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TpeboBaHMs K BbINOTHEHMIO 1 OPOPMIEHUIO
pacyeTHo-rpadmnyecknx pabot

Brinmonnenue y4eOHBIX 3amaHuii B (opMe pacuéTHO-rpaduueckux padoT
(PI'P) siBnsieTcst OIHUM U3 BUJIOB CAMOCTOATENILHOU pabOThI CTYIEHTOB, peIHA-
3HAUYEHHOM I JIy4YIIero OCBOCHUS y4eOHOW aucHUILUIUHBI «CONpOTUBICHUE
MaTeprasioB». llenmpro pacu€THo-rpaguvecKkux padoT SBISAETCS 3aKPEIUICHHE
TEOPETUYECKUX CBEJCHUM M Pa3BUTHE HABBIKOB CAMOCTOSITENbHBIX IMpaKTUYe-
CKHX PacuéToB y CTyJeHTOB. HeoOXxomumple TEOPETUUECKUE CBEICHUSI JIJIsl BbI-
nosinenust PI'P 1 npumMepsl TUTIOBBIX pacy€TOB MPUBEJACHBI B Y4EOHOM MOCOOUH
[1].

1. TekcT paboOThl PEeKOMEHAYETCSl BBIMOJIHATH Ha CTPAHUIE CTAHIAPTHOTO
pasmepa. [lapamerpsr mpudta: Times New Roman; Hauepranme — OOBIYHOE;
pasmep (kernb) 14. Cnoxuble (HopMybl HEOOXOIUMO HAOMPATh B PENAKTOPE
bopmy.

2. Pacuernas cxema u3o0pakaeTcs B MaciiTade ¢ yKa3aHHEM HE00XOu-
MBIX T€OMETPUYECKUX MapaMeTPOB (IJIUH YIACTKOB, IJIOMIAJCH U T.1.) U 3aaH-
HOM Harpy3ku. HampaBiieHne Harpy3ku JIOJDKHO COOTBETCTBOBATH MCXOIHBIM
JTAHHBIM COTJIACHO BapUaHTY 3a/IaHMS.

B navanie xaxxoil 3a1aun 0653amenibHO TIPUBECTH BCE UCXOOHbIE OAHHUbIE:
pa3Mephl, HArpy3KH, UCTIOIb3YEMbIE MaTePHANIBl U UX XapPaKTEPUCTUKH, HEOOXO-
JUMBIE JIJISl pacueToB (Mpees TeKYUeCTH, MpeIeabl IPOYHOCTH MPU PACTSHKECHUH
U CKaTHH, MOAYJIh YIIPYTOCTH U JIP).

3. Bce BhluncieHus BRIMOIHAIOTCA B cucteMe equuui CH.

Pexomenayetcs crienyroomuil mopsaaok opopmiieHus pacuéToB: MOcCie 3a-
IUCU pacueTHOM QopMysbl B 0OIlIEM BUJIE CAENaTh MOJICTAHOBKY YHCIIOBBIX
3HAYEHUN BXOAAMINX B (DOPMYITy BEJIHMYHUH U TIOJYYCHHBINA PE3yIbTaT OKPYTIJIUTh

JI0 TPEX 3HaYaImuXx nudp.

Ilpumeuanus.

1. JIsa BbINOJIHEHUS 3aJaHus IPENo/IaBaTeeM BbIIA€TCs CTyA€HTaM UH]IH-
BUJIyaJbHBIN MHQP, COrNIACHO KOTOPOMY BBIOMpaeTCs pacueTHas cxema Opyca
WIN CTEPKHEBOM CHCTEMbl W HMCXOJHBIC NaHHBIC 3adaud. MHOUusUOyanbHull
wughp oondicen bbimb 06a3amenbHO npusedeH Ha mumyivhom aucme PIP.

2. Ilpu ompeneneHuy JMHEWHBIX pa3MepOB IMONEPEUHBIX CeUeHUil Opyca
(cTepkHsl, Bajia, 0ajIKu) MOJyYeHHBbIE 3HAUEHUSI HEOOXOIUMO OKPYTJIUTh B COOT-

BETCTBUU C PSAJOM HOPMAJIbHBIX JUHEHUHBIX pazMepoB (IIpunooicenue 2).
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1. PacuéTtHo-rpacunyeckasn pabota Ne 1

PacuyéTbl cTepXXHeu U CTepXHEeBbIX CUCTEM
NPU PacTAXEeHUN U CXKaTum

Bo ecex 3adauax no smoii meme nHomep pacyemuou cxemvl CMEPIHCHA UIU
CMEPIHCHeBOU cucmemvl bepemcst no nepeol yu@pe uHousUOYaibHO20 wuppa
3a0anus. Homepa eapuanmog ucxoonvix OaHHbIX 8 mabauyax eblouparomcs no
nociedyiowum yugdpam wugpa: oisn nepsoi madbiuysl — no 6mopou yugpe, 0.
6mopol — no mpemvel U m.0., 8 3a8UCUMOCIU OM KOIUYecCmea maoauy, uc-
nONb3YeMbIX 6 3a0aye.

1.1. PacyéT ctatn4eckn onpeaenmumMmoro CTepXHs
PacuérHble cxeMbl CTEpKHEN ITPEACTABIEHBI HA puc. 1.1.
Hcxoanbie naHHbIE — MaTEpHUal CTEPIKHS, KOdPHUIIMEHT 3amaca, Harpy3Ky
P;= kP (P,= kP, P,= kP, P;= k3P) u nnuusl yuactkos [, [,, [; — BeiOparts us3
tabmur 1.1, 1.2 1 1.3.
[Ipo4yHOCTHBIE U YyIPYTUE XapaKTEPUCTUKU MaTEpPUATIOB B3SITh U3 [lpuio-
arcenust 1 (Taba. 1), BUI TepMooOpabOTKH BEIOPATh CAMOCTOSTEIIBHO.

Ilopsook pacuema

1. ITocTpouTh 3MIOPBI HOPMAJBHBIX (IIPOAOJBHBIX) CHI N, HOPMaJIbHBIX

HaANpPsHKEHUM G ¥ 0CEBBIX MepeMEeIeHu W. DMIOPhI JOJKHBI ObITh N300paKEHbI
C Y4€TOM MPaBWJI 3HAKOB, MPUHATHIX JIJIs1 KAKIOW BEJIMUUHBI.

2. Onpenenuth U3 yCIOBHUS MPOYHOCTU HEOOXOJUMbIE 3HAUEHMS IIJIOLIAIN
F; mornepeyHbIX CEYeHUM CTEPKHS Ha KaXJOM y4acTKe.

[Tnomann ceuenuit F;, BeIpakeHHbIE yepe3 oOImmii mapameTp F, ykazaHbl
Ha PacyeTHOM CXEME CTEPKHS HaJ KaXKJbIM YYaCTKOM.

3. OnpenenuTh BEIUYUHY YUIMHEHUS Al (MM yKOPOUEHUS) CTEPIKHSL.

IIpu pacuére npunsats: P =20 kH, /= 0,3 m.

Ilpumeuanue: pekoMeHIyeTC U300pa3UTh OKOHYATEIBHBIE SIIOPHI, YKa-

3aHHBIC B II. 1, Ha KOTOPBIX IMPHUBCCTU YHUCJIOBBIC 3HAYCHUA BCIWYHH; CIIpaBa OT

SIIIOPLI YKa3aTb CAWMHUIBI U3MCPCHUS BEJININHBI.



Tabmuua 1.1

Mamepuan cmepoicus u ko3 puyuenm 3anaca

Bapuant | 1 2 3 4 5 6 7 8 9 0

CTajb 20 | 50 | 30 | 40 | 40X [30XM| 45 [40XH| 50I" | 20X

K09(-T 518 (20|14 |16 |20 ] 15|18 | 14| 2,0

3araca f’lT

Taomuna 1.2
Koagpguyuenmuor nacpysxu (P;= k;P)

Bapuanr | 1 2 3 4 5 6 7 8 9 0

ki 1,0 | 1,0 | 20 | 2,5 | 35 |30 20| 20| 30| 2,0

k 35125 (1301202020 |45]30]| 25|25

ks 6,0 | 50 | 60 | 7,0 | 7,0 | 65 | 3,5 | 7,0 | 6,5 | 5,0

Taomuna 1.3

ﬂ]luH bl y4acmKoe CmepotCHA

BapuaHnr | 2 3 4 5 6 7 8 9 0

[ ) 2/ [ 1,20 (130 130 1,5/ ] 1,51 | 1,8 | 2]

[, 1,20 | 1,41 | 1,51 | 1,51 | 1,51 | 2] 2/ [ 1,51 | |

s 20 | 20| 31| 2] ) [ | 1,2 2] [ | 1,5]
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1.2. Pacyét crtatnyeckmn Heonpeaennumoro CTEPXHS

PacuérHble cxeMbl CTEpKHEN NTPEACTABIEHBI HA puC. 1.2.

Hcxonnbie naHHbIC — MaTEpHUal CTEPIKHS, KOdPGUIIMEHT 3araca, Harpy3Ky
P;=kP (i=1, 2), miowmaay NomnepeyHblX CEYEHU U JITTMHBI YYaCTKOB CTEPKHS
— BbIOMpaTh U3 Tabnui 1.4, 1.5, 1.6 u 1.7.

Ilopsook pacuema

1. PackphITh CTaTUYECKYIO HEOTPEACIIUMOCTh CTEPKHSL.

2. ITocTpouTs 3M0pBl HOPMAIBHBIX CUJI /N, HOPMAJIBHBIX HANPSDKEHUN O U
OCEBBIX MepeMelieHu W (cM. mpuMeuaHue k 3agaye 1.1).

3. Ompenenurs JI0IyCKaeMOe 3HAYCHHE apamMmeTpa Harpysku P, =13 yciio-
BUSI IPOYHOCTH.

Ipu pacuerax npuusith: F =2 cm’, [= 0,3 M.

Tabnuua 1.4
Mamepuan cmepoichs u ko3 duyuenm 3anaca

Bapuantr | 1 2 3 4 5 6 7 8 9 0
marepuan | J[6 | J{16 [AMr6| AK6 | B95 | BTS | OT4 | BTS |BT20|bpAS
KOO(-T 2,1 1 28 1302419 |22 | 18] 1,7 25135

3ariaca nT

Tabmuua 1.5
Koagpgpuyuenmuor nacpysxu (P;= k;P)

Bapuant | | 2 3 4 5 6 7 8 9 0

k, 10 | 1,2 |14 (15|18 20 |25]|20]25] 3,0

k> 30 {25120 (2510|3015 1,0 ] 1,0 | 2,0

Tabauma 1.6

IInowaou ceuenuili Ha y4acmkax cmepI*CHs

Bapuant | 1 2 3 4 5 6 7 8 9 10
F 2F |15F| F |14F|15F|16F| F |12F| F |12F

F, 1,6F| F |15F|12F|25F| F |12F| F 2F | 2F
F; F 2F | 2F | F F | 14F | 1,5F | 1,5F | 1,5F | 1,5F

Tabmuma 1.7

Jnunvl yyacmkoe cmepoicheti

Bapuant | | 2 3 4 5 6 7 8 9 0
[, [ [ [ 1,37 | 1,27 | 1,21 | 1,41 | 1,41 | 1,51 | 1,5/
[, 1L, 20 | 1,50 1,20 | 1,60 | 21 | 1,5I | 2] [ 2]
[ 20 | 1,20 21 | 1,50 2] [ 21 [ 21 | 1,5/
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1.3. Pac4yéeT ctep>XHEeBOW CUCTEMDI

PacuérHble cXeMbl CTEP)KHEBBIX CUCTEM IIPEACTABIIEHBI HA pucC. 1.3.
HcxonHble gaHHbIE — 3HAYEHHE YIJIOBOrO MapameTpa [3, 3aJaroliero Ha-
[IpaBJICHUE CUJIBI P, onpenensieMoe NepeMeleHue y3iIa, JNIMHbI U IUIOAaH I10-

NEePEeYHBIX CEUYCHUH cTep)kHeN — BbIOpaTh u3 Tabmun 1.8 u 1.9.
Ilopsaook pacuema

1. 1300pa3uTh pacyeTHYIO CXEMY LIAPHUPHO-CTEPKHEBOW CUCTEMBI C yUe-
TOM KOHKPETHBIX MCXOJHBIX JAHHBIX JUIsl JaHHOW 3axauu. [IpuBectu ycioBus
3aJja4uH.

2. OnpenenuTs U3 yCJIOBUSA IPOYHOCTH JOIY CTUMYIO HArpy3Ky Pjon.

3. OmnpenenuTh TOpU30OHTANBHOE (U,.) WIK BepTHKalbHOE (V) mepemelie-

Hue y3na C, HCOJIb3ysl METOJ €IMHUYHOW HArPy3KHU.

Ilpumeuanue: Ilpu pacyeTe Mo METOAy CIUHUYHOW HArpy3KH 00s3aTEIBHO
M300pa3uTh OTNIETHLHO COOTBETCTBYIOIIEE CAMHUYHOE COCTOSTHUE CUCTEMBI.
IIpu pacuerax npuHATh: F'=2 oM, [G], = 250 MIla, [C].= 350 Ml]a,
E=110I'TIa, /[ =0,5 m.

Taomuna 1.8
Yenosou napamemp naepysku u onpeoensiemoe nepemeujerue

Bapuanr 1 2 3 4 5 6 7 8 9 0
B 0 | 30°] 60°|90° | 0 | 30°| 60° | 90° | 60° | 30°

nepemMerienue| Ue Ue Ve Ve U Ue Ve Ve Ve U

Tabmuua 1.9
Jnunsl u nrowaou cewenuli cmepicHetl

Bapuant 1 2 3 4 5 6 7 8 9 0
[ [ 1,271 | 1,41 | 1,5/ | 1,81 | 2,0/ | 2,0l | 1,5/ [ 1,21
[, 21 | 1,51 21 21 21 [ 1,51 | 1 1,21 | 1
F F F | 2F | 2F | F | 2F | 2F | F F | 2F
£ 3F | 4F | 5SF | 4F | 3F | 4F | 3F | 3F | 4F | 5F
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1.4. Bonpochbl 1 3agayun Ans CaMOKOHTPONS

1. Yto Takoe mpooibHas (HopMasnbHasi) cuna? Kakoi mopsiok ee onpeje-
JICHUSI B TMPOU3BOJIHLHOM TOMEPEYHOM CEHYeHHH Opyca (CTepHs) WM CTepIKHE-
BOW CUCTEMBI?

2. Kak onpenensaroTcs HOpMalbHble HanpshkeHUs: B cTepxkHe? Kak onpene-
JISIFOTCS MAKCUMAJIbHBIE HOPMAaJIbHBIE HAMPSsHKEHUSI B CTYNEHYaTOM CTepxHe? B
CTep>KHEBOU cucteme?

3. Kak onpeensitorcst npo10JibHbIE eopMaliuu B cTepKHe?

4. Kak dhopmynupyercs u 3anucbiBaeTcs 3akoH ['yka 1yist matepuana?.

5. Kak cBsi3anbl mpojiofibHas U MomnepeuHas jnedopmainuu B CTEp)KHE MpU
pactsixeHuu (cxxkatun)? Kak Ha3bpIBatOTCSl yIPyTrUe XapakTEpUCTUKU MaTepuana’?

6. Kak dhopmynupyercs v 3anucbiBaeTcs 3aK0H ['yka A1 ydacTka CTepxHs ?

7. Kak onpenensitorcst IpoI0JIbHbIE IEPEMENIECHUS CEYUEHUI B CTEPKHE?

8. Kak 3anuchIBaroTCs YCIOBUSI MPOYHOCTH JJISI CTEPIKHS UM CTEPKHEBOM
CHUCTEMBI U3 IJIACTUYHOIO M XPYyIKOro marepuanoB? Kakue OCHOBHBIE 3ajauu
pelaroTcs Ha OCHOBE YCJIOBUI MTPOYHOCTU?

9. Kakue HanpsKeHHUs] TPUHUMAIOTCS B Ka4€CTBE MPEAENIbHBIX JUIsl XPYIIKO-
ro ¥ IJIAaCTUYHOTO MaTEPUAIOB?

10. Yto Ha3bIBaeTCs KECTKOCTHIO CTEPIKHS HA pacTshKeHUE-cxaTue?

11. Kak onpenenstorcs nepeMenieHus y3Ja0B B CTEPKHEBOU cucTeEME?

12. Kakue 3agaun Ha3bIBAIOTCSA CTaTHYECKHU ompeaeauMbiMu? Kak ompese-
JSIOTCSL YCWIIUSI B CTEPXKHSAX M PEaKIUU CBS3€d B CTATUYECKH OIMPEACTUMO
CTepKHEBOU cucteme?

13. Kakue 3amaun Ha3bIBAlOTCS CTATUYECKU HeompeaenuMbiMu? Kak ompe-

JETISIOTCS YCHIIMS B CTEPIKHE € KECTKO 3aKpETUIEHHBIMU KOHIIAMU ?

Jlonoanumensnuie 3a0auu (ve Bxoasat B PI'P)

Jlnst crepxHeBbIX cucteM (puc. 1.4) onpenenuTs yCUIUs U HAPSDKEHUS B
crepxkHsax. Onpenenutb ropu3oHTaIbHOE nepemenienue y3na C (s cxem 1, 2,
6, 7), BepTuKagbHOE nepemenieHue yzna C (st cxem 3, 4, 5) win yroj moBopo-
Ta KecTKou Oanku (s cxem 8, 9, 0).

Pemenue 3a7a4 BHINOJHUTHL B OOIIEM BHUJE, UCIONB3YS MPUBEAEHHBIE HA
pHucyHKe 0003HAaYCHHSI TAPaAMETPOB CTEPXKHEN U HArpy3KH.

Ipumeuanue. OTBETH HA IPUBEIEHHBIC BONIPOCHI U PEIICHHE 3a7a4 OyayT

MMOJIC3HBI AJI JIYUIICTO OCBOCHUA JUCHUITIJIMHBI U ITIOATOTOBKH K TCCTUPOBAHUIO.

12
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2. PacuyétHo-rpacunyeckas paborta Ne 2

PacuéTt Bana npu Kpy4yeHuu

2.1. Pacyét ctatmyeckn onpeagenmmoro Bana

PacuérHas cxema Bajia CTPOUTCS C UCIIOIB30BaHUEM pUC. 2.1 M TaHHBIX U3
tabmun 2.1-2.5.

Homepa eapuanmos ucxoouvlx OaHHblX 6 mabauyax 6vlopamv nHo COOM-
semcmeyowum yuppam wugpa 3aoanusn: 0 nepou mabauybl — no nepeol
yughpe, 0151 BMopoll —no emopoti u m.o.

[lepenaBaembie 1 CHUMaeMble MOIITHOCTH N; = | k; | ‘No (i =1, 2, 3) BbIUMC-
JUTH C UCTIOJb30BaHueM Kod(pduimenToB k; n3 tadin. 2.1. [punsats Ny = 20 kBrT.

Ilpu ompuyamenvnom 3nauenuu Kodppuyuenma k; nanpasnenue coomsem-
cmeyrowe2o momenma M; usmenums Ha npomusononodicnoe (cM. puc. 2.1,a).

N3 Ipunooicenus 1 (tabin. 1) BeIOpaTh HEOOXOIUMBIE TPOYHOCTHBIC U YII-
pyrue XapakTepUCTUKH MaTepualia Bajia: mpeien TeKy4ecT Tr, Moaynb FOHra E
u ko3 dunment [lyaccona p.

BapuaHT cedeHmii U COOTHONICHHWE WX Pa3MEPOB ISl YYaCTKOB Bajia BbI-
Opath ¢ ucrnosib3oBaHuem puc. 2.1,6 u tadma. 2.3, 2.4.
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0)
Puc. 2.1

PacuerHnas cxema Baja moka3aHa IMIPpU TaKUX 3HAYCHUAX UCXOIHbIX JdHHBIX:

k1 =—1, k=2, k3= -3; Ha yyacTkax Bana cedeHus 1-2-6 (cm. puc. 2.1, 6);

=1,3d,D,=1,2d, D; =

1,5d,1,=04m,,=0,5Mm, 5=0,3 m.
Puc. 2.2
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Kosgpgpuyuenmuot ons mownocmu N;

Tabmuna 2.1

Bapuant | 1 2 3 4 5 6 7 8 9 0
ki 1,0 (22|14 |-16] 18 |-40| 22| 24 |-26| 28
k, 30| -08|-24|28 |-261|22|-08]|-1,3|1,5]-4,0
k3 0,5 20| 1,8 | -30] 2,7 | 35 |-32]|-1,8| 34| 24
Tabnuma 2.2
Pacuémmnvie napamempor u mamepuan eana
Bapuanr | 1 2 3 4 5 6 7 8 9 0
n, o6/mun | 500 | 700 | 1000 | 900 | 800 | 1200 [ 800 | 600 | 1100 | 1300
n, 4,0 | 4,5 6,5 | 42 | 40 | 55| 50 | 48 | 50 | 6,0
[0'],°/m | 1,2 | 1,5 2,3 1,3 (1,1 1,808 | 16| 1,9 | 25
cranp  [20(n)| 30(u) |40X(y)| 40(n) | 45(1) | 45(y) |40(y) | 30(y) |50I'(1)| 60(n)
Tabnuma 2.3
Ceuenus yuacmkos sana
Bapuantr | 1 2 3 4 5 6 7 8 9 0
yuacTok 1 1 6 5 2 1 6 2 5 1 2
yaactok 2 | 3 4 3 4 4 4 3 3 3 4
yaactok 3 | 5 2 1 6 6 1 5 2 5 6
Ta6numa 2.4
CoomHowenus pazmepos 8 CeyeHUsIX Y4acmKkos 8aud
Bapmant | 1 2 3 4 5 6 7 8 9 0
Dyd L1 (1,15 1,2 (125 1,3 | 1,35 1.4 | 1,45 1,5 | 1,55
Dy/d 1,6 (1,65 1,7 (1,75 1,8 | 1,85 | 1,9 | 1,95 | 2,0 | 2,1
Ds/d 1,0 (1,1 |12 (13|14 15 |16 | 1,7 1,8 | 2,0
Tabnumna 2.5
Jnunel yuacmkos éana
Bapuanr | 1 2 3 4 5 6 7 8 9 0
[, M 04 103105 (025]06 |05]03]04045]0,5
[, m 0305]|04(035|04 ] 03] 06| 06 |0,25]0,35
3, m 02 1021]031(015|03 1] 021|031 03] 02]0,25
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Ilopsaook pacuema

1. 300pa3uth pacy€THYIO CXeMy BaJla C y9acTKaMH 3aJaHHOTO CEYCHUS H
MPUJIOKEHHBIMU BHEITHUMUA MOMEHTAaMH COTJIACHO MCXOJHBIM JaHHBIM 33JaHUs
(>xenmaTeNbHO COOII0IaTh MAaCIITAOb! JJIMH YYaCTKOB M TUAMETPOB CEUCHHM ).

[Tpumep pacy€THOM cXeMbl Baja MPUBEIEH Ha puc. 2.2.

2. OnpenennuTs 3HaAYCHHS] BHEIIHUX MOMEHTOB M; 110 3aJaHHBIM 3HAYEHUSIM

morHocTel N; (kBT) u wacTore BpamieHus Bana n (00/MuH) 1o popmyiie

M, = 9550& (H-m).
n

Bennuuny 1 HanpasieHHME MOMEHTa M,y ONIPENeNInTh U3 yCIIOBUS PaBHOBE-
cus BaJa.

3. ITocTpouTh 3MI0pY KPYTALIUX MOMEHTOB M.

4. Onpenenuts HEOOXOOMMOE 3HAYEHUE mapamerpa d u3 pacuyéra Baaa Ha
IIPOYHOCTb.

5. OnpenennTh HEOOXOAMMOE 3HAYEHHE MapameTpa d U3 pacuéra Baua Ha
KECTKOCTb.

3HadyeHHue Moy ciaBura G MaTepuaa BBIYUCINTD, UCIIOJb3Ysl NU3BECTHBIE
3Ha4YeHuA £ W | UIA 3aJaHHOTO0 MaTepuasa.

6. OnpenenuTh pasMepsl NONEPEYHBIX CEYEHUI Ha BCEX yYacTKax BaJa IO
napaMeTpy d, yAOBJIETBOPSIONIEMY YCIOBHSAM HPOYHOCTH M KECTKOCTU. Ilpu
3TOM IIOJIyYEHHBIC 3HAUEHUS Pa3MEPOB CEYCHUI Ha Yy4acTKax Bajla OKPYIVIUTh
0 COOTBETCTBYIOIIMX 3HAYEHUM M3 psAla HOPMAJIBHBIX JIMHEMHBIX Pa3MEPOB
(cm. Ilpunoowcenue 2).

7. s Basia ¢ BBIOPaHHBIMHU pa3MepaMu MONEPEYHBIX CEYEHHUI MOCTPOUTH
AIIOPBI:

a) MAKCHMAJIbHBIX KacaTelIbHBIX HANPSHKECHUM T B CEUCHHUSAX;

0) OTHOCUTENBHBIX YTJIOB 3aKpPYYUBAHUS ';

B) YIVIOB IIOBOPOTa CEYEHHUU (P, YCIOBHO CUMTAsl HEMOJBHUYKHBIM OJHO U3
CEYEeHUH BaJa.

8. I/I306pa3I/ITL pacipCaciICHUC KaCaTCIbHBIX HaHpH}KCHI/Iﬁ B CCUCHUIX Ba-
JIa Ha KAXKJAOM Yy4aCTKC.

]YpuMeanue: Bce OITHOPbI I/I306paSI/ITB C MMPUBCACHUCM YHUCJIIOBBIX 3HAYC-
HUM BEJIWYMH Ha Y4JaCTKax UK B CCUCHUAX BaJla.

17



2.2. Bonpochbl 1 3agayun gnst CaMOKOHTPONS

1. Kak onpenensiercss BHyTPEHHUN KPYTSIIUA MOMEHT B IONEPEYHOM cCe-
yeHuu Bana? Kakoe npuHATO MpaBUiIO 3HAKOB VIS KPYTSALIETO MOMEHTA?

2. YUrto Takoe MOJSApPHBIA MOMEHT MHepUUH ceueHus? [lossapHbIi MOMEHT
COIIPOTHUBJICHUS CEUCHUS?

3. Kak pacnpenensitoTcsi KacaTelbHbIE HAIPSIKEHUsSI B KPYIJIOM CEYEHUU
Baja? B yem npenMy1iecTBa UCIOJIb30BAHUS TOJIBIX BAJIOB?

4. Kak ompenenuTe KacaTeNbHOE HANPSHKEHWE B IMPOU3BOJIBHOM TOYKE
KpYTJIOTO MONEPEYHOro ceueHus Baa’?

5. Kak onpenensitoTcss MakCUMallbHbIE KacaTelIbHbIE HANPSKEHUs 7S Baia
U B KaKUX TOYKaX KPYIJIOrO CEYEHUsI OHU JIEUCTBYIOT?

6. Kak 3anuceiBaeTcs ycnoBHe MPOYHOCTH Baya npu kpydenuu? Kakue oc-
HOBHBIE 33/1a4M PEIIAIOTCS MPU pacuy€Te Bajla HA IPOYHOCTH?

7. UTO Tako€ OTHOCHUTENIBHBIN yroi 3aKkpyunBaHus? Kak OH BelUHCIIAETCS U
KaKoOBa €ro pa3MepHOCTh?

8. Kak onpenenutsb yroi 3aKkpyyrBaHMsl y4acTKa Bajla IOCTOSSHHOTO CEUYEHUs?

9. Kak popmynupyercs ycimoBue kéctkocT s Baa? Kak ompenensiercs
JMaMETp BaJla U3 YCIOBHS )KECTKOCTH?

10. Kak 3anuceiBaetTcs 3akoH ['yka ripu unctoM casure? Kakas cBA3b Mex-
oy monyJsieM KOHra u Mmoaysiem ciBura Juist ©i30TpOITHOTO MaTepuana’?

11. Kak onpenensiercs yroi 3aKkpy4yuBaHus Ui KOHCOJIBHOTO Opyca MmocTo-

STHHOT'O KPYTJIOTO CEUCHUS IPU KPyUCHU U ?
Jlonoanumensnuie 3a0auu (ne Bxoast B PI'P)

[TocTpouTh 3MIOpPHI KPYTAIIMX MOMEHTOB U YIJIOB IIOBOPOTA CEUCHUU IS
BaJIa. PacuérHble cXembl Bajla MPUBECHBI HA pUC. 2.3.

Pemenue nony4yuts B 00IEM BHJIE, UCTIOJIb3Ys MPUBEAEHHBIE HA PUCYHKE
0003HaYEHUs MMAPaMETPOB Bajia U HATPY3KHU.

IIpumeuanue. OTBETHl Ha PUBEAEHHBIE BOIIPOCHI U PEIICHHE 3a1a4 OyayT

IMOJIC3HBI JI JIYUIIICTO OCBOCHUA JUCHUIINIMHBI U ITIOJATOTOBKH K TCCTUPOBAHUIO.

18
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3. PacuéTHo-rpadmyeckas paborta Ne 3
PacuyéTtbl 6anok Ha narunb

Bo 6cex 3a0auax no smou meme HoMep pacuemHOU cxemvl OAIKU COOM-
semcmeyem nepeoul yuppe unousudyarvroco wugpa 3aoanus. Homepa sapu-

AHMOB UCXOOHLIX OAHHBIX 8 MAOIUYAX 8bIOPAMbL NO NOCAEOVIOUUM YUPpam

wughpa.

3.1. PacyéT KoHconbHom banku

PacuérHbie cxembl 0aj0K NpecTaBiIeHbl Ha puc. 3.1.
Pacuérnple nannbie 111 6Ky BeIOpaTh u3 Tadbmui 3.1, 3.2.

Ilopsaook pacuema

1. I[MocTpouth SMIOPHI MOMEPEYHBIX CUI () M W3THOAIOIINX MOMEHTOB
(pacyeTHBIC 3HAYCHUS JTOJDKHBI OBITH IPUBEACHBI B YUCIIOBOM BHJIE).

2. Ins Ganku cTaHAapTHOTO Npoduiis M3 pacdera Ha MPOYHOCTH MOA0O-
paTh C€UEHUs 10 COPTAMEHTY IIPOKATHOM cTau (AByTaBp, JBa IIBEIIIEPA).

3. IlocTpouTh 3MIOPY HOPMaIbHBIX HANPSHXKEHUW G 71 OMACHOTO CEYCHUS
Oanku. BeaucianTh MakcuMaabHble HOPMaJIbHbIE HAIPSKEHUSI.

4. OnpenenuTh MPOTruO KOHIIEBOTO CEUCHUS OAJIKH, UCTIONB3YST METOJ €TH-
HUYHOW Harpy3ku u crnoco0 Bepemiaruna.

ITpu pacuere npunsate: P =10 kH, / = 0,4 M, 5,=250 Mlla, n = 1,8.

['eomeTpruueckre XapaKTepUCTUKU CTaHAAPTHBIX Mpoduiieil BeIOpaTh U3

tabmui /lpunoscenus 3.
Tabmuua 3.1
Jnumnsl yuacmxoe KOHCONbHOU OANKU

Bapuant | | 2 3 4 5 6 7 8 9 0
[ 20 | 1,50 (2,50 | 1,30 | 1,80 | 2,21 | 1,21 250|220 |
[, 1,50 | 2,50 31 | 220250250250 1,4]|25]|24l

Ta0muna 3.2
Kosppuyuenmor nazpysxku (Py= k\P, M = k,PL, g = k3 P/l)
Bapuant 1 2 3 4 5 6 7 8 9 0
k 10 (1,2 |14 | 1,5 1,8 ]201]25]221]20]15
k> 201 1,0 | 1,5 |20 25| 1,5]201]25]20]30
ks 201,020 | 1,5]20 12510201 10| 20
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Puc. 3.1
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3.2. Pac4éT gByxonopHoun 6anku

PacuétHble cxeMbl OaJIOK MpeICcTaBIeHbI Ha puc. 3.2.
Pacuérnplie mannabie s Oanku BeIOpaTh u3 Tabdn. 3.2, 3.3, 3.4; crangapt-
HBII Tpod Uik cedeHus BbIOpaTh Ha puc. 3.3 (no namoti yugpe wugppa).

Tlopsiook pacuema

1. I[MocTpouth 3mIOpHI MONEPEeYHBIX CUA () U U3rMOAIOIMIMX MOMEHTOB
(pacueTHbIC 3HAUYEHUS TOJKHBI ObITH IPUBEACHBI B YUCIIOBOM BHJIE).

2. U3 pacuéra Ha IPOYHOCTH OMPENCTUTh pa3MEPhl CEUCHHs OATKU B BUJE
Kpyra, Kojbla (¢ Ko3QGHUIHMEHTOM TIOJ0CTH O = d/D), mpAMoyroibHuKa (¢ oT-
HOLIIEHHEM CTOPOH B = //b) n mogo0parh CeYeHHe U3 CTAHIAPTHBIX IPOPUIIEH.

[Ipu pacuere npunsrth: [c] = 160 Mlla, P=10 kH, /=0,3 m.

['eoMeTpuueckue XapaKTEepUCTUKU CTaHAAPTHBIX Npoduseil BbIOpaTh U3
tabmuu /Ipunosicenus 3.

3. CpaBHUTH Macchl (ILJIOMIAU MOMEPEYHBIX CEUCHU) MOMYyUYEHHBIX 0aIoK
U CJeNaTh BBIBOJ O PAIlMOHAIBHOCTH Kaxaoil ¢opmbl ceueHus Oanku. s
CpPaBHEHHSI HAUTH OTHOIICHUS TUIomanaet F/F,;, Ui KaXI0ro ceYeHUs U IpH-
BECTU UX 3HAYEHUS B OTIEIBHOI TabIuue.

4. JIna KaXXaoro U3 CEYEHUW MOCTPOUTH SIIOPY paCHpeieIeHUs] HOpMallb-
HBIX HaIPSHKEHUH MO BBICOTE CEYEHUS.

5. Onpenenuth yroy noBopota cedeHuss C 0ajgkyd CTaHAAPTHOTO Mpoduis,
UCIIOJIb3YsI METOJ €IMHUYHOM Harpy3ku U cnocod Bepemaruna.

Taomuna 3.3
I'eomempuueckue napamempnvl ceyeHull
Bapuant 1 2 3 4 5 6 7 8 9 0

a=dD | 07 (0,75 08 [085] 0,7 |{0,75] 0,8 | 0,85| 0,9 | 0,8
B=wb | 2,0 | 22 | 24 | 26 | 28 | 3,0 | 28 | 2,6 | 2,5 | 24

Tabnuua 3.4
Jnunvl yuacmkog 08yxonopHou 6aiku

Bapuant | | 2 3 4 5 6 7 8 9 0
[ 2l (250250 30 | 3l | 30 | 2] |25 21 | 3]
[, 2,501 13,51 31 20 | 2,513,535 4] 51 4]
s 3,50 21 | 250250 21 | 21 | 2] | 150 2] | 3]
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3.3. Bonpochkl 1 3agadun ans CaMOKOHTPONS

1. Kakue BHyTpeHHUE CUIIOBbIE (PaKTOPbI BO3HUKAIOT B MOINEPEUYHBIX Cceye-
HUsAX Oanku mpu n3rude? Kakoe mpuHSATO MpaBUIIO 3HAKOB IMPHU UX OMpenese-
HUN?

2. Kakue npuMeHsAI0TCs OCHOBHbIE MTPaBUIIAa MPOBEPKU 3t0p O U M

3. Kak ompeaensroTcss HOpMajabHBIE HAIPSKEHUS B TIPOU3BOJILHOW TOYKE
CEYeHHs U MaKCUMalbHbIe HanpsbkeHusa? Kakoii BUI UMeeT 3Mopa HOpMalbHBIX
HaIpsKEHU B ce4eHuun?

4. Yto Takoe 0CEBOIl MOMEHT MHEPLUU CEYEHUSI U MOMEHT CONPOTUBIICHUS
cedyeHus: npu u3ruoe? Yemy paBHbI MOMEHTHI WHEPIIUU U MOMEHTHI COMPOTHB-
JICHUS JAJI NPSMOYTOJIBHOTO, KPYTJIOTO U KOJIBIEBOTO CEYEHUIT?

5. Kakum o0pa3om onpeesitoT onmacHoe cedeHue 0amku?

6. Kak 3anuceiBaeTcst yciioBUe MPOYHOCTH Oanku npu uzrnoe? Kakue 3ana-
YM PEIIAIOTCA Ha OCHOBE YCJIOBUS IPOYHOCTH?

7. UTo noHUMaeTCcs O/ pallMOHaIbHOU (OpMON ceueHus Oanku Ipu U3ru-
6e? B uém nmpeumyiiecTBa npuMeHeHus 0aloK CTaHIapTHOTO Mpodus?

8. Kakue nepemeliienus paccMaTpuBaroOTCs pu u3ruoe 0amox?

9. B uem 3akiroyaeTcsi Mpoleaypa ONPEACICHUs MEPEMEICHUN CeueHUM
Oanmok mpu u3rube no merogy Makcpemna-Mopa (MeToay €IWHUYHON Harpys-
KH)?

10. Kak omnpenensioT mepemenieHus CeUeHUil Oaiaku ¢ HUCIOIb30BaHUEM
cnoco6a Bepenaruna?

Jlonoanumenshsie 3a0auu (ve Bxoast B PI'P)

1. ITocTpouth SMIOPHI MOMEPEYHBIX CUI () M W3THOAIOIINX MOMEHTOB
TSt 0aoK, n300paXeHHBIX Ha puc. 3.4. OnpeaenuTh ONacHOE CeUeHHE.

IIpu pacuére npunsts: M = Pl, q =2P/l.

2. OnpenenuTs Tporud KOHIEBOIO CEYEHUs KOHCOJIBHOM OalIKM WM Mpo-
MEXYTOYHOTO CeUeHHUs (JTF000T0) IBYXOMOPHOU OaTKH.

3. Onpenenuthb yroj NoBOpOTa KOHIIEBOTO CEUECHUsI OaJIKU.

Pemenue momyunts B 001eM BHJIE, UCTIONIB3Ys TIPUBEACHHBIC HA PUCYHKE

0003HaueHUs MapaMeTpoB OaJIKK U HATPY3KH.

Ipumeuanue. OTBETHI HA MPUBEAEHHBIE BOIIPOCHI U PELICHHE 3a1a4d OyayT
HOJIE3HBI JUISl JTyUYIIEr0 OCBOEHMSI TUCIUIUIMHBI U TOATOTOBKH K TECTUPOBAHUIO.
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4. PacuéTHo-rpadumnyeckasa pabota Ne 4

Pac4yéT Bana Ha u3rmb c Kpy4eHuem

Pacuémuyro cxemy eana nocmpoums ¢ ucnonvzoganuem puc. 4.1 u danmnvix
uz maoauy 4.1, 4.2, 4.3. Homepa eapuanmos ucxooHvlx OAHHbIX 8 MAOIUYAX
8b1OpaMb NO COOMBEMCMBYIOUWUM Yudpam wudpa 3a0anus. 05 nep8oi mao-

JIUYbL — NO Nepsoll yugpe, 015 6Mopotl madbauysbl — no 6Mopou yugpe u m.o.

4.1. Pac4yeT Basna npu CTaTM4eCckoM Harpy>XeHuu

Ha conpsix€nHble AeTanu, pacroioKeHHbIC Ha Bally, IEUCTBYET Harpys3Ka:
P, — pagnanbHas cuna; P, — OKpy»Has cwia; P; — cuja, HalpaBJE€HHAs mapaji-
JenpHO ocH Baja. [lonoxkurenbHble 3HaUEHUs YIIIOB o; (i =1, 2) OTKIaAbIBAIOTCS
OT TOPU30HTAIBHON OCH X IIPOTUB YaCOBOW CTPEJIKHU.

[TpoyHOCTHBIE XapaKTEPUCTUKH CTaIH BBIOpATh U3 Tabmn.1 [lpunosicenus 4.
llopsiook pacuema

1. N300pa3uth pacuéTHyl0 cXeMy Bajia, CYUTasl OJHY U3 OMOp HIAPHUPHO-

MOJIBMDKHOW B OCEBOM HAIPABJICHHUH, a JPYTYIO - MAPHUPHO-HETOIBIKHOM.
Obpamums HUMAHUE HA NOJIONCEHUe Onop U Oemanel CO2NACHO 3HAYEHUIM

01, b, I3, a maxorce mouex npunodcenuss Ha2py3Ku CO2NACHO 3HAYEHUAM Q) U .

OnpenenuTh BEIWMYUHY M HaIllpaBJIeHUE MOMEHTa M U3 yCIIOBUS PaBHOBE-
cus Baja.

[Tpumep nzo0OpakeHus: pacu€THOM CXEeMbI Baja MPUBEJIEH Ha puc. 4.2.

2. TTocTpouTh 3MIOPHI U3TUOAIOIINX MOMEHTOB B BEPTUKAILHON U TOPU30H-
TaJIbHOM IJIOCKOCTAX (9n. My U 9n.. M) 1 DIIOPY KPYTSALIUX MOMEHTOB oM.

3. Onpenenuth OMAacCHOE CEYEHHE Baja W 3HAYCHHE SKBHUBAJIECHTHOTO MO-
MeHTa M . B HEM.

CxeMaTH4HO MMOoKa3aTh BHYTPEHHUE CHIIOBBIC (DAKTOPHI B OTTACHOM CEYEHUHU
BAJIa U HAIIPSKEHHOE COCTOSIHUE B OMACHOM TOYKE 3TOTO CEUCHMUSI.

4. Onpenenuth IMaMeTp Bajla U3 pacyera Ha MPOYHOCTh, UCIOIB3Ys COOT-
BETCTBYIOLLYIO TEOPUIO MPOYHOCTU. 3HAYCHUE AUAMETPA NMPUHATH COIJIACHO psi-
ny Ra4(0 HopMalIbHBIX JTUHEHHBIX pa3MepoB (cM. [Ipunodicenue 2).

5. HaliTn 3Ha4ueHUSI MAKCUMAaJIbHBIX HOPMAJIBHBIX, KACATEIBHBIX U DKBUBA-

JICHTHBIX HaHpH}KCHI/Iﬁ B OIIACHOM TOYKE Baja.
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Puc. 4.1

H3006pasicenue pacuemnoti cxemvl 8ana
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PacuerHnas cxema Baja noka3aHa IIpHU NCXOOHBIX JaHHBIX:

[y=30cm, L,=T75cm, [5=50 cm; oy =—90°, a, = 180° R, =15¢cm, R, = 12 cm.

Puc. 4.2
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Tabnuua 4.1

3nauenus yenos o; u paouycos R; (i =1, 2)

Bapuant | 1 2 3 4 5 6 7 8 9 0

o, rpax. | 0 90 0 90 | 180 | -90 | 180 | -90 0 90

Ry, cm 10 | 12 14 15 16 14 15 10 12 16

o, rpax. | 90 0 -90 | 180 | 90 0 -90 | 180 | 90 0

Ry, cm 15| 14 12 10 14 16 12 14 15 15

Tabmanma 4.2
3nauenus cun Py, P> u onun yuacmros Iy, [,

Bapuant | 1 2 3 4 5 6 7 8 9 0

P,xH [40] 45 |50 (5560 | 65]| 70| 75] 80| 85

PoyxH |85 80| 75| 70|65 ] 60| 55| 50]|45]| 4,0

[1, em 20| 30 | 25 36 | 35 32 | 28 | 22 | 24 | 34

Tabmuna 4.3

3nauenus cunvl P3, Onunst 3 u 0annvie 014 pacuema na npoYHOCmb

Bapuant | 1 2 3 4 5 6 7 8 9 0

Py,xkH | 40 | 45 | 50 (55|60 | 65| 70 75 | 80 | 8,5

[, cm 50 [ 68 [ 48 74 | 55 54 | 68 50 60 | 62

[5, cm 70 50 | 64 60 72 70 50 75 74 | 50

Ny 25 135 |28 3226|2830 2,6 |3,21|3,0

Teopus

npounocru | 1V | IV I1I 1AY III III I1I v IV | III

Cranp |[40XH| 50 40X 30 [30XM| 40 20X |12XH3A| 45 35
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4.2. Pac4yéT Bana npun UMKNMMYEeCKN USMEHALLNXCA HaMNPAXEeHNAX

[IpoBectu nposepounslil pacuem 6ana HA YCMALOCHWHYIO NPOYHOCHb, UC-
NIOJIb3YSl PACYETHBIE PE3YJIbTATHI, IOJYUYECHHBIEC B IPEABIAYIIEM PA3EIE.

HpI/I BpalllICHHUH BaJla HOPMAJbHBIC HAIIPAXKCHUA G U KAaCATCIIbHBLIC HAIIPs-

KEHUS T B ONTACHOM CEUYCHHUH M3MEHSIOTCS 10 TAPMOHUYIECKOMY 3aKOHY
o(t) = o, + oy sinwt, T(f) =T, + T, SINOL
¢ ko3 unmenTaMu acCUMMETpUH R U R, COOTBETCTBEHHO.

[Ipu 3TOM 32 MaKCUMaJbHbIE HAMIPSKEHUS LIUKIOB (Gpax U Tmax) TPUHUMA-
IOTCSI COOTBETCTBYIOIIME HAUOOJBIINE HANPSHKEHUSI B ONTACHOM TOYKE, MOJy4YeH-

HBIC IIPpU CTATUYICCKOM PaCHUCTC.

3nauenus kosghpuyuenmos acummempuu yukios Hanpsicenuil (R, R;),
mun KOHYeHmpamopa u 6ud o0opabomku noGepxXHOCMU 8ala 63ambv U3 maoauy
4.4 u 4.5 (no uemsepmoii u namoui yugpam wugpa).

Ilopsook pacuéma

1. JInst omacHOro cevyeHusl Bajla BBIYMCIUTD MapaMeTphbl LIUKIOB JUIsl HOMU-
HAJIBHBIX 3HAYEHWH HOPMANBHBIX M KacaTelbHBIX HampsokeHuid. M300pa3uTth
rpauyuecKy NOJy4YEeHHbIE UKIIbI U3MEHEHUS HaIIPSKEHUH.

2. OnpenenuTth 3HaYEHUS KO3(PPHUIMEHTa CHUKEHUS Tpeieia BHIHOCIUBO-
cTH MaTepuana K npu u3rude u Kpy4eHuH.

VY4ecTh BIHMSHUE HAa yCTAJIOCTHYIO NMPOYHOCTH Baja KOHIEHTPALIMM HaIps-
KEHUM, aOCOMIOTHBIX pa3MepPOB U KayecTBa 00pabOTKH MOBEPXHOCTH BaJa.
IIpu pacuéme ucnonvzosame oannvie madoauy 1-5 u puc. 1 Ipunoswcenus 4.

3. Onpenenuth N0 AHATMTUYECKUM (PopMysiaM 3HAYEHUS! KOA(DPUIIMEHTOB

3ariaca YCTaHOCTHOﬁ IIPOYHOCTHU 75 U Ny 110 HOPMAJIbBHBIM M KaCaTCJIbHBIM Ha-
IMPSPKCHHUAM.

3nauenus ko3 puyuenmos s u Y, 6blopame uz madauywvl 6 Ipunoscenus 4.
Ecnu nonyuaromes 3navenus ng < 1,5 unu ny < 1,5, mo esecmu kakou-1u6o
MemooO NOBEPXHOCMHO20 YNPOYHEHUS 8ald U 6HOBb GbIUUCIUMb COOMEEMCHI-
syrowutl Koaghpuyuenm (ng Uil n).
JelicTBuTebHBIE KOX(DPUITMEHTHI 3amaca MPOYHOCTH BHIOUpATh KaK Hau-
MEHBIIIEe 3HAYCHHE M3 KOA(D(PHUITMEHTOB 3amaca yCTaJIOCTHON MPOYHOCTH H TI0
npeneny TeKy4ecTH.

4. Berauciuth o0y K03 GUIIMEHT 3amaca yCTaIOCTHON IMTPOYHOCTH .
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Cnenarb BbIBOA O paboTtocnocoOHOCTH Bajna. JlomycTuMblil Ko puimeHT

3araca yCTaJOCTHOM MPOYHOCTH NMPUHATH paBHbIM [n] = 1,5-2.5.

Tabnuua 4.4
Kosgppuyuenmuor acummempuu yuxkinos u 0opabomxa nosepxHocmu 8aid
Bapuant Rs R+ O06paboTKa MOBEPXHOCTH Baja
1 0,2 —0,4 Hanuaue oxaauHbI
2 -0,6 0,2 YucTtoBOE TOUCHUE
3 -0,5 -0,8 [[Inmudoanue
4 0,3 —0,6 ['py6oe ToueHue
5 0.4 0,1 A3oTupoBaHue
6 0,2 —-0,5 [[Iindoanue
7 -0,9 —-0,2 JpoOecTpyiHbIN HaKIIET
8 -0,8 —0,7 3akanka ¢ HarpeBoM TBY
9 -0,7 0,2 OOxkaTka poJIMKOM
0 -0,3 -0,9 LlemeHTanus
Tabnuua 4.5
llapamempuvl koHyenmpamopos
Bapuant Tun koHIIEHTpaTOpa vr r/d
1 _ t" Q/_'” 1,0 0,02
2 K A 4 2,0 0,02
3 = ) S 3,0 0,03
4 ( v — 2,0 0,03
5 l"anrens 3,0 0,02
6 r 2,0 0,03
7 ( 2t m— L0 | 002
3 N—-H=- 05 | 003
9 ( v ~N— 1,0 | 0,03
0 KonplieBas kaHaBka 0,5 0,02
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4.3. Bonpochbl 1 3agayun anst CaMoOKOHTPOIS

1. Kak onpenenuth onacHoe ceuyeHue Baja MpU OJHOBPEMEHHOM HU3ruoe C
KpyyeHuem?

2. Kak ompenensieTcst 1monoKeHue OMacHOW TOYKH B KPYTJIOM WM KOJIbLE-
BOM TIOIIEPEUHOM CEUEHUH Basa MpH u3rude ¢ kpyuenuem? Kakoe HanpsikeHHOE
COCTOSIHUE UMEET MECTO B 3TOU TOYKE?

3. Kak onpenenstorcs 3Ha4eHUS] HOPMAJIBHBIX M KAaCaTEJIbHBIX HAIPSDKEHUM
B OMACHOM TOYKE Bajia KPYrjoro MOnepevyHoro CeueHus Npu U3rude ¢ KpyyeHu-
em?

4. Yro Ha3pIBaeTCA YKBUBAJIEHTHBIM HanpsbkeHueM? Kak 3anuceiBaercs yc-
JIOBME MPOYHOCTHU IIPH CJIOKHOM HAIIPSKEHHOM COCTOSIHUU ?

5. Kak ompenenstorcs dKBHBaleHTHblE HanpspkeHus no III-V teopusm
IPOYHOCTH MPHU U3rHoe ¢ KpyYeHHEM ISl Bajla KPYIJIOrO ceueHus?

6. Uto nmoHMMaeTcs MoJ yCTaJOCTHOW MPOYHOCTBHIO Aetanei? Uto Takoe
Ipesie] BBIHOCIMBOCTH MaTepuaa’?

7. Kakoi Bua UMeET KprBask yCTAJIOCTH 11 CAMMETPUYHBIX LIUKJIOB?

8. Kakre ocHOBHBIE IapameTpbl LUKJIA paCCMaTPUBAIOTCS IPHU IOBTOPHO-
NepEeMEHHOM M3MEHEHUHU HanpsbkeHuil? Yto nmoHumaercs noja kodd@uiueHTom
acummeTpun 1ukia? Kakue nUKIIbl Ha3bIBAlOTCS CHMMETPUYHBIM U ITyJIbCALU-
OHHBIM?

9. Kak BiMseT KOHUEHTpALMs HANpPsDKEHWM Ha YCTAIOCTHYIO IPOYHOCTH
netanei? Yto HazbiBaeTcss 3QPEKTUBHBIM KOI(PPUIMEHTOM KOHLUEHTpAIMU Ha-
npsokeHui? Kakue KOHCTPYKTHBHBIE CHOCOOBI HMPUMEHSIOTCA JUIsl CHHXKEHUS
KOHLEHTpAIMU HapsKeHU?

10. Kakum 06pazom BIUsIOT aOCOIOTHBIE pa3Mephbl MONEPEYHOTO CEUECHHUs
JIeTaliel Ha yCTaJIOCTHYIO TPOYHOCTh?

11. Kakum oOpazoM BiusieT BUJI 0OpabOTKH MOBEPXHOCTH JIETAIH Ha yCTa-
JIOCTHYIO NpOo4YHOCTH? Kakue TEeXHOJIOrn4eckne MeTOAbl MOBEPXHOCTHOTO YII-
POYHEHHS JIeTaneil MPUMEHSIOTCS AJIs TOBBIIICHHS YCTaIOCTHOM IPOYHOCTH?

12. Kakoil BUA MMEET CXEMAaTU3WPOBAHHAS arpaMMa NpPEAEIbHBIX IUK-

JIOB?
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Jlonoanumensnsie 3a0auu (ve Bxoast B PI'P)

1. ITocTpouTh 3MOpPBI U3rMOAOIIMX U KPYTAIIEr0 MOMEHTOB JIJIsl Baja (puc.
4.3).

2. Onpenenuth HauOONbIIEE 3HAYEHHE SKBUBAJIEHTHOIO MOMEHTA 110
TPETbEN TEOPUH POUYHOCTH.

3. U3 pacuéra Ha NPOYHOCTH BBIYUCIUTD JUAMETP BaJa.

B pacuére npunsare: P=2 xH, /=a=0,2 M, [c] = 150 MI]a.
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Cnucok nurtepartypbil

1. Cxonuuckuii B.H. IIpaktudeckoe pyKkOBOJICTBO K pacué€TaM IO COIpPO-
TUBJICHUIO MaTepuanoB. YuebHoe mocooue — M.: MI'MY, 2007. — 240 c. I'pud
YMO.
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MpunoxxeHue 1
MexaHn4eckne cBOMCTBa MaTepuanos

Taomuna 1
Mexanuueckue ceéoticmea cmaneu
No Mapka |Tepmoo6-| o, G, T 0, E,
" | cramm |pabortka*| MIla | MIla | MIla | % I'Tla "

1 10 H 210 340 140 31 210 0,24
2 20 H 250 420 160 25 210 0,25
3 30 H 330 530 180 21 210 0,25
4 30 v 400 600 220 18 210 0,26
5 40 H 360 600 210 19 210 0,28
6 40 v 400 700 230 17 210 0,28
7 45 H 360 610 210 17 200 0,29
8 45 v 450 750 270 13 200 0,29
9 45 M35 650 900 370 8 200 0,29
10 45 B48 950 1200 530 7 200 0,29
11 50 H 380 640 215 14 200 0,29
12 60 H 410 690 240 12 200 0,29
13 50I° H 400 660 230 13 200 0,30
14 50I° B40 560 820 320 12 210 0,30
15 20X M59 630 850 380 11 210 0,29
16 40X v 650 800 380 11 210 0,30
17 40X M39 900 1100 520 10 210 0,30
18 30XM M 750 950 420 12 220 0,30
19 35XM | MHB270 | 850 1000 470 12 220 0,30
20 40XH H 460 780 280 11 220 0,30
21 40XH M43 1000 | 1200 570 9 220 0,30
22 | 40XDA M30 750 900 420 10 220 0,30
23 | 30XT'CA v 850 1100 480 10 210 0,30
24 | 12XH3A v 700 950 420 11 210 0,30
25 | 30XH3A v 860 1000 440 10 210 0,30
26 | 40XHMA v 950 1100 530 12 210 0,30

* VcioBHbIE 0603HaUEHHS TEPMOOOPAOOTKH:

H — HopMmanuzanus; ¥V — ynyuienne; B — 3akanka ¢ oxnaxaeHueM B BojJie; M — 3akaika ¢ ox-
naxnaenuem B macie; HB — tBepaocts mo bpunesmto; yucino nocie M u B — cpeanee 3Haue-
Hue tBepaoctu o Poksemny (HRC).
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Tabnuma 2
Mexanuueckue ceoticmea 0151 OMIUBOK U3 UY2YHA

No | MAPKA | MMMa| 6, MTTa | 1, MITa | 8,% | E,TTa | u
qyryHa
1 CUl10 100 500 150 0,2 75 0,28
2 Cu1s 150 650 240 0,6 85 0,28
3 CU18 180 700 260 1,0 90 0,28
4 C420 200 750 280 0,4 110 0,28
5 Cu2s 250 850 300 0,5 120 0,28
6 C430 300 1100 390 0,65 130 0,28
7 Cu3s 350 1200 410 0,9 145 0,28
8 C440 400 1300 460 0,95 160 0,28
9 Cu4s 450 1400 500 1,0 170 0,28
Tabnuia 3
Mexanuueckue ceoticmea y8emmuvix U MUMAHOBbIX CHILABO8
Ne | Marepuan |6y, MIla| o, MIla | t,, MIla | 8,% | E,I'Tla u
L{semuvie cniaswl (meepovie)
1 J1 240 420 130 15 72 0,33
2 J16 380 500 210 20 72 0,33
3 16 300 460 170 12 72 0,33
4 AMTr6 180 350 110 18 71 0,33
5 AMn 180 220 100 18 71 0,33
6 AK6 300 420 170 12 72 0,33
7 B95 460 550 250 12 72 0,33
8 JI68 410 620 230 5 113 0,36
9 BpAS5S 490 785 270 4 110 0,35
10 bpOd6 380 685 320 4 110 0,35
Tumanosvle cniagol
11 BTS5 750 850 420 12 105 0,35
12 OT4 625 800 350 20 105 0,35
13 BT20 840 1050 470 11 105 0,35
14 [1T7M 400 550 220 20 110 0,38
15 I1T3B 600 800 330 11 110 0,38
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[MpunoxeHue 2

HopmarnbHble nuHenHble pasmepbl (TOCT 6636-69)

JI71st IpOCTaHOBKM JIMHEWHBIX pa3MEPOB — AUAMETPOB, JIIMH, BBICOT U JIP. —
cTaHAapToM ycraHasiuBaroTcs psnabl (Ras, Ral0, Ra20, Ra40). Huxe B Tabnu-
e npuBenéH psaa Ra40 ¢ Hanbosnee Menkon rpaaarue.

Psag Ra40 (ot 1 g0 950 Mm)

1,00 2,40 5,6 13,0 32 75 180 420
| 1,05 || 250 || 60 | 140 | 34 | 8 | 190 | 450 |
| 1,10 | 260 || 63 || 150 | 36 || 8 || 200 | 580 |

1,15 2,80 6,7 16,0 38 90 210 500

1,20 3,00 7,1 17,0 40 95 220 530
| 130 || 320 || 75 | 180 | 42 | 100 | 240 | 560 |
| 140 | 340 || 80 || 190 | 45 | 105 || 250 | 600 |

1,50 3,60 8,5 20,0 48 110 260 630

1,60 3,80 9,0 21,0 50 120 280 670
| 1,70 || 4,00 || 95 | 220 | 53 | 125 | 300 | 710 |
| 1,80 | 420 | 10,0 || 240 | 56 || 130 || 320 | 750 |

1,90 4,50 10,5 25,0 60 140 340 800

2,00 4,80 11,0 26,0 63 150 360 850
| 2,00 || 500 || 11,5 | 280 | 67 | 160 | 380 | 900 |
| 220 | 53 || 120 || 300 | 71 || 170 | 400 | 950 |
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MpunoxeHne 3

8¢

- Crtanb ropsidekataHasa. banku asytasposble (no FTOCT 8239-72)
S h — BpICOTA OAJIKY; J — MOMEHT HHEpLUHY;
1 b- I PHUHA ITOJIKH; W — MmoMmeHT COIMIPOTHUBJICHUA,
j R d — TONIINHA CTEHKHU; [ — painyC UHEPLIVH; Taomuna 1
- - { — CpeHsisl TONIIMHA MOJIKK; Sy — CTATUYECKUI MOMEHT IOJOBUHBI CEUCHUS
Ne Pasmeprr, MM F, S w., Ix, S, gy, w,, Iy, Macca
pod. h b d t cM’ oM’ oM’ cM oM’ cm’ oM’ cM 1 M, kT
10 100 55 4,5 7,2 12 198 39,7 4,06 23 17,9 6,49 1,22 9,46
12 120 64 4,8 7,3 14,7 350 58,4 4,88 33,7 27,9 8,72 1,38 11,5
14 140 73 4,9 7,5 17,4 572 81,7 5,73 46,8 41,9 11,5 1,55 13,7
16 160 81 5 7.8 20,2 873 109 6,57 62,3 58,6 14,5 1,7 15,9
18 180 90 5,1 8,1 23,4 1290 143 7,42 81,4 82,6 18,4 1,88 18,4
18a 180 100 5,1 8,3 254 1430 159 7,51 89,8 114 22,8 2,12 19,9
20 200 100 5,2 8,4 26,8 1840 184 8,28 104 115 23,1 2,07 21
202 200 110 5,2 8,6 28,9 2030 203 8,37 114 155 28,2 2,32 22,7
22 220 110 5,4 8,7 30,6 2550 232 9,13 131 157 28,6 2,27 24
22a 220 120 5,4 8,9 32,8 2790 254 9,22 143 206 34,3 2,5 258
24 240 115 5,6 9,5 34,8 3460 289 9,97 163 198 34,5 2,37 27,3
24a 240 125 5,6 9.8 37,5 3800 317 10,1 178 260 41,6 2,63 29,4
27 270 125 6 9,8 40,2 5010 371 11,2 210 260 41,5 2,54 31,5
27a 270 135 6 10,2 43,2 5500 407 11,3 229 337 50 2,8 33,9
30 300 135 6,5 10,2 46,5 7080 472 12,3 268 337 49,9 2,69 36,5
30a 300 145 6,5 10,7 49,9 7780 518 12,5 292 436 60,1 2,95 39,2
33 330 140 7 11,2 53,8 9840 597 13,5 339 419 59,9 2,79 42,2
36 360 145 7,5 12,3 61,9 13380 743 14,7 423 516 71,1 2,89 48,6
40 400 155 8,0 13 71,4 18930 947 16,3 540 666 85,9 3,05 56,1
45 450 160 9 14,2 84,7 27696 1231 18,1 708 808 101 3,09 66,5
50 500 170 10 15,2 100 39727 1589 19,9 919 1043 123 3,23 78,5
55 550 180 11 16,5 118 55962 2035 21,8 1181 1356 151 3,39 92,6
60 600 190 12 17,8 138 76806 2560 23,6 1491 1725 182 3,54 108




Ctanb ropsdekaTtaHas. Weennepbl (no FTOCT 8240-72)

6¢

Y 1y
I 1 h — BBICOTA OAIKU; J — MOMEHT WHEPLINH;

[ x < b — mmpuHa TOJIKY; W — MOMEHT CONIPOTHUBIICHUS;
d d — TONIMHA CTCHKH; [ — paanyc UHEPIINH;

‘T y { — CpeHsis TONIIMHA MOJKH; Sy — CTATUYECKUI MOMEHT IMOJIOBUHBI CEUCHUS; Tabnuma 2

Ll Zo— PacCTOSIHUE OT OCH y 10 HApPY>KHOU IpaHu CTEHKHU
Ne Pa3mepbl, MM F, Iy W, iy, S, ¥ w;, iy, Z0s Macca

npod. h b d t cm’ cm’ cm’ cM cm’ em’ cm’ cM cM 1 m, kr
5 50 | 32 | 44 7 6,16 22,8 9,1 1,92 5,59 5,61 2,75 0,954 1,16 4,84
6,5 65 | 36 | 44 [ 72 7,51 48,6 15 2,54 9 8,7 3,68 1,08 1,24 5,9
8 80 [ 40 | 45 [ 74 8,98 89,4 22,4 3,16 13,3 12,8 4,75 1,19 1,31 7,06
10 100 | 46 | 45 | 76 10,9 174 34,8 3,99 20,4 20,4 6,46 1,37 1,44 8,59
12 120 | 52 | 48 | 718 13,3 304 50,6 4,78 29,6 31,2 8,52 1,53 1,54 10,4
14 140 | 58 | 49 | 81 15,6 491 70,2 5,6 40,8 454 11 1,7 1,67 12,3
14a | 140 | 62 | 49 | 87 17 545 77,8 5,66 45,1 57,5 13,3 1,84 1,87 13,3
16 160 | 64 5 8,4 18,1 747 93,4 6,42 54,1 63,6 13,8 1,87 1,8 14,2
16a | 160 | 68 5 9 19,5 823 103 6,49 59,4 78,8 16,4 2,01 2 15,3
18 180 [ 70 | 51 [ 87 20,7 1090 121 7,24 69,8 86 17 2,04 1,94 16,3
18a [ 180 | 74 [ 51 | 93 22,2 1190 132 7,32 76,1 105 20 2,18 2,13 17,4
20 | 200 | 76 | 52 9 234 1520 152 8,07 87,8 113 20,5 2,2 2,07 18,4
200 | 200 [ 80 | 52 [ 97 25,2 1670 167 8,15 95,9 139 24,2 2,35 2,28 19,8
22 [ 220 8 [ 54 | 95 26,7 2110 192 8,89 110 151 25,1 2,37 2,21 21
22a | 220 [ 87 | 54 [ 102 | 288 2330 212 8,99 121 187 30 2,55 2,46 22,6
24 | 240 | 90 [ 56 | 10 30,6 2900 242 9,73 139 208 31,6 2,6 2,42 24
24a [ 240 | 95 | 56 | 107 | 329 3180 265 9,84 151 254 37,2 2,78 2,67 25,8
27 | 270 | 95 6 | 105 [ 352 4160 308 10,9 178 262 37,3 2,73 2,47 27,7
30 [ 300 [ 100 ] 65 | 11 40,5 5810 387 12 224 327 43,6 2,84 2,52 31,8
33 [ 330 [ 105 7 | 11,7 | 465 7980 484 13,1 281 410 51,8 2,97 2,59 36,5
36 [ 360 [ 110 | 75 | 12,6 | 534 10820 601 14,2 350 513 61,7 3,1 2,68 41,9
40 [ 400 [ 15| 8 | 135 | 615 15220 761 15,7 444 642 73,4 3,23 2,75 48,3




[MpunoxeHue 4

CnpaBo4Hble gaHHblE AN pacyéTa geTaneu
Ha YCTanoCTHY NPOYHOCTb

Tabmuma 1
Mexanuueckue xapakmepucmuku cmaneu
Mapka Gs, Gr, Tr, G.15p G-1on T 1ok
cTaiu MlIIa MIIa MlIla MlIla MlIla Mlla
30 530 320 180 180 220 120
35 540 330 190 190 240 140
40 600 360 210 210 260 155
45 610 360 210 220 280 165
50 640 380 215 230 290 175
20X 850 630 380 240 380 190
40X 1000 750 380 250 360 225
30XM 950 750 420 370 360 230
40XH 1000 800 390 290 400 240
12XH3A 950 700 420 300 430 240
Tabmuma 2
Koaghdhuyuenmuor erusnus abconromuwix pazmepos oemaieti
Hanmenpmmi u3 Marepnan getanu 1 BUJ Harpy >KeHUs
JINAMETPOB d (MM), Yriepoaucras crajib JlerupoBaHHas cTajb
IIPUMBIKAIOIINX K N3rub Kpyuenue N3rub Kpyuenne
30HE KOHIIEHTpaIuU Eo €. Eo €.
oT 15 o 20 mm 0,95 0,87 0,87 0,89
ot 20 10 30 MM 0,91 0,89 0,83 0,89
ot 30 1o 40 mm 0,88 0,81 0,77 0,81
ot 40 10 50 MM 0,84 0,78 0,73 0,78
oT 50 1o 60 MM 0,81 0,76 0,70 0,76
ot 60 10 70 MM 0,78 0,74 0,68 0,74
ot 70 1o 80 MM 0,76 0,73 0,65 0,73
ot 80 10 100 MM 0,73 0,72 0,64 0,72
ot 100 10 120 Mm 0,70 0,70 0,62 0,70
oT120 mo 150 mMm 0,68 0,68 0,60 0,60
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Puc. 1. BinsiHME cOCTOSIHUS NOBEPXHOCTH Ha MPEJEN BBIHOCIMBOCTH:
1 — nonupoBanue; 2 — umpoBaHue; 3 — YUCTOBOE TOUEHUE;
4 — rpy0o€ TOYeHHE; 5 — HAJTUYHE OKATUHBI
Tabnuua 3

Kosppuyuernmor ynpounenus By, npu ucnonvzosanuu
MEXHON02ULEeCKUX MEeMOO08 NOBEPXHOCIHO20 YNPOUHEHUS 8ald

Bupl o,, MIla 3HaueHU Bynp JIJIS1 BAJIOB
00paboTKH (cepauieBuHa) TJIAJIKAX pu pH
IIOBEPXHOCTH Ks<1,5 Ks=1,8-2,0
3aKaika ¢ 600—800 1,3-1,4 1,6-1,75 2,0-2,2
HarpesoM TBY [ 800-1200 1,4-1,5 1,75-1,9 2,2-2.4
A30THpOBaHuE 800—-1200 1,1-1,25 1,5-1,7 1,7-1,9
{emenTarms 700—1200 1,2-1,4 1,5-1,9 1,8-2,1
Hpobectpylinbiit | 61500 1,1-1.25 1.4-1,6 1,65-1,9
HaKIJICII
Obxarka 600—1800 1,2-1,3 1,5-1,7 1,8-2,0
pOJIMKaMU

Ilpumeuanue. 1Ipu xkpyueHuu cieayer paccMmarpuBarh KodpduuueHt K

BMecTO ko3¢ dunmenta K.



Tabauna 4

Ippexmusnvie K03 PuyUueHmbl KOHYEHMPAYUU HANPAHCEHUL
801U3U canmenu

y 4
7
X X
d T
( 1
Y
t/r=1 t/r=72 t/r=13 tr=>5
Op, r/d=0,02 | 0,03 0,02 0,03 0,02 0,03 0,01 0,02
Mlla K5, npu usrube
500 1,63 1,45 1,82 1,81 1,96 1,94 2,16 2,12
600 1,67 1,47 1,88 1,86 | 2,03 2,02 2,23 2,17
700 1,70 1,50 1,94 1,91 2,10 | 2,08 2,30 2,23
800 1,76 1,52 1,99 1,96 | 2,16 | 2,13 2,38 2,28
900 1,80 1,55 2,05 2,00 | 2,23 2,19 2,45 2,34
1000 1,84 1,57 2,11 2,06 | 2,30 2,30 2,52 2,39
1200 1,92 1,62 2,23 2,16 | 2,44 | 2,37 2,66 2,50

K., npu xpyueHun

500 1,40 1,35 | 1,55 | 1,54 | 1,65 | 1,62 | 2,18 | 2,08
600 1,42 1,36 | 1,58 | 1,57 | 1,68 | 1,66 | 2,24 | 2,12
700 1,44 1,37 | 1,59 | 1,59 | 1,72 | 1,69 | 2,30 | 2,17
800 1,45 1,37 | 1,61 1,61 1,74 | 1,72 | 2,37 | 2,22
900 1,47 1,38 | 1,64 | 1,62 | 1,77 | 1,75 | 2,42 | 2,26
1000 1,48 1,39 | 1,66 | 1,65 | 1,81 1,75 | 2,48 | 2,31
1200 1,52 1,48 | 1,71 1,68 | 1,88 | 1,86 | 2,60 | 2,40




Ippexmusnvie k03P PuyUuenmvl KOHYEHMPAYUU HANPAHCEHUL

60.1U3U KO]ZbL{@GOlZ KAaHA6KU

Tabmuua 5

v r
T
] L=
( Y \
tr=0,5 tr=1 tr=2 05<t/r<2
Og, r/d=0,02 | 0,03 | 0,02 [ 0,03 | 0,02 | 0,03 ] 0,02 | 0,03
MIla K K,
npu u3rude pU KPYICHUHU
500 1,84 1,77 | 2,05 1,97 | 2,25 | 2,16 | 1,60 1,52
600 1,89 1,82 | 2,15 | 2,03 | 232|222 1,69 1,60
700 1,95 1,87 | 2,17 | 2,08 | 2,38 | 2,28 | 1,77 1,67
800 2,00 1,92 | 2,23 2,14 | 245] 2,35 | 1,86 1,75
900 2,06 1,97 | 2,28 | 2,19 | 2,51 | 2,41 | 1,94 1,82
1000 2,11 2,02 | 2,35 | 2,25 | 2,58 | 247 | 2,03 1,90
1200 2,22 2,12 | 2,49 | 2,36 | 2,71 | 2,59 | 2,20 | 2,05
1400 2,34 223 | 2,62 | 2,48 | 285|273 | 2,32 | 2,16
Tabnuia 6

3nauenus ko3Puyuenmos Ys u Y,

op, MlIa Vo Ve

500-750 0,1-0,15 0,05
750-1050 0,15-0,2 0,05-0,1
1050-1450 0,25-0,3 0,1-0,15




MNpunoxeHue 5
dopma TUTYNbLHOro nucTa

MunucrepcTBO 00pa3zoBaHus U Hayku Poccuiickoit @enepannu
['ocynapcTBeHHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICHIET0 MPO(HECCHOHAIBLHOTO 00pa30BaHUS

MOCKOBCKHI TOCYJapCTBEHHBIM UHYCTPHUAIIBHBIN YHUBEPCUTET
UHCTUTYT IUCTAHIIMOHHOI'O OBPA3OBAHUA

Kadenpa conpoTuBneHus: maTepraioB

PacuéTrHo-rpaduueckas padbora Ne

10 AUCHUIIIIMHC

Ha TEMY

['pynma

CryneHt (®.1.0)
[udp 3ananus

Cnano (mara)

[IpenogaBarens (®.1.0)
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