYCCKH COBNAMAIOT ¢ COOTRCTCTBYIONIHMH PC3YIRTATaMH B
paGore [13].

Ilporpamma  SCAD  gns  paccmaTpHBacMOl  33]auM  TO3BONACT MOCTPOHTH  Gonee
COBEPLICHHYK) PacUCTHYI CXeMY (YUcCTh B HOPMUPOBAHHH YCHIHI B paMe 3Tall €¢ BOIBENCHHA,
YUeCTh JKECTKUC BCTABKH Ha CTEPXKHAX W T. 1.). OJHAKO 3TH BOTPOCH OPAMO HE OTHOCATCA K
AOCTAWICHHOH 335498 Aa110T0 yuebHOro ocodns i NO3TOMY 3ACCH He PaccMaTPHBANOTCA,
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NPHAVKEHHE |

METOAHYECKUE YKAZAHUS
MO HCNOAL3OBAHHIO 1TPOTPAMMbLE SCAD
JUAS BLHIOJTHEHHS YYEBHBIX PACHETHBIX PABOT

COJEPKAHHNE

1. Ofmite Bonpock! npumentenus nporpammsl SCAD sasa pacvera MI0CKHX
CTEPAHEBBLIX CHCTEM OPH CTATHYECKOH HATPY3Ke. ivivvivierarnnrranrvassnnrnierrrmmmress
2. MocTpoerue ymop M 1 @ B mapuupHoii 6a.1xe
3. 1tocTpoenne 3MI0P M, Q, N B PAME....oorviiiriiiriirrarrarenrrserar s emesseses e s rrsner
4. QuipeneaeHue YCUTRHA B CTEPRBAX PEPMBL.cvvvrirrnrcrirmrerirmerrrirsinrinrmsnsrasssre
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11.1. OBUIHE BOJIPOCKI IPMMEHEHHUA NPOI'PAMMBI SCAD
JUISE PACYETA TIJIOCKUX CTEPAHEBBIX CHCTEM
NPU CTATHUECKOH HATPY3KE

[ponenypa Beinonuenys 3alatnfi 00 CTPOUTEIBHOH MEXAHMKE CTEPHHEBHIX
CHCTEM ¢ MOMOLILH fporpammbl SCAD B yuebGrom upolecce YC/IOBHO pa3ieneHa Ha
CTEAYEOLIAE ITATILL

I 1au L. 3anyck npozparmel & ROOZOMOBKE K COIOAHIIO PACHEMNOL CXEMBL

1.1. 3anyck nporpammel SCAD.

12, Cospanpe HOBOIO TIPOEKTA [INg  BBIIOAHSHMA pacuera  3asaHHoH
CTEPKHEROA CUCTEMBL 1 €T HANMEHOBAHNE.

1.3, 3aganne wumenn aitna B gupckropun SDATA, B kotopowm Oyaer
COXPAHATHCA BCH HH(OPMALHS 110 BREASHHBIM HCXOAHLIM JaHHBIM. BeIXos HA cxeMy
«/lepeBo OpoekTay A% Havyana paboTnl.

1.4, OrkpbiTHe okHa «Pacuernas cxeman Jna GOpPMUPOBAHHS PACHETHOI
cxembl MKD paceMaTpusaeMoi cTepHEBOH CHCTEME.

D 1an 2 Cozdanue pactemnon cxemot cmepycHesod cucmemst oaa MK

2.1. T'padudeckoe NpeaCTABICHAC PACYCTHOR CXEMbl B oftedt cucTeme oceis
KOOPIHHAT. KOHTPO/Ib 33 HANPAB/ICHMEM OCSH MECIHOH CHCTEMBI KOODIHHAT Ha
KAKEOM JICMEHTE.

2.2, HazHa4eHne THIIA 2NEMEHTOB.

2.3. HasHaueHHe HeCTKOCTH JIEMEHTOR,

2.4, HazHaueHKe OTOPHBIX CBA3EH.

2.5. HaznaueHHe WApHUPOB B Y3IAX JIEMEHTOB.

2.6, Tleyars nium coxpaHenne pacueTHON CXEMLL.

I T1an 3. Jazpyawcenne paciemnod cxemsr MK
3.1, 3ajaHne y3.T0BOH Harpy3xH.
3.2, 3ajanHe HATPYIKH HA 3ICMEHT,
3.3, CoXpaHCHHE 3ArpyXEeHu,
34, [leuare Mnu COXPaHenHe PpacYeTHOH CXEMBE C CO3IARHBIM 3AIPYAKCHHEM.
FItan 4 Beinoanenue AHHEeHHO0 PACHEMA § BPLOCMAGALHIE E20 PE3YI6MAMDE
4.1. BbinoNHEeHRe THHEHHOT0 pacyeTa.
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4.2, Tpaduucckoe NPEACTABICHHE MOJYHCHHBIX pE3yAbTATOB pacuera
CTEPHHEBON cucTeMbl, X COXpaHeHHe 1 neyars.

4.3. Tabnuuno€¢ nOpeAcCTaBICHHE NOJYYCHHBIX  Pe3yJibTaTos  pacuera
crepHeBoi cucrembl. MIX coxpaHeHnue H nevarsb.

B paszene I11.]1 paccmarpuBaroTes HEKOTOPLIC ODIIME BOIPOCH! BBIIOIHCHMUSA
JIAHHOI NIOCHE/I0BATENLHOCTH pacuerta Ha sTanax 1-+3.

; KonkperHsle nefictsug Ha 3THX 3Tanax npueeicHsl B pasaenax I11.2 = I11.5,
Il paccMaTpUBAIOTCH IHPHUMEpPLbl BLITIOJHEHHA pacHeTHbIX paboT LISl CTaTHYECKK
ONPEACHMMBIX CTEP/KHEBBIX cUCTEM. Tam e pacCMOTPEHEI JICHCTBHA pacueTUHKA Ha
yrane 4 npumeneHus nporpammsl SCAD.

. Bonpocel onpenencHus  IEPEMELICHHH B CTATHYCCKH  ONPECIHMBIX
CTEPIKHEBBLIX CHUCTEMax ¢ nomoulbio nporpammbl SCAD paCCM;)TchbI TONBKO B
pazaene I11.6.

Hymepauus, Mcmosnb3oBaHHas — BHYTPH  [OJPa3/ielioB,  BbIIOJHEHA B
COOTBETCTBUH C YKA3aHHOH BBILIE HYMEPaLHeii 3TaNoB U JeNIeHHEeM HX HA [T0AITAlIbI.

Dran 1. 3anyck npozpdmmel 4 HOO2OMOBKA K COZ0ANUIO PACHCIMNOT CXEMBbI
1.1. 3anyck npocpammst SCAD
[Tocre 3amycka HNpOrpaMMBl HA IKPAHE HOABHICH OKHO, MH(OpMUpPYIOLIEE O
3arpy3ke MporpamMmbl ¢ YKA3aHHEM Ha ONEPALMOHHYIO CHCTEMY, B KOTOpPOH oHa
‘pabotaer. Okuno umeer MeHio M3 Tpex pasueno — IMpoexrt, Onuun, CripaBka u

HHCTPYMEHTAlbHYIO IaHE/b U3 5 KHOMOK. TR

1.2, Cosdanue nogozo npoekma 015 §bINOIHEHUA pacyema
FA0ANHOT CIEPICHEBOT CHCIMEMBI Il €20 HAUMEHOGaHuEe
; Kypcop ycranasnmpaercs Ha OJHOHMEHHOH KHOIKE
«Co3paTh HOBBIH NPOEKT» M HAKHMACTCS JieBas KHOIKA
mbitd. Ha sxpan BeiBoanTes ananorosoe okHo Hoebiil npoext. Buz s1oro okHa B
paéﬂux Bepensax SCAD paznnuaercs.

CO3A8TH HOBBIM

B janHom BapuanTe (HWKE NPHBEICHA TONBKO YaCTh OKHA) BBIIOJIHHM
CHeyIolHe JIeHCTBIS,

Be00 naumenosanus npoexma. Bsenem, nanpumep, «Pabota 1».

Bso0 wnassanuii: opeanuzanun, esinoausiowen pacuem, u obwvexma. B okne
«Opraunzamus» yyaiemMycs MOKHO HHYEro He sanuceiBarh. B Hauiem npumepe
sarucano: CIT6ITTY. B okne «O6bexT» BBeNeM, Hanpumep, «banka 1»,

Yemanoexa eounuy uzmepenus. OTKpbiBaeM OKHO «EAHHMIEBL H3MEpeHUsI» 1 B
COOTBCTCTBHM ¢ BbiOpanHoii pacuerdnkom cucremoil (CH wiim  TeXHMYECKOI,
Hanpumep, MTC) HasHauaOTCs eAMHULLI M3MEPCHHSA OCHOBHBIX BEIUYHH, |
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Hauvenosarie Fagoral Budop muna cxemer. llpy pacuerte unockod

. GWIKHM MCMONBIYCTCH KOWCHHEIH JMeMenT Thna 2
Opranwsagsa  {LN&MNMY o
’ «Crepert  uockeit  pame».  Tlosromy  npu

Gtwent Famwa . pacuere nnockHUx DAI0K U paM B 3TOM AHATOTOBOM
I ) oxHe Haj0 BeIOpaTh: «2. TInockan pamas.

7 Bapualiin magencit
: TIpu pacteTe rIockoi GepmMbl HCITOTLIYeTCR
E’f‘”'““’”’”e‘”””“ ; roueuuslil aneMcut Tmoa | «CTCPMCHE NNOCKO#H

thepumbn.  [loaTomy Ha none  «THn  cxembl»
oo ] _omes © e | Leogxonumo BoiOpath  «[lIOCKAR  LIAPHHPHO-

CrepHeraA CUCTCMaR.

T caerid ‘wzufuﬁAM A ).M o o
p TTiockas panra TloACHCHMA  JI0  YKA3dHHBIM  THIAM

CTEPIKHEBLIX 3ICMCHTOR 4acTHUHO ObUTH fIpUBEAEHM B painene 3 u OyayT
PAcCMOTPEHBI jfaiee Ha Yrane 2 MocneNoRaTeILHOCTH PACUCTA.

Coxpanenue nesvzo npoexma. J111 COXPaHCHYS BBCACHHBIX [AHBBIX 0 HOBOM
NpoeKTe KYPCop MoBOIUTCR K KHOUKE «OK» B pacemaTpisaeMom AMajioroBOM OKHE
M HaMHMATECH JEBAs KHONKA MBNIW. [IpW 2ToM Ha JKpad OyIeT BBIBEACHO OKHO
Cosnanne Hoporo nupoexta SCAD ¢ otkparioit naukod SDATA (31echk 3TO OKHO He
[IPUBOAHTCH).

1.3 3adanue umenu daivia ¢ oupexmopuu SDATA. Boixoo na cxemy
«1epeBo NpoeKTay 01a Haua1a padoma ’ )

B yaeGHom wiacce xadeipht CM W TVY B OTKphIBIIeMcs OKie © nankofl
SDATA Oyuyr HAXOOWTLCA Manky ¢ Homepamy rpyni. Hazo euidpare nanky ¢
HOMEPOM cBoeid FPyIIsl ¥ OTKPBITL €C, B uanxe I'PYHIIBI W 33JaTCA ¥IMA cbaﬁna
NPOEKTa _

Hpumenaguue x myusupy 1.3, [na Toro utolul CTYACHTRI HC RBIGHDANTH NMPOH3BOIALED
BLIMBILLICHERIX HAIBAHKIL CBOMX TPOEKTOB, B KOMITRIOTEPHOM Knacce kadenptt CM a TV npussr
B, ¥MeHH diailia, CoCTOAUIMA 13 1BYX YacTef. COCAMHCHHBIX aedrcom (Gca npoficna):

©1. YacTe. cocToAwan M3 NEThIPEXsHAYHOro uudposoro wndpa ABCD, meitaunsoro
CTYNCHTY Ha BCE BPEMS HIYYEHHA JHCUMIMHHLL «CypOUTEN5HAN MEXAHHKA CTCPIKHCBBIX CHCTCM
(cratura)» nR BHOOpA pAcUETHBIX CKEM CICPRHEBHIA  CHCTeMm M3 cOOpHEKa 3agav (oM.
npunakeHue 2 kK YMK). ’

2, YacTs, coctoamas W3 nepsoil OyKRB HAMMCHOBAHHMA DPACCYHTLIBUEMOH CHCTEMBI H
cnegyrowero 3a nefl (6e3 mpolena) MOPAAKOROTO HOMCPA PACCMATPHRACMOTO THIIA CXEMBI
(8 IpHBeneHHOM BbIlE NpHMEpe BBOXUTCH: B1). ' '

Hanpisep, npy BeizaHnom cTyaedTy yp. 3015-1 wongpe ABCD = 0102 on HOMKEH OTEPHTE
B nanke SDATA nanky «30151» v B Heft 3anart v gaiina: 0102-61.

Konmanaa «COXpasHTE» OTKPBIBACT BKHO CU CXCMOH, KOTOpad nassiaagres Jlepeso ApoexTa
(3nech H300pakEHa TONBKO 70 YaCTh). '
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Cosaatrpiil Qaiiz Oyvaer xpaunToes 8 nanke SDATA, a avem uma (aiiia GyaeT npuceocHo
BeeM  CilymeOHbIM  GainaM M [0PORKMACMEIM B )
npouecce  paborel  koMmiexkca  dailtam ¢ = &l MCHOAHBE AAHHBE
pesyabTataMu. It padoune  daiiael  Oyayt Ly :ﬁ ParueTHan cxeMa
XpaHHThCA B pabouei nanke SWORK.

+ CREBUMaNEHLIE HOXOAHEIE AaHHbIe
IpuMevanue & many 1. [IpH HeobxoasMoCTH

o + ] PaCtET
NOBTOPHOH PAaGOTBl ¢ CO3IGHULIM [POCKTOM, lIOCIE -
sanycka nporpamsmsl SCAD na HHCTPYMEHTABHOI + .} PERVTLTATY
4 + _} HOHCTPYWPOBRIVE

NAHCAH H3 3 KHOMOK HAMO HAWKATE KHOMKY

«OTKpBITE CymecTRyromMi npockT. [losemrca okno OtkpriTre npoexkta SCAD. Hanee wano
NOCTYMUTE TaK KeE, KAK 3T0 OBII0 TONRKO 4TO OMitcano k nojpasacae b.3. Pasnuuue B BHAC BTOPOIO
DKHA 110 CPABHCHHK) C ONHCAHHBIM BBILIC $YACT COCTOATL B TOM, UTO B HEM Yi#¢ GyACT HAX0LHIHCA
MMA CO3;iaHHOrO paHee aiina 0102-61. OrkpeiTae dT0re dailila UPUBCIST K OTKPLITHI)Y CXEMBI
Hdepeso npoerra. [Jance BLIMOAACM CACAVIOWME ACHC TBHA.

L4. Omkpoimue oxna «Pacqaernan cxema»n

JcpeBo npoexTa coacpxuT uethipe nanku: Hexoguble Aanubie, Pacuer,
Pesyasrarsr 1 Koncrpympopadne (CM. NPUBCICHHYIO BLILE YaCTh AepeBa).

B nepsyio ouepear Heobxoaumo RoiTH B uanky HexoaHme jxaHAbe
UTKprTb BCTBL Pac‘le'l'llaﬂ c)fema.

B pesyibrare orkpoerca paboqec OKHO 10 CO3UAHMIO PACHCTION CXCMBI, B
KOTOPOM HMEETCA WECTh YHKIMOHANBLILIX Pa3ienor (MX HASBAHWS YKA3aHbI HIKC
HHBOPMALHOHHO HaHeAu ), -

Kaxaomy pa3jaeny  COOTBEICIBYEl CBOA MHCTPYMCHTANLHAA MAHCHL ¢
padounmu kHonkaMmu. CHawana OKHO OTKPOETCH € AKIMBHON HHCIPYMEHTARbHOM
UAHENBI) pasieia YipaBienue.

(/IHORPEMEHHO K OKHE [IONBATCA ABE UOABMMKHBIC HHCTPYMCHTaALHLIE
naHeaH: PuiasTpel oTodpakenns n Buivanuzauun, MoKHO H3MEHATE PaIMEPE
CTOPOH 3THX MaHenel H cuenars HX y100HbIMH A5 0JHOBPEMEHHOrO PAIMELIEHHS B
110;1C OKHA BMCCTC € pacueTnoi cxemon.

[Tanenn BuAHLI TOJLKO B TOM cnyyae, ecnn lia IanCT]’)}’MCHTHﬂhHOﬁ NaHeIH

3, ;
pazicia YnpaBaeHHe COOTBETCTBEHHO HAMATbI KHOLKH _% " .
Tipcmae uem nmepeiiru k Iramy 2 (cm. noapasaen [11.1} sepmemca x
PACCMOTPEHHIO LPEABAPHTEIBHBIX CBCACHHH (cM. pazaen 3 YMK).

B pazaene 3 OnUTH NpeaBapHIeNbHO PACCMOTPCHEI CACAYIOLHE oblue
BONPOCHL, CBA3AHHEIC C MIPHMEeHESHHEM KOHEUHBIX ¥ I€MEHTOB B NIOCKHUX CTEPM¥HEBBIX
cHCTEMAX! ’

” O THIAX THIOCKHX KOHEYHBIX FTCMEHTOR, KOTOPbIC HCUMILIYHITCA AMA
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MOCTPOEHHS PACUCTHBIX CXEM LIUIOCKHX CTEPHKHEBBIX CHCTEM;

2} o6 obeii 1 MecTHOI cUCTEMaX oceli KOOpIHMHAT,

3) o nyMcpauun KONLCBEIX Y3108 KOUSUUBEX VNIEMEUTOB B MCCTIION cicTeMe
KOOpAMHAT M OOWECH HYMEPAUMH Y3IOB M 3IEMEHIOB B  PAacueTHOH CXEME,
CTEPHHEBHIX CHCTEM;

4) 0 3aaHHH *ECTKOCTCH KOHCUHBIX 3ICMCHTOB Ha PACTAKCHHUC — cxKaTHC EF
v uawsrnd EI=EI '

3,.-'_[(:(,’]: HAAHM HEKOTOPSHIC JONONHATCHBHBIE CBEAEHHSA 110 3THM BOLIPOCAM.

K sonpocy 2). B nporpavme SCAD B pasacne Hainavenus npesycmoTpeHa
BO3MOMKHOCTb CMEHb! Haupasnesus ocd X! MECTHOH CHCTeMbl KOOPAMHAT. 2TO
AS/1AeTCA CAEYIONHM 0Dpa3oM.

1. Ha nuncrpyMeHTanbHON Dallell 3TOro pasiena HaxuMaeTces KIIONKa L%j
«[lepeBepHyTh MCCTHYIO OCb CTCPHKHAR.

2. Ha noctpoeHHo# pacyeTHOH cXeMe C NOMOIILI0 KYpCcopa H NEBOH KIARMIIH
MBIIIH OTMEYAETCH INEMEHT (€ro OCL 113 DKPalc CTaHOBHTICA KPacHoH), B KOTOpoOM
WIMEHAETCH HANPABIEHHE OCU, W HaMuMaeTca KHomKka «OK» Ha HHCTPYMeHTaNbHO#
navenu paszena. Tlocie storo uBeT 31eMeHTa BoccTanaBaMBactca. a och X
OKAZLIBACTCH  1IOBEPHYTOk B O0OpalHOM  HANPABJIEHHH U0 CPABHEHMIO C
TiepROHaYanbHLiM  nanpaprensem. [Ipy HToM  U3MeENNTCA nonoXelHe lavana ocei
KOOPAMHAT, UTO IPHBCACT K 3aMCHC HOMepoB | 1 2 y3I10B % ICMEHTA COOTBETCTBEHHO
Ha HoMepa 2 n | (cvm. puc. 3.11). Mamenarca rtakwe nonoxenue ocei Z1, Y1 u
TONOXUTEALIEIC HAfTpaBaeHHs yeranil M 0.

K sonpocy 3). B pacuernoil cxeme crepxHeBol cucremsl, kotopas Oyaer
ciponTbex i paGodenm okne (cm. 1. 1.4, 37ama 1) HymepyioTes ¥ y3asl M 3aemenTol B
NIPHHLIKAC T4 HYMEPALHA MOKET ObITh IIPOA3BOIIBHOM.

Breprhie BOOPOC 0 HYMEPAUNI Y3108 ¥ DNEMEHTOB B pacueTHOH cxeme MK,
KOTOPas CTPOMTCH ¢ NOMOWbI0 nporpavimbl SCAD), BCTPCTHACH HA NPUMEPE pabl
(cm. pue. 3.1). Tam Guno otMmeucHo, uto B nporpavye SCAD ykasannas Hymepauus
BEIAAETCA aBTOMATHUCCKHM. 3TA HyMCPALKs CBA3AHA C H0CICI0BATCILHOCTRIO BBOIA
Y310B M KOHEYHBIX .I€MEHTOB.

Tak y37nl 31eMeHTOB Ja1k¥ 0OLIYHO BBOAATCH NOCNEAORATENBHO CNEBA
Hanpaso. [lo3ToMy nepBbil HoMep OyICT y NCBOIO KPaWHCIO y3014, a HanGoabwui
HOMEP — ¥ KpaliHe10 HPaBOro.

Ha puc. TI1.1 nokazana pacuetHas cxema Oanku, cocToswwas U3 ABYX
FACMCHTOB THIA 2 (HAIMHHME OLOPHBIX CBA3el B KPAAHMX y31aX LOKA3AHO YCNOBHO
OPAMOYTOALITHKAMH ).

277



ol ! o 2

"

Puc. IT§.1

Hymepauus y3/108 4 31eMeNTOR B paMe Oblla Mokasawa Ha prc. 3.1, 6, llpu
YKa3aHHOH HYMEPalMH Y3/10B, OTPakarluei Nnopaiaok HX BBOAA, MCCTHbIC CHCTEMBbI
KOOPIAHHAT B TOPH3OHTAIBHBIX M BEPTHKAIBHBIX KOHEUYHBIX JneMeHTax Oviyr
HAlIPABJIEHE] TAK, KK [0Ka3aHo Ha puc. 3.10.

Hymepauua y310e 1 meMeHTOB B GepMe NpoacMoHcTpupoRana Ha pue. I11.2.

P SN VP _gf
5 8 9
1
= 1

Puc. TN .2

H()Mcpa WICMEHTOB W Y3JI0B Ha paC‘-lf:’['HOﬁ CXeMe 14306pa>xa:0"rc51 Lipn

HaxaTblX HA naneny OHABTPLI oTo0pameHHA KHOlIKAX .
Tetiepb  BCPHEMCA K NPOAOTKENHIO JTANOB  pPacdeTd, [PHBEJEHHLIX B
noapazacne J11.1, u BeuonHAM AeHCTBUS, COOTBETCTBYIOWNG YTany 2,

I 1an Coxdanue paciemnuoli cxemul cmepmcnesoi cucmiemnr ong MK

‘ 2.1, Fpacpuneckoe npedcmasaenie pacyemuoii cxemot

CeoMerprueckoe wiobpameHre pacueTIhIX cxeM ruockux Ganok, pam 1 depm,
BCTPEUAOLMXCH B 3aJaHHAX (CM. tipHnoskenue 2), 8 nporpamMe SCAD Moxer 6p11s
BLITTONTHEHO JABYM#A crioco0amu (Hiln ux komOuHAUMei):

1) McU0NB30BANNHEM THIIOBBIX CXEM ILIOCKMX CTEPAHEBBIX CHCTEM;

2) nocicaoBalCibHEIM BBOAOM CHAYANA YITOB MICMEHTOB PACUETHOH CXeMbl,
a 3aTeM H300pakeHHEM CaMMX WIEMEHTOB (BROIOM JJICMCHTOR).

Hcenoneipsanue munogeix cxesm, s CO3NAHHA  pacuyeTdod CXEMbL ITHM
cnocoboM  HeobxoanMo bBodtH B pazaen Cxema. € srofi  nensky  Kypeop
¥yCTAHaB/IMBaeTCd Ha 3ariagxke CXeMa W HAKMMAETCA JeBAas KHOMHKA MbIUIH,
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HOABHICA MHCTPYMEHTANBHAA LaHenb (3)eCk OpHBEAeNa TONLKO €€ YacTh),

MpoekT  Gafn Oruams  Onepausst Ceperc © COOTBCTCTBYHOLLAA PA3ALAY Cxema.

%g;hicﬁi?ﬁ%%|@!°§‘f@i s 1nocTpOCHMA  pacyeTHOR  CXeMbl
— i 20 : naockod GankH unM pambl HEOGXOINMO HAKATL
' REpPBYIO KUONKY Ha MHCTPYMEUTATBHOR NaHelu
[ Ynpasnenue l EERA Cxema, a :UIf [IOCTPOCHHA [UIOCKOR (epMb

b.ﬂcﬂyCT HAKATh ETOPYH) KHOIKY.

BrINOAHEHHE NOCTPOCHHMSA KOHKPCTHBLX PACUCTHBIX CXCM C MOMOLUBIO THIIOBBIX
CXEM NOKA3AHO B NPUMEPax pacueTa 0anok, pam u gepm.

Hocmpoenne pacuemnoii cxembt cROCODOM ROCACO0BAMETLIOZ0 86000
Y106 u daemermos. B a1om cuocobe kawobifi crepixnesoii J1emMeHT pacyeTHoit
CXCMBI BEOJMTCH OTA€1bH0. [lepes BHINOAHEHHEM H3TOH OnepauWM  ydvawemycs
peKOMeHAYeTes  cHayana  W300pa3uTt Ha OyMAarc BHI  PAcuCTHOH CXEMbL ¢
NPeaBAPUTETLHBIM YKA3AHHCM HOMCPUB V3IM0B H 3NEMEHTOB. 3arem HeoGXoJHMO
BoIOpaTh y3en, B KOTOpoM OyaeT HaxoAMTeA Hauano ofuicit cucTembl  oceit
KOOPIMHAT, M U300pa3nTh HampaBIcHHE KOOPIMUATHLIX oOced (cM., Hanpumep,
puc. 3.1, & a1a pambi).

[Tocne 3TONO MOWHO HAUATHL 1POLEHYDY BBOAA YIAOB MO WX KOOP/MHATAM B
o0Iel CHCTEME KOOpIHHAT.

Beon ysaom. [lns ppoaa y310B OTKpbIBAaSM paszen Y3iaml W VICMEHTBI U

-3
HaxuMaem KiHonky “UF «¥Yi3nel». HoABrAcTceA HHCTPYMEHTAMBHAS LAHCIL IR
{

palborel ¢ y3uamMM pacueTHOW CXEMBI, B KOTOPOH HamuMaem KHOOKY ‘ «Bpox
Y3IIOBY.

B pcaynbTartc oTkpoeTea OiHOMMEHHOE Maiorogoe okHo. [lepawid ysen
BRO/IUTCA € HYNEBBIMM KOOPAHMHATAMW H HaxkumacTcd KHonka «Jlobasmte». B

e
- e
pesyabrate (NPU HAKATONR HA naHeau PHALTPa OTOGPAKEIIHA KHONKC

4 ) B none
OKHa AnA W300PAKCHHA PACMCTHOH CXEMB! LIOABHTCA H30GpaKeHHe y3na, a npu

HAXKATOH KNONKC - HOMCP ¥y3j1a.

33TC.\'[, B COOTBCTCTBHM C IIPCABAPHTEIABHO HAJHAYECHHBIMH HOMEPAMH Y3TOB,
BBOOSATCA OCTAbHbBIC ¥3I1bl.

Beoa »>aeventoB. Bpoa CTCPXKHCBOI'O  MICMCHTA  NPCACTABIACT coboii

COCOHHEHHE IIPAMOl [IMHHEA €r¢ KOHUEBhIX y3noB., JLia 3Toro HeoOXoaMMO Ha

HHCprMCHTaJ'leOﬁ HAaHCIIM pa3iacha ¥34bl M 31¢MEHTbI HAXaTb KHONKY
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riosBHBLIEiHCA }{H:CprMeHTaJ'IhHOﬁ HAaHE/IH HaXaTh KHOLKY y «Jobasuenne
crepacHe»,
HsmeHuBmnA GopMy KYPCOp [OABECTH K Y31y, KOTOPLIH fIpeanonaraeres
ObiTh y3noM | (M0 HyMepaumy B MECTHOR CHCTEME KOOPAMHAT), M HaXdThH HEBYIO
KNABHILY MBILIY.
‘He oTnycxan HaxaTy KIaguly NPOBCCTH JHHUIO 10 Y314 2 (T HYMEpalHH B
MCCTHOH cHeTeMe KOOPAUHAT). OTIYCTHT: KNARHLLY H CHOBA HAXATH M OTHYCTHTD.

Ecust Py 3TOM Ha (l)Mllh'l'pC O'roﬁpa)icemm HANKATA KHOMKA
CMCHTOB», TO NOABATCA HOMEDP BBCACHHOIQ DJilCMEHTA.

1 «Homepa

Ilpy naxaten Ha dunprpe oToOpaxkeius KNODKH i Oyuer ofiosmadcHa
MCCTHan cHcTeMma ocell Koopamnar snmeventd. Hanpasncuue ocu X1 Oyger
COBMNZNATE ¢ HANPABIEHHCM PHCOBANMA OcH ulemenTa, Hampumep, Juis Lony4cHus
MECTHOH CHCTCMbl KOOPAHHAF HA TOPH3CHTATILHOM CMEHTE 2 (CM. pacqerHyio
cxemy Oankn na puc. [T1.1) och 2uemeHrIa Hano pUCOBATL OT 3732 2 K yiny 3.
AHLIOTHYHO  CACOYCT PpUCOBATE TOPHIONTANbLILIE WIEMEHTRL Ha paMax cleBa
HANPago.

HenatenpHo TaiKe, 4TOOL] Y BCEX BEPTHKANBHBIX FIEMEHTOB PAMbI MECTUAR
CHCTEMA oceil KOOpP/AHHAT HMena BuI, H3odpaxeHunl Ha puc. 3.10, 6. Hostomy Bee
BCPTHRABHBLE MTEMEHTHl HA/0 PHCOBATL CHUSY BBEPX.

2.2, Hasnauenue mung iemenmos
Hovite HOCTpoORHMS PACHCTHON CXEMBL, PCKOMEHIYETCH C OMOUILIO (PHILTPA

B .
0'r06pa>xcuuﬂ NPOBEPUTE THI INCMCHTOB HAXKATHCM KHOTIKH £

Ec/nH Ha BBCACHHOM ICMCHTE He GyieT 0603HAYCH €ro TUO (MM BLIGpaN He
TOT THil), To Heobxooumo OTkpeiTs  pazaen  HasHawenna W wa  cro

HHCTPYMCHTANBHON NAHENH Hakarb KDONKY | 4'?‘ i
Orxpoetca oxiio HasHaveHne THIA 21eMeHTOB (HIKE LOKA3AHA TOIRKO €ro
4acTh).

& Lreprene 1 CTesxenb NAOEKOH @epMel ‘

e
Oanoda 3 Crepens GanouHOro pactaepka ;

N 4 CTepmert MpOCTDAHCTREHHON TepMsl

5 [TpoCTRaKCTeaMMLI CTERXEHE

¢ Banka-cradia | B ETERKERE CO CABWMOBOM KECTKDCTHN
7 Crepaens GanguHoro pucTeepra

17 DeemHeR 10 YHuBepcantHbIg CTepkeHs
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{lpu pacuere CTEPARHEROH CHCTEMBI B TMANOTOBOM OKHC HEOOXoANMO BRIOPATEL
«CTCpIKCHbY M YKA33Th HA3HAuacMblil THO CTEpxkHA (B IPHBCASHHOHR 4aCTH OKHA
BrOpan 1U0 2 «CTepKCHE M10CKOH paMby).

Hawartne wnonkn «OK» npuBomant x 3akpuitvio okua. Kypcop npu yrom
NPHMET HITYR hopMy.

Teneps KypeopoM Ha PacueTHON CieMe HAZO BLIXETNTE CTEPHEHL, KOTOPOMY
Oyner Ha3HAYATLCA BHIOPAHHBIA THN IEMEHTA. JTO BBIAEICHHE COCTOMT B
CACAYIOILEM.

Kypcop noasoanrea ¥ n3obpaxennio snemcHra. HaxumaeTen M OTIyCKaeTeA
ACBAY KNMABUUIA MBUDHM (Cnbuivica weavok). Jluwua, nioOGpamarolias 3J1€MEHT,
FIMEHHT NEPBOHAYANLHBIH LBET HA KPACHBIH.

Ha uMHCTpyMeHTalbHOW nadenn Haxumaercs khwonka «OK». Tipu otow
3UCMEHTY BOIBPALIACTCA HCXOAHBIH LBET M (IPH HAXKATOH HA NaHETM (HUIbTPOB

s
orodpaxeHns knoike Y1) HoaBHTCA HOMED THIIA 3ICMEHTA.

Ecny 110006HmM 06pa3om HAN0 OTMCTHTE CPa3y HECKOIBKO MICMEHTOR, TO WX
MOXHO BLIIEINTE BCE CPA3Y C HOMOUILI BLISORA NpasoH KHOUKOH MBILIH OKHa
Buibop yi10B B dieMenToB. Kak 2To jenaercd, OyaeT noxasaHo B NIpUMeEpax
pacucTa.

2.3. Hasnaiienue Jcecmrocmedi 3aemenmog

Kak yxe oOTMeuanoch, HEKOTOphle oOuiMe BONPOCHI, CBAZAHHBIE ¢
0COBEHHOCTAMH  3aJaHMA  KCCTKOCTEH CTepwileil CIepwileBulX  CHCTEM  TIpH
RLITOMHEHIMI YU3UMMCS PACYETHBIX 33/1aNWil, BIITHIX W3 cGOpHMKA 3amau (CM,
TPAITOKCHUC 2), DB NpeABAPHTEILHO PACeMOTPCHB B Noapazgenc 3.6

B nporpamme SCAD npeaycMOTpensl pasiHuMbIe CLOCOOB! 3aM3HHS 3TAX
MECTKOCTEH, KOTOPBIC OYAYT NOACHEHE! SAEC B KOHKPCTHBIX I[PHMCPAX pacucra.

2.4. Haznauenne onopreix ceased

CrepRHeBad CHCTCMA UACTO OMMPAEICA HA OCHOBAHMC, KOTOPOC CUMTAETCA
#keeTkiM., B atom cnyksae B y3en, KOTOPWH MPHCOCAMHACTCA K KECTKOMY
OCHOHBAINID, BBOJATCH XKECTKHC CBASH. .

TIOCKUE CLCPAKHEBBIE CHCTCMBbl, KOTOPhIC BCTPEMAOTCA B yHeOHbIX 33AaHHNX
10 PacueTy CTATHYECKH OTIPCASHHMBIX CTEPIKHEBBIX CHCTEM, MMEIOT TONLKD KECTKHE
ONOPRL PA3AHYHOTO THNA {CM. IPHAMKEHUE 2).

[Mosromy nuwe B YMK paccMarpusacica SONPOC O Ha3HAYEHHHM TONbKO
KECTKHMX OUOPHKX CBAIEN. ‘
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Jia yCcraHoBKM KECTKHX CBA3EH B ONOPHBIX Y3)1aX 1HOCKOH CTEPHHEBOA

CHCTCMB! (¢ FIOMOIIBIO KYPCOpd H NCBOH KNABHLIM MBIIM) HAKMEM KHOUKY
«YcranoBka ceszcil B y3nax» HHCIPYMEHRTwILHOH nanend payena Hasvavennn.
[MToasuTcs ynanorosoe okHo Ceszu. .

- Hanpasnerua cense e amast |
B OTKpHIBIUEMCS  AMANOIOBOM  OKHE e LorE anas J
(34ect DpHBeAEHA TONBKO EI'D HacTs) uis d
- ot uy | Dmmwnl

Ha3HAYCHHA  CBA3EH  OpCIAyCMOTPEHO  HX P —21 - BCe

HA3HAUCHHC A8 NPOCTPaHCTBCGHHOIO  yina
(6 ceascl B coorBeTcTBMM  ©¢ O crencuaMmu  CBOOORRL KECTKONO  y3au A
NPOCTPaHCTREHHOM 3aaave). )

B o0ueii cucteMe oceli Koopannar ¢aasy X, Y, 7 03HAHAKT JAKPCIUICHHE Yy3na
B HAIIPABICHHM O{HOMMCHHBIX OCCH OBILCH CHCTCMbI KOOPAMHAT.

Crazn UX, UY. UZ o3nakvamr 3akpeiieHHe y3a ©O1  1OBOPOIOB
OTHOCHTCIRHO YKA3aHHBIX 0CCH 0DWCH CHETCMBL KOOPAHIIAT.

B 1mockoi ClepaHeBOH CUCTCME, pacucTHas CXeMa KOTOPOH HaXouuIca 8
naockoety XOZ, A7 38KPENIEHHS HECTKOTO YHIa VCTONB3YIOTCH CICRYIOWIHE TPH
CBA3M:

CBA3b X 1% 3aKPENUISIIAA Y3Na OT THHEHNBIX CMENEHUH B HANIPABNEeHUH Och X;
CBS3b Z UM 3aKPeUNCHHA Y31 01T AHHCHHBIX CMCUICHYI B HANpaBICHNY ocH Z,;
ceazk UY LA 3aKpelienns y3a o1 110Bopo1a Bokpyr ocn Y.

B npuecacHHOM OKile NPOJCMOHCTPHPOBAHA YCTAlOBKA COPUIOHTAALHON M
BCPTHKANBHOH cBs3cH B y3en 1 pacyetHol cxembl Sanku (cm. puc. T11.1)

C nomowsd Kypcopa H 1€Boll MBIIH HaxuMaeM knonku X u Z n QK
MoasoanuM xypeop K y3ny | NOCTPOCHHOM pacycTHON ¢XeMbl BATKH M HAXHMaAEM
NeRyK KitaBHiY Mblui. Ha nserHom amcinee kpazparnk, ofozHavaronwmi yien,
CTAHOBHTCH KPACHBIM.

NoaTrepxkaaem BBO1 YIHX CBA3CH HAKATHEM HL HHCTPYMEHTANLHOW HAHCIIH
kronku OK. ITpH ¥TOM y3¢1 TCPSCT KPACHBII LBCT H, CCNH Ha GUABTPC OTOBPaAKEHHA

HAXKATA NOSHLAA L‘é‘l Y3CI CO CBASAMY OTMEHACTCA NIPAMOYTOALHHKOM.

AHANOIMHMHO  BBO/LMTCH  BEpTHMKAILHAN CBA3L 7 B y¥e 3. KOTOpBI
COOTBETCTBYET NIAPHHPHO HOABHAKHOI ontope Gaixu (cv. puc. [11.1).

Ecay B n10cKo# Ganke A paMe HeoGX0IMMO B PACHCTHOH CXCME YCTAHOBHTL
ONMOPY B RWAC 3AJCNAKH, TO B NPHRBC/AEHHOM OKHC O/ HOBPCMCHHO J0:iHa ' ObITh
HaKaTa kHonka ¢ obosmatendem UY. 3To Oyner o3pauars yCTanoBKy CBASH B
HECTIOM YMIE LIS 3AKPEILICHHS eI OT [IOBOPOTA BOKPYr ocH Y.

282



Bompoc © HAHAYCHAH YNPYTHX OLOP KM HETIPEPLIBHOTO  YOpYroro
OCHOBaHMS OLLT pAaccMOTpPeH B pajdene 9, AOCBANIEHHOM JIPHMEPaM  pacucTa
CTETHYECKHM HEQUPEAEMUMBIX CTEPKHERBIX CHCTCM,

2.5, Haznauenue 1aprupos 8 yi1ax I1emenmos
B pacuerHoit cxesme epMbl  ILAPHUPLL  YCTaHaBIMBaTE HE  Tpebyeres,
IOCKONIBKY MCTIONBIYIOTCA TUNOBLIE WICMCHTB THia 1 {em. puc. T11.2). Banpoc
HATHAYCHNA map[mpofs B y3/1ax KOHEHHRIX LIEMEHTORB THIIA 2 PAcCMOTPEH B IpHMEpE
NOCTPOCHHS PACHETHONR CXEMBI AN PaMbl B paiacie 3.
3nech paccMOTPHM MPOLCAYPY YCTAHOBKH LAPHUPOR HA NPHMEPE TNOCKOH
pambl, w300paxeHroil Ra pue. T11.3.

Puc.iT1.3

Ycranonka [HAPHHPORB BLIIIDJIHAECTCH B paziene Hazuauyenua. Heobxoanmo
| .

1
flaXaTbh KHOIIKY i"'ln" «YCTaHOBKA THapHHPOBY. OTKpOC'I'CH OKHO ¥ CI0BHR

OennfomacHue yr roBex CEA3EN NMpUMbIKAHMA CrepacHed (HpP‘l BEJ/IEHA
- Hasal daan
{Q.TbKG €ro 4acTs).
1Es [BE
‘ e [MOCTaHOBKE OLMHOMHOIO LapHHpPE
Tour WLy
' B-yamax 2, 3 u 5 (oM. puc. 113, &)

iz R Tl
: JonwHa ObITh  BBINOJHEHA MO JH060M
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OOHOM 23EMENME, IPHMBIKAKIILEM K YKA3aHHBIM y30nam,

DUEeMEHTBE 1IPH 1OCTAHOBKE LIAPHUPOB PacCMaTPHBAKITCA B MECTHOH cHCTeME
oceit koopausaT. B ceasu ¢ otiv na puc. [11.3, 6, 2 y3:1b1 BeeX 31CMCHTOB OTMCUCHBI
‘uudpamu | 1 2 B COOTBETCTBUY ¢ HallpaBleHHeM O0cH X1 Ha anemenrax.

OTKPBIBLICECH OKHO MOKET HCHONIBIOBATBCYH KAK B HPOCTPAHCTBEHHOM, TaK U B
naockod 3amavax. B paccMarpusaemoli nnockoit 3agave va puc. I11.3, & pacemorpen
BApHAaHT, KOrda Ha 3nemMcHTax 1, 2, u § OCBOBOKICHA TOILKO GHA YIIOBAS CBA3b
LY B y3me 2 KasKI0r0o U3 STHX YIEMEHTOB.

Ecnn takywr cBass ocBoDoaute B yuie 2 anemenros 1, 2 u 4, 10 Y0
PABHOCHJIBLHO MOCTABKE WapHUPOB 3ajaHnoi na puc. I11.3, 6 pamui.

Jlna noATBCpKICHHA BBRIOPAHHOI'O BAPUAHTA YAMIEHUA CBM3H HeodXoAMMOo
HAKaTh B okHe Knoliky «OK». Toraa »1o AManoropoe OKHO HCYE3HET, @ HA DIKPAHE B
oxHe padaciaa Haanavenne noABHTCA paccMaTPHBACMAn CXCMa PaMbl.

Ha pacucthoi cxeme Heo0OX0MMO LOUBECTH KYPCOp K LIEMEHTY | M HakaThb
JEBYIO KNABHILY MbILH. DBeMEeHT | BRIACINTCA KpacHBIM LiBeTOM. Towe caenarb ¢
J1eMeHTOM 2 M, HanpuMep, ¢ 3nemeutoM 4. 3atem naxare kHonky «OK» ¢ 3enenoft
1an04YKOil Ha MHCIpyMEHTanLHOW naveaw pazfiena Haizmawenwna. Torsa ipacHoe

BBIACJICHHEC ¥KA3aHHbIX 3JICMCHTOB WMCHC3HCT, @ Ha paC‘-ICTHOFI CXCMC (l']pli HaxKaToH

KHOMKe * Ha Nanend GUILTPLL oTolpakedus) 1a cTposlciics pacueTiiol cxeme
paMbl NOABATCA BBCACHHBIE WapHMpst (puc. 111.3, ).

Eine ofiiH RAPHAHT yaancHus crateil nokazan va puc. 111.3, 2. 3neck ypanewa
ceask UY B yane 1 snementos 3, 4 U B y3ne 2 snementa 5. lpoucaypa yaanenus
3THX CBASCH AHAJMOTHYHA TOJBKG YTO PACCMOTPCHHOH npoueiype. B pesynbrarte
[OTYYHM PacueTHYI0 CXeMy, NoKasaHHyw na puc I11.3, 2, koropas Oyxaer Tak we
ailanordyia saxannoii Ha puc. [11.3, & pame.

OueBuiHO, YIG BO3MOKHBI M APYTHE BapHAHLbl IIOCTAHOBKH IUMADPHHPOB B
paccMaTpHBacMOi pacueTHOH cxemMe pambl 111 MK,

2.6. Heuams nan coXpaneHue pacyennoi cXemst

HmeroTcs  pasfndaHbie BOSMOWHOCTH  TIEYATH M COXPAHEHHA  COJIaHHOI
pacucTHOH CXSMBI H CC R@JbHCHUICTO HCMOIL30OBAHWA ANg OTYCTA mo pabote.
OTMETHM CICAYIOILHC TPH.

1. Cameim upOCTBIM U OBICIPBIM 71 BhluOAHEHMs B nporpamme SCAD
ABISETCA NMEYaTh PacueTHOl CxeMbl cpaizy c Jdkpana. Jind 3TOrO B MEHK OKHA ¢
pacueTHOH cxeMoil HeoBXxoaumo eoiith B pazaca ®aiin M BLINOIHHTL YKA3AHHBIC
NEHCTRHY 1St NEYATH.

JTa neyaTh 6yﬂCT BOCOPOMIBOAHTE HA CTPAHHUC HC TONBKO Hf!Oﬁpﬂ)KCHHC
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PAcHeTHOR  ¢XeMbl, HO W choelpansHeld  dopmar  0QOPMICHMA  CTPAHMLE,
NpeANOKEHHbI pa3paloTYUKaMH NporpaMMbl. - ‘

2. 119 nogyucHHA pacticuaTky TOIBKO pacueTnol cxemsl (6ex cnenuansHoro
(opmMaTa THCTa} MOXKHO € NOMOLIBIO kKnasuuin «Prind Screen SysRo» Ha kinaBuaType
KOMNBIOTEPA 3a(PHKCHPOBATE BUA CTPaHHILL B pasnene @aila (upu upocMoIpe) H
ckonupoBats cro B pabouce okHO nporpammsbl Paint. 3atem w3 nomyuendoro B
paboyeM OkHe mporpammbl Paint H300paskeHnsi CrpaHiUbl BHPE3aTh TONLKO BHJ
PacyeTHOH CXeMBl 1 CKOMUPOBATL €F0 B JOKYMEHT ¢ paciivpendem doc oruera no
paBore ‘ :

3. Jas ornokeluoH nO BpeMEHH NEYaTH  MOXKHO COXPAHWTh  BUI
cthopmuposaraoi aua MKD pacaernoit cxempr B gaisie. HeoGxoanmo sblitTH B

MEHH pas3iend Y upasia¢HHe 0 HKaTe KHONKY ¢ n300paxenucy GoToannapara B
Janee Hano BLINONHHTL DAA ONEpalMi, ONMCAHME KOTOPBIX  A4HO
pazpaboTurkaMy NporpaMMLl B CHPAaBKe, W COXpaHuTh 00pa3 pacueTHO! cxeubl b
daiie ¢ pacmapernem wiml B padoueii nanke SWORK.
3aTeM, MpH HanMcaHWH OTYeTa o pabore B aokyMeHr ¢ paciuvpenrcm doc,
MOMHO CACNATE BCTABKY PHCYHKA H3 YKa3aHHOro Jaiina.

I 1an d Jacpyncenue pacuemnod cxemel MK
‘ [lpenBapurensHoe  paccMOTpeHHE  3TOro Bonpoca  OblIO  BLIIIOJIHEHO
B pazaene 3. 3aech paceMOTpPHM TOJRKO BONPOC, © BIHAHAM BHMAA 3alPYKEHNA
KOHEYHOr0O 3NeMeHTa Ha ApobiieHHe ero Ha Gonee MelKue WIeMeHThI,

HApobirenue HAOCKOZ0 CMEPHCREBOZO INEMEHRT MUNQ 2, CEAIANHOE C GHOOM
HAZPYIKU HA Konewnsii 3aesmenm . B npuHusne B nporpavme SCAD Ha aieMeHT Tuna
2 npeaycMOTpCHO 3ajaHHe Mo ero  AfHHe Mmool cocpesoTOMeHHOH H
PACUPEACIEHHON HAIPY3KH (CM. HAILPHMEp, HATrPY3Ky, H300paXCHHYIO Ha puc. T11.4.

Oanako B y4eOHOM OpoliecCe YHAUIMMCA ANA YIPOLIEHUA ZHATH3A M0
YCHIMH H A1 MOINYYEHHA HEPEMELUCHNH B MCCTaX NPHIOKCHUA COCPCAOTOUCHHBIX
CUN PEKOMEHAYETCH HAMEYATE Y3NIbl M B MECTAX [IPHII0KEHUS COCPEIAOTOHEHHBIX Cill
M B MCCTAX Ha4ai1a H KOHLIA Y4ACTKa CTCPAKHA € pacnpenenelHol narpyskoi.

MoscHim 310 Ha UpHMEPe OAHOIO KOHe4HOUo 3ucMenTa (pe. [11.4, ). Mycts
Ha HEro ACHCTBYET HAIPY3KA, yKazaHHad Ha puc. i11.4, 6.

B pesynabTaTe pacuerta CTEPKHEROH CUCTEMBI C NOMONLLIO Aiporpammbl SCAD B
TabNMHLUC ¢ pPC3YNBTATAMH  YCHAHI  BBLAZIOTCA YCHIWs (B MeCTHOH CUcTeMe
KOOpAKHAT) B II0G0M YHCIE 3apaHee HAZHAUCHHBIX CEUEHMH YTOr0 JICMCHTA.

Bonce npocTo aHANH3UPYIOTCA PC3YNLTATH PacyeTa NPH YKazaHHON HArpy3ke,
CCAM AOIOUHMTCHBHO pa3OuTe dneMeHT | ¢ y3naMu 1 2 Ha ueThIpe MCMCHTA ©
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8)

¢ IATRIO Y3Niamu (cm. puc. T11.4.6).

Ecian Takoc pasOMeHHC MOXHO TPEAYCMOTPETE Cpaiy, TO TOLA HyMepaldx
Y3I0B ¥ KGHEYHLIX 3eMEHIOB CJIEBA HANPABO HA cXeMe Oyaer HocneloBaTeNbHOM.
Ha puc. [11.4, ¢ nokazan Apyrofi BApHaHT, KOIJA ZOUOIHHTENsHOC paiDHeHHC
JNCMENHTA CAENAHO LOCHC NEPBOIOG pa3sOHCHHA HA DNIeMeHT ¢ yataMu | u 2,

B mo6om ciyyac B okne Pacuermas cxema ueoOxoammo BelOpars paizen

HasHauenuss u B MeHio BROPaTh KHOLKY y] «HazHageHHC IIPOMEXYTOUHBIX
CCUCHHH Ang pacuera ycunuii». TIpy ee AamaTHY OTKPBIBACTCH JIOKANBHOE OKHO, B
KOTOPOM HeoOXOAMMO YKa3aTh HeoOX0QMMOE PACUSTUHKY YUCNO CEYEHHI N0 1HHE
CTEKH.

Ilpu qeTnom uncie cederuil 1. Ha MiemMeHTe F O pa3GHBACTCA HAa HeucTHoe
uicno (n. —1) parumix yuacteos., [Ipn HeuernoM qHeNE Cevennit R, ANCMEUT
pas0uBaeTca Ha (#] + 1) PABHLIX YHACTKOB,

Huxe npupeeHa TONBKO YACTH OKHA AA 3AKA3d BHISUCHCHRS YCHIMH B Tpex
CEHEHHMAK INEMEHTA (HANIpHMED, daeMehTa (3) Ha pHc. T11.4, 8), . ¥ Crepmrensie snererm

Ha anementax Ge3 kakoli-mnbo marpyskm no ero anmwe, & o =
#e00X00HMO HA3HAYHTL TOMBKO JIBA CEYSHHA 0 610 KOHIANM, - - Soerh

B oTux ceucnusx B TaGnMig ¢ pesynanTataMn ycunui u OyayT BbLAaHbI
(B MECTHOR CHCTEME KOOPAMHAT ATA KaXIOTO dNEMEHTA) HX SHRUYCHUA H 3HAKH,

Ec/In n0N0KeHHe HATPY3KH TAKOBO, YTO ACNCHHC HA PABHEIC YYACTKK He aeT
HEACMOr0 peE3YNBTATa, TO UeENecoobpazHo pasieniTh 3MeMEeHT Ha Gonee Menxkue
PaBHEIE HRY HEPABHAIE AEMEHTH, BHIOPAB B pasaene Yaaul M 2IeMeHThE [0/PasAeh
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%‘ «DNEMEHTRIY H B HEM OULHID | «Pasbuska crepxHA».
Ilpi HakaTHUK 110CTEAHEH KHOTIKN OTKPUETCH OAHOMMEHHOC OKHO (UPHBCICM
TCNBKO €TO YaCTh).
& Ha sanarmiom paccromsas Jna rore, utolnl B pesyapTvpyOel TabnHLe yerani
i HONYHUTL YCUAMA B MECTE TIPHIMKEHHS COCPENOTOUYCHHOH

CHJILI W B CCHCHUAX B HAYANE H KOHUE Y4aCTKa ¢ PABHOMEDHO
pacilpeje;icHHOH  varpyakoif, cHauana & oxxe «Pasluska
eTepAHA» seidnpacm PyHKUKW0 «Ha 300a0H0M PACCTOSHHKY.

Bue/lem 3HaueHUE pACCTOAHMA COCPEIUTOMEHHOH CHIR
ot ysaa | (1.1 M). Haxumacsm B okHe kHouky OK W © OMOULBI KypCopa H ieBoO#

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

KITABMILUN MBIl BLIREAREM CTERKEHb, H2 KOTOPOM BROJINM JONOTHHTENLHEIN y3en.
Tlocne nakarva khHouxw «OKp HA  HUCTPYMEHTANBHOH NAHCIH  UOApaAetd
«IneMeNnTIM» pazacaa Y3iuul M NeMeNnThl Ha CICpXKHE nossaseTca U30OpaKeHHe
yaia B cro noMep 3 (s AToro Ha nanenu GHALTPE 0To6pameNHn a0/uKRb OblTh

HaKaTel KHOMNKH f H. ) Hp}i ITOM 1ement | Pa3zleadTCa Ha HBa NIEMEHTE ¢

Homcpamy 1 W 2 (A48 NOABACHYA HOMCPOB Ha UaHC/iM (PRALTPLI oTobpakenna

=
AQMbKHE ObITh HapKaTa KHOIIKA 1% 1)
AHanornuno ssegeM yied 4 Ha pacctoddud 2.1 M ot y3na 3 {uosBuTCs yien 4
M JIEMEHTOB CTAHET 1PH) K y3e) 5 Ha paccroaHnu 2 M OT y3na 4 (mossuTe yaen S u
aiemenTon ctanet 4, eMm. puc. 1. 4, 8).

OOparuyd  BHHMaNWe HA 10, UTO BO BHOBhL LOMYUCHHBIX NISMEHTaX
HATIPaBNEHHE OCEH MECTHOH CMCTEMBL KOODAMHAT H HOMepa y3n08 1 u 2 octauyred
Ge3 uamenenna (oM. puc. 3.10, a).
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M.2. APHMEP [TOCTPOLHHUA DITIOP M u @
HA IIAPHHPHOH BAJKE

IMocTanoska 32,1290 ¥ AHANM3 JANAHHOH PACHETHOH cXeMLl GaaKH.
[locTpoenue BPYYHYIO pacueTHOIM cxenbl MKD

B noapaszaene 5.2 ¥YMK npueejien npumep mnoctpoenns suwop M ou O
BPYYHYIK)  CMOCOGOM  WCTIOAb3OHAHHA  YPABHEHHMIA  DABHOBECMA € YYETOM
KOHCTPYKTHBHOH 0COOCHHOCTH ILADHHPHOH OaNKH, KAK CUCTEMB] JKECTKHX JHCKOB B
BUIE STAKHOM CXeMBL (CM. pHc. 5.1).

Pacuer Obl1 BRINONHEH AT BaPHAHTA, KOCAa

h=h=L L=14, a=h=d=021, ¢=0.15/
G =2q; ¢g:2=q: B=P=06ql;, M, :O.quz.

BEINOMHUM MOCTpoeHHE 311X 310p ¢ nomowbio [IBK SCAD npu /= 6 M u
g =10 kH/m. ‘

TMepea HadamoM padoTel  HE  KOMIBHTCPE  HCOOXOIMMO  BbIIONHHTE
CREeNyIolHe ABE ONepaLiy ¢ 3a1aHHOH pacueTHON cxeMoi Bamk.

1. BBUCHMTE HPHHAICKHOCTE DIKH K CTATHUCCKH OTIPEAENTUMBIM HITH K
CTATHYECKH HEOUPEASIMMBIM CHCTEMAM. '

HeobxoauMoCTs B 3TOM CBA3aHA € TEM, YTO UIM CTATHUECKH ONPE/CINMBIX
CHCTEM TMPH OTPCICIEHHH B HHX TOJNLKO YCHNMH YMPOMIETCH 3adaHAE WKECTKOCTEH
crepkHeil npy xenonsiesanny nporpamMmsl SCAD {cM. noapazaen 3.6).

2. Bpyunyw paz0Oute Oanky Ha KOHEYHEBIE MIEMEHTHI THNZ 2 (CTEPKHCBOR
WICMCHT [10CKO# paMsl, cM. pHc. 111.6) ¢ ydeTrom ocobeHHOCTEIH ee KOHCprKl[PII/I‘H
BH/18, JIEHCTRYIONIEH HA Hee HArpy3KH.

Tepras onepaiHa cOCTOMT H3 CNEAYIOIHX JBYX MYHKTOB,

1, a. IloacHHTEIBACTCA CTENEHE CTATHYCCKOH HeompeAacauMocTH n 6a1ku. Jns
3TOTO Hemonksyercs dopmyna (2.21):

a=ay 3+, ) (I11.1)

FAE  Hon — UHCIO HEM3BECTHBIX COCTABIMIOLIMX OLIOPHBIX PCaKlIHit BO BCCX
onopax Gank; )

Miy— YUCAO0 ypasieuni paHoBecHs BHAA M, =0, KOTOpble MOWKHO

3AMHCATHL [ KaXIOTO OAHHOYHOTO MIAPHUPA JOTONHHTENBHO K NMEIOLIMMCH TPeM
YPABHEHHUAM PABHOBECHS Ang BecH Ganku.

B samanHoil banke #en = 5: my, ~ 2. B pesyasrare no ykasadneil ¢gopmyne
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NOoAyHacm HEOF)XO;]HMDE YCNoBue CTATHYECKOH ONPpCACINMOCTH panks: n=0.

I, 6. HCCHC,‘I}’CTC}] FEOMETPHUCCKAR HCH3MCHACMOCTD PpiaMbl. B AAHHOM ChiyJag
AAA 3TOTO JOCTATOUMHO HCNOAL30BATH CTPYKTYPHLIE aHanns fanwu (oM. puc. 2.7 1
puc. 3.1, 6).

a)
-1 /:0
14 llllllﬂllﬂli%gg
_1',2‘” 6 ’tlf@ 6
6}
24y .
liwo X 3 g < 6 - 3

&)

A

1. » 2 X 5 6 T 2 9
[y T2 , s 6) (7 8

V- S ﬁ T 1 I G

Puc. I1.1.5

JeiicrBuTensHo, 3amaunyio Sanky (puc. IT1.5, @) MOKHO paccMaTpuBaTh Kak
CHCTEMY, COCTOAILYIO U3 TPEX KecTkHX AuckoB (ABE, ECF w FD) (cMm. puc. 2.7 1
puc. 5.1, &).

Juck ABE HenoamkHO NPHKPENICH K OCHOBAHHIO TPEMs ONOPHBIME
CBAIAMY M, TAKHM 06Pa30M, TCOMETPHYECKH [IEHIMEHACM.

Hrick ECF npukpeniieH gByvs CEA3AMH K HETOARMIKHOMY THCKY ABE u oauoi
CBAIRI0 €  HEUIOARWKHBIM  OCHOBAHHEM, [O3TOMY OH TAIOKC FCOMCTPHYECKK
HEH3IMENAEM.

AHATOTHYHO AOKASRIBACTCA, MTO JHCK FF) TeOMETPHYECKH HEM3MCHAEM, @
JHAMUT, TEOMETPHUSCKH HEM3MEHAEMA W BCA 33/1aHNan lapHupHan Ganka,

 Takum 06Pa30OM, HA OCHOBAHAM HCEICAOBAHAN, BHINOJHCHHRIX B NYRKYaX 1, 2
u 1. 6, ZemaeM BLIBOA © TOM, YTO 33janHas Oanka ABJAACTCA cTaTHYECKH
OTIpeneRHMOH CHCTEMO.

Bropoit toAroToBMTEIBHOM oOmepaumeil NEpen IEPEXOZOM K pacyery ¢

novombly nporpamsel SCAD apnaetca wmiobpamenne pacuetHoit cxempl MKD
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3a7aHHOH QKM BpYUYHYHY:

* HzolpaxkaeM 3aJaHHYIO pacdeTHYH cXeMy DalnkM, Ha KOTOPOH ¢ yuerom
PacHoA0KEHHA ONOp M IUAPHUPOB H ¢ YYETOM BHJIA HATPY3KH (CM. YKaszaHus B
pasaciae 3 u na sraue 3 pasacia [11.1), pasOuBacMm CTCPAHK 1Ha KOHEUHBIE H1EMENTHL.

Mpusmcuanne. [MpuBeacso JBa BapHatTa paOMEHEA 3aaHHON GWIKK: Oc3 yucra Biia

HAIpY3KH Ha KOHedHelx meMedtax (puc. 115, &) 1 pexoMeHayeMOC OpH BbIITOIHCHUM

PACYeTHOTC TaJaHHA pasOHeHHe ¢ y4eToM Buaa Harpysku (puc. [11.5. &).

*  HymepyeMm y3ilbl H HIEMCHTHE, .

e Bpidupacu 11agane oduiel cucTeMbl KOOPIMHAT.

¢ VYKa3blBaeM 3HAYEHHH JUIMH UIEMEHTOB I8 [OCACAYIOIWEre 0Oosce
GEICTPOrO HX BBOAA NPH PaboTe NIENOCPEICTBEHHO HA KOMITLIOTEpE.

Taxaa 3apadee NOArOTOBIICHHAA B TCTPAAH BCIIOMOIATENBLIAA pacHeTHasn cxeMa
MO3ROANT GoNee PAIHOHANBHO HCIOMB30BATh BPEMI (10 COBAAHME) COOTBETCTBY HOWCH
pacyeTHOH CXeMBl € UCTIOAR3I0BAHKEM BOZMOKHOCTEH nporpammbl SCAD.

HHeTpYKIHA NO BRINOTHEHHIO pacuera 6aakn
¢ NoMomsie AporpamMMel SCAD
v an L 3anyck npozpammsl & HODLOMOBKE K COIOANLIO PACHEMMBON
exemmt .
HeiicTBHa npn 3anycke uporpamMel SCAD W oTkpeiTHE okHa HoBBIH npoekT
{nyrtel 1.2 w0 1.3 »srama 1) OCTAKOTCH TAKHMM KE, KAKHMH OHH OITHCAHBI
B pazaene IT1.1, .
IMosromy 37eck cpa3y HadMHEM BBIIONHEHHE 31a0a 2 110 (OPMUPOBAHHIO
pacueTHO# cxembl HanKH M0 3apaHee 3aroToBIeHHoMY obpasny (cm. puc. [12.1, ¢).

A rTan 2. Cosdanue pacuemion cxemst barku ona MK3
2.1, Cunines pacuemnolt cxemsl Baaku
Jiia cosnanna pacyeTHoH cxeMel WAPHUPHOH 6anKH W3 KOHEYHLIX 3MeMEHTOR
THMa 2 (CHHTE3 pacueTHONH CXEMBI) MOMCHO HCIIOIIL30BATE ABA CNIOCO0A.

1. Hcnonw3opaTh 3aroTOBKY AN TIOCTPOSHHS PACHETHOW CXEMbl MITOCKO#
pambl. B 31rom papnanre neodxognmo BoitTH B pasacn Cxema. C 3Toii uensio Kypeop
YCTAHARIUBAETCA Ha 3aknaiake CxeMa M HIKUMAECTCH (ICBas KHONKA  MBILIH.
MosBuTCR HIICTPYMENTANLHAS TAHENb, COOTRETCTBYIOMIAA pazieny Cxewa.

2. Hcnoas3opath criocof NOCTPOSHHS PacueTHON CXEMEBI LIAPHUPHOH OaIKu ¢
NOMOLUBKY NMOCTIEA0BATEABHOO BBEACHHS Y3n0B Ganky B o0LcH cHCTeME KOOpaMHaT
H 3aTeM IOCHeIOBATENBHOIO COSMHHEHUA ITHX Y3NOB CTEPKHEBHIMH MIEMEHTaMH.
Ans 3TOoro HAno BONTH He B pa3zie]l CxeMa, 4 B pu3ach ¥ 30l 1 JaeMeHThl.

Paccmorpum Oonee npoctod nepseiii cnocod. Bxoaum B pazaen Cxemau
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‘uﬂ .
HAARHMACM KHOLKY ﬁ“ﬁj «l’cHepatna npotoTHiIa pasbly. Tlossutces okHo Brifiop

Do |Fommsecyso]
nposetoe | nponetos |

Py D
ik

EEEEEEaEE

=

Bee pastepst

™M
[#
[ally

Cepzie
- PET¥AATHYECKAR
YCTAHORKA CEAIEH

XKecTrooTH cTepwHel | Yucnennos orucarMe |

Crpcol zananus

KOMQHTYPALAN PaMel (3A€CHL TPHBCIICHA TONBKO €10 YacTL).

Jas nocrpoetss cxeMbl Owakn {cM. puc. 112, &),
BLIGHPACTC TUIl PaMbl, OTMCUCHHBIE TOYKOH, M HamuMacTes
xaonka «QOK». Ha »kpase npoasuTca okHo  3azanne
TNAPAMETPOB PeTYIAPHOR paMbl (31CCk NPUBCACHBL IBC Cro
HACTH).

DTHM OKIOM MMKHO BOCIOMB3OBATECH NI LOCTPOCHHMI
pacHeTHOR CXeMbl 33,1aHHO WapuHpHoil 6ankyn 11a MKD.

HeHCTBUTENEHO, KOHCUHBIC J.CMCHTBl, HAMEUCHHBIC HA
3apaHce [0ArOTOBIEHHON pacuerHoii cxeme (cm. puc. [11.2, 8)
MOXHO pacecMaTpuBarh Kak nponctel L, purciacii  pamsl,
NOKA3AHHON B OKHE. B madauyy emecmo 0auu npoaemos pamol
6800AMEH OTUTIBE KOHESUHBIX JTEMEHIIVE.

flocne BBOZA ANMH IIEMCHTOB W HX KoaudecTha ydepeM
TaJOUKY B OKHC «ABIOMAarudcCKaa yCTAHOBKA  CRA3ei»
{ycTaHoBIM OMOPHBIC CBAIH NMO3MKE).

JareM PCKOMEHAYCICH Hakars KHonky «Hasnauchme
tria K9y, [oasutca oanouMeHnoe okHo (¢M. ¢. 10). B Hewm
Oyact ormededo «CTepkens ILIOCKOA pambi», €ciM paHce 8
okde Hoenii npoekt Onin yrazan T cxemn «llnockas pamar
(M. ©. 276).

[Ipy HaMHuHK TAKOR OTMCTKH H®KHMaeM KHONKY «OKy,
BLIXOUHM B OKHO 3aAaHHe NapaMeTPOB PerYJSApHOH paMbl H
HEPEXDANM K 38A3HHIO0 HECTROCTEH KOHEUHRIX JIEMEHTOB.

C oroii weapo Ha  none  «GKeCTROCTHY
HKUMACM KHOUKY «Pureiiuy,

Onrxpoercs neppoe  JHAIOMOBOE  OKIO

€ Mapemerpuiechse cevema «KecTkocTs crepKHedin.

C Npodunn MeTamenporara

2

Beibepem criocod saianna secrrocrn KD 8
Buac «YucneHnoe onucavnes» (1LOCTABUM TOMKY D

“urneHHoe onncane |

COOTBCTCTBYHINEM KPYTTHOM  OKIiE CTPaHHIlbI) ]

¢ HecAennonapameTpHieckoe BbIiideM BC BTOPOC [MANOIOBOC OKHO, KOTOpoe

ONHCAHUE:

© [IpoussONEHDIE CENEHIA

Haseipaetca  «YUucnednoe  onucanney  (uanee
APHBCACHA TOABKO €10 YaCThL) .
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3aeck TOMKOR oTMETHM THI 3neMeHTa «Crepxenn [I0CKOH paMbi» (THI 2) u,
NMOCKONBKY MOCTABICHY  3d1a4Yd  ONPEIeAeHHsS TOALKO YCHIHH B CTATHYECKH
onpeneauMoi Ganke, 3a03AMM  CAHHHYHBRIC JKECTKOCTH B okHax «lIpooibHas
weeTKoeTh» B «ll3rubnas xecTrocTsy.

O5wwe darmee  Huenenron arcsnie 1 Koo mouuisHre Lnpurord oonosami ]

T anetierts Npoaonskan weetkaers EF 11777 o
i Crepmets naockad depnms [Tun 1)

i Vlzrufhes secTkocTh Fasrepbi 44Da CEYEHHS
¥ Crepseds nanckod pansl (Tun 2] - oot N

CEly {1 eHra2 v [ -

7" CTepweHs Banounera pocTeepka fTun 3 R

loarpepxkaaem BBIOPAHHYIO XKCCTKOCTH Haxarvem kuouku «OK». Coora
LOABUTCAH OKHO 3alaHue NAPaMeTPOB PerYAAPHON Pamos, KOTOPOC TCNEPh MOKHO
3aKpRITh, Haxas B HeM kuouky «OKw. llossarcs pacuetHas cxema Oanku
(puc. I11.6).

] 2 b 3.4 5:6 - 7 £ ,9
Lo = ._-J3-c 4 oL - 7 =t
12 1 2 12 | 2 121 2 ! 212

Puc. H11.6 ,

Mpumedannn. |, Haknmate kHORKY «KONOHEHD» NMPH UOCIPOCHHW pacuernoii
cxemul GAIKH He HYKUO, TAK KAK CTOCK B 3TOH CTepKHCBOH CHCTEMC HCT,

2. Knoury «Hasnadenne tuia KJ» Takme MOKHO HC HAXKHMATL, TAK KAK THIN
K32 (7un 2) 6put yxe nazuauck B okse HoBulil npoeKT.

Ha pacucrHoli cxeme Galxki (B Pe3sylsrarte HAMATHA COOTBETCTBYIOWMX
KHOTIOK Ha naHeTH «@unsTpel 0ToOpameHua») oTOOPAKEHBL YHibl HIEMEHTOB] HX
HoMepa {BCpXHME YMCIA BbIe ocd GankW); HoMepa KD (B cepeiuHax aneMeutos
RBILIE OCH); THII 3aJJaHH0# i pacueta weeTkocTd KD (1udpa 1 ke ocu), tun K3
(undpa 2 1mEe ocH).

Tipumewanne. Ha noasuBuicHes Ha 3KpaBe pacHeTHOR cxeme MED (os. pre, 111.6) cie ve
OYACT PPAMOYIO/ILHIKGB, KGTOPbIMH Ha IIPHBeacHHON cxeve oTvexener onopst. [lis Toro, 47odn

OHI HOABHINCH, HCODXOANMO BBCCTH OMOPHRIC CRAIH U OTOOPA3HTE WX BROJ, C TIOMOUILIO MAHCIH
aDHARTHEL OTOGPaKEHIAN,

M HazHaveHHs OUIOpHBIX cBAsed clenyer voitin B paycs Haznadenust o

1
HaXaTh KHOUKY L’i‘?ﬂ (112 manenn «PuapTpel 0TOOPAKEHHA» HEOOXOAMMO HAKATH

Y
2" «Crann). Janee Bce HYMHO CAeNaTb Tak Ke, KAK )10 ONMUCAHO B
nyHeTe 2.4 uHCTPYKIAK K yTany 2 8 noapasaene [H1.1.

KHOUKY
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AHaofH4HO 8 pasacic HasHadednR BLUIOUIHEHA YCTaHoBka v3obpamcnnpix
! #
Ha cxeme waphupos. C ¥TOR LENbl0 HAKATE KHONKY |70, «VCTAHOBKA LAPHUPOEY.
OTtkpoeTcs OKHO ¥ CN0BUS IPHMBIKAHHA CTEPKHEH.

IMocKOALKY WAPHAD B LGAPHUPHOW Dalke NO3BONAET NOAXOIAUMM K HEMY
CeUEHHSIM YIeMERTOB DANKKM MOBOPAYHBATLECA BOKPYF OCH Y, €r0 YCTAHOBKEA B KAKOM
b0 y3ne OanKH 03HARACT OCRONONCOCHNE 6 IMOM ¥3I€ YZT080H CBHIN, KOTOPAA B
nporpamme SCAD ofoanavesa UY.

Jna noAcHCIHA paccMOTpHM Wapaupel £ 1 £ (cm. puc, [11.5, a).

B pacuetnoit cxeme MKD (cm. puc. II1.5, 8) >TH OIMHOMHLIC LIADHHPHI
OTHeCeHbl COOTBETCTBEHHO K y3my [ ancMeHTa 4 o yany [ stemenra 6 (uoMepa y3108
B MeCTHOH ¢Hereme koopaduar). [lodtomy ana anementoB 4 1 6 B
JEMOHCTPHPYEMOM THANOTOROM OKHE FANOUKOH oTMCUCHO, 4T ¢BS3L UY yaancua B
K3, 10M M3 DTUX )IEMEHTOB B y3ae [.

. Oicpofiomaere yrmoBer ceAzEd - - [focne NOATBSHKACHNSA BblspaHHOFO
Heend o oHeent BAPHAHTE  TIOCTAHOBKM  WIAPHHPOB
Fu o HAXKATHCM B AHANOTOBOM OKHC KHOTKH
fv Y i «QOK» CHOBA TOABHTCA pPACYETHAR
b G cxema Bankd R OKHE  pazjiena

Hasznavenns. Ha patuetnoil cxeme
HCOOX0AMMO 1IOABCCTH KYPCOP K ICMCHTY 4 M HAMATE JCBYI) KIGBUIY MblUIM.
3neMeHT 4 BbLIACHHTCA KPACHBIM UBETOM. ToXe HARO CAETATh © dIeMEHTOM 6. 3aTeM
HakaTe KHONKY «OK» Ha MHCTPYMeHTATEHOH naneny pasieia Hasuwagenns. Toraa
KPACHOE BHLIAENCHHC YKA3AHHBIX BJICMCHTOB MCUYE3HET, 4 HA PACHETHON cxeme (1py

HAKATOH KHOIKE u HA naucnd PHIALTPH GTOOPAKEHHH 1I0ABRTCA BBESHHKE
LAPHKPBI},
Crnocobut medats pacueTioll cxemel, Hio0pamcnnel Ha puc, [11.6, Gouim
#310KCbl B IyHETe 2.6 3rana 2 npouesypst pacueta fanx.
I tan 3. Jacpywcenne pacueminoit cxemul BaaKu
3.1 Jazpyaicenue y1106 GOKE W £€ 21€MENINMUE
fponedypa 3acpyiceRiR y3308 Bl cocpedomoyenssimu nazpykamu (v I, 7

¢ 9. CHadana BBeOeM BHEliAMi MOMEHT, 3afaHubIi B yite | (oM. pite. T11.5, a) B

Lobel

paznence 3arpymeHMsl  HAKAMACM  KHOUKY «¥Ylosbie  HAUPY3KHn. B

HOSBHBLICMCA  THAINOTGBOM OKHE (HIDKE NPHBEICHA TOJNLKO CrO YacTh) Ha TOAE
«MoMeHTHL» BulOupacM «UY s,
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Moxtenm  cuumaemcs nOIOICUMETBNBIN  HDU €20 OCHCmaun No  4acosol
CMpEaKe, Ly cMompeme © Holoxcumerbnoeo Konya ocy Y, [loromy B Halicm

OpHUMepe BROAHM BeNHUHHY MoMenTa 72 kH-m.
- Hampasnemie NeBCTBUR HAFPYIKK

[locne namarus xnonku «OK» cHoBa o Qutpr e - Mot e

nogRurca pacuetHas cxema, Ha mell mMamo .. v a0 ouy T

BEIACAWTE Y3ei, HA KOTOPbIA AeHCTBYET MOMEHT, _
n Haxark kHouky «OK» wa Memio jmMenn  Bemwa e

HarpuskK ! £H™M
Jarpywenus. [py  Haxatslx Ha  naneny :

EAME
PuaLTph 0Tobpaskennsa KHONKAX %} Ha pacueTHOR cxeme Banku B ye |
MoABATCH 00O3HAYEHHE MOMEHTA ¥ €TI0 3HauYeB e M snak (puc. [11.7).

ﬂpl‘l 3ajannu COCPENOTOUEHHbIX CHII 3
. Hanpasnenue 0,E0CTBUA HArDYKU -

P = Py = 36 xkH ucnonwayercs 3To ke OKHO g | Momermel

(liPHBE«HCHa TONLKC €TI0 ‘iaCTb), HO HaXHMacTCa .

KHOMKA Z B 100 CHIBI M YKa3bBaeTcs
COOTBETCTBYHOLLAN BeAMUNHA BBOAMMOi ~ Bemmmia  eqenenon
B Harpy sk i
COCPEAQTOUEHHOH CHIIRL.
Ilponedypa iazpysscenns  3ieMenmos Oa@iki  PAGHOMEDHO PACHPedcRennolt

RazpyIkon (rremennmm 2, S, 6 u 7). B Menw paznena 3arpymxenmsl HeoOX0AMMO

HaXaThb KILOTIKY ! # :«Harpyskn na crepxauy. [loasntes okxHo 3ananue HaTpyIKn
HA CTEPIRHERBIC IACMENTHE (OTCHBHO BOKA3AHDL XBE €70 YACTH, B KOTOPLIX 3alala

HArpy3Ka Ha nneMeHT 2, cM. puc. [11.5, a, ¢). T

B ncpeoif 44CTH OKHA BblDOJHEHLL CASAYIOUIHE 2 Mecrues curmemaroonaiar

onepalui.
. P Harpyano
Brroupaerca o0wasn cHeTeMa KOOPAMHAT, B KOTOPOI
JANASTCH HATPY3KA. © Lecpaamriuenas M
OT1MmeuaeTed, 4T HArpy3Ka pacrpeetcHHas. & Pocrpeasnewiza

Bo sropofi wacru 0OKea: OTMEH2ETCs HApaBieHHC
«Z» AcHCTBHA Harpysku B ofiwel cHcTeMe KOOPAMHAT: 33UASTCA 3HAK HAPY3KH (B
AZHHOM CRYYAE OH [OJNOAKHMTCICH, CM. NOACHCHAE B ogpasaene 3.7) u ee 3naueHuce.
flocne naxata na kuonky «OK» nosspres : .
paccMaTpuBagMan pacyeTHas cxema Janku. Hanpas e LeicTeu Harpy=t

C nomombsl Kypcopa W JICBOI KNaBHIUM MEILIH Bkt Meraerme
Ll

VYT
BLLICIHM NEMEHT 2, K KOTOPOMY CHEAYET UPHIMKHTE _?.L,m_iz -
33A4HAYH) HAUPYIKY, W Hawkmacm xHonky «OK» Ha
naveny pasnena 3arpymeHns. P KHie

Jnateriie BaTpEm L
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| i, 2]
[pn naxaTeix Ha naiead PHALTPBI 0TOOPANKEHNS KHONKAX Hiy -
Ha meMeHTe 2 pacuerHoli  ¢xeMb! TOABMICS  HI00pakeHHe  PABHOMEPHO
pacrnpeeIcHHON HArpy3KH, €€ 3Ha4eHNE 1 3HaK (cM. puc. [11.7).

36.0 16,

720 200 ! ) -
== L

4 i4) 556 (6) 7 7

—

Puc. [11.7

AHATOTHUHO 3arpy:Kaem ieMedThl 5, 6 U 7 paBHOMEPHU pacnpencieHnoi
HArpy3koil uaTeHcHBROCTHO 10 KH/m.

Fcuw zarpyxenne Oanku ¢ 0ANOBPEMCHHO ACHCTBYMOMIMMH  1arpy3kaMu
COPMNPOBAHO, €TI0 HCOOXOAHMMO COXPAHMTR KaK 3aIPYKEHHE C OUPEIEHEeHHbIM
HomepoM. C 3T0ll LeNblO HA WHCTPYMEHTANLHOA LaHedd paziela 3arpyaenus

Ly
HaxkuMaeM kHonky =1 «CoxpauuTs/[Io0aBHTL 3arpyKeHUe» B PC3YIALTATS UCTo
noasruTeA OKHO COoXpanuts 331 pyaelne. (€10 BUL HE HPHBORMICA).

Jagacy MMy 3ArPYKEHHA (B PACCMATPURASMOM HPHMEPE! «CYMMAapHOCH) I
HOATBEPXAAEM COXPAHCIHE 3ArPYWKEHUS 104 STUM HMMEHCM HAKATHEM KHOMKH
«OK»n. Nossutea coobuicuuc «3arpyieune Oyaer 3anucano 1103 Homepom 1». [Ipu
COPNACHU HakuMacM kHonky «an. [lpi necorzacyvn paxumaem kHonky «Her» u
33A4EM HYHKHRI HOMEp B 0kHe COXPAHUTH larpyikeHde.

Bua pacuernolt cxemsi € KOKIbIM 3aIPYAKCHHCM MOKHO COXPAHHTL B
coorseTcreytomenm daine ¢ paciupenem wmf B patodeil manke SWORK u ipu
HeoBX0/IHMOCTH BCTABHTL B TEKCT OTUeTa 1Mo pabote (em. puc. ITE7).

Tlocne Ha3HAuCHMA  HOMCPOB  AIPYACHAR  MOXHO  BBIITH B pa3jael

e

JMHERHOTO pacueTa Cpazy ANs BCeX 33/1aHHbIX Jarpyxeiiui.

YupapieHne i, HOKAB KHOUKY l — B OKHO ¢ JEPEBOM TIPOCKTA ANA BhINOTHEHNS
OfnaKo nepen BLIXOMOM Ha ACpeBo HPOCKTA PEKOMCHAYCTCR DPELLHTL HOIpoL
0 HA3HAYCHMW HHCHA CEeYCHH HAa DCMCHTAX PACUCTHOH CXEMBL, B KOTOPbIX
HEODXOAKMO MMETh YHCHCHHbIE PE3V/ILTATH MCKOMLIX YCUNHE (B NaHHOM ciaydae M
w ).
Kak ywe 0Owmno noxkasano B pasase IIi.1 npm paccmoTpennd sr1ana 3
NOCNeAOBATENLHOCTH pACYETa ¢ NOMOUb0 nporpammel SCAD. 13 yrofi uean s
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okte HaznadeHnsn HCNONB3YETCA KHOLKA i__._l, HAKATHC KOTOPOH OTKphIBaeT
JMAT0rOBOE OKHO BhIYMcIeHHe YCHIHH B A0MOTHHTETHHBEX CedeHHAX.

Ha crepsxuesnlx snementax ¢ anHeliHoil amwopoit M aas ee noctpoeHns
JOCTATOUHO MMCTH TONBKO 0O B¢ opiaMHathl. [lo3ToMy B oKOllKe ¢ HalBaHHEM
«Koandectso cevennity Hano ssectn uudpy 2 n saxare knouxky «OK». Ha
NOABHBLIEHCA CHOBA PACYETHOH CXEME OTMETHTh 3IEMEHTRI, B KOTOPKIX OXHIAEFCH
JuHelHan 3mopa M (B paccMaTpHBACMOM [PHMCPC Takad smopa M dvdem wa
KoHeu#MX 2TeMenmax ¢ Homepauy 1, 3, 4, 8), u naxars kHonky «OK» ¢ zenedoii
rajouKoii Ha MHCTPYMCHTaNLHOH Nancan pa3acia HazHavennn.

AHATOrUYHO HA IMEMEHTaX ¢ PABHOMEPHO pachpeieneHHod Harpyikoi (2, 3,
6, 7) pekoMelllyeTca UMETh YCHHS He MeHee 4eM B 3 CedMeHHAX NO AAHHE DAeMeHTa:
B CEIEHMAX 1O KOHLIAM 2IEMEHTA W B ¢peaHeM ceucHHH, TIpu 3ToM nocncaoBaTcnbHo
BBUIOAHAKTCA TOIUBKO 4910 OLIMCAHHAbLIS ,Jcl‘:lC'[‘Bl/l}[ JUI HABHAUCHASRA TPEX CC‘[CHHﬁ Ha
OTMEUEHHLIX IEMEHTAX.

[Tepexoa K BBUIONHEHHIO JMHCHHOIOQ pacucTa [OCIC BBULOMHCHHA JTHX
AcitcTBHIl ABIAeTCA GoNee PalHOHANLHBIM.

I 1 an 4 Benoianene IUReUnoce paciemia N GHATIH3 PeIVIhINAINGE

Tenepn, koM@ Bee HEOGXOANMBIC 18 pacycla napaMctpbi Saiku H HApyskH

Ha Hee 3aJalbl, HYKNO BOHTH B paznea YAPaRAeHHe H HAXKATE KHOTKY J.ngi S99
BbIXOa Ha cxemy Jepeso npoexra.
Ha aepese npoekia s rpynue gyuxunii Pacuer spibupaem «Jlnneiinniiin.

o JL.| Ny PR
1axxarne KHOUKH

OTKpbIBacT 0kHO Tlapamerpel pacuera.
3acch HCOOXOARMO BLIGpaTh GYIKUKIO «TTONHBI pacHeT» M HAKATH B OKHE KHONKY
«OK».

Bosmikner  uadOpPMALMORHOE OKHO O TPOXOWICHHH  MATeMa1H4CCKHX
pacucros 10 JOPMUPOBAHMIY H DPCHICHHIO CHCTCMBI ypaBHCHHH ans MKD. flo
OKQHUYAHHE PENEHUA NOSBUTCH MHGOPMaLny «331aHNe BLILIONHEHO.

TMociae >Toro HeoGXOAUMO (IAKATH KHOMKY «Bhixom, aT0 NPURE/IET K
HOABICHHIO OKH2 co cxcmoil JlepeBo nmpoerTa, B KOTOPOM CTAHOBHTCA AOCTYHAIM
pazien Pesyiabrarst.

Mpusteuanne, Ecmu pekun pactera HC JOCTYICH HA ACPCBC IPOCKTA GY.IeT 3HAYOK

@ 3TO 03HAYACT, 4TO BBCICHLl HC BCE MCXOIHBIE aanmbie. Hazo pepnyTeca B OKHe
PacueTHas cXxeMa u ﬂpOBépHTb BROI HCXOIHBIX JaHHBIX.
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4.2, [Mpedcmaenenue noayueHHbIX peIyabmamos 6 sude
aniop ycunui M, 6 baake. Hx coxpanente u nevama
YcranoBum  kypcop Ha  nosvmmio  Ipadmueckmil  aMans  pasiena
Pe3yanTaThl Aepepa NPOCKTd H HEKMEM JEBYIO KHONMKY MuINH, [logBHTCA oKHO ana
BHIBOJA HTTIOP YCHIAHA (pUBEJeHa TONBKO ero YacTs 1ns Bribopa smiopst M ).
fMpoext  ®ain  Onas  Onepawnt  Cepewc  Cnpasika

[rot ] Tal 38160 T o) 3 EL R

| I LY
ITp vkasauHOM BeiGOpEe B OKHE Ha JIKpPaHe KOMITLtoTepa OyaeT 1ocTpoeHa
amopa M. '
CTy:euTy PeKOMEHIYETCa He cneiTh. BuiGpats HarnsaHbiit Mactutad meopu
H JaNCC HANIEYATaTh €¢ B oTueTe Mo paboTe OOHMM W3 TPCX, YKAlaHHBIX paHce,
crocodoa (CM. noapasuch 2.6 3Tana 2 npoucayps pacuera).

. Puc. I11.8 -
ﬂaﬂec Ha paCﬁC‘(aTaHHOﬁ HHORE BRydiyKy, Ul ¢ NOMOLILED KoMIbKTCpa,

HeOOX0AUMO OTMETHTH IHAKAMH YUACTKH ¢ NONMKHTERLHBIME W OTPHIATENBHLIMH
opaunatamu (puc. I11.8, @) H OTMeTHTL Ha JUIOPE 3HAUCHHUA XAPAKTEPHBIX OPAHHAAT B

y3fax MCMCHTOB M X CPEAHMX CEHEHUAX B CPEAHHX CEHCHHAX 10 JLIHHC KOICHHRIX
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37E€MCHTOB ¢ PABHOMEPHO pAacTIpeJieNeHHON Harpy3koil (Ha KOPOTKHX KOHCOJBHBIX
DIEMENTaxX IHAYESHHS OPIFHAT B CPSIHHX CEHEHUAX IMEMCHTOB MOMKHO HC OTMCMATD
(cm. puc. T11.8, a).

Y106l u300pa3suTh ITH OpPAMHATEL BPYUYHYD, HEOOXOJHMO CHauYana OTKPHITH
TAOMMOY © pe3yneTaTaMM pacvera. [Ins 3Toro Haao BHINTH Ha cxemy Jepeso
upoeKTA.

4.3. Tabauya yeunui 6 cmepywensax gepyst
B pazaene PesyabTathl AcpeBa npockTa eorb nogpasacn Tevars tadavu.
Ecnu BoiiTH 8 3TOT Doapaszgen, To oTkpoetci okHo OdopviaeHne pe3ynbTaToB
pacueTa.
H,Ilﬂ MeYaTH Taﬁﬂﬂubl yCHHHﬁ B HAMCUCHHEIX CEUYSHHAX 04JKH OTMETHM
TOMKO COOTBETCTBYIOIIES OKHO «YCHUITHE H Haﬂpﬂ}KEHHﬂ» W HaKMEM KHOﬂl{y

«llapaMetpyl  BuBOfA». Otkpoercs  aononauresnbHad  HHbopmamma  «CocTas
BBIXOAHBIX TaBIAL».

TMocneioBateibHo 3aX04MM B HMCKOIMECA TaM PAa3fgCibl M BBUIOAHACM P
oTIcparHii:

o Chuicok onemenmod. Orvedacs: «Bee snemeHtsn 1 «OK»;

s Crucox sazpyxcentti. OrMedac «Bee 3arpyxenns» U «OK»;

o [lapavempot odhopiaenus. 3aech A8 YMCHBIIEHUA YHCIA 3HAYALIUX UWDpP B
Tabnmue ¢ peizynsra‘ramf pelLiels NpocThIX YUeOHEIX 3a1aY peKxoMeHTyeTca B rpade
«TOUHOCTD NeYaTH yernuidy nocrasiuts UMbpy 3. Kpome toro, BelOpate 1onoxenne
rafuuiuel Ha crpaHdue | pasmep wipndTa. [Ipu 3asepiicHuH paboTel B OKHE HAXAThb
«OK». ‘

& Buixodusie eduuuist ussmepenus. B nauane pacuera Gbuid 3afaHbl gredisie
eamnmml vaMepenua cum: 8 kH. [lpy mewatn pe3ynwsTatoB  pekoMcHAYETCA
YO MILCHE B TOM, Y410 H UOIYUEHHBIC YCHIAUA B CTEPKHAX HOIAYUAIcHd B ITHX Ke
ermuauax. Ipr HeoOX0AMMOCTH MOWKHO HM3MEHMIL pasMepriocTs. JaBeplliacTcd
padoTa ¢ okioM «COCTaR BRIXOIIMLX TabnuLy HakaTHeM KHOUKH «OK».

TMocne 7TOTO NOCNEACBATENLHO.  HAXMMACM  KHOIKH  «dopMuposanuc
nokyMmenTa» ¥ «lIpocMoTp pesyawrarory. lloasBnderca okno ¢ TaBNHLEl HCKOMBIX
yeuanit M,Q. ‘

Dr1a Tabnuua MoxeT OBITE pacmevaTaHa C€pasy WITH CKOMHPOBAHA B OTUST
(B HOKYMeNT ¢ pacupetiem doc).

Boamokno uenonn3osalne 5Toil Tadmuusl B j0boe Apyroe BpeMs, TaK Kak
pesyubTaTel pacdera B nporpamsve SCAD coxpausilores B latke paGounx daiinon
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SWORK (B namem npumepe nmog Homcpom 0102-61.P06.

Yenwana M, sH-m w O, kH B HaznaucHHsIX ceueHMAX 2AeMeHTOB .GanKH npu
CYyMMapHOM 3aTPy)KeHHK A4 TIepBbIX UYeThlpeX JMEMeHTOB [IPHBSICHBI B
oTpeaaKTHpoannoi Tada. 11,1,

Tadnuoa I11.1

Y CH AW AMHATIPAKERUA/ B 2JIEMEHTAX
1-1 -2 2-1 2.2 2.3 3-1 3-2 4-1 4-2
l - cyMmapnoe
M -72 -72 -2 60,03 12,07 12,07 0 0 -68.4
Q 0 0 73.89 1395 -4598 -1341  -1341 -1341 -1341

Mpumeuanne k radanue IM1.1. Bo propoeit crpoke Tabnunupl Kakaas nepsad uudpa
Q3HAYACT HOMCP KCHCYHOTO HICMCHTA B pacueTHo# cxeme MKD Ganku (eM. puc. I11.5, s 1t
pic. T11.7). Bropas uupa 03nauaet Ans HEIarpyeHHBIX KOHEMHBIX dneMenton; (1) —
CeYEHHE B HauaIc 3neMcnTa: (1) — CCUCHHC B KOHUC 3JICMCHTA. s 3/eMenton
3ArPYKCHHBIX PAaBHOMCPHO pacnpeiclieHHOH Harpyskoii sropeie wudpm (1), (2). (3)

O3HAYAKT COOFBCTCTBEHRO HAYAM0, CePEAHHY H KOHEN KOHSYHOro 3NeMeHTa.

H3 9T0H Tabnuilpl B CACAYCT B3ATh 3HAYCHHL OPAHMHAT M YKA3aTh X HA DIIOpPE
M (em. puc. 111.8, o). )
AHAaNOTHYHO CTPOUTCA M JIOPA NONCPCUHLIX ¢H1 () na Ganke (puc. TT11.8, #).
C NoMOLIBIO 3TOH 3NIOPEI ONPEASHAIOTCA OHOPHBIC Peakuin Oankn. OHA PaBHEL B
BRIODAHHOM MacirTade OPAHHAT JITIOPBl «CKAYKAM» OPJIMHAT SMIOPhl HA OUOpax
Ganxu. Hampasneuue BexTopa onopHoil peakuMy BaJHO N0 HAMPARTEHUNO H3ITOMa
SIOpEL. M B Mecre AEHCTBM peakumu, JTO  HANPABICHHE COOTBETCTBYET M
HAOPaBJIEHUI0 CKAYKa OPAUHAT MIOpsl () 1P IBHKEHHHN [10 UKPE CICBA HAIIPABO.
[tpumeuanne. [1ociie NOCTPOSHAR MOP YCHNHH KEOGXOAMMO BRINOIHUTL X
KOHTPO:b, B COOTBCTCTBHH C YKa3aHHAMMU, PHBEASHHBIME B Togpasaene 4.4 Y MK,
DTOT KOHTPOJIb NPHMEHHTENLHO K PACCMOTPEHHOH HIapHHpPHON Oajixe
TpUBedeH B COOPHHKE € TIpUMepavu pacHeTHeIX paboT B npunoxenun 3 k YMK,
Tam xC 1puBCICHA pCrOMcHIyemas (Qopma odopMasHMa  oTueTa mo
pacyeTHOR pabore, BHILIIHACMONR CTYICHTOM B COOTBETCTBHH € BLLTAHHDIM €My
3adaHueM B COOPHHKS 3aflaHyil {cm. npwamkenne 2 k YMK),
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M3, DOCTPOEHHUE 3MIKOP M, O, ¥ B PAMAX
ITocranoBKka 32241 U ANAIH3 PACHETHOH eXeMbI PaMhl
Ana nnockofi pambl, wzoOpaxkenHoil Ha puc. 4.1 (wimHel, ™), rpedyercs
NOCTPOXTE 3MOPLL YeUTHi M, Q, N 0T yxa3anHo#i Ha pHCYHKE MOCTOSHHON HAIrpy3ky
B BUJI¢ COCPEUOTOUCHHOH cinbl, KH, 0 pacnpcacieHnoi narpyskH, kH/M.
Pacuet BemonnuM na [IK ¢ uomowsro aporpammst SCAD, B xoTopoit
PEAIMIYETCA MCTOR KOHCYHBLX DACMCHTOB CIPOMTE/ILHOM MCXaHHKH.

} 2

/10

C

OEYYYYYYY

39

T,

Pac, ITL.9

[Mepen nauaiiom paboThl HA KOMIKLWTEpPe HEOUXO/IHMG BLIIOIHHTL JBE
LHOUOTOBUTEIBHLIX ONepayHu:

1. llpoBeputs, ABIACTCA NH 3ajaHHas pama  CTATHMECKH  OlpellelMMoi
cucTemMol, DTG CRA3AHO C TEM, YTO A8 CTATUYECKM OLPEUSIHMBIX CHCIEM IIPH
HAXOXKACHUU B HHX TONLKO YCUITHIT YIPOULAETCA 3alAHNE KECTKOCTER CTepxKHeH upu
ucnoab3oBaduy nporpammsl SCAD (oM. noapazaen 3.6).

2. BpyuHyio pa3OMTb paMy Ha KOHEMHBIC 3CMEHTHRI THAA 2 (CTCpKHCBOR
3MCMCHT TIOCKOH paMbl, cM. pHe. 3.10) ¢ ydueroM ocofieHHOCTel ee KORCTPYKLIMA H
BUIA, AEHCTBYIOWIEH HA HEE HAIPY3KN.

Ilpr oTom BEIGpaTE Hauano obmieii cucTeMbI OCeH KOOPIHMHAT M IIPOAYMATh
BOLIPOC O METOAMKE MOCTPOEHMS pacdeTHOH cxeMpl MKD © noMolubio nporpamMmsl
SCAD.

[leppag onepadus cOCTOUT U3 CIEAYHOMINX [IBY X HaCTEH,

1, . Cxayanma TOACYWTLIBAEM cTefleHb CTATHHECKDH HEOTPEAETMMOCTH 7
pambt. Jjia atoro nenonesyeM gopmyay (2.21):

A=y — Ay = (g + 3, )= (3+m,, )
Fac  #y, — YHCIO HCH3BECTHBIX COCTABNAKIIMX OMOPHBIX peakuuil BG Beex
Onopax pamtl;

Ry == YUCIIO 3aMKHYTLIX KOHTYPOB B pame;
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3#, — HHCIO HEW3BECTHBIK YCHNHE, KOTOPblE HCOOXOMIMO ONPCICHHTL B
KAk 10M KORTYPE, 4TOOb! HOCTPORTL B HHX MUOPHI YKA3ZAHHBIX YCH M

Hy— HUCIO ypasHcHMii paBHOoBecHA BMaa » M|, =0, KOTOpLIC MOXKHO
JAMHCATH A7 KKDO0I0 OAUHOYHOIO MAPIHPA AONOTHATEIBEHO K HMCHOIMMCS TpeM
YPaBHEHHAM PaBHOBCCHA 115 Beel CTEPRKHCBOH CHCTEMBL.

B paccmarpmBaemoii pame (em. puc. [11.9)y ng, =4 =0 np=1u n=0.

1, 6. 3aTeM HCCHellyeM FeOMETPHYCCKYIG HCH3MEHAEMOcTb pamel. B nanHoM
CRyYae Jis ATOFC AOCTATOUHO BRIMONHUTE CTPYKTYPHBIN arianlds paMel.

HeitcTBuTeabHO, 3a1aHHy0 pasMy {cM. puc. T11.9) Moxno paccMarpubath kax
CHCTEMY, COCTORMYHD M3 TpeX wecTkux anckos (4C, BC v HenoRBWKROTO KeCTKOTO
IVICKa B BU/IC OCHOBAHHS), KOTOPBHIC COSTHHEHR! LWAPHHPAMU.

Takyly CHCTEMY MOKHO pacCMaTpHBaTh Kak KCCTKMH TpeyroibHUK (oM.
paznen 2 VYMK). [loatoMy Tdxkad KOHCTPYKUMS SBIACTCA [€OMETPHYECKH
HEMIMEHIEMOH CHCTEMOI.

Takum 00pasoM, Ha OCHOBAHUH WCCICAOBAHUM, BLUTOTHCHHBIX 8 NYHKIAX |, a
W 1, &, nenaeM BBIBO/L O TOM, YTO 3aaHHAA PaMa SABIAETCA CTATHICCKA OnpenenuMoi
CHCTCMOH. )

Bropoit uoarovoBdTensHoW oncpauMcii nepen Havanesm paborei Ha TIK
ABNAETCA OpMHPOBaHKE pacueTHOH cxeMbl MKD paMpl Bpyunyio. '

HsobpakaeTca pacucTHas CXCMa paMbl ¢ pa3OMBKOH Ha IN€MEHTH, KOTOpas
YUUTHIBACT PACHONOKEHME Y3I0B paMbl, OlIOP, I1IAPHAPOB M  BMI HAl'PY3KH
{puc. {11.10).

{0.0.3) 6(3.0.0

(41
5(.0.3) | O
3(3,0.1)

Puce. [11.10

Bribupaerca Hawano of6licH cHeTeMsl KOOpAMHAT (B JAaRHOM NpHMEpe
BLIGHpACM HAYaNo 0ced KOOPAHHAT COBNAJAILMM C onopoil 4 ).
HywmepyioTes a7eMeHTB 1 V3Bl ¢ Y4HeTOM pexoMeslaumil nogpasaena 3 YMK
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H [OACHEHMH [10 HYMEPALHH YIIOB H 3AEMENTOB B mogpasaene I11.1.

Mpamewanne, Ecad noctpoeHue pacueTdHoH cxemsl MKD pamel 8 nporpamme SCAD
NPCAUDNATACTCH BRIGIRHTG ¢ HCHOAB3OBAHHEM TPEABAPHTRALHO H300pPakCHHOR CXCMBl Y3/10B
PaMBbl, CIC KAKORIH Y3CN BROICH MO ¢TI0 KOOPAHHATAM B HA3HAYCHHOI odueH cHereme koopauHar,
TO PAIOM C HOMEPAMH Y3II0R Ha BPYHHYIC TofroTanmuBacmoit cxeme (oM. puc. I11.9) yxasmratoica
HX KGOPIWHATLI B omeli cHeTeMe KOOpIHHAT B HOUHEJOB&T&HBI!O&TH X, Y, Z (T&K Kak pama
1/IOCKAsA, KOOPAMHATa Y ¥ BCEX Y3/0B paBHA HYNIO).

Eesu B nporpamse SCAD uperunonaracTces CTPOHTH CXEMY PaMbl € MCIONb30BAHHEM
THITOBOH CXEMLI pamMbl (()Ha YHE HCTIONB30BATACH (IpH [TUCTPOCHIH pacqe'moi& CXGM]:I‘H.[H.DHHPHOF'
OWIKK), TO KOOPAHHATS! Y3108 Ha HOATOTABIHBAEMOH BPYUEYIO CXEME NPUBOIHTE HE HYXKHO.

HHeTpyKDHS MO BBINO.IHEHHIO 32/12HHSA ¢ NOMOTILLIO nporpammul SCAD
[MoaroToBka HCXOIHBIX JAHHBIX AAf8 TMOCTPOCHMA PAcHeTHOH cxemm MK
paMel € UCIBHY MNOCTPOCHHA 3IOP YCHIIHI‘:I B €€ CTCPXKHAX, pPacuel U BbiBOJ
PE3yNLTATOR TIPOHM3BOANTCE B NHANOIOBOM PpEXHME B  IMOCNEJOBATENLHOCTH,
yKa3aHHOH B nogpaszene [11.1,
[Ipoucaypy HcOONB3OBAHHA BOIMOKHOCTeH mporpammel SCAD  npu
NMOCTPOCHHH CXCMBI PaMbl, 6yﬂEM paccMatTpuBaTk B COKPALICHHOM EBHJIE B TeX

LIYHKTAX HHCTPYKLHM, KOTOPbIE Yike ObLIH OMHCAHBI B HHCTPYKUMAX B pazgenax T1.1
uIll2.

ITan L Janyck Hpozpammel i HOOZOMOSKY K COSORHUID PACHEMHON CXeMbl

[Mpoueaypa 3anycka nporpammel SCAD v npouenypa Beixoia B okHO Hobblii
NPOEKT OCTAIOTCA TAKUM e, KAK M MPH pacdere depMsl H IapHHPHOH Ganky.

B okne HoBriif npoekT (CM. €. 4) BLINONHAEM CNEqyOUHe AeHCTRHA.

Beosinm: nauMernopanne npoekta (Pabota 2); Ne rpynmel (ecitd Mo YMOJIMaHHED
He YKa3aHa OpraHi3auis); o0seKT pacyera H eio HoMep (Pama 1),

B cootsercThun ¢ BrIOpanro# cucremol (nanpumep, CH wnn Texuuueckoif)
HA3HAYACM CHMHMLIB] N3IMEPEHNA OCHOBULIX BEINHYUH,

B okne «Tun cxeme» seiOupaem: «2. [Lnockas pavan.

CoxpaHaeM CICNAHHBIA BBO/ HaXaTHeM KHOTKH «OK»,

Hanee g noseueuemca okHe CoszaaHne HoBoro npoekta SCAD ¢ oTKpLITOMH
nankoif SDATA BLIMONHASTEA POLERYPA 3aMadHKa uMeHn daiina, B koTopom Gyner
CoXpanaTLes npoekT {cM. nyHKT 1.3 sTama | B mojipazaene TM1.1 w ananornuuei
OYHKT B ApHMEpe pacueTa Hamki). '

[Tpn pacuete pamel | daiiny npuceamsaem uma: 0102-pl, rue 0102 -
uudpoBoil WIH(P, BENAHHBI CTYNEHTY Ha BCe BpeMs H3YHeHMs SMCLEAMIHHBL
«CTpOHTENBIAS MEXAHHEA CTEPHKIEBBIX CHCTEM {CTATHKA UL BRIGOPA PacueTHRIX
CXCM CTCPIKHERBIX CHCTEM M3 COOPHHKa Jajalyil (cM. NpHNOKeHHE 2).
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P - liepas OyKBa HAHMCHOBAHMS PAcCUMTBIBACMOI CHCTCMbI, | — HOPAAKOBLLA
toMep paMel B uporpavme SCAD y KOHKPETHOTO pacueTYHKa,

Komanaa «Coxpanute» coxpanser uMa daiina B nanke SDATA # oTkpeisact
OKHO €O CXEMOH, KOTOp4n HasblBacTes Jepeso npoexta (cm. ¢. 10).

HamimMaeM Ha AcpeBe Dpock1a KRoNKY «PacueTHas cxeMan» U B OTKPHIBIEMCH
pafoueM OKHE BaYMHAEM BLIMOANEHHE YTamd 2 No (OPMHPOBAHMIO PACHETHOH
CXEMB] PAMB] 110 3apaHce 3aTr0TOBICHHOMY o0pasuy (oM. puc JT1.10).

A van L Cozdanue pacuemnoit cxemot passi s MK

ﬂﬂ_ﬂ Co34ann4d CXeMBbl paMbl M3 KOHEYHBEIX 3JICMCHTOB - THIIA 2 MOXHD
HCIHIOML30RATE B4 cnocoba, HINoKeHHRIX B TYRKTe 2.1 9Tana 2 nompasaena I11.1.

2.1 Iepewtit crtocol ROCMPOEH NN PpacHemuol cxemol pamot

Bxoaum B pasien Cxema. Haxumaem nepeyro xHONKY naneny - «lenepanus
upotToTuna pamst» (cM. ¢. 8}, TTogsutes okno BriGop kOH$Urypanuh pamel,

B cooreercteud ¢ nomroToenesHoil Ba puc. [11.9 pacueTHOH cxemoif pambl
e MKD smbupacTes kobdurypalis paMel, OTMEYElHas TOYKOR B Kpyrnom
CBETROM OKHE {¢M, ¢. 20), u HaxAMacTed kHoTKa «OKsy.

Ha okpaHe mnosBHTCA OKHO 3ananue umapamerpoe peryiaapuoft pamst
(MPHBOAHTCA TOMBKO CTO HacCTh ).

4]
Drwrinr Ronusecree]
i nponetse | nporetes |

BeicoTes {FomiecTeo
aTared TaKen

P

Lp

. \
11 1 il 1
212 1 2 1 Coaan
- ABTOMETIECH 37
4] YCTanoBKa CBRAER

DTHM OKHOM MOXHQ BOCIIONb3OBATBCA INA TOCTPOSHHA DACHETHOH CXCME
pamer s MK, koTopas npessapurensto Geuia nnoctpoeHa Ha puc. [11.10.

Claqana NOCTPOMM CXEMY BCHOMOTATCABHOA pAMBl ¢ NBYMA YK43dHHBIMH
B OKHC [POIeTaMy W yTamamu (oM. pue. [TE 11}

B none okna «Cea3m» yOepeM TAJIOYKY H3 OKOWIKA «ABTOMATHUCCKAA
ycraHoBka cBazei. Boliiem B okno  «Hazwauedwe Ttuna KD», Bbibepem:
«2. CTepcHL NTockoid paMbl» M Nocne Baxatis kHoukM «OK» cHoBa shilinem
B OKHO 3a7aHHe DAPAMETPOR Pe) YIAPHOR paMbl.

Ansi YCTAHOBKH SKECTKOCTEH y 3JIEMEHTOB PHIETA PaMbl HAKMCM KHODKY
«Purcw».  TTosRMTed  TiepBas  CTPaHMUA  JHATOTOBOLO  TPEXCIPAHUYHATY
IUATIOIOBOTO  OKHA 110 HA3HAMEHHIO XKECTKOCTH KOHEMHBIX 2TeMeRTOB. [lasnauenne
HCCTKOCTH CTC[UKHEBBLIM HICMERTAM THNA 2 BBLUIONHMM Tak e, Kak 510 Obulo
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TIOKa3aHO B HHCTPYKIHH JUIA maplmpnoﬁ Oanku. AHAJIOTMMHO HA3HAYAKOTCH
IKECTKOCTH JIEMCHTOB KOJIOHH paMbl.

[Mocne BBIXOZA M3 OKHA 3ananne 7g ) 10 g9
napaMerpoB peryJsipHOH pambl Ha OJKpaHe T2 1 3
TOABHTCA PACYETHAA CXEMA BCIIOMOTATENBHOM o oS B
paMbl B BHJIE OCeii BREJEHHBIX KOIOHH W PHTelNei. £ = "

Henonwayem naHelb DuabTphI - - -
oToDpakeHus s aHanu3a  NOMy4eHHOH 44 5 . 6
pacueTHO cxembl. CHayana ¢ MOMOIIBI) KHOMKH T3 7 5
OTMETHM Y3bl MOCTPOSHHOW PacHYeTHOH CXEMBI. PS R :‘ m‘:
3aTeM ¢ MOMOMIBIO KHOTIOK |%|%J %?"%l “1 "2 *
Ha PacyeTHOH CXEME COOTBETCTBEHHO MOABIAIOTCA o il

HOMEPA 2JICMEHTOB, Y370B, THIA AJEMEHTOB M
skecTkocTH (pue. IT1.11).

Kax BuaHO, B NONYyYEHHOH BCMOMOraTeIbHOI pacyeTHOI CXeMe 110 CPaBHEHHIO
€ IpeABapUTEILHO HaMEUeHHOM cxemoii (cm. puc. I11.10) umeercs pasnuune: B Heil
THHIHAMM sBnsioTes 5 crepkneit (3,4, 7, 8 u 5).

Jna wmx ynanenna BoiineM B paszen Yiasl u Jaementsl. Haxkas B

JIBYXKHOTIOHHOM ~MEHIO KHOMKY [_.14' «DNeMeHThI», OTKPOEM MEHIO A

BLITIONIHEHHA ONEpalii ¢ JJeMEHTaAMH MW HAXKMEM KHOIKY L%.] «Y nanenue
IMEMEHTOBY.

Jlanee ¢ nomomnied Kypeopa M JeBOH KITABHIIH MBIIIH BhIIEISAEM yKa3aHHBIE
NATh CTEpKHEH M B MeHIO HaknuMaem kHomky «OK» ¢ seneHoif ramoukoii (cm.
OIECaHHe JTOH mMpouedyphl B myHkTe 2.2 stana 2 mozgpaszgena 2.2), Yupamiemsie
CTEPXKHM HCHE3HYT, HO HyMEpalUs OCTABLIMXCA JIEMEHTOB H Y3/I0B ocTaHeTcs Oe3
W3MCHEHNA. ;

YroObl yOAMWTh M3 PACYETHOH CXEeMBl M _Y37BL, KOTOpEIE COEAMHATH
YAaNeHHBIC JEMEHTH H MPOH3BECTH NEPEHYMEPALMI0 OCTABILHMXCA BHIUMBIX Y3/I0B
M IEMEHTOB HAaA0 BBIMOIHHTE TaK Ha3biBaeMyl0 «YTNaKOBKY MaHHBIX». 310

JIOCTHTAETCA HaXKaTHEM KHOIKH L_J”q Y371 HE TIpHHAANELINE 3nEwerTen 7
[Tpu sTOM MosBNAETCA NHANOrOBOE OKHO ] 4 ] Her | Fos oy j
SCAD (cM. ero 4acTh), B KOTOPOM HAZO HAKATE :

kHonky «[lan. [Tocne Toro pacuernas cxema pambl IPUMET BH, H300pakKeHHbIH HA
puc. IT1.12.
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l'[cmyt{emia;{ PactCTHAA CXeMa CLIC HE HMCCT OILOPHbLIX CBHSCH,.U.[HP]I}{[JOB H K
HCH He TNPHIOKCHA HATPY3Ka,

4 4 5 5 3 4, O L LLs
4 5 5
2 3 2 3
b 3 —s2 Dﬁ
1 1
1 EH

Puc. I11.12 Puc. I11.13

ITpotieayptl Ha3HAUCHUSA ONOPHBIX CBA3CH, BBCICHHA LUIADHHPOB K HAarpy:sox
y¥Ke OBLTH paccMoTpensl B pasaenax 3, I11.1 u T11.2. [Mostomy obpatum BHHMaHKE
TONBKO HA CIEAYIOIIEE:

L. MMocTarum oJHHOUHLIR IMapHHp B yane 2 (HywuepanMs MecTHoil cHcTeMsl
KOOPAMHAT) sNeMenTa 4; :

2. BBcocwm 3HaueHue 3anaHHOi Ha pamy (cM. puc. [11.10) cocpeaoToucHBod
CUIIBI B y3me 2 (Hymepauﬁﬂ y310B B OONIelH cHcTeMe KOOpPAMHAT) KAk CHIY,
IeHCTRYIOUIYIO IO HanpaBlneHHo ocH X B 00LIeH cucTeMe KOOPAHHAT M HMEOLYle
3HAK «MHHYC», TaK KaK OHA HAlPARNEHA B TONMKUTENRHOM HATMPARIEHHHM OCH X
(cM. moapasaen 3.7 1 npxMep pacuerta Hankd B pasgete [11.2).

B pesynbTaTe HONYUHM PAcucTHYRY cxeMy pamel i MKD noctpoeHnyo
pacueToe no nporpamMe SCAD B ruae, npuseacnnom ma puc. 111,13 (sapnant
CYMMAPHOINO 3aTYXKEeHUA NBYMA 3a/aHHEIMH Harpy3KamMi),

2.2, Bmopoii cCROCOB nocmpoen i paciemuni cxemst pams!
TMoctpocHUe pacHcTHOR CXCMB! PEMBL 3THM CNOCOOOM BPYUMHYH HAMHHACTCA ¢
BBOJ1A €€ Y3108, _
Adna toro, 4ToObl NMPH PYYHOM BBOIE Y3TI0B IONYHYHMTh PaMy C© TeMH e
HOMEPAMH Y3JIOB, YTO H IIPH €€ MOCTPOEHUH MEPBLIM CHOCOGOM, X HATO BROIHTL
B YKa3aHHOH NMocncaosaTenbHOCTH (cM. puc. [11.10), rac oTMcucHBL M HOMCPa Y30k
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H WX KOoopmuHaThl). [Tonydurca cxema pacloJioweiins yiloB, MOKATaHHA# Ha
puc. 11,10, ¢ uerioap3oBaHKHEM KOTOPOH PUCYIOTCA MMCMCHTSL B Iporpamye SCAD.

nOCJ‘[CﬂGBaTCﬂbHOCTB BEOJIA 2TCMCHTOB JIOKHG OBITE TAKKE B COOTBESTCTBHU
€ TIPEABAPHTCILHO HAMCUCHHOH cXemol (oM. puc. TT1.10).

Mocne wo0paxeHNa yInoR W oceil 3IeMEHTOB PaMbl, KaK H B NPC/ABIIYILCM
cnocofe NOCTPOCHUSA PACHETHON CXEMBI PAMB] BROAATCA OMOPHBIC CBA3H, LIAPHHDP HA
PeMeHTe 4 (y3ed 2 B MCCTHOI CHCTCMC KOOPUMHAT) M BLIIOQAHACTCS 3alpysKeHUC
paMBbl H CTO COXpaHeHHe,

[Ip# KETIONB30BAHMU BIOPOLIO CLOCOGA (1ONYHHM PACHCTHYHY CXCMY PaMBl AR
MK?D B TOM e BHE, B KAKOM OHA ObNA [OIYUYEHA NEPBLIM cliocoboM (cM. pHE.
11.13).

Oncpauyn no eexeny B JdepeBo NpoeKTa, BLUIGHCHHID NHHCHHOTO pacycTa,
rpaM4YecKOMY aHanmH3y W ledaTH TadiuLl ¢ HAaBOCHHBIMH - YCUNHAMHE  YXC
BBITOMHATHCD B IMPCABLITYTUHX IMPUMEpPaX.

PesynpTaTel  pacycra  pambl 1P 3AA3HHOM  BACPYIKEHWUM  TPHBCOSHE!
cOOTBETCTBENHO B Buae »mop M (puc. 11114, &), @ (puc. [il.14, &),
N (puc. TI1.14, &} u B Buie Tabn. TI1.2 ¢ yCUAMAMH B 3aZaHHBIX JT8 PAcueTa
CEUCHHAX.

. Tatnuna I11.2

YCH U AHANPAKEHUA/ B 3IEMEHTAX

-1 1-2 2.1 22 31 32 41 42 5| 52 53

1 - cvmMapuoe

(N 25 25 25 25 (75 015 15 15 35 15 15
M 0 -125 .125 25 0 -15. 25 0 265 25 1S
Q -125 125 75 75 15 75 25 25 248 751 -175

INpumeuanne. [Tocne nocTpoeHsa 3MOP YCHAHI HEOBX0OAUMMO BBLUIOIHHTL UX
KOHTPOILb, B COOTBETCTBIA ¢ YKAsaHHAMK, NPHBCACHHBIMY B nogpasiene 4.4 YMK,

ITOT  KOHTPOJIL IIPUMEHHTERBHO K PAacCMOTPEHUION paMe NpHBEICH B
¢OOpHHKE ¢ PHMEpaMu pacueTHBIX paboT B npunoxedud 3 k YMK.

Tam ke mpHeescna  pekoMmeHayeMad  dopma  odopmienus orTiera [0
pacueTHoH pafoTe, BLITOJHACMOH CTYACHLIOM B COOTBETCTBHH C BBIIAHHBIM CMY
sananueM B cOopurke 3anaHuit (cm. npunoxkcene 2 k YMK),
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a)

25 & :
= T T
(&)
BEH 17.5
175E
Hy=125
6)

Vg=17,5

Puc. [11.14
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IMocrpoeine 1 3arpyxeHne pacveTHOl cXeMbI paMbl
C HAKJTOBHBIMH CTCPAKHAMH

IMocTpouM  3MIOPLL YCHAWE B pame, WMEOINeH HAKMOHHBIE CTepKeHb,
3aTPYEHHEIH PABHOMEPHO PacTIpeile:ICHHON Halpy3koit (puc. TT1.15).

20 b

't

AT N A A

(il
b

Puc. .15

Bea mpoueaypa pacucra pambl 1o lporpamye SCAD ocTaeTes TAKOR e, KAK B
UpPCABIYWICM OpuMepe. ByneM cudTaTh, 4TO JABE HOAIOTOBHTCNBHBIC OIEPALIHH
nepen HavanoM paGote Ha TIK BeinosiHens:

|. YCTAaHOBICHD, HTO PaMa CTATHMECKH OIIPEASIHMA,

2. IMocipocHa spyunylo pactietdas cxema MK3 pamer (puc. 111.16).

Pue. 116

Hanee OTMETHM TONLKO HEKOTOpble ocoBeHHOCTH paGorel ¢ POl paMmoil
SCAD, ceazaHHbIC C© HalHYMCM: HAKIOHHOI'O CTEPKHA, HAKJIOHHOM  CRAMLI,
PABHOMEPHO PACNPEICNeHHOH HATPY3KH Ha HAK/IOHHOM CTEpXHE.
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Ocofiennocy nocmpoeRun  pacHeminold  cxemsl adannod  pumel ¢
naxreonnpin  cmepyciem.  Henonusyem  Im NIGCTPOEHKS  PAacueTHOH  CXEMbI
KOMOHHALMIO 1BYX CHOCODOB, QUMCEHHBX B iTyHKTe 2.1 dTana 2 (cM. noapasaen
..

B pazacne Cxesma oTkpoieacM  0kHO  Brifop kowmrypanuu pamst
(eM. ¢. 8) u 3arem oxkdo 3apanwe napaMeTpoB peryasipHoH pamid. (PparMcHTLI
1HOCAEAHET0 OKIA DBUIH NIPOACMOHCTPHPOBAHEL 1IPH pacueTe Iapunprol Gaikn (oM.
. 20) v upm pacuete upeasiaymen pamat (on. ¢. 32).

JsA nonyueuns cxeMbl  3aJaHHOH  paMBl CHAuUANA  NOCTPOMM  CXEMY
BenoMOraTeasHol pame (puc. 111.17, a). C 5To#l nenwio BBEASM HCXOJHLIE AAHHBIE,

1I0Ka3aHHLIC B HpI/IBOIkMMOf‘ll YACTH HOCACHHET O OKHA.
’ |

Bracotel | Kommectso
aTEme ITAKEN

Ll KomvecTso
NpoAeToE NPGARTOE

™
[

z
g

JareM W3 BCMOMOraTeNLHOH paMbi yJalvm x1emedrst 2, 6, 8, 9, 10

BbINOIHUM ONEPALMIo @% «YrakoBka JaHBbix», CreMa 10C1e yALIEHHA YKa3aHHbIX
JICMEHTOB H YNIAKOBKH AaHHbIX n3o0pakena va puc. 111,17, 6.

HaxnoHHbid 21EMEHT 3aLaMHOR paMbl (M. pHC. F11.15) nocrponm no ynam 6
n 7 (cM. nyHkE 2.1 3tauna 2 B noapazaene [i1.1).

a) )
7 9 8 10 9
IT
2 4 6 3
4 5 8 6 5
i 4 5 6
1 3 5 1 2 4
nl L 2 3 1 2 2 :
Puc. 11,17

JUIA- YCTAHOBKH LUAPHUPOB HA 3neMeHTax 3 M 5 W AjNA HA3HadveHud y3aa B
TOUKe TPHAGHKEHHS COCPEIOTOUEHNOH CHIbl Ma IeMCHTE 2 pazolbeM KaucipH u3
ITHX IIEMEHTOB Ha B (CM, 1oacHenua « puc. I11.4 & voapazaene T11.1).

OxoHuaTeNbNAs PacdyeTHas CXEMA PaMul C BBCIACHHBIMH AONIOJHUTECbHBIMA
y31aMH, ONOPHBIMH CBASAMH ¥ LrapHupamy niobpaicena na puc. T11.18.
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Hymepalns y3108 ¥ wieMeHToB Ha puc. I11.18 nonyuena B uporpamme SCAD
ABTOMATHHECKH € YYETOM HOCACAGBATENBHOCTH HX BBOLA W COOTBETCTBYIOILEH
YIAKOBKH J3HHBLIX B MPOLECCE BBITIQIHCHHOIO KOHCIPYHPOBAHMA CXEMBI,

AL
4, 8 o 9
1
Y
_/—7‘
1] . X 2 3
ASSRTRR 53] €

Puc. [11.18

Kax Buaum, 7Td HyMepaluua HC COBLANA ¢ HAMEYEHHOH HA [OCTPOCHHOM
BPY4HYIO IPE/IBAPHTENBHOM pacueTHOH cxeme (oem. puc. 111.16).

O/lHako, PRO-TIIEPBBIX, PC3YARTAT pACHSTA paMbl  HE W3MEHseTcs  OT
NOCAENOBATENLHOCTH BBOA CC Y3IIOB M KOHEUHbLIX 3N1EMEHTOB W, Ce/IOBETEIBHO, OT
NOAYHUBIICHCA HX HYMEpPallFiK,

Bo-BTOPLIX, MOXKHO HOILYUMTL COBNAASHUA HYMCPALIHK Y3NIOB H HIEMEHTOB B
NPCABAPHTENBHO NOCTPOSHHOR BPYUHYIO PRCUETHOH CXeMe W B CXCME, 110CTPOCHHOM
¢ noMouklo nporpamMmel SCAD. [Ina 3T0r0 Halo NPy ACTIONB30BAHHH TIPOIPAMMEI
SCAD cnavara BBecTH y3lbl pambl (0 HX KOOpOHHATaM & oBwcl cucTeMe
KOOPJHHAET) 8 HaMeUeHHOH Ha NPCIBAPATENBHON CXEMe IMOCIe 0BATE/IHHOCTH, A
IATEM B 1I0CHINOBATEIBHOCTH, COOTBCICIBYIOUIEH [IPEIBAPHTCILHO HAMEYEHHOH
HYMEDAUHH  IEMEHTOB, BBECTH JTH MIEMEHTH], HCTOALIYA COOTBETCTBYIOLIYH)
upoucaypy nporpammsl SCAD (cm. noapainen [T1.1).

TlocTpoenHas TakMM 00pasoM - pacdeTHas CXeGMd [PHBCICHA B [IPAMEpE
pacueTa 3Tol pamsl B pabote 2 npunoxkernva 3 kK YMEK.

Ocobernocmu 1azpyucenud pamst. OBpaTuM BUMMEHHC HA CICAYIOWEES IBA
MOMENTA NPOLEAYPHI SATPYRCHAA 3a1aHHOMA paMbLl.

1. Haknonnas cocpeqoTOMCHHAs — cuia, TPHIOKeHHas K ysiy 8
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(em. puc. ITL.1R), pasnoxena Ha ABC COCTABMAKILIME: IOpHICHTANLEYIO {121.24 kH),
napaniensayo ocy X ofweld cucTeMel KoopauHAT; BepTHRansHy (70 xH),
[apaenbHyo ock Z obwei cueTembr koopanHaT. Ofie COCTARTAKILNE 3aTaK0TCA CO
THAKOM «mTHe» (eM. atan 3 » noapaznene TEHL.7).

2. Ans 3arpyXCHMS HAKIOHHOILO 3JCMCHTA 3

HanpasneHlie 1eCTEA Harpysa ~ w -
IepRICHTANTBEHON PaBHOMEPHO pacupeaeneHHon

Crne : MrasHt el

narpysxeit {cs. puc. [11.15) neodxoaumo:
* HalIW PABHOUECACIBYIOLYID I'OPUIOHTAJILHON
Harpyikn Ry =20-4=80xH, coorseTcTRYIOWIEH

OpOEKIIMH  HAKTWOHHOTO cTepkHA 3 Ha ock Z
(cm. puc. THL.15).

*  HailTH AMHAY HAKJIOHHOTO CTepkHa 3: /3 = V4® +8% =480 :

& QNpefelnTh WHTEHCHBHOCTL TOPH3OHTANBHOH paBHOMEPHO pachpefenelHoi
Harpysen g’ = Ry /1y = 80/~v/80 = V80 = 8.94 kH/m , ACHCTBYHOLICH 10 UIKHC CTCPAHS
3 (em. puclll.18), n 3aiary ee B JHATIOrOBOM OKHe 3JaJaHHe HACPY3IKM Ha
CrEPAKHEBBIE JTeMEHTHI (CM. MPHEBENSHHRIA 316k GparMeHT 3TOre OKHa).

Anarus ymoep yowrwit, Onopsl yeunnii M, (3, N B paccMarpuBacMoil pamc
IIPHBE;ICHEI COOTBETCTRERHO Ba prc. [111.19, a, 6, 8.

TMpu aHanuze 5TUX s10p ofpardM BHAMAaHHC HAa HAOpaBlICHHUC M 3HaK
MONEPCYHOH CHEBl (} HA HAKIOHHOM CrepxHe. 3J4eck HAN0 HMEre B BUIY
CNenYOUIEe, '

1. PyuHOE HOCTPOEHHE OCH HAKIOHHOIO MeMeHTa Mo yimamM 7 H 6 (cM.
puc. I11.16, 6} Guwo ssnionueHo ot y3a 7 K y'yly, 6. Dro o3uaqaer, wro yien 7 B
MECTHOW CHCTEME KOODJIMHAT MMecT HoMep |, a y3ex 6 — Homep 2.

2. 304K M0 Ha 30pe Q UOKALIBACT, 4TO BEKIOP LIOUCPSHHON CHIBL
neiicreyroniell Ha CTePKeHb C/IeBd, COBMNAAAET ¢ TIOJIOXKUTENRHRIM HATPABIEHASM
oci Z1 mecTHo#t cHcTeMbl KoOpAHHAT (cM. pHe. 3.10, @) U yTo Tpu oy > 0
npoussognas dM >0 v nosromy Q=dM /dy, >0,

3. Tpy ApyroM HaNpaBACHHH MOCTPOCHHS OCH HAKTOHHOTO CTCPIKHA HA
puc. TI1.15, & (oT y31a 6 x y3my 7), WIH UPH CMCHE HALIDABICHHI ocu X1 B
UpeALAYUIEM TOCTpOeBHMH (cM. puc., 3.11, @), MepBREIM y370M IO HyMepaluWH
MecTHOH CHCTeMBI KOOPAMHAT CTAHCT y3¢d 6. M3MCHUTCA W 3HAK MONCPCUHOM CHbL
B 3TOM Bapuadrte npn dx; >0 Ha HaxloHHOM 3ieMexTe 3 Oynem umers oM <0 n
Q=dM/dx <0, H3mMensar 3Hak K BEKTODBI‘I'[OHepelIHle CHII B y3/1aX 3JIEMEHTa

{cu. puc. 3.11).
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@)

)
2004
\l K ;
RO
= 1301 130.9
&
1 = 15031 fy= 130,93
8)
1609
200,42
= 1 i i
== MIMAN
f
¥1=200.42 ¥y = 170,42 Vi+ 40.0

Puc. I11.19

Onpederenue onopuvix peaxuniz pavsl. Haupasnenus o sHauexns ONOPHELIX
PeaKilii B paMe JNETKo OTIDENENSAIOTCS [0 COOTEETCTRYIOUISIM THOPAM YCHARIE (oM.
puc. [11.18, a, 4, 8).

Peaxunu pamul B mporpamme SCAD MomHO Tawke onpeienyTs, MCITDIIb3Y S
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TIpoLeAYpY OTIpefeNe s Harpy30K (JaBIeHHH) OT CTOSK paMbl Ha DYHIAMEHTHL. DTH
Aasnenns OyiyT MMETh NPOTHBOTONOKHOS HAmpaBleHHe N0 CPABHEHUNX ¢
COOTBCTCTBYHOLMMH PCAKHHAMH.

Hna pelleHss OOCTABNEHHOM 3afav, TPESKAE BUCTO B OCHOBHOM pafoueM
okHe, e fina coanana pacyeTHan cxeMa, RoiineM a pazen Ipynnsi,

Ha orkpeiBlIICHCA HHCTPYMEHTAILHOH NMAHCIH, COCTOSIICH M3 IOATH KHOTOK,
H300paxkeHHa KOTOPHIX TPHBEIEHB] 3€Ch, BLITONHHM CIEAYIONHe nelcTBuA,

1.HaxmMem nepeyto kHonky «OTMETKA MPYHIIBI Y3/I0B».

2. Ha cxeMme pambpl OTMETHM  TPYOOY ONOPHHIX Y3M0B, B KOTODBIX
NPEANONAracTCa QUPEACNHTE OTIOPHEIE PEAKLHH (H3 UBCTHOM IHCIINEE Y3NLI CTAHYT
KPacHbIMH).

3. C nmoMoHIBIO TPCTEEH KHONKH OTKPOEM OKHO ANA 3a/aHHs HMEHH SToH
CPYIIBL H €8 COXPaHeHns, ‘

4. Ha none «Hmsa rpynnel» 3amuchizaeM «QUOphL paMbl» M HAKUMACM KHOIKY
«lobasuTe rpynny». B noae ana cNHCKa IPYIN NOSBUTCA HOMEP CO3NAHHOH IPYIIIE!

H €€ M1, .
(' rﬂ[tv! Gél x !%‘E&l 5. Brixoaum M3 OKHa, HakaB KHonky «OK», n
HAKHMAEM MNOCACAHIOW KHOLKY «(COpoc BCEX OTMCTOKY

(OTMETKa Y3/I0B KPacHbIM IIBETOM HCUE3HET). .

Tc e AciicTBHA BLIMONHMM I8 €O3IAHMS CPYIILL SAeMCHTOR croek |, 4, 2
pamMebl, K KOTOPbIM 0THOCATCA onophi. HIpuaanum uM uMs «CToHKH paMbly.

Jance Ha Jepese TNPOEKTA, 3aX0;MM HA BeTB: CneuMAlbHBIE HCXoZHbIE
AaMHBIE W OTKpLIBaeM okHO Harpysku ot dparmenTa cxemrl. B IToM OKHe yae
OymyT yKasaHbl HAHMEHOBAHHA TIPYIN YLIOB H 3ICMEHTOB M HX HOMepa.
[ToaTBepkaaeM HazHaueHHe UCXOIHBIX JAHHEIX HaxaTHem kHOMKH «OK,

CHoBa oOKaeMcA Ha Jepese HPOSKTa, IMe B pasacne Pacuer pnifepem
HauMCHOBaHHE «HarpyskH oT $HparMeHTa cXeMbl».

Tlocne BBIIOIHEHHS ITON0 pacueTa MOCACIOBATCABHO 3aXONMM B pasfielkl:
PeaynnTatei, ['paduuecknii ananusz, Iloetnponeccopsl.

HakuMaeM KHOnKy: QP «AHANUI HATPY30K OT (JparMeHTa CXEMbI», 4 34TCM

VoL
o

al
R

KHOITKY «OrobpakeHne HArpy3ok oT ¢parvMeHTa cXembl». B OmopHBIX yimax
Had CXeME paMbl LOABHICA BEKIopel yewiuH (no Beibopy: Rx, Rz Ryl
TIpeACTARNAIONIHE COBOH HArpyIKH {HaBNeHus) Ha (PYHIAMEHT,

IMpu Haxarok Ha ¢uibrpe orobpumenns knonke «Ouudporka H3omoReit

M30NHHHI» ¥ BEKTOPOB YCHIHH Sy IYT TOCTABMEHbLI 3HAYCHUA.
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4. ONPEJEJEHHE YCUIHUH B CTEPKHAX DEPMbI

4.1. locTanoBka 32124K H AHAIN3 321AHHOH pacdeTHOH cxembL GepMul

Pacemorpum depmy, pacucTHas cxema Kotopol HiobpakeHa Ha puc. [11.20.

1{).5!-’2 1 x l P, JU.SP2

Puc. T11.20

TpeﬁyeTcn ONPCUCTUTYh. NPOAONLHBIC YCHIHA BO BCCX CTEPKHAX d)BthI

(B TOM uMCNC W ONOPHLIX}) OT Vkaszanuelx Ha puc. [11.20 nByx sapuantos ee
3ACfry#eHns .

Tlpemnae uwem npuerynuth & pacuery uo nporpamme  SCAD, neobxoaumo
IpOREPUTh  ABJUACTCT  (ICPMAa  CTATHYECKM  ONPEACHMMON  MH  CTATHYCCKH
Heonpeaeaumoit, C 310l LEIBI0 BRIIIOAHAIOTCS XBE ONCpPALMY!

1. TloacuHTLIBAETCH CTENEHD CTATHHECKOH HeolpeacnuMocTi (2.23):

rn=(n, +Hgn) - 20, ([11.3)

rme Hey Mons n}. — COOTBCTCTBCHHO YHUCNO CTCp)KHeﬁ PEILCTKH ¢]€pr1. YHCTO

ONOPHBIX CTCPAKHEH, YHCIO Y3108 HOpPMBL
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HeobxoauMeIM, HO HEIOCTATOMHBIM YCIOBHEM CTATHHECKOH OINpeacIuMOCTH
tepMbl aBageTca pesynnTat £ =0. O o3nak4aer, YTO YHCIO0 HEUIBECTHBIX YCHAHI B
CTepHHAX (CPMbl H B CC OLOPAX PaBHO YMCIY YPaBHeHUIl PaBHOBCCHA, KOTOpEIE
MOXHD 3aMHCaTh AN BCEX Y3108 Gepubl. Yrodul caeaaTh OKOHYATENBHEL BHBO O
crarngeckoll onpedeauMoctd Gepmel kpoMe yemopua (F1.3) momkHa cobmonaTtaca
[COMCTPHUCCKAT HOH3IMCHACMOCTE hepMbl. [103TOMY BLIMONHACTCA oliepaling 2;

2. TlpoBepsieTcs reoMeTPHYECKAST HEMIMEHAEMOCTE (PEpPMBL.

B Hatem npuMmepe noiydacsm:

L. n=(25+3)-2-14=0;

2. CIpyxTypHbIH aHaimns (epMbl MOKA3BIBACT, UTO OHA HABIASTCA  SKECTKUM
JMCKOM, IIPUKPEIICHHBIM K JKECTKOMY OCHOBAHHIO TPEMS CTEPHKHSIMH, HC
TIEPECEKAIIIUMHUCA B OIHON TOUKE W HE NapannebisvMu. Takum oOpaizoM, depma
1'eOMETPHUYECKH HeH3MCHASMA.

JTU NBa, pelyiasTara NO3BOISKYT CASNATE BBIBO/IL, UTO 3aJaHHas  depma

ABMACTCA CTATHYCCKH ONPenCNHMOR CHCTCMOH,

Hecrpyknns no HenoaAb3osanuo nporpamvini SCAD

B HHCTPYXUMW HE DOBTOpPAETCA ONMKCAHHe TeX Omepauuil, xoropeie Gbuid
paccMOTpeHbl B OPCABLAYLUMX  DoApaylenax  npuaokeids 1. Tlostomy npn
BRMONHEHHK dTama | «3amyck nporpavmel SCAD M MOAroToBKAa K CO3IAHHE
PAcUeTHOH  CXeMBI  (hepMBI»  HCODXOIMO  PYKOBOICTBORATECA  MHCTPYKINEH,
npuseicHHOH B Lopa3acie [T1.1.

31eCh NPOJBKHM KOHKPETHOE RLITOMHEHHE HHCTPYKUMH, HAYHHAA ¢ YTanma 2
{em. moapaszaen 111.1 nocodus).

DT1an 2. Cozdanue pacuemnoit cxemsi depmst das MKI
2. 1. I'paghunecrkoe npedcmasaense pacaemiioil cxemot epatot

Pacuernyro cxemy nazaHHOH (hepMBl MOXHO NOCTPOHTH € HCDONB3OBAHHUCM
HMetOIIMK e B nporpamme SCAD tHnoBbIX cXem. C 3TOR LRI TI0CHe OTKPSITHS
OKHa AN CO38aHHUA pacucTHOH cxeMsl depMbl HCOOX0AMMO BOITH B pasaen Cxema.
Kypeop yeTaHaBnmsaeTes Ha sakiajike CXEMA M HAKHMACTCH JICBAA KHOMKA MbILLL.
HoseuTca HHCTpyMeHTanBIIaA NAHeNk, COOTBETCTRBYHOMIAA pasyieiy Cxema {ce dacth
OblIa [IpHBeAcHa B Doapasaene [11.1, cM. ¢. 8).

Ha »roii nanenn HaxuMaeTes Bropas KHOIKa ciepa «l'enepauus nporotuma
depuiiyn. TMogsutea okiio Kondurypauna noscos GepMbl, B KOTopeM Wt
npencTaBlenielX  THNOB  (epM  BRIDupacrca  «llpyckariias  drepman.  Tloone
HOATBEPKICHHS BbIOOpA HakaTHeM KHOTKH «OK» MOABHTCA OUCPLIHOE AAAT0TOBO
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okro [lapaverpnr cXeMpl, B KOTOpOM H300p@KeHbl 8 THITOBBIX CXEM ABYCKATHBIX
thepm.

B coorsererBum ¢ 3ananueM {cM, puc. T11.20), Buibupaem BocbMOil CBEpXY THIT
dgepvbl M BBOAMM AAA Hee Tpedyembic B
OKHE HCXOAHBIE NaHHEIE (€M, Nponer sepres |21 IR
NPHBCACHHYI0  31CCk  4acTh  OKHA oo o oo 0y [ FA
IMapameTphi cXemEBl).

P
L

L FITEY BT IS PPV R——

Mocae noaTBepXACHHA HAMATHEM & Kommeoreo nanenei
KHONMKY «OK» HazHAUSHHMX NMapamerpoB  Hroananaala) 4 Mpan

HA JKpaH¢ MOABUTCA OKHO C CO3IailHOi
pacueTHOit cxeMoll depmsl gna MKD.

Puc. 111.21

Kak yke otmeuanock B nospazaene 111.1 {¢M. atan 1, nyukr 1.4), gmecre co
cxeMoil hepMbl B OKHE [IOABATCH ABC NOABIKHLIX HaHeNH: DHILTPH oTobpakeHnn
v Buzyaauzanua, GopMa KOTOPEIX MOMKET OblTh H3MEHEHA PACHETIHROM.

Hamarsle Ha mascmd  DHILTPOL 0TOOpAKENNE  KHOTKH  NO3BOAMAN
oTe0pa3sHTs Ha cxeMe (EPMBI ¥3IBI H HOMEPA YHIOB M 3IEMEHTOB. MOikHO
0100pa3NTE TAKKE OO0 CHCTEMY KOODAWHAT M MECTHBIC CHCTEMBl KOOPAWHAT
BCEX JMEMEHTOB.

OnHako OFHOBPEMEHHO HAMHMATh MHOTO KHOMOK HA JTOH MaHENH He
PEKOMEHAYETCA, TAK KAK HEKOTOPBIE UHbpoBEle HHQOpMatUH OyayT HAKNAALIBATHCA

Apyr Ha ApyTa. PCKOMeHﬂyeTCﬂ BRINTOARATE KONTPONE 3aJaUHEIX NapaMeTpoB (IJEpM};l
NOCTENCHAO,

2. 2. Hasnauenue muna 21eMenmos
B oxxe Co3naHMe HOBOTO OPOeKTA (OHO 21ECH HC MPHBOANTCH, HO €rQ BHI H
paboTa ¢ BuM OBLIH paccMOTpeHb! B nyHKTe 1.2 dtama 1 uuHcTpyKuml, oM. ¢. 3-4)
A0INKEH OBITE HasHaucH THO cxcmbl «flnockas LUIAPHUPHO - CTCPAHCBAA CHCTCMan.
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MosroMy npH HaxkaTHA Ha naHend OUALTPLL 0TOGPaKERHH KHONKY «THITBI
IACMEHTOBY BCC MEMEHTHL OY/IyT OTMeueHs UHdpoi 1. Ecan e BuIGop Tulla cXeMbl

He GRUT CUCMAH, WM CIO HANO M3MEHHTL, 0 JUIA HA3HAUCHHA THITA 3JIEMCHTOB HALo
goitid B pasgen Hasnauenun, worTopoMy OyneT COOTBETCTBOBATL CROH
MIICTPYMEHTATBHASL TAHEND,

!

‘4}% «HasHauenue THNOB KOHedHbiX
IMEMEHTOB» H B MIOABHBLIEMCA OJHOHMCHHOM OKHC (Cro 4acth Oblla SIOKA3aHa Ha

Ha oTofi nanemn Haxumaem KHONRY

¢. 10) nocnenosarensilo BebupaeM: «CtepaeHb»; «1. Crepiens nnockol depmem,
[MoareepiaeM BLIGOP HaxaTHeM Kuonki «OK».

B kypeopa Biciop crepiei - JAng  npuaauusa  BeIOpaRHOIO
QH S o _Topwowareree |- THIIZ WIEMEHTA CPA3Y BCEM CTCPWHAM
o . Bepruranerme | (ePMBI BLLUIEIHM BCE €€ 3JIeMeHTHl,
ﬂ-g Aoaron . Hakonmes

C 3rofl UeaBld MOJAREIEM KYPCOP K
cxeMe QepMbi M HAaEMEM [IPABYIe

Beiticp nnacTuH

OamroHbes sbiop st a2l a2l
&1 Towsers wasanun K1aBdlly Mbliod.  [lOABHTCA OKHO
R R T i i
[N .0 10 . | BuiGop vijios H MIEMEHTOB (3/cch
uBE . ) .
™ HenegnerHoe BoinonHende w2 NPHUBCIICHA CTO ‘idCTb).
Hrsspruposate ssfiop | Haxumaem kvonky «Musepth-

AEMEFTIE

1 H
Ok § G | . 2ememe poBaTh seibop amementosy, IIpy yToM

Ha I[BETHOM AHCTUIEE BCE JIMHHH, H300pakarOline CTEpiHH (epMbl, BHIISAATCA
KPACHBIM LIBCTOM,
MOIPBCPAIACM OTICPALIMEG BBIICTIEHHA HaXaTHCM B JTOM K€ OKHE KHOIKH
«OK». OKHO MCUEIHET U CHOBA MOABNTCS pacuerHas cxema depmMbl.
BakNUUTCILHOR Onepalicil BLIGOpA THIIA 3TEMEHTOB ABIASTCA HAMATHE Ha

«(OK», Bee
CTEPXHM Ha PACYCTHOH CXeMC CHORA CTAHYT HeAbiMHU (TTpH YSpHOM 107Ie Ha AHciliee)
HIH depHLMH {npi Benom nonc). Ecnu na gunprpe oTobpamkenns GyicT Haxata

MHCIPYMEHTaIBHOH naHenu pasdena  Hainavenws KHOUKH

kHomka LBM8 «TeHR MeMenTa», TO BCE CIEPKHW PacyeTHOH CXCMBI  ¢iepMel
OTMeTATCA Hudpoit 1.
2.3. Hazhauernue #ecmKocmy INeMenmos pepmer
B 3344HHH K pactety NOCTABNSHA 3a/lada OUPC/ICNCHHA TONRKO y(.‘}{."[H}'fl B
crepkHax depMsi. Tak Kak (depMa CTATHUECKH OTPEAC/IIMA, KeCTKOCTH CTepRKHEH
depmnr B [IBK SCAD MoryT ObiTb 3afaHbl B BHJC NPOHSBOIBHBIX 3HAYESHHHA,
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HaflpuMep paBHEIMH eUMHHIE (CM. BoApazaen 3.6)

J:[.I'lﬂ HA3HAYCHHSA KECTKOCTEH CTEPRKHERBIX KOHEYHBIX 3TIEMEHTOR THTA 1 Ha

HHCprMGHTaJ'ILHOﬁ maHeny  painena Hasnauenus HaxuMaeMm KHOTIKY ,i;/éi

'OTKpOETCﬂ nepsas CTPAHMLIA — TPEXCTPAHHUHOrO AHANOTOBOTO 0KHA KeCTKOCTH

CTePIKHEBLIX  3JeMeHTOB (NPHBCIEH TOIBKO

cbparmem' nepaoif{ CTpElHIdHLI). ‘ KerTrocTH CTepKrek !qMCﬂEHHUE oMC arie E
o 3apaHHA enMHMMHOR  SKCUTKOCTH,

Crocod sananua
BBI6Hpa€M B IEPBOM JHANOCOBOM OKHE crnocof :

Hapahmpwenxue SENEHMA ’
sajadni  «HYucieHsoe  oumMcadue»  (NOABCICM :

KYpCop K KPYDTOMY OKOLIEYKY W IENYKOM AeBOi - Moswm eranmapoxata

KHOIKH MBIIIH IIOCTABHM B OKHE TOUKY). ] i Hecnermoe omucanie
3arem mamaTMeM  KHONKM  «UHeneHHOC |~ Ucneno napameTpiuec s

OMNIHCABMEY» B BEPXHEM MEHIO epeHieM Ha BTOPYH P onecawe

CTpaHHIY  Juajoroeoro  okHa  KecTkocTh p 7 Tleokaseasiee cederi

CTePHAKHEBBIX 3AeMEHTOB.

Ha BTopoif cTpaHuMIE ¢ NOMOINBIO Kypcopa ¥ NeBoi KIABHLIY MEILH OTMEYaeM
THN JMeMeHTa (THN 1) M BBOAMM EHHHWYHOS 3HAMEHHE NPOLONBHOH JKCCTKOCTH
(EF=1). Ha »rtofi e crpanuue wsamaruem KHookd «OK» mogreepxzactes
C/RTAHHOE HAZHAYEHHE HECTKOCTH.

Jns npHIaHHA yKazaHHOH JKEcTKOCTH BCeM  CTemkHAM  (epMRl  CHORa
BBIIOJIHAEM NPOLEAYPY BbLIENEHHA cTepxkHeil (cM. oxHo Bridop y3noB u
INCMCHTOB B IIpeABLayllieM loxpasiene 2.2 stana 2}, OKOHUATETLHOC
NOATBEPXIEHHE, YTO KECTKOCTh HAZHAUACTCH BCEM BBUIENEHHBIM KPACHRIM TRETOM

CTEPXKHAM (DEPMEL, HBIACTCH HANATHE HA WHCTPYMCHTaNBHOM RAHCTH pasicna
Haznauenna kuonku «OK».

2.4, Hasnauernue onopusix cénseil thepmui
Ipotuenypa Ovina paccmotpena B nyHrTe 2.4 stana 2 8 nogpasacnc [T1.1.
2.5, Haznauenne waprupos ¢ y1ax NgMennos

Tlockoneky HpH (opMHpOBaHKM pacueTHOH cxemul depmp wis MKD
HCTIOJB30BAAHCh KOHCUHBIC JMCMEHTHI THa 1 (eMm. pue. IT1.20), To Bee yamw B
pacdeTHol cxeme MKD OyuyT waprupnsiMu. ToaToMy HCmONbL30BaTE NPOUERYPY
BBOIA IIAPHHPOB B Y3NBI, OITHCAHHYW B MyHkTe 2.5 nojpasaena (11,1 g aneMenTa
THNA 2, IpH pacuete depMmsl He TpebyeTes.

2.6. Coxpanenne cCO30aHHONE PACHENIHO CXEMbl 1 €€ ReYams

Criocode! LEHAaTH CO3NAHHOH Ha IKpEHC pacqemoﬁ CXCMEI pacCMOTPCHLI B
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nyHkre 2.6 mojpasiacaa 111.1. B naHHOM TNpHMEpE HCTIONB3IOBAH OMHCAHHEIA Tam
TpeTuit cnocol, ChopMHUpoBaHHAS NPOMEKYTOUHAA pacueTHas cxema depmbl Oblia
npueencHa Ha puc. [11.21. OkoHuaTenBHAS PACUETIIOCHE CO3NAHMA JATPYXKEHHA |,

D 1an 3. 3arpyxenue pacqHeTHoH cxembl hepMbl

3.1, Cosdanue sazpyswcenuii yﬁmos grepmbi
VhpaeneHue GVYHKIHAMM 3af4a3HHA HArpy30K BLIIOJHASTCA B pasgene
3arpy#eHHs C OOMOILIBK) COOTBETCTBYMOIEH 3TOMY pasaeay HICTPYMEHTATHHON
TIAHENH,
Tak kak B COOTBCICIBUHN ¢ 3a/AHHEM HA PACUETHYIO cXeMy PepMbl JeHCTBYIOT
TONIBKC Y3J10BBIE Harpy3kH (cM. puc. [11.20), To 214 Ux BBOJA C MOMOILBK KYpCopa H

IFd
A

NEBOH KAABHUIM MBILIY HAKUMAEM KHOMKY | «¥Y3710BBIC HArpy3KH». B pesynrrare
3TOTO OTKPOCTCA THANOTOBOC OKHO «BBOM y3NOBBIX Harpy30K».
HanpaenerHe ASHCTBHA HAMOY3FH - B otom AHANOroBOM OKHE TpPOAEMOH-
- Cunet MomerTe) CIpUpoBalLL BapHaHT 3ajdaHua B yine
Al i Al el MDD yampaBneHsoit BHM3  BepPTHRANLHOH HANPY3KH,

paeroii | kH. Harpyska uMeer HOMOMKUTEIbHbIA
i;?:;:;: F Tk 3HaK, T. K. OHd HMeeT HanpaeneHne 00paTHOE No
OTHOILEHHIY K NOMOKRHTETBEHOMY HANpPaBACHHIO ocH Z,

[lonTeepaeHseyM BHIOpaHHOH Harpy3KH ABJACTCA HAXaTHC B OKHC KHOTIKH
«OK». TIprr 7roM OKHO HCYE3HET W CHOBZ MOABHTCA pacueTHads cxeMa QepMbl
(cm. pue. T11.21).

Hiia npunojkeHHs 3a0aHHOH COCPEJOTOHEHHOM CHAB K Y3IaM pacdeTHol
cXeMsl epMBl, Ha KOTOpelE oHA AcHcrsyeT {cm. puc. [11.20), MOWKHO TIPHMEHHTH
CACAYIOLWIHG 18 Criocoba.

1. lTocnenoBaTeNbHO OJBOJIHM KYPCOP K 3arpyXaeMbIM Y3naM M HaKHMaeM
ACBYR) KNABHILY MBYIH, TIPH 3TOM Y3IBI OTMETATCA KPACHBIM (IBCTOM.

2. Tpasoit KHOUXOH MBILUM BbE3BIBAEM YKE HMCUOJNLIOBAHHOC PAHCE OKHO
BriGop ¥3.10B M 371eMEHTOB, B KOTOpOM Bhiffnpaem BHA Kypcopa «[IpaMoyro/ERKY.
M HOATBEpxKIacM Butbop HaxaTieM kHonku «OK». Ha cxeme epMbl ¢ nOMOMBR
KYpeopa 3akniouacM HaTPY/RacMbIe Y3kl B NPAMOYIONBHMK M [LICTYKOM JTCBOH
KHOTIKH MBILIH BBLICUSEM 3TH Y3/lbl KPACHLIM LIBETOM.

OKOHYAHHEM NIPOLICAYPEL 3ATPYKEHHA BBLACICHHEIX Y3108 B 0ODOHX BAPHAHTAL
GyneT HakaTHe KHONKH «OKo Ha MHCTPYMEHTANLHOM NaHenk pasiena JarpykeHns.

B pesyneTate 3arpy:kaemMsle YIB! TOTEPAROT KPAacHLIH LIBET HX BRIASACHAA H,
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9

i —
€CITH 6y,:1y'r. HaXaThl KHOMNKH ..?.(:J «¥3:08a8 Harpyskan W @ «3HaveHUA
Harpy30k» #a nadend MHABTPBI OTOGPAMCHEN, TO B YKA3AHHHIX yU1aX NOABATCH
H300PAKEHNA BCPTHKANLHRIX COCPE/IOTOYERHBIX CHJL H YKA32HHE HX 3HAYEHN.

AHWIOIHYHO 3AIPYHAITCA APYTHE Y3bl (epMBL, €CHH HA HUX OAHOBPEMCHHO
¢ PAcCMOTPERNBIMH CHIIAMH JcHCTBYIOT APYIHE COCPEAOTOMEHHBIC CHJIbL. Tak Kak
BAPHAHTOB 3arpyweHMi MOoXe! ObiThb HECKONBLKO, TC KX Hymepyror. Homepa
NPHCBAHBAKOTCA NMPH COXPARCHYM KOHKPETHOID 3aIPYKEHHY.

3.2. Coxpaneriue coI0anHoz0 1a2PyiHCcenn Gepmbt

lv
Ly
Jns coxpaHcHUA CO3UAHHOIO 3arpyKCHUS HEPMBI HaKMaeTea kHotuka L2,

«CoxpanuTe /1o0aBuTE/ 3aIDYMEHHCH HA MHCTPYMCHTANbHON Hancny Jarpyxenns.
Moseutes suanorosoc okHo COXpaHNTBL 3arpy:eHHMe, B KOTOPOM 3a)acicd HMs
3arpyKeHHs 1 Haknmaerces kHonka «OKn.

B AeMOHCTPHMpYEMOM OKHE [PHCBOEHO

Weant 3arpukenie

{Beck Beprras noag)
HMH «BECh BEPXHHI HORCH NEPBOMY BAPDHAHTY :

1arpyRenus gepmsl (eM. puc. 111.20).

Ortena |

floseurcs okHo ¢ coobuicHHeM o

Cripasxa l

TIPHCBOECHHH 3arPYKEHH0 HOMepa 1.
]'iph corhacun < I'IpJf[CB(JeHHLIM
HOMEPOM B OKHE COOCILEHHMA HAmuMaeTes  HoMepsatpuens

kronka «OK». [Ipy HecoriacHH HOMEp 3arpy#CHHA NPACBAHBACTCA PACUESTUHKOM B
okHe COXpaHHTE 3arpy&kenue.

AHAI0rHYHO NPONIBOAHTCA BTOPOE 3aTpyKeHue QepMbl (¢ HOMepoM 2).
3.3.Coxpanenite pacuemtos cxembt ¢ COIDAHHBIM IGIPYHCERUEM
u ee neqgme
Ans coxpanenns BHIa pacHCTHOH CXEMBI ¢ 3arPyKEHHEM H €€ TeYaTH MOXHO
HCTIOMB30BATE CTIOCOODI, OIIMCAHHLIE B yHKTe 2.6 noipasacia [11.1.
Ha puc. IT1.22 npupciena cxema depmpt ¢ 3arpyxensem 1, BCTABIEHHAA B
5TOT TEKET C IIOMOILBIO TPETLEro cnocoba.

F1an 4. BonoaHenue JHHeRHOID pacyeTa # aHANK3 Pe3y/IbTATOR

4. L JTunelivotit pacuem

Tencpe, korsga Bee uCOBKOAMMBIC TApAMETPsl (EPMbl M HAIPY3KH 33]13HHD,

HYXHO BOATH B paiien YNPABJEHME U HAKATL KHONRY 1&;{ JANA BLIXO/IA B ACPSRO
YIPasIEHUA LIPOCKTOM.
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Pue, 111.22

B sepese npoekTa, B rpynne $pyHxnuii Pacder seibupaem «Jlnaeiinbiin.

[] NHAEAHEIA
HaxatiHe kKHOMKH &=

OTKpHIBACT jgHanorosoe okHo Ilapamerpel
pacyeTa, 8 KOTOpoM BbiOHpaeM «[loaneli pacue» n «OK».

Bo3uHKa¢T HHOPMATHBHOE OKHO O TPOXOMIEHMM ITATIOB PACYETa B BHAS
npotokoia, 1o OKoHYaHMKM pacucta Gydcr coobucHMC «3aJaHHE BBIIOIHEHON.
{locne »roro Hauo Hawarh KHONKY «BhIX0Z», ¥TO NpHBeleT K MORBNEHHIO OKHA ¢
ZepeBOM [POSKTA, B KOTOPOM CTAHOBATCA A0CTYNHbLIM pa3den Pelynstarsi.

MNprmeqanne. Eciu pexxnm pacueta HC TOCTYTICH HA JICPEBE NPOCKTA OyACT 3HAYOK

E. 3TO O3IHAYAET, YTO BBCACHEI HEe BCE HCXOOHBle JaHHBIe. Hano BEPHYTECA B OKHO
PacueTHan cxeMa H T[IPOBEPHTE BROA HCXOIHBIX HAHHBIX.

4.2, TpeacrapieHHe NOJTYYEHHBLIX Pe3yabTATOB B BHAC IMIOP YCHIHH B
cTep:kHAX ¢gepmbl. HX coxpaneHHe H neuaTh

YeranosuMm  Kypeop Ha nosuumie  [padudeckmit  ananmmi  pasiena
Pe3y/IbTATHI Jepeka [POCKTA H HAKMEM JIEBYI KHOUKY MBINH. ToSBHTCH OKHO A
BBIB0jLA PA3AHUEBEIX PC3YIILTATOR.

FposkT Dadn  Onuwd  Onspaunn  Cepsnc  Cnpaska
1
EF‘WA‘ i | {miw w17 Ieece sepmuis nus) RN v

L YVrpaenedue J Fedgopmauuu l ;ﬁ:;m};biymm_ﬁ ] R 1

Jna noayveHsa IMopel N NPOTONBHLIX CHA B CTCpKHAX depMbl BOHIeM B
pasnen dnwopbl yewami. B 1pex ceemnmix palouux okHax Hano Belfipath (chesa
Hanpaso): 0003HAYEHHE YCWIHS, A1 KOTOPOTO NPCANONAracTCs HOCTPOHTh DIKpY
(ana depmpbl 1o Gyiler N); HOMCP 3aIPYRKCHWS € COOTBCICTBYIOIMM HAZBAHHEM.
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£cuy OHO GRIN0 3744110}, MacITaDHubId kOIQPULIHCHT 113 OPIMHAT JIOPLL. -

Hancmem KHOUKY M
pacuyeTHas cxema epubl ¢ Jmopod N ans  wmOpaHHoro  sarpymKcHmEs 1
(puc. TI1.23, a).

AHWIONMYHO MOXKHO HOAYudTE 3mxpy N npw 3éupy>|<cuym 2 depmbl
(puc. T11.23, 8).

Huis aroro Heobxouumo BeIOpaTh BapyMaKT BTOPOTo 3arpykcHus {B OkHe Oyner

((3]]1{)pr yCHHH}‘jI». Hpﬁ 3TOM HA J3Kpanc NoeanuTca

sanucalto: L2 (epxuuii nosc chesa).

1,0
1.0
219

’

Puc. f11.23

Npumeuanne. Puc. [11.23, 2 1 puc. 111,23, 6 CKOIHPORAHE ¢ JKPAHA KOMELIOTEPA C
OMOIHBK Mporpamsel Paint.

4.3, Tabauua ycuani ¢ cmepiciax gpepmor )
B pazaene Pesvakrarkl fepeBa upockrd ectbk noapasach Heuars radaMuo.
Ecim soiTH B 70T nojapaiaen, To otkpoercs okHO (MpopMiesne peiyabTaTon
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pacueTa.

Jasg newar valomisl OpOAOTEHEX YCUNHH B CTCPKHAX (CPMBl OTMCTHM
TOUKOH COOTBETCTBYIONIEC OKHO «YCHAMA M HAHPMKCHUA» M HAKMCM KHOILKY
«llapameTprl  BeiBoZar. OTKpoerca J0NONHHMTEIbHAS HHpopMauus  «Cocras
BBIXOIHBIX TAONHL», '

IMocnefoRaTeThHO 3aX0HM B HMEIOWUECT TaM pas,acnm H BBIIOZHACM Pl
ONEPALIHEL:

o  Crucox aremeiimog. OTmeuaeM: «Bec aneverThy 1 «OK»;

o Crucor sazpysceruii. OrvedaeM «l3ce sarpyxennm» n «OK»;

o [lapamempur opopaaenus. 300Ch AR YMEHBLICHMS MHCIA HAHAIAX LU(D B
Tabnuue pekoverayerca B rpade « TOUHOCTR NEYATH YCHAWI» TOCTABATL LRGPy 3.
Kposme toro, Buibpath nosowenne tabnuue! ia crpaHune H pasMmcp wpudTa. Tlpn
JaBepmenuy paboTel B okHe HaxaTh «OK»,

‘e Beixoduble edunuybl ussmepenus. B Hawane pacwera 6nIIM 3a/IaHLL BX00NNE
emunuiel miMepenna cwi: 8 kH. Ilpw newatv  pesyias1aros  pekomesiyercs
yBEIHTBCH B TOM, UTO H IOJIYHMEHHBIE YCHNHA R CTEPUKHAX [TONYHATCS B ITHX e
envaHiEx. [Tpd 1e00XOIMMOCTH MOMHO HM3MGHHTB DPA3MEPHOCTh, 3dBEPLIASICH
paboTa ¢ okHOM «COCTaB BRIXOUHBIX TAGIHITY HAKATHEM KHONKH «OK»,

[locme 3TOrQ  MOCASIOBATEILHO HAMUMACM  KHONKKH  «POpMHpOBaHKE
aokymertan o «llpocmorp pesyieraros»,  Ilossisercs oxno ¢ Tabnunedt
ApOICIBHBIX YCHIRil N.

Dra rabiuia MoKeT ObITh PAcmewaTaHa Ccpasy WIM CKONMPOBAHA B OTuCT
(B A0KYMeEHT ¢ pacmupenrem doc).

BosMomso uounyqeHue srofd Tabnuel B moboe pyroe Bpems, Tak Kak
pesynbrarhl pacdeTa B nporpamme SCAD coxpansworcs B nanke pafounx Gahios
SWORK (B Halem npumMepe 110 Homepom 0102-¢1.P06.

~ YacTe 3To# TAGNHIIEL 1R NEPBLIX YETHIPEX JIEMCHTOB [IPOACMOHCTPHPOBAHA B
AaHHOM rtocoBuu B BAc Tadn. I11.3 (3Hauenna ycunni qans B kH).

Tabdmuua 111.3

VCHUINA /’HAHPH}KEHI/I'H/ B DNIEMEHTAX

1-1 1-2 2-1 22 341 32 4-1 4-2
1 i 2 2 3 3 4 4
2 2 3 3 4 4 3 3

—_—

I T N

- HeCh BEPXHHIT moAc

2.00% 2,001 2.66%  2.669 2,574 2574 2574 2574
BEPAHHH II0KC CIesa

1.4 1.4 1.668 1.668 1.287 1.287 1.287 |.287

ZwWZz -
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Mpumeuanun k tadu, [11.3. .

1.Ecnu cTynent, odopMagioHii oT4eT no pafore. NpHAET Pe3yNBTaT OMPCAETICHUS YCHITHE
B Brje >mop N (cM. puc [11.23, @ v puc. T11.23, 8), To Tadnuity ¢ younusMu B oTueTe 110 padote
(eM. mpunokenue 3 Kk YME) MO®KHO HC OPHBOOHTS.

2. Pacuer depmsl 6LLT sBmomieH npy P o= 1 u P = 1 (em, puc. [11.20). Tak xax
paccvmarpHBacMas  qicpMa  MpCAnoNaragrTes  HueliHo-medopMupyeMoi (110 SOHYMISHHAM,
OPUAATEIM TIPH U3YHUCHWE CTPOHTERBIOH MEXaHWKH CTCPXHEBRIX CHCTCM), 10 NPH KOAKPETHU
3ARAHHLIX JHA9CHUAX Py P: Bee nonyverHple B Pe3yipTare pacyeToB YCIUTHA JOKHLI ObiTh
YMUQKEHBL B (TCPBOM 3aUPYREHIM L P, BO BTOPOM JArpYKEHHH HA P3.

3. B 1ol | crpoky MMeIOT CaeLyouee HadHadeHne.

Cypoka 2 Hostepa snementos B OCK i nosepa y3.108 10 HX Kovuam 8 MCIK.

Crpoxs 3 H 4 - HOMepa coOTBeTCTBeHHO Aesoro u npasoro (8 MCK) yanos aiemenTtos no
nx xoxuam B QCK.

Crpoku 5 M7 — HOMCpa 3arpy*cHHA M MX HAHMCHOBAHHC.

CTpokn 6 ¥ 8 — 38a4YCHAA N 3HAKH NPOROTbHEX youiui N, kH B crepmusx depmbl.

MNpumeyanune k nogpasaeay 1.4, B JaHHbM [OIPA3ACNC paccMaTpHBacTen
TONLKQ MOCNEA0BATENLHOCTE pacyeTa depM Ha K ¢ Menosk3osadneM  IPOTpaMmsbl
SCAD.

Bonpoc KOHTPOAA NOAYYEHHBIX Pe3yNsTaloB ¢  LOMOUbLH  YPABHCHHI
paBHOBecHA OYICT PACCMOTPEH B IPHIIMIKEHWK 3 B oTueTe 4 o pacyeTy depMsl.
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PACUETHEIE PABOTSI [10 NOCTPOEHHIO SMIOP YCHJIHM B
CTATAYECKH ONPEAEIHMbBIX CTEPXKHEBBIX CUCTEMAX

1. HOCTPOEHME 3MNKOP M u (0 B MHOI'OUPGJIETHOR
IMAPHHUPHOMH BAJIKE

Hdas pacucra sagapa Oanka, cxeMa KOTopof  BmOupactes (raGn. 1) s
COOTBETCTRHH C JBYMH TepBbIMH NubpaM mudgpa ABCD, BBIJAHHOMO CTYREHTY
MpenoaaBaTencM,

CxeMma  sarpyxcHna  Oaiku, pasMepbl GaiKM W 3HAYEHHN  Harpy3ox
OUpPEACISHICA (10 jJakHeiM 1afi. 2 1 3.

Tpebyemcen:

1. Tlocrpoutk 2nmOpbi yewaHid M u (0 B Oatke pacdeTom Ha IIK ¢
HenonL3eBanHeM nporpaMMel SCAD M 1o 3M00pam yCHIHA OIPCACINTE OTIOPHBIC
peaxuuu 6ankn (M. pazueus 3, 4, 8 n upunoxedne 1 k YMK);

Memoduneckue yRazadinun.

[lepen wawanom paboter Ha [IK ¢ npuscHerdem  nporpamuel SCAD  BBIOIHHTH
TpeaBapHTENbHEIC NelcTBHs: ‘

e [lpoBepuTe BeINONHEHHE VCNOBHH CTATHHECKOR ONpeelHMOCTH Galkn (cM. pasachs 1, 2
YMK n yuebusie nocobus [1, 2, 4].

« TIoCTPOHTE BPYHHYIO pacdeTHYIO cXeMy Oanki ang MK (em. puc. 2 otyera no padorc 18
apanokeHun 3 k YMK).

® BrOOTHUTE pacier Sankd Ha TTK ¢ npuMcHeHeM nporpamuybel SCAD (CM. MCToRHIECKKE
ykazauus B npunoxendd 1 kK YMK). PesyasTtarm pacicTa npeicTagits 8 RHIAC pHE, 3 OTHCTa N0
padote 1 B npuaowennu 3 K YME,

2, BruonHuTe KOHIPONEL pesyiblaro pacuera Ha IIK 1o upwninaxaw
OPABMIBHBIX  JMIOP M ¢ MCTIQUIB30BAHHEM BPYYHYH) YPaBHEHWH paBHOBeCHA
{cM. pazgenst 4 1 5).

Memoduneckoe yrasaniie.

[TpHMCP  1IPeACTaBIEHHA CUEPALMA (0 KONTPUNED 1IPHBCAEH 8 OTY4ETe Mo padore |

npunoxkenua 3 k YMEK,
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2. MOCTPOEHME 3IIOPF M, O, N B PAME

JBna pacuera 3amaHa pamad, cxeMa Kotopoii Beibupaerca (Tabn. 4) B
COOTBCTCTBHM ¢ OBYMs TiepBbiMM Undpam mndpa ABCD, BbiganHoro <ryacHTy
npenogasatencM. Pasvepsl pambl (1abn.5) BeibnpatoTcs no nocacadcii mudgpe C

nmgpa.

Cxema Barpyxenns pamel (Taba. 4) wiobpawaerca B COOTBETCTBHH C
HArpy3KaMH, 3HAYCHUA KOTOPBIX OnpeaAcanTcd mo uddpe D iuu(bpa {Taén. 5).
Tpeiyemcesn:
1. HocTtpoute »moper ycunmit M,O,N B pame pacuerom Ha [IK ¢

‘ucnonksosaurem nporpammbl SCAD ¥ N0 3nmopaM ycHIHE ONPENENHThL ONOPHLIC
peaKiMH paMmbl (M. pasaciasl 3, 4, 8 u npunoxkcHne 1 k YMK);
Memodunecxue yRasanus,
Iepen wauasom paborel na [K ¢ npumenennem nporpavmel SCAD  BLINONWKTD
[PEUBAPUTENBHBIE NEHCTBHA: '
e TlpoBepuTh BLINOAHEHNWE YCAOBHIT CIEATHYCCKOH ONpeacAHMocTH Oaaku (oM, pazaenst |, 2
YMK u yuebusie nocofua [1, 2, 4].

*  TlocTpouTL BPYUHYH PACHETHYIO CXeMy paMbl 18 MKD (eM, puc, 2.2 oTtaera no patote | s
upHamEeHUY 3 k YMK).

s [lociacaosareibHocTe Olepalidi no pacuery pamel Ha MK ¢ nomoiso uporpavsel SCAD,

peamzyowed MKD, # npasMep pacyerta IPHBCICHR B pHaokeHun | o B yaebHBIX 110cobHsxX

[2. 4).

¢ Pesynbtatii pacueta pamel Ha TTK ¢ ucnoabzoBanuem nporpammer SCAD npeactaBisiores

B BHjEC pHC. 2.3 o1vera no pabote 2 B puiIokeRud 3 k YMK.

2, Buuonuuts kourpoin  pesyianratos pacueta na K no npuszHakam

IMPABHALHBIX 3P W ¢ HCHOIB30BAHHEM  BPYUHYH) yp«‘]BHCHldﬁ PaBHOBCCHA
(cM. pasaensl 4 ¢ 5).

Memoduneckoe praianue.
o TIpuMep UPEACTABICHHA OUCPALME II0 KOHTPUMAK) NPHBEACH B OTYete 1o pabole 2
npunoxenua 3 k YMK.

o Tlpepcrapifembic [PH  KOHTPOIE PUCYIKH  JOTAKHBl HMETb  BHA  aHAAOUMYHBI
puc. 2.4 - 2.6 B oryere 1o pabore 2 npunoaenna 3 k YMK.
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[pononwenye rabinue 4
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TaGuuua 5

f oymepn Co Harpyiny
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3. NOCTPOEHHUE 3MIOP M, Q. N B APKE

Jlna pacyeTa 3a/aHa apka, ¢XeMa M paiMepsl KoTopoil Beibupatored (tabn. 6) B
cooteercTBHH ¢ uudpav A, B u C wmwudpa ABCD, Briganuoro cTyaeHTy
MpenaIaBaTeneM. 3arpy:keHue apky Beibupaerca u3 1abn 7 mo umdpam B u D
wrdpa ABCD.

Tpetgvemca:

|, [TpoBecpHTE BBINOIHEHKE YCIOBHMA CTATHUECKOH ONPEASIUMOCTH apKH (CM.
pazaenst 1 1 2 8 YMK u B yyedunix nocobuax [1, 2, 4]. :

2. OnpeneavnrTs ¢ NOMOIIBY YPaBHEHUH PEBHOBECHA BEPTHKAIBHBIE OIOPHBIE
peakilyi apkH H pacnop apk# {1, 2, 4].

3. Hocrtpouts amropml M, (Q,N apku wa [IK ¢ wncnonezoeanuem mudo
nporpavMbl ARKA, umetomeiica B yaeOHbix knaccax I1K Ha xadegpax CM u TY B
2 u OI'C, mubo ¢ nomompr nporpammel SCAD. B nocobun [4] ¢ npumepamu
pacHeTa Jcnons308ana nporpamma ARKA.

Memoduneckue pRazan mi..
e Jlnn CcTaTHYECKH OMpesenuMelXx apox nporpamma ARKA peanuaver ompelenenne
ycunuit o dopmyaam, NipuBeneHHbiM B nogpadgene 5.5 YMK u 8 noapasgene 4.5
yuebHoro mocobua [1].

»  [lpu ucuonsiosadny nporpamyel SCAD 10C/ICA0BATEIBHOCTE OIIEPALKHA 110 pacdeTy
BBHICJHHTE B CUOTBETCTBHH € yKasaHHAMM npunoxenna | YMK u y9ebuoro nocodns

i2].
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e  DopMHPOBAHHC PACTCTHON CXCMB! APKH. Pa3OMTOH Hda KOHCYHBIE JCMEHTH THna 2 8

b

nporpamsc SCAD BRINOIHACTCST € OMOUIBI0 KHOTIKY «[criepaissg »reMenToR 1o

AYTE» HA UHCTPYMCHTANBHON MaHETN pazzena « Yaoibl M 3Me MenTLY 2IeMeUThD:.
L PU’ijI}:TaTbI pacucTa I1pencTaBIAKTCA B BHAE TR M, Q‘ N
" 4. BRINONHKHTE KOHTPOIb IOCTPOCHHRIX 3E0p M, O N .
Memnduneckne yKalanus. ’

® Pe3ynsTaTel KOHTRONS [0 TIPII3HAKAM MPABHILHAIX IMKP H N0 COOTBETCTRHID IMIOp
M v MyTCM BCMONR30BAKMA YPABHEHHA PABHOBCCHA {J = dM /dy GecKOHEUHU MAnoro
IMEMEHTA s APKH MPHBOLATCA YCIHO IPH Ciaqe paboTsl NPenoiaBaTenn.

® Pesyuprarsl KOHTPOSA NOCTPOEHHBIX JHIOP NYTEM  WCTIOTR30BAHWA  YPaBHCHMA
PABHOBCCHA B BHJAE (JOPMYT XapakTCPHBIX /A OMNpCHcIcHus yeumui M, Q,N B noboM

ceucHHH apku (oM. mofpasznen 5.5 8 YMK u nompasgen 4.5 5 yueGuom nocotuu [1])
TIPHBOSTHTCA [ OAHOTC W3 ceMeHH i, BhIGPaHHEIX PacueTUHROM.

e Ilpn odoupmieHnd oT4eTa no pabore pPeKOMCHIYCTCA WCMOMBIOBATH NPHUMEPHI,
NpuUBEeNeHHBIE B oTueTaX 7no paboTam 3-¢ ¥ 3-A B mpunoweHnd 3 K YMK u yucOrom
nocolnn [4]. )

4. ONPEJEMEHHE MPOJOJAbBHBIX YCHAHM B CTEPXKHAX ©EPMbI
Jas pacuera 3amaHa depma, CXeMd KOTOpoH ssiOHMpaeTca (1abin 8) B
COOTBETCTBHH C JABYMA nepBeiMM UHppaM wudgpa ABCD, BeIgaHHOTO cTYIEHTY
TIpenoaRaTeNeM.
Pasmepei depMel BuiGHpaloTes w3 Tabn. 9 no undpe C mmdpa ABCD.
Harpyska Ha depmy 3anaHa B BUAC CAMHMYHBIX BEPTHKATBHBIX COCPCAOTOUCHHLIX B
V3nax BepxHero nogca (kpaiinue cunel paruel (0.5). PazvepHocTs cun npuxsra 8 kH.

Tpeoyemcn:

1. OupezennTL NPOJONLHEIE CHELI BO BCEX CTEPWHAX (DEPMEI, RRITOJTHUB
pacyet Ha K ¢ nomontpro nporpammel SCAD.

Memoouueckue yazanua.
» Jlocnedoparensuocts onepaunii no pacuetry Qepmi Ha LIK ¢ Acnods3oBaHmeM
uporpammel SCAD M npumep pacueTa MpHBCACHE! B MpHIokceHHH 1 & YMK & s
yuedHbix 1locobnax [2, 4].
*  PeayLTaTsl pacueTd UPCACTABIANTCA B BHIE!
1) sananuoi B Tabn. 8 pacueTHOH CXeMbl. MOCTPOCHHOM B MACITabe, ¢ 33 aHHOH HArpy Kol
(em. pre. 4.1 B ot4eTe o padoTe 4 e npunoskenun 3 YMK u ks [4]);
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Tabnwua 8

AB Tunosas cxeMa (pepMbl

01

02

03
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AB Tponomxenue Tabnuue! §

04

03

06
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2) pacyertHolf cxeMbl, nocTpoerHofl B nporpamme SCAD. nnbo Ha ucHOBE 3aJaHHOI B
porpaMMe THITOBOH cXemsl B padaeie Cxema, nnfo mocTpoeHHo NO KoopaHHATAM Y3108,

Cxema neyaractca Ha nprHTepe (1K, B Buie, npedcraBiicHHOM Ha puc. 4.2 B oTdeTe NO
paGoTe 4 (cM. nipiaowenue 3 YMK u s [4])

1) pacyeTHOH ¢xembl, ToCTpoeHnoll B pafovuem okHe patiena «[padudeckuii ananusn
nporpaMmel SCAD ¢ snropamy veunuid N 3 cTepmdax depMel ¢ YKa3aHWEM BENHHUHMH yCHIui

(ouxpoBKa ¢ IOMOILEK) TEHEIH GHILYPOB OTODPaXEHHA) (M. pHE. 4.3 8 oTyeTe if0 pabore 4 8
npanokerny 3 YMEK v s [4)).

2. C noMoulbro YpaBHEHKH PAaBHOBECHS:

¢ OMPCHSIIATE OTIOPHBIE PEAKLIHH (QEPMEL;

* ARHO HYNCBBIC CTCPHHU GepPMBLL

& YCHMUSA B &C OTMEUCHHBIX CTEIKHAX,
TPOBEPHB TCM CaMbIM YCHIHA B OTMEMCHHBIX CTEPRHAX QEPMBl, ONPeICNeHHble
pacueToM ¢ NOMONIEK fporpamsMbl SCAD.
Memoduneckite yRazanus

e OnpelenyTs ONoPHLIC PCaKUNKM (epMBbl.

¢ TlporepuTh cobI0ACHHE YPARHEHHHA pasHoBecHa seeil (pepMal.

e (JIMeruTh Boe ABHO HYJIZBBIC CLEPKHU 1IPH 3alandol HaTtpyske.
¢ Brifpate paunuoHailbHBEI cnocod (BRIPCIAAMA YII0B, CEHCHHHA, KOMBHHHPOBAHNOID)

OTMEUCHHBIX B 33JdHHU Ha CXCMC lbethl CTCP'IKHCI’L
3. ConocTaBHTE YCHIMA B OTMCHYEHHBIX CTCPIKHAX, HAHACHHBIC BPYUHYK

(C MOMOUIBK) PALMOHANBHMX [ON4 OAHHOTO YCHIHA YPaBHCHHH paBHOBECHSA) W

pacuctom eceit depmbl MKD3, peanmzopaniiom Ha TIK ¢ mOMOLWBK IIpOrpaMmbl
SCAD. '

Tabianua 9
T()l, 02, 03, 04. | 05, 06, 07, 08, | 09, | 10,
Hucpst i, | o120 | o |1, Cas | e | 1%, | 19, 20,
itbpa: |22 | s | 2a doas | o2e |27 | 28 | 20, | dw
& 3. | 32 | 33, 0 34 | 35 |36, | 37 | 38, | 39, | 40
Mo exemni 61 | 02 [ 03 | 04 | OF | 06 00 |02 | 03 | 04 |
Undmpa j } I
tundpa: 0 1 | 2 3 4 h! 6 7 8 9
C
Lowm 12 1R | 24 12 18 [ 24 24 18 12 12
A | [.5 b2 1 114 | 1.2 L3 | b4 1.5
Yucnmo I I ! |
naHenei y S [ fi 5} 6 8 | 6 ] f ] 8
$HePMEL, 1T 1 |
I - 1 - - o
L o,rpan ;15 15 13 ]i_l ‘__!_3__ L l:»__ 10 10 L]O 30

Memoduueckoe yxazanue. Llpu NOCTPOSHUH PACHCTHOH CXCMbl (ICPMBI PEKOMCHIYCTCA
' HCIIONB30BATE CXEMbI THOOSHIX JepM, pHBLICHHBIX B pasgese «Ckemay parpaMunt SCAD.
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' PACUETHBIE PABOTBI 10 NOCTPOEHUIO MIIOP YCHIUN
B CTATHYECKH HEOTIPEJAENHUMBIX CTEPAKHEBBIX CHCTEMAX

5. HOCTPOEHHKE OFMBAOWHUX ITIOP H3r UBAIOUINX MOMEHTOB
M., W M,_. BHEPA3IPE3HOH BAJIKE

Hcexoanbie 1aHHbLE
1. Pacuernas cxema HepaipesHoil Danku eeibupaercs u3 1adn.10 no nepeeim
AsyM uadpam (AB) mndpa (ABCD), BelaasHOro CTyaeHTY 119 10y 4EHUA 3a4aHHH
110 CaMOCTOATETBHOM padoTe. '
2. Cxema szarpyxeHus Ipojieros Ganku selGpaetcs M3 Tabl 11, a sHaucHuH
Harpy3ok Ocpytes M3 Tabn. 12 no derseptoii nndipe (B) wudpa.
3. fnuuel niponeton u kowconeli 6ankn BudHpatoTes u3 Tabdn. 12 no tpetbedi -
uudpe (C ) umdpa.
' 3.1. Harpysxa B BHIE COCPEAOTONMEHHBIX cHl P H paBHOMEpHO
pacnpeae1cHHo HATPY3KH P SBIACTCH ROCPIOAHAOT HAZPY3KOI.,
IMpaMevanus,

1. Ecau Ha cxeMe Danky HMeeTca 0/IHA WIH ABe KOHCOIIH, TQ pacnpencnennnﬁ Harpy’n(e p Ha
TIPONETE COOTBETCTRYET TAKAT MKE HUI'PY3Ka HA KORCOIH.

2. Ecnu B TpoacTC ,neﬁcmye'r QOHa, OBC WIH TP COCpEAOTOUMCHHEIC CHIIBL P, T Ha KOHCONH
HCﬁCTByCT TOJILKO OAHa COCPEAOTOHCHHAN CHAA, NIPHAGEKCHHAR HA ¢C KOELIE.

3. TToCTOsHHAN HATPY3KA USHCTBYCT OOHORDEMENRHO HA GCE HPOACMSBl I KUHUOAW Gk,

3.2, Harpy3ika B BHIE COCPEAUTOHEHHBIX Cul G H PABHOMEPHO
pacnpe/ieNe HON HarPY3KH g ABNIACTCA 8REMEHHUT HUSPYIKOU.
Ilpumedanun.

1. Ecny Ha cxeme DafKM HMEeTCH OJHA WNM ABE KOHCOMH, TO BPEMCHHAd pacnpeiclicHHas
HAIPY3KY ¢ MOXKCT USHCTBOBATL OTACIBHO ! HA KOHCOIH,

2. Ecnd B nposicTe ACHCTBYCT O/lHA, ABC MM TPH  COCPEIOTOUCHHBIC Cuilbl (7, TO Ha kaxaoh
KOHCONI TaKHE MOXET JeHCTBOBATE OTAENBHO O/1HA BPEMEHHaA CocpeloTodeHHa cuna (O,
IPHIOKEHHAN HA KOHUC KOHCOTM,

3. 3arpycHHE KOXAOre MpOneTa M KaxA0# koHcomm 6alku  BPCMCHHOE  Harpyskoi
[OPAH3BOAUTCA OTAESABHO. :

3HaueHHs NOCTOAHHEIX H BPEMEHHLIX Harpysok GepyTes u3 tabn. 1 1.
[Monepeunoe ceeHue DANKN LOCTOSHH [LUIH BCEX LEPONETOB.
Tpebyemca:
1. Ha T1IK ¢ noMoutsio nporpamMmst SCAD peanusyromeit MKD, noctpouts
3MOPLI H3rHGAIOHIMX MOMEHTOB B CEHEHHAX OAIKK OT CIIeAYHOLLMX 3arpyXKeHHH:
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1.1. Ot 3ananH0H nocrosnyoi Harpysku (3arpyxkenue 1).

1.2, Ot oraenpHelx 3arpyscHuil xonconeil B nponeroe Gankd BpeMeHHON
Harpy3koit (Jarpykerus i = 2, 3,4,...).

2. B3aTh M3 TAGAMLLL YCHNHHA, TOTYUSHHEIX B PE3YILTATE pacueTa, BeTHUHHb
H3TMOAKIIMX MOMEHTOR B HAMCUEHHBIX y3nax K3, Ha koropuie pasbura fanka,
BHECTH JTH 3HAUCHHUA (C paNMONaIRibBIM OKpYTeHHeM) B Tabn, 13,

+

3. HDH.C‘IHTHTB B 34 KEHUAX OT BpeMEeHHOH H 3KH CYMMBI M
- i,BpeM
?

TOABKO ONOKUTENbHBIX 0 3 M| .., TONBKO OTPHUATENBHBIX OPIMHAT AS KaXKIOTO
I

¥3na M BHCCTH 3TH CYMMBl B COOTBETCTBYWUME Adedkd Tabm 13 (uan
OTPCAAKTHPOBATh TabAMLYy ¢ pesynpTaTaMH pacyeTa, MOTYHEHHYK) B TporpaMme
SCAD, cM. puMep odopMIenns ordera no paborte B yucbsom nocobuu {47).

4. Tlogcaurate opnmuaTel M, W M B KLEAOM yiae 0o dopMyne,
TIpHBENEHHOH B y9ebHOM Mocolud 3] # BHECTH 3TH BEJIMUMHBL B COOTBCTCTBYHOLIME
aqedkn Tabn. 13 (Mo oTpedaxtupoBaTh TabnuIy © pe3yNBTaTAMH pacuera,
nosydeHsyo 8 uporpamme SCAD, cm. npumep odopMncHus oTdcra 1o pabote B
yucOHoM nocobiH [4]).

5. INo BueceHHbiM B Tabi. 13 BenvuuHAM M3rMOAIOHINX MOMEHTOB ITOCTPOUTE

COOTBETCTRYHOILIHE 3TIOPL: M M M M

max s 4 nudo BpyuHylo, 1ubo ¢

noer * i.BpeM ® min

OOMOWIBK) KOMHBKOTCPA, HMCIONL3OBAB, Hampumep, nporpamsy Mikrosoft Excel

(CM. NpHMEp MOCTPOSHHA 3THX HOIOP Ha puc. 54 u 5.5 B oTueTe mo paGote 5 B

npunoxkennn 3 Kk YMK u 5a puc. 2.3 2.4 B yacOnom nocoun [3]).

Memoduseckie YKa3ania RO geINOaNEHER pabomy.

1. Hpexae uem CTPOHMTE PACHCTHYIO CXEMY € GOMOWbIO uporpammbt SCAD weoOxoaumo
TOCTPOMTL €€ BpYuHyio B TeTpand (cw, pasac:i 9 YMK, oruer no pabote 5 8 npunoxennv 3 u B
yuebnpix nocobuax [3, 4]). Tpu >tom y3as KD neoOx01nM0 Ha3HA4UTL Ha KOHUAX KOHCONCH, HA
O110pAX H B TOUKAX. [IPUWIOHEHNA IOCTOAHHBIX WM BPEeMEHHBIX COCPEIOTOYCHHEIX cni. Ha cxeme
BPYYHYIO MPOCTABHTL HOMEPA Y3IOB U 3EMEHTOB (C/ICBA HANIpPaB0) W YKA3aTh JAHHbL INEMCHTOB B
MeTpax.

2. [loaroTosute Tabna. 13 Npu BHINOIHEHHH NYHKTOB 2 — 5 3a1anua, jinb0 OTPeLdKTHPOBETE
Tamany ¢ pelyasTaTaMi pacueTa B nporpaMme SCAD (em. taba. 5.1 B orvere o padore 5 8
npunoxehdd K YMK H B yuchbuom nocobnn [4]).
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TaGmaua 11
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Tabanua 12
JasHele Ana BeeX pacueTHRIX cxeM Oanok
C JianHst npofeTos W KOHCoICH Banku, M D Harpy3ka Ha npoaetsl Gaku
q I s b A Is 4 P, kH | G,kH | pxH/™ | gkHM
0 1 6 R4 9 8.4 6 1|0 40 60 10 20
i 1 7.5 9 12 9 7.5 | 1 50 100 20 40
2 ] 1 R4 12 12 12, 84 1 2 0 .70 10 10
3 1 9 9 12,9 9 1 3 20 40 10 20
4 1 6 9 8.4 9 6 1 4 40 80 20 50
5 1 9 6 12 6 9 1 5 40 60 10 20
6 1 12 9 9 9 12 1 6 50 100 20 40
7 1 12 9 12 12 9 i 30 70 10 10
D8 1 8 10 8 10 8 1 8 20 4() 10 20
HE 1 10 8 12 8 10 1 9 40 80 20 50

Mpumevanus.

1. EciM KOHCOMM WK NPONETA ¢ YKA3AHHBIM HOMCPUM Hd PUCHETHOR CXEMC HCT, TO H3
TalbANIbE COOTBCTCTBYICUINC ILTHHE! He BepyTes.

2. AmanorndHo 100 uudpe wuppa D BRIGHPRIOTCA SHAYCHHUA TOABKO TeX Hamy 30K, KOTOPHIC
ykasaHbl Ba cXeMe B Tabn. 11,

6. NOCTPOEHUE METOA0M CUJ1 11H0OPbI H3ITHBAKWHWX MOMEHTOB B
HEPAIPE3SHOH BAJKE IPH 3ATPYXKEHHH OJHOIO EE NNPOJIET A

Jna paccvorpennoit 8 pabote S HepaspesHol banke snbpate ogHO M3 ee

1aIpy>KeHHH BPeMCHHOM HarpysKoi.
Tpebyemcen:

1. BLIMOMHUTE pacyer 10 LOCTPOCHKIO HMOpsl M B CEYEHHAX HepaspesHoil
GaTkH ARA BRIOPAHHOTO 3ATPYKEHHA ABYMA CLIOCOBUMH PeanusaliHi MCTO1A CHA (¢M.
pazacn 7 8 YMK u paszaen 6 s yueGiom nocoGum [1].

1.1. CriocofoM peuicHHS CHCTEMBI YPABHCHME MCTOHNA CHMII, COCTABICHHOM ¢
HOMOLBLI0 ODIIErO YPABHCHHMA TPEX MOMEHTOB, ¢ HCTIONB30BAHHEM CTAHIAPTHOR
MPOTpamMyMbl PELLICHMA CHCTCMBI AN COpaUyecKMX YPaBHCHUIH.

1.2, CrocoboM penieHMA CHCTEMBl YPaBHEHHIT METOMa CHI, COCTABNCHHOU
HOMOILIO OOUICTO YDABHEHHR TPEX MOMEHTOB, C HCIMIL30BAHUEM MOMCHTHLIX
doKYCHRX OTHOWCHUHA (cTI0Cco6 AHANHTHYECKOH TIPOTOHKH).

3. ConocTaBMTh pe3yNuLTaThl pacueTa, BolIIIONHEHHOTO B 3afaHuM 5 Ha [IK ¢
HCUOAL30BAHHCM  mporpaMvnl SCAD W BHINOSHCHHRIX  ABYMA  criocofaMu
PERIHIAINAH METOAA CHIL

Mpumenanue, Yyaumea PEKOMEHAYCTCA OTHAKOMATLES B pasiene 7 VMK ¢ mMeToamkoi

HOCTpOLHHA amiopkl M Tpadmdeckim cnocebom C.C. Domymkesuya (cnocod rpadmucckoi
UPOPONKH)
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PACUET ®YHAAMEHTHOH BAJIKH, ONUPAKLLENCS HA
HENPEPbLIBHOE 'PYHTOBOE OCHOBAHHE MOJE.TH BHHKJEPA

HexoaHkie TaHHBIE

Hana Ganka (puc. 7.1), nexamas Ha TPYHTOBOM OCHOBAHUM Moaenu Bunxiepa
(cM. pasaen 9 B YMK u pazzen 3 B yueGnom nocobun {3].

$ I3 ke i

iy

¥

Puc. 7.1

b Jdauant ywactkoB Gankd AnA 3ajanHoil cxeMmbl OG&IKM M BHJL TPYHTa
OcHORaHHs BEIOHparoTcs w3 Tabn. 14 no atopoit uubpe (B) mmdpa (4BCD),
BHIIRHHOIO CTYACHTY [ TIONYUCHIA 3aanHil 110 camMocTosTensHod patore.

2, Kospduumenr noctend rpyHTOBOTO  OCHOBAHWA MOICAM  BMHKIcpa
BEIGupaeTca u3 radil. 15 B COOTBCTCTBHH ¢ 3adaiiibiM B 1adn. 14 No 1vna 1pyudTa
OCHOBAHHA GaKH.

3. Buicora 6ankd n Ha yvacTKax AnmHHo#l [, BwGnpaetca w3 1aGn. 14 mo
petheil yudpe (C) wudpa. Ilnpuna Ganku upuunMaercs papnoi 1 m.

4. Bu;L Harpy3oK HA YHacTKax, HX 3Haueliug U TOCNEAOBaTeABHLIH  8ij
HArpYs0K Ha yuactkax selGupatorcsa v 1adn. 14 1o uerseprod nudpe (D) mmdpa.
CocpeIoTOUEHHLIE CHABbl P H MOMEHTEHI M NPHKIAALIBAKTCS NG CEpPeIHIe YUACTKA,
Pacripemenenias Harpy3xa ¢ 3aHUMAaeT BECh y2acToK.

C nomowero npozpanmst SCAD mpedyemcea spinoanume ciedyoune
pacuemst Gaiku

1. TocTpouTs 3MKpYy OcafoK GalkH ¢ YKA3aHMCM XapaKTCPHBIX OPJHHAT
3MMoph B yinax cerkd K3 (em. puc. 7.2 B oruete no pabore 7 B nprnoxennn 3 YMK
u e [4]).

2. MocTpouTs 3Py AaBACHHA Oalky Ha IPYHT € YKa3aHHCM  XapaKTCPHRIX
OPAMHAT MIOPLE B TEX KC yanax (cM. ‘mueHrywo sasiucuMocts (10.6) B YMEK, (7.1) 8
[4] u puc. 7.3 8 aTuere no padote 7 a npuiaokeany 3 YMK v s [4]).
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3. Hoctponts smopsl M # O ¢ ykasaHHeM XAPaKTCPHBIX OPAMHAT JMIOpP U
LUPOAHATHIHPORATh HWX BHA M COOTBCTCTBHC IPYr APYLY, a TAKKC 33ZaHHBIM
HATPYIKAM W AMOPE Peakipi 1PYHTOROTO OCHOBAHHA {CM. PHC. 7.4 B ordere 1o
patoTte 7 8 YMK 1 & [4]).

PeiyneTaThl pacueTa DpeACTABIAIOICA B BHAC, MPHBCICHIOM B IIpHMepe
oT4eTa 110 padore 7 B upnaoxeHud 3 k YMK u B [4].

8. PACHET PAMbI [IPOMBIULTEHHOU QG 3/IAHHA OT PALIHUYHBIX
HATPY30K H UX KOMBUHALIHHA

PafoTa BRIMONHAETCA B DPAMKAX KOMIUIEKCHOrO TPOEKTa IO HHCLHMNWHE
«KapkacHble 31aHMA H COOPYKEHHA». B COOTBETCIBMH € 3THM MOIyuacTcs
PACHETHAS CXEMA PAMBI, €€ TEOMETPHYECKHE NapaMeTphl K HATPYIKN Ha Hee.

Pacyer BeIMoMHACTCA METOAOM KOHCYHEIX 3nemeHToB (MKD),,peamtsyemom
Ha 1TK ¢ nomoutsie nporpamMmei SCAD, B COOTBETCTENY ¢ YYeOHBIMH NMOCODUAMH
{1-3]. ‘

Pe3yneTaTel  pacdera  HNpEeACTaBARIOTCH B BHIe, HeoOXxoaumom  ia
KOMTITEKCHOTO TTPOeKTa. BapuaHT Takoro NpeacTasneHHs peiyNbIaTos NPHBEIEH B
yuebHOM mocoOHH [5].
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Tadnuua 14

Ne Tana
: ’:};T:::B pyuTa | o Belco1a GulikH Ha D llarpy3f<a Hi«apﬁﬂa
B| ¥ y 1o Tabs. Y4acTKax i P M p Y .
HITIKH 5 . Tac| T | Tom | YuseTsux
0131416 1 0112 Lé I o[ 3 10 | 20 q MM
1131514 2 112700811 4 110 30 M g P
21413 .4 2 2131211571213 10 | 40 Pog M
3|53 5 3 3114 |17 [ 15([3] 3 10 | 50 g, M P
416144 4 415 2 12 14:¢ 2 10| 10 P MP
5131514 1 51 2 12 |16 |57 2 [ 1220 MgM
(614 6[3 2 6116 11311816 4 12 ] 30 g P g
7/513 14 3 7 1 14 [ 12 17} 4 12| 40 M. P g
81634 4 sl 21512780 5 112 30 Pg P
9131413 2 9115 1211419 2 12120 P Mg
Tabanua 15
| KosdbduupeHTH KeCTKOCTH OCHOBAHHA 1A pasnHyHEIX rpystos [15]
Ne . .
THIIA " MaTepHan OCHOBaHMA ¢ (MITa/m)
TpYHTa
l INreisyH. TTecok cBeXeHACHINARABIH, [nHHA MoKpa
PAasMATYCHHA, 1-3
2 Mecok cnekamuuiics GannactHsrid. ['pasnil HacemHo#. [nHHa
BIAKHAS. 5-50
3 [Tecox nnotHocHekapiuHiica. I'paBuil MIOTHOCTEKABIHACH.
LileGene. Xpaw. ['nuHa Manoil BIakHOCTH. 50- 100
4 [TecHaro-TIHHKCTEIN, HCKYCCTBEHHO YIUIOTHCHHBIA. [HHA
yBEpUan. - 100 — 200
5 Markas TpeninHoratad ckana. Hisecrnak. [lecuanmk.
” Mepsnora, 200 = 1000
6 Xopowag TBEpHad CKaila, 1000 15000
7 BeTod. __..8000 - 15000
8 | Coaifrog gcHoBaHHe, L 50150 |
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MMPUJIOXEHHME 3

NPUMEPDI BBIITOJHEHHA
YUEBHbIX PACHETHbBIX PABOT

COIEPXKAHHE
Mpenuciosne 353
1. locTpochue 3mop M W () B MHOTOLPOETHON WAPHHPHOH Banke 354
2. Mocrpocuue smiop M, 0, N B ¢TarHuecky onpeaeniMol PaME.........ooiviieeninns 363

3-a, [ocrpoeane omop M. Q. N B cratidcckd ompememwMoft  apke  Oes

v T S T OO SO n
3-6. TMoctpoerne omop M, QN B  cTaTH¥ecKkH  ompeaenMMmoil  apke ¢
B b el ORI U U T U UIUUIPORIOUIUOTOTOR 380
4, OnpeeieHue yCHTHIL B CTCPHHAX CTATHHECKH ONMPEAETHMON DEPMBL. ..oovvvvveeis. 388
5. Noctpoenme orubatommx smop M, ¥ M, 8 MHOTONPOACTHOH CTATHHECKH
HEOMPEIETHMOM HEPAIPEIHOM GAITKE. ... vttt siii e aes 3%

6. [ocTpockue 3mops M 8 HepaspesHoil DaIKe NP 3ArPYKEHUM OJHOTO H3 c¢ NPONCTOR
MMM  KOHCOJIM € MCTIOAB3OBAHMEM YDABRHCHHA TPEX MOMEHTOB M QIOKYCHBIX
L T ) 402
7. NoctpocHue amop M, B Ganke, Jekawell Ha HETPEPLIBHOM MPYHTOROM OCHOBARHH
moaeny Buuknepa
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Hocrpoense smop A v O B MHOTORNPOACTHOM
wapHupHoi danke
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Mo wmdpy ABCB n3 cSopaurxa 3aiaHuii, IPUBCACHHOLI0 B COOPHHKE 3a/ldl1i
{cM. npunoxende 2 k YMK wmun [6]), BeibupacM pacuctHyro cxcmy Oaiky
{puc. 1.1, @), ee pasmeprt, M, H Harpy3ky Ha Hee, kKH-M, kv, kH,:

9 4 5 E Chithrbtbeshtebirieibbl |
777 m—ml b |.| 3 ﬁ*.‘,__42_
2 6 N 6 . 8.4 v
& | F D
) E C Jay pay
J . - '
- Puc. 1.1

B coorBerctBMM ¢ 3adanneM no pabore | {cm. clopuux lamaHnii B
npunokenuu 2 YMK u e [6] tpedyeTca:
¢ NOCTPOMTEL Jniopel ycunuit M u @ B Banke pacuerom wa IIK ¢
. UCTOJIB30BaHMEM fporpammbl SCAD 1 onpenennte Mo 3010paM YOI
onopusie peaknpy Ganku (cM. pazaen § U npuwiokenue 1 k YMK);
®  BbLIUQNHHTE KOHTPOJb PC3y.IETATOR pacueTa (cM. pasaens 4, 3 YMK).
PACUET BAJIKM M ETOJOM KOHEYHBIX 2JIEMEHTOB HA MK
C UCNIOJB3IOBAHHEM MNPOI' PAMMLL SCAD

CHaqana BblIIONHAM CHEAYIOUIHE 11PEIBAPHTCIBHEIC ACHCTBAA, 1e00X0aMMble
A Hadana paforst Ha [TK ¢ nenone3osanvem nporpammel SCAD {(cm. upuiokenne
I k YMK).

1. [kponepsieM CTATUYECKY 0 OLPEACIHMOCTE HANKH

L1, Hodcuumvieaem cmenenv CHGMUMECKON HeOMPeOCAUMOCTHE DAIKIL.
s 31000 uCnoub3yem 0OULYHO AJ1 BCCX CTCPIKHCBLIX cHeTeM dopMyny (2.21)

n={n,, +3n)—-0G+n,).

B paccMaTpasaemoii Banxe: A, = 5; n.= 0; = 2. Toraoa nonysum: n= 0.
Bumonnsieres neoGxouMoe  ycnosme:  CTATHUECKOH  ONPCACTHMOCTH M
[COMCTPHUCCKOH HCH3MEHACMOCTH Banky.

1.2, Hccnedyem zeomempuveckyio neuimerAemocms baaxu. B nannom
CIy4ae A8 2TOTO MNOCTATOMHO BLIMOIHHTL €€ CTPYKTYPHbIH dHaNM3, NOCTPOHB TaK
Ha%maemyro «IT ﬂ)KHyEU CXCMY»,

Heiicteurensho {puc. 1.1, 6), 3apanHyr GanKy MOXKHO paccMaTpHBaTL Kak
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CHCTEMY, COCTOSMIYKY M3 TPEX MECTKMX JAuckoB (4BE, ECF 1 FD), ouuparliuxcs
Apyr Ha Apyra. Juck 4ABE HEelloABMAKHO UPHKPETLICH K OCHOBAHHIO TPCMSA OTIOPHBIMH
CBA3AMH W, TAaKMM obpasom, reomerphueckd HeusmedaeM. Juck ECF nprkpennen
OBYMS CBSE3AMH K HENOABYIKHOMY OHCKY 4BE M OOHOH CBA3BLIO K HElOABHAKHOMY
OCHOBAHHI), 110TOMY OH TaKXe TeOMETPHYECKH HEeW3MeHAeM. AHaNorH4YHO
JOKa3bIBACTCA, YTC JUCK FD reoMeTpHyCceR HEN3MEHIEM, 4 JHAUUT, [COMETPHYECKH
HeusMeHseMa W B 3anaHHas WapHypHaa fanka.

Taxum o0pa3oM, Ha OCHOBAHKUK HCCAe10BAHMKI, BLIMOTHEHHBIX B [IYHKT4X 1, o
n 1. 6, Jensem BBIBOJ: JQ0anHEA GAIKA AGIACHICH CHAMUNECKH OHPEOeA Mol
cHucmenoil.

2. Hao0paxaeMm BPpYUHYH pacHeTHYIO cXxeMmy Gankn ana MK
C uelbH0 MOATOTOBKM BBOAZ MWCXOAHBIX J4HHBIX TPU  HCIIOAB3OBAHUH
nporpaMmel SCAD:
2.1, Pazjeasem Ganky Ha CTEPAHEBBIE KOHEUHBIE WIEMEHTBI THIA 2, HAMEYAR
y3ilbl pasOHEHNA B MECTAX PACHIOJIOKCHHS OILOP, UAPHUPOB, COCPEIOTOUCHHBIX CHI 1
MOMCHTOB, & TAKXKE B HAYANE H KOHLIE Y4ACTKOB C PACNpeIe/IcHHOR Harpy3KoH.

OrMetud HoMepa y3noB u K3, Viawesm nuuiee K3, m (puc. 2),

Puc. 1.2

2.2. CoorneceM Ganky ¢ ocaMH obieil cHeTeMBL KOOpAKHaL 11 BeeH Gamkn.

2.3. HamcuaeM HanpasleHME OLIOPHbIX CBA3EH B Y3nax, COBNAJANOLIHX C
onopamu Oanku. B nporpamme SCAD ropH3oHTaNbHAR W BEPTHKANBHAS CBA3M
MMEHYT COOTBETCTBEHHO HANpPAaBneH#s X n Z.

2.4, Haobpaxaem Ha ocH Galkd IUAPHUPEL, NO3BONAIOLIAC 3BEHRAM
IAPHUPHOH BWIKH 110BOPAuMBATLCA BOKPYT OCH Y OTHOCHTENLHO KPYT Jpyra (4ro
PABHOCHIBHO Y/AANCHWK) CBA3M B CCHUCHMM, TA€ Paclomodel Takod 1uaphup,
MELAIEH CCUCHMAM COCOHHACMBIX B LIAPHHMPE 3BeHbEB OaNKW 1I0BOPAuMBATHCA).
1Uapaup saxoaurcs B yane. Ho B mporpamue SCAD, OH OTHOCHTCH K OLHOMY H3
COCAMHACMBIX B Y31¢ nementoB. M3 usyx cocauHscMex K3 n3o6pazuM wapHup Ha
K73, koTopblii HMeeT GOMBLIYIO JIHHY.

2.5, 3arpymaeM pacueTHYIO CXEMY 33/ aHHOR HATPY3KOH (¢v. pue. 1.1, @)
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B pesysprare LoilytaeM DOATOTORIEHHYIO BPYSHYIO PACHETHYIO CXEMY Ganku
a1 venonssesanna MK3 s nporpavme SCAD (puc. 1.2).

3. Bemmoansaem pacueT Ha IIK ¢ nomombio nporpammet SCAD
PacucT BEHINONHSEM B COOTBETCTBHM ¢ MHCTPYKUHMEH, TPUBEASHHON B

opuinoxkeHdn 1Tk YMK u B yuebnom nocoduu [2]. Pe3yipTarel pacucTos
HPEACTABAREM B BUJE 3Iop yeuauit A n @ (puc. 1.3).

a)

% .

- ; Bs_7 36
Yo v—76.4 [l M’ 2 ﬂ%"
MM it
b
15 H| V=93
46 57

Puc. 1.3

C nomenisro 3xitopsl Q onpedennem onoprivie peakyui tarkd. OHH paBHbl B
BeIfipaHHOM maciiTafe OpAHHAT 3MOpst () «CKA4KAM» OPAHHAT DMIOPH HA ONOPax

Oa:ku. Haupapienue BCKTOpa ONOPHOH peaklMH ONpeieinM No HANPABIEHKIO
Hanoma amopel M B MecTe JIRCTBHA PEaKLHK (CM. LIPH3HAKY IPABHIBHOH 3MIOPLI
M B nmoapazaence 4.1 YMK). 310 HanpapTeMue COOTBETCTBYET M HAIPABIEHHIO
CKAUKA OPIMHAT 3U0Psl O 0T PEakUHH IPH ABUIKCHHH MO JTIOPE CNEBa HAMpaso.
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KOHTPOJIb PE3YJIbBTATOB PACUETA BAJIKH
1. KoHTpoas o NpU3HAKAM HPABHILHLIX TP YCUIHi
BriDOAHAA  370T KOHTponk (cM. pasfen 4 YMK u paszen 3 B [1])
YCTAHABNHEAEM, YTO 3M0psl M U () 0TBEHAlOT MPHIHAKEM IPABAABHBIX MIKP.

Memoduueckoe yrazanne oA pyanguxca. KoHkpeTHVIO HAMOCTpauuio 3Toi NPOBEpKH
aBTOp paboTE cooBINALT MPEraaaBaTento YCTHO MpH 3amute pafoTel.

2. KoHTpOoOb cOOTRETCTRHA 3Mi0p M 11 (0

U3 ypaenenuii paBroBecus (dQ/dx=q, n dM/dx =) Decxkonguno manoroe
aneMenta dy Danku chegyer, HTO aﬁ}opa Q 0GaikM IO.KHa COOTBETCTBOBAThH
Harpyake g, Ha Ganky, a amopa (0 — smiope A . Tlporepka TIOCTPOEHHRIX >IIOP
NOKA3BIBAET, UTO TAKOS COOTBCTCTRHE MMEETCS !

Kounmponas cob:uodenus ypasnenna pasnosecua dQd/dx=gq_.

1) Ha mclarpyseHHBIX 00 AaumHe 3nmemenrtax 1, 3, 4 u 8 g, =0. Hoatomy
40/ dx =0. 310 03HaUACT, UTO 3MI0PA TIONCPCHHOI CHIIRE HA YKA3AHHBIX MICMEHTX
MOMKHA HMETE HOCTOAHHOE 3HaYeHue. 23T0 TpefoBaHue codIJacTes.

2} Ha sarpyseHHBIX dTeMeHTax 2 W oneMeHTax 35, 6, 7 JOmAHB cobmoaTbes

ypaBHeHHsA COOTBETCTBeHHO parHomecna d0Q/de=tgP, =20 xH u dQ/dx=
=tgfs_; = 10. DTn paBeHcTBa COONOIAETCA. .

Konmpoas cobmwodenus ypacuenus pagriogecun dM /de=0.

1) Ha wezarpyxeHHwlX 3mementax 1, 4, 8 J[OWKHEL COOTBETCTBEHHO
cobmonatecs  ypasuenus dM/dv=0, dM/dv=tgo, =134 xH, dM/dx=
=1g oy = 36 kil ITH ypaBHenusa cadniogarotea.

23 Ha sarpyxeHHBIX neMenTe 2 K onmeMeHTax 5, 6, 7 Zomkisl gabmoaarees
cootBercTeHe omtop M KM @ no sHakam: npy dx >0 M dM >0 (dM <0) nomxra
coorsercTeoBath Aopa 0 >0 (Q < 0); npn dM /dx =0 wa ynrope Q aomkya OuITE
HYJICBAA OPAHHATA, DTH yCilosus coGIrIanTes.

3. HpumeHeHue YpapHeHU I paBHORECHS IR BCCH Dankw
H A4 11060 ee yacTn

JlonskHa HAXOOMTECA B PABHOBECHH, Kak BCA 0anka, Tak W M00as BbLACICHHAA
H3 Hee CeveHIAMH YacTb.

Hpoeepra pasnosecun Ganxuy. Tak Kak [OCHE ONpeaenelHA ONOPHbIX
peakuuii OalNKW CTaNnH H3BCCTHBEL BCE BHEIIHME CH)IbL, JEHCTBYMLIME Ha Hee B
nnockocty X7, TO, Npekaé Bcero, ROMKHBL YAOBISTBOPATLCH TPH  YABHERHA
pasHoBecus Ganku: 3 X =0; 3 Z=0; ¥ M, =0 (k — moban TouKa Ha IHIOCKOCTH
XZ).
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Memooduueckoe yKkaiawue 0as pwawgnxcs. Tlpp Beinonseduu yyebiwod paGoTu, ana
YMCHBIUEHHNA pYHHOr0 CHETa AOIYCKACTCS BBIIIONIHHTL IIPOBEPKY TOMBKO TIEPBRIX [RYX ypaBHcHHﬁ.

[Teppoe ypaBHeHHe YJOBNETBOpACTCA, Td4K Kak Ha Oatky He NeiHcTBYIOT
TOPH3OHTATBHO  HANpaBACHHLIE  cuabt.  PaBHOBecHe  BTOpPOro  ypaBHeHusA
cobmogacTeA, Tak Kak 5I0pa @ OTpa}macT DPABEHCTBO HYMO CYMMEL BCeX
BEPTHKAIBHBIX CHJI (3TO BMIOHO NpPH OBHXCHHMH cleBa HAMpaBo N0 OCH OTCYETA
opauHart smiopel Q). ITpoBepka TpeTsera ypaBHEHHA 30eChk He TPHUBONUTCS.

Hpoeepra pasnosecun wboii svideienton wacmy 6arku, OTpaHHUAMCS
PacCMOTPEHHEM PABHOBECHS MACTH GankH, BEISNEHHON M3 Hee JRYMSA CEYEHHMAMH,
paciiookeHHEIME OeckoHewHO ONM3KO (CNEBAa M ChOpaBa) K ollope D {puc. 4).

flpuMeHas TpH ypaBHeHHs PABHOBECHA, BHIMM, YTO OHH TOMICCTBEHHO
YAOBNETBOPAIOTCA.

o) &) /N
: /
My =432 D MR =432 & b &

) o 1 1
QBIL!ﬂ = 57 ;:J.ICHE =36
Vp =93
Puc. 1.4

4. Henonb3oBande KOHCTPYKTABHBIX ocofennocTeit Gaaku nas onpenenennn
NHOBIX ONOPHBIX peaxum‘i H yL‘HﬂHﬁ B CeYeHUAX JAJIKH
B noapasaene 5.2 YMK npusegcHa MeTQ/IMKa pacuycTa WapHWpHOH Ganku
BPYYHYIO C MCIONB30BAHMEM €€ KOUCTPYKTHBHON ocobeHHOCTH onMpanus vacTed
"6amm MOKOY IHApHHpaMH JpYF Ha Apyra H Ha OCHOBaHHE B BUOL HTAKHOR CXCMBI
(em. pue. 5.1 8 pasaene 5 YMK).
? [lpojemoncTpupyeM onpedcicHie onopHOH peakuMu Vp, nasmenns Ve B

apHupe 0anKM M MOCTPOeHMe 3Kp M W 1A BepxHero 3peHa FID aTamnoi

fexemel Bankm (cv. puc. 1.1, 6). BelaenuM 310 3BCHO # PaccMOTPUM ¢TI0 kak Saky Ha
ABYX onopax (pue. 1.5).
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Onpedennem onopusie peakyuu 36ena

1.YX=0:H;=0

2.2 Mp=V, 72-(10:7.2)3.6-36(3-8.4)=0; Vp, =93 kH.

3.72=-{107.2)-362+93+ V. =0; V' =51 kH.

Cmpoum amopy wrzibarowiux momenmos M zeena FD
B COOTBETCTBHH C (KHIAECMBEIM BHIOM 3MOPH M (CM. DPH3IHAKH NPasHILAOA

amopel A 1 peKOMEBTANHAMH TI0 ee MocTpoenHio B noapasiene 4.1 YMK) ana ee
[OCTPOEHUA BPYIHYIO HAMETHM MHHHMATLHOE YHCIO CeucHHil docmamounioe dan
nocmpoenun mwpsl. B daunom ciyuae Qocmamouno GHNUCNIG ODONHANIY

INOPBL & MEMBIPEX CeHenunAx: onopHom cewenuuw D w cewenunx 1, 2 u 3 ¢
npoaeme darku. HaMegaeMm 3TH cedeHHs Ha pacdeTHoil cxemMe 3BeHa FD (puc. 1.5).

36 36

Puc. 5

Jlas oTpakcHMA 3HaKa M3rMOalOlIEro MOMEHTA B PACCMATPHBAECMOM CeueHHH
HUMCHAA CHIOPOHA Baiky omsmeuend nRynxmiupom (CM. NPaBHIO 3HAKOB ALK
H3rufalomero MOMeHTa U TIPABHIIC IYHKTHPA B oapasaene 4. 1),

H3 ykasaHHBIX YeThipex ¢eUeHHH BRIUHCIMM BHAYANE HIrMGAIOLLIIC MOMEHTH B
ONOPHOM CEYCHHH D H B ¢eucHHM | B IpoaéTe OANKM [0 COCPEAOTOUEHHOH CHAOH
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Ceuenne D: My =—(36-1.2) = 43.2 xH-m. 3naK «MHIYC) NOKA3LIBACT, UTO

B CCUCHHH OallkW Haia Onopoll pacTAHyTa BepxHsd cTopoHa Oagkd. OTnoXUB
HARICHHYIO OpiAHHATY M, OT OCH OTCHeTa, NOCTPOMM HA KOHCONH OKOHUATEILHYIO
IMIOPY HIrHOAKOLIMX MOMEHTOB (CM. pHC. 3).

Cewenre 1: M| = + 31'3 — (103} 1.5 = + 108 kH'M.- 3mak «nmocy
MOKAIBIBACT, 4TO B cedeHWH | mpoaeta GankH, rie NMPHAMKEHA COCPe10TOuCHHAS
cuna co 3nauenweMm 36 kH, pacTamyra mmkiuas cropona Oankk. OTHOKHM
[ONYYEHHYK) OPIMHATY CHHM3Y OT OCH OTCHETA H COSNMHHKM €€ C OpAMHATaMH 3THpPLI
M B ONOPHBIX cedeHHaX F u 1D (ITPHXOBBIE MMHHH Ha pHC. 5).

Jina mocTpoenwns »mopel M B Npcaciax NponcTa GankH HCOOXOZHMO CLIC
NOJACYUMTATL OPIHHATH B CeueHMAX 2 W 3. Caenaem 910 ¢ NOMOUILIY 1NpHEMA,
NPOASMONCTPHPOBAHHOTO Ha pHc. 4.5 noapaiaena 4.1 YMK:

2
Ceuenne 2: M, = + % +% =+54+11.25=+6525 kH-m.

!
108-43.2 10.(4.2)
2 8
OT.I'IO)KHB 3TH OPJlHHaTbI OT OCH OTCHCTA, JOCTPOHM 2IHKPY ;’kf Ha BCCM 3BCHC.

Ceuenne 3: M; =+ =+324+22.05=+54.45 kH'M.

Cmpoum amopy nonepeutintx cui  seena FD
Cnocot I (cM. nogpasacn 4.2 YMK). Hauhcm noctpocHue ¢ Kpafidero ncporo
p p P
. CcucHHA OWIKKM: nonepedHas CHIAa B 3TOM CEUCHHH pPaBHa OMNOPHOH peaKuMH
e =51 xH (cm. puc. 1.5). B cOOTBETCTBHH ¢ HANPpABNEHHEM PEaxUHUM NOMepedHas
F
CHJIA MMEET IHAK «ILIOCN,
B ceucmu 2 cncsa oT cuibl nonyunm: Q5% = +51 - (10:3) = +2I1kH. B
ceycHuM 2 cnpaBa OT chnbl momyunm: Q7P = 57 - 36 = - 15kH.
B ccuenuu cicpa ot onopel D@ Q5 = 05" (104.2) =~ 15 - 42 = —
I 2
57«kH. B cevenuu cnpasa oT omopbl D # ceueHHAX Ha KOHCOMH {(cleBa OT CHIBI Ha
koHue kouconu): Op ™™ = Q.= 36 KH.
CyMMapHBbIil pa3pbls B OPAHHATAX 3MOPH () Ha ofope D) paBeH peakityu yroi
onopel ¥ =93 kH.
OpauHatel 3mopsl 0 OTKI1A1bIBAIOTCA OT OCH OTCHETa B COOTBETCTBUM €
NPaBHIOM 3HAKOB, ONKCAHHOM B noapaszaene 4.2 YMK.
Cnocod 2. 3navenus un 3HakH 0 MOTYT OBITE OMpeAedeHsl M BTOPBIM

cnoocobom (mo amope M ¢ nomoweie 3aemcumoctn O =dM/dx). Tlpn arom
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3HAUEeHHA U 3HAKH () B Havane y4acTka (H) B B KOHUC ydacTxa (x) (rpaHuilamy
YYGCTKOB ABNAIOTCS OHOPHI M COCPENOTOUEHHAA CHITA} BEMHCIAIOTCA 110 BopMye:
Oox =%ql,, /1 2+ (M, - M)}/,

Ang nepporo (cnesa) y4acTka Oanku: qu“=i 103 = £30 xH; M, =0
M, =+108 xH-m; Torna @,= +15+36=+51 xkH; Q,=- 15 +36 =+21 kH,

Jta BTOpOro (cnepa) yyactka: quq =+ 1042 =+42xH; M, =-432 xHwy;
M, = 108 kHw. Torma Q,= +21 +(-43.2 — 108)/42 = 421 — 36 = — 15 xH;
0,=-21-36=-57xH. .

Conocmasanem pezyibmanibl PAceemos SPYUHyn

¢ pesvasmamamit pacwemos va 11K
TlogcunTanusie BPYHHYIO € JOMOMIBIO YPaBHEHMil PABHOBECHS OMOpHAs

peakuus Vj,, BepTHKaNIbHOC IJAaBICHME Ve B IIapHHpE & GATKH W MOCTPOCHHBIC
mopbl yeuauil M u () Ha 3sene FD) 3azaHHOf MapHupHOH GaJKH NONHOCTLIO

COBIIAJA0T ¢ COOTBCTCTBYIOIINMHU pE3YNLTATAMH pacy<TOB HA 1K,
TIpMeuanuna Jns yHaLHXCH
1. AHanoruyHbIi pacdeT MOWKET OHTb BLINOMAHCH M AfA APYPHX 3Benbep Gajikn. Jax
OAHROA BAAKH X PeIYAbmamst Golin nPpodeMoncHpupesanst ¢ nodpasdere 5.2 u na puc. 5.1
¥MK. 30cch 3TH pacHeTh HE PUBOIATCR.

2. Tocxoneky cyMMapueie aopet M u O ana peell Ganky TOCTPOCHE] © NMOMOEILE
nporpaMMel SCAD, 10 ([p#t py4HOM pacyeTe UX TIPHROTUTE HE HY#HO.
3axnwodeHue no pacuerHoil padore
BLITONHEHHLIH  BPYuHYH) KOHTPOIb pE3Y/ILTATOB pacdeta Ha IIK ¢
Hcnone3oBankeM nporpaMmel SCAD nossonder ¢iuenars BblBOJ 0 HOCTOBEPHOCTH
Pe3yNLETaTOB.

Memoduveckoe yrazanue yrawumcs
[Ipeacrapienieil 3gece oT4eT no padoTe M3-3a MOAPODHLIX NoACHEHHH PAcHONArACTCH Ha
BOCBEMH CTPAHHNAX. YHAHMCA PCKOMCH/IYETCA YMEHBUINTD 00LEM OTYETA, ONYCKEA LI0NPOGHOCTH.
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MMOCTPOEHME 3IIIOP A, O N
B CTATHYECKH ONPEAETUMOH PAME
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Mo wnbpy ABCD w3 cBopunka 3aganuit (oM. npuaokenne 2 k YMK u [6])
BLIOMpACM  PacHeTHYW cxeMy pambl (puc. 2.1), ee pasMepnl (B MeTpax) W
JeHCTBYIOMYIQ HA Hee Harpy3ky (kH, kH/m).

20
B 2
D z
<50 140 §E 3
(&1
A Ha C 2
VA‘ 3 8 c

Puc. 2.1

B coorsereTsuM ¢ 3afannem (eM. npuaowerne 2 k YMEK u [6]) tpefyerca:

1. TlocTpoute smopsbl ycumuit M, QN B pame pacuerom na [IK ¢
HCHOIE30BAHMCM DporpaMmbl SCAD M 110 IMOPAM YCHIHE OTIPEENHTB OlLIOPHBIC
PEAKLEH paMBl (CM. pasgent 3, 4, 8 v npunoxenue 1 k YMK);

2. BoimonmuuTe KOHTPOIL pe3yNbTATOB pacdera 10 IPH3HAKAM DNPABHIILHBIX
IMIOP ¥ ¢ UCOONL30BAHHCM YPABHEHHE paBHOBECHS (eM. pasientr 4 u 5 YMK).

PACYET PAMbBI METOJ0M KOHEUYHbIX 3JEMEHTOB HA NIK

C HCOAB3OBAHUEM NPOTPAMMBI SCAD
CHavana BLINOJIHUM CREAYKMINE [Pe)BAPHTENLHELE TCHCTBHA, HEOBX0AHMDIE

A4 Hagana padorit Ha [TK ¢ nenonbsosanies nporpammsr SCAD.
1. [lpopepsieM CTATHUECKYED ONPEAeIHMOCTE PAME)

L.I. Hodcuumslgaem cmenent CIamMuveckol Heonpederumoc i pamsl
Jns 3roro nenoissyem Gopmyny:

H={gn+30)-OB+n,).

B paccmarpuBaemoil pame: m,,= 35 n,= 0; m, = 2. Toraa nonyuum: #= 0.
BoimonnaeTca  HeoOX0IyMMoe — YCTMOBME  CTATHYECKOH — ONPCACHMMOCTH M
TFEOMCTPHUCCKOH HCH3MEHAEMOCTH PaMbl,

1.2, Hcenedyem zeomempuveckyro neusmenaemocms pamst, Heobxoammoe
yenosde {(n= 0) reoMetpuueckoli Heusmenscmoctn ([CH) Beimonwmsetcs, wmo
HOKaisieaem 1 JOCHAMoYHOCb Hucaa cedAzeit 048 obpasosanuna T'H cucmesmn,
Ojiako  HeoOXOAMMO CLUE TMPOBCPUTL NPABHARHOCTh TTOCTAFIOBKM HMMEHOLIMXCH
crazeil. B JlarHOM caydac CTPYKTYPHEIH aHATH3 TIOKA3LIBAET, UTO AMCKH 4D W DBE
BMECTE € ICUOABHAKHBIM SKECTKHM JHMCKOM OCHOBAHHMA O0GpA3YIOT HEILOIBUMKHbI
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JKCCTKHH amck («Tpeyromehux»). Toraa amck EC Takke OYACT HEMOIBHKHBIM
JKECTKHM  AHCKOM, [IOCKOJBLKY OH TNPUCOSIHHEH K  HEHOABHKHOMY  JHCKY
(«TPEYIONbHHKY») TPEMA CBA3AMHM, HE IICPCCCKAIOMIHMHCA B OJHOH TOUKC H HC
napamiensHeiMu. CTepikHeBas cucTeMa NPaBHIbHO 00pa3oBaHa W TpeICTaBaseT
CcO0OH HCIOIBHAKHBIA THCK, N

Taxum obpasom, MOXKHO clIenaTh BBIBOA, YTO 3ajaHHas pama (puc. 2.1)
AGAAEMCHA CIMAMUYECKH ORPedetMOt CUCeMO .

2. H3o0pamxaem BPY'HHYIO PACHETHYIO cXenMy paMmbl g MK3
Vaaer K3 mima 2 (Crepmkent nmockoil pavbl») HAMETHM B OMOpax, MecTax
PacloNKCHHA [HAPHHPOB, PasPe3alCIIHMX CTEPXKHM paMbl, B MeCTax [PHNOKElHs
COCPEAOTOUCHHBIX CHA M 0 KOHUAM Y94CTKOB ¢ PacllpeaCciICHHON Harpy3Koil.
B pesynprare mOArOTOBHM BPYHUHYHK) DAcHETHYIO cxeMmy paMel ama MKD ¢
HENbE ARNBHEHBICTO HCTIOAB30BAHMA CC IPH NOCTPOCHHH AHANOIHYHOH CXCMBI B
nporpamme SCAD (pitc. 2.2, o).

a)

10 00

Al
Y1

Z1

Puc. 2.2

Ocu  MCK 112 TOpPH3ONTATBHBIX ~ KOHEYHBIX  WIE€MEHTAX  NPUMEM
copnajgaromuMy ¢ ocamn OCK. Ha eeprukaspnbix K3 oce X1 yaem cuuratn
HaTiparnenuol cumay Reepx, Toraa oo Y1 1 Z1 Ha BePTHKAIBHBIX CTCPKHAX Oyayr
PACILONOAKEHB] TAK, KAK NMOKajaHo Ha puc. 2.2, 6. Hiobpaxkenne MCK 1a xakaoM
ANEMEHTE CXEMBl paMbl {CM. pHC 2.2, g) 3aMCHCHO M300PAKCHMCM «HIDKHCH»
cToponst K3 ¢ momMopio mynxtHpa {cM. moapazaen 4.1 8 YMK).

3. Betmoansem pacuet Ha MK ¢ modMomeio mporpavmel SCAD
Pacucr BelmoaHseM B COOTBETCTBUM ¢ HHCTPYKUMCH, NpHRCICHHOR R
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npuwioxkennn 1 k¥ YMK u B ydeOHoM mocobum [2]. PesyneTatel pacqeToB
NpeAcTaBIseM B BUIe amop yeunmuid M, O, N (puc. 2.3).

Mo opanHaTaM 3010p YCHWI B MECTE YCTAHOBKH OMOPHEIX CBsA3eH HaXOIUM
3HAYEHHS OMOPHBIX peakiuii, ACHCTBYIOIME HA paMy Kak BHEIIHHWE CHIIBL, H
HANpaBJIcHHUS Peakluii B COOTBETCTBHH CO 3HAKAMH OPAMHAT JIOP YCHIMIL.

OmnpenenieHHble [0 JHIOpAM YCHIWI OMOpHBIC pEaKiMH 0003HAYEHBI
BEKTOpaMH (CM. puc. 2.3).

llpuuettaune JUIA yHalmHxcs

Onopuele peakuun B nporpamme SCAD Moryt Gbith ONpEENeHbl TAKKE C MOMOUIBIO
CHEeUHANBHON NPOLEAYPbl, OHcaHHOH B npuioxenny | kK YMK u B yueGuom nocobun [2].

Haiinentssie peakuuy u300paskeHsl Ha 3a1aHHON cXeMe pambl (M. puc. 2.1) 1
\Ha ee pacyeTHoH cxeme, coctaienHoi wis MKD (puc. 2.2, a).

KOHTPOJIb PE3YJIbTATOB PACYHETA PAMbI HA IIK

1. Hpexae Beero, ydexaaemes, 4T0 NOCTPOEHHbIE INOPLI yeuwanii M,0, N
YAOBJIETBOPSIOT NPH3HAKAM NPaBWIbHBIX J2mop (cMm. noapaszen 4.1 B
npusioxennn | kK YMK u noapaszen 3.1 B yuedHom nocobun [1]).

2. Ucnonb3oBpaHue ypaBHeHHI paBHOBeCHS
AJIs1 KOHTPOJIS pe3y ibTaTOB pacyera
B cooTBeTcTBHM ¢ peKOMEHIAlMAMH, IPHBEACHHbIMU B noapaszene 4.4 YMK

u B nogpastene 3.4 B [1], BeIMONHMM CcleQylolMe IIPOBEPKH IMOIYHYEHHBIX
pe3yNILTaTOR pacyuera,

2.1. ITposepka onpedenennbix ONOPHLIX Ppeaxkyuii
Jna onpeneneHHs OATH  COCTaBJIAIOMMX  OHNOPHBIX  peakuuid (oM.
puc. 2.1) H .,V ,,Hp, Vg,V (oHu %xe Ha puc. 2.2, a 0603Ha4CHbI H\,V\,H,y, V5, V3),
JICHCTBYIOIMX HA PaMy B ONOPHBIX y371aX, HMeeM NTh YPABHCHUH PABHOBECHSL:
® TpH JUIA Beeil IIockoi pamel (cM. puc. 2.2, @), HanpuMep,
1) ¥ X =-121.24-(20-8)+150.31+130.93 =-281.24 + 281.24 =0;
2) > Z=-70-17042+200.42 + 40 = -240.42 + 24042 =0;
3) XM =-70-6+121.24-2-17042-6+40-14+ (20-8)4 =8 = 0;
e [IBa ypaBHeHH: paBHOBecHs Buia » M, =0
4) Y M = —(20-8)2+40-14=0 (wm Y M =0);
5) ZMS“”' =150.31-4-200.42-3=20 (wm Y M5™* =0).
Bece ypaBHeHHs TOXKASCTBEHHO yAOBIeTBOpsAOTCA. Pama mpH HalieHHBIX
ONOPHBIX PEAKUMAX HAXOAWTCA B PaBHOBECHH. IJTO MOKA3BIBAET, 4TO OHOPHbIE
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PeaKkyun onpedeﬂeﬁ b HPAGHABHO.

2.2, IIposepka PARHOGECUR Y306 PAMBL RO MOMEHMAM
CyMMa MOMEHTOB, JEHCTBYIOWMX Ha mioboil yien paMbl, JoukHa ObIThH paBHa

uynw. Ha pue. 2.4 nokajaso pasHoBecue

y3a08 5, 7, 8, 10. ina Bcex 3THX y3nor

YCBUETBOPAETCS YPABHCHHC PaBHOBecHs » M, = 0, rae ¥HIEKC «K» — HOMEp yana.

0 T\) 320,0
~—

320,0 ’
3200
s - 160,0,
|I-_|— 601,25 601.25 ( 7 \Efs
V\_-/
%0125 28124~ 160,0
Puc. 2.4
35,74
¥~ 160,93
160,0
160,0 89,44
150,31 .
20042 9.69 00
150,31 "
200,42 400
9.69
121,24
130,93
200,42 200
3
¥, =200.42 400
Pue. 2.5
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3. Ilposepka pasHosecun y3n0é pamsl
npu deldcmeun Ha HUX NONEPEYHBIX I HPOOONbHBIX CUJT
Kaxpnplii  y3en pacuerHoM cxembl pambl (cM. puc. 2.2, @), [H0MKeH

YIOBIETBOPATL €HIE ABYM YpaBHEHHAM paBHOBecHd, Hampumep, Ha ocH OCK, Ha
puc. 2.5 noka3aHel HONCPEYHLIC M TPOJONLHLIE CHIEI, B3ATHIE C JMIOpP YCHIHIA,
TIOCTPOEGHHEIX Ha puc. 2.3. Hanpasnenus NeficTBHA BEKTOPOB IONEPEMHBIX CHI HA
Y3/bl OnpezeneHbl ¢ MOMOLIBI0 NpaBHaa «Tymoro yrna» (cm. paznen 4 B YMK u
pasnen 3 B [1]). '

Buzno, 4TO ypaBHeHHs paBHOBecHs y3noB BHA@ 2 Xy, =0 u 3} Z,.., =0

TOKAECTBEHHO YAOBIETBOPAIOTCA.
2.4. posepra pagrosecus A060N Yacmu pamsi

Ilpensiymue NpoBepkH PaBHOBECHA OTHOCHIIMCH KO BCel pame M K y3iam
HaMEHYEHHOH CHCTEMBI KOHEUHBIX 3JICMEHTOB Ha pacueTHOH cxeme MKD.

OpHako WHOTAA, JUIA KOHTPOJA [MOCTPOCHHBIX AP  YCHIHH, y,qurfo
paccMOTPeTh paBHOBECHE Kakoil — nubo wactu pamsl. Jlns 3amaHHOH paMbl Takoii
YAcThIO SBJIAETCA, HAIPUMED, TOPU3OHTANIBHEIH puresns (puc. 2.6).

v

200,42 X

Puc.2.6
Jlna OeicTpoil NpoBepKH BHIPE3AaHHOH YACTH paMbl HCIOJNB3YeM HE TPH
YPaBHEHHsS PABHOBECHS, a TONbKO aBa: » X, =0 u Y Z .. =0. BugHo, uro
paBHOBecHe cobIIOaeTes.
Takas nposepka (MO yrnaMm HakjioHa 3miop M Ha paspe3aHHbIX CTOHKax)
TIO3BOJIAET CY/THTh M O MPaBHILHOCTH BH/IA AMIOPEl M Ha CTOHKAxX pamsl.

2.5. lIpoeepxa ydosnemeopenus ypasHenuii pasrosecusn
0na 1106020 HecKOHEMHO Man020 Inemenma dx pamsi

| Kak nokasano B moapaszene 1.7 YMK, mo6oii HecKOHEYHO Maiblii 3IeMEHT
| WIMHOH dx, 3arpyXeHHBI NPOJOALHON W MONMEpeYHOil  pachpeae/CHHBIMK

L
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HArpY3KaMH HHTEHCHBHOCTBIO COOTBETCTBEHAO ¢, H ¢, HAXOAMTCA B PABHOBECHM,
€CNi COONIAIOTCR YPARHEHHA PABHOBECHS 3TOFO JMEMEHTA:
anN a0 dM
B —==ga32) —==6¢:3) —/—=0.
dx dx dx
ItpoBepka cOOMOUCHYUA HTHX YPABHCHHH ABIMCTCA 1IPOBCPKOH MPABHIBHOCTH
TIOCTPOSHHEIX INFOP.
B paccmarpupaemoli pame:
1) na seex KD g, =0. llostomy dN/dr=0. Otcioma caenyer, 410 B
ATHOPLT N BOMAHE] OWTh TapaliledbHel 0caM crepikieit. 1o cobmonacrca.
2) Ha snemenrax | =5 g, =0. Hosromy dQ/dx=0.

3HaquT, Bee AMOPHl ¢ HA YKA3BAHHBIX MICMCEHTAX LOMKHB ObiTh NapainenbHel
0CAM CTepHER. 310 cobmoaaeTes.

3) Kak sHMnHO 43 TpeTeero ypaBHEHMSA, IPH NOCTOAHHOM 3HAuYeHHMH (0 Ha
3eMeHTaX | — 5 COOTBETCTRYIOMING HMIOpbl M JOMKHE! BbITE MPAMONHHEHBIMI K
HAKJIOHHBIMH K OCH CrepxkHel (1o yInoM a; s arctg @ {tga, =dM,/dx=,), rae
i -- HOMep »1eMeHTa. DT0 TpeGoBalHe BbIUIOIHEHO.

Ha asnementax 6 u 9 ¢ paBHOMepHO paclpeielieHHOH Harpysxod smwopa M
npeacTaBaseT ¢oboit napabony sropoil ctenend. CreaeBareNbio, sNIOpE Oy 0 Oy
OyayT OnUChIBATLCA NHHeHOH dyHruneil. TaMm, rae O =0 1 ¢y =0, Ha amwopax M,
H My COOTBETCTBCHHO GyTyT IKCTpeMaNbHLIC 3HAUCHUS OpOMHAT H3CHOAIOUWIMX
MOMEHTOB. JTO COOTBETCTBUE B 3I0pax M v O Ha YKAa3aHHEIX CTCPKHAX HMECTCH.

) 3akawuenune
BrInonHewHbIe MPOBEPKH TIO3BONAIOT CACTATE BIBOL, YTO pacyemt pamst no

ONPLOLTERNIO YCUARE 6 CEHEHUAX e¢ CHEPHCHEI 1 8 OHODHBIX CEAIRAX GBINOIINEH
nPpagiIbro.
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MOCTPOEHHME 3IIKOP M, O, N

B CTATUMYECKH ONPEJAEJIMMON APKE
BE3 3ATHKKH
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Tlo wrbpy ABCD n3 cGopuuka 3afanmi (mpuiomenue 2 k YMK) priGupacym
PACHETHYH CXeMY apkH (puc. 3.1, @), cc pasMephl, M, W Harpysky (kEL, kH/m). Huxe
CXEMBI apKH H306paXaeM CXEMy COOTRETCTRYHOTIEH Gatkn (pue.3.1,6).

a)
9251 | 0251
¥ r; *
6) 1&’?5 ¢
%)‘,;'69 2 ’% i
© L3 s ¢ g 7 g g b
@ et
0042¢ e B 0452
2) , 0,050 o080
0759
2 ] O
2) ' e
6,004 0,080 G181
i)
€) Q045 ' 665
Qo)
TN
y ;g‘
, = ©
HC) 8456
T T @
62¥ 0,28
h Yl a2
Puc. 3.1

TMpu pacueTax NPHHATHL CIEAYIOIIHE [IAPAMCTPRl PA3MCPOB APKH H  HArpy3ok
HaHee: /=20 m; f=5wm;, P=20«kH; ¢ =10 kH/m.

B COOTBETCTBHH ¢ 3a/IaHACM TPCOYCTCA ¢ HOMOULI ypaenennli paerosectis,
TI0 METOAHKS, IPHBCAeHHOR B noapasiene 5.5 YMK:

+  OupencniTE ONOPHEIG PEakiliy # IOCTPOHTE AIOPE! yourtHit M, (0, NV B apke;

® BBINMIHHTL KOHTPMIL NOCTPOCHNLIX 3P,
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'PACYET APKH C IOMOLILIO YPABHEHHH PABHOBECHSA
1. IlpenpapuTentHblii ARATHI apKH
NS BBIRCHEHHA €@ CTATHYECKOH ONpele/lMMOCTH

1.1, Hodcuumuigaem cmenens cMamuveckoil Heonpeoeiumocmy n apKu.

Jna aToro ucnonszyem dopmyny (2.21):
n=(n, +3In)—3+n,).

B paccmarpunaemoit apke Oe3 3aTmrkW: ny, =4 #,=0; », = 1. Torza »n= 0.
BrinonHdercs — HeoOXOAHMOE  YCIOBHe  CTATHYECKOH  OUPENSNMMOCTH M
reoMeTpHIecKoR HelIMeHaeMOCTH,

1.2 Hceredyem zeomempuneckyw neuzmengemocms apii. Heobxoaumoe
yeiaosue (n= 0) reomerpuucckod newsMmenacmoctH ([H) Bomonusetca, uro
NOKAILIBAET JOCTATOUHOCTL YHCHa cBA3eH A ToTo, 9yT00s! 0bpa3orats I'H cucremy,
Onxaxoe HcoOX0MMO elIC TMPOBCPHTE TPABHIBHOCTE PA3MCUIEHHA HA CXCMC apKH
uMernxest crazeif, B naHHOM Ccilydae CTPYKTYpHBIH aHainu3 I0OKa3blBaeT, 4TO
CTCpKHCBAg CHCTCMAa MpaBunbLHO ofpazoBania W OpeacTaender coboit eauMnwrii
HeMOABWKHBI AHcK (cM. pazaen 2 YMK),

Takum 00paszoM, MOXKHO CAEAATH BBIROT, UTO MpPeXitdpMUPDHOR apra bes
samancku (puc. 3.1, @) aeanemen cmamuiecKy onpedenhuoﬁ cucmemoil.

2. Henoasloranue nporpamMybl ARKA 19 apToMaTH3ANNM
PACYETOB € OMOEI0 YPABAENHI paBHOBECHS

B noapasaene 5.5 nokasaHo, yTo B TPCKWAPHNPHOH apkc Oe3 3aTaXKW:
BEPTHKANBHEIE peaKUHH OIpeaesoTes 10 hopmy.taM (5.3) u (3.4), pacnop apku —
nio hopmyne (5.6), yeumms M, Q, N B ceucnuax apku — mo Gopmynas (3.7)-(3.9).
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NpuMeuaHns 1aa yHamuxca

1. TEpOTOKOS HOIBOMACT NPOBEPHTE BBEICHHEIC HCXOMHEIC JAHHLIE M MIPHBOLMT PCIYABTATE
pacuera ONIOPHBIX peaKumH H TaiMuy ycHaIwii B HaMEYSHHBIX B [POIPAMME CEYEHHSX aPKH M
OaTKH.

2. Ecrint npoTOKON He COCTABIANCH, TO MOKHO DACEYATAT TONBKY PE3YIBTATH PACHETd B
BHIe npmBeneHHoH Auke Taluuusl JAS 3TOIV MOKHO HCHONBLIOBATL PAa3HbE BAPUAHTLI
COXPAHCHHS TABIHLE] ¢ PEIYILTATAMM, OABMBILCHCA HA DKDAHS KOMIIBIOTEPA B NPOLECCEE PabOTH |
ITPOIpaMMbL. ’

OmvH W3 HUX NPHMEHRER 3fech: HaXAMaeM Keonky «Print Screen» na xiasmarype TIK u,
3AMYCTHE NporpaMMy rpadirdeckoro pesaxropa «Paints, sctabasem niobpakeHnue skpaHa. 3arem
obpamaeM 1BECTA BCTARICHHQIO DHCYHKA M, BbIpe3am Talnuily ¢ pesy/bTaTaMH pacucta M
CKOMUPOBAB €€, BCTABTAEM B OTUCT:

KOOP[HHA Thi H3rHBA HIMA MEPEPE 3HBAHLEE NPONIONEHOE
X ¥ MOMEHTY YCHNMHE YCHME
a.a0 0.00 +D . 000e +30 —2.723e+00 —5.745e+01
1.67 1.53 ~1.632e+01 —4.481e +00 —5_81ide 01
3.33 2.78 —1.944e+01 +1 .733e+00 -5.824e+01
4.98 3.74 —?.574e+00 +8.852e¢+00 -5.759e+01
5.02 3.76 —9_.574e +00 —B _B66e+DD -4.865e+01
6.67 4.44 —1.944e+01 -1.9276e+0@ —4.941e+01
8.33 4_86 —1.632e+01 +5_754e 00 T —4.91le+B1
10.00 5.00 +3 _153e-15 +1_375e+01 —4_750e+@1
11.67 4.86 +1 .563e+01 +4_932e+00 —4.733e+01
13.33 4.44 +1.667e+01 -3.558e+00 =5.126e+01
15.00 3.75 +3.125e+00 —1.118e+01 —5.87Me+D1
16 .67 2.78 —1.111e+01 -3 .814e+0@ -5 .963e+01
i8.33 1.53 -1.215e+01 +2.561a+08 —5.970e +01
20.00 0.00 +0.008e +1D +7.955e+08 —5.922e+01

EsmeEsEssssSSsEsm=s=s=s==ssssss=ess=s=—msr=s=ss—=ssr=—EsnEE=====

HepTUKAALHWE peakuuu: B Aesol onope Ua=3_37Se+(li, B npasod onope Uh=3._ GZSa+ﬂl.
ToOpU3OHTAAbKuM pacnop H=4.750e+01

3, Jance no DeaytucHEBIM OPAMHATAM YCHIHH MOKHO BPYUHYKY MOCTPOUTE SMHOPBE yeuaui
OT FOPUIOHTATEHBIX OCEH, K4K 9TO MPEICTABNeHO Ha pue. 3.1, 1, €, %K, MIH — OT OCH 4pKH, KaK 3TC
[MOKA3AHO HHEE Ha puc, 3.2,

ITpu pacuere Ha HK ¢ ounepaunoHnol cucremonr WINDOWS 95, 98, 2000
AHATOTHYHAS NIPOTEIYPa KOMHPOBAHUA HIOOPAKEHNA HA IKPAHE BRITOJIHAETCA 1 1NS
KOMHpoBauHua amop M, Q, N, KOTOpkIC B MPOrpaMMec ACMOHCTPHPYIOTCA Ha 3KpaHc.

Huke npusemeH puc. 3.2, moAyYeHHRIH HAa OCHOBE KOMMPOBaHHA Tpex
PHCYHKOB COOTBCTCTBCHHO ¢ dmopaMd M, Q. N .

KOHTPO.Ib PE3YJIBTATOB PACYETOB

1. HenostesyeM YpaBHEHHS! PABHOBECH LJIA ONpeleeHIN
OTOPHBIX PCAKIME TPCXHIAPHAPHOH apRH BPYYHYHO

[To dopmynam @'5.3) v (5.4) nogpaiiena 5.5 YMK waxogum;
1. Vs ypasHenna 3 M, =0: V,=V5 =3 My //=0.169 g/ =33.8xH.
2. W ypassenun 3 Z=0: Vy=Vi=Y2Z" -V, =0.181gl =362 xH.

Pacriop apku Ge3 3aTHXKKH oNMpenensercs mo dopMyne (5.6) mogpaszaena 5.5:
3. Mz ypasucuun 3 X =0 ycramasnusacm, uro H, =H,=H .

4. VI3 ypasuchus My = 3 MES =3 MEP™ 0 onyqacm:
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**+ GIPEIENEHME BHYTPERAMX YZATHA B APKE***
FPOTOKON PACHETA HA TBM

== mm=mmssmmss=s=xcss—ss—mo—s——-————s-ms—noTSoRs ST =s====s

Facyer apok" pazpaforara mJIR Sac wadeapon
CTRONTENEHON MEXaHMKM WU TeOopdM ynpyoocTy CROTTY

e m= [ [ —
NCXOIHHE [AHHHE :

KOHCTPYXUMA: TPexXWwapHMpHAR agrka Mapd0oRAYeCckOl'c CUepTAHMA Be3 JATAKKK
Mponer; Z0.000

Crpena apxw: 5.000

Tporpavma

Nonoxenuae I‘pdﬂ]}iu YHECTKCE N0 Hartpyake:
YyacTtox l: D008 < X < 3.50C

YyacTor 2 $.000 < X < 10.00¢

Yaacrox 3: 10.C00 < X < 15.000
YuacTor 4: 15,300 < X < 26,280

COCPOnOTOUSHHES CHMIH:

Ba rpadnue yd4acTxoB 1 u ¥ apwaoxens cwna 20,000
Ha rpasnue yudacTxkoe 2 m 2 npuasoxeHa cuaa 0,000
Ha rpanmie ywacTros 3 v 4 rpunoxesa cdna 0.000

PACUpeUe/i€HHAA HATPYIKa:

B npererax ydYacTxa 1 npuncxesa marpyaxz (.0G0
B npenesax yyacTka 2 IpdaoxeHa Harpysxa 0.000

R npemenax yuacTka 3 npanoweHa Harpyzxa 10,008
B npenenax yvyacrke 4 DDMACKEHA Halpy3ka 0.0720

PE3YNLTATH PACYETA:

KOOPAMHE TR uarkbanoLi nepepcapBaAtee ALCAGABRDE
X h'e MOMEeHT YCHUANG younne
3.4 C.20 +0.000e=-G0 =9.723e-00 -4, 74be+J1
1,67 1.93 -1, 632e+01 -4,481le+lQ ~5.810e+01
3.33 2.78 ~1.914e+01 +1.7323e+00 -5.824e+M
4.98 3.74 -9.574e~00 “8.8572e+00 -5.75%401
5.02 3.7 =9.579e+00 ~8.856e+00 -4.865e+01
6. 87 4.44 -1.944de+01 -1.97€a-00 -4,941e+01
8,213 4.8¢ =1.6372e+C1 +5.7534e+00 -4.9lier0}
10.00 5.0¢ +3.033e~-13 T, 37500 =4, T5Ce+d1
11.67 4.86 +1.563e+C1 +4.932e+00 -4.733e+02
12,33 4.49 +1.667e+01 -3.558e+0% =5.126e+01
15.00 3.7¢5 +3.125e+00 BTN - et =5, 870ev0L
16.67 2.78 =1.111le+Q1 ~3.814e+0C -5.963e+01
ig.:3 1.53 ~1.215e+01 +2.561e+00 970e+01
20.00 0.0¢C +3.505e+00 +7.955e+00 -5.322e+01

BepTUKaNLEHEe DPearumi:

B neBoi onope: 3.375e+01

2 npaBok cnope: 3.625e+01
TepusonraneHent pacnoo: 4.750e+01
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*x* CTOEOBNEHME IHYTPEERAX YCIJIMM E APXE***
NEOTCKCE PRCYETA HA 3BM

pazvadbcraHa aAng 3ac kadeapor
Tecoy ynpyroctr CLEITY

HOXOTHHE TAHHEE:

KoHCTpYRLMA: Janxad na Heyx 07I0Dax
TpomeT: 20,000
Conoxedve TLARMI YURCTKOE 6 HATRY3KS!
L ¥wacror 1d 0,000 < X o< 5.000
YuacTox 2: 5,000 < X < 10.000
3: 10.000 < X < 15.000
¥yacrow 4: 15,008 < X < 20,000

YRACLOX

CoCpeno T OYEHH] SR D
Ha TodalMdLe yLasexos J K 2 nnuaczeda owea 20,000

La rpanune yaacTrnn 2 u 3 opuAcweHs ciia 0,000

a prpadmMie yuacTrRoE 3 M 4 opuncxena omna 0.000
Pa CURefeneitiad Lalpyakas

BLONAY YU 1 npunoxera narpyss 0,000

LEa X YHAacTRAa ODUMICKEEA Baipy2xa O.000

[P0 o

B npoacnax ywacTka HpWIGKeHa Halpyska =0.000

e

B lipglenax yuEzacTra npwieKkeHa =arpyaka 1.000

< PACYETA:
KOORLWHLT 12 PMGARILTAR nepe ESRTRARLEE npoAnbHOL
b4 Y MOMEHT yonne YOS
0.08 +0.000e+00 +3,375a+01 +0,000e+00
0.00 +3.625e+01 +3.373e+01 +0.000a+0C
.00 +1.125e+07 +3.3752101 +0.000e+0%
.60 +1.68le+02 +2.375e+01 +0.000e+00
OG0 -1.690e+02 <1.375e+01 +0.200e400
.00 +1.9197&+02 +1.37%e+01 =2, 500e+00
0,00 12, 146e+ 02 ~1.375e+01 -0.000e+00
0.G¢ +2,375e~-02 +1.375e-0" +0.,000¢-00
0,02 +2.465eT02 -2.917-20 +0.000e-00
0.03 +2.2%Be+02 =", 958er{] +0,050e+00
0,00 +1.812e+02 -3.525e+01 +0.000e+00
n.on +1.208a+02 -3.425e+01 +0.000=2+00
.00 +E6.042e+0] -3.8232+01 +0.000e+07
0n.oa -G C00e 00 -3.625e+01 +0.00%e+00

BeDTHKaEHNE DPRAKIANTD
5 nebcd olope: 3,37is+01
B Opazoi cnope: 3.6725e-00
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(33-,8) (57-'.6) (59.2) (36.2)

Puc. 3.2
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_ Mg 0.0595q1°
! 0.25

H =0.2384/ = 47.6 kH.

ConocragnerHe ONOPHBIX peakiMil, MONy4eHHBIX IS apKe M AnA Ganku
spyudyio B Ha [IK nmo nporpammc ARKA, nokasmiBaeT AocTaTodno Gnmixee
COBM2J[EHHE COOTBETCTRYHIIIHX BETHUHH,

2. HenonklyeM YpanHeHHUS PABRHOBECHH /T OTIpeaesieHMs
) yeuiauda M, Q. N Bpyunywo .
Ana suinonnenns koHTpons ycumuid M,0, N, NoJy4cHHBIX B PE3YNLTATE

pacuyera mo mporpamMmMe ARKA, sbnionaumm pacdct no dopmynam (5.7)-(5.9)
nogpazaena 5.5 YMEK spyunyo Ans AByX CeHeHHIl apku: IO ONHOMY s Kaxaoi
TIONOBHHBI APKH.

IMpusmedanmua 115 yuaIHxca

1. PcKOMCHAYETCA B3ATE [Ba NIOGLIX CEUSHHA (OAHO HA JIEBOH MOJIOBHHE apKH, APYroc — Ha
Mpanoft), pesynbTaThi pacueTa MO KOTOPEIM TPHBEACHL! B 1a0IHUE. [IPHBSEEHHON B IIPOTOKONC
pacteTa 1o aparpamme ARKA wnu p TabAue, HANEMATAHHOI BBILLE OTACHBHC.

2.B PACcCMATPHBACMOM 3NECH IPUMEPE BBLIMOIHCHUA 3UIdHHA 3-a BRMHCIEHHA BPVUHYH)
PORCMOHCTPHPOBARE! i ceaernit 2 1 7 i3 10 cevesnni (cm. puc. 3.1, @) [7}.

Beryncnenns BEJIHYHH, BXOAAIIHX B YKA3aHHBIC BRIIIC EbOpMyJ'lbl, A B]:IGpaHHLIX cenpHuit
npoBeneHsl B TabnuyHoiH hopme (Tabn. 3.1).

Tabnuua 3.
Ne cew :
X y (2 foa sina cosa M. o0
K
2 0.25/ 0.1675/ 0.5 04472 | 08944 | 0.0422¢F | 0.1694/
7 0,625 0.234/ 025 | 02425 | 09701 | 0.0603gF | - 0.0564

Torna no dopmynam (5.7) - (5.9) noapazaena 5.5 YMK nonyunm (ipn /=20 m; f=5w;
FP=20kH; g =10):

= M3 — H-z5= (0.0422 - 0.2380.1875) g/ "= 0.0024 ¢/ = 9.6 xHw;

0, = 05 cosa, — H sin @, = (0.169-0.8944 — 0.238-0.4472) g/ = 0.0448 ¢/ = 8 96 xH;
Ny =—(05 sina, + H cosary )= - (1.169-0.4472 + 0.238-0.8944) g/ = — 0.2885 ¢/ = 57.7 xH.
M;=MT%—H - z,= (0.0603 -02380.234) gl > = 0.0045 ¢/ > = 18.0 xH-m;

O, = (07 cos a; — H sin a7 = (- 0.056:0.9701 — 0.238:(— 0.2425) g/ = 0.0034 g/ = 0.68 xH;

Ny =0 sina; + Heosas)= - (- 0.056:(-0.2425) + 0.238-0.9701) g/ =~ 0.245g/ =
' = 49.0 kH.
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AHAROTHYHO BBIYHCIAKTCA OPAMHATHL YCHNWH B OCTANBHEIX HaMcyYeHHLIX Ha puc. 3.1, a
ceyeHHAX. BEIYHCICHHLIC OPIMHATE B BEIOPAHHOM MACHITAOC ¢ VHCTOM X 3HAKOB OTKIA/BIBAKITCS
MEPNEHTHKYIAPHO TOPHIOHTANLHON OCH OTCUeTa, NHGO pcu aprd. B vuebnom nocodun [7] Obs
Betlpan nepesii crocob (oM. puc. 3.1, 4, €, ), Bropoit cocol upoueMOHCTPHPORAH NIPH PacueTe ¢
NoMOWEK porpaMmel ARKA (cM, pre. 3.2).

Jns kOHTPONA pesyNsTATOR PacueToB yeunuit mo mporpamme ARKA w
BPYYHYK) Ha OJHHpax YCWIHH (cM. puc.3.2) [OpHBCIOCHBL 3HAYMEHWA YCHIAHA,
[OMYHEHHBIE PACHETOM TI0 APOTPAMME M pacieToM BpYUHYEO (B ckobkax). Bummm,
HTO Pe3yNLTATH GNHIKO COBNAJAIOT.

TMpuMeuanue TR yuamuxces

Kak yxe 0TMeqanoch B&IIC YYalleMyCs HCOGXOMHMO BHTTONHHTE PYWHOI DacteT TOJIbKO
RS BYX YKa3aHHBIX ceueHuit. IloatoMy Ha smropax ycuauit (oM. pHc.3.2) HeoOX0ANMO NPHBCCTH
PE3YNLTATLL PYUKOTO Cuerd (B CKOOKAX) mostbko & 3mux depx cenenusax. B mannoM nocobun
MCIIOABIOBANE] PE3YIIblathl PACUETOR 1A Gonbiere WHcna ceweHMd {cMm. pue. 3.1, 1, e, X)),
{10NYYEHHEIE B Ya9¢GHOM mocobuu [7).

Kontpous 3nrop M W (O B cBA3M ¢ MMetwolleiica 3aBHCHMOCTBIO B BHXe
YPABHCHHH paBHOBeCHA M/ ds = O 110Ka3blBAET MX NOITHOE COOTBETCTBUE.

Conocrasaedue amop M B apke 1 daake
310 COIMOCTABTCHHE [MTOKA3BIBACT!

® 3rudamNMe MOMEHTH B apke (

Mmax|:= 20 xH-m ) snaumtensHo (ans
paccMaTpHBacMoll apKM OPHMSPHO HA IIOPANOK) MEHBIIE, 4eM B Oanke
(| M x| = 240 kH-m).

* [IpY 3aJaHHOH HAarpy3ke apxa cxata (J1oBojbHO paBHOMepHO: =oT 48 xkH ao
59 kH), a B Ganke NPORONBHBIE CHITBI OTCYTCTRYIOT.

3Ha4HTenbHOS YMeHBINeHHE H3rHOal0IHME MOMEHTOR B apKe 10 CPAaBHEHHIO ¢
COOTBETCTRYKOWEH Oankod (oM. pHC. 3.1) M HauM4ue CHUMAOINHX YCHIMR B
ceueHHIX apKH NMpHeoART K Oonee GMATONPHATHOMY pacrpeelcHuio HOPMANLHBIX
HALPSDKCHHH B CEYCHMAR 4PKM 10 CPaBHeHHIO ¢ Oaixod (em. puc. 5.8, 6 2) B
nogpaznene 5.5 YMK.

3ak.1109eHne 10 padoTe ’ :

BelnonHCHHEIC NPOBEPKH HO3BOMAKOT CACIATE BBIBOZ, UTO PACYET APKH 10
onpefeleHHY YCMUHI B €€ CEUMEHHAX H B GIOPHLIX CBA3ZAX BbINOJAHEH
NpaBHILHO.

Mpamevanne. HoMepa y4ebHBIX MOCOOWH, Ha KOTOPBIC CIOCIAHE! CCBUIKH, COOTBETCTBYOT
oubnHorpadnicckomy crrcky 8 YMK.
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MOCTPOEHHE 3MIOP M. Q. N
B CTATHYECKH ONPEJAENUMON APKE C 3ATSXKONR
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[To mmdpy ABCD u3 cGopHuka 3amanuii (cMm. npuiaokenne 2 k YMK)
BeIOMpaeM pacyeTHyH cxemy apku (puc. 3.1, @), ee pasmepsl, M, H Harpysky (kH,
kH/m). Hioke cxemsl apku n300paxaeM cxeMy COOTBETCTBYOLIEH Oanku (puc.3.1, 6).

a) QZ 9:10
' P=20 yivivy

Pue. 3.1

IMpu pacyeTax NpHHATEH CIEAYIOLINE NAPAMETPhl Pa3MEPOB apKH H  HArpys3ok
Ha Hee: [=20 wm; [f=025/= 5 My a=01251=2.5m; f*=f-a=25 wm;
¢ =10 kH/m ; P =0.1g/ = 20 xH. Ouepranue apku 3a1aso kpyroseiM. Panuyc kpyra,
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110 KOTOPOMY QYEpPYeHE apka, onpeiacaaeTed no gopmyie (oym. uoipazaen 5.5 YMK):
r=-£+i = £+§ =125m,
8 2 8.5 2
B cooTBeTCTEHE ¢ SaiaHieM TPCOYCTCA ¢ ROMON{BIO YPASHEHUIL PAGNOGECUR,
10 METOAHKeE, NPHBEAEHHON B oApaznene 3.5 YMK:
¢ Oupesenyth ONOPHLIE PEAKIMA H IIOCTPOHTE IMI0PH younuit A, O, N B apke;

&  BLINOMHHTE KOHTPO!Ib NOCTPOCHHBEX 3MIIOP.

PACYET APKH C TOMOIILIKO YPABHEHHH PABHOBECHS
1. llpexpapHTeNBHBLIH AHATHI APKH
JIIS1 BLISICHEHMS €€ CTATHUECKOMH OnpeleTHMOoCTH.

LI IMoodcuumeieaem cmenent cCRMQIMUNECKOR HEORPEOEAUMOCN 1 APKU.

Ana yroro uenonssyeM dopmyny (2.21)
a=(n,, +3n -3 +ny,).

B paccmatpusaemodi apke 6ea sarswku: nop =< 4, n.= 15 m, = 3. Torna n=10.
Brinmonasgercs  HeoDXOAHMMOE  YCJADBME  CTATHYECKOH — OUPENCNMMOCTH  H
[COMCTPHYCCKOH HEH3MEHAEMOCTH.

L.2. Hccnedyem 2eomempuueckyr Henzmensemocms apku. Heobxoaumoe
yenosue (#= () rcoMcrpuucckoit HewsmeHsemoctd (TH) Buinonuscrcs, wmo
noKabieaem u QOCMAMONAGCMY YUCIA CeR3el 018 obpazoeanun H cucmeru.
Oanako HeobX0INMO eIme TPOBEPUTE APARWILHOCTE PasMelleHuA Ha CXeMe apky
uMerownxen ceasedi. B naHnoM cayyae cTpyKTypHBIH aHaiM3 NOKasBIBaeT, YTo
CTepKHERAA CHCTEMa TPaBHNBHO o00pa3oBaHa M npeactaBaseT coboil  eauHEbIl
HEMOABIKHLIH AuckK (cM. mpumep 10 B mogpazaene 2.5 YMK u {1]).

Taknm o0Opasos, MOXKHO CACHATE BBIBOA, HTO MPeXHiapHUPHAA apKa ¢
samApckoit (puc. 3.1, a) reremen cmamuNecKky ORPeOCIUMOH cucmemoll.

2. Henoab3oBanne nporpaMybel ARKA 138 asToMaTH3aluY
PACHETOB € NOMOIBIY YPABHEHUI PABHOBECHA

B noapazaene 5.5 YMK nokasano, uTo B TPCXIIApHHPHOH apKe € 3aTAKKOH:
BEPTUKATEHEIE PEAKIHI KAK W JUTH apKi 0e3 3aTsHkKKH ONPeResfiTes no opmyiam
{5.3) u (5.4). Pacnop apku B apKe ¢ 3aTKK0OH OTCcyTcTBYyeT. BMecTo Hero mno
dopayie {5.14) onpeaenaeTca ycuwine B 3ambkke. Yeunna M. O, N B cCucHHAX apkm

HIDKC 33TSKKH BLIYMCIAIOTCA TIo dopMyiaM (5.12), a Bule Hee — 1o (opMyIam
(5.15) - (5.17).
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Pacder no JToi NporpaMMe BeITIONTHCH JIBAX/IBID ATIA APKH C 3aTAKKON H and
COOTBCTCTRYIOUICH OIHOMPONCTHOR Ganku (oM. puc. 3.1).

ﬂporpamma paﬁoTaeT E JHATOTOBOM PEXNAME, H JONMONHHTCNLHLIC NOACHCHWUA
TPeGYIOTCA TOMIBKO HA HTane TPEICTARACHHA PeIyALTaTOR pacycTa.

MpencrapieHye pesyALTATOB PACUETa N0 nporpamme ARKA

Ecau B NpOoLECCCe PCIICHHA 33134 AUTH apKH H 415 COO’TBcTCTByK)H.IE‘.ﬁ eH Ganku
no ykasaHHOH nporpaMMe ObITH COCTABICHB! NMPOTOKOIBI PacucTa, OHH NPHBOIATCA
otuete no paborte.

l'[puuc-imma IR YHALIUMXCH

1. HpOTUKU}I 11O3BOIAET upouepm-x; BBEUCHHDIE HCXOOHBIC AdHHBIC H IlpldBOJlHT PeSYIELTATHL
pacyeTa CIIOPHBIX peaxuuii H TZ]G."IM].Iy yCHJIHﬁ B CCHCHHMAX dpKH HIIA 63.,'1](14 Hd KLKA0OM HI
HaMEMEHHBIX YYACTKOB. B RA4eCTBE TNPHMEpa IIPOTOKOMBI pacdeTa [0 IIpOorpaMMe x’\RKA
[IPHBEICHLI B OTUETE NO pacueTy apky 0e3 3aTDKKU (CM. 1pesslayiLnii oTyer).

2. Buecmo RPOMOROAG  PACeMmd MOMNCHO pacHedamamsys moTskd maﬁ.’luuy C
peyasmamanu pacuema. ,{Lﬂﬁ ATOrG MOWHC HCMOAR3ORATh PU3HLIC BAPHAHTHI COXpaHCHMUA
TabnMIE ¢ pesyarTatamMu. OAWA U3 HUX TIPUMCHCH 31CCH TIPU PACUCTC PAcCMATPUBACMOIT apKi ¢
aTAKKOH:

e HaswmacM kHOmKy «Print Screenn na kmapwatype IIK W, samyctis  nporpaMmy
rpapuyeckoro pesakropa «Painty, BCTARNAEM H300paKeHHe 3KpaHa;
L] oﬁpamacM 1[BCTa BCTABNCHHOIO PHCYHKA W, BbIpPE3aB Taﬁnuuy C pe3yabTaTaMH pacuera u

CKOMHPOBAB BHIPCIAHHYIO HAClb, BCTABUAEM ee B OTYET. Takum 00pasoM, B JaHHOM

[PUMEPE [:IYHCHE M BCTABICHA B 0T4eT Taba. 3.1,

Tabnuua 3.1 I

KOOPIIMHA TH HBFHEHNIIMH I'tEl‘hP!:sNBﬂlﬂllEE NPONOALHOE
® 4 MOMEH YCHNME YCUMME
8.00 -@.00 +8.882e-16 +2 _@25e+01 -2 .708e +O1
1.25 1.43 +4.21%+01 +2.4910e+01 —2.362e+01
2.48 2.48 +§.376Be+01 +2.696e+@1 -2 .030e+01
2.52 2.51 +8.363e+01 -2.981e+81 -2.631e+81
31.7% 3.33 +4_816e+81 ~1.827e+81 -9.915e+81
1.98 3.9% +3.@548+81 ~7.243e+00 —1.006e +02
5.82 3.97 +2 .984e+81 —2.524e+01 —9.261e+i1
6.67 4.55 —2.833e+00 —1.208e+0L -9.523e+B1
4.33 4.89 -1.231e+01 +3.606e-DL -9.59%+01
18.80 5.680 +3.853e-15 +1.375e+01 ~9.500e+01
11.67 4.89 +1.963e+01 +9.7%6 e +00 —%.454e +@1
13.33 4.55 +3_328e+01 +6.459e+00 —%.678e +01
15.08 3.96 +4.289e +01 +4.776e +00 ~1.016e +@2
16.25 3.33 +5.753e +6)1 +1.611e+01 ~1 . B04e +02
17.48 2.51 +8.9%3e+01 +2.780e +01 -9.78le+01
17.52 2.48 +§.9%90e +01 ~2.8%6e +01 —2.181e+61
18.75 1.4 +4. 5311 —2.58%e +01 -Z2.537e+61
20.00 -8.08 +8 882e-16 —2.175e+01 ~2.700e +@1
Bepryuxasptue peawxuwu: B aeposd onope Va=3.375e fli . B fpasaw
FopuaoHTaALHME ] = H=9.508e +01
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Aaree no nonyuennsiy opounamam younui MoNcHo 6PYHHYIO HOCHIDOUMS
INOPLT  YOIINH  OM  ZOPUIOHMAABHBIX Ocell omcuema opounam, Kak 3Imo
Apedcmagreno ruxce Ha puc. 3.2, B — OT OCH apKH, Kak 1o GLno MokalaHo Ha

PHC. 2 B OTYCTC O BBIIOJIHEHHH PacyeTa apkH 0€3 3aTHKKM (CM. MpeablLyHi 0T4eT).
Mpumenanne 440 yURMHXCH
Dmopul yeretwi M, O, N, npupeaeruble Hyuxe Ha puc. 3.2 /14 3aMaHHON apKy ¢ 3aTMKKOH,
BIATEL M3 yueQHOTO nocotud {7], rae yoHIus BEIYHCIANKCE IR YKATAHHBIX HA pHc. 3.2 cevcHK.
' 4=10
P=20 Fivivy

(30}

T

-

203

S . |
063 92.6 I 1] [HilJo s
(96.25) Tloog 100 93 (956) (016

Puc. 3.2
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KOHTPO.1b PE3Y.]IbTATOB PACUETOB

1. Mcnoas3yeM ypaBHeHHs paBHOBECHS 115 onpefeJeHHa BPYYHYIO
peaknvit B ONIOPHBIX CBHINX H YCHIHS B 3ATHKKE APKH
Bepmukansnuie peakiin onop ¢ MpexuiapiupHoll GpKe ¢ 3amanicKoi

BepTHKANBHEE peakilMy  1PeXIIApHHPHOH  apKH  PaBHbl  BEPTHKAIBHBIM
peaxuuam Gaikn (cM. moapaizet 5.5 YMK):
1. H3 ypasHcHHA » Mp =0 naxomum:
V=V =ML /1=3375kH.
2, Ha ypapHeHuA Y Z =0 nonysaem
Ve=V5=%2"-v,=3625xH.
Topusonmanbnas OROPHAR PEaKBUR MPEXWAPHUPHON APKU ¢ IAMANCKON
bydem mMonbKo 6 HenOGeUNCHON wapnupiei onope A {cMm. puc. 3.1, a).
3. Osa onpeenserca w3 ypagHenud » X =0. Ilpu 3azasHoil BepTHKANLHOMH
Harpy3Kke Ha apKy 3Td peakuus ByaeT #MeTb Hynesoe sHaveHue ( H , =0).
4. Ilposeas ceveHme apk depes wapHup C H 3aTOHKKY, U3 YPABHEHMA
Me =% ME™ =Y M7 =0 waiigem yewime f *, KOTOpoe. BOCIPHHHMAETCS
JATARKOM: '

£

= Me 2375 95.0 xkH.
f* 25

OBpaTHM BHHMAaHUe, 4TO €CMH Ohl 3aTdxka OhiNa PacrioNoiKeHa Ha YPOBHE
omop (BeMMMMHAa @ OBUIO Ol paBHA HymO, cM. pHc. 3.1, a), TO mONYSHIH GH
J=f*=5mu H*=H =475 xH. Ycuime, BOCOPHHUMACMOC 3aTH:KKOH, cTano Ol
PABHO paclopy apkH 0e3 3aTaxk (CM. MPeAbIAYIUMH OTYCT O BRIMONTHEHHH 3a7aHHA
3-a anst apku Ge3 3aTAKKH).

CorocTaplIeHHe OMOPHBIX PEAKLIHL, NOMYYeHHBIX U1 apKH BpYUHYHO H Ha [TK
no mporpamme ARKA, n0oka3bIBacT COBIAACHHC COOTBETCTBYIONIHX BETHYMH.

2. Ucnoab3yeM ypaBHeHHS PABHOBECHS 1/IA ONPEACICHHA BPYIHYIO
venanid M, QN

Jins BHIMONMHEHHS KOHTpONA YounmMit M, N, noOIyyeHHBIX B pE3YILTaTe
paciera no nporpamMme ARKA, eeimonnum pacweT mo dopmynam (5.15)-(5.17)
nonpasaena 5.5 BpyuHyK) 08 ABYX CeueHHH apku: To OAHOMY Juis Kaw10#
NONOBHHEE APKH, '

Tpumesanna aan yuawmses
L. Pexomenayerca p3ars Npa N100HX CCHCHUA (OMHO HA ICBO MOMOBMAC APKH, APYrOC - Ha
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HPABOi), i)esym.ﬁm pacuera, Ui KOTOPBIX NPABEICHSI B Tabn. 3.2.

2. B paccMaTpHBAEMOM 3/1€Ch NPHMEPE BLIYHCICHHA BPYUIHYIO TIPOICMOHCTPHPOBAHb! IR '
cevennil 3 1 8 13 12 ceucHuil, HaMeYEHHBIX B Y4eGHOM nocoGun [7] (eM. puc. 3.1, @ n pue. 3.2).
BhiHCICHHA BCJIHYHH, BXOMAIUMX B YKa3aHHbIC Bhimie (OpMYsibl, A4 BEIOPAHHBIX CEHCHMIT
ripoaenenu B Tabnu4noi Qopme (Tadn. 3.2).

TaGnnua 3.2
K x, z, - M: Q: M, Qn NI
sing | cosa
M M KH-M kH kH'm kH kH
3 2.5 25 0.6 0.8 84.4 33,75 84.4 -30 | -96.25
8 125 475 | -02 | 0.9798 240.6 -11.25 269 8 -95.6

Ceuenue 3. 3naveHne OPJIMHATEL V3 JUIA CeHEHHA 3 H3BECTHO:
zz=a=25M.
W3 BeipaeHus :
- zZy=f-r(l-cosa;);
(cM. dopmynsi (4.11) B [1]) Haxommm: :
cosay =0.8 u sina, =\}(1 —cos’@; =0.6.
3arem U3 BeIpakeHus sinay = (0.5/-x)/r = (0.5-20-x)/12.5 = 0.6 Haxoaum
X3 =05/ —-rsina; = 0.5:-20-0.6:-12.5=25 m
. Jna  Hcrmonk3oBaHHA (hopmynsl (4.15) B [1] HaXOIHM
2*¥=2,-a=25-25=0.
Toraa no gopmynam (4.15) — (4.17) B [1] nomyuum:
My =MS$ - H -z3=33,752.5 = 844 xH'm;
0y = 0F cosay — H *sina;=33.75:0.8 - 95:0.6 = - 30 kH;
N, =~(05 sin aé + H cosa,)=—(33.75:0.6 + 95:0.8) = 96.25 kH.
Ceuenue 8. B 51om cevennu nssectra abenmcea xg = 12.5 m. Toraa n3 (4.11)
B[1] Haxonﬁu: i '

sinag =(0.5/—x3)/r=(0.5-20~12.5)/12.5 =~ 0.2;

cosag =+/(1-sin’ g =0.9798;

Zy=f —r(I—cosag) = 5- 12.5(1-0.9798) = 4.75 w.

ITo cbopmynau (4.15) — (4.17) onpegmensieM yCHIHsA B cedeHMH 8 apku
(z*=z3—a=4.75-2.5=2,25M):

My = M — H *-z3= 240.6 — 952.25 = 26.9 kH-m;
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Oy =0 cosay — H *sing, = (-11.25-0.9798 - 95-(- 0.2) =
Ny =—(0¢ singy 4 H*cosagy=—{—0.056-(- 0.2) + 0.476-0.9798) g/ = — 0.478 ¢! =
=-936xH.

AHAJIOTHYHO BHIMHCIAIOTCA OPAMHATE! YCHIIME B OCTAILILIX HAMEUEHULIX Ha
puc. 3.1, a cevenunx. BrruucneHHble OPTMHATE B BRIOPAHHOM MaciTale ¢ yuerom
HX 3HAKOB OTKJIAMBIBANTCH [ICPNCHAMKYIAPHO MOPHICHTANLHOM OCH OTcueTa, b0
OCH apkd. B yueGHOM Tocofuu [7] b BREOpan nepesit cnocod (oM. puc. 3.2).
Bropo#t cnocof Gulm npoReMOHCTPHPORAH TIPH pacdeTe ¢ MOMOMIBI) TPOTPAMMB]
ARKA apxu Ocs saTskky (oM. puc. 3.2 B oTdeTe ¢ BLIIOMHEHHH padoThl 3-a pis
BAPMAHTA APKH 0€3 Ia (KKK ),

Jna KoHTpOAA pe3ynbTATOR PacyeTOR YCWIHMH To nporpaMve ARKA wa
snwpax yowidil (cm. pue. 3.2 B ceucHuAx 3 u & nmpusegensl 3UAaYEHHA YCHIWI,
NOTYUCHHRIC PACUETOM [0 TMPOTPaMMe H pacdeToM BPYuHYH) (B u\oﬁxdx) Buim,
4TOQ pe3yAbTaTsl GIAH3KO COBINALAOT. )

Koutpons 3mwp M n ( B CBASM ¢ HMCIOILCHCA 32BMCHMOCTLIO B BHIC
ypaBHEIM panHoBecHs dM / ds = O NOKAILIBAET X [IOTHOE COOTREICTHHE,

Conocrae.iense nwp M B apke H Ganke
DTo conocTaB/eHHe TOKa3bIBALT:

e uirubarollde MOMEHTHl B apKe (‘Mmax\z 9¢ xH-M ) 3HaumvenbHe (juia
paccMaTpHBaeMOil apKM MNPHMEPHO B IPH pasa) MEHbLie, 4eM B OalKe
1 max|~240 xH-m).

® [pH 33aJaHHOH Harpy3ke apKa cikarta (JIOBQIRHO paBHOMepHO: =oT 93 kH no0
102 kH}, a B Ganke MpoaoAbHEIC CHIIB OTCYTCTBYIOT.
3HauHTENLHOE YMEHbIIEHHE HITMOAIIMY MOMEHTOB B dDKC [0 CPABHCHMIO C

cOOTBETCIBYIOLICH Oamxolt (cM. puc. 3.1) ¥ HamHuHe CKUMAUONIAX YCHIHH B
CCUEHHAX APKH PHBOIKT K Oonce GnarolpusITHOMY pachpe/leeHII0 HOPMATRHBIX
HAMpPAKEHHA B CEYEHHAX apKu i10 CPABHEHIIO ¢ Oankol (em. puc. 4.8, 8, ) 8 [1].

JaknwYuenmne
BrIIONHCHHEIE TPOBEPKH MO3BONAIOT CACNATH BLIBOJ, YTO PacueT apKH No

ONPEILICHHI0 YCUIHH B ee CeYyeHHAX H B ONOPHBIX .CBA3AX RBBINO.IHCH
MPaBHILHO.

Npumenanue, Homepa yueGHBIX 1ocoOnil, HA KOTOPLIC CHENAHEL CCbUIKE, COUTBETCTBYIOT
anbnrorpadguucckoMy cnucky B YME.
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Onpefenenne YCHANH B CTEPKHAX
CTAaTHYECKH onpe/lenriMoii depmMbl
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Mo wudpy ABCB w3 cGopHuxa sananmii (cM. npunowenne 2 YMK u
yucOHbIC 110c0bua [ 1, 6]), BROMpacy THI pacueTHoR cxembl depmsl (prc. 4.1, a).

Puc. 4.1
B COOTBCTCTBHM € 3a/@HHEM NMPHHATH CACAYIOUIME YHAYCHHA YKA3AHHHLX Ha
puc. 4.1 BCaMUMH AMHHA uaHedH A =2 M) 4MCiI0 uaMescin =6 ATHNA NpoacTa
L =12 m; geicora ff ='1.5 m; yroz1 nakaona pepxnero nosca « =15°.
Tpebyemca
1. OnpeaeanTs YCHIIHA BO BCEX CTEPHKHAX (DCPMBI (B TOM YMC/E B OHOPHBIX)
pacuctor MK Ha TTK ¢ nomonwo nporpammer SCAD.
2. C noMolEIo YPaBHCHHHA PaBHOBECHS!
*  OFPCIACTUTH OIMOPIBIE PEAKIIHH hepMBl;
*  HBHO HYNeBhIC CTCPHHH (JCPMBL;
®  YCHIMA B CC OTMEMERNLIX CTEPKIIAX, .
IPOBEPHR TEM CAMBIM YCHMHA B OTMCHCHHEIX CTepXIpiX (CpMbl, ONPCACTCHHBIC
PACHETOM ¢ TIOMOIIBIO MporpamMmer SCAD.

PACYET ©EPMBI HA NK
C HCIIO0JAB30OBAHUEM TPOT'PAMMBI SCAD

Pacyer ¢ nomowsw mporpammel SCAD GyaeM BRINOIHATE € YUCTOM
pekoMeHIatil npuiokenna 1 ¥ YMK u yuebuoro nocodus [2].

CHauanma BBIIOAIHHEM HOCTpOSHME pacdeTUOR cxemet MKD ana 3azanmoit
depmel. B pezyabTate nonyunm pacyetHyio cxemy MKD B BMAe, upHBesieHHOM Ha
puc. 4.2, 1a kotopom ykazaubl Homepa K3 tama | «cTepmuu nnockoit bepmbi,
HoMepa y3noB cueTeMel K3 u 3aaaHHbIC Y3MOBBIC HATPY3KM.

IMockonbky B nporpamme SCAD, peanmsyromeii anroputm MKD, tpebyertcs
33aTh  OPOACHEHEIC XECTKOCTH EF,, TAC HWHACKC «K» TOKA3BIBAET HOMEp
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crepiHesoro K2 runa 1, 1o Heo6x0AKMMO OpOBCPUTE OTHOCHTCA depMa K CO HnM K
CH CC (cm. wronpaznea 3.6 YMK o nasnavennn xectrocteii K3).

1. [IpoBsepaem cTATHYECKY 0 OHPEIENTHMOCTE (hepMBI
L 1. [Hoocuumsieaesm cmenens cMAMUYecKoll NeonpedeTnmocmy n gbepmu.
HAna ororo kenonszyem dopmyny (2.23): n = (#,, + 1) —2n,.

o
10—~

Puc. 4.2

Kark BMANO M3 pacueTloH cxembl ia puc. 4.2, B paccMarpusaeModi depme:
no = 3 n.= 25, n,= 14. Toraa monyunm: n - 0. Bemoausercs ueobxoanmoe

VCNOBHE TCOMETPHHECKOH HeIMEUAEMOCTH H CtaTHIeCKoH OnpeaenuMocti GepMel.

1.2. Heenedpem zeomempuveckyw neuimensenocmn epyur. Heodxoznmoe
yeiaoeue (- 0) reomerpuucekod  Hewsmensemoctd (TH) seimostasactes, wmo
HORAIBIEAEN H JOCMAmMONHOCY QuCAa c6a3eil din obpazosanun H cucmemm,
OaHako HeODX0IMMO ellle TPORCPHTE NPABUABHOCTE YCTAHOBKH HMCIOWHXCA CBASCH,

B aadHOM cnyuae CTPYKTYPHHIH dHAIN3 NOKA3BIBACT, YTO diepMa BMECTE C
HENOARMAHBIM KECTKHM IMCKOM OCHOBAHHA 00pasyrOT HENOABHKHBIA HCCTRUI
JWCK #, chefoparensio, asisiercs 'H cueremoif (em. moapasgen 2.5 YMK u
yucOHoro niocobus 1]

TaxuM 0BpazoM, MOKNO cAenaTk RLIBOJ, 4TO sajanHas depma (pue. 4.1,
puc. 4.2) sgademen cmamutecki onpeociiumont cucmemo,

2. Pesyasmame: pacuema

PesyabTaTel pacuera gepmbl Ha 1K ¢ uosowsio  uporpammer SCAD
OpCACTABACHBl B BYAE JNWOPLL HpojiotibHEX cun N, kH, B crepmuax depusl
(puc. 4.3).

KpoMe Toro. nporpamma SCAD nosmoaser onpeneauth ¢ HOMONIB
CHElMANBHOR TpoLEAYpLl, OonFcannod 8 mojpaiaenc 4.5 yueGnoro nocobus [2] u
ONOPHEIE PCakUMH depMbl. B nporpamme ONpeiiegnsioTca CUibl KABICHHA ONOp
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(epMEl Ha KOHCTPYKIHIO, Ha KOTOPYIO omupaetca depMa. Peakii otop, Koropme
AeiicTBytOT Ha hepMy, nMeroT odpaTHoe HatnpaBicHKe. OHM MToKaaHel Ha pHe. 4.4,

2 T

Puc. 4.3

Vs ='3T

HCNOJB30OBAHHE ¥YPABHEHHUA PABHOBECHSA A1 KOHTPO.ISA
PACHETA ©EPMbI C IOMOUIBY) IPOI'PAMMbBI SCAD
3azanHas depMa ABMASTCA CTATHUYECKH OMPEHENHMON CHCTEMOM, 10ITOMY

h=3

Puc. 4.4

YCHIIHA B €€ CTEpkHAX (B TOM 'YHCIC H OMOPHEBIX) MOTYT OLITE HalIeHEl ¢ MOMOILEI
TONBKO YPaBHEHUT PABHOBECHS.

Henonpsys ypaBHeHHA paBHOBECHA MITIOCKOTO TENa, Kak Ko BeeH depMe, Tak u
K MOOLIM OTAS/ALHEIM €€ OTCCUCHHBIM YacTAM, BBITOIHWM KOHTPON: YCHIHHA B
CTep:KHAX hEepPMBI ¥ €2 OTOPHRIX peakiui, onpencnensbix Ha 1K mo nporpamme
SCAD. ITpu s1oM OyneM UCIIONB30BATE PALKOHATEHEIC CMOCOOB! ITPHMEHEHMA ITHX
YpapHeHH# PABHOBECHS C YHETOM KOHCTPYKTMBHbLIX 0COOcHHOCTEN 3anaHHod
depMLL

Henonnsosanne ypasHeHuii pashopecnd ang peefi pepmbl

Ycnosrem paBHOBecHA Beell (pepMBl ION AHCTBHEM BCCX 3aIaHHBIX BHEIIHHX
CHI ¥ BCEX OINOPHBIX PCAKLHMI ABISETCS VIOBACTBOPEHHE TPeX YpaBHEHMH
PAaBHOBECHA (3alMINEM HX B COOTBETCTBHH C 0OLICH CACTEMOH KOOP/AMHAT, NPHHATOHN
B nporpamme SCADY):
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2A=0XZ=0032M, =0

1locKoNbKY B 340aHHOM CcTaTMHeckH onpeacaumoit ¢gepme (oM. puc, 4.1)
HMCHKTCA TOJNBKO TPH ONOPHBLIX CBA3H (HC TICPeCCKAOIIHXCA B OEHOﬁ TOYKC H HC
NAPAIEABHBIX  JAPYT JPYTY), TO PEAKUMH B HUX MOLYT OLITh ONpemencHH H3
YKA3aHIILIX YpaBHCHUWI. B pesynbTaTe and npHuATOro 3arpyxeHna GpepMel nosiyunm:
Hi =0, V,=3kH; ¥7=3 xll.

Takue ke IHAUCHRR peakuMil moayuw.cs upn pactere MKD ¢ nomouisio
oporpaMmiul - SCAD. Tlostomy ypaesenns pasHosecua (2.1} wmoryr  Gwrme
UCIIONB3OBRAHLL  jI/IR  KOHTPONS  OMOpPHBIX peakunﬁ llaﬁﬂellﬂb]x ¢ TOMOTIRIO
uporpamvist SCAD: npe ux NOICTAHOBKC B FTH YPABNCUUA PABIOBECHA JOIIAIbI
MOYMHTBCS TOKACCTBA.

Onpedenenue ¢ ROMOUbIO YPASHEHHUT PASHOSECHN 01 YIN0e
AEHO HYAEELIX CIEPHCHE dreprnt
Kak uzgectho [1, 2], ecrh npasniia ONPeASICHUA SBHO HYJIEBLIX CTEpKNeil B

(epre, TONYHEHABIC HA OCHOBC MCOOABIOBALLS YPABICHHI PaBIOBECHA QANOIO M3’
VOB, K KOTOPOMY TIPHCOCAHHACTCA PACCMATPHRAEMBIH cTepieHb. Ecnun B 3a;1aunoif
dicpMe UMEIOTCH CTEPKHH, YCHIHA B KOTOPHIX ABIAIGTCA ABHO HYRERBIMU, TO H NPH
pacyeTe METOIOM KOHEWHBIX MICMCHTOB Mo nporpaMme SCAD . oun  ao:1smst
NOTYYHTECA HYNCBhIMY.

MpuscaeHusle BbiE 3IOpHl N NOKA3LIBAIOT TPH HYIEBBIX CTEPHKHS B
3ajafHoM 3arpysicHHM epmbl. [To uiBecTHBLIM OpaRBAaM  OOPS/ACHCHHS SBHO
HYNEBBIX CTEPIKHEH KOHCTATHPYEM, YTO OHH M JOTKHBI OBITh HY.1EBEIMH.

Onpedenenue yournun Ny, 3 YPACHEHUR PACHOGECUA
SUIPEIANHOZO 13 Preprtor y';.»'m & (pyc. 3)

Kpome $BHO HYICBOTO CTCPHHA ¢ HOMEPOM 7, HYNEBOE YCHIIHE B KOTOPOM
ONPEACTASTCA 3 YPaBHCHWA pasHoBecHa » Xy =0 a8 yama 8, Tamke npocro
cnocoboM  «Bbipe3adHs y3iom» {1, 2] onpenenserca ycMnIHME€ B BEPTHKATLHOM
crepine 13. M3 ypagHenna 3 Z, =0 naxonmnm, uro N3 = 0.5 xH.

Puc. 4.5
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Tak Kak CTCPXKCHB CKAT, O TI0 MPABANY 2HAKOB AMTA MPOACHLHEX cHA [1, 2]
Cro 3HayeHde ODBIYHO THILYT €O 3HAKOM MHHYC, 9T0 M cAenano Ha 3mope NV
{cm. prc. 4.3).

Takum oOpazoM, yeunre N, Hail;leHHOe nmpH pacdeTte mo nporpamye SCAD,
YIORNETROPAET YCIOBHAM PARIIOBECHA y3a1a &,

Hposepra pasuosecun svipezannoze usz gepmet yiaa 1 (puc, 4.0.4)

OnpegeneHHoe ycunue N,; IeHcTBYeT H Ha y3en 1. Kpome nero fa 70T y3ea
nesictayior yeunus N, =246 kH v N, =-3.5 kil u yeunus B aByx OLOPHBIX
CTepKHAX (OIopHEie peakiiny). PapHOBECHE Y31a MOKHO OPOBCPHTE G AIUMHYCCKIIM
chocofiom, COCTABHB [1BA YPABHCHHA PaBHOBCCHA, WIH — Zpahuyeckum crovebom,
MOCTPOHB MHOUOY FOTBHEK JeHCTBYIONUIX Ha Y3en i1 (puc. 6,6).

6) © 246

Puc. 4.6

Hpu HCIOIB30BAHHA aHATHTHYECKOTO criocofa ypaBHeHHs TP AONCTaHOBKE B
ITHX COOTRETCTBYIOIIMX MPOCKIMA cHA A0MKHBI TOKACCTBCHHO YOOBJICTBOPATLCA,
NPH  WUCTOJL30BAHHH Ipa@iyeckoro  cnoco®a  TMOCTPOCHHBIH  MHOTOVIOILHUK
JEACTBYFOHIMX HA Y3ET CHI AOMKeH OLITh 3aMKHYTHIM, TaK KaK TIPH PaBHOBECHH CHI
HX pPAaBHOACHCTBYIOMIAN AQ:BKHA ObTh pasBHa Hy)ro. Bremonaum oba cuocoba
[IPUBCPKH.
Anarumuneckuil cnocob
JoTKHBI TOXCIECTBEHHO YAOBICTBOPATHCA 1BA ypaBHeHHA (cinsl, kKH):
X, =-35-cosp+246=0;
Y2, =-05-35 sinp+3.0=0.
3navenwd cosf U sinl onpeaciauM no
tgB={(yg — ya M(xy —xy)=(2.04 - 0)/(2.0 -0 =1.02,
Otciona cosPp=0.7009; sinf=07133 u oba ypaBHeHuH: PaBHOBECHA C

JTOCTATOYHOH CTENEHBI0 TOYHOCTH MPCBpamIa0TCa B8 TOWACCTEA.
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I'paduueckuii cnocot

Obxons ysen (cMm. puc. 4.6,0) NpPOTHE 4acOoBOH CTPENKH (Ha4MHAS C
BePTHKANLHON  COCTABNAIOIICH OMmopHOM peakuMH), MNOCNEZOBATCNBHO GydeM
OTK/I4]bIBATE BCTPEYAIOMMECA BEKTOPBL CH B YAOOHOM 4714 pacyeTa Macmrade B
TOM HANPABACHAH, B KOTOPOM OHH JeACTBYIOT Ha y3esl MubiMu crioBamu: Oyiem
TeOMCTPHYCCKH CYMMHPOBATE BEKTOPBl ¢HN (puc. 4.6,0). MHOTOYTOABIHK CHiL
MONMYHHACH 3aMKHYTEIM, T.€. PABHONCHCTBYIOIIAS RCEX CHI, ACHCTBYIOIUHX HA Yiem,
paBHA HYMIO M Y3€l HAXOAHTCA B PABHOBECHH.

Onpederenue yeuruii Ny Ny u N\ ¢ noMouwwio ypassenuii paenosecusn ons

dacm epmovt, ROAPNERRON 8 PEIYTOMAME PACCEYERUA €€ HOHEPEIHBIM CEHERUEM
{cnocob ceuenuii)

Yeuane Ny. Ond onpeaeicHns 3toro younnd Gonee palHOHATLHBIM ABAACTCA
HCTIONB30BAHUE HE cnocofa BHIPE3aHHA Yo, a cocoba paccedeHus GepMbl Ha ABe
yacTtH. [locnenosaTenbHOCTE 3TOTO pacyeTa CACAYHOLIAn:

1. Paceekacwm drepmy cevenuem 1-1 Ha aBe 4acTH W pacCMOTPHM paBHOBECHE
moboi 13 Hux, Hampumep, nesoil (puc, 4.7). HeWsBECTHRIE YCHITHA B PACCEUEHHBIX
cTepxHAX 0003HAYMHM KaK pacTATHBAIOLUKE.

1
0.5 a U,Z-/T'

/ H § ].5
O [24 a) hyw3.01 \ 231 N
) N

Puc. 4.7

2. Jluann achictsus yorunwil Ny n N g nepecedeM B Touke O

3. Tipumennm 18 3ToH uacTM ¢epMbl YPaBHCHHC pABHOBECHS BHIA:
TMET =-3:6+0.5-6+1(4+2)+ N;-3.11=0 DT0 ypaBHCHHE UMEET TOILKO OHO

HENIBECTHOE N}. B COOTBETCTBHH € 3aJaHABIM YUIOM HAkKi10Hd BEpPXHEro nofdca
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Ppepmut (o =13%) momyumM tgl13° =0.2679 h=0.5L -tgl5"°=6-02679=1.61 m u
Ay =H +h=15+1.61=311 M, Toria nonyuwaem: N, =2.9 xH.

3HaK [AOC MOKA3LIBACT, YTO CTEMKCHB 3 pacTanyT. Takoil e posyasrar
MONYYHICH ﬁpﬂ pacuete pepmbl MK3 no mporpamye SCAD.

310 pacceverue (epMbl IPHMEHHM H TS ONPCICICHUA YK Ny B CTCPXKHE
BEPXHETO Tofca M yeunua N g B packoce. B nepsoM cnyuae ypasHeHHe paBHOBECHS
COCTABIACTCH OTHOCHTEILHO MOMEHTHOMN ToukH (y H HMeeT BHI:

Zh]gﬁn =-3.44+054+1.2-Ng hy=0

ﬁnetlo By = ¥)g c0s15%= 2.570.9659 = 2 48 m. Toraa Ny=—3.23 kH.

Bo Bropom cioyuae ypaBHEHHE DPABHOBECHA COCTABIAEM OTHOCHTEIBHO
MOMeHTHOH Touxu Og:

T MEY = (3-0.5)-5.6- (7.6 +9.6)+ Nyy -y =0

Tak kak {y —Vy}(xs—x}=3.11/2=1555=tga;g, TO apg = 5715,

Nig =3.2/807=04kH.
Kak Buanm, yeunns No= — 323 kH U Ny = 0.4 xH DpakTd4eckd TOUHO
COBIAAAIOT ¢ ITUMH  YCHIMAMH, - ONPEAENCHHBIMM - pacdeToM Ha IIK ¢

MCMONB30BAHNEM nporpamsMel SCAD.

AHATOMMYHO, COCTABRAA HeOOXOIUMEIE YPaBHEHHA paBHOBECHA, MO¥HO
TIPOBCPHTE H APYTHC YCHIHA B CTEPKHAX PCpMbL.

. 3akaioucnme

BsinonHeHHbie HPOBEPKH IO3BONAKDT CACIATE BLEIBOI, UTO pacuem ¢Iep,’l'!b1 1l
0npec)e;:enum _}’C!L'JMI} 8 ¢ CMEPMCHAX H 8 ONOPHMX CEAIAX NG IHREN RPASWILR,
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TMPUITOAKEHHE 4

PABOYAH NPOTPAMMA
SHCIHIUTHHBI

CTIFOUTEJIBHAN MEXAHHKA
(PacyeT CTEPKHEBBIX CHCTEM)
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1. KpaTkne cpe1ennn o Kypee «CTPOHTEILIAA MeXAlEKA»

CTpouTelInHas MeXaHMKA — Hayka O TOPHHIMOAX W MeT04ax  pacudera
COOPYMCHRH H KOHCTPYKUMH HA NPOUHOCTB, KECTKOCTL, YCTOM'MBOCTL - 1A BCEX
JIaNax CBOEr0 Pa3BMIMA CBA3AMZ C YPOBHEM PU3BMTHS MATEMATHKH. MEXAHMKH M
HaYK{ O COIPOTHBICIIE MATEPHANOB.

OcHoBHOH 3334l CIPOMTE/BHOA MCX4HHKM ABNACTCA  ONPCICACHUE
BHYTPEHHMX YCHIH M HANPMKCHUN, BOIHHKAOIIHAX B UEMEeHIax COOPYKEHHA H
KOHCTPYKHMH  OT  BHEIIHMX  BO3ACHCTBHIL  (CHJIOBBIX,  KMHEMATHUYECKHX,
TEMIIEPATYPHBIX), A TAKHE B HAKOWISHHH LEPEMEILCHHI OTACABHBIX €T0 TOYCK.

B COOTBETCTBHM € 3THMM PE3yIbTATAMU PACYETA YCTAHARTUBAIOTCA PasMephl
ceueHHIl OT/1CNbHBIX INEMEHTOB KOHCTPYKLHA U COOPYRCHUH, HeoOX0aHMBIE A5 HX
naaexnoii pabornl 1 ofecneunpaiolie MUHHMATEHRIE 3aTPATE MATEPHANOE.

be3 cTpoNTCABHO MCXAHMKH HCBO3MOKHO NPOCKTHPOBAHHE PANHOHATLHLIX
KOHCTPYKIMI i COOpY:KeHHHA.

CTpouTenbhas MCXAHHKA [I03BOSCT (OPMHPOBATL BHAHHA, YMEHHS M HABLIKH,
HeoOXOAHMEIe OyiyluMM  MHKEHEPAM-CIPOHTEIaM ani  pafotel B 0baacTn
MPOEKTHPOBAIIMA H BO3BEACHHA CTPOUTENLHRIX KOHCTPYKLRIL.

Henbo 06yucHHS CTYACHTOB CTPONTEILHONH MEXAHUKE ABIAIOTCA

1. YMmenMe COCTaBMATE M AHAIM3NPOBATh pacHeTHble CXeMbl PAsNUYIIbIX
COOPYMEHHA I HX PACUETA HA CTATHYSCKME M AHHAMUYCCKIE BOSUCHCTRUA.

2. 3uaHHe OPHHUMOOE H METOIOB PACUETA CTATHYMECKH ONPENSTHMbIX H
HEONPEAEIHMBIX CTEPKHEBBIX CHOTEM HA CTATHHECKMC M IMHAMHUCCKHE BHEIEHHE
BO31eHCTBHA (CUTOBbIE, KUHEMATHYECKHE H TEMIIEPATYPHEIE),

3. ¥Ymenue pewares OpoCTCHILME 3a3aYd CTPOHTCABHOH MEXaHMKH IIpH
OOMOUIH MANEIX BEIUHCAMTENRHBIX CPEICTE. ‘

4. YMeHHe PACCUMTHIBATL CNOMHBIE PACYETHBHIE CXEMbI HA COBPEMEHHBIX
IMBBM  (TIK) ¢ wcnoss3oBaHHeM  COOTBETCTBYHILMX — NPOFPAMM  pacyera,
NOCTPOSHHBIX HA OCHOBE METOZ0B CTPOMTEIBHOH MEXAHHKH.

5. YMeHHe OlIeHHBATSL NPABHNBHOCTE PE3YIBTATOR pacuera.

2, CTpykryps kypea «CTPOHTEABHAA MEXAHNKA» B YueGHOM 1AaHe

«CTpoNTENBHAA  MEXAHUKA»  SABINETCA  JOTHUCCKMM  HPOJOIKCHUCM
ancuuanue «TeopeTrdeckas mexaHuka» H «ConpoTHBReHHE Marepranos», B Hed
TAKKS HCHONL3YIOTCA SHAHHUA, HONYUSHHBIC CTYACHTAME NPH M3YYeNHH AHCIUTIANI
«Bricinas maremartuiay M «BRIUHCIMTEILHAR MATCMATHKAY .

«CTpouTensHAad MexaHHKa» oObIYHO JIeIUTCH Ha ABe JacTH (cxema 1):

1.Cratuka coopyxcHuil, 2. JnHaMHKa cOopyKeHH.
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CTporrensHas MexaHuKa

|
[ : ]

1.CraTuka coopyxeHui 2. TuxamMuka coopyxeHui

1.1. CrponTeTnHas MEXaHHKA

CTCPKHCBBIX CHCTEM

(CTpOUTENbHAN MEXAHHKA) 1.2.Teopua ynpyrocT

Cxema |

CraTtuky coopyxenuii B yuebGHoM npouecce Takke oOBIMHO PA3IEnsOT HA JIRe
yactd. Yacrs 1.1 Hasemsawtr npocto  «CTpoHTenbHan  MEXaHMKa». B Hcl
P3CCMATPHBAIOTCA METOALl pacuyeTa CTEPKHEBBIX CHCTEM, COCTOAINMX H3 TOHKHX
CTEPKHEH, Ha CTATMYECKHE BO3ACHCTBHA. DTY YACTh TAIGKC HHOLAA HA3BIBAIOT
«CTaTHKa CTEPIKHEBhIX CHCTEM). ,

B vactu 1.2 cratuku coopyxenuii «TeopHs ynpyrocTi» paccMaTpHBarTCS
TIOCTAKOBKH M METOIbl PELICHUA TONCTBIX Ganok (Banok-cTeHOK), mnacTuy (naut),
ofono4eK M MPOCIPAHCTHEHHBIX MACCHBHBIX T€J M OCHOBAHMH HA CTATHYCCKHC
BO3ACHCTBHAL.

- Yacty «/lunamMuka CoOpYXEHHH» TIOCBALICHA TIOCTAHOBKAM M METOIaM
pelueHUs AHHAMHYECKUX 3a]a4.

Jannas pabouad mporpamma nocesamena dacti 1.1 CTpPOHTENbHONH MeXaHHKH
(cM. cxemy) npenHA3HAMEHA AN CTYUEHTOB creuHansHocTr ITIC,

MeToasl cTpoHTEeILHOH MEXaHHMKH H MOCTPOEHHBIE KA HX OCHOBE IPOIPAMMBIL
pacueTa padIHYHLIX CTEPKIeBLIX KOHCTPYKUMI HA TEPCOHANBHLIX KOMITBIOTEpAX
(IIK)  mcooneiywores  3ateM B OOLIGHMHAEHCPHBIX  Kypeax  «MeTanmmveckne
KOHCTPYKUMKY, «JKeue300e10HHbIe KOHCTPYKIMK», «OCHOBaHMA 1 (PYHAAMCHTBIY R
CNEUHANBHLIX KyPCaX N0 pacyeTy M NPOSKTHPOBAHMIO 3JaHHH W COOPYKEHHH,
YHTAEMBIX Hd OTACHCHHM «JHCPICTHUCCKUE H  [POMBEILUNEHHO Tpak/jalicKue
coopy:xenunn (OUIITC) xadeapel «[pakAaHCKOE CIPOMIENLCIBO M UPHKIALHAR
akonorusy; (ICull3).

3. Cojepxanue pazaesion ANCURIIHHEL «CTPOHTETHHAA MeXaHHKD»

3.1. Ocnoensie ROHAMUA U HPEOCMABAEHTA 0 CRIEPHCHEBHX CHCMEMAX

[lousTne o pacdeTHol cxeme coopyxeHwus. ['UNOTE3n M AOTNYINEHWA,
PHHHMACMBIC TIPH  OOCTPOEHHM DACYETHHIX CXEM  CTEPIKHEBRIX  CHCTEM.

HpOC'l‘pHHCTB@HHMC A JIOCKHE DACHCTHBIC CXCMBL CTPOHTCIBHBIX CTCPAHEBBIX
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cucteM. THIBI IUIOCKMX CICPXKHCBBIX CHCTCM H MX JeTalM. Xapaktep paborb
CTCPXKHEH B PAMMYHBIX THUAX NAOCKUX CTEPKHEBBIX CHCTeM. Henu3secTHbe yeHans,
nepemelieHns M nedopMaliMd B CTEPKHAX [UIOCKUX CTEPKHEBBIX CHCTEM.
HeobxoaumocTs mx Ullpe:'J.e.'leHl/m IS PACHETE CIPOMIEHBHBIX KOHCIPYKUMA Ha
NPOYHOCTS, HECTKOCTR H YCTOHUHBOCTE. QOpMYNEl ANA OIPEACNEHHA HOPMALHLIX U
KACATC/IbHLIX  HANUPSKEHHH B LONEPEUHBIX  CEYEHHAX TOHKHX  CTEPXKHEI,
paboTalonIHX B YCIOBHAX pacTHKeHHa 1 uaruda.

leomeTpHYecKs H3MEHAEMBIE H  HCH3IMEHSEMBIC CHCTCMBL  CTATHYCCKH
OMNPEACIHMBIC H CTATHICCKH HEONPEACIMMBIC CTEPIKHEBBIC CHCTEMbI, CTPYKTYPHBIIE
AHANM3 MIOCKHX CTEPKHERBIX CUCTEM.

3.2. Onpedencnue onopruix peakyiii i GHYMPCRHIX YCWTHIE 6 CINAMHYECKH
ONPEOCIUMBIX CIEPHTHERBIX CHCMEMAX C YUEMOM WX KOHCIPYKMUBHHLX
ocofernocmeti

OnpepencHde ONOPHBIX peakudHd M JaBICHHE B LLApHHPax © NOMOLLLID
YPaBHEHUI PaBHOBECHA NpPH PacieTe MHOMOMPOAETHHIX WIAPHHPHBIX Oanok, pam,
apokK u depm.

Onpenenende BHYTpeHHMX ycunuid M, Q.M B nonepevHelX ceueHHAX
crepaHed. [IpH3Haky npaBriibHBIX OXMIAEMbIX IUKN BRYIPEHHUX yenuud M, O, N
H onpefieficHHe YMCAa ceueHHR cTepkHeH KOHCTPYKUMH, B KOTOPbLIX Heobxoanmo
BBIYHCIMTE YCHIHMA A8 ilocTpoesmns smop M, O N .

KpaTkde cBefcHHA O METOAE KOHeHHBIX MeMmentoB (MK3) u anroputme
PacueTa 3THM METOAOM CTEPXKHEBRIX cucrem. TlOHATHE O IABYX THMOAX [UIOCKHX
kohedubix 3nementoB (KD), ucnoneiyembix B nporpamme SCAD ans pacaera
NAOCKHX CTepiKHCBBIX cucTeM. O6was M MceTHast cHcTeMsl kooparHaT B MK3.

Peanusanms anropurma pacuera MK3 s uporpamme SCAD.

Koutpone amop yceunuii M O, N, HOCIPOCHHBIX € LUOMOWBK 1POIPEMMBI
SCAD, no npusHakaM OpPaBUNLHBIX MIOp YCHJAHH W YPAaBHCHHIA PAaBHOBCCHA INA
PA3IMYHBIX WIEMEHTOR PACCMATPHBAEMOF CTEPIKHEBOH CHCTEMEL.

IlonaTHe © AUIMAX BIHIHYA 408 OTIOPHBIX pealcum?'l H _‘/lelJ’lPlﬁ H pacdeTe no
HHM.

3.3. Teopembt o6t ynpyzux cucmemax. Hepesmetyenus 6 cmamuaecku
ONPLOCAUMBIX CUCIHEMAX
Hagano BO3MOXHBIX HepemellleHHH amsa JedopMupyemsix cncteM. PaGora
BHEUIHHX M BHYTPEHHHUX CHJI HA BO3MOXHBIX NepeMciucHuAX TeopeMsl O B3aMMHOCTH
padoT M B3aHMHOCTH nepeMelueHuil. PopMynsl Makcsenna-Mopa a:s onpeaeneHuns
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lepeMeltieHid OT CUIOBBIX BO3ACHCTBHIH, WIMEHEHNS TEMIICPATYPHL H CMElIEHHA
anopubix cBa3eH. Cnocobel BEIMHCACHHS HHTEIPanod Makceeenna-Mopa. Matpuusas
(popma BbIMHCIEHHS HHTerpanos (opmynsl Makesemna-Mopa.

3.4. Pacuem cnamuyecku HEORPEOCHHMBIX CIMEPHCREGHIX CUCTHEM MEMOJOM CUA

CreucHpy craruueckoit neonpeaenuMoct. Mucs w xon pacueTa CTATHYECKH
HEOTIpEJeIMO] CTePKHEBOR CHCTEMBI METO/I0M CHA Ha OpPHMEepe pambl. JIMIIHMC
HCeM3BECTHBIE. (JCHOBHAA CHCTCMA MCTOTA CHIT. JKBUBAJICHTHOS COCTONRKHE OCHOBHOH
cHicTeMbl. I'py30BOE M- CIMHHMYHBIC BCIIOMOrATeNbHbIE COCTOAHMA, KaHonugeckan u
MaTpHuHas (opMa cHCTeMBl YPaBHEHMiT Meroaa cun. MaTpHua mNoJaTIHBOCTH
OCHOBHOH CHCTEMBL.

TlpiMeneHHe MeTOJa CHJI X pacueTy HepaspesHeix Oanok. Tondatae o
(OKYCHBEX  TOYKAX #  (QOKYCHBIX  OTHOHICHHAX  ONMOPHEIX  MOMEHTOB  HAa
HE3AIPYKEHHBIX MPONCTax HepaspesHbix Gayiok, MeToZ (oKyCHBIX OTROWCHHH
OMOPHBIX MOMEHTOR B AHATUTHIECKOH ¥ TpaduecKol peaiH3aiii.

3.5. Memoo nepemewienuti u e20 cogpemennan peaiusanii ¢ popme MK

IMpexncTaBnenne cTepKHEBOH CHCTCMBI Kak CHCTEMbl COSIMHEHHBIX B yilax
CTEPXKHEBBIX JNICMEHTOB., BCroMoTaTenhHas W OCHOBHAS 33Ja4YH MCTOA2 KOHEYHbIX
3MeMEHTOB. [TocneAoBaTeNIBHOCTE PCIIGHHS ocHorHOH 3a1aun MK3 B dopme MeToAa
nepemelyenuii. [INoCKHe cTep KHEBBIC NMCMCHTBI B MECTHOI CHCTEME KOOpIMHAT.
[Mpeobpa3opanie BEKTOPOB MEpEMEILICHUA H YCHITHE B Y31aX M MATPHIL XKECTKOCTH
KOHEYHOrO 3IeMeHTa H3 oOLIcH CHCTCMER OCell KOOPAMHAT B MECTHYEO M HaoBopoT.
PopMUpOBAHHE MATPHLBI XECTKOCTH INA PACYETHOMH CXEMbI PAMEIL.

FpuMepsl pacueta HepadpesHblX CaloK M paM, B TOM YHCIC HA YHPYrom
OCHOBaHHH Mozend Bunknepa.

MNpumeuanns.

OcraapHuie anemenThl pabodell mporpammer B ZanHoM YMK Be npuBonATtcs, Tak Kax
cnncok yueBHEIX pacHeTHsIX paboT ykaan B cOopruke zamanuil (upunoskenue 2 k YMK) o s
cBOpHHKC TpUMCPOB OTYETOB MO pacHeTHRIM pabotam {npuioxkenue 3 k YMK); cmucox
MCIIO:B30BAHHON M pexoMeHIyeMoil y4eBHOR JIMTgpaTypel NpHBEIeH B KoHUe YMEK. Kpome Toro,
YUNTBLIBAA HEKOTOPOE Pas/IMIMe B MHCHE Hacos yUeOHsIX 3aHATHR L% OVHOH, 3a0MHOH H BeuepHeH
dopm  00y9cHHS, aBTOPBl OAHHOTG NOCOOHA 110CYHEAIH  BUZMOMHBIM  HC NPHBOJHT: H
COOTBETCTBYHHIME TaBHIIbI.
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NPHJIOKEHHE 5
KouTpoasHple 3aja4n

1. ITocrpoenue ymop yeuani B naockux CO 6ankax n pamax
Flocrpouts  Bpyunyk (Be3 wenonssosaps TIK) omopel yeunuit M, QN B

npocTeitnx naockux CO CC, npueeiciHbIX B Tadn. |, HCI0b3yA OPABIIA MOCTPOCHHA
3MOP YCHIIRIL, H3nokeHAbe B pasienc 4 YMK i B yuebiom nocobun [1].

TNipwsmesanne. [IpH uvucicHHoM 3aganuu mapaverpos CC B 3amavax 13-46 (rabu. 1)
UPHHATE  IEAYIOUIHE  PAaIMEPHOLTHI JUIHHBI B M, COCPCOOTOYCHHBIE CMilBl W MOMEHTE]
COOTBETCTBCHHO 8 XH W kH M, pacipeneneHHBE HATPYIKK W MOMEHTH COOTBETCTREHHO B KH/M H B
kH-M/M.
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(nponomxkenne Tabm. 1)

.
M, M,
s
e 12 i
/‘ 2 ke b %7 u - b 73}
! > 7
20 20 o2 10 20
4 M SRR RN NN
13 14
: 7 2 =+ 2 10 ™.
3 % TTTT
4
20 0 20
1% i
15 = 2 ‘!0 16 « .
7 . - /277%77 g AT
4
60 20 20 10 201
N 1 T
17 18
2 > 2 10 =z
- T‘z 3 77
4
10 10
% X
10§ 10§
20 2 2012
19 10 20 >4l T10 ¢
4 e=0.3 4
T
v A IV
g’Q 10 ¥ 12
N 7
i 10\\/;§ F\: 4
2 V% s z 20
VI L+ 15
YR i) ¥ i)
//W,217 { / >,

399




T

26

28

o4

o

o4

- T

r\l\\\\\\\\ S

__vvwvvavvvvﬂ
=]

10

=

—

ey
o

27

400



(nponomxenue Tada. 1)
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(rponomxcHAe Tabn. 1)
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2. OnpeaeaeHne oIIOPRBIX peakunil, YCILTHE B 3aTAXKKe
M YeHIHS B cevennnx CO apok

Hcuoaeiya nssecTHRIE rpaddHecKHC YCTOBHS DAaBHOBECHA JNOCKOIO AHCKA 1101
Jeicreuem apyx (puc. 1111, «) 0 1pex {puc. 1.T11, 4) cHn ompeaennTsL ONOPHLIC Peakilii,
YCHJIMA B 3aTAKKE (MPH €€ HAIMUMH B KOHCTPYKIMH 4PKH) M YCHIMA B CCUYCHUSX apOK,’
PACHCTHRIC CXCMBLI KOTOPEIX TpHBCACHD B Tad:1. 2.1T1.
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Puc. 1

Tabmuua 2
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3. Onpenenenne ycnanii B crepxnsix CO depm
- Hcrone3ys ypaBHeHMs PAaBHOBECHA, ONPEAENHTH BPYUHYK) YCHIHA B OMNOPHBIX

cBa3ax depmbl, cXxema KOTOpoil BeiGHpaetes (Taba. 3) mo mepeiM ABYM Hu(pam mmdpa.
Harpyskoii ©a (epmy SBISIOTCH HAlpaBieHHBIE BHU3 BEPTHKANbHBIE CHIbl P,
MpUIOKEHHEIE BO BCEX Y37aX JIEBOH TMOJOBMHBI TPY30BOTO nosca depmul (ykasam
CTPEJIKOi), BKJIIOYAA CPEIHMI Y3€/1 HA OCH CHMMETPHH (€CITH TAaKOBOH €CTh).

3aTeM, B COOTBETCTBMM C 3aJaHHOI H&I‘py’]x()ﬁ‘ W ONpefie/IeHHLIMH  ONOPHBIMU
PeakuuAMH, BBIABHTH BCE ABHO HYJIEBBIE CTEpP/KHH (pepMbl M, NPUMEHAS PAlHOHAILHBIC
CTaTHYeCKHE CrOcoObl, ONPENEIHTh TPOAOIbHEIE YCHIIHA B CTEPKHAX (hepMbl, KOTOPLIE O
HOMepy Ha cxeme (pepmat (Tabi1. 3) coBnanaioT ¢ YeTBepToil LHPOl wmdpa.

YucIeHHOE 3HAYCHUE [UIMHBI @ NAHeNH, BBICOTHI /i bepMbl, H COCPENOTONEHHBIX
cun P, Ha3HAYACTCA B COOTBETCTBHHM ¢ TpeThel uu(poi mmdpa (tabi. 4).

lNpameuanne. Ecnu yuammiics 3ax04eT CBEPUTh PE3YJIBTAT Pacyera, MOMYYeHHBIH
BPYUHYIO, ¢ pacyeToM o nporpamme SCAD, To HeOOX0ANMO MOMHHTE, YTO MPH HCIONB3OBAHUI
AjiA peneHns 3agaqn nporpammbl SCAD nymepaimsa crepxkneii (K2) depmsl 6y et nxas.

| RETAA | s
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(npopomikenne Tabn. 3)

21
23
25
27
Tabnuua 4
E 0 1 2 3 4 5 6 7 8 9
a 2 3 4 1 3 2 3 4 1 3
h 2 4 4 2 4 3 4 4 2 2
P 10 20 30 16 18 20 22 24 26 20

4. OnpejejeHue YCHIHIH 110 JJHHHAM BIHAHHS

1. MoctpouTs TMHAK BAASHKA (J1.B) /UIs OMOPHBIX peakimi u yeumit M u Q B

ormedeHHbix cevenunx CO Ganox (tabn. 5).

Tabmuua 5
1 X1
Al B Mp a
o1 ;Z}ik B |» | ( D
R o i ; —77 i g )
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2. BriuMCIMIR ¢ NOMOWBK B, MAKCHMANLHLIC [0 3HAYESHHIO yCunus B
NpeAnoIoReHHH ISHCTBHA Ha Sanky NOCTOAHHOH PaBHOMEPHO paclpeieneHHOH no Beei
asinHe GanKM Harpy3KM HHTEHCMBHOCTBIO P, KH/M, paBHOMEPHO pacipele’1eHHON
BpEMEHHOH Harpy3KH HMHTCHCHBHOCTBIO g, KH/M (¢ IpOM3BOILHBIM HHCIOM YHAGCTKOB
MPOH3BONBHOI  JMHBI), M BPEeMEHHOM UArpysKH B BUIE CBA3AHHOM CHCTEMH
cocpenoToseHHbX cu1 G, Tc, 3ananHol cxemsr (puc. 3).

TIpoH3BONEHOE YHCO YUACTKOB NPOM3BONLUGH Q1ML
(JiHa rpymna cocpengI0ueHHBIX CHI 10 33,JaHHOM cxeMe

TR Gleaslc p
ARSI ST

] Bea anuxa 6Gankd

Puc. 3

3. Hocrpomé. JB. 04 YCHNHA B OTMEueHHMX LK(paMu cTepHaX depMbl
(tabn. 3.1T1) npu cormancHnK HOMEPA CTCPXKHA ¢ UeTBepToit uMdpoil sasaunoro wmudpa u
BHIUACIUTE COOTBETCTBYIOIICC YCHIIHME TEPH PACIONGKEHHH COCPENOTOYEHHHIX cua F B
y3nax JICBOH NONOBUHEI [PY30BOIO 110ACA (ICPMBI,
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KonTpoarHble paiorn

1. Hocrpoense 3miop yeuaui M, Q, N 8 CO paMe B RHAE IAMKHYTOI0 KOHTYP:A
Pama 119 xOrTpoabHOH paBoTel RuGHpacted wd Tabl. 6 ne IBYM LEPBRIM itdpav mudpa
ABCD. Tlpy ueTHoM HoMepe AB MIapHUPHO HEMOABMKHAA H WAPHHPHO [[0EBAKHAL OTIOPEL PAME],
w300paxennoi B T2, 6, MEHAKOTCA MCCTAMH.
Ta6muua 6

AB| Uxema pomu (ARl Cremu pomw |AB| Cxema pome

o
62

05
06

97
08

13
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- T
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w3 s

PasMepnt paMLL 4 3HAUCHUA HavpyIOK DepyTes Wi Tabm. 7.
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Tabmuua 7

A Pasmepsl pambl, M B Harpyska, kH/m

! h qi g2 q
0 3 4 0 20 40 0
1 4 33 1 0 40 25
2 4.5 5 2 30 40 0
3 -5 4.5 3 0 40 25
4 2 2] 4 20 50 - 0
5 35 2.5 3 0 50 25
6 2.5 3 6 30 25 0
7 2 Pt s 0 20 30
8 25 4 8 40 30 0
9 3 3.5 9 0 ; 30 45

Metoanteckne yRazanus no H300pakeniio pacterHol cxembl pamMbl

1. Pucosats cxemy pamsl B Macuriabe B COOTBETCTBHH C 3aJaHHEIMA pasmepamu H o6o3Hauarh Ha
PHCYHKE CPAsY YHCIOBHIC SHAYCHHS PAIMEPOR.

2. lpesne yem pHCOBATH HATPY3KY Ha CXeMC PaMbl 03HAKOMBTECH C e¢ 3HaueHuAMH B Tabn. 7. Ha
PACUETHOI CXEME paMbl He CIIGAYeT HI00pakaTh HYIEBLIC HAIPY3KH C HYJICBBIMH 3HAYCHHAMH. .

3. B 1abn. 6 Ha cXeMax paMbl KpecTHKoM otmeuensl Toukn W. HMpu uzobpascenuu 3adannoi pamu
o Kenmpoasnoti pabomer 1 ymozo obosnavenusn deaamv we wyyeno (tadn, 6 GyieT HCTONBL30BaHA B
JANBHEHIIEM /UIH KOHTPONRHOR paboTsl 2, riae aro obosHauenne noHagobuTes).

Tpebyerca:

1. Bpyunyio moctpouTs amopel yeumuidk M, 0, N

2. BRITIONHUTE KOHTPOITE MOCTPOCHHKIX TIOP.

Memooduueckue yKa3anua no 6bINOAHEHII0 KOHMPOAbHOI paGombi

1. TTpu BeinonEeHnH PaGOTLI HETKO YKA3LIBATE MOCICAOBATENLHOCTE BRITONHAEMBIX JeHCTRMIT.

2. Jiwke npu pydasom cuere (Ge3 ucnonssosanns nporpammel SCAD) sazaunyio cXxemy pamsi
pa3buTs Ha koneunsie Mementst (KD) thna 2 (no knaccudmkatiy B nporpamme SCAD),

3. Tlokasate ocu obuieil cueremsl koopamtar (OCK), k koropoii orHecena pama. [Ipm atoMm
ucnonwiosars OCK, kotopas ucnonsiyercs s nporpasme SCAD.

4. Ha KaKI0M KOHEYHOM 3CMCHTE C MOMOMIBIO NYHKTHPA MOKa3aTh OCH MECTHOH CHCTeMbl
koopannar (MCK). Tlyukrup, ormesaomuii MCK, crapuics B COOTBETCTBMM C NPABAIOM, JaHHBIM B
nioapasaene 4.1 YMK.

5. Ha exeme pambl, pa.:sﬁmoﬁ na K9, oboznaunts Homepa K2 u somepa yanos K3 B OCK. ITpu atom
HCHOIB30BATE HYMCPAIHIO, HPUHATYIO B iporpamme SCAD (.eMm. MeToMueckue ykasaHus B pasgaene 3 u B
npunoxennn | YMK).

6. Cravana noctpouts amopy M , onpeneiias 3HaYeHHs M 3HaKK opauHaT M B HAMEYEHHBIX y3lax
K29, a s crepicneit, 3arpymKeHisix | pHO pacrp HOIl HArPY3KO#, M B cpeannX cevernax KD.

7. Bumosauurs nposepky smiopsl M 10 npussakam npasiwibHoi smopst M u no paBHobecHio
Y310B pambl. Y3ibl paMbl HA PHCYHKC JO/DKHEI PACTONAraThes B TOI JKe MOCNEI0BATENLHOCTH, KaK H B
cxeme pamsl (cM. npuinoxkenne 3 B YMK i yuetnoe nocoGue [4].

8. [To anrope M Ha pame BPYHHYIO IOCTPOMTE COOTBETCTBYIONLYIO e ankopy (.

9. Mo smiopam M 1 Q cnocobom BrpesaHus yaios noctponts smiopy N (cm. nompasuen 5.3 u
npunoxenne 3 B VMK u yueGnsie nocoGus [1, 2, 4].

Kaprusa pacnofnoxeHHs y3N0B pambl, M3 KOTOPeIX OyayT onpenenstbes NPONONLHBIE CHILL B
CTEPIKHSAX PAMBI, JIOJDKHA MOBTOPATEH KAPTHHY PACTIONOKEHHS Y3/I0B B CXEME PaMbl.

2. Onpenenenne nepememennﬁ 8 CO pame B BHE 3aMKHYTOI0 KOHTYpPA.
B pame ¢ MOCTPOCHHOH B TpeabLAyHIeH KOHTponbHOH pabote amopoit M Tpeﬁye'rcx
onpenennTh: 1) HIMEHEHHE PACCTOSHUA Meky Toukoi W pambl u mapuupoMm S, 2) Yron @y

«PACKPBITHAY MapHipa R (BO3MOXKHO 33/laHHe APYTUX BAPHAHTOB YIIIOB MOBOPOTA CEYCHHUI paMbi).
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FIPHJIONEHHE 6

BOTIPOCHI

AJA NOAroTOBKA K 5K3aMEHY N0 AHCUHILTHHE « CTPoUTeasHAN MEXaHHKA»
B QCEHHEM CEMECTPE VucOHOre Tosia
L. Ofuine Bonpock

1. OcHorras 3amava CTPONTCARAOYE MexauMku. [JOHATHE O PACICTHOH CXCMC COOPYXCHUA.
OCcHOBHBIE JOTVEIEHHA, MPHIMMASMEIE TTPH &€ DOCTPOSHHH, CTEPKHEBEIC CHCTEME! B HX NSTANH.
YToUHeHNE OCHOBWON 3aJaqd MPH pacdeTe CTEPKHEBbIX cueTeM, JIORATHE © reOMETPUMCCKH
HEH3IMEHACMBIX CTEpRHEBLX cHeTeMax (CC), TIOHATHE 0 CravHyuCCRK OUPSUCINMEIX H CIATAYECKU
HEOUPEUeIIMMBEIX CTeDKHEBBIX cucreMax. MeToipl pacdeTa CTepKHEBBIX CHCTEM 1O DACUETY HX
HaupsegeHno-tedopMuposannoro coctosuaa (HAC).

2. Nowtrke o xectxnx anckax. Cuocols ux oOpasosanua. LopMysisl A H0ACHETA CTEIEHH
CTATHYECKOH HEONPeAeHMOCTH HIAPHUPHEIX 020K, paM, apok M diepd. Heobxoednmoe yonoBue
CTATHYECKOH ONPEIENHMOCTH CTEPMHEBBIX cHeTeM. JOMOMHHTCARHOC YCAOBHE O TEOMCTPHECCKOIT
nemsmendemoctn CC. Crpyktypamii agannz CC.

3. [IpaRuna MNOCTPOCHHA OHIOIDD YCHAMIL B TIOCKHX CTCPWHCRHIX  CHCTCMax. Imropa
w3rnbaomere MoMeHTa. [Iponedypa nocTpoeHns mopkl M RpydHywe. TIPH3HAKH TIPABHILHEIX
amop M. [Ipaeuno 3HaKoB A4 3M0psl M Ha TOPH3OHTANBHOM H BEPTHKANBHOM YIEMCHTAX THNA 2
TIPH HCMOMB3CRAHKH Tporpanysl SCAD. '

Crnocod nocTpoeuns »mopel M BpydHYIO HA yHACTKE UPAMOTC CTEPHHA ¢ PaBHOMEPHO
PACTIPCACHCHHONE  HAUPY3KOil, Duopa nouepevdsix ¢wi [lpouenypa nocrpoenna smopsr Q
GV HELY O,

Tpasuiao «rynore yraa» Q18 OnpeaeleHna HallpaBIeHKHs BEKTOPa IONCPEYHOE CHIBl B JTI0DOM
cevenry Owixy mo snwope M.

Hsa cuocody cnpeagnedHa 3Ha4eHHA yeumua ) W ce 3Haka. lcIIone30BaHAC NPABHUIA 3HAKOB
11 TOPHACHTAIBHOTO ¥ BEPTHKAISHOTO KOHEHHRIX 2TCMCHTOR THITA 2 B niporpavve SCAT.

TIpusHAKH TIPABRIEHOTO BHUAA TOPK Q. Cocod TOCTPOCHHA 3MEOPK! (§ BPYYHYIO Ha Y4acTKe
TIPAMOTQ CTEHKEA ¢ PEREOMCPHC PACTIPCACICHHOH HArpy3Koft.

/lma criocoba onpejenenma 3HaueHmA M 3Haka N B oceuenuax pam.  Henonksosaume
MHOTOYTOILHAKA ST AAA TPAPHICCKOTD ONPLULICHHH  [POLOIBHBLIX CHL B Y3UX PaMsl 110
TOMEPEUEbLIN CHIAM.

2. ITpumenenne nporpamysl SCAD 0018 cTATHYECKOT0 PAcueTa CTEPHRHEBRIX CHCTEM
(¥menue nemonctpuposatsd Ha 11K ¢ nenomesosanneM nporpavyisr SCAD)

2.1. OcHo3HBIe ITAB] BRITONHEHHSA PACYETHEIX 34/IaHui ¢ TTOMOTILI0 ipoTpaMMel SCAD,

2.2, THNBI KOHEYHEIX MCMCHTOB, NPHHHMAcMEIC B nporpamme SCADD ans pacueta miockBx
CTepKHEBEIX CHCTeM. llpauna 3makor ans yeunni B y3anax FOPH3OHTANBHOIC K BEPTHKANBHOTO
3IIEMEHTOR Ha MPHMCPE TUIDCKUX CTSPAKHCBBIX YICMEHTOB THITOB 1 1 2.

2.3. [loctpocHHe reoMerpHiucckofl  pacdeTHOM CXeMbl MNOCKOH CTEPKHEBON © CuCleMbL
[pORCMOHCTHPORATE HA TIPUMEPAX MHOTORPOIETILIX G20k, paM H PEPM ¢ MECTRHMH 0UOPEMI.
HMernean3onasie pasindtbx clioco008 HEHATH PACYeTHLIX CXEM, MOCTPOSHHBIX B8 palodcM OKHe
THCTLIEA KOMIIBKITEPA LIPH PELLIEHHH ¢ TIOMOILLBE nporpammel SCAD.

2.4, TToc1eA0BATENBHOCTE OTIEPALHH [0 34;TAHHI) THT‘Ia‘H WCCTKOCTH INCMCHTOR B CTATHUECKH
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OTIPCICTHMLIX CHOTCMAX, 3alaHie HAlPy3OK HA KOHeuHble 3emeHTb. Coilaiite 3arpymeHni
CTCPAHCBOM CHCTEMbL, ‘

2.5, TlpeucTasienne pesyibTaToR pacdera B uporpamme SCAD u pabora ¢ rpaduycckumy u
Ta0NHuHbIMA - pedybTatamid.  [IpOACMOHCTPUPOBATE  YMEHWE HCIOML30BATE  BOIMOMKHOCTH
uporpammer SCAD. TlponemoncTpupoBaTe cnocoBbl COXpaHEHMS H NEYATH PaMuCCKHX M
PACYETHBIX PETVILTATOR PACHETA HA MPHMEDE.

3. PacueT eTaTHYECKH GNIPRIeTHMEX Danor

3.1. llpomcpka cTaTHYCCKOM OMPCACIMMOCTH MEHOTOMPONCTHON GamkM ¢ IMAPHHPAMM B
nposeTax.

3.2, locregoBaTelbNOCTLE  PYYHOTO  pacyeTa  OalkH ¢ LWAPHHpAMH B LDOAETax ¢
HMCTIONE3OBAHHMEM JTAMHOM CXEMbI BSUHMHOIO OUMPARUA 3BeHBEB DATKA MeMY WAPHAPAMA APy
Ha APYTa ¥ Ha OCHOBAHME.

3.3, MocnenoBaTeAPHOCTL PEINSHHA 3aM49K 110 [HOCTPOCHHEO SMIOpbi M Ha 3BEHC 3TaWHOU
CXEMbI WAPHHPHOM Ok, [1paBuid NOCTPOEHHA AMMIOPE! M. IPABIITO THAKOR [T CC OP/HHAT.

3.4. I'pado-aHATHTHYECKHIT TIPHUEM MOCTPOEHMA dnicphl M Ha yuacTke DaNkH ¢ PaBHOMCPHO
pacnpeJelNeHHON HATPYIKOH [0 TpeM OpAKHATAM (B HAYANC. KOHIIC H CCPL/IMHC YHACTRA).

3.5. [locnenoBaTeNBHOCTE MOCTPOSHHA AMOPLL (Q Ha 1BCHS ITAXKHOH CXCMBI MAPHUPHOH Sanku.
/lra cnocoBa onpeac1CHHR OPAHHAT SMEOPE! () H e¢ 3HAKOB.

3.6. [lponeMONCTPHPOBATE NOCACAOBATENRHOCTE PEIICHHA 3aJa4H TI0 PAcuely APHUPHOR
Ganky Ha [1K ¢ uomomwio riporpammet SCAD.

3.7. MaoOpaante mIockuii cTepixHeBOil KOHEYHEIH BI@MEHT, HCTIONbYEMEIH ia pacyeTa Sanok
METOJOM KOHCHHBIX AneMeHToB {MKD) 1 mokasaTh paBHa IHAKOR /1A YCHIINI B CTO CCUCHUAX.

4. Pacuer CTATHYECKH ONPEILNNMBIX PAM

4.1, [1pofIcMOHCTPHPORATE MPOBCPKY CTATHUCCKOLN ONPEACTHMOCTH PaM.

4.2, 1poneMOHCTPMPORATR HA MPUMCPAX AHANHTHUCCKHA, rpaduueckuit u  rpado-
aHAMHTHYCCKHIL criccofbl onpenensHus 6nopﬂmx PeaKLMiA paM BOYUHYI).

4.3. TpomeMoHCTPMPOBATL B3 C€Nocoda COCTABMACHHA W PEIMEHMA CHCTEML! YPABHeHMH
paBHOBECHS A7TA OMPEICNCHHA OMOPHBIX PEakiMil paM: (opManslore H pPaLNOKAILHOIO ¢ TOYKH
APEHAA NIOCNE10BA FIIBHOCTH COCTAB/ICHHA H PEUIEHUA YPABHEHUH DABHOBECHA CHCTEMEI.

4.4. TlpoaeMoHCTPUPOBATE PRIMOHANEHYR) NOCACLOBATENLHOCTE NOCTPOSHHA 3IIIOPRI M B pame
BPYHHYIO C HCITOIBIORAHHCM: MHHUMATREHOTO HHCA CCHCHHI, B KOTOPEIX HCOBXOANMO BLIMUCITHTD
OPAMHATHL SMIOPEl M AMi ee NOCTPOCHUA; CBOHCTB JMOPHl M; paBHOBECHA V3I0B M OTCEMEHHBIX
yacTel. '

4.5. lsa crocofia  BRIMUCICHHA OPIMHAT JIMIOPL] ( "HA CTEPREHX PAMEL.

4.6, Isa crrocoBa BEIYHCASHHA OPUMHAT J10pbl N HA CUCPIKHAX DAMbI.

4.7. TIpoaeMOHCTPHPOBATE LIPHCMb] KOHYPOILA J11HUP YCHILHH B PaMaX.

4.8: HocneaoeaTensHocTs pacyera paM Ha [1K ¢ nenonpsosannem nporpammel SCAD.

49. I'me m B kakoif CHCTCMC KOODOHHAT [PCACTABIAIOTCA PE3YJIBTATH ONPCAE/IeHHS
nepeMcItieANi 8 pame npn ce pacacte Ha 11K ¢ momonisio MeToa nepeMemcHnit B popme MK,
peanusyenoro B mporpamme SCAD.

4.10, Tae M B kakoif CHCTEME KOOPAMHAT NPEACTABAAINTC Pe3VABTATS! OMPCACICHHA YCHIUI B
CIOpKEAX paMbl ups ee pacsere Ha TTIK ¢ uomowso merona nepemewcnni B dopme MKD,
peajtiyeMore s nporpamsme SCAD.
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4.11. TMoxakure TrOPHIOHTAABHBIN, HAKIOHHBIA N BEDIHEAIBHBH KOHETWEIC DICMCHTRI,
upuMensemele 8 uporpamye SCAD o pacuers [WIOCKHX paM, OTHECHTC HX K OCAM MCCTHOH
crctembt koopannar (MCK) n nokamuTe H0N0KHTEIBHBIE HALDABIEHHA YCOHIHI B CEYEHHAX JTHX
INMEMEHTOB.

4.12. Kak v3MeHATCS NOAOKMTENbHBIE HANPABICHUS YCHIWH 1IPH CMeHe HanpaeieHua ocu X1
MECTHOIH CHCTEME! KOOPIUHAT.

5. PacyeT cTATHYECKH ONPeAeIHMBIX APOK .

5.1 TpexiwapHupHas apka ©OC3 3aTARKH KaK NPHMCP CTATHMCCKH OMPCACTHMOH  apKH.
ConocTaBneHde QNOPHLIX peakiMit M YCHIHH B CEHEHMAX TPEXIIAPHHPHOH apku 6e3 3aTmkKH ¢
COOTBETCTBYIOMNMH BCEHYHHAMH B CTATHUCCKH OTPEICIHMO 0aHONPOIETHOM Ganke, HMerowicit
TAKOH JKE [PONET H HECYIUCH TUKY 10 KC BEPTHKANBHYIO HAIPYIKY KAK ApKa.

BriMshpne pacnopa apkd Ha YCUWIHA B €6 CEUCHHAX H HA KOHCTPYRUKMIO, HA KOTOPY IO ONWPAETCA
apka.

5.2 TpexmapHupHas apka ¢ 3aTAxkkoi. [IpHYMHA BBEAEHMA B KOHCTPYKUMIO TPEXLIAPHHDHOMH
apkd  3aTAKKH. DOpMYIBl AN ONpeaeNeHns peakudd M YCHAHH B CeMEHMSX apKH And aped ¢
IATDKKOH COCAMHAIOWIEH OMOPEl H VA ApKH € TOBLIMEHHBIM DACITOAOKEHEM 3aTHKKH 00
CPABHEHITIO C OTMCTRO#H orop.

5.3. BeaMOMCHTHAR TpCXINapHUpHAdA apka. Kak 1pH 3a/aHHEIX NApaMCTPax MPOJICTa, CTPETH
ApKH M HATPYIKH HE apKY MOMYYHTh OCh 6e3MOMEHTHOH TPCXIUAPHUPHON apKu.

6. PacyeT CTATHHECKH ONPEACTHMBIX (hepM

6.1, IlpoaeMOHCTPHPOBATE PALMOHANBHEIE CIOCO0L] UPHMEHERNA YPABHCHHA PABHOBECHN I
OlIpeJeeHnd YCUIHH B cTepsRHax depu.

6.2. [lpoaeMOHCTPRPOBATE TPABHIA GIPEIEICHHA HYI€BBIX CTEpKHeH B (hepMax.

6.3. lMocnenoBaTebHOCTE PELFEHHA $Aa4H 110 ONpEASTEHUI0 YCHIMI B CTEKHAX fhepM.

6.4. [IpoaeMOKCTPHPORATE PCLICHHE 3AAAYH [0 ONPENSNSHUIO YCHNHA B cTepkHAX depM  Ha
MK ¢ ncnonkzorannemM nporpammbsl SCAD.
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y BONNPOCHI ;
UTS OATOTOBKM K 3K3aMeHY N0 AHCHHILINHE «CTPOHTENBHAS MEXaHHKaY
B BCCCHHEM ceMecTpe yueGHoro roja.
1. Onpenenenne nepeMelenHii B CTATHYECKH ONPEILIHNMbIX CTEPARHEBLIX CHCTEMAX

L.1. TlpakTuecKan HeoOXOAUMOCTb B ONPeiENeHUH MEPEMCLICHHA CTEPKHEBRIX cucTeM. Ynpyras
3ana4a. [IpHHELKD CYyNepno3HIMH PH ONPEACICHHH NMEPEMEILCHHIH,

1.2.®opmyna Makcsenna-Mopa 1018 OnpeAenieHHs ACHCTBHTENBHBIX TNEpeMeElIeHHH IuHeHHO

ehOpMHPYEMBIX CTEPHKHERBIX CHCTEM.

1.2.1. Tpy3oroe cOCTOSHHE 3aJaHHON cTepHEBOH cHCTeMbl, JleHCTBHUTENBHBIE MEpeMElieHHsT H

nedopMALHH CTEPAKHEBOH CHCTEMBI B TPY30BOM COCTOSIHHM OT 3a/JaHHOM HATPY3KH. ¢

1.2.2. BoamoxHEe nepeMelueHus u gedopmauuu crepaHeBod cHeTemsl. TIPHHIHN BOIMOMKHBIX

nepeMelennii JUIA THHeHO TedopMHPYEMOi CTEPKHEBOI CHCTEMEL.

1.2.3. Jlsa suna (opmyasi M.-Mopa npH onpesesieHHH HePeMELISHHI CTEPXKHEBBIX CHCTEM OT

ACHCTBHA HA HCE HATPY3KH.

1.2.4. Ynpowenne dopmynst M.-Mopa 1718 KOHKPETHOTO BHAA CTCPKHCBBIX CHCTEM.

1.3. Teopema o BianmMHOCTH paboT M B3aHMHOCTH TICPEMCIICHHIT A CTEPKHEBEIX CHCTEM.

1.4. Cniocobbi Berumcnenus nurerpasos M.-Mopa.

1.4.1, Tpado-anamsrinseckuii cniocod Bepemarina 1 0AHONO YHACTKA HHTErPHPOBAHKA,

1.4.2. Yucnenusiii cnocod CHMNICORA IS OHOTO YHACTKA HHTECIPHPOBAHKA.

14,3, Marpusinas  qopMa NpeacTaBieHMs UMCIEHHOIO BhIMMCIeHWs wuuterpana M.- Mopa
crocobom CHMICOHA JUIS BCEX YHACTKOB HHTETPHPOBAHHS,

1.4.4. Marpwunan dopMa NpeIcTaBICHUA BRIMHCICHHA CPa3y HECKONBKHMX MepeMelieH il B 0aHOM
CTEPICHEBOH CHCTEME OT ASHCTBUA OZIHOTO BHA HATPY3KH.

1.5. lNonsTie 0 MaTPHUE MOAATIMBOCTH CTEPKHEBOH CHCTEMBI Ha MpHUMepe pambl. Martpiunas giopma ee

BBIMHCJICHMA NPH HenoabioBanuy crnocoba Cumncona. [Ipumep onpeaeneHus BEKTOPa NEPEMEILCHHI ¢

HOMOLIEIO MATPHLBI NOJIRTIHBOCTH.

1.6. @opmyna M.-Mopa juis onpeaciesns NepeMeticHiil B CTATHUECKH ONpPECIHMbIX CTEPIKHEBLIX

CHCTEMax OT 3a1auHoii ocamku onop. IpogeMoHcTpHpOBaTE NpUMeHeHHE Toil (opMynsl Ha npHMepe

CTATHYECKH ONMPEIeTUMOil oHONpoNeTHOH Ganku.

1.7. @opmyna M.-Mopa ans onpeneneHus nep i B CTATHYMECKHM ONPENCHTMMEBIX CTEPIKHEBBIX
CHCTEMAX OT 3aJaHHOTO H3AMEHCHHA TEMMEpaTyphl HX cTepikHei. [TpoaeMOHCTPHPOBATEL NPUMEHEHHE
3710l (POPMYABI HA TPUMEPE CTATHYECKH ONPEIEAHMON OAHONPONETHOMH GaNKH.

2. Pacqer cTaTHYeCKH HEONPeIeAHMBIX CTEPARHEBLIX CHCTEM METOIOM CHI

2.1.Kakue CTepiKHCBBIC CHCTCMbI SBIAIOTCA CTaTHieckH Heompenenumsivi, [lowsTue o crenenu
CTATHYECKOI HEeonpeaeIHMOCTH CTePAKHEBEIX cHeTeM. MOpPMYNEL Ans ee nojacueta B Gankax M
pamax.

2.2. Mnes merosa cun Ha npuMepe pamsl. [TocnenopatensHOCTh €€ pacyeTa METO0M CHIL.

2.3, Pacyet HepaspesHbix OAJI0K METOIOM CHIL
2.3.1. Bmbop panuoHaIbHOI OCHOBHOH CHCTEMBI,

232, VYpasHeHHe «TpeX MOMEHTOB» [UIS 3aMMCH CHCTEMBI YPABHECHHI NPA pacuere HepaspesHbIX
Ganox meronoM cuin. Bermcnenne kodp@uuHCHTOB M CBOGOMHBIX YICHOB YPABHCHHA B
001IeM M MACTHBIX CITyMasX.

2.4 TTpnMepsl CTATHYECKH HEONPEICTMMBIX o/1HONponeTHeX Oanok. Xon uX pacyera METOJIOM CHI OT
JeiicTBHA HArpy3KH, 38aHHOI OCaJKK ONop W NpH HIMeHeHHH Temmepatypsl OGankn. CnpaBouHas
TabIHIA JUIA THIOBLIX COCTORHMIT OJIHOMPONETHRIX CTATHYCCKH HEONpEAenHMbIX Daok.
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2.5. TlouaTHe 0 GOKYCHBIX TOMKAX 1la PONETAX Hepaspedibix 0ok, MOoKVCHSIC OTHOLICKHT ONOPHBIX
MOMCHTOB Ha NPOAETaX HEePa3PedHbIX Gamok, pacTONOMCHHEIX NEBEE WIAH NPapce 3arpyKeHHOTO
NPOACTa HITH KOHEOMH.

2.6. Moctpoekre MHOpsl 3 HGAOWMK MOMENTOB LA Hepaspesioll Gallke LPH JAIPYREHHU T0/ILKO

cidolo ee mpoieta. Henonbiogakiue cnocofs oKYCHSX OTHOLWICHHH ONOPHLIX MOMCHTOR MPH PCILICHHR

CHCTEMB] YPABHCHHN MCTOJ@ CHAL KAK CHUTCMBl YPABECHEH «TPEX MOMCITOB» AJITCPIITM «IIPOrOHKH»

UPH OMPEICTEHEH HOXYCHRIX OTHONIEHHT H HCKOMMBIX OTIOPHBIX MOMEHTOR HepaipeyHoi Hanku,

2.7, MeToMMICCKHE YKAIZHHA 110 PACHETY METOA0M CHN OJHCIPOICTHBIX CTATHHMECKH HEONPCASHHMBIX

(')a.’](!](. HMCHILHX M0 KOHLEM CCKOALIAIHCY B HE]HPEI.E,’ICHHH HQPHQMHR)’HHPHOM QCH Sunxm Jagenku.

2.8, MeToaHYecKHe YKA3aHWA 110 PACHCTY METO/MOM CHIL MHOIOUPOIETILIX CIAaTHYECKM HEONPEIEN MMbIX

HepaspesHbix Saslok, WMEKIOIIHX TIO KOHUAM «CKOAR3AILME» B HANPARICHHH TICPTEHAHKYTAPHOM OCH

Ban 3IENKH.

2.9. Tpadnucckuit cnocod C.C.Tonymikesnva.

2.8.1. OcHosroe cBoicTBO okycHbX Todek. Teopema «ob yinen. HX dcnonwioBakne i
OTpeASiEHHS HOIOMEL MY HOKYCHBIX TCHCK M LPONeTax Hepaspesiof Daliku.

2.8.2. TeopcMa «o CTEPKHCH. VCNONBIUBANMC TCOPCMBI O CTEPAHE M OCHOBHOIO CROHCTHA
QOKYCHBIX TOYCK AT ORPCMENEHHA OPJNHAT N.OM. AMOPH HATHOAKNGIKX MOMCHTOB B CCMEHMAX
Hepaspe3noil Ganku, TOC pACTonOKeHB! OKYCHEIS TOUKH,

2.7. Henonssobande Teopemb 00 yle A4 KONTPONH JIop N3 nbaoHL MUMSHTOR B PAMAX ¢ THHEHHO

He CMEWATUHMHCA Y3NaMH,

3. MeTon nepemeiieHHil pacyeTa CTCPKHEBRIX CHeTeM B (hopye MK
4.1. Xoo pacuema

4.1.1. PasbreHNE cTePHHEROHA CHCTEMD HA THITORKIC KOHCYHBIE DNEMEHTR
Toacuey  wMena  cremeHed  ©BOGOAR  ¥¥I0B  CHCTCMBL  KOHEMHBIX  ONCMEHTOR  (CTCTICHB
KHHEMATHYECKOH HEOMNPEASNHMUCTH PACUSTHOR CXEMEG CTEPHEROM cHCTeMBl Lt pacueTa MK,
Brifop nepeMellieHrii ¥3N0R N0 HanpaBNeHMI0 MX crenedeldl cBofodml 33 OCHOBHBIC HEH3IBECTHLIE
BCTHYHHBI.

4.1.2. TIpencTaBneHHE pacyeTa CTepRueBol cueTeMel MK Kak CyMMbl BCNOMOraTeAbHOH K 0CHOBHOH

3aday MK3.

4.1.3. Xon peiieHys BenoMmorareashoH 3azadd MKD. HMenonbsosadue rabiwumblx  siwop  2is
DAHOTPOIETHBIX Aok,

4.1.4. AnropuTM pelleHAS OCHOBHOM 2anaun MKD B hopme MeTo1a nepeMellieHmil,

4.2, Ocroeneie dopmyast o munoeoze K23
{Ha MPHMepE MIOCKOTO CTCRHEBONO MEMEHTA THIIA 2 B nporpamye SCAD)

4.2.]. Obo3HaucHHe YIOBRX NCPCMEUICHHA W YCHIHH 3NEMCHTZ B MCCTHOR CHCTEME KOODAMHAT,
HCCTKC JIPHBA3AHHON K ICMEHTY. CBATh YIMOBBIX NEPCMEUICHHH W YCHINH 3MCMCHTA B MECTHOH
CHCTEME KOUPANHAT (218 DAEMEHTA CBOGOARONO OT BHEWHKX HACPYIOK N0 ¢rO ANKHE) ¢ NOMOUIBK
MATPHLBI KECTKOCTH.

4.2.2. DneMenT, oTHeceRHB Kk ofineit a1a acell crepxHeroit cucTeMsl cHcTeMe koopnuuat. CBAb
YIMOBLIX NepeMetlleHHA H ycunuil B ofelt cuereme koopaHuar (7R aneMenta cBofionHoro ot
BHELIHHX HATPYIOK M0 €70 JITHHE} © MOMONIBI MATPHIIE! KECTKOCTH.

423, Matpria opeoSpazoBaHns NCPeMEWCHHH W YCHIHA B YMIAX 3MEMEHTA M3 ODHOW CHCTEMBI
KOOPAHHAT B APYIYI0. BBIUHCICHHE MaTPKLLI HECTKOCTH DieMeHTa B GfILCH CHCTCME KOOPIMHAT ¢
NOMOLUBLIO MATPHUBI KSCTKOCTH B MCCTHOM CHETEME KOOPARHAT.

4.3, Macmpoeitie Mampirysl Hecmrocmi 0% 6Celt CUCImemsr JIeMenmos
4.3.1. IlocTpoeHie MATPHIt KECTROCTH pacueliod cxembl MKD crepsiesoii cHereMsl Ans pewenus
GCHOBHOMH 3aaa4n MK,
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5. [pumenenne nporpaMmbl SCAD 198 cTaTHTeCKOTO PACHeTa CTEPKHEBLIX €HCTEM

5.1, TlocTpoeHse pacyeTHOH CXCMBI TIHOCKOH  CTCPWICROH  CHCTCMB,  TTPOACMOHCTPHPORITL  HA
NPHMEPax MHOTCTIPOACTHEIX DANOK, H PAM ¢ HKSCTKHMH QIIOPAMH,

5.2.[TocneaoBuTeNbHOCTE ONMEPAUMA 110 3afaHHI0 THOA B SKCCTROCTH ODICMCHTOB. YMCT painuiks
KECTKOCTH MIEMENTOB. MCHONLIOBAHKE STAIONION KeCTROCTH. BiMslMe SHaueHHd STUNOHHOR
HECTKOCTH HA PEANLHBIE YCHTHA B CSHEHHAX CTEMAKHEROH CHUIEMBI H HA PEditlIBE NCPEMELILIIHA
ya108, TIonyueHNe peaibHbux nepeMencani

5.3.[TocnenozaTenbHECTE OTICPALIMHA NO 3a/IAHHI0 OIHOTO H HCCKOTRKUX 3arpyxeHHit. Tpapuna 3Hakos
NPH 330aHHK BHCIWAHAX HAPY0K, [TPoIeMOHCTPHPOBATE TPHMED 38JaHHA HATPY30K TTPH
NocTpoeldy orubaromkx snop M s HepatpesHoi Gatke.

5.4.Tpaduteckuis B TaOIRUHbIR aHANKS PE3YNLTATOR CTATHYECKOTO pacieTa. Pesaxruposarne Tabnmn
PeIyAbTATOR pacyeta. CoxpaHeHHe H 1leuarh 0P yeduni W tabimi.

5.5.YNpYro-mosara HeLc  ON0PB TUIGCKHX  CTEPRHERBIX  cHCTEM  {ONOpst  KOHCHHOE  HECTKOCTH).
[TPONEMOHCTPHPOBATE HA TIPHMCPE CTATHUHCCKH  HeONPSJACHHMOH GRIKH  BIMNHHE HIMCHCHHA
KECTKOCTH YIPYTO-NOAATIHBBIX OMOP HA BHI MIOP YCHNHH B Ce4YCHUAX DaNKH,

5.7.Baxkd HA HelpephlBHOM YIPYTOM OCHOBaHHH. lIpMMedeBHe OCHOBuHHS MoJend BUukIepa ans
pacyeTa CTEPXHHEBLIX CHCTEM HA YIPYIOM OCHOBAtIKH. 3a/laHHe KECTKOCTH UCHUBUMHA B NPOIPEMME
SCAD. :
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3AKITIOYEHIE

npt:}]CTaBﬂeH}lhle R aanHoM  YMK Bce nHeodxommMeie chﬁﬂu-me'r(mnqecxne
MaTepHaNpl OM% H3YYeHUs AHCLRHILIMHLI «Crpom'c:'muaﬂ MEXAIMKAY PEATMIYIOT HACK
upumenesns [IBK SCAD B yuebHom npolecee 110 3TON JUCUHILIHHE YXKS € CAMOro HAYana
€€ H3YUEHHA. '

Moo OTMETHTE HECKOMARKO MOBOAKHTEBHEIX PEe3yTbTATOB TAKOTO NPHMCHCHUS
uporpammbl SCAD ana TIK B yyeduoM npouecce

1. B cBa3u ¢ yMcHBIICHHCM 00beMA pacueros Bpyuky:o (Ge3 vcmonbsoBanna 1K),
CYLIECTBEINNO TIOBLIIACTCA MPOU3IBOIUTENLIIOCTE TPYAA CTYACITOR NMPH BLINONHEHHH BCEX
pacuerEpx pador 110 YKAIAHHLIM AHCUHITINHAM.

2. lloBhIIAcTCA CAMOCTOSATCIBHOCTh CTYJICHTOB [IPH  AHANH3E DJIYYEHHBIX
pe3yNLTATOD PACYETOR, UYTO YHpowaeT paboTy NpenomapaTeneit W TAKKS MOBHILIACT
l'lp(')li'iB(‘J,TEHTCJIbHOC'I'b HX TPy ua.

3.V yvyameroct MOABMINMCH. 3HAYHTENLIO  OoNbIIME  BOMOKHOCTH  ANA
HCCHEAOBATEIBCKOH PaboTel, DTD CBA3BHO © TEM, MTO UPH MCIIOIBIGHAHUN TPOIPEMMSEI
SCAD nna 11K y ¢TYACHTOB MOABHANCH BOSMOXKHOCTH H3MCHATE [APAMCTPLI KOHCTPY KUHH
M [[ApaMeTPRl e 3arpyXKeHrA W ObICTPO HCCMEA0BATE BIWAHHE TAKCGIO U3IMEHEHMd Ha
H3IMCHCHHC HAMNPAKCHHO- ICPOPMHPOBAHHOTO COCTOAHHS PACCUHTRIBACMOR KOHCTPYRLIAN.

4. Ha npumepe wuctionb3oBanda mporpammbl SCAD ang I[IK y  cryaedTos
HAKAIUIMBAKTCA HABBIKM paloThl ¢ INTpOTpaMMaMy, HCIONB3YEMBIMH B HHXEHEPHOH
TPAKTHKC TPOCKTHPOBAHHA Ha CTAJHH ONPSICACHHA HANPEKCHHO-NCGOPMHPOBAHHOTO
COCTOAMMA JHEPTETHYECKHX H MPOMLILUISHHO-TPAKIAHCKAR coopyeinid. [loasnaercs
BOIMOMHOCTD KOHKYPEHTHOIO CONOCTARNEHHR patieax MMBK.

5. Baeapeunc npeorpammbel SCA4L) ¢ camoro gauana DPCnoAAaBaHUA AUCUKNIHHELIL,
TIOIBONHAO fIPH JeHLHTE BpeMeHH Ha yqeOHBIl Mponece cokparnts Hiu LOCTPONTh, (10
MIICHHIO ABTOPOB, MCTOIMICCKE DONCe pALHCHATEHO Pa3aciibl THX JTUCLHILTKH,
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