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KoHcTpyknun u3 gepeBa n miacrtmace . MeToauyecKkue yka3aHus K BbIIOJTHEHHUIO
71ab0paTopHbIX padoT no aucuuiuinHe «KoHcTpyKImu u3 nepesa u miactmace'/
Cocr. [lyrauesa T.H.- Uebokcaps: YU(¢h) MITY, 2024.52c.

MeTtonudeckue yka3zaHusl COOTBETCTBYIOT TOCYIapCTBEHHBIM 00pa30BaTeIbHBIM
craggaptam crenranabHocTH 08.05.01. "CTpouTEeNbCTBO YHUKAIBHBIX 30aHUN U
coopyxenuit" crnennanu3anus « CTpOUTENHCTBO BHICOTHBIX U OOJIBIICTIPOIETHBIX 31aHUN
U COOPYKEHHID.

Lesb JaHHBIX METOIMYECKUX YKA3aHUH — yriyOUTh 3HAHUS CTYIEHTOB IO TEME
«[IpocTpaHCcTBEeHHBIE KOHCTPYKIIMH U3 A€PEBa» U OKa3aTh UM MOMOIIIb IIPH BBHITTOJIHEHUU
KYpCOBO# paOOTHI.

MeTtoauueckue yka3aHus IpeAHa3Hau€Hbl sl CTYA€HTOB THEBHOM (OPMbI 00yUEeHHS.



BBEJIEHHUE

B cooTBeTCTBUM € MPOrpaMMOM M3ydeHUs] TUCHUILIMHBI «KoHCTpyKImu
U3 JlepeBa U IUIACTMACC) CTYICHTHI JTOJDKHBI BBIIIOJIIHUTE JIAOOpATOpPHBIE pa-
OOTHI

Henp mabopaTopHBIX paboT — YrIyOWTh M 3aKPENHUTh TEOPETUICCKUE
3HaHMS M0 KypCy, a TaKkKe MPUOOPECTH HaBBIKH MPOBEJCHUS IKCIIEPUMEH-
TaJIbHBIX MCCIIET0BAHUM.

Conepxkanue 1a00paTOpHBIX PaboT, MPUBEICHHBIX B JAHHBIX METOAMYE-
CKUX yKa3aHUsX, OXBaThIBACT J[Ba OCHOBHBIX pa3zeia M3y4aeMoi JTUCIIUILIIH-
HBl. JTO pas3zen, IIe pacCMaTPUBAIOTCS COEAWHEHUS JEPEBSHHBIX 3JIEMEH-
TOB, W pPa3aCIi, HOCBHHIeHHLIﬁ TaKUM KOHCTPYKIUAM, KOTOPLIC HAXOAAT
HanOosbIIee MPUMEHEHHE B CTPOUTEIIBCTBE.

B mepBsIit pa3zgen BKIIOYEHBI JBE PAOOTHI: 1O WCIBITAHHIO COCAMHECHUS
JIEPEBSIHHBIX JIEMEHTOB Ha CTAJBHBIX [MIMHAPHIECKUX HAreJsIX U MO UCIIbI-
TaHWIO COCIMHEHHS JICPEBSIHHBIX AJIEMEHTOB Ha METAUIMYECKUX 3yOUaThIX
IUTACTHHAX.

Bropoii pazaen comepkuT pabOTHl MO HCTIBITAHUIO YETHIPEX KOHCTPYK-
LUH: Kaeeqomaroii 6anky, OaakM COCTaBHOrO cedyeHust 0e3 cBsg3ei, Oanku
COCTaBHOTO CEUCHUS C YNPYTOMOJATIMBBIMHU CBSI3IMHU U KieedaHepHO ma-
HCJIH. CneﬂyeT OTMCTUTDH, YTO 6aJ'IO‘-IHI)Ie KOHCTPYKIHWU OOJIKHBI UMCTh OOU-
HaKoOBbIe rabapuUTHBIC pa3Mepsl (TIPOJIET, CeYeHUe), TOIBKO TOIIa BO3MOXKHO
COIOCTABJIEHHE UX HECYIIEei CIOCOOHOCTH.

[Ipn BeIMONTHEHNH Ta0OPATOPHBIX PAOOT CTYIEHTHI 00S3aHBI BECTH XKYp-
HaJl, B KOTOPOM YKa3bIBaIOTCSI HANMEHOBAHUE, LIeNb U 331a4H paboThl; n3ia-
TaloTCsl OCHOBBI pacyeTa HeCyIie ClIocCOOHOCTH COSAMHEHHUS MM KOHCTPYK-
IIMH; BBITIOJIHSIOTCS YepTexx o0pasia, pacueTHast CXeMa HCIbITaHus o0pasia
W pacdeT ero HecyIeil CiocoOHOCTH.

[Ipy BBITIOTHEHNN SKCTIEPUMEHTAIBHON YacTH B )KypHAJ 3aHOCSTCS OITH-
CaHWe METOJMKHU MCIBITAHUS, PEe3yJIbTaThl HCIIbITAHUs (B TaOMUUHOI opme),
pacyeTsl 10 onpe/ieNeHHo (haKTHYECKOH Hecyllel cnocoOHOCTH U iedopma-
Ml UICTIBITAHHOTO 00pasiia.

B 3akmoueHue naercsi BbIBOJ 00 YIIOBJIETBOPHUTENILHOM WM HEyIOBJIe-
TBOPUTEIHHOU HECYIeH CIOCOOHOCTH U AePOopMaTHBHOCTH oOpasia.

IIpoBepka 3HaHWI CTYIEHTOB HAa OCHOBAHWH BBIIIOJHEHHBIX PabOT Mpo-
BOJIMTCS 110 KOHTPOJILHBIM BOIIPOCAM.



INPABUJIA TEXHUKHN BE3OITIACHOCTHU
IIPU BBIITOJIHEHUHN JTABOPATOPHBIX PABOT

1. Ocnognvie mpebosanus 6e3onacnocmu

1.1. K pabore ¢ mabopaTopHBIMH IPHOOPAMH TIOA PyKOBOJICTBOM IIPETIO-
JlaBaTesisi MWK OTBETCTBEHHOT'O 3a JIA0OPATOPHIO JIOMYCKAIOTCS JIMIA, HpO-
HIeJIIne UHCTPYKTaX IO OXpaHe TPyAd, MEIUIMHCKUNA OCMOTp U HE UMEIOo-
1€ MPOTUBONOKA3aHUH MO COCTOSIHUIO 3/I0POBBS.

1.2. Ilpu pabore B 1a00OpaTOpPUU CTYACHTHI IOJDKHBI COOIIOIATh TIpaBHia
MOBEJICHUS, PaCIMCaHUe YUeOHbIX 3aHATUH, YCTAHOBJIEHHBIC PEXXHUMBI Tpyaa
U OT/BIXA.

1.3. Tlpu paboTe ¢ 3IEKTPON3MEPHUTENBEHBIME NPHOOPAMH BO3MOXKHO
BO3JICTBIE HAa PabOTAIOIINX CIETYIOMINX ONACHBIX (paKTOPOB:

- TIOpaXEHHE AIIEKTPHUECKUM TOKOM IIPH MPUKOCHOBEHUH K OTOJIEHHBIM
MPOBOJIOM U IpH paboTe ¢ MPHOOPaMH, HAXOAAIIINMHUCS IT0J HAPSKEHHEM;

- TPaBMHpPOBAHUE PYK IPH UCIIOJIH30BAaHUH HEUCIIPABHOTO HHCTPYMEHTA.

DJNEeKTPUYECKUH TOK MOXKET BBI3BAaTh 0XKOTH, OOMOpPOK, CYIZOPOTH, TIpe-
KpallleHHe ABIXaHUs, JaKe CMEepPTh.

1.4. K uIuBUAYaabHBIM CPEICTBAM 3aIUThl OTHOCATCS: JUIA IJa3 — 3a-
IIUTHBIE OYKH, I JIMIA — MAcKH, I PYK — IUDJIEKTPUYECKHEe MepyaTKH,
JUI IBIXaTEeNbHBIX MMyTeH — pecupaTop.

1.5. Ilpu BBIMONMHEHNHU JTAOOPATOPHBIX PAabOT MOJDKHBI HCIIOIB30BATHCS
yKa3aTesn HalpsDKEHUH.

1.6. B maboparopun nomKkHA OBITH MEIMIIMHCKAS anTeyka ¢ HabopoM He-
00XOIMMBIX MEINKAMEHTOB M IEPEBSI30UHBIX CPE/ICTB.

1.7. CryneHTHI 00s13aHBI COOIONATh MPaBHIIa TOXKApPHOI 0€30IacHOCTH,
3HATh MECTA PACIIOJIOKEHUS IIEPBUYHBIX CPEJICTB MOXKAPOTYIICHHS.

1.8. IIpu HecyacTHOM ciyyae MOCTPaAaBIIMKA WK OYEBUIEL HECHACTHO-
ro ciydasi 00s3aH HEMEJIEHHO COOOIIUTh O CIYYMBIIEMCS MpENoaaBaTelio
WIN 3aBenyloleMy JiabopaTopuei, KOTOphIM H3BEmaeT 00 3TOM aaMUHU-
CTpaIyio yHuBepcuTeTa. IIpn HEMCIIPaBHOCTH AJIEKTPOU3MEPUTENBHBIX MPH-
60pOoB, MHCTPYMEHTA HEOOXOAMMO MPEKPATUTh PabOTy M COOOIIUTH 00 ATOM
MIPENoIaBaTeNI0 HIIH 3aBeyONIeMy JJabopaTopHeH.

1.9. B mporecce pabGoThl cieyeT coOJII0IaTh MpaBuiia HOMIEHUS CIell-
OJIC)K/IbI, TIOJIb30BAHUSI MHAMBHIYAIGHBIME M KOJJIEKTUBHBIMH CpPEICTBAMHU
3aIlIUTHI, COAEPKaTh B YHCTOTE pabodyee MecTo.

1.10. CryneHTsl, HE BBINOJHAIOIIME WIK HapyILIAOUUe UHCTPYKIUIO IO
OXpaHe Tpy/a, NPUBJIEKAIOTCS K JTUCIUIUIMHAPHONH OTBETCTBEHHOCTH B COOT-



BETCTBHUH C TPABHIAMHU BHYTPEHHETO TPYAOBOTO Paclopsiika YHHBEPCHUTETa
Y TIOJJBEPTAIOTCSL BHEOUECPEIHOM MTPOBEPKE 3HAHUH IIPABMII OXPAHbI TPY/Ia.

2. Tpebosanun 6e3onacnocmu neped HaAUA1I0M padonvl

2.1. TlomyunB pa3pelieHne Ha NMpOBeJCHHE J1a0OPaTOPHBIX paboT, mpo-
BEPUTHh COCTOSIHUE U MCIPABHOCTDH AJIEKTPOU3IMEPUTEIHHBIX MPUOOPOB U HH-
CTpYMEHTa, HaJTMUue U UCTIPABHOCTD 3alIUTHOTO 3a3€MJICHHSI.

2.2. TloAroToBUTH HEOOXOAUMBIC JJIsi PAOOTHI MAaTEepHAbl, IPUCIOCO0-
JICHHS U PA3JI0KHUTh MX Ha CBOM MECTa, yOpaTh ¢ paboyero CToja BCe JIMII-
HeEe.

2.3. MoxroToBuTh K paboTe CpenCTBa WHAWBUOAYAIBHOW 3alHTHL, yOe-
TUTHCS B MIX MCIIPABHOCTH.

3. Tpebosanun 6e3onacnocmu 60 epems padomaul

3.1. IOMHUTE! DOnexrpuueckuii Toxk BennuuHoh 0,1 A U HampspkeHHU-
em cBble 50 B onmaceH 11 KU3HM 4eTIOBEKa.

3.2. IlpeObiBaHME CTYIEHTOB B J1a0OPAaTOPHU Ppa3pelIacTcsi TOJBKO B
MPUCYTCTBHH TIPETOIABATEIS MM OTBETCTBEHHOTO 32 JIAOOPATOPHIO.

3.3. JlabopaTopHbIe pabOTHI CTYAEHTH! BBINOIHAIOT TOJIBKO B IPUCYT-
CTBHU TIPETOaBaTelsl WIM OTBETCTBEHHOTO 32 JIabOpaTopHIO.

3.4. 3ampemaercss MPUMEHATh IPUOOPHI U YCTPOWCTBA, HE COOTBETCTBY-
IoIMe TpeOoBaHMAM OE30IIacCHOCTH TPYAA.

3.5. Hemp3s ocraBnsTh 0€3 HaA30pa HEBBIKIIOYEHHBIE 3JIEKTPUIECKHE
YCTPOMCTBA U IPUOOPHI.

4. Tpebosanus 6e3onacnocmu 6 ABAPUILHLIX CUMYAUUAX

4.1. Ilpu oGHapy>XeHHH HEHCIIPaBHOCTU B paboTe JIabopaTOPHBIX MpHU-
0opoB COOOMUTH 00 ATOM MpENoJaBaTENI0 WIH 3aBeAyroIIeMy abopaTo-
puei.

4.2. Ilpn KOPOTKOM 3aMBIKaHUH B JJIEKTPOU3MEPHUTEIBHBIX IPHOOpax M
Ja00paTOPHBIX YCTAaHOBKaX M MX 3arOpaHUH HEMEIJICHHO OTKIIOYHUTH PHOO-
PBI M YCTAaHOBKH OT 3JIEKTPOCETH, COOOLINTH O MOKape B MOXKapHYIO 4acThb 110
tenedony 01 ¥ MPUCTYNHUTH K TYMIEHHIO OYara BO3TOPaHHs YIIIEKHCIOTHBIM
(TTOpOILIKOBBIM) OTHETYIINTEIIEM HITH IECKOM.



4.3. O moirydyeHHO# TpaBME COOOIIUTH IMPETIOAaBATENI0 WA 3aBEIYIO-
meMy JiabopaTopuei, oka3aTh IIepBYIO IOMOIIb IIOCTpalaBIIeMy, IIPH HEOO-
XOJMMOCTH OTIPABUTH €ro B OirpKaifiee edeOHOE YUIpeKICHNE, COOOIHTE
00 3TOM aJJMUHUCTPALINY YHUBEPCHUTETA.

5. Tpebosanusa 6e3onacnocmu no oKOHuYanuu padomol

5.1. OTKIIOYUTH BIIEKTPOM3MEPHUTENbHBIC TPHOOPBI M J1a0OpaTOPHBIC
YCTaHOBKH OT 3JIEKTPOCETH.

5.2. IlpuBectu B NOpSI0K pabouee MecTo.

5.3. CooOuMTh NMpernojaBaTelio Wil OTBETCTBEHHOMY 3a JIAOOpaTOPHIO
00 OKOHYaHHHU PabOTHI U OJIYYHTh paspelieHre Ha YXO U3 1a00paTopHu.



1. AICIIBITAHUE HATEJIBHOI'O COEJUHEHUS
JEPEBSIHHBIX 23JIEMEHTOB

1.1. Ilenv pabomui

O3HAKOMHUTBCS C KOHCprKLIHeﬁ n pacy€ToOM COCAMHCHUSA NCPCBAHHBIX
QJICMCHTOB Ha CTAJIbHBIX HUJIMHAPUICCKUX HArCJIdX.

1.2. 3a0auu

1. OnpenenuTh TEOPETUYECKU PACUETHYIO HECYIIYI0 CHOCOOHOCTD
OTBITHOTO 00pa3iia COSANHEHHUSI.

2. DKCIEPUMEHTAIIBHO OIPEIEIUTh HECYIIYIO CIIOCOOHOCTH OIBITHOTO
obpasiia CoOeTUHEeHMS.

3. OueHUTh BeNUYMHY IeOpMaIU CABHUIA MO/ PACUETHOW HArpy3Koil.

1.3. Koncmpykyusa odpasya Hazeavsnozo coeOuHenus

OO0pa3zer A7 HCOBITAaHHUA TPEACTABIACT CO00H CUMMETPUIHOE COCIITHE-
HUS JICPEBSHHBIX DJIEMEHTOB Ha CTANbHBIX MWIMHAPUYCCKAX HATEISIX
(puc.1.1). [IBe nepeBSHHBIX HAKJIAJAKHU TOJIIWHONW @ COCOMHEHBI CO CPEIHUM
JIEPEBSIHHBIM 3JIEMEHTOM TOJNIIMHON ¢ C MOMOMIBI0 ABYX HMIMHAPHUYECKUX
Harenei quameTpom d, U JUTHHOM, paBHOU 2a + ¢, T.e. PaBHO# TOJNIIKMHE Ta-
KeTa U3 TPEX COCTUHICMBIX JICPEBSIHHBIX 3JICMEHTOB.

Harenu ycTaHOBJIEHBI B OTBEPCTHS, AUAMETP KOTOPHIX PaBEH JAHMAMETPY
Harensi. CBepJieHHe OTBEPCTHUS BBITIOJIHEHO, COTJIACHO TPeOOBaHUSAM, CBEp-
JIOM 32 OJIH MPOXO/] Yepe3 BeCh MaKeT.

Bo m3bexxanue 3aqupa ApeBeCUHBI MPU 3a0MBKe Hareleil Ha TOoplle Hare-
nieii cusTa (acka.

JlepeBsHHBIC JJIEMEHTHI BBIIIONHEHB M3 CYXHUX OCTPOTAaHHBIX JOCOK
XBOIHON mnopoabl. HampaBieHue BOJOKOH APEBECHHBI Y BCEX JJIEMEHTOB
COBIAZaeT C OCBI0 HATPY3KH, KOTOpas OyIeT MPIIOXKECHA MPH HCIBITAHUU
00pas3iia K BepXHEMY TOPILY CPEIHETO 3JICMEHTA.
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Puc. 1.1. Obpazey coedurerusi 0epesaHHbIX INEMEHNO8
HA YUTUHOPUHECKUX HA2ENSX

1.4. Ocobennocmu padbomsl u pacuema HA2eAbHO20 COCOUHEHUSA

HarenpHoe coemuHeHWE TPHUMEHSETCS IS CPAIlMBAHUS JICPEBSHHBIX
9JIEMEHTOB IO JJIFHE, a TaKXKe B Y3JIOBBIX COSAWHCHHAX. LlMmumHIprdaeckue
Hareyis yCTaHAaBIUBAIOTCS B CBEpJICHBIC OTBEPCTHUS COCTUHSIEMBIX JICPEBSH-
HBIX 3JIEMEHTOB. [IpHU NPIIOKEHUN HATPy3KH K COCIMHEHUIO 3JIEMEHTHI I10-
JIy4ar0T YCHIIUSI IPOTHBOIIOIOKHOTO HAMPABICHHS, KOTOPhIC BEAYT K B3aUM-
HOMY CABUTY DTHUX DJICMCHTOB. HOSTOMy Ha3HA4YEHUs Harejiel — MpenATCTBO-
BaTb B3AaMMHOMY CABUTY COCAUHACMBIX 3JIEMCHTOB. HpI/I O3TOM Harejib pa60-
TaeT Ha U3ruo, a IpeBecuHa B HAreJIHLHOM T'He3/ie cMuHaeTcs (puc. 1.2).

Jnst obecrieueHus: MPOYHOCTH HATrE€IBHOTO COSAUHEHHS HEOOXOIUMO
ompenenaTs TpedyeMoe KOJIMIecTBO Haresen mo hopmyie

N

n : 1.1)
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Tmin’ T



rae N — pacuernoe ycmmme kKH (kI'c); Tpin — HaMMeHbIIasl pacdeTHasi Hecymas CIIo-
COOHOCTh Hareist y OJHOTO IIIBa COCIAMHSIEMBIX 3JIEMEHTOB; N, — YHCIO PacUETHBIX
IIBOB OJTHOTO HArelsl.

a)

fems,
)

PR L

a c a

Puc. 1.2. Paboma nazenvno2o coeouHeHus:
a) Oeghopmayus Hazens u Ope8ecuHbvl HA2eNbHO20 2He30d, 0) INPa HANPANHCEHUA
CcMAMUsL OPeBeCUHbl HA2ENbHO20 SHE30d, 8) INIOPA HANPANHCEHUS U3Uba Ha2es

I[J'I?[ CUMMCTPHUYHOI'O COCAMHCHUS HAUMCHbIIAA pacueTHasA HeECyllas
CIIOCOOHOCTB HAares OIIpeACIIACTCA 110 Q)opMynaM:

a) HUCX04d U3 NMPOYHOCTU APEBECUHBI HA CMATHUC HAI'CJIbHOI'O THE31a

¢ B CPECOHEM DJIEMCHTE

T.=0,5d,, xH (1.2)
* B KpalHUX 3JIEMEHTAX
T,=0,8ad,, xkH; (1.3)
6) ucxo/s U3 MPOYHOCTH CTAILHOTO HArels IPH ero u3rube
T, = 2,5d% + a* , kH, Ho He Gonee 400d?2. (1.4)

1.5. Pacuem necyweii cnocoonocmu oopaszuya

Jlst ompenenieHusi pacueTHON HeCyIIeW CroCOOHOCTH TMPeX/Ie MPOU3BO-
JITCSI pacyeT Hecyllel criocobHocTH Harenst mo ¢opmynam 1.1-1.3. U3 mo-



JTy4eHHBIX 3HaYCHUI [UIs pacueTa Hecymed criocoOHOCTH 00pasiia MpHUHUMa-
€TCsl HaUMEHbIIas BeNUIUHA T yin, U BBIIOIHIETCS pacueT:

™" =N= nu'nm'Tmin xH (KFC) (15)

1.6. Memoouka ucneimanus oopasya

[lepen ucnbiTaHMeM B )KypHaJe BBINOJHIETCS YepTex oOpasua ¢ 3ame-
pPOM TOJNIIMHBI COSTUHACMBIX ICPEBSIHHBIX 3JEMEHTOB g, ¢ U Uy, a Takke
pa3mepoB Sy, S; u S3. OTMedaroTes mopoia, COPT U BIAKHOCTH IPEBECUHEI.

VcnerTanne obpasiia mpou3BOAUTCS Ha UCHBITaTeNbHOM MamHe P-10 mo
METOJIMKE, U3JI0KEHHONH B PEKOMEHAIIUU 10 HCTIBITAHUIO COeANHEHUH [ 3 ].
CorylacHO METOAMKE, IIPEXIEC BCEro ONpPEENsIeTCs BO3MOXHAS BEIMIMHA
paspyIaromeii Harpys3Ku:

Pusl = 3T kH (xIc). (1.6)

[Nopsiiok MpoBEACHNUS NCTIBITAHUS CIIE Y FOLIMHI:

1. Ha oOpaser; ycraHaBiMBaIOTCs J1Ba WHIUKATOpA 4acOBOTO THIA JJIS
(huKcaIy B3aMMHOTO CIBHTA HJIEMEHTOB.

2. Obpazer; pa3MeIIAIOT Ha UCIBITATEIPHOW MAIIMHE U JUIS JIMKBHIALIIH
pBIXJIBIX  JredopManuit IPUTPYXKAOT  €r0  HAarpy3kod,  paBHOMU
0,0113,";§;P kH(xIc).

3. UcnsiTanne oOpasma NpoBOAUTCS C IOCTOSTHHOM CKOPOCTBIO Harpyxke-
HUH CTYNEHSIMU C Pa3rpy3KoH 10 yCIOBHOM BenuuuHbl P,. Bennuuna cryne-
HU nWKJIa npuHuMaetcs pasHoi (0,08 + 0,10) P;Zj;‘” (puc.1.3).

4. Bo BpeMs HCHBITaHUS OTCUETHl BEIMUUHBI CIBUTa CHUMAIOT B MOMEHT
Havaja 3arpy>KeHus 1pH P, 1 B MOMEHT JIOCTHXXCHUSI CTYIIEHEH 3arpy>KeHus
Py, P, u 1.4. DT0 maeT BO3MOXKHOCTh 3a(h)MKCHPOBATh 3a KAXKIBIA IHKII
Harpy>keHus cienyromue nedopmanuu (puc. 1.4):

A, — TIOJIHBIE 3a LIUKJI,

Ay — OCTaTOYHBIC 3a IUKII,

Ay — ynpyrue 3a LHUKJL

5. O6paszen 3arpyxeHus 1o paszpymenus. [Ipu atom Bpems ot Havasna 3a-
IPYXKEHHS 10 Pa3pylIeHUs t; 3aMepseTcs CEKyHIOMEpPOM M (UKCHPYETCS B
KypHaJe UCTIBITAHUS.

10



JKypnan ucnoimanus obpasya nazenvbHo2o coeouHeHus

Bemnun Cpennunii| PacueTnere
N |O6osmaw| M@ Wnpnkarop 1|Munukatop 2| cusur |nedopmanuu Bpems
Harpys- (Ag+ cIBUTA g
IIUKJIOB|HAaTPy30K t
KU, A))I2
KH(xTc) TIOK3, | CIBHT | [1OKA3. | CABAT |~ | oc| y
I/Il Al MM I/IZ Az MM
1 2 3 4 5 6 7 8 91011 12
P, 0,00 0,00 | 0,00
|
Py
P,
1 P
P,
Pasp

P(N)
A

Ppasp |

0,1 PThasp

Puc. 1.3. Cxema nazpysicenus oopasya
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P(N),, (It 2)
At

Aoc2 Ay2

Py

P1

+ > Jlebopmarius
Aocl | Ayl | op

Al

2

(Huxn 717)777'

Puc. 1.4. Cxema pazsumus oeghopmayuii
3a Kadicowlil YUK Hazpyscenus oopasya

1.7. Onpeodenenue pakmuueckon necyujeii cnocoonocmu odpazya

dakruueckas Hecylas CIOCOOHOCTh O0paslia yCTaHABJIMBAETCS I1OCIE
00paboTKHU JKypHaJa MCIBITAHUH M MOCTPOEHHUs rpadrKa Pa3BUTHS YHIPYTHX
U ocTatouHbIX nedopmarmii (puc. 1.5).

C momorpio rpaduka onpenensercs Harpyska P, IpH KOTOpPOH Hadu-
HAIOT PE3KO YBEIMYHMBATHCS OCTaTOYHBIE Aedopmaluu, a ynpyrue aedpopma-
MK yMeHsbInarorces. Ha rpaguke MoXXHO BbIAEINTH 00sacTh | — mponopuno-
HaJbHOTO pa3BUTHS YIPYTUX W OCTaTOYHbIX JAedopmanuii u 0061acTh
Il — nHTEeHCHBHOTO pa3BUTHS OCTaTOYHBIX nedopmanuii. Harpyska P, cooT-
BeTCTBYIOT ycmnuio N, _ |, koTopas HaxoguTcs Ha rpaHuine obmacteit | u ll.
ITo Benmumue ycunms N, _ ) oneHHBaeTcs pakTHUeCKast JUIMTEIbHAs HeCyas
CIOCOOHOCTH 00pa3ia mo Gpopmye

Tf = N1_11/1,3, xkH (KFC), (17)

rae gucioMm 1,3 yuuThIBaeTCS KPaTKOBPEMEHHOE ICWCTBHE HArpy3KH HpHU
HCIBITAaHUU.
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Ornenka (axkTHdeckoil Hecymiel crmocoOHOCTH 00pa3ia TakKe MPOU3BO-
JUTCSI IO BPEMEHH t; OT Hadaja 3arpy>KeHHS [0 pa3pymeHus oOpasma o
thopmye.

5 Ppasp
T, = ———— ¢ (18)

2 1,38(1,94-0,1161gt) ’

rmet=t; /38,2

Ay
//’/ II ,ﬁ:/
~ //' s
s L e
—] -
// \ T
Vi Pn=
o1 o N el
/ 1
/ |
/ o« |
/ |
/ /1 1
/ /
| . /
| 7
| . /
| /
/
1 7
| /
\ 7
d
Aoc

Puc. 1.5. Cxema epagpuxa pazgumus ynpyaux u 0cmamoynsix oegopmayuil
npu ucnvimanuy 06paya HA2eIbHO20 COeOUHeHUs

Kpome TOro, 1o KypHajiy WCHbITaHHs OIpPEIENsAeTcs mojHas aedopma-
U CABUra COEIMHEHMS NPU PACYETHOM Hecylled CrocoGHOCTH obpasia.
Ota nedopManys CIBUra He J0JDKHA IPEBBILIATh 2 MM, KOTOpas yCTaHOBJIe-
Ha HopMamu [1].
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1.8. Konmponvnuvie éonpocwi

1. Yo Ha3BIBaeTCA HarelIeM M KaKOBHI BHBI IMUTHHIPHYECKIX Harenei?

2. OumwuTe KOHCTPYKIHIO COSAWHEHUS JCPEBSHHBIX AJIEMEHTOB Ha IIH-
JUHIPUIECKUX HATEISIX U TEXHOJIOTHIO BHIITOIHEHHS TAKOTO COCIMHEHHS.

3. Kak paboTaeT MUIHHAPHYESCKUI Hareilb B HAreIbHOM THe3/e?

4. Kak teoperudecku mo CHull 11-25-80 ompenensercs tpedyemoe ko-
JIMYECTBO IIMJIMHIPUICCKUX HATeJICH Ha OJIUH CTHIK ICPEBSHHBIX AJIEMEHTOB?

5. Kak omnpenenuth TCOPETUYECKH PACUCTHYIO HECYINYHO) CIIOCOOHOCTB
JKCIICPUMCHTAIBHOTO 00pasiia COCAWHEHHS JIEPEBSHHBIX 3JCMEHTOB Ha
CTaJIbHBIX [MIMHAPHYCCKUX HArelsax?

6. Kak ompenenuTs TEOPETUYECKH Pa3pyLIAlONIyl0 HAarpy3Ky AJs dKCIe-
PUMEHTAIFHOTO 00pasiia MpH ero KPaTKOBPEMEHHOM Harpy)KeHUH U MOYeMY
pa3pyIaroas Harpy3Ka BhIIIe pacueTHOMH?

7. KakoBa pekoMeHIyeMasi MeTOIUKa HarpyKeHHUs 00pasla U Kakue Je-
(hopMmaru GUKCHPYIOTCS TIPH 3TOM?

8. Kak skcrepuMeHTanmpHO ompenaessiercss (akTUdeckass Hecymias CIio-
COOHOCTh HCTIBITAHHOTO 00pa3Iia COeTMHCHUS?

9. KakoBa nedopmarnusi caBUra JIEpeBsIHHBIX DJIEMEHTOB NpHU (akTHie-
CKOH HecyIei cnocooHocTH 00pasia?

14



2. AICIIBITAHUE COEJMHEHMUS JEPEBSAHHBIX JIEMEHTOB
HA METAJUVIMYECKHUX 3YBYATBIX [INTACTHHAX

2.1. Henv pabomot

O3HaKOMHUTBCS C KOHCTPYKIEH COEJUHEHUS AEPEBSIHHBIX 2JIEMEHTOB Ha
MeTanyeckux 3youarsix miactuHax (M3I1) u ocobeHHOCTSIMU pacuerTa.

2.2. 3a0auu

1. OnpenenuTh pacueTHYI0 HECYINYI0 CIMOCOOHOCTH o0pasia COeauHe-
HUSL.

2. DKCIePUMEHTABHO ONPEIENTUTh HECYIIYIO CIIOCOOHOCTh 00pasia co-
€TUHEHUSL.

3. DKCIePUMEHTANBHO OTNPEIEITUTh BETMUMHY Ie(OopMaIiii CIBHra CO-
eMUHACMBIX DJIEMEHTOB TOJ HAarpy3Koi, COOTBETCTBYIONIEH HeCymeH CIio-
cobHOCTH 00pasIa.

2.3. Koncmpykuyusa coeounenusn na M3II u ocodbennocmu ezo pacuema

CoenuHeHNe TPEJCTABISET CTHIK ABYX IEPEBSIHHBIX 3JIEMEHTOB, CKpETl-
JICHHBIX MEXIy c000i ¢ IBYX NMPOTHUBOMOJOXXHBIX CTOPOH METAJUIMYECKUMHU
3yO4arbMu TutacTiHHaMU (puc. 2.1 u 2.2).

M3II umeet Ha cBOEH MOBEPXHOCTH BBHIIITAMIOBAHHBIE 3yObs pa3IHIHOMN
(hOopMBI U JUIMHBI, KOTOpPBIE BAABIMBAIOTCS B JPEBECHHY CKPEIUISIEMBIX 3JIe-
MEHTOB U IIepelaloT YCHIHA OT OJHOTO 3JIEMEHTa K JPYroMy 4depe3 IUIacTH-
Hy. Ilepenavya ycuiams CONPOBOXKIAETCS CMATHEM IPEBECHHBI MOJ IUIOCKO-
CThIO 3yObEB U X U3rHOaM, T.€. 3y0bs pabOTAIOT KaK IUIOCKUE HATEIIH.

PacuerHast Hecymiast CioCOOHOCTH COEMHEHHS 110 YCIOBHIO CMSTHS Ape-
BECHHBI U N3ruba 3yOneB onpeaensieTcs mo GopMmyie

T, = 2RY/}'F,,  xH(xIc) Q.1

rae RZI_%H — pacuceTHas HeCyllas CIIOCOOHOCTH OAHOI'0 KBaApPaTHOI'O CAaHTH-

MeTpa TUI0MAaau IJIaCTUHBI, B 3aBUCHUMOCTHU OT yFJ'IOB oan ’B, HpI/IHI/IMaeMaﬂ 110
Tabuie 2.1.;

F, — pacyeTHas muiomaab IMIACTHHBI (CMZ) Ha CTBIKOBOM JCPCBIHHOM
3JIeMeHTe, onpeenseMas o Gopmyse

15



Fp = brm ' Ipaw ' (22)

rae b, — NMpUHa MIaCTHHBI HA PACYETHOM y4acTKe 00pasiia, cm;
lpacu = (11 — 1,0) — pacuerHas jumHa, cM.

B o
i A 3
A
T — s
e —— | S
Bux b 8
- /T" O /_," o= | - :
o
| > | > \ 3
Ta 305238 2638 2438 32
6) Bun B
M3 TP TP
i X J
~B=0° )
\L
w |
Fp A = oy
L L A/ 4
_) - .
N f— ¢ ——
=
Fp“ —h
* 4 M3/  M3II
6 T
~a=0°
< B=0°

I ¥

Puc. 2.1. Obpasey coedunenus Oepessnnbix dNeMEHMO8 HA MEMAINUYECKUX
3y6yamuix naacmunax: a) koncmpykyus naacmunvt M3I1—1,2; 6) obpasey
coedunenus (<o = 0°, <f =0°)
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[

|

(S ] avi

Puc. 2.2. Obpasey T-06pasnozo coedunenus 0epessiHHbIX 1eMeHmo8
Ha Memanauueckux 3y6uampix niacmunax (<a = 0% <g = 90°)

Pacuernas Hecymasi cnocodoHocts M3II (R

M3IT

Tabmuma 2.1

g B kre/em® u H/em?)

Yroa Mexay

VYron MEXAY OCBIO TUIACTUHBI U YCUIIUEM

U HANpaBJIEHUEM BOJIOKOH Jpe- o, Tpaj
BECHUHEI f, Tpaj. 0 45 90

0 8,0/80 7,070 6,0/60

45 6,0/60 6,0/60 5,0/50

90 4,0/40 4,0/40 4,0/40
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Ipumeuanue.

Pacuernas mecymas crmocobnocts M3II, npuBenenHas B Tabmume 2.1,
npuHATa i mwiactuH tana M3I1-1,2. B cioywae mcmonb30BaHUS IUIACTHH
MHOM KOHCTPYKIMH CIEAYET YCIOBHO IIPHHSATH BEIWYHMHY pacdeTHOH Hecy-
e crrocooHocTH 1o Tadmume 2.1.

Mertannndeckas 3y0daras IiacTuHa B 00pasne COeIUHEHHS IPOBEPSET-
Csl Ha TPOYHOCTD IIPH €€ PacTsHKEHUH 1o hopmylie

op = ﬁs 140, MITa (1400xTc/cm?), (2.3)
na(um) tna

rae bypm — IUPUHA MIACTHHBI 32 BBIYETOM LIMPHHBI OTBEPCTHI Ha ee MOo-
BEPXHOCTH I10 JINHUU Pa3phIBa;

N — neiicTBytoiiee Ha coenuHenue ycunue, kKH umm xI'c;

1,, — TOJIINHA IIACTUHEI.

JIJ'IH OGCCHe‘IeHI/IH HquHOCTH COCOAUHCHUS }lepeB}IHHLIX 3JICMCHTOB Ha
M3II, paGorarounmx Ha pacTsDKEHHE, JOJDKHBI BBIIOJHATHCS CIEAYIOIINE
YCJOBHUS:

N<T, u 0,< 140 MIla (1400 xI'c/cm?). (2.4)

2.4. Pacuem necywieit cnocoobnocmu oopasua

Jus pacdera Hecymied crocoOHOCTH 00Opasia MPOHW3BOIATCS 3aMEphI:
TOJIIKHBI IIACTHHBL — t,, (CM); JuMHBI IacTuHel — |, (cM); IIHMHBI I1aCTH-
HBI Ha K&KIOM COEIMHAEMOM JIepeBIHHOM dyiemenTe — |y u |, (cM); mmpuHsl
wiacTuHbl — b,;, 9 (CM); TOJIIUHBL U IIUPUHBI IEPEBIHHBIX 3JIEMEHTOB 00pa3-
12, a TAK)KE YCTAHABIMBAIOTCS Yroy o (MEXIy OChIO IUIACTHHBI U HAIpaBJie-
HHEM MPUJIAraeMoro K o0pasily ycuims) u yroi [ (Mexay HampaBiicHHEM
YCHJIHSI M HAIPABJICHUEM BOJIOKOH JPEBECHHBI Ha PACCUUTHIBAEMOM y4acTKe
obpasma).

Ha ocHOBaHWHU 3aMepOB BBINIOJHSACTCS UYEPTEX 00pas3la COCTUHECHUS U
MIPOM3BOJIUTCS PACUET ero Hecymiel criocooHocTH 1o ¢popmynam 2.1-2.3.

2.5. Memoouka ucnvimanusa oopasuya coeOuHenus
Hcneitanne o0pas3ma MpoU3BOAUTCS HA PACTSHKEHHE HA HCIBITATEIBHOM
mammae P-10 mo wmeromuwke, mpemiaraemoit lleHTpandbHBIM HaydHO-

WCCIIeIOBATEIbCKUM HHCTUTYTOM uM. Kydepenko [3]:
a) OTIpe/IeISIeTCS BEPOSTHAS pa3pyllalomias Harpy3Ka:

18



PT =3T; (2.5)

pasp~
0) ompenenseTcst BEIMYUHA HATPY3KH 32 KaXIbIHA I[HKIL:
P, =0,1P P, =0,2P%,, ut.n. (2.6)

pasp

HarpyxeHne mpoBOAHTCS C IOCTOSHHOM CKOPOCTBIO IMKIAMHU JIO Pa3-
pyweHus. Kaxxaplii IMKJI BKIIIOYAeT Harpys3ky ot P, 1o P, U pasrpysky Ao
P,=0 (xI'c) (puc. 2.3).

P(N)

Ppasp}

P}

Pi

0,1 Pz

P N
Bpewms t

t

Puc. 2.3. Cxema nazpyscenus obpasya

I[Tpu 3TOoM dukcupyroTes nepopManuu caBura (pacKpbITHE IIBa CThIKA) C
MOMOIIBIO JIBYX MHIMKATOPOB YAaCOBOTO THIIA B Hayaje IMKJIA HATrPYKEHUS
npu P,, 3atrem nipu P, u P,.

ITonmy4yeHHbIe 3aMephl MO3BOJIIOT OMPEAETNTD 3a KaXIbIH IMKI 3arpy-
KEHUS CIeAyIomue Ae(opMaIim: MoJIHbIe 3a UK, YIPYTHe 33 MUK U 0CTa-
TOYHBIE 3a IUKI (puc. 2.4). PUKCHPYIOTCS TaKXKe BETHYMHBI pa3pyllaromen
Harpy3ku By, 1 BpeMs OT Ha4aja UCTIBITAHAUS [0 Pa3PYIICHHUSL.
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P(N)
+ (Lukn 2)
A,

Aoc2 Ay2

» Medpopmarius

(Huxa 1)

Puc. 2.4. Cxema pazsumus 0eghopmayuti 3a Kaxcowvlili YuKi HaspysiceHus oopasya

2.6. Odopabomka pe3ynbmamoe uCnvlManus

O0paboTKa pe3ysIbTaTOB HCIIBITAHUS BBITOJHIETCS B TAOIUYHOM (opme:

Tabmnuma 2.2
Iokazanus N
MJI:J’; . Harpyssa| HEmakaTopos Jedopmarmu crsura Pacuer medopmarnmii
i P, . . Jn + JInp | monuas | ocraTounas | ynpyrast
Harpy- NeBbli (npaBelit | M, oy |—————,
kH(xI'c) 2 32 OUKJI| 33 UK | 32 UK
30K nu, N, MM MM
MM Ay, MM | Ay, MM Ay, MM
1 2 3 4 5 6 7 8 9 10
P,=0 0,00 | 0,00 H,=
| Py = M= A= A= Ay=
P,=0 A=
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Okonuanue Tabm. 2.2

Iokazanus o
Ne Harpyska | i ukatopos JHedbopmariyu cisura Pacuer nedopmanmii
HUKJIOB P| B N II-U ¥ Z[Hp N N
Harpy- KH(xT¢) neBbli [ npaBelid | M, Hup, | ——=——,| neBblit | mpaBblii o,
30K u, u, MM MM 2 u, H, MM
MM
1 2 3 4 5 6 7 8 9 10
N | pP= Mz = Ap= A= Ap=
P,=0 g’(’) =
P}.op =  Bpems: mawano Harpyskw, 0 ¢; 1o paspymenus ti= ¢
IIpmmep pacdera nedopmanmii: 3a IEPBBIA UK HarpyxeHust Ay = /[, —

—ﬂ'o, Aocl = Az,) 'ﬂoa Au = Aul - Aocl; 3a BTOPOI‘;I IHKJI AuZ :ﬂZ - ﬂ;l Aoc2 = Ao
- ﬂo' Ay2 = ALIZ - AocZ-

Ha ocHoBannu maHHBIX Tpad 9 u 10 Tabmumpe! 2.2 BEYEpUUBACTCS Tpa-
(UK pa3BUTHA YNPYTHX M OCTATOYHBIX IedopManuii oOpasma COeTUHECHUS
(puc. 2.5).

Ha rpaduke 1o ONBITHBIM TOYKaM MPOBOTUTCS CPEIHSS TpsMAast JIMHUS C
LIEJIBIO OTpE/IEJICHUsI TOUKU IepesioMa 3TOM NpsAMoM. JlaHHast Touka COOTBET-
CTBYET Harpyske, IpH KOTOPOH JpeBeCHHa MOoTepsAia yHpyrde CBOHCTBA U
IpU KOTOPO# Havyall MHTCHCHBHO Pa3BUBAThCs OCTATOYHbBIC aedopMallvy,
T.€. COEIMHEHUE CTaJIO TEPATh HECYIIYIO CllocoOHOCTh. Takas Harpyska 000-
3HadaeTcst OykBoil Ny, ¥ mo Hel ompenernsieTcs SKCIepUMeHTaIbHAS BEJIH-
YKHA Hecylei crocoOHocTH obpasiia mo Gopmyiie

Ti = N|_|| /1,3 KH(KFC) (27)

[lo Benuuume paspymaroumei Harpysku Ppug,

Harpy>kKeHusi 10 paspylIeHUs tj TaKKe ONpeAeNseTcs dKCIepUMEHTalbHas
BEJIMUMHA HECyIIel criocoOHoCTH 00pasua 1o Gopmyiam:

* [IpH BBIXOJIE€ 3YObEB M3 IUIACTHHBI
P3
T)= —22 __ xH (x[c 2.8
2 7 1,38(1,94-0,116lgt)’ (xI'c), (28)

U BpPEMEHH OT Hauaia

*IpH pa3pbIBC INIACTUHBI
T9 = — 2%y (xTc), (2.9)

1,64(1,94—0,116lgt)’
rae t =t; /38,2 (c).
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/,—’ 11 /'7
~ /‘/' 7
/ L e
/:r_,-/ -
7N I
A | npu Pn=
/7 b I (NL1)
/ 1
/ |
/ . |
/ |
/ /1 1
/
f -/
| /
| . /
| /
/
1 7
| /
\ s/
/7
> Aoc

Puc. 2.5. I'paghux pazsumus ynpyeux u ocmamounwvix 0egpopmayuii
npU UCNLIMAHUU 00PA3YA HA MEMATTUYECKUX 3Y0UAMbIX NIACIMUHAX

Bennunna nedopmanum ciBura (packphITHsl IIBAa CTHIKA JAEPEBSHHBIX
3JIEMEHTOB) MOJ] Harpy3KoH, KOTOpas COOTBETCTBYET HECyIeH criocoOHOCTH
obpasia, onpezensiercs 1o tadnuue 2.2. OTa BeIUYUHA HE JIOJDKHA MPEBbI-

maTs 1 MM.
B 3akmoueHune KCHiepUMEHTAIBHBIE JaHHbIE CPAaBHHUBAIOTCS C pacdeT-

HOW BEJIMYMHON HecyIei crmocoOHoCTH 00pasia.

22



2.7. Konmponvnsie éonpocst

1. KakoBa KOHCTPYKIIUS MeTalUIMIeCKuX 3youaTeix miactul (M3I1) mus
COEIMHEHUS ICPEBSIHHBIX 3JIEMEHTOB?

2. KakoBa KOHCTPYKLHS Y3JIOBBIX COCIUHEHUHN IEPEBSAHHBIX 3JIEMEHTOB
Ha M3II u TeXHOTIOTHS UX U3TOTOBICHNUS?

3. Kak ompenensiercsi pacyeTHasi Hecymiasi CliocOOHOCTb COEAMHEHUS Ha
M3IT?

4. KakoBa MeTOMKA UCIIBITAaHUS coequHenns na M3I1?

5. Kak onpenensiercst akTrueckas Hecyasi crmocoOHOCTh o0Opasia co-
eauHeHus Ha M3I1?

6. Kakne nprOOpbI UCIOIb30BAUCH MIPU UCTIBITAHUU 00pasla U ¢ KaKoi
LeIbI0?
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3. MICIIBITAHUE HA W3THB OBPA3IIA
KJEEJOIIATOM BAJIKT

3.1. Henv padomot

O3HaKOMHTBCS ¢ KOHCTPYKLIMEH U OCOOCHHOCTSIMH pacyeTa 1 paboThl Ha
MOTNEPEYHbIA U3rN0 AEPEBSIHHON KIeeHOH OaKu.

3.2. 3a0auu

1. Onpenenuth TEOPETHYCCKH PACYCTHYIO HECYIIYIO CIIOCOOHOCTH 00-
T

pasma 6amku — Ppaw

2. OnpenennuTh TEOPETHYESCKH MPOYHOCTH 00pasia Oalkd MO CKalbiBa-
FOITMM HANpSOKEHUAM 1pi P ., .

3. OnpenenuTh TeOpeTHIECKH TPoru6 obpasia Ganku f' mox ycioBHO
HOPMAaTHBHOM Harpy3Kkoii, pasuoit P*=0,8 P Tpam.

4. DKCIIEpUMEHTAILHO OTIPEICTUTD BETHMYNHY HOPMATbHBIX HAIPSKCHUIT
W Mporud B cepearHe mpoJieTa oOpasiia Oanku npu u3ruoe.

5. OneHuTh (PaKTHYECKYIO HECYIIYI0 CIOCOOHOCTh 00pasiia OajKu Io

SKCIEPUMEHTANIbHBIM JAHHBIM.
3.3. Koncmpykuyusa odpaszua 6anku
B kadectBe oOpasna kieenomaroi O0anku NpUHATA MOJENb, COCTOSIIAS

W3 TPEX CIIOEB OCTPOTAHHBIX JTOCOK. JIOCKH CKJIECHBI B MAKET Ha BOMOCTOM-
koM Kiee. Ceuenne obpasna b, x hg.

' |
=
)

S ] L v

dg |hs=30q

| 59
|
I
1

dg

)

I a==16 a==I6 i
320 Is 20.

Puc. 3.1. Kneeoowamas banka u cxema Hazpy3ox
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3.4. Ocobennocmu pabomesl u pacuema Kieeoouamoi 6anixKu

Kneemomareie Oanku mo cBoel padOTe NPHPaBHUBAIOTCA K Oajkam
[ENBFHOTO CeUYeHHs, Ojaromaps HEMONATIMBOMY COEIWHEHHIO JOCOK Ha
MPOYHBIX BOJOCTOHMKHX Kiesix. [Ipn m3rube B BepxHEH 30HE MOMEPEIHOTO
cedeHust OaNKy BOZHUKAIOT HOPMAaJIbHBIE HATIPSDKEHHS COKaTHA, a B HIDKHEH —
pactskenus. [lo jyuHEe Oallku BO3HUKAIOT KacaTelbHBIC (CKATBIBAFOIIUC)
HanpspkeHus. Ha omopax JpeBecHHBI 0ajlOK CMHUHAETCS, YTO YBEIMYHBACT
BEJIMYMHY MpOTuoa.

Pacuer kneemonatoit Oanku BBITONHSACTCS MO (GOPMYIIaM JJis DICMCHTOB
HEeNnbHOro ceyeHus. OTIMYKME pacyera JHIIb B TOM, YTO K PacueTHOMY CO-
NPOTHUBJICHHIO M3ruba BBOAUTCS K03 dunueHt m; < 1,0, eciu BricoTa ceve-
HUA Oonee 50 cM? U K03 UIMEHT M., B 3aBECUMOCTH OT TOJIIUHBI JOCOK.
3radyeHns 3TUX K03 duureHToB ganbl B Tabmumax 7 u § CH u IT 11-25-80.

Pacuer xireemomaToi Oanku Ha TMPOYHOCTH MO HOPMAJIBHBIM HAIpshKe-
HUSAM IIPOU3BOIUTCA IO hopMyIie

_ Mpacy,
O-u_—SRu'mﬁlmC/I! (31)
WHT
rae Mpae,, — PacHUETHBIH M3rHOAKOIIMH MOMEHT;

W, — (65 h2)/6 — MOMEHT CONPOTHBIIEHHUS;

R, — pacdyeTHOE COMPOTHBICHHUE APCBECUHBI U3THOY.

Pacuer kneemomaroil 0anku Ha MPOYHOCTH 10 CKAaJbIBAHUIO MPOHM3BO-
IuTcs 1o popmyIe

= 2% <R.em,, (3.2)
Jop -"Ppacu

rze Q — pacueTHas onepeyHas CHia;

Sep = (bshs?)I8 — craTHuecKuit MOMEHT;

Jop = (bshs)/12 — MOMEHT HHEPLWK;

bpacu. = b — pacueTHas mMpPHHA cedeHus OaKu;

R.c — pacueTHOe CONPOTHBIICHUE CKAJBIBAHUIO NMPHU H3rHOE KIEEHBIX
9JIEMEHTOB.

Pacuer BenmuuuHbl Tporuba Kieemaomaroi Oalku MPOU3BOAUTCS C ydUe-
ToM BiMsiHUS fedpopmannii casura no gopmyne 50 CH u IT 11-25-80:

f=lei+cyl (3.3)
K ls
rae f,— mporu6 GanKu MOCTOSHHOTO ce4eHHs BhICOTOH (Oe3 ydyera nedopma-

LMW CJIBUTA);
I;— nposer Gankwy;
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K — xo3hdummenT, paBHbIi 1 171 6alKi TOCTOSIHHOTO CCUCHHUS;

C — k03 (HUINEHT, YINTHIBAOIINI BIHAHUE HeopManii CABHUTa OT II0-
TIEPEYHON CHIIBI, PAaBHOM TSI OAJIKM IIOCTOSTHHOTO cedeHus 19,2.

ITpu 3TOM I0JDKHO ObITH BBINONIHEHO yenosue: /15 < (1/300 + 1/250).

3.5. Pacuem necywieii cnocoorocmu u npocuoa oopasuya 6aiku

Pacuernas cxema oOpasma 0aiku — OZHOIPOJIETHAs ¢ JBYMs COCPEIOTO-
YCHHBIMH Harpyskamu (puc. 3.2).
Pacuernas Hecymas crnocoOHOCTh oOpasia Oalku ompenensercs us3
dopmyn
T .
—(PPX/TZ) S=R, ms e my.

2Wyr* Ry -m - m,
T — HT " Ry , cI1
Ppacq - a ' (34)

ITpoBepka mpouHOCTH 00pa3iia OaJKu Ha CKaJbIBAHUE MPOU3BOIAUTCS IO
thopmye

Zep = RCK * Mgy, (35)

P
RA: RE:E

R

|
I
T
|

Sn M
Bm Q
Q=R% | |

| | Q=Rs

Puc. 3.2. Pacuemnas cxema obpazya 6anxu u sniopet M u Q
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Benmunna nporuba obpasma Oanku 6e3 ydera nedopmaruii caBura s

JTAHHOW pacueTHOM CXEMBI:

_ 23(0,8 Phacy/2) - 13

¢ 648(Ey * Jop)

rae E,— Momyns ynpyrocTu JpeBECHHBI BJIOTIb BOJIOKOH.

Teoperudeckuii mporud odpasia (6e3 yuera CMATHS OTIop):

" =1, [1 + 19,2(hy/15)°] .

3.6. Memoouka ucnetmanus oopasya danku

(3.6)

3.7)

Iepen ucnbITaHHEM MPOU3BOAUTCS OCMOTP M 0OMep obpasia Oanku. Pe-

3yIbTAThI 32aHOCATCS B OTYET B COCTABE CICAYIONIUX JaHHBIX:
* [OpOZA U COPT APEBECHHEI 00pasia

* BJIQXXHOCTH IPEBECHHBI %,
* pacueTtHblit mpoet l; cM,
* BENIMYMHA 8 cM,
* TOJIIHMHA JJOCOK oOpasua &, MM,
* BbBICOTa ceveHust obpasia h; cM,
* MMpHHA ceueHus obpasia b, cM,
* IUIOIIAJb MONEPEYHOro ceueHus Fg, eM?,
* MoMeHT conporusiieHust W, oM’
* MOMEHT UHEPLUH Jg, CM4,
* CTaTHUECKMIl MOMEHT Sg, oM’
* pacdeTHOe CONpOTHBICHHE H3Tnuoy R, Mlla (KFC/CMZ),
* pacyeTHBIA MOIYJIb YIIPYrocTu £ MIla (krc/cm?).

Pacuernas Hecymas criocoOHOCTE 00pa3ia KiieeIomaTon OanKu:

Pricy = kH (xrc).

IpouHoCTh 0Opa3sua Ha CKaIbIBAHKE:

7= MIIa (krc/cm?).
Teopernueckuii nporu6 obpasua:

fo= om;

= CM.
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Ob6paser; Oanku ucnbITEIBaeTcss Ha MammHe P-10. Harpyxkenme ocy-

IIECTBIIETCS] B ABYX TOYKAX C MOMOINBIO CHCTEMBI TpaBepc M TshKell (puc.
3.3).

.-—"__.ﬁalz// T — 4

7L7?)///////////////////////////// Y

| a | a | a i
T T I 1

Puc. 3.3. Cxema ucnvimamenvroti yemanosxu na mawiune P-10:
1 — obpasey kneedowamotui banku, 2 — HenoOsUICHAS mMpasepca,
3 — nodsusicnas mpasepca; 4 — masgxcu ¢ onopamu; 5 — auHuA useuba OarKu

Ha o6pas3iie 6anku ycTaHaBIUBAIOTCS CIEIYIONINE MTPUOOPHI:

a) Mmexanuueckue Teuzomerpol 1,-1, T,-2, T,-3;

6) nporudomep I1p-1 (MHIMKATOP YACOBOTO THUIIA).

Harpyxenune oOpasma 0anku OCYIIECTBISIETCS B TPH CTYNEHH ITyTEM
NOAbEMa MOJBIKHOM TpaBepchl. [1pu 3ToM M3rnd oOpasua NPOUCXOJUT CHU-
3y BBepX. [Toatomy TeHzomerp 7,-1 pukcupyeT cxxaTre BOIIOKOH JPEBECHHBL,
a Tenzometp 7;-3 pacTsDKeHHe.

IToka3aHust TEH30METPOB (PUKCHPYIOTCS IEpe]] HAYaloM HarpyKeHUs
(P,=0 xrc), mpu P1=0,5 P, unpu P3= P,

ITokazanne nporubomepa PUKCUPYETCS TAaKXKe MEPe]l HadyaaoM 3arpyxKe-
nust v nipu P, =0,8 By,

Bce nokazanus mpuboOpoB NPy NCHBITAHUHN 3aIMCHIBAIOTCS B )KYpHAJL
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7KypHaJu ucnbiTanus 06pas3ua 6ajaKu

Harpys- IToka3zanue IIpo- Ilokaszanue Hanpsxenue, Mpimeua-
ka, kH nporubome- | rub f’, TEH30METPOB MIla (krc/cm?) pl:;:eq
(xrc) pa Ilp-1 MM T3-1 | 13-2 |T5-3 | oy ) 03
Py=0 0,00 0 0 0
P = Ny N, n,
P, = n = =
Py= n;: L: ;:
Hanpsoxenus g1, 0,, U 03 BBIYUCISIFOTCS IO (hOpMyJIe
— Ng— My
oc=E, ey (3.8)

rae (nK— n,,) — pa3HOCTb OTCYCTOB IO TCH30MCTPY;

|, — 6a3a Tensomerpa 20 Mm;

M — ko3 HULKEHT yBeIMUSHHUS IOKa3aHUs TeH30MeTpa, paBHbIi 1000;

E, — Monynb ynpyroctu IpeBECUHBL.

[To moyry4eHHBIM JaHHBIM HEOOXOAMMO MOCTPOUTH 3IIOPY HOPMAaIbHBIX
HAMPSDKEHUH 110 BBICOTE ceueHus Gaku (puc. 3.4).

8"=Ru

8¢

e

5"=Ru

/l

s

Ji]

|

I

L805=

Sp=

o ;

Puc. 3.4. Onioper Hopmansheix nanpsadicenuli no gvicome ceveHus OANKU:
a — nonepeuroe ceuerue 6aKu; 6 — SNIOPA MEOPEMULECKUX HANPAHCEHUTL,
6 — HNIOPA IKCNEPUMEHMATLHBIX HANPANCEHUTE

29



3.7. Ouenka pe3ynbmanmos ucnblmanus

Ornenka (akTHYECKOW HECyIIe CIIOCOOHOCTH obOpasia KieeqoIIaTon
0aJKy MPOM3BOMUTCS HAa OCHOBAaHHUU COIMOCTABIICHUS TEOPETUYECKHX BEIH-
YMH HOPMAJIBHBIX HaNpsDKEHHH W mporuda ¢ dKcrnepuMeHTanbHbIMU. Hecy-
11ast CocoOHOCTh 00pa3na yAOBIECTBOPUTEIIbHAS, €CIIM HAMPSDKEHUS 01 U 03
HE MPEBBIIIAIOT PACUETHOE CONMPOTURIIEHHE Ha M3THO R,. [Ipu 3TOM BenmunHa
(hakTHYECKOTO TPOrnda He JA0JKHA MPEBBIIIATH TEOPETHUECKYIO BETUIHHY.

B 3akmodeHue penaeTcs BBIBOJ O Hecylied crnocoOHocTH U aedopma-
TUBHOCTH 00pasiia Oayiku.

3.8. Konmponwnsvie sonpocut

1. KakoBa KOHCTpYKIHS KJeeJOMAaThIX OaIoK?

2. Kak paboraet 6anka mox Harpy3Koii?

3. KakoBa ocobeHHOCTh pacdeTa KileeJoIaThIX 0aloK Ha MPOYHOCTH?

4. Kak TeopeTH4YecKH olpeensercs Mporud 6amku U KaKoBBI OTpaHUYe-
HUSL BEJIMYUHBI IPEAEIBHOTO Mporuoa?

5. Kakue nprOopbI UCIIOJIB30BAIKCH MPH MCIIBITAHUY U C KAKOW LIENbI0?

6. Kak ompeneneHbl HOpMalIbHBIE HANPSDKEHUS MPHU HCIBITAHUM U Kak
OHH pacIpe/IeNieHbl 10 BBICOTE MONEPEYHOI0 CEYCHUsI OaIKu?

7. KakuMu mokaszaressiMu olleHHBaeTcs (haKkTHUIecKas HecyIasi crocoo-
HOCTb Oanku?
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4. UCIIBITAHUE HA U3I'Ub OBPA3LA BAJIKA
COCTABHOI'O CEYEHMS BE3 CBA3EN

4.1. Ilenv pabomor

O3HAaKOMHUTHCS C KOHCprKHPIeﬁ 1 0COOEHHOCTSAMHU pacyera u paGOTI)I Ha
nonepeqﬂmﬁ H3rud COCTaBHOM I[epeBﬂHHOﬁ 6am<1/1, 9JICMCHTBI KOTOpOfI HC
CKPCIUICHBI CBA3SMMU.

4.2. 3a0auu

1. Ompenenuth TEOPETHYSCKH PACYCTHYH) HECYLIYIO CIOCOOHOCTH 00-
pasiua 6anku — Py

2. OmnpenenuTh TCOPETUYCCKH BEIMYHHY Mporuda obpasia Oaakd Mo
HOPMATHBHO#1 Harpy3Koii — f.

3. DKCIepUMEHTAIILHO ONPEENIUTh BETUUYMHY HOPMaIbHBIX HANPSHKSHUH
W Iporud B cepeArHe npoJjieTa oOpasiia OaNku pu ero u3ruoe.

4. DKCIIepIMEHTATIBHO ONPEIEIHTh BEIMYMHY B3aHMHOTO CIJBHTa TOPIIOB
3JIeMEHTOB OaJKM MO Harpy3Koii, paBHO 0,5 B,Em u pr,w.

5. OLEHHUTH MO 3KCIEPUMEHTAIBHBIM JaHHBIM (PaKTHYECKYI0 HECYIIYIO
CHOCOOHOCTH U Ae(hOPMaTHBHOCTH 00pa3iia OaaKu.

4.3. Koncmpyxkyusa oopasua 6anku

B xauecTBe 0oOpasia cocTaBHOM Gajku Ge3 CBs3eil MPUHATA MOJENb, CO-
CTOSIIAS M3 JIBYX JIEPEBSIHHBIX 3JIEMEHTOB, KOTOPHIE CILIAYMBAIOTCS 6€3 CBSI-
3eit B aBa ciost 1o BeIcoTe. Ceuenne snmeMenTa by x hy. Bricota ceuenns Gai-
ku hy =2 hy (puc. 4.1).

L e

20 ls 20| | e

Puc. 4.1. Banka cocmasnozo ceuerus be3 ceszell
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4.4. Ocobennocms pabomel 6a1KU COCMABHO20 ceyenus 6e3 ceaseil

Oco6eHHOCTh paboTHI OaKK Ha MMOTIEPEYHBIN M3THO COCTOUT B TOM, YTO
Ka)KIBIH 3JIEMEHT paboTaeT caMOCTOSATENBHO, T.K. OHU HE CKPEIUICHBI MEXKIY
coboii. Hecymast crmocoOHOCTE Oallki COCTaBHOTO CEUCHHUS Oe3 CBS3EH CyM-
MHpPYeTCS U3 HeCyIIeH CIIOCOOHOCTH KaXkKAOro »JIeMeHTa. [loaToMy reomer-
pHYECKUE 3HAUCHHS TAKOH OaJIKH ONPEAEISIOTCS CIESAYIOIUMU GopMyIamMu:

a) IIoWab CEYEHUS:

F0:F1+Flzbg’hl"'bg'hl:bo'hg; (41)
6) MOMEHT CONPOTUBJICHUS
. h2 L h2 L h2 . 2 h2
Wo=W; +W,; = Do hi 4 b hi _ obo Mt _ oba(he/2)” _ bohi ; 4.2)
6 6 6 6 12

B) MOMEHT MHEPLHU!

bs-h3 | bs-h3 bs-h3 b (hs/2)3 _ bghd
— + =26 1 + o 1 = 2 [ 1 — 2 — . 43
Jo=h+h 12 12 12 12 48 ’ (4.3)

W3 BelienpuBeeHHBIX (OPMYNT BUIHO, YTO MOMEHT CONPOTHBIICHUS H
MOMEHT WHEPIMHU COCTaBHON Oanku 0e3 cBA3EH 3HAUYMTENBHO HIKE, YeM y
0aJKM ETHHOTO CEUCHUS:

W, = W,/2; J,=3,/4.

4.5. Pacuem necywieit cnocoonocmu u npozubda oopasua 6aiku

Pacuernas cxema o6pa3sia 6ajku — OZHOIPONIETHAs C JBYMS COCPEIOTO-
YEeHHBIMH Harpyskamu (puc. 4.2).

PacueTHast Hecymias criocoOHOCTb OMpeJenseTcss U3 GopMyibl pacdyera
JIEPEBSIHHBIX 3JIEMEHTOB Ha IOTIePedHbIi N3rH0:

Mpacq/VVpacq =< Ru ) (4-4)

rie Myaeq = (P/2)-a;

VVpac'{ = VVO = (b6 ' hé)/lz ;

R, — pacueTHOE CONPOTHBIIEHUE JpeBecuHbl M3rudy (mo tadn. 3 CHull
11-25-80).

32



Ra |

Sn M

J’Mpac-;=R;\~a=(P/2)-a

OnQ

Q=R

Q=Rs

Puc. 4.2. Pacuemnas cxema obpasya 6anxu u snwopvt M u Q
Teoperndeckn pacdeTHash Hecymias CIIOCOOHOCTh oOpasma Oanku co-
CTaBHOTO ceYeHUs 0e3 CBsA3el OymeT onpezaencHa no hopmysie

Pl = Bl (4.5)

pacu a

Teoperudeckuii mporud odpasia moj| yCIIOBHO HOPMATUBHON HAarpy3Koif,
pasHoii 0,8 Pp,c/2, Oyner onpenenen mo Gpopmyie

m_ 23 (08Bpc/2)1]
fo 648 EyJo ' (4.6)

rae £, — moxyns ynpyrocti npeecussl (mo CHull 11-25-80 1.3.5).

4.6. Memoouka ucnvimanus oopazua 6a1Ku

Ilepen ucnmbITaHueM NPOUZBOAMTCS OCMOTP M 00OMep oOpasma Oaiku.
JlaHHBIE 3aHOCAT B OTYET:
* Matepuan 0anku (Mopojaa u CopT) ; ,

* BJIAXHOCTb %,
* pacyeTHbIi npoJer l; cM,
* PacCTOSHHE OT OIOPHI & cMm,

33



* BBICOTA TIONIEPEYHOTO ceueHus Ny n hg cM,

* MIMPHUHA MTOTIEPETHOTO CCUCHUS Dy cM,
* IUIOMIa[b MONepedHoro ceueHus F, oM,
* MomeHT conpoTtuBierus W, oM,
* MOMEHT HHepIHH J, CM4,
* pacdeTHOe CONpOTHBIEHHE H3THOY R, MIla (krc/cm?),
* pacueTHbII MOyNb YIpyroctu £, MIIa (KFC/CMZ).

o nomy4YeHHBIM TAaHHBIM OTIPENEISIOTCS
* pacueTHas Hecyllas cmocoOHOCTh Ganku 1o hopmyie (4.5)
Pracs=  kH (k[ c);
* mporu6 no gopmyse (4.6)
fr= oM.
OO0paser; Oanku ucmbITEIBacTcss Ha MammHe P-10. Harpyxkenme ocy-

HICCTBJILCTCA B ABYX TOYKAX € IOMOIIBIO CHUCTEMbI TPABCPC U TSHKEN (pI/IC.
4.3).

— oo
-
LS
o
- >
N[T
\w
<
@
&
1
—

777 I 7777 7777777777777 777777777 7l
[ a | a | a

t T 1

Puc. 4.3. Cxema ucneimamenvhou ycmanoeku Ha mawure P-10:
1 — cocmasnas Oepessinnas 6anka be3 cészell;, 2 — HeNOOBUNCHAS MPABeEPCd;
3 — nodeusicnaa mpasepca; 4 — maxcu ¢ onopamu; 5 — auHuA useuba darKu

Ha o6pasne 6anky ycraHaBIMBAIOTCS CIIETYIOLINE IPHOOPHIL:

a) Tpu MexaHudeckux Tenzometpa 7;-1, T;-2 u T,-3;

6) nporubomep Ilp-1 (MHAMKATOpP YACOBOTO THIIA);

B) nBa cnBuromepa Cy-1 n C-2 (MHANKAaTOPHI 9aCOBOTO THIIA).
Harpyxenne 6anku ¥ 0OTCUET IO MPUOOpPaM HMPOU3BOIHUTCS B TPU CTYTIE-

uu. Ilepsas ctynens 0,57, Bropas — 0,8P", TpeThs — PpTaw. ITpu 3arpyxe-
Huu Ganku Harpyskoi 0,8P" (Bropast CTyneHb) GUKCHPYIOTCS TOJBKO ITOKa-

3aHMs nporudomepa.
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[TokazaHus ocTambHBIX MPHOOPOB (PUKCUPYIOTCS IMEpe HadaIoM 3arpy-
T T
xenust, 1pu 0,5Ppacq ¥ Ppacy.

Kypnan ucneimanusa
JMama ucnvimanus

INokaza- Tlokaszanus
e INokazanus Hanpsoxenus, CBHTOME CnBur
) -
No I‘izr'[;)()f— npo- | Mporu6 TEH30METPOB MIla (krc/cm®) pos TOPLIOB
n/u (1’<H)c rubome- | f;, MM
pa T3l | 752 | T3-3 | 0] | 05 | 05 | Crl | Cr2 | Ayt | Aco
Ip-1
1| P=0 0 n=|n=|n=10]07]0 0 0
) P= . . .
n=|n.=|n,=
05P,
s|
08P
4 |P=pP,., n, =|n, =|n =

CrietyeT OTMETUTh, YTO M3THO OAJKH MPU €€ 3arpyKCHUH MPOUCXOIUT
cHu3y BBepX. [loaTomy TeHzometp 7;-1 paboTaer B cxxaTtoil 30He GajKH, TCH-
3oMmetpsbl 7,-2 u T,-3 — B pacTsHYTO# 30HE.

Kpome toro, st onpeaenenust pakTHuecKoro nporuda HeoOXoIuMo 3a-
MEpsITh BEJIMYUHY CMATHS Omop Oanku. OJHAKO CYIIECTBYIOIIAs HCIBITA-
TeNbHAsE YCTAHOBKA HE MO3BOJISAET YCTAHOBUTH MPHOOPHI HAa OMOPAax, YTOOBI
yuects 00MsTHs onop. [loaToMy BenuuuHy nporuda Oajiku f;) cieayer cHU-
3uTh Ha 1,0 MM.

4.7. Ouenka pe3ynbmamos uCnolMAHUA

BenuunHy HampspKeHHH MO MOKa3aHWSAM TEH30METPOB BBIYUCISIIOT I10
dhopmye

o= Eye= Eﬂ(nK - nH)/IT?.'mn ) (47)

rae (N, —N,) — Pa3HOCTh OTCYETOB IO TEH30METPY;

I, =20 MM — Ga3a TeH30METpA;

m,, = 1000 — yBenuyecHre NOKa3aHUI TEH30METPA,

E, — MOJyJIb yIIPYTOCTH JPEBECHHBI BJIOJIb BOJIOKOH (Kre/cM?).

Io pe3ynbraraM HCIBITAHUS HEOOXOJUMO MOCTPOUTH SIIOPY HOPMAlb-
HBIX HAIMPSKEHUH 10 BBICOTE MONEPEYHOTO CEUCHHUS IIIEMEHTOB OAJIKH.
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Jist onieHKH (haKTHYECKOW HeCcyIe CIIocoOHOCTH o0pasiia 6amku HeoO-
XOJUMO CPaBHUTh HOPMAJbHBIC HAMPSDKCHHUS] C BEIMYMHOM PacueTHOro Co-
MPOTHUBJICHUS TIPH MOMIEPEUHOM H3rHOE.

T A N S B
i P S W i
=i D" GO b NP G

T, - -
65 \énpu 0,5P,cq P _inpu 0,5Pp,c,

Puc. 4.4. Dniopsi HOpMANLHBIX HANPAHCEHUIL
1o nonepeyHoMmy ceuenulo obpasya banku

* pu 07 <R, n 03<R, Hecymas cnocoGHOCTh YAOBIECTBOPUTEIbHAS;

* ipu 07 KR, 1 0] KR, HE0OXOAMMO OOBICHUTH, YEM BBHI3BAHO CHIKE-
HHE HOpPMaJIbHbIX HAIPSHKEHHUH.

CpaBHeHHE BEIMYUHBI MPOTHOa, MOTYYEHHOTO PAcyeTOM, C BEIMUYHUHOU
nporuba NMpH HArpyXEHUH JaeT BO3MOXHOCTh OIICHHUTH Ae€(OPMATHBHOCTD
obpasua 6anku:

* pu f; < f7 ynpyrue xadecrtBa yJIOBIECTBOPHUTEIIBHBIC;

* pu f; > " HEYAOBICTBOPUTEIBHBIC.

Heo6xomumo npoBepuTh Takxke Mporud oOpasia O0aakud B JOJSX HMPOTH-
6a. Oty Bennuuny HopMmupyeT Tabmuna 16 CH u IT 11-25-80 2/, <[1/200].

B 3akiroueHue AeIar0TCs BHIBOMBI O HECYIICH CIIOCOOHOCTH U Jedopma-
THUBHOCTH 00pasia 0ajKy COCTaBHOTO cedeHHs 0e3 CBs3eH, a Takxke O Iere-
c000pPa3HOCTH MCIIOJIBb30BAHMUS TAKUX OAJIOK B CTPOUTENLCTBE.

4.8. Konmpoavnusie eonpocut

1. KakoBa KOHCTPYKIUs OAJIOK COCTABHOTO CEUCHHS, DIIEMEHTHI KOTOPBIX
HE CKPETUIEHBI CBI3SIMU?

2. Kak paboraet cocraBHast Oanka 6e3 cBs3el o Harpy3Kou?

3. KakoBa 0COOEHHOCTh pacueTa reOMETPUUECKHX XapaKTepUCTHK 0aIoK
COCTAaBHOT'O ce4eHHs Oe3 CBsI3ei?

4. Kak ompeneiauTb TEOPETHYECKH HECYIIYI CIIOCOOHOCTH COCTaBHOM
Oaiku 6e3 cBs3ei?

5. KakoB xapakTtep pacnpe/iesieHuss HOpMaJIbHbIX HaNps>KEHUH MO BBICO-
Te OaJIKi COCTaBHOTO CeYEHUsI Oe3 CBS3EH TEOpEeTHIEeCKN U (PaKTHIeCKH?

6. Kakumu moxasaressiMu OIICHHBAETCS HECYIash CIOCOOHOCTH Oallku
MIPY UCTIBITAHUSX ?
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7. Kakue nedopmanuy HaOIIOAAIOTCS IPH UCTIBITAHUN OAJIKK COCTaBHO-
ro cedeHus 0e3 cBs3en?

8. Kak ompenensercss mporud coctaBHOil Oanku 0e3 cBsA3el TeopeTHde-
CKH 1 9KCHIEPHMEHTAIBHO?
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5. ACIIBITAHUE HA M3I'lb OBPA3LA
JEPEBSAHHOM BAJIKM COCTABHOI'O CEYEHHUA
HA YIPYTI'ONIOJATJINBBIX CBA3AX

5.1. Iens pabomor

O3HAaKOMHUTHCS C KOHCprKHHeﬁ 1 0COOCHHOCTSIMU pacyeTra u pa6OTLI Ha
nonepeqﬂmﬁ U3rubd COCTaBHOM ﬂepeBﬂHHOﬁ 6EUIKI/I, COCAMHCHUC DJICMCHTOB
KOTOpOﬁ BBIINNOJIHCHO Ha IJIaCTHHYATBIX Harcysx.

5.2. 3a0auu

1. OmpenenuTs TEOPETHUYESCKH HECYIIYIO CIOCOOHOCTh oOpasma Oaiiku

Pgacq'
2. OmnpeieTUTh TEOPETHIECKH BETMUHMHY Tporuda obpasna 6amku f ' mox

HOPMAaNbHOH Harpy3koi pH = 0,8Pf,c,.

3. DKCIEpUMEHTAIILHO ONPEISNIUTh BETUUYMHY HOPMaJIbHBIX HANPSKSHUH
1 Iporud B cepenuHe mpoieTa oopasia Oaku Ipu ero u3ruode.

4. DKCHEepUMEHTAIBHO ONPENCIUTh BEIHMYMHY U XapakTep B3aUMHOIO
CIBWTa 3JIEMEHTOB 00pasna OanKu Mpu U3ruoe.

5. OLEHUTH MO IKCICPUMEHTAIBHBIM JAHHBIM (PAKTHYECKYI HECYIIYIO
CHOCcOOHOCTH U Ae(POPMATHBHOCTH 00pa3ia OaiKu.

5.3. Koncmpykuyusn oopasya 6anxku

B kadecTBe 00pasiia COCTaBHON OajKu C YIPYroOMOJATIUBBIMHU CBSI3S-
MU IIpUHATA MOJICJIb, COCTOAIIAA U3 ABYX JCPEBAHHBIX DJICMCHTOB, KOTOPLIC

ik ik
- e
- 5
.!- I MM }{Eﬁ 53[ ;’
™ w7 | ambedaa -__< i<
| [ el =57
= 5uSy 102l | == I e, |
| | |  E—
;2_0 6 20 65
Q_ v 20 HEL

Puc. 5.1. banxa cocmasenozco ceuenus cynpyzanodamﬂuebmu CBA3AMU
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CIUIAYMBAOTCA B [IBA CJIOS IO BBICOTE. BBIcOTa ceuenms Oanku h; = 2h;. B
IBE MEXIY JJIEMEHTAMH YCTAHOBJIEHBI [0 JUIMHE OOpasla IIAaCTHHYATHIE
Haress, KOTOpblE COEIUHAIOT 00a dyeMeHTa Oaiku. IlnacTMHYaThie Haress
YCTAHABIMBAIOTCA B IPEABAPUTENLHO H3TOTOBJEHHBIE HArelibHblE THE3NA.
Pasmep ruesna: Beicora h,, = |, + 2 MM, mmpuna J,,= d,,, Tyouna b,, = bs.

5.4. Ocobennocmu pabomol u pacuema 6aiKu COCMAGHO20 Ce4eHUA
€ YRpy2onoo0amaueblMu céA3AMU

Oco0eHHOCTh PabOTHI OAJKH Ha MOMEPEYHBIH U3rUO COCTOUT B TOM, YTO
AIIEMEHTHI OalKi paboTalT COBMECTHO, T.K. OHHM CKPEIICHBI MEXIy CO00i
TUIACTUHYATHIMU HareJIsiMu B OfHO Lenoe. OJJHaKo Takylo 0ajKy HeJb3sl MpH-
PaBHATH 110 HECyILIeH COCOOHOCTH K OaJjike NEebHOTO CeYeHHs M3-3a I0JaT-
JIMBOCTH IUIACTUHYATHIX Harenell. [1o3ToMy reoMeTpuyeckie XapakTepHCTH-
KM CCUCHUsI COCTaBHOW OaJKu HIDKE, YeM y OaJIKW IeJIoro (CIUTONIHOTO) ce-
YEeHHs TAKUX XKE Pa3MEpOB:

a) wiomanp ceuenus: F, = F1+F, = bgh+ byhy= bshg; (5.1)
22
©0) momenT conporusnenus: W, = W, - k,,= behs ky ; (5.2)
.3
B) MOMEHT uHepuuu: J, = [, * ky = Ps hs . ky (5.3)

12
Kos¢ppunuents k,, < 1,0 u k,. < 1,0. Ouu onpenensrorcsi mo Tadimiie

Nel3 CH u IT 11-25-80 B 3aBHCHMOCTH OT YHMCJa OIIAYUBAEMBIX DJIIEMEHTOB
0aJIKi ¥ BETTMUUHBI €€ MpoJieTa.

IIpu m3rube Oankw COCTAaBHOTO CEUCHHS BO3HUKAIOT CIABHTAIOIIAE YCH-
TSI, KOTOPBIE BOCIPHHUMAIOTCS IUIACTUHYATHIMU HaredsMu. KommdecTBo
Hareyeil Ha Ka)JI0# MOJIOBUHE OAJKH OTIPENIENSICTCS PacueToM.

5.5. Pacuem necywieii cnocobnocmu u npozuda oopazua 6aixku

PacuerHas cxema o6pa3sia 6ajku — OZHOIPONETHAs C JBYMS COCPEIOTO-
YCHHBIMH Harpy3kamu (puc.3.2).

Pacuernas Hecymas ciocoOHOCTB onpezensercs U3 GopMyJIbl pacyera
JIEpEBSIHHBIX DJIEMEHTOB Ha MOTNEPEUHbIil U3ruo:

Mpacq /VVpacq < Ru ' (54)
e Myoeq = (P/2)-a;

— _ behd
VVpac'{ = Wu'kw e

ky ;
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R, — pacueTHOE COMPOTHBICHUE IpeBecHHBI m3rudy (mo tadn. 3 CHull
11-25-80).

2R, W, k
Bpae == (5.5)
Teoperudeckuii mporub odpasia Oanku:
23 (0,8P%cq/2)-13
f;_lT — % P: 6 (56)

Ep Jyksx

rae £, — moxyns ynpyroctu npesecussl (mo CHull 11-25-80 m.mw.3,5);
Ju * ky — 10 dopmyne (5.3).

Ra |

J»Mpﬂc.,zRNa:(P/Z)‘a

Puc. 5.2. Pacuemnas cxema obpasya 6anku u snwopa M

TpebyemMoe KOIMYECTBO IUIACTHHYATHIX HArelieil Ha IMOJIOBHHE JTMHBI
0aJIKH, 3a UCKITIOUEHHEM CPeHEro yuactka amHou 0,2 1y

1/2 _ 12MpacuSep 5.7
mr T T ). ’ ( . )
w1 J 6p
- T a-
rae Mpacq - (Ppac‘{/z) a
2
. — behs .
CTaTU4YCCKUU MOMCHT SGp = T ,
behi .
MOMCHT MHCPIUU ]6p = 2

Ty = 20 1,°by, — pacueTHas Hecyasi ClOCOOHOCTH ITACTUHYATOTO
HareJjs U3 CTaJlH.
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5.6. Memoouka ucnvimanus oopasya

Ilepen ucpITaHNEM TIPOU3BOIUTCS OCMOTP U 0OMep obOpasiia Oanku. Pe-
3yIbTATHI 3aHOCSATCS B OTYET:
* IOpOJa ¥ COPT JPEBECHHBI 00pasia

* BIQ)KHOCTb JIPEBECHHBI %,
* pacyeTHbIi mpoJer lg cM,
* BEJIMYMHA ¢ cM,
* BBICOTA MOMEPEYHOTr0 cedeHust hg cM,
* HIMPHHA MOMIEPEYHOTO ceUeHus by cM,
* IJIOIIA/h MOTIEPEYHOro ceueHus F oM’
* MOMeHT conpoTuBiieHuss W, o’
* ko3 urmenr ki, ,
* pacyeTHbIi MOMEHT conpoTusieHus W, o’
* MOMEHT UHEPLUH Jy; = Jgp CM4,

* koo purmenrt K,

* pacyeTHBI MOMEHT MHEPINH J;,
* CTaTUYECKMH MOMEHT Sg;, ,
* pacyeTHOe COIpoTUBIEHHE U3rH0y R, MIla (xkrc/cm?),
* pacyeTHBII MOYJb YIPYroCcTU £ MIla (KFC/CMZ,
* pacueTHas Hecyllas ClioCOOHOCTh 00pa3ia

cocTaBHOH Oanku Pp,cy.

* Hecylasi CIoCOOHOCTh MIaCTUHYATOro Harens 7,

12
1 4
* (pakTHYECKOE KOJIMYESCTBO IJIACTHHYATHIX HAreiaen n;/ﬂz ,

* TEOPETUYECKUIA TIPOrUb 06pasia coctaBHoi Oanku

Ob6pa3zer; Ganku ucnbITaTbiBaeTcs Ha MamuHe P-10. Harpyxenue ocy-
HIECTBIIIETCS B IBYX TOYKAX C MOMOIIBIO CHCTEMBI TpaBepC U TsKel (puc.
5.3).

Ha o6pasie 6aku ycTaHaBIMBAIOTCS CIESIYIOINE TPUOOPHI:

a) MEXaHUYeCKUe TeH30MeTphl 13-1, T3-2 u 13-3;

0) mporudomep /Ip-1 (MHINKATOP YACOBOTO THIIA);

B) cauromepsl Ca-1, Cn-2, Cn-3 u Cn-4 (MHIUKaTOPHI Y4aCOBOTO THIIA);

Harpyxenne o0pa3ma 6anku mpou3BoanTCS B TpH cTyneHu. [lepsas cry-
T

* TpeOyeMoe KOJINYECTBO IUTACTHHYATHIX Hareneil n

T
pacu.>

T

neHs pasHa 0,5 P pacu.-

BTopas 0,8P TpeTbs P IToxa3zanne mporu6o-

T

pacu.’

Mmepa [Ip-1 pukcupyercs nepen HavaioM Harpykeuus u npu P, = 0,8P pace.”
IToka3aHust TCH30METPOB U CIBHTOMEPOB (PHKCHPYIOTCS IIepell HadaloM
T

Harpy>XeHus, IIpu P2:0,5Ppacq. u nipu P3=P ;acq.'
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5
Tp-1 /1
ClI-1 I A Cll-4
@ ...@.Cﬂﬁ....?
L " ClE =]
4

[38]

& COEL OO L LEOLLLLY 4

i a | a | a i
r T T 1

Puc. 5.3. Cxema ucnvimamenwsroti ycmanogxu na mawune P-10:
1 — obpasey cocmasroii banku ¢ ynpy2onooamauebiMu CesA3AMU;
2 — HenoOBUXCHASL Mpasepcd; 3 — NOOBUICHAA MPAsepca;

4 — msocu ¢ onopamu; 5 — runus uzeuba danKu

CrietyeT OTMETHTb, YTO JJaHHAs MCIBITATENIbHAS YCTAHOBKA IPOU3BOIUT
n3rub oOpasma cHu3y BBepx. [loaTomy TeH3omerp 73-1 dukcupyer cxaTme
BOJIOKOH 0aJiKi, a TeH30MeTphl 73-2 1 T3-3 — pacTsiKeHue.

Kpome TOro, KOHCTpyKuHusi TsKE M OINOp TaKoBa, YTO HEBO3MOMKHO
YCTaHOBHUTh TPHOOPBI, (HUKCHpYIOLIME ckaThe omnop. I[loaToMy BelnuuHy
nporuba Oanku f° npeanaraercs CHU3UTH 3a CUET CMSITHS JAPEBECHHBI 101
omopamu Ha 1 MM.

Bce nokazanust npuOOpPOB IPH UCTIBITAHUM 3aMMCHIBAIOTCS B KYpHA:

Kypuan ucnvimanus oopasya 6anxu
Hama ucneimanus

Harp | Tlo- | IIpo- TTokazanus Hanpsice- IToxazanwust

y3Ka, | Kaza- | THO aust, MIla CrBur Topuos
TEH30METPOB 2 CIBUTOMEPOB

(xrc) | Hue 2, (xrc/em?)

kH [TIp-1| mm | 731 | T5-2 | T5-3 0y |0, |05 |Cil|Cr2|Ca3|Crrd | Ar [ A2 | Az | Ay

P,=0 0 Ny Ny Ny 00

Py - - n | ng | m

P, - - - -l - - - - - -
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5.7. Oyenka pe3ynvomamoe ucnvlmanus

BennunHy HanpspkeHMH MO MOKa3aHMSAM TEH30METPOB BBIYHCISIOT MO
bopmyre (4.7) U CTPOAT SMIOPY HOPMATBHBIX HAMPSDKSHUH MO BBICOTE IMOTIe-
PEYHOTO CeYCHHUS 3JIEMEHTOB Oanku (cM. puc. 4.4.).

Hecymiass crocoOHOCTh 00pa3ua yqoBJIETBOPUTENbHAS, €CIM HOPMallb-
HbIe HANpPsOHKCHHUSA G; U G3 MEHBIIE PACUSTHOTO CONPOTHBIICHHUS NPEBECHHBI
Ha m3rud R,

Ilpu sToM BenmuuMHa (AKTHYECKOTO Ipormda He IOJDKHA HPEBHINIATH
TEOPETUUECKYIO BEINYNHY:

i < i (5.8)
Taxoke He0OX0AMMO IPOBEPUTH BETMUUHY OTHOCUTEIBHOTO MPOTuoa,
KoTOpast oJkHa ObITh MeHee 1/200:
fi 1
T <— (5.9
lg — 200
B 3akioyeHue naercst BHIBOJ O HECYILIEH CIIOCOOHOCTH U JeopMaThB-
HOCTH 00pasiia Oayku.

5.8. Konmponvnsie sonpocut

1. KakoBa KOHCTPYKIHsI OaJKH COCTABHOT'O CEYCHHS HA IUIACTHHYATBIX
Haresusix?

2. Kak paboraer cocraBHasi Oajika ¢ yIpyromnoJaTiuBbIMH CBS3SIMH O
Harpy3Kou?

3. KakoBa OCOOCHHOCTH pacuera COCTAaBHOM Oajikd Ha IJIACTHHYATHIX
Harensx?

4. Kak ompeneianTh TEOPETHYECKH HECYIIYH) CIIOCOOHOCTH COCTaBHOM
0aJIkul ¢ ynpyronoJaTInBEIMU CBSA3SIMU?

5. KakoB xapakrtep pacnpeaeleHus HOpMalTbHBIX HANPSHKCHUH MO BBICO-
Te cedeHus OanKu?

6. Kakumu mokaszareisiMd OLCHHBAETCS HECYIIas CIIOCOOHOCTH Oanku
TIPY UCTIBITAHUH?

7. Kakue nedopmaiuu MpoUCXOIAT HPU UCIBITAHUN OANKH COCTABHOTO
CEYEHHSI C YIPYTOIUIACTHIHBIMH CBA3SIMU?
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6. UICIILITAHUE HA U3I'Mb ®PAIMEHTA
KIIEE®PAHEPHOU IMAHEJIA

6.1. Llenv pabomor

O3HaKOMHTBCS ¢ KOHCTPYKIHEH KieedaHEepHOI MaHeNnn # H3y4HTh OCO-
OeHHOCTH ee paboTHI M pacyeTa IpH MONEePEeYHOM H3THOe.

6.2. 3aoauu

1. OnpenenuTs TEOPETHYECKU PACUCTHYIO HECYLIYIO CIIOCOOHOCTH IaHe-
JIM U3 YCJIOBUSL €€ TIPOYHOCTH NPH U3rHoe.

2. Onpenenuts TEOPETUUECKH BENWYMHY Hporuba MpH HOPMATHBHOM
Harpyske.

3. OnpenenuTh SKCHEPUMEHTAIBHO BETMYMHY HOPMaIbHBIX HAIPSIKCHUH
10 IIMPUHE CEYEHHUs MMaHEeIU M0 paCUETHON Harpy3Koil.

4. OmnpenenuTbh 3KCIIEPUMEHTAIBHO BEJIMYMHY MPOrHda 1moJi HOpMaTHB-
HOM Harpy3Kou.

6.3. Oopazey ghpazmenma Kkneegpanepnoit nanenu

OO0pa3ser Ui WCIBITAHKS TPEICTAaBIIET PparMeHT pedpucToil Kieeda-
HEPHOMW MaHEJH, COCTOSINUN U3 ABYX MPOIOJIbHBIX pedep U3 IPEBECHHBI COC-
Ha U JBYX OOIIMBOK U3 Oepe3oBoii panepsl Mapku OCOD, koTOpbIe coeanHe-
HBI ¢ peOpaMu Ha BojocToiikoM kiee (puc. 6.1). Tonmmua BepxHel U HUXK-
Hell OOLIMBOK MPUHSTA OJMHAKOBOM, YTOOBI YIIPOCTUTh pacyeT reoMeTphye-
CKHUX XapaKTePHUCTHK MaHeIH.

(0%}

P
no 1-1
2 )

1 B
i
hp

~H
% 5? |l)|$:; @‘1;»1 | ) 2 O I(;I T3-2 1(;
| 4 |

L % | Tmaa
! 1 : l 6p

5] a~]

TES

5

5 |
hp |

Puc. 6.1. Obpasey ghpaemenma kneegpanepnoii nanenu: a) 6uo nameau cOoKy;
0) ceuenue nanenu no 1-1; 1 — pebpo nanenu; 2 — obwusxu uz gpanepvt; 3 — mpasepca
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— 832

— — 532
Hri-yo — 8¢/
Oy - — 30 he/2
Yo hy/2
32
— 7w, — — | — 1,
gpacq:Oyg 6y
ﬂL -"IL
Puc. 6.2. Cxema nonepevYHoco ceveHus dj1emenmos naHeiu
onst pacuema an! Snp(lt»n)! Yo! an(o—u), S(]E; ’ Snp(u—u)
lP
e e e e 1
P P
2 2
- -P
s 2% 1 I» I )% )
Omopa o,

Puc. 6.3. Pacuemnas cxema nanenu u dniopa HAnpsa’ceHutl
1o wupuHe pacmanHymou oouueKu
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6.4. Ocobennocmu pabomel u pacuema Kneeganepnoii nanenu

[Ipu monepeyHoM m3rude B pabOTy BKIIOYACTCS BCE CEUCHUE MAaHEIH —
o0e (aHepHBIC OOMMBKY U epeBIHHBIC peOpa. HIDkHAS 0OmIMBKa M HIDKHSSA
yacTh pedep padoTaroT Ha pacTskeHne. BepxHss oOmmBKa U BepXHSSA 4acTh
pebpa — Ha cxarue. PacueT HOpPMalbHBIX HAIPSHKCHUI NMPOHM3BOIMTCS MO
(opmynaM pacyera HEJIbHBIX 3JIEMEHTOB Ha U3THO CO CIIEAYIONIMMHU 0COOCH-
HOCTSIMU:

* HaIpsDKEHHE B HW)KHEW OOIIMBKE HE JIOJDKHO MPEBBIIATH PACYETHOTO
COIPOTHUBJICHHS (haHEPHI HA PACTIKEHUE:

oy = M/VVI'ITJ < R[[,p *My 5 (61)

* HampsDKEHHE B BEpXHEH OOLIMBKE HE JIOJDKHO IIPEBBINIATh PACYETHOTO
CONPOTHUBIICHHS (haHEPHI Ha CHKATHE!

Oc = M/(PcbVVn% < R([w ’ (62)

rae M — pacueTHBIN U3rHOArOIINA MOMCHT;

Wap = Jup/V, — IpHBEICHHBIH MOMEHT CONPOTHBIIEHHS HIKHEH dJacTH
CedeHHs TaHENN;

Wap = Jup/(h-V,) — mpuBeieHHBIH MOMEHT CONMPOTUBJICHUS BEPXHEH ya-
CTH CEYEHUs MaHENN;

¢¢p — KOI(QOULMEHT, YUUTHIBAIOIIMI CHIDKEHHE Hecylled crnocoOHOCTH
BepxHel (aHepHOW OOIIMBKHM OT MOTEPH yCTOMYMBOCTH, ONPEAEISIETCS IO
hopmymam:

0y = 1250/(a,/34s)° TP do/S > 50;
0y = 1- (a,/84,)°/5000 Tipu a,/3y, < 50,

Jup = Iy + 4 (E/E,;) — IpMBEIeHHBIN MOMEHT MHEPIMH NOTIEPEYHOTO
CCUYCHHS TTaHeH;

Jpr Ji — MOMEHT MHEPLIMH MONEPEYHOTo cedeHUs (paHepHBIX OOMINBOK
JIEpEBSHHBIX pedep OTHOCUTENBHO HeWTpaabHO ocu O-O;

E,/E; — oTHOIIEHNE MOZIeNell yIpyrocTH APEeBECHHBI U (paHEePHL.

[onoxenne HEUTPaNILHOH OCH HEOOXOIMMO ONPENENSATh, ECIU Jg > O !

Vo = Supau-ny Fup — PACCTOSIHUE OT HIDKHEH IPaHU IAHEIH;

Fup = Fy + Fy (EJ/Ey) — npuBenieHHas TUIOMA/b CCUCHHMS TTaHEIH;

Supu-my = S¢ + Sy(E,/Ey) — NIPUBEICHHBIA CTATHUECKNUH MOMEHT CEUEHHs
OTHOCHUTEJILHO HIDKHEH IpaHy MaHesH.

Ilpu momepeuHom u3rube B pebpax MaHETH BO3ZHUKAKOT CABUIAMOLINE
YCUITHS, KOTOPbIE MOTYT CKOJOTh (haHepy WK IpeBecuHy pebep. [loaTomy
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Heo0X0aMMO, 9TOOBI KacaTeNbHbIe HANpPsDKCHHS He MPEBBINIATH PAaCUSTHBIX
CONIPOTHBIIEHUI Ha CKalbIBaHHe (QaHephl Ry M Ha CKanbiBaHKE pedep R

gy = Lo p 6:3)
¢ JapZby e '
Q" Sip (0-0)
= 2 mplomo) o
Tll JupEby RCK ’ (64)
s
rae Sg = Fps(h—y, — % - CTaTMYECKHH MOMEHT BEepXHeW OOLIMBKU OT-

HOCUTEJIBHO HEUTPaJIbHOH OCH;
B
Fy (h—y—6g)
2 2
YEHU BBILIE HEUTpaJIbHOH OCH.

E o
Sk om0y = Sp + -2 )- craruyeckuii MOMEHT HOJIOBHHBI Ce-
¢ (0-0) ¢ Eg

6.5. Pacuem necyuieii cnocoonocmu oopazua u e2o npozuoa

Jl7st BBITIONTHEHHUSI PACYETOB HEOOXOMMO ONPEICIHUTh CIEAYIOIIHE BEU-
YHHBL:

a) pacueTHYIO WUPUHY MaHeu bp,q = 0,9b, , 1, =6 (a +);

0) monoxeHue HeWTpansHOi ocu 0-0 Y, = h,/2;

B) MPHUBEICHHBIA MOMEHT HWHEPILUHM PACYETHOIO CEYEHHS MAaHETUd OTHO-
CUTEbHO HeWTpasbHoi ocu 0-0

]np = ](b + ],q (E;L/Ed)) =
Ppaca 63 5 byh3
= 2[5 4 braeaBy (Yo — =071 + 228 (B, /Ey);
F) HpI/IBCILCHHHﬁ MOMCHT COIIPOTHUBJICHUA
Wi = Wit = Jup/Yo.

Hecymast cioco6HOCTS 00pasiia onpeesnsieTcst 3 CIelylonnX yCIOBHH:
1) IO IPOYHOCTH HIKHEH PacTSIHYTOW OOIIMBKH

2'Rgp Wi
pr = —p . (6.5)
Iy
2) 10 MPOYHOCTH BEPXHEH CKaToW OOLIMBKH
2-Rpe 0 Wi
Pl =2 % (6.6)

5%
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_ . lat+bp)/55)?
e ¢y =1- 5000

B .
ecin (@ + by) /85 < 50;
3) Mo MPOYHOCTH BEpXHEH OOMIMBKY HA CKAJBIBAaHUE BIIOJH BOJIOKOH (ha-
HEpHOTo LINOHA

2R Jnp2-bp

Pl = (6.7)
Si(o-0)
e Sq)(o_o) = pracll - 5$ . (Yo — 6$/2),
4) 1o IPOYHOCTH IPEBECHHBI pedep Ha CKaIbIBaHUE TIPH H3rHbe
pr = o 2bp (6.8)
Snp(o-0)
2byhy  Yo— 85
e Spp = Spo-0) T pz £ (Tq}).(E,q/Ecb)
Teopernueckuii mporud odpasma onpenemnsiercs mo popmyie:
P/2)1
f;)T = Tb/n; : (3[2 - 41%) (69)
1
fo L=

250

6.6. Memoouka nposedenus ucnotmanus

Ilepen ucmbplTaHMEM HPOM3BOAATCA OCMOTP OOpaslia M 3aMep €ro aJie-
MEHTOB. J[aHHBIC 3aMEepOB 3aIHCHIBAIOTCS B OTYET U UCIIONB3YIOTCS TIPH pac-
yeTax:

* JUIMHA TIAHEJIM MEXIy oropamu | = cM,
* paccTosHHE OT OMOPHI J10 HArpy3ku P2 1} = cM,
* [MpHHA naHeu b, = cM,
* BpIcOTa manenu h, = cM,
* TONIIMHA pedpa by = cM,
* KOJIMYECTBO pebep 1, = T,
* BEICOTA pebpa h, = cM,
* TOJIIMHA OOIIUBKA BEpXHEU 63 = CM,
* TOJUIMHA OOUIMBKM HIKHEH 8y = cM.
ITo CHulI 11-25-80 onpeaenstorcst:
* MOJyJIb YIIPYTOCTH JPEBECUHBI £, = MITIa (KFC/CMZ),
* MOZyJb ynpyrocTu (anepsl £y = MITIa (KFC/CMZ),
* PacyeTHOE CONpoTHBIEHHE Ry, = MIIa (krc/cm?),

48



* Ha pacTsbKeHHe U cxatue Ganepsl Ry, = MITa (krc/cm?).
Jlanee BBIIONHSACTCS pacyeT CIESIYIOMMX BEIMYHH:

* paccTosHHe 10 HeHTpaibHOH ocH Y, = cM,
nh,-Y,= cM,
* MOMEHT UHEPLUHM CEYEHHS Jpp, = em?,
* MOMEHTBI conpoTuBienus W, = e’
* Hecymlas CocoOHOCTH MaHenu P} = kH (xrc),
P, = kH (xrc),
Pl = kH (krc),
Pl = kH (xrc),
* mporub obpasua npu P* = O,SPPTacq fiIr= CM.

3a pacueTHyl0 HECYIIYI CIOCOOHOCTH 00paslia MPUHUMAETCS MUHU-
MallbHOE 3HAYCHHE HECYILEei CIOCOOHOCTH MaHEeH:

T — pT
Ppacq _Pmin'

VcnpiTanne oOpa3ia MaHeIH BBITOJIHACTCS Ha UCIBITATSIBHON MalllMHE
P-10. HarpyxeHue mpoOH3BOIUTCS B JBYX TOYKaxX Ha paccrosHue l; oT omop
4yepe3 CHCTeMY TsDKeH, IPUKpEIyICHHbIX K TpaBepce. [laHensb 3arpyxaercs B
Tpu crynenu: P, =0 krc, P, = 0,5 Pprl;cq, P, = 0,8Pp];,CLl u P;= Ppgcq.

Ha o0pa3ue ycTaHaBIHMBaroTCsi NpOrudéoMep W TPU TSH30METpa MEXaHHU-
YEeCKOTr0 THINA B CepeluHe MaHend. TeHzomerpbl 73-1 u 73-3 (QUKCHPYIOT
nedopmanuy pacTsokeHust paHepbl Hag pedpamu, a TeH3oMeTp 73-2 — B cepe-
JHEe Mexny peOpamu. Takas paccTaHOBKAa TEH30METPOB ITO3BOJISIET BBISIBUTH
HEPaBHOMEPHOCTh BEJIMYMHBI HOPMAJIbHBIX HANpPSDKEHUH 1Mo mupHrHe (aHep-
HBIX OOIIMBOK M OOBSICHUTH YMEHBILICHHUE LIMPHUHBI IIAHENU MPH €€ pacueTe

(bpacq = 0'9bn)'

Kypnan ucneimanus oopasya Kneegpanepnoit nanenu

Jama
IMoxasza- Toxa3zanus Hanpsixenus,
2 IMpumeyanue
Harpys- HUE TEH30METPOB MIla (krc/cm”)
Ne a II)(}FIC npo- | IIporu6
/it ’ rubome- | f2, MM
(xH) pa Tyl | T3-2 | T3-3 | oy 0, 03
IIp-1
0 0 0 Ny Ny Ny 0 0 0
1 |0,5Pf
2 | 0,8Ppac
3 P;acq - -
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6.7. Obpabomka u oyenka pe3ynbmamos UCRbIMAHUA

Ilo moka3aHWSM TEH30METPOB OIPENEIIIOT HANPSHKECHUS B PACTAHYTOM
OOMMBKE W CTPOST SMIOPY PACIpeAesICHUs] HOPMAIBHBIX HAlpsOKCHUH IO
muprHe manenu (puc.6.3).

Bennunny HanpspkeHuit §; B 63 CPaBHUBAIOT C PACUCTHBIM COIIPOTHBIIC-
HHeM (aHepsl Ha pacTskeHue. Ecmu  §; u 83 MeHbIe unu paBHHI Ry, TO
MOXHO OLICHHTb HECYIIYIO CIIOCOOHOCTB NMaHEIH KaK YIOBICTBOPUTEIBHYIO.
[Ipu 3TOM Nporud NMox HOpMaTBHOW HArpy3KOil HE JOJDKEH MPEBHIIATh TEO-
PETHUUYECKYIO BEJTMYHHY:

fo < fo.

6.8. Konmponwvnoie éonpocut

1. KakoBa koHCTpYKIHs Kiee(aHSpHBIX MaHeei?

2. Kak paboraet maHesb o1 Harpy3Koii?

3. Ilouemy npu pacdeTe MaHETH UCTIONb3YIOTCS PUBEICHHBIC BEITMYNHBI
anl Snpl ‘]rlp

4. Tlouemy pacueTHas IWIMpPUHA TAHEIH MEHbIIE pPealbHOM IIMPHUHEI
(bpacy < by)?

5. Kak Teoperndecku ompenenseTcss Hecylas CIOCOOHOCTh KieedaHep-
HOM maHeun?

6. Kak sKCriepIMEHTaIbHO POBEPsETCS HeCcyIas CIOCOOHOCTh MaHeTH?

7. Kak ouenuBatotcs nedopmanuu npornda (Ipu MCHBITAHUH U TEOpe-
THYECKH)?
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