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IlosicHuTeIbHAA 3aNIHCKA

O6menpodeccnonanpapii Mogynb OIl. 02 Texuuyeckas MeXaHWKa SIBIISETCS
JacThI0 OCHOBHOM oO1ienpodeccroHaabHoi mporpaMmbl 1o cnenuanbHoctr 08.02.01
«CTpOUTENBCTBO W JKCIUIyaTalldud 3JaHUM M COOPYXKEHHUW», pa3paOOoTaHHBIM B

cootBeTcTBUM ¢ pumepHOoM nporpammoit @I'OC CIIO TpeThero noKoaeHus.

Oco0eHHOCThIO O0yUYeHUs SIBISIETCA HEpasphIBHAsI CBA3b TEOPUU U MPAKTUKH IO
IIPUBUTHIO CTYJICHTAM HABBIKOB IO ONPEIEICHUIO YCUINKA B KOHCTPYKUUSAX, BBITIOJHEHUIO

pacucTOB HA IIPOYHOCTD, ’KECCTKOCTD, YCTOI>’I"II/IBOCTI> JJICMCHTOB COOpY)KeHI/II\/'I.

Oco0oe 3HaueHue i1 YCBOCHHUS COJEpKaHUS MOIYJSL M NPUBUTHUS MPAKTHUECKUX
HAaBBIKOB HMEET IMpaBUJIbHAs] W 4YETKas OpraHu3alMs MPOBEICHUS M BBIIOJIHECHUS
CTYJIGHTaMH NPAKTUYECKUX padoT ¢ TpeOyeMoH TOYHOCTBIO TMOJ KOHTPOJIEM

IIperiogaBaTcCIA.

[lepen HayaaOM BBIMOJHEHUS KaXKJIOM pabOTHI CTYACHTHI TOJKHBI O3HAKOMUTHCS C
€€ OCHOBHBIMU TMOJIOKEHUSIMU. [1ociie BBIOHEHHS MPAKTUYECKON pabdoThl HE0OXOIUMO
MPOU3BECTH 00PabOTKy pE3ylbTAaTOB MCHBITAHUNW U CAENATh HEOOXOJIWMBIEC BBIBOJBI,

OTBCTHUTH HAa KOHTPOJIbHBIC BOIIPOCHI.

Lenv uzyuenus.

[Iporpamma npegycmMaTpuBaeT H3y4eHUE BAKHEUIINX PA3/IeIIOB U
TE€M, HEOOXOJIMMBIX B IMOATOTOBKE TEXHHUKOB — CTPOMTENIEH MO JaHHOW CHelualn3aluud M
OTPAKAKOIIUX COBPEMEHHBIE TEHJACHLUHWH B CTPOUTEIIBCTBE I'PAXKIAHCKUX W MPOMBIIIICHHBIX

31aHUU U COOPYKECHUM.

B cootBerctBrn ¢ @I'OC CIIO cTyaeHTBI JOJIKHBI:

ymemo:

- BBINOJIHATH PACYETBl HA IPOYHOCTb, IKECTKOCTb, YCTOMYMBOCTH DJIEMEHTOB
COOPYKEHUU;



- ONpEACNATh AHATMTUICCKUM U TPapUUIECKUM CIIOCOO0aMU YCHIIUS OTIOPHBIC PEAKIIHH
oaok, hepm, pam;

- ONpPEACIIATh YCUJIUS B CTEPXKHIX (hepMm;

CTPOUTH SITIOPHI HOPMAJIBHBIX HAMPSKCHHA, U3THOAFOIINX MOMEHTOB U JIp.

3HAMmM”sb.

- 3aKOHBl MEXaHUKU JePOPMUPYEMOTO TBEpJOro Teja, BHUIbI nedopManuil, OCHOBHBIC
pacyeTsl;

- OIpElEeJICHUE HAIIPABJICHUS PEaKIUil, CBA3H;

- OIpElEeJIEHNE MOMEHTA CUJIBI OTHOCUTENBHO TOYKH, €T0 CBOMCTBA;

- THUIIBI HArpy30K U BUJIbI 0NIOp 0aJoK, GepM, paM;

- HampspKEHUs U AepopMaliui, BOSHUKAIOIINE B CTPOUTENBHBIX AJIEMEHTax Mpu padoTe
IO/ HAIPY3KOM;

- MOMEHTBI MHEPLUH ITPOCTBIX CEYEHUU DJIEMEHTOB U JIP.

IIpakTHyeckas padora Ne 1.

Tema: OnpeneseHue yCHJINN B CTEPKHAX CTEPKHEBON KOHCTPYKILMH.

Ieab padoTbl: HayuuTcs onpenensTh YCHINS B CTEPIKHIX KOHCTPYKIMHU aHATUTUYECKUM
METOIOM.

3aganue: OnpenenuTh yCUIUs B CTEPKHAX 3aaHHON KOHCTPYKIMHA aHATUTUYECKUM
criocobom. CxeMy BeIOpaTh B COOTBETCTBUU C HOMEPOM CTYJ/ICHTA IO CIIUCKY KypHaJa.

IlopsiioK BLINOJIHEHHUS

1. 1300pa3uth 3a1aHHYIO0 CXEMY B COOTBETCTBUH C BAPUAHTOM.



2. BbIIeInTh MAaTEPUATBHYIO TOUKY, K KOTOPOM ITPUJIOKEHA BHEIIHSS CHIIA.

3. OnpenenuTsb TUII CBSI3€H, YIEPKUBAIOIINX TOUKY.

4. OTOpOoCHUTH CBSA3M, 3aMEHUTh MX JE€HCTBHE CHJIAMH PEAKIUU.

5. CocTaBUTh PACUETHYIO CXEMY, BBIJIEJIUB TOUKY, HAXOASIIYIOCS B PABHOBECHH.
IIpnnoKuTh K HEN BCE AEMCTBYIOIIUE CUJIBI.

6. BeiOpaTh ocu KOOpUHAT.

YFkx =0

>Fky =0

8. M3 ypaBHEHHI paBHOBECHUS HAWTHU BEJINYMHY CUJI PEAKIUU.

9.3anucarh BETUUYHUHY YCUJIUN B CTEPIKHSX.

7. 3anucaTh ypaBHEHHUS paBHOBeCI/ISI:{

10. BeryepTuTh MHOTOYTOJIBHUK CHJI, TPHIJIOKEHHBIX K TOUKE.
11 .BriBos.

KoHTpoapHBIE BOITPOCHL:

=

Kakwne cucteMbl cuin Ha3bIBAKOTCSA SKBUBAJICHTHBIMU ?

Kakwne pasHOBUIHOCTH CBSI3€M pacCMaTPUBAIOTCS B CTATUKE?

3. CKOJBKO ypaBHEHHI PaBHOBECHSI MOYKHO COCTABHUTH JIJIsl YPABHOBEIICHHOMN
CHUCTEMBI CXOISAIINXCS CUJI U Kakue?

4. Tpu IeHCTBYIOIINE HA TEJIO CUJIBI JIEKAT B OJJHOM MJIOCKOCTHU U JIMHUU UX JEUCTBUSA

nepecekaroTcsl B 0JHOU Touke. OOpa3yroT JIM 3TH CUJIbl YPaBHOBEUICHHYIO CUCTEMY?

N



Tadsuual — Bapuanms: 3adarud

P, l P, a ' B l b4
Bapuanm | Cxema v e

/ 7 6 8 45 | 90 | 30
Z 2 5 0 (90 | 30 | 45
3 E 7 6 120 | 30 | 60
4 4 7 g 60 | 30 | 30
5 5 0 |6 30 | 30 | 30
6 6 8 4 90 | 60 | 45
7 7 2 |3 120 | 30 | 90
8 8 9 5 60 | 45 | 75
9 g 4- 7 60 | 45 | 45
10 10 8 2 |90 |30 |30
17 17 0 |8 90 | 60 | 30
2 2 8 5 60 | 60 | 45
17 7 7 10 |45 | 45 | 75
4 14 4 6 30 | 60 | 30
5 75 & 8 120 | 45 | 45
16 7 0 |4 30 | 60 | 30
17 2 g 7 90 | 60 | 30
18 1 8 5 150 | 60 | 30
19 4 = 2 |30 |60 |60
20 5 7 -3 60 | 30 | 45
21 6 6 4 60 | 30 | 90
22 7 3t 8 90 | 60 | 60
23 8 46 |6 45 |75 | 45
24 9 2 |10 |120 |60 | 30
25 10 4 7 60 | 30 | 60
26 17 8 6 90 | 120 | 30
27 2 6 g 20 | 30 | 30
28 77 g |3 70 | 45 | 60
29 74 9 4 60 | 120 | 30
30 5 < 8 90 | 30 | 60
31 7 7 5 60 | 30 | 60
32 2 2 |6 90 | 30 | 90
73 5 4 0 | 90 | 45 | 60
34 4 8 4 45 | 30 | 45




3agaHus K NpaKkTHuYeckou paoore Ne 1




IIpakTuyeckasi padora Ne 2.
Tema: OnpenesieHue peakuuii onop 0aJKu Ha ABYX ONOpax.

Leab padotbl: HayuuTcs onpenensTh peakiiuy ornop 0alKky yCTaHOBIIEHHOM Ha JABYX
oropax.

3aganue: Onpenenuts peakiuy onop O6amku Ha IByX onopax. Cxemy BHIOpaTh B
COOTBETCTBUM C HOMEPOM CTYZEHTA 110 CIIMCKY B JKypHAJIE.

HpHHHTL:q:Zk—H; P=4kH; M=2kH-» a=2m
M

IHopsiI0K BBINOJHEHHS.
1. U300pa3uth cxemy B COOTBETCTBUH C BAPHUAHTOM.
2. 3aMEHHUTH pacIpeie]ICHHYI0 Harpy3Ky ee paBHojaeicTByromen Q=q-l.
[IpunokuTh paBHOJAEHCTBYIOIIYIO K OaJIKe B LIEHTPE TSHKECTH COOTBETCTBYIOIIETO

MPSAMOYTOJIbHHKA.
3. 3aMEHHUTH OINOPBI UX PEAKIUAMH. Peakiyio mapHUPHO-TIOABUKHON ONIOPHI HAIIPABUTH
MEPIEHAUKYJIISIPHO K OIIOPHOM TOBEPXHOCTH. ? R

mrrrrriz7

PCaKHI/IIO IHapHI/IpHO-HOI[BI/DKHOﬁ OIIOPLBI PA3JIOKUTH HA ABC COCTABIIAIOIINUC,

HaIIpaBJICHHBIC I10 OCAM KOONTTHUHAT
>

Rx

4. CocTaBUTh PACUETHYIO CXeMY OaJIKH.
5. BoiOpaTh ocu KOOpAMHAT U LIEHTPbl MOMEHTOB.
6. CocTaBUTh ypaBHEHHE paBHOBecus: » F, =0.

7. I3 ypaBHEHU PaBHOBECHSI HAUTU HEU3BECTHBIE PEAKIIUH OIIOP.
8. [IpoBecTn IPOBEPKY MPABUILHOCTH PELICHHS, COCTABUB ypaBHeHUs » F, =0.

9. 3amucarb OTBETHL.
10. BeiBo.

KOHTPOJIBHBIE BOITPOCHI

=

MO>KHO JI1 3aMEHUTH JI€MCTBUE TTAPbI CUJI HA TEJO JIEMCTBUEM OJHOW CHJIbI?

2. B ueM cX0JICTBO U B YEM pa3IMUME MEKIY IJIaBHBIM BEKTOPOM IJIOCKOM CHCTEMBI
CHJI U €€ PABHOJICMCTBYIOIIEH /

3. Kakue ypaBHeHUs (M CKOJIBKO) MOXHO COCTaBUTD ISl YPABHOBEUIEHHOM IIIOCKOM
CUCTEMBI ChJI?

4. Tlpumenuma i1 Teopema BaprHbOHA K TIIOCKON CUCTEME CXOISAIIUXCS CHIT?

3agaHus K IPAKTHYEeCKO padoTe Ne 2
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IpakTnueckas padora Ne 3.
Tema: OnpenesieHne peakumnii ;KeCTKOM 3a/1eJIKU 0aJIKH.

Ieab padoTei: HayunTcs onpenensiTe peakinu >KeCTKOM 331K KOHCOJIbHOW OajKH.

3aganme: OnpenenuTe peakuuu SKECTKOM 3anenku Oanku. Cxemy BbIOpaTh B
COOTBETCTBHH C HOMEPOM CTYZEHTA 10 CIIUCKY B JKypHaJe.

HpHHﬂTb:qzzk—H; P=4kH; M=2kH-» a=2m
M

Iops/10K BLINTOJTHEHHS.

1. N300pa3uth cxemy B COOTBETCTBHH C BAPHUAHTOM.

2. 3aMEHHUTH pacIpeielICHHYIO Harpy3Ky ee paBHojaeicTByromeid Q=q-l.

[IpunoXuTh pPaBHOACUCTBYIONIYI0 K Oajke B LEHTPE TSHKECTH COOTBETCTBYIOIIETO
MPSMOYTOJIbHUKA.

3. 3aMEHUTH KECTKYIO 3a/EIIKYy €€ PEAKLIHSIMU.

Ry
Rx

/)MR

v

4. CoCcTaBUTh PACUETHYIO CXEMY OaJIKH.
5. BeiOpaTh ocu KOOpUHAT.
6. CocTaBUTb ypaBHEHHs paBHOBecHs: » M,=0; > F. =0, > F =0.

7. I3 ypaBHEHU paBHOBECHSI HAUTU HEU3BECTHBIE PEAKIUH.
8. IIpoBecTH NPOBEPKY NPABUIBHOCTH PELICHHS, COCTABUTh YPaBHEHUsA: » M. =0.

9. 3amucarb OTBETHI.
10. BeiBo1.

KoHTpoapHBIE BOITPOCHI

1. bpyc HaxoauTcsi B PaBHOBECHUH, ONMHPASACHh HA TIAJAKYI0 BEPTHUKAIBHYIO CTEHY W
IEPOXOBATBIA TOPU3OHTAIIBHBIN MO, CUJIA TSKECTH Opyca MpUIIoKeHa MocepearHe.
MO>KHO 11 OIIPEAEIIUTD HAIIPABJICHUE TIOJHOM pPEeaKIUu 1oJja?

2. Kakue ypaBHEHMSS M CKOJIBKO MOXHO COCTaBUTb JUIsl ypaBHOBEUICHHOU
MIPOCTPAHCTBEHHON CUCTEMBI CXOASIIMXCS CHTI?

3. Ilouemy mpu ompeneneHnn MOMEHTa CUJIbl OTHOCUTEIBLHO OCH HYXHO 0053aTeIbHO
MIPOELIMPOBATH CUJTY Ha IJIOCKOCTb, MEPIEHIUKYISIPHYO OCH?

4. Kak Hy)XHO pacnoJIO)KUThb OCh, YTOOBI MOMEHT JaHHOM CHJIbI OTHOCHUTEIBHO 3TOM
OCH PaBHSIICA HYJIIO?

3agaHuda K NPAKTHYeCKO padore Ne 3
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IIpakTnueckas padora Ne 4.

Tema: OnpenesieHne KOOPAMHAT HEHTPA TAKECTH IJIOCKOI PUrypbl.

Leab padotel: HayuuTcs ompenensrs KOOPAWHATHI IICHTPA TSDKECTH TUIOCKOW (Uryphl
CJIO’KHOM (hOPMBI.

3aganue: OnpenenuTh KOOPAUHATHI IICHTPA TSHKECTU CIIOKHOMW TUIOCKOHW (urypel. Cxemy
BBIOpaTh B COOTBETCTBUU C HOMEPOM CTYJICHTA I10 CIIUCKY B XKypHAJE.

Ilopsi10K BBLINOJIHEHHUS.

1. 306pa3utsk 3a1aHHYIO (UTYypYy B COOTBETCTBHH C 3aJlaHHEM B IIPOM3BOJILHOM MaciiTale.
2. BeiOpaTh ocH KOOpIMHAT.

3. Pa30uth Qpurypy Ha cOCTaBHbIE YaCTH, MOJI0KEHNUE HEHTPOB TSHKECTH KOTOPHIX U3BECTHO
WJIM JIETKO OIIPENEIISAETCS.

4. OnpenenuTs IUIOIMIAJM COCTaBHBIX 4yacTed. Ilmomanu  BbIPE30B  NPUHUMATH
OTPULIATEIILHBIMH.

5. OnpenensaTe KOOPAUHATHI UEHTPOB TSKECTH COCTABHBIX YaCTEH.

6. HalineHHble 3HAUYEHUS IUIOIIAJEH, a TAaKXKE KOOPAWHATHI HMX LEHTPOB TKECTU
MIPEJICTAaBUTh B COOTBETCTBYIOUIME (DOPMYJIBI U BBIUMCIUTH KOOPAWHATHI LIEHTPA TAKECTH
BCel (hUTYpBI.

24X, A X +A4-X,+A4-X;+...

XC
24, A+ A+ A+ ...
v 24 Y, AV A4V AVt
¢ ) A+ A+ A+

7. Ilo HaliICHHBIM KOOpIMHATAM HAHECTH HA DCKHU3E MOJI0KEHHUE IIEHTPA THKECTH (QUTYPBHI.
8. BriBo.

KoHTpoapHBIE BOITPOCHI
1. Yto Takoe craTM4eCKUM MOMEHT rionaau? B kakux enuHHUIAX U3MEpSIETCS U
KaK1e 3HAYEHUS] MOXKET MPUHUMATH?
2. Kyna m Ha CKOJIBKO TIEPEMECTUTCS LIEHTP TSHKECTH MPSMOTO OJJHOPOIHOTO CTEPIXKHS,
€CJIM COTHYTb €r0 OCEPEANHE MO/ MPSAMBIM YTJIOM?



3agaHus K NpaKkTHueckou paoore Ne 4
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IIpakTuyeckast padora Ne S.

Tema: OnpeneseHue yriioBbIX U JHHEHHBIX CKOPOCTEH U
YCKOPEHHBIX TOYEK BPaIA0LIErocs TeJia.

Tema: Kunemarnka. BpamarensHoe 1BHKEHUE TBEPAOTO TENA.
Ileab pabGorbl: Hayuurcs onpenernars yrioBbIE CKOPOCTM M YCKOPEHUS TOYEK

Bpallaromierocs, TCEjia, a TAaKKC HX JINHEHHBIC CKOpPOCTH, KaACATCIbHOC, HOPMAJIbHOC U
ITOJIHOC YCKOPCHHUC.

3aganme: JIpwkeHue rpy3a 3amaHo ypaBHenueM y=f(f). Onpenenuth CcKoOpocTh H
YCKOpPEHHE Irpy3a B MOMEHT BpeMeHHU {1, a TakKe CKOPOCTb U YCKOpPEHUE TOUKHU B Ha 006018
mKkrBa. JlaHHbIE U1 CBOET0 BapuaHTa MPUHATH 1O Tadiuie 1.

IopsiioK BLINOJHEHHUS.

1. 1300pa3uTh B IPOU3BOJIBLHOM MAcCIITA0E CXEMY.
2. Ins rpy3a A n300pa3uTh BEKTOP CKOPOCTH V, U YCKOPEHUS a,, .

3. U3 ypaBHenus nprokenus y=f(t) HalTh 11 rpy3a CKOPOCTh JABMKEHUS: V, = b f/(t)

dt B
- . Cdv,
YCKOPEHUE IBWKCHUS: a, = ot =V,.

4. TlogcTaBUTh B MOJYYEHHBIC BBIPAKEHUS 3HAUYCHUS BpeMEHU t, M HAWTH YUCICHHOE
3HAUYEHHUE CKOPOCTU U YCKOPECHHUSI.

5. U3 ycnoBusi COBMECTUMOCTH JBUXKEHHS Tpoca C TPy30M M TOYeK 000/a IIKWUBA MpHU
OTCYTCTBHUH MPOCKaIb3bIBaHUs onpeaensseM Ve=Vya;  af =a,.

OTK/1aJbIBaEM HA 3CKU3€ BEKTOp V, U a .

6. OnpenenseM yriioByl CKOPOCTb IIKUBA: Vy =T - ®;

7. OmnpeenieHre yriaoBOro yCKOpEHUsI IKKBA: ag =T - E

8. OmpeneneHne HOpMaIbHOTO YCKOPEHUS TOUKH B. af =T - o’

9. OmnpeneneHue MOJTHOTO YCKOPEHUS TOYKH B. a, =+/(ag)’ +(ag)?.
10. Hanectr BEKTOPBI CKOPOCTH YCKOPEHMS TOUKH B Ha 3CKU3.

11. OtBer.

12. BeiBo.

KonTposbHbIE BOITPOCH
1. EcTb 11 paznuuue MeXay MOHSATHSIMH YTk U paccTOsTHHE?
2. Ilpu pacCMOTPEHUU NBIKCHHS KAKOW-JIMOO TOYKW 3HAYCHUS IMYTH M PACCTOSIHUS
MOTYT JIX HE COBNaaaTh? MOTyT JIn OHU OBITh PABHBIMH MEXIY COOO0#?
3. Kak ompenenuTh KacaTelIbHOC U HOPMAaJIbHOE YCKOPCHHE, €CIIM 3aKOH €€ JIBUKCHUS
0 33JJaHHOM TPACKTOPHUHU NOUUHsETCS ypaBHeHUI0 S=Ff(t)?
4. Vmeet 1 yCKOPEHHUE TOYKA, PABHOMEPHO JIBUXKYIIASCS IO OKPY>KHOCTH?



3agaHus K NpaKkTH4YecKkou paoore Ne 5

JIBmKeHue rpysa A, omycKaiomerocs pu oMoy neGeaKky, 3a7aHo ypaBHeHueM y=at’+bt+c, rae y
— B M, t — B c. OnpenenuTs CKOpOCTb U YCKOPEHUE I'py3a B MOMEHT BpeMeHH 1, a TakKe CKOPOCTb U

yCKOpeHHEe TOUKH B Ha 000/1¢ mKuBa (Tahm )

8
D D
> ]
A [ﬂ]}—i

Ta6muma Ne 2

B 1 2 3 4 5 6 7 8 9 10
apHaHT 11 12 13 14 15 16 17 18 19 20
3ajaHui 21 22 23 24 25 26 27 28 29 30

a, M/ 2 0 3 0 3 3 2 0 4 0

b, m/c 0 3 4 2 0 4 0 3 4 2

C M 3 4 0 5 2 0 4 2 0 3
rou 0,5 0,8 0,8 0,8 0,5 0,5 0,4 0,6 0,8 0,5

t, ¢ 15 1 15 2 15 1 15 1 15 1




IIpakTnyeckas padora Ne 6.

Tema: Pemienune 3agavdy TMHAMUKHA METOAOM KMNHEMAaTHUKMH.

Ileap pabGorbl: Hayuurcs ompeaejJsaTb CWIy WHEPLUUU JUIS PA3JIMYHBIX CIIy4YacB
JBYKEHUS M PUMEHATH puHIMN [{anamoepa.

3ag!a}me: Pemurs 3aJavy Ne 6 B COOTBETCTBUH CO CBOUM BapHAaHTOM.

IopaAnoK BLINOJHEHUA

1. BeiaenuTh MaTepralibHYIO TOUKY, ABHKEHHE KOTOPOM paccMaTpuBaeTCsl U U300pa3uTh ee
Ha PUCYHKE.

2. BoISIBUTB BCE aKTUBHBIE CUJIbI U H300pa3UTh UX MPUIIOKEHHBIMH K TOUKE.

3. OcBOOOIUTH TOUKY OT CBSI3€H, 3aMEHUTH CBS3H UX PEAKIIHSIMHU.

4. OnpeaenuTh CKOPOCTh U YCKOPEHUSI HUTH U U300pa3uTh UX MPUIIOKEHHBIMU K TOUKE.

5. Onpeaenuts cuity uHepumu F,,=m-a.

6. [IprIIOXKUTh CUITYy MHEPLUU K JBUKYILIEUCS TOUKE.

7. llpuMEHUTh METOJl KHHETOCTaTUKA U PACCMOTPETh PABHOBECHE IMOITYYEHHOU CHUCTEMBI
cw1. CocTaBUTh ypaBHEHHMs paBHOBecus » F,=0; D F =0

8. M3 ypaBHEeHHUIi paBHOBECHUSI HAUTU TPeOyEeMYIO BEIIMUUHY.
9. 3anucaTh OTBET.
10. BeiBO.

KonTposibHbIE BOIIPOCHI

1. Mbl HaOmromaeM TeIo, JABUXKYIIEECS pPaBHOMEPHO U mpsiMosnHelHo. Kakoe
3aKJIFOUEHUE MOXKHO CJIeNIaTh O CUCTEME JICUCTBYIOLIMX HA TEJO CHII?

2. Bo3nukaer nm cuia WHEPIMU TPU PABHOMEPHOM KPHBOJWHEHHOM JIBMKCHHH
TOYKU?
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Bapuanm 1, 11, 21.
K moTtonky BaroHa Ha TOHKOW HHUTH MHOJBEIEH Tpy3. lIpu npsSMONMHERHOM IBHKEHUHU
BaroHa C IOCTOSHHBIM YCKOPEHHEM a=5M/cek’ HUTh OTKJIOHAETCS OT BEPTUKAIU Ha
HEKOTOPBIA yroJ o. HaliTh 3TOT yroJl U HaTsXKEHHWE HUTH, €CJIM Macca rpysa /ke. Maccou
HUTH TIpeHeOpeYb.

Bapuanm 2, 12, 22.
K motonky BaroHa Ha TOHKOM HHTH MOJBEIIEH IIAPHUK, Macca Kortoporo Z2xe. Ilpwm
PaBHOYCKOPEHHOM HPSMOIIMHENHOM JABMKEHUH BarOHa HUThH OTKIOHUIACH Ha yron o=18°.
OnpenenuTe yCKOPEHHE BaroHa U HaTSHKEHUE HUTH.

Bapuanm 3,13, 23.
I'py3 B 5m, Oyayuu TMOJBEHICHHBIM Ha TpoOce, AJMUHA KOTOPOTO 4M COBEpIIaeT
KojeOaTeNbHbIE JBW)KEHUS OKOJIO IOJIOKEHUs paBHoBecus. llpu mepexome uepes
MI0JIO’)KEHUE PAaBHOBECUSI TPYy3 UMEET CKOpPOCTb [,6Mm/cex. OmnpeneianuTb B 3TOT MOMEHT
HaTsDKEHUE TPoca.

Bapuanm 4, 14, 24.
I'py3 B /2m, NOJABELIEHHBI Ha TPOCE, ONMYCKAETCS BEPTHKAIBHO BHHU3 C ITOCTOSHHBIM
yCKOpeHHEM 4, 4m/cex?. ONpeNenuTh HATSHKEHUE TPOCA.

Bapuanm 35, 15, 25.
['upro B 2Zxe B3BEIIMBAIOT HA NPYXUHHBIX BECaX, HAXOAACh B JH(PTE, KOTOPBIU
IIOJJHUMAETCS BBEPX C YCKOPEHHEM 6m/cex?. ONpenenuTh I0Ka3aHue IPYKMHHBIX BECOB.

Bapuanm 6, 16, 26.
[Tapuk, macca kotoporo (,5ke, TpUBSI3aH K HUTH M BpalllaeTcsi BMECTE C HEW B
BEPTUKAJIILHOM TUIOCKOCTH C YIJIOBOM CKOpOCThIO [5006/mun. Jlnuna wHutH S0cm.
OnpenenuTs HaUOOJIbIIICE HATSKECHUE HUTH.

Bapuanm 7, 17, 27.
[ITapuk, macca koToporo /,2xe, mpuBsizaii K HUTA JIMHOW 40cm. lllapuk ¢ HUTBIO
BpalllaeTCsl B BEPTUKAIBHOM TJIOCKOCTU C YTJIOBOU CKOPOCThIO 300pad/cex. Onpenenurhb
HaVMEHbIIIEE HATSYKEHNE HUTH.

Bapuanm 8, 18, 28.
[apuk maccoil (0,8ke TpuBsA3aH K HUTH, KOTOpas MOMKET BBIIEPkKaTh MaKCUMaJlIbHOE
HaTsDKeHUE JSkH. IIpr KakoW yriioBOM CKOPOCTHU BpAILCHUS B BEPTUKAIBHOM IINIOCKOCTH
BO3HUKAET OMACHOCTh pa3pbiBa HUTH, €CJiU €€ JiuHa S0cm?

Bapuanm 9,19, 29.
C kakol CKOpPOCTBIO JAOJDKEH MPOeXaTh MOTOIMKIIKUCT MO apOYHOMY MOCTHUKY PagnycoM
25m, 9TOoOBI B CaMOM BEPXHEHW TOYKE MOCTHKA JIaBJICHHME MOTOITMKIIA HA MOCTHK CTajo B
JIBa paza MEHBIIIE ero O0IIero Beca.

Bapuanm 10, 20, 30.
Macca MOTOLIMKIMCTAa BMECTE ¢ MOTOLUKIOM 280ke. Korma MOTOLMKIIUCT MPOE3KAET 1O
JIETKOMY MOCTHUKY CO CKOPOCTBIO [(08km/uac, TO MOCTHUK Tporubaercs, oOpasys Iyry
paaguycoMm 60m. Onpenenurb MakCUMalbHOE JaBJICHUE, MPOWU3BOJUMOE MOTOIMKIOM Ha
MOCTHUK.
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Tema: Pacuersl cTepikHeldl HCNBITHIBAIOIIUX Ae(opMalMIO pacTszKeHUS (CKATHUSA).

Ieab  paGorbl: HayunTbcs  BBINOJHATH  pacyeTbl  3JEMEHTOB  KOHCTPYKIIMA,
MCIBITHIBAIONINX ASPOPMAIIIO PACTKECHUS (CHKATHS).

3aganme: /[ 3a7aHHOTO JABYXCTYIEHYATOTO CTAIbHOTO Opyca, Harpy>XeHHOTO IBYMS
cuwtamu F1 u F; , moctpouts smtopbl mpoaonbHbiX cuid (N;). Omnpeaenuts miiomanu
MOMEPEYHBbIX CEUEHUH U JIMaMeTp KaKION CTymnmeHu Opyca U3 YCJIOBHUS IMPOYHOCTH;
MOCTPOUTH BIIOPbl HOPMAJIbHBIX HANPSHKEHUN; ONpENETUuTh YAJIUHEHHE (YKOPOUCHHE)
KaXKJI0M CTyIEeHU U HalTH nepeMellieHne cBoOOIHOro KoHIa Opyca.

[Ipu pacuerax npuuaTh [0]=150MIla: E=2-10°MIla. VicxoqHble NaHHBIE BHIOpATh U3
TaOIUIIBI.

Howmep BapmaHTa B34Th B COOTBETCTBHU C HOMEPOM CTYJICHTA B CITUCKAX IO KypHAIY.

IHopsnok BbINOJHEHH
1. 300pa3uth pacueTHyIO0 CXeMy B COOTBETCTBUU C BAPUAHTOM.
2. BoinucaTh UCXOJIHBIE JaHHBIE U3 TAOIUIIBL.
3. Pazmenutb Opyc Ha YYacTKH, TPaHHUILBI KOTOPBIX ONPEIEISIFOTCS CEUEHUSIMHU, T
WU3MEHSIOTCS IUIOIAAb IIONEPEYHOIO CEUYECHMsI WM IPUIIOKEHBI BHEIIHUE Harpy3KH.
[IpoHyMepoBaTh y4acCTKH.
4. Onpenenuts BHYTPEHHUE CUIJIOBBIE (PaKTOPBI HA KAXKIOM Y4acTKe Ul Yero MPUMEHUTh
METO/ CEYEHHUS.
5. IloctpouTs 3mtopy N;.
6. 13 ycnoBusi MpOYHOCTH NPH PACTSKECHUU.

Omax = XZ < [o]

Haiitu nomaas monepeyHsix ceYeHnil Opyca Ha KaKJI0M y4acTKe.

Nz 2
= T MM
OHpe,Z[eJ'II/ITI) AUaMCTP KaXKA0ro mu3 CEUYCHUI:

d= \/% (num)

OkpyriTh AMAMETpP A0 CTaHAapTHOTrO U3 psaa uncen R40.

. d? mwd3
VTOYHHUTH IUTOMIA/IH MTOTIEPEYHBIX CEUeHni: A] = Tl A, = Tz
8. OnpeaenuTh HAMPSKEHUS HA KaXKJIOM U3 YYaCTKOB.
N
Opm=—=2  (Mlla)
A

9. IlocTpouTk 3MI0pY HOPMAIBHBIX HAIPSHKEHUI MO JUIMHE Opyca.
10. Onpenenuts AehopMaIHIO KaXKIOTO YIacTKa.

Ali= —:ZIIIIE = G—Ii_zli (mm)
11. Onpenenutsb nepeMerieHue CBOOOHOT0 KOHIIa Opyca.
A=A+ Al

12. BeiBog.
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BapuanTt BapuanTt BapuanTt BapuanTt BapuanTt
1,11, 21 2,12, 22 3,13, 23 4,14, 24 5, 15,25
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KoHTponpHbIE BOITPOCHI

1. Kak Hy>XHO Harpy3uTb MpsIMOit Opyc, 4TOOBI OH pabOTal TOJBKO HA PACTSHKCHHE

(cxatue)?

2. Chopmynupyiite 3aroH ['yka. KakoB ¢puzndeckuit cMbicia MOAYIS ynpyroctu £?

3. Uro Takoe «IpeaenbHOe» HAIPSHKEHUE U YTO TaKOe «Pacu€THOE» HanpshKeHue?

4. Yro Takoe JOMycKaeMoe HalpsHKeHUE U KaKk OHO BHIOMPAETCs B 3aBUCUMOCTHU OT
CBOWCTB MaTepuagoB?
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Tema: Pacuersl npu u3rude.

Heanb DﬂﬁOTbI: Hay‘II/ITBCSI ITOCTPOCHUIO IIIIOP PISFI/I68,IOH1HX MOMCHTOB U IIOIICPCUYHBIX CHUJI
" IIPOU3BOIUTL PACUYCTHI HAa IIPOYHOCTH IIPpH n3ruoe.

3aganme: [ 3a1aHHOM PACUYETHOM CXEMBI OCH OIPENEIUTH PEAKIMU OOP, HOCTPOHUTH
SIIOPHI TIONEPEYHBIX CUI ¥ M3TMOAIOMIUX MOMEHTOB, HOJ00pATh IUAMETP OCH M3 YCIOBHS
po4HOCTH npH M3rube. HoMep BapuaHTa IPUHATH COINIACHO HOMEPY CTYAECHTA B CIHUCKE
no KypHamy. Jlisi pacdyeTOB NpPHUHATH: MaTepuan ocu — cranb 40, momyckaemoe
HaNpsOKEHUE Ha U3rH0 [o, | =100M1Ta .

Iops/10K BLINTOJTHEHHUS.

1. U300pa3uth pacyeTHYIO CXEMY.
2. Beimucatbs ucX0ogHbIE JaHHBIC U3 TaOIHIIEL.
3. 3aMeHUTH ACHCTBHE OMOpP Ha OAJIKy CHUIaMU PEaKIIil.
4. CocTtaBUTh ypaBHEHUE PABHOBECHS JJIsI INIOCKOM CUCTEMBI MAPAIJIETbHBIX CHIIL:

D> MA=0; > MB=0.
5. Haiitu 3 ypaBHEHU paBHOBECHS HEU3BECTHBIC CUITBI PEAKIIH.
6. Omnpenenuth MONEPEUYHYIO CHIYy B KaXXJOM M3 XAPAKTEPHBIX CEUEHUH, KaK CyMMY
BHEIIIHUX CHUJI, IPUJIOKEHHBIX MO OJTHY CTOPOHY OT CEYEHUSI.
7. IlocTpOUTB 3MIOPY MOIIEPEUYHBIX CHUIL.
8. Onpenenuth BETUYHMHY M3rHOAOIIEr0 MOMEHTA ISl KaXKIOr0 XapaKTEPHOI'O CEYEHHS,
KaK CyMMY MOMEHTOB BHEIIHUX CHJI, TIPWIOXKEHHBIX IO OJIHY CTOPOHY OT CEYCHWUS,
OTHOCHTEJIBHO LIEHTPA TSKECTU ITOTO CEUCHMUS.
9. ITocTpouTh MIOPY UrMOAOIIUX MOMEHTOB.
10. BeiObpaThs Hanbosee Harpy’eHHoe ceuenue, rae Mu=max.
11. 3anucare ypaBHEHHE YCIOBUS MPOYHOCTH MPU U3THOE:

Mumax

O ymax = T < [Gu]'

12. Haiitu TpeOyemMyto BETUYHHY OCEBOTO COMPOTUBIICHUSI CEUECHUS:

3
w, > Mumax ;U3 BeIpakeHus; W, = 3" 0,1d°.

A

13. Onpenenuth quaMeTp HauboJiee Harpy>KEHHOTO MOMEePEYHOr0 CEUCHUS OCH:

d 231 32\7:.\/X =3ﬂ10VVX

14. OxpyrauTh IUaMeTp A0 OJIMKANIIEro CTaHAapTHOTO 3HaYeHus U3 psga R40 mo tabiuisl
2

15. BeiBog
KoHTposibHBIE BOITPOCHI
1. BO3HMKHOBEHHEM KaKMX BHYTPEHHUX (DAaKTOPOB XapaKTEPHU3yeTCsS MPSIMON UYUCTHINA
W3TUO U TIPSIMOM TTOTIEPEYHBIN U3TH0?
2. Kak ompenenuTs HampsoKeHUs B JIIOOOW TOUKE NAHHOTO IMOMEPEYHOTO CEYCHHUs IMPH
psIMOM H3rude?
3. Ilouemy mpu u3ruGe B MPOAOJIBHBIX CEUEHHUSX OAaJOK BO3HUKAIOT KacaTelbHbIE
HapsLKEeHUs ?
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Tema: Pacuersl IpU KPyYeHHUH.

Ileab paborbl: HayuuTbcs ompenesaTs BEIWYMHY KPYTAIIMX MOMEHTOB, OIPENEISTH
JMaMETp BaJIa U3 YCIOBUS IPOYHOCTH IIPU KPYUEHUHN U ONIPEAEIIATH YTOJ 3aKPYYUBAHUS.

3aganue: OnpenenuTs BEIMUUHY KPYTSIIMX MOMEHTOB JIJISI KQXKIOT0 Yy4acTKa, IOCTPOUTH
AIIOPY KPYTAILIMX MOMEHTOB, OMPEACIUTh JUAMETP Bajia Ha KaXKJIOM y4acTKe, ONPEAeIIUTh
yroJI 3aKpyuruBaHUs KaKJ0ro yyacTka. [I[puHATh MOIIHOCTH Ha KOJIecax:

CxeMy M HCXOJIHbIE JIaHHbIE BHIOpATh B COOTBETCTBUM C HOMEPOM CTYJEHTA MO CIUCKY B
KypHaJe.

Jlist Bcex BapMaHTOB NpUHUMATE:[1]=25MI1a; G=8-10*Mlla

IlopsiioK BLINOJIHEHHUS.

1. I300pa3uTh pacueTHYIO CXEMY.
2. Pa306uTh Baj Ha y4acTKU U IPOHYMEPOBATH HX.
3. Onpenenuts MOITHOCTh Ha KOJIECaX.

P
4. OnpenenuTs BpallamIie MOMEHTHI Ha KoJiecax: My,=— Hwm,
w

rie P — MOIHOCTB Ha Kosiece (BM), @ — yriioBasi CKOPOCTh (pao/c)
5. OnpenenuTh KpyTAIIME MOMEHTBI Ha KaXKJIOM ydacTke — M.

6. [TocTpouTk AMIOpPY KPYTALIIUX MOMEHTOB — M.

7. I3 yciioBUs MPOYHOCTH NPU KPYUEHUH:

Tymax = W_k < [T]

OTIPENIEIUTh TPEOYEeMbIii MOTIEPEUHBIII MOMEHT CONTPOTUBIICHUS JJISI KAXKIOTO YYacTKa:
> &
G

8. OnpenenuTh JuaMeTp Basia JIJIsl KaKI0ro y4acTKa:

W—nd3 0.2% d> |2 sy
P16 T - T p

OKpyTauTh NOJIYYEHHOE 3HAYEHHUE 10 CTAHIaPTHBIX.

9. OnpenenuTth NOJASAPHBIE MOMEHTHI MHEPLUU CEUEHUM IS KayK0T0 y4acTKa:
J,=0,1d*(vm)

10. Ompenenuth yribl 3aKpy4UMBaHUs KaXKJOrO YYacTKa, MPUHSAB  JJIMHBI Y4aCTKOB

OJIMHAKOBBIMM U paBHBIMU (¢ =300mm

M
p

W

_180°_Mk-£
z G-J

p

11. BeiBog.



BapuaHTtsl 3a1aHuid

Taomura Ne3
Bapuant P1xBt P/, Ne cxembr
1,11, 21. 30 20 1
2,12, 22. 22 30 2
3,13, 23. 15 10 3
4,14, 24, 18 40 4
5, 15, 25. 10 30 5
6, 16, 26. 25 35 6
7,17, 27. 35 40 7
8, 18, 28. 24 15 8
9,19, 29. 50 100 9
10, 20, 30. 11 24 10

KOHTpOJ'II:HBIG BOIIPOCHI

1. Kak Hy>XHO Harpy3uTb Opyc, 4TO0bI OH padOTaJ TOJILKO HAa KpydeHUe?

2. OT KakMxX TEOMETPUYECKHX XapaKTEPUCTHK CEUYEHHUS 3aBUCUT IMPU KPYUYCHHUH
POYHOCTH Opyca, a OT KAKUX — €T0 KECTKOCTh?

3. B ogmHakoBO# N CTENEHM U3MEHSIETCS KECTKOCTh M MPOYHOCTH Opyca KPyrioro
CEUYCHMUS NPYU U3MEHEHHUH €r0 1ruamerpa’
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IIpakTuyeckas padora Ne 10
Tema: OnpenesieHue 3KBUBaJIeHTHBIX HanpsizkeHuid mo 111 u V Teopusim npounocTw,
omnpeesieHHe JUaMeTpa BaJja

1.3apanme. OnpeneneHue >KBUBAICHTHBIX HanpsbkeHui mo |l u V teopusim npoyHocTH,

oTIpe/ieNieHUE TuaMeTpa Baja.
OrnpenenuTs BEIMUYUHY HauOOIBIITNX SKBUBAJICHTHBIX HanpsukeHui, uexoas u3 Hl u 'V

TEOpH MPOYHOCTH JJIS BaJla, HArPYKEHHOT0, KakK MoKa3aHo Ha puc. 11.
OnpenenuTs quaMeTp Balia, eciii Jonyckaemoe HanpsbkeHue [o] =90 Mlla

77280 7777
ZZa 77777

F; Y F,

A




Taoauma Ne 4

Jannvle onsa pacuema
Bapuarm a, m b, m Fi, kH Fo,kH | P, kBm | @, pTaa
01 0,3 0,4 2 4,0 6,0 50
02 0,2 0,3 2,5 4,5 50 52
03 0,1 0,3 0,1 3,0 4,0 55
04 0,2 0,4 2,2 3,5 4,5 48
05 0,3 0,5 2,3 3,5 4,0 50
06 0,1 0,2 2,1 3,0 55 48
07 0,1 0,3 2,4 4,5 7,0 58
08 0,3 0,5 3,5 5,0 7,5 70
09 0,2 0,5 3,0 6,0 6,0 60
10 0,1 0,3 3,0 5,0 5,0 50
11 0,2 0,3 4,0 5,0 6,0 60
12 0,3 0,4 2,0 4,0 5,0 40
13 0,2 0,3 2,5 4,5 6,0 52
14 0,3 0,4 3,5 5,0 3,0 45
15 0,2 0,3 4,0 5,0 5,0 50
16 0,2 0,4 3,0 5,0 7,0 60
17 0,3 0,5 5,0 7,0 7,0 55
18 0,2 0,3 3,0 4,0 6,0 60
19 0,1 0,3 2,5 4,5 5,0 60
20 0,2 0,4 3,0 5,0 7,0 60
21 0,3 0,5 6,0 8,0 6,0 65
22 0,2 0,4 2,0 4,0 5,0 55
23 0,3 0,5 2,5 4,0 4,0 60
24 0,2 0,4 3,5 55 6,0 70
25 0,3 0,4 4,0 5,0 6,0 55
26 0,2 0,3 4,0 55 55 60
27 0,1 0,2 3,0 6,0 6,0 50
28 0,3 0,5 4,0 5,0 7,0 60
29 0,3 0,4 3,5 6,0 6,0 55
30 0,2 0,3 4,0 5,0 7,0 60

[Ipexxne, 4yeM NPUCTYNHUTh K BBHIMOJIHEHUIO MPAaKTHUYEeCKOW padboTel Ne 12,
HE00X0uMO U3y4IuTh TeMy «[ unoressl npounoctu. CoueTaHre OCHOBHBIX nedopmannii —
COBMECTHOE JIECTBHE U3r10a U KPYUECHHS.



2. Ileab padoTsl
2.1 HayuyuTb CTYIEHTOB MpPHUMEHATh THUIOTE3bl MPOYHOCTH B pacyerax IIo
«COnpOTHBIICHUIO MaTEPUATIOBY.
2.2 HayuuTh onpeaensTh TuaMeTp Bajla IPH COBMECTHOM JEHCTBUU M3ruba U KpydeHHUS.

1. IloBTOpPEHME TEOPETHYECKOI0 MaTepuasia

3.1 Yto Takoe CI0XKHOE HAIPSKEHHOE COCTOSTHUE B TOUKE Tena?

3.2 Yto Ha3bIBAETCS SKBUBAJICHTHBIM HAIIPSKEHUEM ?

3.3 CKOJBKO BCErO TEOPUI MPOUYHOCTU CYIIECTBYET U KaK OMPEACIUTh SKBUBAJICHTHOE
HaIpsDKEHUE B KAKIOM U3 HUX?

3.4 Kax 3anuchIBaeTCsl yCJIOBHE TPOYHOCTH MPU COBMECTHOM JICWCTBUU M3THOA U
Kpy4eHHUs?

3.5 Kak onpegenuTs AuaMeTp Bajia IpU COBMECTHOM JICMUCTBUM U3TrH0a U KPydeHUSs?

4. MeToanka peKOMEHIAUN K BbINIOJTHECHUIO

4.1 Onpenenuts ONOPHBIE PEAKIIUN Basa (711 3TOTO COCTABUTH JIBA YPABHEHUSI MOMEHTOB
OTHOCHUTEJILHO OIOP - MOAIIUITHUKOB).

4.2 CaenaTh IPOBEPKY NPABUIBHOCTH PEUIEHUS — COCTAaBUTh YPaBHEHHUE MPOEKINI BCEX
cui Ha ocs OVY.

4.3 Onpenenutb 3Ha4€HUE My, BO BCEX XapAKTEPHBIX TOUKAX.

4.4 ITocTpouTh 310py M.

4.5 Onpenenuts onacHoe ceueHue, TAe Mysr, = Mmax.

4.6 OnpenenuTs KpyTAIIMNA MOMEHT, TIEPEIaBAEMbIil BAJIOM.

4.7 Iloctpouts 3m10py Mp..

4.8 OnpenenuTh SKBUBAJICHTHBIE MOMEHTHI M 3KBUBAJICHTHBIE HANPSYKEHUS 110 PA3IMYHBIM
TEOPUSIM MPOYHOCTH.

4.9 Onpenenuts THaMETP Baja COTJIACHO 33IaHHOW TEOPUU ITPOYHOCTH.

S. Ilpumep penreHust 3a1aHUS
5.1 Ha Bany amametpom 60 MM HacaeHBI ABa 3yO4aThix Koisieca. [laBrmeHus 3yOuaThix
KOJIEC Ha Bajl HaNpaBJE€Hbl BEPTUKAIBLHO BHU3 W paBHbl F1 =5 kH u F; =2 xH. Ot
OJHOT'O KOJIeCa K APYromy mpeaaercs MoimHocTh P=7 kBT mpu yrimoBou ckopocTtu
BpamieHuss o = 8,4 pan/c. Onpenenutb BETUYHHY HAMOOJBIIMX 3KBUBAJICHTHBIX
HanpsbkeHud, ucxoas u3 Il u V teopuii npounoctu
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Pewenue:
5.2 OnpenennM ONMOPHBIC PEAKLMH:
>Ma (Fi) =0
-F1:0,83-F;-0,7+Rgy1=0 (1)
> MB (F|) =0
-Ray1+F1:0,7+F;-03=0 (2)

N3 1-ro ypaBHEeHUS:
Rgy = F1-:0,3 + F>- 0,7 = 5000-0,3 + 2000-0,7 = 29001
N3 2-ro ypaBHEHUS:
Ray = F1-0,7 + F>- 0,3 =5000-0,7 + 2000-0,3 =4100n
Ilposepxa: X Fiy=0; Ray -F1-F2 + Rgy = 4100-5000-2000+2900=0;
CJIEI0BATEIILHO, ONIOPHBIE PEAKLUN HAUACHBI ITPAaBUIIBHO.

5.3 Tloctpoum 3mr0py Mysr. , ISl 9€TO OMPEAeIUM U3TUOAI0IIEe MOMEHTHI BO BCEX
XapaKTEPHBIX TOYKAX:

() A Mysr, = 0.

(o) 1; M. = Ray-0,3 = 4100.-0,3 = 1230 H-m

(o) 2; M. = Ray0,7 - F10,4 = 4100-0,7 - 5000-0,4 = 870 Hw
(*) B; Msr. = 0.

MaxkcuManbHbIN N3ru0aromnii MOMEHT OyAeT B Touke 1, T.e. Mmax = 1230 Hwm



5.4 Haxoaum KpyTsuii MOMEHT, Iepe/laBaeMbIil BaJIOM:

p 7000
= —=——=835H.
\Y > 84 Hwm

5.5 I1o Tperber TeEOpUU NPOYHOCTH:
Mot = /M2, + M2, =+/1230% +8352=1490 Hm
DkBHBajeHTHOE Harpsbkenue no |l Teopun npoynocTu onpenensercs:

M .
Goalll = —2  MIIa, rie Wy — oceBoii MOMEHT CONPOTUBIICHUSI CEUCHUS

WX
3 3
W, = 7zd — 314-0,06 - 2’1.10_4 N
32
CraenoBaTteibHO,

Gt = —420_ = 69 4.10° w/m? = 69,4 MITa
21-10

5.6 DKBUBAJIEHTHBIN MOMEHT 10 V TEOPUU TPOYHOCTH:
Moy = VM2 +0,75M%, = /12302 +0,75-8352 = 1430 Hm

5.7 Inametp Basa

gz o) Mo _ 1490-10° 129
“Voale] "\ o100 MM

[Tpunumaem d = 130mm.

KoHTpoapHbIE BOITPOCH

1. Yto Takoe TMHoTe3bl MPOYHOCTH U B KAKUX CIydasiX BOBHUKAET HEOOXOIUMOCTh UX
HCIIOJIb30BaTh?

2. Urto Takoe HKBUBAJICHTHBIC HAIIPSKCHUS?

3. Uto Takoe CyMMapHBIM HU3rHOAONMii MOMEHT W YTO TaKO€ SKBHUBAJICHTHBIM
MOMEHT?



IIpakTuyeckas padora Ne 11
Tema: Pacuer craTH4ecKH onpeaeJMMbIX pam

Cmamuuecku onpedenumas pama — KOHCTPYKIUSA, COCTOSIAsi M3 HECKOIbKHX
M3ru0aeMBbIX CTEPKHEM, 3aKPETUICHHBIX TaK, YTO OMOPHBIE PEAKIIMU U BHYTPEHHUE YCUITUA
MOKHO HaWTH C IOMOUIBIO YPABHEHUN CTAaTUKHU. Halle BCEro CTEP>KHU paMbl COCIMHEHBI
MEXIy CO0O0# KECTKUM o0pa3oM, Tak, 4TO B Tporecce aedopmanuu yroia Mexmy
CTEpKHSIMH HE MeHseTcsi. Mbl OyJieM paccMaTpuBaTh TOJBKO IJIOCKUE pPaMbl, CTEPKHU
KOTOPBIX pPacnojokeHbl moj yriaom 90°. BepTukalbHblE CTEPKHU pambl HPHHITO
Ha3bIBaTh CTOMKAMHM, TOPU30HTAJIBHBIE — PUTEISIMU. B CTEpKHSIX MIOCKUX paM BO3HUKAIOT
TPY BHYTPEHHUX YCUJIMS: MPOAOJIbHAS U TIOTIEPEUHAas CUJIbl U U3THOAIOIIUA MOMEHT.

BuyTpeHHune ycwius B pamax OINPEIENISIIOTCS METOJOM CEUCHUW, W TMOPSAI0K HX
HaxXOXXJICHUS TOT >K€, 4TO M Il Oanok. M3 miecTh BHYTPEHHUX CHJIOBBIX (PAKTOPOB B
CEUCHHUSAX IUIOCKOW paMbl B OOIIEM cllydae BO3HHUKAIOT TpH: MpojojibHas cuia N,
nmonepeyHas cuija Q; wm3rumbarommii MomeHT M. HamomHuM, 4YTO cOrJacHO METOdY
CCUCHUM:

- npoodoavnasa cuna N paBHa cymMMe MPOEKIMI BCEX CHJI, ACHCTBYIOIIMX C OJHOU
CTOPOHBI OT CEYEHUSI, HA OCh CTEPIKHS;

- nonepeunasn cuna Q paBHa CyMMe TPOEKIMK BCEX CHJI, NCUCTBYIOIMHUX C OJTHOU
CTOPOHBI OT CEYEHUS, HA OCh, IEPIICHAUKYIISIPHYIO OCH CTEPHKHS;

- uzeudarowuii momenm M paBeH CymMMe€ MOMEHTOB BCEX CHJ, JNEUCTBYIOUIUX C
OJHOM CTOPOHBI OT CEUEHMS, OTHOCUTEIBHO OCH, MPOXOIAIICH Yepe3 LEHTP THKECTH
paccMaTpUBaEMOTO CEYCHMUS.

Ilpasuna 3naxkoe 011 NPOOOILHOU U NONEPEYHOU CU T€ K€, UYTO U pPaHbIIIC:
pacTsaruBaroiias MpoJjoJibHAas CWJIa TMOJIOKUTEIbHA, MOMEpedHasi Cujia IOJIO0XKHUTEIbHA,
€CIM OHa OOXOOUT CEUCHHE II0 XOJy 4dacoBoWl crpenku. Ilpaeuno 3nHaxkos 01
uzeudarwuiec0 MoMeHma 6 pamax CieAyrllee: MOMEHT CYUTAETCS IOJIOKUTEIbHBIM,
€CIIM OH HU3TH0AaeT CTEP)KEHb pPaMbl BBIYKIOCTHIO BOBHYTPh (IJI1 HEKOTOPBIX pam
HEBO3MOXXHO ONPENECTUTD, TA€ BHEUIHAS YaCTh paMbl, a TI€ BHYTPEHHs. B aToM ciiyuae
3HaK M3TrUOAIOIIEr0 MOMEHTa HE OINpeAesseTcs W JIIopa M3rMOarolyx MOMEHTOB
CTPOUTCS CO CTOPOHBI PACTSIHYTHIX BOJIOKOH O€3 3HAKA).

Ha smropax N u Q monoxuTenpHbIe 3HAYCHUST MPUHATO OTKJIAABIBATh CHAPYXKH, Ha
3nrope M — BHYTPU — CO CTOPOHBI PACTSHYTHIX BOJOKOH.

OT neficTBUS TpeX BHYTPEHHUX YCUIIUM B CTEPXKHSX paMbl BO3HUKAIOT HATIPSKEHUS:
HOpMAJIbHBIE M KacareibHble. HopMmanbHbIE HANpsKEHUS OMNPEACISIOTCA Kak CyMma

HAaOpsOKeHWH OT  mpomonbHOM  cutsl (7 / 4)u  or wusrubaroUlero MOMEHTa IO

bopmyie ¥ KacarenbHble ~ HampspkeHus ~— HaxXomsaT 1o ¢opmyrie
@87z

Tg=1T=————
Lb(z)

Kypasckoro

[lepemenieHust TOYEK OCH pambl ONPEAEISAIOTCS, KaK NPaBUilo, METOAOM MakcBesia
— Mopa 1o ¢opmyiie £l 3aMeTuM, YTO NPOM3BOJbHAS TOYKA OCH paMbl B
OTJIMYME OT TOYKM OCH OaKU MOXKET MepeMelIaTbcs HEe TOJBKO MO BEPTUKAIHU, HO U IO
ropusoHTand. Bygem 0603Ha4aTh JMHEHHBIE IEPEMENIEHUS TOYEK OCH PaMbl OYKBOH 7,

OTMeYasl HaNpaBJieHHE NEepeMEIleHHs MHAEKCOM CBEpXY: 9+ u 9. YIisl MOBOPOTa
Ce4eHMi pambl, Kak 1 6anok, obo3Hauaem OykBoi ¥ .



B nmanHOM paszmene orpaHMYMMCS PacCMOTPEHHEM MPOCTEHMIIMX CTATUYECKH
ONPEAETUMBIX PaM TPEX BUOB:

1) ¢ ’KecTKOM 3a1eTKOM;

2) Ha IBYX HMIAPHUPHBIX OMOpax (HEMOABMKHOU U MOJIBUKHOMN );

3) Ha JBYX IIAPHUPHO HEMOJBIKHBIX OMNOpPaxX C IMPOCTHIM IPOMEKYTOUYHBIM
IIAPHUPOM.

Pamuwi ¢ scecmkoil 3a0enkoi

IHpumep 1.

PaccMoTpuM jkecTKO3aIEeMIICHHYIO TUIOCKYI0 paMmy (puc. a). B skecTkoi 3amenke
paMbl B OOIIEM CIydae HAaTrPyKEHHS BOSHUKAIOT TPU OLOPHBIC PEaKIWH: JBE CHIIbI (14

u £4) 1 onopneiit MomenT (#4). I mocTpoenus S0P onpeele e 3TUX PeaKImii He
SBJISIETCSI 0e3yCcIIOBHOM HEOOXOJIUMOCTBIO: pacyer, Kak u B
Ccllydae ’KeCTKO3aIIeMJICHHON Oallki, MOKHO BECTH OT CBOOOJIHOTO KOHI[A, TO €CTh BCAKHI
pa3 Tak BbIOMpPATh OTCEUCHHYIO YaCTh JJI pacCMAaTPUBAEMOr0 CEUEHHUsI, YTOObI B HEE HE
nomnajajga omopa C HEU3BECTHBIMU OIOPHBIMU peakuusiMu. TeM He MeHee, HWHOTrIa
LEJIECO00PA3HO BBIUMCIUTH OMOPHBIE PEAKLIUU. DTO MO3BOJSET MPOBEPUTH MOCTPOCHUE

SIIOP 583071 00JIerYnTh 1504 IIOCTPOCHHUE. Jns BBIUMCIICHHASI ~ pPEaKuui
B JKECTKO3AIIEMIICHHOW paMe UCIOJIb3YIOTCSI TPH YCIOBUS PABHOBECHSA:

D 2E =0,

2y Z:F},i =1,

3 2 My =0

[Toctpoum smropst N, Qy u My 11151 paccMaTpuBaeMoil pambl, HE BEIYUCIISAS OTIOPHBIE
pEeaKIInH.

Metoauka MOCTPOEHUS JMIOP aHAJIOTWYHA paHEe PACCMOTPEHHOM aJisi Oajok, T.e.
CHayalJia HCO6XOI[I/IMO HaMCTUTh XapaKTCPHBIC CCUCHUA. B JOIMOJIHCHUEC K PaHCeC
YKa3aHHBIM, B paMax XapaKTCPHbIMHU ABJIAIOTCA TAKXKC CCUCHHSA, PACIIOJIOKCHHBIC
OECKOHEYHO OJIM3KO K KECTKOMY Y3IIy Ha BCEX DJIEMEHTaX, CXOJISIINXCS B 3TOM Y3JIE.

Ilocmpoenue sniopwi N;. Crieqtyst yCTaHOBJICHHBIM TIpaBUJIaM, B pacCMaTprUBaeMoOun
paMe MOXHO BBIIETUTH 8 XapakTepHbIX ceueHuid. [IpomonbHas cuna B J10OOM W3 HUX
YUCJICHHO paBHA anreOpanvyecKkoil CymMMme MpPOEKIM BCeX CHJI, MPUJIOKEHHBIX MO0 OJHY
CTOPOHY OT pacCMaTpuBaACMOI0 CCUCHHA, HA IIPOJOJBbHYIO OChb CTCPZKH. HpI/I 3TOM
CICAYyCT YUHUTBIBATD, YTO ITOJOKCHHC HpO,Z[OHBHOI;'I ocunu 6y,Z[eT N3MCHATHCA B 3aBUCUMOCTH
OT TOI'0, YHCMY IIPUHAIJICIKHUT paCCMAaTPUBACMOC CCUCHUC - CTOMKaM HJIN pUICIIIO.

MNy=Ng =N, ;=HN,=0
M, s =M, =-F=-20Kg;
MN,=M,,=-q4=-40Kn

I

Ilocmpoenue sniopwr Qy. [lonepeunas cuiia B JI0OOOM CEUEHUM YHUCICHHO paBHA
anreOpanvecko CymMMe TPOEKIMA BCEX CHJI, TPWIOKCHHBIX IO OJIHY CTOPOHY OT
paccMaTpUBaEMOT0 CEUYCHUS, Ha TOMEPEYHYI0 OCh pambl. [lomokeHue momepeyHor ocu
TaKk)ke OyJeT U3MECHATHCS B 3aBUCIMOCTH OT MPUHAJICKHOCTH JAaHHOTO CEYCHUS CTOMKaM
win puremo. C yd4eToM TpaBWja 3HAKOB, JBUTASACh OT CBOOOJHOTO KOHIIA K JKECTKOU
3ajienke, MmoyduM s Qy:

Q1= Qya =0 (mpoexius mapel M Ha 100YI0 OCh paBHA HYJIIO);



Q‘_;i",3 = Q}m =F=20H,
Qs =q-4 =40,
Uyy =Qye =—F=-20xH

Heobxoaumo oOpaTuTh BHMMaHHE Ha TOT (HaKT, UTO Cy1 =€ A4, T.e. UTO
MOTEepEeYHasi CHJIa B BEPXHHX CEUEHUSX MPOTHUBOIOJIOXKHBIX CTOEK OT JEHCTBHUS CHIIBI,
MPWIOKEHHON K MpaBOd CTOMKE (MpU 3aJelIKe, PACIOJIOKEHHON cieBa, U HaoOOpoT)
MMEET MPOTUBOMOJIOKHBIE 3HAKA. OTYACTH 3TO MOXKHO OOBSICHUTH MPOTHBOIIOJIOKHBIMHU
HaIpaBJICHUSIMUA OCH Y JJisl ceueHut 4 u 7, HO Oosee cTporoe 0OOCHOBaHUE YKa3aHHOTO
paBeHCTBa OyET TaHO HIXKE.

Ilocmpoenue snwopvr My. 3rubaromnuii MOMEHT B JTI0OOM CEYCHHH YUCICHHO PaBEH
anredpanveckoil cyMMe MOMEHTOB BCEX Harpy3ok, MPHJIOKEHHBIX MO OJIHY CTOPOHY OT
paccMaTpUBAEMOT0 CEYEHUsI, OTHOCUTEIILHO ATOTO ce4eHHs (00s1ee CTPOro: OTHOCUTENBHO
ocH X 3Toro ceueHus). OOpatuM BHUMaHUE HA J1BA BaXKHBIX 3aMEUaHUS:

1) cocraBmisitomass MoMeHTa My OT I€CTBUS cOCpeaOTOUEHHOr0o MOMeHTa M Bceraa
OJIMHAKOBA U paBHa M,

2) NoJ MJIEYOM CHJIBI BCET/Ia IOHUMAETCs JUIMHA MEPIEHANKYISpa, ONYIIEHHOTO U3
LEHTpa TSHKECTH JAHHOTO CEYEHMS Ha JIMHUIO JEHUCTBHUSI CHUJIbI. DTO O3HA4YaeT, uTo,
Harpumep, mievo cuibl F 1ist ceuenunii 4-7 0IMHAKOBO U PABHO 3 M.

a) q=10xH/m 6y 20 20
i IIT TR NN T 40 [ [ | 1= [ ]
7716 514
=
(o]
% 3 |F=20xH =
®
=
[an]
H, |z i"* 40
—=E, 4w M=40xH m
ok

40
E) _T_T—T@_—I“‘I——r—— 21 r) 100 20
5 vARE
— i SV T 4”
%
20 zné 40

Takum o6pa3zom, it ceueHuid 1-8 momyqyum:
M}c,l =M;,2 =M}c,3 =M =40

kHM (cxaThIM SIBIISIETCS] MPABOE BOJIOKHO B CEUCHUSIX -
3, IOATOMY OpJIMIHATA OTJIO)KECHA BIPABO OT OCH CTOWKH);
M, =M s=M-F 3=-20

mnn

kHM (3Haku "+" u 3]1IeCb MMEIOT OTHOCHUTEIBbHBIN
XapakTep; Pe3yAbTUPYIOUIMA MOMEHT CXKUMAET JIeBbIE BOJIOKHA B CEUCHHH 4 U HUKHUE
BOJIOKHA B CEUYECHUU 5, moATOMYy opauHata "20" oTKiIaapIBaeTCsi COOTBETCTBEHHO BJIEBO U
BHU3);

Mg =M-F-3-¢-42=-100 . g, (cxaThl HHYKHHME BOJIOKHA);



M =M, .=-100
w7 5,8 kHM (ckxaThl mpaBbie BOJIOKHA);

Muyg=M+F-3-¢-4-2=20 ,qy (coKaTel JIEBBIE BOJOKHA).

Mexmy L EM, pnockux pamMax COXpaHSAIOTCS T€ K€ 3aBUCHUMOCTH, YTO U B
OaJIkax, a UMEHHO:
dQ},
—_ . a
4= d*M,
i = q= iz
Y=g

W3 storo cnenyeT, uTo mpaBuiia KOHTPOIs 3mop Qy u My ocTaroTcst TeMu ke, 4To U
JU1s1 OaJoK .

Omopel N; B IIIOCKUX  paMax CTPOSATCS HauOoJiee MPOCTO W TMPH OTCYTCTBUU
Harpy30K, pacrpeeICHHBIX BJIOJIb CTEP)KHEH, MMPEACTABISAIOT CO00M rpaduueckn OTpe3Ku
MPSIMBIX, ITApAJICIIBHBIC OCSAM CTepHEH ( mim coBnaaaroT ¢ HuMu pu N, =0)

Ecnu npoananu3upoBaTh Opoliecc MOCTPOCHUS 3Miop (PUC.6-2), TO OYEBUIHO, UYTO
HanOosiee "CIIOKHO" BBIYUCIIATH OPAWHATHI B CCUCHHMSX CTEP)KHS, MPUMBIKAIOMIETO K
3anenke ( Ha puc.6-e 310 ceuenust 7 u 8). Kak yxe oTrMeuanoch, ¢ 3TOH IEJIbI0 MHOT/AA

BBIYHCIEAIOT pCaKIIMH Ha.Ra U MOMCHT M, .

[Ipu npuHsATOM [ BCEWM pambl HalpaBlIE€HUU oOcell X, Y (puc. a) ypaBHEHHUS
pPaBHOBECHS UMEIOT BUJL:
DYE,=0 H,-F=0H, =F=20xH

2) ME;=0 Ry,—qd=0R,=q4=40xH
XMy =0 M, +q4 2-F 3-M=0 M, =20xH

MonyueHneii s Kaxmoid n3 BemmumH 4.8+ Ma 3gax "+" roBopuT, uTO
HaIpaBJIeHUS UX ObUIA BHIOPAHBI TPABUIIBHO.

o N, M
ITocne BeIUMCICHUS OIIOPHBIX PCAKIIMH 3HAYCHHUS BCIMUHUH ~ Ly * B CCUCHMSAX 7

u 8 (kak, BOpoyeM, U B JItOOOM JPYroM) MOKHO BBIYMCIIATH, JIBUTasACh OT >KECTKOM
3a/ICJIKU K CBOOOJTHOMY KOHILY.

Hanpuwmep, nns ceuennii 7 u 8:

N,7=N,g=-R,=-40

T T nn

kH (3HaK YKa3bIBACT Ha CXKXATHC B OTHX CCUYCHUAX C

cuoii £ );

=0, 5 =—H,=-20
Cr1 =Eys 4 kH (T.x. peakuus 4 cTpeMHUTCS MOBEPHYTH KAXKI0€ U3 ITHX
CEUYEHUI MPOTUB YACOBOU CTPEJIKH. )

IIpu cpaBHEHUN BEIUYUHBI Cr7 ¢ paHee NMOIYyYEHHOM BEJIMYNHON Ly BUHO, YTO

7 =~y

: **, 0 UCM YIKC I'OBOPHJIOCH BBIIIIC.

Mg =M1=20 oy (coKaThI JIEBBIE BOJIOKHA CTOMKH);

M=M,-H, 6=-100 o
ao 804 kHwm (coxaThl MpaBbie BOJIOKHA CTOMKH).

Pazymeercs, pe3ynbTarhl ogydyaeMble JJisg JIOOOr0 CEUYeHHUs MPU JBHKEHUU OT
CBOOOJHOTO KOHIIa K KECTKOW 3a/lefIke W TpU JBIKCHHH B OOpaTHOM HAmpaBlICHUU
OJINHAKOBBI.



IIpakTnueckas padbora Ne 12
Tema: Pacyer TpeximiapHupHO# apKu
3apanme. J{J1s1 CIUIONMIHON TpeXIIApHUPHOUN apKu Ui pambl (puc. 22) TpedyeTcs:

a)ONpeleanTh AHAJIUTUYECKM MOMEHTBI, IIONEpPEYHbIE M HOPMAJbHbIE CHJIBI B
ceueHusix K/ u K2 oT nelicTBUs IOCTOSSHHOM HAarpy3KH;

6) moctpouts JuHUM BaUSHUA M, Qu N mns  cedenms K2um 1m0 HAM — HaWTH
sHaueHus M, Q u N OT TOi K€ TOCTOSSHHOW Harpy3ku. VICXomaHbIe MaHHBIE, COTJIACHO
mudpy, BEIOMpArOTCA 1Mo Tadd. 2.

% b |
al Crema nazpysnu
2 1P
ATIEL I TN TR I LA
al’
4
Puc, 22
Tabanna 8

g é', u'§ )
= = a IS EELE Ouepramme |_f | P
L §.§ 7 =l ﬁa ;ﬁ ocu 1 | xH
SE Il = - I8 S §'§ gs .
Eilal s | S |la8l a] S| SSE|JE ]

1126 0,200,20' | |0,65 0| 4 1 | a [[lapaGona 34| 4

2 13610,50[0,30{f 2 {0,68] 4 { O 2 1a yxHocTh {0,335 3

3 1180,3010,22|| 3 10,70 0 { 5 {| 3 | 6 |Pama 0,39 5

4 1280,60i0,25|l 4 (0,72 5 | 0 || 4 | & < 0,40 6

512010,40/0,15}} 5 0,80 0 | 6 || 5 | 2 < 0, 7

6 1320,70/0,400) 6 |0,84{ 6 | O || 6 | a |[lapaGosa [0,36] 8

71220,8010,35] 7 |0,86{ 7 | O |[{ 7 | @ |Oxpyxmocrs [0,38] 2

8 134}0,25/0,12|| 8 10,75/ 0 | 7 || 8 | 6 |Pama 33 5

9 12410,35/0,33|| 9 10,85] 8 | O | 9 | & « 0,30] 8

0 ;}0'0,450,45“ 010,900 0 | 8 (] 0]z < 31 4



MeToanuyeckue yKazaHus

CxeMy apku HaJ0 BBIYEPTUTH, ONPEIECIUB II0 YPABHEHHMIO €€ OCH JOCTAaTOYHOE YHUCIO
TOYEK (HE MEHee IATH, BKJItouYas 3aMKOBBIA mapHup C) U npoBens uepe3 HUX IUIABHYIO
KpuByro. Ha cxemy Hano HaBecTM BCE€ 3aJaHHbIE pasMepbl W Harpysky. [lns
Touek K/ u K2 Haio BBIYMCIHTH KOOPJAMHATHI M, KPOME TOIrO, 3HAYEHHS CHUHYCOB, H
KOCHUHYCOB YIJIOB HAaKJIOHA KacaTEJIbHBIX.

OpauHATHI TOYEK OCH apKH U YIJIbl HAKJIOHA KAacaTEJIbHBIX ONPEACIIIIOTCA 110 CIEAYIOIIHUM
YPaBHECHUSM:

a) IPH OMEPTAHHH OCH MO napalosie

af
¥="7 x(l—x)

dy
dx

6) mpH OYepaTaHHH OCH 1O OKPYKHOCTH

- I/Rz-(—;—-—x)z_kw.

rae

T cos ¢ =R

Crnenyet MOMHUTD, YTO JIJIsl IPABOM MOJIOBUHBI apKu (M paMbl) Yoyl HAKJIOHA KacaTeJIbHOU
OTpULIATETIEH.

Brraucnenue 3HaueHUN OIIOPHBIX peaKHHﬁ, MOMCHTOB, IMOIICPCUYHBIX U IPOAOJBbHBIX CHUJI B
3aJaHHBbIX TOYKaX HaaA0 HJUIIOCTPHUPOBATH HGO6XOI[I/IMI>IMI/I (I)OpMYJ'IaMI/I.

Jnst moctpoenuss nunuii BiausHus M,Q uN Hago cHavyana TMOCTPOUTH JIMHUIO BIUSHUS
pacropa ¥ MoJICYUTaTh 3HAUCHHUE €€ XapaKTepHON opaArHaThl. Ha OKOHUYATEIBHBIX JTUHUIX
BIIUSIHUS JOJKHBI OBITh MPOCTABJICHBI YHMCIOBBIC 3HAYEHUSI BCEX XapPaKTEPHBIX OpAMHAT,
ompeeeHNe KOTOPBIX JOKHO OBITh MPUBENEHO B pacuere. JIMHUM BIMSHUS HAI0
CTPOUTH TOJI CXEMOU apKH (paMbl) B TOM e JIMTHEWHOM MaciiTaoe.
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a) onpenenuTh (AHAIUTUYECKH) YCUIIUS B CTEPXKHSIX 3aJIaHHOM MaHENH, BKJII0Yas MPaBylo
CTOMKY (4 CTepKHA);

0) MOCTPOUTH JTMHUY BIMSHUS YCUIINN B TE€X K€ CTEPKHSX;

B) I10 JIMHUAM BJIMAHHUA IIOACUYUTATHh 3HAUYCHUA yCI/IJ'II/Iﬁ oT SaﬂaHHOﬁ Harpy3kKkuv U CpaBHUTDb
HX CO 3HAUYCHUAMMU, ITOJTYUCHHBIMU aHAJITUTUYCCKU.

2. leab paboThbI

2.1 TlpoBeputh CTENEHb YCBOCHUS CTYJACHTAMH 3aKOHBI CTAaTHKW KHHEMATUYECKU
HEU3MCHICMBIX TUIOCKUX CTEPKHEBBIX CHUCTEM, TCOPHUIO BIUSHUSA M € MPUMECHCHHE K
CTaTUYECKH OMPEICTMMBIM OTHOMPOJIETHBIM OaJIKaM.

2.2 HayuuTh HWCIIONB30BaTh Ha MPAKTHKE CTATHKO-KMHEMATHYECKHH METOJ U TEXHHKY
IIOCTPOCHUS SITIOp BHYTPEHHUX CHJIOBBIX (JAKTOPOB W JIMHUH BIIMSHHS BHYTPCHHUX
yCWINKA (M3THOAfOIIer0 MOMEHTa WM TIONEPEYHOW CHIIBI) B JIAHHBIX CCUYCHHSX
OJTHOTIPOJIETHBIX OaJIOK.

2.3 HayuuTh onpenensiTh YCUIUS B JaHHBIX CEUEHUSAX TIO JIMHUSIM BIUSHUA OT 3aJaHHOU
Harpy3Ku, HUCTOJb3ys (GOPMYITy BIUSHUS U CPAaBHUBATH UX C YCHIIMSMU Ha DIIOPaXx.

3. [loBTOpPEHNE TEOPETHUYECKOTO MaTepUaJjia
3.1 Yo takoe nuHUs BausHUA (1B.)? [[715 9ero uCmoab3yoTCs TWHUN BIUSHUAS?
3.2 Uemy paBHa opJivHAaTa B CEYCHUU «N» TUHUU BIussHUS My ?

3.3 ®opmyna ais onpeaesaeHusl yCUIus 10 JIMHUM BIUSIHUS OT 33/IaHHOM Harpy3Ku
(F, g, M)?



3.4 Hynesble TOYKH JJIs1 IMHUW BIVSTHUS YCUIIHS, TJI€ OHU HAXOISTCS?

3.5 Kak u rae Hy)kHO pacrnoJiaraTh €AMHUYHYIO cuiy F = 1 npu nocTpoeHuu JTMHUHA
BIIUSIHUSA ?

3.6 Uemy paBHa opauHaTa JiB.My moj ceueHreM «K» B miponére Oanku?

3.7 Uemy paBHbI opauHATHI JIB.Qk 101 ceueHHeM «K» B mponére Oanku?

3.8 Tlepeuuncnute cBoWicTBa JIMHUY BIUAHUSA M u Q B nponére 6anku?

3.9 Tloctpoenuii TMHUN BIUSHUA JIJIS1 OJTHOIPOJIETHBIX CTATUCTUYECKHU ONPEIACTUMBIX
6aiok. [TocTpoiiTe MTMHNIO BIUSHUS HOPMATBHOTO HAIIPSKEHUS B KpalHEM BOJIOKHE
KaKoTo-1100 ceueHus 0Ky Ha JBYX OMOpax.

4, MeTozmquKne YKa3aHnusl.

VYcunme B KakJAOM CTEpXKHE CIEAyeT ONpeNeNisiTh HEMOCPEACTBEHHO 4Yepe3 Harpy3ky U
OTIOpHBIE PEaKIMU, a HEe OJTHO Yepe3 APYyroe, T. €. A KaKIO0r0 YCUJIUS HaJl0 HAUTH CBOM
Croco0 U3 TpeX U3BECTHBIX (MOMEHTHOM TOUYKHU; MPOCKIUI; BHIPE3aHUS Y3IIOB).

[Ipu onpeneneHny yCrmii HEOOXOIMMO MMOKA3bIBATh UCIIOIB3YyEMbIC CEUCHHS, IPHUBOIUTH
COOTBETCTBYIOIIINE YPABHEHUS, a BCE BETUUMHBI, BXOIAIINE B HUX, JIOJKHBI OBITh YKa3aHbI
Ha d4eprexke. HeoOxoaumbie TreoMETpUYECKHE XapaKTePUCTUKH M pa3Mepbl HaJO
OTPENIEIIATh aHATUTUYECKH, a HE OpaTh 1Mo MaciiTady.

[locTpoeHre JIMHHMIA BIUSHUS JOJKHO CONPOBOXKAATHCS HEOOXOJUMBIMU PACUETHBIMU
dbopmynamu. JIMHUM BIUSHHS CTPOSATCA MOJ CXeMOW (epMbl; HA HUX JOJKHBI OBITh
ITPOCTABJICHBl YMCJIOBBIE 3HAYECHUS OPAMHAT IOJ BCEMH y3naMH. HalieHHble 3HaYeHUsA
YCUIMM 10 JIMHUAM BJIUSHUSA HAIO0 CPaBHATh C peE3ylbTaTaMH AHAJIMTHYECKOIO
OIIPENICIICHMUS.

5. Ilpumep pemeHus 3aiaHusi

Hcxoonvie oannvie: cxema 6anku Ha puc. 13.25; a=2 m; b=2 m; c=2 m; d=2 ™; M=8
kH*wm; F=2 xH; q=1 xH/m.
5.1 Dnropbl BHYTPEHHUX CUJIOBBIX (hakTopoB (puc. 13.26).
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5.3 Onpenenenne BHYTPEHHUX YCHIMKA S (M3rHOArOmMero MOMEHTa WJIM TOTEePEYHOM
CHJIBI) B ceueHmsIX N U K o opmyie BIMSHUS:

S=M-tga+F-y+q-w,

rie M — cocpenoToueHHbI MOMEHT («+» - HalpaBJIeH 10 YaCOBOM CTPEJIKe, «-

» - HaIlpaBJICH MPOTHUB YaCOBOU CTPEIIKH);
O — HAKJIOH JIMHUY BIIUSHUS B MeCTE NpuioxkeHus M;
F — cocpenorouennas cuna («+» - HampaBjJeHa BHHU3, «-» - HalpaBJICHA
BBEPX);
Y — OpJIMHATA JIMHUM BIUSHUSI TIO]T CUJIOMN;
( — UHTEHCUBHOCTh PacHpeAeiCHHON Harpy3ku («+» - HampaBjeHa BHU3,
«-» - HallpaBJIeHa BBEPX);
® — IJIOIIA/Ib JIMHUY BIUSHUS TIO]T HATPY3KOM.

M, =(-8)-(4/6)+(-2)-(4/3)+1-0=-8 kH*Mm,

Q, =(-8)-(-1/6)+(-2)-(2/3)+1-0=0,

M, =(-8)-0+(-2)-0+1-(-2) =—2 xH*Mm,

Q. =(-8)-0+(-2)-0+1-2=2 kH.

3HaYCHHE YCUJIUN COBMNAJM C COOTBETCTBYIOIIUMU YCUIIUSIMU HA 3MIOPAX.

Hosacuenue K peuienuro 3a0anus

1) Jyis mocTpocHUs JIMHUI BIMSHUS B OaJKax IeJIeC000pa3HO BOCIOIb30BAThCS
CTaTUKO-KMHEMAaTHYeCKUM MeToAoM. CyTh MeToja 3akjlo4yaeTcs B TOM, 4YTO
BHayaJie onpeensieTcs Bu JUHUN BIUAHUA. [t 3Toro u3 6anku ygansercs CBs3b,
JUHUIO BIUSHUS YCWINSA B KOTOPO#l TpeOyeTcs MOCTpouTh. B MoidydeHHOM Takum
00pa3oM MexaHu3Me C OJHOM CTENeHbI0 CBOOOJABI CTPOMUTCS SMIOPAa BO3MOXKHBIX
nepemeniennii (puc. 13.28). B Teopum AMHUN BIMSHHAS HAa OCHOBE INPUHLMIIA
BO3MOKHBIX pabOT JOKa3aHO, YTO BUJ JIMHUU BIUSHUS COBIAJAET C OYEPTAHUEM



aTOM 3mIophl.  [IpW M3BECTHOM OYEpTaHWM JIMHWUW BIWSHUS JIIOOYIO €€ OpArHATY
HECJIO)KHO BBIYMCIUTH M3 3aKOHOB CTaTUKHU. [[1s 3TOro JOCTATOYHO YCTaHOBUTH
€AMHUYHBIA TPy3 HaJ OpAMHATOW, OTIEIUTh YacTh OajKu, colepiKallel HCKOMOoe
YCUJIME, U PACCMOTPETh PABHOBECHE 3TOW YACTH.
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prwettanue. 3HaK JIMHUU BIUSHUS ONpCACIUTLCA aBTOMATHYCCKH, CCJIIM BO3MOKHOC

MNEPEMCIICHNC MCXAaHHM3MY 34/laTb B HaAIIPABJICHHUH, COBIAAAOIIEM C IIOJOXHWTCIbHBIM
HaIIpaBJICHUCM UCKOMOI'O YCHIIUA.

2) [lpu ompenencHUH yCWIMWA IO JMHUSM BIMSHUS CICAYET TOMHHUTH, YTO
BHEIIHUNA COCPENOTOYEHHBIH MOMEHT BHOCHUTCS B (POPMYJy BIMSHHUS CO 3HAKOM
«+», ecnu HalpaBJieH IO YacOBOW CTpPEJIKE, BHEWIHSAS COCPENOTOYEHHas cuila U
pacnpeziesieHHasl Harpy3Ka cO 3HaKOM «1», €ClIi HallpaBJIeHbl BHU3. Takue npaBuia
OPUHATHI NPU BBIBOAE (OpPMyNbl BIMSHMS. 3HAK € TaHI€HCA OIpeleseTcs
OOBIYHBIM 00pa3zoM, T.€. B EPBOM U TPEThEU YETBEPTIX OH MOJIOKHUTENIbHBIN (ecin
JIMHUS BIUSHUA HE IEPEBEPHYTA).

KoHTponpHBIE BOITPOCHI
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Yrto Takoe uHUS BIUAHUS (JIB.)? J{J1s 4ero UCHoib3yroTCs JIUHUM BIUSHUS?
Yemy paBHa opauHaTa B cedeHuu "'n' muHuM BiussHAsS My ?

®opwmyna Juisl ONpeIesICHHs] YCUIIHS 10 JIMHUY BIUSHUS OT 3aJaHHON Harpy3Ku
(F, q, M)?

HyneBble TOUKHU 11 IMHUU BIUSHUS YCUIHS, TJI€ OHU HaXOASTCS?

Kak u rie Hy’kHO pacrnojarath €IMHAYHYIO ciuty F = 1 mpu mocTpoeHun TuHUU
BIUSHUSA?

Uemy paBHa opauHata jB.My moxa ceuenueM "k" B mponére 6anku?

Yemy paBHbl oparHaTsl JB.Qx 1oxa ceuenueM "k" B mponére Oanku?

[lepeuncnure cBoiicTBa TMHUM BausHUS M u Q B posnére O6anku?

[TocTpoenuit TMHUI BIUSIHUS AJI1 OAHONPOJIETHBIX CTATUCTUYECKU OTPEIETUMBIX
6aiiok. [locTpoiiTe TMHUIO BIUSHUS HOPMAJILHOTO HAIPSIKEHUS B KpalilHEM BOJIOKHE
KaKOT0-TH0O0 CeUueHUs OaKU Ha JIBYX OTOpax.
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