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Beenenne
CONpoTHBIIEHUE MATEPUAIOB BXOAUT B COCTAB YYECOHLIX M HAYYHLIX JUCLIM-

MIHH, 00beAMHEHHBIX 00UIMM HazBaHHeM «MexaHuka nedopmupyemoro Tenay. B co-
OTBETCTBHH ¢ I'OCYJIAPCTBEHHEIM O0Pa30BATENBHEIM CTAHJAPTOM CIICIIHAIIBHOCTH,
Yy4EOHbIM IJIAHOM U 0O0BEMOM YACOB, BLIAEIAEMbIX HA U3yUeHUE «KCONPOTUBIIEHUS Ma-
TEPHATTOBY, COACPAHHE 3TOTO YYEOHOT0 Kypca BKITHOUYAET OCHOBHBIE PE3YABTATHI, OT-
HOCSIIHECS K OOINUM 3AKOHOMEPHOCTSM COIMPOTHRIICHHST MATEPUAIIOB M3MEHEHHUIO
(opMBL U pazMEPOB Tell 04 ASHCTBUEM CHII, B TOM YHMCIE OLEHKY ycIoBui paboTo-
CMOCOOHOCTH M HAJICHKHOCTH JICTANCH 1O KPUTEPHAM MPOYHOCTH W FKECTKOCTH.

B wmavane nzydenns 51oil yueOHOM AMCHUIUIMHBI TPEYCMOTPEHA YCTAHOBOYHAS
JEKUMS, HA KOTOPOH U31arakdTes LUead M 3aJa41 U3YYEHHUs AUCLUILIMHBL, €€ 3HAYCHHE
B TMOJIFOTOBKE HHKCHEPOB IMTUPOKOTO MPOMHIS W CHCIHATMCTOR IPaXXIaHCKOH aBHa-
1AW, METOUYECKIE OCOOEHHOCTH H3YUEHHS YUEOHOIO MaTeprana, TarTes PEKOMEH-
JAUMK M0 OPraHU3alii CaMOCTOSITEIEHOM paboTel U UCMOB30BAHHKD YUeOHO-METO-
TMYECKOH TUTEPaTyPhL

B xo0/1¢ caMOCTOSTENLHOIO H3YUYEeHUS YUEeOHOr0 MATEPUANIA CTY IEHTbI J0JKHbI,
PYKOBOJACTBYSICE METOAMYCCKUMH PCKOMCHIALMSMH, MpopadoTaTs TEOPETHUCCKHH
MaTepUal MO PeKOMEHIOBAHHON yueOHOH THTEPATYPE H BEIIOJHHTE TPH KOHTPOJIb-
Hble padoThl. BuillonHEeHHbIE KOHTPOJIbHBIE PA0OTHL BbIC/ATL B YHUBEPCUTET A1 NPO-
BEPKH.

[Ipu cocTaBieHUA 3a0aHUH HCTIONE30BAHBI 321441, IPEACTABIICHHBIE B « COnpo-
TUBIEHUE MATEPUANIOB: METOAMYECKUE YKA3aHUsl U KOHTPOJILHBIE 3a1aHus JJis CTy-
JCHTOB-3a0UHHKOB BCEX CMEIUAIBHOCTEH TEXHUUCCKUX BEICIITHX YICOHEIX 3aBCACHHIA,
kpome crpoutensHbix /A.B. Jdapkos, b.H. Kytykos. — 14-¢ u3a. M.: Beicm. mk., 1985,
— 56 c.». [Ipumepsl pewenus 3a1a4 BbINoJIHEeHb! JouenTom aenenko I1.B.

Bo Bpems ceccnn pabodnM yueOHEBIM [TAHOM TIPEAYCMOTPEHE! OJHA JICKITHS,
[PAKTU4ECKHUE 3aHATHA B 00beME 6 uacoB U JabopaTropHbie padotel B 00beme 12 yacos.
B TCUCHUE CCCCHH CTYICHTHI IOJIKHBI CIATh IK3aMEH

CTYJIEHTBI, MPOSBIISIIONIME UHTEPEC K Ooiee TIyOOKOMY H3YUYEHHIO YUEOHOIO
MaTepUana, MOIyT U3Y4aTh AUCLUIUIMHY 10 HHAMBUIYANLHOMY I1aHy. B 3ToM cnyyae
nporpaMmy MOATrOTOBKH CIEAYET COMMAcOBaTh ¢ MPEMOAABATEIIEM, BEAYIITAM KYPC.

1. e U 332491 AUCIHHUIIAHLI, €¢ MECTO B VUCOHOM Mponecce

B conpoTHRICHHH MATEPHAIOB PACCMATPHBAIOTCS BOIPOCH MEXAHHKH Ae(hop-
MUPYEMOIO TENA, KOTOPbLIE HMEIOT CAMOCTOATENBHOE 3HAUYECHUE B NOAIOTOBKE MHKE-
HEPOB-MEXAHWKOB MIMPOKOTO TTPO(HA, Tak Kak (JOPMHPYIOT HAYIHOE MBILIICHHE B
BOIPOCAX O0ECIICUEHUS ITPOYHOCTH W HAJIEKHOCTH 110 ITPOUYHOCTH ACTANCH MAlIMH W
JIEMEHTOBR KOHCTPYKLHIL, U, KPOME TOI0, HEOOXOAUMBL U1 OCBOEHHUA psiaa Mociaeay-
FOLNX OOIIETEXHUYECKUX U CIEHHUATBHBIX THCIMIUIMH, B TOM 4UCNIe KypcoR «KoH-
CTPYKLUMS M OPOYHOCTbL JIETATEIbHBIX annaparon», «KOHCTPYKUMH H NPOYHOCTH
aBuanBHrateneiiy, «/Jletany MamnH» | T.1.



[TpakTHKa HHKEHEPHOH ACATENbHOCTH NMOKA3bIBACT, UTO HHIKEHEP-MEXaHHK MO
BKCHHyaTaLll/Il/I JICTATC/IbHLIX a.nnapaTOB H aBHAUHMOHHBIX OBKWI arenen HOJIDKCH UMCTh
oOWHpPHbIC W TAYOOKKHE 3HAHUA B 0ONAacTH MPOYHOCTH KOHCTPYKUMIH, B TOM 4MChe
3HATh OCHOBHEIE 3aKOHBI COMTPOTHBIICHHS MaTePHAIIOB H JJIEMEHTOB KOHCTPYKIHH ae-
GopMaLusaM U Pa3pyLUEHUI0, UMETh JOCTATOUHYH MOAIOTOBKY B 00JIACTH COOTBET-
CTBYHOLIMX 3KCMEPUMEHTANBHbBIX METOA0B. Q0ecneUueHHE BbICOKOH HAJC)KHOCTH aBHa-
MUOHHOH TEXHUKH M 0E30MacHOCTH MOJIETOR HEBO3MOKHO 0€3 yueTa MPOYHOCTHRIX ac-
[IEKTOB.

3ajJa4n W LUeAH U3YUEHHS ANCUNNAHHD]

B conpoTtusnenun Marepuanos pacCMaTpUBAIOTCA O0IIHE 3aKOHOMEPHOCTH U3-
MeHeHHs GOPMBbI U Pa3MEPOB Te NMOA ASHCTBHEM CHIL. [1pH ITOM CTaBATCs Clneay oLIne
OCHOBHEBIC 331a7H:

M3YUUTb MCTOAbI PACUCTOB HA MPOUYHOCTb, KECTKOCTb H YCTOHUNBOCTb TUNOBbIX
MEMEHTOB KOHCTPYKITHI,

H3YUYHTb IKCIEPUMEHTAIbHBIE METO/1bl ONPEALICHUS XaPAKTEPUCTHK COIIPOTUB-
NEHNst Marepranos AcpopMaLuaM H paspyLUEHHIO,

chopmMHpOBaTh HAYYHOE MBIIITEHHE B BOTIPOCAX MPOYHOCTH.

B pesynbTare n3yueHus TUCUUIIUHEL K CONPOTHBICHUE MATEPUAIOB» CTYACHT
JOJIKCH YMCTb!

MPOBOJINTH TTPOEKTHBIM W MIPOBEPOYHBIN PACUETEI HA MIPOYHOCTE, KECTKOCTh
VCTOHUMBOCTL THIIOBLIX JIEMEHTOB KOHCTPYKLMA NPU JEHCTBUM CTATUYECKUX U JU-
HAMHYECKNX HarpysoK,

NJTAHHPOBATE H TTPOBOANTD 3KCNEPUMEHTATIBHBIE HCCTIEIOBAHUS MO OLICHKE CO-
[POTUBJIEHHS MATEPUAIOB Ae(POPMALUAIM U PA3PYLUEHHIO U JaBaTh ODOCHOBAHHLIE PE-
KOMEHIALUHU N0 BLIOOPY MATEPUANoB A1 THNOBbIX 3]1CMCHTOB KOHCTPYKLMH;

AHAIM3UPOBATH ABJICHHS 1 IPOLECCH, OTHOCAILMECA K 001aCTH IPOUHOCTH KOH-
CTPYKLUHMH JIETATENbHBIX ANnapaToB U aBUaLHOHHBIX ABUraTelch.

llepeyenb AUCUMILINH, YCBOSHUE KOTOPBIX HEOOX0AMMO U1 H3YVYEHHA NAHHOH
JUCUHMNTUHbI

JUTs yCBOECHHS yueOHOrO MaTepuaia, W3IaraéMoro B Kypce, HE0OOX0IUMO 3Ha-
HUE CIEAYIOWMX AUCUMILINH U Pa3aeioB:

B Kypce «Duzuka» pazaenos — (pM3MUECCKHE OCHOBBI MEXaHUKH HblOTOHA;

B Kypce «BrIcmas MaTeMaTHKay pa3ziesioB - OCHOBHI TMHEHHOI anredpsl v aHa-
JIUTHYECKOH IeOMETPUM, MATEMATUYECKUH ananu3. B yactHoctu, TpebyroTes TBEpAbLE
3HAHHUSA TaKUX TEM, Kak BEKTOpHas anrcOpa, 3neMeHThl NUHeHHoH anredpsl, audde-
PEHIIMPOBAHUE U €70 MPUITOKEHNAS, OTTPENETEHHBIH HHTETPAIT U €70 TIPAITOKEHNS, T (-
(repeHLMAlIbHBIE YPABHEHHS IEPBOIO U BLICILIKX [1OPAAKOB;

B Kypce «TeopeTrdeckas MEXaHUKA» PA3JIENoB - CTATHKA, KHHEMATHKA TOYKH H
TECPAOro T¢j1ia, AMHAMKKA U, B HaCTHOCTH, TCM.

NpOCTEHILINE BUABI ABWKEHUS TBEPAOrO TENa, NPAMOIMHERHBIE KomedaHHd
TOYKH, MPUHIHIBI MCXaHWKH.




2. Coaepxauue THCIHNIHHBI

2.1. HaumeHoBaHHe TeM, HX coAepAaHue (0CHOBHBLIE BOIIPOCHI)

Hwxe npueoastes yaeOHbIe TEMBI M naparpadsl U3 PEKOMEHAYEMOH nTUTepa-
TYPbL, B KOTOPbIX U31araeTcs COOTBETCTBYOLWMHA MATEPUAIL, & TAKAKE BOIIPOCH] AJIA Ca-
MOTIPOBEPKH.

Tema 1. Beegenune. OCHOBHbLIE MOHATHSA, ONPEACIICHUS M A0NYLUEHHA. MeToabl
pacueTa Ha MPOYHOCTE MO HAMPSKEHUAM M TPEICTBHBIM HArpy3Kam.,

[1,8§1-No 7] [2, oo 1].

ConpoTuBIEHHE MATEPUANIOB Kak Y4yeOHas AMCUMIINHA, €€ CBA3b C APYTUMH
VUCOHBIMH AHCHHTUTHHAMH, 33/1a491 Kypca W UX CBA3b C OLECHKOH HAACKHOCTH MEXa-
HUYECKMX cucTeM. PazBuTuE HAYKKM O NPOUYHOCTH M €€ CBS3b C [IPAKTUYECKMMH 10-
TpeOHOCTSIMH 001IeCTBA. 3HAYCHHWE AUCHMIIJIMHB B CBETE PEIICHUS 3aja4, CTOSINX
nepea NPOMBIIUICHHOCTRIO | TPayKIaHCKON aBUAITHEH.

OCHOBHbLIE HOHSATUS M TUINOTE3bl CONPOTHBIECHUSL MaTepualloB. Maeanuzauus
CBOMCTB Marepuana u reoMeTpun Ten. Cunel U WX knaccudukarvs. BHYTpeHHUE CH-
ToBBIE (HAKTOPEL. METO T CeueHus.

MeTtoanKa N0CTPOSHHS 3NKP BHYTPEHHUX CUI0BbIX (akTopoB. JHddepeHin-
QTBHBIC 3aBUCUMOCTH MEKIY HHTEHCHBHOCTEIO pacnpeIeiCHHONH HArpy3KH, Nonepey-
HOH CHIJION W H3rndarommuM MOMEHTOM. [1oHATHE 0 HANpsHkeHHOM W nedhopMUpPOBaH-
HOM COCTOSIHMAX. Bblpaskenus BHYTPEHHUX CHIIOBLIX (PAKTOPOB YEpE3 HANPSKEHUA.
MeToasl pacueTa No HANMPAKEHUIM U TPEACIbHEIM HACPY3KAM.,

Bonpochl ansg caMmonpoBEpKH

1. Kakue  pedopmaumd  Ha3blBAKOTCA  YIOPYCMMH,  OCTATOYHBLIMH
(MITACTHYCCKUMH )7

2. Uro HA3BIBACTCA HANPSHKEHUEM B TOUKE B JIAHHOM CEUECHUN?

3. Kakoe HanpsyKeHUE HAa3bIBAKOT HOPMAlbHbIM?

4. Kakoe HanpsaKeHWe HA3bIBAKOT KacaTebHbIM?

5. B ueM cynHOCTH METOA CEUECHUI?

6. 3anuwute AUPPEepeHUMANLHBIC 3aBHCHUMOCTH  MEKIY HM3rHOalolmm
MOMECHTOM, MOTICPEYHOH CUJTOM U WHTEHCHBHOCTHH) PACMPEIEICHHON HArpy3KH.

7. Kak xnaccu(puiupyroTcs BUABI HArPY KEHHA !

Tema 2. PacueTrl Ha IPOYHOCTE M KECTKOCTE MPH PACTIKEHHIH - CKATHH.

[1, §8- §197; [2, row. 2]; [3, r. 1, 3amaum 1, 3, 16, 19, 30, 59, 88, 102].

OHDGI[GI[GHI/IG HANPSPKEHWH B MONIEPEYHBIX CEUCHHUSIX W TPOJA0JTEHBIX I[ed)ODMa—
nuii. 3axoH ['yka. HanpsckenHoe u meopmupoBaHHOe cocTosHus. [loTeHnmaneHas
3Heprug acopmanum.




[loHATHE O KOHLEHTPALMK HANpsbkeHUi. OrpaHUYEHHs HA UCTIONb30BaHue (hop-
MYJT IS OTIPEAEIIEHHs HapsbKeHui 1 nedopmannii. Mcnerranne Ha pacrsbkenue. /Ina-
PAMMbl PACTSDKEHUS M UX ANNPOKCUMALHAS. MeXaHUYECKUE XaPAKTEPHCTUKU MATEPH-
alloB U WX CPABHUTEIIBHBIN aHATHU3 AN MECTAUNTHUCCKHX, HEMETANTHICCKHUX U KOMIO-
3UTHBIX MATEPHAJIOB, Y CIIOBUS IIPOYHOCTH M KECTKOCTH.

Bonpock! ais caMonpoBepkH

1. Kak crpoutcs yCiaoBHAd qMarpamMma pacTsKeHus?

2. Yrto HazbiBae€TCA MOPEAEIIOM NPONOPLUMOHAIBHOCTH, NPEACIOM YIPYIOCTH
MPEICIOM TCKYUYECCTH, BPEMEHHBIM COMPOTHRIICHUEM (MPEACTOM MPOYHOCTH)?

3. 3ammmmTe 3aK0H [ 'yKa NpH pacTsSKEeHHH.

4. Yto Ha3bIBACTCH MOAYJICM NPOAOJILHOA yIpyrocTu?

5. Yro HazbiraeTcs ko> pumueHTomM monepeunoi aedopmanum (ko3phunuen-
toM [Iyaccona)?

6. B yeM 3aknrovacTcs Pa3HWIA MEKAY YCITOBHOW W MCTHHHOW JAHarpaMMaMi
pacrsoKenus?

7. Kakue MaTepuanbl Ha3bIBAOTCS XPYIKUMH, KAKUE IIACTUYHBIMAT

8. UTo Takoe KOHIEHTPAIMS HATTPSKEHUH M B KAKMX MECTAaX OHA BO3HUKACT?

9. Ot Kakux (aKTOPOB 3aBUCUT KO3 (PUITHEHT 3amaca MPOYHOCTH?

10. Kak zanucbiBatorest yC/IOBUA IIPOYHOCTH W SKECTKOCTH [IPU PACTSKEHUM -
cxKaThn?

Tema 3. OCHOBbI TEOPHU HANPSMEHHONO U AeQOPMUPOBAHHOTO COCTOSHUA.
[1, §51-58]; [2, 1. 3]; [3, . 2, 3apaun 1,7, 11, 28, 36].

Hccnenopatue HANPsDKEHHOTO COCTOSHUMSA B TOUke B oOluem cayyae. TeHzop
HanpsoKeHWH. [ TaBHEIe HATTPSDKEHWS U MX onpeienenue. [1laposoi TeH3op u AesnaTop
HanpsbkeHui. Knaccupukalus HanpsKEHHBIX COCTOSHUEA. [IpHMephbl peanusaunuu pas-
JIMYHBIX THTIOR HAMPSKEHHBIX COCTOSHUH.

QOupeeneHue HAMPsbKEHUH HA TPOU3BOJIBHBIX IUIOMAAKAX. BEIBOA pacueTHbIX
¢dopMyn 4714 ONpeaeicHUsA HANPAYKEHUH HA NPOU3BONBHBIX MA0LIAAKAX [10 H3BECTHLIM
TJTABHBIM HAMPSKECHUSAM.

1 [10CKOE HAUPSKEHHOE cocTosAHne. OnpejienieHue HanpsbkeHuid. 1 pagoananu-
TUYECKAA HHTCPOPETaLMs pacueTHLIX (hopmya (kpyru Mopa).

Hccaenoranne 1eOpMHPOBAHHOTO COCTOSHUA B Touke. OO0OOMIEHHEIN 3aK0H
I'yka. [1lapoBoil TeH30p M JeBHATOP jehopManuii,

Bonpoce! amg caMonpoBepKr
1. Kakue uMEroTCs BU/IbI HAIPSHKEHHOIO COCTOAHUS MaTepuana’?
2. UYto Takoe rimasHble HAMPSKEHUA?
3. B ueM 3aKII0UAETCs 3AKOH IAPHOCTH KACATEIbHBIX HANPKEHUH?
4. 3anuwure GopmMynbl AN ONPEACICHUA HANPAKCHUH Ha HAKIOHHbIX M101Wa/-
Kax IMMPH MIOCKOM HANpPsKEHHOM COCTOSTHHH.




5. 3anuwnTe Gopmynbl And onpeacncHus MaBHbIX HAMPAKEHUI MO H3BECTHLIM
HANPSHKEHUSAM HA HAKIIOHHBIX [LJI0LAAKAX B CJ1YYAE INIOCKOrO HANPSAYKEHHOIO COCTOs-
HHSL

6. Kak HaxomaT aeopMaye pH TNIOCKOM W OOBEMHOM HAMPsKEHHBIX COCTO-
AHMIX?

7. UTo Takoe rnaBHbIe NA0WAAKH U KAK HAATH WX NONOKEHUE NPH NIOCKOM
HAMPKEHHOM COCTOAHHH?

8. Kak onpenenurs rnasHble HANPSHKEHUA ¢ IOMOLLBIO Kpyra Mopa?

9. Kak noctpouTh kKpyr Mopa no M3BECTHBIM IIaBHBIM HanpsxxeHuam? Ka-
KW€ TTIABHBIC HANpPHKEHHS CTEAYET HCTIOMB30BATh TS MMOCTPOEHHA HAMOONBIETO
Kkpyra Mopa?

10. Kak onpeaenuTs HaNpsKEHUs HA MPOM3BOJNILHOH MIOWAAKE MO M3BECT-
HEIM TTaBHBIM HAMPKEHUAM ¢ TOMOIIBIO Kpyra Mopa?

11. 3anuwinTe COOTHOLWEHUA, BhIpAXKaKLWHe 00001 EHHbIH 3aKoH ['yka a4
W30TPOIHOTO TEa,

Tema 4. TeopHs MpeeTbHBIX COCTOAHMNA,

[1, §59 - 63]; [2, rm. 8]; [3, ™. 2, 3amaum 28, 33, 36].

O0myit MOAX0/ K OLIEHKE MPEACTBbHOTO COCTOSAHNA. PaBHOOMACHBIE NPEALITE-
HbI€ COCTOSIHMA. | MNOTE3bI PEAL/IbHBIX COCTOAHUA. DEHOMEHOJIONMYECKUA noa-
xoa (Teopus Mopa). YCIOBHS MPOYHOCTH.

Bompocsl 11 caMoTIipOBEPKA

1. Y10 nOHMMAETCs NOA NPEAEIbHBIM COCTOAHUEM MaTepuana?

2. Kak HaxoaaT pacyeTHbIe (3KBHBANICHTHBIC) HANPAXKEHUA MO TMIIOTE3€ MaK-
CUMANTBHBIX KACATCIBHBIX HAMPSKEHWH, THITOTE3€ YHEPTHH OPMOU3MEHEHUS U TH-
norese (reopun) Mopa?

3. Yto noHUMaeTcsd NOA 3KBHBAJICHTHBIM HaNpsKeHHeM?

Tema 5. Pacuetbl HA NPOYHOCTb MPH YUCTOM CABHIE.

[1,820];[2, tn. 4]; [3, rm. 3, 3amaun 2, 7, 21, 24, 27, 32].

OnpeacncHre HANPSOKSHUH B MONMEPEYHOM CEUSHHMHM, MCNBITAHNE HA YMCThHI
caBur. MexaHM4YeCKHE XapPakTePUCTUKU. HanpsKeHHOE COCTOAHME MPU YHUCTOM
casure. [ToTeHuManbHas 3Hepryua acdopmaumnii. PacueTel HA NPOYHOCTb BJIEMEHTOB
KOHCTPYKIIMI ¥ COeIMHEHNT, PadOTArONMX HA C/IBUT.

Bonpocs! 4jis caMmoupoBEPKU
1. YUTto Ha3bIBatOT aOCOMOTHLIM H OTHOCHTENbHBIM CABHIOM?
2. Kax 3amuceipaeTtes 3ak0H [ 'yka mpu casure?
3. Kakoii moayibs ynpyroctu Sonsuwe: E unun G?
4. Kak HaxoauTcs ycnoBHAs NJI0LIAAL CMATHS 3aKnenku?
5. 3anumKuTe YCIOBHS NMPOYHOCTH 3AKIIETKH 110 CPE3Y U N0 CMATHIO.
6. Kak paccuuTbIBaOT CTIKOBbIC, TOPLEBLIE U (DTAHTOBLIE CBAPHBIE LLIBHI.




Tema 6. KpyueHue.

[1, §21 - §24]; [2, rn. 6]; [3, rn. 4, 3anauu 1, 9, 14, 18, 35, 60, 63].

Kpvuenue crepkHel KpYrioro NOMNEpevyHOro ceueHud. OnpeaciacHHe
HANPSLKEHUH B MONIEPETHOM CEUESHUH U YIUIA 3aKpYUYHBAHUs ceueHui. HanpsokeHHOE
coCcTOAHME. KpyueHHe cTepkHER MpH HATMUYMM MIACTHYECKHX aedopmauuii. 1lpe-
AEABHBIA KPYTALWKANCA MOMEHT. PacueTsl Ha TPOYHOCTE.

Kpyuenue crepxHel ¢ HEKPVIVIBIM ITONEPEUHEIM CEYEHUEM H TOHKOCTEHHEIX
creprkHei. OcoOeHHOCTH AcopMaunu U pacnpeacicHus HanpsokeHui. [Toustue o
MeMOpaHHOH (MIEHOYHOH ) anamoruy. OnpeacneHne MaKCHMATEHBIX HATIPSKEHUH 1
VIJIOB 3aKPYYMBAHUS B CTEPKHAX € IPIAMOYIOJBHBIM IONEPEYHBIM CEYEHUEM.
OnpenencHue HanpsHKCHUH U YITIOB 3aKPY4YUBAHKA B TOHKOCTEHHBIX CTePiKHAX. [1o-
TCHIMANTbHAA 3HEPrus AcdopMaliuii,

Bonpock! Ans caMOMpOBEPKH

1. Kakoii B HArpy>KeHUs HA3BIBAETCH KPYYEHHEM !

2. 3anuwuTe (GoOpMyny A1A ONPEACICHUA HANPAKCHUH B NPOU3BOILHOM
TOUKE MOMEPEUHOTO CCUCHUS KPYTnoi (hOpMBI.

3. Uemy paBeH MONSAPHBIA MOMEHT UHEPIUH JIJI KPYIJIOTO CEHYEHUS?

4, Uemy paBeH MOMCHT CONPOTHUBIICHUS A1 KPYIJIOTO U KOJIBLEBOIO CEYe-
HUA? 3aMUIITATE YCIOBUSA MPOYHOCTH U YKCCTKOCTH NIPH KPYUYCHHH.

5. '€ BO3HHKAIOT MAKCHMAJILHLIC KACATE/ILHBIC HANPSHKCHUS IIPH KPYUCHHH
CTCp)KHCFl NpAMOYTOJILHOIO NOIMCPCHHOI0 CCUYCHHUA H KaK HX BLIYHCINTL?

6. Yto Takoe memMOpaHHas (TUIEHOYHAS ) AHAMOTHS M KaK OHA HCMOIb3yeTcs?

7. Kak onpeaenvure HANPAKEHUE B TOHKOCTEHHBIX CTEIKHAX, MONEPEYHOE
CEUCHUE KOTOPBIX MOKHO Pa3BEpHYTH B MPSIMOYTOJBEHHK W B ¢Iydae, KOTAa 3TOTo
C/IENIATE HETB34?

Tema 7. 'eoMeTpHUSCKHE XAPAKTEPHCTHKH INIOCKIUX CETeHHIH.

[1, oo 3], [2, ta. 5] [3, . 5, 3apaun 1, 4, 5, 11, 20].

OnpeaenecHue reOMETpPUYECKUX XapakTepUCTUK. LlenTpallbHble M INIaBHbLIC
OocH. ['TaBHBIC LICHTPANBHBIC MOMEHTEI WHEPUHU. ONPEACICHUE TEOMETPHYCCKHX
XapaKTEePUCTHK OTHOCHUTEJIBHO TAPAIUIESIIEHBIX 0CEH M IIPH IIOBOPOTE OCEH.

Bonpoce! and caMmonpoBepku

1. 3anvmmTe B o0meM BUAE (POPMYITHI, OTPEAETAIONINAE CTaTHYECKUH MoO-

MEHT, OCEBBIE U IIEHTPOOEKHBIA MOMEHTHI HHEPLIMU CEUYEHHS.
2.11o kakumM (GopMyliaM HaAXOAAT KOOPAUHATBI LEHTPA TSHIKECTH CEHEHHE?

3. Kakvie ocH Ha3BIBAtOTCA IIEHTPATBHBIMU U KAKWE - TTABHBIMH?

4, Kakoif OCHOBHOI IPU3HAK OTJIMYACT [JIABHBIE MOMEHTEI HHEPLIMU OT MOMEH-
TOB UHEPUMU OTHOCUTEILHO NPOU3BOJLHBLIX OCEA?

5. 3anuummre QOPMYJB IS ONPEAEIeHUs MOMEHTOB HHEPUMH OTHOCH-
TEJbHO NAPAUIC/IbHBIX OCEH.

6. 3amuminTe GOPMYITEI 71T MOMEHTOB WHEDPIHMH OTHOCHTEIABHO TJABHBIX




LEHTPANBHBIX OCEH UTSl KPYTJIOTO H NMPAMOYTOIIBHOTO TONIEPEUHEIX CEHEHWI.

Tema 8. U3rnd.
[1, 8§28 - §34]; [2. tn. 7]; |3, ro. 6, 3amaun 1, 2, 5, 16, 20, 31, 42,44, 57, 87,
rn.7,3anaun 1, 3,5, 6, 11,19, 40,59, rn. 8 3anaum 1,23, 24; rn. 9, 3amaum 4, 6.9].

Uncteii u3rud. OnpenencHue HOPMAIBHEIX HANPAKEHUH B IONEPEUYHOM
CEYCHMU U KPUBU3HBLI CTePKHA. HanpskeHHOE cOCTOAHUE. Y NPYro-naacTHYeCKuil
n3rnd. Tpenenerelit uarndarommii MoMeHT. [ToTeHUManBHas SHEpris AcGopmanuii.
Pacuersl HA IPOYHOCTE.

[lonepeunbtii u3rud. OnpegencHne HOPMaNbHLIX U KACATENbHbIX HAPSKEHU I
B IMOTIEPEUHBIX CEUEHHAX CTEPKHA. Hanps:KeHHOE COCTOSHIE, TPOBEPKA MPOYHOCTH.

ITonepeunnlii H3rUO TOHKOCTEHHBIX CTePKHEH. Onpe/eienne HOpMaIbHBIX H
Kacare/ibHbIX HanpsKeHuii. LleHTp usruda.

Onpenenenue NOTCHUMAIBHON JHEPrUuK AedopMannii B OporudoB Npu Ho-
nepeynom uirude. JuddepeHuranbHoe ypaBHeHHE ynpyrod nuHuy oanku. [lpu-
MEPBI OMPEAETECHHS MTPOrHOOB.

Bonpockl Ui caMOnpoOBEpPKH

1. Kak HaxoaaT n3ru0armuii MOMESHT U MOTICPEYHBIC CHIIBI B KAKOM -JTHOO
CEUCHUH OAIKH?

2. CpopmynupyiiTe npapuina 3HAKOB ANA MONEPEYHOH CUIbl M M3rudaio-
Er0 MOMEHTA.

3. UTo Takoe YUCTHIA U3TU0 W UTO TAKOE MOTIEPEUHEIN U3THO?

4. 3anuwmre Gopmylly i ONpeAeSeHUs HOPMAILHBIX HANPSDKEHUH [IPU U3-
ruie.

5. Uto Takoe HEUTpaNbHEIA CTOH U T/Ie OH HAXOUTCH?

6. 3anumnTe GOopMymny SIS OMPEACNEHUS KAacaTebHBIX HANPSKEHWH TIpH
nonepeuHoM u3rude. Kakoi BHyTPEHHUIA CUITOBOH (JAKTOP BBI3BIBAET NOSBICHHE
KacaTe/bHbIX HANPAXKCHUE?

7. Uto Takoe uenTp n3rnda?

8. Kakoii 10nonHuTENBHBIH BHYTPEHHUI CHI0BOH (PAKTODP BOZHUKACT, €CIH
IJIOCKOCTh JCHCTBUA HAIPY3KHU HE NPOiaeT Yyepes ueHTp uzrnda?

8. 3anuwnTe NPHOIHKCHHOE IU(PepeHIHANBEHOE YPABHEHUE H3OTHYTOMH
ocH OaykH.

Tema 9. CnoKHBIC BUABI HATPYKCHHAL.

[1, 835,836, . 9], [3, rn. 10, 3amaun 1, 2, 6,7, 22, 35, 69, 93].

OQOuwii cnyuait Harpy:KeHNUS CTEPKACH KPYTIIOro H 0psIMOYIrOJIBHOTO TMOTIC-
PEYHbIX CeYEHUMN.

OO0wWuUi NoaXoa K OLEHKE MPOYHOCTH. PacdeTbl HA MPOYHOCTbL CTEPIKHA
KPYTJIOro MOMEPEeYHOTro ceUeHUd. PacueTsl Ha MPOYHOCTE CTEPKHS MPAMOYTOJIBHOTO
ceyeHus. OnpeneneHue OMacHhX TOYEK. Y CIOBUA MPOYHOCTH.




YacTHble cnvuan HarpyskeHus. Kocoii u3ru6. OnpeaeneHue HanpskeHW W
nporudoB. YpaBHEHUE HCATPANLHOH TUHUK. YCI0BHS NPOYHOCTH. BHELICHTPEHHOE
pacrakenue. Onpe/lelcHUE Hanps>KeHWH. Y paBHEHUE HEUTPaTbHOW JTMHHMU. YCIIo-
BHUA MPOYHOCTH.

Bonpockl a8 caMonpoBEpKH

1. TIpn KaKkoM HArpy>KeHWH BO3HHKAET CIIOKHOE COMPOTHBICHHE?

2. Korjia BO3HHKAET KOCOH n3rud?

3.B Kakux TOYKax NONEPEYHOrO CCHYCHUA BO3HUKAIOT HaubonbLKEe HANpsHKe-
HUS MPH KOCOM M3rHOEe?

4. 3anumuTe ypaBHEHUE HEHTPAIBbHOM THHAH NPU KOCOM H3THOE.

5. Kak HaxogAT HanpsyKeHuA B NPOU3BOJILHON TOYKE NOMEPEYHOIO CEUYCHHUA
TIPH BHEUEHTPEHHOM PacCTSHKEHHH HITH CXKATHH?

6. Kakue HanpsoKeHUsl BO3HUKAIOT B NIOIIEPEHUHOM CEYEHHH CTEPXKHA IIPH H3-
rude ¢ KpyucHHEM?

7.Kax 3a0MCLIBAIOT YCIOBUS NMPOUYHOCTH B NMPOU3BOILHOH TOUKE HONEpEY-
HOTO CEYEHMs [0 TUMOTE3€ HAMOONbIIMX KacaTeJbHbIX HANPIHKEHUA B 00LIeM
cliyyae HarpyxeHus?

Tema 10. Metoabl onpeaeneHnsd nepeMelicHiil B CTEPKHEBON CUCTEME B
O0INEM CcMyYae HArPY>KCHHUSL.

[1, §38 - §41, §43]; [2. rm. 11].

DHEPreTUUCCKUI METOI ONPEACACHUA NEepeMelleHUH. [1oTeHunansHas 3Hep-
THs CTEPKHA B 001IeM criydae Harpykerans. Teopema Koctunnano. Materpan Mopa.

Bonpoce! ans caMmonpoBepkn
1. Kak ompenenute nepeMemenne IMPOU3BOIBHON TOYKH CTEPIKHEBOH CH-
CTEMBI B 00IIEM CITyYae Harpy>KeHnd?
2. IToSICHUTE CMBICI BCEX BCIWYHH, BXOJANIHX B BRIPAXKCHHC JJId HHTCT pajia
Mopa.
3. Kak Beluncnauth HHTErpaa Mopa rpadoaHamuTHUYCCKUM ¢ocodom?

Tema 11. CTaTUYECKH HEONPEAETUMBIE CTEPIKHEBBIE CUCTEMBIL.

[1,844 - §50]; [2, tn. 11, 12]; [3, ™. 9, 3amaum 37, 38, 39].

O0mMi MOAXOM K PACUETY CTATHUECKH HEOIPEIACIIMMBIX CTEPKHEBBIX CH-
creMm. Meroa cuit. OcHoBHbIE onpeaeiacHus. CTENeHb CTATHYECKO HEONIPEAEIUMO-
cti. KaHOHHUeCKHWe ypaBHEHWsA mMeToaa cuia. MeToawka pacuera CTATHYECKH
HEOMPENECIUMBIX CHCTEM. ONpeIeNIEHHE EPEMEITTEH U,

Bonpocs! g caMOITPOBEPKH
1. B 4eM CYWIHOCTb METOAA CHJI MPH PELICHHUU CTATUYECKH HEONPEACIMMbIX
CTEPKHEBBIX CHCTEM?
2. UT0 Ha3blBaeTCA «OCHOBHOM» M «3KBUBAICHTHOMH» CUCTEMAaMM?
3. 3anmAmIUTE CHCTEMY KAHOHHYECKHX YPaBHEHUH METOMA CHIT JUTS IBAXK B!




CTaTHYCCKH HeOl'lpCIleJ'II/IMOﬁ cuctemsbl. TlogcHuTte (bmnqecmﬁ CMEICIT Ka>KA0TO
CJl1aracMoro 1 Ka;aoro ypaBHCHHSA.

4. Kakwue YHNPOICHUA MOKHO BHCCTH TMPH PCIOCHANW CHMMCTPHUYHBIX U KOCO-
CHMMCTPHYHEIX CTATUYUCCKHA HCOTIPCACIIMMEIX cucTem?

Tema 12. O0ccrigucHUE TPOYHOCTH JIETAICH MPH HATWUYWHA TPEITHH.
HanpsaxeHH0Ee COCTOSIHAE BOIN3H BEPIINHBI TPEMHHBL. K03 PuiuenTsl HHTEH-
CHUBHOCTU HaNpskeHUU. CUNOBOH KPpUTEPHHI pa3pyLLIEHUA.

[6, rom. 1,rm.2].

Bonpoce! jins caMonpoBepKH

. Kak pacnpeacistorea HOPMaibHbIC HANpsyeHus: BOJIM3M BEPLUMHBL TPE-
TUHBI?

2. TloscHuTE CMBICT KOA((PHIIMEHTA HHTEHCHBHOCTH HATIPSKEHUH,

3. TToueMy Npu HATMYWH TPEIIWH HENPUTOAEH METO pacyeTa Ha MPOUHOCTE
110 HAITPSDKEHUAM 7

4. YTo Takoe KPpHTHYECKHI KOXDPUUMEHT MHTEHCHBHOCTH HANPSHYKEHUA?

5. 3anumnTe BHIpAKECHHE O KOIpPHUIIMEHTa WHTEHCHBHOCTH HaNpPsSKEHWI
[IPU Pa3pVLIEHUN «HOPMAIBHBIM OTPBIBOMY.

6. 3anUIUKATE YCAOBHE NPOYHOCTH A1 T€JA C TPELUMHOH.

Tema 13. Pacyernl Ha IPOYHOCTD PU LHIUIMYECKUX HAIPY3KAX.

[1, 8§75 - §80]; [2, rim. 15]; (3, r1. 14, 3anaun 72, 78, 85].

OCHOBHEIE TOHSTHUS TEOPHH YCTAIOCTH. 3aKOHOMEPHOCTH CONPOTHBICHUS
MaTEePUAIOB YCTAIOCTU. SIBIIEHHE YCTAIOCTH MATEPUATIOB U IPOOIEMBI 00ECICUCHUA
HaJEKHOCTH aBHALIHOHHOH TeXHUKH. OCHOBHBIE MOHATHA. HMIcIBITaHKE Ha YCTANOCTh
MAaTE€PHUAIOB, DJIEMEHTOB KOHCTPYKIHH U arperatoB. XapakTEPUCTHKH COIPO-
THBJICHUS MATEPUAIIOB YCTANOCTH. JluarpaMma npeaeiabHbIX AMIUIMTY .

OnpeneneHue mpeaena OrpaHHuEHHONH BEIHOCIUBOCTH AeTaied. O0mmi noa-
X0 K OLCHKE CONPOTUBIICHUS YCTANOCTU ACTANCH PACHETHLIM METOAOM. Binusanue
KOHIIEHTPALWK HAMPSKEHHH, a0COTIOTHRIX Pa3MEPOB, IKCIMTYATAMOHHBIX W TEXHO-
JMOTHYECKUX (PAKTOPOB HA CONPOTHBICHUE ACTANEH yeTanocTu. OUeHKa COBMECT-
HOI'O BJIMSIHMSL MAclUTaOHOro (PakTopa W KOHLEHTpALMU HANPSIKEHMH HA OCHOBE
CTATHCTHYECKOH TEOPUM MOAO0HS YCTANTOCTHOTO paspyllicHud. PacucTHad OUCHKA
[pe/ieiaa OrpaHnYeHHON BEIHOCITHBOCTH JIETAIEH.

PacueTnl Ha NPO4YHOCTL NPU PEryAAPHBIX PEKUMAX HACPYKEHUL B OCTEP-
MUHUPOBAHHOM mocTaHoBKe. OOIUH MOAX0M K OLICHKE MPOYHOCTH MPH ACHCTBAK
UUKIHYECKUX HArPY30K. Onpeleiienue peryspHoro Harpysxkenus. Boeisoa Gpopmyi
A1s onpeacacHus Ko3(GQUUUEHTOB 3anaca 10 HOPMAaJIbHBLIM U KACATC/IbHBIM HAnps-
XeHHAM. BoiBoa (popmyn ans onpeaeneHus KodQ@uuUHeHTa 3anaca NpH OJHOBpe-
MEHHOM JCHCTBHU MEPEMEHHBIX HOPMAIBHBIX U KACATEIBHBIX HAPSKCHAH.

Bonpocwl /1 CaMONPOBEDPKH

1. Yro naspiBaercs KpUBOi ycranoctu?
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2, YTo Ha3BIBACTCS TIPEJICITOM BEIHOCIHBOCTH?

3. UTo Takoe perynspHOC HArpykeHHE U KakK ero MOKHO 3a1aTh?

4. Kak yunTHIBAETCS BITHSHHUE CPEJIHUX HANMPSHIKEHWH HA TIPeIeNTbHY IO aMILIH-
Tyny?

5. Kakue ¢akTopsl BIUSIOT HA COMPOTHRICHHE MAaTepHANOB JCHCTBHIO ITHK-
THYECKWX HaNpsDKeHnit?

6. 3anumure GopMyay it Ko3(pPULUKMEeHTa 3a11aca 110 HOPMAJIbHLIM HAI PIKE-
HUSM.

7. 3anmumrte Gopmynty s KoxpPUIMeHTa 3amnaca npu OJHOBPEMEHHOM JIEH-
CTBUM LMKIMYECKUX HOPMAIbHBIX M KACATENbHbBIX HANPSYKEHUH.

Tema 14, YeTOHYABOCTL PABHOBECHA AehOPMHPYEMBIX CHCTEM,
[1, 8§81 - §84]; [2, rn. 13]; [3, rn. 12, 3amaum 2, 4, 11, 14, 32].

IloHaTHe yCTOHYHMBOCTH paBHOBecHA aedopmupyeMblx cuctem. Onpeaeie-
HHC KpHTHIIGCKOﬁ CHIIBI H (I)OpMBI PABHOBCCHA CTCPXKHSA, CXKHMACMOTO TNPpOAOJIB-
HOU croii. (3amava Ditnepa). OnpeecHne KPUTHYECKUX HANP>KEHUA. PacueT Ha
YCTOHYUBOCTD.

Bonpocsl A4 camonpoBEpKU

1. B ueM 3aKi1i0uaeTed SABJICHHE NOTEPH YCTOHYMBOCTH CXKATOTO CTEPAKHS?

2. Kakas cuna Ha3bIBACTCA KPUTHUECCKOM?

3. 3armmmmTe (GopMyny IS KPUTHYECKOH CHITBI CXKaToro crepkHsa. Kaxme
UMEHOTCS OTPAHUYEHUS HAa UCIOJIb30BAHUE ITOH (hOpMYJIEL?

4. Kak BbIUUCISOT KPUTUYECKUE HANPSKEHU?

5. Uto Takoe THOKOCTh CTEpXKHS?

6. Kak HaxoaaT KpUTUYECKUE HANPSKEH M IS CTEPFKHEH Mallol M cpeanei
THOKOCTH?

7. 3aNUOTATE VCIIOBHS YCTOWYMBOCTH € WCIHONMB30BaHHEM Kod(h(puumenTa
YMEHBILICHAS TOMYCKAEMBIX HAMPSKEHHH.

8. Kak moauparor ceveHust CTEPKHS IIPH pacyeTe HA YCTOHUHBOCTE?

Tema 15, JluHAMHUYECKHUE 33/1a9H COITPOTHRIICHUS MATCPUAJIOR.

[1, 8§91 - §92]. [2, rn. 14, §1 - §4]. [3, ra. 14, 3apauu 1, 2, 7, 20, 42, 54, 62, 64].

OnpenencHue U THIOBL JUHAMUYECCKHAX 3a/1a4. MeToaMka pacyera Ha npod-
HOCTb U 3KCCTKOCTb ¢ YYCTOM CHJI HHCPUMH. PacyeTsl HA NPOYHOCTE NPU yaap-
HOM JCHCTBHHU HArpPy30K.

PacyeTsl HA TPOYHOCTE NpU KOJMEOaHUAX. OCHOBHEBIE PE3YIBTATH TEOPHH
KoneDaHUuil MeXaHUYEeCKHX CHCTEM ¢ OJHOH crenedbly cBoOOabl. PacueTsl Ha
MPOYHOCTH MO HAMPSKEHUAM, OOCCEUEHUE MPOYHOCTH MYTEM OTCTPOHKH OT pe-
30HAHCA.

Bonpockl 171 caMONpoBEpKH
1. Kakue cnydad HarpysKeHHsa OTHOCAT K JUHAMMYECKUM 3aaa4yam”?
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2. B ueM 3aknroyaroTcs 0COOEHHOCTH pacueTa Ha NPOYHOCTh ABHKYHIMXCA
aeraneii?

3. Kak 3anuceiBaeTcs yCIOBHE MPOYHOCTH MPH yaape?

4. Kak onpenennrs tuHaMudecKuii kodgdunuent npu yaape?
5. Kak B/IMSIET JKECTKOCTh CTCPIKHEBOM CUCTEMbl HA MAKCHMAJbHbIE HAMPSAKEHUS
npu yaape?

6. B ueM 3akitoyaeTcsd OACHOCTE SIBJICHUS pe3oHaHca?

7. Kak BEIUUCIAIOTCS HATIPSKEHNS TIPH KOJeOaHusX?

8. Kakum 00pazoM MOKHO M3MCHUTbL YacTOTY COOCTBCHHBLIX KoneOaHui
CTCPKHEBOH CUCTEMBI?

2.2, JIekIIHH U UX COAepKAHHE

Pabounm yueOHBIM MIaHOM MOCIIE CAMOCTOATEIBHOIO U3YUEHUS CTy ICHTaMH
yueOHOro Marepuania npeaycMaTpusaetces yrenue 1 jiekuun.

Conep:xaHue JEKIIMW OXBATEIBAET B OCHOBHOM MaTepHan « BReeHus .

Hwxke npupeneno conepxanue NeKnuy. 1IponoiKuTensHocTs JIEKIUA - 1BA
AKANEMUYCCKUX Yaca.

Jlexrmst Ne |

B.1. ConpoTHBIEHAE MATEPUAIIOB KAK HAYYHAS W yUeOHAS TACIIUIUIMHA.

B.2. OcHoBHbIE NOHATHS (IIPOYHOCTD, JKECTKOCTL, YCTOHYMBOCTD), Uacanu3a-
LT CBOWMCTB MaTeprarna U reOMeTpHH Tel.

B.3. Cunbl, uxX Knaccuuxaims (COCpe10TOUEHHBIE, TOBEPXHOCTHBIE, 00BEM-
HblC, BHELLHUE U BHYTPEHHUE, AKTUBHbLIC U peakLUMM cBA3eH). Buakl cBasel, peak-
M CBS3CH.

B.4. OnpeneneHue BHYTPEHHUX CUTOBBIX (hAKTOPOB, METOA CEUEHUH.

B.5. TToHsaTHE 0 HANPSDKEHUSX U HATIPSLKEHHOM COCTOSHUH B TOUKE (JTMHEH-
HOE, IUIOCKOE U OOBEMHOE HAIIPSHKEHHBIE COCTOSHUA ).

B.6. Tlouatre 00 yCIOBHAX MPOYHOCTH MPH JIMHCHHOM, MIIOCKOM U 00beM-
HOM HAIPSKEHHBIX COCTOSHASX.

2.3. lIpakTHYCCKHE 3AHATHS H UX COJAEDKAHHE

Padouuit yueOHBIH 1U1aH IpeyCMaTPUBAET 6 YacOB NPAKTHUESCKUX 3aHSTHHA,
[TpakTUyecKHe 3aHATUS UMEIOT LENLIO BLIPAdOTATL YMEHHUE PELLATL MPAKTUYECKUE
3a1a4H, 3aKpENUTh U YTIyOUTE TEOPETHUYECKHE 3HaHWs. Ha mpakTW4eckHx 3aHd-
TUAX PELIAIOTCs, KAK [IPABKIIO, THUIIOBLIE 3a4a4d, PACCMAaTPUBAETCA HX Pu3nue-
CKUH CMBbICII, AHANM3UPYETCA METOAMKA PELUCHUS U [OJIYHYEHHBIE PE3YbTAThI.
Hwuxe NpUBOASTCSA TEMBI IBYXUACOBBIX MPAKTHUECKUX 3aHATHH. TeMbl 3aHATHI
B 3aBUCUMOCTH OT NOMKENAHUNA CTY AEHTOB MOT'YT KOPPEKTUPOBATLCA.

TeMBI MpaKTHIECKWX 3aHATHH

[13.1. PacyeTbl Ha NPOYHOCTb M HKECTKOCTh CTATUYECKH ONPEACIUMbIX CUCTEM
MPU PACTSKEHUM - CKATHH.
113.2. PacueTsl Ha MPOYHOCTb M KECTKOCTb IPU KPYUYEHHH CTEPKHEH ©
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KPYTJILIMH M TIPIMOY TOJIbHBIM U TIONEPEUHBIMU CCUCHHUSIMMU,
[13.3. PacueTsl HA TPOYHOCTE | 3KECTKOCTE IMPH TIOTIEPEIHOM H3THOE.

2.4. TaGoparopHbie padoThl

Padouuii yueOHbIH 1UIAH TIPEYCMATPUBAET BBITIOJIHEHUE TAOOPATOPHLIX pa-
60t B 00BeMe 12 yacos.

JlabopaTopHbIE 3aHATHS MO Kypcy « COMPOTHBACHUE MAaTEPHATIOBY 3HAKOMSAT
CTY/ICHTOB C KOHKPETHBIMH ODBEKTAMH, N3YYAEMBIMH B KYPCE, UX CBOHCTBaMH, C
KOHTPOJILHOA M HAYYHOHW annapatypoi, METOAMKON IKCNECPUMEHTANBHOIO MC-
CNeJOBaHHS W CTaHAApPTAMH Ha HcnelTaHWd. OCHOBHEBIE 1[ETH Na0OpaTOPHEIX pa-
oor:

1. [Tony4uTh MPAKTUYECKUE HABBIKM B ONPEACIECHHH OCHOBHBIX MEXaHUYE-
CKUX XapaKTEPHCTHK MAaTEPUAJIOB, HCIONBL3YEMBIX B PAcyeTax Ha IIPOYHOCTh W
JKECTKOCTD MPU PA3JHMUHBIX BUAAX HAIPYIKSHHUSL.

2. OCBOWTE HEKOTOPBIE SKCMEPHMEHTABHBIC METOABI HCCIeAOBaHUS Ae(op-
MHPOBAHHOI'O COCTOSHHSI M PErHUCTPAIlMU HACPY)KEHHOCTU JJIEMEHTOR KOHCTPYK-
LMK,

3. TIpoBepuThL CTIPABEITHBOCTE MPUHATHIX THITOTE3 W PACYETHBIX METO/IOB
IIPSIMBIM 3KCIEPHUMEHTOM WU YEPE3 NOATBEPXKIACHHE (POPMYIL, MOy YEHHBIX TEO-
PETHYECKH.

Huske npHBOaSTCS TEMBbI TabOpaTOPHBIX padoT.

Tembl nadopatopHbix paboT

JL.1. McrieiTanne Ha pacTsskeHre o0pasia U3 MaOYTIIePOIUCTOH cTasu (2 H).
.2. OnpeaeneHue Moayns YOPYrOocTU NEPBOrO poia U Ko3dduureHTa no-
nepevHoi aeopmanun marepuana (2 4).

JL.3. DKCNepUMEHTANbHBIE METOAbLI UCCICA0OBAHUS HANPHKEHHOTO COCTOS-
HUs (4 9).

JL4. Hccnenopanue HANPSDKEHUH TPH KPYUYEHWH U TUIOCKOM TTPSIMOM H3IHOE.
OnpeaeneHde MOAYIS YOPYrocTH BTOpOro poaa (4 ).

=

2.5. YueOHO-MeToAHYeCKHE MATEePHAbI TTQ JAMCIUILTHHE

OcuoBHag JuTeparypa
1. ®eopockes B.M. Conpotuenenue Mmatepuanos. -M., 2004 r.
2. Jlapkor A .B., [IInupo I'".C. Conporusienue marepuaior. -M., 1989 (u
APYrUE HU31aHUSA).
3. COOpHWK 3a71a4 MO CONMPOTHBICHUIO MaTepranos; noa pea. B K. Kauy-
puna. - M., 1972,

Jononuurenbyas nureparypa
4. PacueTsl Ha MPOYHOCTE B MautMHocTpoeHun / [Tonomaper C.J1., Buaep-
man B.JL, Makyuimn B.M. u ap. -M., 1956. T. 1, 1958. T.2; 1959. T.3.
5. Koraee B.11. u ap. Pacuersl aeraneit MalnH U KOHCTPYKLUMH HA NPOU-
HOCTH M JOJTOBEYHOCTh, CpaBoyHUK. -M.: MammuocTpoenue, 1985,
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6. Crpensies B.C., Bopucor CII. [Ipo4yHOCTh 3IEMEHTOR ABHAKOHCTPYKIWH
Npu XpyNnKoM pazpywenuu. -M.: MU T'A | 1977.

3. YKa3zaHHAa o NOPAINKE BbIMNOTHECHHHA KOHTDOJBHBIX [!aﬁDT
Kazablii CTYIACHT - 3a0YHHK BBIMOJHACT TPH KOHTPOJIBHLIC paGOTbI. 3anaum,

BXOJIAMIAE B COCTAB KOHTPOJIBHBIX Pad0T, YKA3AHBI HAXKE.

[Ipy BBINONHEHHU KOHTPOJbHLIX PadoT NPUACPHKUBARTECH CAEAVIOWKX pPe-
KOMeHAauuH:

1. CtyneHT 00s3aH B3ATh M3 TAOMMIILI, MpUlaraeMol K YCIOBHK 3aJaqu,
AAaHHBIE B COOTBETCTBUM CO CBOMM JIMUHBLIM HOMEPOM (11KH(POM ) ¥ MEPBLIMHU LIECTLIO
Oykpamu andaBuTa, KOTOPLIE CIEAYET PACNONOKHTL N0 WH(POM, HaPUMEP:
wngp 2 8 3 0 5 2
OyKBBI a § B r b\ e

B cnyuae HOMepa, COCTOAIErO U3 ceMH nHdp, BTOpas nudpa mmdpa He yuu-
ThIBAETCH.

M3 kaxaoro BepTHKanbHOro crondua aroboil Tabmuubl, 0003HAYEHHOTO
BHH3Y OMpeAeNeHHON OVKBOI, HAMO B3ATh TONBKO OJHO YHUCIO, COCTOAIIEE B TOI
FOPU3OHTAILHON CTPOKE, HOMED KOTOPOH COBNAAaeT ¢ HOMepoM OykBel. Hampumep,
BEPTHKaNbHBIC cTONOUBI (Tabn. 3) o6o3HaueHbl OykBamu; €, T, 4. B 3ToM cnyuae, npu
VKA3aHHOM BBINIE THUHOM HOMepe (mmudpe) 283052, CTYACHT AOMKEH B3AThH U3
cTOIOLA € CTPOKY HOMEP ABa (BTOPOH THUI CEUEHHS ), M3 CTOAOLA T - CTPOKY HOMED
HyAb (WwBemiep 36) U U3 crtoadua A — CTPOKY HOMEp NATb (PaBHOOOKMH yronok
90x90x6).

PaboTel, BLINONHEHHEIE ¢ HAPYLIEHUEM STHX YKA3aHUH, HE 3aCUUTHIBAIOTCA.

2. He cneayer MpHUCTYNATE K BRIMOJHEHUIO KOHTPOTBHBIX 3adaHuUt, HE H3y-
UUMB COOTBETCTBYIOLIETO Pa3Aeia Kypca U HE PEIIUB CAMOCTOATENLHO PEKOMEHI0-
BaHHbIX 3a4a4. ECH OCHOBHbIC MONOKEHHS TEOPUH YCBOEHbBI €N1ad0 U CTYAEHT 00-
paTvJl MaJlo BHUMAaHHUS Ha NOJPOOHO pa30oOpaHHBIE B KYpPCe TIPUMEPHI, TO MPH
BLITIOJHEHUU KOHTPOJIbHBIX Pad0T BOZHUKHYT Oosibliuve 3aTpyaHenus. Hecamocro-
ATENBHO BBINOJHEHHOE 3a]]aHHE HE JAET BO3MOIKHOCTH NPEN0AaBaTeio-peLEH3EHTY
BOBPEMs 3aMETHTh HEJAOCTATKH B paboTe CTYACHTA-3a09HHKA. B pesymbTarte CTy-
AEHT HE NpuodpeTaeT HeOOX0AMMbIX 3HAHUH M OKa3bIBAETCH HENOAIOTOBIEHHLIM K
3K3aMEHY.

3. He pekoMeHIyeTCs TaKkKe MPUCHIIAThE B MHCTUTYT CPa3y HECKOJIBKO BBITTON-
HEHHbIX 38JaHUi. DTO HE 1AET BO3MOMKHOCTHU PELEH3EHTY CBOCBPEMEHHO YKA3aTh
CTYAEHTY Ha AONYLUEHHBIEC OLIHOKH W 3aASPHKNBAET PELEH3HPOBAHHE.

4. B 3aroJloBK€ KOHTPOJABHONH pa0OTEl JOMKHEI OBITh YETKO HAMHUCAHBI. HO-
MEP KOHTPONbHOH padoThl, HA3BaHWE AWCLUHUNAWHBL, (JAMHINA, UMA H OTHECTBO CTY-
JeHTa (MOJTHOCTHI ), Ha3BaHWE (PAKyNbTETA M CIEIHATBHOCTH, yUeOHbIH mm(p, aaTta
OTCBLIKU PadOThl, TOUHBIA NOUTOBLIH aapec. HeoOxoauMo Tax:ke yKazarb roj u3-
JAHUA METOAMYECKHX YKA3aHUI, MO KOTOPBIM BbIMOJIHAIACHK KOHTPOJIbHAA paboTa.

5. Kakiyr0 KOHTPOTBHYK paloTy CNEAyEeT BHIMOIHWUTE B 0COQ0H TeTpaan
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WM Ha JKCTax, CLUMTLIX B TETpalb HOpMaIbHOro opMara, YepHuiaaMu (He Kpac-
HBIMH ), YETKHM MOYEPKOM, C MOJISIMH B 5 CM TS 3aMEUYaHUIl PEIEH3EHTA.

6. [lepen peLUeHHEM KKA0H 33,1441 HA0 BBIIKUCATH IIOJHOCTBIO €€ YCIIOBUS C YUC-
JIOBbIMW AAHHBIMH, COCTABHTb AKKYPATHbIH 3CKHU3 B MacLLTade W yKa3aTh HA HEM B UMCTIax
BCE BEMHYHHBI, HEOOXOIUMBIE /UTS pacyeTa.

7. PelueHue n10mKHO CONPOBOKIAATECS KPATKUMU, I0CIEA0BATE/IbHEIMU, O€3 COKpa-
LUEHHA CT0B OOBACHEHHAMHM H UEPTEIKAMH, HA KOTOPbIX BCE BXOAALIHME B PACHET BETHUYHHBI
JOIDKHBI OBITE MOKA3aHbl B wicaax. Hamo u30eraTe MHOTOCITOBHBIX TOSCHEHWH W MEpe-
cKkaza yueOHMKA, CTYAEHT JO/DKEH 3HATh, YTO A3bIK TEXHUKU - hopmysa u ueprex. [lpu
MoAb30BaHUK (POPMYJIAMH WIW JAHHBIMH, OTCYTCTBYHOLLIMMH B YUeOHUKE, HEOOX0AUMO
KPaTKO M TOYHO YKa3hIBATH UCTOUYHHUK (ABTOD, HA3BAHHME, U3/IAHKE, CTPAHUILY, HOMED ¢op-
MYJIEL).

8. HeoOx0aMMO yKa3biBaTh €AMHHLIBI BCEX BEJWYMH M NOAYEPKUBATL OKOHYATENb-
HBIE PE3YIILTATEL

9. He cnenyeT BLIYMCAATL OONBLLIOE YMCTIO 3HAYALMX UMD, BBIUUCIEHHS DOKHBI
COOTBETCTBOBATE HEOOXOMMOH TOYHOCTH. HeT HEeoOXOMMMOCTH AJTMHY ACPEBSHHOTO
Opyca B CTPONWIAX BLIYMC/IITL ¢ TOUHOCTLIO A0 MWUIMMETPA, HO Obulo Obl OMOKON
OKPYIJATH A0 LEMAbIX MUITUMETPOB AUAMETP BaNla, HA KOTOPbIA Oy €T HACAKEH LWAPHKO-
BB OAIINITHHK.

10. Ilo nomyyennu u3 yHUBEPCUTETA KOHTPOLLHOH padoThl CTY ACHT A0JDKEH HCTIPa-
BHTb B HEH BCC OTMEUCHHBIC OLUMOKH M BBIMIOJIHUTL BCE CACNAHHBIC €My VKazanua. B cny-
yae TpeOOBAHNS PETICH3ECHTA CIIEAYET B KPaTyaiimii CPOK MOCIATE EMY BEIMOTHEHHBIC HA
OTAEIILHBIX JIACTAX MCIPABICHUA, KOTOPbIE AOJBKHBL ObITh BIIOKEHBL B COOTBETCTBY IOLLIE
MECTa PELieH3UPOBaHHOI paboTel. OTAenbHO OT padoThl UCTIPABIEHHS HE paccMaTphBa-
FOTCHL.

4, 3aga4u AjI KOHTPOJLHLIX pador
4.1. 3agauu Juis KOHTPO/ILHOH padoThl No |

3amaua 1.

CraneHoit crepkens (E = 2-10° MITa) HAXOAUTCS NOA JEHCTBAEM MPOAOIBHOH
cunbl P u cobereennoro Beca (v = 78 xkH/m®). Halith Hanpsxenus B ceuenun BOau3m 3a-
AeJKH W nepeMelleHne ceueHna I-1 (puc. 1.). laHHble B3aTH M3 Ta0M. 1.

3agaua 2.

AOCOMHOTHO JKECTKUHN OPYC ONUPASTCs HA LLAPHUPHO-HENQIBHIKHYIO OIIOPY U MpU-
KpenJieH K ABYM CTCPKHSIM MPU MOMOLLM WApHHPOB (pHc. 2.). Tpebyertea: 1) HaliTH yeunusa
W HANPSDKEHAS B CTEPIKHSX, BRIPA3HB UX Hepe3 CUmy (J; 2) HAlMTH JOMYCKaeMVIo Harpy3Ky
Qzon. MPHPABHSB OOJIBIICE U3 HAMPHKESHWH B JIBYX CTEPKHAX JIOMYCKAEMOMY HarpsiKe-
HHIO [6] = 160 MITa; 3) HaiiTn npeaensHyo rpy30noAEEMHOCTE CHCTEMBI H TOITYCKAEMYTO
Harpy3ky Qqon, €CIM TIpeAen TekyuecTH Or = 240 MIla W 3anac npouHoctd n = 1,5,
4) CpaBHUTD BEMMYUHY Qg0 , MOIYUEHHYEO [PH PACYETE MO JA0MYCKACMbIM HAIPSHKEHUSAM
(cM. 1.2) ¥ ponycKaeMbIM Harpy3kam (cM. 11.3). Jlanusle B34Th U3 Tadmn. 1.

VYkazanus. Jnsg onpeneneHns ABYX HEW3BECTHBIX CHJT B CTEPKHAX HAJ0 COCTABHTH
O/IHO YPABHEHUE CTATUKU U OjIHO YPaBHEHUE Ne(POPMALIUH.
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Jlns oTBETA HA TPETUI BONPOC 3a4a4M CJIEAYET UMETH B BUAY, YTG B OAHOM
U3 CTEpiKHER HanpsikeHue Oonblue, yeM B Apyrom. [Ipu yBenHuYeHHWH Harpysku
HAMPSHKEHNUE B TIEPBOM CTEPKHE JOCTHUTHET MPEAETA TEKYUYECTH PAHBIIE, YEM BO
BTOpOM. Koraa 310 mpou30fAneT, HaNpsyKEHUE B NEPBOM CTEP)KHE HE OyaAeT He-
KOTOPOE BpeMsl PpacTH Aa’Ke NPH YBEIMUYEHUH HArPY3KH, CUCTEMA CTaHET Kak Obl
CTATHYECKH OMPEACIUMON, HATPVKEHHOW cuioi Q (moka emme HEW3BECTHOH) W
YCUJIMEM B IIEPBOM CTEPIKHE!
N[ZG'I"F| (1)
[pw nanpHEHIIEM YBETUUEHHH HATPY3KH HATIPASKEHWE W BO BTOPOM CTEPKHE
AOCTUTHET MPEALIIA TEKYUECTH:
Nz =07 F2 (2)
Hanucae ypaBHEHHE CTATUKH U NOACTABUB B HETO 3HAYECHUS YCUIIHA#A (1) u (2),
HANAEM W3 3TOTO YPaBHEHUS NPEAENbHY I MPY30M0oAbEMHOCTL QX
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Tadnuua 1

Ne Cxema 1o F, a b c P, Hanpsprenue,
CTPOKH puc. 1,2,3 | cm® H Mlla

M Ox Oy Tx

1 I [ 2112111 1100 10 10 10
2 IT 12 12222121 1200 20 20 20
3 T1T 13 (23|23 13| 1300 30 30 30
4 v 14 |24 (24| 14| 1400 40 40 40
5 \' 15 (2525 15| 1500 50 50 50
6 VI 16 |26 |26 16| 1600 60 60 60
7 VII 17 12727 1,7] 1700 70 70 70
8 VII 18 | 28 | 28 | 1.8 ]| 1800 80 80 80
9 1X 19 129129 1,9] 1900 | 90 | 90 | 90
0 X 10 | 3.0 | 3,0 | 20| 2000 | 100 | 100 | 100

5 B r il e r r a e

3anaua 3.

CranpHO# KyOHK (pHUcC. 3) HAXOOWTCA MO ACHCTBHEM CHIT, CO3JAKIINX MIIOC-
KO€ HATIPSPKEHHOE COCTOSTHHE (OJTHO M3 TPEX IMABHBIX HANIPSKEHUH, PABHOE HYJIIO).
Tpebyerca HaiiTh: 1) rnaBHble HANPAMEHUS U HANPABJICHUE IJABHBIX TUIOWIAL0K;,
2) MakCHMAaIBHBIC KacaTeTbHBIC HAMPSKEHN S, pABHBIE HANOOTBIICH MONYPAa3HOCTH

[J1ABHbIX HANPSXKCHUIA, 3) OTHOCKHTCIBHLIC Ac(pOPMALUH Ex, Sy, €7; 4) OTHOCHTECIILHOE
U3MEHEHHE 00BEMA; 5) VIENBHYIO MOTEHIMANBHYIO SHEPTUt0 Aeopmanuii. JlanHke
B34Tb M3 Ta0.. 1.

3agaua 4.

K cranbHOMY Bany NpuiioKeHbl TPU U3BCCTHLIX MOMEHTa: My, M», Ms (puc. 4.).
Tpebyercs: 1) yCTaHOBUTH, NPH KAKOM 3HAYEHWM MOMEHTa X yron IoBopoTa
OPABOro KOHLEBOIO CEYCHUs Bala PaBeH HYJKO; 2) s HAlACHHOI O 3Ha4YeHus X no-
CTPOUTH 3MIOPY KPYTAUIMX MOMEHTOB, 3) MPH 3a/JaHHOM 3HAUYCHWH [T] ONMPEACAHTh
JUAMETP BaJla U3 pacyeTa Ha IPOYHOCTD K OKPYIVINTE €r0 3Hadenue 10 OinpKaimero
paBHoro: 30, 35, 40, 45, 50, 60, 70, 80, 90, 100 mM; 4) NOCTPOUTbL MKPY YIJIOB
3aKpPyIHBAHWS; 5) HAHTH HAROONTBIUNWI OTHOCHTENBEHBIH YroT 3aKkpyunBannii (Ha 1m).
Janupie B3a1h 13 Tab. 2. Tpuasate G =8 107 Ml a.
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Tadnuua 2

Ne Cxema no a | b | ¢ Momenrsr, H'm [1]
CTPOKH puc.4 pPacCTOSHHUS, M M Moz M3 MITa

1 1 1.1 1,1 11 1100 1100 1100 35
2 11 1,2 1,2 1,2 1200 1200 1200 40
3 111 1,3 13 1.3 1300 1300 1300 45
4 v 1.4 1,4 1,4 1400 1400 1400 50
5 vV 1,5 1,5 1.5 1500 1500 1500 55
6 V1 1.6 1,6 1,6 1600 600 1600 60
7 VIl 1,7 1,7 1,7 1700 700 1700 65
8 VIII 1,8 1,8 1.8 1800 800 1800 70
9 IX 1.9 1,9 19 1900 900 1900 75
0 X 2.0 2,0 2,0 2000 1000 2000 80
€ r A e r a € B

3anaua 1.

Jlist 3apaH0T0 B TA0J. 3 MONEPEUHOTO CEYEHHS, COCTOSINErO U3 IIBEJITIEPA U
PaBHOOOKOIO YroJika, MW U3 IByTaBpa U paBHOOOKOI0 YroJika, Miu 13 LWBEesiepa u
ABYTaBpa (puc. 5) TpedyeTcs: 1) onpeaenTh MONOKEHUE LIEHTPpa TAKECTH; 2) HallTH
OCEBBIC (DKBATOPHANBHEIE) W TEHTPOOEKHBIH MOMEHTH MHEPIIHH, OTHOCHTEIBHO
CITYYaiHBIX OcCel, MPOXOAAINX Yepe3 UEHTP THKECTH (Z: 1 YY), 3) onpeacmuTsb
HAIPABJICHUE [VIABHBIX IIEHTPAIGHEIX OCeid (U K V); 4) HAWTH MOMEHTEI HHEPIIMH OT-
HOCUTEJIbHO TJABHBIX LIEHTPANMbHBIX OCEH; 5) BLIYEPTUTHL ceducHHue B Maciutade 1:2
W YKa3aThk HA HEM BCE Pa3MEpPBl B THCTTAX W BCE OCH.

Ilpu pacuete Bce HEOOXOAMMBIE JAHHBIE CIEAYET OpaTh U3 TAOIHIEI COP-
TAMEHTA U HU B KOEM CJy4Yac HE 3aMEHATH 4acTH NpoQuieii npAMOYIroJibHHKAMU.
MOKHO MCTIONIB30BATE TAONHIEl COPTAMEHTA MPOKATHOH CTaJIH, MPHBEICHHBIE B
MFOOOM YUEeOHHMKE WK 3a/IAYHAUKE ¢ YKa3aHHEM HCTOYHHKA.

4.2, 3anayu ad KOHTPOJIBEHOH padoTel Ne2

Tabaviua 3
Ne ctpoknu Tun ceuenus IIeennep ParroGOKHIT JByTasp
1o puc. 5 yron
1 I 14 80x80x8 12
2 11 16 80x80x06 14
3 III 18 90x90x8 16
4 v 20 90x90x7 18
5 \ 22 90x90x6 20a
6 Vi 25 100x100x8 20
7 VIL 27 100x100x10 22a
8 VIII 30 100x100x12 22
9 IX 33 125x125x10 24a
0 X 36 125x125%12 24
e r A €
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3anaua 2.
JIns 3aJaHABIX ABYX cxeM 0anok (puc. 6) TpedyeTcs HamucaTh BRIPAXKEeHHs Q
W M nns KaKA0ro yuacTka B 000IeM BH/IE, TOCTPOUTH SMOPEI Q B M, HallTH Mpyax 1
noa00paTe: a) A7s CXEMBI A IEPEBAHHYIO OANTKY KPYIIIOro MOMEPEYHOTO CEUEHH S MPH
[c] = 8 Mlla; b) ans cxembl 6 cranbuylo 0anky ABYTABPOBOIC NOMEPEYHOIO CEUCHHUS
npu [6] = 160 MIla. JlaHHbI¢c B3sTh U3 Ta0N. 4.

Tabnua 4
Cxema L I PaccrosiHue B CocpenoToucHHad
Ne no JOAX [TpoJIeTa M. cua P, q.
CTPOKH | pHC. 6 M i t s «H-m kH «H/
a a a

1 1 1,1 6 ] 9 ] 10 10 10
2 11 1,2 7 2 8 2 20 20 12
3 111 3 3 3 7 3 3 3 3
4 v 1.4 4 4 6 4 4 4 4
5 \ 1,5 5 5 5 5 5 5 5
6 VI 1,6 6 6 6 1 6 6 6
7 VII 1,7 7 7 7 2 7 7 7
8 VIl 1,8 8 8 8 3 8 8 8
9 1X 1,9 9 9 9 4 9 9 9
0 X 20 10 10 10 5 10 10 10
¢ il ¢ r il ¢ r I e
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4.3. 3aaa4M OHA KOHTPOABHOH padboTel Ne 3

3anaua 1.

Ha puc. 7a uzoOpaxkeHa HaIpy)KeHHas B CBOEH IIJIOCKOCTU paMa, BEPTUKaJlb-
HBIE 3IEMEHTHI KOTOPOH UMEHOT MOMEHTBI HHEPITUH [, 2 TOPH3OHTANTBHBIC STIEMEHTHI
- kI, Ha puc. 70 uzobpaxkeHa Harpy)KeHHas NMEPHECHAMKYJISIPHO CBOCH IIIOCKOCTH
pama, ciemaHHast U3 CTEpsKHS Kpyriioro nonepewHoro cevueHns (G = 0.4 E). TpeOy-
eTcst JuIst 00euX paM: 1) yCTaHOBUTH CTENEHD CTATUYECKON HEOIPEAEITHMOCTH U BbI-
Oparb OCHOBHYI) CUCTEMY; 2) HANMCATb KAHOHWYECKME YPABHEHUA, 3) MOCTPOHTH
SNHOPBl M OT ¢IUHWYHEIX CHJT M OT 3aJlaHHOH Harpy3ku; 4) HaAlTH nepeMemeHns;
5) HAHTH BEJIMYMHbL JULIHUX HEWU3BECTHBIX; 6) NOCTPOUTb OKOHYATEIIbHbIE
SMIOPBL BHYTPEHHUX CHIIOBEIX (pakTopoB: M, N u Q n1s cxeMel Ha puc. 7a u My, My
u Q Juist cxemel HA puc. 70. JlaHHBIE B3ITh 13 TalI. 5.

Tabauua 5
Ne Cxema { | h q. K P, a | b
CTPOKH pambl M kH/m H M

1 I 11 2 15 1,1 1100 L1 1
2 11 12 3 20 1,2 1200 1.2 1,2
3 111 3 4 30 1,3 1300 1.3 1.3
4 1A% 4 5 4 1,4 1400 1,4 1,4
5 A% 5 6 5 1,5 1500 1,5 1,5
6 VI 6 2 6 1,6 600 0,6 0,6
7 VIl 7 3 7 1.7 700 0.7 0.7
8 VIIT 8 4 8 1.8 800 0.8 0.8
9 1X 9 5 9 1,9 900 09 0,9
0 X 10 6 10 2,0 1000 1.0 1.0

e T I e B r I e

Jamayva 2.

Ha apyx Oankax ABYTaBPOBOTO CEUCHMS YCTAHOBICH ABHIarenb BecoM (Q
(puc. 8), nenarommit n 06opoTOoR B MUHYTY. [leHTpoOeKHAA CHITAa HHEPITNH, BO3-
HUKAIOWAs BCIEACTBUE HEYPABHOBELICHHOCTH BPALIAKIMXCH YACTEH ABUIarens,
parHa H. CoOcTeeHHRBIH Bec OaloOK HEe YUNTHIBATH. Tpelyerca HalTh: 1) wacToTy
COOCTBEHHLIX KONEOaHUN wo; 2) 4ACTOTY U3MEHEHMS BOIMYILAIOLIEH CUNbl W, 3) KO-
> PUUHEHT HapacTaHUs KOJIeOaHui

ﬁ:

_r
1-(w/wp)

(ecnu KO3 uuueHTt B, onpeacnsieMblid 110 3T0H GopMyIIe, OKAXKETCS OTPULIA-
TCJIBbHbIM, TO B ﬂ&HbHCfILL[GM pacyucTe CACAYCT YUHTLIBATL €ro El6COJ'HOTHyL0 BEIIN-
YAHY ), 4) THHAMWYECKAH KO3 pUIIHEHT

fH H
Ki=1+=:8=14+—"4:
il +fQ *3 B

5) Handonplice HOPMANBLHOE HANPSIKEHKUE B Oankax. /laHHble B39Th U3 Tadm. 6.
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Tabnwna 6

Ne ctpoku Cxema no Ne [ Q H n
puc. 8 IBYTaBpa 00/MuH
1 1 16 1,1 11 11 400
2 1 18 1,2 12 2 450
3 11 20a 1.3 13 3 500
4 v 20 L4 14 4 550
5 \Y 22a L5 15 5 600
6 Vi 22 1,6 16 6 650
7 VII 24a 1,7 17 7 700
8 VI 24 1.8 18 8 750
9 1X 27a 1,9 19 9 800
0 X 27 2,0 20 10 850
e a e r a e
L/ VI
7 n
/
/]
/
4 / 0 77;77 2 [3¢
& 78775 -
11 n VII []
/10 il ; 1
5 / A 2 5 [ Z l v Q
11 n VITI n
1 3 ; 1
Z / v ¢ Z I A E / \rQ
v N X n
1 2 ; 1
g { "Q E / ~ 5 4 wQ
T I
v n X n
1 1 2
- 0 Z
7 2! \ W;ﬂ rR
Puc. 8
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3agaua 3.

Banuk 1 KeCTKO COEAMHEHHBIH ¢ HUM JIOMAHBIA CTEPIKEHb TOrO KE I0Ie-
PEYHOTO CEUEHHS BPALIAFOTCS ¢ MOCTOSAHHON YIITOBOH CKOPOCTBIO w BOKPYT ocu AB
(puc. 9). TpeOyercs: 1) HOCTPOUTH SMIOPY U3rUOAOIUX MOMEHTOB OT CUJI HHEp-
LHH, BOSHUKAOLWMX Ha BepTUKanbHOM CJl 4 ropusoHTansHom [E yyacTkax Joma-
HOTO CTEPKHS, CHITbl HHEPIWW CaMOTO BAMWKA MOXHO HE YUNTHIBATH (TPH H300-
PRKEHHOM Ha PUC. 9 MOJIOMKEHUH TOMAHOIO CTEPKHA CUJIbl MHEPLMHK CKIAAblBa-
HOTCA ¢ CMNaMU COOCTBEHHOMO Beca, HO MOCASAHHMH, BBHAY WX HE3HAYUTENbHO-
CTH, TIPH TIOCTPOCHUH 3MKOPEI M MOKHO TipeHeOpedn), 2) HaWTH T0MyCKaeMoe
yncno 0OOPOTOB BaMKA B MUHYTY NPH JonyckacMoM HanpshkeHun [6] = 100 Mlla
ny — 78 xH/m*. Jlannbie B3aTE U3 a0, 7.

Ykazanus. [ng ynopoweHus BoIUUCIEHUHA PEKOMEHAYETCA IPOU3BOAUTE CHA-
yasa ux B 0OLEM BHAE, 0003HAYHB HHTEHCHBHOCTb CHJ1 HHEPLMHA HA FOPH30HTAaNb-
HOM Y4acTKe vepe3 (. PABHOACHCTRYIOIMWE CHI WHEPIIMH HA TOPU30HTATBHOM W
BEPTUKAJIbHOM YYacTKaX, OIOPHLIE PEAKLUH, KOOPAMHATHI JIIOPEl HAAO BBIPA3UTh

uepes q u /.

Tabmma 7
Ne ¢cTpokn Cxema no puc. 9 / Huametp Banuka d,
M A
| 1 15 21
2 11 20 22
3 11 25 23
4 v 30 24
5 \% 35 25
6 Vi 40 16
7 Vil 45 17
8 VIII 50 18
9 1X 55 19
0 X 60 20
e a r
3apaua 4.

B onacHoM ceyeHuHM Bana ¢ auaMeTpoM d AeficTBYET KpyTALIMA MOMEHT Mg
M n3rudarWwuil MoMeHT My, Ban caenan n3 yrnepoaucToi ctanun, npeaen npovHo-
CTH KOTOPOH PABEH O3, 4 IPEAET TEKYUECTH G, 1 HMEET TAITEBHBIN MMEPEXOA Paan-
ycoM p = 2,3 MM. OTHOLIEHHE OOJIBIIErO AMAMETPA Bala K MEHBIIEMY PaBHO 1,2,
[ToBepXHOCTL Bana MOAUPOBAHA.

OnpenenuTs KO3 (PUIMEHT 3amaca MPOYHOCTH B OMAacHOM CEYCHWUW Bana,
NPUHAB HOPMAJIbHbIE HANPSKEHHA H3rM0a H3MEHAIOWMUMUCH 110 CUMMETPUYHOMY
LHKITY, a KacaTebHbIE HANPAJKECH M KPYUEHHUS - N0 OTHYJIEBOMY LUHKNY (OT HYNs 10
MAKCHMAITBHOTO 3HAUCHUS ).

Ko3pHuneHTsl, YUUTBIBAOWNWE BIWAHHE KOHLEHTPALMH HANpPSKEHHH W
PasMEPEI, MOXKHO CYHUTATh COOTBETCTBEHHO OMHAKOBBIMH A1 HOPMAIBHBIX U TS
KacaTeNbHbIX HaNPSHKeHUH, JlaHHbIE B3ATh U3 Taba. 8.
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[Topanok BEIIOIHEHUS PELLCHUS:

1. HaliTh MaxcHMaJIbHBIE HOPMATLHBIE HATIPSKEHAS U MAKCHMAIbHBIE Kaca-
TCJIbHBIC HANPDKCHUA.

2. TTo amnuprveckum popMynaM HallTH peaea TEKYUECTH MPH KPYUESHHH W
IIPEJIENBI BEIHOCIMBOCTH IPH KPYYEHHH B M3THOe, MOKHO BOCTIONIB30BATHCS (POPMY-
namu:

7r=0,50 - 61, 6.1 =(0,55-0,0001 - Gg) Gn; 7.1=0,6 - O.1 .
Gs B hopmynie a5 6.1 B MlTa.

3. Haiitu a¢ppexrurbie kodhppuumeHTs KOHLEHTpauuH HanpsbkeHuid Ko n Ky

1o Gopmyne:
aO’

K=K =

1+(1+§)-10"(°'33+7%) 7

rae d - B MM, Or - B MITa.

Teopetnuecknit KO3 PUIHEHT KOHUEHTPALMHT HAMPSXKEHUH O, ONPENCINTD
no puc. 10.

4. Hatitn xoapunvenTs Kdo U Kdr , yIUTHIBAIOIHAE BIMSHUS PA3MEPOB;
d
Kic=K4gr=1 —0,]541gﬁ,
rjae d - B MM,

5. Haiitu 00wue ko3 PUUUESHTB CHHIKEHMS IPEACI0B BHIHOCAUBOCTH K-

Ko -t
Ko Kar

K =

6. Haiitu kondduuneHTb 3anaca npouyHOCTH N0 HOPMAaNbHbLIM U KACATE/IbHLIM
HanpsokeHuAM. Koa(pQWIHEHT, VUWTHBAROIANR BIHAHWE CPeJHWX KacaTeNbHBIX
HANPSLKCHUIH, OIPEASIHTS 110 GOPMYJIE:

0,01+10 %g,
wT = K > rac GB B IVH Ia
7. Haiitu o6wue ko3 phuureHThl 3anaca npo4HOCTH [0 YCTAN0CTH U TEKY-

YECTH.
3ameuanue. Paspelaercs BLIMHCIATE KOI(DPULHEHT 3anaca MPOYHOCTH MO

VCTANOCTHOMY pa3pyIIeHUKO MO METOAWKAM, OTIIHYHBIM OT MPHBEACHHOMN BEIIE. [Tpn
3TOM HE0OXO/UMO COCIATLCS HA UCIL0JIb30BAHHYIO IUTEPATYPY.
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Tadnuua 8

Ne crpokn d, Mm Mg My On OT
H-M MlIa
1 31 210 210 510 240
2 32 220 220 520 240
3 33 230 230 530 250
4 34 240 240 540 250
5 35 250 250 550 260
6 36 260 260 560 260
7 37 270 270 570 270
8 38 280 280 580 270
9 39 290 290 590 280
0 40 300 300 600 280
c pi| € i pil
% [T
T 1T T 1T 1T 1T 11
Jo—
2,5
' \ S |
\ ]
\ s
N
LN
N b_
2,0 N i A
\\
\\/
\\\
15 [ e SR
1,0
0,01 005 0,1 0,15 020  p/d
Prc. 10
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5. IlpuMepsl peleHus 3a1a4

5.1. IlpuMepnl perenns 3a1a4 B KOHTPOJILHOH padoTe No 1

3anaua Ne 1 (nmpumep pacueta, cxema puc. 11).
Hexonnbie JaHHbIe:

P: ]500 H’ F - ]2 ) 10-4':”29 a= 275 M, b = 3-’”7 c= ]72 A, d - ],4.1’;
¥ —78 kKl moaynb ynpyrocru crana: £ — 2.5 - 10° Mila.

L
A
F >
B
o
2 &
o ¢ ~
1" <
I E
. F ~
1.5F
K
Puc. 11

Peuichue

1. OnpenenseM MPOAOTBHYIO CHIY B CETEHUH BOITH3HW 3a/ICITKH.

TTpoRoJIst ceueHme BOIM3H 3a/1€JIKH M PacCMaTpPHBasl PABHOBECHE HIKHEH HacTH
CTEPIKHSL, MOJTyHaeM:

N=P+Fa - y+2Fb-y+15F (¢c+d)-y~=

=1500+12-10%2,5-78 + 2-12-10*3-78 + 1,5-12-10*(1,2+1,4)- 78 =
= 1500 + 2340-10" + 561610 + 3650,4-10" = 1500 + 11606,4- 10" =2660,6 H.

Hanpsoxeuus OyayT paBHbL:

N _ 26606 222 Mila

2. OnpeaensaeM nepeMellcHue cedenuns 1-1.

F 12:-107%
Ha ocHOBanuH MPUHITNTIA HE3ABUCUMOCTH ACHCTBUS CHIT TTOJTHOE TIepEMETIie-
Hue §; cedenus |- 1 paguo &; = 6,p + &,

rac d;p - nepeMelieHue cevenus I - 1 ot gelicTBus cuibl P,
Oj¢ - OT neicTBUSI COOCTBEHHOI'O BECa.

Ilepemertieanst O;p U O;; PABHEI Y/UIMHEHHMSIM YUYACTKA CTEPXKHS, HAXO/AIIE-
rocs MEKAy ceueHUsAMUA A u L inuuHod « + & — ¢, 1.¢.

Sip = Alygp + Algep + Alcpp + Alpgp,
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016 = Alapg + Alge g + Alep g + Alpg g

Harpyska £ BbI3bIBacT YAJIHHEHHA TOJBKO ABYX YYACTKOB CTEPacHA A8 n B
ANMHOM ¢ v b/2 cooTBETCTBEHHO. Ha OCTaNbHBIX ydacTKaxX Npoa0JibHbIE CHIIbL OT
3TOH HATPY3KH PaBHBL HYMO, T.€.  Algpp = Alpgp = 0.

Tax kak npogonbnas cuna N, M KeCTKOCTb £/ B NONEPEUYHBIX CEUEHUAX
CTEPKHA TMOCTOSIHHBI B MpeAciaxX KaX0T0 y4acTKa, TO Ha OCHOBAaHWH 3aKkoHa [ 'yka
V/UTHHEHHE (YKOPOYEHUE) YYACTKA CTEPKHA JUTMHON [ OT ASHCTBHSA IIPO/IOIBLHON CHIIBL
N, onpeaensroT no popmyIe

1=
EF
[Tockoneky B mpenenax yuactkos AB n BC npoaonenas cuna NV, pasna P, T0

S = AL 4 Al _P-a+P-b/2_P-a+P-b_P( +b)_
ip = Blapp T Ascr = pp T Ep T EF "2E.2 EF\"T4)T
1500

4
— m (2,5+ 3‘0,25) =203 107 .

Onpenemam ywmuemne Alpg . y9actka DI IUWHOH ¢ OT COOCTBEHHOTO Beca
crepskHsA. OHO BBI3BIBACTCA BECOM (g HHPKETIEHKAIIETO YYACTKA UTHHON ¢ U COOCTREH-
HBIM BecoM G yuacTka DF.

g PSS S

Prc. 12

B o0wem ciydae, npd onpeeseH|y yIMHEHHS CTEPIKHA OT COOCTBEHHOIO Beca
(puc. 12) npoponsnas cuita N, B IONEPEUHOM CEUEHWMH Z CTEPKHA (HA PACCTOAHHUHA Z
OT €ro HWKHENO KOHLA) paBHA BECY HIDKeNexkalleh yactn Opyeca, 1.e. N, = yF,, taey -
00BEMHBIH BEC MATEPUAIA CTEPIKHA.

Torna youmnenue Al maxomum 10 Gopmyie:;

_ (INgdz  ClYF, vl oyl
Al = [ E=-= [, Zdz =1 zdz =

Ecim yMHOXKHTE YUCIHTEIb H 3HAMEHATEID [IOCIEAHEI 0 BLIPasKEHUs Ha [1, yUUThI-
Bas, uto ¥+ = (5, rae G - Bec Becero yuacTka Opyca JTHHOH {, Tomydum
2
YI<F Gl
Al = =—.
2EF 2EF
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Beipakenne i Alpp  Oyaer uMeTh BHJL
Al =GEK'C GDE'C= c
DEG ™ gppr ' 2EFpg  1,5EF
rie FDE= 1,5 F,
Gex =y 1,5Fd=78-10%-1,5-12-10"*-1,4 = 196,56 H,
Gpp=v-15Fc=78-10%-15-12-10"*-1,2 = 168,48 H .

1,2 . B P
om0 (196,56 + 0,5 168,48) = 0,09 1075 m.

OnpenenumM yanuuenue Alqp ¢ ydactka (D anuHol A2 0T cOOCTBEHHOIO Beca
cTepokHs. OHO BBI3BIBACTCH BECOM Gy HWKENEKaero ydactka DK amuHoi ¢ | dn
co0CTBEHHBIM BecoM (¢p yuacTka (D

_GDK'b/Z GCD'b/Z _
Alep = EFcp + 2EFcp
rae Fep — 2F,
Gok =y 15F - (c+d)=78-10%-15-12-10"*-2,6 = 365,04 H,
Gep =y 2F-b/2=78-10°-2-12-10"*-15=280,8H .

(Gex + %GDE),

Torma Alpgg =

b 1
+ _—
v (Gpk 2GCD),

1,2

m(365,04 +0,5-280,8) = 0,16 107> .

Torma Alepg =

Ananornuno onpenensem yumnenns Alge - u Al o yyactkos BC' u AB co0T-
BETCTBCHHO

Gpx + Gep) " b/2  Ggpe-b/2 b
AEBC,G:(DK cp) /-I- pc'b/2 (

1
= Gpx + Gep +=G ) =
EFg 2EFp.  4EF\ 7K Gep + 5 bae

2

= %(365,04 +280,8+0,5-280,8) = 0,25 1075 a1,
4210111210

rje Ggc =y 2F-b/2=78-103-2-12-10"*-1,5=280,8H .

1

(Gpg + Ggp)ra  Gupra _ a
(GDK + Gpp + EGAB) =

EF.g T 2EF,, _ EF

AlAB.G =

= sronag 7o (365,04 +561,6 40,5 234,0) = 1,09- 107 a,
2:10++12-10

rae Ggp=y-2F-b=78-10%-2-12-10"*-3 =561,6 H,
Gup =y F-a=78-10%-12-10"1-25=234,0H.

Takum 00pa3oM, Y/UIMHEHHE CTEPKHA OT JSHCTBHs COOCTBEHHOIO Beca OYJEeT

PaBHO:
8 = (1,09 + 0,254+ 0,16 4 0,09) - 107°> =1,59-107° u.
Ynnunenue cTepKusa OyAeT paBHO:
8, =(2,03+1,59) 107> =3,62-107>u — 0,0362 a1z .
Ceuenne | — I nmepemecturcd BHu3 Ha 0,0362 A .
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Zagaua Ne2 (npumep pacuera, cxema puc. 13a).
Hexonnbie nanneie. 1= 14107 4% a = 24m,b=28u,c= 1,7 m,
[0] = 160 MIla, o =240 MIla, n = 1,5.

b
a) -
} )B A
" > I8 Q
= L~ -+
1 >
L= - -

| V
‘ e
0) : N,
: R_ 5 :

Puc. 13
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Pelienue

1. OnpenencHue YCUIUHA U HANPSHKCHUH B CTEPKHAX.

Jlns onpeaencHus BETUYUH YCHIWH B CTCPIKHAX B 3aBUCHMOCTH OT CHABI ()
OPUMEHHM METOJ ceueHHil. CIENnaB CeUEHUs 10 BCEM CTEPMKHIM W TPHIIOKHB B
MECTAX CEeYEeHUH ycunua Ny, N2, BO3ZHHKAKIIME B CTEPHHAX, PACCMOTPUM
PABHOBECHE OCTABHICHCA WacTH, HaTPYKeHHOH yeumuamu Ny u N>, peakumsavMu
onopbl A (R4, Ray) v cunoii O (puc. 13 6). CoctaBuM ypaBHenus papHoBecus Opyca

YZ=0; Ryz=0 (1)
2Y=0, Rpyy— N+ Nycosa—@=0 (2)
2My,=0, —=N,-1,7—N,cosa-28+Q-1,7=0 (3)

[IocKONBKY B TPH YPABHEHHUS PABHOBECHS BXOIAT YETHIPE HEH3BECTHEIC
CUIIbL, TO 337a4a ABNACTCA OJUH Pa3 CTATUYECKU HEONMPEACTUMON.

JIns cocTaraeHus AONOJHUTENBHOTO YPABHEHUS COBMECTHOCTH Aedopmanuii
paccMOTpUM AeOpMALUI0 CUCTEMBL. B pesyibrare yIUIMHEHUs CTep:kHEH Opyc
(koTopbli OpeanonaracTed adCOITHO JKECTKHMM ) MOBEPHETCA BOKPYD lIapHUpa A,
OCTaBasAch MpsMBIM. [lepeMemenne mapuupa B paBHO yAMHEHHUIO Al mepBOro
(TEBOTO) CTEPXKHSA, a IEpPeMEIeHUE mapaupa C - yaIuHeHnto Al BToporo (mpa-
BOTQ) CTEPSKHS, IETEHHOMY Ha cos a (CM. puc. 13 B).

H3 nogobus TpeyronbHukoB ABB) ~ AC(’; Haxoaum

Aly 17
Alz/COS 24 2,8 ’
2,8cos
1,7

orkyma Al, = Al .

Nyl N5l
Ha ocnoranun 3akona I'yka Al, == u Al, =22
EF, EF,
rae Lh=bh=28 x I, — a2 =396 a;
Fr—F =14 10% 42, Fo =28 —2810% 27
N>ls 2,8cosa Nl
Torna = . .
EF, 1,7 EF,
28cosa L4F
1,7 LF Ny
' 241
YuutsiBas, 410 cos & — 45°, noayuum
_2,82,82810 %0707
1,7:3,96:14-10 4
[ToactaBuM HalineHHoe 3HaUeHHe N, B MOCTEIHEE YpaBHEHNE paBHOBECHA(3):

otkyaa N, =

1 N’lJ NZ = 1,65 - Nl'

V2
=Ny - 17~ 165-—--28-N, +Q-17 =0.

Toraa N, =32-Q =0,3420,

N,=1,65-0,342Q = 0,564Q.
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Hanpsixenusa B cTepHsX

N, 0,342Q
01 —= ——=244
1 F 14-10~4 Q
N, 0,564Q
Oy =—=—"—=201Q.
2 F, 28107% Q

2. OnpeneneHue A0MYyCKaeMoi Harpy3ku (Joon.

Hamnpspxenue B nepeoM cTepkne G O0NbINe, 4eEM BO BTOPOM G2, 1losTomy 10-
MYyCKAaeMVIO HATPY3KY {(Joon HAXOIUM W3 YCIOBHS

62 = [o]= 160+ 10° [Ta,
T.€. 244 Qpon =160 - 10°
U Ooon= %106 — 0,656 - 10° H = 656 KH.

3. OnpeneneHne npenenbHoOi TPY30TIOABEMHOCTH CHCTEMBI.

[lpm ompeneleHHW BENHYWHBI NPEACIBHON TPY30MOABEMHOCTH CHCTEMBI
HEOOX0AMMO HAUTH NPECAC/IbHBIC YCUIIMA, KOTOPBIC BOBHMKHYT B CTCP)KHSX, KOraa
HANPAKCHUA B HUX JOCTHIARKT MTPCACITd TCKYUCCTH.

IIpenenpnbie ycrmms OyAyT paBHBL

N/ =gy F1 =240 -10°- 14 - 107 =336 - 10° H =336 xH,
P —gp by =240-10°-28 - 104=672 - 10° H=672 xH .

[ToacTaBus 3HaucHusa NP v NP B ypaBHEeHHE DaBHOBECHS (3) HaiiaeM mpe-
JIETBHYIO TPY30MOABEMHOCTE QF

336 1,7—672%'2,8+Q¥‘ 1,7=0,

Qlf =222 = 11186 k71.

Hpeﬂeano JOITyCKacMada Harpys3ka paBHa:

4. CpaBHCHUE 3HAYCHUH BEMUYMHBL (Joon , TOJYUCHHBIX pa3HbIMU MCTOAAMMU.
[Ipu CpaRHEHUM [IOJYUEHHBIX BEJIMYHUH BHJIUM, YTO 3HAYEHUE (Joon, TOJTYUEH-

HOE [10 METOJY JOIYCKAEMBbIX HArpy30K, OOIbIIE HARJEHHOIC METOI0M JIOITYCKa-
746-656

656
TOM, UTO METOJI TOTIYCKACMEBIX HATIPSKCHUH, B OTJTHUNE OT METO/A JIOMYCKACMBIX
HArpy30K, He IO3BOJLAET OIIPEAEIUTH [IOJIHYIO HECYLILYIO CIOCOOHOCTH CUCTEMBI, TAK
KAaK I CTATHYECKH HEONPEAeIUMBbIX CUCTEM MEPEX0A OJHOIO HJIEMEHTA B Mna-
CTHUECKYIO CTAmHI0 paboTH, Kak MPaBRwUI0, HE 03HAYACT HACTYMIICHAS TTPE/CTh-
HOI'O COCTOSIHUSL

EMbIX HANPSHKEHUE Ha * 100% = 13,7%, 4TO NOATBEPKAAET NONOKEHHE O
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3amaua Ne 3 (npumvep pacuera, cxema prc. 14 a).

HcX01HBIE TAHHBIE:
|6x| = 80 MTTa, |6y = 0, |1y = 30 MTa.
Monyab yopyrocta £ — 2 - 10° Mlla, koddduuuent [lyaccona L= 0,3.

¢) 6)
7, / o
Ty
O-x a()
</
o~
77
o
T\ / ’”Ql'
Puc. 14
Penienne

1. OHpGﬂ,GH@Hl’IG [NIABHBIX Haﬂpﬂ)l(t‘,Hl/[ﬁ W I''MaBHBIX ILITOLLAO0K.

JIns HanpssKeHWH MpPUHATO CcheAyroniee NMpaBuiio 3HakoB. Pactaruearoiiee
HOPMAaJIbHOE HANPSKEHHE NOJIOKUTENLHO, a CKUMalollee — oTpunarennuo. Ka-
CATCJIbHOC HANMPAMKCHUC NONOMMTCNLHO, CCIIH Cro HanpaBJICHHC IOJAYYACTCA IIOBO-
POTOM BHENIHEH HOPMATHU K NNIOMaake Ha yron 90° mo Xxoay 4acoBOM CTPENKH,

[lo>TOMY, B AaHHOM Cily4ac, YUMTLIBAsA CXEMY, M300pakeHHY0 Ha puc.l4a,
3HAYEHHs HANPOKEeHHH TakoBeL: O = 80 Mlla, 0y = 0, T, = -30 Mlla.

['J1aBHbIe HANPSHKEHUS ONIPEIETaeM 1Mo (hopMyme

~ Oxtay 1 2 2
Omax,min ~ — 5 + E\/(O'x - O'y) + 4715,

80
e Omaxmin =~ + %\/802 + 4(—30)% =40 + 50 MTTa.

CnenoBareibHO, Omax — 90 Mlla,
Omin = -10 M a.
JIns oTipeieNICHUsS HaTTPaBICHHS TITABHBIX TMITOTIAI0K BOCTIONB3YEMCS (hopMy-

JIOH
2ty 2(-30)

OTKy1a 200 = -36,87°nm Qg =-18,4°.

tg2op = -0.75,
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Jna onpeneneHys NAOWAAKH, NO KOTOPOH AEHCTBY 0T HAMPAKEHUA Omax, NO-
BOpa4MBAaEM BEPTHUKANLHYIO NIOLIAAKY (TaK Kak No Hel ACHCTBYIOT HOpPMallbHbIE
HanpsKeHUs OoNbLWKE, YEM MO FOPU3OHTANBHON MNOWALKe) HA Yyrofl Ly paBHbILi
18.4° no yacoBOW CTpeNKe, T.€. B TOM HAlpaBl€HUHU, B KOTOPOM BEKTOP Kaca-
TETHHOTO HAMPSHKEHUS (HA MOBOPAYMBASMON TUTOIMAKE) CTPEMHUTCS BpaliaTek ie-
MEHTApHbIN Napaienenunes OTHOCUTENLHO ero ueHTpa. HaliaenHas takum odpa-
30M nowaaka nokasada Ha puc. 1406. [1o nepneHaANKYNSpHON K HE# rnaBHO# nuo-

LIAAKE NCHCTBYOT HAMPSDKEHHS Omin.

2. HaxoxkieHMe MaKCHMAJTEHBIX KacaTeNbHBIX HaTPSKEHTTH,

DKCTPEMAIbHLIC KACATEIbHbLIC HANPSKEHUS HAXOAUM 110 hopmyie:
Omax—%min

Tmax,min = £ >

90-(-10 920—-(-10
TOI‘I[a Tmax = % 50 MHa,‘ Tmin = - + = -50 MMa.

3, Onpene/ieHUE OTHOCHTEIIbHBIX AehopMaLMii,

OTtuocutenbuble nedopmaunu €x, £y, €z, onpeneiseM npu noMowu Gopmyn
0000LUEHHOT0 3aKoHa ['yKa, KOTopble A1 Cily4ad MA0CKOr0 HANPKEHHOIO Co-
CTOSIHHUSL UMEIOT BHIL

1, 1, u
&x= Z(0x-pP0Gy); & = —(Oy-HG): & = - (0t 0y).

CneaoBaTenbHO,
80 , 0,380 , 0,3" 80

Ex— =4-10%; e, = - =-1,2-10%:¢, = - =-1,2-10% .
2-10° ; 2-10°

4. HaxoskAeHHE OTHOCHTENBHO U3MCHEHUS 0ObeMa.
OTHOCHTENBHOE U3MEHEHHNE 00beMa paBHo:

12
1-2-03

80~ 1,6 107,

5. OnpeaencHue yaeabHOM NOTEHUHANBHOR 3HEPrUn aehopmalmu.
YAETbHYIO MOTEHIMATBHYK JHEPrHi0 achopmaimu onpesaenseMm no (op-
MyJie:

[osromy @ =

_1 2 2 %
u—E(Gx + oy — ZMO'xO'y) t o

. E )
roe (7 2040 MOy b CABMra.
2-10° -
Torna G = ——=0,769 - 10 M[la ,
2(140,3)
MOCITE YeTo HaxozmM BENTAUNHY U
-30)2
U= (800270380 0) + ———=0,0219 %
2-2-105 2:0,769 10
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3anaua Ne 4 (npumep pacueTta, cxema puc. 15a).

HcX0IHBIC JaHHEIE:

M= 1200 Ha, My =600 Hai, M= 1500 Ha, a — 1200, 6=13 a1, ¢= 1.5 u,
[ — 1.4 u, [t]= 80 MITa, G=8 - 10* Ma.

a) v Mf/ 17 Mg/ I Ms/ I X/

6) nmiopa M,

d? 1100 Hu

[ ] \
N
1000 Hat 200 Hn 400 Hm @
Onopa @

¢

0,053 pao 0,0415 pao ~ 0,068 pao

Puc. 15
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Pewenue

1. OnpeacneHue 3HaAYCHUA KPYTALIETO MOMECHTA.

Jlna onpenencHus 3HaYCHMA MOMEHTAa X MCMONB3YEM METOA CEUYCHMIA,
CornacHo pacueTHoi cxembl (puc. 15a):

1) ans ydactka 1 (0 <z < 1,4 a7) ypaBHEHUE PABHOBECUA UMECT BUA!

My - X — 0, Torna kpyTswuii Moment My
My, - X;

1
2) nnst yaactka IT (1,4 2 <z <29 x):

MKZ*M:)‘ -XZOJ TO MKZ :Mj’ X,
3) nas yuactka I (29 <z <42 ).

MK3 +M M3 -X—0, TO MKS —-My - M3 - X;
4) ana yuactka IV (4,2 v <z<5.4 m):
MK4 M, M, M;-X-0,T10 MK4 — M M — Mz — X,
YTOJ 10BOPOTA ce4EHUS A OTHOCUTENLHO YCIIOBHO HENOABHIKHOIO CEYCHUS

B paBeH yriy 3akpy4uBaHus yuactka A5:

Td?
32
Y1oJ1 NOBOPOTA CEUEHUs B OTHOCUTENBHO cedcHUs ( PABEH YIITY 3aKpyYHBa-

HUA yyacTtka BC:

rne Jp— - IIOJISIPHBIA MOMEHT HHEPLHUKM CEUCHUSL.

Mgy (Ma+X) e
Pcp = I, = TP

Yron noBopoTta ceueHus { OTHOCUTENbHO CEYEHHSA /) PABEH YIJy 3aKpy4HUBa-
Hud yyactka (0.
Mg b (—My+Mz+X)'b
Poc — = .

Glp Glp

Yron nmopopoTa ceueHHUs /) OTHOCHUTENBHO CEYEHN [+ paBeH YIIy 3aKpyuH-

BaHHWs yyacTka DF:

_ Myg,a (M —-Ma+M3+X)a
Prp = Gy = l, :
Yron noBopoTa ce4cHUsl A OTHOCUTENBHO YCI0BUS HEMOABHIKHOIO CEUYCHU A
I paBeH yray 3aKpy4MBaHus y4acTka AL
Pri= P + Pos — Poc — Pen.

TTockONMBKY IO YCIOBUEO 3ada9H Py = 0, TO

i-((Ml—M2+M3+X)a+(—M2+M3+X)b+(M3+X)c+X-l)O.
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YMHOKUM 00€ HacTh Ha (7/p M nocie npeodpazoBaHUi MOTyUHM:
v aMi+@th)My—(a+b+o)Ms _ =12 1200425 600-4 1500
a+b+c+i 5,4
2. TTocTpOEHHUE SMHOPHI KPYTAITNX MOMCHTOB.
3Has BEIMUHHY MOMEHTA X HAXO/ MM 3HAYEHUSI KPYTSIIMX MOMEHTOB Ha BCEX
YYaCTKAX:

=_-1100 H.

JVIK1 =-1100 Hwu;
My, = 1500 -1100= 400 Ha;
Mg, =-600+ 1500 - 1100 =200 Hu;
My, = 1200 - 600 + 1500 - 1100 = 1000 Ha.
Dmropa KpyTALMX MOMEHTOB NpUBEAcHA Ha puc. 1506.
3. Onpenenenue quameTpa Baja.
[lockonbKy IUAMETPEL Bana Ha YHACTKAX OJAMHAKOBLL, TO ONPEAENIUThL HAUbO-
Iee HaMPSHKEHHOE CEUEHNE (HITH YYACTOK BaTa) MOXKHO TIO TTFOPE KPYTAIAX MOMEH-
ToB. Hambonbmmi 1o MOAYIIO KPYTAIIMA MOMEHT HMEET MECTO Ha ydacTke I

(0 <z < 1,4 a), 002TOMY DTOT YYACTOK ABIACTCA HAUOOEEC HANPAKCHHLIM.,
JIMaMeTp Bana Haxo UM U3 YCITOBHS TPOUHOCTH

Mg
Timax = ﬁ < [T]a

vide .
rne Mg e = 1100 FHau, W= T MOJAPHBIH MOMEHT COTIPOTHRITCHUS.

110016
wd3

< 80 10° Ma,

d> wa=4,12 102w,
m-80-106

OKpyriaa 3Ha4CHUE anaMeTpa, nonydum o = 40 .
4. TlocTpoeHUE MIOPHI YITIOB 3aKPYyUHBAHUS,
Haitnem 4nciioBbie 3HAYEHWA YITIOB MOBOPOTA;
Pz, Ocs, Poc, Qep (cM. popMynsl B yHKTE 1).
[TostpHBIA MOMEHT MHEPIMH CEUCHUS PABEH:
_md* _ m-412%-107°

Torna

Jo= = =28.29 ' 10%a".
32 32
Torma
-1100°1,4
Pri= T o010. 2629 10° 0,068 pao,
400 1,5 B
Pcn = 51010, 25,29 108 O020° PO,
—200°1,3
Ppc = =-0,0115 pao,

g-1010.28,29 - 108
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1000 1,2
8-1019-28,29 108

Prp = = 0,053 pao.

Yron nopopota cedeHua (' HaiaeM Kak anredpanuyeckylo CYMMY VIJIOB 3aKpy-
YHWBAHWA YYACTKOB AB n BC:
Oci= Pcg — Ppa = 0,0265 - 0,068 = - 0,0415 pao.
AHAJIOTHYHO,
Pri= Qe+ Pea=-0,0115-0,0145=-0,0153 puo
Pra= Qe+ Qo = 0,053 - 0,053 =0,
DIMOpY YIVIOB 3aKpyYHBAHUs IPUBEIEM HA pucC. 158B.

5. OnpeneneHne HauOOIBIIErO OTHOCHTEBLHOTO yIia 3aKpy4YHBAHMAL.
Hanbonemuii OTHOCUTENEHEIN YTON 3aKpyunBanHus (Ha 1 4/) HaxoauM Ha Haubonee
HArpy>KEHHOM Y4acTKE Baja:

. Mgmax 1100 - 32
Po— Glp  8-1010 7 (40 10-3)

=0,0547 paoim = 3,13 epao .

5.2. TlprMepsl pellicHud 32139 B KOHTPOJIBHOM padorte No 2

3anaua Nel (npumep pacucra, cxema puc. 16).

3ajaHo cedyeHme, cocTapacHuoe U3 mpennepa Ne20 u paBHOoOOKOro yroaka
(90x90x8) - 107 ar° (puc. 16).

BroinuceiBaeM  Bce  HEOOXOAMMbBIE ['€OMETPUUECKUE  XApPaKTEPUCTUKH
s TpOgUICH, BXOAFIMNX B COCTABHOE CEUCHUE.

(Peomocher B.U. ConpoTupienne Mmarepuajor; Yuel. juid By3oB. - M.:
H3a-go MI'TY um. H.D. baymana, 2004.)

[Isemep Ne20 (TOCT 8240-72):
h =02 1, bue = 0,076 u, F =234 - 1012, J3'®= 1520 - 10 1,
y o =113 10%a%, x4 =207 1022 =0,0207 .

Yronok (90x90x8) 10- 1 (TOCT 8509-72):
hye=9-10701=0,09.0, [y —13,93 10% 47,
oo Yf =106,11 - 1047,

X4

yr yr )

X, Jdmax 168942 - 10 8,?'..14’
yr gyr _ .

Yo ~Jmin =438 10 Bart,

Xy = 2,51 107 2= 0,0251 4.
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251107 a X,
9107 a1
\ (7 A /A’
207107 x
76107 x
Puc. 16
PellieHue

[. OnpeaeneHre MONOKEHNS HICHTPA TAKCCTH.
Haxoaum 001yo miomaabs COCTABHOTO CEYEHUA:
= Fue — 15 = (234 +13,93) - 107 = 37,33 - 107 2%,

B kauyecTBe BCIIOMOTATENBHEIX OCEN JUTS ONMPENETIEHNS MOJOKEHHUS TEHTPA
TSKECTH [IPUMEM TOPU3OHTAIBHY IO W BEPTUKAJIBHYIO OCH X M Y, TIPOXOJIALIUE YEPES
TIEHTP TAKECTH MBeaepa. CTaTHUECKHE MOMEHTHI MIOINAAM BCETO CEUEHHS OTHO-
CUTENIbHO 3THUX Oceil OyayT PaBHbI:

r T
Sy —S{+ Sy Sy Syt -8y
S¢" =8¢ =0, T OCH X W} ANd WIBENIEPA HEHTPATBHBIC.
yr yr s .oQyr yr T
SX *SX]-* b 'F}'g, SY *SYl+a ryg,

rac aub - KOOPAHHATLI HCHTPA TAMKCCTH YIONKa B CHCTCMC KOOPAUHAT X,
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0 =X + Xpo— (207 + 251) 102=458 - 102,
b=by - X (9-251)-102=649- 102 ..

Y& _ VT
TTockonmbKy X|, Y1 - UEHTPATIBHBIE OCH ANA YIONKa, TO S X, = .S'Y1 =0.

Torna
Sy bl 649-107-13,93-107=904-10%.7,
Sy —alye — 4,58 10%-13,93 - 10°=638" 10° 1/
Koopaunater neHTpa TsHkecTH (' BBMACHIEM no popmynam:
Sy 90,4-107¢
s =242 10" u
Yo ¥ T 373310 & ’
Sy 638-107°
xe=ZE=———=1,71" 102
F  3733107%

2. Onpenenenue 0CEBLIX M LEHTPOOEIKHBIX MOMEHTOB UHEPLUH CEUEHHUs OT-
HOCHTENBHO OCeil, MPOXOAALIMX YEPE3 ero LUEHTP TIHKECTH.

Beenem cucremy KOOPAMHATHBIX OCEH X¢, V¢, NPOXOAALIMX YEPE3 UEHTP
TAKECTH COCTABHOTO CEYEHUA W MAPANIENbHBIX OCAM X W } COOTBETCTBEHHO. Jnd
OTIPEACITCHAS YKA3AHHBIX MOMEHTOB HHEPLHA COCTABHOTO CEYEHUS BOCTIONIB3YEMCH
(opMyJiaMH, BbIPAKAIOIKHMU 3aBUCHMOCTL MEXK1Y MOMEHTAMU HHEPLUU OTHO-
CUTENbHO NapanienbHbIX Ocei:

Jxc =Jx" + biFue + ]yr+b:§Fw,
]YC=]}EJB+Q%F51H;+] ‘|'a2

]XCYC =];(H)E’ + a1b1 Fus +]X1Y1 + a2b2 F:ve s
rae ai, b 1 a2, by - KOOPAWHATHI TIEHTPOB TAKECTH COOTBETCTBEHHO IIBEN-
J1epa U YrOJIKA B CUCTEME KOOPAMHAT X Ve
a=-xc=-171-10%8, by=-yc=-242-102 u,
am=a-xc=(4,58-1,71)-102=2.87 - 10~ a,
by=b-y-=(649-242)" 102=4,07" 107 a,
¥ =0, TK X—o0Ch CHMMeTpI/II/] IBETIEPA.

Y
] m[n ]max Sinza
X1Y1 ’

rae o - yrod, Ha KOTOPBI CAEAyeT MOBEPHYTh TIABHYIO OCh g, OTHOCH-
TENBHO KOTOPO# [y = mm(]Xo = ],{:ax), yToObl OHA coBnana ¢ ocbio X OH
[OJIOKUTEJIEH, KOTAA HOBOPOT OCH HAMMEHLLIEr0 MOMEHTA HHEPLUMH Yo K FOPU30H-
TATEHOW OCH X1 TIPOUCXOUT TIPOTHE X014 TACOBOH CTPENKH, ipu 31oM |0t < 90°,

B naHHoM cayuae a = - 45°.

Torpa sin2a — sin(-90°) = -1

(43,8-168,42) - 108 .
]X1Y1 P ) (-1)=6231-10%a".
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[ToacTaBre YHUCIOBBIE 3HAYEHHUS BEIWYHH B (pOpMyJTbI A OTIpCACICHHSA
MOMCHTOB B HHCPUWH CCUCHHA, NNOJTYHUM!

Jxe = 1520 105+ (2,422 - 104 - 234 10+ 4072 10+ 13,93 - 10%+
+ 106,11 - 10% =1993.9 - 10% a7,
Jye = 1137103+ (-1,717 - 107 - 23,4 - 107 +2,872 10 - 1393 - 107 +
+106,11 - 10%=402,3 - 10% 44",
Jxoro= 6231108+ (-1,71) - (-2,42) 107 23,4 - 10 +2,87 - 4,07 - 10*- 1393 - 10%=
=321.9-10% 2

3.0l'lp6ﬂ,6.]'leHI/[e NOJCMKCHUA INMABHBIX LCHTPANbHBIX OCeH.

YTroil HaKJIOHA INABHLIX OCEH MHEPUUHM, NPOXOAALINUX 4YePe3 LEHTP TIKECTU
COCTABHOTO CEYEHUA, K LEHTPATBHBIM OCSIM HHEPLUHN X U V¢ ONpeaenum no dop-
MYIIC
2]xcYe 2:321,9-1078
Jyc—Jx,  (402,3-1993,9)-1078

te2e — — 20,4045,

200=-22°, a=-11°,

Ock MakCUMyM BCETJa COCTABISET MEHBINWI yTOI ¢ TOH M3 OCEif, OTHOCH-
TEJILHO KOTOPOH OCEBOH MOMEHT MHEpUUU UMeeT Oolibluee 3HavyeHue. B 1annom
caydae [x. > Jy,., I03TOMY MUl OTLICKAHMSA IIOJIOXKEHUS [JIABHOH OCH MAaKCu-
MaJBHOTO MOMEHTA HHEPLHH U CNEeAYET 0Cb X¢ MOBEPHYTH HA yrona O Mo xoay
YACOBOW CTPENKHW (T.K. YroJ ¢ MONYYHICH OTPHIATETBHBEIM ). BTOpas ock MWHH-
MaJbHOrO MOMEHTA HHEPUUH V OyAeT NepneHAUKyAspHa OCH U.

4. Onpez[eneHHe MOMCHTOB HHCPIIUH OTHOCHTCIIBHO TTABHBIX HCHTPATBHBIX
ocei.

BennuuHbl TaBHBIX UEHTPANBHBIX MOMEHTOR WHEPLMU COCTABHOMO CEUCHUA
BEITHCIIAEM TT0 GOopMYyIIE:

Ixc+] 1
Iinemin = % + E\/UYC _]XC)Z + 4'])2('CYC ’
e = (B2 11 /(19939 — 402,3) + 4-321,97) - 107° =

= (1198,1 +858,4) - 1078 = 2056,5- 107 %u*,

Jun=(1198,10 + 858.4) - 10#=339,7 - 10 ",
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3anaua Ne 2
Cxema I. KoucoabsHas 6aaka (puc. 17a)

Hcxoanbie nannwie: M= 18 kHw, P — 15 kH, g =20 xHwu, [6]= 8 MlTa.

e

, P—i3xH
a) q— 20 kH'x M [8kHwm
é Y ¥ ¥YYY ¥YY VY ¥ V\
4 D) -
- 0.6 M 0,8 u 0.6 at -
P N g~
6) 1 P i5kH I /
M, 4~ 20 ki i M—I18 kH m
Hf /' l\r IBEBIEEEREN. '\
\_ 14 B C D) -
R4 z,
T ]
1
8) Inopa M, ~
@ {18 kH M
<
7 wH-m V 11,6 kH M
_ Onopa
2) pa Q,
16 kH
31 kH @

Puc. 17
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Pemenne

MecTa pacnonoKeHHA TeX CEUEHUI, r1e MPOUCXOANT CKaukooOpazHoe M3-
MEHEHHE (PU3HKO-MEXAHUUECKHUX XAPAKTEPUCTHK MATEPHAIIA KOHCTPYKIHH, FeOMET-
PUYCCKUX XAPAKTCPUCTUK MONCPCUHBIX CCUCHUIA, a TAIOKE BHCLIHUX HATPY30K, ABMA-
FOTCS TPAHWTIAMHU MEXKIY JIBYMS CMEKHBIMH yyacTkaMH. B JaHHOM crywae ans of-
HOPOAHOH OalK{ KPYIJIOTO IONEPEYHOr0 CEYEHHA TPAHHLAMH Y4YacTKOB OyayT
TOUYKHU MPUIIOKEHUS HATPY3O0K.

PaccmarpuBaemas Ganka (puc. 17 0) umeeT Tpu ydactka: ydactok [ - JIC
yuactok I - CB, yuacrok III - BA.

Yuactok I (0 <2z <0,6 a1).

[IporeneM ceuenue I - I HA pacCTOAHHHM =1 OT CBOOOAHOTO KOHIIA OaIKH,
CocTaBnM BeIpaskeHHs JUTA w3rubaromero momenta My w momepeunoi cuner Qy, :
My =M=18 xHu; Qy,=0.

TTomy4eHHbe BHIPAKEHUA NOKA3LIBAIOT, 4TO HA yuacTke 1 My u Qy, noctosauub.
Yuactok 11 (0,6 < z2 < 1.4 x).
Bripaxenus juis My, u Qy, umetor Buj;

_ 2
My, =— (Z2706)"

?

+M=-10(z2 - 0.6)* + 18,
Qy,= q(z2 - 0,6) = 20(z2 - 0.6).
Taxum oGpasom, BeuunHa (Jy, H3MEHASTCA MO JIMHEHHOMY 3aKOHY, & BEJIH-
unna My, - 1o 3aKoHy KBaJpaTHO# napadosbL.
nOI[CTaBI/IB FHAYCHHA KOOPAHWHATHI Z2, KOTOPLIC COOTBCTCTBYHOT XapakKTCp-
HbIM CCUCHUSAM Y4ACTKa, B AaHAJIMTUYECKUE BbIPAKECHUS I PyHKUMI MXz (z,) n
Qy, (z2) , onpesiessieM KOOPAHMHATHI SITIOP Juisi ceuenwii C u B,
lpuz; 0,6 My =-10(0,6 - 0.6) +18 = 18 xHu,
Qy, =20(0,6-0,6)=0;
mpu z2= 1,44 My, —-10(1,4 - 0,6)* +18 = 11,6 xHw,
Qy, =20(1,4-0,6)=16 &/l.
DKCTpeMANbHOE 3HAYeHHEe M3rubarouero MoOMeHTa Ha yvactke 1l onpene-
JIUM CIICAYHOIIHM 00PazoM:

d;’z):z =-20(z2-0,6)=0,1.c. 22=0,6 u M szmax =18 wHwv. 2
Yuactok 11 (1,4 <z3 <2 .m).
CocTaBUM aHATHTHUECKHUE BBIPpAXKCHUWA TS 1VIX3 A QYg:
My, =-q 0,8 (z3-1)-P(z-1,4)+ 18 =-20-0,8 " (z3- 1)-15 " (z3-1,4) +
+ 18 =-31=5+ 35,

Qy,=q 08 +P=20"08+15=31xH.

Ha yuactke III QY3 = conslt, a MX3 HU3MEHACTCH TI0 JIMHEHHOMY 3aKOHYy.
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Ipuz:;=14.u MX3: 31-14+55=11,6 xlwn,
npuz3=2u My, =-31"2+55=-7 xHn.

I1pn nocrpoenuu >mop (puc. 17 8, 1)y My n (Jy nns BCel Danku OTI0KUM
NepneHAMKYNAPHO K OCH abcumnce (TMHUM, napannenbHoii ocH 0anku) B yaoOHOM
MacITade BBIYMCIEHHBIC 3HAUYEHUS My W (Jy B XapakTepHbIX ceueHusx. Coemu-
HSEM KOHLLb] [10J1YYEHHBIX OPAMHAT JUHUAMM, KOTOPLIE COOTBETCTBYIOT 3aKOHAM
M3MEHEHNA My n (Jy HA KOKAOM yyacTKe, MOCTPOUM 3N0pbl My U (Jy Ans eeei
Oanku. [TonokKuTENBHBIE YIMIOPH (Jy OTKIAABIBAEM BBEPX, & OTPHLATENBHBIE - BHU3
no ocu abcuuce, OpauHaThl HNHOPLl My OTKIAALIBAIOTCA €O CTOPOHBL CIKATOCO BO-
JIOKHA.

B nanHOM nprMepe HanOOIBIIWI MO adCOMIOTHONH BETHIWHE W3THOArOMMiA
MOMEHT HMEET MECTO B CEUEHUAX, PACTIONOKEHHBIX HA YUACTKE | (Myax = 18 xHar).

Kpyrnoe ceuenne nepeBsHHON Oankn noadnpaem u3 yCIoBUs MPOYHOCTA TPH
u3rude (ponyckaemoe nanpsbkexue [o] = 8 Mlla):

Omax — MWL;x < [G]
Torna TpebyeMblit MOMEHT CONPOTHBIIEHHA ceYeHUA Oanku npu u3rnde Oyaer

' ™  Mmnax 18-10° _ 103 4,3
paeeH; W™ = o] 8 10° =225-107ar.
mad?

32
T
ITpupasuss ero Wy b TONTYYHMM 3HAYCHHS AHAMETPa CEIEHHA

3322251073
d= /T — 02844,

OKpyrnue, NpHHHMAcM Opyc ¢ nonepeuHbiM ceucHuem o — 0,29 w
(Wy=2,394- 10" a7).

MOMEHT CONPOTHBIICHUA KPYTIIOTO CEYEHNS paBeH Wy —

Cxema I1. Isyxonopuas 0anka (puc. 18a)

Hcxoanble JaHHble:

M=18xHxn, P —15xH, g=20xHn, [c] =160 MlTa.

Pewenue

Onpeaenum onopHbie peakuuy. OTOPOCHUM ONOPLI U 3aMEHUM WX BIHAHUE HA
OanKy OMOPHBIMH peaktuamu R, H, v Ry (puc.180). Peaknmm Ry w H, nipen-
CTaBAIOT COO0H BEPTUKAIBLHYIO U TOPH3OHTAILHYIO COCTABISIIOLUE [IOJIHON Peak-
LMK LWAPHUPHO HEMOABHXKHOI OMOPLI 4, CUNa Ry ABNAETCA NONHOH peakuHer Onopsl
B. HanpasneHust OMOPHBIX PEAKIIHI BBIOWPAIOTCS MPOU3BOINIBHO, €CITH B PE3YIIBTATE
pacueTa 3Ha4EeHUE KaKOi-1100 peakuuy Nony4yaeTcs OTPULATENbHBIM, TO B 1€ACTBU-
TEJILHOCTH €€ HanpasieHHe NMPOTUBONOIOKHO MPUHATOMY.

UncnoBble 3HAYCHNUA OTIOPHEIX PEAKIHIA ONMPEIENSAIOT W3 YCIIOBHH

gz — 0, ZMy— 0, M — 0.
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a) M (8xkH g 20rHwm

Y L 4 A

= SR Ll "l poiswn
! I 7 o
6) M —18 kHu g—20 xH'wm
Al [
H, T ¢ \A D B I o
R = = ) R, P15 iH
Ki :4
o B WLT.
6) Onropa M, y e \> /{ 00,7 kH -
L—1
89 2 wH-at / wd \
[
e
42,8 kH\t @
15 kH i
248 kHm~
)

21,44 kH G_) Oniopa Q,

15cH
38,56 kH

Puc. 18

H3 NEPBOIo yCJI0BUA — PABCHCTBA HYIIH) ﬂ‘pOCKLll/Iﬁ BCCX CHJ1 HA OChb Z, IOJ1Y4HUM
H,.-] =0.
ﬂ,.]'lﬂ OoNnpcaAcCyICHUA OHODHOﬁ PCAKLUHN Ry cocTtaBum CYMMY MOMCHTOB

BCeX CHJI OTHOCHUTESIBHO TOYKH 4
My —Rp"9+M 1P -10-qg-4-7=0.
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CnenoBaTelibHO,
1
Ry %(-M—P "10+qg-4-7) :5(—18 -15-10+20 -4 -7)=43,56 rfl.
AHANOrM4HO COCTABUM CYMMY MOMEHTOB BCEX CHJI OTHOCUTENLHO TOYKU B
Mg -0, -Ry-9+M-P-1+g-4-2=0,
1 1,

OTKy/a RA:;(M 'P1+q-4- 2)=;(18+]5 “1+20-4-7y=21,44 xH .

Jns IpoBepKH HAMAEHHBLIX 3HAYCHUH ONOPHBLIX PEAKIMI COCTABHUM CYMMY
NPOCKLMHA BCEX CUJI HA OCb Y-

LFiry= Ry Rp+P—qg-4=2144+4356+15-20-4=0.

OnopHee peakuuu ONpeACIeHbl IIPABHIIBHO.

IloCckobKY IPAHULAMM Y4ACTKOB ABIAIOTCA TOYKM [PUIONKEHUA BHEWIHUX

HArpy30K W OMOPHBIX PEaKIni, To 3a/laHHas Oalka UMEeT YETHIPe yJacTKa:
[ ygactok - AC, 1l yuactox - CD, [1l yuactok - DB, IV yuacTok - B,

Yuactok [ (0 <2y <2.a).
CocCTaBMM AHANHTHYCCKUE BHIPAKCHUA U3MEHEHUA BENMUYMHBI U3THOAKOLICTO
momenTa My —w momepeurodi cuant Qy, .
MX1 — R4z = 21,4431;
Qy, = Ri=2144 &1,
W3 nonyueHHBIX BRID@KCHUH BUARO,  Qy, = const, a nsrubaroumii MOMEHT
My, M3MEHAETCS MO JIMHEHHOMY 3aKOHY .
Torna npuz;=0 My, =0;
npuzy =2 MX1 =2144-2 =428 xfiu.

Yuactok Il (2 4 <z <5 ).
MX2 =Rizm- M=2144"z,-18,
Qy, = Ri= 21,44 «H.
3nece Qy, — const, a My, usmensetcs no nuneiinomy 3akony.
llpu z2= 2% My, =2144-2-18 =248 ki,
npu =5y My, =21,44 -5 - 18 =892 xilu.

Yuactok IT (5 » <23 <9 u).
AHaMTHYECKHE BRIpaxerus amst M Xz U ng HMEIOT BHJT

>

—5)2
My, = Riz— M- q% =21,44 23— 18 - 10(z: - 5 =-10 Z% + 121,445 — 268
QY3 = Ri—¢g(z3—5)=21,44 - 20(z;— 5)=-20z; + 121,44,
Oynrupa M x4 (23) M3MEHSCICA 110 3aK0HY NapadoibL, QY3 (z3) NO nUHEHHOMY 3a-
KOHY.
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Haiinem 3Ha4yeHWs BETHYNH IVIX3 " Qy3 B TPAHWYHBIX CeueHusx ) n B
yuactka IIT:
Mpuz3=5n My, = -10°5% +121,44 - 5 - 268 = 89,2 x/ln,
Qv, =-205 + 121,44 = 21,44 xH,
npuz3=9 My, =-10:9% +121,44°9 - 268 =15 xfin ,
Qy, =-20-9 + 121,44 = -58,56 kH.
[TonepeuHas cuna Qy3 Ha 3TOM Y4aCTKE NPUHHUMAET B HEKOTOPOM Ceue-

HUM HYJEBOE 3HAYEHME U MEHACT 3HAK NMPU NPOXOKaeHun uepes nero. [loatomy
dMs

B CCUCHUHU, TIE QYs 3 =0, wu3rnbarwlWMKii MOMEHT AOCTHTAET 3KCTpE-
Z3

Ma.l'lbl-lcz)l;(;ISHa‘{eHlflﬂ. [lpupaBHsB BbIpakeHWE I QY3 K HYJIKO, TNOJYYUM:

I3 = 2(’) = 6,07 as. [loacraBu HaiiaeHHO 3HA4eHUE =3 = 6,07 At B BLIPAKEHHE 1)1

MXg-: Haﬁﬂ,GM BCIUYHUHY SKCTPCMANBLHOIO 3HAYCHHA l/|3F[-fI6aPOLLl€l"O MOMCHTA Ha
3TOM yqacn{e.
My, max =-10° 6,072 + 121,44 6,07 - 268 = 100,7 xHo.

YuacTok [V (9 v <z4 <10 m).

JITs ONyYeHNsl aHATUTHYECKHX BRIPAKCHUH W3MEHEHHS MX4 14§ Qy4 Ha
JTOM Y4acTKe LEeNeco00pa3Ho pacCMOTPETh PABHOBECHE PABOH OTCEYEHHOI 4a-
CTH, TAK KaK BCICACTBHE MEHbLIEN0 KONHYECTBA BHEIWIHUX CHI, MPUITOMKEHHBIX K
NpaBoH 4acTH OANKY, AHANUTHYECKHE BBIPOKEHUS Oy YT MPOIIE.

Torna

My, = P(10 - z;) = 15(10 - z),
Qy4 =-P=-15 rH.

Kax BUAHO U3 TAHHBIX BBIPAKECHHH, Qy4 —const,aM x,, W3MEHSETCS 10 JIMHEH-
HOMY 3aKOHY.

[pu zy =9 m My, =15(10 - 9)= 15 xHaz,
apu 23 =10 ar My, =15(10-10) = 0.

Snopsl My W Oy Ang Beeil 6anku (puc. 18 B, r) CTPOUM, OTKJIaabiBas B
yao0HOM MacmTade 3Ha4ueHuA My U (Jy, BO3HHKAIOIIHAE B XapaKTEPHBIX TTpOMe-
KYTOUHBIX CEUEHHAX KAKIOI0 YUACTKA, H COEAMHAEM KOHLbI MONYYSHHbIX OPAHHAT
JIHHUSAMH, KOTOPBIE COOTBETCTBYIOT 3aKOHAM Ay 1 (Jy HA ITHUX y4acCTKaxX,

Haubosee onacHbIM ceYeHHEM B IAHHOM clyyae siBJISICTCA CEYEHHE, B KOTO-
POM BO3HHKaeT HauOOAbLWIHA Mo adCOMOTHOH BENMHUMHE MOMEHT Miyma=100,7 xfin.
JByTaBpoBOe ceveHUe cTansHoi 6anku noadbupaeM M3 YCIOBHS MPOUYHOCTH MPH
u3rude (aonyckaemoe Hanpskenue [6]= 160 Mila):

53



Mmax
= <
Omenx Wy = [o].

TpeOGyemblit MOMEHT COMPOTHBIEHUA Wy paBeH:
M 100,7-10° R
W, P= —max — = 629,38 * 10 4/°.
[o] 160-10°
[To copramenty (TOCT 8239-72) npunnmaem jByTasp Ne36 ¢ Wy =743 - 10° a7,

5.3, [TpuMeprl penieHud 3a1a49 B KOHTPOOLHOH padboTte No 3

3apaya Ne 1 (mpuMep pacyeTa CTATHMECKH HEONMPEASIUMON MIOCKOH paMbl,
uzo0paxeHHoi Ha puc. 19 a).

Hcexonuble paHHble:
[ =81, h=06ua,q =3 xHum, MOMEHTBl WHEPIIMH BEPTHKAIBHBIX 3JIEMEHTOB
PaBHEL /, a TOPU3OHTANBHEIX - kI (x = 1,4).

Pewenune

1. OnpenesneHue cTeneln CTaTu4eCcKOl HEONPEJEIMMOCTH CUCTEMBI.

[TOCKONBKY 3aMKHYTBIE KOHTYPBI OTCYTCTBYIOT, TO CHCTEMA BHYTPEHHE
craTMuecku  onpeaenuma,  OnpeaenuMm  CTENEHb  BHEWIHEH — CTATUYECKOM
HeonpenenumMocTH. Peakumii ceasehi - nath. YpaBHCHUIH paBHOBECCUA AT MIOCKOMH
CHCTEMBI MOKHO COCTABUTE TPH. CTENEHB CTATHUECKON HEOTIPEIE TUMOCTH PABHA:
§=35 -3 =2 Takum 00pa3zoM, CHCTEMA 2 Pa3a BHELIHE CTATUYECKU HEOTIPEALIUMA.

DKBHBAICHTHYKY CHCTEMY BHIOWpacMm, oTOpaceiBasi CBsI3M B omope A
(puc. 190).

2. CocTaBIeHUE CHCTEMBI KAHOHHYECKUX YPABHCHUH.
CucreMa KaHOHHYECKMX YPABHEHHH UMEET BHIL
X101 T X081 = - Ap; K10y + X200 = - Aop,
rae kod(puuuenTol O; CUCTEMBbI KAHOHHUYECKUX YPABHEHUA NPEACTABNAIOT COOOM
NEPEMEIIECHAS TOYKH, I€ NPWIOKEH CHIIOBOH (pakTop X; paBHBIH eIMHHULE, 110
HANpPaBlICHUIO eauHu4Horoe (akropa JX;, Ajp - npeactapisiorT coboi aHANOTHYHbIE
MepeMeLLEeHMs, BI3BAHHBIE 3a0aHHONH HATPY3KOM.

3. [locTpoeHUE 2MIOP U3rudaOLIKMX MOMEHTOB OT €AMHUYHbIX CUJ1 U OT 3a]aH-
HOH Harpy3KH.

KosthduimenTsl KaHOHHYECKUX ypaBHEHUH onpenessieM rpado-aHaIuTHye-
CKMM METOJAOM, JUIA YEro CTPOMM IPY30BYH) (OT 3aaaHHbIX cui, puc.19 1) u ean-
HHYHBIC 3MOPH (puc. 19 B, 1) H3rudarmmx MOMEHTOB.,
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) Jaddiitas cxeaid - . 0)  Dreusaienmnds Cxemd
g9 KH qg—35 kH
.
= A
—n
X
=
{ X,
D
o) J77I777 JE -
Dnropa My e _
h'4 hd Smopa M,
\
—p
X,—1
Xo—1
3h4
) 7 777777
4 Dniopa Mp o ej Onropa M 23,9 kHa1
W 7 9,6 KH : ] /
[ 4
7777777 155 kH A
) | 7777
Imopa ¥ Oniopa N
6,4 kH
N ] - =
Qw,nﬁw_ T T T T T I I T
21,7%H
6,4 nH =
] 183 kH
6,4k || 21,7 kH
N 1]
J7TI777 ST
Puc. 19
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4. OnpeneneHue nepemMeLcHuii.
Jlns onpenenenust KO>PPUIUEHTOR &) mopy M, yMHOKaeM Ha M.
2 2 2
1(h\* 2 h 1(h 2 h 1(3 2 3
= (L) 2 1) 2 A L (3h) 2 2p) 4 Ly b
3 4 2\4 3 4 2\4 kEI = 4 4

2 \4

29h3 lh? h? 12
+ = (29h + —z).
192E1 16kEI  192EI k

Jins onpeaenenus 6;; v 6y 3mopy M; yMHoxkaem Ha M,:
—§y=.L.lp.h, 1 _1(2)2. 1(&)2. (2 -2)
512 = B PAe(=25) 1 3(E) ) = (2

Jlnst onpeaenchus &y amopy M, yMHOKkaeMm Ha 1\712:

By = —— L ]2 - 21+— Ih - 1_3RE1 - 3El(3h—|— )

kEI 2

Breranenum ko3 PUUAEHTHI 011 , 012, 021 W &2

62 45,48

8”_192131 (29 6+_ 8)_ EI °
8-6 37,71

612—521—@(2 6_ﬁ)_T’

82 8 505,9
=—1[3.6 _) = _
02 = 3EI( T 1.4 EI

YMHOKAEM MO0UEPEIHO €QMHUUHBIE MIOPLl M, u M, na rpy30By10 smopy Mp,
B PE3YABTATE ATOTO HaiiAcM CBOOOAHBIC WICHBI CHCTEMBI KAHOHWYCCKUX YPaBHCHHH!

1 1gql2 hoo1f{1 (h\? @® 1(3,\* q®\_ q®h  qi*n® _
Aip=—-— 1l =+==--) ~——=(=h) ~—)= - =
2 2 \4 2 24KkE] 8ET

kEI 3 2 4 EI\2 \4
ql%h (1
——(——Bh ,

24ET \k

Brrancmm koagdrmmeHtel Ajp 1 Aop:

5826 /3 982,86
Aip = (— -3 ) = ,
24EI \14 EI
5-8% /g 9508,57
Ao =22 (g 6) = BT
8EI \14 EI
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5. HaxokaeHuWe BEIWYUH X U X> .

IloacTtaBuM HaMIEHHBIE BEJIMYMHEL IEPEMELLIEHUN B KAHOHUYECKUE YPaBHE-
. 1
HHAS W COKPATHM WX HA OO MHOKHTENb = :

45,48X, +37,71.X,=98286,
37,71X) + 505,9X,=9508,57.
Pemns 3Ty cucTeMy YpaBHEHHH, HaliaeM
Xi=6A2 kH,  X>=1832 /.
6. [locTpoeHne OKOHYATENbHBIX 3NIOP BHYTPEHHUX CUJIOBEIX (pakTOpOB: M,
NuQ.

JJis NOCTPOEHHA OKOHYATEJIbHBIX M0 BHYTPEHHUX CUIIOBLIX (PAKTOPOB MC-
MOJbL3YEM 3KBUBANEHTHYHO cUcTeMY (pHC. 19 §) ¢ yueTOM HaliAEHHBIX CUNOBLIX (hak-
TOPOB X| M X> .

DHIOPbl CTPOMM OOBIYHBIMM METOAAMU, KOTOPLIE NCHOJIB3YKOTCS A1 [IJIOCKHUX
cucteM. Bnopel M, N, () uzo6paieHbl Ha puc. 19 ¢, Kk, 3.

3agaua Nel (npumep pacuera CTATUYECKU HEONPEASIMMON IUIOCKOIPO-
CTPaHCTBEHHOM pamsl, H300paxkeHHOH Ha puc. 20 a).

HcxoiHbie JaHHbIE:
P—1500H, ¢ —08xm, b —0,8 a.

Peuienue

Paccekas paMy nMo OCH CUMMETDHH, YUUTHIBAS, YTO A TJIOCKOMPO-
CTPAHCTBEHHBIX CUCTEM CHJIOBBEIE (DAKTOPBI, JIEKALLME B IUIOCKOCTU PaMbl, PaBHbL
Hymo. (cMm. ®deogocbes B.M. ConpoTuBaeHue Matepuanos: Yueh. ansg By3oB. - M.
Hzn-po MI'TY um. H.3. Baymana, 2004.)

Kpome TOro, pama CUMMETPUYHA, NOITOMY B IONECPEYHOM CEUCHUH B
MJIOCKOCTH CUMMETPUH 00pallatoTes B HY1b KOCOCUMMETPUYHBIE (PAKTOPHI - KPY-
TAIIHMIE MOMEHT W BEPTHUKATBHAA MOTNEpevHas cuia. OTIHYHBEIM OT HYAS OCTAETCH
TOJbKO U3rudarouii MOMEHT X | B BEpTUKaIbHOH miiockocTu. [lonyuaem, 4yTo cu-
CTEMA ABNAETCS OJHH Pa3 CTATHYECKH HEOMPEAEIUMOH.

Paszpesaem pamy 1o mIOCKOCTH CHMMETPUM U NPUKIAABIBAEM MOMEHT X|.
M300pa3zum 3kBUBaNcHTHYH cucTeMy (puc. 20 0). CTpoUM 3MHOPbl MOMEHTOB OT
ETMHUYHOTO MOMEHTA W 3a1aHHBIX cHJT (puc. 20 B, ).

CocTaBUM KaHOHMYECKOE YPABHEHUE

onXi=-Ap.

OnpenenseM K03 OUTTHEHTH 3TOTO YPABHEHHSI.
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42,9 Hn

3429 Hat

Puc. 20
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Hdns HaxoxxaeHus ko3(pQUUMEHTa i1 3MOPY OT €AHHHUYHOTO MOMEHTA
YMHO3KHM Ha 3MIOPY OT €AMHUYHOIO MOMEHTA, a IPH ONPEASTEHUN Ajp 3MIOPY OT
€AWHHWYHOTO MOMEHTA YMHOKAEM Ha MTHOPY OT 3aJaHHbIX CHIL.

[MTonyuum
a 2b Pab
m=—+—, Ap=-
P s
EI Gl 4GI,
nd*
roe  fp— 37 - TONAPHBIA MOMEHT HHEPLMH TA CTEPHKHA KPYIIIOTO nonepey-
HOI'Q CCUEHUS AUAMETPOM d,
md* -
7= - MOMEHT HHEPUHH CEUEHHs MPH W3THOE.

64
[Mockonbky /p = 21, (¢ = 0,4, TO yNPOCTHM BBIPAKEHHUA AN 811 U Ay

1 Pabh
on=—1(a+ 2.5 A,=- )
N ( S6) 5 p 3,2E1
Pab 1500'0,8'0,8
Torna X = = = 3429 Hu.

a+2,5b  0,8+2,50,8
3nopbl U3rudaoWnx MOMCHTOB M, M KPYTALLIHX MOMEHTOB My ¢ yYCTOM
BENTMYKHBI X| MOKazaHbl Ha puc. 20 A, €.

3apaua Ne 2 (npumep pacuera, cxema puc. 21 a).

Hcx0aHbIE NaHHbIE:
(- 15kH, H=7rH, n=750 o6 atun, ! — 1,6 m. TTonepewnoe ceuenne 6amok

cocTouT M3 aAByXx ABYTaBpoB Ne20 (Jy = 1840-10% st Wy = 184-10° %) Monyib
ynpyroctv cranm /7 =2-10" [Ta.

Imopa M
% W
12
Oniopa M,

N

\z.—-—/,//
QL2

Puc. 21
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PeuieHue

1. OnpeaeneHue 4aCTOTbl COOCTBEHHbIX KONeOaHui M.

Ans onpeaencHua 4acToThl cOOCTBEHHBIX KoNeOaHNit HYKHO 3HATL nepe-
MELLEHHE TOUYKH, TAE PACMNON0KEHA Maccd, T.€. MPOrud Ogy OANKW B MECTE Pacnoo-

JKEHHs ABUraTens.
CTpouM 3mrOpB H3rHOAKUINX MOMEHTOR A OT NEHUCTBAS € AMHUIHOH CHJTBI
()) = 1, DpUI0KEHHOH B TOUKE IPUIOKEHUS cuibl () 1 My oT cuibt () (puc. 21 0, B).

[Iporu6 Ocy HaiineM rpado-aHaJMTUYECKUM METOA0M

5. = 1 (1_1 1 2 Qi 1,112 Ql) Q1® 1,63 15103 _
MO Ejx\2 2 2 3 2 2 2 3 2 8E]xy 82'1011-1840 1078
=0,209'102 ..

Uactory cBoboaubx konebauuid onpeaensem no Gopmyiie

_ g _ 931 _
Wy = ’—— ’——6861/'.
o Sem 0,209 102 ? ¢

2. OnpeaeneHue YacTOThl BO3MYLUAKOLICH CUIIbL ().
Bosmywarwwas cuina npeacTaBader co00H NEPHOAMYECKYHD CHUIY
H¢t) —H cos wt, BLI3BIBAIOILYIO MONEPEUHbIC KONeOaHUa OaNKNW B BEPTHKANLHOIM

niaockocTH. YacTtota ) cunbl /(1) paBHa:
_n2m_nmn_ w750

3. KoshduuneHT HapacTauus koneOaHuii onpeaensem no gopmyne:

B _ 1 _ 1
1-(w/wg)? 1-(78,5/68,6)?

=-3,23.

[MTockoneky ko3dduuneHT § oxaszancs oTpHUATENBHLIM, TO B AaNbHEH-
nrem pacueTe Oy/1eM YIHTHIBATh €10 a0COMHTHYH) BEITMYHHY.

4. IuHaMHUeCKHi KO3(PPULHCHT HAXOANM:

J{J—1+§—H- :1+%-B:1+1—75-3,23—2,507.
Q

5. OnpeseneHne HaudOIbIIErO HOPMAILHOIO HANPSKEHMS,
HaMGOHbLUHﬁ no MoayJilo ]/]3r|463|'0m[/|ﬁ MOMEHT UMEET MECTO B CEHEHHHN A:
Mi=Q 2=1510° 0.8 12+ 10° H.
3Haﬂ BGJIHHMHy M3FM6aIOU.LeF0 MOMECHTA, BOZHUKAKYNECIO B ONAdCHOM CCYCHHA K
63_”1(”, onpeaciiacMm CTATHHYCCKUC HANMPAZKCHHUA B CCHCHHH A

Mg 12-10%
Oon—+*t—=+———=+326" 10%[la =+ 32,6 Mila.
2Wyx 2:184-10—6
HauGonblune HopMabHbIC HANPAYKEHKA B Oankax:

07=Kg Ocm — 2,507 -32.6=281,7 Mlla.
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3anaua Ne3 (npumep pacuera, cxema puc. 22 a).

Hcxoaueie aaHnbie:
[ =045, d=25-107n, [6]=100 MIla, y="78 - 10° Har,

a)

8) Dnmopa M

L[ 1/]

—-gl?
y 2
6) c Rp TRA
INEAZES A
7 A\,
R T

Prc. 22

Penienue

1. nOCTpOEHHG SMHOP LI HBTPlﬁaK)HIHX MOMCHTOR OT CHJT HHCPIHH, BOSHHKAKOTIHX
HA YYaCTKaX JIOMAHOTO CTCPKHIL.
[Tpu paBHOMEPHOM BpalLEHMM CTEPIKHA BOKPYI OCH MHEPLMOHHBIE CHJIbI HANPAB-
JICHBI MO paauyCcaM OT OCH BpAlllCHUA. HHATEHCHBHOCTE WX, OTHCCCHHAA K CAHHHUIE AJTHHBI
CTEPIKIH, PaBHA:
_yFw?

i ’/‘9

g
rac F- miomaab MorepeHHOTO CCHCHNS CTCPAKHA,
F = pacCcToAHHA YaCTHI CTCPKHA OT OCH BpALICHHI.
OmnpeeMM HHTEHCHBHOCTE (f; CHJT HHEPLMK, JEHCTBYIOMINX HA YYacTke [/ T0MaHOro
CTEPIKHS:

. YF
iD}i = —(Uzl.

9 g

YF :
Beeaem 0003Hauenue g = ?wzl. Torma ¢t =gq.
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WHTEHCHMBHOCTE €Ml MHEPUMM, JACHCTBYIOWIMX Ha yuyactke (') 1oMaHoro
CTEPKHA, U3MEHACTCA NO [JUTHHE 3TOTO VYACTKA 1O JIMHEHHOMY 3aKOHY, B TO4Ke (' OHA
PABHA HYJLO:

_YFw*
C]fC =

rc = 0, Tak xak - =0, a B Touke D:

yFw? yFw?
z‘D = Fp= [

Cuabl  MHEpUMHM, ACHCTBYWOLIME HAa ydacTke (') NIOMaHoro  CTEPXKHA,
HATIPARIICHBI B0 €TO OCH,

Pacuernas cxeMa, VUMIBIBAIOINA] HHEPLMOHHEBIE CIJIBL JIEHCTBYIOLIME HA
PaccMaTPMBAEMYIO CUCTEMY, MOKa3aHa Ha puc. 22 0.

OmpeaenuM peakuuu ¢Ba3eid. [ 5T0oro COCTaBUM YPaBHEHHS PABHOBECHS
OTHOCUTEJILHO TOUYEK A U B:

Lo 1 [
SMp=Riltq | (z+2)t3q 1 3=0,
OTKya Ry=- ;ql ;
IMy=-Rp-l+q [ (é+é+l)+%q 'l%l=0,
OTKy/a Rp = % gl
[TpoBepka MPaBUNBHOCTH BBHIMHCIICHHIA:
ZY:RA-I-RB-q'l-%q = (%—;— 1—%)(,] {-0.
CTponM dIIOpY M3rHOAONMX MOMEHTOR (CM. pHC. 22B).

2. OnpeacneHne OMYCKAacMOro ynucna 000poTOB BaTMKa B MUHYTY.
Haubomemuit H3rudaromiii MOMEHT BO3HHKAET B ceueHrH B pamika 4B,

_5 »
Mmax*l}ql .

Haunbonblune HopManbHbIE HATIPSDKEHU S PABHBI:

_ Muyax _ 5q1% _ 5yFw®l®
Cmax = - - T T .
w 4w 4 gw
Td?
rae W= - MOMCHT COTIPOTHBJICHHS MOTIEPCUHOTO CCUCHUS,
rd?
a F= i MITOMmaab CCUCHU.
_ 10yw?I3
TOF,[[a Omagr ——————.
agd

TTpHpaBHWBAEM MaKCHMAITEHOE HOPMAITEHOC HATTPSIKCHAC Gy TOTTYCKACMOMY
HANPsHKEHHIO [o]:
_ 10yw?1®

Oimax = g—d S [0] s
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_ (lolgd
OTKyﬂ,a Meoon 10y 3 -

Obo3Ha4YMM 71 — YUCTIO 0OOPOTOB, COBEPIIAEMBIX BATHKOM 32 1 MHHYTY.

Znnmn _ TN gon
60 30

Torma Mo =

Takum odpazom,

_30Wgon _ 30 |[o]gd
Roop ———— — —

T T oA 10y13°

. _ 30 /100°10%9,81-25'1073
don o 10°78'103'0,43

= 2117 06 aun.

3anaua Ned (mpumep pacuera).

HcexoaHble JaHHbIE:
My =270 Ha, M= 270 Ha, 65 = 520 Mlia, 67 = 240 Mna,
d =40 =40 107, p =23 0m, Dd =12,

Onpeaenuts k03P (pUUKEHT 3anaca NPOYHOCTH B ONACHOM CEUYCHUM BAJIA.

HopwmanbHele HAMPsHKeHHS H3rHOa U3MEHAIOTCA TI0 CHMMETPHYHOMY ITHKIY, a
KacaTeIbHEIE HATIPSKEHUS — 110 OTHYJICBOMY IIHKITY (OT HYJIS 0 MAKCHMAJIBHOTO 3HA-
YyeHus ).

Perienue

1. Ol‘[pC}:[GIIi[GM MaKCHMAJTEHBIC HAITPSIZKCHUA MPH n3rnde:
My
Omax — W_ P
X
rae WX - OCEBOH MOMEHT CONPOTHUBACHKA NONCPCHHOro CCUYCHHUA Baa,
wd®

Wi
X 32

32M, 32-270
TO  Omax — =
MO gd3 me43.1076

=43 - 10° [Ta = 43 MTla.

HOCKOHBKy HHKIJI CI/IleleTpI/IIIHbII'fI, TO
Ga - G}ﬁax = 43 Wa 5 G}n - Oj

Oy — AMIUIATY /1A LUKIIA, Op — CPE/IHEC HANPSKECHUE.

OHpeHCHHeM MAKCHMAJILHBIC KaCATCIILHBIC HAIPAXKCHH A,
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Mg

Tmax — T &
Wp
rae M/;J — l'lOJ'[HprIf‘l MOMCHT COﬂpOTHBJ’lGHHﬂ
wd?
Wo=2Wx =75

270-16 270-16
= = — =215 10°Ta = 21,5 MTa.
d3 m-43.1076

Tmax
Liuks1 OTHYNEBOIA, TO
T
Tn = Ta = —”;“x = 10,75 Mlla ,

rac Ty - aMINIMTY A HHKIIA, Ty - CPCAHEE HANPSKCHHCE.

2. Tlo smnupuueckuM (popmyaaM HAXOAUM MPEASa TEKYUECTH MPH KPYYEHWH H
HPEEIBI BEIHOCIMBOCTH TIPH KPYUEHHH W H3MMOE:
Tr=0,5807=0,58 - 240 =1392 Mlla;

6.1=(0,55 —0,0001 - Gx) - Gy = (0,55 — 0,0001 - 520) - 520 =259 MTTu;
T1=0,6 - 0. = 0,6-259 = 1554 Mila.

3. DBodextusHpie K03OPHIMEHTH KoHICHTparmn Hanpsokernii Ky n K
onpenenseM no GopMye:
&
Kp=K;=

1+(1+§)-10'(°'33+fTT2) ﬂ
rned BMM, O —BMlla.

Teopetnueckwit KO3(PHITMEHT KOHIIEHTPAITHN HaNPSKEHWH O OMpenenseMm,
MCIMONB3Y A rpaduk, mpecTaBAeHHbIH Ha prc. 10.

Mpu p/d=23/40=0,0575 0O~ 195

Torma

1,95
K=K, = = 1,5905.
T 1+(1+%)-1o‘(°'33+%)

4. HaxonmuMm Ko PUIIHEHTEI Kisn Ky, YUYUTBHIBAOIIHAE BIMSHUE PA3MEPOB, 110
hopmyiie

d 40
Kig=Ka=1- 0,154lgﬁ= I- 0,1544’%:0,888 ,

e o — B A,
5. OnpenensieMm obumue K03(PPUINEHTEI CHIKEHHS IPEASTOR BEIHOCTUBOCTH K
K K
K== D K= =
Kdge Kar
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5905
K= 22222 791,
0,888

6. KoahpuuuenTtsl 3anaca 0pouHOCTH MO HOPMAaJbHLIM M KacaTe/IbHbLIM Hanpsi-

HKCHUAM Halaem no dopmynam:

O_q T—1

Kog+pgom T Ktgtetm
e Y, U Y, — ko3DPUIHEHTHI, YIUTHIBAIONINE BIIUSIHAEC CPEJHNX HATPSKEHHAT
THUKTA.

YuuTtbiBas, 4To I, = 0, 1O
o_, 259

Kog 1,791-43
Koa(ppuuMeHT, yYUTHIBAIOLWHEA BIHAHUE CPEAHMX KACATCNLHBIX HAMPSIKEHHH,
paBeH:

Ne

= 3.36.

2

s =

w _0,01+107%-ap _ 0,014+4107%-520
T K 1,791

= 0,0346.

155,4
Torna, n, = =792,
1,791-10,75+0,0346 :10,75

7. Haxoaum o0wmii koagpuuuenT 3anaca npoYHOCTH:
Ngn 3,36:7,92

= = == 3,09.
Jn?,+n% V3,362+7,92

n:
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Conepxanue

Beegeuue..

1.
2.

w

Ilenw v 3a1lauy TUCIUTIIIMHEL U €€ MECTO B yqe6HOM npouecce

COﬂGp)K&HPIﬁ AUCHHILIHHBI ..

2.1
2.2,
2.3.
2.4,
2.5.
YKazaHusl O THOPSJIKE BHIIOJIHEHUS KOHTPOJIBHBIX PAdOT.......o. oo,

HanmeHnoBaHHe TeM, HX co,uepn{a}me (OCHOBHBIe BO]'[pOCBI)
Jlexiuu 1 UX CoNIEPKAHUE.. e
IlpaKTU4ECKUE 3aHATUA U UX CO,[I,t’:p)KaHl/le

JTaGoparopHeie pabOTHI. . . e
Y4eOHO-METOINYECKHE MaTepHanH 1O JUCHHUILIHHE . .

3apayuu A8 KOHTPOJAbHBIX PadoT..

4.1
42,

43.

3aaaun AHS KOHTPOJIBHOH pa6OTBI Nﬂ 1.

3aaaud U KOHTPOJIBHOU padoTer Ne 2
321}13.‘1[/1,[[J1ﬂKOHTpOHbHOﬁpa6OTbIN93..‘....‘.....‘....‘.......‘...............

ITprmMepel perieHus 3a1a4. .

5.1.
5.2.
5.3.

IIpumepsl pelueHus 3aga4 B KOHTpOJ’[bHOH pa60Te No 1...
[TpumMeps! pelIeHns 3a1a9 8 KOHTPOIBHOH pabGote Ne 2. ... ... ... ... ...
IIpumMeps! pelieHns 3a1a4 B KOHTPOJIBHOH paGote Ne3 ... ... ... .. ...,
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