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BBenenue

[lenpro MeTOOUUYECKMX PEKOMEHAAUMN MO0 M3YYEHUI0 JUCHUILIMHBL  SABIIAETCA
3aKPEIUICHUE U yIUIyO/IeHne 3HAHWH, MOMYYEHHBIX ITPA H3YYEHUH TEOPETHYECKOTO MaTEprUaa Io
aucrummHe «Mexanuka (TEXHUUeCKas MEXaHHKa ) ».

Llensro mpoBeaeHNA NPAKTUYECKUX 3aHATHN SBIIAETCA:

1. O0o0mienne, cucremaTu3anusa, 3aKPEINIEHUE MOJYUYEHHBIX TEOPETHYECKUX
3HAHUU IT0 TEMAM KOHKPETHBIM TPEOOBAHUAM TUCIUATLTHHEI
2. DopmMupOBaHUE YMEHUN NPUMEHATH NOIYYEHHBIE 3HAHU S HA MPAKTUKE
3. BrpaboTka ONTUMANBHEIX PENIEHWM IIPU PEHICHUW MOPAKTUYECKUX 38144
OpeaIMETHOM 00macTu
Benymen nenpr0 MOPAKTHUYECKUX 3aHATHM 1o aucnuiuimHe Mexanuka (TexHudeckas
MEXAHUKA)ABIAETCA (POPMUPOBAHME TPOPECCHOHATBHBIX KOMIIETEHIIMM M YMEHHM  —
BEIITOJIHEHHUE OIPENEICHHBIX JEUCTBUN, HEOOXOOUMBIX B IIPEAMETHOU 00IACTH.

Meroauueckue PEKOMEHI AU OPHU3BAaHEI 00ECIEeUnTh 5] PEeKTUBHOCTH
CAMOCTOATEIBHON PA0OTHI CTYIEHTOB C IUTEPATYPOH, HA OCHOBE PAIIMOHATBHOW OPraHW3aIuH
€€ M3ydeHus, OOIEerdurs IOATOTOBKY CTYIEHTOB K CIAa4e 5K3aMEHA, COPHMEHTHUPOBATH HMX B
HAIIPABJIEHUW W3Y4YEHHA MaTe€phaga II0 NOCTABJIEHHBIM BOIPOCaM, JOaTb BO3MOKHOCTH
OTpadOTaTh HABBIKM COCTABJICHUA W O(OPMICHUSA Pa3IUYHBIX BHIOB JOKYMEHTOB, KaK IOX
KOHTPOJIEM HPENOAABATENA, TAK U CAMOCTOATENBHO.
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IIpakTHyeckoe 3aHATHE 1

Tema 1: Onmpenenenne KMHEMATUUECKUX XAPAKTEPUCTUK TOYKHU.
[lens: nare cTyneHTy 3HaHUA B 001aCTH OCHOB KMHEMATHKH.
3HATh: KMHEMATUYECKHE XAPAKTEPUCTHUKU TOYKH, MA(PPEpPEHINATBEHEIE YPABHEHHA IBUKEHHA
TOYKH,
00mIMe TEOPEMBI TUHAMUKU
YMETh: BBIYMCIATE CKOPOCTH W YCKOPEHHUSA TOYEK M TOUEK TEela IIPH IOCTYHATEIBHOM,
BPANIATENBHOM U IIOCKOM JBUKEHUAX
AxmyanbHocmb meMbl 3aKIIOYAETCA B IMPUMEHEHWM 3HAHWMM B O0JACTH KUHEMATHUKH Ha
MPAKTHKE.

Teopemuueckasn uacmeo:

Knaccupukanus IBHKeHHS TOUYKH:

. Ecrm B Tewenue Hekotoporo BpemeHu d. = 0 u a, = 0, TO TOUKA OBUKETCA
PABHOMEPHO U OPAMOIUHEUHO;

2. Ecrm B TedeHwe HeKoTOporo BpemeHun d. # 0 u a, = 0, TO TOUKAa ABUIKETCA
HEPABHOMEPHO U MIPAMOJIMHENHO;

3. Ecorm B TeueHue HEKOTOPOTO BpemMeHu d, = 0 um a, # 0, TO TOUKA IOBUIKETCA
PABHOMEPHO M KPUBOJIMHENHO;

4. Ecrm B Teuenue Hekoroporo Bpemenu da. # 0 m a, # 0, TO TOUKAa OBUIKETCA
HEPABHOMEPHO M KPUBOJIMHEHUHO.

Buasl IBH:KeHHA TBEPAOIo Tela:

1. Ilpocmeuwue ogudiceruss mgepoozo mena:

a. Ilocmynamenvnoe Oguicenue: moOOU OTPE30K TEna MEPEMENIAECTCA MAPaAUIENLEHO
caMoMy ceoe;

0. BpawamenvHoe OgudiceHue B0KpYe HENOOBUNCHOU OCU! NBE TOUYKH, HEPA3PBIBHO
CBA3AHHBIE C TEIOM, OCTAIOTCS HEIO B KHEI;

2.I1nockonapannenvhoe (niockoe) OguiceHue.: Kaxaas TOUKa TEIa OBUIKETCI B OOHOU U
TOH K€ IUTOCKOCTH;

3.Chepuueckoe oOgudiceHue: OOHA TOYKA, HEPA3PBIBHO CBA3AHHAA C TEIOM, OCTAECTCA
HEITOIBU/KHA,;

4.Ceob0o0Hoe deuaicenue: m0O0E MEPEMENIEHNE TEIA HUUEM HE OTPAHUYEHO.

[InockonmapannensHoe (IIockoe), cdepuueckoe U CBOOOTHOE HNBUKEHUA SABIAIOTCS
COBOKYMHOCTBIO MMPOCTENIINX JBUKCHUN.

[Ipn nocmynamenvuom oeusicenuu gce mouku meia ONUCLIBAIOM OOUHAKOBbIE (Npu
HAIO0JCCHUU co8naoarowjue) mpaekmopuu U UMerom 68 Kancoblll MOMEHM BPeMeHU OOUHAKOBbLEe
10 MOOYIIO U HANPAGIEHUIO CKOPOCMU U YCKOPCHUA.

[Tpu mocrynarensHOM ABMKEHHMU KUHEMATUUECKUMH XAPAKTEPUCTUKAMHU TEIA ABIIAIOTCA
TUHENHAA CKOPOCTH U JIMHENHOE YCKOPEHNE ATOTO TEA

[Ipn epawiamensnom ogusicenuu nns ONPENEIICHUS ITOJOKEHHUA BPAILIAIONIIErOCA TENA
VCITOJIE3YIOT IOHATHE Y201 hogopoma meina ¢ (PUCYHOK 5). Yrom moBOpOTa CBA3aH CO BPEMEHEM
3aBHUCUMOCTEIO, HA3EIBAEMOH YPABHEHUEM BPANIATEIHHOTO B KCHHUS

p=f@).

KunemMarngecknmMu XapakTEPUCTUKAMH BpANATEIbHOTO BUKEHUS SABILIOTCA V2106aAA

CKOpOCMb O U Y21080€YCKOPEHUE E.
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Pucynok 5.
Venosaa ckopocme Tenma paBHa mepBOM IPOW3BOJHOW IO BPEMEHHM OT yIJjia IMOBOPOTA
TEIa

_do
dt

Bexmop yzanogou ckopocmu HAIPABIEH N0 OCH BpPANIEHUA TENA B Ty CTOPOHY, OTKYZIA
BPANIEHNE BUIHO MPOUCXOIANIAM IIPOTUB X044 YACOBOM CTPEIKH.

Venoeoe yckopenue tema paBHO mepBOM NMPOU3BOIHON OT €ro YIJIOBOM CKOPOCTH WM
BTOPOU MPOW3BOAHOM OT yIrIa MOBOPOTA TEJIA MO0 BPEMEHU

@

do  d’g
dt  dt*

Bekmop yano6020 ycKkopeHus HANPABIEH II0 OCH BPANIEHUA B Ty K€ CTOPOHY, 4TO H
BEKTOP VIJIOBOM CKOPOCTH, KOrja BpAamI€HHE YCKOPEHHOE, U B 00parHyr CTOpPOHY, KOTraa
BpAaMIECHUE 3aMEITIEHHOE.

Benuuuna ckopocmu mouKu Gpawjarouecocsa mena PaBHA IMPOU3BENECHUIO YTIIOBOM
CKOPOCTH HA PACCTOSHUE OT TOYKH IO OCH BPAILICHUA

v=w - OM

Bekmop ckopocmu mouku @paujarouje2ocs meia HAIPABICH NEPHEeHOUKYIAPHO NPAMOU,
COCIMHAIOMIEH 3Ty TOYKY C OCBHO BPANICHUA, U HEPHEHOUKVIAPHO CAMOU OCU BPAUfCHUS W
ompenemseTcsa mo popmyse Ditnepa

&

V=-r,
rI€ 7 — paguyC-BEKTOP, MPOBEIEHHBIM M3 MOOOW TOYKM, JIEKANIEH HA OCH BpANIEHUA, K
paccMaTrpuBaeMoil TOUKE TBEPIOTO TENA.
[lonnoe yckopenue mouxku @pawjaroujecocsa meina Pa3iaraercsi Ha ABE COCTABIAIOMIUE:
gpawjamenbHoe (a,) 1 ocecmpemumenbHoe (d,,), 1 €ro BEMMUYWHA PaBHA KOPHIO KBAZIPATHOMY M3
CYMMBI KBAJIPATOB 3TUX COCTABISAIONINX

_\/ 2 2
a=+la, +a,
BpawamenvHoe yckopeHue HAMPABICHO B TY KE CTOPOHY, YTO M CKOPOCTH, KOTIa

IBUKEHUE YCKOPEHHOE U B 00paTHyro CTOPOHY, KOTAA JBUKEHUE 3aMEJICHHOE.

Benuuuna gpawjamenbHo20 YCKOPEHUAMOYKY PaBHA IMTPOU3BEIECHUIO YITIOBOTO YCKOPEHUA
T€JIa HA PACCTOSHUE OT TOUKH OO0 OCH BPAILIECHUA

a.=¢- - OM.
B BEI{Tﬂé}HGﬁ OpME: @, =& XF .
AOKYMEHT NOAANCAH
Ode ntEHee yeKopenue — HANPABICHO K OCH  BPANICHMA. Benuuuna
Ceprvdmkar: 2C0000043E9ABBBI52205E 7BAS00060000043
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Pucynok 6. HanparieHne BEKTOPOB CKOPOCTH M YCKOPEHUH ITPH 3aAMEIJIEHHOM
IBUKEHUM BPAMIAIONIETOCA TEA.
Bexmop nolHozo ycKopeHus JA1o0ou MoYKU 6pawiaroue2ocsa meid HAIPABIEH MO YIJIOM
(P K TPAMOM, COECAUHAIONIENM 3Ty TOYKY C OCBIO BpamI€HUA. |aHreHc H3TOro yria paBeH
OTHOIIEHUIO YITIOBOI0 YCKOPEHUS TEJIA K KBAAPATY €r0 YIJIOBOM CKOPOCTH

&
g0 =—.
w

[Tpu nnockonapannenvrnom (R10CKOM) OUICEHUN:

Bcsakoe HenmocTynarensHOe MeEPEMENIEHNE TIOCKOU (PUTYPEI B €€ MI0CKOCTH MOKET OBITh
OCYILIECTBJIEHO KAaK COBOKYITHOCTh NPOCTEHIIMXIBUIKEHUI: HNOCMYNAMeIbHO20 BMECTE C
BEIOPAHHOM TOYKOHW (PUIYPEL, HA3BIBAEMOHU MOJIOCOM M GpaujeHus BOKPYT OCH, MPOXOIAIIEH
gepe3 moJIrC.

KunematnueckuMi XapakTEPUCTUKAMU SBIIAIOTCS MTHOBEHHAsA YIJIOBAs CKOPOCTE O,
MTHOBEHHOE VIJIOBOE YCKOPEHHE € IUIOCKOM (DUTyphI, JMHENHAA CKOPOCTh W JHHEWHOE
yCKOPEHHUE, TOUKUA BEIOPAHHOH 3a MOIIOC.

Pucynok 7. Onpenenenne CKOPOCTEN TOYEK MIOCKOH (PUTYPEI.

dopmyiia pacnpeneneHusa CKOPOCTEN TOUEK TPH MIOCKOM IBUKEHUHU(PUCYHOK/ ):

Vp =V, +1=-’ij-,.
re v, — CKOPOCTh MOIroca A;
vV, — CKOpPOCTh Mo 001 Touku B;

V4~ CKOPOCTB, KOTOPYIO IMOJY4aeT TOYKAa B mpw BpamieHnH II0CKOH (PUTYPBI BOKPYT

rmomoca A;
Vag =@ AB;

OEePINEHAUKYIIPEeH npsamoi AB.

Bekrop ckopocTs vy,

Cf{'ﬁ}é)@ﬁf&br ngﬁcﬂ}ﬁ&ﬂ moyku B niockou gueypel ceomempuyecku CKIAOblBACMCA U3
cxﬂpﬂcmﬁmmréagm%mymﬂ mouKku A, NpUHAMOU 3a NOJIOC, U CKOPOCMU, KOMOopyio moyka B

Cepb ity Y REHPITH &ﬁ?&iﬁi?ﬁ?ﬁﬂﬁﬁ@ﬂ?“%ﬁpye 3M 020 NOJIOCA.

Bnaneneu: lleGayxoea TaTesiHa AnexkcaHgpoBHa
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Pucynok 8.

Jlnsa ompengeneHus CKOPOCTEM IUIOCKOW (PUTYpEl MCIIOIB3YIOT HAuOOIee HmpPOCTOM M
yOOOHBIII METOH, OCHOBAHHBIM HA MeopeMe 0 RPOEeKUUAX CKopocmell 06yx moueKk mena:
npoekyul cKkopocmeu 08yxX MoYeK HA OCb, NPOXOOAWYVIO Hepe3 3mu MOUKU, PABHbl Opye Opyey
(pucyHOK 8)

v,CosfF=v, cosc.

Jlpyrou mpoCTON U HATJOHBIN COOCO0 OMpPENENneHns CKOPOCTEN TOUEK MIOCKOU (PUTYPEI
(WM Tena NPy MI0CKOM ABUKEHUN) OCHOBAH HA TMTOHATHU O MCHOBCHHOM YEHMpPe CKOpocmel.

Merogennbiu yenmp ckopocmeu — MOUYKA, CKOPOCMb KOMOPOU 6 OAHHbIU MOMEHM
EpeMeHU PaGHA HYIIO.

Crkopocmb movexk TUIOCKOM (PUIypEI paBHA MPOW3BENCHUI0 MIHOBEHHOM YIJIOBOM
ckopocTtu (purypsl (@, pan/c) va paccrosaue ot Touku 10 MIIC (pucynok 9, a)

v, =w-PA,
rae PA — paccrosaue or MLC (1.P) mo Touku A.

BekTop CKOpPOCTH IUIOCKOH (DUTYpBl  HanpagleH  RNepPReHOUKVIAPHO  NPAMOU,
coenuHAomen 5ty Touky ¢ MLC, u nexur B mnockoctu (PUrypHl.

0)

Pucynok 9. Haxoxkaenne MrHOBEHHOT O IIEHTPA CKOPOCTEH.
OTHOMIEHNE BEMUUNH CKOPOCTEH TOYEK IUIOCKOM (PUTYPHI K PACCTOAHUIO OT 3THUX TOUYEK
no MIIC saBmaercs BEIWYMHOW IOCTOSHHOM I BCEX TOUEK IUIOCKOU (PUIYPEI M PABHO
MTHOBEHHOM YTJIOBOU CKOPOCTH (PUTYPHI (PUCYHOK 9, a U B)

V V
A o B = ...= (1.
AP BP
Hna onpenenenna MLC HeoOX0auMO K M3BECTHBIM BEKTOPAM CKOPOCTEHM IBYX TOYEK,
€CIM OHM HE TMApaUIENbHBI, MPOBECTH NEPHEHAUKYIAPBI — TOYKA MNEPECEUCHUS

neprneHaukyaapoB Oyaer MLIC (1.P).
Ecimi BEKTOPEI CKOPOCTENM HOBYX TOYEK IIOCKOW (PUTYPBI PABHEL IPYT JPYTY H

PACIIOJIAr Ar0TCSA HHAJHJIJIEI[LHD, To MIIC Haxonurcsa B OECKOHEYHO YIATEHHON TOUKE (PUCYHOK 9,
6 NOKYMEHT NOAMMUCAH
)- 3NEKTPOHHOW MOANUCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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Pucynok 10. Onpenenenne yCKOpEHHN TOYEK ILUIOCKOM (PUTYPEI.
* Ha pucyHke cnmomHas AyroBas CTPENKAa MOKA3BIBAET HANPABIECHHE YIJIOBOM CKOPOCTH O
(HAmpaBi€HWE BpAaNIEHW), 4 OYHKTUPHAA — HAMNpPaBJ€HWE yraoBOro yckopenus &. [lpu
YCKOPEHHOM BpanieHuu 00e CTpenku OyayT HANpPABIECHEI B OIHY CTOPOHY, a P 3aMEIIEHHOM —
B pa3HEIE.
Jlnga ompeneneHus yCKOPEHMH TOYEK IUIOCKOW (PUTypel (pucyHOK 10, a) UCIOIB3yIOT
BBEIPAKECHUE

o€ a, — YCKOPEHHE moJiroca A;

a, — yckopenue mo0ou Touku B mrocko# purypsr;

dp4) — YCKOpEHHE, KOTOPOE MoayYaeT To49ka B mpu Bpamienun miockod (pUryper BOKpYT

moJmroca A.
Vekopenue nwbou mouxku B niockou ¢ucypel ceomempuvecku ckiaovléaemcs  u3
VCKOpEHUS KaKou-HUOYOb Opyeou mouKku A, NpuHamou 3a noirc, u yCKOPeHus, KOmopoe moyka
B noayuaem npu epawjeruu pucypvl 60Kpye 3mozo nonrca.

[Ipn pemenun 3amag Oomee ygoOHO BEKTOP Ap

3dMEHUTL HA €r0 COCTABJIAIOIIME:
KACATEIBHYIO @ 1) U HOPMAIBHYIO @ g4 (pucyHOK 10, 0), momydas BeIpaKEHUE CIEOYIOMIETO

BUIA

R —T —n
dp, =d,+4a s +a pu,

II€ BEKTOP @& m(4) HANPABIEH NEPHNEHIUKYJIApHO AB B CTOpOHY BpamieHus, €CIu OHO
YCKOPEHHOE, U IPOTHB BPAalICHU A, €CIIM OHO 3aMEIJICHHOC U OIIPEACIACTCA

arﬁ'[,{}= AB - &

BEKTOP & g4y BCETIA HAMPABIEH OT TOYKU B k momocy A u onpenenaercs

—n

,
d B4=AB - w".
Ecm momoc A nBmkeTcs He MPAMOJMHENHO, TO €r0 YCKOPEHHE MOKHO MPEACTABUTE KakK
CYMMY KACaTeIbHON @ 4 ¥ HOPMAJIBHON @ 4 COCTABJISAIONIINX, TOTIA

T —n -—T —-n
d, =d 4 +d 4 +4a B +dA BA.
Ecm touka B nBmkerca KpUBOJIMHEHNHO M €€ TPAEKTOPHUSA W3BECTHA, TO &, MOMKHO
MPENCTABUTE B BUAE CYMMBI KACATEIBHOW M HOPMAILHOU COCTABIAIONINX

— N

— -7
dp =d B td B.
[Tpu HenmocTymarenpHOM ABWKEHUM IUIOCKOM (PUTYPHI OIS ONPEAETIEHUS YCKOPEHUM
HUCIONB3VIOT MMOHATHE M2HOBCHHbIU YyeHmp yekoperut (MITY).

AOKYMEHT MNOANMCAH
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Pucynok 11. Onpenenenne MrHOBEHHOTO LIEHTPA YCKOPEHUH.

Menogennviu yenmp yekopenuu (Q) — mouka, yckopeHue komopou 68 OaHHbIl MOMEHM
8peMeHU PaGHA HYIIO.
[Tonoxenne wmruoBeHHoro uentpa yckopenud Q (pucynok 11) omnpenensercs

(popmynamu:

&
1ga = —
P
a,
AQ_J 2 4*
E T+

OTKIaaeIBAEM yTOJ (L OT YCKOPEHUA g, (B CTOPOHY MTHOBEHHOTO BPAMIEHH, €CIIM OHO

YCKOPEHHOE, W B HOPOTHUBOMOJOKHYIO CTOPOHY, €CIM OHO 3aMENJIEHHOE), MHOJIydaeM
MONIYNPAMYIO0, Hda KOTOPOM Ha pacCToaHun AQ JI€KUT MIHOBEHHBIM LIEHTP yCKOpeHun Q
(pucynok 11, a).

Ecmi MrHOBEHHBIN LEHTP YCKOPEHUN MPUHATE 34 MOJIOC, TO YCKOPEHUE Moo Touku B
II0CKON (puryps! (pucyHok 11, 0) onpenessaerca mo popmyine

a, =BONEe® + o .

Vekopenus mouex niockou uzypel onpeoenaromces 6 OGHHbIU MOMEHM BPEMEHU MAK,
Kak eciu 0vl OGUICceHUe Puzypul ObLIO 8paleHUEM GOKPYS MCHOBECHHO20 Y eHmpa yckoperuu Q.

OTHONIEHNE BEIMYUH YCKOPEHUN TOYEK IUTOCKOM (DUTYPHI K PACCTOAHUIO OT THUX TOYEK
no MIIY ompenensercs oTHOIIEHHEM

il B il A

BQO AQ

Vekopenua mouwex nnockou  guzypbi NponopyuoHaivbHbl UX  PACCMOAHUAM — OM
MSHOBEHHOZ0 HEH mpa CHDPGCJ’HEEE.

— .. =+t

Bonpocw u 3adanusa:
l. Yro m3yuaer kunemaTuka’
2. Ilepeuucmure cmocoObI 3a7aHUS IBUKEHUS TOUKH.
3. 3amummre (opmyny OOpENEneHHs IMOJHOTO YCKOPEHUS TOUYKH, JBHKYINIECHCS
BPAMIATENBHO.
4. JlauTe ompeneneHne MTHOBEHHOTO LIEHTPA YCKOPEHUA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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IlpakTH4Yeckoe 3aHATHE 2
Tewma 2: [InockomapannensHoe IBUKEHUE TBEPAOTO TEMNA.
[lens: mpuobpeTrenne yMEHUI MPUBOINUTE IUIOCKYI0 HPOU3BOIBHYIO CHCTEMY CHI K 3aJaHHOMY
LEHTPY.
3HATh: PEAKIINH CBA3EH,
yCJIOBUM PABHOBECHSA IIIOCKOU M OMPOCTPAHCTBEHHOM CUCTEM CHII,

YMETh: COCTABJIATh M PEMIATH YPABHEHUA PABHOBECHS,
AxmyanbHocmb memvl O0OBACHAETCA CBEIEHUEM CHCTEMEBI C HECKOJLKMMH CHJIAMHU K 3aJaHHOMY

LIEHTPY, TEM CAMBIM yYIPOIIAsA CXEMY U pacuer.
Teopemuueckas yacmo:

. Paccmorpum mpomsBomsnylo cucremy cun (P F,, ... ’Fn ) BriGepem

MPOU3BONBHYIO TOYKYy (O 32 LEHTP INPUBEAEHHUA H, BOCIOIb30BABIINCE TEOPEMOU O
MapaJIEIbHOM NEPEHOCE CHIIBI, IIEPEHECEM BCE CHIIBI CUCTEMBI B JAHHYIO TOUKY, HE 3a0BRIBad
IPHU MEPEHOCE KAXKIOU CHUIBI 100aBAATE MPUCOEIUMHEHHYIO APy CHII.

[Tonyuennyo Takum 00pa3zom CHCTEMY CXONANIMXCSA CHJI 3aAMEHUM OIJHOM CHJION R )
PAaBHOM TITABHOMY BEKTOPY UCXOOHOU CUCTEMBI Cri. O0pa3oBaBuIyIOCA IIPU NIEPEHOCE CUCTEMY

Imap CHJI 3aMEHNM OHOi mapoii ¢ momentom W (> PABHBIM r€OMETPUYECKON CYMME MOMEHTOB

BCEX ITap Cui ( T.€. TEOMETPUYECKON CYMMOH MOMEHTOB UCXOJAHOW CHUCTEMBI CHJI OTHOCHUTEIBHO
uenrpa O).
Takoir MOMEHT HA3BIBACTCA 2TAGHBIM MOMEHMOM CUCHIEMbl CU omHocumensHo yenmpa O
(puc. 1.30).

Puc. 1.30. Ilpusedenue cucmemsl CUl K YeHMpPY
Hrak, mr00y10 cuCTEMY CHIJI BCETId MOKHO 3aMEHUTH BCETO OBYMs CHJIOBEIMU (PAKTOpPAMU -

2/IAGHBIM GCKMOPOM U 21A6HBIM MOMEHMOM OMHOCUMEIbHO RNPOU3EO/IbHO 6blOPAHHO20
yenmpa npugedenusn. OUEBUIHO, UTO TIABHBIM BEKTOP CHUCTEMBI CHJI HE 3aBUCHUT OT BBEIOOpA
LIEHTPA TIPUBENEHUA (TOBOPAT, YTO TJIABHEIM BEKTOP MHBAPUAHTEH MO OTHONIEHUIO K BEIOOpY
1eHTpa npuBeaeHua). O4eBUIHO TAKKE, UTO TIABHBIM MOMEHT TAKMM CBOMCTBOM HE 00IamaeT,
MOATOMY HEOOXOAMMO  BCErJga YKas3blBaTh, OTHOCHUTEILHO KAaKOTO IIEHTPAa ONPEaeIsIeTCs
TJIABHBEIM MOMEHT.
Bonpocw u 3adanusa:

I. Yro Takoe rmaBHBIN BEKTOP?

2. UYTO Takoe riIaBHBIN MOMEHT CHCTEMBI?

3. IlpuBenenue CUCTEMEI K 3aJaHHOMY LIEHTPY.

4. llapannempHbBIN MEPEHOC CUI 3TO...”?

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

A A A e e e T A
CeptuduKa 2C0000043E9ABBB952205E7BAS00060000043E
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IIpakTH4eckoe 3aHATHE 3
Tewma 3: LlenTpansHoe pacTsakeHne U CxaTue
[lens: HayduTHECA pemaTs 3a1a4d HA PACTKEHHUE - CIKATHE
3HaTh: MPUHIWIE COMPOTUBIEHUA KOHCTPYKIIMOHHBIX MATEPHATIOB, METOOLI U AJITOPHUTMBI
IPOCKTUPOBAHUA PA3IMIHBEIX MEXAHMUECKUX CHCTEM; METOJBI M AJTOPUTMEI KOHCTPYUPOBAHUSA
3JIEMEHTOB PA3TMUHBIX MEXAHUYECKUX CHCTEM, METOIUKH PAacueTa Ha MPOYHOCTD, JKECTKOCTh U
yCTOMYHUBOCTE 3JIEMEHTOB MAIIWH U UX KOHCTPYKIIHH;
YMeTb: OCYNIECTBIATh PAlMOHAIBHBIM BBIOOP KOHCTPYKIIMOHHBIX U OKCHIYAaTAllMOHHBIX
MATEPUAIOB; MPOU3BOIUTE PACYETHI HA MPOYHOCTH M JKECTKOCTh HPH PACTAKEHUU-CKATHH,
KPy4e€HUHM, W3TH0e M CIOKHOM HArPyKEHHU, NPU CTATUIECKOM W YAAPHOM IIPHUIIOKEHUU
HATPY30K; BBIMOIHATH CTAHJAPTHBEIE BUABI HPOYHOCTHRIX PACUETOB.
AxmyanrbHocmb membl OOBACHAETCA OCHOBHBIMA HPUHIMIAMHM OIPENEIECHUA BHYTPEHHHX
(paKTOpPOB BOZHUKAIONIMX B 33/1a4aX HA PACTAKEHUE — CIKATHE..

Teopemuueckasn uacmeo:

B mpupope paznugaror ynpyroe, yuopyromiacTUdHOE U BA3KOILIACTUYHOE TBEPIbIE TENA.
Yropyroe Teno mocie CHATHS BHENIHEW HArpy3Kd BOCCTAHABIMBAET CBOM IMEPBOHAYATHLHBIC
pasmepsl u popmy. B sToOM cnyuae nedpopmanus Tena HA3EIBAETCS YIPYTOU. Y IPYTOMIACTUIHOE
TEJI0 BOCCTAHABIMBAET CBOM IEPBOHAYAIBHBEIE PAasMEPBHl U (POPMY HEMOIHOCTBIO, T. €. UMEET
MECTO ocrarouHas aedopmarusa. B MHKEHEPHBIX COOPYKEHUAX M MEXAaHMYECKUX MAIIWHAX HE
OOMyCTUMO MOSABICHUE OCTATOYHBIX Ae(pOpMAaIHi.

OT n#elCcTBUA BHEMIHUX HArPy30K B IOMEPEUHBIX CEUEHMAX BO3HUKAIOT BHYTPEHHHE
CUJIOBEIE (DAKTOPEI, KOTOPEIE OINPENENIA0T, HWCHOONb3yd METOH CEueHuM. [Bepmoe Teno,
HAXOAAMICECS IMOJA MEHCTBUEM BHEINIHUX HATPY30K MBICJIEHHO pPACCEKAr0T HAa ABE YacTH M
paccMaTpUBAOT PABHOBECHE OOHOU M3 dacTeu. JlencTBue OTOPOIEHHON 4aCTH HA OCTABLIYIOCH
3aMEHAIOT BHYTPEHHUMH HATPy3KaMH, MPWIOKEHHBIMA B pPacCMATPUBAEMOM CEUCHUH.
CocraBnss ypaBHEHMs PAaBHOBECHUSA OCTABUIEHCA YACTH OT OEHCTBUA BHENIHUX M BHYTPEHHHX
CUIIOBBIX (PAKTOPOB, HAXO AT MOCIEIHUE.

BaxHen My MOHATUAMA ABIAIOTCA HAMPAKEHUA U AePOPMALIIH.

[Tpu marpyxeHun Ttena pacTATUBAIONIMMM WIM CHKUMAIOIMMH CHUIAMHM ONPEAEIAIOTCS
HANpsoKeHWA, nedopManud U yIIMHEHWSA. BHYTpEHHAA cuia B3aMMOJECHCTBHA, OTHECEHHAA K
€IUHUILE TLUIOMIATH, BEIAETEHHON B OKPECTHOCTH KAKOU-TMO0 TOYKY MONMEPETHOTO CEYEHUS TENA,
HA3BIBAETCA HAMPSKEHUEM B OTOM TOuke. lakum 00pa3oMm BemMUMHA HAMPSKEHUM B KAKIOU
TOYKE CEYEHHA ABJIETCA MEPOM BHYTPEHHMX CHJ, KOTOPBIE BO3HHMKAIOT B MATEPHUAIIE B
pe3yabTaTe BO3ACHUCTBUA BHEIIHMX HArpy30k. HopmambHbIe HANpAXKEHHUSs ¢ TIPU PACTIKEHUU-
C)KAaTUM B MOIMEPEUHBIX CEUECHMAX TEIa OMPENEIoTcsa W3 cooTHomeHusa o = N/S, tome N -
OEUCTBYIONIEE B CEUYEHUM BHYTPEHHAS NOPOIONbHAS (HOpManbHAsA) cwia; S - IUIOMAIb
MOMEPEYHOTO ceueHud. Hanmpsaxenus u geopManuu B mpeaenax ynpyroi neopmManun CBsI3aHbl
Mexny cobon 3axkonom ['yka, T. €. ¢ =¢£ , rne £ - MOOynb yInpyroctu marepuana (MOIYIIb
FOHra), &€ — oTHOCUTE/TEHAA TPOAOIBHA 1€(POPMALIHA.

Pacuerneie 3HAUeHHMsA HANPSIKEHUM CPABHUBAIOT C OOMyCKaeMeIMu [g/, KOTOpEIE
ONPENEIIOT MYTEM JOEIEHUS HEKOTOPBIX NPEAENbHBIX 3HAYEHHMHW HA KO3((UIMEHT 3amaca
IPOYHOCTH 5(/0/=0,,/s). 3a MPENENLHBIE 3HAUEHNS HAMPAKEHUN IPUHUMAIOT IIPENE IPOYHOCTH
(11 XPYyNKAX MAaTEPUAIOB) WIN MPENET TEKY4eCTH (11 INIACTUYHBIX MATEPUAIOB), KOTOPEIE
MOJIYUArOT ITPHU UCIBEITAHUAX CTAHAAPTHBIX 00pa3IioB HA pa3peIBHEIX MammHax. [Ipu sTom crposr
B KOOpOMHATAX HaOpsKeHue-medopMalys yCIOBHYIO AUATPAMMY pACTIKEHUA. Y CIOBHOH
OUarpaMMy Ha3BIBAIOT IMOTOMY, UTO HAOPSKEHUS U Oe(OPMAIMN BEIYHUCIIAIOT COOTBETCTBEHHO
MO0 OTHOLIEHUIO K MEPBOHAYAILHOU TUIOMIAAN CEYEHUN U JuMHE 00pasua. Mcnone3ysa yCIoBHYIO
oUarpaMMy pacTsKEHUSA, HE0OXOOUMO YMETh ONPENEnArhb MEXAaHMUECKHE XapaKTEPUCTUKH
MaTEPUAFE 1 HRGISIHSRRSIPIMOHATE HOCTH, TPEET YIPYTOCTH, MPEAeT TEKYUeCTH M Mpener

Ceprud TEPO BFOOTH FCOAFOCRIPETHFHEDS OTHPOUHO € VITMHEHHE IIPU PA3PEIBE.
Bhaneneu me%&ﬁ[ﬁﬁ“ffﬁ?ewgﬁﬁm 3HAYMTEIBHBIX TUTACTUYECKUX ne(opmarimii He0OXOIUMO 3HATH

HCTI*H—H—I}’T—D ,D:I/IHFPHMB{}’ pHCTHHfEHHH, HDH}"IHEBI}’T—D H}’TE‘M JCIICHHA pHCTHFHBHIDH_IEﬁ CHJIIEI HA
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UCTUHHYIO IUIOMIAAL IONMEPEYHOTO CeueHus o0pasna (C yueroM YMEHBIIEHUS MNOMEPEUHBIX
pa3MEPOB CEUEHUSA NP PACTIKEHHUH).

Heobxomumo oOparurte BHUMAHUE, 49TO 3aKOH ['yKa, CBA3BIBAIOIIMN HANPSKEHUA U
neopmanuy depe3 MOAydb VYIOPYTOCTH Marepuana, CIHPAaBEIINB TOJBKO OO Mpenena
IpONOPUUOHANEHOCTH. [IpogoneHele nedopmaiyiu npu pacTSKEHUHM CBA3AHEI C HONEPEUHBIMHU
nedopmanamMu ¢ momMonisio ko3 purnenta [lyaccona.

[Ipu onpenenenum nHanpsxkennd u  pedopManuii B CTATHYECKH HEOMPEIETMMBIX
CUCTEMAaX HEOOXOIMMO YUYUTHIBAThE, YTO BO3HHUKAIOMINE MPH 3TOM B CTEPKHAX CHIBL 3aBUCAT OT
KECTKOCTH CTEPkHA, T.€. OT IUIONIANEH MOMEPEUHBIX CEYEHUM W MOIYIAEH YOPYTrOCTH
MaTepuana.

Bonpocwet u 3a0anua:
I. Kakwue TBEpABIE TENA BCTPEUAIOTCA B IpUPOaE?
2. Kakne BHyTpEHHHME CHUJIOBBIE (DAKTOPEI BOZHUKAIOT B CTEPKHAX !
3. B uem zakmogaercsa MeTOq CEUeHHM !

4. Chopmympyure 3akoH ['yka.
5. UYro Takoe UCTUHHAA AUArpaAMMa PACTAKEHUA !

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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IIpakTHyeckoe 3aHATHE 4
Tema 4: Onpenenenne BHYTPEHHUX YCWIMH, onpeneneHue qeopManui 1 mepeEMENICHAN
Llens: HAyUYUTECA ONPENENATE BHYTPEHHUE YCHIIUA
3HATh: HPUHIMIIEL COMPOTHBJIEHUSA KOHCTPYKIIMOHHBIX MATE€PHAIOB, METOABI WU AITOPUTMEI
IPOEKTUPOBAHNUA PA3JIUIHBIX MEXAHUYECKUX CHCTEM; METOABI U AJTOPUTMEI KOHCTPYHPOBAHUS
5JIEMEHTOB PA3IMYHBIX MEXAHUUYECKAX CHCTEM, METOAMKH pacueTa Ha IMPOYHOCTH, JKECTKOCTh U
yCTOMYHUBOCTE 3JIEMEHTOB MAIIWH U UX KOHCTPYKIIHH;
YMETh: OCYMIECTBIATE PAUMOHAIBHBIA BBIOOPD KOHCTPYKIIMOHHBIX W SKCILTYaTAllMOHHBIX
MATEPHAIOB; NPOM3BOIUTE PACUETEI HA NPOYHOCTH WU KECTKOCTH HPU PACTAKEHWUH-CKATHH,
KPYUEHUH, W3TH0€ M CIO0KHOM HATrPYKEHUM, NOPU CTATUUECKOM M YIOAPHOM IPUIIOKEHUU

HArpy30K; BBIITOJIHATH CTAHJAPTHBIE BUABI IPOYHOCTHBIX PACUETOB.

AxmyanbHocmb membl OOBACHAETCA OCHOBHBIMA HPHHIMIAMM OIPENEIEHUA BHYTPEHHHX
(paKTOPOB BO3HUKAIOMIMX B 3a1a9aX HA PACTIKECHUE — CIKATHE..
Teopemuueckas yacmo:

[Tpumep pemienns 3aqaun Ha TEMY «PACTAKEHUE U CIKATHUED

[Tocrpours no pmune Opyca, coTiIacHo cxeme Harpyxkenus (puc. 1.1), smoper

ITPOIONMBHEIX CHT N, HOPMATBHEIX HanpmxkeHud O | mepeMenieHui MomepedHbIX CeIeHUH.
Cpenars BRIBOJ O MPOYHOCTU Opyca, CPABHUB 3HAYECHUSA HOPMAIBHEIX HAIPAKEHUH B OMACHOM

CEYEHMH C JOIMYCTUMBIM, ECITM MATEPUAT Opyca — CTamb 3 (E = 2,0 - IOSMH{?, [CT] =240 Milla).

S

F

3a

Pucynoxk 1.1

HNano:F;=10kH; F>=12kH; F;=30kH; S; = 200 MM S> =300 MM
a=03m b=04nm.

Pemenue:
HMmeem geteipe yuactka Harpyxenus (AB, BC, CD, DK), B ipenenax KOTOPBIX
HANPsKEHUA OyIyT UMETh MTOCTOSHHBIE 3HAYEHHUSL.

Vuacmox 1 (AB). Pacceu€m, MBICIIEHHO, CTEPKEHB B MECTAX, TA€ HEOOXOTMMO OPENETUTH
3HAUEHWA BHYTPEHHUX YCUJIMH U BHYTPEHHUX HanpsxeHnu. OqHy u3 4acTen (JIeByr0) 0TOpocum

(puc. 1.2), a nyisa ocraBuiencsa COCTABUM YPABHEHNE PABHOBECU A Z F=N L F_}} =0, 3amenus
AOKYMEHT MOANNCAH . . . .
Ipu STOMEECTRAR PEOPOIPEHHON YaCTH HA OCTABUIYIOCA HEU3BECTHOU BHYTPEHHEN CUITION ;.
Ceprudmkar:  2C0000043E9ABBBYI52205E 7BA500060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Pucynoxk 1.2
Torma, NJ, — F;. =30 kH.
N, 30-10°
3HAYECHUE HANPAKEHUN HA ygacTke: O, = —— = =100 miTa.
S, 300

AbcomoTHas nedopMarmsa yaacTka (OTHOCHTEBHBIE IEPEMENIEHHU KOHIIOB YUACTKa):

AL, =%ile 100900, 45
E  20-10°

Vuacmoxk 2 (BC).

F

B A
NZ_P;ZOJ
N,=F,=30 xH
N. 30-10°
o, =—== =150 pmr174
S 200 !
Al =2l 150-300 = 0,22

5 E  20-10°

Vuacmox 3 (DC).

\S
Mri__F_g Fs

z - /
0 | C B A

!

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

N,~F,+F,=0.

Nencteutened: ¢ 19.08.2022 no 19.08.2023



N,=30-12=18 xH

N,-F,+F,+F =0,
N,=30-12-10=8 «H.

N, 810
o,=—= =40 MmrTa.
TS 200 ‘
Al = Ol _ 40.36? =0,07 mm.

E 20-10°

J11s mOCTpOEHUA SMIOPEI MEPEMENIEHUN TONEPEUHBIX CEUEHUI, OMPEIETUM PACCTOSHMA,
Ha KOTOPBIE MTEPEMECTATCA KOHI[EI YIACTKOB HATPYKEHUSA OTHOCUTEIBHO KECTKO 3aE€TaHHOTO
JIEBOTO KOHIA CTEPKHA (TOUKH K).

[Tepemenienne Touku D OTHOCUTENBEHO TOUKHN K
Opx=Axp=0,07 mm.

Torma, mepemenienne Toukn C OTHOCUTENBEHO TOYKU K COCTABUT:
ock=0pk +Alxkp=0,07+0,18=0,25 nmm.

AHAJIOTUYHO OTIPEAEINM MEPEMENICHUA OCTATBHEIX KOHIIOB YIACTKOB:
opxk=0ck +Alge=0,25+0,22= 0,47 ymm,
Oux=0prx +AlLip=0,47+0,45= 0,92 ymm.

HoggROEB MJARSAHATM3MPOBAB SITIOPEL MPOAOJILHEIX CHIT /N, HOPMAIEHEIX HAMPAKCHUN

O u Heﬁgﬁi‘gﬁ%ﬁ?ﬂi—'%mx ceueHuu (puc. 1.3), nemaem BBIBOJ, 4TO OMACHBIM YIACTKOM
Ceptucomkatr: 2C0000043E9ABBBO952205E7 'D'DE'DEIEIEIEIiS%
BnanenBA1A ABIACT €& YHACERK BLnS Onax= 150 Mlla.

Tx. 6,.,</d], TO yCI0BHE MPOUYHOCTHU BEHIMOTHAETCS.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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OnpenemM CTENEHE 3arpyKE€HHOCTH CTEP/KHA:

Tus 0 _ 555
[c] 240
Crep:xkeHs HarpyxeH Ha 62,5 %.
S,
S f
é—iqﬂ - - - - /C_?-.:
g K |0 |C |8 /
2 360 | 400 | 300 900
Jwpa npodobHex cui N kH
0
s}
o)
0
Jwpa Hanpaxeruy g Mia
150
o, 100
40 D
/,
900 NEDEMELIEHUL , MM
g%
g5 2T m
ﬂ -ﬂ"“‘m

Bonpocwet u 3a0anua:
I. Kakwue TBEpABIE TENA BCTPEUAIOTCA B IpUPOaE?

2. Kak onpenenstoTcsa BHYTPEHHUE CHIOBEIE (DAKTOPEBI?
3. B uem zakmogaercsa MeT0oI CeueHH !

4. Chopmympyure 3akoH ['yka.
5. Uro Takoe UCTUHHAA AUArpaMMa PACTKEHUA !

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Pucynok 1.3

Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu:

Webayxora TatTeAHa AnexkcaHgpoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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ITpakTHyeckoe 3aHATHE 5
Tema 5: CaBur (cpe3)
[lens: HayduTECA pemars 3a1a4d HA CABUT U KPYUEHUE
3HaTh: MPUHIWIE COMPOTUBIEHUA KOHCTPYKIIMOHHBIX MATEPHATIOB, METOOLI U AJITOPHUTMBI
MIPOCKTUPOBAHUA PA3IMYHBIX MEXAHMUECKUX CHCTEM; METOABI U AITOPUTMEI KOHCTPYUPOBAHUA
3JIEMEHTOB PA3TMUHBIX MEXAHUYECKUX CHCTEM, METOIUKH PAacueTa Ha MPOYHOCTD, JKECTKOCTh U
yCTOMYHUBOCTE 3JIEMEHTOB MAIIWH U UX KOHCTPYKIIHH;
YMETh: OCYIIECTBIATE PAUMOHAIBHBIA BBIOOPD KOHCTPYKIIMOHHBIX W SKCILTYaTAllMOHHBIX
MATEPUAIOB; MPOU3BOIUTE PACYETHI HA MPOYHOCTH M JKECTKOCTH HPU PACTAKEHUHU-CKATHH,
KPy4e€HUHM, W3TH0e M CIOKHOM HArPyKEHHU, NPU CTATUIECKOM W YAAPHOM IIPHUIIOKEHUU
HATPY30K; BBIMOIHATH CTAHJAPTHBEIE BUABI HPOYHOCTHRIX PACUETOB.

AxmyanbHocmb membl OOBACHAETCA OCHOBHBIMA HPHHIMIAMHM ONPENEIEHUA BHYTPEHHHX
(paKTOpPOB IIpH COABUTE U KPYUECHUH.
Teopemuueckas yacmo:

CaBUTOM HA3BIBAIOT TAKOW BUI HAMPKEHHOTO COCTOSHUA, KOTAA HA TPAHAX SJIEMEHTA
OEVCTBYIOT TOINBKO KACATEIBHBIE HANIPKEHMA. [Ipr 5TOM HA IBYX B3aMMHO NMEPHEHIVK YIIPHBIX
MIOMIAKAX JEUCTBYIOT PABHEIE ITO0 BEIMUWHE U OOPATHBIE MO 3HAKY KACATEIBEHBIE HATPAKECHHUS.
JTOT 3aKOH HA3BIBAETCA 3aKOHOM ITAPHOCTH WIM B3aUMHOCTH KACATEIbHBIX HANPDKEHUU H
UMEET CWIY Kak J[Uii OJHOOCHOTO, Tak M A1 OOBEMHOr0 HAOPAKEHHOTO COCTOSHUH.
Hedopmaniim, BOZHUKAIONIME MPU CABUTE, HA3BIBAIOT YIJIOBBIMU I&()OPMAIIMAMH WM YTJIOM
caiBura. OMNBITEI ITOKA3BIBAIOT, YTO MEXKIY HANPAKECHUAMH H Ie(opManusMil HOpPU CABUTE
CYIIECTBYET JUHEMHASA 3aBUCUMOCTB, aHANOTHMuUHAA 3akoHy ['yka mpum pacrsxenun. [lTosromy
3akoH ['yka mpu caBure umeer Bung 7=y G, rae y - yraoBas aedopmarusa, a G - MOOYIb
CIBUTA.

Crnenyer oOparuTe BHUMAHUE HA TO, YTO MOAY/IbL MPOJOILHON YOPYTOCTH, MM MOYJIb
yOPYrOCTH MEPBOTO poaa £ U MOAYJIb YOPYTOCTH NPH CABUTE, UM MOAYJIb YHPYTOCTH BTOPOTO
pona G i OMHOTO W TOTO K€ Marepruana cBa3aH yepe3 koappuruent Ilyaccona u

3aBUCUMOCTBIO0 G = E/ [2(1 + Ju)]. [Tpu pacuerax Ha cpe3 0OBIUHO NPUHUMAKOT, YTO KACATEIEHEIE

HAIPSOKEHUA PacHpeneieHsl PABHOMEPHO B IIONIEPEYHOM CEUYEHUH CTEPKHA U YCIOBUE
MPOYHOCTH HA CPE3 UMEET BU/I

t = F/S<[t], tne F — BHeImIHAS monepeuHas Cuia.
JlomyckaempIe HaIpsK eHI ['.a'] Ha CIBUT (Cpe3) COCTABJIAIOT HEKOTOPYIO YaCTh OT

OOIMyCKAEMBIX HAMPSAKEHUN HA pacTsakeHue. PACCIUTEIBAIOT HA CPE3 COCOUHEHNS 3aKJICITOUHEIE,
OOMTOBEIE, CBAPHBIE, MIMOHOUYHBIE U HEKOTOPBIE APYTUE TUITEI COETMHEHUIA.

[Tpu npoBeneHnn MPOYHOCTHEIX PACUETOB HA CABUT (Cpe3) HEOOXOAMMO HAYUUTHCA
MPABUIBHO OMPENENATH MIONMIAIHN CPe3a A OJHOCPE3IHBIX U MHOTOCPE3HBIX 3AKIIENOK, a TAKKE
OIS YIJIOBOTO CBAPHOTO IIBA, B KOTOPOM CPEe3 MPOUCXOAUT ITO OMCCEKTOPHOM ILIOCKOCTH
IPSAMOTO yTIJIa MOMEPEUHOTO CEYEHUS IIBA.

Ecnu B momepeuHOM CEUEHUU CTEPKHA TEUCTBYET KPYTAMIMM MOMEHT My, TO CTEPIKEHD
HCIBITEIBAET KpyueHue. HeoOxoaumo, UCMOIb3ya METO T CEYEHNN, HAYUUTHCA CTPOUTH SIIHO PBI
KPYTADINX MOMEHTOB MO JJIUHE CTEPKHS U ONMPEAEIATH BOZHUKAIONINE KACATEILHBIE
HAIPSKCHUA, KOTOPEIE ONPEAEIAOTCS U3 cooTHomenus 1 = Mg/ Wp, rone Wp - monapHeiu
MOMEHT COMPOTHUBIECHUS CEUECHUS KPYIEHHIO.

B monepeunom ceueHum CTEPKHA KAcaTeIbHBIE HANPSAKEHUA PACIPEIEIEHB
HEPABHOMEPHO. TaK, I CTEPHKHS C KPYTIBIM ITONEPEUHBIM CEYEHUEM KACATEIbHEIE
HANPSKEHUA U3MEHAIOTCA M0 TMHEMHOMY 3aKOHY - OT HYJIA Ha OCH IO MAKCUMAJIBHOTO 3HAYEHUA

y HDBep%#mﬁﬁﬂgﬁiﬁ%ﬁﬁHEHm, PAacIoIOKEHHBIE Y OCH CTEPKHs, HATPYKEHBI HE3HAYUTEIBHO,

Ceprudli@rC RQHnHI PEOABHENHIAMEEEC]P R HPH KPYUCHHH TICIICCO0 ﬁpﬂ?.Hﬂ HCIMOJMB30BATE MYCTOTECIBIC

Bnanenggpo AT K PYTHIPHCMOREHT B CEUEHNN CKPYUYUBAEMOTO CTEPHA (BAJ1a) YUCIEHHO PABEH

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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anredpangecKoil CyMMe BHEIIHUX CKPYYHUBAOIIMX MOMEHTOB, IEHCTBYIONINX IO OJHY CTOPOHY

OT CEUEHHS.
Bonpocw u 3adanusa:
I. Yto takoe caBur?
2. Yro Takoe kpyueHnue?
3. 3axon I'yka mpu casure .
4. OnpeneneHue KpyTAMIEro MOMEHTA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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IIpakTH4eckoe 3aHATHE 6
Tema 6: Pacuersr Ha MpOYHOCTE ITPH CIBUTE
[lens: HayuuThCA pemars 3a1a4i Ha MPOYHOCTh
3HATh: HPUHIMIIEL COMPOTHBJIEHUSA KOHCTPYKIIMOHHBIX MATE€PHAIOB, METOABI WU AITOPUTMEI

MIPOCKTUPOBAHUA PA3IMYHBIX MEXAHMUECKUX CHCTEM; METOABI U AITOPUTMEI KOHCTPYUPOBAHUA
3JIEMEHTOB PA3MMUHBIX MEXAHUYECKUX CHCTEM, METOOUKHM pacdera Ha MPOYHOCTH, KECTKOCTh U
yCTOMYHUBOCTE 3JIEMEHTOB MAIIWH U UX KOHCTPYKIIHH;

YMETh: OCYIIECTBIATE PAUMOHAIBHBIA BBIOOPD KOHCTPYKIIMOHHBIX W SKCILTYaTAllMOHHBIX
MATEPUAIOB; MPOU3BOIUTE PACYETHI HA MPOYHOCTH M JKECTKOCTh HPH PACTAKEHUU-CKATHH,
KPy4e€HUHM, W3TH0e M CIOKHOM HATPYKEHHU, NPU CTATUIECKOM W YAAPHOM HPUIOKECHUH
HATPY30K; BBIMOIHATH CTAHJAPTHBEIE BUABI HPOYHOCTHRIX PACUETOB.

AxmyanbHocmb membl OOBACHAETCA OCHOBHBIMA HPHHIMIAMHM ONPENEIEHUA BHYTPEHHHX
(paKTOpPOB IIpH COABUTE U KPYUEHUU.
Teopemuueckas yacmo:

[Tpumep Pemennsa 3agaun Ha Temy «Kpyuenue»

K crampHOMY CTYIIEHYaTOMY BATY, HMEIOMIEMY CIJIOMIHOE KPYIJIOE€ CEUEHHNE, IPUITOKECHEL
UETHIPE BHEMIHNUX 3aKpyduBarommx MomMeHTa (17, 15, 13w 1), neBEII KOHEI] BaJia JKECTKO
3aKPEIUIEH B OMMOPE, a MPAaBBIM KOHEI — CBOOOIEH U €r0 TOPEI] UMEET YIIIOBBIE MEPEMENICHU
OTHOCHUTEIRHO JIEBOTO KOHIIA.

Tpebyerca:

1) mocTpouTs SMIOpPYy KPYTAMIMX MOMEHTOR;

2) ompenenuTs TUAMETPHI d; U d> Bajla U3 pacdyeTa Ha MPOYHOCTh, IPU 3aTAHHOM 3HAYEHUHU [’I‘],
OKPYTJIUTh BETMUMHY HAUJECHHBIX TAAMETPOB 00 Omikanmiero 00JbIIero 3Ha4eHus U3 PIaa;

3) DOCTPOUTH SMIOPY AEHCTBUTEIBHEIX HAMMPAKEHAN KPYIEHU MO INIMHE BAJIA;

4) TMOCTPOUTH 3MIOPY aBCOMOTHEIX YI/IOB 3akpyunBanus (@, npunas G = 0,8 10° MITa

e By Ry K
/

. B ﬂI |4
v
(]

a I, C

— g i Ty —

AN
|""|-n.l
H
d  —
—~

Pucynoxk 3.1
Ucxomupie manuaeie: a=b =c 1,6 m; T, =5,7 kHm; 1> = 2,7 kHw; T; = 1,7 kHwm;

T, =0,7 kHw; |t |=45 MIIa.

Pemenune:

1. QMWEMHMHE MOMEHTHI (puc. 3.2):

ANEKTPOHHOW NOAMUCHIO
Ceptvdmgat: 2C00000 9ABBB952205E7BAS00060000043E
Bnanenel: eDayxoea TaTeAHa AnekcaHgpoBHa

Mm =T4 =0,7 KkHM,

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Vuacmox BC:

M, =T,—T,=0,7—17=-10xH

Vuacmorx CD:
Mﬁz =T4 —T3 _Tz =0,7—L7— 2,7=—3,7,==:H-u;

Vuacmorx DE:
ﬂ/fﬁ,4 =T4 —T3 _Tz +T| =0,7-17-27+5,7=2«Hnm.

2. OnpeneniM 3HAYEHUA TUAMETPOB CTYIIEHEN U3 YCIOBUA ONPOYHOCTH HA OMACHBIX

yuactkax BC u DC.
6
d, —?\; M., = #3’7 10 =T74,4 mm,
0,2-[z] V0,2-45

[Tprmumaem d; = 80 mwm.

6
d, =: M., = #LO 10 = 48,1 mm,
> Vo.2-[z] V0,2-45

[Tpranmaem d, = 50 au.
3. Jls1s mOCTpOEHUS SMIOp HAMPSHKEHUM HANIEM 3HAYCHUA HAIPSKEHUN KPydEeHU S,
OEUCTBYIONINX HA YUYACTKAX.

6
T, M,y _O7 103 =28 Mlla,
W, 02-50
6
T, M, __10 103 =—40 MIIa,
- W, 0,2 -50
M 7-10°
r, = _ 3 Of; _ 361 Mila
W, 0,2-80
E_ M, 20-10 ~19 Mla

W, 02-80°

4. OTHOCUTENBHEIE YIIIOBEIE MEPEMENIECHHNA KOHIIOB YUACTKOB.

M, -1, 07-10°-16-10°

— = - =0,0224 {3'(3,
Pu TG T, 08107 -0.1-50° g
M1 10-10°-16-10°
e B s i =—0,0320 pao.
Px TG T, T 0810°-01-50° g
M. -1 37-10°-16-10°
— E- — - ’ - ’ — _0,0181 {]'(3,
P TG T, 08-10°-0.1-80° g
M., -1 20-10°-1,6-10°
oy =Ml 20101010 608 00
CepTudukar: EEGDGGG-#SEEABBEBEEEDSETBAEGGGE'D'DGDCGE' Jpl 0,8 . 101I y O,l - 80
Jraaenes L”Eﬁgﬁzaﬂggﬁﬁgﬁﬁﬁﬁ;ﬂl{p}’q}fﬂﬂm{ﬂ, OTHOCHTCIBEHO KCCTKO 3aI1CTdHHOTO JICBOTO KOHIIA

Bajga (;::eqem&e E).
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Py =0y + @, =0,0098 —0,0181 =-0,0083 pao,
Pse = Per + Py = —0,0083 — 0,0320 = -0,0403 pao,
P =P TQ 5 = _050403 + 05022‘4 - _0,0179 pao.

2 I, I 7 T
Z / 1 /
13 0 s [ 18w [ |4
_ \ \ I \
1 16n :__ 16 1 _\__ 6n | 16 E
20 - Jngpa kpymawux Momesmal M kit
a7
0 S
10
37
SJmgpa Hanpaxexsud 1. Mia 23
AB i
0
36 | 40
| Jwpa repemeiery , pad
00098
[
00083
Wil U 00179
\ e
U Y
00"
Pucynok 3.2

Bonpocwet u 3a0anua:

I. Yro rakoe caur?
2. Yro takoe kpyuenue?

3. 3axon I'yka pu caBure .
4. Onpenenenue KpyTAMEro MOMEHTA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu:

Webayxora TatTeAHa AnexkcaHgpoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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IIpakTHYeckoe 3aHATHE 7

Tema 7: I'eomerpruueckx XxapakTEPUCTHUK IIOCKUX CEUEHUA

[lens: HayduTECA OIPEAENATE TEOMETPUIECKHE XAPAKTEPUCTUKN MONEPEYHBIX CEUEHNUH

3HaTh: MPUHIWIE COMPOTUBIEHUA KOHCTPYKIIMOHHBIX MATEPHATIOB, METOOLI U AJITOPHUTMBI
IPOCKTUPOBAHUA PA3IMIHBEIX MEXAHMUECKUX CHCTEM; METOJBI U AITOPUTMEI KOHCTPYHPOBAHUA
3JIEMEHTOB PA3TMUHBIX MEXAHUYECKUX CHCTEM, METOIUKH PAacueTa Ha MPOYHOCTD, JKECTKOCTh U
yCTOMYHUBOCTE 3JIEMEHTOB MAIIWH U UX KOHCTPYKIIHH;

YMETh: OCYIIECTBIATE PAUMOHAIBHBIA BBIOOPD KOHCTPYKIIMOHHBIX W SKCILTYaTAllMOHHBIX
MATEPUANIOB; MPOU3BOIUTE PACYETHI HA MPOYHOCTH M JKECTKOCTH HPH PACTAKEHUU-CKATHH,
KPy4e€HUHM, W3TH0e M CIOKHOM HArPyKEHHU, NPU CTATUIECKOM W YAAPHOM IIPHUIIOKEHUU
HATPY30K; BBIMOIHATH CTAHJAPTHBEIE BUABI HPOYHOCTHRIX PACUETOB.

AxmyanbHocmb memvl 00BACHAECTCA OCHOBHBIMHM IIPUHIMAIIAMHU OINpenenceHus [ eoMerpuaeckux

XaPaKTEPUCTUK MOMEPEIHOTO CEUCHHUSL.
Teopemuueckas yacmo:

[Tpu pacuerax Ha NPOYHOCTE, KECTKOCTh U YCTOMYUBOCTE UCIIOIB3YIOTCA T€OMETPHIECKHE
XapaKTEPUCTUKH IMONEPEUHOT0 CEYEHHA Opyca: niowaos, ocesvle U NOJAPHbIU MOMEHMbI
UHEpYUU, Ocegble U NOAAPHbLU MOMEHMbl cCOnpomuegierus. Kpome Toro, mpu ux OnpeaencHun
BCITOMOTATEIEHYIO POJIb UTPAKOT CAMUYECKUe MOMEHMbL U YEeHMPODEHCHbIE MOMEH b

UHEPYUU CCHECHUA.

Hamomuaum OMpCaciIICHUA, CBOHCTBA H MCTOIOBI BEIYHCJICHHA MMCPCUYH CIICHHBIX

XapakTepUCTHK (puc. 2.1).

P

)

Pucynoxk 2.1

[Tnowaoe ceuernusn .S = I dS , roe dS — moniage SIeMEeHTaPHOH TUTOMIATIKH.
5

Cmamuueckuu MOMEHmM NIowaou ce4eHus — CyMMa MPOU3BEACHUN TLUIONIANCH
5IEMEHTAPHBIX MIOMIAA0K HA UX PACCTOAHUSA OO0 JAHHOW OCH, B3ATAA MO BCEH IUIOMIAAN CEUEHUA.
CraTudaecKkuii MOMEHT CEUEHUA U3MEPAETCS B €IMHUIIAX JIMHBI TPETHEN CTEIMEHH (MME, CME, ME).

Crarnueckre MOMEHTEI CceueHHud OTHOCHUTEeIbHO ocell Ou u Ov:

S, =[vdS=>5v,.

S, = ;[meS =Su._.

rae U, mV, — paccTOsHUA OT LEHTPA TAKECTH CEYEHUs COOTBETCTBEHHO 10 ocer Ovi Ou.

CratnyecKii MOMEHT CEUEHMS MOJKET OBITh KAK HOJOKUTEIbHBIM, TAK U OTPUIATEIEHEIM.
OTHOCUTENRHO JTFOO0U OCH, MPOXOAANIEH YEPEe3 LIEHTP TAKECTH CEUEHUsI, OH PABEH HYIIIO.

Ocegou momernm uHepyuu ce4eHus — CyMMa IPOU3BENECHUH IIOANEH S1EMEHTAPHBIX
MIOMIAA0K HA KBAAPATHI UX PACCTOSHUI 0 TAHHOW OCH, B3ATAA IO BCEM MIIONIAIN CEUECHUS.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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lonsapubiu Momenm unepyuu — CyMMa MPOU3BENECHNUN TUIONIAAEH YIEMEHTAPHBIX
MI0MIAA0K HA KBAAPATHI UX PACCTOSHUN 0 TOYKH (ITOJIFOCA), B3ATAA MO BCEH IIOMIAON CEUECHU .
¥
J:J - .[ pds .
5
OceBbI€ ¥ NOIAPHBIA MOMEHTHI HHEPIHH — BETMUHHEI CYIIECTBEHHO MOJIOKUTEIBHEIE. OCEBBIE U
MOJIAPHBIE MOMEHTBI HHEPIIUH CEUEHUA N3MEPAIOTCA B €AMHHIAX JJIMHEI YETBEPTOUN CTEEHH

4 4 4
MM , CM , M ).

Llenmpobescnblu momenm uHepyuu — CyMMa NPONU3BENCHUN TUIOMIANEH SIIEMEHTAPHBIX
MI0MIAA0K HA UX KOOPAWHATEL, B3ATAA MO BCEH IMIIOMIAAN CEUEHHUS.

J = IuvdS .

[leHTpoOexHBIT MOMEHT MHEPHUH U3MEPIETCA B €IMHUNAX JIUHBI YETBEPTOU CTEIEHU
(mﬂu{4, CM4, M4), MOKET OBITH MOJIOKUTEIBLHEIM, OTPULATENBHEIM U PABHBIM HYJIIO.

Yepes moOyro TOUKY, B3ATYIO B IJIOCKOCTH CEYEHM A, MOKHO ITPOBECTH IBE B3aUMHO
MEPIEHANK YIAPHBIE OCH, OTHOCUTEILHO KOTOPBIX HEHTPOOEKHBINT MOMEHT MHEPLIUH CEUEHU A
PaBEH HYJIIO. JTH OCH HA3BIBAIOTCA 21ABHbIMU ocAMU (MHOTIA NX HA3BIBAIOT 2TABHLIMU OCAMU
unepyuu). IlpakTnaecknii MHTEPEC MPEACTABIIAIOT JIUIIEL [TIABHEIE OCH, POXOAANIAE YEPE3
LEHTP TAKECTH CEUECHUA, OHU HABIBAKOTCS 2TABHBIMU YCHMPAIbHbIMU OcAMU ()11 KPATKOCTH B
JarpHEeNmeM OyaeM B OONBIIMHCTBE CIIYUYAEB HA3BIBATE X MPOCTO 2TAGHLIMU OCAMU).

OceBrl€ MOMEHTEI HHEPHHMHM OTHOCUTENBHO TIIABHEIX OCEU (21a68HbIE MOMEHMbl UHEPYUL)
SKCTPEMAIBHEI — OTHOCUTEIBHO OTHOM M3 HUX MOMEHT MHEPIHUH MAKCUMAIEH, & OTHOCUTEIEHO
OPYrou — MUHUMAJIEH. {71 pacueToB Ha NPOYHOCTE U KECTKOCTE MPU U3rHde, COUETaHUN
13ruda ¢ pacTaKEHUEM U B PALE APYTUX CIYYAEB HYKHO 3HATH MOJ0KEHNUE TJIABHBIX
LEHTPAITBHEIX OCEN U BETMUMHEI COOTBETCTBYIONIMX MOMEHTOB MHEPITHH.

B ciyuae, ecrm ceqyeHre uMeeT X0Ts OBl OHY OCh CUMMETPHUH, TO 3Td OCh U OCh K HEH
MEPHEHANKYIAPHAA, TPOXOAAIIAL YEPE3 LEHTP TAKECTH CEUECHU S, ABJIAIOTCA ITTaBHBIMA
LIEHTPAIBEHEIMU O CAMH.

[Tpu BEIUMCIIEHNH TJIABHBIX MOMEHTOB MHEPLIUU CEYEHUM, COCTABJIEHHBIX U3 MPOCTEUIIINX
reOMETPUYECKUX (PUTYP WIM CTAHAAPTHBIX MPOKATHBIX MTPO(MUIEH, IIUPOKO OIPUMEHSIIOTCS

(OpMyIIBEI IEPEXOA OT UEHTPAIBHEBIX K MAPATLIETEHEIM UM HEIIEHTPAIBLHBIM OCAM (puc. 2.2).

yip W
; s
) »
0?_ N y Al
Pucynok 2.2

ITHU (POPMYITEI UMEIOT CIEAYIOMIMH BU: IJIS1 0CEBOr0 MOMEHTA UHEPIHHU
— 2¢.
Jxl o Jx':] + ﬂ S ’
TS IEHTPOOEKHOTr0 MOMEHTA MHEPIIIH

J —=J +abs .

A ¥y AV
Koopmunarela n bnoyrkHel OBITE MOACTABIIECHEL CO CBOMMM 3HAKAMU (@ U b— KOOPAMHATEL

HaJdaja HOBOWMBACTENBIGRAO PAUHAT B CTAPEIX 0CAX). B yacTHOM Ciaydae, €Ciii UCXOIHBIE OCH
3NEKTPOHHOW MOANUCH

CepnakdX0TbEDOBIABRHESIR 5 2d06E 16450 b TQBHR: TMEEM:
R385

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

J. —=abs§ .

A
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[TpuBenem popmMysel A1 BEIYUCIEHUA MOMEHTOB HHEPIUH MPAMOYT OJIBHHUKA,
TPEYroJIbHUKA, KPyra v KOIbIA.

bh’
A. Ilpsmoyzonvhux (puc. 2.3): J = E , Te b- cTOpOHA, MapanaenbHas OCH,
OTHOCHUTEIEHO KOTOPOU BEIUUCIAETCA MOMEHT UHEPIIUU.
4
[
P N
3 I v i
il P
a|” X
| o
o7 s
= re
' A J -f o x,r
b
Pucynok 2.3
Jlna ocu, coBmamaromied C OJHOM W3 CTOPOH MPAMOYTOJBHUKA (HE TIABHBIM MOMEHT
bh’
unepm):  J =7.

b. Pagnobeopernnviu mpeyeonvruk (puc. 2.4).

Pucynoxk 2.4
3 3
['maBHBIE MOMEHTEI HHEpLIMA:  J L= & - J , = M .
- 36 48

3ameruM, 4t0 (popmyna J_:.- OAaeT BEIMUYUHY MOMEHTA WHEPIUM JII000T0 TpPEeyroabHUKA

OTHOCHUTEJIFHO OCH, HAPAUIENLHOU €r0 0CHOBAHUIO, HO, €CIIM TPEYTOJIbHUK HEPABHOOEIPEHHEBIN,
yKa3aHHAasg 0Chb HE OYyJIET TIIaBHOI.
d”
B. Kpye (puc. 2.5): J = J}, = a

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pucynok 2.5
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I'. Konoyo (puc. 2.6): J =J =

X ¥

PucyHnok 2.6.

3ameTuM, 9TO OJIA KPYyra M KOJBIlA BCE LEHTPAILHBIE OCH TJIABHBIE U MOMEHTHI MHEPIUHN
OTHOCHUTEIBHO STHX OCEH PABHBEI MEXKAY COO0M. ITHUM K€ CBOMCTBOM 00magaer moboe ceueHue,
y KOTOPOTO [BA TJIABHBIX IEHTPAITbHBIX MOMEHTA HHEPIUH OTUHAKOBEL.

[Tpu BEIUMCIEHN MOMEHTOB MHEPLMHU CIOKHBIX CEUEHUH (COCTABIEHHBIX U3 MPOCTEUIITNX
puryp WM OPOKATHBIX MNPO(PHIEH) KOOPOWHATEL HX LEHTPA TAKECTH OINPENEIAIOT 10

(popmymam:
\ S TS,
s Y,
) = S, _ >.Svi
s Vs
roe: ;sU; 5 V. — COOTBETCTBEHHO IMUIOMIAAb W KOOPAWHATHEL LIEHTPA TAXKECTH KaxIO0W W3

cocrasstonmx puryp; S; S Ly S” - IDIOMIAAEL U CTATHYECKHE MOMEHTEI BCET0 CEUCHHA.

MomenTsl mHEPLMHU (OCEBEIE U LIEHTPOOEKHEBIE) CIOKHBIX CEUEHHUIN OTHOCUTEIBEHO JTaHHBIX
OCEH OMPENEAIOT MyTEM CYMMHPOBAHUA COOTBET CTBYIONIUX MOMEHTOB UHEPIIUU
COCTABJIAIONINX (PUTYP OTHOCUTENLHO TEX K€ OCEH.

[Ipn sTomM ucnome3yroTcsa (POpMyNIBl mEpPexona OT LEHTPAIBHBIX K MAPAIIEIBHEIM UM
HELEHTPAIBEHEIM OCSIM.

B Tex ciyuasx, KOraa C€4eHUe HE UMEET HU OJHOUM OCH CUMMETPHH, CHAYATA BEIUUCIISAIOT
MOMEHTEI MHEPIITUM OTHOCUTENBRHO HEKOTOPEIX IEN€CO00pa3HO BEIOPAHHBEIX IEHTPAIBHEIX OCEH
Oxpn Oyy(MCXOIHBIE OCH), 3aTEM OIPENEIAIOT YrOJl HAKJIOHA TIaBHBIX OCEH MO OTHOMIEHUIO K
HMCXOOHBIM U BEIMYUHEI TITABHBIX MOMEHTOB UHEPIIUH.

CBsA3p MEXKAY MOMEHTAMH MHEPLUHU OTHOCUTENBHO UCXOOHEBIX 0cer (Oxp, O)p) n ocen,
MOBEPHYTEIX HA NPOMU3BONEHEIN yroa a (puc. 2.7), UMEeT BUI:

J . +J, J —J .
=— 42 cos2a—J__ sin2a;

J'l.' ¥
X 2 2 0+ Yo

Yo

J =J cos2a+— sin 2« .

.1 -1 .1- .'1I
121 LY 2

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynok 2.7

Yron [MOBOPOTA I''TABHBIX OCeH M0 OTHOILEHHIO K HCXOOHBIM OIIPEOCIACTCA U3
3dBHCHMOCTH

1g 20, =

f " / f
Jra (popMmyina maer asa 3HaueHus yrua 0,0, u &, = U0, +90°. Ilpn Jx” > J},ﬂ , yrox @,
TAET MMOJIOKEHUE TJIABHOW OCH, OTHOCUTEIEHO KOTOPOH MOMEHT MHEPIMH MAK CHMAJIEH.

el 'r o
[TonoxurenbHeI yron 0, caenyer OTKIaaelBaTh OT OCH XpIIPOTHB X04d 9aCOBOM CTPEIKH.

Jlns onpeneneHus monoxkeHus (yria HAKJIOHA) TIIaBHBEIX OCEU MOKHO MPUMEHSTE

(pOpMyIIBL:
2J
— Ay s Vo )
Ly Yo
rg a 2‘]1,_].}1,_]
0y ’
J-‘ff.] JJ‘H
rac. aﬂ'_ir . A ﬂ”l, . — }TJ’[E:I, Dﬁpﬂ?.}’ﬂhf[hle I'TdBHBIMH OCAMHM X H }V COOTBCTCTBCHHO C OCBIO Xy, J_l. H

J v rNIaBHBIC MOMCHTBI HHEPITHH.

I’ maBHEIE MOMEHTEI HHCPIMHA MOKHO BBEIUHCINTE, TOACTABIIAA B HCC ITOCJIICTOBATCIIBEHO aﬂ

r "
=0, u 0y=L&, , HO NPaKTUIECKH yI00HEE MOJIB30BATHLCA (DOPMyIaMU, HE COAEPKALIMMUI
TPUTOHOMETPUYIECKUX (PYHKIIUHM. ITH (DOPMYIEI UMEIOT BUI:

J. +J

J = ]2 ‘“+-,J -J, )*+4me
J,+J, 1 2
‘]min - 2 N 2 \/(J-rﬂ J. ) + 4J“ﬂ”ﬂ *

Bonpocw u 3adanusa:
l. Omnpenenenne reOMETPUUECKUX XAPAKTEPUCTUK MPOCTHIX CEUEHUN !

2 OnpeagasHiEmiROMETPIICCKUX XapPAKTEPUCTHK CII0KHBIX CEICHNH
?@9 REFENEORME A TOR MEEpIIN.

ABBBO52205E7BAS00060000043E

A H@imamm COPTAMEHT.
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IIpakTH4yeckoe 3aHATHE 8
Tewma 8: [Ipamoit nonepeynsiit U3rud
[lens: HayduThECA pemaTes 3a0aud HA TPAMON MOMEPEYHBIA U3THO
3HaTh: MPUHIWIE COMPOTUBIEHUA KOHCTPYKIIMOHHBIX MATEPHATIOB, METOOLI U AJITOPHUTMBI
IPOCKTUPOBAHUA PA3IMIHBIX MEXAHMUECKUX CHCTEM; METOABI U IrOPUTMEI KOHCTPYUPOBAHMA
3JIEMEHTOB PA3TMUHBIX MEXAHUYECKUX CHCTEM, METOIUKH PAacueTa Ha MPOYHOCTD, JKECTKOCTh U
yCTOMYHUBOCTE 3JIEMEHTOB MAIIWH U UX KOHCTPYKIIHH;
YMETh: OCYIIECTBIATE PAUMOHAIBHBIA BBIOOPD KOHCTPYKIIMOHHBIX W SKCILTYaTAllMOHHBIX
MATEPUAIOB; MPOU3BOIUTE PACYETHI HA MPOYHOCTH M IKECTKOCTH HPH PACTIKEHUU-CKATHH,
KPy4e€HUHM, W3TH0e M CIOKHOM HArPyKEHHU, NPU CTATUIECKOM W YAAPHOM IIPHUIIOKEHUU
HATPY30K; BBIMOIHATH CTAHJAPTHBEIE BUABI HPOYHOCTHRIX PACUETOB.

AxmyanbHocmb membl OOBACHAETCA OCHOBHBIMA HPHHIMIAMHM ONPENEIEHUA BHYTPEHHHX
(pakTopoB mpu u3ruoe.
Teopemuueckas yacmo:

[Tpu n3rude crepHU NOABEPTaAOTCA BO3OEHCTBUIO MOMEPETIHON CUIIBI MJIA M3THOAIOMIET O
mMomeHTa. M3ru® Ha3pBA€TCA YMCTBIM, €CIM JEHCTBYET TOJBKO W3rH0armIuid MOMEHT, H
MOIEPEYHBIM, €CJIM JEHCTBYET HATPY3Ka, NMEPIECHONKYIAPHAS OCH CTEPKHA. bpycC (CTEpKEHD),
paboraronii Ha w3rud, OOBIYHO HAa3eBatOT Oankou. banku sABmMOTCA HaMOOIEE YACTO
BCTPEUAIONIMMHUCA SIIEMEHTAMH COOPYKEHMM W MAIMIWH, BOCOPUHUMAIOIIMMHA HArpy3kd OT
OPYTUX SJIEMEHTOB KOHCTPYKIMH M, NMEPENAIONIMMH UX TEM 4aCTAM, KOTOPBIE MOIOEPKUBAIOT
Oanky (9amie BCero omopam).

B CTpOMTENBHEIX COOPYKEHMAX W MAIIMHOCTPOUTENBHBIX KOHCTPYKIWAX YA€ BCErO
MOJKHO BCTPETUTEH CAEAYIONIME Ciaydad KpemnaeHus Oamok: KOHCOJBHBIE - € OJHUM
3aNIEMIEHHBIM KOHIIOM (C JKECTKOM 3a[€eJIKOM), NOBYXOIMOPHBIE - C OJHOM MIIAPHUPHO-
HEMOABUKHOM OMOPOH M € OJHOM MIAPHUPHO-HOJBHKHOM OMOPOM W MHOTOOIMOPHBEIE OanKu.
Ecrm omopHeie peakimyn MOTYT OBITh HAWUAEHBI W3 OJHUX YPABHEHMH CTATHUKW, TO OaiKu
HA3BIBAIOT CTATUYECKH ONPENeNUMBIMU. ECiM K€ 49MCiI0 HEW3BECTHBIX OIOPHBIX PEAKIUH
Oompiie, dYeM 4YHCIO YpPaBHEHWH CTATUKW, TO Takhe Oankyl HAa3BIBAIOT CTATHYECKH
HeonmpenemuMeivu. [ ompeneneHus peakuud B TAakuX Oankax HOPUXOIUTCS COCTABIATH
OOTOJHUTEIEHEIE YPABHEHUA - YpaBHEHUA mepemenieHud. [Ipu miockom monmepeunom msrubde
BCE BHEILIHUE HATPY3KH NEPIEHIUKYIPHBI K 0CH OaIKH.

OnpeneneHne BHYTPEHHUX CIIOBBIX (PAKTOPOB, IEUCTBYIOMIUX B MOTIEPEUHBIX CEUEHMAX
Oanku, cregyer HAUMHATE C OTPENEIeHUs OMOPHBEIX peakiuil. [Tocne sToro ncnone3zyemM MeTosn
CEYEHUH, MBICIIEHHO paccekaem, Oalky Ha ABE 4acTH M pPACCMATPUBAEM PABHOBECHE OITHOHU
gacth. B3ammopencTBue uvacred Oanku 3aMeHIeM BHYTPEHHUMH (pakTopamu: w3ruOarommm
MOMEHTOM U ITONEPEUHOMN CUIIOH.

[Tonepeunas cuma B ceueHMM paBHA aireOpanmueckod CyMMe€ IMPOEKIMH BCEX CHI, a
M3rHOAIOMIMIT MOMEHT PABEH AITEOPANndIECKOM CYMME MOMEHTOB BCEX CHII, PACTOIOKEHHBIX IO
OHY CTOPOHY OT CE4YEHMs. 3HAKM IEUCTBYIOIIMX CHJI M MOMEHTOB CIENYET OIPENENATH B
COOTBETCTBUM C HNPHUHATHEIMHU IpaBuiIaMu. HeoOXomgnmmo HAyuduThCA IPABMIIBHO OINPENEIATEH
PAaBHOACHCTBYIOMIYIO CHIY U M3THOAIONIUM MOMEHT OT PABHOMEPHO PACIIPENEICHHOM MO IINHE
OanKu Harpy3KH.

Crnenyer UMeTh B BUAY, UTO MPU OMPEAEIECHNN HANPMKEHNUN, BO3ZHUKAIONINX ITPH M3THOE,
MPUHUMAIOT CIEAYIOMINE MOITYNIEHWs: CEYEHMs IUIOCKHE O0 M3ruda OCTarTCAd INIOCKUMH H
mociae nu3ruda (runoTe3a IIOCKUX CEUEHUH ); MPOAOIBHBIE COCETHUE BOJIOKHA HE OABAT OJHO HA
OPYTO€; 3aBUCUMOCTE MEK Y HAITPAKEHUAMHI U Ae(pOpPMALIUAMH JTMHEHHAL.
_?ﬁ%ﬁ%ﬁiﬁamﬁa cieqyer oOpaTuTe BHUMAHME HAa HEPABHOMEPHOCTE
CepubPACTIPEACHCHI SCHOPMARBABIN0MATPIKECHUN B TONEpEeuHOM ceueHuu Oanku. Hopmanenbie
e Y anpaiR i WIVEHHSIPR o BRICOTE MOMEPEYHOro CeYeHH MPOMOPIMOHATEHO PACCTOSHUIO OT

HeUTpameHOM ocu. (Cnenyer yMerh ONPENEIATh HANPAKEHUA W3rH0a, KOTOPBIE 3aBUCAT OT
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BEJIMIUHEI JIEHCTBYIOMIETO M3rudaroniero MoMeHTa My 1 MOMEHTA COIMMPOTHUBIIEHUA CEUEHUA TTPH
n3rnoe Wy (0CceBOM MOMEHT COIMPOTHUBIEHUS CEUECHUA).

Ycnosue npounoctu npu u3rude: ¢ = My / Wo< [a]. 3nauenne Wy 3aBUCHT OT pa3mMepoB,
()OPMBL M PaCIONIOKEHHUA TONEPEUHOTO CEYEHUA OTHOCUTEILHO OCH.

Hanmmuue monmepeunoil cuibl, OEMCTBYIOMIEM Ha Oanky, CBA3aHO C BO3HUKHOBEHHEM
KaCaTeIbHBIX HANPMKCHUHM B IONEPEYHBIX CEUCHUAX, a4 MO 3aKOHY ITAPHOCTH KAaCATEIbHBIX
HAIMPKEHUM - U B MPOJOJIBHEIX CeueHUAX. KacarensHeie HANPAKEHUA ONMPEaEnaroT mo popmyne
J1. U. XKypasckoro.

[lonmepeunas cuima caBuraer paccMarpUBaAEMOE CEUEHHUE OTHOCHUTEIBLHO CMENKHOTO.
M3rubaromnii  MOMEHT, CKIQOBIBAIONIMHCA W3  JJIEMEHTAPHBIX HOPMAIBHBIX  YCHIIWH,
BO3HUKAIONIUX B IMONEPEYHOM CEYEHHMH OalKh, NOBOPAYMBAET CEUEHHE OTHOCHUTEIBHO
CMEKHOTO0, 4eM 1 00YCIIOBIEHO UCKPHUBJIIEHUE OCH OANIKH, T. €. €€ 13rHo.

Korma 0anka MCOBITEIBAET YUCTHIM H3THO, TO MO BCEH MIMHE DAJIKHW WJIH HA OTOEIEHOM ee
y4aCTKE B KakKAOM CEYEHUM HNEUCTBYET M3ru0aroniMi MOMEHT IOCTOSHHOM BEJIWYWUHEIL, 4
MOMEepeuHas Cwia B JI000M CEUEHUH NAaHHOTO y4acTka paBHa HyJno. [Ipm 5TOM B momepedHbix
CEYECHUAX OAIKYU BO3HUKAIOT TOJIBKO HOPMAJIBHEIEC HATPAKCHUA.

s Toro uro0Oe1 roy0xke paszoOparsca B (PU3MUECKUX SABACHUAX M3ru0a M B METOIMKE
peleHns 3amad IMPH pacuere Ha HPOYHOCTh M KECTKOCTh, HEOOXOOMMO XOpOIIO YCBOWTH
FE€OMETPUUECKHE XAPAKTEPUCTHKH IUIOCKUX CEYEHMH, 4 HWMEHHO: CTATMYECKHE MOMEHTHI
CEYEHUH, MOMEHTHI MHEPIUU CEUEHHUM MPOCTEUMIEN (DOPMBI U CIOKHBIX CEUEHUM, ONPENEIICHUE
LEHTPA TAKECTA (PUIYp, IVIABHBIE MOMEHTHI WHEPIMU CEYEHWH M TJIABHBIE OCH WHEPLMHHU,
IEHTPOOEIKHBIIT MOMEHT WHEPIIMH, W3MEHEHHME MOMEHTOB WHEPIMH HOPH IOBOPOTE OCEH,
TEOPEMEI O MEPEHOCE OCEH.

[Ipn w3ydeHum O5TOTO pasznena Creayer HAyYUTHCA IPABHILHO CTPOWUTH  JIFOPEI
M3ru0aroNMX MOMEHTOB M IMONEPEYHBIX CHJI, ONPENENATh OITACHBIE CEYEHUA U NEUCTBYIONIUE B
HUX HanpsokeHusa. [lomMuMo ompeneneHus HANPSHKEHUNW CAEOYEeT HAYYUTHCA ONPEIEIATH
nepemenieHusa (mporudel Oankum) mpu m3rude. JIng srtoro ucnoaesyercs aud@epeHnmatsHoe
ypaBHEHUE U30THYTOU OCH OaJIku (YIIPyrou JIMHHUH), 3aIIMCAHHOE B 00IIEM BHJIE.

Jlng onpenenenus mporuOOB MPOBOIUTCA UHTETPUPOBAHUE YPABHEHUA YIIPYTOW JTUHUH.
[Ipu 3TOM Crenyer mpaBWIBLHO ONPENENATH MOCTOAHHBIE MHTErpupoBaHua C u D ucxonsa us
yCJIOBUM ONUPAHUA OAlKK (TpaHWYHBIX yCIOBUM). 3Hasg BenuduHE C 1D, MOKHO ONPEIEIUTH
yTOJa MOBOPOTA U mporud mro00T0 ceuenusn Oanku. M3yuenune Cnox)HOro COMPOTUBAEHUA OOBITHO
HAYMHAIOT C KOCOTr0 u3ruoa.

JlBmenne kocoro wm3ru0a OCOOEHHO OIACHO I CEYEHHMH CO 3HAYMTEJBHO
OTJIMYAONIAMUCA IPYT OT OpPyra IVIABHBIMU MOMEHTAMH WHEPLHAH; OAJIKH C TAKUM CEUCHHUEM
XOpomo padoTaroT HA M3TH0 B IJIOCKOCTH HAMOONBIIEN KECTKOCTH, HO JAXKE MPU HEOOIBIIHNX
yraax HAKJIOHA IUIOCKOCTH BHEMIHUX CHJI K INIOCKOCTH HauOOIBIIEN KECTKOCTHM B Oamkax
BO3HUKAIOT 3HAYUTENBHBIE TOMOMHUTEIbHEIE HANPsSKEeHUA U nedopmaruu. /g 6anku kpyrmoro
CEYEHHUA KOCOU M3rM0 HEBO3MOKEH, TAK KAK BCE LEHTPAIBHBIE OCH TAKOTO CEYEHUA ABIAIOTCA
TJABHEIMA U HEUTPANBHBEIN CIOW BCEraa OyaeT mMepHeHAUKYIAPEH INIOCKOCTH BHEMIHUX CHIIL.
Kocon m3rub HEBO3MOIKEH U A1 0AIKM KBAAPATHOTO CEYEHUA.

[Ipn onpenenennn HaANpsKEHWN B CIy4de BHEHEHTPEHHOTO PACTIKEHUS WM CIKATHUA
HEOOXOOUMO 3HATH IOJIOKEHUE TIABHBIX [EHTPAIBHBIX OCEH CEYEHUA; UMEHHO OT J3THUX OCEH
OTCUMTHIBAIOT PACCTOAHUA TOYKHA IPUIOKEHHA CWIBI U TOYKH, B KOTOPOH OIPENEIISAIOT
HAIPS/KCHUAL.

[TpunosxkenHas SKCIEHTPUYHO CKUMAOMIAS CHJIA MOKET BBI3BATH B MOMEPETHOM CEUECHUH
CTEpKHS PACTATMBAIONINE HANPSKEHUA. B CBA3M C 3TUM BHELEHTPEHHOE CiKATHE SABIAETCA
0COOEHHO OITACHEIM JJIA CTEPKHEH M3 XPYIIKUX MATEPHAIOB, KOTOPBIE CIA00 COMPOTHUBIAIOTCA

OKYMEHT NOArnnucAH
PACTAT MBAKHAIMYCHSHAdL

Ceprucbukar:  2CORB00PERIHPECHITE BANERYET‘F3yunTE Caydal CIIOKHOTO CONPOTHUBICHUA, KOTAa TENO

Bnapeney: lllebayxoea TaTbaHa AnekcadpoBHa w
I}I!'CI'ILITLI%H,ET OJHOBPEMCHHO HCECKOJIBKO ,I[E‘q)ﬂpMﬂU,HH. HaImpumMmep, M3rH0 COBMECTHO C

Kp}“E[E‘H'HEE\f[, pHCTHHCEHHE-CHfﬂTHE COBMECCTHO C H?pT'I’IGﬂM HT. O. HpH 3TOM CJ’[E,I[}’ET HMCTE B BH,I[}’,
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U4TO M3THOAIONINE MOMEHTEI, IEHCTBYIOMINE B PA3TMUHBIX IUIOCKOCTAX, MOTYT CKJIAIBIBATHCA KaK
BEKTOPEI.

IIpuMep pelieHH 3224 HA TeMY «IIPAMO MonepeYHbId H3rH0»

Jlns 3amannoit cxemsl 0anku (puc. 4.1) Tpedyercs HamIcaTs BRIPAKEHUA BHYTPEHHUX
MOMEPEYHBIX CWII ( 1 M3rn0aromux MOMEHTOB M, U KaKI0Tr0 ydacTka B 00meM BUIE,

mocTpouts 3mopsl Q u M, naitrn M| 1 mogo6paTh CTaIBHYIO JBYTABPOBYIO OANKY C

yKkazanuem e€ Homepa. JIomyckaeMoe HanpsyKeHne Ha n3rnd mpUHATE [E'] =150 MITa.

3HAUEHUA MOMEHTOB CONPOTUBACHUA ceueHUA npu n3rude W, nma 0anok IByTaBpOBOTO CEUEHUA

(I'OCT 8239-89).

Mcxomuaeie nanssie: a = 3,2 m,b = 4,4 m,c = 2,4 m, [ = 13 m,
M=10kHwu, F =13 kH, g = 16 kH/m.

I v

R
q
B
C
I
I -
Pucynoxk 4.1
Pemenne:
1. Onpenemim omopHsie peakuyu R; u R; :
Y. =0,R-q-a-F+R,—q-c=0;
ZmA (E)=0,
R o 0,5ga’ + Fa — M + qc(l —0,5(?) B
’ [ —c
_ 0.5-16-3.2° +13- 3,21; 1[;-;16 : 2,4(13_ 0.5- 2,4) 535

R =ga+F—-R,+qgc=16-(32+24)+13-53,5=49,1 ki

[Tposepka: Zmﬂ (P: ) =0,
— R| (i — C)+ {fﬂ([ —C —0,5ﬂ)+ F(I — —a)_|_ M _ 0,5{;(.1 _

=—49,1(13-2,4)+16-3,2(13-2,4-0,5-3,2)+16(13-2,4-3,2)+10-0,5-16-2,4* =0

OrmopHbI€ pEAKIINN HAUIEHBI BEPHO.

2. Hannewm 3HaueHusA m3rndarommux MOMEHTOB M), u monepeuHsrx cua (J Ha KOHIAX
[OKYMEHT NOONUCAH

yqﬂCTKﬂBMWﬂmmlﬂﬂﬂﬂM CCUCHI .
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

I Vuacmorx (puc. 4.2):0< 7, <a,
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g 7 |Q

N

4 M;

B —

Pucynok 4.2
Q| - RI —4g,

M =Rz —05qz

npu z; = 0, QI = RI =49,1HH,‘ Mm =(

npuz; =a=32Mm, Q| = RI —qga= 49,1— 16 - 3,2 = —2,1 kH;

M, =R -a-05ga" =49,1-3,2-0,5-16-3,2° =75,2 xH.
Il Yuacmok (puc. 4.3): 0< Z, <a+b.

Pucynok 4.3

Q,=R —ga—F=49,1-16-3,2—-13=-15,1 xH;

Muz — RI R —QQ(ZE _0=5‘ﬂ)_ F(Zz _H)

npu z; = 3,2 M,

M_,=R -a-qgala—05a)-F(a—a)=49,1-3,2-16-32(3,2-0,5-3,2)=75,2
kHwm,

npu z2 = 7,6 m,

M, =491-76-16-32(7,6-0,5-3,2)-13(7.6-3,2)= 8,76 xHu.
IV Yuacmorx (puc. 4.4):0<z, <c

Pucynok 4.4

0, =qz,
M., <SR
ud ~ONE Nnoanncbio
Ceptudmkar: 2C000004 Eﬂﬂﬁﬁﬁi? E7 Gﬂﬁﬂ][ﬁDdSE
Bnaﬂeneu:”pzlﬂgﬁiﬁyﬁ JTaterfg Ane nguq T Wy

npu 24 = 2,4 m, Q4 =16- 2,4 = 38,4 kH;
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M , =-0516-2,4" =—-46,08 xH

IIT Vuacmox (puc. 4.5) :¢< 7, <l—a-b (24<z7,<54)

y R
q

Z
s L
0 C
3 8
Z3
el —
Pucynok 4.5

Q,=qgc—R =16-24-535=—-15,1 xH,

Mu3 — _qC(ZB - 0=5‘C)+ Rz(Zfa - (?).

npu 73 = 2,4, Mu3 =—16- 2,4(2,4— 0,5- 2,4)+ 53,5-0=-46,08 xHw.

npu zz = 5,4 m, Mu3 =—16- 2,4(5,4— 0,5 * 2,4)+ 53,5(5,4— 2,4)= —0,78 kH.

max

Onpenenm KOOPAUHATY CeueHud I, , opu kotopout O; = 0 u M,; = max.

R —qz™ =0
Z, = i = 1 = 3,07 m
g 16

M™ =R -z™ —0,5¢(z™ ) =49,1-3,07—0,5-16-3,07> = 75,3 xHu.

13 mocTpoennsix smrop (puc. 4.6) BUAHO, UTO ONACHBIM SIBJIAETCA CEUEHHUE,
pacrososxentoe Ha 3,07 M ot meoro konna 6amxu ¢ M = 75,3 kH.

OmnpegemM MUTHIMATEHO HEOOXO0IMMBIM MOMEHT COMPOTUBACHUS CEUEHUA OATKH ITPU

i
H.?.TTIGE.‘ W!{ . H3 }’CJ’[GBI{H Hpﬂ qHOCTH I10 HGpMHJTE:HLIM HHHPHHCEHHHM.

Max 6
WM = M—" = 75,3-10 = 502252 aurt’.
" ed 150

Haznauaem nByrasp Ne33 (I'OCT 8239-89) ¢ 0CeBEIM MOMEHTOM COIIPOTHUBICHUA

ceaerma W_ =597 cn’.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Bonpocw u 3adanusa:

1. UYro takoe n3rud?
2. [TocTpoenue smrop mpu m3ruode.
3. BayrpeHHue CHI0OBEIE (PAKTOPHI .

M\Lk

Pucynok 4.6

4. Onpenenenne M3ruOAONMIEr0 MOMEHTA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu:

Webayxora TatTeAHa AnexkcaHgpoBHa
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IIpakTHYeckoe 3aHATHE 9
Tema 9: M3rud c kpyuenuem
[lens: HayduTECA pemars 3a0add Ha U3ru0 C KPYYEHHEM
3HaTh: MPUHIWIE COMPOTUBIEHUA KOHCTPYKIIMOHHBIX MATEPHATIOB, METOOLI U AJITOPHUTMBI
IPOCKTUPOBAHUSA PA3IMIHBIX MEXAHMUECKUX CHCTEM; METOABI U AITrOPUTMEI KOHCTPYUPOBAHUSA
3JIEMEHTOB PA3TMUHBIX MEXAHUYECKUX CHCTEM, METOIUKH PAacueTa Ha MPOYHOCTD, JKECTKOCTh U
yCTOMYHUBOCTE 3JIEMEHTOB MAIIWH U UX KOHCTPYKIIHH;
YMeTb: OCYNIECTBIATh PAlMOHAIBHBIM BBIOOP KOHCTPYKIIMOHHBIX U OKCHIYAaTAllMOHHBIX
MATEPUAIOB; MPOU3BOIUTE PACYETHI HA MPOYHOCTH M IKECTKOCTH HPH PACTIKEHUU-CKATHH,
KPy4e€HUHM, W3TH0e M CIOKHOM HArPyKEHHU, NPU CTATUIECKOM W YAAPHOM IIPHUIIOKEHUU
HATPY30K; BBIMOIHATH CTAHJAPTHBEIE BUABI HPOYHOCTHRIX PACUETOB.

AxmyanbHocmb membl OOBACHAETCA OCHOBHBIMA HPHHIMIAMHM ONPENEIEHUA BHYTPEHHHX
(pakTOpOB HmpU M3rude C KPYUECHUEM.
Teopemuueckas yacmo:

Jlns permienns 3anad HEOOXOIUMO YCBOUTE TEMY «l MITOTE3BI IPOYHOCTH U UX
MPUMEHEHHUEY, TAK KAK B HUX PACCMATPUBAETCA COBMECTHOE NEUCTBUE U3TrH0a U KPYUEHUA U
pacuer mpoOu3BOIUTCA C MPUMEHEHHEM THIOTE3 MPOYHOCTH.

YcnoBu€E OPpOYHOCTH B 3TOM CIIYy4ae UMEET BU:

IKE

D-;ﬁ:ﬁ — £ [D-] s
W

X

rae: M, - Tak Ha3BEIBAE€MBIN YKBUBAJICHTHBIM MOMEHT.
[Tpu runorese HaMOOIBIIINX KACATENHHBIX HAMPAKEHUH (MHAYE - TPETHSA TUIOTE3A):

2 2
Maxﬁfﬂ = ‘\/MH —I_Mh .
[Tpu runorese noTeHIMATBEHON SHEPTUU (DOPMOU3MEHEHNSA (MHAYE - TIATAS TUIIOTE3A):
2 2
M_, =M +075M"
[ i K

B o0eux popmynax M, u M,, - COOTBETCTBEHHO KPYTANIAIN U CYMMAapPHBIA U3THOAFO T
MOMEHTEI B pACCMATPUBAEMOM CEUEHUH Baja. YUCI0BOE 3HAYEHUE CYMMAPHOTO W3TrH0Ar0NIETO
MOMEHTA PABHO T€OMETPHUIECKON CyMME U3rHOAI0NIMX MOMEHTOB, BO3HUKAIONINX B JAHHOM
CEUEHUH OT BEPTUKAIBHO U TOPU30HTAIEHO JEHUCTBYIOIINX BHENTHUX CHUIL, T.€.:

M, =\M?+M}

[TocnenoBarenbHOCTE pEMIEHUA 3a0A4U:

1. ITpuBecTn nercCTByIOMIME HA BAJI HATPY3KHU K €T0 OCH, OCBOOOINTE BAJI OT OMOP, 3aMEHUB UX
IEUCTBUE PEAKIIMAMH B BEPTUKAIBHONU U TOPHU30HTAIEHOH MIOCKOCTSX.

2. Ilo 3amanHOM MONIHOCTH P 1 YIJIOBOU CKOPOCTH (¥ OMPEAEIUTE BPANIAFONINE MOMEHTEL,
OEUCTBYIOMINE HA BAJI.

3. Beruncimmte Harpysku Fy, F,j, F>, F,), IPUIOKEHHBIE K BATY.

4. CoCTaBuUTh YPABHEHUA PABHOBECHS BCEX CHJI, IEMCTBYIONINX HA BAJ, OTIEIBHO B
BEPTUKAIBLHOM MJI0CKOCTU U OTAEIHHO B TOPU30HTAIBHON IUIOCKOCTU U ONPEAEINTE PEAKINU
Ormop B 00ENX MIOCKOCTAX

5. ITocTpouTs Smropy KPyTANINX MOMEHTOB,

6. [TocTpouts 5mropel H3rndarIIMX MOMEHTOB B BEPTHKAILHOU U TOPU30HTAIBHOMN IUIOCKOCTAX
(omopet M, u M,).

7. Onpe e yssanoyiEAICe 3HAUCHN E SKBUBAJICHTHOI O MOMEHTA:
3NEKTPOHHOW MOANWUCHIO

7 7 7
CepTudmkar: EEGGGGGdSEEABBBQEEEDEETBASGGﬂEGﬂGGﬂﬂMﬁ{H — \/151,_{1r +M1J + M -

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

HJIH
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M, =M +M?+0,75M

8. Cuuras, uro O, = |[O], onpenemmts TpeGyeMsIit 0CeBOI MOMEHT COTIPOTHBIEHHUS:

W,=M,,Illo].
YT-IHTLIBEU?[, qTO OJid CILIIOIIHOTO I{p}’l".}l'[ﬂl"ﬂ CCUCHHMA.
ﬂijj
W =—"—=~0,1d’
32

onpenensaem d 1o ciueaywomen popmye:
32M _ M.
d E 3 IKE ~ 3 IKG *
rlo] 0,1c]

[TPUMEP BBITTOJIHEHWA 3AJTIAHW A
HA TEMY «U3I'Mb C KPYUEHUEM»

Jlns cTampHOTO Baja MOCTOSHHOTO MOMEPEYHOTO CEUEHHUS € IBYMS 3yOUaTBIMM KOJIECAMH (
puc. 5.1,a ), mepemaromero MomHOCTE P = 15 kBm npu yranosoii ckopoctu @ = 30 pad/c ,
OMPENEeNUTh JUAMETP BAJA IO ABYM BAPUAHTAM: a) UCITOJIb3YS TPETHIO THIIOTE3Y MPOIHOCTH; O)

MCIIOMB3YS ATYIo rumore3y npounoctu. [puwsats: (0] =160MIIa  F,, =0,4F,; F , =04F,

Pemenue:

1. CocraBisem pacueTHYIO CXE€My Baja, MPUBOAA IECHCTBYIONINE HA BAJI HATPY3KU K OCH
(puc. 5.1, 0). [Tpu pasanomeprom Bpamenuu Bana M; = Mo, rne M; u M, - ckpyunBaronime mapesl,
KOTOpBIE NOOABIAIOTCA ITPU IepeHoce cwit F; u F, Ha 0Ch Baa.

2. Onpenensem Bpaniarommii MOMEHT, JEUCTBYIONINI HA BAJ:

P

M =M,=—=05-10"H-n=0,5cH -m .
3. Beruucmmm Harpy3Ku, Ipuio Hcem{ﬂ;e K Baly:
F, = Zf' — Z'Oil'm} =10'H=10xkH; F,=04-10=4xH,
F, = sz — 2'051'103 =4-10°H =4xkH . F,=04-4=16xH

F =]

4. OnpenensgeM peakiuu Onop B BEPTUKAIBHOU IJIOCKOCTH (puc. 5.1, 0):

M, =F,-AC+F,,-AD-R,-AB=0;

o _F.AC+F,-AD _4-005+16-0.25
L = _

)
AOKYMEHT MNOANMCAH AB 0?3
SNEKTPOHHOW NOAMNWMCLIO

Ceptudmkar: ECGGGGG-#SEEABBBBEEEDEETBAEGU@CMS& — Rfi. * AB — F;-f * .BC — E_E * D.B —_ 0&

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

ZZHH&
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F,-BC+F,-DB 4-0,25+1,6-0,05
AB - 0,3
DY=R, —F,—F,+R, =2-4-1,6+3,6=0.

R.-*i, — :336HH;

ZY :0 , CIICTOBATCIILHO, RA. s H RB. HAUIEHEI IIPABHJIBHO.

Omnpenenaem peakiuy OIOP B TOPU30HTAIBEHOM IUIOCKOCTH (puc. 5.1, 0):

F,-AC—-F,-AD 10-0,05-4-0,2
> M, = L = > ) _1,66kH
AB 0.3
3HAK MUHYC YKA3EIBAET, HA TO, UYTO UCTUHHOE HAMPABICHUE PEAKIIMH ITPOTHBOMOIOKHO

BEIOpAaHHOMY:
Y My=R, -AB-F,-CB+F,-DB=0
Z X =0, cnemosarensro, R 4 7 R p, HAWICHBI BEPHO.
5. CrpouM smiopy kpyTanmx momentos M . (puc. 5.1,8).
6. OnpenesnseM B XapaKTEPHbBIX CeUeHNIX 3HaueHns n3rnbaronmx momentos M _ B

BEPTUKATRHOM mIockocT 1 M | B rOPH30HTATEHOIM MIOCKOCTH M CTPOUM SIIHOPH (puc. 5.1, T,

n):
M. =R, -AC=3,6-0,05=0,18xH - m ;

M, =R, -AD-F, -CD=36-0,25-4-02=0,kH - u
M. =R, -AC =7,66-0,05=0383H - ;
M, =R, -AD-F,-CD =7,66-0,25-10-0,2 = —0,085kH -

7. BerauciseM HanOoIbIIee 3HAUEHUE YKBUBAJIEHTHOTO MOMEHTA IT0 3aaHHEBEIM THIIOTE3aM
MPOYHOCTH. Tak Kak B JAHHOM MPUMEPE 3HAUYCHUE CYMMAPHOTO M3rH0AIoniero MOMEHTA B
cegepuu C OOBIIE, UeM B ceueHuu [,

M= M +M? =018 +0383" =0423kH - u;

M, =M} + M} =\0]°+0,085 =013kH - .

TO ceueHue C 1 ABIAETCA ONACHBIM. OnpenenieM SKBUBATIEHTHRIM MOMEHT B ceueHrH C.

Bapwuanr a):
M,y =M+ M?+M? =018 +0383> +0,5% = 0,429 = 0,655kH - v .
Bapwuanr 0):

= JM?+ M? +0,75M? =018 +0,383" +0,75-0,5> = /0,366 = 0,605¢H - u

8. OnpenenseM TpeOyeMbIe pa3MepPsI BaIa MO BApUAHTaM a u 0.
[To Bapuanty a

M 0,655-10°
OOKYMEHT NoAarincCAH d — # e — # — 34,51/LW .

3NEKTPOHHOW MOAMUCHIO 0.1 o] 0,1-160
Ceprudmkar: ﬂﬂdSEEABBBB 05E7BA500060000043E

Bnapeneuy; ﬁ%@% KCaHapoBHa

3&31"
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6
P M., _, 0,605-10 — 33,61
0,1[o] 0,1-160

Mpurnmaem d . = 34mm .

G1a

Pucynoxk 5.1

Bonpocwet u 3a0anua:
I. Yro takoe n3rud ¢ KpyueHuem?
2. ITocrpoenue smrop npu m3rudec KpydeHuem.
3. Bayrpennue cunoBsi€ (PaKTOPHI .
4. OHA%%EJIEHHE M3ru0aronIero MOMEHTA IPU U3Trn0eC KPyIECHUEM.

MEHT [OAMNWCAH
SNEKTPOHHOW MOAMMUCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IIpakTnueckoe 3ansarue 10

Tema 10: LienTp nmapannensHBIX CUIL.

[lens: naTe CTyAEHTY MOHATHUE O LEHTPE NAPAJUICITEHBIX CHIL.

3HATh: YCIOBUH PABHOBECHUS IJIOCKOW U MPOCTPAHCTBEHHON CUCTEM CHII,

YMETh: IPUBOAUTE CUCTEMY CHJI K IPOCTEHUILIEMY BUAY;

COCTABJIATE U PENIATH YPABHEHUS PABHOBECHA;
AxmyanrbHocmb membl OOBACHACTCA HAXOKIECHHUEM IEHTPA MAPAUIEIBHBIX CHJI, TEM CaMBIM
YOPOMIAETCA pacueTHas Cxema.

Teopemuueckasn yacmeo:

CucremMa [OBYX MAPATIENBHBIX M OJUHAKOBO HAMPABICHHBIX cul Al u A@ wuMeoT
paBHOmeHCTByIOMYI0 K=A!tA(@, MHUS NOEHCTBHA KOTOPOH mpoxomuT dYepes Touky C,
OMpENeIsIeMy0 COOTHOIEHUEM (1.5):

F,AC=F,BC

O4eBUIHO, UTO €CITU MOBEPHYTH CHIBl A! M A(@ HAa OTWH W TOT K€ yroJ a B OJHY U Ty IKE
CTOPOHY, TO Ha TOT K€ yTrOJI MOBEPHETCA U UX PABHOIAECHCTBYIONIAA, TPUIEM €€ TUHUA IEHCTBUA
Oyzmer mpoxoauTe depe3 Ty k€ TOouky C ,TaK Kak B OIPEAEIAIONIEE IOJIOKEHHE TO4ku C

BRIpakeHue (1.5) Bxogar Toaeko mogymu cun Iy u Fo.
=

-_——— e el -

Y
Puc. 1.37 Onpedenenue noromweHus

I{EHIHII:HI HIIPILT..TEHE-HHI CIT
PaccmoTpuM Temepp CHUCTEMYy Mapa/uI€NbHBIX W OJWHAKOBO HAMPABICHHBIX cui (4!,
A@,A#,...,A%), TpUIOKEHHBIX B TOUKaX A;(x;,v1,21), AxX2,¥2,22),. « ., Au(Xp, V0 Zn) TBEPIOTO TEIIA
(puc.1.34). Drta cucrema cua umeer pasHomencTByronlyro K=CAS$, a ee muHuMa melcTBus
OpoxXomuT uYepe3 TOuKy C,.;, TOMOKEHHE KOTOPOM HAWAEM, ONPEAEIAs IMOCIEHOBATEILHO
nonoxkenus Touek C;, C;...,Cy-; C TOMOIIBIO BEIPAKEHUH

k
(2 Fn) AC,=Fr A Co
m=1 , 3amucadueIx mid k=1,2,3,.,n -1 (1.18)

Tak kak B paBencrsa (1.18) BX0oAAT TOMEKO MOIYIM pACCMATPUBAEMEBIX CIUT, TOMOKEHUE TOUKHI
C),-1 OTHOCUTENBHO TOUEK A, A2, A3, . .., Ay, HE UI3BMEHUTCA OPHU MOOBIX OTMHAKOBBIX
U3MEHEHHUAX OPUEHTAMN CHJI CUCTEMEI.

Onpedenenue: mouka, yepes KOmMopyw npoxooum AUHUA OelCMeUA PAGH OOl CI gyiouiell
CUCHIeMbl RAPWINAEAbHBIX CUJI RPU JIHO 0bIX ROGOPOMAX IMUX CUI HA 0OUH U HLOM dce Y20l 6
00HY U MYLHUCE, CIL QPO HA3bI6ACM CA EHMPOM NAPANTETbHBIX CUL

Cepubncar HAMMeM KOOPIHATEE APOFOIEHTPA B MIPOU3BOIBHON AEKAPTOBOU CUCTEME KOOPANHAT.
VAT BocnOBAYeMER TEN, GT0 60 momokeHne He 3aBUCHT OT HAMPABIEHHA CHII M HATIPABHM BCE

- = - « } YT e E [=] ]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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CHJIBI CUCTEMEBI mapayuiensHo ocu z (puc.l.34). Torga mo Treopeme Bapunrona

M}"(R)z ZM}?(F’IC ) Yuureisas, uro M}’(R) - Rxc”_‘”

F Frxp
ZMT}(F:"C)=FI'IE+F2X2+"'+FHXH X =Z kX k

C
, TOJTyIaeM n—1 R
[Ipumensas Teopemy BapuHbeOHA OTHOCHUTEILHO OCH X U OTHOCUTENBHO OCH Z (B MOCIETHEM
CJIy4ae HATIPABUB BCE CUJIBI MAPAIIEIBEHO OCH Y) MOAYIaeM aHAJTOTHIHEIE (DOPMYIIBI A4

ycn—f U ZCH—J':
_ 2 Fix; _2Fuy . _2Fz

Cn—1 R Yeng = R Cn—1 R . (119

[Tonygennsie (popmMynasl HCITOMB3YEM I ONMPEAEIEHUS MOI0KEHUA [IEHTPOB TAKECTH TEIL,
HAXOQANIUXCA B OTHOPOIHOM IPABUTAIMOHHOM MOJIE 3€MHOTO TATOTEHUA. [|eMCTBUTENBHO,
CHJIBI TAKECTH OTAEIBHBIX YACTHUI] TEJIA, PA3MEPEI KOTOPOT0 MAJEI II0 CPABHEHHIO C PAINyCOM
3emum, 00pa3yroT CUCTEMY NAPAUIENBHBIX CHIL, AHATOTUUHYIO PACCMOTPEHHOU BhIlIE. HazoBem
PaBHOIEHCTBYIONIYIO CHJI TSKECTH OTIEIBHBIX YACTHI] TEIA BECOM 3TOr0 T€Na U Oymem
o0o03nauare ero OykBou 3. LlenTpom TaxkecTu Oyaem HA3BIBATH LEHTP NAPALIECIbHBIX CHIT

X

TAKECTH Pk OTAEIBHBIX YACTUI] T€Ma U 0003Ha4aTh ero OykBou F. B HOBBIX 0003HAYEHMAX
popmyner (1.19) nepermmyrcs B Buze:

R 2D Xk yp = 2Pk ;o = 2P ik

r p  F p 7 P (1.20)
J17151 OMTHOPOAHEIX TEJ BEC Py OTAECILHBIX YACTUIL TEJIAd HPOIIOPUHOHATICH 00BEMaM 3TUX JaCTHIL
.=V, @ BEC TEJIA MPOTIOpUUOHaneH 00bseMy Tena P=yV (- BeC eqmHULEL 00BEMA).
[Toncrasnsaa nanneie Beipaxenusd B (1.20), mocne cokpanieHus Ha ¥, morydaeM (pOpPMyIIsl O
ONPENEICHUS LICHTPA TAKECTH 00BeMa:

v _ZVH;& y _kayk . _ZVka
P V > P V 2 P V

(1.21)
}:[JIH OJHOPOIHBIX IJIOCKHUX IIJJACTHH U M3 IEJH U3 OIHO POIHBIX JIMHEWHBIX YJIEMEHTOB
(HaanMep 13 OIHO pﬂm{ﬂﬁ [TPOBOJIOKH MOCTOAHHOT O CEIIEHHH), BBOI BEC €OHHHUIIE IIJIONIATH 1
BEC €OIUHHIIEI JJIHHEBI, aHAJIOTHUYHBIX DﬁpﬂEDM [MOJIy4aeMm qm PMYJIBL U1 ONIPENEICHU IIEHTPA
TANKCCTH INIOMAOAH W HEHTPA TAXKCCTH JIHHHH.
2.5 kg
X

2.8 (X _ 2 SkVk

X p = — Zp =
P » VP » LP
S S \ (1.22)
rae S - mIoniaae BCeH IUTACTHHEL, §;, - IVTOMIAIH €€ JaCTeH.
N _Zlkxk y _Zlkyk ; _Zlkzk
P — ’ P — » P — ?
L L L (1.23)

rae L - niHa BCed JIMHUH, [, - TJIHHA €€ JACTEH.

Bonpocwet u 3a0anua:
l. Onpenenenue ueHTpa MapaLIEIbEHBIX CHIL.
2. Omnpenenenne KOOPIUHAT HEHTPA MAPAUIEIbHEIX CHIL.

3. OnpeagaeHasigHTPa apaIeIbHbIX CHII C HOMOLIBIO TeOpeMsl BapuuroHa..
SNEKTPOHHOW NOONUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Bnapneneuy llleBayxoea TaTeAHa AnekcaHapoBHa

Neinct

BATE

IIpakTinueckoe 3anarue 11
Tema 11: CnocoOs1 onpenenenns ko3 (ppunmenra TpeHus.
Llens: nare CTyaeHTY NOHATHSA 0 KOA(PPUIIMEHTE TPEHUS U €TO ONPEIETICHUN.
3HATh. KMHEMATUYECKHE XAPAKTEPUCTHUKU TOYKH, MA(PPEpPEHINATBEHEIE YPABHEHUA IBUKEHHA
TOYKH,
00mIMe TEOPEMBI TUHAMUKH
YMETh: BBIYMCIATE CKOPOCTH W YCKOPEHHSA TOYEK W TOUEK TEla IIPH HOCTYIIATEILHOM,
BPANIATENBHOM U IUIOCKOM JBUKEHUAX
AxmyanbHocmb membl OOBACHACTCA ONpenereHueM KOd3((PUIMEeHTa TPEHUA Pa3INuHBIX
MaTEPHUAJIOB U CILUIABOB.
Teopemuueckasn uacmeo:
Cuna mpenus ckonviicenusn. Kak moKa3eIBAET ONBIT, IPH CTPEMIIEHUH IBUTATE OJHO TEJO IO
MOBEPXHOCTH APYTOT0 B INIOCKOCTH COITPHUKOCHOBEHUS 3THX TEJI BOZHUKAET CHJIA TPEHUA,
KOTOpas MOKET IPUHUMATE JTI0OBIE 3HAUEHUA OT HYJLA 10 HEKOTOPOTO IIPEIEIEHOTO 3HAYCHHUS,
onpeneseMoro 3akonoMm Kymnona F,, = fN, roe f- 0espasMepHbId KOP(PUIMEHT TPEHUA
CKONBKEHUS, N - HOpManbHAasA peakuua. Kos( puimenT TpeHns CKOMbKEHUS ONMPENETIETC
ONBITHEIM ITYTEM W 3aBUCHUT OT MATEPHAJIA CONPUKACAIONINXCA TET U COCTOSHHA UX
MOBEPXHOCTEN (Xapakrep 00pabOTKH, CMA3KH, TEMIIEPATYPHL U T.I1.). ONBITE MOKA3BIBAIOT, YTO
CUJIA TPEHUS CKOJIBKEHHA B MMPOKUX MPENEIaX HE 3aBUCHT OT PA3MEPOB TPYILMXCA
HOBEPXHOCTEH TEI. 1ak Ajis TOr0, 4TOOEI CABUHYTE OOBIUHEIN KUPIWY, HYKHO IMPUJIIOKHUTE
OIMHAKOBYIO CHUTY HE3ABHCHUMO OT TOTO JIEJKUT JIM OH MiammMs win Ha pedpe. [Ipu pemenum
347144 C Y4ETOM CHJI TPEHUA CKOJIbKEHUA HEOOXOIMMO YETKO Pa3miars OOBIUHOE U MIPENETEHOE
paBHOBECHE TeEA. B mepBOM Ciiydae BETMIUHA CHIIBI TPEHHUA HEU3BECTHA U TOJKHA
ONPENEJLATECA U3 PEMICHUA COOTBETCTBYIONINX YPABHEHHHN paBHOBeCHA. Eciau ke B 3amaue peds
HUJIET O IPEIETEHOM PABHOBECHH, TO CHJIA TPEHUA OTIpenenseTcs 3akoHom Kynona:

F,,=IN (1.28)

30°

- S - - - .

77777777

IIpocmeuwuu npumep: nycms Ha Mmeno, HAXO0AWEeca 8 PA6HOBECUU HA 2OPU3OHMATbHOU
uiepoxogamou nogepxnocmu, oeucmeyem cwia F=10 H. Onpederumsp, uemy pagra cuia mpeHus
CKOMbHCEHUA.

Pewenue: 8 0aHHOM cliyuae meio 3a6e00MO HAX0O0UMCs 8 PABHOBCCUL U CUTA MPEHUS
onpeoenumcs u3 ypasHeHUs pa6HOBECUA:

ZFA: =Fcosa—F =0,
iy mp ﬂmi{‘y@ﬂ Fmp=FC”*€30G - 8’66H

Hzmenum menepsb ycnogue 3aoayiu: onpedeium MUHUMAalbHyto cuty F, cnocobHyo coguHyms
meno ¢ mecma, eciu ezo gec P pasen 10 H, a koagpgpuyuenm mpenua ckonvorcenus f =0,1.
Pewenue: mak xak peub uoem o npeoeibHOM COCMOSHUU PAGHOGECUA,

E F,=Fcos30"-Pf =0,
Fmpsz; N= P; Ffﬂp:sz IH; )
F= fP/cos30°=1,15H.
Kaxk H3BECTHO, IO THYIA, PEAKLIS IEPOXOBATOH MOBEPXHOCTH MPHUHATO MPEACTABIATE CyMMOH
,I[B}’X COCTYUBIBHOINMXY FHOPMATLHON peakiun 1 1 CHIIBI TpeHus Aqp (puc. 1. 38)

.-il""" l, I:I'lf'\EIH':'l‘.i".i'll‘E E,._-.lll-.'lllll',:-:.

o « 1 '| b Ll | - (=] y
fned: c 19.08. 20 19.08. 2023
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Puc. 1.38. Peakyua wepoxoeamoii noeepxnocmu
CrnenoBarensHO, momHas peakiusa K Oymer OTKIOHEHA OT HOPMAIU K MOBEPXHOCTH HA

HEKOTOPBIN yroJL. [Ipu m3MeHennn CUIBl TPEHUA OT HYJA 10 €€ MPENEILHOr0 3HaueHus, cmia K
U3MEHAETCA 0T T 10 CBOEro MakCUMAJIBLHOTO 3HAYEHUA, 4 €€ YTOJI C HOPMAIEI0 PACTET OT HyJA
0 HEKOTOPOTO MPENEIbHOTO 3HAYEeHNA (PH , HA3BIBAEMOTO yriIoM TpeHus. M3 pucynka BugHO,
uTO tg pu=F,,/ N, TOrga ¢ yaerom Toro, uro F,,,=fN , nonydaem tg ¢pn=f.

Ecmm k Teny npuioxuTes cuny 3 mo yrioM a K HopManu (puc.l.34), To Teno caBuHercs
TOJIEKO TOTAa, KOorga casuraroniee yenmie Pcosa Oyner Oonpmie Fj,ipzﬁ\l . JTO O3HAYaEeT , 4TO
HUKAKOH CHJIOH, 00pa3yroonie ¢ HOpMaabio yrona a < (pH, TEeI0 BAOIs JAHHOW MOBEPXHOCTH
COBUHYTH HEb34.

Ilpumep 1 . Kaxog donorcer Oblmb MUHUMQTbHbIU KO3 Duyuerm mpeHus cKonbiceHus [ 6
Mecme KOHmMaKkma 0OHOpOOHOU K6aopamHou niacmutsl eecom P ¢ gepmurkaivbHou cmeHkou,

eciu nAacmuHa 8 3a0aHHOM NOJIONCEHUU HAX00umces 8 pagHogecuu. Becow cmepowcua BF
npexeopeub.

Pewenue. ] gxKax Jupius, oeucmeus notHou peakyuu K eepmuxaibHou cmenKu Rpu pagHoeecuu

mm&muﬁ%ﬁﬁ%ﬁﬁ‘@%ﬁ uepes MmouKy B (nHa ochosaHuu meopemol 0 mpex cunax), mo F,=N
|'.__ T AT -'||||||'l|:'-|,_,l|-:,*--=.__|-.l_.;-'l_.;-'|-.E E,._-.lll-.lllll

Bnanen l-LIH HOCKOIBKY DEHb 8. VCTOGUe 3a0auu udem o npeoenbHom pasHogecuu, Fy,= fN, [N =N, f =1.

- = - « 'l L F [=] ]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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Tom xce pezyibmam MONCHO ROJYYUMb U U3 VPAGHCHUA PAGHOBECUA NIACITNUHDL.

> M (F,)=N-BC—F, -AC=0, F, =N, fN=N, f=I.

Bonpocw u 3adanusa:

I. UYrto Ha3BIBAIOT TPEHUEM?
2. UTO HA3BIBAIOT TPEHUEM CKOJIbKEHUA!
3. Uro Takoe TpeHue kaueHu?

4. Onpenenenue k03(pPUIIMEHTA TPEHUA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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IIpakTHueckoe 3anaATHe 12

Tema 12: ConmpoTuBnenue mpu KaueHHUU.

[lens: nate cTymeHTy 3HAHUA B 00JIACTH COMPOTUBIIEHUS ITPH KA4EHHU.

3HATh: KMHEMATUYECKHE XAPAKTEPUCTHUKU TOYKH, MA(PPEpPEHINATBEHEIE YPABHEHHA IBUKEHHA
TOYKH; OOIIME TEOPEMBI TUHAMHUKH.

YMETh: BBIYMCIATE CKOPOCTH M YCKOPEHHA TOUEK M TOUEK Tela IPHU NOCTYHATEIbHOM,
BPANIATENBHOM U IIOCKOM JBUKEHUAX
AxmyarbHocmb  membl  OOBACHAECTCA  ONPENEIEHUEM  CONPOTHUBIECHUA NOPU  KAYECHUH
BO3HUKAONIMX OPH B3aUMOAEUCTBUH Ae(POpMALINU TE.

Teopemuueckas yacmo:
Ipenue Kauenue. Tpenuem KaueHus HA3bl6aAl0M CORPOMUGTIeHUE, 603HUKAIOUee npU

Ka4eHuu 00H020 meia no ROEEPXHOCMU OPY2020.

[IpyurHEl BO3HMKHOBEHHS STOTO CONPOTHBIECHWA HEBO3MOMXKHO OOBACHMTE 0€3 yuera
neopmManvi = TEJI, BO3HUKAIONINX MIPH UX B3aUMOAECUCTBUU. PacCMOTpUM  KPYTJIBIA
HWIMHAPUYECKUNA KaTOK paguycoM R BecoM 3, nexamnied Ha TOPU30HTATEHOH MIEPOXOBATOU
MI0CKOCTH, KOTOPAsA MOJ TAKECTBIO KAaTKa CIerka OJe()OpMHPOBAIACE, TAK UTO KACAHME KATKA C
MOBEPXHOCTEIO TEMEPh MPOUCXOAWUT HE B OJHOM TOYKE, 4 IO HEKOTOpOM Iwomanke AB
(puc.1.39). Ilog mencrBueM CHIIBI ﬁ, OPWIOKEHHON K LEHTPY Karka, OaBJIEHWE y Kpas A
yOBIBAE€T W BO3pacraer y kpas B. B pesymerare nHopmansHas peakuusa |

Y M

Puc.1.39 Mowenm conpomu@ienua npu KaueHuu
ABJIAIONIASACA PABHOACHCTBYIONIEH PACOPENENEHHBIX HA MOIOMIAAKE AB Cui, CMEmaercs B
cropony aeiictBus cuiel M. C yBemruennem Q 10 HEKOTOPOTO MPENEILHOrO 3HAUECHHUS Qyp 3TO
CMEIIEHUE PACTET N0 HEKOTOPOM MPENEIBHOU BEIWYHUHEHL fi. B 3TOT MOMEHT Ha Karok Oyayr
NEUCTBOBATh [IBE YPABHOBEMIMBAIONIUNE JPYTr JAPyra TMapel CHII (I«L”'I”P, Ap) m (1, 3) ¢
momeHTamu Mg, = Q,,R 1 M'b= Nf§ coorsercreenno. [Toka Q<Q,, katok OyneT HAXOIUTHCS B
mokoe, npu Q >, HauHeTca kadeHue. Bxogamas B popmyny M. =Nfy (1.29)
JTUHENHAA BEMUUNHA [ HA3bIBAETCA KoY PpuiinenTom Tpenus kadenusd. [l 00asmuHCTBa
MaTEPHUAJIOB, BXOIANIEE B BEIPAKEHUE I MPENESTBLHOrO 3HA4eHuA Q:
Q. ~(fi/RIN (1.30)
OTHOMIEHUE fi/R3HAYUTEEHO MEHBIIE KOY(D(PUIIMEHTA TPEHUA CKOMBKEHUA f 13 (popmysl (1.28).
OTUM OOBACHAETCA TO, UTO B TEXHUKE, BE3TIE TIE€ ATO BO3MOKHO, CTPEMATCS 3aMEHUTH
CKOJIbKEHUE KAUEHHUEM.

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

WDKUKAT 2C0000043E9ABEB952205E7BAS00060000043E
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Ipumep. Ha kaxou gbicome h u kakyro 2opu3oHmaibHyio cuty F HYj#cHO npunoscums, 4moul
Kamok, cuna maxcecmu komopoco G=1000 H, pagrnomepHo ckolb3u no 20pu30HMAalbHoOU
niockocmu 0e3 kauenus. Koagpguyuenm mpenus kauenus fi, = 0,01m, koapdpuyuenm mpenus
ckonbcenua = 0,1 .

Pewenue. J[1a mozo umobvl kamok dguzaicsa pagHoMepHo enpaego, cuia F dondcna Gbime
PAasHa MAKCUMATbHOMY 3HAYCHUIO CUWIbl MPEHUS CKOJTbHCEHUS!

I'= Fyp= fN =100 H. Kamok ne bydem gpawjamscs, eciu MOMEHmM, co30asaemblil Rapou Cuil
(4, A,yy) He Dydem npesviutams MaKCUMaTbHO20 3HAUCHUA MOMEHMA CONPOMUGTCHUA

M.= fiN= kG =10 Hu, m.e. makcumaibHoe 3navenue h = M/F = 0,1m .

Bonpocw u 3adanusa:

I. Uro HaseiBaroT KaueHuem?

2. IlpryrHEI BO3HUKHOBEHU S KAYEHUA !

3. [louemy B TEXHUKE, BE3JIE TI€ 3TO BO3MOKHO, CTPEMATCA 3AMEHUTE CKOJIBLKEHUE KAUCHUEM

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANWUCHIO

Cepmvdomkar: 2C0000043E9AB8BO952205E7/BAS00060000043E
E P —— |_|"'"F"'" . Ania A raee T oI

Naderiei. = -..-'-.J_;.-?':.'l'.-l:'.--.'| dieHHA AdJIeKCaHOpoBHa
Neicteutenex: ¢ 19.08.2022 no 19.08.2023



IIpakTnueckoe 3anaTHe 13
Tema 13: Anpo ceuenus npu BHEEHTPEHHOM CKATHH.
Llens: HaydUTECA ONPENENATE AAPO CEYEHUA HPU BHELIEHTPEHHOM CIKATHH.
3HATh. KMHEMATUYECKHE XAPAKTEPUCTHUKU TOYKH, MA(PPEpPEHINATBEHEIE YPABHEHUA IBUKEHHA
TOUYKH; OONIME TEOPEMBI TUHAMUKH
YMETh: BBIYMCIATE CKOPOCTH M YCKOPEHHSA TOYEK M TOUEK TEla IIPU MOCTYHATEIBHOM,
BPANIATENBHOM U IIOCKOM JBUKEHUAX
AxmyanrbHocmb meMbl 3aKIIOYAETCA B INPUMEHEHMM 3HAHWMM B OOJACTH KUHEMATHUKH Ha
MPAKTHKE.
Teopemuueckas yacmo:

[Tpu koHCTpYyHpPOBAHMM CTEPKHEH U3 MATEPUATOB, IUNIOXO COMPOTUBIIAIONINXCA PACTIKEHUTO
(OeToH), BECBMA KEMATENBEHO JOOUTHCS TOTO, UTOOBI BCE CeueHUE padoTano JIUIIb HA CHKATHE.
ITOr0 MOYKHO TOCTUTHYTE, HE 1aBasA TOUKE MPUIOKEHUA CUIEI P CIIMIIKOM JATEKO OTXOIUTE OT
LIEHTPA TAKECTH CEUEHU A, OTPAHUUHBASA BEIUINHY YKCLIEHTPUCUTETA.

KoHCTPYKTOPY KENATENBHO 3aPAHEE 3HATh, KAKOU SKCHEHTPUCUTET ITPH BEIOPAHHOM THUIIE
CEUEHNS MOJKHO JOMYCTHUTE, HE PUCKYA BBI3BATH B CEUECHUAX CTEPHKHA HAMPAKEHUH Pa3HBIX
3HAKOB. 31€Ch BBOOUTCA NOHATHE O TAK HA3BIBAEMOM AJIPE CEUYEHUSA. ITUM TEPMUHOM
0003HAYAETCA HEKOTOpAsd 001aCTh BOKPYT LEHTPA THKECTU CEUEHUA, BHYTPH KOTOPOHU MOKHO
pacnoaraTe TOUKY IPUI0KEHUS CUIIBL P, HE BEI3BIBAA B CEUCHUH HANPAKEHUI Pa3HOr O 3HAKA.

[Toka Touka A pacronaraercs BHYTPHU A1pa, HEUTPAIEHAA OCh HE NIEPECEKAET KOHTYPa
CEYEHM S, BCE OHO JIEKUT IO OAHY CTOPOHY OT HEUTPATBHON OCH U, CTAI0 OBITh, pad0OTAET MU
Ha cxkarue. [lpu yganennn Toukn A OT LEHTPA TAKECTH CEUEHUS HEUTPAIBLHAA OCh OyIeT
MpUOIMAKATECA K KOHTYPY; TPAaHULA AIpa ONMPENEIUTC TEM, 9YTO IIPH PACITOIOKEHUH TOUKH A
HA STOU TPAHUIIE HEUTPATBHAA OCh MOAONIET BIJIOTHYIO K CEYEHUIO, KOCHETCS €T0.

Pue.1. KomOuHanmm monoxeHus CKUMAOIIEH CHIBI U HEUTPATEHOMN JIMHUH

Takum oOpazom, ecau Mel OyIEM DEpPEMENIATE TOUKY A TAK, 9TOOB HEUTPATEHAA OCh KATHJIACE
IO KOHTYPY CEYEHU, HE MEPECEKAd €ro, To Touka A 000uIeT mo rpanune sapa ceuenus. Ecmm
KOHTYpP CEUEHUS NMEET «BMATUHEI», TO HEUTPATBEHAS OCh OYIET KATUTHCS MO OrH0aromIen
KOHTYpA.

YT0OBI MONYUUTE OUEPTAHUE AIPA, HEOOXOIUMO JATh HEUTPATBEHON OCH HECKOJIBKO

w o (d
[TOJIOKCHUH, KACATCIIBHBIX K KOHTYPY CCUCHM A, OIMMPCOCITUTE JIA 3THX IMOJOKCHIH OTPC3KH |

“=1 BEIYUCIUTh KOOPAUHATHL +'# U <2 TOUKU NPUI0KEHUS CHIBI IO (POPMYJIAM, BEITEKAIOMINM U3

M3BECTHBIX 3aBHCHMOCTEH

2 2
I ;

J}P - -, EP - — .
a x,
5TO U OyIYT KOOPAMHATE TOUEK KOHTYPA Aapa ~ £ =4 .
[Tpu muoroyromsHoM (popme koHTYpa ceuenus (Puc.2), coBmenias mocieqoBaTenbpHo

(L
HEATPATb OCh C KAXKIOH U3 CTOPOH MHOTOVIOJIBHHKA, MEI ITO OTPE3KaM < 1 “sonpenemim
HYTO yT

KOO PIMHER ofion AALEKE PAHHLIBI SPa, COOTBETCTBYIONIMX STUM CTOPOHAM.
Cepruchnkat] parTIEPEX OISO VAT CTOPOHBE KOHTYPA CEUEHHS K IPYTrOU HEUTPAILHAA OCh Oyaer

e R and T B BORP YT BEPIHANTL, pasaensroniell 5T CTOPOHEI; TOYKA MPUIIOKEHU CHIIEI OyIeT

HEPEMEH_IHTB csd IT10 FpHHHU,E H,I[pﬂ ME‘}H,I[}’ HDJ’[}“IEH’HBIN[H }’HCE‘-‘ TOUKAMH. ‘yCTﬂHDBHM, KdK TOJKHd
Nencteutened: ¢ 19.08.2022 no 19.08.2023 45



nepeMeniaTeCa cuna P, uToObl HEUTpansHAA OCh MPOXOIMIA BCE BPEMS UEpPe3 OHY U Ty KE

Touky B (¥2,#2) — Bpamanace Ob1 0kono uee. [logcraBnsas koOpaMHATEI 3TOU TOYKH
HEUTPAITBEHON OCH B MU3BECTHOE YPABHEHNE HEUTPAITEHOM OCH (JIMHUH ), TOTYyIHM:

142202 228 _

i i,

Puc.2. Slnpo ceuenusa aiaia MHOTOYTOJIBEHON (DOPMEI HOMIEPEUHOTO CEUEHU A

Takum 00pazom KOOpANMHATEL YU <2 TOUKHU A OpuIOKeHUA cuibl P cBsa3ansl nunenno. [pu
BPANICHUHN HEUTPATBEHON OCH OKOJIO ITOCTOSHHON TOYKHM B TOuka A mpumoKeHU CHIBI JBUKETCS
no npamor. O0parHO, nepemenieHne CUnsl P mo npsAMoil CBA3aHO € BPAIEHUEM HEUTPATEHOMN
OCH OKOJIO TTOCTOSTHHOM TOYKH.

Ha Puc.3 n300paxeHsl Tpu DOI0KEHUS TOYKHA MPHUJIOKEHNUA CHIBI HA STOU MPIMOU 1
COOTBETCTBEHHO TPHU MOJIOKEHUA HEUTPAIBLHON OCh. akuM 00pa3omM, mpu MHOTOYTOJIEHON

(popme KOHTYpaA CEUEHHA OUEPTAHUE AOPA MEKAY TOUKAMA, COOTBETCTBYIOIIMMHI CTOPOHAM

MHOTOYTOJIBHUKA, OyAET COCTOATE U3 OTPE3KOB MPAMBIX JIMTHUM.
3

Pue.3. Jlunamuka moCcTpoeHus Aapa CEIECHU

Ecmm KOHTYP CCUHCHHA HNCITHKOM HJIH YdCTHYHO OTPdHHYCH KPUBBIMH JIHHUAMH, TO [MOCTPOCHHUC

TPAHULEI AApa MOKHO BECTH ITO TOYKaM. PacCMOTpUM HECKOJIBEKO IMPOCTHIX MIPUMEPOB
MOCTPOEHUS AIpa CEUEHUA.

[Tpu BEIMOTHEHUM ATOTO MTOCTPOEHUA A MPAMOYTOIBHOTO MOTEPETHOTO CEUCHUA
BOCITOJIE3YEMCS ITOMYYEHHBIMU (POPMyTaMHU.
s OTPEACTEHILA FHAHUI AAPa CEUCHHA IPH IBHKEHUH TOUKH A 0 OCH Oy HaiigeMm 10
JNEKIPQHHOW MOAMNCHIO
CeprvdbBITA UBEIRIB04 3E0ABSBIFPISRIPPOPONOHEIPE paTEHAS 0CE 3aiiMer mooxkenne H,O,. Nmeem:

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Taxum oOpazom, rpanuns sapa mo ocu Oy OyayT OTCTOATE OT IEHTpa ceueHus Ha 1/6
]

BennuuHEL b (Puc.4, Touku 1 u 3); mo ocu Oz rpaHuiis! Aapa OOpeaensaTcs pacCTOIHUAMUA G

(Touku 2 u 4).

JI1st TTOJTy9eHHs OYepPTaHHA AAPa HETHKOM H300pa3yuM ITOT0KEH A HeHTPATBHOI ocK “£1%1n

H , COOTBETCTBYIONINE TPAHUYHBIM TOUKaM 1 u 2.
[Tpn mepemeniennn CUIIELI U3 TOYKHU | B TOUKY 2 MO rpaHuIe Aapa HEUTPAIbHAS OCh JOIKHA

MepeiTH 13 ToI0KeHHs * 211 B monoxenne “£2“a Bce BpeMs Kacasch CeueHus, T. €.
MOBOPAUYMBAACE BOKPYT TOUKH D.

Puc.4. mocrpoenue saapa s NpAMOYTOJIbEHOTO CEUCHUS.

Jlns 5TOro cuna qomKHA ABUTATHCS O mpsamMou 1 — 2. TogHO Tak e MOKHO T0KAa3aTk, 4T
OCTAJIBHEIMU TPaHULAMU sAapa OyayTt muann 2—3, 3—4 u 4—1.

Takum o0pazom, 11 IPAMOYTOIBHOTO CEUEHUA AAPO OyaeT poMOOM C IMATrOHATAMU,
PABHBEIMH OJHOM TPETH COOTBETCTBYIONIEN CTOPOHEI ceueHusA. [1o3TOMY mpsamoyronsnoe
CEUCHME MMPU PACIIOIOKEHUH CUJIIBI TTO TIIABHOM OCH padoTaeT Ha HATIPSIKEHUS OTHOTO 3HAKA,
€CTH TOUKA OPUI0KEHUS CHUITBI HE BRIXOIUT 34 MPEAEILI CPEAHENH TPETU CTOPOHEI CEUEHUA.

U R

Puc.5. /lunamuka n3MEHEHU A HANPAKEHUI IPH U3MEHEHUH SKCIEHTPUCUTETA.

DMOIOPEL PACTIPENEIIEHUS HOPMATbHBIX HANMPAKEHUH IO MPAMOYTOJIEHOMY CEYEHUIO TIPU
HYKCIEHTPUCHTETE, FHBHDM HYJIIO, MEHBILIEM, PABHOM U OONBIIEM OJHOM MIECTOU IHUPUHEI

CEUECHU g D 5 %%ﬁ%%'ﬂ?@{c.ﬁ.

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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OTME‘THM, YTO MMPH BCEX IMMOJIOKCHHAX CHJIBI P HAIPANKCHHUC B ICHTPC TAKCCTH CCUHCHHA (Tﬂ qKd

F

O) 0AMHAKOBO M PaBHO &' 1 uTO cuaa P He MMEeT SKCIEHTPHUCHTETA IT0 BTOPOIi TIIaBHOM OCH.

it
J{71s KPYTJIOTO CEUeHHs paguyca I odepTaHue aapa OyaeT o CHMMETPHH KPyroM paanyca !,
Bo3pMem kakoe-m00 MoI0KEHNE HENTPATTBHOU OCH, KACATENBHOE K KOHTYPY. Ock Oy

PACIIOJIOKUM MEPIEHANKYJISIPHO K 3TOH KacarensHOU. loraa
4

ir
;2 A . g
ggzli"‘u:—iz——'m
e ) r
¥ Ty = OO »
B

Puc.6. Slnpo ceuenus nis gByraBpa — a) u mBennepa — 0)

Taxum o0Opazom, Anpo npencraBiaseTr cOOONU KPYT C paanyCcoM, BUETBEPO MEHBIIHNM, €M PATUYC
CEUEHHU .

Jlnsa nByraBpa HEUTpaTEHAA OCh IPHU 00X0€ KOHTYpa HE OyIeT rmepecekars miIonaan
MOMEPETHOTO CEUEHUs, €CITN OyIeT KacarsCs MpsAMOYyroapbHOTO KOHTYpa ABCD, ommcannoro
okoJio apyraspa (Puc.6a). CiegoBarensHo, OUepTaHUE AApa A IBYyTaBpa UMeeT (opmy pomoa,
KaK 1 VLA MIPAMOYT OJIBHUKA, HO C IPYTUMH pPa3MEpaMu.

Jlng mBennepa, kak v qyid apyraspa, Touku 1, 2, 3, 4 konrypa saapa (Puc.6 0) COOTBETCTBYIOT
COBITAJIEHUIO HEUTPAIBEHOM OCH €O cTopoHaMmu npamoyronsHuka ABCD.

Bonpocw u 3adanusa:
I. Yro Takoe agpo ceueHus?
2. Kaxkue OBIBAIOT SMIOPHI PACTIPEAETIEHUS HOPMAITbHBIX HAMPSKEHUH.

3. 3amummre ((opmyny OOpeneneHus IMOJHOTO YCKOPEHUS TOUYKH, JBWKYIOICHCS

BpamaTeIsHo.
4. JlanTe ompeneneHne MTHOBEHHOTO IEHTPA YCKOPEHUA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IlpakTnueckoe 3ansaTue 14
Tema 14: Pacuer Oanku HAa ynpyroMm 0CHOBAHUH.
[lens: HayduTECA paCUMTHIBATE OANTKN HA yIPYTOM OCHOBAHUU
3HaTh: OCHOBHBIE MOAXOABI K (popManu3anuu ¥ MOJETUPOBAHUIO ABHUKEHUSA U PABHOBECHA
MaTE€PUATLHEBIX TEI;
MOCTAHOBKY U METOJBI PENIEHUS 34044 O ABMKEHUHM U PABHOBECUM MEXAHUYECKUX CHUCTEM;
KMHEMATUUECKUE XAPAKTEPUCTUKU TOUKHU, TU((PEpPEeHIINATbHBIE YPABHEHUA JBUKEHUA TOUKH;
o0mme TeopemMsl IMHAMUKHT; TEOPHUIO yaapa.
YMeTb: BBIUUCHATH CKOPOCTM M YCKOPEHHUS TOYEK M TOYEK TEIad HOpPH IMOCTYMATEIbHOM,
BPANIATEILHOM U MJI0CKOM IBHXKEHHUAX
AxmyanvHocmb membl 00BACHAETCS OTIPEAEIECHUEM CKOPOCTH U YCKOPEHUS TOUKHM MO 3aJaHHBIM
YPAaBHEHUAM €€ TBUKEHHUS.
Teopemuueckasn uacmeo:

K uucny cmamuuecku Heonpeoeiumvlx OWIOK Moxcem Oblmb OMHEceHd OAlKd HA YNpPYyeoM
ocHogaHuu. Tax Hazvleaemcs Oaika, onuparwiascs no éceu cgoeu oiune (Puc.l) nHa ynpyzoe
OCHOBAHUe, OKA3bleéarowee 6 Kaixcoou MmoHKe Ha OanKy peakyuro, HPpONnOPYUOHATbHYVIO V —
npo2udy dbanxku 6 amoii mouke. Koagpgpuyuenm nponopyuonaivHocmu oboznadaemcsi 6ykeou k.

Beedenue npeononoxcerus O NPONOPYUOHAIbHOCMU  peakyuu  npocudy  Aeiiemcs
nPUOIUICEHUEM, XOMA U OOCMAMOYHO OIUSKUM K OCUCTEUMETbHbIM Y CA06USM.

! i o Tl X

o !

A FE L

Puc. 1. Pacuemnas cxema baiku Ha ynpyecom OCHOBAHUU.

[Ipeonosicenue eeecmu 6 pacuem Ko3ghPuyuenm HPONOPYUOHATbHOCMU K, UMEHYeMbll
«K03¢hpuyuenmom nocmenu», ObLIO 6nepevle coelaHo pycckum axademuxkom Hukxonaem
Heanoeuuem Dyccom 6 1801 cody. Illpunumasa >mo npeononodiceHue, noiyuaem, 4Umo
UHIMEHCUBHOCMb PEeaKyuu OCHOBAHUA 8 Kaxcoou moukKe cula pagHa ky u usmepsaemcs 6 eOuHUyax
CUbl U OAUHbL, PASMEPHOCMb Ko3@guyuenma k npu smom Oydem cuia u Kaopam OJUHBL.
byoem cuumams, umo ocHOBaHUE OKA3bIGACM PeaKkyuro npu npocudax O0aiku Kak 6HU3, Maxk u

66EpX.
Ha npakmuke 3adauu o pacueme OaiKu HA YAPY2OM OCHOBAHUU BCMPEUAIOMCS 8
HCENE3HOOOPOUHCHOM Oele (pelbe, wnala), 6 Cmpoumenbcmee — QYHOAMEHMbl Pa3TUYHbIX

COOpYIHCeHUU, nepeoarowjue Hazpy3Ky Ha cPyHm.

Cmamuyecku Heonpedeaumou makas oaika 6yoem nomomy, 4mo yciogue cmamuku— cymmda
Hazpy30K paeHa 6ceu peaKyuu OCHOBAHUA — He o0aem B03MOJICHOCMU YCMAHOGUMb
pacnpeoenerue 3mou peakyuu o OaIuHe OAIKU, a 3HAYUM, GblYUCTUMb U32UDaoujue MOMeHmbl U
nonepevHble CUbl.

HumencusHocmes peakyuu 6 Kaxcoou mouke c@a3zaHa ¢ npocubawu oarku. Iloamomy oas

peuleHUs 3a0ayi HeoOXooumMo HAumu cHavyala YpasHeHue u3ocHymou ocu ¥ =7 'i"f:] a yoce
3amem Qopmyibl O1A BbIHUCICHUA U3UOAIOUIE20 MOMEHMA U NONEPeHHOU CWIbl. X0O peuleHus
OKa3bl6aemcs 00DPamHubiM 0ObIYHOMY.

Haudem ypaereHue uzozcHymou ocu 0151 OQIKU NHOCMOAHHO20 CEYEHU, JleHcaujell Ha Ynpyzom

OCHOBAHUU U HAZPYIHCEHHOII cocpedomodenHbiMu cunamu “1-42- . (Puc.l). Hauano xoopounam

603bMeM 6 JI000U MOoYKe, OCb X HANpasuM 6npaeso, ocb )y 6epmuKkalbHo 66epx. Hanpaeaienue

Ha2py30K 66epx Oydem cuumams noiodxcumenvHviM. Hanuwem obvlunoe oupghepernyuaivroe
| OKYMEMT TIOANNCAH
YPaeH CHUEEU PRI MOAMUCHIO

EEPTHdJHHETIE%J 00043E9ABBBO52205E7BAS00060000043E

@
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laxk kaxk M(x) Ham Heuzgecmen, mo nocmapaemcsi c643amb NpPocudbl HENOCPEOCMBEEHHO C
Hazpy3Kou, 015 3Mo20 oupghepenyupyem 08axicovl npedbloyujee YpasHeHUe:

4
"y
EF Z= =qlx] (1)
ax
2oe ¢(X)—uHmeHCUBHOCMb CIIIOWHOU HAZPY3KU, Oetcmeyioujelu Ha DAIKy 6 cevyeHUuu ¢ abcyuccou
X.

CniowHou Hazpy3kou 01 Hawieu Oalku AQIAemcs JAullb peaKyus YHpPY2020 OCHOBAHUSL.
Humencusnocms eu nponopyuoHalbHa Hpocubam; 3ma HA2py3Ka HanpaeieHa 68epx, m. e.

nonoxcumenbHa, Ko20a npocubvl udym 6HU3, m. e. ompuyamenbHbl, U Haobopom. Taxum
obpaszom, 3ma Hazpy3Ka umMeem 3HaK, 0OPamHbii 3HAKY NPO2UDOE:

glx)=—iy

Tozoa
d4y

g —— =- (2)
drt w7

vk

T

[

Eciu obo3nauums 484 , mo obwuu uHmezpanl ypasHenus (25.3) umeem 6uO:

y=e"(dsin f+ Beos &)+ (Csin frt Doos &) 55

Ilocmosnnvie A, B, C, D OdonacHbl Obimb onpedeneHbl 8 KadcooM YacmHOM CIV4ae Hazpy3Ku u
onunwl 6arku. Benumuna = uneem usMepeHue oopamHoe OJUHE.

Pacuem deckoneuno OUHHOI OQIKU HA YyNPY2OM OCHOBAHUU, 3a2PYrceHHOU 00Holl cuou P.
Haubonee npocmo pewaemca 3adaua o0 uzcube OeCcKoOHeuHo OJIUHHOU OANKU, HAZPYHCEHHOU

o0Hou cocpedomouennou cunou (Puc.2). Ilomumo HenocpedocmeeHHo020 NpaKmMuUUecKozo
SHAYeHUA peuwleHue >3mou 3adadu No360Jaum nymem

nocnedoBamenbHulX  NPUOIUICEHUU
paccuumol8ams U OAIKU KOHEUYHOU OJUHDBI.

Puc.2. Pacuemnasa cxema 6aiku 6eckoHeuHou OJIUHbBL.

Hauano koopounam pacnonosxcum ¢ mouke npuiodtceHus cuivl P. Onpedenum nocmosiHHble A,
B, C u D. Tax kak 6cs peakyusi ocHogaHus, pagHasa cuie P dondcna 6blmb KOHEUHOU 8eTUYUHOU,
mo npocudbl OAIKU 8 MOYKAX, OECKOHEHYHO VOWIEHHbIX OM MOYKU NPUWIONCCHUS CWIbl, OONHCHbI
obpawiamscs 8 HYb:

"_|,J‘ h O = [:I (5 )

IIpu 6eckoneuro HonbUIUX 3HAUCHUSX X 084 BMOPBLIX C1A2AemMblx 8 Npagoll yacmu opmyivt (4)

i
obpauaiones, & Hyab OAde00aps MHOJICUMENIO €~ , 064 JCe NEPEbIX MO2YM 0OPAMUMbCA 6 HYb
JdUULB npﬂﬂEH.TF'DHHDF! NnoancCbio

Ceptidm .?'T T [I'[I'[IEEDQE @B 8B952205E7BAS00060000043E
Bnaneneu; - J’éay’xn Ba TaThAHa Anekc aHOpoBHa

maxkum oopasom,
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"ﬁ[ﬂ’sixl G+ Deos ﬂx) (6)

lanee, no cummempuu Hazpy3ku u peakyuu OCHOBAHUA, KACAMEIbHAA K U30CHYMOU OCU 6
MOYKe NPUIONCCHUA CUTbl OOJHCHA UOMU NAPALIETbHO OCU ADCYUCC:

[ﬂf_f] 0
dx gl

Hupgepenyupys (6), notyuaem:

i—ﬂ——ﬁ‘e “lsin @O+ D)+ cos Al — ]

lloocmaenaa 6 amo evipaxcerue & = Uy NPUPABHUBAs Pe3yibmam HYA0, HAX0O0UM.
D—C=0uC=D;
maxkum oOpaszom, ypagHeHust 0yoym:

=60l f+cos ) (7)
Y _ - —2a™FC Fam (8)
adx

llia onpedenenua nocieoneu nocmosinHou C umeem ewje OOHO YPABHCHUE: HAM U3BCCHIHA
geIUHUHA NONEPeyHHOU CUIbl 8 HAYWIe KOOPOUHam.

Paspeszas oaiky cewenuem ¢ mouke O cnpasa om cuivl P u paccmampugas npagyro 4acme
Oalku, 6UOUM, YMO HONEpeHHAs Ccuma 6 3MOM CeYEeHUU pPABHA peakyuu OCHOBAHUA,
oelicmayrowjeu Ha Npagyo NojJ0BUHY OAIKU €O 3HAKOM MUHYC, MAK KAaK peaKyusi HanpaeieHd

86epx (01 npagou NON0BUHBL) U BCA Peakyus OCHO8aHUA pasHa P, 3nHauum, nonepeunaa cuia 6
ceuenuu npu x = () pasna

‘!E'
Qlilex-il == E

Ho, ¢ dpyeou cmoponubl
Efj

Er 24 = 0lx) (9)
he

Takum obpaszom,

oy F
E.S = ——
[.:1‘:!.’ J . p (10)

'y d{;_f

2 3
Bwiuucnsem, noav3zysce (8), ax" g dx

2,
j :—Eﬂﬁe'ﬁ[cc}sﬁ—zm ,ﬁr] (11)
x

‘i"” = MO P cos & (12)
X

Iloocmaenas (12) 6 (10) u npupasrusas x Hy110, notyuaem:

F
I N
4RI = 3, ToArs

Tenepv 3naueHus y u ee npou3B0OHbIX NOTYUAIOM BUO

L i £
EEJ,&E (sin G+ cos &)= - EEJﬁ3

NOKYMEHT NOANWUCAH
i_-fy SNEKTPGHHOW NOJNUCHLIO

Ceptudurar: =2 &[ﬂ)@ﬂEﬁﬁBﬁEﬁﬁ E:E_ 5E BHA E@BE‘EW ]'I:i'
Bnagen EE‘[I_?;{ LlleGayxo Baﬁt ﬂ; lﬁ AnekcaHgpoBHa -4 E,_,F .ﬁ .

J,i':
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2
M[ﬁ)=ﬂfi%=+%g'ﬁ[ms x — sin ﬁ']z%-ﬂl
d'y P _ F
QEI):EJE=_EE ﬂ.Et}SﬁT=—E-;TE

Takum obpazom, HanpaxceHHoe cocmosaHue u oegopmayuu OATIKU HA YAPY2OM OCHOBAHUU

GCeyeno {}HPE@&-’IHR}FHCH H{?Ep_]f'i‘}{’{}ﬁ I H{}Bd)ngHHHEHFH&H "5, FSAGUCAWUM oM COOMHOUWEHUA

JHcecmrocmeu OAIKU U YRPY2020 OCHOBAHUA.

Bonpocw u 3adanusa:

1. Kaknmu ypaBHEHMSIMHU 3aTA€TCA MIOCKOMAPAIIEIFHOE IBMKEHUE?

2. ChopmymupynTe TEOpEMY O MPOEKIUAX CKOPOCTEN ABYX TOYEK IUIOCKOU (PUTYPHI.
3. Kakue cymecTByrOT CrmocoObl 3a1aHus IBUKEHUA TOUKN?

4. Haspare cioydam, KOrga KOPUOJIMCOBO YCKOPEHUE TOUKU PABHO HYIIIO.

5. ADCOMIOTHOE, OTHOCUTEIBHOE, MIEPEHOCHOE NBUKEHUE TOUKU.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IIpakTHueckoe 3aHATHE 15
Tema 15: Pacuer 3aknenok Ha nepepe3pIBAHUE.
[lens: HayuuTh CTyAEHTA PACCUMTHIBATE 3AKJIENKUA HA MEPEPE3BIBAHUE.
3HATh: OCHOBHEIE MOAXONBI K (POPMATH3AIMA W MOJEITUPOBAHUIO IBHIKEHHA W PABHOBECHUA
MaTE€PUAILHBIX TEIT;
MOCTAHOBKY U METOJBI PENIEHUS 34044 O ABMKEHUHM U PABHOBECUM MEXAHUYECKUX CHUCTEM;
KMHEMATHYECKNE XAPAKTEPUCTUKH TOUYKH, TU(P(PEepEeHIINATBHBIE YPABHEHUS IBUKEHUSA TOUKH;
00mme TeopeMEl TMHAMUKH,; TEOPHIO yaapa.
YMETh: BBIYMCIATE CKOPOCTH W YCKOPEHHA TOUYEK W TOUEK TEla IIPH IOCTYHaTEIbHOM,
BPAMIATEABLHOM U IIOCKOM JBUKEHUAX
AxmyanbHocmb memvl OOBACHAECTCA ONPENEICHUEM CKOPOCTH M YCKOPEHMUS TOUYEK 3BEHHEB
MexaHu3Mma ¢ nomoniso MIL[C
Teopemuueckasn uacmeo:

Msel w3ygamm, 94TO OpU IIPOCTOM PACTSKEHUW WU MPOCTOM CKATHM ABE YACTH CTEPIHKHA,
pa3neIeHHEIE HAKIOHHBIM CEYEHHEM, CTPEMATCA HE TOJBKO OTOPBATHCA APYTr OT IPyra, HO U
COABUHYTHECSA OOHA OTHOCHUTEIBLHO APYTroH. PacTakeHuo CONPOTUBIAIOTCS HOPMAIBHEIE, 4 CIBUTY
— KACaTEeNbHBIE HAITPAKECHHUAL.

Ha mpakTuke nensii psag AeTanel U JIEMEHTOB KOHCTPYKIUN padOTaeT B TAKUX YCIOBUAX, YTO
BHEIIHUE CUJIEI CTPEMATCS UX Pa3PyIINTh UMEHHO IIYTEM CIBUIA.

B cooTBeTCTBMM € 3TUM NpPU NPOBEPKE MPOYHOCTH TAKUX SJIEMEHTOB HA HEPBEIM ILJIAH
BEICTYMAIOT KAacarenpHBIE HampsokeHua. [Ipocreimmmvm  nopumepamu TOTOOHBEIX — AETANEH
ABIAIOTCS OONTOBBIE W 3AKJEMOUYHBIE COEOUHEHUA. 3aKJIENKM BO MHOTHX CIy4asx yikKe
BBITECHEHBI CBAPKOW; OJHAKO OHU MMEIOT €MI€ OUYE€Hb OOJIIIOE MPUMEHEHHUE LI COEIMHEHUA
JacTe BCAKOTO pPOAA METALIMYECKUX KOHCTPYKLIMUU: CTpPOIma, (pepM MOCTOB, KPAHOB, IJIA
COEOWHEHUA JTUCTOB B KOTJAaX, Cydax, pe3epyapax u T. m. [[nsa oOpazoBanus 3akJI€mOYHOTO
COeqUHEHMA B O00OMX JMCTAax HOPOCBEPIMBAIT WIM IPOJABIABAIOT OTBEpCTHA. B  HUX
3aKIAIBIBAETCA HATPETHIN A0 KPACHOTO KAJIEHUS CTEPIKEHD' 3aKJIENKN C OJTHOU rOJIOBKOW; APYTOU
KOHEI| 3aKJCIKA PACKICNBIBAECTCA yaapaMyd CIENUAJBHOrO MOJIOTKA WIH JABJICHUEM
TUAPABIMYECKOrO Mpecca (KJICMaJIbHOM MANIMHBL) A1 00pa3zoBaHus BTOPOM ronoBKH. Menkue
3aKIENKH (MAI0T0 TUaMEeTpa — MEHBIIE § MM) CTABATCS B XOJIOTHOM COCTOSTHUH (ABHAI[MIOHHEIE
KOHCTPYKIIUH ).

JInga w3ydenus pabOTBl 3aKIEMOK PACCMOTPUM MPOCTEHIIMH TPUMEP 3aKJIECMOYHOTO
coenunenusa (Puc.l). llects 3aknenok, pacmonoKEHHBIX B ABA PAd, COCOUHAIOT ABA JIMCTA
BHaxuecTKy. [lox neiictBuem cun P 5TH MUCTEI CTPEMATCA COABUHYTLCA OOMH MO APYTOMY, UEMY

IPEMATCTBYIOT 3AKIENKH, HA KOTOPEIE U OyAeT mepenaBaTbCsa JEUCTBUE CHIT ).

Puc.l. PacuerHasg cxema 3aKJIEIOYHOTO COEMMHEHH

JInga TmpoBEpKHM MPOYHOCTH 3AKJIEMOK IPUMEHUM OOmMM MOOPAJOK pPEmeHus 3amad
CONIPOTHUBIICHUS MATEPUATIOB.

Ha kaxxayro 3akienky mepemaroTcs Mo IBE PABHBIEC U MPSAMO HPOTHBOMOJIOKHEIE CHITBI: OHA—

OT ONEpPBOTO JCTA, APYTAsT — OT BTOPOr0. OMBITHEIE NCCIEN0OBAHUA MOKA3BIBAIOT, YTO OJHU U3

3amenﬂgnmmﬁcﬂ Oospmie, apyrue — meHpme. OTHAKO K MOMEHTY Pa3pylIeHUs

Ceprub HEHLTHA MEPFS AR OHIHECIB HA0PABIMIEHEIC 3aKIETKH, 00/I€€ UM MEHEE BBIPABHUBAIOTCH 34 CUET

SnanenY macrHECKUX T HEPOPMATiEta. [TooToMy NPUHATO CUMTATh, 4YTO BCE 3aKJICNKA padoraroT

OOWHAKOBO. TakuMm 00pa3om, mpu »3aKIENKaX B COEAMHEHMH, n300paxeHHoM HA ¢ur. 1, Ha
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¥ 1
KQKIYI0 M3 HUX JEHCTBYIOT MO OBE PABHBIE U MPOTUBOIOJOKHBIE CHIIBI # (Puc.2); st
CUJIBI IMEPENaroTCA Ha 3aKJIENKy IYyTeM HaKUMa COOTBETCTBVIOMIETO JHUCTA HA OOKOBYIO

MONMYIMIMHAPHUECKYIO TTOBEPXHOCTh CTepikHA. Cumbl 41

mIoCcKkocTH mk pazgena 000ux ITUCTOB.

CTPEMATCA MEPEPE3aTh 3AKJICNKY I10

Puc.2. Cunsl, IEHCTBYIONINE HA 3aKJIEMIOUHOE COETUHEHHUE.

JInsg BBIYMCIEHUS HANPAKEHUM, TEHUCTBYIOMIMX MO 3TOM IUIOCKOCTH, PA3deINM MEICIECHHO
3aKIEMOYHBIN CTEpKEHb cedeHuemM mk u oTOpocum HukHIOKO 4dacte (Puc.2). Buyrpennue
yCWINA, MNEPENAONINECs IO HSTOMY CEUEHMI0 OT HHKHEH 4YacTH Ha BEPXHIOW, OyayT

H

yPABHOBEMINBATE CUIY *1T. €. OyAyT OEMCTBOBATH MAPAUIENBHO €M B INTIOCKOCTH CEUYEHUS, U B

CyMME OaayT PaBHOIAEHCTBYIONIYIO, PABHYIO £ | CrenoBarensHo, HANPSKEHUA, BOZHUKAIONINE B
3TOM CEUYEHUM U JEUCTBYIONIME KACATEIbHO K MJIOCKOCTH CEYEHMA, ATO — KAacaTelIbHEIE
HanpspkeHusa t. OOBIUHO NMPUHUMAIOT PABHOMEPHOE PACHPEAECICHHUE OTHUX HAMPSHKEHUU II0
cedeHuio. loraa mpu auamerpe 3aknenku d Ha € TMHUILY MI0MIAAN CEUYeHUs OyAeT MPUXOIUTEC

HAIPSIKECHUE:
K F
L= i = e
—— I}I_
4 4

BemiunHa 1OnyCcKaeMoro KacarelbHOTO HANPAKEHU [T]s , UTH, KaK FEJEEJFHT, NOITYCKAEMOTO

HAIPSKEHUS HA Cpe3, MPUHATO ONMPENEIiTh B BHIE: )= 0.7-08]7I34ag [F] | vpr wamamen

YCIOBHC ITPOYHOCTH 3AKJICTIKH Hd IMCPCPCIBIBAHHUC B TAKOM BHIC.

F F
—_—— = E
= gl

4

T. C. ﬂEﬁCTBHTEﬂEHDE KACATCIIBHOC HAIIPAKCHHE TB MATCPHAJIC 3dKJICITKH JOJIKHO OLITE PaBHO

IOITyCKaeMOMY 7L, st merrsme ero.
13 5T0Or0 yCcioBus MOXKHO OIPEAECIUTE HEOOXOOMMEIM AMAMETP 3aKJIEMOK, €CIM 3a0aThC HX
qUCIOM, © HA000poT. OOBIYHO 3aa10TCA TUAMETPOM 3aKJICITOYHEBIX CTEPKHEU d B COOTBETCTBUH

C TOIMIAHOM t CKJCMBIBAEMEBIX 4acTeH (O0OBIUHO o 5 3) 1 ONMPENEIAT HEOOXOIUMOE UHCIIO
3AKJIETIOK *=:

3HaMeHarens 3TN (POPMYIBl MPEACTABIIET COO0M Ty CHIIY, KOTOPYIO O€30TMACHO MOMKET B3AThH
Ha cedd KaKmasa 3aKJIenkKa.

= B V4S5 4.0 = 10007 ez .
[Tycts %mﬂmmnmcbm’ [T]i 1o “, Torma

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Puc.3. PacueTrnas Monens JEUCTBUA HOPMAIBHBIX HAMIPAKEHUH

[Ipu BeIBOZE (OpMynBl pacdera 3aKJIENKHM HA NOEPEPE3BIBAHME, MOMHUMO OrOBOPEHHBIX,
OTyIIEHA €lle OJHA HETOUHOCTh. JI€0 B TOM, UTO CHJIBI *1€fCTBYIONIME HA 3AKJIENKY, HE
HAIPABJIEHEI IO OJHOM MPAMOM, 4 00pa3yroT mapy. 3ra napa ypaBHOBEUIUBAETCA APYrOH mapou,
oOpazyromiencs U3 Peakinil COCTUMHEHHBIX JHMCTOB HA ronmoBKY 3akiaenku (Puc.3) u Bemer k
MOSABJIEHUIO HOPMAIBHBIX HAMPAKEHUH, NENCTBYIONIMX MO cedeHuio mk.

KpoMe 3TUX HOPMAIBHBIX HAMNPAKEHWM, MO CEUEHHI0 MK OEMCTBYIOT €MIE€ HOPMAIBHBIE
HAIIPsKEHUA, BBI3BAHHBIE TEM, 4YTO IIPH OXJIAXKIECHUU 3aKJICIIOYHBIM CTEPKEHb CTPEMHTCA
COKPATUTh CBOIO AJIHUHY, UEMY MEMIAET YIIOP TOJOBOK 3aKJIEMKU B TMCTHI. ITO 0OCTOATEIHCTBO, C
OIHOI CTOPOHEI, 00ECTIEUNBAET CTATUBAHNE 3AKJIETTKAMHA JIMCTOB M BOBHUKHOBEHHE MEKIY HUMH
CUII TPEHHUA, C APYTOH — BBI3BIBAET 3HAYUTENLHBIE HOPMAJILHBIE HANPSKEHUA MO CEUEHUAM
crepiHA 3aKnenky. OCoOBIX HEMPUATHOCTEN ATH HANIPAKEHUA IPUHECTH HE MOTYT. Ha 3aknenku
UIET CTalb, 00Ianaronias 3HAUUTEIEHON INTACTUYHOCTRIO; MTO3TOMY JAKE €CIM OBl HOPMAJILHEIE
HANPKEHUA JOCTUIIN MPEAEena TEKYy4ECTH, MOKHO OKUOATE HEKOTOPOrO ILIACTHUECKOTO
YIJIMHEHUS CTEPHKHS 3aKJIENKH, YTO BBI30BET JIMNIL YMEHBIIEHUE CUJI TPEHUSA MEKOY TUCTAMU U
OCYIIECTBIECHUE B NEHUCTBUTENBHOCTH TOW CXEMEI padOTBEI 3aKJIENKH HA IEPEPE3BIBAHUE, HA
KOTOPYIO OHAa W paccuureiBaercsa. [losTomy 5TM HOpMAanbHBIE HANPKEHUA PACUETOM HE
YUUTEIBAFOTCA.

Bonpocwet u 3a0anua:

1. Kakoe nBmxeHne TBEPIOrO TEJIA HA3BIBAETCS IUIOCKONAPAJIETIBHEIM

2. Kak mo ypaBHEHUAM JBWKEHHUA IUIOCKOM (PUTypBl HAUTH CKOPOCTH IOMIOCA U YIIOBYIO
CKOPOCTh BpamieHus BOKPYT MOI0ca?

. Kak onpenenurs CkOpoCTh 11000 TOUKH ILUTOCKOH (PUTYPHI?

4. Yto HA3BIBAETCA MTHOBEHHBIM IEHTPOM CKOPOCTEM MAOCKOM (UTYpPEI M KAaK HAWUTH

nonoxenne MLIC B pazmmuneix cnydasx?
5. ChopmymupyiTe Teopemy 00 YCKOPEHUAX TOUEK TIOCKOU (PUTYPEL.

s

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IlpakTHueckoe 3ansaTHe 16
Tema 16: Pacuersr Ha pOYHOCTE MTPHU U3TMOE MO HOPMAJIbHBEIM HATIPSAKEHU SIM
[lens: HAyIUTE ONMPENENATE CKOPOCTH U YCKOPEHUS TOUEK MIIOCKOH (DUTYPEI
3HaTh: IU((PEPEHITHATEHBIX YPABHEHUN JBUKEHUA TOUKH;

KMHEMATHYECKNE XAPAKTEPUCTUKH TOUKH, TU(P(PEePEHIINANTEHBIE YPABHEHHA IBUKECHHA TOUKU;
YMETh: BBIYMCIATE CKOPOCTH W YCKOPEHHSA TOYEK M TOUEK TEla IIPU HOCTYIATEIbHOM,

BPaNIaTEIbHOM M MJI0CKOM IBHKEHHAX
AxmyanbHocmb memvl OOBACHAETCA ONMPENEIICHHEM CKOPOCTENM U YCKOPEHMH TOYEK (PUTypEHI B

JI0OCKOCTH.
Teopemuueckas yacmo:

Crkopocmu mouex npu R10CKOM OBUNCCHUU
Jlna omnpeneneHus CKOpPOCTEM NPH IUIOCKONMAPAUIENBHOM JBUKEHHHM HCIIOJIB3YIOTCA:

gopmyna pacnpedenenusn cKopocmeii, meopema 0 NPOCKUUAX U NOHAMUE MHOBCHHO20
uenmpa ckopocmeu (ML C).

a) Dopmyna pacnpedenenus ckopocmeil

Puc. 2.25. K eb1600y ghopmynst pacnpeoeienus ckopocmeii

13 puc. 2.25 BUOHO, UTO MOJIOKEHHUE IPOU3BOIBHOM TOYKH B mimockon (uryper S B
KQXKIBI MOMEHT BPEMEHH OMPEACIIACTCS CAECAYIONIUM BEKTOPHEIM PaBEHCTBOM:
Fon=F,+TF
L

'p BA

[Tponudpepenpyem nanHO€E BEIPAKEHUE IO BPEMEHHT

- dry,

dr
cornacHo (popmyne Junepa (2.38)

dr

dB =D XTp,.

[

O0o3nagas W X _*B 4 = V gy nonyuaen hopmyty pacnpeoenerue cKkopocmeu:
V=V, +Vg. V., =0 AB, Vy, 4B (2.41)

Cormacuo (41), ckepocms npouseonvnou mouku B nnockoii ¢puzypet pasna ceomempuueckoi

—

CyMMe CKopocmiu RO ca V A U CKopocmu épauienus mouku B eoxpyz nonioca - VB A

AOKYMEHT MNOANMCAH
i 2, Teo P’&éﬁi’ﬁ)b‘ POCKIUAX NPU TH0OOM OBUIICCHUU MEEPOO20 MeIa NPOCKYUU CKOpocm el
LepTtigukar: _ LU00000S OABBBA952205 3/

L H00bLX:. d&yx €20, mOeYUeK Ha NPAMYIo, COCOUHAIOUYI0 IMU MOYKU, PAGHBI Medcdy Codoul(puc.
2.26).
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Puc. 2.26. K meopeme o npoexyusx

CopoenupyeM Ha OCh X, IpoXoaAnIyto uepes Touku 4 u B popmyny (2.41). Tak kak VB A LAB,

OJIy4aem
V, cosa=V, cosp,

4TO U TPEOOBAIOCH TOKA3ATh.

6) Hcnoav3oeanue nonamus MCHOBCHHO20 WEHMPA CKOpoCcmell.

Onpeoenentie:McHo6eHHOIM enmpom ckopocmen (ML C) nazvieaemca mouka niocKou
¢uzypel, ckopocmov Komopoii ¢ OaHHblii MoMeHnm épemenu paena Hyiio. MIC npunamo
odo3nauams oykeoi P.

[Tokaxem, 9TO ecnu 1oOcKas (pUurypa HE OBUKETCS MOCTYIIATEIBHO, TO Takas TOYKA
CYIIECTBYET B KAXKOBIML MOMEHT BpeMeHHU. [[JIT 3TOr0 BOCCTAHOBUM  MEPHEHAMKYIAPHL K
CKOPOCTAM ABYX IMPOU3BOJIBHBEIX TOUEK A W B M HalgeMm TOUKy UX nepecedenus (puc. 2.27).

Puc. 2.28. OcnosHnou ciyuau onpedenenus noioxcenus M.1J.C.

[Tokaxem, 4TO CKOpPOCTE TOUKM PpaBHa HYIIO U, CIEIOBATEIBHO, 3Td TOYKA MO ONPENEICHUIO
ABJIAIETCS MTHOBEHHEIM LIEHTPOM CKopocTeit. CormacHo (2.41) umeem

Vo=V, +V,.. V=V, +V,,

—

[TockOomEKY BEKTOPEI V u V p HEPICHIUKYTAPHEI OTPE3KaM AP u BP o mocrpoeHuro, a

—

BCKTOPDEI V H V [MEPICHIWMKVIAPHEI 5THM OTPC3KdAM ITO OIIPCOCICHHUK, BCKTO V
Y A

TOJIKEH GLITL D,II,'HDBPEMEHH'D NEPIEHAUKYLIPEH O000MM OTpe3KaM, 4TO HEBO3MOKHO, €CIHU

TOJIBEKO OH HE PABCH HVYJIHD.
AOKYMEHT NOQMUCAH

AFERT BRATECB® MTOIIOC TOUK TO OJ1s1 TOUEK A u MY 3QMUIIETCS B
Ecmrire @ ITOJTIOC TOUKY P, TO ouek A u B popmyna (2.41) 3a eTC
CepTi 1-B-Ptﬂeél 0000043 I:"lf-.l':n“" BO52205ET7TBASDOOE0000043E

Bnanene 203V X0EBd ITbAHA AneKkcaHapoBHa
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V,=V,+V,,. Vo=V, +V,,.

VauTeIBasg, 4To VP =(). moxygaem: V

A=£HAP, VB=(D BP v
VA/AP=VB/BP=.@. (2.42)

13 (2.42) cnenyer, 9TO CKOPOCTH TOYEK IUIOCKON (PUTYPHI MPOTOPHMOHATBHEL UX PACCTOSHUAM
OT MTHOBEHHOTO IIEHTPA CKOPOCTEH W IBUIKEHUE ILIOCKON (PUTYPBI MOKHO pacCMaTpUBATE Kak
BPANIEHUE BOKPYT MEHSIOMIET0 CBOE MOI0KEHUE MTHOBEHHOTO IIEHTPa CKOpOCTeH. MTrHOBEHHYIO
YTIOBYIO CKOPOCTH ATOTO BPAMIEHWS MOKHO HAWTH, MOJIEINB CKOPOCTH A000M TOYKM HA €€
paccTossHUe OT MIHOBEHHOTO IIEHTpa CKOpocTed. Kpome OCHOBHOTO Ciiydas HaxO0XKIECHUA

nmonoxeHuaM/[[C, pacCMOTPEHHOTO BBILIE, NPH PENIEHWH 3a7ad BCTPEYAIOTCA CIIEOYIONINE
BAPUAHTEL:

Ecau uzgecmuvi ckopocmsb Kakou-mwoo mouku A u mMeHO-
BE€HHAS Y2N06dsl CKOPOCHb Mo paccmosiHue om 3mou MmouKu

00 MCHOBeHH020 yenmpa ckopocmeu P paeno AP = V £

[Ipu nocmpoenuu npamottl yeon omrnaobiéaemcs om 6ekmopa

/=3 Je 7 Cuoyuaii menoeenmo-
N -nOCMYnamenbHo20 06uU-

=
A - orcenusi. Ckopocmu ecex

moyex mena pasHvl NO
genUyUHe U Nno HANpas-

nenuio, F=EMI]C Ha-

xooumes 8 O eckoHeuHoc-
mi.

[Ipu xauenuu mena no HenOOBUNICHOU NOBEPX-
~ _ Hocmu, MZHOBeHHblU Yenmp ckopocmel P Haxoou-
1105 6 mouxe xacanus mo mena ¢ nenodeuxcroii
NOBEPXHOCMbIO, M.K. OMCYMCMEUe NpoCKalb3bl8ad-
J& T 1us osnavaem pagencmeo cxopocmeli conpuxaca-
FOUUXCSL MOYEK.

Puc. 2.28. Hacmmuoie cayuau onpeoenenun nonoxycenua MI[C
OOKYMEHT NOANWCAH

SNEKTPOHHOW NOAMNUCHLIO
;ﬂﬂ'-“-i:-‘*“'- LEYER&?@H%E}H#@‘EEH&MEIMM osurcenuu. Qopmyna pacnpedeneHusn yCKopeHuu.
rNnajerei HAYNOBED 1dTeHHA ANEeKCaHpDQBRHS s
o JI1ia BRIBOIA JAHHOM (POPMYIIEI pacIpeneneHus YCKOPEHuit 3amumeM Bripaxkenue (2.41) B
BH/IE:

A . A A0 0T . 40 A0 NN
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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VB=VA+a)xrAB

1, 0poau(pPepEHIMPOBAB ETO MO0 BPEMEHH, ITOTYIUM:

_.dfg; _dr

WB=WA d XFBA-l-wx dBA’

[ [

o &,
Vuurteisas, uro ——— = &, a mo Qopmyie Ditnepa =WXTIp,, nveem:

dt dt

W W +3><r +a)x(a)xrBA)

Brexem cnenyronine 0003HAUEHUS:

178
Bektopsr Wﬁi 151 Wg 4 HA3BIBAIOT BPANIATETLHBIM M IEHTPOCTPEMUTETLHBIM YCKOPEHHEM

TOYKH BB €€ OTHOCUTEIEHOM BPAIIEHUH BOKPYT IOJI0ca A.

X7 6
[To onpeneneHuto BEKTOPHOTO IMPOU3BEICHUSA BEKTOP WBE MCPOCHIUKYIAPEH OTPE3KY

AB, ne)nuT B MIOCKOCTH OBUKEHUA, 4 €r0 MOAVJb PABEH & - AB . tak xak rgs = AB . Ilo
(opmyne o IBOMHOTO BEKTOPHOTO MPOU3BEIECHUA

Gx(bx¢)=b(a-¢)—c(a-b),
nonymaen W, =@( -7 A)—rA(a) ‘&)=-0"F,, =—0° AB.

MOCKOMBKY ( - rBA )= @w AB cos 90 =(). Taxum 00pa3zom, BEKTOP WEA HAMpaBJIEH

BIOJIE OTpe3Ka 4B ot Touku B k Touke A (cM. puc. 2.29), a ero MOayJb paBeH &}ZAB :

Puc. 2.29. Hnmocmpauus ghopmynnl pacnpeoeieHus yCKoOpeHui
AOKYMEHT MNOANMCAH

ANEKTPOHHOW NMOANMChIO
OI{GH}IﬁIIfT‘Wﬂ;O tfl [y facnpeﬂe,gEHpm YCKOPEHUI MOJKHO 3aMicaTh B BUJE:
Bnagene |lLlebayxoBa TaTbAHa AnekcaHap
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Wfﬂﬁ+ﬁﬂ+w@ (2.43)

sroropoii WY =—w AB.WT =£AB.

Gopmyity (2.43) mHOTr 1A UCTIONB3YIOT B BUE WB - WA + WBA (2.43%)

- - - g
T BEKTOP WBA = WEA + ng HATIPABJICH MO YoM ) = arctg( —2) K OTPE3KY
0,

AB v paBeH 10 MOIYIIIO WBA = AB\/£2 + w? .

Ilpumep 1. Hantu yckopeHue TOUkH B, yrimoBoe yCkopeHue maryHa AB W yrimosoe
yckopeHne kpuBomumna BC UETBIPEX3BEHHOT0 MEXAHW3MA B ITOJIOKEHWM, YKA3aHHOM HA pHC.
2.29. Kpuommm OA Bpamaercs paBHOMEPHO C YITIOBOIH CKOPOCTBIO @y = 5 ¢, ITMHA MATYHA
AB pasna 0,8 m.

Puc. 2.29. Ilpumep ucnonvszosanuisn popmynst pacnpeoeieHus yCKOPeHU

Pewenue. Onpenenim CKOPOCTE M YCKOPEHUE TOYKUA A, KOTOPYIO 3aTE€M BEIOEPEM B KAUECTBE
MOJTIOCA:

Vi= wy 04 =2 m/c. Wy= & 0A =10 m/cex”.

Tak kak M.I].C. 3BeHa AB nmaxomutca B OeckoHeuHoCcTH (Mum mapayuieneH Mwm), @up = 0.
YckopeHue TO4YkM B, Kak TOUKH, NMPUHAANEKANIEH 3BEHY AB, mo (opmylie pacnpenencHust
YCKOPEHUM PABHO:

U — Y VP — T i/ 6P y o 2 _
WB _WA+WBA+WBA _WA+WBA’ TaK KaK WBA —@ABAB—O.

C npyrol CTOPOHBI, YCKOPEHHME TOUKM B , Kak TOUYKU IpuHaanexkamen 3Beny BC wu
Bpamiaroniencs BOKPYr TOoukn C, MOKHO IPEICTABUTL B BHJIE CyMMY €€ KacaTelIbHOTO U
HOPMAJIBEHOTO YCKOPEHUM:

OOKYMEHT NoarmmcCAH 2
SNEKTPOHHOW Noanuvceo .
Ceptudigay 2C00]GP: i:'D’IAE—;PBWEIGEFE.&.:T«:):}:)iwllllllwlif-E —_ B _5 M
E.'|-:'I,'|,'-.;."'-.WB|_EC3:.' .B,_zau:hn ) II'Bf]r;bm”Eﬂe BN - BC - 2 WBT — EBCBC .
C
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[TpupaBHuBas mpaBeie YACTH BEIPAKEHUH JJIA W, MOTydaEM:

—

1/ 1740 __ 1/ ,
W, +Wo =W, +W, . )

[Tpoexktupys (*) na Hanmpasaenusa orpe3xkoB BC u ABumeeM :

WBn = WA — WBA COSS’OO,—WBH cos60° — WBT cos30Y = _WA cos 30

W, -W 1A ao
OTKyaa ng =4 g'ﬂ =5’78%’8AB BA —722p2
cos 30 C AB C
_ 0 _ M W paa
W T_(WA_WBH )rg30 —2,896—2$ Epc BC _3 6] —— CZ

Wy = W2, +W2 = >

4. Mzuosennviii uenmp ycxkopenui (M.I.Y)

MrHOBEHHBIM IEHTPOM YCKOPEHWM HA3BIBAETCA TOUKA IUIOCKOM (DUTYPBI, YCKOPEHUE

KOTOPOHU B JAHHEIM MOMEHT BpEMEHU paBHO Hymo. M.[[. V npunsaro obo3znagars OykBoir ().
[Tokaxem, uro ecmm mmockas urypa (puc. 2.30) He ABMKETCA MOCTYMATENBHO, TO TaKas

TOUKA CYNIECTBYET B KaKIObII1 MOMEHT BPEMEHHM M €€ IOJIOKEHHUE JIETKO ONPENEIUTH (3Had

YCKOPEHUE KAKON-TTNO0 TOYKHU 14 A W BETHYMHEL (O £) cnemyrommM o0pasom:

&
W13 BEIPAKCHHUA Ig 4 o OHPCICTAM yTOI
)

Puc. 2.30. K onpedenenuio nonosceHus MCHOBCHHO20 WeHMPA YCKOPECHU

OT TOYKHU A MO YIJIIOM ¥ K BEKTOPY |14 A TIPOBENIEM OTPE30K AQ. Ilpu stom orpeszok AQ

OOJKEH OBITH OTKJIOHEH OT BEKTOPA YCKOPEHHWS B CTOPOHY HANMPABICHHSA YIIOBOTO YCKOPEHUA

¢. Jlmina orpeska AQ onpenensercs paBEHCTBOM:
NOKYMEHT MOAMMCAH
QMEKTPOHHOM IUTMCHI0

Ltuh ’“ggau[t4 5000004 3E

E 1afer '-.AQ_|_" Tl- ﬁil (2*44)
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Hainennas takum oOpazom touka () u Oymer ABIATHECA MTHOBEHHBIM IIEHTPOM YCKOPEHHUM.
JlencTBUTENBEHO, IO (POPMYIIE pACTIPENETIEHU YCKOPEHUH, HMEEM

. ~ 2, 4
WQ=WA+WQ ,rﬂeWQA—AQ\/E + @ .

[Toncraenasa croma AQ wu3 (2.44), maxogum, uto Wps = W4  Kpome toro, Bektop WQA

OOJKEH 00pa30BBIBATE C IMHUEH A(Q yroan ¥y W, CIE€I0BATEIBHO, BEKTOP WQ 4 Tapaiesnen

—_—

14

A » HO HAMPABJIEH B MPOTHBOMOIOKHYIO CTOPOHY. [Tosromy

—

Woa

IpOn3BOILHON TOUukH M, cornacHo (2.43) Oyner paBHO:

=-W 4 | 0 =(. Ecm TENEPh 34 MOOC BBIOPATH TOUKY (), TO YCKOPEHHE

U — v — W _ \/ 2, .4
Cne1oBaTensHO, YCKOPEHUA TOUEK MJIOCKOM (PUTYPEI ONIPEAECIIAIOTCA B KAXKABIM JAHHBIM MOMEHT
BPEMEHHM TAK, KAK €CIU OBl IBUKEHUE MIO0CKON (PUTYpEI OBUTO BpAnIeHUEM BOKPYT MTHOBEHHOT O

nenrpa yckopenunt Q(puc. 2.31). Ilpu sToM yCKOpeHMA TOUYEK MJIOCKOM (PUryper OymyT
IPOMOPIHOHAIBHEI UX paccTosHuAM o1 M.I[ Y.

M Ma W W 7 ie?
MQ AQ BQ CQ

Puc. 2.31. Onpeoenenue yckopenuit ¢ nomouqvio M.IL.Y.

Ipumep 2. Pasnocmopounuu mpeyeonvHuk ABC dsucemces 6 nnockocmu uepmedica. Yckopenus
sepuiun A u B paenbl 6 OdauHbl Momenm epemeru 10

A 4 em/c” u HanpagieHbl HnO CHMOPOHAM MpPeyolbHUKA.
Onpedenums  yckopenue  mpemveu  gepuiunbl  C

_ mpey201bHUKA.
&> Pewenue. Onpederum yckopeHue mouku C UCnoiv3ys

NOHAMUE M2CHOBEHHO2O YeHmpa VcKkopeHuu. [
@ ONpeoeieHUsl €20 NONONCEHUS HEOOXOOUMO 3HAMb V2Ol
__C & medxcoy sekmopom Lnmr u ompesxom AB. (cm. puc 2.30).
Oueguono, umo 6 Hauiem ciydae 3mom y20.1 pageH 3()°.
llonoocenue mecHoBeHHO20 Yyewmpa ycekopernuu — Q

onpedenum Kak MOYKY nepeceqeHuss 06yVX MNpAMBbIX,

-
[
Ceptudmkar: 2C00L gl F :r _I)I)Iﬁ:):):}l}'-:.:-E HPGEE(}EHHE}II Hﬂ@ y&:_‘:',-'?{}.;']«i }/}{' HEHFHDP{I-H H_U_I U HHL Tﬂf{

Bnapneneu

pn—— = - ™ a1 T L 4 O )
ICTRBUTENEH: C 19.08. 202 no 19.08_ 201

KaK pAaccmosHUs GepuiuH mpeyeoibHuka om mouku
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oounakoewl, Ib=16 cw/c’. Hanpagienue 3mozo 6eKmopa noka3aHo Ha PUCYHKE.

Bonpocwet u 3adanun:

Kakoe gBukeHune TBepIoro Tena Ha3pBAETCS TIOCKOMAaPALIeTIBHBIM?

Kak mo ypaBHEHMAM ABWIKEHUS IUIOCKOW (PUTYpPBI HAWTH CKOPOCTH MOJIOCA W YIJIOBYIO
CKOPOCTBH BpANIEHU BOKPYT MMOJI0Cca?

1.
2.

n = W

Bnaneneu:

1.

CepTudukar:

. Kak onpenenurs CkOpoCTh 11000 TOUKH ILUTOCKOH (PUTYPHI?
. ADCOmI0THOE, OTHOCUTEIBEHOE, IEPEHOCHOE JBUKEHHUE TOUKH.
. Cpopmympyiite TeopeMy 00 YCKOPEHUAX TOYEK IUIOCKOM (PUTYPHI.

Cnucok JTHTEpaTyphl
IlepeyeHs OCHOBHOM JINTEPATYPbI
Mexenxui, I'.JI. Texumueckas wmexanmmka / [ J[. Mexeuxun, I'.I'. 3arpeOum,
H.H. Pemernuk. — 5-e u3n. — Mocksa : M3garenscko-roproras koprnopanus «/lamkos u
K®», 2015. — 432 c. : un. — Pexxum pocryna: mo moamucke. — URL: . — bubmiorp. B kH. —
ISBN 978-5-394-02628-7. — TekcT : 51E€KTPOHHEIH.
ITepeyeHs TOMOTHHTEILHOM JIHTEPATYPHI:
Texunueckaa mexannka / H.A. Kocrenko, C.B. bamacaukosa, HO.D. Bomomanosckas un
ap. ; pen. H.A. Kocrenko. — Mocksa :/lupexkr-Memua, 2014. — 485 c. : puc., tabm. —
PemHM OOCTYIIA: o [TOIITACKE.
URL: http://biblioclub.ru/index.php?page=book&i1d=226084 . — bubnuorp. B kH. — ISBN
078-5-4458-6217-8. — Tekcr : 3IEKTPOHHEIIA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

2C0000043E9ABBBO952205E7BAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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MUWHHNCTEPCTBO HAYKHU U BBICHIET'O OFPA30BAHIM S POCCUNMCKOM ®EJIEPALINN
GOEIEPAJIBHOE N'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJIEHUE BBICIHET'O OBPA3OBAHUA
«CEBEPO-KABKA3CKWUI ®EJIEPAJIBHBIN YHUBEPCUTET»

[Iaturopckuit unctutyt (punuan) CKOY

MeToanuecKue YKa3aHUS

00 OPraHU3alMH U MPOBEIEHUIO0 CAMOCTOATEIEHON padOTH
mo quciIummHe «MexXanuka (TeXHHYeCKasl MeXaHHKA)»
7 CTYISHTOB HAMIPABJICHUS IO OTOBKH

08.03.01 CTpouTe/iLCTBO

[Taturopck, 2023

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



Coaep:xkaHue

| 33: 151 (=2 £ 1% (=TSRSS UPRUTRTN
1.00m1as xapakTepuCcTUKa CAMOCTOSTETEHOM PAOOTEI CTYIEHTA ...veevevevveeeesiriererserneveaeeesereeseessssees
2. ITnan - rpaduK BEIMOTHEHUS CAMOCTOATETBHOM PADOTEL ...vuvvvvieeeriiierieesrieieesrebeeseersnneesensssneseenas
3.Meromuueckre peKOMEHIAINH 10 N3YUEHHUIO TEOPETHUECKOTO MATEPHATIA veeevieenreenraeneaeieeeneesns

3.1. Buo camocmosimenbHol pabompl. cAMOCMOAMETbHOE U3YUCHUE TUMEPAMYDBL ........vvvve ...

3.2. Buo camocmoamenvHou pabomvl: N0OO20MOBKA K NPAKMUUECKUM 3AHAMMUAM . .c.ceeeveveererueeenn.

4. ME‘TU,I[HLIECI{HE 2 1 B PP

MHMCOK PCKOMCHIOVCMOM JTHTCPATVYPEBL tuvttetiitiiitiiitrietiirstssstsssississsssssrssssrsssrsssrsssrssssssssssissssssssssssssss

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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BBenenue

Meromuueckne ykazaHus W 3a0aHUS OJA BBIMOJHEHUS CAMOCTOATEIBHOU pPadOTHI
crymeHTamMu o auciumuinHe «Mexannka (TeXHWYecKas MEXaHWKa)» 110 HANpaBIECHUIO
noaroroBku Oakamaspos: 08.03.01 Crpouremscrso.

Meroanueckoe mocobue COAEPKUT BECh HEOOXOOUMBIM MATEPUANT OJIS BBIITOJIHEHUS
CaMOCTOATENBHON PAa00TEI MO qucHUILMHE «Mexannka (TeEXHUIeCKas MEXAHNKA ).

B manHOM METOAMYECKOM IMOCOOMU MPUBEIEHBI TEMBI U BOTIPOCH IS CAMOCTOSTEIHHOTO
U3YUEHUSA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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1.001mas XapakTepHCTHKA CAMOCTOATEILHOH padoThI CTY/IeHTA

CamocroarensHas pabora — 5T0 BUA y4eOHOM NEATEIBHOCTH, BBIMOMHIEMBIN YYAOIUMCS
0€3 HEnmOCpPEeNCTBEHHOrO KOHTAKTa C MPENOIABATEIEM WIH YIPABIAEMEBIA ITPENONABATEIEM
OMOCPENOBAHO YEPE3 CIIENHAILHBEIE YUCOHBIE MATEPHANEl; HEOTBEMIEMOE O0A3aTEIIBEHOE 3BEHO
mpouecca 00ydeHns, TPeTyCMaTPUBAIONIEE MPEKIE BCETO MHAUBUAYAIBHYIO padOTy yuammxcs
B COOTBETCTBUH C YCTAHOBKOM MPEMOAABATENA WM yIeOHUKA, TPOTrPAMMEI 00yJEHMA.

Ha coBpemMeHHOM »5Tame CcamMOCTOATENbHYH paldOTy CTyIEeHTa CHenyeT pa3fgeiTh Ha
pabory ¢ OyMaKHBIMHM WCTOYHMKAMH wuWHPOpManmum, T.€. ydeOHMKAMH, METOIUUECKUMH
n0COOMAMM, MOHOTPAPUAMH, KYPHAIAMHU U T.[. U 3JIEKTPOHHBIMA MCTOYHUKAMH WH(OPMAINH,
T.€. JOCTYH K 3IEKTPOHHEIM pecypcam uepe3 Unrepner.

CeromHa CaMOCTOATENBbHYIO padOTy CTyOeHTa HEBO3MOMKHO IMPEICTABUTH  0e€3
HCIIOJIB30BAHUA uH(popMarmonHon certu — HMurtepuer. HeoOxommmocTs wMCIOnb30BaHUA
Murepnera BO3HMKAET HE TOJIBKO NPU NOATOTOBKE K MPAKTHUYECKUM M CEMHUHAPCKUM 3aHATHAM,
HO, B OOJBIIEH CTENEHN, MPU HAMMCAHUW PA3IMYHBIX MCCIEAOBATENLCKUX U TBOPYECKUX PadoT.
MHuorue coBpeMeHHBIE MOHOTpA(p UM, MTEPHUOTUIECKUE KYPHATEI U3TAHEI TOJIBKO B SIIEKTPOHHOM
BHUJIE U C HUMH MOKHO TTO3HAKOMUTECA TOJIBKO B MHTEpHETE.

Ienn H 3a7a4H caMOCTOATEIbHOH padorTbl: (OpMUPOBAHME CIIOCOOHOCTEM K
CaMOCTOATEIEHOMY MO3HAHUIO U 00yYE€HUIO0, IOMCKY JIUTEPATYPEL, 00001n1eHNI0, 0(hOPMICHHIO U
MPEOCTABICHUIO MOJYYECHHBIX PE3YyIbTATOB, UX KPUTHUECKOMY AaHAIM3y, MOMCKY HOBBIX H
HEOPOUHAPHBEIX PEIIEHUM, APTYMEHTUPOBAHHOMY OTCTAMBAHUIO CBOMX IPEAT0KEHWUM, YMEHUH
MOATOTOBKHU BEICTYIIJIEHUH W BEIEHUS OUCKYCCHIL.

KoMmnereHIHuHu ﬂﬁ}"lﬂlﬂll[EI‘ﬂEH, [l)ﬂpMHp}'EMhIE B pe3y.ibTarte OCBOCHHHA THCHHILTHHbI

Hanmenosanue komrer CHIIHMH

Kox, popmymipoBka Kon, popMmynuposka nHaukaropa | IlmaampyeMele pesyibTaThl 00yd4eHHUS
KOMIIETCHIIHH 10 JUCITHIUTHHE (MOJIVIIIO),
XapaKTepH3YIOIINe STaIlbl
(popMHPOBAHUA KOMIIETEHIIHH,
HHIUKATOPOB
OIIK-1 Coocoben N1-1omnk-1 CoocoOHOCTE Tpeodpa3oBaTh
pemars 3anaumn [Tpumenser maremaTnuecKuu CHUCTEMBI CHJI B SKBUBAIEHTHBIE
npo(pecCnoOHATBEHOM ammapar aH AJIMTUIECKON CUCTEMBI U YCTAHOBJIIEHUE YCIOBUU
IeATeILHOCTH Ha r€OMETPHUH, TMHEWHOH anreOpsl, PaBHOBECH S CUCTEM CHIL.
OCHOBE mi(pepeHIInaTEHOTO U
HCITOJIb30BAHUA MHTETPATBHOTO UCYUCIEHUA
TEOPETUIECKUX U (yHKIMU O THOHU NEPEMEHHOM.
npakTu4eCcKuXx 0CHOB | MI1-20mk ['oTOoBHOCTE MCCIIETOBATE
€CTECTBEHHBIX U [Tpumenser maremaTuaeCKui r€OMETPHUECKHE CBOUCTBA
TEXHUYECKUX HAYK, & | ammapar TeopuH () yHKIINN OBWKEHUA TeI. ['0TOBHOCTE
TAKKE HECKOJIbKUX MTEPEMEHHBIX, OOPENEnATs MPUIOKEHHEIE K TENY
MaTEMaTHIECKOTO TEOPHUU (PYHKIIUN KOMIUIEKCHOTO | (MJIM MEXaHUYECKOU CHUCTEME)
ammapara MEPEMEHHOTO, TEOPUU PAIOB, CUJIBI ITO 3aJTAHHOMY JBUKECHHIO.
Teopun au(phepeHIaTbHBIX
yPaBHECHUI.
N-3omk-1
[Tpumenser maremaTuaecKui
En%%ﬁggﬁu&ﬁ%mjﬂgggapm T€O pHHUBEpDHTHDCTEﬁ Hu
Ceprufpukar:  2C0000043E9AB8BI52205E 18 AMBdEMEIMIICCKON CTATHCTHKH.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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NJ1-4ork-1

[Tpumensaer MmaTeMaTnIeCKUM
anmapaTr YUCICHHBIX METOI0B.
NJ1-Somx-1

JlemoHCTpUpYET MOHUMAHUE
(pU3UIECKUX ABIECHUH U YMEET
NPUMEHATE (PU3NIECKUE 3AK OHEI
MEXAHUKH, MOJIEKYIIAPHOMN
(pH3UKM, TEPMOIUHAMHUKH,
SNIEKTPUYECTBA M MATHETH3MA JJIA
pPEIEHUA TUITOBBIX 3a1a4.
N/1-60rk -1

JleMOHCTpUpYET 3HAHUE
5JIEMEHTAPHEIX OCHOB ONTHKHU,
KBAHTOBOM MEXAHUKHU U aTOMHOM
(pr3nKM.

N1-Tomk-1

JlemoHCTpUpYET MOHUMAHNUE
XUMHYECKUX MPOIECCOB.

2. I1i1aH - rpadHK BINOJTHEHHS CAMOCTOATE/ILHO padoThl

CpencrBa n O0BeM gacoB, B TOM HHCJIE
Konapr TEXHOJIOTHUH CPC KoHTakTH Bcero
peam3yeMbIX Bun neAarensHOCTH OLIEHKHU as pabora
KOMITETEHI[HH, CTyAEHTOB C
WHIUKATOpa(oB) MpernoaaBa
TeIeM
4 cemectp
OIIK-1 Camocrostenpruoe | Cobecemosanne| 12,15 1,35 13.5
%{[131 I?,[{f ;H,[[-5~ U3YUCHUE JINTEPATYPEI
HI[—GE HI[-T:J " o Temam Ne 1-16
OIIK-1 [ToaroroBka k Otuér 12,15 1.35 13.5
(MA-1; NJ1-2; MPAKTHUUECKUM (MM CBMEHHBIN)
A3, W14 HJ-5: 3AHATUSAM
WJT-6; U]T-7)
OIIK-1 Hamicanue PI'P PI'P 12,15 1.35 13.5
(M-1; 1JI-2;
UI-3; UO-4; U]T-5;
WJ-6; U1-7)
Hroro 3a 4 cemectp 36.45 4.05 40.5
Utoro | 36,45 4.05 40.5

3.MeTouueckue peKOMEeHJAIAH 10 H3YYEHHI0 TEOPEeTHYECKOI0 MaTepHaJia

3.1. Buo camocmoamenvHol padomsl: CamoCmoame1bHoe UsyueHue JTumepamypol
Maygare  yueOnyro  mucimmmmHay  «Mexanumka  (TeXHHYeCKasi MeXaHHKA)»
PEKOMEHIYETCA 10 TeMaM, MPEABAPUTEIRHO 03HAKOMUBIIMCE C COIEPKAHUEM KAKI0M U3 HUX B
mporpamMme IUCHMIUIMHEL. [Ipu TeopernueckoM M3YyUEHUM OUCIUILUTUHBL CTYOEHT OJLKEH

MOIB30BATHCS CDDTBE‘TCTBI_?’TD]]_IEITI mureparypoi. [IpumepHsiil nepeduens muTepaTypsl OPUBENEH B
., _JOKYMEHT NOANMCA
paboue PPAREM©loanvchio

CepTudmkar: ?C;ﬂ%ﬁ@é?ﬁ@%ﬁw.ﬁﬁﬁ?@ﬂmm y4eOHOr0 Marepuaia CTyOEHTAM YUTAIOTCS JIEKIIUM IT0
|laba

Bnaneneu; xoBa TaTeaHa AnekcaHapoBH

BAKHCHIIITM pazaenam TemMam yaeOHOM OUCHUAIUIMHBL. Ha JeKIsax M3mararoTcsa W JETAITBEHO
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paccMaTpUBAIOTCA  Haubomee BaKHBIE BOMPOCEL, COCTABJIAIONIME  TEOPETHUYECKHMM U
OPAKTHIECKUN (PYHOAAMEHT AUCIIUILUIUHEL.

Hmoczoewtit npodykm: KoHcnekm J1eKyui

Cpeocmea u mexnonozuu oyenku: Cobecedosaniie

Kpumepuu ouyenuganun: OueHka «OTIWYHO» BBICTABIETCA CTYIECHTY, €CIA B ITOJTHOM
00BEME M3YUEH KypPC JAaHHOM TUCIUILUIMHEI 1 BEIITOJTHEHEI MPAKTHYECKUE 3aTaHUs

Onenka «XOpOIIO» BBICTABIAAETCSA CTYAEHTY, €CIM OOCTATOYHO IMOJHO M3YU4EH KypC
OAHHOM OUCIIUILIMHEI U BBITTOJIHEHBI NPAKTHIECKUE 3a1aHusA

Onenka «yIOBIETBOPUTEILHO» BBICTABIACTCA CTYAEHTY, HEQOCTATOUHO €CJIA ITOJHO
M3Yy4EH KYPC JAHHOM AUCIHUIUIMHEL U BEIITOJTHEHBI NPAKTUUECKHE 3aTaHUA

O1neHka «HEyIOBIETBOPUTEILHOY» BBICTABIAETCSA CTYIEHTY, €CIM OTCYTCTBYIOT 3HAHUS U
MPAKTUYECKHE HABBIKY MO JAHHOHW JUCLMITIMHE.

TeMbI 17181 CAMOCTOATE/ILHOI0 H3YYCHHUA:
Tema 1. OnpeneneHne KHHEMATUYECKUX XAPAKTEPHUCTHUK TOUKH.
Tewma 2. [TnockomapannensHOE IBUKEHUE TBEPIOTO TEIA.
Tewma 3. Llenrpamsnoe pacTaxkeHue u cxxaTue
Tema 4. Onpenenenne BHyTPEHHUX yCWIHH, OOpeaeneHne neopmManmil 1 mepeMEnIeHnH.
Tema 5. CoBur (cpe3)
Tema 6. Pacuers! Ha MPOYHOCTE TIPU CIBUTE
Tema 7. 'eomerpuueckue xapakTEPUCTUKH TUIOCKUX CEUEHUN
Tewma 8. [Tpamoit nonepeunsni n3rud
Tema 9. U3rub ¢ kpyuenuem
Tema 10. LlenTp mapanneapHBIX CUl
Tema 11. CnocoOr1 onpenenennsa ko3(ppunmenTa TpeHus.
Tema 12. ConpoTuBnenmne npu KaueHUU.
Tema 13. Anpo ceuenusa npu BHEHEHTPEHHOM CIKATHU.
Tema 14. Pacuer Oasnku Ha ynpyroMm 0CHOBAHHH.
Tema 15. Pacuer 3aknenok Ha nmepepe3sIiBaHNE
Tema 16. Pacuersr Ha mpOYHOCTE TP M3THOE MO HOPMATBEHEIM HATIPSK CHUAM

3.2. Buo camocmoamensnoi padomosi: no020m06Ka K RPAKMUYECKUM 3AHAMUAM

Hmocoewvtit npodykm: OTUET IO MPAKTUIECKOHN padoTe

Cpeocmea u mexHe102UN OUEHKU: 3ATITATA OTUETA

Kpumepuu oyenusanusn: O1eHKa «OTIUIHOY» BBICTABISETCA CTYAEHTY, €CIIA B MOJHOM
00BeMe M3yueH KypC TaHHOW AUCIMIUTUHEI U BEITIOJTHEHBI TPAKTHYECKUE 3aaHu

OreHKa «XOpOIIO» BBICTABIAETCA CTYIEHTY, €CJIM JOCTATOYHO MOJHO W3Y4EH KYypC
TAHHOIN OUCHUIUINHEL U BEIITOTHEHBI IPAKTUUECKHUE 33 TaHHS

OneHka «yaOBIETBOPUTEIBHO» BBICTABIETCSA CTYAECHTY, HEOOCTATOUYHO, €CIM MOJHO
W3YUEH KypC JAHHOW AUCIMIUTMHBI U BEITTOTHEHBI TPAKTHYECKUE 3aTaHNS

OreHKa «HEYTOBIETBOPUTETHHOY BBICTABIISETCS CTYIEHTY, €CIM OTCYTCTBYIOT 3HAHUA U
MPAKTUYECKUE HABBIKYU MO JTAHHOW [TV CIIATUTIHE

4. MeToanuyecKHe VKA3aHHSA
I. Meroguueckue ykazaHuws IO BBINOTHEHWIO Ia00paTOPHEIX padOT MmO AUCHUILIMHE
«Mexanuka (TexHMYECKas  MexXaHuka)», HanpaBiaeHusa noaroroBku — 08.03.01
CTpouTensCcTBo.
2. Meroguueckue yKaszaHusa O BBEINOJHEHWIO pacdeTHO-rpauyeckor pador 1mo

m@%%ﬁ%@ﬂma (TEXHMUECKas MEXaHuKa)», HanpasiaeHus nmoarotoBku 08.03.01

Ceptudmkar: 2 EG@W@M? BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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S. MeToanyeckie YKA3aHHUS K 3a4eTy

1. Ilem, 3amaun 1 METOABI HAYKH O CONMMPOTHUBIECHUU MATEPHAIOB.

2. JlomymieHnusa 0 CBOMCTBAX MATEPHAIOB U Xapakrepe ae)opManii, IPUHAMAEMEIE B
Kypce «COnpOTHBIEHUA MATEPHATOBY.

3. Bunel 51€MEHTOB KOHCTPYKIIHH.

4. Bumasl BHENIHNUX HATPY30K U UX PA3MEPHOCTE.

5. Onpenenenne BHYTPEHHUX YCUINHU METOJOM CEYEHUI.

6. BayrpeHHue ycumis B MONMEPEUHBIX CEUEHUAX CTEPHKHA.

7. Pa3HOBUIHOCTH BUIOB HATPYKEHUS SIIEMEHTOB KOHCTPYKIIUU (ITPOCTHIE BUIEI

HATPYKEHUA).

8. IlonsATne BHYTPEHHETO MEXAHWYECKOTO HANPSKEHNA. BUABI HATIPSIKEHUI,
Pa3sMEPHOCTE.

9. Hanpskenua n npononsHas neopmManus pacTsakeHua-cxarud. 3aKoH ['yka.

10. . Ilomepeunas nedopmanmsa npu pacTsakeHuu U cxatuu. Kosdpumuent
[Tyaccona.

1.  VYcaoBue npouHOCTH NMPU PACTKECHUN-CkaTUH. OCHOBHEIE BUIBI 33144 TPH

pacdeTe Ha MPOYHOCTE PACTAHYTHIX (CKATHIX) CTEPIKHEHN (IPOBEPOYHBIA PACUET,
MPOEKTUPOBOYHEIN PACYET, ONMPEAEIEHUE JOMyCTUMON HATPY3KH).

12, VYciaoBue KECTKOCTH IPH PACTHKEHUU-CxaTH. OIpenencHne nepeMenieHun
CEYEHUM PACTAHYTOTO (CKATOT0) CTEPHKHAL.
13. Juarpamma pactskeHus o00pasna u3 Matoyriaepoauctoi ctam. [Ipenens:

MPOYHOCTH, TEKYIECTH, ITPOIOPUUOHATEHOCTH, YOPYTOCTH. JlMarpaMmel pacTaKeHusa U CxKaThuA
XPYHKHUX U IUIACTUYHBIX MATEPHUATIOB.

14, OmneITHOE ONpEnEneHNEe MEXaHMIECKUX CBOUCTB MATEpUanoB. Bimanue
pa3mMuHBIX (PAKTOPOB HA MEXAHUUECKNE XAPAKTEPUCTUKN MATEPHAIIOB.

15. KosdpduiuenT 3amaca. Beibop 3HaueHuid 10MyCKa€MBIX HAMPAIKEHUH

16.  IloreHmmansHas sHeprut ae)OpPMaUN TIPH PACTIKEHAN U CHKATHH.

17. CaBur, HANPsKEHUA U AepopMan npu 9UCTOM CIOBUTE.

18.  3akon I'yka npu casure. 3aBUCUMOCTE MEXKAY MOAYJIIMH YIPYTOCTH HEPBOTO
pomga U MOOYJIEM CIOBHTA.

19.  VYcaoBue npoUYHOCTH NMPU CABUTE (IMPOBEPOYHBIN PACUYET, MPOEKTUPOBOYHEIH
pacder, OMpeneIeHne TOMyCTUMOUN HATPY3KH).

20.  IlpakTmueckue pacueTsl HA COABUT (CPE3 3aKJIEMOYHOTO COETMHEHHUS ).

21.  IlpakTnueckue pacueTsl HA COABUT (pacueT CBAPHOTO COCTUHEHUS ).

22. CrarndecKuii MOMEHT ILIOMIATN MJIOCKOTO CEUEHM S, PA3MEPHOCTE, CBOMCTBA.

23.  OceBbple MOMEHTEI MHEPIIUU ILIOCKOTO CEYEHUS, PA3MEPHOCTE, CBOMCTBA.

24. [TonapubeIi ¥ EHTPOOEKHBIN MOMEHTEI MHEPIIMU TIIIOCKOTO CEYEHUS,
pPa3MEpPHOCTE, CBOMCTRBA.

25. MowmeHTE UHEPIMH OPOCTHIX ceueHui. [IpamoyroasHuk.

26.  MOMEHTHI UHEPIMH MPOCTHIX ceueHnil. KpyT, KOIBIIO.

27.  MOMEHTH MHEPIMH MPOCTHIX CEYEHUH. | PEyroILHUK.

28. MOMEHTHI CONPOTHUBIIEHUS ILUIOCKOTO CEUYEHUA, PA3MEPHOCTE, CBOMCTBA.

29. MOMEHTEI CONPOTHUBIEHUA NPAMOYTOJIBHOI O CEUCHUS.

30.  MomeHTEI CONPOTHUBAECHUA KPYIJIOTO CIUIOMIHOTO CEYEHMA.

31.  MOMEHTHI CONPOTUBIEHUS KPYIIOTO CIUIOMHOTO CEUEHHUA.

32. [leHTpasbHEIE U TTIaBHBIE OCH MHEPLIMH, TTIABHBIE MOMEHTEI HHEPIIUN U UX
CBOHCTBA.

33 3aBHUCUMOCTEL MEKAY MOMEHTAMU MHEPIMH NPH NAPALUIEILHOM IIEPEHOCE OCEH.

3&%%%%%@%@ MEXKIY MOMEHTAMH UHEPIUI OPH MOBOPOTE OCEU.
Ceptuchukar:  2C0B5043E9ABIESFRCIIMGSTE RIEIRIYELIEHTPOOCIKHBEIMU MOMEHTAMEI UHEPIITUM OTHOCHUTETBEHO ABYX
SRR pat TR B B TR CTERY oo e
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36.
37.
38.

OmnpeneneHne HAMPSHKEHUHN B CTEPIKHAX KPYIJIOTO CEUEHUS MPU KPYyIECHUM.
Hleopmanu 1 mepeMenIeHrs MPU KPYUIEHU N BAIOB.

YcnoBue npoyHOCTH IMPU KPYYEHUH (ITPOBEPOYHEIN PACYET, ITPOEKTHPOBOUYHEIN

pacdeT, OMpeneIeHne TOMyCTUMOUN HATPY3KH).

39.
40.

41.
42,

KPYYEHUH.

43.
44,

[TpakTiueckue pacyeTsl BAIOB KPYTJIOTO CIUIOIIHOTO U TPYyOYATOTO CEYCHUS.
[Torennmanenas sHEpPrus ynpyrou aedopmarmu mpu KpydeHmun.

KpyueHne BaIOB HEKPYTIOTO CEUEHUS.

ParmonamsHabie (JOPMEBI CEUEHHUH TP KpydeHUH. KOHIEHTpaIsa HAPSKEHUN TTPH

M3rub, Buasl n3ruda - OCHOBHEIE MOHATHUA U OMPEICICHUA.
Tunet onop 0anok, onpenenenne peakiuii. OnpeneneHne BHyTPEHHUX YCUIHUI

mpu u3rude, mpaswio 3sakoB MU3I™ u Q.

45.

3aBUCUMOCTE MEKIY M3THOAI0NIMM MOMEHTOM, TTOMIEPEYHON CUIION U

WHTEHCHUBHOCTBIO PACIPENEICHHON HATPY3KH.

46.
47.

HopwmaneHseie HaNpAKEeHUA Opu U3rHoeE.
YcnoBue npoYHOCTH MO HOPMATILHEIM HAOPSKEHUAM IIPHU M3TH0€E (TPOBEPOUHEBIN

pacder, NpOEKTUPOBOYHBIN PACUET, OMPEAEIEHHE TOMyCTUMOHN HArpy3Kn). Beioop
PAlMOHAIEHOTO CEYEHUA OATKH

48.
49.
50.
S1.
52.

KacarensHbie HAIPAKEHUS ITPU U3ruode.
JudpdepennmanrsHoe ypaBHEHNE H30THYTOU OCH DaIKH.

Onpenenenne gedopmarii OATOK C TOMONIBIO0 YHUBEPCATEHBIX YPABHEHUH.
[ToreHumaneHas SHEPryud Mpu U3ruode.

CnoxHoe COMPOTHUBJICHHUC - OCHOBHEIC ITOHATHA, BUABL CJIOKHOT O COITPOTHUBJIICHH A.

[Ipranmner pacuera.

53.

n3ruoe.

54.

Kocou n3rud, pacnpenenceHune Hanpsa K eHUU. Y CIOBAE MMPOYHOCTH IMPH KOCOM

YpaBHEHHE HEUTPATLHON JTUHUH IPH KOCOM n3rnde. Onpenenenne nonoxeHus

HEUTPAITBEHON JIMHUM.

53.

S56.

BHENEHTPEHHOE PACTAKEHUE (CKATHE).

Caeur ¢ kpydeHuem. Pacyer umHIPHUECKNX BUHTOBEIX ITPYKAH C MAIBIM

o1aroM BHTKA.

37.
38.

H3rub ¢ kpyaenuem.
Caeur ¢ kpyueHnem. Pacuer nuaMHIpUIECKUX BUHTOBEIX MPYKUH ¢ MAJTBIM

I1aroM BUTKA.

59.

Pacuer cikaTeIX CTEPKHEN HA YCTOMUUBOCTE, (popmyna Sunepa. [lpakruaeckas

(opmyna oA pacuera Ha YCTOHMYUBOCTE.

60.

VY CTan0CTHEIE HATIPAKEHUA.

Crnucox pekoOMeH/1YeMOH JIHTepaTypsbl
IlepeyeHs 0CHOBHOM JINTEPATYPbI

I. Mewxeuxun, I'.J[. Texmuueckaa wmexanuka / [I.JI. Mexenxuu, I.I'. 3arpebun,
H.H. Pemernuk. — 5-e¢ u3a. — Mocksa : M3garenscko-Toprosas koprnopanusa «/lamkos u

K°», 2015. — 432 c. : un. — Pexxum gocryna: mo mogmucke. — URL: . — bubmiorp. B kH. —
ISBN 978-5-394-02628-7. — TekcT : 5A€KTPOHHBIH.

IlepeyeHs 10MOTHUTEIBHOM JIUTEPATYPHI:

1. Texuwueckaa mexanuka / H.A. Kocreako, C.B. bamgcaukosa, HO.D. BogomaHoBckad u
ﬂqm%ﬂ%gmm — Mockga :/lupexkr-Memua, 2014. — 485 c. : puc., tabm. —
CepTudukar: 2ca@mmaaﬂeﬁzzuSE?BAEGﬂﬂ@ma},Eﬁa 10 MOIMACKE.
sragened WEORRE TP /BIBITBENAD ru/index . php?page=book&id=226084 . — Bubmuorp. B KH. — ISBN
078-5-4458-6217-8. — Tekcr : 31EKTPOHHEIIA.
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MUHHNCTEPCTBO HAYKHU U BBICIIETO OFPA30OBAHUS POCCUNUCKOU ®EJIEPALIUU

GOEJIEPAJIBHOE I'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
VYUPEXJIEHHWUE BBICIHIET'O OBPA30BAHWA
«CEBEPO-KABKA3CKUHN ®EJIEPAJIBHBIN YVHUBEPCUTET»

[Taruropckuii HHCTUTYT (Punuan) CKOY

MeToanyeckue YKa3aHUS

MO BBITOJTHEHUIO PACYETHO-TpapuIeCcKon padOTHI
mo auciummHe «MexXanuka (TeXHHYecKass MeXaHHKA)»
JJIA CT}’,H,E‘HTGB HHHPHBJIEHHH [MOOrOTOBKH

08.03.01 CrpoureancTBO

[Iaruropck, 2023
[OKYMEHT MOAMUCAH
SNEKTPOHHOW MNOANMUCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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CouCcoK peKOMEHIYEMOM JIUTEPATYPEI

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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BBenenue

Meromnueckue ykazanuda U 3aganusa misd BeimonHeHua PI'P crymenTtamu mo guciumninHe
«Mexannka (TEXHHUECKas MEXAHWKA)» II0 HampaBaeHuto moarotoBku OakamaBpon: (8.03.01
CTpOUTENBLCTBO.

Meroanueckoe mocodue ComepKUT BECh HEOOXOOUMBIN Marepran Ais BeImoaHeHus PI'P
M0 TUCIUIIMHE «MexaHnuka (TEXHMUECKAasa MEeXaHHKa)».

B manHOM METOAMYECKOM IMOCOOMU MPUBEIEHBI TEMBI U BOTIPOCH /IS CAMOCTOSTEIHHOTO
M3ydeHus | BeimoiHenus PI'P.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1.enb, 32124 U pea;in3yeMble KOMIIETeHIIHH
Yaebnrim mranom crieruaisHOCTH 08.03.01 CrpourensCcTBo, mpenycmMaTpuBaercs
HAMACAHNE KOHTPOJILHOU PadOTHI MO AUCHUMINHE. ITOT BUJ MUCEMEHHONU Pa0OTEI BEITOIHAECTCS
KaKIbIA TOM, TT0O TEMAaM BEIOPAHHBIM CaMOCTOATENRHO. [Iepeuens TeM pa3padarsiBaeTcsa
IPEMOAABATEIIEM.
PI'P — camocTOsATENRHEBIN TPY CTYAEHTA, KOTOPBIM CHOCOOCTBYET YyIrIyOIEHHOMY
W3YYEHHUIO MPOUIEHHOT0 MATEPHAIA.

[le,ib BbINOJTHAEMOMH padoThI:
- TOJIYYUTH CIIEIMATBHEBIE 3HAHUA IO BEIOPAHHOU TEME;

OcHoOBHBIE 32/1a4H BbINOTHAEMOMH padoThbI:

1) 3akperuieHne NMoJIy4€HHBIX PAaHEE TEOPETUIECKUX 3HAHUM,

2) BeIpaDOTKA HABBIKOB CAMOCTOATEIILHOU PAOOTEHIL;

3) BEISICHEHME TTOArOTOBJIEHHOCTH CTYAEHTA K OyayIIeN NPakTUIeCKON padoTe;

Becs mponiecc HamIcaHuss KOHTPOIBHOM padOTHI MOKHO YCIOBHO Pa3geIuTh HA
CJIEYIONINE STAIIBL:

a) BEIOOp TEMEBI M COCTABIEHUE MIPEABAPUTEIBHOTO UIAHA PA0OTHI;

0) cOop HayuHoM MH(POPMALNHN, N3 YICHUE JIUTEPATYPHI;

B) AHAJIM3 COCTABHEIX YACTEH MPOOIEMEL, U3J10KEHUE TEMEL,

r) o0OpaboTka Mareprana B IIETIOM.

Tema PI'P BeiOupaercsa cTyneHTOM CaMOCTOSTENRHO U3 MPEAT0KEHHOTO CITUCKA TEM.

[TonroroBky PI'P cnenyetr HaunmHares ¢ MOBTOPEHNA COOTBETCTBYIOMIETO pa3ena
yueOHMKA, yIeOHEBIX ITOCOOMI MO0 JaHHOU TEME U KOHCIIEKTOB JIEKIIMI NIPOYUTAHHEIX PAHEE.
[Tpucrynare k BEIMOTHEHNUIO PA0OTEI 0€3 M3yUEHUA OCHOBHEBIX IMOJIOKEHUHM U MNOHATHI HAYKHU, HE
CJIENYET, TAK KAK B 3TOM CIIy4ae CTyJEHT, KaK IMPABUJIIO, IUIOX0 OPUEHTUPYETCA B MATEPHUATIE, HE
MOJKET OTT PAHUYUTE CMEKHBIE BOIPOCHI M COCPENOTOYNTL BHUMAHNUE HA OCHOBHBIX,
MEPBOCTENEHHBIX MPOOIEMAX PACCMATPUBAEMOMN TEMBEI.

[Tocne Be1OOpa TeMBI HEOOXOIUMO BHUMATEIEHO U3YYUThE METOAUYECKUE PEKOMEHIAINH
mo noarotoBke PI'P, cocraButs mian paboTel, KOTOPEIM HOMKEH BKJIIOUATE OCHOBHEBIE BOIPOCHI,
OXBATHIBAIOIIHNE B IE€JIOM BCIO IPOPA0ATEIBAEMYIO TEMY.

KoMnereHnun ﬂﬁyqammemcn, [l)ﬂle—ip}'EMhlE B pe3V/ibTaTe OCBOCHHA THCIHII/IHHBI

HanmeHnosanue koMIer CHIIHMH

Kom, popmymaposka Kon, hopmynupoBka mHAMKaropa | IltanupyeMele pe3ynbTaThl 00ydeHH s
KOMITETEHIUHN [0 JUCIHUIUTHHE (MOTYJIIO),
XapaKTepH3YIOIIHE HTAITHI

(popMHpOBaHHA KOMIIETEHIIHII,

HHJIUKATOPOB

OIIK-1 Cmocoben NJ1-1omx- CnocoOHOCTE Mpeodpa30BaTh
perars 3anaumn [Tpumenser maremaTnueCKUU CUCTEMBI CUJI B SKBUBAJIEHTHBIE
npo(pecCnoOHATEHON anmapar aHaJIMTUIECKON CHUCTEMEI U YCTAHOBJIICHUE YCIOBUU
OEeATEILHOCTH Ha r€OMETPHH, TMHENHOM anreOpel, | paBHOBECHUSA CUCTEM CHIL
OCHOBE mi(pepeHnnansHOTo U
HCIOIB30BAHUS WHTETPATBEHOTO UCYHUCIEHUA
TEOPETUIECKUX U (GyHKIMN 0 ATHOU NEPEMEHHOM.

AOKYMEHT OAMNCAH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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TPAKTUYECKUX OCHOB
CCTCCTBCHHEBIX H
TEXHUYECKUX HAYK, a
TAKIKE
MATEMaTHIECKOTO
arrmapara

NJ1-20mk-1

[Tpumensaer MmaTeMaTHIECKUU
ammapar TeOpuH () yHKI[UH
HECKOJIEKUX ITIEPEMEHHBIX,
TEOPUH (PYHKIIMHU KOMILIEK CHOTO
IEPEMEHHOTO, TEOPUU PANOB,
Teopun aupepeHIaTbHBIX
yPaBHEHU.

NJ1-3om-1
[Tpumenser maremaTnaecKui
anmapar TEOPUU BEPOATHOCTEH U

MATEMATHUYECKON CTATUCTHKH.

N/1-4orm .-
[Tpumenser maremaTnaecKui
anmapar YMCIECHHBIX METOIOB.

NJ1-Somk-1

JlemoHCTpUpYyET MOHUMAHNE
(pM3UIECKUX ABICHUN U YMEET
OPUMEHATH (DU3NIECKUE 3K OHBI
MEXAHWUKH, MOIEKYLIPHOU
(pHU3UKH, TEPMOIUHAMHUKH,
STIEKTPUYECTBA M MATHETU3MA JJIA
| PCLIICHUSI TUTIOBBIX 3311a4.

N1-60mk-1

JlemoHCTpUpYET 3HAHME
57IEMEHTAPHBIX OCHOB ONTHKH,
KBAHTOBOH MEXAHWKH U aTOMHOH

(pr3nkm.

NJ1-7omk-1
JlemoHCTpUpYET MOHUMAHUE
XUMUYECKUX MPOLIECCOB.

['0oTOBHOCTE HCCIIEIOBATE
r€OMETPHUECKUE CBOUCTBA
OBMKEHUSA TeI. ['0OTOBHOCTE
OOpPEenensaTh MPUI0KEHHBIE K TENY
(MJIM MEXAHMYIECKOM CHCTEME)
CUJIBI ITO 3aJaHHOMY JBUKECHHIO.

Tema 1.
Bapuant 1
3amanmue 1
3amanue 2

Bapuant 2
3amanue 1
3amanue 2

Tema 2.

Bapuant 1
3amanmue 1
3amanue 2

2. @opMyJIHPOBKA 321aHHS H ero 00beM

Yepmeonc 1.

Yepmeonc 2.

Yepmeonc 3.
Yepmeoic 4.

Yepmeonc 5.
Yepmeaic 6.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprud BAPBEARD043E9ABBBIB2205E7BAS00060000043E

Bnanen Ega I élll_f.EféxriBa TaTeaHa ﬁ[rémcﬁﬁa 7

3amanue 2
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Tema 3. LleHTpasEHOE pACTAKEHUE U CIKATHE

Bapuant 1.

3amanme 1 Hepmeonc 9.
3amanue 2 Yepmeorc 10.
Bapuant 2.

3amanme 1 Yepmeoc 11.
3amanue 2 Hepmeoc 12.
TeMma 4. OmnpeneneHne BHYTPEHHUX YCUIAH, Onpeaenenne nedopmManuil 1 mepeMenieHuH.
Bapuant l.

3amanme 1 Yepmeonc 13.
3amanue 2 Yepmeoic 14.
Bapuant 2.

3ananue | Yepmeonc 15.
3amanue 2 Hepmeonc 16.
Tema S. Cnur (cpes).
Bapuant 1.

3amanme 1 Yepmeoic 17.
3amanue 2 Hepmeonc 18.
Tema 6. PacueTs! HA MPOYHOCTE MPU CIBUTE.
Bapuant l.

3amanme 1 Yepmeoc 19.
3amanue 2 Hepmeorc 20.

3.00mue Tpe0OBAHHUSA K HANIMCAHUIO B 0(popMIIeHHIO PadOTbI

B comepxannu KOHTPOIBEHOU pabOTEI HEOOXOIMMO MTOKA34Th 3HAHUE PEKOMEHJ0BAHHON
JIATEPATYPEI 110 JAHHOM TEME, HO IPH STOM CIEAYET IIPABHUIILHO IT0JIE30BATHCA
MEPBOUCTOTHUKAMU, U30€raTs upe3MepHOro nuTupoBanu. [Ipu ucnons30BaHuN 1UTaT
HEOOXO0IMMO YKA3bIBATh TOUHBIE CCHIJIKH HA UCITOJIB3YEMBIN HCTOUHHK: YKA3aHUE aBTOpa
(aBTOPOB), HA3BAaHUE PAadOTHI, MECTO U TOJ U3OAHUSA, CTPAHUIIEI.

B nponecce paboTel HA MEPBOUCTOYHUKAMH [EIECO00PA3HO NEIATH 3AMUCH, BBIITUCKU
a03aneB, UTAT, OTHOCAMMXCSA K n30panHou teme. [Ipu n3yuennn cnenuansHON 10 pUIndECKON
IUTEPATYPHI (MOHOTpa(uii, cTaTed, pEUEeH3uH 1 T.1.) BAKHO 00pATUTE BHUMAHUE HA PA3TNUHEIE
TOYKH 3PEHUA ABTOPOB ITO UCCIEYEMOMY BOIIPOCY, HA €T0 IMPUBOIUMYH APTYMEHTAIHMIO U
BBIBOJIBI, KOTOPEIMH OIIPOBEPTarOTCs UHBIE KOHIIETIHH.

KpoMme pekoMEHIOBAHHOH CHEIMANBHOMN JIUTEPATYPBI, MOKHO UCITOJIb30BATH JIFOOYIO
OOMOJHUTENBHYIO TUTEPATYPY, KOTOPasd HEOOX0AUMA IS PACKPBITHA TEMBI KOHTPOJIBEHOM
pabotei. Ecmi B mepuo HamMcaHus KOHTPOJIbHONU PAa0OTHEI OBUTH OPUHATHE HOBBIE HOPMATUBHO-
IPABOBBIE AKTHI, OTHOCANINECA K M3JIArAa€MOH TEME, UX HEOOXOOUMO U3YIUTE U UCIIOIb30BATh
[IPU €€ BBIITOJHEHUH.

B xoHIIE KOHTPOILHON PAadOTEI MPUBOAUTCA MOIHBIN ONOIHMOrpapUIECKNl IEPEYEHE
HCITOJIE30BAHHEIX HOPMATUBHO-MPABOBEIX AKTOB U CHEHUATIBEHOM JIUTEPATYPRI. JJaHHEIN CITUCOK
yCJIOBHO MOKHO ITOAPA3AEINTE HA CIEAYIONINE YACTHU:

BOBEIE AKTHI (JIAIOTCA MO UX IOPUINIECKOMN CHUIIE).
HHOM NOANWChHIO

3
Ceptudumkatr: 2 ED%PO ﬁ@ E%%@ﬂ %;E Cﬂﬁ%ﬁﬂﬂ .
Bragenew:  WeodxdvionorpaantsyaeOHEIC, yICOHO-ITPAKTUIECKUE O COOMS.

4. Ilepnoanueckas meyars.
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[Tepoucrounuku 2,3,4 narorcs mo an(aBury.

Odopmienne OuMOMIOrpa)UUIECKUX CCBUTOK OCYIMIECTBIAETCS B CIEAYIOMIEM MO PSIKE:

|. @ammmisa 1 THUTIMATEL ABTOPA (KOJUIEKTUB aBTOPOB) B UMEHUTEIBHOM maaexke. [Ipu
HAJIMYUH TPEX U 00JIee aBTOPOB NOMYCKAETCA YKA3BIBAThH (paMUIIMK M MTHALIMAJIBI IIEPBBIX IBYX U
n0o0aBuTe «u ap.». Ecimu kaura Hamicana aBTOPCKUM KOJUIEKTUBOM, TO CCBLIKA JEIAETCS Ha
HA3BAHNE KHUTH U €€ penakropa. GaMuanio 1 HTHUIMAIE! PEOAKTOPA MOMENIAIOT MOCIE
HA3BAHUWA KHUTH.

2. [lonnoe Ha3zBanue NEPBOUCTOYHHUKA B UMEHUTEIEHOM MATEHKE.

3. Mecto m3manus4.

4. T'og n3manus.

5. O0miee KOMMUECTBO CTPAHUI] B padoTe.

CCBLIKM HA )KYPHAIBHYIO WIH FA3€THYIO CTATHIO JOJKHBI CONEPKATh KPOME YKA3aHHBIX
BBINIE JAHHEIX, CBEICHUA O HA3BAHUU KYPHAJIA WIH Ia3€THL.

CCBLIKM HA HOPMATUBHBIN AKT JEIA0TCA ¢ ykazanueM CoOpanus 3akononarenscrBa PO,
HMCKITIOYEHUE MOTYT COCTABIATE CCBUIKA HA POCCHICKYIO Ta3€Ty B TOM CAy4ae, €CIIH JAaHHEIN
HOPMATUBHEIN aKT enie He omyonukoBan B C3 POD.

[Tpu ucnosp3o0BanuM UTAaT, UIEH, TPO0IEM, 3aMMCTBOBAHHBIX Y OTIEIBHBIX aBTOPOB,
CTATUCTUYECKUX TAHHBIX HEOOXO0MMO NPABUJIBHO M TOYHO JENATh BHYTPH TEKCTOBBIE CCBIIKH
Ha NEPBOUCTOUHUK.

CCBIIKM HA UCHOJIB3YEMEIE NEPBOMCTOYHUKN MOKHO JEIATh B KOHIIE KAk A0M CTPAHUILIEI,
a0 B KOHIIE BCEHM padOTEI, HYMEPAIM MOKET HAUMHATECS HA KAKIO0U CTPAHUIIE.

CrpykrypHo KonTpomsHas pabora COCTOUT TOMBKO U3 HECKOILKHUX BOMPOCOB (3-6), 0e3
riaaB. OHa 0043aTeNBHO OOKHA COMEPKATh TEOPUIO U NPAKTUKY PACCMATPHUBAEMON TEMBEI.

4.PexoMeHIAIUH 110 BLITIOJITHEHHIO 32/1aHUS

Kourpomsnas pabora u3naraercs J0ru4eCcKyd NOCAEN0BATENEHO, TPAMOTHO U
pa3zdopunBo. OHA 00A3aTENEHO ITOJHKHA UMETh TUTYIBHEIN JIUCT. OH COMEPKUT HA3BAHNUE
BBICHIETO y4€OHOTO 3aBEIEHU A, HA3BAHUE TEMBI, (PAMIIINIO, MHUIIUAIGI, YUEHOE 3BAHUE U
CTEIIEHL HAYYHOTO PYKOBOIUTENA, (pAMIINIO, MHUIIUAJIBEL ABTOPA, HOMED TPYIIIEL.

Ha cienyromiemM 1ucTe OpUBOIUTCS COAEPKAHME KOHTPOJIbHOH paboTel. OHO BKIIOUAET B
ce0s: BBEICHUE, HA3BAHNUE BOMIPOCOB, 3AKIFOUYEHHUE, CITMCOK JTUTEPATYPHI.

Beenenue nomkHO ObITh KpaTkuM, HE Oosiee |1 crpanuiiel. B HEM HEOOX0IMMO OTMETUTE
AKTYAIbHOCTE TEMBI, CTEMEHD €€ HAYTHOU pa3padoTaHHOCTH, MPEAMET UCCIEN0BAHMA, LIENbL U
3a7a491, KOTOPEIE CTABATCA B padoTte. M3moxkeHne kaxaoro Bonpoca Heo0XoaumMo HauaTh ¢
HAMMCAHMU 3ar0JI0BKA, COOTBETCTBYIOMIEMY OTJIABIECHUIO, KOTOPBIN JOJIKEH OTPAKATE
COEpPKaHMUE TEKCTA. 3ar0JIOBKH OT TEKCTA CAEAYET OTHAENATE MHTEpBaTaMU. KakapIil 3aroJI0BOK
00s3aTenEHO NOJKEH MPENNIECTBOBATE HEMOCPEACTBEHHO CBOEMY TEKCTY. B TOM cityuae, koraa
HA OYEPETHOU CTPAHULIE OCTAETCS MECTO TOIBKO IJIA 3ar0JIOBKA U HET MECTA HU AJIS OTHOU
CTPOUKH TEKCTA, 3aT0JI0OBOK HYKHO IMUCATh HA CIEAYIONIEH CTPAHUILIE.

M3naras Bompoc, Kaxaelid HOBBEIM CMEICTIOBOM a03a1] HE0OX0AMMO HAUATE C KPACHOH
CTPOKH. 3aKOHYUTH U3JIOKEHNE BONPOCA CIEAYET BEIBOJOM, HTOMOM MO COAEPHKAHUIO JAHHOTO
pasznena.

M3n0xenune conepkanmsa BCEM KOHTPOIBLHOU Pa0OTEI JOMKHO OBITE 3aBEPILEHO
3aKJIFOUEHHEM, B KOTOPOM HEOOXOIMMO JaTh BEIBOARI MO HATTHUCAHUIO PAOOTEHI B LIEIOM.

CtpaHulilbl KOHTPOAEHON Pa0OTEl TOLKHEI UMETE HYMEpAInio (CKBO3HOIM ). Homep
CTPAHUIIBI CTABUTCS BBEPXY B MPABOM yriay. Ha TUTYIBHOM ITHCTE HOMEDP CTPAHUIIBL HE
craBurca. OnTuManbHbeId 00BEM KOHTPOIBEHOU padoTer 10-15 cTpannir MammHOMMCHOTO TEKCTA
(pazmep mpudra 12-14) uepe3 moayTOPHEIA MHTEPBAI HA CTAHAAPTHBIX JIUCTAaxX (popmara A-4,

TOJIA: BEQ%%%M%%HEE —15mmMm, neBoe —25mmM, npaBoe —] Omm.

Cepdurar:  2COBITEROTEHONTPOTIHIOHPABGTE HE TOIMYyCKAETCA MPOU3BOILHOE COKPAILIEHHE CII0B

SreAeN ke po ME BB CHPIRLITER).
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[To BceM BOZHMKIIMM BOIIPOCAM CTYAEHTY CIENyET 00pamaTseCsa 3a KOHCYIbTAIUEH
npernoaaBaremo. CpoK BEIMOTHEHUS KOHTPOJILHOU PAOOTEI ONPENENIeTCs MPENOI1aBaTENeM U
OHA OOKHA OBITH CHAHA HE MO3THEE, UEM 3a HeIemo 10 sk3amena. [lo pesynsraram mpoBepku
Konrpomsnas pabora oueHuBaerca Ha 2-5 0annoB. B coygae oTpuniatensHON OLIEHKH, CTYJIEHT
DOJDKEH 03HAKOMUTECS C 3aMEYaHMAMH U, YCTPAHWUB HENOCTATKH, ITIOBTOPHO COATE padOTy Ha

ITPOBEPKY.

S. Illnan — rpadguk BbINOJTHEHUS 3a{aHUSA

Ne | Dran BuIllOJIHEHHA 32 TaHAS O0bem yacoB /111 BLITIOJIHEHH 3aJaHUA (AcTp.)

1 2 3 4 S 6 7 3 9 10

BoIno/iHeHHe KOHTPOJILHBLIX 3a/1aHHH
| [Tonyuenue 3amaHuAg Ha | +
YCTAHOBOYHOM 3aHATHUM, AHAIIMN3
€r0 C MPEeNnoaaBareaem

2 | U3yuenune  muTeparypel  OiA + - + + + + +
BBIMTOJTHEHUS 3adaHmi
KOHTPOJBLHON pabOTEI

3 Brimomaenue 3aganuu + n
KOHTPOJILHOU padOTEI, €€
opopmnenue

6. KpuTepuu olleHHBAHHS padOThI

OyeHnka «OMIUYHO» BBEICTABIAETCS CTYIEHTY, €CIIA TEOPETHUYECKOE CONEPIKAHUE Kypca
OCBOEHO ITOJHOCTBIO, 0€3 mpo0EnoB; MCYEPIBIBAIONIE, MOCIENOBATENRHO, YETKO U JIOTHUECKH
CTPOMHO H3JIara€T Marepuay, CBOOOIHO CIpABIACTCA C 3aJadaMu, BOIPOCAMA W JIPYTHMH
BUJIAMHA HOPUMEHEHMS 3HAHWI, WCOOIB3YET B OTBETE TOMOTHUTEIBHBEIM MATEPHATIBCE
IPEAYCMOTPEHHBIE OPOTPAMMON 3a4AaHUSA BBEINIOJTHEHBI, KAYECTBO WX BBIMOJHEHUS OIEHEHO
quciaoM OamioB, OMM3KMM K MAaKCHMAJILHOMY, AHAIU3UPYET MNOMYUYEHHBIE PE3YJIbTATHI;
MPOABIIAET CAMOCTOATENLHOCTE NPH BEITOMIHEHUH 3aJaHUH.

OyeHnka «xopouwio» BBICTABIIETCA CTYAEHTY, €CIM TEOPETUUECKOE CONEP:KAHUE Kypca
OCBOEHO MOJHOCTBIO, HEOOXOMMEIE MPAKTUUECKNE KOMIIETEHIIMM B OCHOBHOM C()OPMHUPOBAHHEI,
BCE MPENYCMOTPEHHBIE NMPOrpaMMONd OOydeHMs ydeOHBIE 3aJaHMA BBINTOJHEHBI, KAYEeCTBO HX
BBEITIOJTHEHUS JOCTATOYHO BEICOKOE. CTYyZIEHT TBEPIO 3HAET MATEPHUA, TPAMOTHO M IO CYNIECTBY
W3JIaraeT €r0, HE OOIYCKas CyIECTBEHHBEIX HETOUHOCTENU B OTBETE HA BOIIPOC.

Oyenka «yo0og1emeopumenbHo»  BBICTABIACTCA  CTYAEHTY, €CIHM TEOPETHUECKOE
COAEpKAaHUE Kypca OCBOEHO YAaCTUUHO, HO MPOOEIEl HE HOCAT CYIIECTBEHHOTO XapakTepa,
OOJIbIIMHCTBO TIPEIYCMOTPEHHBIX MOPOTPAMMON 3aTaHUM BBIMMOTHEHO, HO B HHUX HMMEIOTCH
OmMOKY, IPU OTBETE HA ITOCTABIECHHEBIA BOIPOC CTYAEHT JOMYCKAET HETOYHOCTH, HEAOCTATOYHO
IpPAaBUIBHEIE (DOPMYIMPOBKU, HAOMONAIOTCA HAPYIICHWS JIOTHYECKOM ITOCIENOBATEILHOCTU B
W3JI0KEHUH ONPOTPAMMHOIO MaTepuana.

Oyenka «HEy00BGIemMBOPUMEIbHO» BBICTABIAECTCA CTYOEHTY, €CIM OH HE 3HAeT
3HAUATEIEHOM YacTH MPOTPAMMHOIO MATEpPHUAIA, MOOIYCKAET CYIIECTBEHHBIE OIMOKH,
HEYBEPEHHO, C OOMBIIMMH 3aTPYJAHEHUAMM BBIMOIHAET MPAKTUUECKHE PadOTHI, HEOOXOAUMEBIE
MPAKTUUYECKUE  KOMIETEHIIMM HE€  CPOPMHPOBAHEL, OOJBIIMHCTBO  IIPEAYCMOTPEHHBIX
OporpaMMon 0OyueHMs ydeOHBIX 3a0aHWUM HE BBIMOJIHEHO, KAYECTBO WX BBIMOJHEHHUA OIEHEHO
UUCIOM 0AIOB, OMTM3KUM K MUHUMATEHOMY.

,ﬂ.DHMéHT NMoarnncAH
SNEKTPOHHOW NOAMNWMCLIO

EEPTHdJHHETZ EEGGGGGJ-SEQ;&.BBEQEEEDEETBAEﬂﬂﬂEﬂﬂﬂﬂ%SH“pHH“R gamnﬂrh] pﬂﬁﬂTh]

Bnaneneu: e oBa TaTeRAHa AnekcaHapoBHa

OJIy4HMB ITPOBEPEHHYIO padOTY, CTYACHT AOIKEH BHUMATEILHO 03HAKOMMTLCA C

pEHEH.?.HEﬁ, MOMETKAMHM Hd ITOJIAX M BBEIITOJIHHTE BCEC }TCHBHH’HH HH}“IHGFG p}’I{GBG,I[HTE‘JIH. EC.T[H
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paboTa HE JOMYyMIEHA A0 3AMIATEI, HEOOXO0UMO 03HAKOMUTECA C PEICH3uEN, 10padoTaTh
KOHTPOJIBHYIO padOTy, YCTPAHUB BCE HENOCTATKU, YKA3AHHEIE HAYYHBIM PYKOBOIUTENEM, U B
HOBOM BAPHUAHTE COATH HA IPOBEPKY.

B ycranoBieHHBIN Kaeapou CPOK UCIIOJHUTENL 0013aH ABUTHCA HA 3ANIUTY
KOHTPOJIBHOU Pa0OTEL, UMEs ¢ COO0U MOCIENHNN BAPUAHT, PELIEH3UI0 HA IIEPBEIA BAPUAHT C
3aMEYAHMAMUI PYKOBOIUTENA M 3a4ETHYIO KHUKKY.

[Tpu 3anmTe CTyneHT DOI#KEH OBITE TOTOB OTBETUTH HA BOITPOCH HAYYHOTO
PYKOBOJUTEILA IO BCEM TEME KOHTPOJIBHOU PAOOTHI.

OneHka padOTEI MPOMU3BOAUTCS MO YETHIPEXOANTBHON CUCTEME: «OTIIUIHO», «XOPOIIO»,
«YIOBIETBOPUTENBHOY, HEYIOBIECTBOPUTENEHO». [ToCne 3anTel MON0KUTENRHASA OLIEHKA
BBEICTABIIETCA B 3a4ETHYIO KHWKKY. 3aNUIIEHHBIE KOHTPOIBHBIE PA0OTHI HE BO3BPAMIAIOTCA U
XpauArcs B (poune xkadeaper.
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