OIl/1.9.02.02 COITPOTUBJIEHUE MATEPUAJIOB
IHNPAKTUKYM
VYuebHoe mocobue It CTYJIEHTOB 3a09HOM (POPMBI 00yIEeHUS

Moxer 6bITb HCIIQNB30BAH l'lpl/l BBINMOJHEHHH KOHTpOHbelX H KprOBbIX pa60T no co-
l'[pOTL’IBJ'IeHHEO MaTepnan()B. Brmouaer BapHaHTbl SaHEIHI/II::I H yKaSaHHH K HX BbIIMMOJHECHNK).
PaccMoOTpeHbl npuMepbl pelieHHs Kaskaoro 3agaHus. CoCTaBleH B COOTBETCTBHHU ¢ MPOrpam-
Mol Kypca « CONpOTHRACHUE MAaTEPHATIOBY

[IpenHasHaueH Ans CTYIACHTOB MallHHOCTPOUTENBHBIX CIICLIHANBHOCTEH 3a0UHOH (hop-
MBI OOy YCHHA.

Tabn. 10. M. 35. bubauorp.: 3 Hass.



OBIUE TPEGOBAHKUSA
K BBIITOJIHEHHIO KYPCOBBIX PABOT

IIporpamma kypca "CONpOTURICHUEC MATCPHANIOB" AN CTYICHTOB 3a04-
Hoi ¢hopMbl 00YUCHHSA MAIIMHOCTPOUTENBHBIX CICUHATBHOCTEH NpeaycMaTpu-
BACT BBINOJHCHUE KOHTPOJILHOH padoThl B MEPBOM ceMecTpe 00YUYCHUA U Kyp-
CcoBO paboTel BO BTOpOoM. KoHTponbHas pabota BkmouaeT 3amanug Ne | — 3,
KypcoBas pabota — 3amanusa Ne 4, 5. Kaxkaelil CTYJIEHT BBITIOIHAET KYPCOBBIC
(KOHTpOTEHEIE) PabOTEl B COOTBETCTBHH ¢ HHAWBUAYATHHBIM mH(POM, COCTOS-
M 13 uetbipex uugp. ludp BbiaaeTcs npenoaaBareeM B NEPUOA YCTAHO-
BOUHOH CECCUM,

KypcoByio paboTy BBIMOIHAIOT HA OJHOH CTOpoHE JnucTa Oenoi OyMmaru
dbopmaTta A 4; 154 BLHINOIHEHHA YepTekeld gomyckaerca dopMar A 3, cKIaabl-
BaeMBbIi 10 thopmarta A 4.

TekcroBas vacTeh KypcoBOWl pPabOTBl COCTOWT W3 THTYJIBHOTO JIHCTA
(cM. mpuit. 1) ¥ MOACHUTETBHOM 3aNMUCKH, BKITIOUAIONIEH 1MoIpo0HOe OTHCaHne
BbIMOJHEHHA KaKA0r0 33/laHusi COOTBETCTBYIOIICH KypcOBOM padorsl. OOs3a-
TE/bHBIMHU SIBJISIIOTCS YEPTEXK YCJIOBUA W UCXOJHBIC JIAHHBIC, BbIOPAHHbIE B CO-
OTBETCTBHM € HMH/AMBUAYAJbHBIM 1IM(PPOM. TEKCTOBYID 4acTh padOThl MOMKHO
BBIITOIHATE KAaK PYyKOMKUCHO, MACTOH TEMHOrO LBETA, Tak K Ha 119BM.

Bee cxeMbl H PUCYHKH BBIMOIHAKOTCSA TOMBKO KapaHAALIOM C MOMOLIBIO
YEPTEIKHBIX HHCTPYMEHTOB U ¢ COOMIOACHUEM BhIOPAaHHBIX MacIITadoB H300pa-
kenua. Hymepaims nucToB KypcoBoi pabOTHI CKBO3HAA.

Bo Bpems 3ammThl KypcoBO# (KOHTPOJIBHOHM) paboThl CTYIEHT JOIHKEH
NMoKa3aThb IOHUMAHHUE COOTBETCTBYIOIICH TEMBI U YMETh OTBEUATH HA BOTIPOCHI,

[EPEUEHb KOTOPBIX MPEACTABIICH M10C1E KXK/I0I0 33/1aHus.



Saoanue No |

F’EOMETPHYECKHE XAPAKTEPUCTHKH IIVIOCKHX
MOMEPEYHBIX CEYEHHI CTEPYKHS

3adaua 1. JIna CIOKHOTO CHMMETPHIHOTO TIOTIEPETHOTO CEUEHAS CTEPIK-
Ha (puc. 1) Tpebyercs:

1. Haueptuth nonepeuHoe ceueHne B maciitade.

2. OnpesennTb NMOJIOKEHHE LIEHTPA TAMKECTH M 110KA3aTh CUCTEMY LIEH-

TPAILHBIX OCEH (2, — FOPM3OHTANLHARA OCb, ¥ ,— BEPTUKANBHAA OCb).
3. BerauciiTh BETMIHAB OCEBBIX MOMEHTOB WHepuWH ./, W ./, OTHO-

CUTENbHO HAWJIEHHBIX B M. 2 LIEHTPAIbHBIX OCEA.
4. YkazaTb rNIaBHble LIGHTPAIbHbIC OCH U, V, YUUTbIBAA CUMMETPHIO 3a-
JAHHOTO CEUEHMUA.

5. 3anucarb BETMYWHBI OCEBBIX MOMEHTOB WHEPUWH ./, , ./,, OTHOCHTEMB-

HO TJIABHBIX UEHTPAIBHBIX OCEH.
JlanHble nnig pacuera U HOMEP cXeMbl B3ATb M3 Tadn. 1 no HHAMBUAYATIb-

HoMy 1Py, BBIAAHHOMY NpenoaBaresiem.

3adaua 2. Jlna CNOXKHOrO HECMMMETPUUHOINO NONEPEUHOr0 CEUCHMA
(puc. 2) TpedyercA:

1. OnpenennTe NMONOYKEHHE LEHTPA THKECTH W MOKAa3aTe CACTEMY LEH-
TPankHbIX 0CeH (2, — rOPH3OHTaNbHAA OCh, ) . — BEPTHKANbHAA OCh).

2. BbIYUCIUTD BENUYMHBL OCCBBIX MOMEHTOB UHEPLUMU J I J y,. OTHOCH-

TC/IbHO HAHACHHLIX HCHTPA1bHBIX OCCH U LlGHT]JOﬁe)KHb[ﬁ MOMCHT HWHCPLHUH

Zedeo
3. Ol‘lpe,[le.ﬂl/lTb NOJIOKCHUEC MTABHBIX HEHTPAIIBHBIX oceH u,v.

4. BHIYUCIIUTL BENHUUHBI OCEBbIX MOMEHTOB WHEPUMM ./, W .J,, OTHOCH-

TEJIbHO MNABHbIX UEHTPANbHbLIX OCEH.



JlanHBIE JIIS pacueTa W HOMEP CXeMbl B3sTh W3 Tadi. 2 no mmdpy, BhI-

JMAHHOMY TIPETIONABATENEM.

Tabruya |
MTudp I 11 111 Vv
BapuanTa| Howmep cXeMebl a, MM b, MM ¢, MM
1 5 60 46 80
2 3 45 52 70
3 7 50 56 100
4 9 40 38 85
5 6 35 54 50
6 2 33 45 90
7 4 48 50 65
8 10 54 35 05
9 1 42 60 75
0 8 58 40 60
Tabauya 2
Llndpp I 11 I11 1V
— Homep Homep Homep Yronok pvaBHo— Y ronok HCP&BHO-
cXeMbl | AByTaBpa | wBe/UIEPa | MOMOUHBIA (MM) | 10J104HbIE (MM)
1 10 20 18 50x50x5 75x50%5
2 9 22 16 70x70x6 90x56x6
3 8 24 14 75%x75%3 100x63x6
4 7 27 12 80x80x6 110x70x8
5 6 18 10 90x90x8 125x80x7
6 1 16 20 100x100x8 140x90x10
7 2 14 22 63x63x6 160x100x12
8 3 12 24 56x56x4 100x63x8
9 4 33 27 80x80x7 180x110x10
0 5 36 30 T5xT75%6 125x80x10

{Ipuvevanie. Pasmepsl nyTaBpos maub! o coptaMeHTy I'OCT 8239-89; mBennepos —
no ['OCT 8240-89; yroaxos pasaononodnbix — no 'OCT 8509-86; yronkos HeEpaBHOIONOU-
ieix — 10 [OCT 8510-86 (cm. npun. 3,4, 5, 6).
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YKazaHus K BBIMOJTHEHHIO 3agaHms No 1

OnpeneneHre reoMETPUUECKMX XapaKTePUCTHK TNIOCKMX CEUEHHH CTepkK-
HS PEKOMEHAYETCA BBITIONHATE B CIEAYIOLIEM TTOPAIKE.

1. HauepTuTh nonepeyHoe ceueHne B Maciirade.

2. Pa30uTh croKHOE cedeHwe Ha Psa MPOCTHIX (PHTYP, IS KOTOPBIX H3-
BECTHbI MOJMKEHUE LEHTPA TAXKECTH U T€OMETPUUCCKUE XaPaKTEPUCTUKHU.

3. TlokazaTe UEHTPHI TAKECTH TIPOCTHIX (PUTYP; TIPOBECTH B Kaxao# ¢u-

rype UCHTPAIbHBIC OCH (Z, — FOPU3OHTANLHBIC OCH, V, — BEPTUKANBHLIC OCH)
f i

W BbIOPATh OCH BCMIOMOTATE/ILHOH CUCTEMbI KOOP/IMHAT, OTHOCHTEJILHO KOTOPO#
OYIyT MPOBOINTHCS BEITHCIIEHHS.
4. HaiiTn KoOpAMHATH LEHTPA TSAXKECTH 3a/1aHHOH (PpUrypsl 110 dopmyiam:

2 Az, Az A Apze, v+ Apze

> 4 A+ Ay + .o+ 4,

Z
C s

XAy Ay Ay, o+ Ay,
> A Al + Ay + ...+ A,

Ye

2

rae 4, — niowans i-i npocToi (durypsl; z, ny
i

CTH i-i ¢urypsl B BoIOpPaHHOW BCrOMoOrarenbHOH cucreMe koopauHaT. CyMMH-
POBaHHWE MPOBOINTCA TIO KOMHMYeCTBY Quryp pazduenwns (i = 1, ..., n). Heobxo-
JAMMO TOMHHTb, YTO CYMMHUPOBaAHHE anredpanyeckoe, TO ecTh Il Uryp, u3o-
OpasKaroWUX OTBEPCTHA M BBIEMKH, TUTOLIAAN CHUTAKOTCA OTPULATETBHBIMH.

5. TlposecTn uepe3 HallaeHHBINH LEHTP TAkecTH ( BCEro CEYEHHUA LeH-
TPaNbHbIE OCH 33JaHHOTO CEYEHNA Z U J/ .

.~ KOOPAMHATBI LICHTPA THKe-
i

6. C NOMOLIbIO 3aBHCHMOCTEH O MapaleibHOM NEPEHOCE OCE BbIUMC-
JINTh OCEBbIC MOMEHTDI MHEPLIMKM CEYCHUS OTHOCHTEIIbHO LUCHTPAIbHBIX OCEH = |

H Y, a IMEHHO!

I "
J, =Z(Jz ra A,-),
(4 — i
i=

1

2
JJ”C = Z(ch + b]' A,' )

i=1 i



JUisi HECUMMETPHYHOIO CEUEHMS! BBIUMCIIMTH LEHTPOOEKHBIH MOMEHT
WUHEPLUU
n

‘]chc = Z( Zep Ve "'“thiAi),

i=1

rae d; — pPacCTOIHNE MEXKAY TNOPH30HTAJIbHBIMH MApaAlINeIbHBIMH OCAMHA ZC "
i

z, h!. — PAcCTOSIHME MENK/ly BEPTUKAILHBIMU MAPALIEILHBIMA OCAMH ), W

7
Y. PaccTOAHNA BBIMHCIIAIOTCA OTHOCHTENBHO IEHTPATBHON CHCTEMBI KOOPIH-
HaT =y, TO CCTb YUUTHIBAIOT 3HAKU BEAUYUH d; U b[. :

Jns cumMeTpuuHOH (UTYPH 3HaUeHWE UEHTPOOSKHOTO MOMEHTA HWHEp-
UMy J oy =0, ecau xors Obl 04HA U3 OCCH (2, WM Y, ) COBMAIACT € OCHIO

CHMMETPHH.
7. HallTn nono)keHue rNaBHBIX LEHTPAIbHBIX OCEH # M vV (0Ced max M
. 2/ Ve
min) no gopmyne tg2ag = % , DAE 0Ly — YTON [OBOPOTA [NIaBHLIX OCeH
Ve TV

OTHOCHTENIBHO LEHTpanbHbiX. OCh MaKCHMyMa BCerida COCTABJIsAET MEHbILHH
YroJl ¢ TOH U3 oce (Z, WIM V), OTHOCUTEIIbHO KOTOPOH OCEBOW MOMEHT UHEp-

unu nmeet Gonemee 3navenue. (Ecnw J 2. > J y, » TO YTON 0L OTKIaIbIBACTCS

0

OT OCH zc). [Ton0KUTEAbHBIA YO ¢, OTKAAAbIBAETCA OT COOTBETCTBYHIOLLECH

0
LIEHTPaJIbHOH OCH NPOTHB XO/a YaCOBOH CTPEJNIKH.
8. HalTH BenHUMHBI MIaBHBIX LEHTPANbHbIX MOMEHTOB UHEpUMHU J,, U J,,
(]ZC + (]y . 1 2
no gopmyne Jyax = #‘ + 5\/(] 2o =y, )2 +4J° b 3Hak muoc oT-
" Arc ’Lv
min

HOCHUTCA K BBIYHCICHUIO MAKCHMATBHOTO MOMEHTA WHEPLUHH J 11y » 3HAK MAHYC —
K BBIYUCACHUIO J 1ip -
9. BEITIOTHUTE MPOBEPKY TTPABUIBHOCTH BEIYHCIIEHHH 110 (hopMyTam:
o, ¥y, =Tu + 5,

(]ZC _(]}”

— € o1 _
Sy = sin2og +./,,,, cos2og =0.

3ameuanue. Ecnn ceuecHUe COCTOMT W3 MPOKaTHLIX npodunei (cMm. 3aaa-

uy Ne 2), To HeoOX0AMMO MONb30BATLCA AAHHBIMH Talauil copTameHTa. [Ipu



OMpEACCHUU LUCHTPOOCIKHOTO MOMEHTA MHEPUMM YIOJKa (PaBHOMOJOYHOIO
MJIM HEPABHOIIOJIOYHOIO) OTHOCHUTESILHO OCEM, 0/1HA U3 KOTOPbIX SBJISIETCSI FOPU-

30HTANTBHOMN, a IPYTAst — BEPTHKATEHOM, MOYKHO TIOJTE30BATHC (POPMYITaMHU:

Jx()max B J}"Omin
— JUI51 PABHOMNO/IOUHOIO YIOJIKa Sy =2 5 ,
Jy=Jy_.
— — 42 Ymin
/U5 HEPABHOIOJIOUHOrO yrosika  Jp, =+ . .
ga

ra¢ 3HaK (IUTOC WM MHHYC) OKOHYATENLHO OMPEAeacTes Mo 3HaKy OOonbLueH
IJIOIIA/IM, 3aHUMAEMOM /1aHHOM (PUrypOH B CUCTEME COOCTBEHHbBIX LIEHTPAJIb-

HBIX OCEH KOOPAWHAT.

Bonpocer ona camoxoumpona

1. YTo Ha3LIBACTCS CTATHUECKUM MOMEHTOM CCUCHHSA OTHOCHTEILHO OCH?
Kakosa ero pazmepHocTs?

2. Uto Ha3bIBACcTCA OCEBBIM, MOJAPHBIM KM LIECHTPOOCKHBIM MOMCHTOM
UHepIuHK ceueHus? KakoBa pasMepHOCTh MOMEHTOB MHEPLIMH?

3. Kak onpeaenstor KoOpAMHATHI [ICHTPA TAKCCTH MPOCTOTO U CIMKHOTO
CeUSHHUSI?

4. Kakue MOMEHTHI HHEPLIMH BCEraa TOMOKUTEIbHEI?

5. Jlna kakux uryp M OTHOCUTCILHO KAKUX OCCH LECHTPOOSKHLIA MO-
MEHT HHEPLIUH paBeH HYIO?

6. Kakue ocu Ha3bIBAIOT LCHTPANbHBIMU, MIABHBIMU LICHTPAALHBIMU?

7. Kax onpenenstor rnojIoxKEHHE IIIaBHbBIX OCEi”?

8. B kakux ciydadax ©Oe3 BBHUHCICHWA MOKHO YCTAHOBHTH IOJIOKEHHE
[JIABHBIX OCCH?

9. 3anmumuMTe 3aBHCUMOCTH AN OCEBOTO M IIEHTPOOCIKHOTO MOMEHTOB
UHEPLUHU [IPU MAPaICAbLHOM [IEPEHOCE OCCH.

10. B kakoil 1oc/e/IoBaTelIbHOCTH ONIPESIISIOT 3HAUYCHMS TJIABHBIX 1[€H-

TPpaJIbBHBIX MOMCHTOB HHCPIHH CIIOMKHOTO ceueHHnA?



3aoanue Ne 2

MOCTPOEHMHE 3TTIOP BHYTPEHHHUX CHJIOBBIX ®AKTOPOB.
PACHET HA MPOYHOCTD

Jaoaua 1. [lna 3agaHHOro ¢tepakHa (puc. 3) TpedyeTes:
1. M300pa3uTh pacueTHyIO CXeMY CTEPIKHSI.
2. TlocTpoHTS SMIOPbI MPOAOIBHOH CHUTBI N | 1 HOPMATBHOTO HANPAKEHNA G ..

3. U3 ycnoeus nNpovyHOCTH MoAo0paTh MAOWIALb NONEPEUHOrO CEUEHUs
CTepiKHA A.

HMcxoaHble JaHHBIE M CXEMY CTEPKHA B34Tb M3 Tada. 3 no wudpy, Bbi-
JaHHOMY MpenoaBaTesieM.

Tabauya 3

Wadpp 1 1l 111 v
Bapuanra| Homep i, £, g, a, o],
CXEMBI kH kH kH/m M MTla
1 5 10 42 10 0,40 10
2 6 15 46 12 0,42 12
3 7 20 50 14 0,44 14
4 8 45 34 16 0,46 16
5 9 35 20 8 0,30 18
6 10 30 14 ) 0,32 100
7 1 16 30 4 0,34 110
8 2 24 40 18 0,36 120
9 3 32 25 5 0,38 130
0 4 26 60 15 0,40 140

3adaua 2. ]Ing 3amanAOTO Baja KPYTIIOTO TIOMIEPEYHOTO ceueHnd (puc. 4)
TpeOyeTea:

1. M300pa3uTh pacueTHYIO CXEMY Baja.

2. TlocTpouTh 3MIOPbI KPYTAIIEro MOMEHTA M, U MaKCHMaJIbHOTO Kaca-

TCITBHOTO HATIPAKCHAA Ty

10



3. M3 ycnoBus npouyHOCTH NoAoOpaTh AHAMETP d KPYraoro nonepeuHoro

CEYCHHs, OKPYTJIHB MOMYUYSHHYK BEMHUMHY OO OJMKaHMlIero cTaHaapTHOTO
nnametpa (30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 125, 140, 160, 180, 200 mm).
Januble ang pacuera U CXeMy Bajia B3aTh w3 Tabn. 4 no wudpy, BbLAAH-

HOMY TIPEIOIaBaTeNeM.

Tabruya 4
I 11 I11 v
MTudp
Homep | M, M, M, M,, [t].
BAPUAHTA aM | bbMm | ¢,m
cxembl | kHM | kHM | kH-M | kH'Mm Mlla
1 3 1,1 1,3 2,0 1,§ (020 (0,16 0,14 70
2 6 1,2 1,4 1,9 1,6 | 0,19 (0,11 ] 0,20 80
3 10 1,3 1,5 1,8 1,7 (0,18 0201 0,12 65
4 9 1,4 2.0 1,6 1,4 (0,17 [ 0,10 | 0,16 60
5 1 1,5 1,7 1,5 1,2 0,16 | 0,18 | 0,15 35
6 2 1,6 1,2 1,7 1,3 0,151 0,111 0,18 40
7 4 1,7 1,1 1,4 20 (0,14 (0,12 [ 0,11 45
8 3 1,8 1,8 1,3 1,9 (0,13 ] 0,10 0,12 50
9 7 1,9 1,9 1,2 1,1 0,12 1 0,14 | 0,16 55
0 8 2.0 1,6 1,1 1,5 0,11 10,151 0,13 75

3aoaua 3. J\na 3aJaHHBIX ABYX CXEM OajoOK IIApHUPHO-KOHCONBHOH H

KOHCONTBHOM (pHC. 5, @, ) Tpedyercs:

1. M300pa3uTh pacueTHYIO CXeMY KaxKa0# Oalku.

2. l[MocTpouts >mropsl U3rudArOIEro MOMEHTa M, Ha CKaThIX BOJOKHAX M

NOMepeYHONi cHibl (J,.

3. U3 ycnoBusA npoYHOCTH MOA00pAaTh:

a) JUTS CXeMBI (a) CTalTbHYIO GaJIKY IBYTABPOBOTO MOMEPEYHOTO Ceue-
nua npu [o] = 160 Mlla;

0) Ana cxembl (0) AepeBAHHYIO OAJIKy KPYTI0ro MOMEPeuHOro CEUeHHA.

[puHATE JOTIyCKaeMoe HampsKeHHe TIPH CKaThH |G, ] = 12 Mlla, nonyckae-

MO€ HaNPsKEHUE NPy pactsxeHnu [o,] = 8 MITa.

11




Januble ang pacuera u cXeMbl 0allOK NpUBEACHBL B Ta0M. 5.

Tabtuya 3
Ml 1 I 11 v
BapHAHTA Howep “ T M, kH-m i
CXEMBI M M M kH kH/m

1 10 1,0 0,8 2,0 15 10 30

2 9 1,2 0,9 1,8 17 12 28

3 8 1,4 1,0 1,6 19 14 26

4 7 1,3 1.1 1.4 10 16 24

5 6 1.1 1,4 1,7 12 18 22

6 1 1.6 1,3 1,9 14 20 20

7 2 1,5 1,2 1.5 16 12 32

8 3 2,0 0,7 1,1 13 16 20

9 4 1,9 0,6 1,2 18 14 34

0 5 1,8 1,5 1,0 20 18 36

Vka3anud K BbINOJHEHHIO 3aaanug Ne 2

B manHOM 3ajaHHK paccMaTpPUBAETCA MOCTPOSHUE 3ITIOP BHYTPEHHUX CH-

J0BbIX (DAKTOPOB M PACuUET HA MPOYHOCTH MNPH HEHTPAILHOM PACTKEHHH-

oKaTuu (3amava 1), mpu KpyueHuu (3a7a4a 2) U NpU MIOCKOM MONEPESYHOM H3-

rude (3anaua 3).

BayTpeHHUMA CHIOBBIMA (haKTOpaM¥ SBJISIOTCA. TIPOMOIBbHAA cwita N .

IPH UCHTPATBHOM PacTHKEHHU-CKATUN, KPYTAITHA MOMEHT M, ipu KPYyYEHWH,

w3rubaromni MomenT M w monepeunas cuia Qy TP TUTOCKOM TIOTIEPEYHOM

u3rube. BHyTpeHHWe cuiioBble (haKTOPBI HAXOAAT METOJOM CEUEHHH.

12
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Pexkomennyerca cneaytowiii nopsaaoK BEINOIHEHUA KOKI0M 3a1auu.

1. OnpeeiTh peakiin oTop.

2. Paz0uth paccMaTpuBacMbii CTEPIKCHb HA YUACTKHU TaK, YTOObI B MPeAcnax
KOKIOTO yuacTka paz0MeHHs XapakTep BHEIIHeH Harpy3kKH M TIOLIAAb Moleped-
HOT'O CEUEHUSI HE MEHSITUCh,

3. J11s Kaxaoro yJacTKa COCTaBHTH BRIpakeHHA N . (3anmaua 1), M . (3a-

naua 2), M_n Qy (3amaua 3) U NOCTPOUTH COOTBETCTBYIOIIME AIMIOPbL. JMIOPHL

CTPOAT Ha Oa3WCHBIX ITHHHAX, TIAPAIIENBHEIX OCH 33JaHHOTO CTep kHS (OaiKwH).
Pacriorararor 31Mmopel HENOCPE/ICTBEHHO TI0/I PACUETHBIMHA CXEMaMH.,
4. B 3apauax 1 1 2 nocTpouTh 3MI0pbl HANPSKECHUA A1 KaXKI0rO /-ro y4a-

CTKA:
Nx
~ HOPMAbHBIX HANPKEHHH G = y ~, rae A — UCKoMas TIOmah Mo-
f i
MEPEYHOrQ CEUECHHMA HA [-M YYACTKE,
y X
~ MAKCHMA/IbHbIX KACATE/BHBIX HANPSKEHMH Tpay =—, rae W), — no-
Fr
. wd”
NIPHbIA MOMEHT conporusienus. Jiust kpyrioro ceuenust W, = ™

5. OnpeaesTe HCKOMBIE XAPAKTEPUCTHKH MOTIEPEYHOTO CEUEHHS U3 YCIIO-
BUS MPOYHOCTH 110 METOAY JAOMYCKACMbIX HAMPSAKCHHUI

I
[V ma|

— [IPU PACTAKCHUM-COKATUH ’Gm ai|= <[s].
i
’ ’
M X max
— 1IPH K UCHHUH =——<
PH KpyHe ’Tmax[- W [T]n

P
Mo

-
“

— 1ipu u3rude ‘Gmaxi | = , tiae W, — ocesoil MOMEHT conpo-
TUBJICHUA,

Ecnmu marepuan no-pasHoMy COMPOTHBIACTCA CHKAaTHIO W PACTAKCHHIO
(XpynKui Matepuai), T0 [Cex] # [Op] M YCIOBHE NPOYHOCTH CAEIyET MHUCATh B BU-
JIe CHCTEMBI HEPABEHCTB

A
A

° o]
max; W. P

CIK
< <[oex]-
Gmax,- Ocx
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Bonpocst ona camoxonmpons

I. Kakue cayuau jiethopManiii CTEPIKHSI HA3bIBAT LEHTPAIBHBIM PACTsl-
JKEHUCM WJIU CHKATHEM?
2. Kak BBIYMCIISIFOT 3HAYEHME NPOJIOJILHONH CHITbI M1 HOPMAJIbHBIE Harpsike-
HUA B POU3BOIALHOM MONEPEUHOM CeUCHUU cTepkHa? KakoBa UX pasMepHOCTD?
3. Kak ¢rposaT 3n0pbl NPOAOJIBHBIX CHJT U HOPMAJIbHBIX HANPSIKEHHH?
4. 3anucaTbh YCI0BUE NPOUHOCTHU NPU LUEHTPAIbHOM PACTAKEHUN-CHKATUM,
5. Kaxoit sua aedopmartiin Ha3pIBalOT TIPIMBIM TTOTIEPEUHBIM H3rHOOM?
6. Kakoii Bua aeopManuu Ha3bIBAIOT KPyUESHUEM?
7. Uto Ha3eIBalOT MOMEHTOM COTNPOTHBIIEHHS CEUEHWS, JKECTKOCTHIO Ce-
YCHUA NPU KpyueHuu?
8. Kak naiiTh omaMmeTp Basia, yIOBIETBOPAIOIIHH YCIOBHIO MPOYHOCTH
NpH KPYUEHHU?
9. Kakne BHyTpeHHWE cunoBble (PAaKTOPBI BO3HUKAKT B MOMEPEYHOM Ce-
UEHUHM CTEPKHA B 001IeM cliyvae NeHCTBUS Ha HEero MIIOCKOH CUCTEMBI CUJT?
10. Kakne nmpaBuna 3HAKOB MPHHATBI A4 KaKIOTO U3 BHYTPEHHHX CHIIO-
BbIX (haKTOPOB?
1. Kakne THITBI ONMOp MPHMEHAIOT TS KPEMUIEHUA OanoK K OCHOBaHHIO?!
12, TlepeuncnuTh OCHOBHBIE 3aBHCHMOCTH 3IMOP BHYTPEHHUX CHIIOBBIX
(akTOpOB OT BHEWIHEH HArpy3KH.
13. 3anucarsb ycloBre MPOYHOCTH OaIOK MPH MPSMOM MOMEPEUHOM H3rnde
[0 METOAY AOMYCKACMbIX HANPAKEHUIA.

3aoanue Ne 3
CJOKHOE COINPOTHUBJIEHUE

3aoaua 1. ]Insa Ganku ¢ NONEPEUHLIM CEUCHHEM B BHUJE MPAMOYTOJAbHUKA
h . -
C COOTHOLUEHUEM Pa3MepoB E=k (A — BbICOTA, b — IUUPMHA), HArPYKEHHOH

CWJIAaMM U MOMEHTAMH, NEWCTBYIOUIMMHU B BEPTUKAILHOH M TOPU30HTAJIBHOH
NA0CKOCTAX (puc. 6), Tpedyerea:

1. M300pa3uTh pacueTHyKO cxemy OaJiKH, BbIUEPTHUTh MOMNEPEUHOE Ceue-
HHE B OTHOCUTEILHOM MacwTabe.

2. TlocTpouTh 3MIOPBI MONEPEUHbIX CHJI W W3rHdalLIKMX MOMEHTOB B
FJABHBIX MJIOCKOCTAX OaNKH Xy U XZ.

3. HaiiTn onacHele ceyenusa Oankm.

4, OnpeaenuTh NONOKEHUE HEHTPANbHOH JMHUU B KaXKAOM M3 OMAacHbIX
ceueHui Ak U HAliTU OMAacHbIE TOUKH B 3TUX CEUEHHSAX.
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5. V3 ycnoBus MpPOUYHOCTH MO HOPMAJIbHBIM HANPsHKEHUSM OMpeaenuTh
pasMepbl MOMNEPEUHOro ceueHus Oanku. [Ipu pacuere NpHHATH JOMYCKAEMOE
HAINPSAKEHUE [G]:160 MITa.

6. ITocTpouTh 3MIOPY HOPMAJILHBIX HANPSKEHHH B OMACHOM CEUCHHH.,

Cxemy Oarkw, TaHHBIE JUTA pacdeTa B3ATb W3 Tadn. 6 1mo mmdpy, BHIJIAH-
HOMY MPEHOaBATEIICM.

Tabauya 6

Mudp I Il 11 v
Ba?;_ Ij;e“;?z aM | oM k Fi.xH | Fo,xH | g, kH/m | M, kxH-M

1 1 1.2 1.5 1,5 8 12 18 5

2 2 14 | 1.8 | 18 12 10 20 7

3 3 5 | 20 | 20 10 8 12 9

4 4 1.0 | 14 | 16 16 20 8 10

5 5 0.8 1.2 2,2 14 16 6 12

6 6 1,6 | 1,6 | 075 | 18 15 4 18

7 7 12 | 10 | o5 | 20 12 10 8

8 8 1.5 1.5 0,4 24 18 9 6

9 9 1.4 1.6 0,6 15 20 12 4

0 10 1,0 | 1.4 | 08 12 16 8 15

VKa3zaHud K BbUIOJIHEHU O 3a,1a4u 1

B nmannHO 3agaue paccMaTpHBaEeTCsT KOCOM (Cn0HBIH) U3rud Oamku. Pe-
KOMEH/Iy€TCsl CIIEAYIOLIWI NIOPAAOK pacueTa.

1. U300pa3nuTth pacueTHYIO cXxeMy OallKh COTIIACHO HCXOOHBIM JAHHEIM C
YKA3aHUEM Pa3sMEPOB M HAIPY3KU. BLIUEPTUTL NONEPEeYHOe CEUEHUE B MAclITa-

0¢ ¢ yYCTOM COOTHOLUICHUS 5= k.

2. [locTpouTh MIOPE BHYTPEHHUX CHIOBBIX (JaKTOPOB OTHEIBHO:
— B [UTOCKOCTH XY — SMIOPBI MOTIEPEYHON CHITHI (), W H3rudarolero MoMenTa M.
— B IJIOCKOCTH XZ — DIIOPbI MONCPEUHON culibl ¥, M u3rudaiomere MmoMeHTa M.
DNOPHI M3rudaIMX MOMEHTOB CTPOMTH HA CHKATHIX BOJIOKHAX OaJlkH, ,

3. TTo smopam u3rudaronmx MOMEeHTOB M, n M|, HaliTH OnacHkIe ceyeHus
OaJIKH: '

— ceuyeHue [ ¢ MakcuMasibHbIM MOMEHTOM A, W COOTBETCTBYIOIUM €MY
MOMEHTOM A,
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— ceuenue |l ¢ MakCUMalIbHBIM MOMEHTOM M, M COOTBETCTBYIOIIMM €MY

MOMEHTOM M.

4. Onpenennuth NMOJIOKESHUE HEHTPAJIbHOW JIMHUM B OMACHBIX CEUEHHSIX
Oanku. HeltrpansHas JIMHKS COCTABJIAET ¢ OCBIO Z MONEPEYHOTO CEUSHHS DAJIKH
yron [3, KOTOpblid HAXOAUTCA U3 BBIPAKCHUS:

M},J

I
s

tgh =—=.
&b M, J,

HeﬁTpaﬂbHaﬂ JIMHHA TIPOXOOUT YCpPC3 TC YETBCPTH CHCTCMBI ocel ZyY B
noncpeyHoM CCUCHHUH, B KOTOPBIX HOPMAJBHLIC HAMNPAXKCHWA, BbLI3BAHHbLIC MO-

MeHTamMu M. u M, UMET Pa3Hble 3HAKK. 3HAKKW HOPMAJIbHBIX HANPSHKEHWH B

YCTBCPTAX CUCTCMbI OCCH ZY MOXKHO ONPCACIUTb NO 3mopam M, u M, yuuTbi-
Bad, YTO OTH SMIOPLI NOCTPOECHBI HA CXKATBLIX BOJMOKHAX, TO €CThb HA TOH rpaHu
0afki, Ha KOTOPOH MOCTPOEHA 3MIOPA, BOZHUKAET CHKATHE, & HANPSHKEHHUS UME-
FOT OTPUATENIEHBIN 3HAK.

OrmacHeie TOYKW B OMACHBIX CEUCHHAX HaWAeM Kak Hambosiee yIalleHHbIS
OT HEHTpanbHOW NHHUM. /N4 OpAMOYroJbHOTO CEUCHHA 3TO OYIOYT YIJIOBBIC
TOYKU. B OmacHbIX TOYKaX HOPMaNbHBIC HANPSKEHUSA OT OD0MX HM3rHOAIOIIUX
MOMEHTOB UMEIOT O/IMHAKOBBIC 3HAKH.

5. U3 yclioBUS IPOYHOCTH 1O HOPMAJIBHBIM HANPAMXKEHUAM HANUTH pa3me-
Pbl MONMEPEYHOro CEYEHHS AN KAOKAOrO U3 NPEANnONaraéMbiX ONacHbIX CEYEHHH.
N3 mony4cHHBIX pa3MEpPOB OKOHYATENILHO BbIOpaTh HauOonbluui. Ycnosue
MPOYHOCTH MPH KOCOM H3rH0e

M., M}r
Sont = N Yort|T 7 Zomn.T S[G]:
z ¥

[JC Gy — HOPMAJILHOC HAMPSKCHUEC B ONACHOM TOUKE; Von 1 Zon+ — KOOPAHHA-
THI OMMACHOH TOUKH B CHCTEME OCel ZV.

6. BeluepTuth 0NacHoE ceucHUe B MaciiuTade ¢ HaliACHHBIMU pa3MepaMu b
n /. B OonacHOM CCUCHMM MOKa3aTh MOJOKCHUEC HCHTPANbHOW JIMHUM, 3HAKU
HOPMAJIBHBIX HATIPSKEHWH, ONAcHbie TOUKH. TTOCTPOUTH 3MOPY HOPMAJIBHBIX
HanpspkeHHi B omacHOM ceueHun. OCh 3IMOPH TIPOBECTH TIEPTIEHANKYJIAPHO
HEeHTpanbHOH JUHHH. OT 3TOH OCH OTJIOKHTH OPAMHATHI, PABHBIC B COOTBCTCT-
BYIOIIIEM MACIITAa0¢ HOPMAJIbHBEIM HAMPSKCHHAM B TOUKAX HMOMCPEUHOro cede-
aus. Ilpu sToM HamGOIBIICe HANPAJKCHHC B OMACHBIX CCUCHHAX TPH PacCyM-
TAHHbIX BbILIE 3HAYCHHUAX » U /1 NOJIZKHO OBITh PABHO

I

M
o] = 2]+ 22| [o].
max W, Wy
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3aodaqua 2. Ha pan (puc. 7) HacaxkeHbl LWUKUBLI A U B, 4yepe3 KOTOpPLIC Ne-
PEKHHYTHI MPHBOHBIE PEMHH, UMEIOLINE HATHKEHAN 1| u {1, 15 A 1. AnameTtpe
LUKKUBOB /2] U 1)y cOOTBETCTBEHHO. Ban Bpawaerca B noawmnuukax ¢ 1 1) 0e3
TPEHUs, COOCTBEHHbLIM BECOM Bala U LIKUBOB npeHeOperaeMm. LIIKMBB UMEIOT
YIJIbl HAKJIOHA BETBEH PEMHAS K TOPH30HTY o] W Oy (puc. 8). Ban nemaet n 060-
POTOB B MAHYTY W nepeaaet MowHoOCcTe N, kBT, Tpebyerca:

1. OnpeaeauTb MOMEHTbI, MPUIOKEHHBIE K LLIKWBAM, M0 3a4aHHbLIM 7 U V.

2. [MTocTpouts 3MOPY KPYTAIIMX MOMEHTOB MKp.

3. OnpenenuTb OKPYXKHBIE YCUNUSA {| W {7, NEACTBYIOIHE HA LUKUBBI, MO
HalilcHHBIM MOMEHTAM W 33JlaHHbIM HAMEeTPaM LIKUBOB /1)) 1 1);.

4. Onpenenvth AaBJIeHUs CO CTOPOHBI PEMHA HA Bajl, NPUHUMAs UX PaB-
HbIMU TPEM OKPYIKHBIM YCUIIUAM {;, i =1, 2.

5. OnpeaenuTh cuibl, U3rudAIOLLKE Bal B BEPTUKANBLHONR U FOPU30HTANb-
HOW TITOCKOCTHAX.

6. TToctponth 3mOpbl M3rHdAOIMX MOMEHTOB Afy, OT TOPU3OHTANILHBIX
CHIT U M, OT BEpPTHKATBHBIX CHIL.

7. TTocTpouTh 3MHOPY CYMMAPHBIX H3rMOAIOIIMX MOMEHTOB.

8. HaliTn omacHOE CCUCHUE W OMPEACIAUTb MAKCUMANbHbIA MPUBEACHHBLI
MOMEHT My, (TTO TpEThEi TEOPHA TTPOTHOCTH).

9. llopobpatb auameTp Bana d npu [c] = 120 Mlla u oxkpyrnuth ero 3ua-
YeHHE J0 CTAHAApTHOTO (CM. 3amauy 2 3amanus Ne 2).

HcxonHbie naHHbIE W CXEMY Bajla B34Th W3 Tadn. 7 no wndpy, BbIJIAHHO-
My TIpENoaaBaTeENeM.

Tabauya 7

Mudp I 1 m v
BAPH- | Homep n, N, o o
aH1d | cxempr | 06/mun | kBT | &M bow e \Dim Do | ay, o2,

100 10 10,201032(0,18| 04 | 0,8 0 90

2 7

200 20 [0,25(035(0,20| 0,6 | 09 10 80

2 7

300 30 |024]030|022] 0,8 | 07 | 20 | 70
400 40 |032]028016] 10 | 06 | 30 | 60

*

500 50 10,28 (0,34]0.20| 0,5 0,5 40 50

*

600 60 (0,30 (0,26(0,18| 04 1,0 50 40

2 7

700 70 [035]025]024| 07 | 0,6 | 60 | 30
800 80 [020]030]022| 08 | 07 | 70 | 20

*

900 9 10,24 (0321018 | 0,9 | 0,1 30 10

*

1000 100 10,28 10,22 10,20 | 0,6 1,0 90 0

2 kd

O 0o -JC0 WU £ WK — O
I S A%
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Puc. 7
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y=21t

5

Puc. 8
Vka3anus K BbINOJAHEHHIO 3aaaun 2

1. OnpenenuTh CKPYUYHBAIOITHE MOMEHTHI, TIPHIOKEHHBIC K IIKHBAM, TIO
dopmynam:
N 30N
M 1=—= 5 M 2= M 1
© TR
2. [TocTpOHTE 3MIOPY KPYTALIAX MOMEHTOB, H300pa3HB MpeaBapHTEIbLHO

CXCMY BaJld € NPHIIOKCHHBIMH KPYTALLWUMH
MOMCHTaMH.

3. Haiiti okpyKHBIE YCHITHA HA WIKH-
2M 2M
e
Dy Dy
4. OnpenenuTh AABJICHHUA CO CTOPOHBI
wiKkuBa Ha B [y =31y, [ =315

Bax: ] =

5. CocTaBHTh PAcUETHYID CXEMY Ba-
na. Cusbl HATAXKECHUA MPUBECTH K OCU Bana,
PA3JIOKHB UX HA COCTABJISIIOIIME 110 OCIM V[ i
Uz

Pasnoxure CHIIBI ABJICHUS HA BAJT HA Puc. 9
COCTABNAIOIIME MO OCAM KOOPAWHAT H BHI-

MUCIUTD COCTABMLIOME [ 1 Fy_ (puc. 9).
7 i

6. Paccmarpusas BaJl Kak 0ajiky Ha JIBYX OMOPax B BEPTUKAIBHOW H TOPH-
30HTANbLHOM MIOCKOCTAX (M300pa3uTh COOTBETCTBYIOIIMC CXCMbI C HArPY3KOH),
OTIPEJICITHTh PEAKIHH OTIOP W TOCTPONTH AMIOPBI W3THOAKIMX MOMEHTOB JUTS

BEPTHKAILHON U FOPU30OHTANBHON INOCKOCTEH M, u M,.
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7. TlocTpouTs 200PY CYMMApHBIX M3rddalOMX MOMEHTOB, UCMONb3YS

3HaueHns M, u M, B xapakrepubix Toukax: M, = ,M% + M)% :
) Zj i

8. CpaBHUTH AMOPLI KPYTIIMX H CYMMAPHBIX H3IM0AOIIUX MOMEHTOB W
ONPENCIIMTh ONACHOE CeYEHUE Bajla. MaKkCUMAIIbHBIN TPUBEJACHHBI MOMEHT B
OTIACHOM CEUSHHH IO TpeThel TEOPHH MPOYHOCTH BBEIUHCIATH MO JopMyIie

I 2 2
M ax :\/Mmr +MKp .
1) 3
9. U3 yCiioBUsl NPOYHOCTH G =M <[5], rne W =——, n0106-
max W 32

parh AMAMETP BAJ1a U OKPYIJIMTH J10 OJIMXKANIIEro CTAHIAPTHOIO.
Bonpocut 0aa camokonmponn

1. Kakue HanpspkeHHst BOSHHKAKOT B IMONIEPEYHOM CEUSHHH BAJIa KPYTIIOTO
CEUEHHU S MPH H3TH0E C KpydeHHeM?

2. Kak HaxoadT OnacHbie CEUECHUs Bajia KPYTJIOTO TOTIEPEUYHOTO CEUSHHS
py U3rude ¢ KpyueHuem?

3. Kak onpenensior BeIWYNHY TIPHBEASHHOTO MOMEHTA (10 Pa3IHUHBIM
TEOPHAM TIPOYHOCTH ) TIPH U3rH0E ¢ KPyUeHUEM?

4. Kak npoBoaAT pacueT HAa MPOYHOCTh Bajla KPYIJOTrO CCYCHUS NPH W3-
rude ¢ KpyueHuem?

3aoanue No 4

PACUET CTATUYECKH HEOINPEAEJIHUMBIX CUCTEM
METOJ10M CHJ1

Jaoaua. Jlna 3apaHHOl cratuuecku Heonpeaeaumoi pambl (puc. 10)
Tpedyeres:

1. Onpenenuth CTENECHL CTATUMCCKONH HEONPEACIUMOCTH PaMbl.

2. BoiOpaTh palluOHAIbHYIO OCHOBHY IO CUCTEMY.,

3. 3anucaTh KAHOHHYECKHE YPABHEHHS B O0IIEM BUJIE.

4. I1ocTpOUTH HMIOPBl U3rUGAIOMX MOMEHTOB OT €AMHHYHBIX A ;

BHELIHEN Harpy3ku M ;B BBEIOpaHHOH OCHOBHOH CHCTEME.

5. Beruucaurhb BCe nepeMenieHns, BXO/SIIHME B KAHOHUUYECKHE YPABHEHHMS,
W PEIUTH CHCTEMY TTOJIYHYEHHBIX YPABHEHH I OTHOCHTEIIBHO HEU3BECTHBIX,
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6. TToCcTpoNTb OKOHUATENBHBIC 3MIOPH U3rHOAKIIKX MOMEHTOB A, nore-
PeUHBbIX CU O U NPOA0AbHBIX cunl N,

7. ITpoBepuTh NPaBUJIBHOCTH NOCTPOSHHMSA OKOHYATEIbHbIX 3THOP.

JlaHHBIE JU1st pacueTa U CxeMy pambl B3sTh U3 120, 8 no mmdpy Bapuax-
Ta, BBIJAHHOTO TIperiofaBaTteeM. [IpHHATH KECTKOCTb TIPH M3THOE KaKA0TO

3IeMeHTa paMbl ./ = const.

bl

Tabauya 8§
Tiadp I i 111 v
0 10 15 5 2.0 22 2,0 2,5
1 9 18 6 1,5 2.1 3,0 2.4
2 8 20 7 1,6 2.0 4.0 2.3
3 7 24 8 1,8 1,4 2.4 22
4 6 30 9 22 1,5 2.8 2,1
5 I 35 10 1,9 2,0 32 2,0
6 2 25 5 1,7 1.8 3,6 23
7 3 16 6 1,5 1,9 2.4 2,5
8 4 32 7 2,0 1,6 2,2 2,6
9 5 28 8 1.8 2,1 2,0 2.8

YKa3zaHud K BbINOJHEHHI0 3agaHus Ne 4

O,[lHI/lM H3 MCTOOOB PACUCTa CTATHYCCKH HCOMPCACIIMMbBIX CHCTCM ABJIA-

CTCA METOO CHII, B KOTOPOM 3d HCH3BCCTHBIC IIPHHHMAIOTCA PEaKIIHH «JTHITHHUX)»

CBA3CH CUCTCMbI (TAKOH, B KOTOPOH BCE PeaKUUHU CBA3CH HE MOTyT ObITbh HaKC-

HBI U3 YpaBHeHHH cTaTuky). [IpemaraeTcs caenyomuii mopaaok pacyera.

1. Pacuer Tiocko# CHCTEMBl HAUMHAETCS ¢ BBIYHCIIEHHS CTETIEHW CTaTH-

JeCKOM HEONPEIETUMOCTH 7. JIJIA mPOCTBIX CUCTEM H = RI. -3, rae Ri — KOJIH-

YECTBO PEAKIMHA, BOZHUKAKOIIMX B ONOPAX CUCTEMBI, 3 — YACIO YPABHEHMI CTa-

THKH OJIA TIITOCKHX CHCTEM.

2. Beibpars OCHOBHYIO CUCTEMY METO/Ia CHJI, TO €CTh JIKDOYIO CTATHYECKH

OMPE/ICIUMYI0 CUCTCMY, MOJIYYCHHYID H3 33JaHHOH nyTeM OTOpachlBaHUA

TATITHAX Y CBSI3EH.
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[Mpw BBHIGOpPE OCHOBHOI CHCTEMBI MOYKHO VIAJISITh OTIOPHBIE CBSI3W, BBO-
JIUTEH JOMONTHUTENbHEBIE TIAPHUPE! (KaKIBI OJHOKPATHBIM UWIAPHHP YCTpaHseT
OOHY CBS3b). BaskHO IOMHHUTE, YTO OCHOBHAA CHCTEMA OOJKHA OBITH TCOMETPH-
YCCKH HCH3MCHACMOM. PanuoHanbHOM SABISCTCA OCHOBHAS CHCTEMA, IO3BO-
oAt HaundoIee MPOCTHIM CIOCOOOM MOCTPOMTH AMIOPhLL M3rHbOAKIIUX MO-
MEHTOB,

3. Kanonuueckme YPAaBHCHUA MCTOda CHIT AJTA 71 HCU3BCCTHRIX HMCKIT BH

Slle +812X2+...+8'1”XH+A]F=O
621){'1 +622X2+...+62”X”+/_\2F=0

8M'ZXI + SHZXZ t.oot szXn + AnF =0.

rac 8[.1{ ~ NEPEMEUICHUA f-H TOUKM OT A-r¢ €AMHMYHOrC BO3ACHCTBMA, Al. o

[NEPEMELICHUAA /-H TOUKHM OT 334aHHOI0 BHCUIHEIO BO3JCHCTBUA (IPY30BLIC NE-

pemenenus), X — HEU3BECTHBIC PEAKLMY OTOPOLUICHHDIX CBA3CH.

4. IlocTpouTh MIOPHl U3rUOAIOIUX MOMEHTOB (U1 MAIllMHOCTPOUTENb-
HbIX CIHEIHAJBHOCTEH SMIOPbI CTPOATCS HA CHATHIX BOJIOKHAX) B BbIOPAHHOM

OCHOBHOH CHCTEME! COHMHMYHBIC STIOPEL M. CTPOAT B NMPEANONOKCHHH, UTO
X ;= 1, a rpy30ByI0 2Mmopy My CTPOST OT 3aJaHHOH BHCIIHCH HAarpy3KH.

5. Bee k0dhPUIMEHTE CHCTEMBbl KAHOHWYECKUX YPAaBHCHHUH OMpeAcaioT

C MOMOIIBKY KHTCTPalla Mopa

I/{ Zj—dx “u AIF ZIM MF

31ech HHTCTPUPOBAHUC BBITIOTHACTCA B TIpEACIax AITHMHBI YUACTKA TICPCMHOMKE-
HHA, CYMMHPOBAHHC — IO KOJTHUYCCTBY IICPCMHOMKACMEBIX YHUACTKOB. Hpeﬂnona-

racTCA, 4TO B MpCACilax YUYACTKA [ICPCMHOMKCHHA KCCTKOCTD £.J mocTosHBa. ﬂ,.TIH
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HAXKACHUSA UHTEIPAJIOB B CIYYa¢ NPAMOJIMHECHHbIX CTEPKHEH ¢ MOCTOSHHOH

KECTKOCTHIO YA00HO UCMOMbL30BaTh NpaBuio Bepemaruna

M‘,.Mkdx:coy

uT.’*

O oy

T7€ ( — TJIOMIaAb KPWBOJWHEHHOTO yuacTKa MEePEeMHOXKAaeMOH 3MIOPBI, Vi1 —
OP/MHATA, B3ATAS U3 JIPYTOil NEPEMHOMKACMOH STIOPLI U JISKAIAS 101 NEHTPOM
TSKECTH NEPBOi. B pe3ysbTare nepeMHOKEHMS NOJIYUaeM 3HAK «+», ecliv ne-
peMHAOKaeMble YIaCTKH S0P PaCIiONIONKEHB TI0 OJHY CTOPOHY OT Oa3ucHO#M
JIHHWH, W 3HAK «—», €CJIW TI0 PA3HBIE CTOPOHBI,

6. PemliTh CUCTEMY KaHOHHYESCKHX YpaBHEHHH OTHOCHTENBHO HEH3BECT-
HbIX X},

7. Tlocne HAXOKJIEHUS HEW3BECTHBIX X ; OKOHHYATENIbHYIO 3IMOPY W3-
QaroLMX MOMEHTOB B NEPBOHAYAIBHO 33/IaHHOI CUCTEME CTPOSAT HA OCHOBAHHUU
NPUHLHIIA HE3ABUCUMOCTH JICHCTBUS CHJI CIE/YIOLIMM 00pa3oMm:

M=MX +M,X,+. . +M X +M,,
roe M ; X ; — DIMOPBI, MOCTPOSHHBIE B OCHOBHOH CHCTEME OT HAaHICHHBIX 3HAUe-

HHH HCHU3BCCTHBIX X,‘. J1H SMKOPBI MOIYYHAKTCA B PE3YILTATC YMHOMKCHHA I10-

CTPOCHHBIX paHee (cM. 1. 4) smwop M ; Ha HAHJCHHBIC BEMHYMHBI HEH3BECTHBIX
X i C yyeToM HallAeHHLIX peakUWH W 3aJaHHOH HArpy3kKH MOKHO HAHTH OcC-

TaBHIHCCA PCaKIH H3 ypaBHeHI/Iﬁ cTaTtHKH. llocne UX HaXOoKAcHUA SMKPEI I10-
MEPCYHbIX Q H IMpOAOJIbHBIX N cun CTPOAT B COOTBCTCTBHH C OﬁmerI/IHHTHMH B
KypPCe€ CONPOTUBIIEHU MATEPUAIIOB IIPABUIIAMM.
8. BbinoaHuTh AepOPMANMOHHYIO W CTATHYECKYI) NPOBEPKH.
JedopmanrorHad mpoBepka >MOpsT M-
MM
215

dx=0
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HJIH
MM

dx=0,
L

rac MS — CYMMApHAaA >I1opa PI31"I’I68.[OH_II/IX MOMCHTOB, IIOCTPOCHHAA B OCHOB-

HOW CUCTEME OT OJIHOBPEMEHHOTO BO3/ICHCTBUA BCEX CAMHHYHBIX BO3JICHCTBHH.

X=0
Craruueckas nposepka smop O u N: %Y 0’ TO €CTh CHCTEMA MO/

BO3JIEHCTBUEM BHEUIHEA HAIPY3KU M ONOPHBIX PEAKLIMHN JI0JKHA HAXOAUTHCH B

PaBHOBECHH.
Bonpocor ona camokonmpons

1. Kakue cucTeMbl HA3BIBAKOT CTATHYECKH HEONPEACTUMBIMU 7

2. Kak BBIYHC/IAIOT CTENEHb CTATHYCCKOH HEONPEACIMMOCTH CUCTEMbI?

3. Yto mpeactasngeT coOOi OCHOBHAA cucTeMa’?

4. Hanuiuute CUCTEMY KAHOHWYECKUX YPABHCHHWI /IS 71 HEWU3BECTHbIX
(n=1;2;3).

5. Uro o3znavaor senmuunbl X;, 8, O, Ajp?

6. Kak onpenenaior kod¢puUMenTsl ¥ rpy30BbIC WICHB CUCTEMBbl KaHO-
HHUUYCCKHX YPABHEHUIA?

7. HazoBuTe mMopsaaoK MOCTPOCHHA OKOHYATENBHON 3MIOPBI M3rHOAOmuX

MOMCHTOB.

3aoanue Ne 5

PACYET HA ITPOYHOCTD T1PH YJIAPE

3adaua. Ha ctaneHyo Ganky (E=2-105 Mﬂa) KBAaIpPaTHOTO MOTEpey-

HOTO ceUeHH s, MOKA3aHHYIO Ha puc. 11, ¢ BEICOTEI /2 magaeT rpy3 (). Tpelyercs:
1. Haiitu Handonbluee HOPManbHOE HAMPAKEHUE, BOZHUKAONICEC B Danke

OT yaapa.
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2. TlonoOpath pa3zMep KBAJAPATHOIO MOMNEPEYHOrO CCUECHMSI M3 YCIIOBHSA
MpOYHOCTH. [[pHHATE JOMMyCcKaeMoe HanpsKeHNe [0] =160 MIla.

JlanHbie B34TH 113 Tabm. 9.

Tabmma 9

My I I I11 v
Homep
BapUaHTa exeM (), kH 1, M lh, M a, M h, M
1 5 0,8 1.5 2.0 0,4 0,20
2 ) 1.1 1,6 2.2 0,5 0,18
3 7 1.2 1,7 2.4 0,6 0,16
4 8 0,9 1,8 2.1 0,7 0,14
5 9 0.6 1.9 23 0.8 0,15
6 10 0,8 2,0 1,9 0,5 0,10
7 1 0,5 2.1 1.8 0.4 0,12
8 2 0,7 2,2 1.7 0,6 0,22
9 3 0.9 1.8 1.6 0.8 0.16
0 4 1,1 2,0 1,9 0,5 0,20

YKa3zanus K BLINOJIHEHHIO 3aJaHus Ne 5§

Y napoM HasbIBacTCA B3aUMOACHCTBHUC TE, MPH KOTOPOM 34 OYCHb Maslbli
NPOMEKYTOK BPEMCHH CKAYKOOOpa3HO BO3HUKAIOT KOHCYHBIC M3MEHCHHUA CKO-
poctd TUX Ten. [lpubnukeHHblid pacueT Ha yAapHOE BO3ACHCTBUE MPOBOAUTCA
TIpYU JOMYUIEHWH, YTO YIpyTras KOHCTPYKIHA SBIsSETCA 0€3MaccoBOif W UTO Co-
yaapeHns TPOUCXOAAT MTHOBEHHO W ABJIAIOTCS UALAITBHO HEYTIPYTHMH (TO €CTh
COVIapeHue MPOUCXOINT O3 OTCKOKA).

Y mapHoe BO3/CMCTBHE — 3TO NPHMEpP AWHAMHWYECKOTO BO3IeHCTBHA. B
COTIPOTUBJICHWUH MaTEpHalOB TPEATIONAraeTcsi, 4To TPH YyAapHOil Harpyske B
3JICMEHTAX KOHCTPYKIIMM BO3HUKAOT TOJILKO YHOPyrue Jedopmanuu, no3roMmy
BO3HHKAIOIIME HOPMAJbHBIC HANPSKEHHS B OAlIKe OT YAAPHOrO BO3JACHCTRHUA
OIPEACIAOT CIE/YIOIUM 00Pa3oM:
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Gy =KnCcrs
Tle Ky — KO3(pPUITHEHT THHAMHYHOCTH, TIOKA3bIBAIOIINH, BO CKOJIBKO pa3 JHHA-
M

MHYCCKOC BO3IOCHCTBHC MMPCBBIIIACT CTATHYCCKOC, O oT =$ — CTATHYCCKOC

HAIPSIKEHUE B DAJIKE.

IIpennaraercs CieAyOIIMA TOPA/I0K BHIMOJTHEHHU A 33/1aHHSL.

1. 3arpy3utb 3a7aHHyIO OaNKy YCIOBHON CTAaTUYECKOH CUIIOH, paBHOH Be-
Cy magalomero rpysa (F = (J), 1 IOCTPOUTh IMIOPY H3THOAIOIKMX MOMEHTOB Mp

(Ha cxKATHIX BOJIOKHAX).
2. 3arpy3uTh 33/laHHYK) OAJKy BCHOMOrareJibHOW €/IMHUYHOW CTaThuue-

CKOH CHIION, TPWIIOYKEHHOUW B TOUKE MaJICHWA TPy3a, W MOCTPOUTH >opy M .
3. Onpenenuts CTaTHYECKOE TMEepeMEIIeHne A, TO €CTh NMPOTHd Oalku
NOJA CTATHYECKH NMPUIOKEHHON CWIOH [, KaK pe3yabTaT NEPEMHONKCHUA IMIOP

Mpu M
MM
ACT=Z_[#dx.

B cnyuac npAMONMHEHHBIX CTCPIKHEH € MOCTOSAHHOM JKECTKOCTBIO YI0OHO
BMECTO MEPEMHOKEHHA IMIOP UCTIONB30BaTh paBiio Bepemaruna (cm. npumn. 7).

4. OnpenenuTts kKoxp(PHUIHEHT AMHAMHIHOCTH MO TPHONMH:KEHHOH dop-

2h
MyJ€ Ky = |——, rae i — BbICOTA NAACHUA IPY3a.

cT
5. BoiuucinTe HauOOJBINES CTATHUECKOE HANPSIKEHUE B 0ajike, MCTIOJIb-
MZ max

3ysi (QOpMYJTy HOPMAIBHBIX HANPSKEHWH TpH W3rnbe Gy = w

, THE

3
b
W, = i MOMEHT COMPOTHBICHHUSA KBaJAPATHOTO CCUSHHA TPH H3THOE (b — cTO-
POHA KBaapara).
6. BRUHCTUTE TMHAMWYECKOE HATPSHKEHUE B OaNKe MO/ JICHCTBHEM Tia-

AAIOLIETO IPY3a G, =K Ger.
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7. W3 ycnoBus MPOYHOCTA OAlKM MO HOPMAJbHBIM HANPSDKEHUAM MPH

JEHCTBUM OUHAMHYECKOH Harpys3kKHu GI[ < [G] HOZ[O6paTB 3HAYCHHUC CTOPOHBI

KBaApaTHOr O CCUCHUA CTCPIKHA.

8. BLIMONHUTL OpOBEPOYHLIA PacueT, UCIONb3Yya TOUHYIO (hOpMYIY As

BBIYMCIICHHS KOY(DPHITUEHTA AMHAMWYHOCTH K, =1+

a

[Ipu sTOoM cremyeT HalTH (akTHUECKOS AMHAMHYECKOS HATIPSKEHHE MO
ASHCTBHEM TIAJIAFOITETO TPy3a (CM. 1. 6) W MPOBEPHTH BBITIONIHEHHE YCIOBHS
npouHOCTH (CM. 1. 7). ECJIM yCIIOBME NIPOYHOCTH BBINOJIHSIETC (JIONyCTHMAs
MAaKCHMaJlbHaA BEIIMYMHA Norpeinoctd +5 %), valiaeuubid B 0. 8 pasmep no-
TIEPEUHOTO CEUeHWA TIpHHWMaeTcs. B mpoTwBHOM cnyuae HeoOXomuMo ToA00-

paTe HOBOC 3HAUCHHC IMapaMCTpa MMOTICPEUYHOTO CCUHCHHWA U MOBTOPHUTE PACUCT.

Bonpocet 011 camokonmpo.ia

1. Kakue narpy3ku Ha3blBalOT CTAaTUYCCKUMM, KAKUE THHAMUYCCKUMH?

2. Kakoe sBJIeHHE HA3bIBAIOT YAAPOM W PE3YJTETATOM UEr0 OHO SIRITSIETCS ?

3. Uro Ha3bIBAOT KOAPPUIIMEHTOM AHHAMHUYHOCTH TTPH yaape? 3annmmnre
dhopmyny.

4. Kak onpeneasioT BEIMUUHY CTATUYCCKOrO MEpeMeIeHus’?

5. Kak omnpeaensioT Hanps keHus npy yaape?

34



TTPUMEPBI BBITTOJTHEHHS 3ATAHAN
[Ipumep BBIMOJIHeHU 3agannsa Ne 1

lpumep 1 (3a0aua 1). Ina 3a0aHHOr0 CUMMETPUYHOTO ccyeHuA (puc. 12)
TpedyeTCs ONPE/ACIUTh:
— TIOJIOYKeHHE IEHTPA THKECTH;,
— NOJIOKEHHUE [JIABHBIX LIEHTPAJIBHBIX OCEH,
— TJIaBHBIE TIEHTPATbHBIE MOMEHTBI HHEPITHH.

Pemienne

1. 3apanHoe cedeHue nzodpakaeM B Macmrade (em. puc. 12). Pazmepsl
CEUEHHSI HA PUCYHKE JIaHBl B CAHTHMETPAX.

AYie V. Ve

/TN ,
|

2.12

L AN

-\
4

SN
SN

10
>
Fod -2’

A
Y

Puc. 12

2. Pa3zbuBacM ceucHME HA TPH YACTH:
— ¢urypa 1 — npsmoyroashuk 16 ¢ x 10 cm;
— ¢urypa 2 — moIyKpyT ¢ paaaycoMm K =5 cm;
— ¢urypa 3 — paBHOOeApPEHHBIH TPEYTONBHUK C BBICOTOH O CM M OCHOBAHHEM
8 cM (BEIpe3).

3. loka3biBaeM Ha PHUCYHKE IEHTPBI THKECTEH BCEX TPOCTHIX (HTYP
(cM. npui, 2).
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LIeHTp TAKECTH OPAMOYIONbHMKA (7| HAXOAMTCS HA MECPECCUCHUM €ro
JiaroHaznei, otpesok o) = 5 ¢cMm.
LlenTp TAKECTH TIOTYKpyTa HAXOOUTCH Ha PacCTOAHUHN

. 4R 4.5 _
075 =—=—"——=212 ¢M OT €ro ropM30HTAJILHOI0 IHAMETPA.
3 3-314

1
]_[GHTp TAKCCTHA TPCYIOJIbHHKA — HA pacCTOoAHHH — BbICOTbLL OT OCHOBA-

HHUS, TO eCTh 03 =2 CM.

[IpoBOOMM TIEHTpATBHBIE OCH MPOCTHIX (pUTYp Z;, ¥;. Berbupaem Bcmomo-
raTeNbHbIE OCH Z U ¥, COBMECTUB OCb Z ¢ HUXKHMM OCHOBAHUEM CEUYECHUA, a4 OCbh —
¥ — C OCbID CUMMETPUU ceueHUus. OnpeaesnsieM KOOP/IMHATh LEHTPOB TKECTH
TIPOCTBIX QUTYP B OCHX Z, V.

Ci(z yi): €1 (0:5)
(’2(0;12,12)
(3(0;2)
4. Haxoanwm nmowagn npocteiX Guryp:
Aj =by =16-10 =160 cm*;
Ay =%sz =%.3,'|4 5223925 cm’;
Ay =lb3h3 _Lig6=240n?

2 2

OnpenenseM KOOPAMHATHI LUEHTPA TAKECTH 3aJAHHOTO CEUEHHMS OTHOCH-
TENbHO Ocel z, ¥ (pacyeT BeJeM ¢ TOUHOCTBIO JIO AECATHIX J0Jeidl CAaHTUMETPA):
z¢ =0 — LEHTp TSHKECTH CUMMETPUUYHOIO CeUEHHUS JIEXKUT Ha er0 OCH CUMMETPHH.

h
Ay,
_El ' I_A]y1+A2y2—A3y3 _160-5+3925-12,12-24-2

n Ay + Ay — 43 160+ 39,2524
A
i=1

Yo 7 ¢M

5. Ha pucyHke moka3zpiBaeM WUEHTpP TAKECTH ceueHWs (© W TPOBOIHM
[JIABHbIC LECHTPANbHbIC OCH Z- U Y. HaxoauMm KoopAMHAThL UEHTPOB TAKECTH
npocThix huryp B aTux ocsx: C; (z;, v;) : C) (0, =2); C3 (0; 5,12); (5 (0; =5). [a-
nee MOKA3bIBAEM HAa PHUCYHKE PACCTOAHHUS MEKIY LUESHTPATBHBIMH OCAMH MPO-
CTbIX (pUTYp Z; U TNABHOW LIEHTPAJbHOH OCbI CEUCHUA Z(

6. JAna kaxaoi npoctod Urypbl onpeacsiaeM OCEBble MOMEHThLI HHEPLIMK
OTHOCHTENBHO X LEHTPAIBHBIX OCEH Z;, V.

36



M 16.108 ph 16% - ,
22 _16-107aas ot Jyy =~ 110 s403 eur
o 12 12 12

4 4
Jo =0lIRY —011-5% =60 e’y g, IR0 o5 o,
: 8

hihd 8.6 bih, . ,

z3 36 36 3 48 48

Tak kax Bce OpoCThIe (PUTYPBI UMEIOT OCh CUMMETPHH, TO X LECHTPOOCK-
HBIC MOMEHTEI HHEPLIMHK ./, ), PABHEI HYITIO.

7. HaxoAuM 0CEBbIE MOMEHTbI MHEPLIUK 33/IAHHOIO CEUEHUS OTHOCHTE b~
HQ [JIABHBIX L[eHIpaJ]belX OCGFI, TO CCTh TI'JIABHBIC LleHIpaJ]bele MOMCHTLI
UHEPIIM
7 2 2 2
Jo = .Z.I(']Zf +},’6_I_Aj)=(1333+(—2) -160) s (69+5,12 -39,25)—
i=

—(48 +(=5)2 24) =2423 on?,

I
Sy = Z[in N zfinj _ 3413+ 245— 64 = 3594 en?.
i=1
Ha stom pacucT rcOMCTPHYCCKHX XdPAKTCPHCTHK CHMMCTPHYHOIO CCuc-
HHUA 3aKaHYHUBACTCA. HaﬁHeHHBIe OCH Z(, y(_‘ ABITAKOTCA TJIABHBIMH HeHTpaﬂBHBI—
MH OCAMH 3dJaHHOTO CCUYCHHUA, a OCCBBIC MOMCHTEI HHepI_II/IH CEYCHHUSA OTHOCH-
TEJIbHO ITUX OCeit J; . 1 Jy, . ABILIOTCS [IABHBIMM ICHTPAILHBIMA MOMEHTA-

MH HHCPOHUH 3aJdHHOTO0 CHMMCTPHYHOIO CCUCHHA. Pe3yanaTL1 3aIlIHCLIBACM B
BHIOC OTBCTA.

Omeem:
— noaoscenue yenmpa maxcecmu C 3000HHOZ0 CeYeHUA 1 2AA6HbIE YEHMPATb-
HbIC OCU Zo U Vo HOKA3AHBL HA pucyHie (ca. puc. [2);
— AAGHBIC YEHMPATLHBIC MOMECHIM b UHEPYUY cevens. J ., o= 2423 car’;

J yo = 3594 car’

Hpumep 2 (3a0aua 2). [Ana 3a1aHHOTO HECUMMETPHYHOTO IUIOCKOTO Ce-
UEHHUA, COCTARJIEHHOIO M3 MPoKaTHhiX npoduneil weemnepa Ne 20 (puc. 13) u
HEPaBHONOA0UHOro yroyika Ne 100 x 63 x 6 (puc. 14), tpedyercs onpeacauThb:

— MOJIONEHHE LIEHTPA TAKECTH,
— MTOJIOKEHWE TVIABHBIX EHTPATBHBIX Ocei;
— [IABHBIC LICHTPAIbHLIC MOMCHTBI MHEPLIMU.
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Pemenne

1. HGO6XO,ELI/IM])IG ANA pacucTa recOMCTPUYCCKIC XapPaKTCPUCTUKHW NPOKAaT-

HbIX NPo(racH NPUHUMAEM MO COPTAMEHTY NPOKATHbIX npoduiei (cM. npui.
3-06)

}}
— ana meennepa Ne 20 no ['OCT 8240-89 :_i
8§
=200 MM, b =76 mm; 5§ = 5,2 MM; ) .
oS 3>
F=9mmMm; A =234 CMZ; J.=1520 CM4; 20
Sy
Jo=113 em*; 20 =2,07 cm. g
Puc. 13
J'y
X0 B
— JUIs1 HEPABHOMNOJIOYHOI'0 YI0/1Ka r
Ne 100 x 63 x 6 mo FOCT 8510-86 — 1
u\
\
B =100 mm; 4 =958 cM* b =63 Mm; &S -
X
W
4 4 =~ =
t=6mm;J, =983 cem;J, =306 cm; ) S Y
b\
< —
V| =315 eM's 7y min =182 enr’ Pue. 4

tga =0,393; xo=1,42 c™m; 1y =3,23 cm.

1. 3amanHOe ceueHne H3oOpaxkaeM B MacmTade (puc. 15). Pasmeps! ceue-
HUSI HA PUCYHKE JIaHbl B CAHTUMETPAX.

2. Cedenne pa30nBaeM Ha OBE HaCTH:
— ¢urypa 1 — wseanep Ne 30;
— ¢urypa 2 — yronox Ne 100 x 63 x 6.
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3. Iloka3biBaeM Ha pUCYHKE LEHTPHI TshkecTedl 000MX MPOKATHBIX Npodhu-
nert (toukn €} W (y) ¥ IPOBOJIMM TIEHTPAITBHEIE OCH, HUCITOJIB3YST 0003HAUCHHS
OCCii, MPUHATHIC B JAHHOM NOCOOUHM (CPAaBHUTE ¢ OOO3HAUCHUAMM COOTBETCT-
pyromnx oced B  OCTax): — oyia mBsenmepa ocH z; U vy

— IJ1A YIOJIKA OCH Z» U V».

B KayecTBe BCIIOMOTraTeIbHBIX OCEH BHIOMPAEM IIEHTPAJIBHBIC OCH IIBEJUIEPA 21,

¥1 ¥ oTipelenseM KOOpOUHATH HEeHTPOB TSHKECTH 000X Mpoduieli B ITHX 0cax
Ci{zi yi)  C1(0;0), C5(6,77; -3,49).

4. OnpenenseM KOOPAWHATHI LEHTPa TAKECTH 3aJaHHOTO CEUEeHHA OTHO-
CHTEITLHO OCEH Z|, V|:

Az + Ayzy 234-049,58-6.77

ze =1,97 cM;
) 23.4+958
Ay + Ary 234-0+9,58-(-3,49
y(, = Iyl 2'}2 = 2 + 2 ( > ) :—1,01 CM.
' A+ A 234 +9,58
v
Ye
1 y (
2,
r\?“ S @n C Sn z]
A | E— , i
‘ y = R%I
\ it

o REIBE

— \Qﬁ ol
1,97 48 k
L 671 ]33
10 .
3 20 £

Puc. 15

5. [Noka3pIiBaeM Ha PHCYHKE LEHTP THKECTH ceueHusa (C, MPOBOIHM IIEH-
TPAJIbHBIE OCH Z¢ W Ve, TAPAJUIEIIBHBIE OCAM Z| H |, H HAXOJAWM KOOP/HHATH TO-
uek 7 u Cy B otux ocax C; (z, y) : Cy (+-1,97; 1,01)

Oy (4,8, -2,48).
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6. Beimuceisaem u3 copramenta ['OCToB 3HaueHUS OCEBBIX H I[EHTPO-
OCIKHBIX MOMCHTOB MHEPLIMM LIBCJUICPA M YTOJKA ¢ YYSTOM MPUHATBIX 0003HA-
YEeHWH OCEH:

— ana meennepa Ne 20: ./ =/, 6 = 113em”,
_ _ 4
Sy = xn =1520 eM,
Sz =0

o : = = 4
— qutst yrojika Ne 100 x 63 x 6: JZ2 —Jym6JI =30,6 cm,

J.=J, =983 cm’,

Y2 Xrabn

_ _ 4
293y = ‘ny|— 3L5 em.

3HaK LEeHTPOOEKHOro MOMEHTa MHEPLUUHU YIOJKa OMpeAensaeM N0 3a1aH-
HOMY TIOJIOKEHHIO YTOIKa, OOnbIas 9acTh IUI0-
LAY KOTOPOrO Pacnoaracres BO BTOPOH U

YETBEPTOH 4YeTBEPTAX CHCTEMBI Ocel Zp¢p)p, — +

Y2,

3

qTO COOTBETCTBYCT OTPHULOATCIIBHOMY LCHTPO- K
6€)I(HOMy MOMCHTY HHCPHHH B JTHX O0CAX

(puc. 10).

llerTpobekHBIH MOMEHT WHEPIIHMH HEPaB- J
HOMOJOUHOIO YroJika MOXKHQ HAWTH TaKKE MO + -

dbopmyne

€2

Pue. 16

J

_e_]
— 4

7 min

Sy
72)2 tect

[Noacrapngasa manusie, B3gThie U3 Tabmunel ['OCT 8510-86 (cMm. mpmt. 5)
JUTS| HALLIETO YTOJTKA, MOJTYHaem

£ 30,6-182

J. =
222 0,393

=-31,5 em”.

ITO 3HAYCHHE COBIIAA4CT C ITPHUHATHIM BEIIIC.

7. HaxoauM OCEBble MOMEHThBI U IICHTPOOCKHBIH MOMEHT UHEPIIMH 3a-
JAHHOTO CEYECHHUs OTHOCHUTENBHO LEHTPAIBHBIX OCEH Z¢, Vo

2 2 _ 2
J ﬂ::(le+-yqﬁ41) | (JZZ—F)%ZAb)-—(113-+1,01 234+

Z¢
+ [30,64—(—2,48)2-9,58} = 226.4 e
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J

ye © (Jyl T 231A1J+ (.122 + zc22 A2)= 11520 + (— 1397)2 .23,4J+

+ (98,3 +487. 9,58): 1929 8 em?:

ey =(Jz_l},] + 210 A1)+ (Jm.2 +32y2A2):[0+(— 1,97)-(1,01)-23 4]+

+[-31,5+(4,8)-(-2,48)-9,58] =-192,1 cm*

8. OHpG,ELGHHM IMOMTOKCHUC I'NIABHBIX HCHTPAIBHBIX OCCH 3aJaHHOr0 ceue-
HHUA:

Poye |2V 4 ooss,

1929,8-226,4

tg2o =

Sye =z

2a0=-127" a=-635".
Ha pUCYHKE NOKA3BIBAEM TTIABHBIE LIEHTPAIIBHBIE OCH CEUYEHHS, OTKJIA 1bI-
BasA YTOI O OT OCH Z¢ TIO XOAY 9acOBOM CTPENKH.

9. Bpluuciasem riapHble UEHTPanbHble MOMEHThLL HHEPUMY 3a1aHHOI0 CC-
YeHW:A, TPH 3TOM YUHTHIBAEM COOTHOIIEHHE MEWKIY OCEBBIMH MOMEHTaMH
MHEPLUHM OTHOCUTEILHO OCCH Ze M Yo o 7, <./

Jo+d, 1 2 226,4+1929.8
T E _}(_ - _ 2 _ > 2
Juy=H 3 2\/(,12(__, Iy ) +4I7, = ——
+%\/(226,4—1929,8)2+4(—192,1)2 —10781 F 873.1

Wi okomdarensuo .J, =205 em’, J, =1951,2 em’.

10. BeinoaHseM NpoOBEPKY NPABUJIbHOCTH BHIUMCIICHHEA N0 PopMynam:;
ayJ, +J, = oo ¥y 205419512 =226,4+1929.8

21562 =2156.2:

| Jo =

2204719298 ,2200)+ (~192,1)-0.9755 = 1873~ 1873=0.

[IpopepKka NOKA3bIBAET, YTO BHIYUCIICHHUSL BBIIIOJIHEHbL IPABUJILHO.
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Omeem:

ROJTONCCHUEC YCHAPA MANCCCU 3AOAHHOCO CeHeHUst U AUBHbIC YCHIMPAIbHbBIC

octt ROKA3dAI6L 1id puc. 15. cHaelble Yenmpdiblible MOMENRbL UNEPYUHNU
4 4

J, =205 em®, J, =19512 om”.

Ipumep BoinoIHeHus 3agaHus Ne 2

B zamanwm onpenensaoT BHYTPEHHHE CHIOBBIE (DAKTOPBl METOIOM Ceve-
HHH, CTPOAT MX SNIOPLI H BBLINOMHAKOT PACYETh HA NPOUHOCTh NPU PACTAXKCHUU —
CHKATHM, KPYUEHUHN M HU3rubOe MpsMOro CTEPIKHS.

ITpumep 1 (3a0aua 1). 14 3amanHOTO

_ £y
crepakua (puc. 17) Tpedyeres: r
—  M300pasuUTb  PAaCUETHYIO CXEMY s | P
CTEPKHS, f
— TIOCTPOWTH AMMOPHI TTPOIAOTBEHON CH- 2.54
761 Ny W HOPMAJTBHOTO HAIPSKEHHS Gy, 3
— M3 YCIIOBMSI NPOYHOCTH 110100paTh
Y .
NA01IaAb NONEPEUHHOrO CCUCHUA CTCPXKHA A, 2
NPUHSIB NPH PacyeTe JIONyCcKaeMoe Hanpsi- S
. ¥
HEHHE! JUIS CTAJIN [G]: 100 MITa, qna nepe- e
Ba [G] =10 MIla. Puc. 17

JanHbIe Ana pacueTa:

Fi=14xH; F, =28 xH; ¢ =20 xH/Mm;
a=0,6 M.

Peuienue

1. HeoOxoauMo u300pasuTh pacueTHYIO cxeMmy crepxisa. Ha el noka-
3aTh HArpy3Ky ¢ YKa3aHHEM YWCIIEHHbIX 3HAYEHWH CWJI, JIMHEHHBIE pPa3Meph
ctepkHA. OCh X HANIPaBUM BAOIH CTEPIKHS, TOMECTHB HAYAIO OCH B HETTOIBHIK-
HOM ceuenuu A (puc. 18, a).
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OnpenenuM peakuuio 3aneiakd A, COCTaBUB YPaBHCHME PABHOBECUA
CTEPKHA B IPOEKUMSIX CHJI HA OCh X:

X =0,1-q3a-1I,+R,4=0;
Ry=-11+q3a+15=-14+20-18+28=50 kH.
2. Paz0OuBaem crepkeHb Ha yyacTKW. B Hallem ciiyyae uMeem TpH yqacT-
Ka: i =1, 2, 3 — HoMep yJacTka.
3. Metogom ceueHwWi HailaeM TPOOOIBHYIO CHITY N x; H2 KOKIOM y9acT-

Ke. MbICIeHHO NPOBOAMM CEKYLIYIO IIOCKOCTh HA KAXKAOM Y4acTKe NepreHau-
KYJISIPHO TTPOJIOJILHOH OCH CTEP3KHS M COCTABJIIEM PACUETHYHO CXEMY OTCEUEH-
HOW 9acTH cTepXkHA. [IpoIonsHYIO CANY B CEUEHWH W300pa3WM M0 BHEIIHEH
HOPMA/IM, CUMUTAA €€ MOJOKUTENbHOU. [IpU 3TOM MOIKHO OCTaBAATH HWIKHIOK
WJIM BEPXHIOIO YacThb cTepxHA. KoopanHaTa X; ONpeendeT MOI0KEHHE CEHEHUA
Ha /-M yuacTke (cM. puc. 18, 6). Jlnd OTCEUEHHbIX YacTel CTEPIKHA COCTABUM
YPaBHEHHME TNPOEKLUHUHA CWI HA OCb X U HAWAEM MPOJOJILHYIO CHIIY HAa KaXK/0M
YYacTKe:

—yuactok | (0<x; <a) Rgy—qx)+N =0,
Ny=-Ry+qgx; =-50+20x,
N1(0)=-50 kH; N;(a)=-38 kH;

—yuactok 2 (0< x5 <2a): Ry —qa+xy)— 15+ Ny =0,
No==Ry+qg(a+xy)+ 15 =-224+2000,6+x7),
N»(0y=-10 kH; N,(2a)=14 xH;

—yuactok 3: /| - N3 =0, Ny=7|=14 kH.

[lo HalAEHHBIM 3HAYEHHUAM CTPOMM SMIOPY NMPOAONBbHOM CHIIBI (CM. pHC. |8, ).

4. OnpepennM HOPMaNbHBIE HANPSKEHHWS B TOMEPEYHBIX CEUCHUAX
CTEPIKHA HA KAKAOM YUacTKe B OOLUEM BUAE!

, N] —50+20x1
—yuactok 1(0<x; <a) 6, =—L= ,
T4 2,54
. -50 20 . —-38 15,2
Cx (O)=—2,5A =—7. Gx|(0)=2’514 =— I
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Ny  —22420(0,6+x3)

—yuactok 2 (0< x5, <2¢) © X3 =

Ay 2,54
10 4 | 14 56
oo O=5="0 b= =
N; 14
—yuactok 3 (0<x3<a): o, =—2=—.
B4y A4

Crpoum 3m0py HOPMAJLHOrO HanpsxkeHus (cm. puc. 18, 2) u Haxoaum
HaHOONbIICE MO a0COTIOTHOMY 3HAYCHHIO (IO MOAYJIIO) HOPMaNbHOC HaIpsKe-
20
i

5. U3 ycnoBusi pOYHOCTH ONpPEAENAeM TIJIONa b HONIEPEUHOTO CEUEHUS
CTEPKHSI

HHC Gmax = ‘le (O)| =

20
= 7S [0].

O max

20 20-10°

= =210 m* =2 cm?,
[s] 100.10° Mo

OTtcroma A =

Hucnenuble 3Ha4EHMA HANPSKEHUHA HA YUACTKAX CTEPKHA PABHbI:

3
Sy (0):—L0_4=—100-106 [Ta=— 100 Mlla,
2,5-2-10
3
| 38.
cxl(a)=—LO4=—76-106Ha=—76Mﬂa,
2,5-2:10°
1n 103
cx2(0):—L04=—20-106na=—20Mna,
25.2:107
Gx2(2a)=L04:28-1061'[a—28Mﬂa.
25-2:107
3 )
oo =210 2610 TTa = 70 MTTa.
B074
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HalineHHble uKclNeHHblE 3HAUEHUS YKA3bIBA€M Ha JMIOPE HOPMAaJIbHbIX
HanpsbkeHUi (puc. 18, 0).

Hpumep 2 (3a0aua 2). 1nq 3a0aHHOr0O Bajla KpYrioro NonepevyHoro ce-
qeHus (pruc. 19) MOCTPOUTH MOPBI KPYTAIIETO MOMEHTa A, H MaKCHMaJTbHOTO
KacaTeNIbHOrO0 HaMPSKEHUS Ty, ONPEJETUTh U3 YCIOBUS MPOUHOCTH JIHAMETP
BaNa, OKPYTJIMB MOJYYEHHOE 3HAYEHHE A0 ONUKAWIIEro CTAHAAPTHOTO IHAMET-
Pa; HANTH MOJTHBIN YIOJT 3aKPY4YHBAHKWA Bana, MPHUHAB 3HAYEHUE MOJYINIS COBHTA

cramn G =8-10% MIa.
HanHble ana pacuera: M, = 1,2 kH-m, M>, =18 xkH-m, M;=19 kH-m,
My=15kHM, a=02mM,6=03M,¢c=04mM.

Pemienue

I. M30o0paszmm pacdueTHYIO CXeMy Bala B COOTBETCTBHH C JAHHBIMH
(cM. puc. 19, @) U cocTaBMM ypaBHEHHE PaBHOBECHA MOMEHTOB OTHOCHTEITBHO
OCH X JIJIS Bajla, HAW/IEM K3 HETO MOMEHT 3aae/ku Af
ZMX =0; —M] +M3 +M2 —M4 +MA =0,

MA =M1 —M3—M2 +M4 21,2—],9—],84-],5:—] KH.

3HaK «—» 03HAYACT, YTO MOMCHT 3a4e/Ku A/ HANPABACH HC NPOTHUR X(OAa Yaco-
BOM CTpeNnKHW, KakK TpPeATIoNOKWITH BHauaje, a MO XOAy YacOBOH CTpPeNKH
(em. puc. 19, a). Ha pacuetHo#t cxeme MoKa3pBaeM AeHCTBHTENBHOE HaITpaBe-
HHE MOMEHTA 3a7e1KH A U B JajIbHEHIIIMX pacueTax 3TOT 3HAK «—» HE YUMThI-
BAcM.

2. PaszbuBaem Ban Ha yuacTiu. ['paHuuaMu y4acTKOB ABJAIOTCA CCUCHUA,
B KOTOPBIX IeHCTBYIOT MOMeHTEI A ;. j=1,....4. Uncno yacTkos 1 = 4.

3. Ha kanoM yyacTKe NPOBOAMM CEKYLIYIO NJOCKOCTDb, AN OTCCUCHHOIA
YACTH Bana (JICBOH UM NPaBOii) COCTABIACM YPABHCHUE PABHOBECUA MOMCHTOB
OTHOCHUTEITBHO OCH X. M3 3TOTO ypaBHeHUS HAXOIWM 3HAUEHHE KPYTAIIETO MO-
MEHTa ij Ha COOTBETCTBYIOIIEM yuacTke (cM. puc. 19, 6):

—yuactok I: My -M 4=0,
My, =M 4=1xHa,
—yuactok 2: M, —M 4 -M| =0,
sz =M 4+M; =1+12=22 kH-M;
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My=18xkHwM AM;=15kHmMm

Mi=1xHm M =12xHM M;=19xHwM
N Vs i N X
JR: ==t J -
=02y b=03m | ¢=03wm hb=03wm
My My M,
’ /’\ (/‘ X f\ T {
Mrl
W M I
{ X
\
- N oA
My
M. M
) /) 1 A
{ X
t >
- \L NLA oA
M3 Mvci%
2.2
L0
i ﬁ 0,3
8) TR T O T T on. M,
% kH-m
2.2 L>
174
B p 0,3
W
p % ",
8) [IRRRRRRRRRRRARENARNRAND # I, Toax
1,5
p
52
23,5
7
o) T OIL Typaxs
MIIa
354
Puc. 19
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—yuacrok 3: My =M 4 - M+ M3 =0,
My, =M 4+ M —M3=1+12-19=03 kH-m;
—yuactox 4: =M, —M4=0,
My, =—M4+My=-15 kHm.
Mo wafineHHbIM 3HAYCHMSAM A\ CTPOMM IMOPY KPYTAWMX MOMEHTOB

(cM. puc. 19, 6).

4. lnaMeTp Bana nmo ATHHE HE W3MEHAETCS, TO ecTh « = const. [ToaTtomy
HaubobllIME KacaTeJibHbie HAMPSKEHUs! B CEUEHHAX Bajia HaljaeMm no dopmye

Mx[- TCdJ
Tmax; = —5—> [A€ Wp = 2
P

0Py KPYYCHUM (MOAAPHBLIA MOMEHT CONMPOTUBACHUSA). DNiopa HAMOOIbIIMX Ka-
CaTeTbHBIX HAMPKEHAN B 00IIEM BHAE MOKa3aHa Ha puc. 19, 2

5. OnacHoe ceueHMe Baja onpeaenasiercs mo amwpe M
Mymax =My, =2.2 M.

M3 ycrioBus MpoOYHOCTH HAXOIUM AMAMETP Baja

a3
Tmax_M<[‘f] rorma i, = Memax _ 22010740 1006,0_ 40 o0

P ] 55008

fléW
164 =5,88¢cm = 58,8 mm.
314

OprFﬂHeM HaWJAEHHOe 3HaueHue d 10 Onuskaiinero S0JibLIEro 3HAUSHHUS
CTAHIAPTHOrO AMAMETPa U OKOHYATC/IbHO MpuHUMaeM d = 60 MM, unu o = 6 cM.

Haxoaum unciieHHbIE 3HAUEHHST HAUOOIBIIMX KACATEJIbHBIX HAMPsKEeHHW i
Ha y4aCcTKax Bajld MpH 5TOM 3HAUYCHUHK JMaMEeTpa ONpeAC/IUB, YTO

— MOMCHT CONPOTHUBJICHUA KPYIJIOrO CCUCHHA

3 3
P 314
W= nd = 14-6 =424 em*;
16 16
M, 103
Tmax, =~k = 10 235.1057Ta = 23,5 MITa:
W 1070
p 424.10
M 103 )
Tmax; = x 2210 =52-10°TTa = 52 MTITa;
W -0
p 42410
M 103
Toaxy =~ = 05107 5.105Ma =7 Mrla;
RS
Wy 42,410
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My, -15-10°
Tmaxy = W =

_ = -35.4-10%TTa = -35.4 MTTa.
p 424.107°

[lo malineHHBIM 3HAYEHHAM CTPOUM JTIOPY HAWOONBIONX KaCaTENbHBIX
HanpsikeHuid (cM. puc. 18, ). M3 3Toi anr0pbl BUJHO, YTO BO BCEX CEUCHMSX
BaJla BBIMOIHACTCA YCIOBHE IPOUHOCTH Tpyay < [‘c] =55Mlla.

6. Yriabl 3aKpyuyMBaHMs Ha YyuyacTKax Bana Haiaem no dQopmyne

M, [
0; = 5l , rne [; — jnuHa i-ro yuacrka, (G =8 104 MTTa - MO/1yJIb C/IRUIa CTa-
p
4 4
d” 314-6 ,
m; J g, = 22 = =127,2¢cM’ — HOMSAPHBIIA MOMEHT MHEPLUH KPYIIOro

ceuenms sana; GJ, =8-10%:10°-127,2-107° =1017,6 - 10* H:m* — skecrrocts

MOMEPEUHOTO CCUCHHS TIPH KPYUCHHH.
Onpenenum yrisl ©;

Mga  1.10°.02

oy = 1 _ - =0,2-10 *pan=0,11%
GJp  1017,6-10
M, b 103.

s = jkz _ 2,2-10 0,23 = 0.,65- 10—2 pan=0,37°;
GJy  1017,6-10
M, .c 1073 .

([)3 _ K3 _ 0,3 10 0,4 :O,IQ . IO_2paL[= 09070;

- . 1n2

(IJP 1017,6-10
M. b _15.10°.03

Pyq = K4 — 135 10 O:‘ :_0,44.10_2paﬂ=—0,250.

GJ,  1017,6-10%

TTonHbIi yrodr 3akpyduBalus BaJia, TO €CTh YTIOJI MOBOPOTA CEUYEHHS B OT-
HOCHUTCIBbHO HEMOJBUIKHOINO CCUCHHMA A, HAWACM, CyMMUpPYS anrcOpanueckue
3HAUEHUA YIIIOB

4
p= Z(Pi =011+0,37+0,07-0,25=0,3°.
i=1

Hpumep 3 (3adaua 3, cm. puc. 5, cxema a)). J|ns 3aqannoil AByXonopHoi
0amKH ¢ KOHCOMBKO (pHc. 20) TpebyeTcs:
— W300Pa3HTh PACUSTHYHO CXEMY OATKH,
— HOCTPOUTDH DIIOPbL MONEPEUHONA cuiibl (J, ¥ u3rubaiouero MomenTa M-,

49



— M3 YCIIOBHSA NPOYHOCTH Noao0parh CTaabHyO 0anky JBYTABpPOBOrQ CCUCHMSA
npu [6]=160MITa.

Hannpie ns pacuera: M =24 kHwm;, g=15xH/Mm; a=2m; bh=3,6 M;
c=1,2M.

M

—-

;,‘FTMHMMM
-7 q
a b ¢

Puc. 20

Pemenue

|. B nanHoii 3amaue paccMarpuBaeTcs nmonepeunsii u3rud dankn. Heod-
XOJIMMO M300pa3UTh PACYETHYIO CXEMY OAJIKHU ¢ YKA3aHWEM YMCJICHHBIX 3HAYE-
HUH HArPY3KH M NTMHCHHBIX pazMepoB (puc. 21, a).

OnpenenuM peakIuH ONop, COCTABHEB YPaBHEHHS MOMEHTOB OTHOCHTETh-
HO TOYeK A n B:

M 4=0 —M+qbg+RB(b+c):0;

2
Mgl 24-15.28

Ry = 2 _ 2 _ _1525«H;
b+c¢ 3.6+12

Y Mp =0 —M—qb(%+c)—RA(b+c):0

3,6

—M—qb(b+cj —24—15-3,6-[ +l,2]
Ry= 2 = 2 =—38,75kH.

b+c 3,6+1,2
3HaKH «» O3HAYAIOT, YTO 00C PCAKLMM HANpaBlICHbl BHU3, a HE BBEPX, Kak
TIPeANOJOKUIH TIPH COCTaBIIEHUH YpaBHEHWH paBHoBecus. Ha pacueTnoi cxe-
M€ MOKAKEM ACHCTBUTEBLHBLIC HAMPABACHUA HAMACHHBLIX peakuui onop. Bel-
MOJTHUM TMPOBEPKY MPABWIBHOCTH pacyeTa PeakUWid, COCTABHB ypPaBHEHHWE pPaB-
HOBECHS TPOEKIIMHA CHJI HA OCh )/
ZY=0; qb—RA —RB =0,

15-3,6-15,25-38,75=0,
54 — 54 = 0, T0 ecTb pcakuMu ONOP HAHACHDLI BEPHO.
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2. PazduBaem Oanky Ha yyacTKH, UMCJIO YYACTKOB PABHO TPEM, YKa3biBa-
€M UX HOMepa (cM. puc. 21, a).

8)

o1

YA
M=24KHwm
g =15 xH/™m
AgpIIT Tt T T 1] 5B
i
R,=38.75xH ! R,=1525kH
a=2wu « Hb=306m ¢=12Mm
2 3
-\ )M
1 . O
_}M Q-y.%
M
Z2
[ EEX! L);/I (/
- ) R
R xz 3 ! B
15,25
2.58 m
- ~ on. ¢y, kH
38.75
24
on M., kH-Mm
JJI%BV
21,45
26,05
Puc. 21



3. Ha kaxcaoM yuacTke NPOBOJAUM CEYEHUE U COCTABNACM YpaBHEHUs paB-

HOBECHS JIJTT OTCEUEHHBIX wacTeit (em. puc. 21, 6):
—yuactok 1 (0 <x; <a): ¥ =0, Qy =0.

2my =0 -M+M; =0, M, =M =24xty;
—yuacrox 2 (0<xy <b): 3V =0; ~Ry -0, +¢x, =0,

Uy, =—Rg+qxy=-3875+15xp;
X3
>m,=0; -M+R x, —q7+M22 =0

X2 JC2
M, =M =R yx +q72=24—38,75x2 +1572;

—yuactok 3 (0<x;<¢): TV =0; 0, —Rp =0, O, = Ry =1525xH;

>m,=0;

_M23 —RBX?, =0 MZ3 I—RBJC3 =—15,25JC3.

[To HaliIeHHBIM BBIPAKEHUAM CTPOWM 3ITFOPBI TIOTIEPEYHON CHITBI (J, W W3-
rudatoiiero moMenta M, (puc. 21, 6). Ilpu nocTpoeHUH 3MIOPbI U3rHOAKOIIETO
MOMEHTA HA BTOPOM YYAaCTKE HEOOXOAUMO ONpeAeTUTh NOMOKCHUE CEUCHHUA, B
KOTOPOM H3FH6&TO[[[Hﬁ MOMCHT TMPUWHUMACT D3KCTPEMAJIBHOC 3HAUCHHUE —
M z,5xcrp TIPH H3MCHCHHUH 3HAKA ONCPETHON CHIIBL, TO CCTh NPH Qy2 =0,

Qyy =—Rq+qxy =0,

y2
OTCHOdd
X = Ra _ 38’75 =258M.
q 15
3HaueHue M22 B 2TOM CCUCHHH
gx3 15-2,58>
My =M = Ry + =2 =24-3875-2,58 + == =26 05 kHm.

4, Tlo smrope M, HAXOAMM ONACHOE CEUCHHE, B KOTOPOM H3rMOAI0LIMH
MOMEHT HMEET HauOOJBIICE M0 MOIYJTIO 3HAYCHHE

M ; max|= 26,05 kH-m
H COCTABJIACM YCJIOBUC IIPOYHOCTH

_ W:max| < [0_]

Omax — W
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Otcrona

M - max|  26,05-10°
k] 160-10°

[To TOCT 8239-89 moabupaem nHomep ayTaBpoBoi Oanku: Ne 20,

W, > =162,8-107°:° = 162,8 on’.

) 3 o
WZT'lﬁn =184 cm’. Jna 3roit Gankn HanbosblIee HANIPS’KEHHE B OMTACHOM Ceve-

HUU OYJIET PaBHO

M. 10°
cmax=| zmax| _ 26,05 106 ~141,6-10%I1a — 141,6 MlIla,
zT'd6,'[ 18410_

YTO YIOBJIETBOPAET YCIOBUIO MPOUYHOCTH.

Ilpumep 4 (3a0aua 3, cm. puc. 5, cxema (6)). s 3anaHHOi KOHCOJIbHOK
Ganku (koHcoH) (puc. 22) Tpedyercs:

. , — M300pa3UTh PACYCTHYIO cxeMy Oanku;
A p EEEEEEE! 23 — MOCTPOHMTE SFOPBI MOMEPEUHON CHitbl (), W
g 9 . A3rudaoLero MoMeuTa M,
< — W3 YCIIOBHMSL TTPOYHOCTH NO00paTh Jepe-
Puc. 22 BAHHYIO 0alTKy KPYTIIOTO TIOTIEPEYHOTO CeUSHHA MPH

[0]=10Mﬂa.
Hannuple ang pacueta: £ =20kH; g=15xkH/M;, a=2mM; b=3,6 M
c=12wm.

Pemrenue

1. M306pa3uM pacueTHyHO cxeMy Oanku ¢ yKa3aHHEM UYHCIECHHBIX 3Haue-
HWHA CHJT M JIMHEHHBIX pa3Mepor (puc. 23, a).
OnpenenuM peakiuMio 3aenk B
SY=0; Ry +gla+c)-I =0,
Rp=F—qla+c)=26-15(2+12)=-22«H.
3HaK «—» 03HAYACT, YTO PeaKius [z HANPaBACHA BHU3.
a+c

Smp=0, Mg+ Fe—gla+c) =0,

2+12)

. N2
(@+¢) =—26-1,2+15(

Mpg=-Ilc+q

=456 kHm

MOMCHT 3aACJIKW HAIIPAaBJICH IIPOTHB X044 4aCOBOM CTPC/IKH. Peaxuuu 3ancnku
IMOKaXKEM Ha paCITeTHOﬁ cxeMe OankH.
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2. banky pa30uBaeM Ha /iBa yuyacTka.

3. MeToa0OM CeueHMA HAaXOAUM Ha KaXKI0M YYacTKe nonepeunyro cuny (J,
1 n3rndarommii MoMenT A, PacueTHble ¢cXeMBl OTCEUYEHHBIX YacTel Oanku mno-
KaszaHbl Ha puc. 23, 4. U3 ypaBHeHUil paBHOBECHIi, COCTABIEHHBIX IS KaX/I0H
OTCEUECHHOH YacTH, NOAYUUM.

2
4x1

—yuacrok 1 (0<x; <a): Oy =qx My = 5

>

2
— yuacrok 2 (0< x5 <c¢): —Qy, =Rp—qxy; M, =Mp —Rpxy +%. 3aech

KOOPAMHATA X; 33/Ia€TCA CIpaBa HaJIeBO, TO €CThb B CEUEHHUHU B 3HaueHue x; = 0,
B CEUEHUM {) 3HAUCHUE X; = C.
Harnee CTPOHM SMIOPE MOMEPEUHON CHITEl (), W U3rndaroIero MomenTa M.

Vi
Jf": 26kH  ag. =456 kH -M
a4 Iy BE
AAAA AR AAAAA R AAAAAAA AL
g =15 kH/m Ry =22 k]
a=2uM Jec=bh2m
o
)Mm M. g) Moy
5 fIIIEITR), CYYYYEN
X Oy SR Ry
30
22
+ 4
) Jn. O, kH
’)45,6
30
7,5
_—4-1'111'rrrrr 91_[‘ Mz, KH-M
Pue. 23

4. Tlo >mrope M, HAXOOWM OMACHOE CEUEHHE, B KOTOPOM W3THOAIOIIHN
MOMEHT M, ocTuraer HaubONbIIErO 3HAYEHUA — JUIsl HAIEH QaJIKM 3TO CEUEHME

B, B koTOpomM M, .y = 45,6 kH-m,
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N3 ycnoBus NpoOUYHOCTH

G =
max
W

HalgeM MOMEHT COIMPOTHUBICHHUA

M max|  45.6-10°

- — = 4560 10 00 = 4560 e’
5] 10-10

W, =

nd’

OTtcroaa uaMeTp Kpyriaoro nonepeuHoro ceucHus danxu | W, = Ty

7 s %/32Wz :%/32-4560 36 e
1" "

IIpumep Bbinosanenus 3aganus Ne 3

Ilpumep 1 (3a0aua 1). banka HarpyeHa pacnpe/ie/CHHON CUIIOH C MH-
TeHCUBHOCTBIO ¢ =10kH/M 1 napoit cun ¢ momenrtom M| =8 kH-m, neiicr-

BYKOIIMMHW B BEPTHKAJIBHOW IUIOCKOCTH X), W COCPEJOTOYEHHOW CHIIOH
tr =20kH w mapoii cun ¢ momentom M, =24 kH-m, pelictByrommmMu B ropu-

30HTaNbLHOM miockocTu xz. llomepeunoe ceueHue Oanku — NPAMOYIOIbHUK C
h h ,
COOTHOIICHUEM PA3MEPOB mpu & > 1 P 2 (Bapuant 1); mpu k& < 1 5 0,5 (Ba-

puant 2). [l1ockocTH AeHcTBHS Harpy3KH ABISAIOTCA TNIABHBIMH TIOCKOCTSMH
Gankn. TIpu pacueTe NPHHSITH T0MycKaeMoe Hanpsikerne |6 ]|=160 MITa.

Pewuenue

1. M300paxkaeM pacueTHYIO CXEMy OaJIKM COIJIACHO MCXO/IHBIM JIAHHBIM,
Ha cxeme mokaspiBaeM YHC/IEHHBIE 3HAUEHHS CHJI B MOMEHTOB, JIMHEHHBIE pa3-
Mephl Oaliku (puc. 24, a).

BriuepunBaem nonepeuHoe cedeHne Oankw B Macmtade ¢ yUETOM COOT-

HOIIIEHHUST %: k , BapuanT | — puc. 25, a; BapuanTt 2 — puc. 25, 6.

OmnpenenseM peakuy Ormop OaKH, COCTAaB/IsA YPaBHEHHS PaBHOBECHS B KO-
OPJAMHATHBIX [JIOCKOCTAX XV U XZ OTHOCUTENBHO TOUYEK 4 1 B COOTBETCTBEHHO:
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— MIJIOCKOCTH X

2
ZMAzO;Ml—qﬂ+RBy(C+2a)=0,
, 2 2
_M1+q(c+2a) _8+10(l,2+2,8)
Rp, = 2 - 2 18kH;
Y c+2a 1,2+28
i} 2
Mp=0;,M +qﬂ—]€ Ac+2a)=0,
1 Ay
e (c +2a)? 8+10(1,2+2,8)2
Ry, = I T 2 _22
) c+2a 1.2+28

— IITOCKOCTb XZ:
SMy=0; Iha+My—Rp,(c+2ad)=0,
Foa+M,  20-14+24

c+2a  12+28
SMp=0; Is(a+rc+2a)+ My — Ry (c+2a)=0,
Iola+c+2a)+ Moy 2004 +12+2,8) +24
- c+2a - 12+28

Ha pacuertHoii cxeme nokazbiBaeM peakuuu onop (cMm. puc. 24, a).

2. CTpouM 5MIOpbl BHYTPEHHUX CWIOBBIX (PAKTOPOB: B ILUTOCKOCTH XY —
SITFOPBI TIONIEPEUHOH cvutbl (), 1 U3rHOAINET0 MOMEHTA A, B TNIOCKOCTH XZ —
SMIOPEI ONEPEUHOR cHnbl J; B U3THOAIOIIHX MOMEHTOR (cM. pHC. 24, 6). Dmro-
Pbl U3rUOAIOIUX MOMCHTOB CTPOSIT HA CIKATHIX BOJOKHAX.

3. Tlo »smropam w3rHOARIIIMX MOMEHTOR OTIPE/ISITIEM OTACHBIE CEUSHUS
0alK{ U BBITTHCHIBAEM 3HAUSHWA MOMEHTOB (CM. pHc. 24, O):

M. =234 kH-wm;

~13 xH:

RBz =

=33 kH.

RA:

n
My | =My max| = 364 xHM.

—ceuenne [1 M, =M pay =16,2 kHom,

— ceuenne 11 MzH =112 kH-m,

7
4. Uexoas U3 COOTHOLICHUA 5" k , cormacuo ceoeMy wupy, uodpaa-

eM nonepeunbie ceueHms I m II B maciitade (BW cnpara Ha MOMNEPEUHOE ceue-
HHUE OTCEUCHHOMW JIeBOH wacTH OajIKM) M MPOCTABJIAEM 3HAKH HOPMAJIBHBIX Ha-
MPAKEHAH B UETBEPTAX CHCTEMBI OCEH ZV KaXKOOro OMacHOTO CEUEHHS: OTPHIa-
TCbHbIC HANPAKCHUA (CIKATUE) — B BEPXHECH 4aCTU CeUCHHs OT MoMeHTa M,
W B JIEBOH 4acTH ce4eHus ot momenTa M, (Bapuant | — puc. 25, a; sapranT 2 —
puc. 25, 6).

56



a) ¥

N _ Ry =33 kH Rp, = 18 xH
MIZSKHM Ry =22kHY 4 My=24 kT =10 Kk
. -— Y
[ 21XXXIXIX%ZX1X1XXXIX1IXIXIXIXT1D X
Fr=20xH 4 11
> Rp, = 13'kxH
z a=1l4wm c=1,2m :12,81\1 ) B
a)
22
S 1.8m
% T iy on. Oy,
ST
18
11,2
/IT]TITHW On. M.,
@ kH-m
8
13
7 7
LR B o
7 .
7
20
12,4
N\ om. M,
~ KH-Mm
28 234
36,4
Puc. 24
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Llaﬂee Haxo0dIHuM OCCBBIC MOMCHTBI HHCPUWH NMONCPCYHOTO CCUCHHUA!

3 3 3 3 4
—BapnaHTl:J,:bh =b(2b) :gb4;J},:M:b Zb:b_-
R W 12 3 12 12 6

>

Ji_y4
J‘J’f
3 3 3 3 4
papuanr 2: g, = P 0SB 0125 4 g, b _plosh_osht,
12 12 3 12 12 12
J, 1
Jy 4

JI1sl KaK0ro ONAaCHOI® CEUCHMS HAXO0AUM YTo 3, KOTOPbIA HEHTpabHAs

sy
p

JIMHUSL COCTABJIACT ¢ OChIO Z: tgfd = tga . PeaynbTarsl pacue-

My

, DAC tgo = |——

Jy M.
Ta ¢ceouM B Tadu. 10,

Taomuya 10

Ceue- BapwuaHnr 1 Bapwant 2
Hue | tpa a,’ tg P p.° tg a,’ te B,
1 1,44 55,3 5,78 80,2 1,44 55,3 0,36 19,8
11 3,25 72,9 13 85,6 3,25 72,9 0,81 31,1

[Tposoaum HelTpanbHbIe TUHAKU B ceueHusax | w Il mox yrmom 3 k ocm z
4yepes T€ YCTBEPTH CUCTEMBI 0CEH ZY, B KOTOPBIX 3HAKH HOPMAJbHBIX HAMpSKe-
HUH pa3Hbie (i, -?) (cm. puc. 24). OnacHbie TOUKM (O, T.) PAcHONAraldTCs B yr-
JIaX CCUCHMS U OTMEUEHBI HA PUC. 25:

a) ceuenue [ — Ky, Ig;
ceuenue 1l — Ky, Ly

0) ceuenue 1 - Iy, Dy;
ceuenne Il — Iy, Dy

3HAKH HAOpsHKCHUH yKazanbl Ha pUC. 235,

5. Haxoaum 0CEBbIE MOMEHTBHI CONPOTURJICHUS MONEPEUHOrO CEUCHUs
2,y 2y

oY b

Oanku: W, =
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3 3
2b b
Bapuanr 1: W, =—— W, =3 W, =2W,.
4 Ceuenne | Ceuene 11
VoA Va
WL H.IT.
K K
-— f - .H_ I / ‘
Mm=112] : 7 M, = 16,2
M, =364 M, =234
L
) a 3 S
I I
o -2
/ B
+ + +
- + +
. F Y i
/ L 11
b
o =553 0=729
B=80,2 B =856
6)
4 ¥
L
o I1 /
5 - Ho1 T
y
z < Z ]
L o /
+ +
-2 + |
/ Y] / Dn
b /
0 =553 =729
B=19.8 B=31.1
Puc. 25
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3 3 W,
Bapuaut 2; W, :b—; Wy :_b—; W, =
24 12 2

CocragiisieM yClI0BUE NIPOHHOCTH

M,| My
Cont = W; + W, S[G]-
Bapuanm 1.
M. M,
Ceuenme |1 65, =1 M <[s],
L, W,
OTCHO/1a
3M
3[ 221+3MMJ 3
b= :%/[3.16’2+3'23,4JL6=8.,4-|O2M8,4CM.
o] 2 160-10
M., M
Ceuene II: 6, =—AL 4 2L <[g],
I, W,

oTCroaa

M.

3 2H+3M}’“ 3.11.2 10°

b= =3(‘ ’+3-36,4j—6=9,z3-10ZM:9,23CM.
o] 2 160-10

OxkoHuarenbHO BeIOUpaeM Gonbiiee 3HaueHne H:h =923 em; h=2bH= 18,46 cwm.
ITO U €CTh HCKOMbIE PA3MEPHI MONEPEUHOrO CEUCHUs OANIKH.,
Bapuanm 2.
M M

Ceuetne I: o,y =—L +— <[g ,
=<l
OTCHOOa
24M . +12M . .23.4)10°
bzi/ al| | =3\/(24 16,2 +12 5”4)10 =161-107% M= 16,1 cm.
5] 160-10
M. M
Ceuenne II: o), = Wy (o],
w, W,
OTCHOOa
24M . +12M ., . 3 3
bzi/ 1 )| =%/(24 1.2+12 ‘66’4)10 =164-1072 M= 164 cm.
o] 160-10
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OkoHuaTesIbHO BbIGHpaeM Gosbiuee 3Hauenue b: b= 16,4 cm; h = 0,56 =8.2 cm.
JTO M €CTh UICKOMBIE Pa3Mephl MOMEPEUHOTO CeUeHWS DaTKH.

[TpoeepUM NPABUIBLHOCTh BbIYUCICHUH, ONPEACTUB HOPMAJIbHOE Hamnps-
’KCHHE B OMACHOH Touke Ly omacHoro cedeHud Il (Bapuant 1, &k = 2).

Haxoaum HampskeHne B 3TOH TOUKE OTACIBHO OT KaXAOTO W3 M3rHudaro-
IMX MOMEHTOB M, 1 M, npu pacueTHOM 3HAuUeHUU pasmepa b = 9,23 cm:

3 3
267 29,23 =5242 cm’, W, = ik
3 3 Yoo
M, M. 112-10°
o = 5
W, 524210
M, My 364-10°
fw W, 26201070

[lonHoe HANPAMXKEHUE B OMACHOM TOUKE L1

M.,
= O'MZ +5, ¥ = 21.3+1388=160,1 Mlla ~ 160 MIlIa,
Ly L Ly
YTO COOTBETCTBYET AOMYCKAEMOMY HaTIPsIKEHHIO [0'] =160 MIlla.
[IpoBepkH B OCTANBLHBLIX CNYYAAX NPOBOAATCA AHATIOMMYHO.

Hamnee cTponM 3MOpy HanpsKeHHE B omacHoM ceueHuw 1 (puc. 26).

W, = =262 cm™;

=213-10%Tla=21.3 MTTa;

=138,8 10%Ma =1 38.8 MIla.

g

y.l

H.JL.
Ky /
Z %
DI Gz
[.'L]_ +
21,3

138,8

3 -G:\{l
Puc. 26
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Hpumep 2 (3a0aua 2). Ha Ban (puc. 27, a), nepeiarwdiivi MOIIHOCTh
N =54 Bt npu cxopoctu Bpauienua # =270 06/MuH, HacakeHsl WKUBLL 1 1 2
(cm. puc. 27, 6) auamerpamu D) =0,45 m; 15 =0,72 M 4 yrjioM HAKJIOHA BET-

Bell KaJKAOrO M3 PeMHEH, OXBaThIBAIOIIMX WIKUBEL o = 30 ; as = 70" . Tpeby-
eTCs ONPEISTUTh TUaMeTp Bana d .

ITpu pacuere npunsts 7y =24, 75 =215, rae T, 75 — cuabl HATAKEHUA
BCAYIIMX BETBCH, A ¢, { — CHJIbl HATSDKCHUA BEAOMBIX BETBeH 000MX peMHCH.

PacdeT BBITIOHATE MO TPEThEH TEOPHW TIPOUHOCTH. JIWHEHHbIE pa3sMepsl Baja
MOKa3aHbl Ha puc. 27, a.

a
=70
(Tz){@%
17 v ¥
— % >
! :! ’ VA B
\12
a=02wm b=04m c=03m
0)
Dy = 0,45 u D,=0,72 M
2
1
30% / \{70
yd p)
h
5]
Puc. 27
Pemmenue

1. M300pa3nTs 3a/ITaHHBIH BaJT COTJIACHO MCXO/THBIM JAHHBIM (CM. puc. 27, a).
OnpeaenuTb CKPYYUBAIOIIAC MOMCHTbI;
_ N 30N _30-54-10°

M =2 ~1,91-10°H-m=1,91 kH-m:
® w1 314:270
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My =Mi =191 kH-m.

2. OnpenenuTb CUIbl HATAXKEHUA PeMHel

f = 2M, _ 2-191 _8.5KH:

Dy 0.45
fy = 2M 5 _ 2-191 _ 53H.

Dr 0,72

3. IlpuBeaeM Harpys3Ky K OCH Baja, TO €CTh IePEHOCUM CUIIEI 11, t, 15,

. H)
Ha OCh Baja W J00aBIsieM K HHAM Tapel CWI ¢ MOMeHTamMH M| = 5
M, =222
2

HM3o06pasnm pacueTHyO cxeMmy Bana (puc. 28, a). Ha pacuerHoli cxeme
MOKAXEM BCE CHJIBI K MOMEHTHL. JINsl COKpalEHMs 3aMkceid 0003HAUMM BEKTOP-
HYIO CYMMY CHJT HATSKEHWS peMHAeH F).

Fp =11+t =3t =25,5xH;
FZ = T2 ) 2352 =15,9KH

PaznoskuM CHIBI HA COCTABMAIONINE MO OCAM V H Z:
— BEPTUKAJIbHAS COCTABJIAIOIAN CUJIbI [71:

Fiy = (T} +1)sinoy = (8,5-2+8,5)sin30" = 12,75kH;
— FOPHU30HTAJIBHAST COCTARJISIIOMAA CHJlbI [

Fi, =(T) +1|)coso; =(2-8,5+8,5)sin30" = 22,08«H;
— BEPTHKATLHAA COCTABJIAIOIIAA CHIIBI F5:

Fyy = (I +13)sincy =(53-2+53)sin 70" = 14,94 kH;
— FOPU30HTAIBHASA COCTARIAIOLIAS CUJITBI /5!

Iy, =(T5 + 15 )cosoy =(2-53+5,3)cos70° = 5,44 kH.

OnpenendM peakiiyi OIOp Bajld, COCTABIIAS YPABHCHHUS PaBHOBECHSI MO-
MEHTOB OTHOCHUTEJILHO TOUEK A U B B KOOPAMHATHBIX MIOCKOCTSX XV U XZ, Haii-

ACHHBIE PeaKLUH MOKa/KEM HA PACYETHOHN CXeMeE.
Ilrockocme xy:

M 4=0; —Flya—FQJ,,(a+b)+RBy(a+b+c)=0,

Fyya+oy(a+h) 1275-0,2+14,94(0,2 +0,4)
a+b+c 0,2+0,4+0,3

Ry, = =12,79H,
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Ifz=

0)

Fr-=544 kH
Rp,= 1279 xH
13,8 xH My =AM ° Rp,=0.83 xH
70
(c
j ﬂrf] =1 91 KHM 13
F1y=1275 kH
Fr=159xH
= 1494 gH
KH
a=02wu h=04u c=03u
3,84
] ™
2,08 ]
i On. M, xH-m
2,776
/ + / 0.25
/ on. M, xH-m
21 M., kH-Mm
1,91

Puc. 28
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SMp =0, =Ry (a+h+c)+ F(h+c)+ Fr,c=0,

b+ o)+ Ihyc 12,75(0,4+0,3)+14,94-0
Y a+b+c 0,2 +04+0,3

R, 2 _149«H.

1Liocrkocms xz:
SMy=0; -Fa+ (a+b)+ Ry (a+b+c)=0,

_H:a-Fy (a+h) 20,08-02-544(0,2+04)

Ry, =083 kH.
a+b+c 0,2+04+03
SMp=0; —Ryla+b+c)+[,(b+c)-145,c=0,
R,. - Fig(b+e)—Fyc 2008(04+03)-544-03 38K,

a+b+ce 0,2+0,4+03

4. CTpouM 3MOpHl U3THOAIINAX MOMEHTOB M. M M, 3MIOpY KPYTALIETO

MOMeHTa M.,

[To COBOKYMHOCTH BHYTPEHHHUX CHMJIOBBIX (PAKTOPOB ONPE/LISIEM BU JIE-
dopmatmu Bana — W3rud B ABYX TUTOCKOCTSX U KPYUEHHE.

5. OnpenenuM >KBHBAJICHTHBIE MOMEHTHI B ceueHusax (' 1 /)

Moy = M2 402 +M2 =298% +2,76% +191% = 4,48 Kt
IKBL Zc Ye Xe

2 2 2 2 2 2
Moyea, =\/MZD sM2 e M2 <3847 40257 41917 =43 wdbn

W3 7THX ABYX 3HaUeHH# BHIOEpeM Oobliee
=M 4,48 kH-m.

KB ax 3kB( —

6. OnpenendeM AMaMeTp Baja

320 . 103
d >3 KPmax 5 324,48 106 ~7.25-10 2m =725 um.
(o] 314-120-10

OKpyTIIHM TIOTYYEHHOE 3HAYEHHE 10 CTAHIaPTHOTO, TO eCTh d = 80 MM,
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lIpumep BuinmoHeHusn 3aganusn Ne 4

Hpumep. JIng 3a0aHn0# cTaTUUCCKU HEONMPEACIUMON paMbl (puc. 29)
TpeOyeTcs MOCTPOUTD STTIOPHI:

— U3rudarLnX MOMEHTOB M
— nonepeyHsix cun O;,
— MPOJI0JILHBIX CUl N.

[lpu pacuere MPUAATE BETHIHHY JKECTKOCTH TPH M3THOE TTOCTOAHHON, TO
ects ItJ =const .

F=10xH
N g )
= [ ]
'E > ~
° [ I
| =
S
el
Y
y o
h=1m| },=15wm N

Pue. 29

Pemenue

1. BoI4HCIAM CTENEHB CTATHUECKON HEOTTPEASTUMOCTH PAMBI:

n=>Y R -3=5-3=2.

2. BoiOupaeM OCHOBHYK CTaTHYECKH ONpeaesIMMYK) CHCTEMY NyTeM OT-
OpacbiBaHus «JIMIWHKX» cBA3ei (cM. puc. 30, a). [eiicTBue OTOPOLUEHHBIX CBA-
3eil 3aMEHAEM HEeW3BECTHbBIMU PEaKLUsAMU OTOPOIICHHBbIX cBA3eid X u X,
(cM. puc. 30, &). HanpaBneHue 3TuX peakuuiil BbiOMpaeM OPOU3BOILHO.

3. 3anveM KaHOHWYECKHE YPABHEHUS METOAA CHIT A 1 — 2.

{51 1 X1+ 81247 + A =0,
821X1 + 822X2 + Az}“ =0.
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4. CTpouM €IUHUYHBIE AMIOPBI U3ruOalOIIMX MOMEHTOB B BBIOPAHHOH OC-
HOBHO# crcTeMe oT neHetBua cun X =1 n X, =1(cm. puc. 30, 6).

QOcHoBHas DOKBHBaJIEHTHaA . 1\71 e} AZ .
CUCTEMA J' CHCTEMA TX=1
F ——
q
1.5 2
E— Ll
% X =1 5
a) 0) 6)
Prue. 30

[ py30By10 2mopy M, CTPOUM B OCHOBHOH CHUCTEME OT 3aJaHHON HArpy3-
ku. [Ipr mocTpoenny Tpy30B0Oi 3Mopsl yA0OHO BOCMOIB30BATHCA TIPHHINIIOM
CYNEPNO3UIMKM JAEHCTBUA CHil. J[J1g 3TOro CTPOMM IPY30BbIE 3MOPbl H3rHOA0-
IIAX MOMEHTOB OT K)KIOTO BHIA BHEITHEH HArpy3kW oTaenvHo: M 5 — smropa

OT AeHCTBHS COCpeaoTOUeHHON crbl /7 (puc. 31, a); M} — smopa ot selicTBus
paBHOMEPHO pacnpeaencHuoi Harpysku ¢ (puc. 31, 0); rpysosas »mopa M, no-
JIYYAETCs CJIOKEHUEM MOCTPOSHHBIX 3nop: M - =M1 + M} (em. puc. 31, 8).

9]’[}0])3 M3rHOa0IMIHX MOMEHTOB CTPOHTCA Ha CXKATBIX BOJTOKHAX.

O M'r n. M CLY
F=10kH 10
<10
§ 3
- 12
- 7
- E
P N\
10 “iU,H_” iy 5 13
25
a) &) 6)
Puc. 31

5. Bee k03 PUUneHTbl KAHOHUYECKHX YPABHEHHUH METOAA CHJT HAXOAATCS
MeToa0M Mopa, nepeMHKad COOTBETCTBYIOLIKME AIIOPLL MO npasuny Bepelua-
THHA WITH ¢ TIOMOTIBIO APYTHX W3BECTHHIX CMOCOOOB BHIYMCICHHA WHTETrpasa
Mopa (cm. mpui. 7).
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lMlJ 1,5 2.1952:1,125:
61J tJ

=2

MzMzdx— 2 5924 1550288

6LJ L] EJ

=X

MM 1 1515 2.25
Sip =8y =3 (MiMag L LSLS, 225
12=821 =% I, £l 2 ]

p=X IMF, ;L?](—2-1,5-13+1,5-2)=—

MZM‘;, s 622

oF]

p=X]

(—2-2-2+IO-2+

(0+ 2)J+

1,5 24,5
(-2-2-2+2-13-2-2-2+13-2)= .
61/ EJ

6. lMoncrasnsemM HaliAeHHbIE 3HAYESHUA KO PPHIIMEHTOB B CHCTEMY KaHO-
HUYECKMX YPABHEHUI W PEIIAEM €€ OTHOCHTEIbHO HEU3BECTHBIX X| U X)'

1,125 2,25X 9 0

L 1 1 Z_E_ ? 125X -2,25X, =9,

_2 25X1 867X2+24,5:0 -2,25X,+8,67X,=-24,5.
EJ EJ EJ

YMHOKaeM niepBoe ypaBHEHUE TIOWIEHHO HA 2, B pe3yJibTare MoJiydaem:

2,25X,-4,5X, =18,
—2,25X,+8,67X,=-245.

CknaibiBast MOYJCHHO 3TH YPaBHEHMs, OYA1EM HMETh
417X5 =-6,5= X> =-1,56.
Torpa

(0+225X%,) (9+2,25-1,56)
1,125 1,125

= ~ 488

l_IOJqueHHBIﬁ 3HAK «—» Y HCU3BCCTHOTO Xz YKa3eIBACT HA TO, YTO HCTHH-

Hasi peakiHs OTOPOIISHHOH CBs3KM HAIPaBJICHA HE BJIEBO, KAaK MPEANONIAraji pa-
HEE, a BIPaBo.
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7. Hanee crpoum »miopy WM3rudaloiiux MOMEHTOB B 3aJdHHON CUCTEME
OyTeM CMOKEHHA WCNPABIEHHBIX B3NP H3TMOAOIUX MOMEHTOB M| X| u

ATZXQ C TPY30BOH anropoii My (puc. 31).

On. MUY . MaXs on. M, xH-m
X =156 10
7,32 E _
‘:ﬂmﬂq /—IIIIIIIII:
X1=4,88 3,12 5,12‘ g E,S()
Puc. 31

BbinonHum AeQOPMalMOHHYIO OPOBEPKY 0H0PsL A1,

'Y 2
MMy e = 2, ~2.512.242.10+ &2 0+2) |+
EJ 61/ |

X[

+ 1]’;(—2-5,12-2+2-2,56-2—5,12-2+2,56-2)=

= L(— 20,48 +20 +12)+
3EJT

V23 (30,72 41536)= 0 ¥
EJ E] EJ

8. PaccMoTpuM 3amaHHYIO paMy TOJ ACHCTBUEM BHEIIHEH Harpy3ku M
HaWAEHHBIX 3HaueHui peakuui X u X> (puc. 32).

VVIOKH X>=1,56 xH
C
g gh — 62=12 kH
™
I ,' M=256 kHM
S ) H=13,56 xH
A B¥)
)
1 R=5,12kH
¥; = 4,88 kH
Puce. 32
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M3 ypaBHeHMIT CTaTUKW HAXOAWM PEAKITHH B 3a7eNKE!

ZXZO;XZ +L]h—H=O,
H=X,+gh=156+12=13,56 .

D V=0-F+X|+R=0.
R=IF-X=10-488=5]12 kH.

SM4=0.F1-X5-2-12:1-M +R-1,5=0,
M=F-1-X,-2-12-1+R-15=10-156-2-124+512-1,5=256 xkH - ™.
CtponM 3MmMOpHI TOMEPeYHBIX cHT () U mpoAosHEIX ¢t N (puc. 33) s

KA O0ro y4acTka paMbl MCTOA0M ceqeﬂuﬁ, HCIIOJIb3YA IIPABUIIO NOJIOKHUTCI1b-
HBIX HaHpaBHGHHﬁZ
0

N ) N, )

0

Hanpumep, crpoum smopsl O u N Ha yuactie A5,

MpbICneHHO POBOAMM CE€HEHWE B mpeaenax yuactka A8, OtOpaceiBacM
JICBYIO YacTh yuacTkKa U 3aMCHSEM JICHCTBUE OTOPOILICHHON YacTH HEU3BECTHbI-
MU NOJOXMUTENbHBIMA HAMPABIEHUAMU NPOAOIBHON U NONepeyHoR cun.

TX=0.N+H=0
N=-H =-13,56xIL T ¢
) .
SY=0.0+R=0 ¢ TR—S,lQKH

Q=-R=-5]12 gH.

N v H=13,56xH

1,56

l.

10
on. N, kH

= HEEEGEN

13,56 QTR giiii A

Pue. 33
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9. BelnonHuM 00LLYIO CTATUUYECKYIO MPOBEPKY PABHOBECHS MOCTPOCHHBIX

smrop. Pacemarpreaem paMy noa nedHCTBHEM 3aAaHHON HArPY3KH W HAAEHHBIX
peakunii (puc. 34).

> X=0:15+12-13,56=0,
13,56 -13,56=0.
> Y=0:-10+488+512=0,
-10+10=0.
CocTaBuM CyMMY MOMEHTOB BCEX CHII, HAPHMEP OTHOCHTEBHO TOYKH (.
> Mo =0;10-1+12-1-2,56 —13,56-2+5,12-1,5 =0,
10+12-256-2712+756=0,
29,65-29,68=0,
0,03=0.

[MorpemnocTs 3HAYEHNH TOCIEAHETO YPABHEHNS CBA3aHAa C OKPYTIICHHEM
PACYETOB W COCTABNISIET
§=2208-29.65,05 00 01 95<5 %,
29.65

YTO 00CCNCUYUMBACT TOUHOCTD HHIKCHCPHLIX PACUCTOB.

F=10kH
l 1,56 xH

2,56 kH-m
13,56 xH
4.88 xkH ,12 kH
Puc. 34

Ilpumep BoinoaHeHus 3aaanug Ne 5

ITpumep. Ha cramsnyro Oanky (puc. 35, ¢) KBagpaTHOTO TIOTIEPETHOTO Ce-
uenusi ¢ BeicoThl /1 = 0,08 m nanaer rpy3 secom O =600 H=0,6 kH.

71



Tpebyercs:

1. Hatiti HanDompmee HOpManbHOE HAMIPAKEHHE B Oanke.

2. TlonoGpate paszMep KBAAPATHOrO MOMEPEYHOrO CEUEHMSI U3 YCIOBHS
TIPOYHOCTH.

ITpu pacuere NPUHATL MOAYJIb YIIPYTocTH 5 =2- 10° MITa, nonyckaemoe
HaTpsKEHHE [c]= 160 MIla.

Pewrenne

1. Ctpoum »mopel u3rubdaoumx MoMeuToB M ;- u A B 3a0aHHOl cuc-
Teme: M —3nropa oT JAeHCTBUA CTATHYECKH NPUIIOKEHHONH CUIlbL, PABHOH BECy
najatowero rpysa (/7 =0) (cM. puc. 35, 0); M — BcnoMoratenbHas 3mopa oT
€AMHUYHOH CHITBI, IPUJIOKEHHOH B TOUKE MAACHUS Tpy3a (M. puc. 35, &).

2. HaxoauMm craTnyeckoe nmepeMelieHne B TOUKE MaaeHus Tpy3a Mo npa-
BUIY MEPEMHOMKEHUS FNIOP

ZIMFM dr=—2—.2.600-1+—22.480.0.8+ 5 7.480.0.8=
K. 6k, 611 611
1 (240 +1228,8 + 614.4)= 072

1
. Lo At od
- -

3. Beiuvcnum koxthpuuHeHT THHAMHYHOCTH Mo npudavKeHHOH GopMmye

- 2'0-’0§ =0,01504/£J,
Ay N707.2/EJ. :

4. 3anuwem BbLIPAKCHHUE HAUOOAbILEro HOPMAJBbHOIO HalNpAAKKCHHA, BO3-

HUKAROLLIETO OT CTATUUYECKONO AEHCTBUA CUfbL () (CTATUUECKOE HANPSIKEHUE Cr);

M e
Ger = )
WZ
rae W, = —=— — MOMEHT COTIPOTHBIIEHWS CEUCHHS.

Ymax
JI/1 KBaApaTHOrO MOMEPEUHOr0 CEUEHUA CO CTOPOHOI b:

_hp? b b Pt b b’
JIE Ty Ty max Ty My T

72



M . ax =600 H-M — makcuManbHoe 3HaueHUe U3rudaroero MOMeHTa

Hasmope M. .
600 3600
Torpa o4 = — =5, e b — HEM3BECTHOE 3HAUEHHE CTOPOHBI
b / b
6
KBAJAPaTHOrO CE4ECHUA.

5. Bripazum k03¢ dUIMEHT AMHAMUYHOCTH B BUAC DYHKIMIA OT mapameT-
pab.

Ecmu £ =2-10° MIla= 2-10“1_13, TO

o4
Ky = 0,01504,’2 10" [;—2 =0,0194-10°5% = 19406°.

6. VI3 yCI0BUA OPOUHOCTH Gy < [6], rae [o] = 160-10° ITa noadepem

pa3Mep KBaAPaTHOTO MOTMEPEUYHOTO CeUeHUs.

BpluuciuM AMHAMHAYCCKOE HAITPpAYKCHHC

2 3600 6984 ¢
Oy =K, 0q =1940h 3 = 10" TIa.
Torma 6’3)84 10° <160- '106, orcioma b= 6’9?)4 =0,0436 ™. lpuanmaem
b=10,044 M.

Handonbuie BO3HUKAKOIHE HANPSKEHNUS COCTaBAT!

3600
Ger = 7= 42261458 1la=42,261 Mlla,
0,044
6
Gy = 6284107 =158727273 1la= 159 Mlla.
0,044°
7. BHIMONMHUM TTPOBEPKY PAcUETOB.
Jlndg aroro mo yTouHeHHOH QopMyie BEIYHCTAM KOY(PHLIHEHT JUHAMHY-
HOCTH

Ky =1+ 1+&.
AC"l‘

73



0,044%

Mpw sHauerun h=0,044m J, =———=312-10"° .

Toraa £/, =2-10""1.312-10"% =62400 H-m%;

707,2
=—"% 20,0113 m;
T 62400 |
Kp=1+ 1+ 2098 _ 489
0,0113

BrIYucnuM BO3HHKAIOIAE HOPMAIbHBIE HATMPSKEHHS B MOTEPEUHOM Ce-
YCHUU DAJIKU:

— cTaTHYecKoe O = 42,261 Mlla,
— IMHAMHUYECKOE G =K Gcr =4,89-42,261=200,6 Mlla > 160 Mlla.

Taknm oOpa3zom, pacueT Mo YTOUHEHHOH (hopMyIie BBIYHCICHUA K03 PhH-
OHCHTA TUHAMHYHOCTH TIpH 3Ha4YcHHH b = (0,044 M NMPHBOINT K BOSHHKHOBCHHIO

JHUHAMUYECKUX HANpPs>)KeHWH, 3HAYMTE/IbHO MPEBbIIALIMX 3aJaHHOE JA0mnyc-
kaemoe HanpskeHue. [Ipn 3TOM OTHOCHTENBHAA MOTPEIIHOCTE BBIYUCICHUH CO-
CTaBIIAET

_ 2066160, 500, <2004 5 59
160

4TO HEJOTYCTHMO.
H3menum mapamerp b.

Ilycts b =0,06 M.

4
0.06" _108.1078 w*

Torpna J, =

EJ,=2-1011.108-10"3 =216-10° H - m*;

>

Aer = M =0,00327M;

T 216-10°
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. 2-008
Ky = 1+ {1+ :
0,00327

- 8.066.

Bplukcaum cTaTuueckoe u AAMHAMHWYCCKOC HAIIPAKCHHA!

3
Seor =6—02=16367 110° IMa= 16,67 Mla,
0,06

Gy =K 6 =8,066-16,67 =134,46 Mlla < [s].

‘A__

a) g O ;8 :
h=2m L=16mM |a=08m
I'=(0 ©600H
= 1 f
&) a S
600
m
on M, Hm
480
1
8) 2
1,0
O M
0,8

Puc. 35
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ITpunoxncenue 2

MOMEHTbI MHHEPLIUH ®UT'YP OTHOCHTEJIBHO LEHTPAJIBHBIX OCEM

Dueypa A 20 | A Sy Sy
YA
o Z h 3 3
alk o | 2| b bh 0
= 21 2 12 12
L
20 e 20
- 2 >
}r
- \ ] b bh b2
";3: 2 | 3] 3 36 36 72
20,
b
}.-
3 | hh | b | A b’ b'h 0
3 > 2 | 2] 3 36 48
¥
=0 3 20
— 1 .
vk Kpye
h
:g / \ ) | |
- X olmd? | d | d nd? d 0
= K / 4 2 2 64 64
Y
Z0 o
- d >
[Toayipye
¥
2 4
N / \ z nr? d | 4 (gn 64)] - 0
£l 2> | 2| 3n 7271 8
20 ) 20 ~0,1098 /'
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ABYTABPbBI CTA/IBHBIE NPAYEKATAHBIE

L
=

(roCT 8239-89)

h

BEICOTA OBYTaBpa

b — wupHHa nonku

Hpujpoxncenue 3

: § — TOMIMHA CTEHKH
i { — CpeHAs TOIIMHA MOJIKHU
< x_ bl x A Tmnomank MOMepeqHOro CeueHMs
! b ] — MOMEHT MHepUMH
i / 2 W MOMEHT COTPOTUBICHHSA
A | S craTudecKuii MOMEHT MOTYCeYeHH s
v E f_ I paawyc unepuuu
b L
Howep Macca PasvepeL, vm sz Iy W Iy, Sk, [,Ve Wl’e f:v.
Aasyraspa | T k7T T T | o | ot | e’ [ev | e | em® et | o
10 946 |100| 55 14572 120 ] 198 | 39,7 (4,06] 23,0 | 17,9 |6,49]122
12 11,5 1120 64 |48 [ 73] 14,7 | 350 | 58,4 14,88 33.7 [ 27.9 [8.,72]1.38
14 13,7 [140) 73 [49 | 751174 | 572 [ 81,7 |573] 468 | 419 |11.5[1.55
16 159 [160] 81 | 50| 7.8] 202 | 873 109 16,57| 62.3 | 58,6 [14,5]1.,70
138 184 [ 180 90 | 5,1 |81 ] 234 | 1290 143 |742]| 81,4 | 82.6 | 184|188
20 21,0 [200(100] 5,2 (84| 26,8 | 1840 | 184 |8,28| 104 [ 115 [23,1]2,07
22 24,0 1220(110] 5,4 | 8,7 | 30,6 | 2550 | 232 |9,13| 131 157 |28,6(2,27
24 273 |240[115[56[95] 34,8 | 3460 | 289 [9.97]| 163 198 134,5]2.37
27 31,5 [270[125]6,0 (9.8 | 40,2 | 5010 ] 371 [11.2] 210 | 260 |41,5]2.,54
30 36,5 |1300[135] 65 |102] 46,5 | 7080 | 472 [12.3] 268 | 337 [499]2.69
33 422 1330({140] 7.0 [11,2| 538 | 9840 | 597 [13.5] 339 [ 419 |599]|2.79
36 48.6 1360 (145 7.5 |12,3| 61,9 |13380| 743 [14.7] 423 | 316 |71,1]2.89
40 57,0 [400 155 83 [13,0] 72,6 [19062] 953 |[162] 545 | 667 [86,1]3,03
45 66,5 1450 [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]100,039727] 1589 |19.9] 919 [ 1043 [ 123 ]3.23
55 02,6 |550 (180 |11.0|16,5|118,0|55962| 2035 (21.8] 1181 | 1356 | 151 |3.39
60 108 1600[1901120[178]138.0]76806] 2560 [23.6] 1491 [ 1725 | 182 |3.54
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Hpunoyxcenue 4

LIBEJLIEPBI CTAJIBHBIE TOPAUYEKATAHBIE
(TOCT 8240-89)

y /i BbICOTa LIBENJEpa
F_;._-I b WUpPHHA MONKH
al ; $ — TONLUMHA CTEHKH
E I CpeaHsA TOAWMHA MOJKU
< X1 ---5.-}’. A nnomwanb nenepevHOro CEHUCHUA
20 :
e h s ! MOMeHT uHepun
; 4 2 W — MOMEHT COMpOTHBIIEHUSA
: :._\ S crarHueckui MOMEHT TOJTY CedeHns
»oa [ — pagnyc HHEPLUH
—t Z() — PacCTOAHME OT OCH ' 10 HAPY>KHOH rpaHu
CTEHKH
Homep Macca Pasmcpel, MM A, I, We | i | Se | 1o | P | 4 | 20,
meennmepa(l wxr| A | A | i | e’ e’ | en’ | em o | em? o | o | oM
5 484 | 50 [32]44] 70 [6.16] 228 | 9.1 [1.92[559]561[2.75]0.95[1.16
6.5 59 | 65 |36 (44 72 [751| 486 | 150|254 9 | 87 |3.68]1.08]1,24
8 7.05 | 80 [40[45] 7.4 [8.98] 8904 | 224 [3.16 | 133128475 L19] 1,31
10 8.59 1100 |46 (45| 76 [109] 174 | 348 |399(204 2041646 1.37|1.44
12 104 | 120 |52 |48 7.8 | 133 304 | 506 [4,78|296|31.2|8,52(1.53]|1,54
14 123 | 140 |58 |49 8.1 | 156 491 | 702 | 5.6 |40.8|454|11,0( 1,70 L,67
16 142 [ 160 |64 [5.0] 84 [18.1] 747 | 934 [6.42]54.1 633 [13.8] 1.87[1.80
16a | 153 [160]68([50] 9,0 [195] 823 | 103 |649(59,4[78.8]16,4]|2.01| 2.0
18 163 | 180|705 1|87 [207] 1090 | 121 [724]69.8| 86 |17.0[2.04]1.94
18a | 17,4 [ 180 |74 (5,1 5,3 [22.2] 1190 | 132 [7.32]76,1]105]20,0(2,18]2,13
20 18,4 [200|76(5.2] 9,0 (2341520 | 152 |8.07(87,8[113]20,5]|2,20(2.07
22 21,0 {220 182(54]9,5 (267]2110| 192 [889]110|151125.1(2.37]2.21
24 24,0 [ 240190 [5.6[10,0{30.6] 2900 | 242 [9.73]139|208)31.6(2,60|242
27 27,7 1270 19516,0110,5[352]| 4160 | 308 [109]| 178|262 |37,3(2,73|2,47
30 318 |300]10(65]11.0[{40.5] 5810 | 387 [12.0]224 | 327 |43.6[2.84(2 52
33 36,5 [ 330 10[7.0[11,7[46,5] 7980 | 484 [13,1]281 |410|51,8[2,97|2,59
36 41,9 [360 | 11[7.5[12,6[53,4]10820] 601 [14,2][350|3513161,7[3,10]2,68
40 483 | 400 | 11 [8,0[13,5]61,5]|15220| 761 |[15.7|444 | 642 |73,4(3,23[2,75
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Hpunoxcenue 5

YI'OJIKU CTAJIBHBIE 'OPAYEKATAHBIE HEPABHONOJIOYHBIE
(OCT 8510-86)

XQ'

B — wupuna OolibLLei oK

b mmpuna MeHbIei MoNKH

{ — TOJLIUHA MOJIKH

A — npomans NONepeyHoOro CeYeHus
I — MOMEHT “HepUUH

i  paguyC WHCPUMH

&)
X 0L — Y [OJI HAKJIOHA ITIABHOH LIEHTPAIBbHON OCH
| EI [, — LeHTPOOEIKHBII MOMEHT MHEPIIIH
| Y -
!
Y b \ U X0, Yy — PACCTOAHHE OT LIEHTPA THMHKECTH 10
HAPYKHBIX IpaHei noJok
HONIG}) Ma'?l- Pa&“cpbl’ MM A: [\"7’ f.\', I)‘a jya fmnin: Il'.umin, te o I'U"_ X0, Y.
VIOJIKA ;a-’l(r Bl A ! em® | emt | oM [em* | om [emt | om g em? cM | ¢cM
5/32 (240150132 4 |13.17]17.98|1.59(256(090]1,52(0,69]0,401]2,59(0,76] 1,65
755 (4791 75|50 5 1611348239125 143 (7.24 1,091 0436 12,0 1.17]2.39
9/5.6 [6,70] 90|36 | 6 [834]706(288]21.2]|158[12.7]1.22]0,384[225]128]2.95
10/63 [7.33[100] 63 | 6 [vs8]983]320][306[1.79]182]1.38]0393[31.5]1.42]3.23
8.70 7 {11 ] 113 |3.19(35.0 | 1,78 [ 20,8 1.37] 0,392 | 36,1 | 1.46 | 3,28
9 87 8 [12.6]127(3.18(39.2]|1.77 [ 23.4 | 1,36 | 0.391 | 40.5| 1,50 [ 3.32
1177 109110170 1 8 | 13,91 172 |351|346(198 323|152 04 [359]1,64]3,0]
1258 [10f125] 80 7 141 227 [4.01[73.7[2.29[43.4 [ 1.76 [ 0,407 [ 74.7 | 1.80 [ 4.01
12,6 8 1160|256 4,0 [830]2,2848,8|1,75(0,406 84,1 1,844,035
15.5 10 19,7 312 | 398 100 | 226593 | 1,74 0404 | 102 | 1,92 | 4,14
14/9 14111401 90 | 8 [ 18,0 364 (449 120 [ 2,58 170,311,981 0411 | 121 | 2,03 14,49
17,5 10 1222444 | 447 [ 146 | 2,56 |835,5| 1,96 0,409 | 147 (2,12 4,58
16/10 [ 180160100 9 [229| 606 [515]| 186 | 285|110 (22010391 ] 194 (224 (5,19
19.8 10 1253 667 [ 5,13 204 | 2,84 | 121 | 2,19 0,390 | 213 | 2,28 | 5.23
23.6 12 30,0 784 | 5.11] 239 | 2.82 | 142 [ 2,18 | 0.388 | 249 | 2.36 | 5.32
18/11 [ 222180110 10 | 283 | 952 [580| 276 | 3,12 165 (2421 0376] 295 2,44 | 5.88
26,4 12 [ 33,7 11123 5,77 324 | 3,10 194 {2,40] 0,374 | 348 | 2,52 ]5.97
20/125( 27,4 | 200|125 11 [34,9|1449| 645 | 446 | 3,58 | 264 | 2,75 0,392 | 465 | 2,79 | 6,50
297 12 | 37,911568| 643 | 482 | 357 285 (2.74] 0,392 | 503 [ 2,83 | 6.54
34,4 14 14391801 | 6,41 [ 551 [ 3,34 | 327 (2,730,390 | 573 (2,91 | 6,62
39.1 16 | 49,8 12026 6,38 | 617 | 3,52 (367 [2.72] 0,388 | 643 [ 2,99]6,7]
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Hpunoyxcenue 6

YT'OJKH CTAJIBHBIE TOPAYEKATAHBIE PABHOITOJTOYHBIE
(TOCT 8509-86)

be b — wmMpuHa noysku
t '
' { TONLMHA OONTKH
]
» E A — momaab TONEPEUHOTO CCUCHHS
Yo : Xp
~
J ; ot I — MOMeHT uHepIHH
4 ' ’
", ,
Y \\: % ¥ { — panuyc HHEpPLUH
BN | S spop i
AR 5 {\y, — NEHTPOOEIKHBII MOMEHT HHEPLHH
3 d ] Y :
’ ) ' .
R J N Z() — PACCTOSAHHE OT LIEHTPA TAKECTH
X b

10 HapY KHOIH IpaHi NONKH

Homep | Macca | Paswvepsr, . . |
MM A, Iy, Ixs I_\{}mgxf Ixmaxs I"()m_iln_' H0mins U“’!{ Z0,

VroIKa 3 4
b CM CM cM CM CM cM M CM CM

~

5 305 | 50 4 [3.80]921 (154146 ] 1,94 | 380 | 099 | 542 | 1,38

77 5 1480 [ 112]153] 178 | 1,92 | 463 | 098|657 [1.42
56 | 344 | 56| 4 [ 438 [ 130 [1,73] 208 | 218 [ 541 [ 1,01 | 7,60 [1.52
4725 5 | 541|160 |1,72] 254 | 2,16 | 659 | 1,10 | 941 |1,57

6,3 390 [ 63| 4 [496 | 18,9 (195299 245 | 781 | 1,25 | 11,0 | 1,69

4,81 s 1613231194368 244 [952|1,25]13,7 (1,74
5,72 6 | 728 | 271|193 429 | 243 [ 112 | o, | 159 178
7 s38 |70 s [686 319216507 272 [ 132139187 [1.90
6,39 6 | 815|376 (215596 | 271 [ 155|138 | 22,1 |1,94
75 | 580 [ 75 [ 5 [ 739395 [231] 626 [ 291 [ 164 | 1.49 | 23,1 [2,02
6,89 6 | 878|466 (230739 290 [ 193|148 273 |2.06
7.96 7 1101|533 (229|846 | 289 | 221 148|312 [2.10

8 6,78 | 80 | 5.58.63 | 527 [247] 83,6 | 3,11 [218 ] 1,59 309 [2.17
736 6 | 938570247904 | 3,11 [ 23,5 1,58 33.4 (2,19
8,51 7 1108|653 [245| 104 | 3,00 [270 | 158|383 [223

9 833 90| 6 [ 106|821 [278] 130 | 350 [ 340 1,79 [ 481 [2,43
9,64 7 | 123|943 |2.77| 150 | 349 [ 389 | 1,78 | 55,4 |2,47
10,9 8 | 139 106 |2.76] 168 | 3.48 | 438 | 1.77 | 623 [2.51
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Oronyanue madauysl

Homep | Macca | Pasvepsr,

A, Ix, i ]x(]ma\', I[) C IL’Omiﬂz i )min: ‘IX'l-’l: ()

r v § MM y X3 JUmaxs A ) wmine | H
ST M, KT h P (:\«12 C\«I4 oM cM4 CM C\'I4 M CM4 CM
10 108 [100] 7 [ 13,81 131 [3,08] 207 | 388 [542 [ 198 764 [2,71
12,2 8 | 156 | 147 |3,07| 233 | 3.87 | 609 | 1,98 | 863 (2,75

15,1 10 1 192 | 179 13,05 284 | 3,84 | 74,1 | 1,96 | 105 (2,83

17.9 12 | 22,8 | 209 |3,03| 331 3,81 | 86,9 | 1,95 | 122 (291

11 11,9 | 110 7 [ 152 ] 176 |3.40| 279 | 4,29 | 72,7 | 2,19 | 106 (2,96
13.5 8 | 172 | 198 |339] 315 | 428 | 818|218 | 116 3,00

125 | 155 [125] 8 | 197 | 294 [3.87] 467 | 487 | 122 | 2.49 | 172 [336

17.3 o | 220 327 [3.86] 520 | 486 | 136 | 2.48 | 192 |3.40
19.1 10 | 243 | 360 [3.85] 571 | 4.84 | 149 | 2,47 | 211 |3.45
227 12 [ 289 | 422 [3.82] 670 | 482 | 174 | 2.46 | 248 [3.53
14 | 194 [140]| 9 [ 247 ] 466 [434| 739 | 547 [ 192 | 279 | 274 [3,78
21,5 10 | 273 | 512 [433] 814 | 546 | 211 | 2,78 | 301 [3.82
25.5 12 [ 325 | 602 [431] 957 | 543 | 248 | 2.76 | 354 [3.90
16 | 247 |160] 10 | 31,4 | 774 |496| 1220 | 625 | 319 | 3,19 | 455 430
27.0 11 | 344 | 844 |4.95|1340 | 624 | 348 | 3,18 | 496 |435
29.4 12 | 37.4 | 913 |494| 1450 | 623 | 376 | 3,17 | 537 439
34.0 14 | 43,6 | 1046 [492] 1662 | 6,20 | 431 | 3.16 | 615 |4.47
38.5 16 | 49,1 | 1175 [4.89] 1866 | 6,17 | 485 | 3.14 | 690 |4.55
18 | 305 [180] 11 [ 388 [ 1216 [560] 1933 | 7,06 | 500 | 3,59 | 716 [4.85
33,1 12 | 422 | 1317 [5,59] 2093 | 7.04 | 540 | 3,58 | 776 |4.89

81




Hpunoncenue 7
CniocoObI BEIUMCTIEHWST HATETpaiia Mopa

Cnoco6 A. Bepenjacuna. B cucreMax, COCTOALIMX M3 NPIMOJMHSHHBIX
)
3NIEMEHTOB TTOCTOAHHOMN KECTKOCTH, BBIYHCIIEHAE WHTerpana suma | M ’.M
0
3HAYUTCIBHO YIPOIIACTCA ¢ IpHMEHCHHEM crmocoba A. Bepermaruna: npu me-
PEMHOKESHUU FMKOP, OJHA U3 KOTOPBIX JIMHEHHA, 4 APYras UMEET MPOU3BOJILHOS
/
oucpTanme, MHTerpan |[AM M Fcix MOJKHO BBIUHCIHTH KaK IMPOM3BEACHHE ILIO-
0
[IaaH SIMIOPE MPOH3BOJIBHOTO OYEPTAHHA HA OPIUHATY MOJ €¢ IICHTPOM TSKe-
CTH, B3ATYIO U3 JINHEWHOW 3TTHOPHI.

Fdx

Takum oOpazom,
{

[MM pde=wy . (1)
1. T.
o 0
N Pasnenve obe yvactu pasencrea (1) Ha
KECTKOCTb npu u3rube [/, monyuum
VUCKOMOE TIepeMEIEHHE
¥ I 37
MM 1
A = [ de=—oy,  (2)
0 I LJ
- / - TIEe () — TUIOTIAAb KPUBOJWHEHHOH JITIO-

Puc. 1 pel (puc. 1), v — opawHara, B3aTas M3

JIMHEHHOW 3IIOPbL U JISKALAS N0J1, 1ICH-
TPOM THKECTH TIEPBOM,
[1py mepeMHOKEHUH SIIOP O MpaBuily Bepemaruna Hy»XKHO MOMHHTB
CHENYFOIIIEE:
1. Ilnowmwanp @ NOACUUTBHIBACTCS JIA IMOPHL MPOU3BOABHOIQ QUEPTAHUS,
opjaviHaTa y 0epercsl U3 SOPHI IPSIMOTHHEHHOM.
B Tabnvne npuBeaeHsl (hopMyJTBl TIOACYETA THTOMIAACH Jutsi HandoJIee vacTo
BCTpEUACLIMXCA (PUryp, yKazauo NojaokeHUE ICHTPOB TSDKSCTH TAHHBIX (DUryp.
2. Eci 00€ >Tropsl NPSIMOJTMHEHHBIE, TO TUTOMA/h (0 MOXHOQ BBIYHCITHTH
Juis TIOOOH U3 HUX, 4 OPAMHATY } B3STh U3 APYIOM 3MIOPbI.
3. TIpouspeaeHHe ®) CHMTAETCA TOJOMKHTEIBHBIM, €CJIH TUIOMEAMb & W
Op/IMHATA ¥ PACNOJIONEHBL N0 OJHY CTOPOHY OCH CTEPIKHA, U OTPULIATEIIbHLIM,
€CJTH PACIONIOKeHHI MO Pa3HBIe CTOPOHBI OCH CTEePIKHA.
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3ameruM, uTo HanboJiee MPOCTHIM NpuMeHeHne Hopmylibl (2) OKa3sIBaeT-
csl B Clydae, KOorja oJHa u3 3mop (Win 00¢) NOCTOSHHA MO BCJIMYUHE HA BCEM
YUYACTKE MEPEMHOKCHUS.

ITpacuno mpaneyuii. TIepeMHOXKEHHE SITFOP, WMEKOIIHNX BHJ TPANEUHH

(puc. 2), MOKHO OCYLUECTBUTD N0 cnenyrouieii opmyne (popmyne Tpaneiuii);

] —
J‘MiMF =

0 L/

TJie 2ac — YIBOCHHOE MTPOW3BEACHUE OPJIMHAT TIEPEMHOKACMBIX TIOP Ha JIEBOM
KOHLIE y4acTka; 2hd — yABOCHHOE NPOU3BEIAL-
HHE OPAMHAT DIOP HA NPABOM KOHLE YYaCTKa;
ad v bc — TIpoW3BeJcHNE OPAMHAT, TCKAIIHX a
"KpecT-HaKpecT'.

Bee unens npagoii wactu dopmyst (3)

B3ATEI € ITOJIOKHTC/IEHBIM 3HAKOM, TdK KaK o00e \H\I\H\
/

/ (2ac+2bd + ad + be), (3)
61

3IMIOPBI HA PUC. 2 PaACIOIOKEHBI MO0 OJHY CTO-
pony OaszucHoH suHun. DopMmysna NpUMEHUMA
U B chaydae, Koraa oana (miam obe) »mopa Tpe-
YTonbHas.

Cnocob Cumncona. B cnyuae, koraa Puc. 2
OJHa M3 3MIOP ouepueHa KpUBOH 1-ro, 2-ro uau
3-ro nopsaka, a ipyrast JMopa NpSMOJIMHEHHA

‘ b
(unu 00¢ dmopH NpAMONMHEHnb) (puc. 3), mm c

MOSKHO TIOB30BATHCA (hOPMYITIOH

Ly b
MM / _
[t dx=——r(aa+4bb +T). 4) 7
IJ 617 ‘ z
Jlna cayuast, Korja 0/[Ha W3 3I0P ouep- 2 12
UgHA MO KBAApaTHOH napadone (0T ACHCTBUA Prc. 3

PaBHOMEPHO paclpedefeHHON HaTrpy3kd ()
(puc. 4), pacnipocTpaHeHHON ABJIAETCA Cleayiomasn "yHuBepcanpHas” dopMyoa:

}H,MFJ o

[x =
LJ 61

2
2a5+2b5+a5+ha+ﬂ(a+ﬁ) , (5)
. 4
r€ 2ad — yABOSHHOE IPOM3BE/IEHUE KPAWHUX JIEBbIX OPJMHAT MEPEMHOKAL-
MbIX 2MI0P; 2bb — YABOCHHOC NPOU3BECACHUEC KPAUHMX [PAaBbIX OPAUHAT Iepe-

MHOXKACMbIX 3MIOP; ¢b U hT — NPOU3BEACHUC JICROKM OPAUHATHI NCPBOI HOIOPbLI
HAa MPaByIO OPAWHATY BTOPOW, H HA0OOPOT, MPaBOH OpIWMHATH MEPBOH >MIOPEI
Ha JIEBYIO OpPIHHATY BTOPOH.
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AbGcrccsl TieHTpa

[Inowane
Qurypa TAKECTU
® X1 X2
X X9
= {h {2 {2
[
X, X3
I
< P Ih?2 13 213
{
X, X KB&I[P&THEIH
| napabona
< ' Ih’3 14 304
[
X1 X KyOuueckasn
7 napadora
“ETM lh4 I3 415
/
_,x';.__:__{ X2 | Ksanpatnas
napadona
= m 21h73 318 518
| .
X1 X2 KpanparHas
mapabona
<) $ 2Un3 % 12
/
KpagpaTtHas
"‘I_QEE[U\ ~ napadosia
— 2{h73 2 [2
. X1 s Xo o
- L -




TTocnennee cnaragMoe B CKOOKAX YUMTHIBAET KPHUBOJIMHEHHOCTH OJIHOM
U3 3M0P (JIEHCTBUE PABHOMEPHO PACIIPES/IEHHON BHEUIHEH HArPY3KW MHTEH-
cBHOCTHIO g). Ecnu 00e 3mopbl NpsiMOJIMHENHHbIE, TO 3TO ClIAaraéMoe PaBHO
HYJIIO.

Bcee unenst npaBoii uactu ¢GopMynbl (5) B34Tbl ¢ HOJOMKMTCILHBIM 3Ha-

KOM, IIOTOMY 4YTO pPAacCMATPHUBACMLIC 3I1IOPbL
04

PACIONOKCHBI Ha OAHHX WM TCX S BOJIOKHAX

(Ha puc. 4 00¢ IMIOPLL PacNONOKEHbL BBILLE &

OasucHOW JWHWH). Ecnw opawHatel 3mop T

PaCTIONOMKEHBI TIO pa3HbIe CTOPOHBI OT 0a3uc- a T‘ﬁ\ b
HOH JIHHHH, TO COOTBETCTBYHOLIUE WYIIEHBI [
(hOpMYJTBI TOJKHBI OBITH YUTEHBI C OTpHIA- Puc. 4

TEJTbHBIM 3HAKOM. 3HAK AO0OABKH 34 CHET KPH-

gl*@+»)
BH3HBI (ClaragMmoe f ) ONMPEOENAIOT U3 CPABHEHHS napadosbl, pac-

MOJIOKEHHOHW HaX JIHHWEH o, COECOWHAIOLEH KOHLIEBBIE OPAWHATEI KPWBOJIH-
HEHHO# >0topbl, U TMHEHHON 3n0pbl. B HallieM caydyae W napadona, pacnono-
JKEHHAA HAJ JWHHEH O, W MPAMOIWHEHHAS IMI0pa PaCcTATHBAKOT OJHH U TE JKE
(BEpXHHME) BOJIOKHA.

3ameTumM, uTo opmyna (5) 3HAUUTENBHO YNPOLLAETCS, €CAU MEPEMHO-

KAKOTCA TPEYIOJIbHBIC WK TPEYTIOJIbHAA H TRANCLUUCBUAHAA ITHOPEL.

PEKOMEHJATEJIbHbBIH BUBJTHOT PAOHYECKHWI CITUCOK

. Hapkos, A. B Comporuenenne Matepuanos . yuebnnk / A. B. [lapkos,
I'. C. UInupo — M. : Beicul. mk., 1989. — 624 ¢. — [SBN 5-06-000491-0

2. Conporusnenue Marepuanos / [, C. ITucapeuko, B. A. Arapes, A. JI. KBut-
ka [u ap.] ; moa pea. akaa. AH YCCP I'. C. Ilucapenko. — Kues . Buma mk. —
1986. - 775 c.

3. IlocoOue k pelueHutO 3a1au MO CONpoTURACHUIO MaTepuanor / M. H. Mupo-
mobos, C. A. Enransrues, H. [. Cepruescknii [n mp.]. — M. : Beicw. wk.,
1985. - 339 c.
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