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BBenenue

Meroauueckoe Mocobue MpeAHa3HaueHO AT CTYAECHTOB, OOYYaIOMIMXCS MO HAlpaBICHUIO
noarotoBku  08.03.01 CrpoutenscTBo, NpoPuiab MOATOTOBKU «CTPOUTENBCTBO 3IaHUH U
COOpyXeHHi». B MerogmueckoM mocoOMu NPHBOAATCS OOLIME CBEACHHS I10 BBIIOJHCHUIO
NPAaKTHYECKUX padoT, B KAKIOH NMPaKTUYECKOW paboTe MPHUBEICHBI KPaTKUE CBEICHUS U3 TEOPHH,
METOJIMKA pacyera, pPeKOMEHayeMas JIUTepaTypa.

Meroaundeckoe mocobue pazpadboraHo Ha ocHoBaHuu TpeboBanmii ®I'OC BO u paboueit
nporpammsl 1o gucruiuinHe «08.03.01 Mexanuka (TeopeTudeckas MexaHUKa)y.
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IIpakTnueckoe 3ansaTHe 1
Tema: OCHOBHBIE IOHATHUS U OIIPENEICHNS. AKCHOMBI CTATUKU
Llenb: HAYYUTHCS ONPEEIIATh PEaKIUK OTOp OalKu
3HaTh: peaKIUU CBA3EH,
YCIJIOBHM PaBHOBECHS IUIOCKOW U IMIPOCTPAHCTBEHHOW CUCTEM CHII,
VYMeTh: UCHOIB30BaTh 3aKOHBI M METOJBI TEOPETHMYECKOM MEXAaHHMKM KaK OCHOBBI OINHCAaHUSA U
pacyeToB MEXaHU3MOB TPAHCIIOPTHBIX M TPAHCHOPTHO-TEXHOJIOTUYECKUX MAIIMH U 000PYIOBaHHUS.
dopmupyemMble KOMIETCHIIMN:

Kon DopmyJIHPOBKA:

CriocobeH pemrats 3a1a4u Npo(hecCHOHAIBHON AEATEIHHOCTH Ha OCHOBE HMCIIOJIb30BAHUS
OIIK-1 [reopeTHMYecKHX M MPAKTHUYECKUX OCHOB €CTECTBEHHBIX U TEXHHYECKHX HayK, a TaKkKe
MaTeMaTHYeCKOro anmnapara

Axmyanonocms  membl  OOBSICHSETCS OCHOBHBIMM  IPUHLUUIAMHU  ONPEICNICHUS  peakuui
BO3HUKAIOIIMX B OMIOPAX peabHbIX OaloK.

Teopemuueckas uacme:
MexaHuKa U3y4aeT 3aKOHbI MEXaHUYECKOT'O IBUKECHHUS.
Teopemuueckan mexanuxa - pasz/ie]l MEXaHUKU, B KOTOPOM HU3Y4arOTCs JIBH)KEHUS MEXaHUYECKUX
CHCTEM M OOLI1E CBOMCTBA 3TUX JBM)KEHUM.
Teopernueckas MexaHUKa paccMaTpUBAET aOCTpaKTHbBIC Mooenu Tel. Modenamu meopemuyeckotl
MEXAHUKU ABTAIOMCA
a) MaTepuajgbHas TOUYKa;
0) aOCOIFOTHO TBEPJIOE TEIIO;
B) MEXaHUYECKas CUCTEMA.
Cmamuka - paszliel TEOPETUYECKOM MEXaHUKH, B KOTOPOM M3Y4aeTCsl MEXAHHUYECKOE
B3aMMOJIEICTBHE MaTEPUATILHBIX TEJl MEX]ly CO00M 0e3 yueTa UX MEXaHUYECKOTO TBUKECHHUSI.
Mexanuueckoe Oeudicenue - W3MEHEHUE C TEYEHHEM BPEMEHHM B3aMMHOIO IIOJIOKEHUS B
IIPOCTPAHCTBE MaTepUaIbHBIX TEJ WM YacTel JaHHOTO Tela.
Mamepuanbvhoit moukoil Ha3bIBalOT FT€OMETPUUECKYIO TOUKY, O0JIajaroas Maccou.
Cucmemoii mamepuaipbHblX MoO4eK HA3BIBACTCA TaKasi UX COBOKYIIHOCTb, B KOTOPOH IOJIOKEHUE U
JBIDKCHUE KaKJOW TOYKM 3aBUCHT OT IIOJIOKEHHUS M JIBUKCHHS BCEX OCTAIBHBIX TOYEK JaHHOU
cucteMbl. YacTo CUCTEMY MaTE€pHAIBHBIX TOYEK Ha3bIBAIOT MEXAHUYECKOU cucmemoii. YacTHBIM
CIIy4aeM MEXaHHYECKON CHCTEMBI SIBIISIETCS aOCOIIOTHO TBEPAOE TEIO.
Abconomno meepovim HAZBIBACTCA TEJNO, y KOTOPOTO PACCTOSHHE MEXAY JTIOOBIMH JIBYMs
TOYKaMH BCETJIa OCTACTCSI HEM3MEHHBIM (T.€. 3TO a0COIFOTHO MPOYHOE U HEACHOPMHUPYEMOE TETIO).
C60000nbIM HA3BIBAIOT TBEPAOE TEJO, IBMKEHHE KOTOPOT0 HE OTPAaHUYEHO IPYTMMHU TEIaMH.
Hec60000nblm HA3BIBAIOT TENO, JBH)KEHHE KOTOPOrO, TaK WJIM HHA4Ye, OTPAHUYEHO IPYTUMHU
tenamu. IlocnenHne B MexaHUKE Ha3bIBAIOTCS CEA3AMU.
Cunoii Ha3pIBAIOT MEpPy MEXAHUYECKOTO JEHCTBHS OAHOro Tena Ha japyroe. Ilockonbky
B3aMMO/IEIICTBHE TeJl OIPEIENIAETCs] HE TOJIBKO CBOEH MHTEHCUBHOCTBIO, HO U HAIPaBJIEHUEM - CHJIA
ABIIIETCS BEJIIMYMHONW BEKTOPHOM W Ha depTekax H300pa)kaeTcsi HaIpaBIEHHBIM OTPE3KOM
(BexkTopoMm). 3a emunHuny cuinbl B cucteme CH tpuHsat Heiomon (H). OO003HAYAOT CHIIBI

F P, O.).

3arJaBHBIMM OyKBaMM JIaTUHCKOro andasura ( UucnenHsle 3HaueHus (Win
MOJYJIM BEKTOPHBIX BeNIWYMH) OyJaeM 0003HaYaTh TeMH ke OykBaMu, HO Oe3 BepxHuX crpenok ( F,
P,Q..).
Jlunueii deitcmeus cunbl Ha3bIBACTCS NIPsMAas, BJOJIb KOTOPOH HAIPaBJI€H BEKTOP CHUJIBI.
Cucmemoni cun HaszplBaeTcs J100as KOHEYHAas COBOKYIHOCTb CHJI, [JCHCTBYIOIIMX Ha
MEXaHUYECKyI0 cucTteMy. [IpHHATO AETUTH CUCTEMBbl CHJI Ha MJOcKue (BCe CHIBI JICHCTBYIOT B
OJTHOW IIOCKOCTH) U npocmpancmeennvie. Kaxxnas u3 HUX, B CBOIO OY€PE]b, MOXKET OBbITh MU



npou3eonvbHoll, napanienvhoii (JIMHUN JEUCTBUS BCEX CHUJ NApaUIEIbHBI) WIM CUCHIEMOU
cxoo0auwuxca cun (JIMHUK AeWCTBUS BCEX CUJI IEPECEKAIOTCS B OAHOM TOUKe).

Tabmuua 1 Buasl cucrem cuit

Tun Cxopsmascs [TapamiensHas [IpousBonpHas
{ E ’ < ee———— F_; y K
IInockas F; — Fz k
0 Fx s E \F
! 0 X 0 X
y _1 F, v F,
F, 3
IIpocTpaHcTBEHHAs
0

Ly

Bonpocwt u 3a0anun:
1. ChopmynupyiiTe aKCHOMBI CTATHKH.
2. Urto Ha3bIBaeTCA CBA3bIO, HAJIOKEHHOM Ha TBepoe Teao?
3. Uro Ha3BIBAaETCS CHIION PEaKIIHH CBS3U?
4. ChopmynupyiTe IPUHIMIT OCBOO0XKIAEMOCTH OT CBSI3EH.
5. Uto Ha3bIBaeTCSA CUIION PEaKITUU CBSA3U?

IlepeyeHb OCHOBHOI JIUTEPATYpPbI:

1. Teopernueckas wmexanuka / O.H.Opymxosa, A.A. lllunkapyk, O.B.T'epmunep,
O.M. 3abopckas ; MunucrepcTBo oOpazoBaHus U Hayku Poccuiickoit denepaunu, PenepaibHoe
roCy/IapCTBEHHOE AaBTOHOMHOE 00pa30BaTEIbHOE YUPEXKJACHHUE BBICHIETO NPO(HEeCCHOHATBLHOTO
oOpaszoBanus CeBepHblil (ApkTuueckuil) ¢enepanbHblii yHHBepcuTeT uM. M.B. JlomoHOCOBa. —
Apxanrensck : CA®Y, 2014. — 96 c. : win. — Pexum pgoctyma: 1Mo TOAMHCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=436489 . — ISBN 978-5-261-00982-5. — Tekct

. DJIEKTPOHHBIMN.

IlepeyeHb 10NOTHUTENLHOM JIUTEPATYPDI:

Xanedt, A.B. Teopernueckas mexanuka / A.B. Xanedt. — KemepoBo : KemepoBckuii
rocynapctBeHHbiii yaupepcurer, 2012. — 110 c. — Pexum gocryma: mo moammcke. — URL:
http://biblioclub.ru/index.php?page=book&id=232320. — ISBN 978-5-8353-1514-7. — Tekcr
JJIEKTPOHHBIN.

Ilepeyenb pecypcoB  HMH(OPMANUOHHO-TEJIEKOMMYHMKAIMOHHON cetn  «HMHTepHeT,
HEeO0XO0AUMBIX [IJI OCBOCHHSI TUCIUNJIMHBI

1. DnekTponHo-6nbauoTeunas cucrema [PRbooks Jlorosop Ne5168/19 ot 13 mas 2019 rona


http://biblioclub.ru/index.php?page=book&id=436489

2. DnekTpoHHast OubIMoTeUHast cucTeMa «YHuBepcuTeTckas oubmuoreka on-line» JloroBop Ne50-
04/19 ot 13 mas 2019 rona
3. DnexTpoHHO-OMbMoTeuHas cucrema Jlaub JJoroBop NeD410-19 ot 22 anpens 2019 r.



IIpakTnyeckoe 3ansTHE 2
Tema 2 CucreMa cxoasinuxcsi CHJI.
Llenb: HAYYUTHCS ONPEEIIATh PEaKIUK OTOp OalKu
3HaTh: peaKIUU CBA3EH,
YCJIOBHM paBHOBECHS IUIOCKOU U IPOCTPAHCTBEHHOU CUCTEM CHII,
VYMeTh: UCHOIB30BaTh 3aKOHBI M METOJABI TCOPETHYECKOM MEXAaHMKHM KaK OCHOBBI OINHCaHUSA U
pacyeToB MEXaHU3MOB TPAHCIIOPTHBIX M TPAHCHOPTHO-TEXHOJIOTUYECKUX MAIIMH U 000PYIOBaHHUS.
dopmupyemMble KOMIETCHIIMN:

Kon DopmyJIHPOBKA:

CriocobeH pemrats 3a1a4u Npo(hecCHOHAIBHON AEATEIHHOCTH Ha OCHOBE HMCIIOJIb30BAHUS
OIIK-1 [reopeTHMYecKHX M MPAKTHUYECKUX OCHOB €CTECTBEHHBIX U TEXHHYECKHX HayK, a TaKkKe
MaTeMaTHYeCKOro anmnapara

Axmyanonocms  memsl  OOBSCHSIETCS OCHOBHBIMM  NPUHIUIAMHU  OMpEICNieHUs  peakuui
BO3HHKAIOIIUX B OMIOpPAX peaabHbIX 0aIoK.

Teopemuueckas uacme.
JIBe cUCTEMBI CUJT HAa3bIBAIOTCS IKEUBATEHHMHBIMU, €CTTU UX JICUCTBUS HA MEXAHUYECKYIO CUCTEMY
OJIMHAKOBO (T.e. 3aMEHa OJHON CHCTEMBI CHJI Ha JIPYI'yl0 HE HM3MEHSET XapakTepa BHKCHUS
MEXaHUYECKON CUCTEMBI).
Ecnim HekoTopas cucTteMa CHJI OSKBHUBAJICHTHA OJHOW CHJIE, TO 3Ta CHJla Ha3bIBaeTCs
pasnooeiicmeyrouieil TaHHOU cUcTeMbl cuil. OTMETHM, YTO JaJieKO HE BCSKas CHCTEMa CUJI UMEET
paBHoAeicTBYtoUyt0. CHila, paBHas paBHOJEHCTBYIOILEH 110 BEJIMYMHE, TPOTUBOIIOJIOXKHAS €M 10
HaIPaBJICHUIO U JICHCTBYIOIIAs BJIOJIb TOW YK€ MIPSIMOM, Ha3bIBACTCS YPAGHOGECUUBAIOU|ell CUIION.
Cucrema cwui, MOJ JEHCTBHEM KOTOPOH CBOOOIHOE TBEPAOE TEJIO HAXOIUTCS B ITIOKOE WIIH
JIBIDKETCS PAaBHOMEPHO M TPSIMOJIMHEWHO, HA3BIBACTCS YPAGHOGEUIEHHOU WIIU IKEUGAEHMIHOU
HYJ10.
Jnst Toro yToOBI CHCTEMa CHJI HAaXOJWJIach B PaBHOBECHU HEOOXOAMMO U JOCTATOYHO, YTOOBI
BBITIOJIHSUIUCH YCJIOBHSI PABHOBECHS 3TOM CHCTEMBI CHIL.
Heo6xoauMbIM B TOCTATOYHBIM YCJIOBHEM PABHOBECHSI CUCTEMBI CHUJI SIBJISIETCS PABEHCTBO HYIIIO
TJIAaBHOTO BEKTOPA M TJITABHOT'O MOMEHTA CUCTEMBI CHII:
C y4yeToM BBIpa)KE€HHUS IJTaBHOTO BEKTOPA U TJTABHOI'O MOMEHTA CUCTEMBI CHJI 3TH PABEHCTBA MOXKHO
3aIMcaTh B BUJE:

N — N —
Z: I =0; Z: MO(F:')=0,

rac i- HHJACKC CYMMHUPOBAHUA; N - gucio CHJI, BXOAAIIHUX B CUCTCMY.
IIpn pemeHnn 3amad BMECTO 3THX BEKTOPHBIX YCIOBHM HCIIOJB3YIOTCS CKaJSpHBIE YCIOBHS,

MOoJIyJaromumecss U3 HUX MpUu MPOCKTUPOBAHUH HAa OCHU ,Z[CKB.pTOBOfI CUCTCMbI KOOpAUHAT (Ta6m/1ua
2).

Tabnuua 2 OcHoBHas popMa aHATUTUYECKUX YCIOBUI paBHOBECHSI

CucremMsl cun Cxongmuecs [TapannensHas [TpownsBonbHas
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Buympennumu cunamu Ha3pIBaIOT CWIbl B3aUMOAECHCTBUS MEXAY MaTEpPUAJIbHBIMM TOYKAMH
OJTHOM MEXaHUYECKOM CUCTEMEI.

Buewinue cunvt - 5TO0 CcuIbl B3aUMOJCUCTBHSA TOUEK JAHHOM MEXaHHUYECKOM CHCTEMBI C
MaTepUAIbHBIMU TOYKAMH JAPYTOM CUCTEMBI.

Cuna, mpuiIoKeHHas K TeTy B KaKOH-T100 OJHON €ro TOYKE, Ha3bIBACTCS COCPEOOnOUEHHOII.
Cwitbl, JCHCTBYIOIIME HA BCE TOYKH JAHHOTO OOBbEMa WM JAHHOW YacTH TIOBEPXHOCTH TeTa,
HA3BIBAIOTCS pacnpedenennvimu (M0 00bEMy H 10 TTOBEPXHOCTH COOTBETCTBEHHO).

CwioBBIE XapaKTePUCTUKH MEXAHMYECKOTO BO3/ICHCTBUS HA TEJIO MPUBEICHHI B TabuIie 3.

Tabnuia 3 CumoBble XapaKTEPUCTUKH MEXaHUYECKOTO BO3ACHCTBUS

Ycio0BHOe n300pakenne Omnpenenenune aeiicTBuUsA Ha

HaunmenoBanue
TeJI0




1) YucnoBbIM 3HAYCHHUEM

WJIA MOJTYJIEM CHJIBI,

Q / 2) JIunueit JIENCTBUA

\ o
cuibl (M300pakaercs npsMon

CocpenoTodeHHas cuiia "B / ( paa p ’
BIOJIb KOTOPOH  HampaBiicH

/ .
- , A BEKTOD CHJIBI);
P\ / 3) Touxoii

\ IMPUIIOKCHUS CUJIBI.

1) UncaoBeIM 3HAYCHHUEM HWJIH
MOJyJIEM MOMEHTa IMapbl CUJT;
2).IlmockocThi0  TIApBl  CHJI,

JeUCTBUS CHI napsl;
3).Hanpasnenuem BparieHus
napbl CUIL

M,
MowmeHT napsbl cui /\ MPOBEACHHON dYepe3 JIMHUU

EEER
L2

1) HHTEeHCHBHOCTBIO;

QZC]'L 2) JnuHo#t ywacTka, Ha
Pacnpernenennas Harpyska KOTOPOM NPUIIOKEHA
L pacmpe/ieiieHHas Harpyska; 3)

Hanpasnenuem ee neictpus.
/v-/rr

qmax
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Cassu.

Cas3siMH Ha3bIBAIOT 3apaHee 3aJJaHHble OrpaHUUYEHMs, HalaraéMbl Ha MOJIOKEHHUE (B 00ILeM ciiydae
Ha JIBUKEHHE) TeJl MEXaHUYECKON cucTeMbl. Eciiu Ha Tello He HaJloKeHO HUKAKHUX CBsI3€H, TO TEJO
HA3BIBAETCSI CBOO0OHBIM.
CB00OOIHOE TEJIO Ha MIIOCKOCTH 00JanaeT 3-Msl CTENEeHIMH CBOOOIbI (J1Ba IMHEHHBIX NepeMeIleHUs
Y YroJl I0BOPOTa, a B IPOCTPAHCTBE 6-10 (TPU JTUHENHBIX IEPEMEILEHNUS U TP yIJla IOBOPOTA).
Cremnenb cBOOOJBI — YHUCIO HE3aBUCHUMBIX IapaMeTPOB, OINPEACISIOUIUX IOJOKEHUE CUCTEMbI
OTHOCHUTEJIBHO 3EMIIH.
B MexaHuKe HCIONIB3YIOT aKCHOMY O CBSI3SIX WJIM MPUHIUI OCBOOOXK/IaeMOCTH (CM. HUXKE): BCAKOE
HECBOOOIHOE TEJIO MOXHO pacCMaTpHUBaTh Kak CBOOOJHOE, €CIIM OTOPOCUTH CBS3M U 3aMEHUTH MX
JIEUCTBUE PEAKIUSIMU CBSI3EH.
Kaxnas cBs3b 00namaeT cTaTUYecKOM M KHHEMAaTH4YecKOM xapakrepucTukoi. Crartmueckas
XapaKTepUCTHKA — BUJI M KOJTMYECTBO PEaKIINii, KOTOPBIMU MOKHO 3aMEHUTH CBSI3b.
Kunemarnyeckast xapakTepUCTHKa — YUCIIO CTENeHeH CBOOOIbI, YHHUTOXKAEMbIX CBS3bIO.
Bonpocwt u 3a0anusn:

6. ChopmynupyiiTe aKCHOMBI CTaTHKHU.

7. Uto HaA3BIBAaETCA CBA3BIO, HAIOKEHHOM HA TBEPIOE TEJIO?

8. Uto Ha3bIBaeTCS CUIION peakInu CBSA3U?

9. ChopmynupyiiTe TpUHIIUI OCBOO0KIAaEMOCTH OT CBSI3CH.

10. Yto Ha3pIBaeTCS CUIION PEAKIIMU CBS3U?
IlepeyeHb OCHOBHOM JIUTEPATYPbI:

10



1. Teopermueckas wmexanuka / O.H.OpymxoBa, A.A.lllunkapyk, O.B.T'epmunep,
O.M. 3a6opckas ; MunuctepcTBo oOpa3zoBanusi U Hayku Poccuiickoit denepanuu, denepanpHoe
roCyJapCTBEHHOE aBTOHOMHOE O0pa30oBaTeIbHOE YUYPEKIECHUE BBICHIETO MPO(HECCHOHAIBHOTO
obpazoBanusi CeBepHblii (ApkTHueckuii) denepanbHblii yHHBepcuTeT M. M.B. JlomoHocoBa. —
Apxanrensck : CA®Y, 2014. — 96 c. : un. — Pexum pgocrynma: 1o NOJNUCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=436489 . — ISBN 978-5-261-00982-5. — Tekct

: DJIEKTPOHHBIMN.

IlepeyeHb 1OMOJHUTENBHON JIUTEPATYPHI:

Xanedt, A.B. Teopernueckas mexanuka / A.B. Xanedpt. — KemepoBo : KemepoBckuii
rocynapcrBeHHblii ynupepcurer, 2012. — 110 c. — Pexum gocryma: mo mnoamucke. — URL:
http://biblioclub.ru/index.php?page=book&id=232320. — ISBN 978-5-8353-1514-7. — Tekcr :

AIEKTPOHHBIN.

Ilepeuenb pecypcoB HH(OPMALMOHHO-TEICEKOMMYHUKAUMOHHOH cetn «HHTepHeT»,
HEeO0XOAUMBIX /IS OCBOCHHSI TUCIHUIIMHBI

1. Onexkrponno-6ubmmoreunas cucrema [IPRbooks JloroBop Ne5168/19 ot 13 mas 2019 rona

2. DnexTpoHHas OubOIMOTEeYHasi cucTeMa «YHUBEpCcUTeTCKas Oubinoreka on-line» JloroBop Ne50-
04/19 or 13 masg 2019 rona

3. DnexTpoHHO-0nbnuoreyHas cucrema Jlanp JloroBop NeD410-19 ot 22 anpens 2019 r.
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http://biblioclub.ru/index.php?page=book&id=436489

IIpakTnueckoe 3ansaTHe 3
Tema 3 Ilockasi cucreMa CHJI.
HCJIBI HAaY4YUTh ONPCACIIATh U CKIIaAbIBATh CXOAAIIUCCA CUJIBI.
3HaTh: TEOPUH TP CUIT
YMmers: MNPUMCHATDH 3HAHUA, IMOJTYYCHHBIC I10 TeOpeTI/IHGCKOfI MCXAHUKC IMPU U3YUCHUHN OTUCHUILIIIMH
po¢)eCCHOHAIBHOTO 1UKJIA;
PopMHpyeMble KOMIIETCHIUU:

Kon DopmMyJIHPOBKA:

Crioco0OeH pemiath 3aaa4u Npo(hecCHOHAIBHON AEATeNbHOCTH Ha OCHOBE MCIIOJIb30BaHMS
OIIK-1 [reopeTHYeCcKHX M MPAKTUUYECKHX OCHOB €CTECTBEHHBIX M TEXHUYECKMX HayK, a TaKkKe
MaTeMaTH4YeCKOro anmnapara

AKmyaJleOCl’l’lb membl O0BICHICTCS OCHOBHBIMU MNpUHOHUIIaAMHU ONIPEACIICHUSA U CIIOKCHHUA peaKm/Iﬁ
BO3HHUKAIOIIKUX B CXOOAIIUXCA CUCTEMAX.

Teopemu%cxaﬂ yacmeo.
FGOMeTpI/I‘{eCKaH cymMmMa HpOPI?»BOJ'ILHOﬁ CUCTCMbI CHJI HA3bIBACTCA TIJIABHBIM BCKTOPOM 3TOU

CHUCTEMBI CUJI, T.C.:
R=%F

[ToHsiTHEe TIABHOTO BEKTOpa HEJb3s MyTaTh C MOHITHEM paBHOJEHCTBYIoIEH. PaBHoaeicTBYOIIAs
- 3TO CWJa, YKBUBAJEHTHAS IO JAEHCTBUIO HAa TEJIO BCEH CHCTEME CHJI, C BIIOJIHE OMPEACIICHHOMN
TuHHUeH aeiicTBue. [ aBHBIN BEKTOP - 3TO (OpManbHO BBIYUCIIEHHAS T€OMETPUYECKasi CyMMa BCEX
CHJI CUCTEMBI U, SIBIISISICH CBOOOITHBIM BEKTOPOM, MOKET OBITh MPHUJIOKEHA B JI000# Touke Tena. Ho
€CJIM HEKOTOpas CHCTeMa MMEeT PaBHOJCHCTBYIOIIYIO, TO OHA YMCICHHO paBHA W MapaijielibHa
[JIaBHOMY BEKTOPY O3TOM cucTteMbl. Hampumep, K TakuM CHCTEMaM OTHOCSITCS BCE CHCTEMBI
CXOJSIINXCS CHUII.

/Jna paenosecus mena, HaAX00AWez20Cca NnOO OCUCMBUEM CUCHEMBL CXOOAUWUXCA CUJL,
Heo0X00umo u 0ocmamoyno, umoobvl pagHodelucmeyouias (a, ci1ed06amenbHo U 21AGHbLLI
6E€KMOp OAHHOU CUCHEMBbL CUTT) ObLIU PAGHBL HYITIO.

VYcnoBusi, KOTOPBIM IpPU 3TOM AOJKHBI YJIOBJIETBOPATH CHJIBI CUCTEMBI, MOXKHO BBIPAa3UTh B
T€OMETPUUYECKON U B aHAIUTUUYECKOU (hopme.

['eomeTpuyeckue ycioBUsl paBHOBECHS.

Jlna paenoeecus cucmemvl CXOOAWUXCA CUI HEOOXO00UMO U OOCMAMOYHO, YMOObl CU060IL
MHO20Y20/1bHUK, HOCIMPOECHHBLI U3 CUl CUCHIEMbl, Obll 3AMKHYMBIM. DTO 03HAYAET PABEHCTBO
HYJIIO PaBHOJEHCTBYIOILIEH Y TJIABHOTO BEKTOPa TaHHOM cUCTEMBbI cuil. HanmoMHuM, 4TO BEKTOpHas
CyMMa - 3TO BEKTOp, COCIUHSAIONINI KOHEL MOCIEAHEr0 M3 ClaraéMblX BEKTOPOB C HAyajioM
MEePBOTO U3 HUX.

Ananumuueckue ycinoeus pagHogecus.
OueBugHo [cM. ¢opmynsl (1.1)], uro paBHOAEHCTBYIOLIAs CHUCTEMbI CXOISIIUXCA CHUI U €€
[JIaBHBIN BEKTOp OYyIyT paBHBI HYJIO, €CIIM CYMMbl IMPOEKLUUN BCEX CHJI HAa KOOPJIWHATHBIE OCU
OyAyT paBHBI HYIIO, T.€.

ZFKXZO, ZFky=O, Zsz=0. (12)
PaBenctBa (1.2) BbIpakaroT YCJIOBMSI PAaBHOBECHUS CHUCTEMBI CXOIAIIUXCA CHJI B AQHAJIUTUYECKOU
dbopwme.

3. Teopema o0 mpex cunax
Ecnu meepooe meno naxooumcsa 6 pagnosecuu noo oeiicmeuem mpex HenapaiieivbHuiX Cull,
Jexcauiux 6 00HOI NOCKOCHU, MO TUHUU 0CUCMEUS IMUX CUI NEPECEKAIOMCA 6 00HOIL moUKe.
/Jlokazamenvcmao.
Tak Kak 1Mo yCIIOBHIO TEOPEMBI BCE TPU CHUJIbI HETIAPAILICIIBHEI, IEPEHECEM JIBE TIOOBIC 3 HUX
B TOUKY TIepeceUeHUs UX JUHUM neiictuii (Ha puc 1.11 cunsr A/ u A@ nepenocsarcs B Touky E) u
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3aMeHUM paBHoueHcTByOmer ™. [IoCKOJIBKY TENO MO YCIIOBUIO HAaXOAWUTCS B PaBHOBECUH, a
ornepauus IO IEPEHOCY CHJI BIOJb JIMHUM MX JAEHCTBHA W IOCIEAYIOLIETO CIOXKEHHUS 3TOro
paBHOBECHSI HE HAPYILIUT, TO JUHUS JEHUCTBUS TPETHEHN CUIbI A# NOKHA NPONTH dYepe3 Touky E B
COOTBETCTBUE C NIEPBOM aKCHOMOW CTaTUKH.

Puc. 1.11. K ookazamenvcmey meopemvt 0 mpex cuiax
3. Peakuyuu zeomempuueckux ceazeil
Cuna, ¢ KOTOpoil JaHHas CBsI3b JAEHCTBYET Ha TEJO, IPEMNATCTBYS €ro MEPEMEIIEHUI0, HAa3bIBACTCS
CUJION PEaKUWU CBS3M WM MPOCTO PEAKIUEH CBSI3U. 3HAYEHUs PEaKkUUid CBSA3EH ONpenessitoTCs B
IIPOLIECCE pEIIeHUs COOTBETCTBYIOIIEHW 3ajaud MexaHuku. HampaBineHa ke peakuusi CBsI3U B
CTOPOHY, IPOTHUBOIIOJIOKHYIO TOH, Ky/la CBSI3b HE JaeT mepemMeniatbes Teny. Hinke mpeacTaBieHbl
HauboJee YacTo BCTPEYAIOLINECs TUIIbI CBSI3€H U HAIIPaBJICHUS UX PEaKLUM.

N

Puc. 1.12

—

I'nankas miiockocTs (MOBEPXHOCTH MK onopa) (puc. 1.12). Peakuus N IJIaIKOW TTOBEPXHOCTH
WIN OTIOpHI HAmpaBjeHa MO OO0Iel HOpMalIM K MOBEPXHOCTSAM CONPUKACAIOLIMXCS TET B TOUKE MX
KaCaHUuA U IIPUJIOKCHA B 9TOU TOUKE.

Puc. 1.13
Huthb (kaHaT, Henb, peMeHb, TPoc). CBs3b, OCYIIECTBICHHAS B BHJI€ THOKOW HEPACTSHKUMON HUTH
(puc. 1.13), He naet Teny M ypanaTbes OT TOUKHM IOJIBECa HUTHU 1o HampasieHuo AM. Ilostomy

peakuus T HATSAHYTOM HUTH HaIlpaBJI€HA BJOJb HEE OT TeJa K TOUKE I0JIBECA.

HenoaBW:KHBIN UWJIMHAPUYECKUA [IAPHUP WM MNOAIMMNHUK (IIAPHUPHO-HENMOJABUKHAS
onopa). umuaapuueckum mapHupoMm (puc. 1.14) Ha3piBaeTcs COBOKYNHOCTH HEMOABUKHOMN
000iiMbI (BTyNKH) | ¥ MOMEIIEHHOTO B Hee BalHKa (Mmajbiia) 2, )KeCTKO COeIMHEHHOTO ¢ TeJioM 3. B
Touke C CONMPUKOCHOBEHUS BTYJKU C BAJIMKOM BO3HHMKAET CHJIa OMOPHOM peakluu, HampaBiIeHHAs
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10 HOPMaJIM K MJI€aJIbHO IJIaJIKUM [TOBEPXHOCTAM. DTa HOpMallb IPOXOJUT YEpPE3 T€OMETPUUECKUI
neHTp A Banuka. Tak kak mosiokeHne To4ku C CONPUKOCHOBEHMS BAJIMKA CO BTYJIKOW 3apaHee He

—

HN3BCCTHO, TO HCBO3MOKHO Cpa3dy yKa3aTb HAIIPABJICHUEC CUJIbI PCAKIINN R , HO MOXXHO YTBCPXKXIATh,

YTO JIMHUS ICHCTBUS peaKkInu R BCer/ia NpoieT uepes neHTp 4 mapHupa. Ha pacueTHsix cxemax
LIAPHUPHO-HENOABMKHAsL OIlOpa YCIOBHO M300pa)kaeTcsi TakK, Kak IlokazaHo Ha puc. 1.15.

—

HCI/I3BeCTHy1-O 10 MOAYJIO M HaIpaBJICHUIO PEAKIHUIO A npu pCICHUU 3aaa4 IpCACTaBIAIOT B

BHUJC JIBYX €€ B3aMMHOIICPIICHAUKYIAPHBIX COCTABIAOMIUX AG u A0 . [Tocie OIIPCACICHUA UX

—

3HAYEHH I HaxoAsT 3HAUCHUC PCAKIINHU A M €C HAIIPpAaBJICHUC!
v ¥

Teuo

Puc. 1.14 Puc. 1.15

RA6
RA:\/Ri()-I_Rié csa= R, |

—

IIapHUpHO-NOABHIKHAS ONOPa (onopa Ha KaTkax). Peakuus R TaKOU CBSI3U IIPOXOAMT Yepe3
HEeHTp mapHupa (puc.1.16) u HanpaBieHa NEPICHANKYIIPHO K OTIOPHOM

Puc. 1.17

14



‘- 7 Ry
NN \ N
RAX :
X

Puc. 1.18
Coepuvecknii mapuup (puc. 1.17). CdepudeckuM IIapHAPOM HA3BIBACTCS YCTPOUCTBO,
BHITIOJTHEHHOE B BHJIE JIBYX KOHTAKTUPYIOIIUX Ccdep, TEOMETPUUYCCKUH HEeHTp A KOTOPBIX
Heno/BKeH. Teno 3, paBHOBecHE KOTOPOTO PacCMaTpPHUBAETCS, JKECTKO CBSI3aHO C BHYTpPEHHEH

—

nonBwkHOM cdepoit 1. Ilpu ycnoBuu, uto cepuueckue MOBEPXHOCTH IJAAKUe, peakuus A
HarpaBjieHa 10 HOPMAJIX K 3TUM MOBEPXHOCTSAM M MPOXOIUT uepe3 HeHTp 4 chepbl. Ha pacueTHbIx

—

CXeMax pCaKkuuro A NpeaACTaBJsIlOT B BHUAC TPEX €€ B3aMMHO-NIICPICHIAUKYIIAPHBIX

—
— —

COCTaBJISIOLINX RAG, RAO u RAZ,HaHpaBJ‘IeHHLIX BJI0JIb KOOPAWHATHBIX OCEH.

HoansitHuk (puc. 1.18). IlognsaTHUK npeacTaBiIsieT co00M COeIUHEHUE LUIMHAPUYECKOTO
HIapHUpa 2 ¥ OHNOPHOHM IUIOCKOCTH 3, Ha KOTOpYylO omnupaercs Bai 1. Peakuus nmoammiHuka,
Jexaniasi B IUIOCKOCTH TEPHEHAMKYJISIPHOM OCH Bajla, IPEICTaBIseTCS JBYMsI €€ B3aUMHO-

R,. R

TepHeHUKYIAPHBIMU cocTastomumu A0 p AY , 4 peaKkus ONOPHOM IIIOCKOCTH — peaKuen

AZ | pampaBJIeHHOI 110 HOPMAIK K 3TOH IJIOCKOCTH.

—

HeBecomplii crep:xkenb (puc. 1.19). Peaknus S MPSMOJIMHEMHOTO  HEBECOMOT'O
(M1eanbHOI0) CTEP KHSI HAIIpaBJIeHa BJIOJIb 3TOTO CTEpKHA. Eciiu CBA3BIO ABISETCS KpUBOJIMHENHBII
CTEPKEHB, TO PEAKIIMs HAIIPABJIEHA BJOJIb NPSIMON AB, COEIUHSAIOEN KOHIIEBbIE IAPHUPBI 4 U B.

Puc. 1.19

KecTkas 3aneska (HemoJBHM:KHOe 3amiemJjeHue) koHna Oanku (puc. 1.20). Takas cBsi3bp He
JIONyCKAaeT HE TOJBKO JIMHEHHBIX NepeMenieHnid Oanku 1 BIIOIb KOOPAMHATHBIX OCEH, HO U
BpallleHus1 OaJIKU B MJIOCKOCTH XAY.
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Puc. 1.20

Haxoxcz[eHHe peaKuHﬁ JKECTKOM 3aCJIKN CBOAUTCA K OIMPCACIICHUIO TPCX HCHU3BCCTHBLIX BCIIMYMNH:

cocrapmsrommux A0 g R’é peakuuu A M TaKk Ha3bLIBAEMOTO PEAKTMBHOIO MOMEHTa My,
MPENSATCTBYIOMIETO BpalleHNIO0 OaJKH B TNIOCKOCTH XAy BOKPYT TOYKH A.
Bonpocwt u 3a0anua:
1. Yro Ha3pIBaeTCS paBHOJACHCTBYIOMIEH CUCTEMBI CHIT?
2. Kak clioXHTh CHIIBL:
a) TeOMETPHYICCKH,
0) aHATUTUYCCKU?
3. Kak pasnoxuTh CHIIy IO IBYM 3aJIaHHBIM HaIlpaBJICHUSIM?
4. IlpoeunpoBaHue peakuil HA OCH KOOpIUHAT?
IlepeyeHb OCHOBHOI JIUTEPATYPBI:

— —

1. Teoperuueckas wmexanuka / O.H.OpymxoBa, A.A.Ilunkapyk, O.B.'epmunep,
O.M. 3abopckas ; MunucrepcTBo oOpazoBanust U Hayku Poccuiickoit @enepannu, PenepaabHoe
rOCy/IapCTBEHHOE AaBTOHOMHOE 00pa3oBaTENbHOE YUPEXKIECHUE BBICIIET0 MNPOGECCHOHATHHOTO
obpazoBanus CeBepHblii (ApkTuueckuil) ¢enepanbHblii yHHBepcuTeT uM. M.B. JlomoHOCOBa. —
Apxanrensck : CA®Y, 2014. — 96 c. : un. — Pexum pgoctyna: 1o NOANHMCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=436489 . — ISBN 978-5-261-00982-5. — Tekcr
: JIICKTPOHHBIM.

Hepeqeﬂb JIONOJIHUTEIbLHOI JUTEPATYPLI:

Xanedrt, A.B. Teoperuueckas mexanuka / A.B. Xanedr. — KemepoBo : KemepoBckuit
rocynapctBeHHblii ynupepcurer, 2012. — 110 c. — Pexum gocryma: mo moamucke. — URL:
http://biblioclub.ru/index.php?page=book&id=232320. — ISBN 978-5-8353-1514-7. — Tekct

AIEKTPOHHBIN.

Ilepeyens pecypcoB  HH(POPMALUOHHO-TEJEKOMMYHHMKAIMOHHON cetHu  «MHTepHETY,
HEO0XOAUMBIX IJIf1 OCBOCHHSI TUCIUNJIMHBI

1. DnexTpoHHO-OnbMMoTeuHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexkTpoHHas OubnMoTeuHas cucrteMa «YHUBepcuTeTckas oubamoreka on-liney» Jlorosop Ne50-
04/19 or 13 mas 2019 roxa
3. DnektponHo-0ubNMMoTeUHas cucreMa Jlanb JloroBop NeD410-19 ot 22 anpens 2019 r.
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IIpakTnyeckoe 3ansaTHe 4
Tema 4 ®epmbl.
HCHBI HAaY4YUTh ONPCACIATh U CKIIaAbIBATh CXOAAIINUCCA CUJIBI.
3HaTh: TEOPUH MaAp CUJI
YMeTn: MNPUMCHATDH 3HAHUA, IMOJTYYCHHBIC I10 TeOpeTI/I‘IGCKOfI MCXAHUKC IMPU U3YUCHUHN OTUCHUILIIIMH
Ipo¢eCCHOHATIBHOIO 1UKJIA;
PopMHpyeMble KOMIIETCHIUU:

Kon DopmMyJIHPOBKA:

Crioco0OeH pemiath 3aaa4u Npo(hecCHOHAIBHON AEATeNbHOCTH Ha OCHOBE MCIIOJIb30BaHMS
OIIK-1 [reopeTHYeCcKHX M MPAKTUUYECKHX OCHOB €CTECTBEHHBIX M TEXHUYECKMX HayK, a TaKkKe
MaTeMaTH4YeCKOro anmnapara

AKmyaJleOCl’l’lb membl O0BICHICTCS OCHOBHBIMU MNpUHOHUIIaAMHU ONIPEACIICHUSA U CIIOKCHHUA peaKHI/Iﬁ
BO3HHUKAIOIIKUX B CXOOAIIUXCA CUCTEMAX.
TQOPQMMUQCKCUI yacmeo.

[TocnenoBarenbHOCTD PELLICHUS 3aauu:

1. BriOpats Teno (TouKy), paBHOBECHE KOTOPOTO CIIEIyeT pacCMaTpPHUBATh.

2. OcBoboauTh Teno (mapHup B) OoT cBsi3elt U M300pa3uTh NCHCTBYIONME HA HETO AKTUBHBIC
CWJIBI U peaklUu OTOpOIIEHHBIX cBsizedl. [Ipuuem peakiuu cTepkHEH cleayeT HampaBUTh OT
HIapHupa B, Tak Kak NPUHATO NPENosaraTh, 4YTo CTEPKHU PACTSAHYTHI.

3. BpiOparb OoCHM KOOpAMHAT W COCTAaBUTh YpPAaBHEHHUS PABHOBECHS, HCIIONb3Yys YCIOBUS
PaBHOBECHSI CHUCTEMBI CXOIAIIUXCA cua Ha tiockoctd ), X; = 0; X Y; = 0. BeiOupas ocwu
KOOpJMHAT, CIIeAyeT YUUTHIBATh, YTO MOJYYCHHbIC YPaBHEHUS OYAYT pelIaTbcs MpPOIIE, €Clu OAHY
U3 OCeil HallpaBUTh MEPIEHANKYIISIPHO OJJTHOW 13 HEU3BECTHBIX CHUII.

4. OnpenenuTh peakyy CTepKHEN U3 pelIeHus] YKa3aHHOW CUCTEMBbl ypaBHEHUH.

5. IlpoBepuTh MNpaBUIBHOCTh MOJYYEHHBIX PE3YyJIbTaTOB, PEIIMB YpPaBHEHUS PaBHOBECHS
OTHOCHTEJIBHO 3aHOBO BBIOPAHHBIX KOOPJMHAT X U Y.

IIpumep 1. Onpenenuts peakuuu crepxHel, yaepxkusaromux rpy3sl F; = 70 kH u F, = 100 xH
(puc. 1). Maccoii crepxHel peHeOpeyb.

/S

45 0% F,

B
LR

Pucynok 1

LSS

Pemenue.
1. PaccmarpuBaeM paBHOBecue ImapHupa B (puc. 1).
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PucynoxOcBoOoskmaem mapHup B OT cBsA3el U n300pakaeM JCHCTBYIONIME HA HETO aKTUBHBIC
CHJIBI U PEaKIIMK CBs3eH (puc. 2).

3. BsiOupaem cucteMy KOOpAMHAT, COBMECTHB OCh Y 10 HAIIPaBJICHUIO C peaknuei R (puc. 2)
U COCTaBISIEM YpaBHEHUS PABHOBECUS JUISI CHUCTEMBl CWJI, JCHCTBYIOINMX Ha IHapHUp B
(mpupaBHUBAEM K HYITFO CYMMBI IIPOEKITUI BCEX CHJI HA KOOPAMHATHBIC OCH):

ZXi = —Ryy + F5,, = —R; - c0s 45° + F, - cos 30° = 0; (1)

ZY" =R1y+R2+F2y—F1 =R151n4‘50+R2+F251n300_F1 = 0. (2)

4. OmnpenenseM peakuuu crepxHeit R, u R,, pemas ypaBaenus (1), (2). U3 ypaBHeHUs
1)
_ F,-cos30° 100-0,866
Y7 cos45° 0,707
[Toacrasmsis HaiimeHHOE 3HAaYeHUE R B ypaBHeHUeE (2), momydaeM
R, =F, —F,-sin30°— R; - cos45°=70—-100-0,5—-122-0,707 = —66,6 kH.
3HaK MUHYC Nepe] 3HaueHueM R, ykas3blBaeT Ha TO, YTO MCTMHHOE HaIlpaBJIEHHWE peakuuu Oyner
IPOTHBOIOJIOXKHO MEPBOHAYATIBHO MPEANOoJaracéMoMy HalpaBlICHUIO, U300pakeHHOMY Ha pHC. 2,
T.€. peakuus B JEMCTBUTEIBHOCTU R, HalpaBjeHa K lapHUpy 5.

= 122 kH.
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Pucynok
[TpoBepsieM NpPaBUIBHOCTH IIOJIYYEHHBIX pPE3YyJbTAaTOB, BBHIOPAaB HOBOE pAaCIOJIOXKEHUE Ocel
KoopauHaT X 1 Y (puc. 3). OTHOCUTEIBHO 3TUX OCEH COCTABISEM YpPaBHEHUS paBHOBECHS:

ZXl- =Ry, + Fo, — Fix = R, - c0s45° + F, - cos 15° — F; - cos 45° =0 ; (3)

ZYi =Ry —Fiy + Ryyy — Fp, = Ry — F; - c0s 45° + R, - c0s 45° — F, - cos 75° = 0. (4)

W3 ypaBHeHus (3) Haxoaum
F; - cos 45°+F, - cos15° 70-0,707 + 100 - 0,965
27 cos 45° - 0,707
[Toacrassis HaliieHHOE 3HAYeHUE R, B ypaBHEHHE (4), MoTy4yaem
Ry = F; - cos45° — R, - cos45° + F, - cos 75° == 70-0,707 + 66,6 - 0,707 + 100 - 0,258
= 122 kH.

3naueHust peakuuid Ry u R,, monydeHHbIe mpu perneHnn ypaBHeHuit (1) u (2), coBmagaroT mo
BEITMYMHE W HAIPABJICHUIO CO 3HAUYCHUSMH, HAWJIEHHBIMHU U3 ypaBHeHUH (3) u (4), cnegoBaTeNbHO,
3a/1aua pelieHa MpaBUIIbHO.
Bonpocwt u 3a0anusn:

5. YUto Ha3bIBaeTCs paBHOACHCTBYIOLIEH CUCTEMBI CHI?

6. Kak CIIO)XHTH CHITBI:

a) TeOMETPUYECKH,

0) aHaTUTHYECKU?

7. Kak pa3noxxuTh CHIIy 1O ABYM 33JJaHHBIM HaNPaBIICHUSIM?

8. IpoenmpoBaHue peakIuii HA OCH KOOPIUHAT?
IlepeyeHb OCHOBHO¥ JINTEPATYPHI:

= —66,6 KH.

1. Teopermueckas wmexanuka / O.H.OpymxoBa, A.A.lllunkapyk, O.B.T'epmunep,
O.M. 3abopckas ; MunuctepcTBo oOpa3zoBanusi u Hayku Poccuiickoit deneparuu, denepanpHoe
roCyJapCTBEHHOE aBTOHOMHOE O0pa30oBaTeIbHOE YUPEKJAECHUE BBICHIETO MPO(HECCHOHAIBHOTO
obpazoBanusi CeBepHblii (ApkTuueckuii) denepanpHblii yHHBepcuTeT M. M.B. JlomoHocoBa. —
Apxanrensck : CA®Y, 2014. — 96 c. : un. — Pexum pgocTynma: 1o NOJUUCKE. —
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URL: http://biblioclub.ru/index.php?page=book&id=436489 . — ISBN 978-5-261-00982-5. — Tekct
: DJIEKTPOHHBIM.

Hepeqenb JIONOJIHUTEJIbHOM JUTEPATYPhbI:

Xanedt, A.B. Teopernueckas mexanuka / A.B. Xanedt. — KemepoBo : KemepoBckwii

rocynapctBeHHbii yanusepcurer, 2012. — 110 c. — Pexum gocryma: mo moammcke. — URL:
http://biblioclub.ru/index.php?page=book&id=232320. — ISBN 978-5-8353-1514-7. — Tekcr :
3JIEKTPOHHBIMN.

Ilepeuenb pecypcoB HMH(POPMALMOHHO-TEIEKOMMYHUKALUMOHHOH ceTu «HMHTepHeT»,
HeO0XO0AUMBIX /IJIf OCBOCHHSI JUCIHUNJIMHBI

1. DnexTpoHHO-OnbMoTeyHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexkTpoHHas OMbIMOTEYHasi cucTeMa «Y HUBepcHTeTCKasi Oubmmoreka on-liney» Jlorosop Ne50-
04/19 ot 13 mas 2019 roga

3. DnexTpoHHO-0nbMMoTeuHas cucreMa Jlanp JloroBop NeD410-19 ot 22 anpens 2019 r.
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IIpakTHYeckoe 3aHATHE S
Tema 5 TpeHue CKOJIbKEHUSI M KaYeHUsl.
Ilenp: Hay4YUTh ONIPEAECIIATH PEAKIIUU OIIOP B IUIOCKOW CUCTEME CHUIL.
3HaTh: peaKIUU CBA3EH,
YCIJIOBHM PaBHOBECHS IUIOCKOW U IMIPOCTPAHCTBEHHOW CUCTEM CHII,
TEOpUU Tap CUIl,
YMeTh: HCHOJB30BaTh 3aKOHBI M METOABl TEOPETHMUECKONM MEXAHMKM KaK OCHOBBI ONHCAaHUS U
pacyeToB MEXaHU3MOB TPAHCIOPTHBIX M TPAHCIOPTHO-TEXHOJIOTHYECKUX MAIIMH U 000PYI0BaHMSL.
IPUMEHSATh 3HAHMS, I[OIYYEHHbIE II0 TEOPETUYECKOM MEXAHUKE IPU HM3YYEHUHU JUCLMILIUH
Ipo¢eCCHOHATIBHOIO UKJIA;
IPUBOJUTH CUCTEMY CUJI K IPOCTEHNILIEMY BUIY;
COCTaBJIATh U pElIaTh YPaBHEHUs PaBHOBECHS,
®opmupyemble KOMIETEHIIUN:

Kog DopMynUpOBKa:

CriocobeH pemrats 3a1a4 MPO(HEeCCHOHAIBHON AEATEIBHOCTH Ha OCHOBE HCIIOJBb30BAHUS
OIIK-1 [reopeTHYeCcKHX M MPAKTHYECKUX OCHOB €CTECTBEHHBIX U TEXHUYECKHX HAyK, a TaKKe
MaTeMaTHYeCKOro anmnapara

AxmyanvHocms membl OOBACHAETCS OCHOBHBIMU IIPUHIMIIAMHU OIPEJEIICHUS PEaKLUil OIop
BO3HHKAIOIIUX B PEaJbHbIX CUCTEMAX.
Teopemuueckas yacmo:

R=0 ™o~™" (1.10)
Yenosua (1.10) aenaiomcesa HeobXxo0umviMuy, max Kax eciu Kakoe-HubyO0b U3 HUX He 8bINOJIHAeMCs,

mo cucmema cuj npu@o()umc,q uiau Kpa6H00€ZZCWl6yIOM/;€L2, uiu K nape cui u, Cﬂ€006am€ﬂbH0, He
Aesiemc yp06H06€LL{€HHOZZ.

pull

Oonospemenno ycnosus (1.10) asnsaromes u 00cmamounvimMu, HOMOMY 4mMo npu =0 cucmema

M

CU1l moacem npueodumw}l MOJIbKO K nape ¢ MOMERMOM 0 , A MAaK Kak u 0 , mo umeem
Mecmo pasroesecue. Tax xax

2 2 2 2 2 2
R=\[RZ+R2+R2 M,=[MZ+ M2+ M

<
o

a
RX=ZFkX, RY=ZFky, RZ=ZFkZ,
I\/IX=Zmy(Fk)1 My:Zmy(Fk)’ MZ=ZmZ(|Ek),

mo ceomempuueckue ycnosusi (1.10) sxeusanenmmuvl c1e0VIOWUM AHATUMUYECKUM VYCI08UAM
PasHo8ecusi:

$F.=0,  |[EMdFO=0,
ZFky=O’ 4Zmy(ﬁk)=01
>F, =0, >m,(F,)=0.

A\

(1.11)
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IIpusedem ycnosus pagnosecus 011 bonee npocmulx cucmem cui. Bce onu nonyuaromes uz
coomuowtenui (1.11) nymem omopacvieanus ruwnux ypasHenuii (puc. 1.34).
g = g

~

Puc. 1.29. Ycnoeuna pasnosecusn 011 cucmem cxo0auyuxca cu

(1.13)

zmy(F)=0 .. Zma(F)=0 Tmg(F)=0
me( Fk )=0’

Puc. 1.34. Ycnoeua pasnosecus ona cucmem napanieibHvlx Cul

HpOLlS’BOJZbHaﬂ njockas cucmema Cui.

0 R0 NSO

RS0 NNESSONNEESCY!.17)

AB 4 Ox Touxku A, B uC
He Jlexcam Ha 00-
HOU NpsAmou

Puc. 1.35. Tpu ¢popmot ycnosuit pagnosecus niocKoii Cucmemol U

Bonpocwt u 3a0anusn:

1. Ha3oBUTe OCHOBHBIE MOJIENIN PEATBHBIX TENl B TEOPETHUECKON MEXaHUKE.
2. UTo Ha3BIBACTCS MOMEHTOM CHJIBI OTHOCHUTEIBHO TOYKN?

3. Kakue MOXHO COCTaBUTh ypaBHEHUs paBHOBECHs?

4. Kakue cucteMbl CUjl Ha3bIBAIOTCS SKBUBAJICHTHBIMU?

5. I[lepeuncnure 3nemMeHTapHbIC ONEpaIiy HaJ CHIIAMH.

IlepeyeHb OCHOBHOM JIUTEPATYPhI:

1. Teopermueckas wmexanuka / O.H. Opymxosa, A.A. lllunkapyk, O.B.T'epmunep,
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O.M. 3abopckas ; MunucrepctBo oOpazoBanus U Hayku Poccuiickoit @enepaunu, PenepaabHoe
roCcyJapCTBEHHOE aBTOHOMHOE O00pa30BaTEIbHOE YUPEXIAEHUE BBICHIETO0 MPO(HECCHOHAIBHOIO
oOpaszoBanusi CeBepHblii (ApkTuueckuil) ¢enepanbHblii yHHBepcuTeT uM. M.B. JlomoHOCOBa. —
Apxanrensck : CA®Y, 2014. — 96 c. : wi. — Pexum jgoctyma: Mo MOAMUCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=436489 . — ISBN 978-5-261-00982-5. — Tekcr
: DJIEKTPOHHBIM.

Hepeqenb JIONOJIHUTEJIbHOM JUTEPATYPhbI:

Xanedt, A.B. Teopernueckas mexanuka / A.B. Xanedt. — KemepoBo : KemepoBckwii
rocynapctBeHHbii yanupepcurer, 2012. — 110 c. — Pexum gocryma: mo moamucke. — URL:
http://biblioclub.ru/index.php?page=book&id=232320. — ISBN 978-5-8353-1514-7. — Tekcr :
3JIEKTPOHHBIMN.

Ilepeuenb pecypcoB HH(POPMALMOHHO-TEIEKOMMYHUKAUMOHHOH ceTtu «HHTepHeT»,
HeO0XO0AUMBIX /IJIf OCBOCHHSI JUCIHUNJIMHBI

1. DnekTpoHHO-OubMoTeyHas cucreMa [IPRbooks JloroBop Ne5168/19 ot 13 mas 2019 rona

2. DnexkTpoHHas OubIMoTeUHasi cucTeMa «YHUBepcUTeTCKas Oubmmoreka on-liney» Jlorosop Ne50-
04/19 ot 13 mas 2019 roga

3. DnexTpoHHO-0nbMMoTeyHas cucreMa Jlanp Jlorosop NeD410-19 ot 22 anpens 2019 r.
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IIpakTnyeckoe 3ansTHE 6
Tema 6 IIpocTpaHcTBeHHAs CHCTEMA CHJL.
[{enb: HAyYUTh ONPEAEIIATH PEAKIIUU ONIOP B IUNIOCKOM CHUCTEME CHIL.
3HaTh: peaKIUU CBA3EH,
YCIJIOBHM PaBHOBECHS IUIOCKOW U IMIPOCTPAHCTBEHHOW CUCTEM CHII,
TEOpUU Tap CUIl,
YMeTh: HCHOJB30BaTh 3aKOHBI M METOABl TEOPETHMUECKONM MEXAHMKM KaK OCHOBBI ONHCAaHUS U
pacyeToB MEXaHU3MOB TPAHCIOPTHBIX M TPAHCIOPTHO-TEXHOJIOTHYECKUX MAIIMH U 000PYI0BaHMSL.
IPUMEHSATh 3HAHMS, I[OIYYEHHbIE II0 TEOPETUYECKOM MEXAHUKE IPU HM3YYEHUHU JUCLMILIUH
Ipo¢eCCHOHATIBHOIO UKJIA;
IPUBOJUTH CUCTEMY CUJI K IPOCTEHNILIEMY BUIY;
COCTaBJIATh U pElIaTh YPaBHEHUs PaBHOBECHS,
®opmupyemble KOMIETEHIINN:

Kog DopMynUpOBKa:

CriocobeH pemrats 3a1a4 MPO(HEeCCHOHAIBHON AEATEIBHOCTH Ha OCHOBE HCIIOJBb30BAHUS
OIIK-1 [reopeTHYeCcKHX M MPAKTHYECKUX OCHOB €CTECTBEHHBIX U TEXHUYECKHX HAyK, a TaKKe
MaTeMaTHYeCKOro anmnapara

Axmyanonocms membl OOBSACHAETCS OCHOBHBIMM IPHHLMIIAMU ONpPEJEJICHUS peakuuid omnop
BO3HUKAIOIIKX B PEAIbHBIX CUCTEMAX.
Teopemuueckas uacme:
Onpedenenue peakyuti 0nop meepoozo meia

Hano:
I1 I, I3 M F q a
3 4 2 70 35 15 45
M F g q
A /N 0 i1, ]| || Onpenensem papnoneficteylonyio Q uli  paBHOMEpHO
e /' T 3 Vi pacrpeieNieHHO HAarpy3KH (:
Q=q-l3=15-2=30kH,;
l b 5 CocTaBiseM ypaBHEHHS PABHOBECHSL:

ZFisz; Xg—F-cosa=0;

ZFiyzO; Ys —Q—F-sina+ Ry =0;

PA‘ FJ}/BlQ

M
/\ <~ Xo
J

l
ZMB(Fl)zol —RA(11+12)—QE3—M+F511’10612

=0.
OmnpenensieM HEU3BECTHBIE BEIMYUHBI:
Xg = F-cosa = 35-cos45 = 24,7 kH;
—Q-%—M+F-sina-l2 —30-%—70+35-sin45-4
R, = =
A (L +1,) (3+4)

Ys =Q+F-sina—Ry =30+ 35-sin45+ 0,14 = 54,9 kH.
Bonpocwt u 3a0anusn:
6. Ha3oBuTEe OCHOBHBIE MOJIENTU pEANIbHBIX TEJ B TEOPETUUECKON MEXaHUKE.
7. Yo Ha3bIBaE€TCS MOMEHTOM CUJIbI OTHOCUTEIBHO TOUKHU?
8. Kakue MOXHO COCTaBUTh YpaBHEHUS paBHOBECHS?
9. Kakue cuctembl CuJl Ha3bIBAIOTCS SKBUBAJICHTHBIMU?
10. Ilepeuncnure 351eMEHTapHbIE ONIEPALIMU HAJ CUIIAMH.
IlepeyeHb OCHOBHOM JIUTEPATYPhI:

= —0,14 kH;
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1. Teopermueckas wmexanuka / O.H.OpymxoBa, A.A.lllunkapyk, O.B.T'epmunep,
O.M. 3a6opckas ; MunuctepcTBo oOpa3zoBanusi U Hayku Poccuiickoit denepanuu, denepanpHoe
roCyJapCTBEHHOE aBTOHOMHOE O0pa30oBaTeIbHOE YUYPEKIECHUE BBICHIETO MPO(HECCHOHAIBHOTO
obpaszoBanusi CeBepHblii (ApkTHueckuii) denepanbHblii yHHBepcuTeT M. M.B. JlomoHocoBa. —
Apxanrensck : CA®Y, 2014. — 96 c. : un. — Pexum pgocryna: 1o NOJUUCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=436489 . — ISBN 978-5-261-00982-5. — Tekct

: DJIEKTPOHHBIMN.

IlepeyeHb 1OMOJHUTENBHON JIUTEPATYPDI:

Xanedt, A.B. Teopernueckas mexanuka / A.B. Xanedpt. — KemepoBo : KemepoBckuii
rocynapcrBeHHblii ynupepcurer, 2012. — 110 c. — Pexum gocryma: mo mnoamucke. — URL:
http://biblioclub.ru/index.php?page=book&id=232320. — ISBN 978-5-8353-1514-7. — Tekcr :

AIEKTPOHHBIN.

Ilepeuenb pecypcoB HH(OPMALMOHHO-TEICEKOMMYHUKAUMOHHOH cetn «HHTepHeT»,
HEeO0XOAUMBIX /IS OCBOCHHSI TUCIHUIIMHBI

1. Onexkrponno-6ubmmoreunas cucrema [IPRbooks JloroBop Ne5168/19 ot 13 mas 2019 rona

2. DnexTpoHHas OuOIMOTEYHasi cucTeMa «YHUBEpCcUTETCKast Oubinoreka on-line» JloroBop Ne50-
04/19 or 13 masg 2019 rona

3. DnexTpoHHO-0nbnuoreyHas cucrema Jlanp JloroBop NeD410-19 ot 22 anpens 2019 r.
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IIpakTH4eckoe 3ansATHE 7
Tema 7 Ciio:xeHne napajuiejibHbIX CHJL.
Llenb: HAYIUTHCS OMPEIEIIATh PEAKIIUN ONIOP U YCHUIIUA B CTEPXKHAX (pepMm.
3HaTh: peaKIUU CBA3EH,
YCIJIOBHM PaBHOBECHS IUIOCKOW U IMIPOCTPAHCTBEHHOW CUCTEM CHII,
KHHEMAaTUYEeCKUX XapaKTePUCTHK TOYKH, YACTHBIX U OOIIUX CIy4aeB JABM)KEHUS TOUKU U TBEPAOIO
Tena;
VYMeTh: NPUBOAUTH CUCTEMY CHJI K IPOCTEHLIEMY BULY;
COCTaBJIATh U pelIaTh YpaBHEHUs PaBHOBECHS;
DopmupyemMble KOMIETCHIIMN:

Kon DopmyJIHpPOBKA:

CriocobOeH peiiaTth 3aga4un HpO(l)eCCHOHaHbHOﬁ JACATCIIBHOCTH HAa OCHOBC HCIIOJIb30BaHHUA
OIIK-1 [TCOPCTUYCCKUX W MPAKTUYCCKUX OCHOB CCTCCTBCHHBLIX M TCXHUUCCKHX HAYK, a TAKKC
MATCMATHYCCKOI'O allllapaTa

Axmyanvrocmes memvl 00BSICHIETCS HAYUYUTHCS OINPENENIATh PEAKLUU ONOp M YCHIIUS B CTEPIKHAX
MOCTOB BBHITIOJTHEHHBIX B BUJE (pepMm.
Teopemuueckas yacmeo:

IInockue pepmMbl — reOMETPUUECKH HEU3MEHSIEMbIE CTEPKHEBBIE KOHCTPYKIUH, CTEP>KHU KOTOPBIX
JeKaT B OJIHOM IJIIOCKOCTH.

VY31b1 pepMBl — TOUKH, B KOTOPBIX CXOJSATCS OCU CTEPKHEN (onopmusie y3/ivl — y3Iibl,
KOTOPBIMH (pepMa onupaeTcss Ha OCHOBaHHUE).

BepxHuii 1 HUKHUN NOsIca — CTEP>KHU, 00pa3yrolie BEpXHUNA U HUKHUNA KOHTYPBI.

CTOiiKH — BEpTUKAJIbHBIEC CTEPKHU.

Packocel — HaAKJIIOHHBIE CTEPKHHU.

I[Tposer dhepmbl — paccrosiHue Mex Ty onopHbiME y3nami (1).

JlnuHa maHeIu — pacCTOsTHUE MeX Ty cTorikamu (d).
MeTtoasb! pacuera. /[ pacyera ycuinnid, BOSHUKAIOLIUX B CTEPXKHAX epm,
HCIIOJIb3YIOTCSI METO/] BBIPE3aHuUs y3JI0B U METOJ] CKBO3HBIX ceueHuil (meroa Purrepa).
OcHoBHbIE 10NMylIeHUs], IPMHUMAaeMble TP pacueTe gepMm:

1. Bce y37bl cOeAMHEHUS CTEPKHEW CUUTAIOTCS MJI€alIbHBIMU IIAPHUPAMU, HE
HPEMSITCTBYIOUIMMH B3aUMHOMY MIOBOPOTY CTEPKHEN. Y3Jbl B METAIIMYECKUX (epMax,
B KOTOPBIX CTEP>KHU COEMHSIOTCS MPH MOMOIIN (PaCOHHBIX JIUCTOB U 3aKJIEIIOK, TAKXKe
paccMaTpuBarOTCs Kak IIapHUPHBIE, TOCKOJIBKY MPU HAarpy3Ke OHU JOMYCKAIOT MaJlble
ynpyrue aegopmanuu (B3auMHbIE TOBOPOTHI).
2. Harpy3ska npuioxxeHa B y3nax. JlJist y370BO# mepenadn Harpy3Kd Ha MPaKTHKE

UCTIOJIBb3YIOTCS CTIeUalbHbIe 0aT0YHbIe KOHCTPYKIIHUH.
3. I'eomeTpuueckue pa3mepbl pepMbl HE U3MEHSIOTCS IPU HarpyXeHuu (JepopMariii Mabl).
m Meroa Beipe3anust y3,10B — [locieoBaTenbHO BBIPE3atOTCs y3JIbl (hepMBI TaK, 4YTOOBI
B JIByX YpaBHEHUSIX PaBHOBECHS JUIsl KQXKJIOTO U3 Y3JI0B ObLIO HE OoJiee IByX HEU3BECTHBIX
yeunuid. Kak mpaBuiio BHEIIHUE OMOPHbIE PEAKIMU JOJDKHBI OBITh MIPEBAPUTEIILHO ONPEIETICHBI.

IHopsinok pacyera:

1. Beibupaem B kauecTBe 00beKTa paBHOBeCHs (pepMy B LIETIOM U OTIPEAEIIieM OMOPHBIE PEAKIIUU:
2. Hymepyem mim o603Hawaem OykBamMu He0OO3HAUEHHBIE y3JIbl. Peakiuu crepkuent (mim

yCcHIIUs B HUX) OyZieM 0003HauaTh jajee IByMsl MHACKCHBIMU I paMu Wik OyKBaMu — IepBas u3
HUX COBIAJAeT C HOMepoM (0003HAUEHHEM) BBIPE3aEMOT0 y3J1a, a BTOpast YKa3bIBaeT K KaKOM Y3I1y
MPUCOSANHSIETCS IPYTUM KOHIIOM PAcCMaTPUBAEMBbIi CTEPIKEHb.

3. Beipesaem y3en A (B 2TOM y3Ji€ BCETO JIBa HEM3BECTHBIX YCHJIUS) M 3aMEHSIEM JICHCTBHUE
pa3pe3aHHBIX

(OTOPOIIEHHBIX) Y3JI0B YCUITUSAMHU (PEaKIIUSIMHU) Sa1 U Sas.
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4. CocrapisieM ypaBHEHHs paBHOBECHS JUIA y3/1a A U BBIYUCIISEM YCHIUS Sa1 U Sas.

5. Beipe3zaem y3en 1 (B 93TOM y37i€ BCEro JiIBa HEM3BECTHBIX YCHIINS) U 3aMEHsIEM JICHCTBUE
pa3pe3aHHbIX

(OTOPOLIEHHBIX) Y3JI0B YCHIUSAMHU (PEAKIUIMH) S1a, S12 ¥ S6.

6. CocraBisieM ypaBHEHHUsI paBHOBeCHs 1S y3iia 1 u BbruucisieM ycmius Si2 U Sie (S1a 1 Sa1
paBHBI

anreOpanyecky, MOCKOJIbKY MPU HANIPAaBJICHHUH HEM3BECTHBIX YCHIINHM OT y3J1a aKCHOMa JACUCTBUS U
POTH-

BOJICHCTBHS BBITOIHACTCS] aBTOMATUYECKH ).

S46=0,
Sqa+R, =0

X, =0 S, +Ssc080 =0,
IQaf .
5, 5., Y, =0; S, —Sgsina=0.

S S
_Pu _ Pa
Sie=——-=—"—>
sine  sine
S
Sj =—-Sjscosx =——2 cosa.

Sin &
Meton BbIpe3aHusi y3JI0B /Il BBIYHMCICHHUS YCUJIMS TOJBKO B YKa3aHHOM CTEp)KHE Tpedyer
PaccMOTPEHHUs BCeX y3JI0B U pPelleHHs AJIsl HUX YPaBHEHUH

paBHOBecHs (110 KpaiiHell Mepe y3710B, HaXOISALIMXCS MEXKAY OJJHUM U3 ONOPHBIX Y3JIOB M Y3JIOM, K
KOTOpPOMY MOJIXOJUT YKa3aHHBIN cTepkeHb). Kpome Toro,

NIOCJIEZI0BATEIBHOE BBIYUCIEHUE YCUIIMI U NOJCTAaHOBKA PE3yJbTaTOB B JAJBHEHIIMNA pacdeT Mpu
OOJIBIIIOM YHCIIE Y3JI0B UPEBATO HAKOIIEHHUEM OIIUOOK,

HE TOBOpSA yXe O TOM, JOMNYIIEHHas rpyOas omMOKa B OJHOM M3 Y3JIOB JielaeT JalbHeHIne
BBIUMCJIEHHS] HEBEPHBIMHU.

m MeToa CcKBO3HBIX cedyeHuii (Meron Purrepa) B OONbIIMHCTBE ciy4aeB He TpeOyeT JuIs
BBIYMCIICHHS] YCUJIUS TOJIBKO B YKa3aHHOM CTEP’KHE COCTABIICHUS

KaKUX-JTMOO0 IPYTUX BCIOMOTAaTEIbHBIX YpaBHEHUI paBHOBECHS KPOME TOrO YpaBHEHHUs, B KOTOPOM
HENOCPENCTBEHHO Y4aCTBYET HCKOMOE YCUIIHE.

MeToa OCHOBBIBA€TCSl Ha COCTABJICHUM OJHOI0 YPaBHEHHUsI paBHOBecusl C ucroib3oBaHueM |l u
Il bop™m ypaBHEHU paBHOBECHSI TPOU3BOILHON TIIOCKOM

CHUCTEMBI CHIL.

Bonpocwt u 3a0anusn:

1. Omnpenenenue hepMmsl.

2. W3 Kakux 3TamoB COCTOUT METOJ CEUCHHIA?

3. UTo Ha3BIBaeTCS SMIOPOA BHYTPEHHETO YCHITHS?
4. U3 xakux 3TanoB coCTOUT MeToj Purrepa?

5. Kak onpenenuts Touku Puttepa?

IlepeyeHb OCHOBHOI JINTEPATYPHI:
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1. Teopermueckas wmexanuka / O.H.OpymxoBa, A.A.lllunkapyk, O.B.T'epmunep,
O.M. 3a6opckas ; MunuctepcTBo oOpa3zoBanusi U Hayku Poccuiickoit denepanuu, denepanpHoe
roCyJapCTBEHHOE aBTOHOMHOE O0pa30oBaTeIbHOE YUYPEKACHUE BBICHIETO MPO(HECCHOHAIBHOTO
obpaszoBanusi CeBepHblii (ApkTHueckuii) denepanbHblii yHHBepcuTeT M. M.B. JlomoHocoBa. —
Apxanrensck : CA®Y, 2014. — 96 c. : un. — Pexum pgocrynma: 1o NOJNUCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=436489 . — ISBN 978-5-261-00982-5. — Tekct

: DJIEKTPOHHBIMN.

IlepedyeHb 1OMOJHUTENBHON JIUTEPATYPDI:

Xanedt, A.B. Teopernueckas mexanuka / A.B. Xanedpt. — KemepoBo : KemepoBckuii
rocynapcrBeHHblii ynupepcurer, 2012. — 110 c. — Pexum gocryma: mo mnoamucke. — URL:
http://biblioclub.ru/index.php?page=book&id=232320. — ISBN 978-5-8353-1514-7. — Tekcr :

AIEKTPOHHBIN.

Ilepeyenb pecypcoB HMH(OPMALMOHHO-TEICKOMMYHUKANMOHHOH cetn «HHTepHeT»,
HEeO0XOAUMBIX /IS OCBOCHHSI TUCIHUIIMHBI

1. Onexkrponno-6ubmmoreunas cucrema [IPRbooks JloroBop Ne5168/19 ot 13 mas 2019 rona

2. DnexTpoHHas OuOIMOTEYHasi cucTeMa «YHUBEpCcUTETCKast Oubinoreka on-line» JloroBop Ne50-
04/19 or 13 masg 2019 rona
3. DnexTpoHHO-OnboTeuHas cucrema Jlanb [JoroBop NeD410-19 ot 22 anpens 2019 1.
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IIpakTnyeckoe 3ansaTHe 8
Tema 8 Kunemaruka.
Llenb: HAYIUTHCS OMPEIEIIATh PEAKIIUK OTIOP U YCHIIUA B CTEPXKHAX (pepMm.
3HaTh: peaKIUU CBA3EH,
YCIJIOBHM PaBHOBECHS IUIOCKOW U IMIPOCTPAHCTBEHHOW CUCTEM CHII,
KHHEMAaTUYEeCKUX XapaKTePUCTHK TOYKH, YACTHBIX U OOIIUX CIy4aeB JABM)KEHUS TOUKU U TBEPAOIO
Tena;
VYMeTh: NPUBOAUTH CUCTEMY CHJI K IPOCTEHLIEMY BULY;
COCTaBJIATh U pelIaTh YpaBHEHUs PaBHOBECHS;
dopmupyemMble KOMIETCHIIUN:

Kon DopmyJIHpPOBKA:

CriocobOeH peuaTts 3a1a4u HpO(bCCCHOHaHBHOfI JACATCIIBHOCTH Ha OCHOBE HUCIIOJIB30BaHUA
OIIK-1 [TCOPCTUYCCKUX W MPAKTUYCCKUX OCHOB CCTCCTBCHHBLIX M TCXHUUCCKHX HAYK, a TAKKC
MATCMATHYCCKOI'O allllapaTa

AKmyaJleOCWZb membi 00BSICHIETCS HAaYYUTBCA ONPCACIIAATL PCAaKIIMU OIIOp U YCHUIIUA B CTCPIKHAX
MOCTOB BBIIIOJIHCHHBIX B BUJIC Ct)epM
Teopemuqecmw yacmsy:.

Pacuem naockotui ¢hepmol
Hano:

a b F1 F2 F3
25 50 15 45 50

CocrapisieM ypaBHEHHsI paBHOBECHsI CUJI MIPHIIOKEHHBIX K (hepme:

ZFix=O; XB =0,

zFlyzo; YB_F2+RA+F3_F1=0;

ZMB(Fi)zo; F;ra—Ry-a+F,-a=0.

OHpeI[eHHeM HCU3BCCTHBIC BCIIMYUHBI:
XB =0 KH,
_Fra+Fyra 45-25+50-25

A~ a 25

= 95 kH;
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YB =F2_RA_F3+F1 =4‘5_95_50+15 =_85KH
OHpeI[eJIHeM HaTsS)KCHHUC CTep)KHefI.
PaCCManI/IBaeM Yy3¢€i1 C:

Sf
r 5
£

D Fu=0;5,=0

> Fy=0;5-F =0
Sl = FZ = 4‘5 KH.
PaccmatpuBaem yszen H:

PaccmatpuBaem y3zen E:

ZFL- =0; =S¢ +S7-cos60 = 0;

ZFiyzo; —S9—S7:cos30 =0;

o= 70 o
77 cos30  cos30 /K

Se = S7-cos60 =57,7-cos60 = 28,9 kH.

PaccmatpuBaem y3en A:

R
A SZ
A
Sy NS
ZFix =0; S, + 53 cos60 = 0;
Z S1—S83-cos30+ R, =0;
Sl 95 —45
S3 = = 57,7 kH;

cos30  cos30
Sy, = =83 -c0s60 = —=57,7 - cos60 = —28,9 kH.
PaccmarpuBaem y3en D:



Y Fiy=0; =F, =S5 =0;
Sg = —F; = =15 kH.
Bonpocwt u 3a0anua:
6. Omnpenenenrie Gepmpbl.
7. W3 xakux 3TanoB COCTOUT METO/ CEUCHU?
8. Urto Ha3bIBaeTCsI SMIOPON BHYTPEHHETO YCHITHS?
9. U3 kakux 3TarnoB cOCTOUT MeTo Putrepa?
10. Kaxk onpenenuts Touku PurTepa?
IlepeyeHb OCHOBHOI JIUTEPATYPHI:

1. Teopernueckas wmexanuka / O.H. OpymxoBa, A.A.llluskapyk, O.B.T'epmunep,
O.M. 3abopckas ; MunucrepctBo oOpasoBanust u Hayku Poccuiickoit @enepanuu, OenepaibHoe
roCy/1apCTBEHHOE AaBTOHOMHOE O0O0pa30BaTEbHOE YUPEXKJEHUE BBICIIETO0 MNPOPECCUOHATIBLHOTO
oOpazoBanus CeBepHblil (ApkTuueckuii) Qenepanbubiii yHuBepcuter um. M.B. JlomonocoBa. —
Apxanrenbck : CA®Y, 2014. — 96 c. : un. — Pexum pgocrynma: 1o NOJUUCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=436489 . — ISBN 978-5-261-00982-5. — Tekcr

: DJIEKTPOHHBIMN.

ITepedyeHnb 10NMOJHATENBHON JTUTEPATYPBI:

Xanedrt, A.B. Teoperuueckas mexanuka / A.B. Xanedr. — KemepoBo : KemepoBckuit
rocynapctBeHHblii ynupepcurer, 2012. — 110 c. — Pexum gocryma: mo moamucke. — URL:
http://biblioclub.ru/index.php?page=book&id=232320. — ISBN 978-5-8353-1514-7. — Tekcr

AIEKTPOHHBIN.

Ilepeyens  pecypcoB  HMH(MOPMALUOHHO-TEJEKOMMYHHMKAIMOHHON cetn  «MHTepHeT»,
HEO0XOAUMBIX IJIf1 OCBOCHHSI TUCIUNJIMHBI

1. DnexTpoHHO-OnbMoTeyHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexTpoHHast OuOIMoTeUHasl cucTeMa «YHuBepcuTeTckas oubmuoreka on-line» JloroBop Ne50-
04/19 or 13 mas 2019 roxa

3. DnexkTpoHHO-0nOMMoTeyHas cucrema Jlans JJorosop NeD410-19 ot 22 anpens 2019 r.
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IIpakTnyeckoe 3ansaTHe 9
Tema 9 [LnockonapaJiesbHOe ABUKEHHE TBEPAOI0 TeJa.
[lenb: 1aTh CTyEHTY HOHATHS O KOA((UIIMEHTE TPEHHS U €TO ONPE/ICICHUH.
3HaTh: KHUHEMATHYECKHUE XapaKTEPUCTHKW TOYKH, Ju(depeHInanbHble YpaBHEHUS JBHKCHUS
TOYKHU;
o01Ire TeopeMbl JMHAMUKH
yMeTBI BBIYUCIIATH CKOpOCTI/I 158 yCKOpeHI/IH TOYECK HU TOYCK TCJIa HpI/I HOCTyHaTeJIBHOM,
BpaIaTeJIbHOM U IJIOCKOM JIBHKCHUSIX
PopMupyeMble KOMIIETCHIUU:

Kon DopmMyJIHPOBKA:

CriocobOeH peuaTts 3a1a4u HpO(bCCCHOHaHBHOﬁ JACATCIIBHOCTH Ha OCHOBE HUCIIOJIB30BaHUA
OIIK-1 [TCOPETUYCCKUX W IMPAKTHUYCCKUX OCHOB C€CTCCTBCHHBIX M TEXHHUUYCCKHX HAYK, a TaKXKC
MATCMAaTUYCCKOT'O aIlrapara

AxmyanvHocms  membl  OOBSICHACTCS  ONpeneNieHHeM Kod(QQHUIMEHTa TPEeHUS Pa3InYHbBIX
MAaTepUaioB U CILJIABOB.

Teopemuueckas uacmo.
Cuna mpenus ckonvycenus. Kak mokaspIBaeT OMbBIT, IPU CTPEMIICHHH JIBUTATh OJIHO TEJIO TI0
MOBEPXHOCTH JIPYTOTO B IJIOCKOCTH COIIPHUKOCHOBEHUS 3TUX TEJl BO3HUKAET CHJIA TPEHHSI, KOTOpast
MOET IPHHUMATB JIF0ObIe 3HAYEHHS OT HYJIS 10 HEKOTOPOTO MPEIEIbHOrO 3HAYCHUS,
ompezensiemoro 3akonoM Kynona F., =fN, rae f- 0e3pa3smepHsiii K03GGHUIUEHT TPEHUS
ckonbkeHus, N - HopmanbHas peakiys. KosppUImMeHT TpeHus CKOJIbKEHHS ONPeeseTCs
OTIBITHBIM ITyTE€M M 3aBHCUT OT MaTepHaa COMPHUKACAIOUINXCS TN K COCTOSIHUS UX TOBEPXHOCTEH
(xapakTep 00pabOTKH, CMa3KH, TEMIEPATyphl H T.I1.). ONBITHl MOKA3bIBAIOT, YTO CUJIA TPEHUS
CKOJIBKECHUS B IIMPOKUX MpeJIesiaX He 3aBUCHT OT pa3MepOB TPYIIUXCs TOBEpXHOCTEH Ten. Tak s
TOTO, YTOOBI CABUHYTH OOBIYHBIN KUPINY, HY’KHO TIPUIIOKUTH OJTMHAKOBYIO CHITY HE3aBUCHMO OT
TOTO JISKUT JIM OH ILIaIIMsI Wi Ha pedpe. [Ipu pemennn 3a1ad ¢ y4eToM CHIT TPEHHS CKOJIbKCHUS
HE00X0/IMMO YETKO pa3inyaTh 0ObIYHOE U Mpe/iebHOEe paBHOBECHE Tena. B mepBoM ciiyuae
BEJIMYMHA CHIIBI TPEHUSI HEM3BECTHA U JOJDKHA OTPEICISITECS U3 PEICHHUS COOTBETCTBYOIIIX
ypaBHEHHIA paBHOBecHs. Eciu e B 3a/1aue pedb UIET O MPEIeIbHOM PABHOBECHH, TO CHJIA TPEHHUS
omnpenensercs 3akoHoM KynoHa:

F,, =N (1.28)

770 7 77 7

Ipocmetiwuil npumep: nycms Ha meso, Haxoosaujeecs 8 pagHO8eCUU HA 20PU3OHMANLHOU
wepoxosamotui nosepxnocmu, oeticmayem cuna F=10 H. Onpedenums, uemy pasua cuna mpenusi
CKONbIHCEHUS.

Pewenue: 6 dannom ciyuae meno 3a6e00M0 HAXOOUMCSA 8 PABHOBECUU U CULA MPEHUs ONPeOeUMCsl
U3 ypasHeHus paeHoBecuUs:

> F=Fcosa—F,, =0,
"p omkyoa Funp=Fc0s30°=8,66H.

H3menum menepo ycnosue 3adauu. onpeoeium MuHumanohyto cuiy F, cnocoouyro cosurnyme meno
¢ mecma, ecu e2o sec P pasen 10 H, a kosgppuyuenm mpenus ckonvocenus f=0,1.
Pewenue: max kak peuv udem o npedeibHOM COCMOAHUU PABHOBECUS,

I:mp:fN, N= P, Fmp:fP:]_H, ZFKX = FCOSBOO—Pf :O’
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F=fP/cos30°=1,15H.
Kak n3BecTHO NOJIHYIO peaklys epoX0oBaTOi MOBEPXHOCTH MIPUHATO IPEACTABIATh CYMMON
JIBYX COCTaBJISIOLIUX: HOpMaJIbHOU peakuuu T u cunbl TpeHus A (puc. 1. 38)

—~

A

7777777777777 7777777777777
Puc. 1.38. Peakyusa wiepoxosamoii nogepxnocmu
CnepnoBarenbHo, onaHas peakuus K Oyner oTkiIoHeHa OT HOpMaJli K TOBEPXHOCTH Ha HEKOTOPBIH

YroJ. HpI/I HU3MCHCHHUU CUJIbI TPCHHA OT HYJIA 40 €€ NIPCACIbHOI0 3HAaUYCHUMA, CUJIa K n3mensercs ot

T 1o cBoero MakCUMajabHOTO 3HAUEHUS, & €€ YroJl C HOPMAJIBbIO PacTeT OT HYJIS 0 HEKOTOPOTO
npeeIbHOrO 3HaYeHUs (PH , Ha3pIBAEMOI0 yIriIoM TpeHus. M3 pucynka BuaHO, 4To tg pru=F,, [ N,
TOr/a ¢ y4eToM Toro, uro F.,=f N, monyuaem tg gpu=f.

Ecnu k Teny npuioxxuTh cuity 3 oJ yriioM a Kk Hopmaiu (puc.1.34), To Teno cBUHETCS TOIbKO

TOr/a, KOraa casuraroinee ycunue Pcosa 6yner 6oubiie Fn,p=f N. D70 03Hauaer , 4T0 HUKAKOM
CHUJION, 00pa3yrolei ¢ HOpMaJibio yrou a < (pH, TeJI0 BAOIb JaHHOW MOBEPXHOCTH CIIBUHYTH
HEJIB3S.

B =

E

IIpumep 1 . Kaxos dondicen 6vbims MUHUMATbHBLI KOdDDuyuenm mpenus ckonvocenus T 6 mecme
KOHMAKmMa 0OHOPOOHOU K8AOPAMHOU NIACMUHbL 8eCoM P ¢ 6epmukanbHoll cmenKoll, eciu
NIACMUHA 8 3A0AHHOM NOJIOHCEHUU HAX00umcs 6 pasHogecuu. Becom cmepoiwcns BF npenebpeus.
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Pewenue. Tak xax nunus deticmeus noiHou peakyuu K eepmuxanvHoll cmenku npu pasHogecuu
naacmunsl 00INHCHA npotmu yepes mouxy B (na ocnosanuu meopemwi o mpex cunax), mo Fpp=N
WU, NOCKOILKY peyb 6 ycaosue 3a0adu udem o npedenvhom pasnosecuu, Fnp=fN, fN =N, f =1.
Tom dce pe3ynbmam MONCHO HOTYUUMb U U3 VPABHEHUSI PABHOBECUS NAACTUHDL:

> My(F,)=N-BC-F, -4C=0,F, =N, fN=N, f=1.

IlepeyeHb OCHOBHOM JIUTEPATYPHI:

1. Teopernueckas wmexanuka / O.H. Opymxosa, A.A. lllunkapyk, O.B.I'epmunep,
O.M. 3abopckas ; MunucrepcTBo obpazoBanust U Hayku Poccuiickoit @enepaunu, PenepaibHoe
roCy/IapCTBEHHOE AaBTOHOMHOE 00pa3oBaTelIbHOE YUPEXKIEHHUE BBICHIET0 MPodhecCHOHATBHOTO
oOpazoBanusi CeBepHblii (ApkTuueckuil) ¢enepanbHblii yHHBepcuTeT uM. M.B. JlomoHOCOBa. —
Apxanrensck : CA®Y, 2014. — 96 c. : un. — Pexum pgoctyna: 1o NOANKMCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=436489 . — ISBN 978-5-261-00982-5. — Tekcr
: JIICKTPOHHBIM.

Hepeqeﬂb JIONOJIHUTEIbHOM JUTEPATYPHLI:

Xanedrt, A.B. Teopernueckas mexanuka / A.B. Xanedr. — KemepoBo : KemepoBckuii
rocynapcTBeHHbId yHuBepcuteT, 2012. — 110 c. — Pexxum poctyma: mo moamucke. — URL:
http://biblioclub.ru/index.php?page=book&id=232320. — ISBN 978-5-8353-1514-7. — Tekcr :
3JIEKTPOHHBIMN.

Ilepeuenb pecypcoB HH(OPMALMOHHO-TEIEKOMMYHUKANMOHHOW ceTu  «WHTepHeT»,
HEeOOXOAUMBIX /1JI51 OCBOEHMS IH CHUTLITUHBI

1. DnexTpoHHO-OnbMMoTeyHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexkTpoHHas OubIMoTeuHas cucrteMa «YHUBepcuTeTckas oubauoreka on-liney» Jlorosop Ne50-
04/19 or 13 mas 2019 roga
3. DnexrponHO-0nbMoTeuHas cucrema Jlans JforoBop NeD410-19 ot 22 anpens 2019 r.
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