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Pexomenganuu u oﬁmne TpeﬁoBaHI/Iﬂ K BBINNOJHCHHUIO MIPAKTHYC€CKHUX paﬁoT

[Ipexxae yeM MPUCTYNHUTH K BBIOJHEHHUIO 33aJaHUs, CIEAYeT H3yUYUTh COOTBETCT-
BYIOIINI TEOPETUUYECKUI MaTepuai Mo y4eOHUKY WM KOHCIIEKTY JIEKINi 1 oApoOHO pa-
300paTh MPHUBEICHHBIE TaM MPUMEPHI; pa3o0paTh 3a7aud, PaCCMOTPEHHBIC HA MPAKTHYE-
CKUX 3aHITHSIX.

[Ipuctynast K pemeHuro 3aaHns, HaJ0 Pa3o0paThCcs B YCIOBUH 3a1aUl M PUCYHKE.

[lepen pemeHneM KakJol 3a1a4M HAJO BBIMHMCATh MOJTHOCTBIO €€ YCIOBHUE C YUCIIO-
BBIMH JTaHHBIMH, COCTaBUTh aKKypaTHBIA CKM3 B MaciiTabe M yKa3aTh Ha HEM B YHCIaX
BCE BEJIMUMHBI, HEOOXOIMMBIE AJIs pacueTa.

Perenne momKHO COMPOBOXKIATHCS KPATKUMU, TOCIEIOBATEIbHBIMA M TPAMOTHBI-
MU 0€3 COKpallleHHsI CIOB OOBSCHEHUSMU U YepTeKaMH, Ha KOTOPBIX BCE BXOJAIINE B
pacueT BeTUYHHBI JOJDKHBI OBITh MOKa3aHbl B unciaax. Hamo n3berath MHOTOCIIOBHBIX T10-
SCHEHUH U Mepecka3a yueOHUKa: CTYACHT JOJDKEH 3HaTh, UTO S3bIK TEXHHUKH - GopMylia U
yeptex. [lpu monmp3oBaHnu GopMylaMy WIH JaHHBIMH, OTCYTCTBYIOIIMMH B y4eOHUKE,
HEOOXOAMMO KPaTKO M TOYHO yKa3bIBaTh HCTOYHHUK (aBTOp, HA3BaHHE, U3JJaHUE, CTPAHMUIIA,
HOMeEp (hopMyJIbI).

He crienyer BBIYHCIATH OOJIBIIOE YHCIIO 3HAYANTNX UGDP, BEIYUCICHUS JOJKHBI CO-
OTBETCTBOBATh HEOOXOIMMOU ToOUHOCTH. HeT HEOOXOAMMOCTH JUTHHY JEPEBSIHHOTO Opyca
B CTPONMJIAX BBIYHCIATH C TOYHOCTHIO IO MIJTUMETPA, HO ObLIO OBl OMIMOKON OKPYTJIATH
710 TeJIBIX MIJTUMETPOB MAaMETp Baja, HAa KOTOPBIM OyIeT HacaKeH MapUKOBBIN TOJI-
IIUITHUK.

YepTeku, CXEMBI CIIEAYET BBITOIHAT MTPH MOMOIIN YePTEKHBIX PUHAIJICKHOCTEH.

Bce mapameTpbl, HEOOX0IUMBIE IS pacdeTa: BEKTOPbI, OCH KOOPAHMHAT, YIJIbI, pa3-
MepBbI JJOJKHBI OBITh N300pakeHbI HA PUCYHKE.

YepTex NOMKEH OBITh aKKypaTHBIM, €T0 pa3Mephl JOJDKHBI ITO3BOJUTH SICHO TOKa-
3aTh BCE CHJIBI HJIM BEKTOPBI CKOPOCTH M YCKOPEHHS U Jp.; IIOKA3bIBaTh BCE ATU BEKTOPHI U
KOOpJIMHATHBIE OCH HAa YepTekKe, a TAaKKe yKa3blBaTh EIUHMIBI MOJTYYaeMbIX BEIUYHH
HYJICHO 00s3amenvHo. PemieHne 3agad HEOOXOAWMO COIPOBOXKAATH KPATKUMHU IOSICHE-
HUSIMH (Kakue (GOpMYJIbl M TEOPEMBI IPUMEHSIOTCS, KaK MOJy4aloTCsl T€ UM WHBIE pe-
3yIBTATHI U T.1I.) B HOOPOOHO U31d2ams 6ecb X00 pacyemos. Ha ka0l cTpaHuIle clemy-
€T OCTaBJISTh IMOJIS JIJISl 3aMEUaHHUH MPETIo1aBaTels.



INPAKTUYECKOE 3AHSTHE Ne 1.
OIIPEJEJIEHUE PABHOJENWCTBYIOUIEHN IJIOCKOM CUCTEMBI CXO-
JAIMUXCA CUJI AHAJIUTUYECKH.

Hean: 1. OOGy4aromas: 3akpenuTh 3HaHUS MO omnpeaeneHuto paBHoaercTyromieit [ICCC
AHAIMTUYECKUM U rpa)uuecKuM Croco0amu

2. Pa3BuBatoias: BoIICHUTh, YPaBHOBEIIICHA JIU 3aJjaHHas cUucTeMa cui, chopmupo-
BaTb HABBIKHU IMOCTPOCHHUA CHUJIOBOI'O MHOI'OYI'OJIbHHKA WM OIIPCACIICHUA HpOGKHI/Iﬁ CHUJI Ha
ocu

3. BocniuTartenbHasi: BOCIUTATb TPYIOIO0UE, aKKYypaTHOCTD

OGopynoBanme: MHCTPYKIUS K MPAKTHUYECKON paldoTe, KAIbKYJISATOP, YEPTEKHBIE MHCT-
PYMEHTHI

ITopsaok BbINOJIHEHUs Pa0dOThI

1. 3anuimuTe B OTYET Ha3BaHUE PAOOTHI U LIETIb.

2. [Ipounraiite TeopeTnyeckoe 0OOCHOBAHHE, BHUMATEILHO PACCMOTPUTE aJITOPUTM
pelIeHus 3a7]a4u U PUBEJCHHBIC TPUMEPHI.

3. CaMOCTOATENIBbHO BBHITIOJHUTE 33/IaHUA MO MPEAJIOKEHHOMY TpernojaBaTeeM BapHu-
aHTY, CJIeJIaiiTe BBIBOJI M0 PELICHHOM 3a/1a4e.

4, 3anuIInTe B OTYET OTBETHI HA KOHTPOJIBbHBIE BOIIPOCHI.

5. ChopmynupyiiTe BEIBOJ MO MPAKTUIECKON paboTe

TeopeTuueckoe 060cCHOBaHNE

HccnenoBanue mo00i CUCTEMBI CHJI HAYMHAIOT C OMpPENENIeHUs] B3aUMHOTO pacmo-
JI0KEHUS 3THX CWII. ECIIM TMHUU AEMCTBUS BCEX CHII PACIIOJIONKEHBI B OHOM IJIOCKOCTU U
MIEPECEKAIOTCS B OJHOM TOUKE, TO OHU 00Pa3yIOT TNIOCKYIO CUCTEMY CXOJSIIUXCS CHIL.

Yucno cuil, 00pa3yroux JaHHYI0 CUCTEMY MOXKET ObITh J1t00bIM. [locnenoBarenb-
HO CKJIAJIbIBAsl CHJIbI, UX MPUBOMSAT K OJHOM paBHOJEWCTBYtoIIEH cuie. OUH U3 TJIaBHBIX
BOIIPOCOB, KOTOPBIN CIEAYET PEUIUTh, UCCIEAYS] CHCTEMY CUJ, - 3TO BOIPOC O TOM, SIBJISI-
€TCs JIU JaHHAas CUCTEMa YPaBHOBEUIEHHOW WJIM HEYPABHOBEIICHHOIA.

HeoOxonuMpIM U OCTAaTOYHBIM MPU3HAKOM YPAaBHOBEUIEHHOCTH CHCTEMBI CXOJIS-
IIUXCS CUJI, SIBJIIETCS PABEHCTBO HYJIIO MX PABHOJCHCTBYIOMIEH CUJIbL. TOYka, K KOTOPOU
MPUJIOKEHA YPABHOBEIICHHAs! CUCTEMAa CHUJI, HAXOAUTCS B COCTOSHUU MOKOSI WJIM PaBHO-
MEPHOT0 MPSMOJIMHEWNHOTO JBUXKECHUS.

CrnokeHHne CHJI MOKHO MTPOU3BOAUTH ABYMS CIOcOOaMu: TpaueckuM U aHAJIUTH-
yeckuM. ['paduyeckoe CloKeHHe TUIOCKOW CUCTEMBI CXOASIINXCS CHUII MTPOU3BOISAT MyTEM
IIOCTPOEHHUSI CUJIOBOIO MHOTOYTOJIbHUKA. [lOCIenoBaTenbHOCTh MOCTPOEHUS CUIIOBOIO
MHOTI'OYT'OJIbHUKA MpuBeAeHa B Tadmuue 1.1

['padprraecknii cioco® MO3BOMSET MTOBOJBHO OBICTPO M HATISIHO MPOU3BECTH CIO-
KEHUE CUCTEMbI CUJI, HO TOYHOCTb ONpPEAEIICHUSI BEIMUMHBI U HAIMIPABJICHUS CUJI 3aBUCUT
OT TOYHOCTH BBITIOJIHEHHBIX NOCTPOCHUM.

Bonee Tounble pe3yabTaThl MOKHO TMOJYYUTh, IPUMEHSS aHATUTUYECKUN CTOCO0,
OCHOBAaHHBIM Ha BBIYMCIIEHWH NPOEKIMW CUJ HA OCHU KoopauHar. [locinenoBaTenbHOCTH
BBIUMCIICHUSI PABHOJCHCTBYIOIIEH IUIOCKOW CHCTEMBI CXOASIIMXCA CWJI AHAJIUTHYECKH
CIoco0oM npuBejieHa B Tabauie 1.2.

Ornpenenenue MpOeKUUNA CUIIBI HA OCh JJISI Pa3IMUYHbIX BAPUAHTOB PACIIOJIOKECHHS
CWJIbl OTHOCUTEJIBHO OCH MPEJICTABICHO HA pUCyHKe 1.1
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Pucynok 1.1

AJIFODI/ITM PCIICHUA 3a1a49H1

Tabnuua 1.1 — IlocnenoBarenbHOCTH AEHCTBUM MPU MOCTPOSHUU CHIIOBOTO MHOTOYTOJIb-
HUKA

Ne /m  HammeHoBaHue oneparuii DcKu3

1 N3 1ipon3BOILHOW TOYKH OTIIO-
KUTb MEPBbII BEKTOP CUJIbI 1

2 N3 koHIla IepBOro BEKTOpa OT-
JIOKUTH BEKTOP BTOPOH CHUJIBI

3 N3 KoHIIa BTOPOTO BEKTOpa OT-
JIOKUTHh BEKTOP TPETHEH CUJIbI U
T. A. IloBrOoputs n-1 pa3

4 Hanpasute 3aMbIKaromuni BeK-
TOp OT HayaJia IEPBOTO BEKTOpa
B KOHEII MOCIIETHETO

) OnpenenuTs BEIUYUHY U Ha-
MIPaBJICHUE PABHOAECHCTBYIOLIEH
U caenaTh BBIBOA 00 YpaBHO-




Ne /1t

HaunmeHnoBaHue onepanuii

OCKu3

BCHICHHOCTH CHUCTCMBI.

a) cUCTEMa YpaBHOBEILEHA, €C-
I CUJIOBOM MHOI'OYI'OJIBHUK
3aMKHYT

0) eciM CHUJIOBOM MHOTOYTOJb-
HUK HE 3aMKHYT, TO CHCTEMa
CHJI HE ypaBHOBEIICHA

Tabnuua 1.2 — IlocinenoBarenbHOCTh AEHCTBUN MPU OMpPENEIEHUH PaBHOICHCTBYIOLIEH
aHATMTUYECKUM CIIOCOOOM

No /1t

HaumeHnoBanue onepauuii

ICKU3

1

N300pa3uTh cXeMaTU4eCKu TEJO U
3aJlaHHble cuibl. HalTu Touky me-
pecedeHust 3TUX CHIL.

[IpoBecT ocu KOOpPAMHAT Tak,
yTOOBI OJIHA OCh ObLIA MEPIICH/IU-
KyJIs[pHa HEKOTOpbIM cujam. Ha-
a0 KOOPJAWHAT COBMECTHUTH C
TOYKOM NEPECEUYCHUS CHUII. Y Ka3aTh
OCTpbIE yIJbl, OOpa30BaHHBIC C
OCSIMU KOOpJIMHAT.

F, G4

BpruucinTte BeIMYMHY TPOEKUMN
PaBHOJAECHCTBYIOLIEH CHJIBI HA OCHU
koopauHat. OHa onpenenseTcs KaK
CyMMa IPOEKLIHUN BCEX CUJI CHUCTE-
MBI Ha 3THU OCH.

Fy, =2F, =Fcosa, +F,cosa, — F;
Fyy =2F,, = F c0s(90° — ) — F, c0(90° — ;)

Beraucinte  paBHOAEHCTBYIOUIYIO
no gopmyie

Fs = V F22x + FZZY

BbryuciuTh TaHTEHC yriia HaKJIOHA
paBHOJEUCTBYIOIIEH K OCHU aldc-
ITUCC M OTIPECIIUT YTOT &

XY

FZX

P

tga = a = arctg

=X

Onpenenuth, YypaBHOBEIIEHA JIU
cucrema

a) npu F, =0cucTemMa ypaBHOBELICHA
0) mpuF,; #0 cuctema cuji HE ypaBHOBeEIIIE-
Ha




[pumep: Jns 3aaHHON TIOCKOM CHUCTEMBI CXOASIIUXCS cull (pUCyHOK 1.4) ompenenutsb
PaBHOJICUCTBYIONIYIO aHATUTUYECKUM M Ipaduyeckum crnocobamu. BeIABUTBH, ypaBHOBE-
IIICHA JIM CUCTEMa.
Hano: F, =20H , o, =45°

F,=30H, a, =0°

F, =42H, o, =240°
Haiitu: F;, «

Pemenue

l. AHamuTH4ecKkuii croco0d
1. [lepecTpanBaem CUIbI COIIACHO 3aJJaHHBIX YIJIOB (PUCYHOK 1.2)

g

F1=20H

Pucynox 1.2

2. 3a11aeM OCH KOOpAHWHAT Tak, YTOOBI OJHa OChb ObLIa MNCPICHANKYIIApHA HCKOTOPBIM
cuwiaMm. Hauaio KOOpAHWHAT COBMCIIACM C TOUYKOM MepPeCcCYCHUA CUIIL. VYKka3bsIBaeM OCTPBIC
YTJIbI, O6paSOBaHHLIC ChjlaMU C OCAMH KOOpAHWHAT
3. OnpeﬂenﬂeM MPOEKINHU PABHOACUCTBYIOIIEH HA 3 TaHHBIE OCHU KOOPIMHAT.
Fo =2F, = F, cos45° + F, —F, cos60° = 20-0,707 +30—42-0,5 = 23 1H
Fyy =2F,, =F cos45° —F; cos30° = 20-0,707 —42-0,866 = —24,1H

4. OrnpenernsieM BEIUYMHY PaBHOJICUCTBYIOIIEH
Fp =R +F2 =/231% +(-241)? =33,4H
5. Breruncisiem TaHTeHC yria HaKJIOHA PAaBHOJECHCTBYIOIIEH K OCH aOCIIMCC U Ompejae-
JIIEM yTOIl &
Foo| [-241
tga =2 =| =~ =|-1,043 =1,043
Fo| | 231
FZY 0
a = arctg|——| = arctg1,043 = 46
=X
6. OnpenensieM, ypaBHOBelIeHa i cuctema. T.k. F, =33,4H =0, To cuctema He ypaB-
HOBEIIIEHA
Il. Tpaduyeckuii crocoo.
1. Bri6upaem mMacmtab mocTpoeHUs, UCXO/I U3 BETWYUHBI 3aIaHHBIX chi. [[ms

o H
HaIlle¥ 3a1auil TPUHUMAaeM MaciTad u=5—
M

2. OrnpenensieM IJIUHBI OTPE3KOB, M300PAXKAIOIITHUX CHJIIBI.



Oa=|1=i=§=4CM
7
ab=|2:i=—=60ﬂ4
i 5
F, 42

bc=I,=—=—=84cu
i 5

3. CrpouM cuiioBOM MHOTOYTroiabHUK (pucyHok 1.3). M3 mpou3BOJbHON TOYKH
0 OTKJIAJbIBAEM OTPE30K 0a, N300paxkaroluii BeKTop cuibl F,. Cieayer mOMHUTh, YTO CH-

JIbI HEOOXOJIUMO CTPOUTH TaK, KAaK OHM 3aJIaHbl HA PUCYHKE, T.€. C YUETOM PaCIOJIOKEHUS
CHWJI TOJ] ONPEICICHHBIMU YIJIAMU U C YYETOM X HampasieHus. K koHIy oTpe3ka oa (cu-
na F,) noctpamBaeM OTpe30K ab, u300paxkaroluii BeKTop cuibl F,. Jlanee Kk KOHILy OTpe3-

Ka ab JocTpanBaeM OTpe30K bc, m3oOpaxkaromuii BekTop cwibl F,. [IpoBoaum paBHOEH-

CTBYIOIIYIO CHITY — 3TO OyJIeT BEKTOP, BBIXOAIINI U3 Havajia MepBOro BEKTOpa (TOYKH O)
U UYIIUNA B KOHEIl MOCTEHEro BEKTopa (K TOUKE C)

" a Fo b

C
Pucynok 1.3

4. OmnpenensieM BEIUYMHY PaBHOJEWUCTBYIONICH M Yrojl €€ HakJIoHa K ocu abcmucc.
Jns omnpeneneHuss BEIWYWMHBI PABHOACHUCTBYIOIIEH JIMHEMKOW 3amepsieM OTPE30K OC.
oc = 6,6cm

OnpenensieM paBHOJEUCTBYIOIYIO: F, =0C- 1 =6,6-5=33H

C moMoIIbI0 TpaHCIIOPTUPA U3MEPSEM YIoJl HAKJIOHA PABHOACHCTBYIONIEH K OCH aOcLHCC
(yron a): a=46°

5. Jemaem BbIBOJ 00 YpaBHOBEIIEHHOCTH CHUCTEMBbI. T.K. CHJIOBOM MHOTOYTOJILHUK HE
3aMKHYT, TO CUCTEMAa HE YpaBHOBEIIICHA.

I1l. OxoHuaTenbHBIN BBIBOJ MO 3ajaue: T.K. pe3yJdbTaThl ONpeeSICHUs PaBHOJCUCTBYIO-
el 1 yria ee HaKJIOHA K ocu abcmuce B 000MX crmoco0ax pemieHus MpUMEPHO PaBHBI, TO
3a/1a4a peleHa BepHo. [[aHHas cucteMa He ypaBHOBEIICHA.



3aganus 1S NPAKTHYECKO padoThl

JIna 3a7aHHOU IUIOCKOM CHUCTEMBI CXOAALIUXCA CUI ONPENCIIUTh PAaBHOACHCTBYIO-
Y10 aHATUTUYECKUM U rpaduyeckuM crnocodaMu. BrIABUTh, ypaBHOBEIIEHA JIU CUCTEMA.
Hcxoanple naHHbIE IO BApUAHTAM MpeACTaBieHbl B Tabuuue 1.3.
Tabnuua 1.3 — HcxoaHble 1aHHbIE

Bapuant Y
o3 \
&Xa
g -~
£
Pucynok 1.4
3agaHublie cuibl, H Yo MeXy CHIONW U OCBIO X. Tpal
F F, F a, a, 2%

1 9 7 4 330 120 210
2 6 5 3 60 135 270
3 2 3 8 120 180 300
4 3 4 6 45 150 240
5 5 2 9 30 180 225
6 4 6 8 90 150 270
7 3 9 6 270 120 60
8 1 7 8 300 60 150
9 8 6 4 135 210 330
10 2 7 9 20 110 200
11 3 5 6 40 160 270
12 4 7 1 60 140 220
13 5 4 3 75 180 225
14 6 3 9 80 120 330
15 7 5 4 210 130 30
16 8 1 3 180 225 45
17 5 7 8 45 190 240
18 4 9 2 20 200 270
19 3 2 9 140 80 120
20 2 8 5 135 30 290
21 7 8 9 150 45 330
22 1 7 3 120 60 20
23 3 4 5 60 300 90
24 2 1 9 150 240 270
25 4 3 6 45 90 180
26 8 7 9 60 120 300
27 9 1 4 20 210 90
28 3 4 6 110 200 310
29 1 6 9 60 110 225




Bapuant

Pucynok 1.4
3aganuble cuibl, H Y03 MEXIy CHIIOW U OCBIO X. Tpajl
F F, Fs a, a, O3
30 4 8 2 45 135 315

BbIBO 0 JOCTHUIHYTBHIX HEJAX PpadoThI.
KoHnTpoJibHBIE BONIPOCHI

1. Kakas cuctema cujl NpUiI0kKEHa B TOUKE, HAXOASIIEHCS B OKoe?

2. YUemy paBHa paBHOAECHCTBYIOIIAS] YPABHOBEIIEHHOW CUCTEMBI CUII?

3. YkaxuTe mocieaoBaTeIbHOCTh MOCTPOEHUSI CUJIOBOTO MHOTOYTOJIbHUKA JIJISI CUCTEMBbI
CXOOSIIMNXCS CHUIL.

4. MOXHO JI1, TOCTPOUB CUIIOBOM MHOTOYTOJIbHUK, OIPEICIUTh, YPAaBHOBEIICHA JIU CUC-
Tema?

5. Kak MeTo1oM IpOEKIUI BEIYUCIUTH BEIIMYMHY PABHOACHCTBYIOIIEH TIJIOCKON CUCTEMBI
CXOJISIIIIUXCSL CHJT M YTOJ1, ONPEACIISAIONINN €€ HarpaBlieHue?

HPAKTHYECKOE 3AHATHUE Ne 2.
PEIIIEHUE 3AJAY HA ONIPEJAEJIEHUE PEAKIIUU CBS3EN I'PA®UYECKH.
IIocienoBaTeIbHOCTD pelIeHUs 3a1a4H

1. BeiOpats Teno (Touky), paBHOBECHE KOTOPOIO CIEIyeT pacCMaTpUBaTh.

2. OcBOOOIUTH TEJIO OT CBA3EH M M300pa3uTh JICHCTBYIONIME HA HETO CHJIBI U peak-
1M1 OTOPOIIESHHBIX CBS3EH.

3. I[MocTpouTh 3aMKHYTBIH CUIIOBOW TPEYTOJIBHUK, COOJIIO/NAs MapauIeIbHOCTh Tepe-
HOCAa CWJI U PEAKIUH.

4. PaccTaBHUTH YIJIBI B CUJIOBOM TPEYT'OJIbBHUKE, COTJIACHO MCXOJHBIM JIAaHHBIM M CXe-
Me€ 3aJja4H.

5. Peakiuu cBsi3eii MOKHO onpez:ennn;}, HCXOJISI 13 TEOPEMBI CHHYCOB:

a b C

sinag  sinfB  siny
6. [IpoBepuTh MPABUILHOCTD MOJIYYCHHBIX PE3YIBTATOB MOYKHO HCIIOJIB3YS JTI000H U3
CIEIYIOIINUX CTIOCOOOB:



1 cnoco6 - rpaduyeckuii - B BBIOpaHHOM MaciiiTade MOCTPOUTh 3aMKHYTBIN CUIIOBOM
MHOTOYTOJIbHUK.

2 croco0 - aHAIUTUYECKUM - PEIIUTh YPaBHEHHUS PaBHOBECHsS, UCTOJb3Ys YCIOBUS
PABHOBECHSI CUCTEMbI CXOSIIUXCSI CUJT HA MJIOCKOCTH.

ZFix:O;
ZFiy:O

Ipumep. Onpenenuts peakuu cBsi3ei, yaepxupaomux rpyz G=100 xH.

Puc. 1 - Cxema 3a1aun

Peuenue:

1. PaccmarpuBaem paBHOBecHe Tena (mapa) (puc. 1).

2. OcBOOOXKIaeM TeNlo OT CBA3EH M M300pa)kaeM JCHCTBYIOIINE HAa HEro CUJIBbI U pe-
aKIUU OTOPOIIEHHBIX CBsA3EH (pHc. 2).

Puc. 2 - Peaxuuu cBsa3eit

3. CtpouM 3aMKHYTHIN CHIIOBOM TPEYTOJIBHUK, COOIO/IAs TapaJIeIbHOCTh MepeHoca
CHJI ¥ PEaKIIMid U paccTaBisieM YIiibl (puc. 3).



>\ 20°
g
G
40°
R

Puc. 3 - CuiioBo# TpeyronbHUK

4, OHpeIIeJISICM peakuun CB$I3€I>'I, HUCXOOA N3 TCOPEMBI CUHYCOB!
R G S

sin20° sin120° sin40°

R=G -sin 209 sin 120°= 100 - 0,342 / 0,866 = 39,49 xH
S=G -sin407sin 120°= 100 - 0,643 /0,866 = 74,22 kH

5. TlpoBepuM MpPaBUIILHOCTH MOJYYEHHBIX PE3YIbTATOB WCIOJIB3YS AHATUTHYCCKUMA
METO/I.

Jlsist 3TOr0 OCBOOOXAaeM TeNo OT CBs3el, M300pa)kaeM JNEUCTBYIOIINE HA HEro ak-
TUBHBIE CHUJIBI U PEAKIUU CBS3€H, BHIOMpPAEM CHUCTEMY KOOPAHMHAT, COBMECTHUB OCh X IO
HarnpaBJieHHIO ¢ peakiuen R (puc. 4) u coCTaBisieM ypaBHCHHS PABHOBECHUS VISl CHCTEMBI
CHWJI, IEUCTBYIOIINX HA TEJIO:

Puc. 4 - Boi6op cucteM KoopauHAT

2Fi.,=0; R+S-cos60°-G-cos40°=0 (1)
2'Fi, =0; S-cos30°-G-cos50°=0 (2)

6. OnpenenseM peakiuu cBsizeit R u S pemas ypaBHEHHS.
N3 ypaBHenus ( 2 ) morydaeM
S=G -cos50°/cos30°=100 -0,643 /0,866 = 74,22 xkH
[Toncrassis HaiieHHOe 3HaueHue S B ypaBHeHue ( 1), moirydaem
R =G-cos40°- S-cos 60°=100-0,766 - 74,22-0,5 = 39,49 kH



3agaua 1. OmnpenenuTh peaknuu CTEpXKHEH, yaepxkuBaromux rpy3 Becom G. Maccoi

cTepkHel npeHeOpeyb. CXxeMy CBOEro BapuaHTa CMOTPH Ha pUCYHKE S. UHCIOBBIE TaHHBIE CBO-
€ro BapuaHTa B3Tb U3 TaOIULIBI 1.

Tabnuua 1 - UcxoaHbie 1aHHBIE

Howmep cxeMbl Ha pucyHKe 5 G

1 | 2] 3] 4 | 5 6 | 7 | 8 | 9
BapuanTsl xkH
1 2 3 4 5 6 7 8 9 10
10 11 12 13 14 15 16 17 18 20
19 20 21 22 23 24 25 26 27 30
28 29 30 40

Puc. 5 - Cxema 3amauu



3agaua 2. OnpenenuTs peakluy CBA3EH, YAepKUBAIOIMUX rpy3 Becom G.
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HNPAKTHYECKOE 3AHATHUE Ne 3.
PEIIIEHME 3AJIAY HA ONIPEJIEJIEHUE PEAKIIMM B IIAPHUPAX BAJIOY-
HbIX CUCTEM.
Ilocsien0oBaTEJIbHOCTH pellIeHUs 3a4a4U
1. Basiky ocBOOOAUTH OT CBsA3eH (CBA3M) U UX (€r0) ACHCTBHUE 3aMEHUTh CUJIAMU Pe-
aKIUi.
2. Be1OpaTh KOOpAMHATHBIE OCH.
3. CocTaBUTh U PEUIUTH YPAaBHEHHS PABHOBECHSI.
Peakiuu onop MOXHO OINpeAenuTh, UCXO U3 TpeX (popM ypaBHEHHI paBHOBECHS:
a) XFi.=0; 0) 2Fi,=0; 6) 2M,=0;
2Fi, =0; 2M,=0; 2Mp=0;
2M,=0; 2Mp=0; 2Mc=0.
4. TlpoBepuTh MPaBUIBHOCTh peleHus 3aaaudd. [IpoBepky HEoOX0IUMO MPOU3BO-
IUTh M0 TOMY YPAaBHEHUIO PABHOBECHS, KOTOPOE HE OBbLIO MCIOIB30BAHO MPHU PELICHUU
JaHHOM 3ajauM (3a7a4a peleHa NpaBUIbHO JIMIIb B TOM CIy4ae, €Cu MOCJe MOCTAHOBKHU
3HAYCHUI aKTUBHBIX U PEAKTUBHBIX CUJI B YPABHEHUE PABHOBECHS BBITIOJIHSICTCS YCIOBHE
paBHOBeCH).
5. Cnenarb aHanu3 pelIeHHOW 3ajauM (€clid MPU PEUICHUU 3a/1auyd peaKiuu Omop
WIM PEaKTHUBHBIH MOMEHT IOJy4aeTCsl OTPHUIATEIbHBIM, TO MX JICHCTBUTEIBHOE HaIpaB-
JIEHUE TIPOTUBOMOJIOKHO MPUHATOMY).

Ipumep 1. Onpenenurs peakiuu omop OalKu, €CIIH U3BECTHO
F=20«xH, M =10 kH-m, q = 1 kH/m (puc. 1).

YYVYYVVYY

Puc. 1 - Cxema 3amaun

Pemenue:

1. M3o0paxaem OalKy BMECTE C Harpy3kamu.

2. BeiOupaem pacnosioxkeHrue KOOPAUHATHBIX OCEH, COBMECTHB OCh X ¢ OaJIKOM, a OCh
Y HamnpaBuB nepneHIuKyISIpHO OCU X.

3. [lpousBoauM HEoOXOAMMBIE TTPEOOPA30BAHUS 3aJaHHBIX aKTUBHBIX CHJI: CHITY, Ha-
KOIUICHHYIO K OCH OalKé MO YTJIOM (!, 3aMEHSE€M JIByMs B3aUMHO MEPIICHIUKYIISPHBIMH
COCTaBIISIOIIUMHU

F.=F-cos 30°=20-0,866 = 17, 32 xH
F,=F-cos 60 °=20-0,5 = 10 xH,
a paBHOMEPHO pacCIpeCICHHYIO Harpy3Ky - €€ paBHOJACHCTBYIONICH
Q=q-CD=1-2=2«kH,
PaBHoxelicTByromas Q nmpuioxena B cepenune ydactka CD, B Touke K (puc. 2).
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Puc. 2 - Cxema npeoOpa3oBaHus 3aIaHHBIX aKTUBHBIX CHUJI

4.0cBoOox1aeM OajiKy OT ONOp, 3aMEHUB UX OMOPHBIMHU PEAKIUSAMU, HAPABIICHHbI-
MH BJIOJIb BBIOPAHHBIX Ocell koopauHat (puc 3).

Rny M RD}I"
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Q

Puc. 3 - Cxema peakiuii 6anku
5.CocTaBisieM ypaBHEHUs PaBHOBECHS CTATUKHU JIJIsI MPOW3BOJILHOM TJIOCKOW CHCTE-
MBI CHJI TaKMM 00pa30M M B TaKOW MOCIJICIOBATEIIBHOCTH, YTOOBI PEIICHUEM Ka)XO0TO W3
ITUX ypaBHEHUH ObUIO ONPEICIICHUE OJTHOW M3 HeU3BECTHBIX PEAKIIMM OTIOp U OIpeaesieM
HEW3BECTHBIC PEAKIIUU OTIOpP.

2M;=0; F,-AB+M+ Q-AK-Rp,-AD =0 1)
2Mp=0; Ry AD-F,-BD+M-Q-KD=0 2)
2Fix,=0; Ra-F,=0 ©)
6. Onpenensiem peakuuu onop 6anok Ray, Rpy 1 Ra, pemas ypaBHenus.
W3 ypaBuenus ( 1) monyqaem

Roy=F,-AB+ M+ Q-AK/AD=10-1+10+2-3/4=65«H

N3 ypaBHeHus ( 2 ) morydaeM
Ry =F,-BD-M+Q-KD/AD =10 -3-10+2/4=55«kH
N3 ypaBHenus ( 3 ) morydaeM
Rar = F, = F-cos 30 °=20-0,866 = 17, 32 xH
7. IIpoBepsieM NpaBUILHOCTh HAMIEHHBIX PE3YJIbTATOB:
2Fiy=0; Ry-F,-Q+Rpy=55-10-2+6,5=0

VYcnosue paBaoBecust 2 Fiy = 0 BBIONHSACTCS, CIIEI0BATENHHO, PEAKIIMHU OIIOp HaMICHBI
BEPHO.

IMpumep 2. OnpeneuTh peakiiu 3aIeIKN, SCITH U3BECTHO

F=20«kH, M =10 kH-m, q = 1 kH/m (puc. 4).



RITTIZIT

Puc. 4 - Cxema 3agauun

Perenue:
1. MzoOpaxaem Oasiky BMECTE C Harpy3Kamu.
2. BoiOupaem pacronoxeHue KOOpJIMHATHBIX 0Cel, COBMECTUB OCh X ¢ Oankoii, a och

YV HanpaBuB nepneHANKYISPHO OCH X.
3. IlpousBoauM HeoOXoaUMbIE TPEOOPA30BaHUs 3aJaHHBIX aKTUBHBIX CHUJI: CHILY, Ha-

KOIUICHHYIO K OCH OasKu Inoa yriom o, 3aMCHACM ABYMSA B3aHMHO ICPIICHOUKYJIAPHBIMU

COCTAaBIAOIIIMMHU

F.=F-cos 30 °=20-0,866 = 17, 32 xH
F,=F-cos 60 °=20-0,5 = 10 xH,

a paBHOMEPHO pacCIpeIeNICHHYIO Harpy3Ky - €€ paBHOACHCTBYIOIIEH
Q=q-CD=1-2=2«H,
PaBhoneticTByromias Q npunoxena B cepenute yuactka CD, B Touke K (puc. 5).
M 9

A Fx | D
L —

N C K X
"F" qCD

Puc. 5 - Cxema npeoOpa3oBaHus 3aJaHHBIX aKTUBHBIX CHUII

4.0cBoOoxmaeM Oanky OT 3aJ€JIKH, 3aMEHUB €€ OMIOPHBIMU PEaKIUSIMHU, HalpaBJIcH-
HBIMH BJIOJIb BEIOpAHHBIX OCEH KOOpAWHAT M PCAKTUBHBIM MOMEHTOM (MOMEHTOM 3aJeII-

ku, M3)(puc 6).
Ray

M3
(/ﬂ - <1 K D

Ray

Q
Puc. 6 - Cxema peakiuii 6anku

5.CocTaBisieM ypaBHEHUs PaBHOBECHS CTATUKHU JIJIsi MPOU3BOJIBHOM IMJIOCKOW CHCTe-
MBI CHUJI TAKUM 00pa3oM U B TaKOM MOCJIEAOBATEIbLHOCTH, YTOOBI PEUICHUEM KaXKJIOro U3
ATUX YpaBHEHUH ObLUIO OMpe/esICHUE OJTHOM 13 HEU3BECTHBIX PEAKIIMI OMOp U OmpeaeisieM

HCHU3BCCTHBLIC PCAKIIUH OIIOP.



2M=0; M3+F,-AB+M+Q-AK=0 Q)
2Mp=0; Mg+Rpyy AB+M+Q-BK=0 2
2Fi,=0; Ra-F,=0 3)
6. Onpenensgem peakiuu onop 0anku Ra, , Ray 1 MOMeHTa 3anenku M3 pemias ypas-
HEHHUSL.
N3 ypaBuenus ( 1) monydaem
M3;=-F,-4B-M-Q-AK=-10-1-10-2 -3=-26 kH-m
W3 ypaBHenus ( 2 ) moydaeM
Rayy =-Q-BK-M-M3/AB=-2-2-10-(-26) / 1 =12 kH
U3 ypaBHenus ( 3 ) momydaem
Ry = F, = F-cos 30 °=20-0,866 = 17, 32 kH
7. IIpoBepsieM MPaBHILHOCTh HAHJCHHBIX PE3YJIBTATOB:
2 Fiy=0; Ry-F,-Q=12-10-2=0
Venosue paBaoBecust 2 Fiy = 0 BBINONHSETCSI, CIII0BATENBHO, PEAKIIUH OTIOPHI HAl1CHBI
BEPHO.

3agaua 1. OnpenenuTh peakiuy OMoOp ABYXOIMOPHOU Oanku (pucyHok 7). JlaHHbIe
CBOEI0 BapHaHTa B35Th U3 TaOIUIIBI 1

Tab6auma 1 - Ucxomguble 1aHHbBIE

Howmep cxembl Ha pucynke 7

1 ] 23| 4|56/ 7| 8] 9]10

BapuanTtsl kH | kH/m | kHm

1 2 3 4 5 6 7 8 9 10 | 20 2 28

11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 30 4 8

21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 40 2 24
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Puc. 7 - Cxema 3agauu
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3apaua 2. Onpenenuth peakiuu 3aienku (pucyHok 8). JlaHHble cBOoero BapuaHTa

- o=l -
B3ATh U3 TadUIbI 1

Tabauma 1 - Ucxomguble 1aHHBIE

Howmep cxembl Ha pucyHKke 8

1 |23 4|56 7]8]9]10

BapuanaTbl kH | kHm | kHwm

1 2 3 4 5 6 7 8 9 10 | 16 2 38

11 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 22 2 12

21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 34 2 14
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Puc. 8 - Cxema 3amauu

3agava 3. OnpeneauTh peakiuu onop o6anku (pucyHok 9).
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I) peakuuu onop

OaJIKH;

Puc. 9 - Cxema 3anaun
BAJAYA. [Ins nByXonmopHOW Oanku, HarpyXeHHOM COCPEAOTOYEHHBIMU CHIIAMHU

F1, F, u mapoii cun ¢ MOMEHTOM M MOCTPOUTH SMIOPHI MOMEPEUHBIX CUJI M U3TrMOAIOIINX

MOMEHTOB I10 BCeH JUTMHE 0aKy, yKa3aTh Y4acTOK YUCTOro u3ruba. Onpeaenurb:

IT) pazmepsl monepeyHoro ceueHus 0anku B opme kpyra, npunss [o]=160 MI]a.
JlaHHbIE CBOETr0 BapuaHTa B3sTh U3 Ta0a. PI'P Ne 2

a) 0) M
= M Fl I:2
1 FZ
! F i 5
/7
, = b 777
a b c a c 1M
CxeMHI K 3a71a4e
Tabnuma
M kHm |20 25 |30 10 |15 i ]
(a+b-+c) M 130|100 |120 |140 |150 ' ’
b, ¢ M 30 20 36 40 10 xH
01 02 03 04 05 40 10
o 06 07 08 09 10 20 42
5 11 12 13 14 15 18 25
<
= 5 16 17 18 19 20 -30 16
g2 21 22 23 24 25 12 25
& 26 27 28 29 30 25 28
2 5 31 32 33 34 35 10 0,4




HNPAKTHYECKOE 3AHATHUE Ne 4.
PEIIIEHME 3AJIAY HA ONIPEJIEJIEHUE PEAKIIUM )KECTKO 3AIIIEMJIE H-
HBIX BAJIOK.

Henb 3anstusa: OnpeaenuTs peakiiuy Onop KOHCOIbHON Oanku

llocnedosamenvhocmsb peuwlenus 3a0a4u.:
1) n306pa3utk O6anky ¢ ASHCTBYIOLUIMMU Ha HEE HArpy3KaMu;
2) COCTaBUTh PACUETHYIO CXEMY OaJIKU:
3) BbIOpaTh pacnoioKeHUe KOOPAMHATHBIX OCEH;
4) npou3BecTU HEOOXOAUMBIE MTPEOOPA30BaHUS 3aJaHHBIX CHII:
— HAaKJIOHEHHYIO K OCH OaJIki Mmoj yriioM ¢ cuiy F, 3aMeHuTbh 1ByMs B3aMMHONEpPIEH-

JTUKYJISIPHBIMU COCTABIISIOIIUMU,
— PaBHOMEPHO pacHpeleICHHYIO Harpy3Ky — €€ PaBHOJICUCTBYIOIIEH;
5) ocBOOOIUTH OANIKy OT OTIOP, 3aMEHUB MX JICUCTBUE PEAKIIUSIMU;
6) COCTaBUTh U PEIIUTHh YPABHCHUSI PABHOBECHS 3aJaHHON CUCTEMBI CHUJ;
7) IpOBECTH MPOBEPKY PEILLICHUS.
Koumponvnwle 6onpocel ona obyuarowuxcs:

1. Kakue pa3HOBUHOCTH CBSI3€l pacCMaTPHUBAIOTCS B CTaTUKE?
2. Kak onpenensiercs MPOEKIUs CUIIbI HA OCh?
3. HazoBuTe €1MHUIIBI U3MEPEHUS CUJTbI?
4. Kak onpenensieTcss MOMEHT CHJIbI OTHOCUTEIBHO TOUKHU ?
5. HazoBuTe €1MHUIIBI U3MEPEHUSI MOMEHTA CUJIbI?
6. HazoBuTe npaBuiio 3HaKOB ISl OTNIPEIeNICHNs MOMEHTA CHUJIbl OTHOCUTEIBHO TOUKH ?
7
8
9.
1

. UeM OT/IMYArOTCSl aKTUBHBIE CUJIBI OT MMACCUBHBIX ?
. 3anuIIMTe ypaBHEHUSI PABHOBECUS ISl CHCTEMBI POU3BOIBHBIX CUIT?

Kak onpenensieTcst paBHOAEHCTBYOIAsi pABHOMEPHO paCIpeieIeHHON Harpy3Ku?
0. Kakas pa3HOBUIHOCTbH CBSI3U ObllIa 3a/1aHa B YCJIOBHUH 3a7a4n?

JAJAHUA JJA IPAKTUYECKOI'O 3AHATHUA
3AJIAYA. XKectko 3a7enanHas KOHCOJIbHAs Oajika Harpy>keHa paBHOMEPHO pac-
MPEJICJIEHHON HArpy3KOM MHTEHCUBHOCTBIO (] 1 MOMeHTOM M. Ha paccTossHuM a OT CTEHBI
nepenaercsa cuwia F, HaKJIOHEHHass K ocu Oayku moja yriaoM o. OnpeaenuTh peakiuu 3a-
nenku. JlanHble CBOETO BapuaHTa B3ATh U3 TaOIHUIIHI.

a) 0)

F q
Ao 4 Ne o

o)
//

CxeMHlI K 3a71a4e



Ta0nuia

g |kHm| 04 | -18] 14 | 12 | -0,2
a 3 2 6 4 1 M F ¢
b M 2 1 3 2 3 kH-M kH rpaj
. 01 | 02 [ 03 | 04 | 05 6,2 -16 20
5 5 06 | 07 [ 08 | 09 | 10 -5,6 18 50
= 11 | 12 | 13 | 14 | 15 7,8 20 30
=22 16 | 17 | 18 | 19 | 20 | 46 -22 65
B & 21 | 22 | 23 | 24 | 25 -5,0 8,0 40
< 5 26 | 27 | 28 | 29 | 30 10 4,8 25
a 31 | 32 | 33 | 34 | 35 2,8 -0,5 14

puc. I13 Nel, a. Onpeaenuts peakiuuu 3a1eIKu OAJIKu
JHAHO: F=50 kH; q=5 kH/m; M=20 xH-mu,; a=20°.

HAHTH: Ry, ¢y, M3.
PEIIEHMUE:

INPUMEP PEIHIEHUA
3AJAYA. Kectko 3anenaHHas KOHCOJIbHasi Oanka AB HarpyeHa, Kak MOKa3aHO Ha

1) H3zoOpakaem Oanky (cM. puc., a).

2) CocraBisieM pacueTHYIO CXeMYy OasIKu:

® TIPOBECTH OCU KOOPJMHAT X U ),

® HATU MOJYJIU NPOEKIUA CuiIbl F:
F=F-cosa; Fy =50-c0s20°=50-0,9397=47 kH;
Fy=F-sina; Fy =50-sin200=50'0,342=17,1 kH;

® OIpeJeiseM pPaBHOJICHCTBYIONIYI0O PAaBHOMEPHO paCMpPEICIICHHON Harpy3Kd U pac-

CTOSAHHC OT €€ JIMHUN HCﬁCTBHH A0 OIIOPBI A:

Fq=q-1=q-AB=5-5=25 xH; AK=1/2=4B/2=2,5 ™;
e MPUMCHSICM MPUHIUII OCBOOOKICHHUS TNl OT CBsA3EH (CM. puc., 6).

3) CocraBisieM ypaBHEHHS PaBHOBECHSI M OIPECIIIEM HEU3BECTHBIE PEAKIIUHU OIIOP:
Z I:kX:Oa RAX+ Fx:O, RAx:' FX:'47 KH,

S Fiy=0, Ray-Fq+Fy=0, Ray=Fq-F,=25-17,1=7,9 «H;

Rn =+ R +RZ, =472 +7,9° =47,7 H; ¢, =arcsin

=arcsin0,166=9,5°:

R

A

YMa(Fi)=0, Ms+F4-AK-F,-AC-M=0,

Ms=-F4-AK+Fy-AC+M=-25-2,5+17,1-2+20=-8,3 xH M.
4) IIpoBepsieM MPaBUIBLHOCTH HAWICHHBIX PE3YIbTATOB:
Mc(Fx)=Ray-AC+M3+F,-CK-M=7,9-2-8,3+25-0,5-20=0;

OTBET: Ra=47,7 kH; ¢,=9,5°; M5=-8,3 kH"u.

N :arcsinE
R

H
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HPAKTHYECKOE 3AHATHUE Ne S.
PEIIEHUE 3A/IAY HA ITPOBEPKY 3AKOHOB TPEHMUAI.

MeToauyecKkue yKa3aHHUs 10 MCCJIeI0BAHUIO YCJIOBUII pABHOBECHS TeJl NPU HAJTMYHMHU
TPeHus

HccnenoBanue paBHOBECHS TEJ C YYETOM TPEHUSI CBOAUTCS K PACCMOTPEHUIO MTPEEIbHBIX
IIOJI0KEHUN PaBHOBECHS.

1. BreigensieM Teno (cuctemy Tel), paBHOBECHE KOTOPOT'O CJIEIYET PACCMOTPETh.

2. PaccraBisiem Bce akTUBHbBIE CUJIBI, ACHCTBYIOIINE Ha TBEPJOE TENO (CUCTEMY TEll).

3. M3o0paxaeM cucteMy KOOpAUHAT.

4. OcBobOOXIaEM TEJIO OT CBA3EH, 3aMEHSA MX JCHCTBUE CUIaMH Peakuui. Peakuuio mie-
POXOBATOW NOBEPXHOCTH NPEJCTABIACTM B BUJIE HOPMAJIbHOM peakuuu N U CHIIBI Tpe-

HUs FTP.

5. CocraBnsieM YPAaBHCHUA PABHOBCCHA IJIA BbIACJICHHOI'O TCJIA (CI/ICTCMBI Teﬂ).
6. Pemras IMMOJTYYCHHYIO CUCTEMY ypaBHeHHﬁ, onpeacisiecM NCKOMbBIC BEJIMYNHBI.

Ilpumep. OnHOponHAs NecTHUIA AB BecoM P onupaercs CBOMM HUXHUM KOHIIOM Ha To-
PU3OHTAJIBHBIN IEPOXOBATHIN MMOJI, @ BEPXHUM KOHIIOM — Ha IIEPOXOBATYH BEPTHUKAIb-
Hyto creHy. KoadduuueHT TpeHust JIECTHUIIBI O 1OJ U CTEHY OJJMHAKOB U PaBEH fo. Ormpe-
nenuth peakuuu mojia NA u ctenbl NB, a Tak ke HauOGoJIbIINIA YTOJI O, COCTABIISIEMbIA Me-
KTy CTEHOH M JICCTHHIICH B MOJIOKEHUH paBHOBecHUs (puc.).
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Pewenue. ViccnenoBanue paBHOBECHS TEJ ¢ YYETOM CHII TPEHUSI CBOJUTCS K PACCMOTp -
HHUIO MTPEJIEIBbHBIX MOJIOKEHUN PAaBHOBECHS.

Tak, mpu uccie10BaHNN PaBHOBECUS JIECTHULIBI A5, ONUPAIOLIENCS HA HETJIAAKHUE TI0JI U
CTEHY, CJIEIYET CUATATh YTOJl HAKIIOHA 0L IPEAEIBHBIM, IPU €TI0 YBEJIMYEHUH PABHOBECUE
JIECTHULBI HAPYLIUTCS.

[Tokaxem Ha cxeMe IENCTBYIOLIME Ha JIECTHUILY CHJIbI I COCTABUM YPAaBHEHUS PABHOBECHUS
cut (puc.):
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Omeéem: U151 TOTO, 4TOOBI JIECTHULA ObLIAa B PABHOBECHU HEOOXOAMMO, YTOOBI yroJl Ha-
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0
Oy = arf:a.‘gl 3

KJIOHA K CTCHC HC IIPCBbIIIAJ YI'OJI 0.
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HPAKTHYECKOE 3AHATHE Ne 6.
PEIHNIEHME 3ATIAY HA OIIPEAEJIEHUE MOMEHTA CUJIbI OTHOCUTEJIb-
HO OCH TPOCTPAHCTBEHHOM CUCTEMBI TIPOU3BOJILHO PACIIO.JIO-
KEHHbIX CHJIL.

Heasn (o0yuarwinasi, pa3BMBalIIAsl, BOCIUTATEbHAN): HAYUYUTHCSA ONPEIEIATh MOMEH-
ThI CHUJI OTHOCUTEIIBHO OCEH X, Y U Z.
KonTposibHBIE BONIPOCHI:

1. Kakue ypaBHEHHUS U CKOJIBKO MOYXKHO COCTaBUThH JIJIsl YPABHOBEIIEHHOW TPOCTPAHCT-
BEHHOW CUCTEMBbI CXOJAIINUXCSA CHIT?

2. [Toyemy nipu ompeIeIEHUH MOMEHTA CHJIbI OTHOCHUTEIHLHO OCH HYXXHO 0053aTeIhHO
MPOEIMPOBAThH CUJTY Ha TUIOCKOCTh, NEPHIEHAUKYISIPHYIO OCHU?

3. Kak Hy»XHO pacnonoXutb OCb, YTOOBI MOMEHT JaHHOUN CHJIBI OTHOCHUTEIIBHO 3TOM
OCH PaBHSJICS HYJIO?

4, Kakue ypaBHEHHS M CKOJIBKO MOXHO COCTaBUTH [JIsi YPABHOBEIICHHON CHCTEMBI
MapaJiyIeIbHBIX CHJI, PACIIONOXKEHHBIX B IPOCTPAHCTBE?

d. Kakue ypaBHEHHS M CKOJIBKO MOXHO COCTaBUThb [JII YPABHOBEUICHHOW CHCTEMBI

CHUJI, PACIIOJIOKEHHBIX B MPOCTPAHCTBE KAK YTOJIHO?



Yka3zaHusl K BbINOJTHEHUIO PA0OThI:

1. [ToBTOpUTH N0 yueOHUKY TemMy «IIpocTpaHCTBEHHAs CHUCTEMA CHI».

2. Beinuimmnre nanHbie 715 Ballero BapyuaHTta (COrJIaCHO HyMepallly B JKypHale).
Ne Fl F2 F3 F4 Ne F1 F2 F3 F4 Ne F1 Fg F3 F4

BapHaHTa xkH xkH xkH xkH BapHaHTa xkH xkH xkH xkH BapHaHTa xkH xkH xkH xkH

1 3 3 3 3 11 4 |4 1414 21 6 |6 | 6|6
2 4 | 4 | 4 | 4 12 6 6 | 6 | 6 22 707 7T
3 6 | 6 | 6|6 13 77|77 23 8 18,818
4 707 |77 14 8 1 8[88 24 3 [13]3]3
5 8 | 888 15 31333 25 4 | 4 1414
6 3 13]3]3 16 4 | 4] 4|4 26 6 | 6 | 6| 6
7 4 | 4 | 4 | 4 17 6 6 | 6 | 6 27 707 7T
8 6 | 6 | 6|6 18 71777 28 8 18,818
9 717 |77 19 8 18|88 29 3131313
10 8 | 8|88 20 313133 30 4 | 4 1414

3. PaccmoTpute nmpumep perreHus

Hpumep.

K Bepmunam kBagpara ABCD (AB =AD = 2 M), pacroyio)KEHHOTO B TOPU30HTAIBHOM
TJIOCKOCTH, TIpUJIokKeHbl cuibl F1, F» F3 u F4. Cuna F; nanpaBnena no guaronamu AC,
cuna F, gelficTByeT BBepX NMepHeHIUKYISIPHO K TIIOCKOCTH KBajpaTa; cuia F3 neiictByer B
JIOCKOCTH KBAJpaTa M ee HampasieHue oopasyer ¢ auaroHansio CA yrom o = 20 % cuna
F4 neiicTByeT B IJIOCKOCTH, MEPIICHANKYISPHON K IJIOCKOCTH KBajpaTa, U HalpaBJIeHA K
cropose DC nox yriom o = 30 °. Onpenenuts MOMEHTBI Kaxk/J0i CHIIBI OTHOCHTEIBHO
ocel X, Y u Z. Moayinu cui

z F1: F2:F3:F4:5KH.
Peenmne.
1. 3aM€“Ia€M, 4dTO PaCIIOJIOKCHHUC OCCﬁ, [IOKa3aH-

HOE Ha PHUC. OMNpPECNsieT MOJO0KEHHUE TPEeX B3aUMHO
NEPHeHAUKYISPHBIX TIOCKOCTEH; MIOCKOCTH |, mep-
MEHIUKYJISIPHOM K ocH Y, mockoctu |, mepnenauky-

JsipHOM K ocu Z, u miockoctu lll, mepnenaukysp-
HOHU K OCH X.
2. OnpenensieM MoOMeHThl cuibl  F;. Cuna

Fiopunoxena B Touke A mepecedyeHHs BCEX TpeX
OcCeil, CIe1I0BaTeNIbHO, COTJIACHO IEPBOMY YACTHOMY CIIy4alo
Ty (Fl) =0; Ty (F]_) =0; T, (F]_) =0.
3. OnpenensieM MOMEHTBI CUIIBI F,
Cuna F,, npunoxxennast B Touke B, nmepecekaer ock Y u napajuienbHa ocu Z. CiieioBareib-
HO, COTJIACHO NIEPBOMY M BTOPOMY YaCTHBIM CITydasiMm
Ty (Fz) =0; T, (Fz) =0.
UYtoOBI onpeieTuTh MOMEHT CHITBI F» OTHOCHTENBHO OCH X, HEOOXOIMMO HAUTH MTPOCKITUIO
F, Ha mockocts 1, nepnenaukynsipayto k ocu X. Cuna F, pacrnonoxkeHa B 3TOH MJIOCKO-
CTH W, CIIEOBATEIBHO, IPOCIMPYETCS MOTHOCTBIO oy, = F, Ilnedom siBastercs ctopona AB
KBaJpaTa. 3HaK MOMEHTA IOJOKUTENIbHBIN, TaK KaK €CJIH MOCMOTPETh OT Touku D BHoib
ocu X Ha miockocTs I, To yBuaum, uro cuna F, noBopauuBaer mieduo AB npotus xozna
yacoBou ctpeinku. [loatomy
TX(Fz) = FzAB =5-2=10kHwm™m
4, OrnpenensieM MOMEHTBI CHITBI F3




Cuna F3 pacnonoxeHa B rOpU30HTAIBHON MIIOCKOCTH. B 3TOM ke MIOCKOCTH pacionoxe-
HbI ocH X U Y. [ToaTroMy nunus neiictBust cuibl F3 mepecekaer och X (B Touke E) v och Y (B
touke K) 3Hauut

TX (F3) =0u Ty (Fg) =0.

[InockocTh, B KOTOPOW pacnosiockeHa cuiia F3, mepneHanuKyisipHa ocu Z,

3HA4UT F3yy = F3 Ilnewo AL cunsl F3 Halinem u3 tpeyronsnuka ALC:

AL=AC sin o.= AB V 2 sin a

3HaK MOMEHTa TOJOXHUTEIbHBIN (€CIM MOCMOTPETh Ha TIOCKOCTh |l co cTopoHBI ocu Z)

IToaTomy

T,(F3) =Fs-AL=F;-AB2sina=52-V2sin20°=4,83 kH m
5. OmnpenensieM MOMEHTBI CUITBI Fy,

Jlunus nevictBus cuiibl F4 mepecekaer ock X, Cae0BaTEIbHO,

T« (F4) = 0.

Cnpoenupyem cuny F4Ha mockoctu | u ll:

F4XZ = F4 Sinﬁ )51 F4xy = F4 COSﬂ

[Ineuom cunsl F4 siBasieTcs ctopona kBagparta AD
Ty(Fs)=-F4..AD=-Fysinff-AD =-5sin30°2=-5kH - m
T,(F4) =—Fay-AD =-F4cos - AD = 5¢c0s30°-2=8,66 kH - m

4, OTBeTHTE Ha BOMPOCHI.

5. Cremnaiite BBIBO/I.

YacTHble cityyau IPUBEICHUS TPOCTPAHCTBEHHON CUCTEMbI CHJI IPUBEICHBI B Ta0JI.

Tabruya

YacTHble C1yuau NpUBeAeHUsI MPOCTPAHCTBEHHOM CHCTEMbI CHJI

Ne| 3nadenus riaaBHOro PesyabTaT npusenenus

BEKTOpPA M IJIAaBHOI0
MOMEHTA
1| R=0,Mo#0 Cucrema cui IpUBOAMUTCS K Mape CUII, MOMEHT KOTOPOil

paBeH riaBHOMY MoMeHTY M 0 (TIIaBHBINH MOMEHT CHCTEMBI
CHJI HE 3aBHMCHUT OT BBIOOpA IieHTpa npuBeacHus O).

2| R20,Mo=0 Cucrema Uil NPUBOJIUTCS K PABHOJEHCTBYIOIIEH, paB-
HOIl R, npoxojsuien yepe3 ueHtp O.
3| R0, Mp#0, Cucrema cujl NPUBOJIUTCS K PaBHOAEHCTBYIOIIEH R', paB-

R1Mo HOM TJIABHOMY BEKTOPY R M MapaljielIbHOM eMy U OTCTOUT
OT HETO Ha PaCCTOSTHUU h= |~M 0 |ff R Tlonoxenune muuun
JIEUCTBUS PAaBHOJICUCTBYIONICH TOJKHO OBITh TAKUM, YTOOBI
HaIIpaBJICHUE €€ MOMEHTA OTHOCUTENIBHO LICHTPA IPUBEL -
aus O coBnazaio ¢ HanpasierneM Mo oTHocHTeNBHO TEH-

Tpa O.

4 | R#0.M0#0 ppuuem | CrcTema Cuil IPUBOJUTCS K AMHAME (CHIIOBOMY BUHTY) —
V. COBOKYITHOCTH CUJIbI R ¥ mapbl CUJI, JIEKAILIEH B TUIOCKO-

BEKTOpbl R U My ye . .
CTH, IEPIEHIUKYISIPHOM K 3TOM CcuJe.

MEePIIEHAUKYJISIPHBI

S| R=0,Mp=0 Cucrema cujl, TPUIOKEHHBIX K TBEPJOMY TENly, SABISIETCS
YPaBHOBEIINBAIOIIEHCS.

s pasnogecust npousBoabHOU NPOCMPAHCMBEHHOU CUCTEMbl CUT He0OX00UMO U 00Cm a-
MOYHO, 4MoObl CYMMbL NPOEKYUL IMUX CUTL HA KAHCOVIO U3 mpex KOOPOUHAMHBIX OCell U
CYMMbL UX MOMEHMO8 OMHOCUMENILHO IMUX 0celi ObLIU PABHbL HYJIIO .



Y Fre=0; > Fyp=0; > Fr=0;
Y m(F ;)= 0; Zm:l.(}_?'k) =0; YmF ;)= 0.

B tom ciydae, eciu cuctema cuil 00pa3yeT NpOCTPAHCTBEHHYIO CUCTEMY NapalIeIbHbIX
CHUJI, TO OCH KOOPAMHAT 11e1eCO00pa3HO BhIOpATh TaK, UTOOBI OJIHA U3 OCEH ObLIa mapar-
JenbHa cujiaM. B 3ToM citydae yucio ypaBHeHUI paBHOBecHs OyAeT paBHO TpéM. Hanpu-
MeEp, €CJIM CUCTEMA CUJI ITApAJIIIECIIbHA OCH Z:

Y Fe=0;Ym{F ) =0; Zrn}.(}_?'k) =0.

INPAKTHYECKOE 3AHATHUE Ne 7.
OINNPEJAEJEHHUE HEHTPA TAXECTU IIVIOCKUX ®UT'YP U CEYEHHWMU, CO-
CTABJIEHHBIX U3 CTAHJIAPTHBIX IPOKATHBIX TIPO®UJIEMN.
ensb 3ansatus: OnpeaeauTb NOJ0KeHNE HEHTPA THKECTH CeYEHUsI, COCTABJIEHHOI0 U3
npoguiien CTaHAAPTHOrO NPoOKaTa
Ilocnedosamenvrocms peuteHus 3a0a4u.:

1) HauepTUTH 3aJaHHOE CIIOKHOE ceueHue (purypy), BBIOpaTh OCH KOOPIMHAT.

2) pa3OUTh CII0XKHOE CEYCHUE Ha MPOCTHIC, JIJII KOTOPHIX IIEHTPHI TSHKECTH M CHIIBI TSKE-
CTH M3BECTHEI,

3) onpenenuTh HEOOXOAMMBIC TaHHBIC JJIs MPOCTHIX CEUCHMIA:

a) Beimucath U3 Tabnaui ['OCTa nus kKaXaoro CTaHAapTHOrO Mpoduiisi HEOOXOJUMBIC
cupaBounbie gannbie (h; b; d; A; 11 mBesnsepa Zg) Wid ONpeAeIuTh MIOMAAb IPOCTOrO
CEUYCHUS;

0) onpenenuTh KOOPAUHATHI IIEHTPOB TSAKECTHU MPOCTHIX CEUCHUN OTHOCUTENIBHO BBIOpAaH-
HBIX OCEH KOOpMHAT;

8) ONPEACIUTh CTATUYECKUE MOMEHTHI TIJIOIIAIM MPOCTHIX CEUYCHMUIA;

4) onpeAeNUTh MOJO0KEHUE IIEHTPA TSHKECTU CJIIOKHOTO CEUCHHUS.

Konmponwvnvle 6onpocwvl 011 cmyoenmos:
. Kakum cBoiicTBOM 001agaeT IEHTP HMapaieTIbHBIX CHIT?
. 3anumuTe GOpMYIIBI SIS ONpeIeTIeHUs EHTPa TAKECTH TIIOCKON (PUTYpBI, COCTABJICH-
HOW U3 IUIONIAIEH.

. Yto Takoe cTaTUYEeCKHUil MOMEHT ILIONIa 11 ?

. B kakux enuHUIIaX U3MEPSIETCS CTATUYECKUI MOMEHT ILIoIIaau?

. Kakne cBoiicTBOM 00s1a1aeT CTaTHYECKAI MOMEHT ILJIOIIA I ?

. [lepeunciaure crocoObI ONpeeICHUS IEHTPA TSHKECTH TBEPAOTO Tela.

. I'ie HaxoauTCs EHTP TSXKECTU TeJla, UMEIOIIEro 2 OCH CUMMETPUHN?

N —
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SAJAHUSA AJIA HPAKTHYECKOI'O 3AHATUA

3AJJAYA. Jlng 3a1aHHBIX TUIOCKUX CUMMETPUYHBIX CEUEHUH,
COCTaBJICHHBIX U3 PO UIEH CTaHIapTHOTO MPOKATa ONPEIETUTh:
I) TlonoxkeHue LEeHTpa TAKECTH;
I1) ['aBHBIE LIEHTpaTbHBIE MOMEHTHI HHEPIIUHU.
JlaHHBIE CBOETO BapyaHTa B3STh U3 TAOJIHIIBI



CxeMBI K 3a1a4e

Tabmuma

Ne nByTaBpa 30 | 20 | 18 | 22 | 27 | Ne mBemaepa E)?l']: 0;?;
2 01 | 02 | 03 | 04 | 05 12 140x10

= & 06 | 07 | 08 | 09 | 10 14 150x12

= § 11 | 12 | 13 | 14 | 15 20 160x12

s o 16 | 17 | 18 | 19 | 20 22 160x10

2 = 21 | 22 | 23 | 24 | 25 24 150x10
=B 26 | 27 | 28 | 29 | 30 30 300x16

a 31 | 32 | 33 | 34 | 35 16 420%20

OO0paTuTe BHUMaHHe, YTO, BCE reOMETpUUYEcKre mapameTpsl mBemiepa nausl B ['OCT
0

IpY BEPTUKAIBHOM IOJIOKEHUM €ro cTeHku. [Ipu moBopore mBesuiepa Ha yrou 90°, Bce

€ro reOMETPUYECKHUE MTapaMETPhI 3aJaHHbIE OTHOCUTEIBHO OCH X MEHSAIOTCSA Ha Iapamer-

PBI 3aJJaHHBIE OTHOCUTEJIBHO OCH V.
HNPUMEP PEHIEHUSA

SAAYA. [Ing 3aJaHHOTO TUIOCKOTO CUMMETPUYHOI'O CEYEHHUSI COCTABJICHHOIO U3 MPO-
¢ueit cranIapTHOrO MPOKATa OMPEETUTH TOJOXKEHHUE IIEHTPA TSHKECTH
JAHO: monoca 120x10 (T'OCT 103-76);
apytaBp Ne 12 (I'OCT 8239-89); mBesnep Ne 14 (I'OCT 8240-89).
HAUTH: C(xc; yo).
PEIIEHME I:
1) PazbuBaem ci0XxHOE ceueHHEe Ha 3 MPOCTBIX CEUSHUS:
1 — nonoca; 2 — aByTaBp; 3 — WIBEILIED.
2) BreimuceiBaem u3 tabaui 'OCTa u onpenenseM HeOOXOIUMBIE JTaHHBIC JUIS IPOCTHIX
ceuennit: [Tomoca 120x10; 4; =120-10=1200 mm > =12 cm ?; C; (0;0,5)
JlBytaBp Ne 12; A, =147 cm ?; C, (0; 7)
[semnep Ne 14; A3=15,6 cm ?; C5(0; 14,67)
3) Haxonum ctaTU4ecKue MOMEHTHI TIJIOIIa I OTHOCUTEILHO ocH Ox:
Sy1 =A; 'y1 =12-0,5=6 cM °; Sy, =A; 'y, =14,7-7=102,9 cm %;

Sys =As 'y3=15,6-14,67=228,9 cm °;
38y = Sy1 + Syo + Sy =6+102,9+228,9=337,8 cm °.
4) OnpenensgemM CyMMy IIIOMAAEH MPOCTHIX CEUEHUN:
YA = Ar+A, + A3 =12+14,7+15,6=42,3 cm 2.
5) OmnpenenseM MOJIOKEHUE LIEHTPA TXKECTH CIIOAKHOTO CEUCHUS :

xc=2.S\Y Ak ; x¢ =0 cm;
ye =».Sx\Y 4y; yc =337,8\42,3=8 cm.
OTBET: 1eHTp TSHKECTH CI0KHOTO cedeHust Haxoautcs B Touke C (0; 8).
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3ANAYA. /11 3ajaHHOM [IJIOCKOM OAHOPOIHOM TIJIACTUHBI ONPEIEIIUTD:

I) IlonoxxeHue LEeHTpa TAKECTH;
I) 'maBHBIE IEHTpPaTbHBIE MOMEHTHI UHEPIUU.
JlaHHbIE CBOETO BapuaHTa B3SITh U3 TaOJI.
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CxeMBlI K 3a1a4e
Tabnuma
B, MM 100 110 120 130 140 , I7¢ h
b, Mmm 60 74 82 70 100
MM

01 02 03 04 05 20 180 50
06 07 08 09 10 18 190 60
11 12 13 14 15 16 170 70
16 17 18 19 20 14 160 80
21 22 23 24 25 12 175 85
26 27 28 29 30 15 185 45
31 32 33 34 35 10 165 55
J{nst 3a1aHHOM TIOCKOM oHOpOoAHOM TiacTuHbl ABCDE onpeenuTh
I) IlonoxxeHue 1eHTpa TIKECTH;
I) 'naBHBIE LIEHTpAJILHBIE MOMEHTHI MHEPIIUH.
HAHO: B=180 mM; b=140 mm; R=10 mm; H=160 mm; h=100 mm
HAﬁTH: C(XC; yC), Jyc: ch
PEUHIEHMUE I:
1. PazOuBaeM CI0KHOE CEUCHHE TUIACTHHBI Ha 3 MPOCTHIX CEUSHUS:
npsAMOYTOJIbHUK - ABDK; monykpyr - BC; TpeyroibHuk - DKE
2. OnpenensieM HEOOXOIUMBIE JaHHBIC JUIS IIPOCTHIX CEUCHUN
0ABDK: 180x160; 4; =180-160=28800 mm > =288 cm %; C; (9; 8)
kpyr : A,=nR?*=3,14-10°=314 mm ?=3,14 cm %; C, (1,5; 14)
ADKE: 45=100-40/2=2000 mM°=20 cm %; C5 (16; 3,3).
3. OnpenensieM MOJIOKEHUE IIEHTPA TAKECTU CIOKHOTO CEUCHUS TIIACTUHBI:
Xe =Y (A xi)\ XAk ; Yo =2 (A yi)\ XAk,
A x+ A, -x,— Ay x;  288-9-314-15-20-16  2267,29 _

No BapuanTa
U JIJaHHBIC K 3a7a4e

X = =8,6 cM;
A +A4,— A, 288314 -20 264,86

. A-yi+dy -y, —As-y, _288-8-314.14-20-33 284465_o o

¢ A+ A, — A, 28831420 26486

Xc=8,6 cm; Yc=8,3 cMm.
PEHIEHUE II:
1. TlpoBecTu ocu KOOPJMHAT U LIEHTPAJIbHBIE OCU MPOCTHIX CEYEHUH.
2. OmnpenensieM LEHTPaIbHbIE MOMEHTBI MHEPLIUU JJIS1 IPOCTHIX CEYEHUM:



3 3 3 3
n0ABDK: JxlzB'H 18107 _iaa ont; 1=B H_18"-16
12 12 12 12
KpyT : Jyo=Jy,=m(2R)*/64=3,14-2%/64=0,785 cm";
ADKE: Js=KE-KD?*/36=4-10°/36=111,1 cm*;
J,3=KE®-KD/48=4°-10/48=13,3 cm".
3. OnpenensieM pacCTOSIHUSI MEXIY TJIaBHOM IIEHTPaJIbHON OCBIO CIIOKHOTO CEUCHUS U
LICH’[paJIBHBIMI/I OCsIMHU HpOCTBIX CEUCHUI:
a1=|yc-y1|=8,3-8=0,3 cM; ar=|yc-y2|=(8,3-14|=5,7 cm;
Cl3=|yC'Y3|=8,3-3,3=5 CM, €1=|XC-X1|=|8,6'9|=O,4 CM,
€2=|XC-X2|=8,6-1,5=7,1 CM, €3=|XC-X3|=|8,6-16|=7,4 CM.
4. OnpeﬂenﬂeM TJIaBHBINA HeHTpaJIBHBIP'I MOMCHT I/IHepHI/II/I CJIOJKHOI'O CCUYCHHI OTHOCH-
TE€JIBHO OCH ).
ch =Z(in+ai2'Ai)=(Jy1+a12'Al)—(Jy2+a22'Al)—(Jy3+a32-A3);

J,c=(7776+0,3%-288)-(0,785+5,7°-3,14)-(13,3+5%-20)=7185,8 cm".

5. OHpeIIeJISIeM TJTaBHBINA HGHTpaJIBHBIﬁ MOMCHT HMHCPLHUU CIIOKHOTO CCUCHHA OTHOCH-
TCJILHO OCH X.
Jec=Y (Jxitei’ 4;)=(6144+0,4%-288)-(0,785+7,1%-3,14)-(111,1+7,4%-20);
Jc=4824,7 cm”.
OTBET: X=8,6 cm; Yc=8,3 cm; J,c=7185,8 cm*; J,=4824,7 cm”.

Vv

=7776 cm*;

180

<LS—>' V0|

20

160

Xc

83

33

Puc. «I'eomerprnueckne XxapakKTEPUCTUKH IIJIOCKUX CEUCHUI



HNPAKTHYECKOE 3AHATHUE Ne 8.

ONMPEJAEJIEHUE TAPAMETPOB JIBUXKXEHUA TOUYKHA AJIA JTIOBOT'O BUJIA
JABUXEHWUSI.

3AJAYA. ABTOMOOWIB ABUKETCS MO KPYTJIOMY apOYHOMY MOCTY pajinyca I' COrJIacHO
ypaBHeHmo S=At>+Bt*+Ct+D (S — [m], t —[c]).
[TocTpouTth rpaduku mepeMenieHusi, CKOPOCTH U KacaTeIbHOTO YCKOPEHUS IJis MEPBBIX
MATH CEKYHJ IBI>KEeHUs. Ha ocCHOBaHMU aHanM3a MOCTPOCHHBIX TpapUKOB yKa3aTh: y4acT-
KM YCKOPEHHOT'O U 3aMEJIJICHHOTO JBIKEeHUS. ONpeeUuTh MOJTHOE YCKOPEHUE aBTOMOOH-
71 B MOMEHT BPEMEHU JIBE CEKYH/IBI.
JlaHHBIE CBOETO BapyaHTa B3STh U3 Ta0JI.

TabOnuna
A 10,2 | 0,5 | 0,3 | 0,1 | 0,4 ' B | D \
e A H———

C 3 -1 2 -4 5
r M 30 20 60 40 10

. 01 02 03 04 05 -4 10

o 06 07 08 09 10 2 12

= 11 12 13 14 15 -8 14

= 16 17 23 24 20 6 16

s ™ 21 | 22 | 18 | 19 | 25 2 5

m 26 27 28 29 30 3 1

= 31 32 33 34 35 1 8

INPUMEP PEHIEHUS 3AJTAYHA

ABTOMOOUJIb ABMXKETCS 10 KPYTJIOMY apOYHOMY MOCTY paauyca =50 M coryiacHo
ypasrenmio $=0,2t3-t°+0,6t (S — [m], t — [c]).
[TocTponTh Tpaduky MmepeMenieHus, CKOPOCTH U KacaTeIIbHOTO YCKOPEHUS ISl TEePBBIX
IIATH CEKYHJ IBHKeHHUS. Ha ocHOBaHMM aHaIM3a TOCTPOSHHBIX TPa(UKOB yKa3aTh: y4acT-
KM YCKOPEHHOTO W 3aMEJIJICHHOTO IBIKCHUS. OIPEIeIUTh MOTHOE YCKOPEHUE aBTOMOOH-
Ji1 B MOMEHT BPEMEHH 2 CEKYH/IBI.
JTAHO: 3akoH IBMKEHUS aBTOMOOMIIS S:O,2t3-t2+0,6t; t=5 MuH.
HAUTHU: Vg, awp; t npu V=0, a;=0; a nmpu t=2 c.
PEIIEHHUE:
1. Haxogum ypaBHEHHS] CKOPOCTH:

v=dS\dt=(0,2t>-t*+0,6t) =0,6t*-2t+0,6

a) npu t=0 muH Vo=0,6 M\c;

1+.1-4-0,3-0,3
20,3

6) mpu v=0 0,6t*-2t+0,6=0 oTctona t; , =

t,=3 c; 1,=0,3 c.
2. Haxogum ypaBHEHHE YCKOPCHHS



a;=dv\dt=(0,6t%-2t+0,6) =1,2t-2

a) npu t=0 MmuH a;= -2 m\c?:

6) npu a:=0 1,2t-2=0 orcroga t=1,7 c.
3. Jlmsa mocTpoeHus rpaduKOB COCTaBIISIEM CBOJHYIO TaOJUITy YHCICHHBIX 3HAYCHHUM Ta-

paMeTpOB JBUKECHUS aBTOMOOMIIS

Tabnuia
3HauyeHus t; c 0 1 2 3 4 5
$=0,2t>-t*+0,6t; m 0 -0,2 | -1,2 | -1,8 | -0,8 3
v=0,6t%-2t+0,6; m\c 0,6 | -0,8 -1 0 22 | 56
a=1,2t-2; m\c? -2 -0,8 | 0,4 1,6 2,8 4

4. OnpenesnsieM MOJTHOE YCKOPEHUE aBTOMOOUIISI B MOMEHT BPEMEHU 2 CEKYH/IbI

a=.a’+a’; ap=0,4 m\c?; an=(v2)?\R=(-1)%50=0,02 m\c?

orciona a=4/0,4%+0,022 =0,4 m\c>.

OTBET: v,=0,6 m\c; v=0, t;=3 c, t,=0,3 ¢; a;=0, t=1,7 ¢; a,=0,4 m/c?

rpacmk 3aBUCUMOCTU S -V
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INPAK-
THU- Puc. «Onpenenenne napaMeTpoB IBMXKEHUS TOUKH YEC-
KOE 3AHSA-
THUE Ne 9.

PEIHIEHUME 3AIAY 1O ONPEJAEJEHHUIO YACTOTbBI BPAIIEHUSA BAJIOB U
BPAIIAIOIIIAX MOMEHTOB, MOIITHOCTH HA BAJIAX IO 3AJJAHHOM
KUHEMATHYECKOM CXEME ITPUBOJIA.

Llesnb paboTsl:

1. U3yuuth ycinoBHbIE 0003HAUYECHHUS 3BEHHEB M KHHeMmaTHueckux map coriacHo ['OCT
770—68, 0CBOMTH METOAMKY COCTaBJICHUSI KHHEMATUYECKOM CXeMbl MEXaHHU3Ma IO €ro Ma-
KeTy;

2. HayuuThcsi onpeaensTh YUCIO U BUJl 3BEHBEB U KMHEMATHYECKUX Map; OCBOUTH METO-
UKy TOCTPOEHUs MOAPOOHON M YKPYIHEHHOM CTPYKTYpPHBIX CXEM MEXaHHU3Ma, a TaKxkKe
KOH(UTypaluu CTPYKTYpbl MEXaHU3Ma

[Tpu moAroToBKE K MpakTU4YeCcKol paboTe HEOOXOUMO U3YUUTh TEOPETUUECKUM MaTepua
10 KOHCIIEKTY, OTBETUTH Ha BOIPOCHI:

J171s1 9eTo MUCIOIB3YIOTCS KHHEMAaTUUECKHUE CXEMBbI?
Uto 0TOOpakar0T KHHEMATHYECKHE CXEMBI?
C 4ero HaYMHAIOT YTEHUE KHHEMATHYECKHUX CXEM?

oD e

YeM 3aKaHYMBAIOT YTCHHEC KHHEMATHUYECKUX CXEM?

[TosicHeHUs K BBITOJTHEHUIO PAOOTHI.
Kparkue TeopeTnueckue cBeAeHUS

JIist u3ydeHnst MexaHu3Ma HeoOXO0AMMO 3HATh YKCIIO M BUIbI KHHEMAaTUYECKUX Tap,
YHCIIO 3BEHBEB, X OCHOBHBIC pa3Mephl M B3aUMHOE pacmojiokeHue. Bee 3To nzobpaxkaeT-
Csl HA KMHEMAaTHYECKON cXeMe MEeXaHW3Ma YCIOBHBIMU OOO3HAYEHHUSMH Tap W 3BEHHEB.
Ycnoubie 0603HadueHust ycraHoBieHbl ['OCT 2.770—68. OcHOBHBIC BUIBI 3BEHBEB M KH-
HEMAaTUYECKUX Tap MpUBEJEHBI B Tabmumnax lu 2.

[Ipu n3ydyeHun paboThl pa3IMUYHBIX CTAHKOB, MEXaHU3MOB, IIPU UX HAJAJKe WIH pe-
MOHTE, TIPH MOHTAXKE DIICKTPUUECKOT0 000PY0BAaHUS HEPEIKO TPeOyeTCs ysICHUTh MPUH-
LHUMHAABHYIO CBSI3b MEXIY 2JIEMEHTAMU MOHTHUPYEMOrO YCTpOWCTBa 0€3 YTOUHEHHS €ro
KOHCTPYKTUBHBIX O0cOO€HHOCTEH. JJisi 3TOM Leau mpelHa3HaydyaroTCsl Pa3iiMyHbIE CXEMBbI:
KMHEMAaTUYECKUE, THIPABINYECKUE, DIIEKTPUUECKHUE U APYTHE.

Kunematuueckue cxemMbl OTOOpaXarT CBS3b U B3aUMOJIEUCTBUE MEXKY IOJBHUXK-
HBIMHU 3JIEMEHTaMU YCTPOMCTBA, THAPABIMYECKHE — MOKA3bIBAIOT CUCTEMY YIPABIICHUS
MOCPEACTBOM KUJIKOCTH, a SJIEKTPUUECKUE CXEMbI MOSICHSAIOT MPUHLIHUI PadOThl U B3aUMO-
CBSI3b MEXK/y 2JIEMEHTaAMHU JIEKTPUUYECKOTO YCTPOMCTBA.



Ha cxemax nertanu n300pakaloTcsl yIPOILIEHHO, IOCPEACTBOM YCIOBHBIX 0003HaYe-
HUM, YCTaHOBJIEHHBbIX cTaHaaptamu. Ha mepenneM ¢opsaie mnokasaHa KMHeMaTHYECKas
CXE€Ma BEPTUKAJIbHO-CBEPIMIIBHOTO CTaHKA C HAIJISIIHBIM MOSICHEHUEM YCIOBHBIX 0003Ha-
YeHUI COOPOYHBIX €AMHUI] U JIeTaje.

CxeMBbl ABISAIOTCS HEOTHEMIIEMOM YaCThK) KOMIUIEKTa KOHCTPYKTOPCKHUX TOKYMEH-
TOB JUIsl MHOTHUX U3JI€JIUNA U BMECTE C IPYTUMHU rpa)uuecKUMU MaTepuagaMu JalT CBEe-
HUS, HEOOXOIUMbIE IMPU MPOECKTUPOBAHUM, HU3TOTOBICHUHM, MOHTa)XE, HKCILTyaTallud M
M3y4eHUH u3nennii. OHU MHUPOKO MCIOJIB3YIOTCS KaK WUIFOCTPALUMU K Pa3IMYHbIM OMUCA-
HUSIM, HaIJISITHO Pa3bsCHSAS CBSI3b MEXKY JI€MEHTaMU M3JI€TUN U IPUHLIMI UX paOOTHI.
CXeMBbI CTPOSIT C YUETOM CIEAYIOMMNX TPeOOBAHUIA:
1. YmpoieHnnsle n300pakeHUs] U YCIOBHBIE OOO3HAUYEHUs [JISl DJIEMEHTOB PA3TUYHBIX
CUCTEM BBIIIOJIHAIOT COTJIACHO CTaHAapTaM
ECKI.
2. YcaoBHbIE 3HaKH, HE Tpedyrouue co0IoAeHus MaciuTada, BHIUEPUNBAIOT C COXPAaHEHU-
€M OJIMHAKOBBIX Pa3MEPOB IIPU ITIOBTOPEHUHN UX HA OJHOW U TOM K€ CXeMe. BhINOIHAI0TCSA
OHHU B MPSMOYTOJIBHON UM aKCOHOMETPUYECKOM (HArJIsTHOM) MPOEKIUSX.
3. Haonucu na cxemax JAlOT KPaTKUE U NMPEJEIBHO SICHBIE. BBIMOIHAIOT UX CTaHJapTHBIM
YEePTEKHBIM HIPUPTOM.
4. YcioBHbIE U300pakeHUs, OTINYAIONINECS OT ycTaHOBIEHHbIX cTannaptamu ECK/I, ko-
TOpbIE 0Ka3aJ10Ch HEOOXOAMMBIM UCIIOIB30BATh B CXEME, JOKHBI OBITh MOSICHEHBI.
YreHue cxeMbl HAUMHAIOT ¢ OOLIEro O3HaKOMJIeHUs, 0030pa cxemsl. [1o yciaoBHBIM 000-
3HAUEHHUSM DJIEMEHTOB YCTAHABIMBAIOT BHJI CXEMBbI. 3aTeM MOAPOOHO paccMaTPHUBAIOT
AJIEMEHTBI CXEMBI 10 UX YCIOBHBIM M300paKeHUSIM U OYKBEHHBIM 0003HAYEHUSM: OIpe-
JEJAI0T TOYHBIE HAMMEHOBAHMS BCEX DJIEMEHTOB, YTOUHSIOT UX XapaKTEPUCTUKH, UCIIOJIb-
3ysl 111 ATOTO CHENUPUKALHIO.
3aBepIIaeTcss YTEHUE CXEMbl IOJHBIM YSICHEHHEM IPUHILUIIA padOThl BCEIO yCTPOUCTBA U
HA3HAYECHUSA BCEX €r0 IEMEHTOB IIyTEM IIOCJIEOBATEIBHOIO BBIACHEHUS CBA3EH MEXIY
HUMH.

Ta6mmma 1 OCHOBHBIC BUIBI 3B€HBEB, HCTIOJIB3YEMbIX B MEXaHU3MAaX
Haumenosanue Onpeoenenue Buewnuil 6uo u ycnosnoe obosua-
Yenue Ha KUHeMaAmu4eckoll cxeme

Croiika 3BeHO, MPHHUMAEMOE 32 HETTOABUKHOE E
Kpusormmun Bpamiaroiiieecs 3B€HO phIYaKHOTO MEXaHU3MA,
KOTOPOE€ MOXKET COBEPIIaTh IMOIHEIA 000pOT BO-
KpYyT HEMOABM>XHOU OCH. ¢=3 600
-
Kopomsicio Bpamaromeecst 38€HO pbIYaKHOTO MEXAHU3MA,
KOTOPOE MOXKET COBEPIIATh TOIHKO HEIOHBIH Q<3 600

000pOT BOKPYT HEMOJBHKHOW OCH.

Kynuca 3BEHO PHIYAXKHOTO MEXaHU3Ma, BpaLIaolIeecs BO-
KpYT' HEIIOABMKHOM OcH 1 00pasylolee ¢ Apyrium
MTOJIBUYKHBIM 3BEHOM IOCTYNA-TENbHYIO Tapy.




[Nonzyn 3BEHO PHIYAKHOTO MeXaHH3Ma, 00pasyloliee mo-

CTyHaTeIbHYIO apy cO CTOMKOM. [:I WW:I"W

[Matyn 3BEHO phIYaKHOI0 MEXaHU3Ma, oOpa3zyrolee Ku-
HEMATHYCCKUEC MMapbl TOJIBKO C IMOABHUIKHBIMU
3BCHBsIMHU.

Kymnauok 3BEHO, UMEIOLIee ANEMEHT BBICIIEH Mapbl, BBIION-

!
|
HEHHBIN B BUJE TOBEPXHOCTH IIEPEMEHHON KpU-
BU3HBL - L
!

HOpSIIIOK BBITTIOJTHCHM A pa6OTBI:

1. O3HaKOMUTBHCS C MOJICJIBI0O MEXaHU3Ma, YCTAHOBUTH €ro Ha3HadYeHUe (Harpumep, mnpe-
oOpa3oBaHue BpalllaTeIbHOTO ABMKEHHUS B MOCTYHATENIbHOE), OMPEACIIUTh YHCIIO 3BEHbEB
U KuHemaTudeckux map. CoCTaBUTh KHHEMAaTHYECKYIO CXeMYy Me€XaHu3Ma 0e3 yuera mac-
mrada, 0003HaUYMB HA HEW pa3Mephl, MOAJIeKAIINE U3MEPEHUIO.

2. 3MepuTh paccTosiHUE MEXAY IIEHTPaMU IIAPHUPOB, PACCTOSIHHUE 10 HETIOABUKHBIX Ha-
MPaBJISIONINX, YIJIBI MEXKY TJIedaMu 3BeHbeB. COCTaBUTH TAOJHUIly MapaMeTpOB 3BCHBEB
MEXaHU3Ma.

3. BbigenauTh HEMOJBMKHBIE AJIIEMEHTHl KMHEMAaTHYECKUX Map, MpUHAAJIekKAIINe CTOUKe
(6a30BBIE TOUKHM M JIMHUW) U HAHECTU UX HA CXEMY C YYETOM BBIOPAaHHOTO MacIITaOHOTO
ko3 duIMeHTa IIMHHBL f,, YKa3aB PACCTOSHUS B MUJUIMMETpPAX HEMOCPEICTBEHHO Ha

yeprexe. 3a Hauajao KOOpJIMWHAT 0A30BBIX TOYEK U JIMHUU MPUHSITH LIEHTP BPAILLIEHUS KpH-
BOIIIUIIA.
4. BoryepTuTh OJIHO U3 MOJIOKEHHI BEYIIETO 3BeHa, P KOTOPOM B MEXaHU3ME HET Ha-
JIO’KEHHUS OJTHOTO 3BeHa Ha Apyroe. [loka3aTe cTpenkoil HampaBiIeHUE TBUKEHUS BEIyIlle-
ro 3BEHA.
5. B BeiOpaHHOM MaciiTabe BBIYEPTUTh KMHEMATUUYECKYIO IIeIb, 00Pa30BaHHYIO OCTallb-
HBIMH 3BEHbSIMH ME€XaHHU3Ma, UCTIONb3Ysl METOJ] TUIAHOB TOJIOKEHUIN 3BEHBEB.
6. [IporyMepoBaTh 3B€HbS PUMCKUMHU IHUPpPaMH, a KHHEMATHUYECKHE Mapbl — apaOCKUMU
muppamu. Kpome TOro, 1eHTphl BpamiaTeIbHBIX KHHEMATHYECKUX TMap 0003HAYUTH MPO-
MUCHBIMU OYKBaMU JTATUHCKOTO alipaBuTa. YKa3aTh MacITaOHbIN KOA(DPUITUEHT AJIUHHBI,
WCIOJIb30BAHHBIN MPU MOCTPOCHUN KHUHEMATHYECKONU CXEMBI.
ConeprxaHue oT4yeTa:

1. HaumenoBaHue U 11e1b pabOTHI

2. KunemaTtmdeckasi cxema CBOETO BapuaHTa

3. Pacuers

4. BwiBoawI O paboTe
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INPAKTUYECKOE 3AHATHUE Ne 10.
PEIIEHUE 3AJJIAY HA IIOCTPOEHMUME 3ITIOP HOPMAJIBHBIX CHJI,
HOPMAJIbHBIX HANIPSI)KEHU I, MEPEMEINEHUI CEUEHUI BEPYCA.
3ATAYA. 3anieMiIeHHbIA B CTEHE JBYXCTYIEHYAThI OpyC Harpy>Ke€H OCEBbIMU CH-
JaMH, KakK MoKa3aHo Ha cxeMe. Maccoit opyca npeHeopeus. Heobxoaumo:
I) Onpenenuts HOpMaJIbHBIC CHJIBI M HANPSDKEHUS B IMONEPEYHBIX CEYCHHUSAX IO BCEH
JUTMHE Opyca;
I1) TTocTpouTh 3MIOPHI HOPMAJIBHBIX CHJT M HAITPSDKEHUH TI0 JUTHHE Opyca;
[11) Oripenenuts mpomobHYI0 AehopMaruio Gpyca, ecimu E=2-10° MITa.
JlaHHBIE CBOETO BapuaHTa B3STh U3 Ta0.

a) 0)
Fs Fs F2
3
/ Fa | /
S v M) -
A 1 A 1
N i VALY N N A S
a b Cc a b a| c
CxeMbl K 3aj1a4ue
Tabmuma
F.,, kH 20 -25 30 10 -15

Fs, kH -13 100 120 -40 150 Ay A> F
a,b,c M 0,3 0,2 0,6 0,4 0,1 o H
& 01 02 03 04 05 4,0 1,0 45
; 06 07 08 09 10 2,0 4,2 -50
8 = 11 12 13 14 15 1,8 2,5 -60
= = 16 17 18 19 20 1,6 3,0 30
§ = 21 22 23 24 25 5,6 2,8 -55
f 26 27 28 29 30 3,5 4,8 10
z 31 32 33 34 35 1,7 2,2 -20

INPUMEP PELIEHUASA 3ATAYHN
3ameMIIeHHBI B CTEHE JIBYXCTYNEHUYATHI OpyC HarpyXeH OCEBBIMH CHUJIAMHU.
Maccoii 6pyca npeneOpeus.
I) OnpenenuTh HOPMANBHBIC CHIIBI U HAIIPSHKCHUS B IMOTICPEYHBIX CEUCHUSIX 10 BCCH JTH-
He Opyca;
I1) [TocTponTh AMIOPHI HOPMATLHBIX CHJT U HAIPSDKEHUH 110 JTHHE Opyca;
111) Onpeenuts mepeMeleHne cBoGOJHOr0 KoHI@a Opyca, eciu E = 2-10° MITa.
JAHO: F; =30 xH; F,= 38 xH; Fa= 42 kH; 4;= 1,9 cm?; 4, = 3,1 eM%;
a=02mb=0,1mc=0,5M.
HAHUTHU: N;; o; ; Al
PEIHIEHHUE:
1. PazbuBaem Opyc Ha ydactku: AB; BC; CD.
2. OmnpenernseM 3HadeHUs HopMaabHOU cuibl N Ha ygacTkax Opyca:



Vyactok AB, ceuenne I-1, Ny = F; = 30 xH;
Vyacrtok BC, ceuenne II-1l, N, = F1+ F,=30+38= 68 kH;
Vyactok CD, ceuenne III-111, N3= F+ F, -F3 = 30+38-42= 26 xH.

Ctpoum s1opy HOpMaabHBIX CHIL
3. Boluncinsiem 3HaueHUs] HOpMaJIbHBIX HAINIPSKEHUH Ha yyacTKax Opyca:

3
Vuacrtok AB, ceuenne I-1, 61=N1/4,1= 30 102 =158 H/mMm?; 6,=158 MIla;
_ _ 68-10° o
VYuacrok BC, ceuenne II-1l, 6,=N,/4,1= 31107 =219,4 H/mMm*; 0,=219,4 MIla;
26-10°

VYuacrok CD, ceuenue III-111, 603=N3/4.= 84 H/mm?; 03=84 Mlla.

5=

CrtpouM 31opy HOpMaIbHBIX HAMPSHKCHUH.
4. OnpenensieM MpoaoTabHYIO nedopMmaimio 6pyca:
Vuactok AB, ceuenue -1,

Al; = Ny-11/41-E =30-10%0,5-10%1,9-10%-2:10° = 4-10" MM ; Al;= 0,4 mm;
Vuactok BC, ceuenue |l-11,
Aly = Ny lo/d5 E = 68:10%-0,1-10%3,1-10% 2-10° =1-10"" mm; Al, = 0,1Mm;
Vyactok CD, ceuenue III-11I,
Alz= N3-l3/dy E = 26:10°-0,2:10%3,1-10%- 2-10° = 0,810 * mm; Alz;= 0,08Mmwm;
Al =Al+Al, + Alz= 0,4+0,1+0,08 = 0,58 M.
OTBET: Al =0,58 mm. CTepKeHb pacTSIHYT.



200 100 500

Omopa N (kH)
68

2% @ 30

Omopa o (MIla)

219

158

84 @

Puc. «Pacuer cTyneH4aToro cTepxxHs»



IHNPAKTUYECKOE 3AHATHUE Ne 11.
BBINOJHEHUE PACYETHO-TPA®UYECKOM PABOTHI I1O TEME PACTSI-
KEHUE-CXKATHE.
Lenb: 3akpemyieHne TEOPETUUECKUX 3HAaHUM 10 TeMe «PacTsKeHue U cxxaThue» 1 npuoodpe-
TEHUE MPAKTUYECKHX YMEHHUI B MPOBEACHUU MPOCKTUPOBOYHBIX M MPOBEPOUYHBIX pacue-
TOB Ha MPOYHOCTb U KECTKOCTb.

3ananue 1. CtanpHON CTEP)KEHb HAXOIUTCS MO ACHCTBUEM MPOJOJIBHBIX CHJI.
1) [locTpouTs 3MI0pPHl BHYTPEHHUX MPOJOABHBIX CUJI F 1 HOpMaJIbHBIX HANPSKEHUN T,

2) Haiitu nepemenienue £/ cBoOOIHOro KOHIA Opyca. BimsHuem coOGCTBeHHOro Beca
CTEepP>KHS MPEHEOPEYb.

Mopyns ynpyroctu cranu E, pasen 215 ['Tla.

Howmep Bapuanta | 0 1 2 3 4 5 6 7 8 9
F, xH 100 | 105 | 110 | 115 | 120 | 125 | 130 | 135 | 140 | 145
A, MM“x1000 18119202122 (23|24 |25 |26 | 27
k 04/05/06|07(08[09 11|12 (13|14
b, m 0,20/0,25/0,30|0,35/0,40|0,45|0,50| 0,55 (0,60 | 0,65
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3aganue 2. banka AB, Ha KOTOPYIO AEHCTBYIOT YKa3aHHbIC HATPYy3KH, YJIE€PKUBACT-
csi B paBHOBecuu Tsaro BC. OnpeaenuTs pa3Mepbl NOMEPEUYHOI0 CEUEHHUS TATH ISl JBYX
ciaydaeB: 1) cedeHne — Kpyr; 2) ceueHue — yroiok pasHononounbiit mo 'OCT 8509-86.
[Ipunsars [ o ] = 160 MIla. CoOcTBEeHHBIN BEC KOHCTPYKIIMU HE YUUTHIBATb.
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1 2 | 3| 4|5 6|7 8 | 9| 10
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IIpumepbl pacyeToB HA MPOYHOCTH U KECTKOCTH

[Tpumep 1. I'py3 3akperieH Ha CTEPKHSAX U HAXOIUTCS B paBHOBecHuu (puc.). Mare-
puan cTepKHell — cralib, fonyckaemoe Hanpsikenue 160 MIla. Bec rpy3a 100 xkH. [Jnuna
CTEP>KHE: epBoro — 2 M, BToporo — 1 M. OnpeaenuTs pa3Mepsl MONEPEYHOTO CEUCHHUS
U YIUIMHEHHUE CTepKHEN. Popma MONEepEeYHOro CEYeHUs: — KpYT.

nd Pt ¥

Pemenne
1. Onpenenuts Harpy3Kky Ha cTep:kHU. PaccMoTpum paBHOBecue Touku B, onpene-
TuM peakuuu ctepxkHeil. [lo msaToil akcuome CTaTUCTUKM (3aKOHY JAEHCTBUSI U MPOTUBO-
JEUCTBHUSI) peaKkvs CTEP>KHSI YUCIIEHHO paBHA Harpy3Ke Ha CTEPIKEHb.



Hanocum peakiuu cBsizeil, neiictByromux B Touke B. OcBoOoxknaem Touky B oT
cBs3el (puc.).

Bri6upaem cucteMy KOOpJIMHAT TakK, YTOOBI OJJHA U3 OCEH KOOPJMHAT COBMAJIA C HE-
W3BECTHOM cUJIOi (puc.).
CocTaBuM cUCTEMY ypaBHEHUN PAaBHOBECHS [ TOUKH B:
Y. Fx=-Rzcos 60° + Sr = 0;
Y. Fy=Rac0s30°-F=0.
PemaeMm cucteMy ypaBHEHUH U onpefensem peakuuu ctepxkueid. F_ 100
F R — 100

- =———=1155kH.
Re= os30°’ 2 0866

R, =R, c0s60% R, =1155%0,5=57,4kH.

Hanpasnenue peakuuii BeIOpaHo BepHo. O0a cTepikHs cxkaTbl. Harpysku Ha cTepik-
au: F\ = 57 4xH; F, = 115,5 xH.

2. OmnpenensieM IOTPEOHYIO MIOMIAAb TOIEPEYHOr0 CEUCHHS CTEPIKHEH U3 YCIIOBUI
HPOYHOCTH.

Y CI10BHE IPOYHOCTH Ha Cxathe: & = N I A<[ol, OTKy/1a

Ax
[o]
Crepxenb 1 (N7 = Fy):
* 3
A > S7A710° _ 358 75mme.
s xpyra
A=mR? R= /—A; R > 2875 _1068mm; d, =213mm
V4 314

Crepoxens 2 (JIT; = F):
*
A, ZM:anmz; R, > /% =15,2mm;

160
d»,=30,4mm.

[Tonmyuennslie quamMeTpsl okpyrisieMm: d; = 25 M, d, — 32 M.

o NI
3. OnpenenseM yIJIUHEHHUE CTEpKHEN Al = E

Ykopouenue crepxkHs 1:

2
Va * 952
Aiz—dl; Azz—?”14 2> = 490mm?;
4 4
*103 *2*1N3
Al =574 105 2*10° 1 17mm
2*10° *490
YKopoueHue CTepKHs 2:
*792 *103 *1*103
AZZM:SMmmZ; All:115’5 107717107 _ o 70mm.

2*10° *804



[Tpumep 2. OgHopoaHas )kecTkas mmTa ¢ cuiion Tsokectu 10 kH, HarpyxeHHas cu-
noit F = 4,5 kH u momentom m = 3xkH-M, oniepta B Touke 4 u nojBeiieHa Ha ctepxxkae BC
(puc. 116.2). Ilono6paTh ceueHue CTEPAKHS B BUE IIBEUIEPA U OMPEAETUTh €ro YIJIHHe-
HUE, €CIIU JJIMHA CTepkKHA | M, MaTepuan — craip, npeaen tekydecta 570 Mlla, 3anac
IIPOYHOCTH I Marepuana 1,5.

Pewenue

1. Onpenenuts yCuimne B CTEPKHE MOJ JCUCTBUEM BHEIIHUX CHUJL.

Cuctema HaxOUTCS B PABHOBECUH, MOKHO MCIIOJIb30BAaTh YPaBHEHUE PABHOBECHS
JUTSL IDIATEL: Ma — O.

Rp — peaxius CTep>KHS, peakiuy mapHupa 4 He pacCMaTpUBaeM.

>Ma=m+ G-5-R5-7+ F*10 =0

Rg*7 = m + G*5 + F*10.
_ 3+10*5+4,5*10 _14KH.

Otkyna R

[To TpeThemMy 3aKOHY AMHAMHUKH PEAKLIHS B CTEPIKHE PaBHA CUJIE, IEMCTBYIOLIEH OT
CTEpXHS Ha IJIUTY. Y CWINE B cTepkHE paBHO 14 kH.
2. Ilo ycinoBuIO NpOYHOCTH OMpeieiieM NOTPEOHYI0 BEIMUYUHY TUIOIIAAN TOoTNepe Y-
HOro ceueHus1: o =N/A<L[o],omkyoad> N l[c].
JlommyckaeMoe HanpsiKEHUE U1 MaTepralia CTEPKHS
o; 570

[c]=—L =——=380MIIII
[s] 15

14*10°

CnenoBarenpHo  A> =36,8mm? =0,368cm?.

3. [lonbupaem ceyenue crepxus o ['OCT (IIpunoxenue 1). MunuMansHas mio-
maab msemiepa 6,16 cm’ (Ne 5; TOCT 8240-89). LlenecooOpa3Hee UCTIONB30BATh PABHO-
HOJI04HBIH yroyok Ne 2 (d = 3 MM) ,* TIOMIa1b MOMEPEYHOT0 ceueHus KoToporo 1,13 cm?

(TOCT 8509-86).

4. OnpenenuTh yAJIMHEHUE CTEPIKHSL:
Al =N E=2%10° Mila;

AE

14*10°% *1*10°

Al = : =0,62mm.
2*10° *113

KonTpoJsibHBIE BOITPOCHI.

1. 1, Kakue BCO cokpamienunii xenateabHo n30erath Win pacmu@poBeIBaTh UX BO3-
HUKAIOT B CEUCHHUH Opyca MPpU PACTSIKEHUU U CIKATHH?
Kak pacnpenensitorcsi o CeUeHHUI0 CUITbI YIIPYTOCTH IIPU PACTSIKEHUU U CKATUU?
Kak pacrnipenenenbl HanpsiKeHUs 0 CEYEHUIO MPH PACTHKEHUU U CKATUU?
UTo moka3zbIBaeT 3M0pa NpoJ0IbHON CHIIbI?
Uro xapakrtepuszyeT MOAYJb YHPyroctu marepuana? KakoBa equHUIA U3MEPEHUS
MOJIYJISl YIPYTOCTH?
Kak omnpenensiercs abCOMOTHOE YJIJIMHEHHE CTYNEHYaTOro Opyca, Harpy»EHHOIO
HECKOJIBKUMH CUJIaMHU?

agbswn

o



HNPAKTHYECKOE 3AHATHUE Ne 12.

PEHIEHUE 3A/IAY HA OITPEJIEJIEHUE I''TABHBIX IEHTPAJIBHBIX M O-
MEHTOB MHEPIIUU COCTABHBIX CEYEHUM, UMEIOIIUX OCh CUM-
METPUMN.

Henp 3ansatus: OnpeaejuTh rJIaBHble IEHTPAJbHbIe MOMEHTHI MHEPIUM CJIOKHOTO

CUMMETPHYHOI'0 CeYeHHUsl, COCTABJIEHHOTI0 U3 Npoduiieii CTAHIAPTHOIO MPOKATA
Ilocnedosamenvrocmsy peutenus 3a0a4u.:
1) mpoBecTH LEHTpaIbHBIE OCU MPOCTHIX CEYEHUN Yy CIIOKHOTO CEUCHUS LIEHTP TSHKECTH,
KOTOPOU M3BECTEH;
2) onpeeNIuTh HEOOXOAMMBIE TaHHBIC JJIsI MPOCTHIX CCUCHUI:
a) Bbimucath u3 Tabmun ['OCTa ang KakJIoro craHaapTHOro mnpoduias HeoOXoIUMble
CIIpaBOYHbIE NaHHBIE (Jyi; Jyi), ONPENENUTD LIEHTPAIbHBIE MOMEHTBI HHEPLIUU TIOJIOCHI;
0) ompeAenuTh PacCTOSHUSA MEXAY TJIaBHOM LEHTPAJbHOM OCBIO CIOXHOTO CEYeHUs U
IICHTPATBHBIMHU OCSIMH MIPOCTBIX CEYCHUH 10 dhopmyie: ai=|yc-Vi |;
3) onpeAenuTh TJIaBHbIC IICHTPAJIbHBIE MOMEHThHI HHEPIIUH CJIOKHOTO CEUCHHS.
Koumponvuwle 6onpocwel ona obyuarowuxcs:
. Kakas BenmnunHa Ha3bIBA€TCS CTATUUECKUM MOMEHTOM CEUYCHUS?
HazoBute CBOICTBO CTaTUYECKOTO MOMEHTA CEYEHHS] OTHOCUTEIBHO IIEHTPaTbHBIX
OCEH.
3. Kakuie BeTMYMHBI HA3bIBAIOTCSI OCEBEIMH MOMEHTAMHU MHEPILIUH CEUCHUS, KAKUE CCUCHUS
OHM XapaKTEPHU3YIOT?
4. Kakas Benmu4rHA Ha3bIBA€TCS LIEHTPOOEKHBIM MOMEHTOM MHEPIIMH CEYEHUSs, KaKhe ce-
YEHUSI OHU XapaKTepU3yrT?
5. Kakas BenMuMHa Ha3bIBAETCS MOJISIPHBIM MOMEHTOM MHEPLUH CEYEHUN, KAKUE CEUCHUS
OH XapaKTepU3yeT?
6. Ha3zoBuTe CBOWCTBO MOJSPHOIO MOMEHTA UHEPLIUN CEUEHUS.
. Kakrie MOMEHTBI MHEPIIUU CEYEHUS U OCU Ha3bIBAIOTCS TJIaBHBIMU ?
8. Kakre MOMEHTBI HHEPLIMKM CEYEHUS HAa3bIBAIOTCS TJIABHBIMU IIEHTPAIBHBIMU ?

N —

J

SAJAHUSA AJIAA HPAKTHYECKOI'O 3AHATUA
3AJJAYA. [Ins MmIOCKOr0 CHUMMETPUYHOTO CEUCHHS COCTaBJICHHOTO W3 Tpoduiei
CTaHJApTHOTO MPOKATa OMPENETUTh TTIaBHbIE IEHTPAIbHBIE MOMEHTHI MHEPITUU

HaHHBIe CBOCTO BapHaHTa B34ATh U3 Ta6J'II/II_[BI

a) 0)

CxeMBbl K 3aJ1aue




TabOnuiia

Nenmyraspa | 30 | 20 | 18 | 22 | 27 | Ne msenaepa E}:’;“’&
0 oL | 02 | 03| 04 | 05 12 140x10

o & 06 | 07 | 08 | 09 | 10 14 150x12

z 8 11 | 12| 13| 14 | 15 20 160x12

§ 2 16 | 17 | 18 | 19 | 20 22 160x10

2 E 21 | 22 | 23 | 24 | 25 24 150x10
- 26 | 27 | 28 | 29 | 30 30 300x16

= 31 | 32 | 33| 34 | 35 16 420%20

IMPUMEP PEHIEHUA

3AJAYA. [Ins mIocKOro CUMMETPUYHOTO CEYEHHUs COCTaBJICHHOTO U3 mpoduieil cTaH-

JAPTHOTO MPOKATa OMPEACIIUTh TJIaBHbIC IEHTPAIbHBIC MOMEHTHI HHEPIIUH

JHAHO: nonoca 120x10 ('OCT 103-76);

ayTaBp Ne 12 (TOCT 8239-89); mBemaep Ne 14 (FOCT 8240-89);

nenTp tsaxectu cedenus: C (0; 8).

HAWTU: Jy; J,.

PEIIEHMUE I1I:

1) TIpoBecTH 1eHTpaIbHBIE OCH IMTPOCTHIX CCUCHUH.

2) BoimuceiBaem u3 tadauiy 'OCTa u onpeensieM HEeHTpaabHble MOMEHTBI HHEPIUU IS
MPOCTHIX CEUCHHIA:

[onoca 120x10; 4,=12 cm?; C; (0;0,5);

Jaa=b-h%/12=12-1%/12=1 em*; J,;=b%-h=12%-1/12=144 cm".

JByTaBp Ne 12; 4, =14,7 cm 2., (0; 7); Jx2=350 cm*: Jy2=27,9 cm?.

[senmep Ne 14; A3=15,6 cm; C3 (0; 14,67); Jx3=45,4 cm”; J,3=491 cm’

3) OmpenersieM pacCTOSIHUS MEXKIY TJIAaBHOW IEHTPAIbHOW OCBIO CIOKHOTO CCUCHHS U
IICHTPAIBHBIMHU OCSIMU TTPOCTHIX CEUCHUH:

a1=yc-y1|=8-0,5=7,5 cm; ar=|yc-y2|=8-7=1 cm;

az=|yc-y3|=18-14,67|=6,67 cm.

4) OmnpejenseM TJaBHBIN [EHTPAJIbHBIE MOMEHT HWHEPIUH CJOXHOTO CCUCHHsI OTHOCH-
TEJIBLHO OCH ) 0 (hopMyIie:

Jy =3, =dy1+Jyp+3,3=144+27,9+491=662,9 cm*.

5) OmpenensieM TIaBHBIA [EHTPATBHBI MOMEHT HHEPIIMH CIOKHOTO CEUEHUS OTHOCH-

TEJIBHO OCH X 10 (popMyIie:
Jee=Y (Ixitai’ 4)=(Jxa+ar’ A1)+ s+ ar’ 42)+(Ixa+as’ 4s);
Jxc=(1+7,5%-12)+(350+1°-14,7)+(45,4+6,672-15,6)=1780,1 cm”.

OTBET: Jnax= Jxc=1780,1 cm*; Inin= J,=662,9 cm*.



IIPAKTHUYECKOE 3AHSTHUE Ne 13.

BBIIIOJTHEHUE PACYETOB HA ITPOYHOCTDB U ’XKECTKOCTDb IIPHU KPY-
YEHUUNU. PEHIEHUE 3AJIAY HA IIOCTPOEHHME SITIOP KPYTSALHIUX MO-
MEHTOB, YI'JIOB 3AKPYUUBAHMU /.

[enb: 3akperyieHne TeopeTuUecKux 3Hanuil no reme «KpyueHnue» u npuodbpeTeHue mpak-

TUYECKUX YMEHHUH B MPOBEJCHUH MPOSKTUPOBOUHBIX U TPOBEPOUYHBIX PACUETOB KPYTJIOTO
Opyca JyIsl CTAaTUYECKH ONPEICTUMBIX CUCTEM.

3ananue. K cragpHOMYy OpycCy KpYIJIOrO MOMEPEYHOIO CEUEHHUS MPUIIOKEHBI YEThIPE KPY-
Tamux MoMeHTa My, My, M3, X, Tpu U3 KOTOPBIX U3BECTHBI.

Tpebyercs:

1. [TocTpouTs 3MI0pY KPYTAIIUX MOMEHTOB 10 JJIMHE Bajia JJisl PEIJI0KEHHON
B 3aJJaHUH CXEMEI.

2. BriOpaTh panmoHaibHOE PacioyiOKEHUE KOJIEC Ha Bajly U TalibHEHIIIne pac-
YEThI MPOBOUTH JIJIs1 BaJla ¢ PAllMOHAIBHO PACIIOJIOKEHHBIMU ITKUBAMH.

3. Ornpenenuth NOTpeOHBIC TUAMETPHI Bajla KPYIJIOTO CEYSHUS U3 pacueTa Ha
MIPOYHOCTD U KECTKOCTh U BHIOpPATh HAUOOJIbIIIEE U3 MTOTYUYCHHBIX 3HAUCHUHN, OKPYTIIUB
BEJIMYUHY JAUaMeTpa.

4. CpaBHHTH 3aTpaThl METaJUIA JIs CIIydasi KPYrioro 1 KoJiblieBoro ceueHuit. Cpas-
HEHHUE MPOBECTH IO IJIONIAISM MTONIEPEYHBIX CEUSHUN BAJIOB.

[Tnomanu BasoB paccuuTaTh B HaUOOJIee HArPYKEHHOM CEUCHHH (110 MaKCHUMaJl b-
HOMY KPYTSIIIEMy MOMEHTY Ha 3MIOPE MOMEHTOB)

Homep | Cxema Pa3zmep, m Mowment, kHMm
(7] MITa
CTpPOKH | 1o puc. 3 | @ B c | Mi| My | Ms
01 1 08|04 (10|20]| 16 | 1,0 35
02 2 06|05 |05(18 | 1,7 | 12 40
03 3 04107 (071 17] 09 | 0,7 50
04 4 0604 06]15]|08 | 15 45
05 S 05/108 (04| 13| 20| 14 60
06 6 07 10 (08| 10| 1,7 | 2,0 40
07 7 10(0,7 10|16 | 15 | 1,6 35
08 8 04106 |05]14] 16 | 18 70
09 9 0704 06|15| 08 | 09 80
10 10 05{05(04|09]| 10 | 15 60
1 cxema 2 cxema
p Y g% M A Hr Vi W i ML
., 1] B, 1 M 7 o .
N N N 7 N N\ N
a | 6.1 ¢ _____qj a | 6] a_| c




4 cxema

3 cxema
4 //’/I //’/é’ //”3 74 4 I'”' IMZ //”3 X
Z - . : X =S 9_ = ] | =
2 —1 =f
% \ X \ \| \ \ \
| @ a1l & 1.2 ¢l ¢ | a | &
el P | s R
5 cxema 6 cxema
A___aMr M M X, g M M X
) R i T : a N TRy oy =
\ \ N ¢ ‘\; \\ Y
/1
____Q_,q‘_f_:C a,_, ",_0% ¢ a~‘gf
7 cxema 8 cxema
4 //’// My M 2K A //1// //”Z //1/3 £ X
2 { { /] I
A A \ L ) i
Z J\ < A LY j Y
a |l b e l.a | |_a.l ¢ ‘('7‘60
9 cxema 10 cxema
Z //”f {’% fM-’ X 4 M Me g Mz X
é_-+_.\ . . e o A (T |
7
— N ¢ X 4 X
rl:a - a1 . C_. | a 4 45=‘0;

IIpumepsl pacueToB HA KPyYeHHe

[Tpumep 1. Onpenenuts U3 pacueTa Ha MPOYHOCTH JIOMYCKAEMOE 3HaUeHUE M, eciu

[T] =45 MITa, d=10cm.

AL 20 4 A
AT
VIV,

A4 Y
o Bt o i it o
| T
FITTITLA. - Po/ad i
3!4 [ET [ 7;4
el ES

Pewenue.
1. Onpenenenne peakuuii onop. 3agaya SIBISIETCA CTATUYECKU HEOIPEICINMOM,
I0STOMY B IONOJHEHHE K yPABHCHHIO CTATHKH L s = U Mg- Mup+ 3M - 4M = 0, Heo6-

XOJUMO COCTaBUTh YPABHECHUE MEPEMEIICHUN Ppa =" ,



MB-4a_4M-3a+2M-2a+M-a_
3 H e .

F F F F

0

Pra=

otkyna Mp = (7/4) M, a u3 ypaBueHus cratuku M, = (3/4) M. Jlanee ctpoum 3I1r0-
py My, u3 KoTopo# onpenensieM My max = (9/4) M.
2. Onpenenenue I0MyCTUMOTO 3HAYEHUSI MOMeHTa M.

13 yCIOBHS IIPOYHOCTH UMEEM  max — M o W= (3T DM W g (7]

a3 - &
[M]= (4190 [T] = (4/9)0,2-107 107 .45.10° = 4

OTKyZa kHwMm.

IIpumep 2. ITocTponTs 3mI0py KpyTAIINX MOMEHTOB M7.

M,=20 M,=5 M, =10 xH-m
P N 7N
N L/ ¢ A il B
T Ix .' .|'| ] } ) 1
o Rk a3 Bl 1
S b : ¢ :
| | i |
5| 5, { |
TR L
6) L ;:"MZ':A, xH'Mm

15 15

Pewenue:
1) ITlpoBoauM OCb.

2) CrepxeHb UMEET TPU y4yacTKa 3arpykeHus. /lemaem cedyeHus B Hayalle U KOHIE
KaXXJ0TO0 y4acTKa, OTOpachIBaeM MKECTKYIO 3aJeNKy U omnpenaensieM Mz, [lomydennsie no-
JIOKUTEIbHBIC 3HAUEHUSI OTKJIAJbIBAEM, HAIPUMED, BBEPX, OTPHUIIATEIbHBIE — BHU3 U CO-
eJIMHsIEM MPSIMOM JTUHUEH (CM. pHC.):

M(le = —Ml = —1':'3-2‘&'4', M_%zj =—M1 =_1|:]3{'H'r¢;
MY =M -My=-10-5=-15Hr; M5 =-15xHx;
MO = M — M, + My = 15420 = 5cH, MY = SeHu

3) CtaBuM 3HaK, SMIOPY MITPUXYEM U 0003HAYAEM.

4) IIpoBepka SMIOPBI: K CTEPKHIO HE MPHIIOKEHBI paclpeaesieHHble HArpy3KH, Mo-
ATOMY Ha JIMIOPE HET HAKIOHHBIX NpsMbIX. B ceyennn (1) mpunoxkena mapa cun M; = 10
= Ha 3II0pe UMEEM CKayokK, paBHbIM 10; Ha rpaHulle NEPBOro U BTOPOrO ydyacTKa MpHU-
JoKeHa mapa cuin M, =5 = Ha smiope ckadyok 15 — 10 = 5; Ha rpaHuiie BTOPOro U TpeThe-
ro ydacTKa mpujiokeHa napa cwit M3 = 20 = Ha smrope moiyauics ckadok 15 + 5 = 20.

Ipumep 3. Ha Ban, nenaromuii N = 100 06/mMuH, nepegaercs yepe3 BeAyLIUN IIKUB
MoitHocTh Ug = 10 kBT. C nByX BeIOMBIX MIKMBOB CHUMAaKOTCA MomHocTH U; = 6 kBT u
U, = 4 kBt (cM. puc.) [Toctpouts 31mopy KpyTAimux MOMEHTOB 7 JIJIsl 3TOTO BaJa.
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Pewenue.

OHpeI[eJISIIOTCSI BCIIMYMHBI BHCOIHUX CKPYYMBAIOMIMX MOMCHTOB IIO q)OpMyJIe
30570

a= 2
i)
ALY BTt .
314100
30570
= A e sy
1= 334 100 "
514100

Ban paszOuBaercss Ha JBa y4acTka, TpaHUIIAMH KOTOPBIX SIBIISIIOTCS CEUYEHHS, TJIE
PWJIOXKEHBI BHEITHUE MOMEHTHI. [IpuMeHsist MeTo1 cedeHuil Ha IEPBOM U BTOPOM y4acT-
Kax, ¥ TOJB3YSACh YKa3aHHBIM BBIIIE MPABUIIOM IS pacyeTa KpyTAIero MoMenra 7, mo-
JTy4YuM

T1:M0:974 HM; T2 :Mo—Ml =974 — 584 = 390 Hwm.
Dnropa KpyTAIMX MOMEHTOB MPEICTaBICHA HA PUCYHKE.

IIpumep 4. JIis Bana, Moka3aHHOTO HAa PHUCYHKE, CIUIOIIHOTO KPYTJIOT'O IOTepey-

HOTO CEUCHUsI HAaTH HEOOXOMMBIEC JUAMETPhI IO ydyacTKaM. MaTepuai Bajga — cTajlb, MO-
4

nynb casura G = 8-10" MIla, pacdetHoe compoTtuieHue Ha cpe3 Ry = 30 MIla, nomyc-

KaeMBbIil yroJI 3aKpy4JruBaHUS B = 0.3TmRT M

My My by

u.;_”/ﬂ/B f
SR

12w

Pewienue.

[Ipexxae Bcero CTpOUTCS SIIOpa KPYTAIMIMX MOMEHTOB. 3HAUCHUS KPYTAIIHX MO-
MEHTOB 110 YYaCTKaM CJICAYIOLIHE:

T =-M, = —0,3 KHM;



T, = My — M, = -0,9 xHwm;
T3 =My — M + My = 1,5 xkHwm.
Janee Npou3BOAUTCA pacuyeT JMAMETPOB 110 y4aCTKaM Baja U3 yCIIOBHS IIPOYHOCTH,

[5T

dnp =3 R_

T.€. C HCIOJIb30BaHUEM (DOPMYJIBI :
50,3

di =3 — 0.03684
R ETRTE
500

doe = 31297 005313
R PTRTE

515
do =32 06T
A ETRTE

3aTem PaCCUNTBIBAIOTCA AUAaMETPHI 110 Y4aCTKaM BaJia U3 YCJIIOBUSA KECTKOCTH, T.C. C

10T 120
I e T
MCIIOIBb30BaHUEM (DOPMYIIBI ad
10-03-120
d _g| A g
LA = e 107 033,14

10-05 120
d Sl 00686
L= 4l 107 .0,3.3,14
10-1,5 120
g = =00773
e = Ale 10703314

B kauecTBe OKOHYATENBHBIX CIEAYET BHIOpATh 3HAUCHUS JTUAMETPOB, PACCUUTAH-
HBIC M3 YCIIOBHS KECTKOCTU. TakuMm o0pa3oM, OKOHUATENIbHBIE pa3Mephl JUaMETPOB BaJia
TakoBEL: 01 = 52 MM, dy = 69 MM, d3 = 78 mMm.
KoHTpobHBIE BOTIPOCHI.
Kaxkue nedopmaiirivi BOSHUKAIOT MPU KPYUESHHUH ?
Kaxkue runoressl BRIIOMHAIOTCS Tpu iepopmaiuu KpyueHus?
Kakue BC® Bo3HUMKAIOT NpU KPyYEHUU ?
Yro Takoe palMoHaIbHOE PACIIONIOKEHUE KOIEC HA BTy ?
Kak pacnpenensieTcs kacateabHOE HANPSHKEHUE TIPU KPYyUEHUU ?
Kaxkas cBsi3b MeXIy yIiioM CIIBUTa U yTJIOM 3aKpyUHUBaHUS ?

okowdE

IHNPAKTHYECKOE 3AHATHUE Ne 14.
PEINIEHME 3AJAY HA IIOCTPOEHMUME JITIOP ITIOITEPEYHBIX CHJI 1
N3I'bAIOIINX MOMEHTOB

3agaua

Jis nByxonopHoi 6anku (pucyHkd 5.1 — 5.10) mocTpouTh 3MIOPHI U3THOAIIHAX
MOMEHTOB U MOMEpPeYHbIX CHJI, TOA00paTh CEYCHNE CTAIBHOrO JABYTaBpa. Pacuer mpo-
BECTH 110 JIOMYCKAaeMbIM HampsiKeHUsM, puHsaB [¢] = 160 MIla. /lanHbie nis 3ajauu cBo-
€ro BapuaHTa B3STh U3 TAOIHUIIEI 6.

Tabnuia
Andasut 1 2 3 4 9) 6 /

Cxema Fi, xH F,, KH | M, kHm a, M B, M c, M




AKOD 1 30 40 20 2,0 6,0 2,0
BJIX 2 40 50 40 4:0 4,0 2,0
BMI] 3 50 40 30 5,0 3,0 2,0
I'HY 4 60 30 25 2,0 3,0 5.0
JIOII 5 45 25 35 3,0 3,0 4,0
EIIII] 6 35 40 45 1,0 4,0 5,0
EPBI 7 25 35 15 2,0 5,0 3,0
KCO 8 20 60 50 1,0 6,0 3,0
3THO 9 15 35 20 4,0 3,0 3,0
nvsi 10 40 30 15 1,5 4,5 4,0
2
M
M R F,
AA B
Ay BL,
a b C | |
|
Pucynku 5.1, 5.2 — 3aganus k 3agaue
4
M M
Fl Fl ?
&A . B A 3 B/\
a b c \ a b < l
] | |
6
M M
_ .
A B A B




F] Fz

O

M M
F T, F;

B /Y %A B%

a b c a b
[

Pucynku 5.1 — 5.10 — 3ayanus k 3agade

INPAKTHYECKOE 3AHATHE Ne 15.
BBIIIOJTHEHUE PACYETOB HA ITPOYHOCTD IIPU U3I'NBE

[lenb: 3aKkperyieHue TEOPETUYECKUX 3HaHMM 1o Teme «M3rud» m mpuoOpeTeHue npakTu-
YECKMX YMEHHI B MOCTPOECHUU S0P, B MPOBEAECHNUN MPOEKTUPOBOYHBIX U IIPOBEPOUHBIX
pacyeToB Ha MPOYHOCTb.

3aganue 1. [lyis ogHOONOpHOM Oasiku, HATPYKEHHOM COCPEOTOUYCHHBIMU CHJIAMH U T1a-
pOIi CHJI ¢ MOMEHTOM M, TIOCTPOUTH SIMIOPHI TOTIEPEYHBIX CHJI U U3TUOAIOIINX MOMEHTOB.
HaiiTn MakcuManbHBIM U3rHOAIONTIMNA MOMEHT U M3 YCIIOBHS MPOYHOCTH MMO00paTh IOIIe-
pedHoe cedeHue sl OaniKu B BUJIE IByTaBpa U MPSIMOYTOJIbHUKA C COOTHOIIEHHUEM CTOPOH
h = 26. Matepuan — crainb, gomyckaemoe Hampsbkenrne 160 MIla. Paccuunrats 1urornaan
MOTIEPEYHBIX CEYCHHH U ClIeNIaTh BBIBOJI O 1€JIECO00PAa3HOCTH MPUMEHEHUS CEUCHUSI.
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Hapamerp Bapuant

1 2 3 4 5 6 7 8 9 10
Fi,xH 10 12 14 16 18 10 22 4 26 28
F,, kH 4.4 4,8 7,8 8,4 12 12,8 17 18 22,8 24
m, k « Hm 8 7 6 5 4 8 7 6 5 4
a, M 0,2 0,2 0,3 03 0,4 0,4 0,5 0,5 0,6 0,6

3apanme 2. JIns 1ByX ONOpHOW Oanku, Harpy>KEHHOM COCPEJOTOYEHHBIMU CUIIAMHU
Y IIApOM CWJI ¢ MOMEHTOM, OINPEAEIUTh PeakuMu B onopax. HallTh MakcuManbHBINA U3TH-
OaronMii MOMEHT U, UCIOJIb3Ysl YCIOBUE MPOYHOCTH, MOA00paTh HEOOXOIUMBIE pa3Mephbl
MOMEePEeYHBIX ceueHnl. MaTepuan — cTanb, Jolyckaemoe Hanpsbkenue uruda 160 Mlla.
Ceuenue — mBeep.

e
Lol ga -

[TapameTp Bapuant

1 2 3 4 5 6 7 8 9 10
F\, xH 10 11 12 13 14 15 16 17 18 19
Fa,kH 4,4 4,8 7,8 8,4 12 12,8 17 18 22,8 24
T, KH-M 3 4 5 6 7 7 6 5 4 3
a, M 0,2 0,2 0,3 03 0,4 0,4 0,5 0,5 0,6 0,6

3ananme 3. [ n1300paK€HHBIX OATIOK MTOCTPOUTH AMIOPHI MOTIEPEYHBIX CHIT U U3-
rudaromux MoMeHTOB. CeueHue 0anoK — CIIBOCHHBIN JIBYTaBp. MaTepuasl — CTab, J10-
myckaeMoe Hanpspkenne n3ruda 160 Mlla. Ilposeputs mpouHocTh 6anok. B ciygae, ecnu
IIPOYHOCTH HE 00ecCIIeueHa, MmoJ00paTh CEUeHHE OOJIBIIETO pa3Mepa.

B BapuanTax 1-5 ucnons3zoBan npytaBp Ne 20.

B BapuanTtax 6-10 — nByTtaBp Ne 30.



Iapanmerp Bapuant
1 2 3 4 5 6 7 8 9 10
m, kH-m 15 17 19 20 21 23 24 25 26 28
F, kH 60 65 70 75 80 85 90 95 100 105
g, kH/m 4 5 6 7 8 9 10 11 12 13
o, M 0,5 0,6 0,8 0,9 1 1 11 0,9 0,6 0,8
b, m 15 1,6 1,8 1,9 2 1 2,3 2,1 2,5 2,3
c, M 15 1,7 1,9 2 2,1 1,8 2,7 2,5 2,6 2,4
\o’mz St eleet - 2 ¥ =i i = <’l*l
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IIpumepsl pacyera Gajku padoraroineii Ha U3rud
[Tpumep 1. Jlns 3aganHo# OaNKyd MOCTPOUTH MIOPHI OT CUJIbl Q 1 OT MomMeHTa M.
Hano: 1;=3,8 m; 1,=3,6 m; I:=1,4 m, F=3,8q; M=12,96q

F, q
£ e
,qjga ¢y ¢ T
Al 2 F iz i
1 F
374q %a Mgl
f;-g qgﬁq’llll[&ll”l
M 2 1460
17 10d4q
an M
FoHh




Pewenue.
Haxonum peakuuu onop

v —M+F-£1+q£‘3[%3+ £1+.€2J—Rﬂ(fl+£’2+£‘3): 0
u=

-M+F 2 +gé, E—3+£’1+£2
2 _ —12,96g+387-3,86+1,49(0,7+38+3,6)

R = =14
5 (2, +4,+45) 38+3,6+14 &
M, =0 M+F-{3‘3+£2]+q£3%3—ﬁﬂ[£1+£2+£3}=[}
£ g-14°

MAF (48, 4qf 2 12964+38(14+3 6+
Ry= 2 - 2 -374
4= = =3.74q

£ 48+, 3.8+32,6+14

IIpoBepka
T¥=0

Ry—F-14g+R5z=0
374 - 3,37 —14g +146g =0

0=0

PeaKHI/II/I o110p HaﬁHGHLI IMpaBUJIBHO.

Paccmotpum cedenue 1-1:
0=z, =38m

Ofz,)= R, =374¢

Mz, )= R, z, = 3744z,

Mz, =0)=0

Mz, =38)= 374 - 28=1421g
Paccmotpum ceuenue 2-2:

0=z, =356m

Qfz,)=374g - 3,89 =-0,06g
Mz,)=374¢{38+2,)- 38y 2, - M =1,25¢ - 0,06¢ - z,
Mz, =0)=125¢

Mz, =36)=125¢-006g 3,6 =104g
Paccmotpum ceuenue 3-3:

0=z 1,4

Ofz:) = -146q +qz5

Ofz; =0)=-146¢

Ofz; =1.4)=-146g +14g = —0,06¢

2
Mlzs)=146g 25— @
Mizy=0)=0

1.4%
Mzy=14)=146¢ 14— = 1,044



[Tpumep 2.J1ns 3amaHHON OAKU TTIOCTPOUTH IMIOPHI OT CUiIbl Q ¥ OT MoMeHTa M
Hano: 11=2 m; 1,=3,4 m; 15=2 M, F=2q; M=11,56q

E‘ql ,_-:'r 3 2 Iqu;]ll.?‘ i Ji F‘E
I
‘éil T < ¢ e&iﬂ :
A {1 e VY 2 1/ ; Z,
383 S
1 .IL'{mIIE
171" =
o 2z % FE
i C{i‘?r:,r””@llll 2 7
1193 g i
468
0,34 gy g 8
:mmp,ﬁﬂﬂﬁq 1T | 1
ki ,
=3
Pewenue.

HaXO}II/IM pC€akunu Oo11op

M+F£3+q-€1[%+€2+£3]_£ﬂ[31+32 +-€3}= D

ZMB:D
£
M+F-£3+q£’1[—3+£‘2+£3j
o 7 _115&;+&;2+2qﬁ+14+2}_3gﬂ
4 (8, + 25+ 45) 243442 ’
!
M, =0 —M+F-I[f.’1+32}+q£131—RB{£1+£’2+£3}:D
£ g - 2°
—MAF e 48 g —1156g +29(24+ 54 )+
Rg= 2 - 2017
B= = =0.17¢
Li+8a+84 2+34+2
[IpoBepka
TY=0

Ry—F—2q+Ry=0
2Eig—Z2g—2g+017g=10

0=0
Peakuuu onop HaliIeHbI IPABUIIBHO.
Paccmotpum cedenue 1-1:

0=z, = 2a

Q(Zl)z —Ry=-017g

Mz =R, z, =017gz,

Mz, =0)=0

Mz, = 2ae)= 017 2 =0,34q
Paccmotpum ceuenue 2-2:



0=z, =35 da

Olz,)=—Ry+F =-017g+29 =183
Mz,)=017g(2+2,)- 2 2, + M =11,9¢ - 1,837 - z,
Mz, =0)=119

Mz, =34)=11,9¢-1,83¢ 34 = 5, 68¢
Paccmotpum ceuenue 3-3:

0= zq =2

Ofz) = 3,835 — qz4

Ofz, = 0)=333¢

Ofz, = 2)=383¢ — 29 = 1,33¢

2
Mlzs)=333g 25— %
Mz =0)=0

22
Mz, = 2a) =383 2 5e= 5,63

Pemnenmne:

Ny =24 2ok |

[Tpumep 3.J/1ano: 1=2.4m; F=12xH; q=10xH/m; M=6xHwm.

o=/

i
,/_' g=T0kH/ M

>7 24M M é: S AIM

8 kH

M kH*m

D 0~ — P—
A/"
iz
U5 -
AN O
1275
A YD AN A
L LU LEL
A o Mh 72
S 17
l (. J \‘ iy =
| R4
=
2
s [
( :3:{ “_;‘)‘ 43 21
O\ ~-J I 1/
W & 2
nln h::\vz ) g
-t 115
i 5
| — = — .
1m95% T M
O=1CM 12,




Cxema HarpyxeHus 0Ky MpejcTaBieHa Ha pucyHke. OnpeneauM ONopHbIE peaKiui,
3anKchbiBas ypaBHEHUS MOMEHTOB BCEX CHJI, IPUIIOKEHHBIX K OaKe, OTHOCUTEIBHO TOUYEK

A u B.
> Ms=0 q-2412+q1,2.54+F - 2,4-M -R,-43=0
g:241,2+g-12-54+F-2,4- M

Ry = =24.25xH

43

S Mz=0 g-2436-g1206+F 24+M-R,-48=0

_g2436-91206+F 24+
43

R, =2375xH

Mpoeepka: > P, =0 R,-F+R,-g-24-g-1,2=0
[TomoxxuTenbHbIE 3HAKUA OMIOPHBIX PEAKLIUN CBUIETEIBCTBYIOT O TOM, UTO MPEAIIOIAraeMOe
HaIpaBJIEHHE COOTBETCTBYET UCTUHHOMY. Bo3bMeM Ha Oasike XapakTepHbIE CEUCHUS U
BBIUKMCJIUM B HUX BeJIMYUHBI Q 1 M.
Ornpenenenne 3HAYECHUI TONEPEYHON CUIIBI B XapaKTEPHBIX CEUCHUSX.

O, = R, =2375xH

O,,=R,—q-24=-025xH

O=0Cuy =R, —g 2.4-F=-1225xkH

O =qg12=12xH

Dys =0

24

Ilo HaﬁIIGHHBIM SHAYCHUAM IIOIMMCPCUYHBIX CUJII IIOCTPOCHA IITHOPa Q

OHpeIIeHeHI/Ie BCIIMUHNH I/I3FI/I6aI'OH_II/IX MOMCHTOB B XapaKTCPHbIX CCUCHUAX.
M, =-M =-6xFHn

M, ,=M,, =-M+R, -24-3-24-1.2 =22 2xHu
Mo =M, =-g-12-06=-72xHu

Mg =0

ITo HalieHHBIM 3HAYEHUSIM MOMEHTOB CTPOHM JIIIOPY U3rHOAIMMUX MOMEHTOB M.

13 SIEOpBI H3rHOAIONINX MOMEHTOB HAXO[MM ONACHOE CeueHme e = 22.203xF

o = j;;’" < [z]
N3 ycnoBus npodyHOCTH &
[c]=—= 20 _ 50817
16

Haiinmem HEOOXO MBI MOMEHT COITPOTHURIICHUS CCUCHHUS

W, > _ﬁ_ i 203 22,203 107 06 _ 148 020"
ITo copramenty (I'OCT 8239-72) npunumaem asytaBp Ne 20 ¢ Wx = 184 cm3
5, =104an*; 1, =1840cx"; [¢]=0.6[c]=90MiTa
OmnacHoe ceuenue B Touke, rae M=22.2xkHm, Q=12.25kH.
Onpenenum MaKCHMAJILHbIE, HOPMATbHbIE HATPKCHUS

= Lmax_ —_119 56 MiTa< [o]=150 Mila



KonTpoJsibHBIE BONIPOCHI.
1.Kako# n3ru6 Ha3bpIBarOT IPSIMbIM?
2.Kakue cuoBble (PakTOpbl BOSHUKAIOT B CEYEHUH OANKU MPU YUCTOM U3rude?
3.Kakue cunoBbie (pakTOpbl BO3SHUKAIOT B CEYEHUH OaJIKU MPU NONEPEYHOM U3rude?
4.B 4yeM 3aKIII04aeTcsl MpaBUiIO KOHTPOJIS 310p?
5.Kak onpenenanTs nojaoKeHue 3JKCTPEMaIbHOr0 3HaYEHUS! U3TM0AI0OIEro MOMEHTA IpH
JEUCTBUU pacTpeIeIeHHOW Harpy3Ky Ha y4acTKe Oanku?
6.B dem 3axirogyaeTcsi yciaoBUe MPOYHOCTU MPU U3rHode?

HNPAKTHYECKOE 3AHATHE Ne 16.

PEHIEHUE 3AJIAY ITIO PACYETY BAJIA HTWINHIAPUYECKOI'O KOCO3Y-
BOT'O PEAYKTOPA HA COBMECTHYIO JE®OPMAIINIO U3I'UBA U KPY-
YEHUA

Lenb 3ansTus: OnpeaeJuTh THAMETP Bajia, HCMOJb3Ys THIOTE3bl MPOYHOCTH

Ilocnedosamenvrocmsb peulenus 3a0a4u.:

1) ucnosib3ysi MPUHIIUI HE3aBUCUMOCTH JEUCTBUS CHJI, COCTABUTh PACUETHBIE CXEMBI Bajia
B BEPTHUKAJIbHON U TOPU3OHTAIIBHOM MIOCKOCTSIX;

2) ompejiensieM peakiuy MOAIIMITHUKOB B TOPU30HTAIBHOW M BEPTUKAITBHOM TIOCKOCTSIX;

3) Ba; pa3nenuTh Ha YYaCTKU, TPAHUIIAMHU KOTOPBIX SIBJISIOTCS CEUCHUS, B KOTOPBIX MPU-
JI0’KEHBI: COCPEIOTOYCHHBIC CUJTBI, COCPEIOTOYCHHBIE MOMEHTHI. Takue ceueHus Ha3bl-
BaKOTCS XApPaKmMepHvIMU,

4) mpuUMeHsISl METO/I CEUEHUM, BEIYUCIIUTh 3HAUCHUSI U3THOAIONMX MOMEHTOB B XapaKTep-
HBbIX CEUCHUSX B TOPU30HTAJIBbHON U BEPTUKAIBHOM IJIOCKOCTAX, TOCTPOUTH IMIOPHI U3-
ru0aroMX MOMEHTOB B TUIOCKOCTSIX 0 OTAEIbHOCTH;

5) npuMeHssi METOJl CEUCHUM, OINpenesieM NEHUCTBYIOIMIMKA Ha Bally KPYTSIIUNA MOMEHT,
CTPOUM €TO IIOPY;

6) sl XapaKTEpHBIX TOYEK OINPENEIsieM SKBUBAJICHTHbIE MOMEHTBI, UCIIOJIb3Ysl TUIIOTE3bI
IPOYHOCTH;

7) U3 yCIOBHUS MPOYHOCTH OMPEACITUTh MOMEHTBI COMPOTUBJICHUM CEYECHUM Baja;

8) ompenensieM quaMeTphl CTYIeHEN Baja.

Konmponvuvle éonpocwt 0na cmyoenmos:

1) Uem xapakTepusyercs M Kak H300pakacTcsl HAPsHKEHHOE COCTOSTHUE B TOYKE?

2) Kakue HanpskeHus: Ha3bIBalOTCS IJIaBHBIMU?

3) Ilepeuncnute BUABI HANPSKEHHBIX COCTOSTHUM.

4) Yem xapakrepusyercs 1e(OpMUPOBAHHOE COCTOSTHUE B TOUKE?

5) Uto Takoe SKBUBAJICHTHOE HaNpsiKeHue?

6) [losicHuTe Ha3HaYEHHE TUIIOTE3 IPOYHOCTH.

7) Kakoe HanpsoKeHHOE COCTOSIHAE BO3HHUKACT B TIONIEPSUYHOM CCUCHUU Bajla MPU COBMECT-
HOM JI€MCTBUM U3ruda U KpydeHus?

8) Hanuiure ycioBre NPOYHOCTH JJIs pacyueTa Baja.

9) Hanumure GopMyisl aid pacuera 3KBUBAJICHTHOTO MOMEHTA IIPU pacyeTe Mo TUIoTe3e
MAaKCHUMAJIbHBIX KacaTelIbHbIX HAMPSHKEHUH U TUIIOTE3€ SHEPTrUuu (POPMOUZMEHEHHUS.

10) Kak BbIOMpaeTcs onacHOe CeUYeHUe Mpu pacuere Baia?




SAJAHUSA JJISA TIPAKTHYECKOI'O 3AHATHUA Ne 5

3AJAYA. Insg TpaHCMHCCHOHHOTO Baja (puc.), NEPEeAAroIIero MOIHOCTh P npu
YIJI0BOM CKOPOCTH @, HeoOxoaumo: I) Onpenenuts BEpPTUKAIBHYIO M TOPU3OHTAIBHYIO
cocTapisiromne peakuuid noamwnnHukos; II) [ocTpouTs 3miopsl KpyTSIIEro U U3rudaro-
IIMX MOMEHTOB B BEPTUKAJIBbHON M FOPU30HTAIBHON MJIOCKOCTSX; ONPENEIUTh AUaMETPbI
Basia o ceueHusiM, npuHsaB [c]=60 Mlla u F.=0,364F;. Pacuer mpousBecTu, UCHOIb3Ys
runore3sbl NpoyHocTH. Ha Bany ycTaHOBIIEHBI /1Ba KoJjieca, IMaMETphbl KOJEC COOTBETCT-
BeHHO D1; Ds.
JlaHHbIE CBOETO BapuaHTa B3SITh U3 Ta0JI.

Y Frl
Ftl <
- '
-
<
X 3a
//C)(;Ma K [13 Ne 5
"
Tabmumna
o pan/c 60 30 20 15 12 D D p
1 2
a MM 60 70 80 90 100 i <Br

01 02 03 04 05 60 250 3,0
06 07 08 09 10 70 240 4,0
11 12 13 14 15 80 230 5,5
16 17 18 19 20 90 220 7,5
21 22 23 24 25 100 210 11,5
26 27 28 29 30 110 200 15,0
31 32 33 34 35 120 190 18,5

IIpumeuyanue. PacdyeT Ha NPOYHOCTH IPOU3BECTH:

No BapuanTa
U 33]1a41

JUJT YETHBIX BapuaHTOB — o rumnotese [1I; mis HedeTHbIX — o runorese V.

NPUMEP PEHIEHUA
SAHAYA. Jlis TpaHCMUCCUOHHOTO Bajia, MEPEAAIOIIEro MOITHOCTh P MpH YIII0BOM CKO-
poctu w, Heobxoaumo: 1) OnpeaenuTs BEpTUKATHHYIO U TOPU3OHTAIBHYIO COCTABIISIIOINE
peakuuii moqmunHUKOB; [I) [TocTpouTh AMIOpHI KPYTSIIETO W W3TUOAIONIUX MOMEHTOB B
BEPTUKAIBHON U TOPU3OHTAIIBHOM IMIIOCKOCTSIX; OMPENIENUTh TUAMETPHI Bajia MO0 CEUCHUSIM,
npuHsB [6]=60 MIla u F,=0,364F;. Pacuer npoBectu mo runotese I1I.
HAHO: P=4,2 kBt; w=70 pan/c; a=0,1 m; D;=0,1 m; D,=0,06 m. HAWTHU: d
PEIIEHUE I:
1. Onpenensem cuibl, NEUCTBYIONINE HA KOJIECa BaJia:

2P c 2P 2.472 2P 2-4,2

Fti N t1 = = =1,2 kH; th = = =2,0 xH;
@D, oD, 70-01

| wD, 70-0,06
Fr1=0,364F1=0,364-1,2=0,44 xH; F;,=0,364F,=0,364-2,0=0,73 kH.



2. Vicionb3yst MPUHITUNT HE3aBUCHUMOCTH JIEUCTBHS CHJI, COCTABIISIEM PACUETHBIC CXEMBI
Bajla B BEPTUKAJIbHOW U TOPU30HTAIBHOM TIOCKOCTIX (pHC.; a, 0).
3. OnpenenseM peakiuy MOANTATTHAKOB:
ZM}’: Fi1ra-Rp4a+Fi-5a=0;
F,-a+F,-5a 12-01+20-05

R, = = =2,8 xkH;
4a 0,4
ZMyIZ-Ftl'3a+RAX'4a+Ft2'a=O;
R, - Ft1-3a—Ft2-a:1,2-0,3—2,0-0,1=074 .
4a 0,4
R, _Frl a-— Fr2 -ba 044 01 0,73- 05 =-0.8 kH:

g Aa 0,4
F.-33+F,-a_044- 03+073 01_0’5 T
g 4a 0,4

RA

PEINIEHUE I1:
1. Omnpenensiem n3rubaronyie MOMEHTHI B OIAaCHBIX Toukax: Myp=0; M,p=0;
IMn. H: Myc= R4x-a=0,4-0,1=0,04 xH-m; Myp=-F-a=-2,0-0,1=-0,2 kH"Mm;
IMn. V: Myc= R4y a=0,5-0,1=0,05 xH -m; Myp=F2-a=0,73-0,1=0,073 xkH-Mm.
2. OmpenessieM KPyTSAIIUA MOMEHT Ha Baiy (pHC., 8):
Mkp=M3p=M1=|M2|=Ft1'D1/2=|Ft2'D2/2|:1,2'0,1/2:O,06 kH M.
3. OnpezxenﬂeM SKBUBAJICHTHBIC MOMEHTHI B OITACHBIX TOYKax 1o rurotese I11:

M, =/M?% +M? +M? =4/0,05? +0,04” + 0,062 =0,09 xH-u;
M, = /M2, + M2, + M% =1/0,073% +0,2 +0,06% =0,22 xHm;
M, = /M2, + M2, + M2 =07 +0% +0,06% =0,06 xH .

4. OnpexensieM AUaMETPbl Bajia IO CEUYCHUSIM:

6
W= Maue 009-10°_ 550 30 g :s\/?’zwocc :i/?’z 1500 5, 8w
o] 60 7 314
6
W - Mo 0.22:10° 3pcn s, "’ :i/szwm _,[32:3867 33 4 v
o] P 3,14
6
w =M _006-107_ 550 103 g :i/3Z\NocD :i/?’z 1000 1 7w
o] 60 P 3,14

OTBET: Ilpuaumaem dc=25 mm; dg=35 mm; dp=22 MM.
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IHPAKTUYECKOE 3AHATHE Ne 17.
PEIIEHME 3AJIAY HA ONIPEJIEJIEHUE KPUTHUYECKOM CUJIBI JJIS
C)KATOT'O BPYCA BOJIBIIIOA TMBKOCTH

Ilenb paGoThI:

N3yuyenue nporecca mMorepu yCTOUYUBOCTH MPU OCEBOM CIKATUU CTEPKHEN U OIBIT-
HOE ONPEAECIICHUE KPUTUUECKON CUJIBI.

[TockosbKy BEIMYMHA KPUTUYECKOM CHJIIBI 3aBUCUT HE TOJBKO OT pa3MepOB CTEPIKHS,
HO U OT YCJIOBHUM 3aKPEIUICHUS €TI0 Ha OMOPax, MMPOBOJAUTCS CEPUS OIBITOB MPU PA3IMYHbBIX
YCJIOBUSAX 3aKPEIUICHUS] KOHIIOB UCIIBITBIBAEMBIX CTEPKHEM.

Coaep:xkanue padoThI:

IleHTpanbHO CKATBIA CTEPIKEHb MOXKET MPEOBIBATh B JIBYX COCTOSIHUSIX — YCTOWYH-
BOM M He ycToWuuBoM. [Ipu Masioit cxumaromeit cusie, MEHbIIIE HEKOTOPOTOo KPUTHYECKO-
ro 3HaueHus P<P,, CXKaTblil CTEPIKEHb HEUYBCTBUTEIEH K MaJIbiM BO3MyIeHusM. Hesna-
YUTEbHBIC JOTIOJHUTEIIHbHBIC BO3JICUCTBUSI Mall0 OTKJIOHSIOT CTEPXKEHb OT €ro MpsiMo-
YTOJIBHOTO COCTOSIHHS, YTO OTBEYAET YCTOWYMBOMY IOJIOKEHHUIO CHKATOro crepxHs. [lpu
P>P,, npsMoyrosibHas (opma CKaToro CTEpkHs HeycToiunsa. CKOJIb YrOJHO Majbie
Clly4aliHble BO3JICHCTBHsSI BBI30BYT OOJIBIIINE OTKJIOHCHHUS — HEyCTOWYMBas (popmMa paBHO-
Becust. [Ipu 3TOM cTepKeHb UCKPUBIAETCS. TaKoe COCTOSHHE HA3bIBACTCS MPOJOJIbHBIM
H3TrHOOM.

[losiBneHue mpoaoJIbHOrO M3ruda OmacHoO TEeM, YTO MPH HEM MPOUCXOJUT OYEHb
CWJIbHOE HapacTaHWe MpOruOOB MpU MAJOM HApacTaHWU CKUMaromen cuibl. [Iporudsr u
Harpy3Kka CBS3aHbl MEXIy coO0Ol HeMMHEWHON 3aBUCUMOCTHIO. BrICTpoe HapacTtanue mpo-
ru0OB BBI3BIBAET OBICTPOE HapacTaHHE HANPsHKEHHUM OT M3ruda, 4To BENET K pa3pyllie HUIO
cTepkHs. [ TOHKHX (TMOKHUX) CTEepKHEH MOTEeps] YCTOMYMBOCTH YACTO HACTYMAeT IMPHU
CpPaBHUTEIBHO HEOOJNBIINX CKHUMAIONIUX HampspkeHusX. KoandecTBeHHOW Mepoi, ompe-
JEJISIIOIIEN TIEPEXO0] LICHTPAIIBHOT'O CTEP>KHS U3 COCTOSIHUSL YCTOMYMBOTO B HEYCTOMYHUBOE,
OKa3bIBAE€TCSl BEJIMYMHA CKUMaroweld cuibl. [lorpaHuyHOE MEXAYy ABYMS COCTOSHUSIMU
3HAYCHHWE CHUJIbI HA3bIBAETCS KPUTUYECKOW CHIION M o0o3Havaercs P,. Teopernyeckas

dbopMyna 115 onpeieIeHHs] KPUTHYECKOW CUiibl, (popmyna Diepa, UMEeT BUL:
2
_ 7" E-Jnin
K,
o (u)?

rjae i — KodOPHUIUCHT, 3aBUCAIINN OT CII0c00a 3aKpEeIICHUS KOHIIOB CTepKHS (puc. 1);

: (1)
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Puc. 1. BapuanTsl 3akpernieHus: KOHLOB CTEPKHS.

\]min — MUMHUMAJbHBIA OCEBOM MOMEHT HHCPIUH IMOTICPCYHOT'O CCUCHUSA CTCPIKHA,

A — Ge3pa3MepHas BeIMYMHA, Ha3bIBaeMasi THOKOCTHIO CTEPIKHS

a=tl 2)

30CCh imin - MUHUMaJIbHbIN paanyC HHCPLUHUU CCUCHUA CTCPIKHA

L= ‘]min
min F

rac F—HHOHI&,III) IMOIICPCYHOTO CC"ICHHH).

COOTBGTCTBYIOHH/IC HOPMAJIBHBIC HAIIPAKCHUSA HA3bIBAIOTCA KPUTHYCCKUMHA

Py _#*E-dpn _n°E

F o o(u1)>F A2

®opmynamu (1) u (3) MOXKHO TOIB30BATHCS TOJBKO MPU TAKKWX HArpy3Kax, MOKa Ha-
MPSIKEHUS HE TPEBBILIAIOT Mpe/esa NPonopLUUOHaIbHOCTH MaTepuana a,,. Hanpumep, nis
ctanu Mapku Cm.3 6= 200 MIla, E= 2010° MITa. D10 OIpeIeNIsIET PAMKH IPUMEHUMO-
CTHU Teopuu Jumepa:

©)

2 2 2 5
7 -E 7°-E 3,14°.2-10

o, = <o, S>> ~,[— .
o2 ’”’ o 2.10?

ny

Takum oOpazom, ais JaHHOW Mapku cTand, popMyiia Diifiepa OKa3bIBA€TCs MPHUTO/-
HOM TOJBKO TPU TUOKOCTSIX, MPEBBITIAOIIIX Ax =] (0.

[Tpu menpImMX 3HaYeHUAX THOKOCTH (popmyna (3) HempUMEHNMa, TaK KakK MoTeps yc-
TOMYMBOCTH MPOUCXOUT MPHU HANPSHKEHUSX, MPEBOCXOASIIINX MpeIesl IpOornopIUuOHATBHO-
cTu. B 3TuX ciiyyasix mpUMEHSAIOTCA SMIupuueckue (GopMysibl U COOTBETCTBYIOIIUE UM
Tabauuel unu rpapuku. Gopmyna SICMHCKOro AJisl KPUTUUECKOTO HANPSHKEHUS Ipu A < A
UMEET BUJ



PKp
Oup = = =a—bAi. 4)

3neck @ u b - mocrosHHBIE, 3aBUCSIINE OT CBOMCTB Marepuana. B wactHocTH, JUis
Toii e Mapku CT.3 MOXHO MOJIOKUTE: @ =310 MIla, b = 1.1 Mla.

Ha ocHoBanuu dopmynsl (4) npu MajabiX 3HAYCHHUSX A MOKHO BBIUTH Ha KPUTHYE-
CKHE€ HaIpsKEHUs, MPEBBIIAIOIINE TIPEIeSl TeKyUYeCTH o7 MaTepuaia Wil Ipeaes MpoYHo-

cTH mpu cxatin Opg . Ho 9TO Takue HANPSIKEHHS, PEBBIIICHNE KOTOPBIX 03HAYAET BBI-
XOJl U3 CTPOsl CKUMAEMOI'0 AJIIEMEHTA HE MU3-3a NOTEpU YCTOMYUBOCTH, a MPOCTO MO MPHU-
YUHE IUJIACTUYECKOro TEYeHUs WiW paspyulieHus marepuana. K npumepy, npu 4 = 20
dopmyna (3) naet oy, = 228 Mlla, uto BeILIE NpeAeaa TEKyUYECTH MaTepUaa.

Ha puc. 2 nokazan mnojiHbIN TpauK 3aBUCUMOCTH KPUTUUECKUX HAIPSHKEHUM OT
ruokoctu. [lynktupom obOo3HaueHa KpuBas Oujepa, MNOCTpoeHHas Mo ypaBHeHUIO (1)
pu A< Ax. To ecTb, peanbHbIC 3HAUCHUS KPUTHUECKOMN CUJIBI PU ITUX 3HAYEHUSIX THOKO-
CTU CYIIECTBEHHO HIKE T€X, 4To JaeT dhopmysia Dijepa, T.e. OIMMOKa MPU UCTIOJIb30Ba-
HUU MOCJIEAHEN HE TONET B 3amac MPOYHOCTH).

c A \
Crp = pr(l) =a—b-X
Ot A4 / 7 B n v E
? =2
7 e/
Hionss
%%Lm / D
e Yemoiivueocmsy ne Jitnepy
g %
. G
A=40...60 A,=100 I ub'x:e CEpHCHE

Puc. 2. I'paduk 3aBUCUMOCTH KPUTHUECKUX HATIPSHKEHUIH OT THOKOCTH.

OQo0opvaOBaAHNE U MATEPHAJIDI

1. YcraHoBKa IS AEMOHCTPAIIMHN TTPOTOIBHO-TTONIEPEYHOT0 U3rH0a CTePIKHS
oousbiroi ruokoctu TMT 15 (puc. 3);

2. I'py3bi B 1, 3, 5 Kr.



YcranoBka TMT 15 BbINOTHEHA B HACTOJIBHOM HCHOJHEHUH U COCTOUT U3 OCHOBA-
HUA 1 ¢ peryaupyemMpiMu onopaMy 2 U HWIMHAPHUYECKOM cTovikoi 3. Ha croiike ¢ momo-
LIBI0 HIAPHUPOB ONOPHBIX Y3JIOB 4 yCTAHOBIJIEH UCHBITYEMBIN CTEPKEHD 5, KOTOPBIM MOXK-
HO JIONOJIHUTENbHO (PUKCUPOBATH B OMOpPax BUHTAMHU U TaKUM 00Pa30oM U3MEHSTh YCIOBUS
3aKpEIUICHUs, T.€. IEPEXOANUThH OT IIAPHUPHOTO 3aKPEIUICHUS K 3aJIeJIKe. DTO MO3BOJISIET yC-
TAHOBUTH Ha ONBITE BIMUSAHHUE CIIOCOOOB 3aKPEIJICHUS KOHILIOB HA BEJIMYHMHY KPUTHUYECKOH
cuibl. Harpy:xeHue ucnbIThIBAEMOr0 CTEPKHS OCYIIECTBISAETCA yepe3 pbryar 6 u noasec 7
¢ rupsaMHU. JlJIg IIIaBHOTO HAarpy»KeHWs Ha pblyare yCTaHOBJICH NOJABUXHBIN Ipy3 8, U uMe-
€TCs 1IKana ¢ ueHou aenenus /0 H. YCcTaHOBKAa UMEET PETryIMPOBOYHYIO TallKy 9 s BbI-
CTaBJICHHs HArpy>Karollero peiyara 6 B rOpU30HTaJbHOE NOJOkKeHue. Ynop 10 npegna-
3HA4YEH VIS MPEJOXPAHEHUS UCIIBITYEMOrO0 CTEPKHS OT HArPYy30K, MPEBBIIIAIOMINX MPEAEII
TEKy4eCTH MaTepuaia crepxHs. C mOMOIIbI0 NPOTUBOBECOB 11 MpoU3BOAUTCS ypaBHOBE-
IIMBAaHHUE PHIYAXKHOW HATPYKaIOLIEH CUCTEMBI.

11

Puc. 3. Ycranoska TMT-15.

Mepbl 0e30aCHOCTH:

K pabote ¢ ykazaHHOW YCTaHOBKOM OMYCKArOTCS JIMIIA, O3HAKOMIIEHHBIE C €€ yCT-
POICTBOM, IPUHIIUIIOM ACHCTBUSA U MOPSAKOM MPOBEACHUS PAOOTHI.

IloaroroBKa yCTAaHOBKH K padoTe:

1 IToMecTuTh YCTAaHOBKY Ha POBHOW NOPU30HTAJIBHOM ITOBEPXHOCTHU CTOJIA U IIPUBEC-
TH €€ B CTPOTO BEPTUKAIBHOE MOJIOKEHHUE C TIOMOIIBIO PETYIUPOBOYHBIX OIOP.
2. He narpyxasi ycTaHOBKM THpPSIMH M TIOJBMXKHBIM T'PY30M Bpall€HHEM raiku 9 u

poTHBOBECOB 11 0becneynTh rOpU30HTATBHOE PACIIONOKEHHUE phlyara 6, Ipu 3TOM POIUK
12 momkeH KacaTbCs Talku 9.

3. Bpamenuem ynopa 10 BeICTaBUTH 3a30p MEXKAY YIIOPOM U CTAHUHOU 1,5 MMm.

4. VYcTaHOBUTH Tpy3 MOABUKHBIN 8 B HyJIEBOE MOJOKEHHE Ha pelyare 6. IToi omepa-
[MEeH MOJrOTOBKA YCTAHOBKHU K pabOTe 3aKaHYMBACTCHI.

3ajnanue:



Omnpenennuts 3HaYCHHE KPUTUUIECKOW CHIIBI (Beca Ipy3a) MPU HCTIBITAHUH CTEPKHSA C
[IAPHUPHO ONEPTHIMHU KOHI[AMH; OJHUM IIAPHUPHBIM U JAPYTUM 3alleMJICHHBIM KOHIIAMH;
C IByMS 3allleMJICHHBIMU KOHI[AMH.

Ilopsi1oK BBINOJHEHHSI PAGOTHI:

VcipiTanust Ha YCTOWYMBOCTD ISl OMPEACIICHUS] KPUTHUECKOW CHITBI POBOASTCS IS
TpeX Ciy4yaeB 3aKpemienus (puc. 1):

1) cTepkeHb ¢ MIAPHUPHO OMEPTHIMHU KOHIIAMH, 2) CTEP>KEHb C OJHUM IIaPHUPHBIM H
JAPYTUM 3alIeMJICHHBIM KOHIIAMH, 3) CTepP)KeHb C JBYMS 3aIlleMJICHHBIMU KOHIIAMHU.

OnbiT 1. Hcnvimanue Ha yCmouyugocms CMEPHCHS C UWAPHUPHO ONepmbIMU KOHYA-

MU.

OTnycTUTh BUHTBI 00€MX OMOpP, YTO COOTBETCTBYET MIAPHUPHOMY 3aKPEIUICHUIO
CTEpXHs. Y CTAaHOBUTH Ha MOJBEC TUPIO B | KT U MEIJIEHHO MEPEMEIIATh MTOABUKHBIN IPy3
8 W3 HyJNeBoro nojnoxxeHus. [Ipu 3ToM HEOOXOAMMO CIIEUThH 32 COCTOSIHUEM CTEpPXKHS 5.
MoOMEHT Hauaja BbIMYYHMBAHUS CTEPKHS M €CTh HAyajo MOTEpU YCTOMYUMBOCTU CTEPHKHSA
(kpuTHYECKOE COCTOsIHME). BenuumHa Harpy3ku, 3aME@YeHHON B 3TOT MOMEHT, MPEACTaB-
nsieT co00M KPUTHUYECKYIO CHITY, TOJyYEHHYIO Ha ONbITE. DTy CHUIIy TaKK€ MOKHO OIpeje-
JIWTh, YBEJIUUMBAS CXKATHUE JI0 TEX MOP, MOKA CTEPKEHb, OTKIIOHEHHBI OT NMEPBOHAYATIBHO-
ro TIOJIOKEHHMSI JIETKUM Ha)XXaTHEM Maliblia, NIepeCTaHET BO3BPALIAThCs B MEPBOHAYAIBHOE
MOJIOKEHHUE.

Buumanme! /lanvueiiwee — HaepyscenHue  He  Npou3goOUuUmv,  M.K.
NPOOOIdNCeHUE — YBENUUCHUS Hazpy3Ku oasxce 8 He3HAYUmenbHou
cmenenu npuseoem K UHMEHCUBHOMY pocmy npo2ubos
6nIOomMb 00  NOAGNEHUs  Niacmuyeckux  oegopmayuii 8  cmepoicHe
U 8b1X00Y KOHCMPYKYUU U3 CINPOAL.

VYuuThiBas Bec MOJ0KEHHOW TUPH U IMOJIOKEHHUE MOABUKHOIO IPpy3a, HANTH BEIUYU-
HY KPUTHYECKOW CHUJIbI, TOCTUTHYTON NPHU UCHBITAHUM U 3aHECTH €€ B TaOnuIly. Beruuc-
JUTH 3HAYEHHE KPUTUUYECKON CHIIBI 1O opmysie Diliiepa U ONpeeTUTh PACXOXKICHUE Me-
KTy TEOPETUYECKUM M IKCIEPUMEHTAIBHO MOJYy4YeHHBIM 3HadeHHeM. OOBSCHUTH MOIY-
YEHHOE PaCXOKJICHHE.

Onwit 2. Ucnvimanue Ha ycmouyugoCms CMEPHCHA C OOHUM ULAPHUPHBIM U OpYeUM
3aujeMIeHHbIM KOHYAMU.

3aTsHYB BUHT OJIHOM U3 OIOP, MOJYYUM CXEMY 3aKPEIJICHUS CTEPKHS C MIAPHUPOM U
3ajgenkoit. [Ipu aToM ycTaHaBiIMBaeTCsS Ha MOJBEC HAOOp TUPh B 3 KI, U JAalbHEHIIICE Ha-
rPY>KEHHUE HUJIET TAKKE 3a CUET MOJIBUKHOTO Ipy3a.

[ToBTOPUTH NEHCTBUS MPEABIAYIIETO OMBITA M PE3YIbTAThl 3aHECTH B TAOJHILY.

Omnpbit 3. Hcnvimarnue Ha yCmouuugoCms CMeEPHCHS C 08YMsL 3AULeMIeHHbIMU KOHYA-
Mu.

3aTsiHyB BUHTBI 00€MX OIOP, MOJYYUM CXEMY 3aKpeIUIeHUs ¢ ABYMs 3ajenkamu. [lep-
BOHAYAJIBHOE HATPYKEHUE OCYIIECTBISAETCS TUPSIMHU BECOM B 5 KT.

[ToBTOPUTH NEUCTBUS MPEABIIYIIETO OMbITA U PE3YJIbTAThl 3aHECTH B TAOJIUILY.

BrIBOABI

[lo manHbIM TAOMULBI CAENATH BBIBOJA O CIPABEIJIMBOCTU THUIOTE3, MOJOKEHHBIX B
OCHOBY BbIBOJIa (POpMYJIbI Diiniepa, U O CTENEHHU MPUTOJHOCTH ITOU POPMYJIbI IJIs MpaK-
THUYECKHUX PAaCUETOB.



Crnenyer uMeTh B BUJY, YTO MPHU MMOCTAHOBKE OIBITOB HE BCErAa yAaeTcs u30exaThb
HEKOTOPBIX, Ka3aJ10Ch Obl, MAJIOBAKHBIX OOCTOSTEILCTB, BIMSIOLIMX HA PE3yJbTaThl HC-
NBITAHUN (TpEHUE B LIApHHUpAX, HAJIMYWE HAYaJIbHOW KPUBU3HBI, IEPEMEHHOCTh CEYEHUS
[0 JIJTMHE CTEPKHS M CBS3aHHAs C 3TUM BHELEHTPEHHOCTh MPUIOKEHUS HATPY3KU U T.1.).
[Ipy TmiaTeNbHOM MNPOBEAEHUU OIBITOB PACXOXKACHUE MEXIY 3KCIEPUMEHTAIbHBIMHU U
TEOPETUYECKUMHU PE3YIbTaTAMHU OOBIYHO HE mpeBbIaeT S...10%.

KoHTpoJIbHBIC BONPOCHI:

1. B ueMm cocTouT siBieHHE MOTEPU YCTOWUMBOCTU MpU cxaTHM cTepxkHA? Kakas
CUJIa Ha3bIBAETCS KPUTHUECKOM?

2. Kak BbluncnsieTcsi KpuTtuyeckas Cwia IpU NOTepe YCTOMUMBOCTH B 00JaCTU
ynpyrux aedopmariuii?

3. UTto Ha3bIBAETCSl KPUTUYECKUM HAMPSIKEHUEM U KaK €ro BBIYMCIUTH?

4. Kax Bbrumncnsiercst ruOKkocTh cTepkHa? Kak BIUsAIOT Ha THOKOCTh YCIOBHSM 3a-
KperuieHust KOHIoB ctepxHs? [IpuBeauTe npumepsl.

5. VYkaxxute rpaHulbl IPUMEHUMOCTH (GopMyJibl Ditepa. Uem BbI3BaHO 3TO Orpa-
HUYEHUE?

6. Kak Bbluncnsiercss KpuTUYECKOEe HaNpsiKeHUe i CTep KHe Masiol Thokoctu?
7. Kak npou3BoguTcsi cpaBHEHHE TEOPETUYECKUX U IKCIIEPUMEHTAIbHBIX 3Haye-
HUN KPUTHUYECKOTO HAMPS>KEHUS ?

8. VYKaxxuTe BO3MOXHBIE PUYUHBI HECOBIAJICHUS SKCIIEPUMEHTAIbHBIX U TE€Ope-

THYCCKUX NJaHHBIX. Kakue MCPBI CJICAYCT NPHUHATDL IJII YMCHBIICHUA PACXOKICHUA.

HPAKTHYECKOE 3AHATHUE Ne 18.
PEIIEHUE 3AJIAY 110 PACYETY BUHTA HA N3HOCOCTOMKOCTH, ITPO-
BEPKA BUHTA HA TIPOYHOCTH U YCTOMYNUBOCTH
Lens: Hayunutbcsa onpenensT ”3HOCOCTOMKOCTh BUHTA —TaUKH.
IIpumep 1.PaccuntaTh OCHOBHBIE TapaMETPhI pyUyHOTo AoMKparta (cMm. puc. 11.7) rpy3o-

nogseMuocThI0 3= 50 kH. [[muna BunTa lg = 500 MM, ero MaTepuan — craib 45, MaTepH-
an raiiku — cepblii uyryn CU18. Pe3p0a TpaneneunanbHas.

Pewenue. Pacyer BunHTa. )15 06ecTieueHUs] CAMOTOPMOXKECHHS TPUHUMAEM OJTHO3aXO0 1~
HYI0 pe3b0y. [1o yCIIoBHIO H3HOCOCTOMKOCTH PE3b0BI OMpEAeIsaeM ee CpeaHuii quameTp do,

npuHsB Y, = 2,5; wy = 0,5; noryckaemoe JaBJICHUE B pe3b0e [pa]— 6 MITa:

/(v ev el 55T 10%/(r-25- 05 6. 10°
A )=V SR e )= 0,046 Mm = 46 MMm.

d2 =
[TpuHEMaeM CTaHIAPTHYIO Pe3b0y BUHTA C IMapaMeTpaMu: HapyKHbIH quametp d = 50 mm,
BHYTpeHHUI muametp d; = 41 mm, cpennaunii quametp d; = 46 MM, mar pe3sObl p = 8 MM.
Omnpenensiem yron ¢, npunsB ko3 unuent tperus f= 0,1 (yroa tpenus @' = 6°)

tgy = p/(rdy)= 8/(r - 46) = 0,0546; v = 3°.

YcnoBue caMOTOPMOKEHUSI COONIOAEHO, TaK Kak ¢' > .

[TpoBepka BuHTa Ha npournocms. lIpuHUMaeM nomycKaeMoe HaMpsHKEHHE Ha PACTSKEHUE
[c,] = 90 MIla:

0o =4 13 (1d1?) =4-1,3-50-10%/ (m-41%-10°) = 48,6-10° TIA =

= 48,6 MIla < [c,] = 90 MI]a.



[IpounocTh BUHTa 0OecreyeHa.
[MpoBepka BuHTA Ha ycmouuusocms. PacueTHas anvHa BunTa | (ipn BeIcoTe Taiiku H, =
wndz =2,5-46 = 115 Mm) paBHa

| =1lo—H./2=500-115/2 = 443 mm.

Torna ruOkocth BuHTA (ipH L= 2; 1 = d1/4 =41/4 = 10,25 mm) Oyet paBHa

A=ul/i=2"-443/10,25 = §5.

[To Tabnuiie, N3BECTHOM U3 COMMPOTUBIICHUS MAaTEPUAIOB, B 3aBUCUMOCTU OT MaTepualia u
rHOKOCTH HaX0 UM KO3 PHUIIMECHT MPpogoibHoro u3ruba ¢ = 0,6 . Toraa, NPUHSB [Gey] =
or | [s] =360/3 = 120 MIla, Oynem uMeTh

6ex =4 Y (nd?) =4-50-10°/ (m-412-10°)=37,4 - 10°Tla =
= 37,4 MIla < ¢[c.x] = 0,6-120 = 72 MI]a.

YcToiunBOCTh BUHTA 00ecIeyeHa.
Pacuet raiiku.BricoTa raiiku onpezeinena panee. Onpenenum ee HapyXHbIH quametp D,
npunsB [c6,] = 45 MlIIa, Toraa:

D=+

4. 1,3Q/(fo, )+ a2

fa. . . 103 . . ] 2.10°¢°
V2135010 /(7 - 45105+ 507 107°_ () (o6 1 — 66 apar,

[Tpuaumaem D = 70 mm.

BEJICHHBIM B TAOJIAILL

HPAKTHYECKOE 3AHATHUE Ne 19.

PACUYET 3YBYATBIX IIEPE/IAY.
[lenp: 3aKperieHne TEOPETUUECKUX 3HAHUM 10 Teme «MeXaHudeckue nepegayn» u npu-
oOpeTeHHe MPAKTUYECKUX YMEHHH B MPOBEACHUHM MPOSKTHUPOBOYHBIX M IMPOBEPOUHBIX
pacyeToB 3y0JaThIX Mepesay.
3aganue. PaccunTaTh OAHOCTYNEHYATHIN IIUIMHIPUYECKUN PETYKTOP MO TaHHBIM, PH-

Bapu- | IlepenaBaemasi | Yacrora | [lepemarounoe | Tun nepena- Marepuan Marepuain ko-
aHT | MoIIHOCTh P1, | BpaieHus YHCIIO 1 4y HIECTEPHU neca
kBT BEIYLIErO
BaJa, Ny,
00/MUH
1 4,5 780 4 npsMo3yoast Crans 45 Cranb 35
2 14 960 4 npsMo3yoast Cranp40X Cranb 45
3 20 960 5 Koco3y0as Crans50I’ Cranb 45
4 25 1440 4.5 Koco3yOast Cranp40XH Cranp40X
5 35 960 5 npsamo3ybass | Cranp40XH Cranb 50
6 40 1140 4 npsamo3ybast | Cranp40XH Cranp35X
7 45 960 5 npsamo3ybast | Cranp40XH Cranp35X
8 50 960 4 Koco3y0ast Cranp40XH Cranp40X
9 10 730 2 Koco3y0ast Crans 55 Cranb 45
10 20 960 3 Koco3y0as Crans 50I Crans 40




11 30 1440 5 HIEBPOHHAs Crans 40X Cranb 45
12 40 960 6 ICBPOHHAS Cranp 40X Cranb 45
13 50 960 4 meBponHas | Cranp40XH Cranp40X
14 60 735 5 meBponHass | Cranp40XH Cranp40X
15 70 960 6 ICBPOHHAS Cranp 40X Cranb 45
16 80 960 5 HIEeBPOHHAs Cranp 40X Cranb 45
17 7 1460 3 npsiMO3yoast Crans 50 Cranb 35
18 14 960 5 PsIMO3y0ast Crans 50 Cranb 35
19 17 730 4 npsiMo3yoast Cranb 50 Cranb 35
20 20 960 4 KOoco3y0as Crans 50T Cranb 45
21 24 720 6 KOCo3yOast Crainp 50T Cranb 45
22 30 940 5 KOoco3y0as Crans 50T Cranb 45
23 40 1460 6 meBponHass | Ctanp30XT'C |  Cramp40X
24 45 960 6,5 meBponHas | Ctanmp30XTC Cranp40X
25 50 730 5 meBpornHas | Cramp 40XH Cramp40X
26 60 960 45 meBponHas | Crans 40XH Crans40X
27 7 960 5 Koco3y0ast Cranp 40X Cranb 45
28 10 1440 4 KOCo3yOast Cranp 40X Cranb 45
29 14 730 6 Koco3y0ast Cranp 40X Cranb 45
30 7 1440 6 PsIMO3y0ast Crainb 45 Cranb 45

Matepual mecTepHHy yiIydilleH, MaTepuan Kojieca HopMainu3zoBaH. Cpok Ciy>KObI peayK-
TOpa HEOTpaHWYECH. XapaKTep Harpy3Ku — CIIOKOWHAs ¢ HE3HAYUTEIbHBIMU KOJICOAHHUSIMU.
J11st K0CO3yOBIX M IIEBPOHHBIX MEpeaay yriioM HaKJIOHA 3yObeB 3a/1aThCs.

Pacuem 3axpvimoii yununopuueckou npsamo3sy6oii nepedayu.
1. Onpenenuth neperaToyHOE YUCIIO U.

2. B 3aBucuMOCTH OT yCJIOBHI paOOThI Mepenayn BbIOpaTh MaTepuaibl KoJjec, Ha-

3HAYUTh TEPMHUUECKYIO 00pabOTKY U 3HaUEHHUS TBEPAOCTU PabOUYMX IMOBEPXHOCTEH 3yOheB.

[IpennoyTuTenbHbIE MAPKU CTaJICH JJIs1 M3TOTOBJICHUS 3y0UaThIX KOJIEC

Tepmuyeckas o6paboTka TBepmocthb d, Mmm
HB (HRC)| Jhwoboit | 315 | 200 | 125 | 80
b, MM
JIrobast 200 125 80 50
Hopmanuzanus, yaydmieHue 179-207 45 45 45 45 45
235-262 35XM
269-302 40X 45 45
35XM 40X 45
IToBepxuocTHas 3akanka TBY (45-50) — — 35XM 35XM 35XM
(50-56) 50XM | 50XM | 50XM
[emenTarus (56-63) — — 20XH2M |20XH2M | 20XH2M
(56-63) 25XIT | 25XIT | 25XTT
Hurpouementanus Asotuposa- | (50-56) 40XH2MA | 40XH2M | 40XH2M
HHE A A

3. Onpenenutsb 6a3zy ucnbiTaHuil Nyo, pacUeTHYI0 HHUKIMYECKYIO JOJTOBEYHOCTD
Ny, BBIYUCTUTH KOA(PHUIIMEHTHI U JI0MTyCKAEMBbIE HAMIPSKEHUS U3ruoa.



4. BoibpaTh K03(GGHULIUEHT JIMHEI 3y0a (LIMPHHBI BEHIA KOJIECA) M PACCUMTATE * b

5. OnpenenanTh MEKOCEBOE PACCTOSHUE U3 YCIOBHMS KOHTAKTHON MPOYHOCTH M OK-
PYIJIUTH €r0 3HAYEHHUE 10 CTaHIapTHOTO.

JInst cTaHAapTHBIX PEIYKTOPOB pacueTHOE 3HAYCHHWE a, OKPYIISAIT 10 Oiu-
*Kaitiero oonbmiero 3uauenus: 40, 50, 63, 80, 100, 125, (140), 160, (180), 200, (225),
250, (280), 315, (335), 400, (450), 500, (560), 630, (710), 800, (900), 1000 u 1. x. KO 25

000 (B ckOOKax 3HaYEHHMs 110 2-My Py cTaHaapra ais ‘=),

6. 3amarth MOLYJb U3 COOTHOIIEHHS ™ ~ (0,01+0,02)ay OKPYIJIUTh €r0 3HAYECHUE

10 Onvkaiiiiero ctanaapTHOro. [lpu 3TOM B CHIIOBBIX Iepeavyax *KenaTesIbHO, YTOOBI MO-
IyJb ObUT HE MeHee 1,5—2 mm.

7. OmpenenuTb CyMMapHOE YHCIIO 3yObeB “E, Tiepeliauu, Yucia 3yObeB IIECTePHH
U KoJieca.

8. BriOpaTh k03ddunrenTs! Gopmbl 3yoseB Yr U Yr, UIS IIECTEPHU U KoJieca.

9. IlpoBeputb NpPOYHOCTH 3yObEB MO HampsbKeHHsIM u3ruba. Ilpu Heyposie-

tBoputenbHbix pesympratax ( “F =9l FF2[91F)  peoGxomumo myrem coor-

BETCTBYIOIIETO U3MEHEHHUS Ynciia 3yObeB U MOAYJIS; IPU TOM KE MEKOCEBOM PaCCTOSHHUU
NO0OUTHCS YMEHBILICHUS HANPSHKEHUN n3ruba, He Hapyllas MpU 3TOM YCJIOBHS KOHTAaKTHOU
IPOYHOCTH.

10. IIpou3BecTH r€OMETPUUECKUI pacyeT NepeaauH.

11. Onpenenuts OKPYKHYH CKOPOCTh KOJieca V M Ha3HAYUTh COOTBETCTBYIOIIYIO
CTEIIEHb TOYHOCTH 3aLCIIICHUS.

3HaueHUs OKPY>KHOU CKOPOCTH KOJIEC

Bunx nepenaun dopma TBepnocth moBepx- | OkpykHast CKOPOCTh V (M/c, HE 0O-
3yObeB HOCTEH 3yObeB Kojieca Jiee) TIPH CTETICHH TOYHOCTH
(6osbmiero) HB 6 7 8 9
Humuuaapuaeckas| [Ipsvbie Ho 350 18 12 6 4
Cg. 350 15 10 5 3
He npsimblie Ho 350 36 25 12 8
Cs. 350 30 20 9 6
Konunueckas [Ipsimble Ho 350 10 7 4 3
Cs. 350 9 6 3 2,5

Ipumeuanue. Bo n3dexaHne MOJIyYSHHs] YpE3MEPHO BBICOKMX 3HAUYCHHUHN KOdhDu-
[MEHTOB HArPYy3KHW PEKOMEHIYETCSl CTETICHh TOUHOCTH Ha3HA4YaTh HA €IMHUILY BBIIIE, YEM
yKa3aHo B TaOJHIIE.

Pacuem omkpwvimuix nepedau. VIHOTIa OTKPHITHIC TIEpEIadn PACCUUTHIBAIOT TaK XKe,
KaK 3aKpbIThie. PEKOMEHIyeTCs Cieayromas mocie10BaTeIbHOCTh pacyeTa.

1. Onpenenutsb nepeaaTOvIHOE YUCIO U.

2. B 3aBucHMOCTH OT yCJIOBHIA pa0OTHI Mepeadyn BIOpaTh MaTepHaNbl KOJEC, Ha-
3HAYUTh WX TEPMHUYECKYI0 O00paOOTKy W 3HA4YCHUS TBEPAOCTH PAOOYMX MOBEPXHOCTEH
3yObeB.

3. OnpenenuTh pacyETHYIO JOJTOBEYHOCTbH, BBHIYUCIUTH KOAD(PUIMEHTHI pexuma
paboThI U OMIPEICTUTH AOMMyCKaeMble HAIPSHKEHUS N3Tnuoa.



4. Bagare uncio 3y6bes mecrepun 21 =17

4uCi0 3yObeB Kojeca Zo.
5. Onpenenuts K03 dULHUEHTHI POopMbI 3y0a Y.

Y 10 NIEPEJATOYHOMY YUCIY ONPEAEIIUTD

6. BuiOpars ko3 duimenT aauuel 3y0a (LMPUHBI BEHIA Kojeca ¥ ),

7. W3 ycnoBus MPOYHOCTU HA U3TUO OMpPENETUTh MOAYJb NEPEaun m U OKPYTIUTh
ero 70 Oikaiiiiero 600JbLIEro CTaHJAAPTHOIO 3HAYECHHS.

8. IlpousBecTu reoMeTpUUECKHUI pacyeT nepenayu.
9. OmnpenenuTh OKPYKHYIO CKOPOCTh KOJIEC U COOTBETCTBYIOUIYIO €€ CTENEHb TOUHOCTH
3alleTICHUS.

Ilocnedosamenvhocms pacuema 3aKpbimol YUIUHOPU4eCcKol Koco3yoot nepeoau.

1. Onpenenuts nepeaToyHOE YUCIO ¥ .

2. B 3aBucuMOCTH OT yCJIOBHI paOOThl Nepeaayr BIOpaTh MaTepuaibl KoJjec, Ha-
3HAYUTh TEPMHUUECKYIO 00pabOTKY U TBEPAOCTh pabOUYMX MOBEPXHOCTEN 3yOhEB.

3. OHpeIICJII/ITB 0a30BOC YHCIIO OHKIIOB NHH—"“, pPAaCYCTHYIO HUKIINYCCKYIO JOJIO-
BCYHOCTD, OIMMPCACIINTD JOITYCKACMBIC HAIIPSAKCHUS n3ruda ¥ KOHTAKTHBIC HaIIPAKCHUA.

4. Buibpats kod(unuent ¥t nuunbl 3y6a (IIMPUHBI BEHLA KOIECa).
5. OnpeenuTh MEXOCEBOE PACCTOSIHUE U3 YCIOBUS KOHTAKTHOM MPOYHOCTH.
6. 3anath 3HAYCHUE HOPMAaJIbHOTO MOZYJISA u3 COOTHOLIEHUS

= 0,01+ 0022, OKPYTJIUTH €ro 10 OdrKaiilero craHaapTHOro 3Hauenus. [Ipu stom

IJIA CUIIOBBIX IEPeaay KCJIATCIIbHO UMCThb MOJYJIb HC MCHCC 1,5—2 MM.

7. 3amaTh yroi HaKIOHA 3yObeB £ M OIpPENEIHTh CYMMApHOE YHCIIO 3yObeB 2,

nepeiayn, Yrcia 3yobeB IIeCTepHHU U Koeca 41 u “2.

z

8. OnpenenuTh SKBUBAICHTHBIE YKCla 3y0beB 1 ¥ “v2 U k03P PUIHEHTH HOPMEI

3y0a Yny fr2,
9. IIpoBepUTH NPOYHOCTH 3yObEB IO HANPSIKEHUSAM U3ruOa. IIpu HEyIOBIETBOPH-
tenbHbIX pesyasratax ( “F *L19lr ym 7 =[91r) yeobxomnmo nyrem coorBercTByrOMmEro

MU3MEHEHHMsI Yrciia 3y0ObeB M MOIYJISI IPU TOM K€ MEKOCEBOM PACCTOSIHUM JOOUTHCS OTpe-
JICJICHHOTO M3MEHEHHUs HaNpsKeHUs M3ruba, He Hapylias YCJIOBHsS KOHTAKTHOW MPOYHO-
CTH.

10. IIpousBectn reomMeTpudeckuil pacuer nepegadyu. OnpeaeanTb OKPYKHYIO CKO-

POCTD KOJICC U HA3HAYUTh COOTBCTCTBYIOIIYIO CTCIICHb TOYHOCTH, BI>I6paTI> KF'“.

Pacuem omxpvimuix nepeday (4acTO OTKpPBITHIE TIEPEIaydl PACCUUTHIBAIOT TaK XK€,
KaK 3aKpbITHIE).

1. Onpenenuts neperaToyHOE YUCIIO U.

2. B 3aBUCHMOCTH OT yCJIOBHI paOOTHI Mepeaadnl BIOpaTh MaTEpHUAIbl I KOJIEC,
HA3HAYUTH UX TEPMUUYECKYIO 00paOOTKY M TBEPOCTh pab0YNX TOBEPXHOCTEH 3yOhEB.

3. Omnpenenuts 0a3y MCIBITAHUKA 0Aa30BOI0 YMCIIA IUKIIOB Ny lim, PACYCTHYIO IIHK-
JUYECKYI0 Harpy3Ky, BBIYMCIATH KOI()PHUIIUECHTHI U OMPEACIUTh JT0MyCKaeMbIe HaIpsKe-
HUA U3ruoa.

4. 3amath yroJ HakJI0OHA 3YOLEB 8 W YUCJIO 3YObEB MIECTEPHU °1
yr Y Y

5. OnpenenauTs YnciIo 3yObeB Kojieca 2

6. OnpenenuTh Ynciia 3y0beB SKBUBAJIEHTHBIX KOJIEC, IIECTEPHU M Kojleca 1 p 92

1o Ta61.6 ko3 punuents! Hopmel 3yda Yroy r2,



7. BeiOpath ¥ — kod)(HUIMEHT AIMHBI 3y6a (IIMPHHBI BEHIIA).
8. M3 yciioBUsg IPOYHOCTH HA U3rUO ONPENEIUTh 3HAYEHHE HOPMAJIBHOI'O MOJYJIS

" ¥ OKpYIIIUTH 10 OJKKaMIIEro GONBIIErO CTAHIAPTHOTO 3HAYEHHMS.

9. IlpousBecTu reoOMETPUUECKUI pacueT nepeaayu.

10. Omnpenenuts OKPYKHYIO CKOPOCTb KOJIEC ¥ M HA3HAYUTh COOTBETCTBYIOLIYIO
€l CTEeNeHb TOYHOCTH.

KoHTponbHBIE BOITPOCHL.

1. KakoBbI OCHOBHBIE JOCTOMHCTBA U HEJIOCTATKU 3yO4aThIX MEepeaad IO CPABHEHUIO C
OPYTUMHU IepeadyaMu?

2.I1o xakuM pU3HAKaM KJIacCU(PUIUPYIOT 3y0UaThie nepeaaun?

3.Uem oTiMuaeTcs 3akpbiTas nepeaada OT OTKPHITOM?

4.Ilepeuncnute JOCTOMHCTBA 3yOUaTol mepenadu Mo CpaBHEHUIO ¢ (GPUKIIMOHHOU Tepe-
magen.

5.ITouemy B 3y0UaThIX Mepeadyax COXpaHsIeTCsl MOCTOSHHBIM MEePeIaTOYHOE OTHOIIICHHE?
6.UT0 Takoe 3BOJIbBEHTA OKPYKHOCTH U KAKUMH CBONCTBAMHU, TIOJIE3HBIMU JJISl 3yO4aThIX
3alleryieHni, oHa obnanaer?

7.Kakue oKpy>KHOCTH Ha3bIBAIOT HAYAIBHBIMU, KaKUE JETUTEITHHBIMU ?

8.UTo Ha3bIBaeTCS 1I1aroM, MOIYJIEM U YTIIOM 3allerieHus?

9.Kakue (hakTopbl BIUSAIOT HA BEIOOP CTEIIEHU TOYHOCTH 3yOuaThix nepenaud? Kakue cre-
NIEHU TOYHOCTH Tepeiad MPUMEHSIOT B 00111eM MaruHocTpoeHnn? Kakue HopMbI Xapak-
TEPU3YIOT CTenieHb TOUHOCTH? J[J1s uero HeoOxoauM OOKOBOM 3a30p B 3yOUaTou nepesa-
ye?

10.C xaKoii 11e/1p10 MPOU3BOIAT CMa3bIBaHUE 3y0UaThIX Mepeaay’?

11.Kakue ocHoBHBIC akTopsl BiausAtoT Ha KIIJ[ 3yOuaTeix nepenayu?

12.KakoBbl 00J1acTH TPUMEHEHUS MIPSMO3YOBIX U KOCO3YyObIX mepeaay?

13.KakoBbI cpaBHUTEIbHBIE IOCTOMHCTBA MPSIMO3YOBbIX U KOCO3YOBIX KOJIEC?

14.Kak onpenensercs nepeIaTouHoe OTHOIICHUE U MEPEAATOYHOE YUCIIO0?

15.KakoBbI I1aBHBIC BUJIBI Pa3pyIICHUH 3y04aThIX KOJ&c?

16.Kakue cuibl 1eCTBYIOT B 3y0O4aTOM 3arlerIeHun ?

17.Kakue pomnyiieHusi IpUHUMAIOTCS TIpU pacyETe 3yObeB Ha KOHTAKTHYIO TPOYHOCTh?
18.1To xako# pac4ETHOM cXeMe BBITIOJIHIETCS pacu€T 3yOheB Ha U3ruo?

19.I'ne mpuMeHSIOTCS NPAMO3yOble TUIUHIPUICCKHIE TIepeaadn?

20.Kakum 06pa3omM B mpsMO3y0o0ii repeade MOKHO YMEHBIIIUTh KOHTAKTHBIE HATIPSIKE-
HUsI?

21.ITouemy mJist UI3TOTOBJICHUS IIECTEPHU OEpyT OOJIee TBEP bl MaTepual, 4eM JIJIsl U3ro-
ToBJIeHHs Koyiec? B kakux cirydasix 370 000CHOBaHO?

22.IToyemy B IIEBPOHHBIX Mepeaadax yroi HaKJIoHA 3yObeB BHIIIE, YEM B KOCO3yObIX?
23.TloueMy K0co3yOble iepeayu mpoyHee, YeM npsaMo3yobie?



HPAKTHYECKOE 3AHATHUE Ne 20.

BBIIIOJTHEHUE PACUETA TAPAMETPOB UEPBAAYHOM NEPEJAYH, KOH-
CTPYUPOBAHME
[{enb: 3aKpeIUIeHNE TEOPETUUECKUX 3HAHUHN 110 TeMe «MeXaHHuecKue rnepeiaun» U npuoOpeTeHue mpak-
TUYECKUX YMEHHU B IIPOBEACHUM POEKTUPOBOYHBIX U IIPOBEPOYHBIX PACYETOB YEPBIYHBIX IEpeaay.

3aganue. PaccunTarh 4epBsIUHBINA PEIYKTOP N0 JAHHBIM, IPUBEJICHHBIM B TA0OIUIIE

Ba- N1, I | o1, | Mare- HR | Marepuan | Xapakrep Cpox Koadppunuent
puant | kBt pan/ | puan C BEHLIa Yep- | mepenadu CIIyOBblI, U | Harpy3Ku
c YepBsKa BSYHOTO (mpenBapuTeNh-
KoJieca HOE 3HAaYCHUE)

1 2 20 | 75 Cramp40 | <45 | bp.O®10-1 | pesepcuB- | 20000 1,2
X Hast

2 5 16 | 98 Cramp40 | <45 | bp.O®10-1 | pesepcuB- | 20000 1,2
X Hast

3 7 30 | 150 | Cramp40 | <45 | Bp.O®10-1 | peepcuB- | 20000 1,2
X Hast

4 10 20 | 98 Cranp40 | <45 | bp.O®10-1 | Hepesep- Heorpanu- | 1,3
X CHBHas YEeH

5 14 20 | 150 | Cramp40 | <45 | bp.O®10-1 | mHepesep- Heorpanu- | 1,3
X CHBHas YEeH

6 17 50 | 300 | Cramp40 | <45 | bp.O®10-1 | mHepesep- Heorpa- 1,3
X CHBHas HUYEH

7 20 40 | 100 | Cramp >45 | bp.OH® peBepcuB- | Heorpanu- | 1,1
45 Has YEeH

8 25 30 | 151 | Cranw >45 | bp.OH® peBEpCUB- Heorpanu- | 1,1
45 Hast YeH

9 4 20 | 98 Cranb >45 | bp.OH® peBEpPCHUB- Heorpanu- | 1,1
45 Hast YeH

10 6 311|151 | Cramp >45 | bp.OHD peBepcuB- | 25000 1,25
45 Hast

11 8 25100 | Cranp >45 | bp.OLIC6- | peBepcuB- 25000 1,25
45 6-3 Hast

12 10 25| 75 Cranp >45 | bp.OLIC6- | peBepcuB- 25000 1,25
45 6-3 Has

13 12 49 | 98 Cranp >45 | bp.OLIC6- | HepeBep- Heorpanu- | 1,3
40 6-3 CUBHas YyeH

14 14 251|150 | Cranp >45 | bp.AXK9-4 | Hepesep- Heorpanu- | 1,3
40 CUBHas YeH

15 16 30 | 300 | Cranp >45 | bp.AXK9-4 | Hepesep- Heorpanu- | 1,3
40 CUBHas YeH

16 18 751|150 | Cranp >45 | bp.AXK9-4 | peBepcus- Heorpanu- | 1,25
40 Hast YeH

17 5 15|75 Cranp >45 | bp.AXK9-4 | peBepcuB- | HeorpaHu- | 1,25
40 Hasi YeH

18 10 24 | 98 Cranp >45 | bp.AXK9-4 | peBepcuB- | HeorpaHu- | 1,25
40 Hasi YeH

19 15 49 | 150 | Cranp >45 | bp.O®10-1 | peepcus- | 25000 11
45 Has

20 20 40 | 98 Crans >45 | bp.O®10-1 | peepcus- | 25000 1,1
45 Hast

21 25 40 | 150 | Cranp >45 | bp.O®10-1 | peepcus- | 25000 1,1
45 Hast

22 30 251300 | Cranp >45 | bp.O®10-1 | Hepesep- 10000 1,15




45 CHUBHasi

23 3 50 | 98 Crainp >45 | bp.O®10-1 | Hepesep- 10000 1,15
45 CHUBHasi

24 6 19 | 150 | Crans >45 | bp.O®10-1 | mepesep- 10000 1,15
45 CUBHasl 5

25 9 38 | 100 | Cramp40 | >45 | bp.OH®D HEepeBep- Heorpanu- | 1,25
X CHBHas YEH

26 12 20 | 150 | Cramp40 | >45 | bp.OH® HEepeBep- Heorpanu- | 1,25
X CHBHas YEH

27 15 16 | 76 Cranp40 | >45 | bp.OH® peBepcuB- Heorpanu- | 1,25
X Hast YEH

28 18 30|76 Cranp40 | >45 | bp.OLIC6- | peBepcus- | 20000 1,3
X 6-3 Hasi

29 21 25| 150 | Cramp40 | >45 | bp.OLIC6- 20000 1,31,3
X 6-3

30 24 75|98 Cranp40 | >45 | bp.OLIC6- | peBepcus- | 20000
X 6-3 Hasl

s 3aKkpeimbix U OMKPLIMBIX YepBAUHbIX nepeoay NPOeKmHuIM AGNAemcs pacyem
HA KOHMAKMHYI0 NPOYHOCMb.

Pacuem 3y6ves uepsaunozo rxoneca Ha useub A6AsAemMcs NPOBEPOUHLIM 3a UCKIIO-
YEHHUEM OTKPBITHIX IIepeaay npu z, =4l .

Hcxoaubie naHHbIE TE K€, YTO U B 3y0UaTol nepenaye: nepenrapaemMasi MOIIHOCTD P,
BpalllalolMid MOMEHT 7, mepefaToyHOEe YHUCIIO U, YIVIOBBIE CKOPOCTH BaJOB YEPBAKA &
(yacToTa BpallleHHUs J1,) U YEPBIYHOIO KOJIeca @, PEKUM padOThl EepeIayn.

IlocnedosamenvHocms npoeKMuUpo8o4UHO20 paciema.

1. B 3aBUCHMOCTH OT YCJIOBHI paboThl NEepeaadu U JOTOTHUTENIbHBIX TPEeOOBaHUIA
3a/1aTh CKOPOCTh CKOJIbXKEHHUSI U BHIOPATh MaTepuas YepBsika M 4epBAYHOTO Kojeca (3yO-
4aTOro BEHIIA), pACCUNTATh JIOMyCKAeMbIe HANIPSIKEHUS [Ty U [T]x.

2. Omnpenenuth NepeJaTOYHOE YHUCIO (MU YIIOBblE CKOPOCTH BajioB), a B 3a-
BUCHUMOCTH OT MEpPeAaTOYHOTO YUCia BHIOPATh YMCIO BUTKOB YEPBSKA z; U YUCIIO 3yObEB
KoJieca z,. [Iph 5TOM NPpUHUMAIOT z5 = 28.

3. U3 ycnoBust @ = 0,25z, 3amath KodphuUIMeHT nuameTpa depBska ( o=71+25 —
ONTHMAJIbHBIE TIPEAEINBI), Kodbpuumentol X,, &, KIIJ| n onpexenurs MexoceBoe pac-

CTOSIHHE U3 YCIIOBUSI KOHTAKTHOM MPOYHOCTH.

4. Onpenenuth MOIYJb 3alCTUICHUS # W OKPYTIUTH €ro J0 OJKaIiero craH-
JapTHOT'O 3HAYCHUS.

5. B 3aBHCUMOCTH OT IIOJIyYEHHOTO MOJYJI M YTOUYHUTHh MEXKOCEBOE PACCTOSIHUE MO
dopmyne a = 0,5{p +z5) OKPYIJIUB €TO JI0 IEJIOr0 YUCIa.

6. [Ipou3BecTH reOMETPHUECKUI pacyer nepeaaun, Hatu & ‘fﬂ, 2 JIpyrue pas-

MEpBbI, OTPEICTNTh €€ KOHCTPYKTUBHBIC JIEeMEHThl L, 5 dpg1
Teno uepBsika TPOBEPSIIOT HA MPOYHOCTh U KECTKOCTh (pPacyeT BaJIOB HA KPYUCHHUE).

¥

7. U3 ycnoBust ‘e* 0,015+ 0,055)a , (M/C) BBIUUCTUTH CKOPOCTh CKOJBXEHUS V,, U

ONPEAETUTD YIOJl TPCHUS.

8. Beruncnute K11/l nmepenaun u cpaBHUTH €ro 3Ha4€HUE C MPEIABAPUTEIBHO IIPHUH -
TbIM. [Ipy 3HAUUTENBHBIX PACXOKAEHUSIX TPOU3BECTH NOBTOPHBIN pacyeT Mepeaadu.

9. I1lo OKOHYATENBbHO YCTAHOBIECHHBIM MapaMeTpaM IEepeaaydl YTOUHUTHh BEIUYUHY
pacyeTHOU Harpy3KH, OnpeneuTh (aKTUYECKHE KOHTAKTHBIC HAMPSIKEHUSI U CPAaBHUThH UX



C COOTBETCTBYIOIIMMH JOMYCKAa€MbIMH 3HAUYECHUAMHM (JOIyCKaeTcsl HEeIorpy3ka He Ooiiee
10 % u neperpy3ka a0 5%).
10. Onpenenuth 4ncao 3yObeB 3KBUBAJIEHTHOT'O KoJieca z,, BBIOPAaTh KO3(PPUIUEHT

dopMsI 3yOa Tr, paccuuMTaTh (paKTUYECKUE HAIPSHKEHUs M3ruda B 3yObsixX KoJieca U CpaB-
HUTB UX C JOMYCKAa€MbIMH.
11. IIpoBecTr TEIIIOBOM pacyeT NepeAauH.

KoHTponbHBIE BOITPOCHL.

1. B uém 3axnrogaeTcs IpUHLIMI KOHCTPYKIIMH YEPBSIYHOUN nepenadn?
2. KakoBbI IOCTOMHCTBA Y HEJJOCTATKU YEPBSIYHBIX epeaay’?
3. KakoBbl MaTepuasbl U BUJIbI TEpMOOOPAOOTKH IS JeTalIel YEPBIYHbIX Nepeaay?
4.B yeM cocToUT TeII0BoM pacueT nepenay? Ilouemy oH 0cOOEHHO BaXKeH JJisl YepBsI Y-
HBIX Tiepeaay?
5. [louemy yepBsiuHas nepegaya pabOTAET C MOBBIIICHHBIM CKOIbkeHreM? Kak ckolbxe-
HUE BIUSET Ha paboTy nepenadn’?
6. U3 kakux MaTepuanoB U3TOTOBIISIOT YUEPBAKHU U 3yOUaThie BEHI[bI YEPBIYHBIX KOJIEC?
Kaxkue (akTopsl onpenensitor BbIOOp MaTtepuana?
7. KakoBbl OCHOBHBIE BU/Ibl Pa3pylIeHUs 3yObeB YEPBIUHBIX KOJec?
8. N3 kakux MaTepuaioB U3rOTOBIISIIOT YEPBSIK U KOJIECO?
9. KakoBbI OCHOBHBIE BH/Ibl Pa3pyLIEHUI YEPBAYHOM Iepenayu’?
10. Ha yeM ocHOBaH pacyeT 4epBAYHBIX NIEPEIayd Ha POYHOCTH?.
11. B kakux ciydasx ¥ moueMy Iesecoo0pa3Ho MPUMEHSTh YEPBIUHYIO nepeaavy?
12. Tlo kakuM KpuUTepusiM paboTOCTIOCOOHOCTH PACCUUTHIBAIOT YEPBAYHYIO TIepenavy?
Kakoli Bug paszpyuienuii siisercs 6ojee pacpoCTpaHEHHBIM I 3aKPbITHIX 3y04aTol 1
4epBSIYHON Iepenay’?
13. K ueMy npuBOAUT MOBBILIEHUE CKOPOCTU CKOJIBKEHHSI B UEPBIYHOU Iepenayde?

INPAKTUYECKOE 3AHATUE Ne 21.
BBITIOJTHEHUE PACUYETA TAPAMETPOB PEMEHHOM IEPEJIAUM
Paccuumams ocnosenble napamempeol u pazmepsvl OMKPbLINOU NIA0CKOPEMEHHOU
20pU30HMANIbHOU nepedaiu npueooa Koneeiepa

JlanHbIe 71 pacdeTa B3ATh B Ta0JI. 5.6 u 3aHecTH B TabII. 5.9
Tabnuna 5.9 Mcxoaubie naHHbBIE TUIOCKOPEMEHHOM Mepeadn

MonHocTs Ha YacroTa Bpamaronuii
TMepeaua BCIyIICM [Tepenarounoe | KII/, igzm;iléga MOMEHT Ha
(Ben) IIKUBE, YHCTIO, Upey Mpem : > | Bel. IIKMBE,
Pr, kBTt Ny, 06/MuH My, H'm
Pemennas

1. Beibupaem tun pemus mo tabi. 5.10 (BeIOpaHHBIC JaHHBIE 0OBECTH)
Tabnuna 5.10 Pemuu miockue pe3snHOTKaHEBbIE (BBIOOPKA)

Marepuan npokiIaaKu
BKHIJI-65 TA-150

TexHnueckast XapakTEepUCTUKA ITPOKIIAI0K




KonuuecTBO MpOKIA0K | MpU mMUpHHE peMHs b, MM

20, 25, 40 3-5

50, 63, 71 3-5

80, 90, 100, 112 3-6 3-4
TommumHa | npoknaaku ¢ pe3uHOBOM MPOCIONKON, MM 1,2 1,3
Jlomyckaemasi ipuBe/ICHHAs yaeabHas Harpyska [J]o 3 10

Bce nonyuennvle 3nauenuss napamempos, 6e3 ykasanuil, okpyesiom 00 oaudxcatiuie-
20 OonbULe20 CMAHOAPMHO20 YUCAA (YeN020 YeMmHO20 UlU KPAMHO20 J)
2. OnpenensieM AMAMETPhI LIKMBOB pEMEHHOM nepenauu, Dj, Mu:

D, >(52..64)-3/M

muametp Di oxpyrasitoT m0 ctaHgapTHoro 3HaueHus: 56; 63; 71; 80; 90; 100; 112; 125;
140; 160; 180; 200; 224; 250; 280; 315; 355; 400; 450; 500-2000.

D 2 > upeM' Dl

3. OnpenenseM OKpPY>KHYIO CKOPOCTh peMHs, V, M/C:

v = tD1n, /60000

4 OnpenensieM TeOMETPUIECKHE ITapaMeTphl TIepeaadn

4.1 OnpenensemM MEKOCEBOE PACCTOSTHUE Mepeiadu, d, MM:

amin>1,5(D1+Dy), a

4.2 OnpenenseM yroy o0XBaTa Ha BeAyIIEM IIKUBE, 0, TPAIYC:

o, =180° — (Ma?o)
a ; [(11 ] >150 0

4.3 OnpenensaeM yroja Mexay BETBIMH PEMHS, Y, TPayc:
y = (180°% a1)/2
4.5 OnpenenseM pacueTHYIO JUIMHY peMHs, Ly, M:
”(Dl + Dz) + (Dz — D1)2

2 4-a
5. Omnpenensem yactoty npoderos pemus, I1, o6/c:
IT=Vv/Ly, [IT1] < 10 0b/c
6. OnpenenseM OKPYKHYIO CHILY, lepeaBaemMyto pemueM, F, H:
Fi=2000-My/D;
7. OnpenenseM NoIycKaeMyro pabodyro Harpysky, [q], H/mm:
[a] = [alo"Co"Cq 'Cv/Cp '
rie [q]o — momyckaemasi mpuBeieHHAs YieIbHAs HAarpy3ka, cM. Taba. 5.10;
Co = — ko3 durmeHT yria HaKJIOHA JTUHUU IIEHTPOB IIKHUBOB K TOPU3OHTY, JIJIsi TOPU30H-
TanbHOU nepegaun Co=1;
C, — xoad durueHT yria o0XxBaTa Majaoro InIKUBa:

Lp22.a+

o’ 180 170 160 150
C, 1,0 097 094 091
Cy — k03 HHUIUEHT BIUSHHS IICHTPOOCIKHBIX CHIT:
Vv, M/c 1 10 20 30
Cy 1,04 10 088 0,68

Cp — KO3 PUIUEHT TMHAMUYHOCTH HArpy3KU U peKUMa pabOTBhI,
Cp =1 — nHarpy3ka cnokoifnas; Cp, =1,2 — ¢ yMepeHHBIMU KOJI€OaHUSAMH.
8. OmnpenensieM MIUPUHY peMHS (MM):

b>F/(i-[q])



r7ie | — KOJIMYECTBO MPOKJIAJIOK B pEMHE, YTOUHsIEM 10 Tabu. 5.11
Tabnuna 5.11 Pexomenayemblii AuaMeTp BEAYIIEro IKUBA

KomnuectBo | JluameTp mikuBa, MM; 1Jisi CKOPOCTHU 110, M/C
NPOKJIAaoK, I |5 10 15 20 25 30
4 112 125 160 280 200 225
3) 160 180 200 225 250 280
6 250 280 320 360 400 450
9. Onpenensem cuy IpeABapUTEILHOIO HATsKEHUs peMHs, Fo, H:
FO b i Jo

rae (o — ylAenbHas CUia MPEeABApPUTEIbHOIO HATSHKEHUS, MPUXOoAIasca Ha 1 MM mupH-
Hbl 1 npuxnaaku (H/mm):
JUISI Iepeiad ¢ HATSHXKEHUEM CUJIaMU YIIPYTOCTH (TMPY>KHUHAMM )
a< 2(D1+D2) Jo= 2, WU a > 2(D1+Dg) Qo= 2,25;
IpU aBTOMAaTUYECKOM HaTSKEHUU PeMHs (o = 2,5.
10. OnpenensieM Harpy3Ky, 1€UCTBYIOUIYIO Ha Bajibl U onopsl, R, H:
R = 2F ‘sin(ay /2)
Paccuntannbie mapaMeTpbl pEMEHHOM Mepenayn 3aHOCAT B KOHTPOJIbHYIO TaOIUILYy

5.12

Tabnuua 5.12 IlapameTpsl MII0CKOPEMEHHOM Mepeaadn
[TapameTpsl 3HayeHus
JnameTpbl MIKUBOB, MM D., D,

MexoceBoe pacCTOSIHUE MEPEeIAdn; d, MM

VYros 06xBaTa BenyIIero MIK1WBa; o 0

YTOJ MEKY BETBIMH PEMHS; Y

OKpYXHYIO CKOPOCTh PEMHS; V, M/C

Pasmepsl pemus; b, d, L, mm b: 5; L

Harpy3ka, aeictByromias Ha Bajisl; R, H

[Ipumeuanue:

YepTrex cxembl TUIOCKOPEMEHHOM Tepeiaun T0HKEH UMETh BT Tiepeaadn cOoky. Ha dep-
TEXE JTOJDKHBI OBITh MPOCTaBICHBI Ta0apUTHBIE pa3MEPHI TIEPeIauu, MEKOCEBOE PacCTOsI-
HUE, JUaMETPhl IIKWBOB, YTIIbI 00XBaTa BEAYIIETO IIKMBA M MEXIY BETBIMHU PEMHS, Ha-
MpaBJICHUE U 3HAYCHUE CKOPOCTH BpalleHus: peMHs (cM. puc. 5.7).

INPAKTUYECKOE 3AHATHE Ne 22.
BBINTIOJTHEHUE PACUETA MAPAMETPOB LIEITHOM NEPEJAYU
[{enb: 03HAKOMUTH OOYYAIONIUXCS C YCTPOWCTBOM MPOMBIIUICHHBIX IIETHBIX Iepead.
OOyyaromuiics 10JKEH 3HATh:
000CHOBaHHOCTh MPUMEHEHUS IEMHBIX TMepeaad
OCHOBBI pacuera LENHbIX INepenad
JIOJKEH YMETH :
COCTaBUTh KMHEMATUUYECKYIO CXEMy IPUBOJA C LEMHOW mepenadyen
MOJIb30BaThCSl TEXHUYECKOW JIUTEPATYPOU MO paCUETy Nepenad




llennble nepenauu nepefaroT OOJbIIKME HATPY3KHU P MPOYUX PABHBIX YCIOBUSAX, YEM
pEMEHHbIE, HO MEHbLINE, YeM 3y0uarbie nepenaun. OHu

00€ecreynBaroT MOCTOSIHCTBO MEPEJATOUYHOTO YUCIIa U MOTYT paboTaTh IPHU 3HAUUTEIbHBIX
KpaTKOBPEMEHHBIX neperpyskax. [lockonbKy 1enHble nepeaadyu AeUCTBYIOT 10 TPUHIUITY
3alleIJICHUs, UM He TpeOyeTCs MpeIBApUTEIBLHOTO HATSHKEHMS], 33 CYET YErO YMEHbBILAETCS
Harpy3ka Ha BaJjibl U ONOPBIL.

Lenublie nepenayn MOTYT ObITh OTKPBITBIMU C IEPUOANUYECKUM CMa3bIBAHUEM (3€pHOY0OO0-
pOUYHBIE KOMOAITHBI, CEIbCKOX035MCTBEHHBIE MAIIIUHBI) U 3aKPBITHIMU

C HENPEPHIBHBIM CMa3bIBaHUEM (M3eNbHbIEC ABUTaTeNH). Llenu sTux nepenau
CTaHJAAPTU3UPOBAHBI U U3TOTOBIISIIOTCS CIIELUATU3UPOBAHHBIMU 3aBOJAMHU.

B 3aBucuMocTH 0T XapakTepa paboThl pa3IN4aroT NPUBOJHBIE(ObIBAIOT BTYJIOUYHBIMH, PO-
JIMKOBBIMU U 3y0OUYaThIMM )

TSATOBBIE U TPY30BbI€ IIEMHbIE MTEPEAAUH.

Brynounsie ogHopsiansie 11B n nByxpsaneie 211B nenu cocToAT U3 BHYTPEHHUX IIJIACTHH,
HAIIPECCOBAHHBIX HA BTYJIKH HAPYKHBIX TUIACTHH.

PonukoBslie nienu ObiBatoT ogHOpsaHbIe: aerkon (ITPJT)

u HopmanbHOMU (I1P) cepuit nnunno3zBennsie (I1PJ]) u

nByxpsiaabie (211P).

J1st HUX XapaKTepHO HaJIMuue CBOOOTHOTO BpAIAlOIIerocs: pojuka Ha BTyske. Poiauku
3aMEHSIOT TPEHHUE CKOJIBKEHUS MEXK]Ty BTYJIKAMH U 3yObSMH 3B€3/10YEK TPEHUEM KadeHUs,
3a CYET Yer0 U3HOCOCTOMKOCTh POJIMKOBBIX LI€TIEH M0 CPaBHEHUIO C BTYJIOYHBIMH 3HAYH-
TEJBHO BHIIIIE.

KOHCTpYyKTHBHBIE JIEMEHTHI.

3y0yaTas 1enb COCTOUT U3 HaOopa IJIACTUH C ABYMS 3y0000pa3HBIMU BRICTYyIaMu. 3y0ua-
ThI€ LIeTIH paboTaroT 0oJiee MIABHO IO CPABHEHHUIO C IPYTUMU OHH O0Jiee TSKeIbIe,
CJIOHBIE B U3TOTOBJICHUH aoporue. [lupuHa 3y0uaTeiX 1enei MoxeT ObITh IOCTATOYHO
OOJBIION, TOITOMY UX

NPUMEHSIOT JJI Tepeadyu OoNbIINX MolHOCTel. [IpuBoHbIEC LIETIH TPU HATMYUU TEpMe-
TUYHOT'O KOPITyCa CMAauMBalOT OKYHAHUEM B MACJISIHYIO BAHHY WJIM MAcCJISIHBIM TyMaHOM
(mpuBOA pacnpeeNUTEILHOTO BaJla IBUTaTeNe BHYTpEHHEro cropanusi). OTKpBITHIE 11e-
1, paboTaroIye Ipu

CKOpocTH J10 8 M/c, cMa3bIBaroT uepe3 120—180unorpykeHueM B pa3orpeTyro
KOHCHUCTCHTHYIO CMa3Ky (B 36pHOYOOPOUYHBIX KOMOaltHAX U CEITbCKOXO3SIMCTBEHHOMN TeX-
HUKE).

Ilenn paboTarouiye npu CKOpoCcTH 10 4 M/C, MEpHUOINIECKH CMa3bIBalOT BPYYHYIO C IO~
MOIIIbIO MACJICHKH 4epe3 6—8 4 paboThl.

Marepuan ajisi U3roTOBJICHUS LETIEH.

IImactune! n3roraBauBaioT u3 craineii40, 45, 50, 30XH3A ¢ 3akankou 10

tBepaocT 32—44 HRC; Banuku, BTYJIKH, POJIMKU — U3 LIEMEHTUPYEMBIX CTajlIen

10, 15, 20, 12XH3A, 20XH3A, 30XH3A

¢ TepMooOpadboTkoii 10 TBepaoctu 40—65 HRC

3Be3104YKH M3roToBIISIOT B3 craneit 40, 45, 40X, 5012, 35XT'CA, 40XHc 3akankou 10
tBepaoctu 40-50 HRC wnm u3 nuementupyemsoix cranei 15, 20, 15X, 20X, 12XH2 ¢ tep-
MooOpaboTkoit 10 TBepaoctu 50-60 HRC

. ns 3Be3/104eK TUXOXOHBIX Mepeiad, padoTaroIMX MPU CKOPOCTU 10 3 M/C, UCTIOJIb3Y-
10T cepblil nin MmoauduurpoBanHsiili uyryn C415, C418, C420, C430 ¢ TBep10CThIO MO-
Bepxaoctu 10 HB 26 0-300.



[IpakTyeckoe 3aHATHE OCHOBAaHO HA M3YYEHUU LENHOW IMepefadyd JBUTATEIIs

BA3 2107. Ilepenaya oCyIIEeCTBISIETCA ABYXPAIHON BTYJIOYHO-POJUKOBOM 1enblo. He-
00X0MMO 3aMEpUTh NapaMeTpbl Mepeadyd U MPOU3BECTU PACUET UCXOJS U3 JAHHBIX
JIBUTATENIS: HOMUHAJIbHAsT MOIIHOCTh P=63 KBT.4. 000poTOB X0sI0cTOr0 x0j;a 980
00/mMuH .4yncio 060opToB pacnpeasana 490 06/MuH.

Pacuer mpousBecTH MO CIEIYIOIIEH CXeMe, CPaBHUB pAacUETHbIE MOKAa3aTeau C (PaKToOM.
OnpenensieM mnepeaaToyYHOE OTHOLIEHUE -U

OnpenensieM yucio 3yObeB Majoil 3Be3q0uku  ZMUH=29-2U

Omnpenensiem Bpamarouuii MmomeHT T=P/Q1

ITo yriioBoi1 CKOpOCTH NPUHMMAEM JOIIYCTUMOE JABJIICHUE B ILIapHUPE
IpexBaputensHo ompenenseM mar e p="\NT1*¥Ka/v*Z1*[p],

OmnpenensieM ckopocth nenu V= p* z1*Q1/2n

OmnpenenseM pacueTHOe AaBiieHUE B mapHupax p,=F*Ka/doB

CpaBHUTH C JOMYCKAEMbIM.

HPAKTUYECKOE 3AHSATHE Ne 23.
BBIITOJIHEHHUE ITPOEKTUPOBOYHOI'O 1 ITPOBEPOYHOI'O PACUYETOB
BAJIOB IIEPEJIAYN

Llenpb 3aHATHSA: O3HAKOMUTH OOYUYAIOIIMXCS C OCHOBHBIMH KOHCTPYKIHMSIMU BajJOB U Me-
TOJUKOW pacyera.

Pacnionoxenue ornop OTHOCUTENBHO 3yOUaThiX Kojiec cuMMmeTpuyHo. Cuia, aeict-
BYIOILIasl HA BaJl CO CTOPOHBI LIEMHON niepeaaun F.,, HampapiieHa o yriioM O = 30° k ro-
pu30HTY. 3yOuaToe KOJIeCO BpalIaeTcs MO X0y YaCOBOM CTPEINIKH, €ClId CMOTPETh Ha HETro

CO CTOpOHBI 3Be3/J04YKH. J[aHHBIE NI pacyeTa B3sATh B TaOu. 5.6 m Tabn. 5.8, 3aHecTH B
Tabdmn. 5.13

Taomuna 5.13 Ucxogusle qaHHbBIE

Cunl B 3aneniennu, H JlenurenbHbIN
[upuna N
UaMET BEHIIA 3Y0 Bpamaromuii mo-
p Y MEHT Ha
4aTOTO
3y04aToro BTV KoJLECa:
FIZ FI’Z Fa2 KOJIeCa: KoJieca; y ?
’ b M 2, H-Mm
dz, MM 2, MM
25

Bce nonyuennvie 3nauenus napamempos, 6e3 ykazauuii, okpyesiom 0o oaudicatiuie-
20 boavuteco cmanoapmuozo yucia no I'OCT 6636-69 (yenoco wemnoco uiu Kpamuozo 5)
1 IIpoexTHpOBOUYHBINI pacyeT Baja
1.1 BriOupaem maTepuan Bana
JI71s1 U3roTOBJICHUS Bajia MpUHUMaeM ctalib 45 ¢ [1] = 20 Mlla; . [o.1,]= 65 MI]a.
1.2 OnpenenseM quaMeTp BBIXOJIHOI'O KOHIIA Bajla U3 pacdyeTa Ha KpydeHwue, dg, Mm:

M
d, >10-3—2—,
b 3 072.[TK]

OKpYTJIsIEM 3HaUYCHHUE TMaMeTpa 10 OJKauiero O0ibIIero ctTanaapToro: 22; 24; 25; 26;
28; 30; 32; 34; 36; 38; 40; 42; 45; 48; 50, 53; 56; 60; 63; 67; 71; 75; 80; 85.



1.3 OnpenenseM quaMeTp Bajia B MECTaX PaCIOI0KEHUS MOAIIMITHUKOB, O , MM:

dn =d pt 21 )

rjae t — BbIcOTa 3aIyIeurKa NOIIUITHUKA, BIOUpaeTcst u3 Tadbauusl S.14.
Pacuemnoe 3nauenue dy okpyensrom 00 baudxcaiiuie2o 60abe20 Yucia 0ensiue2ocs

HA ).

1.4 OnpenernsieM nuamMeTp Bajla B MECTE YCTAHOBKH 3y04aToro koseca, dy, MM:

dK = dn +3r,

rjae I — xKoopAauHaTa (packu MOAIIMITHUKA, BEIOUpaeTcs o tadnuie 5.14.

1.5 OnpexenseM AIMHY MTOCAIOYHOTO KOHIIA Bajia MO 3BE€3/104KY, |y, MM:

IMT = 1,5 dB

1.6 OnpezernseM JJIMHY IPOMEKYTOYHOTO ydacTKa TUXOXOAHOTO Bajia, lxr, MM:

IKT = 1,2 dn

1.7 OnpenensiemM AuamMeTp Hapy>KHOH pe3bObI KOHMYECKOT0 KOHIA Bana, O, MM:

dp= 0,9 [dB —0,1 IMT]

HpI/IMe‘IaHI/Iel BXOI[HOﬁ )51 BBIXOI[HOﬁ BaJIbl PCAYKTOPOB HMCHOT HNUIIMHAPUYCCKUC
NN KOHUYCCKUC KOHCOJIBHBIC YHYACTKH IJII YCTAaHOBKH HOJIYMyq)T, IIKUBOB, 3BC3O0YCK,
3y6anI)IX KOJIEC. PaBMCpBI KOHCOJIBHBIX YYAaCTKOB CTAaHAAPTU3UPOBAHLI:

dn
de

Ik Imr | Ip

0,15dg

Puc. 5.8 Cxema KOHCTpYKIIUM Bajia

I'OCT 12080-66 «KoHIibl BaJI0B HWJIMHAPUIECKUEY;
I'OCT12081-72 «KoHIIbI BaJIOB KOHUYECKHUEY.

Tabnuna 5.14 CripaBouHble mapaMeTphl 711 KOHCTPYUPOBAHUS Baja

[Tapamertpbl | 3HaU€HUs, MM

™ — (®)) < — D © (o)) ()] Lo

dz o P P 5 L L @ N P <

N~ < AN o Lo AN o N~ o

— N ™ < <t LO © © ® o
L 30 | 35 | 35| 35| 40 | 45 | 46 | 51 | 506 5,6

ton 15|18 | 20 | 23 | 23 | 25 | 2,7 | 2,7 | 2,7 2,9
r 15|20 | 25|25 |30 ] 30| 35| 35| 2,7 4,0

1.8 Dcku3Has pa3paboTka KOHCTPYKIMHU Bajia U OLIEHKA €ro pa3MepoB M0 YepTekam
puc. 5.8, puc. 5,9, a. Konctpykrusno HazHadaeM: I, Iy, I3
|2 :|3 :bz /2+(20 . 30),
I, =1,+(10...20)
2 IlpoBepouHbIil pacuet Bana (cM. puc. 5.9)
2.1 Onpenensem cuily, JEUCTBYIONIYIO Ha BaJl CO CTOPOHBI 1IenHOM niepeaaun, Fu, H:

Fa=Fuen=125-\yM, ,



2.2 Cuny F,, ¢ xoTOpO# 1ienHas epeaada IEUCTBYET Ha Bajl, pacKiIaJblBa€M Ha COCTaB-
JSIOLIME B BEPTUKAIBHON U TOPU30HTAIBHOM MJIOCKOCTSX (pHcC. 5.9, 0)
Fay= Fasin® = F4-sin30°;
Fax=Facos® = F,-c0s30°
2.3 OmpezensieM H3rHOAIONIIE MOMEHTHI B ONACHBIX CCYCHMAX Bala M CTPOMM SITIOPY B
BEPTUKAIBHOM TIOCKOCTH (CM. puc. 5.9, B)
ornpezensieM peakuu omnop, H:
ZME = 0, FAy '|1 +Ft 'Ig - Rry(lg + |3) = O, Rryz (FAy 'I]_ +Ft '|2 )/(|2 + |3),

ZMF = 0, FAy (Il +|2 +|3 )'RBy (Ig +|3 )-Ft '|3 = O, RByz[FAy (ll +|2 +|3) - Ft : |3 ]/(|2 + |3)

ornpezensieM 3HauYeHUs! U3rudaroIMX MOMEHTOB B ONIACHBIX ceueHus X, H-M:

Touka b, ceu. I-l, cmpasa, M5 = Fay - I
touka B, ceu. llI-I1l, cipaBa, My = Fay -(I1 +12)-Rgy I
touka B, ceu. IlI-111, cneBa, Myg = Rry - |3

2.4 OnpenensieM U3ruOaroliie MOMEHTHI B OMACHBIX CEUCHUSX Bajla U CTPOUM DJIMIOPY B
TOPU3OHTAIHHOM TIOCKOCTH (CM. puc. 5.9, 1):
ompenesnsaeM peakiuu onop, H:
ZMB = 0, FAx '|1 -Fr '|2 -Fa 'dg/Z-RrX(lz + |3) = O, RFX :(FAX 'I]_ -Fr '|2 -Fa d2/2)/(|2 +|3)
Y Mr=0; Fax (I1 +l +l3)- Rpx(l2 +13)+F <13 -F, -d2/2 = 0;
Rex =[Fax "(I1 +lo +13) + F, 13+ F, -d2/2]/(12 +13)
2.5 OnpenensieM 3HaYeHUS U3rUOAIONIUX MOMEHTOB B OTMACHBIX ceueHusX, H-M:

Touka b, ceu. |-I, cipaBa, Mys = Fax - |1
touka B, ceu. IlI-11l, cipaBa, My =Fax (11 +12)-Rgx - 12
touka B, ceu. llI-I1l, cneBa, Myg = Ry ‘13

2.6 OnpenensgeM KpyTalirue MOMEHThI, H-M, B omacHbIX ceueHusix (cM. puc. 5.9, 1):
Mp=Mgs=Moun=M,
2.7 OnpenenseM dKBUBAJICHTHBIN U3rn0aroIuii MOMEHT B Touke b, H-m:
. 2 2 2
MSKSII]E _\/MxE +My5 +MKE
2.8 OnpenensgemM quaMeTp MOCag0qYHOTO MECTa Mo/1 MOAIIUITHUK, dpg, MM M3 YIPOIIEHHOTO
MIPOBEPOYHOTO pacyueTa Bajia Ha yCTAIOCTh:
MaksIIIE

01 [G—lu ]

CpaBHUBaeM pacyEeTHBIN TUAMETP MOCATOYHOTO MECTa MO/ MO IIUITHUK
. 2
(cM. 1. 2.6) ¢ IPUHATHIM U3 KOHCTPYKTUBHBIX pekoMenaauii (cm. . 1.3) d,z< dy".
2.9. OnpenensieM SKBUBAJICHTHBIA M3THOAIOMINKA MOMEHT B Touke B, H-Mm:

_ 2 2 2
MDKKIIIB _\/MxB +MyB +MKB

' B cooTBeTCcTBUE ¢ (hOPMOIi Baja MPEINONIOKHUTENLHO ONACHbIMU SBISIFOTCS CEYEHUS Bajla, B KOTOPBIX
UMEIOTCS KOHIIEHTPATOphl HarpsbkeHuit: [-1 — mocaaka ¢ HaTATrOM BHYTPEHHEro KOJiblla MOJIIMITHUKA Ha
Bau; II-1l — xanaBka i Beixosa numgosansHoro kpyra; -1l — mmonouHsIii nas.

? [Ipr HECOOTBETCTBHU HEPABCHCTBA MPOYHOCTH Balla B YKa3aHHOM CCUEHHHU HE 00ECTICUHBACTCSL.
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Puc. 5.9 Cxema k pacuery Bana

2.10 OmpepnensieM AuaMeTp MOCAZAOYHOTO MecTa moj 3y0daTtoe koseco, O,z MM U3 ympo-
IIEHHOI'0 MTPOBEPOYHOTO pacyeTa Bajia HA YCTaJIOCTh:



M

d —3 ake111B

» 0’1 ) [Gflu ]

CpaBHUBaeM pacyeTHBIN TUaMETp MOCAT0YHOT0 MECTa MOJ 3y04aTroe Koieco (CM. II.
2.8) ¢ IPUHATHIM U3 KOHCTPYKTUBHBIX peKoMeHganuil (cM. 1. 1.4) d,p< dx.

Paccuutannbie nmapameTpsl Baja 3y0O4yaToi mepefadyu 3aHOCAT B KOHTPOJIBHYIO Ta0-
nuny 5.15
Tabmuia 5.15 TlapameTpsl BegoMoro Bajga 3yo4aToi nepenadu

[TapameTtpsr 3HaueHus
JlnameTp BBIXOJHOTO KOHIIA Bajia, MM ds
JlnameTp mocagouyHOTrO MECTA MO/l MOIIUITHUK, MM dn

I[I/IaMCTp I10Ca04YHOIro MEeCTa 1oL 3}/6an06 KOJIECO, MM d[(

Harpy3ku, neiictByroniyve Ha NOAIUIHUK, KH Fao; Rex; Rrx; Rey; Rry

2.11.Cuemnaiite BBIBO/I.

ITPAKTHUYECKOE 3AHATHE Ne 24.

MOJABOP U PACUET NOJIMUITHUKOB KAYEHUS 110 JTMHAMUYECKOM
I'PY3O0IIOABEMHOCTHU U JOJI'OBEYHOCTHU. KOHCTPYUPOBAHMUE Y 3-
JIA HOAIIUITHHUKA.

Ioooopamb nodwunnuku KaueHus 07141 6€00M020 641a YUITUHOPUUECKOU KOCO3Y 00l
nepeoauu

Tpebyemas 10ATOBEYHOCTh MOIMUITHUKOB [Lign =12+ 10° 4acoB, HaJIe)KHOCTh pabo-
ToI — 90 %. YcnoBus npuMeHEHUs TOIIUITHUKOB — OObIYHbIC. JaHHBIC /IS pacdeTa B3sTh
B TaOJ. 5.6, 5.8, 5.15 u 3a”HecTu B Ta01. 5.16
Taobmuna 5.16 Ucxogusie qaHHbIE

Harpy3sku, AeifcTByIoI¥e Ha MOAIUIHUKY; H JAnamerp Bama | HacTora Bpa-

101 TIOJIIIHII- IIEHUS BELO-
HUK; MOTI'O BaJIa;
RBx RBy Rrx Rry Fa ’ ’
d, MM Ny, 06/MUH

1. Bo16op Tumna nonIMmHUKOB
[To ycinoBusIM KOMIIOHOBKH M PaOOThI MOAIIMITHUKOBBIX Y3JI0B
U C YYETOM HEOOJIbIION BETMYMHBI OCEBOM HArpy3KU Ha3HA4aeMm MJis

00eux Orop MIAPUKOBBIA PaAUATbHBIA OJHOPSIHBIA MOJIIUITHUK (CM.
Tabmn. 5.17)

Tabmuua 5.17 OcHOBHBIE TapaMeTPhl NOIIIUITHUKOB
o ['OCT 8338-75 (BeiO0pKa)

['py3onoabem-
HOCTh, KH

I'pysonons- | (go-

O6o- Pazmepsl, Mmm
€MHOCTh, KH

3Haue- 3Haue-
HHE d | D|B|r C Co | Hue d D| B | C, Cor

204 | 20 |47]14 15| 12,7 | 6,2 | 210 | 50 |90 20| 2 | 351 | 19,8

Pa3mepsl, MM




205 | 25|52|15|15| 140 [6,95| 211 | 55 |100| 21 |2,5| 43,6 | 250
206 |30 (62|16 (15| 195 | 10,0 | 212 | 60 |110|H 22 |2,5| 52,0 | 31,0
207 | 35|72 17| 2 | 255 |13,7| 213 | 65 |120| 23 |2,5| 56,0 | 34,0
208 |40 80| 18| 2 | 32,0 | 17,8 | 214 | /0 |125 24 |255| 61,8 | 37,5
209 | 458519 | 2 | 332 | 18,6 | 215 | /5 |130| 25 |25| 66,3 | 41,0

ITo TabGaue 5.17 B COOTBETCTBUHU € MOCAA0YHBIM IUAMETPOM Ha Ball, T/1€
d = dp;, BEIOMpaeM MOANIUITHUK W BBIIIKCHIBAEM BCETO XapaKTEPUCTHKH. B cOOTBETCTBUM
C YCIOBUSIMU pa0OTHI U TUIIOM MOAIIUITHUKA IPUHUMAEM Ko3(ppuuumeHTsl ais pacyera: V
=1, Kz=1,3; Kv1=1; X=1,Y=0;a1.=1,; a3=0,7.

Bce nonyuennvie snauenus napamempos, 6e3 yKazanuii, OKpyeasaom 00 oaudicatiuie-
20 bonvuteco cmanoapmuozo yuciaa no I'OCT 6636-69 (yenoco wemrnoco unu kpamuozo 5)
2. OnpenensieM cyMMapHble peakiuu onop Bana, R;, H (cMm. 3agaua IV, puc. 5.9):

2 2
R+ R},
Janee pacueT BeJieM 110 HauboJjee HarpyKeHHOM onope, Rimax ,H.

3. OnpenenseM 3KBUBAJICHTHYIO IMHAMUYECKYIO HArpy3Ky Ha NOAIIUIHUK, Py, H:

Pr= (VXRi max +YF2) K Kt

4. OnpenensieM CKOPPEKTUPOBAHHYIO PACUETHYIO JOJTOBEYHOCTh MOAIIUITHUKA, L1oan, YaC:
10°

60-n,
5. OneHrBaeM NPUTOAHOCTh BBIOPAHHOTO MOIIMITHUKA [0 COOTHOILIEHHUIO

L1oah >[L1on ]; ¥ memaem BbIBOZ. B BBIBOJIE HEOOXOIMMO HAIMMCATh COOIIOAETCS JIU yCIIO-
BUE IPUTOAHOCTH. [Ipr HECOOTBETCTBHH IepepacyeT He IPOBOIUTH

RZ, + R,iy ; R

Ligan =8 - aza(

3
C.
;)

KoncTpynpoBanue nogmumHUKOBOro y3Ja (cm. puc. 5.11)

Cxema yCTaHOBKHU MOJUIUITHUKOB — «BPACIOp» — Baj 3a)UKCUPOBAH B ABYX OIO-
pax, MpuUYeM B KaXXJI0H OTope B OJTHOM HaIPaBJICHHH.

B konctpykiuu peaykropa (cM. puc. 5.11) mpuMeHeHbl 3aKIaiHbIe KPBIIIKH, PETy-
JUPOBAHUE PATUATBHBIX MOIIUITHIKOB BBHIMOIHEHO YCTAHOBKOW KOMIIEHCATOPHOTO KOJb-
1a, YCTAHOBJIEHHOTO MEXIYy TOPIIaMHU HApY>KHOTO KOJIbIIa MOIIMITHUKA U KPBIIIKU. J[7st
yno6cTBa COOPKM KOMIIEHCATOPHOE KOJBI[O HYXXHO YCTaHaBIMBATh CO CTOPOHBI TITyXOH

=
©

Cxema
«BpACIIOPY

L

i dukcupyromas

ornopa

Puc. 5.10 Cxema oceBoro (QukcupoBaHUs

Baja

KPBIIIKY noammumnHuKa. [Ipu ycraHoBke paau-
QTBHBIX MIAPUKOIIOIIITUITHUKOB MEXIY TOP-
IIOM Hapy>KHOT'O KOJIblIa MOINIAITHAKA W TOP-
IIOM KPBIIIKH TMOJIIAITHUKA OCTaBISIOT 3a30p
a=0,2...0,5 MM 119 KOMIICHCAIIUH TEIIOBBIX
nedopmarwmii (puc. 5.10).

3a30p OCTaBJISIIOT CO CTOPOHBI KPBILIIKU
HMMEIOIIEH OTBEPCTHE JJIsi BBIXOJHOTO KOHIIA
Bajla. DTOT 3a30p Ha 4YepTekKax COOPOUYHBIX
CIUHUI] HE IIOKa3bIBalOT. J{JIs1 cma3bIBaHUS
3y0uaTtoil mepenadyd mpeaycMOTpeHa KapTep-
Has cMas3ka. [Ipu KapTepHOM CMa3bIBaHUU

3y0uaToi mepeaavyd MOAIIMITHUKKA CMa3bIBalOT OphI3raMH Macia, CTeKAIoIIMMU C KOJec,
BAJIOB M CO CTEHOK Kopiryca. s cMa3bIBaHHS BBIOMpaeM MHAYCTPUAIBbHOE MacIIo 1Mo Tab-
maiaMm 5.18 m 5.19



Tabmuma 5.18

KoHTakTHOE Harmpsi- PekoMeH/[yeMast KHHEMAaTHUYeCKas BI3KOCTb Macla, MM /cC;
HKEHUE IPU OKPY>KHOU CKOPOCTHU KOJIeC, M/C
oy =[on ], MIla o 2 2...5 Cseliiie 5
Jlns1 3y6uatsix nepeaayd padotaromux npu 40 °C
o 600 34 28 22
600...1000 60 50 40

Tabnuma 5.19
Mapka macna ] KnHeMaTHaeckas BI3KOCTb, MM /¢ (cM. Tabu. 19)
Jlns1 3yO6uatsix nepegad padotaromux npu 40 °C
N-JI-A-22 19...25
N-I'-A-32 29...35
N-T'-A-46 41...51
N-I"-A-68 61...75

JIns mpenynpexaeHus BhITEKaHUs CMa304HOTO Maciia, a Tak»Ke JJIsl 3allUThl OT 3a-
TPSI3HEHUS] U3BHE, MOJAIMIMITHUKOBBIC Y3JIbI CHA0XAIOT YIJIOTHUTEIBHBIMU YCTPOMCTBAMHU
— MaHXETaMHU.

[Ipumeyanus:

UepTtex cxeMbl MOAINIMITHUKOBOTO y3JIa BEJOMOTO Bajia 3y04aToi mepejauu BeIuep-
YUBAETCSI B COOTBETCTBUM C puc. 5.9. O0muii BU peaykropa mpeacTaBieH Ha puc. 5.11.
Ha ueprexe yka3aTb HaMMEHOBAaHHE JCTaleH, BXOISIINX B KOHCTPYKIIMIO TOIITUITHUKO-
BOTO y3Ja BEAOMOro Bajia 3yOuaroi mepemauu. K cTaHmapTHBIM AeTansiM OTHOCSTCS:
NOJIITUITHUK, KOMIIEHCATOPHOE KOJIbLIO, raika, maiba, MaHXeTa, IITOHKA.

Cnenaiite BBIBOI.
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Puc. 5.11 PenykTop UIMIMHAPUYECKUI OTHOCTYIIEHYATHIN:

1 — kopmyc; 2 — KpblIlIKa Kopiyca; 3 — KpbILIKa CMOTPOBOTO JIFOKA C OTAYIIMHOMN, OKAaHTOBAHHAS C
JIBYX CTOPOH BYJIKAHU3MPOBAHHOM pe3nHON; 4 — (GUIBTP U3 TOHKOM NMPOBOJIOKH; 5 — YCTaHOBOYHBIH
mTU(T KOHUYECKHIt; 6 — MpoOKa MaclIOCINBa;

7 — ynjoTHsAOLIas NPoKiIaaKa (KOJIbLO); 8 — MacioyKka3aTelb; 9 — KpbIIIKa HOIIMITHUKA 3aKJIajl-
Has; 10 — KoMmeHcaTopHOe KOJbLO (MIpYyKUHHOE); 11 — MaHKeTHOE YIJIOTHEHHE.



