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BBeaenue

[lenpr0 METOAHYECKHX PEKOMEHJAIMH II0 H3YYEHHIO JHCIHIUIMHBL — SBJISIETCS
3aKpeIUIeHHe H YTy OlIeHHe 3HAHHH, IIOIYYeHHBIX IIPH H3YYEHHH TEOPETHUYECKOIO MaTepHasa 110
IMCIIAIIIIHHE « T eXHHYeCKasa MEXaHHKA) .

L{enpro IIpOBeAcHI A Ta0OPaTOPHBIX 3aHSITHH SBIISETCSL

1. O0o0mmeHne, CHCTEMATH3alMS, 3aKpPeIUIEHHE IIOIYYEHHBIX TEOPETHUYECKHX
3HAHHH 110 TeEMaM KOHKPETHEIM TPpeOOBaHHAM JIH CLIHILIHHEI
QOopMHPOBAHHE YMEHHH ITPHMEHSTE ITOIYUYEHHBIE 3HAHH S HA IIPAKTHKE

3. Bripaborka ONTHMAaJIbHBIX PEINEHHH IIPH PEeIIeHHH TPaKTHYeCKHX 3aJay

IpeIMETHON 00IacTH

Benyiien 1enpr0 1adopaTOPHBIX 3aHATHH 110 JUCIHIUIMHE TeXHHYecKas MeXaHHKa SBIISCTCS
(popMHpPOBaHHE ITPOPECCHOHAIBHEIX KOMIIETEHI[HH H YMEHHH — BBIIIOITHEHHE OITpeJelleHHBIX
IENCTBHH, HEOOXOAHMBIX B IIPEJIMETHOH OOIIACTH.

MeTtoanyeckue PEKOMEHIAIHH IIPH3BAHE] 00ECIIEYNTE a()PEKTHBHOCTD
CaAMOCTOSTEIIFHOH PadOTEl CTYAEHTOBR C JIMTEPATYPOH, Ha OCHOBE PaI[HOHAILHOH OpraHH3aL[HI
ee H3YUYeHHS, OOIEerdyurh IIOATOTOBKY CTYJIEHTOB K Claue SK3aMeHa, COPHEHTHPOBATh HMX B
HAIlpaBJIEHHH HM3YYEHHS MaTepHajla II0 IIOCTABIEHHBIM BOIIPOcaM, JaTh BO3MOXKHOCTH
oTpa0oTaTh HABBIKH COCTABIEHHS H O(OPMIEHHS Pa3/IMYHBIX BHAOB JOKYMEHTOB, KaK IIOJ
KOHTPOJIEM IIPEIOAaBaTEN s, TaK H CAMOCTOSTEILHO.

b
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JIadoparTophnoe 3ansaTrne 1
Tema: OnpefencHue KHHEMAaTHYECKHX XapaKTEPHCTHK TOYKH.
[lems: mare CTYAEHTY 3HAHHS B 0071aCTH OCHOB KHHEMAaTHKH.
3HaTh: KHHeMaTHYeCKHE XapaKTEpHCTHKH TOYKH, JH((epeHIHaIbHbIe YpPaBHEHHS JBHIKEHHS
TOYKH,
OOIIHE TEOPEMBI JHHAMIKH
YMeTh: BBIYHCIISITE CKOPOCTH M VCKOPEHHMS TOYEK M TOYEK Tella IIPH ITOCTYIIATEIIEHOM,
BpalaTeIbHOM H IUIOCKOM JIBHKEHISIX
AxmyansHocms memsl 3aKIIIOYASTCAd B IIPHMEHEHHH 3HAHWH B 0O0IacTH KHHEMATHKH Ha
IIPAKTHKE.
TE?GPE?HIH‘IE?CKEIH Yachnis .

Kiaccnpukanusa JBHKeHHSA TOYKH:

1. Ecmm B TedeHme Hekoroporo BpeMemnm 4. =0 u 9, = 0, To TOYKa IBIDKETCS
PaBHOMEPHO H ITPSMOITHHEHHO,

2. Ecmn B TeyeHMe HekoToporo BpeMeHH . # 0 m @,
HEPABHOMEPHO H ITPSIMOJIMHEHHO,

3. Ecim B TeueHHe HekoToporo BpeMeHn ¢, = 0 m @, # 0, TO TOYKa JBHXKETCS
PaBHOMEPHO H KPHBOIHHEHHO,

4. Ecri B TedyeHHE HEKOTOPOIro BPEeMEHH d +£0wu 49, £ 0, To TOUKAa ABHIKETCH
HEPaBHOMEPHO H KPHBOJIMHEHHO.

Buabl JBHKEHHSA TBEP/I0Io TeJia:

1. Ilpocmeiiuiie oausicerua meepoo2o mena:

a. Ilocmynamenvnoe oOeudicernue. TIHOOOH OTPE30K Tejla IEPEMEIAETCS ITapalluleIbHO
caMoMy cebe,

0. Bpawamenvroe oOe6udiceHlle GOKpyZ HenooeUXCHoil oci. JBE TOYKH, HEPa3phIBHO
CBSI3aHHBIE C TEJIOM, OCTAIOTCS HEITOABHKHEI,

2 IInockonapannensrnoe (nnockoe) oeudxcerile. KaXXaas TOUKa Tela JBHKETCS B OJHOH H
TOH € ITIOCKOCTH,

3.Ccpepuueckoe Oeaudceniie: OTHA TOUKA, HePa3phIBHO CBSI3aHHAS C TelIOM, OCTAETCH
HETIOIBHKHA,

4.Ceoboonoe deuiceriie: mMoOOe NepeMelleHHe Tella HHYeM He OrpaHH4YeHO.

[D1ockomapasuiennbHOe (IDIOCKOE), cepHuecKoe H CBOOOJHOE MJABHIKEHHS SBILTFOTCS
COBOKYITHOCTBIO ITPOCTEHMIIIX JBHKEHIH.

[Ipn noecmynamensHom 06UNCEHUU 6ce MOYKIL Mead OMICHIEAION OOUHAKOEvle (Npil
HANOXMCEeHL COBNAdaoujile) Mpaexmopuil 1l UMem @ KaNCOblil MOMEHN épeMeHll 0OUHAKOBble
10 MOOYJI0 U HANPAGIEHUI0 CKOPOCHILL 1L YCKOPEHUS.

[IpH nmocTymnaTempbHOM ABHKEHNN KHHEMATHUYECKHMI XapPaKTEPHCTHKAMI Tela SBIISIFOTCS
TIMHeHas CKOPOCTh M IMHEHHOE YCKOPEHHE B3TOr0 Tela

[Ipn epawiamensrom 0eudceruu U1 OINPEIEIEHNS TIOIOKEHHS BPAIIaroIerocsa Tena
HCITONIb3YIOT IIOHATHE Y20l hogoponia mena ¢ (PHCYHOK 5). YTOII IIOBOPOTa CBS3aH CO BpeMEHEM
3aBHCHMOCTBIO, Ha3bIBAEMOH YPaBHEHHEM BPaIlaTEIbHO O JABHKEHHS

@ =f()
KHHeMaTH4e CKHMH XAdPAKTCPHCTHKAMH BpalldTCIIBHOI'C ABHACHHA ABIIIOTCH VveloedA
CKopocmb () H yel1o60eYCKOpPeHie E.

0:, TO TOYUKA JIBHECTCA
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PHCVHOK 3.
Venoeaa cxopocmws Tena paBHA IEPBOH IPOH3BOJHOH IO BPEMEHH OT YIJIa ITOBOPOTA

TcIIAa

d

dt

Bexmop yznoeoii ckopocmu HaIpaBJIeH II0 OCH BpaIlleHHSI Tela B TY CTOPOHY, OTKYIa
BpallleHHEe BHIHO IIPOHCXOMSIIIM IIPOTHB XO/1a YaCOBOI CTPEIIKH.

Venoeoe yckopenite Tena paBHO IEPBOH ITPOH3BOJHOH OT €r0 YITIOBOH CKOPOCTH HIH
BTOPOH IIPOH3BOAHOM OT yITIa IIOBOPOTA TENIA 10 BPpeMEHH

do d’g
dt dt’

Bexmop venoeozo ycxopeniis HaIIPaBIEH II0 OCH BpaIlleHHS B TY JKe CTOPOHY, YTO H
BEKTOP VIITIOBOH CKOPOCTH, KOrjla BpallleHHe YCKOpPeHHOe, H B OOpaTHYIO CTOPOHY, KOrIja

BpallleHHE 3aMeIJIEHHOE.
Benuuuna cxopocmiu mouxku epawaroujecocs mena PaBHA TPOH3BEINEHHIO YITIOBOMH
CKOPOCTH Ha PacCTOSHIE OT TOUKH IO OCH BpPaIl[cHH A
V=0 . 0M
Bexmop cxopocmu mouku epawaroujezocs niena HAIIPABIIEH HepneHOUKYAIPHO NPIMOIl,
COSMHHSIOMIEH 3TY TOYKY C OCBIO BpAIllEHHS, H HepreHOUKVAAPHO CaAMOIl OCll epaujeHiis W
orpejielsieTcs o (popMyie SHepa

£ =

vV =0 7
rme ' — paaHyc-BeKTOp, ITPOBEIeHHBIH H3 OO0 TOYKHM, JIeKallleil Ha OCH BpAaIlleHHS, K
paccMaTpHBaeMOH TOYKe TBEPJOTrO TeTIa.
llonnoe vckopeHile mouku epaujaroujezocsa mesa PaslaracTcad Ha JBE COCTaBILIIOIIHE:
gpawjamenvHoe (a;) U ocecmpemiumensvhoe (d,), 1 ero BellMYiHa paBHa KOPHIO KBaJpaTHOMY H3

CYMMBI KBaAPAaTOB 3THX COCTAdBJIAROIIHX

.\/ 2 2
a=4la, +a,

Bpawamenvnoe ycxoperite HaIIPaBIEHO B TY K& CTOPOHY, YTO H CKOPOCTh, KOIja
IBHKEHHE YCKOPEHHOE H B OOPaTHYIO CTOPOHY, KOT/Ia ABHKEHHE 3aMEJJIEHHOE.

Benuuuna epawgamensnozo yckopexuamoukil PpaBHa IIPOU3BENEHHIO VITIOBOI'O YCKOPEHH S
TeJIa Ha PacCTOSIHHE OT TOYKH JO OCH BpallleHHI

ad =¢g-OM.
MEHTNOARWCAH g =g XF
B mekEopiBoidhopMe.
Ceprucukar: Eﬂ@@@%ﬁ%ﬁ@ﬁ??ﬁ%éﬁ%ﬁi@ﬂﬁmﬁﬁ@@eme HaIlpaBJIEHO K OCH  BpallleHHS. BeauuuHa

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

ocecmpeminelbHo20 YCKOPeHsa moykil PaBHa IPOH3BEACHHIO KBaApaTa YITIOBOH CKOPOCTH Teja

Hd PACCTOAHHE OT TOYKH J0 OCH BpalllcHITA
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ad = - OM.

B BekTopHoii popme; To — (@ 1)

. X\
PucyHoKk 6. HarmpagiieHiie BeKTOPOB CKOPOCTH H YCKOPEHHI IIPH 3aMeIJIeHHOM
IBH KEHHH BPaIaroIIerocs Temla.
Bexmop nonnozo ycxopenus moboii moukil epaujaroue2ocs meaa HallpaBJIeH IT0J YITIOM
¢ K IIPSIMOH, COSQHHSIOINEH 5Ty TOYKY C OCBKO BpalieHHSA. TaHreHC 3TOro yrila paBeH
OTHOIIIEHHIO YITIOBOI'O YCKOPEHHS Tella K KBaJpaTy ero YIIIOBOH CKOPOCTH

E

g = W

[Ipn nnockonapannensrnom (N10CKOM) 06UNHCEHUIL:

Bcesikoe HenmocTyItaTeIbHOE TIePEMEIEHHE TNIOCKOH (PHIYPBI B €€ THIOCKOCTH MOKET OBITh
OCVIIECTBIIEHO KaK COBOKYIIHOCTh IIPOCTEHINMXIBIKEHUI. nocmynamenbHozo BMECTE C
BEIOPAaHHOH TOYKOH (PHIYpHI, Ha3pIBaeMOH IIOIIFOCOM H @paujeHiiss BOKPYT OCH, IPOXOISINEH
yepes IMOJIFOC.

KiHeMaTHYe CKHMH XapaKTepHCTHKAMH SBIISIOTCS MIHOBEHHAS VYIJIOBAS CKOPOCTH (),
MIHOBEHHOE VYIJTIOBOE YCKOPEHHE €& IUIOCKOM (HIYPHI, JIHMHEHHAsd CKOPOCTh H JIHHEHHOE
YCKOPeHHEe, TOUKH BEIOPaHHOH 3a ITOTOC.

\vﬂ
\ T N
— "'"_..;
Vi =3
3 A
Py
A - v A

Pucynok 7. OnpeneneHue CKOPOCTEH TOUEK ITITOCKOH (DHTYPBI.

DopMya paclpeaelIeHH I CKOPOCTeH TOYeK IIPH ITIOCKOM JABHKe HHH( PHCYHOK 7 ):

Vp =V, T Vg 4
a

rie V4 — cKOpoCTh Moimoca A
VB _ cKOpOCTH TMI060iT TOUKH B:
g ”
Bl4) — cKOpOCTh, KOTOPYIO ITONy4YaeT TOYKa B IpH BpallleHHH IUIOCKOH (PHTYPBI BOKPYT

Imomoca A
—w -AB

S

VB

Beggmﬁﬁ%ﬂﬁﬁr&?iﬂj MEPHEHAHKYIISIPEH ITpssMoH AB.
CRpgeenroV neebeibiomoyxuy B nnockoil ueypsl 2eomempuveckit  cKA1AObIEACCS U3

g::;';fgﬁbpﬁ?iﬁ?? 4%&%3@%@@§pﬁc§?ﬁ%@?ﬁ%%ﬁﬂiA, NPUHAMOLL 3a NONIOC, U CKOPOCHILL, KOmopyio mouka B

YXO0Bd 1dTbHHA

noayuaent npu epaugeniiil pizypsvl 6OKpYye2 31Mozo noarwcd.
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PHCYHOK 8.

JInsa omnpeneneHHSI CKOPOCTEH IDIOCKOH (PHIYPBI HCIIONB3YIOT HaHOOJIee IIPOCTOH H
YIOOHBIH METOJI, OCHOBAHHBIH Ha meopeme 0 RNPOEKUUAX CKOpocmell 06yX nouexk mena:
npoexiyull ckopocnell 08yxX mMovex HaA OCb, NPOXOOAULVIO depes 5Nl NMOYKU, PAGHbl Opye Opyzy
(PHCYHOK 8)

vy cosff =v, cosa

JIpyTroi MPOCTOH M HAITISAHBIA CIIOCO0 OIpejieleHHs CKOPOCTeH TOYeK TUIOCKOH (DHIYPBI
(WJIH TeNa MPH ITIOCKOM JBIKEHHI ) OCHOBAH Ha IIOHSITHH O M2HOGEHHOM 1jeHmpe CKOpocmell.

Meroegennwtil yyewmp ckopocmieii — NMOYKA, CKOPOCHIL KONMIOPOIl 6 OAHHbIIL MOMEHN!
gpemenll pAeHa HYIio.

Crxopocmv mouex ITUIOCKOH (QHIYPHI paBHa IIPOH3BEIEHHIO MIHOBEHHOH YIJIOBOH
CKOpPOCTH (pHI'YPHI (@, paj/c) Ha paccTossHHe oT TOYKH 10 MI[C (pucyHOK 9, a)

v, =w -FPA

rae PA —paccrosgaue oT MLC (1.P) mo Touxm A.
BekTop CKOPOCTH IUIOCKOH (DHTYPBI Hanpaeien  HNeprneHoOUuKVIAPpHO  HpIMOLl,
coeJHHSromIeH 3Ty Touky ¢ MI[C, H IeKHT B ITIOCKOCTH (PHTYPBHI.
a)

PucyHoK 9. HaxoXaeHHe MTHOBEHHOT'O IIEHTPAa CKOPOCTEH.
OTHOIIIEHHEe BEIMYHH CKOPOCTEH TOYEK IIOCKOH (PHIYPHI K PACCTOSHHIO OT ATHX TOYEK
10 MIIC sBnsgercd BeTHYHMHOH ITOCTOSHHOH IS BceX TOYeK IUIOCKOH (HIYphl H PaBHO
MIHOBEHHOH YTTIOBOH CKOPOCTH (PHTYPHI (PHCYHOK 9, a H B)

v v
4P Bp T
g onpepeneHusa MIC HeoOXOQHMO K H3BECTHBIM BEKTOPaM CKOPOCTEH IBYX TOUYEK,
€ClIH OHH He IIapaljIelIbHEBIL, IIPOBECTH IIEPIIEHAUKYISAPEL — TOYKA IIEPeCeYeHHS

nepreHANKYIIpoB oyaetr MIC (1.P).
Ecmi BeKTOpBl CKOpOCTeH JBYX TOYEK IUIOCKOH (PHIYPHI PaBHBEI JIPYT APYLY H
pacromnaragoraEmapaiiieAbHo, To MI[C HaxomTcsa B 0eCKOHEYHO YAAIEHHOH TOYKE (PHCYHOK 9,

SNEKTPOHHOW NOANWMCEIO
Cepmd:blg):ﬁ
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PucyHok 10. OnpeneneHHe YCKOPeHHI TOYEK ITJIOCKOH (DHTYPEI.
* Ha pHCyHKe CIUIOIIHAs AYroBas CTPelIKa ITOKAa3bIBAeT HaIIPaBIIEHHE YITIOBOH CKOPOCTH ©
(HammpaBJIeHHE BpaIlleHHST), a ITYHKTHpPHAs — HaIlpaBJIeHHE VYITIOBOIO YCKOpeHHS ¢&. llpHu
YCKOPEHHOM BpallleHHH 00e CTpelkH OYyIyT HallpaBIIeHbI B OJHY CTOPOHY, a IIPH 3aMeJIEHHOM —
B PasHEIE.
JI1s ompeneneHHs YCKOPEHHH TOYeK IUIOCKOH (PHIYPHI (PHCYHOK 10, a) HCIIOIB3VIOT
BEIPa’KEHHE

dg —a, +dgy

3

a
rjle 4 — YCKOpPEeHHe IoIoca 4,

“5 — ycxopenne mo6oit ToukH B IIOCKOit (BHTYpEL;

a L= ]
B4 _ YCKOPCHHE, KOTOPOE IIOJIYVHACT TOYKaA B ITPH BpallICHHH IUIOCKOH (bI]I'}"pLI BOKPVYT

romoca A.
Vexopenue nwoboii mourxu B nnockoili gueyper ceomempiiyeckit ckaaoviedenmcsa i3
VCKOPeHUA KAKOLI-HUOYOb Opyeoil mouki A, npunamoil 3a nonkc, il YCKoOpeHus, Konopoe moukd
B nonyuaem npu epawgenint pueypuvt eoxpye smozo nonwoca.

a
[Ipn pemennu 3agauy Oolmee yAOOHO BeKTOp 2 3aMEHHTh Ha €rO COCTABILSIOIIHE:

—T — ¥l
KacaTelbHyro ¢ 24 y HopmanbHyro ¢ 24 (pucynok 10, 6), ITomy4as BEIpakeHHE CIIEAYIOIIETO
BH/IA

_— T — i
d, =ad,*ta s ta s

—
rme BekTtop < Z(4 HampaBleH IIEpIeHAHKYIIpHO AB B CTOpPOHY BpalleHHS, €CIIH OHO
YCKOPEHHOE, H IIPOTHB BPAIIeHH S, €CIIH OHO 3aMeJJIEHHOE H OIIPeJEIsIeTCs

— T
d B(A)= 4B e

BekTOp ¢ Z4) Bcerja HaIlpaBIIEH OT TOYKH B K ITOIocy A H OIIpenelsIeTcs

a’ s
B(d)=4B - v’
Ecm rmomoc A ,I[EH}I{ETGH HC ]’[pﬂI%IGJ]IIHEf]HG, TO €I'0 YCKOPCHIIC MOMHO IIPCACTABHTD KdK

CYMMY KacaTelbHOH ¢ a4 H HDPMHHLHDH "4 COCTABILTOIIIX, TOT' A4

a, =A"a4+0"4+a 5 +a" 54y

Ecm touka B 1BHKETCA I{pI[ErDJII]HEﬁHG H cC TPacKTOPHA H3BCCTH4, TO 9 MOKHO

IMpEACTaBHTE B BHAC CYMMEBI KacaTeJIbHOH H HOpMElJ]LHGﬁ COCTaBILITOIIIIX

— _—I" —
a, =d'p +a s

,D,DI{}"MEHT NOoANMCAH

[ IpECTRBIFOR TNV HAMGIBHOM JABHKEHHH IUIOCKOH (bm'ypm UL OIPENEIIEHHS YCKOPEHHH

CEm“‘%‘féﬁcﬁﬁ%fﬁﬁ%f@%Eﬁ@%ﬁﬁgﬁfﬁenmp vekopenuii (MIY).

Bnaneneu:

eRCaHOpOBHA
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PucyHok 11. OrnpeneneHre MrHOBEHHOI'O I[EHTPA YCKOPEHHIA.

Meroeennwiil yyenmp yckopenuii (Q) — mouka, vckopeHile Komopoil € OaHHbIil MOMEH
gpemenll pAeHa HYIio.
[lonokeHHe MTHOBEHHOI'O IleHTpa YyckopeHHH Q (pucyHok 11) omnpenensercs

(OpMyIIaMH:

E
G :ef
)
l
— A
AQ_J 7 4
£-+wW

OTKIIabIBaeM YIOJI 0. OT YCKOpeHHA “4 (B CTOPOHY MIHOBEHHOIO BPAILEHHS, ECITH OHO
YCKOPEeHHOe, H B IIPOTHBOIONOXKHYI CTOPOHY, €CIH OHO 3aMe[JIeHHOe), IIOJTyYyaeM
IIONIYIIPSIMYIO, Ha KOTOPOH Ha pacCTOSHHH AQ JeXHT MIHOBEHHBIH I[EHTP YCKOpeHHH Q
(pucyHok 11, a).

EciIM MTHOBEHHBIH LIEHTP YCKOPEHHH ITPHHATH 34 ITOIIOC, TO YCKOPEeHHE JIFOOOH TOUKH B
TUIOCKOH (PHTYpHI (pHCYHOK 11, 0) onpepensgercs mo gopmyie

a, =BONe* +w*

Vexopenua mouex nnockoii gueypsr onpedensionica 6 OaHHblii MOMEHN epemeHil Nak,
Kax ecai vl OeuxdceHue (ueypul Ovl10 epaujeHilem 0KpY2 M2HOGeHH020 1yeHmpa vekoperiii Q.
OTHOIIEHHEe BEITHYHH YCKOPEHHH TOYEK ITIOCKOH (PHI'YPBI K PaCCTOSHHIO OT 3THX TOYEK
no MILY onpenenseTcsa OTHOIIEHHEM
dg _ dy
BQ AQ
Vexopenua mouex mnnockoii  ¢ueypul  NponopyuoHanvHul  UX  PACCHIOAHUAM — ONl
MZHOGEHHOZ0 IfeHNNPA CKD}?GCHIEI?.

— . =&l +o*

Bonpocet u 3a0 anua:
1. Yro H3yyaeT KHHEMAaTHKA?
2. llepeunciaure crrocoObl 3aaHNs IBHKEHI S TOUKH.
3. Bammumre QOpMYITY ONpefeleHHS IIOJIHOTO YCKOPEHHS TOYKH, JIBHIXKYIIEHCS
BpaIlaTeIbHO.
4. JlanTe ompelelieHHe MTHOBEHHOIO IIEHTPa YCKOPEHHSL.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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OOKYMEHT MNoAnvcaH

ANEKTPOHHOW noanuceblo
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: LLeBayxoea TaTesHa AnekcaHapoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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JladbopatopHoe 3aHATHE 2
Tema: II1mockoIapanienbHOe JBHKEHHE TBEPAOro Tea.
[{ems: npHoOpeTeHHe YMEHHI IIPHBOJHUTE IUIOCKYIO ITPOH3BOIBHYIO CHCTEMY CHII K 3aJaHHOMY
LIEHTPY.
3HATh. PEAKIIHH CBS3EH,
YCJIOBHI PaBHOBECHS IUNIOCKOH H IIPOCTPAaHCTBEHHOH CHCTEM CHIIL,
YMeTh: COCTABIISATh H PelllaTh YPaBHEHH S PaBHOBECHS,
Axmyansrnocms memuvt OOBSICHSETCSA CBEJIEHHEM CHCTEMBI ¢ HECKOJIBKHMH CHJIAMH K 3aJaHHOMY
IIEHTPY, TEM CaMBIM YIIPOII[AS CXEMY H pacyer.

Teopemuueckasn uacmo:

(F.F, ...F)

1. PaccMOoTpHM  IIPOM3BOJIBHYED  CHCTEMY  CHII < n° BribepeMm
IPOM3BOIIBHYIO TOYKY (O 3@ LEHTP NPHUBEAEHHS H, BOCIIOIB30BABIINHCE  TEOPEMOM O
IapajjielIbHOM IIEPEHOCE CIUIBI, IIEPEHECEM BCE CHIIBI CHCTEMBI B JAHHYIO TOYKY, He 3a0bIBas
ITpH TTepeHOCce KaKAO0H CHIEI JOOABISATE IIPHCOETHHEHHYIO TTapy CHIL.

[ToryyeHHYIO TakmM OO0pa3oM CHCTEMY CXOMISIIIXCS CHI 3aMeHHM OJHOH CHJIOH R ,
PaBHOI TTTaBHOMY BEKTOPY HCXOMHOH CHCTeMBI CHI. OOpa30BaBIIYIOCS ITPH IMePeHOCe CHCTEMY

M

ap CHJI 3aMEHHM OJIHOM ITapoil ¢ MOMEHTOM 0 | paBHBIM reOMETPHYECKOH CYMMe MOMEHTOB
BCeX TMap CHI ( T.e. TeOMeTPHYECKOIl CYyMMOI MOMEHTOB HCXOMHOH CHCTEMBI CHII OTHOCHTEIHHO
1ieHTpa O).
Takoil MOMEHT Ha3bIBAETCH AAGHLIM MOMEHMOM CUCHEMbL CUL OMHOCUMEbHO yeHmpa O
(puc. 1.30).

Ui=NI$ E=\s

“ A Z i

% A A X
Puc. 1.30. Ilpuseoernue cucmempl CiUJl K UEHMPY
HTak, mo0yro CHCTeMY CHII BCerjla MOKHO 3aMEHHTD BCETO JIBYMS CHJIOBEIMH (paKTOpaMH -

2JIA6HBIM 6EKMOPOM U 2JIAGHLIM MOMEHMOM OMHOCUMEIbHO NPOU360JIbHO 6blOPAHHO20
uenmpa npueéederHuna. OUYEeBHIHO, UTO ITIAaBHBIH BEKTOP CHCTEMEBI CIJI HE 3aBHCHT OT BEIOOpa
IIEHTPpa IpHBeAcHHA (TOBOPAT, YTO ITIAaBHBIN BEKTOP HHBAPHAHTEH IO OTHOIIEHHIO K BEIOOPY
IIleHTpa NMpuBeAeHNI). OUeBHIHO TaKKe, YTO ITIaBHBIH MOMEHT TaKHM CBOHCTBOM He OOIajaeT,
II03TOMY HEOOXOAHMMO  BCErjla VYKasbIBaTh, OTHOCHTEILHO KaKOI'0 I[EHTpa OIPelelsdeTcs
TTIABHBIH MOMEHT.
Bonpocet u 3a0 anus:

1. Yrto Takoe rmaBHBIN BEKTOP?

2. Urto Takoe rimaBHBIH MOMEHT CHCTEMEI?

3. lIpuBegeHHe CHCTEMEI K 3aJJaHHOMY IIEHTPY.

4. IlapannenbHBIH IIEPEHOC CHII ATO...7

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO

icbukaTt _'I:_' : "EE"!-'.".l:';'"::';I:_':-_I:-_':|:_I:TEI.'..'.:_" 1CIOVWE D000 I"E

HHE AJ1e2KCaHODOBHA
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JIadopaTopHoe 3anaATHE 3
Tema: [[eHTpabHOE PacTSKEHHE H CIKAaTHE

L[EJ]I:-Z HAYVHHTBCAH PCLIATE 3aJa™H Hd PACTAMCHHE - CHKATHE
3HATh: IIPHHITHIIBEI COIIPOTHBIICHHA KOHCTPYKIIHOHHBIX MATCPHAJIOB, MCTOABI H dJIII'OPHTMBI

IIPOEKTHPOBAHNS PA3IMYHLIX MEeXaHHYECKIX CHCTEM, METOJBI H alITOPHTMBI KOHCTPYHPOBAHHS
AIIEMEHTOR PA3NIMYHBIX MEXaHHYECKHX CHCTEeM, METOJUKH pacueTa Ha IIPOYHOCTh, KECTKOCTh H
YCTOHUYHBOCTD 3JIEMEHTOB MAIIMH H HX KOHCTPYKIIHII,

YMeTh. OCVIIECTBIISATh PAllHOHAIBHBIH BEIOOP KOHCTPYKI[HOHHBIX M SKCIUIYaTal[HOHHBIX
MATepPHAJIOB, ITPOH3BOMHTL PacyYeThl Ha IIPOYHOCThL H JKECTKOCTh IIPH PACTSDKEHHH-CKATHI,
KPYUeHHH, H3THOe M CIIOKHOM Harpy:KeHHH, IIPH CTaTHYeCKOM H VIApHOM ITPIUIOKEHHH
HArPy30K, BBITIOIMHATEH CTaHAAPTHEIE BHILI IIPOYHOCTHERIX PACYETOB.
Axmyansnocms memwvt OOBSACHIETCA OCHOBHBIMH ITPHHI[MIIAMH OIIpeelIeHHS BHYTPEeHHIX
(paKTOPOB BOZHHKAKOIIHX B 3ajJjauyax Ha pacTsDKeHHe — CKaTHe..

Teopemuyeckasn uacmo

B mpupone pasm4iarT YIIPYroe, VIIPYTOIIACTHYHOE M BS3KOIUIACTHYHOE TBEPABIE TENA.
YIIpyroe Teao IIOCIe CHSTHS BHEIIHeH Harpys3KH BOCCTAaHABIIMBAcT CBOH I€pBOHAYaIbHbIE
pa3Mepsl H (hopMy. B s3TOM cirydae gedopMalisg Tena Ha3bIBaeTCs YIIPYTOH. YTIPYTOIUIaCTHYHOE
TEJI0 BOCCTaHABIIHBaeT CBOH IlepBOHAyajbHbIe pa3sMephl H (POPMY HEIIOTHOCTBIO, T. €. MMeeT
MeCTO OCTaTO4YHas JedpopMalisd. B HH)KeHEpPHBIX COOPYKEHHSIX H MeXaHHYeCKHX MalllHHaX He
TOITY CTHMO ITOSIBIIEHHE OCTaTOYHBIX JE ()OPMAIIHI.

OT HeliCTBHSA BHEIIHHX HArpy30K B IIONEPEeYHBIX CEUYEeHHSIX BO3SHHKAIOT BHYTPEHHHE
CHIIOBBIE (PAaKTOPHI, KOTOPBIE OIPEIEIITIOT, HCIIONB3YSA MeTOJ cedeHHil. TBepioe Telo,
HaXOJSIIeecs IOJA JOeHCTBHEM BHEIIHHX HAarpy30K MBICJIEHHO PacCeKaroT Ha JBe YacTH H
pacCMaTPHBAIOT PaBHOBECHE OMHOH M3 YacTeH. /[eHCTBHE OTOPOINEHHONH YaCTH Ha OCTABIIYIOCS
3aMEHSIOT BHYTPEHHHMH Harpys3KaMH, TIIPIJIOKEHHBIMH B PacCMATPHBAEMOM CEUYEHIH.
CoCTapiIsgs YPaBHEHHS PABHOBECHS OCTABIIEHCS YACTH OT JeHCTBHSI BHEIHHX H BHYTPEHHHX
CHJIOBBIX (DAKTOPOB, HAXOIIT IIOCIIETHHE.

BaKHeHIImIMH ITOHATHSIMH SBIISIOTCS HAIIPSDKEHHI H Te(opMaIiH.

[Ipn HarpyKeHHH Tejla PAcCTSTHBAIOIHMH HIIM CKHMAIOIHMH CHIIAMH OITPEAEIISIOTCS
HaMpsDKeHHI, JedopMallii M yIIHHEHHS. BHYTpeHHSIS CHIa B3aHMOJICHICTBHS, OTHeCeHHAd K
eIMHHILIE TIIOIIAMH, BEIASIIEHHOH B OKPECTHOCTH KaKOH-THOO TOYKH ITONEPEYHOI0 CEUEHHS TENA,
HA3BIBAETCS HAIIPSKEHHEM B STOH TOYKe. TakuM o0pa3’oM BEIHYHHA HAIIPSDKEHHH B KaiKIOH
TOUKE CEUYEeHHS SBIIETCS MEPOH BHYTPEeHHHMX CHII, KOTOpPBbIe BO3HHKAIOT B MaTepHale B
pe3yIbTaTe BO3ACHCTBHSA BHEIIHHUX Harpys3oK. HopMmanbHbBIe HAIIPSKEHNS ¢ IIPH PacTSKeHHH-
CKaTHH B IIONEePeYHBIX CeUeHHSIX Tela OMNpeellTIoTCS H3 COOTHOIeHHI o = N/S, tae N -
IeHCTBYIOIee B CEeYEeHHMH BHYTPEHHSIS IIPOJOIbHAag (HOpMaldbHas) cHiIa, S - IUIOIAldb
TITOINepeYHOoro ceueHns. HanpsokeHns H e opMaIlHH B ITpejiellaX YIIPYToH Je(OpMaIHi CBSI3aHbI
MeXKIay coOOH 3akoHOM ['yka, T. e. ¢ =¢F , rJe £ - MOIyIb YIIPYTOCTH MaTepHana (MOIYIb
IOHTa), £ — OTHOCHTEIbHAS IMPOAOIBHAS Ae(h OPMALHS.

PacuyeTHBRIe 3HAuUeHHSI HaNpsKeHHII CPaBHHBAIOT C JOIMYyCKaeMBIMH [o/, KOTOpEBIE
OINpeJle]IIEOT ITYTEM JelIeHHS HeKOTOPBIX IIpellelIbHBIX 3HauyeHHH Ha Ko3(QHIMeHT 3amaca
IIpoYHOCTH s(/o[=0,,/s). 3a TIpeieTIbHbIe 3HaYEeHN 1 HAIIPSDKEHII IIPHHIMAFOT TIPEEN IIPOYHOCTH
(UIsT XpYIIKHMX MaTepHAJIOB) WM IIpefiel TeKydecTH (I IIaCTHYHBIX MaTepHAalIOB), KOTOPBIE
ITOJTYYAKOT ITPH MCIBITAHILIX CTaHAAPTHRIX 00pa3l[OB Ha pa3phIBHEIX MalllMHaX. [ IpH 3TOM CcTposT
B KOOpAHHATaxX HaIpskeHHe-Ae(OpMaI[HI YCIOBHYIO JHAarpaMMy pacTSKeHHS. Y CIOBHOI
THarpaMMy Ha3bIBAIOT ITOTOMY, YTO HAIpPSDKEHHS H Je()OPMAI[HH BEIYHCIIIIOT COOTBETCTBEHHO
110 OTHOIIEHHIO K IIEPBOHAYAIbHOM IIIOMIAAN CeYeHM H JIHHe o0Opasia. Mcrmoab3ys YCIOBHYIO
JarpaMMy PACTSDKEHHS, HeOOXOAHMO VYMETh OIPEAENSTh MeXaHHYECKHE XapaKTePHCTHKH
MaTepHa@é%’é%ﬁ%ﬁ@mmHMHmm? IpeJie]l YIIPYTOCTH, IIPEAEN TEKYYECTH H IpPeJell

Ceprndb IO B GOTH JHOOTHOCITFETHFHOSOOTH#POUHOE YVUIHHEHHE IIPH Pa3phIBE.

sranened e ST AR T f S sHAUMTEBHEIX TIIAacTHYecKHX AedopMalfiii Heo6XOMIMO 3HATh

HCTHHHYIO JHAI'PAMMy PACTAKCHHA, ITOIIYHACMYH ITYICM ACJIICHHA pElGTHI‘I[BﬂIDH_[Eﬁ CHIIEI Ha
Nencteutened: ¢ 19.08.2022 no 19.08.2023 13



HCTHHHYIO IUIOM[aAb IIONIEPEYHOIO Cce4eHHSI oOpasla (C YYETOM YMEHBIIEHHS ITOIEePEeYHBIX
pa3MepPOB CEUEHHS IIPH PACTSIKEHHH).

HeoOxomuMo oOpaTHTh BHHMAHHE, YTO 3aKOH ['yKa, CBS3BIBAIOINMIT HAaIIPsDKEHHSI H
nepopMallid  4Yepe3 MOAYIL YIPYTOCTH MaTepHala, CIIpaBeyIMB TOJIBKO JO IIpejena
ITPOIIOPIIHOHAIILHOCTH. [IpofonsHEIe AeopMaIii IIPH PacTSDKEHHH CBS3aHBI C ITOIIEPEYHBIMH
TedopMaIisaMH ¢ moMomibio kosddramenta [TyaccoHa.

[Ipn omnpepeneHHH HaIpsoKeHHH H - AeOpMAaIfii B CTAaTHYECKH HEOIpeeIHMbIX
CHCTEMAaX HeOOXOIHMO YUHUTHIBATh, UTO BO3HHKAIOIIHE IIPH 3TOM B CTEPKHIX CHIIBI 3aBHCAT OT
KECTKOCTH CTEpKHS, T.e. OT IUIOINAZel TIIONEPEYHBIX CeUYeHHH H MOAYJIEH VIIPYTOCTH
MaTepHaa.

Bonpocst u 3a0anu .
1. Kakue TBepAple Tena BCTPEYAOTCSA B IIPHPOIE?
2. Kakme BHYTpeHHHe CHJIOBBIE (PAaKTOPHI BO3HHKAIOT B CTEPKHSIX?
3. B ueMm 3aKmrovaeTcs METOJT CEUEHHH ?

4. ChopMmynupyiTe 3aKoH ['yka.
5. Uto Takoe HCTHHHAS JHarpaMMa pacTsDKeHIHT?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIadoparopHoe 3anaTHe 4
Tema: OnpejielieHHe BHYTPeHHHX YCHIIHI, OIpejielieHHe Je(pOpMaIHi H IlepeMellleHHit
[{enb: HayYHThCS OIPEAEISTh BHYTPEHHHE YCIIIH A
3HATh. IIPHHIMIIEI COIPOTHBIIEHHS KOHCTPYKIIHOHHBIX MAaTEpHAIOB, METOIBI H aJITOPHTMBI
IIPOEKTHPOBAHHU S PA3IMUYHBIX MEXaHHYECKHX CHCTEM, METOJBI H alTOPHTMBI KOHCTPYHPOBAHHSI
AIIEMEHTOB Pa3IHYHBIX MEXaHHYECKHX CHCTEM, METOIHKH pacueTa Ha IIPOYHOCTh, KECTKOCTEH H
YCTOHYHBOCTH JIEMEHTOB MAIIMH H UX KOHCTPYKI[HI
YMeTh. OCVIIECTBIATh PALMOHAJIBHBEIN BBIOOP KOHCTPYKIIHOHHBIX H SKCIUTYaTal[HOHHBIX
MATEPHAIOB, IIPOH3BOJHTE PACUYETHl HaA IIPOYHOCTH H JKECTKOCTH IIPH PACTSDKEHHH-CKATHIL,
KPYUYEHHH, H3THOe M CIIOKHOM Harpy:KeHHH, IIPH CTaTHYECKOM H VIAPHOM IIPIIIOKEHHI
Harpy30K, BBITIOJIHATEH CTaHAAaPTHBIE BHIBI ITPOYHOCTHBIX PACYETOB.

AR?H_}F{L’II:H ocmb  memsl OOBSICHIETCI OCHOBHBIMH IIPHHITHIIaMI OIIPpCACIICHHA BHYTPCHHIHX
QJHICI‘DPGE BO3HHKAIOIIIX B 3dJda9dX Hd PACTAKCHIIC — CKATHC..
TEGPEHIH‘IE?CK{IH Yacmeo .

Hprmep PELICHITA 3aa™YH Hd TEMY «PACTAKCHIIC H CHKATHE»

[TocTpours 10 mmHe Opyca, COriIacHO cxXeMe HarpykeHHs (puc. 1.1), srmroper

IPOIOMBHEIX I N, HOpMATBHEIX HarpsokeHmit U 1 mepeMele it omepeyHbIX CeteHHil.
CrenaTh BBEIBOJ, O IIPOYHOCTH Opyca, CPaBHHB 3HaUeHHSI HOPMalIbHBIX HANIPSKeHHI B OITACHOM

E =20 10°,,, |0]=240

CEUEHHH C JIOITY CTHMBIM, €CIIH MaTepHall Opyca — cTallb 3 ( Mlla).

PucyHok 1.1

Hano:F; =10 kH: F2=12 «H: F;=30kH: S; = 200 mm°; S> = 300 mm’;
a=03m b=04m.

Permrerme:

HMnmeem yeTrIpe yuacTka HarpykeHus (48, BC, CD, DK), B ripefiefiax KOTOPBIX
HaImpsDKeHHT OYAYT HMETh MTOCTOSHHBIE 3HAUEHH .

Yuacmox 1 (AB). PaccedéM, MBICTIEHHO, CTEPKEHDb B MecTaX, I'Zle HeOOXOJHMO OITpeJlelIHTh
3HaYeHHS BHYTPEHHHX YCHIIMH H BHYTPeHHHX HanpshkeHHH. OnHY H3 YacTel (JIeByI0) OTOpOCHM

F =N - =
(pHC. l.igﬂié@ Dmﬁﬁ%ﬁ%ﬁﬁﬂ COCTAaBHM YPaBHEHHE PABHOBECHS Z : Nl F3 0,33MEH}[B
CeprupIPH SEOMASHETBHE QTOPOMISHHOH MACTH Ha OCTaBIIYIOCSI HEH3BECTHOH BHYTPEHHEH CHIIOH N;.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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PucyHox 1.2

Torma, Nf :F;’ =30 xKH.
5
o, =22 =2010 g
3HaYeHIE HAPSKEHHH Ha YYaCTKE: SE’ 300 Mlila.

AOcomoTHas gedopMalis yaacTka (OTHOCHTEIIBHEIE TTIepeMellleHH S KOHI[OB YYacTKa ):

_o, 1, _100-900

Al = =0,45
“  E 2010 .
Yuacmox 2 (BC).
N,- F, =0
N, =F, =30
N, 30-10°
o, =—2 = =150
S, 200 Mila.
AL _O, - :150 -3050 —0.22
E 2,0-10

JMM.

Yuacmox 3 (DC).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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N,- F +F, =0
N, =30-12=18

N, 1810
g, = L= =90
S, 200 M a
AL _O: 1. _90 -40(5} —01
E 2.0 -10 L
Yuacmox 4 (KD).
N,-F +F +F =0
N,=30-12-10=8 e
N, 810
0, == == =40
5, 200 Mila.
N _0, 1., 40-360 —0.07

kD E  20-10°

JM.

,HJIH ITOCTPOCHHA 31THOPBI HEPEMEH_[EHI]IUI IIOIICPECHHBIX CEE‘-IEEHIIﬁ:, OITpEACITHIM PpaCCTOSHIA,

Ha KOTOPEKIE IIePEMECTSTCS KOHIBI YYaCTKOB HarPy KeHH S OTHOCHTEIILHO KeCTKO 3aJIeJITaHHOI O
JIEBOT'0 KOHI[A CTePKHA (TOUKH K).

I lepemeleHne TOUYKH L) OTHOCHTEIILHO TOYKH K.
(SD_:;':L‘IIKD:Q 07 JHM.

Torma, nepeMeleHHe TOUKH C OTHOCHTEIIBHO TOYKH K COCTAaBHT:
{SGKZ{SDK ‘|‘,—’_‘I.JKDZO, 07+ 0, 18:0,.25 JUM.

AHAJIOTHYHO OIIPEACIIHM IIEPEMEIIEHHS OCTAIILHBIX KOHI[OB YYaCTKOB:

(SBK:‘EECE;' +ﬂg‘5¢:0}25+0}22‘: Ojéf?ﬂi..ﬂi;

OOKYMEHT UUﬂHHCAH
SNEKTPOHHOW ﬂﬂ%m . 1
Ceptucbukat: 2C0000043E9A ﬁ%ﬁ? S045£045= 092 mm.
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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HGGTPGI[B H ITPOdHAIIH3HPOBAB 3ITHOPBI ITPOJOJIPHBIX CHIL N, ., HOPMaJIbHbIX HEalH?KEHIIfI

Oy IepeMeNeH Il IIONEPEeYHBIX ceueHHI (prc. 1.3), JemaeM BEIBOJI, UTO OMTACHBIM YYaCTKOM
Basa SBIIIeTCS Y4acTOK BC € Gnax= 150 Mlla.
T K. 6,,</6/, TO YCIOBHE IIPOYHOCTH BHITIOIHSIETCSL.

OITpeIelIM CTEIEHD 3aIPYKEHHOCTH CTEP/KHSL.

Owex 190 _y (55

[o] 240
CTepKeHb HarpykKeH Ha 62,5 %.

5

%ﬁ’ i '{ | 5 n

JoU 400 | J0U G000

i:n

e

npa npodobHe cu N kH

30
el
D
e}
{
pa Hanpaxexu g, M
o,
9 100

40
J

TM0A TEGEMELHEHIL . MM

ElE e
a47 1T

MTW
007
{] m

PucyHok 1.3

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Bonpocst u 3a0anu:
1. Kakue TBepAple Tena BCTPEYAOTCSA B IIPHPOIE?

2. Kak omnpezensrorcsa BHyTPpeHHHE CHIIOBEIE (DAKTOPHI?
3. B 4yeM 3aKimrodacTCa MeTOJ[ CEUeHHH ?

4. ChopmylIHpyHTE 3aK0H ['yKa.
5. Uto Takoe HCTHHHAS JHarpaMMa pacTsDKeHIHT?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIadopaTopHoe 3anATHE S
Tema: CaBur (cpe3)
[{ems: HayuyHThCS pelllaTh 3aJauyl Ha CABHT H KPYUYeHHE
3HATh. IIPHHIMIIEI COIIPOTHBIEHHS KOHCTPYKIIHOHHBIX MAaTEpHAIOB, METOABI H aJITrOPHTMBI
IIPOEKTHPOBAHNS PA3IMYHLIX MEeXaHHYECKIX CHCTEM, METOJBI H alITOPHTMBI KOHCTPYHPOBAHHS
AIIEMEHTOR PA3NIMYHBIX MEXaHHYECKHX CHCTEeM, METOJUKH pacueTa Ha IIPOYHOCTh, KECTKOCTh H
YCTOHUYHBOCTD 3JIEMEHTOB MAIIMH H HX KOHCTPYKIIHII,
YMeTh. OCVIIECTBIISATh PAllHOHAIBHBIH BEIOOP KOHCTPYKI[HOHHBIX M SKCIUIYaTal[HOHHBIX
MATepPHAJIOB, ITPOH3BOMHTL PacyYeThl Ha IIPOYHOCThL H JKECTKOCTh IIPH PACTSDKEHHH-CKATHI,
KPYUeHHH, H3THOe M CIIOKHOM Harpy:KeHHH, IIPH CTaTHYeCKOM H VIApHOM ITPIUIOKEHHH
HArPy30K, BBITIOIMHATEH CTaHAAPTHEIE BHILI IIPOYHOCTHERIX PACYETOB.

AxmyanvHocms memst OOBACHIETCS OCHOBHBIMH ITPHHIHIIAMH OIIPeJielIeHHS BHYTPEeHHHX
(paKTOPOB IIPH CABHIE H KPYYEHHH.
Teopemuueckasn yacmo:

CIBHUIOM Ha3bIBAIOT TAaKOH BHJ HAIPSXKEHHOI'O COCTOSHIS, KOTJa Ha T'PaHsIX 3IIeMeHTa
IEHCTBYIOT TOJIBKO KacaTellbHbIE HallpskeHHS. [IpH 5TOM Ha ABYX B3aHMHO IEPIIEHIHKYIIIPHBIX
TUIOINAZIKaX JeHCTBYIOT PaBHEIE IO BEIHYHHE H OOpaTHEIE IO 3HAKY KacaTelIbHbIE HAITpSDKEHHS.
OTOT 3aKOH HaszbIBAaeTCsS 3aKOHOM ITAPHOCTH WIH B3aHMHOCTH KacaTelIbHBIX HaIpPSKeHHH H
HMEET CHIIY KakK JJII OJHOOCHOrO, TaK H IS OOBEMHOIO HAIPpSDKEHHOIO COCTOSHIM.
Jledbopmalny, BOSHHKAIOIHE IPH CABHIE, HA3BIBAIOT YITIOBEIMH Ae(OpMAIlSMH HIH YITIOM
capura. OTIBITEI TIOKA3bIBAIOT, YTO MeXAY HAIpSOKeHHSIMH H Ae(OpMallHsIMH IIPH CIBHIE
CYILIECTBYET JHHEHHAs 3aBHCHMOCTb, aHaJIOTHYHas 3aKOHY ['yka mpH pacTsokeHuH. [losTomy

3aKOH ['yKa IIpH CIBHTE HMEEeT BH]I T=yG

CIBHT Q.
CrexyeT oOpaTHTh BHHMAaHHE Ha TO, YTO MOIYIIB ITPOAOILHOH YIIPYTOCTH, HIH MOJIYIIb
VIIPYTOCTH IIEPBOro pofia £ H MOAYJIb YIIPYTOCTH ITPH CABHIE, HIIH MOIY/Ib YIIPYTOCTH BTOPOI'O

pozxa G UL OXHOTO M TOTO e MaTepHala cBs3aH uepes kosdduient [Tyaccona M

3ABHCHMOCTE0 O =E/ \ 201+ *”’)J . Ilpu pacueTax Ha cpe3 OOBIYHO MPHHHMAIOT, UTO KacaTelIbHbBIE
HaITpsDKeHHS paclpeelleHbl PABHOMEPHO B ITOIIEPEYHOM CEYeHHH CTEPIKHSI H YCIIOBHE
IIPOYHOCTH Ha Cpe3 HMEET BHI

Tt = F/S< [1] rne F — BHEIIHSS NONepeYHasI CHIIA.

7]

, rae ¢ - yriosas gedopmarmid, a G - MOLYIb

JloImycKaeMBle HaITPSKeHI S \ Ha CABHT (Cpe3) COCTaBIISIOT HEKOTOPYIO YaCTh OT
IOITY CKaeMBIX HAIIPSCKEHHI Ha pacTsDKeHHe. PaCCUHTHEIBAIOT HA CPE3 COSMHMHEHNS 3aKIIETIOYHBIE,
OOIITOBEIE, CBAPHEIE, IIMIOHOYHEIE H HEKOTOPHIE APYTHE THITBI COEeIHHEHHIL.

[Tpn rmpoBeieHHH IIPOYHOCTHRIX PACYETOB Ha CABHT (Cpe3) HeOOXOAHMO HayIHThCS
IIPABHIIFHO OIIPEAEIIATh IUIOMIAIH cpe3a IS OJHOCPE3HBIX H MHOT'OCPE3HBIX 3aKIIEIIOK, a TAKKE
IUISI VITIOBOI'O CBAPHOTO IIBa, B KOTOPOM Cpe3 IMPOHCXOIHT IT0 OMCCEKTOPHOI TNIOCKOCTH
IIPSIMOI'O YITIa TIOIIEPEYHOIO CEUEHHS ITBA.

EcIm B IOIepeyHOM CeYeHHH CTEPKHSI JeHCTBYET KPYTSIIHIA MOMEHT Mz, TO CTEPKEHD
HCILITEIBAET KpyueHHe. HeoOXoaMO, HCIIOMB3Y S METOM CEYEHHH, HAYUYHTHCS CTPOUTDH SITFOPEI
KPYTSIIIX MOMEHTOB I10 JUIHHE CTEPXKHS U OIPEAEIIATh BOZHUKAFOIIIE KacaTellbHbIE
HaIIPSDKeHHS, KOTOpBIe OIPeIelSIOTCS M3 COOTHOIMEHNI T = My/ Wp, T1ie Wp - TIOISpHEIH
MOMEHT COITPOTHBIIEHHS CEYEHHS KPYUEHHIO.

B 1ornepeyHoM ceUeHHH CTEPKHS KacaTelbHbIE HAIIPSDKEHHS PaCIIPeIeIIeHb]
HepaBHOMEPHO. Tak, I CTEPIKHS C KPYITIBIM ITOIIEPEYHBIM CEYEHHEM KacaTEIIbHEIE
HAITPSDKEHUS H3MEHSFOTCA IO JIMHEHHOMY 3aKOHY - OT HYIIS Ha OCH JI0 MAaKCHMAJIBHOI'O 3HAYEHH S

OOKYMEHT MNOAnncAH
Y IIOBEPXHECPHH HHRQSU CHITH, PACITIOIIOKCHHBIC ¥V OCH CTCPZKHA, HAI'PYACHBI HE3HATIHTCJILHO,

CePTIbHETC %f@ﬁ%ﬂﬁ%ﬂﬂ?ﬁﬁ?ﬁﬁﬂ%ﬂ?ﬁ%iﬁﬁmdﬁﬁm KPy4YeHHH IIelIeco00pa3sHO HCIIONb30BATh ITYCTOTENIBIE
e H

Bnageneuy; bayxoga, TaTeAHa AnekcadapoB
TTPO(PHITH. Ef%py'l‘ﬂl_[[}]}[ MOMEHT B CEUeHHH CKPYYHBAeMOI'0 CTep KHS (Bajla) YHCIEHHO paBeH
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arreOpaH4YeCcKOH CYMME BHEIIHHX CKPYYHBAKOIIHX MOMEHTOB, JEHCTBYIOIIHX 110 OJHY CTOPOHY

OT CEYEHHS.
Bonpocet u 3a0 anua:

1. Yro takoe casur?

2. Uto Takoe KpydeHHE?

3. 3aKkoH |'yka IIpH CABUTE .

4. OrnpejelleHHe KPYTSIIErO MOMEHTA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JIadopaTopHoe 3anaATHE 6
Tema: Pacuersl Ha ITPOYHOCTH ITPH CABHIE
[{enb: HayUYHThCS PEIlaTh 3aadul Ha IPOYHOCTE
3HATh. IIPHHIMIIEI COIPOTHBIIEHHS KOHCTPYKIIHOHHBIX MAaTEpHAIOB, METOIBI H aJITOPHTMBI
IIPOEKTHPOBAHHU S PA3IMUYHBIX MEXaHHYECKHX CHCTEM, METOJBI H alTOPHTMBI KOHCTPYHPOBAHHSI
AIIEMEHTOB Pa3IHYHBIX MEXaHHYECKHX CHCTEM, METOIHKH pacueTa Ha IIPOYHOCTh, KECTKOCTEH H
YCTOHYHBOCTH JIEMEHTOB MAIIMH H UX KOHCTPYKI[HI
YMeTh. OCVIIECTBIATh PALMOHAJIBHBEIN BBIOOP KOHCTPYKIIHOHHBIX H SKCIUTYaTal[HOHHBIX
MATEPHAIOB, IIPOH3BOJHTE PACUYETHl HaA IIPOYHOCTH H JKECTKOCTH IIPH PACTSDKEHHH-CKATHIL,
KPYUYEHHH, H3THOe M CIIOKHOM Harpy:KeHHH, IIPH CTaTHYECKOM H VIAPHOM IIPIIIOKEHHI
Harpy30K, BBITIOJIHATEH CTaHAAaPTHBIE BHIBI ITPOYHOCTHBIX PACYETOB.

AxmyanvHocms memst OOBACHIETCS OCHOBHBIMH ITPHHIHIIAMH OIIPeJielIeHHS BHYTPEeHHHX
(paKTOPOB IIPH CABHIE H KPYYEHHH.
Teopemuueckasn yacmo:

[Iprmmep Permmenng 3agaun Ha Temy « KpyueHme»

K craipHOMY CTYIIEHYATOMY Bajly, HMEIOIIEMY CIUIOIIHOE KPYIJIOE CEYEHHE, TIPHIIOKEHEI
YeThIpPe BHEIIHHX 3aKpyuHBaroImux MoMeHTa (1), T-, Tsu Ty, IeBBIH KOHEI] Bajla JKeCTKO
3aKpelUIeH B OITOPE, a IIPaBBIH KOHEI[ — CBOOOIEH H €r0 TOPEell HMEET YITIOBEIE TepeMell[eHIS
OTHOCHTEJIbHO JIEBOI'0 KOHIIA.

Tpebyercs:
1) IOCTPOHMTH AIFOPY KPYTSIIHX MOMEHTOB,

2) OIpeleNnTh JUaMEeTPHL d; H d- Balla H3 pacyeTa Ha IIPOYHOCTh, IIPH 3aJaHHOM 3Ha4eHHH {TJ :,
OKPYTJIHTh BEIMUHHY HaHJAeHHBIX JHAMETPOB J0 OIIrKaiImero OOIbIIEro 3HaUeHHS H3 PSAa;
3) IIOCTPOHTH BIOPY AeHCTBHTEIbHBIX HAIIPSOKEHHI KPYyYeHHS T10 JJIHHE Bajla;

_ 5
G =08 10°, 7

4) TIOCTPOMTH 3ITOPY aGCOMIOTHEIX YITIOB 3aKPYUHBAHHS ¥ | TPHHSEB

y B B O
| !/

£ 0 s [ [ 8 sl[]4
L

=i L = = = *

\" 1
\
a ", __a

g T - | |

T—

PucyHok 3.1
Ucxomupie paumwle. a =b =c 1,6 m; T; = 5,7 kHm; T, = 2,7 kHm; T; = 1,7 xHwm;

T, =07 xHwu: |- 45 MTa.

Permerme:

1, PR AIETE Kp¥ramie MoMeHTH (pHc. 3.2):

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnanene}y’qﬂ%ﬁ%ﬂwﬂm AnekcaHgpoBHa
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M, =T, =07 ,

2

Yuaemox BC:
M,, =T, - T,=07-17=-10 .
Yuacmox CD:
M, =T,-T,-T,=0,7-17-27=-37 ,
Yuacmox DE:

M, =T,-T,-T,+T, =0,7-17-27+57=2 ,

J.

2. OHPE,I[EJ]IIM SHAYCHHA THAMCTPOB ET}’HEHEﬁ H3 YCIIOBHA ITPOYHOCTH Hd OIIdCHBIX

yyactkaX BC u DC.
M 3,7 -10°
dl =3 K3, =3[ =744
0,2 {z] \ 0,2 -45

JMM,

M . 10°
d = Q 1.O -10 —481
Vo2 {z] V0,2 45
JHM
[IpuHINMaeM d, = 50 mm.

3. JUI ITOCTPOEHHS 3IFOP HAIIPSDKEHHH HAaHAEM 3HAUEHHS HAIIPSKEHHH KPYUEeHHS,
IEFCTBYIOIMX HAa YYaCTKaX.

[ IprHINMaeM d; = 80 M.

2

M. 0710°
T, =—8 == - =28
w, 0,250 MITa
M . 1.0 -10°
T, =—*2 =- — =-40
W, 0.2 -50 Mila
M 3.7 -10°
T, :W”"”3 =- 0’2 s =-36.1
p2 a MlTa,
M . 20 -10°
g :WM :052 80° =19
2 e MIa.

4. OTHOCHTEIIBHBIE YIJIOBBIC IIEPEMEIICHIA KOHIIOB YHACTKOB.

M . -1 0,7 -10° 1,6 -10°
Qp = el A5 — 7 : : p =0,0224
G-J, 0810 -01-50
pao,
M., 100" 1610
P = X —- : - el 0,0320
GJ, 0,8 -10° -0,1 -50 pad
SR M, 3710 16 10"
Ceptudmukar: ECﬂﬂﬂﬂﬂdSEEﬂBBEQEEEDEETBA@E&FD@@H‘S‘EE_ — s A —- 0:01 81
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa G .Jpj 0:8 10 0,1 80 pﬂa
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L] L] ﬁ L] L] 3
M, 1 _2010° 1610° _o o000
G -Jp,, 0,8 -10° -0,1 -80*
- pao.

AOCOIIOTHBIE YITIBI 3aKPYYHBAHHS, OTHOCHTEIIBHO KeCTKO 3aJIeJIAaHHOIO JIEBOrO KOHI[a
Baja (ceuenue F).

Gos =15 + @ =0,0098- 0,0181=-0,0083 -
@z =0cs + @5 =-0,0083- 0,0320=-0,0403
@i =05 + 9,5 ==0,0403+0,0224=-0,0179

Prs

2

]

ao.

Z 1
g /*z_’? s| (10 18] [ |4
2 \\ \\ N
g_‘ﬁw_‘féw__?éw_-féﬁ__

o0 00 KOLMILLLY MOMEHTOE My kM
D 047
0 [0
10
37
Jpad Hangaxeruw . Mia 24
79
B ®
U
o
M0 EDEMBLIEHU , PO
40098
£
4057 "
= - (0779
Ul [
O0L07Y"
PucyHoK 3.2
Bonpocet u 3a0 anua:

1. Yro takoe casur?
2. Yro Takoe KpyueHme?
3. 3akoH I'yka IIpH CIBHTE .

4. OWE%&WMEW MOMEHTA.

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JIabopaTopHoe 3ansaTHe 7
Tema: 'eoOMeTpHUECKIX XapaKTEePHCTHK ITOIIePEYHOIO CeUeHHS
[{ems: Hay4HThCS OMpeJellsITh TeOMETPHYECKHE XapaKTEPHCTHKH ITOIIEPEYHBIX CeUEHHH
3HATh. IIPHHIMIIEI COIIPOTHBIEHHS KOHCTPYKIIHOHHBIX MAaTEpHAIOB, METOABI H aJITrOPHTMBI

MMPOEKTHPOBAHHS Pa3IIMYHBIX MeXaHHYECKHX CHCTeM, METOJbl H aJTOPHTMBI KOHCTPYHPOBAHHS
AIIEMEHTOB Pa3IHMYHBIX MEXaHHYECKHX CHCTEM, METOAHKH pacueTa Ha ITPOYHOCTh, KECTKOCTh H
YCTOHYHBOCTH 3J1€MEHTOB MAIIlHH H HX KOHCTPYKI[HIT,

YMEeTh: OCYIIECTBISATh PAIHOHAILHBIH BBIOOP KOHCTPYKIHOHHBIX M 3KCIUTyaTallHOHHBIX
MaTE€pPHAIIOB, IPOH3BOJHTE PacueThl Ha IIPOYHOCTh H JKECTKOCTh ITPH PacTsDKEHHH-CKATHH,
KPYYEeHHH, H3rHOE€ H CII0KHOM HAarpyKeHHH, IIPH CTaTHYeCKOM H VYIAapPHOM ITPHIOKEeHHH
Harpy30K;, BHITIONHATH CTAaHJaPTHBIE BHBI IIPOYHOCTHBIX PacYETOB.

AMH_}F{L’II:HGEHH: membl OOBSICHSIETCI OCHOBHBIMH IMPHHITHITAMH OITPpEACIICHI A FEDMETI}H‘IEGHIK
XAPAKTICPHCTHK ITOIICPEYHOI'O CCHUCHITA.
TEGPEHIH‘IECKEIH Yacmeo .

I[Tpu pacyeTax Ha IMPOYHOCTD, JKECTKOCTh H YCTOYHBOCTE HCIIOIB3YIOTCS FreOMeTPHYECKHE
XapaKTe PHCTHKH ITOIIEPeYHOT0 ceueHH Opyca: niouyads, oceeuvle i NONAPHbIL MOMEHN1bl
LUHepyLLL, OCeeble 1l NOJISPH blil MOMeHm bl conpomueneris. KpoMe TOro, IpH HX ONpeAeIeHHH
BCITOMOTaTEILHYIO POJIb HIPAIOT cHiamiideckile MOMeHINbl 1 LeHINP 0beJNCHble MOM eHbl
HHePIII CeYEeHLIA.

HarommiM ompejieleHHs, CBOICTBAa H METO/IbI BRIYHCIEHHS ITepPeYH CIIEHHBIX
XapaKTepHCTHK (pHC. 2.1).

;,l' k !

i ) I,._-,.F ;-‘i
g, |/
‘y,f . ;;/

: ey
i a E' -

i

PucyHok 2.1

S = de
IInowaos ceuenus . § |, TAe dS — IUIoImaab IIeMeHTapHOH ITIOIIaKH.

Cmamuyeckuit MOMeHn NIoujaoll ceveriis — CyMMa TIPOM3BEICHII IIIOIAIeH

AIIeMeHTAPHBIX IUIOINAL0K HA HX PACCTOSHUS A0 JAHHOH OCH, B3STas IT0 BCEH IUIOINAMN CEYeHHS.
CTaTHYECKIIT MOMEHT CEUEHMS H3MEPSETCS B €IHHHIAX JUIHHBI TPETHEH CTEIleHH (MME:, CM°, ME).
CTaTHUecCKHe MOMeHTEI ceUeHH T OTHOCHTeIILHO oceH Ou 1 Ov:

S, = [vdS =8y,
5

3

S = (udS =Su
ih ISJ‘ [

piIfs e 151 Ve _ PACCTOSHHS OT I[EHTPa TSDKECTH CeYeHHS COOTBETCTBEHHO J10 ocer OvH Ol

CTaTHYECKHH MOMEHT CEUEHH S MOKET OBITH KaK ITOIIOKHTEIBHBIM, TaK H OTPHIIATEIILHBIM.
OTHOCHTENBHO JIFOOOH OCH, IPOXOSIIEHN Yepe3 LIEHTP TAKECTH CEYEHHS, OH PaBEH HYIIIO.

Oceegoil momenm uUHepyuil ceyertis — CYMMa TIPOH3BEICHIH TIIOIIAeH 3IIeMeHTapHBIX

TUTOIIA I OKn By B AFREAK PACCTOSHHH 0 JaHHOH OCH, B34Tas I10 BCEH IUIOMI[AH CEUEHHS.
ANEKTPOHHOW NOAMUCHIO

J = ['dS
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E u_
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa 5 .
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J = w'dS
=}

lonaprviit Momenm unepijiiyl — CYMMAa IIPON3BEIESHII TUIOMIAAeH 3JIEMEHTaPHBIX
TUIOINAIOK Ha KBaJApaThl HX PACCTOSIHHI J0 TOYKH (TIOIIOCA), B3ATas 110 BCeH IUIOIA N CeUeHH.
2
J, = J" 0-dS
5

OceBble H HDJIHPI{BIﬁ MOMCHTBI HHEPILHH — BEIIHYHHBI CYIIECTBCHHO ITOJIOKHTCIIBHBIC. OceBbIe H
ITOJIAPHBIC MOMCHTBI HHEPILHH CCHCHITA H3IMCPAIOTCA B CAHHHIAX JJIHHBI 1IETEEIJIT'IJ]‘:T CTCIICHH

(M, e, M),

LJenmpobesicuviit Momenm uHepyill — CyMMa IIPOH3BeIeHHH TUIOIaieH AleMeHTapHbIX
IUTOIIAIOK HA MX KOOPAHHATHI, B3STas IT0 BCEH IUIOINAMH CEUSHHS.

J,, = [uvdsS
H I'E:J.Hv

[{leHTpOOeKHBII MOMEHT HHEPLIMH H3MEPSIETCSA B € JHHHIIAX JIIHHEI YeTBEPTOH CTEIIEHH
(v, em*, M*), MOXKeT OBITH ITOTOKHTENBHBIM, OTPHIATEIbHBIM H PaBHBIM HYIIIO.

Yepes moOyr0 TOYKY, B3SITYIO B IDIOCKOCTH CEUYEHHS, MOXHO ITPOBECTH JBE B3aHMHO
MePIIEHAHKYIIIPHEIE OCH, OTHOCHTEIbHO KOTOPBIX IEHTPOOEKHBII MOMEHT HHEPILIHH CeUEHHS
PaBeH HYIIO. OTH OCH HA3bIBAKOTCH 21a6HbiMu ocamil (MHOTJa HX HA3bIBAKOT 21AGHbIMIL OCAMLL
uHepyuiy). [IpakTHYECKII HHTEPEC IMPeCTaBIsIOT JINIIE ITIaBHBIE OCH, ITPOXOASIIHE YEPE3
IIEHTP TSDKEeCTH CeYeHH S, OHH HA3BIBAKOTCS 21AGHbIMIL LjeHMP albHbiMil ocamid (JUISI KPATKOCTH B
TanpHeHIeM OyieM B OONBIIHHCTBE CIIy4aeB Ha3bIBaTh HX IPOCTO 21AGHbIMIL OCIMLL).

OceBble MOMEHTHI HHEPIIHH OTHOCHTEIbHO ITIABHBIX OCEH (2/1a6H ble MOMeHNIbl UH epijiiiL)
SKCTPeMaIbHBI — OTHOCHTEIEHO OJHOH H3 HHX MOMEHT HHEPIIHH MaKCHMAJIEH, a OTHOCHTEIBHO
APYTOi — MHHHMaNeH. J[JI pacueTOoB Ha ITPOYHOCTh M KECTKOCTh ITPH H3THOE, COYeTaHHH
H3rH0a ¢ PACTSDKEHHEM H B PSJIE APYTHX CIIy4aeB HYKHO 3HATh ITOIOKEHHE TTIaBHBIX
IIEHTPaJIbHBIX OCEH H BEIIMYHHBI COOTBETCTBYIOIIHX MOMEHTOB HHEPIIHH.

B cirydae, eciiu cedeHHe HMeeT XOTS Obl OJHY OCh CHMMETPHH, TO 3Ta OCh H OCh K HEH
MEPIIEHANKYIIIPHASL, IPOXOASIIAA Yepe3 HEHTP TSHKECTH CeYeHHS, SBILTIOTCS ITIaBHBIMH
I[EHT PAIIbHBIMH OCSIMI.

[TpH BEIMHCIEHHH ITaBHBIX MOMEHTOB HHEPIIHH CeYeHHI, COCTABIEHHBIX H3 ITPOCTeHIIHX
reOMeTPHYECKHX (DHI'YP HIIH CTaHJAPTHBIX ITPOKATHBIX ITPO(IIIEH, IIHPOKO ITPHMEHSFOTCS
(pOpMYJIBI ITIEpeEXOAa OT LIEHTPAJIBHBIX K ITapaJUIeIbHBIM MM Hel[eHTPaJIbHBIM OCsIM (pHC. 2.2).

Vi ,-1"’”
X
U A
L
PucyHok 2.2
OTH (prIVI}"HLI HMCIOT GHE,I[}’TOH_[Hﬁ BH . JJIA OCEBOI'O MOMCHTA HHCPIIHH
.
JE]_ —JEU + ﬂ S .
2
IUIS LIEHTPOOEKHOTO MOMEHTA HHEPIIHH
OOKYMEHT NnoanncCAH —
ANEKTPOHHOW NOAMUCHIO Jl-l M _quh},u + ﬂbS
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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KGDPI[I]}I&TLIEI H bl[GH}IC[{BI OBITE TIOJICTABIIEHEI CO CBOHMH 3HAKAMIH r‘/ au b— KOOPAHHATDBI
Hayajia HOBOH CHCTEMBI KOOPAHHAT B CTAPBIX GCH}{). B yacTHOM ClIIYHac, CCJIH HCXOJHbIC OCH

J. =0

Oxat OydaiaBHbBIE, 00 TOra HMEEM:

J  =abs

411

[TpuBegem (hopMyIIBI 4TI BEIYMCIIEHHS MOMEHTOB HHEPLIHH ITPSMOYTOJIbHHKA,
TPEYT OIILHHKA, Kpyra H KOJIbIIA.

. bk
Y12
A. IIpamoyzonvrux (puc. 2.3): , TZle b- cTOpOHa, MapaluiebHas OCH,
OTHOCHTEJIbHO KOTOPOH BEIYHCIISETCS MOMEHT HHEPIIHH.
.}i
.l o - ’f s
e i
e j,, -
b
PucyHOK 2.3
JIsT ocH, COBMNAJAOMIEH ¢ ONHOH H3 CTOPOH ITPSAMOYIOIbHHKA (HE IJITaBHBIH MOMEHT

oK

HHEPIHH ) K 3
E. Pasuobedpennwiii mpeyeonvnux (puc. 2.4).

PucyHok 2.4
bh’ b°h
J =— J =——
[ TaBHBIE MOMEHTEI HHEPIHH 36 L 8

3amMeTHM, 4TO (opMylla ¥ JaeT BeIHYHHY MOMEHTAa HHEPIHH JIO00r0 TpeyrolIbHHKa
OTHOCHTEJIbHO OCH, ITapaUIe/IbHOH ero OCHOBAaHHIO, HO, €CIIH TPEYIOIILHHK HEPAaBHOOEAPEHHBII,
yKa3aHHas OCh He OYJIET ITTaBHOH.

4
J. =J, :mi
B. Kpye (puc. 2.5): - 064

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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PHCYHOK 2.5

nd* (- 4) d,
J. =J, = lI-¢ C=—-
I". Komsyo (puc. 2.6): 64 , TIIe: d , Koa(pprirreHT TPyOHI.
14
e
.ﬁ'ﬁ B el Mf‘a.
4 ¢ --’}”1? H{.; :}x
':ff_.-i," . } X
[.. A . II| :
[ i
O A7
N
d{'.l
.d oL
PucyHoK 2.0.

3aMeTHM, UTO JJIS KpyTa H KONIbI[a BCE I[eHTPAIbHBIE OCH I'TIaBHbIE H MOMEHTHI HHEPIHH
OTHOCHTEIBLHO ATHX OCEH PaBHBI MeXAY COOOH. OTHM K& CBOHCTBOM 00IagacT Jmodoe CeueHHE,
Yy KOTOPOI'O JIBa I'TTaBHBIX I[EHTPAbHBIX MOMEHTA HHEPIIMH OJHHAKOREI.

[Tpn BRIUHCIEHHH MOMEHTOB HHEPIHH CIOKHBIX CeUYeHHH (COCTaBIeHHBIX H3 ITPOCTEHIIHX
(HIyp HWIH TIPOKAaTHBIX IIpOo(QIUIeil) KOOPAHHATHI HX IIEHTpa TSDKECTH OIPEAelIIIOT II0

(popMyIaM:
S S u
_S, _28u
“Ts TS
I
S S v
—_— U _2 1 1
TS TS
i
S u v .
rae: !, '; ! — COOTBETCTBEHHO IUIOINAAbh H KOOPIHMHATBHI ILIEHTPa TSKECTH KaKIOH H3
COCTaBILIIOIIHX (pHTYp; S; v, Y- IIONI[aAb H CTaTHYeCKHe MOMEHTHI BCETO CeUeHH .

MomeHTBI HHEPIHH (OCeBEIe H LIEHTPOOEKHEBIE) CIIOKHBIX CEUEHHH OTHOCHTEJIEHO JAHHBIX
OCeH OIPEIEILIFOT ITyTEM CYMMHPOBAHHS COOTBETCTBYIOIIMX MOMEHTOBR HHEPIIHHI
COCTABILSTIOIIHIX (PHT'YP OTHOCHTEIIFHO TeX Ke OCeH.

[Ipn »TOM HCHIONB3YIOTCS (POPMYIEI Iepexoja OT IIeHTPalIbHBIX K ITapalljIelIbHBIM HM
HELIEHTPaJIbHBIM OCSIM.

B Tex cioydasx, Korja cedeHHe He HMeeT HH OJHOH OCH CHMMETPHH, CHa4ala BBIYHCIISEOT
MOMEHTEI HHEPIMH OTHOCHTEIIBHO HEKOTOPBIX IIENecOo00pa3HO BRIOPAHHBIX ILIEHTPAIBHBIX OCEH
OxyH Oy (HCXOIHBIE OCH), 3aTEM OINPeEIIIIOT YIoJl HAaKIOHA ITIaBHBIX OCEH IT0 OTHOIIEHHIO K
HCXOJTHBIM H BEITHYHHBI ITTABHBIX MOMEHTOB HHEPLIHH.

OKYMEHT MOANVCAH - \ -
CEEH%M@HW m%mﬂﬂ;w[ HHePIIHH OTHOCHTEIbHO HCXOMHBIX ocel (Oxg Oy H Ocel,

CEWWHEiBeW%ﬁE%ﬁBﬁiﬁﬁ%%’@W% a (puc. 2.7), HMeeT BHJ;

Bnaneneu: ebayxoea TaTeAHa AnekcaHgpoBHa
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Yo ITOBOPOTA I''ITaBHBIX OCEH 1O OTHOILIEHHIO K HCXOIHBIM OITPEACIIACTCH H3
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IaeT II0II0KEHHE I'TIaBHOH OCH, OTHOCHTCIIBHO HDTGpDﬁ MOMCHT HHCPIIH MdKCHMAJICH.

r

9 a y
[ToMmOKHTENBHBIT YIOI 0 CIEAYET OTKIAABIBATh OT OCH XAIPOTHB XO[a YaCOBOI CTPETIKH.
JIist ompeenieHNs 1oj10KeHH (yITIa HaAKJIOHA) TIIaBHBIX OCEH MOKHO ITPHMEHSTE

(pOPMYIIBI:
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0 Mo
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J — rTIaBHBIE MOMEHTEI HHCPIHH.

(04
| maBHBIE MOMEHTEI HHEPIHIT MOMHO BBEITHCIIHNTE, ITOACTABIIAA B HEC ITOCIICAOBATCIIBHO 0

, O,_«&,
— H — ., HO HPMIHECHI yﬂﬂﬁHEE TIOIIESOBATECH QJGPWHHI‘HHI? HES GO,I[Ep}I{aL[[ImﬂI

TPHTOHOMETPHYECKHX (DYHKI[HIH. OTH (pOpMYIIBI HMEIOT BH;

J +J 1

AOKYMEHT MOAMVCAH _ Vi (J -
IANEKTPOHHOM I'IEI,EII'IHEI:ﬂl'gmaK - + X Vg
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E 2 2

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

r

Fear:

Nencteutened: ¢ 19.08.2022 no 19.08.2023

29



Bonpocet u 3a0 anus:
1. OrmpeneneHiie reOMeTPHUECKHX XapaKTEPHUCTHK MTPOCTHIX CEUEHHH?

2. OrnpejielieHHe TeOMETPHYECKHX XaPaKTEPHCTHK CIIOKHBIX CEUYEHHH?
3. OrnpegaerneHHe MOMEHTOB HHEPIIH.
4. YTo Takoe cOpTaMeHT.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JladopaTopHoe 3anaATHE 8
Tema: [Ipsvor 1morepeyHsIi H3rHo
[lens: HAYYHTHCS pelaTh 3agadd Ha IIPSMOH ITOIePeYHbIT H3IHO
3HATh. IIPHHIMIIEI COIPOTHBIIEHHS KOHCTPYKIIHOHHBIX MAaTEpHAIOB, METOIBI H aJITOPHTMBI
IIPOEKTHPOBAHHU S PA3IMUYHBIX MEXaHHYECKHX CHCTEM, METOJBI H alTOPHTMBI KOHCTPYHPOBAHHSI
AIIEMEHTOB Pa3IHYHBIX MEXaHHYECKHX CHCTEM, METOIHKH pacueTa Ha IIPOYHOCTh, KECTKOCTEH H
YCTOHYHBOCTH JIEMEHTOB MAIIMH H UX KOHCTPYKI[HI
YMeTh. OCVIIECTBIATh PALMOHAJIBHBEIN BBIOOP KOHCTPYKIIHOHHBIX H SKCIUTYaTal[HOHHBIX
MATEPHAIOB, IIPOH3BOJHTE PACUYETHl HaA IIPOYHOCTH H JKECTKOCTH IIPH PACTSDKEHHH-CKATHIL,
KPYUYEHHH, H3THOe M CIIOKHOM Harpy:KeHHH, IIPH CTaTHYECKOM H VIAPHOM IIPIIIOKEHHI
Harpy30K, BBITIOJIHATEH CTaHAAaPTHBIE BHIBI ITPOYHOCTHBIX PACYETOB.

AxmyanvHocms memst OOBACHIETCS OCHOBHBIMH ITPHHIHIIAMH OIIPeJielIeHHS BHYTPEeHHHX
(paKTOpPOB IIPH H3THOE.
Teopemuueckasn yacmo:

[Ipu n3rude cTepKHH MOABEPrarOTCSA BO3AEHCTBHIO TIOIIEPEYHON CHIIBI HIIH H3THOAKOIIETO
MOMeHTa. M3ru® HaspIBAeTCS YHCTBIM, €CIIH JEHCTBYET TOJIBKO M3THOAION MOMEHT, H
TIOIIEPEYHBIM, €CIIH JIeHCTBYET HarpysKa, IEpIeHAHKYIIIpHAs OCH CTepKHS. bpyc (cTepkeHs),
paborarorpii Ha H3rHO, OOBIYHO Ha3pIBalOT OalkoH. banky sSBismoTcsS HaumOojee 4YacTo
BCTPEYAIOIIMMIICSI BJIeMEHTaMH COOPYKEHHH H MAaIllMH, BOCIIPHHHMAIOIMMI Harpy3KH OT
IPYTHUX SIIeMEHTOB KOHCTPYKIIMH H, TIEPeJarOIMMH HX TeM 4acTsSM, KOTOPBIE IIOAAePKHBAIOT
OaJIKy (4JaIre BCcero oIropam).

B CTPOHMTENBHEIX COOPYKEHHSIX H MAIMHOCTPOMTEIBHBIX KOHCTPYKI[MSIX 4Yallle BCETO
MOJKHO BCTPETHTH CIEAVIOINHE CIy4dYaHl KpelvleHHs OaloK. KOHCOIBHBIE - C  OIHIM
3alleMIIeHHBIM KOHI[OM (C JKeCTKOH 3aJIelIKOH), JIBYXOIIOPHBIE - C OJHOH INapHHPHO-
HETIOABHIKHOH OIIOPOH H C OJHOH INMAapHHPHO-TIOABHKHOH OIIOPOH H MHOTIOOIIOPHEIE OalKH.
Ecimm OropHble peakiid MOryT OBITh HaHJEHBI H3 ONHHX YPaBHEHHH CTAaTHKH, TO OalKH
Ha3bIBAIOT CTAaTHYECKH OIPEIeIHNMBIMH. ECIH K& YHCIO HEH3BECTHHIX OIIOPHBIX PeaKI[HIl
OOIBINE, YeM YHCIO VpaBHEHHMHI CTaTHKH, TO TakHe OalKH Ha3bIBalOT CTAaTHYECKH
HeOlIpeAe/IMMBIMH. {71 OIpelelIeHHsI pPeakKiMid B Takux OajlkaxX IIPHXOMUTCS COCTABIIAThH
ITOIIOIHHUTEIIFHLIE YPAaBHEHHS - YPAaBHEHHS IepeMellleHHil. [IpH IIIOCKOM IToIepeyHOM H3rHOe
BCE BHEIIHHE HAIPY3KH IEPIIEHIHKYISIPHBI K OCH OalIKH.

OrnpeaeleHHE BHYTPEHHHX CHIIOBEIX (DAKTOPOB, AEHCTBYIOIIHX B ITONEPEYHBIX CEYEHHSIX
Oanki, ciueayeT HauMHATE C OIpelelIeHHS OIOPHBIX peakiii. I1ociae 3Toro HCIons3yeM MeTOJ
CEUEHHI, MBICIIEHHO paccekaeM, OaJKy Ha JIBE YAaCTH M pPacCMaTpPHBAEM PABHOBECHE OIHOH
yacTH. BzanmopelicTBHe 4YacTeH OalkH 3aMeHSeM BHYTPeHHHMH (paKTOpaMH: H3THOAFOIIHM
MOMEHTOM H ITOIIEPEYHOH CHIIOH.

[lomepeuHas cHila B CeUYEHHH paBHa anreOGpaHyecKOH CYMMeE ITPOEKI[I BCEX CIUI, a
H3rHOAIOIII MOMEHT paBeH anredOpanyecKoil CyMME MOMEHTOB BCEX CHII, PacIIOIOKEHHBIX I10
OJIHY CTOPOHY OT Ce€YeHHS 3HAKH JeHCTBYIOIMX CHI M MOMEHTOB CIEAYeT OIPEIEISITh B
COOTBETCTBHHM C TIPHHSATHIMH ITpaBIIaMH. HeoOXoauMO HayYHTHCS ITPABIIIBHO OIPEHETIATh
PAaBHOAECHCTBYIOIIYIO CHITY M M3THOAIOIMI MOMEHT OT PaBHOMEPHO PaCITPEIEIIEHHOH I10 JJIHHE
OalIKH Harpy3KIH.

CreayeT HMeTh B BHIY, UTO IIPH OIpeAelIeHHH HaIIpsCKeHI, BO3HHKAIOIIIX IIPH H3THOE,
IIPHHUMAIOT CIIEAVIOIIHE MOITYIINEHHS. CEeYEeHHS INIOCKHE 0 H3rnba OCTAroTCS TUIOCKHMH H
rocie H3ruda (THIoTesa INIOCKHX CeUEeHHI ), PO OIBEHbIE COCeJHHE BOJIOKHA He JaBSAT OJHO Ha
IPYTO€;, 3aBUCHMOCTh MEKIY HAIIPSKEHISIMH H Jie() OpMAIHSIME JTHHE HHasI.

F&qﬁ?ﬁﬁ%ﬁ@%ﬁ'ﬂﬁamﬁa cleayer oOpaTHTh BHHMAHHE Ha HEpPaBHOMEPHOCTH

Ceprud PACTIPENENCHMGSHOPMAAHBIX0HATEDSKEHIT B IIOIIEPEYHOM CeuyeHHH Oalnku. HopMmaiabHble
A HarpsBR et M ST o BRICOTE MOIEpeYHOTo ceyeH s IIPONIOPIHOHATBHO PACCTOSHIIO OT

HeHTpalbHOH OcCH. CIeayeT YMETh OIpedelIsiTh HapsDKeHHs H3rHOa, KOTOPHIE 3aBHCIT OT
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BEIIHYHMHEI JICHCTBYIOIIETO H3THOAIOIIETO MOMEHTA My I MOMEHTA COIPOTHBIIEHHS CEUEHHS ITPH
m3rude W, (0oceBOH MOMEHT COITPOTHBIIEHHS CEYEHH).

YCIoBHE TPOYHOCTH TIpH H3rHOe: ¢ = My / Wo< [o]. 3HaueHme W, 3aBHCHT OT
pasMepoB, (POPMBI H PaCIIONIOKEHHS IOIIEPEYHOIO CeYeHH I OTHOCHTEIIBHO OCH.

Hammyne 1ornepeyHon CHIIBI, JEHCTBYIOIIEH Ha OalKy, CBSI3aHO C BO3HHKHOBEHHEM
KacaTellbHBIX HAaIIPSKEHHI B IIONEPEYHBIX CEYEHHSIX, a II0 3aKOHY ITApHOCTH KacaTelIbHBIX
HaITPSDKEHHH - H B IIPOJOIBHBIX ceueHHSIX. KacaTeabHble HAITPSDKeHHS OIPeIeISIEOT 110 (pOpMYIIe
. K. JKypagsckoro.

[lomepeuyHas cHiIa CABHIacT pacCMAaTPHBAEMOE CEYEHHE OTHOCHTEIIBHO CMEKHOTO.
MsruGarommuii.  MOMEHT, CKIAJIBIBAFOIIMIICS M3 BIIEMEHTAPHBIX HOPMAIBHBEIX  YCHIIHIL,
BOSHHKAIOIIMX B TIIONEPEYHOM CeuyeHHH OalKH, IIOBOPAaYHBAET CEYEHHE OTHOCHTEIBHO
CMEKHOTr 0, YeM M 0OYCIIOBJIEHO HCKPHBIIEHHE OCH OalKH, T. €. €€ H3THO.

Korya Ganka HCIIBITEIBAET YHCTRIH H3rHO, TO IO BCEH JIIHMHE OaIKH WIH Ha OTAEIIBHOM £€
VYaCTKE B KaXIOM CEYEHHH JEeHCTBYET H3THOAIOIMI MOMEHT IIOCTOSHHOHM BEJIMYMHEL, a
TIIoIepeyHas CIia B II0O0OM CEYEHHH JaHHOI'O Y4YacTKa paBHa HYIIO. [IpH 3TOM B ITOIEpEYHBIX
CEeUeHHN X OalKH BO3HHKAIOT TOJIBKO HOPMAlIbHEIE HATPSKEHH .

Jlnsg Toro yroOHl TIIyGke pazo0paThesd B (PH3HUECKHX SBIIEHHSIX H3rHOAa H B METOJHKE
pPEIIEHHS 3aay TIPH pacyeTe Ha IIPOYHOCTh H KeCTKOCTh, HeOOXOAHMO XOpPOIIO YCBOMTH
FeOMETPHYECKHE XapaKTEPHUCTHKH IUIOCKHMX CEYEHHH, a HMMEHHO. CTaTHYECKHE MOMEHTHI
CEYEHHI, MOMEHTHI HHEPLIMH CEYEHHI IpOoCcTeHIneH (POPMBI H CIIOKHBIX CEUYEHHH, OIpeJIelIeHIE
I[eHTpa TSDKECTH (PHIYp, ITIaBHBIE MOMEHTHI HHEPIHH CEYeHHII H IJIaBHBIE OCH HHEPI[HH,
IeHTPOOEKHBIH MOMEHT HHEPIHH, H3MEHEHHE MOMEHTOB HHEPIMH IIPH IIOBOPOTE OCEH,
TEOPEMEI O IIEPEHOCE OCEH.

[Ipn H3yYeHHMH 5TOro pasfena CIeayeT HayUYHThCS IIPAaBHIIBHO CTPOHTHL SIIOPHI
HM3rHOAOIIX MOMEHTOB M IOMEPEYHBIX CHII, OIPEIEISATh OITaCHbIE CEYEHHI M IAEHCTBVIOINIE B
HIX HampsokeHHs. IIoMIMO OIpeAelleHHs HalpsoKeHH CIeQyeT HAay4YHTHhCS OIPEIeIISTh
nepeMelleHHs (ImporuOel Oanku) IpH H3rHOe. 11 53TOro Hcmonb3yercs IH((pepeHIHaIbHOe
ypaBHEHHE H30THYTOH OcH OankH (YIIPYTOH JIHHHH), 3allHCaHHOE B OOIIEM BHJIE.

Jl1st onpeneneHus IMporuOoB IMPOBOAHUTCS HHTETPHPOBAHHE YPaBHEHHS VIIPYTOH JIHHHH.
[IpH 3TOM cleayeT IPaBIILHO OIPEAEIATh ITOCTOSHHBIE HHTerpHpoBaHHI C H D HCXOAI H3
YVCIIOBHH OITMpaHHs OalkH (IpaHHYHBIX YCIIOBHH). 3Had BeIHYHHBI C HD, MOKHO OITPeJelIHTh
YI'OJI IIOBOPOTA M IIPOruod r000ro ceueHus Oanku. M3ydyeHHe CIIOKHOTO COIPOTHBIEHHS OOBIYHO
HAYMHAIOT ¢ KOCOro M3ruoa.

SlBmeHne Kocoro mi3ruda oOcoOeHHO ONaCHO JMUIS CEeYEeHHH CO 3HAYHTEIIBHO
OTJIMYAIOINHMICS APYT OT Apyra I'TaBHEIMH MOMeHTaMH HHEPIHH, OalKH C TaKHM CEUYEHHEM
XOpOoIo padoTaroT Ha M3TrHO B IUTOCKOCTH HAHOOJIBIIEH KECTKOCTH, HO JlaKe ITPH HeOOJIbIIHX
yITIaX HAKIOHA IUIOCKOCTH BHEIIHHX CIJI K IUIOCKOCTH HaHOONBINEH JKECTKOCTH B Oajkax
BO3HHKAIOT 3HAYHTEILHEIE JOIMOIHHTEILHBIE HAIIPSDKEHHS H Jed opMarui. [ OaIKH KpyIioro
CEUEHHMS KOCOH M3rH0 HEBO3MOJKEH, TaK KaK BCE I[EHTPAJIbHEIE OCH TAKOI'O CEUYEHMS SBIISIOTCS
[TIaBHEIMH M HENTPaJIbHEBIIL CIIOH Bcerjga OYIeT IepIIeHAHKYISPEeH IUIOCKOCTH BHEIHMX CHIL.
Kocorn H3rud HeBO3MOXKEH H JJI1 OalIKH KBaJIPaTHOIO CEYeHHS.

[Ipu orpeneneHUN HAIPSCKEHII B CIIYYae BHEIEHTPEHHOIO PACTSDKEHMS HIIH CKaTHS
HeOOXOMMMO 3HAThH ITOJIOKEHHE TJIABHBIX IIEHTPAIbHBIX OCEH CEYeHHI, HMEHHO OT 3THX OCEH
OTCUMTHIBAIOT PACCTOSHMSI TOYKH IIPHIIOXKEHHS CHIBI H TOYKH, B KOTOPOH OIIPEACISFOT
HAaITPSDKEHHA.

[IprnoKeHHasa SKCIEHTPHYHO C/KHMAIOIA CHIIa MOXKET BBI3BATh B ITOIIEPEYHOM CEYEHHH
CTEPKHS PaACTSTHBAIOIIHE HAIPSDKEHHS. B CBA3H C 3THM BHEILIEHTPEHHOE CXKaTHE SBIISETCS
O0COOEHHO OITaCHBIM JUIS CTEPKHEHN M3 XPYIIKHX MaTepHaIOB, KOTOPBIE CI1a00 COIPOTHRIISIOTCS
PACTAT HRARMHHIM SHHBH AL

Ceprudmrar:  2CORB00BERIBPITHNEBETRTYET4M3YUNTL CIIYYAH CJIOKHOIO COIIPOTHBIIEHHS, KOI[a TEJIO
A Y IR TRIR AT - ONHOBPEMEHflo Heckompko MedOpMAINGE: HAIIPHMeED, H3THO COBMECTHO C

KPYHUCHICM, PACTAKCHHE-CAHATHE COBMECTHO C H3TrHOOM H T. JI. HPH IATOM CJICAYET HMCTh B BHY,
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YTO H3rHOAIOIIHE MOMCHTEIL, ,I[EﬁCTE}’TOH_[HE B Pa3JIHYHBIX ITIOCKOCTAX, MOI'YT CKIIdAbIBATBCH KadK
BEKTOPHI.

IIpuMep pelnenns 3224l HA TeMY «IPSAMOH NMonepevYHbIil H3rH0»

Tl 3agaHHO cxeMbl OaimkH (puc. 4.1) TpeGyeTcsa HammHcaTh BRIPaKeHHS BHYTPEHHHIX
MOINEPEYHBIX CIHT O U H3THOAIOIHX MOMEHTOB M, 71 KaKI0ro y4acTKa B OOIIEM BHJE,

1Tl

TIOCTPOUTE SIFOPEI O U M, HaHTH ¥ M IMOA0OpaTh CTAIBHVIO IBYTAaBPOBYIO OANIKY C

yKa3zaHIeM €€ HoMepa. J{oImycKaeMoe HaIlpsDKeHHeE Ha H3THO TTPHHSTE h"J =150 MllIa.

3HAUYEeHHSI MOMEHTOB COITPOTHRIIEHHS CeYeHHS IIPH H3TrHOelV , 171 0aIoK ABYTAaBPOBOI'O CEUEHI
(T'OCT 8239-89).

HUcxomupie gauubie: @ = 3,2 mb =4, 4mec =24 m, [ = 13 m,
M=10xHm, F =13 xH, q = 16 xH/m.

PucyHok 4.1
Perrrenue:

1. Onpegenum ornopHeIe peakiHi R; H R, :
DY =0 R-g-a-F+R, - q-c=0

Nm F)=0

- 0,5ga’ + Fa- M +gdl - 0,5¢)

R. =
) [- ¢
. 0,51632°+1332-10+16 -2:,4(13- 0,5 -2:,4) —535
13- 24 oET

R =qa+F-R,+qc=16{32+24)+13-535=491

Nm (F)=0
- RI(Z- )+ gdl-c-05a) +Fll-c-a)+ M- 0,5 =
=-491013- 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

OIOpHBIE peaKIHH HaieHbl BEPHO.

AOKYMEHT MNOANMCAH

2 HETASRY SHAUHTHS y3ryGaronrx MOMeHTOB M, H TIOTIepeYHBIX CHIT O Ha KOHIAX
Ceptudomkatr: 2C0000043E9ABBBO952205E7/BAS00060000043E

Bnapeney; 1d CLKQB HATRNYAGHILL MELQIOM CCHCHITA.

[IpoBepka:
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\ < <
I Vuacmox (puc. 4.2): U=z, _.:’:I:'

PucyHok 4.2
0, =R, - gz,
M, =Rz - 05qu
0, =R, =49 o M, =0
O, =R, - qa—491 16 32=-21

npuz; =a = 32m =

M =R -a- 05ga =49]1-3,2- 0,516 3,2° —752

< <
II Vuacmox (puc. 4.3): 0 =2, =ax o ,

npu z; = 0,

PucyHox 4.3

O, =R, - ga- F =491-16 32-13=-151 .

M =R -z, - qr::x(z2 - 0,5a) - F(;Zj - a)

npuz; = 3,2 m,
M ., =R -a- gdla-05a)- Fla- a) =491 32-16 32(3,2- 0,5 3,2) =752

kHwm,
npuz:=7,06m,
M,, =491 7,6-16 3,2(7,6- 0,5 3,2)- 13(7.6- 3,2) =8,76 ,

< <
IV YVuacmox (puc. 4.4): U=z, =c

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: I[zi0x! a TateAaHa AnekcaHgpoBHa
Q p=qz;

PucyHox 4.4

]
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M, =- Qquj
0, —0 M, 0
npti e =24 m O, —16 24 384
M., =-0516 2,4 -46 08 .

npu z; = 0,

< <[ = - < <
Il Vyacmox (puc. 4.5) : c<z;<l-a-b (2’4 =2 _5:'4)

PucyHok 4.5

0, =gc- R, =16 2.4- 535 =-151 ,
M . =- qc(z3 - 0j56)+R,,(z - c)
M. =-16-2.424-05 2.4) +535 0=-4608

npuz; =24, u3
M, =-16 2.4(54-05 -2.4) +535(54- 2,4) -o 78 .,

npuz; = 3,4 m,
OrmpeernM KOOPAHHATY CeUeHI Z) , Iipu KoTtopor O; = 0 u M,,; = max.
R - gz =0
R, 49]
z, = =—> =307
q 16

J.

1l

M™ =R, -z - 0,5¢(z=) =491 3,07- 0,5 16 3,07 =753 ,

3 mocTpoeHHEBIX 3ITrop (pHE. 4.6) BHAHO, YTO OIACHBIM SIBJIIETCS CEYCHHE,

M™ =753
pacrionokeHHoe Ha 3,07 M OT JIeBOro KoHIa 0anku ¢ =~ ! "™ kH.
OrpeaemM MHHIMAIBHO HEOOXOHMBIH MOMEHT COITPOTHBIIEHHS CeYeHHN S GallKH IPpH

i

H3rHOe ¥, H3 YCIIOBHA ITPOYHOCTH ITO HOPMAJIBHBIM HaIIPSDKCHILAM.

e M™ 75:,3 10°

—_— i

= =502252
l ] MM

Haznauaem gpyTtaBp Ne33 (I'OCT 823 9-89) C OCEBBIM MOMEHTOM COIIPOTHBIIEHHS

W =597 ;
CEUeHHs  * e’
[AOKYMEHT MOAMVCAH

3NEKTPOHHOW NOANMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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JIadopaTopHoe 3anaATHE 9
Tema: M3rub ¢ kpydeHHEM
[enmb: HayUHThCS peIlaTh 3aadul Ha H3rHO ¢ KpyueHHEM
3HATh. IIPHHIMIIEI COIPOTHBIIEHHS KOHCTPYKIIHOHHBIX MAaTEpHAIOB, METOIBI H aJITOPHTMBI
IIPOEKTHPOBAHHU S PA3IMUYHBIX MEXaHHYECKHX CHCTEM, METOJBI H alTOPHTMBI KOHCTPYHPOBAHHSI
AIIEMEHTOB Pa3IHYHBIX MEXaHHYECKHX CHCTEM, METOIHKH pacueTa Ha IIPOYHOCTh, KECTKOCTEH H
YCTOHYHBOCTH JIEMEHTOB MAIIMH H UX KOHCTPYKI[HI
YMeTh. OCVIIECTBIATh PALMOHAJIBHBEIN BBIOOP KOHCTPYKIIHOHHBIX H SKCIUTYaTal[HOHHBIX
MATEPHAIOB, IIPOH3BOJHTE PACUYETHl HaA IIPOYHOCTH H JKECTKOCTH IIPH PACTSDKEHHH-CKATHIL,
KPYUYEHHH, H3THOe M CIIOKHOM Harpy:KeHHH, IIPH CTaTHYECKOM H VIAPHOM IIPIIIOKEHHI
Harpy30K, BBITIOJIHATEH CTaHAAaPTHBIE BHIBI ITPOYHOCTHBIX PACYETOB.

AxmyanvHocms memst OOBACHIETCS OCHOBHBIMH ITPHHIHIIAMH OIIPeJielIeHHS BHYTPEeHHHX
(paKTOpPOB IpH H3rHOE ¢ KPYYEHHEM.

TEGPEHIH‘IECKEIH Yacmos.

,HJIH PEIICHITA 3a/a9 HeOoOXOIHMO YCBOHTDE TEMY «I'1Imoressl ITPOYHOCTH H HX
ITPHMCHCHICY, TAK KdaK B HIIX PACCMATPHBACTCA COBMCECTHOC IeHcTBHe H3rHba 1 KPYUCHHA H
PacCHcT IIPOH3BOAHTCA C IIPHMCHCHHEM I'HIIOTE3 ITPOYHOCTH.

YcIIoBHe ITPOYHOCTH B 3TOM CIIy4ac HMCCT BILI.

rae: M., - TaKk Ha3bIBaeMBIH SKBHBAJIEHTHBIH MOMEHT.
[Tpu rumore3e HAHOOJIBIINX KacaTelIbHBIX HAITPSKEeHHH (HHade - TPEThS THIIOTe3a):

" "
MEJ-;‘EIH _\/M:; +M:-:
HPH THIIOTE3E HDTEHI.[HHHBHGﬁ JHEPI'HH (I)GPMGH3MEHEHIIH (IH’[H‘IE - IT5Tasd TIHTGTEBH):
—_ 2 2
M_, =JM*+0,75M
axe | i K

B obenx popmymnax M, H M, - COOTBETCTBEHHO KPYTSIIHHA H CYMMAaPHBIH H3TrHOAFOIITHIA
MOMEHTHI B pacCMaTPHBAEMOM CEUYEHHH Bajla. YHCIIOBOE 3HAUeHHE CYMMApPHOI'0 H3rHOAIOIETO
MOMEHTA PABHO I'eOMETPHYECKOH CYMME H3THOAIOIIIX MOMEHTOB, BOSHHKAIOIIHX B JaHHOM
CEUEHHH OT BEPTHKAIbHO M TOPHU30HTAIFHO AEHCTBYIOIIHNX BHEIIHNX CHIL, T.€..

M, =M +M;

IlocnenoBaTeMbHOCTE PEIIEHHS 3aJaUH.

1. IlpuBecTH AeHCTBYIOIME HA Ball HarpPy3KH K €0 OCH, OCBOOOIHTE BaJI OT OIIOP, 3aMEHHB HX
IEHCTBHE PeaKI[HSIMH B BEPTHKAJIbHOH H TOPH30HTAJIBHOH ITIOCKOCTSIX.

2. I'lo 3agaHHOM MOIIHOCTH P H YITIOBOH CKOPOCTH w OIPEMEIINTE BPaIllarOIIe MOMEHTEIL,
IEeHCTBYIOIIHE Ha Ball

3. Beruucmith Harpysku Fi, F,,, Fo, F,2, TIpHIIOKEHHEIE K Bally.

4. COCTaBHTH YPaBHEHHS PAaBHOBECH S BCEX CHII, JIEHCTBYIOIIMX Ha Ball, OTAEILHO B
BEPTHKAIILHOH ITIOCKOCTH H OTAEIbHO B FTOPH30HTAIILHOH INIOCKOCTH H OITPeASIINTh PeaKIIHI
OITOpP B 00EHX ITIIOCKOCT X

5. IlocTpoHTE AIMOPY KPYTSAIIHX MOMEHTOB,

6. IlocTpoHTE SIMFOPEI H3rHOAIOIHX MOMEHTOB B BEPTHKAJIBHOH H T'OPH30HTAIIbHOH INIOCKOCT SIX

(ﬂmﬂ%%gw%}mm

7. Orpe ReEITPeHHaNDONBITIEe 3HAUCHIIE SKBHBAJIEHTHOI'O MOMEHTA.
Ceptudpmkar: 2C0000043E9AB8BBI52205E7BAS00060000043E

~ ~ “
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa Max&ﬂf :,JM; +M; +M:

HIIH
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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ITPUMEP BBIITIOJIHEHWA 3AJJAHW A
HATEMY «M3I'Kb C KPYUEHHWEM»

I[JIH CTAJIbHOI'O BadJld ITOCTOAHHOI'O ITOIIEPETHOI'O CCHCHHA C ABYMA 3}’61{EI,TLIMII KOJICCaMI

@ =30pao/c

(pHc. 5.1,a ), epearoIero MoIHocTs P = 15 kBm IIpH YITIOBOH CKOPOCTH
OITpEeJEINTh JHAMETP Bajla I10 JBYM BapHAHTAM. a) HCIIOJIb3YS TPETHIO THITOTE3Y IIPOYHOCTH, O)

(o] =160MI1a F., =0,4F,  F., =04F.

HCITOJIb3Y 51 TLITYEO THITOTE3Y IIPOYHOCTH. [IpHHSTE:

PereHue:

1. CocTapisgeM pacUeTHYIO CXEMY Bala, IPHBOIS ASHCTBYIOIIHE HA Ball HATPY3KH K OCH
(puc. 5.1, ©). IIpr paBHOMepHOM BpaIlieHHH Baja M, = M-, tae M; n M- - CKpy4YHBaIOIIHE MapEL,
KOTOpPEIE JOOABILIOTCSA ITPH IIepeHoce CHII F; 1 F> Ha OCh Balla.

2. OrnpepenseM BpaIaroIMi MOMEHT, JeHCTBYIOIIHH Ha Ball:

M, =M, =2 =05 10°H -m =0,5kH -u
()

3. BeruncimM HarpysKH, IIPHIIOKEHHBIE K BaJLy:

2M,  2-0,510°

F = —10*H =10xH
d 0.1 ~ F,=0410=4xH

po=2Me 205107 sy el
> d 0.1  F.,=04-4=16xH

—

2

4. OnpefenseM peaKI[HH OIIOP B BepTHKAIBHOH ITIOCKOCTH (pHC. 5.1, 6):

MM, =, -AC+F,, -AD- R, -AB =0

AOKYMEHT NOANMWCAH . . . .
SNEKTPOHHOW NMOANWUCHIO — Fr‘l AC + Frf AD — 4 0?05 + 1?6 05‘ 25 _2K'H
Ceptudomkatr: 2C0000043E9ABBBO52205E7BAS00 ) 0043E AB _ 0 3 _
Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa ? .

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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DM, =R, -AB-F,-BC-F, -DB =0

F. -BC+F.-DB 4- -
R, =FaBCrE, _4:025+16-005 _,

) AB 0,3
DY R, -F, -F,+R, =2-4-16+3,6=0

)Y =0 R, R,
, CIICIOBATCIIBEHO, - L, H Y HAHJOCHBI ITPaBHIIBHO.

3

OrnpefensgeM peakIi[HH OIOp B TOPH30HTAIbHOI ITITOCKOCTH (pHc. 5.1, 0):

ZM FAC-F, -AD 10.0?05_4.0325:-1:66?\3@7
AB 0,3

3HAK MHHYC YKa3bIBAE€T, HA TO, YTO HCTHHHOE HAIIPaBIIeHHE PEAKIHH IIPOTHBOIIOIOKHO
BEIOpPaHHOMY::

MM, =R, -AB- F, CB+F, -DB =0
N X =0 R, R,

, CIICAOBATCIIBHO, * H * HaHJIeHbI BCPHO.

5. CTpOHM 3ITIOPY KPYTAIIHX MOMEHTOB M. (puc. 5.1.B).

0. OHPE,I[EJIHE:M B XdPaKITCPHBIX CCHCHHAX 3HAYCHIA H3TrHOAIOIIX MOMEHTOB *'B

M

BEPTHKAJIBHOMH ITIOCKOCTH H ' B TOPH30HTAIILHOH INIOCKOCTH H CTPOHM 3ITIOPHI (pHC. 5.1, T,
I):
M. =R, -AC =3,6 0,05 =0,18xH -m
X 4 .

M, =R, -AD- F, -CD =3,60,25- 40,2 =01xH ‘u
M. =R, -AC =7,66 0,05 =0383xH -
M, =R, -AD- F, CD =7,66-0,25-10-0,2 =-0,085xH

7. BeruucisieM HaHOOIIbIIEE 3HAYEHIE SKBHBAJIEHTHOI 0 MOMEHTa I10 3aJaHHBIM THIIOTE3aM

IIPOYHOCTH. TaK KaK B JAHHOM IIpHMEPE 3HAUEHHEe CYMMAapPHOI'O H3rHOAIOIIErO MOMEHTA B
ceueHHH C OOJIbINE, YeM B ceUeHHH D,

M, :JM; +M. =y018° +0383" =0,423kH -m

2

M,, =M; +M; =01 +0085" =013xH -m

3

TO ceueHHe C' H SBIIIETCS OITACHBIM. O]TPE,I[EJIHEM SKBHBaJIeHTHBIH MOMEHT B ceueHHH C'.

BapuaHT a):

M, =M} +M +M? =018 +0,383" +0,5° =,/0,429 =0.655kH -u

BP0 nonrvcan
METEOHHl oI HC ﬂm&%M; =/0,18% +0,383" +0,75 0,5 =40,366 =0,605kH -m

Ba T-EITI:HHE AnekcaHgpo

Bnaneneu: b3
B3 6Hpe,ILEJIHEM Tpe yEMBIe pa3MepHI Balla 1o BapHaHTaM a 1 0.

IIo EElPHElH
Nencteutened: ¢ 19.08.2022 no 19.08. EDEE

Ceptudumkatr: 2
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g | Mo _ 0,655 10°
0,1[o] 0,1 160

[Io Bapuanty 6

M., 0,605 10°
d =3 ke =3
0,][0] 0,1 160

d,__. =34um
[ IprHIMaeM .

PucyHOK 5.1

Bonpocst npozaérnsinvcad

Ceptudmkar: IEC 0[%5&%2&3?@%%@% EEMI}

Braneneuy:  AlechlQETPOSHIIRBHIP-RPH H3THOEeC KPYUESHIEM.
3. BHyTpeHHHe CHIIOBBIE (DAKTOPHI .

HewcTeuteneH :c 19.08.2022 no 19.08.2023

=34 5mm

=33.6um
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4. OnpeneneHue H3rHOAOIIETO MOMEHTA ITPH H3THOEC KPYUEHHEM.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: Webayxora TatTeAHa AnexkcaHgpoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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Bnaper

JIadboparopnoe 3anarne 10
Tema: LleHTp napaiienbHBIX CHIIL.

[lems: mare CTYAEHTY ITOHSTHE O IIEHTPE ITapaUIe/IbHbIX CHII.
3HATh: YCIOBHH PAaBHOBECH S IUIOCKOH H IIPOCTPAHCTBEHHOH CHCTEM CHIL,
YMeTh: IIPUBOJHUTE CHCTEMY CHII K IIPOCTEHINIEMY BHIY,
COCTABIISITH M PelllaTh YPaBHEHHSI PaBHOBECH,
AxmyansHocms memst OOBSACHIETCS HAXOXKJICHHEM I[EHTPa IMapaUIeIbHBIX CIII, TEM CaMbIM
VITPOIIAETCS pacueTHAs CXeMa.

Teopemuyeckasn yacmo
CucTeMa JABYX IIapallUIe]IbHBIX M OJHMHAKOBO HAaIlpaBIIeHHBIX cwl A! u A(@ wnmeror
paBHOZEHCTBYIONYIO K=A!+A(@, THHHS JAelCTBHA KOTOPOH IIPOXOAHUT Yepe3 Touky C,
OIpeelsIeMyI0 cOOTHOIIeHHEM (1.5):

FAC =F,BC

OUYeBHIHO, YTO €CJIIM ITOBEPHYTh CHIIBI A! M A(@ Ha OJUH M TOT K€ YIOII 2 B OAHY H Ty XKe
CTOPOHY, TO Ha 3TOT K€ YTl IIOBEPHETCS H HX PaBHOAEHCTBYIOMIAS, ITPHYEM €€ JIMHHS JeHCTBHA

OVIET IPOXOAUTL uUepe3 Ty Ke TOuKy (' ,TaK KaK B OIIPEIEIIIOINee ITOIMOXKeHHEe TOUKH C
BhIpakeHHeE (1.5) BXOISAT TOIMBKO MOXYIH CHI F; H Fo.

Puo 137 Oaprdonennonorox snna
RIMMPL RAPALIILINK ¥ 0RL

PaccMOTpHM Telleph CHCTEMY MNapaUIelbHBIX H OJHHAKOBO HAaIIpaBIIEHHBIX CHII (4!,
Al A#,....A% ), IPUIOKEHHBIX B TOUKAX A;(x;,V1,51), Ax(X2V252),. . ., An(Xn,Vn=n) TBEPAOrO TeNA
(puc.1.34). Orta cHcTeMa cHI HMeeT paBHoacicTByronyro K=CAS$, a ee IHHHA OCHCTBHA

IIPOXOAUT 4Yepe3 TOuKy C;, TIONOKEHHE KOTOPOH HaMAeM, OIpPeJeiIssd IIOCIEIOBaTEIIbHO
roirokeHusa Touek C;, C;...,C,; ¢ TIOMOIIBIO BEIpAKEHIH

k
(2 Fp) AiCh =Fpig ArCh
m =l , 3alHcaHHBIX A9 k=123, . , n-1 (1.18)
Tak xak B paBeHcTBa (1.18) BXOAAT TOIBKO MOIYIIH pacCMAaTPHBAEMBIX CHII, TIOTOKEHHE TOUKH

C,-; OTHOCHTENBHO TOYEK A4;, Ao As, . . ., A, He H3MEHHTCS IIPH JIFOOBIX OJJHHAKOBEIX
H3MEHEHHSIX OPHEHTAIMH CHII CHCTEMBI.

OnpedenerHue: MouKka, uepes KOmopyw npoxooum JUHUA 0elcm el PA6HO0 elicmEyrouiell
cuUCmeMbl NAP ALEIbHBIX CUJL RPU JII0 DbIX NO6 0P OMAX IMUX CUJL HA 00UH UL MO XHCe Y20/l 6
O0HY U nﬁjﬁé@ﬁ;ﬂw ~HA3bI6 ACMCA UEHMPOM NAPATIELHBIX CUIL
vrar HAMMeM KOOPIHHATEE SPOTOVIEHTPA B IIPOH3BOJIFHON JeKAPTOBOH CHCTEME KOOPIMHAT.

“BocIlonpsyeMEst TeM, 416 810 mTonokeHNe He 3aBHCHT OT HAIIPaBJIEHHS CHII H HaIIPaBHM BCE
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CHIIBI CHCTEMBEI ITapajuienbHO ocH Z (pHc.1.34). Torma 1mo TeopeMe BapHHbOHa

M}’(R*) :Z'M}’(Fk’)_ YUHTHIBa, lIT::»AJ“}’(R) :RIE”'I,

ZM}’(Fk) =Fpx;+Fx,+. +F,x, x _ 2 Fxy

c
,Tomyyaem  B-/{ R

[IpHMeHIa TeopeMy BapHHbOHA OTHOCHTEIBHO OCH X H OTHOCHTEIBHO OCH Z (B ITOCTIEIHEM

CIIy4ae HaIlpaBHB BCE CHIIBI ITApAIeIbHO OCH ) TTOMy4YaeM aHAIIOTHYHbIE (POPMYIIBL A1

u Zz
yCH-J Cn-1.

o =2l _2Fwe . _2Fizg
Cn-1 R Ve R = Tt R (1.19)
HGJI}"‘IEHI{BIE (prM}"J]LI HCIIOJIb3YCEM IJIA OITPCACIICHIA ITOIOXKCHITA IICHTPOB TXKCCTH TCIL,

HaXOIAIHNXCA B OJHOPOJHOM I'PaBHTAIIHOHHOM ITOJIC 3€MHOI'O TAT OTCHIIA. I[Ef[CTEHTEJ]LHID:
CIUIBI THACCTH OTACIIbHBIX HACTHII TCJId, PA3MCPEL KOTOPOI'O MAJIBI ITO CPABHCHHIO C PAAHYCOM

3emim, 00pasyIOT CHCTEMY ITapallIelIbHBIX CIHII, aHAIIOTHYHYIO pacCMOTPeHHOH BhIle. Hazorem
PAaBHOAEHCTBYIOIIYIO CHII TSKECTH OTAEIBHBIX YACTHIL TEJIA BECOM 3TOr0 Tella H OyaeM
0003HauaThk ero OYKBOH 3. L{eHTpOM TsKeCTH OyIeM Ha3BIBATh IIEHTP IMapaIeIbHBIX CIUT

TIXKECTH Pk OTAEIBHBIX YaCTHI] TejIa H 0003HaYaTh ero OYKBOH P. B HOBBEIX 0003HAYEHH SIX
dopmyiel (1.19) mepenymryTcsa B BHIE:

. _2 DiXk . _2PiVk . _2 DK%k

P P P (1.20)
l[JIE[ OOHOPOIHBIX TCJI BEC pi OTACIIBHBIX YACTHII TCJId ITPOITOPITHOHAJICH 00BeEMAM PTHX
YACTHI] .pi=)Vi, @ BEC TeJa IIPOIIOPIIHOHAIEH 00beMy Tena P =y (- Bec eMHHIIEI 0OBEMA).

[TogcraBiss gaHHEIe BeIpakeHHS B (1.20), ITociie cokpalleHHs Ha Y, TIoTy4aeM (pOPMYIIBL JIJIS
OITpeielIeHH S IIEHTPpa TSHKeCTH 00beMa:

” _ZVH;{ _ZV;{J’;{ _ _zkak
P T yp 7 P %
(1.21)
,H.'IIH D,[[HGPO,I[HLI}{ TIJIOCKI X TNIACTHH H HB,[[E.'I]I]IUI H3 CI,I[HGpD,I[HLIK JII]HE:fIHBIX AIICMCcHT OB
(HEII[pI]MEp H3 G,I[HDpG,I[HGﬁ ]'[pGEGJIOI{II ITOCTOIHHOI O CEIIEHIIH): BEOAA BCC CAHHIIIEI ITJIOITAJIH H

BEC COHMHIIIBI JJITHBI, dHaJIOIHYHBIX DﬁpﬂB(}M I1OJIYyHacM QJGPBMLI I OITPEACIICHIA LICHTPA
TAARCCTH TUIOIIA A H IICHTPA TAKCCTH JOTHIIH.

” _ D S X p 2 SV _ 2 SiZhk
P S ! P S Y S !

(1.22)
Ile S - ITIoIaab BCeH INIaCTHHEL, S - IUIOINAIH ee YacTeH.
_ 2y 2Ly o _ Xz
Xp » Vp y 2P )
L L L (1.23)

r1e L - JiIuHa Beel JTHHUH, /[, - JITHHA ee YyacTeH.

Bonpocet u 3a0 anua:
1. OrmpeaeneHue LgHTpa MapalIEIbHBIX CHIL.
2. OrmpeaeneHie KOOPAHHAT IIEHTPa MMapalIebHBIX CHII.
3. OnpedeaeHie JeHTPa MapaelbHbIX CHII ¢ TIOMOIIBIO TeOPeMbI BapHHbOHA..

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JladboparTopnoe 3anarne 11
Tema: CriocoObI ormpeienieHHsa Ko3(ppHITHeHTa TPEHHSL.
[{emb: maTh CTYAEHTY MOHSITHS O KO3 (pHIHeHTe TPEHHSI H er0 OIpeeIeHHH.
3HaTh: KHHeMaTHYeCKHe XapaKTepPHCTHKH TOYKH, JH((epeHIHaIbHble YpPaBHEHHSI IBHIKEHHS
TOYKH,
OO0IIHE TEOPEMBI JHHAMIKH
YMeTh: BBIYHCISTH CKOPOCTH H VYCKOPEHHMS TOYeK M TOYeK Tejla IIPH ITOCTYIIATEIIEHOM,
BpaIaTEIbHOM H IUIOCKOM JIBHKEHHSIX
Axmyansnocms memst OOBSICHSIETCSA ONpelieleHHEM KO3((QHI[HEeHTa TPEeHHS Pa3IHYHbIX
MaTepHalIOB H CIUIAaBOB.
TE?GPEHIH‘IE?CK{IH Yacmno .
Cuna mpeHua ckobiceHua. Kak moKaseIBAET OIMBIT, IIPH CTPEMIIEHHH ABHIAaTh OJHO TEJIO IO
TIOBEPXHOCTH APYIOr'o B ITIOCKOCTH COIIPHKOCHOBEHH S 3THX TeJI BOSHHKAET CIJIA TPEHH S,
KOTOpasi MOXKET IIPHHUMATh JIFOOBIE 3HAUEHHS OT HYJISI O HEKOTOPOI'O IIPeAe/IbHOIO 3HAUYEHHA,
oIpezernsaeMoro 3akoHoM KymnoHa F., =fN, rae f- 0e3pa3sMepHBIH KO3(PQHIHEHT TPEHHA
CKOIbKeHHS, N - HopManbHas peakid. Kosd pmpieHT TpeHHS CKOIbXeHHS OIpeelsIeTCcs
OIBITHBIM ITYTEM H 3aBHCHT OT MaTepHalla COIPHKACAIOIIMXCS Tl H COCTOSHHS HX
TTOBEPXHOCTEH (XapakTep 0OpaOOTKH, cMa3KH, TeMIIEPATYPRI H T.11.). OIIBITHI ITOKa3kIBAIOT, YTO
CIUIa TPEHHS CKONIBKEHHS B IIIMPOKHX IIPeieiaX HE 3aBHCHT OT Pa3MEPOB TPYIIXCS
IIOBEPXHOCTEN Tell. Tak JUIs TOro, YTOOBI CABHHYTE OOBIYHBIN KHPIIHY, HYKHO ITIPHIIOKHTE
OIHHAKOBYIO CHIIY HE3aBHCHMO OT TOI'O JIEKHT JIM OH IUIAIIMS HIH Ha pedpe. [IpH peleHHH
330a4 ¢ YUYETOM CHII TPEeHHS CKOJIbKEHH S HEOOXOAHMO YeTKO Pa3InyaTh OOBIYHOE H IPeAeIbHOE
PaBHOBECHE Tella. B IepBOM CIIyyae BeIIHYHHA CHIILI TPEHHS HEHM3BECTHA H TOIIJKHA
OIIPEAEIISITh CS M3 PEIEHN S COOTBETCTBYIOIIMX YPAaBHEHH paBHOBECHS. ECIIN Ke B 3aj1aue peyb
HJIET O IIPeAeIIbHOM PaBHOBECHI, TO CHIIA TPEHIS OIIPEIEISIeTCS 3aKOHOM KyioHa:

Fop =IN (1.28)

T
30

llpocmeituuiii npumep:. nycmsv Ha meno, HaxXoo0auUeecs 6 PAasHo8e CUll Ha 20PU3OHMATL HOL

wuepox ogamoii nogepxrocmu, oeiicmeyem cuna F=10 H. Onpeodenumes, uemy paera ciia mpeHus
CKOJIb HCEHA.

Pewenue: e oannom cayuae meno 3a6e00Mo HAXOOUNICA 8 PABHOBECLL UL CLIA NP eHS
onpeoenunics i3 YPaeHeHs PaGHO8eC CLUS:

MF, =Fcosa-F, =0,
P omxkyoa Fn,=Fcos30°=8,66H.

Hsmenium meneps yeaoeue 3a0auil; onpeoenum MUHUMAansuyio cuny F, cnocobuyio coeunymo
meno ¢ mecma, ecau e2o eec P paeen 10 H, a xosgpduyuienm mpenus cxonvocenus f =0, 1.
Pewenue: max xax peuv udem o npeoeibHOM COCHIOSHUL PAGHOGECLIA,

M F, =Fcos30° - Pf =0,
Fop=fN, N=P, F,=f =1H,
F=fP/cos30°=1 15H
Kak m3pe CTHO,JIOTHYEQ P& KIS IIepPOXOBATON ITOBEPXHOCTH IPHHATO MPEACTABIATh CYMMOMH

,I[ByX cnﬁ&ﬁwlﬁimﬁpMHml peaB:L[HH T u crel TpeHHS Ay, (pHc. 1. 38)

........... IESABBBOSZ2Z205ETBASDOOE000D00D43E
H.-:'-::-.-:c::'-:. 1 TaTeAHAa AnekcaHaopoBHa
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Branes Lw:u NQCKQILKY DeHb, 8. VCA0G1e 300 a4 1oem o npedenvHom paenoeectil, Fn,,=fN, fN =N, f =1.

e e e o o e e e

T 777777777777
Puc. 1.38. Peakuusa uiepoxoeamoil no6epxHocmu

CreqoBaTeIbHO, MOJHAA peakipd K OyaeT oTKIIOHeHa OT HOPMAIIH K TIOBEPXHOCTH Ha
HEKOTOPBIH YIroil. I IpH H3MeHEHHH CHIIBI TPEHHSA OT HYIISA A0 €€ IPEJAEIIbBHOrO 3HaUeHH S, ciiia K
H3MEHSETCS OT T 10 CBOEr0 MAaKCHMAIIBHOI'O 3HAUYEHHS, a €€ YIOlI C HOPMAJIBIO PacTEeT OT HYJIA
0 HEKOTOPOro MpeAelIbHOTO 3HauUeHHS (DH , Ha3bIBaeMOI'0 YITIOM TpeHHS. V3 pHcyHKa BHAHO,
qTO tg pr=F, /N, TOrJla ¢ Y4eTOM TOT'0, YTO F,,,=fN , TIoIIy4aeM tg ¢pu=f.

Ecmi K Telry IIpHIIOKHTh CHITY 3 TIOJ YITIOM a K HOpMaiH (pHc.1.34), To Telno caABHHETCS
TOIBLKO TOTJIa, KOIjla CABHTaroInee yCHIHe Pcosa Oyaer Oomnbiune F,,=fN. 3T0 03HA4aeT , 4YTO
HHKaKOH CHIIOH, 00pa3yromIeH ¢ HOPMAaJIBIO YTolI a < (PH, Telno BAOIb JAaHHOH ITOBEPXHOCTH
CIOBHHYTH HEIIB3.

B F

J

Ilpumep 1 . Kaxoe donxcen Ovinib MUHUMATIbH bl KO3DhLLienm mpeniia ckonvicenus f e
Mecme KOHMAKNMAa 0OHOPOOH 0Ll KeAOp amHoil naacmunvt gecom P ¢ eepmuikansHoil cmenkoii,
ecau NAACMUHA 6 3a0AHHOM NOJOXMCeH1IL Haxoounmcsa 6 pasgioegectiil. Becom cmepowcrHa BF
npeHebpeys.

Peutenriue. ﬂgmcﬁgﬁ@ﬁqﬁg@deﬁcmmm nonxoil peaxyuu K eepmiuixans Hoil cmenku npi paeHogectill
macmuu%%itﬁkﬁﬁﬁﬁﬂﬁf}%mﬁ uepes mouKy B ( nHa ocnoeanuit meopemot o mpex cunax), mo F,,=N

................ IESABBB952205E7BAS000600000

iTened: ¢ 19.08.2022 no 19.08.2023
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Tom oice Pe3Vanvmdm MONCHO ROJVHLUING U 1z VPAGHEeHUA PAGHOGeCUA NWIACTIIIH L.

DM (F,)=N-BC-F,  +AC=0,F, =N, fN=N, f=1.

Bonpocwet u 3a0 anua:
1. Urto Ha3BIBaIOT TpeHHEM?
2. UTO Ha3BIBaIOT TPEHHEM CKOJIbKEHH 7
3. Uto Takoe TpeHHe KaueHUS?
4. OmpepenecHHue KO3 PHIHEHTa TPEHHS.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIadboparopHoe 3aHaTHE 12
Tema: COIpOTHBIIEHHE ITPH Kaye HIH.
[emb: maTh CTYAEeHTY 3HAHMSA B OOJIACTH COIPOTHRIIEHH S ITPH KaueHHH.
3HaTh: KHHeMaTHYeCKHE XapaKTEpHCTHKH TOYKH, JH((epeHIHaIbHbIe YpPaBHEHHS JBHIKEHHS
TOYKH, OOII[HE TEOPEMBI JHHAMHIKH.
YMeTh: BBIYHCIISITE CKOPOCTH H VYCKOPEHHS TOYeK M TOYEK Tela IIPH ITIOCTYIATEIIBHOM,
BpAIATEIIbHOM H TUIOCKOM JBHKEHH SIX
Axmyansnocms  memul  OOBSCHSIETCS  OIPEAEIIeHHEM  COIPOTHBIEHHS IIPH  KaueHHH
BO3HHKAIOIIHX ITPH B3aHMOISHCTBHH Je() OpMaIlHH TEI.
Teopemuuecrkas uacniv:
TIpernue kauernue. TpeHuem KaueHua HA3b16 AIOM CONPOMILGIIEHIE, 603HUKAIOUlee NPU
KAueHuu 00H020 meild RO NO6EPXHOCHU 0PY2020.

[IpiuiHEI BO3ZHHKHOBEHHS 5TOrO CONPOTHBIIEHHS HEBO3MOXKHO OOBSICHHTH Oe3 yuera
aeopMaliiii  TeJl, BO3HHKAION[UX IIPH HX B3aHMOAEHCTBHH. PacCMOTpHM KpPYITIBIH
IPUTHHAPHYECKIIT KaTOK paJgHycoM R BeCOM 3, JIe’KallleH Ha TOPH30HTAJIbHOH INEePOXOBATOH
TUIOCKOCTH, KOTOpas IOJ TSDKECThIO KaTKa clerka Je(pOpMHpOBaIach, TaK YTO KacaHHE KaTKa C
IIOBEPXHOCTBIO TEMEPh IIPOHCXOAHT HE B OJHOH TOYKe, a II0 HEKOTOPOH IUIOH[ajaKe AB
(puc.1.39). Iloxm meHCTBHEM CHIIBI U, IIPIJIOKEHHON K IIEHTPY KaTKa, JaBJIIeHHe YV Kpasa A
yOBIBAET M BO3pacTacT yKpad B. B pesynpTare HOpMaJIbHas peakims T

Puc.1.39 Momenm conpomuiéneniis npi KadeHiil
SBILTIOINASICS PABHOJACHCTRYIOIIEH paclpelieIeHHBIX Ha IUIoImagke AB CcHI, CMeInaeTcs B
cTopoHy JeficTBis cuibl W, C yBemmueHneM Q 0 HEKOTOPOrO TIPeAETbHOr0 3HAUEeHHI Q,p STO
CMellleHHe pacTeT JO HEKOTOPOH IIpeJelbHOH BelIHYHHBI fr. B 3TOT MOMeHT Ha KaTOK OyIyT
JIEHCTBOBATh JIBE YPaBHOBENIMBAIOIIHE JPyr JApyra IIapel CHII (171@.:, Ay u (T, 3) ¢
MoMeHTaMHu M,, = Q,,R 1 Mb= N1$ coorserctBeHHo. [loka O0<Q,, KaToK OyJeT HaxXOAUTHCSI B
nokoe, mpu O >0,, HauHeTcA KaueHHe. Bxogsmas B popmyny M. =Nfix (1.29)
ITHHeHHAasa BeJIHYHHA fi Ha3bIBaeTCI KO3()(PHITHEHTOM TPeHHS KaueHH . {719 CONBIIMHCTBA
MaTepHAJIOB, BXOJIIee B BEIpakKeHHe IS IpeJeIbHOro 3HaueHns Q:
Ow=(WR)N (1.30)
OTHOIIIEHHE fi/R3HAUYNTEIFHO MeHbINEe KO3 (HIIHEHTA TPEHH S CKOIbXeHHT f 13 popMyTsI (1.28).
OtrM 00BSICHAETCS TO, UTO B TEXHHKE, BesJle T 3TO BO3MOIKHO, CTPEMSITCS 3aMeHHUTh
CKOJIbKEHHE KaueHHEM.

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO

icbukaTt 'I:_' A "EE"!-'.".l:';'"::';I:_':-_I:-_':|:_I:TEI.'..'.:_" 1CIOVWE D000 I"E
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IIpumep. Ha xkaxoii evicome h u kaxyio copuzonmansvuyio cuny F nuysicrno npunoscums, umobwol
Kamok, cuna maxcecmii komopozo G=1000 H, pasrHomepHo ckonv3il 1O 20pL30HM AL HOL

nnockocmit besz kavenus. Kosgguyuenm mpenus xavenus f, = 0,01m, koo pruajuenm mpeniis
ckonvicenua f=0,1.

Peuwienue. J{na mozo umobwi kamox 0euzaica paeHomepHo enpaeo, cuna F oonxcua 6vimb
PA6H A MAKCUMATL HOMY 3HAYEHUIO CUIbL MPEHUSA CKOb HCeHUA:

F =F,,= N =100 H Kamox ne 6yoem epaujamscs, eciil MOMeHN, co3daeaemslii napoil cut (A,

Amp) Hé 5_}’(3&???! Hpecoliidniv MarKCUMANIbHOZ0 ZHAYEHUA MOMEHNMA CONPONMIIGTEHLIA

M.= fiN=kG =10 Hm, m.e. maxcumamroe 3navenue h =MJF = 0 Im .
Bonpocwet u 3a0 anua:

1. UTo HA3BIBAIOT KaUeHHEM?
2. IIpyynHEI BO3HHKHOBEHH I KaUeHH?

3. HGIIEI\{}" B TCXHHKC, BC3AC I'JIC 3TO BO3MOHO, CTPCMATCA 3dMCHHTDE CKOJIbAKCHIIC KauyeHHEM?

OOKYMEHT NoanwucAH
SNEKTPOHHOW NOAMNKWUCLIO
Ceprvdomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa
Neicteutenex: ¢ 19.08.2022 no 19.08.2023
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JIadboparopnoe 3anaTHE 13
Tema: Axpo ceyeHHS IIPH BHELIEHTPEHHOM C/KATHH.
[{ems: Hay4HThCS OIMpPedellsITh AP0 CEUESHHS IPH BHEL[EHTPEHHOM CKaTHH.
3HaTh: KHHeMaTHYeCKHe XapaKTepPHCTHKH TOYKH, JH((epeHIHaIbHble YpPaBHEHHSI IBHIKEHHS
TOYKH, OOIIHEe TeOPEMBI JHHAMHKH
YMeTh: BBIYHCISTH CKOPOCTH H YCKOPEeHHS TOUYeK M TO4YeK Tejla IIPH ITOCTYIIATEIIEHOM,
BpaIaTeIbHOM H IUIOCKOM JIBHKEHIHSIX
AxmyansHocms memsl 3aKIIIOYAETCSd B IIPHMEHEHHH 3HAHHH B 0O0TacTH KHHEMATHKH Ha
IIPAKTHKE.
Teopemuueckasn uacmo:

[IpH KOHCTPYHPOBAHHH CTEPKHEH H3 MaTePHAIIOB, TUIOXO COIIPOTHRIISIOIIMXCS PAaCTIKEHHIO
(OeTOH), BechMa JKelIaTelIbHO JOOHTHCS TOrO, YTOOKI BCe ceueHHe pa0oTallo JIHIIb Ha CiKaTHE.
OTOro MOKHO JOCTHTHYTh, HE JaBasl TOUKE ITPIUIOKEHHS CHIIBI P CIIHMIIIKOM JajIeKO OTXOAHTE OT
I[EHTPA TSDKECTH CEUYEHHSI, OTPaHHYHBAS BEIHUHHY SKCI[EHTPHCHTETA.

KOHCTpYKTOPY KENaTelIbHO 3apaHee 3HATh, KAKOH SKCIIEHTPHUCHTET IIPH BEIOpaHHOM THIIE
CEUEeHH S MOKHO JIOITYCTHTh, HE PHCKYS BBI3BATh B CEUEHHSIX CTEP KHS HaIIPSUKEHHI pasHBIX
3HAKOB. 37eCh BBOAUTCS MTOHATHE O TAK Ha3bIBAEMOM SIpPe CEUEHHS. OTHM TEPMHHOM
o003HayaeTcsa HeKOTopas 00J1acTh BOKPYT LIEHTPa TSLKECTH CeYeHHS, BHYTPH KOTOPOH MOKHO
pacriojiaraTh TOUKY ITPIJIOKEHHS CHIIBI P, He BBI3BIBAs B CEUEHHH HAIIPSDKEHHIT Pa3HOIro 3HAKA.

[Ioka Touka A pacrioraracTcs BHYTPH siipa, HEHTPaIbHAS OCh HE IIEpeceKacT KOHTYpa
CEUEeHHS, BCE OHO JIEKHT IO OJHY CTOPOHY OT HEHTPAJIBLHOH OCH H, CTaJIO OBITh, pabO0TaET JIHIID
Ha ckaTHe. [Ipn yaaneHs TOUKH A OT IeHTPa TSKECTH CeUeHHS HEHTpalbHasa och Oyer
IIPHOIHKATHCS K KOHTYPY, TPaHHIIA SApa OIPEAEIIHTCS TEM, YTO ITPH PACIIONOKEHHH TOUKH A
Ha 3TOH I'PaHHIle HEHTPalIbHaA OCh MOAOHIET BIUIOTHVIO K CEUEHHIO, KOCHETCS €T0.

Puc.1. KoMOHHAIMH TTOTOKEHHS CKHMMAIOIIEH CHIIBI H HEHTPAIbHOH JIMHHI

Taxm o0pa3oM, ecli MBI OyIeM IIEPEMEINATh TOUKY A TaK, YTOOBI HEHTPAJIbHAS OCh KaTHJIIACh

IO KOHTYPY CEUEHH S, He IIepeceKasi ero, To Touka A oOOHAET IO TPaHHIIE spa ceueHHs. Ecim
KOHTYP CEUEeHHSI HMEET «BITaJHHBI», TO HEHTpallbHasI Och OyJeT KaTHThCS IO OrHOArOIIEH

KOHTYPa.
YroOk MONYYHTE OUEPTAHHE SAPa, HEOOXOAHMO JaTh HEHTPAIbHOH OCH HECKOIBKO

., |
ITOITOMKCHITIL, KaCaTCIIBHBIX K KOHTYPY CCHUCHISA, OITPEACIINTE AJIA STHX ITOIIOKCHHIT OTPE3KII o 151

“z III BBITHCIIHTE KOOPJIHHATDBI o “lII E‘“'IT'.EFIFZI?I ITPHIIOMKCHITA CHIIBI ITO (bﬂpM}*'HElhI:, BBITCKAIOIIIM I3
H3BECTHBIX 3aBHCHMOCTEH

: .
EEE EJI
.:I'Fj:':_ :-E-rj:n:__
I:IJ, e

ATO M OYIyT KOOPAMHATHI TOUeK KOHTypa sapa Ju 2d
[Ipn MHOrOYTrOoNnpHOMH (popMe KOHTYpa ceueHHs (Puc.2), coBMemnmast mociueoBaTelIbHO

., ., )
HEHTPAJIbHYIO OCh C KdAKOJOH H3 CTOPOH MHOI' OYT'OIIPHHEKA., MbI 11O OTPC3KdM i “s |GHPE,I[EHIM

Kﬂﬂpﬂ}&@%ﬂ#ﬁ%ﬁ%@aﬂrml AJIpa, COOTBETCTBYIOIIHX STHM CTOPOHAM.

Ceprudual ] PIETIEPEX OIS EOT2 OFH OF CTOPOBE KOHTYPa ceYeHH K IPYTOH HEHTPabHas OCh OYJIET
e Y AT BCH BOKPYT BEPIiiEL, pasmensromeii 5TH cTOPOHEI, TOYKa IIPHITOKEHHS CHIILL OyIeT

TIICPEMCIIATE CA 11O I'PAHHIIC AAPd MCHAY ITOJIIYVHCHHBIMIL YViKC TOYKAMI. VCTEIHGEI]I%I, KaK JOJIEHA
Nencteutened: ¢ 19.08.2022 no 19.08.2023 49




IICPEMCIIATECA CHIIA P:. YTOOERI HEfITpElJILHElH OChb ITPOXOAHIId BCC BPCMA HCPC3 OJHY H TY KC

Touky B (¥ EI:,E -HI) — BpaIrnaiachk Obl 0KOIIO Hee. I1ocTaBIsIsI KOOPAHHATEL 3TOH TOYKH
HeHTPpaIbHOH OCH B H3BECTHOE YpaBHeHHEe HEHTPaIbHOH OCH (JIMHHH), TTOITYYHM:

=
R
s 2y

1+

Puc.2. Sapo cedeHH A1 MHOTOYTOIBHOH (DOPMBI ITOIIEPEYHOI0 CEYEeHH

Taxm 06pa3zoM KOOPIHHATEL -JJ'EIH EPITDIIB.'H A TIPHJIOKEHH ST CHJIBI P CBS3aHEBI JIMHEHHO. [IpH
BpallleHHH HENTPAIbHOH OCH OKOJIO ITOCTOSHHOH TOYKH B Touka A IIPHIIOXKEHHS CIIIBI IBHKETCS

110 IpssMoH. OOpaTHO, IepeMelleHIe CHIIBI P IO IpsSMOH CBS3aHO ¢ BpallleHHeEM HeHTPaIbHOH

OCH OKOJIO ITOCTOSHHOH TOYKH.

Ha Puc.3 n300pakeHbl TPH ITOIOKEHHS TOUKH IIPHIOKEHHS CHIIBI Ha 3TOH IIPSMOH 1
COOTBETCTBEHHO TPH IIOJIOKEHH S HEUTPAIIBHOH OCH. TakiM o0pa3oM, IIPH MHOI'OYT OJIbLHOMH

QJGPME KOHTYpPa CCHUCHHA OUCPTAHHE AAPd MCKAY TOUKAMH, COOTBETCTBYIOIINMMH CTOPOHAM

MHOI'OYT OJIbHIKA, 6}",I[ET COCTOATE H3 OTPC3KOB

(!

DSIMBIX JTTHHHIL.

—

'l-::.rl

=3 '1" ' &
6 N

%

.

Puc.3. /[nHaMika rmocTpoeHHs Sapa CeUeHIS

Ecm KOHTYP CCHCHIA LCJIIHKOM HIH YaCTHYHO OI'PAHIYCH KPHBBIMI JIMHHAMIL, TO IIOCTPOCHHC
I'PAaHHIIBI AAPd MOMXKHO BECTH IO TOYKAM. PHCCMGTI}IM HECKOJIbKO ITPOCTHIX ITPHMEPOB

IIOCTPOCHIA AOPa CCHCHIA.

HpH BBITIOJIHCHITI 3TOI'O ITOCTPOCHIMA 1A ITPAMOYT OIIBHOI'O ITOIIEPEHHOI'O CCHCHIA

BOCIIOIB3YEMCS IOITYYeHHBIMH (POPMYIIaMH.

J71st OTIpe ST I TDAHTIL AAPa ceUeH S ITPH JBHKEHHH TOUKH A TI0 ocH Oy HaiiieM To

EHE.I-EEF'@HHDFI Nnoannchbio

CepTudBHAYRHPIE04 3EABE TIPSR PPOPONPHEHEPaITbHAS OCh 3aiiMeT momoxenne H;0,. UMeem:

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Y2 12,
OTKYa

&
gq =

Taxrm 06pazoM, TpaHHIIBL SApa Mo ocH Oy OyIYT OTCTOSTh OT IIeHTpa ceueHHT Ha 1/6

X
BelTHIHHBI b (Puc.4, Toukm 1 1 3); mo ocu Oz rpaHHIEBI SIpa OIpeJeIsIIcs PacCT OSHISIMI g
(Toukm 2 H 4).

T4 IOy YeHH S o4epTaHHA SApa LeTHKOM H306pasHM MOI0KEHHS HefiTparbHoit ocH <2 e

HEOIE’ ., COOTBETCTBYIOIIIHE I'PAHHYHBIM TOYKAM 1 u2.

[Ipu repeMenieHHH CHIIBI M3 TOYKH |1 B TOYKY 2 10 IPaHHIIE SApa HeNTpalbHas OCh JOJKHA

TTepefiTH M3 TIOTOKEeHHS 2 1 omoxerme 27k , BCe BpeMs KacasiCh CeUeHH, T. €.
ITOBOPaYHBasiCh BOKPYT TOUKH D.

Puc.4. IIOCTPOCHHE AJpPa A ITPAMOYI'OJIbBHOI'O CEHCHHA.

JIs1 3TOrO CHIa JOJKHA JBHUTATHCS ITO IIPSMOH 1 — 2. TOYHO Tak Ke MOXKHO JI0Ka3aTh, YTO
OCTaJIbHBIMH I'PaHHIIAMH sapa OyayT mHHuH 2—3, 3—4 u 4—1.

Taxm oOpazoM, IS IIPSIMOYTOJIBHOTO CEYEHHS SApo OyaeT poMOOM C JHAr OHAJISIMH,
PaBHBIMH OJTHOH TPETH COOTBETCTBYIOIIEH CTOPOHEI CeUeHHS. [Io3TOMY ITPpSMOYTOJIBHOE
CEUEHIE ITPH PaCITONOKEHII CHIIBI IO ITTaBHOH OCH pabOoTacT Ha HaIlpsKeHHS OJHOrO 3HaKa,

cCIIH TOYK A ]'[pIIJID}I{EH[[H CHIIBI HE BEIXOJHT 3a ]'[pE,[[EJILI CpE,I[HEﬁ TpETII ETGplDHLI CCYCHIA.
P ]

b

Puc.5. I[I[[-Iﬂl"vﬂ[[{ﬂ H3MCHCHILA HEl]'[pH}I{EI{[HuI ITPH H3MCHCHIH SKCIHCHTPHCHTICTA.

OMFOPHL pacIipelelIeHH s HOPMaJIbHbIX HAIIPSDKEHHI IT0 ITPSMOYTOJIBHOMY CEYEHHIO ITPH
SKCLEHTPHCHIETE, DABHOM HYIIIO, MEHBIIEM, PABHOM H OOJIBINEM OJHOH MIECTOH IMHPHHBI

ceqemlﬂgﬁ%@% ””mﬁi’dm 5.

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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OTME:TI]I‘»-I:. HTO ITPH BCCX ITOJOXKCHHX CHIIbL P HaIIpAAKCHIC B IICHTPC TAKCCTH CCHCHHA (TG‘II{EI,
P

O) OOHHAKOBO H PaBHO F [ YTO cHiIa P He HMeeT IKCICHTPHCHTCTA I10 ETDpGﬁ TJIABHOH OCH.

JUIs1 KPYITIOrO CeYeHHS pajiyca I ouepTaHHe gapa OVIeT 10 CHMMETPHH KPYTOM pajHyca ’t .
BosbMeM Kakoe-THOO ITONOKEHHE HEHTPAIbHOH OCH, KacaTellbHOEe K KOHTYpY. Ochk Oy

PacCITOJIOKHM MEPITEHAHKYIIIPHO K 3TOH KacaTelbHOH. Torma

Puc.6. SIapo ceyeHHs A119 IByTaBpa — a) M MBeliepa — 0)

Taxmm oOpasom, SAPo MPeACTABILET COOOH KPYT € PaJHyCOM, BUETBEPO MEHBIINM, YEM PAIHYC
CEUEHH L.

JlI1st AByTaBpa HENTpaIbHasI OCh ITPH 00XO0e KOHTYpa He OVIET IepeceKarh IUIOIA N
IIOIIEPEYHOI0 CEUYEHHS, eCIIH OYIET KacaThCs IMPSIMOYTOIIBHOro KoHTypa ABCD, ormcaHHoro
okono AByTaBpa (Prc.6a). CiegoBaTelbHO, OYepTaHHE SIpa IJII AByTaBpa HMeeT (popMy pomoa,
KaK M JUIS IIPSIMOYTOIBHHKA, HO C JIPYTHMH pa3sMepaMH.

Jlnns mBeImiepa, KaK H 711 IBYTaBpa, TOUKH 1, 2, 3, 4 koHTYypa Aapa (Puc.6 0) COOTBETCTBYIOT
COBITAJICHHIO HENTPAIILHON OCH CO CTOPOHAMIH IIpsSMOYTOIbHIKAa ABCD.

Bonpocet u 3a0 anua:
1. Yrto Takoe Aapo ceueHHs?
2. Kakue OBpIBAIOT SIMFOPEI paclpeeIeHHSI HOPMAJILHBIX HaIIPSKEHHH.
3. 3Bamuumre QOpMyITy ONpeAeleHHS IIOJIHOTO YCKOPEHHS TOYKH, JIBHIXKYIINEHCS
BpalaTenbHO.
4. JlanTe omnpeAelieHHe MTHOBEHHOIO IIEHTPa YCKOPEHHS.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIadboparopnoe 3anaTHe 14
Tema: Pacuer Oarku Ha YIIPYyTroM OCHOBAHHH.
[{enb: HayYHThCS PaCUHTHIBATE OAJIKH HA YIIPYTOM OCHOBAHHH
3HAaTh: OCHOBHBIE ITOAXOABI K (pOpMAIH3allHH H MOJEIHPOBAHHIO IBIJKEHHS H PaBHOBECHS

MaTCPHAJIBHbBIX TCJI,
ITOCTAHOBKY H MCTOJIbI PEIICHHA 34141 O ABHKCHHITI H PABHOBCCHH MCEXAHHYC CKITX CHCTCM,

KHHeMaTHYeCKHE XapaKTePHCTHKH TOUKH, TH(p]epeHIHaIbHble YPaBHEHHS JBHKEHH S TOUKH,
o0IIHe TeOopeMbI JHHAMHKH, TEOPHIO Yapa.
YMeTh: BBIYHCISITHL CKOPOCTH H YCKOPEHHS TOYeK H TOYeK Tela ITPH ITOCTYHATEIbHOM,
BpaIlaTeIIbHOM H ITIOCKOM JBHKEHH X
Axmyansnocms memot OOBICHIETCS ONPeJelIeHHEM CKOPOCTH H YCKOPEHH S TOUKH 10 3aJaHHBIM
ypaBHEHHSIM €€ JIBHKEHHS.

Teopemuueckasn uacmo:

K uucny emamuuecku Heonpedenimuvix 6anox moxcem Ovimbv OmHeceHa OAIKa HA YAPY2OM
ocHoeanuil. Tax Haszvieaemcs banka, onuparoujasca no eceii ceoeil onuxe (Puc.l) na ynpyzoe
OCHOGAH1IE, OKA3bleaoujee € KANCOOIl Mouke HA OanKy peaxiyuino, NponopuyLUOHWIbLHYIO V —
npoe2uby banki e smoii mouxe. Kosgguipienm nponopyionansrnocmit obosnauaenics byxeoii k.

Beeoenue npeononooicenus o HNpoNOPYUOHANLHOCHIL — peakyuii  npoeuby  saensemcs
NPLUONUNCeHLIeM, X0 1L OOCINANOYHO OIU3KUM K OetiCEUMeNbH biM YCI10GUM.

AN I

L | '

¥ s a7

Puc. 1. Pacyemnasn cxema 6ankit Ha ynpy2oM OCHOGAH1HL.

IIpeonoocenue eeecmit e pacuem «kos3@uijitenn HPONOPYUOHATLHOCTLL K, UMeHYeMblil
«xosgpruyuenmom nocmeniy, OvlIO e6nepevie CcOeNaHo PYCCKUM axademuxom Huxonaem
Heanoeuvem DPyccom e 1801 z00y. [lpunumas 5mo npeononoslicerile, NOAyHAEM, UNIO
LIHINEH CLIGH OCING PeaKijiill OCHOBAHLISA € KaXCOoll moyke cuna paeia ky u usmepsemes € eouHujax
Cubl U OMUHBL, pasMmepHocmbv Kos@guiuienma k npu smom 6ydem cuna u xeaopam ONLHbBL.
Byodem cuumams, umo ocHoeauue oxasviedaem peaxifilio Npu npoubax bankil Kax eHil3, makx il

86epX.
Ha npaxkmuxe 3a0auu o pacueme 6ankii HaA YNPY2OM OCHOBAGHLL 6CMPeYaOmcs 6
HCeNe3HOO00PONCHOM Oelle (penvc, wnana), € cmpoumenscmee — @OYHOAMEHNbl PA3IUYHBIX

COOPYIHCeHUIL, nepeoaioujile Hazpy3Ky Ha 2PYHNIL.

Cmamuiuecku Heonpeodenumoii maxas baika 6yoden nomomy, Yno ycaoeie cianmukit— cymMma
Ha2py30K paeHa 6cell peaxyjull OCHOBAHUS — He Oaem GO3MOMCHOCHIL YCHIAHOGUNIL
pacnpeoenexiie 5moii peaxyiil o OHe OANKIL, A 3HAYUN, 6bIYLCALNG L32UOaoujiIe MOMEHINbL 1
nonepedHvie CLIbL.

Humencuenocms peakxyuil € Kaxcooili mouke ceazana ¢ npoubamu oanku. Ilosmomy ons

peulenis 3a0adil HeobXxoouMo Hailmil CHA4ald VpaeHeHue U302HYNoil ocil =7 ':I], a yoace
3amem opmynsvl Ol GbIMLUCACHIA U32UOAIOULe20 MOMEHINA 1L NONepedH oLl culvl. X0O peuleHus
OKA3b18ACINCA 0OPAMHbIM 0DbIYHOMY.

Haiidem ypaeneniie uzoecnymoii ocu 015 banki noCMosHHO20 cedeHiis, nexcaujeil Ha Yynpy2om

OCHOBAHLIL U HAZPYIHCeHHOIl cocpedomouennvimu cunamu 1-%2- . (Puc.1). Hauano xoopounam
go3bMeM 6 10D0ll mouke, 0Cb X HANPAGUM 6MPABO, OCb V eepmMuUKAIbHO eeepx. Hanpaenenie
Hazpy30K 68epx 6%)dem cuumams nonoxcumenvHvim. Hantuem obviunoe oughgepenyuansroe
YDAGH eHIHEHBABGA NORACEIO

CepTudmkar: E:%i_zuﬂ: 00043E9AB8B952205E 7BA500060000043E
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Tax xax M(x) Ham HeuseecmeH, Mo nocmapaemcs ces3amv Npocibbl HeNnocpeoCEeHHO ¢
HA2pY3K0ii, 0N 5Mo2o ol heperniyipyem oeaxcovt npeovioyujee ypaeHeHile:

Il
d Vv ,
EJ — =g(x] (1)
ax
20e q(X)—uUHMeHCUEHOCIb CIIIOUWHOIL Hazpy3KiL, Oeticmeyioueli Ha banKy 6 ceyeHinl ¢ abeiiccoil
X.

Cnnowroil Hazpy3koil Ons Hauieil Oanku AGAAemcsa MUlb Peakiyjs YNpy2020 OCHOEAHLIS.
Humencuenocmo eil NpONOPYLIOHATbHA Npolbam; 5mMa HA2py3Kd HANpaeneHda e6eepx, m. e.

NONOXMCUM eIbHA, KO020a HNpPOo2LbOul UOYM GHU3, M. e. ompuyamenvHsl, 1 Haobopom. ITaxum
obpazom, sma Hazpy3xa umMeent 3HAK, 0Opamu viil 3HAKY NP o2Ub0E:

glx)=—ky
Tozoa
3ty ,
Bf——=— (2)
At
Aty ok 1
+ =] (3)
P14

Ecnu  obosnauume 48] | mo obwuili unmezpan ypaeHerus (25.3) umeem 6uO:
Y- S ~ g (v
y=2g [ﬂsm ﬁr+.5'msﬁr)+e? [E'sm {ﬂﬁ:+ﬂcﬂs,&¢](ﬁ4j

Ilocmosannvie A, B, C, D ooncrbl bvims onpeodenenvl € Kaicoom YachmHoM cayiae Hazpy3KiL U
omunst 6anxu. Bemuuna Lmeem 13MepeHile obpanHoe oniiHe.

Pacuem 0eckoHeuHO OTUHHOU 0AIKIL HA YRPYZOM OCHO6AHUU, 3AZPYHCEHHOU 00HOU cunoil P.

Haubonee npocmo peutaemcs zadaua 06 uzeube beckoHeuno OMUHHOLU OANKL, HAZPYNCEHHOI

00HOIl cocpedomouennoll cunoii (Puc.2). I[lomumo HenocpedcmeeHHo20 Npaxmuyeckozo

SHAYEHUA pPeUierlie 5ol 3a0ayii  NO360JLM HYHiem 1OCIe006ANE/IbH bIX P@?HﬁﬂﬂﬂfﬂEHHﬁ
paccHimslednisv il OanKiL KOHeYHOIl OILIH bl.

Puc.2. Pacuemnasa cxema banxi beckoHeunoll OLHbL.

Hauano xoopounam pacnonodcum e mouke npunoxcerus cunsvt P. Onpedenum nocmosHHbvie A,
B, C uD. Tax xax ecsa peaxyua ocroeanus, pacras cune P donsxcna 6vims KoHeuHoll ee/iyliH oil,

Mo npoe2ibsvl 6ANKU 6 MOUKAX, BeCKOHEUHO VOANeHHbIX 0Nl MOUKIL UPLUIONCEHUSA CLUTbl, OONNCHbI
obpauamvcs 6 Hyilb!

Voo = (s

IIpu 6eckoneuno 6OMLUILIX 3HAUCHUAX X 06A GIMOPBIX CAA2AeMblX € Npaeoil uacmil popmynst (4)

ﬂﬁpawammh%#yﬁgﬂﬁmdﬂpﬂ MHOMCUMENI0 © _ﬁtl, 06a JHce Nepevix MOo2yn oopamiimscs 6 Hy/b
JLULL FPBNEKTPOHHOM NOAMMCHIO

Eepmd:mﬁr_ %C[IIGGEM&EE{IL 8B952205E7TBAS00060000043E
Bnapeneu: @Gaymsa Tat®Ha AnekcaHgpoBHa
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Nencteutened: ¢ 19.08.2022 no 19.08.2023

54



y=g%Can &+ Dcos &) (6)

,LY{L"IE?E?J HO CUHMMemMPUIL HASPVIKIL U pedrijiiii OCHOGAHUA, KdcdadmelbHdAd K H?GEH_}’HIGﬁ ocld 6
HOYKe NPUIOMNCERUA CLLIbL OO0NHCHA LONLL napdiielbHO OCl ﬂﬁﬂ‘l;ﬂﬂﬂ.’

[-ff_f] 0
dx !

Jluggpepenyupya (6), nonyuaem:

j}f =8 =— % " sn SO +D)+cos G(D -]

Iloocmaensas e smo evipadcenie * = Elu NPUP ABHUEBAS Pe3VIb AN HYI0, HAX0OUM:
D—C=0uC=D;

maxum oopazom, VpaeHeHus 6vovi:

y= E'“ﬁC‘(sin B+ cos ﬁxj (7)
if_y:ﬂ:—zg_ﬂc,ﬁﬂﬁl # (8)
I ‘

Jlna onpedenenus nocneoweii nocmosanuoii C umeem euge OOHO YpAGHEHlle. HAM U36eCHIHdA
Ge/IUYLH A NONEePeYyH oLl CLUIbL 8 Hauale KOOPOUHAN!.

Paspeszae banxy ceuenuem ¢ mouxke O cnpaea om cunvl P u paccmampueas npaeyio uacnb
banku, euUOUM, UNIO HNONepPeyHds CUMa € 3MOM CeyeHlUl paeHad peaxyuil OCHOGAHLIS,
delicmeyioujeil Ha NPaeyo NON0GUHY BaNKLL cO 3HAKOM MUHYC, NMAK Kax peaxyiis HanpaeneHda

geepx (0N Npaeoil NONOGUHBI) U 6CA PeakKijis OCHOGAHUA paeHa P, snauum, nonepeunasn ciia 6
ceveruu npu x = 0 pasna

Gl )y = -§|

Ho, ¢ dpveoii cmoponsi
.:f 1
d_y Ofx (9)

Taxum obpazom,

A v ﬁ
AT - —
(). 2| "

'y dly
2 :
Botuucnsem, nonv3ysacs (8), axt,, ar
d*y 1
— = -208% 7 cos fr—sin G| (11)
i
il!ﬁ
= 085 cos (12)
ar
lIloocmaensas (12) e (10) u npupaenueasn x Hyaw, Noayuaem:

F
Pl o=-—
4EJC,53 = ELI E.Ejﬁg

Tenepwv 3HaYenUa V U ee NPOL3BOOHBIX NOMYUAION] GO

J= | J=
= — g ™ (sm fr+cos f)=— -
7 FoRfen ( ) RRIA 7
OOKYMEHT NoarincCAaH

ﬁjy SNEKTPQHHON NOgNUCHIO

F
Ceptuduees =2 &'[FEFI}@'J&'&E%B-BE%E 5E GHA E@Gmﬂﬁﬂﬁl:— :;T
Bna,u,enemfx meﬁayxusﬂﬂ;ﬁ AnekcaHgpoBHa 4,-5.';‘_3 3
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2
M(ﬁ)zﬁigz+$g'ﬂ[ms i — sin ﬁ]=%-?ﬁ
Ay P P

Q[*’fj: EJE =—E€_’m Cos '&r=_5ﬂ

Taxum obpazom, HanpsaxdceHHoe cocmosHue U degopmayil OAIKIL HA YHPY2ZOM OCHOGAHLILL

gcetjeio ONpeoeNAIONMCA HAZPY3KOIl U Ko3@uijienmom £ |J 3A6UCAUUM ONl COOMHOULEHLISA
Jcecmrxocmetl OAIKU U YAPY2020 OCHOGAHLIA.

Bonpocst u 3a0anu:

1. KaxiMu ypaBHeHHSIMH 3aJacTCs ITIOCKOIapaiIelIbHOE IBHKeHHE?

2. ChopMyITHPYHTE TeOpeMy O IMPOEKIIHIX CKOPOCTeH JIBYX TOUYEK ITITOCKOH (PHTYPBI.
3. Kakue CyIecTBYIOT CIIOCOORI 3aJaHHs ABHKEHHS TOUKH?

4. HaspaTp cinydyaH, KOrja KOPHOJIMCOBO YCKOPEHHE TOYKH PAaBHO HYIIIO.

5. AOGCOIIOTHOE, OTHOCHTEIIBHOE, IIEPEHOCHOE ABHKEHHE TOYUKH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JIadboparopHoe 3anaTHE 15

TeMa: Pacuer 3aKJIEIIOK Ha Iepepe3bIBaHIE.

[{enb: HayYHTh CTYAEHTA PACCUNTHIBATE 3aKIIEIIKH Ha IePepe3bIBaHHE .

3HAaTh: OCHOBHBIE ITOAXOABI K (pOpMAIH3allHH H MOJEIHPOBAHHIO IBIJKEHHS H PaBHOBECHS
MAaTEPHAIIBHBIX TEIT,

IIOCTAHOBKY H MeTO/IbI PEIEHH 3aiay O IBIKEHHH H PaBHOBECHH MEXaHHYE CKIIX CHCTEM,
KHHEMATHYECKHE XapaKTEPHCTHKH TOYKH, JH(p(pepeHIHaIbHbIe YPaBHEHHS JBH/KEHH ST TOYKH,
00IIHe TeOpeMBl THHAMHKH, TEOPHIO Yapa.

YMeTh. BBIUHCISTE CKOPOCTH H VCKOPEHMS TOYEK M TOYEK Tela IIPH ITOCTYIATEIIBHOM,
BpAIATEIIbHOM H TUIOCKOM JBHKEHHSIX
AxmyanvHocms memwvt OOBICHASTCS OIPelclIeHHEM CKOPOCTH M YCKOPEHHS TO4YEK 3BEHBEB
MeXaHH3Ma ¢ ITIoMoIpro MI[C

Teopemuueckas uacno:

MBI H3y4YalIH, YTO IIPH IIPOCTOM PACTSDKEHHH IIH ITPOCTOM CXKATHH JIBE YAaCTH CTEPIKHA,
pasgeleHHBIE HAKIIOHHBIM CEUYEHHEM, CTPEMSIICS HE TOIBKO OTOPBAThCS APYL OT APYra, HO H
CIBHHYTHCS OHA OTHOCHTEIBHO APYTOil. PaCTIKEHHIO COIIPOTHBIISIOTCSA HOPMAJILHBIE, 4 CABHIY
— KacaTelbHbIE HAITPSDKEHHS.

Ha mpakTHke 1enbId psg AeTaleld H 3IIEMEHTOB KOHCTPYKIMH padoTaeT B TAKHX YCIOBHSX, YTO
BHEIIIHHE CIJIBI CTPEMATCS HX Pa3pyIIMTh HMEHHO ITYTEM CABHTA.

B COOTBETCTBHMHM C 3THM IIPH IIPOBEPKE IIPOYHOCTH TaKHMX 3IIEMEHTOB Ha IIEPBEIH IUIaH
BEICTYIIAIOT KacaTelIbHBIE HAaIpsoKeHHI. [IpocTelimiMH IIpHMepaMH ITOAOOHBIX AeTallei
SBILIOTCSA  OONTOBBIE H  3aKIElNOYHBIE COEAUHEHHSA. 3aKIellKH BO MHOITHX CIIVYasX ViKe
BEITECHEHBI CBAPKOH, OJHAKO OHH HMEIOT €Ille OYeHb OOJBINOE IPHMEHEHHE IS COSIHHEHHS
yacTel BCSIKOIO pojJa MeTalUIMYeCKHMX KOHCTPYKI[HH: CTPOITHI, (PEPM MOCTOB, KPaHOB, IS
COSIHHEHHS JIHCTOB B KOTIaxX, CyAax, pesepByapax M T. II. /i1 oOpa3oBaHHMS 3aKIIEIIOYHOIO
COEQHHEHHSI B OOOHMX IIHCTax IIPOCBEPIMBAIOT MM TIPOJABIMBAIOT OTBEPCTHSA. B HHX
3aKIIaBIBAETCS HAIPETHIH 1O KPAaCHOI'O KaJIEHH CTePKEHD' 3aKIIEIIKH C OJHOH I'OJIOBKOH, IPYIOH
KOHEI[ 3aKIENKH PacKIENbIBACTCS VYAapaMH CIEIHAIBPHOIO MOJIOTKAa HWIIHM JIaBJIEHHEM
THAPABIIMYECKOrO ITpecca (KIenaJIbHOH MAIlHHBI) JJISI 0O0pa30BaHHS BTOPOH I'OIMOBKH. MeIkmHe
3aKIEeNKH (MaJIoro JHaMeTpa — MeHBIIe 8 MM) CTaBATCSA B XOIOJHOM COCTOSHHH (aBHALIHOHHBIE
KOHCTPYKIIHH).

Jnss  m3ydeHHS palboTHl  3aKIIENIOK  PACCMOTPHM  IIPOCTEHMINMIT IIPHMEP 3aKJIEITOYHOI'O
coemuHeHHs (Puc.1). IllecTp 3aKIIEIOK, PacloONOKEeHHBIX B JIBa psia, COSTHHSIOT JBa JIHCTa
BHAXIIECTKY. [Iog AeHCcTBHEM CHII P BTH JIMCTBI CTPEMSITCS CABHHYTHCS OJHH ITO APYTOMY, YEMY

IMPEITATCTBYIOT 3aKIICIIKIL, Ha KOTOPBIC H 6}*’,[[ET IepcaaBaTbCA IIEHCTBHE CHII F )

Puc.1. PacueTHas cXeMa 3aKJIeIIOUHOTO COoeIHHEHH I

JIis TIPOBEPKM MPOYHOCTH B3aKJIENOK IIPUMEHMM OOIIMIl TOPSNOK PpeIleHns  3ajad
COIPOTHBIIEHU T MaTEPHAIIOB.

Ha xaxIyro 3aKIIelKy ITepeJatoTcs 10 IBe PaBHBIE U IIPSMO IIPOTHBOIONOKHBIE CHITBL: OJHA—

OT TIEPBOTO JIICTA, APYTas — OT BTOPOro. OTBITHBIE HCCIETOBAHIUS TOKA3BIBAIOT, YTO OIHU U3

3aKIIETOK A, i PORRAEQECS Gomblle, ApyTHe — MeHbIne. OHAKO K MOMEHTY pa3pyIUeHHs

Ceprud VOISO TIES ARIOLIHSER HA0PARIBEHbIE 3aKIIEIKH, OOJee M MeHee BBIPABHHBAIOTCS 3a CUET

Snanen i cTHYECKHX R POPMATiitL.  [TooToMy IIPHHSATO CYHTAaTh, YTO BCE 3aAKIENKH paboTaroT

OIHHAKOEBO. Taxm GﬁpﬂBGMj ITPH A3aKIIeIIKaX B COCOHHCHIII, IIBGﬁpa}I{EHHDM Ha (1)1[[‘. 1:. Ha
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E =

1
KaXKIyl0 H3 HHX JEeHCTIBYIOT IIO JIBE PaBHBIE H ITPOTHBOIIOIOKHBIE CHIIEI (Puc.2); stn
CHIIBl TIepeJalOTCS Ha 3aKIIEINKy ITYTEM HaXXHMa COOTBETCTBVIOMIETO JIHCTa Ha OOKOBYIO

IOJIIVINIUIMHAPHYCCKYIO IIOBCPXHOCTE CTCPKHA CHIIBL o CTPCMATCA IICPCPC3dTh 3dKIICIIKY IIO

IDIOCKOCTH 1mK pa3Jacila 0OOHX JIMCTOB.

=
m___E —
7 :E}

Puc.2. CHIIBl, JeHCTBYIOI[HE Ha 3aKIIEIIOYHOE COEIHHEHIE.

JI11s BRIYHCIIEHHS HAIIpSDKeHHH, JeHCTBYIOIIMX ITO 5TOH IDIOCKOCTH, Pa3JelIHM MBICIEHHO
3aKJIIeNOYHEIN CTEpP)KeHb cedeHHeM InK H OoTOpOCHM HIDKHIOK dYacTh (Puc.2). BHyTpeHHHE

YCHIIMA, IICpCAaroIHccAa IO 3TOMY CCHCHHIO OT HIDKHEH 4YacTH Ha BCPXHIOLO, 6}",[[}"T

YPaBHOBCIIHBATE CHIIY 'LDlT. c. 6}*’;[}"1‘ IeHCTBOBATH IMapallJICIIBHO el B IJIOCKOCTH CCHCHIA, H B

CYMMe JaIyT PABHOAEIICTBYIOIIYIO, PaBHYIO 1. Clle{OBATENIBHO, HATIPSKEHH S, BOHHKAIOIIHE B
ATOM CeYeHHH H JIeHCTBYIOIIHE KacaTellIbHO K IUIOCKOCTH CeYeHHS, 3TO — KacaTellbHbIe
HanpsokeHHsI 4. OOBIYHO IPHHHMAIOT PaBHOMEPHOE PacIIpelelIeHHE STHX HaIIpSDKEHHIH I10
cedeHHI0. Toraa ImpH JuaMeTpe 3aKiIelki d Ha eUHHILY TIOMagH cedeHH S OyIeT IIPHXOIHUTECS

HaITpsDKeHHeE:
H F
L= iy = v
—_— |}E —_—
4 4

BemiuiHa HJOITYCKAaCMOI'O KaCaTCJIbHOI'O HAITPsKCHIA [T]-‘ L HIIH, KaK T'OBOPAT, JOIIYCKACMOI'O

HaITpSDKEHHS Ha Cpes3, IIPHHSTO OIpPEeellsiTh B BHJIE: [c]= 0.7~ 0.8l 32 [F]. | MBI HaITHIIIEM
YCIIOBHE IIPOYHOCTH 3aKJIEIIKH Ha IIepepe3bIBaHHE B TAKOM BHJIE:

r r
—_——— = E
=gl

4
T. €. ,[[EﬁCTEHTEHBHGE KaCaTCJIIbHOC HAITPAXKCHHE 4B MATCPHAJIE 3dAKIJICIIKIH JOJIEHO OBITH PaBHO

HOITY CKaCMOMY [T]ﬂ III.T[H MCHBIIIE CT'0.
3 storo YCIIOBHA MOMXHO OIIPSACIIMTD He 00X OJHMBIH AHAMETP 34dKIJICIIOK, €CJIM 3aJdaTbCA HX
HIHCIIOM, H Hﬂ,ﬂﬁﬂpGT. OOBIYHO 3a1at0TCs AHAMCTPOM 3aKJICIIOYHBIX GTEP}I{HEﬁ d B COOTBETCTBHH

C TONIIHHOH t CKIeNbIBaeMbIX 4YacTeH (0OBIYHO A Zfl) H OIPEHEIISIOT HEOOXOAHMOE YHCIIO
RAKIIETIOK M
‘!D

Y-
7!
!
4
3HaMeHaTellb 3TOH (POPMYIIBI MPeJICTaBIIeT COOOH Ty CHITY, KOTOPYIO 0e30IacHO MOKET B3STh
Ha ce0s KaxKaas 3aKIIeIKa.

[IycTh EHE%WHHEE:PG =, _mmmﬂﬂl , TOor1a

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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Puc.3. PacueTHas MOJeIb HeHCTBHS HOPMAIIbHBIX HAITPSKCHHH

[Ipn BBIBOZE (OpMYIBI pacueTa 3aKIelIKH Ha Ilepepe3blBaHHe, IIOMHMO Or OBOPEHHBIX,
IOITYIIIEHA €Ie OJHAa HETOYHOCTh. /(€0 B TOM, YTO CHIIBI Pl,[[eﬁcTEonmHe Ha 3aKJIETIKY, HE
HaITPaBIIEHEI ITO OJHOH ITPSMOH, a 00pa3yIoT IIapy. 2Ta Iapa VPaBHOBEIIHNBAECTCS APYIOH ITapoH,
oOpa3yrIoleiica H3 peaKIMii COeJHHEeHHBIX JTHCTOB Ha TOJIOBKY 3akierku (Pmc.3) um BeJeT K
TTOSIBIIEHHIO HOPMAaJIbHBIX HAITPSDKEeHHIH, JeHCTBYIOIIHX IT0 CEYEHHIO IMmK.

Kpome 5THX HOpMaJbHBIX HAIPSOKEHHH, II0 CeYeHHIO Ik JeHCTBYIOT eIleé HOPMAaIbHEIE
HAITPSDKEHUS, BBI3BaHHBIE TEM, UYTO IIPH OXITAXKICHHH 3aKIIEIIOYHBIH CTEPKEHb CTPEMHTCS
COKPATHTh CBOKO JJIMHY, YEMY MEIIAET YIIOP OJIOBOK 3aKIIEIIKH B JIMCTEI. 3TO OOCTOATENLCTRO, C
OJTHOM CTOPOHEI, OOECIIEYHBAET CTATHBAHIE 3aKIIETIKAMH JIMCTOB H BOSHHKHOBEHHE MEKIY HIIMI
CIUI TPEHHSL, C JAPYTOH — BBI3BIBAET 3HAUYMTEIIPHBIE HOPMAIIBHBIE HAIIPSDKEHHS 10 CEYEHHSM
CTEPXKHS 3aKIENKH. OcoOBIX HEIPHATHOCTEH HSTH HaNpsDKeHHS IIpHHECTH He Moryr. Ha
3aKIIETIKH HIET CTalb, O0IaJaroIasl 3HAYHMTEIIPHOH IUIACTHYHOCTERIO, IMO3TOMY JaKe €CIIH OBl
HOPMAJIbHBIE HAITPSDKEHMS JOCTHITIM IIpefiefla TeKYYECTH, MOJKHO OXHAATh HEKOTOPOro
IUTACTHYECKOTO VAJIMHEHHS CTEP/KHS 3aKIIEIKH, YTO BEI3OBET IIHIIL YMEHBIIEHHE CHII TPEHHS
MEXKIAY JICTAMH H OCVYIIECTBIEHHE B JEHCTBHTEIIBHOCTH TOH CXEMBI PalbOTHl 3aKIEIKH Ha
IepepesbIBaHIE, HA KOTOPYIO OHAa H PAacCYHUTHIBAcTCS. 1103TOMY 3TH HOPMAJBLHEBIE HAITPSDKEHHS
PacyeToOM HE YUHTBEIBAFOTCSL
Bonpocst u 3a0anu .

1. Kakoe aBHKeHHE TBEPAOTO Tella Ha3bIBAETCS IIOCKOITapalIe IbHBIM ?

2. Kak 1mo ypaBHEeHHSIM JBHKEHHS IUIOCKOH (DPHIYPBI HAHTH CKOPOCThH IIONIOCAa H YITIOBYIO

CKOPOCTh BpaIlleHH S BOKPYT ITOITrOCa?

Kaxk orpenenuTs ckopocTh TF000H TOUKH ITIOCKOH (PHTYPBI?

4. Yro HaspIBaeTCSI MTHOBEHHBIM IIEHTPOM CKOPOCTEH IIIOCKOH (HTYPEl H KaK HaiTH
ronoxeHue MI[C B pasimyHBIX clIy4yasx?

5. ChopMyITHpYHTe TeopeMy 00 YCKOPEHHSIX TOYeK ITIOCKOH (PHI'YPHI.

)

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JIadboparopHoe 3anaTHE 16
Tema: PacueTsl Ha ITPOYHOCTE ITPH H3THOE I10 HOPMAIIhHBIM HaIIPSKEHISIM
[{emb: HAY4YHTh OIPeensITh CKOPOCTH H YCKOPEeHHS TOUYeK TUIOCKOH (PHTYPBI
3HaTh: JH(pepeHIHATbHBIX YPaBHEHHH JBHKEHH S TOYKH,

KHHEMATHYECKHE XapaKTEPHCTHKH TOYKH, JU((epeHIMaIbHbIe YPaBHEHHS JBH/KEHH S TOUKH,
YMeTh: BBEIUHCIATH CKOPOCTH H YCKOPEHHS TOYeK H TOYeK Tejla IIPH IIOCTYIATeIIbHOM,
BpaIaTeIbHOM H ITIOCKOM JBHKEHH X
AxmyanvHocms memst OOBSCHSETCSA OIPelelleHHeM CKOPOCTeH H YCKOPeHHH To4eK (PHI'YPHI B
TUIOCKOCTH.
Teopemuueckasn yacmo:

CKGPGCHIH moyex ripil FfllioOCKOM OBUMNCEHLILL

Jlna ompeneleHHs CKOPOCTeH IIPH IDIOCKOIIapalUIeIbHOM JBHKEHHH HCITONIB3YOTCS:
gopmyna pacnpedeieHUs CKOpocmeil, meopemMa 0 NPOEeKUUAX U NOHAMUE MZHO6EHHOZ0

uenmpa cxkopocmei (MI[C).

a) Dopmyna pacnpedeleHua cCKopocmeil

Puc. 2.25. K 61600y hopmyist pacnpedeieHua CKoOpocmeil

M3 puc. 2.25 BHIHO, YTO TOIOKEHHE ITPOH3BOINBHOH TOYKH B IIOCKOH (HIYpeI S B
Ka’KIbIil MOMEHT BPEMEHH OIIPENENSACTCS CIEAYIOIIM BEKTOPHEIM PaBEHCTBOM:

rp =1, ¥7p,
[Iponnd pepeHIIpyeM JaHHOE BBIPaKeHHE 110 BpeMEHH
dr
Vo =V, + —dBA
[
coriaacHo gopmyne Diviepa (2.38)
dr T
—24 = Xrp,
dt |
w Xr,, =V
O003Hayas BA BA noayuaem opmyny pacnpeoeneniie cKkopocmeii.
CornacHo (41), ckepocmb npou360abHOI MouUKU B niockoil (puzypsl pasHa zeomempuyecKoil
14 V

CymMme CKOP PG HOHACa A y ckopocmu epawenun mouku B eoxpy: nonoca- BA.

ANEKTPOHHOW NOONWUCLIO

~epTudukar:  2C0000043E9ABSBI52205ETBAS00060000043E
Bnaneney H.-E'-:::.-rcrn:,_: TaTefHa AnekcaHnpoeHa
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0) Teopema o npoekuuax:npu Jir000M 06UNCEHUI MEeP0020 mejld NPoeKUUU CKopocmell
JHOOBIX 06YX €20 MOUEK HA NPAMYIO, COCOUHAIOUWLYI0O IMU MOUKU, PAGHBL MedHCOy codoil(PHC.
2.26).

Puc. 2.26. K meopeme o npoexiuisax

V
CrpoelpyeM Ha Och X, IIPOXOISINYIO Yepes ToukH A i B dopmymy (2.41). Tak xkak ~ BA /4B,

ITOJIIY1acM
VA cosa =VB COS Q

HTO H TpEﬁGEﬂHGCB JOKAa34aTh.

6) Hcnons3o6anue noHAMUL MCHO6 EHHOZ0 UEHINPA CKOPOCHEIL.

OnpedeneHue: MCHO6 eHHbIM yeHmpom ckopocmeil (MI]C) nasviéaemca mouxka niocKoil
guzypsl, ckopocms KOmMOpou 6 OAHHLLL MOMEHmM épemeHu pasHa Hyar. MI[C npunamo
obo3Hauams 0yxeoil P.

[TokakeM, 4YTO ecCIH IUIOCKas (pHTYpa He OBIDKETCS ITOCTYIIATellbHO, TO TaKas TOYKa
CYIIECTBYET B KaXIBIHl MOMEHT BPEMeHHM. [[JIT 3TOr0 BOCCTAHOBHM  IIEPIIEHAUKYIISPBEI K
CKOPOCTSM JBYX ITIPOH3BONBHEIX TOUeK 4 M B 1 HalijleM TOUKY HX IlepeceueHH (puc. 2.27).

Puc. 2.28. Ocnoenoil cayuaii onpedenenusn nonosicerusa M.I1].C.

[Iokaxxem, 4YTO CKOPOCTh TOUKH PpaBHa HYIIO H, CIeJOBATEIBHO, 3Ta TOYKA IO OIIPeIelIeHHIO
SIBIIIETCSI MTHOBEHHBIM IIEHTPOM cKopocTeH. CormacHo (2.41) mveem

Vp =V 4V, Vp =V 4V

V V
[Tockombky BekTopel 4 u B mepnenmnxynsapusl orpeskam AP 1 BP II0 TOCTPOEHHIO, a
OKYMEHT MNOANMCAH
SNELTPOHHOW pfﬁurw;bm [f
‘EEKTepBI ----- 3t PI' 2202 A HepHEHz[FH{yJIHpHLI 3THM OTPE3KaAM IO OITPEJIETIEHHIO, BEKTOP A

E lane 1Th$
,[[GJI}I{EH 6]':rIT]':r GI[HGEPEMEHHG IICPIICHAHKYILAPCH 000HM OTpC3KaM, HTO HCBO3SMOXKHO, CCIIH

TGJ]I:-I{G CI'H HE pﬂBEH HYVIIIO.
'.I:l.'.'..':l. ned: c 19.08. 2022 no 19.08 2023
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Ecmm Tenepp B34Th 3a MOMIOC TOYKY P, TO 11 TouekK A u B popmyna (2.41) zarmmercsa B
BHJIE:

V=V +VAP? Ve =V +VBP_

V=0 4

VyuTeBas, uto 1 , TIOITy4aeM: A

V| AP =Vy [ BP =0 (2.42)

13 (2.42) crnemxyeT, YTO CKOPOCTH TOYEK IIOCKOH (PHIYPHI IPOITOPIHOHATBHEI HX PacCTOSHH M
OT MTHOBEHHOI'O I[EHTpa CKOPOCTeH H JBIKEHHE IUIOCKOH (PHTYpPBI MOKHO pacCMaTpHBAaTh KaK
BpallleHHE BOKPYT MEHSIOIIETO CBOE ITOJIIOKEHIE MTHOBEHHOI'O I[EHTPa CKOpOCTENH. MIHOBEHHYIO
VITIOBYIO CKOPOCTH 3TOrO BpAIEHHSI MOXKHO HAHTH, ITOAEINB CKOPOCThH MIO0OM TOYKH Ha €€
pPacCTOSIHHE OT MIHOBEHHOI'O IIEHTpa CKOpOCTeH. KpoMe OCHOBHOI'O CiIy4as HaXOXKJICHHSI
NonoKeHHIMI[C, pacCMOTPEHHOIO BHIINE, IIPH PEelIeHHH 3aJady BCTPEYAIOTCS CIEAYIOIIHE

HITH

=w AFP VB =w BP

BAPHAHTDBI.

Peawwzeecomuw cvopocemy xavou-aub6o movxu 4 u Meno-
sevvag yonosag cxopoems 0 0llmopacemosrue om smot modyu

do Mevosewnvoio yexmpa cxopoemed P paevo 4P T@MA

Typunoempoenuu npanwol yoon omxaaoseaemes om sexmopa VE

Cayval Xonosenno-
MOCM YN ameRb o020 d6U-
X enud Cropocmu scer

mover meid pacéhd 10
GeANYUNE Ranpae-

Lo
tevnn, B=OY[C ne-

TOOUMCA ¢ GOCKOROYROC-
mu.

Tpu rovenuu mena no KenoOeux nod noegpr
co_ hoemu, Wonosemmw U yenmp cropoemed P owarodu.
TU oy n g movee roconus smo mene ¢ wenodoux pod

DOGEPIHOCH bR, W K OMCYMCMEUe NPpOCKARbIY 60 -

NOKYMEHT TTORm® ALU RA- 0fRaudem pacencmeo cKOpoemen CORpURACL-
ANEKTPOHHOW ONOAMMCHIO
CeptvcoiaT. Z2C00000Z3ESABSBY52205ETBAS00060000043E 0 H’ﬁ PIeEmosek.
Bnapeneuy llleGayxoea TaTeAHa AnexkcaHgpoBHa
Puc. 2.28. Hacmmnusie ciyuau onpeoenenua noaoxcenus MI[C
NeictevTened: ¢ 19.08.2022 no 19.08.2023
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3. Vcekopenua mouex 6 njiiockom 0eudxiceHuu. @opmyia pacnpeo eieHus yCKopeHUI .
J11s BRIBOJIA JaHHOH (POPMYJIBI pacIpelielleHHs YCKOPeHHI 3aIHIleM BeIpakeHHe (2.41) B

BHAC:

VB =VA+erAB

H, ITpoJH(PpepeHIHPOBAB €r0 10 BPEMEHH, ITOITYTHM:

— —

WB =WA +EXT‘BA + w X I

do ar -7
— =€ A = Xr
dt . dt BA
VUHTBIBAS, UTO , aIIo opMyIIe Dilnepa , HMEeM:

Wep=W,+eXrp, +0 X(w Xry, )
BeejeM ciieayroiie o003HaYeHH S

Wk =e Xr,, Wj =0 X(0Xrg, )

BA : BA
W W
Bektopsr  BA wm BA  HaspIBaroOT BpalaTelIbHBIM H I[EHTPOCTPEMHTENBHBIM YCKOPEHHEM

TOYKH BB €€ OTHOCHTEJIBHOM BpPallleHHH BOKPYT IToIoca A.
W
10 OIpeeNeHHI0 BEKTOPHOTO IIPOM3BENEHHS BeKTOop  BA  INepreHmHKyIspeH oTpesKy

AB, NeXHT B INIOCKOCTH JBIDJKEHHS, a €r0 MOAYIh paBeH <€ AB , TaK KaK rzy = AB . llo
(popMyIIe VIS JBOMHOIO BEKTOPHOI O ITPOH3BEEHHS

aX(bXc)=b(a-«)=c(a b)

ey
Y o ] - ] . — 2 * — 2
Homyaen Vo S0(@ 1y, )= Tp (0 0) ==0°Tp, == ABj
(W, )=wAB cos90’ =0 W
ITOCKOTIBKY BA . Taxamm o6paszom, Bektop B4 HampapmeH

2
BJ[OIb OTpe3Ka AB oT ToukH B K Touke 4 (cM. puc. 2.29), a ero Moayis paBeH ¢ AB .

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Puc. 2.29. Hmrocmpauusa popmynisl pacnpeo eieHUA YCKOPEHULIL

OKOHYATEeJIbHO (pOpMYITy paclpelelIeHHsI YCKOPEHHH MOJKHO 3aIlFcaTh B BHJE:

— Uy 6p
W _WA'FWBA.I'WBA:'

(2.43)

) WY =-w’AB Wﬂp =cAB

B KOTOPOIT BA .
Wy =W +W
Dopmyny (2.43) HHOrJa HCITONIB3YIOT B BHJIE B BA (2.43%)
_ E
W _WI} + Wﬂp 3/ —aI‘CIg( P, )

IJle BEKTOp BA BA HEalElBJIE:H O] YTTIOM w K OTpe3Ky

W =AB\e + 0’

AB W paBeH 1o Monyimo  BA

IIpumep 1. HantH yCKOpeHHE TOYKH B, YITIOBOE YCKOPEHHMEe INaTyHa A4AB H YITIOBOE
YCKOpeHHe KpHBOIIHIIA BC YeTBRIPEX3BEHHOI'O0 MEXAHH3Ma B ITOIOKEHHMH, YKa3aHHOM Ha PHC.

2.29. Kpusonmr OA Bparaercs paBHOMEPHO € YITIOBOI CKopocThio % = 5 ¢ | anHHa 1maTyHa
AB pagHa 0,8 M.

Puc. 2.29. IIpumep ucnoitb306aHua (hopmyiisl pacnpeo eieHuA yCKOp eHUI

MEHT FID "MACAH

PEMEHH@;HZ 1@@@GCTL H }"CI{GPEHIIE TOYKH A I{GTGP}"IO 3daTEM ELI@EPEM B KQUCSCTEBC
Th 111(3;]1}9@3 L 0SE7BAS000 J60000043E
E 1ae leb 5-1.1'-“&-1.! iTeHHa AJIEKCAHODOBHA

Vﬂ = “%OA - 2 M/C W, = %0A = 10 m/cex’.

NeRcTenT 8.2023

.U EL 110

64



Tak xak M. I].C. 3BeHa AB Haxomurca B OeckoHeuHocTH (ML mapamieneH M), %z = 0.
YckopeHHe TOYKH B, KaKk TOYKH, IIPHHAUISKaIleH 3BeHy 4B, 1mo (opMyle pacipelelleHHS

YCKOPEHHI PaBHO:

_ 1y ey — ep y — .2 _
WB —WA+WBA+WBA —WA+WBA WBA —wABAB—O_

, TaK Kak

YCKOPEHHE TOYKH B , KaK TOYKH IIpHHANIekameH 3BeHy BC H

C JOpPYTrOoH CTOPOHHIL,
C, MOXHO TPEeACTAaBHTh B BHIE CYMMY €€ KacaTelIbHOIO H

BPAIIAIOIIEHCS BOKPYTI TOYKH
HOPMAIIbHOI'O Y CKOPEHHIA:

2
V M
+ IV Wgn =5~ =573 W =g, BC
BN e BC ¢ - "Bt =fBcP™
W

[TpHpaBHIBAs TPABbIe YACTH BHIPAKEHIH I B, momyyaem:

Wp =Wpr

ao
WA + WBA _WBF + WB?’I_ (*)

[IpoexTHpy4 (*) Ha HanmpaBneHHS oTpe3koB BC H ABHMeeM :

W,y =W, = W, cos30° =W, cos60” - W, _cos30” ==W  cos30"

W =W W ao
B = A Bn o578 ¢ =B =7 )P
OTKY A cos 30 ¢’ j AB c”
W =W -W. )te30° =2892L Bt _; mm‘a
pr =(W 4= Wy, )Ig30" =2, 2 Epec = BC B
C C

2

\/ V2 —5,770%.

4. Mzroeermniii yermp yckopenuii (M.I[Y)

MrIHOBEHHBIM IIEHTPOM YCKOPEHHH Ha3bIBAaeTCS TOYKA IUIOCKOH (DHIYPBI, YCKOPEHHE

KOTOPOH B JJAaHHBIH MOMEHT BPeMEHH PaBHO HYIIO. M.I]. V nipruHsTo 0603HaYaTs OYKBOH 0.
[Tokaxxem, 4TO eciH ImIockast purypa (puc. 2.30) He JBHXKETCS ITOCTYIIATeILHO, TO TaKas

TOYKa CVYIIECTBYCT B KaXJIbIH MOMEHT BPEMCHIT H €€ IIOJIOXKCHIIC JICTKO OIIPCACIIHTD (BHEIH

yCKOpeHHe Kakoii-mnoo Toukn A i emmoimer “u M8 ) ciemyronmm o6pasoM:
y E
H3 BBIPAKEeHHS W ompenemM yron 4,
NOKYMEHT MOAMWCAH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023 65



Puc. 2.30. K onpeodeneHuro nonoxiceHus MCHO6EHHO020 UeHmMpPA yYCKOp eHILI

4

OT TOYKH 4 II0X YyITIOM “* K BEKTOPY A mmpoBeJeM orpe3oKk AQ. llpu srom orpe3ok AQ
IOIKeH OBITh OTKIIOHEH OT BEKTOpPAa YCKOPEHHS B CTOPOHY HAIIPaBJIEHHS YITIOBOI'O YCKOPEHHS
#1 . J[mmma orpeska AQ onpeaensieTcsS PaBEHCTBOM:

— 2 4
AQ =W Ne? v+ ot

Harigennas takum obOpasoMm Touka (0 H OYIEeT SBISTHCS MIHOBEHHEIM I[EHTPOM YCKOPEHMII.
JleHCTBHTEIBHO, ITO (POPMYJIE pacIipeielleHHS YCKOPeHHH, HMeeM

W, =W, +W,, WQA =AQ\X£2 +w4.

Q Q , IJie
4 A
[Togcrarnsaa croma AQ wu3 (2.44), HaxogmMm, 4yTo Wgos = Wa KpoMe TOro, BEKTOP O
W
- OA
noikeH o6pasoBriBath ¢ nuHHell AQ yron J u, cnemoBarensHo, BeKTOp IapajulelieH

W
A | HO HaITpaBIIeH B MPOTHBOMONOKHYIO CTOPOHY. [103TOMYy
W, =W, WQ =()
Q 151 Ecmu Ternepp 3a mojroc BeIOpaTh TOUKY (), TO YCKOPEHHE
ITPOH3BOIBHON TOUKH M, cornacHo (2.43) 6yIeT paBHO:

WM =WQ +WMQ =WMQ? WM =MQ\/8‘? 'I'tf,'fﬁr ?

CrnemoBaTelbHO, YCKOPEeHH TOYEK ITIOCKOH (DPHIYPHI ONPeAelIIOTCA B KaXKIbli JAaHHBIH MOMEHT
BpeMeHH TaK, KaK eclIi ObI JBH KEHHE IUIOCKOH (PHI'YpPHI OBLIIO BpallleHHEM BOKPYI MCHOBEHHOTO
IeHTpa yckopeHmii QO(puc. 2.31). IIpH 3TOM yCKOpeHHS TO4YeK IIIOCKOH (HIYPBRI OVAYT
IIPOITOPIIHOHAIIBHEI HX PACCTOSHHUSIM OT M.I] V.

—WM =@=ﬁ=%=...=\/5"7‘+::,uv4f
MO  AQ BO CO

OOKYMEHT NMoanncAaH
ANEKTPOHHOM NOONMUCEID

[ IDMWKAaT ZCO0000043E9ABBRBAS2205ETBASOOO&0000043E
Bnaneney lllebayxoea TaTeAHAa ANeKcaHnpoBHa
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Puc. 2.31. Onpeoenenue yckopenuii ¢c nomouivro M.I[.V.

Iipumep 2. Paenocmopounuii mpeyeonsrHux ABC deudicenica e niockocniil yepmedxca. Ycexkopeniis
gepuitii A u B paenwvt 6 oannvlii momenm epemerit 16
cM/CC U Hanpaenewvl NO CIMOPOHAM NPEY20NbHUKA.
Onpedenumov  yckopenue  mpemveii  gepuiunvt C
mpeyzonvHUKA.

Peuwenue. Onpedenum yckopenite mouku C u1UCHONb3YA
NOHAMIEe  M2HOBCHHO20  UeHmpa  YVckopeHuil. J[na
onpeodenenuUs e2o0 NONONCeHUs HeobX00UMO 3HaAMb V2o
medcoy eexmopom L u ompesxom AB. (ecm. puc
2.30). Oueecuono, umo € Hautem cayuae 31Mont V2ol paeeH
30°. Ilonooiceriie MeHOGeHHO20 1jeHmpa yckoperuili ()
onpedentim Kax MOYKY HNepecedeHus O06yX HpIMbIX,
npogedenHviX NOO venom y k eexmopam L u L1y, Tax
KAK paccnosHus epuiln mpeyeoivHuka om mouxu O
oounaxoevt, LUb=16 cm/c° . Hanpaenenue 5mozo
BeKNOpPa NOKA3AHO HA PUCYHKE.

Bonpocet u 3a0 anua:

1. Kakoe aBHKEHHE TBEPAOIO Tella HA3bIBAETCS IIOCKOITAPAJIIIEIBHBIM?

2. Kak 1mo ypaBHEHHSIM [BIJKEHHS IUIOCKOH (PHIYPBI HAHTH CKOPOCThH IIONIOCAa H YITIOBYIO
CKOPOCTE BpallleHH S BOKPYT ITOIIOCcaA?

Kaxk ompezetHTh CKOPOCTh THOO0H TOYKH ITIOCKOH (PHI'YPHI?

AOGCOIIIOTHOE, OTHOCHTEIIBHOE, IIEPEHOCHOE ABIKEHHE TOUKH.

CdopMynHpyHTe TeopeMy 00 YCKOPEeHHIX TOUeK TUIOCKOH (PHI'YPHI.

oA

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

-~ T T P ———
) IE9ABBRBG! 05ETBA i =
Ceptvdukar: 2C0000043E9AB8B952205E7/BAS00060000043
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BBenenue

Meroanyeckie VYKa3aHHS M 3aJaHHS JUIS BBIIOTHEHHS CaMOCTOSTEIRHOH PadOoThI
CTYJIIEHTAMH II0 JHUCIHHIUIMHE «exXHHYecKass MeXaHHKa» I10 HAaIPaBJIEHHIO ITOJAT OTOBKH
GakanarpoB: 23.03.03 JKcromyatalfis TPaHCIIOPTHO-TEXHOJIOTHYECKIX MAIIIHH 1 KOMIUIEKCOB

Meroanueckoe MOcoOHE COJIEPKHUT BeCh HEOOXOAHMMBIH MATepHal IS BBIITOITHEHH S
CaMOCTOSTEIRHOH PadoTHI 110 JUCIIHIUIHHE « TeXHHYecKasa MeXaHHKa ».

B JTaHHOM MeTOJHYECKOM ITOCOOMH TIPHBEIEHBI TEMBI H BOITPOCHI JUIS CAMOCTOSATEIIBHOIO
H3YUECHHS.
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1.001man XxapaKTepHCTHKA CAMOCT 0ATEIbHOH PadoThI CTY/I€HTA

CamMmocTosTenpHas pabora — 3T0 BHJ YUEOHOH JEATEILHOCTH, BBIMOHSIEMBIH YYAIT[IMCS
0e3 HEINOCPeACTBEHHOIO KOHTAKTa C IIPEIofaBaTelleM MHJIH VYIIPABIISIEMBIH IIPEIOJaBaTeiIieM
OIIOCPENOBAHO Yepe3 CIelHAIbHEIE YUeOHBIE MaTepPHAlIbl, HEOTheMIIEMOE OOS3aTEeIIbHOE 3BEHO
Iporiecca oOyYeHHs, IPeayCMaTpHBAIOIIee ITPeKIe BCEro HHANBHIAYAILHYIO padoTy YYaII[HXCs
B COOTBETCTBHH C YCTAaHOBKOH ITPEITOaBaTENS WIH YUeOHIKa, ITPOorpaMMBbl 00yUeHISL.

Ha coBpeMEHHOM 53Tale CaMOCTOSATENFHYIO paboTy CTYAeHTa CIeAYET pas3fdelIHTh Ha
pabory ¢ OyMa)XKHBIMH MCTOYHHKAMH HH(POPMAIHH, T.e. Yy4yeOHHKAaMH, MeTOIHYeCKHMH
ITOcOOHSIMH, MOHOTpa(hHAMH, KYPHAIaMH H T.J. H 3IeKTPOHHBIMH HCTOYHHKAMH HH()OPMAIIHH,
T.€. JOCTVYII K 3JIEKTPOHHEIM pecypcaM yepe3 FHTepHET.

CeromHsd CaMOCTOSTEJIbHYIO padoTy CIYAEHTa HEBO3MOXKHO IIPEJCTaBHTL  0Oe3
HCIIONh30BAaHHSA HH(POPMAIMOHHOH ceTH — MHTepHeT. HeoOXOMHMMOCTh HCIIOIB30BaHHA
MHTEepHETa BO3HHKAET HE TOJIBKO ITPH ITOATOTOBKE K ITPAKTHYECKHM H CEMHHAPCKHM 3aHSTHSM,
HO, B OONIBINEH CTEIEHH, IIPH HAIHCAHHH Pa3/IMYHBIX HCCIIEJ0BATENLCKHX H TBOPUECKHX padoT.
MHorne coBpeMeHHBIE MOHOIPa(hHH, TIepHOTHYECKHE KYPHAJIBI H3/JaHEI TOIIBKO B BIEKTPOHHOM
BHJIE H C HIMH MOKHO ITO3HAKOMHTBCS TOIBKO B MIHTEpHETE.

Iletn H 33aJaYl  CaMOCTOATEJLHOIl PpadoThL: (OPMHpPOBAHHE CIIOCOOHOCTEH K
CaMOCTOSATEILHOMY ITO3HAHHIO H O0YYEHHIO, TIOHCKY THTepaTyphl, 0000IIeHHI0, O(POPMIIEHHIO H
IIPEACTABIIEHHIO IIONYYEHHBIX Pe3yJbTaTOB, HX KPHTHUYECKOMY aHalIH3y, IIOHCKY HOBBIX H
HEOPJAHUHAPHBIX PEMIEHNUH, apryYMEHTHPOBAHHOMY OTCTAHBAHHMIO CBOMX ITPeIIOKEHMH, YMEHHH
HDI[FDTDEW%@ BEJICHIS JHCKYCCHIL.

Ceptmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E

srenenel Komiet e Hitinm 06y 4o nerocs, oopMupyeMble B pesyJibTaTe 0CBOEHHS JHCIHILTHHBI
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HanmMeHOBaHHE KOMIIETHI[HH

Kop, ¢opMynnpoBka Ko, dopMyIHpoBKa HHIHKATOPA [ImaHnpyeMbIe pe3yIbTaThl
KOMIIETSHITHH O0YyUeHH S IO JUCI[HIUIHE
(MOZYIX0), XapaKTePH3VIOIIHE 3TAITbI
(hopMITPOBAHTS KOMITETE HITHI,
HH IIIKaTOpPOB
OIIK-1 Criocoben -1 0k ['OTOBHOCTE K KOHTPOJIIO
IIPHMEHSTH OCHOBBI €CTECTBEHHOHAYYHBIX H | TEXHHYECKOT O COCTOSTHI S
€CTECTBEHHOHAYYHEIE | OOINEMHKEHEPHBIX HAVK, TPaHCITOPTHBIX CPeICTB C
1 OOINIEHHKEHEPHBIE | METOJOB MAaTEMATHYECKOTO HCITOIIb30BAHHEM CPeICTB
3HAHIS, METOJIBI aHaIM3a M MOAEIIHPOBAHH 5. TEXHHYECKOI'O JIHATHOCTHPOBAHH S
MaTeMaTHYECKOTIO
aHaImM3a u NJI-2onxa ['OTOBHOCTF K OpraHuszalui |
MOJEIIHPOBAHU B [ IprMeHSTE KOHTPOIIIO KayecTBa 151
ITpoecCHOHAIEHOH eCTECTBEHHOHAYYHEBIE H Oe30ImaCHOCTH IPOIIECCOB
IESATEILHOCTH OOIIEHHKEHEPHEIE 3HAHHS, CEpPBHCA, ITapaMeTPOB
METOIBI MaTEMaTHYE CKOT'O TEXHOIIOTHYECKHUX ITPOLIECCOB C
aHaI3a H MOAEIIHPOBAHU A B yU4eTOM TPEOOBAHHI ITOTPEOHTEILS
ITpode CCHOHATbHOMH
NESTEIbHOCTH.
M J1-30mic1 CriocobeH aallTHPOBATh H
Hagrrikom IIPHMEHEHN ST | MOAH(HIHPOBATh
eCTECTBEHHOHAYYHBIX H | CIIEIHATIH3HPOBAHHOE
OOIIEHHKEHEPHEIX 3HAHHH, | IPOrPAMMHOE o0ecCIIeYeHHE,
METOJ[OB MaTEMAaTHYECKOr O | METOJBI H alTOPHTMBI CHCTEM
aHaIIM3a M MOJEIMPOBAHHA B | HCKYCCTBEHHOIO HHTEIUIEKTa H
Ipode CCHOHAIIbHOM MAaIIMHHOIO OOYYEHI ST B
IESTEIbHOCTH. Tpod eCCHOHAIbHOM
JNESTEIIBHOCTH
2. I1s1an - rpagMK BBINOJIHEHH A CAMOCTOATE/ILHOH PadoThI
Koxrr CpenciBa u OOBEM YaCOB, B TOM Y CIIE
peaTn3yeM TEXHOIIOTHH CPC KoHTakKTH Bcero
BIX OI[EHKH as1 pabora
KOMITETEHTI B gesarenbHOCTH )
. CTYIEHTOB
15178 IIperojgasa
HHIUKATOP TEIIEM
a(oB)
2 ceMecTp
OIlIK-1 CaMOCTOSTeNIbHOE CobecemoBanme | 81,405 9.045 90.45
(IT4-1; 1II-2; | Hp3ydeHHe JIHTepaTypPhl
1A-3) 110 TeEMaM
No ]-8
OlIK-1 Iloarororka K OTUET 1,62 0,18 1.8
I14-1; NI-2; 1a00paTOPHBIM (IHChMEHHBIH)
171-3) 3AHSTHSIM
PR POHHON DONUACLIO HUtoro 3a 2 cemectp | 83,025 0,225 02,25
Ceptudmkgr: 2C0000043E9ABBBIS2205E7BAS00060000043E 3 CEMECT]P
srarenedl OTTRYT™ TE"ETE VEANOCT o sITe b HOE CoGecemoranne | 81.403 9.045 90.45
(I1A-1; VIA-2; | p3y4yeHHe THTEePaTy P
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I111-3) 10 TEMaM
Ne 9-16
OIlIK-1 IloaroroBka K OTUET 1,62 0,18 1.8
(I114-1; 1II-2; Ta00opaTOPHBIM (IHCHMEHHEBIH)
1A-3) 3AHSTHSIM

Hrtoro 3a 3 cemectp | 83,025 0,225 92.25
Htoro | 166,05 18.45 184.5

J3.MeToanuyeckue peKOMEHIAAMNH 110 H3YYEHHIO TEOPEeTHIECKOr 0 MaTepHaJa

3.1. Buo camocmoamesibHOU padomsl: camocmoameslbHoe U3yueHue iumepamypsl

M3yyaTe yueOHYIO JUCHIIUIHHY « T eXHHYecKas MeXaHHKA» PEeKOMEHIYETCA TI0 TEMAM,
IpeABAPHTEIFHO O3HAKOMHBIIICE C COJIEPKaHHEM KaKIOH M3 HHX B IIporpaMMe JHCI[HIUTHHBI.
[Ipu TeopeTHYECKOM M3YVUEHHH JUCIHIUIMHBL CTYAEHT JOIDKEH ITOJIB30BATHCS COOTBETCTBYIOIIEH
THTepaTypoH. [IpuMepHEI IepedyeHb JTHTEPaTYPEI IIPHBEIEH B paboueH IIporpaMmMe

Jlist 6oree IIOIMHOI'O OCBOEHHS yueOHOI'O MaTepHala CTYIASHTAaM YHTAXOTCS JIEKIHH II0
BAXKHEHIIINM pasfiellaM M TeMaM Y4eOHOH JUCIPIUIMHBEL. Ha JeKIHsax usimararorcd H JeTalbHO
paccMaTpHBarOTCs  HaumbOollee  BakKHBIE  BOIIPOCKHI, COCTABIISIOINHE  TEOPETHYECKHH M
MPaKTHYeCKHH (PYHAAMEHT JHCIUIUTHHEL.

Hmozoestit npodykm: KOHCReKm JleKUU

Cpeocmea u mexHoaozuu oueHku: Cobecedosarue

Kpumepuu ouennearun: OLgHKAa «OTIIMYHO) BBICTABIISIETCS CTYIAEHTY, €CIIH B IIOITHOM
00BeMe H3YUEH KYPC JAaHHOH JHCI[HIUIHHBI M BBITIOIHEHBI IIPAKTHYECKHE 3aIaHHIS

OILleHKa «XOPOIIO» BBICTABIISETCS CTYIAEHTY, €CIIH JOCTAaTOYHO ITOIHO HM3YYEH KYpPC
TAHHOH JUCIMIUIHHBI M BRITIOJIHEHEI ITPAKTHYECKIE 33 JaHHs

OIleHKa «YIOBIIETBOPHUTEIIFHO» BBICTABIIIETCS CTYIEHTY, HEIOCTAaTOYHO ECIH IIOJHO
H3YUEH KYPC JaHHON JUCIHILITHEL H BBIIOTHEHEI IIPAKTHUECKHUE 3aJaHHs

OILleHKa «HEYIOBIIETBOPHTEIIBHO» BBICTABIISIETCS CTYAEHTY, €CIIH OTCYTCTBYIOT 3HAHMSI H
IPAKTHYECKHE HABBIKH IT0 JAaHHOH JHCIUIUIHHE.

TemMbI 11 CAMOCT 0OATEJILHOTO0 H3YYECHHS:
Tema 1. OnpepeneHre KHHEMAaTHYECKHX XapPaKTE PHCTHK TOYKH.
Tema 2. [I1mockomaparienbHOe IBHKEHHE TBEPAOTrO TeNa.
Tema 3. [leHTparlbHOE PACTSDKEHHE H CXKATHE
Tema 4. OnpeneneHie BHYTPeHHHX YCHIIHI, olpefelieHHe Je()OpMalHil H ITepeMellleHHH.
Tema 5. CuBur (cped)
Tema 6. PacyeTsl Ha IIPOYHOCTH ITPH CIBHIE
Tema 7. 'eoMeTpHUeCKIE XapaKTePHCTHKH ITIOCKIX CeYeHII
Tema 8. [Ipsvor 1orepeyHsi H3ruo
Tema 9. MU3rub ¢ KpyueHHEM
Tema 10. LleHTp nmapasuieIbHEIX CHII
Tema 11. CrtocoOr1 ompeieneHHI K03 HITEeHTa TPeHH.
Tema 12. ConmpoTHBIEHHE TIPH KaUeHHH.
Tema 13. Axpo ceyeHHS IIPH BHEL[EHTPEHHOM CKaTHH.
Tema 14. Pacuer GajIKi Ha YIIPYTOM OCHOBaHHH.
Tema 15. Pacuer 3aKJIeIIOK Ha Iepepe3bIBaHIe
Tema 16. Pacuetsl Ha ITDOUHOCTD TIPH H3rHOe IO HOPpMAaJIbHEIM HaITPSDKEHHSIM

AOKYMEHT Mofn
SNEKTPOHHOW NOAMNWMCLIO
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KPHHIEPHH OHEHHGAHIA. OIleHKa «OTIIMYHO» BEICTABIISICTCS CTYVIACHTY, CCIIH B ITOJIHOM
o0beMe H3VUCH KYPC IAHHOH JHCLHIUIHHBI H BBITIOITHEHBI HﬂﬁﬂpﬂTGthIE 3daJaHA

OI1leHKa «XO0POoIIO» BBICTABIIACTCA CTYVACHTY, CCIH JOCTATOYHO IIOJIIHO  H3VHUCH KYPC
IAHHOH JHCI[HIUIHHBI H BEITIOIHEHBI HﬂﬁﬂpﬂTDpI—[bIE 3ad4aHA

OI1leHKa CKYAOBIICTBOPHICIIBEHO» BBICTABIIACTCA CITYIACHTY, HCAOCTATOYHO, C€CIIH IIOJIHO
H3VHUCH KYPC ITAHHOH M CITHIIIMHBI H BBOIOITHEHEI HﬂﬁﬂpﬂTﬂpI{BIE 3a4aHI A

OI1leHKa CHEYQOBIICTBOPHICIIBHO» BBICTABJIAACTCA CTYACHTY, €CIIH OTCYTCTBYIOT 3HAHIA H
IMPAKTHYCCKIIC HAaBbIKH 11O IAHHOH JHCLMIUIHHE

4. MeToan4yecKkHe YKa3aHHSA
MeTomiieckie yKa3aHHs I10 BRITIOIHEHITIO 1a00paTOPHAIX PadoT 110 AUCIIHIUIHHE « T eXHIIecKas
MEXaHHKa», HalpaBlIeHHS IoAroroBkH 23.03.03 - DOKCIUTyaTalisd  TPaHCIIOPTHO-
TEXHOJIOTHYECKHX MAIIHH H KOMIUIEKCOB.

S.MeToUecKkHe YKA3AHUA IO IIOAr0TOBKE K 3K3aMEHY

[Iporieaypa IIpOBEACHHS 3K3aAMEHA OCVYILNECTIBIIIETCS B COOTBEICTBHH C lloMOKEHHEM O
IIPOBEJAEHHH TEKYILETO KOHTPOIS YCIIEBAEMOCTH M ITPOMEKYTOYHOH aTrTeCTalHH OOYYArOIIIXCS 10
00pazoBaTe/IbHEIM IIPOrpaMMaM BRICLIETO 0Opa3oBaHIsI B CKDY.

B sK3aMeHaI[HOHHBIH OHIIeT BKIIFOYAOTCS TPH BOITpoca (OIHH BOIPOC JJIS IIPOBEPKH 3HAHHI H
I1Ba BOIPOCa IS IIPOBEPKH YMeHHI H HABBIKOB CTYJIEHTA).

JI1S TTOATOT OBKH 110 OHIIETY OTBOAMTECS 30 MHHYT.

IIpH IMOATOTOBKE K OTBETY CTYAECHTY IIPEJOCTABIISIETCS IIPABO ITONB30BAHHS CITPABOYHBIMH
TadIHIIAMH

[ Ipu ripoBepKe 1ad0paTOPHOro 3aJaHH L, OLICHHBAKOT CST:

- 3HAHHE ITApaMEeTPa,

- TIOCTIEIOBATENIPHOCTh M PAI[HOHAIBHOCTH BBITIOTHEHH .
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