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AHHOTALUA

Y4eOHO-MeTOIMYeCKOe TMOCOOHE COACPKUT HHIAMBHIYalbHbIE JaHHBIE,
pacyeTHbIE CXEMbl M BOMNPOCHI JUIsI CaMONPOBEPKH K 3ajJadaM, BXOISIIUM B
KOHTPOJBHYIO paboTy aucHuIuMHbl «CrenuanbHble BOMPOCHI  CONMPOTHBIICHUS
MaTEpHAJIOB», TPHMEPHl PEIICHUS 3aJad KOHTPOJILHOW pabdOThl C OCHOBHBIMHU
TEOPETUYCCKUMH TIOJIOKCHHSIMH, CIIMCOK PEKOMECHIYEMOH IpU TOJATOTOBKE K
BBITIOJTHEHUIO PAa0OTHI JINTEPATYPHI.

Y4eOHO-METOIMUECKOE MTOCOOME TTPETHA3HAYCHO IS CTYJICHTOB — 3a0YHUKOB,
obyuvaromuxcsa no HanpasiaeHuo 08.03.01 — «CtpouTenbCTBO», U U3YUYAKOIIUX KYPC
aucIUIuIHBl «CIienuaabHbIe BOMPOCHI CONTPOTHUBIICHUS MaTEPUAIOB.

MoskeT OBITh MCIIOJIB30BAHO CTYACHTAMH JIPYTUX TCXHHUYCCKUX HaIpaBICHUH
MOJICOTOBKH (CTIEIIMAIbHOCTEN ).

Copnepxanue mocobust coorBeTcTByeT DenepanbHOMY TrOCYIapCTBEHHOMY
o0pa3oBaTeIbHOMY CTaHAAPTY BHICHIETO 00pa30BaHUs 10 HAMPABICHUIO MOATOTOBKU
08.03.01 — «CtpoutennpctBo» (mpukaz3 MunoopHayku Poccun ot 31.05.2017r. Ne
481) u «IlpumepHoit mporpamMme AMCHUILIHMHBI "CONPOTHUBICHHE MaTCpHUajoB’,
MockBa, 2012rom», peKOMEHIOBAaHHOW Y4eOHO-METOAUYCCKUM OO0BEIUHEHUEM
BBICIIIUX y4eOHBIX 3aBefeHuN Poccuiickori denepanuu mo obpa3oBaHui0 B 00J1aCTH

CTPOUTENHCTBRA.

ABTOpBI
K. T. H., mpodeccop Epemun B./I.

K. T. H., JOLICHT ABakoB A.A.
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IIpeaunciioBue

ComnpoTuBiieHHE MaTepHaioOB — Hayka O TMPOYHOCTH, JKECTKOCTH U
YCTOMYMBOCTH OTAEIBHBIX 2JIEMEHTOB KOHCTPYKIIHA.

Wmxenepy m10001 CIEUATBHOCTH YaCTO MPUXOAUTCS MTPOU3BOIUTE PACUETHl Ha
NPOYHOCTh, JKECTKOCTb UM YCTOMYMBOCTH DJIEMEHTOB KOHCTpyKuuid. Camas
HEe3HAUYMTETbHAsI, HAa TIEPBBIA B3I, OMIMOKA B pacueTax MOXKET MOBJIEYb 32 CO0O0M
OYEHb TSDKETbIC TMOCIEJCTBUS — TMPUBECTH KOHCTPYKIHIO K paspymenuro. Ilpu
NPOBEACHUH ITHX PAacYeTOB HEOOXOAMMO CTPEMHUTHCS K COYETAHWIO HamOONbIIeH
HaJISKHOCTH pabOTHI KOHCTPYKIIMHM C HANMEHBIIIMM PacXxoJ0M MaTepuara.

ConpoTHBIICHHE MaTepUajIOB — OJHA W3 CIOXKHBIX YYEOHBIX IUCIHMILINH,
M3y4aeMbIX CTYJICHTAMH TEXHHUUYECKUX HAIIPaBJICHUN TOJTOTOBKH (CTIEIIMATIBbHOCTEN ).

Bonbioe 3HadeHne B 3aKpEIJICHUH KaK TEOPETUYECKHX, TaK U MPAKTHUYECKUX
3HaHWi To Kypcam «ComporuBieHHue MaTtepuaioBy u «CrenuaibHble BOTPOCHI
COIIPOTUBJICHHSI MaTEPHAJIOBY» UMEET CaMOCTOSITeNIbHAs padoTa CTYACHTOB 3a09HOMN
(GopMBI 00yUEHHS, B TOM YHCIIE U BHIITOJIHEHHE UMHU KOHTPOJIBHBIX padoT.

B TeueHme cemecTpa CTYACHT — 3a0YHHK BBIMONHICT OJHY KOHTPOJIBHYIO
paboTy, MPeIyCMOTPEHHYIO YIeOHBIM IJIAHOM HAIpPaBJICHHS IMOJATOTOBKHU. B oTinnyme
OT JJOMAIITHUX 33]1a4, JIJIS PEIICHUS KaX/T0H U3 KOTOPBIX OOBIYHO JIOCTATOYHO 3HAHUH
B 00bEeMe OJHON TEMbI, BBIIIOJTHEHWE KOHTPOJIBHON paboThl TpeOyeT 3HAHUS
HECKOJIbKHX Pa3/IesIoB Kypca.

Ecmu mpu pemieHnm 3amad ¥ OTBETaX Ha BOMPOCH [IJISi  CAaMOINPOBEPKHU
BO3HUKHYT 3aTPYAHEHUS, CIEIyEeT BOCIOJIB30BAThCS MMEIONIUMUCS B Y4eOHUKAX U
y4eOHBIX TMMOCOOMSX VYKa3aHWSIMU M PCEIICHUSMH, a TakKe OoOpaTuThCs 3a
KOHCYJIbTAIMEH K MPEIo aBaTEINIo.

B ycnoBusix MOCTOSHHO COKpamiaromerocs B YYeOHBIX TUIaHaX BpPEMEHHU,
OTBOJUMOTO Ha WM3YYCHHE ATHX IHUCIHIUINH, W B TO JX€ BpeMsl HEOOXOIUMOCTHU

dbopMupoBaHus y OyIylmux HH)XEHEPOB 0a30BOro oObeMa 3HAHWM O MPOUYHOCTH,
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KECTKOCTH U HAJIEKHOCTH MPOEKTHUPYEMBIX U HAXOASAIMIMXCA B SKCIUTyaTallM 31aHUN
U COOPYXXEHHM, BaXXHO OOECHEYUTh OOYYAIOUIUXCS MOCOOUSMH, HEOOJBIIUMH IO
0o0beMy, HO OXBaTBHIBAIOLIMMHU OCHOBHBIE pa3feibl 3HAHUM B COOTBETCTBUHU C
3alayaMu (DOPMHUPOBAaHUA Yy OOYYAIOIIUXCS HEOOXOJMMBIX HABBIKOB PacyeToB Ha
NPOYHOCTb, KECTKOCTh U YCTOMYMBOCTH 3JIEMEHTOB KOHCTPYKILIUM.

Hacrosimee yueOHO-MeTOaMYECKOE MOCOOME MPEIHA3HAUEHO ISl CTYACHTOB
3a04HON (pOpMBI 00yUEHHUS, U3YUYaIOIUX KypC yueOHOU nucuuminHbl «CnenuanbHbie
BOMPOCHI COITPOTHUBIICHUS] MATEPUATIOBY», B YACTHOCTH, IS CTYAEHTOB, 00 y4aroIuXcs
no HanpasiaeHuto 08.03.01 — «CtpoutenbcTBOY.

Y4eOHO-MeTOIMUeCKoe Toco0ue MpeNcTaBisieT coOOM KpaTKoe HU3TI0KEHHE
TEOPETUYECKOTO MaTepuaja C CUCTEMaTHU3MPOBAHHOM MOAOOPKOM 3ajad U HX
PELICHUSIMU 110 OCHOBHBIM pazjieliaM Kypca yuyeOHoOW AucHUIUINHbL «CrienuanbHble
BOMPOCHI COMTPOTUBIICHUS MATEPUATIOBY.

[TocoGue conepXUT WHIUBUIYAIIbHBIE JTaHHbBIE, PACUYETHBIE CXEMbl U BOMPOCHI
JUIsl CaMONIPOBEPKH K 3ajlayaM, BXOJSIIMM B KOHTPOJBHYIO paboOTy Kypca yuyeOHOi
muciIuinHbl  «CrienuanbHble  BOIMPOCHI COMPOTUBIICHUS MAaTEPHUATIOBY», MPUMEPHI
pelIeHusT 3aJa4  KOHTPOJBHOW  paboOThl €  OCHOBHBIMU  TEOPETHYECKUMU
MOJIO)KEHUSIMH, CIHCOK PEKOMEHAYEMOW JIMTepaTypbl TpH TOATOTOBKE K
BBITIOJITHEHUIO PA0OTHI.

Bce 3amaun KOHTPONBHBIX pabOT HUMEIOT OOJbIIOE YUCIO PABHBIX 110
TPYAOEMKOCTH BapUaHTOB, YTO MO3BOJISIET KAXKJIOMY CTYIEHTY — 3a04YHHUKY IOJIy4aTh

HNHAWBUAYAJIbHBIC HCXOAHBIC TaHHBIC.
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PA3JIEJI 1. KOHTPOJIBHAS PABOTA
OO0umue meToanYecKre YKa3aHUA M0 BHINIOJHEHHI0O KOHTPOJIbHOM PadoThI

o ConepkaHue KOHTPOJIBHOW pabOTBHI COOOIIACTCS MpernojaaBaTesieM B
Hayase yueOHOTo roja (cemecTpa).

o Hcxomupie maHHBIC IJIs pEIICHUS 3a/Jad BBIOMPAIOTCS CTYACHTOM H3
TaOJIUI] BapUAHTOB B COOTBETCTBUHM C €T0 JIMYHBIM IHUGPOM (HOMEPOM 3a4EeTHOU
KHIDKKH).

[IIndpom cuuTarorcs Tpu nocieaHue nudpbl, HATPUMED, €CIIM HOMEP 3a4CTHOU
KHIKKU — 27306, To yueOnbM mudpom Oyaet 306.

Kaxnas Tabnuiia BapwaHTOB pasfielicHa Ha Tpu dacTd. Jlnsg monydeHus
UCXOIHBIX JIAHHBIX HEOOXOJUMO BBIMTKCATh M3 TAOJUIIBI TPU CTPOKH: IepBas CTPOKa
OTBeYaeT nepBoit 1mudpe mudpa; BTopasi CTpoKa OTBEHYaeT BTOPOH (cpeaneit) nudpe;
U TPEThs CTpOKa — mocieaHel (Tperbeil) mudpe mmdpa. Hanpumep, mist Homepa
3a4eTHOU KHIKKU 27306 mpu pelnieHuu nepBou 3a1a4u, COrjiacHo Tadu. 1, moaydum
CIIEYIONIHE UCXOAHbIe JaHuble; a =2,3M; b=3m; Necxembl —6; C=2,6mMm;
A=20cm’.

o Henw3sg mpucTynath K pemieHuIo 3a1ad, He pa300paBIIUCh JOCKOHAIBHO
o yuyeOHHWKaM B TCOPHUH, CBSI3AHHOM C BBINIOJHEHHEM KOHTPOJIbHOU paboThl. Ilocie
U3YYCHHs] KaXIOW TeMmbl HaAo oOO0S3aTENbHO OTBETUTh Ha BOMPOCHI IS
CaMOTIPOBEPKHU — ITO CIIOCOOCTBYET JIYUIIIEMY YCBOCHHIO IPOUIEHHOTO MaTepHara.

o [lepen pemeHnemM KaKaoil 3ajaud HEOOXOJUMO BBIMHCATH MOJTHOCTHIO
€€ YCJIOBHE C YHMCJIOBBIMU JaHHBIMH, COCTaBUTh aKKypaTHBIM ACKH3 B MaciTade u
yKa3aTh HA HEM B YKCJIaX BCE BEJIMUMHBI, HEOOXOAMUMBIE JIJISl pacuerTa.

° Bce pacdetsl HEOOXOAMMO BECTH OYEHb YETKO M aKKypaTHO, C
MpeebHON BHUMATEIFHOCTHIO, CHaYalia B 00IIIEeM BHJIE, 3aT€M B UHCIIaX.

o Heobxomumo  wWcmonp30BaTh BCE  CpPEACTBA JJII  CAMOKOHTPOJIS
MPABWJILHOCTH BBITIOIHEHHOW YacTu paboThl. Takue BO3MOXKHOCTH, KakK IMPaBUJIO,

HMCIOTCA HAa KaXKIOM 3TallC pacycTa.
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o Pacuer Ha Bcex ero 3Tamax Hag0 COMNPOBOXIATh HEOOXOJUMBIMU
00BSCHEHUSMH, CXEMaMHU, PUCYHKaMH U rpadukamu (IOCTPOCHUEM 30D ).

I'padprueckoe opopmieHue MOMOraer He TOJIBKO IPOU3BECTH PACUYET, HO U
o0Jieryaer ero MpocMOTp C UENbI0 O3HAKOMJIEHUS C HUM WIH JJI KOHTPOJIS
MPaBUIBHOCTH BBITTOJIHEHHOTO 3Tana padoThI.

I'padprueckass yacte paboOThl BBIMOJHSAETCA C COOJIOJEHUEM MacIITabOB, Ha
aucTax Oymaru, BUIMBA€MbIX B MOSCHUTEIbHYIO 3aIUCKY.

o Bce BbluMcnenus, Kak mpaBuiio, IOCTATOYHO MPOU3BOAUTH C TOYHOCTHIO
710 TpeTbel 3Havanie udpel.

o YucrtoBoil  BapuaHT  pacyeTHO-rpaguyeckoil  paboThl  caaercs
IpernoaBaTeNo Ha MPOBEPKY B BUJE aKKYpaTHO O(OPMIIEHHON U COPOIIIOPOBAHHON
NOSICHUTENIbHOM 3alMCKM Ha JHUCTaxX mnucued Oymarum ¢dopmata A 4 ¢ yrioBbIMHU
IITAaMIIAMHU, C TUTYJIbHBIM JIUCTOM, UCXOJHBIMU JTAHHBIMHU, BCEMH HEOOXOIMMBIMU
pacueTamu, BHIIIOJHEHHBIMU B OOLIEM BHJIE€ U YHUCTIAX, CXEMaMH U YepTExKaMHU.

o Ha tutynbHOM JMCTE€ KOHTPOJBHOM pabOThl JOJKHBI OBITH YETKO
HalMCaHbl: Ha3BaHUE JUCLUIUIMHBL, (aMWwius, UM U OTYECTBO CTYJIEHTA,
HalMEHOBAaHUE HAIpaBJICHUs (CNELUATbHOCTU) U MPO(UIb MOATOTOBKH, Y4eOHBIN
mudp ¥ TOYHBIN TOYTOBBIN aapec.

o Kak  mpaBunmo, mnpu  mpoBepke  paboThl  IperogaBaTeieM
OoOHapyXUBAIOTCS OMMOKH, HETOYHOCTH B pacueTax U 4epTekax, KOTOPbIE CTYACHTY
HEOO0XO0AMMO McHpaBUTh. Eciiu 3aMeuaHusi HECYIIECTBEHHbIE U HEMHOTOUHCIICHHBIE,
X MOXXHO YCTPAaHWUTh Ha MEPBOHAYAIBHBIX JIMCTAX IMOSCHUTEIBHON 3amucku. Ecin
K€ OHU TAKOBBI, YTO BHOCHMBIE HCIIPABIECHUS MEMIAIOT 0003PEHHUI0 M BOCHPHUATHIO
MaTepuana, paboTa TMOJHOCTbIO  OdopMmisieTcss BHOBb. Ilpu  MOBTOpHOM
NpPEJCTaBICHUN pPAOOTHl HEOOXOAMMO TWPUJIIOKUTH TEpBOHAYAJbHBIC 3alUCU U
YEPTEXKU C 3aMEUAHUSIMU, YTO YCKOPUT €€ MPOBEPKY.

o Ilociie npoBepKH KOHTPOJBHON padOTHI MpENnoJaBaTesieM U €€ 3allUThl

paboTa CKaHHpYETCs, U €€ OPUTHHAJ cAaeTcsl Ha Kadenpy.

8
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PA3JIEJI 2. UHAUBU Y AJIBHBIE NHCXOJIHBIE JAHHBIE N
PACUYETHBIE CXEMBbI 3AIAY
2.1. 3AJTAYA Ne 1. ONPEJAEJIEHUE NEPEMEIEHUN B CTATUYECKH
OIIPEJIEJIMMOM BAJIKE

Jliis 3a1aHHOI pacuyeTHOM cxeMbl 0aJkH (TadJ. 2) Tpedyercs:

1. OmnpenenuTs OMOPHBIE PEAKIINH.

2. OnpenenuTs nepeMelieHne (Mporud Wik yroj MmoBOpPOTa) B 3aJlaHHOM
CeUeHUH OAITKK C TOMOIIBI0 METO/Ia HAa4a IbHBIX MTAPAMETPOB, CUUTAs, YTO )KECTKOCTh
MONEepevyHoro cedeHus o6anku EJy = const,

VicxomHble MaHHBIC IJI PEIICHUS 3a/7a49d B3SATh U3 Ta0JAMIBbI 1 B COOTBETCTBUU

C JINYHBIM MHUPPOM.

Taoauua 1
Hcxoanbpie 1aHHBIE
=
=y S S =
= S -y = 2 ol =
:% F, Er g- q, I, b Er g% m, E - q: Bun
25 xkH = ? kH/m M T 2 -g. S | kHwm I 3 nepeMereHus
< -]
& & EE2
= = =9 ~
< =
1 | 2 | 3 4 | 5| 6 7 8 9 | 10 11
1 ]2 1 2 130] 03 1 2 | 03] 1 Yron
MIOBOPOTA
2 | 18] 2 4 | 35| 04 2 18| 03| 2 Yron
MOBOPOTA
3| 16| 3 5 | 40| 05 3 16 | 03| 3 Yron
MOBOPOTA
4 | 14| 4 6 | 45| 06 4 14 | 03| 1 Yron
MOBOPOTA
5 | 12| 5 8 | 50| 07 5 12 | 03] 2 Yron
MOBOPOTA
6 | 10| 6 2 | 55| 03 6 10| 02| 1 Tporu6
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Oxonuyanue Ta20J. 1

1 2 3 4 5 6 7 8 9 10 11

7 8 7 4 6,0 | 04 7 8 02| 3 [Tporu6

8 6 8 5 6,5 | 05 8 6 02| 1 [Tporu6

9 4 9 6 7,0 | 0,6 9 8 02| 3 [Tporud

0 2 0 8 7,5 | 0,7 0 10 | 0,2 | 1 [Tporud
Taoauna 2

PacueTHasi cxema 0aJIKu

& &7
L—IMCJF L—I —»4—0!
g m O g m F

o
s
e
>
R
s
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Oxonuanue Ta0J. 2
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2.2. 3AJJAYA Ne 2. BHEHEHTPEHHOE C’)KATHE KOPOTKOTI'O CTEPXKHS

YyryHHbIi KOPOTKHMHM CTEpKeHb, IONEpeYHOe CceYeHHe KOTOpPOoro
npuBeAeHo B Ta0J1. 2, CcKUMaeTcsl IPOA0JIbHOI cuiioi F, mpuiioxkeHHOH B ToOYke
K. Tpe0yercs:

1. BblyucauTh BeTUYMHBI HAMOONBIIMX PACTATHBAIOUIUX U CHKUMAIOLIUX
HaIIPSDKEHUN B IONEPEYHOM CEUECHUM, BBIPA3UB BEJIMYMHBI OTUX HAIPSIKEHUHN uyepes
F.

2. W3 ycrnoBuil npoyHOCTH HAaWTH Jomyckaemyro Harpy3Ky [F] mpu 3amannbix
3HAYEHUSX JOIYCKAaEMbIX HOPMAJIBHBIX HAIPSKEHUM JI UyT'yHa Ha ckaTtue [o,] 1 Ha
pactskenue [ op].

Ucxonublie paHHBIE JUIsl pelIeHHMs] 3aaadd  BbIOpaTh ©3 Tabaumbl 1 B

COOTBC€TCTBHU C JINYHBIM IHI/I(l)pOM

Taoauna 1
HcxoaHble JaHHDBIE
S
< ] ~
w S = =" = < E
g? a, =5 [od], 5 £z b, [a5],
=] E = »
é = cM = MIla 2 E o cM MIla
2 o Rk
= = =9 ~
= = )
= =
1 2 3 4 5 6 7
1 2,1 1 110 1 2,1 21
2 2,2 2 120 2 2,2 22
3 2,3 3 130 3 2,3 23
4 2,4 4 140 4 2.4 24
5 2,5 5 150 5 2,5 25
6 2,6 6 60 6 2,6 26
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Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn

Oxonuyanue Ta0J. 1

1 2 3 4 5 6 7
7 2,7 7 70 7 2,7 27
8 2,8 8 80 8 2,8 28
9 2,9 9 90 9 2,9 29
0 3,0 0 100 0 3,0 30
Taoauma 2

Cxema MOIIEPEIHOI0 CCUYCHUA CTECPIKHA

V% 3 K K 3
IR <] :
© N © Jo 1
N\ T\
NEEENNNNE \f

KLa#aJ«aJ callealeall easle

K

®

O,

e b >l b e b ol
©,
%%

Lb>|<—2b—>|<b—>|

ok ook 2 sk bl ok an
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Ynpaenenue yugppoewvix oopazosamenvuvix mexnonozuii

Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn
2.3.3AJTAYA Ne 3. YCTOMUHUBOCTH HEHTPAJIBHO C)KATOI'O CTEPKHSA

CranbHOl cTep:KeHb IJIHHOI | cxxkumaercs cunoii F (Tadu. 2, 3). Tpedyercs:

1. N3 ycnoBust ycToiuMBOCTH MOA0OpaTh pa3Mepbl MONEPEYHOr0 CEYCHUS
CTEp>KHS MPH J0IyCKaeMOM HOpMalibHOM Hanpspbkenuu [ o] = 160 M1la.

Pacuer mpoBOAWTH C MOMOIIBIO METOJA MOCIEAOBATENIbHBIX MPUOIMKEHUH,
peaBApPUTEIHLHO 3a/IaBIINCh BeTUYnHON Koddunmenta ¢ = 0, 5.

Ecnu rubkocTh CTOMKM B TEpPBOM NPHUOJIMKEHUU OKaxeTcss MeHblie S0,
HEO0OXOIMMO MPOEKTHYIO JJIMHY CTOMKH YBEJIMUYUTh B 2 pa3a, a mpu r'UOKOCTH Ooliee
150 — ymeHbIuTh B 2 pasa.

2. [IpoBepUTh BBHITIOJHEHUE YCIOBHUS YCTOMYMBOCTH.

3. OnpenenuTs BEIWYMHY KPUTUYECKOHW cCuibl. [IpuHATH MOIYyJb
YOPYTOCTH AJIsI CTalNbHOTO cTepxHs E = 2-1 0°> MITa.

4. Haiitu 3HaueHuss nomyckaeMoil Harpy3ku U Ko3(d@uimeHra 3amaca

YCTOWYHUBOCTH.

Hcxonnple paHHBIE IS pelieHds 3aJadyd  BbIOpaTh W3 Tadauubl 1 B

COOTBETCTBHH C JTUYHBIM MIUDPOM.

Taoauna 1
HcxoaHble JaHHDBIE

= = = s
2. =5 = o~ S -
52 | F | BE ! S22Es | 25 | ZzEig
= = = = ¥ = 5 a s = v a8
s = kH S = M ° 29 = 2 E g g oE
2 = s = 22958 | & SCE
= = ® =

1 2 3 4 5 6 7

1 100 1 2,1 1 1 1

2 200 2 2,2 2 2 2
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Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn

OxoH4yanue Ta0J. 1

1 2 3 4 5 6 7
3 300 3 23 3 3 3
4 400 4 2.4 4 1 4
5 500 5 25 5 5 5
6 600 6 2.6 6 6 6
7 700 7 27 1 z -
8 800 8 2.8 2 8 8
9 900 9 2.9 3 9 9
0 1000 0 3.0 4 0 0
Taoauna 2
PacquHaﬂ cxema 3aerHﬂeHI/IH KOHIIOB CTep)KHﬂ
OF OO OF O @]
_ !& i §' : ~ y,o§ a % " ¥
e
T o
2 w E ™
| | | | m§ M§
l l
2 2
\é&a == 'mm povned \é\w T
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Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn

Taoauua 3

dopma nNonepeyHoro ceYeHus

O @ T@a/a

@ @ a @ %‘ 0,2a
—>\<—
l N
d —a —> «— g

x T @?_ % T @ S&xx\\\\xxx: T
\ a g 2d —>%<—O’2a s a
& l L _l .{\:\\\xxxxxxxx\é l
«——— 23 —» «— 2d — «——— 259 —»
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Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn

2.4. 3AITAYA Ne 4. IBTABAIOIIUM (ITIONNEPEYHBIN) YIAP

Ha nByTaBpoBYyI0 6ajIKy, CBOOOTHO JIeKANIYI0 HA ABYX omopax (TadJ. 2), ¢
BbIcoThI N magaer rpy3 Q. Tpedyercs:

1. Haiitn HanGonpiine HanpsH>KeHUsl B Oalike.

Wcxonmuble naHHBIC I PEIICHHWS 3aJa4d  BbIOpaTh W3 Tadaumbl 1 B

COOTBCTCTBHU C JINYHBIM HII/I(i)pOM

Taoauus! 1
HcxoaHblie 1aHHbIE

Mepeas o Bropas h N Tperbs I,

uudpa H b CM ABYTaBpa b

umdpa um¢ppa umgpa M
1 2 3 4 5 6 7
1 1100 1 11 20 1 3,0
2 1200 2 12 20a 2 3,1
3 300 3 3 24 3 3,2
4 400 4 4 24a 4 3,3
5 500 5 3) 27 5 3,3
6 600 6 6 27a 6 3,5
7 700 7 7 30 7 3,6
8 800 8 8 30a 8 3,7
9 900 9 9 33 9 3,8
0 1000 0 10 36 0 3,9
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Tadaunnbl 2

PacueTHas cxema 0AJIKH

O L L E— O P — {19
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Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn

PA3JAEJI 3. OCHOBHbBIE TEOPETHYECKHME ITOJIO)KEHUA U
MPUMEPHI PEIIEHUA 3AJAY KOHTPOJbHOM PABOTHI

3.1. TEMA 1. PACYET BAJIOK HA )KECTKOCTb

3.1.1. OCHOBHBIE TEOPETUYECKHE ITOJIOKEHUSA

IlepemenieHusi Npy MJIOCKOM U3ruode.
OcHoOBHbIE IOHATHS U ONpeaeSIeHUs

Panee ObUIM paccMOTpeHBbI BOMPOCHI, OTHOCSIIMECS K pacdery Oalok Ha
npoyHocTh. OpHako B OOJBIIOM KOJMYECTBE CIy4aeB MPAKTUYECKOTO pacuera
CTEp>KHEBBIX M PaMHBIX CHCTEM, pabOTaOIIMX Ha U3rM0, HEOOXOJUMO TaKkKe
IPOU3BOJIUTH UX PACUET Ha )KECTKOCTb.

[lon pacueToM Ha >KECTKOCTh IMOHHMMAETCS OIEHKAa YNPYrod MOJaTIMBOCTH
IUIOCKUX CTEP KHEBBIX CUCTEM IO ACHCTBHEM HArpy3oK M MOJ00p TaKUX pa3MepoB
MOTIEPEYHOr0 CEYEeHMs, NPHU KOTOPHIX TEpeMelleHus He OyayT MNpeBbIIaTh
JOMYCKAaE€MbIX BEJIMYUH.

JUist  BBIMOJMHEHUSI TaKUX pPACUETOB HEOOXOAMMO HAYYUTHCA BBIUUCISATH
NEPEMEIIEHUS TONEPEUYHBIX CEUYEHUM TUIOCKUX CTEPKHEBBIX CUCTEM MOJ JIEHCTBUEM
mr000# BHEIHEHW Harpy3ku. Kpome 3Toro, nepeMemeHus: IpuxXoauTcs ONpeaesiTh |
IIPU pacueTe CTATHYECKU HEONIPEAETUMBIX KOHCTPYKIIUM.

ITon neiicTBMeM BHENIHWX HArpy3ok Oanka gedopMupyeTcs U €€ OoCh

uckpusisiercs (puc. 3.1).

R
SLSLSIL LSS LSS

> h A A DANI S, y
. |
_h 1

Puc. 3.1. /leghopmayun 6anku npu uzcube
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Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn

Onpeoenenue. Ilnockas kpusas, (GopMy KOTOPOM HNPUHUMAET OCh OaJKU MpHU
n3rude, Ha3bIBACTCS U302HYMOLL OCbIO, UIU YAPY2OU TUHUE.

[Ipu nedopmaniuu Gaaku HEHTPHI TSHKECTU €€ MOMEPEYHBIX CEUCHUM MOTyqaroT
JUHEWHbIC TMEepEeMEIICHUsI, a CaMH CEUYCHHUS TMOBOPAYMBAIOTCS BOKPYI CBOHMX
HEUTpaJIbHBIX OCel. JlomylieHne 0 MaJIOCTH MEPEMELICHUS TTO3BOJISAET CUATATh, YTO
HANPaBJICHUS ~ JIMHEHHBIX  MEPEMCENICHUNW  TEPICHIUKYJISAPHBI  TPOJIOJIbHON
(reoMeTpuueckoii) ocu Henepopmupyemoro opyca.

Onpeoenenue. llepeMenieHue IEHTpa TSXKECTU CEYEHHUS IO HaIpaBJICHHUIO,
NEPIEHIUKYIIPHOMY T€OMETPUYECKON ocH OajiKku, Ha3bIBA€TCsS MPOruOOM Oajiku B
JTAHHOM CEYEHHUHU U 0003HavaeTcss OyKBOMl W.

HawuGonbmii iporud Has3eIBaeTCs cmpenoli npoeuba u 0003HavaeTcs 0yksoi f.

Onpeoenenue. YToll @, Ha KOTOPBIA KaXJ0€ CEYEHUE MOBOPAYMBAETCS I10
OTHOIICHHIO K CBOEMY MEPBOHAYAIILHOMY IOJIOKEHUIO, HA3bIBAETCS YTIIOM MTOBOPOTA
CCUCHHSI.

Takum oO0pa3om, mpu u3ruOe OaJOK TOYKH €€ T'eOMETpUYecKoil ocu (X)
MOJTYYaloT IMOMEPEYHbIe MEPEeMEIIeHUsT WK MPOorubel (W), a MONepevHble CEYCHUS
MIOBOPAYMBAIOTCSI OTHOCHUTEIIBHO CBOMX HEUTPaIbHBIX ocel (V) Ha yroa @ (puc. 3.1).

IIpocubwvl (W) u yenst nosopoma (@) uacmo HaA3618AIOM JTUHEUHBIMU U VeT08bIMU
nepemewjeHusIMU CO0meemcmeeHHo.

Ilpasuna 3naxos. Ilporm6 (W) cUHTaeTCS TIOJOXHTEIBHBIM, €CIH OH
MIPOUCXOJIUT BBEPX — B CTOPOHY TMOJIOKUTEIHHON OCH OpANHAT Z.

Yron moBopota (@) CUMTACTCS IOJOXKHUTCIBHBIM, €CIIH IOIEPEYHOEC CCUCHUEC
MMOBOPAYMBAETCSI MPOTUB XOJIa YACOBOW CTPENKH, €ClIM OCh abcuucc X HampaBiieHa
CJIeBa HAMpPaBO.

Tak, Harpumep, Ha puc. 3.1:

w(x) <0,a ¢ (x)>0.
[TporuObl O6anok U3MEPAIOTCA B €AMHUIAX JJIMHBI (METpax, CAaHTUMETpax WIH

MUJUTUMETPAXx), a yIJIbl IOBOPOTA — B TPajycax WU pajuaHax.
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Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn

3nech M jajiee Ha4yajuo OTcyeTa Uil KOOpAUHAT X, Y U Z BhIOMpAeTCs Ha JIEBOM
KOHIIE OaJIKH.

Teopust nedopmaruu O6anok, u3ydaemasi B Kypce COIMPOTHBIICHUS MaTepPUAsIOB,
OCHOBBIBAETCS HA CIICYIOLIUX MPEATION0KEHUSIX (TUIIOTEe3aX):

1. Marepuan Oanku mnoguuHsercss 3akoHy I'yka (o0 =E-&g), TO ecTh
HaANPsDKCHHsI B OAJTKe HE BBIXOJIAT 3a MPEJIeN MPOTOPIIUOHAITBHOCTH.

2. PazMepsI onepevHbIX CeUeHUH OATKM HEBEIMKHU 110 CPABHEHUIO C €€ JJIMHOM.

3. IlporuGer OGanmku (W) MaJibl MO CpaBHEHHWIO C ee JuHOM L /paccrosHuem
MEXKIy omopamMu Oajku/, TO €CTh OTHOIIEHHWE Hauboubinero mporuda f k miuHe

IMpoJicTa L Ganku YCTAaHABJIMBACTCs B CICAYIOIMUX IIpEaciIax.

f_ 1 1
L~ 100 = 1000’
rae
L — nnuna nponera 6anku (7151 KOHCoJe# mpoJieT L paBeH yIBOEHHOMY BBUIETY
KOHCOJIN).

4. YTripl 1OBOpOTa MONEPEYHBIX CEUYEHUN () HE MPEBBILLIAIOT 1
| Onax] <17= 10,0175 pao.
B »tom cnyuae ana omnpeneneHuss OporubOB W MOXKHO HCIOJIB30BATh
npubmkeHHoe TuddepeHInaIbHOE YPaBHEHUE U30THYTOM OCH OaJIKH:.

" __d? M(x)
W T = (31)

rae

M(x) — BeIpa)keHHE H3rHOAOMIEr0 MOMEHTA, NEHCTBYIOIIETO B IIOIEPECYHOM
CeUYeHHMH OaJKU Ha PAaCCTOSHHUU X (Ha pacCMaTPUBAEMOM ydacTKe Oalku);

E — Mmomyns ynpyroctu nepBoro poaa /mMoxyis FOnra/;

[y — TaBHBI MOMEHT UHEPHH TIONEPEYHOTO CEUEHUS OATKH.
Onpedenenue. Bennauna EI,, xapakrepusyromias CONPOTUBIAEMOCTh Oajku

HU3MCHCHHNIO €€ HepBOHaanBHOﬁ (I)OpMLI, Ha3BIBACTCS JHCECMKOCMbIO OAIKU npu
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usruoe.

VYIibl MOBOPOTA IIONEPEYHBIX CEUYCHUH ¢ MOXKHO IIPUHMMATh PaBHBIMU IIEPBOM
MPOM3BOIHOM OT pOruoa W.

M3BecTtHO, 4TO

W () = 1gg (X),
MO3TOMY, B CBSI3M C MaJIOCThIO Jeopmaluii 6aioKk, MOXKHO CUUTATh, UTO 1J@ = @, TO
€CTh MOXHO 3aIHCaTh:
W (x) = tgo (x) = ¢ (). 3.2)

Jlns pacdyeta OaJioK Ha KECTKOCTh (OMpECIICHUE MEePEeMEIICHUN B IUIOCKHX
CTEP)KHEBBIX CHCTEMax) B Kypc€ CONPOTHUBICHUS MaTepuajoB OOBIYHO H3Y4alrOT
METOJ] HauaJbHBIX IMapaMeTpoB U MeTo] Mopa (uHTerpan Mopa) ¢ UCIOoIb30BaHUEM
npaswia Bepemaruna (mpaBuiia «IepeMHOKEHHS SITIOP).

Meron HauaJgbHBIX MapaMETPOB YAOOHO NPUMEHSIThH B TOM Ciydae, Koraa
HEOOXOJIMMO OIPEACNIUTh NMEPEMEIICHNUS B HECKOJIbKUX CeUeHUs X Oanku. OCHOBHBIM
HEJOCTATKOM 3TOr'0 METOJA SIBISETCS TO, YTO €ro MOYKHO NPUMEHSTH TOJBKO IS
pacueTa OajoK.

Meronq Mopa, B oTiMuM€ OT METOAA HayajbHbIX NApaMETPOB, SBISETCS
YHUBEPCAJIBbHBIM. Er0 MOXHO MPUMEHSITH IJisi OMpeeieHUs TepeMEeIIeHu TH0bIX
00BEKTOB — 0aJIOK, IIOCKUX M IPOCTPAHCTBEHHBIX paM, apoK H JIp.

Omnpenenenue nepeMenieHui B 0aJKaX MeTOA0M HAYAJIbHBIX IAPAMETPOB

[Ipu ompenenennn mnepeMenieHUd Oalku METOAOM HauyaJbHBIX MapamMeTPOB
(MHII), 3anuceiBaeTcsi yHUBEpPCaIbHOE YypaBHEHUE MPOrMOOB, KOTOPOE MAaeT
BO3MOXHOCTh OTPEACNSITh MPOrU0 B MPOU3BOJIBHOM CEUEHWUW OANKU TIPH JIFOOOU
BHEIIIHEN HArpys3kKe.

YHuBepcaIbHOE YpaBHEHUE IMTPOTHOOB UMEET CICAYIOIIHI BU/T .
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2 3 , —aN2 F: _b.3
W) = Wo + pox + 1 |Mpx _I_Fox _I_ZMl(xzal) +Z j(x—=bj) N

El, 2 6 6

_ 4

rje

W(X) — BeirurHa Iporuda B MPOM3BOJILHOM CEUCHHH OAIKH Ha PACCTOSHUU X OT
Hayajia OTCUeTa;

Wp, g — TPOTU0 W YroJl MOBOPOTA MOMEPEYHOTO CEUCHUSI B HAYaJe CUCTEMBI
KOOpAMHAT (KHHEMAaTHYECKUE Ha4YaJIbHBIC MapaMeTphl);

Mo, Fo — cocpenoToueHHbI MOMEHT U COCPEOTOUEHHAsI CUla, JCHCTBYIOIIUE B
Hayajie CUCTEMbI KOOPAWHAT (CTAaTUYECKUE HAaYaJIbHBIC ITapaMETPHhl);

M; — cocpeloTOUEeHHBIM MOMEHT Ha paccTOsHUU &; > (0 OT HavaJia KOOPMHAT;

Fj — cocpenorouenHas cuna Ha paccrossHuH Dj > 0 OT Havasla KOOPMHAT;

Jk — HHTEHCHUBHOCTb pacHpe/leICHHOW Harpy3Kd, KOTOpash HauyWHaeTcs Ha
paccTostHUM Cyk > 0 OT Hauajga KOOpAUHAT;

Ely — »xecTkocTh nonepeyHoro cedeHus OaJKu IpHu U3ruoe.

CooTBeTCTBEHHO, (pOopMyIa HJisi BBIYMCIICHHS YTJIOB TOBOPOTA MPOU3BOIBHBIX
MOTIEPEYHBIX CEUCHHM Oajaku oOmpeaessieTcss NpoCcThiM  auddepeHIpoBaHUEM
ypaBHerns (3.3), Tak kak @ (X) =~ W (X).

Cratnueckrne HavdanbHbIe TapameTpbl Mg u Fo (cocpenoToueHHBIE MOMEHT |
COCpEJIOTOYCHHAS CWJIA, IEUCTBYIOIINE B HAa4Yalle CUCTEMBI KOOPAMHAT) MOTYT OBIThH
M3BECTHBI (BHEIIHSSI HATPy3Ka) WIH JOHKHBI OBITh OMPEIeTICHBI U3 YCIOBUM CTAaTHKU
(OTOpHBIE pEeaKILHH).

HewnsBecTHble KMHEMATHYECKHE HAYAJbHBIE TTAPAMETPhI Wo B g OTIPEIIEIISIOTCS
u3 ycnosuii 3akpenienusi 6aiku (KAHEMaTHYeCKUe TPAaHUYHBIE YCIIOBHS).

KunemaTtndeckne TpaHUYHBIE YCIOBUS OTPAXKAIOT XapakTep 3aKpeTUICHUS
(onupanust) OAJIKU U COCTABISIOTCS OTHOCUTEIHHO MPOTrHOOB U YTIIOB MTOBOPOTA.
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Jlnst mapHupHO onepToi Oanku (puc. 3.2) rpaHUYHbIE YCIOBUS XapaKTEPU3YIOT
OTCYTCTBHE IIPOrHOOB HA OMOPaX:
wg=0unwp=0.
Jnst  xectko 3amemieHHoW Oanku  (puc. 3.3) TpaHUYHBIE  YCIIOBUSA
XapaKTepU3yloT OTCYTCTBUE IPOrMOOB U YIJIOB MOBOPOTA B 3aJIETIKE:
wa=0wu g, =0.
z T z
X
A (& C o §i A B C D"
|<—a{>|<—b—>l<—0—;| |<—a—>l<—b—>|<—c>|

Puc. 3.2. lllapnupno onepmas oanka Puc. 3.3. ZKecmko 3auwemnennan oanka

=

Takum oOpa3om, s ompeneraeHuss NporudoB W YIJIOB IOBOpPOTa B
IIPOU3BOJIBHBIX TOMEPEYHBIX CEUYCHHSX OajoK METOJIOM HaYaJbHBIX IapaMeTpoB
JOCTaTOYHO JIUIIb 3HAHWW BEJMYMH Mporuba Wy M yIJia MOBOPOTa o B Hayaie
CUCTEMBl KOOPJIMHAT, TO €CTh TaK Ha3bIBAEMbIX KHHEMATHYECKUX HayaJbHbBIX
napameTpoB. [loaToMy maHHBIA METOJ HA3bIBACTCS MEMOOOM  HAYANbHBIX
napamempos.

[Ipumenenne MeToma HayaJdbHBIX MMAapaMeTPoOB TpeOyeT HEMPEeMEHHOTO
BBITIOJTHCHUS clIeyronux Tpebopanuii Kiebma:

1.Hauano xoopamHaT (UKCHPYIOT Ha JIEBOM KOHIlIE Oamku W B TIpolecce
peIIeHUs 3a/laul HUKYJla HE TICPEHOCST, IMOJIOXHUTEIbHOE HalpaBicHue ocu Z (W) —
BBepX (puc. 3.4).

2. IIpu peiicTBUM pactpeneneHHON HAarpy3KH, He JOXOASIIEH 10 TPaBOro KOHIA
Oasiku, ee HeOOXOAMMO MPOJIOKUATH JI0 MPABOTO KOHIIEBOTO CEUYCHHUS, OJHOBPEMEHHO
YPaBHOBEIINBAsl €€ MPOTUBOIIOJIOKHO HANPABICHHOW HArpy3Kod TOM K€

MHTEHCUBHOCTH, KaK 3TO MTOKa3aHO ITYHKTUPOM Ha puc. 3.4.
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it O . O O

2+ RA 9 ~— T
> ' | -
A I X
HAR& X1 X C.x D
2
X3
< a >!< b >'< c —»

Puc. 3.4. Tpeoosanus Kneowa

IIpasuna 3naxos. Harpysku (Mo, Fo, M, Fj, Qx) cunTaroTcs noaoXuTeabHbIMHY,
€CJIM OHHW HAmNpaBJICHbl TaK, KaK IMOKa3aHO Ha puc. 3.5, W OTPUIATCIIBHBIMH — B

IMPOTHUBHOM CJIy4ac

: a

\J F,-T teteeerteeeere |

F04—ai—>

4—bj — 3l ‘ gk

Ck

X >

Puc. 3.5. Ilpasuna 3naKkoe memooa Ha4a1bHBIX RAPAMEMPOB

Pacuer 0aJI0K HA KECTKOCTb.
IIpoBepka BbINOJHEHUS YCIOBHUS KECTKOCTH OAJIKHU

Onpeoenenue. CedeHne, B KOTOPOM mepeMenieHrue (mporud 0aaku) mpUHUMAET
MaKCUMaJbHOE TI0 a0CONIOTHOW BEIMYMHE 3HAYCHHE, HA3bIBACTCS OMACHBIM
ceyeHueM OaliKi U3 YCIOBHS KECTKOCTH.

YcnoBue )KeCcTKOCTH TP U3TH0e UMEET BUI:

f</f]. (3.4)

3nech

f — crpena mporuba (MakcMMalbHOE IO a0OCOJIOTHOW BEIMYMHE 3HAYCHHUE
nporuba);

[ f] — Bemmumna momyckaemoro mporuoa.
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JIJiss IpOBEPKH BBITIOJHEHHSI YCIIOBHS JKECTKOCTH OaJKM M3 SIIOPHI MPOrHOOB
OIIPEJIENIICTCS. B OMIACHOM CCUCHHMH OaJKU MaKCHMAJIBbHOE MO a0CONIOTHOW BEITUYMHE
3Ha4YCHHE MPOruoda |Wma| = f, KoTOpoe moxacrasisiercs B ycinosue (3.4).

Benuunna gomyckaemoro mporuda [ f ] ams peanbHbIX COOpyKEeHUI pHUBeIcHA

B CH u I1 m MOXKET N3MEHSTHLCS B JOBOJIbHO HIUPOKOM AHAIIA30HE.

L L
(= T
rae
L — mnunaa mponera (myisi KOoHcojied mpoJieT L paBeH yABOCHHOMY BBUIETY
KOHCOJIN).

OOBIYHO yCIIOBHE KECTKOCTH Oanku (3.4) BBIMOTHSIETCS.

B npomuenom cayuae, uz ycnosus sicecmxocmu t < [f] neoo6xooumo onpeoenumeo
Tpeb
seauuuny I, u nodobpame Hogble pazmepsl NONEPEUHO20 Cedenust OAIKU.

Ymobwl OOHOGp@M@HHO BbINOJIHANIUCL  YClosue npodrHocmu U ycjioesue

JHceCmMKOCmu, HeoOX00UMO OKOHYAMENLHO 8blOPAMb OONblULEE CeHeHUe.

3.1.2. KoHTpOJIbHBIE BONPOCHI JJIS CAMOINIPOBEPKH 110 TeMe

«PacueT 02JI0K HA KECTKOCTh)

1. Kaxkoit Bun nedopmanuum Ha3pIBaeTCS YUCTHIM U3THOOM?
2. Kaxoit Bua nedopmarium Ha3pIBaeTCs MIOCKUAM MOTIEPEUYHBIM U3rHOOM?
3. Kakue mnepememnieHusi Mmomy4aroT TMOIMEpPEYHbIE CeUeHUs OaloK Mpu

IUTOCKOM H3ruoe?

4, Urto Ha3bIBAETCS YIPYTroi TUHUEH (M30THYTOW OCBI0) Oanku?

d. UTto Ha3bIBaeTCA Mporuoom Oanku?

6. Uto Ha3BIBAETCS YTIIOM TIOBOPOTA TMOMEPEYHOTO CeUeHUs Oamku?

7. 3anumute Aud@PepeHUaIbHYI0 3aBUCUMOCTh MEXKAY MNPOTHOOM H

YIJIOM [IOBOPOTa CEYEHUMN OaKU.
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8. Hanumure npubnmxenHoe auddepeHunanbHoe ypaBHEHUE W30THYTOU
ocu OaJIKH.

9. Yo Ha3bIBAETCS KECTKOCTHIO OAJIKK?

10. Hanumure oOmuii BUA yHUBEPCATBHOIO YpPaBHEHMS ISl BBIYMCIICHUS

IpOrudOB M0 METOJlY Ha4aJbHbIX [1apaMeTPOB.

11. Hanumure oOmuil BUA yHMBEPCATbHOTO YpPaBHEHUS IJIsi BBIYUCICHUS
YIJI0B IOBOPOTA CEYEHUI IO METOIY HayaJIbHbIX IAPAMETPOB.

12. N3 xakux ycJIOBHIl ONPENENAIOTCS HEN3BECTHBIE HAYAIbHBIE TAPaMETPHI

Oanku?

Ilocne usyuenuss 5moii memvl MONHCHO NPUCMYNUMb K peuleHuro 3aoayu Ne 1,

BKIIIOYEHHOLL 8 KOHMPOIbHYI0 pAOOMY.
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3.1.3. IPUMEP PEHIEHUSA 3AJTAYU Ne 1

«Omnpeaesenne nepeMenieHuii B CTATHYECKHU OMpPeieIUMOii 0aike»
3aoaua. 1ns 3ananHoli cxembl 6asku (puc. 3.6) Tpedyercs:

m Hcxoaubie JaHHBIE:

F
e (s Pooe
&~ LN R

_>

L—| |<—b—><—c

=0, 2;

q=15g; m =20 kHm; F =30 kH.

Puc. 3.6. Cxema 6anxu M

1. OrnpeenuTh OMIOPHBIE PEAKIIUH.
2. C momomp0  MeTOAa  HAYAIbHBIX  TApaMETpPOB  OMNPEIETUTH
nepemenieHus (mporud U yrojl MoBOpOTa) B ceueHusx Oanku 1, 2 u 3, cuuras, 4To

’KECTKOCTb MONIEPEYHOro ceueHus o6anku EJy = const.

Pemenue
1. OnpenesieHre OMOPHBIX PeaKMd
30ecy u 6 OanvHeliulemM YUCIEHHble 3HAYEHUs, NOAY4YEeHHble 8 X00e pacuemd,
okpyansem 00 3 3Hauauux yugp.
O6o3naunm omopbl OykBamu A u C U 3aMEHUM HX JACHCTBUE OMOPHBIMU

peakmusimMu R, Ha 1 Re (puc. 3.7)

1 @ m=20iHm @ Rc:63a5KH®
F=30xH

T Ra=11,5kH g=15kH/m T l
-— >
HA:OR&A\ X1 B X CQ’ X3 b x
2 <
< 2Mm :!: R =|< 1M —»

Puc. 3.7. Pacuemnasn cxema 6anku
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Jlns omnpeneneHrs ONOPHBIX PEAKUMM COCTaBIs€EM TPU YPABHEHMSI CTATHUKH

(paBHOBecCHSI), C yUETOM IIPABUIIA 3HAKOB: 4@
. b X

1.CymMa npoexkumii Bcex Cuil Ha OCh X paBHA HYJIIO:

Y2F,=0: -Ha=0, —» Ha=0.

2.CyMMa MOMEHTOB BCEX CHJI OTHOCUTENIBHO ONOpbl A paBHA HYJIIO!
> M, =0: m=0q-3(2+1,5) + R¢:5—F+6 =0;

20— 15-3-3,5 + R¢*5—- 306 =0;

20— 157,5 + R¢-5- 180 =0;

3175
—317,5+ R¢'5=0; Rc= Il =+635kH; — Rc¢=+63,5KkH.

3.CyMMa MOMEHTOB BCEX CHJI OTHOCUTENbHO onopsl C paBHa HYJIIO:
>M,=0: —Ra*5+m+q-3-L5-F-1=0;
—RaA'5+20+154,5-30=0;

—RaA'5+20+67,5-30=0;

57,5
—RaA5+575=0; Ra= T =+115kH; — Ra=+115kH.

IIposepsiem npaunbHOCMb BbIYUCTEHUSI ONOPHLIX PEaKyuti (Cymma npoeKyuil

8Cex CUL HA 6ePMUKATILHYIO 0Cb Z 00axcHa Obimb pasha 0):

>F,=+Ra—-Q3+R¢c-F=115-153+63,5-30=75-75=0 (x5 %).

2. BbluHciieHHe MeTO0M HAYaIbHBIX IAPAMETPOB YMCJICHHbIX 3HAYECHUH
YIJI0B IOBOPOTA MONEPEYHbIX CeYEeHU I U MPOrudoB OCH B 3aJaHHBIX
CeYeHHsIX DaIKH
Cuumaem, umo sxcecmkocms nonepeyno2o cevenus oarxu EJy = const.
Jis  ompeneneHuss TNepeMelieHuil Oalku  HUCHOJb3yeM  YHHUBEpCAIbHOE
ypaBHEHHE MeToJla HayaidbHbIX napameTpoB (MHII), koTopoe umeer cieayronui
BU/I;
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1 [ Myx? + Fox3 + ZMi(x_ai)z + ZFf(x_bf)B_l_

w(x) = wn + +
(X) = Wo + pox El, | 2 6 2 6

qr (x—cp)*
+ Y k(24 k)

rje

W(X) — BeirurHa Iporuda B MPOM3BOJILHOM CEUCHHH OAIKH Ha PACCTOSHUU X OT
Hayvajia OTCUeTa;

Wo, (oo — IPOTUO U YTroJl MOBOPOTA MOMEPEUHOI0 CEUCHHSI B Hadajie KOOpJWHAT
(KMHEeMaTUYeCKHE HaYaJIbHBIC MTApaMETPhI);

Mo, Fo— cocpenoTodeHHBII MOMEHT U COCPEIOTOUCHHAS CHJIa, JCHCTBYIOIINE B
Hayajie KOOpJMHAT (CTaTUYECKHE HayaJbHbIC TapaMeTphl);

M; — cocpeloToOUeHHBIN MOMEHT Ha paccTosiHUM 8 > () OT Hayajaa KOOp/IUHAT;

Fj — cocpennoroueHHas cuia Ha pacCTOsiHUM bj > 0 OT Hauasia KOOPJUHAT;

Jk — HWHTEHCHBHOCTb PAacHpeAeICHHOW Harpy3ku, KOTOpas HauyHMHAEeTCs Ha
paccrosinuu Cx > 0 OT Hayana KOOpJWHAT;

Ely — sxecTkocTh nonepeyHoro ceueHus Oajku npu U3ruoe.

Omnpenenenue HeM3BECTHBIX HAYAJIBHBIX IAPAMETPOB

HewnsBecTHble KHHEMATUYECKUE HAYAIbHBIE MapaMeTpbl Wo U @o OIIPEAEIISIOTCSA
U3 TPAaHUYHBIX YCIOBUH (YCIIOBHUI 3aKpETUICHUS OaJIKH).

B Hareit 3agaue Oanka 3akperuieHa Ha mapHupHbix ormopax A u C (puc. 3.7), To
€CTh I'PAHUYHBIC YCIOBUS MPUHUMAIOT BUJ:

Wa=w(@0)=0 u we=w(5)=0.

HavanbHpie mapameTpsl (Hauaao oTcuera Ha onope A) OyayT paBHBI

Wo=Wa=0; @o=0a=7?, Mo=My=0xHn, Fo=+Ra=+115kH.

Tax kak pacmpezesieHHas Harpy3ka He JOXOIWT JI0 MPABOTO KOHIIA OaNKH, TO €€
HEOOXOIMMO TPOAOIKHUTH JIO0 TPABOTO KOHIIEBOTO CEYCHHs, OJHOBPEMEHHO
YPaBHOBEIINBAsl €€ MPOTUBOIIOJIOKHO HANPABICHHOW HArpy3Kod TOM K€

WHTCHCUBHOCTH, KaK 3TO MOKa3aHO IMMyHKTUPOM Ha puc.3.8 (tpedoBanue Kiebrma).
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z T @ m=20kHv @ RC=63,5RH®
F=30xH

T Ra=11,5xH - 0=15xH/m T
RIIEEERIRERRERER 2N
‘ %, .
< 2m >!< 3m >|< Im —p

Puc. 3.8. Bvinonnenue mpeovosanus Kneowa

PacuetnHas cxema Oanku wumeer Tpu yuactka (AB, BC u CD), xotopsie
npoHyMepyeM ciieBa Harpaso (puc. 3.8):
| yuactoxk AB: 0 <Xx; <2Mm; Il yuactok BC: 2m < X, < 5m;
11 yaactok CD: 5m < X3 < 6Mm
YpaBHEHHE METO/]a HAYAIBHBIX [TAPAMETPOB JIJIS ONIPEICTCHIS TPOTHOOB JIJIst
Hallel 3aJJau UMeeT CIeAYIOUINI BU:
W(x)= o - X+
L1 RX| m(x-2" q(x-2)| . R, (X-=5)° . q(x-5)*|
EJ,| 6 | 2 24 6 24

I ‘II ‘III

CMpbICH pa3fesieHns 3TOr0 YpaBHEHHS BEPTUKAIBHBIMU JTMHUSAMU 3aKII0YACTCS B
CJIEIYIOIIEM: JJI ONpeieNIeHUs MPOrnooB Ha | ydacTKe UCIIONIB3YIOTCS claraemble 10
NepBOM BEpPTUKAIbHOW JMHUU (B HalieM mnpuMepe ux nasa), Ha |l ydactke — no
BTOPOU BEpTUKAIbHOU JTHMHUU (B HallleM mpuMmepe ux 4yetsipe), a Ha |11 ygactke — Bce
claraemsie.

Jlist monmy4yeHus ypaBHEHHUSI METOAa HAa4albHBIX IMapaMeTpOB IS ONPEIACICHHUS
VJIJIOB TOBOPOTAa TOMEPEUYHBIX CEYCHHWH HeoOxoaumo mpoauddepeHnrnpoBaTh
MOJIYYCHHOE BBIPAXKEHUE ISl OTPEJICIICHHS TPOruOoB, mprueM nuddepeHmpoBanmne
MpoU3BOAUTCS 0€3 pacKphITHS CKOOOK. B pesynbraTe momydaem:

R xo2y- 4= Re(X=5)"  d(x-5)"
6 | 2 6

I 11 ‘IH

1
X = +_
@ (X)=g, £J,
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Onpedensiem Heu38eCmHblll HAUAIbHBIL NAPAMEmp - Y20l NOGOPOMA Po.
Hcnonp3ys rpannyHoe ycioBue W, = W (5) = 0, To ecTh paBEHCTBO HYIIIO
nporuba Ha ornope C, U BbIpOKEHUE JJISI OMPEISIICHHS MPOTUOOB Il BTOPOTO HIIH
TPEThEro y4acTKOB (Tak Kak ceyeHue C MPUHAICHKUT ITUM yYacTKaM), MOIydaeM
ypaBHEHHE JJIs1 ONPEIeTICHUS HAYaIbHOTO yIJia TIOBOPOTA!

1 | R, (5m)° _ m(5m —2m)° _ q(5m—2m)° ~o:
EJ,| 6 2 Z

W, =W (5m) = @o-5m +

1 |11,5kH-(5M)° 20xHM(3Mm)? 15“%(31\4)4
Po-om + - - =0;

EJ, 6 2 24

3 2
¢O'5M+i[98,958KHM3]= 0; — @o=— 1 98,958kHm :_19,8KHM

EJ, EJ, 5w EJ,

ITocne OIIpCACICHUS YUCICHHOI'O 3HAYCHUA @Po° HCO6XOI[I/IMO CIOCJIAaTh IIPOBEPKY,
IMoACTaBUB IIOJIYUYCHHOC 3HAYCHHUC HAYAJBHOIO YIJIa IIOBOPOTa @g'B HCXOIAHOC
YpPpaBHCHHUC JIA OIMPCACIICHUA HAYAJIbHOT'O YIJla IIOBOPOTA U Y6CI[I/ITBCSI, qTo HpOFI/I6

Ha omniope C paBeH HyiIt0 /W, =W (5m) =0 (£ 5 %)/

w(s) =
_ IHw'[ oo 5 1155' 20-8 15-3 _[239.6-239 6]xHv" _
EJ, 2 24 EJ,

B naweti 3a0aue osma nposepka 6vInoOnHAEMCs, C1e008AMENbHO, YUCIEHHOE
3HaueHue yaia no8opoma @, ONPeoeieHHO NPABUTILHO.
BplrunciieHHe YMCJIEHHBIX 3HAYEHUH YIJIOB IOBOPOTA MONEPEYHbIX CeYeHHUH
U NporudoB ocH 0AJIKH B 32JaHHBIX ceyeHusx 1,2 u 3
IloacTaBnsst uucneHHble 3HA4YeHUS! @, Ra, , M u Rg B ypaBHEHHs MeToAa
HavyaJIbHBIX MapaMETPOB AJIsI ONPEIeTICHUs TPOTUO0B U YIJIOB MOBOPOTA MOMEPEUHBIX
CEUCHMM JUId HAIIed 3aJa4d, MOJIy4aeM OKOHYATENIbHBIE BBIPAXKEHHS ISl YIJIOB

MOBOPOTA IMOIMEPEUHBIX CEUCHUN U MPOTUOOB IS 3aJJaHHOU OaJIKH:
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| yuactoxk AB: 0 <X; < 2wm; Il yaacTtok BC: 2M < X, < Swm;

11 ygactok CD: 5m < X3 < 6Mm

2 2 _ 3
go(X)=]J<HM —19,8+11’5X —20(x—2)—M +
EJ, 1 )
ey £)\3
, 835(x-5)" 15(x-5)’| }
2 6 ‘III
3 3 LY o4
w () = LcH {_19’8X+11,5x| 20(x-2)° _15(x-2)*|
EJy ‘I 2 24 ‘II

3 4
, 635(x=5)° 15(x-5) | |
6 24 |

a). Onpeoeyienue YUCIeHHbIX 3HAYCHUIL Y2108 NOBOPONA NONEPEUHBLX CeUeHUIl
1, 2 u 3 6anku

Ceuenue 1. X=2m; | yuacmox AB: 0 <X; <2m;

2 2 ,
or=p@wy= NN _jgg, 11027 32 KHMT
y EJ,
Ceuenue 2. X =5m; Il yuacmox BC: 2m <X < 5m;
2 5 o ,
o= o) B (g g 115 oo o) 156-2)°) _355kHu’
EJ, 2 EJ,
Ceuenue 3: X = 6m; |l yuacmox CD: Sm < X3 < 6m
2 P ; )
93= ¢(6)=1KE}3M (—19,8++11’5 6" _506-2)- 1362 +63,5(2 5,
y

L 156~ 5)3J _ —18,55kHMm?
6 EJ,
0). Onpeoenenue YUCIEHHBIX 3HAUEHUIL NPOCUDOB OCU DAIKU 8 CeUECHUAX
1,2u3

Ceuenue 1. X=2m; |yuacmox AB: 0 <Xy <2m;
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3 3 3
Wy =W (2u) = 1xkHm —19,8-2+11’5 2 :_24, 27 xkHm |
y EJ,
Ceuenue 2. X =35m; |l yuacmox BC: 2m <X, <5m;
W, =W (5m) = 0; (Onopa C).
Ceuenue 3. X =6m; Il yuacmox CD: 5m <X3<6m
3 3 2 4
W = w (650) = B (_19,8.6+11,5 6 _20(62 2) _15(6242) .
y

6 24 EJ

) 63,5(6—5)° ) 15(6—5)4] _ —13,59kHm®
y
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3.2. TEMA 2. CIOKHOE COITPOTHUBJIEHUE
3.2.1. OCHOBHBIE TEOPETUYECKHUE IMOJIOKEHUS
Oo0mue nousaTust. ['pynmnsl CJ10:KHOTO CONPOTHBJICHUS

Ha mnpaxtuke yacto BcTpewaroTcs ciydyad, KOTrJa B pe3ysbTare JeHCTBUS
BHEIIHEH HArpy3kd B MOINEPEYHBIX CEYEHHUAX Opyca OJHOBPEMEHHO BO3HHMKAET
HECKOJIbKO KOMIIOHEHTOB BHYTPEHHUX CWJI. B 3THX ciydasx co3naroTcsi KoMOMHAIMU
OpoCTHIX Jedopmanuii: Kocod M3rud (M3rud B JBYX IUIOCKOCTAX OJHOBPEMEHHO),
BHELEHTPEHHOE PACTSKEHUE WIM CKaThe (pacTsHKeHUE WM CXKaTUe C U3TMOOM),
OJIHOBPEMEHHOE JIEUCTBUE KPYUCHHS C U3TUOOM U T. JI.

[Ipu pacuerax Ha CIIO)KHOE COMPOTHBICHUE OOBIYHO HCXOASAT W3 MPHUHIMIA
HE3aBHUCUMOCTHU JIEUCTBUS CUJI, KOTOPBIN CTIpaBEINB PU MaJbIX JehopMariusX.

[loaToMy B pacyetax Ha CIO0XHOE CONPOTHUBICHHE Opyca NPUHIIMM
HE3aBHCHUMOCTU JCHCTBUS CHJI NMPUMEHSIIOT TOTNa, KOTJa BIHMSHUEM nedopmaliui,
BBI3BaHHBIX OJHUM BHJIOM Harpy3Kd, Ha pe3yJbTaTbl ACHCTBHUS JPYTHUX BUIOB
Harpy30K MOKHO TpeHeOpeub (KOCOW H3ru0, BHEIEHTPEHHOE pAacCTsDKEHHE WU
cKaTtue W T.O.). B TNpPOTUBHOM cilyyae »dTOT NPUHUUII TPUMEHSATH HEIb3s
(OTHOBpEMEHHOE JICHCTBHE KPYYCHHS C H3THOOM, CKaThe (WM PaCTSHKEHHE) C
KPYYEHUEM U T. 11.).

[lpyHIIMDT HE3aBUCUMOCTH JEWCTBHUS CHJI TIO3BOJIAET MPUMEHUTH CIOCO0
CIIOKEHUS [JEWUCTBUA CWI, TO €CTh, HaWlId HaNpPsKEHUsA, COOTBETCTBYIOLIUE
OTJEJIbHBIM MPOCTHIM BUAaM JehopMaluii, UX CYMMUPYIOT.

JUis MpUMEHEHHUs1 YKa3aHHOTO METOAa HEOOXOIUMO YCIIOBUTCS OTHOCHUTEIBHO
IIpaBUJIA 3HAKOB ISl BHYyTPEHHUX YCHUIIUH.

Ilpasuno 3naxos. 1lpogonbHyI0 cuUily OyJIeM CUWTATh IMOJOKUTEIBHOM, €Ciu
OHA B pacCMaTPUBAEMOM CEYEHHH BBI3BIBAET PACTATUBAIOIINE HAMPSIKEHUS.

IIpasuno 3nakos. N3rubaronme MOMEHTHI Oy/leM CYUTATh MOJIOKUTEIHHBIMH,
€CJIM OHU B TOYKAX IEPBOM YETBEPTHU MPHUHATON CUCTEMBI KOOPIAUHAT (COBMAIAIOIINX

C I'N'IaBHbIMH OCﬂMI/I) BBI3BIBAIOT PACTATHMBAIOINC HAIIPAKCHUNA.
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Kocoii u3rud
Onpeoenenue. KocbiM U3ruOOM Ha3bIBaeTCs TaKOM BHUJI U3rH0a, MpU KOTOPOM
IUIOCKOCTh JICMCTBHS CYMMapHOTO HM3THOAIONIETO MOMEHTa MPOXOIUT depes
reOMETPUYECKYIO OCh OaJIKi, HO HE COBIMAIACT HU C OJHOM M3 TJIABHBIX IIEHTPAIbHBIX

oceil mHepIMu NonepeyHoro cedeHus (puc. 3.9).

CLnoaas HAOCKOC My Q'ny\
-

Puc. 3.9

Paznuuarot nBa BUJa KOCOTO U3rU0a: NI0CKULL U NPOCMPAHCMBEHHBLI.

[Tpu miIockoM KOCOM HM3rube BHEITHHE CHIIBI ACHCTBYIOT B OJJHOM TUIOCKOCTH,
HE COBMAJAOUIEH C TJIABHBIMU IUIOCKOCTSIMHA MHEPIUU. DTa MJIOCKOCTh HA3bIBAETCS
CUNIOBOU NJIOCKOCMbIO, a JIMHUS €€ TEpPEeCceYeHUs C IUIOCKOCTBIO IONEPEYHOrO
ceUYeHUs OaKH — CUI0BOU JUHUEL.

[Tpu mpocTpaHCTBEHHOM KOCOM HM3rM0€ BHEIIHUE CHJIbI JICHCTBYIOT B Pa3HbBIX
IJIOCKOCTSIX.

O603HaYMM Yepe3 aF YroJl MEXKy CHIIOBOM JIMHUEH U TITaBHOM OCBIO Y.

IIpasuno 3nakos. Yron ar OyneM CUUTATh MOJIOKHUTEIBHBIM TIPHU MOBOPOTE
CUJIOBOM JIMHUU OT OCH Y MPOTUB X0J1a YACOBOM CTPEIKH.

Kak B cimydae mpocTpaHCTBEHHOTO, TaK M B CIly4ae IUIOCKOTO KOCOTO M3TH0a,
HanOoJIee 1eIeco00pa3Ho UX MPUBOIUTH K IBYM MPSIMBIM U3THOAM.

Takum 00pa3zoM, KOCOMl M3rMO MOXKHO paccMaTpUBaTh KAaK COYETAHHE JBYX
MPSIMBIX M3TrM0O0B, BBI3BAHHBIX M3THOAIOINIMMU MOMEHTAMU OTHOCUTEIBHO TJIABHBIX

LEHTPAIBHBIX OCEM MHEPUUHM NONEPEYHOrO CEUYEHHUS, TO €CThb CYMMAapHBIN
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u3rubaromuii MoMeHT M, NelCTBYIOIUN B C€YeHUH OalKHh, MOKHO Pa3jOKUTh Ha
naBa usrubaromux MomeHta My m M, nelcTByrOIIMX B TIIaBHBIX INIOCKOCTSIX
WHEPIIUU

My=M:sinag; M;=M:cosar,
TIe

M= M7+ M} — cymMMapHbIil H3rMOAIONIMA MOMEHT B PacCMaTpPHBAEMOM

CEUYCHUH.
Orcroma, yrom aF MOXHO BBIPa3UTh 4YEpPe3 OTHOIIEHHUE U3TUOAIOIINX

MOMCHTOB.

_ My

Ecau PI3FI/I6aIOHII/I€ MOMCHTEI My u Mz umeror OIWHAKOBLIC 3HAKH, TO YI'OJI dF
MOJIOKUTENIEH. B aTOM ClIydac CHJIOBAA JIMHUA IIPOXOAUT YCPE3 IICPBYIO U TPCTHIO
YCTBCPTHU HpHHfITOﬁ CUCTCMbI KOOpAUHAT.

Omnpepesienne HaANPsIKEHU MPU KOCOM M3rude

B cooTBeTcTBMM ¢ NPUHUMIIOM HE3aBUCHUMOCTU JIEUCTBUS CHUJI, HOPMAaJbHbIC
HANPSDKEHUSI TIPH KOCOM M3THOE B MPOU3BOJIBHON TOYKE CEYCHHS C KOOPIAUHATAMHU Y

Y Z, BbI3BaHHbIE H3rubarommmu MoMenTamu M, u My, onpenersitorcs o ¢popmyie:

M
o=Ey 4., (3.6)
I, Iy,
U
o= M- (y-cos ar + z'sinag )’ (3.7)
I, 1y,

rae
Jy — MOMEHT MHEPLUH CEYECHUSI OTHOCUTEIIBHO INIaBHOM OCH Y,
J; — MOMEHT MHEPIIUM CEYEHUS] OTHOCUTEIBHO TJIABHOM OCH Z;

aF — YTOJI MEXKY CHJIOBOM JIMHUEN U BEPTUKAIBHOM TJIABHOU OCBHIO Y.
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IHonoxenune HEUTPAIBLHOM (HY1€BO) TMHUHU
IPU KOCOM M3rude

Jlist onpeziesieHns OMAcHbIX TOYEK B MOMEPEYHOM CEUEHUHU OalKu IMPH KOCOM
n3rube 1enecooOpa3sHO MPEABAPUTEIIBHO TOCTPOUTH HEUTPabHYIO (HYJIEBYIO)
auHUI0 cedeHud. OmacHbIMM B CE€YEHUM OyIyT TOUKHM, HamOoJee yIajJeHHBbIE OT
HEUTPAIIbHOM JIMHUH.

Onpedenenue. HeiTpanbHOW  OChl0  (HYJICBOM  JIMHHMEH)  Ha3bIBaeTCs
reOMETPUUYECKOE MECTO TOUEK MOMEPEYHOr0 CeYeHHs OAJIKH, B KOTOPHIX HOPMaJIbHbIE
HANPSDKEHUS paBHbBI HYJITIO.

CrnenoBatenbHO, MOJIOKEHUE HEUTPATbHOW JIMHUM TIPU KOCOM U3TMOE MOMXHO
YCTaHOBHTb, €CIIM MPUPABHATH HYJIO HANPSIKEHUS B TOUYKAX, MPUHAJICKAIUX ITOU

JIMHUH.

[Ipu xocom wu3rube HAMpsHKEHUS 6 U3MEHSIOTCS 10 JIMHEHHOMY 3aKOHY.
[TonoxuB ¢ = 0, noay4nuM ypaBHEHUE HEUTPAIbHON JIUHUMU.
[Tocne mpeobpazoBanuii moayduM (GopMyiy HeHTpaabHON JUHWUU (OCH) TpHU

KOCOM H3ruobe:

Iy
tQag = = -tgoF (3.8)
Iy
B aroii hpopmyne
0 — YTroJI MEeXAy HEUTPAIbHON JUHUENW U TOPU30HTAJIBHOM IJIaBHOM OCBIO Z;
OF — YTOJI MEXIY CUJIOBOM JIMHHUEN U BEPTUKAIBHOM IJIaBHOU OCBIO Y.
HelitpansHas (HyseBasi) JUHUS MPU KOCOM HM3THOE€ MO OTHOILIEHUIO K CHUIIOBOM
JIMHUM TIPOXOJUT Y€pPe3 IBE APYrUe YETBEPTU OCEU KOOPAUHAT.
Otcrona cieayer, 4To yroua ¢ OTKIaAbIBAETCSA OT OCH Z, B Ty K€ CTOPOHY, YTO

u yroi ag ot ocu Y (puc. 3.10)
Ananmmsupys popmyiy (3.8)
I
tgap = <. 1g OF,
Iy

HaxO0IuM, 4TO B OTIIMYHC OT IIPAMOIO IITIOCKOI'O n3ruoda IIpH KOCOM n3ruoe HYyJICBad U
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cuioBasg JMHUM B oOmem ciuydae (korma |y, # I,) He Oynyr B3auMHO
nepreHauKyIsipasl (puc. 3.10).
Taxkum obpazom, HelIMpanbHAs OCb NPU KOCOM u32ube npoxooum depes yeump

miAsicecmu nonepeYHoco ce4erusl He nepneHOuKyﬂﬂpHO K CUJIO8OU JIUHUU.

Hynesas

W hmm Y

a(yz) £/

Puc. 3.10

HyneBast muaus OyneT nepneHauKyssipHa cui0Boi Tosbko npu ly = 1, To ecTs,
KOTJla TJIaBHbIC IIEHTpPaJbHbIE MOMEHTHl WHEPIMU MOIEPEYHOTO0 CEYeHHsS OalKu
onuHakoBbl. Ho B 3TOM ciyuyae, Kak W3BECTHO, JIOOBIC IEHTPAJbHBICE OCH CEUCHUS
SBJISIOTCS TJIABHBIMU U, CJI€I0BATEIBHO, KOCON U3TUO HEB03MOHiCEH.

U3 popmyinsr (3.8) Takxke cieayer, 4TO MOJOKEHHE HEHTPAIbHOH (HYJIEBOM)
JUHUY TPU KOCOM U3THMOE HE 3aBUCUT OT BEJIMYMHBI H3THOAIOIIETO MOMEHTA.

YciaoBue NPpOYHOCTH NMPU KOCOM M3rude

HauGonbmue HampsokeHUsT BO3HUKAIOT B TOYKAX IOMEPEYHOTO CEUCHHS,
HamOoJiee ynajJeHHBIX OT HYJEBOW JMHUM (HeWTpampHOW ocu). g ceueHuid Tuma
MPSIMOYTOJIbHUKA W JIBYTaBpa, MMEIONIUX JBE OCH CHUMMETPHUH, HAUOOJBIINE IO

a0COIOTHOM BEIMUMHE HATIPSKEHUS 1[E7€CO00pa3HO BRIYUCIIATH 1O (hOPMYJIE:

|My|
+ =y
w, Wy

_ 1Mg|
Oug —

(3.9)

Ha pucynke 3.10 moka3zaH Buja DJHIOPHl HOPMAJIbHBIX HAMPSIKEHUW IS

PAMOYTOJIBHOTO CEYEHHM NPH IOJ0XKHUTENbHBIX 3HadeHnsAX My u M,. B aTom ciaydae
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361/1 CKUMAIOIIHAE 0'2‘6 HANPsDKCHMSI BO3HUKAIOT B

HanOOJIbIINE PACTATUBAIOIINE O
JIBYX YIJIOBBIX TOUKAX CEYECHUS.
VYcnoBue NpoYHOCTH MPU KOCOM M3rH0e 1l OaloK ¢ pacCMOTPEHHBIM THUIIOM

IMOMCPCUYHBIX CCUCHHUU UMEECT BUI.

|My| | |Mg]
Omax = —— + — <o}, 3.10
max w, w, - [0] ( )
a B CJIy4ac IMMPOU3BOJIBHOI'O CCUYCHUA .
M M
Omax — |I_;/ “Imax T I_Z " Vimax | < [o]. (3.11)
z

[TonGop pa3mMepoB MONEPEUHOTO ceueHus: OAKHU MPU KOCOM HU3THOe SIBISIETCS
3a/1aueit 6osee CI0KHOM, YeM MPHU MIIOCKOM MOIMEPEYHOM U3rube.
VYcnoBue NpOYHOCTH TPUHUMAET BU!

_ |M-sinag| + |[M-cos af|

Omax — W, W < [0'],
z
501041
M w, )
Omax = Wz ’ (W}Z/ - [sin ag| + cos ap ) < [a]. (3.12)

[Ton6op pazMepoB MOMEPEUHOTO CEUCHHS OANKH MTPOU3BOIAT 1O popMmyite:

M| W, )
W — «(—= - |sinag|+ cos ar ). 3.13
2 gy Gyt sinasl + cosar) (313)

w
Caayvasia He00X0AUMO 3a7aTHCSI OTHOIIIEHUEM W—Z , @ 3aT€M HaXOJUTh pa3Mepbl
y

MOTIEPEYHOT0 CeYeHUsI OaTKU METOJIOM TO00pa.
Jns  xpynkoro wmartepuaia B KadecTBE [6] HEOOXOAUMO NPUHUMATh
JOTMYCKaeMO€ HaIpsKEHUE HA PACTSKEHUE.
Onpenesienune neopmaumii mpu KOCOM U3ruode
st onpeneneHusi mporuOoB B Oanike, paboraromield Ha KOCOW M3THO, CHOBa
BOCIIOJIb3YEMCS TPUHIIMIIOM HE3aBUCUMOCTH JIEUCTBUS CHUJL.
Tak kak Kocoil U3rud NpeycTaBIsieT cO00il coueTaHue ABYX MIIOCKUX U3THOOB,

TO MNCPCMCLICHHA B Oankax IIpu KOCOM n3ruoe MOIr'yT OIpCACTIATBCA TCMH IKC
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METOJIaMHM, 4YTO W MpU IUIOCKOM wu3rude. g 3TOro HEoOXOAMMO HarpysKu,
AecTByrone Ha OalKy, pa3loKHUTh HAa COCTaBJIAIOIIME, MapajlleibHbIE IJIaBHBIM
LHEHTPAJIbHBIM OCSIM Y WU Z, U ONPENEIUTh MO OTIAEABHOCTH MPOTHOBI V U W IO

HaIpaBJICHUSAM 3TUX ocel (puc. 3.11).

¥

oy

g

Puc. 3.11

[TonHeridi TporH® B MPOU3BOJIBLHOM CEYCHHH OAalKh OIPENeSIOTCS T10
dbopmyie:

f=vv2+ w2 (3.14)

Hanpapnenue monHOro mporuda B MPOHW3BOJIBHOM  CEUYCHUH  OallKu

OTIPENICIIAIOTCS 110 (hOpMYJIaMm:

w
%ﬁZ;

NN
Iy
tgp= ;, goF (3.15)

B stux ¢opmymax
f — yroa Mexay HampaBICHHEM CYMMapHOTO Mporuba W BepTHKAILHOM
IJIaBHOW LIEHTPAJIbHOM OCBIO Y.
aF — YTOJI MEXKY CHJIOBOM JIMHUEN U BEPTUKAIBHOM TJIABHOU OCBHIO Y.
AHanOrM4HO MOTYT OBbITh HAWJEHBI YTIbl MOBOPOTA MPOU3BOJIBHBIX CEUEHUU

OaJIKu.
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[Ipu mockoM kKocoM u3rube Oanku ee M30THyTas OCh, MPEICTABISIET COOOM
IJIOCKYIO KPUBYIO.

®opmyna (3.15) uaentuuna ¢ hopmynoi (3.8). CinenoBatenbHoO, Yroi oy = f,
TO €CTb HanpasgieHue NOoaHO020 Npo2uba nepneHOUKYIAPHO HeumpanrbHou (Hynesou)
JIUHUU.

Takum obpasom, npu Kocom useube HanpagieHue noaHO20 Npouda
(niockocmov  Oegpopmayuu) He cosnadaem ¢ MNIOCKOCMbIO HASPY3KU (CULOBOT
NJIOCKOCMbIO), A 3HAYUMENbHO OMKIOHAEMCs Om Hee 6 CHOPOHY NIOCKOCU
HaumeHbulell HceCmKocmu OaIKu.

D10 00CTOATENBCTBO OOBACHSET, TOUEMY TaKON U3TUO HA3BIBAETCS KOCHIM.

Korga |y = I, (xpyrioe cedenue, MpaBUJIbHBI MHOIOYTOJBHHUK) IJIOCKOCTb
nedopmanuu (TOJIHBINA MPOTUO) COBMAAET C CHJIOBOM IJIOCKOCTHIO. B 3THX ciyuasx
KOCOM M3r10 HEBO3MOKEH.

BHeneHTpeHHOE pacTs:KeHHe U CKATHE OPyCheB 00JIbIION KeCTKOCTH

MHorue 3J1eMEHTHI CTPOUTCIIBHBIX KOHCTpYKI_II/Iﬁ (KOHOHHBI,

enl”
CTOMKH W Jp.) HAXOHATCS MO BO3JEHCTBHEM CXKMMAIOIIUX CHII, i
1

NPWIOKEHHBIX BHE IIEHTpa TsKECTH cedeHus. Hampumep, Oanka
NEPEKPBITUS, OMUPAIOLIAACS Ha KOJIOHHY, MEpedacT Harpys3Ky C
AKCLIEHTPUCUTETOM € M, CJIEIOBATEIIbHO, B MPOU3BOJIBHOM CEYEHUU

| — | xonmoHHBI Bo3HUKaeT mpopoiabHas cuia N = F u n3rubaromuit

B GGICIEIE e T

MOMEHT, paBHbIi F - e.

Onpeodenenue. Ecnu Ha Opyc ACHCTBYIOT MPOAOJBHBIC CXKUMAIOIINE WU
pacTATHBAIOIIME CHIIBI, MapajlyIeIbHON ocu Opyca, HO NMPHUJIOKECHHBIC HE B IEHTPE
TSOKECTH CEYEHHUs, TO TaKOe CONMPOTUBICHHWE Opyca Ha3bIBalOT BHEIICHTPEHHBIM
CXKaTUEM WJIM PACTSHKECHUEM.

B momepedyHOM ce4YeHMHM CTEp)KHS MPU STOM OJHOBPEMEHHO JCHCTBYIOT
MpoAoJibHAsA (pacTATUBAIONIAS WM CXKUMAOIas) Cwia M U3THOAIOIIMi MOMEHT,

IINTOCKOCTB I[CﬁCTBHH KOTOpPOIro, B O6HleM Clydac, HC COBIIaAacT HU C OI[HOI71 nus3
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[VIaBHBIX IUIOCKOCTEH UHEPLIUU CEUYCHUs. B 3TOM ceueHUN MOXKET JEUCTBOBATH TAKKE
U IIOTIEpEeYHas CUia.

BHeneHTpeHHO pacTAHYTBIM WM CKATBhI CTEP)KEHb, IPU pacyere KOTOPOro
MOXHO HE YYUTHIBaTh JIONOJIHUTEIbHBIE W3TrMOAIONIME MOMEHTBI, pPaBHbBIC
MPOU3BEACHUSAM TMPOJOJBHBIX BHEIIHUX Cuil F Ha mnporuObl V, Ha3BIBAIOTCA
KECTKUMHU, a CTEPKEHb, MPU pacuyeTe KOTOPOro HX HEOOXOAMMO YUHUTHIBATH —
TUOKUMH.

DopMyJia HOPMAJIBHBIX HANIPAKEHU I

[Iycth Ha cTepkeHb MNPOU3BOIBHOTO CEeYeHMs JAeiicTByeT oaHa cuia F,
napajuleabHasl €ro NpoJ0JIbHON OCU U IIPUJIOKEHHAS HE B LICHTPE TSHKECTU CEUCHUS.

KoopanHaTel TOYKM MPUIOKEHUS CUIIBI OTHOCUTEIIBHO TVIABHBIX LEHTPAJIBHBIX
oceil 0003HauMM uepe3 Yf M Zf, a PACCTOSHHE ATOW TOYKU JO ILIEHTPA TAKECTU

CEUEHMSI, Ha3bIBAEMOE IKCIIEHTPUCUTETOM, — uepe3 e (puc. 3.12, a).

Puc. 3.12

JInst mo00ro momepevyHoro Ce4eHus ACMCTBHE BHELEHTPEHHO MPUIOXKEHHOU
cuibl F MoxHO 3aMeHUTh AeiicTBUEM HOpMasibHOU cuiibl N = F, mpuinoxeHHoH B

LEHTPE TAKECTU CEUEHHMS, U IEHCTBHEM ABYX M3rubaromux momeHToB My u M,

(puc. 3.12, 6).
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Takum 00pa3oM, B COOTBETCTBUHU C MMPUHLUIIOM HE3aBUCUMOCTH JIE€UCTBUS CHIL,
HOpPMAaJIbHbIE ~ HANpPSDKEHUST TpPU  BHEIEHTPEHHOM  pACTSDKEHMHM  (CKaTHUH) B
MIPOU3BOJIBHOM TOYKE ceyeHusi OyAyT CKIAIbIBaThCA M3 HAIPSKEHUH OCEBOTO
pacTsukeHus (CokaTus), BbI3BaHHBIE NMPOAOJbHON cwiiol N = £ F, U Hanps>KeHU OT

n3ruba, BbI3BaHHbIE U3rubaromumMu MmomeHTamMu My u My,

N, M, My
——+Z.y 4+ 2.
o= 2 y L z (3.16)

IIpu aTOM
M,=F ye; My=F-ze; N=+F; I,=A4-i3; |,=4"i.
[Tocne mnpeoGpazoBanuit dopmyna Uil ONpPEACIICHUS HANpsHKEHUH B
NPOU3BOJIBHON TOYKE CEYCHHS C KOOpPAMHATAMH Y W Z TPH BHEICHTPEHHOM

pacTsHKeHUH (CXKAaTUX) TPUHUMAET BU!

N : Zp .Z
o=—-(1+ ylfzy + sz ) (3.17)
A ly Ly

B stux dhopmymax

O — BeJIWMYMHA HOPMAJILHOTO HANPSKEHHWs B JIIOOOM TOYKE CEUEHHUS C
KOOpJWHATAMU Y | Z;

N — BeJMYrHA TPOTOIHHON CHIIBI,

A — 101 1b MOTIEPEYHOTO CCUCHUS CTCPIKHS;

Yr, ZF — KOOpPAMHATHl TOYKH TPWIOKEHHsS BHEIIHEW cuibl F, B3sTHIC

OTHOCHUTCJIbHO I'NIaBHBIX HCHTPAJIbHBIX ocel ceueHus CTCPIKHA,

. J . J
lf, = Zy ) 1§ = ZZ — KBaJpaThl paJdyCOB MHCPLMHU CCUYCHHSA OTHOCHUTECIIBHO

[JIaBHBIX LEHTPAIbHBIX OCEH.
IHonoxkenne HeHTPAJIBLHOM (HYJIEBOM) JIMHUU
IPHU BHELICHTPEHHOM PACTSIZKEHUU (CKATHH)
Jlns ompeneneHusi OMACHBIX TOYEK B IONEPEYHOM CEYeHUM Opyca Mpu

BHEIICHTPEHHOM PACTSKEHUM (CXKATUH) 11€JIECO00Pa3HO MPEABAPUTEIBHO OCTPOUTD
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HEUTpaIbHYIO (HYJIEBYIO) TUHUIO ceueHUs. OnacHbIMU B CEUEHUU OyAyT TOUKU 1 u 2,
HauOoJee yIajJeHHbIC OT HeHTpaabHOU (HyJIeBo) inHuu (puc. 3.13).

Onpeodenenue.  HeuTpanbHOM  ochl0  (HYJNIEBOM  JIMHHEH)  Ha3bIBaeTCs
FEOMETPUUECKOE MECTO TOYEK MOMEPEUHOro ceYeHus: Opyca, B KOTOPhIX HOPMaJIbHbBIE

HAIIPpsKCHWA PaBHBI HYJIIO.

Foecamanvias
Hyneswa ninia
FacamensHaa

Puc. 3.13

CrnenoBarenbHO, TMOJOKEHHE HEWUTPAIbHOM JMHUM TPU BHEUEHTPEHHOM
PACTSKEHHH (CKATHUH) MOKHO YCTAaHOBUTH, €CJIM NMPUPABHATH HYJIO HAINPSIKECHHS B
TOYKaX, IPUHAIJICIKAIIUX FTON JIMHUU.

[Tocne mpeobOpa3oBaHUil TOJYYUM YpaBHEHUE HEUTpalbHOW JIMHUU B BHUIC

OTPE3KOB Ay M ;, OTCEKAEMBIX OTOM JMHUEW HA INIaBHBIX LIEHTPAIbHBIX OCAX Y H Z,:
— lz . - iz
ay = — ;, a; = — Z_F (318)
CBoiicTBa HelTPAJIbLHON JUHUM
IPHU BHELICHTPEHHOM PACTSIZKEHUH (CKATHH)
e Touka mnpwioxeHus K  BHELEHTPEHHO JEUCTBYIOIIEH  CUJBI U
COOTBETCTBYIOILIAS €1 HEUTpaJIbHAS JIMHUS HAXOIATCS MO Pa3HbIE CTOPOHBI OT LIEHTPA

TAXKCCTH CCUCHUA, TO C€CTb HeﬁTpaHBHaH JJMHUSA IMCPCCCKACT KOOPAMHATHBIC OCH B

TOYKAX, MPHUHAIEKAIUX KBAJIPaHTYy, IPOTUBOMNOIOKHOMY TOMY, B KOTOPOM
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HaXOAUTCs TOYKA IPUIIOKEHUS CUJIBL.

o [lpu npuOIMKEeHUU TOUYKH NpUIokKeHUs K BHELEHTPEHHO AeUCTBYIOIIEH
CHUJIBbI K LICHTPY TSKECTU CEYEHHUs], HEUTpaJIbHAs JIMHUSA YAAIAETCS OT HETO.

e [lpu ygasieHuu TOUKHM NpuiokeHus K BHEUEHTPEHHO NEUCTBYIOIIEH CHUIIbI
OT LIEHTpA TSHKECTH CEUEHUsl, HEHTpalibHasl IMHUS MIPUOJINKACTCS K HEMY.

e Eciu Touka mpunoxkeHuss K  BHEUEHTPEHHO JACHCTBYIOHIEH  CHJIbI
pacroJjiaraeTcsi Ha OJJHOW W3 I'JIaBHBIX LICHTPAJIbHBIX OCEU CEYEHUsl, TO HEUTpAJIbHAs
JTUHUS OyJeT NepreHIUKYJIsipHa 3TON OCH.

e Eciu Touka mpwioxenuss K  BHEUEHTPEHHO JACHCTBYIOIIEH  CHJIbI
IepeMeIIaeTcs BJ0JIb HEKOTOpor mpsiMoii & — b (puc. 3.14), To cooTBeTCTBYIOMIAS Ci
HEeWTpajabHasl JMHUS BpPAIAeTCs BOKPYT BIOJHE omnpeneneHHon Touku C. /[Ipsmas

meopemal.

fAynesas nukuE

Puc. 3.14

e Ecnu HeliTpanpHas JUHUS BpallaeTcsi BOKpYr HekoTopod Touku C (puc.
3.14), To cooTBeTCTByIOIIasi TOYka MpuiIokKeHUuss K BHELEHTPEHHO NeHCTBYIOUIEH
CWJIBI TIepEeMEIIaeTcsl BIOJb HEKOTOPOH BIIOJHE OMpEIeICHHONW mpsMoi a — b.
|O6pamnas meopemal.

e [losio)keHME HEUTPAIBHOW JIMHUM HE 3aBUCUT OT BEJIIMYMHBI BHELIEHTPEHHO

JIEVUCTBYIOIIECH CHIIBI.
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YcioBue NPOYHOCTH NPH BHELICHTPEHHOM PACTSIKEHUH (CKATHH)
HauGonpmme HanpsikeHUsT BO3HUKAIOT B TOYKAX MOMNEPEYHOrO CEUEHHMS,
HauOoJiee yJaJeHHbIX OT HEUTpabHOU OCH (HYJICBOU JIMHUN).
IIpoBeneM mapaiieIbHO HEUTPaJIbHOM JIMHUM KacaTelabHbIE K KOHTYpPY
CCUCHHS U HaiIeM OMmacHble TOUKH 1 U 2 B pacTIHYTOM U C:KaToM 30Hax (puc. 3.13).
VYcnoBuss NMPOYHOCTH JIsI ITHUX TOYEK IPU BHELEHTPEHHOM PACTSIKEHUU

(coxkaTHM) UMEIOT BUJL:

o= 1+ X+ L g (3.19)
A Ly Ly

Ota popMyra crpaBensiiBa U B cilydae JSUCTBUS CKUMaroled cuisl F, eciu
HET OMACHOCTH BO3HUKHOBEHUS MPOIOJIBLHOTO U3ruba.

Pacuer Ha mpouHOCTh Opyca, CXKATOTO WM PACTSIHYTOIO BHEIEHTPEHHO
IPWIOKEHHOW MPOAOJIbHOW BHEUIHEN CHUJION (TO €CTh MPU OTCYTCTBUHU IONEPEUYHBIX
CWJI), TIPOBOJUTCS HamOoJiee MPOCTO, TaK Kak B 3TOM CiIy4ae BHYTPEHHHUE YCHIIMS
OJIMHAKOBBIE BO BCEX MOIMEPEYHBIX CEUEHUAX CTEPKHS. ISl CTEPKHS C TOCTOSIHHBIMU
pa3MepamMu CEYeHHs B Ipeienax KaKIOro ydacTKa BCE CEUEHHS SIBISIFOTCS PaBHO
onacHbIMU. J[Ji1 CTEpkKHS C NEPEMEHHBIMH MONEPEYHBIMH pa3MEpaMu CEUYEHUs
OMAacHBIM B Mpejenax Kaxa0ro yuyacTKa sIBJISIETCSl CEYEHUE HAMMEHBLIETO pa3Mepa.

[Ipy macTM4HOM Marepuane [JJs MPOBEPKH MPOYHOCTH JOCTATOUHO
OTIPEJICINTh HAINPSHKEHWE B TOYKE C HAWMOONBIIMM TIO aOCONIOTHOW BEIWYUHE
HOPMaJIbHBIM HampspkeHueMm. [lpu Xpymkom maTtepuane HeoOXOAMMO ONpPeneTuTh
HanOOJIBIITNE PACTATUBAIONINE U C)KUMAIOIIHE HAPSIKEHUS.

Anpo ceuenus. [locrpoenne siapa ceuenust

HelitpanbHast nuHUsA B 0OIIEM cllydae MOXET MPOXOJUTh M BHE CEUEHUS.
JleficTBUTENIBHO, €CJIM BHEWIHAS cuila F mpuiioxkeHa B IIEHTPE TSAXKECTU CEUCHUS, TO
HEUTpasbHAsl JIMHUAS HAXOMHUTCS B OCCKOHEYHOCTH, TaK KaK HAIPSHKEHUS B ITOM

ClIy4dac pacrupcCacjaCHbl 110 CCUCHUIO pa6HOMEPHO.
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[To mepe ynaneHusi TOUKM MPUIIOKEHUS CHIIbI F OT 1IeHTpa TSAKECTU CeueHHUs,
HeWTpaabHas JUHUS OyJeT NPUOIUKATHCI K CEYCHUIO U MPU HEKOTOPOM IOJI0KEHUU
TOYKW TPUIIOKEHHUS BHEIIHEW Cuibl F BIepBble KOCHETCS KOHTypa cedeHus. [lpu
JaJbHEUIIEM YBEIIMYEHUU SKCUCHTPUCUTETA HEUTpajdbHAs JIMHUA [EPECeyeT
ceyenue. [Ipu 3ToM HOpMabHBIC HANPSHKEHHUS B CEUCHHUHM OYIyT pacTATUBAIOIINE U
CKUMAIOILIKE.

[IpencraBnser wuHTEpeC HAWUTH Takyl O0JacCTh PACIOJOXKEHUS TOYEK
MPWIOKEHUS BHEIIHEH cuiibl F, Py KOTOPBIX B CEUCHUM HAINPSHKEHUSI OyAyT TOJIBKO
OJIHOTO 3HaKa. DTO BAXKHO JJISl CTEPKHEU IJIOXO COMPOTHUBIISIIOIIMXCS PACTSIKECHUIO
(6eToH, kuMpNHMYHAs KiaaKa, 4yryH). [[as KOHCTpyKUMM HM3 TakuX MaTepuaoB
PEANOUYTUTENILHO, YTOOBI B CEUCHUM HampsikeHus 6 < 0, T. €., 4ToObl HEUTpaIbHaS
JIMHUS HE MepeceKana KOHTYP MOMEePEYHOrO CEUCHUS.

Takast 0651acTh Ha3bIBACTCS SIAPOM CEUCHHUS.

Onpeodenenue.  SImpom  cedeHUs  Ha3blBaeTCAd  BBIMYKJIass  00JIACTb,
pacoyioKeHHAsi BOKPYT IIEHTpa TSXKECTH CeYeHHs, 00anaromias CBOMCTBOM, YTO
BHEITHSS MPOJIOJIbHAS CUila, MPUIIOKEHHAs! B 000N €€ TOYKe, BhI3BIBAET MO BCEMY
CEUYEHUIO HAPSHKEHUSI OAHOTO 3HAKA.

IIppu pacyeTe BHELEHTPEHHO CXAThIX 3JIEMEHTOB, W3rOTOBISIEMBIX U3
Marepuaia, IJI0X0 BOCIPUHUMAIOUIETO PACTATUBAIOIINE HANPSIKEHUS, BAXKHO 3HATH
dbopMy © pasMepsl sapa CEUEHHUS. OITO TMIO3BOJSET, HE BBIUUCIAS BEIUYHUHY
HaNPsHKEHUM, 110 SKCIEHTPUCUTETY CHKUMAIOLIEH CUIIbl YCTaHABIMBATh, BOSHUKHYT B
MIOIIEPEYHOM CEYEHUH PACTATUBAIOIINE HANIPSKEHUS WU HET.

Ili1an mocTpoeHus AAPa ceYeHUst

1. TlpoBenem HeWTpanbHbIE JWUHHUH, COOTBETCTBYIOIIME HX MPEACIbHOMY
MOJIOKEHUI0. DTO OYyAyT KacaTelIbHbIE K MONEPEYHOMY CEUEHHUIO CTEPIKHS.

2. [IponymepyeM BX B IOCIENOBATEIBHOM MOPSJIKE.

3. s KaxJI0W U3 dTUX HEUTPAJIbHBIX JIMHUW HAWJEM COOTBETCTBYIOUIYIO €1
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TOYKY MPWIOKEHHUS CUJIBL.

4. TlonydyeHHBIE TOYKHA COEJUHUM OAHY C IPYrodl B TOM K€ MOPSAKE, B KAKOM
IIPOHYMEPOBaHBI KACAaTEJIbHbIE HEUTPATIbHBIE JIUHUU.

5. Ilosmy4eHHBINM KOHTYP U OIPAHUYMBAET AP0 CEUCHUS.

CoBMmecTHOe JeiicTBHe H3ruda
¢ HEHTPAJIbHBIM PACTSZKeHUEM (CKATHEM)

Ha mpakTuke 4acTo BCTpedarOTCs Clly4ad, KOTJa Ha CTEPKEHb JEUCTBYIOT
OJTHOBPEMEHHO IIONEPEYHbIE W NPOJOJbHbIE HAarpy3kd. I[Ipm 3TOM mpoaosIBHBIE
Harpy3Kd MOTYT OBbITh MPUJIOKEHBI U BHELEHTPEHHO.

Ecniu nHa Oanky [AeMCTBYIOT TMpOJIOJIbHBIE M TIONEpEeYHble Harpys3KH,
NepeceKarolme ee 0Ch, T0O B OOIIEM Ciydae B IMOIMEPEYHBIX CEYCHHUSX BO3HUKAIOT
usrubatonie MomeHTel My u Mz, neiicTBytome B IBYX IJIOCKOCTSIX, MOMEpPEYHbIC

cuitbl QY 1 Qz, a Taxoke mpogoabsHas cuia N (puc. 3.15).

7 § ot
F
Puc. 3.15

Takum oOpazom, B 3TOM ciaydae OyaeT CIOXKHBIM (KOCOW) W3rud c
LHEHTPAIBHBIM  pAaCTSOKEHUEM WM ckathuemM. HopMmanbHOe HampsokeHuUe B

MIPOM3BOJILHON TOYKE CEUCHHSI CTEPIKHS B 3TOM CiIydae ornpesessercs no gopmye:
a=;+—'y+—' (3.20)

Nzrubarornye MOMEHTBI, TTPOIOJIBHYIO CHITY ¥ KOOPAMHATHI TOUYKH, B KOTOPOM
BBIYHCIISIOT HAMPSDKEHUS, TTOACTABISIIOT B (DOPMYITY C UX 3HAKAMH.

Ilpasuno 3naxos. 1lpononbHyI0 cuily OyJIeM CUMTATh IMOJOKUTEIBHOM, eClu
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OHAa B paCCMaTPUBAEMOM CEYCHHHU BBI3BIBACT PACTATUBAIOIINE HANIPSIKECHUS.

IIpasuno  3maxos. Wsrubaromme Momentel My m M, cunrarorcs
ITOJIOKUTENIbHBIMH, €CJIM OHM BbI3BIBAIOT PACTSIKEHHE B TOYKAX IEPBOM YETBEPTH
paccMaTpuBaeMoro MonepeyHoro CeYeHus OanKu.

Pacuer Ha npoYHOCTH
NPH COBMECTHOM JIefiCTBMHU M3ruda ¢ HeHTPAJbHBIM pacTaKeHHeM (C:KaTHeM)

[IpeneOperass kacaTeJbHBIMU HANPSDKEHUSIMU OT TOINEPEYHBIX CHUJI, MOXHO
CUUTaTh, YTO HAIIPSPKEHHOE COCTOSIHUE B OMACHOM TOUKE Oy/ET JIMHEHHBIM.

CrnenoBarenbHO, YCIOBUE IPOYHOCTH UMEET BHUL:

Omax < [0].

HauGonpmme HampsikeHUsT BO3HUKAIOT B OINACHBIX TOYKAX IOMNEPEYHOIO
cedeHusi, HauboJiee yAaJIeHHbIX OT HEUTpaIbHOM OcH (HyJIEBOM JIMHUM).

B cinydae pacyera crepiHel NpOU3BOJIBHOW (POPMBI MONEPEUYHOTO CEUCHUS
Ui OINpENEeNeHUs] OMNACHBIX TOYEK CEYEHUs HEoOXOAMMO IpeABapUTEIbHO
YCTaHOBUTh INOJIO)KEHUE HEUTpanbHOU (HyneBol) muHMM. Crocob omnpeaeneHus
HOJIOKEHUS] HEUTpaJIbHOM JTMHUM ObLI MOKa3aH MPU PaCCMOTPEHUM BHELEHTPEHHOTO
pacTsKeHus (CoKaThs ).

VYcnoBue MPOYHOCTH Uil 3TUX TOYEK IPU COBMECTHOM JIEHMCTBUU KOCOTO

n3rubda c MeHTPaIbHBIM PACTSKEHUEM (CIKaTHEM) UMEET BU/T .

_N_ M My
p=h iy 42 22 o] (3.21)

B ciydae coBMeCTHOTrO AEHCTBHUS IIIOCKOro U3ruba B r1aBHOU MI0cKoCTH Oyy ¢
IIEHTPAJIbHBIM PACTSIKEHHEM (C)KaTHeM) TpexXdwieHHas (opMmyia IpeBpariacTcs B

JBYX4YJIEHHYIO:

N M,
——+2.vy<J[gl.

Otu GopMyIbl MPUMEHSIOT U MPU pacdeTe Ha MPOYHOCTH INIOCKUX paM U apoK
MaJIOW KpUBHU3HBI. OMACHBIMU B 3TOM CJIy4dae SIBIISIFOTCSI T€ CEYEHUs, TI€ JECUCTBYET

HanOOJIBIINN U3TrN0ArOINA MOMEHT.
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[Ipy coBMeCTHOM [€WCTBUM H3ruba C LEHTPAJbHBIM CXKAaTUEM NPUMEHSThH
MOJIyYeHHbIE (POPMYJIBI MOYKHO JIMIIb K KOPOTKUM CTEPKHAM OOJBIION >KECTKOCTH,
TaK Kak B CIy4ae TOHKOT'O JJIMHHOTO CTEP>KHS BO3MOKHA MOTEPsl YCTOMUMBOCTH.

3.2.2. KoHTpO/IbHBIE BONPOCHI VISl CAMOINIPOBEPKH 110 TeMe

«Ci10:xHO0€ CONPOTUBJICHUE)

1. Kakue clyyau CONPOTUBICHHS CTEPXKHEW HA3BIBAIOTCS  CJIOKHBIM
CONPOTUBIICHUEM ?

2. B ueM cyTh npuHIMNA HE3ABUCUMOCTH JICUCTBUS CHUII?

3. Kakoii Bun nedopmariiu cTepskHs Ha3bIBACTCS KOCHIM U3TrHOOM?

4, K xakuM npocTtedmuM Buaam aehopMaliid MOKHO CBECTH KOCOU H3ruo?

5. @opmyna 1y ONpeNesICHHs HOPMaJbHBIX HANpPsDKEHUH B cllydae KOCOTO
u3ruoa?

6. IlpuBenure ypaBHeHHE HEUTpAIbHOH JIMHUU B CITydae KOCOTO U3ruoa.

/. Kakve TOYKM TONEPEYHOro CEYeHUs Ha3blBaroTCa omacHeiMu? Kak 3Tu
TOYKH OIPEACIIAIOTCS B CIydae KOCoro u3ruoda?

8. Kak ompenensiercs nepopmarnus 6aiky B ciaydae KOCOro u3ruoa?

9. Kakoit Bua gedopmanyivi Ha3bIBa€TCS BHELUEHTPEHHBIM PACTSHKCHHEM WITU
cxKaTueM?

10. K xaxum mpocTeimuM BuiaM aegopManii MOXHO CBECTH BHEIICHTPEHHOE
pacTsKkeHue (cxxatue)?

11. Kako#i mnpuHIMI HCMONB3YEeTCS JUIsi BbIBOAA (OPMYJIBl HOPMAIBHOTO
HaIpsHKEHUS B CIydae BHEIEHTPEHHOT'O IEHCTBUS CUIIbI?

12. ®opmyna mia oOmpeneNeHUWs HOPMAIBHBIX HANPSOKCHWH B CiIydae
BHEIICHTPEHHOTO JEUCTBUS CUJIBI.

13. [a#ite ompeneneHue HeWTpanbHOW nuHUU. [lpuBenute ypaBHEHHE

HEUTPAILHOM JIMHUM B CIIy4a€ BHELEHTPEHHOT'O AEHCTBUS CHUIIBI.
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14. Tlepeuuncnure CBOIICTBA HEUTPaIbHON JUMHUU B Cllydae BHELIEHTPEHHOTO
JNEUCTBUS CUJIBI.

15. Kak onpenensieTcss NOJ0KEHUE OMACHBIX TOUYEK B CIydae BHELUEHTPEHHOTO
JNEUCTBUS CUJIBI.

16. Hamumure ycioBHe NPOYHOCTH JUIsl XPYNKOTO Marepualia B clydae
BHELICHTPEHHOT'O JAEHCTBUSI CUJIBI.

17. Kaxkoilt Bug uMeeT yciaoBHe NPOYHOCTH IS INIACTUYHOT O MaTepuana’?

18. [aiiTe onpenenenue siapa cedeHus. [nan noctpoeHus sapa ceuyeHusl.

19. ®opmyna mna omnpeneNieHUMs HOPMAIbHBIX HANpPSOKEHUH B ciiydae

OJHOBPEMCHHOT O JICfICTBI/ISI n3ruba u HCHTPAJIBHOI'O PACTAKCHUA (C}KaTI/ISI)?

Ilocne uzyuenus smoti memvl MONCHO NPUCMYNUMb K peuleHuto 3aoauu Ne 2,

BKIIIOYEHHOLL 8 KOHMPOIbHYI0 pAOOMY.
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3.2.3. IPUMEP PEIHIEHUS 3AJAYU Ne 2

«BHeLEHTPEHHOEe CKATHE KOPOTKUX CTEPIKHEH»
3adaua. YyryHHbIH KOPOTKHUM CTEP)KEHb, IMONEPEYHOE CEUYEHHUE KOTOPOTro

n3o0paxeHo Ha puc. 3.16, cxxumaeTcs mTpoaAOIBLHON cHIIoN F, mpHIoXKEeHHON B TOUKE

K.

K | I HcxoaHble JaHHBbIE:
R a=4cm; b=6cm;
o) o]
[9\|
l kH
J (o] = 160MITa = 16| — |;
cM
| — somita =4 "2
ea e bl [o,] = a= o’

Puc. 3.16. Ilonepeunoe ceuenue

TpeOyercs:

1.BBIYUCIUTh BENMYMUHBI HAWUOOJBIIUX PACTATHUBAIOIIUX M  COKUMAIOIIUX
HANPSDKEHW B TIOTIEPEYHOM CEYEHMHU, BBIPA3UB BEJIMUMHBI ATHUX HANPSIKEHUN depes
F.

2. VI3 yciioBuid MpOYHOCTH HAWTH AOMyCKaeMylo Harpy3ky [F] mpu 3agaHHbIX
3HAUEHUAX JOMYCKaeMbIX HOPMAJIbHBIX HAMIPSKEHUH 1JIs1 YyryHa Ha ckatue [o,] 1 Ha
pacTsKeHue[ op].

Pemenue

Hcnone3ys CIIPaBOYHBIE TaOJIHIIBI, BBIYHMCIINM r€OMETPUYECKHUE
XapAaKTEPUCTUKU  OTHEIbHBIX DJIEMEHTOB, BXOISIIMX B COCTaB  CJIOKHOTO
MONEPEYHOTO CEYEHUSI.

3aaHHOE CJIOKHOE TMOMNEPEYHOE CEYEHUE UYT'YHHOTO KOPOTKOIO CTEpHKHS
COCTOUT W3 IUIACTHHBI (MPSIMOYrOJIbHUKA) M TMOJNyKpyra. bynmem cuutarth, 4TO

mwiactuHa — ¢urypa |, a momykpyr —durypa I1.
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®urypa I — npsamoyroiabHuk b x h =4 x 6 cm

A Z1
b=4cm; h=6cm; A=b-h=4-6cm° =24 cv?
3 3
) J,y _ bh _ Aem-(6em)” T2en’
h > 12 12
R RZ b’h  (4em)? - 6em
J = = =32cm”,
v 12 12
l— b -
®urypa Il — monykpyr, nuamerpom d = 2b = 12¢em
20=0,212d =0, 212-12cm = 2, 544 = 2, S4cwm;
A 22
d* 3,14-(12cm)?
A="" < (126M)" _ 56 52em? =56 Sem’:
8 8
d >
Y2 g ,, =0,0245d* =0,0245 - (12cm )" =508,032em” =508cm”;
JR J, =0,00687d" =0,00687 - (12cm )* = 142 ,456cm* = 142cm”

HOpMaJ'ILHLIe HAIIPSKCHUA B CIIYHAC 6HEYEHMPEHHO2O colcamusd HAXOOATCS 110

dopmyne (3.17):

i2 i

o=t -2 4 I
B stoit popmyne
O — BCIMYMHA HOPMAJILHOTO HAMPSOKCHUS B JIFOOOM TOYKE CCUYCHHUS C
KOOpAWHATaMU Y U Z,
N = — F — BeTMUMHA CKUMAIOIIEH TTPOIOJIbHOMN CHUJIBI,
A — mIomna b NONePeYHOTO CECUCHUS,

Yk, Zx — KOOpJiUHaThl TOUKH K MPUIIOKEHUS] BHELIEHTPEHHOU cuiibl F, B3siThIC
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OTHOCHUTCIIbHO TJIaBHBIX HCHTPAJIbHBIX ocen 3aJaHHOT'O CCUCHUA,
l.f, 151 i% — KBaJpaThl paanyCOB HHCPIHUKU OTHOCUTCIBHO I''TaBHBIX HCHTPAJIBbHBIX

ocell 3aJaHHOTO CEYEHMsI, KOTOpBIE ONPEAEIIAIOTCA 110 PopMyJIam:

Hcrnonb3yst  TpUBEJEHHBIC  BBINIC  WCXOJHBIC  CIIPABOYHBIC  JIAaHHEIC,
BbIUCPUYMBAEM CEUCHHWE B MacmTabe C yKa3aHHEM BCEX OCEed M HEO0OXOJMMBIX
pasmepoB B cantumetpax (puc. 3.17). Ha puc. 3.17 B pamkax mokaszaHbl pa3Mephl,

B3ATBIC U3 CIIPABOYHBIX JAHHBIX, OCTAJIbHBIC ITOJIYUCHBI B XO0AC pacycTa.

Z A
Z]_“ bl b2 479

TN

H.L

/—-—

1,35

3,19

—F- 4,54
|

— {4 l1254

Puc. 3.17. Ilonepeunoe ceuenue cmepircus
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Boluuc/ieHHe BeJMYUH HAN00IbIINX pacTAriBarlommx U C;KUMaroImux

Hal'lpﬂ)KeHI/Iﬁ B ITIOMEPEIHOM CCUCHUU

a). OnpenesieHue NMOJOKEHHUS LEHTPA THAKECTH CeUYEHUS

3alaHHOE CJIOKHOE TMOMNEPEYHOEe CEYEHHE YYT'YHHOTO KOPOTKOIO CTEepP>KHS
uMeeT ock cummeTpuu Y (puc. 3.17), kotopas siBAsieTCs IJIaBHOW IEHTPaIbHON OCBIO.

Bropyio TNaBHyH0 UEHTPaJbHYIO OChb IMPOBEAEM IIOC]IE€  OINpeAesICHUs
MOJIOXKEHUS IIEHTPa TAKECTU ITOW COCTAaBHOM (DUTYpPHI, KOTOPBII HAXOAUTCS HA OCHU
CUMMETPUH Y.

OrnpenensieM KOOPJUHATHI IIEHTPOB TSAXKECTU TEPBOM U BTOpOH Puryp (Touek

C1 u C;) OTHOCHUTEIIBHO MTPOU3BOJIBHOM KOOPJIUHATHOU cUCTEMBI Z1 Cq V!
4
Touka Ci: y, =0.  Touka Cy:yc, = (5+2,54) = 4,54 om.

0611121}1 momanab 3aJaHHOI'O CJIIOKHOTO ITOIICPCUYHOT O CECUCHU.
A=A +A,=24+56,5=80,5 cm’ = 80,510 m°.
KOOp,III/IHaTa HCHTpA TAXKCCTHU 3aTaHHOT'O CJIOKHOI'O IMOMCPCUYHOI'0 CCUCHUA 110
ocH Yy Oyner paBHa:

A1yc.+Azy (24-0+56,5-4,54)cm3®  256,51cm3
= T176 77276 > = > =3,1864 cm = 3,19 cm.
A 80,5cMm 80,5cMm

Yc

[lo monydyeHHOMY 3HAYEHHIO KOOPJWHATHI Y. HAXOAUM MOJIOKEHUE IIEHTpa
TshKecTd (Touka C) 3aJaHHOTO CJIOKHOTO TIOTIePeYHOTo ceueHus (puc. 3.17).
0). IlocTpoeHne riiaBHbIX HEHTPAJIBbHBIX OCEH
Ocv cummerpun Y (puc. 3.17) sBisercs TJIaBHOW IICHTPAIBHOH OCBIO.
[IpoBogum  4epe3 Touky C  BTOpPYHO TJaBHYIO I[EHTPAIbHYIO OChb  Z,
MEPIIEHANKYJIAPHYIO IIaBHOW LEHTPAJIBHOM OCH Y.
Tenepv enasnvie yenmpanvHvle ocu Y U I — OCHOBHAS CUCMEMA KOOPOUHAM

(puc. 3.17).
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B). OnpeesieHne MOMEHTOB MHEPIUM U KBAJAPATOB PaINyCOB MHEPIU U
OTHOCHUTEJBbHO IVIABHBIX IEHTPAJIbHBIX Oceil
JUis  ompeneneHuss TJABHBIX MOMEHTOB HWHEPUUHU 33JaHHOTO CIIOKHOIO
MOMEPEYHOr0 CEYEHUs BOCMOIb3yeMcs (hopMyllaMu MapaljieIbHOTO MePEeHOca OCE.
OceBoll MOMEHT HHEPIUH 3aJaHHOTO CJOXKHOTO MOMNEPEUYHOIro CEeYeHUs
OTHOCUTEIBHO TJIABHOM WEHTPAJbHOM OCHM Y paBeH CyMM€ MOMEHTOB HMHEpLUHU

NepBOI U BTOPOM PUTYpP OTHOCUTEITHLHO ITOU OCH:

| I | I 4
J,=3) +3)) =3] +3} =72+508=580cu".

AHQJIOTUYHO, MOMEHT HMHEPIMU 33JJaHHOTO CIIOKHOI'0 MOMNEPEYHOTO CEUYEHUS
OTHOCHUTEJIbHO TJIABHOW UEHTPAJIbHOM OCH Z PABEH CYMME€ MOMEHTOB HWHEPLUHN
NEepPBOI U BTOPOM (PUTYP OTHOCUTEIIBLHO 3TOU OCHU'

J, = ‘le+‘]z“.

B coorBercTBUM € dopMynaMHu TapaiieabHOro MepeHoca Oceil MOMEHT

UHEPLMHU TepBOM (UTypbl OTHOCHUTEIBHO TJABHOM IEHTPAJIbHOM OCH Z paBeH

MOMEHTY UHEPIIUU OTHOCUTEIHFHO COOCTBEHHON OCH Zj IUTIOC TUIONIA/Ib 3TOM QUTYPHI,

YMHO>KEHHOH Ha KBaJpaT paCCTOSHUS MEXAy ocsiMu Z; u Z (puc. 3.17):
J = 'le1+ Ab} =32+24-3,19%* = 276,226 cm* =276 cm” ;
b, =Y, —Yc =0-3,19cm =-3,19¢cm (puc. 3.17).

AHAIOTUYHO, MOMEHT HWHEPIUU BTOPOH (UTYypbl OTHOCUTEIBHO TJIaBHOM

[EHTPAJIBHOMN OcH Z OYyIEeT paBeH:

J'=J]"+ Ab} =142+56,5-1,35% = 244,971cm* = 245¢m*;
b, =Y, —Yc =4,54em—3,19cm =1,35em (puc. 3.17);

CHGI{OB&TCJ’IBHO, MOMCHT HWHCPHHM 3aJaHHOI'O CJIOKXHOI'O IIOIICPCYHOIO

CEUYEHHS] OTHOCUTEIIBHO IIABHOM LIEHTPAJIbHOW OCH Z PABEH:
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J, =276+ 245 = 521cm”.

Bbruncnsiem kBagpar paadyca MHEPLUHUH 3aJlaHHOTO CJIOXKHOTO IOIMEPEYHOr0

CEUEHUs OTHOCUTEIBHO INIABHOW LEHTPAJIbHOM OCH Y

i2 J, 580cm*

;= = =1,20497 em’ =7,20em’; if =7, 20 cM>.
A 80,5em

Brraucnsem KBaJpaT paanyCa HMHCPLHUU 3aJaHHOTO CJIOKHOI'O IMOIICPCUYHOI'O

CCUCHMS OTHOCUTEIILHO I'TaBHOM HGHTpaHBHOﬁ oCH Z.

L :
22 e 2 LM 6 4005 en? =6,47 en?; | i2 =6, 4Tew.
A 80,5cm

r). Onpenesienne KOOPAMHAT TOUKH K, B KOTOpPOI npujio:xkeHa cuia F

4 6
YK = _(2+ 3,19) =-5,19cMm; Zx = +(2) = 3cm (em. puc. 3.17).

n). Haxo:kaenune mosioskeHNs1 HeMTPAJIbHOMN JIUHUN

OTpGSKI/I, OTCCKACMBIC HeﬁTpaHBHOﬁ JIMHMEHN Ha TJIaBHBIX LHCHTPAJIBHBIX OCX,

OIPEAEIAIOTCS 10 ciaemyrommmM Gopmynam (3.18):

i2 iz
ay = - y_ZK, az = - ﬁ
CruenoBaTenbHO,
i2 2
a,=— 'z = OO a66ew=1,25cu (na puc. 3.17 — otpesox CM)
Yy —5,19cm
ii 7.2cm’
a =—"=—"_=-24cm (ua puc. 3.17 — orpe3zox CL).
-y 3en (Ha p P )

[IpoBoas uepe3 Toukn M u L mpsmytro, moiaydaem mojio)keHUE HEHUTpaabHOM
muanu (H.JL) (puc. 3.17).

e). OnpenesieHne KOOPAUHAT ONMACHBIX TOYEK

Onpedeﬂeﬂue. OnacHBIMU TOYKaMU IOIICPCUYHOI0 CCUCHUA ABJIAIOTCA TOYKHU, B
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KOTOPBIX BOSHUKAIOT HAMOOIBIIINE HAMIPSKEHUS.

OnacHele — 3TO TOYKH, HanboJiee yIaleHHbIe OT HEUTPATbHON JIMHUU.

Ha puc. 3.17 — »10 Touku K (Touka npunoxenus cunsl F) u D. Onpenensem
WX KOOPJIWHATHI:

Touka K: yx=-15,19¢cm; zx =3cm (puc. 3.17).

Touka D : yp=4, 3cMm; Zp =— 2, 5¢m (puc. 3.17).

Koopauuatel Toukn D HaliaeHbl rpadidecKu, TO €CTh U3MEPECHBI PACCTOSHHS
ot Touku C 10 Touku D 1o ocu y u ocu Z.

Ilonyuennwviti  pesynomam YMHONMCUIU HA MACWMAOHBIU KO Duyuenm
(uepmedic nonepeurHoco ceuenusi 001AHCEeH ObIMb BLINOIHEH 8 Macuimaobe).

). OnpeneseHue HAaMOOIBIINX PACTATUBAIOIIMX U C:KUMAIOIIMX HANPSKEeHU

HopMmanbHble HanpsbkeHusl B oracHoM Touke K:

o = _E 1+ YK_ZYK + erjK __ F : 1+ (—5,19CM)(—52,19CM) N
I, Iy 80,5em 6,47 cm
-2
+W __ 6,41F =_7,96-10 F (cxatue).
7.2¢cm’® 80,5 cm? lem?
HopmanbHblie HanpspKeHUs B oracHoi Touke D:
oy :_E 1+ y52yD +ZK.ZZD _ F : 1_|_(—5,19 CM)(42,3CM)+
I, Iy 80,5cm 6,47 cm
3em)(—2,5 —3,49)F 4,34.107%F
+( sl 2 )| )2 = ,— (pactsxenmue).
1,2¢, 80,5¢em lem

Omnpenenenue nonyckaemoi Harpy3ku [F] u3 ycinoBuii npouynocTtu Ha
paCTSKEHUE U CXKATHE

VYcaoBue IIPOYHOCTH Ha CKAaTHC UMCCT cnez:ylomnﬁ BUI.
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‘O.K ‘ S [O.c]
CrnenoBateiabHO,
-2
0'K=7’96 102 F <16 KI{ . F SlGKH_Z=2011<H.
lem cm 7.,96-10

Ycnosue MMPOYHOCTH HaA PACTANKCHUC UMCCT CJICIIYIOI_HI/Iﬁ BH[I.

op < I_apJ.
CrnenoBaTeiabHO,
-2
o, = 4,34 102 F <4 KHZ . F S4KH_2=92,2KH.
lem cm 4.34-10

W3 nByx HepaBeHcTB F' < 201kH u F < 92,2xH BbiOupaem MeHbIlIee 3HAaUCHHUE
CWJIbI, TO €CTh JOIyCKaemasi Harpyska JUisi YyT'yHHOTO KOPOTKOTO CTEpXkHs Oyjaer
paBHa:

[F] = 92,2«H.
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3.3. TEMA 3. YCTOMYUBOCTD IEHTPAJIbHO C)KATBIX CTEPXKHEN
3.3.1. OCHOBHBIE TEOPETUYECKHUE NOJIOKEHUS

Bo MHoOrmx ciyvasix MNpPOEKTUPOBAHMS WHKEHEPHBIX COOPYXKEHUH OOBIYHBIX
pacyeToB Ha NPOYHOCTb M JKECTKOCTh OBbIBAET HEAOCTATOYHO ISl TOTO, YTOOBI
MOJIYYUTh TOJHOE MPEJCTaBICHUE O paboTe coopyxeHus. BblsicHEeHHE TOro, 4To

HalpsKCHUS HCE TIPCBOCXOIAT HOITYCKACMOI'O (HpeﬂeHBHOTO) 3HA4YCHUA, CIIC HC

IIO3BOJIACT CACJIaThb BBIBOJ O 0e30IMacHOCTH OKCIUTyaTallul COOPYKCHUA. 9T10

BbI3BAHO TEM, YTO HapAly C MpoOJeMOd NPOYHOCTH CYIIECTBYET IMpoljema

YCMOoUYU80Ccmuy COOPYKEHUS UK €ro AJIEMEHTOB.
OKa3bIBaTh

Onpeoenenue. YCTOWYMBOCTH €CTh CBOMCTBO  COOPYXEHUS

COIMMPOTHUBJICHHUC ITOCTOPOHHHUM Cﬂy‘laﬁHBIM BO3}1€ﬁCTBHHM n CaMOCTOATCIBHO

BOCCTaHABJIMBATh CBOE IMOJIOKEHUE U (OpMy paBHOBecHs B JAePOPMUPOBAHHOM

COCTOAHUH, KOT'1a CJIY"IEIIZHBIG BO3I[€I>10TBPIH HCYC3aroT.
COCTOSAHUA B

Onpeoenenue. llepexon CcOOpyXeHUS U3  YCTONYHUBOTO

HEYCTOMYMBOE HA3bIBAETCS MOTEPEN YCTOMUYUBOCTH.
['panuily 3TOr0 Nepexojia Ha3bIBAIOT KPUMUYECKUM COCMOAHUEM COOPYKEHHUS, a

COOTBETCTBYIOIIUE HATPY3KU U HAIPSKEHUS — KPUMUYECKUMU.

Onpeodenenue. TloTepss yCTOMYMBOCTH TPSAMOJUHEHHOU (HOPMBI

o F

PAaBHOBECHUSI LEHTPAJIbHO C)KATOrO TMPSAMOTO CTEPKHS HAa3bIBAETCS Wi
L J +

4£‘:'

MIPOJIOJBHBIM U3THOOM.
Onpeodenenue. HanMmensblliee 3HAYCHUE ICHTPAIBHO MPHUIOKCHHOM :

cxuMaronieil cunel F, mpu kKoTOpol mepBoHadalibHAs MPAMOJIMHEIHAs

dbopma paBHOBECHS CTEP)KHS CTAaHOBUTCS HEYCTOWYMBOM, HA3BIBACTCS

KPUTHYECKOU CUJIOMN.
[losiBeHre MPOAOJBHOrO H3ruda OMACHO TEM, 4YTO NPU HEM

MPOUCXOMUT OYEeHb CHUJIBHOE HapacTaHWe NPOTrHOOB TPU MaJOM HApACTAHUHU

ckumaromieit cuibl. [IpornObl M Harpy3ku CBSI3aHBI MEXIY COOON HEITMHEWHOU

3aBUCHUMOCTBIO.
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YcinoBue  yCTOMYHMBOCTH — LEHTPAJIbHO  CXKATOTO  CTEPXKHA IO  METOAY

AOITYCKa€MbIX HaHpH)KCHI/Iﬁ HMEET BU.

Omax — a < [Oi (322)

B aroit popmyne

Omax — MaKCUMaJIbHOE HOPMAaJIbHOE HAMPSKCHHUE B CTEPIKHE;

N — mpogoabHas cuiia, BosHuKaroras B crepkae(N = F);

A — IO /1h MOTIEPEYHOTO CEUCHUS CTEPIKHS,

@ — KO3(DPUIMEHT MPOJIOIBHOrO0 W3rM0a IEHTPATBHO — CXKATBIX CTEPIKHEH
(k03¢ PUIMEHT MOHMKEHHSI OCHOBHOTO JIOMTYCKAEMOT'0 HAIIPSIKEHUS );

[6] — nomyckaemoe HopMasbHOE HaMPsKEHUE.

[TpuMeHss yClIoBHE YCTOMYMBOCTH, MOYKHO BBITIOJIHATH TPH BHJIA pacyueTa:

1. Ilpoexmmnwviti pacuem. Ilo 3amanHoWl Harpy3ke F u gomyckaemomy
HaIPSDKEHUIO [O] HAaXOASAT BENMYHMHY TpeOyeMol IUIOMIAIU TOMEePEYHOro CeYSHUs

MCTOAOM IIOCICAOBATCIBHBIX I'[pI/I6J'II/I}K€HI/If/'I, Ha4YWHasg CO 3HAYCHUA @ = 0,5, TaK KakK

O<e@<l):

N
Ampe6 > 0 [O'] (323)

2. Onpedenenue oonyckaemoti Haepysku. llo wu3BecTHOW tutomEamu A u

JOMYCKaeMOMY HAIPSKEHUIO [ O] ONPEeNEeNsatoT BETUUNHY JOIMYCKAaeMOM HAarpy3KH:
INI=[Fl<¢ -[qd] -4 (3.24)

3. Ilposepounviii pacuem. Tlo u3BecTHBIM 3HaUcHHSIM F, A, [0] 1 @ ipoBepsiroT

BBITIOJTHCHHUE YCIIOBUS yCTOMUNBOCTH (3.22):

= —<<
Omax go-A_[Oi

Onpedenenue. BeanunHa BHEIIHEW CHUIIbI, IPU MPEBBILICHUN KOTOPOU TEpsieTCs
YCTOWYUBOCTh JAHHOTO BHUAA ne(opmaiuu 3JIeMEHTa KOHCTPYKIIMW, Ha3bIBACTCSA

KPUTHUYECKOUN CUJIOMN.

63



Ynpaenenue yugppoewvix oopazosamenvuvix mexnonozuii

Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn

BenuurHa KpUTUYECKON CUIIBI (FKP) ompenenseTcs o cieayouuMm Gopmynam:

— ecau 3akoH ['yka BBINOMHAETCSH, TO €CTb Apaam. = Aupes, TO BEIHMUUHA

KpuTHueckon cuibl (F, ) onpexensercs no popmyie Dinepa:

F =" —"mn, 3.25
Kp (,ul)z ( )

— ecnu 3akoH ['yka He BBINOJIHAETCH, TO €CThb Apum < Aupes, TO BEIMUUHA
Kputryeckoi cuibl (F, ) onpenensercs no popmyne Termaiepa — fAcunckoro:
F,=A-(@-b-2). (3.26)
B stux gopmymnax
E — Moaynb ynpyrocTy npu pacTsKeHUU- CKaTUH (CIpaBOYHAS BETUUNHA);
Jmin — MUHMMAaJTBHBIN TJIABHBIA MOMEHT MHEPIIMU CEUCHUS CTEPHKHS;

L - JJINHA CTCPIKHA,

)
A= 'u— — F'HOKOCTb CTEPXKHS;
|

min
‘J min

Imin — MUHHMAJIbHBIA PanyC HHEPIHH (imin = AJ X

M — KOd(DPUIMEHT NpUBEICHHON JUTMHBI, 3aBUCSIINI OT Croco0a 3aKpeIuIeHHs

KOHIIOB cTepkHs. Ero 3Hauenus npuseaeHsl Ha puc. 3.18

F . F F F F
et o e T
lI | | | iivo&‘ ] %
& l el lmﬂ Hhy- U

u=1 ;422 u=0,5 u=0,7 u=0,5 u=0,35

Puc. 3.18. Koagpgpuyuenmut npugedennoii onunut
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Aupeo — TIpENIENBHASE THOKOCTD CTEPHKHS (Appep = 100 mutst ctamu Ct. 3 U Appeo = 70
JUISL IEpeBa);

A — TIOIIaIbh MOTIEPEYHOTO CEUCHUS CTEPIKHS,

a, b — ko3 punmentrl, ncnonplzyemsie B hopmyne Termaiiepa — SIcuHCKOTO,

(a=310 MIla, b= 1,14 MIla — gus cranu Crt. 3).

Koaddunment 3amnaca ycroiuuBocTH omnpeensercs no Gopmysne:

K = o (3.27)
T .

W3 mnpuBEICHHBIX BBINIC BBIPAKCHWA BUIHO, YTO KOIDPHUIMECHT @ —
KO3 (OHUIIMEHT TPOJOJLHOTO M3ruda IMEHTPAIBHO — CXKAThIX CTEPXKHEH B KOHCYHOM
UTOT€ 3aBHCHT OT IUIOIIAIU IMMOAOUPAEMOrO CEUeHHs, MO3TOMY IMOJ00p pa3MepoB
MIOTIEPEYHOTO0 CEUCHUS CTEP)KHS OCYIIECTBISACTCS METOJIOM IIOCIIE0BATEIbHBIX
PUOJIMKCHHH.

CyTbh 3TOTO METO/A 3aKIIF0YAETCs] B TOM, UYTO B IMIEPBOM MPHUOIMKCHUN 3a0a€TCs
3HaueHne @, (ynoOHo mpuHuMath @ = 0,5, B cepenmHe nmamazoHa, Tak Kak OH

u3Mensiercs B peaenax 0 < @ <1).
Tpeb o
[Tocne aToro o hopmysie (3.23) onpeaensor Alp , IO HAalJICHHOMY 3HAYCHHIO

Tpeb . 6
A;" 3aTeM BBIYUCIAIOT Jmin, Imin, A1 ¥ 10 Tabnuie ycTaHaBIMBAIOT (PAKTHUECKOE
3Ha4YeHHe 4. [Ipu HecoBnageHUU @1 U @4 AJS BTOPOro MPUOIMKEHUS TPUHUMAIOT

L1t o
@ = Tl U BCE IOBTOPSIOT JO TE€X MOp, MOKa He OyAeT BBIMOJHATHCS

HEPABEHCTBO |@h — | < 0,02.

OnbIT MOKa3bIBAET, YTO MOCJIE€ BBHIMOJHEHUS 3TOr0 HEPABEHCTBA PAcueT MOKHO
CUUTATh 3aKOHYEHHBIM. YTOUHHMB (OKPYIJMB) pa3Mepbl CEYEHUs, HEO0OXOAUMO
cenaTh IPOBEPKY BBIMOJIHEHUS YCIOBUSI YCTOMYUBOCTH.

B kaxnol mombITKE, TMOCIE€ TOJYYEHHS 3HA4YEeHUs IUomamu Ap, 1A

omnpeaeneHuss kodhPuUIMEHTa TPOAOJIHHOTO H3ruda (, HaM HEOOXOAWMO 3HATh
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3HaYCHHE MHUHUMAJIBHOTO pajuyca HMHEPIUH Imin, TMOITOMY JUIS  KaKIOTO
0JIOMPAEMOT0 CEUCHUS TI0JIC3HO BBIPA3UTh Imin uepe3 F.
3.3.2. KoHTpO/IBHBIE BONPOCHI JAJISl CAMONIPOBEPKH 110 TeMe
«YCTOMYMBOCTb HEHTPAJIBHO CHKATHIX CTEPKHEID»
1. B ueMm 3akiroyaeTcsi SIBJI€HUE MOTEPU YCTOWYMBOCTU LIEHTPAIHHO CHKATOTO
CTEPXKHS?
2. Kakoe paBHOBECHOE COCTOSIHUE THOKOTO IIEHTPAJIBHO CHKATOTO CTEPHKHS
SIBJISIETCSL YCTOMYMBBIM, O€3pa3IMUHbIM UM HEYCTOWYUBBIM?
3. Kakas cuia Ha3bIBaeTCsi KpUTUUYECKOM ?
4. 3anummute Ghopmyay Dusepa AJisl onpeieTeHUs KPUTHISCKON CUTTBI.
5. Kak onpenensiercst npuBeAEHHAS JJIMHA LIEHTPAIBHO CKATOTO CTEPHKHS?
6. 3anumure dopmyny Diiepa ¢ y4eTOM YCIOBUM 3aKperuieHHs HEeHTPaIbHO
CKATOrO CTEPKHS.
7. Uto Ha3bIBAE€TCSA THOKOCTHIO CTEPXKHS ?
8. Uto Takoe npejenbHasi THOKOCTh EHTPAIBHO CKATOTO CTEPHKHS ?
9. YcnoBust npuMeHUMOCTH (popMyIiel Diimepa?
10. ®opmyna Acunckoro. YcaoBus €€ MPUMEHUMOCTH?
11. Kak 3anuchiBaeTCs yCIOBUE YCTOMUYMBOCTH UEHTPAIBHO CXATOTO CTEPIKHS U
KaKue 33/1a4M PELIalOTCs ¢ MOMOIIBIO 3TOTO YCIOBUSA?
12. Kak ompenensiercss k03h(UIMEHT MPOMOIHHOIO HM3THMOa U OT 4YEro OH
3aBUCHUT?
13. Kak onpenensiercs BeIMYMHA AOMMYCKAEMON HArPY3KHU.
13. Yrto Takoe kod(ppuiueHT 3amnaca ycTOUNIUBOCTH?
15. Kak moabuparoT ceuyeHHE LEHTPAIBHO CXKATOrO CTEPXKHS MPHU pacueTe Ha
YCTOMYHUBOCTH?
Ilocne usyuenuss 3moii memvl MONCHO NPUCMYNUMb K peutenuro 3aoadu Ne 3,

BKNIOUEHHOU 8 KOHMPOJIbHYIO pAOOmY.
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3.3.3. IPUMEP PEHIEHUSI 3AJIAUYHU Ne 3
«YCTOMYHUBOCTb HEHTPAJIBHO CKATOI'0 CTEPIKHA)

3aoaua. CranbpHOM cTepxkeHb JuIMHOM | cokumaercs cwtoit F (puc. 3.19).

F
3 Hcxonnpie JaHHbIE:
l
> . | =4m=400cm; F =200 kH;
°_°§ kH
l [0l =160MIla=16——;.
5 cm
RaX
L Z
£
a -
v y

L—3a—>|

Puc. 3.19. Pacuemnas cxema

TpeOyercs:

1.3 ycnoBusi yCTOMYMBOCTU MOAOOPATH pa3Mephbl MOMEPEYHOTO CEYCHUS TPH
JOITyCKAa€MOM HOpMajbHOM HanpsokeHuu [o] = 160MIla. Pacuer mpoBOAUTH C
MOMOIIBI0 METO/Ia TOCJIEIOBATEBHBIX MPUOIMKEHHH, MIPEABAPUTEIHLHO 3aaBIINUChH
BennuuHOM Kodddunuenta ¢, = 0,5.

Ecmu rubkocTh cTOWKM B TEPBOM NPHOIMKEHUU OKaxeTcss MeHbiie S0,
HE0OXOIMMO MPOEKTHYIO JUIMHY CTOWKH YBEJIMYUTH B 2 pa3a, a MpU rHOKOCTU Ooiee
150 — ymeHpImuTh B 2 pasa.

2. [TpoBepUTH BHITIOTHEHHUE YCIOBUS YCTONIMBOCTH.

3. OnpenenuTh BEIUYUHY KpUTHUECKOW cwibl. Moayne ynpyroctu E = 2-1 0
Mlla.

4. HaiiTu 3HaueHusT [AOMyCKaeMOM Harpy3ku u Kod(dduumeHTta 3amnaca

YCTOMYMBOCTH.

67



Ynpaenenue yugppoewvix oopazosamenvuvix mexnonozuii

Yueono-memoouueckoe nocooue ona cmyoenmog 3a0unoil popmot 0dyuenusn

Pemenue
Omnpenenenue pasMepoB MONEPEYHOI0 CEYECHUS CTEPKHA
METOAOM IOC/IeA0BATEIbHBIX NPUOJINKEHU I
YcimoBue  yCTOMYMBOCTU — LICHTPAJbHO  CKATOLO  CTEPXKHA IO  METOAY

JIOIyCKAeMBbIX HAINpPsKCHHUH nMeeT Buj (3.22):

max — 1<[]
0, — ol,
ax =

rae

Omax — MaKCUMaJIbHOE HOPMAJIbHOE HATIPSHKEHUE B CTEPIKHE;

N — mpozaosabHast cuiia, BosHuKaroias B crepskae (N = F);

A — mTomaas NOMEPEeYHOro CEYCHUST CTEPHKHS,

¢ — Kod(pPUIHMEHT MPOAOJBHOTO M3ruda IMEHTPATBHO — CXKATBIX CTEpKHEU
(k03¢ pUIMEeHT MOHMKEHHUSI OCHOBHOTO JIOITYCKAEMOT'0 HAIIPSIKEHUS );

[c] — nomyckaemoe HopMasIbHOE HAMPsKEHUE.

N3 ycrnoBust yCcTOMYMBOCTH ompezensieM TpeOyeMyro IUIONIaab IONePEeYyHOTO

ceuenus (3.23):

A F _ 200xkH _ 12 5cm? AT 12,5¢em? |
olel 5168 o ¢
cm
[lromans momepedHoro cedenns crepskas A = 3a’. [pupasuuBas A u A"
HOJTy4YaeM:
382> 12,5em’ L a 12,5em*  2,04cm . 5 2,04cm

2 = a
@ 3¢ o Jp

BrIpazuMm reoMeTprdecKue XapaKTEPUCTHUKH IMONEPEYHOTO CEUYCHHSI CTEPKHS

qyepes pa3Mmep d.
MUHUMAIbHBI MOMEHT MHEPIIMK M MUHUMAJIbHBIN PaliyC HHEPIUU 32 IaHHOTO

IMOIIEPEUYHOT 0 CCUCHU CTCPIKHS PABHBIL.
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3a-a® a' | J a* a
‘]minz‘]yz = lhin = = = '
12 4 ' A 4.3a®> 3,46
CrnenoBateiabHO,
iz_ﬂl =0,5-400c.zn-3,46=692cm N ,1:_'”1 =692cm
Imin a a lin a

®opmyiibl, 00BEJEHHBIE B PAMKY, HCIIOJB3YEM B METOJE IMOCIIEI0BATEIBHBIX
npUOTMKEHUIA.

IHpuonuxncenue Nel. TlpuHuMaeMm YHCIIEHHOE 3HAaueHUE Kod(duuueHTta

poJ1osHOTO U3ruda ¢, = 0,5.

CraenoBaTenbHO,
ax 204" o sgem: 2= 02" _oup5 150,
./05 2,88¢cm

B cooTBeTcTBHM € yCIOBHEM 3a/aud YMEHbIIAEM JJIMHY CTEP)KHs B JiBa pasa,
TOrJa THOKOCTh CTEP)KHSI TOXKE YMEHBIIUTCA B JBa pasa, To ectb 4 =120. Takum
oOpa3om, AJig onpeieNIeHUs] THOKOCTHU MoJly4aeM HOBYIO (popmyity:

_ 346¢cm
a

A

Hcnons3ys Tabdaumy 1, mo 3HaueHUIO THOKOCTH CTEpkHSI A = 120 Haxoaum

3HayeHue Kor¢pduLreHTa NpoIoJIbHOro u3ruda ¢4 = 0,45,

Tao6aunma 1

A| 30 40 50 60 70 80 90 | 100 | 110 | 120 | 130 | 140 | 150

¢| 0909 08 08 08107069 060|052 045 | 0,40 | 0,36 | 0,32

Tak Kak @1 1 @1 HE COBIIAJH, ACIAEM IIPOBEPKY:

|p1 — 1] = 0,5 - 0,45| = 0,05 > 0,02,
CJI€CAOBATCIbHO, HepeXO,Z[I/IM K CJIGIIYIOIHGMY HpI/I6J'II/I)KeHI/IIO.

Ipubauyicenue Ne2. TlpunumaeM YHCIEHHOE 3Ha4YeHHE Ko3(duireHTa
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MPOIOJILHOTO U3rubda ¢, paBHOE:

o1+ (pll _ 0,5+0,45

= =0,475.
2 2
CrnenoBateiabHO,
a> 204N o osem ~3.00em; A= SO 197,
0,475 2,96 cm

Hcnonb3ys Tadbauny 1, METOIOM JIMHEHHON MHTEPIIONSIUN ONPEEISIEM @%:

A @
110 0,52
117 @
120 0,45

A =120-110=10 A4¢,=0,45-0,52=-0, 07
A =117-110=7 Ap,= ¢5»—0,52.
W3 nponopriuu A4, - A@o = AA; - A@y HaxoauM:

_ A4, - Ag, 7-(-0,07) _

4 ; p—0,52= " 00 _ 0049,
Y vz 10

Tornma
0»=0,52-0,049=0, 471.
Tak kak @ U @, HE COBNAIIU, IETTAEM IPOBEPKY
|@. — @,| = [0,475 — 0,471| = 0,004 < 0,02,

OnbIT MOKa3bIBAET, YTO TOCIIE€ BBHIMNOJHEHUS 3TOI0 HEPABEHCTBA PACUET MOKHO
CUMTATh 3aKOHYCHHBIM. YTOYHUB (OKPYIJIMB) pa3Mepbl CeUeHUs, HEO0OXOIUMO
00s13aTENIBHO CENATh MPOBEPKY BBHIMOTHEHUS YCIOBUS YCTOUYHUBOCTH.

IIpoBepka BBINOJIHEHUA YCIAOBHS YCTOMYMBOCTH
VYcimoBue  yCTOMYMBOCTH — LEHTPAJIBbHO  CKATOTO  CTEPKHS 1O  METOAY

JOITyCKaeMBIX HAIPSOKCHHUH nMeeT BUJ (3.22):

max — 1<[]
o = ol,
ax . )
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rje
N=F.
Boluncnsiem 4ucieHHoe 3HavYeHHE (aKTUUECKOW IUIOMAAu TOJA00paHHOTO

CEUYEHUS CTEPIKHA !
A" =3a* =3.(3,00em)* = 27,0cm’

_ P _20kH 5 M 4 iMITa<[o,] = 75,4MTIa,
AP 27 Ocem cMm ’

o)

rjae
[0;] — nomyckaemoe HampspKeHHE Ha YCTOMYUBOCTD, PABHOE

[o,]=¢3[0]=0,471-160MIla = 754MIla .

Yenosue ycmoﬁqueocmu 6blNOJIHAEMCAL.

HpOBep}IGM BBIIIOJTHCHHUE YCJIOBUS DKOHOMMYHOCTH.

[o,]1-0 754-741
o= Zl1000 = 00 0
[o,] 754

Yenosue sxonomuunocmu evinonnsiemcs.

-100% = 1,72% < 5%.

Yenoeusa ycmotiuueocmu u 5KOHOMUYHOCMU BBLINOJIHAIOMCS, C1E008AMENIbHO,
NPUHUMAEM OKOHYAMENbHO UYEHMPATbHO CHCAMbIUL CMEPHCEHb NPSAMOY20JIbHO20
nonepeunozo ceuenusi pasmepom b x h = 9x 3cm.

Taxum obOpazom,
AP =27 .0em”; Aparm = 1175 @paem = @ = 0, 471,

OnpenesieHne BeJUYMHbI KPUTHYECKOH CHJIBI
Tak kak Apaam = 117 > Aypeo = 100, TO KpUTHYECKYIO CHITY OHpEAEseM IO
dopmyne Ditnepa (3.25):
kH

2

2 £ 3,142.2.10* .20,3cm’
E =7 Smin _ cm = 400kH ,
v (ul)? (0,5- 200 em)?
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rac

(kH - 3ad’ _3-(3,00cm)’

E=2-10°MIla=2-10 2 min
cm 12 12

=20,3cem”.

Onpenesienne BeJHUYHHBI JI0MyCKAEMOW HATPY3KH
U KO3 PpuuueHTa 3amaca yCTOU4MBOCTH
N3 ycnoBus yCTOWYMBOCTH OIpPEACISICM BEIMYMHY JOIMYCKAaEMOW Harpy3Ku
(3.24):
[FI<¢@-lal* Apum < 0,471 - 16 - 27,0 < 203xH.
Koaddunment 3anaca ycroiunBoctu OyJeT paBeH:

_ Fy _400xH _
T [F]  203kH

k 1, 97.

[TomyuenHoe 3HaueHue kKod(duIMEHTa 3amaca YCTOWYMBOCTU HAXOJIUTCS B

JOITycKaeMbIX [uisi ctany npexenax (1,8 <k, < 3).
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3.4. TEMA 4. ITMIHAMMYECKOE JIEMCTBUE HATPY3KH

3.4.1. OCHOBHBIE TEOPETUYECKHUE I1OJIOKEHUSA
Yder cui nnepuun. KoagppuuueHT TMHAMUYHOCTH

B mpeapinymux Temax OBLIM PACCMOTPEHBI METOJBI pacueTa Ha MPOYHOCTh
TOJIBKO C Y4€TOM CTATHYECKUX HArpy3ok. B JNENCTBUTENBHOCTH Ha COOPYKEHUS H
MallWHbl JEHCTBYIOT HE TOJBKO CTATHYECKHE, HO WU JHHAMUYECKHE CUJbl. B
OOJBIIMHCTBE CBOEM JTO CHWJIbI HHEPUUHU, BEIUYMHA KOTOPBIX BO MHOTO pa3
IPEBBIIIAET CTATUYECKHUE CUIIBI.

B sTux ciyyasx BONpOC O MPOYHOCTH HENb3sl PEUINTh, HE MPUHHUMAs BO
BHUMAaHUE XapaKTepa [BWKECHHMS pacCMaTpUBAEMOW YacTH COOPYKEHHUS WIIU
MAaIlVHBI.

Takue 3amauM CONPOTHUBJIEHUS MATEPUANIOB, TNPH PEUIEHUU KOTOPBIX
YUUTBHIBAIOTCS M IMHAMUYECKUE HATPY3KHU, HA3BIBAIOTCS OUHAMUYECKUMU.

JInHaMHYEeCKUMH Harpy3KamH SIBJISIFOTCSI CUJIbI MHEpPUUH JE€Talled MalluH,
JIBUKYIIUXCS BO3BPATHO — IMOCTYMATENbHO, IEHTPOOESKHBIE CHJIBI BPAIAIOIIUXCS
yacTed MpHU MYCKE B XOJ M OCTAHOBKE MAIIMHBI M HArpy3KH, MPUKIAJbIBAEMBIE B
TE€YEHUE BEChbMa KOPOTKOI'0 MPOMEKYTKA BPEMEHH (yAapHbIE HATPY3KH).

Cy1iecTBeHHOM OCOOEHHOCTBHIO JUHAMHYECKUX HArPy30K SIBISETCS OOJbIIas
CKOPOCThb HX TMPWIOKEHUS, B pE3yJbTaT€ YEro »3JIEMEHThI, MOJABEPraroInuecs
NEUCTBUI0 TAaKMX HArpys3oK, IIOJY4alOT 3HAYUTEIIbHBIE YCKOPEHHMs, BIUSHHUEM
KOTOPBIX Ha HAMNpsHKEHHO — Ae(pOpPMHUPOBAHHOE COCTOSHUE KOHCTPYKIUMHU HENb3s
npeHebpeyb, Kak 3TO JAeaeTcs IPU PaCCMOTPEHUH JIEHCTBUS CTATUYECKUX HArpy30K.

IIpu 3TOM, AMHAMHUYECKUE HAIIPSIKEHMS CYIIECTBEHHO U3MEHSIOT U CaM IIPOLECC
nepopMUpPOBaHUS, B pe3yIbTaTe Yero MoBeIeHue Tl Ipu ASHCTBUH MOA0OHOTO poaa
HaIIpSDKEHUM OKa3bIBACTCSA OTVIMYMTENIBHBIM OT IOBENCHUS TEl B CIydae JNEUCTBUS
CTaTUYECKUX HANPSKCHUM.

Hanuuue yckopeHuii CBA3aHO C BO3HUKHOBEHHEM OCOOOr0 poja CHI — CUl

uHepyuu, BCINYUMHA KOTOPBIX OIMPCACIIACTCA IIPOU3BCACHHUCM MACChI OJICMCHTAPHOI'O
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o0beMa Tenla Ha YCKOpPEHHUE IEHTpa TSHKECTH 3TOro 00beMa, a HampaBlIeHHE 00paTHO
HAaIMpaBJICHUIO YCKOPECHUSI.

Cunpl uvHEpUMHU, TaK K€ Kak U COOCTBEHHBIM BeC, NPEJCTaBISAIOT COOOMU
00BbEMHBIC CHJIbI, TaK KaK MPUJIOKEHBI K KaXJAOW 3JIEMEHTapHOM dYacTuile oObemMa
Tena.

[Tpu pacueTe cTepKHEBBIX CUCTEM OOBEMHBIC CHJIbI MHEPIIMH 3aMEHSIOT CUJIaMU
WHEPIUHU, paclpele]eHHBIMU 10 JJWHE OCH KaXJOro CTEpXKHsS, TO €cCTh
pacnpenesieHHOM MOrOHHOM NHEPIMOHHONW Harpy3KOu.

NHTEHCUBHOCTL  paclpelieIeHHOW  ITOTOHHOM  HMHEPUMOHHOW  HArpy3kKu
BbIpa)XaeTCsl B H/M, KI/CM H T.]I.

B wyactHOCTH, mpu BpallleHUHW Teiaa C YIJIOBOM CKOPOCTHIO @ MMEET MECTO
LHEHTPOCTPEMUTEIBHOE YCKOPEHHUE:

a=w?"r, (3.28)
rjae

I' — paanyc — BEKTOP TOYKH.

CrnenmoBarenbHO, Ha JIFOOOW 2JIEeMEHTapHBIM OOBEM Bpallarolierocs Tena,
UMEIoIIero Maccy dm, melcTByeT cuiia uHepuuu (LIEHTPOOEKHAST CHIa):

dS, =dm-’-r (3.29)

Bennuuna cun uHepuuu mpu Kojie0aHUSAX 3aBUCUT OT YaCTOTHI KOJIEOAHHUS U ee
amMuIUTybel. Koria 4acToThl BRIHYKACHHBIX U COOCTBEHHBIX KOJI€OaHUi COBMAAAIOT,
MMEEM SIBJICHUE pE30HAHCAa, KOTOPOE OYEeHb ONACHO IJii CTPOUTENIbHBIX
KOHCTPYKLIHM.

3Has BETMYMHY U HAMpaBJI€HUE 3TOW CUJIbI, C MOMOIIBIO npuHIuna Janambepa
MOXHO COCTaBUTH YCJIOBUE JUHAMHYECKOTO PAaBHOBECHUS, OTKYJa OMpPEAEISIOTCS
yCUJIUS, IPUJIOKEHHBIE K TPAaHSIM PacCCMaTPUBAEMOT0 JIEMEHTA U HAIPSKEHHUS.

JIns  yopollleHHsl penieHus 3ajad  JAWHAMUKU BBOJAST TaK Ha3bIBa€MbId

koo puyuenm ounamuunocmu Ky,
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JIns mosy4eHus: YMCIICHHBIX 3HAYCHUNW BHYTPEHHUX YCWIMH, HAIPSIKCHUN WU
MEPEMEILIEHUI OT JUHAMHYECKOTO BO3JECUCTBUS HATPY30K B pacyeTax JUHAMHYECKAs
Harpy3ka 3aMEHSEeTC CTATUYECKOM, a HalJICHHbIE OT HEE YCHUJINSA, HANPSHKEHUS WIN
NepeMEeNIeHHs] YMHOXKAIOTCS HAa JUHAMUYECKUN KO3 (OULIMEHT:

SduH = Scmam " Koun (330)

Hunamuueckuit ko3pduuuent K,,, BO MHOTHX CIydasX OIpeAeNseTcs
AHAJIMTUYECKH, a B TEX CIy4asiX, KOT1a 3TO CAENaTh TPYAHO, — SKCIEPUMEHTAJIBHO.

Omom ro3ppguyuenm 3aeucum om 6u0a OUHAMUUECKOU HASPY3KU, OMm
PAsmMepos, MAcchl, HeCMKOCMU COOPYHCEHUS U pada Opyux Gaxkmopos.

Yder cuJ1 HHepUUH NPU PABHOYCKOPEHHOM JBHKEHUH Ipy3a

PaccMoTpuM paBHOYCKOpEHHBIN MOabeM Tpy3a Q, MOABEHIEHHOTO HAa CTaIbHOM
TpOCe TIOLIAAbI0 MONEPEYHOTo ceueHUs A; 00BEMHBIN BeC MaTepuasa Tpoca paBeH

¥; TPy3 TIOJHAMAETCS C YCKOPeHHeM a cM/cek’ (puc. 3.20).

T;

kg
nTn

e

——1—
!
h
b
—

- Ql

|
0 1"-"“

Puc. 3.20

HeobOxonumo ompenenuTs HampshKEHHWE B TPOM3BOJIBHOM CEYEHHHM Tpoca Ha
paccTosIHUU X OT TOYKH NOABECA Tpy3a.

OTceueM HIKHIOIO YacTh U pacCMOTPUM ee paBHoBecue. [lomyuum

3 x=0.>0,A-Q-Q,-S, =o.—>aﬂA—Q—;Ax-%a:0.

Otcrona
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Q2 (R, k) 1 2
O'H—A—I-}/ x+g (A-I—]/ x) (A ;/xj (Hg)

[Ipu cratnueckoM NeHCTBUU HArpy3ku (a = () OyaeM UMETh:

Q
c,, =—+7-X.
A 4

cm

Tornma
a
o, ZGCT'[].-F—J. (3.31)

0O003HaUYUM

Koy =1+ § (3.32)

e
K, — TuHaMHUYeCKHid K03 PUITUEHT IPU PaBHOYCKOPEHHOM IO IbEME I'Py3a.
Tornma

0o = Ocm * K()uH (333)

Takum obpasom, HanpsdceHue om OUHAMUYECKOU HA2PY3KU PABHO HANPANCEHUIO
om Cmamuieckol Hacpy3Ku, YMHONMCEHHOU HA OUHAMUYeCKUll Kodpguyuenm npu
PABHOYCKOPEHHOM NoObeme 2py3d.

Juaamuueckuii K0d(QPHUIMEHT MpU paBHOYCKOPEHHOM moabeme rpysza (3.32)
3aBUCUT OT BEIWYMHBI YCKOPEHHUS @, C KOTOPBHIM OCYIIECTBISIETCS MOIBEM Tpy3a,
MO3TOMY TMHAMHYECKHE HAMPSIKEHUS MOTYT 3HAUYUTEIBHO MPEBBIIIATh CTATUYECKHE.

YcioBrue NpoOYHOCTH UMEET BU/I:

oy < [o] (3.39)

501051

Gom <2 (3.40)

=%
Y4uurteiBaTh BIMSHUE CHII HHCPHOHUH IIPUXOAUTCA, B YACTHOCTH, IIPH PaACUCTC
COOPY)KGHHﬁ, PAaCIIOJIO0KCHHBIX B MCCTHOCTAX, ITIOABCPKCHHBIX 3CMIICTPACCHUAM.

[Ipu 3emiteTpsicEHNM 36MHAsI TIOBEPXHOCTh U YaCTH COOPYKEHUM, 3aKPETUICHHbBIC
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B TPYHTE, MEPEMEHIAIOTCA C HEKOTOPHIMH YCKOPEHUSMH, B pe3yjibTaTe dYero
COOPY)KEHHUSI HCIBITBIBAIOT JEHCTBHUE CHUJ WHEpHUH. Ha 3TM CHIIBI JTOKEH OBITh
MPOU3BEICH pacueT COoopyKeHui. PacueTHas BenuunHa HAUOOJIBIIETO YCKOPEHUS
JBUKEHUSI 3€MHON TIOBEPXHOCTH YCTaHABIMBACTCS CHCIUATBHBIMA TEXHUYCCKUMU
YCJIIOBUSIMU B 3aBUCUMOCTH OT CHJIBI 3€MJICTPSICEHUS (XapaKkTepuzyeMon B Oaliax);
3Ta BEJMYMHA MOKET JOCTHraTh 1 M/cex’ m Gortee.

JeiicTBHe yIiapHOil HATPY3KHU

YacTHBIM CciIydaeM JUHAMUYCCKON Harpy3k SBJISETCS yJaapHas Harpyska,
KOTOpasi HanOoJiee omacHa Jijis MPOYHOCTH KOHCTPYKIIUH.

[Tox ymapoM MOHUMAIOT B3aMMOJICHCTBHEC JBIDKYIIMXCS TEI B PE3yNIbTaTe HMX
CONPUKOCHOBEHUS, CBSI3aHHOE C PE3KMM M3MEHEHHEM CKOPOCTEH TOUYEK 3THX TEN 3a
BECbMa MaJiblii MPOMEXKYTOK BpeMeHHU. Bpems ymapa odeHb Majo, a CWia yjaapa
J0CTUTAeT OOJIBIION BETUYHHBI (yIap MaJaroliero rpys3a npu 3abuBKe cBa U T.1.).

3amaya omnpejesieHus HANpsHKEHUN Tpu yaape B oOlieM BUIE Npe/CTaBIseT
3HAYUTEIbHBIE TPYAHOCTH, MTO3TOMY B MHXKEHEPHBIX pacueTax 3Ty 3a/auy peniaroT
pU CIEAYIOMMUX MPEANONI0KEHUAX (MPUOIKEHHAs! TEOPHS yiapa):

1. Hampsixkenust ot ygapHod Harpy3ku OyZeM ONpeneNsiTh B CTEPKHIX,
pa3Mephl MOMEPEYHOT0 CEYEHUSI KOTOPBIX MaJIbl IO CPABHEHUIO C JITTMHOM.

2. [Ipu onpenenenrun HanpspKeHUE OyaeM mpeHeOperaTh MacCoi CTEPIKHS,
CJIEIOBATEIBHO, U €T0 CUJIAMU WHEPIIHH.

3. Cuny, TOpWIOXKEHHYIO B  MecTe  yzaapa, OyaeM  CYUTaTh
MPOIOPIIMOHATIFHON  AedopMaluy, IOMYyCKas, YTO HAMpsHDKEHHS MpH  yaape He
MPEBBIMIAIOT MPEJEIOB YIPYTOCTH.

Jlist cTepkHel, B 3aBUCMMOCTH OT HAIpaBJICHUS yJapa MO OTHOIICHUIO K OCH
CTEPIKHS U XapakTepa MPOUCXOANIUX AeGopMalnii, pa3indaroT IPOJOJIbHbIN yaap 1
TOTepeyYHbIi (M3rudaronuii) yaap.

IIponoabHbIil yaap

Paccmotpum citydaid mpogoibHOTO yaapa rpysa o HenoJABWKHOMY Teny. IlycTh
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rpy3 Becom G majiaet ¢ BEICOTHI N Ha HEMOABIKHBIN cTepkeHb (puc. 3.21).

m;

[JRSEN
N

oun

s
Puc. 3.21

CkopocTh Tella B MOMEHT YyJapa OIpeessercs MO W3BECTHOU ¢opmylie

CBOOOIHOIO TTaJIEHUS
v=,/2gh (3.41)

DTa CKOpPOCTh 3a OYEHb KOPOTKHM MNPOMEKYTOK BpEMEHHM ynapa,
UCUHNCIISIEMBIA THICAYHBIMU WA COTHIMU JOJISIMU CEKYH/IbI, YIIAJIET 10 HYJIS.

brnarogaps  OonpIioi  BeNMYMHE ~ YCKOpPEeHHs  (3aMelJIeHHs)  BO3HUKAET
3HAYUTEIIbHAS CUJIa UHEPLIMM, BETMUYUHON KOTOPOHM U ONPEAETAETCA JCUCTBUE yAapa.

OnHako TEOPETUUECKH TPYAHO YCTAHOBUTH 3aKOH W3MEHEHHUS CKOpPOCTH,
CJIEIOBATENIbHO, W BEJIIWYMHY CHJIBI WMHEPUUHU. 31€Ch MPUMEHSETCA IPYrol MyTh,
OCHOBaHHBII Ha 3aKOHE COXPAHEHUS SHEPTUU U Ha CIEAYIOMINX AOMYIICHUSX:

1. HanpsixeHus npu yaape He IpeBOCXOAAT MpeAeia NponopLUOHAIbHOCTH, TaK
YTO 3aKOH | 'yKa nmpu yzape cCoOXpaHseT CBOIO CUITY.

2. Tena mocne ymapa He OTAETSAIOTCS APYT OT APYyra, TO €CTh yJAap CUUTAETCA
HE YIPYTHUM.

3. Macca HEmoIBMKHOTO CTEP)KHS CUMTAETCS Majod MO CPaBHEHUIO C MacCOu
YAApAIOLIETO TENa, I03TOMY B pacyeT HE IPUHUMAETCS.

4. Tlotepeil yacTH HSHEpPrUM, Mepelie/iliedl B TEIUIOTY M B DHEPrUI0 KoJje-

0aTeNBbHOTO JBUKEHUS COYAapSIOMINXCs TeJ, IpeHeoperaem.
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[IpupaBHsaem paOOTy mafarolero rpy3a NOTeHIHAIbHON 3HEPrun e popMaLiu
CTEpXKHS.

Paborta, coBepiraemasi BecoM MaJarollero rpysa, OyJaer paBHa:

W =G(h+Aly,,), (3.42)
rie
Al — TIEpEMEIIIeHUe B TOYKE yAapa, paBHOE YKOPOUCHHUIO CTCPIKHSI.
[MoTeHnmanbHas SHEPrus AePOPMALIUU PU CHKATHUH PABHA'
u-az, = (3.43)
W3 stux nByx ypaBHenuii (3.42) u (3.43) nonyyaem:
Gh-+Algy,) = A2, -i—f,
WITH
Al2 EA-2GIAly,, —2Ghl =0
PaznenuB Bce WiIeHBI 3TOTO YpaBHEHHS Ha KECTKOCTh CTepkHs EA, momydnm:
A2 —2s—'AAlam, —Z%h =0.
B sTOM ypaBHEeHUM BeTMYMHA
Gl/E-A= Ay,
rme
Alcy, — abCoNIOTHOE YKOPOYCHHE CTEPXKHS OT CTAaTHYSCKH IPHIIOKCHHOMN
Harpy3ku G.
Torna
AlZ  —2AlmAl gy —2Algmh =0 (3.44)

PermmB 310 KBagpaTHOE YypaBHEHHE OTHOCUTEIHHO A gy, TOTYIHM:

Alyyy = Aly, £ AIZ, +2hAl,, (3.45)

OcraBnsis 3HaK IUIOC, (pelieHHe CO 3HAKOM MHUHYC IMepell paauKaiom
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MPOTUBOPEUYUT (PU3MUECKOMY CMBICITY 33J]a4H ), TOJTy4aeM OKOHYATENIbHO!
2h
Alyyy = Al | 1+ 1+ = Al K oy (3.46)
Al o

Ky, - TuHaMU4YeCcKUit K03(pPUUIUEHT pU MPOJOIBHOM yAape, paBHBIM:

rac

3 2h
K= (14 [14+ 72) (3.47)

PasnenuB 06e yactu nocnennero ypaBueHus (3.46) Ha ITMHY CTEPXKHS U YMHOKHUB

Ha Moyl ynpyroctd E, mepeiineM, Ha ocHOBaHUM 3akoHa ['yka, oT medopmanmii k

/ 2h
Ooun =Ocm 1+ 1+T :O-CI’}’IK()L!H (348)
cm

N3 stux popmyn (3.46) u (3.48) BUAHO, YTO BEIWYMHBI JUHAMHYECKOTO

HAIIPSO>KCHUSIM .

MePEMEIIICHNST U HANPSDKEHUS 3aBHCAT OT BEIMYMHBI cTatndeckoi aedopmarmu Algy,
yJIapsieMoro Tena.

Yem Oombiie cratuueckas aedopmarius (MpU MPOYMX PABHBIX YCIOBHSIX), TEM
MEHbIIIE TUHAMUYECKUE HANpshKEHUs. BOT moueMy aiisi cMAr4eHus: yaapa MpUMEHSIOT
MPOKJIAAKH (PE3UHOBBIE, IPYKHUHHBIE), TArOIIKe OobIue 1ehopMaliyH.

Ecim B popmyny (3.47) mist BeIuucieHus auHaMmudeckoro kodddunmenta Ky,

VZ
HpI/I HpOI[OHI)HOM yI[ape BMCECTO 2h IIOJACTABUTDH paBHoe eMy ;, TO HOquHM:

Kaw= |1+ 14 —— (3.49)

Ilpu corcumarowem yoape, 80 uzbedxcanue nPoOOIbHO2O U32UOA OUHAMUYECKUE
HAaNpsAdICeHUsl He OOJINHCHbL NPeBOCX00UNMb KPUMUYECKUX HANPHCEHUL.

YacTtHble ci1y4yaud IpoAO0IbLHOIO yaapa:

1. Paccmotpum cnyyail, korjia BbICOTa MaJ€HHSI rpy3a paBHA HYJIO, TO
ectb h = 0. Takou cnyuail Hocum Hazeanue 6HE3ANHOCO NPUTONCEHUS HASPY3KU.

OH uMmeeT MecTO, HampuMep, MpPU BHE3aMHOM OOpbIBE Tpoca, Korja TIpy3
o]V,
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ONMyIIEH JO COMNPUKOCHOBEHUS C OMOpaMU WIH TPH «PACKPYKaTUBAHUU
&KeJe300€TOHHOTO TEPEKPBITHS, KOrjJa CTOMKH ONalyOKu yOMparoTcsi MTHOBEHHO,
HaIpUMep, YAapOM.
Torna npu h = 0 u3 popmyusr (3.47) umeem:
Kduﬂ = 2.
CrnenoBaTeiabHO,
Al = 2Aly; — Oywm = 264 (3.50)
Ilpu 6He3anHOM NPUNOdCEHUU HAZPY3KU 6 Cayuae NPOOOTIbHO20 Y0apa
Ooepopmayuu u HanpsdiceHus 8080e OONbULE, YeM NPU CIMAMUYECKOM 0eUcmeul mou

Jice Hazpy3Ku.

2. Eciu BeIcoTa majzeHust N 3HaYMTENBHO OOJNBIIE CTATHYECKOW aedopMaliuu
Alc,, TO nas ompeneneHUs AUHAMHYECKOro KOd(D(HIMEHTa MOIYyYHUM CIEAYIOIIYIO

npUOIMKEHHYIO (PopMyITy:

2h 2h
Koy =1+ 1 = 3.51
oun == \/ ’ Al gy \/Alcm ( )

IMonepeunpblii (M3rudarouIuii) yaap

PaccmoTpum Ganky Ha JIBYX oOmopax, MOJBEpraroiryrocs nercTBuio rpysa G,

KOTOPBII HagaeT ¢ BBICOTHI N Ha cepenuny mpoieta (puc. 3.22).

oun G 4 h

\ 4

X
h& -t -
[« |

Puc. 3.22

L

YT 5

Q®opmyna OUHAMUYECKOro kKoddduuueHnta A cayyas — [MONEPEYHOIro

(M3rudaroIero) yaapa MMeeT aHAJIOTUYHBINA BHUJI, TOJbKO B 3TOM ciiyyae BMecTO Al
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CIIeTyeT PUHUMATh CTATUYCCKUN TPOTru0 Oayku B Mecte yaapa Aqy = fon:

K = (1 + |1+ AZh) (3.52)

om

AHaIIOTUYHO, KaK W JUIS TPOJOJBHOTO yAapa, MOXKHO PAaCCMOTPETh Clydau
BHE3AITHOTO MPUIIOKeHUs Harpy3ku nipu h = 0 u npu oveHs OosbioM 3HadeHuH h.

YacTHble cydan nonepeyHoro (M3rudaroiiero) yaapa:

1. Paccmotpum ciywail, korma BeICOTa MajeHUS T'py3a paBHA HYIO, TO
ectb h = 0. Takou cryuaii Hocum Hazeéanue 6HE3ANHO2O NPUTONCEHUSI HASPY3KU.

Torna npu h = 0 u3 popmyisr (3.52) umeem Ky, = 2.

CrnenoBaTenbHO,

foun = 2Fem; — Opum= 20 (3.53)

Ilpu 6He3anHoM npunodxiceHuu Hazpy3Ku 6 Ciydae MOMNEePEYHOro (M3rudaroIero)
ylapa oegpopmayuu u Hanpsaxcenus 808oe Oobule, Yem npu CMmamuyeckom Oeticmseuu
Mot JHce Hacpy3KU.

2. Ecnmu  BeicoTa maneHus N  3HAYMTENBHO OOJBINE  CTATHYECKOM
nepopmanuu A., = fo,, TO HIS ompeneneHHs JAUHAMHYECKOTO KOA(PQHUIIMEHTA

TIOJTIYYHM CIIEAYIOIIYIO MPUOJIKEHHYIO (HOPMYITY:

_ 2n\ _ [2n
KM_(1+ 1+Acm)_ i (3.54)

M3 monydeHHBIX BbIIIE (QOPMYJT BHJIHO, YTO 4YeM OOJBIIEC CTaTHYECKas
nedopmarys ypyrom CUHCTeMbl, TEM MEHBIIIE JTUHAMUYECKUN KO3 HUITUEHT.

[Tpu cTaTudyeckoMm ACHCTBUU HATPY3KH HANPSDKEHUS B CUCTEME HE 3aBHUCST OT
MOMIYJsSl YNPYroCTH Marepuajna, a NpH YAapHOM — 3aBUCAT, TaK KaK BEJIMYHUHA

nedopmanyy 00paTHO MPOMOPIIHOHATIFHA MOIYITIO YIIPYTOCTH.

3.4.2. KoHTpoJIbHBbIE BOMPOCHI IJI51 CAMONPOBEPKH MO TEMe

«/luHaMu4Yeckoe AeiicTBUE HATPY3KI))

1. B uwem 3akmoyarorcsi oOlIMe€ MOPUHIMIBI  pacyera 3JIEMEHTOB
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KOHCTPYKIIUU Ha TUHAMHUYECKOE BO3ACHCTBHE HATPY30K?

2. [lo xakoii (opmyse BbIYMCISETCS AMHAMHYECKUH KO3(PQOUUUEHT Mpu
PaBHOYCKOPEHHOM IMOABbEME Tpy3a?

3. Kakue nonymienus (TUmores3bl) MNPUHATHL NPU  pacyeTe HIEMEHTOB
KOHCTPYKILHH Ha YAAPHYIO HATPY3KY?

4. Kakoii ynap Ha3pIBaeTCsl IPOAOTHHBIM ?

5. [To xakoil Qopmysne BBIYUCIACTCS AUHAMHUYECKANH KOIPPHUIUEHT NpU
POJ0JIBHOM yaape?

6. [To xakoi dopmyine BbIUHUCISETCS TUHAMUYECKUA KOADPUIIMEHT, eciu
BBICOTA MaJicHUs rpy3a N 3HauMTeIbHO OOJIbIIE CTATUYECKON AehopMaliiu, MpH
NPOIOBHOM yaape?

7. Yemy paBeH JOWHAMUYECKUH  KOOPQOUIMEHT TIpU  BHE3AITHOM
NPWIOKEHUH HArpy3KU NP MPOJOJIbHOM yaape?

8. Kaxoit ynap Ha3bIBaeTCs monepeyHbIM (M3rudaronum)?

Q. ITo xakoi (opMyse BBIYUCISETCS NUHAMUYECKHN KOA(DPUIMEHT mpu
nornepevyHoM (u3rudaromieM) yaape?

10. ITo xakoi#t dopmylie BBIUHUCIACTCS AUHAMHYECKUN KO3(PGUIIMEHT, eciu
BBICOTA MajcHUs rpy3a N 3HaUMTENBHO OOJIbIIE CTATUYECKON AehopMaliu, PH
noriepevyHoM (KM3rudaromieM) yaape?

11. Yemy paBeH AuMHAMUYECKUH  KOIPGUIMEHT TpU  BHE3ATHOM

MIPUJIOKEHU W HATPy3KH NP MOoTepeyHoM (M3rudaromem) yuape?

llocne uzyuenusi 5moti memvl MONCHO NPUCMYRUMb K peuieHuto 3aoauu Ne 4,

BKIIOYEHHOU 8 KOHMPOIbHYIO pAOOmY.
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3.4.3. IPUMEP PEHIEHUSA 3ATAYH Ne 4

«M3rudaroumuii (monepevHsblin) yaap»

3aoaua. Ha nByTaBpoBYyI0 0anky, CBOOOJHO JEXkallyl Ha JBYX omopax (puc.

3.23), ¢ BeicoThI h maaet rpy3 Q.

h f: Q HcxoaHble 1aHHDBIE:
] —] Q=200H; h=5cm;
<& 06 Mo 40; €=
z T ymagp Ne 40; (=4 m.
S

Puc. 3.23. Pacuemnasn cxema
Tpeodyercs:
1. HaiiTu HauboablIMe HANPSKeHUs B OaJike.
Pemenue
MakcuMasbHble THHAMUYECKUE HANPsDKEHUS TIPH YIapPHOM M3TH0E€ MOTYT OBIThH

OTpeJIeNieHbI 0 popMyIie:

b1 S cT
Gmax - knamux '
rac
O'f:mx — MaKCHUMaJIbHOC JTMHAMHUYCCKOEC HAIIPAKCHHUC,
O-Jchax — MaKCHUMaJIbHOC CTATUYCCKOC HAIIPSXKCHUC,
k)1 - I[I/IHaMI/I‘-IeCKI/Iﬁ KOB(i)(i)HHI/ICHT, KOTOpBIﬁ B 3TOM cCJIy4ac OoIpCACIACTCA 110
dbopmyiie:
2h
K, =1+ [1+—.
A

cm
B stoit popmyrne
h — BeIcOTa MTaneHMs Tpy3a;

A, — abCoNOTHOE 3HAUYE€HUE CTATUYECKOr0 Mporuda B MecTe yaapa.

TakuMm o0pa3zom, IS perieHus] TUHAMUYECKOM 3aaud HEOOXOIWMO PEIINTh
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CTaTUYCCKYIO 3aJjady Ha OIPCACIICHUC MAKCHMAJIBbHOI'O HAIPAKCHHUA H nporH6a B

MecTe yaapa.

PacuetHast cxema cTaTU4YeCcKOM 3ajja4u IpUBeieHa Ha puc. 3.24 a.

AR (Y
JTAA B“Zq ch

X, —» <
< 4m Im»

Iniopa uzzuodarouwux MOMeHmos
| 200

0)
0
X
M,Hm

Puc. 3.24. Pacuemnasn cxema cmamuyeckoil 3a0auu u

nwopa u3zu6aiomux MOMEHMOB
Onpenesienue ONOPHBIX peakI il

s onpenenenust onopHbIX peakuuii Ra, Ha 1 Rg 1t 6anku, n3obpakeHHOM

Ha puc.3.24, cOCTaBUM TPHU YpaBHEHUS CTATUKHU (pPaBHOBECHs), C YUETOM IpaBUiIa

3HAaKOB:

1.Cymma mipoekiuii BceX CUJI Ha OCh X paBHA HYJIIO: 49
YF,=0: -Ha=0, — Ha=0. "b—f

2.CymMmMa MOMEHTOB BCE€X CHJI OTHOCUTEIBHO ONOPHI A paBHA HYJIIO:

>M,=0: Rg4-Q5=0;, —» Rg= 55 _ 22000 _ oo,
3.CyMMa MOMEHTOB BCEX CHJI OTHOCUTENIBHO OTIophl B paBHa Hy:I0:
EZRAB =0: —'RA'4-—(?'1 =0; — Ra :-—5322—-202]{ =-50H.

lIposepsiem npaunbHOCMb BbIYUCIEHUS ONOPHLIX PEaKyuti (Cymma npoeKyull

8CexX CUNL HA 8ePMUKATILHYIO 0Cb I 00axcHA 6bimb pasha 0):

SF, = Ra + Rg— Q =—50 + 250 — 200 = 250 — 250 = 0 (+ 5%).
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ITocTpoenue 3M0OPHI U3rHdAIUX MOMEHTOB

banka umeer 2 yuactka AB u BC.

Yuacmok AB: 0< X, <4

M(X1)= RA'X1=—50'X1;
M (0)=0: M (4)=—50 - 4=—200 Hw.

Yuacmok BC: 1>x,2>0

M (X2) = —Q X, =—200 - Xy,
M(@©)=0; M(1)=-200"-1=-200 Hwm.
Hcnonb3yst moiydeHHbIE 3HAYEHUS, CTPOUM DIMIOPY HM3THOAIOIINX MOMEHTOB
(puc. 3.24, 0).
OnpenesieHue MAKCHMAJIBHOI0 CTATHYECKOI0 HANIPSIZKEHUsI
B omacHOM ceueHuM 10 HOpMAJIBHBIM HampshKeHUsM (ceuenue B, puc. 3.24):

M =200Hwm =20000HcMm.

M

U3 CIIPpaBOYHBIX Ta6HI/IH (COpTaMGHTOB) onpeacirsicM MOMCHT COIIPOTHUBIICHUA

st iByTaBpa Ne40:

W =953cm’.
CrnemoBarenbHO, MAKCHUMAJIBHOE CTATHYECKOE HAIpsDKeHHE OyAeT paBHO:
oit, = Mma _ 20000HeM 5 o H g o hip,.
W 953cm CM

y
Onpejesnenue cTaTu4eckoro nporuda B cevennu C

Jlnst ompeneneHus Mporuba BOCTOIB3YEMCS YPaBHEHHEM METOJla HAYaJIbHBIX

napameTpoB. Havanmo orcuera BEIOMpaeM Ha JIEBOM KOHIIE OaJIKH, TO €CTh Ha onope A
(puc.3.25).

|
A RA RBI I Q

, !
& L

X—»

Im
4—4M4>L—>

Puc. 3.25. Pacuemnasn cxema
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Onpedenenue Heu36eCmubIX HAYAIbHbLIX NAPAMEMPO8

HeusBecTHbple KMHEMATHYECKHUE HAYAbHBIC MapaMeTpbl Wy U @¢ OMIPEIEISIOTCS
U3 TPAaHUYHBIX YCIOBHH (YCIOBHI 3aKpeIieHUs] OaJIKH).

B narmeii 3agade 0anka 3akpervieHa Ha IMapHUPHBIX omopax A u B (puc. 3.25),
TO €CTh TPAaHUYHBIC YCIOBUS IPUHUMAIOT BH/I:

Wa=w(0)=0; ws=w(4)=0
CrnenoBatenibHO, HAYaJIbHbIE MapaMeTPhl JIs 3TOM Oajaku OyIyT paBHbI:
W0=WA=0; (00=(0A=?;M0=0; F0=+RA=—50H

YpaBHEHHE METO/Ia HAYAIBHBIX TMApaMETPOB JJISl BBIYMCICHUS MPOTHOOB st

ITOM OATKU UMEET CIEAYIONTUI BUI:
| yuacTox: 0<x<4 Il yuactok: 4<x<5

1 | RaX®|  Rg(x—4)°
EJ,| 6 | 6

W (X) = @o - X+

: 1)

’
Hcnonb3yst rpaHWYHOE YCIOBHE Ha TMpaBoil omope B, u Bblpakenue s
nporuda, nojxy4yaeM ypaBHEHHUE JUIsl ONpeeeHs] Ha4albHOTO yTila IMOBOPOTa ¢!

3
W) = pp-dm+ | RaldMT
EJ,| 6

Qo - 4M+

1 |-50H@AM)® | _ 1 |50H@4wm)®| 133,3HwMm?
=0; - ¢g= = _
EJ, 6 EJ,| 6-4m EJ,

[loacTaBmsist MONyYEHHOE 3HAYEHUE ¢ B YPABHEHHE JIJIS1 BBIUUCICHHS MPOTHOOB

JUTSL 9TOM Oalik|, ompeesseM nporud B ceueHuu C:

1Hw™m®

Wc =W (5m) = 5 EJ

y

{133,3.5_50-5 , 250(5-4) :|:_334HM |

y
Buruucnenue orcecmxocmu 6anku npu useube
N3 cipaBoYHBIX TaOIMI] ONpenesisieM MOAYIb YIPYTOCTH IMPHU PACTSIKEHUU IS

CTJIA U TJIaBHBIA MOMEHT WHepuu st asyTaspa Ne 40:
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kH
2

E=2-105MH322-108KH2{
M

j; J, =19062cm* =19062-10° m*.

[To3TOMY ’K€CTKOCTH MOMEPEYHOT0 CeUeHUs OaaKu Mpu u3rude Oyner paBHa:

kH
2

M

EJ, =2 -108( j-19062-10‘8 m* =38124xHm* = 38124-10° Hm®.

Cratnyeckuii nporu6 6anku B ceuennu C OyJeT paBeH:

_ 334HM°
38124-10° Hu’

cm_‘ c

=8,76-10°m=8,76-10" cm.

OHpG}ICHHGM BCIIMYMHY OUHAMUYCCKOI'O KOB(l)(bI/IIH/IGHTa Ipu I/IBFI/I6aIOIIIeM

(momepeuyHoM) yaape:

k=14 1+ 2N o1y 1y 20N 48
A 8,76-10 cm

CJICIIOB&TGJILHO, MAaKCHUMAJIbHOC TUHAMHWYCCKOC HAIIPAKCHUC 6y,Z[€T paBHO:

ol =K, 6, =108 0,21 MIla = 22,7 MIla.
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Pexomenayemas Jiureparypa

JIns TONTOTOBKM K BBIMOJHEHUIO KOHTPOJIBHOM pabOThl PEKOMEHIYETCS
HCIIOJIb30BaTh CIEAYIOIIYIO JINTEPATYPY:

1. Bapgansn, I'. C. ConporuBieHue MarepuajgoB C OCHOBaMU TEOPUU
YIPYTrOCTH U TIacTUYHOCTH: yueOHuk. — M.: HULl UTH®PA — M, 2014.

2. AnexcannpoB, Anatonuii BacunbeBuu, [loramos, B. JI. ComporusieHue
MaTepuasoB: YUeOHUK IS CTYACHTOB CTPOUTEIbHBIX CHEIUATIbLHOCTEN BYy30B. — M.:
Bricmias mkoma, 2004.

3. Anapee B.U. Texuuueckas mexaHuka (g yYalIuxcs CTPOUTEIBHBIX
BY30B U (¢akynbreToB): yueoHuk / B.U. Aunpees, A.I'. [laymkun, A.H. JleonTseB. —
M.: U3parensctBo ACB, 2012.

4. Epemun B.JI. CompoTuBieHHE MaTepuaJoB W TEXHUYECKas MEXaHHKa
(Hacts I): meToguyeckas pa3paboTka MO MOJATOTOBKE CTYACHTOB K MPOMEKYTOUHOMN
(utoroBoit) arrectanuu. - Pocros-na Jlony: AI'TY, 2018.

5. Epemun B.JI. CompoTupieHHE MaTepUaiOB M TEXHUYECKas MEXaHHKa
(Hactsp Il): MeToguueckas pazpaboTka 1Mo MOATOTOBKE CTYJICHTOB K MPOMEKYTOUHOM
(utoroBoit) arrectauuu. - Pocros-na Jony: AI'TY, 2018.

6. Epemun B.Jl., CrpenbHuxoB I'.II. OnpeneneHue BHYTPEHHUX YCHUIIUH,
HaIpsDKEHUH U niepeMentieHnii. [loctpoeHue 31mop BHYTPEHHUX CHIIOBBIX (DAKTOPOB B
Oankax ¥ Tockux pamax. — Pocros-na Jony: JII'TY, 2019.

7. Artapos, H. M. ComnpoTuBieHre MaTepuagoB B MNpHUMEpaXx M 3ajJayax:
YyebHoe mocobue A CTyAEHTOB, oOydaronuxcs mo HampasieHuto 270100.— M.:

NHOPA - M, 2010.
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[MTPUJIOXEHHMA

[Ipunoxenue 1

O6pasen ohopMieHHS
TUTYJIBHOTO JINCTA KOHTPOJILHOU paboThI

MHMHHUCTEPCTBO HAYKH M BHICHIET'O OFPABOBAHUSA
POCCHUVICKOW ®EJEPALIUA

®EJIEPAJIBHOE I'OCYJAPCTBEHHOE BIOJI)KETHOE OBPA30OBATEJIBHOE
YUYPEKJEHUE BBICIIET'O OBPA3SOBAHUSI
«IOHCKOM T'OCYJAPCTBEHHBIV TEXHUYECKNH YHUBEPCUTET»

Kadeapa «ConpoTruBjieHue MaTEepHaI0B)»

3aouHas popma 00yueHusn

DakyJabTeT
KOHTPOJIBHASI PABOTA Ne
no
(HauMeHOBaHUe TUCIUNIUHBI)
udp
Crynenr

(HampagJieHue /cnienuajbHOCTh/, PO UIIb MOATOTOBKH)

Ajpec cTyaeHTa

(Kypc, rpynna) (®.1.0.)

PocroB—na-/lony
2020 ron
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71
d
o
h

Oobo3nauenus:
A- nrowaows ceuenus
J- momenm unepyuu ;
I- paouyc unepyuu ;
W- momenm
CONnpoOmuBIeHus |

S- cmamuueckuti momenm
nojyce4eHus .

CopTraMeHT NPOKATHOM CTAJIN

JIByTaBpbI CTaJIbHBIC TOPSIYEKATHBIE I'OCT 8239-89
Mo h b d t A Jy W, iy Sy J. W L, |8z
S o o o | em® | em?* Lem® ] em en® e lem®|em |25°
10 [100| 55 (45| 7,2 | 12 198 | 39,7 | 4,06 23 | 17,9 16,49 |1,22| 9,46
12 1120 64 |48 73| 14,7 | 350 | 58,4 | 488 | 33,7 | 279 | 8,72 |1,38| 115
14 [140| 73 |49 | 75| 174 | 572 | 81,7 | 573 | 468 | 41,9 | 11,5|1,55| 13,7
16 [160| 81 | 5 | 78| 20,2 | 873 | 109 | 6,57 | 62,3 | 58,6 | 14,5|1,70| 159
18 [180| 90 [51) 81| 234 | 1290 | 143 | 7,42 | 814 | 82,6 | 18,4 |1,88| 18,4
18a | 180 | 100 [ 52| 83 | 254 | 1430 | 159 | 7,51 | 89,8 | 114 | 22,8 | 2,12| 19,9
20 [ 200|100 [ 52| 8,4 | 26,8 | 1840 | 184 | 8,28 | 104 | 115 | 23,1 [2,07| 21
20a [ 200 | 110 [ 5,2 86 | 28,9 | 2030 | 203 | 8,37 | 114 | 155 | 28,2 | 2,32 | 22,7
22 1220 110 | 54| 8,7 | 30,6 | 2550 | 232 | 9,13 | 131 | 157 | 28,6 | 2,27 | 24
22a | 220 120 [ 5,41 89 | 328 | 2790 | 254 | 9,22 | 143 | 206 | 34,3 |2,50| 25,8
24 1240|115 |56 95| 348 | 3460 | 289 | 997 | 163 | 198 | 345 (2,37 | 27,3
24a | 240 125 (56| 9,8 | 37,5 | 3800 | 317 | 10,10 | 178 | 260 | 416 | 2,63 | 29,4
27 |270|125| 6 | 98| 40,2 | 5010 | 371 | 11,2 | 210 | 260 | 415|254 | 31,5
27a | 270| 135 | 6 |10,2| 43,2 | 5500 | 407 | 11,3 | 229 | 337 | 50 |2,80| 33,9
30 (300 135]6,5|10,2| 46,5 | 7080 | 472 | 123 | 268 | 337 | 49,9|2,69| 36,5
30a [ 300 145 | 6,5]|10,7| 499 | 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|75(12,3| 61,9 | 13380 | 743 | 14,7 | 423 | 516 | 71,1 |2,89| 48,6
40 | 400 155 8,3 13,0 72,6 | 19062 | 953 | 16,2 | 545 | 667 | 86,1 | 3,03| 57
45 |1450[ 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
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SAISSSSLL7Z ]

7

>
W
\

IlIBenJiepsl cTaIbHbIE TOPYEKATHBIE

TI'OCT 8240-89

W

v

AYO‘ '

Oobo3nauenusn:
A- nrowaow ceuenus |

!

J- Momenm unepyuu ;
| -paouyc unepyuu,
W- momenm

CONPOMUBTICHUS |

S- emamuueckuii

MOMEHM NOJIYCEYEHUA .

N AR

nJolalcTATS W 1S [ 1W.1L] %z
Ne o oum Voo Poume L em? ) oem® Vem3 b em Lem® Lem? Lemdlem | em = E
5150132144 7 |6,16| 228 | 91 11,92 559 1]561|2,751095] 1,16 4,84
6516536 |44 72]|751] 48,6 15 | 2,54 9 8,71368]|108] 1,24 59
8 180140 |45 741898 894 |22413,16| 13,3 ]1128|4,7511,19] 1,31 7,05
10 100 46 | 45| 7,6 | 109 174 | 348|399 20,4 |20,4]|6,46|1,37| 1,44 8,59
12 {120 52 | 48| 7,8 | 13,3| 304 | 50,6 |4,78] 29,6 | 31,2]8,52|153| 154 10,4
14 §140] 58 | 49| 8,1 156 491 |70,2| 56 | 40,8 | 454 11 |1,70| 1,67 12,3
14a)1401 62 | 491 8,7 | 17 545 | 778|566 451 | 575 13,3]1,84] 1,87 13,3
16 11601 64 | 5 | 84 | 18,1| 747 |93,4]16,42| 54,1 | 63,3]| 13,8 1,87 1,8 14,2
16aj160| 68 | 5 9 1195] 823 | 103 16,49 59,4 | 78,8 16,4 2,01 2 15,3
18 §180| 70 | 5,1 | 8,7 | 20,7 1090 | 121 | 7,24 69,8 | 86 17 12,04 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 12001 76 | 5,21 9 234 1520 | 152 | 8,07 | 87,8 | 1131 20,5]2,30| 2,07 18,4
20a]200] 80 | 5,21 9,7 | 25,2| 1670 | 167 | 8,15] 959 | 139 | 24,21 2,35| 2,28 19,8
22 12201 82 | 54| 95]126,7| 2110 | 192 |8,89| 110 | 151 | 25,1|2,37| 2,21 21
22a]1220| 87 | 54110,2]| 28,8 2330 | 212 | 8,99 | 121 | 187 | 30 | 2,55 2,46 22,6
24 12401 90 | 5,6 10,01 30,6 | 2900 | 242 | 9,73 | 139 | 208 | 31,6 | 2,60 2,42 24
24212401 95 15,6110,71 329 3180 | 265 19,84 | 151 | 254 | 37,21 2,78 2,67 25,8
27 12701 95| 6 [105]135,2| 4160 | 308 | 10,9| 178 | 262 | 37,3 | 2,73 | 2,47 27,7
30 130011001 6,5]111,0]1405| 5810 | 387 | 12 | 224 | 327 | 436284 2,52 31,8
3313301105 7 |11,7]146,5| 7980 | 484 | 13,1| 281 | 410 | 51,812,97| 2,59 36,5
36 360} 1101 7,5112,6|53,4] 10820 | 601 | 14,2 350 | 513 | 61,7 3,10| 2,68 41,9
40 §400] 115 8 13,51 61,5 15220 761 | 15,7 | 444 | 642 | 73,4 3,23 2,75 48,3
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YTr0JIKH CTAJIbHBbIE ropssu€cKaTHbIC PABHOIIOJIOYHLIC

I'OCT 8509-86

b d A Jy iy J o I vo Jyo iyo Jy Z,

M mm | mm | em? en | em en | em ent Lem | en? cm

Yo Z X 5 20 3 1,13 04 10591 063 |075] 017 | 0,39 | 0,23 0,6
T;S?'d_ . 20 4 1,46 05 0581 0,78 |0,73] 022 | 0,38 ] 0,28 0,64
% 55 25 3 1,43 081 1 075] 129 ] 095] 034 | 049 ]| 047 0,73
b é y ’ 25 4 1,86 103 10,74 162 | 093] 0,44 | 048 | 0,59 0,76
Zy g 28 | 28 3 1,62 1,16 1 085 1,84 | 107 | 0,48 | 055 ]| 0,68 0,8
. lﬁﬁ o |30 3 | 174] 145 Jo91| 23 [115] 06 | 059 085 | 085
P 30 4 2,27 1,84 | 09 292 | 1,13 | 0,77 | 058 | 1,08 0,89
«—>b 392 32 3 1,86 1,77 | 0,97 2,8 1,231 0,74 | 0,63 | 1,03 0,89
’ 32 4 2,43 226 109 ] 358 | 121 | 094 | 062 ]| 1,32 0,94
Oobo3nauenusn: 35 3 2,04 235 | 107 3,72 | 1,35 097 | 0,69 | 1,37 0,97
A- niowade ceuenus 39 | 35 4 2,67 301 | 106 | 476 | 1,33 | 1,25 | 0,68 | 1,75 1,01
J- momenm unepyuu ; 35 5 3,28 361 | 105] 571 ] 132] 152 | 0,68 2,1 1,05
i- paduyc unepyuu . 40 3 2,35 355 | 1,23 ]| 563 | 155 147 | 0,79 | 2,08 1,09
4 40 4 3,08 458 | 122 7,26 | 1,53 19 10,78 ] 2,68 1,13
40 5 3,79 553 | 1,21 | 875 | 152 23 |1 0,78 | 3,22 1,17
45 3 2,65 513 | 139 | 813 | 1,75 | 2,12 | 0,89 3 1,21
45 | 45 4 3,48 6,63 | 1,38 ] 1052 | 1,74 | 2,74 | 0,89 | 3,89 1,26

45 5 4,29 803 | 1,37 | 1274 | 1,72 | 3,33 | 0,88 | 4,71 1,3
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Ilpooonincenue

Vo el e AT T[22 ie]2] =
Mm MMm M M CM M CM M CM M (67}
fX 50 [ 3 | 296 | 711 [ 1551127 [ 195] 295 [ 100] 4,16 | 133
b - [50] 4 |38 [ o2 [154]1463]104] 38 [009] 542 | 138
50 | 5 | 48 [ 112 [ 1531777 [ 192] 463 Jo098] 657 | 1,42
i 201 50 | 6 | 569 [ 1307 [ 1522072 [ 191 ] 543 [ 098] 7,65 | 146
oo |56 | 4 | 438 ] 131 [173]2079]218] 541 [111] 7,60 | 152
“ {56 ] 5 [ 541 [as97 172 2536216 659 [ 1.0 [ 941 | 157
63 | 4 | 496 [ 1886 [ 1,95] 299 [245] 781 [125] 11 | 169
63 | 63| 5 | 613 [ 231 [194] 368 [244] 952 [125] 137 | 1,74
Obosnauenun: 63 | 6 | 7,28 | 2706 | 1,93 ] 4291 [ 243 ] 11,18 [ 124] 159 | 178
A- nrowads ceuenus.; 70 [ 45] 62 | 2004 216]4603] 272 1204 ] 139] 17 | 1,88
J- momenm urepyuu ; 70| 5 [ 686 | 3194 216]5067]272] 1322]139] 187 | 19
i- paouyc unepyuu . 7 70| 6| 815 | 3758 [ 215] 5964 | 271] 1552 ] 138 221 | 1,94
70| 7 ] 942 [ 4298214 6819 269 1777137 ] 252 | 1,99
70 | 8 10674816212 7635] 268 1997 [ 137 ] 282 | 2,02
75 | 5 | 739 | 395 [ 231 ] 6265291 164 | 149] 231 | 2,02
75| 6 | 878 ] 466 [ 23] 739 [ 29 ] 193 [148] 273 [ 2,06

75 [ 75 ] 7 1 1015] 533 [220] 846 [ 289 ] 221 [ 147 312 [ 21
75 | 8 | 115 | 598 [ 228 ] 949 [287] 248 [147] 35 | 215
75 | 9 | 128 | 66,1 [227] 105 [286] 275 [ 146] 386 | 218
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Yo

b
Zy

A

Y

Oobo3nauenus:

A- nrowaow cevenus

J- momenm UHepyuu ,

I- paouyc unepyuu .

Ilpoodonscenue
b | d A J, i, | J0 [iw | 3w [ie | Iv Z
M MM | MM M 2 cM 4 M cM 4 M cM 4 M cM ! (7]
80 | 55| 8,63 52,7 | 247 | 836 | 311 | 21,8 | 159 | 30,9 2,17
3 80 6 9,38 570 | 247) 904 | 3,11 | 235 | 158 | 334 2,19
80 7 10,85 | 65,3 | 2,45 104 3,001 270 | 1,58 | 38,3 2,23
80 8 12,3 734 | 2,44 116 3,081 30,3 | 1,57 43 2,27
90 6 10,6 82,1 | 2,78 130 3,5 340 | 1,79 | 481 2,43
9 90 7 12,3 94,3 | 2,77 150 3491 389 | 1,78 | 554 2,47
90 8 13,9 106 2,76 168 348 | 438 | 1,77 | 62,3 2,51
90 9 15,6 118 2,15 186 346 | 48,6 | 1,77 68 2,55
100 | 6,5 12,8 122 3,09 193 3891 50,7 | 199 ]| 714 2,68
100 7 13,8 131 3,08 207 388 | 542 | 198 | 764 2,71
100 | 8 15,6 147 | 307 | 233 | 3,87 609 | 1,98 | 86,3 2,75
10 | 100 | 10 19,2 179 3,05 284 3841 741 | 1,96 110 2,83
100 | 12 22,8 209 3,03 331 3811 869 | 1,95 122 2,91
100 | 14 26,3 237 3 375 3,781 99,3 | 1,94 138 2,99
100 | 16 29,7 264 2,98 416 3,74 112 1,94 152 3,06
11 110 | 7 15,2 176 34 279 429 | 72,7 | 2,19 106 2,96
110] 8 17,2 198 3,39 315 4281 818 | 2,18 116 3
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Yo z

fg d
m

O06o3HaueHUs:
A - mIoniaab CCUYCHHUS,
J - MOMEHT WHEepLIHH;

| = paauyc MHEpLIUU

ITponomxkenue

b, d, A, Jy, Iy, J o1 I xor Jyo, Iyor Jyz Zo,

Ne MM MM CMZ CM4 CcM cM4 CM cM4 cM CM4 CM
125 8 19,7 294 3,87 467 4,87 122 2,49 172 3,36

125 9 22,0 327 3,86 520 4,86 135 2,48 192 3,4
125 125 1| 10 24,3 360 3,85 571 4,84 149 2,47 211 3,45
125 | 12 28,9 422 3,82 670 4,82 174 2,46 248 3,53
125 | 14 33,4 482 3,8 764 4,78 200 2,45 282 3,61
1251 16 37,8 539 3,78 853 4,75 224 2,44 315 3,68
140 9 24,7 466 4,34 739 5,47 192 2,79 274 3,78
14 140 | 10 27,3 512 4,33 814 5,46 211 2,78 301 3,82
140 | 12 32,5 602 4,31 957 5,43 248 2,76 354 3,9

160 | 10 31,4 774 4,96 | 1229 | 6,25 319 3,19 455 4,3
160 | 11 34,4 844 4,95 | 1340 | 6,24 348 3,18 496 4,35
16 160 | 12 37,4 913 4,94 | 1450 | 6,23 376 3,17 537 4,39
160 | 14 43,6 1046 | 4,92 | 1662 6,2 431 3,16 615 4,47
160 | 16 49,1 1175 | 4,89 | 1866 | 6,17 485 3,14 690 4,55
160 | 18 54,8 1290 | 4,87 | 2061 | 6,13 537 3,13 771 4,63

160 | 20 60,4 1419 | 4,85 | 2248 6,1 589 3,12 830 4,7
18 180 | 11 38,8 1216 5,6 1933 | 7,06 500 3,59 716 4,85
180 | 12 42,2 1317 | 559 | 2093 | 7,04 540 3,58 776 4,89
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Oxonuanue
b d A Jy iy ‘JXO ixo ‘]YO iyo ‘]yz Zy
e mm o em® Lem* Lem Lem* Lem e | em | en? cM
Yo z 200 | 12 | 47.1 | 1823 | 6.22 | 2896 | 7.84 | 749 | 3,99 | 1073 | 5,37
fg d ; 200 | 13 | 500 | 1961 | 6.21 | 3116 | 7.83 | 805 | 3,98 | 1156 | 542
200 | 14 | 546 | 2097 | 6.2 | 3333 | 7.81 | 861 | 397 | 1236 | 546
b 1 y| 20 [200] 16 | 62 | 2363 | 6,17 | 3755 | 7,78 | 970 | 3.96 | 1393 | 554
l ZOI 200 | 20 | 765 | 2871 | 6.12 | 4560 | 7.72 | 1182 | 393 | 1689 | 57
: A7 200 | 25 | 943 | 3466 | 6,06 | 5494 | 7.63 | 1438 | 391 | 2028 | 589
&, . J 200 | 30 | 11,5 | 4020 | 6 | 6351 | 7.55 | 1698 | 3,89 | 2332 | 6,07
< ), 12201 14 | 604 | 2614 [ 683 a4r0 | 86 [ 1150 [ 438 [ 1655 [ 59
Obo3nauenus: 2201 16 | 686 | 3175 | 6,8 | 5045 | 858 | 1306 | 4,36 | 1869 | 6,02
A- nrowads cevenus ; 250 | 16 | 784 | 4717 | 7,76 | 7492 | 9,78 | 1942 | 498 | 2775 | 6.75
J- moenm unepyuu ; 250 | 18 | 87,7 | 5247 | 7,73 | 8337 [ 9,75 | 2158 | 4,96 | 3089 | 6,83
i- paduyc unepyu . 250 | 20 | 97 | 5765 | 7,71 | 2160 | 9,72 | 2370 | 4,94 | 3395 | 6,01
25 250 | 22 | 1061 | 6270 | 7,69 | 9962 | 969 | 2579 | 493 | 3691 | 7
250 | 25 | 119,7 | 7006 | 7,65 | 11126 | 9,64 | 2887 | 4,91 | 4119 | 7.11
250 | 28 | 1331 | 7717 | 7.61 | 12244 | 959 | 3190 | 49 | 4527 | 7.23
250 | 30 | 142 | 8177 | 7,59 | 12965 | 9,56 | 3389 | 4,89 | 4788 | 7.31

snHahdgo 1wdog noHnons 90uHIOAULD BIrQ INGOIOU 20MIIhHQPOWIW-OHYIh

0 x1990dpnn anuarrsvdug

NNn2oLroHxo xlququawwowdg

~



66

Yro0JIKH cTaJIbHBbIE ropa4¢KaTHbIC HCPABHOIIOJIOYHbBIC

I'OCT 8510-86

V4
—
d
_»
B
A y
Zy d
\ A 4 /ﬁmx
Yo * J
>
< b
Oobo3nauenusa:

A -niowaow ceuenus ;
J -momenm unepyuu |
| -paouyc unepyuu .

B b d AT Jy iy J2 . | Jve | Yo | %
No 2 4 4 4
MM MM MM CM cM CM cu CM CcM CM CM
25/16] 25 | 16 | 3 | 116 07 Jo078] 022 044 022 [0,42] 0,86
sop |32 | 201 3 J149] 152 ]101] 046 [055] 047 | 049] 108
32 | 20| 4 |194] 193 | 1 | 057 [054] 059 |053] 1,12
40 | 25 | 3 [189] 306 [127] 093 | 07 | 096 |059] 1,32
425 | 40 | 25 | 4 | 247] 393 | 1,26| 1,18 | 069 1,22 |0,63] 1,37
40 | 25 | 5 [3,03] 473 [125] 1,41 [ 068 | 1,44 |066] 1,41
sspg |5 | 28 [ 3 Jo1a] 441 [148] 1,32 | 079] 1,38 [0,64] 147
45 | 28 | 4 | 28| 568 | 1,42] 1,690 | 0,78 1,77 | 0,68] 1,51
50 |20 | 32 | 3 Jod2f618]16] 199 foor] 201 [ora] 16
50 | 32 | 4 |317] 798 [159] 256 | 09 | 2,59 |0,76] 1,65
536|206 | 36 | 4 ]3s8] 114 f178| 37 [102] 374 [084f 182
56 | 36 | 5 |441] 138 [1,77] 448 | 101 45 |o8s] 1,87
63 | 40 | 4 404 163 [201] 516 [ 113] 525 [0,91] 2,03
6o |03 | 4015 Ja08] 190 ] 2 ] 626 [112] 641 [095] 208
63 | 40 | 6 | 59| 233 [19] 729 | 111 7,44 |099]| 2,12
63 | 40 | 8 |768] 296 [196] 915 [ 1,00] 927 |1,07] 2,2
7145 1 70 | 45 | 5 |559] 27,8 [ 223] 9,05 [ 127 ] 9,12 | 1,05] 2,28
75 | 50 | 5 |611] 348 [239] 125 | 143 12 |1,17] 2,39
75651 75 | 50 | 6 |725] 409 [ 238 146 | 142 141 | 1,21] 2,44
75 | 50 | 8 |947] 52,4 [235] 1855 | 1,4 | 17,8 | 1,29] 2,52

snHahdgo 1wdog noHnons 90uHIOAULD BIrQ INGOIOU 20MIIhHQPOWIW-OHYIh

0 x1990dpnn anuarrsvdug

NNn2oLroHxo xlququawwowdg

~



0ot

Oobo3nauenusn:
A -nrowaow ceuenus
J -momenm unepyuu |
| -paouyc unepyuu .

IIpooonicenue

B b d A Jy Iy J, i, Jy Yo Z,

M MM mm | omm | em® | em? cm em’ cM ent | em | em
8/5 80 50 5 6,36 | 416 | 256 12,7 | 141 | 132 |113] 2,6
80 50 6 755] 490 | 255] 1485 14 | 155 | 1,17] 2,65
90 56 55 1786 653 |288]| 19,7 | 1,58 | 20,54 | 1,26 | 2,92
9/5,6 90 56 6 8541 706 | 288 21,2 | 158 | 22,23 11,28] 2,95
90 56 8 ]11,18) 909 | 2,85 27,1 | 156 | 28,33 | 1,36 3,04
100 63 6 9,58 | 98,3 3,2 30,6 | 1,79 | 315 |1,42] 3,23
10/6.3 100 63 7 11,1 113 | 3,19 350 | 1,78 36,1 | 1,46 3,28
100 63 8 126 | 127 | 3,18 392 | 1,77 | 40,5 | 15 | 3,32

100 63 10 | 155 | 154 | 3,15 | 47,2 | 1,75 ] 48,6 |158| 3,4
11/7 110 70 6,5 |11,45] 142 | 3,53 | 45,6 2 46,8 | 1,58 | 3,55
110 70 8 139 172 | 351 546 | 1,98 | 559 | 1,64] 3,61
125 80 7 141 227 401 73,7 | 229 | 747 | 1,8 | 401
125/8 125 80 8 16,0 | 256 4 83,0 | 228 | 84,1 |1,84] 4,05
125 80 10 | 19,7 ] 312 | 398 100 | 226 | 102 | 1,92] 4,14
125 80 12 |1 234 365 | 395 117 | 2,24 | 118 2 | 4,22
14/9 140 90 8 180 364 | 449 120 | 258 | 121 |2,03]| 4,49
140 90 10 | 22,2 | 444 | 447 146 | 258 ] 147 | 2,12 ] 4,58
160 100 9 2291 606 | 515] 186 | 2,85 | 194 | 2,24] 5,19
16/10 160 100 10 | 25,3 | 667 |513| 204 | 284 | 213 | 2,28] 5,23
160 100 12 1 30,0 784 |511| 239 | 282 ]| 249 |2,36]| 5,32

160 100 14 | 34,7 897 |5,08]| 272 2,8 282 | 2,43 ]| 54
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OrxoHnuanue

4 7 o B b d A Jy i J, i, J. Ly, | 2

d - MM MM wm | em? em’ cM em’ cm em’? cM cM
—> 18/11 180 110 10 28,3 952 5,8 276 3,12 295 | 2,441 5,88
B 180 110 12 33,7 | 1123 | 5,77 324 3,1 348 | 2,52 | 5,97
200 125 11 349 | 1449 | 6,45 446 3,58 465 | 2,79 6,5
7 y 200 | 125 | 12 | 379 1568 | 643 | 482 | 357 | 503 |2,83] 6,54

Z, d 20/12,5

vy W/%;. 200 125 14 439 | 1801 | 6,41 551 3,54 575 12911 6,62
y ] A 200 125 16 498 | 2026 | 6,38 617 3,52 643 12,991 6,71
> 0 b J 25/16 250 160 16 63,6 | 4091 | 8,02 | 1333 | 458 | 1351 | 3,69] 8,14

3asucumocmup mexncoy mexanuueckumu eounuyamu CH, CI'C u
B6HECUCHEMHBIMU eOUHUUAMU

Im =10%cm Iem =107 m I1H =107 kH IxkH =10°H 1a=1H/m"
Im? =10% em? ITem? =10 m? 1H =10° MH IMH =10° xH IxIla=1xH/m*
Im® =10°em’® Ienm® =10° a8 IkH =10° MH IMH =10°H IMITa=IMH/m°
In* =10°% em® ITenm® =107° m* 1t =10 kH lxr =10 H IMH =100 t

IxITa =10° Ia

IxITa =102 MIla

IMIIa =10° kIla

IMITa = 10x2/cm

1xH/cm > =10MITa
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Tabiauua MOMEHTOB HHEPIMH U MOMEHTOB CONPOTHBJICHUS POCTEHINNX (PUTyp

h - >
L y
<+—Db
A=bh 7, =29 20,2120
3n
h3 3 2
_bht, _b'h A="9" < 0,303d°
12 12 8
. ﬁ(ﬁ_i}
J,, =0 YT 16(8 o
~0,00687d *
2 3 3 3 4
7zd
w, =20 W, =W, 3, =2h 3, =20 g 2™ 002450
6 32 36 48 128
~0.1d°
b? R VR bh’ _ _
szT Jp_32 Wp_lG yz =~ 72 Jy =0 Jy =0
Obo3nauenun: Y,z— yenmpanvhvle ocu; A — nrowaow gueyput;

Jy, J; — ocesvie momenmul unepyuu |
W,, W, — ocesvie momenmor conpomuenenus;
y

Jp — noaapHblil MOMEHMbl UHEPpYUU,;

Jyz — yenmpobeoicnulii Momenm unepyuu;
Wp — nonapuwiii MOMeHM CONPOMUBTIEHUSL.

EnHahdgo 19wdogh noHhons 90WHIEA WD B1Q 2NGOIOU 20MIIhNPOUINW-OHYIhA
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Tab6mua ko3¢ puuneHToB NPOAOILHOr0 U3rnda () HEHTPAJILHO CHKATHIX JJ1€MEHTOB

T'uoxkocmes 2

MarepuaJ

30 | 40 | 50 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180

Cr. 2,3

(cTannp)
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| - onuna cmeporcnst; imin — MunUMATLHBLL
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