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AKT COI''TACOBAHUA
HA MeTOJAMYECKHE YKA3AHUSI 10 BHITIOJHEHHI) MPAKTHYECKUX PadoT 1Mo
yueOHOH quciuninHe « TexHnYeckas MeXaHUKay, AJIsl CTYA€HTOB
cnenuagabHocTH 08.02.01 CTpouTte/ibCTBO U AKCIJIyaTAUS 31aHUI H
COOpY KeHHIi, pa3padoTaHHbIe NMpenoaaBaTeIeM

IO)KHO-Ypa.]ILCKOF 0 rocyz[apCTBeHH()ro TEXHUYCCKOI'O KOJIJICIKA
E®PEMOBOM O.A.

ABTOpPOM TPEACTABICHBl METOJUYECKUE PEKOMEHAIMU 1O BBIOJHEHUIO U
O(pOPMJICHUIO MPAKTHUYECKUX paboT, Mo y4yeOHoW maucuuruimHe «TexHuueckas
MexaHuKa» paccuuTaHHble Ha 60 ayautopHbix dacoB. Pa3paborano 60 wyacos
MPAaKTUYECKUX pPabOT B MOJIHOM COOTBETCTBUU C YTBEPXKICHHBIM y4E€OHBIM
IJJAHOM U YTBEP)KJIEHHON paboueil mporpamMmoi. OnpeneneHsbl 3HaHUs U YMEHUs
CTyJIEHTA IO KaXKJI0N TEME.

CopepkaHue M CTPYKTypa METOAMYECKMX PEKOMEHAALMMA YAOBIETBOPSET
TpeOOBaHUAM, MPEABABISAEMbIM K JaHHOW ydeOHOW aucuumiuHe. [IpuBeneHbl
KOHTPOJIbHBIE BOIPOCHI JJ1sl IPOBEPKH 3HAHUM.

Meroauueckue  peKOMeHAalMM pa3paboTaHbl C YYETOM JIEWCTBYIOLIEH
IIPABOBOW, HOPMAaTUBHOU U CIIPABOYHOM JINTEPATYPHI.

3amanus pa3paboTaHbl C Y4YETOM Pa3BUBAIOIIETOCS  CTPOUTEIBLHOTO
MPOMU3BOACTBA M OTBEYAIOT TPEOOBaHUSIM K MHUHMMYMY 3HAaHUW W yMEHUH,
KOTOPBIMU  JIOJDKEH  BJAJETh  y4YalllMiics  KoJulemka, OOydarouuics 1o
cneruaibHocT 08.02.01CTpOouTENnbCTBO M AKCILTYaTAIUs 3JaHUN U COOPYKEHUH.

[IpuBenena yueOHast TuTepaTypa B HEOOXOIUMOM OOBEME.

BreimonHeHne  mpakTHYeCKHMX — pabOT CHOCOOCTBYET Pa3sHOCTOPOHHEH
NOJATOTOBKE CTYJEHTOB K IIPOM3BOACTBEHHOM JEATEIBHOCTH B COBPEMEHHBIX
YCIIOBHSIX, & TaK)Ke 00Jiee IOJIHOMY YCBOEHHUIO TEOPETHUECKOT0 Marepuana.

HToroM BBIMOTHEHUS! PaOOT SIBISETCS MOJTYYEHHUE 3a4eTa MO MPAKTHUYECKUM
paboTam.



1. HOACHUTEJBHASA 3AIINCKA

MeTtonnueckre peKOMEHJalMU TI0 BBIITOJIHEHHUIO MPAKTUYECKUX padboT
no yudeOHoil muciuruinHe «TexHuuyeckas MexaHUKa» IJisl CIEHHAIbHOCTH
08.02.01 CtpouTenbcTBO U SKCILTyaTalus 3JaHUN U COOPY>KEHUH.

[TpakTrdeckue paboThl pa3paboTaHbl B paMKax padouel Mporpammbl
— SIBJISIFOIIETOCS YacThI0 OCHOBHOUM TMpo(QecCHOHATBHON 00pa3oBaTeIbHON
nporpaMmmbl B cooTBeTcTBUM ¢ DPI'OC 1o cnenumansaoctu  08.02.01
CTpouTeNbCTBO U AKCIUTyaTallusl 3IaHUM U COOPY>KEHUU B YacTH OCBOEHUS
OCHOBHOT'O BHJIa MPO(PECCHOHAILHON JAESITENIBHOCTH W COOTBETCTBYIOIIMX
npodeccuoHanbHbIx KoMreTeHIui (I1K).

PekoMenpanusMu TpeaycCMaTpUBAeTCS BBIMOJIHEHWE pacyeToB Ha
MPOYHOCTh,  JKECTKOCTh,  YCTOMYMBOCTH  DJJEMEHTOB  COOPYXECHHII,
oTpe/ieNieHNue aHAIUTUIECKUM U TpaUyecKuM CrocodamMmu yCUIINi, OMTOPHBIX
peakiuii 6anok, ¢epM, pam; MOCTPOCHHUE DMIOP HOPMAIbHBIX HAMNPSHKCHUH,
M3ru0arIuX MOMEHTOB U Jp.

[TpoBeneHne mMpakTUUECKUX padOT MPEayCMaTpPUBAET CBOEH LEIbIO
3aKpeIJICHUE TEOPETUYECKUX 3HAHUM U TpuoOpeTeHHe HEeoOXOAUMBIX
MPaKTUYECKUX YMEHHH 10 mporpamme. [Ipw BBITIOJIHEHHH NPAKTHYECKUX
paboT CTYACHTHI OCBaMBaIOT COBPEMEHHBIE METO/IBI pacyeTa.

dopma npoBeaeHNS YUeOHBIX 3aHITHIA BHIOMpPAETCs MpernoaBaTeieM,
WCXOS U3 TUIAKTUIESCKON LI U COJIepKaHus MaTepuara.

BrImonHeHne mNpakTHYECKUX pabdoT CIOCOOCTBYET Pa3HOCTOPOHHEH
HOJTOTOBKE CTYJEHTOB K MPOU3BOJCTBEHHON AESITEILHOCTH B COBPEMEHHBIX
YCIIOBUSIX, a TaKXke 0oJiee IOJTHOMY YCBOCHHUIO TEOPETUUECKOTO MaTepuaia.

B pesynbTaTte n3ydeHusi TUCUUILTAHBI CTYJCHT JT0KEH:

yMeTh:

- BBITIOJTHSATH PacyeThl Ha MPOYHOCTD, )KECTKOCTh U YCTOMUNBOCTH
AJIEMEHTOB COOPYKEHHUI;

- OMPENIEIIATh AaHATTUTUHYECKUM U TpaprueckuM crocodaMu yCUIus,
OTIOpPHBIC peakiuu 0aaok, pepm, pam;

- OMIPENIEIIATh YCWIHS B CTEPIKHAX hepMm;

- CTPOUTH AMIOPHI HOPMAJLHBIX HANPSHKCHUH, N3TH0AIOIIUX MOMEHTOB
v 1Ip.;

- IPOU3BOJUTH PAaCUETHl Ha CXKATHE/ CPE3 U CMATHE,

- TPOU3BOAWTH pPACUYETHl SJEMEHTOB KOHCTPYKIMA Ha MPOYHOCTS,
KECTKOCTb U

YCTOWYHUBOCTb;

- cOOUpaTh KOHCTPYKIIMH U3 JIeTaJIel IO YepTexaMm U CXeMawm;
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3HATH:

- 3aKOHBl ~MEXaHUKUA  JAePOPMUPYEMOrOo  TBEpPAOrO  Tela, BHJbI
nedopmalivii, OCHOBHBIE PACUEThI;

- ornpe/ierieHNe HapPaBIICHUS PEaKIUK CBSI3H;

- ONpeJeIeHNE MOMEHTA CHJIbI OTHOCUTEIBHO TOUKH, €70 CBOMCTBA;

- TUIIBI HATPY30K U BUJIBI OOp Oaslok, dhepm, pam;

- HampspDKeHUusT W aedopmariui, BO3HUKAIONIUE B  CTPOUTEIBHBIX
3JIeMEHTax Mpu paboTe MO HAarpy3Koi;

- MOMEHTBI HHEPILIUU MPOCTHIX CEUCHUM PJIEMEHTOB U JIp;

- METOAMKY pacyeTa 3JEMEHTOB KOHCTPYKIHMHA Ha MPOYHOCTb, KECTKOCTh U
YCTOMYMBOCTD MIPU PA3IMYHBIX BUJIAX AepopMaluu;

- METOJUKY pacueTra Ha CKaTHhe / cpe3 U CMATHE;

npogeccHOHATbHbIC KOMIIETEHIIUM:

- [IK 1.1. [loxOupaTe Hanbonee onTUMaIbHBIE PEIICHHUS] U3 CTPOUTENIbHBIX
KOHCTPYKIIMHA M MaTepuajoB, pa3padarbiBaTh y3ibl U JI€TaJd KOHCTPYKTHUBHBIX
AJIEMEHTOB 3[IJaHU U COOPYKEHHI B COOTBETCTBUU C YCIOBHUSIMHU IKCILTyaTallUH U
Ha3HAYCHUEM;

- [IK 1.2. BpimonHsaTsh pacyeTbhl W KOHCTPYHPOBAHHE CTPOUTEIIBHBIX
KOHCTPYKIIUH.

o01ue KOMIEeTeHUMU:

- OK 0l. BreiOupate cnocoObl pemeHuss 3afgad NpodeccHoHaTbHOM
NEeATENbHOCTH IPUMEHUTEIBHO K PAa3IMYHBIM KOHTEKCTaM;

- OK 02. Hcnonb3oBaThb COBPEMEHHBIE CpEJICTBA IOWCKA, aHaiu3a H
UHTEpHpeTanuu uHGOpMaIMu U WH()OPMAITMOHHBIE TEXHOJOTUU JJIS BBITIOJHEHUS
3aj1a4 Mpo(eccuoHaIbHON e TeNbHOCTH;

- OK 04. DddexTuBHO B3aMMOJCHCTBOBATH M PabOTaTh B KOJUICKTUBE H
KOMaHJie, d()QPEeKTUBHO B3aMMOJEHCTBOBATh C KOJUJIETAMH, PYKOBOJCTBOM,
KJIIMEHTaMU;

- OK 05. OcymecTBiATh YCTHYHO M INHCBMEHHYI) KOMMYHHKALMK Ha
rocygapcTBeHHOM s3bike Poccuiickoit demepanuu ¢ y4eToM OCOOEHHOCTEM
COIIMAJILHOTO U KYJIbTYPHOTO KOHTEKCTA;

- OK 09. [TIloms3oBaThCcsi MpOQECCHOHATLHON JOKyMEHTAIlMel Ha
roCyJIapCTBEHHOM U MHOCTPAHHBIX SI3bIKAX.

[Ipy  wu3noxeHun  maTepuajsa HEOOXOAMMO  COOMIOJaTh  €IMHCTBO
TEPMUHOJIOTMH, OOO3HAUYECHUW, EAUHUILY U3MEPEHHUs B  COOTBETCTBUU C
nevicrpyromumu cranaapramu (CHullamu, CIT, TOCTamn).



2. MIEPEYEHB ITIPAKTUYECKUX 3ATAHU

No [Inanupy
TEMBI eMBbIE
1581051 Bun u Ha3BaHue 3a1aHus 4yacel Ha
pasze BBIIIOJIHE
Ia HHE
IIpakTudeckas pabora Nel OmnpeneneHre paBHOACHCTBYIOMIEH CXOASIIEHCS 2
CUCTEMBI CHJI
1.2 | Ipakruueckas pabora Ne2 Onpenernenne peakiuii csi3eit 2
[IpaxTrueckas padora Ne3 OmpeneneHne yCUIHNA B CTEPKHIX KPOHIIITEHHA 2
1.3 | lpaktuueckas pabora Ne4 OnpeneneHue MOMEHTA CHIIbI OTHOCHTENBHO TOUKH 2
14 ITpakTrueckas padora Ne5 Pemienue 3aau Ha onpeie/ieHue OMOPHBIX PeaKInit 6
' Oanku
[Mpaktudeckas padbora Ne6 OnpesneneHue MoJ0KEHUsT LEHTPa TSHKECTH TIOCKOTO 2
16 CeUeHMUS
' [IpaxTruaeckas padora No7 OmnpeneneHre MOMOKEHUS EHTPa THKECTH COCTABHOTO 5
CeUeHHUS
[Mpaktuueckas padora Ne 8 [locTpoeHue SMIOp NPH PacTSHKEHUH U CKATHN 2
2.2 | llpaktnueckas padorta Ne 9 Pacuer Ha IpOYHOCTH NPHU PACTSHKEHUH U CHKATHH 2
[Mpaktudeckas padora Ne 10 Pernrenue 3aqa4 Ha onpeienieHne yATUHEHUS 2
[Mpaktudeckas padora Ne 11 OnpezaeneHne reoOMEeTPHUECKIX XapaKTEPUCTHK 2
23 TUIOCKHUX CEYEHUIT
' [Mpaktudeckas padora Ne 12 OnpezaencHre reOMETPUUECKUX XapaKTEPUCTHK 2
COCTaBHBIX CEUEHHU
ITpaktuueckas padora Ne 13 OnpezneneHue J0MyCTUMOTO 3HAYCHUS CKUMAIOLIEH 2
CHUJIBI JIJIS C)KaTOro Opyca
2.4 | lpaktuueckas padora Ne 14 [TogOop cedeHus ajis CxkaToro opyca 2
ITpaktuueckas padora Ne 15 Pacuer koadduunenTa 3anaca ycTOHUMBOCTH CKATON 2
CTOKH
2.5 | Ilpaxktuueckas pabora Ne 16 Pacuer Ha MPOYHOCTH U )KECTKOCTh MPH KPYICHUH 4
[IpakTudeckas pabora Nel7 [TocTpoeHue 3MEOp MOMEPEUHBIX CHJI M U3THOAIOIINX 4
26 | MOMEHTOB
IIpakTudeckas padora Nel8 PacueT Ha IpOYHOCTD MTPH U3rHOE 2
3.2 | Ilpaxktrueckas pabora Nel9 Pemrenre 3a1a4 Ha IIOCTPOEHHE DITIOP JUTS TNIOCKUX pam 6
3.3 | [IpakTrueckas padora Ne20 OnpeeneHus: yCHIHMA B CEUSHHUSX TPEXIMAPHUPHON apKu 4




[Ipaktrueckas padora Ne21 Onpenenenne ycunuii B CTEpKHAX HepMBI

4 "
3 [Tpaktuueckas padora Ne22 OmnpeneneHue yCUINH B CTEPXKHAX (PepPMbI IOCTPOCHUEM 2
nuarpamMmmbl MakcBeiia-KpeMoHbl
Hroro: 60
COIEPXXAHUE
1 [MpakTrueckas padora Nel OmnpeneneHre paBHOACHCTBYIOMIEH CXOISAIICHCS 8
CHCTEMBI CHJI
2 IIpaktraeckas padora Ne2 OmpeneneHue peakIuii CBA3CH 12
3 IIpakTudeckas pabora Ne3 OmpeneneHne yCUINi B CTEPIKHIX KPOHIITEHHA 15
4 [TpaxTrueckas padora Ne4 OnpeneneHrie MOMEHTA CIHITBI OTHOCUTEIBFHO TOUKH 18
5 [IpaxTrueckas padora Ne5 Pemenue 3amaq Ha ornpeieieHrne OMOPHBIX pPeaKInit 20
Oanku
6 [Mpaktuyaeckas padbora Ne6 OnpeseneHue MoJ0KEeHUsT HEHTPa TSHKECTH TIOCKOTO 28
CCUCHMUS
7 [Mpaktuueckas padbora No7 OnpeneneHue MoJoKEeHUsT HEHTPa TSHKECTH COCTAaBHOTO 30
CeUeHHUS
8 [IpaxTrueckas padora Ne 8 [locTpoeHue 31mop Ipy pacTsHKEHUN U CKATHH 36
9 [Mpaktuueckas padora Ne 9 Pacuet Ha MPOYHOCTH MPH PACTSHKEHUH U CKATUN 40
10 | IIpaxtugeckas pabota Ne 10 Pemenue 3amaq Ha ornpe/ieieHne YIUTMHEHUS 44
11 | Ilpaktuueckas pabora Ne 11 OnpenesneHue reoMeTpUUECKHX XapaKTEPUCTUK 49
IJIOCKUX CEYEHUI
12 | lpakruueckas pabora Ne 12 OnpepeneHne reOMETPHUECKUX XapaKTEPUCTHK 60
COCTaBHBIX CEUCHHUH
13 | [pakruueckas pabora Ne 13 Onpeenenue JOMyCTUMOTO 3HAYCHHUS CKUMAIOICH 64
CHUJIBI JUUIS C)KATOTO Opyca
14 | Ilpaktuueckas padora Ne 14 ITogbop ceuenus mis cxxaroro Opyca 70
15 | [Ipakruueckas padota Ne 15 Pacuer koadduienra 3anaca yCTORYMBOCTH CKATON 77
CTOKHU
16 | Mpakruueckas paGora Ne 16 Pacuer Ha IPOYHOCTH U KECTKOCTh TIPH KPyUEHUH 83
p p p pH Kpy
17 | llpaktuueckas padora Nel7 [locTpoeHue 31op MONEPEeYHbIX CUIl U M3THOaI0LINX 9
MOMEHTOB
18 | Ipakruueckas paGora Nel8 Pacuer Ha mpOYHOCT HpH H3rHOeE 103
19 [Ipaktrnueckas padora Nel9 Pemenne 3a1a4 Ha MOCTPOSHUE SITIOP VIS TUIOCKUX PaM 109
20 . .
IMpaktryeckas pabora Ne20 OnpenesieHus: yCHIHIA B CCUCHUSIX TPEXIIAPHUPHON apKH 116
21 .
IpakTryeckas pabora Ne21 OnpenelieHue yCUIIUi B CTEPKHAX (EPMBI 123
22 | Ipaktudeckas padora No22 OmnpeseneHre yCHIMI B CTEPKHSIX (DepPMbI TOCTPOCHUEM 129

Jquarpammsl Makcseina-KpeMonst




Pasznea 1 TeopeTnueckass MexaHmuka

IIpakTnueckas padora Nel
OnpenesieHue paBHOACHCTBYOILEH CXOAAIIECHCS CHCTEMbI CHJI

Heny: HAyuyuTHCS ONPEICIATH PABHOJCHCTBYIONIYIO CXOIAIICHCS
CHUCTEMbI CHJI aHAJTUTHYCCKUM U TEOMETPHUYECCKUM CITOCOOaMHU

B pe3ynomame evinoiHeHus npakmuyveckoi paoomuvl CmMyoOeHm
00/1)ICeH

- 3HamMb: AHATUTUICCKUN U TEOMETPUYECKUN CIOCOOBI OMpeaeIeHuUs
PaBHOACHCTBYIOIICH CHCTEMBI CHJI; YCIOBHE PAaBHOBECHS TUIOCKOW CHCTEMBI
CXOJISIINXCS CUIL,

- ymemb: CTPOUTH CHJIOBOM MHOTOYTOJIBHUK JJII CXOISITUKCS
CHUCTEMBI CHJI; OMPENEIATh PABHOJCUCTBYIONIYIO CXOASIICHCS CHCTEMBI CHJII
AHATTMTHYECCKIM M TEOMETPUIECKUM CIIOCOOaMHU.

Hcxoanbie TaHHBIE:

BJZQp Fi,xH | Fo,kH | F3,kH | Fa,kH | Fs,kH | o, ° a2, ’ as, ’ o4, ° as, °
1 12 8 6 4 10 30 45 0 60 300
2 8 12 2 10 6 0 45 75 30 270
3 20 5 10 15 10 0 60 75 150 210
4 3 6 12 15 9 15 45 60 120 270
5 6 12 15 3 18 0 15 45 150 300
6 10 8 16 8 20 30 45 55 75 55
7 12 12 20 16 16 45 30 45 55 45
8 14 6 10 14 22 60 35 60 60 60
9 6 8 14 20 10 60 45 30 60 150
10 20 10 16 22 18 45 45 45 45 45
11 5 22 8 16 10 30 75 60 30 45
12 24 14 20 18 20 45 90 60 60 60
13 14 16 22 10 16 45 60 30 75 300
14 10 12 16 8 14 35 30 90 75 45
15 14 6 16 20 10 60 75 75 45 90
16 16 8 10 18 22 30 60 35 30 150
17 18 10 22 16 8 30 150 60 45 60
18 19 22 10 14 18 75 30 30 45 45
19 20 16 8 22 16 60 45 30 90 300
20 8 18 16 10 18 45 45 60 60 45
21 5 14 20 22 8 45 60 75 30 45

7




22 6 8 22 16 20 30 60 45 75 75
23 12 10 8 18 16 60 45 45 60 30
24 15 12 20 14 8 45 75 60 35 150
25 16 16 16 20 14 45 30 60 45 30
26 18 18 10 8 10 75 30 60 150 75
27 6 20 22 14 16 60 150 75 60 45
28 8 8 8 14 22 45 35 30 60 300
29 10 6 16 18 8 45 60 45 30 75
30 12 14 22 10 18 75 30 60 75 45

IHopsinok BbINOJIHEHHS MPAKTHYECKOH padoThI:

1. IlokazaTe B BbIOpaHHOM MaciuTaOe, cOOJ0Jasi BEIMYMHY YIJIOB MEXKIY

BCKTOpaMM CHUJI U OCAMHU KOOPAWHAT, 3a/IaHHYIO CUCTEMY CHUJI;

2. OnpenenuTh MPOEKIIMK BCEX CHII CHCTeMBI Ha OCh Ox;

2.1 OnpenenuTs CyMMY MPOEKIHI BCeX CHIT Ha 0Cchb Ox

3. Onpenenuts MPOEKIMH BeeX cuil Ha och Oy

3.1 OnpenenuTh CyMMy NMPOEKIUIl Bcex cuil Ha och Oy

4. OnpenenuTh MOYJIb PAaBHOACHCTBYIOIIEH MO BEIMYUHAM MTPOCKITUI

&=/w+y

rae: Fxy- cyMMa npoekiuii Bcex Cuil Ha OCh X
F,- cymma npoekuuii Bcex CHII Ha OCb 'y

5. OnpenenuTh 3HAYEHUE YTIIa PAaBHOACUCTBYIOIIEH ¢ 0cbto Ox

cosa = E
Fy
6. OnpenenuTb paBHOAEHCTBYIONIYIO T€OMETPUUECKUM METOJIOM

6.1 ITocTpouTh CMIIOBOM MHOTOYTOJIbHUKU




6.2 OnpenenuTh HaNpaBlIeHUE, BEIMYUHY U YTOJI PAaBHOJACHCTBYIOLIEH
CXOJALIMMICSA CUCTEMBI CUII TEOMETPUYECKUM METOIOM.

IIpumep BbINOJHEHUS NPAKTHYECKON padoThI:
Mcxoanbple panaeie: F1 = 10xkH; F, = 20kH; F3 = 15kH; a:;= 30°; a,=

180°; 0z=45°;
1. Tloka3zatp B BBIOpaHHOM MaciuTade, coOJo/as BEIMYHUHY YTIJIOB

MCIKAY BCKTOPaAMH CUJI U OCAMU KOOPAUHAT, 3aJAHHYIO CUCTCMY CHUJI;

A

ny

F1=10kH
(@8]

Fo=20kH T

< = =X
®<F3=15KH

2.0npenenuTs NpOEKIMH BCEX CUJI CUCTEMBI Ha ochb OX;
Fxa= 10 - cos 30° =10 - 0,866 = 8,66 kH
Fxo=-20 - cos 180°=-20-1=-20 kH
Fxs=15 - cos 45° =15 - 0,707 = 10,6 kH
2.1 Onpenennuts CyMMy MPOEKIIUI BCEX CUII HA OCh OX
Fx = Fat Fxe + Fxe= 8,66 + (-20) + 10,6 = -0,735 xH
3. Omnpenenuts npoeKnu Bcex cui Ha ock Oy
F,/=10 - cos 60°=10-0,5=5xkH
F,,=20 - cos 90° =0 kH
Fy3=-15-cos45°=-15-0,707 =-10,6 xkH
3.1 Omnpenenutb cyMMy IpOEKIUi Bcex cril Ha och Oy
F,=F,+ F.+ F;=5+(-10,6) = -5,6 kH
4.  Onpenenutb MOIYJb PABHOJACWUCTBYIOIIEH MO BEJIMYMHAM

MTPOEKIINM
Fs = ,sz + F?

rae: Fx - cyMmMa mpoeKkuni BCex CHII Ha OCh X
F, - cyMMa IpoeKIuii Bcex CHII Ha OChb Y

Fy = 1/0,7352 + 5,62 = 5,65 kH

5. OmnpenenuTh 3HAYEHUE YIia pPaBHOACUCTBYolIEed ¢ ocbio Ox
(HaiiTu arccos o)



_E —0735 013 ¢ = 82°
cosa—FZ— 565 13 a =

6. Onpenenutb paBHOJACHCTBYIONIYIO T€OMETPUUECKUM METOIOM
6.1 IlocTpouTh CHJIOBOM MHOTOYTOJBHUKHA W OMPENEIUTh HAlpaBICHHE,
BEJIMYMHY U YIOJl PABHOACHCTBYIOLIEH CXOIAIIMMNCSA CUCTEMBI CHII TEOMETPUYECKUM

F2
£ F1
F3 FL=5.65

MCTOJOM.

KOHTpOJIbHLIe BOIIPOCHI:

Kak HaiiTi mpoeK1nu CHIIbI?

Kaxkoii crioco6 onpeneneHusi paBHOACHCTBYIOINIECH 00J1€e TOUHBIN?
YTto Takoe CHIOBOM MHOTOYTOJBHUK?

Kaxk ompenenuTs HanpaBlieHHE BEKTOpa PaBHOACHCTBYIOIICH ?

BN e
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IIpakTnuyeckas padora Ne2
Onpenesienue peakuuii cesizen

Ilenw: HaydnTHCS ONIPENEIATh PEAKIIUU CBSI3EH

B pesynomame e6vinoineHusa npakmuyeckoiu padomvl cmyoOeHm
00./11CeH

- 3Hamb: BUIBI CBS3CH; HamNpaBleHHE pPEaKIMi CBs3el; TpU (HOPMBI
YPAaBHEHMs PAaBHOBECHS,;

- yMemb: ONPEHEIATh PEAKIUU CBI3EH.

HcxoaHble JaHHBbIC:

O

20°

G=50H

70° G=250H G=300H

N
5
g

G=400 H
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G=450H

A\

ITopsiIOK BBINOJIHEHUS PAKTUYECKOUM PadOThI:

1.  VYkazaTh peakiuu CBS3H;

2. OcBoboauth Touky O OT cBsI3ei U BbIOpaTh HaNpaBJIeHUE Oce
KOOPJIMHAT, OTPEJICIAUTh YIJIbI; (OJIHY U3 OCe KOOpAMHAT MyCKaTh MO0 HEU3BECTHOM
peakiun)

3.  CocraBuTh YpaBHCHUS PAaBHOBECHUS;

YX=0
YV =0
4.  OmnpenenuTh 3HAYCHUS PEAKITUH;
5.  BrimoaHUTH IPOBEPKY.

IIpuMep BbINOJTHEHHS MPAKTHYECKOH PadoThI:

Hcxonnpie TaHHbIE: 1. VYKazarh peakuuu CBs3H;
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2. OcBoOoauth Touky O OT cBsizel M BBIOpPATh HAmpaBiICHHE OCEH KOOpIWHAT,
OTIPEICIIUTH YTIIBL;

¥
R
Ry, o 2
< 3
F;
30 45°
VFI
3. CocTaBUTh YpaBHEHHUS PaBHOBECHS

>X =0;-R;1+Ryc0s60° + F,cos45°=0
>V =0; R;c0s30°—F;—F,c0s45° =0
4, OnpenenuTs 3HAYEHUS PEAKIUI
N3 BTOpOro ypaBHEHHUS MOTYyHYAEM:
_ F+ Fycos45°  10+20-0.7

2 cos 30° - 0.866
I/IB HepBOFO ypaBHeHI/ISI HOJIY‘{aeMI

Ry = R, cos60°+ F,cos45° =277 -0,5+20 -0,7= 27,85
5. BpInonHUTE NPOBEPKY.
»X=0;-R;+Ryc0s60° +F,cos45° =0
-27,85+27,7-05+20-0,7 =0
>V =0; Rycos30°—F; —F,cos45° =0
27,7 0,866 —10—-20-0,7=0,012~=0

= 27,7 xH

KoHTpoJsbHBIE BONIPOCHI:

1.  Kak ompexaensercs paBHOACHCTBYIOIIAs CUCTEMBI CXOISAIIUXCS
cuir?

2. B kakoMm cilyyae MpOEKIHMs CHJIbI HAa OCh paBHA HYJIIO, MOAYIIIO
CHUJIBI?

3. Uro Ha3bIBaeTcs peakiued CBS3M, KaK ONpPENeNsioT peakuuu
CBA3EH?
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IIpakTuyeckas padora Ne3
OmnpenesieHue yCHJIMHA B CTEPKHAX KPOHIITEHHA

Ileny: HayuuThCs ONpPENENATH YCUIMS B  CTEPXKHAX  KPOHLITEWHA
aHAJIUTUYECKUM CTIOCOOOM

B pezynvmame évinoninenus npakmuueckoi padomi cmyoenm 0014cen

- 3Hamp: AHAIUTUYECKUN CIOCOO ONpENEeNeHHUs YCWIHH B CTEPXKHAX
KpOHILTEWHA;

- yMemb: OCTABIIATh YPABHEHUE PABHOBECUS ISl CXOASIIECHUCS CUCTEMBI CHIL.

Hcxoanbie 1aHHbBIE:

G=10kH
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ITopsiIOK BBINOJIHEHHUS MPAKTUYECKOUA PadOThI:

[Toka3zare ycimoBue 3a1auu;

[Toka3aTp BCe CHIIBI AEHCTBYIOIIKME HA TOYKY PABHOBECHS
CocTaBUTh ypaBHEHHUS PAaBHOBECHUS

OnpenenuTs 3HAYCHUS PEaKIUM

ok wWNhE

BpinmonHuTh NpoBeEpKY.
IIpuMep BbINOTHEHHS MPAKTHYECKON padoThI:

1. [Tokazate ycnoBue 2. ITokasaTe BCe CHIIBI JICUCTBYIOIIUE
3aJauu; Ha TOYKY PAaBHOBECHUSA
Fi=1,2xH
F,=0,8 kH vl
AB R:
AC A X
——— -
R. F1

3. CocTaBuTh ypaBHEHHS pABHOBECHS
X =0;-R; + Ry cos 45°+ F, cos 30° =0
>V =0; Rycos45° —F; — F, cos 60° =0
15



4, OnpenenuTs 3HaUCHUST peakiuil
W3 BTOpOro ypaBHECHHUS MOJTy4YaeM:
_ F+ Fycos60°  1,2+08-0.5
z2 cos 45° B 0.707

W3 mepBoro ypaBHEHUS MOJIy9IacM:
R, = R, cos45°+ F, cos30° = 2,263 -0,707+ 0,8 - 0,866 = 2,293
5.  BbImoaHUTH IPOBEPKY.

»X =0;-R;+ Rycos45° + F,cos 30° =0

-2,293+ 2,263 - 0,707 + 0,8:0,866 =0
>V =0; Rycos45° —F; —F,cos 60° =0
2,263 -0,707-1,2-0,80,5=0

= 2,263 xkH

KOHmPOJleble eonpocwol:

1.  Yro o3Hauaet paBHOBecue Tena?

2. Kakue rpadpuueckue U aHaJIUTUUECKUE YCIOBUS paBHOBecus Brl
3HaeTe?

3. OcHOBHO# pU3HAK a0COIIOTHO TBEPAOTO TEA.
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IIpakTnyeckas padora Ned

Onpene.ﬂe}me MOMECHTA CHJIbI OTHOCHUTC/IIBHO TOYKHA

lle.llb.‘ HaY4YUTBCA MOMCHT CHUJIBI OTHOCHUTCIIBHO TOYKHU

B pesynvmame evinonnenusa npakmuyeckou padomvl cHyOeHm

00J1)HCCH

- 3Hamb; MOMCHT CHJIbI OTHOCHUTCIIBHO TOYKH

-ymemp: ONIPCACIIATD MOMCHT CHUJIBI OTHOCHUTCIIbBHO TOYKHU

HcxoaHble faHHBIE:

Fi1

Q=31 A
JD

-Ali C E F3
!
No
BC, m CD, m AD, m DE.m Fi,xkH | Fo, kxH | Fs, xkH
BapHaHTa

1 2 2 2 2 10 20 15
2 4 6 2 4 20 15 5
3 2 4 6 4 5 10 20
4 4 4 4 4 15 20 10
5 6 6 6 6 15 20 5
6 6 4 2 4 20 20 15
7 2 4 6 2 15 15 20
8 4 6 4 4 20 15 5
9 6 2 4 4 15 30 20
10 2 8 6 4 5 10 15
11 4 6 2 8 25 20 30
12 6 4 2 2 5 15 15
13 2 2 4 4 15 20 25
14 4 6 8 2 20 25 15
15 2 4 2 4 15 5 15
16 2 4 4 4 15 20 25
17 4 6 8 2 20 25 10
18 6 2 4 2 15 5 10
19 8 2 4 6 10 15 20
20 2 4 6 8 25 10 15
21 4 6 2 8 10 5 20
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22 6 8 2 4 15 20 25
23 2 4 6 8 20 3) 30
24 6 4 2 2 15 10 20
25 4 6 2 4 15 20 256
26 2 4 6 8 20 25 15
27 4 8 2 2 25 15 10
28 4 4 8 8 25 25 15
29 6 6 4 4 30 15 15
30 6 4 2 4 25 30 10

ITopsiiOK BBINOJIHEHHUS MPAKTUYECKOM PadOThI:
1.
2.

CHJIBI;

IIoka3ath YCJIIOBHC 3a1a4H,

OHp@I[eJ'II/ITB MOMCHT CHJIbI OTHOCHUTCIIbHO TOYKH OT KaXX/I0T'O BCKTOpa

Onpenenuts pe3yabTUPYIOIINNA MOMEHT, IEUCTBYIOIINN HA TOUKY.

IIpuMep BbINOJTHEHHS MPAKTHYECKOH PadoThI:
1.

I/ICXOI[HBIC JAHHBIC
Fi=5kH
F 1
£ ) 2 F, =10 kH
% 60 AB=2wMm
a A 8 C BC=3wm

OHpGI[CJ'II/ITB MOMCHT CHJIbI OTHOCHUTCIIbHO TOYKH OT KaXX/I0T'O BEKTOpa

M1:F1'2:5'2:10KH‘M

Mo=F,-5-cos60°=10-5-0,5=25kH-Mm

OnpenenuTs pe3yabTUPYIOIIUNA MOMEHT, IEUCTBYIOIINN Ha TOUKY.

My =M;+M,=10+25=35kH™M

KOHmPOJleble eonpocuolt:

1. Kak onpeaennTs MOMEHT CHJIbI OTHOCUTEILHO TOYKU?

2. B kakom ciiydae MOMEHT CHJIBI OTHOCHUTEIBHO TOYKH CUHTACTCS
MTOJIOKUTEIIBHBIM M B KAKOM OTPHUIIATSIIHHBIM ?

3.  Kak onpenensiercss BeMTUIMHBI ¥ 3HAK MOMEHTA TapbI?
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IIpakTuyeckas padora Ned
Pemrenue 3aga4 Ha onpeaesieHUe ONMOPHBIX peakiuil 0ajJKu

I]enb: HayunTHCA ONPENETATH OMOPHBIC PEAKIIUK OATKU HArpyKEHHOU
COCPEOTOYEHHOW U PACIPEAECICHHON HArPy3KaMy, MOMEHTOM

B pe3ynomame 6vinoinenus npakmuyeckou padomuvl cmyoeHm
00J1)1CeH

- 3Hamb: BUJbl ONOp; PEAKUHMH OMNOp; BUAbI HArpy30K; YpaBHEHUS
paBHOBECHS IS TIFIOCKOM, TPOU3BOJILHO PACTIOJIOKEHHON, CUCTEMBI CHJT

- ymemsp: ONPEAENATh BUIl ONOP; ONPEHENATh HAINPABICHUS PEAKLINM
ONOp; COCTAaBJISITh YPABHEHUS PAaBHOBECUS [UIA IUIOCKOM, MNPOU3BOJIBHO
pacmloJIO)KEHHOM, CUCTEMBbI CWJ; BBIIOJHATH MPOBEPKY MNPABWIBHOCTH
pelIeHus

HUcxoanbie 1aHHBbIC:

1.  Onpeaeantsn OIIOpPHbIE peakuuu TOPU30HTAJIBHO
PacnoI0XKeHHOH 0AJIKM HATPYKEHHOH COCPeI0TOYCHHOM CHIIOM

HcxonHbie TaHHBIE:

Bap. | Cxewm. 511{' EIZ{’ li,m | I, m | I3, m | Bap. | Cxem. E; 512{’ l,m | I, M | I3, m
1 4 50 | 40 2 5 3 16 9 45 | 25 2 3 2
2 6 40 | 30 3 10 2 17 6 25 | 35 2 4 3
3 2 30 | 25 5 10 5 18 3 45 | 35 2 3 2
4 5 15 | 30 3 4 6 19 10 15 | 35 4 4 2
5 1 25 | 35 5 10 4 20 2 20 | 35 2 3 2
6 7 25 | 30 3 2 5 21 7 16 | 20 2 2 2
7 3 18 | 25 3 4 5 22 10 35 | 25 2 3 2
8 8 12 | 17 7 5 5 23 8 35 | 15 3 2 2
9 4 45 | 25 5 4 2 24 1 15 | 35 2 2 2

10 9 25 | 14 | 2 2 2 | 25 9 30 | 25| 2 3 3
11 2 15 | 16 3 2 4 26 5 20 | 35 2 2 1
12 10 35 | 25 5 2 4 27 8 15 | 20 3 4 2
13 7 20 | 35 4 4 2 28 4 25 | 35 4 2 2
14 1 25 5 4 2 2 29 5 35 | 25 2 2 3
15 5 15 | 25 5 2 4 30 3 35 | 25 3 2 2
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IHopsinok BbINOJIHEHUS MPAKTHYECKON PadOThI:

1. IToka3arb pacyeTHYIO CXeMY
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2. CocTaBUTh YpaBHEHHE PAaBHOBECHUS

3. Pemuth ypaBHEHUE paBHOBECHS
4. BBINOJIHUTH TPOBEPKY

IIpumep BbINOJHEHUS NMPAKTHYECKON padoThI:

1.

2.

[Toka3aTe pacueTHy1O CXeMy

y A
{Ra ry
F=5 kH
/i
at (M) ='
e P
Al 2 3Mm B

CocTaBuTh ypaBHEHHE PABHOBECHS
ZMAZO; F-2-Rg-5
dMp=0; Ra-5-F-3

>X=0; H=0

Pemnts ypaBHEHUE paBHOBECUS

YMaA=0; Rg=(F-2)/5 =(5-2)/5=2kH
YMp=0; Ra=(F-3)/5= (5§-3)/5=3xH
BrinmosHuTE IpOBEPKY

0
0

2-2-5=0
5-5:3=0

Onpeaesurh, ONOPHBIE PpeakKUMH KOHCOJLHOM  OajIKu
HATPYKEHHOM COCPEA0TOYEHHON CHJIOM U MOMEHTOM
HcxonHble 1aHHBIE:

Bap. | Cxem. E; E; Kl\ﬁl’\/l Bap. | Cxewm. E; 512{’ Kl\él,w
1 1 14 | 40 | 20 | 16 6 32 | 15 | 20
2 2 12 5 | 30 | 17 7 13 | 45 | 30
3 3 8 15 | 40 | 18 8 40 | 42 | 25
4 4 12 | 16 | 25 | 19 9 24 | 10 | 30
3) 3) 28 | 50 | 35 | 20 10 9 | 22 | 25
6 6 18 | 30 | 45 | 21 1 16 | 35 | 45
7 7 16 | 34 | 20 | 22 2 40 | 55 | 35
8 8 15 | 17 | 30 | 23 3 33 | 16 | 25
9 9 17 | 43 | 35 | 24 4 16 | 32 | 35
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ITopsiiOK BBINOJIHEHHUS MPAKTUYECKOM PadOThI:

1. Iloka3aTpe pacuyeTHyIO CXeMy

2. CocTaBUTh YpaBHEHHE PAaBHOBECHS
3. PemTe ypaBHEHHE paBHOBECHS

4. BpINOJHUTH IPOBEPKY

IIpumep BbINOJHEHUS NMPAKTHYECKON padoThI:
1.  Tloka3aTh pacyeTHYIO CXEMY

4

\ R., 30 kH m=100 kH-M
\ 60’
<\ ;
R, A 3Im 5 € 2um
M,
2.  CocTaBUTh YpaBHEHHUE PAaBHOBECHUS

>X=0; -Rax+30-cos60°+20-cos90°=0
>Y =0; Ray—30cos30°—-20cos0°=0
dMa=0; -Ma+30-cos30°-3+100+20-10=0

3.  Pemuts ypaBHEeHUE paBHOBECHS

YX=0; Rax=30-cos60°+20-cos90°=30-0,5+20-0=15kH

>V =0; Ray=30"-cos30°+20-cos0°=30-0,866+20-1=45098

kH
YMa=0; Ma=30-c0s30°-3+100+20-10=30-0,866-3+ 100+
20- 10 =377,94 kH'm
4. BBIITOTHUTH ITPOBEPKY
>X=0; -15+30-cos 60°+20-cos90°=0
>V =0; 45,98-30c0s30°-20cos0°=0
dMaA=0; -377,94+30-cos30°-3+100+20-10=0

3. Omnpeneaurp ONOpHBbIE peakuun TOPU30HTAJIBHO
PacnoI0KEeHHOM 0aJKU HAIPY:KEHHOH COCPeI0TOYEHHOH, PABHOMEPHO
pacrnpe/ieJIeHHO HATPY3KAMH U MOMEHTOM

Hcxonnble 1aHHbIE:
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F=20xH . . F=15xH
F=25¢H1q=30xH/m M=20kH M| M=ISKH ¥ 5ar5upm MA=10KH Mg et
A iALAaaaaRdasARIARRARRLE .
I";=1M b=3nm lC’-U,SM '!._ﬂ=‘MI h=3Im A : a=2M h=4m
“ 71 .l e=1M c=135m
® ® O,
F-IOKHq=lSKH/M M=5kH M « =30 kH/M M=20%Hm F=25xH M=15xH M Q-QSKH/MF=ZDKH
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; C“=’]:4 ) I i a=lu
Q@ © @ 3
F=10xH =25l< M F=20xH
M c10xH -Mm F=15kH w15 M=SkH-Mm - 15kH-u7 AT K
=20 xH/m G =20xH/m
\‘ﬁ_ﬁm 11T \AARAANAARL
; . 7, 77 | 7
Z’%, % a=5M b“=2lll | J :?=2MI b=3M‘!_.'.‘-_—.I-M_
.I' g=4u b"QMI' c=lmd=In
e=15mM
@ Fe @ F=35xH
=15kH M=10kH:|  pr=25¢H.x =20kH| o _25xHM M=20KkH: M
=10 KH{M g, =20 xH/m ST ¢=30kH/M .
12022324020 0R2A0R 20020001 .
i f ? 2 Ip-lSM b=5Mm lc-lm
l a=3Mm b=3m L l b=4wm l T 7t
i e =1,5m aZim c=05M
F=10kH M=15xH -m y ShESE T v Ritmb i F=25kH
g =20 xH/mM F=35x0 M 20K|‘2=M15KH/{';2 10xH /\K M =30 KH/M
a=2m b=6M [ [' h=Tw™ [
@ ;:1,55( a;2,§M c=2M
F=20xH F=15 I~
T M=10kH M
M=15kH ™M g=25xH/M =1 H/mq \20“1_[}’,“
mwﬁﬂgmv ) fip
2 2 2 0,
o M. oL L =2u] e=su_|
a=15M b=2Mm d=1M b T I;_I,SM
=15 H-u F=20xH @
4= 10KHM g= 25 KH/M Aaloxd M=10kH o  M=5kH u g=15&H/m{ O%H
9|="0KHN =5 H/M Py
vy ey ‘ 132023242000 IARIAR1R0A20)
& %, % % b7
,,l + b=5m ,'l,_cnlm a=2yM b= 3M|. 0‘3"‘1 =2M|, b=6tMm =1 M
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@

F=15xH o o0 i M =10kH - M ! =20xg=25KH/M M=15kH -n | M=20kH M g_3oxH/m Fo2xH
mL_LJ'I ) l(‘-\ - =
1 [A10AARA0ARAAAALY : LATITTAIET
rt=l.5,»1’ =4 M c=2M[_ a=1M . b=4m C=1Mi g a=0,5|}| c=2M ’?':ln_{j
+ L T A = b=1m
@ ey M=15%H »
Ampnd g=20xkHm M=10kH M q=23xH/M ¢ =25 kH/ 9
| -- i I L1 i T T T
[ 4 P=5M c=lMi ' =|MqL_b'=2M f=31“_.!.
G=1,5M g
F=20xH
~ ¢; =20 xH/M M=15KH'MQ =30 kH/M
F=15xH W ! =10kH
M=20kH M ¢g=30xH/M F=25kH q,:S):H/M L FTTEH TR TITey 5
1111211112111 22 A
i 2 % 2 [ 5=25m c=2,5Mi
| e=3m_ ld=1u] p=tu) bedu °=2M11 aZ15m !
a=0,5M b=0,5m i
ITopsiIOK BBINOJIHEHHUS MPAKTUYECKOUH PadOThI:
1. IToka3ath UCXOAHBIE JAHHBIC
2. 3aMEHUTH PaBHOMEPHO pacnpeneeHHY0 HarpysKy
COCPENOTOYEHHON CHIION
3. CocTaBUTh YPABHEHUE PABHOBECHS
4. PemuTh ypaBHEHHE PaBHOBECHUS
5. BbInonHUTE NpOBEpPKY
IIpuMep BbINOJTHEHHS MPAKTHYECKON padoThI:
1. IToka3aTe HCXOOHBIE TAHHBIE
QL?'ZO kH/m ¢ =15 KH“//M M=25kH - M
TPy i,
% A 1 B \
’ F=30kH ’
b=35m d=1,5m |d=15M
1 7 -, i(_ ﬂy _ﬂ'll'
a=1M c=1M
I=b+c+d=6m
d
2. 3aMEHHUTH pPaBHOMEPHO pacupencicHHY0 HarpysKy
cocpeoToueHHo cwiod. Ha Oanky JeWCTBYIOT Harpy3kd pa3HOU

MHTEHCUBHOCTH, ITIOATOMY JIJISI KAXKJIOW U3 HUX HAWUJEM PAaBHOAECHCTBYIOIIYIO
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Fqlqu‘|1:20‘4,5:90KH
Fe=02-1,=15-3 =45«xH
rae
lh=a+b=1+35=4,5m
lb=d+d=15+15=30wm

L=a+b 1,=2d
11/2"0 1]/2 +c+d 1
)
i "
y o Fa%h | p=25xH u
g /2 1 ]
X R Y Y
A R
v fq, = a T .
P, F=30xH

a=1M b=35M C:'—'lM
. ”

-«

I=b+c+d=6m d

O603HauuTH OTIOPHI A U B, ykazath peakiuu Rau Rg
3. CocTaBUTh ypaBHEHUE PAaBHOBECHS
ZMA =0; Fql (|1/2 —a) —-F (b + C) + qu‘l- Rs-M=0
YMp=0; Rg-l-Fp(d+c+1/2)+F-d-M=0
4.  Pemmth ypaBHEHHE PAaBHOBECHS
YMaA=0; Rg=[Fqu (I/2—a)-F (b+c)+ Fgl-M]/I=[90(4,5/2-1) -
30(35+1)+45-6-25]/6=37,1xH

YMp=0; Ra=[Fu(d+c+1/2)-F-d+M]J/I=[90(1,5+1+4,5/2)-30
-1,5 + 25]/6 = 67,9xH

5. BeinonHuThs MpoBepKy

Zy =0; Ra- Fq1+ F+ Rg- Fq2: 0

679-90+30+37,1-45=0

KOHmPOJZbele eonpocwol:

1.  Kakwue Bugs onop Brl 3Haere?

2. K uemy npuBoauTCS Mockas MpoU3BOJIbHASI CHCTEMA CHIT?

3. Kaxkoe ycnoBue paBHOBeCHS TIJIOCKON MTPOU3BOJIBHONW CUCTEMBI CUIT?

4.  Kakue Harpy3Kku HAa3bIBAKOTCS COCPEI0TOYEHHBIMU u
pacnpeneaeHHbIMA?
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IIpakTnuyeckas padora Ne6
Onpenesenne MoJI0OKEHHA LEHTPA THAXKECTH IVIOCKOI0 CeYeHUs

lle./lb.‘ HaY4YUTHCA ONPCACIIATDH IMOJIOKCHHUC LICHTPA TAXKCCTU IINIOCKOI'O

CCUCHMUI
B pée3yiomame 6blnOJIHEHUA npaxmuttecxoﬁ pa60mbl cmydenm

00/1)ICeH

- 3Hamb: TIOJIOXKEHUS IICHTPA TSDKECTH TPOCTBIX TECOMETPUUYECKHUX
IJIOCKUX  CeYeHWH; (OpMysIbl  OMpEACICHHS  IUIOMAAeH  MPOCTHIX
TCOMETPUUYECKUX TUIOCKHX CEYCHHUH; (OpMyNBl OMpEaSICHUS KOOpIUHAT
IIEHTPA TSHKECTH COCTABHOTO INTIOCKOTO CEUCHUS;

- ymembdb: ONUPEACIATH KOOPJAWHATBHI IIEHTpPA TSIKECTH IIJIOCKOTO
COCTaBHOT'O CCUCHHUS.

HUcxonnbie JaHHbIE
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10 eM
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Z - et
9cM 9cM 9cm 9cM - | 18em
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16 cM

. ' 8 . 20 cM i E
e

M l6eMm  10cM = 3

g ol & =2 =2cM .
- z F’ Ty raray L L L r 4C s
R=6cu R~6cug /4 4 % R= R=2cMm 2
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ITopsiiOK BBINOJHEHHUS MPAKTUYECKOM PadOThI:

1. BEITOJIHUTE 3CKHU3 MJIOCKOTO COCTABHOT'O CEUYCHHUS

2. BeiOpaTh noJoKeHne oceil KOOpAUHAT
3. [TokazaTh MOJIOKEHUE IIEHTPOB THKECTH MPOCTHIX T€OMETPHUECKUX

CEUEHUI
4. OnpenenuTh IUIOMAAN U KOOPJUHATHI IIEHTPOB TSHKECTH MPOCTHIX

ICOMCTPHUCCKHUX CCUCHUM
5. OHpC,ZIeJII/ITB KOOPpAHMHATBEI LCHTPA TAKCCTH ILIOCKOI'O COCTABHOI'O

CCUCHMUL

IIpuMep BbINOHEHHS PAKTHYECKON padoThI:
2. BpiOpaTh TOJIOKEHHE OCEH

1. BrimmonHuTh JCKHU3
IUIOCKOT'O COCTABHOT'O CCUCHUS KOOpAUHAT
40 M 3. IToka3ath MOJ0KEHUE IIEHTPOB
P TSDKECTU  MPOCTBIX ~ NEOMETPUYECKUX
CEUYCHUM
= u
0
5 =
3 ®
G
G
8175 9175 8
X

4, Onpenenutsb IJIOMIAAM U KOOPJAWHATHI IIEHTPOB TSHKECTU MPOCTHIX
F€OMETPUYECKUX CEUCHUM
A;=40-8=320cm?
X1 = 20cMm
y1= 46 cM

Ay=42-9=378 cm 2
X2=20 cM
y2=21 cm
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As=A4="%-75-42=157,5cm? As=3,14-6%4=283 cm?

x3 =13 cMm; x4= 27 cMm x5 = 20 cwMm;

y3=Yys4 =28 cMm ys= 39 cMm

5.  Ompenenutb KOOPIWHATHI LEHTPA TSKECTU IUIOCKOIO COCTaBHOTO
CEUCHMS

A" Xy +Ay x4+ Az X3 + Ay x4 — Ag- Xg
A+ A, + A+ A, — A
320 20 +378- 20 + 157,5- 13+ 157,5- 27 — 28,3+ 20
- 320 + 378+ 157,5 + 157,5 — 28,3

Xe =

=20cmMm

Ar-y1+A Yo+ Az ys + Ay ya— As s
A+ A+ Ay + AL — A
320-46 + 378+ 21+ 157,5-28+ 157,5- 28 — 28,3+ 39
B 320+ 378+ 157,5+ 157,5— 28,3

ye =

=31cmMm

KOHmPOJleble eonpocaolt:

1. Jlns gero onpenenstor HEHTpP TSHKECTH?

2. Kaxkwue cyiecTByroT METOIbI ONIpeIeCHUS [IEHTPA TSHKECTH ?

3. Kak mnHaitu KOOpAMHATHI LIEHTPAa TKECTU MPAMOYIOJbHUKA,
TPEYTOJIbHUKA U Kpyra?

4. Kak HallTH KOOpPAMHATBl ULEHTpPa TSHKECTH IUIOCKOTO COCTaBHOTO
ceueHus?
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IIpakTnueckas padora Ne7
OmnpeneJieHue MOJIOKEHUSI LEHTPA THKECTH COCTABHOIO CeYEeHUs!

Henp: HAYYUTHCS OMPEICIATH MOJOKEHUE ICHTPA TSKECTH CCUCHUS,
COCTaBJICHHOT'O M3 CTaHIaPTHBIX IpodrIeh

B pe3ynomame 6vinoiHeHus nPAKmMuueckKoi paoomuvl CmMyOeHm
00/1)ICeH

- 3Hamb: TOJIOKCHHUE IIEHTPA THKECTH CTaHAAPTHBIX MPOQUICH;
dbopMynBl  OmpeneNeHUs ~ KOOPAMHAT  IIEHTpa  TSOHKECTH  CEUYCHUS,
COCTaBJICHHOT'O M3 CTaHJIaPTHBIX MpoduIIei

- ymems: 10J1b30BaThCs Tabiumamu copramenta (I'OCT); onpenensars
IEHTP TSHKECTH CEUYCHHS, COCTABJICHHOI'0 M3 CTaHAPTHBIX Mpoduie

HUcxoanbie JaHHbIE:

@ @ 63x40%5

\\\\\\\\\\\\\\\\
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ITopsiIOK BBINOJIHEHUS MPAKTUYECKOM PadOThI:

1. BBINOJHUTH 3CKW3 CEYEHUs, COCTABICHHOIO W3 CTaHJIApPTHBIX
npoduieit

2. BriOpaTh nosioskeHne oceit KoopauHaT

3. [TokazaTp 1oJIOKEHHUE IIEHTPOB TSHKECTU CTAHIAAPTHHIX MPOdUIeH 1o
tabnuuam copramerTa (I'OCT)

4. Omnpenenuts IUIOMAAA W KOOPAWHATHI LIEHTPOB  TS¥KECTH
CTaHJapTHBIX NMpoduiiei mo TadauaM copTaMeHTa

5. Onpenenute KOOPAWHATBHI LEHTPA TSHKECTH IIOCKOTO CEUYCHMS,
COCTOSIIETO U3 CTAHIAPTHBIX TIpodrieh

IIpuMep BbINOJTHEHHS MPAKTHYECKON PadoThI:

1.  BBINOJHUTH ACKHU3 CEUYEHHUS, COCTABJICHHOTO W3 CTaHIAAPTHBIX
npodueit
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N°16a

80x50x6

(i

AL

2. BriOpaTh noJyiockeHure oceit KoopAuHAT

3. TlokasaTh MOJIO)KEHHE IEHTPOB TSKECTH CTAaHAAPTHBIX MpoduiIe mo
tabmuiam copramenta (I'OCT)

N x

4. OnpenenuTh TUIOMIAANM W KOOPAMHATHI IEHTPOB THKECTH CTAHIAPTHBIX
npodusnei o TabauiamM copTaMeHTa

Ay = 1938 A, = 7,55¢cm Az =7,55¢cm ?

cM 2 2 X3= 22,17 cm.
x1=13 cMm X, = 3,83 cm. y3= 2,65 cM
y1=4,8 cm y2=2,65 cMm

5. OHpeI[eJ'H/ITB KOOpI[I/IHaTBI HCHTpa TSAXKECTHU COCTABHOI'O CCUCHU A
Aj- X +A,- X, +As- x;  19,81-13+7,55- 3,83 + 7,55 22,17
XC = =

A+ A, + Ag 19,81 + 7,55 + 7,55
=13 cmM

Ay +A -y, Az s 19,81-4,8+ 7,55 2,65+ 7,55-2,65
Ye = =

A+ Ay, + Ag 19,81 + 7,55 + 7,55
= 3,9cMm

KOHmPOJle ble eonpocol:

1. B ueM 0COOECHHOCTb ONpENEICHUS MOJIOKEHUS
(Gurypsl, UMeIOIIEH 0OCb CHMMETPUU?
2.

HCHTpa TAKCCTHU

HazoBute uzBectarie Bam cranmapTHbie TpoQuIu mpoKara.
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Pasznena 2 ConpoTUBIEHNE MATEPHUATIOB
IMpakTuyeckas padbora Ne8
IlocTpoenne 3MIOP NPHU PACTIAKEHHUH U CKATHH

Ilenb: HAy4YUTHCS CTPOUTH SMIOPHI MPOJOJBHBIX CHJI M HOPMaJIbHBIX
HaIpsHKEHUN

B pesynomame 6vinonnenus npaxkmuueckou padomvl CHLyOeHm
00J1CeH

- 3Hamp: METOJl CCUYCHMI, BHYTPEHHUE CHJIOBBIE (aKTOpHI Mpu
PACTSIKEHUM U CXKATUU; COCTABJISIONIME HANPSsHKEHUM; MpaBUIa MOCTPOCHUS
SMIOP MPOJOJBHBIX CHUJI M HOPMAJIBHOTO HAMNpPSKEHUSI MPU PACTSHKCHUU U
CKATHUU;
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- yMemp: ONPENCIATh BUJBI HArpy30K; ONPEICIATh BHYTPEHHUE CHJIOBBIC

(bakTOpbl B MOMEPEUHBIX CEUCHUSIX MPH PACTSKEHUU M CKATUU, CTPOUTH DIIOPHI

MPOAOJIBHBIX CHUJI M1 HOPMAJIbHOTO HANPSHKEHUS TIPU PACTSXKEHUU U CHKATUH
HcxoaHbie jaHHBIE:

Bap. Cxema | Fi, kH F2, kH A, cM? ai, M a, M as, M ai, M
1 1 40 55 20 0,2 0,2 0,5 0,5
2 2 15 35 21 0,8 0,3 0,3 0,8
3 3 25 60 23 0,6 0,6 0,2 0,2
4 4 10 40 20 0,2 0,4 0,5 0,7
5 5 20 60 21 0,3 0,3 0,5 0,8
6 6 20 50 21 1,2 0,8 0,5 0,4
7 7 35 60 23 0,6 1,0 0,4 0,4
8 8 35 50 24 1,2 0,7 0,7 0,9
9 9 15 40 20 0,8 0,5 0,6 1,1
10 0 20 50 21 0,6 0,8 0,3 0,3
11 1 15 45 20 0,3 0,3 0,7 0,7
12 2 15 60 24 1,0 0,6 0,6 1,0
13 3 25 60 21 0,8 0,8 0,3 0,3
14 4 30 75 23 0,3 0,5 0,6 0,8
15 5 45 70 25 0,4 0,4 0,8 1,0
16 6 35 60 24 0,8 0,5 0,2 0,1
17 7 40 65 25 0,5 0,9 0,3 0,3
18 8 30 60 23 0,9 0,5 0,5 0,7
19 9 45 60 25 0,6 0,4 0,5 0,9
20 0 20 55 20 0,5 0,9 0,4 0,4
21 1 25 60 23 0,4 0,4 0,8 0,8
22 2 35 65 24 0,9 0,7 0,7 0,9
23 3 15 45 20 0,9 0,9 0,4 0,4
24 4 20 55 2,1 0,5 0,6 0,7 0,8
25 5 25 75 2,3 0,6 0,6 0,8 1,0
26 6 30 50 2,4 0,9 0,6 0,4 0,2
27 7 55 80 2,5 0,7 1,0 0,5 0,5
28 8 45 65 2,5 1,0 0,7 0,7 0,9
29 9 40 70 2,4 0,7 0,6 0,6 1,0
30 0 50 90 2,5 0,6 0,9 0,5 0,5

Cxembl
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IHopsinok BbINOJIHEHHS MPAKTHYECKON padoThI

1. ITokazats ycioBue 3aauu;

2. Pa3butrp mimHy Opyca Ha YYacTKM MO TOYKAM MPHIOKEHUS
BHEUIHUX CHJI OT CBOOOIHOM yacTu Opyca;
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3. ITonp3ysich METOAOM CEYEHUsSI ONMPEACIUTh HAa KAXKJIOM YYaCTKE BEJIHMYHUHY
MPOJOJIbHOM CHUJIBI;

4. I1o noay4eHHBIM TAHHBIM MTOCTPOUTH IMIOPY MPOJOIBHBIX CUJT;

5. Ha kaxaoM y4acTKe OnpeaeanTh BETMUMHY HOPMaJIbHOTO HAIIPSIKCHUS;

6. Ilo mosy4eHHBIM AAHHBIM MOCTPOUTH AMIOPY HOPMAJBHBIX HAIPSKEHUM
MIPU PACTSIKEHUU U CHKATHM;

IIpuMep BbINOJTHEHNS MPAKTHYECKOH PadoThI
McxoaHpie JTaHHBIC

l. Ilokaszarse YCJIOBHC 3a1a4H,
/ dz=25MM d=15MM
A /
/ / rd
7 F=30H < F=20kH
1
A
1
]
=M [=15M L=2m  [=05M

2. Pa30uth nnuHy Opyca Ha y4acTKH MO TOYKaM MPUIIOKEHHUS BHEITHUX CHII

OT CBOOOJIHOM yacTu Opyca;

d2=25MM d=15MM
s
/

F2=30kH <2

= @ @
li=tm|  5=15M b=2m  =05M

AAOAMANNANNNANNN

3. Ilonb3ysCh METOIOM CEYEHUS ONPEAEIUTh Ha KaXJIOM y4aCTKE BEIMYHUHY
MIPOJOJIBHON CHJIBI;
Nl =0
N2= - Fl =-20 kH
N3= - Fl =-20 kH
N,=-F+F,=-20+30=10kH
4. TIo mosry4eHHBIM JaHHBIM IIOCTPOUTH 3IIOPY IPOJOJIBHBIX CHUIL;
d2=25MM d=15MM

-1
-~
7 ”
7 F2=30kH F+20kH
-~
’
I= — @ @
A=l =15m l=2m__ =05
10
N‘KH_[[E]] 20 2,1[.]
i i
[
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5. Ha xaxnom ydacTke onpeaenuTh BEINYUHY HOPMaJIbHOTO
HAIPSHKCHUS | - OT0 y4acTKa;
oj = Ni/Ai
rae Ni - mpoonbHast cua i - oro yJyacTtka
A - momaap i - oro ydacrka
Ay =nd,%/4 =3,14-1,5%4 = 1,77 cm?
Ay =mnd,?/4 =3,14-2,5%/4 = 4,9 cm?
01 = N1/A1 = 0/1,77 =0
o2 = No/A; =-20/1,77 = -11,3 kH/cm? = - 113MI1a
o3 = N3/A, = -20/4,9 = -4,1xH/cm? = - 41MIla
o4 = Na/Ay=10/4,9 = 2,0xH/cm? = 20MI1a
6. [To mosy4eHHBIM JaHHBIM ITOCTPOUTH AITIOPY HOPMaTbHBIX
HaIpPsHKESHUHN TP PACTSKEHUU U CHKATHH,

d=29MM d=15MM

;

-]
4 ey F20dH
ey
; ——
1= ®
Z
A=l (=15m b=2m  [=054
N 20 20 |
a Ml
A
13
Konmponwsnwvie éonpocwi
1.  Yro Takoe 3mropbI?
2. UYro Takoe HOpMAJIbLHOE HANPSHKEHHE?
3.  Kaxkue Bunpr neopmarnuii Bol 3Haere?

IIpakTuyeckas padora Ne9
PacuyeT HA IPOYHOCTH NPH PACTSZKEHUH M CKATHU

Ilenwy: HaydnuTHCS BBIMOJHATH PacdeT Ha MPOYHOCTH, MOA00P CEUCHUS
U3 YCIIOBUS POYHOCTH MPU PACTHKEHUU U CHKATUU

B pe3ynomame 6vinoinenus npakmuyeckou padomel cmyoeHm
00/1)1CeH
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- 3HAMb: YCIOBUE MPOYHOCTH MPU PACTSIKEHUU U CHKATUU; BUIBl pacyeTa Ha
IPOYHOCTh; YPABHEHUS PABHOBECHUSI JIJISl PA3JIMUHBIX CUCTEM CHJI;

- yMemb: COCTAaBJISATh YpaBHEHHE PaBHOBECHUS IJIA PAa3IUYHBIX CUCTEM CHII;
BBITIOJIHATh MPOCKTUPOBOYHBIA pacyeT; MOJIb30BAThCA TaOIHMIIAMH HOPMAaJIbHOTO
coptramenta (I'OCT)

Hcxonnble TaHHbBIE:

[6cx]=120 MIla, [6,]=160 MIIa, E=2,06x10°MIla

Bapuantr | Cxema F, xH Fi, kH I, M I, M l2, M
1 1 15 - 1,2 - -
2 2 12 - 0,9 - -
3 3 25 - 15 - -
4 4 16 20 0,7 - -
5 5 150 - 0,7 0,8 2,2
6 6 120 - 1,2 0,8 1,6
7 1 17 - 0,5 - -
8 2 40 - 0,6 - -
9 3 35 - 0,3 - -
10 4 50 80 0,6 - -
11 5 20 - 1,6 0,4 0,8
12 6 24 - 0,5 0,3 0,2
13 1 26 - 2,0 - -
14 2 18 - 0,8 - -
15 3 120 - 0,5 - -
16 4 120 100 1,4 - -
17 5 20 - 0,5 0,9 2,2
18 6 40 - 0,6 0,5 2,8
19 1 35 - 0,4 - -
20 2 50 - 0,5 - -
21 3 35 - 14 - -
22 4 26 15 1,2 - -
23 5 21 - 1,6 15 2,5
24 6 20 - 0,9 0,5 0,6
25 1 130 - 0,8 - -
26 2 110 - 14 - -
27 3 18 - 0,6 - -
28 4 45 160 0,8 - -
29 5 20 - 0,4 0,4 0,4




30 6 40 - 0,6 0,8 1,5

':IE
L=
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[
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~
P

IHopsinok BbINOJIHEHHS MPAKTHYECKOH padoThI

1. ITokazars yciioBue 3aja4u;

2. 3aMEHUTH CBSI3M YCWINSMU U ONPEAETUTCS C CUCTEMOW KOOpIMHAT;

3. CocTaBUTh YPABHEHUSI PABHOBECHS JJIs1 3aJaHHOW CUCTEMBI CHUJI;

4. OnpenenuTh NPoA0IbHbIE CUITbI (YCHIIHS) B CTEPKHSAX CUCTEMBI;

5. U3 ycnoBus NpOYHOCTH OMPEETUTh pa3Mep MOMEPEUHOr0 CeUEHUs
CTep KHEH, yuuThIBasi BUJI JiepopMaIivii CTEPIKHS;

6. Ilo TtabGnauiamMm HOPMAJIBLHOTO COPTAMEHTA BBIMOJIHUTL TMOI00P
CEYEHMS], UICXO/S U3 3aJIaHus;

7. Onpenenutsb yanuaenue (ykopodeHue) crepxus BC

IIpuMep BbINOJTHEHHS MPAKTHYECKON PadoThI
HcxonHble TaHHbIE

1. ITokazaTe ycnoBue 3a1aun
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[6ex]=110 MITa=11kH/cM?, [6,]=150 MIla=15kH/cm? E=2,06x10°MIla =
2,06x10* kH/cm?

F,=15kH

F+=10KkH
2.  3aMEHUTH CBS3U YCHIUSIMH U OTIPEIICTUTCS C CUCTEMOW KOOPAWHAT;
Y
F3=30kH
N,
° o
3 i X
N; %
Fo=15kH ) Faokh
3.  CocraBuTh YpaBHCHHS PAaBHOBECHSI JIJISl 3aJJAHHOMN CHCTEMBI CHJ;
szo F5-cos60°— N;-cos30°— N, — F, -cos45° =0
Zyzo F3-cos30°+ N;-cos60°—F, —F,-cos45°=0
4 Onpenenuts MPO0JIbHBIC CUIIBI (YCUITHS) B CTEPXKHSIX CUCTEMBI;

_ —F3:c0s30°+ F; + F, - cos45°

N, =
1 cos 60°
N, = _30'0’872155'0’71“0 = —10,9 kH (cTepxens cxar)
N, = F5 - cos60° — N; - cos 30° — F, - cos 45°
N, =30-0,5—-(—-10.9)-0,87 —15-0,71 = 13,83 kH (crepxeHn

PaCTSHYT)

ITpoBepka
z x=0 30-0,5—-(-10,9)-0,87 —13,83—-15-0,71 =0

Zy=0 30-0,87 + (—10,9)- 0,5— 10— 15-0,71 = 0
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5. U3 ycnoBHs NpOYHOCTH OMPEIETUTh pa3MeEpP MONEPEUHOIO CEYEHUS
CTEp>KHEU, yUUThIBas BUJ JehopMaIliu CTEP>KHS;

N

T
= 2199 409
Poload 11 T
L Ne 1383
B

6. Ilo TtabGnuiamMm HOPMAJIbLHOTO COpPTaAaMEHTA BBIMOJHUTH MOA00P
CEUEHMSI, UCXO/Isl U3 3a]IaHus;

1 crepxkens - mBesep Ne 5 A=6,16 cm?

2 CcTepKEeHb - yroJok paBHoOokuil Ne 20x3 A=1,13 cm?

7. Onpenenutsb yjynHeHue (ykopouenue) crepkus BC

N
—E.A,MM
N, -1 10,9 - 250

AlBC ==

= = 0,02 = 0;2
E-A,  2,06-10*-6,16 ™ MM

Crep:xennb co:xkmercs Ha 0,2 Mm

KOHmPOJleble 680npocoul

1.  UYro Takoe MpOEKTHHII pacyeT?
2. Yto Takoe pacyer 1o IOMyCKaeMbIM Harpy3kam?
3. Yto Takoe MpOBEPOYHBII pacyeT?

IIpakTnueckas padora Nel(
Pemienue 3aga4 Ha onpeae/ieHue YAJITUHECHUS

Ilens: HAyuUTBCA ONPENENATh WU3MEHCHUS [UIMHBI CTEPXKHS MpPH
PACTSIKEHHUM U CKATUU

B pe3ynomame evinoinenus npakmuyeckou padomevl cmyoeHm
00/1)1CeH
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- 3Hamp: TPaBWIa MOCTPOEHUSI SMIOP MPOAOJBHBIX CUJI M HOPMAalbHBIX
HanpsDKEHUM TpU  pacTsDKEHUM U CKaTuu; 3akoH  [yka;
dbopMyIIbl IS pacueTa HANPsLDKEHUM U epeMenieHu .

- ymemp: CTPOUTH SMIOPHI MPOAOIBHBIX CUJI M1 HOPMAJIbHBIX HAIPSKEHUN TIPU

3aBUCUMOCTH H

PaCTsKCHHUU W CXKAaTHUM, IMPOBOAHUTL PACUCTBI HA IIPOYHOCTH MU JKCCTKOCTH IIPU
PACTSAKCHHUU U CKATHU.
I/ICXOI[HLIC JAHHbIC:

Bapuanr | Nt cxembl A1, cM? Az, eM? F1, kH Fo, kH
1 1 10 8 12 14
2 2 6 9 15 15
3 3 12 6 14 19
4 4 5 9 12 13
5 5 15 10 10 12
6 6 20 14 23 25
7 7 12 15 5 12
8 8 10 16 10 15
9 9 19 12 20 14
10 0 10 18 17 15
11 1 20 14 10 12
12 2 5 9 23 25
13 3 15 14 5 12
14 4 10 14 10 15
15 5 12 9 20 14
16 6 15 8 17 15
17 7 10 16 12 14
18 8 13 17 15 15
19 9 16 10 14 19
20 0 7 12 12 13
21 1 17 13 5 12
22 2 10 18 10 15
23 3 17 13 20 14
24 4 11 18 17 15
25 5 11 8 12 14
26 6 14 9 15 15
27 7 11 17 14 19
28 8 12 19 12 13
29 9 17 11 20 14

30 0 9 11 17 15
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CxeMbl

.l Az A1 Az A1
F
p— —#F—z —_ —h1 % S _F‘ _ :F1
0.6n 0,8m
13m 0.9m N 13m LM
2
Ay A, A .
F 1
F, 1 = F
—é ----- 4 p— %_ _— ] — i) 1
12m 0,85m
i 1
Lnt 2 0n 11m 12m
3
A A,
_ Ao— A,
F, Fi F
¢ R p— e a—F. >
08m 0,7m
12m 1,0Mm N 12m 14m
4
A A,
- F F : F
1
. [ I PUNL N} Pt |- —
09m 09m
1,1m 16m N 12m 15m
3
g A, Ao
Ay Aq ”
—; ;FZ. ..... _‘_ﬁ i - #=F2- >
0,95m 0.8m
21m 13m N 16m 13m

IIpuMep BbINOTHEHHS MPAKTHYECKON PadoThI
Hcxonnple TaHHbIE

1. IToka3ate ycimoBue 3a1auu;
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dz=25MM d="5MM

5 a—

/ / 4

-1 F=30kH (F1=20KH
7

-]

~

7]

=Ml (=15M L=2m  [=05M

2. Pa30uth jamuHy Opyca Ha y4acTKH IO TOYKAM IMPHIIOKECHUS BHEITHHX CHUT
0T cBOOOTHOM "acTh Opyca;

y dz=25MM di=15mMm
~ /
1 7 g

F>=30kH Fi=20kH
1 > <
A
§

2 IO

=] 6151 L=2m =054

3. HOJIBS}/}ICL MCETOJOM CCUCHUA OIPCACIINTh Ha KAXXKIAOM YYaCTKE BCIIMYHUHY
HpOI[OJIBHOﬁ CHJIBI,
N1 =0
No=-F; = -20 kH
N3=-F; = -20 kH
No=-Fy +F,=-20 +30 = 10 kH

4. ITo NOJIy4eHHBIM JaHHBIM TOCTPOUTH SMIOPY NPOJOIBHBIX CHIT;
d2=25MM d+=15MM

-
~]
41 7/ ”
; F2=3QkH F=20kH
-
”
A0 O ©e
A=l =15m l=2m |05
10
N JR 20 2f
il

5. Ha kaX10M y4acTke ONpeleIuTh BETHYMHY HOPMAIbHOTO HAMPSDKEHUS 1 -
OTr0 y4acTKa;
oj — Ni/Ai
riae Ni - mpojonbHas cuiial - oro yyacTtka
A - momaak i - oro yvacrka
A; =ndi?/4 =3,14-1,5%/4 = 1,77 cm?
A, =ndy?/4 = 3,14-2,5%/4 = 4,9 cm?
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01 = N1/A1 = 0/1,77 =0
o2 = No/A; = -20/1,77 = -11,3 kH/cm? = - 113MI1a
o3 = N3/A, = -20/4,9 = -4,1xH/cM? = - 41MIla
o4 = Na/Ay= 10/4,9 = 2,0xH/cm? = 20MTI1a
6. ITo Mo Ty4eHHBIM JAHHBIM IIOCTPOUTE JIIOPY HOPMAJILHBIX
HATPSKEHUH P PACTSKEHUU U CHKATHHL

=
I

7. Onpeaenuth yAJIMHEHUE UM YKOpOUEeHHE Opyca
7.1 ®opmyna onpenesieHus YAJIUHEHUN UM YKOPOUYEHHUS ISl OJHOTO

oMo

.-.|

13

K |

yJacTKa
Al = ALZ, MM
E-A
rae:N - mpomospHas cuiia Ha ydactke, KH
[ - nuHa ygacTka, cM
E—monyne ynpyrocts, kH/cm? (nis cramm 2,05-10° MITa)
A — II0Iaab CEYEHHs yUacTKa, CM?
7.2 OnpenenuTs yITUHEHNE WIH YKOPOUEHHE Opyca Ha KaXKIOM

Y4acTKe
Nyl 0:50
Al = 21 = — = QOcmM
E-A; 2,05:104°1,77
Nyl —20-200
Al, = 22 = —— = —0,11cm=-1,1 Mmm
E-Aq 2,05-10%1,77
N3l —20-150
Al; = =22 = — = —0,02 cm =-0,2 MM
E-A, 2,05:10%°4,9
Nyl 10-100
Al, = =22 = = 0,01 cm=0,1 mm

E-A,  2,0510%°49
7.3 Onpenenuts oOlee yIITMHEHUE WM YKOpOUeHUe Opyca
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Al = Al + AL, + Al + A1, =0+ (—1,1) + (—0,2) + 0,1 = —1,002 mm
BriBoa: 6pyc coxmercs Ha 1,002 mm

Konmponwvnsie éonpocul

1.  Kakoil BHYTpeHHHI CHJIOBOM (PaKkTOp BO3HUKAET MPU PACTKEHUU
(cxaTun)?

2. Kak Harpy3uTh mpsiMOil CTEp>KE€Hb, YTOOBI OH HCIBITHIBAI TOJBKO
pacTsikeHue?

3.  Kaxkue pacdeTs MOKHO BBITIOJHUATH U3 YCIOBUS IPOYHOCTH?

IIpakTuyeckas padora Nell
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OnpeneJIeHne r¢eOMCTPUICCKHUX XaPAKTCPUCTUK INIOCKHUX ceueHmi

Henw:

IUIOCKUX CEUYCHUIM.

HaY4YUTLCA ONPCACIIATL TI'COMCTPHUYCCKHC XAPAKTCPUCTHUKH

B pe3ynomame 6vinonnenus npakmuyeckoi  padomuvl cHyOeHm

00J1)HCCH

- 3Hamp: OCHOBHBIC (OPMYIIBI pacyera IJisg OMpECIICHUs MOMEHTOB

MHEPLHH, CTAaTUYECKOTO MOMEHTA, LEHTpa TSHKECTH, paanyca HHEpPLUUU

IIIIOCKHX CequHﬁ; ImpaBuia OIPCACIICHUA MOMCHTOB HHCPIHUHU, CTATUICCKOI'O

MOMCHTA, OCHTPA TAXKCCTU, paInyCa HHCPUHUH ITJIOCKUX CC‘IGHHﬁ;
- ymembsb: OIPCACIATD MOMCHTBI HMHCPLHUH, CTATHYCCKHC MOMCHTHI,

LHCHTPHI TAXKECTHU, paIlyC MHCPLUUHN ITIJIOCKUX CCUYCHUM

I/ICXO)IHLIC HAHHbIC:

Ne papuanrTa | Ne cxembl a, CM. Ne papuanTa Ne cxembl a, CM.
1 1 20 16 16 20
2 2 15 17 17 10
3 3 8 18 18 20
4 4 10 19 19 15
5 5 6 20 20 20
6 6 10 21 21 20
7 7 12 22 22 8
8 8 15 23 23 12
9 9 12 24 24 16
10 10 10 25 25 16
11 11 20 26 26 10
12 12 20 27 27 12
13 13 15 28 28 14
14 14 24 29 29 16
15 15 10 30 30 18
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IHopsinok BbINOJIHEHHS MPAKTHYECKON padoThI:

1. Ykazarp HCXOAHBIC JaHHBIC
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2. OnpenenuTh UEHTP TAKECTH CEUCHHUS

L o 2Acx _xAiy
“TTTA $TTEaA

rae A; - mnomans ceuenusi—oi guryps (1,2, 3, u T.1.), cm?

X;; ¥; — PacCTOsSIHUE JI0 IIEHTpa TshKecTH I—oit durypsr (1, 2, 3, u 1.1.)
o Ox u Oy, cm

3.0npenenuTh CTaTUYECKU MOMEHT CEYEHHsI OTHOCUTEIBHO OCU X U
v

S, = V.- A,cm3 Sy = x.- A cm?
TA€X,; Y. — KOOPAWMHATHI IIEHTPA TSHDKECTH CEUSHUS, CM
A— II0IIab ceYeHHs, cM?

4, Onpenennuts MOMEHT UHEPITUN CECUCHUS
MoMeHT nHepIUn MoMeHT uHepuumn
Ceuenue
oTHOCHUTENHHO OX oTHOcUTENBHO Oy
u
Ly =13
b
y

‘RN
<
[
3
[yl
S

b-h* h-b?
12 Y 12
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b-h? h-b3
36 Y 36

b-h3 h-b3
36 Y 48

4.1 OTHOCUTEIBHO OCH X

Ix = zlxi,CM4

rae I,; — MOMEHT uHepimu i—oi ¢purypsr mo Ox, cm®
Ly =1, +a* A cm*
I7iea — pacCTOSTHUE MEXKIY LEHTPOM TSKECTU BCEl (UTYphl M LEHTPOM
TshkecTd 1—oit purypsl o Oy, cMm
A — mnomane i—oit Gpurypsr, cm?
4.2 OtHOCUTENbHO OcH Y

_ 4
Iy —ZIyi,CM

rae Iy; — MOMEHT HHepLHH | — oii purypsr mo Ox, cm*
— 2, 4
Iyi = Iy +a A, CM
Ile @ — pacCTOSHUE MEXIY LIEHTPOM TSXKECTH BCce (UIyphl U LIEHTPOM
TSDKECTH | — oif purypst o OX, cMm
A — momans i — oit Gurypsl, cm?

5. Onpenenuts paanycbl MHEPIIUU CEUEHUS OTHOCUTEIBHO OCU X U Y
. Ix . IY
Ly = Z, CM ly = Z, CM

rae L, Iy — MOMEHTBI UHEPLIUU CEUECHUS, cm?
A — TUIOImAah CeYeHUs, CM?
IIpuMep BbINOJTHEHHS MPAKTHYECKON PadoThI:
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1. VYkazatb HCXOAHBIC JaHHBIC

40 cn y
o >—E<
5 )
ol . 6
3 L
X
8175/ 9175 8
2. OnpenenuTh MEHTP TSHKECTH CCUSHUS
A1=40-8=320cm? Ay, =42-9=378 cm?
x1 = 20cMm X2 =20 cMm
y1= 46 cm y2=21 cm
Azs=As="%-75-42=157,5cm ?; As=3,14-6%4=283cm?;
x3 =13 cMm; x4= 27 cM x5 = 20 cMm;
y3=ys =28 cm ys= 39 cM

Al'X1+A2'X2+A3'X3 +A4'X4_A5'X5
A1+A2+A3+A4_A5
320- 20+378- 20+ 157,5- 13+ 157,5- 27 — 28,3- 20

X =

320+ 378+ 157,5+ 157,5— 28,3
=20cmMm

A yi Ay Yot Azt ys Aty Ast s
Ye = Al+ A, + A+ Ay, — A

320-46 +378- 21+ 157,5-28 + 157,5- 28 — 28,3+ 39
B 320+ 378+ 157,5+ 157,5— 28,3

=31cMm
3. OnpeaenuTh CTATUYECKUH MOMEHT CEYEHHUSI OTHOCUTEIBHO OCU X U

S, = y.+A=31-984,7 = 30525,7 cm3
S, = Xc A= 209847 = 19694 cM?

4. OnpenenuTb MOMEHT UHEPITUN CEUCHUS
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t2s

Wkt iy,
( Xg,
J 4 ] X5
IR
3 YA
\ Cz \[ Xz
o
P>
v
20 cM

4.1 OTHOCUTEIIBLHO OCH X
L =Ly + L+ Ly + Ly — Is

Loy =1,+af A Lo,=IL+a5-A,
. h3 . Q3 . h3 . 473
I, = h1§ = 40128 = 1706,7 cm* I, = b1§ _2 ;;2 = 55566 cm*
a, =CC,(y. —y;) =46 —31 = 15cm a, =CCy(y, —y,) =31—-21
A1 =320 cm? = 10cMm
I, = 1706,7 + 152 - 320 Az =378 cm?
= 73706,7 cm? L., = 55566 + 10%- 378
= 93366cM?
Lisa = Iy + a3y - Agy Ies = Iy +aé - As
_b-h3_7,5-423_ . m-d* 3,14-6* .
L, = 36 - 36 - 15435cMm L, = 2 = 1 = 63,65cMm
azq = CC34(V. —Y34) =31 —-28=3cMm a5 =CCs(y, —ys) =39 —31 =8cm
A34 = 157,5 CM2 A5 = 28,3 CM2
L3, = 15435 + 32-157,5 L.z = 63,6 + 8%2-28,3 = 1875,8cm?

= 16852,5cMm?

Iy = Ly + Ly + Iz + Ly — Iys
= 73706,7 + 93366 + 16852,5 + 16852,5 — 1875,8
= 198901,9 cm*
4.2 OTHOCHUTEIIFHO OcH Y
Iy = Iyl + Iyz + 1y3 + Iy4_ - Iys
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Iy1=lx+a%'A1 Iy2=1y+a§'A2

_b-h3_8-403_ . _h-b3_42-83_ .
I, = 2 - 12 42666,7cMm I, = 2 - 12 2551,5cm
a, =CCi(x,—x,)=20—-20=0cM a, =CC,(x, —x,) = 20— 20 = Ocm

A1 =320 cm? Ar =378 cm?

I,; = 42666,7 + 0% - 320 I,, = 2551,5+ 0%-378

= 42666,7cM? = 2551,5cm?
Lyzg =1, + a3, Az, Ls=1,+aé-As
h-b3 42-7,53 . m-d* 3,14-6* A
Iy= 36 = 36 = 492,2cMm Iy= ox = oa = 63,6 cM
Az = CC34(x, —x34) =27 —20=7cM ag =CCs(x, —x5) =20—20=0cmMm

Asg=157,5 cMm? As = 28,3 cm?

Iy34 = 492,2 + 7%2+-157,5 = 8209,7 cm? lys = 63,6 + 0%-28,3 = 63,6cM?

I, = Lyy + Ly + L + Iy — Ls = 42666,7 + 2551,5 + 8209,7 + 8209,7 — 63,6
= 61574cm*

5. OnpenenuTth pagnuyCchl HHEPIIUU CEYEHUS OTHOCUTENIBHO OCU X U Y

| 99019
= AT [Togay M
| |e15746 _

Y= 4T |Togay T

Koumponwvnwie eonpocut:
1. I'eomeTpuueckne XxapaKTEPUCTUKHU CEUCHUS?
2. dopMyIibl OTIpeIeICHUs] MOMEHTOB MHEPIIMU MTPOCTEUIUX PUryp?
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IIpakTuyeckas padora Nel2

OnpeneneHne reoMeTpUIYECKUX XaPAKTEPUCTHK COCTABHBIX

ceueHum

Ileny: HAyyuTHCA ONPENEHATH I'€OMETPHUUECKHE XapPaKTEPUCTHKU CEUYCHHI,

COCTOSIIIUX M3 CTAHJAPTHBIX Mpodumeit

B pe3ynomame evinonnenus npakmuueckou padoomul cmyoeHm 00J14CeH
- 3Hamb: BUILI CTAHAAPTHBIX MPOQWICH; MTpaBUiia OMpPEaACICHUS MOMEHTOB

HHCPIHUH, CTATHYCCKOIO MOMCHTA, LCHTPpA TAXKECTH CCUCHU,

CTaHAAPTHBIX MPOUIICH.

COCTOAIIUX H3

- ymMemb: ONpPENeNATh MOMEHThl MHEPIMHU, CTATUYECKUE MOMEHTBI, LICHTPHI
TSDKECTH CEYEHUM, COCTOSIIIMX U3 CTaHIapTHBIX npoduiieit mo tTadaunam ['OCTa.

I/ICXO)IHLIC HAHHbIC:

N36
o — ;d;t?xﬂaxfd

AR AR
p ¥ a

8oxrrox 10
L~

400

N,

|Z}\ FALISITFE S
3
]
=~

| sm |

JEO5HO TG

780~ 710N
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IHopsinok BbINOJIHEHNS MPAKTHYECKON padoThI:
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1. Yka3zaTs uCXOTHEIE JaHHEIE
2. OnpenenuTs HEHTP TSHKECTU CEUCHUS

L o 2Acx _2Ay
“TTIA T TTA

rae A; - mnomane cedenus i—oi ¢purypsi (1,2, 3, u 1.1.), cm?
Xi; Vi — PaCCTOSIHUE JIO IIEHTpa TsDKecTH i—oi durypsl (1, 2, 3, u t.1.) o Ox u
Oy, cm
3.0mnpenenutb CTaTUYeCKUi MOMEHT CeYEHUsI OTHOCUTEIIBHO OCU X U Y
S, = V.- A,cm3 Sy = x.- A cm?
TA€E X.; Y, — KOOPAUHATHI IIEHTPA TSAKECTU CEUCHHUS], CM
A— 1Iomanp cedeHus, cM?
4. OnpenenuTb MOMEHT WHEPIIUU CEUCHHUS
4.1 OrtHOCUTENTBHO OCU X

L =lei,CM4

rae I,,; — MOMeHT uHepuuH i—oi purypsl o Ox, cm?
L, =1, +a%* A cm*
I7Ie @ — PacCTOSHHE MEXKIY LIEHTPOM TSDKECTH BCEl (QUIyphl W LIEHTPOM
TspKecTH 1—oit ¢urypst o Oy, cm
A — momank i—oit Gpurypsl, cm?
4.2 OTtHOCUTENBHO OcU Y

— 4
Iy—zlyi,CM

rzie Iy; — MOMEHT uHepuuH i — oif purypsr o Ox, cm?
I =1, + a®- A, cm?
rIe¢ a — PaCCTOSHHUE MEXIy IICHTPOM TSDKECTH BCEed (DUIYpbl U LEHTPOM
TSOKECTH | — oit purypsl o OX, cMm
A — momans i — oit Gurypsl, cm?

5. Onpenenuts paanyCchl MHEPLIMU CEUEHUS OTHOCUTEIBHO OCU X U Y
Iy = I—x cM I, = I—y CM
X A ) y A )

rae I, Iy — MOMEHTBI UHEPIIMH CEUYEHUS, cm?
A — TJIomaah ceYeHus, CM?
IIpuMep BbINOTHEHHS IPAKTHYECKON PadoThI:
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1. VYka3aTth UCXOIHBIE

JTAaHHBIE
N>16a /
| G 2
G
\ 80x50 . _—
\
\
2. OnpenenuTs HEHTP TSHKECTH CCUCHUS
A;=19,5¢cm? Ay =7,55¢cMm 2
x1 = 13cMm x2=5-1,17=3,83 cm
y1i= 68-2=48cm y2=2,65 cm
Az=755cm 2;
x3=5+16+1,17=22,17 cm
y3 = 2,65 cM
. Al - X1 +A2 - X2 + A3 - X3 _ 19,5 - 13 + 7,55 - 3,83 + 7,55 b 22,17
e = A+ A, + A - 19,5 + 7,55 + 7,55
=13 cmMm

A;-y1+Ay -y, + Az ys 195-481+4+7,55- 2,65+ 7,55-2,65

AL+ A, + Ag B 19,5+ 7,55+ 7,55
= 3,9cMm

3. OnpeaenuTh CTATUYECKUHA MOMEHT CEYEHUSI OTHOCUTEIBHO OCU X U

ye =

Sy = VoA =23,9-346=1349cm>
Sy = X.*A=13-34,6 = 449,8cm3
4. OnpenenuTe MOMEHT UHEPIIUU CEUCHUS

Y U.us

=
J
13 oM o
o

4.1 OTHOCUTEIBHO OCH X
Ix = le + Ix2 + Ix3

Ly =1+ af Ay L3 = I + a§3 Ay

I, = 49cm*
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I, = I, = 78,8cm* ay3 = CCy3(y, — V23) = 3,9 — 2,65
a, =CC,(y, —y;) =48—3,9=09mMm = 1,25cm
A1 =195 cm? A =7,55 cm?
L,; =788+ 0,9%-19,5 = 94,6cM> L3 =49+ 1,25%2-7,55 = 60,8cm?

I,=1L,4+L,+1L;=946+ 608+ 60,8 = 216,2cm*
4.2 OTHOCUTEIBHO OCcH Y
Iy = Iyl + Iyz + Iy3

Iyl = Iy + a% ' Al Iy23 = Iy + a%3 ' A23

I, = I, = 823cm* L, = I, = 14,8cm*
a, = CCl(xc - Xl) =13 —-13 =0cmMm a23 = Cng(xC - x23) =13 — 3,83
A1 =19,5 cm? =9,17cm

l,, =823 + 02320 = 823cm? A =755 cm?
Iy23 == 14‘,8 + 9,172 - 7,55
= 649,7cm?
I, = Ly + I, + I3 = 823 + 649,7 + 649,7 = 2122,4cm*

4.  OnpenenuTs paguycbl MHEPIMU CEUEHHSI OTHOCUTEIBHO OCH X U Y

2162
\F 2,5 cm
2122,4
= 7,8cMm

Konmponwsuwie éonpocet:
1. JlaiiTe onpenesieHre TJIaBHBIX HEHTPATbHBIX MOMEHTOB UHEPLIU?

jﬁ

2. IloueMy cTaTnyeckuii MOMEHT JIFOOOTO CEUEHUSI OTHOCUTEIHHO
LEHTPaJIbHON OCU PABEH HYJIIO?



IIpakTHyeckas padora Ne 13
OnpenesieHue A0IyCTHMOI0 3HAYECHHE CXKUMAKOIIEH CHIIBI IS

cKaToro opyca

I]ens: HayIHUTCS OTIPENIEIATH BEIMYMHBI OITYCKAEMOTO 3HAYCHUS
CKMMAIOIIEN CHIIBI JIJIS C3KaToro Opyca O0JbIIoi THOKOCTH
B pe3ynomame évinonnenus npakmuueckoi padomuot cmyoenm

00J1)HCCH
- 3HaAmMb: YCIOBUE YCTOMUUBOCTH CKATBIX CTEPIKHEH; KOAhPUIueHT

IpUBEACHUS JIIMHBL; hopMyTy Ditiiepa ik KpUTUUECKOU CUJIBL, PopMyITy

TMOKOCTH CTEPHKHSI.
- ymMemp: ONPEALISITh KPUTHUECKYIO CHITY JJI CKAaTOro opyca

00JIBIION THOKOCTH; ONPEAEIISATh BEIMUMHY JI0ITyCKAEMOI0 3HAUECHUS

C)KHM&IOH.[GIZ CUJIbI; OIIPCACIIATH T'HOKOCTH CTCPIKHA.

I/ICXOI[HLIC JAHHBIC
et | @ iepgrssnn - it | @y

Jud iy

£
(:> 5% -1 = (:) .
v ¥ = l-—l
frog k—2
o - 5
: P ==
— ll. |~

14 M

B o=l
i ' 777

C 255 (20 - 40) C 345 (4- 10)

90 Mn

=5

7777

C345 (20 —40)

C 345K (4 — 10)

C 345 (10 - 20)
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C 345K (4 - 10) C 355 (8-16) C 355 (16— 40)
) P @ £ gz d
A — 1 83 A% |
= z - 4”5’ n i 2
Y |d Y iy _{1“”" 1 .q TR
| [ 60=,120 nm ' h
7 R/ . | b=140 an - T
C 345 (4 -10) C 245 (4 — 20) C 355-1 (8-16)

HOpﬂIlOK BBIINTOJIHCHU A HpaKTquCKOﬁ paﬁon:

1.  OnpenenuTs BETUYMHY PACUETHOTO CONMPOTUBIICHUS MaTepuasa
Ha cxarue R, kH/cm? (ITpunoxenue 1)
2. OnpenennTs IIOMAIb IONEPEYHOTO CEUEHHUS CTEPKHS, A cM?
3. Omnpenenuth KO3PPUITUEHT IPOJOILHOTO U3THOA
3.1 Omnpenenutb pacueTHYIOCTEPIKHS
lo=u-l

rae U— Ko3(pPpuuueHT npuBeAeHHON (PacueTHOM) IJIMHBI, KOTOPBIN
3aBHCHT OT cIloco0a 3aKperuieHus: KoHIoB crep:kHs; ([Ipunoxenue b)

[- reoMeTpuyeckas JyIMHA CTEPKHSI.
3.2 Omnpenenutb MOMEHT UHEPLIUU C€UEHUS Jy U Jy OTHOCUTEIBLHO

TJIaBHBIX IIEHTPAJIBHBIX OCel (MOMEHTHI MHEPIMH MPoduUiIei mpokara

npusenensl B 'OCTax)
3.3 Omnpenenutb paanychbl THEPIMH CEUYCHUS OTHOCUTEILHO OCEH X U

L oy
lx—\/; ly—\/;

Ecnu iy 1 i, He paBHbI MEXKIy COOOH, TO JUIS JAITBHEHIIINX PACYETOB

y

MPUHUMAIOT HAUMEHBIIUN PainyC UHEPIIMH, 0003HAUUB €TO iy, EChu iy, =
iy, TO pacueT MOXKHO BECTH 110 JIIOOOMY U3 HHX.
3.4 Onpenenutb TMOKOCTh CTEPIKHS

l
1=2

lmin

3.5 Ilo HaliieHHOMY 3HaU€HUIO THOKOCTH B 3aBUCUMOCTH OT
MaTtepuaia CTepKHs OMpeaesitoT KodhPHUIIMEHT MPOA0ILHOTO U3rubda (pu
HEO0OXOMMOCTH UCTIOIB30BaTh METO ] MHTEPIOISALIIH )
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4, OnpenenuTs BEIMUUHY JOMYCKAaeMOr0 3HAUCHUS] CAKUMAEMOU CHUIIBL:
N = RpA

IIpuMep BbINOJIHEHUS MPAKTHYECKON PadOThI:
Hcexoonwie oannvie

E Cranp C 245 (20-40 mm)
-1 JnuHa croiiku I= 2,5 m

";
L
Zj

40

/7777777
Pewenue:
1.  OnpenenuTs BETUYMHY PACUETHOTO COMPOTUBIICHUS MaTepuasa Ha
cxatre R = 230 MIla = 23 xH/cm? (TTpunoxenne 1)
2.  Omnpenenutp IUIOMIAIb TOTIEPEYHOTO CEUCHHUS CTEPIKHS
A=16-44+2-4-6=112 cm?
3. Omnpenenuth K03PGUIUEHT MPOTOILHOTO H3THOa
3.1 Onpenenuts pacyeTHYIO IJTUHY CTEPHKHS, CM
lo=pu-1

rjae U— ko3 PuuueHT npuBeAeHHON (PacUueTHOM) JJIMHBI, KOTOPHIN 3aBUCUT
oT croco0a 3akperuieHust KOHIoB ctepxHs; ([Ipunoxenue b)

- reomeTpuyeckas IIMHA CTEPIKHS.

lob=07-25=175mMm=175cMm

3.2 OmpenenuTs MOMEHT UHEPIUH CeUeHUs Jx U Jy OTHOCHUTENBHO IJIABHBIX
IEHTPAIBHBIX Ocel (MOMEHTHI MHepIuHU poduiieit mpokaTa npuseneHsl B [OCTax)
(TTpunoxenue A)

Jx = Jy, T.K. cEe4EeHUE UMEET IBE OCH CUMMETPUH

Jx =1 9% +] 9% +] J?C,
1_ bh® _ 416

]x AP T = 1365CM4

boh) s (1624) 43
]J% =]; = ( 212 = ( 212) = 32CM4
J,=1365+32+32=1429cm *
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3.3 Omnpenenutpb pagnycbl HHEPIUU CEUECHUSI OTHOCUTEIBHO OCEHl X U

N
lx_\/; ly—\/;

Ecnu iy 1 i, He paBHBI MEXKy COOOH, TO JUIS NAIBHENIINX PACUETOB

MPUHUMAIOT HAUMEHBIINWNA PaJNnyC HHEPLUHU, 0003HAYUB €TI0 i,y Ecini, =
iy, TO paCY€T MOKHO BECTH 110 JIIOOOMY U3 HHX.

. , ’1429
by = 1y = T 3,57cm

3.4 Onpenenutb THOKOCTh CTEPIKHS

2= et

lmin
——— = 46,7
35 I1o HaﬁIIGHHOMy 3HAYCHUIO FH6KOCTI/I B 3daBHCHUMOCTH OT

MaTepuaiia CTEpXKHS OMNpeAeNaioT Kod(PQUIMEHT NPOJOJIbHOTO HU3rnba
(ITpunoxxenwue I') (mpu HEOOXOAUMOCTH UCIIOJIB30BATH METO]T MHTEPIOJISIIUN )

A =70 o = 0,754
A =784 o =7
A =280 ¢ = 0,686
0,754 - 0,686
¢ = 0,754 - 8070 (78,4 - 70) = 0,697
4, OnpenenuTtes BEIWYMHY JOMYCKAEMOIO 3HAYEHUs CKUMAEMOMU
CHUJIBL:
N = RpA

N = 0,697 - 24 - 50,4 = 843,1xH

Konmponwsnwie sonpocwi
1. Kakune n3BecTHBI BUAbI PABHOBECHUS TEI?
B ueM cymHOCTb sIBJIEHUS TPOJIOJIBHOTO U3ruda’?

N

3. UTto Takoe THOKOCTh CTEPIKHS U OT YEro OHa 3aBUCHUT?
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IIpakTnyeckas padora Ne 14
IHox0op cevyeHnust AJisl C:KATOrO Opyca

Ienw: nayuutcs onpenesnsath pa3Mepbl U POPMBI CEUEHU IS CKATOTro Opyca
B pe3ynvmame evitnonnenun npakmuyeckoii padomaol cmyoenm 00J14CeH
- 3HamMb: YCIOBHE YCTOMUYHUBOCTD CKATBIX CTEPKHEH; KOAP(ULIUEHT

MPUBEAEHUS JUIUHBL; (hopMyITy Dilepa 1uisi KpUTHYECKOW CUITbL, opMyITy THOKOCTH

CTEPKHSL.
- yMemp: ONPEACISTh pa3Mep CEYEHUS; BBINIOJIHATH MOJ00P CEUECHUS

Hcxonnsbie ganabie (1IMH = 10° kH), R=320 MIla

@

@ F=06MH I

f=45m

® } F=05mu |

= .

i |ed

@ F=0,5MH
L 1-1
4 4 = =
= , )
I = bl 1y J_l:"t.
TR
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& F=065MH |
A6—r i
y .

10 MM

IlopsiiOK BBINOJIHEHHUS MPAKTUYECKOH PadOThI:

1.  3amaemcs BenuuMHOM mpoaonbHOro usruda ¢ = 0,6 - 0,8
2. Omnpenenuthb TpeOyeMyIO TUIOMIAIb MOTIEPEYHOTO CEUCHUS] CTOMKH,
_ F 2
™ T LR’ M

rae F - nenTpansHo-coxumMaronias cuia, kH

R - pacueTHOE CONPOTHBIICHUE MaTepUasa Ha cxxatue , KH/cm?

3. [To nHalineHHOW TIOMIAAM OMNPEACTUThL HOMEp Mpoduiisa IpoKara,
PEKOMEHAYeTCsl NPUHUMATh MNPO(GWIM OJWHAKOBBIMU TIO IUIOMIAAH, €CJIM HX

HECKOJIbKO
4.  IlpoBepuTh YyCTONYMBOCTH MPUHATOTO CEUCHUS
4.1 Onpenenutb pacueTHYIO IJIMHY CTEPHKHS
lo=pu-1

rae § - Ko3hpGUIHEHT NpUBEICHHON (pacueTHOM) JJIMHBI, KOTOPBIM 3aBUCHUT
oT croco0a 3akperuieHust KOHIoB ctepxHs; ([Ipunoxenue b)
| - reomeTpudeckas IJIMHA CTEPIKHS.
4.2 OnpenenuTb MOMEHT HMHEpPLMU cedeHus Jx U Jy OTHOCHUTENBHO
IJIAaBHBIX LIEHTPAIbHBIX OCel (MOMEHTHI MHEpUMHU Npoduiiell MpoKaTa NpUBEICHbI B
I'OCTax)
4.3 Onpenenuts paauyCchl MHEPLIMU CEUYECHUSI OTHOCUTEIBHO OCEH X U )

L oy
lx—\g ly—\/;

4.4 Onpenenutb TMOKOCTh CTEPIKHS

l l
Ay =20y ==
Iy iy

4.5 Tlo Hauborbuwemy 3Ha4eHNIO0 THOKOCTH B 3aBUCUMOCTH OT
Marepuana CTepkKHs OnpeaesstoT KodhPUIMEHT MPoA0ILHOr0 U3ruoda (mpu
HE0OXOAMMOCTH UCIIONBb30BaTh MeToa untepnossuun )(IIpunoxenune )

4.6 IloacraBuTh 3HaYeHUE B (HOPMYITy U MPOBEPUTH YCTONUUBOCTD
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F <
<p_A <R

- €CIU YCJIOBUE YJOBJIETBOPEHO, TO YCTOWYMBOCTH CTEPXKHS
obOecrieycHa;

- €CJIM YCJIOBHE HE YAOBJIETBOPEHO, TO YCTOMYMBOCTH HE oOecrieueHa
HEOOXOJAMMO YBEIMYHUTH ILIOMAAb CEYCHHS, MPUHAB NPOGUIL OOJBIIETO
npodus;

- €CJIM HaIPsKEHUE B CTOMKE PABHO WUJIM HEMHOTO MEHBIIIE, TO CEYEHUE
CUHMTACTCS pallHOHAIBHO MOAOOPAaHHBIM, T.€. SKOHOMHUYHBIM;

- €Cclli HaMHOTO MeHblIe R, To Takoe cedyeHHe HE SKOHOMHUYHO. T.K.
uMeeT OOJIBIION 3amac MPOYHOCTH.

[ToaToMy, ecnu HeAOHaNpspDKEHUWE cocTtaBUT Oosiee 5%, TO

CleAyeT YMEHBIIUTh IUIOMAAb CCUCHUS (MU YBEIUYUTh TMOKOCTh) CTOMKH,
N0OUBasACh, YTOOBI HEJIOHAMPSHKEHUE HE TIPEBbIIAio 5%
IIpuMep BbINOTHEHHS PAKTHYECKON padoThI:

Hcxoouwvie oannvie
Cranp C 245 (4-20 mMm)

F=850kH .
_I E Jlnuna croiiku I= 4,0 m
\ C1 [ LlenTpanpHo-cxxumMarorias cuia F
—— =850xH
=]
1 1
L - Cajic

L=4.0M

o TF

Pemenue:
1. 3amaemMcst BeTUYMHOM POI0ALHOTO M3rubda ¢ = 0,7

2. Onpeaenuts TpeOyeMyto IIIONIAAb MTONMEPEYHOTO CEUEHHUS CTOMKH,

— 2
= —,CM
Tp (pR’

rae F - nenrpanbHo-cxuMaromas cuina, kH
R - pacuerHoe cONpOTHMBIECHHME MaTepuana Ha cxarue, KH/cm?

(ITpmtoxxenue 1)

850
0,724
3. [o HaitmeHoM TJIOMAN ONIPEACIUTh HOMEP MpOoduIs mpokara,

A, = = 50,6 cM?
peKOMeHI[yeTCH HpI/IHI/IMaTL HpO(I)I/IJ_H/I OAWHAKOBBIMMU I10 IJIOIIaAH, €CIIN UX
HECKOJIBKO
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[TpuauMaeM Bce mpoduian 0 JMHAKOBBIMU TI0 TUTomIaau. Ha onun
npoduis Tpedyercs miomans 50,6 /3 = 16,8 cm?. [IpuHMMaeM JBa IIBeJIEpa
Nelda mromanpio A1 =2:17 =34 cM? U JIBYTaBpoBYIO O6ayiky Ne 14 miomanpio Ay =
17,4 cm?. Obmias mmomans cedenus A =34+ 17,4 =51,4 CMZ(HpI/IJIOX(eHI/IC A)

4. IIpoBepuTh YCTOMYMBOCTH MPUHITOTO CEYEHUS
4.1 OnpenenuTh pacueTHYIO JJIMHY CTEPKHS
lo=u-l
rjae U - Ko3pOUIMEHT IPUBEICHHON (pacueTHON) JJIMHBI, KOTOPHIA 3aBUCUT
oT croco0a 3akperuieHust KOHIoB ctepxHs; ([Ipunoxenue b)
[ - reoMeTpuyueckas JJIMHA CTEPIKHS.
lo=1-4 = 4m=400 cm

4.2 OnpenenuTb MOMEHT HMHEPUMH ced4eHUA Jx U Jy OTHOCHUTENBHO
[JIABHBIX LIEHTPAJIbHBIX OCel (MOMEHTHI MHEPIIMHU NPOodUIIeH MpoKaTa MPUBEICHBI B
I'OCTax)

a) ONpeeTUTh MOMEHT I/IHepLII/II/I CEUYEHUSI OTHOCUTEIHLHO OCH X'
]x = fclB + ZJ)EHB = XTa6J‘[ + 2( Ta611 + a%ALLIB
J,=572 + 2(57,5 + 8,87%:17) = 3362 cm*
rae a; = % + Zous) = % + 1,87 = 8,87 cm
0)ornpeneauTh MOMEHT UHEPITUU CEYEHUS OTHOCUTEIIBHO OCH .
]Y = }le + 2])]/1“3 = yTa611 + 2] TabJs
Jy = 419 + 2 - 545 = 1132 cm?

4.3 Onpenenutsb paauyCchl HHEPIIMU CEUYCHUSI OTHOCUTEIBHO OCEH X U )

_ 3362 _ 1132
ly = m = 8,08 CM ly = ﬂ 4,7 CM

4.4 Onpenenutb THOKOCTh CTEPIKHS

! !
A——OA =2
Iy iy

J 400 195 400
X7808 YT 47

= 85,1

4.5 Tlo Haubonvutemy 3Ha4CHUIO THOKOCTU B 3aBUCUMOCTH OT
MaTtepuaia CTepKHs ONpeAesItoT KodhPUIIMEHT MPoa0IBLHOTO U3rubda (mpu
HEOOXOAMMOCTH MCIOJIb30BaTh MeTo A nHTeprosyn )([punoxenue I)
A =80 ¢ = 0,686
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A =851 Q =7
A1 =90 @ = 0,612

0,686 — 0,61
90 — 80
4.6 TlonctaBuTh 3HaYCHHUE B (POPMYITY U MPOBEPUTH
YCTOMYUBOCTD

1
¢ = 0,686 — (85,1 — 80) = 0,648

o = QDA =
o= —2%  _ 2552 < 24 xH/em?
0,648 -51,4

- yCIIOBUE HE YAOBIETBOPEHO, YCTOMYMBOCTh HE oOecreueHa
HEOOXOAMMO YBEJIWYHUTh IUIOUIa/b CEUYEHUs, NPUHAB NPOQUiIb OONbIIEro
pasmepa.

OTO HENOIMYCTUMO, I03TOMY HEOOXOIUM Iepepacyer.
1. [IppuHuMaeM BO BTOPOM MPHUOJIMKEHNUN CPETHEE 3HAUCHHE

MCIKAY TEM, KOTOPBIM 3a1aJINCh, 1 TCM, YTO ITOJIYUHNJIN

0,648 + 0,7
=

2. Onpeaenuts TpeOyeMyIo IIIOMIAAb MTONEPEYHOTO CEYEHHUS CTOMKH,

= 0,674

F 2
™ = <p_R’ cM
riae F - nenrpanbHO-cxuMaromas cuia, kH
R - pacueTHoe CONPOTHBICHME MaTepuana Ha cxkartue , KH/cm?

(ITpunoxenue J1)

850
TP " 0,68724
3. [1o HaiiieHHOM MJIOIIAIM OTPEJETUTH HOMEP MpOoduIs mpokara,

A = 52,5 cm?

PEKOMEHIyeTCsl IPUHUMATh MPOQPUIIN OJJMHAKOBBIMHU I10 TUIOIIAIHN, €CIH UX
HECKOJIbKO
Ha oxun npoduns TpedyeTes miomans 51,6 /3 = 17,2 cm?.
[Tpunumaem paBa mBesepa Nel6 momanpio A = 2:18,1 = 36,2 cM? u
nByTaBpoByIo 6anky Ne 16 mromansio A, = 20,2cm?. OO1mas miomanb
ceuenus A = 36,2 + 20,2 = 56,4cm? (Ilpunoxenue A)
4. ITpoBepUTh yCTOMYUBOCTH IPUHATOIO CEUCHUS
4.1 Onpenenuts pacueTHYIO JIMHY CTEPHKHS
lo=p-1
rae U - KodQQPUUUEHT NpUBENCHHOW (pacyeTHOM) MJIMHBI, KOTOPBIN
3aBHCHT OT CIloco0a 3aKperieHus: KoHIoB crepskHs; ([Ipunoxenue b)
[ - reomeTpuueckas IJIMHA CTEPIKHS.
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lo= 14 = 4m=400cm
4.2 OmnpenenuTb MOMEHT HMHEpPUUHU Ce4eHHA Jy M Jy OTHOCUTENIBHO
IJIaBHBIX HEHTPAJIbHBIX Ocel (MOMEHTHI MHEpLMHU Npoduiel mpokara NpUBEIEHBI B
I'OCTax) (IIpunoxxenue A)

HOCKOJIBKY Jx>Jy OIlpeieTuM HauMEHbIINNH MOMEHT UHEPLUH, KOTOPBIN
JaeT HauOOJIBIIYI0 THOKOCTh
OMPEICIUTh MOMEHT UHEPIIUU CEUCHUSI OTHOCUTEIIBHO OCH ).
— JAB mB _ JAB LB
]y - Jy + 2]}’ — JyTabu + 2/xra6n

Jy = 58,6+ 2 - 747 = 1552,6 cm?

4.3 Onpenenutb palyChl THEPIIUU CEUYEHHUSI OTHOCUTEIIBHO OCEH X U Y

) J 1552,6
i, = [£ = = 52cm
y A 56,4

4.4 Onpenenutb THOKOCTh CTEPIKHS

4.5 Tlo Haubo1bWeMy 3HAUCHHIO THOKOCTH B 3aBUCUMOCTH OT
Marepuralia CTepPKHS ONPeACSIIOT KO3 GUIIMEHT IIPOI0ILHOTO U3THba (1pu
HEOOXOAMMOCTH HCIIOIb30BaTh MeToa nuTepnossiiun )([Ipunoxenne I)

A =70 ¢ = 0,754
A=748 o =7
A =80 ¢ = 0,686
0,754 — 0,686 _
QY = 0,754 - W (77 - 70) = 0,706
4.6 IloacraBuTh 3HaYeHUE B (HOPMYIy U IPOBEPUTH YCTOMUUBOCTD
F
o oA =
0= —2__ = 213 < 24 «H/em?
0,706 56,4

Konumponwvnwie gonpocut:
1. Yrto Ha3bIBaETCSI KPUTUUECKOU CHIION U KPUTHYECKUM HANpsiKEHUEM?
2. Kak paccuuTbIBaTh NPOJOIBHO CKAThIE CTEPKHU, TPUMEHSIS
KO3 PUIIMEHT MPOAOIBLHOTO U3ruda 1no npeaebHOMY COCTOSTHUIO?
3. Ot 4dero 3aBuUCUT KOYPHUIIMEHT TTPOIOTHLHOTO U3ruda?
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IIpakTnyeckas padora Ne 15
Pacyer ko3 punmenTa 3anaca ycroi4uBOCTH CKATON CTOMKH

Ienw: HayunTCA BBIOJIHATH pacyeT KO3 dUIIUEeHTa 3amaca
YCTOWYHMBOCTH CHKATOM CTOMKHU

B pe3ynomame 6vinonnenusn npakmuueckoii padoomaol cmyoeHm
00./1JICeH

- 3HaAmMb: YCIOBHE YCTOMUYHUBOCTD CKATBHIX CTEPKHEH; KOAP(ULIUEHT
NpUBEJICHUS JJIMHBL, hopmyity Ditiepa A KpUTHUECKON CUITbI U
HanpsHKeHUs; HOPMYITy THOKOCTH CTEPIKHS; POPMYJIIBI OCEBBIX MOMEHTOB
MHEPLHUU.

- yMemb: BBITIOJIHATH PACUEThl HA YCTOMYMBOCTD CHKATHIX CTEPKHEH

Ucxoanbie nannbie: Moxyns ynpyroctu cramu E=2,06 x 10° MIla
Tabnuua 1 - Tumnel ceyeHnit croek

Tun
ceueHus

Ipodun ! .
N Al

Tabnuua 2 - Buapsl 3aKpenieHust cTepxHen
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Honep
pacdeTHOH I I 101 v
CXeMBI
F l F l F l F“
gl I AR N I
3aKpeILICHHIH -
cxaTol = = = =
CTOHKH
N _/jﬁ)/_ Yoz ~ T = T
Taomumna 3 - Ucxoguele JaHHBIE K 3aJaHUIO
Bapuant Tun ceuenus Pacuernas Bericora, Yeunue Pacuernoe
cxema H, M F, xH COITPOTHUBJICHHUE,
R, MIla

1 A I 4,5 620 240
2 B ] 50 630 230
3 C Il 5,5 610 250
4 D v 3,0 600 240
5 E I 3,5 650 230
6 F ] 4,0 640 340
7 A Il 4,2 670 320
8 B v 4.8 660 300
9 C I 3,4 780 340
10 D I 3,8 740 350
11 E Il 5,2 680 340
12 F v 3,8 800 350
13 A I 58 850 340
14 B I 3,2 840 380
15 C Il 3,6 950 370
16 D v 3,6 970 360
17 E I 6,2 960 240
18 F I 6,4 870 230
19 A Il 6,4 830 250
20 B v 4.4 910 240
21 C I 4,6 730 230
22 D ] 5,4 840 340
23 E Il 4,9 690 320
24 F v 3,5 570 300
25 A I 4,5 670 340
26 B ] 5,3 770 350
27 C Il 6,3 840 340
28 D v 3,8 590 350
29 E I 4.8 700 340
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30 | F | I | 53 | 580 380

IlopsiiOK BBINOJIHEHHUS MPAKTUYECKOH PadOThI:

1.  Omnpenenutrp TpeOyeMyl0 IUIONIA[b MOMNEPEYHOTO CEUCHMS
CTOMKHU,
F
A =—, o’
@R,

rae F - ycunue, kH

¢ - ipojosibHOTO M3ruda ¢ = 0,6 - 0,8

R, - pacueTHOe CONpOTHBJIEHHE MaTepHana Ha cxkarue, KH/cm?
(ITpunoxenue /1)

2. [To HalineHHOM TIIOMIAN OMPEACIUTH HOMEP MPoduIsi TPOKaTa,
PEKOMEHYETCsl MPUHUMATh TPOPUIN OJUHAKOBBIMU MO IUIOIIAM, €CIH UX
HECKOJIbKO

3. OmpenenuTs MOMEHTHI MHEPLMU cedeHus Jy U Jy, OTHOCUTEIHHO
[JIaBHBIX LEHTPAIbHBIX OCel (MOMEHThl WHepuuu Npoduiaeit mnpokara

npuseaeHbl B 'OCTax) (Ilpunoxxenue A)

4, Ol‘[peI[eJII/ITB paanyCel HHEPIHU CCUCHUA OTHOCHTCIIBHO OCEH X U
Yy
Lk o
x A y A
S. Onpenenutb THOKOCTh CTEPAKHS (I pacuyeTa NPUHUMAEM
MUHHUMAJIBHBIN paInyC UHEPLIUN)
ul
A =-
lmin

rae U - KodQQPUUUEHT NpUBENCHHOW (pacyeTHOW) AJIMHBI, KOTOPBIU
3aBHCHT OT cIloco0a 3akperuieHus: KoHIoB crep:kHs; ([Ipunoxenue b)
[ - reomeTpudeckas IJIMHA CTEPIKHS
7. BenuuuHy KpUTHYECKOM CHUIIBI ONIPEACIIAIOT o (hopmynam
2
T E ]min
(u D?
A(a — bA),npudy <A < Ay,
\ AR, ,mpul <1,

a v b - xodpdunments! (IIpunoxenue B)

,Ipu A > Aup
F,

[Tpu
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E

/10 = 0,4‘

Ry
Ap = 3,4 £
np ) Iey

8. Onpenenuts K03(PGULIMEHT 3ammaca YCTOWUYUBOCTH U IIPOBEPUTH
yCJIIOBUE
_ Fer _
ny = —_—>ny, = 1,3
Ecnu ycinoBue He BBINMOJIHAECTCS HEOOXOIUMO YBEIUYUTH CEUCHHUE WU
CHU3UTH HArpy3Ky.

IIpuMep BbINOTHEHHS PAKTHYECKON padoThI:

Hcexoonwvie oannvie
_ PacueTHoe compoTuBIieHHE CTATH

F=850kH
I:QE | [ R=240 MIIa
o Jlinna crotiku |= 4,0 m
gl C2lic
S : [{enTpansHO-CxUMaroIias cuia F
- e =850xH

Fay

2. Onpeaenuts TpeOyeMyto IIIOMIAAb MTONEPEYHOTO CEUEHHUS CTOMKH,

F c 2
=—,CM
TP <pR’

riae F - ycunue, kH
¢ - mpoaosbHoro u3ruda ¢ =0,6 - 0,8
R - pacueTHOE CONPOTHBIICHUE MaTepUasa Ha cxxatue , KH/cm?

850
A = = 50,6 cMm?
TP 0,724 ’

3. Ilo HaiineHHOM MJIOIaM ONPEAEIUTh HOMEP MPOoduIs mpokara,
PEKOMEHIyeTCsl IPUHUMATh MPOGUIN OJJUHAKOBBIMU IO TUIOIIAIH, €CIU UX

HECKOJIBKO

[Tpuanmaem Bce mpoduau oguHAKOBBIMU 10 Tiomaau. Ha oqun
npoduis Tpebyercs mwiomans 50,6 /3 = 16,8 cm?. [lpuruMaem jBa mBeiepa
Nel4a mmomanpio Ay = 2-17 = 34 cmM? u aByTaBpoByro 6anky Ne 14 miomanso A, =
17,4 cm?. O6mas mnomans cedenus A = 34 + 17,4 = 51,4 cm? (Ilpunoxkenne A)

4. OnpenenuTb MOMEHTHI HHEPLUU cedeHUs Jxy M Jy OTHOCUTEIBHO IJIaBHBIX
LEHTPAJIbHBIX ocel (MOMEHTHI MHEpIH npoduiiet npokata npusenensl B '[OCTax)
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a) OMpeeTUTh MOMEHT UHEPIIUU CEYEHHUSI OTHOCUTEIBHO OCH X'
Jo = I+ 21 = s + 20y en + 2 Aus
J,=572 +2(57,5 + 8,872:17) = 3362 cm*
rae a; = % + Zous) = % + 1,87 = 8,87 cm
0)ornpenenuTb MOMEHT I/IHepI_[I/II/I CEUYEHUSI OTHOCUTEIBHO OCH )
]Y + 2]}1’HB = ;u:‘a@] + 2] TabJs
Jy = 41,9 + 2 - 545 = 1132 cm*

5. Onpeaenutsb paanyChl HHEPIIMKU CEYEHUSI OTHOCUTENLHO OCEH X U Y

_ /]x ’]y
ly = Z
s (s,
S ES P A T

6. OHpeI[eJII/ITL THOKOCTh CTCPIKHA (I[JI}I pacye€Ta npuHuUMacMm
MUHHUMAaJIbLHBIN paanyc I/IHepLII/II/I)
ul
A =-
lmin

_1-400_851
Yo o477 7

rae U - KodQQPUUUEHT NpUBENCHHOW (pacyeTHOW) AJIMHBI, KOTOPBIA
3aBHCHT OT cIloco0a 3akperuieHus: KoHIoB crep:kHs; ([Ipunoxenue b)

[ - reomeTpudeckas IJIMHA CTEPIKHS

7. BenuuuHy KpUTHYECKOM CUITBI OMIPENEIISIOT 1Mo (hopMysiam

1) ®opmyna Diinepa

2) ®opmyna SAcunckoro-Termaiiepa

3) ®opmyiia MPOYHOCTH

n’E J min

wn*’
A(a — bA),npudy <A1 < A,

A-Ry,,mpul < A,

npu A > Ay,
F, =

E
AO - 0,4' e

~
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F| =

A = 34 2’06'105—996
mp T 240 7

TK. Ay <A<, 11,71 < 85,1 < 99,6 - ycunue Oynem OnpeaensaTh 1o
dopmyne Scunckoro-Termaitepa
F., = A(a — bA)
a = 328 MIla= 32,8xH/cm?
b=1,15MIla= 0,115 kH/cm?

F., =51,4(32,8 — 0,115-85,1) =1183 xH
8. Onpenenuth KOG UIIMEHT 3amaca YCTOHYMBOCTH U IPOBEPUTH
yCIIOBHE

‘n e
y 850
Y cioBue BBIMOJIHAETCS

Konmponwvnwie 6onpocol
1. Yro HazbiBaeTcs KOA3((PUIMEHTOM YCTOMUHUBOCTH, U OT YETO OH 3aBUCUT?
2. Ot yero 3aBUCUT KOAPHUIIMEHT PACUCTHON JJTHHBI?

3. B xakoM moKyMeHTE HaXOSTCS TEOMETPUUECKUE XapaKTEPUCTUKU
MPOKATHBIX TIpoduseir?
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IIpakTuyeckas pa6ora Ne 16
PacyeT Ha MPOYHOCTH M KECTKOCTH NMPU KPYyYeHUHU

Ienw: HayuynuTCs BBINOJHSITH PACUET HA IPOYHOCTH U KECTKOCTh MIPU
KpY4YE€HUU

B pe3ynemame évtnonnenus npakmuyueckoi padomsl CmyoeHm
00./1)1CeH

- 3Hamb: yCIOBUS POYHOCTHU U KECTKOCTU MPU KPYUEHUH; BUIbI
pacyeToB Ha MPOYHOCTH U )KECTKOCTH IPU KPYUECHUH;

- YMemp: BBIIOJHATH PACUYEThl HA TPOYHOCTH MPU KPYUECHUH;
MIPOBOJIUTH MPOBEPKY HA )KECTKOCTh MPHU KPYUECHHUH.

HMcxoaHble JaHHDbIE:

BbINOJHUTH pacyeTr HA MPOYHOCTH U KECTKOCTDH NMPU KPYYEeHUH

G - monyns casura, 0,8x10° MIla

[0]momyckaemblii OTHOCHTENBHBIN YroJ 3aKpyunBanus, 1,0 rpag/m

KpyTsimuii MOMEHT Ha ydacTke Baja usMepserca B kHm
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Bapuan €
P Cxema
T HaIps>KCHUC
[tc], MIla
R,
% . .\41;\1‘,5 .\RS M=2
1 % N D D 45
/!L /l[/ /!L
RA
M=3 -\ﬁ:’:-l\é ,\I;%S (I °
2 G D D ™ 50
JIL /lL AL
R.-\
% - 31/25 .\@6 M=56
3 wh N D =) 55
k ¥ D )
R.-\
% " M=04 M=06 M=08
A /\ A’\
4 w3t |4 [ (D 60
i’ L 1 1
RA
M=35 M=42 M=06 L
> o ) R H
5 O g U b 65
k k k
RA
" M=25 M=06 M=18
L e /T [/
6 Wi D N Q 70
X L 1 i
R.-\
M=28 M=15 M=02 L
‘N N i x H,
7 W T g e 75
k i1 i L
RA
" M=28 M=08 M=56
L, q l’\
8 i+ D D D 80
i i L L

84




R.-\
M=06 M=08 M=038 -/L .
N\ N [ h
9 % U N b 85
/.l’ 40 (3o AL L
RA
4 . M=36 M=49 M=05
10 i Sh Sh ) %
X I} 1 !
Ry
4\ " M=38 M=08 M=15
11 W e N D =), 95
i ! I} )
RA
M=35 M=16 M=08 {L u
/\ {\ Yy
12 U U b 100
* L L il
Ry
KJ . M=28 M=04 M=55
13 a8 > 5 o
AL M ,.I“ s ﬂL l/
R,
4 ; M=06 M=03 M=08
14 o =, &>, . 90
J 1 1 i
RA
M=36 M=48 M=05 {I\ "
{\ [\ r\ '
15 D N D L 85
* L L 1
Ry
(J . M=25 \%s .\}=\0‘.6
16 w I O g g 80
/VL AL /!L /!L
R.-\
M=24 M=08 M=09 -/L u
Y C G —— |
/.l’ 40 (3o AL L

85




‘J\ ; M=46 M=06 M=28
18 N aa D D D 70
X i i k
RA
M=09 M=06 M=06 rl\ .
19 D D Sh ok 65
i L i
Ry
" M=39 M=06 M=18
L /™ /™ /™
20 & N N N 60
j i i L
R,
4 . M=26 M=06 M=08
N A [ —~
21 7 g D =) 55
X i i i
RA
M=36 M=08 M=06 L\ .
x| L
22 . ) o 50
M,
i k L il
R,
‘J . M=46 M=08 M=27
. - —~
23 wr g W {D 45
2 i1 i k
Ry
% . A\£I,={6 _\/[;%9 M=09
24 o o D =) 50
/!L /lL AL /lL
RA
M=36 M=09 M=14 KL .
25 D S D i 55
ﬂL /!L /!L /!L
R,
4 . M=2 M=08 M=06
2 e G 2 o
) L I )

86




RA
M=45 M=08 M=02 L
— Ea = B
27 ¥ U J B 65
RA.
J\ . M=49 M=03 M=36
2 R . = S 10
R.-x
4 . M=46 M=08 M=27
N K [ N
29 e G D = 56
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4 i M=39 _\I:= 0.6 M=18
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30 = N N Q 80

IHopsiIOK BBINOJIHEHHUS MPAKTUYECKOM PAdOThI:

1. ITokazars ycioBue 3a1auu
2. Pa36uTh anuny Opyca Ha y4acTKU
3. Ilonb3ysick METOAOM CEYEHHUS ONPENEIUTh KPYTSAUIMA MOMEHT Ha
KQKJIOM y4acTKe
4. ITo moJSy4eHHBIM JaHHBIM TOCTPOUTH IMIOPY KPYTSIIMX MOMEHTOB
5. N3 ycrmoBusi MPOYHOCTH OMNPEACIUTh AUAMETP BaJla HA KaxIOM
y4acTKe
5.1 Onpenenuts MakCUMalbHBIM KPYTAIIMM MOMEHT W3 DIIOPbI
(MakcuMabpHOE 3HaUYeHHUE O0e3 ydeTa 3HaKa), M, uqc, KHM
5.2 OnpenenuTb MOMEHTBI COMTPOTUBIICHUSI CEUEHUSI HA KaXKIOM
y4acTKe

Wp’l = M K,i/ [T K]) CM3
rae M ; - kpyTsimuii MOMEHT 1 - Toro yuactka, kHem (1, 2, 3)

[z ] - momyckaemoe Hanpskenue, kKH/cm? (MCXOIHBIE JTaHHBIE)
5.3 OnpenenuTh JuaMeTp Bajia Ha KaXJOM Y4acTKe
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3’16-W i
di = TW,CM

riae W ,, ;- MOMEHT CONPOTHUBIIEHUS | - TOTO y4acTKa, CM>
6. BBITOTHUTH MPOBEPKY Basia U3 YCIOBUS KECTKOCTU IPH KPYUECHUU
6.1 OnpenenuTh OTHOCUTENBHBIN IO 3aKpyYrMBaHUs

0 = My max /GJ p max, TPAI/CM
e My yax - MAKCUMAIBHBIA KPYTALUMIA MOMEHT,KHCM (13 311rophbI)
G - moayns casura 0,8x10° MIla
J pmax - MAKCUMAIIBHBIA MOMEHT HHEPLIMHU CEYEHHMS, CM?, OTIpeIENseTcs 1o

bopmyie:

J,i = n-di*l32, cm*
J )i - MOMEHT UHEPLHH | - TOrO yJacTka, cM?,
r =314
d,i - mnameTp i - Toro y4acrtka, cm, (1, 2, 3)
6.2 I[IpoBeputh ycimoBue
0 <[0],m

IIpuMep BbINOIHEHNSI MPAKTHYECKOH PadoThI:

HMcxongHbie 1aHHBIE:
G = 0,8x10° MIla
[0]=1,0 rpan/m
[t]= 70 MIla

Pemienue:
1. ITokazats ycioBue 3a1a4uu
2. Pa36uth nnuny Opyca Ha y4acTKu
3. ITonb3ysiCh METOJIOM CEUEHUS OTPEACIUTh KPYTAIIUH MOMEHT Ha KaXKIOM
y4acTKe
4. Tlo moTy4eHHBIM JJAHHBIM TIOCTPOMTH SITIOPY KPYTSIIHX MOMEHTOB
Omnpenenenre BETUIMHBI KPYTSIIETO MOMEHTA
M, =-M3=-0,5 xHm
My,=-M3+M,=-05+0,4=-0,lxkHm
Mpiz=-M3+M,-M;=-05+04-1=-1,IxkHm
Crpoum smropy
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M=0.5

Mx|

@ . M.,xHwm

@l o

0.5
1.1

5. U3 ycnoBus NPOYHOCTH ONPENEHUTh JMAMETP Bajla a KaXJIOM
y4acTKe
5.1 Onpenenuts MakCUMalbHBIM KPYTAIIMM MOMEHT W3 DIIOPbI
(MakcuManbpHOE 3HaUeHUE 0e3 yueTa 3HaKa), M, uqx, KHM

M ma=1,1kHm

5.2 OHpeI[eJ'H/ITB MOMCHTBI COIIPOTHUBIICHUA CCUCHHA HA KaKI0OM

y4acTKe
1 yuacmok
W,;=M,;/[t]=50/7=71cm
2 yuacmok
W,.= M,,/[t,]=10/7=14c™m
3 yuacmox

W,5= M3/ [t =110/7=157 cMm®

5.3 OnpenenuTh JuaMeTp Bajia Ha KaXJOM Y4acTKe
1 yuacmox

3(16-Wy1 _ 3(16-71
d, = |[—2= = 3,3cm
T 3,14

2 yuacmok

3(16-Wy, 3[16-1,4
d, = |[—2="|—= = 19cm
s 3,14
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3 yuacmok

316 Wy3 3/16-15,7
d; = \/ LEg— \/ = 4,3cm

T 3,14

6. BBITOTHUTH MPOBEPKY Basia U3 YCIOBUS KECTKOCTU IPH KPYUECHUHU
6.1 OnpenenuTh OTHOCUTENBHBIN IO 3aKpyYMBaHUs

0 = My mar /GJ pmax = 110/0,8:10* 16,77 = 8,2 - 10™*rpan/cm = 0,082 rpan/m

1 yuacmoxk

J,1 = mdi*164=3,14 -33%/64 =5,81cm’
2 yuacmok

J,o = m-d*164=2314-19*/64 =0,64cm*
3 yuacmok

J,; = m-ds*164=2314-43%/64 =16,77cm*
6.2 [IpoBepuTh ycioBue
0 <[6], (rpan/m)
0,082 <1 (rpan/m)
VY ci1oBUE BBINOJHSIETCS
Ecnu ycnoBue He BBIMOTHIETCS HEOOXO0IUMO YBEJIMUUTD TUAMETp BaJa.

Konmponwvuwie éonpocet:
1. YTo Takoe KpyTSAIIMI MOMEHT U YEMY OH PABEH B IIPOU3BOJIBHOM CEYEHUU?
2. Kak ctpouTtcs amopa KpyTSImMX MOMEHTOB?

IIpakTnueckas padora Ne 17
IHocTpoenne 3MI0p NoONMEPeYHbIX CHJI U U3THOAKIMX MOMEHTOB

Ilenb: HAYYNUTCS CTPOUTD SITFOPHI MOMEPEUHBIX CHIJT K M3THOAIOIINX
MOMEHTOB

B pe3ynivmame evbinoinenus npakmuyeckoil padomaul CHyoeHm 00J1)4CeH

- 3Hamp: BHYTPEHHUE CWJIOBBIC (PAKTOPHI MPU U3THOE; MPABUIIO 3HAKOB JJIs
MOTIEPEYHBIX CHJI U U3TUOAIOIIUX MOMEHTOB; MPABUJIA IOCTPOCHUE AITIOP; MOPSIOK
MIOCTPOEHHUS AIIOD;

- yMemp: ONIPECNISITh BEJIMUNHY TOTIEPEYHONM CUITBI U U3TUOAIOIIETO
MOMEHTA B CEYCHUHU; CTPOUTD JITIOPHI TMTONEPEUHBIX CHUJI M U3THOAFOIUX MOMEHTOB.

HcxoaHble 1aHHBbIE:

Bapuan
T

Cxema
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IHopsinok BbINOJIHEHUS MPAKTHYECKON padOThI:
1. ITokazats ycioBue 3a1a4u

2. Iloka3aTp paC4ETHYIO CXEMY YCIIOBHS 3a/1a4H

3. OnpenenuTh peakiu onop

4. TlocTpouTh AIIOPY MOMEPEUHBIX CUJT

5. IlocTpouTsk 3MI0pY U3THOAOITUX MOMEHTOB
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Hpumep nocmpoernue INIpP NONepevdHsLIX CUl U u33u6alou4ux MOMEHMOE6

3aoaua Nel
M=25kHm
E-
fel) q/=20xH/n
vy 4 ¥ ¥ 4 ¥ ¢
C ¥ A ;B K
V=108 6kH Ve=264kH
a=1M L b= c=5m d=2m e=15m

Pemenue:
1. Onpeodenums onopuvie peakyuu 6arku. CoCTaBUM ypaBHECHHE:
DEM, = 0; 1)EMz = 0;
U3 nepBoro ypaBHeHHs HalijieM Vp:
-F(a+b)+q(b+c) (bzi-b)-VB(c+d)-M=0
13815

15 (1+1) +20 (145) (1T+5-1)-VB(5+2)-25=0

-15‘2+20'6'2-25_26'4 KH

otkyzaa Vg = -

U3 BTOpOro ypaBHeHus Haiijiem V.

-F(a+b+c+d ) +V, (c+d ) -q ( b+c) (%+d)-M=0

NI

15 (1+1+5+2 ) +V, (5+2 ) -20 (1+5) (12L5+2 ) 25=0

15'9+20'6'5+25_108'6 KH

oTkyza V, = 5

BrimonHauM npoBepky:
YY=V,+Vg-F-q( b+c) =0
NI
108,6 +26,4-15-20- 6 = 0, orkyzxa 135 - 135 =0

2. Obo3Haqyum xapakmepHuvie cevenus oarxku C, D, A, E, B, K.
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3. CmpouM nropy Qx- OHpe}IeIII/IM 3HAQ4YCHHU ITOIICPEYHBIX CHII B XapaKTCPHBIX
CCUCHUAX !

Qc=-F =-15kH; Qp=-F=-15kH

JIEB

Qy =-F-gb=-15-20-1=-35kH;

npas

Qy "=-F-qb+V,y =-15-20-1+108,6 = 73,6kH
Qs =-F-q(b+c) +V,=-15-20-6+108,6 =- 26,4 kH

JieB

Qs =Qg =-264kH

QG =Qp +Vy=-264+264=0; Qc=0.

CoeNMHUM IIOJTydYeHHbIE 3HAYEHHUS MPSAMBIMH JHHISIMH U HOIy4uM 31mopy O.
Omropa QO Ha ydacTke AE mepecekaeT HyleBylo JuHHIO. ONpeenM MHOJIOXKEHHE
TOYKH, B KOTOpOIl smopa (O mepecekaeT HyJIeByIO JIuHHIO. PaccmoTpum mojolue
TpeyroasHukoB HRL u HNS , otkyaa HR/HN = HL/HS, win x,/5 = 73,6/100, otkyna

Xg=2255=368m
100

DTO cedeHHe cUuTaeTcs TakKe XapakTepHbM i1 Oy u M, .

M=25kHM
F=BkH
é q/=20xH/n
v+ 4 v 4+ 4 4 ¢
C 0 :.:A E ;B K
V=108 6kH Ve=26bkH
a=1m | b= c=5m d=2m e=15m
00xHE
73,6xHL
+
3nopa Q. g H R N ﬁ 0
BkH BkH 26,4kH 26)skH
35«H x=368m
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4. Cmpoum sniopy M. OnipeaeiiM H3rudarone MOMEHTHI B XapaKTepHBIX TOUKaX:

M.=0; Mp=-Fa=-15-1=-15kHM;
My=-F (a+b)- (q-b) (g) =-15-2-20-1-0,5 = - 40kH-M;
Mg =-F(a+b+c) +Vye-q(b+c) {2l =.15.741086-5-20-6-3 =78 kHm;
M, =3,68=-F (a+b+x0)-q(b+xo)@+vp‘x0=

=-15-5,68-20-4,68+ 108,6 - 3,68 =95,4kH"M;
Mg = M = 25 kH-M; (paccMmoTpena nipaBast yacTh Oanku BK)
Mg =M =25 KkH'M.
5. Ctpoum >mtopy My Ha ydacTKax MEX/1y XapaKTepHBIMU TOYKaMU:

a) Ha ydactke CD Harpyku HeT, IIO3TOMY »3miopa My - mpsMas JIHHUA,
coemuusomasd 35adenHua MC =0 u MD = 15 xHwm;

0) Ha yuacTke DA JIeiicTByeT pacupe/ieleHHas Harpy3ka, Io3ToMy 3mropa M, -
nmapabomna. Tak kak smiopa O, He 3TOM ydacTKe He IlepecekaeT HyJIEeBYIO JIHHHIO, TO
mapaboila He UMeeT SKCTPHMAaJIbHOI'O 3HAYEeHHS, MO3TOMY BEIHYHHBI H3THOAIOIINX
MOMEHTOB B ceueHUsX D U 4 coeJUHUM KpHUBOM, 3HA4eHHS KOTOPOH HaXOAATCS B
uHTepBaie - 15 xHw ... - 40 xkHwm;

B) Ha yuacTke AE nelicTByeT pacmpejielieHHas: Harpy3ka, IIo3ToMy 3mropa My -
mapabona. Tak kak »smopa O, He 3TOM ydYacTKe IepecekaeT HyJIEeBYIO JUHUIO, TO
rmapaboja HMeeT SKCTpUMaIbHOE 3HaUeHHEe (BEPIIHHY), [IO3TOMY 3MI0pY M, cTpoum
10 Tpe 3HAYEHMAM:

Mp = - 40 xHm; M,p= 95,4 xH™m; Mg =78 xkHwm;

T) Ha y49acTKe EB HeT Harpy3KH, IIOTOMY 3Itopa M, - mpsMasi, COeIHHIIONMA
sHaueHnsa Mz = 78 xHMm u My = 25 xHwm;

I1) Ha ydacTke BK HeT Harpy3KH, IO3TOMY 3miopa M, - mpsiMasi, COeTHHIIOMA
sHaueHusa Mz = 25 xHMm u Mz = 25 xHwm;

Dnropa M, moctpoeHa

B kadecTBe IpOBEpKH BO3bMEM CYMMY MOMEHTOB BCEX CIJI OTHOCHTEIBHO
TOYKH, PACIIOIOXKEHHOH Ha PACCTOSHUH X, OT JICBOI OIOPBI, HO PaCCMOTPUM IIPaBYIO
qacTh OalKu:

Mxozq(c-xo)@l+VB(c-xo+d) +M=
=-20-1,32-0,66 + 26,4 3,32 + 25 =95,3 kHMm
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Paannua B 3HAYCHUAX Mx IIpU paCCMOTPEHUH JICBBIX U ITPpAaBBIX CHJI BO3MOXKHa
H3-3a OKpYI'€HUS BEIINMYUH OIIOPHBIX peaKum‘fI U paCCTOSAHHUA Xo.

M=25kHmM
F-
= g=20KH/
vy 4 4 ¥ 4 ¥
C A xB K
V1=108,6kH Ve=26LkH
a=tm L b=t c=5m d=2n | e=15m
loleHvl
BkHm ﬁ!h
3nopa M.
Sk HM 25HM
(+)
N~ 'f'
|l |/
| ({11 L:EET
05, LxHM
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q=10KH/m m q=S;H/M F=5kH
e FRYEEN
C A D E K
V1=39 9kH Ve=62,6kH
a=15m a=15m b=t c=3,5m d=

Pemrenue:
1. Onpeoenumv onopnvie peaxyuu d6arku. CoOCTaBUM ypaBHEHUE:
DIM,=0; 1)ZMp=0;
13 nepBoro ypaBHeHus HaiigeM V!
M+q,(c+d) (a+b+%*)-VB(a+b+c)+F(a+b+c+d)=0
HIIN
204+15(35+1) (1,5+1+3'ST+1)-VB(1,5+1+3,5)+5(1,5+1+3,5+1)=0

6 == )

oTkyga Vg =
13 BTOpOro ypaBHeHus Haiigem V4.

Vy (a+b+c)-q2a(c+b+a)+M-q,(c+d) (“Zf—d-d) +Fd=0
138158

vy, (1,5+1+35)-10-2-15(35+1+15)+20-15(35+1) (352—“1) 4+5-1=0

10-3 '6-20+15'4—,5'1,25-5'1_399KH

oTKyma V, = <

BrmonsuM npoBepky:
XY=V, +Vg+q,2a-q, (c+d) -F=0
HIm
399+4+625-10-3-15-4.5-5=0, otkyzma 102.5-102.5=0

2. O6o3Ha4um xapaxkmeprvie ceyerus oanku C, 4, D, E, B, K.
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3. OnpedeﬂuM nonepe4dHvie CUujibl 6 XapaxKmepHsvlxX ce4eHUusx.

Qc=0;

JIeB

QA :.qla:-10-1,5=-15KH;

npas

npas

Qp=Q, -9a=249-15-3=99«kH

QE =QD = 9,9 KH

JIeB

Qg =Qg-gq,c =9,9-15-35=-42,6 kH

npaB JIeB

Qs =Qg +V4=-42,6+62,6=20kH;

Qx =Qg " -q,d=20-15-1=5kH
CoeUHIM TIOJTyUYeHHBIE 3HAUCHUS IPSIMBIMHU JTUHISAMHI H MOIy4YrM 310py Ox.
Omnropa O, Ha ydyacTke EB mepecekaeT HyJEeBYIO JuHUIO. OnpenenuM I0JI0KEeHUe
TOYKH, B KOTOPOIi IIPOUCXOJIUT 3TO IepeceUueHHe U3 I0J00HS TPeyrodbHUKOB HRL U
HNS , otxkyna HR/HN = HL/HS, wiu x4/3,5 = 9,9/52,5, otkyna

9,9:35
Xg = =—==0,66 M
0 52,5 >

DTO cedeHue CUNTaeTCs TakKe XapakTepHbIM 1 Oy U M .

Wt q=BkH/m F=5«kH
q=10xH/m m DR E
Z
W ity la]
C ijA D E K
V1=39 9kH Ve=62,6kH
a=15m a=15m b=t €=3,54 d=
S
24 9xH 20kH
99kH L 9.H ”@Tﬂ}
-+
3nopa G: ””“” R = LTI osm
= H N
BkH T
x=0,66M
L2 6xH
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4. Onpeodenum uzzudaroujie MOMEHMyvl 6 XapAKMepPHLIX MOYKAX:
MC = 0,
— as_ . L5 -
Mp=-q,a-5=-10-1,5-=+=-11,25kH"™m;
"2 2

JieB

Mp® =-q,-2-a-a+Vya=-10-2-15-15+39,9-15 = 14,9 kHM;
Mp " =Mp 4+ M=149+ 20 =349 kHM

Mg =-q;2.a(a+b)+Vy(a+h) +M=-10-3-25+39,9 2,5+ 20 = 44,8 kH'M
Myo=-q12a(a+b+x,) +VA(a+b+x0)+M-q2xo§=
= -10-3-3.16 +399-3.16 + 20- 15-0,66 - 0.33 = 48,03 kHmMm
Mg = Fd - qzdg =-51-15-1-0,5=- 12,5 kH'M; (paccmoTpeHa mpaBas 4acTb
6anxu BK)
MK = 0.
5. Ctpoum smropy My Ha ydacTKax MEXAY XapaKTepPHBIMH TOYKaMH:

a) yuactok CA »smiopa - M, npeacTaBisieT coboii mapaloiy, Tak Kak Ha
ydaTKe IeHCTBYeT pacipelelieHHas Harpy3ka. Ho mapa0oja He mMeeT 3KCTpeMyMa

(BepIIUHEI), Tak Kak 3Mmiopa Oy He MepeceKaeT HyJIEeBYIO JIHHUIO MexXay Toukamu C i
4;
0) ygacTok AD - Toxe mapaboia, coeuHAomas 3HadeHust M, = -11,25 kHm u

JieB

Mp =149 xHm
B) yuactok DE - smropa M, - mpsiMas JIMHUS, COSAUHAIONAs] 3HAYSHHS MgpaB:
34,9 xHm u Mz = 44,8 xHm

r) yuacTok EB »smropa M, - mapabosa ¢ BEepIIHHOI Ha pacCTOSAHHA Xo = 0,66 M
oT Touku £. CtpoumMm ee 1o TpeM ToukaM Mg = 44,8 kHwm, M., = 48,03 xH™m u Mz = -
12,5 xHwm;

1) yaacTok BK smropa M, - mapaboina, IOCTpoeHHas MeXy 3HaUeHUsAMHU, Mp =
-12,5 xHMm u M= 0.

Dmnropa M, mocTpoeHa

IIpoBepum 3HaueHue M, B TOUKE, PaCIOIOKEHHON Ha pacCTOSHUHU Xy = 0,66 M
mpaBee TOUYKH E. PaccMOTpUM mpaByro 9acTh OaIKH:
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N

Mx0=q2(6-x0+d)i%l+vlg(c-xo ) -F (c-x0+d) —=

=-15-3,84-192+4+62,6-2,84-5-3,84 =48,0 kHM

H-Fllsl ExHy pag
q-iErg-.’H - \,‘f q "9"""" 7 EH
w L v _:* l ‘\' b A 1 L l ¥ l l ¥
(B A ] E ;] K
LY
o 5o
L, - I‘ +
Prrry S PEPEY FOE
Wa=30 R Vo5l ekH
o=l w=iSe b= § L=3,58 c=H |
12 5kH
11.5kHH e

IMEpE Ha O] jh , LE]J.D,_J
T 7

LR <

L3

ER T

I

00 Bep BTN

Konmponvnwvie éonpocwi:
UYrto Takoe u3ruod?
UTto Takoe YUCTHIN U TOTIEPEUHBIN U3ru6?
Kaxkue BHyTpeHHHE CHIIOBBIE (PaKTOPHI BOSHUKAIOT B IMOMIEPEYHOM
CEYEHUH MPU NONEPEYHOM U3ruoe?
[IpaBmia MOCTPOCHUS AMIOP MOMEPEYHBIX CHJI U H3THOAOIUX MOMEHTOB?
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IIpakTnyeckas padora Ne 18
PacueT Ha NPOYHOCTH NPH U3rude

IJens: HayuuTCS BBIMOJIHATH pacueT Ha MPOYHOCTD IPHU U3rude

B pesynomame évinonnenus npakmuueckoil padomvl CmyoeHm 00J1#ceH

- 3HamMb: HATIPSDKEHUS, BOSHUKAIOUINE MIPU U3THOE; YCIOBUS MPOYHOCTU TPU
u3ruoe; pacuetTHoie (HOPMyIbl IPOUHOCTH;

- yMemp: CTPOUTH DIIOPHI MOMEPEUYHBIX CHUJIA M HU3TUOAIONIMX MOMEHTOB;
BBITOJIHATH MPOCKTUPOBOYHBIE U MPOBEPOYHBIE PAcUeThl Ha NMPOYHOCTH; BHIOUPATH
panroHagbHbIe (OPMBI TONEPEUHBIX CEUCHHIA.

Hcxoanbie 1aHHBIE:

Hcxonuble nannble: 0ayka AByTaBpoBast, My, x U Qmay A1 JAHHOM
OPaKTHYECKOH paboThl O€peM U3 SMIOPBI TOCTPOCHHOM B MpeAbLAYIIEH
[TpakTuueckoit padboter Ne 23(15)

IHopsiI0K BBINOJIHEHHUS MPAKTUYECKOM PAdOTHI:
1.OnpenenuTs MUHUMAJIBHBIT MOMEHT COITPOTUBIICHUS

M
W, = Hmax oy
o

rie M,,,, - MaKCUMaJlbHBIN H3rubarommuii MoMeHT, KHem ( MakcumaiibHOE
3Ha4YEHUE Ha AII0PE U3ruOaI0IIUX MOMEHTOB)

0 - HOpMaJbHOE Hanpshkenue, KH/cm?,

2. Ilo coprameHTy mnoja0OupaeM JBa JByTaBpa C OOJBIIMM U MEHBIIUM
MOMEHTOM COTIPOTHUBIICHUS

1) nBytaBp N~

2) nBytaBp No

3. [IpoBepsiem NpOYHOCTH OaTKU

3.1 ¢ monepeyHbIM ceueHueM u3 aBytaBpa Nel

M
o, = 22 rH/cm? = MIla
1 w. s

x1

NEpEHAIPSHKEHNE COCTABIISIET:

0-1_0-
a = ——100%
o

3.2 ¢ monepeyHbIM CEUeHUEM n3 AByTaBpa Ne2

M
o, = —22* yH/cm? = Mlla
2 w. 5

X2

MNCPCHAIIPAKCHUC COCTABJIACT:

0-1_0-
a = —— 100%
o



BbIOMpaeM JBYTaBp Y KOTOPOTO MepeHanpsbkeHne COCTaBUT He Ooee 5

%.

BrInuceIBaeT XapakTEpUCTHKH U3 COPTAMEHTa Juist iByTaBpa Ne  :

MowmenTt conporuBieHust Wy , cM°

MowmeHnT naepuus |y , cm?

CTaTUuecKuii MOMEHT Sy , CM°

TommuHaa cTeHku d , MM

Hlupuna monku b , MM

Tonmmaa monku t , MM

Bricora ceuenus h , MM.

4. BBIITOTHATB YEPTEX JABYTaBPA C YCTAHOBKOW BCEX pa3MeEpOB.

5. OnpenenuTs MakKCUMAJIBHOE KacaTeJIbHOE HANPSKEHUE U3 YCIOBUSA
OPOYHOCTH

Q S
Tax = %, kH/cm? = MIla

i€ Qmax - MakcuManbHas mnonepeuyHas cwia, kKH (npuHumaem u3
AITIOPHI TTONIEPEYHOM CHITBI B MPEIBIAYILECH MPAaKTHIECKON paboTe)
B JJAHHOM CJTyJae TOJIIIMHA CTeHKH b = d, Torma
T =06 "0, Mlla
Tmax < T
€CJIM YCJIOBHE BBITIOJIHSICTCS TO MPOYHOCTH B OMACHON TOYKE OMACHOTO
cedyeHus oOecreyueHa.

V oeymaspa umeemcs ewe 00HA ONACHASL MOYKA - MOUYKA
nepexooa om nojaku k cmetnke. Haubonee seposmuuvle onacHviMu cevyeHusmu
30ecb Mo2ym Oblmb ceuenus 20e SeluKky U NonepednHas Cuia u uzeuoanwuil
momenm. B nawem caywae smo M u Q xomopvie meHbUle MAKCUMATbHBIX
3HAYEeHUU.

6. Onpenennutb KOOPAUHATY Y TOUKHU MEPEX0/1A OT MOJKU K CTEHKE
y = % h —t,cMm
7. Omnpenenuth  HOpMajdbHOE  HampspkeHwe  (T.K.  CEUEHHUe
CUMMETPHUYHOE 3HAK HOPMAJIbHOTO HANPSIKEHUS 3HAYEHNE HE UMEET)
o = MI' y, kH/cm? = MIla

X

8. OnpeaenuTh CTaTUYECKUM MOMEHT TUIOIIAAM TIOJIKU
1
S0 =bp - t-;(h — t), M
9. Onpenenuth KacaTeIbHOE HAMIPSIKEHUE

.50
=2 _;,KH/CM2=MHa

X
10. IIpoBepuTh ycioBuE MPOYHOCTH
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o =+o? + 31?2 < [o]
11. [lo moyydeHHBIM 3HAYEHHUSIM HAIpPsDKEHUA B TOYKaX BBIOPAHHOTO
OMACHOrO0 CeYeHUs OalKh CTPOMM 3IIOPbl HOPMAJIbHBIX M  KACATEJIbHBIX

HANPSKEHUH 110 BBICOTE JIBYTaBpA.
Onropa 6 Omnropa 1

\ /J —

F/\\/=

IIpuMep BbINOJIHEHHS MPAKTHYECKON padoThI:
HcXoIHbIE TAHHBIE:

M=25kHH

E EB K

Va=108,6kH V=26, bkH

F=TkH
* q=20xH/m

P4l
A

o=1m | b= c=5m d=2m e=151

00H

73 6xH

3nmpa O g H R i}

Bl gy ﬁ 26 LxH ElxH

35kH x=368M

LOkHx

TrHm

Inopa M. Tl

2SkHe | 25<Hm

|
el LT BkHm
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banka nByraBpoBasi,

M0 = 95,4 xHMm = 9540 xHem; M =78 kHm= 7800 xHcm
Qmax = 73,6 kH; Q=35 kH

[6] = 160 MIIa = 16 kH/cm?

Penrenue
1.Onpenenutb MUHUMAJIBHBI MOMEHT COPOTUBJICHUS

— Mmnax 3
VVx = T, CM

rie Mpq, - MakcUMaldbHbIM u3rubOaromuii MomeHT, KHcm (
MaKCHUMaJIbHOE 3HAUEHUE Ha AIIOPE U3rHOAI0IMX MOMEHTOB)

0 - HOpMaJbHOE Hanpsvkenue, KH/cm?,

W, = 22 = 596,25, oM’

2. ITo copraMeHTy MoAOHpaeM JBa JABYTaBpa ¢ OONBLIIAM M MEHBIIAM
MOMEHTOM COIIPOTHBIICHHS

1) nByraBp Ne 30a W, = 518 cm®

2) neyraBp Ne 33 W,, = 597 cm®

3. IIpoBepsieM MPOUYHOCTDH OaIKU

3.1 ¢ monepevHKIM cedeHneM u3 aByTaspa Nel

M
o, = —=22% . xH/cm? = MIla

x1

9540

o, = a = 18,4 KH/CMZZ 184 MlIla
NIepeHAIPSHKCHUE COCTaBIISCT:
0-1 — 0
a = —— 100%
o
184 — 160
Q= — 100% = 15% uTo0 GOJIbIIIE JOMYCTUMOTO 3HAUCHUS

3.2 ¢ monepevyHbIM ceueHUEM n3 AByTaBpa Ne2

M
o, = —22 yH/cm? = Mlla
2 w. 5

X2

0, = = = 16,0 xH/em? = 160 MIla
NepeHaIPsHKEHNE COCTABIISIET:
0-1 — 0
@ = ———— 100%
o
_ 160 - 160 o _ o
* = 7160 °=

BBIOMpAaeM JIBYTaBp y KOTOPOTO MEPEHANPSIKEHUE COCTABUT HE Oosiee 5
%.
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BrinuceiBaeT XapakTepUCTUKU U3 COPTaMeHTa JJisl iByTaBpa Ne33:
MowmenT conporusierns Wy =597 cm®

Mowment unepuuu ly = 9840 cm?

Cratuueckuii MomeHT Sy = 339 cm®

Tommmaa ctenku d =7 MM

lupuna monku b = 140 MM

Tommuua nonku t = 11,2 mm

Bricora ceuenns h = 330 mwm.

4. BINOTHUTH YEPTEXK JABYTAaBpa C YCTAHOBKOM BCEX pPa3MEPOB.

—

b=140

d=7

h=330

\

5. OnpenenuTe MAaKCUMAJIBHOE KAacaTelIbHOE HAIPSHKEHUE W3  YCIOBHUS
IPOYHOCTH

Q S
Tmax = %, kH/cm? = MIla

rne Qmax - MakcuMasbHas morepeudHas cuia, kH (mpuHumMaem u3 3mIOpHI
MONEPEYHOMN CUIIBI B IPEIbIAYIIEH IPAKTUYECKON paboTe)
B JIAHHOM CJIy4ae TOJIIMHA CTEHKU b = d =7 mm_, TOT11a

73,6 -339
T = " =36 xH/cm?=36 MIla
max 9840-0,7

T =06 - 0, Mlla
T =06"- 160 = 96 Mlla
Tmax =T
36 <96 (MITa)

YCIIOBUC BBIITOJHACTCA

6. Onpenenutb KOOPAUHATY Y TOUKHU MEPEX0/a OT MOJKUA K CTEHKE
y = % h — t,cMm
Y =233 - 112 = 1538w

7. OnpenenuTs HOpMAJIbHOE HANpsKeHUE (T.K. CEYEHHE CUMMETPUYHOE 3HAK

HOPMAJILHOTO HANPSKEHHs 3HAUYEHUE HE HMEET)
M-y
o =— kH/cm? = MIla

X
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7800°1538 _ 15 5 H/em? = 122 MTTa
9840

8. OnpenenuTh CTaTUYECKU MOMEHT TUIOIIAAN TTOJIKH
1
S0 =p- t--(h - t), cm®

SO =14 - 1,12 - %(33 — 1,12) = 250 c™m®

9. Ol'[pCI[eJII/ITI) KaCaTCJIbHOC HAIIPAKCHUC

_Q-s? 2 _
T = , kH/cm* = MIla
Iy-d

= 2250 _ 1 927xH/em? = 12,7 MIla
980-0,7

10. IIpoBepuTh ycioBUE MIPOYHOCTH
o = +o? + 31?2 < [o]
o = /1222 + 3-12,72 = 124 < 160 MIla
11. Ilo moxy4yeHHBIM 3HAUYEHUSIM HAIPSKEHUN B TOUKAX BHIOPAHHOTO
OMACHOTO CEYEHHsI OaJIKM CTPOUM DIIOPbl HOPMAIbHBIX W KacaTeJbHBIX

HaHpH}KeHI/Iﬁ I10 BBICOTC ABYTaBpAa.

Dntopa 6 2nropa t
12,7 MTIla
) — \
/ ——
122 MIla
Tmax= 36MIIa

/\\ =

Koumponvnsie eonpocut.
1. Kak onpenenuTs nonepeyHbie CUilbl B ceueHuu opyca?
2. Kak BBIUMCINTE U3ru0aouii MOMEHT B JIIOOOM ceueHnU Oajiku?

3. Hanumure yciioBue NpoOYHOCTH NpU U3THOE?
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IIpakTnueckas padora Ne 19
Pemenue 3aga4 Ha MOCTPOEHHE MIOP JIA MJIOCKUX paM

I]enb: HayunTCS CTPOUTH SMIOPY MPOJAOJIBHBIX CHJI IS paM

B pe3ynvmame évitnonnenun npakmuyeckoi padomaol cmyoenm 00J14CeH

- 3HamMb: YPABHEHUS PABHOBECHS ISl ONIPEICIICHUS OMTOPHBIX PEaKIMi paMm;
paBuia MOCTPOCHHUSI SIMIOPHI TPOJOJIBHBIX CUJT JJISL paM;

- yMemp: COCTaBIIATh YPABHEHUSI PAaBHOBECUS ISl paM; ONPEIEIATh
MPOIOJIbHBIC CUJIBI JIJIs1 IOCTPOEHUS AIIOP; CTPOUTD SMIOPHI MPOAOJIBHBIX CHJT J1JISI
pam.

Hcxoanbie 1aHHbIE

@) = Q) F=40xH ©) s

PRt . F=40xH =
TITITIETITIT I p_ hige Tn F=30xH
= | |
= I :
F=2ﬂKH~;_ E' \"D Q-g 5
I - 4 : I
=l 4 i =
A -
4{’ fﬁ=4m ! ’7//2=3M /2=3?{‘ /4
if4=2m 4=2m B 7
@ g =20 kH/m @ F=60xH @ q= 151<H/m2
SR ITIR IR TITTIIITIIN! , v Y 2
I a=1m 77;77 Z I i (!l\l
S 7 ]uF~ 10uH z ) S F=15kH |
- o <
= a=1m [} n = A
™ - o oy
[ 2 % :
g%y—’ om___) ' g—% v
- -
2= 4m : ) M
. £ =60kH
l F=15xH : @ :
{ = A
2 = %
s | A i mu = e
i ) 0= =
n|= e
ot L a=1mM = !‘: L.
v L,‘?;’-=3M f2=3m ) 1 f=8m 1 #
T d
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' 90 kMme bty F=50xH F=50kH
THIHITIIEE @ =20t @
i1 . E»Liil- SR 1122210022001 i
. ! :
2 ~ L0 =
)/ L = 5— 15xH :’
| 1=gw | b =
By 7 ;
N
= 2=3 Y
U2=3u "
= (14) g5 15xH/M  F£=20xH i
@) F=50xH @) 7 @) g = 25%H/M
il Tt a IR A AR 0221 AR 002 Rilntntn
: - ~ =1,5M 9 Il o4 i —
Z = —F,=25:H o I
= % = - 5 %_
o wl o =
W 1 ‘9 ~ oL
= o = I|\a,.% j
et {=6m | %
I/2=4m :
4= 2w 14=2M
i =20 kH/™ g=10kH/M
F,=380xH @ q :
a = ITIIITINL NI .
] ]
% ‘Fl= 10xH Q“‘:“ fFl = 10kH !E _%
= e s
T:,_%:?:lm - Fz-wﬂ( - F=10xH
12 =13u ey . 1= 8M 2
g=40xHM] £ _ g0 : ) g= 25KH/M
. 1111111) = z TITEITIIIIN]
[
= g“ ~ L~ F=30xH
T = 3, _/=
~1
3 i =
Y S 'J"‘%;
/4 o~
4 7 7 = t 2 1= 6M &
2=3m 2 =3m A
7= 10kH/m
@  gF=sox F=50xH ¢=30xH/u I I T T T VO
=T y seth F=20xH é
I ? 2 = i o
= 4 i
) i@ =
Lo2=3 2
= _—%I/Z=4 I/2=4r.7“;ﬁ
4=15u Ya=15M X +
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q=20kH/{(
TYYTPTRTERETY

F=30kH

®

h=4m
i'g\ 4=é 10 xH/M
2=
A\
N
h/s-ZM H12=2m

3M®

2mM
y

F=80xH Y

h/2 _=_3 M A2
N\
<

6M

12 =3my i/2=3%1"

: i
‘r,= 10 &H 'F1=SOKH ' o q;H—::;{F/;(
& =
7 i=6m > 1=6m
L2=4x 112 = 4 ;

IHopsinok BbINOJIHEHUS MPAKTHYECKON padOThI:

1 [Toka3aTe ycnoBus 3aaauun

2 [TokazaTh pacueTHYIO CXeMy

3. Omnpenenuts OMOPHBIE peaAKIIUN

4 O0603HaYUTh XapaKTEPHbIE TOUKU

5. Ompenenutsb MonepevHbIe CUIIbl B XapaKTEPHBIX TOUKAX, 00X0I paMy
10 YaCOBOM CTpEJIKE U3HYTPH, CTOEK U PUTEIIS

6. Ilo HaiineHHBIM 3HAYCHHSIM TIOCTPOHTH SITIOPY TMOTEPEUHBIX CHII.

7. OnpenenuTth 3HAYCHHS TMPOAOIBHBIX CHJI

8.  Ilo HaiineHHBIM 3HAYCHHSIM TIOCTPOUTH SITIOPY MPOIOJIBHBIX CHIL.

9.  Omnpenenuth 3HAYCHUS U3THOAIONTUX MOMEHTOB B XapaKTEPHBIX TOUKAX

10. Tlo HaifIeHHBIM 3HAYEHUSM IMOCTPOUTD DITIOPY U3TUOAIOIITIX
MOMEHTOB.

IIpuMep BbINOJTHEHHS MPAKTHYECKON PadoThI

Hcxonnbie JaHHbBIC
1. IToka3ats ycnoBus 3a1a4u
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q1=20kH, 1

HENEEN

h/2=2,5m

F=30kH

h/2=2,5m

A

{=TH

q=10xH/ M

SR
Syl I I A

[TocTpouts smtopy nonepeunbix cuin Q,
2. IToka3aTp paC4eTHYIO CXEMY

q=15xH ™

hy2=2,5m

F=30«xH

h/2=251

Ha=20kH

A

Wa=399H

L1l L]
D E

i=Tm

qz=10xH / m
= L

Ve=62,6kH

3. OnpenenuTtb ONOPHBIE PEAKIIUH.
Pama He nMeeT MPOMEKyTOUHBIX MIAPHUPOB, TOITOMY

HCTIOJIb3YEM YPAaBHEHUE paBHOBECHs BHaa I.
W3 nepBoro ypaBHeHHS onpeaeiumM V.

F-h

!

l-— — qz.h._

2

305
2

h
2 - I/ig - l =0

+20°7-2 - 1052 — Vg -7

30:-25+20-7-35-10-5-2,5

l/ig =

7

N3 BTOpOro ypaBHEeHUs onpeaeianM V.

h
l{A ) l + I? = (11 - l

7 T
501041
OTKyJ1a
62,86 kH
501041
5~ 0
2

2

Vi 7+30-2-20-7-2-10"-5-
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2

h h—O
qz 5 =
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-30:-25+4+20-7-3.54+10-5-2.5
Vv, = - = 77.14 xH

OTKyJa
N3 Tpetbero ypaBHeHHs HauaeM H .
Hy+F —q,-h =20
orkyna Hy = g, -h — F =10-5 — 30 = 20kH
IIpoBeprM NMPaBUIBHOCTB ONPEIEICHUS BEPTUKAIBHBIX PEAKIIINA:

ZY:VA‘I‘VB_qll
i 62,86 + 77,14 - 20 -7=0, otkyna 140 - 140 =0
4. O603naunTh Xapakrepusie Touku A, C, D, E, B. Pama cocrout u3
nByx croek AD, BE u purens DE. Croliku u purensb )KecTKO COeTMHEHBI MEXKIY
cobort By3nax Du E.

5. OHpGIIGJIHTI) IMOIICPCUYHBIC CUJIbI B XapaKTCPHLIX TOYKAX, 06XO,Z[}I

pamy 110 4acoBOM CTPCIIKC U3HYTPH, CTOCK U PUI'CIIA

Crotika AD:
Q4 = —Hy = 20kH; Q" = —Hy = — 20 kH;
gpaB = —-H;, — F =—-20 — 30 = —50kH;
8 = —H, — F = —50kH.
PurensDE:
PR — VY, = 77.14 kH;

D
gl =V, —q -l =7714 —20 -7 = 62.86 kH.
Croiika BE: paccmoTpuM npaByro 4acTh paMbl (IIpU B3TJISAE U3HYTPH)

Qs =0, Q7 =g, - h =10 - 5= 50kH.

6. [1o HaliIeHHBIM 3HAYEHHUSM ITOCTPOUTH SMIOPY MONEPEUHBIX CHJL.
Ha yuactke DE smiopa Qy nepecekaer och puresisi Ha pacCTOSHUU Xo OT

touku D. 13 monobus tpeyronpankos DKG u DEL:
77,147

Xo 77,14
— = —— OTKVIa X, = = 3,86Mm.
7 140’ yAad Xo 140 ’
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i

6. OHpeI[eJ'H/ITB 3HAYCHUA HpOI[OHBHBIX CHUJl
Croiika AD:
NAD - — VA = — 7714‘KH
Purens DE:
Croiika BE:
NBE - - VA - - 6286 KH
7. Ilo HaliieHHBIM 3HAYEHUSIM TIOCTPOUTH MIOPY MPOJOIbHBIX CHIL.

(SRR
(LSRRI

T7,14kH
8.  Ompenenuth 3HAYCHUS U3THOAIONIMX MOMEHTOB B XapaKTEPHBIX
TOYKax
Croiika AD:
My = 0;Mg = —Hy -2 = —20- 25 = —50kHu;
My=—Hy -h—F-2=-20-5-30-25=—175kHm.
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Purens DE:
h
Mp=—Hy -h—F:2=-20-5-3:25=—175kH

h X
MX0=3,68M=_VA'x0_H'h_F'§_Q1'x0'7=
= 7714 - 386 — 20 -5 —-30-25—-20-386-193 = —264kHmM
Mg=Vy-l—Hy-h—F - Z—q-1--=

=7714 -7 - 20-5—-30-25—-20-7-35 = —125kHwmMm
Croiika BE: niis nmpaBoii yactu pamsl
Mg = O;Mg = —q, - h-2=-10-5-25=—125kHm
9.  Ilo HaliicHHBIM 3HAYEHUSAM MTOCTPOUTD SMIOPY U3THOAIOIINX
MOMEHTOB.

175KkHM 129xHM

Koumponwvnwie eonpocut:
1. HazoBute coctaB 0JHONIPOJIETHOW paMbl?

2. Kak onpeaenstor 3HaKu OMEPEYHBIX CHJI, H3THOAIOIUX MOMEHTOB H
MPOJOJIBHBIX CUJI 1Sl pam?

3. Kaxkue npaBuia npu mocTpoeHUH S0P AJis pam?
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IIpakTnyeckas padora Ne 20
OnpenesieHus1 yCHIINH B CeYeHUSAX TPEXIIAPHUPHON apKH

HeJlb.‘ HaY4YUTCA OIIPCACIIATh YCHUIIUA B CCUCHHUAX TpeXHIapHHpHOﬁ

apKu
B pe3ynivmame evinonnenus npakmuieckoil paoomaut cmyoeHm

001)ICeH
- 3HamMb: YPAaBHEHUS PABHOBECHS TSI ONIPEICIICHUS OTIOPHBIX PEaKIIHMA

apKu; MpaBuja ONpeieSIeHUs] YCUJIUM B CEYCHUU apKH;
- yMemb: COCTABIISITh YPABHEHUS pPABHOBECHUS JIJIsl APOK; OMPEAEIISTh

U3TUOAIONUH MOMEHT, MOMEPEUYHYIO U MPOJIOIBHYIO CHIIY B CEYCHUH apKH.

HcxoaHble JaHHBbIE

S Fy=30xH @ F=20kH  F=20kH

.F|"'4OKH q-/3UKH,(M B ql=15KH/M

LITITITLILLILITTTI TSI T T IITILL
= =
- g, = 1SxH/» o0
{ - u

6M 2M 4M g 8u 153!
=16 M [, =32 M

[ F=20xH ©) o e _
& l 26 xH/™ @ g = 20 kH/m F=25xH

Lomlo6m] 6m
L i=24wm [

1=28m
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@ F=25kH F= 30,\-3 Q.'ISKHIM F=20xH

g = I5EH/M

i YA £

E=

i
ke

f=32m
I @ F=20x4 '

g™ 20 kH/m g, = 10kH/M
@ = >3

-

L]

A

dmZmlmanm

=16 M

@ F=40kH
¢, =20 xH/Mm

[TIT111]
Asdaid

=30 kH/M 9 Teur @ F=30kH
1 | P

Tiiadiiig

9 3Im 6M
1=24m _|,

F,=25kH @ F=25kH £, = 25xH Fy= 30 kH

=20xkH
Fy=20xH g=15kH/M @ =10 xH/™ @ = 15kH/M i iy !
] T I
.z :
el
h M[/ "
e~ e
P l SM LSm | sm
y {=24m J, | 1=20M
F F=30xH @ =30KH/M 50 1

ERAERARARER ——
AlunA_{_;h“Hqu

@ F=doxn [2=30kH

q=20xH/M
ITITLILITIITLIFITITIL

SM | SM 2.5M J
l 1= 20M

[=32y "
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@ £ =25xH F=25kM
F,=30xH = 20 kH/™ b 2T 2VK
l q / q“s"eélr/rhl:' AMLTTITNL

2 = jididiaddad =
o A~
A~ t""

oM 3mM6M 2 9 [3M 6M 4

i=24m J, ,.___Ji"Lm__J

gy =30 kH/Mm g;= 20kH/M

F=30kH ¢,
T

=20 xH/m
111

=20xH
G /M\

F=30xH

4,= 10 kH/™

f=8m

)

I,_ I=16M

F=30xkH
g = 15xH/m

4M | 4M

¢, = 25kH/M

f=4m

7

N

IHopsiI0K BBINOJIHEHHUS MPAKTUYECKOM PAdOThI:

IIoka3zaTth HCXOAHBIC TaHHBIC

TOYEK
3.
paBHOBECHS
4,

Buectu nanHbie B TaGauIly

o N oo

CnenaTts BBIBOIL.

IIpuMep BbINOTHEHHS MPAKTHYECKON PadoThI

OnpenenuTh ONOPHBIE PEAKIIMU apKHU Yepe3 YpaBHEHUS

BbINOHUTE YepTeX apKu ¢ yKa3aHUEM Harpy30K U XapaKTEPHBIX

OnpenenuTh U3rudarouii MOMEHT B XapaKTEPHBIX TOUKAX apKH
OnpenenuTp MonepeyHble CUIIbI B XapaKTEPHBIX TOUKAX apKu
OnpenenuTs NPOJOJIbHBIE CUIIBI B XapAKTEPHBIX TOYKAX apKu

OnpenenuTs U3rudarouii MOMEHT, MONEPEYHYIO U MPOAOIBHYIO CUIIbI
TpEXIIAPHUPHON apKu MapaboIMUYEeCKOro CeUeHHUsI

g 15H/ 1

A T A

Fm20rH

c\

Fr-20H

=91

9M

M

M

36M
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A

1. O0603HaYHTH U ONIpeAeTUTh onopHbIe peakiuu Ra; Rg; Ha; Hp

ApouHO€e U300pakeHue apKu

G 15kH/ M
J,J,J.J,J,iiJ,J,J,EFﬂUKH
o \Fp]ﬂKH
3
&
L
HA PR /.Y o= -b
1. a3
M M M b ]
Im
banounoe n3o0paxxeHue apku
Eh:‘ISKH/M F1=2DKH F1=30KH
Al o)L B

L1l 1
D

11

Ra

M

M

9mM

M

R J

36M

CocTaBuTh YPaBHCHUA PABHOBCCHUA AJIA OIIPCACICHUS OIIOPHBIX peaKIII/Iﬁ

ZX=O;ZMA=O;ZMB=O;ZM

-2x=0 ==Hax-Hg=0=>Hs=Hg=H
Pacniop cneBa u cipaBa OIMHAKOBBIM, HO ITOKA HEU3BECTHBIN
-XMa=0 q-18:-9+F,-18+F,-27—Rp-1l=0

. q-18-9+F -18+F,-27 15-18-9+20-18+30-27

npas
JeB _
c =0

=1 H
l 36 00k
-ZMp=0 —q-18-27—F,-18—=F,- 94+ R,-1 =0
q-18-27+F,-18+F,-9 15-18-27+4+20-18+4+30-9
[ 36
- [IPOBEPKA
2y=0
RA_Q'18_F1_F2+RB =0
220—15-18—-20—-30+100=0
- OnpenenuTs BEIMUUHY TOPU30HTAIBHOM peakuuu pacrnopa H
ZMCnesz 0
Ry,-18—H:-f—q-18:-9=0
R,-18—-¢q-18-9 220-18-15-18-9
= = = 170kH
f 9
2. Omnpenenuts nzrudaronme MomeHntsl B ToukaxA, D, C, E, B
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My =M —H -y,
rae My - apouHbIil U3ruOarOINii MOMEHT B K-101l TOUKE apKU
M ,9, - OaJIOYHBIN U3rHOArOIIM MOMEHT B TOM K€ TOUKE, T.€.
M3ruOAOM MOMEHT B CEYEHUU OATKU, UMEIOLIUNA TaKUE ke HArPy3KH U
MPOJIET KaK Y apKu
H - pacniop apku
Vi - OPANHATA K-1MOU TOYKU HA PACCTOSIHUU X OT OMOPHI, ONMPEAECISIOT
U3 YPaBHEHUS apKHU
- 17151 Tapa0boIMYeCKOTro OUepTaHus
4-f-x(l—x)
2.1 Omnpeaenutsb 6aIOYHBIC U3THOAIOIINE MOMEHTHI B YKa3aHHBIX

TOYKax

0 _

M; =0

My=R,-9—q-9-45=220-9—15-9-4.5= 1372 kHm

MQ=R,-18—q-18-9=220-18—15-18-9 = 1530 kHm
M2 = Rg+9 = 100-9 = 900 kHm(cnpasa)

Mg =0

0=

2.2  Onpenenutbh OPAUHATHI Y, YKa3aHHBIX TOUYEK U3 YPaBHEHUS

napaboJbl
4-f-x(l—x)
[Ipux=0y, =0
[Ipu x =9myp =%= 6,75 M
HpHXZlBMyC=%=9M
[Ipu x =27m yg = 2927(36-27) _ 6,75 cM

362
[Ipu x=36mMmyz =0
2.3 OmnpeaenuTh apoyHbIEe U3THOAIOIE MOMEHTHI B TOYKaX

My=M?—H-y,=0-170-0=0
Mp=M3—H- -y, =1372—170-6.25 = 225kHMm
Mc=M2—H-y.=1530—-170-9=0
Mg = M§{ —H-yg =900 — 170+ 6.25 = —247,5kHM
Mg=My—H-yg=0—-170-0=0
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3. Omnpenenuth monepeunbie cwibl B ToukaxA, D, C, E, B
Qi = QY - cosay — H - sinay
JI1s cedeHuid pacioIOKEHHBIX CIIpaBa OT KII0UEBOI0O MApHUPA MOTICpeyHast
cuJIa omnpeaensercs mo Gopmyse
Qr = QP - cosay + H - sinay,

rae Qy - apoyYHasi omepeyHas CHIa B K-moti TOUKe (CEYCHHUN ) apKu
Qp — Gano4Has MoNEpeYHas CHIIA, T.€. TIOTEPEYHas CHIla B OaJKe, UMEIONIHii
TaKUE e HAarpy3KH U MPOJIET, KAK y apKU
), — yrois, oOpa3yeMblil KacaTeJIbHON K OCH apKH B TOUKE K, OTPEIeIIICTCs
KakK IIcpBas IIpoOru3BOAHAA OT YPABHCHUA OCH dpKHU
4-f(l—x)
tga =——p——

3.1 OHpGI[CJII/ITB OaJIoyHbIC ITOIICPCUYHBIC CHUJIBI B YKA3aHHBIX TOYKAX

Q% =R, =220xH
QY=R,—q-9=220-15-9 =85kH
gnes — R, —q-18=220—15-18 = =50 xH

S =R, —q-18—F, = 220—15-18 — 20 = =70 kH

e = Q" = —70 xH
o = Qe — F, = —70 — 30 = —100 kH

Q3 = Q"™ = —100 xH

3.2 OnpenenuTsb Yribl o, 111 YKa3aHHBIX TOYEK

Touka A x=0; tga = % = 1=>0=45°
sin45° = 0,707 cos45° = 0,707

Touka D x=9 m; tga = % = 0.5=> 0=26°
sin 26° = 0,447 cos26° = 0,896

Touka C x=18m; tga = % = 0=>0a=0°
sin0°=0 cos0°=1

Touka E x=27wm; tga = % = 0.5 =>0=26°

sin 26° = 0,447 cos 26° = 0,896
Touka B Tak kak Touku A u B cuMMmeTpudHbI
sin45° = 0,707 cos45° = 10,707
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3.3 OmnpenenuTs apoyYHbIe MONEPEYHbIE CHIIBI B YKa3aHHBIX TOUKA
JleBas yactp
Qp = QX - c0s45° — H - sin45° = 220-0,707 —170- 0,707 = 35,5 kH
Qp = QP - cos26° — H - sin26° = 85- 0,896 — 170 - 0,447 = 0.2 kH
dep = Q2" . cos0°— H-sin0°=—-50-1—170-0 = —50 kH
2P = Q2™ . cos0° — H -sin0° = —70+1—170-0 = —70 kH
[IpaBas yacTp

fgeB = Qp"*®.c0s26° + H - sin26° = —70-0,896 + 170- 0,447 = 13,3 kH
PP = Qp™*" - cos 26° + H + sin26° = —100 0,896 + 170 - 0,447 = 13,3 kH
Qp = QF - cos45° + H - sin45° = —100- 0,707 + 170 - 0,707 = 49,5 kH

4, Omnpenenuts mpoaoisHbIe cuibl B Toukax A, D, C, E, B

N, = —Q) - sinay, — H - cos ay,
JIns ceyeHnid pacrosoKEeHHBIX CIIpaBa OT KJIIFOYEBOIO MIAPHUPA
HoTepeyHas Cuila onpeensercs no gpopmyse
N, = QP -sina; — H - cos ay,

JleBas yacth
Ny = —Qg -sin45° — H - cos 45° = —220-0,707 — 170-0,707 = —275,7 xH
Np = —Qp -sin26° — H - cos 26° = —85- 0,447 — 170 - 0,896 = —190,3 kH
NJ® = —Q™® -sin0° — H - cos0°=50-0—170-1 = —170 xH
NZP*® = —Q2"™* - sin0° — H - c0s 0° =700 — 170 -1 = —170 xH

[IpaBas yacThb
NJe® = Q2" - sin 26° — H - cos 26° = —70- 0,447 — 170 - 0,896 = —183,6 kH
N = anpaB sin26° — H - cos 26° = —100- 0,447 — 170 - 0,896 = —197 kH
Ng = —Q) *sin45° — H - cos 45° = —100- 0,707 — 170+ 0,707 = —190,9 kH

5. Buectu nanHeie B TaOauIly

Touku M, xHwMm Q,xH N, kH
A 0 35,5 -275,7
D 225 0,2 -190,3
C mpaB 0 -50 -170
C JICB 0 -70 -170
E npaB -247,5 13,3 -183,6
E JIeB -247,5 -13,6 -197
B 0 49,5 -190,9
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Konmponwvnwie éonpocer:

1. B yeM oTiIMyue pacmoOpHON CUCTEMBI OT Oe3pacropHOn?

2. Ilo xakuM mpaBuiIaM OINPEACIIAIOT MONEePEYHbIEC CUJIbI, U3TUOAIONE
MOMEHTHI U MPOJIOJIbHBIEC CUJIbI B CEUEHUU apKu?

IIpakTnuyeckas padora Ne 21
OnpenesieHust yCHJIMH B CTEPKHAX (PepMbI

Ienw: nayuuTcs ONMPENENATh YCHINS B CTEPIKHAX KOHCOJIIBHON (hepMBbI

B pe3ynvmame @vinonnenun npakmuyeckoi padomasl CmyoeHm 00J14CeH

- 3HamMb: YPaBHEHUS PABHOBECHS ISl YCUIIMH B CTEPKHAX (DepMBbI; MpaBHIia
OTIPENICIICHUS YCWIINKM B CTEPKHAX (hepMbl aHATTUTUYECKUM U TpaPUUIECKUM
crocobamu;

- yMemb: COCTABIISATh YPABHEHUSI pABHOBECHUS JIJIs1 ONIPEACIICHUSI YCUITUHN B
CTEPKHSX KOHCOJIbHON (DepMbI aHAIUTUYECKUM U TPAPUIECKUM CITOCOOaMU

HUcxoanblie 1aHHbIC

@ : f:gnmiﬁmxﬂl’

1,5m
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F=20kH

M

AF= I15kH ¢ F=
M

15kH
2M

ul

u F=10kH | F=10xH

F=25xH

s

5M

2,5M
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Im

F=10xH

F=10xH

2,5Mm

2,5M 2,5M &

B
F=20xH 'F=20KH

IHopsiIOK BBINOJIHEHHUS IPAKTUYECKOH Pad0ThI

BrruepTuTh reoMeTpuyecKkyro cxemy (epMbl CTPOro B Maciitade
O0603HAYUTP Y3JIBI U CTEPIKHU

OnpenenuTs yriibl MEXIY CTEPKHIMHU B KOKJIOM Yy3J1€

Y CIOBHO BBIPE3a€M y3€J1 B KOTOPBIX CXOIATCS JIBA CTEPHKHS
OnpenenuTs yCUIUs U 3HAK YCUIIUS B CTEPKHX | y371a

OnpenenuTes yCUIUs M 3HAK YCWIHS B OCTAIBHBIX CTEPHKHIX
Beinonuuts pemienue rpaduueckuM crnocooom

CocTaBuTh CPAaBHUTENIBHYIO TAOIUILY C ONPEIEICHUEM MOTPEITHOCTH

©oOoN A wWNE

CnenaTh BBIBOJI
IIpuMep BbINOJTHEHHS MPAKTHYECKON PadoThI
OnpenenuTs yCUIINS B CTEPKHAX KOHCOJIBbHOM (hepMbl METOZIOM BBIPE3aHUS
y37I0B aHATUTHYECKUM U TpadUuecKuM criocodamu
1.  AHaIUTHYECKUH cIOcOO BBIPE3aHUs Y3JI0B

1,6M

3M 3M

1.1 O0603Ha4MM Y3JIbl U CTEPKHU
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+~

1,6M

C
3

1
2

A

M

F,=20xH
3mM

F1=1DKH

1.2 Omnpenenum yriibl MEKIY CTCPKHSIMHU B KaXKIOM y3JIe
- yrou B y3ie A Haigem u3 AADE: tgo=DE/AD = 1,6/6 = 0,267

=>q=15°

- YIJIbI MEXy CTEPKHAMHU B y3iie C OnpeaenTh NCIONb3ysl

3aBHUCUMOCTHU B IIPAMOYT'OJIbHOM TPCYI'OJIbHHUKC.

1,6M

S
x

o

F,=10kH

1.3 Beipe3aeM y3ibl

CTEPIKHSA)

V3en A (2 HeU3BEeCTHBIX

>x=0

-N;- cos 15°-N, =0

2y=0

-F1+N;-cos75°=0

N3 2 ypaBaenus onpezaensiem Nq

N; = Fy/cos 75° = 10/0,259=38,61 kH

N3 1 ypaBuenus onpezaensem Na

N2 =-Nj - cos 15° =-38,61 - 0,966 = - 37,3 xH
Crepxenb 1 — pacTsHyT

CrepxeHb 2 - cxkat

Z|on
N

CTEPIKHSA)

V¥3en B (2 HEM3BECTHBIX

2x=0

Nz- Ne =0

2y=0

N3-F2 =0

N3 2 ypaBHenus onpeneisiem N3
N3 = Fg =20 xkH

N3 1 ypaBaenus onpezensiem Neg
N6 = N2 = -37,3KH

CrepxeHb 3 — pacTsSHYT
CrepxeHnsb 6 - cxxat
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V3en C (2 HEM3BECTHBIX >x=0

CTEPKHS) Ni— N4 + N3- cos 75° - Ns- cos 30° =0

2y=0

- N3 - c0s 15° - N5 - cos 60° =0

N3 2 ypaBHenus onpeznensiem Ns

Ns = -N3 -cos 15° / cos60° = -20-0,966/0,5 = -38,6
kH

N3 1 ypaBaenus onpezensiem Ng

Ns = N1+ Njz- cos 75° - Ns - cos 30° = 38,61 + 20
- 0,269 — (- 38,6)-0,866 = 77,25kH

Crepxenb 4 — pacTsHYT

CrepxeHsb 5 - cxar

2. I'padmyeckuii criocod BLIPE3AHUS V3II0B

[Tpu pacuete dhepm NPUXOAUTCS pacCCMAaTPUBATh HE OJIHH, a
MOCJIEIOBATEIHHO BCE €€ Y3JIbl.

2.1 Bribupaem macmrad (1em — 10xkH). Bripezaem y31bl B TOM e TOpsJIKE
KaK ¥ MPY aHAJTUTHYECKOM METO/IE.

Y3ea A
N ¢ B y3ne A cxoasrcs cuna F1 =10 kH n
A ycuus Niu No. Otinoxxum B Maciitade
N A cun F1; = 10 kH, uepe3 Hauano u KoHen
2
F1='|UKH CHJIBI IPOBEAEM JIMHUU ITapalJICIIbHBIC

YCHJIUSIM JI0 B3aUMHOT'O TIEPECCUCHUSI.
N3mepenHbie B MaciiTadbe Cuil
CTOPOHBI TPEYTOJIbHUKA

npeacTaBisaoT coooit yeumus Niu No.
N 1= 38 xH

_ Ng=38kH N2 =37 xH

F,=10kH ( T st onpenenienrs 3Haka pacCTaBUM

N2=—37KH% CTPEJIKK Ha CTOPOHAX TPEYTrOJbHUKA
TaK, 9TOO0BI OHHM OBLIM HAIPaBJICHBI B
OJIHYy CTOPOHY, OPUEHTUPYSICh Ha
HarpaBJyieHue cuiibl F1. Hamoxum
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YCWIHSI Ha CTEPKEHB (EPMBI:
- €CJIM YCUJIME HaIpaBJIeHO K Y3Iy, TO

CTCPKCHD CXKAaT
- €CJIM YCHUJIMEC HAaIIPaBJICHO OT Yy3Jid TO

CTEpKEHb PACTIHYT
VYceume Njot y3na, crepxens 1
pactanyT Ni= 38 kH

Yceumue Nj K y311y, CTEpKeHb 2
cxxkatN, =-37 kH

Y3ea B

N3Bectrn F, =20 kH 1 N, =-37 xH,
He u3BecTHBI N3u Ng.

Otnoxum F, =20 kH u N, = 37 xH,
MIPOBEJIEM IMapaJljICIbHbIC UM JTMHUU 1
Harigem Nz 1 Ng

VYceunue N30t y3m1a, crepkeHb 3
pactsnyT Ns= 20 kH

VYceumme N k y31y, crepxeHs 6
cxatNg = -37 kH

V3ea C

M3BectHnl N1 = 38 kH 1 N3 = 20 xH,
He u3BecTHBI Nau Ns.

Otnoxxum N; = 38 kH u N3 =20 xH,
MPOBEJIEM MapaJIJICIbHBIE UM JTUHUN
JI0 B3aUMHOTO MEPECEUCHHUS,

MOJIYYWJIN TIPSIMOYTOJIBHUK, U3

Nc=38k =
5 H/N138KH kotoporo u HahjeM N 1 Ns
< Veume N4oT y3ma, cTepixkens 4
o ac Ns= 76 kH
N,=76kH PacTAHyT M= /b K
Yceunue Ns K y3i1y, cTepKeHb 5
cxxatNs = -38 kH
3. CocTaBHUTb CPaBHUTEIIbHYIO TAOIUITY yeuinid, KH, momydeHHbIX
AHAJTATHYCCKUM U TpapUuIeCcKuM CIIocoO0M
Ycunue N1, kH N,, kxH N3, kH N4, kxH Ns, kH Ne, kH
A =
HATITIRCCR | 3861 | 37,3 20 | 7725 | 3864 | 373
croco6
T =
padueckit 38 37 20 76 38 37
croco0
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[TorpemnocTts B

1,58 0,8 0 1,62 1,66 0,8
%

[TorpenrHocTh HE OJKHA TPEBBIMIATH 2%

Konmponwvnwie éonpocer:

1. W3 xakux 3JIeMEHTOB COCTOST (hepMbI?

2. IlpuBenure mpuMep reOMETPUUECKON HEU3MEHIEMOCTH CTaTHUYECKU
onpenenumoit pepmbl. OOpazyiTe U3 Hee TEOMETPUUECKU U3MEHSIEMYIO
CUCTEMY, OCTaBUB TOKE KOJIMYECTBO CTEPIKHEN?

IIpakTnuyeckast padora Ne22
OmnpenesieHue yCHIINH B CTEPKHAX (pepMbI IOCTPOEHHEM THATPAMMBI
Makcsesia-KpemoHbI

Ileny: wayuuTcs oOmNpenensTh YCUIIUSA B CTEpPXKHIX (epMbl rpaduyeckum
METOI0M

B pe3ynomame 6vinonnenus npakmuyeckoii padomul cmyOeHm 00.J19CeH

- 3HamMb: ypaBHEHUs PaBHOBECHUSA ISl YCUIIMU B CTEPKHIX (PepMbl; MpaBuia
ONpe/eNeHUs] YCWIMA B CTEpKHAX (epMbl aHAIUTHUYECKUM U TIpapuuecKuM
crocodamu;

- yMemb: ONPEACIATh YCWINS B CTEPKHAX (DepMbl IOCTPOCHUEM TUATPAMMBI
Makcsenna-KpeMoHbl

M cxoaHble 1aHHBIE

F=30xH F=30xH F=30kH @
F HF=20KHF=20KH

£ 15le 1 /g F=20x i
. Y 5 = 10xH L 7 = 10xH
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Im

3m | 3m Im | 3 7 [
+
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IHopsinok ¥ npuMep BHINOJHEHUS MPAKTHYECKOH padoThI
OnpenenuTs yCUIUS B CTEPKHAX (PEPMBI, TyTEM MOCTPOCHHS TUArPaAMMBI

Makcsemta-Kpemonsl

F=15xH
F=15kH F=15kH
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Pemmenne

1.

1:400 (B 1 cm—4 M)
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2. O003HAYATH ITOJIS:
BHemHue: a, b, ¢, d, d’, c’, b’, a’
BHyTpeHHue: 1,2,3,4,5,5,4",3",2',1'

3. Omnpenenutp ONOPHBIE peakuu HepMBbl:

3.1 BbIOparh Macmtad cwi: B 1 cm — 15 kH;

3.2 TOCTPOUTH CHIIOBYIO IMHUIO a-b-Cc-d-d’'-c'-b’'-a’'u3
BHEIIHUX CHUJI

3.3 ompenenuTh OTMIOPHBIC PEAKIINH, TTIOKa3aB WX MPEIBAPUTEIHHO HA
cxeme (epmbl. Paznenum cuinoByto uHui0 nonojam. CepeaunHa ee
HaxoauTcst Mexy Toukamu d ud’ u coBmagaer ¢ TOUKoi €, KOTOpoi
0003HAYEHO MOJIE, PACIOJI0KEHHOE MEXKY OIMOPHBIMH peakuusiMu. OTpe3ok
a’ - e, I3MEpPEHHBIN B MacIITabe CUJI, MPEACTABIISAET COOOM MPaByrO OMOPHYIO
peakuuto. Ha cxeme pepmbl paBasi onopHasi peakuus JeKUT MEXKY MOJIIMU
a'v e u o06o3Hauvaercs a’ - e. OTPE30K CUIIOBOM JIMHUU € — 4 TIPEJICTABIIAET
c00O0Ii JIEBYIO OTIOPHYIO PeaKInio. J[JTMHBI OTPE3KOB a’ - € U e — apaBHbI 3 CM,
IIOATOMY KaXkJasi onopHas peakums pasHa 3-15 =45 xH.

4, Ctpoum quarpamMmy yCUIuin
—a
b
1 —LC
3
R d
e
4“"['//
. —d
5
'
Y
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4.1 MBICIEHHO BbIpE3aeM y3ell A, B KOTOPOM CXOSITCA JIBa CTEPKHSI,

KoTopsie Ha3oBeM D — 1 u 1 — e. Ha cuitoBoit TiHUY yke ecTh TOUKU b e.

[TpoBenem yepe3 Touky DiaMHUIO, MapaienpHyI0 cTepkHio b — 1, a uepes

TOYKY € — JIMHUIO, TapaJljIeNIbHyI0 cTepkHIO 1 — e. Touky ux nepecedeHus

o6o03Haunm nudpoi 1. JInunaa muauu b — 1 paBHa 3,8 cm. [TomMHS, 4TO B IPHUHATOM

macmrtade 1 cm = 15 kH, noxyunm ycunme B ctepxkae b — 1, pasaoe 3,8-15=57 kH.

Jlnuna nuHuu 1 — e takxe paBHa 3,8 cMm, T.e. ycunue 1 — e Toxe paBHo 57 kH.
Omnpenenm 3HaK yerus b — 1: Ha cxeme (epMbI cTep)KEHb BEPXHETO Mmosica

yutaetcst b — 1; Ha quarpaMMe YCWIIMH IBHXKCHHE TOYKHU OT Dk Touke 1HampasieHo
cipaBa HaieBo. [lepeHeceM 3To HarpaBiIeHUE ABUKEHUS (CIIpaBa HaJIeBO) HA
cTepkeHb b — 1 — 0HO HampaBJieHO K y3I1y, T.€. CTEPKEHb CKaT. Y cuue b —
10003Ha4YeHO KMPHOM JIUHUECH.

Onpenenum 3Hak ycunus 1 — e: Ha cxeme epMbl CTepKeHb unTaercs 1 — e;
Ha JuarpaMMe YCWIHM IBH’KEHHE OT TOUKU 1 K TOUKE e HalpaBJIEHO CJIEBa HAMPAaBO.

[TepeneceM 3TO HampaBiICHUE ABHKCHUS Ha CTEPIKEHb (DEpMBI — OHO HAIMPABIIEHO OT
y37a, T.€. CTEp>KEeHb pacTsAHyT. Ycuiue 1 — e Ha nuarpamme 0003HA4Y€HO TOHKOM
JUHHEN,

4.2 Boipe3aeM y3en D. B Hem cxomsarcst Tpu crepxus: 1 —-b, c—-2u2 -1,

Ycumue B crepxHe 1 — b HalineHo u3 paccMoTpeHus y3i1a A, a yCHITUS B CTEPIKHSX C
— 2 u 2 — 1 neusBectHsl. Ha nuarpamme ycumnuii yxe ectb Touku ¢ u 1. [IpoBenem
Yyepe3 TOUKY € JIMHUI0, TapaJUIeTbHYI0 CTEPXKHIO C — 2, a uepe3 TOUKy 1 — JuHHIo,
napajuIeNbHYyI0 CTepkHIO 2 — 1, 10 B3auMHOT0 niepeceueHus. Touky nepeceueHuit
TuHUN 0003HaUUM UPPOH 2 (HOMEPOM TOJISI, KOTOPOE JICKHUT MEKTY CTEPIKHSIMU,
YCHJIUSI B KOTOPBIX OTBICKHBatOTCs ). OTpe3ok C — 2 paBeH 3,65 cM, clea0BaTeNbHO,
ycuine B HeM paBHo 3,65-15=54,8 kH. Otpe3ok 2 — 1 paBen 0,4 cM, ycuiiie B HEM
paBHoO 0,4-15=6 kH.

OmnpenenyuM 3HaK YCUIIHS B CTePXKHE C — 2: Ha cxeme (epMbl CTepIKEeHb
YUTaeTCs C — 2; Ha AUarpaMme YCHINN JBM)KEHHUE OT TOUKH € K TOUKE 2 HalpaBlIeHO

CIpaBa HaJIeBO; IMEPEHECEM ATO HaAIlpaBJICHUE ABMKCHUS Ha CTEPKEHBb C — 2 — OHO
HampasieHo K y31y D, T.e. cTepkeHb ckat (Ha [uarpaMme yCUJIuil MOKa3aHo
JKUPHOM JIUHUEH).

Onpenenum 3HaK yewnus 2 — 1: Ha cxeme pepmbl CTepKeHb ynTaeTcs 2 — 1;

Ha JUarpaMMe yCUJIUH JBIKEHUE OT TOUKU 2 K Touke 1 HampaBiieHO CHU3Y BBEpX.
ITepenecem 310 BMKEHUE Ha cTepKeHb 2 — 1 — oHO HampaBieHo K y3iy D, T.e.
CTepPIKEHb CKaT ( HA qHArpaMMe yCHJINeE MOKA3aHO KHUPHOI JIMHUEI);
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4.3 paccmotpuM y3en C. B aToM y3ne cxoasaTcs 4 CTepKHS, TpUIeM
ycuius B 1ByX U3 HUX (e — 1 u 1 — 2) yxke onpeziesieHsl, a B ABYX (2—3u 3 —e)
Heu3BecTHBI. Ha tuarpamme ycumnmii y)xe ectb Touku 2 1 e. [IpoBenem yepes TouKy
2 JIMHUIO, TApAIISIIbHYIO CTEPIKHIO 2—3, a Uepe3 TOUKY € — JIMHUIO, TapaJUICIIbHYIO
cTepxHIO 3 — e. Touky mepecedeHus dTUX JMHUNA 0003HaYnM nudpoit 3,
COOTBETCTBYIOIIEH TOJI0, KOTOPOE JIEKUT MEKIY CTEP>KHSAMU 2 — 3 1 3 — e.
Jlnnraa nuann 2 — 3 Ha quarpamme paBHa 0,45¢cM, 3TO 3HAYHT, YTO YCUIIHE B
crepxkue 2 — 3 paBao 0,45-15=6,75 xH. [lyimaa nuaun 3 — e paBHa 4 cM, T.€.
ycuime B cTepxkHe 3 — e paBHO 4-15=60 kH.

OnpenenuM 3HaK ycusus 2 — 3: Ha CXeMe CTepKeHb (PepMbl YUTAETCS

2 — 3; HA AMarpaMMe yCWIMH JIBHKEHHUE OT TOUYKH 2 K TOUKE 3 HAIlpaBJICHO
cBepxy BHH3. [lepeHecem 3T0 IBIKEHUE HA CTEPKEHB 2 — 3 — OHO
HampaBlieHo K y31y C, T.e. CTEep)KeHb CKaT (Ha JuarpaMme - sKUpHasi
JIUHMSA).

Omnpenenym 3HaK YCUIIHS 3 — €: CTePKEHb HIDKHETO Tosica YuTaeTcs 3

— €; Ha IuarpamMMme YCUJIMN JBUKEHUE OT TOUYKH 3 K TOUKE € HaIllpaBJIeCHO
cieBa HarpaBo. [lepeHeceM 3TO ABM)KEHUE Ha CTEPKEHb 3 — € — OHO
HarpaBiieHO OT y31a C, T.e. CTepKEHb PACTSIHYT (HA JMarpaMMe — TOHKast
JIUHHSA).

4.4  paccmotpum y3en E. B 3Tom y35ie HEU3BECTHBI yCHIIHS B
crepxusax d — 4 u 4 — 3. Ha nquarpamme npoBoaum depe3 Touku d u 3 iuHuwy,
napasuieNbHbie cTepkHsIM d — 4 u 4 — 3, 10 IepeceveHus: B TOUKE, KOTOPYIO
0603HaunM nudpoi 4. Yeunue B crepkae d —4 pasno 4-15=60 xkH, a B
crepxkne 4 — 3 — 0,8-15=12 kH. O6a cTep>kHs CKaThI.

4.5 y3en G. B Hem uzBectHsl ycwiust 4 — 5 u 5 — e. Ha nuarpamme
IPOBOJIUM JIMHUH Y€pe3 TOUKH 4 1 e mapaJyieIbHO CTepXHIM 4 —5u 5 — e,
Moay4uM Touky 5. Ycumnue B crepxkue 4 — 5 paBno 0,9-15=13,5 kH (on
pacTsHyT), B cTepxHe 5 — e — 3,4-15=51 kH (Toxe pacTsanyT)

4.6 y3en L. B Hem HenW3BECTHBI YCHIIHS B CTEPXKHIX 5 —5' u 5’ —e.
Ha nuarpamMmMe npoBoUM JTUHUYU TAPAIJIETBHO STUM CTEPIKHSIM Yepe3 TOUKU
S U e, moiay4ynM Touky 5’. Yeunus B ctepxkHe 5 — 5" paBuo 1,1-15=16,5 kH
(oH pactsHyT). U3 nuarpamMmsl BUIHO, YTO JIMHUS € — S’ CUMMETpUYHA JTMHUU
e — 5 (WIM TOYKHU 5’ pacmnoio’keHa CHMMETPUYHO TOYKE 9 OTHOCUTEIIBHO
TOPHU30HTAILHOW JIMHUH, IPOXOISIIEH uepe3 TOUKY e).

Ha 3ToM MOXHO 3aKOHYUTH IOCTPOCHUE IUArPAMMBI, TAK KaK YCUIHS
B CHMMETPHUYHBIX CTEP)KHSIX OJIMHAKOBBHI.

5.  3amnonHUTH TaOIUIy yCUITUH
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CrepkeHb b-1 1-e 1-2 c-2 2-3
Vcennue, kH -57 +57 -6 -54.8 -6,75
CrepkeHb 3—e 3-4 d-4 4-5 5-e
Vecunue, kH +60 -12 -60 +13,5 +51
CrepxeHb 5-5
Vcennue, kH +16,5

Konmponwsnwvie éonpocowt.

1. Kakoro pozaa nehopMaiiny UCHBITHIBAIOT CTEPKHU MIAPHUPHON (hepMbl
IIPU Y3JIOBOM M BHEY3JI0BOU Mepeaadyn Harpy3Ku?

2. KaxoBbl IpUHIIKIT ¥ TOPSIIOK TOCTPOCHUS AuarpamMmbl MakcBesuia-
Kpemonsi?
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[Ipunoxenue A

COPTAMEHT IIPOKATHOI CTATH

Y
I - i
A 1 "'é'é:ih ~ 12X Baakn aeyvraepoeste (mo [OCT 8239 - 72)
Q )
H Q‘
¢ Obozgadenng:
< X X
o -d h — BBICOTa DaIKH: J — MOMEHT HHepPITHH:
n 4 b — mHpHHA MOIKH; W — MOMEHT COIIPOTHBISHHA,
H d — TONIIIHHEA CTEHEH, I — pagHyC HHEPLIHH;
,(‘7-;[,.7\ { — CpeOHAA TONMIIHHA [OIKH; S — cTaTHYeCKHI MOMEHT IOIVCEIeHHA.
yleo
4]
- - Taomuma [1.1
Homep Pazmepss, au [Inomans | J,, ca’ W,i fx, S“, g, W, , Iy Macca
CEUEHHA CM M oM on’ M CM :
npodHuIg . M, KT
h b d f 4 af
1 2 3 4 3 [i] 7 8 9 10 11 12 13 14
10 100 35 4.5 2 12.0 198 397 | 4.06 | 23.0 17.9 6.49 22 9 46
12 120 64 48 7.3 14.7 350 584 | 488 337 27.9 8.72 1.38 11.5
14 140 73 49 7.5 174 572 81,7 | 5,73 | 46.8 41.9 11.5 1.55 13.7
16 160 81 5.0 7.8 20.2 873 109 6.57 | 62.3 28.6 14.5 1.70 159
18 180 o0 5.1 8.1 234 1290 143 7.42 | 814 B2.6 18.4 1.88 184
18a 180 100 5.1 8.3 254 1430 159 7.51 898 114 22, 2.12 19.9
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Oromuaagns taoT. [11

1 2 3 4 3 6 7 8 9 10 11 12 13 14
20 200 100 5.2 8.4 26.8 1840 184 | 8.28 104 115 23,1 | 207 | 21.0
20a 200 110 3.2 8.6 289 2030 203 | 837 | 114 155 282 | 232 2277
22 220 110 54 8.7 30.6 2550 232 | 9.13 131 157 2806 | 227 | 240
22a 220 120 54 8.9 328 2790 254 | 922 | 143 206 343 | 250 | 258
24 240 115 3.6 9.5 348 3460 289 | 997 | 163 198 345 | 237 | 273
24a 240 125 3.6 9.8 37.5 3800 317 | 10.1 178 260 416 | 263 | 294
27 270 125 6.0 9.8 40.2 5010 371 11.2 | 210 260 41.5 | 254 | 315
27a 270 135 6.0 10.2 432 5500 407 | 11.3 | 229 337 50,0 | 2.80 | 339
30 300 135 6.5 10.2 46.5 7080 472 | 123 | 268 337 499 | 269 | 36.5
30a 300 145 6.5 10.7 499 1780 518 12,5 | 292 436 60.1 | 295 | 392
33 330 140 7.0 11.2 53.8 9840 597 | 13,5 | 339 419 599 | 279 | 422
36 360 145 1.5 123 61.9 13380 743 147 | 423 516 71.1 | 2.89 | 486
40 400 155 8.0 13.0 71.4 18930 947 | 16.3 | 540 666 859 | 3.05 | 5e6.1
45 450 160 8.6 14.2 83.0 27450 | 1220 | 18.2 | 699 807 101 3.12 | 65.2
50 500 170 9.5 15.2 97.8 39290 | 1570 | 20,0 | 905 1040 122 | 326 | 76.8
35 550 180 103 16.5 114 55150 | 2000 | 22,0 | 1150 | 1350 150 | 344 | 898
60 600 190 11.1 17.8 132 75450 | 2510 | 239 | 1450 | 1720 181 3.60 104
65 650 200 12.0 19.2 153 101400 | 3120 | 25,8 | 1800 | 2170 217 | 3,717 120
70 700 210 13.0 20.8 176 134600 | 3840 | 27.7 | 2230 | 2730 260 | 394 138
T0a 700 210 15.0 240 202 152700 | 4360 | 27.5 | 2550 | 3240 309 | 4.01 158
700 700 210 17.5 282 234 175370 | 5010 | 27.4 | 2940 | 3910 373 | 4.09 184
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Za ¢ Nleenne ' 240 - 72
- anepsl (mo T OCT §240 —72)
#_I .r'/f’/_.
: j % OborHaueHHA:
o -
i y h — BRICOTA IIBEILISpa; J — MOMEHT HHEPITHH;
| - . b — mIEpHHEA TOIKH; W — MOMEHT CONPOTHEISHHS;
: (s d — TONMIIHHA CTeHKH; I — pPaIHVC HHEPIHH;
K = 1UA t — cpeaHss TOMIMHHA ITOTKH; S — cTaTHYeCKHA MOMEHT MOTVCETeHHA;
,;: o I, — PACCTOAHHE OT OCH ) JO HapyAHOH I'paHH CTCHEKH.
o
|_."|
I':j
Taomauna [1.2
Homep Paaneprr, MM IInomazse | J,, W., Iy, S, g W, I, Z,, | Macca
CetucHHA o M CM oM o oM oM M
npodHIE h B d . 1 &
A, o’
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
3 30 2 44 7.0 6.16 228 | 910 | 1.92 | 5.539 | 5.61 275 (0954 1.16 4. 84
6.3 65 36 44 1.2 7.51 48 6 150 | 254 | 900 | 8,70 3.68 1.08 | 1.24 5.90
8 20 40 45 7.4 8.08 894 | 224 ] 3.16 | 133 12.8 4.75 1.19 | 1.31 7.05
10 100 46 45 1.6 109 174 348 | 399 | 204 | 204 6,46 1.37 | 1.44 859
12 120 2 48 7.8 133 34 506 | 478 | 296 | 31.2 8,52 1.53 | 1.54 104
14 140 58 49 8.1 15.6 491 702 | 560 | 408 | 454 11.0 1,70 | 1.67 123
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Owomgannes taoT I12

1 2 3 4 5] 6 7 8 9 10 11 12 13 14 15
14a 140 62 49 8.7 17.0 545 | 778 | 5.66 | 45,1 | 57.5 133 | 1.84 | 1.87 | 133
16 160 64 3.0 8.4 18.1 747 | 934 | 642 | 541 | 633 13,8 | 1.87 | 1.80 | 142
16a 160 68 3.0 9.0 19.5 823 103 | 649 | 594 | 788 16,4 | 2,01 | 2,00 | 153
18 180 70 3.1 8.7 20,7 1090 | 121 | 7.24 | 69.8 | 86,0 170 | 2,04 | 194 | 163
18a 180 74 3.1 9.3 22,2 1190 | 132 | 7.32 | 76.1 105 20,0 | 218 | 2.13 174
20 200 76 3.2 9.0 234 1520 | 152 | 8.07 | 87.8 113 205 | 220 | 207 | 184
20a 200 80 3,2 9.7 252 1670 | 167 | 8.15 | 959 | 139 242 | 235 | 2.28 19.8
22 220 82 34 | 95 26.7 2110 | 192 | 8.89 | 110 151 25,1 | 237 | 221 21.0
22a 220 87 54 | 10.2 28.8 2330 | 212 | 899 | 121 187 300 [ 255 | 246 | 226
24 240 90 3.6 | 100 30.6 2900 [ 242 | 9.73 | 139 208 316 | 260 | 242 | 240
24a 240 95 3.6 | 10.7 329 3180 | 265 | 9.84 | 151 254 372 [ 278 | 2,67 | 258
27 270 95 6,0 | 10.5 35.2 4160 | 308 | 109 | 178 262 373 | 273 | 247 | 277
30 300 | 100 [ 6.5 | 11.0 40.5 5810 | 387 | 12.0 | 224 | 327 436 | 2,84 | 252 | 318
33 330 | 105 | 7.0 | 11.7 46.5 7980 | 484 | 13.1 | 281 410 51.8 | 2,97 | 259 | 36.5
36 360 | 110 [ 7.5 | 126 334 10820 | 601 | 14.2 | 350 513 61.7 | 3,10 | 268 | 419
40 400 | 115 | 8.0 | 135 61.5 15220 | 761 | 157 | 444 642 734 | 323 | 275 | 483

140




Vroakn pasaodokne (mo [ OCT 8509 - 72)

4
r Xo OoozHATCHHA:
2l %
. / b — mIHpPHHA TTOIKH;
- § . d — TOMIOHHA [TOTKH:
X . /_/ it r x J — MOMEHT HHEepIIHH;
,,;p’\‘f 7 = I — pagHyC HHEPIHH;
)i P , N X Z, — PACCTOSHHE OT UEHTPa TAAECTH J0 HAPVAHOH I'PaHH ITOMIKH.
Xcl/’ b \ ‘yrc'
Taomuna I13
Homep | Pasmepr, av | [Imomaze |Jr, o | &, o | J x, max | Ix, max Jy,min |y, min | J xp0 | Ze Macca
npodus CEAeREA em’? oM en? CM cr M 11 &r
b d 2
A, cum
1 2 3 4 5 6 7 8 9 10 11 2 13
2 20 3 1.13 0.40 0,39 0.63 0,75 0,17 0,39 081 | 0.60 0.89
4 1.46 0.50 0,38 0.78 0.73 0,22 0.38 1.09 | 0.64 1.15
2.5 25 3 1.43 0,81 0,75 1.29 0,95 0,34 0,49 1,57 | 0,73 1.12
4 1.86 1.03 0,74 1.62 0.93 0,44 0.48 2,11 | 0.76 1.46
2.8 28 3 1.62 1.16 0,83 1.84 1.07 0,48 0,55 220 | 0.80 1,27
2 32 3 1.86 1,77 0,97 2.80 1.23 0,74 0.63 326 | 0.89 1.46
< 243 2.26 0,96 3,58 1.21 0,94 0,62 439 | 094 1.91
3.6 36 3 2,10 2,56 1.10 4.06 1.39 1.06 0.71 464 | 099 1.65
< 275 3,29 1.09 5,21 1,38 1,36 0,70 6,24 | 1.04 2.16
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[Ipomommenne Taom. 1.3

1 2 3 4 3 6 7 8 9 10 11 12 13

4 40 3 235 3.55 1.23 5.63 1,53 1.47 0.79 6.35 | 1.09 1.85

4 3.08 458 1,22 1.26 1.53 1.90 0.78 853 | 1.13 242

4.5 45 3 2,65 5.13 1.39 8.13 1,75 2,12 0.89 004 | 1.21 2.08
4 348 6.63 1.38 10.5 1.74 2,74 0.89 12,1 | 1.26 2,73

3 4.29 8.03 1.37 12.7 1,72 3.33 0.88 153 | 1.30 3.37

3 50 3 296 7.11 1.35 11.3 1.95 295 1.00 124 | 1.33 232

4 3.89 9.21 1.54 14.6 1.94 3,80 0.99 16,6 | 1.38 3.05

3 480 11.2 1.53 17.8 1.92 4.63 0.98 209 | 142 3.77

5.6 36 33 3.86 11.6 1.73 18.4 218 4.80 1.12 203 | 1.50 3.03
4 438 13.1 1.73 20,8 218 5.41 1.11 233 | 1.52 3.44

3 3.41 16.0 1.72 254 2.16 6.39 1.10 292 | 1.57 4.25

6.3 63 4 496 18.9 1.95 299 245 7,81 1.25 33.1 | 1.69 3.90
3 6.13 231 1.94 36.6 244 9,52 1.25 415 | 1,74 4,81

6 728 271 1.93 429 243 11.2 1.24 50,0 | 1.78 5.72

7 70 4.5 6.20 29.0 2.16 46.0 2,72 12.0 1.39 51.0 | 1.88 4,87

3 6,86 31.9 2.16 50.7 2,72 13.2 1.39 36.7 | 1.90 5.38

6 8.15 37.6 215 59.6 27 15.5 1.38 684 | 1.94 6.39

7 942 43.0 2.14 68.2 2.69 17.8 1.37 g0.1 | 1.99 7.39

8 10.7 48.2 213 76.4 2,68 20.0 1.37 919 | 2.02 8.37

1.5 75 5 7.39 39.5 231 62.6 291 16.4 1.49 69.6 | 2.02 5.80
6 8.78 46.6 2.30 73.9 290 19.3 1.48 839 | 2.06 6.89

7 10.1 53.3 2.29 84.6 2.89 22.1 1.48 983 | 2.10 71.96

8 11.5 59.8 228 94.6 287 248 1.47 113 | 2.15 0.02

9 12.8 66.1 227 105 2.86 27.5 1.46 127 | 2.18 10.1
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[Ipogomsenne Taom. 113

1 2 3 4 5 5 7 8 9 10 11 | 12 13
80 | 55 8.63 527 | 247 | 836 311 21.8 159 | 932 | 2.17 | 6.78

3 9.38 570 | 247 | 904 3.11 23.5 158 | 102 |2.19| 736

7 108 653 | 2.45 104 3.09 27.0 158 | 119 | 223 | 851

g 12.3 734 | 234 116 3.08 30.3 157 | 137 | 227 | 965

9 90 5 10.6 821 | 2.78 130 3.50 34.0 179 | 145 | 243 | 833
7 12.3 943 | 277 150 3.49 38.9 178 | 169 | 247 | 964

8 13.9 106 | 2.76 168 3.48 43.8 177 | 194 | 251 | 109

9 15.6 118 | 2.75 126 3.46 48.6 177 | 219 | 255 | 122

10 100 | 65 12.8 122 | 3.09 193 3.88 50.7 199 | 214 | 268 | 10.1
7 13.8 131 | 3.08 207 3.88 54,2 198 | 231 |271| 108

g 15.6 147 | 3.07 233 3.87 60.9 198 | 265 | 275 | 122

10 19.2 179 | 3.05 284 3.84 74.1 196 | 333 | 283 151

12 228 209 | 3.03 331 3.81 86.9 195 | 402 |291| 179

14 263 237 | 3.00 375 3.78 99.3 194 | 472 | 299 | 206

16 297 264 | 2098 416 3.74 112.0 194 | 542 | 306 | 233

11 110 7 15.2 176 | 3.40 279 429 72.7 219 | 308 |296]| 119
g 17.2 198 | 339 315 428 81.8 218 | 353 | 300 135

12.5 125 g 19.7 204 | 337 467 487 122 249 | 516 | 336 155
9 22.0 327 | 3.86 520 4.86 135 248 | 582 | 340 173

10 243 360 | 3.85 571 4.84 149 247 | 649 | 345 191

12 28.9 422 | 382 670 4.82 174 246 | 782 | 353 227

14 334 482 | 3.80 764 478 200 245 | 916 | 3.61| 262

16 37.8 539 | 3.78 853 475 224 244 | 1051 | 3.68 | 296

14 140 9 24.7 466 | 434 739 5.47 192 279 | 818 |3.78 | 194
10 273 512 | 433 814 5.46 211 278 | 911 |38 | 215

12 325 602 | 431 957 5.43 248 276 | 1097 | 390 | 255
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Oxoruann:s taor [13

1 2 3 - 5 6 7 8 9 10 11 12 13
16 160 10 314 774 4.96 1229 6,25 319 3.19 1356 | 4.30 247
11 344 844 495 1341 6.24 348 3.18 1494 | 4.35 27.0
12 374 913 4.94 1450 6.23 376 3.17 1633 | 4.39 294
14 433 1046 492 1662 6.20 431 3.16 1911 | 4.47 34.0
16 491 1175 489 1866 6,17 485 3.14 2191 | 4.55 38.5
18 54.8 1299 4 87 2061 6,13 537 3.13 2472 | 4.63 43.0
20 60.4 1419 485 2248 6.10 589 3.12 2756 | 470 47.4
18 180 11 388 1216 5.60 1933 7.06 500 3.59 2128 | 4.85 30.5
12 422 1317 3,99 2093 7.04 540 3.58 2324 | 489 33.1
20 200 12 47.1 1823 6,22 2896 7.84 749 3.99 3182 | 5.37 37.0
13 50.9 1961 6.21 3116 7,83 805 398 3452 | 5.42 39.9
14 54.6 2097 6.20 3333 781 861 3.97 3722 | 5.46 428
16 62.0 2363 6.17 3755 1,78 970 396 4264 | 5.54 48.7
20 76.5 2871 6.12 4560 1,72 1182 393 5355 | 5.70 60.1
23 943 3466 6.06 53494 7.63 1438 3.91 6733 | 5.89 74.0
30 111.5 4020 6.00 6351 7,35 1688 3.89 8130 | 6.07 87.6
22 220 14 60.4 2814 6.83 4470 8.60 1159 438 4941 | 5.93 474
16 68.6 3175 6.81 3045 8.58 1306 4.36 5661 | 6.02 338
25 250 16 78.4 4717 1,76 7492 9.78 1942 4.98 8286 | 6.75 61.5
18 87.7 5247 1.73 8337 9.75 2158 4.96 9342 | 6.83 68.9
20 97.0 3765 1.71 9160 9.72 2370 494 10401 | 6.91 76.1
22 106.1 6270 7.69 9961 9.69 2579 493 11464 | 7.00 83.3
23 119.7 7006 7,65 11125 9.64 2887 491 13064 | 7.11 94.0
28 133.1 7717 7.61 12244 9.59 3190 489 14674 | 7.23 | 1045
30 142.0 8177 7,59 12965 9.56 3389 4.89 14753 | 731 | 1114
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TR Y
'-..I‘ ) Xa
\ “ -_-]I ¥ Vroaku wepaerotokme (mo [OCT 8510 - 72)
-._' ._,-L"'_F
\‘1 ) | ObozHaYeHHA:
I"".lf 1
% ! B — mupuHa Oonpmmef noIkH:
. s "FI a b — mHpHHA MEeHBIIEH MOIKH;
X 2R X d — TOMIIHHA OTKH;
- ___f'—lh‘ I J — MOMEHT HHEPILIHH;
|f;‘_~fi r o i — pagHyC HHEPLHH:
Xy 0 ;f ; Xy Xg Vo — PACCTOAHHE OT USHTPA TAASCTH 0 HAPVAHEBIX IPaHeH MOTOK.
i b I“\I'-. =
yly
Taomuna [1.4
Homep Pazueprr, v | [lmomazns | J,, Iy, .f+ Iy, | Jymin| umin | Y01 | J X1 J vy | Yo | Ya Macca
— COMEHHR | oM CM | CM CM o oM I:I:I-;'I; ea’ I L e .
A4, em u, iga
B b d
1 2 3 4 3 6 7 8 9 10 11 12 13 14 15 | 16 17
253516 | 25 | 16 | 3 1,16 070 {078 022 (044 | 0,13 034 (0392 | 156 | 043 |042|086| 091
3,272 321 20 | 3 1.49 152 |101| 046 (055 028 043 (0382 | 326 | 082 |049|1.08| 1,17
4 1,94 193 11.00] 057 [054] 035 043 | 0374 | 438 | 112 |0533]1.12] 1,52
4/2.5 40 | 23 | 3 1,89 306 127 093 (070 056 024 0385 | 637 | 158 |039|132] 148
4 247 393 126 118 [069| 071 0354 | 0381 | 853 | 215 |063|137| 194
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[Ipogomzenne Taon. [1.4

1 2 3 4 3 6 7 8 9 10 11 12 13 14 15 | 16 17
4528 | 45 | 28 | 3 2,14 441 (143 132 |0,79| 0.79 0.61 | 0382 | 902 | 220 |064|147| 1.68
4 2,80 568 142 169 |078| 102 060 | 0379 | 121 | 298 |068|151| 220

5/32 50 | 32 | 3 242 6,17 |1.60| 199 091 1.18 0.70 | 0403 | 124 | 326 |0.72|1.60| 1.90
4 3,17 798 159 256 |090| 1,52 0.69 | 0401 | 166 | 442 |076]165]| 249

36/36 | 36 | 36 [3.5 3.16 10,1 | 1.79| 330 | 1.02] 1.95 0.79 | 0407 | 203 | 543 (082|180 248
4 3,58 11.4 | 1.78( 3.70 | 1.02| 2.19 0.78 | 0406 | 232 | 625 |084|1.82] 281

3 4.41 138 | 1.77[ 448 | 1.01| 2.66 0,78 | 0404 | 292 | 791 |088|186]| 346

6.3/4 63 | 40 | 4 4.04 16,3 |2.01| 5.16 | 1.13| 3.07 0.87 | 0397 | 330 | 851 |091|203]| 3.17
3 498 199 |2.00( 6.26 | 1.12| 3,73 0.86 | 039 | 414 | 108 |095|2.08| 391

6 5,90 233 |1.99| 728 | 1.11| 4.36 0.86 | 0,393 | 499 | 131 (099|212 | 4.63

8 7,68 206 |1.96| 915 | 1.09| 558 085 | 0386 | 669 | 179 |1.07|220]| 6,03

7/4.5 70 | 45 |45 5,07 253|223 825 | 1.28 | 4.88 098 | 0407 | 51.0 | 1536 |1.03]225] 398
3 5,59 278 |223| 905 [1.27| 534 | 098 | 0406 | 56.7 | 152 |105]|228| 439

1.3/5 75 | 30 | 5 6.11 348 239 125 143 7.24 1.09 | 0436 | 69.7 | 208 [1.17| 239 4,79
6 7,25 409 (238 146 | 142| 848 1.08 | 0435 | 839 | 252 |121|244| 5.69

8 947 524 |235| 185 |140| 109 1.07 | 0430 | 112 | 342 [129]252]| 743

8/3 80 | 30 | 5 6.36 416 (256 12,7 | 141 | 7.58 1.09 | 0387 | 846 | 208 [1.13| 260 499
6 7,35 490 [255] 1486 | 140| 888 1.08 | 0386 | 102 | 252 [1.17]265]| 592

9/5.6 90 | 56 |3.5 7.86 653 | 288 19.7 | 1.58| 11.8 1.22 | 0384 | 132 | 322 |1.26|292| 6.17
6 £.54 7006 | 288 21.2 | 158 | 127 1.22 | 0384 | 145 | 352 [1.28|295| 6.70

8 11,18 909 285 271 |1.56| 16.3 1.21 | 0380 | 194 | 478 |136|3.04| 877

10/6.3 | 100 | 63 | 6 9,59 98.3 |3.20| 306 | 1,79 182 1.38 | 0,393 198 | 499 |1.42(323| 7.53
7 11.1 113 |[3.19| 350 | 1,78 | 20.8 1.37 | 0392 | 232 | 587 [146|3.28| 8,70

8 12.6 127 |3.18 392 | 1.77| 234 1.36 | 0391 | 266 | 676 [1.50)3.32| 9,78

10 15,5 154 |3.15]| 47.1 | 1.75| 283 135 | 0387 | 333 | 858 [158|340)| 121
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Oxorgagse taon. 114

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 | 16 17

11/7 110 | 70 [6.5 11.4 142 |3.53| 456 | 2.00| 26,9 1.3 | 0402 | 286 | 743 |1,58|3.55| 8,98
12.3 152 3,52 48,7 | 199 | 288 1.33 | 0,402 | 309 | 803 |1.60|3.57| 9.64
13,9 172 1351 546 | 198 | 323 1.2 | 0400 | 353 | 923 |164]|361| 109

14.1 227 1401 737|229 434 1.76 | 0.407 | 4532 119 |1.80| 401 11.0
16.0 256 |4.00| 83.0 | 228 | 488 1.75 | 0.406 | 518 137 | 1,841 405 125
10 19.7 312 | 398 100 | 226 593 1.74 | 0404 | 649 173 11921414 155
12 234 365 |3.95] 117 | 224 695 1.72 | 0,400 | 781 210 |2.00 (422 183

12,5/8 | 125 | 80

14/9 140 | 90 | 8 18.0 364 |449] 120 | 258 703 1.98 | 0411 | 727 204 1203449 14.1
10 22,2 444 (447 146 |2.56| 855 1.96 | 0,409 | 911 245 212458 175

16/10 | 160 | 100 | 9 229 606 |5.15| 186 |2.85| 110 220 | 0391 | 122 300 1223(5.19] 18.0
10 253 667 |5.13| 204 | 284 121 2,19 | 0390 | 1359 | 335 |228(5.23| 198
12 30.0 784 |5.11| 239 | 282 | 142 2,18 | 0388 | 1634 | 405 |236(5.32] 236
14 34.7 897 [5.08| 272 |280| 162 2,16 | 0385 | 1910 | 477 |243([540) 273

18/11 | 180 | 110 | 10 28.3 952 | 580 276 |3.12| 163 242 | 0375 | 1933 | 444 | 244 (588 222
12 33.7 1123 | 577 324 |3.10| 194 2,40 | 0374 | 2324 | 537 (252|597 264

20/12.,5 | 200 | 125 | 11 34.9 1449 | 6.45| 446 |3.58 | 264 275 (0392 | 2920 | 718 (279|650 274
12 37.9 1568 | 6.43 | 482 |3.,57| 285 274 | 0392 | 3189 | 786 |2.83(6.54| 297
14 439 1801 | 6,41 | 551 |3.34| 327 273 [ 0390 | 3726 | 922 |291|6.62| 344
16 49.8 2026 [6.38 | 617 (3,52 367 2,72 | 0388 | 4264 | 1061 [299(6.71| 39.1

25/16 | 250 | 160 | 12 48.3 3147 [ 8.07 | 1032 | 4.62| 604 3.54 | 0410 | 6212 | 1634 |353(797) 379
16 63.6 4091 | 8.02| 1333 | 458 | 781 3.50 | 0408 | 8308 | 2200 | 3,69(8.14| 499
18 71.1 4545 | 7.99| 1475 | 456 | 896 349 | 0407 | 9358 | 2487 |3,77(8.23| 558
2 78.3 4987 | 7.97| 1613 | 453 | 949 348 | 0405 | 10410 | 2776 |3.85[8.31 | 61.7
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IIpunoxenue b

Cxombl marmba crapxxell npu paznuynex cnocobax sakpenneHMs

a) 6) ! n) 1
Cxamnt v B2 J z
SAKPENNeHNA H
KOHUOR '
cTepxHed N
[
F
T E
Koadpdpmumenr| Craneuste [p=1,0|p=0,7 |l — 3ABUCHT
m KOHCTPYKLHM OT CTENEHM
=1, =0, NOABHUNXHOCTH
nnpamm:l‘: B O(p=08 onope

[Ipunoxenune B

Koa¢ppuumenrsl 1ist pacuera no popmy.ie Acunckoro-Termaiiepa

Marepuan a, Mlla b, MIla A0 Anp
Crans C345 264 0,70 60 105
Crans C255 310 1,14 61 100
Crans C245 328 1,15 60 96
Crans C235 295 1,00 60 102
Crans C275 345 1,10 63 91
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IIpunoxenue I

Tu6- KoadduipdeHTR! (p OMa SrMeMeHTOoB M3 CTaNM ¢ pac4eTHbIM conpoTrerneHreM Ry,
S IMI Ia (kre/cm?)
A 200 240 280 320 Je0 400 440 480 520 B&l &00 &40
(2050) | (2450) (2850) [ (3250) | (3650) | (4100) | (4500) | (4900) | (5300) | (5700) | (6100) | (&550)

10 98h o7 955 954 953 9h2 951 Qa0 e 978 ovs QFF
20 Qa7 De2 Q59 Q55 Q52 049 D45 943 041 938 93 Q54
a0 939 931 024 917 o911 905 900 595 891 587 B8B83 579
41 Q0 894 o83 873 863 a54 G465 oa9 a32 825 820 514
50 869 852 836 822 809 7O6 7E5 775 T4 746 729 712
60 o2 ans ] 7 E6 J49 721 a96 62 aa0 628 05 588
al a2 754 724 &87 e54 623 595 5&8 542 518 494 470
g0 7o 686 641 B2 566 532 501 471 442 414 386 359
Q0 BEs 612 &5 22 483 447 413 280 349 32 305 287
100 599 542 493 445 408 S69 255 209 286 267 250 235
110 537 475 427 a8l JaB 206 280 255 239 223 209 197
120 479 419 SE6 321 287 2e0 237 219 203 190 175 167
130 425 Sed =213 276 247 223 204 189 175 163 153 145
140 a8 315 272 240 215 195 175 164 153 143 134 126
150 228 276 239 211 159 171 157 145 154 126 118 111
160 290 244 212 187 167 152 129 129 120 112 105 099
170 259 215 189 1&7 150 136 125 115 107 100 094 0eg
180 293 196 170 150 135 123 112 104 09y 091 ng5 08l
150 210 177 154 136 122 111 102 094 085 082 0y 073
200 191 161 140 124 111 101 093 &6 a0 075 071 Q&7
210 174 147 128 113 102 093 085 0y 074 Neg [1]53s] 02
220 1a0 135 118 104 094 056 077 073 0es Ded 0&n 07

[Ipumeuanue: 3HaueHus B Tadauie yBenuueHsl B 1000 pa3
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[Ipunoxenue /1

Tabnuua B.5 - HopMaTuBHLIe U pacyeTHLIE CONPOTUBIEHUA NPU PACTSXKEHWUM, CHATUU U u3rnbe ¢acoHHOro npokata

Cranb TonwmwHa npokara®, Mm HopmatueHoe PacyeTtHoe conporneneHne™™*
conpoTueneHue™* npokarta, npokarta, H/mmz
H/mm2
Fon Bm & A

C245 Or 40 po 20  ekmou 245 370 240/235 360/350
" 20 " 40 " 235 370 230/225 360/350
C255 Or 40 po 10  BKnoY 255 380 250/245 370/360
" 10 " 20 " 245 370 240/235 360/350
" 20 " 40 " 235 370 230/225 360/350
C345 Or 40 po 10  BKnoY 345 480 340/330 470/460
" 10 " 20 " 325 470 320/310 460/450
" 20 " 40 " 305 460 300/290 450/440
C345K Or 40 po 10  BKnOY 345 470 340/330 460/450
C355 Or 80 po 16 BKNOY 355 470 350/340 460/450
" 16 " 40 " 345 470 340/330 460/450
C355-1 Or 8,0 po 16 BKnOY 355 470 350/340 460/450
" 16 " 40 " 345 470 340/330 460/450
C390 Or 8,0 po 10  BKknOY 390 520 380/370 505/495
" 10 " 20 " 380 500 370/360 480/475
" 20 " 40 " 370 490 360/350 480/470
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