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IIpeaucaoBue

[Tpenmer «TexHn4eckas MEXaHUKa» BKIIOYAET B ce0sl TPH pas3zena: Ui CTPOUTEIbHBIX
CIELIMAJIBHOCTEH — TEOpPETUYECKasi MEXaHUKA, CONPOTUBIICHUE MATEPUAIIOB U CTaTUKA
COOPY’KEHHUH;

JUISL MAIIMHOCTPOUTENBHBIX CIIENUAIBHOCTEN - TEOPETHUECKAs MEXAHHUKA, COIIPOTUBIICHHUE
MaTEpUaJIOB U JETAIU MalllKH.

Ha3nauenue qUCLMIUIMHBI — 1aTh OyIyIIMM TEXHUKaM OCHOBHBIE CBEACHHUS O 3aKOHAX
JBUKEHMSI U PaBHOBECHSI MaTEPUAJIBHBIX TEJl, 0 METOJAX pacueTa 3JEMEHTOB KOHCTPYKLUI Ha
IIPOYHOCTD, )KECTKOCTh U YCTOMUUBOCTB, O CIIocoOax 00pa3oBaHMsl pa3InYHOIO BUIA
reOMETPUUYECKN HEM3MEHSAEMbIX CUCTEM U METOJIaX UX pacyeTa. 3HaHUs, OJy4YeHHbIE TPU
U3Y4YEHHUH JAaHHOTO IIPEIMETA, SABIIIOTCS OCHOBOM JJI1 OCBOEHUS CMEXKHBIX CIIELUAJIBHBIX
JUCLUILINH.

JUi 3aKpernieHuss U KOHTPOJIs 3HaHUM U YMEHMH CTyJIEHTOB 110 npeameTy «TexHudeckas
MEXaHUKa» PEKOMEH/IYETCsl BBIJaBaTh WHAWBUAYAJIbHBIC JOMAITHUE PACUeTHO-TpauuecKue
paboTHI.

Hacrosimiee mocoOue conepKuT rnepedeHb yueOHO# TUTepaTypsl, 3aaHus ISl pacueTHO-
rpaduueckux paboT U METOIMYECKHE YKA3aHUS 110 UX BBIITOJHEHHIO, & TAKXKE IPUMEPHI
pelieHus 3a1a4, OJIM3KUX 110 COAEPKAHUIO K 3aauaM padoThI.

O0mweM U coaepxaHue 3aaHui 1715 pacueTHO-Tpaduyeckux paboT onpeeseHbl Ha
OCHOBAHUH MPUMEPHON TEMAaTHUKHU TaKHX pabOT, PEKOMEHIYEMbIX AEUCTBYIOMIEH TPOrpaMMON.

Howmep BapuaHTa COOTBETCTBYET IOPAAKOBOMY HOMEPY CTYJIEHTa B KJIACCHOM >KypHAJI€.
Cpoxk caun paboThl Ha3HAYaEeTCsl B COOTBETCTBUHU € KaJ€HIaPHO-TEMATHUECKUM IIJIaHOM
npernojasaTens. Bee 3aanns BBINMONHAIOTCS HA ucTax popmara A4 B COOTBETCTBUH CO
CTPYKTYpOH pacueTHO-rpaguueckoi paboThl.

Bce 3amanus cocraBnensl B MexnyHapoaHoi cucteme (CH) enquani Gpu3ndeckux
BEJIMYHMH.



CrtpykTypa pacueTHoO-rpaduieckoili padoTbl.

- TUTYJIBHBIH JIUCT;
- (opmynHpoBKa 3a1aHUS U KCXOIHBIC TAHHBIC;
- MOSICHUTEIIbHAS 3aITHCKa;
- pacueTHas 4acTh;

- rpaduyeckas 4yacth (rpaduku, CXembl, YSPTEKHU U T.1.);
- IUTEpaTypa;
- BBIBO/IbI, TIOSICHEHHUSI UCTIOTHUTEIIS;
- 3aKJIFOYCHHE TIPENOIaBaTeIs.

KpnTepml OILCHKH BBINIOJHCHUSA CTYACHTOM pacquHO-rpaqmqecle p360T.

Ne
n/m

OreHMBaeMble YMEHUSA

Mertoj OLICHKH

rpaHI/I‘IHI)Ie KPUTCPUU OLCHKU

OTJIMYHO

HCYIOBJICTBOPUTECJIILHO

Bce marepuansl
MIPE/ICTABIICHBI B

HaoOmronenue N
yKa3aHHBIN CPOK, He | B oTBeneHHOE MM
PYKOBOAWTEIIS,
OTtHomeHme K pabote HDOCMO TpeOyroT paboTHI BpeMs He
P P JIOTIOTHUTEIHHOTO YIOXKHICS
MaTepHaJIOB.
BpPEMEHH Ha
3aBepIICHNE
He cIIoco0eH
HCIIONIb30BaTh JIaXe
mpocTeimume
apupMeTHICCKHE
JIeUCTBUS IJIs
HOJTy4EeHHUS
YeTKo BBHITIONHSET KOHKPETHOTO
CriocoOHOCTB BBIIOTHSTH IIpocmotp
BBIYHCIICHUS U pesynbrara. bossimoe
BBIYHCIICHUS U TIOCTPOEHHUS SIIIOP. | MaTepHaJIOB
MOCTPOEHHS 3ITIOP YHCIIO0 OMHMOOK B
BBIYHCIICHUSX, B
TIOCTPOEHHH 3ITIOP
TpeOyercs
JIOCKOHAJIbHAS
IpoBepKa
pe3yIbTaToB.
He crniocoben 6e3
HOMOIIN
I'pamoTHO paboTaer
IpernoaaBaTens
¢ mpudopamu,
BBINOJIHATH OCHOBHBIE
co0ioyiaeT Bce
oTieparuu ¢
IpaBUJIa U IIPHEMBI
IIpocmotp npubopamu. Her
paboOTHl TEXHUKH .
Hcnons3oBaHue Bcero MaTepHaJIOB, TBEPABIX 3HAHUH
N 6e3omacHocTH. .
JOCTYITHOTO 000py/JOBaHHMS TEXHOJIOTHYECKUH OCHOBHBIX YacTei 1
MoxeTt umeThb
KOHTPOIIb 9 npaBuil pabotel. He
CcBOOOTHBIN TOCTYTI
CIIOCOOCH OIIEHUTH
(x mpubopam 6e3
POJIb U 3HAUCHHE
3aJIEPKKU
obopymoBaHusi,
MIPEToIaBaTeNs).
MUMEIOIIETOCS B
pacropsHKeHHN.
bes He cniocoben
YMeHne ucrois30BaTh Habmronenune JIOTIOJTHUTEIBHBIX UCIIOIb30BaTh 3HAHUS
MIOJTyYeHHBIE paHee 3HaHUS U PYKOBOJNTEIISL. MOSICHEHUH HE 13 OJIHOTO pazzesa
HABBIKU JJIS PELLICHUS IIpocmotp (yka3aHuit) IIpYU pELICHUN 3a]a4
KOHKPETHBIX 33/1a4. MaTepHaJIOB. UCIIOJNIb3YET HABBIKM | Pa3JesOB CMEKHBIX

1 yMCHUS,

JUCHUIIINH.




HOJy4EeHHbIE IpU
U3yICHUH
JIVICIIUTIINH:
«MaremaTuka,
«mxenepHast
rpaduka»

Bce marepuainsl,

Pa6ora opopmiieHa B
BBICIIICH CTETICHU

pacueTsl, HEOPEIKHO.
MOCTPOCHHUS JleMOHCTpHpYEMBbIE
IIpocmoTp
Odopmiienue pabOTHI. o opMIICHBI BBIYUCIICHUS U
MaTepHUaJOB.
COTJIACHO TIPUHSATBHIM | MOCTPOEHHS MPOCTO
TpeOOBaHUSAM Ha HE MOT'YT MPUBECTH K
BBICOKOM YPOBHE. JIOTIOTHUTETbHBIM
ommnoOKaM.
I'pamoTHO oTBeuaer | Iloka3piBaeT HE3HaHKE
Ha MOCTABJICHHbIC MpeMeTa pH OTBETE
BOIIPOCHI, Ha BOMPOCHI, HU3KHI
YMeHue 0TBeuaTh Ha BOMPOCHI, .
HCTIOJb3YIO MHTEIUICKT, Y3KUi
TOJIB3OBATHCA npodeCCHOHANBHYIO | KPYro30
po¢eCCHOHATBHOM 1 o0mIei CobecenoBaHue. P y Pyrosop, o
JeKcuKy. Moxer OTpaHUYCHHBIH

JIGKCUKOM MIPH cllaye OTYETHOU
paboThI.

000CHOBATh CBOIO
TOYKY 3pEHHS 110

npobGieme. YeTko
BUOUT LCIb.

CJIOBapHbIY 3amac.
UYeTko BbIpaKCHHAs
HEYBEPEHHOCTh B
OTBETaxX U IEUCTBUSIX.




TUTYABbHBIN JUCT K pacyeTHO-rpaguyecKoi pador
OEJIEPAJIBHOE ATEHTCTBO XKEJIE3HOAOPOXHOI'O TPAHCIIOPTA

denepanbHOE TOCYAAPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIETO TPO(HEeCCHOHATBLHOTO 00pa30BaHUs
«MpKyTCKHi1 TOCYAapCTBEHHBI YHUBEPCUTET MMYTEH COOOIICHU S
(®I'bOY BIIO UpI'VIIC)

«CubupCcKuil KoK TPAHCTIOPTa U CTPOUTEIILCTBA

Pacuetno-rpaduyeckas padora Ne
no nucnuruHe « TexHudeckas MexaHuKay

Tewma: Bapuant Ne
Brimonaun [IpoBepun
CTYZIEHT Ip. npenoxaasarens O.1.0.
®.1.0. JaTa, MOAIHNCH

J1aTa, MoJIIHNCh

Hpxyrck
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200N

TeopeaneCKaﬂ MexaHuka. CTaTHka.

Tema: Ilinockasi cucteMa CXOAAMIMXCS CHJI.
PacuetrHo-rpadguyeckas padora Nel

HOCJIGIIOBaTeJIbHOCTB BBIITOJIHCHHA PCHICHUA

1. Vka3pIBaroT TOUKY (MJIM TEJIO), PABHOBECHE KOTOPOU (KOTOPOT0) pacCMaTPUBACTCH.

2. TlpukmanpIBalOT K pacCMaTpUBaeMOM TOUKe (Tey) 3aaHHbIe (M3BECTHBIE) CHJIBI.

B 3agauax 0ObIYHO 3aJaHHO CUIIOH SIBIIsSIETCS TPYy3, KOTOPBINA HANpaBlieH BHU3 (K HEHTPY
TSDKECTH 3EMIIH ).

[Tpu Hammumy 670Ka Tpy3 NEHCTBYeT HAa pacCMaTpUBAEMYIO TOUKY BIOJIb HUTH. Hanpasnienue
NEHCTBUS 3TOM CHJIBI yCTAaHABIMBACTCS U3 YEPTEXKa.

3. MbIciieHHO 0TOPACBIBAIOT CBSI3H, H, TIOJIB3YSCh IPUHIIMIIOM OCBOOOMXIaEMOCTH OT CBSI3CH,
3aMEHSIFOT UX JICUCTBHS PEAKITUSMU CBSI3CH, U MPUKIIAIBIBAIOT UX K paCCMATPHUBAEMOM TOUKE
(Temy).

Hanpasnenue peakiiuu cTepKHs 3apaHee HEM3BECTHO, TIO3TOMY IPEAIOIaraeM CTEPKEHb
pacTAHYTHIM, T.C.

PEeaKIIMIO HaIlpaBJIsieM OT pacCMaTPUBAEMOM TOUKH (Tena).

4. Bo16upatoT 1oJ10’keHre IPSIMOYToJIbHOM crucTeMbl KoopauHaT. Hayano koopnHaT COBMEIAOT
C TOYKOH, paBHOBecHe KOTOpol paccmarpuBaercs. OHy U3 oceil (J1100y10) HanpaBIIsIIoOT Tak,
YTOOBI OHA COBMAJIA C HAMPABJIEHUEM OJHON U3 HEM3BECTHBIX PEAKIIHIL, a BTOPYIO
NEPIEHIUKYIIIPHO MIEPBOM.

3areM OMpECACIIAIOT YIJIBI MCXKY PCAKIHUAMU U KOOPAWMHATHBIMU OCSAMHU, U YKA3bIBAIOT UX HA
yeOpTexKe.

S. CocTaBisIOT ypaBHEHHMsI IPOEKIUI CHJI, CXOIALINXCSA B pACCMAaTPUBAaEMON TOUKE, HA OCU X U
y.

X =0

SY =0
PemaroT cucreMy IByX ypaBHEHHH C IByMsI HEU3BECTHBIMH.
3HaK MUHYC B OTBETE O3HAYAET, YTO HAIIPABJIEHNE PEAKIIMK Ha YepTeKe ObIJI0 BHIOPAHO HEBEPHO,
T.€. €CIIU
CTEepKEHb MPEIOIaraeTcsi pacTAHYTHIM, TO B IEUCTBUTEIHHOCTH OH OYAET CKAaTbhIM, 1 HA00OPOT.

6. Pemaror 3amauy rpadudecKuM CrocoooMm.
Ha ocHOBe momyueHHOI CXeMbl CHJI, B BLIOPAHHOM MacIlTade CTPOAT 3aMKHYTHIN CUIIOBOM
MHOTI'OYT'OJIbHUK, U OIIPCACIIAIOT HCU3BCCTHBIC PCAKIIUH.

7. Tlocne pemnieHus MOTyYeHHBIE PE3yIbTaThl HEOOXOIUMO TPOBEPUTH. I 3TOTO HYKHO
CPaBHHUTH BETUYHHBI, IOJYYCHHbBIE AaHATTUTHYECKUM U TpadUIecKuM crioco0aMu, U MOACUUTATh
MOTPEITHOCTD.



IIpumepl.
OmnpenenuTh BeIMUMHY M HAIIPaBICHNUE PEaKIUi CBA3EH I CXEMBbI, IPUBEICHHON Ha
pucyske, nox aeiicteuemM rpy3a G =30 kH.

Pemrenmne:

1. 3aMeHuM TeNo TOUKOM, COBMaAaroIIeH ¢ LIEHTPOM ero TspkecTu. O6o3HaunM ee Toukoi O.
2. [Tpwnoxum k Touke O aKTHBHYIO CHITY, KOTOPOU SIBIISIETCS BEC TeJla, U HAIIPABUM €€ BHU3.
3. MbicnieHHO OTOPOCHUM CBS3M - TIOCKOCTh M HUTh. 3aMEHUM X JeiicTBre Ha Touky O
peakuusmMu cBsi3e. Peakius riaakoi moBepxHOCTH (0003HauuM ee N) MpoXoauT
MEePIEeHIUKYISIPHO K MIIOCKOCTU B TOUKE A, a peakuust HUTU (0603HauuM ee N) - 10 HUTH OT
TouKku. JIMHUM IeUCTBUS peakIuid U Beca Tena rnepecekarorcs B Touke O, n300pazum
JEHCTBYIOIIUE CUIIBI B BUJI€ CUCTEMbI CXOSIIUXCS CUIT HA OTACTFHOM YepTexKe.

0 \ A,
6‘06 A’, N»

40

G

4. BeiOepeM nosoxeHue cucteMsl koopauHat. Hauano koopauHaT coBMecTUM ¢ TOukoit O,
OCh X COBMECTHM C JIMHUEHN ACUCTBUA peakunu Ny, a OCh Y HallpaBUM IIEPIIEHIUKYISIPHO OCH
X. Onpenenum yriiel MEXKIy OCSIMH KOOpAMHAT U peakuusiMu Nj u No.
5. CoctaBuM CyMMy NPOEKIMIA BCEX CHJI HA KOOPJAMHATHBIE OCH:

1) > X=N;+ N;cos60 - G cos40 = 0;

2) > Y =N;co0s30 - Gcos50=0
Pemmm cucremy ypaBHenuil. 3 BToporo ypaBHeHUs: HaX0AUM

 Geos500 300,643
cos30° 0.866
s NEpBOT0 YPaBHCHUS HAXOIUM

05600 + Geosd00 = —22.2700.5+3000.766 = 11.84kH.

N =22.27kH

N, =-N

1 2



IIpumep 2.

®epma ABCD M3roToBiieHa U3 YETHIPEX MLIAPHUPHO COEINHEHHBIX MEXy COOOM CTEpKHEM.
Ha onope ¢epma 3akperuiena npu nomomu mapHupos. K mapHupy A npHUKpeIuvieH rpys,
Macca KOTOpPOro U3BECTHA.

Pemenune:

®epma — cTep:KkHeBasi KOHCTPYKLMSA, COCTOAIAS] U3 NPAMOJIHHEHBIX CTepPKHEeH ¢

IIAPHUPAMH HA KOHIAX.

¥Y3eu1 - 3T0 MecTO, I/1e CXOAATCH HECKOJIbKO CTep KHeil.
Pemaewm 3amauy MeTozioM Belpe3aHus y310B. CHayalla HyMepyeM CTEPIKHU.
1. Haunnaem paccmatpuBath hepMmy € TOTO y3Iia, B KOTOPOM CXOMAATCS HE Ooee IByX
CTEep)KHEH ¢ HEM3BECTHBIMM YCUIMSIMU. Bripe3aB y3en, He00X0AUMO 3aMEHUTD JeiicTBUE
OTOpOIIEHHOHN YacTH (hepMbl YCUIIHSIMH, ACHCTBYIOIIUMHE BJIOJIb CTEP)KHEH, CUNTAs! IPH STOM,
YTO BCE CTEP>KHU PACTSHYTHI, @ 3aTE€M COCTaBUTh YPABHEHUS pPAaBHOBECHS.

BripexxeM y3en A, 3aMeHUB JelicTBHE Ha y3ell OTOpPOLIEHHON YacTu (pepMbl cusiaMu N 1
N, HanpaBJIEHHBIMU BOJb CTepKHEN | 1 2 oT y31a A, npearmnosnaras, 4To CTEPKHU
pacTsHyThl. PacnonoxuM ocu KOOpJIMHAT TaK, YTOOBI OCh X COBIIAJIA C HAIIPABJIEHUEM CHJIBI
N, . CocTaBuM /1Ba ypaBHEHMsI paBHOBECHSL:

AY 0
Ny ZXi =0; —Nlcos4() —N2 =0 (1)
Yy
40° Y, =0 Npido?-G=0
N < >
vy G
W3 ypaBHeHus (2) Haxoxum Ni: N G 800 =1244.168kH

17 Gina00 ~ 0.643
N3 ypaBuenus (1) naxogum N,

N2 = —Nlcos400 =-1244.168* cos400 =-1244.168*%0.766 = -953.03kH
CrepxeHb 1 pacTsHYT, a cTep:kKeHb 2 cKaT (T.K. 3HaUeHHE PEaKIUH MOIYIHIIOCH C
OTpPHULIATEIBbHBIM 3HAKOM).

2. BoipexeM y3en C, 3aMeHUB JISHCTBUE HA y3€J OTOPOILIEHHON YacTu (hepMbl CHITaMu
N;=1244.168 kH, N3 u Ny4: mpoBeast 0JJHy U3 OCEil KOOpAUHAT Yepe3 HEU3BECTHOE YyCUIUE, U
COCTaBUM YpaBHEHHUS PaBHOBECHUS:

y A
Y'Xi=0 - N3—Nycos40° + Njcos40°=0 (3)
:N3 . X YYi=0 — Nusin40° — Nysind0° = 0 (4)
40T 0 o
Ny N;




N3 ypaBuenus (4) Haxogum Ny
~Nsid0
= =-N

4= =

N
sin40 0

1= —-1244.168 kH

N3 ypaBuenus (3) Haxoaum N
N3 = —N4c0s400 + Nlcos400 =—(—1244.168) *0.766 +1244.168 *0.766 =

=953.033 +953.033 =1906.065 kH

3. I'padmyeckuii ciocoO penieHus.

W3 tpex cui, aeicTByrommx Ha y3en A, u3BectHa cuia G mo MOJyJt0 U MO HaIlPaBJICHHUIO.
Brei6oupaem macmtad cun, Hapumep 100 kH B oqaOM canTUMeETpe (Ueyy 100 kH\CM) 1 cTponm
CHJIOBOM TPEYroabHUK (CMOTPH pHUC. ). VI3 MPON3BOJIILHOM TOUKU @ B MPUHATOM MaciuTade
OTKJIa/IbIBaeM O0Tpe30K ab, paBHbii cuiie G = 800 kH. 13 Havana u KoHIa OTpe3Ka ab
MIPOBOAMM TpSIMbIE, TApaUIeTbHbIE CTEPXKHAM 1 U 2, 10 UX MepecedeH s B TOUKE C.
[Tomy4yaem 3aMKHYTBII CHIIOBOM TPEYTOIBHHUK a6cC, B KOTOPOM BEKTOp ab = G, BeKTOp 8¢ = N
1 BeKTOp ca = Ny. I3MepuB ATUHBI CTOPOH 6¢ U ca (cM) 1 yMHOKUB Ha Macitad 100kH\cwm,
HaXOJUM YCHJIHS B CTEPKHAX 1 1 2:

Ni;=12,5¢M * ey =1250 kH, Ny = 9,5eM* e,y =950 kH. MrbicienHo nepeHecs, HalpaBiieHHe
HaWJCHHBIX PEaKIuil Ha COOTBETCTBYIOIINE CTEP>KHU KOHCTPYKIIUHU, BUAUM, 4TO cuiia N
HaIpaBJieHa OT y3J1a, a 3TO 3HAYUT, YTO CTEPKEHb | pacTAHyT; cuia Ny HaIpasiieHa K y3J1y U,
CJIEIOBATENBHO, CTEPXKEHB 2 CXKaT.

N,

N, =ac, Ny =éc.

Paccmatpuaem yzen C. 13 Tpex cui, J€HCTBYIOINX HA 3TOT y3€ll, 3BecTHA cuiia Ny 1o
MOJIYJIIO U TI0 HampaBiieHuto. BeiOupaem maciirad, ¥ CTpOUM CHIIOBOM MHOTOYTOJIEHUK
(TpeyrosibHUK). M3 MPOM3BOIBHOM TOYKH e B MPUHATOM MaciTade OTKJIaIbIBaeM OTPE30K €0,
PaBHBIN CuUIIE
N;=1244.168 xH. V3 Hauana u KOHIIa OTpe3Ka ed MPOBOAUM IpsSMbIe, TapalIeIbHbIE
cTepxHsaM 3 u 4, 10 ux nepeceyeHus B Touke f. [lomydaem 3aMKHYTBII CUITOBOM TPEYTrOJIbHUK
edf, B KOTOPOM BEKTOP
e0= Nj, BekTop ef=N3, f0=Ny.

W3MepuB JUTMHBI CTOPOH ef U fO (CM) U YMHOXHUB Ha MaciuTal, HaXOJUM yCHUIHS B
cTepkHs 3 u 4.

N3=ef, N4=f 0
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IMpumep 3.
OnpenenuTs yCUiIHs B CTEPKHAX (epMbl aHATTUTHYECKUM U TpapHUUIECKUM CrIocobamu.
CocTaBUTh CBOJHYIO TAOJIUIlY PE3YIbTaTOB M BBIYUCIUTD MOTPEIIHOCTD.

Pelnenmne:

G:=1000H G,=1500H
1. PemaeM 3a1ayy aHAJIUTHYECKHM CIIOCOOOM.

Bocnons3zyemcs MeToioMm Beipe3anus y3i10B. CHavasia BeIpe3aeM y3el A, T.K. B 3TOM y3Je
CXOAUTCS HEe Oosiee IBYX CTEPKHEH ¢ HEM3BECTHBIMH YCHIIUAMU. 3aMEHSEM JIeHCTBHE
OTOPOIIIEHHOHN YaCTH Ha OCTABIIYIOCS PEAKIUSIMH, HAIIPABJICHHBIMH BJIOJIb CTEPKHEH (hEepMBI.
[IpuxnagsiBaeM K JaHHOM TOYKe 3agaHHble cuiibl G u Gy,

N

60° G-
50°
N>

Pacnonoxum ocu KOOpJAUHAT Tak, YTOOBI OJIHa U3 oceit nmpoxoauia uepe3 OJHY 13
HEU3BECTHEIX BeJImunH. CocTaBiIsIeM YpaBHCHH PaBHOBECHA:

SX. =0 —N,-N;cos60” — G cos50? + G cos40” = 0(1)
Y, =0 Njeosi0¥ -Geosd0? ~Goeoss0? =0 @)
N3 (2) Haxogum HensBecTHOE Ny:
Glcos400 + GZCOSSOO .
Nl B cos300 ’
% k
N, - 1000 0.76(6).;616500 0.643 _ 57836(; 1998 H

U3 ypaBuenus (1) Haxoaum No:
N, =-N,c0860° —G,c0s50° + G ,cos40’;
N, =-1998 *0.5 —1000 *0.643 +1500 *0.766 = —-493 H

3HaK MUHYC yKa3bIBaeT Ha TO, YTO HarpaBjieHHue cuiibl N, ObUIO BBIOPaHO HEBEPHO, 3HAUUT,
BTOPOH CTep)KeHb paboOTaeT Ha CxKaTue.
PaccmatpuBaem y3en B. 3amensiem neficTBue OTOPOIIEHHON YaCcTH Ha OCTABILIYHOCH,
cunamu N3 1 Ny, mpoBesieM ocb X yepe3 HEU3BECTHYIO CUILy Na.
CocrasnsieM ypaBHEHHs PaBHOBECHS [UIsl INIOCKOW CUCTEMBI CXOSIINUXCS CHIL:

12



N, 4

SX. =0 N cos40Y N, =0 (3)

2
2Y;=0 N

3

cosSO0 =0 4)

+N
2 N;

A
>

4

N3 (3) ypaBuenus Haxoaum Nj:

N, = N,co0s40° = (—493) *0.766 = -377.64 H
N4 HaxouM U3 ypaBHEHHS (4):

N, =—N,cos50° = —(—493) *0.643 = 316.99 H

3HaK MUHYC y 3Ha4eHHs N3 yKa3bIBaeT, 4TO HAa CaMOM JIeJie CTepP>KeHb 3 cxkaT cuion 377.64 H,
COOTBETCTBEHHO CTEpKEeHb 4 OyIeT pacTsHYT ¢ cuioil paBHoit 316.99 H

Beoipeszaem yzen C.
CocraBnsieM ypaBHEHUS PaBHOBECHS:

\Y

in =0 —N, —N,co0s60° + N,c0s20’ =0 (5)
Ne X

DY, =0 =N, —N,cos70° = Nc0s30° =0 (6)

N;s 70°
N4‘ y

Haxoaum ycumnus B cTep>kHsIX X ypaBHeHHi (5) u (6)

-N,-N ¢ -316.99 — (0,
N, = N cos70° _ —316.99 —1998 %0342 _ 0, o0 1

cos70° 0.342

N, =-N.cos60” + N,c0s20° = —(-2924.87) *0.5+1998 *0.939 =3338.56 H
3HaK MUHYC y 3HaueHHs N5 [M0Ka3bIBaeT, UTO HAa CAaMOM JieJie CTepkKeHb 5 cxat cuioi 2924.87 H.
Cuna B crepxkHe 6 paBHa 3338.56 H, ycuine nosy4ninock co 3HaKOM IIIIOC, 3HAUUT, CTEPKEHD O
pacTsHYT.

I'padpuuecknii cnocod.

PaccmaTpuBaem y3es A. Tak Kak 3TOT y3€J1 HaXOJUTCSl B paBHOBECUH, TO MHOTOYTOJIBHUK U3
JBYX 3aJJaHHBIX U IBYX HCKOMBIX CHJI JOJDKEH OBITh 3aMKHYTBHIM. BpiOupaem macmtad cui ey =
1000 H/cMm 1, BbIOpaB mpou3BosibHY0 Touky O, HAaUHEM CTPOUTH 3aMKHYTbBIIf MHOTOYTOJIbHUK
cui1. CHayana oTi0KuUM Bee u3BecTHble cuiibl: G (oTpe3ok OA=1cm.); Gy ( oTpe3ok AB=1,5¢cm).
Cunbt Ny N, HEM3BECTHBI, HO U3BECTHBI MX HAIIPaBICHU (HalpaBlieHbl BJOJIb CTEpxKHEN 1u 2 ).
[ToaToMmy, 3Has1, 4YTO CUIIOBOW MHOTOYT'OJIbHUK JIOJDKEH OBITh 3aMKHYT, U3 TOUKM B mpoBoanmM
IPSIMY0, TApAJUIEIBHYIO CTEPKHIO 1, @ 3 Touku O - npsIMyo, NapauIeIbHYI0 CTEPKHIO 2.
O603HauuB 0ykBoi C TOUKY nepecedeHus 3TUX MPSAMBIX U YKa3aB CTpEIKaMU HalpaBIeHHE
uckomoi cuisl oT B k C, a HanpaBnenue cuiel oT C k O, NOIy4nM 3aMKHYTBIN CUIIOBOM
MHoroyroiasHuK OABCO. U3mepus nqnunbl otpe3koB BC u CO, nonmyunm BC=2cm, CO=0,5¢cm.
C yuerom Macmitaba mocTpoeHus HailieM:

N1 =BC*pey, =2%1000 = 2000 H
N> = CO*pneya = 0,5%1000 = 500 H

N
1 G, 5 5
60° 0 G
G 1 ! G,
N 30 G A A G B 1
2 ! B 2 A G, B



N, O N
231 1 G

G2 N, Gl

OcTanoch BBIICHUTB, PaCTSHYThI UM CKaThl cTepkHU 1 1 2. Jlnig aToro nepeneceM cuibl N 1
N, U3 MHOTOYTOJIbHHKA CHJI K COOTBETCTBYIOILIMM CTEPKHSM, B PE3yJIbTaTe 4ero Haiiiem, 4To
CTepXkeHb | pacTAHyT, T.K. HAPaBJIEH OT Yy3J1a, a CTEP’KEHb 2 cxkKaT (HalpaBJieH K y3I1y).

N;=2000 H;
N, =500 H.
¥Y3ea B.
4
Ny N N O N O
50° 2 >
A 3
N3 3
N
2 N.
N;

VY3e1 HaXOAUTCS B paBHOBECHH, TO3TOMY MHOTOYTOJIbHUK (TPEYTOJIbHUK) U3 T€X CUJI - OJTHOU
n3BeCTHOM Ny U IBYX HCKOMBIX JOJKEH OBITh 3aMKHYThIM. BbiOMpaemM MacmTa® ucxons u3
U3BECTHOM CHIIBI [eyy = 100 H/cm. BeiOupaem npousBosbHyto Touky O HauMHAeM CTPOUTH
3aMKHYTBIN TpeyroiabHuK cuil. CHavassa OTI0KUM u3BeCcTHYIO cuity N, (oTpe3ok OA=5cm). Cuiibl
N3 uN4 HensBecTHBI, HO U3BECTHBI X HANPaBJICHUs (HAIlpaBICHBI BAOJIb CTep kHEH 3 u 4). 3Has,
YTO CHUJIOBOIl MHOT'OYTOJIBHUK JIOJIKEH OBbITh 3aMKHYT, U3 TOUKU A IIPOBOAUM JIMHUIO
napajieNibHy0 CTepXkHIO 3, a u3 Touku O npsAMyIo napajuienbHyto crepkHio 4. O003HaUUM
TOUYKY IIepecedeHtst 3TuX JuHuil OykBoil D u ykaxem HarpaBieHue uckomsix cuil (N3 ot A k D,
a N4 ot D k O).U3mepsiem munsl orpeskoB AD u DO, nonyunm AD=3,7 cm, CO=3,2 cm. C
yaetoM Macintada moctpoerus Haigem: N3= AD*pe,,=370 H, Ns=DO* pu,= 320 H.
BerlsicHsieM, pacTSHYTHI WK CKaTbl cTep>kHU 3 U 4. [t aToro nepenecem cuibl N3 1 Ny u3
MHOTOYTOJIbHUKA CHJI K COOTBETCTBYIOIIMM CTEPKHSAM, B PEe3yJIbTaTe Yero HaijieM, 4ToO CTep:KEHb
3 cxar, a crepkesb 4 pactaHyT. N3=-370 H, N4=320 H.

Ny 4

\
N, /ﬁz
—_—

Y3ea C.
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Taxk kak y3en C HaX0AUTCS B PABHOBECHH, TO MHOTOYT'OJIbHUK M3 AYX U3BECTHBIX N U Ny M IBYX
Hen3BeCcTHBIX Ns U Ng CHIT TOJDKEH OBITh 3aMKHYT. [IprmMem macmrad cun pey,= 400 H/em u,
BBIOPAB MPOU3BOJIBHYIO TOUKY A, HAYHEM CTPOUTH 3aMKHYTHIII MHOTOYTOJIbHUK CHJI.
OtkitageiBaeM u3BecTHbIC cuiibl N (oTpe3ok AB=5cm), Ny (otpe3ok BC=0,8cm). U3 Touku C
MPOBOJIUM JIMHUIO MAPATUIETBHYIO 5 CTEPXKHIO, a U3 TOYKHU A MPOBOJAUM MPSMYIO MMapalIebHYIO
cTepkHio 6. O003HaYMM TOUKY MEPECEYCHHS ITUX JBYX JUHUN OyKBOH D, 1 yKakeM cTpeiKkaMu
HanpassieHue cuiibl Ns ot C k D, a HanpaBnenue cuibsl Ng oT D k A. VI3MepuM AMHBL OTPE3KOB
CD u DA, nonyunm CD=7,3 cM., DA=8,3 cm. C yueTrom maciiTaba mocTpoeHHs HaaeM:

Ns=CD*penn=7,3%400=2920 H,

Ne=DA*pcun=8,3%400=3320 H.

6 D
N A
60"/ : A ~ N\Ta
1
N
N N
5 N, e
z 5
Ne

N /
Ns
Ny

BolsicHuM, pacTsHYTbI CTEpKHU WM ckaThl. 1 aToro nepenecem cuiibl N5 u N6 u3
MHOT'OYTOJIbHUKA CHUJI K COOTBETCTBYIOIIUM CTEPKHSAM, B PE3Yy/IbTaTe YEro yCTaHOBUM, YTO
CTEpXKEHb 5 CKaT, a CTepKEHb O pacTAHYT.

Ns=-2920 H, Ne= 3320 H.
CocrasisieM CBOAHYIO TaOJINIly pe3yJIbTaTOB:

Yeuius B N1, | N, N, N, Ns, NG,

CTEPIKHSAX H H H° u H H
AHamuTHYeCcKui 1998 | -493 | -377,64 | 316,99 -2924,87 | 3338,56
['padmaeckuit 2000 | - 500 |-370 320 - 2920 3320
[Horpemnocts % | 0,1 1,4 2,06 0.94 0,16 0,56

[TorpentHOCTh BRIYUCIUTH MOYKHO C TIOMOIIBIO (DOPMYITBI:

N -N
rpad. aHAaINT.

o= *100%

N
rpad.
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6 — Nlrrpa - N

N

2aaHanu

_ [1998—200q

*100% =0,1
2000

Irrpa

_ N2rpa(b B NZaHanI/IT _ |500 — 493|
500

) *100% =14

N2rpa(b

Takum 00pa3oM, HAXOAAT MOTPEIIHOCTH O3, O4, 05, Og. [[OTPEITHOCT HE TOHKHA MPEBHIIATH
7%. Ecnu morpemHocTs 6oinee 7%, TO HaJ0 UCKATh OMIUOKY, JTHOO B AaHATUTHIECKOM, JINOO B
rpaguIecKoM Croco0e perieHus.

3ananue K pacueTHo-rpadguyeckoii padore Nel:
Onpenenuts ycunusi B CTEPKHIX (pepMbl aHATUTUYECKUM U TpaPUUecKUM CIIOCOOaMH.
3anaHue BbIOpaTh COTJIaCHO CBOETO BapUaHTA.
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G,=2000#n

G1=8000H
3 — |
G1=4500n
G2=1 500H

| b

5 G
B

7

9

¥ G,=1500H

d G,=3000n
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G,=2000u

G1=2000n
G,=2500n

G,=2000n
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G;=13001

G,=1000x

30

G,=10001
G1=2000H

w
“

I

G1=1000H

34 —p 35
-t G»=2000
= G,=2000n
- G=4500u G1=8000
.
36 ¥ .
ASIND B
G|=1000 H
v G2=3000 D
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Teopernueckast Mexanuka. Ctatuka

Tema: [linockasi cucreMa MPOU3BOJILHO PACIOJIOKEHHBIX CHJI
PacuerHno-rpaduyeckas padora No2

[TocnenoBaTenbHOCTD PELICHMUS.

1. OcBOOOXIAIOTCS OT OTOP M 3aMEHSIOT MX JICHCTBUE Ha OaJIKy OMOPHBIMU peakiusMu. B
[IAPHUPHO-HETIOABUKHOM OMOpe B 00IIEM CiTydae ACHCTBUS Harpy3KH BO3SHUKAIOT JBE
peakiuu : Topu3oHTanbHas Ha u BepTukanbHas V. B mapHupHO-1I0ABIKHOM OMTOpe npu
1100011 Harpy3Ke BOHUKAET OJHA PEaKLUs —I10 HAIIPABICHUIO OIIOPHOTO CTEPXKHS Vg, TO
€CTh peaKiys NepPIeHANKYIIIpHA OIIOPHON TIIOCKOCTH.

2. OmnpenensioT MI€Y0 CUJIbI, HE MEePHEHIUKYIAPHOI ocu Oanku. Ilneuo cuisl onpeaensercs
OTHOCHUTENBHO 00eux omop. [yt 3TOro 13 Ka)k10# TOYKH OMOPHI OMYCKAIOT Ha CHITY WU
JIMHUIO €€ HeﬁCTBHﬂ NEPNCHAUKYJIAPBI — OHU ABJIAKOTCA IJICUaMU CHUJIBI OTHOCUTCIIBHO
JIeBOM M MpaBoii omopsl. PaccmaTpuBast mpsiMOYTOJIBHBIN TPEYTOIbHUK, 00pa30BaHHBIN
OCbI0 OaJKu, JIMHUEHN AEUCTBUS CUIIbI M MIEPIEHAUKYIISIPOM, HAXOIAT BEIMUMHY KayKJ0T0
ieya.

3. CocTaBislOT ypaBHEHUS! PABHOBECUSL:

Y M, =0
> M, =0
> X=0

Pemras ypaBHeHUs1, HAXOIAT HEU3BECTHBIC peakuun Va, Ha, V.
4. BbINONHAIOT MPOBEPKY PELICHUS 110 YPABHEHHUIO

>Y=0

3amaua 1.

Kectko 3amemnennas 0anka AB HarpyxeHna cuiioil F = 4 kH, kak noka3aHo Ha pucyHKe.
Onpenenutb peakiuu 3aJeNKu, €CIH oL = 30°.

a). F
o
Z — —— S
A
// 0,8 M
=
b4
0).
RA_\
z M., Rax 30Y
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Peuwenue

OcBoOonum 6anky AB oT cBsi3u 1 3aMeHNM €€ JieiicTBUE Ha OallKy CHIIaMH peakuuu Ray n
Rax 1 MomenToM M, (puc. (0)). PacrionoxxuB ocu koopauHaT, Kak moka3ano Ha puc. (0), s
YPaBHOBEIICHHOW CHCTEMBI CUJI I MOMEHTA COCTAaBUM TPH YPABHECHHS.

ZMAZO;
2Yi=0;
2Xi=0

IMs=Ma +F AC=0; rme AC = AB sin30°
Ms=-F- AB sin30°=-4-0,8-0,5=- 1,6 kHwm
YYi=Ra, — F cos60’ =0
Ray = Fcos60° = 4- 0,5 = 2xkH
YX;=Ruax - Fcos30°=0
Rax = Fcos30° = 4- 0,866 = 3,46 kH

,HJ'I?I HpOBepKI/I MMpaBUJIBbHOCTH peH_ICHI/ISI COCTaBuUM ypaBHeHHe MOMCHTOB OTHOCHUTCIIBHO
TOYKHU B.
ZMB =O;
XM= MA+RAy . 0,8 =0
-1,6+2-0,8=-1,6=1,6=0;0=0

3asaya perieHa IpaBUIbHO.

3agaua 2.

Ha ropuzonranshyto 6anky AB, 1eBblil KOHEI] KOTOPOW UMEET IIapHUPHO-HETOABHKHYIO
OI10pY, a MpaBblii — MAPHUPHO-NIOABIKHYIO, B Toukax C u /| mocrasiens! aBa rpy3a Fi= 10
kH u F, =20 xH (puc.,(a))/

OrnpenenuTth peakiiuy ornop OaaKu.

A C D AB
y X AT 77
: M 25 M 2 M
y
6). 4 AR,

TRa, B, _ F,
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Pewenue.

Paccmotpum paBHOBecue 6asiku AB, Ha koTopyto B Toukax C u D nmelicTByroT nBe
BepTHKaNbHBIE HArpy3ku Fy u F, (puc.(0)). OcBoboxkmaeM Oaliky OT CBS3EH M 3aMEHHUM UX
JcHcTBUE peakuusaMH. B MecTe mapHUpHO-HEIOABUKHOM ONOPBI A BOSHHUKAET peakuus Ry u
Rax, a B MecTe IIapHUPHO-IIOABUKHOM ONOpsI B BO3HUKAeT BepTuKaibHas peakius Rg.
CocTaBUM CUCTEMY YPaBHEHUH PAaBHOBECHS, PACIIOJIOKUB IIEPECEUCHHUE OCEH KOOPIUHAT B
Touke A, a och X HampaBisieM BJOJb MPOJOIBLHON OCH OaNKH.

[IpuHuMaeM J1s1 OTHOTO YPAaBHEHMS 33 LIEHTP MOMEHTOB TOUYKY A, a ISl APYroro — Touky B.
VYcioBue paBHOBECHS:

XMp =0;
ZMBZO;
2Xi=0

ZMA:Fl AC+F2AD—RBAB=O
FeAC+F,eAD 10e1+20e3,5

Rp = =16xH
AB

SMp=-F, DB—F,- CB+Ra,- AB=0

Ry = [ DB+F-CD _20:15+10:4

AB

ZX{ = RAX=O N RAX =0

[IpoBepuM NpaBUIBLHOCTD PEILLIEHUS, COCTABUB YPaBHEHUE MPOEKIUN CHIT Ha
BCPTUKAJIBHYIO OCBh Y .

EY{ = O;
2Y=Ray—-F —-F,+Rpg =0
HOI[CTaBJ’I?I?I B OTO YPAaBHCHUC YHUCJIOBBIC 3HAUCHU A, ITOJTydacM TOXKICCTBO,
14-10-20+16=0;
0=0

3HAYUT 3a/lavda pCHICHA IPABUJIBHO.
Ortser: peakunn onop: Ray = 14xkH u Rg= 16 kH

3amaua 3.

l'opusoHTansHas 0anka UMeeT B TOUKE A MIAPHUPHO-TIOJIBIIKHYIO OTIOPY, MIIOCKOCTh
KOTOPOM HAaKJIIOHEHA K TOPU30HTY MOJI YTIIOM O = 24° (puc.(a)), a B Touke B — mapaupHo-
HEMOABMXKHYIO onopy. banka Harpykena B Toukax C u D 1ByMs cOCpe1OTOUCHHBIMU CUTIAMU
F, =24 xH u F,= 30 kH. Onpenenuts peakuuu omnop.

L B
A
o C D \
2M 2M
Y
6). A
F, F, Rp,
R |
RBX
o 7C D G %
. /
~
F
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Pewenue:

OcBoboxaaeM 6anky AB oT cBsizeit, ux JeiicTBHE HA OAJIKy 3aMEHSIEM CHJIaMU PEaKIIHA.
Peakmus moaBmkHOTO MIapHUpa R HampasieHa He mapauieTbHO BEPTUKATHHBIM Harpy3Kam,
a TI0JT YTJIOM ¢ K BEPTUKAJIM — TIEPIICHAUKYJISIPHO K OTIOPHOM MOBEPXHOCTH IIApHUPA
(puc.(6)). Peakiuto HemoaBmKHOTO ImapHupa (T. B) 3amenseM 1Byms cocTaBisiomMu Ry 1

Rgy.

Pacnonoxus ocu X u Y, Kak mokasano Ha puc.(0), cocTaBisgeM ypaBHEHHUE paBHOBECHSI:
XMp =0;
EYi = O;
2Xi=0

My =F; 'AC+F2 ‘AD—RBy‘AB =0

Rp, = F-AC+F,-AD _ 24-2+30-4 2R

AB
ZYi = RACOS(X—Fl —F2 + RBy =0
F+F, -R —
L=t By:24+30 28:28,71<H

cosa cos 24°
2X;=-Rgx +Rx sina. =0
Rgx = Ra sina = 28,7 - sin 24° =12, 1 kH
[IpoBepky pemieHus: MPOU3BOIUM IIPU MOMOIITN YPaBHEHUSI MOMEHTOB OTHOCHTEIIBHO
touku C.
EMC = O;
XMc=Rs-CE+F,-CD-Rg,-CB=0
28,7-2-cosoo+30-2-28-4=112-112=0;
0=0
3amava pelieHa npaBUiIbHO.
Ortser: peakunu onop: Ry = 28,7 kH; Rpy = 28 xH; Rpx = 12,1 kH

3amaua 4.

Ha xoHconpHyI0 0anky, UMEIOIIYyI0 B TOUKE A IIapHUPHO-HENO/IBIKHYIO, a B Touke B
[IaPHUPHO-TIOIBIKHYIO OTOPY, AEHCTBYIOT 1BE Harpy3Kku (puc.(a)): B Touke D —
cocpenoroueHHas Harpyska F = 8 kH, a Ha yuactke CB — paBHOMEpHO pacnpezeeHHas
Harpys3ka HHTEHCUBHOCTBIO = 2 kH/M. OnpenenuTs peakuuu omnop.

Pewenue:

B sto0ii 3anaue, kpome cocpenoroueHHoi cuibl F; , Ha ydacTtke CB nelicTByeT paBHOMEPHO
pacripeielieHHasi Harpy3Ka, HHTEHCUBHOCTb KOTOpOii q . [TonmHast BenrunHa 3TOM Harpys3ku (eé
paBHoOelicTByOmas) paBHa Fy n npunoxkena B Touke O nocepenune ydactka CB (puc.(0)), T.
e.CO=0B= B

2

Peaxmus Rp moaBkHOTO MIapHUpa HaIIpaBlieHa BEPTUKAIBHO (TIEPIIEHANKYISIPHO K OTIOPHOM
noBepxHOCTH). Peakius R HEMoABMKHOTO IIapHUpPA HAMPaBJIeHa BEPTUKAIBHO. Takum
00pa3om, Ha OaJIKy JIEHCTBYET CUCTEMA MapaJIeIbHbIX cU (cM. puc.(0)).

CocrtaBuM /1Ba ypaBHEHHUSI MOMEHTOB OTHOCHUTENIBHO TOUeK B 1 A:
ZMA = O;
XMp=0
My =F-AO-Rg-AB+F-AD=0
_F,-AO+F-AD 2.3.25+8-55

AB
Mp=F-BD-Fy-OB+RAp-AB=0

=14,75xkH

Rg
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F,-OB—F-BD 2.3.15-8-
_F _23 05815 oo
AB 4

OtpunarensHOe 3Ha4eHUE peakuuu R, 03Ha4aer, 4To OHa HalpaBiieHa BHU3, @ HE BBEPX,
KaK MoKa3aHo Ha puc.(0), moToMy 4To MOMEHT cuiibl F oTHOcuTensHO onopsl B Gosbie, yem

Ra

a). q F
A YYVYVVYVYVYVVYB
U

AN 5 i S——

==

/I
6). y
4 ARo F
A
Ra
A [ O D> X
Fq v

MOMEHT PaBHOMEPHO PACNPEACICHHON HAarPy3KH.
Jl1s mpoBepKH penieHus UCIIOJIb3yeM YPAaBHEHHE ITPOCKIIMNA HA OChb Y.
ZYi = O;
ZYi:RA—F'Y‘FRB—F:O
- 0,75-2:3+14,75-8=-14,75+14,75=0;
0=0
Taxum oOpa3oM, peakiuu HaiiieHbl BEPHO, U peakius mapHupa A paBHa Ry = 0,75 kH u

HalpaBJlieHa BEPTUKAJIbHO BHM3; peakuus mwapHupa B paBHa Rp = 14,25 kH u nHanpasnena
BEPTUKAJILHO BBEPX.

3agaua 5.KonconbHast Oanka AB, jkecTko 3ajielaHHas y JIeBOro KOHIIA, HArpyXeHa, Kak
MoKa3aHo Ha puc.(a). OnpeaenuTh peakiiuy 337K U peaKTUBHBIIT MOMEHT.

a). M = 50 kH/m
- Q q =10xH/m
_ - I A I 2 2 2 2
4A 60° B
- /1:040KH
Im 3M Im 1
/| 1 “

6). T
M

A o C 0 | 2D B X
Fq F
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Pewenue.
Ha 6anky nericTByroT Tpu Harpy3ku: B Touke C MOMEHT, ACHCTBYIOIIHI TI0 X01y 4aCOBOMH
CTpeJKH, Ha yuacTke CB — paBHOMEpPHO pacrpe/iesieHHasl Harpy3Ka, KOTOPYIO 3aMEHUM
cocpenoToueHHoM cunor Fq mpuioxenHoit k Touke O
CO=0B-= B =2m,

2
B Touke D mpuitoxeHa cocpeorodeHHas cuia F moa yriiom K mpo1oibHOM OcH Oaliku 60°.
PaBHOBecue Oanku oOecreunBaeTCst JKECTKON 3a1€TIKON y TOUKH A.

OcB060IMB OaJKy OT CBSI3M, 3aMEHUM €€ JICHCTBUE CUIION — PEaKIIuel CBSI3U U
peakTuBHBIM MOMEHTOM M. Ho Tak kak peaknuro Ra 3amenku cpa3y onpenesnTs Hellb3s,
3aMeHuM R, €€ cocraBmstommmMu Rax u Ray coBMecTHB ux ¢ ocsiMu X 1y (cM. puc.(0)).
CocraBuM ypaBHEHHUsI paBHOBECHS — YPaBHEHHE MOMEHTOB OTHOCUTENIbHO TOUKH A
ypaBHEHHUS MIPOEKIIMI HA OCHU X U Y.

ZMA = O;
ZYi =O;
2X;=0

¥Ms =Ma+ M+ Fy- AO—F - AD sin60° = 0
Mpa=-M-Fy-AO=F-ADsin60°=-50-10-4-3+40-4 0,866 = - 31,44 xH/m
2Yi=Ray — Fy +F c0s30°=0

Ray = Fy - Fcos30° =10 - 4 — 40 - 0,866 = 5,36 xH.

¥X=Rax + Fcos60’ =0

Rax =- Fcos60’ = —40 - 0,5 =-20 kH.

[Iposepka: XMp =0
YMp=-Fy-2+F-1-sin60"+M+Ma+Ray-5=0
-10-4-2+40- 0,866+ 50— 31,44 +5,36 - 5=111,44— 111,44 =0;
0=0

3amaua 6.

OnpenenuTs OMOPHBIE PEAKLIUU paMbl, H300paXKEHHOM Ha pUCYHKE.

A .F|:IO kH
/..M:25KHM
o Yy o }
M 3IM T
3M ‘ ' o6M
i i
q = 2 kH/™m BX
6M _:/ $ 12
e F3=15KH
>
A Rux <
A
Rz\_\
Pewenue:
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OcB000Xk/1aeM, MBICIICHHO, paMy OT CBsI3€il, X JeiCTBUE HAa paMy 3aMEHsEM CUIIaMU
peakuuii. Peakiust HEMOABMXKHOTO IAPHUPA BIPaKaeM FOPU30HTATILHOW M BEPTUKAIBHOM
cocTaBisIoUMMH Ray 1 Ry Peaknus noasmxnoro mapaupa Rpy neprnenauKyispHa onopHoM
MOBEPXHOCTH.

CocTaBuM ypaBHEHHS paBHOBECHSI.

XMp=0;
EXiZO;
>Mgp =0.

IMpa=g-6-3+M+F;-3—-Rgx-3+F,-6=0
Rp. = y-6:3+M+F-3+F,-6
3

2X; = Rax +’Y'6-RBX:O

Rax=Rgx -y 6=60,33-12=48,33 kH

ZMB:—Fl'3+M+RAy‘6—RAX‘3=O
F-3-M+R,,-3 10-3-25+4833-3

Rar = 6 ) 6

IIposepka: XY; =0

=60,33xH

= 25xkH

TVi=Rpy-F —F,=0
25-10-15=0;
0=0
33.,[[21‘13 pCuICHA ITPaBUJIbHO.

3amaua 7.

OnpenenuTh OMOPHBIE PEAKIIUN PaMbl, H300paKEHHOW HA PUCYHKE.

N, F|:8 kH
|
M=16xH/™m

C/\ D
M M — q=2«xH
4m : //
<« . 4M
—+—E35]2«H Bl
M k A
RAy RB
Rax '
;}A 31"

Pewenue:
OcB000X1aeEM, MBICJIEHHO, PaMy OT CBSI3€H, UX JIEHCTBHE HA paMy 3aMEHSIEM CHUJIaAMU
K
peakumii. Peakiys HENOABUKHOTO IIAPHUPA BBIPA’KAEM FOPU3OHTAIILHON U BEPTUKAIBLHON
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cocTaBiIOUMH Rax U Rpy. Peaknus noasmxnoro mapaupa Rpy neprnesaukyispHa onopHou
noBepxHocTH. COCTaBUM ypaBHEHHUS PAaBHOBECHS:

ZMA:O;

2Xc=0;

Mg =0.
XMa=F,-2+F-2-g-4-4-R;-4+M =0
_F,-2+F-2-q-4-4+M 12-2+8-2-2-4-4+16

4 4
XXc=—R,y - 6+M-F,-4+F-2+q-4-2—-R,-4=0
_M-F,-4+F-2+q-4-2-Ry-4 16-12-4+8-2+2-4-2-6-4
6 6

Rp oxH

Rax —4xH

SMp=-q-4-2-F-2+M +R, -4—R,, -2=0
_q42+F-2-M+R,-2 2:42+82-16-4-2

Ray 2 2 2xH
[TpoBepka:
EYi =0 )
XXi=0
XY = RAy —-F+Rg=0; 2-8+6=0;
0=0
ZX{ = RAX + Fz— q- 4= 0; -4+12-2'4:0;
0=0
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3aganue Kk pacueTHo-rpadguueckoi padore Ne2:

Onpenenutb ONOPHBIE PEAKIINH MPOCTHIX OaIOK U paMbl. JlaHHBIE BRIOpPATh COTJIACHO CBOETO
BapHaHTa.

(1) oy q
800 m=2qc? J_l :l l l l

7 q
ITTTTTT .
a . Q. 2a
Psqc q m.Qq:g P2=2qd. 8
oNTTTTITT D )
Was -
a > 2a a “’}’
] Pi=qa
o
0=2m -‘m=qcﬂ
e 2a
@ 9 P=2qa a
7 lllllll\l‘/\{o”mﬂqcﬂ 11111],%_@30
1 Ve
e d e 2Q " a _
q P=2qa
:L_\L_Jr_l bl 450 PN . S
2q . a . a =20 |
) P1=2ga
o
a=2u
q:zxﬂ,tu
’4 2a
3
: d P=0,5qa
,l 1 ll ll l : m=3qce 45 m=2qa? P1=2qa
20 e C O a . J::
q m=1,2qa? P=3ga s 8
(TTLITTEEILT Sl
" 20 " a ; a . P=qQ
0=2x o
q:z:H;“

28



q m=2qa? “P2=2q0 n}%ﬁqcﬁ
Al y’[lllllj
: 450
150 . a 1,50 a
/“ L
P=2ga 3\?/0-. ] .
q ™ o
m=1 592 ~N
¢ NN RENE!
P=3ga
o a__ L 2a
JI-P1=c1C| '
a=2u
quxH,‘u
20 A
i;) P:SQOQ - P=2qa ‘m1=2qa? Pa=3qa
4 q
T ]
‘ a 20 o a_ ) PR » B
» —
00
a m=3qc? )
I. \LLL l_l l L/A* P=qo | 3
#4 20 %’ a 1 Iclé
» O e > o«
L J"_
[ U =y
a=2m :
q=2=Hp, 2{: 3 >
2a’
@ P=1,2q0 | P2=qa
/ q m=4qce &0 /’m=’2qc12
; [T s [
’ 2a L a a . a
m=1,5qc? q P5qa 0
. 600
e y 1l A
) =]
a 2q ’i' a ) ”
h -
‘|P=2q0
a=2xn
g=2xH =
2a

29




q rm=3qo? ¥
MU N [ o
3 P2, — )
20 | 2a |
P=3q0 p— a
I ITITITIY [
a=2m :
2% Hn ey
20 4/
q m=2qa? P=3qa m=4qc?
flllllLl.jllllLN -
: 20 20 i - =
ol P2=3qa
Q m=3qcr m=2qa? 8
EREPFVFEPIRY Y| H
yd on ¥ -
Q 2a = a > f—op'—
Pi=2qa
a=2u .
q=2xHp,
Ao s
4 /’ q 450 P2=2qa
1 1 0 ol B
. a 2a a
s » o a
=] m=4qa? p=0 ®
JTTTITTIy o ™ g
] £
2a i a -: p & P1=3qa
& -
s)
a=2m
q=2xHy,
20

30




Q_?)“ P=3qa
:. =2C1CI2f 450 a .
] TTTI1] )‘9 |
9 L= I 29 . . o E
m=3go? g
.gb} [TTTTTIOA® ‘ —
" a " 2q : a PQQU j
o o _ﬁL_OE
o PiE2qa
o v
0=2u
q:Z:HM
20
11 P=go q
O q [ITT1]
ITT T T IT] i
g a 20
45:=Cl0 q m=20c? Pa=200. .
a | 2a a ]
) 8 P1=q_g
a=3wm -‘m=qc12
q:6xH;“
2a
(2) : - q
] LTI L e LI LI ] P
j )
. a " e A o
q P=2ga o
RN 4o NELIE &
£ %
! 29 —9 9 s m=2qa?
j P1=2ga
[a] L
0=3n
=6xH,
q=6xHn R
2a

31



()

A P=05qa
‘RIS E! m=3qar 45 m=2q0? Fi1=2q0
—u{ =]
& 2a b [s] s} | a o |
&1 |
q m=1,2qa? P=3qa 450 & ‘——11 i
&gkl.muwm, s j
| 2a W - a P2=qa
a=3m o
q:ﬁxH,“
F- AN
14 q li,. rm=2qa? ‘P2=2C]CI r;fiﬂc#
[TTIT1 ) =
P E
1,50 a 1,50 d L |
Ve L
P=2qa Ay |
e—Q
e TN -
v (.> 1pP=3qa ¥,¢- =
a_ . a 2a | < #
Pi=qa
a=3u
q=6%Hpy,
4 20
@ m=3qa? P=2qa JR:QQGQ P2=3q0
800 a o)
LITTTT ‘ ™
a 20 a | [ a
o —
a m=3qa? 1 :
2 l .’. l l l—\[ l (‘ P=qa | 3
A O |— o
2Q a %v [s] ?
T 1 o
i &
L o]
a=3m i i
q=6%Hy, ? |
20

32




P=1.2qa 4 P2=qa
- m=4qa? 500 . /"m=2qc:2
?HHH [T [ i
m=1,5qa2 P =3q0 :: ) "
EREN L o
Wi J l i s
] T |1
L P1=2qo
::::Hm ijr“
2a
q m=3qa2 P1=2ga
lllllllllllll) 3 .
450 <
20P=2q° 2a 5 :
P=3qa m=2qa? o) & &
Lt L IANEL S L] ] P, B
¥, 1, |
a=3u
q=6xHp,
2Q
m=2qa? 45MP=300 m=4qa?
:TllllfjlllTlM =
; 20 2a ~ :: a
ol—s P2=3qo
m=3gqaq? m=2qa? ol |-
l l RN L/ ) g
_— ol 20 "‘JF ) I?_QE.'L_
f1=2ga
a=3um °
q:ﬁxH,r“
2a

33




@ m=2qc? =

34

Jo
7 K a 450 Fz=2qa
ITT T 11T
PR | 2a a
) [s]
(=] m=4q02 P=ei )
JITTTTTIl vy« " g
e ~ €
3 20 - a ] a - P1=3q0
< ol [
—_— o
a=3um =
q:ﬁsH;M ﬁ .
R PO 2a il
20 P=3qa
~ m=2qo2f 450 q P2=3Qa
; ) o
PR - VS, (RN - S 2a . a ".g
m=3gc? = &0e :\
(> {ITTTTII | =
i _ R
a 2Q . a —
O o 7r—-——----—':l—(%
— ™ PiF2qao
o] ¥
a=3u
q=6xHy, ¥
2a
S G g [TIT11
TTTTTT] i
a _ a 2a
P=qa q “2qc2 P2=2ga. 2
SNTTTITTTD
Bk 2a - a o
& P|=q.9
o=dn ~y M=aa?
q:Zxﬂf" ;»
20



& [T ITT e

Huuu/(;w «
a 2a a .
q P=2qa o
IEFRERE b om0 5
¥ /qi
20 a a | m=2qa?2 ——"—‘—E
} F1=2g0
0 \
a=4n
q:ZIH,M
20
@ g P=0,5qa
A l l J, l l l m=3qa? 45 m=2qa? Pi=2ga
7 7 5 —
2a i a - i . El
m=1,2qa? P=3qa 450 g -
HHHH‘HL ,, o
P
20 a a P2=qa <1
azdu M
q:Z:H/“

4 Q m=2q0? Tp=2q0 r;=£qo?
[T [LT] 1) =
" 150 a :—:

-2qo 4
2 e— 9
=1,5qa? ™ 3
- ST 1 1 —
P=3qa e—
g a 2a J fe—
Pi=qa
a=4u
q=2%Hn _"2;
2a

35



C% = 30R P=200 . Fa=3q0
- o X7, '
T VITTTLIT{ITI ni
Za a | 3
" 2+ — !
k' S N ;
::! ] m=3qa? - L :
I Vew O
g T E
e 22 g e 2 ) E
B 4
o
azdm
<I=2"Hfu ;
1 20
® e g
. m=4q &0 rH=2go?
7 9 ~
MTIITITTT GO
I, 20 o a ] Q
=1 5e07 a F=200 ) o
60) ——
T L X
I — 8
Za Afw a o “
L A
Fi=2q0
azdu
q=2xHn, -
20
27 - Q : m=3q0? fi=2q0
;llHlHlllllH) T T e .
1 20P=’2c?c150 2a ]
l... v
600\?“3!2{0 et O -— S a
o
Wiidl lllllll) )
S -
20 Q a ——aﬁ— >
7T ¥ &
9} == 0
az4m
qzzl:l-l;u
Pds]

36




m=4qal

37

| q m=2qa? 45\P=30a
L
rl 2a X 2a || : e
P2=3qa
q m=3qa? m=2cc? a U:
IHEEREENINN 1 -
& 400 b —
a 2a o -
fi=2ga
T_ : asdu °
et q=2xHpy
e S
@ q me2qe? fP2=200 rfﬁqc’g
TITITT [T —
1 450 9 o -
1,50 C:/ 15a |
P=2q0 3@_- Le—
q g o le— O
m=15qa2 o~
, ¢ HEMEEEREN ]
W4 'P=3q0 : i
[=) a 2a : ]
f=ga
_ 1 a=5u
R q=8xHy,
20
m=2qga?
m=3qa2 P=2ga P2=3qa
E 600" \ g J:‘\ [ )
LTTTTYTRTTT
a 2a o Q - a >
q m=3ga?
ViLlill] P=qa g
4 - o g
e 2a " [« " a a':
0 “d
a=5m X
q:B:Hm
" 2a .
31 P=1.2q0 pF2=co
z q rﬂqog & ’mz‘zqcz
\‘ ,?\
LT T TTTTT L TT] —
2a Q_ o, ] a
m=1,5002 q P2a0 [ o
T &0° —
Yy JIJ]11]} - “
< a Pis} | a o —
— -lf_"g_“_
) 1h=2qa
a=5w, ___:
=8xH
A Do
2a




Teopernueckasi Mexanuka. Ctaruka.

Tema: LleHTp THAKECTH
Pacuerno-rpaduyeckas padora Ne3

HOCJ’IGI[OB&TGJ'IBHOCTB PCUICHUA 3a/1a1U.

Pa3z6uBatoT ceuenue Ha npocthie purypbl. Takumu purypamu sSBIsIOTCSA CTaHJapTHBIE
npod M MPOKATHOM CTallu, UM MPOCTHIE reoMeTpudeckue ¢purypsl. [Ipocteie purypsr,
obpasyromue ceuenue, 0003HavaoT nudpamu 1, 2, 3, .., n.
[Tonb3ysick Tabmunamu 'OCToB, yka3pIBalOT LEHTPHI TSHDKECTH KaxXI0T0 TPOQHUIIs
(¢purypsr) u o6o3navarot ux Cy, C,, Cs, ..., C,.
BriOuparot cucreMy KOOpAMHATHBIX Oced. B 3amauax it camocTosTenbHO# paboThl Bee
CEUEHHsI UMEIOT OJIHY OCh CUMMETPUH, TI03TOMY PEKOMEHYETCsI OIHY U3 KOOPAMHATHBIX
0Ceil COBMEIATh ¢ HEW. BTOpyI0 0Ch KOOpAMHAT HAIIPABIISIIOT NEPIEHAUKYIIAPHO K
HepBOil Tak, 4TOOBI OHA MepeCceKIa LIEHTPhI TSXKECTHU OJHON MU OOJIBIIEro Yncia Quryp.
[Tpu 3 TOM Ha4YamO KOOPAWHAT MOKET COBIACTD C IIEHTPOM TSHKECTH OJHON U3 GUTYyp WiH
HE COBMACTh C HUM. BTOpYyI0 OCh MO’KHO HallpaBUTh TaK, YTOOBI OHA MPOLILIA Yepe3
HIDKHIOIO (KpaliHIOK) TOYKY CEYeHHS. B TIepBOM ciTydae BBIYMCICHHS OKaXyTCs Ooee
HPOCTHIMH.
BrimmceiBaroT GopMyITbl TS OTIpeIeNIeHUs] KOOPIMHAT IIEHTPA TSHKECTH CEYCHUS:

Ay +A Y, HA Y ALY,

Ye =
A+A +A +. +A,
‘- Ax +Ax, +Ajxy +.. .+ A x,
c
A+A +A +..+A,
[Monw3ysic Tabaumamu 'OCToB, onpenensoT iomaan npop e mMpoKaTHOW CTalTl
Al, Ay, As, ..., Ay, KOOPIUHATHI LICHTPOB TSAXKECTH UX X1, X2, ..., Xn, U Y1, Y2,

...YnOTHOCUTEJIHHO BBIOpAHHBIX Oceil KoopauHaT. Kor4ecTBO ciaaraeéMpix B YHCIUTENE U
3HaMeHaresne popMys 3aBUCUT OT YKcia mpoduiiel, 13 KOTOPBIX COCTOUT CEUEHUE.
[TomydeHHBIE BEJIMUMHBI TIOJICTABIIIEM B JOPMYITY U HAXOJIUM X U Y. Creayer moOMHUTB,
YTO €CJIM KOOPJMHATHAsA OCh X COBMEIIIEHA C OChI0 CHMMETPUH, TO Y=0, a €cliu oCh y
COBMEIIEHA C OCbI0 CUMMETPUH, TO X=0.

YKa3bIBAIOT ITOJI0KEHUE LIEHTPA TSHKECTU HA PUCYHKE, IPUAECPKUBASACH ONPEIECIICHHOTO
MaciiTaba, v MOKa3bIBAIOT PACCTOSIHUE OT LEHTPa TSHKECTH 10 KOOPIUHATHBIX OCEH.

JI71st IpoBEpKH pelIeHus MOKHO U3MEHUTH MOJIOKEHUE KOOPAUHATHBIX OCeil (Uin
OJIHOW OCHM) M HAUTHU KOOPJAMHATHI IIEHTPA TSHKECTH OTHOCUTEIIBHO HOBBIX OCEH.
[TonoxeHue IIeHTpa TSHKECTH He 3aBUCUT OT TOTO, KaKk BEIOpaHa crucTeMa KOOPAMHATHBIX
oceil.

3anmayga.

Onpenenuts KOOPAMHATHI IEHTPA TSHKECTU CEUYEHMUS], TOKA3aHHOTO Ha pUcyHKe. CeueHue
COCTOHT U3 JIBYX YroJIKoB 56x4 n mBemiepa Nel8. mpoBepuTh NpaBUIbHOCTb
OIpeENICHNUS TIOJIOKEHUS LIEHTPA TSDKECTU. Y Ka3aTh MOJI0KEHUE €T0 HAa CEUEHHUN.

I’ I’

c 3 C
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C2 —)5 = = C] Cz »X
C, g &
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1 2 i 1 2
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Pewenue:

1. Pa3obpem ceuenue Ha mpoduin mpokara. OHO COCTOUT U3 JIBYX YTOJKOB 56X4 u
mBeriepa Nel8. O6o3naunm ux 1, 2, 3.

2. monp3ysck Tabmumamu 'OCTa, ykakeM HEeHTPBI TSHKECTH KaXKI0T0 POt U
o6o3nauyuM ux Cq, C,, Cs.

3. BriGepem cuctemy KOOpAUMHATHBIX oceil. OCh y COBMECTH C OCbI0 CHUMMETPHH, a OCh X
MPOBE/IEM Yepe3 LIEHTPHI TSKECTH YTOJIKOB.

4. ompeaenuM KOOPAMHATHI LIEHTPA TSXKECTH BCETo ceyeHHsl. Tak Kak OCh y COBMAAAET C
OCBI0 CHMMETPHH, TO OHA MPOXOIUT Yepe3 IEHTP TKECTU CEUCHHSI, TOITOMY X =0.
Koopaunary y. Haxonum no popmyie

_ Ay + Ay, + Ay,
Ye A +A +A
[Monw3ysice Tabnaumamu I'OCToB, onpenenum MIOmaan Kaxaoro npoduist u
KOOPJMHATHI [ICHTPOB UX TSHKECTH:
Ar=4,38 eM’, y1=0, Ar=4,38 cM’, y,=0,
A3=20,7 eM%, y3= 207 + 20 = 1,52+1,94=3,46 cm.
Koopaunatsl y| U y, paBHBI HYJIO, TaK KaK OChb X MPOXOAUT Yepe3 HEHTPHI TSHKECTH

YTOJIKOB.
Tax kak A;=Asu y1=Y2, TO GOpMyJIa I ONPENETEHUS Y, IPUMET BU]T
y = 2A0y, + Ay,
‘ 2A,+ A,

[ToncraBuM nonydeHHbIE 3HAYCHUS B (POPMYITY JUTS OTIPEACTICHUS V!
20438e0+20,703,46 71,62
V. = = =2,43cm
20438 +20,7 29,46
5. VYkaxeM LEHTp TSKECTH CEYeHUsI Ha pUCcyHKe U 0003HauuM ero oyksoi C. [Tokaxem
paccTosiHuE OT OcH X 110 Touku C.
‘ y

3 C,
. 4 C ﬁ
@] >
<O
LE 2 77QC1 !,Cz
R
j’) (@)
LS - X
T 1 2
-

BrimonauM nposepky. 11t 3TOro och X MPOBEAEM [0 HUKHEMY Kpalo 1epa yroijka (cMm
pucyHok). Och y OCTaBUM, Kak B epBoM pemieHuu. Torna:
Ay +AY, +Ay,
A +A +A
[Tnomaau nmpoduielt ocTaroTcs TAKUMH XKe, a KOOPIUHATHI IEHTPOB TSHKECTH YTOJIKA U
HIBEJUIepa U3MEHATCS. Bpimumem ux:

A= Ay=4,38 CM2; VI=Yyo= bye -z =5,6-152=4,08cm;
Ar=438 oM’ y3=b, +2* =5,6+1,94=754cu

x=0; y, =
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OmnpenensieM KOOpAUHATY LIEHTPA TSHKECTU
_20438e4,08+20,77,54
Ve 204384207
[To HalimeHHBIM KOOpAMHATAM X, U Y. HAaHECeM Ha pucyHok Touky C. Haiinennoe
JIBYMsI CIOCOOAMU TMOJI0KEHUE IEHTPA TSHKECTH, HAXOIUTCS B OJTHOM U TOM 7K€ TOUKe.
ITpoBepum 310. PasHuia Mexay KOopAUHATaAMHU Y., HAMJIEHHBIMU IIpU 1-M 1 2-M

peuieHusix, cocraBisier 6,51-2,43=4,08cM, T.e. paBHA paCCTOSIHUIO MEXIY OCSIMHU X TIPH
IIEPBOM U BTOpOM petienuu: 5,6-1,52=4,08cm.

=6,51cm

OtBeT: y.=2,43¢cM, €ci1 OCb IPOXOAUT YEPE3 LIEHTPHI TSHKECTU YTOJKOB, WIH Y=6,51 cMm,
€CJIM OCh X IIPOXOJUT 10 HUKHEMY Kpalo Iepa yroJjka.

3amaua.

OmnpenenuTd MOJOKEHNUE IIEHTPA TSHKECTH III0CKOH (urypsl. Pasmeps! yka3aHbl B
CaHTHUMETpax.

2 v 4 L __2CcM

3cm

Pemenue:

Jlannast purypa ciMMeTpUYHa OTHOCUTENBHO OCH Yy U, CIIEAOBATEIBHO, IICHTP TSHKECTH
Gurypsl JIeXUT Ha 3TON ocu. Tpebyercs HaUTH BEIMYMHY OPAMHATHI LIEHTPA TSAKECTH OT
BCIIOMOTaTEeNbHOM OCH X |, KOTOPYIO IPOBO/IM Yepe3 HIKHEE OCHOBaHHE (PUTYPHI.
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JIOTIOJIHUM BEPXHIOIO YacTh GUTYPHI 10 IPSIMOYTOJIbHUKA, a 3aT€M Pa300beM BCIO

¢burypy Ha yeTbIpe eMEeHTapHbIe (PUTYPBI: TPSIMOYTOJIBHUK pazMepaMu 8X6 cM, KBaapaT
pasmepamMu 2x2 CM U JBa TPEYTOJbHHUKA.
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HaneceMm Ha yka3zaHHBIE (UTYPBI UX LIEHTPHI TSHKECTU COOTBETCTBEHHO C1, Cs, Cs.
OTIpEIeTINM IUTOIIA TN STHX IEMEHTapHBIX (UTYP U MX OPJHHATHI LIEHTPOB TSKECTH:
A1=86=48 cM”, y1=5 oM,
A,=22=4 CMZ, y>=1 cM,
AF% «23=3cM?, y3=7 cM.
OmpenensieM OpAMHATY EHTPA TSHKECTH CEUEHHSI 3aJaHHON (PUTYpBI:
y = Ay +Ay, +2A,
‘ A+ A, +2A,
v = Ay +Ay, +2Ay, _ 48e5+4e]1—-20307 — 4.den
A +A, +2A, 48+4—-23

[To BbIuKCIIEHHOM OpauHATE Y.=4,4 CM HAHOCHUM Ha PUCYHOK IOJIOKEHHUE IIEHTpa
TSXKECTU U OCh X.

3ananue 101 pacueTHO-rpadpuyeckoi padorsr Ne3:

OHpG[[GJ'II/ITB KOOPpAUHATBI HCHTPA TAKCCTH CCUCHUA 110 JAaHHBIM CBOCI'O BapuaHTa.
[Toka3ath moJyI0’KEHHE LIEHTPa TSKECTH Ha cCeueHUH. YepTexx BBINOJIHUTH B MaciuTade, Ha
MUJJIMMETPOBOI Oymare ¢ 00s13aTenbHBIM COOIIOAEHUEM BCEX PA3MEPOB.
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h — BeICOTa OaNIKK

YKJIOH HE b — mmpuHa noNKU
d oonee 12% t — cpeHsIs TONIIMHA TIOJIKU
J - MOMeHT nHepumn
X W — MOMEHT CONpPOTHUBIEHUS
b-d S — cTaTUYeCcKHii MOMEHT CONTPATUBIICHUS
< 1 — paanyc UHEpPLUHU
d - TONIIIMHA CTEHKU
t
b
Ne Macca Pazmepsl IImomane CripaBouHbIe BEJIMYUHBI JJIs1 OCEH
p- 1M h b d T CEUCHHUS X-X y-y
s JUTUHBI Ty Wy iy S« Jy Wy iy
IpoKarta
KIr MM CM2 CM4 CM3 CM CM3 CM4 CM3 CM

10 9,46 100 55 4,5 7,2 12,0 198 39,7 4,06 23,0 17,9 6,49 1,22
12 11,5 120 64 4,8 7,3 14,7 350 58,4 4,88 33,7 27,9 8,72 1,38
14 13,7 140 73 4,9 7.5 17,4 572 81,7 5,73 46,8 41,9 11,5 1,55
16 15,9 160 81 5.0 7,8 20,2 873 109 6,57 62,3 58,6 14,5 1,70
18 18,4 180 90 5,1 8,1 23,4 1290 143 7,42 81,4 82,4 18,4 1,88
18a 19,9 180 100 5,1 8,3 25,4 1430 159 7,51 89,8 114 22,8 2,12
20 21,0 200 100 52 8,4 26,8 1840 184 8,28 104 115 23,1 2,08
20a 22,7 200 110 52 8,6 28,9 2030 203 8,37 114 155 28,2 2,32
22 24,0 220 110 5,4 8,7 30,6 2550 232 9,13 131 157 28,6 2,27
22a 25,8 220 120 54 8,9 32,8 2790 254 9,22 143 206 34,3 2,50
24 27,3 240 115 5.6 9,5 34,8 3460 289 9,97 163 198 34,5 2,37
24a 29,4 240 125 5.6 9,8 37,5 3800 317 10,1 178 260 41,6 2,63
27 31,5 270 125 6,0 9,8 40,2 5010 371 11,2 210 260 41,5 2,54
27a 33,9 270 135 6,0 10,2 43,2 5500 407 11,3 229 337 50,0 2,80
30 36,5 300 135 6,5 10,2 46,5 7080 472 12,3 268 337 49,9 2,69
30a 39,2 300 145 6,5 10,7 49,9 7780 518 12,5 292 436 60,1 2,95
33 42,2 330 140 7,0 11,2 53,8 9840 597 13,5 339 419 59,9 2,79
36 48,6 360 145 7.5 12,3 61,9 13380 743 14,7 423 516 71,1 2,89
40 57,0 400 155 8,3 13,0 72,6 19062 953 16,2 545 667 86,4 3,03
45 66,5 450 160 9,0 14,2 84,7 27696 1231 18,1 708 808 101 3,09
50 78,5 500 170 10,0 | 15,2 100 39727 1589 19,9 919 1043 123 3,23
55 92,6 550 180 11,0 | 16,5 118 55962 | 2035 21,8 1181 1356 151 3,39
60 108 600 190 12,0 | 17,8 130 70806 | 2560 23,6 1491 1725 182 3,54

: Zy 'y

> Craab npokaTHasi IBeJJIePbI
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b-d
d 2

h X

He Gonee
oodiee 10%

h - BeIcOTa mIBEIIIEPA;

b-1MprHa MONKY;
d- TonmMHA CTEHKH;

t- cpeaHsd TONIINHA ITOJIKH,

J- MOMEHT nHepuuy;
W- MOMEHT COITPOTUBIICHUS;

i- paguyc UHEpLUU;

S- cratnyeckuil MOMEHT MOJIYCEUYEHMUS,;

Zo— PacCTOSIHHE OT OCH Y-y J0 HapyKHeu

I'PaHU CTEHKU;

b
No Macca pazmepsbl S CrnpaBo4yHbI€ BEIMYMHBI JI51 OCEM
np- Im CEUYCHHU
s JJUHBL | h b d t 1 X-X y-y Zy
Tpoka Jx Wy ix Sx | Iy | Wy 1y
Ta

KT MM cM” cM” e | em oM [ em' | oM’ | em cM
5 4,84 50 32 | 44 | 70 6,16 22,8 9,10 1,92 15,59 | 5,61 | 2,75 | 0954 | 1,16
6,.5 5,90 65 36 | 44 | 72 7,51 48,6 15,0 2,54 19,00 | 8,70 | 3,68 1,08 1,24
8 7,.05 80 40 | 45 | 74 8,98 89,4 22,4 3,16 | 133 | 12,8 | 4,75 1,19 1,31
10 8,59 100 | 46 | 45 | 7,6 10,9 174 34,8 399 1204|204 | 646 1,37 1,44
12 10,4 120 | 52 | 48 | 7.8 13,3 304 50,6 4,78 129,6 | 31,2 | 8,52 1,53 1,54
14 12,3 140 | 58 | 49 | 8,1 15,6 491 70,2 5,60 | 40,8 | 454 | 11,0 | 1,70 1,67
14a 13,.3 140 | 62 | 49 | 8,7 17,0 545 77,8 5,66 | 45,1575 | 133 1,84 1,87
16 14,2 160 | 64 | 50 | 84 18,1 747 93,4 6,42 | 54,1 | 63,3 | 138 1,87 1,80
16a 15,3 160 | 68 | 50 | 9,0 19,5 823 103 6,49 594|788 | 164 | 2,01 2,00
18 16,3 180 | 70 | 5,1 | &7 20,7 1090 121 7,24 1698 | 86,0 | 17,0 | 2,04 1,94
18a 17,4 180 | 74 | 5,1 | 93 22,2 1190 132 7,32 | 76,1 | 105 | 20,0 | 2,18 | 2,13
20 18,4 200 | 76 | 5,2 | 9,0 23,4 1520 152 8,07 | 87,8 | 113 | 20,5 | 2,20 | 2,07
20a 19,8 200 | 80 | 5,2 | 9,7 25,2 1670 167 8,15 1959 | 139 | 242 | 235 | 2,28
22 21,0 220 | 82 54 195 26,7 2110 192 8,89 110 | 151 | 25,1 2,37 2,21
22a 22,6 220 | 87 | 54 | 10,2 28,8 2330 212 8,99 | 121 | 187 | 30,0 | 2,55 | 2,46
24 24,0 240 | 90 | 5,6 | 10,0 30,6 2900 242 9,73 | 139 | 208 | 31,6 | 2,60 | 2,42
24a 25,8 240 | 95 5,6 | 10,7 32,9 3180 265 9,84 | 151 | 254 | 37,2 | 2,78 | 2,67
27 27,7 270 | 95 6,0 | 10,5 35,2 4160 308 109 | 178 | 262 | 37,3 | 2,73 | 2,47
30 31,8 300 | 100 | 6,5 | 11,0 40,5 5810 387 12,0 | 224 | 327 | 43,6 | 2,84 | 2,52
33 36,5 330 | 105 | 7,0 | 11,7 46,5 7980 484 13,1 | 281 | 410 | 51,8 | 2,97 | 2,59
36 41,9 360 | 110 | 7,5 | 12,6 534 10820 601 142 | 350 | 513 | 61,7 | 3,10 | 2,68
40 48,3 400 | 115 | 8,0 | 13,5 61,5 15220 761 15,7 | 444 | 642 | 734 | 3,23 | 2,73
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PAaBHOIIOJIOYHAs

b- mmpuHa Moyiku;

Yo d- TOJIOMHA ITOJIKH,
J- MOMeHT nHepuuy;
X0 i- paanyC HHCPLUU;
b Zo— PACCTOSIHUE OT LIEHTPA TSKECTU
X J0 ITIOJIKH ;
Zy
d
X1
b

No pasmepsbl S Macca 1 CrpaBo4Hble BEIMYUHBI JJIs1 OCEH

fp-mt b d P ;([1)1/1 HHITHH X-X Xo x.o Yo- Yo . X1-X1 zo+d
npokara Je iy Jo ixp Max Jy.o Iy
max min min Tg

MM oM’ KT cm’ cM cm’ cM cm’ cM TS cM
2 20 3 1,13 0,89 0,40 0,59 0,63 0,75 0,17 0,39 0,81 0,60
4 1,46 1,15 0,50 0,58 0,78 0,73 0,22 0,38 1,09 0,64
2,5 25 3 1,43 1,12 0,81 0,75 1,29 0,95 0,34 0,49 1,57 0,73
4 1,86 1,46 1,03 0,74 1,62 0,93 0,44 0,48 2,11 0,76
2,8 28 3 1,62 1,27 1,16 0,85 1,84 1,07 | 0,48 0,55 2,20 0,80
32 32 3 1,86 1,46 1,77 0,97 2,80 1,23 0,74 0,63 3,26 0,89
4 2,43 1,91 2,26 0,96 3,58 1,21 0,94 0,62 4,39 0,94
3,6 36 3 2,10 1,65 2,59 1,10 4,06 1,39 1,06 0,71 4,64 0,99
4 2,75 2,16 3,29 1,09 5,21 1,.38 1,36 0,70 6,24 1,04
4 40 3 2,.35 1,85 3,55 1,23 5,63 1,55 1,47 0,79 6,35 1,09
4 3,08 2,42 4,58 1,22 7,26 1,59 1,90 0,78 8,53 1,13
3 2,65 2,08 5,13 1,39 8,13 1,75 2,12 0,89 9,04 1,21
4,5 45 4 3,48 2,73 6,63 1,38 10,5 1,74 2,74 0,89 12,1 1,26
5 4,29 3,37 8,03 1,37 12,7 1,72 3,33 0,88 15,3 1,30
3 2,96 2,32 7,11 1,55 11,3 1,95 2,95 1,00 20,4 1,33
5 50 4 3,89 3,05 9,21 1,54 14,6 1,94 3,80 0,99 16,6 1,38
5 4,80 3,77 11,2 1,53 17,8 1,92 4,63 0,98 20,9 1,.42
5,6 56 4 4,38 3,44 13,1 1,73 20,8 2,18 5,41 1,11 23,3 1,52
5 5,41 4,25 16,0 1,72 25,4 2,16 6,59 1,10 29,2 1,57
4 4,96 3,90 18,9 1,95 29.9 2,45 7,81 1,25 33,1 1,69
6,3 63 5 6,13 4,81 23,1 1,94 36,6 2,44 9,52 1,25 41,5 1,74
6 7,28 5,72 27,1 1,93 429 2,43 11,2 1,24 50,0 1,78
4,5 6,20 4,87 29,0 2,16 46,0 2,72 12,0 1,39 51,0 1,.88
7 70 5 6,86 5,38 31,9 2,16 50,7 2,72 13,2 1,39 56,7 1,90
6 8,15 6,.39 37,6 2,15 59,6 2,71 15,5 1,38 68,.4 1,94
5 7,39 5,80 39,5 2,31 62,6 291 16,4 1,49 69,6 2,02
6 8,78 6,89 46,6 2,30 73,9 2,90 19,3 1,48 83,9 2,06
7.5 75 7 10,1 7,96 53,3 2,29 84,6 2,39 22,1 1,48 98,3 2,10
8 11,5 9,02 59,8 2,28 94,9 2,87 24,8 1,47 113 2,15
9 12,8 10,1 66,1 2,27 105 2,86 27,5 1,46 127 2,18
5.5 8,.63 6,78 52,7 2,47 83,6 3,11 21,8 1,59 93,2 2,17
8 80 6 9,38 7,36 57,0 2,47 90,4 3,11 23,8 1,58 102 2,19
7 10,8 8,51 65,3 2,45 104 3,09 27,0 1,58 119 2,23
8 12,3 9,65 73,4 2,44 116 3,08 30,3 1,57 137 2,27
6 10,6 8,33 82,1 2,78 130 3,50 34,0 1,79 145 2,43
9 90 7 12,3 9,64 94,3 2,77 150 3,49 38,9 1,78 169 2,47
8 13,9 10,9 106 2,76 168 3,48 43,8 1,77 194 2,.51
9 15,6 12,2 118 2,75 186 3,46 48,6 1,77 219 2,55
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6,5 12,8 10,1 122 3,09 193 3,88 50,7 1,99 214 2,68

7 13,8 10,8 131 3,08 207 3,88 54,2 1,98 231 2,711

8 15,6 12,2 147 3,07 233 3,87 60,9 1,98 265 2,75

10 100 10 19,2 15,1 179 3,05 284 3,84 74,1 1,96 333 2,83
12 22,8 17,9 209 3,03 331 3,81 86,9 1,95 402 291

14 26,3 20,6 237 3,00 375 3,78 99,3 1,94 472 2,99

16 29,7 23,3 264 2,98 416 3,74 112 1,94 542 3,06

11 110 7 15,2 11,9 176 3,40 279 4,29 72,7 2,19 308 2,96
8 17,2 13,5 198 3,39 315 4,28 81,8 2,18 353 3,00

8 19,7 15,.5 294 3,87 467 4,87 122 2,49 516 3,36

9 22,0 17,.3 327 3,86 520 4,86 135 2,48 582 3,40

12,5 125 10 24,3 19,1 360 3,85 571 4,84 149 2,47 649 3,45
12 28,9 22,7 422 3,82 670 4,82 174 2,46 782 3,53

14 33,4 26,2 482 3,.80 764 4,78 200 2,45 916 3,61

16 37,8 29,6 539 3,78 853 4,75 224 2,44 1051 3,68

14 140 9 24,7 19,4 466 4,34 739 5,.47 192 2,.79 818 3,78
10 27,3 21,5 512 4,33 814 5,46 211 2,78 911 3,82

12 32,5 25,5 602 4,31 957 5,43 248 2,776 1097 3,90
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—> d Crajab npokaTHas yrjioBasi HEpaBHOIMOJIOYHAS
/'y B — mmpuna GosbIei moiaku
o b — mmpuHa MEHbIICH MOJIKU
u\, ! d — ToIIMHA TOIKHU
B : J — MomeHT nHepuuMn
\\i X1 1 — paguyc HHEPLIUH
TP Xo0-Y o — paccTosiHUs OT LIEHTPA TAAKECTH 10 OJIOK
\
! N\ Yo Jv d
v ;
; X
< h
Ne ip- pa3mepsl [Tnomanpr | Macca 1 m CrpaBoyHbIe BEJIMYUHBI JJIs1 OCEH
st B b d npodus JUTAHBI X-X y-y X1-X; Vi-Yi u-u
MpoKara I iy I iy Ja Paccrosta Jy1 min Pacctost | J, min I, min VYron
ue oT HUC OT HaAKJIOHa
HOeHTpa HEHTpa ocn tg(l
TAXKECTU TAXKECT
Yo 4 Xo
MM Cm’ KT Cm* cM Cm* cM Cm* cM Cm* cM Cm* cM
5,6/3,6 56 36 4 3,58 2,81 11,4 1,78 3,70 1,02 23,2 1,82 6,25 0,84 2,19 0,78 0,406
5 4,41 3,46 13,8 1,77 4,48 1,01 29,2 1,86 7,91 0,88 2,66 0,78 0,404
6,3/3,6 63 40 4 4,04 3,17 16,3 2,01 5,16 1,13 33,0 2,03 8,51 0,91 3,07 0,87 0,397
5 4,98 3,91 19,9 2,00 6,26 1,12 414 2,08 10,8 0,95 3,73 0,86 0,396
6 5,90 4,63 23,3 1,99 7,28 1,11 49,9 2,12 13,1 0,99 4,36 0,86 0,393
8 7,68 6,03 29,6 1,96 9,15 1,09 66,9 2,20 17,9 1,07 5,58 0,85 0,386
7/4,5 70 45 5 5,59 4,39 27,8 2,23 9,05 1,27 56,7 2,28 15,2 1,05 5,34 0,98 0,406
7,5/5 75 50 5 6,11 4,79 34,8 2,39 12,5 1,43 69,7 2,39 20,8 1,17 7,24 1,09 0,436
6 7,25 5,69 40,9 2,38 14,6 1,42 83,9 2,44 25,2 1,21 8,48 1,08 0,435
8 9,47 7,43 52,4 2,35 18,5 1,40 112 2,52 34,2 1,29 10,9 1,07 0,403
8/5 80 50 5 6,36 4,99 41,6 2,56 12,7 1,41 84,6 2,6 20,8 1,13 7,58 1,09 0,378
6 7,55 5,92 49,0 2,55 14,8 1,40 102 2,65 25,2 1,17 8,88 1,08 0,386
9/5,6 90 56 5,5 7,86 6,17 65,3 2,88 19,7 1,58 132 2,92 32,2 1,26 11,8 1,22 0,384
6 8,54 6,70 70,6 2,88 21,2 1,58 145 2,95 35,2 1,28 12,7 1,22 0,384
8 11,18 8,77 90,9 2,85 27,1 1,56 194 3,04 47,8 1,36 16,3 1,21 0,380
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10/6,3 | 100 | 63 6 9,59 7,53 98,3 3,2 30,6 1,79 198 3,23 49,9 1,42 18,2 1,38 0,393
7 11,1 8,70 113 3,19 35,0 1,78 232 3,28 58,7 1,46 20,8 1,37 0,392

8 12,6 9,87 127 3,18 39,2 1,77 266 3,32 67,6 1,50 23,4 1,36 0,391

10 15,5 12,1 154 3,15 47,1 1,75 333 3,40 85,8 1,58 28,3 1,35 0,387

1177 110 | 70 6.5 11,4 8,98 142 3,53 45,6 2 286 3,55 74,3 1,58 26,9 1,53 0,402
8 13,9 10,9 172 3,51 54,6 1,98 353 3,61 92,3 1,64 32,3 1,52 0,400

12,5/8 | 125 | 80 7 14,1 11 227 4,01 73,7 2,29 452 4,01 119 1.8 43,4 1,76 0,407
8 16,0 12,5 256 4 83,0 2,28 518 4,05 137 1,84 48,8 1,75 0,406

10 19,7 15,5 312 3,98 100 2,26 649 4,14 173 1,92 59,3 1,74 0,404

12 23,4 18,3 365 3,95 117 2,24 781 4,22 210 2 69,5 1,72 0,400

14/9 140 | 90 8 18,0 14,1 364 4,49 120 2,58 727 4,49 194 2,03 70,3 1,98 0,411
10 22,2 17,5 444 4,47 146 2,56 911 4,58 245 2,12 85,5 1,96 0,409
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