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[NPEAMCJIOBUE

Bce coopyxenuss s obecriedeHuss HMX O€30MACHOTO BO3BEJACHUS U
AKCIUTyaTallud TpU JIFOOBIX BO3MOXHBIX BO3ACHCTBHUSIX Ha HEro JOJDKHBI
YAOBJIETBOPSITH TPEOOBAHUSAM MPOYHOCTH, )KECTKOCTU U YCTONYUBOCTH.

[TooToMmy Ha Beimyckaromieil kadeape «I'pakIaHCKOEe CTPOUTENBCTBO U
npukiagHas oskojorus» (['CullD) BakHOW wyacThio y4yeOHOro mpolecca IO
WHXEHEPHOM TMOJrOTOBKE CHEUHUAIUCTOB MO HampaBieHU0 «CTpPOUTENbCTBOY
ABJISIETCS. WX TOJrOTOBKAa B 00JIaCTU pacyeTa COOPYKEHHUW OT pa3IuyHbIX
CTaTHYECKUX U JUHAMUYECKUX BO3JACHCTBUMN.

[Ipu 3TOM cTaBUTCSA 3a/aya MCHOJB30BaHUS B YYE€OHOM IMpPOIECCE CAMBIX
COBPEMEHHBIX HWH(OPMAITMOHHO-KOMITbIOTEPHBIX TexHonoruit (MKT).

Jlnst TakoM TOATOTOBKM CTYJIEHTOB IO PAacCyeTy CTEP)KHEBBIX CHUCTEM IIPHU
CTaTUYECKUX BO3JIEUCTBUIX BCE HEOOXOIUMBbIE MaTEpHaNIbl MPUBEIECHBI B yueOHO-
meroandeckoM komruiekce (YMK) «Pacuer cTepKHEBBIX CHUCTEM C UCMOJb30BAHUEM
nporpaMmmbl SCAD» [1], B ero nepBoii [2] u BTopoi [25] yacTsx.

Pemenue 3amau Juisi IUIOCKUX 3JIEMEHTOB COOPY>KEHHMM B BHJI€ CT€H WU IUIUAT
U COOPYKEHMH M3 3THX 3JIEMEHTOB OT CTAaTUYECKUX BO3AEHUCTBHI PacCMOTPEHBI
B YMK «Pacuer 1UIOCKMX 3JIEMEHTOB COOpPYXXEHUH C HCIOJB30BAHUEM
nporpammbl SCAD» [3].

Omnpenenenre HAIPSDKEHHO - 1e(OPMUPOBAHHOTO COCTOSTHUSI COOPYKEHHI Ha
JUHAMHUYECKHUE BO3JICUCTBUSA SBIIAETCS CIOXKHOM 3aJadyeil TEOpUM U NPAKTUKHU
pacuera COOpYyKEHUWA. OTO CBA3aHO Kak C OOJBIIMM Ppa3HOOOpa3ueM Kak
JUHAMUYECKUX BO3JEUCTBUI (BUOPAIMOHHBIX, YAAPHBIX, CEHCMUYECKUX U T. 1I.), TaK
U THUIOB COOPYXEHUM U HX DJIEMEHTOB (CTEP>KHEBBIX, U3 CTE€H WU IUIUT, B BUJE
00bEMHBIX MAaCCUBOB).

B npencraBiennom YMK neMOHCTpHpyeTCS pelIeHHE NMHAMUYECKUX 3a1a4
Ha mnepcoHanbHBIX KoMmmbioTepax (IIK) c¢ mnpumenenuem mnporpammbel SCAD,
peanu3yroiieil MeTo KOHeUHbIX 3JieMeHToB (MKD) cTpouTtenbHOM MEXaHUKH.

Opranuzanusi oOy4eHHUs] CTYJIEHTOB JIUHAMUYECKUM pacyeTaMm H3Jaraercs
B paboyeil mporpaMmMe, KOTOpas NpuBeieHa B npuioxenun 1 YMK.

B navane paOoueil mnporpamMmbl JArOTCS KpaTKuWE MpeJCTaBlIeHus o0
U3y4aeMOM pa3jiele MEXaHUKU MPUMEHUTENbHO K crneruaibHoctu [II'C u craBarcs
eI o0y4yeHus.

3ateM B pazgenax 1-4 mporpaMMbl MEPEUUCISIOTCS OCHOBHBIE BOMPOCHI
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TEOPUHU U TMPAKTUKM JMHAMHYECKUX PACUYETOB COOPYKEHUW. Buubl 3aHsITHH 1O
U3YUYEHUIO YKa3aHHBIX BOMNPOCOB M BpEMsl, 3aTPAY€HHOE HAa MX PACCMOTPEHHUE B
y4eOHOM Mpoliecce oTpakeHo B Tada. 1 u tadm. 2.

B konne paboueil mnporpaMMbl OPHUBEAEHO NPUMEpPHOE HAUMEHOBaHUE
pacyeTHbIX  pabOT, KOTOpPBIE€  JIOJDKHBI ~ OBITH  BBINOJHEHBI  CTYJACHTAMH
CaMOCTOSITEIBHO.

Metonuueckoe noctpoenre Y MK BbINOTHEHO Kak pean3anus UeJiel U 3ajad,
NOCTABJICHHBIX B paboyeil mporpaMmme.

IlepBag wacte YMK mnocssiieHa pacCMOTPEHHUIO BCEX BOIPOCOB TEOPUHU U
OPAKTUKHU TMHAMUYECKUX PAacueTOB, IEPEUHUCIECHHBIX B pa3nenax 1-4 mporpammel.

Yacte 2 YMK mnpencraBnsier cOOpHUK 3aJaHHWil 1Jisi pacyeTHhIX padoT,
KOTOpbIE yYalMKCA AOJHKEH BBIOJHUTH camocToATenbHo Ha I1IK ¢ ucnonb3zoBanueM
nporpammbl SCAD, peanusyromeit MKD ctpouTenbHON MEXaHUKHU.

B wactax 3-5 YMK s cTyneHTOB NPUBOIATCA IPUMEPHI BBINOJHEHHS
pacyeTHBIX pabOT, COOTBETCTBYIOIIUX MPUBEICHHBIM B YaCTH 2 3aJIaHUSM.

Hanee B YMK kpome npuioxenus 1 ¢ paboueid mporpammoil npuBeIeHbI
IPUJIOKEHHE 2 C BOIPOCAMU JJIsl MOATOTOBKU yYalllMXcsl K 3a4eTaM M 3K3aMEHaM U
OpWIOKEHUE 3, coAeprKalllee TEeCTbl I OBICTPOro KOHTPOJIA (M CAMOKOHTPOJIA
y4aluMcs ) 3HAaHUM 1 YMEHUMN, TTOJIyYeHHBIX CTYJIEHTOM B IIpoliecce 00ydeHusl.

Pexomenayemslil yuamumcst 6ubanorpadguueckuii CMcok MOMEIIeH B KOHIIE
yactu [ YMK.



I. OCHOBBI TEOPUHU U IPUMEPBI PACUETA COOPYKEHUM
MPU PA3JIMYHBIX JUHAMUYECKHNX BO3JENCTBUSX
HA IIK C UCITIOJIB3OBAHUEM ITPOT'PAMMBI SCAD

BBenenue

Cratuka m AuHaMuKa coopyskeHui. CUIOBbIe BO3JEHUCTBUS (HAarpy3ku) U
KMHEMaTH4YEeCKUE BO3JCHCTBUA (3aJlaHHbIE NEPEMELIEHUsI) Ha COOPYKEHHE MOYKHO
pa3feNuTh Ha JIBa KJlacca: cmamuyeckue U OUHamMudecKue.

K cratmuecknMm OTHOCATCS BO3JAEHCTBHSA, KOTOPBIE HE BBI3BIBAIOT YCKOPEHUU
MacC COOpPY>KE€HHs WM BBI3BIBAIOT TAaKME HEOOJBIINE YCKOPEHUsS, YTO BIMSIHHEM
BO3HUKAIOWMUX Ipu 3ToM cuil nHepunu Ha H/IC coopykeHust MOKHO TpeHeOpeyb.

3HaueHue, HampaBiIeHUE M KOHQUIypalHs CTATUYECKOTrO BO3JCHCTBUS HE
MEHSIOTCSI BO BpeMEHU. BO3M0OKHO M3MEHEHUE KOOPIMHAT BO3AEUCTBUS (TIOIBHKHAS
Harpyska), HO OHO IIPOUMCXOIUT CTOJb MEJIEHHO, YTO COXPAHSIETCA €ro CTaTUUYECKUN
XapaxkTep.

IIpu craTuyeckoM BO3JEHCTBUU COOpPYKEHHE ACPOPMHUPYETCS, BO3HHUKAIOT
IIEPEMEILICHNS €TO TOUYEK M COOTBETCTBYIOIINE YCUIUA U HANPSKEHUS, KOTOPBIE MIpU
paboTe MaTepuaia B ynpyroi crajui He MEHSIOTCS BO BPEMEHH.

Omnpenenenre Takux YCUIHM, HaPsDKEHUH, Aeopmaluii U nepeMenieHui, 1.e.
onpezaeneHue HampsikeHHo-aepopmupoBanHoro coctosHus (HIC) coopyxenus
SIBJISIETCS OCHOBHOM 3a1a4€ crmamuKu cOOpPYHCeHU.

K 1IumHaMu4ecKMM OTHOCSTCS BO3AEMCTBHS, KOTOpPHIE COOOLIAIOT Maccam
COOpYKEHUS CYLIECTBEHHBIE YCKOPEHUS M, CIIEOBATENIBHO, BBI3BIBAIOT TAKHE CHJIbI
uHepuuy, uto ux BinusgHue Ha HJIC coopykeHus JOKHO ObITh YUTEHO.

3HaueHHe, HANpaBJICHHE W KOH(MUIypauus W KOOPAMHATHI JTUHAMUYECKOIO
BO3J€MCTBUs (Cpa3y Bce IapaMeTpbl WM HEKOTOpbIE M3 HUX) HM3MEHSITCA BO
BPEMEHH.

IIpumepamu AVMHAMUYECKUX BO3JACHCTBUA HAa CTPOMUTEIBHBIE KOHCTPYKLMU
(coopyxeHusl) SIBISIOTCA yAAapHble W BHUOpAallMOHHBIE HAarpy3kH, BbI3BaHHbBIC
NEHUCTBUEM MAIllMH U MEXaHU3MOB; BO3JIECTBHE B3PHIBHOM BOJIHBI Ye€pE3 TPYHTOBYIO
Y BO3AYILIHYIO CPENly; CENCMUYECKOE BO3ACHCTBHE HA COOPYKEHHUE U T. 1.

Lunamuueckue 6o030eticmeusi  vl3bl6aOM  KOAOAHUS  COOPYICEHUs, Npu
KOMOPbIX UBMEHAIOMCS 60 6PEMEHU He MONbKO NepeMeujeHusi modex COOpPYIICeHUs,
HO U C8A3AHHbIE C HUMU Oepopmayuut, YCUNUL U HANPAHCEHUS.



Omnpenenenne Bcex stux BenmmuunH (HJC coopyxenus) B m000i MOMEHT
BPEMEHH SIBIISIETCSI OCHOBHOM 3a/1auell OuHaMuKu coopyiiceHui.

Konebanusi coopykeHHsI Ha3bIBAIOTCS 8bIHYHCOCHHBIMU, €CTTU OHU TTPOUCXOJIST
OJIHOBPEMEHHO C JIEWCTBUEM JAMHAMUYECKON HArpy3KH, WU C80000HbIMU, €CTA OHU

IMPOUCXOIAT ITOCJIC OKOHYAHHA I[GﬁCTBHH ,Z[HH&MH‘-IGCKOIZ Harpys3KHu.

OcHOBHBbIE JONYyIIeHHsl, MTPUHUMAaeMble B JUHAMHUKE COOpYxKeHuii. [[ns
pacueta HJIC coopyxeHus 0Opu JUHAMHUYECKUX BO3JICUCTBUSAX MPUMEHSIOTCS
pacyeTHbIE CXEMbl, B KOTOPBIX OOBIYHO HCIOJIB3YIOTCS T€ K€ JOMYIIECHHS IO
OTHOILICHUIO K MaTE€pUaly, YTO U IPHU CTATUYECKUX BO3ACHCTBUSIX:

— wMatepuan o0JajaeT CBOMCTBAMM  CIUIOIIHOCTH, OJHOPOJAHOCTH U
U30TPOITHOCTH;

— TIpeamnoJiaraeTcsi coOJII0ACHUE JTUHEWHOW 3aBUCUMOCTH MEXKIY YCUIUSIMHU
(HampspKEHUAMH ) U AehOpMALUSIMU U TIEPEMEIIICHUSMH;

— nedhopMalvi U MEPEeMEIIeHUsI CYUTAIOTCS MaJIbIMU.

9TO0, TO3BOJISCT:

— MpU PEIICHUH JIUHAMHYECKUX 3a7ad (Takke Kak U B 3ajayax CTATHUKH)
MOJIyYUTh BCE OCHOBHBIC ypaBHEHHA B AuddepeHIrnaTbHON WM HHTETpaibHOU
dopmMax M HCHOJB30BATh MPUHLUN CyNeprno3uluu (MPUHIUN HE3aBUCUMOCTH
NENUCTBUS HECKOJIbKUX JUHAMUYECKUX CHUI);

— WCTOJB30BaTh 3TOT MPUHIINI, PA3Eisis pacueT COOPYKEHUSI OT CTAaTUUYECKUX
U TMHAMUYECKUX Harpy3oK.

OnHako B JMHAMHMKE COOPYKEHHIl HCHOJIb30BAaHUIO MOJEIH HACATBHOIO
JUHENHHO ne@opMUpPYEeMOro Tella COOTBETCTBYIOT KoJjiebaHus, mpoucxonsiue 0e3
noTepr H»Hepruv. B pe3ynbTaTe nOpu  CBOOOJHBIX KOJEOAHUAX OHU OyAyT
He3amyxXarouwumu.

B peanbHBIX COOpYKEHHAX CBOOOJHBIE KOJEOaHUS CO BPEMEHEM 3aTyXaroT
(samyxarowue CcBOOOAHBIC KOJEOAHUSA), TaK KaK 4YacThb DHEPIHH, BHI3BABIIICH
KoJIeOaHUSI COOPYKEHUS, TEPSIETCS Ha MIPEOI0JICHHE TaK HA3bIBAEMOT'0 «BHYTPEHHETO
TPEHUS» UM «BHYTPEHHETO HEYNPYroro COMPOTUBIICHUS MaTepuala, CBI3aHHOTO C
TEM, YTO pealibHble MATEPUAJIbI HE SIBJISIIOTCS UICAIBHO YIIPYTUMHU.

Kpome Toro, yacTe sHEpruu TEpseTCsl Ha MPEO0JICHUE TPEHUS B COUJICHEHUSX
AJIEMEHTOB COOPYKEHUS (MeXIy coOOM M ¢ Omopamu), a TakKe 3a CYET MOTEPh B
OCHOBAHHH COOPYKEHUS U T. 1.

Nmerorcst pasznuyHble METOJbI ydeTa TMOTEPh JHEPruu IMpU pacyere
COOPY)KEHUI Ha JMHAMHYECKUE BO3ICHCTBUSA, C TMPEIACTaBICHUEM O KOTOPBIX
yJalemMycsi peKOMEHIyeTcs O3HaKOMUThbcsi B paborax [5, 11, 15]. B nganHom



OCOOHMH 3TOT BOIIPOC PACCMOTPEH KPATKO.

CoOcTBeHHBIE YACTOTHI U COOCTBeHHbIe GOPMBI KOJIe0AHUH COOPYKEHMIA.
B o6mem ciyuae dopma nedopManuu COOpPYKEHHS MPH CBOOOIHBIX KOJeOaAHUIX
(dbopma cBOOOIHBIX KOeOaHU) U3MEHSETCS B IIpoIlecce KoJieOaHU.

OnHako MOXHO 3aJaTh YCJIOBHS, MpPH KOTOPHIX OYIyT MPOUCXOIUTH
CBOOO/IHBIE TapMOHUYECKHE (C ONpeAecTeHHOM 4YacToToi) KoysiebaHuss ¢ He
UBMeHsIoWelics 80 8peMenU opmotl deghopmayu COOPYHCeHUs.

CBoOO/HBIE TapMOHMYECKHE KOJIEOAHUSI COOPYKEHHUS, MPOUCXOIAUINE C
OTIpeJICTICHHONW YacTOi M TeOMETPUYECKH He M3MeHsmomecs dopmoit nedopmariu,
Ha3bIBAIOTCS cobcmeeHHbiMU  Konebanusmu. Ilpm >TOM dYactoTa Ha3bIBaeTcs
coocmeennoti yacmomoti (CH), a popma — coocmeennoii hopmoti konebanuii (CPOK)
coopyxenusa. norna, Hanpumep, B mporpamme SCAD, COK Ha3bIBatOT «MOIOW.

Yactotel U (popmbl (MOJBI) COOCTBEHHBIX KOJIEOAHUN SBISIOTCS BaKHBIMU
JTUHAMHYECKUMH XapaKTEPUCTUKAMU COOPYKEHHUS, C KOTOPHIMH CBSI3aHA €0 PeaKIlus
Ha JUHamudeckoe BozneiictBue. 3amauya omnpeneneHus CH u COK coopyxkenus B
nporpamme SCAD nmeet Ha3BaHUE «MOJAIBHBIN aHAIU3Y.

Yucno creneHeii cBo0OABI MACC B PacyYeTHOl cXeMe COOPY:KeHUS.
Coopyxenne umeer ctoiibko CHU m COK, CKOIBKO OHO MMEET JUHAMHUYECKHX
CTerneHel cBOOOIbI MPU KOJICOAHUSIX.

[Ton 4ucioM JUHAMHYECKUX CTeleHed CBOOOAbl IMOHUMAIOT  YHUCIO
HE3aBUCUMBIX TEPEMEILCHU, KOTOpbIE MPU KOJIEOAHUAX OIMPEICNSIOT MOJ0KEHHUE
Macc BCEX JIEMEHTOB COOPYKEHUS.

B peanbHbBIX COOpYKEHUSIX Macca ero 3JIeMEHTOB, Macca (yHIaMeHTa U Macca
TPYHTOBOT'O OCHOBAaHMS B OOIIEM CiIydae HEMPEPBHIBHO PACIpEICTEHBI M0 UX 00beMY
U pacueTHas CXeMa CHUCTEMBI «COOpYyXKeHUe-PyHIaMEHT-OCHOBAHUE)» SIBIISETCA
CUCTEMOU ¢ OECKOHEUYHBIM YHCIIOM CTEIEeHEN CBOOOIBI.

[Ipu mpakTUyecKUX pacyerax, HalpuMep CTEPKHEBBIX CHUCTEM, B UX
pacueTHhIX CXEMax pacope/ielieHHass 1o 00beMy CTEepKHEM Macca OOBIYHO
NPUBOJUTCA K Macce pacrpeiesieHHON BI0JIb OCH cTepkHel (cM. puc. Bl, e, B3sThIi
u3 [8]). B pacueTHbIX cxeMax TOHKUX IUIMT M OO0OJIOYEK paclpejeieHHas macca
NPUBOJUTCA K Macce pachpeielIeHHON COOTBETCTBEHHO, MO CPEAMHHOW IMJIOCKOCTH
IUTUTHl WM CPEAMHHON MOBEpXHOCTH 00010uku. Ilocne yka3aHHOTO MpUBEACHUS
MacChl CHCTEMbl MO-TIPEKHEMY OCTAIOTCS CHCTEeMaMH C OECKOHEYHBIM YHCIOM
CTEIeHe CBOOO/IbI.

Ha  coopyxenuun  Moryr  OBITb  pAaCMOJOXKEHbBI W JUCKPETHBIC
(cocpemoToueHHbIC) MacChl. JIMCKpETHBIE MAacChl MOTYT ObITh TOUEUHBIMU (TOYCUHBIC
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MacChl WJIM MaTepuaibHble TOUKH, puc. B.1, a, 6, 0) win B BUE KECTKUX TUCKOB C
pacrpesnenaeHHol mo ux ooreMy Maccoi (puc. B.1, 6, 2).
Toueunass macca (MaTepuanbHas TOYKA) MPHU KOJEOAHUSX B IUIOCKOCTH XV

HUMCCT OBC CTCIICHU CBO6OI[BI (CM. pHuc. Bl, Cl), TaK KaK €C ITIOJIOKCHHUC Ha IINIOCKOCTH

ONpeAesseTcss ABYMsl MapaMerpaM (KOMIIOHCHTaMH u, W U, ICPCMCIICHUS

MaccChl B HAIIPABJIEHUU OCEH X U V).

)
a)?!. Uy Ny ¢ ® 2
__l_,m u, ____-I
Ug V

%)
P e 2 Uy
- "sx
2 .
) ©) m(x)
2 JJy T, My 2 - ]
Puc. B. 1

[Imockuii xecTkuit MacCUBHBIM AUCK (cM. puc. B.1, 6) umeer Tpu cTeneHu
CcBOOOJBI (KpOME yKa3aHHBIX JIBYX CTereHed CBOOOABbI MJisi TOYEHYHOW MAacChl
n00aBUTCA €11I€ CTeNeHb CBOOOAbI B BUJIE yTrila oBopoTta 0).

OpnHako mpu MOJICYETE CTETEHEH CBOOOIBI pACCMOTPEHHBIX JIUCKPETHBIX Mace
HE BCETJla YUYUTHIBAIOTCS BCe UX cTeneHu cBooobl. Hampumep (cM. puc. B.1, 6), eciu
pacuetrunka uHTepecyeT HJIC KoHCOMM TONBKO NIPU €€ MONePeuHbIX Koebanusx (0e3
ydeTra MpOAOJIbHBIX KOJEOAHMI), TO ONPENENSIIOTCA TOJBKO TMOMEpEeYHble K OCH
KOHCOJM nepeMenenus. [loatoMy cuurTaercs, 4To TOUYE€UHAasl Macca, PacloyIOKEeHHAs!
Ha KOHCOJIM UMECT TOJIBKO OJIHY CTETICHb CBOOO/IbI B BUJIE IICPEMCILCHHS U, .

[Ipu nomnepevHbIx KOJIEOAHUAX KOHCOJMU KECTKUNA MACCUBHBINA AUCK (CM. pUC.
B.1, 2) paccmarpuBaThes Kak cucTeMa C JBYMS CTETICHSIMHU CBOOOJIBI, TaK KaK B ATOM
CJIy4ae YYUTBIBAETCS U YTOJI IOBOPOTA )KECTKOIO TUCKA.

[Ipu cocTaBieHN: pacyeTHOW CXEMBI COOPYKCHHS YUUTHIBAETCS U TOT (aKkTop,
YTO Macca HEKOTOPBIX €ro 3JIEMEHTOB MOXET OKa3aTbCsl MaJOd MO CPAaBHEHUIO C
Maccoi JPyTHUX 3JIEMEHTOB M MO3TOMYy MokeT Maino BiausATh Ha HJIC coopyxeHus
8



npu ero kojebaHusax. Torma mpu KojleOaHHUSIX COOPYKEHHUS MalbIMH CHJIaMU
MHEPLMM Ha 3JeMEHTaX ¢ Majod MacCcod MOXKHO NpeHeOpedb M CUYUTaTh MX
06e3MaccoBbIMU (HEBECOMBIMU, O€3MHEPIIUOHHBIMHU ).

Hamnpuwmep (cm. puc. B.1, a), npu 607b110M 3HAYEHUH TOYEYHOW MACChl m H
MaJIbIX 3HAYEHUSX MHTEHCUBHOCTU |l PACHpPEEICHHON BIOJIb OCU CTEPKHEW MaCChl

MO’KHO INpeHeOpeub Maccoil crepkHel. Toraa mojiyduM CUCTEMY TOJIBKO C JIBYMs
CTENEHSMU CBOOOJBI NEPEMEIICHUI TOYEYHONM Macchl. [Ipy aHAIOrMYHBIX YCIOBHSIX
cucrema, u3obpakeHHass Ha puc. B.1, 6, MoxeT paccMaTpuBaThbCs Kak CHCTEMA C
TpeMs CTENECHSIMU CBOOOIBI.

Cucrema B BHJEe 0€3MacCOBOr0 KOHCOJIBHOTO CTEP)KHSA C COCPENOTOYEHHOM
TOYEYHOI Maccoil Ha KoHLE (cM. puc. B.1, ¢) npu monepedHbIx KOIEOAHUSIX TAKKE
OyJeT CUCTEMOW TOJBKO C OJIHOM CTENEHbI CBOOOJBI, TaK Kak €€ I0JIOKEHHE

OIIPCACTINUTCA TOJIBKO IIOIICPCUHBIM IICPCMCIICHHUCM l/ly Maccel m. AHanorudHas

CUCTEMa C IJIOCKUM KECTKUM MAaCCHBHBIM JHCKOM Ha KOHIE (cM. puc. B.1, 2) Oyzaet
MMETb [IBC CTeNeHN cBOOOs! (1), 1 0).

[Ipu momepedHbIX KOJIEOAHUSX HEBECOMOW KOHCOJIH, C PACIOIOKEHHBIMU Ha
Hel n ToueyHbIMU Maccamu (puc. B.1, 0), oHa paccmaTpuBaeTcs Kak cUCTEMa C 7
CTETNICHSIMU CBOOO/IBI.

[Tepememienusi, nepopManmu W ycuiusg B 0€3MacCOBBIX JJEMEHTAaX MpHU
KOJeOaHUsIX CHUCTEMBbI CBS3aHBI C Je(hOPMHUPOBAHUEM COOPYKEHHUS, BBI3BAHHOIO
JNEUCTBMEM Ha HEro Kak 3aJlaHHbIX JUHAMHUUYECKUX HArpy30K, TaK U MUHEPIIMOHHBIX
CWJI, TIEPENAIONINXCS Ha COOPYKEHHE TMpPH KOJICOAHWU JIIEMEHTOB, O0JaJaronInuX
Maccou.

Takum oOpa3oM, uucio OunHamuueckux cmeneHeil ce0000vl COOPYHceHUs
onpeoensemcs e20 6blOPaAnHOl pacuemuoil cxemoil.

BakHpIM TIpM TOCTPOEHHM pACUETHBIX CXEM B JUHAMHUKE COOPYKEHHUI
SIBJISIETCS UCIIOJIb30BaHUE YMCICHHBIX METOJIOB PEIICHUS 3a7a4, B TOM YUCJIE METO/1a
KOHeuHbIX 3neMeHTOB (MKD). Ilpu 3TOM noiiy4aroTcsi CUCTEMbI C KOHEYHBIM YUCIIOM
n creneHed cBoOOAbl. DTO OyJeT MPOJAEMOHCTPUPOBAHO B y4eOHOM MOCOOMH B
IpUMeEpax pacuera CTEP;KHEBBIX CUCTEM C OMOIIbIO porpamMmmbl SCAD.

B nanHoM yueOHOM mocoOuM, Kak 3TO OOBIYHO JENaeTcsi B Kypce TUHAMHKU
coopykenuii [9-13], cHauana paccmaTpHUBaeTCsl pacyeT JUHEHHO-IehOopMUpyeMbIX
CHUCTEM C OJTHOM CTEeINeHbI0 CBOOOILI (17 = 1).

3arem Ha 0a3e MOJYYEHHBIX PE3YJIHTATOB PACCMATPUBAIOTCS METO/IbI PEIICHUS
TUHAMUAYECKUX 3a7a4 JJIsl CHCTEM ¢ KOHEYHBIM YHCJIOM CTeIeHel cBoOobl (17 > 1).



1. CHCTEMbI C OJHOH CTEIEHbIO CBOEO/IbI

1.1. CBoOoaHbBIE He3aTyXaK0LMe KOJIeOaHUsA

YpaBHeHHe CBOOOAHBIX He3aTyXawUUX KoJebanuil. PaccMotpum ynpyryio
AUHEWHO nedopMupyeMyro cucteMy B Bujae O6anku (puc. 1.1,a), B cepenune mposera
KOTOpOHM pacmoliokeHa TodeuHas macca m. IlycTh mapamerpsl Oallku W Macchl
TaKOBBI, YTO B pAaCUECTHOM CXEME MOXKHO CUHMTATh caMmy Oallky Oe3mMaccoBOM
(neBecomoii). Takasi cuctema npu TNOMEPEUYHBIX K OCH OalKu KOJIEOAHUSX Macchl
OyJZleT CUCTEMOI1 C OJIHOW CTETIEHBIO CBOOO/IBI.

S
-

0.570)  Mc® M@ 0.5J()

Puc. 1.1

B crniokoiiHOM cocTOsTHUM Macca m JEWCTBYET Ha Oaliky CTaTUYECKOW CHUIION
Beca G=m-g(puc. 1.1, 6), rne g— yckopeHue CBOOOJHOrO MAJACHUS MAcCChl, U

BBI3BIBACT B OajKe CTATHYCCKUM HpOFI/I6 AG N COOTBCTCTBYHOINUC CTATHUYCCKHC,

ycuiust, 1eopMaluu 1 HalpsoKeHUs!.

Hcnonb3dyem mNpuHLMO CYyNEpPHO3ULMH U OTACIUM CTAaTHYECKYIO 3ajady OT
JUHAMUYECKON 3a7aud O CBOOOJHBIX KoJieOaHUsX, KOTOpYyI Jajnee Oyjaem
paccMmatpuBaTh. B COOTBETCTBMUM C 3TUM B JIMHAMUYECKOW 3ajaye OyaeM CUUTaTh

MOJIOKEHUEM PaBHOBECHS OAJIKU MIPSMOJIUHEHHYIO och Oanku (puc. 1.1, a).
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Jlnst co3manusi CBOOOMHBIX KOJIeOAHUM OAJIKU MTOCTYIIUM CIISTYIOIIUM 00pa3oM.
[TpunokuM K Macce NONOJHUTENbHYIO cTaThueckyro cuiny P, (puc. 1.1, 6). Ona

BBI30BET YNPYTyl CTAaTHYECKylo JedopManuio Oankd U OTKJIOHUT Maccy OT
II0JIOKCHUS PABHOBECHS HA BEJIUYHHY A p, KOTOPYIO MOXKHO OIIPEIEIUTH C IIOMOLIBIO

60 kodddunrenta noxarauBoct O Oanku (puc. 1.1, 2), 1ubo ko3dduimeHTa
KecTkocTh k Oanku (puc. 1.1, 0):
A,=0-F,=F,/k. (1.1)
[Ipu 3TOM OUEBUIHO, UTO
S=k'; k=8, 8-k=1. (1.2)
B oTki0HEHHOM TIOJIOKEHUM Macca OyJIeT HaXOJUThCS B PAaBHOBECUM O]
JEUCTBUEM NPUIIOKEHHOU cuibl P, =k -Ap ¥ paBHOU €, HO IPOTUBOIOJIOKHOM IO

HAIPaBJICHUIO, YIIPYTOM «BOCCTaHABIMBAIOLIEH» cuibl K . =—k-Ap, cTpeMamniencs

BO3BpPAaTUTh MacCy B MOJOKEHHE PABHOBECHS, KOTOPOE OHA MMeJa 10 MPUIIOKEHUS
cwibl P, (cm. puc. 1.1, a):

Fy+ K, =0. (1.3)
B Hekotopelli MoMeHT BpemeHH (3adukcupyeM ero, kak t=0) ygamum
(MrHoBeHHO) cuiny P,.. CraTMueckoe paBHOBECHE MAacChl HApPYIIUTCS, U OHA IO

JEeUCTBUEM YNpYyro BoccTaHaBiauBawomed cuibl K, =—k-Ap Oanku HauHET

CT
IBWKEHUE (TIEPEMEICHNEe) B HAMPaBICHWH CBOETO IMEPBOHAYAIBHOTO TOJOKCHUS
(cm. puc. 1.1, a).

Ho, B cooTBeTcTBUU ¢ 3ak0HOM ['yKa, KaK TOJBKO MPOTHO OAKM YMEHBIITUTCS,
OPOMOPIIMOHATFHO  YMEHBIIUTCS W CBA3aHHAas C  NpOruOOM  ympyras
BOCCTaHABIMBAIOMIAsA CHWIa, T.€. 00€ BEIMYMHBI OYIyT SBISATHCA (PYHKIUSIMU
BpeMmenu: u =u(t); K =K(t). Ilpu 5TOM, KaK U B CTaTUYECKOM 3amaye, B JIHOOOI
MOMEHT BPEMEHH TIPH MTePEMENICHIN MacChl OyIeT COOJII0IaThCs 3aBUCHMOCTD

Kt)=—k-u(?). (1.4)

OOpatuM BHUMaHHE Ha TO, YTO HAYallbHas CKOPOCTh JIBMDKEHHSI MAacChl B
MOMEHT BpeMeHu ¢=(0 Obuta paBHa Hymro. [lodToMy Hadamo JBMKEHHUS MacCh
CBSI3aHO C npuaanueM e cuiioil K(¢) =—k-u(t) yckopenus ii,_ .

JlanpHeiiee TBUKEHHE MACChl K MIEPBOHAYATHHOMY TTOJIOKCHHUIO PAaBHOBECHS
NmoJi JIeWCTBHEM U3MEHstoeicss ynpyro cuwibl K(¢)=—k-u(t) Taxke Oyner

MPOUCXOJIUTh C U3MEHSIIOIIUMCS] YCKOPEHHEM, TaK Kak M0 BTOpoMy 3akoHy HbroToHa
ynpyras cuna K (t), «ToJakaromasy mMaccy m ¢ yCKOpeHueM ii(f), KpoMe BhIpaKeHUs

(1.4) MmoxeT OBITh MpeCTABIICHA TAKKE 3aBUCUMOCTBIO:
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K(t)=m-ii(t). (1.5)
[Tpu stom u3 (1.5) BUaHO, uTo U cuna K(¢) u yckopenue i(t) OyayT UMETh

OJIMHAKOBOE HAMpaBJICHHME — K TEpPBOHAYAILHOMY  HeAe(POPMUPOBAHHOMY
MOJIOKEHUIO paBHOBecHUs Oanku (cm. puc. 1.1, a).
Kpome Toro, mpu JBMKEHHH MacChl C YCKOPEHHEM Ha Oanky Oyner
JIEHCTBOBATH CUJIa HHEPIIUHA MACChHI
J(t)=—-m-ii(t), (1.6)
KoTOopas, Kak BuAHO u3 (1.6), HampaBieHa B CTOPOHY MPOTHBOMOJIOXKHYIO
HaIpaBJICHUIO YCKOpeHUs (7).

Comnoctasnenue (1.5) u (1.6) mo3BoJisieT 3anucarh ypaBHEHUE
J+K=0. (1.7)
OOpaTum BHHMaHHE HA TO, UTO ynpyras cuina K =—k-u=m-ii IeHCTBYeT Ha

Maccy OT Oayiku, a cujia uHepumu J =—m-ii JeUcTByeT Ha Oanky ot macchl. Ho

ypaBHeHue (1.7) MOXKHO paccMaTpHUBaTh KaK YpPaGHeHuUe PasHOBeCUst Maccyl 8 0Ol
Momenm ee Osudicenus. Takoe mnpeacTaBieHue mnpeioxkeHo JlamamOepom u
Ha3biBaeTcs «[IpuHiunom JlanamGepay.
[ToncraBus B (1.7) Boipaxenus (1.4) u (1.6), monyuum ypaBHEHUE
mii +ku =0, (1.8)
MO3BOJISIIONIEE IMyTEeM WHTETPUPOBAHUS HAWTH TIepeMenieHne u =u(f) MaccChl

paccMaTpuBaeMoOM yIpyrou JUHEWHO 1e(OopMUPYEMON CUCTEMBI C OJTHON CTEIECHBIO

cB000/1bI 0€3 yueTa BIUSHUS CUJI, BBI3BIBAIOINX 3aTyXaHHUE II€PEMEILCHUH.
Bepuemcss k HaOMIOIEHUIO 3a JBMKEHHEM MAacChl IOCIE€ MTHOBEHHOI'O

ylalleHus CTaTHYEeCKOW cuabl F, . JIOCTUrHYB 10X JEUCTBHEM YIPYTOMl CHIIBI

TOPU30HTAJIBHOIO IMEepPBOHAYAIBHOrO MoyokeHust (cMm. puc. 1.1, a) macca m He
OCTaHOBUTCSI, 4, HAOOOPOT, B pe3yJbTaTe MOCTOSHHOTO JACHCTBUS HA Hee cuibl K (¢)

(1.5), aBurascp ¢ yCKOpeHHEM, TOCTUTHET MaKCUMalIbHONW CKOPOCTU U MO WHEPLUU
IPOJOJIKUT ABUKEHUE BBEPX, U3rudas 0anky cuiioi unepuuu (1.6).

B cootBercTBHM C 3akoHOM ['yKa, mporu® OGayiku, BEI3BAHHBIA CUIION WHEPITUH,
nepefaromencss oT Macchl Ha Oanky, B JIIOOOW MOMEHT BPEMEHHM MOXKET ObITh
OIpPEJEIIEH U3 YPABHEHUS

u(t)=9-J(1). (1.9)
C yuerom (1.6) (ckoOKkH ¢ HE3aBUCUMOM MTEPEMEHHOM ¢ OIMyCKaeM)
u=08(—m-ii) (1.10)
WIn
Omii+u=0. (1.11)
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Kax Bumgno, ypaBuenus (1.7), (1.8) u (1.9) — (1.11) coOOTBETCTBEHHO
NPEICTABISIOT B€ (POPMBI 3alKCH ypaBHEHUS ABM)KCHUS MAaCChI, PacroOjOKEHHON
HAa ymOpyrod JnuHEHHO aedopMupyemoii cucreme. B mepBoil — wHcCMoIb30BaH
Ko3hPUIMEHT JKecTKocTH k&  Oanku, QU3WYECKH MNPEACTaBISAOMUNA  cO0Oi
CTaTUYECKYIO CHITY, BBI3BIBAIOIIYIO €IMHUYHBIN mporud Oanku (cm. puc. 1.1, 9). DTtot
KOO(QOUIIMEHT OIpeaenseTcs MPUEMOM HW3BECTHBIM U3 METOAa IMepeMeIeHHIA
CTaTUKH COOpykeHul [21].

Bo BTOpOii opMe 3anucu ypaBHEHHs ABMKEHHUSI UCIOJIb30BaH KOA(PUIIEHT
MOJNATAUBOCTH O Oanku, (U3MYECKH MPEACTABISIOMUNA CcO00M CcTaTUYeCKUn
nporu0 Oaiku, BbI3BAHHBIA €IWHMYHOW cuiod (cm. puc. 1.1, 2). Jlna Oanku
3TOT  KOA(DPUIMEHT MOXKET ObITh OmNpeleieH C IMOMOIIbI0  (HOPMYJIBI
Makcsenna-Mopa [1, 2, 21].

O6e ¢opmbr ypaBHenus aBwkeHus maccbl ((1.8) u (1.11)) ¢ yderom (1.2)
IPUBOJATCS K OJTHOMY YPaBHCHHUIO

fi+ou=0, (1.12)
re BBeIEHO 0003HAUEHUE
o’ =k/m=1/dm, (1.13)
NI
w=1k/m=/1/dm. (1.14)

N3 nByx dopm pemieHus 3anadd BBIOMPAIOT Ty, MPU KOTOPOW TPOIIE
NpakTUYeCKas peanm3anus 3amayr (B JaHHOM TPUMEpPE KPHUTEPUEM SBIISCTCS
MPOCTOTA OMPECICHUS BEJIMUUH k W J).

AHaM3 pelleHusl YPaBHEHHMsl CBOOOAHBIX He3aTyXaloIIUX KOJIeOaHWil.
[lonyuennoe ypaBHenue (1.12) sABisgercss  OOBIKHOBEHHBIM  OJHOPOJHBIM
mupepeHInaIbHbIM  YpaBHEHHMEM  BTOPOTO  MOpPAJKa C  MOCTOSSHHBIMU
koadunmenTamu. Ero pemieHne u3BECTHO U MOXKET OBbITh 3aMCaHO B BUJIE:

u=A4 cosnt+ A4,sinot, (1.15)
rne 4 u A, — NeUCTBUTENbHbIE IOCTOSIHHBIE UHTETPUPOBAHUSL, OIIPEEIISIEMBIE U3
HAYaJIbHBIX YCJIOBHUI IBH>KCHHUS:

u,_o=u’; u_og=u", (1.16)
rie u° ¥ u°°— 3aJaHHBIE B MOMEHT BPEMEHHU =0 HAYaIbHLIE COOTBETCTBEHHO

NnepeMecuICHUC U CKOPOCTh MACCHhI.
IIpumeyanue. B TOJIBKO 4TO pacCMOTPEHHOM IIpUMEpE NPUYUHON Hayana JBUKEHUS MacCChl

B MOMCHT BpPEMCHU t =0 ObUIa MTHOBEHHO YAaJICHHasA CHUJIa P

or » KOTOpast BbI3bIBajla HA4YaJIbHOC

nepemenieHne Maccel u° =A, =38- P, (mepBoe HauaipHOe ycioBue). HauanabHas CKOPOCTh MU
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yIaleHHd CHIIbI ObLIa HYJIEBOH, T. €. B MoMeHT Bpemenu (=0 u°° =0 (Bropoe HayaabHOE
YCIIOBHE).
B obmem cnydae (mpu 3agananu 000X Ha4aIbHBIX yciioBuid B Buje (1.16)) u3

IIEPBOI0 YyCJIOBUA IIOJIydYacM Al :uo. I[J'ISI HCIIOJIb30BAHHUA BTOPOI'0 HAYaJIbHOI'O

yCIIOBHS HEOOXOAUMO 3alUCaTh BBIPAXKEHUE AJI1 CKOPOCTU MACCHI:
u=-0A4sinot+wnAd,cosmt. (1.17)

Torna, npunsis ¢ =0, Gyxem umets u°° =0 A,, wn A, =u*° / o.
[ToncTtaBuB 3TH HaiiileHHbIE MOCTOSIHHbIE BeaW4YuHbI B (1.15), momyuum

BBIPAKCHUC IJIA IICPEMCIICHUS MACChI B BUAC
00

u® .
u=u°coswi+—sinwt. (1.18)
o

Boeipaxkerns (1.15) u (1.18) moka3pIBarOT, YTO CBOOOJHOE TMEpPEMEIICHHE
TOYEUYHOUW MAacCChl, PACMONIOKEHHON Ha yIpyrow JHMHEHHO nedopMupyemMoi Oalike,
MIPEICTABIISIET COOOM CYMMY JIBYX HE3aTyXaroNINX TAPMOHUYECKHUX KOJICOAHMIA.

[lepBoe HPOMCXOIAMT IO 3aKOHY KOCHHYCa W WMEET aMIUIUTyny A =u°,

BTOPOE — I10 3aKOHY CUHYca C aMIuIUTy a0 A, = u’ / .

HM3MeHeHue 3Tux COCTaB/HAIOIIUX IICPCMCIICHUA MACChbl m BO BPCMCHH JIA

HaAIJISIAHOCTH MpeIcTaBiIeHo rpaduiecku Ha puc. 1.2.

T=2n;m

1.5

cAcos|(of—c)

|~
N A

P lcgs(car) ' \

A 4 Azsm(mr) 05
’ // 1/ \\

W / EI

AN INTONLLL,

-1

=R
s|ls

-1.8
0,000 0,022 0,044 0,066 0,033 0,110 0,132

Puc. 1.2

IIpumeuanue k puc. 1.2. I'paduxu BoImONHEHBI ¢ MOMoOIIBIO MporpamMbl Mathcad npu
A =1; 4, =0.54,; ©="72.08 1/c.
Beipaxxennst (1.17) u (1.18) cBsI3bIBaIOT TakKe C BpalllEHHWEM C pPaBHOMEPHOM
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YIJIOBOM CKOPOCTBIO ® BEKTOpa A =u° W OTCTAIOIIEr0 OT HEro Ha yroia m/2

BekTOopa A, :uoo/co (puc. 1.3) BOKpyr ocu, Opoxopasmeid depe3 Touky O.

PasmepHoCThIO ® sIBiIsSIeTCA pan/c — CKOPOCTh PABHOMEPHOTO BpAaIICHUS MPH
KOTOpO# 3a BpeMsi 1 ¢ coBepIiaeTcsi HOBOPOT BEKTOPOB Ha yroi 1 paj.

Puc. 1.3
Ha pHuc. 13 BCKTOPLI IIOKAa3aHbl B MOMCHT BpPCMCHHU t (,IIO HayajJla HUx

BpalllCHUSI OHM COBIIAJAJIM COOTBETCTBEHHO ¢ ociMu OX u OZ). Hx

20PU3OHMANbHBIE COCMABIAIOWUE NPEOCMABIAION  COOMEEMCMEEHHO Nepeoe U
emopoe ciazaemvie nepemewjeruss moyeynou maccol 6 (1.15) u (1.18). llpu satom A
npe/cTaBiIsgeT cOO0N aMIUTUTYIy CYMMAapHOTO MEepeMeIeHus ¢, a oL — CABUT (ha3bl
MOJIHOTO KOJeOaHusi IO OTHOIIeHUI0 K (a3e KoJjebaHUs, COOTBETCTBYIOIIETO
MIEPBOMY CJIaraéMOMY:

A=A+ 4 = W)} + (@™ /)’ ; (1.19)
o= arctgé; (1.20)

4
A =Acosa; A, =Asina. (1.21)

C yuerom (1.21) Beipaxkenue (1.15) MOKHO IpeACTaBUTH B BUJIE
u=Acos(ot—a). (1.22)
Kak BumHO u3 comocrtaBieHusi nepBoro ciaraemoro B (1.15) u BeIpakeHus
(1.22) (cm. taxxke puc. 1.2 u puc.1.3), uMeeT MecTo 3ana3ibIBaHUE HA BpeMsl = oL/ ®

MOJIHOM AMILIUTY bl A 110 OTHOIICHUIO K aMIIMTy IS Al .

Mo>kHO BBIpa3UTh CABUT (pa3bl MOJHON aMIUIUTYAbl A MO OTHOIICHUIO K (a3e

AMILIIUTY AbI AZ C TIOMOIIIBIO BEJINYMHBI
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y
¢ =arctg—L. (1.23)
AZ

Torma
A =Asing; A, =Acoso; (1.24)
u = Asin(ot+ Q) (1.25)

Kak BuaHO M3 comocrtaBieHusi BToporo ciaraemoro B (1.15) u BepakeHus
(1.25) (cm. taxke puc. 1.2 u puc.1.3), umeer MecTo ornepexeHrue Mo BPEMEHHU Ha

BEJINYMHY ¢ =@ /@ TOJHON aMIUIUTY/bl A IO OTHOLIEHMIO K aMIUIUTYy e A, .

OuyeBHUIHO, YTO
(a+@)=n/2ut=(a/0o+¢/0)=n/20=T/4. (1.26)
[Ipouiecc mepemeneHuss Macchl MpPU CBOOOJHBIX MOMEPEUHBIX KOJEOaHUSIX
Ooanku (cMm. puc. 1.2 u puc. 1.3) sBasgerca nepuogudeckuM. OH UMeEET MEpUOA
T =27n/® (Bpems, ¢, OJHOTO IUKJIAa KOJeOaHUsI MacChl Ha Oajke), paBHBINA MEPUOTY
OJIHOTO IIMKJIa BpAIIEHUS BEKTOPOB BOKPYTr TOYKH (O C PABHOMEPHOW YTIOBOM
CKOPOCTBIO ® .
Bennuuna
v=1/T=w/2n 1/c (I'm) (1.27)
MpENCTaBIsIeT CO0OW uacmomy nepuoouyeckoeo npoyecca KoneOaHU Macchl Ha
0aJike W TEPUOJUYECKOTO MPOIEcca BpAIEHUS BEKTOPOB, COBEPIIAEMBIX 3a OIHY
CeKyHly BpeMeHH. TaKyro 4acTOTy MHOTIa Ha3bIBAIOT MEXHUYECKOU 4acmomoll.
3a eAMHUIYy U3MEPEHUs ATOW BEJIMYMHBI MPUHATA yacmoma KoieOaHuul, mpu
KOTOpO# 3a BpeMsi 1¢ coBeplIaeTcsi OJIMH LUKJ MEPUOJAUYECKOro Mmporecca. ITon

€UHULIE MPUCBOEHO HanMmeHoBanue r e p i (I'n) [19].
B nepuonnueckoM mpoiiecce KojebaHUl TOYEUHOW Macchl Ha Oanke (CM. puc.
1.2) BennuuHa
o=2n/T=2n-v pan/c (1/c) (1.28)
HA3bIBAECTCA V2l080U, KpPY208OU UMU YUKIUYECKOU 4acmomou, KOTOPYI0 B
coorBeTcTBUM ¢ (1.28) u ¢dusnyeckuM CMBICIOM BeJIMYUH 7 W VvV OOBIYHO
paccMaTpUBAIOT KaK YHUCIO KOJeOaHWM, COBEpPIIAEMBIX 3a BpeMs, paBHOE 27 C
(cM. TakKe ompeesieHUe dTOW BETMYMHBI, JaHHOE B [19]).
N3 Beipaxkennii (1.15), (1.22) u (1.25) nony4daroTcs BbIpaxeHuUs JJisi CKOPOCTH
U YCKOPEHHUS MacChl MPU CBOOOJIHBIX HE3aTYXAIOIIUX KOJIEOAHUX, a TAKXKE JIJISl CUJIbI
WHEpLHH, IEUCTBYIOLTYIO Ha 0aJKy, HalpuMep:
U =-wAsin(ot —a); ii:—oazAcos((ot—oc); (1.29)
J()=-mii(t) = me* Acos(owt —a)=J,cos(of—a), (1.30)
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rae

Jo =max,|J (1) = mo* 4 (1.31)
npescTaBisieT co0oil amMmuTyny (MakCMMallbHOE 3HAuY€HHE BO BPEMEHHU) CHUJIbI
uHepruu. OHa OyJieT UMEeTh MecTo, Korjaa cos(wz—a)=1, T. e. korga (of—a)=0,
wim (cMm. puc. 1.2) npu t=a/ .

Cune wnepunuu J(¢z) (1.30) B paccmaTpuBaeMoil Oajike OTBEYaeT »SIIOpa
u3rudaromumx MoMeHToB M(#) (puc. 1.1, e) ¢ opaunatoii M (f) B cedyeHuHu, rue
IpUjIokeHa cuia. MakcumanbHOMY BO BpeMeHH 3HaueHuto J (1.31) cubel nnepuun
COOTBETCTBYET M3rUOAOIMA MOMEHT M = max,‘M c (t)‘ =J,1/4.

B nonepeuyHoM cedeHun OalKku ¢ MaKCUMaJIbHOW OpAMHATOW M, MOryT

OBITh OIIPCACIICHBI MAKCHMAJIBbHBIC KW MHUHHUMAJIBHBIC 3HAUCHHUA HOPMAJIbHBIX

HANPSUKEHUH Gy pc =T M /W COOTBETCTBEHHO Ha HIKHEW (PacTAHYTOW) H

BepxHeH (CxKaToi) CTOpOHAX CEUCHUSI.

AHaIOTUYHO MOTYT OBITh OTMPE/IEICHBI U MOMEPEUYHBIE CUJIbI B CEUCHHSIX OaNKu
U COOTBETCTBYIOIIME UM KacaTeIbHbIE HAMPSIKEHMUS.

[TonmyyeHHble BbIpaKEHUS ISl 4acToT ® U f, ang nepuona 7', ¢a3oBbIX
XapakTepUCTUK O WU (O, NEPEMEUIEHUA #, CKOPOCTH U, YCKOPEHUS ii, CHIIbI
uHEpHUH J SBIAIOTCS OOUIUMU JJIs JTFOOBIX CUCTEM C OJTHOM CTENEHBIO CBOOOIBI.

3aK0H cOXpaHEeHHUs IHEPruHU KoJIeOAHUI MPH HE3ATYXAKIIUX KOJIeOaHUuAX.
OnHoBpeMEeHHOE 3aJ]laHue Macce HadalbHbIX yciaoBul nBukeHus (1.16) cBoOOIHBIX
KOJIeOAHUM CHUCTEMBI C OJHOM CTENEHbI0 CBOOOABI COOTBETCTBYET IMOIYUYECHHIO
YIIPYTOM CUCTEMOU SHEPTUHU

D,=M1,+T,. (1.32)

Cnaraembie B (1.32) COOTBETCTBEHHO SIBJISIOTCS NOTEHUUAIbHOW U

KUHETUYECKON SHEPTUSIMHU

II,=05k®)?*; T,=0.5mu)>. (1.33)
B npomecce konebaHuii MOTEHOMANbHAs M KWHETHYECKas DSHEPrUU

U3MEHSIIOTCS BO BPEMEHH, HO MOCKOJIBKY pacCMaTpUBAeTCS BapHaHT KoyieOaHUM 0e3

uX 3aTyxaHus (6e3 moTepu SHEPruu KojaebaHuil), TO CyMMapHas BeJIMYMHA YHEPTUN
D)= (@) +T(1)=0.5ku* +0.5mu> (1.34)
B H}060ﬁ MOMCHT BPEMCHH OCTACTCA MOCTOSIHHOM.

HelictButensHo, nojactaBuB B (1.34) Beipaxkenust (1.24) u nepsoe u3 (1.29),
MOJIy4YUM
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I()=0.5 kA? cosz(oo t—a)+0.5m w’ 4> sinz((o t—a). (1.35)

uiu ¢ yueroM (1.13)
(f) = 0.5kA*[cos* (ot — ) +sin? (o7 — )] = 0.5k4* =3, . (1.36)
CymmapHass dSHeprus HE WU3MEHSETCS W TMPH NPOXOXKJACHUHW MacCoi

NEPBOHAYAJIBLHOIO MMOJ0XKEeHUs1 paBHOBecus (u = 0)
(II(1)=0; T(t)=T,, (1)=05mw*4, =0.5k4* =3,) (1.37)
U TIPU IPOXO0KJACHUU MaKCUMAJIbHOT'O OTKJIOHEHUSI MacChl Ha aMIUIUTYyny (u = A)
(II(ty=1,, =0.5kA>=3,; T(t)=0) (1.38)
Tak kak osHeprus He3aTyxawmux KosneOanuii (1.35) mMeeT NOCTOSHHYIO
BEJIMYMHY, TO €€ MPOU3BOAHAS IO BPEMEHH pPaBHA HYJIIO
dI(0)/ dt = dII(¢)/ dt + dT(¢)/ dt = d(0.5 ku* +0.5mu*)/ dt = (mii + ku)ii =0. (1.39)
Kak Buamm, 5T0 ycioBHe COOTBETCTBYeT ypaBHeHUIO (1.8) cBOOOIHBIX
He3aTyXaloUuMX KojeOaHui ympyroil JuHEHHO AedOpMUPYEMOIl CHCTEMBI C OJHOU
CTENIEHBIO CBOOOIBI.
PaccMOTpUM  HECKOJBKO MPUMEPOB IO  ONPEAEICHUI0 JTHHAMHYECKUX
XapaKTEepUCTUK @, vV U T KojeOaHusi 0ajoK MO pacyETHOM CXEME CHCTEMbI C OJHOU

CTENEHBIO CBOOOIBI.

IT pmumep 1 Ilycte TpeOyerca ompenenutb COOCTBEHHYHO YacTOTy M IEPUOJ
HE3aTyXamomuX KojeOaHWi ynpyrod JHMHEHHO neOpMHPYEMOIl CHCTEMBI C OJHOW CTETEHBIO
cBOOOBI B BUJC HEBECOMOW Oayku, Hecylleld Ha ce0e TOYSUHYIO MacCy B CepelrHe TposieTa (CM.
puc. 1.1, a).

EnuncrtBenHas (mepBasi) cOOCTBEHHass Kpyromasi yacToTa , paji/c, CUCTEMbl C OIHOU
CTETICHbIO CBOOOJIbI, MOXKET OBITh OmpeneneHa u3 mepBoro Beipaxkenus (1.14) ¢ momorrsio
kod(pdurmenta xKecTkocTu k, nubo u3 Broporo BeipaxkeHus (1.14) ¢ momompio koddduimenta
oaTiuBocTU O . PaccMoTpum 06a myTH perieHus.

1. Benuuuny £ ajis 6anku HaleM MPUEMOM, U3BECTHBIM U3 METO/1a IEPEMEIICHUI CTaTHKU
coopyxenuit (puc. 1.4, a) [1, 21].

BBeneM KecTKylo CBfA3b, 3aKPEIUIAIONLYI0 TOUKY PAcIONOXKEHHsI Macchl Ha Oallke, U 3aTeM
JaIUM 3TOW CBA3HM €IUHUYHOE EpEMEICHHUE.

B pesynbrare Takoro Bo3aeicTBHs Oanka aedopMupyercs, U B HEH BOSHUKHYT yCHJIHS, B
YaCTHOCTH, U3TU0AIOIIIEe MOMEHTHI. VX 3mropa ¢ opJMHATOMN B ceperHe mpojieTa pasHa [1, 21]:

3]%: lzlf[,rﬂe iy =EIl/l (1.40)

Peakiuss Bo BBeneHHOW CBsi3M M siBIsieTca kodddunuentom k. OHa paBHa CymMme

nonepeqHHx CHUJI Q B CCUCHUAX 6aJ'IKI/I, IIoOXOo oMU X K CBA3U CJIEBA U cnpaBa:
12E1)/£] _ 48EI
72 P
Torma kpyrosast 4acToTa CBOOOJHBIX HE3aTYXaIONIMX KOJIeOaHUH onpenenuTes u3 GopmyIsl

k=20=2-[(

(1.41)
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w:\/E= 48EI 928,[ paI[/c ¢’ (1.42)
m

a yacToTa KoyieOaHUil, paBHas YUCITY [IUKIIOB KOJ‘Ie6aHI/II/I B 1 ¢ (I'u), — u3 hopmysl

v=""-1103 E—ic'l. (1.43)
27 ml
a }
h=il2 |, 4 =1/2
il

6)

e

Puc. 14

[Tepron konebGaHMiT OIPESTUTCS U3 BEIPAKCHUMA

3
pom_1__ 1 m” (1.44)
o v 1103\ EI

2. Ilpu ompeneneHWH KpPYyroBOW YacTOTHl W3 BTOporo BbipaxkeHus (1.14) nHeoOxoammo
CHayaJla BMECTO K03(ppHILIMEeHTa KECTKOCTH ONPEeAeTuTh KO3 (PUIMEHT NOJATIUBOCTH O , KOTOPBIN
JUIs GaJIKM MOXHO OTpeAeNuTh C MOMOIIbI0 nHTerpana MakcBemta — Mopa [1, 2, 21]. [Ipu yuerte
TOJILKO W3TMOHBIX nedopmanuii O6anku (smopa M mpuBeneHa Ha puc. 1.4, 6) U BBIUUCICHUH
MHTETrpaja YUCICHHBIM METOJIOM C oMollbio popmyiiel Cumiicona [1, 2, 21] nomyunm

8= IIMZ i [0+4-1-1+ / l} Eo_
o EI 2-6E1 8 8 4 4] 48EI

Kak BummMm, coOCTBeHHass Kpyromasi yacToTa , paj/c, coOCTBeHHas 4actoTa v, [n, u

(1.45)

COOTBETCTBYIOIIUI UM nepuos 7' KonebaHul, ¢, HOIydaThCsl TAKUMU XKe, KaK U IPU ONpeAeTIeHUN
UX C TIOMOIIbIO KO (PUIIMEHTA KECTKOCTH.

N3 dopmyn (1.14) BumHO, dYTO C YyBenWYeHHEM KOI(P(GUIIMEHTA KECTKOCTH k
(ymenbmieHHeM Kod((UIMEHTa MONATIMBOCTA O ) OanKy M HEM3MEHHBIM 3HAYEHHUEM TOYCUHOU
Macchl m COOCTBEHHAsi KpyroBasi 4acTOTa pacCMaTPUBAEMON CUCTEMBI YBETUUUTCSL.

N3menenne kodddummeHTa XECTKOCTH OalKu k& 3aBUCHT HE TOJBKO OT HM3MCHEHHS
napametpoB E,I,[(cm. dopmyny (1.41)), HO U OT omoOpHBIX cBsizel Oanku. PaccMoTpum 3710 Ha
JBYX CIEIYIOIINX IpUMepax.

II pumep 2.0ctaBuM paccmMaTpuBaeMylo B MpEAbIAYIIEM MpuMepe Oanky u Maccy 6e3
n3MeHeHus. VI3MeHUM TOJIbKO XapakTep onupaHus 0ajaku: OyJeM CUUTaTh, YTO BMECTO HMIAPHUPHBIX
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OTIOp OHA UMEET 0 KOHIIaM >KECTKHE 3aleMIIsIolue onopsl (3aaenku) (puc. 1.5, a) [8].

PaccmoTpuM, Kak M3MEHSTCS ONpeeNIeHHbIE B MPEIbIAYIIEM PUMepe YacTOThl U TEPHO
KOJIeOaHUM CUCTEMBI C OHOM CTETEHbIO CBOOOIBI B CBSI3M C M3MEHEHUEM OI0p OasIKu.

1. IIpu pemieHnn ¢ TOMOLIBIO KO3 GUIMEHTA KECTKOCTH Kk , Ui €0 OINpeesIeHUs] BMECTO
smropbl M , mpuBeJieHHOM Ha puc.l.4, a, ucnons3yercs [1, 22] smtopa M B BUze, H300pakeHHOM
Ha puc. 1.5, 6. Kak BuaHo, koo puLneHT XecTKOCTH OaNKH C 3alIeMJISIONIMMU ONopaMu OoJibIie
KO3 pHIIMEHTa HKECTKOCTH ITOH ke OaJIKU ¢ HIapHUPHBIMU ONopamH B 4 pasa:
12EI | 96EI 192EI 48EI

3 2 JE JE =4 3 (1.46)

k=20=2.

[TosTomy cobcrBeHHble yacToThl @ (1.42), f (1.43) yBenuuarcs, a nmepuoj cOOCTBEHHBIX

konebanuit 7T (1.44) ymeHbmuTcs, B 2 pasa.

—t

.

a) &) 3
Jé?\\\

2)

A

&

AW

Puc. 1.5

2. Ha puc. 1.5, 6, 2 mokazaHbsl COOTBETCTBEHHO 3MIOpbl M po U M [1,21] nnsa onpeneneHus

kod(pdurmenTa MOJATIMBOCTH OaJKH C 3alleMJISIONIMMHA OIOpaMU C TIOMOIIBI0 HHTErpaja
MakcBemta — Mopa. B pesynprare wucnonb3oBaHus (opmysbl  CHUMIICOHA YHCICHHOTO
WHTETPUPOBAHMUSI, TIOTYUNM

5P bk (147)
o EI 2-6EI 8 2 192E1 '

Kak BUIuM, 3TOT My Th pelIeHHUs IPUBOAUT K TEM K€ pe3yJIbTaTaM, YTO U MPEIbITY .

II pumep 3. Ilpeamonoxum, uto y Oanku (cM. puc. 1.1) jxecTkHe BepTHUKAIbHBIC
OTIOpHBIE CBSI3M 3aMEHEHbl Ha ynpyro-nojariusbie (puc. 1.6) ¢ xo3dduimenTom MnonaTIMBOCTH
OIop O,

PaccmoTpuM, Kak BIUsSE€T MOJATIMBOCTh BEPTUKAIBHBIX OMOPHBIX CBSI3€i Ha COOCTBEHHYIO
YacTOTy M MEPHO]] COOCTBEHHBIX KOJICOaHMIA.

OueBunHo (puc. 1.6, 6), uro Tenepsb KOIPPUIHEHT O OYyIET ONMPENETITHCS U3 BHIPAKCHUS:

§=5,, +8;. (1.48)
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® "
0.5 0.5
&) | 1 '
' ¥ L
________ I________ :-—-—1501_[
""'h.__hh 65 -____..-""-
Puc. 1.6

Bennunna &y, mpencraBisomas co0od mporu® Oanku CBS3aHHBIA € ee HU3ruOoM,
ompezeneHa B npumepe 1. Bemmunna  §, =0.5a,, sBIsSeTCs 0cankoi OaIKM OT €ANHUYHOMN CHIIBI,

CBsI3aHHAs C OCAJKOM YIIPYTUX ONOp OT ACHCTBYIOLIMX HAa HUX COKMMAIOIIUX CHUJI cO 3HaueHueM 0.5.
B pesynbraTte u3 BrOporo BeipaxeHus (1.14) nomyuyum:
1

= 5 (1.49)

48E1
ITpu xecTkuX omopax HX MOAATIMBOCTb O, =0 M KpyroBas COOCTBEHHas 4acToTa @

m(0.5a., +

(1.49) Oyner paBHa cooTBeTcTBYIOLIEH yacToTe (1.42), mosnydyeHHoil B npumepe 1.
IIpu yBenuueHUM TMOAATIMBOCTH ONOpP 3HaMeHarenb B BblpaxkeHuu (1.47) Oyzer
YBCIUMYMUBATLCA, U YaCcTOTa 6YI[6T YMCHbLIIATLCA. O‘-IGBI/II[HO, qTo IIpU A, —> 00, IOJIyYHUM

® — 0. D10 03HaUYaeT OTCyTCTBUE KOJEOAHUI U HEOTpaHUUYCHHOE TepeMelieHue oanku (4 — o).

[IpencraBnsier WHTEpeC BapuaHT, Koraa Oajka, OCTaBasChb HEBECOMOM, SBISETCS OYEHb
xecTkoi, Tak uto B (1.49) mMoxHo mpunsTh El =co. Torma BTOpOE ciiaraeMoe B 3HaMeHATene
BelpaskeHus (1.49) OyneTr paBHO HyJIO, U CBOOOJHBIE KOJIE€OaHUs CUCTEMbI OyAyT MPOUCXOIMUTH C
4aCTOTOM ®, 3aBUCALIEH TOJBKO OT MOJATIMBOCTH OIOD:

1
0= [——. (1.50)
0.5ma.,
JUtsl BBIYMCIICHHS 3HAYSHUH COOCTBEHHBIX 4acTOT M TEPUO/a KOJIECOAHUI CUCTEMBI C OJJHON
CTENeHBIO CBOOO/IBI Il KOHKPETHOM OaJKi JOJDKHBI OBITh 3aaHbI €€ TEOMETPUYECKUE MapaMeTphl

U XapaKTepUCTUKU MaTepHaia. PaccMoTpum Takoit mpumep.

IIpumep 4. Onpenesenne CH u COK nonepeyHbix Ko1e0aHuil Ke1e300eTOHHOM 0aJKHU 1O
PacyeTHOi cXxeMe CHCTEeMbI C OJHOM CTeNeHbI0 CBO0ObI

[lyctes nmana sxene3oOeroHHast Oanka (puc. 1.7, a) co cleaylOmUMUA T€OMETPUUYECKUMU

napamMerpamMu: JUIMHAa [; =8M; IIMpPUHA U BBICOTA MPAMOYTOJIBHOIO IOHNEPEUHOIO CEUEHHS
coorBeTcTBEHHO b=0.4M u 7 =0.6 M. Ilo 3TM napamerpam BelYUCIUM: Ay = 0.24m>— II0Maab

TIOTIEPEUHOTo ceuenns; Vg = A -1s= 0.24-8 = 1.92 M° — o6beM matepuana banku; [, = bh’ /12 =

=0.072 " — MOMeHT WHEPIIUHU TTOTIEPEYHOTO CEYCHUS OAJIKM OTHOCUTEIHHO OCH Y.
Marepuanom  Oanmku  sSBISETCA  JKeIe300eToH  kimacca B25  co  crmemyronmumu
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XapaKTepUCTHKAaMU: IUIOTHOCTh Py = 2500 Kr/M =2.5T/M>; ymenbHBIA  Bec Yo =Ps' &=

= 24.525kH/M® = 2.5 tc/M°, tme g =9.81 M/c? — ycKopeHHe CBOGOJHOTO MACHHMS;. MOLYIb

ynpyroct E=3.00186 107 kH/mM* =3.06-10° tc/m?>.

OHpCZ[GJII/IM CJIeayromue BCJININHBI, H€06XOI[I/IMI>IC Jajiec IJid pacyera:

1. JKecTkocTh Ganku TpH ee M3rMOHBIX KoneGanuax El, = 216133.92 kH-m*;
2. Maccy Oanku mg =pg-Vs= 4800 xr = 48 T u ee Bec Gg=mz-g= 4.8 - 9.81 =
=47.088 kH = 4.8 Tc;

3.JIuHeiiHy10 MIOTHOCTD OanKu Wg =mg/ls = pg-As = 0.6 /M M IMHEHHBIA Bec Gainku
95 =G/ls=p;-g =0.6:9.81 =5.886 xkH/m = 0.6 Tc/M™m.

IIpumeuyanue. BenuuuHbl Ug U ¢ SABIAIOTCA  OpAMHAaTaMM  dIIOP PaBHOMEPHO
pacrpesielieHHbIX 10 JUIMHe Oanku Maccsl U Beca Oanku (puc. 1.7, a, 6). Ilnomanu pg /s =mg u
qs 15 = Gs ITUX S0P MpU AJUHE [; COOTBETCTBEHHO pPaBHBI Macce M Becy OalKu, a IpHU JJIMHE
4yacTu OAJIKU PaBHOM OJHOMY METPY PaBHBI BEJIMUMHAM [ = s -1 U g5 = g5 -1, IPEACTAaBIAIOINUM

cO0OH COOTBETCTBEHHO «IIOIOHHYIO MAacCy» M «IOTOHHBIN Bec» OalKH ¢ pa3MEpHOCTBIO Macchl U
CHUJIBI.

) T ,
'- ] X
/7;%7 4 .mﬂ . 2B
£) g, iG’*
”;j%;’l . W
Puc. 1.7

ITo cepenunne nposeta Gaku pacroNoKeEH dIEKTPOABUTaTeNb Maccoi m, = 1500 kr =1.5T,

KOTOPBIH B pacueTHO# cxeme Oanku (puc. 1.7, a) npeacraisieTcs: B BUIE COCPEJOTOUYCHHOMN B TOUKE
MacChl, BO3JEHCTBYOImEN Ha Ganky (puc. 1.7, 6) cunoit G, =m,-g = 1.5 - 9.81 = 14.715 xH =

= 1.5 tc (Bec nBuraTens).

Jlna pemienus quHamuueckoi 3amauu mo ompenenenutro CY m COK 3amanHoil Ganku mo
pacueTHON cxeMe B BHJIE CHUCTEMbl C OJHON CTENEeHbIO CBOOOJBI HAJ0 CHayajga IO 3aJaHHbIM
XapaKTepUCTUKaM OaJKH CO3/1aTh TaKyl pacueTHyro cxemy. IIpu ee cozmaHuu BOCHOJB3yeMcs
uHpopMaluel 0 4Yucie AUHAMUYECKHUX CTeneHed CBOOOJbl B PACUETHBIX CXEMaxX COOPYKEHHMH
(puc. B.1), npuBeneHHO BO BBEACHUU K yueOHOMY TTocoOuio. B cBsi3u ¢ 3TuM:

1. Byaem paccmaTpuBaTh 0ajKy Kak IUNIOCKYIO CTEPKHEBYIO CUCTEMY, OTHECEHHYIO K 00Iei
cucreMe XZ oceil koopauHaT (cM. puc. 1.7, a), U TOJBKO MoNepedHble K ocu Oanku (B JaHHOM
cllyyae — BepTUKaJIbHbIE) KoJieOaHust 0003HaueHHBIX Ha puc. 1.7 macc.

2. Ilpu pemenuu 3agauu o kojeOaHUsIX Oanku B MIOcKocTH XOZ pa3ienuM ee Ha MIOCKue
CTEep>KHEBbIe KOHEUHbIE 3JIeMEeHThI TuNa 2 (1o HyMmepauuu B nporpamme SCAD) [1, 2, 23].
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3. YureMm, uTo npu ucnosib3oBanun MKD g pemieHus 3agay JAMHAMUKH CTEP)KHEBBIX

CHCTEM DPAaBHOMEpPHO paclpe/ieleHHYI0 MO JuIHE /. cTepikHeBOoro koHewyHoro snemenrta (KJ) r
maccy m"” =p") /") 3amensior nBymMs paBHBIME TOueuHBIMHM Maccamu m, =m} = 0.5m",

OTHECCHHBIMH K KOHLIAM 9JeMeHTa, T. e. K y3maM 1) (masamo KD ) u 2 (komery KD r).
Hywmepanus y310B ocyliecTBIsS€TCS B MECTHOM CUCTEME Ocell koopauHar [1, 2].
Pa36uB Oanky Ha aa KO tumna 2 (puc. 1.8, a) noiayyum cucreMmy ¢ OJHOM TUHAMUYECKOMN

cTenenbro cBobo bl (puc.1.8, 6) [1, 2, 23].

@)
El] ] -2 2 EI?
1 2 1 2
6)
€L m " @2 @ 2
Puc. 1.8

B orom cimywae B y3me 2 Oymer cocpemoTodyeHa CyMMapHas TOYEYHas —Mmacca

my =m, +my, , rae m; =15 T — Macca 3JICKTPOABHIATEIS; My, =0.5m" +0.5m? -

IpHBEIEHHAs Macca dIeMeHToB | u 2, mpuxopamascs Ha y3en 2. 3necs m') =m? = 4us=24rT;
My =4 =241 1 my=15+24=39 r.

Todeunble  Macchl ml1 = m22 =025p,-=1.2 T, nDpuUBOAIIME YAaCTb PABHOMEPHO
pacrpenesieHHOM MaccChl JIEMEHTOB | U 2 COOTBETCTBEHHO K OMOPHBIM y3iaMm | u 3, creneHei
cBOOO/IBI B MOMEPEYHOM K OCH OaNKy HanpaBieHud He uMeroT. [loaToMy Ha puc. 1.8, 6 3TH Macchl

HE MOKa3aHBl.
Taxum o6pa3om, moayyeHHas cucrema (cM. puc. 1.8, 6) UMeeT TOJIBKO OJHY AMHAMUYECKYIO

CTENeHb CBOOOBI — CBOOO/IbI BEPTUKAIBHBIX NIEpEeMEIeHI Maccsl m, =3.9 T B y3ine 2.

Onpeodenenue ounamuueckux xapakmepucmuk o, v, T éanku
u ee coomeemcmeyioujeit COK epyunyio
VKazaHHbIE AMHAMHUYECKHE XapaKTEPUCTUKU MOXEM BBIYHMCIMTH BPYUYHYIO IO (hopMyiiam

(1.42) — (1.44), noxcraBuB B HUX, H3BECTHBIC 3HAUCHUs Benuuud EI, m =m, ., [. Toraa nomxydum:

7
w=\/zz ,/48]'2] =6.928,/E—I3 :6.928\/3'00186 103 0.072 =72.08, paxn/c; (1.51)
m ml ml 39.8

v=—"_1148 ¢’ (1.52)
2n
r=2"_1_0087c. (1.53)
()] A%

CoOctBennass ¢opma KoynebaHui Oallki, COOTBETCTBYIOIIAs KPYroBOW YacToTe o,

OIIPCACIIAACTCSA OJIHOM OpI[HHB.TOﬁ — HepCMCIICHUECM MACCHI, HpHHO)KCHHOﬁ B Yy3JIC 2 pacquHoﬁ
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cxembl MKD, 1o HanpaBiieHUIO BEPTUKAIBHON CTETIEHU CBOOOBI y3a 2.

[TockonbKy Hac MHTEpECyeT TONbKO (hopMma KojeOaHUi, MpUMeM yKa3aHHOE MepeMeIIeHne
MaccChl paBHBIM €IMHUIIEC U HAPABUM €r0 B MOJIOKUTEIBHOM HampaBiieHuu ocu Z (cm. puc. 1.7, a).
[Monyuaromasicss mpu 3ToM Qopma aedopmaru OanKy MOKa3aHa B TOM BHJIE, B KOTOPOM OHa
[I0JIy4aeTcsl B AAJIbHEHIIIEM B 3TOM IIPUMEpE pacueTa ¢ momouisio nporpammel SCAD.

Onpeodenenue ounamuueckux xapakmepucmuk o, v, T éanku
u ee coomeemcmeyioujeit COK na IIK ¢ nomouyvio npocpammor SCAD
B mporpamme SCAD pacuetnasi cxema, mpuBe/ieHHas Ha puc. 1.8, 6, moiaydaercs U3 CXeMbl
MKD, npusenenHnoii Ha puc. 1.8, a, B pe3ynbTaTe ClIeayIoIei Ipoieayphl:
1. ITocne moctpoenus B pasaene «Cxema» puc. 1.8, a, OTKpbIBaeM pasnuen «3arpyKeHus.

D

«HI/IHaMI/I‘leCKI/IC BO3,Z[€I‘/'ICTBI/IH» H B OTKPBIBHICMCSA JUAJIOTOBOM OKHC BLI6I/IpaeM ((COSI[aHI/Ie HOBOI'O

2. B OTKpbIBIIEHCS WHCTPYMEHTAJLHOW TMaHENM AaKTHBU3MPYEM  KHOIIKY

3arpyxeHus». B pesynbTaTe OTKpbIBaeTCS MepBasi CTPaHUIIA ABYXCTPAHUYHOTO JUAIOTOBOTO OKHA
C TIepeYHCICHUEM PA3INYHBIX TUHAMUYECKUX BO3JCHCTBHIA.

3. Broibupaem «MopanbHbIi aHANIM3» W 33Ja€M aHAJIOTHYHOE WMS JUHAMHYECKOTO
3arpyeHus. BeIxoqum U3 MepBOi CTpaHUIIbl OKHA HAXKATHEM B €0 BepxHel dacTu «MoJallbHbIi
aHaIIN3.

4. Ha oTkpbIBIIEHCS BTOPOI CTpaHUIE AMAIOTOBOTO OKHA BBOJMM YHUCIIO YYUTHIBAEMBIX
¢dbopM KkonebaHuil (B MOCTPOCHHOM pacyeTHOW cXxeme Ui CUCTEMBl C OJHON CTENEHBI0 CBOOOIbI
BBoAMM Lu(py 1). Haxxatrem kHonku «OK» Ha BTOpO# CTpaHUIE BBIXOIUM U3 AHATOTOBOTO OKHA.

k"8
/' | «HepuroHHbIE

5. Ha wuHCTpyMEHTaNbHOM MAaHEIM aKTUBU3UPYEM KHOIKY
XapaKTEepUCTUKW» W BHIOMpPAaeM B OTKpPBIBLIEMCS CHHUCKE «3amaHue macc». OTKpoeTcss OKHO
«Maccom:

JanpHelas Mocae10BaTeabHOCTh ONEpalyii 10 BBOLY Macc uMmeeT BapuaHThl. [loaTomy
CJIEAYIOUIMH MYHKT 6 MOCIEe10BATEIbHOCTH PACCMOTPHUM B CIIEAYIOLIMX JIByX BapHaHTaX:

6. Bapuanm 1. Ilpennonoxum, 4ro CyMMapHas TodeuHas Mmacca m, =391 B y3ae 2
pacueTHoil cxembl MKD Oanku yke MOACYMTaHa BPYYHYIO (CM. BbIIe). Torga B OTKpPBIBIIEMCS
okHe «Maccsl» BBoquTCs Bec 310 Maccel G, =G =m, -g =3.9 - 9.81 =38.259 kH = 3.9 Tc.

OTOT BapuaHT 3all0JIHEHUs OKHA 10 BBOJAY Macc, KOrja Bec Macchl 3aaaercs B KH, npusenen
HIDKE CIIEBA, a KOT/Ia BEC MACChI 33JJa€TCs B TC — CIIpaBa:

{* MHepUMOHHEIE CEONCTER Y3006 *  |HEpUMOHHBIE CEONCTES YSN0E
Macce b or4EHTEI MHEPLMM Macs Macckl MoreHTEI MHEPLMK Mace
% Y z ux|  wr|  uz| X ¥ z L ue|  uz
Bec maccel bl OFAEHT MHEPLMIK FMaCCE! Bec maccel M arIEHT HHEPLMM MacTE

38.259 kH kHM*cer "z 33 T Trrcer2
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OtHecst 3TO 3arpyKeHMe K Y31y 2, MNOJIy4YdM CXEMy BapuaHta 1 3arpyxeHus,
npeAcTaBieHHyo Ha puc. 1.10.

D38.259 KHl (D3.9 1c)
=

Puc. 1.10

6. Bapuanm 2. [Ipeanonoxxum, 4To CymMmMapHasi ToueyHasi Macca B y3Ji€ 2 pacyeTHON CXeMbl
MKD OGanku He Obuta mojcumrTaHa. Torma B OTKpbIBIIEMCS OKHe «Macchl» cHauana B y3en 2

BBOJUTCS TONBKO Bec G, =G, =m -g = 1.5 - 9.81 = 14.715 kH Toueunoit maccer m,= 1.5 1

OJICKTPOABUTATCIIAL
* M HEpUMOHHEIE CBOHCTES YZ0E *  WNHEPUMOHHEIE CEOMCTES Y3A0E
Macce I OMEHTEI MHEPUMI Macs Macce M otEHT I MHEPLUWK MaCs
X Y z ux|  uwr| uz| x y z ux| wr|  wz|
Bec maccel b OFEHT WHEPLMM FaCCEI Bec macck M orEHT MHEPLMK Maccel

14.715 kH kHra*cer” 2 15 T Tracer”2

3aTeM BBOJUTCS «IIOTOHHBIN Bec» (Bec Macchl 1 M mnuHbl Oanku) g, = 5.886 kH = 0.6 Tc.

ToT BapHUaHT 3aJaHUs BECa pacnpeneneHHoﬁ Macchl Oallku IMPUBCACH B HWIKCJIC)KAIIUX OKHaAX
(cneBa — IIpH 3alaHUH BE€Ca MACCHI B KH, CIIpaBa — IIpHU 3aJlaHUU BECA MACChI B TC)Z

(+ Maccel B 3 nereHT ax i* b acchl B 3 IEMEHTaN

* PacnpegenedHeie | [nacTuHe ' Pacnpegenstibie | MaacTuHsl

¢ CocpeaoTouethble " CocpenoTodeHHelE

Bec maccer  |0.086 kH SR IEIEi ;
Bun cxemsl 3arpyskeHus Oaliki B BapuaHTe 2 3aJjaHusl Beca Macc puBeieH Ha puc. 1.11.

D14,72 kH (D1.5 Tc)
D5.8860kH (DO.6 Tc ] D5.8860xH (DO0.6 Tc)

I,
Puc. 1.11

7. B mob0om BApHUAHTC 3arpyXCHuUA C€ro HaJlo COXpaHHUTb, a 3aTCM 3alTH B pas3acit

«YT1paBieHue», Ha UHCTPYMEHTAILHOU MaHeIN KOTOPOTO BHIOPATh KHOIKY ot «BpliiTH B BKpaH
yIIpaBJIeHUs TPOCKTOM» U Ha «JlepeBe mpoekTay B pazzaene «Pacuery BrIOpaTh «JIuHEHHBII.

8. ITocre BBITIOIHEHUSI JIMHEWHOTO pacueTa BeIOMpaeM B pasnene «PesynpTaTey Ha «JlepeBe
npoekta» nonpasznen «lledars Tabmuiy». OTKpoeTcs IUAnIoroBo€ OKHO JJIsi MOCTPOCHUS TaOJHIL C
pe3ynbTaTaMu pacyeTa.

PesynpTarel pemieHus AuHAMHYECKOM 3agadyu «MoJalbHBIN aHalv3» HaXOHISTCS B TpeX
tabnuuax paszgena «IuHamuka». st OTKpBITHS 3THX TaOJHI] aKTUBU3HPYEM COOTBETCTBYIOUIYIO
CTPOKY C Ha3BaHHeM «JlMHaMKKa» B IPABOM CTOJIOLIE TUATIOTOBOTO OKHA.
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9. Jlna mnonydeHHs UMHTEPECYIOIIMX pacyeTyMKa BEJIMYMH M B HYXKHBIX BBIXOJHBIX
€IMHUIIAX HEOOXOJMMO B JIHAJIOTOBOM OKHE IIOCIIEAOBATEIFHO BBIMOJIHUTH PEIAKTUPOBAHHE
tabmui, B okHax «llapamerpsl BbIBOga», «@POpMUPOBAHHE JOKYMEHTa» M 3aT€M OTKPHITH
«IIpocmoTp pe3yabratoB». C 3TUMH BONPOCAMM YYalllUHCS YK€ BCTpEHaJICs MPHU PELICHUM 3adad
CTaTHKH coopy>keHuii [1, 2, 23].

Hwxe Tpu ynoMsiHyThIe TaONHUIBI B pa3nene «uHaMuKay JUIsi pacCMaTpHBaeMoOro mpumepa
pacuera IpHUBEACHBI B BHUAE, KOTOpbI mosydaercs B mnporpamme SCAD npu npocmotpe
pE3yJIBTATOB pacyeTa.

| Z 38.25 |

| 1 2 3 |
| = |
| 1 - (MOOAJILHEIM aHaJIns3) |
| 7z 3.9 |
| Barpy N COBCTB. UACTOTH I[NIEPUOIH |
| II/I0 e |
| xeHUEe SHAUEHNUA 1/C ' C |
|[-—— |
| 1 1 .0138734 72.08 11.48 087 |

| 1 2 3 |
| == s |
| 1 - 1 (MODAJILHEIM aHaJus3) |
| Z 1. |

B mepBoii Tabimie OTpaXeH BEC CyMMapHOW TOYECYHOW MAcChl m, =m, +m,,, B y3ie 2

pacueTHO# cxeMmbl Oanku (cMm. puc. 1.8), coBepmaroieii cBOOOAHBIE KONCOAHHSI B HAMPABICHUH
rorepek ocu Oaliku (Tabynila MPUBEACHA IBAXKIBI: COOTBETCTBEHHO MPHU 3a/IaHUU Beca Macchl B KH
U B TC).

Bo BTOpOIi Tabnuie MpUBOIATCS: KpyroBas 4actota o = 21-v = 72.08 paj/c, momnepeyHbix
K ocu Oanmku CBOOOJHBIX KOJICOAHMI MaccChl; 4acToTa Kosiebanus maccel v =11.48 'l m mepuon

KoJIeOauuit m") = M(r) e C.

B Ta6J'II/IHe TPpHU MPUBCACHA MaKCUMAaJIbHAA OTHOCHUTECJIbHAA aMIUIUTY/J1a IICPEMCIICHUA MAaCChI
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B niepBoii COK Oanku, KOTOpYI0 NpUHUMAET ynpyras 0ajaka Ipu OTHOCUTEIIBHOM CMEIIEHUN MacChl
B y3ie 2, paBHoMm emuHuie. B mporpamme SCAD dopma m3runba Oallkki IMONydaeTcs, €Cin
MOCTIeIOBATEIbHO OTKPHITh B paszene «Pe3yibraTel» JepeBa MpOeKTa Moapases «rpadudecKuit
aHanmu3y. a 3aTeM «Jlegopmanum» 1 Ha OTKPBIBIICHCS HHCTPYMEHTAIBHOW MaHEIH HaXKaTh KHOTIKY

b7

KapTUHY JedopMariuu O6ajaku, MpuBeIeHHYO Ha puc. 1.9.

[Ipy 5TOM C HOMOIIBIO KHONKH = *

«OToOpakeHre TPOTHOOB B CTEPXKHIX» IMOITYUYUM

PesynpTar momydaercs OAMHAKOBBIM IPU HCIOJB30BaHUU JHOOOrO U3 PacCMOTPEHHBIX
BBIILIE BYX BapUaHTOB 3aJaHMs MacC OaJIKH.

Bunno, 4TO pe3ysbTar pemeHus MOCTaBICHHOM 3anauu BpydHyro M Ha [IK ¢ momonibro
nporpamMmMbl SCAD MOJTHOCTBIO COBIAIAET.

IIpumep S. Ucnnoanzosanue nporpammbl SCAD s onpenenenns CH n COK

NonepeYHbIX K 0CH 0ALIHU KOJ1e0aHUI BETPOIHEPreTHYECKON YCTAHOBKHU 0AllIeHHOT0 THIA
10 PACYEeTHOM cXeMe CHCTEMBI C O/IHOM CTeNeHbI0 CBO0OAbI

IMocTranoBka 3amaun. [lycTh 3ajaHa pacyeTHas cXeMa BETPOIHEPTETHUECKOW yCTaHOBKHU
(BOY) GamenHoro tumna ¢ ropu3oHTAIBHOI OCkIo BpalieHus Berpokoieca (BK) (puc. 1.12, a).

)
g 2}

Z 4 (X1) Z

H’Ir mg
e | & 2

£d = “g 3 1!‘!77—-'{{ 1 ‘X
_ I - - . (Z.D i
5

Puc. 1.12

JByxceknuonHas 6amnsa BOY (3) u3s cranu ¢ Mmogynem ynpyroctu Eg =2.06-e+ 08 kH/m?

M IUIOTHOCTBIO pgs = 7850 kr/M°> =7.851/M> mpencTaBisieTcs B BUE MIIMHAPHYECKOH TPYOBI C

OCPEIHEHHBIMH TI0 €€ BBICOTE T'€OMETPUUECKIUMH XapaKTEPUCTUKAMU: TOJIIIMHON CTEHKU ¢ =1cMm;
HapykHoro nuamerpa D =211cm; BHyTpeHHero nuamerpa d =209cwm; cpemHero auamerpa
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d,=0.5(D+d)=210cm; mnomanpio monepeyHoro ceuenus A; =mn-d,-t= 3.14 - 2.1 - 0.01 =

=0.066 M.

Ha BepxHem KkoHIIe OallHU pacroyioyKeHa MOBOpaYMBArOIIasics BOKPYT ee ocu ToHpona (1) ¢
BeTpoKkosiecoM (2). HmkHuM TOpIIOM OarrHs, HampuMmep, ¢ TIOMOIIBI0 aHKEPHBIX OOJITOB, KPETTUTCS
K BepxHeil moBepxHocTH (4) xene306eroHHoro gpynaamenra (5).

BuyTtpu rornonsr Haxoautcs Ban BK, ero omopHas KOHCTpYKIHS, PEIyKTOp, TEHEPATOP U

npyroe obopyaoBanne BOVY [24]. Ilomnas macca m,. =6000 xr =6T rongonsl BMecte ¢ BK

3aJlaHa.
TpebyeTcs onpenenuTb TMHAMUYECKHE XapakTepucTuku o, v, 7 1 COK BOVY kak cucrembl

C OJTHOM cTemneHbio cBoOOIkI (puc. 1.12, 2).

Takass mpubmwkeHHass pacyeTHas cxeMa Juid 3aJaHHOW cuctembl (cMm. puc. 1.12, a)
MOJIYYUTCS, €CJIM MPUHATDH CIACAYIOIINE TONYIECHUS

1. Macca m =6 1 rongomnsl ¢ BK npencrasnsieTcst B BUe TOU€YHONH MaCCHI.

2. bamHa BbicOTOM /; =29 M Ipu 3aJaHHBIX HapamMeTpax €€ MONEPEeYHOro CEYEHHUs
paccMatpuBaercs (puc. 1. 12, 6) kak TOHKMH CTepkKEeHb € OOIIEH Maccol my =pg-(4s-l5) =
=7.85-(0.066-29)=15T paBHOMEpHO pacCHpeAeICHHON MO JJIMHE CTepXKHSI C JIMHEHHOM
IUIOTHOCTBIO g =mg /15 = pg-As = 0.52 /M.

3. B pacuetHOl cxeMe He yuuThIBaroTCs nedopmaiuu pyHIaMeHTa 1 OCHOBAHHUSI, TIOITOMY
B pacyeTHOM CXeMe OTopa CTEPKHsI MPEJICTAaBIICHA B BUJIC KECTKOM 3a1enku (cM. puc. 1.12, 6, 8).

4. PaccMaTpuBa[TCS TOJIBKO TIOTIEpEYHbIE K OCH CTepkHS Kojebanuss BIY,
MPOUCXOAIINE B TUIOCKOCTH ocei koopauHat X u Z (puc. 1.12, 6), mo3ToMy mpu MOCTPOCHUH
pacueTtHo cxembl MKD cTepeHb-KOHCOIb MOXKET OBITh Pa30UT Ha HEOOXOAMMOE YHCIIO TUIOCKHUX
CTEP’)KHEBBIX KOHEYHBIX JIEMEHTOB THMA 2 (110 HyMepaiuu npuHAToi B mporpamme SCAD).

5. Kak u B npeapiymieM npumMepe 4 MpuHsITO, YTO PABHOMEPHO paclpeiesieHHas Mo JJIMHE
I. macca m'” = ,u(r) O

. KOHEYHOIO DJIEMEHTA 7 3aMEHSETCS JBYMs DABHBIMH TOYEYHBIMH
maccamu m] =mj =0.5m'"”), ornecennsvu K konnam K9, 1. e. k y3mam 17 (mauano K3 ) n 2

(xonenn KO r). Hymepauus HayalbHOTO M KOHEYHOTO Y3JIOB 3JEMEHTOB OCYLIECTBIIACTCS B
MECTHOM cucTeMe oceil koopauHar [3].

B cBs3M ¢ 3TUM CTaHOBUTCA SICHBIM, YTO pacueTHas cxema BDOY kak cucteMbl ¢ ofHOU
JTUHAMHYECKOHN CTENEeHBbI0 CBOOOIBI MOMYYUTCS, €CIIH CTEPKEHb-KOHCOJb 0 JUIMHE MPECTaBUTH B
Buzie TosibKko ojHoro KO tuna 2 (ua puc. 1.12,6. oHa npuBeJieHa B BU€, KOTOPbII NOIyYaeTcs: Ipu
ucnonbs3oBanuu nporpammel SCAD [1, 2, 23]).

B oToM ciydae mMacca m, =my =0.5-0.52-29 =7.5T snementa | mpuBeserca K y3nam 1

2. IlpuBenenHas macca mll =7.81 y3na 1, coBnamaromiero ¢ 3amemMJysionieil omnopoii, He Oyzaer
MMETh MEePEMEIICHUH, TTOATOMY ATa Macca Ha pacueTHoU cxeme (puc. 1.12, 2) He mokazana. Tak kak

y3es 2 COBNAAaeT C KOHIOM OallHu, e PaclojiokKeHa macca m, =0T, TO NpHUBEJICHHAs Macca
m; =7.5T y3ma 2 cyMMUpyeTCsl C Maccod IOHZIOJbI, IO3TOMY B y3i€ 2 pacueTHOW cxembl MKO
(cMm. puc. 1.12, 6) OyzneT HaXoaUTbCA CyMMapHasi TOY€YHas Macca m, = m, +m§= 6.0+75=135T

(cm. puc.1.12, 2).
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B pesynbrare monyuwin pacuetHyio cxemy BOY kak cucreMmy ¢ 0JIHOM CTENEHbIO CBOOOIbI
Ui ee AuHaMmuyeckoro pacuera no ompezaeneHuto CH u COK nonepeyHbIX K OCH CTEPIKHA
KoJ1eOaHuH.

Kak u B mpenpinymemM npuMepe, pacCMOTPHM JABa croco0a onpenesieHusl TUHAMUYECKIX
XapaKTEepUCTHK , vV, T 3Tol cuctemsl U cooTBeTcTBYMOIIEH eif CPK: pacuer BpyuHylo U pacyeT Ha
IIK ¢ ucnonwszoBanuem nporpammsl SCAD.

Pacuer Bpyunyw. CHauana omnpefenuM yIIOBYIO COOCTBEHHYIO 4acTOTy . Mcmonb3yem
Uit 3TOTO BTOpYIO hopmymy (1.14).

Koaddumuent nogatimmBoctr 8 B 3TOM GopMysie mpeacTaBisier co0oi mporud KOHCOJIU OT
equHUIHOU cuiiel (puc. 1.13, a).

Puc. 1.13

Ero Benmumna moxeT ObITh ompezeneHa mno ¢opmyne Makcsemna — Mopa [1, 2, 21]
C YYETOM TOJIbKO MHTErpaia, yYMTBIBAIOIIEr0 U3ruOHble aedopManuy. Boraucisis 3TOT UHTErpal
1o popmysie CUMIICOHA, OITY4HM:

S—I?Mpzlﬁdx— ls I 29°
o EI 6El 3El;  3-2.06-10°-0.036349

[Tpu BerumcaeHun Ko3pdHUINEHTa & MOMEHT MHEPLUUH /[, IMONEPEYHOro CEYEHUs] TOHKON

{(146)%4(%6)%0}: =0.0011 m

TpyOBbI OTHOCUTENHHO OCH Y (CM. cHCTeMy Oceil o0IIeil cucTemMbl KoopauHat Ha puc. 1.12, 6, 6, 2)
ObUI oMpeieNieH 1o NpubamkeHHon popmyne: [, ~ 7 - r03 -1 =3.14-(1.05)* -0.01= 0.036349 m" .

Bxopsmas B popmyiny (1.14) macca m = m, =13.5 1. Toraa noayuyum:

1
ow=,——=28.2 pan/c. 1.54
V0.0011-13.5 pai (1.54)

ITo yrioBoii yacToTe @ omnpezaenseM 4acToty v, [’ u nepuon konedbanuii T, c;
v=v,=0/21=82/628=13c"; (1.55)
T=2n/ow=1/v=0.77c. (1.56)
CoOctBenHass  ¢opma  koynebGaHuUM  pacCMOTpPEHHOHW  pacueTHOM  cxembl  BOY,
COOTBETCTBYIOIIAsi COOCTBEHHOH YacTtore , Oyaer mMeTh BHI (opMbl aedopmanuu KOHCONH,
n3o0pakeHHou Ha puc. 1.13, a, ¢ OTHOCUTEIBLHOW OPAMHATON TOPU3OHTAILHOTO ITEpEMEIIIEHHUS Y371
2 paBHoii equnune (puc. 1.13, 0).
Pacuer Ha IIK ¢ nomombio nporpammbl SCAD. CHavana BBIIOJIHUM NEPBBIA U BTOPOU
ATambl penieHus 3a1auu ¢ nomoiisto nporpammel SCAD [1, 2], B pe3ynbrare yero Oyner co3jaaHa
pacuetHas cxema BOYVY B Buze, npuBeeHHOM Ha puc. 1.12, 6.
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JList 3arpy’keHus TIOCTPOEHHON PaCYeTHOW CXEMbl JMHAMUYECKUM BO3JECHCTBUEM B pasjelie

«3arpy’keHus» Ha MHCTPYMEHTAJIBHON IaHEIM Ha)KMMaeM KHOIIKY D Otkpoercst 1nanoroBoe
OKHO, B KOTOpoM BbiOuMpaeM «Coznarh HOBoe 3arpykeHue». [lanmee BbiOupaeM «MogasibHbll
aHanmu3» U 3az1aeM Tpedyemoe yucio COK: 1.

m.|/
—
3areM OTKpbIBaeM OKHO ' | «lIHepIHOHHBIE XapaKTEpUCTUKW» U BbIOMpaeM «3aaaHue

Macc». 3aroJiHAeM JUajJoroBoe OKHO (OHO MpPHUBEICHO HMXKE) MO 3agaHui0 Beca G=m, -g=
=6 - 9.81 = 58.86 kH ToueuHoil macchl B y3ie 2. [l BBOAA 3TOr0 3HAYEHHUsI OTMETHM Y3€ll 2 U

MOATBEPIKIaeM CJHICJaHHBIA BBIOOpP HaXKaTHEM B MEHIO pasliena «3arpyKeHHs» 3e€JICHOTO IIBEeTa
rajgouku «OK».

* MHEpUMOHHEIE CEONCTES Y5 N0E

Macce M OMEHTEI MHEPLMW MaCC
" v| z] ux|  wr|  uz|
Bec maccel M OMEHT HHEDLMH MaCCE]

58.86 kH kH ek "

BaTeM AHAJIOTUMYHBIMH ,I[CﬁCTBHFIMH BBOOUTCA BCEC OOJHOI'0 IIOTOHHOI'O MCTpa 6aH_IHI/I
gs1=(ug - 2)-1= (0.52 - 9.81)-1 = 5.1 kH:
(e Macckl B 3 nemeHTax

+ Pacnpegeneddbie | [10acTuHe

" CocpeaoTodeHHBIE

Bec macoer |51 kH

OtH AaHHBIC OTHOCHUM K €AMHCTBCHHOMY KOHCYHOMY 3JICMCHTY pvaeTHOﬁ CXCMBbI.

22, 2
- D58.86 B PE3YJIbTATC (HpI/I HaXXaTbIX KHOIIKaX n_— ) MOJIYyYUM PACUCTHYIO

cXeMy B BUJie U300pakeHHOM Ha puc. 1.14.

Coxpansiem 3arpyxeHue | ¢ Ha3BaHMEM «MOA-B3Yl» M BBINOJIHSIEM
pacuer.

B pesynbrare B mporpamme SCAD B Tabmuie pacrpeneieHusi BECOB
macc nonyuum Bec G, =132.2 xH cocpenoToyeHHOM Macchl B y3ie 2.

D5.1 Bo BTOpOI Tabnuie npu nonepevyHbIX KosiedaHusIX OallHU ¢ YKa3aHHON
COCpE0TOUYEHHON MacCoil B y3i1€ 2 MOJIYyYUM KPYTrOBYIO COOCTBEHHYIO YacTOTY
0=28.3 c'l, gactoty V=0/2n=1.3 I'n u nepuoa coOCTBEHHBIX KoJeOaHU
T=2n/0=1/v=0.76 c.

Cob6ctBennas  ¢opma  KonebaHHii, COOTBETCTBYIOIIAs  MEpPBOI

1 coOcTBeHHOM yactore BOY, momydeHHol 1o BbIOpaHHOM pacyeTHOH cxeme,

MOJy4YaeTcsi MpU pacuere ¢ ucnoiab3oBaHueMm mnporpammbel SCAD B BHIE,
n3o0paxkeHHoM Ha puc. 1.13, 6.

Puc. 1.14
3HaueHUs1 XapakTEpPUCTUK ,V,T , ONpEeAENEeHHbIX BPYUYHYIO U C

nomotbio mporpammbl SCAD, ¢ 10CTaTOYHOM I MPAKTHYECKUX PACUETOB
TOYHOCTBIO COOTBETCTBEHHO COBIMA/IAIOT.
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1.2. CBoOoaHbIe 3aTyXa0lHe KOJIeOaHus

YpaBHeHue CBOOOJHBIX 3aTyXawmux Koje0anmid. B  peanbHbIX
COOPY’KEHHUSAX 3HEPrusi CBOOOJHBIX KOJeOaHWl HeoOpaTUMO TEpsieTCsl B Pe3yJbTare
NOTEPh HA MPEOAOJICHHE BHYTPEHHETO HEYNPYroro CONPOTHUBIICHUS MaTepuala,
NOoTeph B MECTax COEAMHEHHS 3JIEMEHTOB APYr C JPYroM M ONOpaMH, a TaKXKeE B
pe3ynbTaTe IMOTEPh YEPE3 OCHOBAHME, OKpYXKawllyr cpexy u T. nA. lloatomy
CBOOO/IHBIC KOJIEOAHUSI CO BPEMEHEM 3aTyXaroT.

[IpobGneme yueTa pa3lIUYHBIX COMPOTUBJICHUHN MpU KOIEOAHUM COOPYKEHHM
NOCBSIIEHA MHOTOYMCIEHHAs JuTeparypa (cM. OuOamorpaduyeckue CIHUCKH,
HarpuMmep, B padorax [5, 11, 15, 23]). B yuebnuke [11] paccmorpen cnoco0 ydera
CWJI CONPOTUBIIEHHA B 3aJauyax JMHAMHUKH, OCHOBAHHBIA HA THUIIOTE3E «BA3KOIO
TPEHUs», NpemIokKeHHOH @DOWrToM, a Takke Croco0, OCHOBaHHBIM Ha TEOPUU
HEYNPYTroro MOrJIOLIEHUsI SHEPTUH KOJIeOaHH, B TOM YUCIE IPU y4yeTe BHYTPEHHETO
TpeHus B komriekcHo# dopme no teopun E.C. Copokuna.

Hccnenosanus, BeIOIHEHHBIE B [11], TOKa3bIBaIOT, YTO NIPU PELICHUHN 33/1a4U
0 CBOOOJHBIX 3aTyXalIUX KOJIEOaHUSIX CHUCTEMBI C OJHOM CTENEeHbIO CBOOOIBI
ypaBHEHHUE, OMUCHIBAIOLIEE 3TU KOJIeOaHUs, U €ro pelieHrue MOTyT ObITh 3allMCaHbI B
BUJI€, COOTBETCTBYIOILIEM HCIOJIb30BAHHUIO TUIIOTE3bl «BSI3KOr0 TpeHus» PDoirra, HO
3aTeéM CKOPPEKTHPOBAaHbI C YyYE€TOM HMEIOMIMXCA K HACTOSIIEMY BpPEMEHHU
pPEe3yJbTaTOB SKCIIEPUMEHTAIBHBIX U TEOPETUUECKUX UCCIICIOBAHUIA.

UToOBI MOSICHUTH 3TO, 3alMIIEM YpPaBHEHHE JBH)KCHHUSI MAcChl B CHUCTEME C
OJIHOM CTETEeHbI0 CBOOOIBI C HCIONb30BaHWEM TUroTe3bl Doirra B TeX ke IBYX
dbopmax, 4TO U MpU CBOOOJHBIX He3aTyxarouux koyedanusx (cM. (1.7) u (1.9)), Ho ¢
100aBJIEHUEM CUJIbI HEYTIPYTOro CONpoTUBIEHUs R, = R, (7):

J+R, +K=0 (1.57)
u=98(J+R,); (1.58)

B coorBercTBUM € rUnoTe3on «BA3KOro TpeHus» Doirra cuia HEynpyroro
COMPOTHUBJICHUS KOJIeOaHUSIM MPEICTABISETCS B BUJIE:

R,=—c-u. (1.59)
I€ ¢ — CWJIa BSI3KOTO CONPOTHUBIICHUS MAaTepHasia, COOTBETCTBYIOIIAS €IWHUYHON
ckopocTH (2 =1) IBHKEHUSI MaCCHhl.

3HaKk «MuHYc» B BblpakeHud (1.59) mnokaspiBaer, 4TO cuHIa BSI3KOTO
CONPOTHUBJIEHUS, ACUCTBYIOIIAs HAa TOYEYHYIO Maccy NIpH €€ [BH)KCHHH, HMEET
HaIlpaBJICHKE, IPOTUBOIIOJI0KHOE HAIIPABIEHUIO CKOPOCTH JIBUKEHUS.

B pe3ynbTaTe, ABa BapuaHTa 3alUCU ypPaBHEHHs ABUKEHHSI TOUEUHOW MAcCCHI,
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pPacroyioKeHHOW Ha HEBECOMOM NMHENHHOo nedopmupyemoit 6anke (cM. puc. 1.1, a),

NP TIOTIEPEYHBIX CBOOOJHBIX KOJICOAHUSAX C yY4ETOM CHJI BS3KOTO COIMPOTHUBIICHUS
BMecTo (1.57) u (1.58) ¢ yuerom (1.4) u (1.5) OyayT umeTs BU

mii +cti + ku =0; (1.60)

u=90(-mii—ctt) unu Omii+ci+u=0 (1.61)

PaznenuB (1.60) u (1.61) cCOOTBETCTBEHHO Ha m U Om TONYyYUM ypPaBHCHHE

CBOOOIHBIX KOJIEOAHUI B BUIE

ii+2et+0u=0. (1.62)

e ®° — 0603HavYeHHUe (1.13), mpencraBnsoniee coOOM, Kak 3TO TOKa3aHO B

nonapasnene (1.1), kBampaT KpyroBod COOCTBEHHOM YacTOThl CHCTEMBI MpH
He3aTyXaloluX KojeOaHusx, 0003HaueHNe
2e=c/m (1.63)
NpEACTABISIET  CO0OM  YJIBOEHHYIO  BEJIIMYMHY €, KOTOpas  Ha3blBaeTcd
KO3Ghhuyuenmom samyxanusi Koiebdanuil Ui Ko puyueHmom oemn@puposaruisl.
Jis peuwienust ypaBHeHus: (1.62) Ba)XHO COOTHOLIEHWE BEJIMYMH € U ®. B
CTPOUTENBHBIX KOHCTPYKIUSAX XapAKTEPHBIM SIBJISIETCS COOTHOLLICHUE
E<®. (1.64)
AHanu3 pemieHusi ypapHeHus (1.56) cBOOOAHBIX KOJI€0aHUM € YYETOM CHJI
«BSI3KOT0» CONMPOTHUBJIeHUsI KoJieOanusam Pemenune ypaBHenus (1.62) ¢ yuetom
(1.64) umeet (cM. X011 pelieHus1, HarpuMep, B [4]) Bua:

u=e "' (4 cosopt+ A4, sinwy,t); (1.65)
u=Ae "' cos(wpt—a); (1.66)
u=Ae ' sin(wp t+@). (1.67)
rJie IOCTOSIHHBIE A , A, ONpenensoTCs U3 HadallbHBIX YCJIOBU ABMkeHus (1.16):
4= 4yt HEL (1.68)
®p

a o HUM u3 gopmyin (1.21), (1.22), (1.25) - mocTossTHHBIE BETUYUHBI A, O, .

Kak cnenyer u3 Beipakenuit (1.65) - (1.67), cBoOOgHBIE TBUKECHUS CUCTEMBI C
OJTHOM CTENeHbI0 CBOOOABI MPHU HAYANBHBIX YCIOBUAX JBMkKeHHS B Buae (1.16)
NPEICTaBIAIOT co00i rapMoHUWYeckue Kojedanus (puc. 1.15), mpoucxopsuime c
KpyTrOBOM 4acTOTOM

2
®p = 0 -2 =w 1—8—2,1/(:, (1.69)

U aMITUTYy10M Aexp(—€f), KOTOpasi B CBSI3M C HAIMYMEM MHOXUTENS €xp(—€f) €O
32



BPEMEHEM YMEHbLIaeTcs, 3aTyxaeT. YacToTa mpouecca 3aTyXaroumx KoJeOaHu v,
I'm,, n mepuoxn 3aryxaromux KojeOaHuil 7, C, ONPENENAIOTCA, KaK M IpH

HC3aTyXaromux KOJ'IC68.HI/I}IX, COOTBCTCTBCHHO H3 BBIpa}KeHI/Iﬁ

/p

o, 1 2 1
:—:—; T ==
2n Tp P ®p Vp (1.70)

pH )

.
""'.,_ -zf
S - Ae
f’ﬂ- Ae e (1)
L — 3‘

- - .
gl - - |
t 1 T
Puc. 1.15
XapakTepuCcTUKHA  3aTyXaHMs KOJIeOaHUIA. DKCIepUMEHTAIbHBIMU

UCCJIEIOBAaHUSIMHU YCTAHOBJIEHO, 4TO KO3 durineHT 3aryxanus € (1.63), momydeHHBIH
IIPY KCIIOB30BAaHUU THMOTE3bl DOirTa, 3aBUCUT OT YacTOThI KojiebaHuil. B To ke
BpeMsl OSKCHEPUMEHTAJIbHO TIOJIYYEHbl XapaKTEePUCTUKH 3aTyXaHHs KoJeOaHuH,
KOTOpPbIE  MOYKHO CYMTaTh IOCTOSSHHBIMU  (4aCTOTHO-HE3aBUCUMBIMHU)  JUIS
KOHKPETHOTO TUIIa COOPY>KEHUM WIIM UX JIEMEHTOB.

OnmHa W3 TakuX XapakTePUCTUK — Kodduyuenm noznowjenuss 3Hepeuu
konebanuti [4, 10, 14]

AW

==, 1.71
V=" (L.71)

rae AW — moteps sHeprum KojeOaHuUM 3a OAWH LMKI (32 MEpHOJ T ), W —
HNOTEHIMAIbHAS SHEPTHUs YIPYroi nedopMariiy, COOTBETCTBYIOIIAs aMILIUTyie A, B
HayaJie UK.

Bropoii XxapakTepucTuKON 3aTyXaHHs KoeOaHH, HE 3aBUCSIIEH OT 4aCTOTHI
KOJIeOaHUM, SBISIETCSL Jo2apupmuueckuii Kodgduyuenm 3amyxanus KoleOaHull,
KOTOPBII ONpPEAeIIeTCs BRIPAKECHUEM:
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0, =In—"-, (1.72)

n+l
rne A, u A, SBISIOTCS CIAEAYIOUMMH JPYT 3a APYroM c nepuoioM I =21/ mp
aMIUTATyaMu koJsiebanuii (cm. puc.1.15).
Mesx 1y NOCTOSSHHBIMU BEIMYMHAMU O, U Y CYyILECTBYyeT paBeHCTBo [5, 11]:

y=20,. (1.73)
B nuHamuueckux pacyeTax HCHOJB3YIOT TaKXKe KOID@uyueHm Heynpy2o2o
COnpomueieHUA KOJICOAHHSIM

Yo=Y O (1.74)
2w

3HauyeHus kKo3(p(UIUEHTOB O ,, Y, Y, MOXKHO HalTH B pa3iIMuyHbIX paboTax,

Harpumep [11, 15, 16]. 3 npuBeaeHHBIX TaM NAaHHBIX CIEAYET, YTO HAUMEHBIIIEE
3HaYeHUe HTUX KOI((ULIHUEHTOB UMEIOT CTaJbHbIe KOHCTPYKUUHU (CTaJbHBIC
asIMOBBIE TpyObI — y = 0.11, cranpable MOCTBI — Y = 0.17). lna xene300eTOHHBIX
nepekpbituil \y ~ 0.44—-0.56, moctoB ~0.63. HauOosnpiiee 3HaUeHHE Y HMEET IS
paznuuHbix 3naHuil (=0.66), Kene300eTOHHBIX (PYHIAMEHTOB II0J] TE€HEpPaTOPbI
(=0.8). Ilpu 3TOM COOTBETCTBYIOLME 3HadeHUs KO3(PPuLueHTOB  ,, Y, MOKHO
ycTaHoBUTh u3 (1.73).

KoppexkTupoBka rumnore3bl ®oiirra cocToUT B TOM, 4TO KO3 UIIMEHT
3atyxanust € (1.63) nisi cuCTeMBbl C OJHOM CTENEHbIO CBOOOJBI YBA3BIBAIOT C
KkodppunuentamMu d,, , ¥, , HE 3aBUCAIIMMH OT 4acTOThI KOJEOaHUN U C 4acTOTOU

®p. OTO TOIYy4yaeTcsl, HapuMep, ¢ NOMOIIbIO BbIpaxkeHus (1.72) m c yderom

pewenus (1.66) wm (1.67). Torna npu rapMOHHYECKUX KOJIEOAHUAX C YACTOTON O :

Ae ®n 2m
SnzlnngTD:{ig. (175)

Otcrona c yuerom (1.74)
E=—2Op=—0p="0p. (1.76)

B yuyeOGHOM mocobuu [5] mokazaHo, 4TO BMecTO BbIpaxkeHus (1.69) moxHO
3anmcaTh
® ® ®

T e Bny ) 1+ (V2 ) 14 (Ymy2 | (1.77)
2n 4m 2

Tak kak 111 CTPOUTENBHBIX KOHCTPYKIUH (COOpY>KeHHI) KOd(DPHUIIUEHTHI
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O,,W,Yy, Manbl (CM. IpPUBEJIEHHBIC BBIIIE 3HAYEHUA Y I PA3IUYHBIX

KOHCTPYKIIUH), TO
052 _ W2 _ Yuy2
) =) =) <1 1.78
(27:) ( 4n) (2) (1.78)

U BTOPBIMHU CJIara€MbIMHU I10J] 3HAKOM KOpHS B 3HaMmeHartene BblpaxkeHuil (1.77)

MOXHO TIpeHeOpeub IO CpaBHEHUIO C eAuHuleid. Toraa Ajisi CTPOUTENBHBIX
KOHCTPYKIUH (COOpYKEHUM) MOJTydaeMm:

opro; vp=rv, Tp=T. (1.79)

B oanvheiiwiem makas npubnudxcennas 3ameHa 4acmom U Nepuooos

3amyxarowux KoreOanull Yyacmomamu U nepuooamu He3amyxarnuwux Koaebanuil o

CMPOUmMenbHbIX KOHCMPYKYULl COeNand 80 8CeX UCNONb3YeMblX danee QopmMynax.

CxoppextupoBaHHbIi k03 duiueHT 3atyxanus doiirra € ¢ yuerom (1.76) u
(1.79) 6ynem npencrasnars B Buae [17]:

e=Co, (1.80)

rie ( — xoddpdunmueHt aemndupoBaHusa, KOTOPHIH Takke Kak KOIPPHUIIMEHTHI

O,,W,Y, SBIAETCS HE3aBUCUMBIM OT YacTOThl KOJIEOAaHMM M MOXET OBbITh

IPEJICTaBIICH JIIOOBIM M3 PABEHCTB:

T Iy (1.81)
2 4n 2
Il pumep 1. OmnpenenuM KpyroByl 4YacTOTY COOCTBEHHBIX KOJICOAHMH 3aTyXaroIIMX
Kosie0aHUH CUCTEMbI C OJHOW CTEMeHbI0 CBOOOABI B BHJE, NpeAcTaBIeHHOM Ha puc. 1.1, a,
npezronaras, 4To yupyras JuHeiiHo-1ehopMupyemas 6anka sBISeTCs Kene300eTOHHOM.
Jlia onpenenieHnss HCKOMOM BEJIMYMHBI BOCIIOIB3YyEMCS] BTOPBIM paBeHCTBOM B (1.77). 3HaueHue

koaddunmenTa nornomeHus sHeprun Y = 0.56 Bo3pMeM u3 cnpaBoynuka [15]. Torna

- Q)] _ Q)] _ ()] ~®
P v 0.56 ., +1+0.002
(Y ey
4 4-3.14

[Tpumep HarmsiHO noaTBepkaaeT BolpaskeHus (1.78) u (1.79). KpyroBas coOcTBeHHas: yacToTa
() He3aTyXawIuX KojebaHuil Obuta moaydeHa B npumepe 1 moapasaena 1.1.

Ipumep 2. JIns cucTemMbl C OJHOM CTENEHBbIO CBOOOIBI, PACCMOTPEHHON B MPEAbITYIIEM
npumepe (cM. puc. 1.1, a) TpeGyercs onpeaenuTh NnepeMellieHue TOUEYHOW Macchl B HEKOTOPBIH
MOMEHT BpPEMEHHM [ =T+/{, INPHU YCIOBUU, YTO CBOOOAHBIE KOJEOAHHS CUCTEMbl HAayaluCh OT
MI'HOBEHHOI'O BEPTUKAIBHOTO UMITYJIbCA, IPUIIOKEHHOIO K TOUEYHOH Macce: 1) B MOMEHT BpEMEHHU
t=0 (puc. 1.16, a); 2) B MomeHT BpemeHu ¢ =1 (puc. 1.16, 0).

Bapuanm ¢ umnynvcom npu t = 0 (cm. puc.1.16, a). YaapHslii UMIYyJIbC MPEICTABUM B BHJIC

J,= mu®®, rae u® — HavanbHas CKOpOCTh ABMKeHHs Macchl. Torga uz (1.16) momxyuum:

p— O_ . y p— 00_
uo=u =0 u_o=u"=J,/m.
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I/ICHOJ'[I)?,YSI OTHU HAYaJIbHBIC YCJIOBUA ABUXKXCHUA MACChI JJIA ONIPCACIICHUSA IMMOCTOAHHBIX BCJIMYNH

A, u A, B BbIpaXXeHNUU NepemelnieHus Maccsl B Bue (1.65), u3 (1.68) ¢ yuerom (1.79) naiigem:
4 =u°=0, 4,=u”/oy=J,/mo,=J,/mo.

IIpu stoM wu3 (1.65) noayyuMm crlexyroliee BbIPRXKEHUE MAJS OINpPENesIeHUs] HCKOMOTO
NepEeMEIIEHUS] MACCHI:

JP —&t :
u(t)=——e " sinwt
me
I'padmyecku m3MeHeHUE NepeMElIeHUs MacChl MPU CBOOOJHBIX 3aTyXarolMX KoyieOaHUsIX
Mocje BO3ACHCTBHS UMITYJIbCAa B BapuaHTe | moka3zaHo Ha puc. 1.16, a.

2, tuz[!‘)
A
oy ma
.‘-h
. o
0 [\ 2S5 e
TT-: r-ﬂD_v"'.‘#
._a“'.‘-
f’
ult)
5 4 l“
~
“"h.,-.-‘
/AN a\ Nt
Pl )
-
T :’ _ fl . X

Puc. 1.16

Bapuanm ¢ umnynvcom npu t = v (cMm. puc. 1.16, 6). [Ins momydeHusi pelieHUs B ITOM
BapuUaHTE BBEJEM HOBYIO INEpeMEHHYI0 f, =¢—7. [lockoibKy 7 HEKOTOpBIH (DPUKCHPOBAHHBIH
MOMEHT BPEMEHH, a / U f, NIepeMEHHbIC BEIMUMHBL, TO du/dt, =du/dt n d*u/dt} =d*u/dt*.

DTO 03HauaeT, 4TO ypaBHEHUE CBOOOAHBIX Konebanwmii (1.62) u ero pemenue (1.65) mocie BBoAa
HOBOHM INEpEeMEHHON ocTarTcsi 0e3 m3MeHeHus. ToNbKO B ATHX BbIpaxeHUsX (QyHKuus u(f) u ee

MIPOM3BOJIHBIC TIO ¢ 3aMEHATCSI COOTBETCTBEHHO Ha (PYHKUHUIO #(f,) U ee MPOU3BOAHbIC 1O 7, . Toraa

C YYCTOM PaBCHCTBA f; = — 7 IIOJIyYUM

J
p e—s(t—r)

J
u(ty) = m—z)efgtl sinwt, wm u(t—7)= sinw(t—71).

I'padux sToit PyHkuum uzobpaxen Ha puc. 1.16, 6. O mpencrasiser coboil rpaduk ot

UMITyJIbca B MOMEHT BpemeHH ¢ =0 (cM. puc. 1.16, a), HO cIBUHYTBIN IO BpEMEHU HA BEJIUUUHY T .
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IIpumep 3.Kak 6b110 nokazano Boiuie (cM. (1.79) u npumep 1), yder cuiibl HEynpyroro
(mo DoirTy — BS3KOTO) CONPOTUBIICHHUS NPU KOJEOAHUSIX CTPOHUTENBHOM KOHCTPYKIMH TIO
pacyeTHOl cXeMe C OJHOW CTENEeHbI0 CBOOOMABI MPAKTUUYECKH HE BIUSET HA YacTOTYy M NEPUOJ]
COOCTBEHHBIX KOJICOaHWI, KOTOpBIE TMOSTOMY TPUHHMAIOTCS PABHBIMH COOTBETCTBYIOIIUM
BEJIMYMHAM IPU HE3aTyXaroluX KOJeOaHUsIX.

OcHosénoe 6nuaHue cuna HEYnpy2020 CONPOMUGIEHUA OKA3blI6ACHM HA 3HAYEHUA
nepemeuieHuIl Maccol, 8 MoOM 4ucie Ha AMnaumyost Koneoaunui (cm. puc. 1.15 u puc. 1.16).

OueHuM B 3aBUCHMOCTH OT BPEMEHM HMHTEHCUBHOCTb 3aTyXaHHsl aMIUIUTY] KoseOaHui
Maccbl 7 B PACUETHOM cXeMe )KeJIe300€TOHHOM OalkH, pacCMOTPEHHOM B MpEIbIAYIIEM IpUMepe
(v =0.56), npu cBOOOAHBIX KOIEOAHUSX.

W3 npuBeneHHO# B ipuMepe 2 GopMyIIbl AJIs ONpeIeIICHUs TIepeMEIIeHHsI TOUEYHOH MacChl

pu CBO60,I[HBIX 3aTyXaromux KOJ'IC6aHI/IHX, BbI3BAHHBIX HMITYJIECOM Jp B HaYyaJIbHBIX MOMEHT

BpemeHu ¢ =0 (cm. mpumep 2 u puc. 1.16, @), BUIHO, YTO aMIUTUTYa 3aTyXalONINX KOJIeOaHMIA
MMeET MAaKCUMaJbHOE 3HAYEHHE B MOMEHT BpeMEHH ! =1 =m/2m, korjga sino ¢, =1. Ilpu sTOoM B

yKa3aHHOU GopMyrie OyaemM UMeTh

J J J
et :M.i:_o'%:_o_m nA_ =P _ TP, 007 _ 93P
4 2o 8 mm mo mm

Omnpenenum, BO CKOJIBKO pa3 yMEHBIIMTCS aMIUIMTyJda KoineOaHui A, 4epe3 5 nepuoioB

X
MOCJIe MAaKCUMaJIbHOUM aMIUIUTYbl. C 3TOM 11eJ1610 B popMyIie JIJIs IEPEMEIICHHS MACChl IPUMEM
T T 27 T
t=t,=—+5T=—+5-—=10.5—.
20 20 (0] 0
Tornma nomyuum

yo 1051 0.56-10.5 B A VU
_yo - 147 u A, =L =12 o — 00322
4 © 4 T me me mm

Takum obpazom, uepes 5 nepuo0oe nocie noAGNeHUs MAKCUMATbHOU AMAIIUMYObL 3amMyXaroujux
CB0000HbIX  KONEOaHull OaiKu NONYYUM  AMIIUMYOYy MeHbulyio, npumepHo, 6 4  pasa,
MAKCUMAnbHOU.

I'papuuecku (puc. 1.17) 370 mpoIeMOHCTPUPOBAHO ¢ Momoulbio nporpamMMel Mathcad npu
(J,/mo)=1, ®=72.08 u y=0.56.

5T=10n/m .
T4 TF=2m/m
o e
075 ANT==! _
O 5 l \ /Y -t — —
A 0 VY A il 72, == ot
0 \ 4

15 J
'OH"- ‘ ! \ / M_F_____v_,_.__._d__.

e

73
i1 le—

0 0044 0087 013 017 22 0260 031 035 039 044 048

Puc. 1.17
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Yyammmcss peKOMEHAYETCs BOCIOIb30BATHCS 3TOW MPOCTOM ISl MOJIB30BATEN IPOrpaMMON U

UCCIIeIOBaTh BIUSHUE KO3 PHIIMEHTa \y Ha HHTEHCUBHOCTH 3aTyXaHUs aMILTUTY [ KOJIeOaHHH.

1.3. BoIHy:K1eHHbIE KOJIeOaHUS P MPOU3BOJIBLHOM CHJIOBOM BO31€HCTBUM

PaccMoTpuM neMcTBHME Ha TOYEYHYIO MAacCy CHUCTEMBI C OJHOW CTEIEHBIO
cB0001bI (puc. 1.18, a) npousBosibHOM cwiibl P(7), rpadrueckoe M3BMEHEHUE KOTOPOi

BO BpeMeHH u300paxeHo Ha puc. 1.18, 6 [8].

a) &) P
P{tydt

P() P~

d /\
m T t,h

=3

;E ﬁq_n. Tl =0-"1

27 o 0.5 AT DiEs ]j

. - . ,
Puc. 1.18

VYpaBHEHUE [BHKEHHUSI TOUYEYHOM MACChl MOXET OBITh MPEACTaBICHO Kak
ypaBHEHHE €€ paBHOBecHs B JI000H MOMEHT BpeMEHU TMoj JeicTBHEM
Bo3Myulatouieii cwibl P = P(¢), ynpyroi cuinsl K = K(f), cuibl HEynpyroro

conporusnenuss R, = R, (¢) u cwibl unepuun J = J(f), KOTOpas B COOTBETCTBUU C

npuHUMnoM JlanamoOepa Takke CUUTaeTCsl MPUIIOKEHHOM K Macce:

J+R,+K+P=0. (1.82)
C yuerom (1.4), (1.6), (1.53) 3TO ypaBHEHHE UMEET BUJ
mii+cu+ku=P. (1.83)

[Ipu cocTaBneHnr ypaBHEHUs ABUKCHHUS BTOPBIM CHOCOOOM (KaK BBIPaKEHUS
JUIA  ONpENeieHUs TMEepeMElIeHUs YIPYrold CHCTEMbl B MECTE PACIOJIOKECHUS
TOYEYHOW MACChl MOJ AECHCTBUEM 3aJJAHHOM BO3MYILAIOIIEH CUIIbI, CHJIBI UHEPLUUU U
CHJIbI HEYIIPYT'OI'O COTIPOTUBIICHUS ), TOTYYHM:
u=0(P+I+R,); (1.84)
u=0(P—mii—cu) wia O-mii+0-cii+u=39-P. (1.85)
Taxke kak M TpU CBOOOAHBIX KojeOaHusax, ypaBHeHus (1.83) u (1.85)
MPUBOJATCS K OTHOMY THILY:
ii+2ei+o*u=Plm, (1.86)
rze coOCTBEHHAs! KpyroBasi 4acTOTa He3aTyXaloUIX KoieOaHul o Ompeensercs u3
(1.14).
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IIpumeuanue. 31ech, B 00enx Gopmax 3ammucu ypaBHEHUS BBIHYKICHHBIX KOJeOaHUH, KaK
U NpU CBOOOJHBIX 3aTyXaloIUMX TapMOHMYECKUX KOJIEOAHUSAX C YACTOTOM ®p ~®, CUIa

HEYIIPYTroro CONpPOTHBIIEHUs NPEICTABICHA B BHUJIE, KOTOPBIM MCIOJbB3YETCS B TMIIOTE3€ «BSI3KOTO
Tpenusn» Doiirra. Bonpoc o KOppeKTHUpOBaHUM NMPHU BBIHYXACHHBIX KojeOaHUAX Ko3(]duirenrta
3aTyXaHusl KoJNeOaHUM € ¢ y4eTOM OSKCIEPHUMEHTAIBHBIX U TEOPETUUYECKUX HCCIEI0BaHUN

pPacCMOTPUM IO3KE.

Kaxk uzBectHo, oO11iee peiienue u = u(¢) HeogHOpoaHOTO AU PepeHITnaILHOTO
ypaBHeHus (1.86) mpecraBiaseTcs Kak CyMma OOIIEro PEMEHus u,,,, = ., (f) (1.65)

OJIHOpO/IHOTO ypaBHeHus (1.62) u yactHoro peuienus u, =u,(¢).

YacTtHoe pellleHHe HalJeM, BOCMOJIb30BABIINCH BBIPAKEHUEM, MOTYYEHHBIM
BbIllE (CM. mpuMep 2 mnoapaszaena 1.2), mpu ACHCTBUM HAa Maccy MTHOBEHHOTO
UMITyJIbca B MOMEHT BpeMeHu T (cMm. puc. 1.16, 6). Eciu B3sTh BO3MYIIAIOMIMIA
CHJIOBOW MMITyJIbC OECKOHEYHO Maoii BenmiuHbl dJ , = P(t)dt(cm. puc.1.18, 6), To

OT HEro MOJY4YUM B JIFOOOH MOMEHT BPEMEHHU ¢ OECKOHEUHO MAJIOE NIEPEMEILIEHUE:

dJ
du(t)=—L e Dsinw(r—1) = Me_g(H) sino(f—1). (1.87)
mo mo

[Ipocymmupyem aeiicTBue Bcex UMIyiabcoB oT 7 =0 g0 7 =¢. B pe3ynbrare
MOJIyYMM YaCTHOE peIlieHue B BUJIEC uHmezpana /froamers

—&(1—1)

u,(t) = % ['[P(r)e sinw(?—T)dr. (1.88)
0

[Ipu HyneBBIX HaYAIBHBIX YCIOBUAX ABMKEHUA (1.16) mocTosHHble 4, U A, B

pemienuu (1.65) omHopoaHoro ypaHeHus (1.62) OyayT paBHBI HYJIO M oOliee
pemienne ypaBHeHus (1.86) Oyxmer paBHO wacTHOMy pemeHuto B Buue (1.88):
u(t) =u,(1).

Bonpoc o BblunciieHun uHTerpana Jlroamens paccCMOTPUM IPU KOHKPETHBIX
JMHAMHYECKUX BO3JCUCTBUSAX, T.€. P KOHKPETHOM BUC 3a1aHHON QyHKIMU P(?).

1.4. IeiicTBHe rapMOHUYECKOI BO3MYLIAIOIIECH CHJIbI

PaccmoTrpuM BapuaHT Bo3Mylaromiei Harpy3ku B Bune P(f)= P, sin0¢, rae
P, u 0 — COOTBETCTBEHHO aMILIUTY 1a U KPYroBasi 4acTOTa BO3MYIIAIONICH CHIIBL.

Pemienne 3ToM 4acToO BCTpEUaArOLIEHCs] MHKEHEPHOM 3aJauyd PacCMOTPEHO B
pa3IMUHBIX Y4YEOHBIX TMMOCOOUSX, Y4yeOHHMKaX M CIPABOYHUKAX MO JUHAMHKE
CoOpyKeHui, Harpumep B [5, 8, 10 - 15] u . 1.

31eCh paCCMOTPUM TOJBKO PE3YJIbTAT PEIICHUS MPU TAKUX 3HAYCHUAX 7, TIPU
KOTOPBIX C80000Hble KONEOAHUs, 8bI36AHHBIE HAYATLHBIMU YCI0BUAMU OBUNCEHUS, A

makoace u conpoeoafcdaiomue c60000HbLE KOJZ€6ClHZ/l}Z, CBA3AHHbIE C UX BO3MYUIEHUEM
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npu Hayane 0elcmeus 803Myujaoujell CUbl, yice NPAKmuyeckKy 3amyxau, U npoyecc
BLIHYHCOCHHBIX KOJEOAHUT NPUHSLTL YCIMAHOBUBUIUTICS. 2APMOHUYECKULL XapaKmep.

IlepemenieHne TOYEYHOM MACCHI IPH YCTAHOBUBIIUXCH KOJe0aHUAX
[IpencraBum HaWAEHHOE B PE3YJIbTATE PELICHUS MNEPEMELICHUE TOYECYHOU

MaCCbl B MOMCHT BPCMCHHU !t B BUJE:

u(t) = u P2, (1.89)
rac
P
Uy =—25 =P, -3 (1.90)
ma@o
t
B() = [sinBz-e " -sin (7 — 1) dt= Bsin(07 — ). (1.91)
0
351ech:

e ko3 duimeHt nogaTauBocTu & =1/ me?* usBecreH u3 (1.13);

® U.. SABIIACTCA CTAaTHUYCCKHM HpOFI/I6OM 0aJKu B MecTe PAaCIIOJIOKCHHUA MACChI

CT
OT CTaTMYECKU MPUII0KEHHOH cuibl P, ;
e [(¢) npencraBmsieT coboW Ounamuueckuii Kodgduyuenm (UCTOIB3YETCS

TaK)Ke Ha3BaHUE Ko3Pduyuenm OuHamuyHocmu), KOTOPBIA XapaKTepU3yeT

OTHOIIIEHWE AuHaMuuyeckoro nepememienus u(¢f) (1.89) k craTuueckomy
nepemerenuto u . (1.90).

[ToncraBuB (1.91) B (1.89), momyuum BbIpa)k€HHE [JIs JUHAMHYECKOIO
NepeMEeIleHHs] MacChl B BUJI€ YCTAHOBUBILIUXCSI TAPMOHUYECKUX KOJIEOAHUM:

u(t)= Asin(6r—a), (1.92)

rie A  ABIAETCS  aMIUIMTYJOM  YCTAHOBUBILMXCS  KoJieOaHUH, paBHOM

MaKCHUMAJIbHOMY 3HAa4YCHUIO JANHAMHUYCCKOI'O MMEPCMCIICHUA u (t) ) Koraa

sin(0¢+¢) ==*1:

A=max| u(t) =up. (1.93)
IIpu 3TOM
1
B =max| B(¢)=
" 02 , 02 (1.94)
® ®

NpeCTaBIsIeT COO0OW JUHAMHYECKUNW KOIPQPUIIMEHT, pPaBHBII MaKCHMalbHOMY
3HaueHuto Bennuunbl B(7) (1.91).

[Ipu paccMoTpeHuM 3agauv O CBOOOJIHBIX TapMOHHYECKHX 3aTyXarollux
KoJIe0aHUSAX C 4YacTOTOW ®p = ® Kkodpduuuent ¢ (1.63), momydeHHBId npu
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UCIIOJIb30BAaHUU THUIIOTE3bl «BA3KOro TpeHus» Doirra, ObUT CKOPPEKTUPOBAH H
npeactasieH B Buze (1.80) ¢ yuetom (1.81).

[Ipu wucnonwszoBanuu Bbipakenuit (1.80) m (1.81) Bmecto (1.94) mMoxHO
3aucaTh:

B 1 B 1 B 1
0%, , 02 0%, , 02
A-——)" +4e” — (A=—)"+4C" —

o’ o’ o’ o’

0>, 0% (195
(1_ 2) T Vu 2

) ®
Kak BugHo u3 Bbipaxkenus (1.92), npu yCTaHOBUBIIMXCS TapMOHHYECKHX

KOJIcOaHHUSIX M3MCHEHHUE TIepeMeleHus u(¢) BO BPEMEHHU MPOUCXOMAT ¢ 4acTOTOM O
BOo3MyIaromen cuiel P(f) = P, sin 07, HO UMEIOT MO OTHOLIEHUIO K HEH CABUI IO

¢daze Ha BEIMYUHY O .
Nuorpaa Beipaxkenue (1.92) npencraBisitor B BUIE:
u(t) = Asin(6¢t—a)= A" sin07— A" cos 01, (1.96)

rne A" =Acosa; A" =Asino. — COCTaBISIOIIME ITOJHOW AaMILIUTYAbl A

BBIHY’KJICHHBIX YCTAHOBMBIIMXCS TapMOHWYECKUX KoyiebaHuil. B cBsizu ¢ atum
JOTOJHUTENBHO PACCMOTPUM BOMPOC O MOJYyYEHUU (QOPMYN ISl BBIYMCIICHUS
A4 4" n .

BelpakeHue Ui mepeMelieHMsT Macchl B BHUJE IIpaBod yactu paseHcTBa (1.96) n
BBIpAXKEHUE JUId cuiabl B BuAe P(f)=P, sin0f NOACTaBIAIOT B YypaBHEHHE BBbIHYKAECHHBIX

kosnebanuii (1.86). Torna ypaBaenwue (1.86) MOKHO 3amucath B BUJIE:
LsinO®t+ NcosOt=(P,/m)sin0¢+0-cosOz,

raec
L=(0"—0%)A'+2e0 4", N=2e0A4'-(0*—0%)4".
[IpupaBHuBas ko3hGUIMEHTH TpPU CHUHYCE M KOCHHYCE MpPeoOpa3oBaHHOTO YpaBHEHUS,
MOJIYYHUM CUCTEMY JBYX ypaBHeHHi ajist onpenencaus 4 u A”:
(0 —0%)A4'+2e0 4" = (P, / m);
260 A'— (0> —0%)4" = 0.
Otcrona
A'=P (0" —0%)/mA; A" =P2e0/mA,
A = (0> —0%)* +4£°0%.

[lo anamorum ¢ Tem, Kak 3TO ObUIO cAenaHO Npu CBOOOAHBIX Konebanusax (cm. (1.17)

(1.97)

u puc. 1.3), Beipaxkenue (1.96) cBsI3pIBalOT ¢ BpalllCHUEM C PaBHOMEPHOM YIJIOBOW CKOPOCThIO O
BekTopa A’ = Acoso M oTcraromero ot Hero Ha yron m/2 Bekropa A" = Asino (puc. 1.19)
BOKpYT OCH, Ipoxojsiei yepe3 Touky 0 [14].

Hampasnenne Bektopa A" BbIOpaHO TakuM, 4TOObI ydecTh 3HaK MuHyC B (1.96). Torna,
€Clii CrpoeKTupoBaTh BeKTOphl A, A, A" Ha ocbk X (cm. puc. 1.19), momyuaTcs jaeBas U mpaBas
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yacTu paBeHcTBa (1.96).

Puc. 1.19

CymmapHasi amMIuiuTya A M TaHreHc yria o Teneppb omnpeaensarcs (cM. puc. 1.19) u3
dbopmy:

A= [(A!)2 +(A”)2 =ufB; tga :A_ :ﬂ; o= arctg(Le)j’ (1.98)

rzae GopMmyIibl JUIsl onpeaenaeHus u,, U 3 uMeroT coorBeTcTBeHHO BUJ (1.90) u (1.95).

[Moxncrasnss B (1.98) Beipaxkenue (1.80) s € ¢ yuerom (1.81) ¢popmynbl asist BBIYUCICHUS

Ol MOXHO IMMPEACTAaBUTL B BUJIC:

28i 2@6 Y 0
2 N LI
o = arctg 09)2 = arctg 9032 =arctg—°)2. (1.99)
1-— 1-— 1-—
o o’ o’

Btopas u Ttpeths dopmynsr B (1.95) u (1.99) momy4ywimuch mpu WCIONB30BAHUU TSI
KOPPEKTHPOBKH K03 duimenTa 3atyxanus konebanuii ¢ B ypasHenuu (1.86) Boipaxenus (1.80). B
pszne paboT, CIIMCOK KOTOPBIX MOXHO HNOCMOTpeTh B padorax [5, 11], moka3zaHo, 4TO BEIMUYMHA €
IIPU BBIHY/IEHHBIX YCTAaHOBUBILUXCS KOJIEOAHUSAX C 4acTOTONH O BO3MyILAOLIEH CUIIbI 3aBUCUT HE
TOJILKO OT BEJIUYMHBI COOCTBEHHOH YacTOTBI ®, HO M OT 4acToThl 0 M NpH KOPPEKTUPOBKE

BeJIMYMHBI & BMecTO Gopmysl (1.80) nomkHa ucnonb3oBaThes Gopmyia:
e=C(0/0). (1.100)
[Ipu stom dopmyner (1.95) u (1.99) ¢ ucnonpzoBanmeMm KodhHIMEHTa HEYIPYTroro

COIIPOTHBJIEHUS Y, OyAyT UMETh BUIL:

B= i ; o =arctg Yﬂz .
(1—6—)2+ 5 l_i (1.101)
(,02 T 0)2

AHanu3 uzmeHeHus OUHAMUYECKO020 KoIhpuyuenma 3 u annaumyost A.
Aenenue pesonanca

Paccmorpum aBa BapuaHTa:
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1. Heynpyroe conpoTuBiieHHEe KojieOaHUSIM OTCYTCTBYeT (Hampumep, B (1.95), (1.99) u (1.101)
T =0);
2. Vmeetcs peanbHOE HEYNPYroe CONPOTUBIEHUE KoleOaHMsAM (3aJaHHOE, HAlpuUMep, B BHUJE
KodpduuueHTa vy, ).
Bapuanm 1 (y, =0). Torma (cm. (1.91),(1.99), (1.101))
u(t) = Asin0t¢, (1.102)

1

Pl o)

. (1.103)

ITpu stom (cm. (1.93)) A=u_B.

[IpocnenuM B 5TOM BapHaHTe U3MEHEHHUE aOCONMIOTHBIX 3HaueHuid (momyneit) B (1.103) u A4
(1.93) B 3aBUCHMOCTH OT U3MeHEeHUs oTHouIeHust 0/ (puc. 1.20) [8].

I'papuxy n3zmenenust 3HaueHuit momynsa [ npu y, =0 (1.93) coorBercTBYIOT cieyroLye

opauHatel (cM. puc.1.20):
0/m 0.25 0.5 0.75 | 0.875 | 1.25 J2 1.5 1.75 2 2.5
B 1.07 | 1.33 | 2.29 | 429 | 3.76 1 0.8 0.48 | 033 | 0.19

[Ipu yBennuenuu otHomenus 6/w ot 0 70 1 mpoucXoauT yBelIndeHHe MOAYJISl AMHAMUYECKOTO

kod(pdurmenta . MHTEHCHBHOCTh BO3pacTaHUs YBEIMYMBACTCS C MPUOIMIKEHHEM OTHOIICHHS

0/® x 1. Ananornuno n3mensiercs u ammuryaa 4 (1.93).

B

10
LA
a
| |7, =01
g
1
&
5
il
3
2
q R
1] 0.25 0.5 0.75 1 125 1.5 175 2 225 25 El.f&_l

Puc. 1.20

[Ipu yBenmueHnu oTHOIIEHHS O/® OT 1 10 00 MPOUCXOAMT YMEHBINCHUE 3HAYEHHH MOMIYJIS
nuHamuueckoro koddduuuenta B u ammutyasl A or o© go 0 (cHauama OwicTpoe, 3aTeMm

43



MEJIJICHHOE).

Otmerum B Tabiuie, MPUBEICHHON HIDKE JaHHOTO a03ala, XapaKTepHble 3HaUeHUs] MOyJel 3
U A TpH HEKOTOPHIX XapaKTepHBIX OTHOHIEHHSX O/®. OOpaTuM BHHMaHue Ha TO, YTO MPH
otHowennH 0/® =2 =1.41 3HaueHue MOJIYJISI IMHAMUYIECKOTO KO3(pPUIMEHTa paBHO €IUHUIIE, a
mpu 0/w > \/5 MOAYJIb TUHAMUYECKOro Koddduimenta 3 OyaeT MEHBIIE €AMHMIIBI, U MOAYJb

aMIUIMTY/bl yCTAaHOBUBIIUXCS KoneOaHuil 4 = u 3 OyneT MeHblle MOAYJIs CTaTUYECKOro Mporuda

Uy, OT cuibl P, .
1 9/(,0:0 le A:uCT
2 0/o=1 =00 A =00
3 | 0/o=+2=—=141 p=1 = U,
4 0/@®w=00 B=0 A=0

B peanbHBIX coOpyXeHUSX 3HAYCHUU =00 U A =oc0 ObITh HEe MOXeT. Tak uro BapuaHT |
(v, =0) sBastercs uncto TeopernueckuM. Ho naxe, ecnu y, =0, BenuuuHbl 3 U A MOryT CTaTh
0ECKOHEYHO OOJNBIIMMH TOJIBKO 32 OECKOHEYHO OOJbBIIOI MPOMEKYTOK BpEMEHHU. JTO MOKa3aHO B
pabote [11], rme ana paccMaTpuBaeMOro BapHaHTa MPHUBEICHO PEIICHHE YPAaBHEHMS JIBHXKEHUS,
korna 0/ m=1:

P .
u(t)y=—2-t-sinwt. (1.104)
2mo

[Tpu Hammx 0003HaUEHMSIX 3TO BhIpaxkeHne umeet Buja (1.89), roe

B(#) =0.50w1 -sin ot . (1.105)

I'papuueckn msmenenne B(7) (1.105), a snaunt u u(¢) (1.89), B 3aBUCUMOCTH OT BpEMEHH

rokaszano Ha puc. 1.21.

4 P
- a--n""ﬂ_"-ﬂ
_ 1""“—7“\ /\
A1 TN £
0 frest=s] -
4N/ | N[/ f
LT
1A
Puc. 1.21

Kak BumHO, ¢ yBenM4eHHMEM BpPEMEHH [ IIPOUCXOAUT HEOTPAHUYECHHOE BO3PACTAHUE
JUHAMHAYECKOTO0 KO3(p(UIIMEHTa W aMIUIUTY KoJieOaHWH, a caM Tpolecc KoyieOaHWl, Korja
0/w=1, uMeeT BHUJI MOCTENEHHOM pacKauyky paccMaTpUBAEMOW YNPYrol CUCTEMbI C OIHOM
cTereHblo cBo001bl. Hrke mpuBeieHbl 3HAUSHHSI aMILTUTY /1 KoJeOaH!i, moTydeHHbIe 0 popmyiie
(1.104) mpu yka3aHHBIX B TaOJIMIIe 3HAYCHUSX [ :
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t T/ 2m 3n/2m Snt/2m /20

A(t) = 0.5u ot T, /4 3nu, /4 Snu, /4 Tru,, /4

CoBmnazienre 4acToThl 0 BO3MyIIAMOIIEH CHIBI C COOCTBEHHOW YacTOTOM () HE3aTyXaroluX
KOJieOaHUN CUCTEMBbl M BO3HHUKAIOIIEE MPU STOM SBJICHUE PACKAYKU U BO3PACTAHUS AMIUIUTY
KoJIeOaHUI HA3bIBACTCS PE3OHAHCOM.

[Ipu oveHb HEOOJBIIOM pPa3IUYMK B BETUYMHAX O M ® BO3HUKAIOT KOJEOAHUS C SBJICHHEM
ouenus [11, 15]. D10 cocTosTHHE COOPYKEHUS TAKXKE SIBJISICTCSI PE30HAHCHBIM.

30Ha 3HaUYeHMI OTHOIIEHUA O/®, B KOTOpOH nake HeOOIBbIIOC M3MEHEHHE OTHOIICHHUS O/
MPUBOAUT K 3HAYNTEIILHOMY U3MEHEHHUIO BEIMUUH 3 U A, Ha3bIBACTCS Pe30HAHCHOU 30HOU.

[lIupuna pe3oHaHcHOW 30HBI (IO OCHU 3HA4YCHWH O/®) yCIOBHa M 3aBUCUT OT KPHUTEPUEB,
MIPUHUMAEMBIX TIPU €€ OIpeIeIeHUH (HalpUMep, KPUTEpUs O JOMYCTUMBIX 3HAYEHUSX BEJIUYMH
B U A WM COOTBETCTBYIOIIUX UM BEJIMUYMH NEpeMEIeHHH, YCUIUI 1 HaNpsHDKeHUi npu pacyere
paccMaTpuBaeMOro yIpyroro COOPYXKEHHSI Ha IKECTKOCTb M IMPOYHOCTb). Pasnuunble
NpUOIM>KEHHbIE OLIEHKU IIMPUHBI 3TOW 30HBI JJaHbl, HAIPUMED, B yueOHbIX nocodusix [9, 11].

N3 coobpakeHHl MOMYCTUMOCTH 3HAYECHUN WCKOMBIX BEJIMYMH MOXKET OBITh YCTaHOBIICHO H

BpeMst /,; O€30MacHOM /I COOPYIKEHUS PACKAYKH [IPH PE3OHAHCE.

Bapuanm 2 (1>>vy, >0). [Ipu Hanuuuu HEynpyroro COIpOTUBICHHUs MaTepuala COOPYKEHUs
(mIp  KOHKPETHOM 3HAUYEHUHM XapaKTEPUCTHKH 3aTyXaHWs) M 1pu oTHomeHun 6O/ow=1
IMHaMu4eckuil kodp¢dumment [ u ammauryaa konebanuit A yxe He OyayT OeCKOHEYHO
0oabmMU. VX KOHEUHble 3HAYEHMsI OIPENENATCS COOTBETCTBEHHO M3 BhlpaxkeHuil (1.106) mocie

IIOACTAaHOBKHU B HUX 3aJaHHOI'O 3HAYCHUS 7V, .

1 u P -5 P 1
B=—; A=-"T=-0_"= O — (1.106)
Y Y Yu me- Yy

Kak BuzaHo (cMm. puc. 1.20), u3meHenue 3HayeHus y, B BbipaxeHuu [ (1.101) 3ameTHO BiusieT
Ha U3MeHeHue B U A TOJBKO B PE30HAHCHOMW 30HE, T.€. PH 3HAUCHUSIX OTHOMICHHS 0/ OIM3KOM
K 0/o=1.

Bne pe3onaHCcHOM 30HbI, TOYHEE TIPH yJaJIeHUHU OTHOIIEHUs 0/ (BJeBO U BIpaBo Ha puc. 1.20)

OT 3HaueHHsa O/w=1, U3MEHEHHE 3HAYEHUs Y, B BBHIPAXKEHHM [ Majlo BIUSAET HA U3MECHEHHE

3HAa4YCHUC TMHAMHWYCCKOI'O KOS(l)(I)HI_II/ICHTa U, CJICAO0BATCIIBHO, aMIINTY IbI KOJIEOAHHUH.

AHanu3 uzmeHeHusn 6enuUUHbl CO8UA NO haze O UCKOMBIX GEIUYUH
no omHowienulo K o3myuiarouieil cuie P(t)

OueBUAHO, YTO MPH OTCYTCTBUHM HEYHPYroro COMPOTUBIICHUS KOJeOaHMUAM, KOTJa, HallpuMep,
Y. =0, 3Hauenne o =0 (1.99). Cuna P(f) u nmporu6® u(f) B 3TOM BapUAHTE U3MEHSIOTCS
CHUHXPOHHO I10 3aKOHY sin 07 Ge3 ciBura 1o ¢ase.

IIpu 6/w=1 u mo0bIX 3Ha4eHUSAX Yy, >0 momyunm o =7/2. Takoil caBur no dase MexIy

CHUJION M IIepeMelleHHEM TTOKa3bIBaeT, YTO IPH JTOCTIKEHUU cuitoil P(1) = P, sin0t :

® MaKCUMaJbHOTO 3HaueHus P, (HampuMep, B MOMEHT BpemeHu f=7,/4, korma
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. . 2n T, .
s1n9t:s1n(?-?):l) nepeMeIeHne JBIKYIICHCs Macchl OyIeT paBHO HYIIIO

o

u(t) = Asm(—“-%—g) 0;

0

e HyJIEBOIO 3HaueHWs (HampuMep, B  MOMEHT BpemeHu (=7,/2, Korga

. . 2n T .
sin0¢ = s1n(F-?) =0) nmepeMelieHue  JBIKYIICHCS  Macchl  OyaeT  paBHO

o

MaKCUMaJIbHOMY 3HAYCHHIO u(?) = Asm(;—7T . T? —g) A.

o
Bo Bcex 3TuX BbIpaxeHUsAX BelM4MHA [, =271/0 sBigeTCS NEPUOJOM YCTAHOBUBILUXCS
TapMOHHYECKUX KOJIeOaHHi ¢ 4acTOTOW 0 BO3MYIIAOIIEH CHUIIBI.

IIpu 6/w<1 (6/®w>1)n mobbIX 3HaYeHUAX v, >0 moxyuum a <7n/2 (o >m/2).

XapakTep M3MEHEHHUs BEJIMUYMHBI O B 3aBUCHMOCTH OT M3MEHEHHUs OTHOIIEeHus 0/® mpu
HEKOTOPBIX 33/IaHHBIX TOCTOSHHBIX 3HaYeHWsAX Y, >0 moka3ad Ha puc. 1.22.

UYem MeHbIIIE 3HAaYECHUE Y, , TEM CHIIbHEE U3MEHsAeTCs (DYHKIMS O B 30HE pe3oHaHca. B mpexnene
(mpu v, =0 unpu 0/®=1) NpoucxoaUT ckaukooOpa3HOE U3MEHEHHE OL: OT HYJIEBOTO 3HAYECHUS
npu 0/® <1 go n (rpuxoBas JTUHUA Ha puC. 1. 22).

IIppy o=mn BO3Mymaromas cwia P (¢f) = P,sin 6¢ ¥ nepeMelleHue Macchl

.27
u(t) = Asm(F-t—a) HaxoJATcs B mpoTuBodaze. O1o Oyner, Hanpumep, korga t =7, /4, T. K. B

o

. 2n T . 2n T
9TOT MOMEHT BpeMeHu P(f) = P, s1n(7ﬂ-?°) =P nu(t)= Asm(Tn-?"— ) =—

o o

=T

B/w

fa—
N
12
(=]
12
L

Puc. 1.22

CymmapHas cuiia S(7) Npu YCTAHOBUBIIMXCS TAPMOHHYECKUX KOJIeOaHUIX
U ee CHHYCOMIAJIbHASl M KOCUHYCOUIAJIbHAS COCTABJISIOIINE

[Tonyuennoe pemienne (1.92) ypaBHeHus (1.86) BBIHY>KIEHHBIX KOJeOaHUMN
IpY YCTAHOBUBIIUXCS TapMOHMYECKUX KOJIEOAHUSAX TOJ| JACUCTBHEM Harpy3Kd
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P(t) = P, sin0¢ comoctaBuM c ypaBHeHueM JBuxkeHus (1.84), kortopoe, BBens
o0o3HaueHne cymMmmapHou cuisl S(7) = P(¢)+J (1) + R, (¢), npencrasum B Buje (1.84)
O4eBHUIHO, YTO MOXKHO 3aMUCaTh PABEHCTBO
S()=S8,sin( 07 —-a), (1.107)
rae
S, =4/0=(uy -B)/d=(P,-6-B)/6=P,-B (1.108)
SIBIISICTCS] aMIUTUTYION CyMMapHO# cuitbl S(7).
OmnpenenuB  aMIuuTyqy S, CYMMapHOM CHJIBI, MOXHO OIPENEIUTh

MaKCUMAaJIbHBINA MPOruod Oanku

S
A=S,-8=——2 (1.109)

" OIIPCACINTD OIMOPHBLIC pCaKIINH OaJIKu 1 YCHIIHA B €€ CCUCHUAX.
I/IHOFI[a Inpu pPCHICHUKU 3addadu 00 YCTAHOBHUBIIUXCA T'apMOHHYCCKHX

KoJeOaHusAX OIpeleNseTcs He IoJHas aMmIuInTyna S, cymmapHoil cuiel S(7), a

ammmutyapl S’ u §”  CHHYyCOMAanbHOM M KOCHHYCOMIAIbHOW COCTABJISIOLIUX
CYMMapHO# CHJIbI B COOTBETCTBHH C MPEACTABICHHEM €€ B BUJIC
S@)=S,sin(0¢r—0a)=S"sinO7—S"cosO¢. (1.110)

dopmybl I BIYUCICHUS aMIUIUTYA S’ U S” COCTaBIISAIONIMX CHUII, @ TAKKE
MOJHON aMILIUTYABI S, MOXHO NOJXY4YUTh U3 uMerommxcs ¢popmya (1.97) u (1.98)

Al COOTBETCTBYIOIMX MM aMruutyn A u A" cocTaBiIsIOIMX MEpeMElICHHH, a
TaK)K€ MOJHOW aMIUIMTYIpl A, ¢ y4yeToMm mpencrasieHus pewenus (1.92) B Buze
(1.96):

u(t)=Asin(0t—a)=A"sin07— A" cos0¢ .

[Ipeobpazyem niepByro Gopmyny (1.101) u dopmyner (1.97), npeacraBuB ux ¢
yuetoM (1.96) u (1.110) B Buze:

1 0’
p= 2, .2 x=>1==7).
X+ Vu ©

4 PO S' 4 " Po S” "
A = 2'52'7(: -=8"8; 4 :—2'BZ’YH: -=8"8.

ma@o ma@ mao ma@

rac
S'=w’md =P, -p*-x; S'=o'mA"=P,-B*-y,. (1.111)

B nocnexuux Boipaxenusix wis A' u A" yureno, uro (1/mwn?)=3.
[Tonnas ammutryna A mnepememienuid u(f) (1.96) (cm. puc. 1.18,a) npu

YCTAaHOBUBIINXCS INAPMOHHUYCCKUX KOJICOAHMSIX MOXKET OBIThH IMOJy4cCHa I10 (i)OpMy.lIe
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(1.98) a tak ke mo dpopmyne (1.109), rae
Sy =82 +(SM? . (1.112)

HauOosnbiiee 3HaueHue aMimryna S, CyMMapHOW CWJIbI MUMEET, KOrja IpH

PEICHUHN 3aJa4r HC YYUTBIBACTCA CHJIa HCYIIPYTroro COIPOTHUBIICHUSA (HpI/IHI/IMaeTCH

ycioBue, uto y,, =0). Torna cunsl P(f) u J(f) AeUCTBYIOT CHHXPOHHO (CHUH(pA3HO),

0e3 casura no ¢aze (o =0), ¥ cua HEYNPYyroro CONPOTUBIEHUSI OTCYTCTBYET.
Yeunust v HanpsikeHUs1 B 0aJIKe NPH YCTAHOBUBIIMXCS KOJIeOaHUSIX
Bapuanm 1 (v, =0). [lockonbKy B 3TOM BapuaHTe U3MEHEHHE BO BPEMEHU

BO3MYUIAIOLIEH CUJIbI U CHJIbI MHEPIIUU MPOUCXOJUT CUHXPOHHO, TO MaKCHUMAJIbHBIX
3HAUEHUN ITH CUJIbl U cyMMapHas cuia (1.110) mocTuraroT B OIMHAKOBBIE MOMEHTHI
BpEMEHU, HanpuMmep, koraa ¢ =7, /4 (npu atom sin07 =1).

JUiss  ompeneneHUss MaKCUMaJbHBIX 3HAYE€HUHM BO BpPEMEHU  JIIOOBIX
JUHAMUYECKUX BEJIMYMH NPU YCTAHOBMBIIMXCA TapMOHUYECKUX KoJsieOaHUsAX Oe3
ydeTa CHJI HEYNPYroro CONpOTUBIIEHUS PEKOMEHYETCSl Takasl MOCJIEeI0BAaTEIbHOCTD
pacuera:

1. Bemonnsercs pacuer Oanku OT JAEWCTBUA CTaTMYECKOM cuibl F),

(puc. 1.23, a): ompenensitoTcsi onopHeie peakuuu Vi =V{ =P, /2, nporu6 Oamku
Uy, =P, -8; CTposATCA OSHIOPHl HM3rHOAMONIMX MOMEHTOB W IIOMEPEYHBIX  CHIL

OIIPCACTIAIOTCA HOPMAJIBHBIC M KaCaTCJIIbHBIC HAIIPSIKCHHUA B HMHTCPCCYIOIIHUX
pacdeTyrKa CCYUCHUAX OaJIKH.

Ha puc. 1.23 npuBenensl: a) smopa M° = M, ¢ ykazaHHeM MaKCHMAIbHOM

opaAuHATBI B CPCAHCM CCUCHHUH 68.J'IKI/I, Koraa Cujia Po HallpaBJICHA BHH3, 6) OIIKOpa

HOPMaJIbHBIX HANPSOKEHWH G° ¢ yKasaHWeM OpAMHAT G), =+M, /W Ha HWKHE

max

(1) u BepxHeli (2) ctopoHax ceyeHUs: OaTKU ¢ MOMEHTOM CONPOTHUBIICHUS W .

ﬂ} 5)

Puc. 1.23

48



2. lloacuuThiBaeTcst AMHaAMUYeckuit koddduiment 3, Hapumep 1o dopmyie
(1.103).

3. OnpenensitoTcsl aMIUIATYAHBIC 3HAYEHUS CJIEIYIONUX BEIMYUH B CPEIHEM
CEUEeHHUH OaKu:

— mepemenenuii Maccsl A =u = (P, B)/ mo*;
— cymmapHou cunel S, =P, +J, =P, -, neiictByromeil Ha OalKy B MecTe
PaCHOI0XKEHUS MACChI.

— OpAMHATBLI DIIOPBI W3rubaromux MomeHtoB M, =M -B, rtae M. -
COOTBETCTBYIOIAsl OPAUHATA DIIOPBI U3TUOAOIIUX MOMEHTOB OT JIEHCTBHS CHIIbI P,

(cm. puc.1.23, a);

— OpJAMHATHI 3MIOPbl HOPMAJIBHOIO HANPSIKEHUS B TOYKax | U 2 MOmnepevyHoro

ceuenust Oanku o), =*(o],-B), TAe O}, —MakcUMajbHas OpIMHATA OIIOPHI

HOPpMAJIbHBIX HaHpﬂ}KGHI/Iﬁ B MIOIICPECYHOM CCUCHHU O0anku OT ,Z[CﬁCTBPIH CHIJIBI Po

(cm. puc. 1.23, 06).
Bapuanm 2 (1>>vy,>0). B 3TOM BapuaHTe npu ONpeaeIeHNN aMIUIATYAHBIX

3HAYCHUN YCUJIMH U HAMPSHKEHUH 0OBIYHO MOCTYIAIOT CJICTYIONTUM 00pa3oM:
1. OnpenensieM nuHamuueckuii kosdduuuent 3, Hanpumep, no Qopmyie

(1.101).

2. 3arem mno d¢opmymam (1.111) onpenensem ammauryasl S  u S”
CHHYCOMAIbHON M KOCUHYCOUIATBHOM COCTABIISIONINX CYyMMApPHOU CHJIBI.

3. Tlo dopmynam (1.97) onpenensiem amruutyabsl A" u A" nepemerineHui
MacChl, COOTBETCTBYIOIIUX JCHCTBUIO Ha Oanky cun S' u S”.

4. OTaeapHO OT AEHCTBUS aMIUIMTYAHBIX 3HaueHuid S’ u S” cuHycoMIaIbHOM
U KOCHHYCOMJAIbHOW COCTABJISIONIMX CYMMapHOW HAarpy3Kd CTPOMM IS OayKu
HEOOXOIMMBIC SMIOPbl yCHINi. OrpaHUYMBIINCH B OAJIKe PACCMOTPEHUEM TOJBKO
M3rUOAIONIMX MOMEHTOB, OCTPOUM 3Mopbl M'u M" u onpenenuM MakCUMabHbIC
2t MI,;IaX'

5. TIOCKOJIBKY aMILIMTyaHbIe 3HaueHus cui S’ u S" He CBsA3aHbI JPYyTr C

aMIUTUTY/Ibl MOMEHTOB B C€UCHHH Oaiky moj cuioi: M| ..

APyromM BPCMCHHBIM (baKTOpOM, BCC CYMMAPHLBIC aMINUIMTYAHBIC 3HAYCHUA MCKOMBIX

BenuuuH (S, — MNOJIHOM aMIIUTYAbl CyMMapHod cuibl S(f), 4 — HOJIHOU
aMILIMTY bl IepeMelenus Maceol u(t), M, ,, — TOIHOW aMIUIUTY/bl U3rHOAIOLIETO

MOMEHTa B CPEIHEM CEYEHHMH Oanku U T. J.) ONpEAENstoTcs mo ¢GopMmyrnam BHAA
(1.98) nnst ammuury el nepementenus u (1.112) nns aMmauTyabl CyMMapHOW CHITBI.
[TosToMy mofiHas aMIuIMTyJa WU3rHOArOIIEro MOMEHTA B CPEJIHEM CEUCHUHU Oalku

omnpenenurcs mo Gopmyie:
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Mo = A/ (Mly)? + (M1 )?. (1.113)

max
AHaNOrMYHBIM CIIOCOOOM ONpPEAEIIAIOTCS MAKCUMAJIbHBIE 3HAYEHUS! U JPYTHX
VCKOMBIX YCUJIMU U HAIIPSKCHUM.

Il puwmep 1. Paccmorpum sxene300eToHHYIO Oaliky, Ha KOTOPOHl B cepeluHe ee MmpoJieTa
PacmoJoKeH 3JeKTpoaBUrareins (puc. 1.24).

&) )
1 2 3
/7%7 FH2 /77%77
Puc. 1.24

ITocTaBum 3aav4y pacucTa 0aJKi OT COBMECTHOTO JEUCTBUS CTAaTHYECKOM Harpys3ku B BUJC
COOCTBEHHOTI'O Beca 0ajKu M Beca JBHUTATEIS a TaKXKe OT JUHAMHUYECKOro BO3ACHCTBHS Ha 6aJ'IKy

BEPTUKAIILHOM cocTaBisitomeil P(f) = P, sin0¢ ueHTpobexHoi cuisl (puc. 1.24, 6), Bo3HUKaromen

IIpY BpalleHUH poTopa aieKkTpoasuratens (puc. 1.25).

Ha 3amannoii cxeme Oamku (puc. 1.24, a) ee Bec MpencTaBieH B BUAEC PaBHOMEPHO
pacIpeneIeHHON Harpy3KH, a BeC 3IEKTPOMOTOpPa — B BUJIE COCPEAOTOUYEHHOI CHIIBL.

Pacuernas cxema JJI1 AMHAMHWYECKOIO pacucTa 6aJ'IKPI MMpEaACTaBIISICTCA B BUAC CUCTCMEI C OI[HOI\/'I
cTeneHplo cBoOONbI (cMm. puc. 1.24, 6). Takas pacueTHas cxeMa TMOJYyYMJIaCh B PE3yJbTaTe
NpEaACTaBJICHUA 6aJ'IKI/I B BUAC CHUCTEMbI IBYX CTCPIKHCBBIX KOHCUYHLIX 3JICMCHTOB C Yy3JIlaMU Ha
oropax W TO cepeuHe Oanku, paBHOMEPHO paclpesesieHHas Macca KOTOPBIX 3aMEHEHA JBYMs
PaBHBIMU MacCaMH 110 KOHIIaM 3JeMeHTOB (cM. nmpumep 4 B moapaszaene 1.1).

0]
F,
Puc. 1.25
A 6 i P =0? =02 G,
MIUINTYJIa UEHTPOOEKHON CUIIBI onpenensercs no gpopmyne P = mye= -?-e , TIe e —

OKCLEHTPUCHTET MEX/y LCHTPOM Macchl poropa my, =Gy, /g M ero reoMeTpHYECKOi OChI0 (CM.

puc. 1.25). B mpumepe OH NPUHST paBHBIM 5 MM.

50



YTOYHMM MOCTAHOBKY 3aJa4H:

Tpeboyemca onpedenumsv MaAKCUMANbHBII NPOUO OANKU U MAKCUMAIbHOLIL U32ubaroujuil
MOMEHm 6 ee CPeOHeM CeyeHuu:

OT CTaTMYEeCKOW Harpy3Kd B BHJIE€ COOCTBEHHOro Beca OaJKu M COOCTBEHHOrO Beca
AEKTPOABUraTENS;

OT JOUHaMHuYecKoM Harpy3ku P(¢f)=P, sin0f npu pacCMOTPEHMH YCTAaHOBUBIIHXCS

TrapMOHHYECKUX KOJIeOaHHH OanKu.
OT CyMMapHOTO JAEHCTBUS CTATHYECKUX U TUHAMUYECKON HAarpy30K

CraTudeckuil 1 TMHAMUYECKUM pacueT BBINOJHUM BpyuHyto U Ha [IK ¢ momousto nporpammel
SCAD.
CraTnveckmii pacuer
[Iponienypa cratuyeckoro pacuera Oallku BpY4YHYIO U € MoMmolubto mporpammsl SCAD
yuameMmycs xopomo u3BectHa [1, 2, 21-24], nostomy 3aeck He paccMarpuBaercd. [IpuBenem
CJIEAYIOLINE PE3yIbTaThl ITUX PACUETOB.

1. Ilpu 3arpyxenuu 1 6anku ee COOCTBEHHBIM BECOM:
1.1. JIuneitnslit Bec 6anku (cMm. npumep 4 B noapaznene 1.1)
qs =(b-h)ps;-g2=(0.4-0.6)-2.5-9.81=5.886xkH/M=0.6 Tc/™m.
1.2. U3rubaronmii MOMEHT B CpETHEM CEYECHUH OalKH
M, (qs)=qsls /8=0.6-8"/8 = 4.8 1c-M=47.088 kH-M.
1.3. IIporu6 Ganku B CpeHEM CEUCHUH

| J— 5 qels
u =— [MM dx=——-2=2°=0.00145m=1.4MmMm.
a(de) = bMM ydx ===

[Tpu 3arpysxenun 2 Gajku COOCTBEHHBIM BECOM JIBUTaTEIs:
2.1. CocpenoroueHHas cujia Beca JABUTaTels
G,=m,;-g=15-981=14.715kH =1.5 Tc.
2.2. N3rubaromuii MOMEHT B CPEAHEM CEUCHHH OalTKu
M (Gy)=Gylg/4=15-8/4=3T1c-m =29.43 xH'm.

2.3. Ilporu6 Ganku B cpeaneM cedeHuu (cMm. ¢opmyny (1.45) misa mporuda OT eIMHUIHON
CHJIBI O )
G, I’ 14.715-(8)°

U, (G)=0-G, =—=2—= - =0.0007mM=0.7 MM .
48EI  48-3.00186-10"-0.0072

3. ickoMble BeTMYMHBI PH KOMOMHAIIMY | cTaTHUECKUX 3arpykeHuiil u 2:

My (g6 +Gy) = Moy (q5) + Mop(Gy) =4.8+3.0=7.81c- M =76.718 kHom.
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U (g5 +G,) =u(gs)+u, (G)=14Mm+0.7Mm = 2.1 MM.

JAnHamMuuyecKuil pacueT BPy4HYIO

1. CocraBnsieM pacueTHyIO cxemy Oajku JUisl JMHAMUYECKOTO pacuera Kak CUCTEMbl C OJHOM
CTENEHbIO CBOOO/IBI.

[IpenacraBuM Oanky Kak CHUCTEMY IBYX JIEMEHTOB Tuma 2 «CTep)KeHb IUIOCKOW pambD» (110
KJIacCU(UKaLUU CTEPKHEBBIX AyieMeHToB B mporpamme SCAD [1, 2]) ¢ y3namu Ha omopax U B
cepeauHe TmposieTa (B MECTE PACMOJNIOKEHMsI JBHUraTesis) W IPOU3BEAEM 3aMeHy JIMHEHHOMN

(YZIeTbHOI pacTpeieNeH Ol BOE ocH Gatki) Maces! Gank Mg = A;p, = A5 L& =48 rouentmm
g 8
Maccamu (cMm. puc.l. 24, 6).
. . l
Bec Toueunoif Maccel Ha Kaxpoil omope (cMm. puc. 1.24, 6) paBeH G5 =G5 =95 f =

=0.6~%=1.2 Tc = 11.772 xH. Bec ToueuHoli Macchl B cpeiHeM y3jie 2 B JiBa pa3a OoJblle:

Gps =g % = 0.6%: 2.41c =33.354 kH.

C yd4eroM Macchl JBMIaTels B y3ie 2 MOJAyYMM CYMMApHYK MAacCy My, = My, +Mys=
= (1.5+2.4)=3.9 T (cm. puc. 1.24,6). Ee Bec pasen G, = G,, + Gy =1.5+2.4=3.91c =38.259 kH.

2. OmpenensieM  aMIUIUTYJy  BEPTUKAJIBHOMW  COCTABIISIIONIEH  IEHTPOOEKHOM  CHIIBI
(cm. puc. 1.25).

2.1. CuHavasia Jy1 poTopa C 3a/laHHON 4acTOTOM BpalieHus B o1Hy MUHYTY # =500, 1/ MuH,

HaxoJIUM YacTOTy BpalieHusi B onHy cekyHmy f =n/60, 1 /c, a 3areM — YIJIOBYI 4YacTOTy

Bpaenus 0 =2mn- 1, 1/c, npeAcTaBisONy0 27 - HUKIOB BpallleHHsI B OHY ceKyHy [20]:
f=500/60=8.33 1/c; 0=6.28-8.33=52.33 1/c, pan/c
IIpumeuyanue. MHorna yactoTy BpauieHus 7, f,0 Ha3bIBalOT «4YUCIOM OOOpPOTOBY» pOTOpa
COOTBETCTBEHHO 3a OIHY MUHYTY, 33 OJIHY CEKYHJY, 32 2T CEeKYH]I.

2.2. 3aTeM HaXOJIUM aMIUIUTYAY HEHTPOOEIKHOM CHUIIBI:
0.3
P = (52.33)* - —=.0.005 ~ 0.42 Tc=4.162 kH.
9.81
3. Ilo dopmyne (1.14) ana mo0oit cUCTeMBI ¢ OJHOW cTenmeHblo cBoOOAbl mau (1.51) mns
3aIaHHON OaJIKU HaiJieM YTJIOBYIO YacTOTY CBOOOJIHBIX HE3aTyXalomMX KOJIeOaHWH TMOTyYEeHHOMN
CHUCTEMBI C OJTHOM CTETIeHBIO CBOOOIBI (M. mpuMep 4 B moapaszaene 1.1):

6 3
o= = |8 _6o28 | & Ll _gopg |28 20610 40 55 50y pare
myd | Gyed [ 3.9 8°-10-10°-12

4. Beraucisiem o ¢opmysie (1.101) guaamudeckuii kod3phuuuent 3 st ABYX pacCMOTPEHHBIX

BBIIIIE BapUaHTOB yuyeTa KO3((UIMEHTOB, XapaKTEepU3YIOUIMX CHIy HEYNpPYyroro CONpPOTUBICHUS
MaTepuasia OanKku IMpH yCTaHOBUBIIUXCS KOJIeOaHUI:

Bapuant 1. Koadduuuenrt vy, Heynpyroro conpoTuBiIeHUs KoJaeOaHUSIM paBeH HYJIIO:
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Lo
1-(0/w)’|

! |—211

P 1-(52.33/72.08)2|

Bapuant 2. Kosdpdumment vy, Heynpyroro CONPOTHUBICHUS KOJICOAHUSM TPUHAT B
coorBercTBUM € (1.74) u co cpennum 3HaueHueMm Y = 0.56 kordduIMeHTa MOTrJIOUCHUS YHEPTUU
KosieOaHMM /1715 JKenne300eTOHHbIX O0anok (cMm. moapaszaen 1.2). Torga: v, =y /4=0.56/4=0.09 u

B= 1 1

- ~2.08.
\/(1 92)2+ , (1=(52.33/72.08)*)7 +(0.09)°
()]

H

Kak Buaum, 3HaYeHHME AWHAMUYECKOTO Kod(duimenta sl >Kene300eTOHHOW Oanku ¢
JIOCTATOYHOM TSl MPAKTUYCCKUX IEJIed TOYHOCTHIO MOXKET OBITh MPHHATO Kak B BapuaHTe 1, T. €.
0e3 ydeTa BIUSHMS Ha HETO KO3 UIMEeHTa 3aTyXaHUsI KOJIeOaHUH.

5. BIUKMCIIMM aMIUTHTY 16l HCKOMBIX BeJIMUuH 1yt Bapuanta 1 (y, =0).

5.1. Ammmatyast S* u §” (1.111) cocraBnstonmx cymmaproii cuisl S(7) (1.110) u monHast

amIumTyaa S, :
S'=(P,+J,)=P,-p=0.42-2.11=0.89 Tc = 8.731 xH;
S"=0.

S, =4/(8)* +(S")?* =85"=0.89 7c = 8.731 kH.

5.2. AMuuTyzaa yctaHoBuBIIMXcs KoneOanuit A4 = (u,,p) = (S, - 9):
A=(0.89-0.0005)=0.0004 m =0.4 Mmm .

Bennyuna & 31€ch MosyYeHa MEPECYETOM M0 MPOrudy e (G ) , MOACYNTAHHOMY BBILIE OT
neiicTBUs cuitbl Beca apurarens G =1.5 te: 0=1(0.0007/1.5) = 0.0005 m.

5.3. AMmiTyia u3rubaroiero MOMEHTa B CpeIHEM CEUCHUH OalTKu
M, =M, B=(P,-I5/4)-B=S,l5/4=(0.89-8/4)=1.78 Tc-M = 17.462 xH"™m.

CyMMupoBaHue BO3eiiCTBUI CTATHYECKUX U JIMHAMHYECKOH HATPY30K
OmnpenensieM CyMMapHble 3HaY€HUsI MCKOMBIX BEJIMYMH B CPEIHEM CEUYEHUHU OalIKU C Y4EeTOM
MEPEMEHHOCTH 3HaKa JIWHAMHUYECKUX aMIUTUTYJ OTHOCAILIMecs K HIKHel (mmdpa 1 cooTBeTcTBYET
3HaKy +) U BepxHel (uudpa 2 COOTBETCTBYET 3HAKy —) CTOPOHAM OaJIKu:

+2.5 MM

Uy =uy,(qs+G)E(4)=2.1£04= {+1.7 vt

M M G (M. B)=T78+1.78 +9.58Tc-Mm  [+93.980kH M
12 = 95+ T ‘p)=/0xl. /o= = .
“ 8 “ +6.02Tc-Mm  [+59.056 kH M
Kak BuIuM, B pacCMOTPEHHOM IIpUMEpPE BIUSHUE JUHAMUYECKOIO  BO3AECHUCTBUSA
HE3HAYUTENIbHO. DTO CBA3aHO C MaJOi Macco poTopa JBUTaTelNs U MaJOM 4acTOTOW €ro BpalleHUs
110 CPAaBHEHHMIO ¢ COOCTBEHHOM 4YacTOTOM cucTteMbl. Majmomy 3HaueHHMIO OTHomeHus 0/w = 0.7

COOTBETCTBYET U Majioe 3HaueHue kodddumprenTa nuaaMuaaocty (cm. puc. 1.20) B=2.11.

Ecnu npeanonaokuTh, 4To BO3MYIIAIONIAs YacTOTa COBMala ¢ COOCTBEHHON YacTOTOW CHCTEMBI
(6/w=1), TO KODDUIMEHT NWHAMHUYHOCTH, AaMIUIUTYJa TEpEeMEIIeHN W aMIUIMTyna
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MaKCUMAJIbHOTO HW3TMOAIONIET0 MOMEHTa TIPU pPE30HAHCE NOJYYHIUCh OBl COOTBETCTBEHHO
paBHbiMH (cM. (1.103)):
B=1/y,=1/0.09=11.1.
A=(0.42-0.0005-11.1) =0.0023 M = 2.3 MM .
M, =M, -B=(Pl;/4)-=(0.42-8/4)-11.1=9.33 1c- M
Torma cOOTBETCTBYIOLIME CyMMapHBIE BEIMYHMHBI JUIA NMPOruda M M3ruOaromero MOMEHTa B
CpeHeM CeueHHHU OaNKU MOTYyYMINCh Obl paBHBIMH:

+4.5 MM
U, = U (s +G )T (A)=2.1£(2.3)= {_0'2 v

M M0+ G (M By 782033 [ FIT IO _[+168.045 K-
12 = Mer{ds T Ha cr _1531c-m | —~15.009kH M
TlocseHIE Pe3yIbTaThl TIOKA3bIBAKOT, 4TO NP 0/m =1 MakcMMalbHbIi BO BpEMEHH MPOrUO

MaKCHMAJIbHBI M3ru0aroluii MOMEHT B CpeJHEM ceueHuu Oanku c¢ mepuoaoMm 7, =2m/0

W3MEHSIOT 3HA4YEHUs U 3HaK. PacTsaHyThiIMH OymyT TO HWXHsSA (3HAK +), TO BEpXHss (3HAK — ),
CTOPOHBI OaJTIKH.

Takoe siBIIeHHE MOXET HAONIOMAThCS M BHE PE30HAHCHOM 30HBI, YTO CBSI3aHO C BIMSHUEM Ha
WCKOMBIE BEJTMUMHBI PA3JIUYHBIX ITAPAMETPOB PACCMATPUBACMOM CHCTEMBI.

JAunamunyeckuii pacuet Ha I[IK ¢ nomombio nporpammbl SCAD

Pemrenne paccMOTpeHHOH 3a7jauu Ha YCTAHOBUBIIKECS TAPMOHHUYECKUE KOJIeOaHUSI MOXKET OBITH
BBITIOJIHEHO C momotibio mporpammbl SCAD. Pacuer Oynem BBIIOJTHATH JJISI PAaCUETHBIX CXEM
Oanku, n3o0paxeHHbIX Ha puc. 1.24, g,6). Tax xak nporpamma SCAD yxe HEOIHOKpaTHO
KCIIOIh30BAJIACh YUYalIUMCS I PEIICHUs] pa3IuyHbIX cTaTHueckux 3aaad [1, 2, 3], paccMoTpum
MPOLEAYPY pacuera B COKpAILIEHHOM BUJE.

1. BeimonHuM 3tanel 1 U 2 mocieqoBaTeabHOCTU pacuera, npuBeleHHOM B [1] u cozmaaum
pacueTHyI0 cxeMmy Oanku B BuAe cuctembl nByx KO tmma 2 «Ilmockas pama» (cMm. puc. 1.8,a B
npumepe 4 noapazaena 1.1).

2. Ha srtane 3 pacuera co3zmaaum 3arpykeHue 1 oT cOOCTBEHHOIro Beca OajKu W 3arpy’keHue 2
0T COOCTBEHHOI'0 BECa JIBUraTEIs.

3.Co30a0um 3azpyxycenue 3 ¢ OunamuuecKkum eo3oelicmeuem. J1Jjis 5T0ro HAKMEM KHOTIKY B
Ha WHCTPYMEHTAJIbHON IMaHENId, COOTBETCTBYIOIIEH pa3zeiny 3arpy:KeHue U OTKPOEM IEpPBYIO
ctpanully «BBox mnapamMeTpoB JAMHAMUYECKOW Harpy3ku» jauanoroBoro okHa «llapamerpsi
OUHAMHYECKUX Bo3aeiicTBuity. Ha mone «Bua BosnmelicTBus» BbeiOMpaem «['apMmoHHueckue
KoJeOaHus» U eIaeM 3auch (Hampumep, «rapm-1») Ha cBeTiioMm nose «Mms 3arpykeHus.

3arem BbIOMpaeM B BepXHEH dacTu auanoroBoro oxkHa «['apMoHMYeckuwe KojaeOaHuUs».
OTkpoeTcst BTOpasi CTpaHUIIE OKHA, YaCTh KOTOPOI'O C BBEJICHHBIMU IMapaMeTpaMu MPUBEJICHA HUXKE.

[logTBepaMB Ha3HaueHHbIE NapaMeTpbl HaxkatueM KHonku «OK» 1uanoroBoro okHa,

3aKpbIBAEM €TO.

l'd
1

)2

3areM Ha MHCTPYMEHTAJIbHOW MaHeNu pasjena 3arpy:keHue HaXUMAaeM KHOIKY
«/HepLHnOHHBIE XapaKTePUCTUKN». B COOTBETCTBYIOIIEM AMAIOrOBOM OKHE BHIOMPAETCS €ro 4acThb
«["apmoHnYeckue KoebaHusm», Ie BBOJATCS HEOOX0AUMBIE AJIs pacueTa napaMmeTpsbl.
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{* Pacuyet Ha sanaHHyio 4acToTy
HuUcno Y4HTEIBSEMBIE dhOpk |—1
COBCTEEHHER KOoeaHui

K.oa pPMUMEHT Heynpyrora W

CONpAaTHENEHMA MATERMANa

K.pyroBas 4acToTa BEHEWHERD
5 5233
BOS0EHCTEHA pan/cex

TOMHOCTE BEIMMCAEHWA 0.01

HaCTOTEI

3n1ech TakKe Kak MpH 3aJaHUKM Macc MPH PEIICHUU 3aJa4d «MOJIaJIbHBIA aHAJIU3» MOTYT ObITh
paccMOTpEHbI /IBa BapuaHTAa.

B BapmanTte 1 moj maccoil B y3iie 2 pacyeTHOM CXE€Mbl MOHUMAETCS CyMMApHAA macca

My =my+my o, TS My, = 0.5m" +0.5m'P = =0.5(2.4+2.4)=2.4 7. Tak KaK Macca JBUraTe/s

m, =151, 10 my=15+24=3.9 1. II0o3TOMy B OTKPBIBLIEMCSI OKHE 3a[a€TCS CYMMAapHulil 6ec

G, =G, +G, = 151 +2.4 1C =3.9 TC:

HampagneHue s Y z

[apareTpel BOZ0EACTEMA

Bec maccel B ysne 319 T

BenuuuHa arnauTyak 042 T

JaKoH KonetaHun iR -
Cogur daskl
[paamaH) .

(PazmepnocTh cuiibl «T» B OKHE 3KBUBAJIEHTHA Pa3MEPHOCTHU CHUJIBI «TC»).
B BapmanTe 2 mox Maccoil B y3lI€ 2 PAacUETHOM CXEMbl NOHUMACTCS MOALKO Macca

osuzamena m, =1.5 1. Ilo3TOMY, BO BTOPOM BAapHMAHTE IOCIEIOBATENLHO BBOJIATCH HMCXOIHBIE

JAaHHBIC € TOMOIIBIO TPHUBCACHHBIX HUKC yacTen ABYX IHUAJIOTOBBIX OKOH.
B HpHBeHCHHOﬁ HIMKC CJICBA 4aCTH JUAJI0roBOI'O OKHa ((FapMOHI/I‘leCKI/IC KOJ'IC6aHI/I${», B
OTJIMYHC OT MPCAbIAYHICTO BapuaHTa B MO3ULUU «Bec Mmacchl B Yy3JI€» BBOAUTCA BEC TOJIBKO MAaCChI

ABUTaTCIIA.
HanpagneHwe s Yy z

[NapateTpel BEOZAEHCTEMA

Bec maccel B yzne 1.5 T
BenuuuHa arannamyae 042 T (¢ Macchl B3 NeHEHT AR
* Pacnpegenerdsie | [nacTHel
2aK0H KonedaHua zih -
(" CocpeaoTodeHHele
Coeur dasel

:

Bec macce |06 T

B mpaBom OkHe BBOJUTCSI «IIOTOHHBIN» BeC Macchl Oanku. BBeneHHBIC MapaMeTpbl B OKHE

[panmaH]
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MEPBOTO BapHaHTa U B JIEBOM OKHE BTOPOTO BapHaHTa OTHOCATCS K KOJEOJIOIMICHCS TOYSUHOU
Macce, pacroJioKeHHOM B y37e 2 (cMm. puc. 1.24, 6).

[ToaTomy B oboux BapuaHTax Iociie Haxatus B okHe KHomku «OK» HeoOxoaumo moasecTu
KypCcOp Ha 3KpaHe IUCIUIes K Y31y 2 U, Ha)KaB Ha JIEBYIO KHOIIKY MBIIIH, OTMETUTh 3TOT y3€l (3TO
PaBHOCHJILHO PACTIONIOKEHUIO MACChl B y3JI€ 2 U NPUJIOKEHHUIO K HEMY YKa3aHHOW rapMOHHUYECKOM

&Y
cuITbl). Bee 9TH IefCTBHS MOATBEPIKAAIOTCS HAXKaTHEM KHOIIKH b Ha MHCTPYMEHTAJIBHOH IMaHen
pasnena 3arpy:xkeHue.

Bo BTOpoM BapuaHTe [yl COBEpLICHUS 3arpy>Ke€HUsl OaJKH «IIOTOHHBIM» BecoM ¢; = 0.6 Tc =

= 5.886 xH 6anku, mapamerp KOTOpOro OTPaX€H Ha MPHUBEJAECHHOM BbIIIE IPAaBOM JHMAJIOrOBOM

OKHCE, HCO6XOI[I/IMO C IIOMOLIBIO KypCOopa OTMETUTb KOHCUHBIC 3JICMCHTBI 1 u 2 Ganku.

7R -
f 1)
Ecnu nipu 5ToM Ha naHean @UIbTPbl 0TOOpaskeHHs1 OyIyT HAXKaThl KHOIKH | A |, ——

, TO Ha
pacyeTHOI cxeme OKOJIO y371a 2 MOSIBUTCS XapakTepHoe 0003HAu€HHWE M 3HAYEHHE Beca MaccChl B
y3J1e 2, a BO BTOPOM BapHaHTE TOSBUTCS TAaKXKe XapaKTepHOEe 0003HAYCHUE PaCTIpeIeTICHHON MacChl
KOHEUHBIX 3JIEMEHTOB M 3HAYCHHE BECa OJHOTO MOTOHHOTO METpa Oajku. DTH PUCYHKH HMEIOT
TaKOH ’K€ BUJI, KaK U MPU 33JJaHUU MaccC MpHU PELIEHUH 3aJjaul «MOJIalbHbIN aHanu3» (cM. puc. 1.10
upuc. 1.11).

B paccmarpuBaemMoM mnpumepe ObulM  BBIIOJIHEHBI 00a BapuaHTa 3arpyXeHus Mpu
rapMOHHMYECKOM BO3AecTBUU. OHU OBLIM COXpaHEHBI KaK 3arpy>KeHue 3 U 3arpykeHue 4.

[Ipu coxpaHeHMM JMHAMUYECKUX 3arpyKEHMH HMeHa MNpeIblayIlIux 3arpykeHuil 1 m 2 u
3aJJaHHOe WMs JMHAMUYECKOTO BO3JCHCTBHUS, HANpPHUMEp, «rapM-l», yxe OyayT OTpakeHbl B
JTMAJIOTOBOM OKHE JUIsl COXPaHEHMsI 3arpy KEeHUS:

Mra zarpyseHua

|ra|:|M-1

cE-G
CE-Q, 0k

_
OTrieHa

Cnpaeka

Horep sarpuseHqa 3 -

Ho B mosiBuBIIEMCS MaJIOTOBOM OKHE B 1oJie «Homep 3arpy’keHus» cHayaia HU4ero He Oyjer.
Hazno ¢ momouipio ykaszaTemnsi OTKPBITh CIIMCOK HOMEPOB M BBIOPATh MOPSIKOBBIM HOMEp AaHHOTO
3arpykenus. [lpu 3arpyxenun «rapm-1» BeiOupaem 1udpy 3 (CM. IpUBEACHHOE BBIIIE OKHO Ha
JTane 3aJaHus 3arpykeHus 3), a 3ateM (IIpH 3arpy>KeHUH ¢ UMEHEM «rapM-1-pacrnp.) — uudpy 4).

ITocne 3ananus 3arpy>keHUIN EPEXOIUM K BBIIOIHEHUIO 3Tana 4 pacuera [1].

4. BolnonHseM JIUHEWHBIA pacyeT, M MpPEJCTaBIsieM ero TaOlIu4yHble U TpaduuecKue
pe3yNbTaThl.

Bcest npouierypa BBINOIHEHHS 3TOTO 3Taa OCTaeTcsl TAKOM )K€, KaK M IIPU CTaTUYECKOM pacuerTe.

Otnuune Habmomaercs B Tabmuie «OdopmieHue pe3yibTaTOB pacueTay, IZie pe3yJIbTaThl
peleHus TUHAMUYECKOH 3a/1aun s 3arpyKeHuil 3 u 4 oTpaskeHbl HE TOJBKO B BHJIE TAOJIHUIL JUIS

HMCKOMBIX IIEPEMEILECHNUN U YCUIIUHI, HO U B CIIELIUAJILHOM paszeiie «luHaMuKay.
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[Ipu oTkpeiTHH pasfena «J/luHamMHKa» MOCIENOBATEIBHO OTKPBIBAIOTCS YETHIPE TaOIUIIBI.
[lockonbKy pe3ynbTaThl pacyeToB MpU JUHAMMYECKUX 3arpykeHusX 3 U 4 IOoJyduiIuCh
COBEPUICHHO OJMHAKOBBIMHU, OIpaHUYUMCS (T10CIIE PEJAaKTUPOBAaHUS TaOJIMI]) IPUBEIEHUEM TOJIBKO
pe3yNbTaToOB IUHAMUYECKOTO 3arpy KeHus 3.

1. Pacnipenienenuie BecoB Macc (Tc)

| Barpy N COBCTB. UACTOTH [TIEPUOH |
| /Tt e |
| xeHME 3HAUEHNS 1/C T C |
| 3 1 .0138734 72.08 11.48 087 |

| 1 2 3 |
| 3 - 1 ( rapm—1) |
|  Z .87 |
| 3 - 2 |
|  Z -.17 |

Tabnuuet 1, 2, 3 UMEIOT TakoH ke BHUJ, KaK U B IUHAMUYECKON 3a/1aye «MOAAJILHBIA aHaIN3»
(cm. mpumepe 4 monpazaena 1.1).

B mocnenneit tabnuie pe3ylnbTaToB pacyeTa ¢ momolibio mporpammbel SCAD mpuBoasrcs
3HaYeHHus amiuuTyd S’ u S” cOCTaBISIOMNX CyMMapHOH cuiabl S(7). 3HaKM 3THX aMIUIMTY]I
COOTBETCTBYIOT IPABUIIY 3HAKOB I HArPY30K, NpuHATOMY B mporpamme SCAD [2, 24].

Pacuernas ammuutyna S, cymmapsoit cuibsl S(¢) (1.110) onpenenutes no popmyae (1.112):
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S, = (8" +(5")> = J(0.87)> +(~0,17)* = 0.89 c.

DTO 3HAYCHHE COBMAJAET CO 3HAYEHUEM, IMOJIYYEHHOM B paszienie npumepa «JluHamudeckuil
pacyeT BpY4YHYIO». 3HAK pacyeTHOM aMIUTUTY/bl HAa3HAYAeTCs IO 3HAKy HauWOOJIbIEH ciaraeMoin
CUJIBI.

IIpumeuanue k nmocJjaenHel Tadauue.

Tabmuua ¢ cocrapisiromMu  ammutygamu S’ u S” MOAHOM aMrumMTyabl S, Ha3BaHa

o

«I/IHepHI/IOHHHe Harpys3ku» € Y4Y€TOM TOro, 4YTO aMIUIUTyAdy So MOKHO IIPEACTABUTHL KakK

> 2 v
AMIUIMUTY Yy HHCPLIUOHHOU CUJIbI J =mw u.. 1pu COOCTBEHHBIX KOJeOaHUAX OaJIKH C YaCTOTOH ® U

aMILIUTY 0 u,, (cM. dopmyity 1.31), yMHOXKEHHYIO Ha AuHAMU4ecKuil koddduiuent B :
S, =mw’*A=(mo* -u)p=J-P.
[TogpoGHee »TOT BOMpoOC OyJIET pPacCMOTPEH B paszzeine 2 MocoOus, TOCBSIICHHOTO
CUCTEMaM C HECKOJIbKUMHU CTEIIEHSIMU CBOOO/IBI.

Jns mosiydeHus YHUCJIEHHBIX 3HAYEHUW NEpPEeMEIICHUH M YCWIMH, a TakKe HX 3HAKOB,
OTpEACISAIONIMX HaIPAaBJICHWE HWCKOMBIX BEJIIMYMH, HEOOXOJUMO BO3BPAaTUTHCS B TaOIHILY
«OdopmiieHne pe3yJbTaToOB pacueTa» U OTKPBITh TaOJUIly C MMEepeMEIIeHUsIMU y3J10B U TaOJIHIly ¢
YCUJIMSMU B HAMEUEHHBIX CEUCHUAX KOHEUHBIX 3JIEMEHTOB.

Huxe npuBeneHbl oTpeAakTHpOBaHHbIE TaONMIBI C JAHHBIMH TOJBKO O BEPTHKAIbHBIX

nepemenieHusx y3ia0B KO u Tonbpko 00 M3rudaronmx MOMEHTaX B 3THX y3JIax JUisl 3arpykeHui 1, 2
u 3.

| 1 2 3 |
| 1 - ( cB-0) |
| Z -1.45 |
| 2 - ( ce—n) |
| Z -.73 |
| 3 - 1 ( rapm-1) |
| 7 -.42 |
| 3 - 2 |
| Z .08 |

B Tabnuiie mepemMenieHnii y3J10B MPUBEICHBI TPOTHOBI OATKK OT €€ COOCTBEHHOTO Beca, OT Beca
aBuratenass W ammuTyael nepemerennit A'=-042mm u A" =0.08MM or geiicTBHS cu
S"=0.871c u §"=-0.17Tc. 3HaKu nepeMenieHuii OepyTCS B COOTBETCTBUH C HAMPABICHUEM OCH
Z o6meit cucteMbl oceil koopauHat (cMm. puc. 1.24,a). PacuetHas ammiutyaa A TOJHOTO
nepememenus u(¢) (1.96) onpenensiercs mo dpopmyie (1.98):

A=J(A)? (A" = J(=0.42)> +(0.08)> =— 0.43 mm.

B Tabnume mepemenieHuil 3Ta BeIMYMHA HE TPHUBOJIUTCA. 3HAK OIPEACIICHHOW pacueTHOMN
aMIUIUTY/bl Ha3HAuyaeTcss IO 3HAKy HauOOJBIIEr0 CjaraéMoro IepeMelleHusl. 3HaueHue
aMIUIUTYyAbl A TPAaKTUYECKH COBIMAJaeT CO 3HAYeHUEeM, IOJIY4YeHHbIM B pasfele Ipumepa
«JlnHAMHUYECKUIA pacyeT BPYYHYIO».
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| Y C U J N A /HAINPAXEHVS/ B SJIEMEHTAX, Tc*M |

| 2 1-1 1-2 2-1 2-2 |
| 1 - ( cB-0) |
| M 4.8 4.8 |
| 2 - ( cB-m) |
| M 3. 3 |
| 3 - 1 ( rapm-1) |
| M 1.75 1.75 |
| 3 - 2 |
| M -.34 -.34 |
| 3 - 31 |
| M 1.78 1.78 |

B Tabnuue ycunuii mpuBeneHBl aMIUTUTYAbl M3TMOAIOIIMX MOMEHTOB B y3JaX OT 3THUX XKe
BO3JCHCTBUII M pacuyeTHOE 3HAYECHHE NOJHOM aMIUTUTYAbl HM3rHOarolluX MOMEHTOB B Y3Iax,
noacuutanHoe (crpoka S1) mo popmyine (1.113).

Hckomble BeMMYMHBI IpU CyMMapHOM BO3AEWCTBUU 3arpyxkeHuil 1, 2 um 3 mosydarcs npu

CYMMHUPOBAHHUU 3HAYCHUIN COOTBCTCTBYIOIINX BCIIMYUH C YUCTOM HX 3HAKOB!:

+2.5 MM

Uy =uy(qs+G)E(A)=(1.4+0.7)£04=2.1£04 = {+1‘7 MM

+6.021c-M | +59.056kH M

ConocraBicHUE 3HAYCHUN COOTBCTCTBYHOIINX BCJIMYMWH U UX 3HAKOB, INOJYYCHHBIX C MTOMOIIBIO

+9.581c-m  [+93.980kH M
M1,2:MCT(QG—i_G;{)i(MCT'B)=7.8i1.78= =

nporpammbl SCAD 1 BBIIIOJTHEHHBIX BPYYHYIO Uil OalIKu € 33JJaHHBIMU MapaMeTpaMu, MOKa3bIBaeT
KX XOpolllee COBIAJICHHUE.

[Ipu pacuere Bpy4yHYIO OBUI paCCMOTPEH BapHaHT MCXOJIHBIX JAaHHBIX, KOTJIA YIJIOBasl 4acToTa
0,c BpallleHUsI POTOpa JBUTATEeNIsl COBIAIAET C YIJIIOBOM COOCTBEHHOM "acToTo ™= 72.08, ¢
pacdeTHOM cxeMbl OalIKK C OJIHOM CTENEeHbI0 CBOOOIBI (ClTyuail pe30HaHCa).

PaccmatpuBas B 3aaue «I'apmMoHHUYecKkue KojaeOaHuss» STOT BapUaHT KaK HOBOE JUHAMUYECKOE
3arpyeHre Gankd (C 3aJaHHOIl BO3MYINAOIICH YIIoBOH dacToToil © = 72.08 ¢), momyumM B

tabnuue «HepuuoHHbIe Harpy3Ku» pasaena «JluHaMuka» JOMOJHUTENbHbIE CTPOKU C HArpy3KaMHu
S'=0 u S§"=-4.67 Tc =45.813 xH:

| 1 2 3 |
| 5 - 1 ( mapml-pe30HaHC) |
| S - 2 |
|  Z -4.67 |

[Ipu pacyere Bpy4HYIO 3TH K€ CUJIbI oTy4arcs mo ¢popmynam (1.111):
S'=P,-B*y=P,-(1/y,)*-0=0;
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S"=P -B*-y,-0/wo=P,(1/y,)* -y, 1=P,/y, =0.42/0.09 = 4.67 Tc = 45.813 kH.

B coorBerctBuM ¢ mpaBoil yactbio BblpaxkeHHs (1.110) 3To amMmiauTyaHOE 3HAYEHUE CHIIbI
JOJKHO OBITH B3ATO CO 3HAKOM «MHHYCY.

CooTBeTcTBYIOILINE HAWACHHBIM aMIUIUTYJaM COCTaBISIOIIUX MOJHOW CHIIbI S(f) aMILTUTYIbI

A" m A" cocraBmsOIMX [OMHOrO mepememieHuss u(f) u ammwatyael M), ou M)

COCTABJISIIOLIUX TOJIHOTO M3TMOArOIIET0 MOMEHTa B CPEAHEM CEUCHUHW OajKy HaiaeMm B TaOauIiax
«IlepemernieHns» U «Y CHUIIHS M HATPSDKCHUSI :

Envuamier VISMEepPEeHNA JIMHEMHEBIX nepeMeLueHMﬂ: MM

| 1 2 3 |
| 5 - 1 ( rapMml-pesoHaHC) |
| 5 - 2 |
| 7z 2.26 |
| Y CUJIWU A /HAUPAXEHVSA/ B DJIEMEHTAX, TcCc*M |
| 2 1-1 1-2 2-1 2-2 |
| 5 - 1 ( mapml-pe30HaHC) |
| S - 2 |
| M -9.33 -9.33 |
| 5 - S1 |
| M -9.33 -9.33 |

OTU pe3ynbTaThl COOTBETCTBEHHO COBIIAJIAIOT C PE3yjbTaTaMH, MOJYUYEHHBIMU BBIIIE PACYETOM
Bpy4Hyl0 npu 3HaueHun 7Y, =0. CoBnaneHue pe3yabTaTOB IOJIYy4aeTCsl NPU HCHOJIb30BAHUU

MOJTyYCHHBIX BbIlIe BpyuHytO 1o ¢opmyiam (1.111) cumam S'=0 u S"=4.671c = 45.813 H.
JleiicTBUTENHHO, HCronb3ys popmyist (1.97)* u (1.113) momyunm:

L 45813kH —+0.00226 M =+2.3 MM.

3.91-(72.08)%(c™)?
M, =M =+S"-1,/4)-=+(4.67-8/4)=%9.341c-M = +91.625 kH-m.

max

A'=0; A"=+S"/me*

ITosToMy u B ciydae, korga (0/w) =1, cymMMapHble BEJIWYMHBI A OpOruda v U3rudaroero
MOMEHTa B CpeJHEeM ceueHHH Oanku mnpu pacuere no nporpamme SCAD cOOTBETCTBEHHO
COBIIAJAOT C MPUBEICHHBIMH BBIIIE Pe3yJIbTaTaMH pacyeTa BPyUHYIO.

Ha puc. 1.26, a, 6 npuBeaeHa kapTuHa H3ruda M SMIOPHl M3TMOAIOIIMX MOMEHTOB OajKW,
COOTBETCTBYIOIIME €€ cTaThuueckuM 3arpyxeHusmM 1 un 2. Ha puc. 1.26, 6, 2 aHamorunussle
pe3yJIbTaThl pacuera U300paKeHb! I JBYX COCTOSHUHM OajKé OT JeHCTBUS COOTBETCTBEHHO CHUII
S'=0.871c u §"=-0.17Tc, TOMYYEHHBIX TpPH 3arpy’KeHUH 3 IUHAMHYCCKOW  CHIIOH

P(t)= P, sin6t . Hanpasnenns cun S’ 1 S” COOTBETCTBYIOT MX 3HaKaM, MPUHATHIM B IIpOrpaMme
SCAD.

60



0)

9)

0,6 Tc/™m
\
4.8 Tc'Mm — Lamm
'1,5 TC
—0,7 Mmm
3,00 Tc'm
"0,87 TC
,42 MM
1,75 Tc'm
0,34 Tc'm
0,17 c | 0,08 MM
—0,43 Mmm
1,78 Tc'Mm
1.§3 TC'M
AN "~ 6.02 TcM 7
‘\2.58 TC'M ,/’
Y 17.13 te'm
Puc. 1.26
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Ha puc. 1.26, 0 mpuBeneHsl 3MOpbl pacyeTHbIX amMmumtyny 4 u M MIOJICUATAHHBIX

max ?
cooTBeTcTBEHHO 1o (popmynam (1.98) u (1.113), a Ha puc. 1.26, e OCTpOEHBI CyMMapHbI€ 3MIOPHI
M3TUOAIOINX MOMEHTOB TIPH 3aJaHHOM B MIPUMEPE COOTHOIICHWH YTJIOBBIX YacToT (0/m)=0.723

(crutonTHbIe JTMHUM) W 71 BapuaHTa, Koraa (0/)=1(mrpuxoBsie auHuN). OOpaTuM BHHUMAaHUE,

YTO BO BTOPOM BapHaHTE NPU yCTAaHOBUBILIMXCS KOJICOAHUSAX OaJIKM pacTSHYTOH OKa3bIBarOTCS HE
TOJBKO €€ HW)XKHAS CTOpOHA, HO M BepxHsisd. Tak Kak paccMmarpuBaeMas Oanka sBJseTCS
XKeNe300€TOHHOM, 3TO JJOJDKHO YUUTBIBATHCS MPH 110100pe MPOAOIBHOM apMaTyphl.

1.5. JleiicTBHe BHE3aIIHO NMPUJI0KEHHOU MOCTOSTHHOMN CHJIBI

[lycTh Ha pacyeTHyIO0 cXeMy OaJIKUM B BHJIE HEBECOMOI'O YIPYTOTO CTEP>KHS C
CcOCpenoToYeHHON Maccoil m (cMm. puc. 1.1,a) B MOMEHT BpeMeHU 7=0 MTHOBEHHO

IPWIOKEHA IIOCTOsAHHas cwia P,. (OygemM cuuTaTh €€ HalpaBICHHOW BHU3).

OnpenenuMm nepemernieHue macchl (mporu® Oaliku) MpU pa3aIudHON UITUTEIHLHOCTH
Bo3zelcTBus cuno  P,. Ilpu »Tom OyneM mnpeamonararb, 4TO CTaTHYECKOE

nepeMecuicHue OT BECa MACChl PACCMOTPCHO OTACIIBHO H BCC IICPCMCIICHMHA,

BBI3BAHHBICE MIHOBEHHO IPWJIOXKCHHOW CUIOU P, OTCUMTBIBAIOTCS OT OCHU OaJIKu C

HYJIEBBIMHU IlepeMenieHusIMu (cM. puc. 1, a).
Cuna geiictByeT 6E€CKOHEUYHO 10 Jro. PacCMOTpUM BapuaHT,

korga Y, =0 Torma mpu HAYaNbHBIX YCIOBUSIX IBHKEHUS Macchl u° =u°® =0 u3

unrerpana Jroamens (1.88) Haiinem

P .
u(f) =—2 [sin(t — t)dr=up(). (1.114)
mo
e
Uy =P0o; §=1/mw’; B(t):(l—cosz?nt). (1.115)

I'padux u3menenus nepememienus (1.114) maccet m ¢ yderom (1.115) B
3aBUCUMOCTH OT BPEMEHU IIpU cuiie P, HalpaBIICHHOM BHHU3, II0KA3aH Ha puc. 1.27
CILTOUIHOM JIMHUEN.

Kak BHIHO, MIHOBEHHO IpUJIOXKEHHas cwia P, BwoBer npu 7, =0
He3aTyxarouie kosnebanusi cuctemsbl. [Ipuyem B MoMeHTHl Bpemenu t=T7/2+kT ,
rae k=1,2,3,..., nepemewienue maccol o6yoem 6 0éa pasza 6onvute npozuda d6anKu

U.r =P05 om Mo Hce CuUJibl, npwwofcennoﬁ cmamuuecku. ITO O3Ha4acT, 4To

MZHO6E€HHOE npujioricenue Ccujiol P npedcmawmem coboil OuHamuueckoe

o
6o30eiicmeue. Koagppuyuenm ounamuunocmu ¢ yKazanHnvie MOMEHMbl 6PEMEHU

paeen osym (3 = max‘ B@)=2).
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Ecnu nipu paccMoTpenun kosieOaHuii Oajkd OT MTHOBEHHOTO MPHUIIOKEHUS
CUJIbl YYECTh BIIMSIHUE CHJI HEYNPYTOTrO COMPOTHUBIICHHS, TO B PE3YJIbTATE PEIICHUS
unrerpana Jroamens (1.88) Bmecto (1.114) u (1.115), c yuerom (1.79), nomyuum:

t
u(t) = £ [exp(—0.5y, @) -sin (¢t —1)dt = u,p(7). (1.116)
mo
rae
B(¢) = {1 —exp(—0.5y, 2?%0 : (cosz?nt +0.5y, sin %t)} : (1.117)

I'padpux wm3menenus mepememienus (1.116) ¢ yuerom (1.117) mokazan Ha
puc. 1.27 mrpuxosoil nmuuuen. Bunxo, uro npu vy, # 0 nepeMelneHns MacChl Ipy €€

KOJICOAHUX, BBI3BAHHBIX MTHOBEHHBIM IPUJIOKEHUEM CHJIBI P, CO BpeMeHeM OyIyT
3aTyxaTh, NPUONMKAsICh K 3HAUEHUIO mepemewieHus u... llpu 1=T7T/2 u3 (1.117)
MOJIyYMM MaKCUMAaJIbHBIN TUHAMUYECKUH KO3 OUIIUEHT:

B=1—exp(=0.5-0.09-1)- (cos T+0.5-0.09sin 1) = 1+e 1413 = 1+0.87 = 1.87.
DTO  O3HayaeT, 4YTO paCUCTHOW CWJIOM Juisi  Oallku  sIBIETCS  cuja

Pracy =Bmax - Fo =1.87-F,. MakcnmanbHasi amIumryga konebaHuil Oyxer paBHa
Apax = Bmax Uy = 1.87 Uer -
Cuna geficTByeT KpaTKOBDEMeEHH 0. PaccMoTpuM BapuaHT,

Korja cuia P, B MOMEHT BpeMeHu =0 MIHOBEHHO NpHJIOKEHAa K Oajke U uepes

HEOOJNBIION TEepPHoJl BPEMEHU =T MIHOBEHHO ynaineHa. UToObl mMmojcuuMTaTth

nepeMelIeHIe MacChl MPU TaKOM BO3JCHCTBUM Ha OalikKy, pacCCMOTPHM CJIETYIOIINE
JIBa HTamna.

Oman 1 (t < 1). [lepemenieHne Maccel Ha ATOM ATare MOXKHO MOJACUUTATH MPU

Yy =0 no ¢popmyne (1.114) ¢ yuerom (1.115) nam npu y,, # 0 — no popmyae (1.116)

¢ yuerom (1.117). M3 ananm3a cooTBeTCTBYIONIMX rpadukoB (cM. puc. 1.27) BumHo,
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yro u npu Yy, =0 u npu 7y, #0 nepememieHns Macchl IPAKTUYECKU COBIAJAOT,

ecim t<T/2.
Kpome Toro, m3 ananmusa 3Tux rpaduKoOB BUAHO, YTO €CIU YAAIUTH CHIY B
MOMEHT BpeMeHU 7 <7 /4, To K MOMEHTY yJaJicHUus CHJIbI Ha dTamne | mepemelneHue

HE MPEBBICUT 3HAYEHUS U, , & AMHAMUYECKUN KOd(PPUIUEHT — 3HaueHus 3; =1.

CT >

Eciu xe ynanmute cuiny B MOMEHT BpemMeHHM T<7/2, 1o Ha 3rtame 1
NepeMelIeHNe M JMHAMUYECKUI KO3(PQPUIMEHT K MOMEHTY YJAJCHHUsS CHUJIbl HE
IPEBBICAT COOTBETCTBEHHO 3HaUeHuil 2 u , u f; =2.

Oman 2 (t>t). Ha BrOopom orame (mocie yAaleHUs CWIbl) OyayT
MPOUCXOJUTh CBOOOAHBIE KOJIEOAHHMS MAacChl, MEpeMelleHrne KOTOpou mnpu ¢ > T,
onpenensieTcss paBeHCTBOM (1.18) M 3aBUCHUT OT HadalbHBIX YCJIOBHUMA CBOOOJIHBIX
koneOanuii (1.16). DTu HayabHBIE YCIOBUS CBSI3aHBI C BPEMEHEM 7 YJAJCHUS CHUJIbI
(BpeMsi KOHIIa MepBOTO M Hayana BToporo stanoB). U3 (1.114) ¢ yuetom (1.115) atu
HavyaJIbHbIE YCIIOBUS 3alUIILYTCS B BUJIE:

2n . 2m
o0 CT?-sm?r). (1.118)

2
uO:uCT(l—cos?nr); u® =u

Torna B coorBerctBuu ¢ (1.18) 1 (1.21) momyunm:

00

uz(z‘)=u°coscot+u—sin(ot=uCT[32(t), (1.119)
®
21 21 . 2m . 2¢;
t)=|(1-cos—1)cos—1¢, +siIn—71T-SIn—+*, ) |,
B, (1) [( T ) T2 T T 2)} (1.120)
A=A+ 42 = J@®) + (™ /0)? =2u,, sin%r; (1.121)
rae.t, =t—r.
Tak kak
max[u,(1)], = 4 n max[B, (1], =B, (1.122)
T0 (1.119)
A .1
=—=2snn—,
B, » 7 (1.123)

CT

I'paduk cBoOOAHBIX KoneOaHUM Macchl u,(¢) (1.119) ¢ yuerom (1.120)
n300paxkeH Ha puc. 1.27 WTPUXIyHKTUPHOHN JIMHUEH [y BapuaHTa, Korja cuia P,

yaajieHa B MOMeHT BpemeHu t=71/4. Torma, kak BUAHO U3 BbipakeHus (1.123),

IUHAMHYECKUi Kod(dduuueHT B, Npu HayaBIIMXCS CBOOOIHBIX KOJIEOAHHSIX MacChl
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Ha BTOPOM 3Tane JOCTUTHET MaKCUMaJbHOTO 3HaYeHUs 3, = V2 =1.41, a xone6anus

MacCChbI 6y,Z[YT IMPOUCXOIUTHb OTHOCHUTCIIBHO ITOJIOKCHU S 0ajKu ¢ HYJICBBIM HpOFI/I6OM.

[Ipu ynanenun cunsl P, B MOMEHT BpeMeHM T=7/2— JuHaAMUYECKUMN
KO3 QULUMEHT ycneeT 1ocTudb 3HaueHus 3, =2. Ho cBoOoxHble KonebaHus Oayku

MO-TIPEXKHEMY OYIyT MPOUCXOIUTh OTHOCUTEIBHO TMOJIOKECHUS PaBHOBECHS OalKHU ¢
HyJIEBBIM TIporubom (rpaduk KoseGaHUil Macchl AJis 3TOTO BapuaHTa Ha puc.l.27 He
n300paxeH).

KpaTkoBpeMeHHYI0 Harpy3ky OOBIYHO HA3BIBAIOT UMIYJIbCUBHOW, a BEIMUUHY

J, =F,1 — WUMIyJIbCOM MOCTOSHHOW CHiIBL. MakcumanbHble NpOruObl Oankw,

MAaKCUMAJIbHBIC YCUJIUS U HANPSHKEHUS MIPU TAKOW HArpy3Ke MOIy4YaTcs OT PaCYETHON

CHJIBI

. OT .1
Ppacq(r) =P -B,(t)=2P, -s1n7 =2P, -Sll’lﬂ:?, (1.124)

3HaYEHUE KOTOPOM, KaK M 3HAYEHUE AMHAMUYECKOro Kod(d(duineHTa 3aBUCHUT OT
BPEMEHHU 7 JCHCTBUS CUJIbI, TOYHEE — OT COOTHOLIeHUs 7 /7 .
Ecan umnynbc co3naercs CUIIoN, U3MEHSIOIIEHCS 3a IPOMEXYTOK BPEMEHHU T,

OH OHpeI[eJ'IﬂCTCH n3 BLIpa)KeHI/IH
J, = [P(0)dt, (1.125)
0

rue
Omméka! OFLEKT He MOKeT GbITh CO31aH U3 KOTOB NoJeii penakTupopanus. (f ) = PO f (f )

npu 0<¢<r; (1.126)

Oynkuus £ (¢) xap“ai(fep;lSyeT dbopMy uUMIyJbca, NPUYEM MaAKCUMYM

f(0]=1.

Kak ObLI0 MpPOAEMOHCTPUPOBAHO B IPUBEIECHHOM BBIIIE MPUMEPE, peakLus
yIPYToil CUCTEMBI C OJTHOM CTENEHBI0 CBOOOIbI 3aBUCUT OT OTHOIICHUS T/ 7 .

Ecmm t>0.17, npu pacdere COOPY)KEHUsS Ha HMIIYJbCUBHYIO HArpys3Ky
HEOOXO/IMMO YYHUTHIBATh CIEAYIOIINE TPU NapaMeTpa:

1) npomokuTenbHOCTh T wuMIyJbca; 2) dopmy f(f) wummynbca; 3)

HauOoublIyto opauHaty P, rpaduka Harpy3ku P(7).

Ecau ©<0.1T, umnynvc nazviearom mecrHoeennvim. llpu TakoM uMITyIbCe
OCHOBHBIM I1apaMETPOM ITIPH PAacueTe COOPYKCHHsI CIMTACTCS 3HA4YCHHE J, CaMoro

UMITyJIbca, a ero gopma f(f) MPaKTUYECKOTrO BIMSHUS Ha PEAKIMI0 CUCTEMbl HE

OKa3bIBacCT.
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[Ipu nelicTBUM MTHOBEHHOTO UMITYJIbCa TPENIONaraeTcsi MNpUMEpHOE
paBenctBo sinmt/T ~nt/T. Torma Bmecto (1.123) u (1.124) mnonyyum
COOTBETCTBEHHO BhIpaxkeHus (1.127) u (1.128).

Bzzi:2sinn%z2n%=(ﬂ’t. (1.127)

uCT

. OT
Ppacq(r):Po-BZ:ZPO-SlnT:PO-cor:Jp(D. (1.128)

B nmporpamme SCAD npenmnonaraercs 3ajaHue, KaKk 3HAYCHUS aMIUIMTYIbl P,

CHUJIBI, TaK Y 3HAYCHUS UMITYJIbCA.

Ipumeuyanue. C Gonee neTambHBIM HCCIEIOBAaHUEM BOIPOCA O PacyeTe CHCTEMBI C OJHOMN
CTETeHbI0 CBOOO/IbI HA KPATKOBPEMEHHbBIC HArpy3KH MPHU PAa3IMYHbIX BUAaX GyHKIUH f(f) MOXKHO
03HAKOMHTHCS B cripaBoYHUKE [15] u B kHure paspadotunkoB nporpammel SCAD [23].

B pazmene 5 cnpaBounuka [15] npuBenensl mects GyHKIMHA f(f) U COOTBETCTBYIOLIUX UM
rpa¢uKoB (HOpM HMMITYJIECOB, HanOOJIee YacTO BCTPEUAIONIMXCS B TPAKTHUKE pacueToB. Tam ke
IIPUBE/ICHbI OCHOBHBIE CBEJICHUSI O METOJMKE pacueTa COOpYy>KEHUN Ha UMITYJIbCUBHBIE HArpy3Ku U
pe3ynbTaThl psijia UcciaeA0BaHuM, KOTOpble ObUIM UCIOIb30BaHbl B nporpamme SCAD npu pacuere
COOPYEHHUM Ha UMITYJIbCUBHBIE HArpy3ku [23].

Pacuer cuctembl ¢ OIHON CTENEHbIO CBOOOABI MPU JACUCTBUU UMITYJILCUBHOMN
Harpy3kyd JOCTAaTOYHO MPOCT JJIsI €r0 BBIMNOJHEHUA BPY4YHYHO. OJHAKO, YUHUTHIBaA
HAIlPaBJICHHOCTh ~ Y4eOHOrO  IMOCOOHsS,  IMPOJAEMOHCTPUPYEM  HCIIOJIb30BAaHHE
nporpaMMbl SCAD 1 Ha COOTBETCTBYIOIIMX MPOCTHIX MPUMEPAX.

II pumep 1. [Ipeanonoxum, 4to xene300eToHHas Oajika, pacCCMOTpEeHHas B mpumepe 4
noapazaena 1.1 u mpumepe 1 monpaszmena 1.4, 10 YCTaHOBKM Ha HEE JJIEKTPOJBUTATES
MIO/IBEPIJIach BO3JIEHCTBUIO MMITYJIbCUBHOW HArpy3Ku, HPUJIOKEHHOM MNEPHEHAUKYJISIPHO K OCH
OaJIKi B cepelluHe ee MpoJieTa.

HMnynbCUBHYIO HArpy3Ky 3afaluM B BUAE HNOCTOAHHOW cuibl P =1.5 Tc, NpUI0KEHHOW K
Oarke B MOMEHT BpeMeHM ?=(0 II0 HalpaBJICHHIO BHU3 U YyJaJ€HHOW B MOMEHT BpPEMEHU
t =1=0.5T . upiMu cnoBamu, Oajika, HaXOOSIIASACS IO JEHCTBUEM COOCTBEHHOIO BECA, B MOMEHT
BpeMeHHU ¢ =0 mody4uia AMHAMHUYECKOE BO3JEHCTBUE B BUIE MOCTOSHHOIO IO (popMe mMMILysbca

J,=F,-1=15-0.5T npopowkurenaprocteio t=0.57". 3aeck mox mapamerpomM 7 MOHHMACTCs

Mepuo COOCTBEHHBIX KOJIeOaHHMI OallkM Kak CHUCTEMBl C OJHOW CTENEeHbI0 CBOOOABI. Takas
pacyeTHast cxema Oblia mojiaydeHa (cM. puc. 1.8) nmpu anmpokcumaruu 0aaku ABYMSI CTEPKHEBBIMU
KOHEUYHBIMU 3JIeMeHTaMu THmna 2 (1o kinaccudukamuu nporpammbl SCAD).

banka mo mpuioXeHHs UMITyJIbca HaXOIWJIACh TOJ JCHCTBHEM TOJBKO COOCTBEHHOTO Beca C

MHTEHCUBHOCTBIO HArpy3KM BJOJb OCH Oalku ¢z =7YsA4s =(2.5 tc/M?)-(0.24 M?)= 0.6 Tc/M =

= (0.6 Tc/m) - (9.81 m/c?) = 5.886 kH/m. IIpu 5TOM CTATHYCCKUIl H3rHOAMOMIHIT MOMEHT U [POrUo B
CpeIHeM CeueHHH Oallku OT ee COOCTBEHHOTO Beca y)Ke M3BECTHBI U3 ipuMepa 1 moapasnena 1.4:

M, (q5)=qsl /8=0.6-87/8=4.8T1c -Mm=47.088 xH-m.
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8 14
U (gs) = L [MM ,dx = > _95% _(,00145m =14 .
El 384 EI

Kak cienyer u3 ¢popmyin (1.123) u (1.124), nunamuaeckuii Ko3pUIIMEHT U pacueTHAs CUIIa IS

OIIpE/ICTICHUs] PACUETHBIX NEpPEeMEIICHUI u ycuiauih B Oanke mpu yjaneHuu cuisl P =1.5Tc B

MOMEHT BpeMeHHU ¢ =T =0.57 K 3TOMy MOMEHTY BPEMEHH YK€ IOCTUTHYT (0€3 yuera BIUSHUS CUII

HEYNPYroro COIpPOTHBIIEHHUS) COOTBETCTBEHHO MAaKCUMalbHbIX 3HaueHMd P, =B,=2 wu

Bluee =2F, =3 tc (em. puc. 1.27). Ilpn y4ere cuil HEYIPYroro CONPOTHBICHHS, KaK 9TO MOKa3aHo

BbIle pacueToM 1o ¢opmyse (1.117), 3Tu 3Ha4eHHs] COOTBETCTBEHHO OYIYyT HECKOJBKO MEHBIIIE:

By=B,=1.87u P, =1.87-F, =1.87-1.5=2.8 tc (wrpuxosas JIuHus Ha puc. 1.27).

acy
OmpenenuB pacuyeTHYI0 TUHAMHYECKYIO HArpy3Ky C Y4€TOM CHJIbI HEYNPYIoro CONpOTUBICHUS
B BHJE COCPEIOTOYECHHOW CHIIbI, NPHIOKCHHON B CepelyHe IMpoJieTa OalKy, HalJeM pacueTHOe
3HaYCHUE U3TNOAIOIIET0 MOMEHTA M PacCYeTHOTO MPOruda OaJIKu B €e CpeTHEM CeUEHHU:
M i (Braca) = Braculs /4=2.8-8/4=5.6 Tc-M = 54.94 xkH"M.
U paca (Ppaca) =8 Prpey =0.000484-2.8 =0.0013m=1.3mm .

pacu

Kax Bugno (cm. puc. 1.27), mpu nmmynsce J,=F,-1=1.5-0.5T , HanpaBIcHHOM BHH3,

MOJy4YeHHbII B MOMEHT BpeMeHu ¢ =0.57 wMakcuManbHBIA (pacUeTHBIN) TUHAMHYCCKHUI
M3rubaromuii MOMEHT OYyJIeT pacTSArMBaTh HUKHIOIO CTOPOHY OajlKh M MOITOMY JIOJKEH OBITh
MPOCYMMHPOBAH CO CTaTUYECKUM H3rHOAIOIIMM MOMEHTOM, BO3HUKAIOIIUM B CPEIHEM CEUCHHH
0anKku OT ee coOCTBEHHOTO Beca. B pe3ynbrare B MOMEHT BpeMeHH 7 = 0.57 MOTy4YrM CyMMapHBIN
MOMEHT

M, =M (q)+ M peq(Prey) =4.8+5.6=10.4 Tc-Mm = 102.024 xkH'm.

Awnanornano (cM. puc. 1.27) mpu mmmymnsce J, =P, -t1=1.5-0.5T", HampaBjieHHOM BHH3,

acy

MOJIy4eHHOE B MOMEHT BpeMeHHu f = (0.57 pacyeTHOe TUHAMHUYECKOE IMepeMellleHue Takxke Oyaer
HaMpaBJICHO BHU3 U MOATOMY JODKHO OBITH MPOCYMMUPOBAHO CO CTAaTUYECKHM MPOTUOOM Oaliku
0T ee cOOCTBEHHOTO Beca. B pesynbraTe B MOMeHT BpeMeHu ¢ = 0.57 moayduM CyMMapHBIH Iporuo
Oanku

Uy =g (g6) + Upaeq (P ) = (14 MM) + (1.3 MM) = 2.7 MM .

[Ipu panpHEWmMX (y’k€ CBOOOIHBIX IOCJIE yNaleHuss cuibl P)) koineOaHMsAX Oalku, Kak

CHCTEMBI C OJHOH CTENeHbI0 CBOOOIBI, TUHAMUYECKHE COCTABISIONIME HM3THOAIONIETO MOMEHTA,
PaCTATHUBAIOIINE HUKHIOIO CTOPOHY OANTKH, U TIpOoruda OaKy M0 HAMPABJICHUIO BHU3 TIPH YIETE CHIT
HEYNPYroro COMPOTHBIICHUSI OYAYT YMEHBIATHCS C KaXK/BIM MIEPHOJOM KOJICOaHHH, IPUOIIIKASACH
K HYJIEBBIM MepeMelieHusMm (cM. puc. 1.27).

OpHako TpU CBOOOIHBIX KOJEOAHMUSIX MACChl OKOJIO TIOJOKEHHUS PABHOBECHSI MAacChl C
HYJICBBIMU TEPEMEIICHUSIMU TIepEeMEIICHHEe MacChl B MOMEHTHI Bpemenu ¢ =k7T , tne k=1,2,3,...

(cm. puc.1.27) 6yaer npoucxoauTh BBepX. Toraa nuHamudeckuit koagdurment P(k7) , ammuuryaa
nepemenienuit Maccel A(k7T) u m3rubatomuiit MmomeHnt M (kT) B cpeaHeMm cedyeHUU Oanku OyayT

UMETh 3HAK «MUHYC», TaK Kak Oanka OyJeT B yKazaHHbIC MOMEHTHI BPEMECHH MPOTUOATHCS BBEPX OT
HaIpaBJICHHON BBepX MHepnoHHOU cuibl J(kT) (cm. (1.31).

BrinmonHuM pacuer mo ONpeneseHUu0 pacdeTHOW CHIIbI U COOTBETCTBYIOUIMX €W PacdeTHBIX
3HAYCHUH TepeMenieHns Oallku ¥ M3rHOA0NIMX MOMEHTOB B CPEIHEM CEYECHHUH I10 JUTMHE Oanku ¢
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nomotbio nporpaMmbel SCAD B MpuBEIEHHON HIKE IMOCIIEN0BATENbHOCTH orepanuit. [lpu sTom
MPE/IIOJIOKHAM, YTO pacueTHas cXeMa OalKh KaK CHCTEMbI C OJHOW CTENEHBIO CBOOOIBI IS €€
JMHAMUYECKOTO pacueTa OT 3aJaHHOTO MMITyJIbCca YK€ MOCTpoeHa (CM. mpumep 4 B moapassiene
1.1).

1. Tlocme momyuenuss B pasnmene «Cxema» pacuetHo cxembl MKD s Ganku
(cm. puc. 1.8, a) oTKkpbIBaeM pazzein «3arpyKeHUs.

D

2. B OTKpbIBIIEHCS MHCTPYMEHTAJbHOM TAHENIM AKTUBU3UPYEM  KHOIKY
«/luHaMuyeckue BO3AECHCTBUS» U B OTKPBIBIIEMCS AMAJI0rOBOM OKHE BbIOMpaeM «Co31aHue HOBOTO
3arpy’keHus». B pe3ynbrare OTKpbIBaeTCs MepBasi CTPAHUIA ABYXCTPAHUYHOI'O JUAJIOrOBOIO OKHA
C MEPEUYUCIICHUEM PA3JIMYHbIX AUHAMHUECKUX BO3ACHCTBUIL.

[Tockonbky B mocraBiaeHHOM 3amade BpeMsa T=0.57 BO3IEHUCTBUA TOCTOSSHHOW CHJIBI

P =1.5Tc Ha GalKy CBsI3aHO C mepuoioM I COOCTBEHHBIX KoyleOaHUH Oallku Kak CUCTEMBI C

OJHOW CTemeHbl0 CBOOOJBI, CHauyaja HaiiieM »TOT Mepuoi, T. €. CHaydaja BbIIOJIHUM
COOTBETCTBYIOIIIMK AMHAMHUYECKUN pacdeT, HazBaHHBIM B nporpamMme SCAD kak «MonanbHbIN
aHanmu3y». JTa 3a7aya Juid 3aJaHHON Oanku Obula perieHa B npumepe 4 noxapaszaena 1.1 ans Ganku,

KOrJa Ha Hee ObLI MOCTaBJeH JJIEKTpoaBurarenb Becom G, =m, -g = (1.5 1) +(9.81 M/c?) =

= 14.715 xH = (14.715 xH) : (9.81 m/c*) = 1.5 tc. Tam Gblna MoiydeHa yrIoBas COOCTBEHHAs
yactota m=72.08¢ " un nepuon 7 =2n/w =0.087 c.

[Tpu oTcyTCTBUM ABUTATENs, Macca m, B y3ile 2 pacueTHOI CXeMbl yMEHBIIUTCS U OyleT paBHa
TOJILKO Macce Oayiku, MIPUBEACHHON K y31y 2, a uMeHHO 2.4 T (BMecTO 3.9 T Ipu HAIMYUU B STOM
ke y3ie maccel nBuratens). U3 dopmyibl (1.14) BHIHO, YTO C yMECHBIIEHHEM MAaCCHl yTriIoBas
cOOCTBEHHAsl 4acTOTa ( CUCTEMBI C OJHOW CTENEHbI0 CBOOOMBI yBENIUYUTCS. J|eHCTBUTENBHO, B
paccMaTpuBaeMoil B JaHHOM TIpUMEpPE CHCTEMbl C OJHOW CTENEHbIO CBOOOIBI MOIYYHM:
®=91.88¢c" u T=0.068 c.
|D

AUHAMHUYCCKOC 3arpy:KCHHUC OT 3aJaHHOTIO HMITYJIBCHOT'O BO3ACHUCTBHUS Ha 63.J1Ky (TO‘{HGC Ha €€

Teneps B pazzmene «3arpykeHHs’» CHOBAa HaXMMaeM KHOIIKY U CO37aluM HOBOE
pPacueTHYIO CXeMY B BUJI€ CUCTEMBI C OJJHOM CTENEHbIO CBOOOIbI).

3. Buibupaem Buj BozzeiicTBus «mmynbe» W 3amaeM oTpakarolee CyTh pacueTa UMs
JMHAMUYECKOT0 3arpykeHusi. BeIxoauM U3 nepBoil CTpaHUIbl IUATOTOBOIO OKHA Ha)KaTHEM B €ro
BepxHeil yactu «VIMIyJIibCHbIE U yJIapHbIe BO3JEHCTBUSY.

4. Ha oTkpsIBIICHCS BTOPOM CTpaHHUIE NUAIOTOBOIO OKHA BBOJUM YHUCIIO YYUTHIBAEMBIX
cOoOCTBEHHBIX (hopM KojeOaHMl (B IMOCTPOCHHOM pacyeTHOW cXeMme sl CUCTeMbl C OJHOMU
CTENEHbI0 CBOOOABI BBOAMM IMppy 1) m 3Havenue vy, =0.09 xospduuueHta Heympyroro

COTIPOTHUBIICHUS Kene300eToHHoM Oanku. Haxkatnem kaonku «OK» Ha BTOpOW CTpaHHIIE BBIXOIUM
W3 JUAJI0rOBOI0 OKHA.

e
1

]

5. Ha wuHCTpyMeHTanbHONH NaHEIM AaKTUBU3HPYEM KHOIKY «MHepunoHHbIE
XapaKTepUCTUKW» U BbIOMpaeM B OTKpbIBIIeMcs cnivcke «MmmynbcHoe Bo3neiicTBue». OTkpoercs
JIMAJIOTOBOE OKHO, OCHOBHAS YaCTh KOTOPOr'o MPUBEICHA HUXKE.

B okHe BBOIATCS yKa3aHHBIE TaM XapaKTEPUCTUKU 3aJaHHOTO HMMITYJIbCUBHOIO BO3ACHCTBUS
MIOCTOSIHHOM cuitoil. BeiOpaHHbIe eTMHUIIBI U3MEPEHHS BBOAUMBIX BEJIMYHMH IIPU OTKPHITUU IPOEKTA

OTPa’XXCHBI B OKHE. CDopMa BO3I[€IZCTBH$I MpUHATA IPAMOYTOJIbHAA; HAIIPABJIICHUC BOSHGﬁCTBHH - 7.
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Bec macchl B y371€ BBOAWTCS B 3aBUCMMOCTU OT BapHaHTa yuyeTa PaBHOMEPHO paclpeiesIeHHOM
Macchbl OaJIKH.

[Ipu ucnonb3oBaHUM BTOPOro BapuaHTa (cM. nmpumep 4 B noxpaszaene 1.1) BBonuM Bec Macchl
paBubiM 0 kH (B mporpamme SCAD npenycMOTpeHO, YTO paBHOMEPHO pacIpelieeHHas macca
KOHEYHBIX 3JIEMEHTOB, MOJIXOJAIIMX K Y31y, TJ€ MNPUWIOKEH HUMIYJbC, MOXET ObITh BBEACHA
OTJIEJILHO Y 3aTeM IMPUBEIETCS K Y37y 2 pacueTHOM CXeMbl B BUJI€ COCPEAOTOYCHHOM MPUBEACHHOM
Macchl, paBHOU 2.4 T).

NmmynbcHOE BO3/€HiCTBUE CUIIBI 33AaeTcs 100 B BUAE 3HAUCHUS UMIyJbca J p= Pt B kH-c,

anbo, Kak TOKa3aHO B JHAJIOTOBOM OKHE, — B BHUJIEC aMIUTUTYIbl CHJIBI BO3JCUCTBUSA:
P =151c=14.715kH. IlpofomKuUTENbHOCTb BO3AECHUCTBUS T  OIpEJelieHa  3aJlaHUuEM:
t=0.57 =0.034 cex.

[Ipenmnonaraercs, 4TO UMIYJbC NEHCTBYET OAHOKPATHO, IO3TOMY II€pUOJ TOBTOPEHHUS H
KOJIMYECTBO IMOBTOPEHU 3aJJaHbl PABHBIMU HYJIIO.

F oprda BOZAEACTEWA

i S 2N AN
Hanpagnere ﬂ ’?

lNapareTpel BOS0EACTEMA

Bec maccel B yzne T

3HaueHuE Tocer

MAMYNBCaE
= .-'-‘-.mnnw;rg.u.a CHNkI 15 i

EOS0EACTEHA Ok
M pog O T ENBHOCT B

" 0034 oo

BOSAENCTEHA

OTtieHa

Mepuog NoETOPEHMA -

Cnpaek.a

Pk

K.onuyecTeo noeTopeqyd |

ANE

3agaHHOE BO3CHCTBHME OTHOCHM K y3iy 2 pacuetHod cxembl MKD Oanku. Ilpum sTom Ha
pacyeTHOM cxeMme B y3ie 2 (IIpH HaXaThIX COOTBETCTBYIOIIMX KHOMKAX (UIBTPA OTOOpaKEHMS)
nosiButcst uHGopmanus «D0» o caemanHoM BBOAE (puc. 1.28).

DO
D5.8860 kH = 0.6 Tc ! D5.8860 xH = 0.6 Tc 3
s 2 e
Puc. 1.28

3aTeM nepexoaum K 3aJaHUI0 paBHOMCEPHO pacnpeﬂeneHHoﬁ Macchl OaKH. Z[J'If[ 9TOIr0 CHOBa
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M-
i

Ha’)KUMAaeM KHOIIKY H 3aJa€M Ha KOHCYHBIX 3JIEMCHTAX, AIIIIPOKCUMHUPYIOIIHUX 68.J'IKy, BE€C

OAHOI'0 IMOIrOHHOI'0 METpa Oaku:

* Maccel B3 nemeHT ax

¢ Pacnpegenerdele | TnacTHHe

" CocpenoTodeHHEE
Bec maccer  |5.886 kH

OTMeuaeM KOHEYHbIE FJIIEMEHTBI, K KOTOPBIM OTHOCUTCS 3Ta Macca. [Ipu 3ToM Ha pacyeTHoM
cxeme MKD Ganku (cMm. puc. 1.28) nosBurcs uHopmaius o cieTaHHOM BBOJIC.

IIpumeuanue. B mepBoMm BapuaHTe 3arpykeHus (cMm. npumep 4 B mompasgene 1.1) B
JTMAJIOTOBOM OKHE B y3j€ 2 BMECTO HYJIEBOTO 3HaueHHUs OyAeT BBEJICHO 3HAYCHHME BECa MAacChl B

y3ie 2 paBHoe G, =m,,,-g= (2.4 1)(9.81 m/c?) = 23.544 xH, nostomy Ha puc. 1.28 B y3ie 2

BMmecto DO kH Oyner o6o3nauenue D23.544 xH. Pacnipenenennas macca Oanku B Bapuante 1 He
BBOJUTCS, TAK KaK OHa y4T€Ha B BUJE COCPEIOTOYECHHON Macchl B y3iie 2. [lo3ToMy npuBeeHHOTO
3/1€Ch BTOPOTO JIMAJIOTOBOTO OKHA IO BBOAY pacmpenaesieHHoi maccel KO He Oyner, u Ha puc 1.28
OyJIeT OTCYTCTBOBaTh YKa3aHHE HA BBOJ| pacIpe/leICeHHON MacChl.

7. Tlpm nro0oM BapuaHTE 3arpyXEHHUsI €r0 HaJa0 COXpPaHWTh, a 3aTeM 3alTH B pasjael

«YmpaBieHne», Ha HHCTPYMEHTAIBHOW MaHeId KOTOPOro BhIOPATh KHOIIKY [=E «Bp1iiTH B 3KpaH
yIpaBieHUs IPOEKTOM» U Ha «JepeBe NpoeKTay B pasaene «Pacuer» BbIOpaTh «JIMHEHHBINY.

8. [Tociie BBITIOJIHEHUST TUHEHHOTO pacyeTa BIOUpaeM B paszzeiie «Pe3ynbraTel» Ha «IepeBe
npoexTa» noapasnen «lledats Tabmuipy. OTKPOETCS AUATOTOBOE OKHO JUISl TIOCTPOCHUS TaliHIl ¢
pe3yipTaTaMu pacyera.

Pesynbrathl peiieHus IMHAMUYECKON 3a1auu «MIyIibe» HaxomaTcs B YK€ U3BECTHBIX U3
3aaud O pacueTe OajKy MPH yCTAaHOBHMBILUXCS TAPMOHMUYECKUX KOJICOAHUSAX YEThIpeX Tabuuiax
pazzaena «/{unamuka» (cMm. mpumep 1 B mogpazaene 1.4).

JUist OTKPBITHS 3TUX TaOJMIl aKTUBU3UPYEM COOTBETCTBYIOIIYIO CTPOKY B MpPaBOM CTOJOLE
JIMAJIOTOBOTO OKHA ¢ Ha3BaHueM «JluHamukay». B pesynbraTe mocie peJakTHpOBaHUS TaOIMIl U C
Y4E€TOM IIEPBOr0 JUHAMHUYECKOIO 3arpyKeHMs IIPU BBINOJIHEHUU 3afadd «MoJanbHBI aHaIU3»
MOJIyYUM CHayaja MepByIo TaOIuILy:

| 1 2 3 |
| 1 - (Mmom—1) |
| Z 2.4 |
| 2 - (mMnynbc-1) |
| Z 2.4 |

Bropas TabGnuima comepKUT COOCTBEHHBIC YacTOTHI ® , C
coOcTBeHHBIX KoeOanuit 7 =2n/w=1/v, c.
B Tpetheii Tabnuie npuBoOAUTCS eqUHUYHOE 3HaUYeHue opauHaTtel COK B y3ie 2.

, v=0/2r, I'n, u nepuox
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| M/ @ e
| xeHME 3HAUEHNA 1/C T C |
| 1 .0108832 91.88433 14.63126 .0683467 |
| |
| 2 .0108832 91.88433 14.63126 .0683467 |
| ®O0OPMH KOJNJEBAHUINA |
| 1 2 3 |
| 1 (Moz-1) |
| Z 1. |
| 2 (mMnynbc-1) |
|z 1. |
| MWHEPIONMOHHEHE HAT PY 3 KU, TC |
| 1 2 3 |
| 2 (uMOynbc—1) |
| Z -2.8 |
Yerseprast TabnuUa NPEACTABIACT 3HAYCHHE PACYETHOM cuibl b, =2.8 TC B y3ime 2.

AHaJIOTUYHOE 3HAYCHHE TOYYUTCS MPU PyIHOM pacuere (cMm. ucmonb3oBanue ¢opmysl (1.117)

JUISL TOJTYYEHHS] MAKCHMAJIbHOTO AMHAMUYecKoro koo duuuenra): b, =1.87-1.5 =2.8 1c.

acy

IIpumeyanue K nmocJjaeaHeit Tadauue.

Ora Tabinua HasBaHa «VHEpLMOHHBIE HATPY3KM» € YYETOM TOrO, YTO aMIUIATYHy P

MOXHO NPEACTAaBUTh KaK aMIUIUTYAy HHEPLUOHHON Cuibl J =mo’d = J-A Py COOCTBEHHBIX
KoJleOaHMUAX OallKu ¢ 4aCTOTOH ® M aMILTUTYyn0i nepemeriennii 4 = u 3 (cM. popmymry 1.31):

pacd

P :B)-B:%B:msz = J-A.

3nece J =mo’-1 — aMIUIUTy/la WHEPLUUOHHOW CHIIbI, BBbI3bIBaIOIeH nedopManuio u
nepeMeneHus: 0alku 1mo nepBoid coOCTBEHHOU ¢opme KoneOaHUil, UMEIIeld B OTHOCHUTEIbHBIX
MepeMeIeHUSIX eAUHUYHBIN Mporud O6anku B y3i1e 2 pacyeTHON cXeMbl OaIKU KaK CUCTEMBI C OJTHOM
CTENEHBIO CBOOOIEI.

RB _

2 pacd
(Q)

JleiicTBytomas uHepruonHas cuna J=J-A=J-u, B = (mo® 1) npu

Koyie0aHusX OaNKu M OyJIeT pacueTHON CHIIOHN, OT IEHCTBUS KOTOPOU W OINPEACISIOTCS PacueTHOE
nepeMeneHne y3ia 2 U pacueTHBIN H3rnOarOIINil MOMEHT .

[TogpoGHee »TOT BOMpOC OyneT paccCMOTpEeH B pasfene 2 TocoOusi, IMOCBAIIEHHOTO
CHUCTEMAaM C HECKOJIBKUMU CTCIICHAMU CBO60[[I)I.

IIpu ucnonb3oBanuu nporpamMmbsl SCAD BeruncsitoTcs nepemMenienus B yznax KO B o0mei
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CUCTEME OCel KOOpJIMHAT M yCWINS B HAaMEUYEHHBIX pacyeTUYMKOM cedeHMsX. B gaHHOM npumepe
OrpaHMyuMcsl ycuiusMHu B y3iaX. COOTBETCTBYIOLIME pPAcUETHOM Cuile MepeMelleHus y3ia 2 u
M3ru0arone MOMEHTHI B HEM MPUBEICHBI B CIICAYIONINX TaOIUIaX.

| 7z 1.3 |

| 2 - 1 (mMmnynbc-1) |
| M -5.0 -5.0 |

Tenepb 0OpaTM BHUMaHNE HA 3HAKHU BBIYUCIICHHBIX BEJTMYHH.

[Tockonbky coOGcTBeHHast popma koneOaHUil OalnKu ¢ TOYEHUHOM Maccoil, pacroyioKeHHON B
cepeaMHe Iposieta OajaKu, UMEeT BUI, U300pakeHHBIH Ha puc. 1.9, ¢ OTHOCUTENbHON OpAMHATON
nepeMeleHust paBHoi +1, To BbI3bIBarOLIasl Takoe NepeMelleHre OalKku cTaTUuecKas cuiia Oyaer

TIPE/ICTABIATE COOOM AMILIATYIHOE 3HAUCHHE MHEPLHOHHOM CHIIbl J = m®” -1 1 GyJeT HampaBlieHa
B CTOPOHY €AMHUYHOrO nepemeltenus (puc. 1.29).

Hanpasnenue takoi cuibl B nporpaMmMme SCAD umeer 3Hak «MuHyc». Ilockonbky cuna mpu
n3ru0e Gallku pacTATMBaeT BEPXHIOI CTOPOHY OalKM , TO W M3TMOAIOUIMI MOMEHT TaKKe MMEeT

3HAK «KMHUHYC)».

J=ma’ 17
Puc. 1.29

N3 pusmdecknx cooOpaxeHU SICHO, YTO, TaK KaK Oajka Mocie MMITYJILCHOTO BO3JCHCTBUS HA
MacCy HampaBJICHHOIO BHH3 HAYHET W3TUOAThCS BBIMYKIOCTHIO BHU3, TO TOJYyYECHHOE
P

p

JIMHAMUYECKOE PACYETHOE MEPEMELIEHHE U =1.3 MM D0mKHO OBITE IPOCYMMUPOBAHO

pac4d ( acq)
CO CTaTMYECKUM IepeMelleHHeM OT COOCTBEHHOro Beca Oanku u, (P))=1.4 Mm. D10 OBLIO
CIIeTaHo BbIIIE IIPU pacyeTe BPYUYHYI0. AHAJIOTUYHO HEOOXOAUMO IPOCYMMHUPOBATh IMHAMHYECKUIL

pacueTHbIM W3rUOAIOIUA MOMEHT Mpacq(Pp )=5.6 Tc'M CO CTaTUYECKMM H3rHOAIOMIMM

acd
MoMeHTOM M (P,)=4.8 Tc'M. OTO Takxke ObUIO BBIIOJHEHO IPU pyYHOM pacuere. Pe3yibraThl

PYYHOTO pacyeTa M pacuera ¢ ucnoib3oBanueM nporpammel SCAD coBnaziaror.
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1.6. [leiicTBUe y1apHOil HATPY3KH

B npeabinymiem mnoapaznene MNpeanoiarajioch, 4YTO YHUCICHHOE 3HAYCHUE
uMIysibca ompeaensiocb no ¢opmyne (1.125) mo TpeM yKa3aHHBIM TaM
napaMmerpaM. Eciiu uMIynbC CBsi3aH € yAapoOM MO KOHCTPYKIHMH HEKOTOPOro Tena
Maccol m, 3HaYeHUE UMITYJIbCA MOXHO OIpPEACNIUTh MO MPUOINKEHHON (popMmyiie
(1.129), mpuBenenuoit B cripaBoynuke [14] (Tam mmmyssc J, umeer 0003HaYeHHE

S):

J,=mv,(l1+k,). (1.129)

3nech v, — CKOpPOCTh YIapsOLIEro Tejla B Hadale yaapa; k, — Ko3(p(duUueHT

BOCCTAHOBJICHUS TMPU yJape, 3aBUCSIIIMA OT CBOMCTB COYAApSAIOIIMXCS Tell,
NpUOJIMIKEHHBIE YUCIEHHBIE 3HaUYEHUsI KOTOPOTO MpUBEEHbI B Ta0J. 5.1 ykazaHHOTO
cripaBouHuKa [ 14].

N3 Tpex mapaMeTpOoB HMMITyJIbCa PEIIAIONICE BIMSHUE HA PEAKIUIO CHUCTEMBI
UMEIOT €0 BEeJIMYMHA S U MPOJIOKUTEIBHOCTE T, hopMa K€ MMITYJIbCa OKa3hIBacT
BTOPOCTENEHHOE BIUsIHUE [ 14].

Ecnu macca ynapsroniero tejia Maja B CPaBHEHHM C MAacCOW KOHCTPYKIIMH,
BOCIIPUHUMAIOIIEN yAap, pacyeT KOHCTPYKUMU KAaK CHUCTEMbI C OJHOM CTENEHbBIO
CBOOO/IBI TPOU3BOJMUTCS Ha yAapbl TaK e, KaKk W TIPU HUMIIYJIbCE CHIIHI,
PacCMOTPEHHOM B MPEIBIAYIIEM MTOIPA3AEIIE.

Ecnmu xe wmacca ypaapsmomero Tejla CpaBHMMa C Maccoll yJapseMou
KOHCTPYKIIUU, TO, MPU OMNPEACICHMH COOCTBEHHON YacTOThl KOHCTPYKIIMU Kak
CHUCTEMBI C OJIHOM CTENEHbI0 CBOOOJIBI, €€ TIepEeMEIICHHI, a TakXXe YCHIIUH,
CBSI3aHHBIX C KOJICOAHMEM CHCTEMBI, CIEIYET YUECTh MAcCy yAapsIOIIEro Teila Kak
MPUCOCIMHEHHYID K Macce KOHCTpyKuuu. IIpu 5TOM yudHMTBIBA€TCS TOJIBKO
COCTaBJISIONIAS YAAPHOIO UMITYJIbCA B HAMPABJICHUH NIEPEMEIIEHUS] MACCHI.

Il pumep 1. PaccMoTpuMm pacueTHyr0 cXeMmy IPOCTOM OJHOMNPOJIETHOM IOPHU30HTAIBHOU
Oaky C PaBHOMEPHO PAacCIIPE/IENIEHHOH BJOJIb €€ OCH Maccoil OalKku MHTEHCUBHOCTBIO Llg (cM.
puc. 1.30, a).

[penronoxumM, 4to Ha GajKy B CEPEAMHE HPOJETa C BBICOTHI /,, ymamo Teno, KOTOpoe B
pacueTHOI cxemMe MOKEeT paccMaTpUBAThCs Kak MaTepuaibHas Touka Maccoid m (cM. puc. 1.30, a).

[IpuBenem Oanky C paBHOMEPHO paclpelelieHHOW Maccoil K CHUCTeME C OJHOHM CTereHbIo
cBobos! (puc. 1.30, 6) mpuemMoM, paccCMOTpeHHBIM B mpumepe 4 nmoxpaszaena 1.1 u B mpumepe 1
noapasaena 1.4. Torma BMECTO pacueTHOW CXeMbl OaJIKM C paBHOMEPHO pacIpelelIeHHOW Maccoi
(cm. puc. 1.30, @) momyduM HEBeCOMYIO OalKy C COCPEIOTOUYEHHOW B CEpelrHE MPOJeTa Maccon

paBHOii 0.5 mg (cM. puc 1.30, 6). [locie nageHus rpy3a Ha CUCTEMY € OJHON CTEHNEHBIO CBOOOBI K

73



ATOM TOYEYHON Macce MPHCOSIAWHUTCS Macca YyIMaBIIero rpy3a m, B pe3yJbTaTe 4ero B IIEHTpPE
nposieta Oanku oOpasyercst cymmapHas Macca m, =0.5-mg +m.

a:) X Z Ly I._-T
s : i,
X ~ ] X
/7; :>7 05 i 05 nﬁ%?
i . - = flg 1
7;‘;\77 ® A
ITT777
Puc. 1.30

Ilpy mageHnn Macchl Ha OaiKy MOCICAHsE WMCHBITACT JCHCTBHE yaapHOro umiyisca J,

(1.129), rne v, =+/2gh,, — ckopocTb, M/C, MajeHUsI MacChl C BBICOTHI /,, M, C YCKOPEHHEM

2
cBobomnHoro magenuss g =9.81 m/c”. [lociie ymapHOTO MMITyJIbCa HAYHYTCS CBOOOHBIC KOJIcOaHuUs
CUCTEMBI C YIJIOBOM 4aCTOTOM

o=\1/md=\g/Gd=\/g/u,,, (1.130)

e u., =G0 — BEPTUKAIBHOE NEPEMENICHUE OAIKH KAK CUCTEMBI C OJIHOM CTENEHBI0 CBOOO/IBI OT

CTaTUYECKU MPUIIOKEHHOU cuiibl Beca G, =m_ g cymMMapHoi maccel m, =0.5-mg +m.
N3 (1.128) cnenyert, uto

Pacq 1+ £k (1+k0) zghm ’ g/uCTC 2h
pop, = e S0 _[mv(+k)lo V28h, g ue, = (k) [ (1.131)
G mg mg g Upre

MaxkcuManbHOe 4YHCICHHOE 3HAUCHHE ANHAMHWYCCKOI'o ICPEeMCIICHUA CYMMapHOfI MacCcChbl
npu KoJe0aHHIX 6y'I[CT WMETh 3HaKU + COOTBETCTBEHHO IIpUu NMEpeMeuIiCHN MAaCChbl BHU3 U BBECPX:
- _ 2h,,
FA=%Fu p=Fu,(1+k,) . (1.132)

CT,C

3neck u,, =GO — BepTHKAIbHOE IE€pEeMEIlleHHe OalKd KaK CUCTEMbl C OJHOH CTENeHBbIO
CBOOO/IBI OT CTATHYECKH MPHIIOKECHHOM CHITBI Beca G = mg yaapsIomeii MacChl m .
MaxkcuMaabHOE 3HaYCHHE H3TU0AI0IIer0 MOMEHTA B CPEAHEM CEUCHHUH OAJIKU OTIPEIEISICTCS 110
dbopmyie
TM=+M_p (1.133)
3nece M, =Gl/4— wnsrubarommii MOMEHT B CpPEJIHEM Ce4eHMHM Oalku OT CTaTU4YEeCKU

MPUIIOKEHHOM CHITBI B BUJIe Beca G = mg yaapsroIIe MacChl m .

YucieHHOE peleHue BPYy4YHYI0

PaccMoTpuM uncieHHOe pelieHue 3ajadd, 3aJaB Oajke mapaMeTpbl, HCIIOJIb30BAHHBIE B
npumepe 4 noapazzaena 1.1 u B npumepe 1 moapaszaena 1.4: nmuHa nposeta 6anku / = 8M ; Tuiomagb

nonepeunoro ceuenus A; = 0.24M°; Moment mHepumu I, =bh’/12 = 0.072 cedenus Gauku
OTHOCHUTENBHO ocu Y ; IUIOTHOCTh Marepuana Oanku pg =2500 Kkr/M=2.5 T/™M>;. Moy

ynpyrocti E = 3.00186 - 107 xkH/M* = 3.06-10°Tc/M? ; KecTKOCTh GAanKé TpH ¢ H3rHOHBIX
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xoneGanmsax El, =216133.92 xH-M> macca Gankum mg =pg-Vs= 4800 kr = 4.8 T u ee Bec
Gs=mg-g =(4.81)(9.81 M/c?)=47.088 kH = 4.8 Tc. Kpome TOro, mpuMeM: Macca yIapsroLiero
Oanky rpysa m = 1.5 T; BelcoTa nasenus rpysa s, =2 cm = 0.02 m.

Briaucionm CJICAYyIOIMC BCIIMYNHBI:
Cmamuueckuii pacuem
1. Bec G =mg ynapsomeit maccol m: G =(1.51) - (9.81 M/Cz) =14.715 xH =1.5 Tc.
2. KoaddummeHt moaatanBocT OATKH, COOTBETCTBYIOIINUN CEpeIUHE MpoJieTa OamKu
§=1°/48E] =8/(48 - 216133.92)=4.93 - 10 m/xH-~48.4 - 10~ m/rc. (1.134)
3. Crarnueckuii nporu6 6anku u,, =G-8 = (1.5 Tc)~ (48.4-107°)=72.6:10" m.
4. MW3srubaromuii MOMEHT B CPEIHEM CEYCHHH OAJTKM OT CTATUYECKU MPUIIOKEHHOH critbl G :
M. =Gl/4=1.58/4=3 ™. (1.135)

Bec cymmapHOil Macchl B CpeJHEM CEYEHUH KaK CyMMa Beca MOJIOBUHBI paclpeieIEHHOW MacChl
0aJKu, MPUBEICHHON K TOYEYHOIH Macce B CPeTHEM CEYCHUH OalIKH, U Beca yIapsromeil Macchl:
G, =(0.5mg +m)g = (2.4+1.5) 9.81 = 38.259 kH = 3.9 tc. (1.136)

5. Craruueckuit nporu6 u,. . =G 6 6anku 0T CyMMapHO cTaTn4eckoi cuitbl G, :
Uer = (3.90 Tc) (0.000484 m/1c) = 0.00189 M. (1.137)
Hunamuueckuii pacuem

1. VYrnosas cobctBenHas yactora (1.130) cuctembl ¢ 0JHON CTEMEHBIO CBOOOIBI C CyMMAapHOMH

maccoit m, = (0.5ms +m)=G_,/g:

0=\1/md=1/g/G3=\/g/u,, =+9.81/0.00189 =72.09 ¢ (1.138)

2. CKopocTh Vv, =+/2gh,, ynapsrouei Maccel B MOMEHT yjapa:

v, =/2-9.81-0.02 = 0.626 m/c (1.139)

3. VYnapusiii ummynsc (1.129) (mpuk, =0)

J, =mv,=(1.51)"(0.626 m/c) = 0.939 T-M/c=0.939 xH-c. (1.140)
4. Jlunamuueckuit koadduuuent (npu k, =0)
P J,® . (1.141)
pp, < oo _Lo® 2h,, :\/2 002 _,
G mg Uer 0.00189

5. PacyetHas cuna npu MrHoBeHHOM umnyibce (1.128)
P =GP=J,-0=(14.715xH) - 4.6 ~ (0.939 kH-c) - (72.09 ¢ =67.7xH (1.142)

pacu
6. MakcumasibHasi 110 YHUCJICHHOMY 3HAYEHHWIO aMIUIUTYJla KOJeOaHW MacChl TOCHIE YIapHOU
Harpy3KH{ B BUJIE MTHOBEHHOT'O UMITyJIbCa
FA=Fu_p=(72.6 107 m)4.6 = F0.0033 M. (1.143)
7. MakcuMallbHbI MO YHUCIEHHOMY 3HAUEHUIO M3THOAroONIMii MOMEHT B CPEIHEM CEYEHHH
Oanku:
*TM=2M_B=+31c-Mm)-4.6=£13.8TM. (1.144)
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Pacuer na IIK ¢ nomombio nporpammsl SCAD

C srot HCJIbKO COCTABUM HOBOC 3arpy>KCHUC «Yz[ap C YUCTOM MACChl yAApAOMEro Teja». B
9TOM CJIy4dac JUaJioroBOC OKHO MMPOrpaMMbI SCAD I 3aJaHUA MCXOAHBIX JaHHBIX UMCCT BU:

HanpaeneHue
unapa = N z

MapareTpel EDSLENCTEMA

Bec racckl B ysne 5 T

Bec racce! yoapamowero

TENS 15 T

|17
CEOpoOCTE B MOMEHT

ynapa 0.626 A Cer
MNpogonkuTensHoCTE li
EOZ0ENCTEHA IoLEs CEk.
K.om iy HeHT

BOCCTAHOEAEHMA AP 0

ylape

Yraon mesay

HaNpaENEHHEM Ylapa K ] pad.
EEPTHE AL

OTU UCXO/HbIE TaHHBIE OTHOCATCS K Y311y 2 B Cepe/liHe IposieTa OalKu.

3areM 3a/jaercs pacHpe/esieHHas Macca Ha KOHEUHBIX ajieMeHTax. KapThHa coxpaHEeHHBIX
MHEPIMOHHBIX JAHHBIX MTpUBeAeHa Ha puc. 1.31.

D1,5 c
12

- DO0.6 Tc DO0.6 T =3

Puc. 1.31

PGSyHLTaTbI pacuc€Ta MpUBCACHBI HUXXEC B BHUAC ABYX Ta6J'II/II_I H3 pasaecia ((I[I/IHaMI/IKa» nu
ABYX T8.6J'II/II_[ C paCUYCTHbLIM NIEPEMECIICHHUEM U PaCYCTHBIM I/I3I‘I/I6aIOH_II/IM MOMCHTOM B Y3JIC 2:

| PACIOPEIDEIJIEHMNWE BECORB MACC, TC

| 1 2 3

| 1 - ( ymap-1+)

| Z 3.9

| Barpy: N : COBCTB. : UACTOTH : I[NIEPUOIH |
| /T @ e
| xeHME : :  SBHAUEHUA 1/C : T : C

| 1 1 .0138734 72.08 11.4777 871254 |



| 1 - 1  ( ymap-1+)

| Yy C U J N A /HAINPAXEHVS/ B SJIEMEHTAX, Tc*M

| 2_ 1-1 1-2 2-1 2-2
| 1 - 1  ( yomap-1+)

| M 13.9997 13.9997

| 1 - Sl ( yoap-1+)

| M 13.9997 13.9997

Kak BuaHO, pe3ynbTaThl pacdyeTa BPYYHYIO U C HUCIIOJIb30BAHUEM IMPOTPAMMBI
SCAD xoporio coBnaaaror.

1.7. PacueT Ha 3aJaHHYI0 aKCeJIEPOrPaMMYy 3eMJIETPSICEHH I

PaccmoTpuMm pacdeTHyr0 cxeMy B BHAE HEBECOMOW KOHCOJHM C TOYEYHOMH
Maccoi (puc. 1.32). Takasg pacuerHass CcXe€Ma YacTO HCHOJB3yeTCs s
JTUHAMHYECKOI0 pacuera pa3jIM4yHOro Tuia coopykeHuil [4-17]. Ilpu momepedHbix
KOJICOQHUSX OHA SBJISICTCS CUCTEMOM C OJHOM CTEIIEHBIO CBOOO/IEI.

e1) &) _ w(t) e}_ 2)
’ I'{’CT
1" R X0
k r [n]
’
{
!
i '
7w, 7w,
*_.JVM---

. a(t)
a(f) ?
Puc. 1.32

HpCI[HOJ'IO)KI/IM, qTO OIIOpa KOHCOJIM, a4 3Ha4YuT H BCA KOHCOJIb, BO BPCM:I
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3CMIICTPACCHHUA BMCCTC C IIOBCPXHOCTBIO 3emaun COBCPIIACT TOPHU30HTAJIBHEIC

Konebanus ¢ yckopenueMm d =d (f) (cMm. puc. 1.32, a), KoTopoe 3a1aHO B BHJIE

akceneporpammbl [4, 6, 16, 17] (ycinoBHO oHa mokazaHa Ha pwuc. 1.32, 2).
B pesynbrare ABMKEHHS MacChl C 3aJaHHBIM YCKOpPEHHMEM Ha KOHCOIb Oyaer
NEHCTBOBAaThL  BO3MYyINAMOIIAass CWiIa HUHepuMH  P(f)=-md,(f), BbI3BIBAIOIIAL

HJIC xoHcomm.
VYpaBuenue (1.86) BBIHYXKIEHHBIX JBWKEHUH MacChl Ha JIMHEWHO
nedopmupyemoit koHcou ¢ yuetom (1.80), MOXKHO MpPeCTaBUTh B BUJIE:

. . 2 ..
i+2Cou+ou=-d,, (1.145)
Ero pelienue npu HyJIeBBIX HaYaIbHBIX YCIOBUSIX JABM)KCHHUS M C YYETOM TOTO,

YTO JUJI CTPOUTEIBHBIX KOHCTPYKLIHUNA O & ®, IPEACTABIIACT UHTErPAJl

t
u(f) = 1 [d,(t)e "V sinw(t —1)dr. (1.146)
Wy

Ecnu yckopeHust akceneporpaMMBbl 3aucaTh B BUJE
da,(t)=o-f(1), (1.147)
re o — MakcUMalbHas aMIUTUTyAa akceneporpammsl; f(¢)=d,(t)/ o — QyHKIUS

OTHOCHUTENIBHBIX (0€3pa3MepHBIX) OpJMHAT aKceaeporpaMMsbl, U noacTaBuTh (1.147) B

(1.146), To rckomMoe pelieHue ISl MepeMeleHnd MacChl MOKHO 3allicaTh B BHJIC
(1.89), rme

MCT=PCT-5=(m0t)-(m;2)=%; (1.148)
B(t) = ult) _ —wtj F(0)e I sin ot —1)dr. (1.149)
cT 0

B nuneitHo nedopmupyemoii cucteme BbipakeHuto (1.89) coorBeTcTByeT
BBIPAXKEHUE JJIS1 U3MEHSIOLIENCA BO BPEMEHU MHEPLUUOHHOW CHJIBI, JEUCTBYIOLIEH Ha
KOHCOJIb,

S(1) = Py -B(1) = ma-B(1). (1.150)

Oma cuna sA615emcs celcMuyeckoll Hazpy3Koll Ha KOHCOb U npeocmasisiem
coO0ll  CYMMApPHYIO  UHEPYUOHHYIO  CULY, BKIIOUAOWYI0 8 cebs  3a0aHHYIO
BO3MYWAIOWYIO UHEPYUOHHYIO CUTLY, CEA3AHHYIO C 3A0aHHbIM YCKOpeHuem d,(t), u

UHEPYUOHHYIO CUTY, CBA3AHHYIO C YCKOpeHusimMu i(t) ynpyaux KoieoaHuti KOHCONU:

S(t) = P(t)+ J(t) = ma,, () + mii(t) = mii, (). (1.151)

Benuuuna i (f) = d (¢) +ii(f) sBIsieTcd CyMMapHbIM YCKOPEHUEM MAaccChl NpU
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KonebaHusix, KoTopas wu3 comnoctaBieHuss ¢ (1.150) moxeT OBITHh Takke
NPE/ICTaBIICHA B BHUJIC

i, (t)y=o-P(1). (1.152)

ITo ceiicmuueckoit Harpyske S(7)=PF,. -p(f) MOXHO HaliTH B IMONEPEUHBIX

CCUCHUAX KOHCOJIN I/I3FI/I6aIOHII/Ie MOMCHTBI WU COOTBCTCTBYIOIIMUC MM HOPMAJILHBIC

HaIPsKCHUS:
M(#)=M -B(0); o(t) =0, -B) (1.153)
a TAK¥XKEC HonepeqHHe CHUJIbI U COOTBeTCTBYIOHII/Ie UM KaCaTCJIbHBIC HaHpH)KeHI/IHI
O(1) =0y -B(); ©(1) =71, - B(D). (1.154)

3I[€CB CTaTUYCCKUC BCJIMYHMHLI OHNPCACIIAOTCA CTATHYCCKHM  PACYCTOM

KOHCOJIA OT CHIIbI P, = ma..

Takum oOpa3om, TUHAMHYECKHI pacdyeT KOHCOJIM KakK CHCTEMBI C OJHOUN
CTENIEHBIO CBOOOIBI B OCHOBHOM CBOJIUTCS K BBIUMCICHUIO WHTerpana Jlroamens B
Bujie (1.149).

[TpoexTupoBIIMKa COOPYKEHHSI YACTO MHTEPECYIOT MAaKCUMAaJIbHBIC 3HAUCHUSI
BCEX HMCKOMBIX BEIMYMH. Torga BMECTO ONpeAelieHUusT TUHAMHUYECKOTO
korbdummenta B(¢7) mo dopmyne (1.149) HaxomsST TOMBKO €ro MaKCHUMaIbHOE

3HavYeHue = max‘ B(#), xoTOpoe Oyner 3aBUCETh OT TPEX BelMM4HH: QyHKUHH f(7);

yIJI0BOM COOCTBEHHOM 4YacTOThl KojeOaHudt @ (wnu mepuoaa 71 =27m/@® 3TUX
KoJieOaHuil) pacCMaTpUBaeMOM  CHCTEMbI C  OJHOM  CTENEHbIO  CBOOO/IBI;
koddunuenta € (1.81), xapakTepu3yroIIero Heynpyroe CONpoTUBICHUE MaTepuasa

Y KOHCTPYKLIUHU:
B = max| B(r) = max| B(/ (1), T.C). (1.155)
Kpome ymcrieHHOro MHTErpupoBaHus C Hcmosib3oBaHueM DBM, 3nauenue [3

MOKET OBITh OMPEACIICHO IKCIIEPUMEHTATBHO.
[IpencrtaBuM, 4YTO KOHCONb (WJIM €€ MOJENb) C W3BECTHBIM TIEPUOIOM
coOcTBeHHBIX KoseOanuii T u koddduimenTom (, XapaKTepU3YIOIIUM HEYIPYroe

conpoTuBieHue Marepuana (1.81), ycTaHOBJIeHa Ha TOJBM)KHOW B TOPU3OHTAIHLHOM
HaIpaBJIeHUH TIaTGopMe, KOTopasi COBEpIIAET JIBIXKEHUE, ornpeensieMoe PyHKIHei

AQR
Torzxa IIpu KOJICOAHMSAX MACCHl MOMKET OBITh Saq)HKCHpOBaHa aMIlNINTyJa €€

Kosie0aHui max‘tu(t):uﬂ-ﬁ. Tak xak BemnunHa 1w, wusBectHa (1.148), To
OTIPEJICTUTCS BEJIMUMHA [3 = max‘tu(t)/ Uy, -

Mopaenbo A1 MONyYeHUs: JUHAMUYECKOro Ko3(puuueHta paccmMaTpuBaeMoi
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KOHCOJIM MOXKET CIIY>)KMTb JII00asi CUCTEMa C OJHOW CTENEHbIO CBOOObI, UMEOIas
PaBHBII Mepuo CBOOOAHBIX KOJIeOaHUN 7 M PaBHYIO XapaKTEPUCTHKY ( 3aTyXaHHs
KOJI€OaHMi1, HapUMep MasiTHUK.

Ecim wa mmardopme, aBuraromieiicss ¢ yckopeHusiMu  f(f) 3amaHHOMU

aKceJieporpaMmebl, YCTAHOBUTh MHOI'O MAasATHHUKOB, UMCIOINNX PA3JIMYHBIC TICPHUOIbI

COOCTBEHHBIX  KoJeOaHHi I (i=L2,.mn), HO  OAMHAKOBOE  3HAYCHUE
XapaKTepUCTUKU ( 3aTyxaHusl KojeOaHUH, TO MOKHO MOCTPOUTH rpaduK U3MEHEHUS
auHamuyeckoro kosgduiuenta B(7°) TOIBKO B 3aBUCUMOCTH OT IEPHOJIOB.

Mosxer ObITh mocTpoeHo MHoro rpaduxoB [B(7) ansg pa3nuyHOrO BHJA
3alaHHBIX akKceileporpamMMm f(¢) ¥ pa3aUYHBIX 3HaYeHW KodhdummerToB [,

XapaKTepU3yIOIINX NOTEPH SHEPTUU IIPU KOJIeOaHUsAX.

B Hacrosiiee Bpemsi HakoruieHa OoJjblas MH(OpManMs MO 3TOMY BOIPOCY.
OTO TO3BOJWJIO TMOCTPOUTH HEKOTOpble 0000meHHble rpaduku (puc. 1.31)
nuHamuyeckoro koddduimenta (7°), KOTOpble UCHOIB3YIOTCS AJI PaCYETOB JIFOOBIX

COOPYKEHUH B JIFOOBIX CEMCMUYECKH aKTUBHBIX paiioHax [4, 6, 16, 17]. Ha ux ocHoBe
IOCTPOEH HOPMATHUBHBII METOJA pacuera coopyxeHuid, npuBencHHbli B CHull
Poccun «CtpoutenscTBo B ceiicMuueckux paionax» [18].

1.8. PacueTt coopy:keHuii Ha celicCMUYeCKOe BO3/1eHCTBHE
10 HOPMATUBHOM MeTOANKE

[To ykazanusiMm aeiicTByromux B Hactosiniee Bpemsi B Poccum CHull [18]
pacueT COOpYKEHUH Ha CEUCMHUYECKOE BO3JCHCTBUE BBINOIHIETCS TOJIBKO IS
CEHCMUYECKUX PAalOHOB C MHTEHCHUBHOCTBIO 3emuieTpsiceHus 7, 8 u 9 OamioB (1o
mkane nareHcuBHoctu MSK-64, nerictyromieit B Poccun) [4, 6, 16, 17].

B coorBercTBMM € 3THMHM HOpPMaMu IIpM pacyeTe Ha CEHUCMHUYECKOe
BO3/EICTBHE pacCMaTpUBAEMO B IPEbITYIIIEM NOIpa3/iesie KOHCOJIU KaK CUCTEMBI C
OJIHOM CTENEeHbI0 CBOOOABI BMECTO ONPENEJIEHUS BCEX HCKOMBIX BEJIMYUH Kak
(YHKIMI BpeMEHM, HaxOJATCS HX MakCUMajbHble 3HaueHus. Hanpumep, ans
onpejaeneHus ceilcMuueckoi Harpy3ku Bmecto (opmynbl (1.150) ucnmonb3yercs
dbopmyia

S:max‘lS(t):moc-max‘tB(t)zmocB. (1.156)

IIpu pacuere mo CHull [18] d¢opmyna (1.156) npuBogutTcs K BHUAY
0000LIEHHOMY 17151 pa3/IMYHbIX COOPYKEHUH U Pa3IMYHbBIX CEHCMUYECKUX PAlOHOB.

[Ipeo6pa3zoBanus B hopmyie CBOAATCS K CIEAYIOLIEMY.

1. MakcumanpHass aMIUIMTYy/a YCKOPEHHH IOBEPXHOCTH 3eMiM O
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npenacraBisercsa B Buae o = A-g, e A=o/g — KodpPuueHT, XxapakTrepusyomuni
3HAUYE€HHUE YCKOPEHUS MOBEPXHOCTU 3€MJIU 110 OTHOUIEHUIO K YCKOPEHUIO CBOOOHOTO
nagenus g. On npuHuMaetcs paBHbIM 0.1, 0.2, 0.4 cOOTBETCTBEHHO MJI1 PACUETHOM
ceiicmuunoctH 7, 8, 9 6annoB

Dt0 no3BoJiseT 3anucath hopmyiy (1.156) B Buae

S=G AL, (1.157)
rie G=m-g — cuna tsorectu Macceol (B CHull ucnons3yercst o6o3nauenue Q).

2. 3nayenue korpduirieHTa TMHAMUYHOCTU [3 OmpenessieTcss B 3aBUCUMOCTU

or mnepuoga 1 paccMaTpuBaeMoOdM CHCTEMBbl IO OOOOIIEHHBIM (opMyiam,
pa3feneHHBIM Ha 1Ba BapuaHTa*) ydeTa HEYIPYroro CONMPOTHBICHHS KOJCOAHHSIM
COOpY>KEHHUH (IO KaTeropuu IpyHTOB, HA KOTOPbIE OMUPAETCS COOPYKEHUE):

I'pynrsl | u Il kateropuu I'pynrsl 11 kateropuu
Ipu 7' <0.1c B=1+15T Ipu 7' <0.1c PB=1+15T
Mpu 0.1c<T<04c B=25 pn 0.1c<T<08c B=2.5
Opu 7 >0.4c P=2.5(04/T) Ipu 7 >20.8¢c PB=2.5(+/0.8/T)

B mnepBoM BapuaHTe yueTa CWJI HEYNPYroro CONPOTHBIICHHS KOJIEOaHUAM
COOpYKEeHHI POPMYJIIBI OTHOCATCS K COOPYKEHHSIM, PACIIOIOKEHHBIM Ha TpyHTax | u
I xareropuu (cm. CHull [18]). Bo BTOpoM BapumanTe (QOpPMYyJIbI OTHOCSTCS K
COOpYKEHUSAM, pacIonoxeHnblie Ha rpyHTe III kaTeropun.

I'padpuxu B(7"), mocTpoeHHbIE IO MPUBEACHHBIM (POpMyJiaM M300paKEeHbI Ha

puc. 1.33.
B;
3
2 / - i b
e = —
1
i
0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 T
Puc. 1.33

*) B CTPOUTENIBHBIX HOpPMax W mpasBwiax, npeaslnymux CHull [18], B coorBercTBHE C
IpyrumMu (popMysiaMu NPUBEIEHBI TPU BapuaHTa (POPMyYJI U TPU COOTBETCTBYIOIUX rpaduka A(T).
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CoopyxeHnusi, koneOmoomuecss Ha 0oJiee KECTKUX TPYHTOBBIX OCHOBAHUSX,
UMEIOT MEHbIIUe 3HaueHus KodpouuueHtoB (&, W, 0.,V ), XapaKTepU3yHOIIUX

NOTEpPU PHEPTUU NP KOJIEOAHUAX, YEM COOPY>KEHHS HAa MEHEE KECTKUX IPYHTaX.
3. Jlns nmpuOIMKeHHOTO yueTa KOHCTPYKTHBHBIX OCOOCHHOCTEW COOPYKEHUU
B hopmyay (1.157) BBenens aBa*’ kosbdurmenta: Kiun K,

S=K,GABK,, (1.158)

Koappunuent K; Oepercs n3 tadn.3* CHull [18]. On u3MeHseT 3HaueHue

celicMrYecKON Harpysku, ompexaesnsemoit mo ¢opmyne (1.158) B 3aBucuMoctu OT
BO3MOXHOCTH JOIYUICHHS PAa3JIUYHBIX COCTOSIHUM COOpYyKeHuu. s 37aHuil U
COOPYKEHUMN, B KOHCTPYKIMIX KOTOPBIX MOBPEKACHUS WIM HEyNpyTue aedopmamnuun
He Jomyckarorcs, npuHumaercsiK;=1. K Takum coopyXeHUSIM OTHOCATCA

COOpY>KeHUsI 0c000i#l kateropuu (Hampumep, peaktopHoe oTaenenne ADC u T. 1.).
s GonbmmHcTBa coopykeHuid III'C  HekoTopble HEOMacHbIE MMOBPEXKICHUS
nonyckatorcs (cM. Tabsm. 3*). B asToM ciyuyae 3HaueHue kodpduuuenta K,

npuHuMaetcst MHoro Menblie K, =1 (K; =0.12-0.35).

Koapdurment K, 6epercst u3 tadn.6* CHull [19]. On yuntsiBaer BiusiHue

KOHCTPYKTHUBHBIX OCOOCHHOCTEW COOpY>KE€HHs Ha Hu3MeHeHue Koddduimenra,
XapaKTEepPHU3YIOIIETO MOTepU YHEPTUH MPHU KoIeOaHUSIX, HAIpUMep Ha KO3PPUIIMESHT
MOTJIONIEHU SHEepruu y [15], a 3HaYUT U HAa KOADPUIIUEHT TUHAMUYHOCTH.

JI1s1 BBICOKMX COOPYKEHHH HeOOJBIIMX pa3MepoB B IulaHe (OaliHu, MauyThl,
JBIMOBBIE TPYOBI, OTIEIBHO CTOSIIME MIAXThl JUPTOB U T. A.) KOIPDUIIUESHTHI
MOTJIOIIEHHSI SHEPTUU Y TPU KOJIEOaHUSIX UMEIOT 3HaYEHUSI 3HAYUTEIbHO MEHBIINE,
YeM JUIsl COOPYKEHUM B BUAE 3JaHUN WIIM MACCUBOB.

Tak xkak npy yMeHbIIEHUH KO3()PUIIMEHTA MOTJIOMIEHHS SHEPTUU Y (2 3HAUMT
U JI000ro U3 CBSA3aHHBIX C HUM ko3dduumentoB (1.81), xapaxTepusyromux
HEyInpyroe CONPOTHUBIICHUE MaTepuaa) JUHAMHYECKUN ko3 puLreHT
yBenuuuBaeTcs (CM., Harpumep rpaduk Ha puc. 1.20), TO mis yKa3aHHBIX BBICOKHX
COOPY)KEHUI BBOAAT KOA(POUIMEHT YyBeIW4YeHUs: Kod(ppuiueHta IUHAMUYHOCTHU:
K, =1.5. Jlnsa npyroro tuma coopyxenuii B tabm. 6* CHull [18] npusomsres

3gayeHus 1< K\v <1.5.

*)B CHull [17, 18] BBOHMTCS eime KO3 QUIMEHT K, , yYUTBIBAIOLIMI Ipyrie KOHCTPYKTUBHbIE

0COOEHHOCTH 3JJaHUH U COOPYKCHHM.

82



Il pmumep 1. PaccMoTpuM mpumep pacuera BETpodHeprernyeckoil ycraHoBku (BIOVY)
OallleHHOro THUMNAa C TOPU3OHTAIbHOM ochlo BpameHus Berpokosieca (BK) (cm. puc. 1.12) Ha
TOPU30HTAIBHOE CEMCMUYECKOE BO3JIEHCTBHE 110 PACCMOTPEHHOM BBIIIE HOPMAaTUBHON METOJIHKE.

[Ipennonaraercs, uro BOY nHaxoautcs B ceiicMrueckoM pailOHE ¢ pacyeTHOM CEMCMHYHOCTBHIO
9 6ammoB o mkane MSK-64 [4, 6, 16. 17].

Tpebyercss ompenenuts 1o ¢opmyse (1.158) celicmudeckyro Harpy3ky Ha BJOY m
COOTBETCTBYIOIIIME YCWIHA, TEpefaromuecss OT OamHu Ha (QyHAAMEHT NIpPU TOPH30HTAIHEHOM
CEHCMUYECKOM BO3JICUCTBUU C HcTofb3oBaHueM ykazanuit CHull [18].

Pacuer Ha 3amaHHOE celiCMHYECKOE BO3JCICTBHE BBIIOJHUM BpyuHyro M Ha [I9BM c
ucnosb3oBanueM nporpammel SCAD mo npuOaumKeHHONM pacyeTHOM CXeME B BMJIE CHCTEMBI C
OJTHOM cTerneHbIo cBoOO B! (cM. puc. 1.12, cxema cripasa).

IHocnenoBaTeIbHOCTH pacyeTa BPYYHYHO
1. lns pacueTHoii cxembl BDY BbIYHCAAIOTCS 3HAYEHUS HHTEHCUBHOCTH pacrpe/ieieHHOi
Macchl OallHM M TOYe4YHOIl Macchl Ha ee BepxHeM koHue. bamus BOY mpencrasnser coboit
CTEpKEHb C PAaBHOMEPHO pPACHPEICICHHON MO ero AJMHEe Maccoi (JIMHEHHOW TIOTHOCTHIO)
Hs; =p-As =(7.851/M)-(0.066 M?)=0.52-1/m, Tae p=7.85 T/M’ — IIOTHOCTH CTAIIH; A =mdy,t =
=3.14-(2.1M)-(0.01 M) =0.066 M — ILIOLIAIb IONEPEYHOTO CedeHNs GauHu. [Py HCIIONB30BaHIH
nporpammbl SCAD 1nipu BBOJI€ MCXOAHBIX JAHHBIX BBOAMUTCS HE MHTEHCHUBHOCTb PAaCHpEEICHHOM

Mmaccel 1, =0.52 1/M, a ee Bec: q; =l -g=15.1 kH/M=0.52 tc/m.

Pacuernas cxema BDY B Buae cUCTEMBI C OJHOI CTENEHBIO CBOOOABI ObLIa MOCTPOCHA B
npumepe 5 noapasnena 1.1 npu pewenuu st BOY nunamuueckoit 3anaun «MoJaslbHbIN aHAINU3»
(cm. puc. 1.12). Ilpu »TOM paBHOMEpPHO paclpeesieHHas Mmacca OallHM ObUla TMPUBEIEHA K
COCPEIOTOYEHHBIM MaccaM TI0 KOHIIaM AaNlpOKCHMHUPYIOUIETro OamHio cTepkHeBoro KO:
my, =Wg1/2=(0.52 1c/™m)- (14.5M)=7.54 T.

HpI/IBCI[eHHaH MacCa Ha BEPXHCM KOHLC CYMMHUPYETCH C COCpGI[OTO‘lGHHOfI Maccou T'OHOOJIBI, B

pe3yabTaTe 4ero NoJy4aeTcst CyMMapHas Macca me = my + My, =6+7.54=13.54 1.

Kak y»e oTMeudasnock B yka3aHHOM npumepe, 6amns BOY (cm. puc. 1.12) HuxxHUM TOpLOM (4)
KpEnmuTCsl C MOMOIIBI0 aHKEPHBIX OONTOB K jkene3o0eroHHOMY ¢yHmameHTy (5). B mpumepax
pacdera, JUIs YNPOIIGHUsS 3a/1add, NpeHeOperacM IMOJATIMBOCTHIO TPYHTOBOTO OCHOBAHUS H
dyHmaMeHTa M TojaraeM, 4To OamlHsS J>KeCTKO 3alleMiieHa 10 HIDKHeMy Topiy. I[lostomy
NpUBE/ICHHAs Macca, OTHECEHHAs K HIDKHEMY KOHIy OamiHu, B ee KojJeOaHWAX HE ydacTBYeT, a
CUYHMTACTCs MPUCOSTUHEHHOM K Macce pyHaaMmeHTa (cM. mocobue [8]).

B pesynbrare mosydeHa pacueTHas cXeMa B BHAEC HEBECOMOW JIMHEWHO AehOpMHUpPYEMOit

KOHCOJIM C OJIHOM BepxHel ToueuHoi maccol m, =13.54 1. Takasd cucrema npu ropu30HTaIbHOM

CeliCMUYEeCKOM BO3JICHCTBUM pabOTaeT Kak CUCTEMa C OJHOM CTENEeHbIO CBOOOIBI.
IIpu ompenenenun no Qopmyne (1.158) ceilcMuyeckoi CHIbl, JEMCTBYIOIIEH Ha KOHCOIIb,

BMECTO Macchl HcHosb3yercs ee cuna Tsokeetw: G, =m,-g=(13.54 T)-(9.81M/c?) =
=132.83 kH =13.54 Tc.
2. Bbruucasiercss AuHaMu4veckuil kodpdunuent . Junamudeckuil kodddULIMEHT s

paccMaTpruBaeMoO CXEMBbI B BUJIE CUCTEMBI C OJIHOM CTEMEHbIO0 CBOOOIBI ONPEAEIseTCs M0 OHOM U3
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dbopmyn, mpuBeneHusix B CHull [18] n B taHHOM mojpasaesne mocoous, o 3HadeHuro nepuoga 7’
coOcTBeHHBIX Kojiebanuii BOY. B cBoro ouepenp nepuoj HaxoguTcs MO KPyroBOH 4acToTe :
T =2n/®, a Kpyropas 4acToTa — IO 3HA4EHUIO MAacChl m, U KOI()(DUIHUEHTY NOAATIUBOCTH O
ynpyroi KoHCoJn U3 BTOpoi ¢opmyisl (1.14). Takum o6pa3om, Ui BEIYUCIECHUS [3 BBITIOIHAIOTCS

CJIETyIOIINE BHIYUCIICHHUS:
2.1. [ToacuuteiBaeTcs KOd(PPUIMEHT yNpyroi MOAATIMBOCTA KOHCOJIH:

§=101/3EI =(29 M)’ /3-(777941.62 tc-M>)=0.01045 wm/rc.

2.2. Boiuucnsercss Kpyronast COOCTBEHHAsl YaCTOTA CHCTEMBI C OTHOM CTENEHbIO CBOOOIBI:

w=1/m -8=,g/G, 8= \/(9.81 m/c?)/[(13.54 Tc)-(0.01045 m/1c)| =8.326 1/c.

2.3. Beruucnsiercst neproj; CoOOCTBEHHBIX KOJICOAHHI CHCTEMBI C OJTHOW CTEIEHBIO CBOOO/IBI:
T=2n/0=6.28/8.326=0.754c.
2.4. unamuueckuit koap¢punment B onpenenserca no ykasanusm CHull [18]. Ilonaras B

npumMepe pacueta ocHoBaHue BOY xecTkuM, oTHOCUM ero K rpyHTy I kateropuu. Toraa
npu 7' 204c B=25+04/T)=2.5+0.4/0.754 =1.82.

3. U3 CHull [18] naxoasaTcs ko3 puuueHThl, BXoasiumue B popmyay (1.158).

3.1. Kosdpdumment A4, npeacraBisrommii coO0i 3HAYEHHE OTHOCHTEIBHOTO YCKOPECHHUS
MOBEPXHOCTU 3e€MJIM, HaXOJUTCA MO pacdeTHOMY Oamty ceiicMuyeckoro paiiona. Ilpu 3amanHOU
pacyeTHOM ceiicMuaHOCTH 9 6amioB HaxoauMm, uto . A =0.4.

3.2. Koapdumnumenta K; Haxomurcs uz tadia. 3*. Cuuras, yto BOY 0THOCHUTCS K COOPYIKEHUSAM,
B KOHCTPYKIMH KOTOPBIX HE JIOMYCKAIOTCS MOBPEXACHHUS U HEymnpyrue nedopmaiuu, MOoIyduM
K;=1.

3.3. Koopdpuumenr K, naxomurcs uz. tabn. 6* CHull [18]., Ilockonbky BOY orHocutes k

BBICOKUM COOPY)KEHHMAM HEOOJIBIINX PAa3MEPOB B ILIaHE, TO BbIOMpaeM 3Hadenue K, =1.5.

4. BoluncasieTcsi celicMu4eckasi Harpyska Ha BOY B Buae cuant S (1.158):
S=K,G ABK, =1-(13.541c)-0.4-1.82-1.5=14.78 1c.

5. Ha 0amHe — KOHCOJIM CTPOSITCH 3MIOPbl U3rM0AIMX MOMEHTOB M NMONMEPEYHbIX CHJI
(puc. 1.34).

5= 1478 Tc S=147T8 1C
e +

®

T rrrroed
= 425752 oM = 14778 1C

Puc. 1.34
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3Haku Ha smopax M u  Q mocTaBieHbl IO IPaBWIy 3HAKOB, NPUHATOMY B IpOrpamMMme

SCAD n1s 7I0CKUX CTEP)KHEBBIX KOHEYHBIX 3JIEMEHTOB [ 1, 2].

6. Onpeneasirorcss ycuiausi, aeiictByromue Ha ¢yHaameHT OamHu. Ananu3 puc. 1.34
MOKa3bIBAET, YTO Ha BEPXHIOK IUIOCKOCTh (yHIameHTa BDY depe3 Toper OamHu mepemaercs
Harpyska B BHJI€ IBYX ycunui (puc. 1.35).

Q0=14.78 ¢ ' M=428.78 Tc'M

\LE\/

Puc. 1.35

OTH yCWIIHS COOTBETCTBEHHO IMPOTHBOIIOJIOKHBI TEM, KOTOPbIC JICHCTBYIOT Ha HWKHHUA TOPEII
OamnrHu.

Pacuer ¢ npumenennem nporpammsl SCAD
C yderom Toro, uro mporpamma SCAD yke HEOIHOKPAaTHO HCIOJB30Bajach YydallUMCs

JUISL pelIeHHs] pa3lM4HbIX CcTaThudeckux 3amad [1, 2, 3] u mpu pemieHud B JaHHOM MOCOOHH
JMHAMUYECKUX 3aJlad [POoLelypy pacueTa pacCMOTPUM B COKpAIlEHHOM BUJIE.

VYuuThiBas, 4TO pacueTHas cxema BOVY kak cuctembl ¢ OHON CTeNneHbIO CBOOOBI yxke Oblia
nocrpoeHa B mpumepe 5 mompazgena 1.1 (cm. puc. 1.12), MOXKHO HCHOIB30BaTh €€ M MPOCTO,
IIPOJOJDKAsl pacyeT B ATOM IPUMEpPE, CO3/1aTh HOBOE JUHAMHUYECKoe 3arpyskeHue. C 3TON LEIbIo

D

OTKpBIBAaEM pazzien 3arpysKeHusi 1 Ha MHCTPYMEHTAJIBHOW IaHENIM HaXMMAaeM KHOIIKY U
BeIOupaeM «Co3naHue HOBOro 3arpyxeHus». OTkpoercs auanoroBoe okHo «llapamerpsl
JMHAMUYECKUX BO3JCMCTBUIY (HMXKE MPHUBEJIEH OAMH M3 €ro BapUaHTOB, 3aBUCSIIMX OT HOMeEpa
Bepcuu nporpammsl SCAD).

Beon napareTpos AMHAMMYECKDH HAMPYSEH l Cefcrueckoe BosgeRcTEMe [07.07.2000] ]

Buo eosgefcTema

Mraa
* CefcrqieckHe BOZLEHCTEHE T CeHcH-Bay] k3

l“_" .
BeTposbie BosLEHCTEWE [ MNpecfpasosaH9e CTATMYECKME HAMPYS0K B MAacchl

Horep 1 HiA NpHCoSgHHASMOrD F.cah,
CTATHYECKOND Zarpy#eHWa NEpecYeTa

| .

Ceficruka no CHMM |

" Mpoyde BosnebcTEHE

Tun BosgeRcTEMA

Ceficrauka no CHul (01,01, 2000)

Ha mnone «Ilapamerpsl nuHamuueckoi Harpy3ku» BblOMpaeM «Celicmuka no CHull
(01.01.2000)» wu pemaem 3anuch (Hampumep, «cericm-BIylka») Ha cBemioMm mone «Mmsa
3arpy>KeHUs.

3arem BbIOMpaeM B BepxHel wyacTu AuanoroBoro okHa «CelicMuyeckoe BO3ZCHCTBHE
(01.01.2000)» u oOTKpbIBaeM AHATIOTOBOE OKHO, BHUJ KOTOPOrO MOCIE 3aMOJHEHHS HMCXOJHBIX
TAHHBIX IPUBEICH HUXKE.
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BE0g NapateTpoE MHAMMYECK N Harpysky  Ceficrqyeckoe BosaeicTeme (01.01.2000) |

Ypcno YT BIESEMBLR POk I'Ii KEGCF":F'HU.HEHFH [EHHH II-7-21 x] Ha 07.07.2000
COBCTEEHHEN KOneGaHHi Honycraeree
NOEpEHLEHHA | He aonyckatorcs j
OpMeHTauHA HanpaeneHue Harpyskm [er. a6, 3]
EEEEE] SR = N HADAKTEDMCTHES
Ha Chetde K.ocMHYChI KOHCTRUKLMM |EaLUHH, MEYTkI, AbIMOERIE TRYORL, Eﬂ

yrnos e 7 |0 [z, Tatn. B]
ﬂ ﬂ IT ACARM;
1]

k.aTeropua rpyHTa |I KATEMOpKA - |
CeficruyHocTe [7 - 9] 9 Gannoe -
KonuyecTeo aTaseld [»= 8] 5 FaccToaHue mexay oHEEHDEA
NOBEPRHOCTER W H3Yanor oL n Fel
MNonpasoyHEIE Koa dduUHeHT 1 CHCTERE! KOOpMHAT

Tun coopyskeH4A

|.)KH.I'II:-IE,DﬁLI.I,EDTBEHHI:-IE,I'IDDHSBD.IlCTB. a

[IpyHUMI 3anoJIHEHHsI CBETJIBIX IIOJIEM 3TOr0 OKHA IpakThdecku noHsaTeH. Iloma c
HanMmeHoBaHUsAMU: «KommuectBo ataxkein», «[lompaBounsiii koaddunmeHT», «PaccTosHne MexIy
JTHEBHOM ...... » 3aI0JHEHbI B IPOrpaMMe 10 YMOIYAHHUIO U 3TU JaHHbBIE UCTIPABJISATH HE HY)KHO.

[Tocne naxatust kHonkKu «OK)» OKHO 3aKphIBAa€TCsl WM Ha MHCTPYMEHTAJIbHOM MaHEIU pasziena

My,
Gl
3arpy:keHusi HaxumaeTcs kHonka ' | «/IHepuuoHHbBIE XapakTepucTUKW». BriOupaercs GpyHkuus

JTMAJIOTOBOr0 OKHa «3anaHue maccy. [Ipu nmepBom oTKpbITHH OKHa «Macchh 3a/1aeTcsi BEC MaccChl
roHA0JIbI B y3i1e 2 pacdetHol cxembl MKD nmma BOY ¢ oguum KO. Ilpu BTOpOM OTKpbITHH
JIMAJIOTOBOr0 OKHa «Macchl» 3aJaeTcs BeC OJHOrO0 MOTOHHOIO METpa KOHEYHOTO AJIEMEHTa. JTH
onepanyy ONMUCaHbl B MPUMEPE 5 MPU PEUICHUH TUHAMUYECKOU 3aaaun «MoaanbHbI aHaIU3» s
BDY. B pesynbraTe 3agaHus Macc TMOJydaeTcs pacueTHas cxemMa BDOY ¢ 3amaHHbBIMHU
MHEPLHMOHHBIMUA XapaKTEPUCTUKAMH IPU CEHCMHUYECKOM BO3JEUCTBUHU, KOTOpas COXpPaHAETCS Kak
3arpy>keHue 2 Mnpu 3aJJaHHOM UMEHU «cercM-BOY-1xa».

3aTeM BBIMOJIHAETCS MOJIHBIN pacyeT. Best mporietypa BHIIIOJHEHHUS ATOrO Tana OCTaeTcsl TaKou
K€, KaK U IpH PECIICHUU BCEX MPEABIAYIINX NTUHAMWYCCKUX 3a/la4 B JaHHOM MOCOOMH.

B Tabmune «OdopMmieHre pe3yabTaToOB pacyeTay pe3yIbTaThl PEIICHUS JHHAMUYCCKOW 3ajaun
OTpPa’XCHbI KaK B M3BCCTHBIX YK€ yUallIEMYCsd YCTBIPCX Ta6n1/1uax pasaciia ((I[I/IHaMHKa», TaKk U B
BUJIE TAOJUIL SISl HCKOMBIX TIEPEMENICHUIN U YCUITUH.

Huxe mnpuBeneHsl TONbKO pe3ynbTarthl pacyeta BOY Ha celicMuueckoe BO3JEHCTBUE.
OTpenakTupoBaHHbIC TAOIHUIIBI UIMEIOT CJICTYIONTUN BU/I;

| 1 - cemcM-Boylkos |

| X 13.54 |
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| /I @ e
| xeHME 3HAUEHNA 1/C T C |
| 1 1 .1200985 8.33 1.3 0.75 |
| ® O PMBH KOJEBAHUII M |
| 2 |
| 1 - 1 cemcM-B3YlKD |
| X 1 |

| X 14.78 |

| 1-1 1-2 |
| 1 - 1 cemcM-B3YlkD |

M -428.824 |
| O 14.787 14.787 |
| 1 - s1 |
| M -428.824 |
| O 14.787 14.787 |

IIpumedanus K TadJ1. «YcHaus».

1. Pe3ynbraT [uisl yKa3aHHBIX YCWJIMN BbIAAETCS B HA3HAUEHHBIX HA AJIEMEHTE JIBYX CEUEHUSIX
(oHu coBmanaroT ¢ y3namu 1 u 2).

2. IlepBble 1BE€ CTPOKH pe3yJIbTaTOB OTHOCSTCS K 3arpykeHuto 1 ¢ umeHem «1 ceiicM-Bay 1 ka», a
MOCJIEJHUE JIBE CTPOKM COOTBETCTBYIOT METOAY MOJYYEHHs] PAcueTHBIX 3HAYEHUH YyCUIuil B
KaX/JIOM CEUEHHH B CHCTEMaX C HECKOJbKUMH CTENEHSMH CBOOOABI. DTOT BOMpoc Oyaer
paccMOTpEH B pazzelie 2 mocoousl.

OOpatuM BHHMMAaHME, YTO pPE3YyJIbTAThl pacyeTa, MOJYyUYEHHBbIE BPYYHYIO U C IOMOLIBIO
nporpaMMbl SCAD, MOTHOCTBIO COBIAAAOT.
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2. CUCTEMBI C HECKOJIBKUMHU CTEIIEHAIMH CBOBO/IbI

2.1. /IBa BUJA 3alIUCH CUCTEMbI YPABHEHHUI CBOOOAHBIX He3aTyXaK0INX
KoJIe0aHuil Macc

PaccMoTpuMm pacdyeTHyr0 cCXeMy COOpPY>KEHHS B BHJIE HEBECOMOTO YIPYIroro
JMHEHHO 1e(OopMUPYEMOTo CTEpXKHS, Ha KOTOPOM PACIOJIaraeTCsl # TOYEUHBIX Macc
(puc. 2.1).

Kak moka3zaHo BO BBeIEHWM K TIOCOOWIO, TPU HW3YYEHUU TOJBKO
TOPU3OHTAIBHBIX COCTABIISIIONIUX YIPYTUX TEpEeMEeIleHU
Macc TIpU KojJeOaHUsAX Takas pacueTHas cxema OyAeT

fZ

CUCTEMOM C 1 CTEIIEHIMH CBOOO/IBI.

s cucteMbl C OJHOM CTemeHblO CcBOOOIBI (7 =1)

ypaBHEHHE CBOOOJHBIX HE3aTyXalolUX KoJeOaHUN OJIHOU
Macchl ObLTO 3amucano B ABYX Buaax: (1.8) u (1.10).
JInss pacyeTHOM CXEMBI C HECKOJBKMMHU CTEIIEHSIMHU

cBoOOOBl  (m>1)  cucteMy  ypaBHEHHMl  CBOOOJHBIX

HC3aTyXaromux KoJICOAaHMII Macc MOKHO npcacrTaBuTb B
AHAJIOTUYHBIX ABYX BHUAAX 3aIIMCH.

HpI/I HNCIIOJb30BaHHUHN MaTpu OTH JABa BHUaa

Puc. 2.1 npeACTaBIAIOTCA COOTBETCTBCHHO YPAaBHCHUAMM:
Mii+Ku=0; (2.1)
u=D(-Mi). (2.2)

B ypaBHenusix aukenus (2.1) u (2.2) ucnosib30BaHbl CAEAYIOUIME MATPHULIBI.

1. Matpuibl cTonOLbl MEepeMeneHud U YCKOPEHU Macc, BXOASIIHUX B 00e
dbopMBI 3amMCH  CUCTEMBI ypaBHEHUN CBOOOJHBIX HE3ATYXaIOIMNUX KOJIeOaHUN
TOYEYHBIX MACC CTEP>KHSI B TIOTIEPEYHOM K OCH CTEP>KHS HAPABJICHUHU:

U U
U Uy
u, | ii. | (2.3)
_un_ _I/ln_
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rne  u; =u;(t), u;=1i;(t), (i=12,..,n), — COOTBETCTBEHHO IE€PEMEILECHUE MU

YCKOpEHHeE JII000H TOUEYHOIM MacChl C HOMEPOM i .
2. JIuaronanpHasi MaTpUIa Macc:

M = N . (24)

3. JIBe mMaTpulibl, U3BECTHBIE U3 CTATHKHU COOPYKEHUM KaK, COOTBETCTBEHHO,

MaTpula )KECTKOCTH U MaTpullia II0OAaTIIMBOCTU!:

_kll klZ kli kln_
kZl k22 k2i k2n
_511 512 5” 51’1_
521 522 521' 52’1

4. B mepBoii popme 3anucu cuctembl ypaBHeHuUi (2.1) mpaBasi 4acTb CUCTEMBI
UMeeT BHUJ HyJeBoro BekTopa. OH HMEET TaKyl K€ CTPYKTYPy KaK BEKTOPBI
NepeMeNeHn U yCKOpeHHi (2.3) TOJIBKO €ro 3JIEMEHTHI SIBIISIIOTCS HYJICBBIMH.

Cuctembl ypaBHeHudt (2.1) wu (2.2) mnpeAcTaBisaiOT coOOM  CHUCTEMBbI
OOBIKHOBEHHBIX TU(DPEpEeHIIMATBHBIX YPaBHEHUN BTOPOTO TMOPSAIKA IO BPEMEHH.
[ToaTOMy UIsI MIX pEIICHHs TOJDKHBI OBITh 3a/1aHbl HAYaJIbHBIC YCIIOBUS JIBHKCHUS
KaJ10i Maccel. B MmaTpuaHOM Bue oHU UMEIOT BU (2.7) ¢ yuetoM (2.8).

— o ° _ 00
ul,_,=u’, u_ =u®. 2.7)
uo uOO
| |
uO uOO
2 2
(6] : . 00 :
w=| houe=| | 2.8)
u u®
1 1
uO uOO
L - L n _l
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Matpuiipl (2.8) sSBISIOTCS BEKTOpaMU 3aJaHHBIX COOTBETCTBEHHO HAYaJIbHBIX
IIEPEMELIECHUN U CKOPOCTEN BCEX Macc.
3ajaHue cHUCTeM€ HauyajdbHBIX YCIOBHM JBWXKEeHHS (2.7), SBIAIOMIMXCA
OPUYMHOM €€ CBOOOJHBIX KOJIEOAHUU, COOTBETCTBYET IMOIYYEHHUIO 3TOW CUCTEMOM
HEKOTOPOH MOJIOKUTEIbHON MOTEHIIMAIbHON YHEPTUU yIPyTroi nedopmaruu
I71° =0.5u°) ' Ku® =0.5(p°)"'Dp°,
rie p° =Kp° — BekTOp HavalbHBIX 3HAYEHHH CHUJI, COOTBETCTBYIOIIUX BEKTOPY

HaYaJIbHBIX IEPEMENIEHUH U, ¥ TOJ0XKUTENLHON KHHETHYECKON DHEPIUU
T°=0.5u®)" Mu®.
[Tonuas wHavanbHas oHeprus cucremMbl D°=I11°+T°>0 u MaTpHIBl
K, D, M 4BISIOTCS MOJOXUTEIbHO ONPENEICHHBIMU W HEOCOOCHHBIMM, T.€.
UMEIOT 00paTHBIE MATPHUIIbIL: K_l, D_l, M

YMHOXHUM cucTteMy ypaBHeHMi (2.1) Ha K'u y4TeM, YTO K' - K=E, rue
E sBnsercsa enuHU4YHOM MaTpuied. Toraa noayyum:

u=K ' (-Mii). (2.9)
Cormocrasmsist (2.9) u (2.2), ormerum, uto K ' =D, u MaTpUYHOE yPABHEHHE

(2.1) yMHOXEHUEM €ro Ha MaTpuUIly K™ peoOpa3oBagoCh B MATPUUHOE YPABHEHUE
(2.2).
AHaNOrM4HO, CUCTEMa ypaBHEHM JBMkKeHUS B popme (2.2) mpeobpasyercs B

cuctemy ypaBHeHud (2.1) ymHOxeHuem (2.2) Ha MaTpuIly D . IIpu »TOoMmM
YUYUTBIBAECTCA , UTO D 'D=EuD'=K.
3anuch CUCTEMBI YPABHEHHUI B MATPUIHOM BHUJIE TPUMEHUMA U JIJISI CUCTEMBI C
OJIHOM CTEeNeHbI0 CBOOOBI, Kora 7 =1. JIelCTBUTENBbHO, B ’TOM Cllydae:
M=m =m; uw=u =u; ii=ii=i; D=9;,=90;, K=k,=k,
k'=8; 8 =k;8-k=1
U cucteMbl ypaBHeHuit (2.1) u (2.2) npunumarot coorBeTcTBeHHO Bua (1.8) u (1.10).

2.2. Pemenne cucreMbl YypaBHEeHUIl CBOOOJHBIX He3aTyXaIOIIUX KOJIeOaHUil
METOA0M Pa3JIoKeHHs BEKTOPa HCKOMBIX IepeMelleHuil Mace
no BekTopam nepemeuiennii B COK

[Ipu pacuere COOpPYX’EHHI OT PA3IUYHBIX BO3JACUCTBUM, BBI3BIBAOIINX
nuHamudeckuid xapaktep ux HJIC, Hanbosee 4acTo MCMONB3YIOT PEIIEHNE CUCTEMBI
ypaBHEHMM, 3amucaHHON nub6o B dopme (2.1), nubo B dopme (2.2), MeToaoM
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Pa3NOKEeHHUs] UCKOMBIX TEPEMEIICHU B PsAJl IO COOCTBEHHBIM (opMaM KoJeOaHUi
(MonasibHasi CynepHo3uLIns):

u=31 0. (2.10)
i=1

rae u; = (#y; Uy;..0,;)" — BEKTOp MEepeMeIeH N [ - cOOCTBEHHON (OpMBbI KOJTeOaHMI
pacueTHOM CXEMbl COOpYXEHHs, ompeaensomuil  opmy nedhopmupoBaHUs
COOpPYKEHHsI TIPH €ro CBOOOJHBIX KOJIeOaHUSIX C HEKOTOPO COOCTBEHHOM 4aCTOTOM,
Kotopas Oyzmer pamee ompenencHa; D(f)— koadduimeHT  paznoKeHwHs,
COOTBETCTBYIOIIMI BEKTOPY W; M NPEACTaBIAIOIIMNA COO00M (DYHKIUIO BpEeMEHH,
KOTOpasi ONpeeNsieT CHHXPOHHOE M3MEHEHHE BO BPEMEHH BEKTOpa MepeMeIIeHUN
i -1 cOOCTBEHHOI1 (OpPMBI KOIeOaHUI:

1, - D (0) |
uy; - D, (1)

(1) = s (2.11)

u,,; - D7)
[ToncraBuB nrob6oe i-e cinaraemoe (2.11) cymmsl (2.10) B cuctemy ypaBHEHUI

JIBIDKCHMS, 3aMicannyo B Buje (2.1) u B Buje (2.2), NoayduMm:

Mu,®, (1) + Ku,®,(1)=0;

u,®; (1) =-DMu,d, (7).
WA
0
(1)

u,=-DMu )

M1, +Ku, =0; (2.12)

l iq)i(f).

Cucrema ypaBuenuii B ¢popme (2.12) u B popme (2.13) umeer cmbici, Kormaa

(2.13)

apo6s  ®,(1)/®,(1) paBma mnocrosHHOH Benmumbe. Ilpupasmas D, (¢)/ D, (¢)
BENIMUHHE — ) , TIONY4HM YPaBHEHHE

D, (1) + o; D,(1) =0, (2.14)
13 KOTOPOro H onpeaenseTcs pyHkius Bpemenn O, (7).

B pesynbrare BBINOJIHEHHOrO JACUCTBUSI MPOU3OINLIO OTIEICHUE (YHKIHMH
BPEMEHU W3 CUCTEMbl YpaBHEHUU JBUKEHUS Kak B mepBoit (2.12), Tak U BO BTOPOM
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(2.13) dbopmax ee 3amucu. Temepp nAByM QopMaM CHCTEMbl YPaBHEHUUN JBUIKEHUS
OyIlyT COOTBETCTBOBATh OOHOPOOHbIE CUCEMbL YPAGHEHU B BUJIE:
K-¢oM)u; =0; (2.15)
(A-A;E)u; =0. (2.16)
37ech BBeICHbI 0003HAUCHHS: O, = ®;; A; =1/®7; A=DM.

VYpaBuenue (2.14) umeer TakoM K€ BHJ, KaK YypaBHEHHE CBOOOHBIX
He3aryxarommx konebanuit (1.12) amsg cUCTEMBI C OJHOM CTENEHBIO CBOOOIBI.
[ToaToMy ero peuienue Oyner umetsb B (1.15)

D, (1) = Aj; cos®; t + Ay, sinw; 1, (2.17)
unu (1.24), (1.27).

Takum oOpazom, udactHoe pemenue (2.11) ¢ dynkuueit Bpemenu (2.17)

COOTBETCTBYET HE3aTyXalIIUM TapMOHUYECKUM KOJEOaHUSIM, MPOUCXOISIINM C

4acTOTOM ; M uMerIuM (GopMy KosieOaHWH, ONpelessseMyl0 BEKTOpOM U;.
Yacrtora o, ABnsercd i-i coOCcTBeHHOM yacToTol (7 - CU) kosnebaHuii coopyxeHus,
a BEKTOp W; — BEKTOPOM IEpPEMELICHUN, COOTBETCTBYIOIUM [ -0l COOCTBEHHOMU

dopme konebanuit (i -t COK). Takux CYH u COK Oyner cTOIBKO, CKOIBKO UMECTCS
CTEIeHel cBOOO/Ibl Macc B MPUHATOMN pacueTHou cxeme (i =1, 2,..n).

IToctosiHHble MHTETpUpOBaHus A;; U A,; pemenus (2.17) ypaBuenus (2.14)

OMPENEIIAIOTCA U3 HauaJbHbIX YCIOBUN ABMXKEHUS (2.7) C MOMOIIBIO UCIIOJIb30BAHUS
cBoiicTBa oproronagbHocTH COK, KoTOpoe OyaeT paccMOTpeHo B moapaszene 2.3.

Onpeodenenue coocmeennvix uvacmom. COOCTBEHHBIE YaCTOThI HAXOMSTCS
pELIEHNEM XapaKTEPUCTUUECKOTO YPABHEHHUSI, COOTBETCTBYIOIIETO PACCMATPUBAEMOM
dbopme cuctemsl ypaBHenuit ((2.15) unu (2.16)), koTopoe Noy4aeTcs: U3 CIeAYIOIINX
CcOoO0OpaKeHUM.

IIpu omnpenenenun BekTOpoB TmepemenieHnii B COK penieHMEM CUCTEMBI
ypaBHeHu# (2.15) wnu (2.16) pacyeTdynka MHTEPECYET TOJIBKO HEHYJIEBBIC PEIICHHUS.
A Tak Kak yKa3aHHbI€ CUCTEMbl YPaBHEHUI SIBJISIIOTCS OJTHOPOJAHBIMH, TO HEHYJIEBOE
pelIeHre BO3MOKHO TOJIBKO TOTJa, KOT/1a ONPEAEIUTENb COOTBETCTBYIOIIEH CUCTEMBI
PaBEH HYJIIO:

K—-oM|=0; (2.18)
A-%E[=0. (2.19)
PackpbiBas ompenenuTeny, MOTYyYUM anreOpanueckue YpaBHEHUS 7 -OU

CTCIICHU, COOTBETCTBCHHO B BUJC:
b, 0" +b, 0" +..+bo +b,=0; (2.20)
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a X' +a, N+ +ah +a,=0. (2.21)

Tak kak matpuusl K, D, M ABIAIOTCSI CUMMETPUYHBIMU ITOJOKUTEIBHO
ONPENECICHHBIMU, TO pPELICHUE XapaKTEePUCTUUYECKUX yPaBHEHUW [Jaer 7
BEILIECTBEHHBIX MOJOXKUTEIbHBIX KOPHEW, COOTBETCTBEHHO @ W A, MO KOTOPBHIM

OIIPENIENIAI0TCS COOCTBEHHBIE YaCTOThI @; HE3aTyXaroLIUX KOJeOaHui:

®; =J0; =1/ A; ,(i=1,2,.,n). (2.22)
CnekTp COOCTBEHHBIX YacTOT pPACCMAaTPUBAEMOW YOPYroll pacyeTHOM CXEMbI
IIPEACTABIAIOT B BUJIE:
0 <0y <...<O,, (2.23)
rae nepBas CY sBisieTcss HU3IeH COOCTBEHHOM Y4aCcTOTOM.
Onpeodenenue eekmopoé u; i - i COK. Kaxaoll HalilcHHON 4acTOTE @; U3

CUCTEMBI ypaBHEeHUU (2.15) npu pemenun 3agauu B GopMe METOJa NEPEMEIICHHMI,
WIM U3 CHCTeMbl YypaBHeHuil (2.16) mpu pemenunn B QopMe MeToja Cui,
COOTBETCTBYET BEKTOP IIEPEMEILEHUN U, .

Tak kak ykKa3aHHbIE CHCTEMBl # YPAaBHEHUU SBJSIOTCSA OJHOPOIHBIMH, TO
HE3aBUCUMBIMH SBJISIOTCS TONBKO #—1 ypaBHEHHE. DTO O3HAYAET, YTO a0CONIOTHBIC
3HAUEHUs MEPEMELICHUM B BEKTOpE U; HAWTU HENIb3A. BO3MOXKHO ompenencHue

TOJIbKO UX OTHOCHUTEJIbHBIX 3HAUCHUH.
Paccmotpum, Hanpumep, cuctemy ypaBHeHuUM (2.15) B KAHOHMUECKOM BHJIE:

(kyy —@; mpuy;  + kot + .+ Kyt i =0
ko + (kyy—@;my)uy; + ...+ kot =0
knlﬁli + kn27’72i + ... 7 (knn - q)i mn )ﬁni =0

Pasznenum ee Ha BeNMYMHY ;M BBEIEM HOBBIC OTHOCHTEIILHBIE IEPEMELICHUS
Vi =uj luy,rne j=1,2,.,n;i=12,..,n.

Tax kaxk y;; =uy;/u;; =1, TO HEU3BECTHBIMU SIBISIOTCA 7 —1 OTHOCUTEIIbHBIE
NePEeMCILCHUS. Y ;; = U j; luy, tone j=2,.,n; i=1,2,3,..,n. IX MOXHO ONpENEIUTH

pEIICHHEM CUCTEMbI JTIOO0BIX 7 —1 ypaBHEHUM:

ki2¥5i + ki3yy o+ K1Y ni = —(k1—0;my);
(kpy — (P.j my)¥s; + k23')_}3i + + k2n‘J_}ni i - k.zl ; 224)
anJ_;Zi + kn3}_}3i + ..t (knn —Q;m, )J_}m = _knl'
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B pesynabTaTe i n COOCTBEHHBIX YAaCTOT MOJIYYUM 7 BEKTOPOB:

Yi =L Y2i V3iseeImi) - (2.25)
UM Oyaytr coorBeTcTBOBaTh HCKOMBbIe BekTOpbl COK, omnpeneneHHble C

TOYHOCTBIO JIO IIOCTOSTHHOTO MHOXUTENS Uy;
U; =uy;-y;. (2.26)
Onpedenenue cun unepuyuu, pazioxcennvix no COK. Ilpu cBOOOAHBIX
He3aTyXaloIuX KoJieOaHMsAX KaXIOMy BeKTOpy mepememienuit u; =u, - ®,(7) (2.11)

COOTBETCTBYET BEKTOP YCKOPEHMH ii; = U; -dbi(t) u (¢ yuerom (2.14)) BekTop cui
WHEPIIH
ji =—Mii; =-Mu, - ®,(1) = ;- ®;(). (2.27)
3nech

ji =o'MT, (2.28)
npeAcTaBiasieT  coOOM  BEKTOpP  aMIUIMTYAHBIX  3HAYEHUW  CWJI  HWHEPIUH,

COOTBETCTBYIOIIMA BEKTOpY U,. BEKTOp O5TUX CHJI WHEpUMH W BBI3BIBACT
nedopmanmio coopyxenus o i —ii COK.

II pumep 1. B npumepe 1, paccMoTpeHHOM B mojnpasnene 1.4, pacuerHas cxema
KEJIe300€TOHHOM Oallk ¢ DIEKTPOJBUTATENIeM, pPACIOJOXKEHHBIM B CEepeAHHE MpojeTa
(cm. puc. 1.24), 6bl1a npeacTaBIeHa Kak CUCTEMa C OJIHOM CTENEHBI0 CBOOO/IBI.

[Ipu ucnonb3oBanuu nporpammbl SCAD 3T0 ObUIO JOCTUTHYTO pa3zelieHueM Oalky Ha JBa
KOHEYHBIX NieMeHTa THma 2 «CTep>keHb MJI0CKON pamMbl» U 3aMEHOI paBHOMEPHO pachpeesieHHOM
MacChl KKJI0TO JI€MEHTa ABYMsI TOYEYHBIMU MAacCaMU MO KOHI[AM 3JIEMEHTOB.

B pesynbrare Takoro nercTBus Oalika cTania HEBECOMOW («0e3MaccoBoii») MO JJIMHE, a e
Macca okazajach COCPEIOTOUYCHHON B Tpex y3iax pacdyeTHou cxembl MKD (cm. puc. 1.8, 6). Ilpu
3TOM TOYEYHBIE MAacChl, MOMABIIME B OMOpHbIE y37bl 1 W 3, OKa3anuch HEMOABMXKHBIMH IIPH
paccMOTpPEeHHH TONEPEeYHbIX KosieOaHuil moiayueHHOW cuctembl. [lpuBeneHHas ToueyHass macca
Oanky, OKazaBILIAsiCA B y3Je 2, COBMajla C MAaccod ABUTaTess, B pe3yjibTaTe 4ero oOpa3oBajiach

CyMMapHasi Macca m,,, KOTOpas IpU MONEPEUHBbIX KoieOaHWAX Oallku MMEET OJHY CTElEHb

CBOOO/IBI.

Ecmu npu ucnons3zoBanuu MKD paccmatpuBaemyro Oanky pa30ouTh HEe Ha J1Ba, a Ha YEThIpe
paBHBIX d7eMeHTa (puc. 2.2, a) U UCIOJIB30BaTh TAKOW ke CIOCOO 3aMEHbI pacIpe/IeICHHON MacChl
TOYEYHBIMU MaccaMu 10 KoHIaM KD, To npu nomnepeuHsix KojaeOaHusIX OaKu MOJTYyYHM CHCTEMY C
Tpemsl cTeneHs MU cBOOOIbI (puc. 2.2, 0).

Takas cucrema umeer Tpu CY u tpu COPK (Tpm «MOIBD» COOCTBEHHBIX KOJIeOAHUIA),
IIPE/ICTABICHHBIX IIPU pacyeTe COOTBETCTBYIOIIMMH BEKTOPAMU MONEPEYHbIX IEPEMEIIEHNI Macc B
kaxxnoi COK Oanxwu.

Pemmmm 3amauwy no ompegenenuto CH um COK ¢ nomompbro mnporpammsl SCAD. Ota

nuHaMuueckas 3a1ada B mporpamme SCAD Ha3bIBaeTCs «MOJAIbHBIM aHATH30M.

94



; 1 .2 .3 ‘4 AS
TT777

nmy ms my

Puc. 2.2

C yuerom Toro, uro mnporpamma SCAD yke HEOJHOKPATHO HCIMOJIb30BajIach yYallUMHUCS
JUTSL PEIICHUS Pa3IMYHBIX CTaTHUeCKHUX 3anad [1, 2, 3] u AuHAMUYeCcKUX 3a1a4d B IAaHHOM IOCOOWH,
pPacCMOTpPHM MPOIEAYPY pacueTa B COKPAIICHHOM BHJIC.

HMHcTpyKuus Mo pelieHN0 ANHAMHYeCKO# 3a1a4u «MoaaJbHbIN aHAJIH3»
¢ nomoubio nporpammsl SCAD

Jranbl 1 u 2. Beinonaum stansl 1 1 2 nociaenoBaTeabHOCTH pacuera, npuseaeHHon B YMK no
CTPOUTENILHON MEXaHUKE CTEPKHEBBIX cucTeM [1, 2], U co3gaauM pacyeTHYIO0 cXeMy Oallki B BHJIE
cuctemsl yeTbipex KO tuna 2 «CtepKeHb IIIOCKON paMbl».

Jran 3. Co3xagum 3arpyxeHue i THHAMHYecKoil 3anaun «MoganbHblil aHaam3». s

3TOT0 HAXKMEM KHOIKY \l «JluHaMu4eckue BO3JEHCTBUS» HA HMHCTPYMEHTAIbHOM MaHENH,
COOTBETCTBYIOIIECH pasneny 3arpyxenusi. [losBuBmMiicS mpu 3TOM BHJ AUAJIOTOBOTO OKHA
3aBUCUT OT HMcHoJb3yemon Bepcuu nporpammbl SCAD. OpHako, NpUHIMINAIBHOTO pa3iuyus B
MpoLeaype 3aJaHusi JUHAMUYECKOTrO BO3/IEUCTBUS B Pa3HBIX BEPCUSX HET.

Hwxe mnoka3zaHa dacTh BapuaHTa BHAAa AualoroBoro oxkHa «llapamerpsl auHaAMHYECKUX
BO3JICUCTBUI», Trne Ha cTp. | «BBox mapameTpoB OuMHaMHuYecKOW Harpy3km» Ha mnojie «Bua
BO37eiicTBUs» BbiOMpaeM «lIpoune BozneicTBUs», a 3areM «MojanbHbli aHanu3». Ha 3Toil xe
cTpaHuIle B OKHE «VIMs 3arpy’KeHusD 3aHCBhIBAEM UMS «MOJ-3».

Bce octanbHbie BO3BMOXHOCTH 3TOTO OKHA [MOKA paccMaTpUBaTh He OyJIeM U Ha)KaTHEM BEpXHEH
CTPOKE «MOJAJbHbII aHaIu3» MEepersieM Ha BTOPYIO CTPAHMILYy JUAJIOTOBOIO OKHAa, HA KOTOPOWM
BBOJHMM YHUCJIO YYUTHIBa€MbIX (hOpM COOCTBEHHBIX KOeOaHuil (B HallleM ciiydae — 3).

BE0a NapareTpos AHHAMMYECKON HarpysKM l bMoganeHeE aHanms ]

B B0zneicTEMA

Mm

r e : e
CefcMuqeckE BOSIERCTEWE SATPYHEHHA r0a-3

" BeTpoBbie BOZAENACTEWE
P = [ MNpeoSpazoBaHue CTATHYECK MY HArPYS0K B MacCkl

Harep W 1A NpUCoEaMHAEKOND Ko,

{+ [pouue BoSOEHCTEME
CTATHYECKOrD Sarpy#eHUA NEpECYETa

[ apr4oHMYECKME KonetaHHA
Mranynec
Hpap

M oganbHEN aHaNWE

—— | =]
MM BOZA.EHCTEHWA
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[TonTBepauB BBeleHHYIO HH(pOpMalKIO HaxkaTueM KHONKH «OK», 3akpoeM a11asoroBoe OKHO U

111.|/
=

Ha MHCTPYMEHTAJbHOM MaHEIM pas3ziena 3arpy:KeHusi Ha)KMEM KHOIIKY «HepuoHHbIE
XapaKTepUCTUKN». B oTKppIBIIEMCs criucke BbiOepeM «3afganue mace». OTKpoeTcst okHO «Macchbi».
PaccMoTpuM BHavalle, IpUBEIEHHYIO HMXKE, €ro 4acTh «VHEpIMOHHBIE CBOMCTBA Y3JIOB». 371€Ch
BBEJICH Bec JBurarens 1.5 TC, OTHECEHHBIH K y3iy 3 pacuetHoi cxembl MKD Ganku u ykazaHO

HampaBJICHUE PaCCMATPUBAEMOM CTENIEHNU CBOOOIbI ATOI MaCCHI:

{* WHEpUMOHHEIE CEORCTES Y3N0E

haccel bl orAEHTEI MHEPLMM Macs
¥ e = ux| o] uz|
Bec macckl b OrEHT MHEPLMM MaCCE

15 T Tra*cer™2

OKHO 3aKpBIBAE€TCS ¥ C MIOMOIIBIO0 Kypcopa CAEJIaHHBIM BBOJ OTHOCUTCS K Y311y 3 Ha pacueTHOM
cxeme MKD Ganku u moarBepkaaercss HaxxatueMm KHONKH «OK» Ha MHCTpyMEHTaNbHOM MaHENH.
[Ipu HaxaThiX Ha QWIBTPE OTOOpPAKEHUS COOTBETCTBYIOIIMX KHOMAaX B y3Jie 3 pacuyeTHOH cXeMbl
MOJTyYUM HH(pOPMAIIHIO O cIieTaHHOM BBoJE (puc. 2.3).

Jlia BBOJA pacIpelielIeHHOM MacChl KOHEYHBIX 3JIEMEHTOB DJIEMEHTA Ha NPUBEICHHOM HUXKE

T0JIe «MAaCChl B 3JIEMEHTAaX» BBOJUTCS BEC OAHOTO METpa JUIMHbI ieMeHTa (B npumepe: 0.6 Tc).

* Maccel B3 nemeHTax

(¢ PachpegensHiele | [nacTuHb

" CocpegorToqeHHbE

Bec raccer |06 T

ITocne 3akpeiTusi OKHAa HakaTueM KHONKM «OK» 37eMeHTBHl Ha pacueTHOH cxeme, MMEoIue
yKa3aHHYI0 MHTEHCHBHOCTb BECa, «OTMEUAIOTCs» (3Ta MpoLeAypa HEOJAHOKPATHO OTMeyalach B
pa3nMYHBIX IPUMEpax pacyera). B pe3ynpTare noayyum cxemy 3arpykeHus 1 ¢ UMeHeM «MoJ-3» B
BUJIE, IPUBEIEHHOM Ha pHC. 2.3, KOTOPYIO HEOOXOIUMO COXPaHUTb.

| D06 » D06 P35 pos 4 D0.6 5

Puc. 2.3

Jrtan 4. Beino/iHsieM JUHEHHBIN pacyeT M NPUBOJAUM €ro pe3yabTaTbl. Pe3ynbraTel pacuera
JMHaMU4ecKoll 3a1aun «MoganbHbli aHamu3» BbiatoTcss B Tabnuue «OdopMieHne pe3ynbTaToB
pacueTa» B paszene «JluHamMMKa» B BUJE CIEAYIOIINUX TpeX TaOIuL.



B Tabnuue nan Bec TOUEYHBIX Macc B y3iax 2, 3, 4 pacyeTHON CXEMbI OAJIKU TTOCJIE TIPUBEICHUS
B nporpamme SCAD pacnpezeneHHOM Macchl KOHEUHBIX 3JIEMEHTOB K YKa3aHHBIM Y3JIaM.

3arpy: N COBCTB. : YACTOTH: EPVIOLH |
| /I : e e
| xeHme 3HAUEHNA 1/C I'll C

1 1 .0137914 72.50864 11.54596 .0866103 |
| 2 .0027208 367.5373 58.52505 .0170867 |
| 3 .0015063 663.8773 105.7129 .0094595 |

| 1 2 3 4 5 |
| 1 - 1 ( mom—-3) |
| Z 0.6994 1. 0.6994 |
| 1 - 2 |
| Z 1 0 -1 |
| 1 - 3 |
| Z 1 -0.6216 1 |

IIpumeuanue k Tada. B pesynbrate pemenus B nporpamme SCAD cucremsl ypaBHeHHH (2.15)
C TOYHOCTBIO JI0 NMOCTOSTHHON BEJIMYMHBI ONPEAEIAIOTCS MepeMelieHus Macc B y3nax 2, 3 u 4,

ABJIAIOIIMECS] KOMIIOHEHTAMH BEKTOPOB W,, i =2,3,4 . [locTossHHAsA BeIMYMHA u ki (2.26) B xaxmoi
C®K npuHuMaeTcst paBHOM 3HaYEHUIO MaKCUMaJbHOIO nepemelieHus y3ina k B atoit COK. Takum
o0pa3zoM, B TabMle IPUBECHBI 3HAUCHUS BEKTOpa Y, (2.26).

IIpu otkpeiTUM Ha JepeBe mpoekTa pasgena «['paduueckuit aHamus3», MOTyT OBITH
MoCJe10BaTeIbHO OTKPBITHI M coxpaHeHbl nzoopaxenus COK (puc. 2.4).

1-1a COK

Puc. 2.4
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OOparuM BHUMaHHE BO BTOpPOH TaOiuIle HAa 3HAYEHUE TEpPBOW YacToThl. OHA TMOMyYHIIaCh
MPUMEPHO Ha 5 TPOILIEHTOB BHIIIE COOTBETCTBYIOIIEH COOCTBEHHOM YaCTOTHI B CUCTEME C OJIHOM
cTeneHblo cBo0O kI (cM. ipumep 4 B moapazaene 1.1).

OTo o03Hauaer, 4ro OoJiee TOYHAS ANIPOKCUMAIMS PACIpENeJIeHHOW Macchl Oaiku
JUCKPETHBIMM MacCaMH, YMEHbIIas MPHUBEACHHYI0 Maccy, OTHOCAIIYIOCS K CpEAHEMY Y3y,
CIOCOOCTBYET YBEJIMYEHHIO IIEPBOM COOCTBEHHOW YacCTOTHI (B CUCTEME C OJJHOW CTENEHBIO CBOOOIbI
310 BUHO U3 opmyn (1.14)).

CnenoBarenbHO, MpU YBEJIWYEHUM 4YHUCIIAa OJJIEMEHTOB, Ha KOTOpblEe pasjeneHa Oalika,
COOCTBEHHBIE YaCTOTHI U POPMBI KOJIeOAHUI Oy YT YTOUHSATHCS.

Huxe npuBenieHsl COOTBETCTBYIOLIME TaOIUIBI MPU pa3aeaeHUH OanKky Ha 8 3JIEMEHTOB.

| PACIHONPEJIEIJIEHIMUE BECOTB M A CC, TC |

| 1 2 3 4 5 o 7 8 9

| 1 - (mom—7) |

| Z 6 S o 2.1 o S o

3arpy N COBCTB. YACTOTH NNEPVOIH |

/1 e

| xeHME SHAUEHNA : 1/C T C

| 1 1 .013788 72.52652 11.5488 .086589 |

| 2 .0027018 370.1119 58.93501 .0169678|

| 3 .0014249 701.7884 111.7497 .0089485|

| 4 .0006802 1470.149 234.1002 .0042716|

| 5 .0005024 1990.379 316.9394 .0031551 ]

| S .0003203 3121.445 497.0455 .0020118]

| 7 .0002825 3539.174 563.5627 .0017744
| ® O PMH KOJEBAHUMUINI M
| 1 2 3 4 5 6 7 8 |
| 1 - 1 ( mom-7) |
| 7 .3766 .6994 .92 1. .92 .6994 3766 |
| 1 - 2 I
| Z -.7071 -1. -.7071 .7071 1. L7071 |
| 1 - 3 I
| 7 .827 .8046 .0207 -.5104 .0207 .8046 .827 |
| 1 - 4 I
| Z .60666 -.66606 .6666 -.6666 |
| 1 - 5 I
| Z .5785 -.3111 -.4655 .2446 -.4655 -.3111 .5785 |
| 1 - 6 I
| 7 .4309 -.6094 .4309 -.4309 .6094 -.4309 |
| 1 - 7 I
| Z .388 -.6463 .7246 -.2061 .7246 -.6463 .388 |



Jst wumoctpanuu Buga COK B mocnennem pazouenun O6anku Ha KO mpuBeneHsl eiie nBe
C®OK: yerBepras u msatas (puc. 2.5).

C yBennuenunem uucina K3 cobctBeHHble 4acToThl U cooTBeTcTBYIONME UM CDOK yTouHst0TCA.

Heo6X0auMOCTh pa3GMeHHsi PacCMATPUBAEMOM CHCTEMBI Ha OONbIIEE UHCIO 3IIEMEHTOB
orpeesseTcs MPaKTUYECKON HE0OX0IMMOCTbIO MOJTYUYEHHUS 3a/1aHHOM TOYHOCTH pacuera.

4-1 COK

Puc. 2.5

Yucno KOHEYHBIX 3JIEMEHTOB JIOJDKHO ObITh BbIOpaHO TakuM, 4ToObl HykHble CU m COK
MIPAKTUYECKH HE U3MEHSIINCH Obl IIpU JaibHeleM yBenuueHun yrcia KO.

2.3. CBOMCTBO OPTOTrOHAJBLHOCTH COOCTBEHHBIX (POPM KOJIeOaHUI

CoOctBennble (popMbl KoJieOaHHMI 00J1alal0T CBOMCTBOM OPTOTOHAIBHOCTH,
3aKTIOYAIONIUMCS B TOM, 4YTO COOJIIOAAETCS PABEHCTBO HYJIIO  CIEAYIOIIETO
IPOU3BECHUS MATPHIL:

(W;,)’Mu; =0 npu j=#i. (2.29)
Jlns nokasatenbcTBa paccMoTpuM JiBe Jitoobie COK (f - 10 U i — 10), KOTOpBIE
COOTBETCTBYIOT HEKOTOPBIM JBYM HE PaBHBIM JIPYT APYTY COOCTBEHHBIM HacTOTaM
(0; # o).
[IpencraBum cucremy ypaBHeHuit (2.16) B Buje
i, = D(0/MT,) . (2.30)

VYuuteiBas cMmbici MaTpuilbl D, Kak MaTpUIbl BIUSHUS CUJI HA TIEPEMEIICHUS
[0 MX HANpPaBICHUSAM, 3aKJIIOYaEM, 4TO J; :a)izMﬁl- MPE/CTaBIACT COOOM BEKTOP

CWJI, CTaTUYECKUM MPWIOKEHHBIX K pacCcMaTpMBaEMOW YHOPYIrOM CHUCTEME U

BBI3BIBAIOLIMX €€ IMEepeMELICHUs B BHJE BEKTOpa Uu;. JTO ObUIO IOKa3aHO U B
BbIpakeHusx (2.27) u (2.28).
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Hns j— ot COK MOXKHO 3anucaTh BbIpakeHHUe aHalorudHoe (2.28).

Hcronp3yemM I 3TUX JBYX IPOM3BOJIBHBIX (POpM KoJIeOaHUU Teopemy O
B3aUMHOCTHU padoT [21]:

(jj)Tﬁi = (ji)Tﬁj' (2.31)
YuuteiBas, 4To

s \T 2namss \T 2 /= \T ¢ \T 2nAss \T 2 —\T
(;) =(e'Mu;) =oj(@)M n (j) =(o;Mu) =o;(u) M,

MOJTYYUM
2, — T e 2 /— \T —
o;(u;) M-u; =o; (u;) Mu; .
Ho
MIOATOMY

2 2N(= \T NI
Tak Kak 1Mo MOCTAHOBKE 3aJ1a4l UMEIOTCSI IBE pa3Hbie POPMbI KOeOaHU, Y KOTOPHIX
((oi- - col-z) # (0, To moJIyduM paBeHCTBO (2.29), uTo 1 TpeOOBAIOCH JOKA3aTh.

CgoiictBo oproroHansHoctu COK MokeT ObITH Takke MPEACTaBICHO B BUJIC
npousBeneHust (2.33), B KOTOPOM BMECTO MaTpHUIbl MacC B MPUBEICHHOM BBIIIE
BhIpakeHuu (2.29) ucnonb3zoBana maTpuia xectkoctu K :

(u;)'Ku; =0. (2.33)
JIist mosicHeHUsl MaTpu4HOEe ypaBHeHue (2.15), 3anucanHoe AJid KaKOW-TO i -0
—_— T .
C@K, ymHOXHM creBa Ha MaTpuLy cTpoky (u;) . Toraa momy4mm:

[TockonbKy BTOpoe ciaraemoe B ypaBHEHUU (2.34) paBHO HYJIO BCJEACTBHE
cBorictBa oproroHasibHOcTH CDK (2.29), TO paBHO HYJIO U MIEPBOE CIAraeMOe€:

CaoiictBo oproroHansHocTH COK sgBnsieTcs BaKHBIM CBOMCTBOM, KOTOPOE
HCIOJIb3YETCA IIPHU PEHICHUN TUHAMUYECKUX 3aa4.
IIpumeuanue. OueBUIHO, YTO TPU MPOBEpKEe cBoiicTBa oproroHanbHocTH CDOK B BHIE
(2.29) MOXHO BMECTO BEKTOPOB U; M U; MCIOJIB30BATh COOTBETCTBYIOLINE BEKTOPBI Y ; U Y, (CM.
BbIpaxkeHue (2.15), a BMecTo matpuipl Macc M Hcnonb3oBaTh MaTpuily BecoB Macc G=M-g.
JleticTBUTENHEHO, paBEHCTBO (2.29) HE U3MEHUTCS MPU YMHOKEHUH €r0 Ha MOCTOSIHHBIC BEJIMYHUHBI
Uj, U n g.
Il pumep 1.Bomonanm BpydHyIO TPOBEPKY CBOMCTBA (2.29) OPTOrOHATLHOCTH JJIsi TIEPBOM

1 BTOpO# U 17151 iepBoi U TpeThelt CDK cuctembl ¢ Tpems CTETeHsIMU CBOOOIBI, PACCMOTPEHHOH B
npeapiayeM npuMepe. C y4eToM CAeTaHHOro MpUMedYaHus BMeCTo (2.29) MOXKHO 3aIucaTh:
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¥)'GF,)=
1.2 -1 -1

(2.35)
=(0.699 1 0.699)- 2.7 1 0 [=(0.839 2.7 0.839) 0 |=0;
1.2] (1 1
(yz)TG(Y3):
1.2 1
(2.36)
=(0.839 2.7 0.839) 2.7 | —0.6216 |=(0.839 -1.678 0.839)=0.
1.2 1

Ilpumep 2. Hcnonwsdyem  cBoiicTBO optoroHambHocth COK (2.29) mpu onpenencHuun
MOCTOSITHHBIX MHTETPUPOBaHUS B BhIpakeHUU (2.17) ¢ MOMOIBI0 HAYAIBHBIX YCJIOBUH JBYKCHUS
Macc B Buje (2.7). Jlns mucnosib3oBaHUsT HadalbHBIX ycloBui moxactaBuMm (2.17) B (2.10). Torma
noryuuM Beipaskenus (2.37) u (2.38):

u= iﬁi(Ali cos®,;t + Ay, sinw;t) ; (2.37)
i=1

u= iﬁi (=4, -o; sinw;t + A,;®; cos,?) . (2.38)
i=1

ITocne noacranoBku cioga ¢ =0, HaYadbHEIE YyCJIOBUS 3aIIUIIYTCS B BUJIC
u e o u - 00
2ud; =u’; Yu(4m)=u". (2.39)
i=1 i=1

YMHOXKHB 3TH BBIPAXKECHHS HA MATPHUILY-CTPOKY (ﬁj )TM , c yaetoM (2.29), naiinem:

u.)" Mu’ u.) " Mu®
4 = (_’)T; 4 = (Qf - (2.40)
(u;) Mu; o;(u;) Mu;

2.4. CucreMa ypaBHeHHUI1 CBOOOJIHBIX 3aTyXAKOIIUX KOJIEOAHUI U ee peleHue
METOAOM Pa3JIoKeHHs BEKTOPa HCKOMBIX NepeMelleHUil 110 BeKTopam
nepeMeienuii B COK

PaccMoTpuM  pacdeTHYHO cXeMy COOPYKEHHS B BHJIE HEBECOMOIO YIPYTOro
JUHENHO 1e(OopMUPYEMOro CTEPXKHS, HA KOTOPOM PACIOJIaraeTcsi # TOYEUHBIX Macc
(cm. puc. 2.1).

Takke Kak NMpU HE3aTyXaroNIMX KOJEOAHHWSIX CTEP)KHS MPU ydeTe TOJbKO
MIOTIEPEYHBIX K OCH CTEPXKHS MEPEMEIICHUSIX TOUYCYHBIX Macc OyJeM UMETh CHCTEMY
C 1 CTENEHSIMHU CBOOO/IBI.

CucteMy ypaBHEHUM ee CBOOOJHBIX 3aTyXalolUX KOJeOaHWM, Kak U MpHU
He3aTyXawluX KojiebaHusx (cM. cucTeMbl ypaBHeHuit (2.1) u (2.2)), 3anuiieM B
MaTpUYHOM BHUJE 1O AHAJIOTHUU C YPaBHEHUSMH JII CXEMbl C OJHON CTEMEHBIO
cB0001bI (cM. ypaBHeHus (1.60) u (1.61)):

Mii+Cu+Ku=0. (2.41)
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u=D(-Mii - Cu) (2.42)

B ornuuue ot cucrtem ypaBHeHuid (2.1)u (2.2) cucTeMbl ypaBHEHHUS IJis
3aTyXaluX KojeOaHull cojepkar emie oJIHO claraeMoe, KOTOPOe YUUTHIBAET CHUJIbI
HEYIIPYToro COMPOTUBJICHHs MaTepuana. /st MaTpu4HbIX ypaBHEHHI 3TO O3HAYaeT
no0aBieHHEe  BEKTOpa CWJI  HEYNpPyroro  COMNpOTHUBJIEHUS, KOTOpPBHIA B
CKOpPPEKTHPOBAHHOM MeToze Doiirra [4] umeer BU:

r,=—Cu. (2.43)

Bektop u B (2.43) sBiserca BEKTOPOM CKOpPOCTE Macc W HMMEET BUJ
AQHAJIOTUYHBIA BUJY BEKTOPOB IIEPEMEIICHMM W M YCKOPEHHH U Macc
(cm. (2.3)); matpunia C npencrapisieT coO0K MaTpuIly JeMIIpUPOBaAHUS.

Pemenne yka3aHHBIX CHCTEM YPaBHEHMH C HCIIOJIb30BAHUEM  Pa3IOKEHUS
(2.10) mpu ydere CHUJI HEYNPYroro CONPOTHUBJICHUS B BHUAE BekTopa (2.43)
OKa3bIBA€TCAd BO3MOXKHBIM, €CIM Hapsy co cBoOMcTBOM opTtoroHaibHoctn COK B
Bujie (2.29) u (2.33) npeanoaoxuTh HaTUIUe CBOMCTBA OPTOTOHAIBHOCTH B BU/JIE

(u;)'Cu; =0, j#i. (2.44)

B sToM ciydae cucTtemMbl ypaBHEHHWW JBIDKEHHUSI Macc B mepBoil (2.42) u

BTOpori (2.43) ¢dopmax 3ammcu pa3ACIAIOTCS COOTBETCTBEHHO Ha CHCTEMBI

OIHOPOAHBIX ypaBHeHuM (2.15), (2.16) m ypaBHeHue (2.45) s omnpeneeHuUs
¢ynkunu Bpemern @, (¢) ms kaxnoit i —oit COK:

b, (1) +2¢,D,() + o ®;(1)=0,i=1,2,3..,n, (2.45)

re BBEICHO 0003HAUYCHUE

u)'Cu
2g, = (W) CU; (2.46)
(w;) M,
Pemenne ypaBHenus (2.45) uzBectHo (cM. noapaszzaen 1.2):
D,()=e "' (4;cos0p, t+ Ay, sinwpy, 1),i=1,2,3...,n. (2.47)

Ota GyHKIMS MMOKa3bIBaeT, yTo Kaxaoh i —i COK cooTBeTCTBYEeT HEKOTOPOE
rapMOHHUYECKOE 3aTyXarouiee KouedaHue.
VHTEHCUBHOCTh 3aTyXaHHUs KOJIEOaHMH XapakTepusyeT Kod(Q(QULIUEHT €,

KOTOPBII MOXET OBbITh OompenesieH o Kod(d@uimeHTam, U3BECTHBIM U3 MOApa3zelia
1.2 (em. (1.76):

_ %y v _Vu (2.48)
& =_—"0p; =——0p;, = ~WOp,,
27 41 2
rie ®p; — 4YacToTa 3aTyXawlmx KojeOaHuil, coorBercTByromas i—oit COK u

onpenensemas s kaxaon COK u3 BeipaxkeHul aHanoruuubix (1.77).
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B cBsa3u ¢ teM, uto B opmynax (1.77) st CTPOUTENBbHBIX KOHCTPYKIIMMA
2_ V2 0,0
(vy) —(2—) =(—%)" <1, mnomyunm op; *®; U, creposarenvHo, Ip;=T;.
T T

[TosToMy muIs ompeneseHusl € MOXKHO HCIOJIB30BaTh Takxke BblpaxkeHue (1.80) c

ydyeToM paBeHcTBa (1.81).
[Tocrosiuuble uHTErpUpoBaHus B (2.45) ompenenstoTcs TakkKe Kak JJid
HEe3aTyXarolMxX KoJjeOaHuil M, Mociieé MCIOJIb30BaHUSI CBOICTBA OPTOTrOHAIBHOCTU

C®DK (2.29), nomyvarorcs B BUJie
()" Mu® ()" Mu*™ vy,
=g DyyE o ——+
(u;) Mu; o; () Mu; 2

A

1

Ay (2.49)

2.5. CucreMa ypaBHeHHUIl BbIHYK/ICHHBIX K0JIe0aHUIl W ee pellleHHe MeTOI0M
Pa3J10KeHUs] BEKTOPA HCKOMBIX NepeMelleHHH U BeKTOPa 3aIaHHbIX HAIPY30K
no BekTopam nepememiennii B COK

PaccMoTpum Xon pelieHus 3TOM 3aJa4yd Ha [pUMEpe YOpPYyrod JIUHEUHO
nedopMupyemMoil cucteMsl, n3o00pakeHHoU Ha puc. 2.1. JlomycTuMm, 4TO0 K MaccaMm B
HaIMpPABJICHUU TOMEPEK OCU KOHCOJM NPHUJI0KEH BEKTOP BHEHMIHUX JTHUHAMHUYECKHX

CUJI, UBMCHAIOIMIHUX CBOC 3HAYCHUC BO BPCMCHHU !

p=(R(®) P® . . . BO). (2.50)
BBens 93TOT BEKTOp B CHCTEMY YpaBHEHUH CBOOOJHBIX KoOJeOaHUH,
3anucaHHyo B popme MeToaa nepememnienuii (2.42) unu B popme meroma cui (2.43),
IIOJIyYUM JIB€ aHAJIOTUYHBIX (POPMBI CUCTEMBI YPaBHEHUH BBIHYKJIEHHBIX KOJICOaHMIA:
Mi+Cu+Ku=p; (2.51)
u=D(-Miu-Cu+p). (2.52)
HavanbHbie ycioBus 1BvxeHus npu ¢ =0 OyzneM cuuTaTh HYJIEBBIMU.
Xon peweHus pacCMOTPUM Ha MpUMEpe CUCTeMbl YypaBHeHHH (2.51).
BrimonHnMm ciienyromue 1eicTBUs.
1. IloacraBum B (2.51) BEeKTOp MCKOMBIX NEpPEMELIEHUI Macc Mpu
BBIHYKJICHHBIX KoJieOaHusaX B Buae pasnoxenus no COK (2.10) u cooTBeTrcTByIOIMIHNE
Pa3ioKEeHNsI BEKTOPOB POU3BOIHBIX.

2. Ilonmy4yeHHyX0 CHCTEMY YpaBHEHUH YMHOXXHM CJIeBa Ha MAaTpPHULY-CTPOKY

(ﬁj)T U HUCIOJb3yeM cBoWcTBO oproroHanbHoct COK B BHme (2.29), (2.33) u

(2.44). B pesynbraTe BMecTOo cuctembl (2.51) » ypaBHEHUN C #n HEU3BECTHBHIMU

NOJIyYMM 71 HE3aBUCUMBIX ypaBHeHUl (i =1, 2,...,n):
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b, (0{(1)" M, + B, ()W) C, + &, ()W) KW, = ()P, (2.53)

[TockoOJIBKY IpY YMHOKEHMM MaTPHULBI-CTPOKH (ﬁj)T Ha matpuusl M, C, K
MIOJTYYMM COOTBETCTBYIOIINE MAaTPHUIBI-CTPOKH, TO PE3YIHTATOM YMHOKEHHUS MaTPHII
B (pUTypHBIX CKOOKax OYIyT CKAJIIPHBIC BEJIMUHHBI.

3. Pasnenum ypauenue (2.53) Ha ckamsipuyro Benuuuny (u;)'Mu;. Ilpu

STOM BO BTOPOM CJIara€MOM YpPaBHEHUS yUTeM YK€ U3BECTHOE 0Oo3HaueHue (2.46).
B Tperbem cnaraemMoM yuTeMm, 4TO M3 ypaBHeHHUA (2.15) mpum yMHOXEHUHM €ro Ha

MaTpHILy-CTPOKY (u;)" mosydaercs
— T Pr—
(0;) Ku;
— \T —
(0;) My,
Jlsis cnaraeMoro ypaBHEHHs, MEPEHECEHHOTO B MPaBYIO 4YacTh, IOCIE €ro

2 .
=w;,i=12,..,n.

JIeJICHUsI Ha CKAISIPHY0 BennuuHy (U;)" MU, BBeieM HOBOE 0003HAYEHHE

— \T
WP gy i=1,2,0m. (2.54)
(w;) M,

Oynkuus H;(t) sBnsgercs KOXPOUIMEHTOM pa3lokKEeHUS BEKTOpa 3aJaHHON

Harpy3ku p 1o coOCTBEHHbIM (hopmam KosieOaHUil B BUJE:

p= fMﬁ,-H,-(t)- (2.55)
i=1

YMHO)kUB (2.55) Ha MaTpUILy-CTPOKY (ﬁj)T (cM. (2.53)), c yueTom CBOMCTBa
optoroHaibHOCTH CDK (2.29) nonyuum (2.54).

VYpaBuenue (2.53) mnpumer BUJ YpaBHEHHs BBIHYXICHHBIX KOJIeOaHMIA
CHUCTEMBI C OJHOU cTeneHbio cB000bI (1.82)

O, (1) +2e,D,(1) + 07D, (1) = H, (1), i=1,2,..,n, (2.56)
pemeHHe KOTOpOFO HpI/I HYJ'IGBBIX Ha4YaJIbHBIX YCJ'IOBI/IHX HUMECT BU] I/IHTeraHa
Hroamens (1.84):

—£.(1-71)

P, (1) = (DL th,—(r)e sinw,; (¢ —1)dr. (2.57)
i 0

B o6mem Bume Bektop p (2.50) sBnsercs mpousBosbHBIM. OmHAKO, IS

MHOTUX MPAaKTHYECKUX 3aJad, HampuMep A1 TapMOHUYECKHUX KOJIeOaHWH M TpH
pacyere COOPY)KEHHMHM Ha CEHCMMYECKOE BO3ACHCTBHE PACCMATPUBAIOTCS YaCTHBIC
Clly4yau, KOrJja BEKTOpP P MOXXHO IPEACTABUTH B BUJE

P=Po/ (). (2.58)
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re p,— 3aJaHHBI BEKTOP aMIUIMTYAHBIX 3HAUYCHUN cuil; f(f)— 3afaHHas QyHKLu,
XapakTepu3yronias "3MeHeHue cuil Bo BpemeHu. Toraa uz (2.54) noayuum
H;(1)=m,/ (). (2.59)
3nech nocrosiHHasA i i —oi COK BenuuuHa T; onpenensercs u3 GopMyiisr:
ﬁizm, i=12,..,n. (2.60)
(w;) M,
[ToncraBum (2.59) B unterpan Hroamens (2.57) u mpencraBuM €ro B BHJIE
(2.61), rme (c yuetrom op; = ;) B,;(¢) onpenenurcs u3 uHrerpana (2.62).

(Dl.(t):l’éﬁ(t), i=1,2,...n. (2.61)

t —& (1—-71)
Bi()=0;[f(t)e sin (oi(t —1)dr. (2.62)

0
YuuteiBas (2.61), uckomslii Bektop (2.10) MOKHO 3anucaTh B BUJE:

u=Yu; = 3w (1) =Y no; B, (2.63)

i=1 i=1 i=1

rae

n; =My, (2.64)

ABJISIETCSI BEKTOPOM JIOKAJIbHBIX KO3 puuuentoB i—oit CDOK, cOOTBETCTBYIOLIUX
KaXXJI0M Macce B HaIlpaBJICHUHU €€ CTETIEHU CBOOOIBI.

Kak Bugno u3 (2.30), Bekropy nepememenuii u; B i —oii COK coorBercTBYET
BEKTOP aMIUIMTYAHbBIX 3HAYEHUI CWJI UHEPLIUU J; = a)izM u; (2.28).

BpinonHuB cTatuyeckui pacyer paccMaTpuUBAEMOM KOHCOJIM OT J3TUX CHJI,

NOJTy4YUM M3ruOaronye MOMEHTBl M) ;U momnepeuHsle cuibl (J; ;B €€ CEUCHMAX k

i—# COK, a mo HUM COOTBETCTBYIOIINE HOPMAJIbHBIC U KacaTeIbHbIC HAIPSIKCHHUS.
O0603Ha4nM J1100YI0 TaKyl0 BEJIMUUHY Vj ;.

B cootBeTcTBUM ¢ paznoxkeHueM (2.63) oka3biBatoTCs pasiioxkeHHbIMU 1o COK
U BCE HArpy3Ku, U BCE YCUJIIUSA, U BCE HAIIPSAKEHUS.
Paznoxenue Harpy30k npeacTaBiisieTcsl B BUJE:

§$= ési = éjz O, (1) = é(@izM u; )q)i(f) :éM AR (2.65)

rae S=p+ j+r, SBISETCA CyMMapHBIM BEKTOPOM BCEX HArpy30K, JICUCTBYIOIIMX Ha

paccMaTpUBaEMyI0 CUCTEMY;

s;=j; ©;(1)=Mn; B,;(1) (2.66)
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IPEICTaBIIAECT COOO0M BEKTOP HATPY30K, MPUXOSIINXCA Ha cucTteMy B i - it COK.

PasnoxkeHne BemmuumHbL Vv, =V, (f) (yCWwiMd WIM  HaINpsDKEHHs) 110

COOTBETCTBYIOIIUM HE 3aBUCSALIMM OT BpeMeHHU BennunHaM V; B COK umeer Bun:

V() = S vy = zl 7y O,(1)= zl 571 07 B (0. 2.67)

i=1
AHaTOTUYHBIA pe3yJbTaT MPH HMCIOIB30BAHUHM METOJIa PAa3JIOKECHUS BEKTOPA
UCKOMBIX mepemenieHuid (2.10) u BekTopa 3aJaHHBIX Harpy3ok (2.55) mo

COOCTBEHHBIM BEKTOpaM Wu; IOJIy4YWICS Obl IpU PEIIEHUH CUCTEMbl ypaBHEHMH

BBIHYKJICHHBIX KoyieOanuit B hopme (2.52).

[TonyueHusIe bopMy Bl MIO3BOJISIFOT HAMETHUTh CJIEYIOIIY IO
MOCJICIOBATEILHOCTD PEIICHUS 3a/1a4i METOJIOM Pa3JIOKEHUS BEJIMYWH, BXOJSAIIUX B
ypaBHEHHUS BBIHYKJICHHBIX KosieOanuii, mo COK.

1. Omnpenensiercsi CHEKTp COOCTBEHHBIX dYacToT (2.23) He3aryxaroumx
KoJieOaHUN paccMaTpyUBaeMO PAacueTHOU CXEMBbI COOPYKEHHUS W JJIsd KaKIou i—i

CDOK HaxomsaTcs COOTBETCTBYIOIIME COOCTBEHHOW  YacToTe

i BCKTOpa

HGpGM@HICHI/Iﬁ Macce ﬁi IO HAIIPABJCHUIO IIPUHATHIX JIA pacdeTa HUX CTCIICHEH

CBOOO/IBI,

OTta 4YacTh pacueTa COOPYKCHHS Ha BBIHYXJICHHBIC KOJCOAHUS TIpH
ucnoiyib3oBaHuu nporpammbl SCAD COOTBETCTBYeT pelleHuto 3a1auu «MoaabHbIi
aHaJn3y, 1aXe, €CIU OHa ObUIa BHITIOJHEHA OTAEIBHO.

2. Ilpm 3amanumM BekTOpa BO3MyIIawoIied Harpy3ku B Buge (2.58)
omnpenenaorcs nocrosiHHble A Kaxnaoi COK koapduumentsr m;, i=1,2,...,n,
(2.60) 1 BekTOpPBI JIOKaIbHBIX K03 PunmenroB COK N, = nu; (2.64).

3. [To ¢opmyine (2.28) onpeaenstoTcs: aMIUIMTYHbIE 3HAUEHHUS] HHEPLUOHHBIX
cun :(D?Mﬁi U BBIIOJHAETCA CTAaTHUYECKUN pAcUeT ¢ LENIbI0 ONPEIEICHUs
TOOBIX k —bix yCWIIHA uiu HanpspkeHuit B i —it COK (i =1,2,...,n).

4. na kaxaoit COK nomxeH Boluucisiercss uaterpan (2.62).

5. Jlamee BwIMONHSIOTCS cymMmupoBanus (2.63), (2.65) u (2.67) s
BBIUMCJICHUSI COOTBETCTBYIOIIMX HCKOMBIX BEIMYMH B WHTEPECYIOIIME pacyeTyHKa
MOMEHTBI BPEMEHHU.

OnHako 4YETBEPTHIM W TATHIA TMYHKTHI SIBISIIOTCS BEChbMa TPYIOEMKHMH.
[ToaTOMy, mpu peleHur MNPAKTUYECKUX 3a4ad I CTPOUTEIbHBIX KOHCTPYKIIHMA
o0blYHO B m.4 orpaHnuyuBaroTcs omnpeneneHueM B Kaxiaod COK  Tosbko
MaKCHUMaJIbHBIX 3HAYEHUN UHTErpaa:
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B; = max| B;(1). (2.68)
B sTom cnyudae uckomble BennunHbl B COK CTaHOBUTCS HE3aBUCHUMBIM OT
BpeMeHHM (CM. cliaraembie B popmyax (2.63), (2.65) u (2.67):

a,; = max| u; (1) = N,0; B (2.69)
s, =max|;s,() =Mnp, =GnB,/g: (2.70)
Voi = max‘tvi (1) =v; B; (2.71)

B nnxeHepHOH NpaKTUKE, I CYMMHUPOBAHUS 3TUX HE3aBUCUMBIX OT BPEMEHH
aMRAUmMyOHbIX 3HAYEHUN, TOJIYYCHHBIX B PE3yJIbTaTe pa3JIOKEHUS HCKOMBIX
BeaquunH 1o C®OK, u onpeneneHuss HMX pacyeTHBIX 3HAYEHHM NPUMEHSIOT
OpUONIMIKEHHBIE  METOJBI, KOTOpbIE pPACCMOTPUM Jlajee IMPUMEHHUTENBHO K

KOHKPCTHBIM 3aaa4aM.

2.6. Metoa pa3iio:kenusi HICKOMbIX BeJJU4uH 10 CPK npu ycTaHOBUBIIUXCHA
TAapMOHUYECKHX KOJeOaHUAX

[Ipenmnonoxum, 4TO Ha CHUCTEMY C K CTENEHSMU CBOOOIBI 3aJlaH BEKTOpP
BO3MYyIaroed Harpy3ku B Bujae (2.58). TpeOyercs omnpenenuTh MepeMEIICHHUS,
YCWINS U HANIPSDKEHUS TTPU YCTAaHOBUBIIIUXCS TAPMOHUYECKUX KOIEOAHUSIX CHUCTEMBI.

JIns peleHus UCIoab3yeM METOJ Pa3sioKEeHHs] UCKOMBIX BeInurnH o COK u
COOTBETCTBYIOIIME  (QOPMYJIbl, TMOJY4YEHHbIE B  NOPEAbIIyIIEM MOApa3ere.
Konkperusupyem Bun ¢opmyn i mgwoboi i—# COK npumMeHUTENbHO K
paccMaTpuBa€MOMY BapuaHTy, Korja f (1) =sin0¢.

[ToacraBuB 3Ty GyHKIHIO B WHTErpai (2.62), 3amuimeM Jjis HEro pericHue,
U3BECTHOE U3 nojipasnaena (1.4), B Buze:

B;(#)=PB,;sin(0f—a;) (2.72)
r7ie 1O aHaJioruu ¢ BeipaxkeHusiMu (1.95) u (1.99)
B = 1 B 1 B 1
’ 02 02 0> 0> 0> 0> (273
-2 vae2 Y Ja-Uyrha O Jan 2 O 27
®; ®; ®; ®; ©; ®;
0 0 0
281' ) 2C7 Ya
o, = arct S - = Y
i~ g 5 = arctg 02 = arctg 9% - (2.74)
l—— 1—— l——
0)2 (02 (02

i i
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Torma BEKTOPBI HCKOMBIX nepeMenieHui (2.63) u cymmapHbIX Harpy3ok (2.65)
3aMUIIyTCS B BUJIE:

n=Xup =y O, ()=Yn, 02 B, (1)=Ya,sin(0r-a,): (275
i=1 i=1 i=1 i=1
n n - 2 .
i=1 i=1 i=1
rie  ay; MU S, HOPEACTaBIAIOT COOOH  BEKTOpbl aMIUIMTYIHBIX  3HA4YCHUM

COOTBETCTBYIOIIMX BEKTOPOB, ompeenseMbix 1o dopmynam (2.69), (2.70) mus
kaxxgou COK.
Hcnonp30BaB U3BECTHYIO TPUTOHOMETPUUECKYIO (hOPMYITY
sin(B7+ a;)=sin 67 cos a; £ cos O¢sin a;, (2.77)
npeacTaBuM pemienus (2.76) u (2.77) B Buze:

n

u=>)a,sin(0z—a;)=a'sin0z—a"cos 07; (2.78)
=1

s=>8,sn(0f—o,;)=s"sin07r—-s"cos 07, (2.79)
i=1

IIpumeuanue k gpopmyaam (2.78) u (2.79). B nanHOM ydueOHOM NOCOOUH MPOLIECC MOITYyUEHUS

(opMyn 1 BHMUCIEHHST aMILTMTYIHBIX BekTopo a',a”", s’ s” me paccmarpupaercsa. C yuetom

MPUHATHIX paHee 00O03HA4YeHWi (B TOM uucie B mozpaszaeie 1.4) mpuBeneM COOTBETCTBYIOIIHE
(dhopMyIIBl B OKOHYATEIIEHOM BHUJIC:

n
i —n2 .
a'=Ya),rne a; =aq,0; u » @ =MPivs
i=1
" LA " —2— —n2
a" =} a;,rne a; =bo, u,, b, =nP;v,;
i=1
' n 2
s'=Ys),rae s, =o' Ma' =aMu, =y,B;Mn,;
i=1
” n 2 "
s"=3Ys", e s’ =o' Ma"=bMu, =y, B’Mn,.

1

i

W3 Hux, Kak 4acTHBIN cioy4ail, nomy4arorcsa ¢popmyist (1.97)* u (1.111), nomyueHnsle 1is
aMIUTMTYIHBIX 3HaueHuid A" u A" mepeMemieHuss MacChl M COOTBETCTBYIOIIMX aMILIMTYTHBIX
3HayeHnid S’ W S" WMHEPUHMOHHOW CHIIBI B CHCTEME C OIHON CTENeHbIO cBOOOABI. [Ipu sTOM

CKaJIPHYIO BEIMYUHY B 4HCIUTeNe BbIpaxkeHHsd (2.60) nas CKalsipHOM BEIMYMHBI T); MOXKHO
paccmatpuBaTh Kak 0000mmenHyo cuty B COK ¢ Homepom i: P, =(W,)'p,, a CKaIIPHYIO

BEJIMYMHY B 3HaMeHaTene BoipaxkeHus (2.60) — kak 06o0imeHHyo Maccy m; = (u;)' Mu; B 3T0ii xe
COK.
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[IpuBenennpie GOpMyJBl aHAIOTUYHBI HUCTONB3yeMbiM B mporpamme SCAD [23] u
MoydyeHHbIM B y4yeOHuKe [11] (¢ yueroM NpUHATHIX B YKa3aHHBIX paboTax O00O3HAYEHUU U

HECKOJIBKO OTJIMYaromieics (GOpMbI UX MPEACTABICHNUS).

[Tocne ompeneneHuss BEKTOPOB Harpy3ok s',s” (2.79) BBINOTHSIOTCS JBa

COOTBETCTBYIOIIUX CTATHYECKUX pacuyeTa M ONPEHAECIATCA YCUIIUS, HaIpUmep,
M ,’C u M ,’C’ JUIT M3rHOArIIMX MOMEHTOB B cedueHuu k. PacuerHeie ycuius,

Hanpumep, My, JUISL M3rHOAMOIIETO MOMEHTA B CEYCHHH k, ONpEIeNseTcs M0

bopmyne

My, =(M})? +(M])?. (2.80)

Il pumep 1. B npumepe 1 moapasznena 1.4 ObLIO pacCMOTPEHO pEILICHHE 3aJadd O
BBIHYKJICHHBIX KOJICOaHUSAX KeJIe300€TOHHOM OalKH € 3JeKTPOJBUIATENIEM, PACIIONI0KEHHBIM 10
cepeaMHe ee mpoJieTa. PacueT BBHIMONHAJICS OT ABYX CTaTMYECKHX 3arpyeHui (3arpyxxenue 1 c
HUMEHEM «CB-0» OT COOCTBEHHOTO Beca OalKM U 3arpyKeHue 2 ¢ UIMEHEM «CB-II» OT COOCTBEHHOI'O
Beca JBHUraTens) a Takke OT JAMHAMUYECKOTo 3arpy>KeHUs BEPTUKAJIbHOM TapMOHHUYECKOH

Harpy3koil P(t) = P,sin0¢ (3arpyxeHue 3 ¢ UMEHEM «rapM-1») mo pacueTHOW cxeme Oalku B

BUJIC CHCTEMBI C OJTHOH CTENEHBI0 CBOOOIBI (CM. puc. 1.24, 6).

PaccmotpuM perieHue 3TOM ke 3aauu ¢ MCMOJb30BaHHEM pacueTHou cxembl MKD, korma
Oallka 1O JUIMHE TMpoJieTa pa3/ieJicHa Ha 4YeThIpEe pPaBHBIX KOHEYHBIX JJIEMEHTA THIA 2
(cm. puc. 2.2, a, 6). B aTOoM ciyuyae npu 3arpy>kKeHHH y3ja 3 TUHAMHUYECKOW HArpy3Koill B BHJIE

P(t)=P,sin0¢ mnony4uM pacueTHyl0 CXe€My B BHUJAE CUCTEMBl C TpeMs CTEINEHSIMU CBOOOMBbI,

KOTOpasi MOKET OBITh IIPE/ICTaBIICHA B BUJE, IPUBEICHHOM Ha pHuC. 2.6.

CHavana co3fgaiuM CTaTUYECKHE 3arpykeHus 1| u 2 COOTBETCTBEHHO OT COOCTBEHHOI'O Beca
Oayiku W ABUTATENs. 3aTeM MeperseM K TWHAMUYECKOMY 3arpy>KeHHIO Uil pelieHus 3aaadd 00
YCTAaHOBUBIINXCA TapMOHHUYCCKUX Koae0aHusIX CHUCTCMbI, BbI3BAHHBLIX BpallCHUCM PpOTOpa

JNEKTPOABUraTeNsl C TEMHU JKE€ [apaMeTpaMu, KOTOpbleé pacCMAaTPUBAIUCh IPH PELICHUH

AQHAJIOTUYHOM 3a7a4 JJIsl CUCTEMBI C OJJHOU CTENEeHbI0 CBOOO B! (cM. ipuMep 1 B moapazaene 1.4).

. %P(r)

Puc. 2.6

Jran 3. Co3nanue 3arpy:xkeHusi 3 «['apm-3» nis1 AuHamMuveckoi 3agaun «['apmonunveckmne

KoJebanusa». [ljig 3Toro HaKMEM KHOMKY B Ha MHCTPYMEHTAJIBHOW ITaHENN, COOTBETCTBYIOLICH
paszaeny 3arpy:KeHue U OTKPOEM IEpBYIO CTpaHULly «BBoz mapaMeTpoB AMHAMUYECKOM HAarpy3Ku»
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raoroBoro okHa «Ilapamerpsl TuHaAMHYECKUX BO3JCHCTBHID (BUI OKHA 3/1€Ch HE MPUBOJIUTCS).
Ha mnone «Bun BozneiictBusi» BblOMpaeM «['apmMoHHMueckue KosieOaHus» M JAeaeM 3aluch
(Hanpumep, «rapM-3») Ha cBeTIIOM moJie «Mms 3arpykeHus.

3areM BbIOMpaeM B BepXHEH YacTu auaigoroBoro oxHa «['apMoHMuYeckue KosaeOaHus».
OTkpoercst BTopasi CTpaHULa OKHA, YaCTh KOTOPOTO C BBEJCHHBIMH ITapaMEeTpaMu PUBEIEHA HIDKE.

BEOA NapameTpos AMHAMUYEck ol Harpyskd [ APMOHWYECKME konetaHua

™ Uyer npomesyTodHe PESOHAHCHEIR COCTOAHME

* Pacyer Ha 3a1aHHYK YAcTOTy
Y100 yYMTEIESEMEIR SOph r
COSCTEEHHENY KONEGaHHE

K.oa ppLUMEHT HEYNpYroro W

CONPOTHENEHHWA MATEPHANS

KI:I':IFEIBEIH H3CTOT3 BHELWHErD 52 3;:1 pa,ﬂ,.-"CEK

BOSAEHCTEMA
TOYHOCTE EEMUCIEHMA oo
YACTOTEI

HeoOxonumeble A1 3aM0JHEHUS] 3TOTO OKHA JIaHHBIE aHAJIOTMYHBI (KPOME YMCIIa YUYUTHIBAEMBIX
C®K) ucnonb30BaHHBIM JaHHBIM B mpumepe | mompasmena 1.5 mpu pacCMOTpEeHUM 3aadyul JJis
CUCTEMBI C OJHON CTETIEHbIO CBOOO/IBI.

[lonTBepauB BBeneHHYIO MHPOpMaIHIO HaxkatueM KHONKU «OK», 3akpoeM 1aioroBoe OKHO U

111.|_/
i

Ha MHCTPYMEHTAJIBHON MAaHENIN pasfesa 3arpyKeHusl Ha)KMEM KHOIKY «HepuroHHbIe
XapaKkTepuCTUKU». B oTkpbiBlIEMcs cniicke BbiOMpaeMm «I'apmonunueckue konebaHus». OTKpoercs
JIMAJIOTOBOE OKHO, 3allOJJHEHHAsi MCXOJHBIMU JIaHHBIMM OCHOBHAsi 4acThb KOTOpPOrO IpHUBEAEHA

HHXCE.

HanpaeneHwe s Y z

[N apareTpel EosLERCTENA

Bec macckl B yzne 15 T

BenuuuHa amnauryak 042 T

3akoH konefaHua ik -
CaBur $askl 0
[paamaH]

OHO 3amoJIHEHO AJI1 TapMOHUYECKOM CHMIIbI, MPUJIOKEHHON B y3lie 3, TEMHU K€ HMCXOJIHBIMU
JAHHBIMU, YTO U MPU pacyeTe 0aJKu KaK CUCTEMBI C OJTHOM CTETIEHBIO CBOOOIBI.

[locne 3akpbiTusi OkHa HaxkaTtueM KHonku «OK» HeoOxonuMo «oTrMeTuTh» y3en 3 (3Ta
MpoLeaypa HEOJHOKPATHO BCTpeyasaach paHee).

'I'H.|/
i

3areM elie pa3 HaXMEM KHOIIKY «/HepIMOHHBIE XapaKTEepUCTUKU». B OTKpbIBIIEMCS
cnucke BeIOMpaeM «3anaHue macc». OTKpOETCS OKHO, KOTOpOe€ ObLJIO HCIIOJB30BAaHO paHee B
IpUMEpe pacueTa CHCTEMbl C OJHOM CTENeHbI0 CBOOOABI JUIS 33JaHUS  PABHOMEPHO

pacrpeieieHHOM MacChl CTEPKHEBBIX KOHEUHBIX 3J€MEHTOB Tuma 2. B panHoW 3amaue Ha
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MNPUBCACHHOM HHIKC IIOJIC OUAJIOrOBOI'0 OKHa «MAaCChl B 3JICMCHTAX» BBOJUTCA BCC OJHOI'O METpa

JUIMHBI 3JIEMeHTa ¢5 = (2.5 tc/M’)-(0.24 M?)-(1M) = 0.6 ¢ ).

o M accel B 3 nereHT ax

(+ PacnpegeneqHeie | MnacTuHe

" CocpenoTodeHHsE

Bec maccel |06 T

[Tocne 3akpbiTHsi OKHa HaxaThueM KHONKH «OK» 3/1eMeHThl Ha pacyeTHOW CXeMe, MMEIOLIUe
YKa3aHHYI0 HMHTEHCHUBHOCTb BEca, «OTMEYAlOTCA» Ha pacueTHOM cxeme MKD yxe H3BEeCTHBIM
croco0oM (CM. MpeabIAYIIIe MPUMEPHI B JAHHOM 1ocodun u B padborax [1, 2, 23, 25]).

B pesynbrare mnomyuum cxeMmy 3arpyXeHuss Oalku C HMMEHEM «rapM-3» B BHJE, YXKe
BCTpEUYaBLIEMCSl NPU pEIICHUH AMHAMUYeCKOW 3anaun «MojanbHblil aHanu3» (cMm. puc. 2.3).
BrInonHeHHOE 3arpyKEHUE COXPaHIEM.

Jtan 4. Bbino/iHeHHe JIMHEHOTO pacyeTa M NMPHUBeJEHUE ero pe3yabTaToB. Pe3ynbrarsl
pacuera auHaMu4eckorl 3amaun  «['apMmoHuueckwe KoysieOaHUS» BBIAAIOTCA B TaOIUIE
«OdopmiieHne pe3yabTaTOB pacuera» B pasfene «JlmHaMuka» B BUAC CIEAYIONUX YETBHIPEX

TaOJINII.

| PACIOPEIEJNEHMNUE BECOB MACTC, TC |
| 1 2 3 4 5

| 1 - ( rapm—3) |
|z 1.2 2.7 1.2

|3arpy: N COBCTB. YUACTOTH [IEPVOIH |
| /I @ e
| xeHME SHAUEHUS 1/C T c |
| 1 1 .0137914 72.50864 11.5459%906 .08606103]
| 2 .0027208 367.5373 58.52505 .0170867]
| 3 .00150063 ©663.8773 105.7129 .0094595]
| ® O PMBH KOJEBAHUMUMM, M (cM. puc.2.4)

| 1 2 3 4 5

| 1 - 1 ( Tapm-3) |
| Z .6994 1. 0994 |
| 1 - 2 |
|z 1. -1

| 1 - 3 |
|z 1. -.6216 1



| 1 2 3 4 5 |
| 1 - 1 ( rapm—-3-2) |
| Z .0964 .7295 .09064 |
| 1 - 2 |
| Z -.0277 =-.1272 -.0277 |

WHepuyoHHbIe CUIIBI MPEACTaBIEHbl B TaOIUIE B BUAE aMIUIUTYAHBIX 3HaueHUd S, u S, ,,

rne k=2,3,4 — Homep y37na B pacueTHol cxeme (puc. 2.7, 6, 2), 1 © 2 — HOMepa COCTaBIIAIOIIUX
BektopoB 8' u s8" cymmapHoi (o Bcem COK) Harpysku (cm. (2.79)).

[lepemerieHust Mpu yCTAaHOBUBIIUXCS TAPMOHMYECKHUX KOJEOAHMSX (3arpyKeHue «rapm.-3»)

BBIIAFOTCSI TAK)KE B BUJIE JIBYX aMIUTUTYIHBIX 3HaUeHUl (cMm. (2.78) u puc. 2.7, a, 6):

| 1 2 3 4 5 |
| 1 - ( cB-0O) |
| Z -1.034 -1.452 -1.034 |
| 2 - ( cB-m) |
| Z -.4992 -.7262 -.4992 |
| 3 - 1 ( rapm—-3 ) |
| Z -.2895 -.4174 -.2895 (puc. 2.7,a) |
| 3 - 2 |
| Z 0557 08 0557 (puc. 2.7,6) |

OpauHaTel 3M0p M3rHOAlONIMX MOMEHTOB (M HE NPUBEIEHHBIX 3/1€Ch IONEPEYHBIX CHI)
BBIIAIOTCA IPU  YCTAHOBMBILMXCSI TapMOHHUYECKUMX KOJEOaHUAX B BUAE [JBYX BEJIUYMH,

! "

COOTBETCTBYIOIIMX JEHCTBUIO BEKTOpoB s u s" cymmapHod (mo Bcem C®K) nHarpysku

(cM. Tabn. ycwnmit u amopel M u M" Ha 2.7, 8, 2).

| Y CUMIJT N A /HATIPAKEHNA/ B BJEMEHTAX, TC-M |

| 2 1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 |
| 1 - ( cB-0) |
| M 3.6 3.6 4.8 4.8 3.6 3.6 |
| 2 - ( cB-nm) |
| M 1.5 1.5 3. 3 1.5 1.5 |
| 3 - 1 ( mrapm-3) |
| M .9224  .9224 1.652 1.652 .9224 .9224 |
| 3 - 2 |
| M -.1827 -.1827 -.3099 -.3099 -.1827 -.1827 |
| 3 - 31 |
| M .9403 9403 1.68 1.68 9403 9403 |



Kpome Toro, B mpuBefieHHOM Tabauue ycwiuid B y3nax k Oalku BBIJAIOTCS pacueTHbIE

14

aMIUTMTYJbl OpJMHAT OmIopel 8 W 8" TPU JUHAMHYECKOM 3arpyKeHUU 3  «rapMm-3»

(Ha puc. 2.7, 6 OHU yKa3aHbl B CKOOKaXx).

-

0,92 (0.94
0,92 (0.94) 165 (1.68) (0.94)
2)
0,18 031 0,18
2 3 4
-0.0277 -0.1272 -0.0277

CymMmapHble 3HAa4YeHHs] MCKOMBIX BEIMYMH OT CTATUYECKUX M JAMHAMUYECKOTO 3arpyeHHi
M0JIy4aTcss CyMMHPOBAHMEM COOTBETCTBYIOIIEH BEJIMYUHBI OT CTATUYECKUX 3arpyXeHUl u ee
pacyeTHOro 3HAYCHMs TPH AMHAMUYECKOM Bo3zaciicTBuu. Ha puc. 2.7, 0 mTpuxoBoil IuHUEH
MOKa3aHa cyMmMMmapHas odmopa M U CIUIOIIHBIMHM JIMHUSMHU [OKa3aHO W3MEHEHHE OpAHHAT

CyMMapHoW snwopel M =M  + M, npu yCTaHOBMBIIMXCS TAPMOHUYECKHMX KOJIEOAHHUAX Oaiku

OKOJIO CTATHUYCCKOI'O ITOJIOKCHUA PaBHOBCCHUS.
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II pu mMm e p 2. C nomMoumplo TNOJYYEHHBIX B JIAHHOM paszene mocoOus QGopMy
MIPOJIEMOHCTPUPYEM BBINOJIHEHHE HEKOTOPHIX PAcYeTOB B paccMaTpUBAEMOM 3aJlaye BPYUHYIO.
HcxonHpIMUA JAaHHBIMHU JJI BBIOJTHEHHUS PAcuye€TOB BPYYHYIO OyJleM CUUTaTh OMpEEICHHBIC B
pesynbrare mMojanbHoro ananuza CHU u COK gns paccmarpuBaeMoil Oanku Kak AJisi CUCTEMBI C
TpeMsl CTETICHSIMU CBOOOIBI.

1. Boiuucienne BeKTopoB nHepuHOHHBIX cuil B COK nmo ¢opmyae (2.70). [IpenBapurensHo

(c yuerom mnpumedanws K mnoapazgeny 2.3) mo dopmyne (2.60) ompemenuM TOCTOSHHBIC
n, (i=12,..,n), 3arem 1o Qopmyne (2.64) — COOTBETCTBYIOIIME BEKTOPBI N; JOKAIbHBIX

kodpurmento COK u mo dopmyne (2.74) — makcumanbHble 3HA4YeHHS KOA(DOHUIIMEHTOB

muHamuyHocTu f3; (mpu v, =0). IIpumep Beruncnenuii ans nepsoit COK (i =1) npuseneH Huxe.

Pesynbrarel Beruucnenuit anis Becex COK (i = 1, 2, 3) npuBenens: B Tadm. 2.1.

0
(0.7 1 0.7) 0.42
— \T = \T 0
R P £ —0.108-£;
(w) Mu, (¥) Gy, uy 12 0.7) uy, Us)
(0.7 1 07 2.7 1
121,07
0.7 0.076
N, =M, =Ny, =0.108 1 _iﬁm =| 0.108 |g;
0.7)" 0.076
1 1
Pr= 7= ~=2.11;
1-(0/0,)> 1-(52.33/72.51)
G S, 1.2 0.076 0.091 0.19
So =MNB, =—nB, =| S5, _1L 2.7 0.108 |g-2.11=]0.292 |-2.11=| 0.62 | Tc.
& S,) ¢ 1.2{,0.076 0.091 0.19
Taonuma 2.1
i n;, 1/c? n,, m/c> Mn;, 1c B, 805 TC
0.076 0.091 0.19
0.108 0.108 | g 0.292 2.11 0.62
0.076 0.091 0.19
0 0 0
0 0 0
~0.076 ~0.091 ~0.091
-0.076 0.047 0.127 ~1 0.127
~0.076 ~0.091 ~0.091
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2. BbInojiHeHHe KOHTPOJIsi pa3jo:keHuss BekTopa p, mo CPK. O6patuM BHUMaHHME Ha
CIICIYIOIIMIA BO3MOXXHBIH KOHTPOJIb PACUYETOB, BBHIMOJTHCHHBIX B TaOu. 2.3. Ecim moacraBuTh
BeIpakeHue (2.58) g BeKTOpa 3aJaHHON HArpy3ku W BeIpakeHue (2.59) mis kodddunmenrta
pasznoxeHus B (2.55), To nosyuum GopmMyily, OTpaKarolLlyl0 pa3IokKeHHe BEKTopa p, B BUJE:

n o n n Grn
p0=ZMim,-=ZMr],-=MZrli=gzni- (2.81)
i=1 i=1 i=1 i=1

B namem ciydae nposepka (2.81) BbIIOTHSIETCS:

0 0.091 0 —0.091
0.42[=]0.292|+|0 (+| 0.127 |. (2.82)
0 0.091 0 —0.091

3. Boruucienue nepememienuii u ycnauii B COK B 1000m ceyenun © Oanaxu. Bexrtopy

MHEPLMOHHBIX HArpy3o0kK §; (2.70) cooTBETCTBYET BEKTOP Mporubos Oanku u; (2.69) u ycunus yy,

B JIIOOOM CEYEHUHU k , KOTOpPBIE MOXKHO OIpeneauTh o gopmyse (2.71). Jnsg cokparieHus: py4dHbIX
BbIUHcIeHUH o popmynam (2.69) m (2.71) orpaHudrMCs BBHIYUCICHHEM COOTBETCTBEHHO Mporubda
U M3ru0aoIero MOMEHTa TOJIBKO B cpeaHeM cedeHuu Oanku (y3zen 3 B mpunHsaTod s MKDO
pacueTHoi cxeme) (Tabm.2.2).

4. ComnocraBjieHMe CYMMAapHOT0 BEeKTOpPa HWHEPUHMOHHBIX HAarpy3ok mno Bcem COK,
BBIYHCJICHHOro nmo ¢opmyse (2.76) u no ¢opmyae (2.79). Oror Bekrop Bo Bcex CPK (mpu
v, =0) onpenensiercs no popmye (2.76) npu CUHyce paBHOM €IMHHLIE.

Tabnuma 2.2

i Z5;,MM Ms;, TC-M
0.108 0.228
Zy=————-2.11= =0.04 ~05-4-019.2= .
1 31 72517 2577 M3, =05-4-0.19-2=1.62 Tc-Mm
2 0 0
0.047
3 Zyy = ~1=0 M3y =-0.0275-4+0.091-2=0.072 Tc- M
(664)

B sTom ciydae (6e3 caBura no ¢ase) BEKTOPbI aMIUIUTYH §,; HPOCTO CYMMHPYIOTCS 110 BCEM

C®DK, mockonpky 0€3 yuyeTa CHJI HEYNpPYroro CONPOTHBICHHS OHU M3MEHSIOTCS BO BpPEMEHHU

CUHXPOHHO:

S | 0.19) (0) (=0.091 0.1
s, =| Sy, |= S8, =062 [+|0]+] 0.127 |=]0.75 | rc. (2.83)
s, | A 019) (0] (=0.091 0.1
p

B mnpuBeneHHoii Tabnmie pe3yibTaTOB pacueTa HMHEPUMOHHBIX cwil B mporpamme SCAD

npuBozates He Bektopsl 8, COK, a Bexropsr s’ u s" (2.79). Torna pacueTHblii BEKTOp §,

nosryautcs (2.84) moacaerom mo ¢opmyiie Buga (1.112).

Sa 0.096)" ( -0.028)° (0.1
s,=| 83, |=s'+s"= || 073 | +|- 0.127 | =|0.74 | tc. (2.84)
Sip 0.096 ~0.028 0.1
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Orot BekTOop B nporpamme SCAD He Beiuncisgercs.

5. BoluncjieHHe pacyeTHOro M3rudaroiero MOMEHTa B CpeIHeM ceYeHUH OaJIKH.
CyMMHpOBaHUE aMIUTUTYIHBIX 3HAYCHUH N3rH0atoIero MOMEHTa, BEIYUCICHHBIX B CPEIHEM
cedeHuu 6anku (y3en 3 B pacuetHoil cxeme MKD 6anku) ans Beex Tpex COK (cMm. Tabm. 2.4),
BBINIOJTHsETCS (0€3 yueTa CUl HeYIIpYroro COnpoTHBIECHU KonebaHusaMm) o ¢popmye (2.85)

aHajorunyHow (2.83):

3
My, =X M, =1.62+0+0.072 =1.69 Tc'm. (2.85)
i=1

B mporpamme SCAD sta pacueTHast Benm4auHa Oblia BerauciieHa mo gopmyie (2.80) (cm. crpoky Sl
B Tabs1. ycunuii nporpammsl SCAD):

M;, =(1.65)> +(0.31)> =1.68 Tc-m. (2.86)

Kaxk BUJUM, PACUCTELI, BBIIIOJIHCHHBIC ABYMS CIoco0aMu BBLIYHUCICHUS PACUCTHBIX BEJINYHUH (HO

nporpamMmme SCAD u BpyuHY10), IPUBOJAT NPAKTUYECKU K OJIMHAKOBBIM pE3yJIbTaTaM.

2.7. PacdeT coopykeHHMH HA celicMH4YecKoe BO3/elicTBHE MO 3aaHHOI
akcejeporpamMme 3eMJieTpsiCeHUsI

PaccMoTpuM pacueTHyr0 CXeMy COOpPYKE€HHS B BHUJE YIPYTrOW JIMHEWHO
nedopMupyeMoit KOHCOJHU, U300paxkeHHO! Ha puc. 2.1.

[Ipeanonoxxum, 9TO Omopa KOHCOJHW, a 3HAYUT U BCS KOHCOJIb, BO BpPEMs
3eMJICTPSICEHUST BMECTE C IIOBEPXHOCTHIO 3€MJIM COBEpIIAET TOPHU3OHTAJIbHBIC
Kosie0aHusl ¢ yCKOpeHueM d, =d,(¢f) (cm. puc. 1.32, a), koTopoe 3a1aHO B BHUJIE
akceneporpammbl [6, 16, 17] (ycnoBHO oHa Tmoka3zaHa Ha puc. 1.32, 2). dnsa
JaJIbHENIIEro yA0o0HO MPEACTaBUTh 3alaHHOE YCKOpeHue B Buue d,(f) (1.147), xak
9TO CAEJIAaHO MPHU PACCMOTPEHUU ITOM K€ 3aJaud I CHCTEMbBI C OJIHON CTEIMEHBIO
cB0OO B! (cM. puc.l. 32, 2).

B pe3ynbpTaTe TOpU30HTANIBHOTO IBIKEHHSI MAcC, PACIIOIOKEHHBIX Ha KOHCOJH
(em. puc. 2.1), ¢ 3agaHHBIM YCKOPEHHMEM Ha KOHCOJIb OyIyT JeHCTBOBAThb
BO3MYULIAMOIME CUIbl uHepuuu P, () =—my d, (), KOTOpble MOXHO IPEICTaBUThH B
BUjIe BekTopa (2.50).

DTOT BEKTOP MOJIyYaeTCs] IEPEMHOKCHUEM TUAaroOHAIbHOW MaTpuilkl Mmacc M

(2.4) na egunmusbli BekTOop e=(1 1....... 1)" u Ha OXMHAKOBOE MJIsI BCEX Macc

yCKOpeHue d,(t):

p=-Mea(r). (2.87)
Takum 006pa3om, BEKTOp BO3MYIIAIONIUX CUJI P uMmeeT Buj (2.58), rie
P, =Me=(G/g)e; [f()=-a,(?). (2.88)
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Bce dopmynbl, monydeHHsle B mojapasnaenie 1.7 mpu mpeacTaBiISHUHU BEKTOpa
Bo3MmyIaronmx cui (2.58) B Buze (2.87), octaroTcst 6€3 U3MEHEHUSL.

2.8. Pacuer coopykenmii Ha ceiicmnueckoe Bo3aeiicteue mno CHull meToaom
Pa3J10KeHUus HCKOMBIX BEJIMYUH U ceiicMudeckoii Harpy3ku no COK

TepMuH «HOpMAaTUBHAsI METOAMKA» O3HAYaeT, YTO ASTOT METOH SBJISIETCS
OCHOBHBIM (00s13aTE€NIbHBIM) METOJIOM pacyeTa COOpPYXKEHUH Ha CelCMHYECKoe
BO3/eiicTBUE, OTpakeHHbIM B paeidctByromux CHull [18]. Mpes meroma Oblna
U3JI0)KE€Ha B moapasnaene 1.8 mis pacdeTHOM CXeMbl B BHUAE CUCTEMBI C OJIHOU
CTENEHBI0 CBOOOIBI. 371€Ch MPUBENIEM MOCIEA0BATEIILHOCTh pacyeTa MPUMEHUTEIHHO
K CUCTEMaM C HECKOJIbKUMH (# >1) cTeneHssMu cBo0o bl (cM. puc. 2.1).

1. TlpoBoauTcsi MOJalbHBIA aHAIM3 BLIOPAHHOM PACYETHOM CXEMBbI
COOPY)XKEHHUS € n  CTelneHaMH cBoOoabl U omnpexnensercs coekrp CY
0 <O, <03 <...<®, n coorsercrByroue COK u; (i=1,2,3,...,n).

2. OnpenensitoTcsl CEHCMUYECKUE HAarpy3Ku, COOTBETCTBYHOIIME Kaxaon COK.
OHuU He 3aBHUCAT OT BpeMeHU U uMeroT Bu BekTopa (2.70). IIpu atom dopmyna (2.70)
JUIsl OTIPENIENIEHNUs] BEKTOPOB 3TUX CEHCMHUYECKUX CUJI B COOTBETCTBHM C METOIMKOM,
npuBenenHoil B CHull [18] u B nanHOoM moco6uu (cMm. moapaszaen 1.8), nmpuHumaet
BU/I:

S, = K14, K, Gn; (2.89)

Bxonsamme croga xoadpduumentsr K, A, Bi,KW onpexnensitorca u3z CHull, a
Mmatpuiisl G U N; onpenensorces 1o Gopmysam:

G =Mg; n, =nu; =Ny (2.90)
IZie U;; — MAaKCUMaJIbHOE NepeMelleHre B y3ie ¢ HomepoM k COK ¢ Homepom 7
— _ (w)'Me _ (y,)'Ge 1
L @)'ME; (§)'GY; Uy

N3 Beipakenust (2.81) mocie MOACTaHOBKM B €ro JIEBYIO YacTh BBIPAKEHMUS

,i=12,..n. (2.91)

p, ==Me =(G/g)-e (2.88) noxy4uM KOHTPOJb OIPEIEICHHUS BEKTOPOB N); :

e=3n.. (2.92)
i=1

210 BBIPAKCHUC IIOKA3bIBACT, YTO IIPpU TOPU3OHTAIIbBHOM CEUCMMYECKOM

BO3jIelCcTBIN equHIYHbIN BekTop € = (1,1,1,...,1)" paBeH cyMMe BEKTOPOB N, IO BCEM

COK.
Bekropy ceiicmuueckoit Harpy3ku B i —ii COK (2.89) cooTBeTCTBYET BEKTOp
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HepeMGHIeHI/Iﬁ a,; 1 yCUJIUs U HAIIPSDKCHUA V) KOTOPBIC HHTCPCCYIOT paCUCTUHKA B

0l °
i—-u COK. q)OpMYJ'IBI AL UX  ONPCACIICHHA, ITOJIYy4YarOTCd COOTBCTCTBEHHO U3

BbIpakeHu (2.69), (2.71) u uMerOT BUA:
a, = Kidgo Bk, n;: (2.93)
vor = KiAg o BK, T3y (2.94)

3. OnpenensitoTcs pacueTHbIE 3HAYEHUS Vv, JIFOObIX YCWIMNA U HANPSKEHUN 110

P
3Ha4YCHUAM V;, onpeneneHHelM B Kaxaod COK. C sroit mensto B CHull [19]

ucronbiyercs dopmyina (8), kKoTopas ¢ ydeToM 0003HAYCHUH, MIPUHATHIX BBIIIE IS
0001 KCKOMOM BEIMYWHBI B BUC YCUJIUS WM HAMIPSHKEHUS UMEET BH

(2.95)

IIpumep 1.Bemonuum Ha [IK ¢ nomomisto mporpamMmmsl SCAD pacdeT Ha TOpU30HTATBHOE
CECMUYECKOE BO3JEHCTBUE BETPOIHEPIE€TUUYECKYI0 YCTAHOBKY, PAaCCMOTPEHHYIO B IMpUMEpe 5
noapazaena 1.1 (cm. puc. 1.12) u B npumepe 1 moapazaena 1.7, rae pacder ObUT BBHITIOJHEH IO
pacyeTHOM cXeMe C OJTHOM CTEMEHBIO CBOOO/IBI.

3nech AN WLTIOCTPAIlMA METOJAa pacdyera CUCTeM ¢ #n>1 CTemeHsMH CBOOOIBI BBIMOITHUM
pacder mo pacueTHOM cxeMe ¢ n=2. Takas cxema MONyYUTCS, €CIU cTajbHylo OamHio BOVY B
COOTBETCTBUM C €€ pa3duBkoil Ha cekuuu (cm. puc. 1.12, a) mpu wucmonp3zoBannun MKD
anMpOKCUMHUPOBAThH ABYMSI KOHEYHBIMH 3JIEMEHTAMHU TUIIA 2.

Xon peuienus 3agaun pacueta BOY Ha ceficMuyeckoe BO3/1eliCTBHE IO HOPMATUBHON METOIUKE
¢ ucnoib3zoBanueM mnporpammbl SCAD ObUT TPOJEMOHCTPUPOBAH MPU UCIOIB30BAHUU PACUETHON
CXEMBI C OJIHOH CTemeHbl0 CBOOOABI. IlodTOMY maJii CHUCTEMBI C JIByMSl CTENECHSIMH CBOOOIbI
pPacCMOTpPHUM TOJBKO PE3yJIbTaThl pacyera.

B TabnuyHOM BUE pe3yNbTaThl MPEICTABICHBI HIDKE YK€ M3BECTHBIMU YETHIPbMS TaOIUIAMU,

MOJTy4aeMbIMH IIPHU OTKPBITUH paszzena «/{uHamuka» B o01ei Tabiume pe3yabTaToB:

| 2 3 |
| 1 - ( BoYy—CeMCcM—23J1)

| X 7.54 9.77

|Barpy: N COBCTB. : YACTOTH : I[IEPUOIH |
| /1 R e R L et
| xeHMe : :  SBHAUEHMA 1/C : Tl C

| 1 1 .1058663 9.445874 1.50412 .6648404 |
| 2 .014281 70.02274 11.15011 .0896851 |



| 2 3 |
| 1 - 1 ( Bny-cemcmM-251) |
| X 3187 1 |
| 1 - 2 |
| X 1 -.2459 |

| 2 3 |
| 1 - 1 ( BoYy—-CeMrcM23J) |
| X 3.23 13.13 |
| 1 - 2 |
| X 6.704 -2.137 |

Puc. 2.8

Huxe npuBeneHsl Takke M3BECTHbIE TaOIMLbl nepemelieHuid m ycumuid M u Q B y3nax

anemeHToB B 1 m 2 COK. Ilepememenuss B mporpamme SCAD BwimaroTcs B 00IIe cucteme
koopauHart. [lonoxurenabHble NepeMenIeHs COBIAJAI0T M0 HAIPaBJIEHUIO C OChIO X .

Ha puc. 2.8, 6, 2. moka3zaHa KapTHHA 3THX MEPEMEIIeHU Macc (M) OT MOJYyYCHHBIX B TICPBOU U
Bropoit COK celicMuueckux (MHEPIIMOHHBIX) CHIT (TC).

B tabnune ycunuii Kpome YCHIIMNA, COOTBETCTBYIOIIMX JEHCTBUIO CEMCMHYECKON HArpy3Ku B

nepBoii 1 Bo Bropoii COK, nanbl u pacuetHsie 3Hauenus M p U Qp B y3nax cuctembl KO (2.95).

Vemms BBIJIAIOTCSI B MECTHOM CHUCTEME KOOpAUHAT I KAaXJA0r'0o 3JIEMCHTA.
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| 2 3 |
| 1 - 1 ( Bay-cencm—2000) |
| X -.047 -.1477 |
| 1 - 2 |
| |

X -.0017 .0004

| 2 1-1 1-2 2-1 2-2

| 1 - 1 ( Boy—-CceMrcM23JI) |
| M -427.617 -190.391 -190.391

| O 16.30604 16.30604 13.1304 13.1304

| 1 - 2 |
| M -35.2414 30.9871 30.9871

| O 4.56748 4.56748 -2.13704 -2.13704

| 1 - 31 |
| M -429.066 -192.896 -192.896

| Q 16.986 16.986 13.3032 13.3032

[Tonyuennslie ycunus M u Q B y3nax B nepBoil u Bropoit COK mnpencrasieHs! Ha puc. 2.9.

)15} D077 13.13 1313 214 -2.14
.EO 3 We— 3 — 3 e 3 p— 3
3
2|D0.52
. 6.70
- 2 D7.54 . ) 31.0 _(n..-() =
" - g L 2 t +
1|D0.52
1 1 1 1 1
(ru| = - =H— G e
-417.6 16.36 -35.2 1.56

Puc. 2.9

Kpowme toro, Ha puc. 2.9 npencrasiena cienyroias nHGHOpMaIus:
1. Bux pacuetHoit cxembl (mepBasl ciieBa) IOcie BBoJa 3HaueHUM Macc. Ha KoHEdHBIX
JJIeMEHTax Tuma 2 Macca BBEJCHa Kak pacmpeneieHHas. B y3ne 3 BBeleHO 3HAU€HHE MAacCChl
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TOHJIOJBI ¢ BeTpokosiecoM (cM. mpumep 1 B moapasnene 1.7).

2. Bug pacdeTHON cxeMbl TIOCTE MPHUBEACHUS PACIPEACICHHOW MacChl 3JIEMEHTOB K y3J1aM
cetku KD (BTOpas cieBa). Dra cxema MONYYHIach Obl BMECTO MPEIBIAYIICH CXEMBI, €CIH Obl
MIPUBEJICHUE paCIpeCiCHHOW MAacChl Ha J3JEMEHTaX K y3jaM OBUIO BBIMOJHCHO BPYYHYIO H
BBOJIMJIUCH OBl TOJIBKO MAacChl COCPEIOTOUCHHBIE B y371aX 2 U 3 CXEMBI.

3 u 4. UnepimonHble cuiibl, oopasyrommue Bekrop s, =(1.753 7.127)" B mepsoit COK (2.89),
IPUBCICHHBIC BLIIIC B Ta6J'II/IL[C «I/IHepI_II/IOHHI:IG Harpys3Km».

5 u 6. VlHeproHHbIe CHITbI, 00pasyrolue BeKTop s, =(6.287 2.004)" Bo Bropoii COK (2.89),
TaKXXe MPHUBEJCHHbBIC B Tabmuie « IHepIMOHHbBIC HATPY3KUY.

CoOTBETCTBYIOIIME PACUCTHBIM YCHIMIM M, 1 () SMIOPBI IMEIOT BUJI SIIFOP B MO3HLKSX 3 U 4

puc. 2.9.

IIpumep 2. BoINOJHUM HEKOTOpPbIe pacyeThl BPYYHYIO. /{1 BBIIOJIHEHUS PAcuETOB
BpY4YHYI0 OyJeM HCIOJIb30BaTh NPUBEACHHBIE B TaOMUIAX MPEIBbIAYLIET0 MpUMeEpa IepUOIbI
COOCTBEHHBIX KOJICOaHHH, TOMyYeHHBIC B pe3yibraTe MojganbHoro aHammsa CH u COK.

BrimonHeHne paboThl HAaYWHAEM C BBIYMCIICHHUS BEKTOPOB HMHEPIMOHHBIX CHJI TIO (hopmyrie
(2.89) B Takoii Mocae10BATENLHOCTH:

1. Ilpumem 3HaueHus kodpuimento K, A, u K, TakuMu ke, KaK IPU PEIICHUH 3a/a4u JUIs

CHCTEMBI C OHOH cTeneHbto cBoOoab! (cM. mpumep 1 B moxpasznene 1.7): K, =1,4=04,K, =1.5.

2. Koaddummentsl auHaMuanoctd BeraucauM 1o ¢gopmynam (3) CHull [18] (cm. Taxke ams
TPYHTOB Kateropuu | mepBeiid cToI0CI TaOIHUIIBI ¢ STUME (opMmyamu B moapasaene 1.7) mocobus:

2.1.Tpu T, =0.665>0.4¢c B=2.5(/0.4/T)=2.51/0.4/0.665 =1.939.
22.Tpu T, =0.089<0.1c ~ B=1+15T=1+15-0.089=2.335.

3. Ompenenum (2.91) mocrosuueie M; (i=1,2,...,n) u (2.90) COOTBETCTBYIOIIKME BEKTOPBI N;

nokanbHBIX Kodhdurmento COK. [{ns neproit u Bropoit COK momyyaem:

7.54 1
(0.3187 1)
7 = (u)'Ge  (y)'Ge 1 9.77 \\ 1 1 11554 1
1T e ot~ = — =L - -
(ul) Gul (yl) Gyl u31 (0.3187 1) 754 0'3187 u3l u3l
9.77 1
. ___ 1.1554(03187)_ 0.3682
Ny =Mu =NyU; = 7, 1 Uz = 11554 )
7.54 1
_ _ 1 —-0.2459)
7, = (u,)'Ge  (y,)'Ge 1 9.77 \ 1 1 0.63 1
2 T T e Nt B
(w,)'Gu, (¥,) Gy, upn (1 —0.2459) 7.54 1 Uy Uy
9.77 \ —0.2459
__  ___ 063 1 _ 0.63
=M,u, = Uyy =—— Uy, = .
Mo = Mt =Ma¥al2 =7 M| 02459 /2 ~(—0.1549

ITo popmyite (2.92) BBINOIHUM KOHTPOJIb BHIYUCIIEHUS BEKTOPOB N; :

121



n 0.3682 0.63 1
i-1 1.1554 —-0.1549 1

4. BeruucinseM ucKkoMble BeKTOpHI (2.89) ceficMuueckux Harpy3ok s kaxaon COK:

7.54 0.3682 3.23
$;=1-04-1.939-1.5- = TC.
9.77 \1.1554 13.13

7.54 0.63 6.65
s, =1-0.4-2.335-1.5- = TC.
9.77 \—0.1549 -2.12

[lonyuyeHnHble pe3yabTaThl AOCTATOYHO ONM3KU K pe3yjbTaTaM, MOJYYEHHbIM B mpumepe 1 c
nomorbio mporpammel SCAD.

[To aTUM ceilicMUYEeCKUM Harpy3kam W COOTBETCTBYIOIIUM MM YCHIHAM (CM. puc. 2.9) MOXHO
ONpEeACUTh pacueTHble YCWIHSA B JIIOOBIX MONEpeyHbIX cedeHuax Oamnu BOY. [lns y3nos
pacuetHoi cxeMbl MKD pe3ynbrarsl 3THX BeiuucieHuil B mporpamme SCAD npuBeeHs! B TaOIuUIE
yCWIHMHA. 3/1eCh BPYYHYIO IOJCYMTAEM TOJBKO pacyeTHbIE 3HAYEHMs YCWIHMM, Mepeaaromuecs OT
Oamran Ha (yHgameHnt BOVY (puc. 2.10):

M, =\(-427.62) +(35.24)" = 429.07 TC"M;

0, =\/(16.36)2 +(4.57)* =16.99Tc.

0=16.99 1¢ /—\/M= 429.07 Tem

Puc. 2.10

[Iporpamma SCAD mno3BOJS€T pacCUMTHIBATH PA3JIUYHBIE COOPYKEHUS IIPU
Pa3IMYHBIX JUHAMUYECKUX BO3ACHCTBUAX [23].

[lockonbKy nmaHHOE NOCOOME MpeaHa3HAYaeTcs Uil CTYACHTOB TOJIBKO
HAYMHAKOIINX 3HAKOMUTHCS C METOAAMHU JIMHAMUYECKOTO pacyeTa CTPOUTEIbHBIX
KOHCTPYKIIMH, B HEM pPAaCCMOTPEHO OTPAHMUYECHHOE YHUCJIO  MPOCTEHIINX
JUHAMHYECKUX 3a/1a4.

JIOTIOTHUTENIBHO K PAacCMOTPEHHBIM 3ajladyaM [0 JUHAMUKE COOPYKEHUU B
gactu 2 YMK mnpuBeneH cOOpHUK AMHAMUYECKUX 3ajad JJII CAMOCTOSITEIHHOTO
pemieHust cryieHTamu. [IpuMepbl WX BBINIOJHEHUS W O(DOPMIICHUS] OTYETOB MO
y4eOHBIM pacueTHBIM padoTaM MPUBEACHBI B YacTiX 3, 4 u 5.

[TonydyeHHble  HABBIKM  HUCIOJB30BAaHUSA  MPOEKTHO  BBIYUCIUTEIHLHOIO
koMIuiekca SCAD mipu pemieHnu npocThIX 3a7ad MOMOTYT y4alleMycsi TPUMEHUTD
3TOT KOMILIEKC NP PEUIEHUH 00JIee CIOKHBIX JUHAMUYECKHX 3a/1a4, C KOTOPbIMHU OH
MOET BCTPETUTHCS B KYPCOBBIX U JUIUIOMHBIX ITPOEKTAX.
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2. YYEBHBIE 3ATAHUA

1. ONPEJAEJIEHUE MPOTUBOB )KEJE30BETOHHOM BAJIKHA U MU3TMBAIOIIIAX
MOMEHTOB B EE CEYEHUSAX ITPU YCTAHOBUBIINXCS TAPMOHHUYECKHUX

KOJIEBAHUAX

Hcexoonwvie oannvie

1. JInst pacdera 3amaHa xelle300eTOHHAs Oallka, cxema KOTOpoi BeiOupaetcs (Ttadm. 1.1) B

COOTBETCTBUM C TepBbIMU JByMs uwudppam 1muppa ABCD,

BBIJJAHHOT'O  CTYJEHTY

npeno,uaBaTeneM.
Tabmuua 1.1
AB . _ AB . _
{_...\'E.‘ME] DaJIKH (_\ exMa DAJIKH
01 - P(t) 02 - P(t) )
09 —3 s 10| 3 3 a
17 ’:’T: al /%7 18 a1 a T
25 2 — > 26 < ; >
33 34
03 m P(t) 04 My P(t)
OB
11 N \f o 12 39— é i
19 S % 20| I T 2
H -~ H -
27 = ] - 28 = ] -
35 36
P(1) P(1)
. .
ﬂ: Ha Mg § 06 > Hg Mg ‘;
13 14 -] -\_.
2 ;
21 j /?i'wﬂxj\T 22 ::/ /77:7’7%(3\\
29 < ] z 30 S ;s
37 38
P(t .
07 WJB\ é ) Lg 08 Mg § P(1) L
15 6| = |
/ = = 9 2
23 s 77 7 24 | N al | Y
—————» | ~
3] ! ! 32 I = I
39 40
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cxem, kpome cxeM 02, 10, 18, 26, 34, rie NpuHATO PACIIOIOKEHUE TBUTATENS HA KOHIE KOHCOJIH.

2. [Ipeanonaraercs, 4To:
e OeToH OaJKuM OTHOCUTCA K Kiaccy Tspkenoro OeroHa B25, B cooTBeTcTBHM C
KoTopsIM B nnporpamme SCAD 3anaercst 0ObeMHBIN Bec OeToHA Yy, kH/M.

® [IONEpeyHOe ceueHHe OalKu MPSMOYTOJILHOE W UMEET WHUPUHY b, BBICOTY /.,
wiomwanab S; = bh. Pazmeps! b u h 3apansl (Taba. 1.2).

o cuna Gz =v;-(Ss-/), kH, cobcTBeHHOr0 Beca Galku PaBHOMEPHO paclpeiesieHa

1o JauHe OajKu U UMEeT MHTEHCUBHOCTb ¢y =Gy /l, xH/M, rae g:9.81M/02—

YCKOpPEHHE CBOOOJHOIO MaIeHHs TEl.

Tabmuna 1.2

CD [.20 | b cu ill D My, T My, kT | €. MM o5 ”IHH
01.06, 11,16, 21. 26 6 30 B0 1.2 1.0 300 3 300
02,07 .12, 17,22, 27 G 30 Gl 3.4 1.0 300 4 300
03.08. 13. 18, 23, 28 8 40 il 3.0 1.5 400 4 600
04,00, 14,19 24 29 5 4i) G 7.8 1.5 400 3 00
05,10, 15, 20, 25, 30 7 35 70 9.0 2.0 400 3 700

IIpumeuanue k cxeme 0ajku. Ha pacueTHol cxeme Oanku JUisi TMHAMHUYECKUX PACUYETOB
00BIYHO yKa3bIBaeTcs Macca komebmonuxes Tenl. [loatomy Ha cxeme (cm. Tabn. 1.1) mpuBeneHa

PaBHOMEPHO pacIpe/ie]IeHHas 110 €€ JJIMHE OaJKH Macca HHTEHCUBHOCTBIO s =M /[ =g/ g, T/M.
3nece m: = G-/ g, 1, —Macca OaJKH.
0 6 s Lo

3. Ha Oanke pacrmosiokeH 3JIEKTPOJBHUraTesb, KOTOPBII Ha CXeMe IPEJCTABIE€H B BUE

COCPEIOTOYEHHOM Macchl m1, (CM. Tabu. 1), HaXOIAIIEHCA Ha PACCTOSHUM al , M, OT JIEBOM OIOPBL.
Bec npurarens npexcrasiser codoi cuny G, =m, - g, kH, Tc.

4. JlunamMuueckoe BO3ACUCTBUE Ha Oanky OyaeM CuMTaTh 3aJaHHBIM B BHJIE€ BEPTHUKAIBHOM

coctaBisiroie P(¢) = P sin0¢ cuibl, CBA3aHHOH C BpallleHUEM BEKTOpa LIEHTPOOEIKHOI CHIIBI

P, =m, -e-0%, xH, rae: m, —Mmacca poropa MaumHbl (B TaGn. 1.2 oHa 3amaHa B KT). Bec potopa

p
paseH G, =m,-g; e — 3aJaHHBIl OKCLECHTPHCUTET MEXKAYy LEHTPOM MacChl POTOpa M €ro

TreOMETPHUYECKON OChIO BpamieHus (B Tabm.1.2 oH 3aman B MMm); 0 =2n- f, pan/c, 1/c, — yriosas
4acTOTa BpaIlIeHUs pOTOpa MAIIMHBI Maccol (4uciio 060poToB potopa3a 2n c¢); f =n/60 , 1/c, —
4acToTa BpaleHus potopa B 1 ¢. (urciio o60poToB poropa 3a 1 ¢.); » — 9acToTa BpalieHus: poTopa B
1 muH (anciao o6opoToB poTopa 3a 60 c.). B Tabn. 1.2 3amano 3HaueHue 7.

Tpebyemca onpedenumv MAKCUMAIbHBLIL NPOCUO OANKU 6 Mecme pPACHOIONCEHUS
MOYeUHOU MACCHl U MAKCUMATbHBLIL U3ZUOAIOWUITL MOMEHM 8 cedyeHUuU 0anKu (B COOTBETCTBHH C
3aTaHHOW PaCYETHOU CXEMOH):

® OT CTaTUYECKUX HArpy30K;
® T1pU YCTAHOBUBIIMUXCS TapMOHHYECKUX KOJICOAHUSX TIO JIBYyM pAaCUYETHBIM CXEMaM:
1) ¢ ogHOI cTeNeHbI0 CBOOOIBI; 2) € ABYMS, TpeMs 1 OoJiee.

L4 CYMMAapHBIC BEJIMYNHBI.
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2. ONPEJIEJEHUE YCI/IJII/Ifl, NEPEJAIOINNXCA HA ®©YHIAMEHT
BETPODHEPITETHUYECKO YCTAHOBKH ITPH PA3JINYHBIX JNHAMHNYECKHUX
BO3JIEMCTBUSX HA HEE
Hcxoouvie oannvie

Jlns pacdera 3amaHa BeTpodHepreruyeckas yctaHoBka (BDY) OamenHoro tuma ¢
TOPU30HTANBLHOW OChIO BpamieHus (puc. 2.1), cocrosimas W3 TOHIONBI | C TPeXJIOMACTHBIM
BerpokosiecoM (BK) 2, 6amrau 3, onuparomieiics CBOMM HIDKHAM KOHIIOM 4 Ha Kelne300€TOHHBIH
(dyHIaMEeHT 5, pacroIOKEHHBIN B TPYHTOBOM OCHOBAHHUU.

m .

Puc. 2.1
bamns BDY umeer BwicoTy 16 U TIPEICTaBISICT COOOW MUIMHAPUYECKYIO TpyOy u3

KA4eCTBEHHOW CTalu IUIOTHOCTBIO P = 7.85 ™ ¢ AuaMeTpoM  d, CPeMHHON OBEPXHOCTH

OWJIMHApa U TOJIHII/IHOﬁ CTCHKH tcp' 3HaueHUsS COOTBCTCTBYIOIIUX BCJIIMYHH BI)I6I/IpaIOTCSI

CTYJIEHTOM IO TepBbIM JBYM Itudpam mudpa ABCD, BBIZaHHOTO ydamiemycs IpernojaBaTeiieM
(Tabn. 2.1.). Tam e yka3aHO 3HaYeHHE CyMMapHOH Maccel m; ToHmoiel BOY (¢ BK m
o0opyoBaHUEM).
Tpeoyemca:
1. Onpeodenums coocmeennvie wacmomot (CH) u coocmeennsvie gpopmut koneoanuii B3Y.
2. lloocuumams ycunusa, npeoarwjueca om déawnu B3Y na gpynoamenm:
2.1. npu ycmanosuswiuxca 2apMOHUYECKUX KO1€OAHUAX, GbI36AHHBIX GpPAUlEHUEM
eempokoneca (BK);
2.2. npu ceiicmuueckom 6030eiicmeuu 8 pamkax auneino-cnekmpanvhou (JICT) meopuu
pacuema;

2.3. om eéempo602o 6030eiicmeusn na B3y
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Tabmuma 2.1
m. | I; | d f m. | I- | d. | 1. m_ | I | d., |1

6 cp | ‘ep r| ‘s cp | e r| ‘e cp | ‘ep
AB AB AB

T M CM MM T M M MM T M M MM

01 [ 28 | 40 | 300 | 24 |11 |20 | 36 |300| 20| 21 |22 |32 |260|2
02 | 9| 26 260 | 18 |12 (10| 30 |220| 16| 22|20 |2
03 | 26| 38 | 280 20 | 13 |18 | 28 |250 (18 | 23 |18 | 26 |250| 106
04 | 14| 30 | 250 | 20 | 14 |30 | 26 |190| 16| 24 | 24 | 30 | 280 | 24
05 | 30| 40 | 320 | 22 |15 |12 | 38 |250| 22|25 |14 | 36 |240] 20
06 | 16| 30 | 250 | 20 (16 | 8 | 50 |350| 20| 26 | 10 | 46 |360| 2
7115 28 (230 18 | 17 | 14 | 42 | 23020 | 27 | 14 | 42 | 320 22
22 2

08 | 24| 34 | 300 | 26 |18 | 22| 40 0201 28 |16 | 28 | 220 20
09 | 6 | 26 220 | 10 [ 19 | 7 | 34 |250| 14 | 29 | 12 | 24 | 200 14
10 | 8 | 20 | 240 | 12 [ 20| 9 | 36 |280| 18 | 30 | 10 | 26 | 280 18

Memoouueckue ykazanus:

1. IIpu BbIMOJIHEHNH BCEX IMOCTABJICHHBIX 3a]lad HCIIOJIb30BaTh pacuyeTHylo cxemy BOVY B
BUJIe JTMHEHHO-Ae()OpMUpyeMOii CHCTEMBbI C OAHOH cTeneHbto cBo00 b (puc. 2.1).

2. B pacuetHoil cxeme paedopmanus TPYHTOBOIO OCHOBAHMS HE YUMTHIBAETCS.
[Ipenmonaraercs, 4To OaIIHs UMEET 3AIEMIISIONIYIO KECTKYI0 ornopy (cm. puc. 2.1).

3. Pacuer BBINONHUTH C UCHOJIb30BaHUEM TiporpamMbl SCAD [23] v BpyUyHYIO IO METOJIUKE,
n3noxkeHHo B yactu 1 manHoro YMK u B yueGHOM moco6uu [4].

4. Jlns pemieHust 3ajad IMyHKTa 2 3aJaHUsl WUCIOJb30BATH CJEIYIOIIUE JOMOJHUTEIbHbIC
MOSICHEHHS.

3aoaua 2.1: Jlns BBINOJIHEHUS STOW 3alauyd JOJDKHBI OBITh 3aJaHbl JOIMOJHUTEIHHO
CJIEYIOIINE BETUYHHBIL:

1) nuametp BeTpokosieca Dy, M, IO KOTOPOMY B COOTBETCTBUU C opmynoit e = 0.0025 Dy,
IIpUBEAECHHON B [24], onpenensiercs skcueHTpucuteT HenTpa macc BK BOVY no otHomenuto k ocu
BpauieHusi BK;

2) HOMHUHAaJIbHas pabouas yactora BpameHus BK 0 g, pan/c;

3) koo dunment 3atyxanusi konebannii 6amuu. [Ipu npumenennn nporpammel SCAD on

UCTIONB3yeTCsl B BUAE KO3((UIMEHTa HEyNpyroro compoTuBieHus v,= O,/m (Oe3pa3mepHas
BenmunHa). Jlorapupmudecknii ko3uimeHT 3aTyxanus O, A OallHU B BHUJIE METAJUIMYECKOU
TpyOBI (110 3aJjaHUI0) IPUHATH B COOTBETCTBUHU ¢ pekomenaanueir CHull [26]: &, = 0.15.

3adaua 2.2: Pacuer BBIIOJHUTH B COOTBETCTBUM ¢ aAeWcTByrommmu B Poccum CHull
«CtpoutenbctBo B ceilcmuyeckux paifoHax» [18]. Ilomyuenue ¢opmyii, HMCHONB30BAaHHBIX B
ykazanHbix CHull, npogemonctpupoBano B yactu | YMK u B yuebnom nocobun [4]. Pacuernas
ceiicMMYHOCTh paiioHa pacmonoxeHus BOY (mo mkane MSK-64, mpumensemoit B Poccun),
npunsata 9 OamioB. CelicMuueckoe Bo3neiictBue Ha BDY paccMaTpuBaTh TOpPH30HTAIBHOIO
HanpasjieHus (mapauielbHO ocu X o0Imel cuctembl oceil koopauHaT nporpammbl SCAD s
BDY).

3aoaua 2.3: Pacuer BeTpoBOil Harpy3ku Ha OamiHi0o BDY BBINOIHUTH B COOTBETCTBUU C
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nevictytomuM CHull «Harpysku u Bo3zneiictBus» [26]. cnonas30BaTh I71st 3TOr0 peKOMEHAAINT
ydebHoro nocobus [24], a npu npumenenuu nporpammsl SCAD — meToauky [23].

5. Homepa HCTOYHUKOB B35ATHl M3 OubOmmorpaduyeckoro cmmcka K maHHomy YMK,
MIPUBEACHHOTO B KOHIIe nepBoil yactu YMK (cm. c. 123).

3. PACYET IIJTIOCKOM MNONEPEYHOI PAMBI KAPKACHOTI'O 3IAHUSI
HA CEMCMHWYECKOE BO3JEVCTBHUE IO JTUHENHO-CIHIEKTPAJIBHOM TEOPUH

Hcxoonvie oannvie
Cxema mnomnepedHoil pambl BbIOMpaeTca (Tabna. 3.1) mo mnepBsiM JIByM OykBam (AB)
BBIJJAHHOTO CTYyJEHTY Iu¢pa, a pa3Mepbl pambl Ha3HA4YAIOTCAd B COOTBETCTBUM C IOCIETHUMHU
nsyms mudpamu (CD) mudpa (tada. 3.2).
Pama mnpeanonaraercst BBIOJHEHHOM M3 MOHOJMTHOTO eie3o0eToHa Kiacca B25,
HMEIOILET0 CIEAYIOIINE XapaKTePUCTUKU:
— mwiotHOCTE P=2500 Kr/M° = 2.5 T/M’;

— 00beMHBIH Bec Yy =p-g=(2.51)(9.81 M/c?) = 24.525 kH/v;

— moayJb ynpyroctu E = 3.002 kH/M?;

— ko3¢ ¢unuenrt Ilyaccona v =0.2.

KonoHHBI pamMbl HMMEIOT MPSIMOYIOJbHOE IIONEPEYHOE CEYEHHE C  pa3Mepamu
b= 40 cM; he= 40 cm. [Inomans monepeunoro ceueHus kKomoHHbBI Fy = (0.4 m)-(0.4 m) = 0.16 M.

Purenu pambl MMEIOT NpPSIMOYTOJIbHOE IIOIEPEYHOE CeueHHe ¢ pasmepamu by, = 40 cwm;
h,= 60 cm. Inomans nonepeunoro ceuenus pureis F, = (0.4 m)-(0.6 m) = 0.24 M.

Ilonepeunsle pambl B IPOCTPAHCTBEHHOM 3/1aHUU UMEIOT PETYJIAPHBINA 1IAr BAOJb 3[aHMS,
paBHBINA 6 M.

[Ipu pacuere Ha 3aJaHHOE CEHCMHYECKOE BO3JCHCTBHUE, YUYUTBHIBAS PETYJSIPHYIO CXEMY
3aHus, paMa MOXET paccMaTpUBaTbCs KaK OTAENIbHAs IUIOCKas paMa Ha PUreiad KOTOpOM
OTUPAIOTCS TUIUTHI IEPEKPHITHIA U3 7/ TOTO K€ Ki1acca, TOMIIMHON 16 cM.

I'pynToBoe ocHoBanue pambl 1o knaccudukarmu CHull [18] otHOCHTCS K Kateropuu 1.

NHTEHCUBHOCTD CEMCMUYECKOTO BO3JACHCTBUSA MO JAcucTByromied B Poccun mikaie
ceiicMuueckoil naTeHcuBHOCTH MSK-64 npuHuMaeTcst paBHoi 9 6aios.

Tpedoyemcsa evitnoinums pacuem NONEPEUHOU pPAMbl NPOCMPAHCHEEHHO20 KAPKACHOZ20
30aHUA HA 20PU30OHMATIbHOE CcelicMuYecKoe 6o30elicmeue, cognadaiouiee no HANPAaeIeHuio ¢
naockocmuio pamvl. Pacuem Ha celicmuueckoe 6030elicmeue 6bINOJHUML NO JIUHEHUHO-
cnekmpanvuoit meopuu (JICT) no ykazanuam CHull [18].

B coorBerctBuu ¢ JICT [1] u ykazanuit CHull [18] pacuer 3amaHHON pambl CBOJUTCS K
ONPEJIEICHUIO PACYETHBIX CECMUYECKUX HArpy30K, JEHCTBYIOIIMX B HAIIPaBICHUU JTUHAMHYECKUX
CTeTeHel cBOOO bl PaMbl, a TAKXKE PacUETHBIX yeunuid M,O,N B CEUEHHUSAX CTEPKHEH pambl.

OT4et no pacueTHoi paboTe MPeACTaBUTh B BUJIE CICAYIOIIUX JIBYX Pa3/eioB.

1.Pacuet Ha IIK ¢ ucnonb3oBannem nporpammsel SCAD, peanusyioniei
JuHeliHo-cnekTpaabHy10 Teopuio (JICT) B coorBercTBuu co CHull [18]
2. KonTpoJbHble pacueTsl BpyuHYIo o ¢popmyaam nocodus [4] u CHull [18]

128



Tabmnua 3.1

AB Cxema pambl AB Cxema pambl
01 n2 1:{?3
11 hy 12
21 22 hy
31 |7 ,-x.f"'?? L, /7777 2 |77y, Ty, AT
03 l\h—’ 04 If?_:
13 14
23 hy 24 hy
33 Y A AN N 7, VRN 34 | WL TE I, TE'T',}
05 T:’U 06 Thg
15 16
25 hy 2% Iy
35 | TRITRL7, TR ORRERRL ORRRTR 36 | T TR, VPR TR T
< >l = le—L> < >e—t—>le——>
T.h_) . 1;3_’
07 b 08
17 18
27 hr | 28 hy
s T;-: T b \ N o \‘.. \ K \‘..\_ ) N
37 Wﬂ} l 3{ L }f /AN R AN TN -;“‘r’ WA
Th_} $:I?_J
! v
A $h_:
09 hy 10
W 1
19 4 20 $r’r.
29 5 30 $ﬁr;
39 : . - - 40 S EEN N
™Y N LT g W TR TR
<L sl sle s /IR
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Tabmuna 3.2

CD | 4 | L | I | |CD| L | L | Iy | b |CD| L || I |h
01 6 | 6 | - ||zl 6| -]21]10 8 | -
02 8 6 4 12 8 6 6 6 22 | 10 | 6 6 4
03 10 8 6 4 13 6 8 6 4 | 23 8 10 6 6
04 6 8 6 4 14 8 10 6 6 | 24 |10 | 12 8 6
05 6 8 6 4 15 8 10 6 6 | 25|10 | 12 8 6
06 10 12 8 6 16 | 10 | 12 8 6 | 26 | 6 8 6 4
07 6 8 6 4 17 | 10 | 12 8 6 | 27 | 10 | 8 6 4
08 10 8 6 4 18 | 10 | 12 8 6 28 8 10 6 6
09 8 10 6 6 19 6 8 6 4 129 | 10| 12 8 6
10 10 - 4 4 20 8 - 6 6 30 | 12 - 5 5

Memoouueckue ykazanusa K pazoeny 1.

1). Pacuetnas cxema pambl B mporpamme SCAD cTpouTcs Ajis MCMONB30BaHUS METOAA
KOoHEeuHbIX 35eMeHToB (MK3). Onopsl paMbl B pacueTHOM cXeMe NMPUHUMAIOTCS B BUAE KECTKHX
3aJeJI0OK, T. €. IOJATJIMBOCTh OCHOBaHMSA IpH ONpeAeleHuHn coOCcTBeHHBIX dacToT (CH) mu
cobctBeHHBIX Qopm konebanuii (CDK) pambl He yuuThIBaeTCs.

2). B otuere mo pabore mpuBecTH U3 pasznena «JluHamuka» TaOMUIBI C pe3yibTaTaMu
pacdeTroB clenymoomue TabmuuHble M rpaduueckue pe3ynbraThl pacueta pambl Ha [IK ¢
ncnosb3oBanueM nporpamMmmel SCAD:

—. Ta0NMIly C BeCaMH Macc B y3JaX PAacueTHOW CXEeMbl paMbl, MPUBEACHHBIX K y3JlaM OT
pacmnpeesieHHbIX MacC KOJIOHH paMbl U €€ pUreseil ¢ OnuparonuMucs Ha HUX MIIMTaMu;

—.. Tabmuuy cobctBeHHbIX 4acToT (CY) (KpyroBbIX M TEXHHUYECKUX ) M TNEPHUOAOB I

nepBbIX Tpex coOcTBeHHbIX (popM konedanuit (CPK) 3aiaHHOM pambl;

—. TabIuIly C OTHOCUTEIbHBIMU TOPU3OHTAILHBIMH TMEPEMEIIEHUSIMU MacC B y3Jax
pacyeTHOI cxeMbl paMbl M COOTBETCTBYIOLIEE UM Ipaduueckoe nzoOpakenue nepsbix Tpex COK;

—.. TabJIMIly C UHEPIMOHHBIMH CHUJIAMH B y3JlaX pambl, JEHCTBYIOIIUMHU B TOPU30HTATHLHOM
HamnpasieHuu g nepBeix Tpex CDK, u coorBercTByIOlee M300pakeHWE WHEPLMOHHBIX CHII B
BUJIE BEKTOPOB C YYETOM MX 3HAKOB.

3). Tabmuumy co 3HaueHusMH wu3rubaromux MOMEHTOB B Tex ke Tpex COK wu
COOTBETCTBYIOIIIME UM DIIOPbI M3THOAIONIMX MOMEHTOB C YKa3aHHEM 3HAu€HUW HX OpAUHAT U
3HAKOB (110 TabJyulle C OPAMHATAMU 3TUX BIIIOP).

4). PacueTHble 3HaUeHHS U3rMOAIOIINX MOMEHTOB, MMOACUYUTaHHbIE O Gopmyre Buaa (8) u3
CHull [18] (o HaxoasATCS B TOM ke TabJyule, KOTOpasi IPUBOIUTCS B MPEIbIIYIIEM ITYHKTE).

Memoouueckue ykazanusa K pazoeny 2
B otuere no paGore BO BTOpOM pasjiesie NPUBECTH CIETYIOIUE PACUEThl.

1). IlpoBepky opToroHanbHOCTH JIt0OBIX 1BYX COK.
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2) Onpenenenue quHamMudyeckux kodpduuuentos B; (i =1, 2, 3) no popmymnam CHull [18]
B TIPE/INOJIOKEHUH, YTO OCHOBaHUE PaMbl OTHOCUTCS K -0 Kateropuu.

3) Ilpumep BBIUMCIEHMS 3HA4YE€HUS MOCTOSHHONO Kod(duuueHTa T1; U BEKTOpa
n; ko3 duruentos (cM. [4]).11s nepsoit COK (i = 1). IToka3aTs CyTh KOHTPOIIS BEKTOPOB I; .

4) Ilpumep BbIYMCIECHHUS pacyeTHOM ceilcMuueckod Harpysku mo ¢opmynam (1), (2), (8)
CHullI [18] B y31max cocpenorouenus macc B nepsoit COK.

5) Ilpumep BBIUUCIEHHS paCUETHBIX M3rMOAIOIIMX MOMEHTOB B CEUEHHSIX PaMbl, BEI3BaHHBIX
ceiicMuueckuM BoznieicTBUEM, 1o ¢opmyne (8) CHull [18].

Memoouueckue ykazanusa no yueoHou 1umepamype K 3a0anuio 2.

Homepa MCTOYHMKOB yueOHOH IHUTEpaTyphl, MCIOIB30BAHHBIX B 3aJaHUM 2, B3STHl U3

oubmmorpaduyeckoro cnmcka k gannomy Y MK, npuBenennomy B konte yactu 1 (c. 123).

3. IPUMEPBI BBIIIOJITHEHUA PACYUETHBIX PABOT HA IIK C
NCITOJIB3OBAHUEM ITPOT'PAMMBI SCAD 11O OITPEAEJEHUWIO H/C
COOPYKEHUM OT PA3JIMYHBIX JMHAMUYECKHUX BO3JENCTBUI

Kak BugHO M3 yyeOHOro maTepuaia 4actu 1, rie u3i0KeHbl BOIPOCH TEOPHH
U IIPaKTHKHU pacyeTra coopyxkeHnid Ha [IK oT pa3nuyHbIX THHAMUYECKUX BO3AECHCTBHIA
¢ ucnodib3oBanueM nporpamMmmsl SCAD, poGiiema sIBISIETCS OUYEHb CII0KHOM.

Jist mpuoOpeTeHusl 3HaHUM W YMEHHMH ydaliemMycsi HEeoOXOAMMO CaMoMy
BBIITOJIHUTD Psifi KOHKPETHBIX 3anad. Iloatomy Bo Bropon dactu YMK npuBeneHsl
3a/laHusl JJI1 CAMOCTOSITEIBHBIX PAcUETHBIX pabOT CTyAEHTa, a B JAHHOM TpeTheil
gact Y MK npuBezeHbl IpuMepsl BHITOJIHEHHS BCEX TPEX PACYETHBIX PaldoT.

[Ipumepsl U3M0XKEHBI JOBOJBHO MOAPOOHO C JAEMOHCTpalUed JHalorOBBIX
OKOH, C KOTOPbIMH PabOTaeT pacyeT4yWK MNP HKCIOIb30BaHUM mporpammbel SCAD.
[Ipu stom (1u1st GoJsiee MOJTHOTO YCBOEHUS METOJUKH PAcCUETOB, BBIMOJIHSAEMBIX MPH
BBIMIOJIHEHUU 3aJlaHnil 1 ¥ 2) paccMOTPEHbI IPUMEPHI YK€ UCIOJIb30BAHHBIE B YACTH
1 YMK.

Crynenty npu OQOpPMIIEHHH OTYETOB IO CBOUM pacyeTHbIM paboTam
OOJBIIMHCTBO BCHOMOTATENbHBIX JHATIOTOBBIX OKOH M IMOBTOPOB, W3BECTHBIX U3
YMK cBeneHuid, TPUBOIUTH HE HYXHO, HEOOXOAMMO TOJBKO  CHACNaTh
COOTBETCTBYIOILYIO CCHUIKY HA UCTIOIb30BAHHBINA UCTOYHUK.

VYyamuiicss OJDKEH CTPEeMHUThCS K TOMY, YTOOBI OTYEeT 1Mo pabore ObuLI
KpaTKUM, HO TIOHATHBIM, Kak [0 TOCTaHOBKE 3aJauyd pacuera, TaKk U IO
IPEICTAaBICHUIO PE3YyJIbTAaTOB PAcUeTa U BBIBOJIOB IIOCIIE X aHAJIN3A.

[Ipumepsl BbITIONIHEHHST W O(OPMIIEHHSI paCUYETHBIX pPAabOT MO JUHAMUKE

COOPYKEHHUH MPEJICTABJICHBI B BUJIE OTYETOB COOTBETCTBYIOIIUM pabOTaM.
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IHocranoBKa 3a1aun
Jlana >xene3o0eToHHas Oanka (puc. 1, @) co cieayrIMMU TapamMeTpaMu:

IyMHa Oanku [; =8 M; HIMpUHA U BBICOTA MPSIMOYTOJBHOIO IONEPEYHOI0 CEYEHHUS

COOTBETCTBEHHO paBHbl b=0.4 M u 7=0.6 M.
Matepuanom Oanku sBIseTCs >keie300eToH kiaacca B25 co crmemyromumun

XapaKTEePUCTUKaMU:  IUIOTHOCTb P = 2500 Kr/M=2.5T/M°; YACIBHBIM  BEC
Yo = ps-g =24.525 xkHA =2.5 tc/M?, Tae g =9.81M/c® — yckopeHue cBOGOIHOrO
majeHus;. Momyis ympyroctw E = 3.00186 10" xH/M® = 3.06- 10%te/m?;
kod(unment Ilyaccona un=0.2.

B cooTBeTcTBUM ¢ 3aJaHHBIMU MapamMeTpaMu o0beM FV; Marepuana Oanku,
wiomaab As €e MONepeyHOro Ce4eHus, MOJIHAs Macca mg U ee MOoJHbIH Bec Gy
COCTABJISIIOT COOTBETCTBEHHO BEMMUMHBL A =b-h = 0.4:0.6 =0.24 M°; Vi = Ag I =
=0.248=1.92M"; mg=ps-Vs=2500:1.92=4800kr =481, Gs=YsVs=ms-g =
=4.8-9.81 =47.088 kH = 4800 xr = 4.8 TcC.;

Ha puc. 1, a, 6 cooTBeTCTBEHHO H300pa)K€HbI JIMHEWHAs TIOTHOCTh OAJIKH
(MHTEHCUBHOCTh PAaBHOMEPHOI'O pacHpeleseHuss Macchl Oalkh IO €€ JUIMHE)

Wg=mg/ls = ps-As = 0.6 T/M 1 nuHelHBII BeCc OaJKuM (MHTEHCHBHOCTH
pPaBHOMEPHOr0 pacmpejesieHust Beca Oanku mo ee JummHe) qs =G/l = p;-g=
=0.6-9.81 = 5.886 xkH/m = 0.6 Tc/Mm.
a) 2
-
e
>/’7 4 i i 4 Z
& e B
| % | i
Puc. 1

Ilpumevanue. Benuuunel t; u g; (cM. puc. 1, a, 6) ABIAIOTCS OpAMHATAMM DIIIOP
PaBHOMEPHO pacHpeeNeHHbIX M0 JJUHE Oanku maccel U Beca Oanku. Ilnomamu py /s =mg u
qs ls =G 3TUX 3MIOp NpU AJIHHE /; COOTBETCTBEHHO PaBHBI Macce M Becy Oalku, a IpHU AIHHE
4yacTu OAJIKK PaBHOM OAHOMY METPY PaBHBI BEJIMUUHAM g = U -1 U g = g5 -1, IPEACTaBIAIOIINUM

COOOl COOTBETCTBEHHO «IIOIOHHYIO MAacCy» M «IOTOHHBI Bec» OalKM C pa3MEpPHOCTBIO MaccChl
(Hanmpumep, Kr) u cuisl (Hanpumep, H mn kre).

[lo cepenune mnposera Oanku PpaCIONOKEH HIEKTPOJBUTATENb MAaCCOM
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m, = 1500 kr (cm. puc. 1, a), KOTOpbI B HEPAOOTAIOIEM COCTOSHUU BO3JEHCTBYET
Ha Oanky cuioii Beca G, =m,-g=1500-9.81=14.715 kH = 1500 xrc = 1.5 ¢
(cMm. puc. 1, 6).

Kpome neiicTBus Ha 0anKy cTaTUYECKOM Harpy3Ku B BHJE€ COOCTBEHHOTO Beca
Oanku ¥ COOCTBEHHOrOo Beca JBHUIarelis, paccMaTpuBaeTcs BO3ZCHCTBHE
NVHAMUYECKON HArpy3KH, BbI3BAaHHOM BpallleHUEM poTopa asurareis. Porop umeer
nosHyro Maccy m, =300 kr = 0.3 T 1 Bpamaercs ¢ 4acToToi n, = 500 06/MuH.

3a BO3MYNIAIONIYIO JWHAMHYECKYI0 HArpy3Ky, BBI3BIBAIOIIYIO TIOMEPEYHBIC
Kosie0aHus OaJIK, IPUHATA BEpTUKaJIbHAs cocTaBisomas P(r) = P, sinfd¢ (puc. 2)

o 2 o
neHTpobexkHON cunbl F, =0 m,e (puc. 3), BBI3BAHHOW BpAINAIOIIMMCS POTOPOM

3JIEKTPOMOTOPA.
a)
P(¢
Heg é %
! é
/7 ; ; 77 my 77777
0) P(?)
1=mg/4 my=mg/4

| &
my=my+0.5ms /77777
Puc. 2
B yueOHOM 3aiaHHM NPEAIIONaraeTcs, 4To mMacca poropa my, =G, /g, nmeer

skcueHTpucurer e=5MMm = 0.005 M Mexay LEHTPOM Maccel pOTOpa U €ro

reoMeTprdeckoii ocero. Bec poropa G, = (300 xr)(9.81 m/c”) = 2940 H = 300 xrc =
0.3 tc.

01

|
T

Puc. 3

2 o
B BBIPAKCHHUC })0 =0"m, e JJIs1 BBIYUCIICHUA HCHTpO6€)KHOI/I CHJIBI BXOIHT

p
yIiioBasi 4acToTa BpamieHus poropa 0 = 2n-v = 2mw-n/60 = 6.28:(500/60) =
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= 6.28:8.33 = 52.3 1/c. Torza
P, =6%mye = (52,3)" 0,3:0,005 = 4,108 kH = 0.42 1c. (1)

Tpedoyemca nocmpoumsv Kapmuny npoudoe 0Oanku ¢ yKazanuem
MAKCUMAIbHO20 3HAYEHUA npozuda u HOCMPOUMb INIOPbL  UUOAIOUUX
MOMEHmMO8 OanKu ¢ yKazanuem MaKCuMaibHOll OpOUHAMbL:

® OT CTaTMYECKOM Harpy3ku B BHUAE COOCTBEHHOro Beca Oalku u
cOOCTBEHHOI'0 Beca dJIEKTPOIBUTATEIIS;

e OT [JUHAMMYECKOM Harpy3ku B Buge P(¢)=P sinf¢t 1npu

YCTaHOBUBUIMXCSI TAPMOHMYECKUX KOJICOaHUSX.
® OT CYMMAapHOI'O BO3JIEHCTBHSI HATPY30K.
Cratudeckue U JUHAMUYECKUN pacueTsl Oanku BeIMONIHUTH Ha [1K ¢ moMomibio
nporpammsl SCAD, peanusyromeir MKD.
JUis pacuera HCHOJIB30BaTh JIBE pacueTHble cxembl Oanku i1 MKD,
OPUBOSIINE K JUHAMHUYECKOMY pacueTy OajKu KaK CHCTEMBI:
1. C onHOH TMHAMUYECKOM CTENEHBIO CBOOOABI.
2. C nByms, Tpems (1id 0oJiee) IMHAMUYECKUMU CTENEHSIMH CBOOOIBI.
Pesynbrarel pacuetoB Ha [IK mnpokoHTposinpoBath, MCHOAb3ys (HOpMYIIbI,
npuBeneHHbie B yacTu 1 nannoro YMK u B [4].

1. IPUMEP BbIIIOJTHEHUA 3ATAHUS ITPH NCITOJ1b30OBAHUU J1UIA
JANHAMHNYECKOI'O PACYETA BAJIKH CUCTEMbI C OJJTHOU
CTEIIEHBIO CBOBO/IbI

1.1. Pacuer Ha IIK ¢ ucnosn3oBanuem nporpammbl SCAD

1. Cocmasnaem pacuemuyr cxemy O0aIKu 011 CHMAMUUECKO20 pacuema u
OUHAMUYECKO20 pacuema KaK CUCIeEMbl ¢ 00HOIL cmeneHnbio c60000vl (Puc. 4).

C »sToil menpto u300pa3uM Oalnky Kak CUCTEMY JIBYX DJIEMEHTOB Tuma 2
«CTepkeHb TIOCKOM pambl» (10 KIaCCH(UKAIMK CTEPKHEBBIX DJIEMEHTOB B
nporpamme SCAD) ¢ y3mamMu Ha omopax M B CepeuHE IpoJjieTa B MeECTe
pacroioxeHust gpurartens (puc. 4).
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Ha npuBeneHHol cxeme MOKa3aHbl U CTATHUECKUE HATPY3KU OT COOCTBEHHOTO
Beca OaJKM M COOCTBEHHOTO Beca JBUTaTelii U BEpPTUKAIbHAs COCTAaBJISIOLIAS
JTUHAMHYECKON HArpy3KH, BbI3BAHHOW BpAllleHUEM POTOpA JBUTATEIIS.

Tak kKak MbI pacCMaTpUBaeM 3Ty CUCTEMY Kak JIMHEUHO IePopMHUpyeMyl0, TO
BOCIIOJIb3YE€MCS TMPUHIIUIIOM HE3aBHUCHUMOCTU JCHCTBUS CUJI U OMPEICTUM MPOTHUOBI
OaJIKy M YCUJIUS B €€ CEUCHUSX OTMIEJIbHO OT KaXKJI0M HArpy3KH.

2. 3anyckaem npozpammy SCAD u evinoanum smanvt 1 u 2
nociedosamebHOCmMU pacuema, NPUEeOeHHou 6 nocoouax [1, 2] no oucuyuniune
«Cmpoumenvnaa mexanuka» u co3zoaoum Ha oucniaee IIK pacuemmnyro cxemy
oanku 6 eude cucmemot 08yx K3 muna 2 «Ilnockas pamay (puc. S).

ny ] 2 2 )

Puc. 5
3. Ha smane 3 pacuema co3oadum 3azpyyxcenue 1 om coocmeennozo eeca
oanxku u 3azpyrcenue 2 om co6cmeeHn020 eca 08uzameis.
4. Co30adum 3azpysrscenue 3 ¢ Oounamuueckum e6o3oeincmeuem (cm. [4] u
yacuml oannozo YMK).

IIpumeuyanue. V3noXeHHBIE HIDKE MEJIKUM MIPUPTOM METOAWYECKHE YKa3aHHs 10
CO3JaHUI0 JTMHAMHUYECKOIO 3arpyKEHUs CTYICHTY B OTYETE MOXKHO HE IPUBOIUTD.

Memoouueckue ykazanus no 3a0anuio OUHAMUYECKO20 3A2PYIHCEHUS
Jns  co3gaHud  JUHAMHYECKOrO0  Harpy>XeHus Ha  MHCTPYMEHTAJIbHOW  TaHEIH,

COOTBETCTBYIOLIEH pa3felny 3arpyxkeHue, HaXKMEM KHOIKY B U OTKPOEM IMEPBYIO CTPAHHILY
«BBoa mapameTpoB AMHAMHYECKOW HArpy3Ku» AHAIOroBoro okHa «llapamMerpbl AuHaMHYECKHX
BoznericTBuiiy. Ha mone «Bux Bo3nelicTBus» BeiOUpaeM «l['apMoHnyeckue koneOaHus» U AeliaeM
3amuch (HampuMmep, «rapMm-1») Ha cBeTsioM 1nosie «Mst 3arpykeHus.

3areM BbIOMpaeM B BEpPXHEW 4YacTH IMAJIOroBOro okHa «l'apMOHMYecKUE KoJeOaHusA» U
OTKpBIBAEM BTOPYIO CTpPaAHUILy. 37€Ch MPHUBEJCHA YacTh 3TOM BTOPOW CTPAHUIIbI, 3arlOJHEHHAs
rapaMeTpamMu BEJIMYMH PACCMAaTPUBAEMOI0 MPUMEPA pacyeTa.

{* Pacyer Ha 3a0aHHYKD 4acTaTy
YUENo yYHTEIBAEMblE dopt |—1
COACTEEHHBIX KONEGaHME

K0 pruMeHT HEYNpyroro I—
CONPOTHEAEHMA HaTEPMaNa o

K.pyroeas yacToTa BHELHEr D ’—
BOSOEHCTEMA ) paafeer

TOMHOCTE BEMHCNEHKA 0.

HACTOTEI
[lonTBepauB Ha3HaueHHbIE MapaMmeTpbl HaxaTtueM KHonku «OK» pauamoroBoro oxHa,
3aKpbIBa€M €ro. 3aTeM Ha MHCTPYMEHTAJIbHOW MaHeNM pasjesa 3arpyskeHHe Ha)KuMaeM KHOIKY

'I‘I‘L|/
o

«/HepIMOHHBIE XapaKTepUCTUKN». B COOTBETCTBYIOIIEM AMAJIOTOBOM OKHE BBIOMPAETCS €ro
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yacTh «l'apMOHMYECKHE KOJeOaHUs», TIe BBOJATCA HEOOXOAUMBIC I pacyeTa mapaMmeTpbl, B
YaCTHOCTH — BEC Macchl B y3iie 2. Bozmorcnvl 06a eapuanma 3adanusa macc 011 6anku.
B nepéom eapuamme 510 Jnenaercs cpady B JauaioroBoM oxHe «['apMoHHuYeckue

konebanus». [lpu stom BBOmUTCA Bec G, =Gy +G,, =2.4+1.5=3.9TC cymMMapHOW Macchl B

y3ie 2:

HanpaeneHue ¥ =

MapateTpel BOZLEHCTENS

Bec maccel B yzne 358 T

Benuiuna arnuryaer 0,42 T

3akoH kKonedaHHA sin hd
Cosur spastl 0
[paauaH]
OTu mapameTpbl OTHOCSTCS K KOJEOIoLIEeiicsl TOUeUHOM Macce, pacloyioKeHHOH B y3ie 2

(cMm. puc. 1,0), u gelicTBytomeil Ha Hee rapmoHuueckoil cuie (P(f) = P,sin0¢). [losromy nocie

Haxatusi B okHe KHomku «OK» Heo0xoauMo moaBecTH Kypcop K y3iy 2 M, HaKaB KHOIKY Ha
MBIIIH, OTMETUTh 3TOT y3el (3TO PaBHOCHIIBHO PACIIOJIOKEHUIO MACChl B y371€ 2 U NMPUIIOKEHUE K
HEMY yKa3aHHOM IapMOHHUYECKOH cuibl). Bece 3TH neHCTBHS MOATBEP)KAAIOTCA HAKaTUEM KHOIKU
«OK» Ha MHCTpyMeHTaIbHOI NaHenu pazzaena 3arpys;kenue. Eciu npu 3ToM Ha naHenn @uiabTpbl

pml IF
0TOOpaKeHHsl Oy IyT HaKaTbl KHOIKHA | 71 |, ——

, TO Ha PaCYETHOM cXeMe OKOJIO y3/1a 2 MOSIBUTCA
XapakTepHoe 0003HaYeHHE U 3HaUYeHHE Macchl (puc. 6):

P3,9
(w3 ]

Puc. 6
BrinonHneHHoe 3arpyskeHue HeoOXoaumMo coxpaHuTh. C 3TOM 1ENpl0 HaJ0 HaKaTh KHOIKY

Ly
= B pesynbrare oTKpoeTcsi OKHO «COXpPaHHUTh 3arpyKEeHHE», YaCTh KOTOPOTO MPUBEICHA HIKE.

HraA sarpyseHua

|ra|:uM-1

cE-8

CrraeHa
Cnpaeka

Hotdep sarpyseHua 3 -

Vimena mpeaplIynux 3arpykeHuil M 3aJlaHHOE BBIIIE UMs JAWHAMUYECKOTO BO3ICHCTBHS
«rapM-1» yxe OyIyT OTpakeHbI B 3TOM JHAJIOrOBOM OKHE.

Ho B nosiBuBmemcs okue B mnosie «Homep 3arpyxeHusi» cHadana Hudero He Oyzaet. Hamo ¢
MIOMOIIBIO YKa3aTeJ sl OTKPHITh CIIMCOK HOMEPOB U BHIOPATh MOPSAKOBBIN ISl JAHHOTO 3arpy KEHUS
HOMep (B JaHHOM citydae — 3).

Bo emopom eéapuanme 3a0anua macc B 1uanoroBoM okHe «l apMOHHYECKHE KOJICOAHMS»
cocpeoToueHHas macca B y3ie 2 cxembl MKD (cMm. puc. 7) 3amaeTcss TOJIBKO COCpeAOTOYECHHAs
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Macca asuratens 1.5 T (Bce ocTajabHbIe BEJIMUUHBI B ’TOM OKHE OCTaIOTCSI TAKUMH XKe, Kak B Bap. 1):

Hanpasnerwe 5 =

MaparmeTpel EoSQeNCTEWA

Bec maccel g yzne 158 T

BenuuHa arnndryaer |0.42 T

JaKoH konesaHHa 3N -

Cogur pasel a
[panuaH) .
Macca 6asiku 3aaeTcst Kak pacrpeiejeHHas M0 JUIMHE KOHSYHBIX 3JeMeHTOB. JIJis 3Toro Ha

..-) I
MHCTPYMEHTAJIbHOM NaHeNn pasjena «3arpyKeHus» CHOBa HA)KUMAEM KHOIIKY Al B pe3yJbrare

OTKPOETCSI TMaI0oroBO€ OKHO (HMKE IIPUBEJIEHA TOJIBKO €T0 YacTh):

{*+ Maccel B3 nemeHTay

* Pacnpegenshdeie | TTAacTHHe

" CocpegoTodeHHBE

Bec maccw |06 T

BBenst B Hero Bec pacnpeeNieHHON Macchl, OTHOCSIUICSA K OHOMY METPY JUIMHBI OajKu,
3aKpbIBa€M €ro Ha)kaTueM JIoKajgbHOW KHONKU «OK» M OTMETHB KOHEUHBIE AJIEMEHTHI (MX LIBET
CTaHET KpacHbIM) MOJATBEPKIAEM CJIEIaHHbIE Oonepalnuy HaxatueM kHonku «OK» 3eneHoro sera
Ha HMHCTPYMEHTAJbHOW NaHeNNW OKHa «3arpyxeHusn». Ecau mpu 3ToM Ha naHenun POuiabTpsbl

pml e IF
oTOoOpakeHHus OyayT HaKAThl KHOTIKU A ,— |, TO HA pacyETHOM CXeMe OKOJIO y3/1a 2 MOSBUTCA

XapakTepHoe 0003HAYCHUE U 3HAYCHUE MACCHhI (puc. 5):

D0.6000 D15 D0.6000

- i

Puc. 7

Pesynbrar pacuera B 000MX BapuaHTax 3aJaHUsl UCXOJIHBIX JIAHHBIX OyAeT OJUHAKOBBIH.

Tak kak B paccMaTpuBaeMOM TMpuMepe OoJibllie 3arpy>KeHuil HeT, TO
NepeXo/IUM K BBITIOTHEHUIO 3Tana 4 pacuera (cM. [1, 2]).

5. Boinonnaemcsa quHeunblil pacuem u npeocmasisiiomcs e2o pe3yibmamsol.

Bcesa mpouienypa BBINONTHEHHS] 3TOTO 3Tana OCTAETCS TAKOM K€, KaK U IpHU
CTaTU4YECKOM pacyeTe.

Otnuuue HaOmonaercs B Tabnuie «OdgopmileHre pe3yabTaTOB pacyeTay, IJie
pe3yJbTaThl pEUICHUs AMHAMUYECKOW 3aJaud sl 3arpyXeHus 3 OTpa)K€Hbl HE
TOJIbKO B BHJI€ TaOJIUII JJ1s1 MICKOMBIX MEPEMEIICHUN U YCUIIUHM, HO U B CHEIUaIbHOM
pazueie «JluHamMuka.

[Ipu oTkpeITHM pa3nena «JIuHaMuKay MOCIEA0BATEIBHO OTKPBIBAIOTCS YETHIPE
Tabyuibl. C y4eTOM BO3MOXKHOCTH KOPPEKTUPOBKH MapaMeTPOB BBIBO/IA PE3YIbTaTOB
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pacucTa nMpcacraBuM UX B BUJIC:

1. Pacnpez[eneHI/Ie BECOB MacCC

| PACIOPEIIODEINEHIUE BECOB MACC, TC |

|3arpy: N II/II : COBCTB. : UYACTOTH : MNEPMOIH

| XeHMe SHAUEHUA: --=-=-=  ——————mmmmm I = - \

| ®w, 1/C /., ra T,c \
| 3 1 .0138734 72.08 11.4777 .0871254 |

5. Ananusz pesynomamoe pacuema. llpexae Bcero, OTMETUM, YTO CTPYKTypa
TaOJIUIl U WX HA3BaHUS TPEIHA3HAYEHBl JUISI CHCTEM C HECKOJBKUMHU CTETICHAMHU
CBOOOJIbI, YTO OOBICHSIET HMCIOJb30BAaHME MHOKECTBEHHOI'O 4YHWCJIa B Ha3BaHMIX
tTabiuil. B paccmaTpuBaeMoM MpuMepe yUYUTHIBAEM TOJIBKO OJHY CTETEHb CBOOO/IbI
Macchl, COCPEeIOTOYEHHOH B y3Jie 2 (CM. puc.2, 6).

BBenennsie pe3yabTaThl B IEPBOM M BTOPOHM TaOJIMIIAX MOHSTHBI: B MEPBOIMl —
NIOKa3aHO, YTO B Yy3JIe 2 COCTaBJIIEHHOW pacyeTHOM cxembl MKD Haxomurcs
cocpenoroyeHHast macca 3.9 T Becom 3.9 Tc (cM. puc. 2, 6); BO BTOPOIl — IPUBECHBI
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pe3yJbTaThl OMNpe/eeHuss COOCTBEHHOM KpYyroBOM 4acToThl @ =27 - f (pan/c=1/c),

nukinaeckoi yactotsl f (1/c=I'n) u nmepuona 7T (c).

B Tperbeii Tabmume s kaxaon coOctBeHHOU (opmbl konebanuit (CDK)
OTPAXKAIOTCA  OTHOCUTENBHBIE IEPEMEIICHUS MacC pPacyeTHOM CXEMbl IO
HAIpPaBJIEHUIO UX cTeneHneit cBoOoapl. [Ipu aToM Hanbonwinee nepememnieHrne B COK
IPUHATO PaBHBIM €IMHHUIIE.

B paccmaTpuBaeMoM npumepe Il CUCTEMBI C YUUTHIBAEMOU OJHOM CTENECHBIO
CBOOOJBI TOYEUHOM MacChl B HANpPaBJICHUM OCU Z HMMEETCS TOJbKO oAHa (opma
KOJIEOaHM C OJHOW OPAMHATOM, paBHOW €IMHULIE.

B uerBeproii Tabiuile MPUBEACHBI BE aMILIMTYIbl cocTapistonmx S’ u S”
CyMMapHOM CWIbl S, NEHCTBYIOIIEH Ha Maccy B y3Jie 2 IpPH YCTAHOBHUBIIMXCA
KOJIe0aHUSIX MPU Pa3sIoKEHUU KOJeOaHUI MO CUHYCY M IO KOCUHYCY (CM. MOJpa3zen
1.4 B wacru 1 YMK u B [4]). Ilonnas ammurtyna S, CyMMapHOM CHibl S

nosayuaercs no ¢popmyine (1.112): S, = \/(0.87)2 + (—0.15)2 =0.88 Tc.

Ananornyto (cMm. nompaszaen 1.4 B wactu 1 YMK u B [4]), u3 Tabnuubl ais
NEepeMEeIeHH IS 3arpy»KeHus 3 ¢ UMEHEM «TrapM-1» Mojly4aeM JIBe COCTaBISIONINE
MepeMeIleHuss y3jia 2 pacdyeTHOM cxeMbl (cM. puc. 4), COOTBETCTBYIOIIUE
cocTaBsronuM Harpy3ka S'u S":

Enuvumier VISMEepPpeHNnA JIMHEMHEBIX nepeMeLueHMﬂ: MM

| 1 2 3 \
| 1 - ( cB-0O) \
| Z -1.452 \
| 2 - ( cB-n) \
| Z -.7262 |
| 3 - 1 ( rapm-1) \
| Z -.4238 |
| 3 - 2 |
| Z .0825 |

AMIIUTY1a PacYeTHOTO TUHAMHUYECKOTO TepeMeIIeHHs y3ia 2 ONMpeleTnTcs
no popmye (cMm. popmyny (1.98) B wactu 1 YMK u B [4]):

Zy =\Z} + 273 = |[(-0.424) +0.082% = 0.42 v

IIpumMepHO TakoM Ke pPe3ysNbTaT IMOJNYYHUTCS JOajee IPU PYYHOM pacyeTe
(Z,=4,).
N3rubaromme MOMEHTHI, MOdyYaroluecs B y3iie 2 pacueTHo cxembl MKD

(cMm. puc. 8) ot cratudeckux (puc. 8, a, 6) u auHamMuyeckoro (puc. 8, 6 2, 0)
3arpy:kKeHui Oajku, MPUBEACHBI B CICAYIONICH TabuIle:
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| 2 1-1 1-2 2-1 2-2 |
| 1 - ( cB-0) \
| M 4.8 4.8 |
| 2 - ( ce—m) \
| M 3. 3 |
| 3 - 1 ( rapm-1) |
| M 1.75 1.75 |
| 3 - 2 |
| M -.34 -.34 |
| 3 - s1 |
| M 1.78 1.78 |
3—81 — PpacCdeTHEBIE 3Ha4YeHUA MCKOMOﬁ BEJIMUVHEL B 3ar'PyXeHUMN 3 (B OJaHHOM CJlydae (CM.

bopmysty (1.113) B wactu 1 YMK m B [4]):

Moy =M} + M2, = [1.75% +(~0.34)> = 1.78 1e'm

1.2. KontpoJus pe3ybraToB pacyeroB Ha [IK Bpy4HYI0 ¢ HCIIO1b30BaHHEM
HU3BECTHBIX ()OPMYJI IJIsl CUCTEMBI € OJITHOM CTENEeHbI0 CBO0O/bI

1. Onpeoenaem codCmeeHHYI0 HACMOMY CUCHEMbL C OOHOU CHIENEHbIO
c600000v1 (cM. puc. 2, 6) o Bropoii popmyne (1.14) vactu 1 YMK u [4].

Bripazus, ¢ nomomipio 3akoHa ['yka, ko3(pUIMEHT MOJATIUBOCTA O Yepe3
ONPEENEHHOE Bl Mepememienne u, (G,) Oanku or Beca asurarens G,

(0=u,(G,)/G,) nomyunm:

G
o= | g g A \/981 LS 5508 1.
md Gy \G, ug(G,) V39 00007262

3nece Gy =Gy + G, =2.4+1.5=39T — Bec TOYEYHOW Maccel B y3jie 2

(cMm. puc. 1, 6).
2. Bwviuucnaem oOunamuueckuii xoIgppuuyuenm [ ona 0eyx eapuanmos

peuienusn 3a0aiu 00 yCmaHo8UBULUXCA KOeOAHUAX DAIKU.

Bapuanr 1 (y, =0):

L,
1-(0/w)?| |1-(52.33/72.08)?]
Bapuant2 (y, #0):
p= 21 1 o3,
0
1-(52.33/72.08)%)% +(0.09)> 2222
\/(l_m) +YH \/( ( )*)? +( )(7208)
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Kaxk BUIUM, B PACCMOTPCHHOM IIPUMCPC BIUAHUC ITUHAMHUYCCKOI'O BO3I[CI\/’ICTBI/I$[
HE3HAYNTENbHO. OTO CBA3aHO C Majol MacCod m, pOTOpa JABHraTelas U MalbiM
cooTHomIeHHeM O/ KpyroBoil yacToThl O ero BpalleHHs ¥ COOCTBEHHOH YacTOTHI ()
cuCTeMbl. MajioMy 3HAYCHUIO OTHOIICHUS O/@® COOTBETCTBYeT M Majioe 3HAYCHHUEC
k03¢ ¢unuenra muaamuasoctu 3 =2.11 .

3. Boiuucnsaem amnaumyovt uCKOMbIX 6€1UYUH.

3.1. AMmutyzaa ycraHoBuBmuxcs konebanut A, = (u ) =(P, -6-p):

A,=(0.42-0.0005-2.11)=0.0004 M =0.4 Mmm .

Benuuuna nepemenieHuss 0 OT €IUHUYHON CHUJIbI, MPUIIOKEHHON B CeperHe
JUIMHBI OajKu, MOJIyyeHa 3/IeCh ¢ MOMOIIbIO 3akoHa ['yka mepecyeToM mo mporudy
U, (G,), IOICYMUTAHHOMY BBIIIIE OT ACHCTBHS CUIIBI Beca npurates G, =1.5 1c.

3.2. AMmuTya CyMMapHOW cuiibl (3aJaHHOM CHJIBI M CHUJIBI MHEPLMH) s
BapuanTa 1 (y,, =0):S, =P B=0.42-2.11=0.89Tc.

3.2. AMmuTya u3ru0aroIiero MOMEHTa B Cpe/THEM CEUeHUU OaNKH JJI 3TOTO
’KE BapHaHTa pacyeTa :

M, =M. -B=(P,-l5/4)-B=(042-8/4)-2.11=1.77T 1c- M

4. Onpeoensem cymmapHnvle 3HAUEHUA UCKOMbBIX GEIUYUH 6 CPEeOHeM
ceueHuu OanKu ¢ y4emom 3HAKONEPEMEHHOCHMU OUHAMUYECKUX AMNAUMYO,
omuocawueca K Huxcnen (I- coomeemcmeyem 3naxy +) u eepxueil
(2- coomeemcmeyem 3HaKy —) CIMOpPOHAM 0AIKU:
+ 2.5 MM
+1.7mMm

+9.57
M1’2 :MCT(q6 +G}I)i(MCT 'B):7,8i177:+6.03}TC‘M

ul,Z :ucT(CI6 +Gﬂ)i(A0):21iO4={

HonyquHme PE3YyJIbTAThl IMOKA3bIBAIOT, YTO B PC3YJIbTATC YCTAHOBUBIINXCA

KosiebaHuil B Oasike monepeMeHHo (¢ mepuonoM 1, =2m/0) B cpeaHeM CE4YeHHHU

MaKCUMaJIbHbIA BO BPEMEHM MNPOrHO0 M MAKCHUMAJIbHBIA M3rHOAIOIIMA MOMEHT
U3MEHSIOT 3HAYEHMsI U 3HaK, T. €. PacTAHYTHIMU OyIyT TO HIKHAS (3HaK +), TO
BEpXHsA (3HAK — ), CTOPOHBI OAJIKH.

Taxoe siBjeHHE MOXKET HAOIOIATHCS U BHE PE30HAHCHOM 30HBI, YTO CBSI3aHO C
BJIUSHUEM HAa MHCKOMbBIE BEJIMYMHBI PA3IMYHBIX MapaMEeTPOB paccMaTpUBAEMOM
CUCTEMBI.

Kak Buaum, pesynbTaTel pacuera BpydHyro Hu 1o nporpamme SCAD

IPaKTHUYECKN COBMA/IAIOT.
Onropsl U3rudarlX MOMEHTOB IPU PACCMOTPEHHBIX 3arpykeHusx 1, 2, 3
COOTBETCTBEHHO M300pakeHbI Ha puc. 8, a, -2.

143



B Tperbem (auHaMUYECKOM) 3arpy>KeHMHM TOJIYYArOTCS JIBE  DIIOPHI
(puc. 8, 6, 2). OHM COOTBETCTBYIOT Pa3JIOKEHUIO CYMMApHOW Harpy3Kud MOpH
YCTAaHOBUBIIMXCS TapPMOHUYECKUX KOJICOAHMSIX Ha KoJeOaHUS MO CHHYCY U IIO
KocuHycy. Ha puc. 8, 0 n3o0paxkeHa 3miopa pacueTHbIX U3rMOarouX MOMEHTOB MPU
JTUHAMUYECKOM 3arpy>KeHUH 3, OpJIMHATHI KOTOPOW TOJYy4YEHBI 10 MPUBEICHHON Ha
c. 141 popmyne st M, .

CyMMapHble 3HaueHue nporuda u U3rudaroIero MOMEHTa B CpeJIHEM CEUECHUU
Oanku TpH ee 3aJaHHbIX MapameTpax mnonydaroTcs npu pacyere MKD na IIK ¢
ucnoiib3oBanueM nporpammbl SCAD TakuMm ke, Kak IPU pacyeTe BPYUHYIO.

Ecnu mpenmnonoxkuthk, 4YTO BO3MYIIAIOLIas 4acTOTa COBIAla C COOCTBEHHOM
gacToTo cucteMbl (0/w=1), To kO3(pPUIIMEHT NMHAMUYHOCTH, aMIUIUTYJa
nepeMeleHI 1 aMIUTUTY/1a MaKCUMaJIbHOTO U3THOAIoero MOMEHTa IPU pe30HaHCe
HOJIYYHJIUCh Obl COOTBETCTBEHHO PABHBIMH:

B=1/y,=1/0.09=11.1.

A, =(0.42-0.0005-11.1) = 0.0023 M = 2.3 MM.
M, =M -B=(Pls/4)-B=(042-8/4)-11.1=9.33 1c-™
Torzxa COOTBCTCTBYHOIIIUC CYMMApPHBIC BCJIIMYHNHBI JJIs1 Hpom6a nu

I/I3FI/I6aIOHleFO MOMCHTA B CPCAHCM CCUCHHHA Oaku IMOJIYYHJINCH OBI PaBHBIMH:

+4.5 MM
Uy =uy(qs +GE(4,)=2.1£(2.3) = {_ 0.2 amt”

+17.13 c-M
—1.531c-Mm "~

[TpumepHBIid BUA 3ITIOp U3rHOAOIIMX MOMEHTOB B OAJIKE MPU yCTAHOBUBLINXCS

M, =M,(q5+G)E (M, -p)=7.8%£9.33 :{

Kosnebanusax ¢ koddpduuuenrom auHamuuHoctn PB=1/y,=1/0.09=11.1 ¢

MNOACUYUTAHHBIMU CYMMAPHBIMHU OpAWHATAMHU B MCCTC PACIIOJIOKCHUA OBUTATCILIA
IMOKa3aH TOHKHUMH NIYHKTUPHBIMHU JIMHHUAMHU Ha PUC. 8. e.

Memoouueckue pekomenoayuu K ROCMPOEHUIO 6PYUHYIO
CYMMAPHBIX INIOP U3ZUOAIOUWUX MOMEHNO8 Ha puc. 8,e.

CooTtBeTcTBYIOIIME CyMMapHbIe 3Mmopbl M Ha kaxxaoM KD pacueTHo# cxeMbl MpHOIMKEHHO
CTPOSTCSL C TIOMOUIbIO OPJUHAT ATHUX SIIOP B Hayaje, KOHIIE U B CPEAMHE CTEP)KHEBBIX KOHEUHBIX
anemenToB THna 2 (SCAD). OpauHaTta B CpeJHEM CEUEHUU OIpeenseTcs mo GopMyIie:

M= M (n.0.m.)+ M (gs).

[Ipu 5TOM B MOCTPOCHHBIX AMIOPAX H3MEHSAETCS TOJIBKO opanHaTa M (71.0.M.), KOTOpas paBHa

MOJIOBHHE OTMEYEHHOW COOTBETCTBYIOIIECH OpAMHATHI B y3ie 2 (cM. puc. 8, e). Opaunata M (qe)

. . 2
Oyzner, kak u3BecTHO [l, 2], mocTOsiHHON M paBHOW B paccmaTpuBaeMoM mpumepe gl . /8 =

0,6:(4)*/8 =1,2 Tc'Mm.
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MeToauka TPOJEMOHCTPHpPOBAHA HAa TIPUMEpPE CYMMAapHOW OIIOPBl OT CTATUYCCKUX
Harpy3ok (puc. 9).

4 M 1,5 Tc
™ ™ 0,6 Tc/m
— - ——
I S | 3.9 Te'm P 39TC.—Iﬂ>’J\’/::;’
1.2 Tc M/(\;:::::._,___ e EEETY 1.2 Tc'm
5.1 Tc'm 7 8 TeM 5.1 Te'm
Puc. 9

3necb M(Gestqs) = M (1.0.m.)+ M (gs).=0,5-7,8 + 0,6:(4)*/8 =3,9+1,2=5,1 Tc'm.

2. MIPUMEP BbIITIOJIHEHUSA 3AJAHUA ITPU UCITOJIB30BAHUU JIJIA
JANHAMMNYECKOI'O PACYHETA BAJIKU CUCTEMbBI C HECKOJIBKUMHA
CTEIIEHSAMU CBOBO/bI
2.1. Pacuer na IIK ¢ ucnosab3zoBanuem nporpammbsl SCAD

B pazgene 1 otruera mo pab6ore 1 ObLJIO paccMOTPEHO pEIICHHE 3aJadyd IO
ONPEIEICHUI0 MAKCUMAJIBHOIO MPOrnda 1 MakCUMaJIbHOIO U3rHOAI0IIEr0 MOMEHTA B
&KeJe300eTOHHOM Oajke ¢ 3JIEKTPOABUTATENIeM, PACIOIOKEHHBIM MO0 €€ JJIMHE TpH
WCITOJIb30BAaHUU ISl TUHAMHUYECKOI'O pacyeTa CUCTEMbI C OJTHOM CTENEHbIO CBOOO/IBI.
CooTBeTCcTBYIOIIAasl pacyeTHasl cxema g paccMarpuBaeMon Oanku Obula MOJydeHa
pazOueHnaM OajKy IO €€ JJIMHE Ha 1Ba KOHEYHBIX CTEPKHEBBIX 3J1eMeHTa Thna 2 (1o
kiaccudukaruu nporpamMmmbl SCAD).

Pacder BBINONHANCA OT JABYX CTAaTUYECKUX 3arpyxeHuil (3arpyxenue 1 ¢
UMEHEM «CB-0» OT COOCTBEHHOI'0 Beca OaJIKM M 3arpyeHue 2 ¢ UMEHEM «CB-I1» OT
COOCTBEHHOIO0 Beca JBHUIaTelsi) a Takke OT JUHAMHYECKOro 3arpyKeHHs
BEPTUKAJILHON TapMOHMYECKOI Harpy3koil P(f) = P, sin 0¢ (3arpyxeHue 3 ¢ IMEHEM

«rapM-1») 1Mo pacyeTHOM cxeme OalKu B BUJE CUCTEMBI C OJHOM CTENEHbIO CBOOOIBI.

PaccmoTpum penieHune 3Tou ke 3aa4u ¢ UCIOJIb30BAaHUEM PACUETHOU CXEMBI
MKD, korga Oanka mo JJIMHE MpoJieTa pasjelieHa Ha YEThIPEe PaBHBIX KOHEYHBIX
snemMeHta tuna 2 (cMm. puc. 1.2). B »Tom ciydae npu 3arpykeHuu yszna 3
JMHAMU4ecKoll Harpy3koil B Buue P(f)=P,sin0f momydyuMm pacueTHyI0 CXeMy B

BUJIC CUCTEMbI C TPEMs CTEIICHSIMH CBOOOIbI, KOTOpasi MOXKET OBITh MpEJCTaBlICHA B
BHJIE, IPUBEIEHHOM Ha puc. 10.

Chavania co3aauM CTaTUYeCKue 3arpy’keHusi 1 u 2 COOTBETCTBEHHO OT
cOOCTBEHHOTI'0O Beca OaJIKM M JIBUTATEIIS.

3ateM mepeizeM K JUHAMHUYECKOMY 3arpy>KeHHUIO Ui PEIIeHHUs 3aJadud 00
YCTAaHOBUBIIIMXCS TapPMOHMYECKUX KOJICOAHUSX CHUCTEMBI, BBI3BAHHBIX BpPAIICHUEM
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poTOpa JIEKTPOJABUTATEIIS C TEMH KE NTapaMeTPaMU, KOTOPbIE PACCMATPUBAJIUCH TIPU
pelIeHNd aHaJOTUYHOW 3a/laud  JUIsl CUCTEMbl C OJIHOM CTENEHbI0 CBOOOJbBI
(cm. pazgen 1 pacueTHOM pabOTHI).

. é P(1)

Puc. 10
dran 3. Co3zdanue 3acpysxcenus 3 «lapm-3» 0aa ounamuueckoiui 3aoauu

«l'apmonuueckue konebanua». JIng HSTOr0  HAXMEM  KHOIKY \L Ha
MHCTPYMEHTAJIHON MaHeNId, COOTBETCTBYIOLIECH pa3feny 3arpy:keHHe U OTKPOEM
NEPBYIO cTpaHully «BBOJ MapaMeTpoB JUHAMUYECKON HAarpy3KW» IUajIoroBOr0 OKHA
«ITapameTppl TMHAMHYECKUX BO3ACHCTBUI» (BUA OKHa 31eCh He npuBoauTtcs). Ha
nojue «Bun BozaeiictBus» Beioupaem «['apMoHMUeckne KoaeOaHus» U e1aeM 3alnuch
(Hanmpumep, «rapM-3») Ha cBeTJIOM 1oJie « M 3arpyKeHus».

3areM BbIOMpaeM B BEpXHEH YacTH JUAIOrOBOro OKHa «l apMOHMYeCKHue
KojeOanus». OTKpoeTcs BTOpas CTPAaHMLA OKHA, 4acTb KOTOPOrO C BBEIACHHBIMH
napamMeTpaMHy IPUBEICHA HUXKE.

BEON NApAMETPOE AMHAMUYECKDRA HAFPYSkK | PMOHMYECKME KONBGaHHA

(" YuyeT npomesyToNHbIR PESOHAHCHENE COCTOAHMEA

{* PacyeT Ha Sa0aHHYK 4acTaTy
YUCno YUHTEIEIEMEL fOphd |—3
COGCTEEHHED KONEGaHMIA

K. om U MEHT HeYnpyroro I—
CONPOTHENEHWA MATERMAN L)

K.pyroEas yacToTa EHEWHErD
h23
BOZ0EHCTEWA 3 pan/cex

TOMHOCTE BEMHCNEHKA 0.

HACTOTEI

HeoOxoaumele [U1sl 3allOJIHEHHSI 3TOTO OKHA JAHHBIE AHAJIOTHYHBI (KpoMme
yucia yuuteiBaeMbix COK) ucnonb3oBaHHbIM JaHHBIM B nipumMepe 1 moapaszzaena 1.5
IIPU pacCMOTPEHUH 33Ja4H JIJIsl CACTEMBI C OJHOU CTENEHBIO CBOOO/IBI.

[ToaTBepnuB BBeneHHYIO0 HH(oOpManuio Haxatuem kKHonku «OK», 3akpoem
JUAJIOrOBOE€ OKHO M HAa MHCTPYMEHTAJbHOM MaHenu pasjesna 3arpyKeHusl HaKMEM

T11.|/
i

KHOIIKY «HepIIMOHHbIE XapaKTEePUCTUKW». B OTKphIBIIEMCS criMCKe BbIOMpaem
«"apmonnueckue koneOaHus». OTKpOETCS AMAIOrOBOE OKHO, 3allOJIHEHHOE
UCXOJHBIMH JJaHHBIMHU, OCHOBHAsI 4aCTh KOTOPOTO IPUBE/ICHA HUXKE.

OHO 3am0JIHEHO JJIs TAPMOHUYECKON CHIIBI, IPUJIOKEHHON B y3J€ 3, TEMH K€
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WCXOJIHBIMHM JaHHBIMH, YTO U IPH pacyeTe OadKkh KaK CHCTEMBI C OJIHOM CTETICHBIO
CBOOO/EI.

HampasneHqe 5 5 7

MapaMeTpbl EOSAERCTEMA

Bec maccel B yzne 1.5 T

BenkiuHa amnnqmyaer (042 T

3aK0H KonedaHua zin -
Cagur dassl 0
[panuaH)
HOCHG BaKpBITI/IH OKHA HaAXAaTHEM KHOIIKH «OK» HeO6XOI[I/IMO «KOTMCTUTDB»
y3€f[ 3 (3Ta Hpoue,uypa HeonHOKpaTHO BCTpeanIaCB paHee).

M,
i

3aTeM ele pa3 HaKMEM KHOIIKY «/IHepLIMOHHBIE XapaKTEepUCTUKU». B
OTKPBIBIIIEMCS CITUCKE BhIOMpaeM «3aganue macc». OTKpPOeTCs: OKHO, KOTOPOE OBLIO
HCIIOJIB30BAaHO paHee B MPUMEPE pacueTa CUCTEMbI C OJHOU CTENEHBIO CBOOOBI s
3aJlaHusl PABHOMEPHO PACIPEACICHHON MACChl CTEP)KHEBBIX KOHEUHBIX 3JIEMEHTOB
Thna 2. B JaHHOW 3a7jaue HAa NPUBEICHHOM HUKE I0JI€ AUAJIOTOBOTO OKHA «MAaCCHI B

AJICMCHTAaxX» BBOOIUTCS BCC OJHOI'O MCTpa JJIMHBI QJICMCHTA
(gs =2.5-0.24-1=0.6 1C).

+ Maccel B3 nemeHTax

* PacnpegenerHele | TlnacTuHel

" CocpenoTodeHHbIE

Bec maccer |06 T

[locne 3akpeiTHs OKHa HaxkatueM KHONKHM «OK» sneMeHThl Ha pacueTHOR
CXEM€e, UMEIOIINE YKa3aHHYI0 MHTEHCHUBHOCTb BECA, «OTMEYAIOTCS» HA PACUETHOU
cxeme MKD yxe u3BeCTHBIM CIIOCOOOM (CM. TTpUMEpPHI B tocobuu [1]).

B pesynbrare nmoiayyuM cxemy 3arpykeHusi OaJiku ¢ UMEHEM «TapM-3» B BUJIE,
YK€ BCTPEYaBUIEMCS IPU PEUICHUU JUHAMHYECKOM 3amauu «MoOJajlbHBIA aHAIU3)
(cM. puc. 11). BrinmonHeHHOE 3arpyKeHHE COXPaHIEM.

| D06 , D06 PlI; D06 4 D06 5
= » 2 o =
Prc. 11
;1 ol ¢ ¢t 3°

my ms my 77777
Puc. 12
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Jtan 4. Beinoanenue nuneitnozo pacuema u npusedenue e2o pe3yibmamnos.

Pe3ynbraThl pacuera JuHaAMUYecKOW 3amaun «l apMOHMYECKHE KOJIEOaHUsD)
BbIatoTCs B Tabmune «OdopMieHre pe3ybTaToB pacueray B paszaene «uHamukay
B BUJIE CJIEAYIOLIUX YEThIPEX TAOJIHII.

| PACIOPEIODEJJEHME BECOB MACC, ¢ (cM.puc.l2)

| 1 2 3 4 5 \
| 1 - ( rapm-3) |
| Z 1.2 2.7 1.2 \

| Barpy N COBCTB. YUACTOTH TIIEPVOIBL

| O/I0 ¢ e \

| xeHme BHAUEHUS 1/C il C

| 1 1 .0137914 72.50864 11.54596 .0866103 \

| 2 .0027208 367.5373 58.52505 .0170867 \

| 3 .0015063 663.8773 105.7129 .0094595 \

Puc. 13

I/IHepI_II/IOHHI)Ie CWJibl NIPCACTABJICHBI B quBepToﬁ Ta6J'II/H_Ie B BHIC

aMIUIUTYAHBIX 3Ha4eHud S, U S, ,, TAe HHACKC kK = 2, 3, 4— HOMep y31a B

pacueTHou cxeme (puc. 12), a unAeKchl 1 U 2 — HOMepa COCTaBIISIONIUX BEKTOPOB
s' u s" cymmapnoii (mo BceM COK) Harpysku (cM. (2.79) B uactu 1 YMK u B [4]).
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| 1 2 3 4 5 |
| 1 - 1 ( rapm—-3-2) \
| Z .0964 .7295 .0964 |
| 1 - 2 |
| Z -.0277 -.1272 -.0277 |

a) llepememernss  u' (cMm. 2.78 B yactu 1 YMK u B [4])

0,0964 0.7295 0,0964
1 2 3 4 5
- -
TTeee -0,29 10,42 -0,29 S

S~a -

0) Ilepememieanss  u” (cm. 2.78 B wacum 1 YMK u B [4])

- S~=-a
- -
-

-0.0277 -0.1272 -0.0277

6) Dnropa M' (cootBeTcTBYET critaM Bektopa s’ (cm. 2.79 B wactu 1 YMK u B [4])

0,0964 0.7295 0,0964
2

0,92 (0.94) 0,92 (0.94)

1,65 (1.68)

2) Dmropa M" (cootBetcTBYeT critaM Bekropa s” (cMm. 2.79 B wactu 1 YMK u B [4])

0,31
0,18 PR 0,18
&,
1 5
= L
ZT 3 4 ‘l'
-0.0277 -0.1272 -0.0277

0) I'panu1pl M3BMEHEHUsT OpAMHAT CYyMMAapHOM 31opsl M
3
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[lepemenieHust npu yCTaHOBUBILUXCSI TADMOHUYECKUX KOJIEOAHUSIX (3arpyKEHUE «TapM.-3»)
BBIIAIOTCA TAK)KE B BUJE JIBYX aMIUTUTYIHBIX 3HaueHUH (cM. (2.78) u puc. 2.7, a, 6 B yactu 1 YMK
u B [4]):

| 1 2 3 4 5 \
| 1 - ( cB-0)

| Z -1.034 -1.452 -1.034

| 2 - ( ce—m) \
| Z -.4992 -.7262 -.4992

| 3 - 1 ( rapm-3 ) \
| Z -.2895 -.4174 -.2895 (puc. 14, a) |
| 3 - 2

| Z 0557 08 0557 (pmuc. 14,06) |

Opaunatel 5010p U3rHOAONIMX MOMEHTOB (M HE MPHUBEJACHHBIX 37€Ch
MOMEPEYHBIX CHUJI) BBIAAIOTCA B MPUBEICHHON HMKE TaOJHIe MPU yCTAHOBUBIIMXCSA
rapMOHUYECKUX KOJICOAHUSIX B BHUJAE ABYX BEJIUYUH, COOTBETCTBYIOUIUX ACHCTBHIO

14

BekTopoB 8' u s" cymmapHoi (mo Bcem COK) Harpysku (cMm. TaOa. yCHIud u

sntopsl M, u M, Ha 14, 8, 2).

| y CUMJnA B 3JEMEHTAX, TC-'M |

| 2 1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 |
| 1 - ( cB-0O) I
| M 3.6 3.6 4.8 4.8 3.6 3.6

| 2 - ( cB-nm) I
| M 1.5 1.5 3. 3 1.5 1.5

| 3 - 1 ( Trapm-3) I
| M .9224 .9224 1.652 1.652 .9224 .9224 |
| 3 - 2 I
| M -.1827 -.1827 -.3099 -.3099 -.1827 -.1827 |
| 3 - 31 |
| M .9403 .9403 1.68 1.68 .9403 .9403

Kpome Toro, B Tabnuie ycunuil B y3max k Oalku BBIIAIOTCS pacuemHble
3HQYeHus OPIAVHAT BIIOPbl M, , TpPH JUHAMUYCCKOM 3arpyKCHHH 3 «rapM-3»

(Ha puc. 14, ¢ pacueTHble 3HAUEHUS OPJAMHAT YKa3aHbl B CKOOKaX).

CyMMapHbIe 3HaY€HUSI UCKOMBIX BEJIUYMH OT CTaTUYECKHX U JTUHAMHUYECKOIO
3arpy’kKeHUd  TOJIy4arcsl CYMMHUPOBAaHMEM COOTBETCTBYIOIIEH BEJIUYUHBI  OT
CTATHMYECKUX 3arpy’KeHUH U €€ pacyemno0 3HAYEHUA npu OUHAMUYECKOM
6030eiicmeuu. Ha puc. 14, 0 mTpuxoBoil TMHUEN NOKa3aHa cCyMMapHas 3miopa M.,

OT CTAaTHYCCKUX 3arpy>1<eHI/H71 H CIUIOIIHBIMHA JIMHUAMHU IIOKA3aHO UBMCHCHHC OPpJAHNHAT
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CymMMmapHouW omropel M =M + M, TUpu yCTAaHOBHUBIIUXCSA TaPMOHUYECKUX

KoJIcOaHUsIX OaJIKH OKOJIO CTATUYECKOTO MOJI0KEHHUS PaBHOBCCHA.

KpuBonvnHaeinHOCTh S0P MEXIY MOJICUMTaHHBIMU opAvHaTaMu
HE3HauuTeIbHA (CM. BapUaHT pacyeTa Mo CXeMe C OJHOW CTENEeHbI0 CBOOOBI (pHC.
8)), m03TOMY OHa Ha puc. 14 He oTpakeHa.

IIpumep pacyeroB BpyuHyw. C nomomnibto nosydeHHblX B yactd | YMK u nocobun [4]
GbopMya TPOIEMOHCTPUPYEM BBHIMOJIHEHHE HEKOTOPBIX pPacdyeToB B paccMaTpUBAEMO 3ajade
Bpy4HYyI0. VICXOOHBIMH JaHHBIMH JUIS BBIMIOJHEHHWS pAcuyeToB BpY4YHYyI0 OyJaeM CUYHTaTh
ompenereHHbIe B pe3yibTaTe MoaanbHoro aHanmza CH u COK nnst paccMaTtpuBaeMoi Oajku Kak
IUISL CHCTEMBI C TPEMSI CTETICHSIMU CBOOO/IBI.

1. Botuucnenue eéexkmopos unepuyuonnvix cui 6 COK no gpopmyne (2.70) (3necy u nanee
MIPUBEJICHBI HOMepa (GOpPMYII U ToApa3aenoB B3sAThIX U3 yacTh | YMK u moco6wus [4]).

ITpensapurensHo 1o ¢opmyse (2.60) onpenenum nocrosiHuele 1, (i=1,2,...,n), 3aTeM 10
popmyne (2.64) — COOTBETCTBYIOIIME BEKTOPBI M; JOKaubHbIX Kod(hduuuentos COK u mo

dopmyite (2.74) — MmakcUMasbHBIE 3HaYeHUS KO PUIIMEeHTOB AuHaAaMUIHOCTH f3; (IpH 7, =0).

[Tpumep Berumcnenuii nis nepoit COK (i =1) npuBeneH HIKe, a pe3yabTaThl BEIYUCICHUN
st Becex COK (i =1, 2, 3) npuBenens! B Tadu. 1.2.

0
(0.7 1 0.7) 0.42
— \T — \T 0
=B _ YR & _ £ —0.1085;
() Mu, (y) Gy, u3 1.2 0.7) s, Uz
(0.7 1 07 2.7 1
12{0.7
0.7 0.076
N, =M, =043 =0.108 1 _iﬁm: 0.108 |g;
0.7)" 0.076
1 1
B, = 7 = > =2.11;
1-(0/@)?  1-(52.33/72.51)
G ) 12 0.076 0.091 0.19
S 1= =— = =— . . c L. = . s L. = . TC.
o =MnB, =0, =| S5, 2.7 0.108 [g-2.11=| 0.292 |- 2.11=| 0.62
& S,) ¢ 1.2{,0.076 0.091 0.19

2. Bvinonnenue konmpona pasnodxcenus éekmopa p, no COK. ObpatuM BHUMaHHE Ha

CIICYIOIIN BO3MOKHBII KOHTPOJIb pPacyeToB, BBINOJHEHHBIX B Tabm. 2.2. Ecnm moacraBuTh
BelpaskeHHe (2.58) [uid BekTopa 3aJlaHHOM Harpy3ku U BbIpaxeHue (2.59) ans kosdpdunmenra

pasnoxkeHus B (2.55), To nmoxyduM GopMyily, OTPaKarolly0 pa3IoKeHHe BEKTOpa p, B BUJE:
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p, = SMuw, =M, =MEn, = $n,. @31)
i=1 i=1 i=1 g i=l
Tabnuma 1.2
i ;, 1/c? n,, m/c> Mn;, 1c Bi 8oi»> TC
0.076 0.091 0.19
1 0.108 0.108 | g 0.292 2.11 0.62
0.076 0.091 0.19
0 0 0
2 0 0 0 ~1 0
0 0 0
—-0.076 —-0.091 —-0.091
3 -0.076 0.047 0.127 ~1 0.127
—-0.076 —-0.091 —-0.091
B namem ciydae nposepka (2.81) BbIIONTHSIETCS:
0 0.091 0 —-0.091
042 =]0292|+|0 [+| 0.127 (2.82)
0 0.091 0 —-0.091

3. Botuucnenue nepemewienuit u ycunuit 6 COK ¢ nwoom ceuenuu k oanku. Bexropy

MHEPLMOHHBIX HArpy3okK §; (2.70) cooTBETCTBYET BEKTOp Mporubos Oanku u; (2.69) u ycunus yy,

B JIIOOOM CEYEHUHU k , KOTOPBIE MOXKHO OINpeaAenuTs mo dhopmyne (2.71). Ins cokpaiieHus: pydHbIX
BhIUHcIeHUH mo popmynam (2.69) m (2.71) orpaHUYUMCs BBIYUCICHHEM COOTBETCTBEHHO MPOrubda
U M3ruOaoIero MOMEHTa TOJIBKO B cpelHeM cedeHuM Oanku (y3zen 3 B mpunsaTod st MKO
pacueTHoi cxeme) (Tabm.2.2).

4. Conocmaenenue cymmapHozo 6eKmopa UHEPUUOHHBIX Hazpy30Kk no ecem COK,
eviuucenn020 no gopmyne (2.76) u no ¢popmyne (2.79). Otot Bextop Bo Becex COK (mpu v, =0)

ompexaensercs o Gopmyse (2.76) mpu CHHYCEe PaBHOM CIUHHIIC.
Tabnuma 2.2

i Z5; ;MM M;;, Tc-M
0.108 0.228
Zy=———-2.11= =0.04 ~0.5-4-0.19-2 = .
1 31 72517 2577 M3, =05-4-0.19-2=1.62 Tc- M
2 0 0
0.047
3 Ly = ~1%0 M3y =-0.0275-4+0.091-2=0.072 Tc- M
(664)

B stoMm cityuae (0e3 ciBura 1o aze) BEKTOpbI aMIUIUTY] S,; IPOCTO CyMMUPYIOTCS 10 BCEM

COK, T. K. 63 yyeTa CHJI HEYIIPyTroro CONpOTUBICHUS OHU U3MEHSIOTCS BO BPEMEHHU CUHXPOHHO:
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S | 0.19) (0) (=0.091 0.1
s, =| Sy, |= S8, =062 [+|0]+] 0.127 |=]0.75 | rc. (2.83)
s, | - 019) (0] (=0.091 0.1
p

B npuBenenHoil Tabnuie pe3ynbTaToB pacyeTa MHEPUMOHHBIX cuil B mporpamme SCAD
npuBojaTcss He Bektopbl s, COK, a Bexropwl s’ u s (2.79). Toraa pacdeTHblid BEKTOp §,

nosryautcs (2.84) moacaerom o ¢opmyiie Buaa (1.112).
2 2

Sop 0.096 —-0.028 0.1
S, =| S5, [=8'+s"= 0.73 | +| - 0.127 =10.74 | Tc. (2.84)
Sap 0.096 —-0.028 0.1

Ot1oT BekTop B nnporpamme SCAD He BbIUKCIAETCS.

5. Bviuucnenue pacuemnozo uzzudarouieco MOMeHma @ cpeoHem ceueHuu 0aiKu.

CyMMHpOBaHUE aMIUIMTYJHBIX 3HAYEHUH M3rUOAONIer0 MOMEHTA, BBIYHMCICHHBIX B
cpenHeM ceueHun Oayiku (y3en 3 B pacuetHoit cxeme MKD 6amkn) s Becex Tpex COK (cM. Tadm.
2.4), BeinonHsAeTcs (6€3 yueTa CHII HEYNpPYyroro CONpoTUBIEHUS KosebaHusM) no dopmyne (2.85)
aHajoru4yHoi (2.83):

3
My, = 5 M, =1.62+0+0.072 =1.69 Tcm. (2.85)
i=1

B mporpamme SCAD »sTta pacuetHas BenuumHa Oblia BhIUKciaeHa 1o (opmyne (2.80)
(cm. ctpoky S1 B Tabu. ycunuii mporpammel SCAD):

My, = \/(1.65)2 +(0.31)? =1.68 Tc- M. (2.86)

Kaxk BUIUM, paCyYCThbI, BBIIIOJHCHHBIC IBYMS crnoco0aMy BBIYUCIIEHHUS PACUCTHBIX BCJIMYUH

(no mporpamme SCAD u BpyuHY10), IPUBOJAT NPAKTUYECKU K OJIMHAKOBBIM PE3yJIbTaTaM.

ComnocraBJjieHue pe3yJabTATOB PACYETOB MO IBYM PACYETHBIM CXeMaM

ConocraBneHne pe3yslbTaTOB  pacdyeTra paccMaTpuBaeMod  Oalku 10
OTPENEICHUI0 €€ MAaKCHMaJbHOTO TpOorudba M MaKCUMAJIbHOTO H3THOAIOIIEro
MOMEHTa IO PAaCCMOTPEHHBIM JBYM pPAacCUYCTHBIM CXEMaM IIOKa3bIBACT, YTO JaXKe
UCIIOJIb30BaHUE JJI1 IMHAMUYECKOTO pacyeTa PacueTHON CXEMbI C OJJHOM CTENEHBIO
CBOOO/IBI JTACT BIIOJTHE YOBJICTBOPUTEIBHBIC PE3YIHTATHI IO HCKOMBIM BEIIMYHUHAM.

Homepa ccbulok Ha yueOHYIO JIHUTEpaTypy, HUCIIOJIIb30BAHHBIE B PacUETHOM
paboTte, COOTBETCTBYIOT OumbOmuorpaduueckomy crnucky k YMK, npuBeneHHomy
Ha c. 123.
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Crynenry rp.

3AJIAHUE
0 KypCOBOM pacueTHO# padoTe

JAnnamun4yeckue pacuyersl BOY
¢ HCNoJb30BaHueM nporpammsl SCAD

(umdp 3ananus ABCD = )

Tpeoyemcs:

1. Onpeoenumsv coocmeennvie wacmomot (CH) u coocmeenuvie opmol
Konebanuil BIY.

Memoouueckue ykazanusa:
1. Mcnone3oBaTh pacyeTHyto cxemy BOY B BuIe cucTeMbl ¢ OAHOM CTeneHbio cBOOOIbI [4].
3agavy pemuTth ¢ npuMeHeHreM nporpammbl SCAD u BpyuHYyIO.
2. O0a pacuera BBIIOJIHUTH O€3 yueTa nedopmauuii pyHIaMeHTa 1 ocHoBaHus [4, 9].

Hcxoonvie oannvie 01: pacuemnoil cxemvl CUCHIEMbL
npu peuwieHuu MoOAIbHOU 3a0adu (cm. maoa. 2.1 munoeozo 3aoanus)
1. Cymmapuas macca ronnodst (c BK u obopynosanuem) m. = 6000 kr.

2. Merannudeckast OamiHsi (CTanb creluaibHas) B BUAE IUIMHApPA BBICOTOM
ls =29 M ¢ OCpeJHEHHBIMHU 110 BBICOTE OAlIHU TUAMETPOM CPEIUHHON OBEPXHOCTH

d, = 2.1 M 1 TonmuHON CTeHKH ¢, = 10 MM.

3. HuxHee ceueHne OallHU NPHUHSTH )KECTKO 3aIIEMIICHHBIM.
2. Onpeodenums ycunusa, npedarwouwjueca om oawnu BIY na ¢pynoamenm, npu
YCIMAHOBUBWIUXCA ~ 2APMOHUYECKUX  KOJ1eDAHUAX, GbI36AHHLIX  EPAUEHUEM

eéempokoneca (BK)

Memoouueckue ykazanua:

1. Pacuer BBINOJHUTH BPYYHYIO B COOTBETCTBHM C YyueOHbIM mocoOuem [4] u cC
ucrnonb3oBanueM nporpamMmbl SCAD 1o MeToIMKe, U3I0KEHHOM B yueOHbIX mocobusix [1, 2, 4, 23].
PaccmoTpeTs BapuaHT pacyera AJisi pacue€THON CXEMBI C OIHOM CTENEeHbIO CBOOOIBI.

Hcxoonvie oannsvie 0na pacuemuoil cxemol CUCHEMbl BPU 2APMOHUYECKUX
KoJle0anusax
1. Iuamerp BK - D, = 18 m.
2. Macca BK — m,, = 2600 kr.
3. DkcnenTpucuTeT e meHTpa Mmacc BK mo otHomenuto k ocu Bpamenus BK
(mo pexomenaauuu [24]) npusar pasueiM 0.25% D, , T.e.: e =0.0025 D, .
4. HomunanwsHas padodas yactota BpamieHus BK — », = 100 06/muH.

5. Jlorapudmuueckuit kodpPUIIUEHT 3aTyxaHus KojieOaHWM OamiHU B BUJIE
MeTayuindeckoil TpyOs! B coorsercTBuM co CHull [26] pasen 6, = 0.15.

BK

3. Onpedenumsv ycunusa, npeoarwuiueci om oawnu BIY na gynoamenm npu
celicmMuyeckom eo3oeiicmeuu 8 pamkax auneiino-cnekmpanvnou (JICT) meopuu
pacuema

Memoouueckue yxazanus:
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1. Pacuer BmimonHuT, B coorBercTBUU ¢ aAelctBytommM CHull «CtpoutensctBo B
ceiicMuueckux paiionax» [18]. Iloxyuenue ¢opmyi, ucnonb3oBanHbIX B ykazaHHbix CHull [18],
npoaeMorcTpupoBano B yactu 1 YMK u B yue6HOM mocobun [4]. PaccmoTpeTs BapuaHT pacuera
CHCTEMBI C OZJHOH CTENEeHbIO CBOOOIBI.

Hcxoonvie oannbvie 014 pacuemuoul cxemobl CUCmeMbl BPU pacyeme Ha

ceiicmuueckoe go3zoeiicmeue no CHull

1. PacueTHas CcelCMMYHOCTH pailloHa pacnosiokeHuss BOY mno npunHsATON B
Poccun mkane MSK-64 [6, 7], — 9 6amios.

2. CeiicMrA4Y€eCKO€E BO3ACHCTBHE TOPU3OHTANIbHOE. 1Ipu npuHATON B porpamme
SCAD o01eii cucteme KOOpAUMHAT 3TO O3HAYAeT, YTO CEHCMHYECKOE BO3JICUCTBUE
HaIIpaBJICHO MapajuieIbHO OCH X.

4. Onpedenums ycunusa, nepeoarouiueca om oawinu BIY na ¢ynoamenm om

6empoe602o 6030elicmeusn Ha B3Y
Memoouueckue ykazanus:

1. Pacuer BerpoBoii Harpy3ku Ha OamHi0 BDY BBINOTHUTE B COOTBETCTBHUH C
neiicreyromuM CHull «Harpysku u Bo3neiictBus» [26].

2. Pacuer BeTpoBo#i Harpy3ku Ha BK BDOY BeIMogHUTE NPUOIMIKEHHO IO PEKOMEHIAIHUSIM
ydeOHoro mocodwust [7].

Cnucok JuTepaTypbl K 3aIaHUI0 2
(HOMepa MCTOYHHKOB COBMAAIOT ¢ HOMepaMu oubimorpadudeckoro cnucka k YMK (c. 123)

1. Koncrantunos U.A., Jlanun B.B., Jlaauna U.U. CrpoutenbHas mexanuka. Pacuer
CTEpP>)KHEBBIX CHCTEM C HcIoib30BaHueM mporpamMmbl SCAD. Y4eGHO-MeTOANYEeCKH KOMIUIEKC:
CIIG.: U3za-Bo [TonutexH. yn-ta. 2007.460c.

2. Koncrantunos U.A., Jlanun B.B., Jlaimna U.M. CrpoutenbHas mexaHuka. Yacts 1.
Pacuer cratnyecku OmpeneNMMBIX CTEP)KHEBBIX CHCTEM C HCIOJIb30BaHHMEM Iporpammbsl SCAD.
VYyebOnoe nocobue: CII6.: M3a-Bo [TonutexH. yn-Ta. 2008.260c.

4. KoucrantunoB MHW.A., Jlaqmu B.B., Jlaqimua W.U. [luHamuka coopyXeHUH.
[Tpumenenue nporpammsl SCAD s pemenust 3aaad. Yue0. nocobue. CII0.: M3n-Bo ITonutexH.
yH-Ta, 2007. 124 ¢

9. EaucrparoB B.B., Koncrantnunos M.A., Ilanpunos A.A. J/[uHaMHUYEeCKHE pacyEThI
cucrteMbl «BeTposHepreTuyeckas ycTaHOBKa — ()yHJaMEHT — OCHOBaHHe». Yueb. nmocobue. CIIO.:
Hzn-Bo CIIGI'TY, 1999, 49c.

15. KopeneB Bb.I'., PadmnoBuu HN.M. CrnpaBoyHMK IO AMHAMUKE COOpPYKEHHH. M.:
Crpoiinsnar, 1972.

18. CHull II-7-81%. CtpourenbctBo B ceiicMuueckux paiionax /I'occtpoit Poccun. M.,
2000.

23. Kapmuiaosckuit B.C., Kpukcynos J.3., Manspenko A.A., Ilepeabmyrtep A.B.,
IHepeasmyTep M.A. Boruncnurensasiii kommieke SCAD: — M.:13a-8o ACB, 2004. — 592 c.

24. EauctpatoB B.B., Koncrantunos U.A., Ilangunos A.A. Harpy3ku Ha 37€MEHTHI
BETPO3HEPreTUYECKON YCTAaHOBKHU, Ha ee (PyHIaMEeHT U ocHoBaHHe. Yueb. mocobue. CII6.: U3a-Bo
CIIGI'TY, 1999. 38 c.

26. CHull 2.01.07-85. Harpysku u Bo3aeiictBus /I'ockomuter CCCP M.,1987.
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1. Onpenenenne CU u COK BIY (MogaabHbIii aHAIHN3)

1.1.0npedenenue epyunyro (6e3 ucnonvszoeanus npozpammot SCAD) nepeoii
CY B3Y no pacuemnoii cxeme cucmemsl ¢ 00HOU CHENEHbIO C80000bl

bynem paccmarpuBath pacueTHyro cxemy BOY kak cucremy C OJHOMU
CTerneHbto cBoOO I (puc. 1.1, a).

a) m:mr+mnp 6) m=m.+m
P @ T p
\\
16 do ~—@ Zmnp
0.5/
My, My
Puc. 1.1

B sT0i1 pacueTHoOl cxeme:
Macca TOHAOJBI M., KT, IPUBEIECHA K TOYEHYHOM Macce, PACIOJIOKEHHON B

TOYKC IICPCCCUCHUA OCHU OaIlHu C ee BCPXHUM CCUCHHUCM,

pacnpezneneHHas Macca OalllHM C MHTEHCUBHOCTBIO L = pPg - As, KI/M, IO

2 .
As =(md,)t, M°, — miowanp MONEPEUYHOr0 CEUEHMs LWJIMHAPUUECKOW OallHy,
3aMCHEHA  JIByMSd ~ TOYCYHBIMH  NPHBEACHHBIMH  MaccaMu My, =Ky, - Mg,

PaCIIOJIOKCHHBIMU 110 KOHIIAM OaIrHu.

ITpu 3TOM mHpHBeneHUM MOJHAs Macca OalllHU mg = Ugls = pg - (4s - l5), KT,

YMHOXAeTCsl Ha KOX(QQHUUMEHT MpUBEACHUS Kk, 3HAYCHHE KOTOPOro IpH

ucrnoiab3oBaHud MKD 3aBUCUT OT uMcia CTEPKHEBBIX KOHEUHBIX AJIEMEHTOB, Ha
KOTOpble pa3zbuBaerca OamHa BOY. B npunaroil pacyeTHoil cxeme OallHs
anmpokcumupoBada ogHuM K3 tuna 2 (mo knaccudukainuu B nporpamme SCAD).
I[Ipu »stom wmacca KD 3amensiercss AByMsI paBHBIMH TOYEYHBIMH MAaccami,

npuiaoxeHHbIMU 110 KoHIIaM K3. Torna knp =05nu My, = 0.5mg.

JHebopmupyeMOCTh OCHOBaHMSI W (PyHIAMEHTA IMOKA YYUTHIBATH HE OyaeMm.
[TosTomy Oamus BDOY cuurtaercss XECTKO 3allleMJICHHONW B HIKHEM CEUYCHUHU.
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ITockonbky Macca OaliH{, MpHUBEJACHHAsS K HIDKHEMY CEUYEHHIO, IOIajgaeT B 3TO
3aleMJIeHHOEe (HEMOABUKHOE) CeYeHUe OalllHu, TO MOJy4YeHHas cuctema (C OJHOU

CYMMapHOW Maccol m=my.+my, B BEPXHEM CEYCHMH OallHH) MOXKET

paccMaTpuBaThCS KaK CHUCTEMa C OJHOM CTENEHbI0 CBOOOJBI B TOPU30HTAIBLHOM
HarpaBJICHUU.

EnuncTBeHHas (repBasi) COOCTBEHHAsI KPY208as 4aCcTOTA 3TOM CUCTEMBI MOXKET
OBITH OmpeseneHa 1o Gopmye

1
= / , paz/c. .
“ o1 my P (1)

B yueGHoM nocobuu [9] ata dopmyna ais BOY npuseneHa k Buy:

2

o |Egl

@, :—; /M , pan/c. (1.2)

I Hg
3 m 3

3necy: oy =4———; n=—-; Is =71 t,.

(n+knp) Mg

B namewm cnyuqae:
m.=6T1, As=(3.14-2.1)-0.01=0.066 M’ U =7.85-0.066 =0.52 1/m;

ms =0.52.29=1511; n=—"—04; o =4 —— 135
15.1 (0.4+0.5)

Eg =2.06-e+ 08 kH/M*; I5 =3.14-(1.05)*-0.01 = 0.0363m".
Egls = 7477800 kH-M*=7477800-(t-M/c*)-M”
Torna

1.35%  [7477800 m*
- = )=8.2(1/c), (paw/c). 1.3
o) 292(M2)\/ 05 (Cz) (1/c), (pam/c) (1.3)

IIpumeuanue. Kak mnokazano B [9], Oomee TouHoe 3HaueHue CY mosywaercss mpu

HCMOJIb30BAHUM JUIsl BEPXHEW NPUBEICHHOM MacChl 3HAYEHUS knp =33/140=0.24. Torna

(X’] =4 # = 147 n
(0.4+0.24)
1.47°> 7477800 m*
o, = —-)=9.74 (1/c), (pan/c). 1.4
| 292(M2)«/ 0.5 (Cz) (1/¢), (pan/c) (1.4)

COK B cucremMe C OJHOM CTENEHBIO CBOOOJBI OIPENENSETCS TOPU3OHTAIBHBIM

NEPEMEIICHUEM MACChI m .

IIpn ncnonp3oBannu nporpammbl SCAD 1u1st pac4eTHOM CXEMBI C OAHOW CTENEHBIO
cBoOoab! OamHsa BOY mpencrasisercss B BUAE OAHOTO KOHeuHoro snemeHra (KO)
Tuna 2 «JeMEHT IUIOCKOW paMbl». B 3TOM ciiyyae npu NpuBeIeHUH MacChl OALIHU K
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y3nam KO B nporpamme SCAD wucnonesyercst ky, =0.5, mostomy nepsas CH
OyJeT UMETh 3HaYeHUe, TTOJy4eHHOEe B BhipakeHuu (1.3).
1.2. Onpeoenenue nepsoit C4 u coomeemcmeywuieii COK B2y

N0 pacuemHoli cxeme CUCIEMbL C 00OHOIL CHENeHbIO C80000bl
¢ ucnonvzosarnuem npozpammovl SCAD ons IIK.

l. BpImonHseM mepBbIM M BTOPOW JTallbl PEIICHHS 3a4a4d C IOMOIIBIO
nporpammbl SCAD [1, 2, 4, 23], B pe3ysbTare 4ero OyJIeT co3/laHa pacyeTHasi cxeMma
BOY B Buzne, npuBeneHHoM Ha puc.1.2.

"2

1

0]

Puc. 1.2

2. Jlns  3arpy’keHusi MOCTPOCHHOM  pacyeTHOM  CXeMbl JAMHAMUYECKUM
BO3JICHICTBUEM B pazfene «3arpyXeHus» Ha HWHCTPYMEHTAJIIBHOW NaHEIn

HOKUMAEM KHOIIKY Y [4, 23]. OTkpoeTcsi nManoroBo€ OKHO, B KOTOPOM
BbIOMpaeM «Co3gaTh HOBOE 3arpyxkenue». [lanee BbiOMpaem «MojganbHbIN
aHanu3» U 3aaaem Tpedyemoe uncio COK: 1.

111.|/
i

3aTeM OTKpBIBa€M OKHO «HeprmoHHbIe XapaKTEePUCTUKN» U BbIOMpaeM
«3aanue mMaccy. 3aroiHsIeM JUajJoroBOe OKHO (OHO MPUBEICHO HUXKE) MO 3aJaHUI0

Beca G=m,-g= 69.81 =58.86 xH touyeunoit maccel B y3ne 2. [Insg BBOA 3TOrO

3HAYCHUA OTMCTHUM Y3CJ 2u IMOATBEPKIACM CI[CJIaHHBIfI BBI60p Ha>XaTu€M B MCHIO

pazzena «3arpy>KeHus» 3eJ1eHO0ro neera ranouku «OKy.
{* MHEpUMOHHBIE CEORCTES Y306

M acce b OrEHT I MHEPLIK Mace
= b z [} I Uz
Bec Maccel fel SFAEHT MHEDLMM FSCCEI

R8.56 kH kHr R "z
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3areM AdHAJIOTNMYHbIMHA I[GﬁCTBHﬂMH BBOJUTCA BCC

96 = s -g=0.52(T/M)'9.81(M/CZ)=5.1 kH/M -1 m = 5.1 kH oaHoro moronHoro
MeTpa OaurHu:

o Macck & anereHT ax

* Pacnpegenendeie | [nacTuHe

" CocpeaoTodeHHEE

Bec maccer |51 kH

OTH TaHHBIE OTHOCUM K KOHEYHOMY 351eMeHTY Nel pacueTHON CXEMBI.
.?;;n’_ ,? J._F
B pe3ynbTaTe (mpu HaXxaThIX KHOIKAX U =) MOJY4YUM PACUETHYIO CXEMY
B BUJIE:

D58,86

D5.1000

Puc.1.3

CoxpansieM 3arpy’keHH€ C Ha3BaHHEM «MOA-1» W BbINOJHAEM pacuer. B
pe3yibTaTe, WCIOJb3ys BO3MOKHOCTb PEAAKTUPOBAHUS TaONMUI[ C pe3yJbTaTaMu,

MOJIy4YUM (MOCJIE PEJaKTUPOBAaHUA ) TAOIHIIBI B CIEAYIOIIEM BUJIE:
EOVHMUE MBMEPEeHUS yCuimi: KH
EOVMHULE MBMEPEHMS MOMEHTOB: KkH*M

| 2 |
| 1 - ( MOmaNbHEM aHaJau3 BOY-1k3)

| X 132.8 |
| B3arpy: N : COBCTB. : YACTOTH INEPUOIH

| /1 e \

| xeHUe : :  BHAUEHUA : 1/C : T C

| 1 1 .1200906 8.327042 1.325962 7541693
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CoOcTtBenHas Qopma KojebaHHIl, COOTBETCTBYIOIAs IMEPBON COOCTBEHHOM
yactore BDY, mnomyuyeHHoll 1o BbhIOpaHHOW pacyeTHOM CcXeme, HUMEEeT BUJ,
n300pakeHHbIN Ha puc. 1.4.

22>

1

[h]

Puc. 1.4

IIpumeuanue. 3nauenue nepsoit CY (1.3) npu pacuere MKD ¢ nmomouipto nporpammsl
SCAD yTouyHMTCS MNpU YBEIWYEHMM 4YHMCJIa Y4YacTKOB, Ha KOTOPBIX pacHpelesIeHHas Macca
KOHEYHBIX 3JIEMEHTOB 3aMEHSETCS] TOYEUHBIMM MAacCaMM, IMPWIOKEHHBIMM MO HX KOHIAM (B
pacuetHoOil cxeme MKD 3T0 0O3HauaeT yBelIMYEHHE YKMC/a KOHEYHBIX CTEP’KHEBBIX 3JIEMEHTOB IO
mmHe OamHuM). B nmanHO#M KypcoBoif paboTe OrpaHMYMMCS pacCMOTPEHHEM TOJBKO PacdeTHOU
CXEMBI C OJJHOM CTENEHbIO CBOOOIBI.

2. Pacuer BDY Ha ycTaHOBMBIIMECS TADMOHUYECKHE KOJIe0aHMs,
BbI3BAHHbIE BpPallleHHeM BeTpOKoJieca

[entp macc BK wumeeT 5SKCHEHTPUCHTET e 10 OTHOLIEHUIO K €ro
reoMeTpudecKoi ocu BpaieHus. B pesynbrate Bpamenuss BK auc6ananc maccst BK
OpUBEAET K BOBHUKHOBEHUIO Bpalllalolleicss HeHTpoOexHOU cuibl. [Ipoexuus 3Toit
CWJIbl HA TOPU3OHTAIBHYIO OCh, IPOXOAILYIO MEPIEHAUKYIIAPHO OcU OamHu, Oyaer
u3rubarp OamHio BOY B minockoctu YOZ u co3naBaTh M3rMOaromuvil MOMEHT U
MOTEePEeYHYI0 CHITY, Tiepeatoiytocs Ha pyHaament BOY.

[IpencraBum aeiicTBHUE TOM CUIIBI HA OAITHIO B BUJIE, TOKa3aHHOM Ha puc. 2.1,
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a) m=m, +m, 0)  m=m.+m,

p . p
%0 ()
N
16 d __. 2me

0.5/
7 §)

ml'[ ml'[

ﬁ7"77p OL’Y —~ e

Puc. 2.1

rie  P(t)=P,sinft. Awmmmryga P, 53Tol cuibl  HpeacTaBisieT  coOoid

HEHTPOOCIKHYIO CHITY, OTIpeieNiieMyto 1o popmyrie
P, =m, -e-0°. (2.1)
B namewm cimyuae: m, = 2.6 T; e = 0.0025-18= 0.045m; 6 = (100/60)- 27 =
10.5 pan/c. IloaTomy
P, =2.6-0.045-(10.5)*= 13 xH. (2.2)

3amauy 00 YCTaHOBHBIIMXCS TapMOHHUYECKHX KOJeOaHUSX OalllHU TIOf
neiicteueM cuibl P(f)=P sin@¢ pemum MKD, peann3zoBaHHOM B Iporpamme

SCAD. Pacuer BBIIIOTHUM C NOMOIIBIO pacyeTHO cxembl MKD, ncnosib30BaHHOM
JUIS MOJAIbHOTO aHanu3a. JlJist ee 3arpykKeHus HOBbIM JUHAMUYECKUM BO3JIEHCTBUEM

Ha MHCTPYMEHTAJIbHOI MaHeNIu B pasjelie «3arpyKeHHs» CHOBA Ha)KMMaeM KHOIIKY

D . OTKpoeTCﬂ YK€ U3BCCTHOC JHAJIOTOBOC OKHO, B KOTOPOM BI>I6I/IpaeM «CO3Z[3TI>
HOBOE 3arpykenuey». Jlanee BoiOupaem «I'apMOHHYECKUE KOJCOAHUS» M BBIOIHICM
COOTBCTCTBYHOIICC 3aJaHUC HCXOJAHBIX NAaHHbBIX!

BEOR NApaMETPOE AHHAMUECKaR HArpUsKM | APMOHKHECKUE Konedania |

(™ YyeT npomesyToyHelR PES0HaHCHBE COCTOAHMI

{* PacyeT Ha 3a0aHHyi 4acTaTy
Yucno yuHTEIESEMBIR oph ’—1
COGCTEEHHENR KONEGaHMUH

K3 hep AL MEHT HEYNpYroro ’—
COMNPOTHENEHMA MaTepHana TS

KDHFDBEH YACTOTa EHELHErD
o 10.
EOSAEACTEHA q pan/cer

TOMHOCTE BEIMMCAEHKA oo

HACTOTEI
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IIpumeyanune k paccMoTpeHHOMY OKHY. KodddunueHT Heynpyroro conpoTuBiaeHus )y,
JJIsL CTAJILHON OalIHM BO3BMEM B COOTBETCTBHM C 3aBHCHMOCTBIO €TI0 OT HOFapI/I(I)MI/I‘-IeCKOFO
koapuimenta O, (cm. yacts 1 YMK u yueGuoe nocobue [4]):

Vu =0,/ 7. (2.3)
B coorBerctBum ¢ ykazammsmu CHull [26] gns  cranbHBIX  OallleH  MOYXHO
npunate 0, =0.15. Torma y, =0.05.

3areM Ha MHCTPYMEHTAJbHOM NaHEIH pa3zelia 3arpy>KeHUe HAXKMMAeM KHOIIKY

T1'I.|__/
-

«/HepIMOHHbIE XapaKTepUCTUKN» U BbIOMpaeM «['apmoHMueckue KoiaeOaHus.
3anoaHsAeM MOSBUBILEECS TUAIOTOBOE OKHO:

HanpaeneHue | s Y 7

[apareTpel BOZQENCTEMA

Bec maccel B ysne h3.86 kH
BenuyuHa arnnrunkl H

13 K.
3aKoH konedaHua 2R -
Cogur dasel
[paamaH] .

]9

OTraeHa

i

Cnpaeka

OTH TaHHBIE OTHOCUM K Y311y 2 PaCYETHON CXEMBI.

3aTeM CHOBa OTKpbhIBaeM OKHO ' | «/HepLMOHHBIE XapaKTEPUCTUKH» H

BBIGI/IpaeM «BaILaHI/Ie Macc». 3aroJIHsIeM AUAJIOrOBOC OKHO IIO0 3aJaHHMIO BECa

ds = Mg -g=0.52(T/M)'9.81(M/CZ)=5.1 kH/M -1 m = 5.1 kH oaHOro moronHoro
MeTpa OalrHu:

{* Maccel B 3 nemeHTax

* PacnpegensHiee | TlnacTuHel

" CocpegoTodeHHbIE

Bec macce |51 kH

O1u gaHHble oTHOCUM K KO Nel pacueTHOM cXeMBI.

=1 M = P
H = 1_
B pesynbrare (nmpu Ha)KaThIX KHOMKAX \i U —— MOJYYHUM PACUETHYIO CXEMY,

IIPUBEJICHHYIO Ha puc. 1.3.

CoxpaHsieM 3arpy’keHHe€ C Ha3BaHHEM «TapM-1» U BBINIOJHIEM pacyer.
Hcrnonp3yss BO3MOXKHOCTh PEIAKTHUPOBAHUS TAaOMUIl C pe3yJbTaTaMH, TOJyYUM
TaOIUIBI B CIICAYIOIIEM BHJIC:

EOVHULE MBMEPEeHUS yCuimn: KH
EIMHMIIE M3MEePpeHMsS MOMEHTOB: kH*M
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| 2

| 1 - ( rapMml-pacnp-cu)

| X 133

| Barpy N COBCTB. YACTOTH IIEPVOIBL
| O/I0 © e \
| xeHUe 3HAUEHUA 1/C T C

| 1 1 .1200906 8.327042 1.325962 .7541693
| ® O PMH KOJNDEBAHUMN

| 2

| 1 - 1 ( rapMml-pacnp-cu)

| X 1

| UY 05

| MHEPIMWOHHEHE HAT PY 3 KU

| 2

| 1 - 1 ( rapml-pacnp-cu)

| X -23

| 1 - 2

| X -2.

| 2

| 1 - 1 ( rapml-pacnp-cu)
| X .0245

| 1 - 2

| X 0022

EOVHMLE MBMEPEeHUs yCuimn: KH
EIMHMIIE M3MEePpeHMS MOMEHTOB: kH*M
S1,S2, ... — pacyeTHHE 3HAUEHUSd

| 1-1 1-2 1-3
| 1 - 1 ( rapMml-pacnp-cu)
| M 669.4 334.7

| Q -23.08 -23.08 -23.08

| 1 - 2

| M 59.91 29.95

| 0 -2.0066 -2.066 -2.066

| 1 - s1

| M 672.1 336.

[G) -23.17 =-23.17 =-23.17



Ipumeuyanue. B nporpamme SCAD xaxoii popme KonebaHnit COOTBETCTBYIOT KOJIeOaHHS
10 CUHYCY U KOCHHYCY (cM. [4]). I[loaTomy B Tabnuuax mosiBUIMCH pacueTHble ycuius Buaa S1.

Pacuetnbie ycunms, npeiictBywoomme Ha (QyHIaMeHT B 1miiockoctd YOZ,
npuBeAeHbl Ha puc. 2.2, 6. 3HaK «MUHYC» y 3HaueHus cuibl Q B y3ne 1 TaOmuusl
YCUJIMH MOKa3bIBaCT, YTO B COOTBETCTBHM ¢ MeCTHOM cucteMoi koopaunat (MCK)
[1, 2, 4, 23] neiicTByromiasgs B y3j7€ | Ha KOHEYHBIA 3JIEMEHT IONEpEYHasi Cuia
HaIpaBjieHa B MPOTUBOMOJIOKHYIO cTopoHy ocu Z1 MCK (puc. 2.2, a).

0 5 2317 ,
X1
Z1
>
—
X1
51 - hq Z1
672,15\ __* T2317
A
0) 21
M= 672.1 kHm
0=23.17xkH
. - >
Puc. 2.2

3. Pacuetr BJY Ha ceiicMnyeckoe Bo3aelicTBue B cooTBeTcTBUM ¢0 CHuII [18]

PaccmoTpum BeTposHepreTuueckyr ycraHoBky (BDY) OamenHoro tuma ¢
rOpU30HTAIBHOM OChIO Bpaiienus Berpokoieca (BK) (puc. 3.1).

VYcraHoBKa MOJBEp)KEHA TOPU3OHTAIBHOMY CEHCMHYECKOMY BO3J€HCTBUIO
WHTEHCUBHOCTHIO 9 OamioB mo mkame MSK —64, ucnonszyemoit B Poccuiickoii
®denepanyu 1151 OIEHKU MHTEHCUBHOCTH 3eMyieTpsaceHus [4, 6].
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H‘?C

Puc. 3.1

Jlns coctaBnenus pacuetHor cxeMmbl BOY (Ha puc. 3.1 oHa npuBejeHa cripaBa)
UCIIOJIb3yeM JlaHHbIe 00 anemeHTax BOY, onpenensiembie u3 Tabi. 2.1 3aganus 2 (cMm.
yacTh 2 ganHoro Y MK) no uudpam mudpa AB, BeIIaHHOTO NpenogaBaTeneM,

s Bcex BapuantoB BOVY mpenmonaraercs, uto OamrHst (3) mpeacTaBisieT
co00if BepTUKaIbHYIO TpyOy, BBINIOJHEHHYIO U3 CHeHHabHOW cTanu. B
paccMaTpuBaeMOM NpUMEpPE MNPUHATHI CIEIYIOIIME MapaMeTpbl TPyObl: CpeaHss
TOJIMHA CTCHKHU ¢ =1CM ; CpeliHuii ;uameTp no Beei Boicote d, = 210 eM; numHa /;

TpyOBbl, HA BEpXHEM KOHIIE KOTOPOH pacmoiioxkeHa roujaoia (1) ¢ Berpokosiecom (2),
paBHa 29 M.

BuyTtpu rongonsl Haxoautcs Ban BK, ero onmopHas KOHCTpyKUUs, peAYyKTOpP,
reHeparop u apyroe obdopynosanue BOY [24]. [lonHas macca roHnonsl (BMECTE C
BETpOKosiecoM) 3aiaHa: m,. = 6000 kr.

Tpebyemca  onpedenumv  celicmuueckyw  Hazpy3ky Ha BIY u

coomeemcmeyouiue eii ycuius, nepeoaroujueci om dawinu Ha pynoamenm npu

2O0PpU30OHRMAIbHOM CeUCMUUECKOM 6030€UCMEUU C UCHOJIb306AHUEM yKa3aHuﬁ
CHulI [18].

167



Pacuer Beimosinum Bpyunyro u Ha IIK ¢ ucnons3oBanuem nporpammel SCAD
0 MPUOJIMKEHHOM pacueTHOM CXeME B BHUJE CUCTEMbl C OJTHOM CTENEHBIO CBOOOIbI
(cMm. puc. 3.1, cxema crpaBa) B CJI€IyIOIEH TTOCIEI0BATEIHHOCTH.

Pacuer Bpyunyio [4, 18]
1. Beinoanawmcea npedeapumeibHvle paciemsl 0 NOAYYEHUA PACUEmHOU
cxemovl BIY 6 euoe cucmemeul ¢ 00H0Il cmenenvro 606000l
bamas BOY mnpexacrasiser coboli CTEpKeHb ¢ paBHOMEPHO pacIpeIeICHHOM
0 €ro AJMHE Maccoil (JIMHEHHOM INIOTHOCTBIO) Ls = p- A5 =7.85-0.066 =0.52-1/Mm,

rae p=7.85T/M>— IIOTHOCTH CTAIM; As=7mdy, -1=3.14-2.1-0.01=0.066 M —

IUIOIIA/b TIOTIEPEYHOr0 CEUEHUS OalIHMU.
IIpu wucnons3oBanuu nporpamMmbl SCAD npu BBOAE HCXOIHBIX JIaHHBIX
BBOAMTCS HE MHTEHCUBHOCTb pACIpEAENeHHOW Macchbl =052 1/M, a

WHTEHCUBHOCTh COOTBETCTBYIOIIEH pACIPECICHHON CHIIBI TSDKECTH MacChl (Beca)
qs = Mg g =0.52-9.81=5.1 xkH/m.

JIns monyuyeHust pacueTHO cxembl BOY B Bue cucTeMbl C OJJHOM CTENEHbIO
cB00O/BI (cM. puc. 1) paBHOMEpPHO pacnpenesieHHas Macca OallHA MPUBOAUTCS K
COCPEIIOTOYCHHBIM MaccaM 110 ee KoHuam KO: my, = g -1/2=0.52-14.5=7.54 .

[IpuBenenHass mMacca Ha BEPXHEM KOHIIE CYMMHPYETCS C COCPEIOTOYEHHOU
Maccou T'OHOOJIBI, B pe3yiibTaTe qero IMOJay4acTCA CyMMapHas Macca
my =my. +my, =6+7.54=13.54 .

IIpumeuanue.

bamas HwxHUM TOprioM (4) KpenuTcs (HampuMep, ¢ TIOMOIIBI0 aHKEPHBIX OOJTOB) K
xKene300eToHHoMy GyHaaMeHTy (5), pacnofio)KeHHOMY B TPYHTOBOM OCHOBaHHMH. B mpumepe, st
yIPOIEHUs 3a1aun, Oy eM npeHedperatb MoJaTIMBOCThI0 TPYHTOBOIO OCHOBaHUS U (pyHIaMeHTa
u OyaeMm moiyarath, 4To OallHs KECTKO 3allleMJIeHa MO HIbKHeMy Topuy. [loaToMy npuBeneHHas

Macca, OTHECEHHasl K HIKHEMY KOHITy OalllHW, CYUTAETCS IPUCOSAMHEHHON K Macce pyHmaaMeHTa U
B YIIPYTUX KOJI€OaHUSIX OAIllHU HE Y4acTBYET.

B pesynmprate momydeHa pacueTHas CXemMa B BHJIE HEBECOMOM JIMHEWHO
nepopMuUpyeMOil KOHCOJIU ¢ OAHON BEpXHEW ToueyHor Macco m, =13.54 1. Takas

CHUCTeMa TPU FOPU30HTATILHOM CEHCMUYECKOM BO3ACHCTBUM pabOTaeT KaK CUCTEMA C
OJIHOM CTEIIEHBIO CBOOO/IBI.
[Ipu ompeneneHnn CEUCMHUYECKON CHUIIbI, IEMCTBYIOUIECH HAa KOHCOJIb, BMECTO
MaccChl UCTOJB3YyETCs ee cuia Tsxectu [4, 18]:
QO,=m,-g=13.54-9.81=132.83 kH=133xH.

2. /lna nonyuennoii cucmemol ¢ 00HOU CHENEHbI0 C80000bl bINOTHAIOMCA
pacuemst no onpeoeneHuI0 OUHaAMuU4ecKko2o KoIgpguuyuenma p .
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Hunamuueckuil kodpuuueHt [ omnpeaensercs No OAHONM u3 (GopMmyl,
npuseneHHblx B CHull [4, 18], mo 3HaueHuto nepuoga 7; COOCTBEHHBIX KOJEOAHUN

B3OV nns paccmarpuBaeMoi pacueTHOM CXEMbI B BHJI€ CUCTEMbI C OJIHOM CTEIECHBIO
cB0OO/BI. B CcBOI0O oyepenb Mepuoj; HaAXOJIUTCS MO KPYTroBOW 4acTOTe KOJIeOaHUI
3TON cuctembl: 1, =27 /@, a Kpyroas 4acToTa — IO 3HAYEHUIO MAacCChl m, H

K03 (PULIMEHTY MOAATIMBOCTU & yHpyroi koHconu (cm. [1, 2, 4]).
Takum o0Opa3zom, pacdeTbl IO ONpENENeHHUIO [3; BBIIOJHUM B CIEAYHOLIEH

IMOCJICA0OBATCIIBbHOCTMH.
2.1. lloacuuteiBaeM KO3 PULMEHT yIIPYTroil MOJATIMBOCTH KOHCOJIM:
5=01/3EI=29°/3-76311607 = 0.001065 m/xH.
2.2. HaxoguMm KpyroByr COOCTBEHHYIO YacCTOTY CHUCTEMBI C OJHOM CTENEHBIO
CBOOOIBI:
o =1/m,-6=1/g/ 0, 6 =+9.81/132.83-0.001065 = 8.327 paz/c.

IIpumeuanue. [Ipu ncnonp3oBaHuu 3TON OPMYJIBl yUaIUMCSI pEKOMEHAYETCS YOeIUThCs

B IIPaBWJILHOCTH BBIOPAHHOM ISl pacueTa pa3sMEPHOCTH KaKJ0W BXOJALIEH B pOpPMYJTy BETUUYHUHBI.
2.3. HaxoauM mepuoi COOCTBEHHBIX KOJIGOAHUN CHUCTEMBI C OJTHON CTENIEHBIO
CBOOO/BI:
T, =2rn/w =6.28/8.327=0.754c.

2.4. TloacuuThiBaeM JuHAMHUYECKUU Kod(pdunueHt mno ykazanusm CHull
[4, 18].

Tak KaKk OCHOBaHUE CUMUTAETCA KECTKUM, OTHOCHUM €ro K rpyHTy I kareropuu.
Torna [4, 18]:

npu T>04c f=2.5(,/04/T,)=2.50.4/0.754 =1.82.

3. Ilo CHull [18] naxooamca korpgpuuyuenmei, exooauwue 6 gopmyny ons
onpeoenenus celcmMuuecKoil Hazpy3ku S.

3.1. B cooTBercTBHM ¢ pacueTHbIM OamioMm paiioHa (9 6aminoB) BbeIOHpaeM
3HaueHue  kodpduimenta A=0.4, nOpeACTaBIAOMIETO0 CcO00M  3HaUYeHUE
OTHOCHUTEJILHOTO YCKOPEHUs MOoBEpXHOCTH 3emiu [4, 18].

3.2. Haxomum (cm. Tabn. 3* CHull [18]) 3nauenue xo3pdunuenra K, =1 B

MIPEANOI0KeHnH, 9T0 BOY OTHOCHTCS K COOPYKEHUAM, B KOHCTPYKIIUUA KOTOPBIX HE
JIOITyCKAIOTCS TOBPEXACHUS U HEYTIPYyTHUe neopMaIinu.

3.3. Haxomum (cm. tabm. 6% CHull [18]) 3nauenue xosddumenra K, =1.5,
NMOCKOJIbKY BOY OTHOCHTCS K BBICOKHM COOPYKCHHSAM HEOOIBIIMX pPa3MEPOB B

TUIaHeE.
4. Bviuucnaemca ceiicmuueckasa Hazpyska Ha BIY 6 euoe cunwt S
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S=KQApK,=1-132.83-0.4-1.82-1.5=145 H.

5. Ha cmepoiicne-KOHCOU CMPOAMCA INIOPbL UZUOAIOUAUX MOMEHMOE U
nOnepeyHbIX Cu

Pacuetnas celicMuueckas cuia S XOTS U OIpelelieHa ¢ TOMOIIbIO
JUHAMUYECKOTO pacdera, HO MPEACTaBIIIeT COOOM CTaTMUECKYIO CHILy, TO €CTh He
3aBUCHUT OT mnepeMeHHou #. [loatomy m opaunHatel smop M u  Q  SABISAOTCA

pacyeTHbIMU OpAMHATAMU, HE 3aBUCSIINMU OT BpeMeHu (puc. 3.2).

S=145 xH S=145 xH
M
/ |
o @
VE 4204.76 xHom O— 145 <H
Puc. 3.2

3Haku Ha smopax M wm Q IOCTaBIJIEHBI IO NMPABUILY 3HAKOB, IPUHATOMY B

nporpamme SCAD i1 mIIOCKHUX CTEP>KHEBBIX KOHEYHBIX 3JIEMEHTOB [ 1, 2].

6. Onpeodenaem ycunus, nepeoawoujuecs uepe3 HUNCHUIL mopey 0auiHu Ha
¢ynoamenm

Ananu3 puc. 3.2 moka3bIBaeT, UTO Ha BEPXHIOIO MJIOCKOCTh (pyHmamenta BOY
yepe3 Topel] OallHu TepeaaeTcsi Harpy3ka B Buae ABYX ycuwiuid (puc. 3.3). Otu
YCUJIUSL COOTBETCTBEHHO MPOTHBOMOJIOAKHBI TEM, KOTOpPbIE ACHCTBYIOT HAa HUXKHUUI
Topel] OallHuU.

M= 4204.76
TC T

S TT777

O= 145

Puc. 3.3

Pacuer na IIK ¢ nomombio nporpammbl SCAD
Hcnonb3yem pacuerHyro cxemy BOYVY yike UCIONBb30BaHHYIO MPU MPEABIAYIINX
pacuerax. Jlyis mpoBeAeHUST HOBOTO JAMHAMUYECKOTO pacyeTa CHOBA OTKPbIBAEM

pazznen 3arpyeHMsl 1 Ha MHCTPYMEHTAJIbHOW IAHEIW HA)KMMAaEeM KHOIIKY \R "
BeIOMpaeM «Co3maTh HOBOE 3arpykeHue». OTKpOeTCcsl TUalOroBOe OKHO (IIPHBEACH
OJIMH U3 €r0 BapUaHTOB, 3aBucAMX OT Ne Bepcun nporpammel SCAD) «Ilapametpsl
NUHAMHWYECKUX BosuenctBui». Ha mone «IlapameTpsl nquHaMHYECKON HArpy3Km»
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BeiOupaem «Ceiicmuka o CHwull (01.01.2000)» u nemaem 3amuchk (Hampumep,
« cericM-B3y 1 k3») Ha cBeTsioM noJie «VIMs 3arpyeHus.

Beon NapameTpoE AHHAMMYECK DR HarpYskK | Cefcrrieckoe eosnefcTewe [07.01.2000) I
Bun, BozaefcTENA
Cefichka no CHul M

Far PUHEHHA |C'3‘7‘C""'E’:"':H ksl
Cefcrnea no CHWM [07.01.2000]

O

" Ceficmuka No akceneporpanraar
porp [ MpeoSpazoBaHie CTATHYECKMY HArQYS0K, B MAacckl
~ Ceficriurea no CHAM
pecnydnuii KazaxscTad Hardep W WA NPMCOSAMHABKMOrD Koz,
CTATUYECKOrD 3arPYKEHMA NEepecyYeTa
" Mynbcauuq BeTpa Py P
" T apMoHHYECkHe KonetaHKa | |
" Mranynbc
" Ypap
~

b oganeHE aHaMMS

3areM BbIOMpaeM B BepxHell uacTu AuanoroBoro okHa «CeiicMuueckoe
BozaeiictBue (01.01.2000)» u OoTKphIBaeM AMAJIOrOBOE OKHO, BHJ KOTOPOTO IOCIE
3al0JIHEHUSI UCXOJHBIX JAHHBIX MpHUBEAECH Hrbke. [IpUHIMN 3amoJHEHUs] CBETIBIX
MOJIEM PTOr0 OKHA MpakTU4yecku moHsTeH. [lons ¢ HaumeHoBaHusMU: «KonudecTBo
staxkeit», «llompaBounblii ko3dduument», «PaccTosHue Mexmy AHEBHOH ...... »
3aII0JTHEHBI 110 YMOJYAHUIO U 3T JaHHBIC UCIIPABIIATH HE HY>KHO.

Beog MapareTPOE QHHAMMYECKOH HArpysKK Celicruyeckos BOSOEMCTEHE [E” 01 2':”:":'] |

UMEA0 YHHTIBEMEL BopH |17 Koz peprukenter [CHuM 11-7-817] na 01.01.2000
COBCTEEHHEIR KOnetaHKiA Daonyck aetele |H J
——- & [LONYCHKINTCA -
O pMEHT UM HanpaeneHue Harpyzkum ler. Tadin. 3]
EEEEE] SR =N X APAKTERHETHES
Ha CHEME K.ocuHychI KOHCTPYKLMM |EaUJHH, FASHTEL, LEIMOBEIE TRYOL, aﬂ
” v IT yraos e |0 [cr. Tatn. 6]
OCARAM;
£ |0
K.aTeropua rpyHTa || K.ATErOpHA j
CefctuyHocTe [7 - 9] 9 Gannoe -
KonuuecTeo aTaxel [>= 5] 5 FPaccroaHue mexway aHEEHOM
NOBEQXHOCTE M HEYAN0 05LW e ||:| ]
MonpaBoUHENR KOs dULMEHT 1 CHCTERE] KOOPLMHAT

Tun coopyeris |)‘KHJ‘II:-IE,DlﬁLLI.ECTBEHHbIE,I‘IDDHSBD.U.CTEF. -

[Tocne naxxatua kHonku «OK» OKHO 3aKkpbIBaeTCsl M Ha MHCTPYMEHTAJIbHOM

LY
i

NaHeIM pasfena 3arpysKeHMsi Ha)XUMaeTcs KHOIMKa «/IHepLuMOHHBIE
XapaKTepUCTUKU». BpiOupaercs (QyHKIUS TUaIOrOBOr0 OKHA «3aJaHue Macey.
BBegem Bec IMCKpPETHON MacChl 71, | KOTOPBIMA ObLI MOJCUYUTAH MPU PYYHOM pacyeTe
B COOTBETCTBHH CO CXEMOM, N300pakeHHON Ha puc. 3.1. BrimonHeHHOE 3arpykeHue
COXpaHUM O] HOMEPOM 3.

4. Bvoinonnaemcsa sman 4 pacuema «/luneiinwtit pacuem u npeocmaenenue

ezo pezynomamoe» [1, 2].

171



Bcesa mpouenypa BBIONMHEHHS] 3TOTO 3Tana OCTAETCS TAKOM K€, KaK U IpHU
pacueTre Ha pacCMOTPEHHBIE B MpUMeEpe nojapaszaena 1.5 rapmoHudeckre KojaeoaHusl.

B tabnune «OdopmieHne pe3yabTaTOB pacueTay, TJI€ Pe3yiabTaThl PEIICHUS
JTUHAMMYECKOM 3a/laud OTPaKEHbl HE TOJIBKO B BHUIE TaOJMI] JJi1 HCKOMBIX
IIEPEMELIEHUN U YCUJIMK, HO U B CIIELIMAJILHOM paszene «/luHamukay.

[Ipu otkpeiTHM paszaena «JlMHaMHKa» MOCIENOBATEIbHO OTKPBIBAKOTCA
YeThIpe TaOIUIIBL:

EOVHULE MBMEePEeHUs yCuimn: KH
EIMHMIIE M3MEePpeHMS MOMEHTOB: kH*M

| 2 |
| 1 - ( MOmallbHEIM aHain3 BIOY-1k3)

| X 132.8 |
| 2 - ( rapm-1)

| X 132.8 |
| 3 - ( cettcMm—2000)

| X 132.8 |
| Barpy N COBCTB. YUACTOTH T[IEPVMOIBL

| O/I0 ¢ e \

| xeHUE SHAUYEHUWA 1/C 'y, C

| 1 1 .1200906 8.327042 1.325962 .7541693

| |

| 2 1 .1200906 8.327042 1.325962 .7541693

| |

| 3 1 .12009006 8.327042 1.325962 .7541693

| ® O PMH KOJEUBAHMUINU

| 2 |
| 1 - 1 ( MOmalbHEM aHaJiu3 BOY-1k3)

| X 1. |
| 2 - 1 ( rapm-1) \
| X 1. |
| 3 - 1 ( cemcm-2000)

| X 1. |
| MHEPIMWOHHEHE HAT PY 3 KU

| 2 |
| 2 - 1 ( rapm-1)

| X -23.08 |
| 2 - 2 |
| X -2.066 |
| 3 - 1 ( cemcMm-2000)

| X 145 |

Ta6muna ycwmit M, kH -M, Q,kH, monydaercs B cieayromieM BUE:



EOVHUIIE M3MEPEHUS yCUImM: kH

EOVHUIE MBMEPEHMS MOMEHTOBR: kH*M
Vcnonb3yeMmele O0OO3HAUEHUS IJIS BaTPYyXeHUM :
S1,S2, ... — pacyeTHHEe 3HAUEHUHA

| 1-1 1-2 |
| 1 1 |
| 2 2 |
| 3 - 1  ( cemcm—2000)

| M -4206.35 |
| Q 145.046 145.0406 |
| 3 - 51 ( cemcMm—-2000)

| M -4206.35 |
() 145.046 145.046 |

—————— IIpumeuyanus k TadJ. «Ycuaus».

1. Pe3ynbpTaT s yKa3aHHBIX YCWIMNA BbIIAE€TCS B Ha3HAYEHHBIX Ha 3JEMEHTE JIBYX CEUEHHSIX
(oHM coBmanmarT ¢ y3namu 1 u 2).

2. IlepBble J1Be CTPOKH PE3yJbTATOB OTHOCSTCS K 3arpyeHuto 3 ¢ umeHem «ceicM-2000», a
MIOCJIEIHUE JIBE€ CTPOKM COOTBETCTBYIOT METOAY IIOJIYYEHHs pAaCUETHBIX 3HAYECHU YCWIHNA B
Ka)KJIOM CEYCHUH B CUCTEMAX C HECKOJIBKUMHU CTEIICHSIMH CBOOOBI (cM. [4]).

PesynbraTel pacyera, NHOJy4EHHBIE BPYYHYIO W C IOMOIUBIO ITPOTPaMMBbI
SCAD, noJHOCTBIO COBITAJAIOT.
4. Pacuer BJY Ha BeTpoBYI0 HArpy3KY, AefiCTBYIOLIYI0 HA OALHIO

BerpoBoe BO3/1€liCTBHE HA COOPYKEHUS SBIISIETCSI BECbMa CIOKHBIM SIBIICHUEM
npupobl. [losToMy Teopusi pacuera Ha BETPOBOE BO3AECHUCTBHUE TAKXKE SIBISETCA
JOCTAaTOYHO CJIOYKHOM M OCHOBBIBAETCSI HA TEOPUH BEPOSTHOCTH. C TEOPETUYECKUMHU
BONPOCAMM, CBSI3aHHBIMHM C BETPOBBIM BO3JIEHCTBUEM HA BBICOKHE COOPYKEHUS U C
METOJIMKOM pacyera Ha 3TO BO3JECHCTBUE MOYKHO, HAlpUMEp, MO3HAKOMUTCS U3
cripaBouHuKa [15].

JUIsl MHKEHEPHBIX PAacYeTOB COOPYKEHHI Ha BETPOBOE BO3AECHCTBUE OOBIYHO
MPUMEHSIOT METOIMKY, U310XeHHyt0 B CHull [26].

B coorBerctBun c¢ ykazanusmu CHull [26] BeTpoBylo Harpy3ky Ha
COOPYKEHMsI CJIENyeT ONpeNeNATh KaK CyMMy CpelHeHd CTaTHUYecKO u
yJIbCALIMOHHOM (IMHAMHYECKOW) COCTABIISIIOLIUX.

HopMaTuBHOE 3HaueHHe CpelHEN CTAaTUYECKOM COCTABIIAIOIIEH W, HarpysKHu,

NPUXOJIAIICICS Ha COOPYKEHUE Ha BEICOTE z HaJl TOBEPXHOCTHIO 3eMJH (puc. 4.1)
ompenensieTcs mo Gopmyiie

rae w, — HOPMATHUBHOC 3HAYCHHNC BCTPOBOI'O HABJICHHS, OIPEACIIACMOC U3 Tabm. 5

CHullI [26] B 3aBUCHUMOCTH OT HOMEpA BETPOBOrO pailoHa, ONPEAEIIEMOro o KapTe
3 obOs3aTenpHOTO Tipuioxkenus 5 k CHull [26].
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k — x03PdUIMEHT, YYUTHIBAIONUNA HN3MEHEHHE BETPOBOTO JABJICHHS II0
BBICOTE COOPYKCHHSI.

Cc — a’poauHAMUYECKUil KOA(POUIIMEHT, OINpeAesiieMblii B COOTBETCTBUU C
npunoxenuem 4 k CHull [26].

Wm
z
rZ
X
/17777 4
Puc. 4.1

B cooTrBercTBHM C 3aaHMEM K KypcOBOM paboTe MecTo pacnojoxkenus BOY
HAaXOJWUTCS B BETPOBOM paiioHe la. MecTHOCTh pacronoXeHuss umeer Tam 4.
AsponuHaMuyeckuii  KO3(QQGUIUEHT ompenensieTcss i COOPYKEHHs B BHUJC
uunuHapudeckon oamHu (cxema 14 B mpunoxkennun k CHull [26]). TIpumep pacueta
a’poJIMHaMu4ecKoro kodguimenta ¢ npuseacH B yueOHOM nocoduu [7].

HopmatnBHOE 3HadyeHWe yIEIBHOIO JABICHHS CpEOHEH CTaTUYECKOU

COCTaBISIIOIIEH ¢ (z) TO BBICOTE OAllHU OMNpEIENAeTCs B COOTBETCTBUH C

Hapy>XHbIM (BHEUIHUM) auameTpoM OamHu. [lpu 3amaHHOM cpegHEM MO BBICOTE
awHu ee BHEIIHeM auamerpe D, Tonydnm

ge(z)=w,, Dy 4.2)

CooTBEeTCTByIOIIEE  pACYETHOE  3HAYEHHE  IIOJYy4YaeTCs  YMHOKECHHEM
HOPMAaTUBHOTO 3HaueHUs Ha KO3((UIMEHT HaIeKHOCTH MO BETPOBOIMl Harpyske

yp=14:
q.(2)=144:(2). (4.3)

CraTnyeckyro COCTaBISIOLLYI0 BETPOBOM HAarpy3KH OIPEAEIMM pacyeToOM Ha
[IK ¢ ucnons3zoBanuem nporpammel «BeCTy», nmeromerics B [IBK SCAD. C sroii
nenbto otkpoem manky SCAD Office. B oTkpbiBiieMcs MeHIO BbIOEpEM SIPIIBIK
yKa3aHHOM mporpaMmel U 3amyctuM ee. [losgBUTCA NpuBENEHHOE 31eCh IEpPBOE
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AUAJI0roBo€ OKHO, B MCHIO KOTOPOI'O CHa4dalla BBI6€peM pa3acia «MeCTHOCTBY.

DaEn  OyHee  MNapametpel  Cepewc  MNomowe
'\ BeCT
’ f"ff- Bepcuna 1.5
Bl

Harpyzen M eozg eficTeMa no CHuM 2.01 ..IZIT-'-SS"
WHPpopralHa

=] MnoTHOCTH

4 MecTHooT BpereHHEIE

L‘..-_ﬂ & Har pyskM
K03 P UUMEHTEI =M Betep

b 3%

fum | NpegenbHbe $ 4] Cher

E@ Mporkee [—

ﬁ t Temnepatypa

~ [ononeg
M ha NpoECAS M TPOCk!

Beion Henonezyerca ¥ =1.4 MapameTpel Cripaera

B mosiBUBIIEMCST BTOPOM JMaJOrOBOM OKHE (OHO 37€Ch HE MPUBOJUTCSA)

yKakeM MecTo Bo3BeneHus BOVY. IlosBuTcs HOMep BeTpoBOro paiiona. 3atem (mocie
BO3BpAIllCHUs B IPUBEICHHOE BBIIIE OKHO) BeIOMpaeM pazaen «KosdduureHnTsn».
Otkpoercst Tabimnua ¢ KOdQGUUICHTAMH HAJEXHOCTH IIO HArpyske ..

Beibupaem y , JUis BETPOBOW Harpyskd. BHH3y OKHa (CM.) MOSIBUTCS COOOIICHHE:
«Hcnonesyerest y  =1.4.

Hanee (mocne BO3BpallleHUs B NPHUBEICHHOE BBIINIE MPEAbIIYIIEE OKHO)
BbIOMpaeM pasnen «Berep». OTkpoercs AHaNOroBoe OKHO (OHO H300paXeHO B
Havaje CJIeAYINIeil CTpaHullbl).

B Hem yxe OyayT yka3aHbl: BRIOpaHHBIM BETPOBOM pailoH; COOTBETCTBYIOIIIEE
€My HOpPMAaTHBHOE BETPOBOE JABJICHUE M THUIl MECTHOCTU. [l Ha3zHaueHHs
Pa3MEpPHOCTH BETPOBOTrO AAaBJICHUS HEOOXOAMMO B MEHIO JIMAJIOTOBOTO OKHA BHIOPATH
«ITapameTpbl» U Ha3HAYUTHh HEOOXOIUMYIO PA3MEPHOCTbD.

B nemoHcTpupyeMoM OKHE HEOOXOAMMO HA3HAYUTh TUIl paccMaTpUBAEMOTO
coopykeHus. B Hamem ciydae BeiOMpaeM «BBITSHYTBIE COOPYKEHHS M SJIEMEHTHI C
UIMHAPUYECKON TOBEPXHOCTHION.
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Dain  OyHe Napametpel  Cepewc  MoMolwle

Ofwwme ceeaeHHA l BrMUCAEHWE BETROBRIY HAMPYZ0K.
MecTHoCTE

Betposoli pafion  |la - HopraTHBHDE SHEYEHWE BETPOEOrD 4SENEHHA 0167 kM fra™2

THn MECTHOCTH

¥ A - OTKPBTBIE NOGEPEKEA MOPEN, D3E0 W BOLOXPAHMALL,
MYCThIHK, CTEMM, NECOCTENM, TYHOPA

" B - ropoackHe TEPPMTOPMM, NECHEIE MACCHEE! H APYrHE
FECTHOCTH, PAEHOMEPHD NOKPETEIE NPENATETBUARM
BricoTol Gonge 10 m

" C - ropogckqe paiioHsl ¢ 3acTRoAKOE S1aHHAMW
BEICOTOMN Bonge 25

THMEl COOPYKEHME

(" BepTukankHBIE M OTKNOHAKWMECA OT BEETHKANEHEE | HaBeck
He Aones 4em Ha 15° noeepxHOCTH
" L MAMHApMYBCK ME PESEPEYADE]
" 0aHONpOAETHBIE 303HWA B85 GoHape
~
" DaHoMponeTHeE 30aHMA Ge3 hoHapel,

NACTOAHHD OTKPETEIS & GAHDH CTORAHE! (% BLTAHYTEIE COOPYHEHHA H 3 NEMEHTE C

LHAKHOPHYECKOH NOBEPEHOCT R
- 30.aHHA CO CEOLUSTEIMM MM GAMSK MR K Hetrdy No

O4EQT SHHI NOKPETHARMM ™ HakAoHHEIE TRYGHATEIE 3 NEMEHTEI

teHta Henonesyerea f = 1.4 Harpystu Crnpaeka

3aBepmiaeTcs paboTa ¢ OTUM JAHAIOTOBBIM OKHOM HAXaTHEM KHOIKH

<<Harpy3KI/I)>. B PE3YIBTATC OTKPOCTCA CICAYIOMICC NTNAJIOIOBOC OKHO:

dain  dyHku  MapameTpel  Cepewc  MomMowe

OfWme cEeqeHA  EBMUCGNEHHE BETPOBLIE HAMDYS0K, ]

23 )
H . / /
—> )
& -
il .
F
MNapareTpel
A
H |29 -
d 211 bl -
(o]
A00.00 r 0,145 (0402 kM)

[oBEpsHOCTE |II,“TE|J'II:-HE|F| KOHCTPYKLL ™ BriSpark BCe
War craHuposaHWa |5 bl QYHCTHTE Boe

Merio | Menonssyerca ¥ =14 Ebl'—IHCJ'IHTb-l Tatnmua | Oryer | Crnpaeka |
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31ech OHO NPUBEICHO YXE€ B OKOHYATEIbHOM Buie. i1 ero 3amoiHeHus
IpoJieSIaHbl CIEIYIONIUE ONepalliu: BBEJICHbI MapaMeTphl OamHu (CM. 0003HaYCHUS
Ha PUCYHKE JAMAJIOTrOBOrO OKHA); BBEJEH «IlIar CKAHUPOBAHUS», MOKA3bIBAIOIINNA IS
KaKWX KOOPAMHAT Z CEUYCHWU OalllHU BBIYUCISIOTCS HOPMATHUBHBIE M PacyeTHBIC

3HAuCHHs JaBleHus ¢, (z) ¥ gL (z); Haxara KHONKAa «BBIMUCIUTEY, B pe3ylbTare

Yero B JAHAJIOTOBOM OKHE M300pa)KaloTCsl SIIOPbl  YKa3aHHBIX JIaBIEHUU (C
BBEIOpAHHOH BBIIIE PAa3MEPHOCTh OPJUHAT).

Ecnmu mocne storo cpasy HaxaTh KHOMKY «OT4er», TO MOIYYUM OTYET O
pacuere B Bujae (aitna West.rtf. Beigenus conepkumoe (aitna u ckonmupoBas €ro,

ITOCJIC BCTABJICHHA B OTUYCT IIO pa60Te IMOJIy4YHuM:

BETEP
Ob6wue ceBegeHns
BeTtpoBoi paiioH la
HopmaTMBHOE  3HadeHWe BETPOBOro 0,167 kN/m*2
OaBreHns
Tun mecTHOCTU A
Tun coopyxeHus BbITSAHYTbIE COOPYXXEHMSI U 3NEMEHTHI C
LUUMHAPUYECKON MOBEPXHOCTBIO
H
; [
__ d
1 I
MapameTpsl
Lar ckaHnpoBaHus 5m
WcnonbayeTcs vy 1,4
H 29 M
d 2,11 M
0,001 M

(29 m)

o
0,148 (0,402 kN/m)
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= HopmaTuBHOe 3HayeHue
== PacyeTHOE 3Ha4yeHne

BbicoTa PacuyeTHoe 3HaueHune (KN/m) HopmatusHoe 3HayeHue
(m) (kKN/m)
0 0,219 0,148
5 0,219 0,148
10 0,292 0,198
15 0,33 0,224
20 0,36 0,244
25 0,385 0,261
29 0,402 0,272

Cratuueckuil pacyeT OamiHU OT 3TOM HArpy3KH C LEJIbIO MOJTYYEHUs YCUIIHUH,
IEpEaoIUXCs OT PACCMATPUBAEMOM CTAaTUYECKOM COCTAaBIISIIOLIEH BETPOBOU
Harpy3KH BBIIOJHHUM C UCHOJIb30BaHHEM nporpamMmsl SCAD.

Hucmpykuyusa no pacuemy BIY om nonyuennoi cmamuueckoil cocmaguaruien
6empo6ou Hazpy3Ku
OTtkpoem yxe uMmerormmiics daitn mo pacuery BOY ¢ momoipio mporpammsl

SCAD wu co3aauM HOBOE 3arpy’K€HHE B BHJIE TOJIBKO YTO IMOJYYEHHOW HAarpy3k Ha
pacuetHyro cxemy BOVY. Jlna storo oTkpoem pazngen «3arpykeHus» U B

OTKPBIBIICMCA MCHIO 5TOT'O pa3ciia HAXKMEM KHOIIKY ‘ y ‘ «Harpy31<a Ha CTCPIKHN).
B OTKPBIBHICMCS JHAJIOTOBOM OKHE IMOCJICA0BATCIIBHO BBOJAUTCS CTAaTUYCCKaAs

BCTpOBasd COCTAaBJIAIOIIAA HAIPy3KH Ha Ka}K,HBIﬁ N3 MCCTH YYaCTKOB Ooaman. B

IMPUBCACHHOM HHWKC OKHC IIOKa3aH BBOJ CTaTUUYECKOM COCTaBJ'DIIOH_Ieﬁ BCTpOBOﬁ

HArpy3Ku Ha BGpXHI/Iﬁ N3 HAMCUYCHHLIX HICCTHU YHACTKOB I10 BBICOTC OaIHw.

CHCTEME KOOPAMHAT HArpYZkH

+ 0fWwan cUCTeMa KODROHHAT

{7 MECTHaA CWCTEMA KOODAWHET

Bua Harpyskm

" CocpegomodeHHanA !

" PacnpeaeneHHan E
HanpagneHye 4eRCTEMA HArPY3KH

{*" TpaneuMesHaHan ! Cutiel bomeHTe:

R = T T e

SHAYEHKE Harpysk A

" Ha rpynny 3 nemeHTos m

P1 |-0.385 kH A
A1 |25 r
F2 |-0.402 kH

ak, | OTHeHa | EnpaBKa| A2 123 M

B pesynbTaTe momydutcs s1opa Harpy3Ku, H300pakeHHas Ha puc. 4.2.
CoxpaHuM 3arpykeHue 1moji HOMEpPoMm 4.
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-0,4 1 2
-0,38

-0,36.,
-0,33

0,29/ |

-0,22 4

20,2211

Puc. 4.2

[IynbcanmoHHas COCTaBIISIIOIIAS BETPOBOrO JABJICHUS SIBISIETCA CIIyYaWHOU
dbyHKIMEH BpeMeHH, 00YCIOBICHHOM CITy4YaliHOW CKOPOCTBIO MYJIbCAIUH.

Hcnonszyemsie B mporpamme SCAD ¢dopmynsl u mocineaoBaTelbHOCTh
pacuera myJbCallMOHHOM COCTaBJISIOIIEN BETPOBOM HArpy3KH M PE3yJbTaThl pacuera
COOpYKEHHUS OT €€ JeUcTBUA npuBeaeHbl B kHure [23] pazpadorunkos [IBK SCAD
3ajaHue NMHAMUYECKOW IMyJIbCAMOHHOW HArpy3kKM HAauYWHAEM C Ha)XaTHUsl KHOIKH

D B MEHIO paszena «3arpykeHus». Beioupaem «Co3nate HOBOE 3arpyxeHue». B
OTKpBIBIIEMCSl JIMAJOrOBOM OKHE, BHJ KOTOpPOro YK€ H3BECTEH Yydallemycs,
nocJieqoBaTeNbHO BhIOMpaeM «BerpoBoe 3arpyxkenue» u «llynbcanum BeTpay.
OTKpoeTcst AMATOroBOE€ OKHO, KOTOPOE MPHUBENECHO HUKE B YXKE 3alIOJHEHHOM BHUJIE.

Bce BBCACHHBIC XAPAKTCPUCTUKU ITOHATHBI 11O CMBICITY.

Beog MApaMeTpoE AHHAWYECEOHR HArpYsEH n'_-].I'IbCEILI,HEIHHEIFl COCTaENAKW.AA BE-‘TFIDBDllfi HarpyskH l
MaparaeTprl [CHM 2.01.07-85]

Hiizno yyuTEIEaEMEN POph |71
COBCTEEHHEIX KONEGaHWE Berpoenii patioH [cr. Tagn. 5] FPaiioH 1a -

BeTpoBoe cTaTHYECKOR SarpyKEHUE
2 BeTep-cTar j Tun recTHOCTH [Cr. NyHET B.5] Tun & -

Tun coopykeHKHA
Ku:u:up.u.HHa:ra HIBKHETD Y33 lﬂi [cr. nyrKT B.7)
PACYETHOM Cerbl, HA KOTOpEI

0 Narapugradyeckiii
BOSAEHCTEYET BETER pHp ||:T-E|J'Ib-HI:~IE BaILHY, MaUTEl  w
OEKPEREHT [Ch. MUHET B.8]

[ pHEHTALMA EBICOTEI xl Y IT

S03HHA HA CHEME

|E NOCTOAHHDEA N0 b #ECTROCTED *

Hanpaenenve eeTpa  © Bgonb oo ¢ Boods ocu'y

MonpagouHEls KosdpuLUeHT .

R L 1 PaccToaHue Memny AHEEHON NOEEMXHOCT B r
WMpMHa S0.3HWA Mo BPOHTY IT M HEYaN0k OALWEN CHOTEME] KODDLMHAT
0A0YEAEROH NOEEQXHOCTI :

MnuHa 30aHHA BAOE
7 21
e p— Bce pasmepel saganTca B H
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[Tocne 3amonHeHUs OKHa W BbIXoAa M3 Hero HaxkarueM «OK», Haxumaem
KHONIKY «V/IHEpLMOHHBIE XapaKTEpUCTUKW» W BBOJMM 3HAYCHUE CWJIbI Beca W
HaIpaBJIeHUE KOJIEOAHWN TOUEYHOUW Macchl B y3Jie 2 PacUeTHOW CXEMBI, a 3aTeM BEC

OJIHOTO NOTOHHOr0 MeTpa OallHM Ha KOHEYHOM 3iyieMeHTe 1. B pesynbrare (mpu

.-) m ,) F
: 1 ]
HaKaTbIX KHOMKaxX |2- 1 =) IOJIy4YUM PaCUETHYIO CXEMY B BHJE, U300pAKECHHOM
Ha puc. 3.1.
CoxpaHuB 3a7jaHHOE 3arpykeHue o Ne 5, BBIITOJIHUM pacyeT OT HEro.

B pesynbTaTe noayuum ciaeayromue Ta0auIlbl.

EOVHMUE MBMEPEeHUS YyCuimi: KH
EOVMHULE MBMEPEHMS MOMEHTOB: kH*M

| 2 |
| 1 - ( rapm-1)

| X 132.8 |
| 3 - ( BeTep-nmyJbcal-1kKs)

| X 132.8 |
| Barpy N COBCTB. YUACTOTH TIIEPVMOIBL

| O/I0 ¢ e \

| xeHME 3HAUEHUA 1/C T C |

| 1 1 .1200906 8.327042 1.325962 .7541693

| \

| 3 1 .12009006 8.327042 1.325962 .7541693

| ® O P MH KOJNJEBAHUNU

| 2 |
| 1 - 1 ( rapm-1)

| X 1 |
| 3 - 1 ( BeTep-nyJbcau-1ks)

(D 1 |
| MHEPINMWOHHHE HAT PY 3 KINU

| 2 |
| 1 - 1 ( rapm-1)

| X -23.08 |
| 1 - 2 |
| X -2.066 |
| 3 - 1 ( BeTep-nyJbcal-1ks)

| X -60.17 |
| 3 - 2 |
| X -5.165 |



EOVHUIE MBMEPEHUSA JIMHEMHEIX [IepeMelleHUM: M
Vcnonb3yeMele OOO3HAUEHUS IJiS BaTPyXeHUM :
WND - CcTaTHUecKas COoCTaBJidnlas BeTPOBOM HaI'Py3KMU

| 2 |
| 1 - 1 ( rapm-1)

| X 024591 |
| 1 - 2 |
| X 0022 |
| 2 - ( BeTep-cTar)

| X .004194 |
| 3 - 1 ( BeTep-nynbcan-1ks)

| X .006573 |
| 3 - WND |
| X .004194 |

EOVHUUIE M3MEPEHUSa yCUIMM: kH

EOVMHMLE M3MEPEHMS MOMEHTOB: kH*M

Vicnonb3yeMble ODO3HaUeHMSA NOJI 3aTpPyXEeHUM:

51,82, ... - pacuyeTHBE BHAUYEHUH

WND - cTaTudeckas COCTapjdgnlasg BEeTPOBOM HaTPy3KU

| 1-1 1-2 1-3

| 1 1 1 |
| 2 2 2 |
| 1 - 1 ( rapm-1)

| M 669.454 334.727 |
| O -23.0846 -23.0846 -23.0846 |
| 1 - 2 |
| M 59.9149 29.9574 |
| Q -2.06603 -2.06603 -2.06603 |
| 1 - 31 |
| M 672.129 336.064 |
| Q -23.1768 -23.1768 -23.1768 |
| 2 - ( BeTep-cTar)

| M 146.687 39.9283 |
| Q0 -9.0915 -5.3255 |
| 3 - 1 ( BeTep-nyJbcalL-1K3)

| M 178.947 89.4738 |
| Q -6.17061 -6.17061 -6.17001 |
| 3 - WND [
| M 146.687 39.9283 |
| O -9.0915 -5.3255 |
| 3 - s1 |
| M 325.635 129.402 |
| Q -15.2621 -11.4961 -6.17001 |

JletictBue ycunuid, nepenaronuxcs Ha (yHmament BOY oT cymmapHoro
BETPOBOI'O BO3JICUCTBUA (C YUYETOM CTATHUECKON U MyJIbCAlMOHHON COCTABJISIOIINX ),
neicTBytoulero Ha 6amHo BOY B HanpasieHun napamieabHOM ocH X, U300paKeHo
Ha puc. 4.4.
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7 A
O 15.3 xH 1 M=325.6 xHM
—L > 3
Puc. 4.4

OOpatuM BHMMaHUE Ha TO, YTO pe3yJbTaThl pacdyeTa OT CTaTHYECKOM
COCTaBJISIIOIICH BETPOBOIO JABJCHUS BCTpPEYaeTCs B TaONMIlEe OMpEaeSICHHs
IIEPEMENIEHHUN Y3J10B U YCUIIMM B HUX JIBAXK/bI.

OTO CBSI3aHO C TEM, YTO CTAaTHMYECKOE 3arpykKeHue ObLJIO PacCMOTPEHO
OTHEJIbHO Kak 3arpyxeHue 2. BTopoil pa3 OHO yuyTe€HO W B 3arpyKeHuu 3, rae
MCKOMBIE  BEJIMYMHBI  TMOJACYMTAHBI OT  CTAaTUYECKOM W  MyJbCAIMOHHOU
COCTAaBJISIFOIIMX BETPOBOTO JABJIEHUSI KaK OTAEJIBHO, TaK U OT MX CYMMapHOTO
BO3JCHCTBUS.

Comucoxk HMCHOJIb30BaHHOW B 3aJaHUU 2 JIMTEPATYPhbl NMPUBEICH B 3aJaHUH K
pabote. Hymepanus UCTOUHMKOB B HEM COBMAJAaeT ¢ UX HyMepalueidl B oluieM s
YMK oOubnuorpaduueckom ciucke (c. 123).
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CAHKT-TIETEPBYPI'CKUIA
T'OCYJIAPCTBEHHbBIN TOJIUTEXHUYECKUI
VHUBEPCUTET

NHXEHEPHO-CTPOUTEJIbHBIA ®AKYJIBTET

Kadenpa rpak1aHcKOro CTpOUTENHCTBA U MIPUKIIATHOM SKOJIOTUN
Kadenpa ctpoutenbHoO MEXaHUKH U TEOPUU YIIPYTOCTU

OTYET
O BBIINIOJIHEHUH PACUYETHOTO 3a1aHus 3

Pacuer miiockoil monepevyHoi paMbl KAPKACHOI0 31aAHUA
Ha ceficMHYecKoe BO3/AeiiCTBHE 0 JUHEHHO-CIIEKTPAJIbHON TEOPUHU
¢ HCnoJib30BaHueM nporpammsbl SCAD

(mdp 3amanus)

BrinonHun cryaeHt IPYIIIBI

Ouenka paboThI IpenoaBaTeIeM

Cankrt-ITerepOypr
2009
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Crynenty TPYOMOHI .........
(umdp 3amanus AB= )

3AJJAHME 10 PACYETHOI PABOTE 3

Pacuer mi1ockoii monepevyHo paMbl KAPKACHOI0 31aAHUA
Ha CeliCMUYeCcKoe BO31elCTBHE M0 JUHEHHO-CIIEKTPAJIbHON TeOpHH
¢ ucnoJib3oBanuem nporpammosl SCAD

BBINoJHUTE pacyeT MIOCKOM MONMEPEYHOM paMbl MPOCTPAHCTBEHHOTO KAPKACHOIO 3JaHUS
Ha FOPU30HTAILHOE CECMUYECKOe BO3ZEHCTBHE, COBMAAIONIEe MO HAIMPABICHUIO C MJIOCKOCTHIO
pambl. Pacuer Ha ceiicMHYeCKOE BO3JEHCTBUE BBINOJHUTH MO JMHEWHO-CIIEKTPAILHOW TEOPHUH
(JICT) mo ykazanusm yactu 1 YMK, yue6noro nmocobwus [4] u CHull [18].

[Ipenmnonaraercs, 4To MoNepeyHbie pambl B MPOCTPAHCTBEHHOM 3/IaHUU UMEIOT PETYJISPHBIN
mar BJI0JIb 3/1aHUsl, PaBHbBIN 6 M.

CxeMa momnepeuHoil pambl BeiOupaetcs mo muppy AB u3 tabn. 3.1 3amanus 3 (pasgen 2
YMK), a pazmepsl pambl — u3 Tabd. 3.2.

Pama mnpenmonaraercss BBITIOJHEHHONW W3 MOHOJUTHOTO JKejle300eToHa kiacca B25,
HMMEIOLIETO CIIEAYIOIINE XapaKTePUCTUKH:

— mioTHOCTE p=2500 Kr/™° = 2.5 T/M°;

— 00BeMHBIH Bec Y5 = p- g = (2.5 T/M)-(9.81 m/c?) = 24.525 (T-M/c)/m’ = 24.525 kH/M;

— Moxytb ympyrocti E = 3.002 kH/m%;

— ko3 umment Ilyaccona v =0.2.

KonoHHbl pamMbl HMMEIOT HOPSIMOYTOJbHOE TIONEPEYHOE CEYEeHHEe C  pa3MepaMu
b= 40 cM; A= 40 cm. [nomma s HONepedHOro cedeHns KoIoHHbL Fy = (0.4 M)-(0.4 M) = 0.16 M°.

Purenn pampl MMEIOT NPAMOYTOJIHOE IIONEPEYHOE cedeHHe ¢ pasmepamu b,= 40 cM;
hy= 60 cm. IInomans nonepevnoro cedenus purens £, = (0.4 m)-(0.6 m) = 0.24 M.

[Ipennonaraerca, 4To MpU pacyeTe Ha 3aJ]AHHOE CEMCMUYECKOE BO3JEHCTBHUE, YUUTHIBAS
PEryJISIpHYIO CXEMYy 3/aHHus, pamMa MOXET pacCMaTpHUBaThCsl KaK OTJeNbHas IUIOCKas pama Ha
pUTeIH KOTOPOM OMUPAIOTCS ITUTHI MIEPEKPHITUI U3 kK/0 TOTO K€ Ki1acca, TOMIUHON 16 cM.

I'pynToBoe ocHoBanue pamsl o kinaccudukanuu CHull [18] otHOCHTCs K Kateropuu 1.

NHTEHCUBHOCTh CEMCMUYECKOTO BO3JEHCTBUS MO JelcTByromeil B Poccum mikane
ceficMuueckoi nHTeHcuBHOCTU MSK-64 npuHrMaeTcs paBHOM 9 6aioB.

B coomeemcmeuu c¢ JICT u ykazanuamu uwacmu 1 YMK, yuedonozo nocoous [4] u
CHull [18] pacuem 3a0annoii pamsl c6ooumcs:

K OnpeodeneHur0 pacyemuuvlX CeucMUYECKUX HaAzZPy30K, Oelicmeylouux 6 y3nax
pacuemnoii cxemvl MK9 pamut 6 nanpaenenuu ounamuueckux cmeneHeil c600600ul y3/o0e,

u pacuemnvix ycunuu M, Q, N 6 y3n06vix u Opyzux (HameueHHBIX paciemyuKkom)
ceuenuax cmepcuesvix K3 pamot.

KypcoBas pacuerHast pabota COCTOUT U3 CIAEAYIOIIUX IBYX Pa3zelioB.

1.Pacuer Ha IIK ¢ ncnonbzoBanuem nporpammsl SCAD, peanusyromei

JIMHeiHO-cneKkTpaabHy10 Teopuio (JICT) B coorBercTtBUu co CHulI [18]

2. KonTposbHble pacdyersl Bpy4HY mno gopmynam yactu 1 YMK, nmocodus [4] n
CHullI [18]
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Memoouueckue ykazanusa K pazoeny 1.

1). PacuerHas cxema miockoi pambl B mporpamme SCAD cTpouTcst A UCHOIb30BaHUS
MeToJ1a KoHeuHbIX 1eMeHToB (MKD) ¢ momomnibio miockux tunossix KO.

2) B y4eOHOl pacueTHO# paboTe OMOphl paMbl B PACYETHOW CXeMe NMPUHUMAIOTCS B BUJC
KECTKUX 3aJ1eJI0K, T. €. OJAaTJIMBOCTh OCHOBAHUS MpU OINpeaeaeHuH coocTBeHHbIX YacToT (CY) u
cobctBeHHBIX Qopm konebanuii (CDK) pambl He yuuThiBaeTcs.

3). B otuete mo pabore HEOOXOAMMO MPHUBECTH CIEAYIOUINE TaOIU4YHble U TpaduvecKue
pe3yJIbTaThl pacueTa u3 pasznena «/IuHamukay:

—. TabJuIly ¢ BecaMu Macc purejel M CTOEK pacyeTHOW CXeMbl paMbl, MPHUBEJCHHBIX K
y3nam cetku KO.

—.. Tabuniy coberBeHHbix yactor (CY) (KpyroBbIX ;, TexHW4eckux f; =@;/27) n

nepuonoB 1, =271/ @; nnst nepsbix Tpex cobeTBeHHbIX GopM Konebanuii (CPK) 3ananHoi

paMBbl.

—. TabmuIly C OTHOCUTEIHHBIMH TOPU3OHTAILHBIMH TMEPEMEIICHUSIMU MacC B y3Jax
pacueTHOI cxeMbl paMbl M COOTBETCTBYIOIIEE UM Ipaduueckoe n3odbpaxenue nepsoix Tpex COK.

—.. TabJIUIly ¢ UHEPIIMOHHBIMH CUJIAMH B Y3JIaX paMbl, JCHCTBYIOIIUMHU B TOPU30HTATHHOM
HanpaBieHuun g 1tex ke COK u coorBercTBylomee Hx rpaduueckoe H300paKeHHe Ha
cootBeTcTBYrOmMUX COK B BUJIE BEKTOPOB CHJI C COOTBETCTBYIOIIUMH MX 3HAKAM HAIPABJICHUSMHU.

4). Kpome Toro, npuBecTu: TabIMIly CO 3HAYCHUSAMHU M3rHOAIOINX MOMEHTOB B TEX )K€ TPEX
COK u COOTBETCTBYIOIIUE UM SIIOPHI U3rHOAIOIINX MOMEHTOB C YKa3aHUEM 3HAYeHUH X OpAHHAT
Y 3HaKOB (TI0 TaOJUIIE C OpIMHATAMH ITUX DITIOP).

5). IlpuBecuM pacyeTHble 3HAYCHHUS W3TUOAIOLIMX MOMEHTOB, MOJCUUTAHHBIE 1O (GopmyIie
Buja (8) uz CHull [18] (oHM HaxoasATCs B TOH ke TabmuIle, KOTOpas MPUBOIAUTCS B MPEIbIAYIIEM
IIyHKTE).

Memoouueckue ykazanusa K pazoeny 2

B otuere no paGore BO BTOPOM pazjiesie MPUBECTH CIIETYIOIIUE PACUETHI.

1). [IpoBepky opToroHanpbHOCTH JHOOBIX 1ByX COK.

2) Onpepenerne auHamMudecknx koaddummenrtos B, (i = 1, 2, 3) no popmynam CHull [18]
B IIPEMOJI0KEHNH, YTO OCHOBAHUE paMbl OTHOCUTCS K [-0l KaTeropum.

3) Ilpumep BbIMHMCIEHHS 3HAYEHHS MOCTOSHHOrO Koddduuuenta 7], u  BekTopa

ko3 duuuentos N, (cM. npumep B yact 1 YMK u B yue6HOoM nocobun [4]).n14 nepsoii COK

(i=1). OTpasuTb CyTh KOHTPOJIS BEKTOPOB N; (CM. TaM xke).

4) Ilpumep Bbruucinenuss B mepBoii COK mo dopmynmam (1), (2), (8) CHull [18]
ceiicMMUEeCKOl Harpy3Ku B y3J1ax COCPEIOTOYEHHSI MacC.

5) [pumep Boraucnenus mo dpopmysie (8) CHull [18] pacueTHBIX N3rnOAOINX MOMEHTOB B
CEYEHHUSAX pPaMbl, BbI3BAHHBIX CEHCMUYECKUM BO3/1EHCTBUEM.

Homepa ncrouHnkoB yueOHOI uTepaTyphl, HCIOJIb30BaHHBIX B 33JJaHUH 3, COOTBETCTBYIOT
oubmmorpaduyeckomy criucky k YMK, npuBeneHHomy B KoHie yactu 1 (c. 123).
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1. PACYET PAMBI HA IIK C UCIIOJIB3OBAHUEM INTPOI'PAMMBbI
SCAD

B cooTBeTcTBUUM ¢ 3amaHHBIM IKUGPOM M3 COOpHUKA YUYCOHBIX 3aJaHU IS
pacdeta BeIOpaHa paMa, n300pakeHHasl Ha puc. 1.

- O
4I
4
rard s arard —
. 12 ¥ 12 A
Puc. 1

[locnenoBarenbHOCTh pacyeTa pambl C M[oMomblo nporpamMmmsl  SCAD
BBIIIOJJHUM B COOTBETCTBUM C 3TanmaMM YykazaHHbIMM B YMK 1o gucummuimHe
«CtpoutensHas mexanunkay [1] u B wactu 1 YMK [2] (Hymeparust mocobwuii 6epercs
u3 Oubnumorpaduyeckoro crnucka paboT, MPUBEICHHOrO B KOHIIE YacTH 1 JTaHHOTO
YMK).

dTtamn 1.3anyck nporpaMmbl M MOATOTOBKA K CO3aHHI0O PACYETHOM CXeMbI

1.1. 3anmyckaem mporpammy SCAD. B otkpeiBmiemcs MeHi0 BeiOupaeMm «Co3naTh HOBBIM

MPOCKT.

1.2. B oTkpbIBLIEMCS AMATIOrOBOM OKHE (TPHBEIEHA €ro 4YacTb) BBOJUM HEOOXOAHMMBIE

nanHble. OHM BBIOMPAIOTCS CAMUM PACUETYMKOM (TIPUBEEH OJAMH U3 BO3MOKHBIX BApUAHTOB).

H aurdeHOBaHHE |.D.C-|:IEME-CE!I:"{CM

OpraHuzauda  |rpynna 50153

ekt |pama

| BapyawmA mogenei

E.IJ.HHHLI.I:I M3MEPEHIA ‘

] | CTraeHa | Cnpaek.a

Tun crerel |2 - Mnockan pama

1.3. Tlocne naxartus kHonku «OK» oTkpoercs crienyroiiee AUaloroBO€ OKHO, B KOTOPOM
HeoOxonumo B manky «SDATA» BBecTu uMs co3znaBaeMoro pabouero ¢aina ¢ yka3aHHBIM
MIPOEKTOM (HarpuMep, HA30BEM €ro TaK XK€, KaK Ha3BaJIU MPOEKT: «JIC-paMa-ceiicm»).

1.4. Tlocne naxatust kHOmkM «OK» MOSBUTCA OKHO CO CXEMOM yIpaBlIEHUS IPOEKTOM
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(«epeBo npoekTay). Beibupaem Ha nepese npoekta «Pacuernas cxema». OTkpoeTcs: pabodee OKHO
nporpamMmbl SCAD, B koTOpoM co3naercs pacuetHas cxema MKD 3ananHoi (cM. puc. 1) pamsl.

dT1an 2. Co3naHue pacueTHOH cXeMbl cTep:KkHeBOM cucTembl Aasa MKD

2.1. I'padmyeckoe mpenCTaBICHHE PACUCTHONW CXEMBI B OOIIEH CHUCTEME KOOpIWUHAT IS
BCEH CTEP>KHEBOI CHUCTEMbI C Hymepaluel y3j10B U KOHEeuHbIX 31eMeHToB (KD) (¢ ykazanuem Ha
HUX oceil MecTHOH 1 kKaxoro KO cucremoii koopaunat(MCK)).

Memoouueckue ykazanua 1. 3ech Npu MOCTPOSHUM PACUETHOM CXEMBbl paMmbl U NpU €€
pa36uBke Ha KO Thma 2 «OneMeHThI TII0CKOH paMbl» 00paTuM BHUMaHHE Ha CHENHU(UKY HArpy3KH
Ha paMy TpH CEHCMHUYECKOM BO3AecTBHMU. OHa 3aKIIOYaeTCs B TOM, UYTO HArPy3KOM SIBISIOTCS
MHEPLMOHHBIE CHUJIbl, BbI3BAaHHbIE YCKOPEHHEM MacC pambl OT 3aJlaHHBIX YCKOPEHUN OCHOBAHHUS
pambl IpU €ro TOPU30HTAIBHOM CEHCMUYECKOM IEPEMEIIEHUH M YCKOPEHMEM Macc NpU UX
yOpyrux nepemerieHusx (cMm. [4] u pazaens! 1 u 2 B nannom YMK) .

OcHoBHast Macca paMbl paclpeziesisieTcsl BAOJb €€ pUresield, Tak Kak OHU UMEIOT HE TOJBbKO
COOCTBEHHYI0 MacCy, HO HECyT Ha cebOe, NPUXOJAUIYIOCS Ha HHMX MacCcy IUIUT NEpPeKpBITUH,
MPUXOJAIIYIOCS Ha OJHY IONEpPEYHyl paMy MpOCTpaHCTBEHHOro 3xaaHus. [loatomy mpu
TOPU30HTAJIBHOM CEMCMMYECKOM BO3JIECHCTBUM B IUIOCKOCTH pPaMbl OCHOBHOM HMHEPLHUOHHOMN
Harpy3ka Ha paMmy INpH TOPH30HTAIFHOW CECMUYECKOM BO3JEHCTBHM OYyAyT MHEPLIUOHHBIC CHIIBI,
JEHCTBYIOIME HA YPOBHSX PACIOJIOKEHUS PUTEIIEN PAMBI.

C yueTroM 3TOro MOCTPOMM MPUOJIMKEHHYIO PACUETHYIO CXEMY paMbl, KOIJa Ka)Jblil
CTEP’KEeHb pambl (CM. puc. 1) mpencTaBiseTcst Kak OTACIbHBIN KOHEUHBIN JIEMEHT TUma 2 (3JIEMEHT
TIJIOCKOM paMbl) C pacrpeeICeHHON BI0Jb HETO MacCOM.

[loctpoennass B nporpamme SCAD pacueTHast cxema paMmbl IPU Takodl ee pa3OMBKE Ha
KOHEUYHBIE 3JIEMEHTHl C yKa3aHHEM HOMEpPOB AJIEMEHTOB, HOMEPOB HX Y3JIOB B OOIIel cucteme
KOOpJMHAT, HOMEPOB JKECTKOCTEHN U TUIIA 2 JIIEMEHTOB I10Ka3aHa Ha puc. 2.

/ g 8 s g
7 7 7 2
L] L'} L]
L'} =I [in]
4 7 5 6
7 7
L] L'} L]
- (3 0] L
Y7 v - -
11 v 2 3
o X ] ]
Puc. 2

Memoouueckue ykazanusa 2. VI3 ctpoutenbHOd MexaHMKH u3BecTHO (cMm. [1] u [2]) mns
MIOCTPOCHHUS pambl, H300paKEHHOM Ha pHC. 2, CHaYalla CTPOUTCS BCIIOMOTraTeNnbHas pama (puc. 3).

Jlns ee mocTpoeHHs] Ha MHCTPYMEHTAJIbHOM MaHenu pasjaena «Cxema» HaKMMaeM KHOIKY
«l"enepanus mpoTtoTumna pamb». B OTKpbIBIIEMCS OKHE C ABYMsI TUIIAMU paM BbIOMpaeM IJIEBYIO
cxeMy. B pe3ynbTare oTKpoeTCs AMajJoroBoe OKHO (HIMKE MPHUBEAICHA €ro 4acTh).
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I nuHE K.onuuecTen Bricomel K.onuyecTen
NPOAETOE nponeTos  |—| aTamen aTamen l—] IHE
ey
—
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CeAzM
- ABTOMATHYECK AR
YCTAHOBEA CEASEN
K.ecTrocTH
- - K.onoHHE Purenm
Bre pastiepel bl

B 3ananHo#i pame (cM. puc. 1) umeercs aBa nposeta JUIMHOM 12 M U /1Ba 3Taxka BbICOTOM 4
M. BBoauM 3TH 1aHHBIE.

3axomum B paznen «Hasnauenne tuma KO». B Hem BeiOnpaem «CTepKEeHb TUIOCKOW PaMBbD».

3arem HazHayuM xkecTKOCcTU KD pamsbl. [l 3TOro oTkphiBaeM cHaudana pasaen « KomoHHbD.

OTKpoeTcs nepBoe 1ManoroBoe OKHO IO 3aJaHUI0 kKecTKocTel crep:kHeBbIX KO, B koTopom
BbIOMpaeM crnoco0 3agaHusl JKecTkocTedl. B Hamem ciywae mnpu 3aJaHHBIX —pa3Mepax
MPSIMOYTOJILHOIO MTONEPEYHOr0 ceueHus BbioupaeM crnocod «llapameTpuueckue ceueHus».

Caepxy okHa BelOupaeM « Ilapamerpuueckue ceueHus» U OTKPBIBAEM CIIEAYIOIIEE OKHO 10
3a/IaHMIO )KECTKOCTEN B CTEPIKHEBBIX CUCTEMAX.

Boibupaem B okHe: Marepuws KoinoHH «beron Tskensit B25», Tun  ceueHus
(IpsAMOYTOJIbHBINM) M HAa3HAYaeM IapaMeTphbl C€YeHUs KOJOHHBL llpu BeIXOzIE M3 3TOro OKHa Bce
KOJIOHHBI PaMbl I10J1y4aT Ha3HAYECHHYIO )KECTKOCTb.

Eciu ecTp KOJOHHBI, MMEIOIIME JPyTHUE TOMEPEYHbIE CEUeHHs, TO HEeoOXomuMo OyneT
Ha3HAa4YCHHBIC B HUX aBTOMATHYECKM YKECTKOCTHM HCIPAaBUTh. B HameM ciydae mo 3aJaHuI0 BCE
KOJIOHHBI UMEIOT OJIMHAKOBOE MOMNEPEYHOE CeUEHHE. 3HAUUT, UCTIPABICHUS )KECTKOCTEN KOJIOHH HE
TpeOyroTcsl.

AHAIOTUYHO Ha3HAYUM JKECTKOCTM pureneil pamel. I[lpu sTOoM B KypcoBoil paboTte
npearnoiaraeM, YTO pUTelb HMEEeT JKeCTKOCTM Ha M3rM0 W Ha pacTshKEHHe-CHKaTHe,
COOTBETCTBYIOILIUE €T0 33JaHHOMY NPSMOYI'OJbHOMY CEUYEHHUIO (CM. 3aaHUE).

Onwuparomuecss Ha pureiib IIUTHl YYTEM TOJIBKO KaK JOIOJHUTENBHYIO Maccy, BEC KOTOpPO
N00aBIIsETCS K BECY CAMOTO puresst. 1o OyJIeT caeslaHo MPU 3aJaHUU JMHAMUYECKOT0 3arpyKeHus
pambl. [losToMy i 3amaHus JKECTKOCTEH pureneit (s ynpolueHus: GopMupoBaHHs pacyeTHOM
CXEMBI paMbl B KypCcOBOW pa0oTe OHM HPUHATHl OJUHAKOBBIMM) 3aX0AUM B paznen «Purennm» u
BBITIOJIHAEM JIEHCTBUS aHAJIOTMYHBIE JEHCTBUSM NPU 3aJaHUH KECTKOCTENH KOJIOHH.

ITocne BbIXOMA U3 OKHA 3aJlaHUs KECTKOCTEH M BCETO OKHA I10 3aJaHUI0 [1apaMeTPOB paMbl

MOSIBUTCSI CX€Ma BCIIOMOTaTeIbHOU paMbl (CM. puc. 3).

Jlst Toro 9TOOBI U3 ATOW BCIIOMOTATEIHHOM paMbl MOJYYUTh 33JlaHHYIO0 paMy (CM. puc. 2)
BBITIOJIHUM CJIEAYIOIKe NeUcTBHs: 1) BoiiaeM B paszmen «Y37bl M DJIEMEHTBI», HAKMEM KHOIIKY

‘@ u ynanmuMm K3 ¢ Homepom §; 2) Ha)KMEM KHOTIKY I:__I U NPOU3BEIEM YIIAKOBKY JaHHBIX, B
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pe3ysbTaTe KOTOPOM MPOM30MAET MepeHyMepalys Y3J0B M AJIEMEHTOB (COMOCTaBbTE PHUC. 3 H

puc. 2);
7 9 8 10 9
o =T (]
4 7 5 8 6
— o Yol
1 7 3
Puc. 3

’é 1 Ha3Ha4YUM KCCTKHUEC OIIOPHBIC
+
-0

YCTaHOBUM MIAPHUPBHI, 06CCH6‘II/IBaIOH_II/Ie CBO6OHHLIﬁ MMOBOPOT KOHILECBBIX CEUYCHUI pureisda ¢

3) Boitnem B pazaen «HasznaueHus», HAXKMEM KHOTIKY

CBSI3U (COCTABIISAIOLIME JKECTKHE 3a/elIKM KOJOHH, cM. puc. 1); 4). HaxkmeM KHONKY ‘ U
HOoMepoM 9 (Iocie omepaluu «ymakoBKW»). B pesynprare 3TUX AONOJIHUTENBHBIX JeHCTBUI
MOJyYUM OKOHYATEJIbHYIO PACUETHYIO CXEMY pambl (CM. puc. 2).

D T1an 3.3arpy:keHue pacueTHoii cxembl MKJ
I[J'I?[ 3aaHnusd JUHAMHWYCCKOr'0 3arpy’XCHUA paMbl B BUAC CEUCMHUYECKOTO BO3IL€I7[CTBPI$I 110

JICT, Bbimonnsiemoro mno ykasanusm CHull [18] 3axomum B pasgen «3arpyxeHus». Ha

WHCTPYMEHTAJIbHOW TAaHEIM JTOr0 pasfesia HaKUMaeM KHOIKY «/lunamMuyeckue
BO3/IeiicTBUS» U yTouHsieM: «Co3math HOBOe 3arpykeHue». OTKpoeTcs MepBoe JHaIoroBOe OKHO
IJIA 3aJaHUA JUHAMHUYCCKOTI'O BO3I[CI>’ICTBI/IH. Huxe IMPpUBCJACHA €r0 4aCTh C YKa3aHHUCM CACIIaHHOI'O B
AUAJIOroOBOM pEKUME BBOJIA.

BE0q NapaeT pos AMHEMMYECKON HarpYSK9 | Ceficmuyeckoe BosgeicTemre (01.01.2000) ]

Bug Bos0efcTEMA

Hra
l'!;" - s s o
Cefcruyeckie BOs1eMCcTEHE BEArPUKEHIA |CEHCM 2000

" BeTpoBble BOZAEACTEME
P &0 [ MpeofipasoEaHie CTATHYECKM: HAMQYS0K B Macckl

Haordep 1 1A NpYCOEIMHASMOrD Foadg.
CTATMHECKOrD SarpuY#eHHA MEpECYETa

P— | =1
HM BEOSOEHCTEMA

Cefctara no CHull

" [Npoume sosneHcTEME

Ceficraka no CHull [01.01.2000]

Cefictuka No akceneporpatatd
Cefictka no CHUll pecnydnki Ka:
Cefictuka N SanaHHEIM aKCEnenort

BriGepem B okHe: Bua BozaeiicTBus («CelicMruecKre BO3IEHCTBUS); THUIT CEHCMUYECKOTO
Bo3aeiictBus («Ceiicmuka nmo CHull (01.01.2000)) u 3aganuM NpoM3BOJIBHOE UMS 3arpy’kKeHUs
(Be1Opano ums «cericm 2000»). TTocne aToro BeiOupaem BBepxy okHa «CelcMHUYEeCKOe BO3/ICHCTBHE
(01.01.2000). B pesynpTaTe OTKpOETCS OAHOMMEHHOE IUAJIOTOBOE OKHO, B KOTOPOM BBOJIUM
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He0oOXO0UMBbIE TIapaMeTpbl B COOTBETCTBUU C MOCTPOEHHOW PacUETHOM CXEMOW paMbl, 3aJaHHOIO
BoznericTBus U ykazanuii CHull [18]. PaccMoTpum 3TOT BOmpocC 1o OTAECIBHBIM pa3jiesiaM OKHa.

Beog MNapareT POE AHHArHYECKE O HArpyYsEX Ceficruyecroe EOSOENCTEME [l:” .0 EDDD] |

Ypcno YHHTBIESEREBIS SO IT K. L HEHTEI [I:H Wl 11-7-31 x] Ha 07.01. 2000
COGCTEEHHEIY KONeGaHKHiA Honyck.aetele | I i . ﬂ
NOBDEHLEHMA onyckaioToAl#/S Kaprac, des au
OpvierTauus H anpaeneHue Harpysku [er. Tatin. 3]
EEIEEVTE SR >< |1 HApAKTEPMCTHES
Ha CHEbde K.ocHHyCHl KOHCT YK MM |KapKachle FAaHMA ﬂ

yrmoec T |I:I [cr. Tadn. B)
ﬁ ﬂ IT OCANM;
z |EI

K.aTeropua rpyHTa |I K.ETEMOpMA -
CelichHyHoCTE [7 - 9] 9 Gannoe -
K.onuuecTeo aTamel [>= 5] 5 FaccToaHue resay gHeEHoH
MOEERYHOCTER M HEYAN0r ool ek 0 (¥
MNonpaEoYHEIN Koo RHLMEHT 1 CHCTERME KOORGMHET

Tun coopyxeHma |PKHnble,DﬁmemBEHHble,npDHSBmmB. -

1.«Uuceno, yunTbiBaeMbIX (pOpM cOOCTBeHHBIX KojdedaHmii». Kak u3BECTHO, 4YMCIIO
cobctBeHHbIX yacToT (CH) u cobctBeHHbIX popm Konedanuii (COK) paBHBI YMCITy TUHAMHYECKUX
CTeTeHel CBOOO Bl MACC B PACUETHOM cxeMme coopyxkenus (cM. BBeAeHue B yactu | YMK u B [4]).

Memoouueckue ykazanusa 3. YToObl MOJCUYNUTATH YUCIIO JUHAMUYECKUX CTETICHEH CBOOOIBI
Macc B pacuetHoil cxeme MKD pamsbl yutem, uro B nporpamme SCAD pacnpeneseHHble Macchl
TOHKHUX CTEPKHEBBIX KOHEUHbIX »3yneMeHToB (KD) tuma 2 («DieMeHThl IJIOCKOW pambl»)
NPUOIMKEHHO 3aMEHSIOTCS TOUEYHBIMH MacCaMM, OTHECEHHBIMH K y3J1aM 1o KoHuam KO3.

[lonoxxenne moueunoii maccol Ha 10ckocTH XOZ, B KOTOPOI pacnoiaraeTcsi CXema pamsl,
IIpU NEPEMEUICHUH Ka)I0r0 y3Ja ONpEeNessaeTcs IAByMs MapaMeTpaMu — MEPEMELIEHUSIMU y37a B

TOPHU30OHTAJIbHOM U BCPTUKAJIBHOM HaAIIPABJICHUAX. HOSTOMY 4uClIo n, NAHAMHYCCKHUX CTeTIeHEeH

CBOOO/IbI TAKUX TOYEYHBIX MACC BCEH PACUCTHOM CXEMbI PABHO yJABOCHHOMY YHCILY 71y, Y3JIOB PaMbl

n, =2-ny,. /{na nocmpoennoi pacuemnoii cxemol (CM. pUC. 2) 6 MOUEUHBIX MACC 8 Y3714X PAMbL

umeom 06eHaAOUAmb OUHAMUYECCKUX CHIEeNeHell C60000bl.

OnHako mpH FOPU3OHTAIBHOM CEHCMUYECKOM BO3JAEHCTBUHM OCHOBHBIMH IE€PEMELIECHUSMHU
Macc pambl OyIyT TOpU3OHTallbHbIE mepemenieHusd. [loaToMy pomyckaeTcss BepTHUKAIbHBIMU
MepeMeIeHUSIMU y3710B (a2 3HAYUT U MEepeMEelIeHUsIMU Macc) MpeHeOperath U ONpeeNsiTh TOIbKO
OCHOBHBIE TOPU3OHTANIbHBIE TNepemelieHus. Ilpu maxom OonywieHuu MONCHO CHUMAMb, UMO
moueuHble MAcchl PACCMAMPUBAEMOU PAMbL OYOYm UMENb MOTbKO WeCHb 20pU30HMATbHBIX
cmeneneil c60600bl.

CnenoBarenbHO, TPU BBIOPAHHBIX OCHOBHBIX IIECTH JAMHAMUYECKUX CTEMEHSX CBOOOJBI
Macc paccMarpuBaeMasl pacdeTHas cxema pambl Oyaer umerh mectb CY U COOTBETCTBYIOIIME UM
mects COK.

AHnanuzupya npeovioyuiue paccyycoeHus, euouM, 4mo, 0711 OUHAMUUECKO20 pacuema
paccmampueaemoii pamovt Mo2ym 0blmb ROCHPOEHbL PACUEMHbIE CXEMbL C PA3TUYHBIM YUCTIOM
OUHAMUUECKUX CeneHell c60000bl.
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[Ipy HazHaueHMM YHUCIAa [MHAMUYECKUX CTENEHEeHd CBOOOABI MacC pacueTYHK
PYKOBOJICTBYETCSI IByMsI KPHUTEPHSAMHU: pacuyeTHasi cxeMa J0JDKHa ObITh Hanbojee paldoHaIbHOM
10 3aTpaTaM TPyJa U BPEMEHHM pacueTa M J1aBaTh pe3yJbTaTbl PEIICHUS MOCTaBICHHOM 3a/ayu ¢
JIOITy CTUMOM TOYHOCTBIO.

VYaauHbplii BBIOOp pAacUETHOM CXEMbl CBS3aH C HMEIOLIEHCS MPAKTUKOM pacdyeToB
AQHAJIOTUYHBIX COOPYKECHUM.

B paccyxnenusx o uucie COK, yunTsIBaeMbIX B pacuere, 0OpaTHM BHUMaHHUE HA TO, YTO B
dopmyie (8) CHull [18] mpu onpenesieHuu NCKOMBIX PacUeTHBIX BEJMYHH (HAPUMEDP, PACUCTHBIX
CeMCMUYECKUX HAarpy30K B y3JaX paMbl M PAcUeTHBIX HM3THOAIONMX MOMEHTOB B CEUCHHSX
CTEpKHEBOM CHCTEMbI), MOXHO YyuuTbiBaThb He Bce C®K, a Tompko ux uacte. [loaTtomy B
JIEMOHCTPHPYEMOM BBIIIIE JUAJIOrOBOM OKHE JUI PacueTHOM CXeMbl, W300pakeHHOW Ha puc. 2,
MO>KHO Ha3Ha4uUTh He Bce noixyyaemble COK, a TOIbKO UX 4aCTh.

Honycmumoe uucno yuumwvieaemvix CPK Ona nonyuenua pesynromamoé pacuema
PAcuemHnpiX 6eAUYUH 6 KOHKPEMHBIX COOPYHCEHUAX C O0CMAMOYHOI MOYHOCHbIO MAaKdHce
ycmanaenueaemca NPAKmMuKou pacuemaos.

B kypcoBoii paboTe MOCTyniM CIIETYIONIM 00pa3oM.

B npencraieHHoi Ha puc. 2 pacyeTHOW CXeMe paMbl pacCMOTPHUM CHauaja CIEIYyHOIIUil
BapHaHT IIPEJICTaBICHUS MacC CTEPKHEBBIX KD (OTMETUM €ro Kak MepBblif):

1). Macca KOHEYHBIX 3JIEMEHTOB THUIA 2 PAaCUYETHOM CXEMbl IUIOCKON paMbl 3a/1aeTcsl Kak

PaBHOMEPHO pacHpe/esIeHHas 0 JUIMHE KayK0ro KOHKPETHOrO 3JIEMEHTA.

CelicMuyeckoe 3arpy’kK€HME€ C Ha3HAUYEHHBIMH MCXOJHBIMM JaHHBIMU COXPaHUM Kak

«3arpyxenue 1».

Kak ormeuanoce Bblme, mnpu npuBeaeHun B nporpaMmMme SCAD  paBHOMEpHO
pacnpeneneHHoi macesl kaxaoro KO tuna 2 k ero KOHIEBBIM y3j1aM IMOJIYyYUM PACUETHYIO CXEMY C
JIBEHAATbI0 JUHAMUYECKUMHU CTENEHSIMU CBOOOJBI. DTO 3HAUUT, YTO MPH MOJAIBHOM aHAJIN3e
pacyeTHOM CXEMbI paMbl C TOYEYHBIMM MaccamMu B y3nax cucreMbl KO momyuum cnextp CU c
JIBEHAaTbl0 COOCTBEHHBIMH YaCTOTAaMH U COOTBETCTBYIOIIME KaXKAOH KOHKPETHOH yacTtoTe —
— nBeHannat, COK.

OtBeyass B NPUBEACHHOM BBILIE AMAJOTOBOM OKHE Ha 3allpOC O YHUCIIE YYUTHIBAEMBIX B
pacuere COK, BBenem mudpy 12.

Ilocne BbImoONHEHUs pacyera (CM. HIDKE dTanm 4 MOCHEA0BAaTEIbHOCTH ONEpalil Mpu
ucnosbp3oBaHun nporpaMMmbl  SCAD) BBINIOJHUM HUCCIEJOBAaHME M IPOBEAEM pacueT ¢
orpanuuyeHHbIM yrciom COK.

Tenepp mepeiizieM K JajJbHEHIIEMY BBOAY MCXOJHBIX JAaHHBIX B pacCMaTpUBAEMOM BBILIE
JMAJIOTOBOM OKHE.

2. «OpueHTanys BBICOTHI 31aHUs Ha cxeme». Kak BUIHO U3 cXeMbl paMbl U IPUHATON B
nporpamme SCAD o6meii cuctremsl koopaunat (OCK), BeicoTa 34aHHsI COOTBETCTBYET OCH Z
(cwm. puc. 2).

3. «HanpaBjenne Harpy3skmw». [Ipy ropuzoHTaJIbHOM CEMCMHUYECKOM BO3JEHUCTBUU €I0
HampaBjieHUEe (2@ 3HAUUT M HalpaBlIeHUE OCHOBHOW CEWCMHUYECKOM Harpy3kd B y3/ax pambl)
COBIAJAET ¢ HampaBieHueM ocu X. Takum 0O6pa3zoM, yrosl MeX,Jy HarpaBJICHHUEM HAarpy3Kd U OChIO

X cocrasisier 0°, mosromy BBogmm c0s0° = 1.
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4. «Kareropusa rpyHTa». Kareropuss TrpyHTa YYMTHIBA€TCSI IpPU  BBIYUCIECHUU
TMHAMUYECKUX Kod(pduimentoB mis kaxaon yuutsiBaemMon COK (cm. wacte 1 YMK, ydeGHoe
noco6wue [4] u CHull [18]). Tak kxak mpu pacyeTe pambl MOJATIMBOCTE OCHOBAHUS HE YUUTHIBACTCS,
NPUHUMAeM BapUaHT y4yeTa OCHOBAaHUS Kak HanOoJjee KeCTKOTO0, T.€. UMEIOIIEro KaTeropHo 1.

5. «CeiicmuuHocTb» (7 — 9). B cooTBeTCTBHM € 3a1aHUEM K KypCOBOW paboTe MpUHUMAEM
MHTEHCUBHOCTh CEHCMUYECKOT0 BO3JIEUCTBUS MO JABeHaANATH OayuibHOU 1mikase MSK — 64 paBHoii
NeBATH OasuiaM.

BBog cnenyromux napaMeTpoB oTpaxaet npubimxeHHocTs pacyetoB 1o JICT, npunsaTyio B
CHulI [18]. JleiicTBUTENBHO, CTPOUTENIbLHBIE KOHCTPYKIIMU M COOPY>KEHHS BEChbMa Pa3InyaroTCs
Jpyr OT Apyra mo pa3nuuHbeiM xapakrepuctukam. B CHull [18] Takoe pa3nuuue yuyTeHO yCIIOBHO
(cm. Hampumep, Tabn. 3 m 6 B CHull [18]). IlosTomy cnenyroomue IyHKTB BBOJa B
paccMaTpuBaeMOM OKHE OCYLIECTBIISIETCS IPUOIMKEHHO.

6. «KoamyecTBo 3Taxkeii». OcraBiuseM mudpy 5,3alaHHYI0 B JHAJIOTOBOM OKHE «IIO
YMOJTYAHUIOM.

7. «[lonpaBounblii ko3puumnenT». OctaBnsiem nudpy 1,3aJaHHYIO 10 YMOITYAHUIOY.

8. «Tun coopy:kenus». M3 yka3zaHHBIX B OKHE THIIOB COOPYXEHHUs1 BbIOMpaeMm: <«OKuible,
0O0IIIeCTBEHHBIE, TPOU3BOJICTBEHHBICY.

9. «KoappuuueHTHI».

9.1. V3 mpuBeICHHOTO B JHMAJIOTOBOM OKHE CHHCKa, B3sitoro w3 Tabnm. 3 CHull [18],
BeIOMpaeM «JlomyckatoTcst (5k/6 kapkac 0e3 BepTHKaJIbHBIX jauadparM U CBA3e)». ITO
PaBHOCWJIBHO HA3HAYEHUIO B (opMyse Ui TOJcuYeTa CeHCMHMYECKOW Harpy3kKu Kod(QuimeHTa
K; = 0.35, yuntbIBaromero JONyuieHne OCTaTOYHbIX Ae(GopMaIiuii 1 MoBpekKICHHUH, 3aTPyAHIIONINX
HOPMAJIbHYIO  9KCIUTyaTallMI0 COOpPY)KEHUS Tpu oOecrneyeHHH Oe30MacHOCTH JIoAed U
o0opypoBaHus).

9.2. V3 mpuBeeHHOTO B AMAIOTOBOM OKHE CHHCKa, B3sitoro u3 Tabm. 6 CHull [18],
BbIOUpaeM «KapkacHble 3aHUs». DTO PABHOCHIBHO Ha3HAueHUIO B (opmylsie A Mmojacyera

ceficMuyecKoil Harpysku koddduimenta K, = 1.3).

10. «PaccTosiHMe MeK1y THEBHOM NMOBEPXHOCTHIO rpyHTa B HaYanoM OCK». [Tonaraewm,
YTO OHHM COBHAJAIOT MO KOOpAUHATE Z, NOITOMY B OKHE OCTaBISi€M BBEIEHHOE IO YMOJIYAHUIO
HYJIEBOE 3HAUEHHUE.

Ilocne BbIXOAA M3 TOJIBKO YTO PACCMOTPEHHOIO JHAJIOIOBOTO OKHA Ha MHCTPYMEHTAJIbHON

—a
-
IIaHCIIN paB,Z[GJIa <<3any)I<eHI/IH>> HeO6XOIH/IMO Ha>XaTb KHOHKy ! «I/IHepI_lI/IOHHLIe
XapaKTepI/ICTI/IKI/I», a 3aTEM BLI6paTL «Ba,HaHI/Ie Mace».
B OTKpBIBHJGMC}I OKHC (HI/I)Ke HpI/IBe,I[eHa €ro ‘laCTb) BLI6epeM BapI/IaHT 3aJaHUA MaAcCChbl

cTepxkHeBBIX KO Tumna 2 kak paBHOMEPHO pacipee’eHHON Maccsl 1o JumHe KO.

* Maccel B 3 nemeHTax

+ PacnpegensHiee | TlnacTuHel

" CocpenoTodeHHbE

Bec macchl |3,E|24 kH OTreHa
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3aTeM Mocie BbIX0Ja U3 OKHAa HE0OXO0UMO C MOMOILBI0 Kypcopa OTMETUTh Bce KD KosIoHH.

C IIOMOIIBIXO KHOIIOK «I/IHepHI/IOHHBIC MaccCel» U «3HaueHus Harpysok» Ha IaHCJIn

Ha KD KoIOHH mTOSBUTCA XapakTepHoe 0003HAuYeHHE BBOJIA
pacnpeesIeHHO Macchl KOJIOHH U 3HaYeHHE €€ «IIOTOHHOTO Beca» (puc. 4).

«DunbTpel  OTOOPAKEHUS

D29.4300 D29.4300

[ © On

D32.9240 D3.9240 D3.9240
D29.4300

| ] | | [ |
D32.9240 D3.9240 D3.9240

fz

LY

E)---» X =]

=]
Puc. 4

AHAJIOTUYHO BBOJUTCS 3HAUCHHE TIOTOHHOTO BECA» PHUIEJICH C YYETOM BeCa OMHUPAIOIIAXCS
Ha HUX IUAT: g, oo =G +Gny = (Fy D) ve +(F, -1 -vs = (0.24 M%) (1 m)-(24. 525 kH/™Y) +
+(0.16 M)-(6 m)-(1 m)-(24. 525 xH/m’) = 5.886 kH + 23.544 kH = 29.43 kH.
i i accel B 3 nereHT ax
* PacnpegensHHbE

[ MnacTHHE

" CocpegoTodeHHBE

Bec maccw |23.43 H

..-J:||'|'|

i «3HaueHUsl Harpy3ok» Ha
naHenu «PuinbTpbl oroOpaxkeHus’» Ha KD pureneil mosBUTCS XapakTepHOEe 00O3HAaUYeHUE BBOJA

pacnpez[eneHHoﬁ MacCChbl Ha pUICJIAIX paMbl U 3HAYCHHUC €€ KIIOT'OHHOT'O BECa» (CM. puc. 4)

CocraBiieHHOE AUHAMHWYECCKOC 3arpy’KCHUC COXpPAaHUM. HJ’IH 9TOI'0O Ha HHCTPYMGHTaHBHOﬁ

OTrieHa

i

& IF

C IIOMOIIBKO KHOIIOK ((I/IHepI_II/IOHHLIe MacCCbD» H |

Ly
naHenu pasjena «3arpykeHus» HaxkmeM KHomky - =1 « Coxpanutb//[00aBUTH 3arpyxeHue.

ITosiBUTCSA qUaIoroBoe OKHO «COXpaHI/ITB 3arpy>KCHHCH (HI/I)KC MMpUBCJCHA €TI0 ‘laCTb)

WA sarpyseHia

|CEHCM-EDDD-pacnpen. racca K3

cefck-2000-pacnpen. mMacca k.3

OTraeHa
Cnpaeka

Hordep sarpys#eHus

1 -
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B sTom okHe yxe Oyaer ykazaHo ums «ceiicM-2000», qaHHOEe CO3/1aBaeMOMY 3arpyKeHHUIO
B IIEPBOM JIMAJIOTOBOM OKHE JUIsl TMHAMHYECKOT0 3arpykeHusi. Kpome Toro, B HW)KHEM OKOIIEUKe C
Ha3BanueM «Homep 3arpyxenus» yxe ectb Homep (1) cmemaHHoro 3arpyxeHusi (HEOOX0IUMO,
HaXkaB Ha CTPEJIOUKY, €r0 OTKPHITH).

3ajmaHHOe B OKHE MMs (IpU HEOOXOJUMOCTH) MOXHO H3MEHUTh, OCTaBUB HOMep 1
3arpykeHus. B xadecTBe mpumepa yTOYHUM HMMs, JIOTIOJHUB €T0 3aIlMChI0 «-pactpena. macca KOy.
Jist HoATBEPKICHHS 3aTaHHOTO (MJIM YTOYHEHHOT'0) MMEeHU HakumaeM KHomky «OK». Ha 3ampoc o
HEO0OXOIMMOCTH CO3/1aTh HOBOE 3arpyxeHue orBeTuM «Her». CHOBa TOSBUTCS KapTHHA pabOvero
9KpaHa pasjena «3arpyKeHus.

Memoouueckoe ykazanue 4

[Ipu 3aaHHOM 3arpy>KEHHH paMbl, IPEKAE UM MEPEUTH K ee pacdeTy oOpaTuM BHUMaHHE
Ha clIelytolLee.

B nporpamme SCAD paBHOMepHO pacmpeneneHHas macca KO mpuBoauTCs K TOUEUHBIM
MaccaM B y3Jax pacueTHOM cxembl pambl uit MKD. CnenoBatenbHO, celicmuyeckas Hazpy3ka 6
pacuemHoll cxeme, AGNAOWAACA CUNAMU UHEPYUU, NepedalowuMucs om macc Ha pamy, b0yodem
npeocmaenims cobol cucmemy cocpeoomoyeHHbIX CUll, OeUCMEYIOWUX HA V3bl PACYemHOU CXeMbl
MKD.

OTO 03HAYAET, YTO MIOPbl UUOAIOUUX MOMEHMOE 8 PAMe OM COCPEOOMOYEHHBIX 8 Y3NaxX
cun 6yoym aunelnviMu Ha kaxcoom omoenvrom KO. CrnenoBarenbHO, IS UX MOCTPOCHHS MOXKHO
HA3HAYUTh MUHUMAJIbHOE YHCIO CEYeHH, paBHOe OBYM. [lyis Ha3Ha4YeHHsS ABYX CEUCHHMH Ha

kaxxaoM KO otkpoem pasnen «HasHaueHus» M Ha MHCTPYMEHTAJIbHOW MMAHENIM 3TOrO pasjelna

4
Ha)XMEM KHOIIKY «Haznauenne IMPOMEIKYTOYHBIX CEeUCHMI JJIs1  BBIYHMCIICHUA YCHHHfI)).

OTkpoeTcsi TManoroBoe OKHO (HYKe MPUBEJCHA €ro 4acTh), B KOTOPOM JJisi cTepskHeBoro KO tuma
2 BBOAMM IUPPY 2.

{* CTepkHEBLIE 3 NEMEHTBI

KomuecTeo 2

CEYEHME

[TonrBepauB caenaHHOE Ha3HAYEHHE, OTMEHUM Ha cxeMme pambl Bee KO.
Teneps nocie pacyera pambl B TabJIHIE C yCUIUSIMUA OyayT NPUBEICHBI YCUIIUS TOJIBKO IO

koHmam KO.

J1amn 4. BolnojHeHne pacyeTa v MpeACTABJIEHHE ero pe3yJbTaToB

Jnst  BBINIONIHEHMS pacyeTa paMbl IIPU  3aJaHHOM 3arpy’KeHUM 3aXOAUM B paslen

«YTpaBJIeHHE» U HAa UHCTPYMEHTAJIBHOM IMMAHEM 3TOr0 pa3jiejla HAXKMEM KHOIIKY E «BpIiiTH B
9KpaH yIpaBlieHUs! NMPOEKTOM». OTKpPOETCs 3KpaH C «IEPEBOM IPOEKTa», Ha KOTOPOM B pazjiene

[ _p
«PACYET)» HaxMeM KHOTIKY TIAHEIHEIA

OTKpoeTcsi OKHO, OTpaxaroliee BO3MOXKHOCTH mporpaMMbl SCAD 1o MeToJuKe peleHus
paccmaTpuBaeMbIX 3adad. Mcrnonb3yeM 3TO OKHO B IMPEACTABICHHOM (IO YMOJIYaHHIO») BUJE U
MIPOCTO HaXxMeM KHOMKY «OK» U rociie A0noJHUTENbHOrO 3arpoca — onsTh «OK».
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Hupopmayusa 06 anzopumme pewienus 3a0avu no paciemy cooOpysHceHuil
Ha celicmMuyecKoe 6o3oelicmeue no TUHEUHO CReKMPAIbHOI meopuu,
peanusyrowemcsa ¢ npozpamme SCSD

[Iporpamma SCAD peanus3yloT U3BECTHBI aNrOpUTM pacueTa COOpPYKEHUH Ha
ceificMuuecKkoe BO3JEHCTBUE MO JIMHEHHO CIEKTPajJbHOW TEOPUHM B COOTBETCTBUM C yKa3aHUSMU
CHull [18]. OTmMeTuM OCHOBHBIE 3Tallbl pacueTa, OPUEHTUPYSACh Ha O003HAUEHMUS U METOJUKY
pelIeHys 3aauy 10 JIMHEWHO CIIEKTpalbHOM Teopuu, npuBeaeHHble B yacTh | YMK u B yueGHOM
rocoouu [4].

1). Ilpu pemieHun 3To# 3aaa4u, IPEKE BCETro, ONMPEACISIOTCS coOOCTBeHHBIE YacTOThl (CYH)
U COOTBETCTBYIOLIME UM coOcTBeHHbIE (hopmbl Kosebanus (CDK) paccMaTpuBaeMoro coopyxeHus
(B 9TOI1 KypcoBOii paboTe — moctpoeHHoM B mporpamme SCAD pacueTHOl cxeme pambl
(cm. puc. 2)). C atoii nensto B mporpamme SCAD pemnaercss omHOpo/IHAs CHCTEMa YpaBHEHHA,
KOTOpasi MpU HCIOJNb30BAHUM JJIi TOCTpOE€HHOW pacueTHOM cxembl MKD, wmoxer ObITh

npeacTaBjicHa B MATPUIHOM B BUC!:
(K-¢o,M)u, =0. (1)
3nece K mpexncraBiaser co0oif  Marpuily JKECTKOCTH pacueTHoM cxembl MKO

paccUUTBHIBAEMOro COOpy KeHus; M sBIsieTCsl MaTpULIEl Macc COOPY>KEHHs; U, — MaTpUIIa-CTONIOEL,

QJIEMCHTaMU KOTOpOfI SABJIFOTCA TICPEMCIICHUA Y3JIOB pacquHoﬁ CXEMbI COOPYIKCHUSA B JII000I

COK coopyxeHusi IO HaIpaBJICHHUIO CTENEHEW CBOOOABI Macc; (; — COOCTBEHHbIE 3HA4YECHUS

matpuis B = KM ™ ; 0 —maTpuna-cron6err ¢ 31eMeHTaM1, PABHBIMH HYJTIO.

Uucno ypaBHeHHI B cucTeMe ypaBHeHUH (1) paBHO YHCIy YYHUTHIBAEMBIX JUHAMHUYECKHUX
cTerneHel CBOOOIbI B pacUETHOM CXeMe paMbl JIJIsl €€ JUHAMUYECKOTO pacuera. ITO ONpeiessieT u
pa3mepsl Matpull. J[is paccMaTpuBaeMol B paMbl (CM. puc. 2) UMeeM pa3Mep KBaIpaTHBIX MAaTPHIL
M u K pasubiii (12-12), a Bektopos u; u 0 — (1-12).

Taxkum 00pazom, anroput™, peanuzyeMbiii B mporpamme SCAD, coaepxut ¢hopMUpOBaHHE
Matpull K u M s paccmMaTpuBaeMoOl pacyeTHOM CXEMbI COOPYKEeHHs (B KypcoBOW paboTe —
— paMbl), a 3aTEM pelIeHHE OJHOPOAHON CUCTEMbI ypaBHEeHU (1), B pe3yibTaTe Yyero onpeaessTes:

— cOOCTBEHHbIE 3HAUEHUs @; MaTpulbl B = KM™;
— cOOCTBEHHBIE KPYTOBBIE YaCTOTHI M, = ,/¢; (pazn/c, 1/c);
— COOCTBEHHbIE TEXHUYECKHE 4acTOThl f; = ®; /21 (I'm);

— cobctBeHHble nnepuoasl 7 =1/f;, =2n/ o, (c) ;

— INEepeMCUICHUA MacCC B HAIIPABJICHUN HTUHAMHWYCCKUX CTerneHen CBO6OI[BI JJIA BBI6paHHOI71

pacueTHOM CXEMbl pPaMbl, SBISIOIIUECS JJIEMEHTaMH BEKTOPOB W; M  OIpEIeIsolue

reoMeTpuuYecKuil Buj cooTBeTcTBytoweil i - i COK.

YUueno ypaBHEHMI B OZHOPOAHOH cucrteme ypasHeHuit (1) paBHo uneny n, =2-ng,
JMHAMHYECKUX CTEHEeHel CBOOOMIbI, TIE My, — YUCIIO y3J10B CTep:kHEBOH cucrembl ¢ KO tuna 2 (1o
knaccudukanuu nporpammsl SCAD). [lns paccmatpuBaemoit pacuetHoi cxembl MKD (cM. puc.2)

YHCIIO YpaBHEHUI B cucteme ypaBHeHwui (1) pasHo 12.
ANropuT™M pelieHusi cucTeMbl ypaBHeHMH (1) M ompeneneHus yka3aHHBIX BbILIE BEIUYUH
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paccmotped B yactu 1 YMK u B yueOnom mocobuu [4]. B pesynbrare U3 CUCTEMBbI ABEHAIIATH
ypaBHeHui (1) ans paccmMaTpuBaeMOil pacue€THOW CXEMbI paMbl (CM. pHC. 2) MOJIy4aTcsl CIEKTPHI
YKa3aHHBIX BbIIIE€ BEJIUYNH:

Pr <P <P3 <.ee. <Py <Py (2)

0 <Oy <O3 <.... <O <Oy 5 3)

V<V, <V3 <<V <V 4)
L>T,>Ty>...>T,>T,,. (5)

JInst kaXaoro 3HaueHHs COOCTBEHHOM wactoThl ®; (i = 1, 2, 3, ...... , 11, 12) pambl u3

cucTeMbl ypaBHeHHMH (1) ompenensroTcss BEKTOPHI U;, 3JIEMEHTbI KOTOPBIX MPEACTaBJIAIOT COOOH

MepEeMEILEHUs] TOYEUHBIX MacC MO HAIpPaBJIEHUIO UX cTemeHei cBoboabl. B mporpamme SCAD c
MIOMOLIBIO 3TUX MEepeMEIIeHU rpadudecku MOXKeT ObITh ocTpoeHa Jitobas COK, unTepecyromas
pacueTuuka.

2). Ilo cobctBennbM niepuonam 1; B coorBercTBuu co CHull [18] ¢ ydyerom kareropuu

TPYHTA [OJ] COOPYKEHUEM OIPENENIAIOTCS KO3 GUIIMEHTb! TUHAMUYHOCTH 3, .
3). Onpenensarorcs noctossHHbIe A kax o COK ko dunuentsr m; :
— _ (u)'Me (u)'Ge
L @)'ME, @)'GE,

3nech e mpencTaBisieT cOO00M MaTpHily-cToiden (A paccMarpuBaeMoil pambl — ¢ 12-10

(6)

CTpOKaMH):

e=|:|. (7)

G sBISieTCSl TUAaroHaNIbHON MaTpHIeH BECOB TOYCYHBIX MAcC B Y3J7aX PaMbl M MOJTydYacTCs
2
YMHO)KeHHEM MaTpulilel Macc M Ha yckopeHue cBoOomHoro majgeHusi g = 9.81 m/c: G=M g.

4). N xaxnoit COK onpenensercs BEKTOP:

n,=m;,-u;. (8)
J1J1s1 3TUX BEKTOPOB XapaKTEPHO PAaBEHCTBO
e=n;. )
i=1

Ono IMMOKa3bIBACT, UTO IPHU I'OPHU30HTAILHOM CEHCMUYECKOM BO3I[GI\/'ICTBI/II/I CyMMa BCKTOpPOB

n; no BceM COK paBHa €IMHUYHOMY BEKTODY €.

5). Brruucistrores BCKTOPLI CEMCMHYECKHUX CHII, I[eﬁCTBYIOIHHX B y3Jiax pacquHoﬁ CXEMbI

paMbl, rA€ COCPECAOTOUCHBI MACChI pAMBI. B ManH‘lHOﬁ 3aIIUCHU 3THU BEKTOPBI MOXKXHO MPEACTABUTH B
BUJIC:

s; =K, 4B,K ,Gn;, (10)

raie A mnpenacTaBisieT cOOOW OTHOCHTEIBHOE YCKOPEHHE TOBEPXHOCTH 3emiid (10
OTHOIIIEHUIO K YCKOPEHHUIO CBOOOIHOTO manenus g, onpenensiemoe no CEull [2] B 3aBUCUMOCTH OT
pacyeTHOM CEMCMUYHOCTH PallOHAa CTPOUTENIBCTBA PACCUUTHIBAEMOI0 coopykeHus. 1Ipu pacueTHoM
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ceficMuyHOCTH 7, 8, 9 6aNJIOB COOTBETCTBEHHO MPUHUMAIOTCS 3HaueHus A, pasasie 0.1; 0.2; 0.4.

6). Ot nonyuyenHoil B kaxnoil CDK ceiicMuueckoil Harpy3ku B Buze BekTopoB (10)
BBINOJNIHACTCS cTaThueckuii pacuer MKD cocraBiennoil B nporpamme SCAD pacueTHOH cxembl
pambl (CM. puc.2), U ONpEACIAIOTCS BEKTOphl NepemeleHni y3ioB cetku KO pacueTHOl cxeMsl
(B oOmieit st Bceil paMbl cUCTeMe KOOPAMHAT). DTH BEKTOPbl MOXKHO BBIYUCIUTH B MATPUYHOM
Buje o ¢popmyiie

a; :KlAgO);zﬁiKWni' (D

7) Ilo nonyuyenusiM B MKD nns xkaxnoit COK BexkTopam nepeMenieHui y3ja0B pacdeTHOM
CXEMBbI OIPENENAIOTCS NepeMelieHusl y3JI0B Kaxaoro KO, a mo HuUM omnpeaensorcs ycCUiIus
My, Ok Ni B ceuenusix k mo konuam KO (B MECTHOM JyIsl KaXI0TO 3JI€MEHTa CUCTEME KOOPIUHAT)
(cm. anroputm MKD 111 iI0CKUX CTEP’KHEBBIX CUCTEM B [ 1, 2]).

8). Ilpu pacuere coOpyX eHUs MO JIMHEWHO CHEKTPAJIbHOW TEOPUU MO TOJYHYCHHBIM MJIS
kaxaoi COK mo0bIX MCKOMBIX BEJIMYMH (MEPEMENICHHM, HArpy30K, YCWJIMMA) OMpPENestoTCs
pacyeTHble 3HAYEHMsI COOTBETCTBYIOIIMX BEJIMYMH C yd4eToM cymmupoBaHus no scem C®PK mo
dbopmyite (8) CHull [18].

B kypcoBoii paGoTe mocTaBieHa 3ajjaya ONpPEENICHUs TOJIbKO M3TMOaroIUX MOMEHTOB B
KOHIIeBbIX ceueHusX (k) KD pacdyernoit cxembl pamsbr 1yist MKD (cwm. puc. 2). [Toatomy dopmyiy (8)

CHulI [18] nyst onpezesieHust pac4eTHOro MOMEHTa M), B 3TOM CEYCHHH NPEACTABUM B BHJC:

(12)

Kak Bugno u3 dopmynst (12), CHull [18] nomyckator, obecrieunBasi HEOOXOIUMYIO
TOYHOCTb PacyeTa, yuuThiBaTh He Bee (1;) CDK, a Tonbko ux yacts (n* < n, ). B paccmarpuBaemom
NpHUMEpPE NPHUHAT BAPUAHT, Korpa n* =n, = 12.

Bort, npumepHo, Takoi anroputM pacyera peanusyercs B nporpamme SCAD.

BosBparumcs k BbinosiHeHuto 3tana 4. [lociie oTMeEueHHBIX BbIIIE ONEpaluil M0 Havyaly
pacueTa MOSIBUTCA OKHO, MHPOPMHPYIOIIEe O XOJ€ Mpolecca PEUIeHUs 3aJadd 10 OIMHCAHHOMY
aIrOpUTMY.

Ecmu He chnenaHo mpu BBOJIE MCXOMHON MH(OPMAIMA HUKAKUX OMIMOOK, MPOLECC PEIICHHS
3akoHuntcs coobmiennem «3AJJAHUE BBIIIOJIHEHOy. Ilocne BbIXoma M3 3TOr0 OKHAa CHOBa
OTKPBIBAETCSI JKpPaH C <«JIEPEBOM IMpOEKTa». Tenmepb MOXXKHO MEPEHTH K BBIBOAY pE3yibTaTOB
pacuera u ux aHayiuzy. J1o BbinosHseTcs B paznene «PE3YJIBTATHIy.

3aiinem BHavasie B moapasnen «Ileuats Tabmuiy. OTKpOETCs 1UaaoroBoe OKHO, B KOTOPOM

aKTUBU3UPYEM CTpOKyg & UHDTTE .

Paznen «/luHamuKka» coOOEpXKHUT TaOMUIBI C pe3yJbTaTaMM pacueTa paccMaTpUBaeMoin
pacueTHOl cxembl paMbl Ha 3Tane 3) NPUBEIECHHOrO BBIIIE AJITOPUTMA PELICHMs MOCTABICHHOM
3aJauu.

OpHako Juig TOro 4toObl UX HameyaraTb, BBIMOJHUM pPsii BCIOMOTaTeIbHBIX OIEpaluii,
aKTUBU3UPYs (MOCIEA0BAaTENbHO) KJIABMILIM, IPHUBEIEHHbIE B HIDKHEH YacTH OTKpPBIBLIETOCS
JIMAJIOTOBOT'O OKHA!
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F aprMpoBaHIE
A0KYMEHT 3

MapareTpel
BbIE00a

Haxatue xnaBumu «HapaMeTpLI BBIBOa» OTKPOCT MPOMECIKYTOYHOC JUAIIOTOBOC OKHO

Crnucok ysnoe

CrMcok SarpysreHHi

OTreHa

Napar4eTpll ERIEDLE

el

Cnpaeka

Brix00HEIE BOHHHLE
H3MEpEHHA

b

C TTOMOIIIBI0 KOTOPOTO CHAYalia OTKPOEM JTUATIOrOBOE OKHO IO Ha3HAYCHHUIO B TAOIUIAX BBIXOHBIX
€MHUIL U3MEPEHUS B (B OKHE ITPUBEICHbI BHIOpAHHBIE €IUHUIIBI U3MEPEHHS)

BxogHels  BemooHee |I'I|:||:|H3E:D.D.Hb|e]

.

MNepeteweHWa

Ycunua v HanpAsenws  |kH -

EauHuuEl A0KHE 207 I—_IM -
CHANRRIE DAKTANNR

-

a 3aTeM JMaJOroBOo€ OKHO (HM)KE INPUBEIEHA TOJIBKO €ro 4acTh [0 HAa3HA4YEHHI0 BHJA (TUIA)
PE3YNBTUPYIOMINX TAOIHIl U HA3HAYCHUIO BHIBOJAMMBIX BETMUHH, HHTEPECYIOIINX PACUETUHKA.

B npencraBneHHOM HUKE OKHE cJieflaH BHIOOp THITA TaOJIHII, MCTIOIb30BAaHHBIH Jlaee.
Jlns BpIOOpa BBIBOAMMBIX B ITHX TaONMIIAX BEIUYUH BCIOMHUM HH(}OpManMi0 00 OCHOBHBIX
(ropu30HTANbHBIX, T.€. B HAIIPaBJIEHUU OcU X OOIIEH CUCTEMbl KOOPAMHAT) MEPEMEIICHUAX Y3JI0B
paMbl IPU TOPU30HTAIILHOM CEHCMUYECKOM BO3/IEUCTBUMU.

Tun Tat P ophdaT
BEIXOIHOMD
daiina
Fm F:t T¥Tgain
LI =) |50 1
JpMHEHT aUKMA CTRAHKUEI Paszrep wputTa
& Moprper IMaHowadr 8 10

b acka BeIEODA

[NepeteweHHA Heouaua Featumm

[TosToMy B OTKpBIBIIEMCS TOCTE HakaTus KiaBuim «llepeMerieHus» TuagoroBOM OKHE
(HMXe TMpUBEIEHA €ro 4acThb) BbIOEpPEM TOJBKO MEPEMELICHUs, COBMAJAIOIIUE 10 HAIPABJICHUIO C
ochio X:
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Hrnogkeie

[ U< [ Uy I U2

MuHelHEIE

WX I v I 2

Kpome Toro, B kypcoBoii pabore (mjis COKpamieHusi ee 00bema) yCIOBHMCS MPUBOJUTH
pe3yJIbTaThl ONMPEACICHUsT TOJBKO M3rHOaroImux MoMeHTOB M. [1o3ToMy, B OTKpBIBIIEMCS MOCIE
HaXKaTHsI KJIABHIIHU «Y CHITHS JHAJIOTOBOM OKHE Ha3HAYMM TOJIEKO YKA3aHHOC YCUIIHE:

[N [ ME MM [0 I Me [ Gz [ Mz [ 0Oy
[T M WY [ NE T Tay [ Tz [ Ty [ Me [ My
[“kap [ Qe [ Qp [ Qup [ Rz | HEQ T W1 [ M1
[ ALFAT WG [ B [ Ry | Rz [ Bux | Ruy | Ruz

ITocne caenaHHbIX HA3HAYEHUHN U IIOCIIEIOBATEILHOM 3aKPBITUM BCEX QUAIIOTOBBIX OKOH I10
Ha3HAYEHUIO IapaMeTPOB BBIXOAHBIX TAaOJIMIl U UCKOMBIX BEJIMYHUH CHOBA MOSIBUTCS OCHOBHOE OKHO
[0 TIOJTOTOBKE M BBIBOJY TAOJMIl C pe3yJibTaTaMU pacueTa, B KOTOPOM MOSBHUTCS BO3MOXKHOCTb
OTKpPBITh TaOIHUILBI pa3zena «IuHamuxay.

IlocnenoBarenbHbiM  HaxkatueM Kiasuil «®DopmupoBanue nokymeHta» u «IIpocmotp
pe3yJIbTaTOB» OTKpBIBAaEM clieAyroiue 4 Tabauibl pasaena «nHamukay:

Tabauia 1

| PACIOPEIEIEUHMIME B ECORB M A CC, kH |

| 4 5 o 7 8 9

| 1 - ( cemcM-2000-pacnpenen. Macca K3)

| X 192.2 192.2 15.69 184.4 30l. 184.4

Tabauua 2

| Barpy N COEBECTB. UACTOTH [TEPVOIH
| /T @ e

| xeHMue SHAUEHNUA 1/C I' C
| 1 1 .1135605 8.805872 1.402209 .7131604
| 2 .0293393 34.08395 5.427381 .1842509
| 3 .0107959 92.62708 14.74953 .0677987
| 4 .0083913 119.1697 18.97606 .0526979
| 5 .006435 155.4 24.74523 .0404118
| 6 .0056563 176.7923 28.15164 .0355219
| 7 .0055773 179.2974 28.55055 .0350255
| 8 .0040112 249.2958 39.69679 .0251909
| 9 .0039302 254.4345 40.51500 .0246821
| 10 .002663 375.51 59.79459 .0167239
| 11 .0024821 402.8826 64.15328 .01558706
| 12 .0008075 1238.363 197.1916 .0050712
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Tabauiia 3

.2579

-.0011

.0054

-.0072

-.9976

.0794

-.9765

-2.e-5

® O PMH
4 5 6 7 8
- 1 ( cenmcm-2000-pacnpenen. Macca
L4724 04724 3153 .9961 9981
- 2
1. .9999 -.0932 -.2395 -.2486
- 3
.0005 .0005 1. -.0107 -.0079
- 4
-.0046 -.0046 -.0025 .0006 003
- 5
.0026 .0025 .0012 .0035 -.0017
- 6
- 7
-.0014 -.0134 .1134 1. .0029
- 8
1. -.9999 -.0039 .0672 -.0749
- 9
.1392 -.1393 .0466 -.9822 1.
- 10
.0002 .0002 .0001 8.e-5
- 11
-.0003 -.0003 -1.e-5
- 12
MWHEPIWMWOHHHEHE H A
4 5 6 7 8
- 1 ( cemcm-2000-pacnpenes. macca
34.76 34.76 1.894 70.31 137.9
- 2
41.02 41.01 -.3122 -9.424 -19.15
- 3
L0273 .0282 3.972 -.5007 -.7285
- 4
-.0002 -.0002 -1.e-5 3.e-5 .0003
- 5
-.0001 -.0001 -.0002 .0002
- 6
- 7
-9.e-5 -.0008 .0005 .0605 .0003
- 8
-.0044 .0044 -.0002 .0006
- 9

-10.15

-.0528

.0002

.0004

-.0604

-.0003



(IlpomoirxeHMe Tabaulb 4)

X .004 -.004 .0001 -.0276 .055 -.0274 |
1 - 10 |
1 - 11 |
1 - 12 |
B 1abn. 1 mpuBeneHbl 3HaYeHHsI BECOB TOYEUHBIX Macc (B kH) B y3max pacueTHOW CXeMbl
(cMm. puc. 2). Ot Maccel nonydensl B mporpamme SCAD npuBeZieHHEM K y3J1aM PacyeTHOM CXeMbl
paMbl pacrHpeelIEHHbIX BECOB MAacC KOJIOHH M pureieil (C y4eToM paclpeleieHHbIX MacC IIUT
NIEPEKPBITHI, omnuparomuxcss Ha purenu). IlokazaHo, uyTo B pe3yibTare YKa3aHHOI'O BBIIIE
pelaKkTUpOBaHMUS MPUBEJCHHBIX TAaONUIl B HHUX PAcCCMATPUBAIOTCS TOJIBKO TOPU3OHTAJIbHBIC
KosebaHus (TI0 HAIPaBICHUIO OCH X).
B Tabn. 3 mua Bcex 12-u COK mnpuBeneHbl OpAMHATHL TOJBKO TOPU3OHTAIBHBIX
OTHOCHUTEJIBHBIX (K €IMHULIE) IEPEMEIIEHUN Y3JI0B PACUETHON CXEMBI PaMBI.
3HaKM MepeMelleHuil NpUHATH B 00IIel /Ui Bcell pacyeTHOM CXeMbl CHCTEME KOOpIUHAT
(OCK) (cm. puc. 2).
B nporpamme SCAD no mnpuBEACHHBIM 3HAYEHUSM OTHOCHUTENIBHBIX IEPEMEILEHUN C
yueToM ux 3HakoB B OCK moryT 6bITh mocTpoens! Bee 12 COK.
VYuuThiBas 3HauCHHs NepeMelleHui B Tabia. 2, OrpaHMYMMCS TMPEACTABICHUEM TOJBKO
nepBeix aByx COK (puc. 5, 6), OTBeHalOmMX COOTBETCTBEHHO TEPBHIM TpeM COOCTBEHHBIM

YacTOTaM B CIEKTPe MONy4eHHbIX 12-u COOCTBEHHBIX wacToT pambl: ®; =8.805872 1/c;
®, =34.08395 1/c.

Ta6n. 4 oTpaxkaeT pe3ynbTaT BbIIOIHEHUS nporpaMmoit SCAD anroputma peleHus 3a1aun
Ha 3Tare BBIYUCIEHUS BEKTOPOB ceiicMuueckux Harpy3ok (10) Bo Bcex 12-u COK, noxyuuBmmxcs
B pe3ynbTare pasnoxeHus no COK BEKTOPOB HCKOMBIX CEHCMUYECKUX HArpy30K, ACHCTBYIOIIUX B
y3J1ax pacueTHou cxeMbl paMbl 111 MKD.

B Tabn. 4 npuBeneHbl BEIUYMHBI TOJIBKO TOPU3OHTANIBHBIX ceiCMUUYECKUX Harpy3ok (B kH)
Ha paMy, cooTBercTBytonie BceM 12-u COK. 3Haku cOCpEeOTOUYEHHBIX B Y3J1aX OPU30HTAJIBHBIX
ceiicmnueckux cuit npuHATH B OCK.

7 0.996 g 0.998 9 1.

1-1 COK 6 H 0315

Puc. 5
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- : 2-5 COK

o2

Puc. 6

AHanu3 3HaYeHUN CeHCMUYECKUX CHJI, MPHJIOKEHHBIX B TOPU30HTAJIBHBIX HAMpaBICHUSIX B
y371ax pacueTHOU cxeMbl pambl 111 MKD (cm. puc. 2), moka3bsIBaeT, 4TO HAaUOOJbIIEE 3HAYCHNE OHU
umeroT B nepBbix 1ByX COK. Mx neiicTBue Ha pamy nmokaszaHo Ha puc. 7, 8.

79.59

137.9
—

9

34,76 1.894
s

CelicMuyeckast Harpy3ka B
1-it COK

Puc. 7

CelicMuyeckast Harpy3Ka BoO
2-it COK

Puc. 8

[Tocne mpencTaBaeHus BceX OTPEAAKTUPOBAHHBIX TAOMUIl U3 pa3zena «JlnHamMuka» B TOM ke

. o
o01eit Tabnure, rae ObuT BIOpaH pasnen «lnHamMuKay, BBIOUpaeM CTPOKY <P © Mepevewermn
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Jlnst BeIBOJ@ TaOMMIBI C TMEPEMENICHUSIMU Y3JIOB PAcU€THOM CXEMbI paMbl HEOOXOIUMO
OTPEIaKTUPOBATh €€ TaKUMHU K€ JNCUCTBUSMHU, KaK 3TO ObUIO CAENaHO sl Tabmuil paszaena
«Jlunamukay. [locne penakTupoBanus Moaydum Tad. 5.

Tabnuia 5

1 - 1 ( cemcm-2000-pacnpenes. macca K93)

X -.022874 -.022875 -.015269 -.048233 -.048333 -.048421
1 - 2

X -.001801 -.001801 .000167 .000431 .000447 .000404
1 - 3

X -1.63e-7 -1.68e-7 -.000289 .000003 .000002 3.25e-7

e e
[
~ o Ul

X -l.e-7

Tabn. 5 oTpaxaet pe3ynbrar BbinoiaHeHUs nporpammoil SCAD anroputma penieHus 3agadu
Ha JTane BblUMcIeHUs BekTopoB mnepememieHuid (11) Bo Bcex 12-u COK, nomyuuBmimxcs B
pesynbrare pasnoxeHus no CPOK BekTopa HCKOMBIX NEPEMEIICHUN Y3J0B PAacuye€THOM paMbl
(cm. puc. 2) s MKD nipu ceificMuueckoM BO3AEHCTBUU.

B Tabn. 5 npuBeneHbl nepeMenieH sl y310B pacuyeTHOM cxembl pambl 111 MKD (cMm. puc. 2)
TOJILKO B TOPU30HTAJILHOM HampasiieHuu (1o ocu X).

W3 paccmoTtpenus Tabi. 5 cieayer, 4To HauOoJbIlee BIMSHUE TP BEIYMCICHUN PACUETHOTO
TOPU30HTAJILHOTO MEpEMEIEHNUs JT00ro y3ia pambl okas3biBatoT nepsele 1Be COK. OcranbHbiMU
IIpH 3TOM MOXKHO TpeHeOpeus. [loaromy B dopmyne (8) CHull [18] (B popmyne (12) manHOiA

MOSICHUTEIbHON 3alMCKH) MOXKHO MPUHATH n* = 2.

—0.048 —0.048 ~0.048
" R FPPFEEEEEEEEER =0 w
7 '8
Ilepemenienus ot
3 CEHCMUYECKON Harpy3Ku
— —0.023) s B 1-if COK
-0.023\ 4 :

Puc. 9
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IIepemerenus or
CECMUYECKON Harpy3Ku
BO 2-ii COK

Puc. 10

['opusoHTanbHBIE TMEpEeMENICHUs Y3JI0B PACUCTHOM CXeMbl pamMbl (CM. puC.2) OT
COOTBETCTBYIOIINX CEHCMUYECKUX (MHEPIIMOHHBIX) HArpy30kK B nepBbix AByX COK (cMm. puc. 7 u 8)
npuBeAeHbl Ha puc. 9, 10.

AHaAJOrMYHO MOXHO OTpPEJaKTUPOBATh TAOJUILy NJs MOJY4YEHUS YCUJIUN B Ha3HAYCHHBIX
KOHIIEBBIX cedeHusx KD pacuetHoit cxemsl pambl mist MKD (cMm. puc. 2). [l 3Toro B OCHOBHOM

g % YCWMA W HANPAKEHKA
JTMAJIOTOBOM OKHE 10 PEAaKTUPOBAHUIO TAOIUI] aKTUBU3UPYEM CTPOKY .

B pesynbrare nomyuum Tabma. 6 creayromero Buaa.

B Tabn. 6 npuBeneHbl M3rudaronie MOMEHTHI B KOHIIEBBIX ceueHusx KO pacueTHoii cxeMbl
pambl gt MKD Bo Bcex 12-u COK. B mecthoit cucteme koopauHaT (B MCK) KOHIIEBBIE CeUeHUS
kaxxgoro KO umeror Homepa coorBercTBeHHO 1 m 2. B Tabmume 6 mist kaxgoro KD ykaszanel u
HOMeEpa y3JI0B B pacueTHOM cxeme U B o0meit cucteme koopaunat (B OCK).

B tabmuue 6 nmns kaxporo kouieBoro cedeHus KO mo dopmyne (8) CHull [18] (mo
¢dbopmyne (12) B maHHOW MOSICHUTEIHHOW 3aMKCKe) MOJICYMTAHO 3HAYCHHE PACUETHOTO MOMEHTA.
OTU pacueTHbIC 3HAYCHUsS MPUBEACHBI B IMOCIETHEH CTpOKe TaOiuIlbl (OHA UMeEeT 00O3HAYCHHE
«s1»). OHM moaCUNTAHBI 110 YKa3aHHBIM (opMysaM ¢ yueTom Bcex 12-u COK.

Opnako, Kak BUAHO (CM. TaOJI. 6), HAMOONBIINI BKIIAJ B paCYCTHBIE M3THOAONNE MOMEHTHI,
omnpenensemsie o Gopmyse (8) CHull [18], umerot nepssie 18e COK. IIpogemoHCcTprpyeM 3TO Ha

pUMepe pacyeTHOro urudaroniero MomenTa B y3ie 1 KO 1 pacuetHoli cxembl paMsbl (cM. puc. 2).
Tabmmua 6

| VIBTVEBAKIME MOJIMEHTH B KOHIEBHX CEUEHMAX 1 M 2 KO (B MCK), xH'M |

| 002 1-1 1-2 2-1 2-2 3-1 3-2 4-1

| 1 1 4 4 2 2 5

| 4 4 7 7 5 5 8

| 1 - 1 ( cemcm-2000-pacnpenesi. Macca K9)

| M -403.798 258.266 -231.33 290.276 -403.471 257.598 -232.382

| 1 - 2 |
| M -43.3194 43.3752 43.5365 -33.6153 -43.3731 43.4848 43.7091 |
| 1 - 3 |
| M -.012551 .021186 .046994 -.041467 -.009962 .015878 .038628

| 1 - 4 |
| M -.000101 .000132 -.000559 .000731 -.000099 .000129 -.000564

| 1 - 5 |
| M -.000088 .000117 -.000379 .000488 -.000085 .000112 -.000386



(IlpomosxeHue TabOIMLEL 6)

| 1 - 6 |
| 1 - 7 |
| M .000309 -.000616 -.001271 .001052 -.000002 .000037 -.000233
| 1 - 8 |
| M .00008 -.000073 -.000066 .000031 -.00008 .000073 .000066
| 1 - 9 |
| M -.000149 .000221 .000301 -.000196 .00015 -.000223 -.000307
| 1 - 10 |
| M -.000014 .000023 -.000015 8.29e-7 -.000014 .000023 -.000015
| 1 - 11 |
| M -.00001 .000016 -.000006 -.000006 -.00001 .000016 -.000006
| 1 - s1 |
| M -406.115 261.883 -235.391 292.216 -405.796 261.243 -236.457

| 002 4-2 5-1 5-2 6-1 6-2 7-1 7-2

| 5 3 3 6 o 4 4 |

| 8 6 6 9 9 5 5

| 1 - 1 ( cemcm—-2000-pacnpenesn. macca K3)

| M 291.014 -148.196 -70.309 -70.309 -489.597 489.98

| 1 - 2 |

| M -33.7363 1.86318 .307102 .307102 .161287 -.224273

| 1 - 3 |

| M -.035599 -5.95768 4.96604 4.96604 .025807 -.022749

| 1 - 4 |

| M .000734 -.00003 -.000039 -.000039 -.000692 .000694

| 1 - 5 |

| M .000493 -.000024 -.000025 -.000025 -.000496 .000498 |

| 1 - 6 |

| 1 - 7 |

| M .000321 -.000577 .00088 .00088 -.000654 .00027

| 1 - 8 |

| M -.000031 -.000001 .000002 .000002 .000007 .000007

| 1 - 9 |

| M .000202 -.000099 .000173 .000173 .000079 .000083

| 1 - 10 |

| M 8.2e-7 -.000001 -7.07e=-7 =7.07e-7 -.000038 .000038

| 1 - 11 |

| M -.000006 -6.74e-7 -3.37e-7 -3.37e-7 -.000023 .000023

| 1 - 31 |

| M 292.963 -148.327 -70.4848 -70.4848 -489.597 489.981
(IlpomosmxeHue TabOaMLEL 6)

| N3TVBAIIME MOJIMEHTH B KOHIEBHX CEUEHMAX 1 M 2 K3 (B MCK), xkH-M |

| 2 8-1 8-2 9-1 9-2

| 7 7 8 8

| 8 8 9 9

| 1 - 1 ( cemcm-2000-pacnpenen. macca K3)

| M -290.276 291.014 |

| 1 - 2 |

| M 33.6153 -33.7363 |

| 1 - 3 |

| M .041467 -.035599 |

| 1 - 4 |



| M -.000731 .000734
| 1 - 5

| M -.000488 .000493
| 1 - 6

| 1 - 7

| M -.001052 .000321
| 1 - 8

| M -.000031 -.000031
| 1 - 9

| M .000196 .000202
| 1 - 10

| M -8.29e-7 8.2e-7
| 1 - 11

| M .000006 -.000006
| 1 - 12

| 1 - 31

| M -292.216 292.963

(IponmorxeHMe TabOJIMUEL 6)

JleliCcTBUTENBbHO, YYUTHIBAsE TPH HCIOJIb30BaHUM (GOpMYJIbl TOibko mepBbie nBe CODK,

MOJTYYHM:

M, = §M2 = J(4o3 8)? +(43.3)? = 1163054.44 +1874.89 = 1/164929.33 =406.115 xH-
1p =+ 2 My . . . . . . M

Kak BuIMM, NOTy4YHIICS TaKoi e pe3ybTat, Kak u B Tadi1. 6.

Ha puc. 11 u 12 npuBeieHbl 3M0PbI U3ruOAOMIMX MOMEHTOB AJ1s epBbIX 1ByX COK.

290.28
290.28

20101 g

(21
258.27

+ U (8) W@@ 501 01

-+ 231.33

1 403.8

g W
(1)

B
2376 1M 23238
3

©)

43.37

@)

(6)
6
(5)
3 148.2
o 9
(6)
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B ucnonszyemoit B CHull [18] meronuke JICT 3Hak pacueTHOMYy MOMEHTY B KaKIOM
KOHKPETHOM CEYEHUU MPUCBAMBACTCS TAKOW K€, KaKOM MMeeT M3THOaroIuii MOMEHT, BHOCSIIIHI
HanOOJNBIINIA BKJIAJ B 3HAUEHHE pacueTHOro MmoMmeHTa. Kak BuaHO (cM. Tabu. 6), OCHOBHOH BKJIaJl B
pacueTHble U3rudarole MOMEHTHI B pacCMaTPUBAEMOM PacueTHOM cXeMe paMbl (CM. pUC.2) UMEET
nepBasg COK. [ToaToMy Bcem pacdeTHBIM MOMEHTaM MPUCBOEH TAKOU ke 3HaK, Kak B niepBoilt COK.

BrinosiHeHHne pacyera Ha celicMMYecKoe BO3AelCTBHE 3aJaHHOM PacyeTHOM
cXeMbl paMbl (CM. puc. 2) NpH y4eTe TOJIbKO nepBbIX AByX COK

Anamu3 Ttabaun 4, 5 U 6 COOTBETCTBEHHO C BEJIMYMHAMHU HArpy30K M BbI3BAaHHBIX HMH
nepeMeIeHuil 1 M3rubarmmx MOMEHTOB, MONydeHHbIX Bo Bcex 12-u COK paccmarpuBaemoit
pacueTHOl cxembl pambl (CM. pHC. 2), MOKa3blBaeT BO3MOXHOCTb YMEHBILIEHHUS BBIBOAMMOM
nHGOpPMAaLMU MIPU pacyeTe paMbl, €CJIM B CAMOM Hauajle COCTABJICHMS AMHAMHUYECKOTO 3arpyXeHus
B JIMAJIOTOBOM OKHE Ha 3ampoc O 4ucie yduThiBaeMbIX npH pacuetre COK BBecTH He uncio «12»,
KaK 3TO0 ObUIO CJICJIaHO B PACCMOTPEHHOM BBIIIE IPUMEPE, @ BBECTU LUPPY «2».

[TocTpoum Takoi pacder, COCTaBUB HOBOE JMHAMHMUecKoe 3arpyxenue. [l 3toro B pasziene
«3arpyeHus» CHOBa Ha)XKMeM KHOIKY «JluHamuueckue BozneiicTBus» M BblOepeM «CoznaHue
HOBOT'O 3arpyXEHHUS».

Jlanee, ¢ y4eTOM y»Ke BBIIOJIHEHHOI'O NEpBOro MpHMEpPa, BHIMOJIHUM 3TOT HOBBIM pacyeT B
cokpaieHHoi ¢opme. Hike npuBeseHbl jBa MEPBBIX JUAJIOTOBBIX OKHA JHAJOIOBBIX OKHA IpPHU
3aJJaHMM TeX € MCXOAHBIX JaHHBIX, YTO W B MPEObIAYLIEM IpPUMEpPE C OTIUYUEM TOJBKO
yKa3zaHHOro uucia yuutbiBaeMbix COK.

BEon NapareT poE AMHAMUHECK O HArpY3EH | Ceficruyeckoe BosgefcTeqe [01.07.2000) ]

Bua BosgefcTEMA

5
S:rmpgmemq |ceﬁcM-2ElDD-ﬂ.Be CePE,

* CelcMUNeckHE BEOZAEHCTEME

" BeTpobble BEOZAEHCTEWE
P = [ MpeofpasoBaHie CTATHYECKMY HAFPYS0K B Macchl

" Mpoue Bo3AEHCTEME Hordep 14 MA NpUCcoeqMHAEMOra Koad,
CTATMMECK.OMD 3arpUsKEHHA nepecyeTa

—— | =11
N BEOSAEHCTEMA

CefcuEa No aKCEeneporparran
Cefictauka no CHWM pecnyGnuei Faz
CeifichmmEa No 333aHHEIM 3KCenepar]

Beog MNapatET PO OHH3rAHYECEDR Harpysku Celichuyeckoe BOS0ERCTEME [l:” .o 2':":":'] |

YLEna yuHTBISEEMEL Boph Ko deupHeHTel [CHUM 11-7-81%] 1a 07.00.2000
COSCTEEHHER KONSGaHLE 2 Honyck.aemee
NOBREHAEHHA |ﬂungc&amcn[m’ﬁ Kaprac, Ges .U.Hﬂ
O pueHT awmsA HanpaeneHue Harpyst [cr. Tada. 3]
BRICOTE SaHME w4 B SR TEDMETME S
Ha CHEME K ochHyced KOHCT PR LM |KapKa|:Hb|e 30,aHHA ﬂ

yrnosc 7 |0 [cra. TaBN. B]
ﬂ ﬂ IT OCAMM;
£ |0

K.areropu1a rpyHTa || K.aTEMOpHA ﬂ
CefcruiHocTe [7 - 9] 9 Bannoe -
FonuuecTen aTaxed [»= 5] 5 FPaccToAHue mexay gHEEHOEH
MOEEPEHOCTER M HAYAN0M 0oL i el
[MonpaBOYHBIN KOs PoUUMEHT 1 CHCTENbI KODPOMHAT

Tun coopywera |)KHnb|e,n:uﬁu.leu:TBEHHble,npDMSBD.u.CTB. -
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Beck ocTanbHOMN pacdeT BBIIIOJHUM B YK€ PACCMOTPEHHON IOCIEJ0BATEIBHOCTH.
Pe3synbTarhl pacuera mpakTUYECKU OCTaHyTcd 0e3 u3MeHeHHs. OHAKO PEe3KO COKpaTUTCS

00BEM BBIBOJIMMBIX TAOIHIL.

2. KOHTPOJIBHBIE PACYETBI BPYUHYIO
HO ®OPMYJAM YACTHU 1 YMK, IIOCOBHA [4] U CHMUII [18]
Pacuer, BbIMOAHEHHBI ¢ nomomplo nporpaMMmbl SCAD MOXHO Jierko

IPOBEPUTH BPYUHYIO 110 (hopMyJiaM, MPUBEICHHBIM B YKa3aHHBIX TOCOOUSIX.

2.1. IIpoBepka oproronaisHoctu COK
CBoiicTBO OpTOroHaabHOCTH OTpakeHo B yacTi 1 YMK u B noco6uu [4] popmyinoii (2.29):

(w;)Mu;, = (u;)'Gu, = 0.
3peck u; — BekTOp nepemerueHni B 000 COK ¢ HOMEPOM j; U, — BEKTOp MEPeMELICHNH
B 1060 npyroit COK c Homepom i # ;.

[TpoBepum coGmronenue 3toro cBovictBa s 1-ii u 2-if COK, moaydeHHBIX MpU pacuere
(cm. Tabm. 2):

[192.2 SR
192.2 1
. 15.69 1-0.0932|_
(0.4724 0.4724 0.3153 0.9961 0.9981 1) a4 s |-
361 —-0.2486
184.4 _—0.2579_
-
1
= (90.795 90.795 4.947 183.681 360.314 184.4) | ~ 00352 | = (90.785 90.795 - 0.461 - 43.992 -
—0.2486
-0.2579|

- 89.574 -47.557) = 181.59 - 181.58 = 0.

CoiicTBo oproronansHocTH 1-if u 2-it COK cobmonaercs.

2.2. IIpoBepka paBeHCTBA CyMMbI BEKTOPOB N; 1711 Bcex COK
NPH FOPU30HTAIBHOM CelicCMUYeCcKOM BO3/elCTBUM eJUHMYHOMY BEKTOpPY €

3T0 paBeHCTBO onpeaensercs popmynoii (2.92) B wactu 1 YMK u B nocobun [4] (popmyna
(8) B manHOI1 nosicuuTenpHOM 3anucke). [IpoBepum 3to0.

2.2.1. Crauvana o ¢opmyine (6) JaHHON pabOThI MOJCUYUTAEM MOCTOSHHBIN KOA(PDUIIUEHT
mist 1-it COK:

— _ (u)'™™e (u)'Ge
L@)'Mu, (@)'Gu,

IIpu 5TOM yuTeM, 4TO pe3ysabTaT IEPEMHOXKEHUS IEPBBIX IBYX MATpPULl B YHUCIUTEIEC U

3HAMEHATEJNE 3TOr0 BBIPAKEHUS YK€ UMEETCS B TOJIBKO YTO PACCMOTPEHHOM ITyHKTE 2.1.

Toraa B uncnurese NoLyIuMm:
(90.795 90.795 4.947 183.681 360.314 184.4)(1 1 1 1 1 1)" =90.795 + 90.795 + 4.947 +
+183.681 +360.314 +184.4) =914.932.

B 3nHameHarese nomy4yum:
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(90.795 90.795 4.947 183.681 360.314 184.4)- (0.4724 0.4724 0.3153 0.9961 0.9981 1) =
=42.892 +42.892 + 1.560 + 182.965 + 359.629 +184.4) = 814.368.
[ToaTomy

— 914932

_ — 1123,
M= e14368

2.2.2. AHaNOTUYHO BBIMIOJHEM pacyeT /i Koddduuuenra
7, = (u,)Me (u,)'Ge
27—\t — = \T~ =
(1) Mu, (u,) Gu,

TOI‘,Z[a B UHUCJIIUTECIIC ITOJTYYUM:

(192.2 o
192.2

15.69
(1 1 —0.0932 —0.2395 —0.2496 —0.2579) 1844

361

— o —
|

184.4 | LL]

=(192.2 1922 —-1462 —-44.164 —90.106 —47.557) =(192.2+192.2 -1.462 —-44.161 —

S N S G WY

—90.106 — 47.557) = 201.114.

B 3nameHaresne noimy4um:
(1922 1922 —-1.462 —44.164 —90.106 —47.557)(1 1 —-0.0932 —0.2395 —0.2496 -
—0.2579)" =192.2 + 192.2 + 0.136 + 10.577 + 22.490 +12.265) = 429.868.
ITosToMy
— _201.114 0
= 400868
2.2.3. 3arem mus otux xe COK mo popmyne (8) maHHOM pabOThl OMpEIeTUM BEKTOPHI:
N =m-u, = 1.123:(0.4724 0.4724 0.3153 0.9961 0.9981 1)" =(0.530 0.530 0.354

1.1190 1.1209 1.1230)".
n,=m,-u, = 04701 1 —0.0932 — 02395 — 02496 — 0.2579)" = (0.470 0.470

~0.0438 —0.1126 —0.1170 —0.121)".
2.2.4. Tlocne atoro no dhopmyiie (9) padboTsl mpoBepsieM paBEHCTBO

470.

2
e=3n,= (0.530 0530 00438 11190 11209  1.1230)" + (0.470  0.470
i=1

~0.0438 —0.1126 —0.1170 —0.1210)" =(1 1 0.3109 1.0064 1.0039 1.002)".

OOpaTum BHHMaHHE Ha TO, YTO IS Y3JI0B 7, 8 U 9 UMeeM He3HAYUTEIbHYIO MOTPEIIHOCTD,
TaK Kak oHa cocTaBisieT MmeHee 1%. J{s momyueHus: mpaBUIBHOTO pe3yibTara B y3ie 6 yYeT TOIbKO
nByx COK oka3zbiBaeTcs HegocTaTouHbiM. Kak BugHO u3 ananuza COK, Hano eme y4ectb TPeThio
COK (puc. 13):
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7 8 9
3-1 COK 1|
4 5 6
ol o2 3
Puc. 13
Jlisa tperbeit COK nomyuum:
— _ (uy)'Me (u;)'Ge
37—\t — = \T =
() Mu;  (u3) Guy
Torza B unuciuTene NoIy4nuM:
[192.2 Ty
192.2 1
15.69 1|_
(0.0005 0.0005 1-0.0107 —0.0079 —0.0011) 184 .4 117
361 1
I 184.4 | L1

= (0.096 0.096

15.69

- 1.973

—2.852

~ 0.203)-

= (0.096 + 0.096 — 15.69 — 1.973 —

— e e

—2.852 -0.203) =—20.526.

B 3nameHarene nomyunm:
(0.096 0.096 15.69 —1.973 —2.852 —-0.203)
«(0.0005 0.0005 1 —0.0107 —0.0079 —0.0011)" =
=(0+0+15.69+0.0211 + 0.0225 +0) =15.734.
[TosTomy
— 20.526
5734

= 1.304.

Torna
N; = ﬁ3 - u3=1.304:(0.0005 0.0005 1-0.0107 —0.0079 — 0.0011)T =
=0 0 1.304 —-0.0139 —-0.0103 - 0.0014)T.
Jlo6aBuM 3TOT BeKTOp B (hopMyity (9) K BRIYUCICHHBIM BeKTOpaM sl epBbix 1Byx COK:

_ = —=(1 1 03109 1.0064 1.0039 1.002)" +
N3 =M3 - Uy

+0 0 1304 —0.0139 —0.0103 —0.0014)" =

=(1 1 0.993 0.9925 0.9936 1.0006)".
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Kak BuauM, Tenepp yciaoBUE paBEHCTBA €IMHUIIE COONIIONAETCA C JOCTATOYHOM TOYHOCTBIO
JUISL BCEX Y3JIOB pacUeTHOM CXEMbI paMbl, UMEIOLINX TOPU30HTAIbHbIE IEPEMEILICHUS.

2.3. IIpoBepka BekTOopa ceiicMuuecKux cui B 1-ii COK, geiicTByOIINX B y3j1ax
9
pacyeTHOI cXeMbl paMbl B TOPU30HTAJIbLHOM HANPaBJIEeHUU

B MatpuuHoii 3anucu 3TOT BeKTOp BhIumMcisAeTcs o popmyse (10) mocodus:
s; =K, 4B,K,,Gn

OmnpenenyM cHayvana BCe MOCTOSHHBIE KO QUIIMESHTHI, BXOAAIINE B 3Ty (GOPMYITY.

Koadduuument K, yanTsIBalommii J0MycKaeMble MOBPEXKICHHS 31aHUI 1 COOPYKESHUH, TIPU
pacuere mo mporpamme SCAD Obur BeiOpan u3 Tabn. 3* CHull [18] mns Tuna 3maHus
«C xene300eTOHHBIM KapKacoM 0e3 BepTUKaJIbHBIX Auadparm u ceszei»: K; = 0.35.

OTHOCHTENbHOE YCKOPEHHE MOBEPXHOCTH 3eMild A Ui CeMCMUYHOCTH paiioHa 9 GaymioB
npuHuMaeM B cootBercTBuu co CHull [18]: 4 = 0.4.

Koa¢ppunuent aunamuynoctu P, mis nepsoit COK ompeznensieM npu nepuoae koiaeGaHuit

7'=0.713¢>0.4 c (cm. . 2.6* CHu I1 [2] B, =2.540.4/0.713 = 1.872.
Koappuument K, npu pacuere no nporpamme SCAD 6but BbiOpan u3 tabn. 6* CHull [18]

JUISL KApKAaCHOTO 3/TaHMS: Kw =1.3.

Tornma

192.2 0.53

e 15.69 0.354 | _
51 =0.350.41.872:1.3 184.4 1.1190 | =
361 1.1209

184.4] [1.1230]

=0.3407 (101.886 101.886 5.554 206.344 404.645 207.081)" =
=(34.71 3471 1.892 70301 137.862 70.55)".

Kak Bummm, pesynbTaT pacdera TPaKTHYECKH COBIAMACT C PE3yJbTATOM, IOJyYECHHBIM
pacuerom Ha [IK ¢ ucnons3oBanuem mporpammbl SCAD (cM. Tab. 4).

2.4. IIpoBepka BeKTOpPAa rOPM30HTAJIBHBIX NlepeMeleHUI y3J10B
pacueTHoii cxembl pambl B 1-it COK

B MatpuuHoii 3anicu 3TOT BeKTOp BhIuucseTcs o popmyse (11) mocobus:
a, = KlAg(nl_zﬁlKWr]1 =(0.350.49.81-1.872-1.3/(8.806)* )-

«(0.53 0.53 0.354 1.1190 1.1209 1.1230)" =
=0.0431(0.53 0.53 0.354 1.1190 1.1209 1.1230)" =

=(0.0228 0.0228 0.01526 0.0482 0.0483 0.04840)".

Kak BummMm, pe3ynbTar pacdyeTa MmepeMemeHnid y37I0B pacueTHOM CXeMbl pambl (CM. puc. 2)
o ¢popmyie (11) pabotsl coBnagaet ¢ pacuerom Ha [1K ¢ ucnonb3oBanuem nporpammbel SCAD.

BoinosmHeHHBIH KOHTPOJIb MMO3BOJIAET CAENaTh BBIBOA O TMPABUIBLHOCTU BBIMOJIHEHUS
TIOCTaBJICHHOM B 3aJJaHUU K KypCOBO# paboTe 3amade.

Kpome Toro, KOHTpOJIBHBIE pacyeThl MTO3BOJISIIOT JIyUIlle TOHATh Npoueaypy pacyera Ha [IK
¢ ucrnoyib3oBanueM nporpammel SCAD.
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IMPUJIOKEHHUE 1

PABOYASA ITPOI'PAMMA
y4€0HO-METOINYECKOr0 KOMILIEKCa

IIpumenenune nporpammel SCAD
AJISl pellieHus 3a1a4 JMHAMHUKHU COOPYKeHUil
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MeToauka MOATOTOBKH CTYAECHTOB 110 OCHOBAM TE€OPUM U NPAKTHKHU
AMHAMHMYECKHUX pacueToB coopy:keHuil Ha IIK oT pa3aMyHbIX JUHAMHYECKUX
BO3/1eliCTBHIl ¢ HCNOJIb30BaHMeM nporpammsbl SCAD

WmxenepHasi OArOTOBKA CHEIMAINCTOB MO HampaBieHni0 «CTPOUTENHCTBO» IS
cnenuanbHOCTH «[Ipombinuiennsie u rpaxaanckue coopyskenus» (I1I'C) B o0mactu pacyera
COOpPY)KCHMH Ha JMHAMUYECKHE BO3JCHCTBHA C UCIIOJIB30BAaHHEM COBPEMEHHBIX
uHpopmannonHo-kommbtoTepHbix Texuomoruir (MKT) ©Oa3upyeTcs Ha 3HAHUAX U
YMEHHUSIX, MOJIYYEeHHBIX cTyAeHTaMu crnenuanbHocTu III'C npu m3ydeHMM Takux
JACUUIUIMH ~ MEXAaHWYEeCKOro  mukia, Kak  «Teopernueckas  MEXaHUKAY,
«CompotuBnenue  MarepuaioB»,  «CTtpoutenbHas ~ MmexaHuka»  («CraTuka
COOPYKEHUIN).

bazoBeIMU SBISAIOTCS TaKKE 3HAHUSA U YMEHHUs], TIOJIYYCHHbIE CTYACHTAMU IIPU
M3YYEHUU JUCUUIUIMH MaTeMaTU4YeCKOro HukKia «Bpicmiag  MareMaTukay,
«BprancnuTenpHas MaTeMaTUKa» U AUCHUIUIMHBI «HbOpMaTHKay.

Teopus u npakTUKa AMHAMUYECKUX pacueToB coopyxeHui Ha MCD CIIGITIY
s cneunanbHocth [II'C genutcs Ha cneayronme Tpy YacTH:

1. OCHOBBI TMHAMUKH 3[JaHUI U COOPYKEHUM.

2. OcHOBBI pacyeTa MPOMBIIUIEHHBIX U TPAXKIAHCKUX COOPYKEHUI
Ha CEMCMHUYECKUE BO3IACHUCTBUA.

3. Pacuet coopyxenuit ADC Ha 0coObie BO3IEHCTBUS.

YuuteiBasi cierupuKy paccMaTpUBAEMbIX BOIPOCOB BCE TPH YaCTH M3yUaAIOTCS
otnenbHO. JlanHas paGoyas mporpamma Juisi npeactaBieHHoro YMK B ocHOBHOM
OTBEYAET YacTsMm | u 2.

B mpencraBnennom YMK npuBeseHsl  y4eOHO-METOIUYECKHE MaTEpHAIIbl,
HEOOXOJMMbIe s M3Yy4YCHHS METOJUKH JAWHAMHYECKHX pPACYeTOB MPOMBIIUICHHBIX |
rpaxknanckux coopyxenmnii Ha [IK mo ompenenenuto HampsuKeHHO-IE()OPMUPOBAHHOTO
cocrosinus (HZC) ¢ ucnonb3zoBanuem B yueOHOM mpouecce nporpammsl SCAD.

Takumu MatepuanaMu SBISIOTCS: ydeOHOE TTOCOOHE [0 OCHOBaM TEOPHH U TPAKTHKH
onpeaenenus HJIC ot quHamMuyeckux BO3ECUCTBUNM ¢ UCHOIb30BaHKEM nporpamMmmbel SCAD
(qactp 1 YMK); 3aanust 111 caMOCTOSATENbHBIX PACUETHBIX pa0OT CTY/IEHTOB 10 OCBOEHUIO
UKT (uacts 2 YMK); npumepsl BeinonaHeHus 3aganuii (yacte 3 YMK); Bonpocs! k 3auetam
¥ 5k3ameHaM (npuinoxenne 2 YMK); TecTsl At KOHTPOJIS 3HAHUI U YMEHUH CTYACHTOB I10
nzyuaeMoin mpobaeme (mpunoxenue 3 YMK).

Ienbro 00yuenus crynentoB B YMK sBasercs:

1.1.YMeHue cocTaBisiTh M aHaJIU3UPOBATh PACUETHBIE CXEMBI PA3TUYHBIX
COOPY’KEHUU JIJI KX pacueTa Ha Pa3IMYHbIe JUHAMUYECKUE BO3JCUCTBHUS.

1.2..YMenue pemaTe NpocTeiime THHAMUYECKHUE 3a1a4X TIPU TOMOIIMN MaJIbIX
BBIYHCIIUTEIBHBIX CPEACTB («BPYUHYIO», T.€. 03 ucnonb3zoBanus [1K).
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1.3..YMmeHnue pemath fuHamuueckue 3agauu Ha [IK ¢ momornibio crienuanbHbIX
MpOrpamMM, MCIOJIB3YEMBIX B TPOEKTHBIX OpPraHU3alMsAX, HAIMPUMEDP MPOrpaMMBbl
SCAD.

1.4.YMeHue o1leHUBaTh NPABUWIBHOCTh PE3YJIbTATOB pacyeTa.

CpenctBamMu JOCTHXKEHUS €U SABJSIOTCA BCE BHUJIBI 3aHATUM U KOHTPOJIS,
yKa3aHHbIE B Ta0JIUIIaX TPOTPaAMMBI.

1. Obugue eonpocel Ounamuku coopyrceHuil

Jlunamuueckre BO3ACHCTBUS Ha coopykeHHus. OmnacHOCTb BHOPAIMOHHBIX
BO3JICMCTBUI HAa COOPYKEHMS, Ha JIIOJEH M Ha OKpyXkarwllyr cpeny. CaHuTapHbIe
HOPMBI, PETJIAMEHTUPYIOIINE TaAKUE BO3AEUCTBUA. ONMacHOCTh yAApHBIX BO3JAEHCTBUIM
Ha coopykeHus. OMacHOCTh CEUCMUYECKOrO0 BO3JECHCTBHS Ha MPOMBIIUICHHBIE U
IPAXKIAHCKHAE COOPYIKEHHUS.

OcHoBHas 3amaya AUHAMUKHA coopyxeHui. Bunesl xonebanuii. CoOCTBEHHBIE
gactotel (CY) u cobctBenHsie (opmbl konebanuit (CDOK) coopyxenuii u ux
37eMeHTOB. llocTpoeHne pas3IM4HBIX PACYETHBIX CXEM MUISI OJHOTO M TOrO JKE
COOpYKEHUS B 3aBUCHUMOCTH OT MOCTAHOBKHM JMHAMUYECKOW 3a/1auyd, B TOM YHCIIE C
ucnoJibzoBanuem [1K.

2. Onpeodenenue coOCMBEHHBIX YACMOM U COOCMBEHHBIX POPM Ko1eOaHuil
COoOpyocenuil
VYpaBHeHUsT CBOOOJHBIX HE3aTyXalONIUX M 3aTyXaroluX KojebaHuu is

CUCTEMBI C OJHOW CTeneHblo cBOOOABI B (popme merona cuil u B GopMe MeTona
nepemeienuii. I[lpuBenenne ux k oaHoMmy Buay u pemeHue. KoadduimeHTsr,
XapaKTepU3ymoIlhe 3aTyxXxaHue KoJieOaHUW COOpYXKEHUH H WX DJIEMEHTOB,
UCIIOJIb3YEeMbI€ B MH)KEHEPHOM MpPaKTHUKE.

MaTpuduHblii BUJ MPEICTABICHUS CUCTEM YpPAaBHEHH CBOOOIHBIX KoJieOaHUM
pacUeTHBIX CXE€M COOPYKEHHH C HECKOJbKUMHU CTEHEHSMH CBOOOIBI B (opme
nepeMeIeHnii 1 B popMe MeTona cujl. PereHne cUCTeMbl YpaBHEHHI CBOOOJIHBIX
KOJieOaHUN METOJIOM Pa3JIoKEHUsST BEKTOPOB HCKOMBIX IMEPEMEIICHUII Macc B
pacuetHoil cxeme coopyxkeHus mno COK. CBoiCTBO OpPTOroHaJIbHOCTH BEKTOPOB
nepemMenieHnii macc B paznnuHbix COK.

Pemenue 3amaun no onpenencHuo COOCTBEHHBIX YaCTOT U COOCTBEHHBIX (hOpM
KOJieOaHUW COOpYKEHUW U HX JJIEMEHTOB («MojanbHbId aHanu3») Ha [IK c
UCIIOJIb30BaHUEM CIIELIMANBHBIX TporpaMmam, Harpumep rnporpamMmmsl SCAD.

3. Peuienue 3a0au 0 bIHYHCOCHHBIX KOJ1EOAHUAX CUCHEMDL
C OOHOIl CMENenbI0 C60000bl
VYpaBHEHUSI BBIHYXKJICHHBIX KOJI€OAHUW MJisi CHUCTEMBI C OJIHOM CTENEHbIO

cB0OOJBI B (popMe MeToja cuil U B popMe MeToja MepeMenieHuil Mmpu JIeHCTBUU
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IIPOM3BOJIBHO MEHSIOILIEHCS BO BpeMeHH cuiibl. [IpuBeieHne ypaBHEHU K OJHOMY
BUJY U MPECTaBICHUE €r0 YACTHOI'O PELICHUs B BUJE MHTerpana Jroamens.

Pemenne 3amaun 00 YCTAHOBHUBIIMXCS TapMOHHUYECKHX KOJeOaHUsX.
[IpeacraBnenre pemieHUss € UCHOJIb30BaHUEM KO3 (dUIMEeHTa JTUHAMHYHOCTH.
SABnenue peszonanca. IIpumep pacuera Ha IIK ¢ momouipto mporpammer SCAD
YCTAaHOBUBIIMXCS TAPMOHMYECKUX KOJIeOaHUH kene300eTOHHOM Oanku, Hecyllel Ha
cebe paboTarIuil 3JIEKTPOABUTATENb, C UCIIOIb30BAHUEM PACUETHOM CXeMbl B BUJIE
CUCTEMBI C OJHOU CTENEHbIO CBOOO/IBI.

Pacuer cucrembl ¢ 0HOH CTENEHbIO CBOOO/IbI HA 3a/laHHYI0 aKCelIeporpamMmy
3eMmiieTpsceHusl. Pacder COOpy:KEHMM Ha CEUCMMYECKOE BO3JIECUCTBUE IIO
HOpMaTuBHOU Metoauke (o nerictBytomuM CH u IT nst 06s1unbix 111°C).

4. Pewenue 3a0au 0 6bIHYHCOCHHBIX KOJ1EOAHUAX CUCIEM C HECKOIbKUMU
CIMENneHAMU C60000bl MEMOOOM PA3IONHCEHUA UCKOMBIX 6eTUYUH U 3A0AHHDBIX
Hazpy3ok no COK
MarpuuHblii  BUA  NOPEACTABICHUS CUCTEM yPaBHEHUW  BBIHYXICHHBIX

KOJIeOAHUM PacCUYETHBIX CXEM COOPYKEHHUM C HECKOJIbKMMH CTEHEHSIMH CBOOOJBI B
dbopmMe MeToza epeMelieHnit U B hopmMe MEeToj1a CUl.

Meton pa3yioKeHusT BEKTOPAa HMCKOMBIX NEPEMEIIEHWM W BEKTOpPA 3aJaHHBIX
Harpy3ok 1o COK npu ycTaHOBUBIINXCSI TADMOHUYECKUX KOJIEOAHUSX.

[Ipumep pacuera Ha IIK ¢ momompto nporpammbel SCAD ycTaHOBHBHIMXCS
rapMOHUYECKHUX KOJICOaHMI xKeae300eTOHHOM Oanku, Hecylel Ha cebe paboTaroniuit
3JIEKTPOJBUTATEIb, C MCIIOJIb30BAHUEM PACYETHOW CXEMBl B BHJIE CHUCTEMBI C
HECKOJIbKUMHU CTeNeHsIMU cBOOOIbI. Peanu3zanus anroputMa MeToja pa3iokeHus 1o
C®K Bpyunyto.

MeTton pa3yioKeHUsT BEKTOpAa MCKOMBIX NEPEMEIIEHW W BEKTOpPA 3aJaHHBIX
Harpy3ok 1o COK npu pacuere Ha CEMCMUYECKOE BO3JIEUCTBUE HA 3aJaHHYIO
aKceJeporpaMmy M 1Mo HopMatuBHOM mertoauke (mo aeWctByromuMm CH wu IT s
o0brynbIX [1T°C).

[Ipumep pacuera BeTposHepreTuueckoil ycraHoBku (BOVY) Ha celicMuueckoe
BozaeiictBue 1o aeiictByromnM CH u I1 na IIK ¢ ucnonb3oBaHMeM NpPOrpamMmbl
SCAD. Peanuzanus anropurma Metoaa paznoxenus no COK Bpyunyto.

Pacyer na IIK coopyxeHuii Ha BETPOBYK HArpy3Ky ¢ HIPUMEHEHHUEM
nporpamMbel SCAD c¢ ucnonb3zoBanuem Metoanku AerctBytommx CH u I1 «Harpysku
u Bo3aeucTBus». [Ipumep pacuera qiist BOY.

Camocmoamenvnvie pacuemusie paoomel na IIK
¢ npumenenuem npozpammot SCAD

PacueTrnas padora 1. OnpeneneHue ycunuii W NPOruOOB B IKEIE30 —

216



O0eTOHHO OaJike MPU YCTAHOBUBILIUXCA TAPMOHUYECKUX KOJICOAHUSX.

Pacyernas pabGora 2. OnpeneneHue yCWINNA, MNEpPEAAOIIMUXCA  OT
BeTpodHepreTnueckor ycraHoBku (BDY) Ha ee dynaameHT, npu pa3inHyuHbBIX
JUHAMHYECKNX BO3JIEHCTBUSAX.

Pacyernas padora 3. PacueT niockoi monepeyHon pamel KapKaCHOTO 34aHUs
Ha CEMCMHUYECKOE BO3JICUCTBUE 110 JIMHEUHO-CIIEKTPAIbHON TEOPUHU

HpnMeanne. HpI/I HN3YYCHUNU IUCHUIINIMHBI B TCYCHUC OJHOTO CEMCECTpa BBIIIOJIHACTCA

pabora 1 u gactuuHo paboTa 2 niu 3.
Tabnuna 1

Jlexn. | Jla6. C-1
No Paznen mporpaMmbl

y/Hen | 4/Hen | y/Hen

OO01w11e BONpockl JUHAMUKH COOPYKEHUI 4 - 2

OmnpeneneHne COOCTBEHHBIX YacTOT W (OpM

KoJIeOaHU# COOPYKEHUM 4 4 6
Pemenuie 3ama4y 0 BBIHYACHHBIX KOJeOaHUAX
CUCTEMBI C OJJHOW CTENeHbI0 CBOOOIbI 8 4 8
Pemenuie 3ama4y 0 BbIHYACHHBIX KOJeOaHUAX
CUCTEM C HECKOJIbKUMH CTETEHSAMU CBOOOIbI
METOJIOM pa3JOKEHUSI HCKOMBIX BEIMYHUH U 16 8 16
3aaHHbIX Harpy3ok no COK
Hucno yacoB B ceMecTp: 32 16 32
Tabnuua 2
Bunpl 3ansTHI 1 OPMBI 8-i1 cemecTtp
KOHTPOJIS
Jlexumw, (9/HEem) 2
JlabopatopH. paboTsl, (4/Hen) 1
PacueTHO-TIPOEKTHPOBOYHBIE 2
paboTsl, (1IT)
3auertsl, (1IT) 1
DK3aMeHsbl, (11T) 1

Yueonwvie nocooun
bubnuorpaduueckuit  cmUMCOK  y4eOHBIX TOCOOMM  HEOOXOIUMBIX  JIJIst
TOCTIDKCHUS TIOCTaBJICHHBIX B pabodeil mporpamMme Iielied TPHUBEACH B KOHIIC
yactu [ YMK.
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HNPUJIOKEHHUE 2

BOIIPOCBI
JULA TIOJATOTOBKU CTY/IEHTOB K 3AYETAM U DK3AMEHAM

PEIIEHUE 3AJIAY TUHAMMKHA COOPYKEHUI
C IPUMEHEHHMEM ITPOI'PAMMBI SCAD

BBEJIEHHUE
ICraTtyka 1 TMHAMHUKA COOPYKEHUI.
2.0OCHOBHBIC JONYIICHHS, TNPUMEHAEMbIE B JWHAMHKE COOPY)XCHHH TIPH COCTaBJICHUHU
pacueTHOM CXeMbl.
3.Co6tBennsie yactoTsl (CH) u cooctBenHbIe hopmbl Konebanuit (COK) coopyxeHuid.
4.Yucno creneHeil cB0OOIbI MacC B PACYETHOM CXeME COOPYKEHHS.

1. CHCTEMBI C OJJHOI CTEHNEHBIO CBOBO/IbI
1.1. Cé0600nb1e Hezamyxaoujue Koa1e0anus

1.1.1. /IBe dopMmbI 3amucu ypaBHEHHs] CBOOOJHBIX He3aTyxawmux kojebanuil. [IpuBengenue ux
K OJTHOMY 00IlIeMYy BHUITY.

1.1.2. Pemienue storo ypaBHeHus. /[Ba Buaa rpaduueckoro mpeacTaBieHUs PEIICHNUS.

[Tonsitus 00 yrioBoit (KpyroBoil) 4acToTe KojJeOaHHM, O TEXHUYECKOW 4acToTe KoJcOaHHi,
0 MepHoje KoIeOaHHiA.

1.1.3. IlpexncraBneHue pemieHUs] ¢ MOMOIIBIO TIOTHOW AMILTUTYbI CBOOOJHBIX KOJCOAHWN H
ee ciBura 1o ¢aze 1Mo CpaBHEHUIO C COCTABJISIONINMHE MOJHON aMILTUTYIbI.

1.1.4. Ilpoananu3upoBath (HaKTOPHI, BIUSIONIME HA YACTOTY M TEPHOJ KOJICOAHUN CUCTEMBI
C OJTHOM CTENEHbIO CBOOOIBI.

1.1.5.IIpogemoHCcTpUpOBaTh CTIIOCOOBI BBIYMCIICHUS KO3 (HUIIUEHTOB HKECTKOCTHU
Y TIOJIATJIMBOCTH CHCTEMBI C OIHOM CTETEHbIO CBOOOIbI HAa IPUMEPE CTEPIKHEBBIX CHCTEM.

1.2. Cé0000nbie 3amyxaroujue Koaedanus

1.2.1. Ilpennoxxenne Poirra no y4eTy CHIbl HEYIPYroro CONPOTUBIICHUS IPU PACCMOTPEHHBIX
BbIILIE JABYX (opMax 3alucH ypaBHEHHsS CBOOOJHBIX KoOJI€OaHMHM C OJHOM CTENEHbIO CBOOOBI.
[IpuBenenue »>TX GoOpM 3amuch K OJHOMY OOIIEMYy YpaBHEHHIO CBOOOJHBIX 3aTyXaroIIUX
KoJieOaHuH.

1.2.2. AHanuTu4eckoe MpEeJCTaBICHUE PELICHUsS ATOrO ypaBHEHHS B BUJE JIBYX CIIara€MbIX
U C UCIHOJb30BAaHUEM IMOHATHS OOLIEH aMIUIMTYAbl M CABUTa ee no (¢aze IO OTHOILEHHUIO
K COCTaBJISIOIINUM TMOJHOM aMIIUTY bl [loHATHE 0 YacTOTe U meproje 3aTyXaloUX KoneOaHui.

1.2.3. Pa3nuuHble XapaKTepUCTHKH 3aTyXaHUs KoJeOaHW, BCTPEYAIOIINECS B TEXHUYECKOH
JUTEPATYPE, U UX B3aUMOCBS3b.

1.2.4. Tlpumep, AEMOHCTPUPYIOUIUN MPAKTHUYECKOE PABEHCTBO YACTOTHI 3aTyXalolIUuX
KoJe0aHuil 4acTOTe He3aTyXaloluX KoJeOaHui sl CTPOUTENbHBIX KOHCTPYKIIUN U COOPY>KEHUH.

1.2.5. 3agaua 0 cBOOOJHBIX 3aTyXaroIUX KoJeOaHHsIX /0 Oanku, MPUBEACHHOW K CHCTEME C
OJTHOM CTEMeHbI0 CBOOOJBI, BBI3BAHHBIX MIHOBEHHBIM YAApHBIM HUMIYJIbCOM. JleMoHCTparus
3aTyXaHHs aMIUTATY] CBOOOIHBIX KOJIEOaHNH OaIKH KaK CHCTEMBI C OJTHOM CTETIEHBIO CBOOO/IBI.

1.3. Boinyscoennuvie Kon1edanus npu nPOU38016HOM CULOBOM 6030elicmeun

1.3.1. JIBe gopmbl 3anKcu ypaBHEHUS BBIHYKICHHBIX KOJIEOAHUH U MPUBEACHUSA UX K OJHOMY
o011ieMy ypaBHEHHUIO.

1.3.2. OOmuiee pelieHrne ypaBHEHUS BEIHYKJICHHBIX KosieOanuid. Muterpan roamernsi.

1.4. /leticmeue zapmonuueckoii 603myuiarouieii Cubl
1.4.1. IlpeacraBinenue pemieHuss wuHTerpaisa J[roamenss ¢ TOMOIIBIO JTUHAMHUYECKOTO

koddduireHTa. AHATU3 U3MEHEHUs STOro KodhuLmenTa B 3aBucuMOCTH 0T u3MeHenns 0/ @y un
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BEJIMYMHBI KOO(QQHUIMEHTa HEYNIPYTOTro CONPOTUBICHUS ¥, . [lonsATHE O pe3onance M pe30HaHCHOM

30HE TUHAMHUYECKOT0 KO3 dHUIIUCHTA.

1.4.2. TlpogemoHCTpUpOBaTh MpUMEp pacueTa x/0 Oanku, HECyllell B cepeArHe MpojeTa
paloTaroLIMi AMEKTPOABUraTeNb, OT CTATUYECKUX M JUHAMUYECKHUX BO3JCHCTBUI B IByX BUAAX:

a) peleHne BpyuHyto; 0) pemenue ¢ nomouisio nporpamMmmel SCAD.

1.5. Pacuem na 3a0aHHYI0 AKCeNEPOZPAMMY 3eMIEMPACEH U

IIpencraBieHre BceX MCKOMBIX BEJIWYMH (MIEPEMEIIEHUN M YCKOPEHHUI Macchl, CEHCMUYECKON
Harpy3ku Ha KOHCTPYKLHIO, YCWJIMH M HaNpspKeHUH) ¢ MOMOIIBI0 K03 duImeHTa TMHaMUYHOCTH,
HU3MEHSIOIIEr0Cs BO BPEMEHH.

1.6. Pacuem coopyscenuil ha celicmuueckoe 6030€iicmeue no HOpMAamugHoIl Menmoouxe.
IIponemoHcTpUpOBaTh MPUMEP pacueTa AU pacdeTHON cxeMbl BOVY.

2. CUCTEMbI C HECKOJIBKUMHA CTEIEHAMHU CBOBO/JbI (npu » >1).

2.1. /lea euoa 3anucu ypasHeHuil 08UHCEHUA MACC

Iloacnenue: 3anucatb CHCTEMbl YpaBHEHUIl B MaTpUYHOM BHIE (IO aHAJIOTHMH C JByMS
(dhopMaMu 3anucu ypaBHEHUS AJIsl YIIPYTOW KOHCTPYKIIMU C OJTHOM CTETICHBIO CBOOOIBI).

2.2Pewenue cucmemsl YpasHeHUll C60000HBIX Hezamyxawwiux Koaeoanui (B IBYX
YKa3aHHBIX BHJAX) METOJOM  PAa3JIOKECHHS HMCKOMBIX YIPYTUX TNEepeMelleHuid B psAg IO
cobcTBeHHBIM dopmaM Kosebanwmii). [leMoHCTpamus mpumepa pemeHus 3amadu «MoaanbHbINd
aHaJIM3» C UCNOoJIb30BaHUEM nporpammsl SCAD.

2.3.Csoiicmeo opmozonanvnocmu COK

2.4. Cucmema ypaenenuii c60000HbIX 3aMYXAOUUX KONEOAHUIL U ee peuleHue

2.5. Cucmema ypagnenuii 6bIHYHCOCHHBIX KOJ1€OAHUIL U ee peuleHue

2.6. Memoo pasznoxncenusa no COK npu pewienuu 3ad0auu 06 ycmano8ueuiuxca Koaedanusx.
JlemoHcTpanus npuMepa pemeHus 3anaun «['apMoHHueckue kojebaHMs» C HCIONIb30BAHHEM
nporpamMmbsl SCAD.

2.7. Pacuem coopyyceHuil Ha celcmMuyeckoe 6030elcmeue no 3a0aHHOll aKcenepozpamme
3emaempsacenusn (Ha IpuMeEpe KOHCOJIM C 7 TOYEUYHBIMA MaccaMu M MPOU3BOJIBHOM B IUIOCKOCTH
XOZ namnpaBlIeHUH CEHCMUYECKOT0 BO3/ICHCUBHSI, CM.

2.8. Pacuem coopyxcenuii nHa ceiicmuueckoe 6o3oeucmeue c¢ ucnonavioeanuem CHull
«Cmpoumenscmeo 6 ceucmuueckux pauonaxy». JIeMOHCTpalus pacyeTa C HCIOJb30BaHUEM
nporpamMmbl SCAD.
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ITPUJIOKEHUE 3

TECTbBI
IUIL KOHTPOJISl 3HAHUW U YMEHUM CTYACHTOB,

MOJIYYCHHBIX B yUeOHOM MpoIecce

I. Ckonbko creneHed cBOOOJBI (M KakuMxX) HMMEET ToueyHas macca m,
pacmoyio)keHHasi Ha TIpOJIeTe pacueTHOM CXEMbl HEBECOMOW YIpYyroil Oankw,
M300paKeHHOM Ha puc. 1, Mpu U3ruOHBIX KONIeOaHUIX OaNKH.

m

5 °
A Ja

SITTTT7

Puc. 1

Bapuanr orBera:

1). Ogny: B HanpaBlIeHUH NMEPHIEHANKYIISIPHOM OCH OaJIKH.

2). JIBe: B HampaBIE€HUH NEPHEHAUKYISIPHOM OCU OalKi U HaNpPaBJICHUU BJIOJb
€e OCH.

3). Tpu: k IByM CTENEHSAM CBOOOIbI MACChl, YKa3aHHBIM B IIPEBIAYIIEM OTBETE
cienyer J00aBUTh  TPEThIO  CTEMEHb CBOOOABI —  BO3MOXHOCTh  MAacChI
MOBOpPAYMBAThCA Ha yroi 6 moBopoTa CedeHHs OaJIKu, TNIe PaCIoIOKEHA TOYeUHas
Macca.

2. Ckonbko cTemneHeil cBo0Oo/bI (M KaKuX) UMEeT mMacca m B BHUJAE KECTKOTO
JIUCKa, pacIoIOKEHHasi Ha IMPOJIETe paCUETHOM CXeMbl HEBECOMOU ympyroil Oalikw,

U300paKEHHOM Ha puC. 2, IPU U3THOHBIX KOJIEOaHUSIX OaNKu.

/7/%7. P

SITTTT7

Puc. 2

BapuanT otBera:

1). OnHy: B HanpaBJIECHUHU MEPIICHIUKYISIPHOM OCH OaJKH.

2). [IBe: B HampaBiIeHUH NEPICHAUKYIIPHOM OCH OalKu M HaNpaBJICHUH BIOJb
€€ OCH.

3). JIBe: k oHOI cTeneHsM cBOOObI MacChl, yKa3aHHOW B BapuaHTe 1 oTBeTa
cienyer 100aBUTh BTOPYKO  CTENEHb CBOOOABI — BO3MOYKHOCTb  MAaccChl
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MOBOPAYMBATHCSA HA yroj O MoBOpoTa ceueHus OANKH, I7ie pacoyiokKeHa Macca.

3. CKOJIbKO CTEmeHeil cBOOOABI (M KaKHWX) MMEET Macca /7 B BHJE KECTKOIO
JIMICKa, PacIoIOKEHHAsl B CPEJHEM CEUEHUH IpOJieTa PacueTHOW CXeMbl HEBECOMO
yrnpyrou 6anku, n300pa>keHHOM Ha puc. 3, MpU U3rMOHBIX KOJIeOaHUIX OalKu.

A

P
ST
0.5/ 0.5/

Puc. 3

Bapuanr orBera:

1). OnHy: B HanpaBJICHUU MEPIIECHIUKYISIPHOM OCH OaJKH.

2). [IBe: B HampaBIeHUH NEPICHAUKYIISIPHOM OCH OalKu ¥ HalpaBJICHUH BIOJb
ee OCH.

3). JIBe: k oHOI cTeneHsM cBOOOMbI MacChl, yKa3aHHOW B BapuaHTe 1 oTBeTa
cieayer J100aBUTh BTOPYHO CTEMEHb CBOOOJBI — BO3MOXKHOCTb  MAacChl
MOBOpAYMBAThCA HA yroj O moBopoTa ceueHus OalKH, Ie pacloyiokeHa Macca.

4. 3HaueHUs] KaKUX BEJIMYMH, XapaKTEPU3YIOIIUX PACUETHYIO cXeMy Oaliku
(cM. puc. 1) npu ee KoeOaHUAX KaK CUCTEMBI C OJIHOM CTENEeHbIO CBOOObI, BIUSIOT
Ha 3HaYeHue coOcTBeHHOM YyacToThl (CY) cucTemsl:

BapwuanT otBera:

1). TonbKo 3HAYEHUE MACCHI M.

2). 3HayeHue Macchl m W 3HaueHHE Kod(pUIMEHTAa KECTKOCTH WU
MOAATIMBOCTU OAJIKK B HAIPABJICHUU CTETIEHU CBOOOIBI MacChl MPU KOJCOAHUSX.

3). 3HaueHre Macchl M W 3HAYCHUE KECTKOCTU Oanku El mpu ee M3rHOHBIX
KOJIEOAHUSIX UK XKECTKOCTH EF 1mpu ee NpoAOoJbHBIX KOJICOaHUsX.

5. Kak um3mensercs CU pacueTHOW cxeMbl OaJKM KaK CHUCTEMBI C OJHOM

CTENEHBI0 CBOOOBI (CM. pUC. 1) IpH yBEITWYEHUH TOJIBKO 3HAYEHUS M MACCHIL:

BapuanT otBera:

1). 3nauenne CY yBenuuurcs.
2). 3nauenne CY yMEHBIITUTCH.
3). 3nauenue CY He U3BMEHUTCH.
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5. Kak um3mensercs CU pacueTHOW cxeMbl OaJKd KaK CHUCTEMBI C OJHOM
CTeneHbl0 cBOOOABI (CM. puc. 1) mpu ee M3rHMOHBIX KOJIEOAHUAX MPU YBEIUUCHHUH

TOJIBKO 3HaueHus £l Oanku.

Bapuanr otsera:

1). 3nauenne CY yBenuuutcs.
2). 3nauenne CY ymMeHbIIUTCS.
3). 3nauenue CY He U3MEHHUTCH.

6. Kak wm3mensiercs CY pacueTHOM cxembl Oadku Kak CHUCTEMBI C OJHOMI
CTeneHbl0 cBOOOABI (cM. puc. 1) mpu ee M3rHOHBIX KOJIEOAHUAX TMPU YBEIUUCHHUH
TOJIbKO KO3(uIMeHTa MmogaTIMBOCTU OaJKu B HANpPaBIIEHUH COOTBETCTBYIOIICH
CTENEHU CBOOOIbI OAJIKU.

Bapuanr otsera:

1). 3nauenune CY yBenuuutcs.
2). 3nauenrie CY ymMeHbIIUTCS.
3). 3nauenue CY He U3MEHHUTCH.

7. N3menutrcss nmu CY pacueTHOM cxeMbl Oallku KaK CHCTEMBI C OJHOM
CTeNeHbI0 cBOOOMBI (cM. puc. 1) mpu ee M3rHOHBIX KOJeOAHUSAX, €CITU Macca m H
KECTKOCTh Oanku £/ ocrtaHyTcs 0e3 M3MEHEHUM, HO IIapHUPHBIE ONOPbI OANKU
OyIyT 3aMEHEHBI Ha 3aIIEMIISIONINE.

Bapwuant otsera:

1). 3nauenne CY yBenuuuTcs, Tak Kak yBEIMUYUTCS KOIPPUIMEHT KECTKOCTU
OaJIKM B HAIIPABJIICHUH CTETIEHH CBOOOJIBI MACCHI.

2). 3nauenue CY yMeHbUIMTCS, TaK KakK YMEHBUIMTCS KO3(PPUINEHT
MOJATIMBOCTH OAJIKM B HAIIPABJIEHUH CTETIEHH CBOOOIbI MACCHI.

3). 3nauenue CY He U3MEHHUTCH, TaK KaK HE U3MEHWJIOCh 3HaYEHHE MacChl m U
3Ha4YeHME kKecTKocTu £/ Oayku nipu ee usruoe.

8. Kak m3menuntcss CH pacueTHoOW cxeMbl OajIKu MpHU €€ U3rMOHBIX KOJeOaHUAX
KaK CHCTEMBI C OJIHOM CTENEHBbIO CBOOOIBI (CM. pHC. 1), €cnu yBEIUYUTCSA TOJBKO
JUTMHA OaJIKH.

Bapwuant otsera:

1). 3nauenue CY yBenuuUTCS NMPU YBEIMUYCHUH JJIMHBI OaTKH.

2). 3nauenre CY yMEHbIIUTCS NPHU YBETUUCHUH IJTUHBI

3). 3nauenne CY He M3MEHHUTCS, TaK KaK HE U3MEHWIOCh 3HAUEHUE MAacChl M,
3HAYEHUE KECTKOCTU £/ Oalku mpu ee u3rude u He U3MEHUJICS BUJI OIOP.
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9. Kak mamenutcs CU pacueTHO# cxemMbl OAJKH TIPH €€ U3TUOHBIX KOJIeOaHUsIX
KaK CHUCTEMBbI C OJHOM CTENeHbIO CBOOOMBI (CM. puC. 1), €CiM YBEIMYUTCS TOJBKO
MOJIyJb YIIPYTrocTu E maTepuana Gayku.

Bapuanr otsera:

1). 3nauenune CY yBenuuUTCS NpHU YBEIMUYCHUN MOAYTsS .

2). 3nauenrie CY yMEHBIIUTCS NPU YBEIUUECHUH MOy F .

3). 3nauenue CY He U3MEHMTCS, TaK KaK HE M3MEHWJIOCHh 3HAaYEHUE MacChl M,

3HAUEHUE KECTKOCTU £ Oanku npu ee u3rube u He U3MEHUJICS BUJI OTOP.

10. Kakx w3menutrcs CY pacueTHOW cxeMbl OallkM TpH €€ HU3rHOHBIX
KOJeOaHUAX KaK CHUCTEMBI C OJHOM CTemeHblo cBoOOABl (cM. puc. 1), ecnm
YBEIMYUTCS TOJIBKO KOADPHUIIMEHT, XapaKTepU3YIOMUA HEYNPYroe COMPOTHBIICHHE
MaTepuaia Oajku.

Bapuanr orBera:

1). 3navenme CY yBenuuurcs TMpU  yBEIWYEHUH  KO3PPULMEHTA,
XapaKTEPU3YIOLIET0 HEYNPYTroe CONPOTUBIEHUE MaTEpUaia OaJIKu.

2). 3nauenne CY yMeHBIIMTCS NpPU  YBEIMYECHHH KO3PPULMEHTA,
XapaKTepU3yUIEro HEYNpyroe CONPOTUBIIEHHE MaTepuraia OaJiKu.
3). 3nauenue CY He M3MEHMTCS, TaK KaK HE M3MEHUIIOCH 3HAYCHHE MacChl 71,

3HAUEHHUE KECTKOCTU EI Ganku npu ee u3rube u He U3MEHUJICS BUJT OTIOP.

11. Ilpyu ycTaHOBHUBIIMXCS TAPMOHUYECKUX KOJIEOAHUAX OaIK/ KaK CHCTEMBI C
OJIHOM CTENEeHbI0 CBOOOMBI OT 3a/laHHOM MOINEpeK OCH OajJKyu rapMOHUYECKOW CHJIbI
P(t) = F, sin0¢ (puc. 4) nis BeIYUCIEHUSI, HATPUMEP, MAKCUMaJIbHON aMILTUTYAbl A

YCTAHOBUBHIUXCA TapMOHHNYCCKHX KoneOaHuii WM MAaKCHMAaJIbHOTO 3HAUYCHUS

U3ru0arIIero MOMeHTa 0ajdku HEOOXOUMO BBIYMCIUTh MaKCUMAJIbHOE 3HaYeHue 3

JTUHAMHYECKOTO KO3 duUllreHTa.

F()

1 2 3
’%7 FH2a /Wéﬁ
Puc. 4

Bormpoc: IIpy Kakux COOTHOIIEHHUSX BO3MYILIAIOIIEH 4acTOThl KoyieOaHUi O
(4acTOTHl YCTAaHOBUBIIIUXCSI TAPMOHHYECKUX KOeOaHuii) 1 COOCTBEHHON YaCTOTHI (M
pacyeTHOM CXeMbl OalKu KaK CHCTEMbl C OJHON CTENEHbIO CBOOOJIBI OKa3bIBAET
HauOosiee CWIbHOE BIMSHME 3HaueHUEe Kod(dduuueHta 7y,, XapaKTepHU3YHOIIEro
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HEYIIPYroe COMPOTHBIICHUS MaTepuana OalKd, Ha 3HAYCHUEC JUHAMUYECKOTO
koadummenTa .
Bapuant otBeta (conmpoBoxaaTh GOpMYIIOH I ONPEISICHAS THHAMUIECKOTO

ko3¢ duirieHTa 3 Mpu yCTaHOBUBILUXCS FTAPMOHUYECKUX KOJIEOAHUSIX):

Haubosiee cuiabHoe BiausiHMe KO3(pUUUEHT y,, XapaKTepU3yHOIU

HEyIpyroe CONPOTHUBIIEHHE MaTepuajga Oallku, OKa3blBaeT Ha 3HAYCHHE
JUHAMUYECKOTO  Ko3(pduuueHTta [3 NOpH YCTAaHOBHUBIIMXCS TapMOHUYECKUX
KoJ1e0aHUsIX

1) mpu ManbIX 3HAYEHUAX BO3MYIIAIOIICH YacTOThI O TO CPaBHEHUIO C
COOCTBEHHOM YacCTOTOM  OallKu;

2). Ipu MajbIX 3HAYEHUSX COOCTBEHHOW YaCTOTOM 0 OalKu MO CPaBHEHHIO C
BO3MYIIAIOIIEH YacTOTOM O ;

3) B pe30HAHCHOM 30HE, KOT/Ia COOTHOIIEHUE 0/® yKa3aHHBIX 4acTOT OJM3KO
K STUHUIIE.

12. Ecnium npu pemieHud 3anadyd 00 YCTAHOBHUBUIIMXCSI TapMOHHYECKUX
KoJieOaHuaX OallkM KaK CHCTEMbl C OJHOM CTENeHbl0 CBOOOIBI (CM. puc. 4)
YCTaHOBIIEHO COOTHOIIIEHUE 4acToT 0/ = 1, o3Hawaer im 370, yTO KOAPUIIMEHT
JTUHAMUYHOCTHU OyJEeT UMETh 3HAUEHHE paBHOE OECKOHEYHOCTHU M 0ajka pa3pyIIuTcs
cpa3y B caMOM Hauaje mpoliecca KoneOanuii?

BapuanT oTBeta (conpoBoxaaTh GOpMYII0i A onpeaeeHus JMHAMUYECKOTO
kodddunreHTa 3 Mpu yCTAHOBHBIIMXCS TAPMOHHYECKHUX KOJICOAHMSX ):

1) Hda, tak kak nmpu O/® =1 kodPpdUIMEHT TUHAMUYHOCTU OyJeT paBeH
B=1/y,. Ecam npeHeOpeub ManbIM 3Ha4eHHEM KO3 (ULUEHTa HEYyIpyroro
COINIPOTHUBJIEHUS Y, MaTepuaia B peajlbHOH Oaike, TO KO3PPHUIMEHT JTUHAMUYHOCTH
CTaHET PaBHBIM OCCKOHEYHOCTH (3 =0).

2) Her, Tak kak Jjaxe mnpu KodpPuUMEHTE TUHAMUYHOCTH PaBHOM
O0EeCKOHEYHOMY 3HAYCHUIO ([} =00) 3TO 3HaUECHUE MOXET ObITh JOCTUTHYTO TOJIKO B
pe3yibTaTe 0ECKOHEYHO JI0Nroil packauku Oanku. [Iporecc packaduku OAlKu MOKHO
OCTaHOBUTb, YJIaJIMB BO3MYIIAIOIIEE BO3JCHCTBUME B Haualle Mpoliecca PacKaukw,
YTOOBI KO3PPUIMEHT AMHAMUYHOCTH HE JOCTUT OIMACHOTO 3HAYEHHS.

13. ImeroTcst 1BE COBEPILIEHHO OJIMHAKOBBIE MO napamerpaM BOVY OaiieHHOTro
tuna (Mo BbIicOTe OalllHM, MO pa3MepaM I[ONEPEYHOro ceyeHus OalleH, IO
MarepuaiaM 3JIEMEHTOB W T. A.). JluHamuueckass pacueTHass cxema oOeux BDOY
npuUBeAeHa K CUCTEME C OJTHOM CTeNeHbI0 CBOOOBI (puc. 5).

baman omuoit w3 BDOVY omumpatorcs Ha Kene300€TOHHBIN  (PyHIAMEHT,
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PaCIoJIOKEHHBIM HA CKAJIbHOM OCHOBAaHUU C OOJBIIUM MOJyJieM AedopMaivu, a y
JIPYroil — Ha TPyHTOBOM OCHOBAHUM C MaJIbIM MOJIyjieM AehOopMaliii.

)

&) 2)
= i(}fl) =
.F’J’i'r mg
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Puc. 5

V Kkakol M3 3TUX CHUCTEM C OJHOM CTEINEHBI0 CBOOOIBI COOCTBEHHAS YACTOTa
Kosebanuii Oyaet 0oJibllle U, COOTBETCTBEHHO, IEPHUO]] KOJIeOaHU — MEHBIIIE.

Bapuanr otsera:

1). Tak kak o6e BDY oaumHakoBble, TO OHHM HMMEIOT COOTBETCTBEHHO
OJINHAKOBYI0 COOCTBEHHYIO YAaCTOTY U NEPHO] COOCTBEHHBIX KOJIECOAHUN.

2). BOY, onuparomasica Ha 60Jiee KECTKOE OCHOBaHUE OyIeT UMETh OOJIBIITYIO
COOCTBEHHYIO YaCTOTY U MEHBILIUNA EPUOJT COOCTBEHHBIX KOJIEOAHMIA.

3) Ilo mnpuBeAeHHBIM HMCXOAHBIM JAHHBIM CPaBHUTh COOTBETCTBYIOIIHUE
BEJIMYHMHBI 3aTPYAHUTEIBHO.

14. TIpu ucxoaHsiX AaHHBIX 1 BOY, 3amaHHbIX B IpeabIAyIIEeM BOIPOCE,
kakas BOY Oynmer wucnbIThiBaTh OOJIBIIYIO CEHCMUYECKYIO HArpy3Ky mpH
OJIMHAKOBOM CEHCMHUYECKOM BO3JIEMCTBUM IPHU pacyere N0 HOPMATUBHOW METOJIHMKE
(mo nevictByronum CHull [18]).

Bapuanr orBera:

1). Tak kak ob6e BDY oauHakoBble, TO Ha HUX JEHCTBYET OJMHAKOBAS
CEeCMHUYECKas HarpyskKa.
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2). lna BOY, onuparomielicst Kak Ha OCHOBaHUE KaTEropuu I, Tak 1 OCHOBaHUE
kareropuu I, mpu nepuone cooctBeHHbIx Konebanuit 0.1<7 <0.4 nuHaAMUYECKUI
korddurenT [, a 3HAYUT U CceHCMUYEcKas Harpy3ka HMMEIOT COOTBETCTBEHHO
OJIMHAaKoBo€ 3HayeHue (cMm. rpaduk wu3MeHeHuss [ B 3aBUCUMOCTH OT T
B nerictByronux CHull [18]).

IIpu T >0.4 ¢ nuHamuveckuil kodpduireHT P, a, 3HAYUT, U cercMuUecKas

Harpyska umeeT Oonbliiee 3HaueHue A BOY, pacnonoxeHHON Ha TPyHTE KaTerOpuu
IT (cm. rpadux usmenenus 3 B 3apucumoctu oT 7' B AeiicTtByrommx CHull [18]).

3) Ilo mpuBEIEHHBIM HMCXOAHBIM JAAHHBIM CPAaBHUTH CEHCMHMYECKHE HArpy3KH
Ha BOYV 3arpynHurensHo.

15. lna ompeneneHus: CrEeKTpa COOCTBEHHBIX YACTOT OJHOIMPOJIETHOM Oaliku
UCIoNb30BaNach pacuetHas cxema MKD ¢ opHoil, nByms, TpeMs ©U T. [I.
JUHAMUYECKUMHU CTereHsaMHu cBoOoabl. [lpu »ToM Ganka menuiach Ha CTEpPKHEBBIC
K3. Pacnpenenennas macca kaxaoro KD 3ameHsnach TOYEUHBIMM MaccaMH IO
koHuaMm KD. Bynyt nam usmenstbes (M kak) mepsasi, BTopas M T.J. COOCTBEHHbBIE
YaCTOTHI PACUYETHBIX CXEM OajKy MPU YBEIMYEHUW YUCIA TUHAMUYECKHUX CTCTICHEH

CBO60,Z[BI paC‘IeTHOfI CXCMBI.

Bapwuant orsera:

1). Co6cTBennbie yacToThl (CY) OyayT MO CBOMM 3HAYEHUSIM MPUOTIHUKATHCS K
TouHbIM 3HaueHusIM CY ams 6anku ¢ paBHOMEPHO pacHpeIeIeHHOM BAOIb OCH OalIKu
Maccoil, T.e. M1 CUCTEMbl C OECKOHEYHBIM YHCIOM JIWHAMHYECKHX CTereHen
cB00Obl. [Ipy 3TOM O/HAa M Ta € MO HOMEPY YacTOTa JJII CUCTEMBI C MEHbBIIUM
YHUCJIOM CTeNeHel cBOOOABI MPHU MPOUYUX PABHBIX YCIOBHSIX METOJUKH COCTABIICHUS
pacyeTHOM cXxeMbl OyJIeT HUKE COOTBETCTBYIOLIEH TOYHOM YaCTOTHI.

2). CoOcTBeHHbIE YaCTOThI, UMEIOLIME OAMHAKOBBI HOMep B crnektpe CY
JOJDKHBI OBITh BCEria OAMHAKOBBIMU. C U3MEHEHHEM YHCia JUHAMUYECKUX CTEIICHE!
CBOOO/IbI B paCUETHOM cxeMe Oasku OyJeT U3MEHSETCSl TOIbKO YHMCIO COOCTBEHHBIX
94acTOT, TaK KaK OHO PaBHO YHMCIY TUHAMHYECKHX CTEMEeHEW CBOOOJbI B BHIOPAHHOM
pacyeTHOU cxeme.

3) IlpuBeneHHBIX MCXOJIHBIX JAHHBIX 3a/a4d Uil OTBETAa Ha MOCTaBJIEHHBIN
BOIIPOC HEJOCTATOUHO.

16. Ilpu onpenenenuu crekrpa CY nis 6anku-CTEHKU TPEyroiabHOU (GopMbl ee
CPEIMHHOM IUIOCKOCTH, ONHPAIOIIEHCs Ha JKECTKOe OCHOBaHue (puc. 6)
HCIIOJIB30BAJIOCh TPU BapuaHTa pa30MBKU CPEAMHHON IUIOCKOCTH CTEHKHU Ha IJIOCKHUE
KOHEYHBIEC AJIIEMEHTBI TpeyrojbHoi (gopmbl. IIpeanonaraercs, 4To pacnpeneieHHas

Mmacca kaxzaoro KO B pacyeTHoil cxeme 3aMeHEHA PaBHBIMU TOUYEYHBIMH MAaCCaMH,
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pacnonoxxeHHbiMH B y31ax KO. [Ipu noctpoeHnn MaTpull )K€CTKOCTHU JIJIsi paCUE€THON
CXEeMbl OAJIKU-CTEHKHU TpeAroJiaraeTcs JIMHEeHas anmpoKCUMalus NepeMenieHuid B
Ipeenax Kaxa0ro TpeyroJabHOro KOHEYHOr 0 AJIEMEHTA.

Kak OynyT m3meHAThCS COOCTBEHHBIE YacTOTHI, MOJydeHHbIE B criekTpe CU
JUISI pacueTHOM CXEeMbl CTEHKH C Pa30MBKOW Ha MeHblee uncio KD (¢ MeHbImuM
YHUCJIOM CTEIMEHEW CBOOOIbl TOYEYHBIX MACC, PACTIOJIOAKEHHBIX B y3iax cucteMbl KJ)
npu yBenuueHuu unciia KD B pacdeTHoil cxeme (Ipy yBEJIMYEHHUH YHUCIa CTEIEeHEH
CBOOOIbI TOYEYHBIX MAcCC).

Bapuanr orBera:

1). B oTuume oT mpeapayiero npumMepa ¢ pacCMOTPEHUEM OJHOMPOJIETHOM
OalKd B BHJIE TOHKOTO CTEpXKHS, Il OaJIKH-CTEHKH C 3aJaHHOH JIMHEHHOM
anmpoKcUManuen nepeMenieHnil B mpejaenax Kaxaoro rmiockoro KO tpeyronbHoit
dopMmbl mpu yBenuueHUM uuciaa Takux KD pacderHas cxema ctaHoBHUTCA Ooliee
rudkoil pu ee nedopmupoBanuu. [loatomy ¢ yBennuenuem uucina K3 B pacueTHoit
cXeMe COOCTBEHHbIE YacTOThl C OJAMHAKOBBIM HOMepoM B crekrpe CY pacueTHoi
CXeMbl Oy1yT YMEHbIIATHCS 10 CBOEMY 3HAYEHHUIO.

2). CoOcTBeHHBIE YaCTOThI, UMEIOLIUE OJMHAKOBBI HOMep B crnekTtpe CU
JOJDKHBI OBITh Bcerga OJMHAaKoBbIMU. C M3MEHEHHEM 4MClia CTEleHeil cBOOOAbl B
pacueTHOM cxeme Oallku M3MEHSETCS TOJbKO YHMCIIO COOCTBEHHBIX YacTOT, TaK Kak
OHO PaBHO YMCITY CTEMEeHEeW CBOOO b B BEHIOpAaHHOW pacueTHON CXEeMe.

3) IlpuBeneHHBIX MCXOJHBIX JAHHBIX 3a/layd Il OTBETAa Ha MOCTaBJICHHBIN
BOIIPOC HEJOCTATOYHO.

17. 1ng npakTUYEeCKOro pacyera COOPYKEHUM Ha CEMCMUYECKOE BO3JICUCTBUE
C pacmpeneneHHOM mno o0beMy MaccoM BCEX 4YacTe COOpPYXKEHUS METOJ0M
Pa3NOXKEeHHUs] MUCKOMbBIX BEJIMYUH M CEHCMUYECKOrO0 BO3JIEUCTBHS MO COOCTBEHHBIM
dopmam konebanuit (COK) HEoOX0MUMO 3TO AeNaTh C YYETOM BCETO OECKOHEYHOTO

pana COK?

Bapuant otsera:

1). Jla, mOCKOJBKY yKa3aHHbIE BEJIMYMHBI B METOJAE pacuera OKa3bIBaKOTCS
Pa3’I0KEHHBIMU B PSIZIbl ¢ OECKOHEUHBIM YUCIIOM YJICHOB.

2). Her, T.k. U1l MpaKkTUYECKUX LENEH MOKHO HCIIOJIB30BATh OrPAaHUYEHHOE
YHCIO0 4YJIEHOB OeckoHeyHoro psga. HeoOxoaumoe dYHCIO 4YICHOB BBIOMpPAETCS C
Y4€TOM JOCTUKEHUSI HEOOXOAUMON TOYHOCTH PaCcUYETOB.

18. Ilpm OuHAMHUYECKOM pacyeTe CTEP)KHEBBIX, IUIOCKUX M COOPYKEHHH C
O0OBEMHBIMU YacTAMHM OOBIYHO HCHOJB3YETCSI UHCIEHHBIM METOJ pacyeTra ¢
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ucroyib3oBaHueM TnepcoHanbHbiXx KommbioTepoB (IIK). Kak ke BbiOupaercs
HEOOXOJMMOE YHCIIO CTEP)KHEBBIX, MIOCKUX W 00BbeMHbIXx KD mpu cocraBiieHUN

pacyeTHOM CXEMBI COOPYKEHUs?

Bapuanr otsera:

1). Coopyxenue cpa3dy pa3zdouBaeTcss Ha HauOouiblliee BO3MOXKHOE umcio KD
(c ToukM 3peHusi BO3MOXHOCTEeW wucnosib3oBanus wumetomerocs I[IK), 4YToOwI
MOJIyYUTh HanOOoJIee TOYHOE PEIICHHE.

2). Heo0Xx0oauMo CTpEeMUTBCS K TOJYYEHHUIO PELIEHUs, YIOBIETBOPSIOIIETO 10
TOYHOCTU PE3yJIbTaTOB MCKOMBIX BEJIMYMH M MO 3arpataM BpemeHu pabotsr [1K.
Kpome Toro, mpu mocTpoeHHH pacue€THOW CXEMBI COOPY>KEHUs ISl BBIMOJHIEMOTO
JTUHAMUYECKOTO pacyeTa He0OXOJMMO MCIIOJIb30BaTh YK€ UMEIOLIUECs NaHHbIE TIPU
pelIeHNH aHAJIOTMYHBIX 3a/1a4.

19. Jlanma opHomposeTHas kene3o0eroHHass Oanka. Ha ee mponete
pacnoJiaraeTcsi 3JIEKTPOJABHUIaTelb. B KakoMm BHJI€ NPEACTABIAIOTCS WHEPLUHOHHBIE
Harpy3ku B Kaxaom y3ine KD pacueTHONM cxXeMbl NpPU PELUIEHHH C I[OMOUIBIO
nporpammbl SCAD 3aaun 00 yCTaHOBUBIIMXCSI TAPMOHUYECKUX (MTOMEPEYHBIX K OCH

OaJsiki) KoJIeOaHUSX ITON CUCTEMBI.

Bapwuant otBera:

1). MHeprmoHHbIe HArPY3KH BBIIAIOTCS B KaXKJIOM Y3JI€ PACUETHOM CXEMBI
6anku B kaxxaoin COK (1o ux 4mcity B pacueTHOM cXeme).

2). NnepuroHHas Harpy3ka B KaXXJIOM y3Ji€ Pacue€THOW CXEMbI BBIJACTCS B
BUJIe IBYX cui (HezaBucuMo oT uncia COK B pacueTHoil cxeme). Jlaxke 11 CUCTEMBI
C OJIHOM CTeINeHbl0 CBOOOABI B E€IWHCTBEHHOM KOJEONIONIEMCS Yy3Jie pPacdyeTHOM
CXEMBbI BBIJAETCS JIBA 3HAYEHUSI MHEPIIUMOHHOM CUJIbI. DTO CBA3AHO C MPEACTABICHUEM
petenus B kaxaoi COK B Buje cinaraeMbix KojieOaHHUM MO0 KOCUHYCY U 0 CUHYCY.
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