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IIpenucioBue

ComnpoTHBIICHHE MaTepuajioB — Hayka O IIPOYHOCTH, IKECTKOCTH |
YCTOMYMBOCTH OTHEIBHBIX AJIEMEHTOB KOHCTPYKIIMH, WIpaeT BaXKHYI pOJIb B
npodeccroHaIbHON OATOTOBKE HHKEHEPOB JIFOOOM CTIeIIMaTbHOCTH.

CompoTHUBIICHHE MaTepHUalioB — OJHA W3 CJIOXKHBIX YYEOHBIX TUCIUILUINH,
M3y9aeMbIX CTYJICHTAMH TEXHHYCCKUX HAITPaBJICHUI ITOATOTOBKH (CIEIIUAILHOCTEH ).

CamocrosiTenpHas paboTra oOydaromUXCs SIBIASETCS OJHMM W3 BaKHEHUIIMX
BOIIPOCOB B YCJIOBHUSIX peaM3allid KOMIETEHTHOCTHOM MO 00pa3oBaHUA.
DTO CBSI3aHO HE TOJBKO C TOCTOSHHBIM YBEJIMYECHHUEM JOJU CaMOCTOATEIbHOU
paboTHI MPU OCBOCHUHW YUEOHOUW TUCIUILIMHBI, HO U C COBPEMEHHBIM MTOHUMaHHUEM
00pa3oBaHMs KaK )KH3HEHHON CTpaTeruy JTUIHOCTH.

Jlist ycBoeHMsI marepuana 3TOM AUCHUIUIMHBI HEOO0XOJUMO 00s3aTelbHO
COCTaBIISATb KOHCIEKT JEKIMA W HAYyYUTHCSI CaMOCTOSTEIBHO peliaTh 3aJauu.
Ecaum mipu pemeHnu 3amad ¥ OTBETax Ha BOMPOCHI ISl CAMOIIPOBEPKH BO3HUKHYT
3aTpyAHEHUS, CIAEAYeT BOCIOJIL30BaThCS MMEIOMUMHUCS B YUCOHMKAX M y4eOHBIX
MOCOOMSIX YKa3aHUSAMH M PEHICHUSIMH, a TaKXKe OOpaTHThCS 3a KOHCYJIbTAIlueH K
IIPETno/iaBaTeio.

HeoOxogmmo Take OCHOBAaTE€IbHO pPa3o0paThCs B BBIBOJAX OCHOBHBIX
BBIpaXXEHUN U (popmyn, oOpalas mpu 3TOM 0c000e BHUMAHUE Ha (PUBUYECKYIO
CYIIHOCTh pacCMaTPHUBAEMBIX BOITPOCOB M Ha JOMYIICHUS M OTPaHUYCHUS, KOTOPBIC
JICJIAt0TCSI B IPOIIECCE BHIBOJIOB.

B ycnoBusix NOCTOSHHO COKpalIaoIIerocsi B y4E€OHBIX IUIaHAX BPEMEHH,
OTBOJMMOTO Ha ayIWTOPHOE W3YYEHHWE JTUX ITUCHUIUIMH, U B TO JX€ BpeMs
HEO0OX0MMMOCTH (OPMHUPOBaHHUS y Oyaymux HWHXKEHEPOB 0a30BOro obObeMa
3HAaHUH O MIPOYHOCTH, JKECTKOCTH M HAJICKHOCTU MPOCKTUPYEMBIX M HAXOAIITUXCS
B OKCIUTyaTallid 3JaHUA W COOPYKCHHH, Ba)XXHO OOECIICYUTh OOYUYarOIIHXCS
nocoOusIMU, HEOONBIIUMHU O O0bEMY, HO OXBaTHIBAIOIIUMU OCHOBHBIE pPa3feiibl
3HaHUH B COOTBETCTBHUU C 3a7adaMu (DOPMUPOBAHUS Y 00YyIAIOIITUXCSI HEOOXOTUMBIX
HABBIKOB pAacyeTOB Ha MPOYHOCTh, >KECTKOCTh M YCTOWYMUBOCTH DJIEMCHTOB
KOHCTPYKLIHH.

VYueOGHoe mocodre COCTOUT U3 TPEX YacTeH.

B mepBoii yacTu mocoOus aHATM3UPYETCs HANPSHKEHHOE COCTOSHUE Tela U

n3jararoTcda MCTOoAbl pacdcTa Ha IMPOYHOCTDb U KCCTKOCTh DJICMCHTOB KOHCTPYKHI/II\/'I,



UCIIBITBIBAIOIIMX MPOCThIe BUIBI AedopMaiuil (LIEHTpaJIbHOE PACTXKEHUE WIIU
ckarhe, CABUT M KPy4YEHHUE), MO JOMYyCKAEMBbIM HAIpPSHKEHUAM U TPENebHBIM
COCTOSIHUSIM.

Bo BTOpo#i yactu yueOHOro mocoousi pacCMaTpUBAIOTCA METOJIbI pacyeTa Ha
IPOYHOCTH U )KECTKOCTh AJIEMEHTOB KOHCTPYKIUNA, pad0TaloMMX Ha U3THO.

B Tperbeil yactu mocoOusi paccMaTpUBalOTCS BOMPOCHI pacuera Opyca Ha
CJI0’KHO€ CONPOTHUBIIEHUE, HA YCTOMUYHMBOCTD, a TAKXKE 3a/1a4M yUeTa JUHAMHYECKUX
Harpy30K B CONPOTUBJIIEHUU MaTEPHUAJIOB.

VY4ebHoe nocoOue coAepKUT MaTepuai IJisl U3yYeHUs CTyAEHTaMU OCHOBHBIX
TEM CIEAYIOMMNX YUEOHBIX AUCIUIUINH Kadeapsl:

— CONPOTHUBIICHUE MATEPUAJIOB;

— CHEeUHaTbHBIE BOMPOCH COMPOTUBIIEHUS MaTepHaioB;

— MEXaHUKa;

— CTpOUTEJIbHASA MEXAHUKA JIJISl ApXUTEKTOPOB;

— TEOpeTUYEeCKasi MEXaHHUKA JJISI ApXUTEKTOPOB.

[TocoOue mpeaHasHadeHo IS CTYICHTOB BceX (popM oOydeHus (0O4HOM, OUHO-
3a09HOM, 3a0YHOM) TEXHWYECKUX HAMPABICHUM TMOATOTOBKH (CHEIMATbHOCTEH),
B YACTHOCTH, HJsi CTYIACHTOB, oOydarommxcsi mo HampasieHusiMm: 08.03.01 —
CrpoutensctBo; 07.03.01 — Apxwutekrypa; 07.03.02 — PexoHCTpyKIusa u
pectaBpauus apxutekrypHoro Hacaeaus; 07.03.04 — I'pagocTpOUTENLCTBO;
23.03.03 — DOkcrmryatanusi  TPAHCIIOPTHO-TEXHOJOTMYECKMX ~ MallUH U
KoMILIeKcoB; 29.03.04 — TexHomorus XyA0KeCTBEHHOM 00pabOTKH MaTepuasoB U
cnenuanbHOCTAM: 08.05.01 — CrpoutenscTBO yHHKaIbHBIX 31aHuid; 08.05.02 —
CTpouTenbCTBO, HSKCIUTyaTallds, BOCCTAHOBJIEHHME M TEXHUYECKOE MPUKPHITHE
aBTOMOOWMJIBHBIX JIOpOoT, MOCTOB M ToHHeneu; 21.05.01 — IlpukmagHas reoaesus;
23.05.01 — HazemHbIe TpaHCIOPTHO-TEXHOJIOTUUECKUE CPEACTBA, JJIs 3aKPETIICHUS
YUTAEMOTI'0 Kypca JEKIUH, 151 HOATOTOBKU K TEKYLIEMY KOHTPOJIIO YCIIEBAEMOCTH U
IPOMEKYTOUHOM aTTecTalui OOy4YaroIUXCs, MPU CaMOCTOSTEIBHOM BBINOJIHEHUN

AOMAaIlTHUX, KOHTPOJIbHBIX U paC‘-IeTHO—I’pa(queCKI/IX pa60T.
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Tema 1. BBenenue

1.1. Kypc conporuBjieHusi MATEPHUAJIOB M ero 3axa4u. [IpouyHoCcTD, KECTKOCTH

U YCTOHYHBOCTD 3JIEMEHTOB HHKEHEPHBIX KOHCTPYKIUM

ComnpoTHBIIEHHE MAaTEPUANIOB SIBISETCS OJHHUM U3 PA3ACIIOB MEXaHUuKu
oeghopmupyemoco meep0oo2co Tena, TAe U3y4aroTcsl 3aKOHbI JIBUKEHHUS U PaBHOBECHS
TBEPABIX TEN B YCIOBUAX UX JA€(HOPMUPOBAHUS MPU PA3IUYHBIX BO3ICHUCTBUSAX.

3agadeil CONMPOTUBIICHUSI MATEPUAIIOB SIBJISIETCS CO3[JaHUE TEOPETUUYECKUX M
AKCIEPUMEHTAIBHBIX OCHOB JUISl YCTAHOBJIEHUSI TPEOyEMBIX pa3MepOB AJIEMEHTOB,
BXOJAIIMX B COCTaB KOHCTPYKIUH U coopyxkeHui. [lpm sTOoM nomxHa OBITH
obecrieyeHa HaoexiCcHoCmb HKCIUTyaTalluM U 9KOHOMUYHOCMb KOHCTPYKIUH, B
3HAYUTEIBLHON Mepe OlpeesieMasl pacXoloM MaTepHalla.

Haoeoxxcnocms — CBOWCTBO KOHCTPYKIIMU BBINOJMHATH 3aJaHHbIE (DYHKIIUH,
COXpaHssl CBOM DKCIUIyaTallMOHHBbIE IOKA3aTeld B OIPEACIICHHBIX IIpEeAeiiax B
TeUueHHe TpedyeMoro npomMexxyTka BpeMeHu. HanexHocTs, 6€30TKa3HOCTh U3IEIHS
(MaIMHBI, KOHCTPYKIIMH, JE€TANIN) CBS3BIBAETCS C ONMPEACIEHHBIM CPOKOM CIIY>KOBI.
B OonbmmHCTBE ciydaeB Mo CPOKOM CITY>KObl IOHUMAETCSl BpeMsl paOOThl U3/1EIIUs
MO/l HArpy3KOW WJIM YHCJIO LHUKIOB HarpyxeHus. HaaeXHOCTh KOHCTPYKUHH
o0ecrieueHa, €ciad OHa COXpaHSAET MPOYHOCTh, JKECTKOCTh M YCTOWYUBOCThH MpHU
rapaHTUPOBAHHOU JIOJITOBEYHOCTH.

IIpounocms — CcIOCOOHOCTh KOHCTPYKIIMM B 1LI€JIOM M €€ OTAEIbHBIX
AJIEMEHTOB BOCIIPMHUMATh ONPEIECICHHYIO Harpy3ky 0Oe3 paspyumenus. Ilepsoii
3ajaueid  oOecreyeHus: MPOYHOCTH MPOEKTUPYEMOM KOHCTPYKLMH  SIBIISETCS
IIOJIyYCHHE TAPAHTUU IIPOTUB €€ pa3pyLICHUs IPU ACHCTBUU HA HEE ONPENCIICHHBIX
BHEITHUX cwI. OHAKO B OOJBIIMHCTBE CIIy4aeB MPUXOAUTCA CUUTATHCS HE TOJIBKO
C OMACHOCTBIO Pa3pylIeHUs, HO U C BEIMUYMHOM AedopMauil U UX XapaKTepOM.

Paspywenue (monHoe wWin MECTHOE) — pa3JelieHHEe KOHCTPYKLIMU Ha
HECKOJIBKO YacCTeW, IOSBJICHHE BUIUMBIX TPELIMH, OTKOJOB. Eciaum wm3MeHeHus
(dopMbI 1 paszmepoB (Aepopmalii) KOHCTPYKIHMH MPU JCHCTBUU HA HEE BHEIIHHUX
CWJI HegeluKy W HE MEUIAIOT €€ JKCIUTyaTallud, TO Takas KOHCTPYKLHUs oOyajaer
Heo0XoauMoi srcecmrocmuio. OOBIUHO KECTKOCTh KOHCTPYKIMH perIaMEHTHPYETCS

HOPMaMH MPOEKTUPOBAHUS.
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Hedopmayuss — u3MEHEHHE B3aMMHOTO PACIOJIOKEHUS YaCTHI[ TeJia IO
JIEMCTBUEM BHEIIHMX CHJI, BBI3bIBAIOIIAsl, KaK MPaBUIIO, U3MEHEHUE ero (GOpMbl U
pa3MepoB.

Jegopmayuu paznugaror:

a) ynpyeue, TO €CTb UMEWIME OO0paTUMbI XxapakTtep (MOJHOCTHIO
ucye3alolue II0clie TpeKpalieHus JAeWCTBUS BHEIIHUX cwi). Ilpu  Takumx
nedopmaiusax Teao MOCIE CHATHS Harpy3Kd MOJHOCTHIO BOCCTAHABIMBAET CBOU
npexxHue GopMy U pa3Mephl;

0) ocmamounvie, TO €CTb HeEOOpaTMMbIE M HE HCUE3AIIIUE IMOCIIe
npekpaimieHuss aectBus  BHemHuUXx cwi. OcrarouHas —jgedopmaiusi, He
COMPOBOXK/IAIOIIASICSA MECTHBIM pa3pylICHUEM, HA3bIBACTCS NIACMUYECKOU.

B) Aedopmaliiu, 3aBUCSIINE OT BPEMEHH, PUHATO HA3BIBATD BA3KUMU,

r) yBenuwdeHue neGopManuy Teja MPU TMOCTOSHHBIX BHENTHUX Harpys3Kax
(ocamka (yHmamMeHTa 3MaHUA U COOPY>KEHUH, TMOCTEINEHHOE YJIMHEHHE KaHara,
HECYIIIETO TPY3 U T. 1I.) Ha3bIBACTCS NOA3)YECTbIO.

Kpome Toro, paznugaror oouyro deghopmayuio, pacCiipoCTPaAHSIONTYIOCS Ha BECh
o0BeM Tena, U Mecmuyto 0eghopmayuio, TPOUCXOISIIYIO JIUIIIh B MAJIOW YaCTH ATOTO
o0bema.

Jlebopmariuy KOHCTPYKIIUK TIPH JCHCTBUH HA HEE BHEITHEH HArPy3KH JTOJKHBI
OBITH HEBEJIMKH (110 CPABHEHUIO C €€ JTMHEHHBIMU pa3MepaMu) U HE JIOJKHBI MEIIaTh
ee JKcruryartauuu. YpesmepHsie nedopmaniid MOTYT COBEPIICHHO W3MEHHUTH
yCJIOBHS paOOThl KOHCTPYKIIUU M UCKITIOYUTH BO3MOXKHOCTD BBITIOJTHEHUS €10 CBOETO
HA3HAYEHUS B MOJIHOM Mepe.

Bompoc o mpoBepke MNPOYHOCTH CIEAYEeT paccMarpuBaTh B IIUPOKOM
CMBICIIE, TIOHMMasl TIOJ] €ro peIIeHHeM O0O0eCleueHne HE TOJIBKO MPOYHOCTU
MIPOTHB pa3pyIIeHUs, HO U ONPEACICHHON BEIMUYMHBI U XapakTepa faedopmaliuii.

Yemouuueocms KOHCTPYKIIMM — 3TO €€ CIOCOOHOCTh COXPAHSTh BIUIOTH 10
paspylieHusi nepBoHavaibHyr0 (opMmy paBHOBecus. HapylieHune mnepBOHaYalbHO
3aJIaHHOM (POPMBI PAaBHOBECHS, HA3BIBAEMOE TIOTEPEN YCTOMYNBOCTH, OMTACHO TAKXKe
Kak 1 paspyuieHue. [loHaTre yCcTOMYMBOCTH OTHOCUTCS, B OCHOBHOM, K CHKaThIM

JIEMEHTAaM KOHCTPYKLIMH.
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1.2. OcHoBHBIC JONYILIEHHUS O CBOMCTBAX MaTrepuajia M Xxapakrepe aegopmu-

poBaHus, IPUHUMACMbIC B COIIPOTUBJICHUMA MATCPHUAJIOB

JIist pelieHrs OCHOBHOM 3aJiadyu COMPOTUBIICHUS] MaTEpHUANIOB (OMpEACICHUS
palMOHANIBHBIX PAa3MEPOB) BBOIAT psii AONYIIEHWA W THUIIOTE3, MO3BOJSIOLIUX
CIIOKHYIO pPabOTy »3JIEMEHTOB KOHCTPYKIIMM CBECTH K MPOCTBIM pPAaCYETHBIM
MOJIEJISIM M CX€MaM U MOJIyYUTh MPOCThIE MHXEHEPHBIE (DOPMYIIBI 1J1s1 OTIpeAeTICHUs
HaNPsKEHHO-/1€(POPMUPOBAHHOTO COCTOSIHUSL:

1. Tunomesa udeanvrou unu abconOMHOU ynpy2ocmuy MPEANOIaraeT MoJIHYO
o0paTuMocTh Mpoliecca 1epOpMUPOBaHUA Tejla B CTAANU HATPYKEHUS U pa3rpy3KH,
TO €CThb 10 NPUIJIOXKEHUA BHELIHUX CUJI B paCCMaTPUBAEMOM DJIEMEHTE OTCYTCTBYIOT
BHYTPEHHUE CUJIBI U JIe(hOpMallii, BOZHUKAIOIIKNE B IPOIECCE HATPY>KEHUS DIIEMEHTA
Y MCUYE3AI0LINE ITOCIIE CHATHUS HATPY3KHU.

2. T'unomesa o cnaownocmu mamepuana NPEATNONAracT, YTo YIPYTroe TelOo
MOJTHOCTBIO 3aMOJIHSIET 00bEM U HE UMEET B HEM IYCTOT U Pa3phIBOB. DTa TMIIOTE3A
MO3BOJIIET paccMarpuBarh JedopMman U TEPEeMEIleHUs KaK Hepa3phIBHBIC
(YHKUIMUA KOOPAMHAT U B MOJTHOM 00BEME UCIOJIb30BaTh MATEMATUYECKUH anmapar
TEOPUH HEMPEPBIBHBIX (PYHKIUH.

3. Tunomesa ooHopooHocmu mamepuana TOMYCKAET, YTO B JIOOBIX TOYKaX
Tela I0J ACHUCTBHEM OIHUX M TEX K€ HANPSLDKCHUN BO3HHUKAIOT OJIMHAKOBBIC
nedopMaliii, TO €CTb B OKPECTHOCTH MPOU3BOJILHON TOUKHM (PU3UUECKHE CBOMCTBA
Y COOTBETCTBYIOIME UM MEXAHUUECKUE XapaKTEPUCTUKU MaTepuasa OJUHAKOBBI.

4. I'unomesa wapogol usomponuy TNPEANOIAraeT, YTO JJs HEKOTOPBIX
MarepuajioB (Hampumep, METajuloB) (U3UYECKHE CBONCTBA U MEXaHUYECKHE
XapaKTEPUCTUKU OAMHAKOBEI 110 BCEM HalPaBJICHUAM, [IPOBEAECHHBIM B OKPECTHOCTHU
MPOU3BOJIBLHOMN TOUYKHU.

5. T'unomesa manocmu Oegopmayuii TPENINONAraeT, YTO I[EepEeMELICHUS
TOYEK PACCMATPUBAEMOIO JJIEMEHTA MaJjbl 110 CPABHEHUIO C €ro pa3MepamMu, a
OTHOCHUTENbHBIE AeQopMalii Majbl MO CPaBHEHHUIO C €AUHHIEH. DTa rumoresa
MO3BOJIIET TpeHeOperatb M3MEHEHUSIMH B  PACIOJIOKEHUU BHEIIHUX CHII
OTHOCHUTEIIBHO OTHEIBHBIX YAaCTE€W Tela W COCTABIATh YPABHEHMUS CTATHKU JUIA

Hesle(hOpMUPOBAHHOTO Tea.
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6. [unomesa o MUHEUHOU 3aBUCUMOCTIU MENCOY 0ePOPMAYUAMU U HASPY3KAMU
(nanpsiocenuamu) — 3akon [yka. CoOTIaCHO HSTOM THUIOTE3€ CUUTAIOT, YTO
Ui OONBIIMHCTBA MaTEPHAIOB MEXIy JaepopMmalusMd H  HampsHDKEHUSAMU
Ha ONPENCIICHHOM C MOMEHTa HAarpy»XeHHsl CTaJuu YCTAHABIMBACTCS MNpsMas
IPONOPLMOHATbHAS 3aBUCUMOCT.

7. Tunomesa nnockux ceuenuti (cunome3a bepnynnu) mnpennonaraer, 4To
MOTIEpEYHbIE CEYeHHST Opyca, MIOCKHE U HOPMAJIbHBIE K €r0 T€OMETPUUYECKON OCH
10 nedopMaliiy, OCTaloTCs INIOCKUMU M HOPMAJIBHBIMU K OCH U TpU AedopMaIuu.

Hapsny ¢ nepednciieHHbIMU TUIIOTE3aMU B KYPCe COITPOTUBIIEHUSI MATEPHUAIIOB
paccMaTrpuBarOT JIBa OCHOBHBIX MPUHIIUIIA.

1. Ilpunyun nesasucumocmu Oeticmsusi cui. COINIACHO 3TOMY NPHUHIUITY
NENUCTBUE HA DJIEMEHT KOHCTPYKLMM TPYIIIBI CHJI BBI3BIBAET B OJHUX M TEX XK€
TOYKaX TaKue ke HAMpsHKEHUs, IepeMeleHus 1 AedhopMaliiu, 4To U anredpanyeckast
CyMMa Harpy3oK, HOJy4eHHas OT KaXKJ10i OTIEIbHOM CUJIbI 3TOW IPYMIIbI PU JIFOOOM

nopsiike Harpyskenus (puc. 1.1).

3o Ry E =,
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X X X
] ] ] ]

Puc. 1.1. IlpuHimn HE3aBUCUMOCTH JIEHCTBUS CUJIT

ChopmynupoBaHHOE TMOJIOKCHUE HA3bIBACTCS €III€ MPUHIIUIIOM CIIOKCHUS
JNEUCTBUS CHUJI, WIIA IIPUHIUIIOM CYyIEPIIO3UIUN.

2. Ipunyun Cen-Benana, KOTOPBIN U3JIaraeTcs B JIByX BapUaHTax:

a) €CJY Ha KaKOW-IMOO MaJiol IJIONIAIKE JIEMEHTA KOHCTPYKIIUHU MIPUIIOKEHA
YPABHOBEIIICHHAS! CUCTEMA CWJI, TO OHA BBI3BIBAET B 3TOM JJIEMEHTE HAINPSIKCHUS,
JOCTaTOYHO OBICTPO YOBIBAIOIIHME IO MEPE YAAJCHHS OT MecTa MNPHIOKEHUS
Harpys3ox.

Ha ocu 6pyca moctpoeH rpaduk CXKUMAIOIMKUX HOPMAJIBHBIX HAMPSDKEHUH OT

ypaBHOBEUIEHHOM Harpy3ku F (puc. 1.2);
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Puc. 1.2. Ilpunuun Cen-Benana

0) B Toukax naedopMHUpPYyeMOro »dlIeMEHTa KOHCTPYKIIMH, JOCTaTOYHO
yIAJICHHBIX OT MECT IPHJIOKCHHS BHEIITHUX HArpy30K, HANPSKEHUS U JIeOopMaIiu
MPaKTUYECKU MaJIo 3aBUCIT OT KOHKPETHOTO CI0CO0a MPUIIOKEHHUS ITUX HArpy30K

[MrmoTe3pl W MPUHIMIBI TMO3BOJSIOT JOCTATOYHO MPOCTO PacCMaTpUBaATh

paCu4CTHBIC MOACIIN U PACYCTHBLIC CXCMbI KOHCTPYKTHBHBIX 2JICMCHTOB.

1.3. Teomerpuyeckas cxemMaTu3aums 3JIEMEHTOB CTPOUTEJIbHBIX

KOHCTpyKuui. Ilousitue o pacyeTHon cxeme

['eomeTpuueckas Gpopma 371eMEHTOB KOHCTPYKIIMM OBIBACT BEChbMa CIIOKHOMA.

VY4eT Bcex 0COOCHHOCTEH reoMeTpUUeCcKor (POpMBI 4acTo HeleraecooOpaseH,
TaK KaK OPUBOJAUT K CIOXKHBIM MoAensMm. [ ompenencHuss HAnpsKEHHOTO U
ne(OopMHUPOBAHHOTO COCTOSIHUI TPUMEHSIOT YHPOIIECHHBIE CXEMaTHU3UPOBAHHBIC
Mo (POPMBI AIEMEHTOB KOHCTPYKIUH. OCHOBHBIMHU 3JIEMEHTaMH (OPMBI
B MOJEIAX MPOYHOCTHOW HANEKHOCTH SBIISIOTCS CTE€pPXKEHb, IUIACTUHKA,

POCTPAHCTBEHHOE TEJIO (MacCHUB), 000JI0UKa, TOHKOCTEHHBIE CTepKHHU (puc. 1.3).

a

Puc. 1.3. OcHOBHBIC 3JI€MEHTHI (1)0pr1 B MOACIIAX HpO‘IHOCTHOﬁ HaJCKHOCTHU: @ — CTCPIKCHDb,
0— IJIaCTUHKA,; B — 00BEMHOE TCIO, I' — 060.]10‘{1(3; A — TOHKOCTCHHBIC CTCPIKHHU
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Mogenu ¢GopMbl TPEACTABISIOT CXEMATU3UPOBAHHOE OIKMCAHUE T€OMETPUU
AJIEMEHTA C IOMOIIBIO TUIIOBBIX MIEMEHTOB.

K nepBomy THmy reoMeTpuieckoil (pOpMbI 3IEMEHTOB KOHCTPYKIIUU OTHOCATCS
CTEP>KHU, Y KOTOPBIX JUTMHA 3HAYUTEIBHO OOJIbIIE PA3MEPOB MONEPEYHOTO CEUCHHS.

['eomeTpruyECKUMH BIIEMEHTAMU CTEPXKHS SBISIOTCA €r0 OChb M NONEPEYHOE

CCUCHHC.

Omnpenenenue 1.1 Ocv cmeporcna — aunusA, COEOUHAIOWAS YEHMPbL MANCeCmuU

nonepevHbvlx ceyeHutl CMEPOICHAL.

Onpenenenne 1.2 Ceyenus, KOmopble  pPACHONO0NCEeHbl 8  NIOCKOCMSX,
NepneHOUK)IAPHbLIX K 2eOMEMPUUECKOU OCU CIMEPHCHSL, HA3bIBAIOMCS NONEPEYHbIMU

CeYeHUAMU.

[Tonepeunoe ceueHue oOpa3yeTcss NpU MEPECEUCHUM CTEP)KHS IUIOCKOCTHIO,
NEPICHIMKYIIPHOM ero ocu. B 3aBUCMMOCTH OT (OPMBI OCU CTEPKHHU MOTYT
OBITH IpsAMBIMH, KPHUBBIMH, IINIOCKMMH H IIPOCTPAHCTBCHHBIMU. HonepeqHLIe
CEUEHUS] CTEPXKHS MOTYT OBITh ONWHAKOBBIMH WJIM PA3TUYHBIMH TI0 pa3Mepam
(cTep>KHHM TOCTOSIHHOTO WJIM TEPEMEHHOT0 ceueHus). B Hecymux CTpOUTENbHBIX
KOHCTPYKIUSIX 4Yalle BCEr0 BCTPEYAIOTCS MpPsIMbIE CTEPKHU IMOCTOSHHOTO WIIU
CTYIIEHYATO MOCTOSHHOTO CEYCHHSI.

B Texnuke n CTPOUTCIBCTBC YaCTO IPUMCHAKOTCA TOHKOCTCHHBIC CTCPIKHU, Y
KOTOPBIX OJIMH Pa3Mep MOMEPEYHOro CEUYSHHs Mall IO OTHOIIICHHUIO K JPYroMy H 00a
MaJibl [0 OTHOIICHUIO K JITMHE CTepKHSA. PacyeT Takux TOHKOCTEHHBIX CTEp>KHEU
UMEET CriennPpuIecKre 0COOEHHOCTH.

B COIMPOTHUBJIICHUN MAaTCPUAJIOB UCIIOJIB3YIOTCA TCPMHUHBI «BOJIOKHO» U «CIION».

Onpenesienue 1.3 BonokHom Haszwieaiom MamepuanbHylo JIUHUIO, NAPATIETbHYIO

OCU CMEPIHCHA U UMEIOULYIO beckoneyHo Maiyio I’lJZOWClab nonepevHoco Ce4eHUsl.

OHpEIleJICHI/Ie 1.4 CO@OKynHOCWIb B0JIOKOH, Jiesfcayux Ha njiaocKkocmu ujiu HaA

nOBepXHOCMU, 0OPA3VIOM CLOU CIEPHCHAL.

Onpenenenue 1.5 Obonouka — meno, oepanHuuerHoe  08yMA  OIUBKUMU

NOBEPXHOCMAMU.
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[ToBepXHOCTB, AesIIas TOIIUHY 000JIOUKH ITOT0JIaM, Ha3bIBACTCS CPEIMHHOM
MTOBEPXHOCTHIO.

[To popme cpennHHON MOBEPXHOCTH PA3TUIAIOT 00OTOUKH TUITUHIPUIECCKUE,
KOHWYECKHe, cdepudeckne, BOTHUCThIE W Jp. K 000709kaM OTHOCATCS CTCHKHU

TOHKOCTEHHBIX PE3EPBYApPOB, KYNOJIa 31aHUM U T. 1.

Onpenenenue 1.6 [Inacmuna — uacmmubulii cayuai 00010YKU, KO20A CPeOUHHAs

no6epxHocniob npe()cmaejzﬂem o001l NIIOCKOCMb.

TonmmHa MIaCTUHBI HAMHOTO MEHBIIIE JIBYX APYrux pasmepon. K minactnHam
OTHOCATCA IUIOCKHE [IHUILNA U KPBILIKK PE3EPBYAPOB, NEPEKPHITUS HHKECHEPHBIX
COOPYKEHUU U JP.

3HAUUTENBHOE MPEBATMPOBAHUE OJHOIO XapaKTEPHOrO pa3Mepa Hajll JABYMs
IPYTMMU — B CTEPXKHAX U MAJIOCTh OJHOIO pa3Mepa IO CPABHEHUIO C JIBYMs
JIPYTUMHU — B 000JI0YKaX M MJIACTHHAX IMO3BOJIIOT CYIIIECTBEHHO YIIPOCTUTDH aHAJIU3

HX HAIIPAKCHHOTO U I[G(I)OpMI/IpOBaHHOI‘ O COCTOAHUA.

Onpenenenue 1.7 I[Ilpocmpancmeennoe meno (maccug) — mooelnb ¢hopmol
NleMeHmMa KOHCMPYKYUU, 8 KOMOpou pamepsl N0 6cem HANPABIEHUIM COUSMEPUMBL.
K num ommnocamcea ¢gynoamenmuol 30anuii u coopysiceHutl, nOONOPHblE CMEHKU U

m. n.

Onpenenenue 1.8 Mexanuueckoti cucmemoti Hazviaemcsi COBOKYNHOCHb MEEPObIX
men, 6 KOMOPOU NONOMCeHUe U OBUICEHUE KAXHCO020 mend Onpeoensiemcs

NOJLOJCEHUEM U OBUINCEHUEM OCMAJIbHBLX.

Omnpenenenue 1.9 Pacuemmnou cxemoti cucmemvl HA3bI8AEMCS €€ YNPOUJEHHOE

npeécmaeﬂeﬂue, npuHumaemoe 3a OCHo8y nNpOYHOCMHOcO pacdema.

Pacuernass cxema omnpenensiercs: COBOKYIHOCTBIO INPHUHUMAEMbIX THIIOTE3;
METOJIMKOM pacyeTa; YHPOLIEHHBIM MPEICTABICHUEM JJIEMEHTOB; YCIOBHBIM
OpEICTaBICHUEM Harpy3oK; MpeHEeOpe:KeHHEM HEKOTOPbIMU pa3MepaMHu U
KOHCTPYKTUBHBIMU JIETAJSIMM, KOTOpPBIE NPAKTHUYECKH HE CKAa3bIBalOTCA Ha MX
IIPOYHOCTH.

[Ipn pacuere peasbHOM KOHCTPYKLIHMH €€ 3aMEHSIOT HJICATU3UPOBAHHON

YOPOIIEHHON CUCTEMOM — pacdeTHOM cxeMoi. PacueTHasi cxema BKIIIOUaeT B ceOsl:
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AJIEMEHTHl KOHCTPYKIMH (CTEP>KHHM, OOOJIOYKH, TIJIACTHMHBI, MAaCCUBBI), CIOCOOBI
COEIMHEHHS DJIEMEHTOB KOHCTPYKITUH, OTIOPHBIE YCTPONCTRA.
OOBIYHO CTEPKHU COCIUHSIOTCS MEXTY COOOH yIMpyromoaarinBO, OJHAKO B
Pa3IMYHBIX CIy4asiX TAKOE COCMHEHUE B PACUETHBIX CXEMaX TPAKTYETCS Pa3JIMYHO:
— B paMmax (puc. 1.4,a) — KeCTKoe COSIMHECHUE B y3JIaX;

— B ¢epmax (puc. 1.4,0) — mapHUPHOE COETMHEHNUE CTEPKHEN B y3JIax.

a 0
Fl‘ F2
#

Puc. 1.4. ITpumepsl coeTMHEHNS CTEPKHEN B y3J1aX

Takum 00pazom, peasibHbIE AJIEMEHTHl KOHCTPYKUUNW U COOPY>KEHHUU MOTYT
OBITh C JOCTaTOYHOM TOYHOCTHIO MPEJCTABICHBI COYETAaHHWEM OoJiee MPOCTHIX

Mojienert (hopmbl (CTEPKHS, TUIACTUHBI UM 000JI0YKH, TPOCTPAHCTBEHHOIO TENA).
1.4. Harpy3ku. Knaccudpukanusi BHeIIHUX HATPY30K

B mpormecce paboThl wiM 3KCIUTyaTallud KOHCTPYKIIMM W COOPYKEHHH HX

SJICMCHTHBI UCIIBITHIBAIOT I[@ﬁCTBI’IC Ppa3JIMIHBbIX HAI'PY30K.

Onpenenenue 1.10 Haepysxku — smo cunvl, nepeoarowuecsi paccmampusaemvim
menam om Opy2ux, CONPUKACAIOUWUXCA C HUMU Mell, Ul Om HeulHell cpeovl. Bce

HaepysKu 0eAmMCsl HA CUbL BHEUHUE U CUTIb 6HYMpPEHHUE.

Onpenenenue 1.11 Buewnumu Hasvlearomces  Hazpysku, Oelcmeyoujue Ha

KOHRCMPYKYUIO 6 Yyeilom, npu pacCmMomperuu ee Kaxk meep()oeo meina.

Onpenenenue 1.12 Buympennumu Hazvlearomes Ccuivl, 603HUKAIOWUE GHYMPU

KOHCMPYKYuU 8 pesyibmame oegopmayuii 0m 0eticmausi BHeUHUX HA2py30K.
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Harpy3ku, npuioxeHHBbIE K TEILy, paclpeeJeHbI 10 HEKOTOPBIM IJIOIIAAsM €T0
MOBEPXHOCTH (MTOBEPXHOCTHBIC HATPY3KH) WIIK O 00beMy (00BEMHBIE HATPY3KH).

JIns MX TPENCTABICHMS UCIOJB3YIOT CIECAYIOIIME MOAEIU: PACIPENCIICHHBIE
Harpy3Ku, COCpPEeI0TOYEHHbIE U OObEMHBIE CHUIIBI.

Bce noBepxXHOCTHBIE HArpy3KHW SIBJIAKOTCS PAaCHpPECICHHBIMU 1O HEKOTOPOM
MIOBEPXHOCTH KOHCTPYKUMH. PacrpeneneHHble Harpy3kud XapaKTepU3YHOTCA
WHTCHCUBHOCTBIO, KOTOpas MOXKET OBITh TEPEMEHHOW WM TMOCTOSHHOW. [Ipwm
pacdeTre CTEPKHEW paclpeieICHHAS MO TUIOMIAIA Harpy3Ka IPUBOJIUTCS K TUHEUHON
Harpyske, paclpeIeIeHHOU 110 JJIMHE CTEPKHS.

Ecnu pa3zMepsl muiomand MPUIIOKEHUS HArpy3KH MaJlbl IO CPaBHEHHUIO C
pasMepaMu Teja, TO B 3TOM Cllydae Harpy3ka MOXKET ObITh MpEJCTaBlICHAa B BUJC
CHJIBI, IPAJIOKEHHON K MaTEMATUYECKOM TOUKE TOBEPXHOCTHU Tena. TaKyro Harpys3Ky
Ha3bIBAIOT COCPEOOMOUEHHOLI.

Tak xkak cuna 803HUKaem 6 pe3yrvbmame G3AUMOOeUCmBUs meil U 0asleHue
MedHCOY HUMU nepedaemcs uepes niowaoxy OOIbUUX Ul MEHbWUX PA3ZMepPOs, Mo
8 0elCmMBUMENbHOCHU COCPEOOMOYEHHBIX CUL He CYUecmayem.

Harpy3sku, pactipeiesieHHbIE 110 BceMy 00beMy (MTPUII0KEHBI K KK 10K YaCTHUIIS
BHYTPH TeJa), HA3bIBAIOTCSA 00beMmHbiMu (COOCTBEHHBIN BEC, CUITBI HHEPIIHH).

B pspe cinydaeB Harpy3ku MOIEIHUPYIOTCS KAaK MOMEHTHBIE B BHJE
COCPEIOTOYEHHBIX MOMEHTOB (Map CWJI) U MOMEHTOB, pPacHpelesieHHbIX IO
MOBEPXHOCTH WJIH MO JIMHUHU.

K BHeEmIHUM cuiaM OTHOCSTCA TEMIIEPATYPHBIE BO3ACHCTBUS, BO3HUKAIOIIHE
IIpU MEpEMEHE TEMIIEPaTyphl, a TAK)KE€ UHEPIIUOHHBIC CHJIbI IPU MOCTYNATEILHOM U
BpaILaTEIbHOM JIBUKEHUSX.

Bremnnue Harpy3ku JesATCs Ha aKTUBHBIC M PEaKTUBHBIC (PEaKIIUK OTIOPHBIX
3aKpEIJICHUI ).

Peaxmuenvle nacpyzku OMIIEKAT ONPEACICHUIO U3 YPABHEHUN CTaTUKU. Ecin
YPaBHEHUM CTaTUKHM HEJOCTATOYHO JJISI ONPEAEIICHUS OMOPHBIX PEAKLIHM, TO K HUM
N00aBIISIOT YPAaBHEHUS, XapaKTepU3yIoIIKe 1epopMaliii KOHCTPYKIIUU.

JleneHne  BHEIIHMX HArpy30K Ha TOBEPXHOCTHBIC, JIMHEWHBIE U
COCPEOTOYEHHBIE — TPH CTETIEHHU a0CTPAKIUU, UCIIOIb3yEMOM B pacyeTax.

Harpy3ku paznensitor Ha cTaiMoHapHble (IIOCTOSHHBIE, CTAaTUYECKUE) U

HECTallMOHAPHbIC (BpEMEHHBIE, TIEPEMEHHBIE):
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ITocTosiHHbIE HATPY3KHM JICHCTBYIOT B TEUYCHHE BCETO TEpPUO/a CYIIECTBOBAHUS
KOHCTPYKIIMH (HaIpuMep, COOCTBEHHBIN BeC KOHCTPYKIIUH ).

Craruyeckue Harpy3kM — Harpy3Kd, COOOIIAIOLIME TEIy Majble YCKOPEHHS,
CJIEIOBATEIbHO, MaJIbl U CHJIBI MHEPLIUU, KOTOPhIE MOKHO HE YYUTHIBATb.

BpemeHHble HATPY3KM — HAarpy3kH, JIEUCTBYIOIINE B TEUCHHE OTPAaHUYECHHOTO
OTpe3Ka BpeMEHHM (HarpuMep, CHEroBasi MJIM BETPOBasi HATPY3KH).

IlepeMeHHBIe HATPY3KH — 3TO Harpy)XeHHE, M3MEHSIOLIEeCs BO BPEMEHH.
Haubomee BaskHBIN Kacc MEPEMEHHBIX HArpy30K — IIUKINYECKUE HATPYy3KH.

COBOKYMHOCTD HAMPSHKEHUH OT HEKOTOPOTO 3HAYEHUS Opax 10 Opin ¥ CHOBA J10
Omax, HA3bIBACTCS IIUKJIOM HANPSDKEHUHN, @ CAaMH HAMIPSKEHUS — [UKINYECKUMHU.

Ui ounamuueckoeo NEACTBUSI HATPY3KU XapaKTEPHO ObICTPOE U3MEHEHUE BO
BPEMEHU €€ BEJIMYMHBI (BBICOKAsi CKOPOCTh BO3pACTaHUsl Harpy3Ku), YTO BBI3BIBAET
CWJIBI MHEPLIUU, KOTOPbIE HEOOXOANUMO YUUTHIBATD.

Mogenu Harpy>XeHHUs [OJDKHBI YYUTBIBaTh BO3JEHCTBUE TOJIEH U Cpe.
Haunbonee vacto BcTpewaeTcsi BO3nelcTBUE TeMmIiiepaTypHoro mnoss. [loHumkeHHas
WIN MOBBIILICHHAs TEMIIEpaTypa BIUSIOT HA MEXaHUYECKYIO IPOYHOCTh MaTepHaa.

Takum oOpa3oM, MOIEIM HArpyXeHHs COAEpPAaT CXEeMaTU3AlMI0 BHENTHUX
HArpy30K 0 BEJIMYUHE, PACIPEICICHUIO, BPEMEHH, BO3/IEHCTBUIO BHEIIHUX TMOJIEH

U Ccpel.

1.5. OcHoOBHBIEC THIIBI OIOP

Jlnst TOro 4TOOBI AJIEMEHTHl KOHCTPYKIIMHM MOIJIM BOCHPHUHHUMATHh BHEIIIHIOO
Harpy3Ky ¥ TIepelaBaTh €€ Ha OCHOBaHWE, OHH JOJKHBI OBITH COEIUHEHBI
C HUM OINOPHBIMU CBA3AMHM (oropamMu). TUI OMOpPHl YCTAHABIMBAETCS MO
€€ XapaKTEepUCTUKAM — KHHEMAaTHU4eCKOW (MEepeMEIIeHH, JI0MyCKaeMbIX H
3a71eP’)KMBAEMbBIX OMTOPHBIMU CBSI3SIMU) U CTATUYECKOM (CHUIIOBOE COMTPOTHUBIICHUE).

PaznnuarloT Tpu OCHOBHBIX THIA OMOPHBIX YCTPOWCTB (B IUIOCKOM CHUCTEME

CuN):
3amemMiieHue WM 3aaeika (puc. 1.5,a)

331H6MJI€HHI)II>1 KOHCILI CTCPIKHA A HE MOXET CMCIIATLCA IIOCTYIIATCIbHO B

TOPU3OHTAJIbHOM M BCPTUKAJIBHOM HAIIPABJIICHUAX, HU ITOBOPAYUBATHLCH. B Takoit
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Puc. 1.5. 3amnemienne win 3aaeika

ONOPE BO3HUKAET PEaKIMsA, COCTABISIOIMIMMHA KOTOPOW SIBJISIFOTCS BEPTUKAIbHAS
CWIaR,, NpEemATCTBYIOIIAss BEPTUKAIBHOMY CMEIICHHWIO, TOPU3OHTAJIbHAs CuUia
Hy, uckirouaroiasi rOpu30HTaIbHOE CMEIIEHUE, U MOMEHT My, MPEensTCTBYIOIINN

noBopory (puc. 1.5,0).

HuaunHapuyeckasi LIAPHMPHO—HENOABUKHAs onopa (puc. 1.6, a)

a 6 R
A @HA A

& &

Puc. 1.6. llapuupHO—HENOABMKHAS OTIOpa

DTa oropa He MO3BOJISET CEYEHUIO CTEPKHS B TOUKE A UMETH ITOCTYIIATEIbHbIC
NepeMENICHUST B TOPU30HTAJIBHOM M BEPTUKAJIbHOM HAIPABICHUAX, HO IIpU
3TOM BO3MOXEH IIOBOPOT CEYEHHsI B OJHOM IUIOCKOCTH OTHOCUTEIIBHO OCH
LIMJIMHIPAYECKOrO apHupa. B Takoi onope BOZHUKAET peakius, COCTaBISIOIUMA
KOTOPOM SIBJISIFOTCS BEPTHUKAJbHAS CUJIa R4, NPENSATCTBYIOLIAs BEPTUKAIBHOMY

CMEIICHHIO, M TOPU30HTabHAs cuiia Hy , MCKITIOYaroIIasi TOPU30HTAIEHOE CMEIICHHE
(puc. 1.6,0).

Hununapuyeckasi MIApHUPHO-NOABHMAKHAA onopa (puc. 1.7, a)

a \ 0 Ry
B

e

Puc. 1.7. HlapHupHO—TI0BU>XHAsE OIIOpa

DTa onopa Mo3BOJSET CEUCHUIO CTEPKHS B TOUKE B MOBOPAYMBATHCS BOKPYT

mapHupa M HCPCMCIIATbLCA B I'OPHU3OHTAJIbBHOM HAIIPAaBJIICHUHM, HO HC I1I03BOJIACT
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IIepEMEIAThCA 1[I0 BEPTUKAIUM. B TakoW OIope BO3HUKAET TOJILKO peakuus Rp
(puc. 1.7,0).

Jlis obecrieueHus: HEMOJIBMXKHOCTH 3JIEMEHTOB KOHCTPYKIHH, TO €CTb,
YTOOBI OHM MOIJIM COINPOTHUBIISATHCS MPHIOKEHHBIM BHEIIHUM CHUJIaM, HEOOXOIMMO
3al0EMUTh OJMH HX KOHEIl WJIM B OJHOM HMX CEYEHHUU YCTPOUTH LIAPHUPHO—
HEMOJBUKHYIO OIIOPY, a B APYTOM — IIAPHUPHO—TIOABHUKHYIO OIIODY.

Takum obpazom, HaumeHvbulee HYUCIO CBA3€l, He NO36ONAIOWUX DNeMeHmam

KOHCMPYKYUU nepemewamnscsl 8 NI0CKOCMU 0eticmeus Ha2py30K, PAGHO MpPEM.
1.6. Omnpenenenue ONOPHBIX peaKUMl

Jns ompeneneHuss BHYTPEHHUX YCWIMH W HAIPSHXKEHUM, BO3HUKAIOIINX B
aJIeMEHTaX JII00OH KOHCTPYKIIMH, HEOOXOAMMO HAMTH BCE JEUCTBYIOIIME Ha HEE
Harpy3KH, a, CJIeIOBATEIIbHO, U BCE HEU3BECTHBIE OMTOPHBIE PEAKIINH.

IIpu nelicTBUM HA CTEPKEHD IUNIOCKOM CUCTEMBI BHEIIHUX CUJI, PEAKIIUU OTIOP
JNEUCTBYIOT B TOWM K€ IUIOCKOCTH, a IMOJTOMY PEaKLMU OMNOp ONPEACISIOTCS IO
[IPAaBWJIAM TEOPETUYECKOM MEXAHWKH W3 YCJIOBUM PABHOBECHS IIJIOCKOM CUCTEMBI
cui. IInockas cucrema MOXKET HaXOJIUTHCS B PABHOBECUM TOJIBKO ITPU YCIOBUU HE
MIEPECEUYECHUS HAITPABICHUS PEAKIIMN B OTHOM TOYKE.

Jlns onpeneneHust ONOPHBIX PEaKUUM JUIs TUIOCKOM CHCTEMBI CHJI MOXHO, B
0011eM cilydyae, COCTaBUTh TPU YPaBHEHUSI pABHOBECHS (CTATUKH) B JTFOOBIX YIOOHBIX
KOMOMHAIIHUSX:

a) IlepBas koMOUHAITUSA:

ZFX = 0 — cyMMa npoeKLHil BCEX CHJT Ha
TOPU30HTAJIBHYIO OCh X PaBHA HYJIIO;
ZFZ = 0 — cyMMa OpoeKLHil BCeX CUJT Ha .
BEPTUKAJIBHYIO OCh Z PaBHA HYJIIO; (b
ZMA = () — cyMMa MOMEHTOB BCEX CHUJI OTHOCHUTEIIBHO

TOYKU A paBHa HYIIO.

VYpaBuenue ) Mp = 0 (cymma momenmos 6cex cun omHocumenbHo mouku B

PAasHa Hym0) UCTIOAB3YETCS AJI TPOBEPKU MPABUIBHOCTH MOJYUYEHHBIX PE3YJIbTATOB.
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0) Btopas komOuHarms:
ZFX = (0 — cyMMa npoeKIHi BCEX CHJT Ha
TOPU30HTAJIBHYIO OChb X PaBHA HYJIIO;

ZMA =0— CyMMa MOMCHTOB BCCX CHJI OTHOCHUTCIIBHO

(1.2)

TOYKU A paBHA HYJIIO.
ZMB = () — cyMMa MOMEHTOB BCEX CHUJI OTHOCUTEIIBHO
TOYKHU B paBHa HYIIO.

VYpasuenue Y F, = 0 (cymma npoexyuti 6cex cuil Ha 6epmMuKaIbHyI0 0Cb 7 PAGHA
HY/110) UCTIOJIB3YETCS U1 POBEPKU MPABUIIBHOCTH MOJTYUYECHHBIX PE3YyIbTaTOB.

VYpaBHEHHs paBHOBECHS HYKHO COCTAaBIISATh TaK, YTOObI B KaXK/10€ YpaBHEHHE,
II0 BO3MOYKHOCTH, BXOAWJIa TOJBKO OJHA HEW3BECTHAs OINOpHAas peakuus. ITO

00JIErYUT HAXO0XKJCHUE OTIOPHBIX PEaKITHI.

1.7. BHyTpeHHHe CHJIbI (YCH/IHS) B NONEPEYHbIX CeYeHUAX Opyca U MeTox UX

onpeneeHUus

[Ton BIUsSHUEM BHEIIHMX CHJI B TeJie MPOUCXOANT Aedopmariis U BO3HUKAIOT
JOTIOJTHUTEIbHBIC BHYTPCHHUE CHUITHI.

B oanvuetiwwem npu onpedenenuu 6HympernHux cui mvl 6yoem noopazymesams
He ux abOcontommuvle 3HAYEHUs, d MONbKO Me UBMEHEHUs, KOMOpble 6bl36aHbl
0elCm8YIWUMU HA MEL0 Ha2Py3KAMU.

BHyTpeHHHME CWIBI YIPYTOCTH YBEIMYHMBAIOTCS C BO3pPACTAaHUEM BHEITHUX
CWJI, HO TOJIBKO JO OIPEACIIEHHOTO Ipenesia, MOCie MPEBBIIMICHUsS KOTOPOTO TEJOo
paspymiaeTcsi.

Jlist pacueTra KOHCTPYKIIMA Ha TMPOYHOCTh HEOOXOIUMO YMETh HaXOIUTh
BHYTPEHHHE CHWJIBl TI0 3aJaHHBIM BHEIIHUM Harpy3kam. YToObl yCTaHOBUTH
YUCJICHHBIC 3HAUYCHUS BHYTPEHHHUX CHJI, BOSHHKAIOIINUX B pe3yibrare Achopmaliu,
BBI3BAaHHOW BHEITHUMU CHJIAMU, TPUMEHSIOT Memoo cevenull.

[TycTh K 37IEMEHTY KOHCTPYKIIMH MPHJIOKEHA CHCTEMa Harpy30K, BKITIOYAFOIIIAsT
B ceOs 3amaHHble CWiIbl W omopHble peakiuu (puc. 1.8). Ilom neiictBuemM
paccMaTpUBaEMbIX CHJI SJIEMEHT HAXOAUTCS B PABHOBECHH.

MeTOI[ CCUCHUU CBOOIUTCA K UCTBIPEM I[GﬁCTBPISIM:
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F n—1 '

Puc. 1.8. Metox ceuenuit

1. IIn1OCKOCTBIO &, MPOXOAAIIEH 4Yepe3 BHYTPEHHIOKD TOUYKY, B KOTOPOW
HEOOXOAMMO OIPEACIUTh UCKOMOE YCHIIME, pa3pe3aroT (MBICIEHHO) TEJIO Ha JBE
yacTu (puc. 1.8).

2. Jlma KaxaoW W3 4acTed NPHUKIIAIBIBAIOT B CEYEHUSX BHYTPEHHUE CHJIbI

B3aMMOJICHCTBUS B KaXKJIOM TOUKE paccMaTpuBaemMoro ceueHus (puc. 1.9).

Puc. 1.9. Metox ceuenuii

3. OtOpaceiBasi OfHy U3 4YacTed CTepkHs (KemareapHO Hambosee
CIIOXKHYI0),3aMEHSIOT BHYTPEHHUE CHIIBI CTATHUECKH YKBUBAJICHTHBIMHU UM TJIaBHBIM
BEKTOpOM R 1 m1aBHBIM MoMeHTOM M (puc. 1.10).

4. B COOTBETCTBUHU C THIOTE30i O MaJIOCTHU JePopMaldii COCTABIISIIOT KAk

Ul HeehopMuUpyeMoro Tejla YpaBHEHHUS] PAaBHOBECHS JJIsi BCEX CUJ (BHEIIHUX U
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Puc. 1.10. Metozx ceuenuii

BHYTPEHHUX ), IEUCTBYIOIINUX HA OCTABIIYIOCS YaCTh:

ZFx:O; ZM =0;
Y F,=0; Y M, =0;
YFE=0, Y M.=0.

N3 mectu ypaBHEHMH CTaTMKU MOXKHO OINPEIEIUTh (BBIPa3UTh) WIECTh

COCTABJIAIONIUX ITTABHOI'O BCKTOPA U ITTABHOI'O MOMCHTA BHYTPCHHHUX CHJIL.

Onpeneaenue 1.13 Cocmasnawowue 2naenoco 6ekmopa u 21a8HO20 MOMEHmMA
BHYMPEHHUX CUNL, BO3HUKAOWUE 6 NONepeYHOM CcedeHuu Opyca, Ha3vl8aromcs

BHYMPEHHUMU CUNOBLIMU PaAKMOpamMu (UIU YCUTUAMU) 8 DIMOM CeUeHUU.

VYKa3aHHbIE [IECTh BHYTPEHHUX CHUJIOBBIX (DAKTOPOB HMEIOT CIIEAYIOIINE
HAaMMEHOBAHMSL:

N — npononpHas cuia;

Oy u Q, — MONEPEYHBIE CUIIBI,

M, = My — KpyTAILIUI MOMEHT;

My n M; — n3rubaronmme MOMEHTBHI.

Nuaexcel B 0003HAUEHUSX CHIIOBBIX (DAKTOPOB (X, y, Z) IOKa3bIBAIOT,

OTHOCHUTEJIbHO KAKUX OCEH OHU BBIUYUCIICHBI.
1.8. IIpoctsie BuabI AedopManum

Ka>1<z[1>1171 U3 CHUJIOBBIX (I)aKTOpOB CBs3aH C OIIPCACICHHBIM BUIOM I[e(bOpMaHHH.
B yactHBIX Cly4asdax CUCTEMA BHCITHUX, d 3HAYUT, U CUCTCMAa BHYTPCHHUX CUJI

MOT'YT NPUBOJUTHCSA K OJTHOM, IByM, TPEM U TAK Jajiee 0 MIECTH COCTABIISIONIUX.
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Paccmompum  603modcnvie  npocmetiwue  ciyuau  degpopmayuil, Ko20a

BHYMPEHHUe CUNbL NPUBOOSAMCSL K KAKOU—IUOO 0OHOU COCMABIAWell.

Onpenenenue 1.14 [Jenmpanvhbim pacmsdiceHuem (cocamuem) Ha3bl8aom maxkou
8U0 Odeghopmayuu Opyca, npu KOmMoOpoM 6 e20 NONEPEeyHblX CEeUeHUSX BO03HUKAIOM
MOILKO NPOOobHbIe culbl N, a 6ce npouue euympeHHue cunosvie paxmopul (Q, M5,

u M) pasnwi nymro.

Onpenenenue 1.15 bpyc, pabomarowuii Ha pacmsodiceHue Ui  cocamue,

HA3vleaemcs CmMepoICHEM.

Onpenenenue 1.16 Yucmoim cosucom nazvigarom maxoi uo oegpopmayuu opyca,
npuU KOMOPOM 8 €20 NONEPEUHbIX CeUeHUSIX B03HUKAIOM MOJIbKO nonepeunvie cuvl Q,

a 6ce npouue eHympeHuue cunogvie pakmopwi (N, My;. u My) pagusi Hymio.

Yucmeolii cO8ue — BUJ COPOTUBIICHUS (1ePOPMUPOBAHNS ), XapaAKTEPU3YIOIIUICS
B3aMMHBIM CMEIICHHEM TMapaJUIebHBIX CJIOCB Marephayia Toj] JeHCTBUEM

IIPHIIOKCHHBIX CUJI IIPXU HCU3MCHHOM PACCTOAHUU MCKAY CIIOAMM.

Onpenenenue 1.17 Kpyuenuem nasvliearom maxoil 6uo oegopmayuu opyca, npu
KOMOPOM 6 €20 NONEPEYHbIX CEHEeHUSIX B03HUKAIOM MONLKO Kpymsiuue momenmuol M,

a 6ce npouue sHympeHHue cunogvle pakmopsi (N, Q, M,;,) pasusi Hy1iO.

Kpydenue Bo3HMKaeT mpu ACUCTBUM HAa OpyC BHEIIHUX CHJI, 0Opa3yIOIIUX

MOMEHT OTHOCHUTEJIBHO €r0 MPOJI0JIbHOM OCH.
Onpenenenue 1.18 bpyc, pabomarowuii ha kpyuenue, Ha3vlBaemcs 8alOM.

Ban — Bpamaromasicas (0O0bIYHO B TOAIIMIIHUKAX) Je€Tajdb MAaIUHBI,

nepeaaromas KpyTAmyuid MOMEHT.

Onpenenenne 1.19 Yucmoim uzeubom nazviearom maxoti uo degpopmayuu opyca,
npu KOMOPOM 8 €20 NONEpeuHblX CEYeHUSIX BO3HUKAIOM MONbKO useubdbaroujue
MOMEHMbL 3,, A 6ce npodue enympenHue cunosvie gaxkmopul (N, Q, M) paenvi

HYTIO.
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YucTelii U3rud — BUJI CONPOTUBIICHUS (IePOpMUPOBAHUA), TIPH KOTOPOM
IPOUCXOIUT UCKPUBJIEHHE OCU MPSIMOTo Opyca, WM U3MEHEHHE KPUBU3HBI KPUBOTO

Opyca.
Onpenenenue 1.20 Cmepoicenv, pabomarowuti Ha uzeud, Hazvieaemcs OAIKOMU.

N3rub BO3HUKAET MpU IeWCTBUM HA OpYC BHEUTHUX CHII, 00pa3yIOIIMX MOMEHT

OTHOCHUTCIIbHO ITIaBHBIX HCHTPAJIBbHBIX oCeH ero IMOIICPCYHOI'0 CCUCHUA.

1.9. IlonsaTue o HanpsikeHnu. OnpenejieHue HOPMAJIBHBIX U KacaTeJbHbIX

HANPSIKeHU U

BbIsIBUB BHYTpEHHUE CHJIBI U JIaXKE OMNPENEIUB UX PABHOAEHCTBYIONIYIO,
eIIe HeJIb3sS TOBOPUTH 00 YCIOBHUU MPOYHOCTH paccMaTpUBAEMOTrO Tela, TaK Kak
MPOYHOCTh 3aBUCHUT HE TOJIBKO OT Marepualjia U BEJIWYMHBI PABHOACHCTBYIOIICH
BHYTPEHHUX CHUJI, HO TAKXKE OT XapaKTepa UX paclpeiesICHUs U pa3MepoB Tejla — OT
BEJIMYMUHBI TOTO CEYEHHUSI, K KOTOPOMY ITPUIIOKEHA PABHOICHCTBYIOIIAS.

Pannee yka3pIBaJIOCh, YTO BHEIIHUE CUJIbI XaPAKTEPU3YIOTCSI HHTEHCUBHOCTBIO,
YUCIICHHO pPAaBHOW CWJE, MPUXOMAIICUCA HAa eauHuiy muomanu. I[lo ananoruw,
BHYTPEHHHUE CHJIbI TaKXe IMPUHATO XapaKTepU30BaThb WHTCHCUBHOCTBHIO, OTHOCS
yCujne, TmepeaBaeMoe depe3 Kakoe—Jnbo BOOOpakaeMoe CEYeHHE, K TUIOMIAIN
9TOTO CEUCHUS.

Beigenum (puc. 1.11,a) B OKpeCTHOCTM MNPOM3BOJBHONW TOYKH OECKOHEYHO

Maiyo miomanaky AA.

y Y

Puc. 1.11. Beckoneuno manas miomaaka AA B OKpPeCTHOCTH NMPOU3BOIBLHON TOUKHU
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Ha »Ty miomanky aAeicTBYIOT BHYTPEHHHE CHUJIBI C paBHOACHCTBYIomEeH AR,
HaIpaBJIeHUE KOTOPOH, B OOIIEM Cilydyae, HE COBMAAAET C HampaBiICHUEM HOpMaJU
v K Tiomaake. byneM cumrarh, yTo paBHOACHCTBYOMAas AR MPUIIOKEHA B IIEHTPE
TshxecTr momanku AA. CpenHee HanpspkeHHe OyaeT paBHO

AR
Pcp = AL (1.3)

Yerpemisis BennuuHy AA K HY/II0 U IEpeXos K IMpeaeiy, MOJyYrM MOJIHOE
HaNpsKEHHUE B pacCMaTPUBAEMOIl TOUKe
py = lim <§> = d—R (1.4)
AM—0 \ AA dA
Pa3ioxuB MoIHOE HAMPSHKEHUE Py, HA COCTABJISIOIIME IO HOPMAJIU K TUTOIIAJIKE
U 0 KacaTeJIbHOH K HEH, MOJy4YnM HOpMajbHOE HANpsDKCHHE O, M KacaTelabHOE
HanpsokeHue T, B Touke (puc. 1.11,0). Mexay HanpsuKCHHSIMH CIPaBEIIHMBO
COOTHOILICHUC

pi=0a+To. (1.5)

Ecnu BHyTpeHHHME CWIIBI PACHpElEIOTCS PAaBHOMEPHO IO CEYEHUIO, TO U
HANPSDKEHUST pacHpeiesiioTCsl paBHOMEPHO M BO BCEX TOYKAaX CEUYEeHHsS OydayT
OJIMHAKOBbIE. BenunHa HapsKEHUS B 9TOM CIIy4ae ONPEAEsIeTCs KaK OTHOILICHHE
PAaBHOJEHUCTBYIOILIEH BHYTPEHHUX CHJI K CYMMapHOM IUIOIIAIH, TO €CTh

R

p= (1.6)

Omnpenenenue 1.21 Hanpsowcenue — 5mo 8HYmMpeHHss CULd, NPUXOOAWAACS HA

eOUHUYY NIOWAOU CEYEHUSL.

PasmepHoCTh Hanpsokerus — kI /em? wm 5/m? (TTa).
COBOKYMHOCTh HAMPsHKEHUN MO BCEBO3MOXKHBIM ILIOMIAKAM, MPOXOASIIAM

4yepe3 TOUKY, 00pa3yeT HanpssjicenHHoe cocmosiHue B TOUKE.
1.10. HuTerpajbHasi CBA3b MEXKAY HANPSKEHUSIMH U BHYTPEHHUMH CHJIAMU

YCcTaHOBUM  CBS3b MCIKAY HAIPSKCHUAMHW W BHYTPCHHHMHU CHUJIIOBBIMHA

¢dakTopamu B MONIEPEUHOM CEUCHHUH Opyca.
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Puc. 1.12. CtepxeHb, HaXOQAIIMNCSA B PABHOBECUHU 0] IEHCTBUEM IIPOU3BOJIBHBIX HArPy30K

PaccmorpuM  CTepkeHb, HaXONSIIMMCS B PAaBHOBECHUM MOHA JAECHWCTBUEM
IPOU3BOJIBHBIX HArpy3ok (puc. 1.12, a).

Pacceuem MBICIIEHHO CTEpPKEHB TUIOCKOCTHIO, IEPIICHANKYIISIPHON OCH.

Paznoxum monHoe HAnpsKEHWE p, HA HOPMAJbHOE HAMPSIKEHHUE Oy = O U
KacaTeNIbHBIC HANPKEHHUA Tyy U Ty (puc. 1.12,0). Hanpasnenue HOpManbHOM
COCTABJISIONICH HAIPSHKEHUSI BIIOJIHE OIPEICICHHO M 37eCh JOCTAaTOYHO OJITHOTO
WHICKCa nJs1 uX o0o3HaueHHWs (TosmokeHne HopMmanu). s oOo3HadeHus
KacaTeJIbHOTO HaIpsKEHUs HEOOXOAUMO JBa MHJCKCA: MEPBBIM MHIACKC YKa3hIBAaCT
HAIMpABJICHUE BEKTOpPa KAacaTEIbHOIO HAIpSXKEHUs; BTOPOM — IUIOCKOCTh, Ha
KOTOPOW 3TO HAIPS)KEHUE JIEUCTBYET.

HamnpspokeHus B JaHHO# TOYKE CBS3aHBI MEXKYy COOOM COOTHOIIIEHUEM

Pr =05+ T+ Top (1.7)

YCcTaHOBUM  CBSI3b  MEXJY BHYTPEHHHMMH CHJIOBBIMM  (haKTOpamMu |
HaIPSHOKCHUSIMUA B TIOTIEPEYHOM CEUCHHUH Opyca.

Brienum B OKpECTHOCTH PACCMATPUBAEMOM TOUKH AJIIEMEHTAPHYIO TUIOMIAIKY
dA. YMHOXas HaNpsOHKEHUS O, Tyy U Ty HA IUI0MaAs dA Momanky uX AEHCTBUS

IMOJIYYUM BHYTPCHHHUC DJICMCHTAPHBIC YCHIINA
dNZO-'dA; de:Tyx'dA; dQZ:sz’dA.

CYMMI/IPYH IMPOCKOMH JICMCHTAPHLBIX CUJI, 4 TAKIKC UX MOMCHTBI OTHOCHUTCJIbHO
ocent X, y U Z, IIOJIYYUM BBIPpAXCHHA IICCTH COCTAB/IANOIINX ITIABHOI'O BCKTOPA

BHYTPEHHUX CHUJI

N:deA; Oy = | TyxdA; QZ:szdi;
A

A A (1.8)
My:—fc-sz; MZ:—JG-ydA; M, :J(sz-y—’tyx-z)dA.
A A A
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[TonydeHHbIE BBIPAXKEHUS ONPEACISIOT PABHOJACHCTBYIOUIME BHYTPEHHUX
CUJI 4Yepe3 COOTBETCTBYIOIIME HAIPSIKEHUSA, €CIM YCTAaHOBJIEHBl 3aKOHBl WX
pacIpeneseHus 10 CEYEHUIO.

OpHOil H3 OCHOBHBIX 33Jad CONPOTHUBIICHUS MarepuajoB SIBISAETCS
ONPENCIICHUE HaNpsdiceHul yepe3 snympennue ycuaus. PemmuTs ee MOXKHO TOJIBKO

paccMaTpuBas JOTOJHUTEIBLHO U YCIOBUS 1IeOpMUPOBAHUS TENA.

1.11. KoHTpoJbHBIE BONPOCHI JJIsI CAMONIPOBEPKHU 1O TeMe «BBenenne

Kakue nenu u 3ajaun HayKy O CONPOTUBIEHUU MaTEPUAIIOB?
Yrto u3zyvaeT Hayka O CONPOTUBIECHUU MaTEPUAIIOB?

Yro Ha3bIBaeTcs AedopMaleil CTEpKH?

Yto Takoe ynpyrocts Tenaa?

Kaxkas nedopmariys Ha3pIBaeTCs YIIPYTOH 1 MJIACTHYECKOM ?

SN O e

Kak knaccupuuupyroTcs BHEIIHWE Harpy3ku, JEHCTBYIOIIME Ha
COOpYyKeHUs?

7. Uto Ha3bIBaeTCs OpyCOM, IMJIACTUHKON U 000I0UYKOM?

8. Uro Takoe pacuerHas cxemMa? OCHOBHBIE HAIPaBICHHS CXEMaTU3AlUU
peanbHON KOHCTPYKIHUH.

9. Kakue 0CHOBHBIE TUIIBI OIIOP BbI 3HAETE?

10. Kakue ypaBHeHUs cCTarTuKud (paBHOBECHUS) MOXKHO COCTaBUTh JUIs
ONPENEIICHUSI ONTIOPHBIX PEAKIIHIN?

11. Kakue 0CHOBHBIE AOMYILIEHUS TPUHSTHI B CONPOTHBIEHUN MATEPUAIIOB?

12. Kakue BHyTpeHHHE YCUJIMS BOSHUKAIOT B IIONEPEUHbIX CceUEHUsIX Opyca?

13. B ueM 3akimroyaeTcss METON CeYEHUs?

14. Kakue OCHOBHbBIE NMPOCTHIE BUABI Je(POpMalUH BbI3bIBAIOTCS BHEIIHUMU
CUJIaMHu?

15. Yto Ha3bIBaeTCS HANPSXKEHUEM U KaKasi €ro pa3MepHOCTh?

16. Kakue HanpsiKeHUS HAa3bIBAKOTCS HOPMAJIBHBIMU M KaCaTEIbHBIMU?

17. Kakas uHTErpanbHas CBA3b CyILIECTBYET MEXAY BHYTPEHHUMHU YCHIIUSIMU

141 H&Hpﬁ)KCHI/IHMI/I?
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Tema 2. 'eomeTpuuyecKkue XapaKTePUCTUKHU IUVIOCKHUX CeYeHUM

2.1. Craru4yeckue MOMEHTHI, X CBOMCTBA. OnpeneseHue MOJIOKEHHUs LEHTPa

THKECTH CCUCHUA

PaccMoTpuM mpor3BOIBHYIO (GUTYPY, PACIIONOKEHHYIO B IEKAPTOBOM CHCTEME

koopauHat y0z u nrobyto Touky K (y,z), IpUHAIISKAILYIO 3Toi purype (puc. 2.1).

Zﬂ Zc A
dA4
— K
L
| ¢ ye
N
N
0 - y
Ye
)
Puc. 2.1

Touky K(y,z) OrpaHWUdYUM 3JEMEHTApHOW MUomaapo Beaununnoi dA. Tlo
AQHAJIOTUU C BBIPAXEHUEM JJII MOMEHTa CHJIBl OTHOCHUTEIBHO KaKOW-Tn0o ocu
MOXXHO COCTaBUTH BBIPAKCHUE MOMEHTA 3JIEMEHTApHOM IUIOMIaA OTHOCUTEIBHO
HEKOTOPOU OCH.

[IpousBenenue meMeHTapHoi iomaau dA Ha koopauHary z Touku K(y,z),
IpUHAJIeKAIEH JIEMEHTaApHOW TUTOMIAKe, HA3bIBA€TCSI CTATUYECKUM MOMEHTOM

3TOTO JIEMEHTA IUIONIA OTHOCHUTEIIBHO OCH Y
dsS, = zdA.

Ananoruyno, dS, = ydA — crarudyeckuii MOMEHT 3JIeMeHTa miomaau dA

OTHOCHTCIIBHO OCHZ.

Onpenenenue 2.1 Cmamuueckum MOMEHMOM NAOUAOU Pueypbl OMHOCUMETLLHO
KaKou-1bo  ocu, Hazvieaemcs  ajleebpauveckas cymma Ui UHmMezpall
npouzeedeHuti Niowaou INeMeHmMapHou HNIOWAOKU HA KOOPOUHAmMy MOYKU

K(y,z), npunaonesxcawetl sn1emMeHmapHoll Rioujaoke, mo ecno
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Sy=[zaa;  8.=[yda .1
A A

Enununieil u3MepeHus CTaTM4eCKOro MOMEHTA SIBJISIETCS €IWHUIIA JJIMHBI B
Tpetheil crenenn — cm® (B cucteme CU — m3).

CmamuuecKkuii MOMeHmM MOHcem OblMb NOJIONCUMENbHBIM, OMPULAMETbHBIM U
PABHBIM HYITIO.

[IpoBonss aHamOrvr0 MEXJIy MOMEHTAMHU CWJI U MOMEHTaMHu IUIOLIAJCH, Ha
OCHOBAaHUM TEOpPEMbI BapuHbOHA O MOMEHTE PABHOJACUCTBYIOIIEH CUCTEMBI CHJI U3
Kypca TEOPETUYECKOM MEXAaHUKH, MOKHO 3alUCATh CICIYIOIIME BBIPAXKECHUS IS

MOMEHTOB IUIOIIAIN

Sy=Azc;  S:=Ayc, (2.2)
rme A — IUIOIIAb paccMaTpuBaeMou (UTYPHI;
Yc U Zc — KOOPAUHATHI €C NCHTPA TAXKCCTH.

Ecnm mpoBectn ocu y. u z. 4epe3 IEeHTp TsokecTH purypsl — Touky C, TO

CTaTUYECKHE MOMEHTHI OTHOCUTEIIBHO 3THUX OCel OyIyT paBHBI HYIIO, TO €CTh

Sye = 0; Sz =0, (2.3)

Onpenenenue 2.2 Ocu, npoxooswue uepes yewmp  msdcecmu  ueypol,
Ha3vi8aromcs yeHmpanvHvimu. OMmHOCUMENTbHO IMUX OCell CMAmuyecKue MOMEeHmMbl

DPAasHbL HYTIO.

Takum o00pa3zoM, mosydaem (GOpMyIbl JJig ONPENESICHUs] KOOPJAUHAT LEHTpa
TSOKECTH (DUTYPBI

. S,
= — = — 2.4

[Ipr BBIYMCICHUM CTAaTUYECKUX MOMEHTOB CJIOKHOM COCTaBHOM (UTYpBI
ee pa30MBaIOT Ha AJIIEMEHTApHBIC WJIM MPOCTHIE YaCTH, JJIS KaXIOW M3 KOTOPBIX
IJTOIIA/Ib U TIOJIOKEHUE €€ LIEHTPA TSIKECTU U3BECTHBI.

B sTOoM cnydae crarMyeckue MOMEHTBI OMPENEISAIOTCS Kak ajnreOpanyeckue

CYMMBI CTaTHYECKUX MOMEHTOB Ka)KJIOM JIEMEHTAPHOM ILIOIIAIH
Sy = S;+S;I+S§H+ o =A1z¢, HA22c, Azt
S, =S 4SSty =Alye, +Aryc, FAzyes + -
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Hcnonb3yst mociaeAHe COOTHOUIEHUS, ModydaeM (GOpMYIIbl JIsl ONPEACICHUS
KOOPJIMHAT LIEHTPA TSKECTH CIIOKHON COCTaBHOM (PUTYPBI

_ Avye tA2ye, HAsye - . _ Az HArzg Azt
Al +Ar A3 +... ¢ Al +Ay+As+...

N

xS xS

ZA s ic = Z—A (25)

yc

2.2. OceBble U IEHTPOOEKHBIH MOMEHTHI MHEPIIMU U MX CBOICTBA

Onpenenenne 2.3 Ocesvbim unu IK8AMOPUATILHBIM MOMEHMOM UHEPYUU NIOWAOU
@ueypvl OMHOCUMENbHO KAKOU-TUOO OCU, HA3bleaemcs aleedpaudeckas cymma
UMU UHmMe2pan Npou3Be0eHUuli Niowaou 31eMeHmMAaApHou NIOWAOKU HA Keaopam

koopounamul mouxu K (y, z), npunaonexcaweti snemenmapnot niowaoke (puc. 2.2)

y:fzsz; Izzfysz. (2.6)
A

d4

| A

Puc. 2.2

Onpenenenue 2.4 [lonapuviv ~ MOMeHmoOM — uHepyuu  niowaou  ¢ueypol
omHocUmenbHo O0auHou mouxku (nomoca () Hazvieaemcs aneedpauyeckas cCymma
WU UHMe2Pa NPOU38e0eH Ul NIOUA0U INIEMEHMAPHBIX NIOWAOOK HA K8AOPAmMbl UX

paccmosiHuil p om noaroca (puc. 2.2)

I, = fp2dA. 2.7)
A



Onpenenenue 2.5 [JenmpobedxncHblm MOMEHMOM UHepyuu niowaou  uaypol
Ha3vleaemcs aneeopaudeckas CyMma Ui UHMmMe2pal NpousseoeHull niouwjaou
2NeMeHMapHol naowaoku Ha kKoopournamel mouxku K(y,z), npunaonexcaweu

anemeHmapHou niowaoke (puc. 2.2)

I, = jysz. (2.8)
A

Enunuineil w3mMepeHuss MOMEHTa WHEPIMH SBISIETCS €IMHUIA [JIMHBI B
geTBepTOll crenenu — cm”, (B cucteme CH — m*).

Ocesoti U NONAPHBIL MOMEHMbL UHEePYUU 6ce20a NON0HCUMENbHbL NO
onpeoeneHur.

Llenmpobeosicnviti  MomMenm  umepyuu  Modxcem  OblMb  NOLONCUMETLHBIM,

OMPUYAMENLHLIM U, 8 YACHHOM CIy4ae, pasHbIM HYIIO.
2.3. TloasipHbIii MOMEHT MHEPIUH U €r0 CBOMCTBA

B 3amawax Ha KpydyeHHE CTEpXKHEH KpYIJIOTO TMOMEPEYHOr0 CEUYCHHUS
burypupyetr MOHSATHE TMOJSIPHOTO MOMEHTAa HWHEPIIMH, KOTOPBIN OMNpeaessieTcs
o ¢opmyie (2.7)

I, :jpsz.
A

e P — MOJSPHBIA paanycC, WIK PACCTOSHUE OT Hadajla KOOPAMHAT 10 rtomaaku dA.

[Tockonbky (puc. 2.2)
p? :xz—l—y2 — Iy = I (y2+z2> dA = fysz—l—fzsz = I, +1,.
A A A
——
L I,
To ecTb

Iy = I, + I, = const. (2.9)

HO]lﬂprlﬁ MOMeEHmM UHepyuu cedyerHusl paeeH CyMme O0CeBblXx MOMEHNI06

uHepyuu.
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2.4. 3aBHCHMOCTHM MeKIy MOMEHTAMH MHepUMH (PUIYPHI OTHOCHTEIBHO Ia-

palIeJIbHBIX OCei

Jl71s1 TpOM3BOJIBHOM (DUTYPBI, TUIOIIA/Ib KOTOPOM paBHA A, M3BECTHBI MOMEHTHI
UHEPIMH Iy, I, ¥ Iy ;. OTHOCUTEIBHO LEHTPAIBHBIX OCEH Yc, Z(.
HeobxonumMo onpenenuts MOMEHTHI mHepuuu Iy, I, wu I, OTHOCUTEILHO

HOBBIX OCEH y| U Z1, KOTOPbIE MapaJUICIbHbI LICHTPAIBHBIM OCSIM y¢ U Z¢ (puc. 2.3).

214 Zc)

Z1

b y
Y1

Puc. 2.3

O6o3HaunM yepe3 b u a xoopauHarsl Touku C B cucreme koopauHar y10z;
(puc. 2.3).
N3 pucyHka JE€rko yCTaHOBUTH 3aBUCMMOCTH MEXKJIy HOBBIMH WU CTapbIMHU

KOOpJIMHATAMU AIIEMEHTAPHOU MIomaaku dA
yi=y+b; 71 =2+a.

Hcnonb3ys onpenesieHus: 0CEBbIX MOMEHTOB MHEPLIUH OTHOCUTEIBHO OCEH V1,

z1 (2.9), Haxonum

I, ledA fz+a dA = fz dA+2aIsz—|—a fdA—IyC—I—ZaSyC—IraZA

A
H/—/ \,_/ v

L. Sye A
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Izlzfy%dA fy+b dA = fyZdA+2bfsz+b2jdA o+ 2bS..+bA;
A A

W—/W—/v

I Sec

Lo = [ mz1dA = [ (v+b)(z+a) dA =
A A

= [yzdA+b [ zdA+a | ydA+ab [ dA = Lo+ b, +aS,.+abA.

A A A A
—— —— —— —~—
Lyze Sye Sz A
3nech
2
e, = [ L= [YdA; o= [yzda; Syc= [zda; S = [yda.
A A A A A

Tak Kak OCH y¢ ¥ ¢ — LEHTPAIBHBIE OCH, TO

Sye = Sz = 0.
OxoHuaTenbHO, (OPMYJIbI MAPAJUIETLHOTO IEPEHOCA OCEH B ATOM CiIyyae OyayT
HUMCETH BUJ
Iy, = L.+ dA;
L, = J,. +b°A; (2.10)

Ly 7y = Iy +-abA.

[lepBbie nBE 3aBUCUMOCTH (POPMYIHPYIOTCS CIEAYIOIIMM o0pa3oM: Momenm
uHepyuu Queypst OMHOCUMENLHO JH0O0U OCU, NAPALLEIbHOU YeHMPAIbHOU, PAGeH
MOMeHmY uHepyuu hucypvl OMHOCUMENLHO YEHMPATLHOU OCU, NIIC NPOU3BedeHUe
K8aA0pama pacCmostusi Mexcoy 0CaMU Ha niowasb uzypol.

TpeTbsi 3aBUCMMOCTh uWTAETCA Tak: [lenmpobescHblll MOMeHm uHepyuu
Pucypvl OMHOCUMENLHO NPOU3BONLHBIX OCEl, NAPALLEIbHBIX YEeHMPATbHbIM, PAGEH
YEHMPOOEHCHOMY MOMEHMY UHepYUuu husypvl OMHOCUMENbHO YEeHMPAIbHbIX OcCell
NII0C NpoussedeHue KOoOpOUHAm YeHmpa mscecmu @ueypvl OMHOCUMENbHO
NPOU3BONILHLIX OCell HA NA0Wa0b pucypbl.

Heobxooumo nomnums, 4TO BBINICTIPUBEICHHBIE (HOPMYIBI MApaJICIHHOTO
nepeHoca oceir (2.10) copaBenIuBbl TOJBKO B TOM Cjydae, Korjga OCH yc H

Zc — HOCHTPAJIbHBIC OCH.
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Cnedcmsue. OceBble MOMEHTBI HHEPLIMH (DUTYPBI OTHOCUTEIBHO LEHTPATIBbHBIX
oceil MUHUMaJIbHBI IO CPABHEHUIO C OCEBBIMU MOMEHTaMHU MHEPIMH 3TOU (PUTYpPBI

OTHOCHUTEJBHO JIOOBIX IPYTUX MapajlieIbHbIX UM OCEil.

2.5. 3aBHCHMOCTBH MeKAy MOMEHTAMM HHepUUH (PUTYypPhI PU NOBOPOTE OCeil

PaccmoTpuM HEKOTOPYIO (DUTYPY, OTHECEHHYIO K IEPBOHAYATILHON IEKapTOBOM

CHUCTEME KOOPJMHAT Yy, Zo (puc. 2.4).

zZy 20 d4
l\ A K
Ye
a
he
C_~»Yy
Z0 G \
\ e \ _2AD o
5\(0 N B o
\ )0
y
Puc. 2.4

OTHOCUTENBHO OCEH Yy U Z() U3BECTHBI MOMEHTHI MHEPLMH 1y, I, Iy 7.

HeoOxonuMo omnpenenutb OCeBble U LEHTPOOEKHBI MOMEHTHl WHEPLHH
¢urypsl OTHOCUTEIBHO HOBBIX OCEM y U Z, TMOJIYYCHHBIX IOBOPOTOM
NEPBOHAYAJIBHBIX LEHTPAJIBHBIX OCEH Yog U Zo HPOMUE X00d YACOBOU CMpenKu
na yeon & > 0, To ectb HEOOX0AMMO Halitu Iy, I, u Iy; GUrypsl, BEIpa3suB MX Y€pe3
Ly, I, v I, ;,, @ TAKIKE MMOJOXKUTEIBHBINA YTOJI (X.

Beipazum koopauHatel (y U z TOYkH K (LIEHTP TSKECTH DJIEMEHTApHOMN
mwiomaaku dA) B HOBOM CHCTEME KOOPJMHAT Yepe3 KOOPAUHATHI Y, Z) B UCXOIHOU

CHUCTEME KOOpJMHAT
vo = OB; Z0 = BK.

N3 Touky B 0nyCTUM NEPIIEHINUKYIISPBI HA OCh Y ¥ Ha NTponokeHue JMHuu KC,

B pe3yJbTare NoJly4yuM NpsamMoyroiasHuk BGCD.
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N3 npssiMoyrosibHOTO TpeyrojibHuka BOG Haxoaum
BG = OB -sinx = ygsinx = CD; OG = OB - cos & =y Cos X.
N3 npsAMOyTrosibHOTO TpeyrojibHUKa BK D Haxoaum
BD = BK - sinx = zpsin x = GC; KD = KB -cos & = 7 COS X.
Taxum 06pazom,
y=0C = 0G+ GC = ypcos x+ zpsin &;
7z=KC =KD —CD = zpcos & — ypsin x.
U3 onpenenenust 0CEBbIX MOMEHTOB MHEPIMH (PUTYpPbI OTHOCUTEIIHHO HOBBIX

oceit y u z (2.6) cienyer

y = fzsz = f(zocosoc—yosinoc)sz =
A A

= coszocfz%dA — 2sincos ocfyondAJrsinocfy%dA.
A A A

AHaJIOTUYHO MOJTyYaeM,

I, = cos® ocfy(z)dA + 2 sin xcos ocfyozodA + sin? ocjz%dA.
A A A

Ho o onpenenenuto (2.6)

_ 2 9A.- _ 2 JA- —
A A A
CJIGIIOB&TGJIBHO, OKOHYAaTCJIbHO BBIPAXXCHUA OJIs1 OCCBLIX MOMCHTOB HMHCPLIUU

(urypsl OTHOCUTEIBHO HOBBIX OCEH Y ¥ Z IPUHUMAIOT BU]L
_ 2 ) : :
I, = I, cos™ o+ I, sin” ¢ — Iy 5 SIn2x; 2.11)
. ) 2 . :
I, = Iy sin” ot + I cos™ o + Iy, SIn 2 x.
[To ompenenenuto HEeHTPOOEHKHOTO MOMEHTA UHEPIIMH (PUTYPHI OTHOCUTEIHHO
HOBBIX OcCeil y U 7 (2.8) HaxoAuM

I, = fysz = f(yocosa+zOsina) -(z0c08 0t — ypsinor) dA =
A A

= coszocfyozodA — sin & cos afy%dA+sinoccos ajz%dA — sinzocfyozodA
A A A A
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CrnenoBaresibHO, BBIPOXKEHHE ILIEHTPOOEKHOTO MOMEHTa HHEPLHUU (UTYPHI
OTHOCHTEJIBHO HOBBIX OCEU Y M Z IPUHUMAET BUJ

L, —1
I, = % sin2a + Jy,z, cos 2. (2.12)

Taxum 00pa3oM, Mbl OTYUYUIH POPMYJIbI, BBIPAKAIOIINE 3aBUCUMOCTD MEKTY

MOMEHTaMHU HHEPLUUU (PUTYPBI OTHOCUTEIBHO JIIOOBIX TOBEPHYTHIX OCEM

_ 2 .2 - :

I, = Iy, cos” & + I, sin” o — Iy 7 Sin2¢x;
) 2 : :

I, = Iy, sin” oc + I cos™ & + Iy, sin 2 (2.13)

L, —1I
B R
Iy, = 5 sin2¢ + Iy, COS 2.

Ilpasuno 3naxos. 110J10KUTEIIBHBIN YTOJI X OTKIIAABIBACTCS OT IICPBOHAYAJIBHBIX

0CEH y( U Z) IPOTUB XOJ1a YACOBOU CTPEJIKH.
Ot QopMynabl SIBASIOTCS OCHOBHBIMH JIJIE  PAcdeToOB, CBSI3aHHBIX C
ONpeIeICHUEM MOMEHTOB HHEPIIMM OTHOCUTEIHHO JTIOOBIX TOBEPHYTHIX OCEH.

CknazpiBasi mepBo€ U BTOPOE BbhipaxeHus (2.13), nomyuum
I, + I, = I, + I, = const. (2.14)

CrnenoBatenbHO, npu n08opome YeHmpaibHbIX 0Celi CYMMA COOMBEMCMEYIOUUX
0Ce8bIX MOMEHMO8 UHEPYUU He USMEHAEMCS.
2.6. BpruucieHue MOMEHTOB HHEPUUH NPocTedmux Gpuryp

2.6.1. IIpsMoyroiabHHK

BeruuciauM oceBble MOMEHTHI WHEPIMU TPSIMOYTOJIbHUKA OTHOCHUTEIBHO
LEHTPAJIbHBIX OCel y U 7 (puc. 2.5).

ITo onpeneneHnto oceBoro MoMeHTa uHepiuu (2.6)

I, = fzz dA,
A
rne dA =b-dz — mIom@aAbL 3IEMEHTAPHOIO MPSAMOYTOJIbHUKA (puC. 2.5).
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< N

< C, Y
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<

b

Puc. 2.5

IToncraBnss moa 3HaK UHTErpajia BMecTo dA ee 3HaueHHE, MOJTYyUYUM

: b b3
IL=b | 2dz= K| =2—.
y IZ =3 L, T2

_h 2
2
CrienoBaTenbHO,
bh3
I, = —. 2.15

AHaJOTUYHO MOXHO BBIBECTH (OPMYIy OCEBOTO MOMEHTA WHEPIHH

MPpAMOYT'OJIbHUKA OTHOCHUTCIIBHO OCH T

_hb?

I, = —. 2.16
= (2.16)

2.6.2. TpeyronbHUK

BerunciauM  oceBbie MOMEHTBI HMHEPIMH TPEYTOJIbHUKA OTHOCHUTEIBHO
LEHTPAJIBHBIX OCeH yc U Z¢ (puc. 2.6).
PaccmarpuBas B kadecTBe 37eMEHTAapHOH Iiomanku dA MpsSMOYTOJbHUK C

ocHoBaHueM b(z) = KL u BbicoTol dz, momy4yaem

dA = dz.
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h/3,
1
9!
<
bS
z
Yo

Puc. 2.6

Pa3mep ocHOBaHMS HAXOAMM U3 1OA00US TpeyroabHUKoB BED nu KEL

KL EN b(z):h—zb(z>:(h_z) b

BD  EM’ b z X
TI€ z — PAaCCTOSHHE OT OCHU Y JI0 HJIEMEHTAPHOMN IUIOMIAIKH.
b
dA =b(z)dz = E(h—z).

[To onpeneneHno MOMEHTa UHEPLIMU OTHOCUTENBHO OCH Y (2.6), moidyyaem

: b<h4 h4>_bh3

h
b b 7
_ 2 _ 7 2 (1 _ — . L s -
Iy—Afsz—hofz (h—z)dz= " (h3 4>0 A 5-7) =77
To ecTb,
bi
b

Hcnons3yst (GopMyny MOMEHTOB HWHEpPIUH MpPHU MapajuieIbHOM MEpeHOoCce

h 2
Iy — ch —|— <§> A

N3 »sT1oro paBCHCTBA OIIPCACIIACM  MOMCHT

oceii (2.10), momyunm

WHEpPUUU TPEYroJIbHUKA

OTHOCHUTEJIBHO LIEHTPAJIbHOM OCH Y

2 1 b3 b3 bR
IyC:Iy_ by '_bh: - — .
3) 2 12 18 36
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CraenoBaTenbHO,

bh3
¢ 36
AHAJIOTUYHO MOXXHO BBIBECTH (OPMYJTy OCEBOTO MOMEHTA HWHEPIHH

I, (2.17)

TPCYTIOJIbHUKA OTHOCUTCIIBHO OCH ueHTpaanoﬁ ZC

_hb?

Le =3¢ (2.18)

2.6.3. Kpyr

Brrauciayum noisipHbli MOMEHT UHEPIIUH KPyTra OTHOCUTEIIBHO LIEHTPA TSKECTH.
B kadecTtBe 3€MEHTApHOW IUIOMIAJAM PACCMOTPUM IUIOMIA[b 3alITPHUXOBAHHOTO

KOJIbI[a C paauycamu p u p +dp (puc. 2.7).

ZA
/ %
é cl’ y
d=2r
Puc. 2.7
IInmomanp >TOr0 KOJIbIA
dA =2mp-dp.
Torna
d d
2 2
Ip:fZﬂp-dp-p2:2ﬂfp3dp. (2.19)
0 0



HOCHC I/IHTerI/IpOBaHI/IH U M[IOoACTaHOBKH HpeI[GHOB HOJ'I?IpHBIﬁ MOMCHT
HUHEPIUU KpyTa OTHOCUTEILHO €To MeHTpa TshkecTu C HalaeM 1o ¢popMyiie
t-d*
Ip =
32
Jlis  ompenereHus OCEBbIX MOMEHTOB HMHEPIMU Kpyra OTHOCHUTEIBHO

~0.1d* (2.20)

HCHTpaHBHBIX OCGIZ yuz HpC)K,Z[C BCETO OTMCTHUM, YTO OYCBHUIHO,
Iy = IZa

a 3aTeM BocIojb3yeMcs hopmyioi (2.9), Ha OCHOBaHUHM KOTOPOM

I -d*
bzézﬁzﬂ
2 64

~0.054d*. (2.21)

2.6.4. Kombmo

I[JISI OIPCACICHUA IIOJIPHOIO MOMCHTA HWHCPHOHMU KPYTOBOT'O KOJbIA C

HapY>XHBIM AHaMeTpoM D U BHYTPEHHUM auamMeTpoM d (puc. 2.8) BOCIOIB3yeMCs

dbopmyoii (2.19), HO UHTErpUPOBAHUE BBHITIOIHUM B TIpEIeiax OT % hi(o %, TO €CTh

Puc. 2.8

B pesynbrare nosyunm

f="r- =T = T (1-0), (2.22)
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o= —.
D

Cﬂec)oeamejszo, l’lO]Z}ZprlLvl MOMeEHmM UHepyuu Kpyco60c0 Kojiabya paseH
pPAaA3HOCmMU NOJIAPHBIX MOMERMOB UHEePYUU 6HEULHECO U 6HYMPEHHE2CO Kp)2d.

OceBble MOMEHTHI HHCPIHH KPYI'OBOI'O KOJIbIIA ITO aHAJIOTHUH 6y,ZIYT PaBHBI

D4
=1 = ”6—4 (1 _ oc4> . (2.23)

2.7. T1aBHBIE OCH U INIABHbIe MOMEHTBI HHepuuH. OnpeaeaeHue MoJa0KeHUs
IVIABHBIX HEHTPAJBbHBIX 0Ceil M YUCJICHHBIX 3HAYEHUH IVIABHBIX MOMEH-

TOB HHCPUHMH JJIA CUMMETPHUYHBIX 1 HCCUMMETPUYIHBIX CeueHuH

Onpenenenue 2.6 Ocu, omHOCUMENILHO KOMOPBLIX UESHMPOOEHCHBIU MOMEHM
UHepyuu pageH Hym, a 0cesble MOMEHMbl UHEePYUU NPUHUMAIOM IKCMPEMATIbHbIE
3HaueHusi (OMHOCUMENbHO OOHOU — MAKCUMYM, OMHOCUMENbHO Opyeou —

MUHMM_)/M), HA3bl6AIOMCA 2IAGHBIMU OCAMU.

Onpenenenne 2.7 [7agusie ocu, npoxodawue uyepes yewmp msdxcecmu @ueypol,

HA36l6AIOMCA 2NIABHBIMU YEHMPAJIbHBIMU OCAMU.

Ecnu, xomsa 61 oOma, u3 63auMHO NEpPneHOUKVIAPHBIX OCel O0eKapmosou
cucmemvl KOOPOUHAM ABNAEMC OCbI0 CUMMEMpPUU Quypsl, mo YyeHmpoOexCHbolil
MOMEHmM UHEPYUU Maxol Queypsl pagen Hyi.

B camom gene, mis cUMMETpUYHOW (QUTYpPHI BCeraa MOXKHO BBIJICIUTH
JIBE DJIEMEHTApPHBIC TUIOMIAJIKKM C OJWHAKOBOW IUIOMAabi0 dA, KOTOpBIE HMEIOT
OJIMHAKOBBIEC OPJIMHATHI Z U PaBHbBIC, HO MPOTUBOIIOIOKHBIE TIO 3HAKY a0CIHUCCHI Y
(puc. 2.9).

CocraBmsiss cymMmy npousBeneHUi yzdA i 3JE€MEHTOB, TOKa3aHHBIX Ha

puc. 2.9, To ecTb, BBIUUCISAA UHTETpa (2.8), mojlydaeM B pe3yJibTaTe
IyZ — 0-

Bwvisoo. Ocbk cummeTpuu (GUTYpbl BCETAa SIBISETCS TIABHOW IEHTPATbHOU

OCBIO.
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Y Y

Puc. 2.9

CnenoBaTenbHO, i CUMMETPUYHBIX  (QUTYp TOJOXKEHHE  IJIaBHBIX
LEHTPAJIBHBIX OCEH ONpeAeIAeTCs JOCTaTOYHO MPOCTO.

Lna gpueypol, umerowieti 00Hy 0Ccb cumMmempuu, 0OHA U3 2LAGHBIX YEHMPATbHBIX
oceti cognadaem ¢ MOl 0Cbl0 CUMMEMPUYU, A 8MOpas 2NAGHAS YEeHMPANbHAsL OCb
npoxXooum yepes yeHmp maxcecmu nepneHoOuKVIApHoO K Hell.

Hna gueypul, umerowen 0e ocu cummempuu, 2lAGHbIE YEHMPATbHble OCU
Cco8nAO0AIom ¢ SMUMU OCAMU CUMMEMPUU.

MoxHO cka3aTk, 4TO, €ClIU ISl Kakoll — JIn00 (UTypsl /1Ba TIIABHBIX OCEBBIX
MOMEHTA paBHbI MEXy co00il, Toraa aro0as LEeHTpalbHas OCh SIBISIETCS TIIaBHOU
(KpyT, KBaJpart, MpaBUJIbHBINA TPEYTOJIbHUK, IPABUIbHBIN IECTUYTOIBHUK U T. 11.).

AHanuzupys GopMyIbl MOBEPHYTHIX ocel (2.13), mpuxoauM K 3aKIIF0YEHHIO O
TOM, YTO IIPY U3MEHEHUH yIvla IOBOPOTA (X OCEBBIE MOMEHTHI HHEPLIUU U3MEHSIOTCS
TaK, 4YTO KX CyMMa OCTaeTCsl HeM3MEHHOM (2.14). DTo NpUBOIUT K BHIBOAY O TOM, YTO
MOKHO HaWTH TaKO€ 3HAYEHHE YIIa (X(), IPU KOTOPOM OJUH U3 OCEBBIX MOMEHTOB
WUHEPLUUHU JOCTUTHET MUHUMAJIBHOIO 3HAYEHHUs, & BTOPOW — MaKCUMAaJIbHOIO, TO
€CTh BO3HMKAET NOCTAHOBKA 3aJjayll Ha HAXOXJAECHUE JKCTpeMyMa (QYHKLHMU IO
NIEPEMEHHOM .

Bhrauciisis Ipou3BOAHYIO OT Iy Wik I; 110 IIEPEMEHHOU (X, IOy YUM

dry : .
do = 21y, cos o (—sin o) + 21, sin ccos oc — 21y, cOs20x =
= -2 (% sin 2 + Iy, COS 20c> :

YuuteiBas, uro (2.12)

Iyo T

=" Gnou 1 2
yZ—Tsm X+ 1ygz, COS 21X

45



BBIPAKEHUE [T IPOU3BOJAHOM IIPUHUMAET BUJL

dJ. L,—1I, .
d_o{ =2 (% sin2a¢+ Iz, Cos20c) = —2I,..
[IpupaBHuBasi MPOU3BOAHYIO HYIIO, MOJIy4aeM ypaBHEHHE, [O3BOJIIOLICE

HAWTH YTOII X

I, —1
% sin 20 + Iz, cos 209 = 0.
N3 3TOT0 YypaBHEHHUS CIENYET, YTO
21
to Qo) = — —20%0 I —0. 2.24
g2X0 I, — L, u yz‘(xzo(O ( )

Takum oOpaszom, 3ta popmymna (2.24) onpenenser MOJ0KEHUE IKCTPEMaTbHBIX
oCel, OTHOCHUTETHFHO KOTOPBIX IEHTPOOEKHBI MOMEHT WHEPIIMU PaBEH HYJIO, TO
€CTb TMOJIOKEHUE TITaBHBIX OCEH.

Onpeéeﬂenue. OceBble MOMEHTBHI OTHOCHUTEJILHO IJIaBHBIX OCEHM Ha3bIBAIOTCS

IJIAaBHBIMU MOMEHTaMU WHEPIIUH.
JI1st onpeiesieHust YUCICHHBIX 3HAYEHHI TIIaBHBIX MOMEHTOB HHEPIIUU MOKHO
UCITIOJIB30BaTh (POPMYJIIBI MOBEPHYTHIX ocel (2.11), moacTasisis B HUX 3HAYEHUE yTIia
Xp.
BrinonHss 3Ty onepanuio B 00IIeM BUJE, TOCJIE HEKOTOPHIX allreOpandecKux
peoOpa3oBaHUil TPUTOHOMETPUUECKUX BBIPAKCHUN, MOXKHO TOJIYYUTH (POPMYIIBI
JUISL OIIPE/ICIICHUS [JIABHBIX MOMEHTOB MHEPLIMH, HE COJIEPIKAIIKE YITIa X

L+L 1 ;
Imax/min — % + 5\/(ly - IZ) +4I)%z' (2.25)

Cﬂedoeameﬂbﬂo, onst onpedeﬂeHu}z NOJIOJHCERUA CNIABHLIX UEHNIPA/IbHbLX ocell u

YUCTIEHHBIX 3HAYEHUL 2IABHbIX YEHMPATIbHBIX MOMEHMO08 UHEPYUU HECUMMEMPUYHBLX
NONEPEeyYHbIX CeYeHUU PeKOMEHOYemcs Ce0VIOWuUli 00wuLl NOPsIOOK OetCmeul.

1. IIpoBomST TPOU3BOJBHBIE OCH. BBIUKCISIOT CTaTUYECKHE MOMEHTHI
WHEPIIMHA OTHOCHUTEILHO 3TUX OCEH (pa30uB MPeIBapUTEIBHO CIOKHOE MOTIEPEIHOE
CEUEHHUE Ha PAJl IPOCTHIX (PUTYP) U HAXOMAAT MOJIOKEHUE LIEHTPA TSHKECTH CII0AKHOTO
CEUCHUH.

2. IlpoBomAT dYepe3 LEHTP TAKECTH BCErO0 CEYEHUs OCH, MapajulelIbHBIE
NIEPBOHAYAJILHO BEIOPAHHBIM MPOU3BOJIBHBIM OCSIM, U HAXOJIST C TIOMOIIIBIO (hopMyIT
napajuIeIbHOTO TEepeHOCa OCEeH MEeHTPOOEkKHBI W OCEBBIE MOMEHTHI HHEPIIUU

CCUCHUA OTHOCHUTCIIbHO 3THUX HOBBIX LICHTPAJIbHBIX oceil.
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3. HaxonsT nmonokeHue TaBHBIX [IEHTPATIbHBIX OCel u U v 110 hopmyie (2.24).
4. HaxonsT 4nclieHHbIC 3HAYEHUS TIaBHBIX [IEHTPAJIbHBIX MOMEHTOB MHEPITUHU
no popmynam (2.11) mnu (2.25).

5. Jlyig nmpoBepKH MPAaBUIBHOCTHU BBIYUCICHUS 1, U I, NCTIONB3YIOT PAaBEHCTBA
Ly=0 un L+, =1+1I. (2.26)

HDZ/[Me'-lClHue. CnenyeT HMCTb B BUY, YTO C IIOMOHIbIO 3TUX PABCHCTB MOXHO

IIPOBCPUTDH TOJIBKO IIPABHUJIbHOCTL BBIYMCIICHUSA ITOJIOXKCHUSA ITIABHBIX HCHTPAJIbHBIX
OCell M YHCJICHHBLIX 3HAYCHUIH ITIaBHBIX MOMEHTOB HHCPLOHUM. CO6JIIOI[€HI/IG 9THUX
PABCHCTB HC I'apaHTUPYCT IMMPABHUJIIbHOCTH BBIYUCIICHUS ITOJIOKCHUS LICHTPA TAXKCCTH
CCUCHHA, a TaKKEC OCCBBIX H HGHTpO6€)KHOl“O MOMCHTOB HMHCPHOHH CCUCHMUA

OTHOCHUTCJIIbHO LICHTPAJIbHBIX oceil.

2.8. Paamycel nHepunu. BerunciieHue paguycoB HHEPUUH Kpyra

I/IHOI‘I[a IIpHu pacucTax OBIBacT MaTeMaTHYECKHU YI[O6HO npeacTaBuUTb MOMCHT
HHCPIHUH KaK IIPOU3BCACHHUC IJIOIIAAN q)HprBI Ha KBaJpar HCKOTOpOfI BCJIIMYHNHBI,

Ha3bIBAEMOW paJInyCOM MHEPLIMU

L=A-i, (2.27)
TIe i§ — paanyc UHEPIMU OTHOCUTEIIBHO OCH Y.
OTkyna cieyer, 4To
I I
. y' . Z
ly =+ Z, l; = + Z (228)

Panuyc unepiuu kpyra Oyznet paBeH

L \/Z /[ 4-md*  d
"TNATVAT Ve a2 T s (2.29)

Pannycel mHEepAN U3MEPSIOTCSA €IMHULIAMU JUIMHBI B IIEPBOU CTEIIEHU — CM,

(B cucreme CU — m).

47



2.9. MomMeHTBI CONPOTUBICHUA U UX CBOCTBA

Onpenenenue 2.8 Momenmom conpomuenenusi ni0CKOU Queypvl OMHOCUMENLHO
KAKou-1ub0 ocu, 1excaujeti 8 NJI0CKOCmu puypbul, HA3b18aemcsi OMHOUEHUE 0CEB020
MOMEHMAa UHepyuy OMHOCUMENbHO MOLL Hce OCU K paACCMOSHUIO Om ocu 00 Hauboiee

YOaneHHOU mo4Ku ghucypuol

I I
Z
Wy=—— W= . (2.30)
|Zmax| | Ymax|
3nece Wy u W, — COOTBETCTBEHHO MOMEHTBI COIPOTUBIICHUS] (PUTYPHI
OTHOCHUTEJILHO OCEHN y U Z;
|Zmax| ¥ [Ymax| — paccTosHms oT oceil 10 HamboJee yIaTEHHBIX TOYEK

burypsi.

Onpenenenue 2.9 [lonaprvim MOMeHMOM CONPOMUBILEHUS NIOCKOU  ¢hucypol
OMHOCUMENbHO KAK020-TUOO0 YeHmpa (nonca), iedxcaujeco 8 niockocmu gueypol,
Ha3bl8aAemcs OmMHOUleHUe NONAPHO20 MOMEHmMA UHepyuu NI0CKoUu uaypvl
OMHOCUMENbHO MO20 XHCe YEeHmpa K PACCMOAHUI0 Om yeHmpa 00 Haubonee

VOaneHHOU MOoYKU Qhuypol

W, = o , (2.31)
‘pmax|
Tac Wp — HOJISIpHBIﬁ MOMCHT COIIPOTUBJICHUSA (1)I/Il“ypBI OTHOCUTCIIBHO
uentpa 0;
I, —  TOJSIPHBIA MOMEHT UHEPLUU QUTYPBHI;
|Pmax| — paccrosiHuE OT eHTpa 10 HanboJIee yAAICHHON TOUKH (PUTYPBIL.

MOMEHTBI CONPOTUBICHUS H3MEPSIIOTCS E€AMHHUIIAMHU JUIMHBI B TPEThel
crenenn — cm°, (B cucteme CU — m3).

CnoxxHble CEYEHUs, BCTpPEYAIOUIMECS B PA3JIUYHBIX KOHCTPYKIUSX, YaCTO
BKJIFOYAIOT 3JIEMEHThl CTAHJAPTHBIX MPOKATHBIX MNpoQuield cTaau (JIBYTaBpbHl,
HIBEJIEPA, YTOJIKH U JIp.).

PacueTr reoMeTpruueCKUX XapaKTEPUCTUK TAKUX CEYEHUM CII0KEH U TPYIOEMOK,
MO3TOMY B CIPaBOYHBIX TA0MULIAX JJIs1 3TUX Mpoduiei (B COpTaMEHTAax ) MPUBOASTCS
HE TOJIBKO MX T€OMETPUYECKHE pa3Mepbl, HO U TaKWE BaKHBIE CBEICHUS, Kak

IMOJIOKCHHUC LICHTPA TAXKCCTU, MOMCHTBI HHCPIHNH, MOMCHTEI COITPOTHUBIICHUA U JIP.
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OTH TaOIUYHEIE JaHHBIC HAMHOI'O 00JIer4aroT BBEIUYMCIICHHUE TCOMCTPHUUICCKHUX

XAPaAKTCPUCTHK CIIOKHBIX COCTAaBHBIX CCUYCHUM.

2.10. KoHTpoubHBbIE BONPOCHI AJsl caMONIpoBepkH no Teme «['eoMeTpuyeckue

XapaKTePUCTUKHU IJIOCKUX PuUryp»

1. Kakue ocu Ha3bIBarOTCA LIECHTPAJIbHBIMU?

2. UYrto Ha3bIBa€TCs CTAaTUYECKMM MOMEHTOM IUIOIaAN (PUTypbl OTHOCUTEIBHO
HEKOTOpOM ocu?

3. Kak ompenensiercsi CTaTUUYECKUH MOMEHT (UIypbl OTHOCHUTEIBHO
HEKOTOPOU OCH, KOOPJMHATHI LIEHTPA TAKECTH KOTOPON U3BECTHBI?

4. Kak BbIUMCIAETCS TOJOKEHUE LIEHTPA TAKECTU CIOKHBIX Quryp (s
CUMMETPUYHBIX U HECUMMETPUYHBIX CEUEHUI)?

5. JlafiTe ompeneneHue OCEBOTO0 M IEHTPOOEKHOTO MOMEHTOB WHEPIIUU
buryps.

6. IlpuBenure ¢opMyabl MOMEHTOB HMHEPUUU TpocTedmmx  (Guryp
OTHOCHUTEIIbBHO COOCTBEHHBIX IJIaBHBIX LEHTPAJIbHBIX OCEW (MPSAMOYTOJbHUK,
TPEYTOJIbHUK, KPYT).

7. JlaiiTe onpeaeacHue NoJIIPHOrO MOMEHTA HHEPIIUH.

8. IlpuBenute popMysbl MOIIPHOTO MOMEHTA HHEPLIUU KPYTa U KOJbIIA.

9. Kak u3MeHSIOTCS MOMEHTBI MHEPLMH IIPU MMAPAILICITBHOM MEPEHOCE OCEH,
€CJIA UCXOJIHBIE OCH — LEHTPAJIbHBIE?

10. ®@opmynsl 1jisi MOMEHTOB UHEPLIMU ITPU TOBOPOTE OCEM.

11. Kakum cBoiicTBOM o00dasaeTr CyMMa OCEBBIX MOMEHTOB HMHEpPLHUU
OTHOCHTEJIBHO JIByX B3aUMHO MEPIEHIUKYIISPHBIX OCEM1?

12. Kakue ocu Ha3bIBaIOTCS INIABHBIMU LIEHTPAJIbHBIMU OCSIMU UHEPIUN?

13. Kak onpezaensiercs mog0K€HUE NIABHBIX [IEHTPAIBbHBIX OCEW MHEPLIMH IS
CUMMETPHUYHBIX CEUYEHUN?

14. ®opmyna s ompeneseHrs MOJOKEHHsS DIABHBIX OCEM MHEpPLUU IS
HECUMMETPUYHBIX CEUECHUI?

15. OnpeneneHre YMCIECHHBIX 3HAYEHUW ITIABHBIX MOMEHTOB HMHEPLUU LA
CUMMETPUYHBIX U HECUMMETPUYHBIX CEUYECHUH.

16. Pagnycel nHepiuu. Berauciienne paanycoB MHEPLUHMH KPyTa U KOJIbLIA.
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17. MoOMEHTBI COTPOTUBJIEHUS U UX CBOMCTBA.
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Tema 3. LlenTpanbHoe (0CeBOE) PACTAKEHHE UM CKATHE ITPAMOTO

Opyca

3.1. IlenTpajbHoe (0oceBoe) pacTsikeHue WM c:xkatue. IlpoxosbHbIE CHIIBI M KX

onpeacjacHuce

PaccmoTpum pacTspkeHue 6pyca BHEUTHUME CHIIaMu F', IPUI0KEHHBIMU K €T0
KOHIaM. OYEBUIHO, €CIM BOCIIOJIB30BATHCS METOAOM CEYEHHM, BO BCEX CEUEHUAX
BO3HHUKAET NPOAOJIbHAS cuna N, paBHas BHEWIHEW Harpyske F. Ilpu pactsxeHuun

npojiofibHasE cujia N HampaBjieHa OT CEUEHUs, a IPHU CHKATUU — K ceueHuto (puc. 3.1).

e

F |:<N/N bF

Puc. 3.1

Omnpenenenue 3.1 [Jenmpanvuvim pacmsicenuem (cocamuem) HA3LI8AOM MAKOU
8uU0 Oegopmayuu 6pyca, npu KOMOpoM 6 €20 NONEPEeUHbIX CEUEHUAX BO3HUKAIOM
MOoJbKO npoooabHble culbl N, a 6ce npouue enympentue cunosvie gpakmopul (Q, M5,

u M) pasmwi nyiro.

Kak moka3pIBarOT SKCIIEPUMEHTBI, IIPH [ICHTPAIBHOM PACTSHKCHUH HITH CYKATHH
npsMOro Opyca BCe €ro BOJIOKHA, PACIOJIOKEHHbIE BIOJIb F€OMETPUUECKOW OCH,

IIOJIy4ar0oT OAMHAKOBOC YAJIMHCHUC UJIM YKOPOYCHUC.

Onpenenenue 3.2 bpyc, pabomarowuil Ha pacmadxiceHue Uil cocamue, Ha3vl8aemcs

CMEPIICHEM.

Onpenenenne 3.3 Ceuenus Opyca, Komopwvle pacnolON#CeHbl 8 NIOCKOCSX,
NEPNeHOUKYIAPHBIX K 2eOMEemPU4ecKou 0CU CMepPICHA, HA3bl8AIOMCs NONepeYHbIMU

CeYeHUAMU.

B o06miem cimydae, Korjia cTep KeHb MOIBEPraeTCs ICMCTBUIO CUCTEMbI BHEIITHUX
CWJI, TPUJIOKEHHBIX HE TOJBKO K €ro TOPLaM, HO U B MPOMEKYTOUHBIX CEUCHUSIX,
3HAUCHHUE TPOJOJIHHON CHUIIBI N MOXET ObITh pa3sHbIM I10 BEJIUYMHE M 3HAKY IS

Pa3JIMYHBIX MOMEPEYHBIX CEUCHUN.
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Omnpenenenune 3.4 /lpooonvuas cuna N 6 npou3zBoOIbHOM NONEPEUHOM CeYyeHUU
CMePIICHS YUCTEHHO PABHA ANeeOpauyecKoll Cymme NpoeKyull Ha 2eoMempuyieckyio
OCb CMEPIHCHA 6CeX GHEWHUX CUNl, NPUTLONCEHHBIX HNO OO0HY CHOPOHY Om

pacemampueaemoco Ce4erusl

N = (ZFkx)OTceq' (.1

Hpaeuﬂo suaxos. Ecnu IpoaoJibHAsL  CHUJIa N  BBI3BIBACT PaCTAXKCHUC

(y,Z[J'II/IHeHI/Ie) CTCPIKHA OTHOCHUTCIIBHO ITPOBCACHHOIO CCUCHHA, TO OHA CUHNTANOTCSA

MOJIOKUTEJbHOM, 2 €CITM OHA BBI3BIBAET C)kKaTHe (YKOPOUCHHE) — OTPUIATEJIbHOM.
3.2. Jmopsl NpoaoabHbIX cuil. IIpaBuiia ux mocTpoeHus

Jliig uccrienoBaHusl HAMPSHKEHHOTO COCTOSIHUSL Opyca (CTEpKHS) HEOOXOAMMO
3HaTh, KaK W3MEHSAIOTCS IMpPOAOJbHbIE Cuibl N 10 ero mnuHe. Pesymbprar
UCCIIEIOBaHMS 3aKOHA PACHpEeNIeHNs MPOAOIbHBIX CHJI IO JUIMHE Opyca MOXHO

MPENCTaBUTh B BUjIE rpadrka, HA3bIBAEMOT0 MIOPOM MPOAOIBHBIX CHJL.

Onpenenenue 3.5 [ pagux, uzobpadxcarowuii 3akoH uzmeHeHus N  8001b

eeOMempuquKod OCU CMEPOIICHA, HA3bleaemcC:l SHIOPOZZ I’lpOdOJleblx cua.

OpauHATBl A3TOM JIIOPHl  MPEACTABISAIOT COOOW YHCICHHBIC 3HAYCHHS
MPOJIOJIBHBIX CHJI N B COOTBETCTBYIOIIUX CEUECHUSIX CTEPIKHSI.

Ha puc. 3.2 n306pakeH cTep>KeHb TOCTOSHHOTO MOTMIEPEUYHOTO CEYCHUS, )KECTKO
3alEeMJICHHBIA B CEUCHUN A W HAarPYKEHHBIN BHEIIHUMHU cviiaMu F| =3F u Fp = 2F,
HaIlPaBJICHHBIMU BJI0JIb €I'0 TEOMETPUYECKON OCH.

OnpenenuM npo10JibHBIE CUIIbI, BO3HUKAIOIIIUE B €0 MONEPEUYHBIX CEUCHUSIX, U
MOCTPOUM 3IIOPY MPOJOJIBHBIX CHIL.

Konen crepknst 3amiemisieH. O4YeBUIHO, YTO OIMOpHAas peakuuss Ry Oymer
HaIpaBjieHa BI0JIb OCH Opyca.

1. CocTtaBisieM ypaBHEHHE paBHOBECHs Opyca B BUJIE CYMMBI MTPOESKIIMIA BCEX
CWJI HA TOPU3OHTAIIBHYIO OCh X.

CyMMa MpoeKIuii BceX CUil Ha TOPU30HTAIBHYIO OCh X paBHA HYIIIO:

Y k=0: —FH+F —Ry=0—R,=F —F,=3F —2F =+F.

52



F,=3F @

X2

a b

N Jnropa IpOJOIbHBIX CUIT
F y F

|
S

2F | 2F

G A Onropa HOpMaJIbHBIX HAIPSHKEHUN

F/A — F/A
@

VH

2F/A | 2F/A
Puc. 3.2

CraenoBaTenbHO,
R =+F.

Hwxe Oynmer moka3zaHo, 4TO JIsi KOHCOJIBHBIX CTepxkHEW (OpycheB), B BHJC
WCKJTIOYEHHS, OTIOPHYIO PEAKIMI0 MOXXHO HE OMNpENelNsiTh, a BECTH NaIbHEHUIINNA
pacyeT co CTOPOHBI CBOOOHOTO KOHIIA CTEPKHS.

YucrieHHbIe 3HAYCHHS OTIOPHOM pEakIiuu, B cliydae HEOOXOAMMOCTH, MOKHO
ONPEETUTH 1O 3Mope N, UCTIONB3YS MPABUIIO «CKAYKOBY.

2. Pa3buBaeM cTepxeHb HA yYACTKHU.

Onpenenenue 3.6 Yuacmrxom nazvieaemcs uacmos CmepoiCHs, 8 Npeoeilax KOmopou
3aKOH (YpaeHeHue) usmeHeHusi 0aHH020 BHYMPeHHe20 YCUuius (NpooosibHOU CUlbl)

NOCMOAHEH.
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I'paHniamMu y4yacrTka sBISIOTCS:
a) CEYeHUs, I7Ie NPUWIOKEHBI BHEIIIHUE COCPEIOTOUEHHBIE CHUIIBI;
0) cedeHus, TJe HAYMHAIOT WU 3aKAaHYMBAIOT CBOE JICWCTBHE BHEIIHUE
pacrpeiesieHHbIE Harpy3Ku;
B) CEUEHMS, IJ€ H3MEHSIOTCS pa3Mepbl Wi (opma MONEePEeYHOro
CCUCHMUS;
I) CEYEeHUs, IJIe UBMEHSIETCA MaTepual CTEPIKHSL.
Takum 00pa3zom, Haml cTepkeHb uMeeT aBa yuyactka (AB u BC), KoTopble
IPOHYMEpYEM clieBa Harpaso (puc. 3.2).
['pannnaMmy y4acTKOB, B JIAHHOM MpPHUMEPE, SIBISIOTCS CEUEHUS, B KOTOPBIX
IPWIOKECHBI BHEIIIHUE CHUJIBI.
3. Crpoum smropy N 1O y4aCTKaM CTEPHKHS.
[IpuMeHsisi METOIl CEYEHUW, MBICIEHHO IPOBOJUM IIONEPEYHOE CEUYECHHE B
npenesax paccMarpuBaeMoro y4yacTka, KOTOpoe pa30oMBaeT CTEPKEHb Ha JIBE YACTH.
BriOupaeM Ty 4acTh CTEp)KHs, HA KOTOPYIO JIEMCTBYET HAaUMEHBIIEE YHCIIO
U3BECTHBIX HArPY30K.
Jliig onipesiesieHrs BHYTPEHHETO YCUIIUS B CEUEHUU COBEPUICHHO Oe3pa3inyHo,
KaKyl0 4acTh CTEP’KHS paCCMaTPUBATh.
I yuacTok AB: 0 < x1 < @ (Hayajo oTcueTa Ha JIEBOM KOHIIE CTEPIKHS).
OnpenensieM BEIWYUHY MPOJOJIBHONU CHiIbl N Ha TIepBOM ydacTke. s sToro
IPOEKTUPYEM BCE BHEIIHUE CHJIbI, PACIIOJIOKEHHBIE CJIEBA OT IIPOBENECHHOTO
CEUeHHUs, Ha TEeOMETPUYECKyl0 ocb x Opyca. Ilpu 3TOM pykoBoACTByeMcs

OonpCACICHNCM BHYTPCHHETIO CHUJIOBOI'O (baKTopa H IIPpaBHUJIOM 3HAKOB.

@

COCTaBIIEM BEIPAKEHHE IS IPOJONBHOM CHITBI l

N(x;) =+Ry = +F.

[IpogonpHas cuiia N Ha MEPBOM YYacTKE SIBISIETCS] MOCTOSIHHOW, TpaduKoOM
TaKo! (PYHKIMU CILyKUT MpsAMasi, apajuielibHas ocH x. J{s mocTpoeHus ee rpaduka

OIIpCACIIACM 3HAYCHHC HpOI[OJ'IBHOfI CUJIBI Ha I'paHHUIAX 3TOTO0 y4aCTKa

N(0) = +F (3HavyeHHe Ha JICBOIl TPaHUIIC Y4aCTKa);

N(a) = +F (3HaueHue Ha MPABOi I'PAHUIIC yUACTKA).

54



IT yuacTok C: 0 < x < b (Hagayio OTCYETA HA MPABOM KOHIIE CTEPIKHS).

OnpenensieM BEIMYUMHY NPOJOJIBHON cuiibl N Ha BTOPOM ydacTke. JlJist 3Toro
MIPOCKTUPYEM BCE€ BHENIHHWE CHIIBL, PACIIOJIOKEHHBIE CIpaBa OT MPOBEAECHHOTO
CEUECHMS, Ha TEOMETPUYECKYI0 OoCh x Opyca. Ilpu »TOM pyKOBOICTBYyEMCs

OIPCACIICHUCM BHYTPCHHCTO CHIIOBOTO (I)aKTOpa " IIPpaBHUJIOM 3HAKOB.

. |— —_
CocragisieM BbIpaKEHUE I TPOJIOIBHON CUIIBI

N(x;) = —F, = —2F.

[IpononbHas cuna N Ha BTOPOM YYacTKe SBISIETCS MMOCTOSIHHOM, rpadukom
TaKko! (PYHKIIMU CIIYKUT MpsAMasi, napajuiesibHas ocu x. J{s mocTpoeHus ee rpaduka

onpcaAciIsicM 3HAYCHHUC HpOI[OJ'II:-HOfI CWJIbl HA I'paHUIaX 3TOI'0 Y4aCTKa

N(0) = —2F (3HayeHue Ha MPaBOii TPAHHIIE yUaCTKA);

N(b) = —2F (3Ha4yeHue Ha JICBOIl IPAHUIIC YIaCTKa).

[To momy4eHHBIM YHCIICHHBIM 3HAYEHUSAM MPOIOILHBIX CHJI N B XapaKTepPHbBIX
CEUCHUSIX CTEpPXKHS CTPOUM AMopy (rpaduk) 3TOr0 BHYTPEHHETO YCHIMS, Kak
MOKa3aHo Ha puc. 3.2.

Omnopa BHYTPEHHETO YCHWIWS CTPOUTCA Ha OTIEIbHON JHHUHU (0a3ucHOM
IpsIMOi1), MapaIeIbHON T€OMETPUYECKON OCH CTEPHKHS.

Ha mone smiopbl Mexay TpadukoM U 0a3WCHOW MPSMOW CTaBUTCS 3HAK
BHYTPEHHETO YCWJIHS U IPOBOASATCS OPJIMHATHI.

4. Jlemaem nOpPOBEPKH MNPABUIBHOCTH NOCTPOECHHOW SIIOPHl BHYTPEHHETO
CUJIOBOTO (pakTopa N.

«Ckaukn» Ha smrope N BO3MOXKHBI TOJBKO B TE€X CEUECHMSX CTEpXKHS, THAE
IPUIOKEHBI COCPEAOTOUCHHBIEC BHEIIHUE CHIIBL. 110 BEIMUMHE 3TOT «CKau0K» paBeH
JTOM CHIIE.

Takum oOpa3om, mpu MOCTPOSHUU SIMIOPHI N PEKOMEHAYETCS CISTyIOIIUMA
oOIIniA TOPSAOK ACHCTBUA:

1. OnpenesnsieM ONOPHBIE peaKIIMU U3 YPAaBHEHUM paBHOBECUS (CTATUKH).

2. Pa3buBaem pacyeTHyIO CXeMy CTEp>KHSI HA yYaCTKHU.

3. IlpuMeHsisi METOJl CEYEHUMN, MBICJIEHHO ITPOBOAUM IONEPEUHOE CEUEHHUE B

npenenax paccMaTpuBaeMoro y4acTka, KOTOpoe pa30oMBaeT CTEP:KEHb Ha JIBE YaCTH.
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4. CocrapisieM BbIpakeHHe (ypaBHEHHE), TTOKA3bIBAIOIIEE 3aKOH M3MEHEHMS
MPOAOJBHOM cuibl N B TIpelnenax paccMaTpuBaeMoOro ydactka. llpm stom
PYKOBOJCTBYEMCS OIpeNeIeHUEM BHYTPEHHErO CHUJIOBOTO (DakTopa M MpPaBHIOM
3HAKOB.

5. I1o 3TUM BBIpa)KEHUSIM BBIUHUCIIAEM YHUCICHHbBIE 3HAYEHUS TPOJIOJIbHBIX CUIT
B XapaKTEPHBIX CEUCHUSIX YUacTKa (Ha €ro rpaHuiiax).

6. Ilo mosiy4eHHBIM YHMCIEHHBIM 3HAYEHUSM MPOAOIBHBIX CHI N CTpOUM
smiopy (TpaduK) 3TOr0 BHYTPEHHETO YCUIIHSL.

7. JemaeM mnpOBEpPKH MPAaBUIBHOCTH IMOCTPOEHHOM OBIIOPBI BHYTPEHHEIO
cuioBoro (akropa V.

8. OTMeuaemM OIIACHOE CEYEHHE CTEp)KHs, IJ€ JACHCTBYET MaKCHMalbHOE

(HanbosbIIee) MO a0COMIOTHOM BEIMUYMHE 3HAUEHUE MPOIOIHHOM CHITBI [V .

3.3. OmnpexaejieHne HOPMAJIBLHBIX HANPSKEHUIT B ONEPEYHOM cedeHHH Opyca

[Ipy neHTpanbHOM PACTSKEHUHM WIHM CKAaTUU NPSMOIO CTEPKHS MPOAOJIBHBIE
BOJIOKHA, PACIIOJIOKEHHBIE HA €ro MOBEPXHOCTHM BIOJIb T€OMETPUYECKON OCH,
MOJIYYarOT OJJMHAKOBOE YJIMHEHNE WA YKOPOUYEHHE.

EcTecTBEHHO MOYKHO MPEANOJIOKUTH, YTO U BHYTPHU CTEPKHS BCE MPOJOJIbHBIE
BOJIOKHA HCIBITBIBAIOT TAKOE K€ YMJIMHEHUE, a, CICA0BAaTEIbHO, MOXKHO CUMTATh,
YTO BBINOJIHAETCS TUIOTE3a IUIOCKMX ceueHuid (rumore3a bepHymin), TO ecThb
MIONIEPEYHBIE CEUEHUS CTEPHKHS, INTIOCKUE U HOPMAJIbHBIE K €r0 TEOMETPUYECKOU OCH
10 neopMalium, OCTaITCS MIIOCKUMHU M HOPMAJIbHBIMU K OCH U TIpH Aedhopmaliuu.

IToCKONBKY B IONIEPEYHBIX CEUEHUSX CTEPKHS IPU LIEHTPAIBLHOM PACT)KEHUU
(cokaTMy) BO3HUKAET TOJBKO MPOJOJIbHAS CHJIA, €CTECTBEHHO IHPEIIOIOKUTH,
YTO KacaTeJIbHbIE COCTAaBIIAIONINE HANpsKeHHUs OyAyT OTCYTCTBOBAaTh, a IOJIHOE
HanpsHKEHUE B CEYEHUU OyJIeT paBHO HOPMaJbHOMY HANPSKEHUIO.

[IpononpHass cwia N, BO3HMKAKOIAsg B TNONEPEYHBIX CEUYEHUAX CTEPIKHS,
OpEICTaBIsieT COOOM PpPaBHOACMCTBYIOLIYI0 BHYTPEHHUX HOpPMAJbHBIX CHII,
paclpeleNeHHbIX N0 IUIONIAAM IIONEpPEeYHOro ceuyeHuss A, M CBs3aHa C
BO3HUKAIOIIMMH B 3TOM CEYEHHM HOPMAJIBHBIMU HANPSHKEHUSAMHU WHTETPAIbHOU

3aBUCUMOCTHIO (1.7)
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N:fcM, (3.2)
A
e O — HOPMAaJIbHOC HaHpH)KCHI/IC B HpOHBBOHBHOﬁ TOYKC HOHCpC‘IHOFO
CCUCHUAI, HpI/IHaI[J'Ie)KaH_[eﬁ 3HeMeHTapHOI>'I T10IIa IKE dA,
A — 1Iomajap MonepeyHoro ceueHus opyca..
[IpousBenenne odA npenacrasisieT coOOM NEMEHTAPHYIO BHYTPEHHIOW CUITY

AN, npuxoadinyrocs Ha miomanaky dA (puc. 3.3).

AZ

dA
AN=c d4

y

» —

N

17

A

Puc. 3.3

[IpencTaBuM MBICIIEHHO CTEPKEHb, COCTOSAIINMN U3 O€CUNCICHHOTO MHOKECTBA
BOJIOKOH, IapaJlJIEJIbHBIX €70 OCH.

B pesynerare medopmaiiuu CTepKHs, B COOTBETCTBHHU C THIOTE30H TIOCKUX
CEUYEHHUM, JIBa €ro JIIoOble MOMEPEUHbIC CEUCHUS YHAISIOTCS APYr OT Apyra Ha
HEKOTOPYIO BEJIWYMHY, HA TAKYIO K€ BEJIMYUHY YIJIMHSACTCSA Ka)KJ10€ BOJIOKHO. A
TaK KaK OAWHAKOBBIM YIJIMHEHUSM COOTBETCTBYIOT OAMHAKOBBIC HANPSKEHUSA, TO
A HaOpsODKEHUS B NONEPEYHBIX CEUYCHUAX BCEX BOJIOKOH, CJIEAOBATEILHO, U BO
BCEX TOYKAaX IMOIMEPEYHOTO CEUCHUS CTEP)KHS, OyayT paBHBI MEXIy coOOM, TO €CTh
0 = const.

DT0 MO3BOJISIET B BhIpaskeHUH (3.2) BBIHECTH BEJIMUMHY O 3a 3HaK UHTErpaia

N:me:mIM:GA. (3.3)
A A

Takum oO6pa3oM, HOpMaATbHOE HAMPSDKEHUE B MOMEPEYHOM CEUEHUU CTEPKHS

IIPU €0 LIEHTPaJIbHOM PACTSKEHUH (CHKATHH) ONpeiensaeTcs 1o hopmyie

(3.4)

>z
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3HaK HaIIPSOKCHUA 3aBHUCUT OT 3HAKaA HpOI[OHLHOﬁ CHUJIBI B paCCMAaTpUuBacMOM

CCUCHHNH CTCPIKHAI.

IIpasuno 3naxos. B ciiydae pacTsykeHUs HOPMAJIbHbBIE HAMIPSIKEHUS CYMTAIOTCS
MOJIOKUTEIbHBIMHU.

Kak mokaspIiBaeT OIBIT, HOPMaJbHBIC HANPSDKEHUS PACIPEACIICHBI 10 BCEMY
CEUCHUIO PABHOMEPHO, €CJIM BOJW3M JTOTO CEYEHHUS HET TOUCK MPHIIOKEHUS
BHEIIIHUX CUJI WJIM KAaKUX—TO TEOMETPUUECKUX OCOOEHHOCTEH.

Omo npeononosicenue coomsemcmayem npurnyuny Cen—BeHnana.

JUis HADISIAHOTO M300paKeHUsS W3MEHEHHS HOPMAJbHBIX HAIPSKEHUN B
MOMNEPEYHBIX CEUEHUSAX CTEP)KHS IO €ro JJUHE CTPOUTCS IMI0pd HOPMALbHBIX
Hanpsidiceruti. OCblo (0a3UCHOM MPSMOI) ITOM AIIOPHI SABJISETCS OTPE30K MPSIMOI,
PABHBIN JUIMHE CTEPIKHA U MAPAJUICIIBHBIN €70 OCH.

JIJis CTEp>KHSA MOCTOSHHOTO MOMEPEYHOT0 CEUECHUSI AII0pa O UMEET TaKou ke
BUJI, KaK U 31I0pa N, OHA OTJIIMYAIOTCS OT HE€ JIHIIb MPUHATHIM MaciiTadoMm (puc. 3.2).

JlJiss cTepHS MEePEMEHHOTO TIOMEPEYHOTO CEYEeHUS BHUJ ATHX JIBYX DITIOp
pasznuueH. B yacTHOCTH, /ISl CTYNIEHYATOrO CTEPKHSI SII0pa O UMEET «CKAYKW» HE
TOJILKO B CEUEHUSX, TJI€ MPUIIOKEHBI COCPEIOTOUECHHBIE OCEBBIE CUJIBI (3/1€Ch UMEET
«CKauykuy» 3Mmiopa N), HO ¥ B MECTaxX U3MEHEHHUs Pa3MepOB MOMEPEYHBIX CEUCHUN.

JJ1 CTepIKHS, paCTATHBAEMOTO TOJIBKO JIByMs CUJIaMU, IPUJIOKEHHBIMHU 110 €T0
KOHIIaM, HaIlPsHKSHUS TIOCTOSTHHBI HE TOJILKO TI0 JAHHOMY CEYEHHIO, HO U BJIOJIb BCETO
cTepxkHs. Takoe HaMpsHKEHHOE COCTOSTHUE HA3BIBAIOT 0OHOOCHbIM (OJHOPOIHBIM).

Ecnu B okpecTHOCTH J1H000M TOYKU CTEPKHS BBIPE3aTh MaJIbI AJIEMEHTAPHBIH
napa’suielienuIie]], OJHa U3 rPaHel KOTOPOTO COBIMAJAET C MONEPEYHBIM CEUCHUEM,
TO IUIOIIAJKW ATOTO Mapajuiesnenuneaa OyayT SBIATHCS 21ABHLIMU NIOWAOKAMU, A
HaNPSOKEHUS HA HUX — 2IA6HbIMU HANPSNCeHUSMU, TIPUYEM JIBa U3 HUX OyTyT UMETh

HYJIEBYIO BeTU4YuHy (puc. 3.4)

o] = 0, 0, =03 =0. (3.5)

B psane 3ana4 niponosibHas CUJia HE SIBJISIETCS OCTOSIHHOM 10 JJIMHE CTEPIKHS,
HaAIpUMeEp, B CIIydae pacTSHKCHHs CTEPKHS MO IEUCTBUEM COOCTBEHHOTO Beca.

HaHpH)KCHHOC COCTOAHHUC B TAKHUX CTCPIKHAX HC SABJIACTCA OAHOPOIHLIM.
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Puc. 34

B cTyneH4arbIX CTEpXKHAX HANPSIKEHHOE COCTOSIHUE OJHOPOAHO TOJBKO
B Ipefenax OTHAEIbHBIX YYaCTKOB, IPaHUIIAMHU KOTOPBIX SIBIISIIOTCS CEUYEHUS, B

KOTOPBIX IPHUJIOKEHBI BHEIIIHUE CHUJIBI WJIM U3MEHSIOTCS [TONIEPEUHBIE Pa3MEPBI.
3.4. lIpomouabHbie aedopmanuu

Boiuucnenue nedopmanuii U nepeMenieHnii CTep>KHs HEOOXOIUMO ISl €ro
pacdera Ha )KECTKOCTb.

PaccMoTpuM  CcTEpKEHB IOCTOSIHHOTO MOIEPEYHOrO0 CEYEHHs JJIMHOM [,
3a1CIaHHBIM OJJHUM KOHIIOM M PacTATMBAEMbIl BHEIIHEW ITPOJOJIBHOM CUIION F Ha

JIpyrom KoHiie (puc. 3.5).

2 F
>
L [ Al

d

Puc. 3.5

[Tox neiicTBreM cuiibl F' CTEPKEHD YIJIMHICTCS HAa HEKOTOPYIO Benuuuny Al u
€ro JJIMHa CTaHeT paBHOM [ 4 Al.

Benuunna Al Ha3bIBaeTCA HOMHLIM UMY  AOCOMIOMHBIM  YOIUHEHUEM
(abcontomuot npoOoIbLHOU Oedhopmayueil) CIMepIHCHSL.

AOCONIOTHOE YIUTMHEHHE, OYCBUAHO, 3aBUCUT OT TMEPBOHAYATIBLHOW JTUHBI
crepxkHsa. IlosTomy Oonee ymoOHOM Mepoil nedopmaiiiu CTEPXKHS SBISICTCS

a0COJIFOTHOE YAJIMHCHUC, OTHCCCHHOC K €I'0 HCpBOHa‘IaHBHOI;'I JJINHC
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Al
=" (3.6)

Onpenenenue 3.7 OmHowenue abconomuo20 YOIUHEHUS CMEPICHA K €20
NepBOHAYANILHOU OIUHE HA3bIBAEMC sl OMHOCUMENbHOU NPOOONIbHOU Oepopmayuetl

uiu omHocumellbHbvim ydﬂuHeHueM €.

CuuTaercs: HanpsHKEHHOE COCTOSIHUE B CTEPIKHE OJTHOOCHBIM (OJHOPOAHBIM),
mosTOMy nedopMarius € BIOJIb OCH CTEP)KHSI OCTAeTCS OTHOM M TOM K€, paBHOU
CBOEMY CPEIHEMY 3HAUEHHUIO 1O JIIUHE /.

OTHOCHUTENBHOE YIIJIMHEHUE € HE UMEET PAa3MEPHOCTH, 3TO OTBJICYEHHOE YHCIIO

N 9aCTO BBIPAKACTCA B IIPOICHTAX OT HepBOHaanLHOfI JJIUHBI

Al
e =~ -100%. (3.7)

Hedpopmaruio  y/UIMHEHUS] CUYUTAIOT TIOJIOXKUTENIBHOM, a Jedopmaliuio

CXKaTus — OTPULIATEIbHOM.

3.5. 3akon I'yka npu HEeHTPAJIbHOM PACTSKEHUH UJIH CHKATHH

Harpy3ku u gedopmanuu, BO3HUKAIOIUE B CTEPAKHE, TECHO CBSA3AHBI MEXK]Y
coboii. Yem Oonblle BeIWYMHA BHEUIHEW CHIIBI, PACTATUBAIONICH CTEpKEHb,
TeM OoJblle, NpU MPOYMX DPABHBIX YCIOBUAX, €ro yuinHeHue. Yem Oosblie
IIONIab MOMNEPEYHOro CeueHus Opyca, TeM yJIMHEeHHe MeHblie. OMNbITHBIM
NyTEM YCTAHOBJIEHA MpsAMasl MPOIOPUMOHAIIbHAS 3aBUCUMOCTh MEXy BEINYUHOU
PacTATUBAIOIIEH CUIIBI M COOTBETCTBYIOILIEH €l yrpyroi 1edopmanuei.

DTy 3aBUCHUMOCTD BIIEPBBIEC CPOPMYITHpPOBAT aHTITUHCKU yaeHbIi Pooept ['yk.

Onpenenenune 3.8 Ilpu yeumpanvHom pacmsdicenuu (cocamuu) HOPMAIbHOE

Hanpsajcenue nPsamo nponoOPYUOHAILHO OMHOCUMETbHOMY YOauHenulo (3akou 1 yka)

oc=F-¢, (3.8)

rne E — xo3QGUiUeHT NponoplroHaTIbHOCTH, Ha3bIBAEMbIN MOIYJIEM YIPYrOCTH

nepBoro poxaa win moaysiem FOHra.
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Mopayne yHnpyroctda ImepBoro poma wid wmoayiab HOHra onpenesnsercs
IKCTICPUMEHTAILHO, Ha OCHOBE OIBITOB HAa PACTSHKEHHE CIIEIIUATBLHBIX 00Pa3IloB U3
paznuuHbiX Marepuanos: s ctanu E = 2001 Tla; qns qropamtomunust E = 721T1a;
miga e E = 1201 Tlan T. 1.

3akoH ['yka coOnromaeTcs B ciiyyae Tak Ha3bIBa€MbIX MabIX aedopmaruid. s
KOHEUYHBIX JIeopMalliii CBSI3b C HAMPSHKEHUSIMH TIEPECTAET OBITh JIMHEHMHOM.

[Ipu permenun MHOTUX 3a/1a4 3akoHy ['yka ynoOHee nmpuaaTh HECKOJIbKO WHOM

BU/I, TIOJTy9aeMbIil moAcTaHOBKOM B (3.8) ¢popmyin (3.4) u (3.6)
_N-I

E-A

[To sToi1 (hopmyse MOXXHO BBIYHCIATH BEIWYUHY aOCOIIOTHOTO YIJIUHECHHS

Al (3.9)

CTEpIKHA B IIPEEax pacCMaTpuBaeMoro y4yacrka.
Ecnu HanpspKeHHOE COCTOSHME M0 JIUIMHE CTEPKHS HE SABIIIETCS OJHOPOIHBIM,
TO 0O0l1ee YITTMHEHNE MOXKET OBITh HAWJIEHO KaK MHTETpaibHasi CyMMa YIIJTMHEHUN 10

OCCKOHEYHO MaJIbIM y9acTKaM JUIHHOM dx

LN
Azzgﬁm. (3.10)

[Tocnenneit ¢gopmysnoi MOJB3YIOTCA B TEX ClydasX, KOrja Kakue—Jnbo u3

BeIMYUH N, E, A HETIOCTOSIHHBI 10 IJTMHE CTEPIKHSL.

Onpenenenune 3.9 [Ipousgeoenue E - A (mooyns FOHea na niowadb nonepeyHozo

ceqeﬂuﬂ) HA3bl6AIOM JAHCECNMIKOCMBIO CMEPIICHA NPU PACNIAINICEHUU.

Yem O0IIbIIIE )KECTKOCTH, TEM MEHEE TTOJIATIIMBBIM SIBIISIETCS CTEPKECHb.
3.6. Ilomepeunnie nedopmanuu

OnBITOM YCTaHOBIICHO, YTO JaXe MPU BEChbMa MaJbIX Je(OpMaIHIX CTEPIKHS
B TNPOJOJIBHOM HAIMPABICHUM €ro IMONEPEUYHblE pa3Mepbl u3MeHsAwTcs. [Ipu
PACTSIKEHUU TEJO YIUIMHSIETCS U CTAHOBUTCS TOHBIIIE, a TPU CKATHU YKOPAYUBACTCS
U CTAHOBHUTCS TOJIIE. JTO M3MEHEHHE Ha3bIBACTCS IOMEpeYHOM nedopmaliei

CTEPHKHS.
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Ecnmn 0603HauuTh MONEpeuHblid pa3Mep cTepxHs A0 Aedhopmaiiuu b U TOT ke

pa3mep nocie nedopmaiuu by (puc. 3.6) To abcomroTHas monepeyHas achopManus

IpU PacTsHDKEHUU CTEPKHA OylieT paBHa

/ Al
il
Puc. 3.6
Ab=b—by,
a ero OTHOCHTENbHAs MoTnepevHas nedopmarius
o b—b; Ab
L= T
nJjin
Ab
€] = - -100%.

Zﬂ
r T A
| Y
| |
L 4 .
b1
b
(3.11)
(3.12)

OnbITHI IMOKAa3bIBAKOT, 4YTO B IIPpCACIaX IPUMCHUMOCTH 3aKOHA FYKa OTHOIIICHHUC

OTHOCHUTEJIbHOW TomepeyHoll JedopManud K OTHOCUTENIBHOM MPOJOJIbHOM

I[e(l)OpMaHI/II/I AL AAHHOI'O MaT€pHrajia CCTh BCJIMYMHA ITIOCTOSAHHAA U PaBHAs

€1
H=1—]|-
3

(3.13)

IlocTosiHHAsT BenW4YMHA W, 3aBHCAIIAA OT CBOMCTB Marcpualia, Ha3bIBACTCs

Koahhuyuenmom nonepeynoti oepopmayuu unu ko3gguyuenmom Ilyaccona.

JIns paznuusbix MatepuainoB 0 < p < 0.5. Hanpumep
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Tabn. 3.1. 3nauenus koadduumenta nonepeunoit Aepopmarun wim kodpdunuentom [lyaccona p
IUISL pa3IMYHBIX MAaTEPHAJIOB

Marepuan 8
[TpoOka ~0
beton 0.17—-0.22
Craib 0.3
Pesuna — 0.5

3.7. OcHOBHBbIEe XapaKTEePUCTUKH MEXaHUYECKHX CBOWCTB MATEPUAJOB M MX

ONBLITHOC U3YYCHUC

MexaH4ecKhe  XapaKTepUCTUKU  ONPENESAIOTCS  MyTEM  MCHBITAHUS
CTaHJApPTHBIX 00pa3noB. OOpa3lbl HUCHBITHIBAIOTCA HA paCTSIKEHUE, CXKATHE,
u3ruo, kpyuenue, cpes. OCHOBHBIM BUJIOM UCIIBITAHUN CTAJU SIBIISIETCS PACTSKEHUE
CTaHAAPTHBIX KPYIVIBIX WIH IJIOCKUX 00pa3IoB, JUIsl KOTOPBIX CTPOSITCS AUAarpaMMbl
pacTshKeHHs B KOOpIUHATAX cuiia — abconoTHoe ynHenune F = f(Al).

st onpeneneHus 0OOOIIEHHBIX MEXAHUYECKUX XAPAKTEPHUCTHK Marepuasa
CTPOAT JMarpaMMbl HampsDKEHUS B KOOpJMHATaX HampsbKeHue—negopManus o =
f(e).

PaccmorpuM nuarpammy HanpsbkeHust manoynieponucron  cramu  Cr. 3,
oOnanaroniel BHICOKUMU TJIACTUYECKUMU CBOMCTBAMHU U LIMPOKO MPUMEHSEMOH B
cTpouTenbcTBe (puc. 3.7).

Ha orpe3ke OA 3aBUCUMOCTb MEXAY HANPSKEHUSIMU U JePopMalusiMu

SIBIISIETCS TUHEWHOM.

Onpenenenne 3.10 Hanpsoicenue 0y, coomeemcmeyoujee mouke A na ouazpamme

HANPASICEHUA, HA3bleAEMC A npederM nponopyuorHaiIbHOCMU.

Ha orpeske AB nuHENHas 3aBUCUMOCTb HapyIIAeTCs, HO IPU pPas3rpys3Ke

06pa3ua BO3HHKIIHNC I[eCpOpMaLII/II/I HCUC3aroT.

Onpenenenue 3.11 Hanpasicenue 0y, coomeemcmesyioujee mouxe B na ouazpamvime

HAaNpsIICenusl, Ha3bl8Aemcs Npeodelom YnpyeoCmu.

IIpakTueckn TrOpPU3OHTAIBHBIM OTpe30K CD Ha3pIBaeTCs IUIOMIAJAKON

TEKy4ECTH.
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Eoct Eyn
Puc. 3.7

Onpenenenue 3.12 Hanpsoicenue 0, coomeemcmayowjee mouxe D Ha ouazcpamme

HANPANCEHUA, HA3bleAEM (A npedeﬂOM meKyuecmu.

IIpyn HanpskeHUSIX, pPABHBIX MPEACIy TEKYYECTH, B MAJIOYTIIEPOAUCTHIX
CTaJIsIX Pa3BUBAIOTCS IUTACTHYECKHE nedopmalriuy, CBA3aHHBIE ¢ HEOOPaTHUMBIMU
nedopManusiMu cABUra MKy KpucTaaiaMu geppura.

[Tocne pa3BuTHs ONpEACICHHBIX IACTUYCCKUX JAehopMaIiuii U MepecTpornKu
KPUCTAJTUYECKOM PEIIETKU CTaIH HECYIasi CIOCOOHOCTh CTEPIKHS YBEIIUUNBACTCS -
- pocT nedopManuii COMPOBOXKIACTCS YBEIMYCHHEM HAMPSKCHUM, MPOUCXOIUT
YVIIPOYHEHHE CTalud. YdyacTok DE Ha pauarpaMme HanpsHKEeHUST Ha3bIBACTCS
30HOM ympouHeHus. lIpyu HampsKEHUsIX, COOTBETCTBYIOIIMX HAWBBICIIEH TOUKE
E Ha guarpamMme HampsDKEHUs, B OIPEACICHHOM YydYacTke 00pasia MOsBIsSETCS
3HAYUTEIHLHOE YMEHBIIICHHE Pa3MEpOB MOMEPEYHOTO ceueHUs — oOpasyeTcs, Tak

Ha3bIBaeMasl, uletiKa.

Omnpenenenue 3.13 Hanpsowcenue 05, = 0g coomeemcmeyiowee mouke E
ouazpammvl HANPsNCEeHUsl, HA3blBAEMCsl NPeoeioM NPOYHOCMU UIU BDEMEHHbIM

conpomuejlieHueM.

Pazpymienue obpasiia HacTymaeT BCKOpe mocie o0pa3oBaHUs IICHKH.
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PaccMmoTrpeHHas quarpamMma HanpsbKeHUsI Ha3bIBACTCSl YCIOBHOU, TaK Kak MpHU
€€ MOCTPOCHUH HE YUUTHIBACTCSl YMEHBIICHUE TIOMAAN TONEPEYHOTO CEUEHUS MPH
pacTsbkeHuu olOpasia.

PaccMoTpeHHBbIE BBIIIIE HAMIPSIKEHUS — MPEJIEs MPONOPIIMOHATIBHOCTH, IPEET
YOPYTOCTH, MPEAET TEKyYeCTH U Ipeiesl MPOYHOCTH (BPEMEHHOE COMPOTUBIICHHE)
SIBJISIFOTCSI OCHOBHBIMH MEXaHMYE€CKMMU XapaKTePUCTUKAMU ITPOYHOCTH U yIIPYTOCTH
Marepuara.

Ecnm pgoBectn HarpykeHue oOpasiia 10 TOUKH, JICXKAIIEW BBINIE Tpenesa
ynpyroctu (Touka M), a 3aTe€M CHATh HArpy3Ky, TO AMarpaMMa pasrpy3ku MOUIET
no mnpsmot MM, napamnensHoii OA, a orpe3ok OM; OyneT COOTBETCTBOBATH
ocTtarouHo gedopMamuu  €ocr. OTpe3ok MM, XapakTepuszyeT yOpyryio
neopMannIo Ey; NPH HArpykKeHMH oOpasuma g0 Toukn M. Ilpu moBTOpHOM
Harpy>XeHUM oOpasiia oT TOYku M| AuarpaMma HarpyXeHHs CIIeIyeT MO0 KPUBOH,
OpaKkTUYECKU coBmaaarouied c¢ npsmod MM,. Takum 00pa3oM, IpU MOBTOPHOM
Harpy>KeHUM Kak OBl TMOBBIIIACTCA Mpeaesl NPONOPIUOHAIBHOCTH CTalH, YTO
CBSI3aHO C M3MEHEHHEM MHUKPOCTPYKTYpPhI B €€ Kpucrajmnyeckou pemietke. [Ipu
ATOM IUIOINIAIKa TEKy4YECTH UCUE3aeT, MaTepHal CTAHOBUTCS 0o0Jiee XPYIKUM.

N3mMeHeHusT CBOWMCTB cTalv, BO3HUKAIOUIME MPU Pa3rpy3Ke U MOBTOPHOM
Harpy>KeHUH, Ha3bIBAIOTCS] HAKJICTIOM.

VYyacTtok auarpammsl MMM Ha3bIBaeTCs nem.ieu eucmepesuca.

Hcnonb3oBaHue peaibHbIX AUArpaMM MPUBOAUT K OOJIBIIUM MaTEMaTHYECKIUM
TpyaHOCTSIM. CyIIeCTBYIOT pa3INdHbIC CTIOCOOBI alIPOKCUMAITUU ATUX JHArPaMM C
oMOIIIbI0 Oosiee mpocThix TpadukoB. Tak, Harpumep, st cranu BCT. 3, y koTopoi
Omy, Oyn, Or MMEIOT OJNM3KUE 3HAYEHUs, NPUHUMAETCA AMArpamMMa B BHIE ABYX
MPSIMBIX, CUUTAS, YTO BCE TPH YKa3aHHBIX HAIIPSKEHHUS COOTBETCTBYIOT OJTHOM TOUKE.

Takas nmarpamma Ha3bsIBaeTCs Auarpammon /lpanomais.

3.8. Pacuer Ha MPOYHOCTDb IPU HECHTPAJbHOM (OCCBOM) PACTHIKCHUM UJIH CKa-

THU. MeToa 10NyCKaeMbIX HATIPSI2KEHU N

OcHoBHOI saz[aqeﬁ pacu€ra KOHCTPYKIHH ABJIACTCA oOcecrneucHUe €€

IMPOYHOCTH B YCJIOBUAX 3KCILTyaTalkuH.
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3Hasi MEXaHUYECKHE XapaKTEPUCTUKU MaTepUaIOB, MOXKHO TIEPEUTH K OIICHKE
OPOYHOCTH U COOTBETCTBYIOIIMM pacyeTaM INpHU LEHTPAIbHOM pPAaCTSLKEHUU U
CXKAaTUH CTEPIKHEN.

[IpoexTupoBaHue HauMHAETCS C BbIOOpa MaTepuana. [Ipu 3ToM y4uuThIBatoTCS
yCIIOBUSI paOOTHI COOPYKEHUSI, TEXHOJIOTHSI U3TOTOBIICHUS 1 MOHTaXKa KOHCTPYKITUH,
a TaKKe YKOHOMUYECKHE COOOpaKSHHSI.

[IpumeHsieMble B CTPOUTENILCTBE MaTepuajibl MOXKHO YCIOBHO Pa3A€iUTh Ha
niacmuyHvle u XpynKue.

XpynKue marepuanbl pa3pylIaroTcss MPH OYEeHb MalblX JedopManusix, a
TUTACTUYHBIC MTOJIYYAIOT 3HAYUTENbHBIC TUTACTUYECKHE TepopMarium.

[InacTuuHble Marepuayibl MOYTH OJWHAKOBO pabOTAIOT HAa PACTSKEHUE U
cKaTtue, a XpymnKue, Kak MpPaBHIIO, TJIOXO pabOTalOT Ha PacTsHKEHHE M XOPOLIOo
COTIPOTHUBIISIOTCS CIKATHIO.

MexaHndyeckue UCHBITAHUS MaTEpUalioB JAlOT MpeleibHble 3HAYCHUS
HaNpsOKEHUH, JTOCTHIKEHHE KOTOPBIX B AJIEMEHTAX KOHCTPYKIIUN BBI3BIBACT WIIU
paspylIeHue WIN MOSIBICHUE HEAOMYCTUMO OOJbIINX Ae(OpMAaLIUd.

Jliia Oe3omacHoil pabOThl KOHCTPYKLIMH HEOOXOAMMO, YTOObI MaKCHMAaJIbHBIC
HaNpsHKEHUs, BOSHUKAIOUIUE B €€ dJIeMeHTaX, ObUTHA HIDKE MPESIbHBIX HAPSHKEHUN
(mpenen mpOYHOCTH, TIPEIET TEKYUECTH ).

B nacmosiwee epemsa npumensirtomes 08a memooa pacuema Ha NPOYHOCHb. NO
00Ny CKAeMbIM HANPANCEHUSIM U NO NPEOeIbHbIM COCMOSHUSM.

O6a meTosa npeciaeayoT OIHY LeJb — 00eCEeUUTh COOPY>KEHUIO POUYHOCTh
U JIOJITOBEYHOCTb.

Haubonee pacnpocTpaHeHHBIM pacyeToOM Ha MPOYHOCTh MPU ICHTPATHLHOM
pacTsDKeHUU (CKATUM) SBIISIETCS PacyeT 110 JAO0MYyCKaeMbIM HAMPSHKEHUSIM, COTJIACHO
KOTOpOMY HauOOJIblllee HOPMaJIbHOE HaIpsKEHHE, BO3HUKAIOIIEE B MaTepuale, He
JOJHKHO MPEBBIIIATH ONPECIICHHOM BEIMYMHbI, CBOMCTBEHHON TaHHOMY MaTepuaiy
U YCJIOBUSM pabOThl. DTa BEJIUYMHA HA3BIBACTCS 0ONYCKAEMbIM HANPANCEHUEM, TO

CCTh

Omax = [G] . (3.14)
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Onpenenenue 3.14 /lonyckaemvim — HanpsdceHuem  Hazvleaemcs  Hauboabuiee
Hanpsoicenue, Npu KOMOPOM 0Oecnedusaemcss NpoOYHOCMb U  00N208€UHOCHb

NpoOeKMuUpyemoco dnemernma KOHCMpPYKYuu.

JlomyckaemMoe HampspkeHHe O00O03HAYaeTcss TeMH JKe OyKBamu, 4YTO H
JICUCTBYIOIIME HANPSOKCHUSA, HO 3aKIIOYaloTCs B KBalpaTHble CKOOKH [0] wiu
[T].

JlomyckaemMoe HalpsuKEHHE COCTABIISET HEKOTOPYIO JIOJTHO MPEACIBHBIX, TO €CTh

B KQ4CCTBC NOITYCKAaCMOT'O HAIIPAKCHUA BBI6I/IpaI-OT BCIINYUHY

o] = % (3.15)

Omnpeneaenune 3.15 Yucrio n, noxaszwiearoujee 60 CKOIbKO pa3z O0ONyCKaemoe
Hanpsicenue MeHbule NPedelbH020, HA3bleaemcs Koag@uyuenmom 3anaca

npoYHoCnu.

Benuuuna n Bcerna 6omplie equHULbl. B MalmmHocTpoeHnH 3anachl IPOYHOCTH
CPaBHUTEJIBHO HEBEIUKU: 1 = 1.5 — 2. B CTPOUTENBCTBE OHU CYIIECTBEHHO BBILIE:
n =2 —135, 4ro CBsi3aHO C OOJbIIEH OMACHOCTHIO BO3MOXHBIX MOCIEICTBUN MpPH
aBapHH.

B ciydae xpynkoro marepuasa 3a HICXOAHOE IPEAEIbHOE HapsKeHUE Oepercs

npenes MpoyHOCTU. B 3ToM citydae 1ormyckaeMoe HanpsKeHUe paBHO

0_1'[11
o] == (3.16)

B ClIydac INIaCTHYHOro mMarcpraljia 3a HCXOAHOC IMPCACIbHOC HAIIPAKCHUC

Oepetcst mpeea TeKy4eCTH, TO €CTh

o] = 2. (3.17)
n

HeoOxonumocTs BBeneHus Kod(duimeHTa 3amaca MPOYHOCTH BBI3BIBACTCS
CJIETYIOIUMH OOCTOSITEIbCTBAMMU:

— pazdbpoCcoM B OMPEACIIEMbBIX M3 OMBITOB BEIMYMHAX IPeieia TEKy9YeCTH Oy
U TIpejiesia MPOYHOCTH Opy JUTS JAHHOTO MaTepuara;

— HCTOYHOCTBIO MCTOAOB paACUCTa,
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— HETOYHOCTHIO U3TOTOBIICHHUS JIETAJICH;

— OTKJIOHEHHEM PACYETHBIX CXEM OT JOMYUICHW, MPUHSATHIX TPU BHIBOAC
pacueTHbIX (GOpMyI U T.1.

Ha Bennuuny xosdduirienta 3amnaca npoyHOCTH BIUSAET Psia PaKTOPOB:

— Ka4eCTBO U CTENEHb OJHOPOJHOCTH Marepuana. YeM omgHOpoOIHEE
MaTtepuall, TeM MEHbIIIe MOKHO OpaTh 3arac Mpo4YHOCTH (Mer = 1.5 — 3; ngeror = 3
Nuepeso = 3 — S U T. 11.);

— JIOJITOBEYHOCTH U 3HAYUMOCTb COOPYKECHUS;

— YpPOBEHb Pa3BUTUS TEXHHUKH U T. II.

Benuuunasl gomyckaembix HanpspbkeHud ycrananuBarorcs CIT (CBomom
IIPaBHII).

MaxkcuManabHO€ HOpPMalbHOE HAMpPSKEHUE B CTEPKHE NPHU IEHTPATBLHOM
pacTsbkeHUU (C)KaTMh) BO3HUKAET B CEUEHMHM, TJE MPOMAOJIbHAS CHUJIa JOCTUTAET

HauOOoJIbIIIEH 1O MOAYJIIO BCJINYHHEBI, TO €CTh B OIIACHOM CCUCHMMH.

Onpenenenue 3.16 Ceuenue, 6 Komopom nNpOOOAbHAS CULA  NPUHUMAEN
MAKCUMAIbHOE NO AOCONOMHOU enuyune sHavyenue Npax, HA3bl8Aemcs ONACHbIM

ceyeHUuemM CmepoIHCHA NO HOPMATbHBIM HANPANCEHUAIM.

Takum o0pazom, HamOOIbIINE HOPMAJIbHBIE HAMPSDKEHUS B CTEP)KHE MpU

LEHTPAJIbHOM PACTSXKEHUHU (CKaTUM) OyayT paBHbI

Omax = —ax (3.18)

CrnenoBaresibHO, yCIOBHE TPOYHOCTH MTPHU LEHTPATILHOM PACTSHKEHUH (CKATHH )

11O HOPMAJIbHBIM HAIIPSZKCHUAM 110 MCTOAY HJOITYCKACMBIX HaHpH)KeHI/Iﬁ HMCECT BU/

Gmax:T< [G] (319)

B atoit popmye:

Omax — MAaKCHMaJbHOE HOPMaJIbHOE HAMPSHKEHUE B CTEPIKHE;
Nmax — MakcHUMajbHas MPOIOJIbHAS CUIIa B CTEPIKHE;

A —  IUIOMIA/Th MTOTICPEYHOTO CEUCHUS CTEPIKHS,

[0] — nmomyckaemMoe HOpMAaJbHOE HAIPSKCHUE.

[Ipu pacuere »HIIEMEHTOB KOHCTPYKIMH, pPaOOTAIOMIMX Ha IEHTPaJIbHOE

PACTAKCHUC WUIIN CKATUC, BCTPCUHAIOTCA 3a1a49M TPCX THUIIOB!:
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a) Ilpoexmuwui pacuem. 110 3amaHHON HArpy3Ke OINPEACIAIOT MPOIOIHHYIO
cuty N W U3 YCJIOBUS MPOYHOCTH HAXOIAT BEIMYMHY TpeOyemoill Iiomanm

IIONCPCYHOIO CCUCHU A

AP0 > % (3.20)

0) Onpedenenue donyckaemou Haepy3ku. PelieHre BTOpOM 3aa4u CBOAUTCS
K ONpPENCIICHUIO TPY30NMOABEMHOCTH CTEPKHS WA CTEPKHEBOW CHUCTEMBI
(HaxOKJI€HUE Harpy3KH, MpU JEUCTBUM KOTOPOW HANPSHKEHUS B ONACHOM CEUEHHH
pPaBHBI IOITyCKAa€MbIM HanpskeHUsM). 11o n3BecTHOM mmomanu A U 10MyCKaeMoMy

HANPSDKCHUIO |O] OMPEACIOT HAHOOIBINYI0 BEIHIUHY TOMYCKAaeMON HATPy3KH

IN] < [o] - A. (3.21)

ITo HarimeHHOMY 3HaYeHHIO N ONpPENeIseTCs A0y CKaeMO€E 3HAUCHUE BHEIIHEN
Harpy3KH.
B) IIpoBepounsiii pacuer. Ilo u3BecTHbIM 3HaueHusM N, A, [0] mpoBepstoT

BBITIOTHEHUE YCIIOBUS TTpouHOCTH (3.19).

3.9. IlonsaTHe 0 pacyere MO NpeaeJabHbIM cocTOssHUAM. Pacyer mo I-ii rpynmne

npeaeJbHbIX COCTOSTHUI

[Ipu momomu oaHOro Ko3(PuiueHTa 3anaca NpoOYHOCTU TPYAHO YUECTh BCE
(GakTophl, KOTOPHIE AJisi PA3TUYHBIX COOPYKEHUH MOTYT MPOSIBISATHCA B Pa3HBIX
komOuHanusaX. C 1eapr0 00Jiee TOYHOTO ydeTa BIUSHUS Pa3IudYHbIX (DAKTOPOB Ha
BEJIMYMHY 3araca MPOYHOCTH COBETCKUE YUEHBIE MPEIOKUWIN B 1955 rony HOBbIN

MCTO pacdcTa 110 IpCACIIbHBIM COCTOSAHUAM.

Onpenenenue 3.17 IlpedenvHvim Ha3vigarom makoe cOCMOSIHUE KOHCMPYKYUU, Npu

KOMOpOM OHA nepecmaém y0081emeopsimsb IKCNILYAMAYUOHHBIM MPeOOBAHUIM.

Hopmamu ycraHoBIiIEHBI TpY BUAA NIPEAEIIBHBIX COCTOSHUN:
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IlepBoe npenebHOE COCTOSTHUE, OTPEILCISIEMOE HecyIen CIIOCOOHOCTBIO
(IpOYHOCTBIO WIJIM YCTOMYMBOCTBIO). Ha 3To mpemenpHOE coOCTOsSHHE
PacCUUTHIBAIOTCS BCE KOHCTPYKIUU.

Bropoe npenesibHOE COCTOAAHME, 3aBHUCSIIEE  OT  Pa3BUTUS  YPE3MEPHBIX
nedopManuii, HapyIarIIMX HOPMATHHYIO SKCILTyaTallui0 KOHCTPYKIIUH.

TpeTbe npenebHOE COCTOSTHUE, OTPEISISIEMOe 00pa30BaHUEM WJIM PaCKPBITHEM
TpEIIUH (OTHOCUTCS, B OCHOBHOM, K €JIe300€TOHHBIM KOHCTPYKIIHSIM).

B compotuBiennn MarepuaioB paccMaTpUBaeTCs, IFIaBHBIM 00pa3oM, IEPBOE
NpeeTbHOE COCTOSIHUE, CBI3aHHOE C MPOYHOCTHIO KOHCTPYKIIUHU, U OTYACTH BTOPOE.

[Ipu pacuere Mo MpeAebHBIM COCTOSIHUSAM 3arac MPOYHOCTH OMPEAeIsIeTCs
METOIOM YaCTHBIX KOA(DPHUITUEHTOBR.

B stoM ciywyae koad@uLMEHT 3amaca HaXOIUTCA KaK NMPOU3BEINCHUE Tpex
KO3(DPUIIMEHTOB, YYMUTHIBAIOIIUX BIMSHUE Pa3IUYHBIX (DAKTOPOB: MEPErpy30K
(cmyuaiiHble OTKJIOHEHHSI OT HOPMATUBHBIX HArPy30K), HEOJHOPOIHOCTH MaTepHraa
U YCIIOBUM pabOTHI.

1. Koapduiment neperpy3ku n y4YUTHIBAET HETOYHOCTH B OINPEAEIICHUU
Harpy3ku. Dakrtuueckas Harpy3ka MOXKET OTKIOHSIThCS OT HOPMAaTUBHOMU
(ycranaBnuBaetrcsi CII (CBomom mpaBmi)) B HEONAronpusiTHyro cTopoHy. s
ydeTa TaKoro OTKJIOHEHHUS W BBOIAT KOI(PPUIMEHT Meperpy3ku, KOTOPhI MOXKET
ObITh 1 > 1, a B OTHENBHBIX cllydasix n < 1. HopMaTuBHYI0 Harpy3Ky YMHOXKarOT Ha

3TOT KO3 UIIMEHT U pacyeT MPOU3BOAAT HA IEUCTBUE PACUETHON HArpy3Ku

Npacq:Nlnl+N2’n2++Nn'nn, (3.22)
rne Ni,Np, N, — HOpPMAaruBHbIE YCWIMA OT pPa3JIUYHBIX BHUIOB
HArpy3Ku;
ni, Ny, n, — COOTBETCTBYIOIIHUE dTUM Harpy3kam Kod(phUIIMEHTHI
MEPErpy3Ku.

[TonmHbIe naHHBIE O BeTUYHHAX KO3 PUIeHTOB neperpy3ku npuseacHsl B CII
(Con nmpaswit) u CHull (cTpouTenbHble HOPMBI U IIpaBUIIA).

2. KoaddummeHnt omHOPOTHOCTH k BBOSAT JJIs1 yIETa BO3MOKHOCTH CHIDKCHHS
POYHOCTH BCJIEICTBHE HEOIHOPOJHOCTH Marepuaja, U3 KOTOPOro H3TOTOBJICHA

KOHCTPYKIHS. YeM OIHOpOIHEE MaTepHal, TeM ONMKe K eIUHUIIE KOdPPUIIUEHT k.
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3. Koapbunment ycnoBuid pabOThl m  YUYWUTBIBACT CHEUPUUECKUE
0COOCHHOCTH pabOThl MaTepuaia >JIEMEHTOB KOHCTPYKIMH W HX COCAUHEHUH,
HaIpuMep, HAJIMYME arpeCCUBHON Cpebl, BIAKHOCTH, PE3KUX CMEH TeMIIEpaTyphl
u T.A. llpu HeOHarompusATHBIX YCIOBHUSAX pabOThl MpuUHUMarOT m < 1, mpu
HOPMAaJIbHBIX — m = 1, Ipy 0c000 OIArONPHUATHBIX YCIOBHIX PAOOTHI B OTIACITBHBIX
cayvasax m > 1.

[Ipu mocTtaBKax mapTHil Marepuasna, Hampumep, CTaiau, OETOHa, IEMEHTa,
UCIIBITBIBAIOT OO0pa3libl, M3TOTOBJICHHBIE M3 O3TOr0 Mmarepuana. Jlms kaxmoro
MaTepraia yCTaHOBJICHO HOPMATUBHOE COMPOTHBICHHE R", TO €CTh HampsiKeHUE,
KOTOPO€ KaK MHHHUMYM JIOJDKHO OBITh OOCCIIEYeHO IPU HCIBITAaHUU OO0pa3IioB
JTAHHOW MAapKH.

JIJsl TUTaCTUYHBIX MaTepHaioB 32 HOPMAaTHUBHOE COMPOTHBICHUE MPUHUMAIOT
HAaWMEHBIIIEE 3HAYEHWE Tpeneia TEKy4eCcTH Op, a Ui XPYNKUX — TIpejaela
MIPOYHOCTH Oppy.

[Ipu pacdere Ha TPOYHOCTH BBOJSAT PACUCTHOE COMPOTHUBJICHHE R JTaHHOTO
Marepua’a, ornpeaesieMoe Kak IPOu3BeIeHNe HOPMATUBHOTO CONTPOTUBIICHMS R" Ha

K03 UIMEHT OTHOPOIHOCTH k U YCIOBUHN PabOTHI m

R=R"-k-m. (3.23)

CrnenoBarenbHO, yCIOBHE TPOYHOCTH MPH IIEHTPATLHOM PACTSHKEHUH (CKATHH )

I10 MCTOAY IIPCACIbHBIX COCTOSIHUM MMEET BHU/J

Omax = Npam <R (3.24)
A
B stoii popmyie
Omax — MAaKCHUMaJbHOE HOPMaJbHOE HAIMPSKEHUE B CTEPIKHE;
Npacy — pacdeTHas MPOJOJILHAS CHIIA B CTEPIKHE;
A — TUIOHIAJIb MMONEPEYHOTO CEUCHHUSI CTEPIKHS;
R — PpacyeTHOE COMPOTUBIICHHE.

Tpu Bua pacueTa Ha TPOYHOCTH MPU HEHTPAIBHOM PACTSHKEHHUH (C)KATUH) IO

METOAY IPEAEIIbHBIX COCTOSHUM:
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a) Ilpoexmuwui pacuem. 110 3amaHHON HArpy3Ke OINPEACIAIOT MPOIOIHHYIO
cuty N W U3 YCJIOBUS MPOYHOCTH HAXOIAT BEIMYMHY TpeOyemoill Iiomanm

IIONCPCYHOIO CCUCHU A

AP0 > ]%. (3.25)

0) Onpeodenenue oonyckaemoti Hacpysku. PelieHue 3TOM 3aJauyu CBOIUTCSA
K ONpPENEICHUIO TPY30MOAbEMHOCTH CTEPKHS WU CTEP)KHEBOM CHCTEMBI
(HaxOXKJI€HUE HArpy3KH, MPU JACUCTBUHM KOTOPOW HANPSIKEHUS B OMACHOM CEUCHHH
paBHBI pacue€THOMY COINpPOTUBIEHUIO R). [lo u3BecTHOM TUIONIAAN A U pacdeTHOMY

COTPOTHUBIIEHUIO R OnpenenaoT HauOOBIITYI0 BETUYNHY JI0ITyCKaeMOW Harpy3Ku

[N] ... <R-A. (3.26)

pacd

[To HaliileHHOMY 3HA4YeHHIO [N| OIpeNENsIeTCs JOIyCKAeMO€e 3HAaYeHHE

pac4
BHEITHEW HArpy3KHu.
B) IIpoBepounslii pacuer. [Io u3BecTHbIM 3HaueHUsIM N, A, R TpOBEPSIOT

BBITIOJTHEHUE YCIIOBUS TPOUHOCTH (3.24).
[N ]pacq

Omax = —— < R.

A

3.10. Yd4er cCOOCTBEHHOrO BecCa NMPHU HEHTPAJIBLHOM PACTSIKEHUHM UJIH CHKATHH

Bo MHOTMX MHXEHEPHBIX KOHCTPYKIHUAX COOCTBEHHBIH BEC -- 3TO OJIHA U3
OCHOBHBIX Harpy3okK.

Hanpumep, npu pacuere KaHATOB IIAXTHBIX MOABEMHHUKOB, IITAHT OypPHIIbHBIX
YCTaHOBOK, YCTO€B MOCTOB, CTEH 3/IaHUM, MJIOTUH COOCTBEHHBIH BEC HEOOXOIMMO
YUUTBIBATb.

CoOCTBEHHBIN BEC CTEPXKHS SIBISIETCS HArpy3Koil, pacipeieIEHHON BIOJIb €To
ocH, BbI3bIBarouleil 110 pacTsbkeHue, Jubo cxkatue. PacmpeneneHHas Harpyska

XapaKkTEepU3yeTCsI NHTEHCUBHOCTHIO

g() =v-A(x).
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B atoii popmyie

g(x) — WHTEHCUBHOCTb PACIIPE/ICIICHHOM HArPY3KH;

Y — 00BEMHBII BeC MaTepHaa CTePIKHS;

A —  IUIOIIA/Ib MONIEPEYHOTO CEUCHUS CTEPIKHS;

A(x) — IUIOIIA/b MONEPEYHOTO CEUCHHUS CTEPIKHSI.
Ecnn

A(x) = A = const,
TO
q(x) =7v-A(x) = const,

TO €CThb MHTEHCUBHOCTD PACHPEICIICHHON HAIrPy3KH U3MEHSIETCS MO 3aKOHY IIPSIMOM,
MapauieIbHOM OCU CTEPIKHSL.

PaccMoTpum npsiMoii CTep>KeHb MOCTOSIHHOTO MOTIEPEYHOr0 CeYeHUs OOJbIION
JUTMHBI, 3aKPETUICHHBIA BEPXHUM KOHIIOM M HArpyXEHHBIH HAa CBOOOJHOM KOHIIE
cuson F.

OnpenenuM 3aKOH U3MEHEHUS HANPSHKEHUN B TMOIMEPEYHBIX CEUYECHUSX 3TOTrO
CTEPKHS, a TAKXKE IEPEMEIIECHNS] CEUEHNU T10 JUIMHE CTEP>KHS, YUUThIBAsI BIUSHUE

ero coocTBeHHOTO Beca (puc. 3.8).

N—— SN

F/A+yl

Ng>

-~/ N

4 — G(x) ~

I
F

Hampsxkenuss B CTEp)KHE TIPU €r0 ILEHTPATBHOM PACTSKEHUU (CHKATHH)

SNg>
g5

Puc. 3.8

onpenenstorcs o Gopmyie (3.4)

>| =
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CrenoBaTenbHO, HAIPSHKEHUS B TIONMEPEUYHBIX CEUECHUSIX CTEPHKHS IPU €ro
[EHTPATbHOM PACTSXKEHUHU (CKATHUU) OT COBMECTHOTO JIEHCTBUS BHEITHEN HArPY3KHU

F u cobctBeHHOTO Beca Gy MOXKHO ONPEACIHUTH Mo (popmyre

_N_F+Gx_F+Gx
A A A AT
rne Gy = Vy-y =A-Xx-y — COCTaBIAOIIas TPOJAOIBbHON CUIIbI N OT COOCTBEHHOTO

o (3.27)

BECa,

V: — o0beM paccmarpuBaeMoit (OTCEUEHHOM) YaCTH CTEPIKHSI.

Torna
ng—mf-x. (3.28)
CnenmoBarenbHO,
Gmang—l—y-l. (3.29)
YcnoBue npo4HOCTH OyIET UMETh BU]L
Gmang+y-l< [o]. (3.30)
Otkyna
A> L (3.31)
0] =v-1

Ornpenenum 3aKOH U3MEHEHUS MEPEMEIICHUH MONEPEYHBIX CEUEHU CTEPKHS
0 €ro JUIMHE, YYUmuléds 61usHUe MoabKo cOOCMBEHHO20 8ecd.
[lepeMelieHrst CTEp)KHSIT TPU €ro LEHTPAIbHOM PACTSKEHUU (CHKATHUH)

onpenaesitores o dpopmyse (3.9)

N-1
Al = —.
E-A
Boeimenum B CTep)kHE Ha PACCTOSHUM X OECKOHEUHO Mayblid 3JeMeHT dx

(puc. 3.9)
B »toM ciydae mpoponbHas cusia N OT COOCTBEHHOTO Beca CTEpXHs Oyaer

paBHa

N:G(x) =v-A-x. (3.32)
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G(x) y
}

Puc. 3.9

CJICILOB&TGJIBHO, NEPpEMCIICHUA CTCPIKHA IIPU €0 LHCHTPAJILHOM PACTAXKCHUU

(cokaTuM) ¢ y4eToM COOCTBEHHOTO Beca OMpPeNesIoTCs 1Mo Gpopmyrie

N1 G.-A v-A-x-dx
m:——%d@z):x _ . 3.33
E-A G)) " E.A E-A (3.33)
HpOHHTerpHpOBaB 9TO BLIpa>KeHI/Ie 110 AJIUHE CTep)KHﬂ, HOquI/IM
)
8% G-l G-l
Al = Y ((vdx = _ . 3.34
(G) EJQ 2 E-A 2 EA (3.34)

Takum 0Opa3om, mepeMenieHrs CTePKHS TIPH €r0 MEHTPATBHOM PacTsHKCHUN
(cokaTuM) C y4€TOM TOJIBKO COOCTBEHHOIO BECa OIPESIIOTCS 1Mo (popmyrie
G-

- 2-E-A’
e G =7v-A -l — coOCTBEHHBIH BEC BCETO CTEPKHS.

Al (3.35)

[IepeMereHns 3TOro CTEPKHS IPU €r0 LIEHTPAIBHOM PACTSKEHHUH (CKATUH) OT
BHEIIHEHN CUJIBI F', TPUIIOKEHHOM Ha €ro KOHIIE, M PABHOU M0 BEJTUYUHE BECY CTEPKHSA
G, To ectb F' = G, Oyznet paBHo (3.9)

Nl F-1 G-I
"EA E-A EA
Cpasuubas dhopmyisl (3.35) u (3.36), 3ameuaem, umo abcontomuoe yOauHeHue

(3.36)

CMEPIHCHS Om C80e20 COOCMBEHH020 6eca Oyoem 8 08a paza MeHbuie YOIUHEeHUs
CMEPIUCHSL OM CUTbL, NPUTONCEHHOU HA €20 KOHYe U DPABHOU NO GelUYUHE BeCy

CMEPIICHA.
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3.11. bpyc paBHOIO CONPOTHUBJICHHUSI PACTIKEHUIO—CKATHIO. CTynmeH4YaTo—

NPU3MaTHYECKHE CTEP:KHU (OpyChs)

[Ipu pacuere Ha MPOYHOCTHb CTEP)KHEWU IMOCTOSTHHOTO CEUYEHHUS C Y4YEeTOM
COOCTBEHHOTO Beca BO BCEX CEUCHHUSX, KpPOME OIACHOTO, HaIpspKeHUs OymayT
HWKE JOIMYCKaeMOro, 4YTO TMPUBOAUT K THepepacxody wmarepuana. OJHaKo,
MOYKHO MPOEKTHUPOBATH CTEPKEHb TAaKOIO MEPEMEHHOIO CEYEHHUs, Yy KOTOPOTO
BO BCEX IMOMNEPEUHBIX CEUCHMSIX HANPSHKEHUs] OyqyT OAMHAKOBBIMU W PaBHBIMU
JIOMyCKaeMOMY HanpsikeHuto. Takol CTep:KeHb Ha3bIBa€TCSl CTep:KHEM (Opycom)
PABHO20 CONPOMUBTEHUS PACMSNCEHUIO UTIU CHCAMUIO.

VYCTaHOBMM 3aKOH HM3MEHEHHUs IUIOLIAAM IONEPEYHOrO0 CEYEHMs IO JIJIMHE

Takoro crepxkHs (puc. 3.10).

s OF 96 o6 N+dN
K A(x)+dA(x)
- ed g N\
= | 2 2
| L A Ay
OfF Ofp .
Fl Fe

Puc. 3.10

B IMPOU3BOJIBHOM CCUCHHUHU CTCPKHA Ha PACCTOAHHUU X BBIACIHNM OECKOHEYHO

MaJibli anemMeHT dx. OnpenenuM HanpsKEHUs B Pa3JIMYHbIX CEYEHUSIX:

N F
Ceuenue 1-1: oj—1 = A_o = A_O = 0;
N F+G
Ceuenue 2—2: Opp=-—= il = 0; (3.37)
Ay Ay
N +dN
Ceuenue 3-3 : 033 =——— =0,
33 A, +dA,
e dN =dG, =v-A,-dx.
PaznenuB ynciurens U 3HAMEHATENb HA A, TTOIYy4YUM
N  yAydx Ay dAy dA, v dA,
— 4 — —+—|=0— -dx = — = —dx=—.
<A+ A >/(Ax+Ax> o—0+Yy o+o A . A
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WNurterpupys nonydeHHoe auddepeHiraibHOe ypaBHEHUE C pa3JeiIeHHbIMU

INEPEMCHHBIMH, I1OJIYYUM

Y x—InA,+C. (3.38)

o
[ToctossHHyI0 MHTErpUpoBanus C HaWIeM U3 yCioBus, yTo npu x = 0, A, = Ayp.

CrienoBaTrenbHO,

0=InAg+C — C=-InAy —

A
— X-lenAx—lnAozln—x —
) A()
vx Ay vx
— eo =— A, =Ag-ec. (3.39)
Ao
Ecmu
o= o],
TO

A =Ag-el. (3.40)

N3roroButh Opyc, MMEIOIIMNA TaKyl CIOXKHYI (QOpMy, 3aTpyIHUTENIBHO,
MO3TOMY Ha MPAKTUKE M3rOTaBIMBAIOT OpYC CTYNEHYaTO—MPU3MATUYECKUM TaKUM
oOpa3omM, uyTOOBI B Mpeaenax KaKJOro ydacTka BepxHee (WM HUKHEE) CEUeHHUe

paboTao Mpu HANPSHKEHHUSIX PaBHBIX [O].
N3 (3.29) umeem

F
Al z——F, a G =v-Ar-l.
o] =v-4
CraenoBaTenbHO,
F Gy F v-A-l
= — —_— ’l < — - 'l < .
) Az—l-AZ-H/ » < [0o] A2+ 4, +v-1 < o]
Otcroma
Ay > F-|o]

Taxum 06pazom

(3.41)
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3.12. Craruyvecku HeonpeaeJMMbIe 321a4H PH PACTSKEHUH UJIH CHKATHM

B uHXeHepHOW NpPAaKTUKE YacTO BCTPEYAIOTCS CUCTEMBI, B KOTOPBIX YHCIIO
HAJIOKEHHBIX CBs3€H (YHMCIIO OMOPHBIX peakiuil) OoJblIe 4Yuciaa ypaBHEHUU
paBHOBecusi (craTuku). B 3Tux cucremax, HCHONb3ys TOJNBKO YpaBHEHHUS
pPaBHOBECHS, HEBO3MO)KHO ONPEIEIUTh HU PEAKLNN ONOp, HU BHYTPEHHHUE YCUIIUS,
BO3HMKAIOIIKE B AIEMEHTAX KOHCTPYKIUI. Takue CUCTEMbI Ha3bIBAKOTCS CTATHUECKHU

HCONMPCACINMbIMHA.

Onpenenenue 3.18 Cmamuuecku wneonpederumvle cucmemvl — 3mo ynpyaue
cmepoicHesble CUCmeMbl, Y KOMOPbIX HYUCIO HEU3IBECHHbIX ONOPHBIX peaKyuil
(6HYMpEeHHUX YCUNUL) Npesvluiaem YUclo He3A8UCUMbBIX VPABHEHUL pPAa8HOBeCUs.

(YypasHenuii cmamuku), 03MONCHBIX OJisL DMOU CUCTEMBL.

Onpenenenue 3.19 Cmenenv cmamuueckou onpeoerumocmu (Heonpeoerumocmu)
NPOCMBIX CMEPHCHEBIX CUCMEM OObIYUHO ONpedensemcs KaK pPAa3HOCMb MeHcOy
KOIUYeCmMB0OM HeU38eCmubiX ONOPHLIX peakyull (6HYMpPeHHUX YCUTULL) U KOTUYeCT8oM
VpasHeHull pagHogecust (YpasHeHull Cmamuki), KOmopwle MONCHO COCMAasumsy OJisl

OAHHOU CUCMEMbL.

JUist ompeneneHrs BCEX HEM3BECTHBIX ONOPHBIX pPeakUMil (BHYTPEHHUX
YCWJIMI) CTaTUYECKU HEONPEACIMMON CHUCTEMBl COCTABJISIOT JOMOIHUTEIbHBIC
YPaBHECHUS.

OTH HEOOXOIMMBbIE VISl PEIICHUS] pacCMaTpUBaEMOM 3a7auu JJOTIOJHUTEIbHbIE
ypaBHEHHUS MOXHO COCTaBUTh, M3y4as Aedopmaliuu, UCIIBITHIBAEMbIE CUCTEMOM.

Besikast kOHCTpYKIMst AeOpMUpPYETCSl TaK, 4TO HE MPOUCXOAMUT Pa3phIBOB
CTEpIKHEU U pa3beIMHEHUS UX IPYT OT Apyra. B 3ToM 1 3aKkiroyaeTcsi COBMECTHOCTD
nedopmanuii 3IeMEHTOB CUCTEMBI.

OKka3bIBaETCs, YTO BCETAA MOXKHO HAWTH CTOJIBKO JIOTIOJTHUTEIbHBIX YPABHEHUH,
CKOJIbKO HE00XO0AMMO, YyTOOBI TMOJIHOE YMCJIIO YPAaBHEHH BMECTE C YpPaBHEHUSIMU
CTaTUKH PABHSUIOCH YHACIY HEU3BECTHBIX OMTOPHBIX PEAKLHM (BHYTPEHHHUX yCUIIHM).

OTHU [ONOJIHUTENIbHBIE YPAaBHEHMSI COCTAaBIIAIOTCS HA OCHOBAaHUU OONIETO
OpPUHIUIIA -- OHMU JOJDKHBI BBIpaXaThb YCIIOBHUSI COBMECTHOCTH Jedopmanuii
CHUCTEMBI, TMO3TOMY HAa3bIBAIOTCS VPABHEHUAMU COBMECMHOCMU Oepopmayuii

(VpasHenus nepemewyeHul).
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KonuuecTBO [TONMOJHUTENBbHBIX YpPAaBHEHUH COBMECTHOCTH Je(opMaluii,
HEOOXOJUMBIX IS PACKPBITHS CTATUYECKOM HEONPENeIMMOCTH, JOJIKHO OBITh
PABHO CTENEHU CTATUYECKON HEOIPEIEITUMOCTH CUCTEMBI.

Pemenne cucreMbl ypaBHEHUN pPaBHOBECHS U COBMECTHOCTH Jedopmarimii
MO3BOJISIET ONPEJEIUTH BCE HEU3BECTHBIE OMOPHBIEC PEAKIINU (BHYTPEHHHUE YCUIINSA).

OTOT 3Tan  pelIeHUs 3aJa4d  Ha3bIBAETCS PACKPBITUEM CTaTUYECKOU
HEONPEIETUMOCTH CHCTEMBI.

Pacxkpuime cmamuueckyro Heonpeoerumocms cucmembl — 35MO  3HAYUM

onpeoenums YUCieHHble 3HAUEHUs 6CeX ONOPHBLIX PeaKyull (6HYMpPEeHHUX YCUTULL).

3.13. Ilopsinok pelieHHsi CTATHYECKH HEONpeaeJIMMbIX 3a/1a4

Cratvyecku HeONpeaeIuMble KOHCTPYKLIMM — PAaCCUUTBHIBAIOTCA, perias
COBMECTHO YPaBHEHHMsI, IIOJyYCHHBIE B PE3YJBTATE PACCMOTPEHMSI CTAaTUYECKOMH,
reoOMeTpUUYECKON U (PU3UIECKOM CTOPOH 3aauHu.

[Ipu 3TOM MpUAEPKUBAIOTCA CIAEAYOUIET0O OpsIKa:

1. Cmamuueckasa cmopona 3aoauu. Onpenensercs CTENEeHb CTaTUYECKOU
HEONpPeIeTUMOCTU cUCTEMBI. COCTaBIISIIOTCS ypaBHEHUSI paBHOBECHS, COAEPKAIIINE
HEU3BECTHBIE ONIOPHBIEC PeaKUuu (BHYTPEHHUE YCUIINSA) CUCTEMBI.

2. Teomempuueckasa cmopona 3adauu. PaccmarpuBaroTcs aedopmanuu,
UCIIBITBIBAEMBIE ~ CUCTEMOM, M  3alHUCBIBAIOTCS  YPAaBHEHHUS COBMECTHOCTHU
nedopmanuit (ypaBHEHUS IEpEMELIEHUN ).

3. Qusuueckas cmopona 3adayu. Ha ocHoBanuu 3akoHa ['yka (Dopmyna (3.9)
JUISL ONIPENENICHUsI MEPEMEIIEHUNA CTEPKHS IPU €r0 LIEHTPAIBHOM PACTKEHHUU
(cokatuu), KOTOpas MOJy4YeHa Ha OCHOBE 3akoHa ['yka), ypaBHEHHsS] COBMECTHOCTH
nedopmanuil BBIpa)KalOTCSl Y€pe3 HEU3BECTHBIC OMOPHBIE PEAKIUU (BHYTPEHHHUE
YCHUIIHS).

4. Cunmes ypasnenut. Pemas COBMECTHO CUCTEMY YPaBHEHHH, MOJTYUYEHHBIX
B pe3yJIbTaTe PaCCMOTPEHUS CTaTUYECKOM, T€OMETPUUECKON U (PU3NUECKON CTOPOH
3a/1a4M, ONPEAEIISIIOTCA YUCIECHHBIE 3HAUEHUS BCEX OMOPHBIX PEAKIUi (BHYTPECHHUX
YCUIIHI).

PaccMmoTrpuM mapHUPHO—CTEPKHEBYIO CUCTEMY, B KOTOPOU Ipy3 F' moaselieH

Ha Tpex cTepxkHsax (puc. 3.11,a)
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Puc. 3.11

B sTOM cilydae 4nMcCiO0 HEWU3BECTHBIX YCWIIUM, NEMUCTBYIOIIUX B MONEPEYHBIX
CEUYEHUSIX CTep>KHEMN, paBHO TpeM (N1, Ny, N3), a ypaBHEHU paBHOBECHS (CTaTUKH)
st ux onpenenenuss — nBa (. F, =0u Y} F, =0).

Takum oOpa3oM, y3esl HaXOJUTCS B paBHOBECUU TOJI IEUCTBUEM 4-X CUJI, TPU
13 KOTOPBIX Hen3BeCTHHI (puc. 3.11,0).

I. Craruueckasi cTopoHa 3aa4n

PaCCManI/IBaCMaSI CUCTCMa OAMH pa3 CTAaTUYCCKH HCOIIPCACIINMAasd

n=3-2=1,
IIe n — CTENeHb CTAaTUYECKOW HEOMPEASTMMOCTH CUCTEMBI;
3 — 4ucio Heu3BeCTHBIX yewtuit (N1, Na, N3);
2 — YHUCJIO ypaBHEHUW paBHOBECHS (CTATUKH) JUTSI X ONIPEICIICHHUS.

CocraBuM YPaBHCHUS PaAaBHOBCCHUS I paCCManPIBaeMOfI CHUCTCMBI:

— CyMMa npoeknuii Bcex CUJl Ha TOPU30HTAIIBHYIO OCh X PaBHA HYJIIO:

Y Fk=0: —Nj-sina+N,-sina=0; — N =N, (3.42)
— CyMMma npoeKIui Bcex CUil Ha TOpU30HTAIBHYIO OCh Z PaBHA HYIIIO:
ZFZ =0: Nj-cosx+Ny-cosax+N3—F =0.
YuuTteiBas (3.42), nonyuum
2Nj-cosax+ N3 =F. (3.43)

II. T'eomeTprueckas cTOpoHa 3a1a4u.
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Paccmorpum nedopmanuio cuctemsl. Ilom BosmeicTBueM cuiibl F° BO Bcex
TPEX CTEPKHAX BO3HUKACT PACTSHKEHHME. PacTiarumparomye npopoJibHbIE YCHIMS B
CTEP)KHSIX JOJKHBI OBITh TAaKWMH, YTOOBI YIUTMHEHUS KpaWHUX CTEp)KHEW ObLIN
COIVIACOBAHBI C YINIMHEHUEM CPEIHETO.

CornacoBaHHOCTb J1€(pOpMalfii COCTOUT B TOM, YTO 10 U mocie Aedhopmaruu
HIDKHHE KOHITBI BCEX CTEpP)KHEH JOJKHBI OBITh B OJHOM y3Jie. YUWUTHIBas, 4TO
nedopmaiuu cTep >KHEN Majibl 0 CPABHEHHIO C UX JTMHEHHBIMU pa3MepaMu, MOXHO
CUMTATh, YTO YIIbI, COCTABISAEMBIC KPAWHUMHU CTEPKHSIMU CO CPEIHUM, IIOCIE
nedopmaruy mpakTUYECKH TaKKe ke, Kak U 10 AedopmaIium.

N3 pucynka (puc. 3.11, B) Haxoaum, 4To oTpe3ok BB3 paBeH
BB3 = Als.

Jlns onpenenenus yIIMHEHUS IIEPBOTO CTEPKHS, OTIIOKUM HA €70 HOBOU JIJIMHE
AB3, IEpBOHAYAIBHYIO JUIMHY, paBHYI0 AB|. B ciily ManocTu nepemMeneHuii 1yry

BB 3aMeHsieM NepIeHANKYIISIPOM, OITYIIEHHBIM U3 TOUKU B Ha nuHuio AB3. Torga

Al = AB3; —AB| = B|Bs.

N3 1npAMOYyrosbHOro TpeyrojibHUKa BB{B3 yCTaHOBUM CBSI3b MEXIY

VIUIMHEHUSIMH CTEPKHEU

Al = Al3cos .
CrnenoBarenbHO, ypaBHEHHE COBMECTHOCTH Jie(hOpMaIiiii UMEeT BUJT
Al; = Alzcos «. (3.44)

III. ®usnueckas cropoHa 3aa4u.
[lepemertienust CTEpKHS TIPU €ro IEHTPAIHLHOM PACTHKCHUU (CXKATHUH)

onpenaesitores o dhopmyse (3.9)

=

Al =

y
BN
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[TprHUMast )KECTKOCTH BCEX CTEPHKHEW OJMHAKOBBIMH, HAXOJIUM YIJIUHEHUS
CTEPKHEH

Nyl N;l
Ah:Nf?éf A@:ff.

Ecnu yuects Beipaxkenus (3.45) 1)1t yITuHEHU CTEPIKHEN MPU UX PACTSKCHUH,

(3.45)

TO ypaBHEHHE COBMECTHOCTH Aedopmartuii (3.44) MOKHO 3amucaTh B BUJIC

N1 ll . N3l3 COoS X
EA  EA

YuuTteIBas, 4To
I3 =1 -cos«,

IIOJTy4YUM

Ny N3 cos? o
EA  EA
IV. Cunre3 ypaBHEHUI.

—  Nj = Njzcos’a. (3.46)

Pemrass coBMECTHO cucTeMy ypaBHEHHM, IIOJNYYEHHBIX B pe3yibTare
paccCMOTpEHUs] CTaTHMYECKOM, TeOMETPUYEeCKOW W (PU3MUYECKOM CTOPOH 3aj/iadd,
ONPENEISAIOTCS YHMCICHHbIE 3HAUCHHMS BCEX OMNOPHBIX peakuuid (BHYTPEHHHX
YCUIIHI).

Mp1 nonyurmim cuctemy Tpex ypaBHenuit (3.42), (3.43) u (3.46), B KOTOpBIC
Bolun 3 HeusBecTHbIE N1, No u N3. Pemas 3Ty cucteMy ypaBHEHUH, ONpPEIEIUM
YUCJICHHBIC 3HAYEHNS] BHYTPEHHUX ycunuid N1, N> u N3.

N3 ypaBuenus (3.43) umeem
F—N3
2cos o’
[Toacrasinsis B mosydeHHOe BbipaxkeHue (3.47) ypaBuenue (3.46), onpenenum

Ny = (3.47)

YUCJICHHOC 3HAYCHUC BHYTPCHHCTO YCHIIUA N3

B F
~ 142cos3a’
[ToacTaBuB B BeipaxeHue (3.46) nonyyennoe 3Hadenue N3 (3.48), onpenenum

N (3.48)

YUCJICHHBIE 3HAYCHUs] BHYTPEHHUX YCUIIU N1 u NV,
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Fcos?

Ni=N=——-—.
! 27 15 2cos3

(3.49)

3.14. KoHTpoiabHbIe BONPOCHI 1JIs1 caMonpoBepku o teme «llenTpanbHoe pac-

TSIZKEHHe WIHN CKaTHe MPAMOro Opyca

1. Kakoii Bua pedopmanvd Ha3bIBa€TCS UEHTPAJIbHBIM  PACTSHKEHHEM
(cxxaruem)?

2. B yewm 3akirouaeTcs METON CEUCHUN?

3. Kak onpenensiercs 4uCIeHHOE 3HAYEHUE TPOJOJIbHON CUJIIBI?

4. Yrto Ha3bIBAETCS MIOPOI NPOAOIBHBIX CHII?

5. Ilnan nocTpoeHus 3MIOPHI MPOAOIBHBIX CUIL.

6. [lo kakoit QopMyre omnpeaenstoTcs HOPMalbHbIE HANPSIKEHUS MPU
LEHTPAJIILHOM PACTSKEHUU (CKaTUU) B MIPOU3BOJIBHOM TOUKE MOMEPEUYHOTO CEUCHUs
CTEPKHS?

7. Uto Ha3bIBaeTCa KOA(PPUIIMEHTOM MOoNepedHon aedopmanun?

8. Cdhopmynupyiite 3akoH ['yka. Kak oH BbIpa)kaeTcsi MAaTeMaTUUECKU?

9. Ilo kakoit (popMmyie ompeaensieTcss BeIWYMHA TPOAOIBHON aedhopmaliuu
y4acTKa CTEPIKHS?

10. Yro xapakrepusyeT MOAYJb YIPYTOCTH NEpBOro poaa (Moaynb FOHra) u
Kakasi ero pa3MepHOCTh?

11. Ot 4ero 3aBUCHUT YUCIECHHOE 3HAYCHUE MOJYJIS YIIPYTOCTH MEPBOTO poaa
(momyns FOnra)?

12. Yo Ha3bIBAETCS JKECTKOCTBIO CTEPKHS IIPU LIEHTPAIBHOM PACTS)KEHUH U
CKATUM?

13. Kak crpositcss amarpamMbl pacTsyKEHHS U HAIIPSKEHUS 7

14. Tlepeuncnure XxapakTepHbIC TOUKH AUATPAMM PACTSKEHUS U HAIIPSKEHUS.

15. B yeM pa3HHIa MKy IUIACTUYHBIMH M XPYTIKUMH Marepuaiamu’?

16. Ilepeuncaure OCHOBHBIE MEXAHUYECKHUE XapaKTEPUCTUKH MATEPUATIOB.

17. JlaiiTe ompeneneHue AOMYyCKAEMOMY HANPSDKEHUIO U KOIPDUIIUEHTY
3arnaca IpOYHOCTH.

18. Kak ompegensercs BeaMYMHAa JONYCKAEMOTO  HANpPSDKEHHUS A

INTACTUYHBIX U XPYIIKUX MaTCpI/IaJIOB?
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19.

Kakue QaxTopbl BIUSIOT Ha BEIUYMHY JOIMYCKAEMOTO HANPSHKEHUS U

ko3 urrenTa 3amaca MpOYHOCTH?

20.

Hanumure ycinoBue NpOYHOCTH IPH LEHTPAIBHOM PACTSKEHNUHU (CHKATHH)

10 HOPMaJIbHBIM HaNPsLKEHUSAM IO METOY JIOITyCKAa€MbIX HAIPSKEHH?

21.

Kaxkue Tpu TUIIa 3aAa4, BbITCKAIOT HN3 YCIOBUA ITIPOYHOCTU IIPH

LEHTPAIBLHOM PACTSDKEHUM (CKaTUM) MO HOPMAJIbHBIM HAMpPSKEHUSM 1O METOHY

JIOTTYCKAEMBbIX HAMPSIKEHUNA?

22.
23.
24.
25.
26.
27.
28.
29.
30.

Kakoe coctosiHue KOHCTPYKIMH HAa3bIBACTCS MPEACIbHBIM?
CKOJBKO MpeAenbHbIX COCTOSIHUI Bbl 3Haere?

Urto yuntsiBaeT KO3(QPUIIMEHT IEperpy3Ku?

Kak onpenensiercst pacueTHass Harpy3ka?

Urto yuuThiBaeT KO3PPUIUEHT OAHOPOIHOCTH?

Urto yuuthiBaeT KOAPGUIUEHT YCI0BUI pabOThI?

Kak ompenensieTcss BeIM4MHAa HOPMAaTUBHOTO COMTPOTUBIICHUS?
Kak ompenensieTcsi BeMUnHA PaCY€THOTO COMPOTUBICHUS?

Hamnuivre yciaoBue mpoyHOCTH MIPH HEHTPATLHOM PACTSKEHHUH (COKATHH)

110 HOPMAJIbHBIM HAIIPSAKCHUAM 110 MCTOAY ITPCACIbHBIX COCTOSIHUI.

31.
32.

Tpu BHa pacueTa Ha NPOYHOCTh IO METOAY MPEACIBHBIX COCTOSHUI?

Kaxk YYUTBIBACTCA CcOOCTBEHHBIM BeC Ipu NOCHTPAJIbHOM pPACTAXKCHUU

(cxxarun)?

33.

Hamnuiure yciaoBue mpoyHOCTH MIPHU HEHTPATIBLHOM PACTSKEHHUH (COKATHH )

I10 HOPMAJIbHBIM HAIIPAXKCHUAM 110 MCTOAY HOITYCKAaCMbIX HaHpH)KeHI/Iﬁ C yucTOM

coOcTBeHHOTO Beca?

34.

[To kakoit popmyne ompenensercs BeIUMYWHA MPOAOJIBHON nedopmaruu

y4acTKa CTEPKHS C y4eTOM COOCTBEHHOIO Beca?

35.
36.
37.
38.

Kakoit 6pyc Ha3pIBaeTCsi OpycoM paBHOTO COMTPOTUBIICHHUS?
Kakue cucteMbl Ha3bIBAIOTCS CTATUYECKU HEOTPEICTUMBIMU ?
Kak ompenensiercs cTeneHb CTaTHIECKOM HEOMIPEACTIMMOCTH CUCTEMBI?

I1man peHICHUA CTATUICCKH HCOIIPCACIINUMBIX 3a;1aq?
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Tema 4. HanpsizkéHHOE COCTOSIHUE TeJl

4.1. Buabl HANPSAKEHHOTO COCTOSAHUSA

BzauMopeiicTBue MEXAy YacTSIMU  DJIEMEHTAa  KOHCTPYKIIMM  MOXKHO
OXapaKTepU30BaTh BEIMYMHAMM HOPMAJbHBIX M KacaTeJbHbIX HaNpPSKEHUM
B KaXJOM TOUKE H3yieMeHTa. WX 3HaueHWs 3aBUCAT OT OPUCHTAIMUA CEUYCHUS,

IIPOBCACHHOI'O YCPEC3 JaHHYIO TOUKY.

Omnpenenenue 4.1 CogoxkynHocms HOPMANbHBLIX U KACAMENbHBLIX HANPIANCEHUL,
0eUCmBYIOWUM N0 BCEBO3MONCHLIM — NIOWAOKAM,  NPOXOOSAWUM  depe3
paccmampueaemyro mouyky, HA3bl8Aemcsi HANPSNCEHHLIM COCMOAHUEM 8 IOl

mouke.

Hccnenys HampspKEHHOE COCTOSHHE B pacCcMaTpMBaeMOM TOUYKE Tela, B
OKPECTHOCTH €€ BBIICISAIOT JJIEMEHTApHBIM 00BEM B BHUIE MPSIMOYTOJIHHOTO
napa’juiesienuresia ¢ pasmepamu peoep dx, dy, dz.

[TomHble HampsOKCHWsI HA TPaHSIX NapajljiesieluIea pPacKIaablBalOT Ha
COCTaBJISAIOIINE TI0O KOOPAMHATHBIM OCSIM. M3MEHsIsi OpHUEHTAIUI0 3JIEMEHTapHOTO
o0beMa Bceraa MOXXHO HAWTH Takoe€ €ro MOJOXKEeHUEe, MPU KOTOPOM IO BCEM €ro

I'paHAM KaCaTCJIbHbIC HAIIPAXKCHUSA 6YILYT PaBHBI HYJIIO.

Onpenenenue 4.2 [ panu snemenmapno2o obdvema (niowjaoku), Ha KOMOPbLIX
KacamenbHble HANPANCEHUs PAHbl HYII0, HA3bIBAIOMCA 2NAGHLIMU NI0WAOKAMU,
A HOpMAlbHble HANPAXCEeHUs:, Oellcmeyiouue no 3Mum HI0WAOKAM, — 21AGHbIMU

HANDANCEHUAMU.

HpI/I HCCIICAOBAHNHU BOIIPOCOB IPOYHOCTH B CJIO0XKXKHOM HAIIPAKCHHOM
COCTOAHHN CYHICCTBCHHOC 3HAYCHHC HMMCCT BHA HAIIPSAIKCHHOI'O COCTOSHHA.
3HayeHusl TJIaBHBIX HaHpH)KeHI/Iﬁ OIIPCACIIIOT BHUA HAIIPSAKCHHOI'O COCTOSHUA.

CymeCTByeT TPpHU OCHOBHBIX B4 HAIIPSKCHHOTI'O COCTOsIHUA.

Onpenenenue 4.3 Hanpsowcennoe cocmosinue, 8 KOMOPOM MOAbKO OOHO 2NLAGHOE
HanpsidiceHue (M0boe U3 mpex) OMIUYHO OM HYIA, a 08a Opy2ux paseHsl
HYIO, HA3b18AEMCsl OOHOOCHbIM (OOHOPOOHBIM) U JUHEUHbIM HANPANCEHHBIM

cocmosinuem (puc. 4.1, a).
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Puc. 4.1

Onpenenenue 4.4 Hanpsowennoe cocmosinue, 8 KOMOPOM 08a  2/LAGHLIX
Hanpsicenusi OMmIu4Hbl Om HYIs, A OOHO PABHO HYII0, HA3bIBAEMCS 08YXOCHBIM

UNU NIAOCKUM HANPANCEHHBIM cocmosaHuem (puc. 4.1, 6).

Omnpenenenue 4.5 Hanpsowcennoe cocmosnue, 8 KOMOpoM 6ce mMpu 2lAGHbIX
HANps#CeHusi OMIUYHbL OM HYJIA, HA3bI8AEMCS NPOCMPAHCIEEHHBIM UIU MPEXOCHbIM

HAanpAXCeHHvIM cocmosanuem (puc. 4.1, 8).

4.2. OnpHoocHOe HampsKEHHOE cocTosiHue. HanpsikeHnsi B HAKJIOHHBIX ceve-

HUAX Opyca NPHU HEHTPAJIBLHOM PACTSIKEHUU (CKATHH)

WUmes smopy mpoaoibHbIX cuil N, HOpMajibHbIE HAIMPSKEHUS B JIOOOM
NONEPEYHOM CEUYEHUM CTEPKHS TPU LEHTPAJIbHOM PACTSHKEHHHM (C)KATHHN)

JIOCTATOYHO MPOCTO onpeaesstorcs no hopmyie (3.4)

o=—.
A

Bo MHOTHX 3a/maqax BO3ZHUKAET HEOOXOIUMOCTh OMPENCIICHUS HAIIPSIKEHUN B
HAKJIOHHBIX CEUCHUSX.

PaccMoTpuM HanpsiKeHUs B HAKJIOHHBIX cedeHUsiX Opyca. O003HaYuM o yroj
MEXTy HAaKJIOHHBIM CEUCHHUEM n—) U TIOTIEPEYHBIM ceueHneM n—rn (puc. 4.2, a).

HDCZ@M]ZO 3HAKOG. Ey,Z[CM CYUTATb YIOoJ X IMOJIOKUTCIbHBIM, KOI'Id ITOIICPCUYHOC

CEYCHHE JIJII COBMEIICHUS ¢ HAaKJIOHHBIM CEYCHUEM HaJ0 MOBEPHYTh HA ATOT yTOJ
MIPOTHUB XO7a YaCOBOM cTpenku (puc. 4.2, a).
YcTaHOBUM, YeMy paBHO HaIpsHKCHHE, BO3HUKAOIIEE B JIFOOOM HAKIIOHHOM

CCUCHUM, HOPMAJIb K IINIOCKOCTH KOTOPOI'O COCTABJIACT C OCBIO CTCPIKHA YIoJI (.
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a

ANANNANANNNNNNNNNNNNN

n, 1 n,
nzﬁnl nE—-Xn

r r

Puc. 4.2

Kak u3BeCTHO yMJIMHEHHUS BCEX BOJIOKOH, MapaJICNbHBIX OCH Opyca, IpH
€ro PAaCTSHKCHMHM WM COKaTUM OJMHAKOBBL. DJTO TMO3BOJIET MpeArojiararb, 4TO
HAIPsHKEHUST p BO BCEX TOUKAX HAKIIOHHOTO (Tak e, KaK W MOTEPEYHOT0) CEUCHUS
OJTMHAKOBBI.

PaccMoTpuM HIDKHIOIO YacTh Opyca, OTCEUeHHYIO ceueHrneM n—y (puc. 4.2, 0).
W3 ycnoBust ee paBHOBECHS CIIEAYET, UTO HAMPSHKEHUS p MapaliebHbI OCU Opyca H

HaIIPaBJICHBI B CTOPOHY, IPOTUBOMOJIOKHYIO BHEIIHEN cuiie F.

CnengoBareabHO,
N=F=p-Aq. 4.1)
OTKyZa
N N -cosx
p=—-—=———=20"-COSK, 4.2)
Ay A
rie Ag — IUIOIIAJhb HAKJIOHHOI'O CCUCHUS n—rn) (A(X = m);
A — IUIOLIA/Ib IONIEPEYHOIO CEUYCHUS n—N1;
o= %’ — HOpPMaJIbHOE HaIPsDKEHHE B TTONIEPEYHOM CEYeHUHU Opyca.

PaznoxxuM HanpspkeHHE p Ha JBa COCTABIIIOIINX HAMPSDHKEHUS: HOPMATbHOE
O, MIEPICHINKYIISIPHOE K TJIOCKOCTH HAKJIIOHHOTO CEYECHHS n—ny, U KacaTelabHOE
T, TAPAIJIETBLHOE 3TOM TI0CKOCTH (puc. 4.3).

3HauYCHUSI Oy U Ty OYLyT paBHBI

Ox =P COSX = 0 -cos’ «; 4.3)
. . o .
T(x:p-smoc:0-smo¢-cosoc:§-sm2oc. (4.4)
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. BHYTPEHHSS BHYTPEHHSIS "
V HOpMaJb HOpMaJb v
S _— /

\ /
oa>0; 17>0 a<0; 17«<0
Puc. 4.3

HDCIGM]ZO 3HAKOB. HopMaanoe HAnpsHKCHUE O CUUTACTCA IIOJOXHUTCIbHBIM

IIPU PACTSKEHHH.

1] pasujio 3HAKO6. KacarennHoe HAIIpsXKCHUE T IMOJTOXKHUTEIBbHO, €CJIN

M300paKarOIIUil €ro BEKTOpP CTPEMUTCS Bpallarh TEJIO0 OTHOCHUTEIBHO JH0O0M
touku C, JIexalei Ha BHyTpEHHEH HOpMaJl K CEYCHUIO, 110 XOTy YaCOBOM CTPEIIKH
(puc. 4.3).

Ilonyuennvie coomHoweHuss HA3b18AOMCS Gopmyramu O0as onpeoeieHus
HANpAXCeHUU HA HAKIOHHBIX NIOUWAOKAX NPU YEHMPATIbHOM PACMANCEHUU UTU
colcamu.

N3 popmyitel (4.3) citeayeT, 9To HOpMaIbHBIE HAIPSHKCHUS O o MMCIOT 3HAYCHHS
0T 0 = % (mpu o« = 0) 7o 0 = 0 (mpu & = 90°).

Taxum obpaszom, Hauboavuue (nO aOCONOMHOU GeludUuHe) HOPMATbHbLE

HANPANCEHUA UMEIONT MECNIO 6 NONEPEUHbIX CeYEeHUAX 6pyCCl.

Omnpenesienue 4.6 /lnockocmu ceuenuii, 6 KOMOPLIX HOPMATbHBIE HANPANCEHUS
docmueaiom  HaudOOAbWLE20 U, COOMBEMCMEEHHO, HAUMEHbULE20  3HAYEHUL,

HA3v6l6A1I0OMCA 2IABHbIMU NJIOCKOCMAMU (ZJZCIGHblMM n/lou;ac)mmu).

Omnpenenenue 4.7 Haubonvuwiee u HaumeHbuiee HOPMAIbHbIE HANPINCEHUS,

0eﬁcm6ymmue no 2id6HbIM I’ZJZOM/;GOKCZM, HA3v6l6AI0OMCA CJIABHBIMU HANDAINCEHUAMU.

Onpenenenue 4.8 Hanpasnenus, no Komopvim 0eticmayiom 21a8Hble HAnPsaiCeHUs,

HA3vbl6AOMCA CJ1AGHbIMU HANPABIIEHUAMU.

N3 popmyiel (4.4) criemyeT, 4ToO KacaTeabHbIE HATTPSKEHUS Ty UMEIOT 3HAUCHUS

or § =+% npu (x =45°) no —§ = —% (upu o« = —45°). B s10M Ciryuae
o
Tmax — :I:E. (45)
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KacarenpHabie HanpspkeHus Ty = 0 iput & = 0 u ipu o« = 90°.

Takum oOpa3zoMm, B IUIOMIAJKaX C HAWOONBIIMMH W HAUMEHbBIIUMU
HOPMAJIbHBIMU HAIPSDKEHUAMH (TJIaBHBIE IUIONIAJKM) KacaTeJbHBIE HaIPSKEHUS
PaBHBI HYJIIO.

Tak Kak Ha IaBHBIX IJIOIIAJIKAX KacaTeJIbHbIE HAMPSXKEHUSI OTCYTCTBYIOT, TO
2NasHvle NIOWAOKU — MO NIOWAOKU, HA KOMOPBIX KACAMENbHbIE HANPANCEHUS]
PABHbL HYTIO.

PaccmoTpuM  HampspKeHMs,  BO3HMKAWOIIME B JABYX  [POU3BOJIBHO
PACIIOJIOKEHHBIX, B3aUMHO MEPHEHIUKYISIPHBIX CEUEHHUSX MPU OJHOOCHOM
(LIEeHTpaJIbHOM) PaCTSHKEHUU—COKATUH CTEPHKHS.

Omnpenenum HaNpsDKEHUS Oy, U Oy, B JBYX HAKJIOHHBIX CEUEHUSIX N —Nn| U

ny — np, NEPIEHANKYISPHBIX APYT K Apyry (puc. 4.4).

1o\ .
AN

\ 900 n

.~ =
n—ry=>x% n
- \ |
i’l1 , \ %
\

\
1o

Puc. 4.4

VYIibl o ¥ & HAKJIOHA ATUX CEYEHHH K TUIOCKOCTH TIOTIEPEYHOT0 CeUeHUs Opyca

HaXogATCs MCIKIAY coboii ¢ YUCTOM IIpaBHUJIa 3HAKOB B 3aBUCHUMOCTHU
Xy = — (90O — 061) =X —90°.

ITo dopmyiie (4.3) umeem

Ox, = o -cos o

O, = 0-COS% 0y = O - OS> (ot —90°%) = o -sin” 0.

C0’XUB HOpPMaJIbHBIEC HAIIPSKEHUS Oy, U O, OIYyYUM

2

Oy, +0x, =0-COS" x| + 0O~ sin’ x| = 0. (4.6)
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TakuM 00pa3oM, cymMma HOPMANLHBIX HANPANCEHUL NO O08YM  83AUMHO

nepneHOMKyﬂ}ZprlM I’ZJZOM/;GOKCZM ecmos eeiuduuHa noCmosRHAA.

4.3. 3aKOH MapPHOCTH KacaTeJbHbIX HaNPsKeHU

OHpCI[CJ'II/IM HAIIpSDKCHUS Ty, U Ty, B ABYX HAKJIOHHBIX CCUYCHUAX n| —njp U

ny — np, NEPNEHANKYISPHBIX APYT K Apyry (puc. 4.4).

ITo dopmyne (4.4) umeem
o o
To, = . sin oy = 5 sin2 (x; —90°) =
~ 7 sin(180° —20) = — 2 -sin20 = —Ta,.
2 2
To ecthb
Toy = —Toy - (47)

Takum 06p3,30M, KacameilbHble HANPANCEHUA no OGyM 63AUMHO
nepneH()UKyJZ}lprlM I’l]llel/;a()KClM pPAa6Hbl NO 6E€IUYURE U NPOMUBONOTIONCHbBL NO

3HaK) (3aKOH MAPHOCTU KacaTeJIbHbIX HANIPSHKEHUH).

4.4. Ilnockoe HANPSAKEHHOE COCTOSIHHUE

ITpu m1ockoM HANPSXKEHHOM COCTOSTHUU HA OJTHOM M3 TIOIIAI0K, IPOXOISIITUX
yepe3 pacCcMaTpuBaEMylO0 TOUKY, KACATENIbHBIE U HOPMAJIbHBIE HANPSKEHUS PABHBI
HYIIIO.

B Teopuu MmioCkoro Hamps>KEHHOTO COCTOSHUS MOXHO pPAacCMarpuBATh JBE
OCHOBHBIC 33]1a4U:

Ilpsimas 3a0aua. B TOUKe W3BECTHBI TMOJOXKEHHUS IJIABHBIX ILIONIIATO0K

U 3HAYCHUs TVIABHBIX HampspkeHuil. TpeOyeTcss ompenenuTs HOPMalbHbIE U
KacaTeJIbHbIE HAMPSKEHUS TT0 HAKJIOHHBIM TUIOIIA/IKaM.

Obpamnas 3a0auya. B Touke W3BECTHbl HOpPMaJlbHbIE U KacaTelbHbIE

HaIpsHKEHUs, JEUCTBYIOIIME HA JABYX B3aWMHO MEPIEHIUKYJISIPHBIX IUIOMIAJKaX,
IPOXOMSIIMX Yepe3 JaHHYI0 TOuKy. TpeOyeTcs HaWTH IIaBHbIC HANpPSDKEHUS U

ITOJIOKCHHUC ITTaBHBIX IIJIOMIAA0K.
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Haubonee wyacto BcTpewaercss oOparHas 3agada, Korga HEOOXOAMMO
OTIPECINTh TIIABHBIC HANIPSDKCHUS U TTOJIOKEHUE TIIABHBIX TUIOIIAJOK.

MaremaTudeckn 9Ta 3aJada HWACHTUYHA 3a7ade ONpeNeNieHUS TJIaBHBIX
MOMEHTOB MHEPIIMH U OTPECICHUS MOJIOKCHHS TIIABHBIX 0CEH MHEPIIUH.

B cBsi3u ¢ 3TUM, COOTBETCTBYIOITUE (HOPMYIIBI OYTyT UMEThH BU/T

1
013 =0om = P (o — o) 4 (4.8)
2T
2200 = — - (4.9)

3Hak (+) mepen KOpHeM OepeTcsi, €clu Oy > O, 3HaK (—) mepen KOpHEM
oepetcsi, eciu 0y < 0.

VYrona, COOTBETCTBYIOIIMH  AKCTPEMAIbHOMY  3HAUYCHHMIO  KacaTeJIbHBIX
HaIPsDKEHUH, onpenessieTcs mo popmye
Ox — Oy

tg200 = —
g+Xy 21,

(4.10)

IIpy >TOM DBKCTpEMaJIbHBIE KACATEIbHBIE HANPSIKEHUS JEUCTBYIOT HA
TUTOIIAIKAX, HAKIIOHEHHBIX K TIIABHBIM TUIOMIAKaM MO yIriioM +45° 1 paBHBI
Omax — Omin 01— 03
4 —max  Tmmn

/ = Tmax — — :l: . 411

Onpenenenue 4.9 [Inowaoku, no KomopviM  OeUCmMBYIOmMm  MAKCUMATbHbLE

(3Kcmp€Ma.7Zbel€) KacameijlbHble HANPANCEHUA, HA3bl6AIOMCCA I’ZJZOWCZC)KCIMM cosuea.

HOpMaJ'H)HBIC HaprDKeHI/IH Ha IIoHIaJakKax cC BKCTpeMaHBHBIMH 3HAUCHUIMU

KacaTeJIbHbIX HAIPSHKEHUH PaBHBI MOJIy CyMME IIABHBIX HANPSLKECHUN
0]+ 03

=1 (4.12)

2

4.5. IIpocTpaHCTBEeHHOE HATIPSI:KEHHOE COCTOSIHHME

Onpeneaenue 4.10 Ecau uepesz paccmampusaemyio mouky mena Helb3s nposecmu
HU OOHOU NIOUWAOKU, 8 KOMOPOU HOPMAJIbHbIE U KACAMelbHble HANpAXCceHUs OblLiu
Obl pasHvl HYNIO, MO 8 MOU MOUKe UMEeemcs NPOCMPAHCmEeHHoe (mpexocHoe)

HANPANCEHHOE COCMOAHUE.
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B Kkypce Teopwu yIpyrocTd AOKa3bIBA€TCS, YTO IMPH IPOCTPAHCTBEHHOM
(TpEXOCHOM) HANPSHKEHHOM COCTOSHUM 4Yepe3 KaKIyH0 TOYKY BCErJa MOXHO
MIPOBECTHU TPH TUIOMIAIKH, TT0 KOTOPHIM KacaTelIbHbIC HAMIPSKEHUS PaBHBI HYJIIO.

Takue T™IIOMIANKK HA3BIBAIOTCS 21AGHbIMU NAOUWAOKAMU, A HOPMAJbHbBIC
HaNPSDKEHUs, ICUCTBYIONTUE TI0 HUM, — 21AGHbLMU HANPSHCCHUAMU.

Bce Tpu m1aBHBIE IUIOMIAAKH B3aUMHO TISPIICHIUKYIISIPHBI.

Hamnbonpmiee (B anreOpamdeckoM CMBICIIE) TIIABHOE HAMPsHKECHUE MPHHSTO

0003Ha4YaTh 0, CAEAYIOLIEE 10 BEINYMHE 07, @ HAMMEHBIIEE 03, TO €CTh
01 > 02 > 03 (4.13)
nJIn
01 = Omaxs; 03 = Omijn- (4.14)

HopmanbHble HampspKeHHsS MO JIFOOBIM JIPYTUM IUIOIIAJKaM, MPOXOSIINM
yepes JaHHYI0 TOYKY, UMEIOT TPOMEKYTOUHBIE 3HAYEHUSI MEXKIY O] U 03.
AHAIUTUYECKU HAIPSDKCHUS Oy U Ty B 000 IIOMIAAKE OMPEACIISIOTCS 110

(dopMmysam, BBIBOA KOTOPBIX MPUBEJCH B Kypce TEOPUHU YyIIPYTOCTH

Oy = O] . cos? x1+ 02-00s2 X + 03 . cos? x3; (4.15)

Ty = \/G%-cos2 &1 + 03 - cos? oty + 035 - 082 3. (4.16)

B atux ¢popmynax oy, &z, 3 — yIibl MEXAY HOPMaJIbIO K pPacCMaTpUBAEMOM
TUIONIA/IKE U HOPMAJISIMU K IJIaBHBIM IUTOIIAIKAM.

Ecnu o ¢popmyne (4.15) onpenenuTs HOpMabHbIE HANPSHKEHUS Oy, Oy U O 110
JTFOOBIM TPEM B3aUMHO MEPICHAUKYIISIPHBIM TIIOMIAAKAM U CIIOKUTh UX 3HAYEHUS, TO

CyMMa 3THX HaIpsOKeHUH Oy/ieT paBHA CyMMeE TJIaBHBIX HAIPSKECHUM
Oy + 0y + 0, = 01+ 02 + 03. 4.17)

TakuM 00pa3oMm, cymma HOPMANLHBIX HANPANCEHUU, OeUCMBYIOUUX No
JI0ObIM  MpeM  83AUMHO NEPNEeHOUKYIISAPHLIM  NIOWAOKAM, NPOXOOSAUWUM Uepe3

pacemampueaemyro modKy, eCmos 6eluduHa NOCMOARHAAL.
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4.6. OO0oOmeHHbIN 3aKk0H ['yka

@dopMmynbl OTHOCHUTENBHBIX JAedopMmaiuii Opyca, MOJy4YeHHbIE IS Clydas
€ro IEHTPAJIbHOTO pACTSKEHMSI (CKaThsA), MOXKHO O00O0OHIMTH Ha Ciyyai
IPOCTPAHCTBEHHOTO (TPEXOCHOTO) HAMPSKEHHOTO COCTOSHUSA (€ = & U g =u-e).

JlJis 5TOTO BBIACIUM U3 TeJa AIEMEHTAPHBIN napasuienenumne]] (¢ 6eCKOHEYHO
MaJIbIMU pazMepamu pedep), TpaHu KOTOPOTO COBIAJIAIOT C TIaBHBIMHU ILIOIIAIKAMU
(puc. 4.5).

dz

S
N

S

Puc. 4.5

O06o03HauMM 01, 0 U 03 [JIABHbIC HAMPABIICHHUS, & €1, €2 U €3 OTHOCUTEIbHBIE
nedopmManuu pedep napaieaenune1a, napajiesbHbIX 3TUM HalPaBICHUSM.

3HAYCHHUs €1, €2 U €3 ONPEACINM Ha OCHOBAHWM NPHUHIMIA HE3aBUCUMOCTH
JNEHCTBUS CUII, ITOCJIEI0BATEIBHO PAaCCMaTPUBasl BIUSAHUE HANIPSIKEHUN O, 02 U 03.

B pesynbrare BO3AEHCTBUS HANPSDKEHUH O] OTHOCHUTENBHBIE Jedopmaruu

PaBHBI

01 01

€11 = —, €231 =€&31=—U-E1]=—U-—. 4.18
=7 21 = €3] -1 M= (4.18)

[IepBrlif MHAEKC MPU € YKa3bIBAaCT HAMIPABJICHUE OTHOCUTEIBHON AedopMaliu,
a BTOpoil — npuuuHy AedopManuu. Tak, HaIpUMeEp, €, ABISIETCS OTHOCUTEIBHOU

nedopmanueii B HalpaBJI€HUU 07, BBI3BAHHOW HAIIPSYKEHUEM 07 .
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AHaJ'IOFI/I‘-IHO, oT BOBI[CﬁCTBHH 072 U 03 MOJIy4YUM

0) 07 02
512=—H'E; 822=E; 832:—H'f; (4.19)
03 03

OtHocuTenbHbIe JnedhopMaIlii, BbI3BAaHHBIC OJHOBPEMEHHBIM BO3JEHCTBHEM
HaIpSKEHUUN 01, 0 U 03, PABHBI
€1 = €11 T €12+ €13;
€2 = €21 + €22 + €23;
€3 = €3] + €32 + €33.
[Tocne 3aMeHbI OTHOCUTENBHBIX Ae(opmMariuii ux BeipakeHusiMu (4.18)—(4.20)

(dbopMyIbl IPUMYT BUJ

€1 z%[m — - (024 03)];
€ = % [02 — - (01 +03)]; (4.21)
€3 Z%[G3—u'(01+62)]-

AHanornyHbsie (QOpMyNIbl MOXHO TOJYYUTh WM JJsl Cyyasi, KOraa TpaHH

QJICMCHTAPHOTIO IapaJuICJICTIUuIICaa HE COBIIAAAIOT C ITIABHBIMHU IINIOIIaIKaAMHU

1
&“=F [ox — - (0y+02)];
€y = é oy — - (ox+07)]; (4.22)

1
&= % [Gz_ K- (Gx+ Gy)] )
E
rae Oy, Oy, 0; — HOPMAJIbHbIC HAMPSDKCHMUSI, ACHCTBYIOIIHE 10 GOKOBBIM
l“paHSIM aﬂeMeHTapHOI‘O HapaJIJIGJIeHI/IHeI[a;

€x, €y, € — OTHOCHUTENbHBIE Ae(OpPMAIIMU €10 pedep.
Boipaxenus (4.21) u (4.22) ycTaHaBIMBAIOT CBSA3b MEXAY JePopMalusiMu U

HAIPSHKCHUSIMU TIPU IPOCTPAHCTBEHHOM (TPEXOCHOM) HANPsKEHHOM COCTOSIHUH,
MO3TOMY HOCSIT Ha3BaHUE 0000ujeHHo20 3axkoHa I yka.

Ilpumeuanue. 3Ot  GOpMyNIbl MNPUMEHUMBI TIPU  HANPSOKCHHSX, HE

IMPCBLIIIIAONINUX IIPCACIa ITPOIMOPIHHUOHAJIBbHOCTHU MaTCpHaJia.
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4.7. 3axoH I'yka 1J1s1 IJIOCKOI0 HANIPSKEHHOI0 cocTosiHusA. O0bemHas nedop-

MAaIUs

CBs13p MEXIY HANPsOKSHUSIMH U JeOopMaIiisMH ONPEACIISASTCS MPUPOIOI
CONPOTHRJICHUS Tena aedopManusIM H, TaKAM O0O0pa3oM, HMEET @uauuecKull
xapakTtep. dusnueckas CTOpOHAa COMPOTHBICHUS MaTepUajoB Oa3upyeTcss Ha
TUIIOTE€3¢ O JIMHEWHOW 3aBUCUMOCTH MEXAY KOMIIOHEHTaMH Jedopmaiuii u
KOMITOHCHTaMHU HANpsDKCHHH B HM30TPOITHOM  YIIPyro—aegopMupyeMoM TBEpAOM
TeJie U ONMPAETCS Ha cieayronme GpakTel, HaOI0gaeMbIe B OTIBITAX C 00pa3liamMu 13
U30TPOITHBIX MATEPUAIOB:

— mpu OceBoM nedopManuu MPU3MATHUYECKOTO, B YACTHOCTH KPYIJIOTO
MUIMHAPUYECKOro, o0pa3lla He MPOUCXOAUT HM3MCHEHHS IepPBOHAYAIHHO
NPSAMBIX YIJIOB MEXKIY JIMHCHHBIMH JJIEMEHTaMH, W3 KOTOPBIX OJWH COBITaJIacT
C OCBIO MPU3MBI, & BTOPOU JICKHUT B IMOIMEPEYHOM CEYEHUHU, TO €CTh B IpPOIECCE
oceBor gedopmaruu oOpaser], U3TOTOBJICHHBIM W3 H30TPOIHOTO MaTepuaia, He
NepEeKaIInBaeTCs;

— mpu  oceBoi Jedopmand  Kpymioro IHJIWHIPUYECKOTO  oOpasiia
IIPOUCXOAUT W ero morepedHas aedopmariis (ogMHAKOBas BO BCEX IOMEPEUHBIX
HaIpaBJICHUSAX), COCTABISIIONIAs  OT  MPOAOIBHOM  jJedopManuu  JI0JIO,
onpenensieMyto kodpdurmentom [lyaccona ;

— MPU YHUCTOM CABUTE H3MCHEHHE YIJIOB MEXKIY TPaHSIMH JJIEMEHTapHOTO
napajuiesienuIie/ia B II0CKOCTAX, apauIeTbHBIX OTHON KOOPJIWHATHOM MJIOCKOCTH,
HE COIPOBOXKJIACTCS M3MEHEHHEM YIJIOB MEXKY OCTAJIBHBIMH T'DAaHSIMH, a CIBHTHU
HE COMPOBOXKIAIOTCSA M3MEHEHUEM JIMHEHHBIX pa3MepoB pedep, TO €CTh CIBUTH HE
CBSI3aHBI C IMHEWHOU Jedopmariuer.

AHAJIUTHYECKHU 3TH 3aBUCUMOCTH ONMHUCHIBAIOTCS YPABHCHUSAMHU, HA3bIBAEMBIMU
00061eHHbIM 3ak0HOM ['yKa (4.22).

B cimyyae miockoro HampsiKEHHOTO COCTOSHUS B (popMynax 000OIIEHHOTO

3akoHa ['yka HE0OX0IMMO TTOJIOKUTH

Oy =Ty =Ty =Ty =Ty; =0; &, =0. (4.23)
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B pesynbrare nosyunm

1
Sx:E'[Gx_H‘GZ];

1 (4.24)
EZ:E'[GZ_H'O-X]‘

Ecim INOJIYYCHHBIC PABCHCTBA PCIINTb OTHOCHUTCIBHO HaHpH)KGHHﬁ, TO

MOy YUM

= 1_u2'<5x+ii'51]§
(4.25)

E
Gzzl_—uz'(ﬁzﬂt-sx]-

BeimenuM B OKPECTHOCTH HEKOTOPOM TOUYKH Tela 10 ero achopmaruu
aJIeMEHTapHBIN Tapajienenumen ¢ peopamu dly, dlr, d/3 Tak, 4TOOBI €ro rpaHu
COBITAJIM C TJIAaBHBIMH TUIOMAAKamu (puc. 4.5).

€pBOHAYAIIbHBIN 00bEM AJIEMEHTAPHOTO Mapajuieienunena OyaeT paBeH
dV =dl; -dl, - dl3.

[Tocne nedopmaniuu AjiMHA Beex pedep napaienenureia i3MEHUTCS U CTaHET

paBHOU
dl]'(l—l—ﬁl); d12‘(1+€2>; dl3-(1+€3).
O0beM napasnesnenurnena nocie aehopmaiuu OyaeT paBeH
dVy =[dl} - (14¢€1)]-[dlr-(14+€3)]-[dlz- (1+¢3)]- =
=dV-(14+¢e1+ert+e3t+er-erter-e3+er-e3+¢€1-€2-€3).

Tak Kak BEIWYHUHBI I[G(I)OpMaI_[I/Iﬁ MaJibl, TO HX IIPOU3BCACHUSIMU MOKHO

npeHeOpedb M0 CPABHEHHUIO ¢ CAMUMHU BendrHamu. Toraa
dv; :dV-(1—|—£1—1—82—|—83>.

OTHOCUTENBHOE U3MEHEHUE 00beMa COCTaBUT C yueToM (4.21)

_dV1—dV - dV'(1+£1+€2—|—83)—dV

0 dv dv

=€1+€&r+¢Ee3—
1-2

E
Mpe1 nonyunnu popmyity (4.26) mist BerauciaeHus 00beMHOM e opMaliim.

— 0= a (o1 +02+03). (4.26)
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4.8. KoHTpoJbHBIEC BONIPOCHI AJIH cCaMONIPOBepKHU 110 Teme «HanpsxenHoe co-

CTOAHHC B TOYKE»

Uto Ha3bIBaCTCS HAMPSHKEHHBIM COCTOSSHUEM B TOYKE?

Kakue miomanky Ha3pIBaIOTCA VIABHBIMHA?

Kakue HanpsikeHUst Ha3bIBAIOTCS TIIaBHBIMU ?

Kakue Tpu OCHOBHBIX BHJIa HAIPSIKEHHOTO COCTOSIHUS B TOUKe Bbl 3HaeTe?

Kaxoe HAIIPS’KCHHOC COCTOAHHUC HA3bIBACTCA OAHOOCHBIM HIJIU JIMHECHHBIM?

AN S

Kakoe HarpsikeHHOE COCTOSIHUE Ha3bIBAETCSI IBYXOCHBIM WJIU TUIOCKUM?

7. Kakoe HampsyKEHHOE COCTOSHHE Ha3bIBAETCA MMPOCTPAHCTBEHHBIM HIIH
TPEXOCHBIM WJIH OObEMHBIM?

8. Ilo xkakoii QopMysie oOmpeAenstoTcs HOPMalbHbIE HAIMPSHKCHUS Ha
HAKJIOHHOM TUIOLIAJKE MTPH LIEHTPAJIbHOM PACTSKEHUU (CKATUH)?

9. Ilo kakoil QopMyrne OIpenaeIsOTCS KacaTelbHbIE HANPSHKEHUs Ha
HAKJIOHHOM TUIONIA/IKE MPU LIEHTPAJIbHOM PacTsHKEHUH (CokaTun)?

10. B kakux ceyeHusix Opyca HOpPMAaJIbHbBIE HAIPSKEHUS MPHU LIEHTPATIbHOM
pacTsiKeHuU (CKaThK ) MPUHUMAIOT HAauOOoJb1Iee 3HaYeHUE?

11. B kakux cedyeHusix Opyca KacaTellbHble HampsDKEHHUS MPU LHEHTPaIbHOM
pacTsoKeHUH (CKaTUW) IPUHUMAIOT HauOOoJIbIlIee 3HaYeHHE?

12. Kakue miomniaaky Ha3pIBalOTCA IVIABHBEIMHU ?

13. Kakue HanpsiKeHUs: Ha3bIBAOTCS TTIaBHBIMU ?

14. Yemy paBHO KacareibHOE HAIPSHKEHUE HA TIIABHOM TTOIIAJIKE?

15. Yemy paBHa cymMMa HOpPMajbHBIX HAIPSHKEHUH 1O JIBYyM B3aWMHO
NEPIEeHINKYISIPHBIM IUIONIAKaM ?

16. B ueM cyTh 3aK0OHA IAPHOCTHU KAaCATEIbHbBIX HANPSKEHUN?

17. Kakue nBe OCHOBHBIE 3aJa4d pPAacCMATPUBAIOTCA B TEOPHUM IUIOCKOTO
HANPsHKEHHOTO COCTOSTHUSA?

18. ITo xakoi dopmysie onpenenseTcs MOJOKEHNUE TTIaBHBIX IUIOMIAJOK MPH
MJIOCKOM HaIps)KEHHOM COCTOSHUU?

19. Tlo kakoii ¢opMmyrne OMNPEnesIOTCS YHCICHHBIE 3HAUYCHHS TJIaBHBIX

HaIIPSHKEHUN TIPU TJI0OCKOM HAIPSYKEHHOM COCTOSIHUM ?
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20. Kak pacnoyioKeHbl IJIOMIAJIKH, TT0 KOTOPBIM JICMCTBYIOT MAaKCHUMAaJbHbIC
(9KCcTpeMasbHbIE) KacaTelbHbIE HaNpsKEHUS NpU  IJIOCKOM  HaNpsKEHHOM
COCTOSTHUM?

21. Kak Ha3pIBaroTCs IUIOIIAJKH, MO KOTOPBIM JEUCTBYIOT MAKCHUMAJIbHBIC
(3KCTpeMalIbHbIE) KacaTelIbHbIEC HAMIPSIKEHUS?

22. Yemy paBHBI HOpMaJIbHbIE HANPSHKEHUS HA IJIONIAIKaX C MAKCUMaIbHBIMU
(9KCTpeMaIbHBIMU) KacaTeIbHbIMU HAIPSHKEHUSIMU MPU [JIOCKOM HaNpPSKEHHOM
COCTOSTHUM?

23. Ilo xakum (hopmysam ONMpeAesIIOTCS YUCICHHBIC 3HAYEHNUS HOPMAJIbHBIX
U KacaTeJbHbIX HANPSKEHUU MO0 HAKJIOHHBIM IUIOLIAJKaM MPU MPOCTPAHCTBEHHOM
(TpexoCHOM) HaAIPSHKEHHOM COCTOSTHUH ?

24. Hanumute dpopMyiasl 06001eHHoro 3akoHa ['yka.

25. Hanumure dopmyny 3akoHa ['yka Juisi TUIOCKOTO  HampsKEHHOTO
COCTOSIHUSI.

26. Ilo kakoit popmyre onpenensieTcs oobemMHas aedopmarius?
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Tema S. IloHsATHE 0 TEOPUAX TPOYHOCTH

5.1. OOwmme mousituss. Kpurepuu npoyHocTH

Baxnenmen 3amayeld MHXXEHEPHOIO pacueTa SIBJISICTCA OLEHKA IMPOYHOCTHU
AJIEeMEHTa KOHCTPYKIIMU MO M3BECTHOMY HAIPSHKEHHOMY COCTOSHUIO, TO €CTh IO
W3BECTHBIM TJIaBHBIM HANPSKCHUSM B KXI0M TOYKE Teja.

Pemenne 3amaun 0 MPOYHOCTH Marepuaia, HAXOASIIETOCS B  CIOKHOM
HAIPSHKCHHOM COCTOSIHHM, OCYIIECTBIIICTCS C IOMOIIBIO TEOPHUU IMPEIACTHHBIX
HAIPsDKEHHBIX COCTOSHUM WIJIM TaK Ha3bIBA€MbIX meopuil npounocmu. Teopuu
MPOYHOCTH MPEACTABIISIIOT COOON TUTIOTE3bI O KPUTEPHSIX, OMPEACIAIONINX YCIOBUS
nepexo/ia MaTeprala B OllacCHOE COCTOSTHUE.

TpyaHOCTh cO37aHUS TEOPUM TPOYHOCTH 3aKITIOYACTCS B HEJOCTATOYHOCTH
IPEJACTABICHUI O BHYTPEHHHX IIpolleccax, IPOMCXOIAIIMX B Marepuaiie. B
CBA3U C OTHM 3a/lada peEIIaeTcs B OCHOBHOM IIyT€M aHaiau3a M 0000IIeHus
AKCIIEPUMEHTAIBHBIX JaHHBIX.

[TocTpoenne Teopuii MPOYHOCTH OCHOBBIBACTCS Ha TMPEATOIOKEHUU O TOM,
YTO MPEACITHbHOEC COCTOSHHE OKA3bIBACTCSI OJUHAKOBHIM W B JIMHCHHOM M B JIIOOOM
CJIOKHOM HaNpsHKEeHHOM COCTOSTHUH.

JIBa kakux 7uOO HAMPSDKEHHBIX COCTOSHUN CYUTAIOTCS PaBHOMPOYHBIMHU
U PABHOOMACHBIMHM, €CIIM OHHU MPH MPOTOPIHUOHATHFHOM YBEIHMUYCHHH TJIABHBIX
HAIPsHKCHUH B OHO M TO YK€ YUCIIO pa3, OJHOBPEMEHHO CTAHOBATCS MPEACIbHBIMH.
B atoMm ciiyuae koadpuiinenTsl 3anaca k; = kp.

Takum 00pa3oMm, paBHOMPOYHBIMU (PAaBHOOMACHBIMU) HAMPSKECHHBIMU
COCTOSIHUSIMU ~ SIBJISIFOTCS ~ HANPSDKCHHBIE COCTOSHUSA, KOTOphIE B 3aJaHHBIX
YCJIOBHSX HMEIOT OJMHAKOBBIE KOXG(OUIIMEHTHI 3amaca, TO €CTh MJis BBIBOJA
UX U3 CTPOsi HEOOXOMMMO ACHCTBYIOIIUE B KaXXJIOM W3 HHUX HArpy3Kd YBEIHYHUTH
B OJHO U TO ke 4ucio pa3. [Ipu stoM mox kodddummentom 3amaca B JaHHOM
HAIPsHKEHHOM COCTOSIHUM TIOHMMAETCSl YMCIIO, TMOKa3bIBAIOIIEe, BO CKOJIBKO pa3s
CleyeT OMHOBPEMEHHO YBEIMYHTH BCE KOMIOHEHTHI HAMPSHKEHHOTO COCTOSIHHS,
YTOOBI OHO CTaJIO MPEACTHHBIM.

JIst 3amaHHOTO MaTrepuaia CpaBHEHHWE HAMPSOKCHHBIX COCTOSHHH MOXKHO
IIPOU3BOJIUTH 10 YUCIIOBOM XapaKTEPUCTHUKE KAaKOTO JIKOO OJHOTO HampsKCHHOTO

COCTOSIHMS, BBHIOMpPAeMOro B KadeCTBE OSTaJIOHA. 3a TaKOW 3TajoOH (SKBUBAJICHT)
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ynoOHee BCEro IMPHUHATH IEHTPAIbHOE PACTSHKEHHE C IVIAaBHBIM HAIPsHKCHHEM O
(puc. 5.1).

1o
| 2
el
01 @ 01 o o
- —_— - e
/
)

Puc. 5.1

Co3naHuio TeopHil MPOYHOCTH MPEALIECTBYET TUIIOTE3a O TOM, Kakoe W3
HaMNpsOKEHUM WM Kakas WX KOMOMHALMS B CJIOXHOM HAmNps>KEHHOM COCTOSIHUU
ompezieisieT NePexo K MPEeNeTbHOMY COCTOSHUIO — BbIpa0aThIBACTCS Kpumepuil
npeoenbHo20 COCMOAHUAL.

YT0oOBl UCTOIB30BATH MPUHATYIO MPEANOCHUIKY (TUIIOTE3Y) PAaBHOIPOYHOCTH,
HEOOXOUMO CBSI3aTh IIABHBIE HAINPSKEHHS JIByX PaBHOOIACHBIX HANPSKEHHBIX
COCTOSIHUI OIPEACIICHHOW 3aBUCUMOCTBIO. JTO OKAa3bIBAETCS BO3MOXKHBIM, €CIIU
M3BECTHA 0011as MpUYKMHA pa3pylleHus marepuana. OJHaKO ONpeaeIeHUE NCTUHON
IPUYKMHBI Pa3pyLICHUs MaTepuana OKa3blBaeTCsl TPYJHON U B HACTOAILEE BpeMs 10
KOHIIa HE pa3pelIMMoi ellle 3ajadeidl. ITo 0OCTOSITENHCTBO HE MO3BOJIAET CO3/1ATh
ennHy1o (0O0IIYyI0) TEOPHUIO MPOYHOCTH M MOBIEKJIO 32 COOOM TMOSBJICHHUE MHOTHX
TEOPUHU.

OOmuM Mpu ATOM SBISETCA MPEANOIOKEHHE O TOM, YTO HaIpPsHKEHHOE
COCTOSIHME B TOYKE OCTaCTCS eOUHCMBEHHbIM OINPEACISIIOUM  (PaKTOpOM
MEXaHUYECKOTO COCTOSIHUS TAaHHOTO MaTepuania.

Kputepriem npoyHOCTH NP JUHEHHOM HAIPSHKEHHOM COCTOSIHUM CUMTAETCS:
HOpMaJbHOE HAINpPSOKEHHE ©O; OTHOCUTENbHas JMHeWHas nedopMmanus — €;
KacaTeJIbHbIE HANPSDKEHUS T; YIeJdbHas MOTeHIMANIbHAs dHEePTrust GOPMOU3MEHEHUS
uop.

[Ipn paccMoTpeHuu MaTepuala, HaXOISIIErocss B CIOXHOM HaNpsKEHHOM

COCTOSIHUH, HEOOXOAMMO BBECTH TOT WJIM MHOM KpUTEPHUI MPOUYHOCTH.
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B 3aBuCHMOCTH OT MPUHUMAEMBIX KPUTEPUEB MMPOYHOCTH IPUMEHSIOT Ty WIU

UHYIO TEOPUIO TPOYHOCTH:

IlepBasi Teopusi MNPOYHOCTH — TEOpUS HAMOONBIIUX HOPMAJIbHBIX
HaIIPSKCHU M.
Bropas Teopusi NPOYHOCTM — TEOpUs HAUOONBIIUX OTHOCHUTEIIbHBIX

JUHENHBIX TepopMaliuil.

Tperbsi Teopusi NPOYHOCTH — Teopus HAMOONBIIUX KacaTelbHbIX
HaIIPSKEHUM.
YerBepras (3Hepreruyeckasi) TeOpusi MPOYHOCTH — TEOPHUS YACIbHOU

NOTEHIMaNbHOU 3Hepruun hopmonsmenenus. Teopus nmpounoctu O. Mopa.

llepsas meopus npounocmu TIPEACTABIAET COOOW THIOTE3y O TOM, YTO
HapylIEHUE IPOYHOCTH MATEPUANIA, HAXOMAILETOCS B CIOKHOM HaIPSKEHHOM
COCTOSIHUH, MPOU30MAET TOrna, Korna HauOOJbIIee PacTATUBAIOIIEE HAIPSHKCHHE
JNOCTUTHET BEJWYMHBI ONACHOM JUIs JaHHOTO Marepuaja Ipu LEHTPAIbHOM
PaCTSKEHUM — C)KAaTUHM. B COOTBETCTBUM C 3TUM, NPH pacdyeTax Ha IMPOYHOCTH
OTPaHUYMBAETCS  BEJIMYMHA  HAUOOJNBIIMX  PACTATHMBAIOIIMX  HaNpsKEHUH,
KOTOpasi He JOJDKHA IMPEBBINIATH AOIMyCKaeMOr0 HOPMAIBHOTO HampshKeHHs [0],
YCTaHABIIMBAEMOTO U3 OMbITA HA 0CEBOE PACTKEHUE (LIEHTPAJIbHOE PACTSIKEHUE).

Ecnu nonmyckaemple HanpspDKEHHs U Marepuana Ha PacTSHKEHHE W CoKaThe
OJIMHAKOBHI (MJIACTUYHBIE MaTepHaJIbl), TO YCIOBUE NMPOYHOCTU O MEPBOIl TEOpUU

IMPOYHOCTH UMECCT BU/I
o1 < [o]. (5.1)

Ecnu ke omyckaeMble HANPSDKCHUS HA PacTsDKEHUE [04] U Ha CKarue [0
pasnuuHbl (XpyIKHE MaTrepuajbl), TO YCIOBHE IPOYHOCTH IO IEPBOH TEOpUU

IIPOYHOCTHU BBIPAKACTCA B BUIAC
01 < [o4]. (5.2)

IlepBass Teopuss MNPOYHOCTH JAET YAOBIETBOPUTEIBHOE COBIAJEHUE C
DKCIIEPUMEHTAIBHBIMU JTAHHBIMU B TEX ClIydasiX, KOIJa ITIJaBHOE HAIPSDHKEHUE O
no abCONIOTHOW BEJNIMYMHE 3HAYUTENbHO Ooublie apyrux. Hemocratok mnepsoi
TEOPUU MPOYHOCTH 3AKIFOYAETCS B TOM, YTO OHA HE YUYUTBHIBAET BIIMSHUE INIABHBIX

HaIPSKEHUU 07 U 03.
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B mpaktrueckux pacuerax mepBas TEOpHUs MPOYHOCTH B HACTOSIIEE BpPEMs
IIOYTU HE TPUMEHSETCS.

Bmopas meopus npounocmu CUUTAET, 4YTO HAPYLIEHHUE POYHOCTH MaTepHUaa,
HaxOILIErocss B CJIOKHOM HAIPSHKEHHOM COCTOSIHUM, IPOM30MIET TOTAa, KOrja
MaKCUMaJlbHasi JIMHEWHAsT OTHOCUTENbHAsA AedopMalusl JTOCTUTHET BEIUYHUHbI
ONACHOM ISl JAHHOTO MaTrepuaa Mpu HEHTPAIbHOM PACTSHKEHUN — COKaTHU.

YcnoBue IMPOYHOCTH UMCCT BHUA
e1 < [g]. (5.3)

JJ1s1 CIIOXKHOTO HANpPS>)KEHHOTO COCTOSIHUS uMeeM (4.21)

1

e1= 5 [o1— (o2 +03)]. (5:4)

JI1st HIeHTpaIbHOTO pacTsKeHus—cxkaTus (3.8)

[e] = [%]. (5.5)

OKOHYATENBHO YCI0BUE MPOYHOCTH T10 BTOPOI TEOPUH IPOYHOCTH UMEET BU]L
01— (02 +03) < [o]. (5.6)

B nHacTosiiiee BpeMst 3Ta TeOpUsi IPOYHOCTH MMPUMEHSETCS TOJBKO IS pacuera
XPYIKHUX MaTepralioB.

Tpemwvsi meopus npouHoCmu CUUTAET, YTO HAPYLICHHUE ITPOYHOCTH MATEPHUAIIA,
HaxXOILIErocss B CJIOKHOM HAIPSXKEHHOM COCTOSIHUM, NPOM30MIET TOrAa, KOrjaa
HanOoJIbIIIee KacaTeIbHOE HAIIPSKEHUE IOCTUTHET BEJIMUUHBI ONTAaCHOM /17151 JTAHHOTO
MaTrepuala Mpy HEHTPATbHOM PaCTIKEHUU—CHKATHH.

VeoBre POYHOCTH 110 TPETHEH TEOPUU MPOUYHOCTU UMEET BH/
Tmax < [T] .- (5.7)

JI7151 C10’KHOTO HAMPSHKEHHOTO COCTOSTHUS uMeeM (4.11)

01—0
Tmax = —( 1 3 3)- (58)
JIJ1st HIEeHTpaJIbHOTO pacTsiKeHus—cxkaTus (4.5)
o]
= —. 59
=" (59)

OKOHYATEIILHO YCJIOBHUC ITPOYHOCTH I10 TpeTBeﬁ TCOPHUHU IIPOYHOCTHU UMCCT BUJ
(o1 —03) < [o]. (5.10)
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Tpetbss TeOopus TPOYHOCTH JAeT  YAOBJICTBOPUTEIBLHOE COBIAJICHHC
pPE3YJIBTaTOB TEOPETHUYECKOTO pacueTa C ONBITHBIMU JAHHBIMH JUISL  Cydas
IJIACTUYECKOTO COCTOSIHUSI Marepuana. J[ms pacuera XpymKHX MaTepuajoB dTa
TeopHsl HEMPUMEHUMA.

HenocratkoM TpeTheidl TeOpWHM TPOYHOCTH SBISAETCS TO, YTO OHAa HE
YYHUTHIBAECT IIPOMEKYTOUHOTO TJIaBHOTO HAIPSDKEHUS 0), BEJIMYMHA KOTOPOTO, Kak
MOKAa3bIBAIOT OMBITHI, BIMSIET Ha IPOYHOCTh Marepuaina. PacxoxeHue pe3yabTaroB
TEOPETHUYECKUX PACUCTOB W ONBITHBIX JAaHHBIX H3-3a HE ydeTa BEJIMYUHBI O)
nocturaet 10 — 15 %.

HecmoTpss Ha TO, YTO TpEeThsS TEOpHS TMPOYHOCTH JaeT MEHEE TOYHBIC
pe3yNbTaThl, 4YeM 4YeTBepTas (PHEepreTHYecKas) Teopus MPOYHOCTH, OHA HapaBHE
C HEW IUPOKO HCIHOJB3YeTCs] MPH pacueTax KOHCTPYKIUNA U3 TIACTUYHBIX
MaTepHaOB.

Yemeepmas meopus npouHocmu (3HepeemudecKkds) CUUTaeT, YTO HapyILICHHUE
IMPOYHOCTH MaTepualia, HaxXOSIIEroCs B CJIOKHOM HamNpsHKCHHOM COCTOSIHUH,
MIPOU30UAET TOT/A, KOI/Ia BEJIMYMHA YJICJIbHOW MTOTCHINAIbHOM SHEPTUHU U3MEHEHUS
dopmbl  (yaenpHas TOTCHIHAIbHAs SHEPrusi (POPMOM3MEHEHUS) TOCTUTHET
BEeJTMYMHBI OTMACHOM I JTAaHHOTO Marepuaja TpH IEHTPAJbHOM PaCTSIKEHUU
— C)KaTuu (B MOMEHT TEKY4ECTH).

YcioBre MPOYHOCTH TO YETBEPTOH (SHEPIETHYECKOM) TCOPHUHU IPOYHOCTH

NMEET BUJI
uo < [uo). (5.11)

Ota Teopus MPOYHOCTU BECHMA XOPOLIO COITIACYETCA C ONBITHBIMU JAHHBIMH
IUTS TJTACTUYHBIX MAaTEPUAIIOB (071 XPYNKUX MAMEPUATIO8 OHA HENPUMEHUMA).

BenuuuHy NOMHOM YAENBbHOM NOTEHUMAIBHOM DJHEPIUM U NPEACTABISAEM
COCTOSIIEH U3 JIByX YacTei: OTHON YacTH, UAYyIIeH Ha N3MEHEHHE 00beMa (TakK Kak
B pe3yJibTare AedopMaliii U3MEHSIETC 00beM), U IPYrod — Ha U3MEHEHUE (HOPMBbI
(Tak KaKk B pe3yabTare TOro, YTo B OOIEM Cilydae 0] # 0p # 03 yIJIWHEHUs pedep
OKa3bIBAIOTCS PA3IMYHBIMH, TIOITOMY U3MEHSIETCS U (hopma).

JleneHne MOJHOM yAENbHOW IOTEHIMAIBbHOW JHEPIMU U IPOU3BOAUTCS IIO

CIEAYIOIIEMY MMPUHIINAIY.
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KEDKI[O@ H3 IJIaBHBIX HaHpiDKeHI/Iﬁ MNpCaACTaBIIsICM B BUJIC CYMMBI IBYX BCJIMUYNH

(puc. 5.2)

01 =00+0]; 0y=009+0% 03=00+0j. (5.12)
] ©3 o %o lo} S o'
02 30 2
o} o' '
l— —-91 = 64- — + 41- —-91
o o| .~ O e
%) Op )
LiJ ,
F l03 S0 Ws
Puc. 5.2

B pesynbrare, HanpsiKeHHOE COCTOsSIHUE pa3z0ouBaeTcs Ha ABa. [lepBoe u3 HUX
MPEACTABIISIET LIEHTPAIbHOE PACTSKEHHUE, & BTOPOE SBIISIETCA JOMOJHUTEIBHBIM K
HEMY JI0 33IAHHOTO HaIPS>)KEHHOTO COCTOSTHUA.

Benuuuna oy nmogdbupaeTcs ¢ TaKUM pacueToMm, 4YToObl U3MEHEHUE 00beMa B
JOTIOJTHUTEILHOM HAIIPSKEHHOM COCTOSIHUM OTCYTCTBOBAJIO, TO €CTh (4.26)

e/: 1_2’“

- (g +05+05)=0 — oj+0,+05=0.

Tak kak
014 02+ 03 =300+ (0] + 05+ 03)

TO
_ 01+02+03
= ; ,
B 3TOM ciyuae cucTeMa CHII MEPBOTO HAMPSHKEHHOTO COCTOSIHUS (0() He

0o (5.13)

IPOU3BOAUT PabOThl HAa MEPEMEIICHHX, BBI3BAHHBIX CHJIAMU BTOPOTO COCTOSHUS
(0”). CipaBemiuBo 1 06paTHOE YTBEPKIEHHE.
Tax kak B3auMHbIE€ paOOThI OTCYTCTBYIOT, TO BHYTPEHHSIS DHEPT U paCIaiaeTCst

Ha JIBE YaCTH, COOTBETCTBYIOIIHE ABYM HAIPSKEHHBIM COCTOSHUSIM
U=uUpg+up — Up=U— Uy (5.14)

[Tonnas sHeprus nedopmMaliviv, HaKarmiuBaemas B €IMHUIIE 00beMa MaTepuaia,

IIpu OAHOOCHOM HAIIPAKCHHOM COCTOSHHH paBHA

u=2°% (5.15)



B of0mem cinyyae oOBEeMHOTO HANPS)KEHHOTO COCTOSHHUS TIPU JICHCTBHH

TJIaBHBIX HaHp}DKeHI/Iﬁ HNMEEM
01°&1 07:&> 03-&3
u= + + .
2 2 2

[ToncTaBuB BbIpaxkeHUs €1, €2, €3 (4.21) u3z ob6oOmeHHoro 3akoHa ['yka B

(5.16)

dbopmMyiy ISl u, IOCJIE HECIOXKHBIX MPEe0Opa3oBaHUMN MOTYUUM

u= % [()'%—I—O‘%—I—O‘%—2LL-(O‘1-O‘2—f—0‘2-0‘3—|—0‘3-0‘1)} ;
1—-2u

C6E

Takum oOpa3oM, B 00IIeM ciayyae 0ObEMHOTO (TPEXOCHOIO) HAIMPSKEHHOTO

(5.17)

Uos = (01 + 02+ 03)°.

COCTOAHUS ITIPpU I[CﬁCTBHH TJIaBHBIX HaH];)fDKCHI/Iﬁ

1—-2
FLL'(GNLG#%)Z;
(5.18)

- (Y%-i—(i%-i—(i%—(o‘l-0‘2—|—O‘2-O‘3—|—O‘3-(71) .

Uop =
1+u
3E
VYienpHy0 NOTeHIIUATBLHYIO SHEPTHIO0 U3MEHEHU s 00beMa HaliieM U3 (OpMYJIbI

up —

JUISL U TIPU LIEHTPAIIbHOM pacTsbkeHuu. meem

(1+w)o”
3E
VYcnoBrue TPOYHOCTH IO YETBEPTON (PHEPreTUUECKOM) TEOpHUU IPOYHOCTH

up — (5.19)

umeeT Bun (5.11)

up < [uo].

Tak Kak Jy1s1 HEHTPAJIBHOTO PACTIKECHUS

I+ l+p
=g el =5 [T

TO YCJOBUE NPOYHOCTH IO YETBEPTOM (SHEPreTHUECKOW) TEOPUHM TMPOYHOCTH

OKOHYATCJIbHO ITPUHUMACT BHU

\/O‘%—I—(Y%-I-G%—O‘l-0'2—0'2-0‘3—0‘3-0‘1<[0']. (5.20)

HoBrrii crioco6 mpoBepKH MPOYHOCTH XPYIMKUX MaTepUaioB ObUT MPEIIoKEH
O. Mopowm. Ero eriie Ha3bIBaIOT meopueti npeodeibHblX HANPSAICEHHBIX COCMOSHULL.

[maBHOE HampspKEHHE 0, BIMAET HA MPOYHOCTh Marepualia HEe3HAUUTEIbHO
(8 mpenmenax 15%). IloaToMy MOXHO cuYuTaTh, 4YTO NPOYHOCTH MaTepuala

OIpCACIIACTCA JINIIDb HauOOIBIINM O 1 ® HAUMCHBIIINM O3 ITTABHBIMHA HAIIPSXKCHUAMMU.
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Takum oOpa3om, pacyeT MPOYHOCTH B OOIIEM ciiydyae OOBEMHOIO (TPEXOCHOTO)
HANPsHKEHHOTO  COCTOSIHUSI CBOJUTCS K pacuery MPOYHOCTH TPU  IUIOCKOM
(IByXOCHOM) Halpsi>KEHHOM COCTOSIHUU.
dopmyrna ycinoBUs MPOYHOCTH 10 Teopuu npounoctu O. Mopa nMeer Buj
[04]- 03
o]

Yenosue npounocmu (5.21) evipascaem ynpowennyro meopuro Mopa.

o] — <oy (5.21)

Teopuss mnpounocth O.Mopa MHUPOKO UCMHOJAB3YETCS TMPH pacyerax
KOHCTPYKIIMI U3 XPYNKHUX Marepuanos. I IIIaCTUYHBIX MAaTEPUAIIOB JI0ITyCKaeMble
HamnpsDKeHHs1 (04| ¥ [0_] Ha LEHTpPaIbHOE PACTSHKCHHE U CXKATUE OAWHAKOBBI U
TeOpUsi MPOYHOCTH Mopa cOBNamaeT ¢ TPeThel Teopuer mpodHocTu. [losTomy
TEOPUIO TPOYHOCTH Mopa MHOT/Ia pacCMaTPUBAIOT Kak 0000IIEHNE TPETHEN TEOPUU
IPUMEHUTEIBHO K XPYIKHM MaTepHallaM, HE OIWHAKOBO CONPOTHBIISIOIIMMCS
PACTSKEHUIO U CIKATHUIO.

Henocratkom Tteopum npoyHoctd Mopa (Takke Kak U TPETbEed TEOPHUH)
ABJISIETCS] IPEHEOPEIKEHNUE BIUSIHUEM ITPOMEKYTOUHOTO IIIABHOTO HANPSIKEHUS 0.

Takum oOpaszoM, AJis pacuera XPYNKUX MAaTepUajoB CIEAYEeT MPUMEHSThH
TEOPUI0 MPOYHOCTH Mopa, yUuThIBasl MIPU 3TOM CJEJaHHBIE BbIIIE 3aME4YaHus 00
o0nacTu ee IPUMEHUMOCTH.

Jlist pacdera IUIACTUYHBIX MaTepUalioB CIEAYET, KaK MPaBWIO, MPUMEHSTh
YETBEPTYIO TEOPHUI0 MNPOYHOCTH. JloMyCcTMMO NpPUMEHEHHWE U TPEThEe Teopuu
IPOYHOCTH, TaK KaK OHA, XOTS U MEHEe TOYHAasl, 4YeM 4YeTBepTas, HO pa3HHIla B

pe3ynbTaTax, Mmojay4yaeMbIX M0 3TUM TEOPHUSIM OOBIYHO HEBEIHUKA.

5.2. KOHTpOJIbeIe BOIIPOCHI IJIdA CAMOIIPOBEPKH MO TEME «Teopnn MMpPO41HO-

cTIm»

1. Kakue HanpsskeHHbIE COCTOSIHUSI HAa3bIBAIOTCS PABHONPOYHBIMU WIIU
PaBHOOMACHBIMU?

2. Kakoe Hamnpsyk€HHOE COCTOSIHHUE MPUHATO MPUHUMATh 3a OSTaJOH
(9KBUBAJICHT)?

3. Uto sBAsiETCS KpUTEPUEM ITPOUYHOCTH MIPU LIEHTPATIBHOM PACTSIHKECHUN?

4. Ckonbko Teopuil npoyHOCTH BhI 3HaeTe?
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Kakas rumnore3a nosyioxkeHa B OCHOBY EPBOM TEOPUU MPOYHOCTH?
Kak BBINISIAUT yCIIOBUE TPOYHOCTH MO MEPBON TEOPUU MTPOUYHOCTH?

B dem 3akiroyaeTcst HEAOCTATOK MEPBOM TEOPUH MPOYHOCTU?

P N AW

Kakas rumnoresa 1ojokeHa B OCHOBY BTOPOW T€OPUU MPOYHOCTH?

9. Kak BBIIISAUT yCIOBUE MPOYHOCTHU MO BTOPOIl TEOPUHU MTPOYHOCTH?

10. Jlnsg pacuera Kakux MaTepHUalioB IPUMEHSETCS BTOpasi TEOPUsI TPOYHOCTH ?

11. Kakas runoresa nojiokeHa B OCHOBY TPEThEH TEOPUU MTPOYHOCTH?

12. Kak BBINISIAUT YCIOBUE IPOYHOCTHU IO TPETHEW TEOPUU IPOYHOCTHU?

13. B dem 3akirouaercss HEJOCTATOK TPEThEN TEOPUHU MTPOYHOCTH ?

14. Jlng pacuera Kakux MaTe€pUaIOB IPUMEHSAETCS TPEThS TEOPUSI TPOUYHOCTH?

15. Kakas runotesa mojokeHa B OCHOBY YETBEPTOM TEOPHUU MPOUYHOCTH?

16. Kak BBINISIAUT yCI0BUE IPOYHOCTH IO YETBEPTON TEOPUU TPOYHOCTHU ?

17. qna pacuera Kakux MATEpPUAIIOB IPUMEHSAETCA YETBEpPTas TEOpuUs
IIPOYHOCTH?

18. Kak BBIIAAUT YCIOBUE MPOYHOCTH MO Teopuw mnpoyHoctu O. Mopa
(Teopum MpenebHBIX HAMPSHKEHHBIX COCTOSTHUM)?

19. Jlnda pacyeTa kKakux MaTepuasoB IpuMeHseTcs Teopus npounoctu O. Mopa
(Teopusi IpeAeNIbHBIX HAPSKEHHBIX COCTOSIHUIN)?

20. B yeMm 3axirouaeTcsi HeAOCTAaTOK Teopuu npoyHoctd O. Mopa (Teopun
peleNbHbIX HAMPSKEHHBIX COCTOSHUI)?

21. Kakwue Teopuu mpOoYHOCTH MPUMEHSIOT OOBIYHO TIPH PaCUETe TIIACTUYHBIX

MaTepuasoB
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Tema 6. CaBur

6.1. IloHsiTMe 0 YMCTOM CABHMIE, KAK YACTHOM CJy4Yae MJIOCKOr0 HANPSAKEHHO-

ro COCTOAAHUA

Hedopmarus cnBura oOpa3yeTcss TpPH CMEIICHUH OHOTO CEYCHHS
TeJa OTHOCHUTEIbHO JIPYroro MpyW HEU3MEHHOM pACCTOSHUM MEXIy HUMH H
COTIPOBOXK/TACTCSI BOSHUKHOBEHUEM KacCaTeIbHBIX HAITPSIKESHU.

Jletanu, ciyxame Uil COCAWHCHHUS OTACIBHBIX JJICMEHTOB MaIllMH |
CTPOUTENBHBIX KOHCTPYKIIMA — IIMWIBKH, 3aKJICNKH, OOJIThI, CBapHBIC IIBHI,
BPYOKH U JIp. BO MHOTHX CITy4asiX BOCIPUHUMAIOT HArpy3KH, IEPHICHANKYIIPHBIE K

Hnx HpOI[OJIBHOfI OCH, TO €CTh UCIIBITHIBAIOT I[e(l)OpMaI_II/IIO caBHTra.

Onpenenenue 6.1 Yucmoim cosucom Hazvieaemcs maxkou 6uU0  NIOCKO20
HANPANCEHHO20 U 0eDOPMUPOBAHHOSO0 COCMOAHUS, NPU KOMOPOM NO Yemblpem
2PAaHAM BbIOENEeHHO20 dleMeHma 6 6uoe NPSIMOY20IbH020 Napaieilenuneod,
OPUEHMUPOBAHHO20 ONPEOEIeHHbIM 00PA30M, OelCm8YIOm MONAbKO KACAMENbHbIE

HANDAINCEHUA.

6.2. Jledpopmanusi npu caBure. 3akoH I'yka npu 4ucTomM caBure

PaCCMOTpI/IM QJICMCHT, 110 I'paHAM KOTOPOI'O I[GI‘/IICTBYIOT TOJIBKO KaCaTCJIIbHBIC

Hanpsbkenus (puc. 6.1).

e 1,
a B
vl T/
11"7/’ T/
/ /
// //
C / Yoo 4 /. /d
Puc. 6.1

HwxHioro rpanbs OyieM cudTaTh 3aKpeIuieHHOW. DTO JOMyCTHMO, TaK Kak
u3yJaroTcs Aedopmaliuu 3JIEMEHTApHOTO Mapalijieienuneaa, a He ero nepeMenieHus

KakK TBEpOro Tea.
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Hampspkennoe cocrosiHue, u300pakeHHOEe Ha puc. 6.1, mpeacTaBiseT
co0oi uucThii caBur. B pesynbrare nedopmainuu JIHHBI peOep 3JIEeMEHTApHOTO
napajuiesienuIea He U3MEHSIOTCS, a U3MEHSIIOTCS JIUIIb YIJIbl MEXAY OOKOBBIMU
TpaHsIMH — TICPBOHAYAIBHO TMPSMBIC YIIBI CTAHOBATCA DPABHBIMHU: YTOJ TIPH
BEPIIMHE ¢ CTAHET PaBHBIM 5 — Y, @ YTOJl IPU BEPLIMHE @ CTAHET PAaBHBIM 5 + .

Yron vy SBISICTCA MEpOW WCKaKeHUs (DOpPMBI 3JEMEHTa IpU CIABHUTE U
Ha3bIBACTCS Dehopmayueli cosuea.

Kaxnmas w3 rpaHeil sieMeHTapHOro TmapajuieNienuiena mnpu achopMmaruu
YUCTOTO CJBUTA TIEPEMEIIACTCS OTHOCHUTEIBHO TPOTHUBOIOJIOKHOW TpaHW Ha

BCIIMYUHY A, Ha3bIBACMYIO a0COIIOTHBIM CABHUIOM.

Onpenesenue 6.2 Beruuuna, Ha KOmMopylo  cMeCmuiacb OOHA  CHMOPOHA

OMHOCUMENbHO OPY20ll, HA3bl8AEeMCsl aOCONOMHbIM cosueom (A).

Onpenenenue 6.3 Omuowenue adbCconoOmMHo20 cO8USA K PACCMOAHUIO MENCOY

npomueonOJONCHbIMU SPDAHAMU HA3blEAEMCCAl OMHOCUMETbHBIM COBUSOM.

[Tpu manbix gedopManrsax OHO paBHO BEIMUHMHE yIVIa CBUTA Y — U3MEHEHHUS
NEPBOHAYAIILHO MPSMBIX YIVIOB MEXKIY OOKOBBIMM T'paHSIMU Hapajuiesienumesaa, Tak

KaK

tgy =v.

AOCONIOTHBIN CABUT BBIpa)KaeTcsa B Mepax JIMHbBI, @ OTHOCUTENIbHBIN CIBUT —
B paJvaHax.

BenuunHa y, Kak MOKa3bIBAaET OMNBIT, MPSAMO MPONOPUUOHAIbHA BEJINYHUHE
KacaTeJbHbIX HaIPSKEHUI. JTa 3aBUCUMOCTh MEXIY Y U T HA3bIBACTCS 3AKOHOM

I'yka npu cosuzce, u BbIpakaeTcs B BUJIE
T
Yy=—= wm T=G"Y. (6.1)
G

Koadpduument mnponopunonaisHocty G B ¢dopmynax (6.1) Ha3zbIBaeTcs
MOOyiemM cO8u2a, Uiu Mooyiem ynpy2ocmu 6mopo2o pood.

Mogyns cnura G saBisieTcd  (PU3MYECKOM TOCTOSIHHOM — MaTrepuana,
XapaKTEePU3YIOIIeH ero IKEeCTKOCTh, TO €CTh CIIOCOOHOCTh COMPOTUBIATHCS YIPYTHUM
nedopmanusiM pu CABUTE.

Mopnyne caura G, Kak U1 MOJYJIb YIIPYTOCTH IEPBOTO pona £, BhIpa)kaeTcs B

KT’ H

W,WI/IT.I[.
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Jlepopmaruu caBura MoKHO ompeaensaTh 1o dopmysne (??) HE TOILKO HPH
YHCTOM CABHUTE, HO U B O0IIEM CITy4ae MIIOCKOTO HAMPSKEHHOTO COCTOSTHHSI, KOT/Ia 0
OOKOBBIM TpaHsIM Mapalijieienuneaa ISHCTBYIOT He TOIBKO KacaTeabHbIe, HO TAKKe
¥ HOpPMaJIbHBbIC HANPsDKCHHUS. DTO SIBISICTCS CICACTBUEM TOTO, YTO HOPMAaJIbHBIC
HAIPsHKCHUST BBI3BIBAIOT JIMIIB IOCTYMATENbHBIE MEPEMEIICHUS OOKOBBIX TpaHei

MapaJuICICIUIICaa U HE BbI3BIBAOT U3MCHCHUS CTO IIPAMBIX YITIOB.

6.3. 3aBucuMOCTH MexAy TPeMsl YIPYTUMH MOCTOSAHHbIMY E, G U L

YuCThIM CIBUTI — €CTh YaCTHBIM CIIy4Yal INIOCKOTO HAIIPSKEHHOTO COCTOSHUS

IIPU HAMIPSDKEHUSIX 0] = 0; U 03 = —0 (puc. 6.2).
a 3 0 3
A‘f °
|5
/ﬁ\
Y N
— A G—»
>—1 G‘Zf < C >51> 1
\D 17
N7
TD
o
r
Puc. 6.2

JI71s1 TUTOCKOTO HampsiKeHHOTo coctosius (o« = 11/4) umeem (4.15) u (4.16)

Ox=0/24+(—0)/2=0; T4=[0—(—0)]/2=0. (6.2)
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PaccmoTpuM BbIieNIEHHBIN 37eMeHT (puc. 6.2,a). /Inaronans BD WCTIBITHIBAET
nedopManuio cxKaThs, XapakTepru3yeMoe OTHOCUTEIIBHOM JTMHEHHOM nedopmaliiei
€3, a quaroHasnb AC — yJIMHEHHE, XapaKTEPU3yeMO€ OTHOCHUTEIIBHOU JIMHEUHON

nedopmarueii €1 (puc. 6.2,0).
N3 3akoHa ['yka AJis III0CKOTO HApsHKEHHOTO COCTOsIHUSA uMeeM (4.21)

1
g1 =201 —p-0y) = (1+u) ()
1 If ’ § (6.3)
E'[Gz—u'ﬁl]:E'(lJrH) f(lJrH)

PaccMoTpuM BbIZIEIEHHBIHN 3JIEMEHT nocie Aedopmanuu (puc. 6.2,8)

AAC 1

&y =

ABD |
BiD,=BD+ABD=BD-(1+2°2) —BD.(1+ey) =BD- (1 ——H.¢) .
BD E
Orcrona
A1Cy AC l—i—u
oc, =" 2 (g :
1 5 (-l— £ T)
BD, BD |
OB = 2L B2 (1R ).
2 T 2 E
t(p_OBl_l_l%L T
*PTo0 Ty
Hmeewm (puc. 6.2,r) st @ = § — &

_>

) (E_z)_l—(1+u)T/E_l—tg(v/Z)
\472) T I+ (+wt/E - T+g(y/2)
l—vy/2 1-(1+u)T/E . 21+t
1+y/2 1+(1+w)/E YT,

VYuuteiBas, 4To 3aKoH ['yka rpu yuctom casure umeet Buj (6.1)

TZG"Ya

HOJIyYUM

E
6= (6.4)
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rne £ — wMoaynb ynpyroctu neporo poaa (Moayins FOHra);
G — WMoaylb YIPYroCTH BTOPOTro pojaa (MOIYJb CIBUTA);

u — xkodpdumment Ilyaccona.
®opmyna (6.4) BbIpaKkaeT 3aBUCUMOCTh MEXIYy TpeMs YHOpyTrUMHU

MOCTOAHHBIMU E, G U L.
Koaddumment Ilyaccona (L 1y1s pa3IMuHBIX MaTepragioB uMeeT 3HaueHue ot 0

npumepHo 10 0.5, To ecTh
0<ug0.5.

CrnenoBatenbHO, HA OCHOBaHUU (QopMmyibl (6.4) BeTUYMHA MOAYISL YIIPYTOCTU
BTOpOro pona (Moxynst casura) G cocrasisieT ot 0.33 g0 0.5 BeIUYUHBI MOIYJIS
yOpyroctu nepsoro poaa (moayns FOnra) E.

JUia OOoNpIIMHCTBA MAarTe€pUalioB, B TOM 4YHCIE€ W JUId CTalld, MOXHO

npubamxeHHo npunumarbh G ~ 0.4E, cienoBaTenbHO, IS CTaIu

G~ 0.4E ~2.1-10°-0.4 ~ 0.8 - 10° [K—g]
CM

6.4. KOHTpOJIbeIe BOIIPOCHI IJIA CAMOIIPOBECPKH 110 TEME «CI{BI/IF»

1. Kakoii Bua nedopManiviy Ha3bIBa€TCs YUCTHIM CIABUTOM?

2. Kakoe nepemerieHrue Ha3bIBaeTCsl a0COTIOTHBIM CABUTOM?

3. Kakas BenMuuHa Ha3bIBACTCS OTHOCUTEIHHBIM CIIBUTOM?

4. Kak uuraercs 3akoH ['yka nipu casure?

5. Kakoii popmyrnoit BeipaxaeTcst 3akoH ['yka npu cipure?

6. Kakas BenuunMHa Ha3bIBA€TCS MOAYJIEM CJBHUIa WIM MOJYJIEM YIPYTOCTH
BTOpOTO poaa?

7. OT yero 3aBUCAT 3HAYEHUS] MOAYJIS CABUTA?

8. B Kakux eIuHUIAaX U3MEPSAETCS MOAYJb CABUra?

9. Kakoe BbIpa)kK€HUE MOKA3bIBAECT 3aBUCUMOCTb MEXKIY TpEeMsi YHPYTrUMH

MOCTOSSHHBIMU E, G 1 |L?
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Tema 7. Kpyuenue

7.1. OcHoBHble moOHATHSA. KpyTsimuii MoMeHT

Onpenenenue 7.1 Kpyuenuem Hazvisaemcs maxou 8u0 0e@opmayuu CmepiIcHs, npu
KOMOPOM 8 €20 NONEPEeUHbIX CeUeHUsIX BO3HUKAEm MOJIbKO 00HO GHYMpPEHHee YCUlue
— kpymawut momenm My, a 6ce npouue enympennue cunosvie gpakmopul (N, Q u

M,;.) pasuwl nynro.

Takum o0pazom, KpydyeHue — 93TO Takas Jedopmanus, KoTopas
CONIPOBOKJIAETCS MTOBOPOTOM IIONEPEYHBIX CEYEHHUM CTEPKHS BOKPYTI HEKOTOPOU
OCH NIPU HEM3MEHHOM PACCTOSSHUM TOYEK 3THX CEYEHUW OT Ha3BaHHOW ocu. Ecin
CEUYEHHUSI CTEP)KHS UMEIOT JIBE OCM CUMMETPHUH, TO 3a OCh BPAILICHUS TPUHUMAETCA
reoMeTpuuecKas ochb CTepxHs. Takas aepopmaiusi, B YaCTHOCTU, UMEET MECTO
B TOM CJyd4ae, KOIZla K KOHIAM CTEpXKHs IPUIIOKEHBI CHUJIbI, KOTOPHIE CBOASTCA
K IPOTUBOIOJIOKHO HANPABICHHBIM IapaM CHUJ, JEUCTBYIOIIMM B ILIOCKOCTSX
KOHUEBBIX MMONEPEYHBIX CEYECHUI U UMEIOIINM PaBHBIE MOMEHTHI.

C KpyyeHHEM Ha NMPAKTHUKE MPUXOAUTCS BCTPEUATHCS TOCTATOYHO YACTO: OCH
NOJIBM’)KHOTO COCTaBa, TPAHCMUCCHOHHBIE BaJlbl, BUHTOBBIE IPYXKUHBI, JIEMEHTBI
NPOCTPAHCTBEHHBIX KOHCTPYKIHMM M OOBIKHOBEHHBIH 3aMOYHBIM K04 — BCE 3TO
IpUMEPHI CTEPKHEHN, paOOTAIOIINUX HA KPYUECHHE.

HccnenoBanusi MoKazajld, 4YTO Xapakrep JedopMaluu CKPyYMBAEMOIO
CTEpKHSI B 3HAUUTEJIbHOW CTENEHU 3aBUCHUT OT (DOPMBI €r0 MOMEPEUYHOI0 CEUEHHUS.
Cpenu ctep:kHel ¢ pa3iuyHbIMH (OpMaMH MOMEPEUYHbIX CEYEHUH, MOABEPraeMbIX
KpPYUYEHUIO, HauOOJbIlIee PACIPOCTPAHEHUE MONYUHIIA CTEPKHHU C KPYIVIBIM HIIU

KOJIBLIEBBIM CEUCHHUEM.
Onpenenenne 7.2 Cmepowcnu, pabomarowjue Ha KpyueHue, Ha3vl8alOmcs 8ALAMU.

Ecnu nipsiMoli cTep:KeHb HAXOJIUTCSA B COCTOSIHUM TOKOS WJIA PABHOMEPHOTO
BpalleHus1, TO ajredpandeckas CymMMma BCEX BHEIIHUX CKPYUYHBAIOIIUX MOMEHTOB,

IIPUJIOKEHHBIX K CTEPKHIO, paBHA HYJIIO.

ZM@ = 0.
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KPYTHH_[I/IG MOMCHTBI, BO3HHKAIOIIHC B IIOIICPCUYHBIX CCUCHUAX Bajiad,
OIIPCACIIAIOTCA 110 BHCIOHUM CKPYYHMBAOIKMM MOMCHTAM C IIOMOIIBIO MCTOOA

CEUYECHUI.

Onpenenenue 7.3 Kpymsawuiti momenm 6 HNPOU3BOTbHOM NONEPEUHOM CeYeHUU
8a/1a YUCTIEHHO PABeH aNeeOpauyecKoll Cymme GHeWHUX CKPYYUBAOWUX MOMEHMOS,

NPUTLOIHCEHHBIX K CMEPIHCHIO NO odHy CNMOpPORY om paccmampueaemoco CEYEeHUA.

B npocrenimem ciydae, Korga CTEPKEHb HATPYKEH TOJIBKO JIBYMsI PaBHBIMHU
Ipyr JOpyry IO BEJIMYMHE M HAINPABICHHBIMU B IPOTHUBOIOJIOKHBIE CTOPOHBI
BHEITHUMH MOMEHTaMHU, KPYTAIIUHA MOMEHT B JIOOOM MOMNEPEYHOM CEUEHUU
CTEPIKHS 10 BEJIMYMHE PABEH BHEIIHEMY MOMEHTY.

B Oonee cnoxHBIX cilydasX, KOrJa K CTEP)KHIO IPUIOKEHO HECKOJIBKO
BHEIIHUX MOMEHTOB, KPYyTSIIME MOMEHTHI B IONEPEYHBIX CEUYECHMSIX Pa3IUYHBIX
y4acTKOB OydyT HEOJJUHAKOBBI.

W3meHeHnne KpyTSIIUX MOMEHTOB 110 JITMHE CTEPKHS N300paxatoT rpaduyecku

B BUJC SIIOP KPYTAIIUX MOMCHTOB.

Onpenenenne 7.4 [paguk, usobpasxcarowuii 3akoH uzmeneHus M, 6001b

2eomempuqe01<0ﬁ OCU CMEPIICHA, HA3blEAEMCCA SI’HOPOZZ KpymAauux MOMERMOe.

Opounamsl  5mou  2ni0pvl  NPeocmasiaionm Ccooou HUCieHHble 3HAYeHUS
Kpymawux mMomenmos M, 6 coomeemcmeyouux ce4eHusx CmepiCcHs.

[IpaBuna mocTpoeHus 3TUX 3MI0p My NPUHUIMIIMAIBHO HUYEM HE OTIIMYAOTCS
OT MOCTPOEHUS SMIOP APYTUX BHYTPEHHUX YCUIIUM.

[Ipyu pacyerax Ha MPOYHOCTH M KECTKOCTh MPU KPYUYEHUU 3HAK KPYTSAILLIETO
MOMEHTAa HE MMEET 0CO0O0ro 3HA4eHHs, HO JUIsl yIoOCTBa MOCTpOEHUs »>miop My
OOBIYHO MPUHUMAIOT CJIEAYIOUIEE MPABUIIO 3HAKOB.

HDCIGMJZO 3HAKOG. prmﬂu;uu” MOMEHM 68 pACCMAMPUBAEMOM CEHEHUU CMEPIHCHA

cuumaemcs noJI0HCUMENbHbIM, eCllU npu 83ens10e co CNOpPOHbL npOGGC)GHHOZO ceyeHrusl

BHEUHULL MOMEHM Hanpaesjlen npomue X00a yacoeol CmMpeilKU.
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7.2. OmnpenejeHue KPyTALMX MOMEHTOB 110 MOIIIHOCTH «/N>» U YMCJIy 000POTOB

BaJIa «n»

[Tpu pacueTe BajaOB Ha MPOYHOCTH OOBIUHO 33ACTCSA HE KPYTSAIIMH MOMEHT, a
MOIITHOCTh N, TiepeiaBaeMasi BaJioM, U YiCI0 000pOTOB BaJia A.

BreiBenem dopmyity uisi ompeselieHus KPYTAINIET0 MOMEHTa IO 3aJaHHOM
MOIIHOCTH N ¥ 4ucily 000pOTOB Baja 7.

M3 MeXaHMKH HaM H3BECTHO, YTO MOIIHOCTh BPAIIAIOIIEIO MOMEHTA paBHA

MOMEHTY, YMHOKEHHOMY Ha YIVIOBYIO CKOPOCTBH W, TO €CTh

WM w=M "
e A

C npyroii CTOPOHBI, €CJIM MOIIHOCTh N 3a/laHa B JOmaauHbIX cunax (1i1.¢c =

755, 1O

o e

KT - M
W =175-N [ } .
c
CnengoBareabHO,
M- Z"—75.N
©30 '
Otkyna
30-75-N N
My=———=716.2-—[kr-Mm].
m-n n
UIn
N
My = 71620 — [kr-cM], (7.1)
n
rme N — MOIIHOCTb, IIepeiaBacMas BajioM, B JI. C.;
n — 4uciIo 00OpOTOB Baja, B 00/MHH.
Ecnu momHOCTE N 3amana B kuoBaTrTax (1 kBT ~ 1.3611. ¢.), TO
N N
My =71620-1.36-— =97360 - — [kr-cm], (7.2)
n n
rme N — MOIIHOCTh, IepeIaBacMas BajioM, B KBT;
n — 4YHUCIIO0 00OPOTOB Baja, B 00/MUH.

[Tomydyennbie (OpMyNbl MOKA3bIBAIOT, YTO CKPYYUBAIOIIUNA MOMEHT TEM
MEHbIIIE, YeM Ooublle 4uciio 000poToB Baja. ClenoBaTrenbHO, NPU NPUMEHEHUN

OBICTPOXOHON MAIIIMHBI, JACNaloNe OOJbIIOe YHCIO 000POTOB, HArpy3Ka Ha Bal
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IIPU OJHOW U TOW K€ MOIIHOCTH IOJIYyYaeTCsd MEHbBIIE, YEM B TUXOXOJIHOM MAIIIMHE,
MOATOMY JWaMETp Baja, a, CIASAOBaTeIbHO, M pa3Mephl MAIIMHBI MPU OOJIBIITNX
guciiax 000pOTOB YMEHBIIAIOTCS. ITO OOBSICHSIETCS TEM, UTO ITPHU paboTe C OOIBIINM
YUCIIOM OOOPOTOB YBEIWYUBACTCS IyTh, Ha KOTOPOM IPOU3BOAUTCA paboTa, a
MIOTOMY MOJIy4aeTCsd SKOHOMHMSI B cwie. Ha 3TOM OCHOBBIBA€TCS BBITOAHOCTH

IMPUMCHCHUA 6BICTpOXO)1HBIX MaliuH.

7.3. Onpenesienne HANPSIKeHU U eopManuii Npu KPy4YeHUH BaJia KPyIJioro

MOIECPECIHOI0 CCHCHUS

[Ipu BBIBOZE (pOopMYH JUIsl OMPENCIICHNUS HANPSDKEHUN M yTiia 3aKpy4UBaHUS
IpU Kpy4YeHUH BaJla KPYIJIOrO CEYEHHUs IpearnoiaraeM, 4Yro marepuai padoTaeT B
npenenax npornopuOHAIbHOCTH, TO €CTh BBINOIHSAETCA 3aKoH ['yka.

AHanu3upys HalpsHKEHHOE COCTOSHUE CTEP KHEH MpU KpydeHUH HEOOXOAMMO
UCXOJIUTh U3 JACHCTBYIOIIMX B HEM BHYTPEHHUX YCHJIUN.

B paccmarpuBaeMoM cllyda€ B CEUEHHWM Bajla BO3HUKAECT €IMHCTBEHHBIN
cuioBoil (akrtop — KpyTAMid MoMeHT My (puc. 7.1), Tak Kak, COINIACHO
onpezenenuto, N = Qy = Q, = 0; My, = M, = 0.

CocTtaBuM ypaBHEHHE paBHOBECHS (CTATHKHU)

Y Mc=0 — MK—IT-pdA:O.
A

-~ dA

\ \\ N
] | \MK T
LY
/
/ /
|

X

QOONUONNNONNNNNANNNNNN

Puc. 7.1
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Otkyna

MK:f’t-pdA, (7.3)
A

IJIe T — KacareJibHOE HAMNPSKEHUE, NCHCTBYIOIIECE B 3JIEMEHTAPHOM TIomaake dA,
PAacCTOJIOKEHHON Ha PACCTOSTHUM P OT LIEHTPA TXKECTH CEUEHHUS.

[IpoBeneM onbIT HA 3aKpyYHBaHUE CTEPKH4A. [[peBapuTeIbHO HAHECEM Ha BaJl
CETKY, COCTOSIIEH U3 JIMHUI MapaiIeIbHBIX OCH, U JTUHUHN, MPEJCTABIISIONINX COO0M

napa’suieibHbie Kpyru (puc. ?7?).

/[ / / /

N\ \ \ \

~ N A N

Puc. 7.2

JIns BBISICHEHMS XapakTepa paclpeles€HUsl HalpsKEHUH 10 CEYEHUIO
paccMOTpuM KapTHHY AedopMalluy Baja Mpu KPyUEHUH.

Kak moka3pIBarOT 3KCHEPUMEHTHI, II0CJIE 3aKPYYMBAHUSA IPAMOYIOJIbHUKU,
oOpa3oBaHHbIE CETKOH, mepekamuBatoTca. KOHTyphl MONEpEeYHBIX CeUEeHUU
(mapanienbHBIX KPYrOB) HE HCKPHUBISIIOTCS W PACCTOSIHUSL MEXAY HHUMHU HE
U3MEHSIOTCA, @ OCh CTEPKHSI OCTACTCA NPAMOJUHENHONW. Paanycel, NpoBeEHHBIE B
TOPLIEBBIX CEYECHUAX BaJIA, OCTAIOTCS IIPSIMBIMHU.

Tak Kak paccTOsSHUSA MEXAY MONEPEUYHBIMU CEYEHUSMHU IPAKTUYECKU HE
MEHSIETCS, TO 3TO O3HAYaeT, YTO NPOAOJIbHBIE BOJIOKHA HE YUIMHAKOTCA U HE
YKOPAYMBaKOTCS.

[Ipy KkpydeHUU MPOUCXOAUT ITOBOPOT OJTHOTO CEYEHUSI OTHOCHUTEIBHO APYroro
HA HEKOTOPBIN YIOJ @, HA3b18AEMbllL Y2/IOM 3aKPYYUBAHUA.

OTO CBHUIETEILCTBYET O TOM, YTO MPU KPYyUYEHUU BO3HUKAET AedopMarus
YUCTOTO CJBUIA.

Ha ocHOBaHMM 3THX SKCIIEPUMEHTANBHBIX JAHHBIX CTPOUTCS TEOPUSI KDYUEHHS
KPYIJIBIX CTEP/KHEMN, B OCHOBY KOTOPOH IMOJIOKEHA TUIIOTE3a IJIOCKUX CEUEHUM.

[Ipenmnonoxum, 4To:
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— TONIEPEYHBIC CEUEHUS CTEPIKHSI, TUIOCKHE M HOPMaJIbHBIE K €T0 MPOI0JIbHOM
ocu 10 nedopmanuu, OCTAIOTCA IUIOCKUMU M HOPMaJbHBIMM K HEW M mocie
nedopmaruu (TUIOTE3a TUIOCKUX CEUCHHN ),

— paJnycChl TOMEPEYHbIX CEUECHUU Mpu Aedopmalii HE HUCKPUBISAIOTCS U
COXPAHSIOT CBOIO JITUHY;

— paccrosiHusi (BIOJb OCH CTEPXKHS) MEXKIY IONEPEUHbIMU CEUCHUSIMU
CTepKHS Ipu AedopMallyd HE HU3MEHSIOTCS, TO €CTh JUIMHA CTEPXKHS OCTaeTcs
IIPEKHEN;

— MPAMOJUHENHAs OCh CTEPKHS (OCh KPYUEHHUS ) OCTAETCS MPSAMOINHENHOMN 1
nociie aedopMainu, a BCe MonepeyHble CEUCHHsI CTEPKHS TTIOBOPAUYUBAIOTCS BOKPYT
ATON OCH MO OTHOLIEHUIO APYT K APYTy Ha Yroi .

CripaBeJIMBOCTh MPUHATHIX THIOTE3 MOATBEPKIAETCS TEM, YTO MOITYYSHHbIE
Ha UX OCHOBE (POPMYIIBI XOPOIIO COTIIACYIOTCS C IKCIIEPUMEHTAIbHBIMU JTAHHBIMH.

Ha ocHOBaHMM TPHUHATBHIX JOMYIIEHUH KPY4YEHUE KPYIIBIX CTEpIKHEH
MOKHO TPEACTaBUTh KaK PE3yJabTaT CIABUTOB, BBI3BAHHBIX B3aUMHBIM ITOBOPOTOM
HOMEPEYHbIX CEYEHUI OTHOCUTENIBHO APYT ApPYTa.

BcneactBue 3TOro B MonepeyHbIX CEUEHUAX BO3SHHUKAIOT TOJIBKO KacaTeabHbIE
HaNpsOKEHUs T, @ HOPMaJIbHbIE HAMIPSHKEHUSI G PaBHBI HYJTIO.

JIByMsl TOTNEpeYHBIMH CEUYEHHMSIMH BBIICIIMM M3 paccMarpuBaeMoro Opyca,
TIOJIBEP’KEHHOTO NehopManvi KpydeHHUs, y4aCcTOK JJIUHOW dx M PacCMOTPUM €ro
nedopmaruro.

Brigenum sneMeHTapHbiif 00beM HapyKHOTO ciios (puc. 7.3)

Cwmetenus Touek A U B paBHBI

r-(g+de)—r-@ _ . do
dx dx’
ByneM cuuTarh CTEPIKEHD KECTKUM, YIIIbI IIOBOPOTA MAIIBLIMH, II03TOMY

AA =r-(¢p+de); BBi=r-@ — tgy=

tgy ~vy.
CraenoBaTenbHO,
do
=r—. 7.4
Y=ry (7.4)

BoiienieHHBIN 3JIEMEHT UCTIBITHIBACT e OpMaIliio YUCTOTO caBura (puc. 7.4).

3akoH I'yka mpu ynctoMm ciapure umeet Buj (6.1)
T

== — T1T=7v7-G.
Y=5 Y
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———
Yy /i
ds
4 N
0 o+do
X dx
o

74y
5522
/////,,///

Nnu ¢ yuetom (7.3)

d
T= <Ga(p> -7

Tak kak IIpHU 3aKpYYHBAHHUHU ITOIICPCUHBIC CCUCHHA BaJla OCTAKOTCA IIJIOCKUMU,

a paauychl OPSIMBIMH, TO BBIPAXKEHUS JIs YIVIA CIBUTA U KACATEIbHBIX HAIIPSKEHUM

B CCYCHHH HA PACCTOAHHU P OT HECHTPA €ro MOXKHO IIPEACTABUTb B BUJC

B d(p_ B de
Yo=1P I Tp—(G dx> . (7.5)

Taxum 00pa3oM, KacaresbHbIE HANPSIKEHHUA T, B MONEPEYHOM CEYEHUM Baja
MU3MEHSETCS 110 TUHEHHOMY 3aKOHY.

[ToncTaBuB Beipaxkenue (7.5) B ypaBHeHue (7.3), moxydum

_ de 2 14 de
(o) fra-(e)

do\ M
(G- a) = K. (7.6)
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r-o

Puc. 7.4

CrnenoBarenbHO, IOJICTaBUB BhIpakeHHe (7.6) B ypaBHeHHE (7.5), MOITyYUM
M. -
Tp=T=— P (7.7)
Ip

Ora ¢dopMyna MO3BOJISET OMPENEIATh KacarelbHble HAMpPsDKCHUS B JTFOOOU

TOYKE KPYIJIOTO MOIMEPEYHOr0 CEYEHUS ¢ KOOPAUHATOM p.
MakcuMmanbHbIE 3HAYCHUSI KaCaTEIbHBIX HANPS)KEHUM BO3HUKAIOT B KPAMHUX

TOYKaX CEYCHUS P = ' ¥ ONPEACIISIIOTCA 10 hopMyIie

_ My-r M

=L Wy

Tmax = T(p:r) (7.8)

roe 1 o — HOHHpHI;Iﬁ MOMCHT MHCPIHH ILIOIAaA Kpyra OTHOCHUTCIIbHO

CIro LCHTpAa,

I o
Wp =£ — IMOJIIPHBIM MOMCHT COITPOTHUBJICHUSA IINIOIIAAN KpyTa

OTHOCHUTEJBHO €r0 LIEHTpA.
Kak u3BecTtHo, 1151 Kpyra

W n-d*2 md’
PT32.d 16
Jl1s ompeiesieHust yIiia 3aKpy4YrBaHUs ( BOCIIOIb3yeMcs ypaBHeHHeEM (7.6)

de M de My My
G.— = — % _— % d — ‘dx. 7-10
& 1, & G-, =61, (7.10)

(7.9)

120



ITocne wmHTErpUpOBaHUS IOJYYMM IIOJHBIA B3aUMHBIM YTOJ 3aKpy4YMBaHUS
JByX CEYEHUH Ha pacCMaTpUBAEMOM Yy4acTke, riae My = const u d = const.

M, fldx:MK-l

Gl ) Gl,

) [pan]. (7.11)

Onpenenenne 7.5 Ilpoussedenue G -1, (Mooyna cosuea Ha nOApHbIL MOMEHM

UHepYUU NONepPeyHO20 Ce4eHuUs) Ha3vl8arom HCeCmKOCMbIO CMEPIHCHS NPU KPYYEHUU.

XKecTKOCTh CTEPKHS TPU KPYUEHUN XapaKTEPU3YET COMPOTUBICHUE CTEPIKHS
3aKpy4YUBaHHUIO.

[TonHbIN yron 3akpy4yuMBaHUsI HE BCETNIa MOXKET XapaKTepU30BaTh KECTKOCTh
CTEpXHS TpU KpydyeHUU. Ha MpOTSKEHUM JUTMHBI CTEP>KHS KPYTSAIIHNE MOMEHTHI
MOT'YT MMETh pa3HbI€ 3HAKU, MOITOMY IOJIHBIM YTOJl 3aKPy4YHBAaHUS MOXKET OBITh
HEOOJBIITNM, B TO BpeMsI KaK Ha OTJEIbHBIX YYaCTKaX OH OKa)KETCS 3HAUUTEIIbHBIM.

J171s1 OOBbEKTUBHOM OIICHKH YKECTKOCTH CTEPIKHS BBOAUTCS Apyras BEIUINHA —

OTHOCHUTEJIbHBIN YTOJI 3aKPy4YMBaHUS

de
0=— 7.12
dx ( )
uiu ¢ yuetom (7.11)
My
0= 7.13

UMEIOIIasi Pa3MEPHOCTD PaJl/CM UITU pajiy/M.

Takum obOpazom, Ons cayuaes, Koed0a HA OMOENbHBIX YHACMKAX BEIUUUHA
My nocmosaunasn, omHocumenvublll y2on 3akpyuusanus © Ha paccmampusaemom
yuacmke YUCIeHHO DABeH Y2ly 3aKPYYUBAHUs 6dJld, NPUX00auje20cs HA eOUHUuyy

OJIUHBL.

7.4. Pacuer CTEPKHA KPYIJIOT0O MOIECPECIHOI0 CCUCHUA HA NMPOYHOCTD U KECT-

KOCTb IIPM KPY4YeHHH

Haubonee pacnpoCTpaHEHHBIM pacuye€TOM Ha MPOYHOCTh NPU KPYUCHHH
SIBIISICTCS PACUET IO JOITYCKaeMbIM HAIMPSKEHUSIM, COTIIACHO KOTOPOMY HauOoJbIIee
KacaTeJIbHOE HalpsKEHUE, BO3HUKAIOIIEE B Marepuaie, He JOJDKHO MpPEeBbIIIATh

OTpe/IeNIEHHON BETMYMHbBI, CBOMCTBEHHOM TaHHOMY MaTrepuaiy U YCIOBHUSIM PaOOTHIL.
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9Ta BCIIMUMHA HA3BIBACTCA I[OHYCKaeMBIM HaprDKeHI/IeM, TO €CTh
Tmax < [T (7.14)
D70 TpeOOBaHKE HA3BIBAECTCS YCIOBUEM NPOUHOCTIL.

Omnpenesenue 7.6 /Jonyckaemvim — Hanpsigcenuem  Hazvleaemcs  Hauborvuiee
Hanpsoicenue, Npu KOMOPOM 0becnedusaemcss NpPOYHOCMb U  00N208€4HOCHb

npoeKnuUpyemoco dnemernma KOHCMpPYyKyuu.

JlomyckaeMoe KacaTelnbHOE HANpPsDKCHHE MPH KPYYCHHUH |[T|, 3aBHCHUT OT

CBOMCTB Marepuaa u OT MPUHATOro KodPPUIlMeHTa 3anaca IpoOYHOCTH

1] = % (7.15)

B ciyuae miaacTHYHOro Marepuaia B Ka4e€CTBE OIACHOIO HAIPSKEHHUS Trpey
MPUHAMAETCA Ty — MNPEAEI TEKYUECTH MPU CABUIE, a B CIIy4ae XPYIKOro Marepuasia
Tg — NPEAET NPOYHOCTH MPH C/IBUTE.

B OonpmumHCTBE cllydaeB JOMyCKacMble HANpsOKEHUS Ha KpydeHHUE
MPUHUMAIOTCS B 3aBHCUMOCTH OT JONYCKAEMBIX HAMNPSKCHUHW Ha PACTSHKEHUE
JUISL TOTO 5KE€ MaTepuasa.

Bautbl, siBnsroniecs OCHOBHBIMU 00BEKTaMU, PACCUUTHIBAEMBbIMU Ha KPYyUEHHE,
KpOME KPYUY€HHUsI, YACTO UCTIBITHIBAIOT U M3Tu0. Kpome TOro, BOZHHMKAIOIMIUE B HUX
HaIpSKEHUST TIEPEMEHHBI BO BpeMeHHU. [lo3TOoMy, paccunThiBas Bajl TOJIBKO Ha
KpYyY€HHE CTATUYECKON Harpy3Koi 0e3 yuera nu3ruda u nepeMeHHOCTH HalPsKEHUH,
HEOOXOMMO TIPHHUMATH TIOHWYKEHHBIC 3HAYCHUS JIOITYCKAEMbIX HAIPSDKEHUI [T].

Benumuuabsl pgomyckaemblx HampspkeHui ycranaBiauBaroTcss CII (Comom
IPaBUII).

MaxkcumabHOE KacaTeIbHOE HAIMPSHKEHUE B BAJIE NP KPYYECHUU BO3HUKACT B
CEUYEHUH, TJIE KPYTAIIUNA MOMEHT My TI0CTUTAeT HAMOOJbIIIEH 110 MOJTYJIIO BETUYUHBI,

TO €CTh B OIIaCHOM CCUCHMHU.

Omnpenenenue 7.7 Ceuenue, 6 KOmMopom Kpymawuu MOMEHM HPUHUMAEm
MAaxkcumManbHoe no abconomuou eenudune sHadenue Mpyax, HA3bI6AEMCS ONACHLIM

CeYeHUEM CMEPIHCHA NO KACAMENbHbIM HANPANCEHUAM NPpU KPDYUYECHUU.

Bennuuna Tmax HOPCACTABIIACT co0oil 3HaueHHe HauOOJBIIETr0 KacaTeJILHOTO
HaIIPSPKCHUSA B OIIACHOM CCUCHHHU CTCPIKHA B HeHOCpeﬂCTBeHHOﬁ OJIM30CTH K €ro

BHEIITHEH ITOBEPXHOCTH (P = 7).
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Takum oOpa3zom, HauWOOJIbIINE KacaTeJIbHbIE HAMPSKEHUS B CTEp)KHE MpHU
Kpy4yeHuH OyayT BO3HUKATh B OMACHBIX TOUYKAaX OMACHOIO CEUYECHHUS Bajia
max
MK
Wo

CJIGIIOB&TGJIBHO, YCIOBUC IIPOYHOCTH IIPHU KPYUYCHHUHU II0 KaCATCJIbHBIM

(7.16)

Tmax =

HAIIPSKCHUAM IO MCTOAY AOITYCKACMBIX HaHpH}KeHI/Iﬁ HUMCCT BUJ

Mmax
K
Tmax = < 1], (7.17)
Wo
Ie Tmax — MAaKCHMallbHOE KacaTelbHOE HAIPSHKCHUE B BAE;

MM — MakcUMaNTbHBIN KPYTAIINA MOMEHT B BaJie;
W,  — mnonApHBIil MOMEHT CONPOTHBIECHHUS MIONEPEUHOTO CEUEHUs Balla;
[T] —  JIOIyCKaeMoe KacarelIbHOE HaIpsKEHHE.

[Ipu pacyeTe CKpy4MBaE€MBbIX CTEPKHEH HA MPOYHOCTH BO3MOXKHBI TPU BUJA
3a/1a4, pa3Inyaromuxcs GopMoii UCIOIb30BaHUS YCIOBUS MPOYHOCTH:

a) Ilpoexmmuuiu pacyem. Ilo 3aJaHHON Harpy3Ke OINPENEISAIOT KpPYTAIIUH

MOMEHT M 1 U3 yClI0BUS MPOUYHOCTH HAXOIAT BEIUYMHY TPeOyeMOro HOISPHOTO
MOMEHTA COTIPOTHBIICHHS ITONIEPEYHOTO CCUCHHSI
max
M
7]

ITo Benuuune IMOJIAPHOTO MOMCHTA COIIPOTHUBJIICHHUA OIIPCACIEACTCSA AUAMCTP

Tpeb
WP >

(7.18)

CIUIOIIHOTO KPYIJIOrO MONEPEYHOTO CEYEHUS

5| 16M

“Z\

Y

WJIN HAPYKHBIA dy; ¥ BHYTPEHHUN dy TUAMETPhI KOJIBLEBOIO CEYEHUS CTEPKHS

16M, d
dH> ’ a . :_B dB: .dH'
(1 — o) [1] T ” *

0) Onpedenenue donyckaemoul Haepy3xku. PelieHue 3TOM 3adadyd CBOIAUTCS

K OIpPEACIICHUI0 T'PY30IOABEMHOCTH CTEPKHS WM CTEPKHEBOM CHCTEMBI
(HaxOXKJI€HUE HArpy3KH, MPU JAEUCTBUHM KOTOPOW HANPSDKEHUS B OMACHOM CEUCHHH
PaBHBI JOITyCKa€MbIM HAIPsKEHUAM). [10 13BECTHOI BETMYMHE MOJISIPHOTO MOMEHTA

conpotusieHus W, U J0IMycKaeMOMy HaIPsDKCHHIO [T OHPENelsIOT HaHOONBITYIO

123



BEJIMYMHY JOIMYCKAEMOT0 KpyTAIIEro MoMmenta My **
M <[] W. (7.19)

[To HaiieHHOMY 3HaueHHIO [My| oOmpenesnsieTcst JOMyCKaeMoe 3HAuCHHUEC
BHEIIIHEW HArPYy3KH.

B) [Iposepounviii pacuem. Ilo wn3BecTHBIM 3HaueHwAM M, W, u [T

IPOBEPSIOT BHINOJHEHUE YCIOBUS NpouHOCTH (7.17)
max
MK

< 7.

Tmax —
p

IIpu npoBepke HaNpsHKEHUM 10 3aJaHHBIM HArpy3kaM M pasMepaMm CTEpIKHS
OIIPCACIIAIOT HaI/I6OJIBHII/Ie KaCaTCJIbHBIC HAIIPSAKCHUSI. HaI/I6OJIBIHI/Ie KaCaTCJIIbHbBIC
HaHp}I)KeHI/IH CpaBHI/IBaIOTCH C I[Ol'IyCKaCMI)IM HaHpSDKCHI/IeM.

ECHI/I yCJIOBI/Ie HpO‘lHOCTI/I HE BBIIIOJIHACTCA, TO HeO6XOILI/IMO YBCJII/I‘{I/ITB
Pa3sMEpPbI CCUHCHUA NN YMCHBIIUTDL HAI'PY3KY.

Pacuer Bama Ha MMPOYHOCTL HC HCKIHOYAaCT BO3MOXHOCTH BO3HHKHOBCHHA
nedopmarnuii, HeIOMyCTUMBIX MPH €0 SKCIUTyaTaui. boJbIye yIibl 3aKpyYnBaHUS
Bajia 0COOEHHO OIACHBI MIPH Nepeaue UM MePEMEHHOTI0 BO BpEMEHU MOMEHTA, TaK
KaK HpI/I O9TOM BO3HHKAKT OIIACHBIC IJI €TI0 HpO‘lHOCTI/I KpYTI/IJILHLIe KOHe6aHI/I$I.

HOBTOMY B HGO6XOIII/IMBIX ClIy4asdaXx BaJibl PaCCHUTHIBAIOT U HA KCCTKOCTD.

YcnoBue KECTKOCTU IPU KPYUEHUU UMEET BUJL
My < [6]. (7.20)
Gl,

IIo BeauumHe HOJLIPHOTO MOMCHTA HMHCPHOUU OIPCACTIACTCA AUAMCTP

0—

CIUIOIITHOTO KPYIJIOr0 MONEPEYHOTO CEUECHUS

32My

My
Opax = —< 0] — I,> — d>=4¢
"Gl ) ] G [0]

WJIN HApYKHBIA dy; ¥ BHYTPEHHUN dy TUAaMETPhI KOJIBLEBOIO CEYEHUS CTEPKHS

16M d
3 K . _ B —
dH> 4 0 X =— _> dB—“’dH,
(1l — o) [1] dy
rie 0 — HauOOoJbIIMI OTHOCUTENIBHBIN YIOJl 3aKpyUNBaHUS CTEPIKHS;
[0] — momyckaeMblil OTHOCHTENBHBII Yroil 3aKpy4YUBaHUs, IPHHUMACMBbIN

B nuanasone 0.5—2 rpaayca Ha OJUH METP AJIMHBI CTEPIKHS.
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Ha npaxkmuke 00b1uHO npou3z800am pacuem Ha NPOYHOCMb, d 3amem 0elarm
NPOBEPKY BbINOIHEHUSL YCA0BUSL HCECTNKOCTIUL.

Ecnu ipu mpoBepke OKa)KeTCsl, 9TO YCIOBHUE KECTKOCTU YIOBIETBOPSETCS, TO
Ha 3TOM OOBIYHO pacyeT Bajla 3aKaHIMBACTCH.

B npotuBHOM cilydae pa3Mephl Bajia JOJDKHBI OBITh TOI0OpaHBI U3 YCIOBHS
xecTtrocTH (7.20).
My

ITpe6 2 .
G-[6]

(7.21)

7.5. KoHTpoJibHBbIE BONPOCHI VISl caMONpoBepkH 1o Teme «Kpyuenue»

1. Kakoil Bua nedopmannu Ha3bIBaeTCa KpydeHUEeM?

2. Yemy paBeH KpyTAILIUMNA MOMEHT B ITONIEPEUHOM CEUECHUH Baja?

3. IIpaBuio 3HAKOB [ KPYTAIIETO MOMEHTA?

4. Yrto Ha3bIBae€TCS MIOPOI KPYTAIIET0O MOMEHTA?

5. Kakass 3aBUCMMOCTh MEXJy KpPyTAIIUM MOMEHTOM, MOIIHOCTHIO,
nepeaaBaeMoil BaJioM, U YUCJIOM 000pOTOB Baja?

6. Kakue mpeanonoxxeHus (rUmoTe3bl) JekKAT B OCHOBE TEOPUU KPYUECHHS
CTEPKHS KPYIJIOTO CEUeHUs?

7. Ilo xakoit ¢dopMysie ONPEAeNSIIOTCS MaKCUMalbHbIE KacaTelIbHbBIC
HaIPSKEHUS CTEPAKHS KPYIIIOrO CEUYCHUS ?

8. B KakMx TOUKax KpPyIJIOTO Bajia BOSHUKAIOT HAMOOJBIINE HAMPSHKEHUS TIPH
KpYy4EeHHUU?

9. Kak ompezensercss onacHOE CEUYEHHE NMPU KPYUEHUH CTEPKHS KPYIIOTO
ceueHus?

10. Kak pacnpenensiroTcs KacaTelbHbIE HANPSOKEHHUS MO IONEPEYHOMY
CEUYECHUIO BaJsia?

11. Hanumure ycnoBHe€ NPOYHOCTH MO KaCATEIbHBIM HAIPSHKEHUSIM 10
METOJy JIOIYCKAeMbIX HAPSHKEHUH MPU KPYUEHUHU CTEPIKHS KPYTJIOTO CEYEHUSI.

12. Kakue Tpu Tvna 3aj/1a4 BEITEKAIOT U3 YCJIOBUSI POYHOCTH MO KACATEIbHBIM
HaIPSDKEHUSIM IO METOAY JONMYCKAEMbIX HAIPSIKEHUH MPU KPYYEHUH CTEPHKHSA
KpYIJIOTO CeYeHUs?

13. Kakoi1 yroy Ha3pIBaeTCs MOJIHBIM YIJIOM 3aKpPY4YUBAHUSA?
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14. Ilo kakoit hopmyse onpeaessieTcs MOMHBINA yroi 3aKpyYnBaHUS?

15. Kakas BearuMHA HAa3bIBAETCS )KECTKOCTBIO CTEPKHS MPU KPYUCHUHN?
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Tema 8. U3rud npsaMoJiMHeiHbIX OpyCcheB

8.1. YwmcThiii M MJIOCKHI MonepeYHbll U3rudbl. OCHOBHBIEC ONpeaeJeHUus1 U

NNOHATHUSA

B cTpouTEnpHBIX KOHCTPYKIMAX IIMPOKO IPUMEHSIOTCS  JJIEMEHTBI,
pabortaroiue Ha u3rud. XapaKTepHbIM MPU3HAKOM HM3rHOa SIBISETCS M3MEHEHHE
KPUBH3HBI IPOAOJIBHOM OCH Opyca.

[Ipn u3rube nepBoHAYaIbHO MpsAMas €r0 OChb CTEPXKHS HCKPUBISETCA, a

NEPBOHAYATILHO KPHUBasi U3MEHSIET CBOKO KPUBU3HY.

Onpenenenue 8.1 Ilpamoii  o6pyc (cmepoicens), pabomarowui Ha  uzeuo,

Ha3vleaemcs OAIKol.

Omnpenenenue 8.2 [Ipooonvuas (ceomempuyeckas) ocv 0OamKu — >3m0 JAUHUA,

I’lpOXOO}lWCZ}Z uepes yeHmpol mAxcecmu nonepeyuHblx ceyenuli 6anKu.

Omnpenesienue 8.3 Ceuenus, KOmopble  pAcHON0dNiCeHbl 8  NIOCKOCMSX,
NepneHOUK)IAPHbIX K 2eOMEeMPUUECKOU OCU CIMEPHCHSL, HA3bIBAIOMCS NONEPEYHbIMU

CeYeHUAMU.

[Ipn wu3rube Oanku MPOAOIHHBIE BOJIOKHA, HAXOISAIIMECS HAa BBITYKIION
YaCTH, PACTATUBAIOTCS, @ HAXOASAIIMECS HA BOTHYTOM 4acTH — CokuMaroTcs. Croi
IPOMEKYTOYHBIX BOJIOKOH, KOTOpBIE€, UCKPHUBISSACH, HE W3MEHSIIOT CBOEWU JJIMHBI,

Ha3bIBACTCA HeﬁmpaﬂbelM cnoem.

Onpenenenue 8.4 Jlunua nepecevenus HeUMpAIbLHO20 CA0A C NIAOCKOCHBIO
NONEepeuH020 Ce4eHUsl Ha3bleaencs HeUmpanlbHOU JUHUeU UIU HeUmpalbHOU OCbIO

(Hynesoli tuHuell).

Onpenenenue 8.5 Yucmoim uzeubom Hazvieaemcs makou 6ud Oegopmayuu
CMepIICHA, NpU KOMOPOM 6 €20 NONEPeyYHblX CEYEeHUSAX BO3HUKAem MOJbKO
useubarowu momenm M,;,, a ocmanvhvle @HympenHue ycuaus (N, Q u M,)

DPABHbBL HYTIIO.
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B ycnoBusix yuctoro n3ruda MokeT HaXOJAUThCS BCs Oajika MJIM OTJICJIbHBIC €€
YYacCTKH.

[Ipu neiictBuu Ha OanKy CHCTEMBl BHENIHUX CHJI, PACIOJOKEHHBIX B
IJIOCKOCTH, MPOXOASIIEH 4Yepe3 OAHY M3 MIABHBIX LEHTPAIbHBIX OCEU HHEPLHUU
Ka)KJI0TO TTONIEPEYHOTO CEUCHUS OAIKU, ¥ MEPIECHIUKYIISPHBIX K €€ IPOJI0JIbHOM OCH,
B K&XJIOM €€ CEYCHHU MOTYT BO3HHUKATh JIBE BHYTPEHHHE CHJIBI — HW3THOAIOIINNA
MOMEHT M u nonepeunas cuia Q.

DTa MIO0CKOCTh HA3BIBACTCS CULIO0BOU NIOCKOCBIO.

Onpenenenue 8.6 [lnockum nonepeunvim u32UOOM HA3bIBACMCS MAKOU U0
Ooepopmayuu cmepoicHs, Npu KOMOPOM 8 €20 NONEPEYHbIX CeYeHUSX BO3HUKAIOM
00HOB8peMenHo useubarowuti momenm My, u nonepeunas cuna Q, a ocmanvHvle

eHympennue ycunusi (N u M) pasnwvi nymio.

Omnpenesienue 8.7 Pamou HA3bl18AemCcsl 2eomempuyecku Heu3MeHseMasl
CMEPIICHEBAsl CUCTNEMA, CMEPI’CHU KOMOPOU (CMOUKU U puceiu) 60 8cex Uil 8

HEKOMOPbIX V31aX HCECMKO COCOUHEHbL MeHCOy COOOU.

Hekotopsble y31bI MOTYT OBITh IIAPHUPHBIMU HIIM, B OOIIEM Clyyae, yIpyro—
NONATIMBBIMU. B JKECTKMX y31ax B3aMMHBIM NOBOPOT NMPHUMBIKAIOIIUX CTEPKHEU
UCKJIIOYaeTcs Kak A0 AedopMaluii, Tak U nocie aedopMaluid, TO €CTh B y3JI0BOU

TOYKC YITIbI MCKAY UX OCAMU OCTAOTCA HCU3MCHHBIMMU.

Onpenenenue 8.8 Bepmukanvuvie snemenmst pamvl HA3b18AIOMCS CTOUKAMU, d
20pU3OHMAIbHbIE UMY ONU3KUE K 20PU3OHMATbHOMY DACNOJONCEHUIO lleMEHMbl
pambl  HA3b18AIOMCS PUTEIAMHU. TOuKU COeOUHeHUs CcmoeK U puzeiel pamol

Haszvlearomcs y3J1aMU.

Pa3nuuyaror paMbl IIPOCTPAHCTBEHHBIE M IUIOCKUE. Y MJIOCKOU PaMbl BCE
reOMETPUYECKUE OCU €€ DJIEMEHTOB JIEXKAT B OJIHOM INTIOCKOCTH, KOTOpask COBIIAIAET
C INIOCKOCTBIO HArpy3KHM M SIBJSIETCS ITIABHOW IUIOCKOCTBIO JUISL BCEX DJIEMEHTOB

paMbl.
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8.2. OcHoBHBIE THIIBI OTIOP U 0AJIOK

Jlnst Toro 9ToOBI Oanka (pamMa) Morjia BOCIIPUHHUMATH BHEITHIOI HArpy3Ky
U TepeaBaTh €€ Ha OCHOBAaHHE, OHA JOJDKHA OBITh COCIMHEHA C HUM OIOPHBIMU
CBSI3IMU (OTIOpaMHu ).

Kak u3BeCTHO, CyIIEeCTBYeT TPH OCHOBHBIX THIIA OTOPHBIX YCTPOWCTB (B
IIJIOCKOM CUCTEME CHIT):

— 3amemiueHue uim 3ajenka (puc. 8.1)

Puc. 8.1. 3amemiienne nwiu 3aaeika

— [unuaapuyeckas MapHUPHO—HENOBHKHAS onopa (puc. 8.2)

° R
A @HA A

& &

Puc. 8.2. llapuupHO—HENOABMKHAS OIIOpa

— [unuaapuyeckas MapHUPHO—TIOABUXKHAS ortopa (puc. 8.3)
a 0
— = Rp
—7 B

Puc. 8.3. [llapuupHO—TI0ABMKHAS OTIOpa

Haumenvwee wucno cesszeil, He noszeonsiowux oanke (pame) nepemeusamocs 6
NJI0CKOCMU OeliCMEUsT HA2PY30K, PABHO MPEM.

PaccMOTpuM pa3audHbIe TUITBI IPOCTEHINMX OaIOK, B 3aBUCHUMOCTH OT CITI0C00a
uX 3aKkperuieHus (puc. 8.4):

a) KoHconbHast WM KeCTKO 3allleMIICHHAas OaJlka.

0) OpHomposeTHAs MAapHUPHO—OIEpTas 0ajaKa Ha JIByX OIOpax.

B) KoHconbHas mapHupHO—OIepTas OaJka.

r) MHorormposneTtHas 0anka (6aigka ¢ IpPOMEKYTOYHBIM IIIAPHUPOM).
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a 2 o

& &
S L& R

Puc. 8.4. OcHOBHBIE THITBI MPOCTEUIITUX OATOK

banku ¢ OpPOMEXKYTOUYHBIM IHAPHUPOM TMPEACTABIAIOT COOON CIIOXKHYIO
CHUCTEMY, COCTOSIIIYI0O W3 HECKOJIbKUX OpyCh€B, COEIUHEHHBIX MEXIy COOOM
CBA35IMHU, MTO3BOJISIOIIMMH TOBOPOT CEUEHU OPYChEB B COSAMHEHNUH (B LIAPHUPE).

[Toatomy, 6 npomescymounom wapHupe 603HUKAIOM MOIbKO GePMUKAIbHbIE U

COPU3OHMAIbHbIE pEAKMUBHbLE CUIbl, A MOMEHM PABEH HYIIIO.

8.3. OcHoBHBIC BUIbI BHEIIHUX HATPY30K, BbI3bIBAKIIUX U3IU0 020K

Hedopmaruio u3rnba BhI3BIBAIOT BHEIIHWE HAarpy3kH, JCHCTBYIOLIUE
NEPIEHINKYIAPHO K OCH CTEPIKHSI.

Ha puc. 8.5 mokazanbsl pa3audHbIe BUJbI BHEIIHUX HATrPy30K, BBI3BIBAIOIINX
U3TUO:

a) CocpenoToueHHas cuia.

0) CocpenoTtodyeHHas mapa CHJI C MOMEHTOM m (KpPaTKO — COCPEI0TOUYCHHBIN
MOMEHT);

B) PaBHOMepHO—pacmpeseneHHas Harpy3Ka;

r) HepaBHOMepHO — pacmpeneseHHast Harpy3Ka.

a 0 B r
g =const ¢ = /%)
g A W 7' ! x
d l d

Puc. 8.5. OcHOBHbBIEC BUIbI BHEITHUX HArpy30K

B 3aBucumMocTu 0T crocoba MPUIOKEHHS] BHEIIHUX HArpy30K pa3inyaroT
pasHbie BUIbI U3ru0oB (puc. 8.6):
— nAocKuli u3eu6 — BCE BHEIIHME HATrpPy3KH pacHoOJOKEeHbl B OTHOU

IJI0CKOCTH (pHc. 8.6, a);
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— NpPOCMPAHCMBEHHbIN U32uO — HaArpy3KU pacloiOXKEHbl B Pa3HBIX

mockocTsax (puc. 8.6, 0).

F 4= const
~ Vo 4
a He—— ———— 1. X L7
%
TR, TR, |
“
. ' ‘F 1 F,
il X
y //%I,::_':_—_'_—_'_—_:_ -
“
| F,
B - X
O E— Av— (i N
“
|
T z #
_____________ [
y/'JO_J: —————————————— s 1§ I
F

Puc. 8.6. CriocoObl IpuII0’keHUS BHEIIHUX HArpy30K

Ecnu mockocTh J€WCTBHSI HAarpy30K (CHIIOBasi TNIOCKOCTh) MPOXOIUT 4Yepes
OJIHY W3 IIaBHBIX IICHTPAJIbHBIX OCEH CEUCHUS, TO TAKOW M3TU0 HA3BIBACTCS NIOCKUM
npamoim uzeubom (puc. 8.6, B).

Ecnm miockocTh ACMCTBUS HArpy30K HE MPOXOAUT HU Yepe3 OHY U3 ITIaBHBIX

[EHTPAJILHBIX OCEH CEUEHUs], TO TAKON M3TUO HA3BIBACTCS NIOCKUM KOCHIM U32UOOM
(puc. 8.6,1).
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8.4. OmnpenesieHue ONOPHBIX peakuuil B 0ajaKax U paMax

Jlist ompeneneHus BHYTPEHHUX YCWIMN M HaOpsDKEHUH, BO3HUKAIOIIMX B
aJIEMEHTaX JII00OH KOHCTPYKIIMH, HEOOXOAMMO HAMTH BCE JEUCTBYIOIIHE Ha HEe
Harpy3KH, a, CJIEA0BATENIbHO, U BCE HEM3BECTHBIE OITIOPHBIE PEAKIUY.

JInst onpeneneHusi ONOPHBIX PEaKUUK JUIs TUIOCKOM CHCTEMBI CHJI MOXHO, B
o011eM city4ae, COCTaBUTh TPU YpaBHEHUS paBHOBECHUS (CTaTUKHU) B JIFOOBIX YIOOHBIX
KOMOMHAIIMSX:

a) IlepBas koMOUHAIUA:

ZF = 0 — cyMMa npoeKLHil BCEX CHJT Ha
TOPU30HTAJIBHYIO OCh X paBHA HYIIIO;
ZFZ = 0 — cymMMa OpoeKIrid BCeX CHIT Ha g1
BEPTUKAJIbHYIO OCh Z paBHa HYIIO; 5D
ZMA = () — cyMMa MOMEHTOB BCEX CHUJI OTHOCHUTEIIBHO

TOYKU A paBHa HYIIO.

VYpaBuenne Y Mp = 0 (cymma momenmos 6cex cui omHocumenrbHo mouku B
PAasHa Hyn0) UCTIONB3YETCS IS TPOBEPKH MPABUILHOCTH TIOJYYCHHBIX PE3YJIbTaTOB.
0) Bropas komOuHaIus:
ZFX = (0 — cyMMa npoeKIHi BCEX CUJI Ha
TOPU30HTAIILHYIO OCh X PaBHA HYIIIO;
ZM 4 = 0 — cymMMa MOMEHTOB BCEX CHJI OTHOCHTEIIBHO

(8.2)
TOYKU A paBHA HYJO.

ZMB = () — cyMMa MOMEHTOB BCEX CHJI OTHOCUTEIIBHO
TOYKHU B paBHA HYIIIO.

VYpaBuenue Y F, = 0 (cymma npoexyutl 6cex cun Ha epMUKAIbHYI0 0Cb 7 PABHA
HYI10) UCTIOJIB3YETCS JIJIsl MPOBEPKHU MPABHIIBHOCTHU MOTYUYEHHBIX PE3yIbTaTOB.

VYpaBHEHUs paBHOBECHUSI HYKHO COCTaBJISATh TaK, YTOOBI B KaXJ0€ YPaBHEHUE,
0 BO3MOXKHOCTH, BXOJAMJIa TOJBKO OJHA HEU3BECTHAs OMNOpHAas peakuus. ITO
00JIErYUT HAXO0XKJECHUE OTIOPHBIX PEAKIIUH.

Bce Hem3BecTHBIE ONMOPHBIE PEAKIIUU B MHOTOIPOJIETHBIX 0ajkax, MMEIOIUX

IPOMEKYTOUYHBIN MIAPHUP, MOXKHO OMPEIEIUTH IByMs CIIOCO0aMU:
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1. Memoo momenmnoli mouxku (cnocob, YYUMbBIBAOWUL  CBOLUCMBO
NPOMENCYMOUHO20 WAPHUPQA).

B stom ciiyuae HeoOXoauMoO 3amucaTh TPU YPAaBHEHHSI PAaBHOBECHS I BCEH
O0alKl W K HUM J00aBHUTh JOMOJTHUTEIBHBIC YPaBHECHHS, OTPAXKAIOIIUE CBOMCTBO
MIPOMEKYTOYHOTO IIApHUPA, TO €CTh, CyMMa MOMEHTOB BCEX CHJI, PACTOJIOKEHHBIX
cieBa (crpaBa) OT MPOMEKYTOUYHBIX IIAPHUPOB, OTHOCHUTEIBHO IIApHUpPaA paBHA

Hymo (puc. 8.7):

ZFX = () — cyMMa NpoeKIHil BCEX CUII Ha
TOPU30HTAJIbHYIO OCh X paBHA HYJIIO;

ZMA =0— CyMMa MOMCHTOB BCCX CHUJI OTHOCHUTCIILHO

(8.3)
TOYKU A paBHA HYJIO.
ZM p = 0 — cyMMa MOMEHTOB BCEX CHJI OTHOCHUTEIIHHO
TOYKH D paBHA HYIIO.
g
RA q RD
4 AEERERRRRRIIRR R B
H 7y B C &D S
J a b | c L d
IToTaknasi cxema TMonsecHas
OcHoBHas Oanka
Z
T R Oanka Ry q RD‘ -
4 He¢ PIVIVIRITINIIIR) X
MA F D N
H ;4 B C l;;HC )
A a b ﬁ|, c L d
Puc. 8.7. 3amannas 6anka u ee «ImodTaKHAs CXeMa
Y MR = 0 pnm ZMgp WX — 0 — Cymma momenmos ecex cun,

PACnOIOSCEeHHbLX Cllesd (cnpaea) Om npomMedNCYmMO1YHbIX WAPHUPOB, OMHOCUMENbHO

WapHupa pagHa Hymio.
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VYpaBuenue ) F, = 0 (Cymma npoexyuii 6cex cuil Ha 6epmuKaibHy0 0Cb 7 PABHA
H)/110) UCTIONIB3YETCs I MPOBEPKU MPABUIIBHOCTH MOJTYUYECHHBIX PE3yIbTaToB.

2. Memoo nocmpoeHruss «nodmMan’icHou» cxemvl OAIKU.

Jliisa ynobcTBa pacyera M HAIVISIAHOCTU MPEACTABICHUS O XapakTepe paboThI
OTJEJIbHBIX YACTEH MHOTOIIPOJIETHOW OAIKU CTPOUTCS €€ «IOATAKHASD CXeMa.

B sToM cityuae 3aaHHy10 OQJIKy MBICIIEHHO Pa3pe3aroT M0 MPOMEXYTOUHOMY
mapHupy (TPOMEKYTOYHBIM IIAPHUPAM) U BBIJEISIOT OCHOBHYIO OaiKy (MX MOXKET
OBITH O/THA WJIX HECKOJIBKO) U MOABECHBIE Oanku (puc. 8.7).

[Ipu »TOM BHauane BBIAENSAIOT OCHOBHBIE OalKd, TO €CTh T€, KOTOPHIC
CIIOCOOHBI CAMOCTOATENIbHO HECTH HArpy3Ky, a 3aT€M BCIIOMOTaTeJIbHbIE, KOTOPbIE
UMEIOT TOJIBKO OJTHY OIOPY MJIM HE UMEIOT UX BoBce. HepocTaromummu onopamu st
HUX CIIyKaT COCTUHUTEIbHbIE IIIAPHUPHI.

Takum oOpa3om, OCHOBHBIMU WJIM TJIaBHBIMH SIBIIICTCSI T€ OajKu, KOTOpHIE
MOTYT CaMOCTOSITENIbHO CONPOTHUBIISITHCS MPUIOKEHHBIM BHEIIHUM cUjaM (HECTH
BHEILIHIOIO HArpy3Ky) IOCJ€ pa3pe3aHusi 3aJaHHOM Oajku MO MPOMEXYTOUHBIM
HIapHUpaM, TaKk KaK OHU HMMEIOT TpU KHHemarudeckue cBs3u (Oanka ABC Ha
puc. 8.7).

OcranbHble OAJIKK HA3BIBAIOTCS MOIBECHBIMHU WJIM BTOPOCTENIEHHBIMU (Oasika
CDE na puc. 8.7).

[Tocne moCTpoeHUS «IO3TAXKHOW CXEMBbI, 33JIaHHYI0 OAJIKY C TPOMEXKYTOUHBIMU
HIapHUPAMH, MOKHO PACCMaTPUBATh KaK COCTOAIILYIO U3 Psijia MPOCTHIX OaJIoK.

3areM pacCYUTHIBAIOT KaXKIYIO TPOCTYIO OANIKy B OTACIBHOCTH.

PacueT mpocThIx 6aoK IPOU3BOMAT, HAYMHAS C CAMBIX BEPXHUX MOABECHBIX U
MOCJIeI0BATEIBHO MEPEXOAs K HUXKE JIeKAIIUM OallKaMm.

Pacdyer mpocThix 0ajoK CBOAUTCS K OINPEACICHUIO OTMOPHBIX PEAKIUN H
MOCTPOCHUIO AITIOP U3THOAIOITNX MOMEHTOB Y MTONIEPEUHBIX CHIL.

[Ipu pacuere HIKE JekKamMX OalOK HEOOXOJWMO YUYUTHIBATH HE TOJIBKO
3aJlaHHyI0 BHEIIHIOK HArpy3Ky, KOTOpas K HUM NpPWIOXKEHa, HO U CHJIBI,
paBHBIC MO BEJIWYMHE OIMOPHBIM PEAKIMSIM BBINIE JIEKAIUX TOABECHBIX O0aIok
Y TIPOTUBOIIOJIOKHO HaIlpaBlieHHBIE (puc. 8.7).

Takum oGpazom, mepenada Harpy3Kd ¢ BEPXHUX TMOABECHBIX OAIOK Ha HUXKE
JeXKaIUe OCYUIECTBISIETCS C TMOMOIIBIO YCJIOBHBIX COCpPEAOTOYEHHBIX CHII B
IIPOMEKYTOUHBIX IHMapHUpPAX. OTH CHUJIBI YHCJIECHHO pPaBHBI COOTBETCTBYIOIIUM

YCJIOBHBIM OMOPHBIM PEAKIUSAM B MOABECHBIX Oanikax (puc. 8.7).
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CocraBisisi ypaBHEHHsI paBHOBECHS (CTaTUKH), OOBIYHO MCIOJIb3YIOT MTPABUIIO

3HAKOB, TOKa3aHHOE Ha puC. 8.8.

A ®
X
M

Puc. 8.8. IIpaBuna 3HakoB

Ilpasuno 3naxos. FOpI/I3OHTaJ'IBHBIC N BCPTHUKAJIIBHBIC CHJIbI ITOJIOKUTCIIbHEIL,

CCJIM UX HAIIPpaBJICHHA COBIIAJIA0T C HAIIPABJIICHUAMUA ocer x U z.

[TonoxurenapHOE HarpaBJICHUC MOMCHTOB — IIPOTHB X044 YacoBOM CTPCIIKH.

Onpenesenue 8.9 barku (pamvl), y KOMOpvlX 6ce ONOPHbIE peaKyuu Mocym
ObLIMb onpedesieHbl MONLKO U3 VPAGHEHUL pABHO8eCUsl (CMAMUKU), HA3bIBAIOMCA

cmamudecKu onpedeﬂwwbmu.

8.5. BuyrpenHue cuioBbie GpakTopsbl npu udrude. OCHOBHbIC ONpPeAeJIeHUs U

NMpaBUJIa 3HAKOB

Pannee ObII0 yCTaHOBIEHO, YTO TIPU JCHCTBUHM Ha 0ajKy BHEIIHEH HATPy3KH,
NEPIECHIUKYIAPHOM K TeOMETPUYECKOM OCH OalKu M PacIoIOKEHHOM B OZHOMU
U3 TIABHBIX IJIOCKOCTEM WHEPIHMH KaXKIOTO TOIMEPEYHOro ceueHus Oajku, B €€
CEUCHMSIX, B OOIIEM cllyyae, BOSHUKAIOT M3ruOaronuii MOMEHT M u monepeyHas
cuna Q.

BHyTpeHHHE CHIbl, BO3HUKAIOIIUE B JOOOM MONEPEYHOM CEUEHUU CTEPKHS
(oMeMeHTa) TIOCKOM paMbl, B OOIIEM cllydae MPHUBOASTCS K TPEeM BHYTPEHHHUM
CWIOBBIM (pakTOpam: MpojoiapHON cuie N, monepeuHor cuiie ) ¥ U3rudaroemMy
MoMeHTy M.

BHyTpeHHue cunoBbele (DAKTOPBI OMNPENENSIOTCS Yepe3 BHEIIHUE CHIIbI,
AeicTByrolmMe Ha Oanky (pamy), C IMOMOIIBIO METO/AAa CEYEHUH, NPUMEHEHHE
KOTOPOTO MO3BOJIAET ChOPMYIUPOBATH OOIIUE MTpaBUIIa AJI HAXOKACHUS yKa3aHHBIX

BHYTPEHHUX YCWJINW Ha KaXJIOM ydacTKe Oaliku (paMsl).

Onpenenenne 8.10 Yuacmxom nazvieaemca uyacms 6anku (pamvl), 6 npeoenax

KOmMOopoU 3aKoH (ypasHenue) usmeHenus 0aHH020 8HYMPEHHe20 YCUNUSL NOCMOSIHEH.
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['paHuniaMu y4yacTKa SIBISFOTCSI TOYKW TPUIIOKECHHSI COCPEIOTOUYEHHBIX CHII,
COCPEOTOYEHHBIX MOMEHTOB, TOUKH Hayasla U KOHIIA pacIpeeIeHHON Harpy3KHy.

CyTb MeTO/1a CEYEHHI CBOAUTCS K CIEAYIOIIEMY:

1. MpbIcieHHO TPOBOAMM IONEPEYHOE CEUCHHE, KOTOpOe pa3duBaeT Oanky
(pamy) Ha BE YacTH.

2. BpiOupaeM Ty 4dacth Oanku (pambl), Ha KOTOPYIO JIEHCTBYIOT M3BECTHBIC
Harpy3ku (HauMEHbIIIee YUCIIO U3BECTHBIX HATPY30K).

3. CocrapnsieM BbIpaKeHUs JIJ1s1 U3TUOAroero MoMeHTa M, mornepeuHon CUibl
Q u npogonsHOM cuiibl N. [Ipu 3TOM pyKOBOACTBYyeMCs ONIpPEIEeICHUEM BHYTPEHHUX

CHJIOBBIX (I)aKTOpOB H IIPpaBHUJIOM 3HAKOB.

Onpenenenue 8.11 Mzeubarowuii momenm M 8 npou3e0n1bHOM NONEPEUHOM CeYeHUU
oanku (pamvl) YUCIEHHO paGeH aneebpaudeckoli cymme MOMEHMO8 8CeX GHEeULHUX
CUsl, 0elcmaylouux no 0OHy CMOPOHY OM NPOBEOEHHO20 CedeHus, OMHOCUMENbHO
HelmpanbHOU OCU IMO20 NONEPEeUHO20 CedeHus (U OMHOCUMENbHO MOl MOYKU
NPOOONbHOU OocU OanKu (pamvl), uepe3 KOMOPYI HPOXOOUM pPACCMAMPUBAEMOe

ceveriue).

Onpenenenue 8.12 [lonepeunas cuna Q 68 Npou3BOIbLHOM NONEPEUHOM CeYeHUU
banku (pamvl) YUCIEHHO PABHA aANleedPauvecKol Cymme NpoeKyuli 6cex GHeUHUX
CUl, PACNONONCEHHLIX NO OOHY CHOPOHY OM NPOBEOEHHO20 Ce4YeHUsl, Hd OCb,

NepneHOUKVIAPHYIO K 2e0Mempuieckoll ocu 0aniku (pamol).

Onpenenenune 8.13 Ilpooonvnasn cuna N 6 npou3eonbHOM NONEPEUHOM CedeHuu
banku (pamvl) YUCIEHHO pABHA ANeOPAU’ecKol cymMme npoeKyull 6cex GHeUHUX CUl,
PACHON0NHCEHHBIX NO OOHY CHOPOHY OM NPOBEOEHHO20 CeYeHUsl, Ha 2e0MEeMPULECK) IO

0Cb paccmampusaemozo lemenma oaiku (pamoi).

8.6. IlpaBujia 3HAKOB BHYTPEHHHUX CHJIOBBIX (JaKTOPOB 1151 0AJIOK

IIpasuno 3naxos. N3rubaronuit MOMEHT M B TONEPEYHOM CEUYCHHUH OaaKu

nojoxureneH (M = +MP"™), eciiu MoMeHT BHenTHew cuitbl (MP"°™) HampaBiieH 1o
XOJly YacOBOM CTpENIKM — OT CEUEHHs CJIeBa, U MPOTUB XOJ]a YACOBOM CTPEJIKH —

OT ceueHwus crpana (puc. 8.9),
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MBHCI_HH M M MBHCIHH
FxBHGIHH N N FxBHeIHH

F BHEIIIH Q Q FZBHCH_IH
z

Puc. 8.9. IIpaBuiio 3HakoB

niim u32u6a;0u;u12 momenm M cuumaemcs noJjlootcunieslbHbviM, ecjiit OH 8bl3bleaeni

pacmsdicerue HudxcHux onoxon dbaxu (puc. 8.10).

M M
N N

0 0

Puc. 8.10. [TonoxxurenpHble HANPaBICHUS BHYTPEHHUX CHUIIOBBIX (haKTOPOB /1715 6amok

[IpaBuio 3HakoB. Ilomepeunas cunma () B TMOMEPEYHOM CEUYEHUH OalKH

nonoxurenbHas (Q = +F""), ecnu BHemHsAa cuna (FM°") HampasieHa BBepx
— OT CEUYEHHUs CJIEBa U BHU3 — OT cedeHus crnpapa (puc. 8.9), unu nonepeunas
cuna Q cuumaemcs NOLONCUMENbHOU, eClU BHeuHUe CULbl CIMPeMAmcs 8pauamy
paccmampugaemyro 4acms 6aiKyu OMHOCUMENbHO YEeHMPA MANCECMU NPOBEOEeHHO20

ceuenusi no xody uacosou cmpenku (puc. 8.10).

Ilpasuno 3naxos. llpomonbHas cuia N B MOMNEPEUHOM CEUECHHM OalIKu
nonoxutensHas (N = +FP""), ecnu BHemHaAs cuna (F2"°") HanpaBiieHa BI€BO —
OT CEUCHHUS CIeBa M BIIPABO — OT CEUCHUS crpaa (puc. 8.9), uim npodorvHas cuia
N cuumaemcs nonodcumenvHou, eciu OHA Gvl3vleaem pacmsdicenue (VOauHeHue)
paccmampueaemout wacmu oanxu (puc. 8.10).

BoeiBoa. M3eubarowuti momenm M 6 nonepeuHom ceweHuu OANKU CYUMAemcs
NOJLONCUMETbHBIM, eClU OH B8bl3bleaem pPACMICEHUE HUNCHUX B0J0KOH OAJIKU,
nonepeunas cuna Q cuumaemcs noA0HCUMeENbHOU, eCiu OHA CIMPEMUMCSL NOBEPHYMb
paccmampugaemyro 4acmos OAIKU NO X00Y YACOBOU CMPENKU, NPOOOIbHAS
cuna N cuyumaemcs NONONCUMENbHOU, eClU OHA Bbl3blBAeM  PACMANCEHUE
paccmampugaemou yacmu 6aIKu.

[TookuTeNbHBIE HAIMpABIEHUS OSTHUX CHJIOBBIX (DAaKTOPOB TIOKa3aHBl Ha

puc. 8.10.
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N3rubaromuii MOMEHT, TMONEpeYHass W TPOJIOJbHAs CHJIBI JJi1 OalioK
OTpHIATEIBHBI, €CIIM HaNpaBJICHHS JTHUX CHJIOBBIX (PAKTOPOB MPOTHUBOMOIOKHBI

HaIpaBJIEHUSAM, YKa3aHHBIM Ha puc. 8.10.

8.7. IlpaBujia 3HAKOB BHYTPEHHHUX CHJIOBBIX (JaKTOPOB ISl pam

[IpaBuna 3HAKOB BHYTPEHHUX CHJIOBBIX (DakTOpoB (MpOAOIBHON CHIBI N,
MOTIepPEeYHOM CHiTbl O M M3rudaromero MoMeHTa M) /sl TOPU30HTAIbHBIX YYaCTKOB
paMbl (pUreneit) OCTalTCs TAKUMHU K€, UTO U JIs OaJIOK.

Jlist monmydeHus TpaBujia 3HAKOB BHYTPEHHUX CHJIOBBIX (DAKTOPOB ISt
BEPTUKAJLHBIX YYaCTKOB paMbl (CTOEK) CBEIEM WX K TOPU3OHTAIBHBIM ITyTEM
YCIIOBHOTO IIOBOPOTA paMbl (CTOEK) MO XOAY YaCOBOM CTPEIKH.

Takum obpazom, TIpU ONIPEACIICHAN BHYTPEHHUX CHIIOBBIX ()aKTOPOB B CTOMKAX
U PUTENISX paMbl OyJieM MOJIb30BaThCA CISAYIONIUMU MTpaBUIaMU 3HAKOB:

1. m3rubarommii MOMEHT M CUUTAETCS MOJIOXKUTEIBHBIM, €CIIM OH BBI3BIBACT
PaCTSKEHUE HUMCHUX BOJIOKOH PUTENICH paMbl U Hpagbix BOIIOKOH CTOCK PaMBbl;

2. momepevHast cwia () CYUTACTCS MOJIOKUTEIHHOW, €CIM OHA CTPEMUTCS
MOBEPHYTHh PACCMaTPUBAEMYIO YacTh pambl (CTOMKH W PHIEIN) IO XOIy YacOBOMU
CTPEJIKH;

3. mpomonbHas cwia N CUHTACTCsA TOJIOKHUTEIBHOW, €CIM OHAa BBI3BIBACT
pacTsHKEHUE pacCMaTPUBAEMOM YACTHU paMbl (CTOCK U PUTEIICH ).

[TonokuTeNpbHBIC HANpaBICHUS BHYTPCHHUX CHJIOBBIX (DaKTOPOB  JUIS
AJIEMEHTOB paMmbl (y3J1a B BUJIE KpecTa) MoKa3aHbl Ha puc. 8.11.

W3rubarommii  MOMEHT, TMOMEpeYHasl W TMPOIOJbHAs CHUJIbI ISl pam
OTpHUIIATETILHBI, €CIM HaMpaBJICHUS STHUX CHJIOBBIX (DAKTOPOB MPOTHUBOIOJIOKHBI

HaIIpaBJICHUSM, YKa3aHHBIM Ha puc. 8.11.

8.8. /uddepennuanbHbie 3aBUCUMOCTH MPH IVIOCKOM M3rude

N3rubarommit  mMomeHT M, momnepedHas cwia (@ W HHTEHCUBHOCTH
BHEIIIHEW pacHpenesicHHOW Harpy3Kd ¢ CBsI3aHHBI MEXIY COOOM OmpeaesieHHOU

3aBUCUMOCTBIO.
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Q@/\
Puc. 8.11. [lonoxurenbHble HaNpaBIeHU BHYTPEHHUX CHIIOBBIX (DAaKTOPOB ISl pam

PaccmorpuM Oaniky, HaxXOASANIyIOCS TOM JCHUCTBHEM TUIOCKOW CHUCTEMBI CHJI
(puc. 8.12)

ZA ‘Fl ‘Fz fTﬁ\T\f (kM M(x) R M(x)+dM(x)

B —=+ (D

O(x) Q(x)+dQ(x)

Puc. 8.12

JIByMsI IIOTIEPEUHBIMU CEYEHHUAMHU X U (X + dx) BeIpekeM M3 OAJKH DJIEMEHT
Tak, 4YyTOObl Ha HEro He JEWCTBOBAJM BHEUIHHE COCPEIOTOYEHHBIE CHUJIBI H
COCPENOTOYEHHBIE MOMEHTBI. IHTEHCHBHOCTD BHEIIIHEW pacpeIeICHHON HAarpy3KH
g Ha JyIMHE dX CUUTAeM IMOCTOSHHOM.

JlefictBre OTOpOIIEHHBIX YacTel 3aMEHMM BHYTPEHHUMH CHUJIOBBIMHU
dakTopamu. JlelicTBHE JIEBOM YacTH 3aMEHUM H3THOAIOIIMM MOMEHTOM M) m
TONEPEYHON CUIOH (), KOTOpBIC OyJeM CUMTATh MOJOKHUTEIbHBIMU. AHAJTOTUYHO
3aMCHHMM JCUCTBHC MPABOH 4acTu MOMeHTOM M) = M(,) + dM(,) u nomepeyHon
cwnoit Q1 = Qy) + rmdQy). Tak kak Ha JIUHE dJeMeHTa dx HE IPHIIOKCHBI
COCPEIOTOYEHHBIE CUIIBI © MOMEHTHI, TO B 3MMopax M u Q He T0IKHO OBITh pa3phiBa,

[O3TOMY H3THUOAIOIMN MOMEHT M MOIEepeyHas Cuja B IMPaBOM CEUEHUU OyayT
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OTJIMYATBHCS OT MX 3HAYCHUM B JICBOM CCUYCHHUH Ha BCIIMUUMHY MaJIbIX npnpameHHﬁ
dM(x) u dQ(x)-

Bcsa Oanka B OCJIOM HAXOAUTCA B PABHOBCCHH, CJICAOBATCIBHO, M CC
BBIHGHCHHBIﬁ sneMeHT dx co BceMmu IIPpHUIIOKCHHBIMK K HCMY CHJIAMHM TaKXC
AOJIDKCH HAXOAUTHCA B PABHOBCCHUH.

CocTtaBuM ypaBHEHUS! PAaBHOBECHS.

1. Cymma npoekyuu 6cex cun Ha 6epmMUKAIbHYIO OCb 7 PABHA HYTIO!

Y FE=0: Q@+¢m>(g@—@mozo;—+ g-dx—dQ, =0.
3 aToro PaBCHCTBA IIOJIYYUM

d@m_q
dx
CHCI{OB&TGJ’IBHO, nepea}z I’ZpOLL?GO@Ha}Z om nonepelmoﬁ Ccujibl Nno a6cuucce X

(8.4)

pPAaABHA UKMEHCUBHOCMU pacnpeéeﬂeHHOd HAZcPYy3KU 6 Ce4eHUU.

2. CyMMa MOMEHMOB 6CEX CUTI OMHOCUMETIBHO UEHMPA NPpABOc0 CEYEHUA PABHA

HYTIO:
dx
ZMK:O: —M(x)—Q(x)-dx—q-dX'?—f—(M(x)—i—dM(x)>:0.
Otcroma
dx 2

B 3TOoM paBeHCTBE nOcCiieAHEE ClIaraeMoe ABJISECTCS MAJIOM BEJTMYUHON BBICIIIETO

HOpPSIKA 10 CPABHEHHUIO C IPYTUMH WICHAMHU, IIO3TOMY €0 MOXKHO OTOPOCUTH, TOT/IA

IIOJIyYUM
dM () = Q(x) - dx,
OTKyZa
0 = M (8.5)
(x) dox :

Takum 006pazom, nepeas npouszsoonas om uz2ubarouje2o MoMeHma no abcyucce
X pasHa nonepeyHoll cuie.

®opmyna (8.4), odeBHIHO, HE TPUMEHUMA JJIi CEUYCHHUH, B KOTOPBIX
IPWIOKEHBI BHEIIHUE COCPEAOTOYEHHBIE CHIIbL. AHanorudHo ¢dopmyna (8.5)
HE TIPUMEHNMA JIJIsl CEYCHHUH, B KOTOPHIX MPHJIOKEHBI BHEIITHHE COCPEIOTOUCHHBIC

MOMCHTHEI
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W3 nHaliieHHBIX BbIIE JBYX JU(pepeHInaIbHbIX 3aBUCUMOCTEH CleayeT

TPEThs

M, dO,
Sr=—Y=g (8.6)

TO €CTb 6mopas NPou38o0HAs Om us2ubarweco MomeHma no abcyucce X
PAasHa nepeoli Npou3BOOHOU OM NONEPEedHOU CUNbl UIU PABHA UHMEHCUBHOCHU
pacnpeoesleHHOl Haspy3KU.

Breipaxenus eq:1ZGIB04—(8.6) mpencraBisioT coboit nuddepeHiuaibHbie
3aBUCHMOCTH MEXJIy H3THOAIOIMIMM  MOMEHTOM, IIONIEPEUYHOH CHJIOW W
WHTEHCHBHOCTBIO PaCIpeICICHHONW HAarpy3KH MPH U3ruoe.

Otu  Qopmynbl ObUIM TMOJYyYEHBl PYCCKUM YYEHBIM M  HMHXKEHEPOM
J. 1. KypaBckum. OHHM HCHONB3YIOTCA IPU AHAIM3E Pa3IMYHBIX BOIPOCOB,
CBA3aHHBIX C U3rHOOM OaJoK, B YaCTHOCTH, IJisi IPOBEPKH MPaBUILHOCTH
MIOCTPOCHUS AITIOP U3THOAIOIINX MOMEHTOB M TIOTICPEYHBIX CHJI.

JUIss  OTBICKaHHMSI OKCTPEMAJIbHBIX 3HAYEHWH M3rH0alomuXx MOMEHTOB
(HauOOJIBIIIETO WM HAWMEHBIIIETO) HEOOXOAMMO IIEPBYIO IIPOM3BOIHYIO OT
MOMEHTa TpHUPaBHATH HYII0. CregoBaTrelbHO, B CEUCHMSX, TJE H3rHOaromui
MOMEHT IPUHUMAET HaUOOJIbLIEE UM HAUMEHbIIEE 3HAUCHUE (Moyerp), TIOTIEPEUHAS
cuna paBHa Hy;i0 (Q = 0).

MoXHO BBIMMCATh CHACAYIONIME JIB€ 3aBUCHMOCTH, WJLTFOCTPUPYIOIIHE
HaXOKXACHUC Q(x) 151 Q(x) I10 MOMCHTY M (x):

1. Honepeunas cuna Qy)

2. IHTeHCUBHOCTb PaCMpeaCICHHON HATPY3KH ¢ y)
2
My 49w _
dx? dx
Otu tudpepeHnnanbHble 3aBUCUMOCTH CIIPABEJIUBbI JIs1 YYAaCTKOB JEHCTBUS

CIUIOIIIHOW paclpeAeICHHOW HArpy3KH.
OOpatHble  (MHTErpaibHbIE) 3aBUCUMOCTH  MOKAa3bIBAIOT, 4YTO  3Has
MHTCHCHBHOCTb DACIpPCNCICHHON HArpy3kH ¢(,) U HadalbHblC 3HauYcHHS (o U

Mo MOxkHO onpenemuTs Q) U M,y:
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1. Honepeunas cuna Q)

Q) = Qo+ jQ(x);
0

2. 3rnbarommii MOMEHT M<x)

M(x) =M +IQ(X) -dx.
0

B utore moiy4um ypaBHEHHE JUIs M3rHOAIOIIEro MOMeHTa M|, IpU ACHCTBUH

CIUIOLIHOM PACTpe/Ie/ICHHOM HAarPy3KH ¢y

My =Mo+Qo-X+fx dfo(x) -d.
0 0

8.9. Jmropsl BHYyTpeHHUX CHJIOBBIX (pakTOpoB. [IpaBu/ia HX MOCTPOCHUA

JIist uccnegoBaHusl HAMPSHKEHHOTO COCTOSIHUS Oallki HEOOXOAMMO 3HaTh, KaK
WU3MEHSIOTCS BHyTpeHHHE yernus (Q u M) 1o jyiimHe OajIkH.

YroObl MMETh HAMISIIHOE NpeAcTaBieHue o0 uaMeHeHuu Q u M 1o JJIMHE
0aJIK¥, CTPOAT SMIOPBI STUX BHYTPEHHUX YCHIIHUM.

AHaUTUYECKUIN PacyeT MIIOCKOMW paMbl TAKKE 3AKIFOYAECTCS B ONPEACICHUU
BHyTpeHHUX ycwinii (N, Q u M) OT 3aJaHHBIX BHEIIHUX BO3JICUCTBUH U B
IIOCTPOCHUHU COOTBETCTBYIOIIMX JIIOP HAa I'€OMETPUUYECKOM CXEME paMbl II0 OCSAM
CTOEK U pUTEIIEH.

BeipaxeHusi uisl NPOAOIBHOM CHIIBI, MOMEPEYHOM CHJIBI M HM3THOAroLIero
MOMEHTa MPEJCTaBIAIOT CO00M (PYHKIIMU KOOPIMHATHI X W JJs HUX MOXHO

OCTPOUTH rpaduku (3mropsl) uzMeHeHust N, Q u M 110 JyTMHEe CTePIKHS.

Onpenenenue 8.14 [paguxu, uzobpadxcarowue 3axkonvt uzmenenus N, Q u M
800J1b 2eoMempu1eckoll ocu 6anKu (paml), Ha3vLIBAOMC COOMBEEMCMBEHHO dNIOPOU

NPOOOTILHBIX CUJL, dNIOPOL NONEPEUHBIX CUTL U INIOPOU U3LUOAIOUUX MOMEHMO8.

Opounamul 3mux 3nwop npedcmasisaom cooot yucienuvle 3navenus N, Q u M
8 COOMBEMCMBYIOUIUX CeUeHUAX DAIKU (pambl).
ITpu nmoctpoennu smop N, Q 1 M B CTaTUYECKU OIPENECIUMBIX CUCTEMAX

PEKOMEHIYETCS CIEAYIONTUI 00U TOPSIAOK NEUCTBUM:
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1. OmnpenensieM ONOpHBIE peaklUi U3 YpaBHEHUN PaBHOBECHS (CTaTUKM).

2. PazOumBaeMm pacueTHYIO cxemy Oasiku (pambl) Ha YYaCTKH.

3. Ilpumensisi METO CEUEHUM, MBICIEHHO MPOBOIUM IONEPEYHOE CEUEHUE B
npejaenax paccMaTpuBaeMOro ydacTKa, KOTOpoe pa3zbuBaeT Oanky (pamy) Ha JBe
YaCTH.

BriOupaem Ty uacth Oanku (pambl), Ha KOTOPYIO ACHCTBYET HaMMEHBIIIEE
YUCJIO M3BECTHBIX HArpy3ok. s ompeneneHus BHYTPEHHUX YCWIMM B CEUCHUH
COBEPIIICHHO Oe3pa3IMYHO, KaKyI0 4acTh Oaiku (paMbl) paccMarprBarh. BenmauHbl
BHYTPEHHUX YCHINN OyIyT OJHU U TE XKeE.

4. CocrabisieM BeIpaxxeHHs (ypaBHEHHSI ), TOKA3bIBAIOIINE 3aKOH U3MECHECHHS B
Ipeiesiax pacCMarpruBaeMoOro y4acTKa MPOAOJIbHON CHIIbl N, MONEPEYHON CHIIbl O U
usrubatomiero momeHta M. [1pu 3ToM pyKOBOACTBYEMCsI OTIpeieICHUEM BHYTPEHHHUX
CUJIOBBIX (DaKTOPOB U IIPABUIIOM 3HAKOB.

5. Ilo 3TUM BBIpaKXCHUSM BBIUMCISAEM YHCICHHBIC 3HAUYCHUSI TPOAOJIBHBIX
CHWJI, TIOTIEPEYHBIX CUJT M U3THOAIOIINX MOMEHTOB B XapaKTEPHBIX CEUCHHSIX y4acTKa
(ga ero rpanunax). Eciu ¢dyHKIMOHAIbHAS 3aBHCUMOCTh YKAa3aHHBIX CHJIOBBIX
(GbakTOpoB HENWHEITHAs, BBIYUCICHHE TMPOW3BOIUM €I€ W B MPOMEKYTOUHOU
TOYKE, HAIPUMEP, B CEpelIMHE yyacTKa WIM B CEUCHHUH, IJe (PYHKIIUS TOCTUTAET
AKCTPEMAIIBHOTO 3HAUYCHUS.

6. Ilo momy4eHHBIM YHCIIEHHBIM 3HAYEHUSIM MIPOJOIBHBIX CHJI [V, TIONIEPEUHBIX
cun Q U W3rudarIMMX MOMEHTOB M CTpOUM 3MIOpHI (TpauKu) 3TUX BHYTPEHHHUX
YCUJIUN.

Omnopa KaX[0ro BHYTPEHHETO YCWIMS CTPOMTCS Ha OTACIbHON JIMHUU
(6a3ucHOM MpsAMOIT), apaliIeIbHON TeOMETPUIECKON ocu Oayiku (pamsl). Jlis 0anok
AMIOPHI PACTIOIATral0TCsl HETIOCPEACTBEHHO 0] HEH.

B MpOeKTHBIX CTPOUTENBHBIX OpPraHU3AIMUSAX MPU TOCTPOCHUH SIIOP IS
0aJIOK TMOJOKUTEIbHBIE 3HAYCHHUS TPOJOJIBHBIX CHJI N W TONEPeUHbIX cuil Q
OTKJIQJIBIBAIOTCSI BBEPX OT 0a3MCHON MPSIMOIA, a OTpUIIATENbHbIC 3HAUYEHUSI — BHU3.

[TonmoxxuTenpbHbIE 3HAYCHUS W3THOAIONIMX MOMEHTOB M OTKJIaJBIBAIOTCS
CO CTOPOHBI «pPACTSIHYTHIX» BOJIOKOH, TO €CThb BHHU3 OT 0a3MCHOW MNpAMOM, a
OTpHUIIATETbHBIE 3HAUCHHUSI — CO CTOPOHBI «CXKATHIX» BOJIOKOH, TO €CTh BBEPX OT
0a3uCHOI MPSAMOIL.

Takum o00pazom, osmnwpa useubarwux momenmos M cmpoumcs Ha

«paACmAHRYmMomM» 60JIOKHE.
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Ha mone smiopbl mMexay rpagukoM U 0a3MCHOM MNPSMOM CTaBUTCS 3HAK
BHYTPEHHETO YCUJINA U TPOBOASITCS] OPAUHATHI.

7. JlemaeM MpPOBEpPKU TMPABUIBHOCTH IOCTPOCHHBIX OHMIOP BHYTPEHHHUX
CHJIOBBIX (DAKTOPOB.

8. OTMeuaem omnacHble cedyeHus Oaliku, TIJI€ JCHCTBYIOT MaKCHUMaJbHbIC
(HanOodbIIME) 1O aOCONIOTHOW BEJIMYMHE 3HAUCHUS BHYTPEHHUX CHJIOBBIX
(haKTOpOB.

Ilpasuna nocmpoenusi sn0p GHYMPEHHUX CUNOBbIX PAKMOPO8 (8HYMPEHHUX

ycunuil) 8 pamax maxkue e, KaxK u 8 6anKax.

8.10. KonTposas (mpoBepKH) NPAaBUIBHOCTH MOCTPOCHUA MIOP BHYTPEHHHX

CIJIOBBIX (DAKTOPOB 1JIs 0AJT0K

Huddepenumansubie 3aBucuMoctu [l. U. XKypaBckoro mexay u3rudarommum
MOMEHTOM, MONEPEYHOW CHWJIOW W WHTEHCHUBHOCTBIO BHEIIHEW pacHpencICHHON
Harpy3Ku OMNpPENeIISItOT CBSI3b MEXy dmopaMu M u Q, MOCTPOCHHBIMU OT JIFOOOM
BHEIIHEW HArpy3KH. JTa B3aWMMHAS CBA3b UMEET BAXKHOE MPAKTHUYECKOE 3HAYEHUE
JUIS. KOHTPOJISL TIPABWJIBHOCTHU BBITIOJIHEHHOTO IMOCTPOCHHUS DBMIOP HM3THOAIOIINX
MOMEHTOB M MOMNEPEYHBIX CHUJI.

Bce mpoBepku MpaBUIBHOCTH MOCTPOCHHBIX SIIOP BHYTPEHHHUX CHUIIOBBIX
(dbakTopoB AJis OATIOK denaromcs ciesa Hanpaeso.

— «Ckauku» Ha smope ( BO3MOXHBI TOJBKO B TEX CEUYEHHUAX OajKH,
IJIe TPWIOKEHBI COCPEIOTOYCHHBIC BHEIIHUE CHJIBI, TEPHCHIUKYISPHBIE K
reOMETPUYECKON OCH. 110 BEIMUYMHE ATOT «CKAa4OK» paBeH 3Tou cuie. Eciaum sra
BHEIIIHSS CUJIa HAITpaBJIeHA BBEPX, TO Ha 3Mtope O UMEETCS «CKaYOK» BBEPX, a KOIJia
CUJIa HAIIPaBJICHA BHU3 — UMEETCS «CKAYOK» BHU3.

— «Ckauku» Ha dmope M BO3MOXHBI TOJBKO B T€X CEUEHHUSAX Oaliku, TJe
IIPUJIOKEHBI COCPEOTOYEHHBIE BHEITHUE MOMEHTBHI. [0 BEIMUHMHE 3TOT «CKA4OK»
paBEH 3TOMY MOMEHTY. ECIM COCpeNOTOYEHHBIM BHENIHHUM MOMEHT JIEUCTBYET
0 XOJIy YacOBOW CTpENKH, TO Ha smope M HMEeTCs «CKauyoK» BHHU3, a KOrja
COCpPEIOTOYEHHBIM BHENTHUM MOMEHT JIEMCTBYET MPOTUB XOAa YaCOBOM CTPEJKH, TO

Ha SIII0pC M umMeeTcs «CKadyoK» BBCPX.
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— Ha yvactkax 0anku, Ha KOTOpBIX MomnepedyHas cwia () MOJIOKHUTEIbHAs,
AMIOpa M3rMOarolMX MOMEHTOB BO3pAacTaeT, Ha ydacTKax Oajku, Te MonepeuHas
cwia ( oTpulaTeibHasi, M0pa W3rudaronMX MOMEHTOB YOBIBAaET, a Ha ydacTKax
Oanku, TA€ momepeuHas cuia () paBHA HYIIO, SMIOpAa M3rHOAOIIMX MOMEHTOB
nocrosinHas (M = const).

— Msrubarommii MoMeHT M pocturaet max uik min (Msgerp) B TEX CEUEHUAX
Oanku, TA€ monepeyHas cuia pasHa Hymto (Q = 0).

— Ha yuyactkax Oanku, rie IeHCTBYeT BHEIIHSS paclpeiesieHHas Harpyska
UHTEHCUBHOCTBIO ¢, TomnepeyHas cujia () M3MEHseTCS MO JIMHEWHOMY 3aKOHY, a
AMIOpa U3rudarIUX MOMEHTOB M Ha 3TOM y4acTKe OTpaHUYeHa KPUBOH.

— Ha yuwactkax Oanku, T[J€ BHEIIHSIS pacOpelelieHHas Harpyska
MHTEHCUBHOCTBIO ¢ OTCYTCTBYET, monepeuHas cuia Q nocrosHHas (Q = const), a

3MIOpa N3THOAIOIINX MOMEHTOB M M3MEHSETCS 110 JIMHECHHOMY 3aKOHY.

8.11. KouTpoJbs (MpoBepKH) NPABUJIBHOCTH MOCTPOCHUS 3MIOP BHYTPEHHHX

CUJIOBBIX (PAKTOPOB JJI pam

[TocTpoeHHbIE AMIOPHI MOMEPEYHBIX CHJI U M3THMOAIOIIUX MOMEHTOB B pame
IPOBEPSIOTCA IO MpPaBUIIaM KOHTPOJIS JJIs MPSMOJIMHENHBIX OaJIoK.

Kpowme sToro B pame He0OXOAMMO MPOBEPUTH PABHOBECUE BCEX Y3JIOB.

DTa mpoBEpKa COCTOMT B TOM, YTO BBIPE3aHHBIM y3€ld MOA JEHCTBHEM
NPWIOKEHHBIX K HEMY BCEX BHEIIIHUX COCPEOTOUYEHHBIX HATPY30K (COCPEAOTOYCHHBIX
CHUJ YU MOMEHTOB), a TaKX€ BHYTPEHHUX CHJIOBBIX (DaKTOpPOB (IOMEPEUHBIX CHUI,
IPOAOJIBHBIX CUJI U U3rMOAIOIINX MOMEHTOB) JIOJIKEH HAXOAUTHCS B PABHOBECHH.

JUis  3TOro BBIPE3alOT y3€d W MNPUKIAABIBAIOT K HEMY BHEIIHHE
COCPEOTOYEHHBIE HAarpy3ku (COCpEAOTOYEHHBIE CWJIBI U COCpPEAOTOYEHHBIE
MOMEHTBI, €CJIM OHU MPUIIOKEHBI K Y3I1Y).

3areM K y3Jy IPHKIAJbIBAIOT BHYTPEHHUE CUJIOBbIE (DAKTOPHI (IIONEpEYHbIE
cwibl (J, MpooibHbIE CHIIbI N ¥ M3rubaroime MOMEeHThl M), KOTOpbI€ BBIPAKAIOT
JeiCTBUE OTOPOIICHHBIX YacTel paMbl Ha y3ell (¢ momoiibko 3mwop Q, N uM).

CocTaBnstoT TpH ypaBHEHHUS paBHOBECHsI (CTATHUKHU), KOTOPBIE JOKHBI OBITH
PaBHBI HYJIIO:

Y F. = 0 — Cymma npoexyuii 6cex cun Ha 20pU30HMAIbHYIO OCb X PAGHA HYTIO;
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Y F, = 0 — Cymma npoekyuii 6cex Cui Ha 8epMUKAIbHYI0 OCb 7 pABHA HYIO,

Y My = 0 — Cymma momenmos 8cex cuji OMHOCUMENbHO V31d PABHA HYIIO.
8.12. Ywucrteiid n3rud 6ajaxku. OCHOBHBIE THIIOTE3bI

Panee ObUTO YCTaHOBJIEHO, YTO MPHU BHEUIHEH Harpyske, NepIeHIUKYIIPHOM
TE€OMETPUUECKON OCH OalKH, B KAXKJIOM €€ MONEPEYHOM CEYEHUU MOXKET BO3SHHUKATh
OJTHOBPEMEHHO U3TMOAI0IIN MOMEHT U MONEepPEeUHast CHUIa.

N3ydeHne HanpsKEHHOTO COCTOSIHUS Oanku ynoOHee HayuHaTh C YacTHOIO
cilydasi, KoJia orepevHas Cujia paBHa HyJI0, TO €CTh C YUCTOTr0 U3ruoa.

Paccmotpum nedopmanuio uricroro nzruda 6anku. C moMoIbio SKCIEPUMEHTA
YCTaHOBJIEHO, YTO €CJIM Ha OOKOBYIO IOBEPXHOCTh OajaKu M3 PE3UHOBOro Opyca
NPSIMOYTOJIBHOTO MOMNEPEYHOIO0 CEYEHHS HAHECTH OPTOTOHAJBHYIO CETKY B BHJIE
OPOAOJIBHBIX U TMOMEPEYHBIX MPSIMBIX, TO Mocie Ae(hOpPMUPOBAHHUS HA Y4aCTKE
YUCTOr0 M3ruba NpoAOJbHBbIE MpsSMble NPUHUMAIOT KPUBOJIMHEHHOE OYepTaHUe,
a momepedHsle ocrarorcs npsAMbIMH. [Ipr 3TOM ceTka ocTaercsi OpTOrOHAJIBHOU
(puc. 8.13).

¥ ¥

é\, YyacTok ,@

YHUCTOrO U3ruodal
a [—2a a

Hevtpanensiit cion

Puc. 8.13

Otcroma MOXXHO cJeNaTh BBIBOJA, YTO YIVIOBBIE Je(opMaliid B IIJIOCKOCTH
u3ruba OTCYTCTBYIOT, a MTONIEPEUHbIE CEUCHHS OAIKU TTPU U3rH0e HE UCKPUBIISIOTCS.
W3 pucyHka BUIHO, YTO MPOAOJILHBIC BOJIOKHA OAallkKM, PaCIOIOXKEHHBIC B

HVDKHEU €€ 4aCTH, PaCTAHYTHI, @ B BEPXHEN YaCTH — CHKATBHI.
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Omnpenenenue 8.15 [ panuya medxcoy pacmsaHymvimu u CHCAMIMU BOJIOKHAMU

Has3vleaemcs HeﬁmpaﬂbeZM CIlOEM.

Heumpanvhviii ciou He uchvlmvléaem pacmsAdiceHuss U CHCamusl.
Huwxe HeUTpasbHOro C0s B MONEPEYHBIX CEUYEHUSAX  JACUCTBYIOT

pacCTATUBAIOIINE HOPMAIbHBIC HANIPSDKEHMS, a BRI — CkuMarorue (puc. 8.13)

Onpenenenue 8.16 Jlunua nepeceuenusi HeumMpanibHO20 CN10SL C NAOCKOCHBIO
NONepeyHo2o CcedeHus HA3bl8Aemcs: HeUmpaibHOU JuHuel (HylIeBOW JuHUEH)

Ce4YeHU:l.

DKcrepuMEeHTaIbHBIC U TEOPETUYECKHIE UCCIIEA0BAHUS YUCTOTO U3ruba Oayiok
JIENat0T BOBMOXXHBIM MPUHSTH CJIEIYIONINE TUIIOTE3bI:

1. T'unomesa naockux ceuenuu (cunomesa . bepnynnu). Ilonepeunsie ceueHus
0aJIK¥, TUIOCKUE U HOPMAJIbHBIE K €r0 T€OMETPUUYECKON OCH (HEUTPAIILHOMY CIIOIO)
710 1epopMaIiu, OCTAIOTCS TNIOCKUMH U HOPMAJIBHBIMU K OCH U TIoclie ieopMaIiii.

Ora rumnore3a paBHOCWIBHA TPEIIOI0KEHUIO, YTO MPU U3TUOE MOTICPECUHBIS
CEUCHHUS MOBOPAYMBAIOTCS HA HEKOTOPHIMA YTOJ OTHOCUTEIBHO HEUTPATIbHOM JIMHUH,
a yroBble eopMaliy B MPOAOIbHBIX CEUEHUAX OAKU OTCYTCTBYIOT.

2. IlpooonvHbvie cnou e dassim Opye Ha Opyea (B3aUMHOE JIaBICHUE MEXKITY
POOIBHBIMU CIOSIMU OTCYTCTBYET).

OTtcroma ciemayer, 4To MPOAOIbHBIC BOJOKHA HCIIBITHIBAIOT IEHTPAIBHOE
(OTHOOCHOE) PACTSHKCHHE MITH CXKaTHe.

3. Jeppopmayuu npooonrvuvix 6010KOH He 3ABUCAM OM UX NONONCEHUS NO
wupune ceuenusl.

U3 sToro creayert, 4To HOpMaIbHBIE HAIPSDKEHUS OCTAIOTCS OJIMHAKOBBLIMU TI0
IIMPUHE CEUCHUSI.

3amaya 00 OTHICKAHMM 3aKOHA PACIPEACIICHHS HAMPSIKCHUM IO CEUYCHHIO
OaJIki SIBISIETCS. CTAaTUYECKU HEOINPENeTUMON U JUIsl €€ pelleHHus HeoOXOIUMO
JOTIOJIHUTENIFHO K YPaBHEHHUSIM pPaBHOBECHs MPUBJICYb YpaBHEHUs AedopMaliui,
KOTOpble  MOXHO CchOPMYyIUpOBaTh HAa  OCHOBAHHHM  DKCIEPUMEHTAIBHBIX
HaOJTIOEHUN.

BeiBog ¢dopmynbl  ais  ONpeACNiCHHS HOPMAJIBHBIX HANPsDKEHUW O B

MOTIEPEYHBIX CEYCHUSIX OaIKU MPOBOIUTCS MO CIAEAYIOIIEH cXeMe:
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1. PaccmarpuBaeTcs cmamuueckas cmopona 3aJ1a4u, TO €CTh aHAJM3UPYIOTCA
YpPaBHEHUS CTATHUKHU.

2. PaccmarpuBaercs ceomempuueckas cmopona 3agadn. Ha ocHoBe
OTIBITHOTO M3YYEHHMsI JAaHHOTO BHja AedopManuu OalKu U IPUHUMAEMbIX THUIIOTE3,
YCTAHABIIMBAIOTCS 3aBUCUMOCTH MEXKIY MEPEMEIICHHEM TOYeK Oalkh U uX
MOJIOKEHUEM B CEYEHHH OTHOCUTEIBHO MTPUHATON CUCTEMBI KOOPIUHAT.

3. PaccmarpuBaeTcsi  @u3uueckas cmopona 3ajadyd  —  ONPEAeNAeTCs
3aBUCUMOCTb MEXK/y HaIPSHKEHUSIMHU U 1e(DOPMALIUSIMH.

4. TIpou3BOOUTCS CUHTE3 YPAaBHEHHUM, TO €CTh UX COBMECTHOE PEIICHUE.

8.13. Ompenenenue HOPMAJbHBIX HANIPSIKEHUIN

N3yunm 3aKkoH pacripefeeHuss HanpsHKEHUNW B MOIMEPEYHOM CEUCHUM Oajiku
npu uuctoM u3rude. bymem paccmarpuBarh Oaliky C TMOMEPEYHBIM CEUYCHHUEM,
obnagaronuM XOTs ObI OMHOM OCHhIO CHMMETPHH, KOTOpas COBMAJAaeT C CHJIOBOU
IJIOCKOCTBIO.

Tak kak TIONEpEeYHbIE CEUECHHS CHUMMETPUYHBI OTHOCHUTEIBLHO CHJIOBOM
MJIOCKOCTH, TO ISl YIPOIICHHS IPUMEM UX MPSIMOYTOJIbHOM (hopmbl (puc. 8.14).

B miockocTd MOmEpevuHoro Ce4eHus MPOBEAEM KOOPIUHATHBIE OCH Yy H Z.

Obo3Hauum 20pU30HMANLHYIO OCb Yepe3 Y, a ePMUKAIbHYI0 0Cb Yepes Z.

Z Z

M | | M |
C | L ) C | | c-d4

Rl =

Y I S I __Z
//)_ /)/_/% //)_/
// / // // y y
1| (2
X dx

Puc. 8.14

Och 7 COBMECTHUM C CHJIOBOM JIMHUEMN, a OCh y POBEJEM ITOKA HA MPOU3BOJIBHOMN

BBICOTC IICPIICHANKYJEIPHO OCH Z.
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W3rubarommii MmoMeHT M (cuiioBas IUIOCKOCTh) JEHCTBYET B CHUJIOBOM
IUIOCKOCTH X0Z. B IUIOCKOCTH ITONEPEYHOIO CEYEHHMsI BBIAEIUM D3JIEMEHTAPHYIO
romaaxky dA.

[Tpu yuctom u3rude M3rudaromKii MOMEHT M B MONEPEYHOM CEUCHUU OANKH

BBI3bIBAET HOPMAJIbHBIC HAIIPSIKEHUS O, a KacaTeJIbHbIe HAIPSKEHUS T PaBHbBI HYJIIO.
8.13.1. Craruueckas CTOpOHa 3aJ1a4H.

CocTaBUM ypaBHECHHS CTATUKU:
1. Cymma npoexkyuti 6cex cun Ha 20pU30HMAILHYIO OCb X PAGHA HYIO!
YF=0: [o-da=0. (8.7)
A
2. CyMMa MOMEHMOB 8CEX CUJl ONHOCUMENIBHO OCU L pABHA HYIO!

M,=0: M+ |o-z-dA=0. (8.8)
Y J
A

3. Cy]l/l]l/la MOMEHRMOB 6CEX CUI OMHOCUNIENIbHO OCU T pABHA H)IO!

ZMZ:o:fc-y-dA:o. (8.9)

8.13.2. T'eomeTrpuueckasi CTOpOHA 3aJ1a4u

Paccmorpum nedopmariuro Toi ke 6anku. Beimenum uz 6anku cedeHusimu 1—1
u 2—22 snemeHT jyuHo# dx (puc. 8.15).

B pesynbrate nmedopmManum MPOMCXOTUT H3MEHEHHE PACCTOSHUN MEXITy
MOTICPEYHBIMU CEUCHUSIMH — HIDKHUE BOJIOKHA YIJIUHSIOTCSA, a BEpPXHHUE —
yKOpauuBaroTcs. ECTECTBEHHO NPEIITONOKUTE, YTO MOYKHO HANTH U TaKUE BOJIOKHA,
JUTHHA KOTOPBIX MPU U3THOE HE U3MEHSAETCS.

C080KYNHOCMb B0NIOKOH, He USMEHAIOWUX c8oell ONUHbl NpU uzeube OaIKu,
HA3bl8AemCcsl HeUMPAbHBIM CJLOEM.

BosokHa, npuHa Iekanme HedTpaabHOMY CJI00, JI0 AchopMaliuy JIe)KaT B
OJTHOM TTOCKOCTH, a B JI€()OPMHUPOBAHHOM COCTOSTHUH 00Pa3yOT MUJIUHAPUYECKYIO

noBepxHOCTh. Jlo 1 mociie nedopmaruu Kaxaoe NornepeuHoe CEYeHNe epeceKaeTcs
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&

20 by a’y
a b a
dx
Puc. 8.15

C HEUTpaJbHBIM CJIOEM MO MPSMOU, KOTOpasi Ha3bIBACTCS HeUmpaibHOU (H)1e60li)
JIUHUEU CeYeHUsl.

[Ipu miockoM wu3rnOe HEUTPANbHBIM CJIOM TEPHEeHIUKYISIPEH CHUIOBOM
IJIOCKOCTH, a 3HAYUT U HEUTpAJIbHAS JIMHUS IEPIICHIUKYIISPHA CHUIIOBOU JIMHUU.

Bynem cuutark, 4TO OCh Y COBNAAAET C HEUTpaAIbHOU NMuHKel. 13 pucynka 8.15
UMEEM

apby — apb(, — ¢ pamycoM p;
ab — a1by — c paaguycom p — z.

B mocneaHem BeIpaXXeHUH P — Z 3HAK «KMUHYC» OBLI OCTABJICH IO CIEAYIOIICH
npuunHe. CoracHo cxeme, n300pak€HHOM Ha puc. 8.15, 7 — He paccTosiHue,
yKa3blBa€MO€ IO aOCOJIOTHOW BEIWYMHE, 4 UMEHHO KOOpAMHATa BOJIOKHA abi,
KOTOpasi B JaHHOM cjydae OyleT OTpUIIATEeIbHOM, MOCKOJBKY IOJIOKUTEIBHOE
HAIPABJICHUE OCH 7 HANPaBICHO BBEPX, a KOOPAMHATA YKA3aHHOTO BOJOKHA
HAXOJIUTCA HUKE LEHTPA TSHKECTU CEYEHHUS. Y UUTHIBAS, UTO JUISl YKA3aHHOM CXEMBbI
Z — OTPHUUATEIbHO, TO IS YBEIWYECHUS PACCTOSHUS JI0 PACTSHYTOTO BOJIOKHA
HEO0OXOAMMO BBIUECTh €€ U3 PAIMYC—BEKTOpA P, TO €CTh MOIYYaeM P — Z.

Haiinem oTHOCUTENBHOE YAJIMHEHUE TPOU3BOJIBHOTO BOJIOKHA ab

—z)dO —dx
E—T; alblz(p—Z)'de; ab=dx — Ez(p Z>dx .

Haiimem oTHOCHTENBHOE YIJIWHEHHE BOJOKHA dpbg = dx, mpuHaIeKamee

o Cllbl —ab

HEUTPAITBLHOMY CJIOKO

(pP—2z)d0—pdd 2
aohy = aphy=p-dd=dx — &= o = =
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5 e=-—= (8.10)

8.13.3. dwusuyeckas CTOpOHa 3a/1a41

OnpenenuM, B KaKOM HAIPsHKEHHOM COCTOSHHUU HAXOJUTCS MPOU3BOJIBLHOE
MPOJOJBbHOE BOJIOKHO ab. Ha TopiieBoll MOBEPXHOCTH BOJOKHA (B CEYCHUM)
KacaTelbHble HampsHKeHUs T paBHbl HYymM0. ClieoBaresibHO, B COOTBETCTBUHU C
3aKOHOM MApPHOCTH KacaTeJIbHbIX HAMPSHKEHUN HET UX U B CEUCHUSIX, TapaslIeIbHbIX
ocu OaJkwu.

HopmanbHble HanpsKEHUS 0, BIpaXKaroIue B3auMOICHCTBHE paccMaTpUBaeMOro
BOJIOKHA C COCEJHUMH BOJIOKHAMH, B CUJTy BTOPOM THUITOTE3bI PaBHBI HYJIIO.

Takum 06pazom, MPoOI0IHLHOE BOJIOKHO HAaXOAUTCS B IMHEWHOM HAIPSYKEHHOM

cocTtosiHUM. 3akoH I YKa 1J1d JIMHEHHOTO HAIpsKCHHOI'O COCTOSAHUA UMCCT BUJ

o=¢-FE. (8.11)
8.13.4. Cunte3 ypaBHECHHI.

Pemas cucremy ypaBuenuii (8.10) u (8.11), nonyuum

E.
B s-_p.% (8.12)
P Y

[Toncranss Beipaxkenue (8.12) B ypaBHenue (??), moiyuum

0o =

M:—fa-z-dA:/IéE-sz:Efzsz:w —

A Py P
1 M
—-—=— (8.13)
p E ’Iy
N3 Beipaxenuii (8.12) u (8.13), cnexyet
M
0O=——"2. (8.14)
Ly

[Tosicaum mosiBnieHue B Beipaxkenuu (8.14) 3Haka «Munyc». s BeIOpaHHOM
pacu€THOM CXeMbl B OaJIKe OKa3bIBAETCSI CIKATOM BEPXHSSI 30HA (HAMIPSKEHUS UMEIOT
3HaK «MHUHYC»), PaCTAHYTON — BEpXHsA 30HA (HANPSHKEHUS] UMEIOT 3HAK IUTHOCH).

CoOTBETCTBEHHO, B BEpXHEH 30HE KOOPAMHATA Z UMEET 3HAK ILTIOCY, a HAMIPSIKEHUS
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MOJIYyYarOTCS CO 3HAKOM «MHUHYC», AHAJIOTUYHO B HIDKHEHN 30HE KOOpAUHATA 7 UMEET
3HAK «MHUHYC», & HAIPSDKEHUS MOJTyYat0TCsl CO 3HAKOM «ILITHOC).
B npaktuyeckux pacuérax yacto Beipaxkenue (8.14) ynoOHO 3anuchIBaTh 1o B
CJIEIYIOILIEM BUE
0'=:|:]}—4-Z. (8.15)
y
[Ipu sToM 3HaK mepen BeIpakeHHue (8.15) BEIOMparOT TakuM 00pa3oM, YTOOBI
IIOJIyYUTh 3HAYCHUs HANPSDKECHUN B BEPXHEHM M HIWJKHEM 4acTAX COINIACHO JIIIOpE
U3rUOAIOIINX MOMEHTOB M, CTPOSIIIIENCS HA PACTAHYTHIX BOJIOKHAX.
[TonoxxeHne HEUTpPaIbHON OCH (HYJIEBOW JIMHUM) ONPEIACIUM U3 YCIOBHS, YTO
POJOJIbHASI CUJIA B MONEPEYHOM CEYEHUHU OaKU MPU YUCTOM M3THOe paBHA HYIIO.
PaccmoTpeB ypaBHeHUEe paBHOBeCHS (8.7), TOIyYUM
fcrdA:O — fﬂ—d-z-dA:A—/l-fz-dA:O —
A a b by

N Sy:jz-dAzo > S,=0. (8.16)
A
CrarryecKnii MOMEHT CEYEHUs Sy OTHOCUTENHLHO HEWTPAIbHOM OCH y pPaBeH
HYJIIO JIMIIb B TOM CITy4dae, KOTAa 3ma 0Cb YeHmpaibHasl.

PaccmoTpeB ypaBHeHue paBHOBecHs (8.9), moyuum

M M
fo-y-dAzo = j—-y-z-dA:O N —-fy-z-dAzo =

Iy Iy
A A A

= Le=[yz:dd=0 - L.=0. (8.17)
A
[{eHTpOOEKHBI MOMEHT HHEPIIMH PABEH HYITIO OTHOCUTEIHLHO OCEH y U Z JIUIIIb
B TOM CJTy4ae, KOT/Ia OHU SIBJISIIOTCS 21ABHbIMU YEHMPATbHLIMU OCAMU UHEPYUU.
Cnedosamenvho, ocb y (HeUmMpaivHas JIUHUSL) NPOXOOUM, uepe3 YEeHmp
msdHcecmu NIoWaou NONEPeyHo20 cedetuss, maxK KaKk Cmamuyeckuil MoOMeHm paseH
Hymo (S; = 0), a ocu y u 7 — 2nasHvle yeHmpanibhvie OCU UHEPYUU, MaxK Kax
yenmpobexcuvitli Momenm unepyuu cevenus pasen Hyno (I, = 0).
Takum oOpasom, ™Mbl moayuwnn dopmyny (8.15) nua  ompeaeneHus

HOPMAJIBHOI'O HaIPsXKECHUA O IIPpH YHUCTOM n3rude B HpOI/I3BOHBHOﬁ TOYKEC
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MOTICPEYHOTO CCUYCHHUS Oajlkh C KOOPAWMHATOM Z OTHOCHTCIBHO TJIABHBIX
LHEHTPAIBHBIX OCEM.

[To popmyne (8.15) MOxHO oTpeIesATh aOCOTIOTHYIO BETUIHNHY HOPMAJIbLHOTO
HAIpsHKCHUST O, a €ro 3HaK yCTaHABIMBAaTh B 3aBUCHUMOCTH OT TOTO, B CXKaTOW WJIU
pacTsSHYTOM 30HE HAXOIUTCS paccMarpruBaemasi Touka. B aTom ciydae BenmuuuHbl M
U 7 OepyTcs 1Mo aOCOMIOTHBIM 3HAYEHUSM.

Ecnm ke y4yuThIBaTh 3HaKM W3rHOaromero MomMeHTa M W KOOPIUHATHI Z,
To ¢dopmyna (8.15) mo3BONSIET OMpENeNsATh YHUCICHHOE 3HAYCHHE HOPMAIBHOTO
HAIPsHKCHUS O M €T0 3HaK.

HDCIGMJZO 3HAKOG. Hpu onpe()eﬂeﬂuu YUCNEHHbIX 3HAYeHUU HOPpMAJTIbHO20

Hanpsidicenusi o no gopmuyne (8.15) wuseubarowuii momenm M cuumaemcs
NOJLONCUMETbHBIM, eClll OH 8bI3bl8AEN PACMANCEHUE 8 MOUKAX NepEol Yemeepmiu,

I’lpZ/lH}ZmOI:Z cucniemaysl Koopc)uﬂam, nonepevHoco ceverus OanKu.

8.14. Pacuer 0a/10k Ha NPOYHOCTH NPHU U3rHdeE

OnbpITaMyd  YCTaHOBIIGHO, 4YTO TIOTMepeyHas cwia (), BO3HHUKAMOIIAsA B
MOTICPEYHBIX CEUCHUSAX OAJIKU MPH ILUIOCKOM MOIMEPEYHOM M3THOe, Majo BIHSET Ha
HOpPMaJIbHBIC HAMIPSIKEHUS OAJIOK M 3TUM BIMSHUEM MOXKHO MPEHEOPEUb.

Cneodosamenvho, popmyna (8.15) ons eviuucienus HOpMaIbHbIX HANPAANCEHULL
8 cayuae yucmozo useuba OaiKu 6noiHe npuemaema Oas pacdema 6cex OajloK,
pabomarowux Ha uzeud, bI36aHHbBIU OEliCMBUEM He MOJIbKO U32UDAIOWUX MOMEHMO8,
HO U NONEPEeYHbBIX CUJL.

OnpenenuM HOpMaJbHBIE HANPSKEHUSI B XapaKTEPHBIX TOYKAX MOMEPEYHOTO
cedeHus Oanku, Jexamux Ha quHuIx 1—1, 2—2 u 3—3 (puc. 8.16-8.18).

®opmyna (8.15) qis onpeaeneHrus HOpMaJIbHOTO HAMIPSKEHUS B TPOU3BOJIbHOM
TOYKE ITONIEPEYHOTO CEUCHUS OATKU ¢ KOOPAUHATOU y

M
o=—"-2.
Iy
MOKa3bIBACT, YTO KakKkylo Obl OopMy U pa3Mepbl HU MMEJIO CEYeHHE, HOpMajbHbIE
HaNPsHKEHUS B TOYKaX 2—?2 MOMEPEYHOro CeUeHUs OaNKu, JIeKalIuX Ha TIIaBHOU OCH

y (Ha HeUTpanbHOU ocu z = (), paBHbBI HYJIIO.
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ZA
Omax

_ _ _ DbacTsHyTbIE
S BOJIOKHA

Puc. 8.16. Dntopa HOpMaIbHBIX HAPSKEHUH 110 BBICOTE MPSIMOYTOIBHOTO MOMEPEYHOT0 CEUYSHUS

Oanku
ZA
(0]
Omax -
Y4 %
_____ pactsaHyTbIE
BOJIOKHA

Puc. 8.17. Dmiopa HOpMaIbHBIX HAPSDKEHUH 110 BHICOTE KPYTIIOTO TOMEPEYHOTO CEUCHHMSI OaTKH

z ZA
* Omax O
4 -
1 1
d
OHD
© J © — — — PaCTAHYTHIE
~ BOJIOKHA
3 ' 3 B

b

7l

Puc. 8.18. Dnropa HOpMaJIbHBIX HANPSKEHUH 10 BBICOTE JBYTAaBPOBOI'O MONEPEYHOIO CEUEHUS OalIKU

Onpenenenne 8.17 Heumpanvnou  ocvio  (Hyneeoti  auHuel)  HA3bleaemcs
eeomempuieckoe Mecmo mMo4eK HONepeyHo20 cedeHus Oanku, 6 KOMOpbiX

HOPMAJIbHblIE HANPAJNCEHUS DABHLL H)IO.

Hetimpanvnas ocb npu niockom uzeube npoxooum uepes yewmp msicecmu

nonepevHoco ceveHusd u nepneHduKyﬂﬂpHa K CUNIOBOI NIOCKOCHIU.
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HopmanibHble HampspKeHUs JIMHEMHO BO3pAcTalOT IO Mepe yAaleHUs OT
HEUTPAIBHON JWMHUU. [Ipr 3TOM HampsHKEHUsT OKAa3bIBAKOTCS ITOCTOSSHHBIMM 10
IIUPHUHE CEYEHHUS (BIOJIb JINHUM Z = CONSt).

HauGonbiieil BeIWYUHBI HOPMAaJbHBIC HAMPSIKEHUS JOCTUTAIOT B TOYKaX
NOMNEPEYHOTO CEYEeHMS, JeXaluxX Ha JuHusX 1—1 m 3—3, To ecTh Hauboiee

yIaJeHHBIX OT HEUTPATbHOU JIUHUH (Z = Zmax )
M

Omax = 7 " Zmax-

Iy

I
Ob6o3Havass —— = W), nony4yaem popmyity [ist ONPEENCHAs MaKCUMaIIbHBIX
max

HaHpiDKeHI/Iﬁ B ITPOU3BOJIBHOM CCUCHHUU OaJIKu

M
O-maX —_ . (8.18)
Wy
B atux dopmynax:
1, — IJIaBHBIA MOMEHT MHEPIIUHU MOTIEPEUYHOTO CEUCHHUSI OTHOCUTEIIBHO
OCH y;
Zmax — MAaKCHUMAJIbHOE paccTOsiHUE (KOOpJIMHATA), U3MEPSIEMOE 10 OCH

OT IJIABHOM OCH y 10 Hanbosiee yJaleHHON TOUKHU MOMEePEUYHOTO
CCUCHUS;
Wy, ~ — MOMEHT COIPOTHBIICHUS NIOIIEPEYHOrO CEYEHHs OaJIKu

OTHOCHUTEJILHO INIaBHOM OCH .

Onpenenenue 8.18 Onacnvimu moukamu nonepeunoco ceueHus HAaA3bI8AIOMCSL

MOYKU, HANPAIHCEHUA 6 KOMODPbIX docmucaiom HaubOIbLUUX NO BeIUYUHE 3HAYESHU.

MaxkcuManabHO€ HOpMajbHOE HampsbKeHHe B Oajike B CIydae YHMCTOTO WM
IJIOCKOTO M3THUO0B BO3HHMKAET B CEUECHHH, IJI€ M3TMOAIOIIUA MOMEHT JOCTHUIaeT

HauOOoJIbIIIEN O MOIYJIXO BCIIMYHUHBI, TO €CCTh B OITACHOM CCUHCHHHU.

Onpenesenue 8.19 Ceuenue, 6 xomopom uzeubaowuii MoMeHm NPUHUMAEN
MAKCuUManbHoe no abconomuou eenuyune sHaueHue Mpmax, HaA3bl8aemcs ONaAcHbIM

ceuenuem OanKu no HOPMAJIbHBIM HANPANCEHUAM.

Takum 06pa30M, Haubonbuue HOPMAJIbHblIE HANDPAINCEHUSl B03HUKAIOM 6

ONACHBIX MOYKAX ONACHO20 ceyeHus OAIKU.
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CrnenoBarebHO, HAaUOOJIBIIE HOPMaJIbHBIC HAIMPSOKCHUS B OQJIKE TIPH YHCTOM
U TIJIOCKOM M3THOaX OyayT paBHBI
Mmax
Wy

HOCTpOI/IM OIIIOPbI HOPMAJIBHBIX HaHpH)KeHI/Iﬁ 0O i1 HCKOTOPBIX THIIOB

Omax =

(8.19)

MIOTIEPEYHBIX CEUEHUH.

Onpenenenue 8.20 [ pagux, uzobpadxcarowuii 3aKOH USMEHEHUS] HOPMATbHBIX
HanpsiceHuil O no 8blCOme NoONnepeuHo20 ceuetusl, Ha3vl8aemcs INIOPOU HOPMALIbHBIX

HANpsHCeHul.

Kak cnenyer u3 dopmynbl (8.15), HOpManbHbIE HANPSKEHUS O 3aBUCSIT
JUHEHHO OT KOOPAWHATHI Z, U TT0 BBICOTE IOMEPEYHOrO CEUCHUS 3aKOH M3MEHCHHUS
HOPMAJIbHBIX HAMPSHKEHHUM MPECTaBIAET NPSAMYIO JIUHUIO.

Ha puc. 8.16—8.18 nmokazansl B 00111eM BH/I€ SMIOPHI HOPMaJIbHBIX HAMIPSKECHUM
O JJIS IPSIMOYTOJILHOTO, KPYIJIOTO U JBYTaBPOBOTO MOMEPEUHBIX CEUECHUN OATKH 0151
CYuas pacmsaHymolx 6EpPXHUX 80JIOKOH.

Pa3mepsl 27eMEHTOB KOHCTPYKIMH (TIOTIEpEYHBIC CEYCHHS W JIIMHA)
HEOOXOAMMO TMOoAOUpaTh TAaKUMH, YTOOBI TMOJ JIEUCTBHEM BHEIIHUX HArpy30K
OHM HE pa3pylIaInCh U HE TOMyJasn AedopMalinii BeIle JOMYCTUMOTO TIpeea.

B ycnoBusix MaccoBOTO CTPOUTENBCTBA TAKKE BOSHUKAET ITpoOIeMa SKOHOMHUHU
CTPOMTEIIbHBIX MaTePHUAJIOB IIPH TOJHON TapaHTHH MPOYHOCTH KOHCTPYKITHH.

Jlns 6e3omacHOM pabOThl KOHCTPYKIIMHA HEOOXOIUMO, YTOOBI MaKCHMAJIbHBIC
HaANPsHKSHUS, BOZHUKAIOIIME B €€ dJIEMEHTax, ObUIN HIKE MPeeIbHBIX 3HAUYCHUM.

[TosToMy TIpu TIPOCKTUPOBAHUK HEOOXOAMMO TIPABUIBHO YCTAaHOBHUTH
HaIpsHKeHUS, 00ecTeurBaroIue 6€301macHOCTh KOHCTPYKITUH.

B Hacrosimiee BpeMms NMPUMEHSIOTCS, B OCHOBHOM, JIBa METOJIa pacuera Ha
OPOYHOCTh: 1O OONYCKAEMbIM HANPANCEHUAM U NO NPeOelbHbIM COCMOAHUSM.
O6a meronma mpeciIeayT OAHY IIeJIb — OOECIEYUTh COOPYKCHHIO MPOYHOCTh U
JIOJITOBEYHOCTb.

[lepBBIli MeTOn elie HEAaBHO IMUPOKO HCIIONB30BAJICS B CTPOUTEIHLHOM
JieJie ¥ YaCTUYHO HCIIONIb3yeTcs B HacTosmee Bpems. [1o atomy mMeTomy pa3Mepsl
AJIEMEHTOB KOHCTPYKIIMH JOJKHBI OBITh TAaKWMH, YTOOBI BO BCEX CEUCHHSX

HaIpPsHKEHUS, BBI3bIBAEMbIE HAIPY3KOW, HE TPEBBIIIAIN JTIOITyCKAEMON BETNYUHBI.
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BTtopoii, 6onee mporpeccuBHBIN METOJT pacueTa I0 MPeIeIbHBIM COCTOSHHSM,
ObLJT pa3paboTaH COBETCKMMHU YUEHBIMU. B HacTosI111ee BpeMsl OH SIBISETCS OCHOBHBIM
METOIOM, IPUMEHSAEMBIM IIPU IPOEKTUPOBAHUYN COOPYKEHNUN B HAILIEH CTPAHE.
Hopmamu ycTaHOBIEHBI TPU BUJA IPEAEIBHBIX COCTOSIHUM. B conpoTuBiieHnn
MaTepHaIOB pacCMaTpUBAETCA IJIaBHBIM 00pa3oM MEPBOE MPEAEIbHOE COCTOSHUE,
CBSI3aHHOE€ C NPOYHOCTBHIO KOHCTPYKLHMH, W OTYACTH BTOPOE, 3aBHUCSAIIEE OT
pa3BUTHS YpEe3MEPHBIX Jedopmaliuii, HapylIaloUMX HOPMAJbHYIO 3KCILTyaTallHio
KOHCTPYKIIMH.
VYcioBre MPOYHOCTH MPU U3TMOE MO HOPMAJIBHBIM HAIPSIKEHUAM 1O MEmooy
00NyCcKaemblX Hanps*ceHUuti UMEET BUJT
Max
Wy

VYcnoBue NpoYHOCTH MPU U3THOE MO HOPMAJIBHBIM HAMPSIKEHUSIM 1O Memooy

< o] (8.20)

Omax =

npeoenbHbliX COCMOAHUL UMEET BUJ
Gy = XM o (8.21)
Wy

B atux dopmynax:

Omax — MaKCUMaJbHOE HOPMAJIbHOE HaMpsHKEHUE;

Minax — HauOoJblIee Mo aOCOJIOTHOM BEIHMYMHE 3HAYCHUE H3THMOAOIIETO
MOMEHTA (OTPeEAETCS MO AMIOPE U3TUOAIOIINX MOMEHTOB);

W), — MOMEHT CONPOTHUBIIEHHUS TIONEPEYHOIO CEYEHH OTHOCUTEIBHO ITIaBHOM
ocH y (HeUTpanbHas OCh);

[0] — nmomyckaemMoe HOpMajbHOE HAIPSDKCHHE Marephaia 3JIeMEHTOB
KOHCTPYKITUH;

R" — HOpMaTHBHOE COTPOTUBJICHNE MaTepHaia 3JIEMEHTOB KOHCTPYKITUH;

n — K03 PULHUEHT NEePErpy3Ku;

K — KO3 PUIIUEHT OJHOPOTHOCTH MaTepHraja AJIEMEHTOB KOHCTPYKITUH;

My — KO3(POUIUEHT YCIOBUHN PabOTHI 3JIEMEHTOB KOHCTPYKITUH.

BenuumnHa J0MyCKAaeMbIX HAMPSDKCHUH 0] Ha3HA4YaeTcss B 3aBHCUMOCTU OT
marepuaia, U3 KOTOpOro U3roTOBJICHA OaJka.

[InacTiyHbpie MaTepHwayibl O0JIAAIOT TPUMEPHO PABHBIMHU  IpeEAeIaMu

TCKYUYCCTH Ha CKATHUC U Ha PACTIKCHUC, IIOOTOMY

[oc] = [op] =0].
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JInst XpyNKUX MarepyalioB, Y KOTOPBIX MPOYHOCTh HA CHKATHE BBILIE, YEM HaA
pacCTsKEHUE, TOITyCKaeMble HAIIPSHKEHUS HA PACTSKEHUE U CKATHUE, KAK IIPaBUIIO, HE
paBHBI MEKTy OO0 (0] > [Gp} U, I0ATOMY, HEOOXOJMMO 3aIKChIBATh JBA YCIOBUS
IIPOYHOCTH

Mmax Mmax
Omax = 7 “Zmax,p S [O-p} > Omax = I “Zmax,c S [O-C] ) (8.22)
y y
IJI€ Zmax,p ¥ Zmax,c — PACCTOSAHUSA (KOOPJAMHATHI) OT HEUTPAIILHOM OCH 10 Hauboiee
yIaJIeHHBIX PACTIHYTHIX U CKAThIX BOJIOKOH.

Benuuuna R, paBHas
R=R"-x-mjy (8.23)

HA3bIBACTCS PACUEMHBIM CONPOMUGTIEHUeM MaTepUaa 3JIEMEHTOB KOHCTPYKLUH.

[Tonb3ysiCh yCIOBHEM MPOYHOCTH MPU YUCTOM M IUIOCKOM U3rubax Io
HOPMAJIbHBIM HANpsDKEHUSIM 110 METOAY JOIyCKaeMblx HanpspbkeHuil (8.20) u
METOJly MpEETIbHbIX COCTOSHUM (8.21), MOXKHO pemaTh IPUMEHUTEIBHO K U3TH0y
W3BECTHBIE HAM TPU THIIA 3a]1a4:

1) Ilpoexmmnuiti pacuem. B 3TOM cllydae W3BECTHBI BHEIIHSS Harpyska

M Marepuai snemMeHToB KoHCcTpykuuu ([o] wmu RY). Tlo 3amanHO#l Harpyske
OTIPEACIIAIOT HaUOOMbIINN M3TrHOAOMINI MOMEHT M,y (MO 3Mope U3rudaronmx
MOMEHTOB) U U3 ycioBus mnpodyHocTH (8.20) wim (8.21) HaxoAsT BEIUUHMHY
TpeOyeMOro MOMEHTa COMPOTUBIICHUS MTONIEPEUHOT0 CEUEHUS IO PopMyJiaM:

a) [lo MmeTomy pacuera Ha MPOYHOCTH MO JOMYCKAEMbIM HANPSHKCHUSM

M,
Wrped > TIMax (8.24)
' (0]
0) [1o meTony pacyeTa Ha MPOYHOCTH MO MPEEIbHBIM COCTOSHUSIM
Wpeo > M. (8.25)
Y RY-K-my

o Tped
[lo nomyueHHOW BenmuMHE TPeOGYEMOTro MOMEHTa compoTusieHus W'
MoIOUPArOT pa3Mephl TMOMEPEYHBIX CEYCHUM Oallkh TaKuM OO0pa3oM, YTOOBI

JEHCTBUTENBHBIM MOMEHT CONPOTHBIICHHA W), NpUMEPHO paBHAJICA ObI TpeOyeMoMy

~ 117 Tped
Wy a2 W,Pe0,
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Kak n3BecTHO, MOMEHT CONPOTUBIIEHHS Wy, IS TPOCTBIX IONEPEYHBIX CEYEHHUI
onpezaensercs mo GopMyiaM depe3 pa3Mepbl CEUCHHUs WM 10 COpTaMEHTaM s
IPOKATHBIX poduiei.

[TonGop ceueHus MPOU3BOIAT CICTYIOIIMM 00pa3oM:

— ecnu 0alika MPOEKTUPYETCS M3 MPOKATHOTO MPOQMIIsL, TO HEOOXOIUMBIN
HOMep Tipodusis Oepercs 1Mo TabauilaM CcoOpTaMEHTa IMPOKATHBIX CTajlel B
3aBUCUMOCTH OT BEJIUYUHBI TPEOYyEeMOTro MOMEHTA CONTPOTHUBIICHUS WyTpe6;

— B cliydae nmoadopa Kpyrioro CIUIOIIHOTO Ce4eHHs Oajku TuaMeTpoM d,

M3BECTHO, YTO MOMEHT conpoTusieHns W, onpenensercs no Gpopmyie

m-d
W=

[Tpupasnusas Wy, ~ WyTpe6, HaXoT TpeOyeMblid TuaMeTp Oanku

Tped
. 32W,
/ .
Tt
— B cllyqae 1moabopa MPsSMOYTOJbHOTO TIONEPEYHOTO CEUEHUs OalKu

pasMepoM b X h, NpenBapUTENIbHO 3aJal0TCS COOTHOIIEHHEM = %, TO €CTh

h=1p3-b.
13BecTHO, 4TO MOMEHT CONPOTUBIEHUA Wy, U1 IPAMOYTOJILHOTO MOIEPEYHOTO
cedeHus OajKu onpeaensercs rno popmyse
W b-h* _b-(B-b)° _p*-b’
6 6 6

ITpupaBuuBas Wy ~ WyTpe6, HaXosT TpeOyeMble pa3Mephl OAJIKU

Tpeb
3 6'Wy .
Bz’

2) Onpeodenenue donyckaemou Hazpy3xu (Hecyweti cnocoonocmu). B sTom

b> —~ h=p-b.

CIly4a€ M3BECTHBI pa3Mephl momepednoro cedenus (W,) m marepuan 3I€MEHTOB
KoHCTpyKuuH ([o] mimu RY).

N3 ycnoBus mpouroct (8.20) uiu (8.21) HaxomaT HanOOIBITYIO JOITYCKaeMYO
BEJIMYMHY U3rM0AIOIEro MOMEHTA:

a) [To meTomy pacyeTra Ha MPOYHOCTH IO JOMYCKAEMbIM HAINPSIKCHUSIM

Mmax = [Mmax] < Wy‘ [G] . (8.26)
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0) Ilo meTomy pacueTa Ha MPOYHOCTH IO MPEACTBLHBIM COCTOSHHUSIM
Mmax — [Mmax] < Wy‘RH'K'mB * 1/1’1. (8.27)

[To HaiilecHHOMY JOIYyCKAeMOMY 3HAYCHHIO H3rHOAOIIEr0 MOMEHTA [Mp,x]
ONPENEIISIETCA IOITYCKAEMOE 3HAUCHUE BHEIIHEN HArpy3KH.

3) Illposepounviui pacuem. B 3TOM ciaydae W3BECTHBI BHEIIHSS HArpyska,

pa3mMepsl onepednoro cedenus (W) 1 MaTepuan 31eMeHTOB KOHCTPYKIHH ([0] Hiu
R™).

TpeOyeTcs onpenenuTh HanOOJIbIIIEe HOPMaILHOE HAMPSHKEHNE, BO3HUKAIOIIIEE
B D3JIEMECHTAX KOHCTPYKIIMHM, W CPaBHHUTHh C JIONMyCKaeMbIM HaNpPsHDKCHUEM HWIIH
pacyeTHBIM CONPOTHUBICHHEM, TO €CTh IIPOBEPHUTH BBINOJIHCHUE YCIOBHUS
npouHocTH (8.20) umu (8.21):

a) [lo MmeTomy pacdera Ha MPOYHOCTH MO JOMYCKAEMbIM HANPSHKCHUSIM

Omax = % < [G] .
Wy
0) Ilo meTomy pacdeTa Ha MPOYHOCTH IO MPEACTBLHBIM COCTOSHHUSIM
Mmax
Wy

H
GmaX: <R ‘K'mB..

8.15. PaumonanbHbIe (pOPMBI NONEPEYHBIX CeYeHH I DaT0K

XapakTep pacrpeaesieHuss HOPMaJIbHBIX HAMPSHKEHUH B MOMIEPEYHBIX CEUCHUSX
OaJIK¥ TTO3BOJISIET C/AENIaTh BHIBOJIBI O PAIMOHAILHON (pOopMe MONEpEeYHOro CeueHus
IPU YUCTOM U TUIOCKOM M3TH0ax.

B ominuue oT HEeHTpaJbHOTO pacTsKeHUs (CHKaTvsl) HAMPSDKEHUS B CEUCHHUH
pacIpenesnsroTcs HEpaBHOMEpPHO. Marepual, pacnoJIOKEHHBIA Yy HEWTPaIbHOIO
CJIOS, HArPY»KEeH HE3HAUUTEIHHO.

[ToaToMy, B HENIAX SKOHOMHUH MaTrepuajia U CHIDKCHUS BeCca KOHCTPYKIIUH, JUIS
CTep KHEH, padOTaIINX Ha U3THO, CIIETyeT BRIOUPATh TaKue (hOPMBI CEUCHUS, UTOOBI
3HAYUTENbHAS YacTh MaTepuaia Oplia Haubosee yaaieHa OT HeMTpaabHOU JTUHUY.

N neanbHbIM SBIISIETCS CEUEHUE, M300paKEHHOE Ha pUCYHKe (8.19).

W3 npakTU4ecku BCTpeUaromuxcs npoduieil Handosee 6JIU3K0 K UI€ATbHOMY
CEYEHUIO — 3TO JIByTaBPOBOE CEUCHHUE.

Hecymas crioco6HOCTh O6anku onpenensiercs BeipaxkenueM (8.26) wiu (8.27):
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‘ z
A2

A ,li//// A/2

Puc. 8.19. Dmropa HOpMaNbHBIX HANPSHKEHHUH 10 BBICOTE IBYTABPOBOTO MONEPEYHOT0 CeUeHUs Oalku

a) [To MmeTomy pacdera Ha MPOYHOCTH IO JOITYCKAEMbIM HaIPSHKCHUSAM
Mmax = [Mmax] < Wy‘ [G] .
0) Ilo meTomy pacueTa Ha MPOYHOCTH IO MPEACTBLHBIM COCTOSHUSIM
Muax = [Mmax] < W, -R"-x-mg-1/n.

Pacxon e Marepuana nponopuuoHaieH miomaau ceuenus A. CienoBarenbHo,
4yeM OOJbIIE OTHOUIEHUE %, TeM OOJBIINKA HM3TUOAIOUIUN MOMEHT BBIICPKUBACT
CEUEHHE C 3aJIaHHOM IJI01a/1bt0. OTHOIIEHHE k = % MOXHO IIPUHATH 3a KPUTEPHUI,
OLICHUBAIOIIHNI KaueCTBO (POPMBI MOMEPEYHOTO CEUCHUS.

PaccMoTpuM HECKOJIBKO BHIOB ITOMEPEUHBIX ceueHui (puc. 8.20):

/ -

d | L, b b

Puc. 8.20. Dmropa HOpMaNbHBIX HAMPS)KEHUHN 10 BBICOTE JBYTABPOBOT'O IMOMEPEYHOTO CEUCHUS OalIKH

— JUISL KPYIJIOTO CEYEHUS

7td’
3 d
k=—%=—=0.125d = (0.125h);
nd?> 8 ( )
4
— IS IPSAMOYTOJILHOTO CEYEHHS
e
6
k=-0 =" —0.167h;
bh
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— AJIAA ABYyTaBPOBOI'O CCUCHUS

k=1(0.29—-0.31)-h.

8.16. Ilnockmii monepeynslii u3rud. KacarejibHble HANPsAKEHUs IPU U3rude

B otnuune ot yucToro m3ruba mnpu mioCKOM MONEPEYHOM U3rHOe B CEUCHHH
OaJIKi BOSHUKAET HE TOJILKO M3rHOa0IInii MOMEHT , HO U monepedHas cuia Q.

[ToaToMy TpW IUIOCKOM HW3TMOE B TOMEPEYHBIX CEUCHUAX OAKH HapsIy
C HOpMaJbHBIMU HAIPSHKEHUSIMU O, BBI3BAHHBIMU M3THOAIOIIMUM MOMEHTOM,
BO3HUKAIOT U KacaTelbHbIe HANIPSKEHUS T, BBI3BAaHHBIC MTOMEPEUHBIMU CUITAMH.

BceneactBue cABUTOB TUIOTE3a IJIOCKUX CEUEHHM TPHU TUIOCKOM U3rHoOe
HapyIIaeTcs, MI0oCKue A0 AehopMallii CEYCHUS CIETKa UCKPUBIISIOTCS.

HccnenoBanust 3TOro BOIpoca MoKa3alid, YTO BIUSHUE YKa3aHHOTO 3(¢eKkra
Ha BEJIMYMHY HOPMAJIbHBIX HANpSHKEHUN HEBEIMKO M MO3TOMY BIMSHUEM CIBUIOB
Ha 3aKOH paclipe/ie]ICHUs] HOPMAaJIbHBIX HaNpsKEHUM MPU IIOCKOM (TIOMEPEYHOM)
u3rude MpeHeoperaroT.

Taxum 006pazom, TUNOTE3a TUIOCKUX CEUEHUN paCIPOCTPAHSIETCS U Ha IIOCKUN
MOTIEPEYHBIN M3THO.

3aaua onpeeeHus Hanps>KeHUH B MOMEPEYHBIX CEUSHUIX 0aIKU CTaTUYEeCKU
HeompeAenuMa M TpeOyeT pacCMOTPEHHUsI TpeX CTOPOH 3adadu (CTaTUYECKOH,
reOMETpUUYECKON U (PU3UYECKON).

OmHako WHOTJAAa MOXKHO TPUHATH TaKWE THUIOTE3bl O paclpeesieHun
HamNpsOKEHUM, MPU KOTOPBIX 3a7adya CTAHOBUTCS CTAaTUYECKU OIPEAeTUMON U
OTIAJaeT HEOOXOIUMOCTh B MPUBJICUYEHUU TEOMETPUUECKUX U (PU3UUECKUX CTOPOH
3a/1a4u.

Jlis onipeiesieHus KacaTelbHBIX HAPSHKEHUH B CITydae IIT0CKOTO MOMEPEYHOTO
U3ruda MpuMeM CIIeTyIOITNE TUITOTE3bI:

1. HanpaBnenusi Bcex KacareabHbIX HANpPSDKEHUNW B CEUEHUHU MapalieibHbI
IIONIEPEYHOU CUJIE, KOTOPAs ABJISIETCS UX PABHOAECUCTBYIOLIEH.

2. KacarenbpHble HampsHKEHUST PaBHOMEPHO pPACHpPEICNICHbl [0 UIUPUHE
cedeHus 6anku (pu b << h).

3. BenuuvHa HOpMaibHBIX HANpPSHKEHUM NPUHUMAETCS KaK IPU YUCTOM

I/I3FI/I6C, TO €CTh BBIINOJHSIECTCS TUNOTE3a IJIOCKUX CEUCHUU.
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[IpoBeaem BBIBOJ (pOpMyJIbI KacaTeIbHBIX HAPSKEHUH MPU MIIOCKOM M3Trude

Ha TpuMepe OaJIKH MPSMOYTOIBLHOTO MTOMEPEYHOTO ceueHus mupuHOoM b (puc. 8.21).

ZA b by ‘F Mb b,
M+dM
X

B I o 1 CQT 1Q)

< a a < a a
x| dx

A G’ b b] G”
Qll ] | -
EREENCINNNNN S —
Q -
a a

uf U dx

Puc. 8.21. Dmropa HOpMaNbHBIX HAMPS)KEHUH 110 BBICOTE JBYTABPOBOT'O MOMEPEYHOTO CEUCHUS OAlIKH

Jliig BbIBOJ@ (POPMYIIBI KacaTelbHbIX HANpPSXKEHUN BBIPEKEM U3 OAJIKU JBYMSI
CEUYEHUSIMU a—b 1 a1—>b| dJIeMEHTapHbBIN AIEMEHT IJIMHOU dx.

B ceuenun a—>b u3rubarommii MOMEHT BbI3BIBAET HOPMAJIbHbIE HAIPSHKEHUS
0’, a mornepevHas Cuia KacarelbHble HAIPSHKEHHS Ty = T.

B ceuenuu a;—>b| u3rubaroniuit MOMEHT BBI3BIBAET HOPMAJIbHBIC HATIPSKCHUS
o”, a monepeynas cuia KacareJabHble HAPSKEHUS T).

JUist  ompeneneHus KacaTelbHBIX HANpPSKEHUHM B IJIOCKOCTU CEUYCHHS,
PaCIOIOKEHHOM MapaijieIbHO HEUTPAIbHOMY CJIOI0, Pa3pekKeM BBIPE3aHHYIO YacTh
0aJKM TIJIOCKOCTBhIO M—N U OTOPOCHUM BEPXHIOI YacTh. J[eficTBHE OTOpOIIEHHOM
YacTH Ha OCTABIIYIOCS HIXKHIOIO YacTh (3alITPUXOBAaHHAS YacCTh, pHC. 8.21) 3aMeHuM
npeanoiaraeMon casuraroniei cunoi d7.

Takum oOpa3om, Ha TepeHEe, 3aJHEN U HIDKHEH IpaHsAX OTCEYECHHOW 4acTH
BBIJICJICHHOTO 3JIEMEHTA (3allITPUXOBAaHHAS 4acTh, puc. 8.21) HET HaNpsKEHUM, Tak
KaK 3TH TpaHu CBOOOJHBI OT TOBEPXHOCTHON Harpy3KHU.

[Io OOKOBBIM TpaHsIM OTCEYEHHOM YaCTU BBIJCICHHOIO 3JIEMEHTa (CEUCHHUS
a—b u a;—b;) NEHCTBYIOT HOPMAJbHBIE HANPSIKEHUS O M O, BBHI3BAHHBIE
U3rM0aIUMI MOMEHTAMU, M KacaTeldbHble HANpPsDKEHUS T| U T), BbI3BAHHbBIC

IMOIICPCYHBIMU CHUJIAMH.
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B miockocTu cedeHus, pacroNoKEHHONW MapajyieIbHO HEUTPAIBHOMY CJIOHO,

neicteyer casuraromas cuia d7 = t'- b - dx (puc. 8.22).

Puc. 8.22. Dnropa HOpMaJIbHBIX HANPSKEHUH 10 BBICOTE JBYTAaBPOBOI'O IONEPEYHOIO CEUEHUS OalIKU

CocrtaBuM ypaBHEHUE paBHOBeCHS (YpaBHEHUSI CTAaTUKH )
YF=0: —7-bdi— [ o-dA+ | 0" da=0.
AOTC AOTC
HopmainbHbie HanpsKeHus, JeHCTBYIOIIME HA TPAHIX BBIJICJIEHHOTO 3JIEMEHTA,
paBHBI
) M-z y  (M+dM)z
o0=—; 0 =—-—"2",
Iy Iy

IloacTaBuB B ypaBHEHHUE PaBHOBECHS, ITOIYUYUM

M- M+ dM
o b-dr— f YA f MdA:O _
Iy Iy

AOTC OoTC
dM d SOTC
- —tbdrd— 5 =0 — T=— 22—
Tak kak
dm
dx - Q7
TO
OTC
/ Q- SyT
T = ——.
b ¢ Iy
Ha OCHOBaAHHUH 3aKOHaA HapHOCTI/I KaCaTCJIIbHBIX HaHpH)KeHI/Iﬁ HUMEECM
OTC
/ Q- SyT
T ==T=—"—.
b M Iy
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CraenoBaTenbHO,
Q . §orc
_ y
b(z)- Iy

[TonyuenHnoe BwIpaxkeHue mpencrasiaser cobor dopmyny [l. H. Kypasckoro

T (8.28)

IUTSL OIIPENIENICHUS] KacaTeNIbHbIX HANPSIKEHUN B MPOU3BOJIBHON TOYKE MOMEPEYHOTO
cedeHus OalKu IMPH IJI0OCKOM MOTIEPEYHOM H3rHoe.

B atoii popmyie

(Q — alcoinoTHas BEJIMYMHA MOMEPEYHON CHIIBI (OMpEnessaeTcsl Mo 3IIope
MOTIEPEYHBIX CUJI);

SY'¢ — abCoNIOTHOE 3HAYCHHUE CTATHICCKOTO MOMEHTA (OMCEeYeHHOU» 4acTu
NONEPEYHOTO CEUECHUS OAIKM OTHOCHUTENIBHO HEUTPaJIbHOM OCH (TJIaBHOM OCH Y);

b(z) — MmIMpUHA TONIEPEYHOT0 CEUCHUSI Ha YPOBHE PACCMATPUBACMON TOUKH;

I, — TIaBHBIM MOMEHT MHEPLMH IONIEPEYHOTO CEUEHMS OaJIKH.

7 — KOOpAMHATa TOYKH IMOIEPEYHOIO0 CEYEHHMs, B KOTOPOU OIpEHeNsIeTcs
KacaTeJbHOE HaIPSIKEHUE.

«OmceuenHoti» 4YacTblO TIONIEPEYHOTO CEUEHUs OalKu SBISETCA YacTb
MOTIEPEYHOTO CEUCHHUSI, PACIIOJIOKEHHAS 0 OJIHY CTOPOHY OT MPSIMOM, IPOBEICHHON
yepes3 UCCISAYEeMYI0 TOUKY MapaieIbHO HEUTpaabHOU OCH (TJIaBHOHM OCH ).

Takum 00pa3oMm, kacamenvHoe HanpsdceHue 6 NPOU3BOJLHOU MOUKe
nonepeuno2o cevenusi Oanrku npu niOCKOM NHONEPeyHoM uzube pagHo npou3eeo0eHuIo
nonepeynou cunvl Q, Oeticmseyroujell 8 paccMampueaemMom cedeHuu OanKu, Ha
cmamuyeckuu momenm S uacmu nonepeuno2o cewenus, Jaedxcawjei gvlute (unu
HUJICE) PACCMAMPUBAEMO20 CJLOS, OMHOCUMENLHO HEeUMPAIbHOU OCU U OeleHHOMY
Ha wupuny b(z) cros nonepeunozo cevenus u na enasuvlii momenm unepyuu I, 6ceco
ceyenusl OMHOCUMENbHO HeUmpanibHOU OCU.

B nmo0oM momnepeyHOM ceueHUHM Oajkh CTaTUYECKUH MOMEHT OTCEYEHHOM
qacTu S7'° JUIs CaMbIX OTAQJICHHBIX OT HEHTPAIbHOW OCH (INIABHOM OCH y TOYEK
CEUCHHS paBEH HYJIO, TIOATOMY KacaTelbHbIE HAMPSKEHUS T B HUX PaBHBI HYIIIO.

B Toukax momepedyHOro ceueHusi Oanku, JIeKANIMX Ha HEUTPaIbHOU OCH

= O0TC 1/2
(T1aBHOM OCH ), Sy = 8)'" = Smax, CI€I0BATENLHO, KACATEIbHBIE HANIPSKCHUS B
HUX JIOCTUTalOT MAKCUMAJIbHBIX 3HAUCHUU (Onacuble mouxu,).

sy

3nech = Smax — CTaTUYECKUA MOMEHT MOJIOBUHBI MONIEPEYHOTO CECUCHUS.
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Onpenenenue 8.21 Ceuenue, 6 Komopom nonepeuHas culad npuUHUMaem
MaxkcumanpbHoe no abconomuou eenudure 3Hadenue Qmax, HA3bIBAEMCST ONACHLIM

ceyenuem OAIKU no KacameibHblM HANPANCEHUAM.

Taxkum 06pa30M, HAuUOOIbWIUE KACAMENbHbLE HANpPASCEeHUA 603HUKAOmMm 6

ONACHBLIX MOYKAX ONACHO20 cedeHUs OaIKu

Qmax : S)IJ/Z

Tmax = ———————.
max b(Z)-Iy

PaccMoTpuM pacnpezenieHne KacaTelIbHbIX HANpsDKEHUNW Mpu M3ruode 1o

(8.29)

BBICOTE HEKOTOPBIX THUIIOB MONEPEUYHBIX CEUEHUH (MIOPHI T).
B ommmune OT HOpPMalbHBIX HAINPSIKEHUM paclpeesiCeHUe KacaTeabHbIX

HaprDKeHI/Iﬁ ITO BBICOTC IMOIICPCYHOI'0 CCUCHUA 3aBUCHUT OT q)OpMBI CCUCHU.

Onpenenenue 8.22 [ pagux, uzobpasxcaowuii 3aK0H U3MEHEeHUsT HANPNCEHUU T NO

8blcome nonepeiroco ce4erusl, Ha3bleadenics 37’1)‘0}?01/7 KacamenbHblX HanpﬂofceHuzZ.

N3 dopmynsr (8.28) BuAHO, UYTO KacaTelbHbIC HAIPsSOHKEHUS B Oajke

0TC

M3MEHSIOTCA MO BBICOTE MONEPEYHOTO CEUCHUS IO TOMY K€ 3aKOHY, 4TO %.

8.17. KacarejJbHble HANIPSAKEHUA B 0aJIKaX NPSAMOYT0JIbHOI0 MONEPEYHOro ce-

YCHUA

B npsimoyronbHOM ceueHuu b(z) = b = const, MO3TOMY 3aKOH pacipeaeaeHusl

6y,H€T TaKMM K€, YTO H ]I CTAaTUYCCKOIroO MOMCHTA «OTCEUEHHOM» 4YacTu

h
2 b <h2 2>
. 2 \4

CnenoBaTenbHO, KacaTelbHbIE HAMpsDKEHUS B MPOU3BOJIBHOM  TOYKE

MONIEPEYHOTO CEYEHHS )

h
2 2
<
S;TCZJ‘b.Z'dZ:b.E
<

MPAMOYTOJIBHOT'O IMOIICPCYHOI'0 CCUCHUSA OaJIKH C KOOpI[PIHElTOfI Z BBIYUCIIAIOTCA 11O

bopmyme
Q-8 60 [(n*
T_b(z)-ly_blﬁ'(?_y)‘ (8.30)
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Orta Qopmyna mnoka3blBaeT, YTO KacaTelbHbIE HANpPsHDKEHUS 10 BBICOTE
IPSIMOYTOJIBHOTO TIOTIEPEYHOTO CEUYCHHUS M3MEHSIOTCS [0 3aKOHY KBaJpaTHOU
napaloJibl.

OnpenenuM KacarelbHbIC HANPSKEHUS B XapaKTEPHBIX TOUKAX MOMEPEUHOIrO
cedyeHus Oayku, jJexanux Ha auHusx 1—1, 2—2 u 3—3 (puc. 8.23).

z
T
0 >

il
%

o~
o —
V<

Tmax

Puc. 8.23. Dntopa kacaTebHBIX HAMPSHKEHUH IS MPSMOYTOIBHOTO IMTONIEPEYHOTO CEUSHUS OaTKH

B Toukax momepeyHoro cedeHwus, Jexamux Ha JuHusIX 1—1 u 3—3, 1o ecTh
Haubosee ynaJeHHbIX OT HEUTpalbHOM ocH (Tpu 7 = ﬂ:%), KacareJIbHbIe HallPSHKEHUS
PaBHBI HYJIIO.

B Toukax mornepedyHoro ceueHus 0anaKu, JiexKalumx Ha HeUTpalbHOU ocu 2—2

(mpu z = 0), BO3HUKAIOT HAUOOJIbIIIKNE KacaTelbHbIC HAIPSHKEHUS ( OnacHble MoyKu).

CnemoBarenbHO,
_3.2_ 30 8.31
Tmax—i'ﬁ—i‘z- ( )
B stoit popmyre
Tmax — MaKCUMaJIbHOE KacaTeabHOEe HAPSHKCHHUE;
Q — a0OcoJIfoTHas BEJIMYMHA IOTIEPEYHON CHUIBI (OIpENelsIeTcs IO SITopPe

MOTIEPEYHBIX CHIIT);

A = b - h— momaap NpSIMOYTOJIBHOTO MOMEPEYHOTO CEUCHUS OaIKU.

Tak xak, Haubonvwiue KacamenvHbvle HANPANCEHUS BO3HUKAIOM 8 ONACHBIX
MOYKAX ONACHO20 ceyeHusi O6anKu, TO A HAXOXKACHHS CaMbIX OOJIBIIUX TIO
BEJIMYMHE KacaTeJIbHBIX HaIpspKeHUN B Oanke HeobOxomumo B dopmyny (8.31)

1oJACTaBUTh O = Omax.-

. Qmax

hn (8.32)

Tmax =

N W
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Ha puc. 8.23 nmokazaH oOIIMil BUJ SIIOPHI KacaTelIbHbIX HAMpPSKEHUN T IS

IPSIMOYTOJILHOTO TMOTIEPEYHOT0 CEUEHUsT OaKHU.

8.18. KacarejbHble HaNpsKeHUA B 0aJIKaX KPYIJIOr0 NONEPEYHOro cedeHn s

[IpeanonaraeTcsi, 4TO BEPTUKAIbHBIC MPOCKIMN KacaTeIbHBIX HANpPsHKCHUIN
PaBHOMEPHO paCIpENeeHbl M0 MIMPUHE KPYIIIOTO CEYeHUs. DTU COCTABIISIONINE
KacaTeJIbHOTO HampsbKeHus omnpenensiores mo dopmyne (8.28). Dra dopmyna
MIOKA3bIBACT, YTO KacaTeJIbHbIC HAMpsDKEHUS IO BBICOTE KPYIVIOTO IOMEPEYHOTO
CEUCHHS TAK)Ke U3MEHSIOTCS 10 3aKOHY KBaJpaTHON MapadoIIbl.

OnpenenuM KacaTelbHBIC HAMPSIKCHUSI B XapaKTEPHBIX TOYKAX MOMEPEUHOTO

cedyeHust Oayku, jJexanux Ha JuHusx 1—1, 2—2 u 3—3 (puc. 8.24).

ZA
ot
Tmax
0

Puc. 8.24. Dntopa kacaTenbHbIX HANPSHKEHUH U1 KPYTIIOTO MOTIEPEUHOro CeYeHUs Oallku

B Toukax Kpymioro monepeyHoro CE€YeHwus, Jexamux Ha JUHUsAX 1—1 u 3—
3, To ecTh Hanbosee ynaJeHHBIX OT HEUTPAIBbHON ocH (IIpH Z = :i:%'), KacaTeJbHbIE
HANPSDKEHMs PABHBI HYINO, TaK Kak Sy'° = 0.

B Toukax momnepedHoro ceueHus OaJiku, JIeKAIMMUX Ha HEUTpaabHOU ocu 2—2
(mpu z = 0), BO3HUKAIOT HAaUOOJIbIIIME KacaTeIbHbIE HANPSXKEHUSI (0nacHble mouKu),
TakK Kak S;’TC = S;/z = Smax-

3nech S;/ > craTMuecKWii MOMEHT TMONOBHHBI MONEPEYHOTO CEYEHHUS
OTHOCHUTEIIbHO HEUTpaIbHON OCH (IJIABHOM OCH ).

MakcumanbHOE KacaTelbHOE HaNpsHKEHHE I KPYIIOro IMONEPEYHOro

cedyeHHs 0aJIKM MOYKHO BBIYMCIIMTH I10 q)OpMy.TIC

40
=_.=. 8.33
Trnax 3 A ( )

B atoii popmyie

Tmax — MaKCUMaJIbHOE KacaTeJIbHOE HAIIPSHKCHHCE;
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Q — abconroTHAsE BEJIMYMHA TIOTIEPEUYHON CHIIBI (OMPENEeseTCsl MO DIope
MOTIEPEYHBIX CHIIT);

A= ”'sz — MUIOMIA/Ih KPYTIIOTO TIOTIEPEYHOTO CEUCHMS OaNIKH.

Tak xak, Haubonvwiue KacamenvHbvle HANPANCEHUS BO3HUKAIOM 8 ONACHBIX
MOYKAX ONACHO20 ceyeHusi O6anKku, TO IJI HAXOXKACHHS CaMbIX OOJIBIIUX TIO
BEJIMYMHE KacaTeJIbHBIX HaIpsOKeHUN B Oanke HeobOxomumo B dopmyny (8.33)

1oJACTaBUTh Q = Omax

4
Tiax = 3 - Qja". (8.34)

Ha puc. 8.24 mokazan oOmmImii BUJ SIIOPHI KacaTebHBIX HAMPSKECHUN T JJIs

KpPYIJIOrO MONEPEUHOT0 CEYEHUS OaNIKU.

8.19. KacaregbHble HANPSIZKEHUsI B 0aJIKaxX ABYTaBPOBOI0 MOIEPEYHOI0 ceve-

HUA

XapakTepHOH OCOOEHHOCTBIO ATOTO CEUEHUS SIBIISCTCS PE3KOe H3MCHCHHE
IIUPUHBI CEYEHUS TIPU TIEPEXO/IC OT CTEHKH JBYTaBpa K €ro MOJIKE.

[Ipu ompeneneHnn KacaTelbHBIX HANPSHKEHUW B nojaKe JByTaBpa
HEOOXOAMMO HMMETh B BHJY, YTO JUISI WX ONPEICICHUS HENIb3s HCIOIb30BaTh
dbopmyny . W. KypaBckoro (8.28), Tak Kak MNPEAIONIOKEHUE O PAaBHOMEPHOCTH
pacmpeneneHnsl KacaTelbHBIX HANpsHKEHUH 10 IIMPUHE TIOJIKKA 37eCh He
BBITIOJTHSETCSI.

Takum 006pa3omM, BOIIPOC O BEIWYMHE U 3aKOHE PACTpeeICHUs KacaTeIbHBIX
HaIPsHKCHUH B TIOJIKaX JIByTaBpa OCTASTCS HEpa3pEIICHHBIM.

OpHako, BBHAY TOro, YTO B JTHUX CEUEHHSX KacaTelbHbIC HaNpPsHKCHHS
HEBEJIMKH, TO X OOBIYHO HE BBIYHCIISIOT.

3HAYUTEIHHO OOJBIINI WHTEPEC MPEACTABISAIOT KacaTelIbHbIC HANPSHKEHUS B
cmenKe NBYTaBpa, TaK Kak, B OCHOBHOM, ITOTIEPEUYHYIO CHITY BOCIIPUHUMAET CTCHKA.

KacarenbHple HanpsDKEHHS B 3TOM ClIydae MOXKHO OMpEIesaTh 1o (popmyre
. . Kypagckoro (8.28)

_ Q S;TC

T )
b(Z) -1y
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I[J'IH 9TOTO0 OOBIYHO OIPCACIIAIOT YHUCIICHHBIC 3HAYCHUA KaCaTCIIbHbBIX
HaHpﬂ)KeHI/Iﬁ B XapPaKTCPHLBIX TOYKaX IMOIICPEYHOI'0 CCUCHUA, JICKAININX Ha JTMHHUAX

4—A4, 2—2 u 5—5 cmenku osymaspa (puc. 8.25).

Z A ZA
shl L T4-4 I
4 4
d
Y _
~ 2 4 L-» — Tr_»=Tmax
IH
5 ! 5
3 1 3 T5.5

Puc. 8.25. Dnropa xacaTenbHbIX HAPSHKEHUH I ABYTaBPOBOTO MOTIEPEYHOTO CEUEHUS OaIKH

MakcumanbHbIE KacaTelIbHbIC HAPsDKCHUS BO3HUKAIOT B TOYKAX MOIIEPEUHOTO
CEUCHMS, JIOKAIMUX HAa HEUTpadbHOW JWMHUK 2—2 (Ha TIIABHOW OCH y) JByTaBpa
(onacnvle mouku), TOITOMY JUIs TIOTIEPEYHOTO CEUCHUsI Oaku U3 AByTaBpa b(z) = d
(puc. 8.25).

OtceueHHnass 4YacTb (QUTYphl, B 3TOM CiIy4ae, — BEpXHAS I[IOJIOBHHA

MOoNICpeYHOro CEYCHUA, ITIO3TOMY

Y

sy =51
/2

e S; — CTAaTUYECKUM MOMEHT MOJIOBUHBI CEUEHUSI OTHOCUTEIIBHO TTIABHOM OCH
y (o7 mpokaTHBIX MpoduaeH 3Ta BEIMYWHA MPUBOIUTCS B COOTBETCTBYIOIIEM
COpPTaMEHTE).

J{ns1 onpeneneHust KacaTeabHbIX HAMPSHKEHUN B TOYKAX, JICKAIIUX HA JTUHUSIX
4—4 u 5—5, HAXOAT CTaTUYECKUII MOMEHT MOJKH (OTCEUEHHAsl YaCTh CEUCHUS] —
3allITPUXOBAaHHAS TOJIOUKA JIByTaBpa, puc. 8.25)

S;Tc :S;IOJIKI/I :S)I]/Z_S;/ZCTCHKH :S)l,/z—d- (g_t) l (ﬁ_t> =
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[To mosry4eHHBIM YUCJIEHHBIM 3HAUYEHUSIM T B ce4eHusx 2—2, 4—4 u 5—5
CTPOSIT IMIOPY KacaTeNbHBIX HANPSKEHUN 110 BBICOTE cmernKu AByTaBpa (puc. 8.25).

[Ipu paccMoTpeHun KacaTelbHbIX HANPSDKEHUN B TIOJIKAX, Kak ObUIO YKa3aHO
BBILIE, YK€ HENIb3sd IPEANOJIararb, 4TO KacaTeJbHbIC HANPSIKEHHUS PABHOMEPHO
pacrpeiesieHbl IO MIUPUHE b TOJKH.

Hanpumep, BuaHO, utO 1Ipy 7 = =+ {%—t} KacaTeJbHbIC HaIPSHKEHUsS Ha
HW)KHEM TPAaHW BEPXHEW IMOJKA W HA BEPXHEW T'PAaHU HWIKHEW IIOJIKA JOJIKHBI
ObITH PaBHBI HYJIO, B TO BPeMsl KaK B MECTE COCAMHEHHS IMOJIKK CO CTEHKOW 3TU
HaIIPSKEHUS HE PABHBI HYIIIO.

CnenoBarenbHo, npumeHeHnue ¢opmyinsl . W. XKypasckoro st onpeaeneHus
KacaTeJIbHbIX HAIPSKEHUW B TMOJKE MNPUBOJUT K OIIMOOYHBIM, IO CYIIECTBY,
pesyabraraM. MOXXHO JUIIb yTBEPXKAaThb, YTO MPHU HEOONBIION TOJIIMHE MOJIKH
KacaTeJIbHbIE HAIIPSDKECHMS B ITOJIKE BECbMA MaJlbl.

B TO ke BpeMsi B MecCTe€ pE3KOro U3MEHEHHUs IIMPUHBI CEYEHUsI BO3HUKAECT
3HAUUTENIbHAS KOHLEHTPALUs HaNpsKeHUH. B NelCTBUTENBHOCTH, B MPOKATHBIX
JIByTaBPOBBIX OajKkax B BEpIIMHAX BXOMAIIUX YIIOB JEJAlOTCS 3aKpyIJICHHUS,
CHIKAIOLIME KOHLICHTPALUIO HAIIPSKCHU M.

Takum obpazom, GenuyUHA KACAMENbHbIX HANPANXCEHUU 8 paliOHe 2PAHULbL
HOMKU U CIEHKU He Moxcem Oblmb MOYHO YCMAHOBIeHA Memooamu CONPOmMuE1eHUs
Mamepuanos.

Jlns  omnpeneneHUss  TOPU3OHTAJBHBIX  COCTABIISIIOIIMX  KacaTeJIbHbBIX
HaAIPsHKEHUH B TOUKAX MOJIKK MOYKHO BOCTIOB30BaThes popmyioit J1. Y. Kypasckoro,
IIpUHAMAas B HEW 3a S;’TC CTaTUYECKUM MOMEHT OTHOCUTEJIBHO HEUTPAJIbHOU OCH
YACTH TOJIKH, a 32 b(z) — TOJNIIMHY MOJKH ¢ (puc. 8.26).

B pesynbrare nomyunm

b h—t
2

S§’TC:’[§_Z

KacarenbHble HanpspKkeHUs: OyyT paBHBI

wop _ @t (b N (RN _Q (b
= (2 Z) <2 2)_21y (2 Z> (h=1).

Takum o6pazom, T'°P u3MeHseTcs B ipeiesiaX MOJIKH MO JTMHEHHOMY 3aKOHY.
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Tmax

rop min

Tmax
TOp
Tmax

Puc. 8.26

MakcuMmainbHoe 3HadeHue T°P mpuHuMaert mpu z = ¢
2

rop Q@ (b d 0
Tmax—2—1y-<§—§> (h—t)—E-(b—d)-(h—t).

B Oanmkax CHJIOMIHOTO CEYEHHWs 4Yalle BCEro BEJIWYMHA KacaTelIbHBIX
HAnpsOKCHUH TI0 CPAaBHEHUIO C HOPMAJIBHBIMH HANPSOKCHUSIMU HEBENWKA, U
OonbIllel YacThi0 MPOM3BOAUTH MPOBEPKY MPOYHOCTH OaJIKKM TO KacaTeIbHBIM
HaNPsDKEHUSM HET HEOOXOAMMOCTH.

B koporkmx Oankax, CHJIBHO HArpyXEHHBIX BOJM3M OmMOp, W B Oaikax
TOHKOCTEHHOTO MPO(Uiis KacaTelbHbIC HAMPSKEHUS MOTYT WUMETh CPAaBHUTEIHHO
OOJIBIIIYIO BETUYHHY.

Ilosmomy Ha npaxmuke 00bIYHO NOOOUPAIOM PA3MEPLL NONEPEYHO20 CeYeHUs
Oanku u3 yciosus NPOYHOCMU NO HOPMANbHbIM HANPSNCEHUSAM, d 3amem Yice
npogepsiiom, Y00s1emeopsaem iu GblOPaHHOe ceuerue ODAIKU YCI08UI0 NPOYHOCMU NO

KacamelbHblM HANPANCEHUAM.
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B sTOM citydae mpoBepka IpOYHOCTH MO METOY JOMYCKAEMbIX KacaTeJIbHbIX

HaANPsHKEHUH TPOU3BOAUTCS 0 popmyrie

1/2
o QmaX'Sy
Tmax = b (Z) 'Iy x [T] ) (8.35)

I7Ie [T] — momycKaeMoe KacarelibHOe HAMpsHKEHHE TPH H3rhoe.
Jlns cTanbHBIX 0ajoK OOBIYHO MPUHUMAIOT JOMYCKAeMOE KacaTelbHOE

HaIpsKEHHE

1] ~ 0.6 [0].

8.20. AmHaau3 HANPSZKEHHOT0 COCTOSIHUA NpH u3rude. li1aBHble HANPSIKEHUS

npu u3rude

Boimenum Ha BClO MmUpPUHY Oalkd B OKPECTHOCTH HEKOTOPOW TOUKH

alieMeHTapHbIi napamenenunen 1—2—3—4 (puc. 8.27).

T
2. &= 3

T T

= =z 0O

pj—
1D4

Puc. 8.27

IIo rpansam 1—2 m 3—4 nelCTBYIOT HOpMajbHbIE O M KacaTellbHbIE T
HaNpsDKEHUs, a 1Mo TpaHsiM 2—3 u 1—4 — ToNIbKO KacaTelbHbIe HAMIPSKESHUS T.
Benuuunbl HanpsbkeHUl 0 U T onpenenstorcs no gopmynam (8.14) u (8.27)

COOTBETCTBCHHO
o M. T Q-5
L, b()-1,

[Mepenusiss ¥ 3aqusis TPAHW DIIEMEHTAPHOTO IMapalleleuIea COBIAIalT ¢
60KOBBIMI/I IIOBCPXHOCTAMU 6aJIKI/I, CBO6OI[HI)IMI/I OT HAIrpy3KH, a IIOTOMY Ha 3THX
I'paHgX HaIIPAXKCHHUA paBHBI HYIIHO. CHCHOB&TCHBHO, napauiCiacinmica HaxoauTcCs B
YCIOBUAX NIIOCKO20 HANPAINCEHHO2O0 COCMOAHUAL.

Ha momaakax, HAKIIOHEHHBIX IO Pa3JIMYHBIMU YIJIaMH K OOKOBBIM T'PaHSIM

QJIICMCHTAPHOI0 IIapaJuICICIIUIICAA, ,Z[CI>'ICTBYIOT HOPMAJIBHBIC KW KaCaTCJIbHBIC
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HaIPsDKEHUS, BEJTMYMHBI KOTOPBIX MOXKHO OIPEIETUTD 1Mo (popMyiiam

Oy = Gx-cos2 x4+ 0, - sinzoc—’rzx -sin2«;

_ (8.36)
Ty = % -SIN20¢ 4 Ty, - COS2X.

HNMeroTcss 1Be B3aUMHO TMEPIEHIUKYJSIPHbIC TUIOMIAAKHA, HAa KOTOPBIX
KacaTeJIbHbIE HAMPSKEHUS PaBHBI HYII0. DTH TUIOMIAJKH HA3BIBAIOTCS 21A6HbIMU
naowaokamu, a HOpMaJIbHbIE HANPSOKEHUs, ACHCTBYIOIINE HA HUX, — 2IAGHbIMU
HOPMATbHBIMU HANPSAHCEHUSAMU.

Ha momankax, HaKJIOHEHHBIX MO yriaMu & = 45° K IJIaBHBIM IUIOIMIAIKaM,
JIEUCTBYIOT JKCTpeMalibHble (MaKCHUMalbHBIC) KacaTelbHbIE HANPsDKCHHUS. OTH
TUTONIA/IKU HA3bIBAIOTCS I0UWAOKAMU COBUSA.

[71aBHBIE HOpPMAaJbHBIE M JKCTpPEMAaJbHbIE (MaKCUMAaJIbHBIE) KacaTeJIbHbIE
HanpsDKEHUsT U1 TJIOCKOrOo M3ruba ompenessiiorcss mno (opmysnam, HUCXOAs U3
0bwe2o cuyuas niocKo20 HANPANCEHHO20 COCMOSIHUSL.

B Hamewm ciydae 0, = 0; Ty = T. BeIMYMHONW HOPMAJIBHBIX HAIPSIKEHUMN
B TOPU3OHTAJIBHBIX IUIOMIAJKaX O, OyaeM TmpeHeOperatb, MOITOMY s
paccMarpuBaeMoro ciyyass (OpMyJibl [NIaBHBIX HANpPsDKEHUM U HKCTPEMaJIbHBIX
(MakcUMalbHBIX) KacaTelbHbIX HanpsbkeHuid (4.8) u (4.11) ana miockoro m3ruda

MPUMYT CHEAYIOMINN BUT

1
Omax = 94 Vo4,
o202 (8.37)
T = iw — /o2 1 402,
VYro1 HakJI0HA TIIaBHBIX TIJIOMIAIOK onpenensercs mo Gopmyse (4.9)
2T
tg2o = - (8.38)

31ech O U T — HOPMaJIbHOE M KacaTelIbHOE HANPSDKEHUS B paccMaTpUBaeMon
TOYKE, JEHCTBYIOIIKE 10 IUIOIIAIKEe, COBIAAIONIEH C MOMEePEUYHbIM CEYCHUEM OaJIKH.

PaccMoTpuM  HampspKeHHOE  COCTOSIHUE B TOYKAaX — IPSIMOYTOJIBHOTO
mornepeyHoro ceueHus 6anku (puc. 8.28).

B nomepedyHoM ceueHHMHM Ha HApPY>KHOM MOBEPXHOCTH OalkM (B TOYKaxX a
U b), KacareabHbIC HAIPSHKEHUS T PaBHBI HYIIO, a HOPMaJbHbIC HAIPSKCHUS O
paBHbI (8.18)

M

o = +—.
max Wy
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7l ¥ oz # 5t
o )L3_Q—>|E|<—W 2W 2W
Q’ZZ 2A ¢ 30
. i 30 30 39 3Q
s P 2A 2A  2A ZA/ 2A
M
v @ > M M ME M
W W 2w 2w

Puc. 8.28

B smux moukax eo3nuxaem o0noocHoe (muneunoe) HanpsHCeHHoe COCMOsHUE.
DKcTpeMalibHble (MaKCUMaJIbHBIE) KacaTelIbHbIE HAPSKEHUS! B TOUKAX a U b

onpenaeisitores o dpopmyse (4.5)

T = o (8.39)

min D)
B Touke d HoOpMangbHOE HAmNpsOKEHHWE O pPaBHO HYNIIO, a KacarelbHOE

HarpsbKeHue T paBHO (8.31)

3 0

2 A

B 3THX Toukax HaINpsHKEHHOE COCTOSIHHE MPEJICTABISET COO0N uucmulil cogue

T =

C KaCaTCJIbHBIMHA HAIIPsSXKCHUSAMU

3 0
T=+4—--—.
2 A

JIBe miIaBHBIE IUIOMIAKK HAKJIOHEHBI TOJ yriiaMu & = +45° xk ocu Oanku, a

IJIaBHBIC HAIPSDKEHUS HAa HUX paBHBI (8.31)

3 0
Omax = +T=+—-=—. (8.40)
min 2 A
Beraucnsas riaBHbIe HAIIpsKCHUA JJIA OCJIOT0 pAda TOYCK, KAKOIO — 0o

IIOMCPECYHOI0 CCUCHHA, MOXHO IIOCTPOUTL OIIIOPbI INIABHBIX PaCTATHBAIOIIUX,
TJIaBHBIX CXKHUMAIOIIHUX, a TaAKXKC HanOOJILIINX KacaTeIbHBIX H&Hpﬁ)KGHHﬁ, KOTOPBIC

Pa3BUBAIOTCS B IUIOMIAJKAX, HAKJIOHCHHBIX K IJIaBHBIM ILIONIAJKaM ITOJ YIJIOM
x = 1+45° (puc. 8.28).
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8.21. IlosHasi mpoBepKa NPOYHOCTH 0AJIKH NPH IVIOCKOM IONEPEYHOM U3rude

OOBIYHO, JOTMOJHUTENBHYIO TMPOBEPKY Ha MPOYHOCTh IO TJIABHBIM
HANPSOKEHUSIM  TIPOU3BOAT ISl TIOMEPEYHBIX CEYCHUM, Y KOTOPBIX IIMPHUHA
pe3K0 MEHseTCs BONM3M KpaeB CEUEHHUs, HANpuUMeEp, B JIByTaBpe, IIBEJUIEpPE WU
MYCTOTEJIOM MPSIMOYTOJbHOM TMpoduiie. DHIOpsl HOPMAIbHBIX U KacaTelbHBIX
HanpsoKeHUW Juist Takux npodunet (manpumep, puc.8.18 u 8.25) moxasbIBaior,
YTO Ha YPOBHE IEpexojia OT MOJKHU K CTeHKe (Touku 4—4 u 5—5) KacaTelbHbIE U
HOpMaJTbHBIC HATIPSDKEHUST UMEIOT BEJTUYHHY, OM3KYI0 K MAKCUMAJILHOM.

[To rmaBHBIM HANPSHKEHHSIM TPOBEPSIOTCS TE CeUeHHs! OajKu MO ee JJIMHE,
rJie OAHOBPEMEHHO M3rH0aroIInii MOMEHT U MOTEpeyHasi CUjia IOCTUTAIOT OOJIBIION
BeIMYUHbL. [Ipuuem, eciam Takux CEYeHM HECKOJIBKO, TO MPOBEPSIIOTCS BCE ITU
CeueHUsl.

B sTOoM ciywyae nomomHUTENbHAs TMPOBEPKAa HA MPOYHOCTH IO TJIABHBIM
HaMNpsOKEHUSIM MpU M3rude MPOU3BOAMTCS B 3aBHUCHUMOCTHU OT MNPUHATON Teopuu
IPOYHOCTH.

OTH yCIOBUS TPOYHOCTU UMEIOT BU/L:

1-51 Teopusi — Teopusi HAMOOJBIINX HOPMAJILHBIX HAMPSYKEHUM

1
Glzgii- o2 +4-12 < [0]. (8.41)
2-11 Teopusi — Teopus HauOoNbIIKX Aehopmanuil (YIJIUHEHHI)
ol =0.35-0+0.65-v02+4-12 < [o0]. (8.42)

3-s1 Teopust — TEOpUs HAMOONBIINX KAacaTeIbHbBIX HAPSLDKEHUN
ol =vo2+4-12<[o]. (8.43)

4-51 TeOpUSA — DHEpreTuueckass Teopus (Teopus TMOTCHIHAIBHOM DHEPTUU

dbopMon3mMeHEeHH s )
oV =vo2+3-12< o] (8.44)

B Hactosmiee Bpemsi s TpoOBEepKH OalloK Ha TPOYHOCTH MO TJIABHBIM
HanpsDKCHUSIM ~ Yallle BCEro MPUMEHSIOTCS TPeThsl Teopusi (HauOONbIINX
KacarelbHbIX HampsbkeHuil)  (8.43) u dyeTBepras (PHEpreTuyeckasl) Teopus

npouHocTH (8.44).
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Opnako Ha WpakTUKEe IMpU pacyeTe OaloK 1O CHUX TMOp COXPaHWIOCH
IMIPUMEHEHHNE TEOPUHM HAWOOJBIINX HOPMAIBHBIX HampspkeHui (8.41), maromei
gacTo 00siee SKOHOMUYHBIE Pa3MeEpPbl OMEPEUHBIX CEUCHUI.

Taxkum obpaszom, s yTOYHEHHUS PA3MEpPOB IMOMEPEYHOIO CEUEHUsI OalIKu
IPOU3BOIUTCS IPOBEPKA MPOYHOCTH B OTJAEIBHBIX €0 TOUKAX.

Hampumep, mist 6anok aBytaBpoBoro cedenus (puc. 8.29) takas mpoBepka
MPOM3BOAUTCS B TOYKaX |l—1 u 3—3 moOmnepeyHoro ceuyeHus 0 HOpMaIbHbIM
HanpsokeHusM (hopmyssr (8.20) wnm (8.44)), B Toukax 4—4 1 5—5 — 10 TIaBHBIM
HanpsokeHussM  (popmynsl (8.41)—(8.44)), B Toukax 2—2 — MO KacaTelabHBIM

HanpspbkeHusM (popmyna (8.39)).

A R

1

4 4

d
< 2 f 27

I“

5 ! 5

3 ! 3

2l

Puc. 8.29. Ceuenus 6anku, B KOTOPBIX MPOU3BOJATCS MPOBEPKH MPOYHOCTU

8.22. [dedopmanus 6an0k. OCHOBHBIE IOHATHS U ONpeIesIeHUs

B mnpenpiaymux pazgenax ObUIM pAacCMOTPEHBI BOIPOCHI, OTHOCAIIMECS
K pacyeTy Oanok Ha mnpouyHocTb. OJIHAKO B OOJIBIIOM KOJIUYECTBE CIIy4yacB
IPAKTUYECKOIO pacyera CTEP>KHEBBIX M PAMHBIX CHUCTEM, pabOTarouIMX Ha HU3THUO,
HEOOXOIUMO TAK)KE MPOU3BOJUTH UX PACUeT Ha JKECTKOCTb.

[lon pacueroM Ha >KECTKOCTh MOHHMMAETCSl OLIEHKA YIPYrol MOJATIIMBOCTH
IJIOCKUX CTEPKHEBBIX CUCTEM IO/ IEUCTBUEM HArpy30K U MOAOOp TaKUX Pa3MEpPOB
MOTNIEPEYHOTO CEUYEHHUs, MpPHU KOTOPHIX IMEepeMelleHus He OyayT MpeBbIIaTh

AOITyCKACMbIX BCIIMYHH.
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JUist BBIMOJIHEHUS TaKUX pacyeToB HEOOXOJMMO HAyYUTHCS BBIYUCIATH
nepeMENIEHUS TONEPEUHBIX CEUEHNN IIJIOCKUX CTEPKHEBBIX CHUCTEM IO/ IEUCTBUEM
nr00oi BHelIHeN Harpys3ku. Kpome sToro, mepemenieHus MpuxXoauTcsl ONpeaeiiaTh
Y IIPU PacyeTe CTaTUYECKHU HEONPEACIUMBIX KOHCTPYKIIUH.

[lon peiicTBMEM BHEUIHUX HArpy3ok Oanka gedopmupyercs U €€ OCh

UCKPUBJISIETCS.

Onpenenenue 8.23 [lnockasa kpusas, gpopmy Komopot npuHumaem oco OAIKU npu

useube, Ha3vlBAEMC s U302HYMOU OCbIO, UL YNPY2OU JTUHUELI.

[Ipu nedopmariuu 6aJIKU LEHTPHI TSHKECTH €€ MOMEePEYHBIX CEUSHUM MOTyYaroT
JUHEHHBIE TEPEeMEIICHHUS, a CaMH CEUEHHS ITOBOPAYMBAIOTCS BOKPYT CBOHUX
HEUTPAJIBHBIX OCEMN.

[Ipenebperass nedopmanusiMu clIBUra, MOXHO CYHTATh Yrojl TOBOPOTA
TIOTIEPEYHOT0 CEUCHHUs OAJIKU (P PAaBHBIM YIIIy MEXIY KacaTeIbHOH, MPOBEACHHON
K M30THYTOM OCH OajIKl B OTOM CCUCHHH, U HeAC(HOPMHUPOBAHHOM OCBIO OalIKH, TO
€CTh yIITy IIOBOPOTA OCH OaJIKH.

Jlomyiienre o MajaoCTh NEPEMEIEHHUs TTO3BOJISIET CYUTATh, YTO HAIIPABJICHUS
JTMHEWHBIX TEPEMEICHUN MePIeHIUKYISIPHBI MPOIOJIBLHON (T€OMETPUUYECKOI) OCH

Heneopmupyemoro 6pyca (puc. 8.30).

Onpenenenue 8.24 [lepemewenue yenmpa msdicecmu cedeHus no HanpasieHuro,
NepneHOUKYIAPHOMY 2eOMempU4ecKkol ocu OAnKu, Ha3vleaemcs npocubom OaiKu 6

OaHHOM cedeHuu u 0oosHadaemcs OYKGoU w.

Onpenenenue 8.25 Haubonvwiuii npoeub Hazvieaemcs cmpenou npoeuba u

obosnavaemcs Oykeoll f.

[Tporu6sl 6anku Majibl MO CPAaBHEHUIO C €€ JJIUHOM, a MOATOMY MX MPUHSTO
n300pakarh B Oosiee KPYIMHOM MaciTade, 4eM JIJIMHY OCH.

JinuHa ocu Oanku Tpu U3rKOe OCTaeTcss HEU3MEHHOW, TaK KaK oOCh
pacrojokeHa B HEUTPAJIbHOM CJIO€, @ HOPMAaJbHbIE HANPSHKEHUS B IMOMEPEYHBIX
CEUEHHUAX OAJIKK Ha YPOBHE HEUTPAIBHOTO CJIOS PaBHBI HYJIIO.

HckpuBneHue ocu 6aJIKi BbI3bIBAET HE TOJIBKO MPOTUOBI, HO U CMEIIIEHUS TOUEK
ocH OaJIKU 1O TOPU3OHTAIH.

Omu cmewjeHus, Kaxk npasuiio, 8eCoMa Majbl He MOJIbKO ¢ ONUHOU OAIKU, HO U

C npoaubamu ee ocu, NOIMOMY UMU NPU pacueme npeHebpearom.
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yropyras §
a JIUHUA N
N
X " L
[
P4
@
KacarelbHas
=
6 S
N
N
F
) L
[
/1
Puc. 8.30

Onpenenenue 8.26 Yeon ¢, Ha xomopulli Kajcooe ceueHue NOBOPAYUBAEMCS
HnO OMHOWEHUI0 K CBOeMY NepPBOHAYUAILHOM)Y NOJONCEHUIO, HA3bI8ACMCS VeloM

noeopoma cevyeHnusl.

Takum o00pazom, mpu H3ruOe OaJOK TOYKH €€ TEeOMETPHYECKOH ocH (X)
MOJTy4arOT BEPTUKAJIBbHBIC TTEPEMEIISHUS WIIA MPOTHOBI (W), a MONepPEUHbIe CEUCHUS

MOBOPAUYMBAIOTCSI OTHOCUTEILHO CBOUX HEUTpaJIbHBIX Oceil (y) Ha yroi @ (puc. 8.31).

Y Px) ZA
5 )V\ X , y

&< & S
AN\ ~ 2
\\\-_—_ - b
X
[

L

\

w(x)

Puc. 8.31. lebopmanus 6anku npu uzrude

Onpenenenue 8.27 [lpocubvt (W) u yervl nosopoma (@) uacmo HaA36l8AIOM

JIUHEUHBbIMU U Y2eno6bIMU nepemeuteHusiIMUuU CoomeemcnieeHHo.
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lIpasuno 3nakos. Ilpornd6 (w) cuuTaeTCs TOJOKUTEIbHBIM, €CIW OH

MIPOUCXOIUT BBEPX — B CTOPOHY MOJOKUTEILHON OCU OpJUHAT Z. YTOJ MOBOPOTA
() cuuTaercs TMOJOKUTEIbHBIM, €CIU IONEPEeYHOE CEYEHHE IOBOPAUYUBACTCS
IPOTUB XO/Ia YaCOBOM CTPENKH, KOTrJa OCh aOCIMCC X HAIpaBlieHA CJIEBa HAIMPaBO
(Ha puc. 8.31 w(x) < 0,a @(x) > 0).

[IporuObr Oaniok U3MEPSAIOTCS B E€IUHUIAX JJIMHBI (CAHTUMETpax WU
MUJUTUMETpPax), a yriibl TOBOPOTa — B Ipajycax WM pajJuaHax.

30ech u oanee Hauano omcuema OJisi KOOPOUHAM X, Y U Z BblOUPAEMCSL HA JIeBOM
KOHYe OanKu.

Teopust nepopmanmu 6anok, u3yyaemasi B Kypce CONPOTUBIIEHUSI MaTepUaIoOB,
OCHOBBIBAETCS Ha CIAEAYIOMINX MPEANON0KEHUSIX (TUIOTE3aX):

1. Marepuan Oanku mnomguuHsercss 3akoHy [yka (o0 = E - €), TO ecTb
HaNpsDKEHUs B OaJIke HE BBIXOJAT 3 Mpeies IPOnopLIUOHAIbHOCTH.

2. PazMepnl momepeyHbIX CEYEHU Oajku HEBEIMKH 10 CPAaBHEHUIO C €€
JIJTUHOM.

3. IlporuOsr Ganku (W) Malibl MO CPaBHEHUIO C €€ JJIMHOW L (paccTosHHEM
MEXIy OmopaMH OajKu), TO €CTh OTHOIICHHE HAMOOJBIIETO Mporuda f K JJIWHE

IIpOJICTA L Ganku YCTAHABJIMUBACTCA B CICAYIOIIHNX ITPCACIaAX

o1 1

L 100 1000’
rie L — niuHa nposieta 6anku (1151 KOHCOJIeH MposieT L paBeH YABOCHHOMY BBLIETY

KOHCOJIH).

4. Vel MOBOPOTA MOMEPEUHBIX CEUCHUH () HE MpeBbIIaoT 1°

|@max| < 1° = 0.0175pax.

8.23. /IuddepeHuuanbHOe ypaBHEeHHE H30THYTOM OCH 0aJIKH

Bri6epeM npsMoyrosibHyI0 CUCTEMY KOOPAMHAT X0Z C HA4aJoM Ha JIEBOM KOHIIE
ocu Oanku. Och x HanpaBUM BIPaBo (B0Jb HeehOPMUPOBAHHON OCH OaJIKH), a OCh
7 — BBepX (puc. 8.31).

[Ipy Takux yCIOBHUSIX ypaBHEeHHE w = f(X) mpencTaBisieT co0oil ypaBHEHHE
KPHBOH, 10 KOTOPOU M30THETCS OCh OANIKHU TOJT Harpy3Koi. ITo M OyJeT ypaBHEHUE

U30THYTOM OCH Oajku.
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KacarenbHast K M30rHyTOM 0CH OalIKU B pACCMAaTPUBAEMOM CEYEHUH COCTABIIAET
C OCBIO X YIOJI (, TO €CTh yrojl MOBOPOTa IMOIMEPEYHOIO CEUEHUS OTHOCHTEIHHO
IIEpPBOHAYAIBHOTO TIOJOKEHHSL.
dw _ v
Ilepsas mpousBogHas g OT w = f(x) IpeAcTaBIseT cOOOH TaHIeHC yria @

MEK]ly OCBIO X M KaCaTeJIbHOM K YNPYTroW JINHUU

/
w(x) = tg@(x).
[IpakTruecku ymisl @ BecbMa Maiibl. OHU, Kak npaBuio, meHee 0,01 panuana,

MOATOMY, B CBSI3U C MAJIOCThIO Jepopmaliuii 0aaoK, MOKHO CUUTATh, YTO

ge~ o,

CJICOOBATCIIbHO, MOXXHO 3aI1MCarTb

W (x) =tg o (x) = @(x),

TO €CTh
dw

¢ =" (8.45)

Yeon nosopoma @ nonepeunoco ceuenus banku pagen nepeoi npouU3BOOHOU No
X om npo2uba w 8 amom ce4eHuu.

Jna omnpenenenust aedopmanuu Oanku B €€ IMPOU3BOJIBHOM CEUCHHH
HEOOXOIMMO TOyYUTh YPaBHEHUE YIPYToH TuHuu w = f(x).

Hcxonst n3 puznueckord MpUpoIbl H30THYTON OCH OaIK1, MOKHO CUUTATh, YTO
ynpyrasi JUHUS JOJKHA ObITh HEPEPBIBHOM U I1a/IKOH (0€3 U3JI0MOB) KPUBOIA.

CrnenoBarenbHO, HAa IPOTSKEHUHU BCEH OCH OalIKU TOJKHBI OBITh HEMPEPHIBHBI
¢yukuus w = f(x) u ee nmepBas MPOU3BOIAHAS.

[110cKOCTH ABYX CMEKHBIX MOMEPEUHBIX CEYCHUH NedopMupoBaHHON Oankwy,
OTCTOSIIUX JAPYT OT Apyra Ha paccTOSHUM dx, MepeceKaroTcsl B LEHTPE KPUBU3HBI
yuactka dx ocu 6anku. PaccTosiHue p OT IeHTpa KPUBU3HBI 10 OCU OaJIK1 Ha3bIBAETCS
paanycoM KpUBHU3HBI OCH.

[Ipu ompeneneHUM HaNpsHKEHUN B Cllydae YUCTOro M3rumba Obula MOJydyeHa
dopmyna kpuBu3HbI (8.13)
= — (8.46)

1 M
p EI/’
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BBIp@)KAOIIasl CBS3b MEXKAY pagdyCoM KPUBH3HBI OCH OajKkH, H3rHOAr0NIUM
MOMEHTOM B TIONIEPEYHOM CEUEHUM OANKHU M KECTKOCTBHIO TOMEPEUHOTO CEUCHUS
npu u3ruoe.

Benuunna El,, xapakTepusyrolas CONPOTHBIIEMOCTb 0OalKyd U3MEHEHHUIO €€
NIepBOHAYATBLHON (hOPMBI, HA3BIBACTCS )KECTKOCTHIO OAJTKK MpH U3THOE.

[IpeneOperass HE3HAYUTEIHLHBIM BIUSHACM TOIEPEYHOM CHIIBI HAa BEIIMUHHY
nedopmaruii, Oynem mojararb 3Ty (OpMyly NEHCTBUTEIBHOW M B OOIIEM Clydae
IIJIOCKOTO M3TH0Aa.

U3 kypca MaTeMaTuueCcKOro aHajanu3a U3BECTHO YPaBHEHUE KPUBU3HBI IJIOCKOM

KpHUBOM
d’w
1 2
S 4 dx . (8.47)
P 27 2
. dw
@

[ToncraBnss Beipaxkenue (8.46) B popmyany (8.47), nomyuum

d?w
M 2
il dx - (8.48)
EI, 27 2
- dw
dx

Mot nonyuunu mounoe oOughghepenyuanvrHoe ypagHeHue U30SHYMOU OCU

(ynpyeoti nunuu) 6anxu.
)* = 0.0001 moxHO

Sy

Tax xak yron ¢ menee 0.01 pangnana, To BEMMUnHON (
npeHeOpeyb.

Torna ypaBuenue (8.48) npuHUMAaET BUJT

M d?w
=+ 8.49
EI, dx? (849)
NN
M
w'=—. (8.50)
El,

Mpvt nonyuunu npubaudicenroe ouggdepeHyuaivbHoe ypagHerue u30eHymou ocu

(ynpyeou nunuu) 6anKu.
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[IpaBuia 3HAKOB IS W3THOAOIIET0 MOMEHTA YCTAaHOBJICHBI HE3aBHUCHMO
OT HaIpaBJICHUS KOOPAWHATHBIX Ooceh (uzeubarowuii momenm M B TIOTIEPEIHOM
CEUCHUHU OaJKh CUMUTACTCS TMOJOXKHUTEIBHBIM, €CIH OH BBI3bIBAET PACTSHKEHUE
HIDKHUX BOJIOKOH OajiKu).

Bropas ke mpou3BogHAs MOJIOKUTEIbHA, €CIIM B CTOPOHY TOJOKUTEIHLHOTO
HaIpaBJICHUS OCH Z OoOpalleHa 802HYMOCmb Kpueoll, W OTpHUIaTeIbHA — eCIn

BBINTYKJIOCTh KpUBOH (puc.8.32).

)
z z z
A 5 A A

ﬁi% M>0 M>0 M<0 M<0
2 /\)
Y + d Wx d Wx
> <
E /s £ X dx? 0 X dx? 0 x

Puc. 8.32. lehopmanus 6anku npu u3ruode

HpI/I IIPUHATOM ITPAaBHUJIC 3HAKOB JJIs1 I/IBFI/I63IOIH€I‘ O MOMCHTA, MOJIOKUTEIbHOMN

BTOPOW TMPOMU3BOJHOM COOTBETCTBYET IIOJIOKUTEIBHBIA MOMEHT, a IIO3TOMY B

dbopmyie (8.50)

M
W// — :t_
EI,
HEO0OXOIMMO OpaTh 3HAK «ILTIOC)
EL,-w" =M. (8.51)

Ilonyuennoe ypaemenue Ha3bl8aemcs OCHOBHbIM  OughghepeHyuaIbHbLIM
VPpasHeHuem u302Hymou ocu OAaIKu.

VYpaBHeHnue uzornyTo ocu Oanku (8.51) uHorma ynoOHO 3amucarb B MHOU
dbopme, cuuTas 3aJJaHHBIM HE U3rH0aroNuii MOMEHT M, a ”THTEHCUBHOCTh BHEIITHEH
pacCIpeeIEHHON Harpy3KH.

N3BecTHO, uTO (8.5)

B pesynbrare nomyuum

El,-w" = dx =0uy: EL-w' =



8.24. Meroa HenocpeaCTBEHHOr0 HHTerpupoBanusi M depeHIHATBLHOTO

YPaBHEHUS U30THYTOM OCH 0AaJIKHM

DTOT METOJ 3aKJIIYaeTcs B TOM, 4YTO JUIS KaXJOro ydacTKa Oaiku
COCTABJISIFOT BBIPaKEHUE N3TMOAIOLIET0 MOMEHTA, KOTOPOE MOACTABIISIIOT B OCHOBHOE
oughghepenyuanvroe ypasnenue uzoenymotu ocu d6anrku (8.51), 1 UHTErpUPYIOT J1Ba
pasa.

[IpounTerpupoBaB BeipakeHue (8.51) (st OanKu MOCTOSTHHOTO MONEPEUHOTO

CEYCHMS ), MMOJYyUYNM YPaBHEHHE YIIOB ITIOBOPOTA CEUCHUI OAIKU
Ely-w = [ M-dx+C.

HNuTterpupys BTOpoH pa3, ojryyaeM ypaBHEHHE NPOruOoB (YpaBHEHHE YIIPYTOl

JVHUN)
Ely-w= [dx [ M-dx4C-x+D.

[Ipu 3TOM MOCIE KaXKI0T0 UHTETPUPOBAHUS MOSBUTCSI HEKOTOPAsi MOCTOSHHAS
BEJIMYMHA U, CJIEIOBATEIILHO, OKOHYATEIILHBIN pe3ylIbTaT Ha KaKIOM y4acTKe Oajku
OyZIeT coliepkKaTb 08e HOCMOAHHbLE HeU3BECTHbIE BENUYUHDI.

HeusBecTHble NpOM3BONIbHBIE MOCTOSHHbIE uUHTerpupoBanuss C u D
OINPENEISIIOT U3 TPAHUYHBIX YCIOBUH (U3 ycnosuii 3akpenieHusi OAiKu) U Ha
IPaHUIIaX CMEXKHBIX YYaCTKOB.

['paHuYHBIE YCIOBUS OTPAXKAIOT XapaKTep 3aKperuieHus (OMUpaHus) OaJIKU U
COCTABIISIIOTCSI OTHOCHTEIHHO POTUOOB U YIIIOB MIOBOPOTA.

Tak, Hampumep, Ay WapHUpHO omeproil Oanku (puc. 8.33) rpaHUYHbBIE

YCIIOBUS XapaKTEePU3yIOT OTCYTCTBUE MPOTUOOB Ha OMOpax

wp=0 u wp=0 (8.52)
Zz
A \\\E F‘ C D x

T — — —

Puc. 8.33. lllapaupHo onepras 6anka
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Jnst  xectko 3amiemsieHHoW Oanku  (puc. 8.34) rpaHUYHBIE YCJIOBHS

XapaKTepU3yIOT OTCYTCTBHE MPOrMOOB U YIJIOB TOBOPOTA B 3a/I€IIKE

wa=0 u @y=0. (8.53)
Z Wy :O
¢4=0 F‘

N \x\\\\\IB

Puc. 8.34. XKectko 3amemiiennas 6anaka

Ha rpanunax aByx CMEXHBIX y4acTKOB (puc. 8.35) mporu6 u yroi moBopora

JJIs1 JICBOTO M IMTPAaBOT'0 YYACTKOB PaABHBI MCIKIY coOoi

Wies = Wnpass  Pnes = Prpas- (8.54)
A
bt 4 x
! -~

[n [np

Puc. 8.35

B ka)x710M KOHKPETHOM cllydae He0OX0IMMO BBIOpATh TO WM MHOE TPAHUYHOE
YCIJIOBHE.

PaccmoTpuM Ganky, 5K€CTKO 3a/IeJIaHHYO MPaBbIM KOHIIOM M Harpy>KE€HHYIO Ha
CBOOOTHOM KOHIIE COCPEIOTOYEHHOM CUJION F', TUHUS ACHUCTBHUS KOTOPOM COBIAIaeT
C BEPTUKAJIbHOM INIaBHOW OCBIO MONEPEYHOr0 CEUCHHSI OaJIKU.

OnpenenuM Tporud W Yroj MOBOPOTA TOMEPEYHOTO CEUeHUs OalKku Ha ee
CBOOOIHOM JIEBOM KOHIIE (puc. 8.36).

banka nmeeT oauH y4acToK.

N3rubaromuiit MOMEHT B C€UEHUHN OaJIKu C aOCIIUCCOM X paBeH

M=—-F-x.
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. X
o e N '
§ —
PO
X
Puc. 8.36

[ToncTaBuB 3T0 BRIpaxeHue B AU epeHIrnaiIbHoe ypaBHEHUE U30THYTOM OCH

Oanku (8.51), nomyuum
El,-w' =—F -x.

[IpouHTETrpHpYyEM 3TO YPABHEHUE JBAXKIBI

2 3

Elw =El@ = —F (%) +C; Elw=—F <%> +Cx+D.

[Tocrossaable MHTETpUpOBaHusA C U D onpenenuM U3 yCIOBUU 3aKPEIICHUS
paBoro KoHua 6anku. 3aech (pu x = [) mporud w; U yrojia MmoBOpoTa CEYEHUs Q;
paBHBI HYJTIO.

[loncraBuM 3HaueHus X = [ B BBIPAKEHUS JII W U (Q, TIOTYYUM 3HAUYCHUS
NOCTOSIHHBIX MHTETPUPOBAHUS U YpaBHEHUS U1l ONpPEIEICHHs YIIIOB IOBOPOTa U

IPOTHUOOB AJIsI 3TOM OaIKU

C=——; D=——"— =

3

F F
— = E (lz —x2) DW= —g (2[3 — 3[2x—|—x3> . (855)

[Io 5TUM ypaBHEHHSIM MOXXHO ONPEAEIUTh MPOrHO W W yroja MoBOpOTa

F-1? F-PP
2

0000 MOTEPEYHOT0 CEUEHUS ATOU OaKU C KOOPIUHATOM X.

[Tporu6 cBoOOmHOrO KOHIIA OAKK U yroil MmoBopoTa cedeHus (x = 0) Oyayt

PaBHEIL
FPP
. _FP?
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CpaBuuBas Boipaxenus 1yist C u D (8.55) ¢ Beipaxkenusimu (8.56) u (8.57) mist
nporuba W yria moBopoTa B HadalbHOM cedeHuu (x = 0), BuguM, yto C paBHO
Ha4aJIbHOMY yIJIy ITOBOPOTa, a D paBHO HadaJlbHOMY NpOrudy (¢ MHOXkHTENnEM E1y).

Takos ghusuuecKkuti cMbicll NPOU3BONLHBIX NOCMOSHHBIX UHMESPUPOBAHUS OJis
060U 6ANKU NPU NPOU3BOTILHOU HA2PY3Ke.

Ecnu Ha Oanky OymayT HeMcCTBOBAaTh HECKOJIBKO BHEIIHUX CHJI, MPHIIOKEHHBIX
B Pa3HBIX €€ CEUCHUSX, TO MPUMEHAS dTOT METOJ K OTJACIbHBIM y4acTKaM OaJiKH,

MOJyYHM B Pe3yJIbTare CUCTEMY YPaBHEHHM ¢ OOJBIINM YKCIOM HEU3BECTHBIX.

8.25. IlpaBuia ypaBHUBaHHMSI OJHOMMEHHBIX NOCTOSAHHBIX HHTErPHPOBAHMS.

Ipasuiaa Kiedma

Ecnu 6anka mMeeT HeCKOJIBKO YYacTKOB, TO JUISl KXKIOTO M3 HUX BBIPAKCHHUS
TS U3THOAIOIIET0 MOMEHTA OyIyT pa3TuIHBIMHU.

CrnenoBatesbHO, 751 KaXJA0T0 Y4acTKa JAOKHO OBITH COCTABICHO M JIBAXKIbI
IPOMHTErPUPOBAHO AUPPEPEHIINATEHOE YpaBHEHUE YIpyrod juaun Oanku. [lpu
ATOM Ha KaXKJIOM Y4acTKe Oy/IeT MO JIB€ HEU3BECTHBIX MOCTOSIHHBIX MHTETPUPOBAHHSL.

JUis uX ompeneseHuss K JIBYM OIMOPHBIM YCIOBUSIM OalKd JOJHKHBI OBITH
N00aBJICHBI YCJIOBHS TUTABHOTO M HETPEPBIBHOTO COMPSDKCHUS YYaCTKOB OallKH
MEXIy COOOW. DTH JOMONIHUTEIbHBIE YCIOBUS BBIPAXKAIOT OTCYTCTBUE Pa3phIBOB U
U3JIOMOB YIIPYTOH JIMHUU OAJIKM Ha TPAHUIIAX y4acTKOB (8.54).

Ilpumensa npasuna Knebwa modxcho 00b6umvcia pasencmea mexicoy cobou
OOHOUMEHHBIX NOCMOSHHBIX UHMESPUPOBAHUSL HA BCEX COCEOHUX YUACMKAX.

To ecThb
C1:C2:C3:---: ns D1:D2:D3:---:Dn. (8.58)

Jist ypaBHUBaHUS MEXKy COOOM OAHOMMEHHBIX TOCTOSSHHBIX HHTETPUPOBAHUS
Ha BCEX COCEJHUX y4YacTKaX HEOOXOAMMO HEMPEMEHHO BBINOJHUTH CIIEAYIOIINE
TpeboBanus Kiebrma:

1. Hauano koopauHar (UKCHUPYIOT Ha JIEBOM KOHIIE OalKku W B Tpolecce
pELICHUS 3a/1au¥ HUKY/a HE TICPSHOCST, MOJIOKUTEIBHOE HAPABICHUE OCH Z(W) —

BBEPX.
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2. Ilpu BKIIFOUEHUHU B YPABHEHHE BHELIHETO COCPEIOTOYEHHOIO MOMEHTa M),
ero HeoOXOIUMO YMHOXATh HA MHOXKHUTEIb (X — a)o, paBHBIN eAuHULE. 31eCh d —
KOOpAMHATa CEYEHHUsI, B KOTOPOM IPHIIOKEH COCPEAOTOUECHHBI MOMEHT.

3. HNurterpupoBanue auddepeHInaIbHBIX ypaBHEHNUN Ha BCEX yUacTKaxX Oaku
BBITIOJTHSIETCSI 0€3 PACKPBITHSI CKOOOK, TO €CTh [0 HOBOM MEPEMEHHOM (x — a).

CrenoBarenbHo, BbipaxkeHue F - (x—a,) - dx 3aMeHsieTCs BBIpOKCHUEM
F-(x—ap)-d(x—ay,).

Orcrona,

fF(x—an) dx:fF(x—an) d(x—ay) = M—FC.

Beipasenue M, - dx 3amensiercs BoipaxenneM My, - (x —ay)° - d (x — ay).

Orcrona,
jMndx = an (x—an)o d(x—a,) =M, (x—a,)+C.

4. Tlpu peiictBuu Ha OaJIKy pacHpeieciCeHHONW Harpy3Ku, HE JOXOMSIICH 10
IPaBOTo KOHIA OaNIKK, €€ HE0OXOIMMO MPOAOIKUTH JI0 TPABOT0 KOHIIEBOTO CEUCHMUS,
OJTHOBPEMEHHO YPABHOBEIIMBAS €€ IMTPOTUBOIIOJIOXKHO HAITPABICHHOW HArPYy3KOU TOU

K€ MHTEHCUBHOCTH, KaK 3TO MOKa3aHo Ha puc. 8.37.

Z
ARA® m @ q RC@
A 1 F
4 o3 IR NI RRRRRRRRIINIINNE QU
HA B \\\\I\AMAAAD
g
X1
X2
X3
a b C

Puc. 8.37. Tpe6oBanus KneoOra

Jlnis pacueta 0ajoK Ha KECTKOCTH (OINpeAeNieHue MepeMenieHril B MI0CKUX
CTEP>KHEBBIX CHUCTEMax) B KypC€ COMNPOTUBIIEHUS MATEPHAIOB OOBIYHO H3YyYaroT
METO/]l HauaJIbHBIX MapaMeTpoB U MeToa Mopa (uHTerpai Mopa) ¢ uCrojib30BaHUEM

npaBmiia Bepemarrnaa (mpaBpuia «IIepeMHOKEHUS JITIOP).
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MeTon HavyaJlbHBIX MAapaMETpPOB YAOOHO MPUMEHSIThH B TOM Clydae, Korjaa
HEOO0XOTUMO OTIPEICITUTh TIEPEMEIIIEHUS B HECKOJIBKUX ceUeHHsIX O0aimku. OCHOBHBIM
HEJOCTAaTKOM 3TOTO METOfa SBIISIETCS TO, YTO €r0 MOXXHO NMPUMEHSITh TOJIBKO st
pacuera Oasok.

Meton Mopa, B omIMYHME€ OT METOJIa HaYalbHBIX IapaMeTpPOB, SIBISICTCS
yHUBEpCaIbHBIM. ET0 MOXHO TIPUMEHATD ISl ONIPEACIICHHS TIEPEMEIICHHUI TI00bIX

00BEKTOB — 0aJlOK, MIIOCKUX U MIPOCTPAHCTBEHHBIX paM, apoK U JIp.

8.26. Meroa HayaJIbHBIX IAPAMETPOB

Omnpenenenrie nepeMeIeHNi METOIOM HETOCPEICTBEHHOTO MHTETPUPOBAHUS
muddepeHIIMaNbHOTO  YpaBHEHUSI H30THYTOM oOCH  Juisi OaJiok € OOJBIINM
KOJJMYECTBOM YYAaCTKOB CONPSDKEHO C  OONBIIMMH  TPYIHOCTSAMHU. 3ajmada
onpe/esIeHUs TPOruOOB U YIIIOB MOBOPOTA MOXET OBITh 3HAYUTENILHO YTPOIICHA,
€CJIM MPUMEHATh TaK HA3bIBAEMOE YHHBEpCAJIbHOE ypaBHEHHE HM30THYTOro Opyca
(MeToll HaYaIbHBIX TTAPaAMETPOB).

Axanemukom A. H. KpbuioBeIiM nogo0OHast 3a1a4a Obljia perieHa B 001ieM Buae
U1t 6aJTKH, YCIIOBHO HAarpy>KeHHON BCEMH BO3MOYKHBIMH TUTIAMH BHEIITHUX HArpy30K.

Meton HayanbHBIX MMApaMeTpPOB HE TPEOyeT COCTABICHHS BbIpaKCHUIN
U3rudaroMX MOMEHTOB U TuddepeHnpoBanus ypaBHeHH. YnCI0 HEU3BECTHBIX
MOCTOSHHBIX, MOJUICKALIUX OIpPEIeCHUI0, HE MPEBBIIACT ABYX, HE3aBUCUMO OT
YKClia y4aCTKOB OaJKH.

[To Meromy HauyambHBIX IapaMeTPOB NTPOrud B JIFOOOM CEUYCHUU OajiKu
ompezensaeTcs uepe3 IMEepeMellleHus U CUJIOBble (DAKTOphl, B3SAThIE B Hayale
KOOPJIMHAT, C YY€TOM MPUIOKEHHON K Oajike Harpy3Ku.

Paccmorpum  0asiky IOCTOSHHOIO momepedHoro cedenus (EI, = const),
3arpy>kKeHHYIO MPOU3BOILHON BHEITHEN Harpy3koi (puc. 8.38).

Ilpasuno 3naxos. YCIOBUMCS CUMTaTh HaIIpaBJICHHUA BHCIIHHUX HAI'PY30K,

NOKA3aHHBIX Ha pUC. 8.38, MOJIOKUTEIbHBIMH.
byoem svinonname mpebosanus Knedwa.
Pa3zobbem Oaniky Ha psiji yYacCTKOB TaKuM 00pa3oM, 4TOObI HAa MPOTSKEHUU

Ka)KJIOTO y4acTKa M3ru0arolii MOMEHT BBIPAXajcCsi C MOMOIIbI0 HEMPEepbIBHON

byHKIIH.
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4 M, M,
@ X
Cf: T 1. 1 PASERERELS
F F F ! 9,
Xl
al
b1 |
b2
Cl
c2
X6
a2
Puc. 8.38

PaccMmotpuM niepBbif y4acTOK, IMIPUJIETAIOIINN K HAYaly KOOPAWHAT.
1 yuacrok: 0 < x < a (Hagayio oTcyeTa Ha JIEBOW IPaHUIIC YUaCTKa).

CocraBisgeM BBIPAXXCHUC IJIA I/IBFH6aIOIuer0 MOMCHTAa
M, :M(xl) =My+ Fy-x;.

HuddepennmanbHoe ypaBHEHHE M30THYTOM OCH JJisi 3TOrO y4acTka Oaliku
UMEET BU/]T

2
"o d wr MI
7 ae? T EL
CnengoBareabHO,

w”:L-[M + Fy - x1]
1 Ely 0 0-A1]-

[IpouHTETpHpYEM 3TO YPABHEHUE IBAXKIbI

o (x) = —— [M +F x%] +C
W = X1) = : 0 X1 0"« 1>
El, 2

—w(x) = Lom X%+F 5 +C-x1+D
pu— = — -« — . — .x .
wi wiX] Ely 0 2 0 6 1A 1

AcTaBUB x; = 0 B BBIpaXeHHA I8 W, M wj, MOIYyYUM 3HAYECHUS
[Toacra 1 0 axe 4 1, TIO 3Haue
IPOM3BOJIBHBIX ITOCTOSHHBIX HHTETPUPOBAHUS

wi =@ (0) = @o=C,
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TO €CThb

C = Q0. (8.59)

wi =w(0) =wo =Dy,
TO €CTh
Dy = wo. (8.60)

B atux dhopmynax wy u @ — Nporud u yroi moBopoTa MonepeyHoro CEUeHus,
PACIIOJIOKEHHOTO B Hadajie KOOPAWHAT (B KpaliHEeM JIEBOM CEUCHUU OaJIKH).

AHAJIOTUYHO pacCMOTPUM €Ill¢ OAWH IPOU3BOJIBHBIA Y4YacTOK Oalkw,
HarpuMep 6-1 y4acToK.

6 yuacTok: ¢; < xg < ap (Hauasio orcyeTa Ha JIE€BOM I'PaHUIIE YUacTKa).

CocTaBisieM BBIpaXEHUE I U3TU0aI0IIero MOMEHTa

Mg = M(xg) = Mo+ Foy-x6+M; - (x¢ —a1)’ + F - (x¢ — b1) +

(x6—c1)* (x6 — 2)?
+F- (x6—b2)—|—q1 .T_FQZ.T.

HuddepeHnuaibHoe ypaBHEHUE W30THYTOM OCH Ui 3TOTO ydacTKa Oanku

HMEET BHU/I

1
g = | Mo+ Fo - x6 +My - (x5 —a1) + Fi - (x¢ — b1) +

EI,
2 2
X6 —C1 Xg— C2
By (x5 b) +q1 - 0 g Lo e)
[IponHTErpHpyeEM 3TO YPABHEHUE JBAXKIbI
1 x2 (x6—b1)2
1= = — My -x¢+F 2+M - (x¢— B
wi = @ (x6) g, Mo X6+ Fo- 5+ M (x¢ —a1)+F T+
2 3 3
xe—b X6 —C X6 —C
Lp WeTh)T L Wema)T  We— )Ty o
2 6 6
1 X2 X3 (x6—a1)2 (x6—b1)3
= — Mo Fy- oy, 2 Y 0 P
w1 =w(xe) El, 02+06+1 5 + F 6 +
(x6 — b2)’ (g —c1)* (x6 — 62)4}
F .20 72 RS VAN RS N DIy De.
+ 17 6 +4q1 7 +q> oy +Ce - x6 + Dg
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Tak kak MbI BBIIIOJHUIIN Bce TpeboBanusa KielIa, To uMeeM MpaBo 3amucarh,
yuuthiBas (8.59) u (8.60), uto

Ci=C=---=Ceg=---=C,=0¢; Di1=Dr=---=Dg=---=D,=wyp. (8.61)

CJICIIOB&TGJIBHO, OKOHYATCJIBHO I n-IO y4acCTKa OaJIKM MOXKHO 3aIimucarhb,

paccTaBUB cjlaraéMbi€ B MPAaBOM YACTH B MOPSAKE BO3pACTAHUSI CTETICHU

x2 x
— . M, F
w(x) =wo+ @o-x+ M- 2, —+F- 6EI+
)4
M; - F 8.62
+), Z +Zq v, 86

MBIl  mONy4YuIM  YHUBEpPCAJIbHOE YpaBHEHHE W3OTHYTOM OCH  OaJiKku,
BBIPAKEHHOE Yepe3 HadallbHbIE MMapaMeTpsl Zg, P, Mo u Fo.

Tak xak
dv
A

TO, MpoardPepeHITMPOBAB TO YHHUBEPCAIBHOE YPAaBHEHNE U30THYTOM OCH OAJIKH 110

(p =
X, HOJIYYUM YHHUBCPCAJIBHOC YPABHCHUC JI YITIOB IIOBOPOTA

2
x (x—a;)
— Mo —— 1 F EM—
P (x) = @o+Mo- EI+ 0 2Ely+ " TEIL +

( >3
+Y Fj- +Zq (8.63)

B stux gopmynax:

w(x) — BenuunHa IPOruda B MPOU3BOIHHOM CEUCHUH OAJIKK HA PACCTOSIHUH X
OT Hayaja OTCYEeTa;

wg, @9 — Oporud U yroa NoBOPOTa MONEPEYHOTO CeUeHUs OalKu B Hayaye
CUCTEMbI KOOPAUHAT (KHHEMATHYECKUE HaYaIbHbIE TAPAMETPHI);

My, Fy — cocpenoToueHHBI MOMEHT U COCPEAOTOUCHHAS CUJla, IEHCTBYIOLINE
B HavaJie CUCTEMbI KOOPJMHAT (CTaTUUECKHE HaYaJIbHbIEC TAPAMETPHI);

M; — cocpenoToYeHHBII MOMEHT Ha pacCTOSIHUM a; > () OT Havyajia KOOpJIMHAT;

F;j — cocpenoTroueHHas cuia Ha paccTosHuu b; > () OT Havana KOOpAUHAT;

gy — VHTEHCHBHOCTbH PAaCIpPEIECICHHON HAarpy3Ku, KOTOpas HAYMHAETCsS Ha
paccTosiHuM ¢y > 0 OT Havasia KOOPAUHAT;

Ely — JKCCTKOCTH IMOMCPCUYHOTO CCUCHUA Oakmn npu H3ruoe.
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Craruueckue HadalibHbIE TTapameTpsl My u Fy (COCpeaoTOUYCHHBI MOMEHT U
COCpPEOTOYEHHAs CUJjia, ACMCTBYIOIME B HaYale CUCTEMbl KOOPAUHAT) MOTYT OBITH
M3BECTHBI (BHEIIHSS HATPY3Ka) WIIH I0JKHBI OBITH OIIPEIEICHBI U3 YCIOBUM CTaTUKU
(omopHbI€ peakuun).

HewusBecTHble KMHEMaTW4YEeCKHE HadalbHbIE MapamMeTrpel wog H Qo
ONPEACINAIOTCS U3 YCA06ull 3aKkpeniieHuss Oanku (KUHEMAaTUYECKHE T'paHUYHbIE
YCIIOBUS).

KunemaTnueckne rpaHUYHBIE YCIOBUS OTPAXAKT XapakTep 3aKpEeIUICHUS
(onupaHus) 0aJKU U COCTABIISIIOTCA OTHOCUTEIBHO MPOrMOO0B U YITIOB TOBOPOTA.

Tak, Hampumep, A IMIAPHUPHO ONEpPTOM OAaKM TpaHUYHBIE YCIOBHS

XapaKTepU3yrT OTCYTCTBHE MPOTrHO0B Ha oropax (puc. 8.39)

wa=0 m wg=0.

ZT Wy =0 Wpg =0

A \\ // B

—~—_—————

Puc. 8.39. lllapaupHo onepras 6anka
JInst KeCTKO 3allleMJICHHOM Oajku TpaHWUYHBIE YCJIOBUS XapaKTEPU3YIOT
OTCYTCTBHE MPOTHOOB U YIJIOB IMOBOPOTA B 3ajeike (puc. 8.40)
wa=0 m @u=0.

ZT Wy =0
¢4=0 4 l «x
\\ —>

) A \\\\JB

Puc. 8.40. XKecrxko 3amemiieHnas 0anka

Takum o0Opazom, mIsI ompenereHuss MPOTHOOB W yIJIOB IIOBOpPOTa B
MIPOU3BOJIBHBIX TOTIEPEYHBIX CEUCHUSAX OallOK METOJOM HaudalbHBIX IMapaMeTpPOB
JOCTATOYHO JIMIIIb 3HAHWK BEJIWYMH Mporuda vy W yIia MmoBOpOTa (o B Havaye
CHUCTEMBI KOOPJIMHAT, TO €CTh TaK Ha3bIBACMBIX KHHEMATHUCCKHUX HaYaJIbHBIX
napameTpoB. I[lodToMy [aHHBI METOA HA3BIBACTCS MEMOOOM HAYAIbHBIX

napamempos.
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[IpumeHeHne MeTola HaYaIbHBIX IIApaMETPOB TpeOyeT HEMPEMEHHOTO
BBITIOTHEHUSI CIIEAYIOIUX TpeboBanuii Knebma:

1. Hauano koopauHar (UKCHUPYIOT Ha JIEBOM KOHIE OalKu W B Ipolecce
pelleHH s 3a/1aui HUKYZIAa HE IEPEHOCSAT, MOJIOKUTEILHOE HAIPABICHUE OCH Z(W) —
BBEPX.

2. Ilpyu neucTBUU pacupeleseHHON HAarpy3KH, HE JOXOASIIECH J0 MpaBoro
KOHIIa OanKkuh, €€ HEOOXOAWMO MPOJOJDKHTH JO IPaBOro KOHIIEBOTO CEUCHHS,
OJIHOBPEMEHHO YPaBHOBEIIMBAsi €€ MPOTUBOIOJIOKHO HAMPABICHHONW HAarpy3KoOu
TOM K€ MHTEHCUBHOCTH, KaK 3TO MTOKa3aHo Ha puc. 8.37.

Harpy3ku (Mo, Fo, M;, F;, q;) CUNTAIOTCS TMOJOKUTEIbHBIMU, €CIU OHH
HaIpaBJIEHbI TaK, KaK MOKa3aHo Ha puc. 8.41, U OTpULIATEILHBIMU — B IPOTUBHOM

cliy4ae.
M, M;
0 la
oF T 1r 1Al
ai J
bj
Ck

X

Puc. 8.41. IIpaBuia 3HaKoB METO/1a Ha4aJIbHbBIX [TAPAMETPOB

[locne Toro, kak OyAyT HailieHbl BCE HaAyaJIbHbIE IAPaMETPbl, MOXKHO
HanMcaTh OKOHYATeJIbHbIE YpaBHEHHs MPOruOoB, a npoaudPepeHipoBaB ux, U
YIJIOB TOBOPOTA JUIsl KAXKJIOTO ydacTKa OajKu.

[IpunaBass BenWYMHE X PSAJ 3HAYEHWI, W BBIYHUCISIL B COOTBETCTBYIOIIMX
XapaKTEePHBIX TOYKAX YUCIICHHbIC 3HAYEHUS! MPOTUOOB U YIJIOB MOBOPOTA, MOXKHO

OCTPOUTD INIOPbL NPO2UOOE U Y2Tl08 NOBOPOMA OCU OAIKU.
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8.27. IlpoBepka NpaBHJILHOCTH MOCTPOCHHBIX JIOP YIVIOB IOBOPOTA U IPOrU-

0oB

N3 Teopun m3rnba 06ajok WM3BECTHO, UYTO BEIWYUHBI O, M, @ U W CBSI3aHBI
MeX Ty cooor nuddepeHITnaTbHBIMU 3aBUCHMOCTIMHU
d’w  M(x) dw ) e Qkx) de M(x)
o2 ~ EL - dx ¥ &2 ~ EI,’ dx  EI

Ha ocHoBaHMM 3THX 3aBUCUMOCTEMN CTPOSITCA TPaBUJIa MOCTPOEHUS U KOHTPOJIS

(8.64)

AIIOP YIVIOB MOBOPOTA U MPOTrHO0B:

1. Ecnu n3rubaronuii MOMEHT Ha KaKOM-TO y4acTKe Oallku MOJIOKUTEIbHBIN
(M > 0), To smopa MPOruOOB HAa ATOM Y4YacTKE MPEICTABISET COOOW KPHUBYIO,
BBITTYKJTYIO BHH3.

2. Ecnu m3rubarommii MOMEHT Ha KaKOM-TO y4acTKe Oallkl OTpUIIaTeIbHbIN
(M < 0), To smropa mMporuOOB HAa ATOM Y4YacTKE MPEICTABISET COOOW KpUBYIO,
BBITTYKJTYIO BBEPX.

3. Ecnu uzrubaromniuit MOMEHT B KAKOM-TO C€UeHUH Oasiku paBeH Hyt0 (M = 0)
(TIpu cMEeHe 3HaKa) WJIK UMEET «CKavyok» (IIpU CMEHE 3HaKa), TO Ha JITI0pPEe MPOTHOOB
B 9TOM CEUEHHUHU HaOI0AaeM TOUKy neperuoa (T. 10.).

4. Ecnu yros moBopoTa B KAaKOM-TO ceueHuu Oaku paBeH Hymto (¢ = 0) (mpu
CMEHE 3HaKa), TO Ha 3MIOPE MPOTUOOB 3TOM CEUCHUU HAOIIONaeM TOUKY SKCTpEMyMa
(T.2.).

5. Ecnu momepeuHasl cuja Ha KaKOM-TO Yy4YacTKe Oallké TIOJOKUTEIIbHAs
(O > 0), To smopa yIJIOB MOBOPOTAa HAa 3TOM YYacTKe MPEACTaBIsIET COOOM
KpYBYIO, BRIMYKIYIO BHHM3. Ecnu momepedHas cuiia Ha KaKOM-TO ydYacTKe Oaiku
orpunarensHas (Q < 0), To 3mropa yIriioB MOBOPOTA HA TOM Y4aCTKE MPEACTABIISET
co00i1 KPUBYIO, BBITTYKITYIO BBEPX.

6. Ecnu momepednas criia B KaKOM-TO cedeHHUH Oanku paBHa HyI0 (Q = 0)
(Opu cMeHE 3HaKa) WM UMEET «CKa4oK» (IMpU CMEHE 3HaKa), TO Ha 3MI0pEe YIJOB
MIOBOPOTA B 3TOM C€UeHHHU OaKku HaOIIoMaeM TOUKy reperuoa (T. 1m.).

7. Ecnu uzrubaromuii MOMEHT B KaKOM-TO C€UEHUU OaJIKu paBeH Hymto (M =
0) (mpu cMeHe 3HaKa) UM UMEET «CKadok» (IIpU CMEHE 3HaKa), TO Ha 3I0pe YIJIOB

MOBOPOTA B 3TOM CEUEHUU HAOIIOIaeM TOUKY dKCTpemyMa (T. 3.).
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8. Ecau Ha smrope u3rubaromyx MOMEHTOB B KAaKOM-TO CEUEHUM OaliKu
HaOIMIOMACTCS «CKAa4OK», TO Ha 3IMIOPE YITIOB TOBOPOTA B 3TOM CEUCHUHU HAOJIOIaeM

TOUYKY H3J0Ma (T. 1.).

8.28. Pacuer 6aJiok Ha KecTKOCTb. [IpoBepKa BbINOJTHEHHUS YCIOBHS KeCTKO-

CTH 0aJIKH

Onpenenenue 8.28 Ceuenue, 6 romopom nepemewieHue (npoeub  Oaniku)
NPUHUMAEM MAKCUMATIbHOE N0 aOCONIOMHOU eluyute 3HaveHue f, Hazvleaemcs

ONACHBIM ceyeHuem OAIKU U3 YCIIOB8UA JHCECMKOCNIU.

VYcioBue KeCTKOCTH MpU U3rHde UMEET BUA

F<If, (8.65)
rme f — cTpena nporuda (MakCUMaJIbHOE 1O a0COIIOTHOM BEIMUMHE
3Ha4YeHHe Mporuoba);
[f] — BenmumHa qOMyCcKaeMoOro mporuoda.

JIst MpOBEPKH BBITIOTHEHUS YCIIOBHS KECTKOCTH OalIKM M3 SIMOPBI TPOTHO0B
OTIPE/ICIIICTCS B OTIACHOM CEYEHUH 0aJIKh MAaKCUMAIHHOE TI0 a0COTIOTHOM BETUYHHE
3HAYEHHE MPOTUOA |[Wmax| = f, KOTOpOE mojcTaBisieTcs B yciaosue (8.65).

BenuumHa qomyckaeMoro nporuda [f] s peanbHbIX COOPYKEHHIH TPUBEICHA

B CII u CHull u MOXXeT U3BMEHSITHCS B IOBOJILHO IIIUPOKOM JTHANa30HE

L L
1= 100 1000’
rne L — pnuHa mposera (AJisi KOHCOJEH mpoJjieT L paBeH yIBOCHHOMY BBLUIETY

KOHCOJIN).

OOBIYHO YCIIOBHE KECTKOCTH Oanku (8.65) BBITIOTHSIETCS.

B npomusnom cayuae, uz ycnosus ocecmrkocmu f < [f] Heobxooumo
onpeoenums SeUUUHY I;" ped no0obpams HOBble pamepvl NONEPeUHO20 Ce4eHus
oanku.

Ymobvl  00HOBpPEMEHHO BLINOIHAIUCL YCA08UE NPOYHOCMU U  VCIO08UE

Jrcecmrkocmut, HeoOXo00UMO OKOHYAMENbHO 8blOpamb OOIbULee ceyeHuUe.
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8.29. PackpsbiTHE CTATHYECKON HEONPEAEJMMOCTH YIPYIMX CTEP:KHEBBIX CH-

cTeEM

3akperuieHus, HeOOX0UMBIE JISI KHHEMaTHIeCKOW HEN3MEHIEMOCTH CUCTEMBI,
obecrieunBarOTCa OO 3aIleMJIEHUEM OJHOTO W3 KOHIIOB Oajiku, JHOO JIByMS
IIAPHUPHBIMU OTIOPaMU, U3 KOTOPHIX OJIHA HETIOJBIKHASI, a IpyTras MOJIBIKHASI, TO
€CTh HAaMMEHBIIIEE YHUCIIO CBS3CH, HE TO3BONISIIONIUX Oajke (paMe) mepeMeniarbes B
TJIOCKOCTH JICHCTBUS HArpy30K, pAaBHO TPEM.

B sTOM ciydae TpM HEHW3BECTHBIC OIIOPHBIC PEAKIIUH OIPEACISIIOTCS W3
YCJIOBUW paBHOBECHS (CTATHUKH).

Takue 6anxku HA3bIBAIOMC CMAMUYECKU ONPEOETUMBIMU.

B mmxeHepHOU MpakTUKe OYeHBb YacTO, MO YCIOBUAM PabOThI KOHCTPYKIIHH,
OKa3bIBaCTCS HEOOXOAMMBIM YBEIHMUYHUTHh YHCIO OMOPHBIX 3akperuieHuid. B aTom
CIyyae 4YHCIO HAJOXKEHHBIX CBs3€H (YMCIO HEM3BECTHBIX OIMOPHBIX PEAKIU)
OOJIBIIIE YKClia ypaBHEHUN PaBHOBECHS (CTATUKH).

Jlist pacdera TakuxX CHCTEM Ha TMPOYHOCTh U YKECTKOCTh, TaK K€ KaK U B
PAacCCMOTPEHHBIX paHEE CTATUICCKH OMPEACIMMBIX 3a/1a9aX, HEOOX0MMO TTOCTPOHTH
OOBIYHBIM CITOCOOOM SITIOPHI BHYTPEHHUX YCHIIMN, TPOTHOOB M YIJIOB MIOBOPOTa, a
JUTSI 9TOTO HEOOXOAMMO MPEIBAPUTEIHHO ONPEACIUTh BCE OTIOPHBIE PEAKIIUH.

Takue cucmemvl HA36IBAIOMCS CAMUYECKU Heonpedeﬂujwbmu.

Onpenenenue 8.29 Cmamuuecku wneonpeoerumvle cucmemvl — 3mMo ynpyaue
CmepoicCHesble CUCMeMbl, y KOMOPbIX HUCIO HEU3BECMHbIX ONOPHBIX pearyull
npesvluiaem Yucio He3a8UCUMbBIX YPABHEeHUU pasHogecus (YpasHeHuu CMmamuku),

BO3MONCHBIX O/Isl IMOU CUCHEMDL.

B sTux cucteMax, MCTHONB3ysl TOJBKO YPAaBHEHHS PaBHOBECHs, HEBO3MOXKHO
OTIPEJICTTUTH HU PEAKITUH OTIOP, HA BHYTPEHHUE YCUJITHS, BOZHUKAIOIHE B JIEMEHTAX
KOHCTPYKLIHH.

HckmroueHne COCTaBISIOT  MHOTOMPOJIETHBIE Oankud  (COCTOAIMME U3
HECKOJIBKUX OTIEIbHBIX 0aloK, COCIMHEHHBIX MEXKAY COOOW MPOMEXYTOUHBIMU
IIApHUPAMH), KOTOPBIE MOTYT OBITh CTAaTHYECKH OMPEASTUMBIMU U TIPH YHCIIC
HAJIO)KCHHBIX CBSI3€i OOJbINE TPeX.

Cmenenv cmamuueckol onpeoeiumocmu (Heonpeoeiumocmu) npocmulx

CmepoiCHesblX cucmem 00bIUHO onpe()eﬂﬂemc;z KaK pa3Hocnib Me:)fcdy Koiuvecmeom
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HeUu368eCmHbIX ONOPHBIX PeaKyutl U KOIU4eCmeom ypaeHeHUll pagnosecusi (YypasHeHuil
CMAamuKu), KOomopule MOXCHO COCMA8UMb OJisl OQHHOU CUCTEMDL.
Ha puc. 8.42, a u B n300pakeHsbl JIBE CTaTUUECKU HEONpeaeIrMble OaaKku, Ha

KaKAYI0 U3 KOTOPBIX HAJIOKCHBI YCTHIPC BHCIIHUC CBA3U.

4 %\
3 cBA3U g\(é?\ 1 cBA3B

6 V

4\ 3 cBsI3U @\1 CBSI3b é\l CBSI3b @\1 CBSI3b
B

r\é\?‘ 2 cBsi3u x&\ 1 cBA3b c\&\ 1 cBA3b

Puc. 8.42. [IpaBuia 3HaKOB METO/Ia HAYaIbHBIX MTAPAMETPOB

CrnenoBarenbHO, 3TH OAJIKU OJUH pa3 CTAaTUYECKH HEOMPEICTUMBI.
Ha puc. 8.42, 6 noka3ana 0ajka ¢ eCThI0 HAJIOKEHHBIMU BHEIITHUMH CBSI3SIMU,

CJIICOOBATCIIbHO, OHA TPH pa3ad CTATUICCKU HECOIIPCIACIINMA.

Onpenenenue 8.30 Cmenenv cmamuueckoli Heonpeoerumocmu  OAIKu, He
umeroweti NPOMENCYMOoYHbIX UAPHUPOS, COCOUHSIOWUX OpYe ¢ OpYeOM OmOelbHble

alemMeHmsl OANKU, PABHA U3OLIMOYHOMY (TUWHEMY) YUCTY BHEWHUX C8sa3ell (ceepx

mpex).

Cratnyecku HeEOmpeaeauMble OaJKd dYacTO Ha3bIBAIOT HEpa3pe3HbIMHU
Oankamu.
Cmenenv cmamuyeckol O0npeoeiumocmu (Heonpeoerumocmu) CroNCHbIX

CMEPIICHEBDBIX cucmem 0np€0€ﬂﬂ€m0ﬂ YUCTIOM «TUUUHUXY CB8513€ell NO qbopMlee

1€ K — YHCIO 3aMKHYTBIX KOHTYPOB B KOHCTPYKIIMHU B IIPEANOIOKEHUN
OTCYTCTBHUSI IIIAPHUPHBIX coequHeHui (puc. 8.43);
I — YHUCJIO OJUHOYHBIX HIAPHUPOB.
Tak myisi MapHUPHO—HETIOABIKHOW omophl (omopa D Ha puc. 8.43) uucio
OJJMHOYHBIX APHUPOB — 1, AJI IIapHUPHO—TIOABUKHOM ONOpHI (HapUMep, OIopa

A Ha puc. 8.43) 4KCII0 OMMHOYHBIX IIAPHUPOB — 2.
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E K
A o o

L I3

KOHTYD 2 KOHTYp

\/

Puc. 8.43. Craruuecku ornpeenrmas MHOTOIIPOJIETHAs Oaka

3 KOHTYD

XC K
\/

JUTsl CIOXHOTO IIapHHpPA YKCIO OJWHOYHBIX ITAPHHUPOB OINPEACISICTCS 10
dbopmyre
m=c—1,

IJIe C — YKCJIO CTEPKHEH, MOIXOISAIIUX K IIIAPHUPY.

Ha puc. 8.43 mapaupsl £ 1 K — OAWHOYHBIE, TaK KaK K KaXJIOMY U3 HUX
MOJXOJIUT T10 JIBAa CTEPKHS.

Ecnu § =0, To 3amaya crarnyecku onpeaenumast. [Ipu S > 0 3agaua ctatTuuecku
HeonpenenuMmas, a mpu S < 0 — crucrema reoMeTpUIEeCKA U3MEHSIEMAs.

Tak Ha puc. 8.43 Ganka UMeeT TPHU 3aMKHYTBIX KOHTypa (K = 3) U JEBATh
OJIMHOYHBIX MApHUPOB (11 = 9), moaToMy S = 3k — 111 = 3 -3 — 9 = 0, cegoBaTebHO,
9Ta 0ajKa CTaTUYECKHU OINpeacauMas.

JIns  ompenesnieHUsT BCEX HEU3BECTHBIX OMNOPHBIX PEAKIUNA CTaTHYECKH
HEOMPEAETUMON CUCTEMbI COCTABIISIFOT IOMOJIHUTENIbHBIE YPABHEHHU S, BBIPAKAIOIINE
YCIJIOBHS €€ 3aKperieHus Ha onopax (puc. 8.39 u 8.40).

DOTH  JOMOJHUTENIPHBIE YpPAaBHEHHUS YCIOBHO HA3bIBAIOT  YPAGHEHUSAMU
nepemeweHul Ui ypasHeHUsMU COBMECMHOCMU 0ehopmayull.

KonuuecTBo JOMOMHUTENBHBIX YPAaBHEHHM TMepeMeIeHU, HEOOXOIUMbBIX
JUTSL PACKPBITUSI CTATMYECKOW HEOMPEACIUMOCTH, TOJDKHO OBITh PAaBHO CTEIICHH
CTaTUYECKOW HEOMPEACIUMOCTUA CUCTEMBI.

CoBMeCTHOE pellleHHE YpaBHEHUM PABHOBECHS M YPAaBHEHUM IMEpEeMEIICHUM
MIO3BOJIAET ONPENEIIUTh BCE HEU3BECTHBIE OMOPHBIE PEAKIMU. DTOT 3Tall PELICHUA

3aJla41 HA3bIBACTCS PACKPBITUCM CTaTUYECKOM HCOIIPCACIUMOCTH CHUCTCMBI.

Omnpenenenue 8.31 Packpvims cmamuueckyio Heonpeoeiumocnms CUCmemMbl — Mo

SHa4um onpedeﬂun% YUCJIEHHblE 3HAYEHUA 6CEX ONOPHBIX peam;w].

OHpeI[eJII/IB BCC OIIOPpHBIC PCAKIIUHU, MOKHO OOBIYHBIM IMyTEM IOCTPOUTH

SMIOPHl BHYTPEHHUX YCUJIMH, & TAKXE OIPEACIUTh BEIMYUHY BEPTUKAIBHOTO
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IMCPCMCIICHHUA U YIUIa ITIOBOPOTA JIF000T0 ceueHus OaIKu TaK K€, KaK 3TO ACJIAaCTCA B

CTaTHUYCCKHU OIIPCACIIUMBIX OaJIKax.

8.30. HOpSIIlOK PE€ICHUSA CTATUYCCKH HEONIPECACINMBIX 3a1a4

Crarnyecku HEONpPENEIUMbIE KOHCTPYKLIMHM  PacCUUTBHIBAIOTCA, pemias
COBMECTHO YpaBHEHHsI, NOJyYCHHBIE B PE3YJIbTATE€ PACCMOTPEHHSI CTAaTUYECKOM,
reOMETpUYECKOM U (PU3NUECKOW CTOpPOH 3ajaud. [Ipu 3TOM MpUAEpKUBAIOTCS
CJIEIYIOILETO MOPSAKA:

1. Cmamuueckas cmopona 3adauu. Onpenensercss CTENEeHb CTaTUYECKOU
HEONPEIETUMOCTH CUCTEMBI. COCTABIISIIOTCA YpPaBHEHUSI pABHOBECHS, COAECPIKAILNE
HEU3BECTHBIE OMIOPHBIE PEAKIIUUA CUCTEMBI.

2. I'eomempuueckas cmopona 3adayu. PaccMaTpUBaIOTCsI KMHEMATUYECKUE
IpaHUYHbIE yCIOBUS (YCJIOBHS Ha OINOPax), OTpaXkarollhe XapaKTep 3aKpEeIuICHUs
(omupaHus) CUCTEMBI, M 3alKCHIBAIOTCS YpaBHEHHsS COBMECTHOCTH Jedopmariuii
(YpaBHEHHMS IEPEMEIICHUI).

3. @usuueckasa cmopoua 3adayu. Ha ocHoBanuu 3akoHa ['yka (Hampumep,
ypaBHEHHS METO/la HAYaJIbHBIX MMapaMeTpoOB, KOTOPOE IMOJIYYEHO Ha OCHOBE
3akoHa ['yka) ypaBHEHHS COBMECTHOCTH Aedopmaliuii (ypaBHEHUS MMEPEMEILICHUI)
BBIPAXKAIOTCS YEPE3 HEU3BECTHBIE OMTOPHBIEC PEAKIIUH.

4. Cunmes ypasnenuu. Pemas COBMECTHO CUCTEMY YPaBHEHHUH, MOJYYEHHBIX
B pe3yJIbTare PacCCMOTPEHMs CTATUUECKON, TEOMETPUUECKON U (U3UUECKON CTOPOH
3a/1a4M, ONPEACIISIIOTCA YUCICHHBIE 3HAaYCHHSI BCEX OTMOPHBIX PEaKIui.

Cy1miecTByeT MHOIO METOJOB PACKPBITUS CTATHYECKOW HEOINPEAEITMMOCTH
CTEp>KHEBBIX U paMHBIX cucTeM. Jljig 6alloKk MOCTOSHHOTO MOMEPEYHOr0 CEYeHUs,
Harpy>KCHHbIX BCEMHM BO3MOXXHBIMHU THUIAMU HArpy3o0K, IpU MPOU3BOJIBHOM
KOJIMYECTBE YUYACTKOB, PACKPBHITHE CTATUYECKON HEONPEAETUMOCTH U ONpeieTICHNE
nporuboB 11e1eco00pa3HO MPOU3BOANTH, INPHUMEHSSI YHUBEPCAIbHOE YpaBHEHHE

MCTOAa HAYAJIbHBIX IIApaMCTPOB.
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8.31. IloreHumanbHasi JHeprus aedopmanuu 00K

Kpome paccMoTpeHHbIX cIOCOO0B BBIYMCIIEHUSI TPOTMOOB M YIJIOB TOBOPOTA
ceyeHU 0aJioK CYIIEeCTBYeT Oojiee OOIIMi METOMA, MPUTOIHBIA JJIs ONpEeACICHUS
nedopManuii JIIOObIX YHOPYTUX KOHCTPYKUMM. OH OCHOBaH Ha MPUMEHEHUU 3aKOHA
COXPaHEHHUS SHEPTUU.

[lon pmeiicTBMEM BHEMIHMX CHJI Tena AepopMmupyrorca. Ota aedopmanus
IPOTEKAET MOCTENEHHO, BO3pacTasi OT HYJs JO KAaKOTO — TO KOHEYHOTO 3HA4YCHMUS,
B 3aBHCUMOCTH OT BEJIWYMHBI, JEHUCTBYIOLIEW Ha Teno Harpysku. [Ipum n3ydenuun
nedopMalMii CYMTAIOT, YTO HArpy3KH K TejaM MpPHUKIAJbIBAETCS CTaTUYECKHU, TO
€CTh TaK, YTO OT HYJIA JJO CBOETO KOHEYHOI'O 3HAYEHUSI OHU BO3PACTAIOT OCTENEHHO,
MEUIEHHO MEHSISICh 110 3aKOHY HPSIMOI.

[Ipu TakoM crnocoOe Harpy3ku YNpyroro tejia MOXHO CUMTaTh, YTO TEJIO HE
UCHBITHIBAET HUKAKUX YCKOPEHUM, a CJIEJOBATEIbHO, U HUKAKUX APYTUX CUII, KPOME
IIPUKJIAIBIBAEMOM K HEMY CTaTUYECKOU HArpy3KH.

[Ton BO3melicTBHEM BHEUIHUX CUJ TeJO, AeOPMUPYACH, HAKATUIUBAET B ceOe
(aKKyMyJMpyeT) ONpeIeICHHOE KOJIMYECTBO SHEPTHH, HA3IBAEMOE NOMEHYUATLHOU
snepeueti degpopmayuu U .

[TorenunanesHas sHeprus Aedpopmanuu U BO3ZHUKAET B yIPyroMm Opyce 3a cuer
paboTsl BHemHUX cuil A. B nporiecce ynpyroii nedopmanyu HaOmoqaeTcst nepexon
OJTHOTO BHUJA MOTEHIMAJIBHOW PHEPrHH B IPYrod, a KIMEHHO: B pacCMaTpHUBAaeMOM
Cllyyae MOTEHLHAJIbHAS SHEPrus JEWCTBYIOIIUX HAa OpyC HArpy30K MEPEXOAUT B
MOTEHIIMATBHYIO SHEPTUIo AedopMainu opyca.

[Tonaras, 4TO 3aKOH COXPaHEHMsI SHEPIHH MOJHOCThIO PAaCIpPOCTPaHAETCs Ha
paccmarpuBaeMoe siBjeHue (0O0pa3oBaHHE MOTEHIMAIBHON 3HEpruu nedopmaruu
TEJa), MOXKHO CUMTATh, UTO MOTEHIIMANIbHAS SHEPrus Aedopmaruu U ynpyroro Tena

YUCJIEHHO paBHA pabOTe BHEITHUX CHII A, TO €CTh
U =A. (8.67)

B obmem cnydae wusrubarommi MOMEHT M(,) SBISICTCS BEIMYUHOM
NIEPEMEHHOM.

B 111000M ceueHnH eMy MOXKET COIy TCTBOBATH MONepedHast ciia Q). [loaromy
paccMmarpuBaTh CJelyeT He BCIO OaJIKy B LI€JIOM, a JIUIIb OECKOHEYHO MaJIbli 3JIEMEHT

Oanku qymmHOU dx (puc. 8.44).
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Puc. 8.44

[Ton neficTBHEeM M3rMOAIOIIMX YCUIIMM CEUCHUS 3JIEMEHTA MOBOPAYMBAIOTCS U
o0pazyroT Mexay coboit yron d@. KacarenbHbie k€ YCWIHMS CTPEMSTCS BbI3BAThH
nepeKoc AnneMeHTa. Takum 00pa3oM, MEPEeMEIICHUs] OT HOPMAJIbHBIX HaIPSKEHUN
UAYT MEPIEeHIUKYISIPHO K HAMPABJICHUIO KacaTeIbHbIX HAMPSKEHUM, 1 HA000pOT.

OT0 MO3BOJISIET HE3aBUCUMO BBIYMCIIATH pad0Ty U3rMOAIOIINX U KacaTelbHbIX
YCUJIUN.

OObIuHO paboTa KacaTelbHbIX YCHIIMA OKA3bIBAETCA MAJIOM MO CPABHEHUIO C
paboToi HOPMAJIBHBIX U €10, KaK MPaBUIIO, TPEHEOPETAIOT.

DneMeHTapHas paboTa HOpMaJIbHBIX YCUIIUHN paBHA

1
dAF =dU = QM(x)d(p

C HCKpUBICHHEM OCH OaJKH CBSi3aH B3aMMHBIA ITOBOPOT ceueHuil. J[mmuHa

orpeska 010, paBHa
010, = dx = pd(p.

Otcroza yroj moBopoTa ABYX CMEKHBIX CEYEHUI

[Ipu ompeneneHUM HANPsHKEHUH B Clly4ae YUCTOrO M3ruba Obula MOJydeHa

dbopmyna kpuBu3HbI (8.13)

1 M
p EL’
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BbIpa)Karolasi CBsI3b MEXKAY pagdycoM KPUBHU3HBI OCH Oajku, H3rudarouuMm
MOMEHTOM B TIONIEPEYHOM CEUEHUU OalKu U KECTKOCTHIO MOINEPEUHOIO0 CEUEHUs
IPU YUCTOM U3THOE.

[IpeneOperast HE3HAYUTEIBHBIM BIUSHUEM NONEPEYHON CUIIbl ) HA BEIMYUHY
nedopmanuii, Oynem mnosararb 3Ty (OpMyJy AEHCTBUTENBHON U B OOIIEM cllydae

IJIOCKOI'O U3TH0a, TO €CTh

1 My
o EI’
B sTtom cnyuae
M, dx
dp =——"— 8.68
¢ P, (8.68)

CrnenmoBarenbHO, TMOBOPOT cedeHU d@ U KpUBU3HA OCH Oajku %

OpsIMO  MPONOPLUMOHAJIBHBI  BEJIMYMHE M3rHOAOIIero MOMEHTa U 00paTHO
IPOMOPLUOHANBHBI KECTKOCTU Oanku El.
Torga BeIpa)keHHE I MOTEHIMAJIBHONW SJHEPTUH IPUMET BUJL
M?, dx

(x)
dU = ——.
2E1

ITonnas MNOTCHIMAJIbHAA JHCPIUs n3ruda NOJYYHUTCA CYMMHPOBAHUCM II0

(8.69)

JUTAHE OaJIKU
M2 dx 1
= M?Z. dx. :
U= f 2EI 2E1J (x) (8.70)

[Tomyuennas popmyna crpaBeyiiBa i OadKH MOCTOSHHOM XecTKOCTH E1.

[Ipu BbIBOAE 3TOM (POPMYIBI MBI MPEHEOPEITIM BEIUYMHON MOTEHIMAIBLHON
sHepruu AedopManuu CABUTa, BOSHUKAIOMICH OT JEHCTBHS MOMEPEYHON CHIIBI Q,
TaK KaK BIUSHHUE €€, COOTBETCTBEHHO BBIUUCICHUSIM, B TIOJABJISIONIEM OOJIBIITUHCTBE
CJIy4aeB MaJio.

[Tonyuennas dopmyna (8.70) nns ompenesieHUs MOTEHIMATBLHONW JHEPTUU
nedopmaruu 6aaKu Mpu U3ruoe MOKET OBITH UCIIOIb30BaHa P PEIICHUH 3a/1a4 110
ompeaeeHuo aedopmainii 0aaok.

B ciydae Oanku ¢ HECKOIBKUMU ydacTkamu, uHterpai (8.70) pazOuBaercs Ha

CyMMY MHTETPAJIOB

1 &,
2E1;le( dx. (8.71)

1
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8.32. Meroa onpeaesieHusi nmepeMelieHNU, OCHOBAHHbIN HA BbIYUCJICHUH I10-

TEHUHAJbHON 3Hepruu aegopmanuu

YcTaHoBUM METOT OTIPEICJICHUS IEPEMEIIEHNI, OCHOBAaHHBIN HA BHIYMCIICHUU
MOTEHIIMAIBHON dHepruu aedopmanuu. B ocHOBe 3TOro Metoga JSKHUT TeopeMa

KactunpsaHo.

Onpenenenue 8.32 [Ipoussoonas nomeHyuaibHoU dHepeuu Oegopmayuu no

0000 eHHOIL culle pasHa 000OUeHHOMY nepemewenuro (meopema Kacmunvsno).

Onpenenenue 8.33 Obobwennoit  cunoti  Hazvlgaiom  JH0OVIO  HA2PY3KY,

8bI3bIBAIOULYI0 Oeopmayuio.

Onpenenenue 8.34 [lepemewenue, coomgemcmeyroujee 3mot 0600w eHHOU cuJe,

Has3slearom 0606W€HHblM nepemeuienuem.

CoOTBETCTBHE 3aKIIOYAETCS B TOM, UYTO PE€Ub UICT O MEePEMEIICHUN CCUCHUS,
e MPUJIO’KEeHA CUJla, IPUYEM O TaKOM TIepeMEICHUH, MPOU3BEACHIE KOTOPOTO Ha
3Ty CHIIy J1aeT paboTy.

J171s1 cocpeIoTOUYeHHOM CUJTBI, TPUIIOKEHHOU B CEUCHUH 0aJIKH, 32 0000IIIEHHOE
nepemMenieHne MPUHUMAIOT MPOTHO B TOM CEYCHUH, T/I€ MPUIIO’KEHA CUJIa.

Jist m3rubaroiieii mapbl CUJI 32 0000IIEHHOE TIEPEMEIICHUE TPUHUMAIOT YTOJI
MIOBOPOTA CEYCHUS B TOM CCUCHHH, T/ TIPUIIOKEHA TIapa CHIL.

B caydae crimoniHo#t paBHOMEPHO pacipeAeIeHHON M0 BCeMy IpoJieTy Oajku
Harpy3ku 0OOOIICHHBIM MEPEMEIICHUEM SIBIISICTCA TIIOMIA b, 3aKIIOUCHHAS MEXIY
NEPBOHAYAIILHOM OChbIO OAJTKU U OCBHIO U30THYTOM OaJKu.

Hcceneqyem MeToa onpeiesieHusl IepeMeIeHI, OCHOBAaHHBIN Ha BEIYUCICHUN
MOTCHITMATBLHOM 3HEPruu AchopMaIuy.

PaccmorpuM  0anky, Ha KOTOPYHO JICHCTBYIOT B pa3HBIX CEUCHUSAX

COCPENOTOYEHHBIE CHIIBI U TIaphl cull (puc. 8.45).

2M2
l

Fu e
& ol

Puc. 8.45
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Jlnst cmydast usruda umeeM popMyity MoJTHON MOTEHIMAIBHOM dHEpTrHuu (8.70)
2
l 2EI

CBSI3BIBAIOIIYIO BEJIMYMHY NOTEHLIUATBHOM sHEpruu U ¢ N3rudaommuMyu MOMEHTaMH.
Brrancimm 4aCTHYO IPOU3BOAHYO OT U 110 OTHOM U3 BHELIHUX CHJI, HAIIPUMED

F. Homyunm

U o | Mydx
OF)  OF| lf 2EI
Nmeem cnywait auddepeHUUpoBaHUS OMPEACTICHHOTO HWHTErpajia o
napamerpy.
[Ipu stoM, M, — (yHKIUS, UHTETPUPOBAHUE KOTOPOU MPOBOAUTCA IO X, a
muddepeHImpoBanne — 1o napameTpy Fj.
Kak u3BeCTHO, €ciM mpefesbl MHTErpana MOCTOSIHHBIE, TO CIEAYET MPOCTO

nuddepeHIMpoBaTh MOIBIHTETPATBLHYIO (DYHKITHIO.

Takum oOpa3zom, mporud B TOUKE MPUIIOKEHHUS COCPEIOTOUEHHOM CHIbI Fj

paBeH
U M(x) dx 8M(x)
=== . 8.72
BT | =& IR, (8.72)
Yrois moBopora ceuyeHus ¢ napout M; paBeH
oU _ MpydxdMy
== : 8.73
1= oM, J El oM, (8.73)

Ecnu tpeOyeTcst onpenenuTs JIMHEHHOE WM YITIOBOE IEPEMEIICHUE B TOUKE,
e 10 YCIIOBHIO 3a7a4u 0000IICHHAS CHJIa OTCYTCTBYET, TO B 3TOW TOYKE CIICAYET
IPUIIOKUTH COOTBETCTBYIOIIYIO (PUKTHUBHYIO OOOOIIEHHYIO CHITY.

3arem, HANMCaB BBIPAKCHHE JUISI M3THOAIONIET0O MOMEHTA OT CHCTEMBI CHJI,
BKJTIOYAsl YKa3aHHYI0 (DUKTHBHYIO CHJIY, HCOOXOAMMO B3SITh €r0 IMPOU3BOIHYIO IO
9TOM (DUKTHBHOM CHUIIC W B TIOJYYCHHOM BBIPAXCHUU ISl IEPEMEIICHUS MTOJIOKHTh

(UKTHBHYIO 0000IICHHYIO CUITYy PABHOM HYIIIO.
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8.33. Omnpenesienne nepeMenieHUd B MJIOCKUX CTEPKHEBBIX CHCTEMaX MeTO-
aom Mopa

JIroboe coopykeHue Moja JEHCTBHEM BHEIIHUX (PakTopoB nedopmupyercs,
U3MEHAS CBOIO NMEpPBOHAYAIbHYIO (QOpMy, U IpUHUMAET (HOpMY paBHOBECHS, MpHU
KOTOPOM BJIMSIHME BHEIIHUX BO3JEHCTBUN YpaBHOBEIIMBAECTCS BHYTPEHHUMU
CUJIaMU CONPOTUBIICHUS.

[Ipu sTOM mporu® u yron noBopora Oanku (pambl) B TOUKE MPHUIOKECHUS
COCPEIOTOYEHHOM CUJIBI MOTYT OBITh BBIUMCIICHBI IO opMyiiam (8.72) u (8.73)

_ U _ (MydxoMyy U M) oMy
“oF ) TEL o M7 oM JEL oM

WF

BpIsicCHUM CYIIHOCTB 3TUX MIPOU3BOAHBIX.
Ecnu Ha 0anky AEHCTBYeT HPOU3BOJIbHAS BHEIIHSS HArPY3Ka, TO MOMCHT M|,

B JIFOOOM CCYCHUU TaKOI OalIKu BBIpAXKACTCS JIMHEHHOW (YHKIIMEH OT HArpy30K
My =aFi+akh+aF+--+biMi+boMy+ -+ ci1q1+caqa+ ...

Koabdbumwments! a1, ay, a3, ..., b1, by ..., c1, ¢ ..., — SBISIOTCS QYHKIUSIMHU
nposiera Oalkk, PACCTOSHUM TOYCK NPHIOKEHUS CHJI M MOMEHTOB OT OIOp H

a6CHI/ICCBI X pacCMaTpuBacMoOro CCUCHU .

Hampumep, onpenenum nporud TOUYKU MPUIOKEeHUS cuiibl Fi. (puc. 8.46)

v 2 3 oy
& 2 &
Puc. 8.46
B sTtom cnyyae
JdF; ’
ak, F, ... M, M, ..., qi1, q, ..., ipu 3ToM AudPepeHINPOBAHUU TTOCTOSHHbBIC

BCIIMYHUHBI.

CnenoBarenbHO, @] MOXHO pacCMaTpuBaTh KaK YHCJICHHYH) BEIWYUHY
MoMeHTa M B 11000M Ce€UeHHHU OajKu OT JCHCTBHS, TaK Ha3bIBa€MOU, eIMHHUYHOU

Harpy3KH, TO €CTb CUJIbl F = 1.
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JleficTBUTENBHO, OACTaBISASA B (POpMyTy BMECTO F| €ro 4acCTHOE 3HaYEHUE —

€IMHUILY, U TIPUPABHHUBASI BCE OCTAJIBHBIC HATPY3KHU HYJIIO, TTOTy4aeM
M =a.

Hanpumep, ns 0anku (puc. 8.47) u3rubaronimii MOMEHT B €€ MPOU3BOJILHOM

CEUCHHUH PaBEH

Puc. 8.47

[Ipou3BoaHas B 3TOM cilydae paBHa
aM(x)
oF
OTO BBIpAKEHUE PABHO M3THUOAIOIIEMY MOMEHTY OajKd B €€ MPOU3BOIHLHOM

= —X.

CEUYEHUHU, €CJIM HATPY3UTh €€ CUJION paBHOU eduHuye, TPUIOKEHHOU B TON KE TOUKE
B, tie pacnionoxeHa cuia F, 1 HalpaBJIE€HHOHN B Ty K€ CTOPOHY.

AHAJIOTHYHO, POU3BOAHAS M3TMOAIOMICT0 MOMEHTA M) [0 MOMCHTY I1apbl
cuJl M| 4UCIIEHHO TIPEACTABISAET COO0M M3rndaronuii MOMEHT OT Mapbl C MOMEHTOM,
pPaBHBIM eOuHuye, MPUIOKCHHOW B TOM XK€ CEUCHHMH, IJIe MMeeTcs mapa M| u
HAIPABJICHHOU B Ty %€ CTOPOHY.

Takum obpazom, eviyucieHUe NPOU3BOOHBIX U3LUOAIOULe20 MOMEHMA MONHCHO
3AMEHUMb BLIYUCTIEHUEM ULUOAIOWUX MOMEHMO8 OM eOUHUYUHOU HACPY3KU.

Dmu momenmul oboznauarom M.

CrnenoBarenbHO, I OTBICKaHUsA mnepemernieHud A (mporuda wiam yma
MOBOpOTA) JIIOOOr0 ceueHusi OaJKW, BHE 3aBUCMMOCTH OT TOTO, MPUJIOKEHA WIIU
HE TMPUIOKEHA B ITOM CEYEHHUH COOTBETCTBYIOIIAs CHJIA, HEOOXOIAMMO HAWTH
BBIPAXXCHHUE ISl U3rHOAIOIIEro MoMeHTa M(,) OT 3aJaHHOW HAarpy3KH U MOMCHTa

M OT COOTBETCTBYIOLIEH €IMHUYHOM HArpy3KH, NPUIIO)KECHHONM B CEYEHHHM, TIE

TpeOyeTcsl HalTH repemMenieHue A.
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Toraa aTo mepemerieHne BeIpazuTcs GopMysion
l —_
M(X)M
A= | ——dx. 8.74
Oj o (8.74)

[Tonyuennoe Boipaxenue (8.74) Ha3bIBaeTCsl unmezpaniom (gpopmynoti) Mopa.

Ecnu 6 ¢popmyne (8.74) noo A noopazymesaemcs npoaub, mo momenm M
HeobX00UMO BbIYUCTAMb OM COCPEOOMOUEHHOU eOUHUYHOU Oe3pasmMepHOol CUbL,
NPUNIONHCEHHOUL 8 MO MOUKe, 20e OMbICKUBAEMCSL NPO2UO.

Ilpu evluucnenuu oice yena nosopoma 6 Kauecmee eOUHUUHOU HAZPY3KU
NpuK1aovieaemcs be3pasmepras napa cuil ¢ MOMeHmMoM pasHbIM eOUHUYe.

Ecnu npu BbrMciaeHnH M3rHOAIONINX MOMEHTOB MPUXOIUTCS ACTUTH OalKy
(pamMy) Ha y4acTKH, TO ¥ HHTerpaJ B hopMyiie /it nepeMelienuit (8.74) pacnagaercs

Ha CyMMY MHTETPAJIOB.

8.34. Omnpenesienne nepeMenieHUd B MJIOCKUX CTEPKHEBBIX CHCTEMAaX MeETO-

noM Mopa ¢ ucnoJib30BanneM npasuiia Bepemaruna

Beruncnenne wmnterpama Mopa (8.74) ymoOHO TpOW3BOAUTH IO TMPABUIY
Bepeniaruna (mpaBuity «1epeMHOKEHUS» 3III0P).

Tak xak eTMHUYHON Harpy3Koil ObIBaeT 0OBIYHO MO0 COCPEOTOUCHHAs CUJla,
160 nmapa cui, To S1opa M orpaHudeHa IPAMBIMU TMHUAME. I109TOMY BHIUKCIIEHHE
IM(X)M dx mpu 1r000M OYepTaHUH SMIOPBI M(,) MOXHO HPOU3BECTH CIICAYIOLIUM
obpazom (puc. 8.48).

Ilycrts omiopa M(,) UMEeT KPHUBOIMHCHHOE OYCPTaHHE, a BIIOPa M —
IPSAMOJIMHEWHOE.

Ipoussenenue M, - dx MOXKHO paccMarpuBarh KaK dJIEMEHT dw IUIOLIaIH
smopsl M. Opaunata M = x - tg .

Torna nmpou3sBeneHue
My -dx-M = dw-x-tga,
a BECh MHTErpall

My -dx-]\_lztgoc-fdw-x
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|
|
|
|
™1 ! |
I xXC | L
A I 7
dx |, x! L
™ — A
N
i =l lA
M7
C X
XC
Puc. 8.48

MPEACTABISIET COO0M CTaTHUECKUA MOMEHT IUIOMIAINA DIIOPHI M(x) OTHOCHUTEIILHO
TOYKU A, YMHOKECHHBIN Ha tg X.

Ho ortor cratudeckuil MOMEHT paBeH Bcedl muromaau () osmiopel My,
YMHOKEHHOM Ha PACCTOSIHHUE OT €€ LIEHTPA TSKECTHU X 0 TOUKHU A.

Takum oOpazom,
IM(X) Mdx=Q - Xc - g .

BenuuuHa x¢ - tg & paBHa opauHare M snropsl M.

Otcrona
| My -Mdx =0 -Mc.

U UCKOMOC IMCPEMCIICHUC PABHO

Q- -Mc
ElI
Takum o00pazom, 011 onpedenenus nepemewenutl A HeoOXOOUMO BbIUUCIUMD

A= (8.75)

nnowaos () snioper My, ymMHoMCUMb €e Ha OpouHanty M aniopwl om eOunuuHol

Hazpy3Ku noo yeumpom msoicecmu niouwjaou () u pazoerums Ha Hcecmrocms OAIKU.
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Yto06sl mpuMEHUTH cioco0 Mopa AJist onpeieieHus IEPEMEIICHHI B CTEP>KHIX

MePEMEHHOTO CeUeHUsI, MpeodpazyeM GopMymy s MepeMeIeHUMA

Iy
A M—<X)de ; M—(X) Iy M, - dx 8.76
_lf El _Z’lj Ely (8:70)

3nech /() — MOMCHT UHEPLUH POU3BOIBHOTO CCUCHHS;
Iy — MOMEHT MHEPLIUU OTPEACIICHHOTO (XapaKTepHOI0) CEUCHHUSI.

O003HaYNM
— = Myp. (8.77)
U HA30BEM 3Ty BEIUYHUHY HPUBCOCHHLIM U3LUOAIOWUM MOMEHMOM 6 MeKyujem

cevyerHuu.

TOFIIa HHTCI'pajl Mopa MOXXHO 3allucatrb B BUJIC

My, lM
A= > dx. 8.78
) 5 (8.78)
[IpumeHss K TOIy4EeHHOU (bopMyne npasuio Bepemarnnaa, moiayuum
anz M Ci
= . 8.79
nZ BT, (8.79)

3nech Qpp; — MIOmManb NPUBEIEHHON S0Pl MOMEHTOB Ha I-OM y4aCTKE;

M¢; — opnauHaTa €IMHUYHOW SITIOPHI O] IIEHTPOM TSHKECTH MPHBEICHHON
BIIOPHI HA I-OM YYaCTKE.

CrnenoBarenbHO, OonpeeeHue epeMenieHui (MporuooB Uik yIiaoB MOBOPOTa
MIPOU3BOJILHOTO CEUeHUs OalKu WM paMbl) C MOMOIIbI0 MpaBwia Bepemarnna
MPOU3BOJUTCS B ClieaytoiieM nopsiake (puc. 8.49):

1. Crpourtcs smtopa U3rudaronmx MOMEHTOB OT JEHCTBUS 3aJaHHON HArpy3Ku
— smropa Mp (Tpy30Bas dII0pa).

2. BpiOupaercs BCHOMOTaTelbHOE €IWHUYHOE COCTOSHHME CHCTeMBI. [l
3TOTO K Oasike Ui pame, OCBOOOKICHHOM OT 3aJJaHHOM HArpy3KH, IO HAIIPaBICHUIO
MCKOMOTO MEPEMEILICHUSI IPUKIIA/IBIBACTCS He3pazmepHan eOUHUYHAA CUlQ:

— MpU  OMNPEACICHUU JIMHEWHOTO TMepeMelleHuss —  0Oe3pasmepHas

CcOCpe0omoueHHaAsi eOUHUYHAS CUNQ;
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z Omropa M p
A | Q0O P
C
M
— |
Omropa M, |
zc
X
I -
Puc. 8.49. IlpaBuno Bepemaruna
— TIpU ONPEACIICHUU yIJIa MOBOPOTA — 0Oe3pasMepHblil COCPe0OmOoYeHHblU

COUHUYHDBLU MOMEHI.

3. CrpowuTtcs smopa U3rudaronux MOMEHTOB OT JEHCTBUSI dTOU Oe3pasmepHoli
eouHUYHOL cutbl — 31ropa My,

4. Ocp Oanku (pambl) pa3dMBaeTCsl HAa Y4YacCTKHM TakuM 00pa3oM, 4TOObI B
npenenax y4acTka »mopsl Mp u M) He uMmenn Obl 0cOOEHHOCTEH (MEpeIoMOB U
CKA4YKOB).

5. Ha xaxaom yuyacTke Oanku (pambl) Ui BBIYMCIEHUS UHTErpaia Mopa mo
npaBwiy Bepemaruna (mpaBuily «IEpeMHOXKEHHSD DIIOP) HEOOXOAUMO IUIOMIA/Ib
OJTHOM AMIOPHI (OOBIYHO TPY30BOM AMIOPHI Mp, TaK Kak, €CIH €CTh KPUBOJIMHEHHAs
3MIOpa, TO 00s3aTeIbHO €€ IUION[aJb) YMHOXHUTh Ha OpAWHATY IPYrOd SIIOPHI,
PACIIOJIOKEHHYIO TIOJT IICHTPOM TSKECTH TEPBOM, M pa3ACIUTh Ha KECTKOCTh OaKU
(pambl), TO €CTh

fl Mp(x) My (x) |

Ely Ely PYC, ( )
0

rie (Qp— TuIom@aab Ipy30BOM S0Pl Mp Ha paccMaTpHBa€MOM YYacTKe Oallku
(paMbI), 3HAK KOTOPOU OMPEIENISIETCSI 3HAKOM COOTBETCTBYIOIIEH 3MIOpbl Mp;

yc— OpJMHATa B JUHEHHOM d1mope My (x) IO IIEHTPOM TSHKECTH SIIOPH Mp
Ha pacCMaTpuBacMOM Y4acTKe Oaiku (pambl), 3HAK KOTOPOU ONMPEIEISAETCS 3HAKOM
COOTBETCTBYIOMIEH d1mopsl M (x) (puc. 8.49);

E I, — eCTKOCTh NOIEPEYHOro Ce4eHus OaKku (pamMbl) HA PACCMAaTPUBACMOM

y4acTKe.
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Ha nepBbiil B3I, OnMcaHHbIA TpadoaHaIUTUUECKUN CIOCOO BBIYMCICHUS
UHTErpanoB Mopa He Ja€T ynpolleHui, Tak KaK BCE PaBHO MPUXOIUTCS BHIYUCIIATD
wiomaas ()p KpUBOJIMHEWHBIX IIIOP.

OnHako, BCTpEYaroUIecss Ha MPAKTUKE SMIOPHl MOTYT OBITh Pa30OUTHI HA Pl
npocThiX (Guryp (IpsIMOYroJbHUK, TPEYTOJbHUK, CUMMETPUUYHYIO KBaJPAaTUYHYIO
napaboiry), y KOTOPBIX U3BECTHBI TUIOIIA/Ih M TIOJIOKEHUE LIEHTPA TSHKECTH.

Ha puc. 8.50 mpuBeneHbl CBeA€HHUS O KOOpAMHATaX LIEHTpPA TSHKECTH H
IUIOLIAAX MPOCTEUIINX AIOP — MPSAMOYTOJIbHUK, TPEYTOJbHUK U CUMMETPUYHAs

KBaJIpaTuyHas mapadora.

b T b b 0 = 0
c 4
! C
| 0 L
xC xc ] XC
! ] 1
—— Q=5 _ 1. Q_bl _ 1. Q_ql3
XC—E, = . -XC_§9 —E XC—E, —E

Puc. 8.50. KoopiuHaTel HEHTPOB TAKECTH IMIOP U UX TUIOMIAIN

[Ipumepsl pa3doueHus SMOp MPUBEICHBI Ha puc. 8.51.

fa e

% ammwb=< + b
b

.

a +
<> iy

Puc. 8.51. Paz0uenue CloXXHBIX 3MOP HA MPOCTHIC SITIOPHI
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Pe3ynemam «nepemmuodicenusy snwop Ha paccmampueaemom yyacmke OaiKu
(pamvl) s615emcs NOAo*CUMENbHbIM, eciu sniopbl Mp u My o0nozo smaxa, u
ompuyamenvuvim, ecau sniopvl Mp u My pasuvix 31axos.

Ecnu A mnonoxuTenbHO, TO NEpPEMEIICHUE COBMAJAeT C HalpaBiICHUEM
€IMHUYHOM CHJIbI, a €CJIH OTPHUIATEIbHO — TO MPOTUBOIOJIOXKHO 3ITOMY

HaIIpaBJICHUIO.

8.35. KoHTpoJibHBIE BONIPOCHI [Jisi CAMONIPOBEPKH 10 Teme «3rud nmpsamMosn-

HelHbIX OpycheB»

1. Kakoit Bun nedopmariuy Ha3pIBa€TCS YHCTHIM U3THOOM?

2. Kaxoii Bua neopManiuy Ha3pIBa€TCS MJIOCKUM MOMEPEYHBIM U3rHOOM?

3. Yrto nmpoucxXoauT C MPOAOIbLHBIMU BOJIOKHAMU MaTepualia npu u3rude?

4. Ha xakve Tpu OCHOBHBIX THIIA JESATCS OTIOPHI OaI0K?

5. Kakue BHyTpeHHUE CUIIOBbIE (PAKTOPHI BO3HUKAIOT B IOTIEPEUHBIX CEUCHUSAX
OaJsiku, pambi?

6. Urto Ha3bIBaETCS MOMEPEYHOMN CUIION B JAHHOM CEUEHUU OAJIKu?

7. Urto Ha3bIBaeTCs U3ruOaroMM MOMEHTOM B JaHHOM CEYEHUU Oanku?

8. UTo Ha3bIBAETCS MPOJOJIBHON CUJION B JITAHHOM CEUEHUU paMbl?

9. Kak ompenensieTcsi 3HaK MOMNEPEYHOM, MPOJAOIBLHOM CHUI M M3rHOaIOIIEro
MOMEHTA B MMONEPEYHOM CEUCHHUH OATKU U paMbl?

10. Jlyig yero cTposITCst SMIOPbl BHYTPEHHUX YCUIIUN TTPU U3ruoe?

11. Kak onpenensitoTcsi TpaHMIbl Y4acTKOB Oanku (pambl)?

12. ITpueaute nuddepeHnnanbHble 3aBUCUMOCTH MEX 1Y TOTIEPEUHOM CUIIOMN,
U3rUOAOIIMM MOMEHTOM U MHTEHCUBHOCTBIO BHEIITHEHN pacipeieIeHHON Harpy3KH.

13. B kakom ciiyyae Ha SIIOpPE MOMEPEUHbIX CUJI HAOMIOMAETCS «CKA4OK» U
YeMy OH paBeH?

14. ChopmynupyeTe IpaBUIIO «CKAYKOBY» Ha JIIOPE U3THOAIOITUX MOMEHTOB.

15. Kak uzMeHnsercs nomnepeyHasi cujia ¥ U3rubaroluii MOMEHT Ha y4acTKax
OaJiku, I71e OTCYTCTBYET BHEIIHS paclpeesieHHas Harpy3ka?

16. ITo kakoMy 3aKOHY U3MEHSIIOTCS MOINEepeYHast CHUjia U U3ru0aromuuii MOMEHT

Ha yJacTKax OaJiku, TJie ACHCTBYeT BHEIIHSS paclpeiesicHHas Harpy3ka?
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17. ITpu kakoM 3HAYEHUU MTONIEPEUHOMN CHIIbI U3TMOAIOIINI MOMEHT B CEUCHUU
OaJIKu MpUHUMAET SKCTpEMalibHOE 3HaUeHue?

18. Yto Ha3bIBaeTCS CHIIOBOM INIOCKOCTHIO (CHIIOBOM JIMHHUEH )?

19. Yto Ha3bIBaeTCsS HEUTPAIBHOU JTUHUEH?

20. Ha3zoBuTe rumorte3bl, KOTOpble€ MNPUHUMAIOTCS MAJIS BbIBOAA (POPMYJIbI
HOPMAaJIbHBIX HANPSKEHUM MPU YUCTOM TTIOCKOM U3rH0e.

21. Kak ompenensercs oOmacHOE€ CCEUYCHHE Oadkd 10 HOPMAaJIbHBIM
HaIpsOKEHUsAM?

22. Ilo kakoil Qopmyne ONpenenstoTcss HOPMAJIbHbIE HAMNpPsKEHUS B
IPOU3BOJIbHOM TOUKE MONEPEUHOr0 CeYeHus Oanku?

23. Kak ompenensitoTcsi OMacHbIE TOYKH ITOMEPEYHOTO CEYCHHUs OanKu II0
HOPMaJIbHBIM HAMPSHKEHUSM?

24. Hanumure YycloOBHE TMPOYHOCTH TpU H3ruOe 10 HOPMaJbHBIM
HANPSHKEHUSIM 110 METOTY JI0ITyCKAaeMbIX HAIPSHKEHUI.

25. Dnropa HOpMaJIbHBIX HampspkeHud mpu u3rude. Kak ¢ momomibio 31oi
SIIOPbI ONPENCIINTh HANPSKEHUS B MPOU3BOJIBHOM TOUYKE IMOMEPEYHOIO CEYEHUS
Oanku?

26. Kakue rumote3bl UCHONB3YIOTCA MPU BBIBOAE (OPMYIBI KacaTebHbBIX
HaNpsHKEHUH TPU IIOCKOM U3ruoe?

27. Hanmumute ¢opmyny XypaBckoro mjis omnpeneineHus KacaTellbHbIX
HANPsHKEHUH TIPH TIOCKOM U3THoe.

28. Kakoil BHJ HMMEIOT SIIOPHl KAacaTeJbHbIX HANpPsDKEHUN B IONEPEYHBIX
CEUEHHUAX OAJIKH MPSMOYTOIBHON (DOPMBI, JIJIsi CTCHKHU JAByTaBpa?

29. I'me HaxomsTCAd ONACHbIE TOYKM B TONEPEYHOM CEUECHHHM Oajaku 10
KacaTeJIbHbIM HaIPSKEHUSAM?

30. Hanumwure ycioBME NPOYHOCTH MO KacaTeIbHbIM HAMPSHKEHUSM IO
METOAY JOMYCKaeMbIX HaMPsHKEHUN MPH MIOCKOM U3TH0e.

31. Kak npoBepsieTcs IpOYHOCTH OAJIKHU TI0 TJIABHBIM HAMPSHKEHUSIM ?

32. Kakue mnepeMelieHus: IOIy4arOT IONEPEYHbIE CEUEeHHS OajoK MpH
MJIOCKOM n3rude?

33. Urto Ha3bIBaeTCs ynpyrou JTuHUEH (M30THYTOM OChbIO) Oanku?

34. Urto HazbiBaeTcst mporudom Oanku?

35. Yrto Ha3bIBaeTCs yIJIOM MOBOPOTA MOMEPEUYHOIO CEUCHUS OaTKu?
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36. 3anumure audPepeHInAIbHYI0 3aBUCUMOCTh MEKIY TPOTHOOM M yIJIIOM
MOBOPOTA CEUCHUI OaJIKH.

37. Hanumute npubamxeHHoe AuddepeHInalbHOe YpaBHEHUE H30THYTOU
ocu Oanku.

38. Uto Ha3bIBaETCS KECTKOCTHIO OanKu?

39. Hanummure oOmui BHUJI YHUBEPCAIBHOIO ypPaBHEHUS [JISl BBIYMCICHUS
IPOruOOB IO METOAY HaYaIbHBIX TTApaMETPOB.

40. Hanumure oOmMii BUA YHUBEPCAIBHOTO YPAaBHEHHUS JUISl BBIYUCIICHUS
YIJIOB MIOBOPOTA CEUYEHUM 110 METOly HayaJbHbIX TAPAMETPOB.

41. V3 xakux ycJIOBUH ONPENENSAIOTCS HEM3BECTHBIE HAYaJIbHbIE MMapaMETPhI
Oanku?

42. Ha3oBUTE OCHOBHBIE IpaBWja KOHTPOJS MPABUIBHOCTH MOCTPOCHHBIX
BIIOpP @ U V.

43. JlaWiTe onpeneneHrne CTaTUY€CKU HEOTIPEACTUMON CUCTEMBI?

44. Kak ycTaHaBIMBAETCS CTENEHb CTATUYECKON HEONPEAETMMOCTH 0K ?

45. IlnaH pacueTa CTaTUYECKU HEOIPEICIUMON CUCTEMBI?

46. Kakue OCHOBHbBIE MPEUMYIIECTBA CTAaTMYECKH HEOMPEICIUMbIX OalloK
nepes CTaTUYECKU ONPeIeTUMbIMU ?

47. Kaxk unraercsa teopema KactribsHo?

48. Hanumwure naTerpain Mopa.

49. B uem cyTb npaBuiia Bepemiaruna?

50. [Inan ompeneneHus mnepeMenieHu (MporuOOB WM YIJIOB IMOBOPOTA
IPOU3BOJIBHOTO CEUEHMS OajKh WM pamMbl) METOJOM Mopa C MOMOILbBIO MpaBHIIa

Bepemaruna.
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Tema A. CopraMeHT NPOKATHOM CTAJIN

A.1. IIBesiepsl cTtajbHbie ropauexkaranbie no 'OCT 8240—97

1
Z

(b—d)/2

w L

>z

z
b

Puc. A.1. llIBenniep ¢ yKJIOHOM BHYTPEHHUX IpaHell MOJOK

YcnoBHBIE 0003HAUCHMSI BETMYMH, XapaKTEPU3YIOIINX CBOMCTBA IIBEJLIEpA:
— BBICOTA (1IBEJUIEpA);
— IIUpUHA TOJKH;
— TOJIIIMHA CTEHKH;
—  TOJIIIWHA TTOJIKH;

PAcCTOSIHUE OT OCHU Z — Z 10 HApy’)KHOU I'PaHU CTEHKU;
— IUIONIA/Ib MTOTIEPEYHOTO CEUCHHS;
— MOMEHT UHEPIIUY;
— MOMEHT CONPOTHBIICHHS,
—  paauyc UHEPIINH,

Sy — CTaTuYeCKHi MOMEHT IIOTyCEYEHHUS.
[Inomank MOMEPEYHOTO CEUCHHMs] W Macca | M IIBeljiepa BBIYMCICHBI I10

HOMHHATBHBIM Pa3MepaM, ITOTHOCTh CTAJIM IPUHATA PaBHOiT 7.85 r/cM®.
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A.2. Bpbi0oOpka ABYTaBpbI CTaJIbHbIE TOPsIYEKATAHbIE ¢ NApAJIeJbHBIMH IPa-
Hsamu mosiok mo I'OCT P 57837—2017

Y L0/ L4
r

d

/
///}/ L
z

b

Puc. A.2. JIByTaBp cTaJIbHOI ropsiueKaTaHblil ¢ napauieIbHbIMU TPaHIMHU I1OJIOK

YcinoBHBIE 0003HAUCHUSI BETMYHH, XapaKTEPU3YIOIIUX CBOMCTBA ABYTaBpa:
— BBICOTa (JIBYTaBpa);
— IIUpUHA TOJIKH;
— TOJIITMHA CTEHKH;
—  TOJIIIMHA MOJIKH;
TUTONIA/Tb ITOTIEPEYHOTO CCUCHHS;
— MOMEHT WHEPIINH;
— MOMEHT COTIPOTHBIICHHS,
— paauyc WHEpLUU;
—  CTaTUYECKUH MOMEHT MOJyCEUCHHUSI.

[lnomans MOMEPEYHOTO CEYEHUs] U Macca 1M JAByTaBpa BBIYMCIIEHBI IO

HOMHHAJTBHBIM Pa3MepaM, ITOTHOCTh CTAIM PUHATA paBHOiT 7.85 T/cM’.

M“'g’\}“&@}‘
|
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A.3. VYrojku crajbHble ropsiuekaranbie papaonosaounsie no 'OCT 8509—93

Z
y4

ZO d /J)O y

N7 o
< g : 1,,>0] 1 1, <0

N / —lagl

Y g >|< , Y ¢ A = 2
gd NS = =
Yo z ‘.\\ZO Iyz <0| | Iyz >O

b a4 U

Puc. A.3. Yronok craiabHON ropsiueKaTaHblil paBHOIOJIOYHBIN

YcnoBHBIE 0003HAUCHMSI BETMYMH. XapaKTEPU3YIOIIUX CBOMCTBA IIBEJLIEpA:
— IIUpUHA TIOJIKH;
—  TOJIIHMHA MOJIKH;
—  TOJIIHHA MOJIKH;
—  TIJIOIIA]Ib MOTIEPEYHOTO CCUCHUS;
— MOMEHT UHEPIIUH;
— PacCTOSTHHE OT IIEHTpa TSHKECTH 0 HAPY)KHOU T'PaHH TOJIKH;
— LEHTPOOEKHBIA MOMEHT UHEPIIUH;
—  paauyc WHEPIIHH.
[Inomank MOMEPEYHOTO CEUEHUS W Macca | M PaBHOIOJIOYHOTO YrOJKa
BBIYHMCIICHBI 110 HOMHHAJIBHBIM pa3MepaM, IUIOTHOCTh CTaJIM TPHHSATA pPaBHOU
7.851/cM>.
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Puc. A.4. Yronok crajbHON ropsiueKaTaHblii HEPaBHOIIOJIOYHBIN

YcnoBHbIE 0003HAYEHUS BEIMUMH. XapaKTEPU3YIOIIUX CBOMCTBA IIBEJUIEpa:

— BBICOTa (1IBEJUIEpPA);

— IIUpUHA TOJIKH;

— TOJIIIMHA CTEHKH;

—  TOJIIIWHA ITOJIKH;

PacCTOSTHUE OT OCH Z — Z IO Hapy>KHOW TpaHH CTCHKU;

— IHomaab MMornepeYHoOro CCUCHMUA;

— MOMCHT MHCPLUHU,

— MOMCHT COIIPOTHUBJICHUS;

—  paauyc UHEpLUH;
CTaTUYECKUIl MOMEHT IOJyCEeUEHUSI.

Sy -

HJ’IOH_Ia,HI) MMONICPpEYHOIr0 CCUCHHUA M CIIPABOYHBIC BCIMYHUHBI BBIYMUCIICHBI I1O
HOMHHAJBHBIM pasMepaM. HpI/I BBIUMCJICHUHM Macchl 1 M YroJjika IJIOTHOCTh CTallk

MpUHATA paBHOiT 7.85 T/cM®.
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A.5. JIByTtaBpbl cTajibHble ropsiyekarannie mo 'OCT 8239—89

Z ~
{1 | (b-a)a
43
< Y y
z
b

Puc. A.5. /IByTaBp cTaJIbHOM ropsiaeKaTaHbId

BHUMAHMUE! I'OCT yrparun cuity Ha Tepputopuun Poccuniickoit denepannun
¢ 30 Hos6pst 2018 rona B cBsa3u ¢ uznanueM llpukaza Poccrangapra ot 30.11.2018
Ne 1047-ct. B3amen Beenéd [OCT P 57837—2017.
YcioBHbIE 0003HAUEHHUSI BEIMYHH, XapaKTEPU3YIOLUX CBOMCTBA ABYTaBpa:
— BBICOTA (IBYTaBpa);
— [IMPUHA OJIKH;
— TOJILIMHA CTEHKH;
— TOJILLMHA MOJIKU;
IIJIOIIAJIb [TOIIEPEYHOIO CEYEHUS;
— MOMEHT MHEPILHUY;
— MOMEHT CONPOTUBIICHNUS;
— paauyc UHEpLUH;
— CTaTUYECKUH MOMEHT NOJyCEUECHHUS.
[Inomane MONepeyHoro Ce4yeHWss U Macca 1M JByTaBpa BBIYMCIIEHBI I10
HOMHWHAJIBHBIM pa3Mepam, INIOTHOCTh CTAJIA IPUHATA PaBHOU 7.85 r/em’.

L ENE T AT
|
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Tema B. I'eomeTprueckue XapaKTepUCTUKHU NPOCTEHINUX (PUTYP

[IpunsaTbie 0003HAYEHHUS:

A — TuIonaab GUrypsr;

v, 2 — NJIABHBIE OCH;

I,,I, — MOMEHTbI UHEPLINHU;

I, — LEHTPOOEKHBII MOMEHT UHEPLINH;
W,, W, — MOMEHTBI COIIPOTUBIICHUS;

ly, I — paauycChl HHEPIIUH.

3Ha4oK «*» y MOMEHT comnpotuBiieHuss W mnpuBomuTcs sl Haubosee

YI[aJIéHHBIX BOJIOKOH OT OCHTPA TAKCCTH CCUCHHA.

KBaapar

a
N
Ry

-

T

i

SN

Q
N
I, =0;
yc a’
7 W = = —
a Yot e
a
Iy =1i; = E ~ 0.289a
KBaapar, nocraBjieHHbIH Ha pedpo
A= a2,
z h 2
a
. yc—zc—E—T—Oﬂla,
Q —Z ~ I_I_a4_h4 I —0
o [&’?\I( YR 12 48 e
N . . 2 3
ye LG T
iy =i, = —— ~ 0.289a
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N
NN

IIpsaAMOYyroJbHUK

A = bh;
—_ b. —_— h-
yC - 29 ZC - 2,
_Z bh3 hb3
12 12
I, =0;
bh? hb?
M M

iy=0.289%h; i, =0.289.

PaBHOOepeHHBbIN TPEYTOJbHUK

h
A:%;
z
T bk
yC_ 2’ ZC_ 33
s y bh’ hb>
sv_.O C— Iyzg, IZ:K,
N — 0
I, =0;
- Wy = bl
b 24
: h , b
Iy = ——; I, = ——.
T2 T 26
IIpsAMOYToJILHBIN TPEYIrOJNbHUK
bh
A=—;
2
z _b
yC_ 3’ ZC_ 39
3 3
/| _bh o
= ’0'—2 b=3¢ =3¢
Ny L/ b2h2
L, = +——;
Ye 72
bi? hb?
b W =S We=og
h _ b

Iy = ——; I, = .
V) ©3V2
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Kpyr

mtd?
A=—;
4
d
yc:ZCZE;
S e mwd* md*
8 S
W_W_T[d3_7'[r3. W_T[d3.
Y 4" 7 16
. _d_r
ly—lz—4—2.
Hoaykpyr
a T
8 2
z _d_r 2d 4r
Ye=pTh T307 30
d* 8 d* 4
. 0 y ,y__(f_f__>, =T
1717 16\ 8 9n 128 8
N g=2 he =
= /r 3 3
N 3. _7td T
Wyk = 0.0239d°; W, = TR
d
=~ 0.132d; = —.
Ly I, 1

IIpaBUIBLHBIN MHOTOYTOJIbHUK € 71 CTOPOHAMU

1
A= Znazctgoc: nrztgoc: %;

R— a a

b b

2sin o : 2tg o
L =1I= % (6R2—a2> = % (12r2—|—a2);
I, =0;

o 12712 4+ a?
ly:lz: T
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d? d
A:ﬂ—(l—oﬂ); o=—

o)

D
1—
D3
Wy=w. =" (1-at) ~0.10° (1- o)

ToHkoe KoaAbLO t <K D

A =7nDt;
D3t
L=1L= ”T ~ 0.3926D°r;
nD?t
Wy=W.=——~ 0.7853D%t;
iy = i. = 0.353D.

IIpaBuJ10 3HAKOB JJI1 HEHTPOOEKHOT0 MOMEHTA MHEPIIMHU
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Tema C. IlepeBon eaunun. MexaHHUYECKHE XAPAKTEPUCTHKH
MaTepHAaJIoB
C.1. 3aBucumoctp Mexay mexanudeckumu egunuuamu CHU, CI'C u BHecH-
CTEMHBIMH eIMHUIIAMH
B a Enunnna ee 0603HaueHNs CooTHoleHune
CIMAIH o CHull B cucteme CU EIUHHAIL

Cuna, Harpy3ka, Bec

KWJIOTpaMM-cuja (Krc)
TOHHa-cuJja (Tc)

Hb10TOH (H)
KIIOHBIOTOH (KH)

1krc =9.8H~ 10H
1tc ~ 10000H =
= 10kH

JIunenHas Harpyska,
[IOBEPXHOCTHAs Ha-
rpy3Ka

KWJIOTpaMM-CHJIa Ha
MeTp (Kre/m),
TOHHA-CHJIA HA METP
(re/m)
KHAJIOTPaMM-CHJIa Ha
KBaJIpaTHBIA METP
(xrc/m?)
TOHHA-CHUJIA Ha
KBaJpaTHBIA METP

(1e/m?)

HBIOTOH Ha METP
(H/m)
KWJIOHBIOTOH Ha
metp (kH/m),
HBIOTOH Ha KBaJl-
paTHBIN METP
(H/m?)
KWJIOHBIOTOH Ha
KBaJpaTHbIA METp

(xH/32)

lkrc/mM =~ 10H/m
ltc/m~ 10kH /M

1xre/m? ~ 10H/M?

1tc/M? =~ 10xH /Mm?

Hanpspxenue, naBienue,
MOJYJIb YIPYTOCTH

KWJIOTpaMM-CHUJia Ha
KBaJpaTHbI MUJLIN-
Metp (krc/mm?),
KHJIOTpaMM-CHJIa Ha
KBaJIpaTHbIN CaHTHU-
MeTp (kre/cM?)
TOHHA-CHUJIa Ha
KBaJPaTHBIN METP

(1¢/2)

nackaib (I1a)

(1T1a ~ 0.1 Mumn-
MeTpa BOHOTO
cTonba),
Meranackais (Mlla)

1 xre/Mm? ~
~ 10" TTa = 10MIIa

lxre/em? =
~ 10°TTa = 0.1 MIIa

1tc/m? ~ 10*Tla =
= 10xI1a

MoMeHT cHJIbl

KUJIOTPaMM-CHUJIa-METP
(xrc - M)
TOHHA-CHUJIa-METp

(Tc- M)

HBIOTOH-MET]
(H-m)
KUJIOHBIOTOH-METP
(xH - ™)

lkrc- M~ 10H M

ltTc- M~ 10xkH-™Mm

Im=10%cMm; 1m2 = 10%em?; 1M = 10%cm; Im* =108 em?;
leMm=10"2m; lem? = 10"%m2%; leM® =107m3;  lem*=10"3m%
IH=10"3xH; 1H=10"9MH; 1kH=10"3MH; 1tc= 10kH;
IkH=10°H; 1MH= 103H?; IMH = 10°H; 1 krc = 10H;
1Ma=1%; 1xIla =155 1 MIla = 1 MH. 1 MH = 1007c;
1k[la= 10°Ta; 1xIla=10"3MIla; 1MIla= 10"kIla; 1MIla= 10%;

1 £ — 10MITa.
CM
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C.2. MexaHu4ecKue XapaKTePUCTHKH MATEePHUAJIOB

Marepuan E,Mlla | G,Mlla X, rpLaH v, I;/{—EI
Cranb 2.06-10° | 8-10* 125-1077 78.5
Menp npokatHas 1.1-10° 4.10* 165-10~7 88.9
Cepblii 4yTyH 1.18-10° | 4.5-10* | 100-10~7 |68.0+74.0
JlepeBo Broib Bonokon | 1-10% | 0.055-10% | 20+40-1077 | 5.5+7.4
_E
S 2(1+v)
O6o3naueHus: £ — MOmyNb YIIPYTOCTH IIPH PACTSHKEHUN MaTepuaa;
G — wMoaynb yIpyrocTH IpU CABUIE;
v — xodddumment Ilyaccona;
X — TeMIeparypHbii KO3)PUIMEHT TMHEHHOTO paCIIUPEHNUS;
Y — o0OBEMHEBIN Bec.
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Tema D. YCTONYMBOCTH CiKATBHIX CTEPKHEH

3HaueHHUs (@ A JIepeBa  ONPEACISIIOTCS B COOTBETCTBHUM C  11.7.3
CII 64.13330.2017 «/lepeBsaHHBIE KOHCTPYKUHH. AKTyaau3UpOBaHHAs pEIaKLUA
CHulT [I—25—80»:

A 2
=1-08— eciu A < 70;
0 (155) comrs
3000
(P:T’ ecim A > 70,
rae A — THUOKOCTb CTEpPXKHS;

L — Kkod(pIULIHEHT TPUBEICHUS JTUHBI;
[ — JUIMHA CTEPKHS;
Imin — MHHUMAaJbHBIA PAAUYC UHEPIUH.

B cnyudae ctanu C245, 3HaueHue  MPUBEACHBI B TAOIUIIBI HUKE U OTIPEEICHbI
cormacHo BbipaxkeHuto (8) CII  16.13330.2017 «CranpHble KOHCTPYKLHHU.
AxryanmmsupoBanHas pefakius CHull [I—23—81%*y:

0.5 (8- /82 ~39.48%°)
A2 '
3nauenue kodpduimenta o onpeaensieTcs mo popmye

5=9.87(1—a+BA) +A°.

(p:

e A=A\/F — YCJIOBHas TMOKOCTb CTEPXKHS,

oxuf — KO3 bUIMEHTHI, onpeiesiseMble TI0 Tadnuie 7
CII 16.13330.2011.
Jlns tumoB ceuenuit «O» mo tadmume 7 CIT 16.330.2017 « =0.04 u 3 = 0.09,
a Tax>ke corntacHo tadmuie! B.5S mia cranmun C245 Ry = 235Mlla; E =2.06- 10° MIla

3HaYeHHs KOd((DUIIMEeHTa  MPUBEICHBI B TAOINIIE

['ubxocts A
10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
P Crams C245 [0.99 | 0.98 | 0.95 | 0.91 | 0.87 | 0.82 [ 0.77 | 0.70 | 0.63 | 0.57
JlepeBo 0.99 10.9710.93 10.87]0.80|0.71{0.61]0.47|0.37|0.30
I'nbxocth A
110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
P Crams C245 | 0.50 | 0.44 | 039 | 0.35 | 031|028 025023 021 0.19
JlepeBo 0.25/0.2110.180.15]0.13]0.12 | 0.10 | 0.09 | 0.08 | 0.08

Pacu€rnoe conporusienue cranu Ry onpenensercs cornacuo CI116.13330.2017
«CranpHble KOHCTpYKIMH. AkTyanu3upoBanHas penakuus CHull [I—23—81%y.

Marepuan

Marepnain
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B ciryuae, eciu ruOKOCTb CTEPHKHS A IIPEBBIIAET NPEAETBbHYI0 THOKOCTD Amper,
KPUTHUYECKOE HANPsbKEHUE onpeensercs no popmyne Diepa

Fy TElyn
A Aw)?
B ciygae, ecnu rTHOKOCTh CTEp)KHS A HE TPEBBIMIACT MPEASIbHYI0 THOKOCTh
Anpen, KPHTHYECKOE HaNpsKeHUe onpenensercs rno popmyne B. . SAcunckoro

Oxp = a — DA,

rme aun b — OMIITMPHUYCCKHC KOB(I)(I)I/IL[I/ICHTBI, OonpeCACIACMbIC IJIA PA3JIMYIHBIX
MaTrcpuaJioB Ha OCHOBC SKCIICPUMCHTAJIbHBIX TAHHBIX.

Ta6n. D.1. 3nauenus kodpGUIMEHTOB a U b A1 HEKOTOPBIX MaTepraioB, UCTIOIb3YEMBIX B (JOpMYIIe
®. C. Scunckoro

Marepuan | a, MIla | b, MIla | Appey
Cranp 310 1.14 100
Hepeso 40 0.203 70

F F F F.Fr F F
%C&; S ; ;'CE; N §}E ‘ " }C§ ‘
N /
/ / / o S

12

[
[
[
[
% 12
[
TN
[

l
-\ls /
&4( Néﬁ J 4( NQK é

u=1 u=07 pu=05 pn=2 nw=0.5 u=0.35

Puc. D.1. 3aBucumocTs ko3¢ uimenta npuBeieH st JUIMHBI |L OT CXEMBbI 3aKPETUICHUS] CTEPKHS
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Tema E. Dnopsl BHYTPEHHMX YCWJIHH M NepeMelleHu s

HEKOTOPBIX MPOCTHIX 0AJIOK

E.l. HpaBI/IJIa HOCTpoeHI/IH ;| KOHTpOJIﬂ 3IIIOp (MeTOIl HavaJbHBIX napaMeT-
poB)

Z\
0 <§’z X
rotr e
"
c

Puc. E.1. K MeTony HauanpHBIX TapaMEeTPOB: MOJIOKUTENBHOE HAIIPABICHUE BHEIITHUX HArpy30K

P(x) = (po+— Y m(x—a +ZF +Zq ;

(x— a —¢) 4
w(x )—Wo—i—(P()x—i—— Zm ZF Zq ,
rme E — Moaynb ynpyrocty Oanku;
I — MOMEHT uHepuUu 0aJTKU OTHOCUTEIHHO OCH Y;
— pacCTOSIHHE OT HadaJjia KOOPJAWHAT JI0 TOYKH IMPUII0KESHHUS
M3rudaroIero MOMEHTA 11;
b — paccTosHHE OT Hayajia KOOPAUHAT JI0 TOYKH MPUI0KEHUS
COCPEIOTOYCHHOU CUIIBI F;
C — PacCTOSHHE OT Hadajia KOOpJWHAT JIO Havajia pacipeaeIéHHON
Harpy3KH g.

Hcnonp30BaHue MPUBEAEHHOTO BBIPAKCHUS MOXKET OBITh BO3MOXHO IIPH
coOoIeHny ABYX U3 4eThIpéx npapui Kiebma: 1. Hawano koopauHat pukcupyror
Ha JIEBOM KOHIIE Oajiku W B MpOIEeCCe PEIICHUS 3aJaud HUKYIa HE MEPEHOCHT.
2. Ilpu nevicTBuM Ha OanKy pacrpencaEéHHON HArpy3Ku, He TOXOAIICH 0 MPaBoro
KOHIIa Oanku, €€ HEeO0OXOJUMO MPOJOJDKUTH JIO IPaBOro KOHIIEBOTO CEUCHMS,
OJTHOBPEMEHHO YpaBHOBEIINBas €& IMPOTUBOIIOJIOKHO HAMpaBICHHON Harpy3Kou
TOU K€ UHTEHCUBHOCTH.

HubddepennmanpHas 3aBUCUMOCTh  MEXAY BHYTPCHHUMH  CHUJIOBBIMHU
(dhakTOpamMu MOXKET OBITH 3alcaHa;
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do d*Mm E1d3(p Eld4w
T T a2 e T Tad

Torga mpaBwiIa MOCTPOSHUS AIIOP YIVIOB MOBOPOTA M IMPOTUOOB MOTYT OBITh
c(hopMyIHpPOBAHBI:

1. Ha yyacTke, rjie 31opa OMepedHbIX cril () TIOJOKUTENbHA, JIOpa YITIOB
MOBOPOTa () UMEET BHIMYKJIOCTh BHU3; HAa YYacCTKe, TJE JII0pa MOMEPEUHbIX CUT ¢
OTpHIATEIIbHAS, SIIOPA YIJIOB IIOBOPOTA (P UMEET BBIMMYKIIOCTh BBEPX.

2. B Touke, rme smiopa MOMEpPeYHbIX cuil () MPOXOAUT 4Yepe3 HOJb, WIH
IPOUCXOJIUT CKAYOK Yepe3 HOJIb, Ha JIIOPE YITIOB MOBOPOTA (@ B 3TOM MECTE TOUKa
neperuoa (T.11.).

3. B Touke, rae smropa U3ruOaroniero MOMEHTa (¢ MPOXOAUT Yepe3 HOJb, Ha
3IIIOPE YIIIOB MOBOPOTA (P B 3TOM MECTE IKCTPEMYM (exXt).

4. B Touke, rae Ha smope u3rubdaroiiero MoMenTa M HalIoqaeTcs CKauoK, Ha
AIIOPE YIJIOB MIOBOPOTA (P TOYKA M3I0oMa (T. H.).

5. Ha yuactke, rie smopa u3rubaroiiero MoMeHTa M MoNIoXKHUTeNbHa, dIopa
IpOruOOBW UMEET BBIITYKJIOCTh BHU3; HAa yYaCTKE, TJI€ AMI0OPA U3THOAI0IEro MOMEHTA
M otpuniatenbHas, SIopa IporuO0BW UMEET BBIITYKJIOCTh BBEPX.

6. B Touke, rae smropa u3rubdarpiiero MoMmeHTa M npoxXoauT Yepe3 HOJb, UK
IIPOUCXOIUT CKAYOK Yepe3 HOJIb, Ha AMIOPE MPOTUOOB W B 3TOM MECTE TOUKA Ieperuoda
(T. 1.).

7. B Touke, T/1€ dIIOpa yIIIOB MOBOPOTA (P MPOXOIUT Yepe3 HOJb, HA JITIOPE
poruOOB W B 3TOM MECTE IKCTpPEMYM (ext).

Coxkpani€HHO JaHHbIE IPABUIIA MOTYT OBITh IPECTABICHBI Ipapuuecku:

Harpyska [§{339| F % —o—| 0 | —
Q VvV _L ext | O
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