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1.1.

HayKa O COMPOTHUBJIICHHUN MAaTECpHUallOB

HznokeHne Kypca CONPOTHBJICHHA MATCPHAIIOB, CTPOHHOE W IPOAyMaHHOE,
OJIHAKO He JIaeT BO3MOKHOCTH TMOYYBCTBOBATH CKOJIBKO TpyJa 3aTpadeHo
NOKOJAEHUAMH YYEHBIX U1l TOTO, YTOOBLL AOHTU O COBPEMEHHBIX, YAO0OHBIX U
HaACKHBIX METOJOB pacueTa KOHCTPYKUUH H cOOpYKeHHIH Ha MPOUHOCTh M CKOJBKO
MPUIILTOCE NMPEOJIONIETh HA IYTH K HUM OWWDOK W 3a0iy:xjieHui. KoHeuHO, Helb3A
TpeOOBaTh OT MHKEHEPA, YTOObl OH B KAKAOM KOHKPETHOM Cliydae odpanancd K
HCTOPHH OBYXCOTIICTHHX ncxarmﬁ, HO 3HATH 00 THX HCKAHWAX MOJIE3HO KaXKJI0OMY
UHIKCHEDY .

Yke B Te OTHANCHHBIC BpEMCHA, KOTAa JMIOJAM BIICPBBIC TPHILIOCH 3aHATHCA
CTPOUTENILCTBOM, OHU YOEIWIHCE B HEOOXOAMMOCTH PACIIONArarh CBEJACHUIMH O
COMPOTHUBJICHHM MATEPUaAJIOB, a0bl HA3HAUMTHL HAJCIKHBIE Pa3Mepbl 4acTei
coopykeHuii. (OUeBMAHO, UTO YIKE CTHUNTAHAM OBLTM H3BECTHBI HEKOTOPBIC
IMITUPUUECKHE TIPABUIIA TTOA0OHOTO POJA, TAK KaK 0€3 HUX HEJIb3si ObIJI0 BO3BOJANTH
rPaHAMO3HbLIC MOHYMCHTBI, XPaMbl, TTHPAMU/BI, 00CTUCKH, U3 KOTOPBIX HCKOTOPLIC
CYIICCTBYIOT €I11¢ U TIOHBIHE.

['pexku BHECIIW KPYNHBIH BKIIAJ B JIETIO JIAJIBHEHIIIETO PA3BUTHS CTPOUTEINBHOTO
uckyceTsa. OHu pa3paldoTand CTaTUKY, JIEKAILYIO0 B OCHOBE MEXAHUKH MATCPUANOB,
APXUME. (287-212 mo H.3.) Aam cTpPOToe A0Ka3aTeNbCTBO YCIOBHH PaBHOBECHA
peridara 1 ykasail MCTOABI OTBICKAHWA LCHTPOB TAXKCCTH TCII. On TPUMCHWJT CBOMD
TEOPHIO I1A KOHCTPYHPOBAHUA PA3IHIHBIX [TOIBEMHBIX MEXAHU3MOB.

I[O HAmCro BPEMCHH COXPAHHITHCE TAKXKC TMTaMATHHUKHA W XPaMbl, BOSBCACHHBIC
PUMJISIHAMM M JIA%E, MOCTPOCHHBIC MMMW MOCTbI, JOPOrH U (POPTH(PHKALMOHHBIC
COOPY)KEHHA.

OHBIT, HAKOTUJIEHHBIH TPCKAMHW H PHMIIAHAMHW B NMPAKTHKS CTPOHUTCIIBCTBA, OB
YTPAUEH B 3HAYUTEIILHOW CBOCH 4YacTU B CPEAHHUE BEKA, W TOJALKQ B JIOXY
BO3POKACHAA 3TO HCKYCCTBO OBITIO ITOAHATO Ha MPEXKHIOW BBHICOTY. Hanbomee apko
Iyx anoxu BomoTHica B obpase Jleonapao aa Buwrum (1452-1519). On 6v11 HE
TOJILKO BGJIMKUM MACTCPOM B OOJIaCTM MCKYCCTBA, HO M IIMPOKO MbIC/IUBIIMM
VUeHBIM M HHXKEHepoM. [IpaBga OH He mHcan KHUT W e€ro padoTHl OCTaJIHChH
HCOHyf)HHKOBaHHbIMH, HO B €ro 3aricHbBIX KHHKKaAX ObLIO HaﬁI[CHO MHOTO JaHHBIX
0 CAENAHHBIX UM KPYMHLIX OTKPLITHSAX B pasHbix obnacTax Hayku. M Bee xe ero
TPyObl HE OKa3anM BIHAHHME Ha Pa3BUTHE HAyKM O TIPOYHOCTH, TeM Oojee, UTo HH
OHO HCCIEN0BAHME OH HE J0Bel A0 Kouua. lakoBa OpeaplcTOpUsA HAayKu O
COTMIPOTHBIICHHH MATEPHAIIOB.

Havano ke HaykW O TPOYHOCTH OTHOCIT K TIEPBOIl MOJOBMHE CEMHAIIATOTO
BCKA W CBs3blBAKOT ¢ MMeHeMm [anuneo anunes. B 1638 roay Obina mznana ero
KHHMra «beceasl W MaTeMaTHYECKHE OOKA3aTENIbCTBA, KACAlOIIHECd OBYX HOBBIX
oTpacsnei HayKn», 03HaMeHOBaBIasA | 3Tan B pa3BUTHH HAYKH O TPOYHOCTH. B 3T0i#
KHUIE OH 310U OCHOBLL JIBYX HOBbIX OTPAC/ICH HAYKH. JUHAMWUKW WU YUYEHUA O
MPOYHOCTH. A MNOOVAWIM €ro 3aHATHCS BOMPOCAMHU TPOUYHOCTH IIPAKTHUYECKHE
3anpocel cyjgoctpoenns. Kakoe ke OvplT mojxon k mpodieme mpouroctu?. OH
CTaBUJI BOIOPOC O OPOYHOCTH TE, PACCMATPUBasA UX B MOMEHT paspyLUSHUA WK, Kak
MBI TENEPh TOBOPHUM, B MPEACTBHOM COCTOAHHH. |aKoi Moaxod B JadbHEHIIEM OBLT
npuHsT MapuorroMm, Skosom u Jlannwiiom bepryisim, Jleonapaom Ditnepom. Bee



HEMHOTOUYHCIIEHHBIE DKCHEPUMEHTBL TOIO BPEMEHM CTABMJIMCH C OJHOH LEIbIO —
HAUTU  BEITUUYUHY paspywaoiiero  rpyza u  GopMy paspylieHus, a Bce
MHOTOUHCIICHHBIE TEOPHWH THITATUCh TPEACKa3aTs 3Ty (GopMy W HalTH 110 HEH
BEIMYMHY pa3pylIAIONICi HArpy3KkW, DTOT METO/ HE JaBajl HHUKAKWUX CBEJCHUH O
MOBEACHHH KOHCTPYKUMM NpH TOM Harpyske, AMA KOTOPOH OHA CO34aBalach, O
TIOBEICHWH €€ B pabodeM cocTOSHWH. CNEACTBHEM 3TOTO SABJANCA OTPHIB HAYKH O
COMPOTURJIGHUM MATEPUAIIOR CEMHAIIIATOr0 —BOCEMHA/IIATOTO BEKOB OT W3HHU, OT
MPaKTHUECKHX 3aJad TeXHHUKH. 3achyra lammmes COCTOHT B TOM, UTO MpoOneMy
MPOYHOCTH OH CTPEMWIICS PEIUTh, UCXO/I U3 TIPAKTHYECKNX noTpebHOCTEN 1 cCBON
BbIBOABL Jal B Takod ¢opme, yroObl NPAKTHKA MOLJA WMH BOCMOJIb30BATHCA.
TTpaBUTBHEIH MYTh HAYYHOTO Pa3BUTHS €r0 WJeH TpeboBam WX OMBITHON TPOBEPKH,
HO, YBbl, HUKTO K3 €r0 YUCHUKOB He nojayman o0 stom. llepebiii sTan pasBuTus
HAYKH O MPOYHOCTH NPOMIHICA A0 Hayana AeBATHAAIATOro Beka. llocme cmeptu
lanunes Gosbioit BKITAA B 3Ty HayKy BHecau yuenbie: [lapan, Mapwott, Pobepr
I'yk, matematukn cembu bepuynu, Kynoun, Diinep.

Bropolt oTam pa3BUTHA HayKM O TOPOYHOCTH OTHOCHUTCA K Hauamy
JICBATHAALATOTO BEKA M CBA3AaH ¢ WMeHeM (panmysckoro yuenoro Jlyw Mapw
HaBbe, KOTOPBIA BCTan HA NYTh PACUCTA KOHCTPYKIMH MO PAdOUEMy COCTOSHUIO U
MPOBO3INACKH TNPHHLUMI MANOCTH TePEeMEIUCHHUH, KOTOPBIH NO3BONMMIM BECTH
pacueThl HE TI0 HEW3BECTHOMY Je(hOPMHPOBAHHOMY COCTOSHHWIO CHCTEMBI, a TIO
3aJaHHOMY HauaubHoMmy. Eciu lanuneii ObUl  OCHOBOIOJIOKHUK HAyKu O
npoudoctH, Harne Brepebie cBAzam €& ¢ ku3npio. B 1826 romy Boimen B CBET
TIEPBHI B MICTOPHH KYPC COMPOTHBIICHWA MATEPHAIOB .HABBE U JaTa €ro U3AaHus He
MEHEe Ba)KHA, YeM Jara POKACHUA HayKH O MPOYHOCTH. B mepnoa nocne Haebe m
JIO KOHIA AEBATHAALATOrO BeKa OOnbIIOH BK1aA, B HAYKy O COMPOTHBJIEHWM
mMarepuanos BHecnu JKypasckuid, [lepeu, Cen-benaun, bpecc, O’Mop u apyrue. M3
PYCCKHX YueHBIX 3aMmeuaTedsHBl Tpyasl M.C. fcmuckoro, M.B.Ocrporpaackoro,
A B. I'aponuna, X.C. I'ogoBuna. ABTOpPOM nepBoro pycckoro yuexnoro owu1 H.O.
AcTpemOekuii.

Tpertwit aTan pa3BUTHs HAYKH O TPOYHOCTH HAYAJICS ¢ HOBBIM JBAAUATEIM BEKOM
U NPOJAQIDKAETCH 1O CeH aeHb. Bonpocsl SKOHOMUYHOCTH M PALMOHAIU3ALUK
UMEOT 0codyi0 BaKHOCTL B Hamm AHM. llepen ydensiMM cToMT 3amaua
CHHTE3UPOBATH METO/BI pacueTa Mo TPeAeTbHOMY W padodeMy COCTOSHHIO,
HCIOJB3YSl AOCTOMHCTBA 000MX M OCBOOOKAAACH OT UX HEAOCTATKOB, JTOT 3Tan
CBA3aH C MMCHaMH coBeTckux yueHelx M.[. byGuoea, A.H. Kpeuiopa, B.I.
I"anepxuna, A H. Jluanauka, C. /1. [Toromapesa, H K. Cautko, H. M. bensena.

Hayka o cOMpOTHUBACHMM MATEPUANOB MPEACTABIACT cOOOH BETBb MEXAHWKH
JeopMUPYEMOTO  Tella, TO €CTh TaKOro Telna, KOTOPOe TOoX ASHCTBHEM
MPUIIOKEHHBIX K HEMY CHJ1 H3MEHSAET CBOIO (POpPMY M pa3Mepsl 1€ POPMUpPYET
¢ s. JledopManum MOryT OBITE YIpYTHEe U TAacTH Y € ¢ K U e. [1pu ynpyroit
JiehOpMAITHH TEJIO TIOJTHOCTHIO BOCCTAHABIIHBAST CBOK TEPBOHAYANIBHYIO (hopmy W
pazMepbl  MOCAE CHATHA HACPy3KW, JACHCTBOBABILGH HAa HErO, IU1ACTHYECKas
nedopMammss  3To ecth Aedopmanus, KoTOpas OCTAeTCAd B Tele NOCHe CHATHA
Harpy3KH, TO €CTh TEIIO MOJTHOCTBIO HE BOCCTAHABIMBAET CBOKO OPMY W PasMeEpH.
Kak npaguno, BO3HMKHOBEHHME MJIACTUHECKUX Ac(OopMallMi CBA3aHO ¢ HAPYIICHHEM
HOpMAanbHOH paboThl KOHCTPYKLIUH K IOTOMY CUMTAETCA TakKe, KAK H Pa3pyllIcHUE
B OYKBWJILHOM CMBICIIE CJIOBA (PAa3pbiB, W3JIOM M TOMY T0J00HOE), HapylleHHe
npouynocty. lleppas 3anaua  umxeHepa paccuuTars pasMepbl  3NEMCHTOB



KOHCTPYKUMHA Takum 00pa3zoM, 4ToObl Moa ACACTBUEM 3aJaHHBIX CHA HWU OOMH U3
HAX He pa3pylInics ¥ B HeM He BOZHHKATH TTacTHUeckne medopmarii. BosmoxHa
v oOpaTHas MOCTAHOBKA 3a/auM.

Bo3HukHOBeHUE yOpyrux AedopMaluii B HArPYKEHHOH KOHCTPYKLMM BbI3bIBACT
nepeMerieHle  OTHeNbHBIX €€ Todek. MoXeT oKaszaTbcs, UTO BETHIHHA
NepeMelligHHs] MO YCIOBHIM HOpMalbHO paGoThl KOHCTPYKIMHM HENOMyCTHMa,
XOTA MNPOYHOCTL €€ BOOAHE A0CTAaTOMHA. B 3TOM ¢ayuyae ropopar, YTO KOHCTPYKUUA
AMEeT HelOCTAaTOUHYHO JKeCTKOCTh. Boolime mog % € ¢ T K 0 ¢ T b 10 TTOHUMAETCA
CIOCOOHOCTL MaTepualla WK IEMEHTA KOHCTPYKUMM COMNPOTUBIIATBSA JIPYTHM
aeopManuam. BTopas 3anaya COMPOTUBACHMA MaTEpPUaNOB  pacueT d7AEMEHTOB
KOHCTPYKLMIH HA KECTKOCTb.

Ecnu »neMEHT KOHCTpyKuuu padoTaeT Ha CKaTue, TO MOPU ONpPEACICHHOH
(KPHTHYECKOW ) CHIIE OH MOMKET M3OTHYTBCA OYIET HMETh MECTO TaK HA3bIBAEMBIi
npoaonbHbIi M3rub. MHBIME ClIOBaMU [epBOHAualibHAs NpsMoiKHEliHas Qopma
YCTOHYUBOIO PABHOBECHA DIEMEHTA (HANpPUMEP, CTEP:KHA) CTAHOBUTCA MpU STOH
CHJTe HEYCTOHUMBOH W BO3HWKAeT HOBag ycToWdnBas (opMa paBHOBECHS
KpuBOoJuHekHas. ITpu 3TOM KauecTBEHHOM H3MEHEHMM Xapakrepa AedopMmaluu
KOHCTpyKUMA nudo paspywactes, nM00 B HEH BO3ZHUKACT HEIOMYCTUMO OOMbLIME
nepemenieHus Touek. [1oaToMy TpeTbs 3amava CONPOTHBICHUA MAaTEPHATIOB pacueT
IEMEHTOB KOHCTPYKIMH HA YCTOHYMBOCTD.

[lpu pewieHUW HTHUX 3a0a4 MCMOAL3YIOTCA OPUEMBL M METOAbl (PU3UKK M
MEXaHUKH TBEPAOTO Tena. B 4acTHOCTH WHPOKO NPHUMEHAIOTCA YPaBHEHHSA
pPaBHOBECHS PA3JIMUHbLIX CHCTEM CHJI, MOJYUYEHHbIE B CTaTHKe a0COMOTHO TREPAOro
Tema. BMecte ¢ TeM, Tak Kak COMPOTHBISHWE MaTepualoB paccMaTpHBaeT
aepopMUpyEMbIE TeIa, HE BCE [MPUEMbI W METQJbl CTATHKH TPUEMJIEMbI B
COMNPOTUBJIEHUM MATEPUaNOB. 3aMeHa OAHOH CUCTEeMbl CUA APYroH, CTaTHYECKU
IKBHUBAJIEHTHOW, B YACTHOCTH TIEPEHOC CHITBI TIC JTHHHH IEHCTBHA 3aMEHA PAIa CHIl
MX PABHOJICHCTBYIOIIEH, PE3KO U3MEHSET XapakTep Aedopmaliiu AETajiv |1 NOITOMY
HEJOMYCTUMBL NP ONPEACICHUN BEIMUYUHLL NEPeMELeHUI TOYEK KOHCTPYKUUHA U
pacuerax WX SIEMEHTOB HA MPOYHOCTh. [lpn onpenenenwn peakuwi onop B
CTATHUECKH OMNPESTHMBIX CHCTEMAX CTATHUECKH IKBUBAJIEHTHBIE NMpeodpazoBaHus
Harpy3Ku JOMYCTUMbL U B CONPOTHUBIECHUH MAaTEPUAIIOB.

ConpoTusieHne MAaTEPHAIOB  HayKa ASKCIEPHUMEHTANIBHO- TEOPEeTHUECKas.
OCHOBHBIE €€ MOJOKEHUA U PACUETHO —TEOPETHUECKHE (DOPMYJIBI MPOBEPSIOTCH U
JOMOMHAKTCA  SKCOCPUMEHTANbHbIMU — MccaeaoBaHusaMu. OnbiTHas [OpoBepKa
TCOPETHUECKNX PacyeToB H (popmMysT HeoOXOOWMa MOTOMY, 9TO OHH OCHOBaHBI Ha
page YOPOLLAKOWMX NPEANOChUIOK U A0NyLICHUH. OCHOBHBLIE XAPaKTEPUCTHKHU
MEXAHWUECKUX CBOWCTB MAaTEpPHalOB, WCMONMB3yEMBIE B pacuérax, TakKKe
OMNPEIENISIFOTC  ONBITHBIM  NYTEM B OpoLecce JIadoOparopHbIX — MCIIBITAHWH
COELUMANbHO M3TOTOBJAEHHBIX O0pa3sUOB M3 pa3luuHblX MaTepuanoB. Takum
o0pa3oM, pacuéTHO -—TeopeTHUYECKas W 3KCMEPHMEHTATBHAA YacTH HAyKH o
COINPOTHUBJICHUH MATEPHAIIOB HEPA3PBIBHO CBSA3aHbl APYT C APYTOM.

1.2. PeanpHas KOHCTPYKLHS H PACUETHAA CXeMa
IlonHbiA yueT BCeX CBOMCTB M OCOOCHHOCTCH pealbHOM KOHCTPYKLMMU

NMPHHLHAMTHATBHO HEBO3MOXKEH B CHITY WX MHOroodpasua W cnokHoctH. [lostomy
A1 YIOPOLIEHWsI PeleHHsi 3a1a4  CONMPOTHMBIEHHWSl MaTepHalioB  pealibHas



KOHCTPYKLIMA 3aMeEHsAeTcsA pacuéTHoi cxemoii. OnHa mpeacraBisger coOoi
YIPOIIeHHOe W300pakeHHe KOHCTPYKIIUH, OCBOOOKIEHHOW OT TeX BHEITHHX
BO3JAEHCTBUH, (PU3MUYECKUX CBOKMCTB M I'€OMETPHYECKHX OCOOEHHOCTEH, KOTOPHIE
NPAKTUYECKM HE BAUAIOT UIH BAMAIOT ¢1ado HA pe3yNbTaT PEeLIacMOil 3a1a4u.

Jng omHOM M TOI € KOHCTPYKTHBHON CXEMBI peanhbHOTO 00BEKTa MOKET
ObITh BBIOPAHO HECKOIBKO PA3JIMUHBIX PACYETHBIX CXEM B 3aBHCHUMOCTH OT
NOCTaBJICHHOH 3a1a4u, TpeOyeMOol TOYHOCTH €€ pelIeHHsd, a TakKe OT TOro, Kakas
CTOpOHA WHTEpecyeT wuccienoBarens. Hanmpumep, mpu  pacduete OOITOBOTO
coenmuueHus (puc. 1.1, a) MOKET BOZHUKHYTHh BOMPOC O MPOYHOCTH 0OJITa HA Cpes.
OueBUIHO, B 3TOM CJIy4ae HENb3A BOCIONb30BAThCA PACUETHOM CXEMOi
pacrsnyToro crepxas (puc. 1.1. 0), HeoGxomuma apyras pacuerHas cxema (puc.
1.1. B). CBos pacuéTHas cxema OYAET U MPU OLICHKE NPOYHOCTH ronoBku Oonra
(puc. 1.1.1).
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Puc 1.1

C ppyroii CTOpOHBI, OJHOH W TOH JK€ PACUETHOH CXEME MOMKET OBITh
MOCTaBJICHO B COOTBETCTBUH HECKONBKHUX PA3THUHBIX PEATbHBIX KOHCTPYKLMH.
Hampumep, pacueTHod cXeMe PacTIHYTOTO CTEPKHA MOTYT COOTBETCTBOBATE!
NOJBECKA IPy3a MOABEMHOIO KpaHa, MOABECKA JKOCTPLI M JiudTa, y3/bl MOCTOBBIX
depm u Tak mamee.

PaccMoTpyM OCHOBHBIE MPUEMBI CXEMATH3ALHK PEAJIbHBIX KOHCTPYKLHI NpU
BbIOOpE PACYECTHOMU CXEMBI.

[lepBpiM marom cxemarusauuu O0BEKTa ABIAETCA WACATH3ALUA CBOKNCTB
mMarepuasa, TO €CTh BBeJeHHUE pAaa padoumx THIoTe3 (JOMyISHHH ), OMTUCHIBAIOIIMX
3TH CBOMCTBA, YTO MO3BOJISIET [MOCTPOMTH JOCTATOYHO MPOCTYIO M YAOOHYIO Ui
WH)KEHEPHOW TIPAaKTHKH TEOPWI0 PAcuéTOB 3JIEMEHTOB KOHCTPYKIMH., OTH
AONYIIEHUS HEOoOXOJUMbl TAKKE IMOTOMY, YTO HAyKa O CONPOTHBIICHUU
MaTepHasioB, OTKAa3BIBAACH OT MPHHATOTO B TEOPETHUYECKOH MEXaHWKe AOMYIIEHHA
00 alCOMOTHON 3KECTKOCTH TeJl, BCE XE& MOXKET OTpasuTh B pacuérax Bcé
MHOroo0pazue CBOHCTB pealbHbIX MAaTEPUAIOB. PAaCCMOTPUM OCHOBHEIE TUIIOTE3HL.

1. I'mnore3a crmiomHoi cpeapl. CornacHo el Marepuai  MOJHOCTHIO
(crutomb) 3anojHseT Bech 00beM Tena 0e3 Kakux-aubo mycror
Pa3pbIBOB, TO €CTh SABIAETCA CILUIOIIHON cpenoi. Takoe mpeacTaBiecHue O
TeJe JaeT BO3MOKHOCTb TIPUMEHATH MPH MCCIEI0BAHUAX, BHITTOIHAEMBIX B
COMPOTHBIICHWH  MATEPHANIOB, TEOPHID  HEMPEPHIBHBIX  (DYHKIMH
(mudpdepeHUMANTBHOS U MHTSTPATIBHOS HCUHCIICHUS ).

2. Tunoresza opnopogHocTH. OHOPOJAHBIM CUWTAETCS TakKOE TENo, Yy
KOTOPOr0 CBOHCTBA JMIOOBIX CKOJMb YFOAHO MalblX YacTUL MaTepuana
COBEPIIIEHHO TOXKACCTBEHHBI. JTO AOMYIIEHHWE AOCTATOUYHO OOOCHOBAHO
/U METAITIOKPHUCTATMYECKUX MATePHaJIOB, HATIPUMED UTsl CTAJIH, U MEHEee
00OCHOBAHO /1 MAaTCPUAIIOB THIIA YYT'YHA.



3. Tunore3a wzorponuu. M30TponHbIM HaA3bIBAETCSA TAKOE TENO, (PU3UKO —
MexaHHuecKHe CBOHCTRa MaTepuana KOTOporo Mo BceM MaTeanam
OZIMHAKOBBI. JTa rUnoreza gpisieTcs npudianxeHHon. Bmecre ¢ tem s
OONIBIIIMHCTRA MATCPHAJIOB B CHJIY XAOTHUHON CTPYKTYPHOH OpHEHTAalMM
€€ MOIKHO HCIONIb30BATb B pacy&éTax.

4. Tmanoresa 00 wueanbHOW yrpyrocTu. COTIacHO e B W3BECTHBIX TIPE/ISITax
Harpy:KeHUs Tejaa Marepuan ero Marepuan o0naaaeT WacabHON
(COBCpIUIECHHON) YHOPYTOCTLIO, TO €CTh 00/ajacT crnocoOHOCTLIO
BOCCTAHARITHBATE TIEPBOHAYAIBHYID (OPMY W pasMepwsl TOCTe CHSITHS
HArpy30K, BbI3BaBLIKX AcdopManuu tena.

Bropoii mar cxemaTw3anuH VOPOIIEHHOE  TIPeJICTaBJIeHHe
reoMeTpuyeckoi (popmbl oObekTa. Kakias KOHCTPYKIMA COCTOMT M3
OTAETbHBIX NEMEHTOB (AeTanei), KOTOpbIE, HECMOTPA HAa UX OTPOMHOE
pasHoobpasue, MOKHO M0 TEOMETPHYECKHM TIPHIHAKOM Pa3/C/uTh HA
TPU [PYIIIbL:

1. Bpyc, crepikenn Wik Oanka

2. Obomouka, TacTHHA

3. Teno (maccus

['eomerpuueckast  cxemaruzauus VIPOILLUEHHOE TPEJCTABIEHUE  Harpy3oK.

Harpy3sku, aefcTBylomMe Ha Kax/blii OECKOHEUHO Masblil d1eMEHT 00beMa Tela,

HA3BIBAEMOr0 OOBEMHBIMU cunaMi. Harpysku, mepegatomipeca OT OJHHX

HJIEMEHTOB KOHCTPYKIMH (MM OJHOTO Tena) K JIPYTUM B TIPOTIECCE WX

B3aHUMOJCHCTBUA, OTHOCATCA K NOBEPXHOCTHBIM CHJIaM. OTH CHJbl MOTYT OBITb

pacTipe/ieIeHHbIMH  TI0  HEKOTOPOH TIOBEPXHOCTH WM TIO JUIMHE 3JNeMEHTa

KOHCTPYKUUU. B nepBoM cilydae OHM XapaKTEpU3YIOTCS BEIMUYMHOM JaBjieHus P

(cumoit, TMpUXOAAIICHCA Ha eIHHWIY TUTOMAAH), BO BTOPOM-HHTCHCHBHOCTEHIO

Harpy3Ku ( (CUJIOH, NPUXOASLICHCS HA €HHULY JUIMHBI). [0 Xapakrepy W3MeHeHus

BO BPEMEHHU HAMPY3KHU Pa3/IMYAOT:

1. CratHueckHe-HApACTAIINE MEIJIEHHO U MIIABHO OT HYJA IO CBOEro 3HAUEHHUS,
JIOCTUTHY B KOTOPOTO, B AAJIBHEHIIEM HE H3MEHSIKOTCH.

2. IloBTOpPHBIE-MHOTOKPATHO W3MEHAKIIHECS BO BPEMEHU MO ONPECNIEHHOMY
3AKOHY .

3. JluHaMHUUeCKHE-TIPUKIIAIBIBAEMBIE K KOHCTPYKIIMH ¢pa3y B TIOJTHYHO BETHUHHY
WM JaKe ¢ HAYaTbHOH CKOPOCTBI) B MOMEHT KOHTakTa. OHM CBA3aHbI CO
3HAYMTCTBHBIMH ~ YCKOPSHHMAMH, Kak JeopMHpOBaHHOTO Tena, Tak |
B3aMMO/ICUCTBYOIIMX C HUM TEJ1,

Haubonee yHHBepcanbHBIH H PacHpOCTPAHEHHBIH MpUEM CcXeMaTH3auuu
Harpy30K-3aMeHa PacTpeACICHHON HArpy3KH COCPE/IOTOYEHHOW CHIOH. 2TO
CYIIECTBEHHO YIMPOIIAET PEIIEHHE 3a1a4 CONPOTHUBIEHUA MaTepuanos. BaxHo
OTMETHUTh, YTO COCPELOTOYEHHBIX CHII B NPUPOJE HE CYIIECTBYET H 3TO MOHATHE
CBOWCTBEHHO TOJTBKO pacuéTHON cxeme. 3aMeHa pacTpeleNleHHbIX CHIJI BO3MOXKHA
JIMIIb TOrAQa, KOrAa IUIOWAAb, MO KOTOPOH nepelacTes Harpyska, Mana 1o
CPaBHEHHIO C pa3MepaMH JIeMeHTa KOHCTPYKIIUH.

Ha npaktuke BBIOOP pacuéTHOH CXeMBI TIpEACTaBIAeT coDOH cBOEOOpa3HyO
331a4y Ha ontumusannio. Heo0XoauMoO MUHUMANBHO YOPOCTUTb KOHCTPYKLHIO,
MUHHMAITBHO OTCTYNHTE OT OpPHWTHHAIA, OT pPealbHOCTH W MAaKCHMAIBHO
MPUOTH3NTE PACUETHYIO CXeMy K pa3zpaboTanHoMY YDpeKTHBHOMY METOIY pacuéra.
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Jns Tako#t 3amauw Tpedyercsa, C OJHOH CTOPOHH, 00najaTh OmNpe/erneHHOH
MHTYULMER, a ¢ APYIOH CTOPOHbI BAAJAETL B LIMPOKOM JHAaNa30HE PadlIM4HbIMH
METOJAMH  aHanW3a  KOHCTpyKuMii. HHoroa  npuUXOAMTCA  PacCUMTHIBATH
KOHCTPYKIIMIO, TIPUMEHAs pasHbie pacuéTHeie cxemsl. M, HakoHen, cnejayer
MOMHUTb, YTO € KAKOH Obl TOUHOCTbIO HE MPOM3BOIMUIMCH PAcUETbI, PE3yJbTaT
BCEraa IOIYIHTCA HIPHOMMKEHHBIM. l1lo3TOMY IOJIyUCHHBIC PELICHHA 3aAadd Ha
0a3e BeIOpaHHOM Pacu&THOM cXeMBI HEOOXOANMO OLIEHUBATh KPHTHUYECKH.

1.3. OcHoBHBIE IIpaBU/Ia M IIPUHIHIILI B COMPOTHBICHHAN MAaTCPHATIOB

ITpn BBIOOpPEe W aHanu3e PacuéTHON CXeMbl 4acTo OBIBAET HENOCTATOUHO TEX
YOPOIECHHA MW JIONYIICHUM, KOTOPbIE CBA3AaHbI € MACAUIM3ALMCH  PCAIBHOMN
KOHCTpPYKUMH. Heo0xonumo npuHATE cmie psaa NPeanochUIOK, OTHOCSIIMXCA HE K
BOMIPOCAM WACANM3ai O00bEKTa, a K METOJIaM TIOCHEAYIONero ananmsa. Ecim
OPEANOCHUIKH HOCAT OOLIMIA XapaKkTep U NPUMEHSIOTCA A/l PELUCHUS OAaBNAIMICIO
OONBIIMHCTBA 3aJa4 COMPOTHBICHUA MATCPHANOB, TO WX TNPUHATO Ha3bIBaTh
PYKOBOJMTIIMMHA TTPABUIAMHF WITH TIPHHIHITAMA. TaKWX TIPWHTIATIA TPH:

1. IlpuHUMD OTHOCUTENBHOM KECTKOCTH cucTeM (npunuun Haese).

2. IlpuHOun cynepno3uumm.

3. TTpunumun Cen-BenaHna.

[TepBriii H3 yKa3aHHBIX NPHWHIANOB, BELABHHYTHIA (pparmy3cknm yuéHbiM Hasre
B 1826 roay, ocHOBaH Ha TOM, YTO B MOAABIAIONIEM OOJBIIHHCTBE caydaeB dopMma
TeMa WIH  CHCTEMBI TeN TOA JCHCTBHEM TPWIOXKEHHBIX CHJI  MEHSETCS
HECYLIECTBEHHO., JTO OOBACHAETCS TEM, 4TO IEPEMELLEHUA TOYEK Tena,
00ycCHOBIEHHBIE €r0 YNPYTUMH Ae)OpMaluaAMH, BECbMa Manibl O CPaBHCHHIO TO
CPaBHEHWIO C pa3MepamMu caMmoro Tena. M3 3Toro gomymeHus ciemayeT, UTO
HU3MEHEHUS B PACNOJOKEHUU CUJI, IPOUCXOAAMNE IPH AePOPMALIUM KOHCTPYKLIUM,
M®KHO HE YUHTHIBATH MPH COCTABICHHH YPAaBHCHHH PaBHOBECHA IJIA OMPCICIICHHUA
peakunii cBA3€H W BHYTPEHHWX cwil B €& wtemeHTtax (cMm. m. 1.4). Unoraa arto
MOJIKEHUE HA3BIBAKOT MNPUHIIMAOM HAYAJIBHBIX Pa3MEPOB WM  MPUHIUMNOM
OTHOCHTENBHOH YKeCTKOCTH CHCTEMBI. [10SCHUM 3TOT NPHHIAN HA MPHMEpe.
Tpenmonoxum, uto Tpedyercs HaiTu peaktmio Taru BC (ycunue Npe B CTepikHE)
JUISl KOHCTPYKLMK, NOKa3aHuoi ua pucynke 1.2, J[ns >Toro Haj 0 COCTaBUTH YPABHEHWE
paBHOBecHA Oanmku AD B BHAE CYMMY MOMCHTOB BCEX CHJI OTHOCHTCIIBHO LIEHTpa
urapuupa A. Ecnu yuutsisate aedopmanun 6anku v TACH, TO TOAYYUM
S m, =(a, +¢; )= (Npe xsin B )xa, =0
Pasmepsi a;; ¢ 1 yron f#;, HEM3BECTHBI (MX ONPEJIENIEHHE BEChMA CIIOKHO);, TPHHIIUAT
OTHOCHUTENBHON JKECTKOCTH MO3BOJACT MPUHATH a;-a; ¢;=¢, f;=/f, TO eCcTh BECTH

pacuér, Ncxoas U3 Hee(hOPMUPOBAHHOI CXEMBI KOHCTPYKITHH.
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Puc.1.2 Puc.1.3

BropbiM BaskHEHITUM TPUHIMIIOM COMPOTUBIIEHHS MATEPHANIOB ABIACTCS MPHHLUT
HE3aBUCHMOCTH JICHCTBHA CHJI WKW MpuUHOMN cynepno3uiuu. CylmHOCTh ero
3aK/II0YACTCA B TOM, YTO HANpPSKCHHA, AcopMallii U NEPEMEIICHHUS HArpy/KCHHOTO
Tea He 3aBHCAT OT MOpAIKa TIPUIIOKEHHSA CHIT (OT MOCTIeA0BATENBHOCTH HATPYIKEeHHA),
a pe3ylbTaT NEHCTBHA TPYIIBl CHJI PABEH CYMME PE3YJIbTATOB JCUCTBHA KaKA0H U3
HHUX B OTIAENBHOCTH. [IpWHITMT CYTIEpPTIO3WITMH COPABEIIMB TOJBKO ANsl JTHHEHHO-
neOpMUPYEMEIX CHCTEM (KOHCTPYKUHH), TO €CTh TaKWX CHCTEM, B KOTOPBIX
MepeMelICHIs TOUYCK B U3BECTHBIX MpeAeliax HArpy’KCHUA MPSMOMPONOPLUOHATBHBI
CHIaM, BBI3BIBAIOIINM 3TH TiepeMemeHnsa. OInH U3 MPAMEpPOB NPUMEHEHHUS NMPUHLINIA
HE3aBUCHMOCTH ACUCTBHA CUI WLTOCTpupyercss pucynkom 1.3, Ilporu® f Oanku
MOocepeaMHe IMpoJieTa OT COBMECTHOIO [JEHCTBUS paclpeAeneHHONl Harpys3ku
WHTEHCUBHOCTBIO ¢ W COCPEIOTOYEHHOH CHIIBI P paBeH cymme mporuOoB f; W f> OT
JNEUCTBUS KKIOM W3 3THX HArPy30K B OTAEJIBHOCTH W HE 3aBHCUT OT MOPAIKA HX
npuiokeHua. Booble npuHUMN Cyneprno3uuyy MO3BOMACT MPH OONbLIOM 4HCAE
Pa3IUYHBIX HArPY30K MOJyYaTh PELICHHE 3a/1a4l KaK Pe3yibTaTa HAJIOKEHNUA YaCTHBIX
PELLIEeHUH.

Tperuil npuHUMN CONPOTUBICHHUA MATEPHAIOB npunuun  Cen —Benana
3aKmouaeTcss B ciaeayromeM. Eciu B npenenax HekoTopo#l obmacTH ynpyroro teia
OPWIOKEHA CUCTEMA CHJI, TO HA PACCTOSHMSX CYLIECTBEHHO MNPEBbILIAIINX
XapaKTePHBIC pa3Mepbl B3sATOM oOyiacTu, HanpskeHus K JAedopMalvy NPaKTHUCCKH
OJIMHAKOBBI JUIs BCEX CTATHMYECKM SKBUBAJIEHTHBIX CUCTEM cwil. Tak, Hanpumep, npu
pemenun 3aaaud 00 wsrube Oanku (puc. 1.4.) He cTaBUTCA BONPOC O TOM, Kak
npuiiokeHa cwina P W KakuM 00pa3oM OCYIIECTBIIAETCS CBsA3b OAKH C OMOPaAMH.
Bwmecte ¢ Tem mis 3TOH pacy€THOM CXEMBI MOMKET ObITh HECKOJIBKO KOHCTPYKTHBHBIX
BapUAHTOB.

Puc.1.4

B wuwactHocTM B KauwecTBe onop Oanku MOTYT OBITh TENEKKH PA3THUUHOM
KOHCTPYKUHH. B KauecTBe Harpy3ku MoryT ObITh pPa3lMUHbIE TPY3bl, 3aKPEIJICHHBIE B
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NMOABECKAX W MpoyIHHax. KOHCTPYKITMH TIOBECOK TAKKe pa3HOOOPA3HbI, B HUX MOTYT
HCTMOJIb30BAThCA 3aK/IeNOYHbIe COSTMHEHUS, CBAPHBIE U IIP.

Hccnenoanue HanpsuKEHMH, BOSHUKAOIIMX B ITOABECKAX, MPOYIIMHAX, TEICKKAX 1
3aknenkax, mnpeacTtapiser coboil ocoldyro 3anauy. [lpm aHanuze HaNpPsKEHWH B
npeaenax kaxaoro ysia npunuun CeH —BeHaHa Takike HAXOIUT CBOE MECTO.

1.4, BHelinue n BHyTpeHHME CHitbl, MeTo ceueHuid.

CuItel SIBASIOTCS MEPHIJIOM MEXAHWYECKOro B3auMoaeHcTBHA Ten. Eciu oObekT
paccMaTprUBacTCsl M30JIMPOBAHHO OT OKPYIKAIOIINX €0 T, TO JICHCTBUE MOC/ICIHUX
Ha OOBEKT 3aMeHAeTCsd, KOTOphle Ha3eBalOTCA BHEMHWMH. M3 Teoperwueckoi
MEXAHWKH HW3BECTHO, UTO BHENIHHE CHJIBI JIETIATCA HA AKTHBHBIE W PEaKTHBHBIE
(peakumii cBsizei). AKTUBHBIC BHELUHUE CHJIbl YACTO HA3bIBAIOT HAIPY3KaMHU.

CompoTnBrneHne T, OKa3bIBaeMBIE ACHCTBYIOIMMA HAa HUX Harpy3KamH,
o0ycnaBiuMBaeTCs HAUYMEM B  Telax BHYTPEHHUX CHJI  MOJIEKYJSPHOTO
B3aumozchcTeuda. [loag aelcTBHEM HA TENO BHEIIHUX CUJI BHYTPEHHUE CUJIbL
W3MEHSAIOTCSI, TO €CTh TIOABIIAKOTCA  AOIIONHHUTENBHBIE BHYTPEHHHE  CHIIBI,
XapaKTEPUBYIOIIHE CMOCOOHOCTh  3JEMEHTOB  KOHCTPYKIMH  COMPOTHBIATHCSA
BHELLIHUM BO3JEHCTBUAM, YACTO HA3bIBAIOT BHYTPEHHUMMU YCHIASAMMU.

Jna onpenencHus BENWYHWHBI BHYTPEHHHUX YCHIIMH MO 3aIaHHBIM BHEIIHHUM
CHJIAM TTONTb3YIOTCA METOA0M ceueHuit, CyIIHOCTh METOIa COCTOUT B CIIETYIOIIEM.
1. Teno, Ha koTopoe nAelcTBYeT Kakas —Ju0O cHCTeMa BHEIIHUX CWil, B

MHTEPECYIOIEM HCCIIe0BATENS MECTE pa3pe3aeTcs Ha e yacTH (puc. 1.5. a).

2. OnHa w3 yacteil MbICIIeHHO OTOpachiBaeTCs, a JeiicTBHE €€ Ha OCTaBIIYIOCA
qacTh A8 obecrnieueHHs paBHOBECHA TIOCIEOHEH 3aMeHAeTCS CHIIaMHU
B3aMMOJEHCTBHSl 4YaCTEH, KOTOPbIE ABJISIOTCS BHYTPEHHUMM YCHJIMAMM 1715
nemnoro Tena (puc. 1.5. 6).

3. CraBmme TakuM oOpa3oMm ¢GOpMaIbHO BHEIIHHMH BHYTPEHHHE YCHIIHS
HaXOAATCA U3 YCI0BUA PABHOBECUA OCTABLLIEHCS OTCEUEHHOM YacTu.

Prn-1 g Pi-1 Pr-i I‘R i
[ - M

=

T

YCTaHOBUTH 3aKOH PACIPENCICHHA BHYTPEHHHX CHJI TI0 TIPOBEICHHOMY
CEUSHMIO CTATHKH HE MPEACTARJIAETCA BO3MOXKHBIM, [103TOMY CHCTEMY 3THX CHI
MPHBOJAIT K HX CTATHUECKOMY SKBHBAJICHTY-TTIABHOMY BEKTOPY R M TIaBHOMY
MOMCHTY M 5 NPUITOKCHHBIM, KaK OpaBHIIO, B HCHTPC TAXKECTH
paccMarpuBaeMoro cedenus. BeiOpaB cHCTeMY KOOPOMHAT ¢ HA4alaoOM B LEHTPE
TSKECTH TIJIaBHBIH BCKTOPD H IJIaBHbIH MOMEHT PACKJIaAbIBAlOT Ha MMCCThb
COCTABJAIOINMX, KOTOPBIC HOCAT HA3BAHWE BHYTPEHHHX CHIOBBIX (hakTopos
(puc. 1.6.). Kaxmprii w3 3THX (HakTOpOB UMEET CBOE 0003HAUCHHE W Ha3BaHme: NV
—NpOJOIbHAS WM HOpManbHas — cuna; (., (), —TONCPEUHBIC  CHIIBI;
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i e
M, —xpyrsami moment, M M, — wsrudaomme MOMEHTHI. Bennuuusr ux

OTIpeIeNAIOTCA U3 YpaBHEHHH paBHOBECHA OTCEUEHHONW JacTH Tena:

Omc omc

N, =3(B) . M, =3 m x(P) .
i=1 i=1

Oomc omc

n
QY=Z(PJZ) > szzmxX(Pi) s
i=l

omc n Ome
0, =) . My =Sm, ()
i=1 i=1
Kaxxnomy BHYTpEeHHEMY CHJIOBOMY (hakTOpy COOTBETCTBYET OTPEAC/ICHHBIM
Buj aedopmaunn: N, —pacrsokenue wid cxarue, O, ,0, —cxarue win u3rud;

M , —xpyqenne; M ., M ,, —u3rub.

My, [

4

Puc.1.6

1.5. TloHATHS O HANPAKEHUAX U NEPEMCUICHUSAX B TOUKE

BryTpeHHHe CHITBI pacnpeieNieHbl IO CEUESHHIO TEMa CI0KHBIM 00pasom. [Ipu
5TOM B O0IlIeM Cyuyae WX BEJIMYMHA M HAMpPaBICHUE B OTACIbHBIX TOUKAX CEUCHUS
pasnuunbl. s cyxaeHus 00 MHTEHCHBHOCTH BHYTPEHHHX CHII B ONMPeNeneHHOM
TOUKE PAaCCMATPUBAEMOrO CEUEHMS M XApAKTEPE UX PACHpEACieHHA MO CEYECHHIO.
BBOJAMTCS TOHATHE HAMPSHKEHUS, KOTOpoe BriepBbie BeiBea Hasbe B 1826 romy.

IlycTh B HEKOTOPOM CEUEHHMM HArpyKEHHOTO Tela B OKPECTHOCTH HEKOTOPOH
TOUKH BblJEJCHA miowaaka AlY, Ha KOTOPOM BO3HHMKAeT HEKOTOpPAas BHYTPECHHAA
cuta AR (puc. 1.7.). OTHOmIEHHE 3TOW BHYTPEHHEH CHIIBI K TUIOMIAIN BBIACIEHHOR
TUTOTIAKM HA3hIBAETCA CPE/THUM HAMPSKEHUEM P, , TO €CTh

P =AR = AF . (1.2)

B npenene npu crpemiiennu (ctsaruBaHuu) Al K HyIHO (B TOUKY) MOJTYYUM
WCTUHHOE HAMPAKEHUE B JAHHON TOUKE PacCMaTPUBAEMOTO CEUESHUS:

p=lmAR + AFF
AF——0 (1.3.)

Hanpsokenne wumeer pasmepHoctsh: [cuna] / [mnowans]. B Mexaynapoanoi
cucteme emmann CHM enmamma mamepenus Hampsukerms H/m® (Ila);, B TexHWUIECKO#H
cucreme —krc /cm’. Yacto ucnone3yioT eaunuiyy uaMepenus | Mnma=1 H/mm’=1
MH/m?*= 10 krc¢/em” . Muorga ucnons3yiot : kH/em |, kre/ Mmm?
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Benwunna P sABndeTcd MOTHBIM HampsSKEHHEM B TOYKE, KOTOpPOE MOKET OBITh

Pa3l0KEHO HA TPU COCTABRJSIOIIME. HOPMaJbHOE HAMPAKEHHE G,, BEKTOP KOTOPOIo
NEPNEHIUKYIAPEH K IUVIOCKOCTH CEYEHMA, KACATE/NbHbIe HANOPMHKEHHA T,x H Ty,
BEKTOPBI KOTOPBIX HAMPABJICHBI MO ABYM OCAM, BBIOPAHHBIM B TIOCKOCTH CEUYCHHA
(puc. 1.8.).
BenuuuHbl HanpsaKeHUH 3aBUCAT HE TOJBKO OT MOJIOKEHMSA TOUKH B Tele, HO M OT
HamNpapJICHUS CEYEHMWA, MPOBEAECHHOTO 4epe3 He€. COBOKYMHOCTh HANPKEHWH A7
MHOXKECTBA TUIOIIAI0K, MPOXOJAIIMAX YEPe3 TOUKY, XapPakTepU3yeT HalpsKeHHOE
COCTOSIHME B TOUKE.

Puc.1.7

Mexkay HANpsKEHUSIMHM W BHYTPEHHHMH CHIIOBBIMH (DAKTOpAaMHU CYIIECTBYET CBSA3b.
VYMHOKasA HanpsKeHHs G, T,x W T,y Ha miomanps dF miomasku ux aedcreus,
MOJIyyaeM IJieMEeHTapHbIe BHYTPpeHHUE yeunusa (puc. 1.8.):

dN,=o,dF; dQ.=1,.dF; dQy=1,,dF.

CyMMHPYs 3TH 3JIEeMEHTapHBIE YCHJIMS 10 BCeH miomaau ceueHus F, momyuaem

Bb[pa}KeHl’lﬂ COCTAaB/IAKOIIHUX TJTIABHOI'OQ BeKTopa BHyTpeHHPIX CHJI:
N, = [o, xdF;
A

0. = [z, xdF, (puc. 1.4.)

0, = [z, xdr.
A

Puc.1.8

YMHOXKasA Ka)Xao€ U3 3JIEMEHTApPHBIX yCHHHﬁ Ha pacCTOAHUE OO COOTBCTCTBYIOH_IGﬁ
CH, MOJIYyYacM 3JICMCHTAPHBIC MOMCHTBI BHYTPCHHHX CHJI:

M, =o xdI,; dM, =o, xdl',; dM, =7, xdl',— 7., xdF,.

CymMMupyst 37€MEHTapHBIE MOMEHTBI MO BCEH miom@an cedeHus F nomydaem
BIPAKEHUS [JI COCTABISAIOLIMX [NIABHONO MOMEHTA BHYTPEHHUX CHIT

1, = J.O'_j, xdl, M, = J'O'm, xdl’,
4 Y

4, :j(z‘z_rxy—r:_‘,xx)xdF. (1.5.)

Otmerum, uro Beipaskenus (1.4.) — (1.5.) He cnykar [ BBIUMCICHWUS 3HAYCHHI
HYTPEHHUX CHJIOBBIX (pakTopoB (TOCIemHHE ompenenstorces mo ypasHeHwmsM (1.1.)), a
BITSTFOTCST MAaTEMATHUECKHM OMHCAHWEM (PU3HUYECKOH CYIHOCTH BHYTPEHHUX CHJIOBBIX
)AKTOPOB. ODTH BBIPAXKEHUS B JalibHelieM OyAyT WCMONb30BaHbl A7 OMPEaeNeHus
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HANPSOKEHWH 10  W3BECTHBIM BHYTPEHHHM CHIIOBBIM  (DaKTOpaM TNPH  BBEACHHH
AONOTHUTENBHBIX THIIOTE3 O XapakTepe paclpeaeIcHusa HanpHKEHHH 10 CEeYEHHUIO Teqa.

HTak, OT BHEIIHHWX CHJ C TOMOIIBIO METOJAa CE€YCHW K BHYTPEHHHUM CHIIOBBIM
(akTopaM, OT HUX HAa OCHOBE WHTETPAIbHBIX 3aBUCHUMOCTEH M NOTOJHUTEIBHBIX THIIOTE3
Y TIPUHIKANOB K HANPAKEHUAM-TAKOB B 00LIMX YepTax [UIaH PelIeHHs OJHOH U3 OCHOBHBIX
3a1a4 CONPOTHBIIEHHA MaTepHamoB 00 ONpede/IeHWH HANpPSHKCHWIH, BO3HHUKAIOMINX B
CEYCHUAX TeJla NpH pa3iuuHblX Bugax ero aedopmauwu. [Ipu 3TOM OKa3biBaeTCs
HeOOXONUMBIM KpOME YCIOBHH paBHOBECHS Telda M[OA JCHCTBHEM BHEIIHUX CHI
paccMaTpuBaTh M YCIOBHA €To Ae()opMalnH.

YCTaHOBUM KOJIMYECTBEHHBIE XAPAKTEPUCTUKH Ae(POPMALMil U BBEAEM IOHATHE O
NepeMeIeHnsIX TOUeK TeNla, BEI3BaHHBIX d3THMHA aedopmanmu. [lycTs no HarpyskeHus tena
HEKOTOPBIH MaJIBIA OTPE30K, UCXOSIIIMHA U3 paccMaTpuBaeMoi Touku K B Npou3BoiIbHOM
HanpaeneHud, umen qmuHy S (puc. 1.9.). B pesyasrate nedopmanmm tena touka K
nepeMecTuTeAa B nosioxkenne K, a oTpe3ok S yUIMHUATCA HA BEIMYHHY AS W U3MEHHT CBOE
HalpaBJiEHUE.
Ilpenen oTHOLICHUA

lim AS+S§ =¢

Puc.1.9

HOCHT Ha3BaHWE OTHOCHTENBHON JIMHeWHOH medopmarnmm B Touke K 1mo HampasieHuro S.
Ecnu B Touke K mpoBecTH Tpu OCH, HapauielbHO OcaAM KoopauHar (0 ,0,.0.., TO

nuHeinsie aedopMalMM B HAMPAaBICHHH JTHX OCEH COOTBETCTBEHHO OYIVT. £..8,.5..

Jlnuaa otpeska KK’ sBasieTcss monHbIM nepeMeniennemM & Touku K, koTopoe MokeT ObITh
Pa3I0KEHO HA TPU COCTABJIAIOIIMUE MO YKA3aHHBIM OCAM.

Benencteue medopmarmu Tenma TEpBOHAYAIBHO TIPAMBIE YIJIBI MEKIY MaTbIMH
OTpe3KaMH d.d ,d_, ACXOMSAIMMH 13 TOYKA K, H3MeHAOTCA. BeIuurHbl STHX H3MEHEHHH

COOTBETCTBEHHO OCAM KOOPAMHAT 00O03HAYAKOTCA y,.7,..7,, U HA3BIBAIOTCA YTJIOBBIMH

aedopmanmamu B Touke K. BemmuwmHa yrima moBopoTa € oOTpe3ka S Ha3pIBaeTcs ero
YTJIOBBIM MEPEMELIEHHUEM.

Ecnu yepes Touky K npoBecTu 0Tpe30K B APYrOM HAMPABACHUU, TO PACCMOTPEHHbIE
KOJIMYECTBEHHBIE XAPAKTEPUCTHKH JiehopMaliii M3MEHIT CBOM 3HAuYeHHSA. COBOKYIIHOCTb
aedopMaIiii 111 MHOKECTBA HANPABJICHHUH, MPOXOMAINUX Yepe3 TOUKY, XapaKTepH3yeT
neOpMHPOBAHHOE COCTOSHNE B TAaHHOH TOUKE HArPyKeHHOTO Tena.

Bupn nedopmanmu tena onpeneisercs B3aMMHBIM IMEPEMEIIEHHEM €ro CEUCHUH.
[loctynaTenbHOE NEPEMELICHUE CCUCHMS BIOJIb OCH Z 03HAYAET, UYTO TEIO HCMBITHIBACT
OJHOOCHO€ pacTsKeHHe WiH ckarne. OTHOCHTENBHOE MepeMeIIeHe CeUeHHH B0 OCH
X unu Y o3Hauaer cABUT. B3auMHbBII MOBOPOT CEUSHUN BOKPYT OCH X Win Y —M3ru0, a
BOKPYT OCH Z —KpyUCHHE.

2. PACTSDKEHUE U C)KATHE

2.1. BayTrpenHue ycwiHs, HAMPSKEHAS W TIEPEMETIECHHAS.
3akon ['yka.
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[Tpm pacTskenun (cxxaTnn) mpsaMoro Opyca B TIONMEPEYHBIX CEUEHUSIX BO3HUKAET

TOJIbKO OJWH BHYTPECHHHI CHJIOBOH (HakTOp-MPOAOJbHAS WIM HOPMalbHAs CHJIA,
obo3Hauaemas N, i N.

[Ipsmble Opychsi, paboTaroliue Ha PACTIKEHUE WIM CKATHUE, YAaCTO Ha3bIBAOT
CTEPIKHIMM.

Paccmorpum  nedopMannio CcTep:KHS TMOJA  JASHCTBHEM [BYX PACTATHBAOMINX
BHEITHUX CWJI P, HANPABICHHBIX B Pa3HbIE CTOPOHBI BAOJB OcH Z (puc. 2.1. a).

dz

Puc.2.1a

B ero nonepeyHbIX CEYEHHAX IPU 3TOM BO3HHUKAET TOJBKO HOPMAbHbIE HAMPIKEHUAC .
JlnA ompemeneHHs BETMYHMHBI ATHX HaNPsKEHHH NMpPH HaWOeHHOHW C TIOMOIIBIO METoda
CEUCHHH BEJMUMHE HOPMATbHOW Cuibl N HEOOXOAWMO YCTAaHOBHTH XapakTep HX
pacrnpeaesieHus o NONEPEeYHOMY CEUECHHUIO CTEPIKHA.

dz d

Z
Hq
Te
7
L

+
t
:
d

&

L

[ dz+A(dz) I "~ ld-Ad
Puc.2.10

Dta 3anaua peniaercs Ha OCHOBE TMIOTE3Bl MI0CKMX ceveHui (rumnotessl S.bephymin),
KOTOpas [JIACUT. ceucHHs Opyca, IUIOCKME M HOPMailbHbie K ero A0 aedopmauuw,
OCTaIOTCH TIIOCKAMH W HOPMAIBHBEIE K OCH W TP Ae)OpMAaLHH.

M3 »310H THHOTE3BL cacay<er, UYTO BCC NPOAOJIBHBIC BOJIOKHA  CTCPIKHA
nedopMmupyroTes oauHakoBo. llpu omHOpoAHOM MaTrepuane paBHBIM AedopManusam
COOTBETCTBYET OIMHAKOBBIC HAMPKEHHUs. TakuM 00pa3oM, MPH PACTKEHUM (CHKATHH )
CTEPIXKHS HOPMaJlbHbIE HAMPAXKEHUS paclpeacieHbl M0 ero ceYeHuo paBHoMepHo. Toraa
Ha OCHOBaHWH 1epBoit u3 dopmyi (1.4.) Haiigem

oc=N=+F (2,1)

Brimenum u3 Opyca, u300paxeHHOro Ha pucyHKe 2.1 a, OSCKOHEUHO Manbli
smeMedT ImuHOW dZ. DTOT 3JeMeHT OTAeIbHO H300pakeH (B OBYX TIPOEKIHMAX) Ha
pucyHke 2.1 O, WITPUXOBBIMU JIMHUAMH OH I0Ka3aH B 1€(OPMHUPOBAHHOM COCTOSHHH —
JUIMHA DleMeHTa YBeIMYWNIach, a pa3sMepbl MOMNEPeyHOro CedeHus YMEHBLIUWIIACD.
[Ipupamenne MIAHBI 3MeMeHTa 0003HAauMM AdZ . OTHOIIEHWE 3TOrC TPUpAIIeHHA K
MEPBOHAYANILHON JUTHHE SJEMEHTA Ha3bIBACTCA OTHOCWUTEIIBHBIM  Y/UTHHEHHEM, WJITH
npoaoabpHOH nedopmaiueit

g =AdZ)+dzZ (2.2)
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OtHonienne wu3MeHeHus AQ  pasvepa (Q TMOMEPEUHOTO CEUEHHWS K  ero
MEPBOHAYANILHOMY 3HAUCHMIO HA3bIBAKOT OTHOCUTEIBHBIM MOMCPEUHBIM CYXKCHUEM, WIIH
norepedHol gedopmanHei

g=Aa+a. (2.3)

OnpITHBIM MYTEM YCTAHOBACHO, UYTO MNPU MNPOCTOM PACTHKCHHM MWW CHKATHU
OTHOWIEHWE TOMIEPEeyHOW AedopMaun K TPOIOIBHOW —BEMHYWHA TOCTOAHHAA A7
AAHHOrO Marepuajia. DTO OTHOLLEHHE, B3ATOE MO aOCOJKTHOH BEJIMUMHE, HA3BIBACTCS
KO3(pULKUECHTOM nonepeuHoi nedopmauuu, und koagduuueHtom Ilyaccoua:

u=|e =g (2.4)

Jns cramm 2= 0,25 — 0,33; pasi uyryna — 0,23 — 0,27; ans meam — 0,31-0,34; s
opon3sl 0,32-0,34; nng 6ponzel —0,32 —0,35; ana amomuans —0,32-0,36.

JIns nonaeastoliero GONbIIMHCTBA KOHCTPYKIIMOHHBIX MAaTEPUaoB ¢ JIOCTaTOYHOM
TOYHOCTbIO cnpaseanus 3akoH P.I'yka, oTkpbiteid uMm B 1860 roay. Ou 3aknmiouaercs B
TOM, UTO B Mpejenax ynpyrux gedopmali & U COOTBETCTBYIOIINAM (JeHCTRYIOIIMM B €8
HANpPAaBJICHUH) HOPMAIbHBIM HAMPSIKEHUSM o CYLICCTBYET MpAMas NPOMOpUMOHANbHAA
3aBHCHMOCTB, KOTOPAs 3alMChIBACTCSA B BUIE

o=FkKxeg. (2.5)
KoadduuueHt nponopudoHansHOCTY E Ha3blBAlOT MOAYJIEM MPOAOJBHOH YOPYrOCTH
(Opyrre Ha3BaHWA: MOIYJb YNPYToCcTH I-ro poma, moayns KOHra). ETo BenuunHa aBaseTca
(pr3nueckoi NOCTOSHHOM MaTepHaia, XapakTePH3YIOLLEH ero KeCTKOCTb.

Jns cranu /£ =1,9-2.15x10'"MTa; 0ist amiOMAHHS — 0,7 — 0,8 x 10°MTTa ;, nns OPOH3BI —
0,8-1,15x10°M{la, Ans AepeBa BAOIb BOIOKOH — 0,09 —0,15x10°Mila .

[Toacrasus B dopmymy (2.5) eerpakenns (2.1) w (2.2), monydnM BEIpaKeHHE A
OnpeneneHns U3MEHEHHS JJIHHbBI JTIEMEHTa ds :

Me=) = Nedz | EF (2.6)

Hna onpezaeneHus H3MEHEHMS JUIMHBl BCero Opyca wnM yudacrka Opyca cnepyer
MPOCYMMHPOBATh 3HAYEHUA A(dz) MO BCEH ANMWHE /, TO €CThb B3ATb HHTETPA:

Nz
Al=| - (2.7)

B naufojee o0weM ¢nyuae, KOraa 3akoHbl U3MEHEHUA N W I (MNU OJHOM U3 HTHX
BENTHIHH) pA3TAYHBl IS OTAETBHBIX YUACTKOB CTEpPXKHS, TIPH OMpeleNeHnn Al
MHTETPUPOBAHUE BEAYT B MNPEAeNax KaxJA0oro W3 YYACTHUKOB, a 3aTéM Pe3yJIbTaThbl
anredparueck CyMMUPYIOT;

i
ar=y [RE (2.8)
i Ll
B uactHoM cayuae (cmoTpute puc. 2.1 a), Koraa nonepeuyHoe ceueHue Opyca
CTEPIKHSA WJIH OTASTBHOTO €T0 YUacTKa MOCTOAHHOE H TIPOAOIBHAS CHITA BO BCEX CEUEHMAX
OJHMHAKOBA, W3 (2.7) nonyunm:

Al = NIJ(F) (2.9)
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[[pu cTyneHUaTo-NEPEMEHHOM CEeUeHUM Opyca M CKAuKOOOPa3HOM HW3MEHEHUH
OPOJA0JABHOH CHIIBI M3MEHEHME AJIMHBI Opyca paBHO alredpanvyeckoil cyMMe H3MEHEHUH
JJIUH OTAENbHBIX €0 YYaCTKOB!

M-S ar =S N (2.10)

[Ipou3zeenenue ([°) YCIOBHO HAa3BIBAlOT JMKECTKOCTBIO CeYeHHA Opyca MpH
pactaxkenuu (ckarun). OtHowenue (LI)/I oOo3nauaerca 4vepe3 ¢ W Ha3bIBaeTCs

KOS((HIHEHTOM JKeCTKOCTH ©Opyca (ydacTka Opyca) NpH PacTSKEHHH (CKATHH).
ObparHas BenmunHa S = 1/C HazeiBaeTcs Ko3(QPUIHEHTOM TTOATIMBOCTH.

[Tpu pacTmxenun (CxaThh) Opyvca €ro TONEePeUHBIe CEUeHWS TePeMernmaloTcs B
HampaeieHun ocu Z. llepeMelleHHs SBASIOTCS CNEACTBHEM AedopMalMii, HO 3TH
MOHATHA HEoOXO0AMMO CTPOTO pasrpaHHuMBaTh. [IpH 3TOM clegyeT 3amoMHHTH OBa
OCHOBHBIX TIPABHIIA.

1. [lepemeluenue NpOU3BOILHOIO CEUEHUA OPYCa, UMEKLLETO € OHOA CTOPOHLI KECTKYIO
3aJ€7KY, PaBHO H3MEHEHUIO JTHUHB YUACTKA, 3aKITIOUEHHOI0 MEKIy STHMH CEUEHHUAMH
W 32JIETTKON.

2. B3aumHoe nepeMelleHue JBYX Ce4eHUil Opyca paBHO W3MEHCHMIO JUIMHBI €r0 YacCTH,
3AKITFOYEHHOM MEXKTY ITHMH CEUSHHSAMH.

2.2, OneITHOC H3YYCHHC MCXAHHYCCKHX CBONCTB MaTCPHAIOB

[Tpu peiucHHM 3aaa4 HA PACTIKCHUE M CKATUC HEOOXOAMMO HMMETh HEKOTOPLIC
UCXOJHBIC  JKCIOCPUMCHTAIBHBIC JAHHBIC, 4 TaKKe UHCIOBBIE XapaKTePHUCTHKH
MPOYHOCTHBIX CBOUCTB MaTeprasios. B psae ciryuaes HAA0 UMETh JAHHBIE O CIIOCODHOCTH
mMareprana NPOTUBOCTONTh JCHCTBUIK) BbICOKMX TEMICPATYP, padoTaTh MPU NCPESMEHHBIX
HATPY3KaX, ITACTHISCKH AepOpMHPOBATHCA.

B c¢Bs13H ¢ sTHM CO3JaHO MHOTO Pa3/TMIHBIX BHIOB HC]TBITaHPIﬁ, HO OCHOBHBIMHW H
HAUOOICC PACOPOCTPAHCHHBIMH AB/IAIOTCA UCIBITAHUA HA PACTHOKCHUEC M CKATHE, DTH
UCTIBITAHUA TO3BOMAIOT TOIYYHTh HAHOOMee BAKHBIC XAPaKTCPHCTHKH MaTepHaa,
HAXOOAUIHE HCTIOCPCACTBCHHOC MPUMCHCHUE B pvaCTHOﬁ MMPAKTHKC.

VcnpiTaHus  MpOM3BOAATCA HA  PAa3pbIBHBIX  MAIUHHAX  (THOPABJIHYECKHX,
MEXaHHUYCCKHX, BHempOMexaHHqECKHX). HcneITanuio MOABCPTAKOTCA HW3TOTOBJICHHBIC
COeLMANIbHO A1 3TOoro  00pasubl, KOTOPbIE TIOCTUPOBAHbL. VX  OTIMUMTENLHOM
0COOCHHOCTBIO ABIACTCA HATHUUE YCHIICHHBIX MECT T 3aXBaTa H IUIABHOTO Mepexoia K
y3K0it ocnabnenHoi paboueit vacTh.

HenpitareabHbie MAlIMHBL O0BIYHO CHAOMKEHDI 3aNMCHIBAIOIIUMHE YCTPORCTBOM A
ABTOMATHUECKOMN 3aIMHCH IMATrPAMMBI PACTSKEHHA (CaaTus).

3TO NO3BOJIAET CPa3y MOC]IE UCTIBITAHUNA MOJYUYHTh BBIYEPUEHHYKO B OITPEIEIIEHHOM
MacmTade KpUByK P = j(Al), KOTOpas HAa3bIBACTCA «IHATPAMMO# pacTsKeHHs oOpasiay»

(puc. 2.2). Ha Heil MOKHO BbLACIMTD CJICAYIOLINE XaPAKTEPHbIE 30Hb1 AePOpMalUK;
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b D

AB Jerup. cTans

, C
X AB MELL OT0H D X
AL 0 AL
a) 0)
Puc.2.2
OA — 30HBI YIPYTOCTH Al = 2l
CEF

AB — 30Ha 00mel TexkyuectH, a yuyacTok AB aumarpamMmbl — miiomiaaka tekydectd. Ha
3TOM yudacTke oOpaszel yuiHHAeTea 0€3 3aMETHOIO YBEITMUCHHS HAarPy3KH.

BC — 30na ynpounenus. Ha 3TOoM yuacTke yAIMHEHHE CONPOBOKIAETCA BO3PACTAHMEM
Harpyske, Ho 0oJiee Me/JIEHHOH, UeM Ha YTPYyroM y4acTKe.

CJ] — 30Ha MECTHOH TeKyueCTH. Y JJIMHEHUE HOCUT MECTHBIM XapakTep — B 30HE LICHKH.

Hanvuue nmomannm He sBIAETCA XapaKTEePHbIM JUisi MeTayuioB. B OonblivHCTBE
CJIy4acB AMarpamMMbl HE HMEIOT IJIOIMIAAKKU TeKyuecTH (puc.2.2 0).

YcnoBHbIE AUMArpaMMbl PACTSHKEHUS MAaTEPHAJIOB.
Jlnarpamma HanpsKeHHi.

HMuarpamMma pacTskeHua oOpaslia, OJHAKO, HE [aeT eule NpPEACTaBJICHUA O
MEXaHUYECKHUX XapPaKTEPUCTHKAaX MaTepuaja, TaKk Kak 3aBUCHT OT pa3MepoB o0pasua.

UTo0OBI MCKITIOUNTH BAMSHHUE Pa3MepoB o0pasia U MOIyuuTh TpadMK, XapaKkTepU3YIOLIH
HENOCPEACTBEHHO CaM Marepuall, JUarpaMMy pacTsKEHUS P = j(Al) nepecTpauBarT B

KOOpAWHATAX:
o =PJF,; e=All,

rae [, — NepBOHAaYaIbHAs IUI0IIAaAb ceucHus (puc.2.3).
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Puc. 2.3

Op,I[HHaTI)I XAPaKTEpHLIX TOYCK Ha JUHarpamMme HaﬂpH)KeHI/lﬁ OIpeacyiatoT

CIIENYIOIIHAE MEXAHNYECKHE XaPAKTEPUCTHKA MaTEPHAIIOB:

o, — Opeaen MPONOPLHHUOHATIBHOCTH — 3TO HANPAKEHHE, 10 KOTOPOro Marepuall ClieayeT

n

3aKoHy ['yka;
o, — MNpeles YNpyrocTd — OTO HaIpsHKEHHe, A0 KOTOPOro COXPaHAIOTCA YIpPyrue

CBOMCTBA Marephasa (TO €CTh HaNpsUKCHHWE, O KOTOPOTO MarepHal He IOydacT

OCTaTOYHBIX Aepopmaryii);
o, — TIpeNeNl TEKYJECTH — 3TO HAaNMpsHKeHHE, TIPH KOTOPOM TIPOUCXOINT PocT aedopMariii

0e3 yBeMueHHs HATPY3KH;
o, — Opelen NpoYHOCTH — OTHOLICHME MAaKCUMalbHOH HarpysKH, KOTOPYIO CHOCOOCH

BBIpaXKaTh O0pasell, K ero HavyajabHOH miomanu F,. MlHoraa o, Ha3plBalOT BPEMEHHBIM

COITPOTHBJICHHCM.
B tom ciydae, €CJIM IUIom@aiaKka TEKYUCCTH OTCYTCTBYCT, 3a NPCACT TCKYUCCTH

YCIIOBHO MPUHHUMAETCS HANPsDKeHWE, MPU KOTOPOM octatodnas aedopmanusa e, = 0,002
i 2% (puc.2.4 a). YcinosHblid npesell TeKkyuecTn 0003Havaercst Yepes o, ,, HO 00bIUHO

ungexc 0,2 omyckaroT.
HMuorpa nmepexoa OT 30HBI YOPYTOCTH K 30HE OOLIEH TEKYy4eCTH MPOMUCXOIUT HE
[UIABHO, a ¢ 00pa3oBaHMEM OCTPOro Huka HanpsskeHuid (puc. 2.4 0). B cBasu ¢ stum

BBOJIUTCA TIOHATUE BEPXHETO U HHXKHETO MPEJIEIIOB TEKYUECTH 0, U T,y .
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GA Ok

OTe | OTH

Puc.2.4

Hpeﬂen TCKYUYCCTH JICTKO ONPCACIIACTCA WU ABJIACTCA OJHOH M3 OCHOBHBIX MEXAHUUYECCKUX
XApPaKTCPUCTUK MaTCpUala.

3akon pa3rpy3ku. [TmacTHaHOCTE MaTeprana. Y MpoYHeHHE HUITH HAKJIET,

0 4
K
3 A
=2
g
2]
Y E pasp. ;
'} A
P
[Z=]
7
Y v M N v _
S
" Ep | B
L
o E pazp.
" -
E pasp.
Puc.2.5

Ecnmm oOpazen pactsHyT 10 HEKOTOPOTO HANPSIKEHHS o > 0y, @ 3aTEM MPONCXOANT
€ro pasrpyska, To guarpamma pasrpysku (KM) He coBnaaaer ¢ auarpamMMoi Harpysku, a
MPEACTABNACT NPAMYIO, NapalienbHyIo yyacTky OA.
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B 5TOM COCTOMT 3aKOH pasrpy3ku: YMEHbLWIECHWE HANPAXKEHUA NPH pasrpyske (o, )

OpsaMO MPOMOPUMOHANBHG YMeHblueHuio aedopmauuu & opudeM  KodhpuuueHT

pasep s

MPONOPHHUOHATIBHOCTH TOT K¢, YTO M B HAUAILHOM CTATHH HATPYKCHHS:

¥
paszp & persepy

CnenoBatenbHo, monHas AedopMalua & IA4 HEKOTOPOTO HANPSDKEHUA o MOJKET
paccMaTpUBaTLCA KAaK CyMMa YIpyroi JedopMaluy &, W IIACTHUCCKON &p.

[Momuyro medopmanuio obpasua mpu paspeiBe g, TAKKE MOXKHO Pa3aenuTh Ha

periep
YOPYTYIO &,,, H OCTaTOUHYI MM INACTHUECKYIO, KoTopaa obosHadaeTcA OykBo# & H

Ha3bIBACTCA OCTATOUHLIM OTHOCHTCIIbHBIM YIJIMHCHHUEM [IPH PA3PbIBE!

Al P

5 — - pazp

1,

Benuuuna § xapakTepusyer IacTHYHOCTh MaTepuana. Yem MaTepuan naacTuuHee,
TeM § Gonbme. XPymKOCTh — CBOMCTBO, MPOTHBOTOIOKHOE TUIACTHUHOCTH.

IInactuunoCTE Marcpuana MOMKET 6blTb OLUCHCHa N0 BCJIWYHUHE OCTATQUHOTrO
OTHOCHTCIIBHOIO CYIKACHUA INIOITAIH TIOIEPEIHOI0 CCUCHHA ITPH PA3PBIBE.

w=F,—I/F,
rae /' — WIOMAAk MUHAMAITBHOTO CEUSHHUS WISHKH, TTPH Pa3pPhIBE.

IIpy BTOPMYHOM HATPYIKEHMH PacCTIKEHUEM TMOCIAE Pasrpy3KH avarpamma
pacTSKeHMs MarepHalia COBMAZAeT ¢ AWArPaMMOil PasTPy3KH, a 3aTeéM CIIMBaeTcs
JAMArPAMMOM PA3rPy3KU HA BCEM €€ MPOTSKECHHH.

CHGHOBaTeHBHO, B PE3YIIBTATE IITaCTHYIECKOT O I[ecbopMI/IpOBaHI/IH IIpeaen
MMPOMOPOHOHAIIEBHOCTH MATCPHUAJId TIOBBIIIACTCA. ]_[pOHCXOL[I/IT YIPOYHCHHUC HWJIK HAKIICTI
MaTepuana.

210 CIIPAaBCHJIMBO, CCJIH 3HAKH IICPBHUYHOI'O H BTOPHYHOI'O HAIPy>KCHHUA COBIIAOAROT.

Y¢A0BHBIC AHArPAMMbI CKATHS

[To-pasHomy BeayT ce0sl INTACTHUECKHE W XPYIKHE MaTepHallbl TIPH CKATHH.
DKCNCPUMCHTATLHOE  MCC/ICIOBAHUEC  CiKATUA  MPEACTABIAIOT B BUjAC rpadukos
3aBHCHMOCTEH HaNpKeHHA 0T AeOpMAariHH.

Orr rpaduKy  HA3BIBAT YCIOBHBIMH JAHATPAMMAMH CKATHS MATEPHAIA WITH
VCIIOBHBEIMH THATPAMMAaMH HATIPSKEHHI.

O0pa3ubl BeCbMa MUIACTHYHBIX MATEPHAJIOB TTPH HCIIBITAHHH HA CXKATHE HE YIAETCH
JIOBECTH /10 paspelicHus. IT0 00bACHACTCA TEM, UTO MAaTepHUall cnocoOeH BeCbMa CHILHO
AeopMHpORaTECA Oe3 pa3pyieHHd W 00pasibl pacTUTIONIHBAIOTCS.

VYCIIOBHBIE JMATPAMMBl CKATUA TAKUX MATEPUAIOB HE MUMEKOT KOHEYHOH TOYKHA W
AN HUX He MOXKeT ObITh OnpeaeneH npeaen npoyHOCTH MpH cikaThu (puc. 2.6 a).
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g g
0 > 0 Y >
a) 0)
Puc. 2.6

bonee xpynkue marepuansl yaaeTcs pa3pyninTh. Touka MakCUMajbHA 3TOM JHArpaMMbI
COOTBETCTBYET BO3HWKHOBEHHWIO TIEPBHIX TPEMIWH, KOTOpPblE TpPWH  JalbHEeHIIeM
nedopmuposanun pactyr, u o0paszen Bce dosiee u Oosiee ocnabseTcs, MOKa MOJIHOCTBIO
He pa3pyLuuThea (puc.2.6 6).

MOu3nUecKuii CMBICT TIpefena MPOYHOCTH o,. COBEPIIEHHO WHOM, 4eM Tmpenaesa
MPOYHOCTH T, MPHU PACTKCHUH.

Ecnu mnpu pactaxeHuu nOpelely INPOYHOCTH COOTBETCTBYET HapyLICHHE
paBHOTIONIApHOCTH AedopMupoBanua oOpas3na (oOpazoBaHWe TICHKW), TO TPH CIKATHH
npeacity npoOdyHOCTH COOTBCTCTBYCT BOSHUKHOBCHHC IICPBBIX TPCIIHH.

Jnsd MeTa/uioB YCIOBHBIE OuarpaMMbl CoKaTUA PaclojaraloTca, Kak HOPaBHIIO,
HECKOJIBKO BBIIIE YCIOBHBIX UarpamMm pactskenus (puc. 2.7).

O A S A
cKaTne

pacTaxK.

cTans Majgoyriepoj. & AIFOMHHHIA &
B -
a) 6)

Puc. 2.7

Takum o0OpazoM, Npe/iebl MPONOPHHUOHAIIBHOCTH, TEKYYECTH M IMPOYHOCTH MPH
CKATHK OOJIbILE, UeM MPH PACTAKECHUH.

Pazmiure MeXIy AMarpaMMaM¥ PacTAKEHHA W CKATHA A XPYNKAX MaTepHasoB
3HAYMTEJILHOE, YEM JUISI IJIACTHUYHBIX.
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CHRATHC

" pacTax.

4yryH &
0 >

Puc. 2.8

Jlng GonpIIMHCTBA MaTEPHAIOB TIPH CPABHUTENBHO HEOONBIMX AeOopMalHliIX MOMKHO
MPUOAMKEHHO CUHMTATh, YTO JHArpaMMbl PAcTSHKEHHMS W CkaTua cosmajaroT. KoHeuHo,
JUIS TAKUX MATEPUANIOB KaK YyTYH TaKOe MPEANOJIOKEHHUE UCTIOIb30BAHO ObITh HE MOMKET
(pwc. 2.8).

2.3. TloreHuwameHas 3HEprus aedopmanun v padoTa BHEITHHX CHIT

Paccmorpum miponece aedopMupoBaHEs YIPYroro Tela ¢ YHEPreTHUECKOM TOUKH
3PEHHS.

Buemnune cuiibl, NPUIOKEHHBIE K YIPYTOMY Ty, COBEPLIAIOT padoTy HA yHpyrom
nepemerneHud. Ee obo3nauum uepes 4. B pesynbprare 3T0i paboThl HAKAMIMBACTCs
MOTeHUMAIbHAS SHeprus aedopmupoanHoro tena 4. Kpome toro, paGora uaer Ha

COO0DIIEHHE CKOPOCTH MACCE Tea, TO €CTh MPe00pasyeTcs B KHHETHYSCKYIO JHEPTHIO K .

fi. L =
1 P
: . di
Puc. 2.9
bananc sHeprun umMeeT BUA: A=U+K.

[Ipn crarucTuyeckoM HarpykeHMu K =0, mostoMmy A=H, TO ecTb padora
BHEIITHUX CHJT IPE0OpPa3yeTesl B MOTCHIMATBHYIO YHEPTHIO AehopMalMi ynpyroro Teja.
Takum oOpazom, ynpyroe Teno apiiaeTcs akKyMyIsITOPOM SHEPrUH.

PaccmoTtpum Harpyskenue Opyca cusnoi P, BenuunHa KOTOpPOM yBenuuuBaetrcs ot ()
J10 HEKOTOpOoro 3uavenus P, (puc. 2.9).
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Puc. 2.10

B npenenax ynpyroii nedopmainiu 3aBUCUMOCTE MKy P n A/ Oynet nuHeitHON
(3axon I'yka). Ha smementapHOM mepemernenun o(A/) pabGota Tekymei cumbl P Gymer
paBHa:

dAd = (P+1/2x AP)x d(Al) = Pxd(Al)+1/2 x AP x d(Al).

O16pocuB GeCKOHEUHO Malylo 2-TO MOPAAKA, MONyunM dA = P xd(Al) Tpadudecku 310

TUTomaab nmpsMoyroiisHuka dQ (puc. 2.10). Torma sanementapHas pabora d4 = dQ. Pabora
PH TIEPEMEILCHAN A/

A4 (@]
A :jdA :de:Q:l/szxAzzU.
0 0

Tak kak Al=Pxi+ExF, TO U =P xI+2xExF.

Ecnu nopmanbnas cuia MEHSCTCS BAOJIL OCH CTEPKHA (CHJIAa COOTBETCTBEHHOrO
Beca), To

1
dU = N> xdZ + 2x ExF, II:JNzde+2xExF‘.
Q

DHepreTHYecKHe COOTHOUIEHMSI [HPOKO HWCHOJB3YIOTCS JUIS  ONpe/iesieHus
nepeMelleHui B 0anKax, paMax U CTaTHYCCKH HEOMPEACACHHBIX CHCTEMaX.

Takke kak s yuactkaPx(Al) Hamm  paccyxkaeHus (B mpemenax
MPOTIOPIIHOHATLHON 3aBUCUMOCTH) MOYKHO PACTIPOCTPAHHUTE W HA BCIO MArPaMMY .
[Tnomaas Beel pacTsHKeHUs B ONpe/ielieHHOM MacinTade AactT HaMm padoTy BHEUIHUX CHJL,
3aTpaueHHYIO Ha paspylueHue oOpasua.

PaGora BHeHMIHWX CHJI, 3aTpauyeHHas Ha pa3pylleHHe olpasima — 3TO €Ile OJHa
MeXaHMYeCKas XapakTepPHCTHKA MaTepHasla, KOTOPYIO JAeT HaM JuarpaMMa pPacTsKeHHs
obpa3zua.

Ota MexaHmdeckas XapaKTepHUCTHKa MaTepHaia CBA3aHa C €ro CONPOTHBIEHHEM
yJaapam.

DTO conmpoTHBIIEHHE TeM DOoITbIle, 1eM OoJblIe padoTa, KOTOPYO HYJKHO 3aTPaTHTh,
qT00BI pazopears oOpasell. [[nacTuueckas craiib Jiydie CONPOTHBIAETCS YIapaM.

2.4. PacueTsl Ha MPOYHOCTE W KECTKOCTH TIPH PACTKEHWN W CIKATHH
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HuxeHepHblil pacueT BkarouacT B ceOa 111 stana. [lepebiil aTan (BeiOop pacuceTHOR
CXEMbl) W BTOPO# (aHATH3 PaCcuyeTHOH CXeMBI) paccMOTpeHBbI B TyHkTax 1.2 w 1.3,

Ecnu pacueTHas cxema Obl1a BeIOpaHa MpaBUJIbHO U OTPaXaeT CYIIECTBO 3a7au, TO
Pe3yJIbTaT aHaIU3a MOKHO CUMTATh OTPaKalOLUKMM CBOICTBA PEalbHOA KOHCTPYKLUMH.

Tpetwnii 3Tan 3aKmMOYaeTca B TOM, YTO HEOOXOAUMO YCTAHOBUTH, YAOBIETBOPALT JIH
KOHCTPYKLIHS TeM TpeGoBaHUAM, B CMbIC/Ie IPOYHOCTH, KOTOPbIe K Heil NpeabsBisoTCs,
TO €CTb HYKEH OOpaTHbIA NEePex0a OT pacuUCTHOH CXEMbl K PEanbHOM KOHCTPYKLIMH.,

CrioBe MpOYHOCTH HE CAEAYET MOHUMATh OyKBanmbHO. [lo CyliecTBy peup waeT o

BbIMOJIHEHUH TpeOoBaHM, CBA3AHHBIX C OOIIUM COCTOSHUEM KOHCTPYKIIMH MPH CHITOBOM,
TEMOEPATYPHOM U BOOOLIEC BHELIHEM BO3ACHCTBUU.
Tonbko Tak e W 1oJ pazpylieHuem OyJemM I[OHUMaTb COCTOSIHWE, B KOTOPOM
KOHCTPYKUHA YK€ HE YIORACTROPACT CBOEMY 3HAUEHUIO HE3aBUCMMO OT TOTO, MPOU30LLJIO
W 3TO B pe3ynbTaTe pa3phiBa B KaKOM-TTHOO y3NMe WIH B Pe3ynbTare BO3ZHWUKHOBEHHA
HeoOpaTuMbix AedopMalui, MPUBEAIIMX K UYPE3MEPHbIM OTKIIOHEHHSM Pa3MEpOB OT
HOMHUHaNA,

Hepenko mnpuxomuTcs CIBINIATh TaKWE BBIPAKEHWA: «3Ta KOHCTPYKUUSA Ooree
npovHasy, «Ita MamnHa dosiee HaaexHany, «PaHblle JoMa cTpouid 6oliee HAASKHO.

Ho, oueBnaHO, HEOOXOAMMA KOJUYECTBEHHAA OLEHKA MNPOYHOCTH, a AJs 3TOro
HeoO0X0MMMO BBIOPATh COOTBETCTBYIOMIHH KPHTEPHH LTS CPaBHEHUS.

Haunbonee pacnpocTpaHeHHbBIM METOAOM Pacue€ra Ha MPOYHOCTH SIBJIACTCS pacuer
0o HampsXeHusaM, B OCHOBY 3TOro MeToAa NOMOKCHO MPSANOAMKCHUE, UYTO KPUTEPUAM
TTPOYHOCTH KOHCTPYKITHH ABNAETCS HATIPSHKEHHOE COCTOAHNE B TOUKE.

Pacuer npu sTOM BHIAAAMT cieaywwmM oOpazoM. Ha ocHoeanum aHanuza
KOHCTPYKLUHH BBIABNIAECTCA Ta TOYKA KOHCTPYKUWH, TIE BO3HHKAET HauOONbLINE
Hanpskendsi,  HailizieHHas BeJMYMHA  HaNPSKEHUH  CPABHUBAETCA C  MPE/IC/IbHOH
BENMUMHON 174 JaHHOTO Marepyana, MNOJYUYEHHOH Ha OCHOBE MOPEABAPUTEIbHBIX
n1abopaTopHEIX HCNBITAaHWH. K3 comocTaBneHnsa HaleHHBIX PacYETHBIX HAMPSXKEHWH W
NPEAC/IbHBIX HANPSIKEHUHA NENASTCA 3aKIKOUEHHE O MPOYHOCTH.

DTOT METOA MCMOAL3YETCA MPH pelueHHH OOMLLIMHCTBA MPaKTUUECKUX 3a]au.
YcnoBre MPOYHOCTH 3aNMUCBIBAETCS TaK:

C oy <O +[S],

riec,— TpejerbHOE s JJAHHOrO — Marepuaia  HanpshkeHwe,  OnpeesseMoe
IKCTIIEPUMEHTAILHO;
[S] — umncno, Gonbluee eauHULBL, Ha3biBaEMOE KOYDPULUMEHTOM 3a1aCa IPOUHOCTH,

OcraeTcsi PELUINTL BONPOC O TOM, KAKOE HANPSKEHHE IPHHUMAThb 3@ NPEAebHOE
0,1 KAK HA3HAUMTh BeIUMuuHy [S] .

Has Toro uto0sl n30exkaTe B paboTarOIINX KOHCTPYKUHAX 0Opa3oBaHWs 3aMETHBIX
OCTaTOUHbIX JcedopMauurii 332 BENUUMHY o,ANd NIACTUUHBIX MATEPHANOB MPHHUMAIOT

OOBIYHO TIpemen TekyuecTH o, =o,(puc. 2.11 a), a misg XpymKAX W YMepeHHO
[1ACTUYHBIX — NPEAS NPOUHOCTH o, (puc. 2.11 6).
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Or=0L O max 0=0L

6 max

0 - 0 g
g . g
a) 0)

Benuuuna o, <[S]|naseiBaercs nonyckaeMbiM HanpsikeHuem M 0003Hauaercs [o].
I1pu 5TOM YCIOBHE MPOYHOCTH MOKET OBITH 3aMMCAHO TAK:
0 <l0]
[pu BHIGOPE KO3 HIMERTA 3aMaca MPOYHOCTH YUHTHIBAKOTCS:
—  ONBIT NPAKTUKM CO3/IAHMS AHATIOTMYHBIX MALIWH,
—  CcTeneHb TOYHOCTH METOJIOB PAcUeTa;
—  CEpBE3HOCTH TMOCNENCTBHH, KOTOpbIE TOBJIEYET 3a COOOM paspylieHHe
MEXaHU3Ma,
—  BM/J HArpy30K (CTATUCTHUECKHE, TMHAMHYECKHE U T./1.);
—  HM3HOC YacTeil MallWH B MEPHUO SKCILTYATALMH, BIMAHHE KOPPO3HH H T.II.
Kak npaBuio, B MAIIMHOCTPOSHHH Ul ONpeneieHus koddduiumenta odmero
3amaca [ S| moae3yroTes npousBeeHreM Tpex K03 PHITHEHTOB
[S1=18,1<[S.]<[s5]
rae [$,]— xoahdunmenT, yanTeiBarommii TOUHOCTH CHETA,
[S.]— xoodduument, yuuThiBaOWIME CBOMCTBA MaTeprana
[S.]= 1.2 + 1,3 wa miactudnoro Marepuana,
[S,]=2+ 3 ans BeICOKONPOUHBIX CTasEH,
[$,]= 3 +4 ana xpynkux marepuanos ),
[S,]— xoaddumenT, yunTsiBaroimii crenens oTBETCTBEHHOCTH JeTaneit ([S,]=
1-1.5).
Uem Gonbiie [S]coopyskenns uam KOHCTPYKIMK, TeM ona npounee. C onuoii
CTOPOHBI 3TO XOPOLIO, HO ¢ APYrOH yBeIU4eHHe [S]yBenMunBaeT BEC KOHCTPYKLIHH (4TO
MHOTJa HEAOMYCTHMO), YBEIMUMBACT PACXOJ] MAaTEPHANd, YTO MPUBOIUT K YBEIHUYCHUIO
CTOMMOCTH M3JIEITHSA.
Taxum 00Opa3om, MpaBUITbHBIN BRIOOP KO3(PdurenTa 3anaca mpeacTasiaseT coboi
BECHMa CIIOJKHYIO 3aj1ady, CBA3AHHYKO C METOJAMH PACueTOB, METOJAMH HCCIIEI0BAHMS
MaTepHAaIoB, ¢ XO3AHCTBEHHO—KOHOMMYECKMMH M MHOTUMHM JIDYTHMH (hakTopamu.
JI71si MHOTHX KOHCTPYKLMI HOPMBI 3aI1aca yCTAHOBIEHbI 3AKOHOM.
[Ipu pacyerax Ha NMPOYHOCTH MO HANMPHKEHWAM BCTPEUAIOTCS TPW BH/A 3a/1ad,
OTJIMYME KOTOPBIX 3aKIOYAETCS B (JOPME MCTIONb30BAHHS YCIIOBHS IPOYHOCTH.
1. IIpoBepounslii pacyer.
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B 53ToM cnyuae W3BECTHBI pa3sMepbl 3IEMEHTAa KOHCTPYKLUMH, U3BECTHBL
JedcTBylolMe Harpy3ku. Pacuer 3akmrouaeTcss B ONPEIC/IEHHM MAaKCMMAallbHOTO
HaTPSHKEHUs], NEWCTBYIOMIETO B JIETAJTH M CPABHEHUA €TI0 C TMPEAEIbHOW BETUYMHOW JUTS
JAaHHOr'0 MaTepuala.

2 [1poexTHbI# pacuer.
B sToM caydae M3BECTHBI HArpysku, ACHCTBYIONIME Ha 3JIEMEHT KOHCTPYKIIMH,
W3BECTHBI TpeeNbHEIe HanpshkeHHd o, W Koadduument 3amaca. Tpebyercs onpenenuTs

pasMepsl KOHCTPY KLU,
2. Omnpenenenue JOMyCKaeMOH HATPY3KH.

B stom cnyuae wW3BECTHBI AOIYCKAaeMble HANPsSKEHHS MW pa3Mepbl IMOMEPEUHBIX
CEUCHHUIA 37IEMEHTOB KOHCTPYKLMHU, TpedyeTcs onpeae/uTb 0Ny CKaeMylO HArpysKy.

Bo MHOrux cinydagx HOPOYHOCTH KOHCTPYKLHMHM SBJISETCA HEOOXOAMMbIM, HO HE
J0CTATOYHBIM TpC6OBaHHeM, OpcabABIACMBIM K KOHCTPYKIHUAM.

K TpeboBanunio npounoctu jnodasisercs TpeOOBAHHE JKECTKOCTH KOHCTPYKUMU. OHO
I Kaxaoro copMyaHMpOBaHO TO-pa3HOMY, HO B OOJBIIMHCTBE CBOEM BBIPAJKAET
JOIMOJIHHUTCIIBHOC OTPAaHUYCHHUEC Ha NEPEMCIICHHHN TOUYCK CHCTCMBI.

C 0HOMH CTOPOHBI, KOHCTPYKLIMA JO/KHA ObITh MPOYHOH, a ¢ APYTo, NepemMelleHus eé
TOUEK (KaKWX-TO HAMEepea OTPEACIEHHBIX, BAKHBIX) HE JOJDKHBI MPEBHIIIATh HEKOTOPBIX
Hanepea 3aJaHHbIX 3HAYEHHH, 100 ObITh HE MEHBLLE 33[aHHBIX 3HAYCHUH,

2.5. Pacuér ctaTMuecKkn HEONPEAETUMbBIX CHCTEM M0 0MYCKASMbIM HAMIPIKEHUIM

YMeHne BBIYHCIATh AeOPMallii JaeT HAaM BO3MMKHOCTh MPOM3BOINTH PacueThl Ha
KECTKOCTD.

Opnako CyILECTBYET ULEAbId K1ace KOHCTPYKLUMWA, [N KOTOPLIX MPOBEpKa H
OTIpeNIeNICHHEe CEYSHHWH SJIeMEHTOB HEBO3MOXKHBI 0€3 YMEHHs OMpenesTh IeopMaIiH.
DTO TaK HA3bIBAEMbIE CTATHUECKHU HEOTIPEASIHMbIE KOHCTPYKLUHN (CHCTEMBI ).

Haxoxaenue ycunuii B 9/IEMEHTAX 3THX CHUCTEM MpeAcTaBiseT coOOH craTMuecKu
HEONPEACIMMYIO 3a1a4y.

Jlns cxembl Ha pucyHke 2.12 ycunus B CTepiKHAX N, U N, HaxoJATCA U3 YCIOBUU
paBHOBecuss y31a M Toukd A. Tpu cunel, OpunoskeHublie B TOUKe A JOMKHBI
YIAOBJIETBOPATH ABYM YCIOBHUAM PaBHOBECHA CTaTHKH.
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Taxum o6pazom, IHCITIO HEM3BECTHHIX (/1Ba) N, N, paBHO UHCITy YpaBHEHWH (1Ba) N, H
N,MOryT ObITh HAHJEHBI.

§

LLLEPTLAE P EE AT

s

Puc. 2.13 Puc. 2.14

Jlna cxempl Ha pucyHke 2.13 peakuua 3agenku N,, a TaKKE HOPMajbHbIE YCUIHA B

MOOOM CE€YEHWH MOTYT OBITh ONMPEENIeHBl ¢ MOMOLIBK) OJHOTO YPAaBHEHHA CTATHKU. OTH
3a/1a4¥ CTATUKA ONPEACTUMBIEC,

Hnaue Oynaer oOctoath aeno, ecnu rpy3 P noasenien Ha Tpex crepikHsax (puc. 2.14)

B stom cnywae P,N,,N,,N,,ipu4eM TPHU U3 HUX HEU3BECTHHI. Y PAaBHEHUH PaBHOBECHS

NO-TIPSIKHEMY MOKHO HAMHCATh JIHIIb TOJBKO ABA. TakuM 00pa3oM, YMC/IO HEH3BECTHBIX
Ha EIWHHUIy OONbINe YMCIA YPAaBHCHHH CTaTHKHA. Takas KOHCTPYKIMS Ha3biBaeTCs
CTAaTHYECCKHA HEOMpPEACIMMOi, M 3aja4ya HE MOMKET OBITh PEILCHA TOJIBKO C MMOMOLLIBIO
crarukn. HeoOxomumele s pemieHns 3agad JOMOJHHTEIbHBIC YPAaBHEHHS MOIKHO
COCTABUTh, paccMaTpuBast ae)OpMaLMK, KOTOPBIE UCIIBITHIBAET KOHCTPYKLIMSI.

Oxka3bIBacTCs, YTO BCErJa MOKHO HAWTH CTOIBKO JOMOJHUTCIIBHBIX YPABHCHUH, 4TOObBI
TIOJTHOE THCIIO YPaBHEHHI BMECTE ¢ YCIIOBHAMH CTATHKH PAaBHAIOCH YHCITY HEH3BECTHBIX.

OTH JONOJHUTEIbHBIE YPABHEHHS COCTaBIIAKOTCS HA OCHOBAHWH OJHOr0O 00Iero
NPUHIMITA; OHU JOJIYKHBI BEIPA3UTh YCJIOBUA COBMECTHOCTH AedopMallii CUCTEMBI.

Besakasg koHCTpyKIms AeGopMHPYETCS Tak, YTO HE MPOUCXOAUT Pa3peIBOB CTPEXKHEH U
Pa3bEMHUIN UX APYT OT JApyra. B 5TOM M 3aK/I0OUaeTcss COBMECTHOCTh AedopMariii
AIIEMEHTOB.

Uuciio  J0MOJHUTEIbHBIX YPaBHEHUH, HEOOXOAMMBIX I pacyera CHCTEMBbI,
XapaKTepU3yeT CTENEHb €€ CTATUYECKH HEOIPEAEICHHOCTH.

OO61muit MeTOa peIIeHHs CTaTHIeCKH HEOTIPEISIMMBIX 3a/1ad B MEXaHHKE MaTepHaoB
Brepebie paspaboran Haebe. OH yTBEpKZAA, 4YTO TaKWe 3a4add  SABJISIOTCS
HEOMpPEeNeIUMbIMH JIMILb IIOCTOJBKY ITOCKOJIBKY TelaM IPUIHCHIBAETCA aOCOMOTHAS
KECTKOCTb, HO, YTO, TIPHHAB WX YNPYrocTb, MBI HMEEM TIPaBO TPHCOSOUHATH K
YPABHEHHSM CTATHKH €II€ HEeKOTOPOE 4YHCI0 YPABHEHHH, BBIPAKAKOIIMX YCIIOBHS
nedopMaluii, Tak Y4TO B HAILIEM PACHOPSIKEHUM BCEra OCTAHETCSA A0CTATOYHOE YMUCIIO
3aBUCHMOCTEH, 9TOOBI HAHTH HEM3BECTHBIC BETHUNHEL.

TTopsnok pacKpbITHS CTATHYECKOH HEONPEAETUMOCTH CJISIYOLINNA:

1) BEISICHWTB, KAKHE YCIIOBHS CIEAYET ONPEICTNTE,
2) HanMCcaTh BCE BO3MOXKHbBIC YPABHEHU S CTATHKH TBEP/IOT0 TEJA,
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3) COCTaBHTh JOMOJHHTEJIBHBIE YPABHEHHWA COBMECTHOCTH Ae(opMaliiii B TOM uHCIe,
4TOOBI MOKHO OBLIO HAWTH BCE HEU3BECTHBIEC YCHIIUA.

2.6. Pacuer CTAaTHYECKH HEONPEASTUMBIX CTEPEIKEHHBIX
CHICTEM 10 MPeIe/IbHOM HAarpy3Ke

Jlo cux mop Mbl TOBOPWJIM O pacuerax Ha MPOYHOCThb, KOTOPBIE BBIMOJHAINCH MO
JIOTTY CKAeMbIM HANPSHKSHUSM.

Ho rtaxo#t Meron momxon K pacyueTy Ha TPOYHOCTh MOXKET OBITh HMCTOIB30BaH
MPUMEHUTENBHO K KOHCTPYKUMAM M3 TMJIACTHUHBIX MaTepUajoB MpPH JCHCTBUH
CTATHYECKUX HATrPy30K.

DTOT METOJT pacdera Mo NnpeaAesbHbIM Harpy3kam, CyIIHOCTb €r0 COCTOMT B TOM, YTO
HaXOJWUTCS TIpeJieNIbHas Harpy3ka, TO €CTh Ta Harpy3ka, Py KOTOPO# cHcTeMa TMepecTaeT
OBITh TEOMETPHUECKH HEW3MEHAeMOH, W TepaeT CrmocoOHOCTh  COMPOTHBITSIETCS
BO3pacTaHUIO HArPY3KHU.

OCHOBHO# TPEAMOCHITKON TS IPWHATHA 3TOTO MEeTO/a SABHIIOCH TO, 9TO AedopMartmii
MHOTHX  KOHCTPYKIIMHA W3  TUTACTHYECKWX  MarTepwajioB  TOocie  JOCTHIKCHHS
MaKCHMABHBIMH (DAKTHIECKAMH HATPSKEHUSIMH TIPEIeNia TEKYIECTH (o, ) He BO3pacTaer
PE3KO Jake MPH CYLUECTBEHHOM YBEIMUEHUM HArpy3Ku. A caMu KOHCTPYKLHUHK COXPAHSIOT
crocoOHOCTE BOCIPUHUMATE e BO3PACTAHHE HATPY3KH.

TakumMu KOHCTPYKUMAMM, HAMPUMEP ABISAKOTCA CHUCTEMbBI, a TAKXKE KOHCTPYKLHMH C
aIeMEHTaMu, padOTarIMMH Ha H3TUO B KpYyUEHHE.

TTocne waxokaeHWs MpeAeNbHOW, pa3pymialoiied Harpy3ku HaXoJAT AOMYCKAeMYH
Harpy3ky. OHa Ha3HAYaeTCA KaK 4acTb OT MPEAeIbHON Harpy3Ku

[Pl-2,., +n

IIpu pacuere no npenenbHbIM HArpPy3KaMm MOJIb3YKOTCA YCJIOBHON, CXEMATU3HPOBAHHOR

JUarpaMMOM Hanps>KeHWH, Ha3biBaeMOH nquarpammoit [panarna (puc. 2.135).

o
. /
ot
€
0
Pue, 2.15
Hwnarpamma  Ilpawgrns  ocHOBaHa ~ Ha  TPEANMONIOKEHWH,  4TO  TIpefen

OponopUUOHATILHOCTH COBNAAACT € MPCACIIOM TCKYUCCTH, d IIOIIAAKa TCKYYCCTH HMMECT
HCOTrPpaHHYCHHYIO NPOTAKCHHOCTD.

3. UCCIIEAOBAHHME HAITPSDKEHHOI'O COCTOAHUA TEJT

3.1. Hanps:keHus 1o HaKJIOHHBIM IUIOM[AKaM PACTAHYTHIX W CHKATBIX TEJ

Jlo cux mop MBI ONpeNensiv  BENWYHHY HAMPSOKEHHH 1O TUTOTIAIKaM,
MIEPIIEHIUKYMAPHBIM  OcH  cTepkHa. OaHAKo, KaK TMOKa3bIBAET OTMBIT, Pa3pylieHHE
CTEP)KHEH MPOUCXOJUT HE TOJMBKO MO TaKWM IUIOMIAJKaM, HO W MO IJIOMIAJKaMm,
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COCTABJISIIOILIAM C OCBIO CTEP:KHA HeKOTOpbli yron. CnenopatenbHO, uTOOB MPAaBHIBHO
OLHCHUTL MPOYHOCTL CTCPKHA, Mbl  JIOJDKHBI 3HATE MNMOJIHOCTHEH) €0 HAIPSXKCHHOC
COCTOSIHKE, B MOO0H TOUKE U MO MOOOMY CEUCHHIO,

Bo3eMem mpu3maTWdeckHii cTepikeHb, pPACTAHYTHIH cumamMud P, w Halimem
HAMPSHKEHHUS MO KAKOMY-JIH00 mM-n ¢ HOPMaJibio N, KOTOpas ¢ OCbK CTEPKHA 00pazyer
yroa a(puc. 3.1).

Jlns onpeneneHus HaNpPs:KEHUA HA TUTOLIAAKE M-N HAlAeM YCUIIHe, BOSHUKAIOIIEE B
crepkHe. [ 3TOr0 0oTOPOCHM BEPXHIOI YacTh CTEPIKHSA.
TTonyuum, S=P.
[Ipennonaras paBHOMEpHOE pacnpeacacHue yeuaue S no miomaake m-n,
OMpEaEITAM TTOJTHOE HAMPSIKEHHE Ha 3TOH MITOIAaIKe:
p,=S+F =P+F

no

(3.2)
Tae p,— MOIHOE HanpsHKEeHHE Ha MITOMAaKe ¢ HOpMaTbio;
F — mjoiajas CeYeHHs CTEPIKHA MIOCKOCThIO!
F =F+cosa, (3.3)
rae F— nnomase cedenuns cTepikHs TUIOCKOCTHIO, TIePIIEHTUKYISIPHOH ock Opyca.
Torna uMeeM,

B, :gxcosa, (3.4)

P )
HO — =0 — HANPDKEHUE Ha IIOIIAKE, TEPIEHTAIYIAPHON OCH CTEPIHS.

Torna P, =0 XCOSK . (3.5)

Bennunna £,3aBHCHT OT yTJla . C M3MEHEHHEM o MEHAETCS Kak BEJIMYHHA £, , TaK

n?

W YIOJl HAKJIOHA p, K IJIOLNAJIKE.

Paznoxxum nonHoe HanpsKeHUE HA NIOIIAAKE M-N HA ABE COCTABIISIOILME: B
TUTOCKOCTH 1M-N ¥ TEPIEHIUKYIIAPHON K HEH:
o, = p, xcosa,;

T, =P, Xsina
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uim ¢ yuerom (3.5):
o, =0, %cos’ a;

(3.6)

"

g .
T =—xsin2a
2

YcmoBuMes 0 3HaKaX «,o,, T, 3.1

Yron ¢ Oynem cuMTarh MOJIOKUTEBHBIM NPH OTUETE €r0 OT OCH CTEePXKHS NPOTHB
4yacoBoit crpenku. HopmanbHble HanpsbkeHuss OyJeM CUMTATh MOJOKUTENbHBIM, €CIU
BHELIHSS HOPMaTh K rUiomake, nosopaunsasick #Ha 90" o uacoBoii crpeske, coBnajaer ¢
HAIPaBICHUEM STHX HAIPAKEHUA.

PaccMoTpuM HanpsKeHHMs Ha MJIOL@AKe m' —n', NEPNEeHAUKYISIPHOH K m —n (pHC.
3:2).

PR G

‘;E

MaJlb K 3TOW TUIOMIAIK HAYUM Y ) Malb TaBJIAET b
Hopman 3TO omaake o0003Ha epe3 N'. Hopmane N'cocTaBiager ¢ OCBIO
cTepsKHA yroyn f=270" +a.

N

\

Puc. 3.2

o' = xcos’ f=0xcos* (2707 +a)= o xsin’ a;

z’,’,=Exsin2ﬁ=gxsin3(2700+a)=—£xsin2af (3.7)

2 2 2
Cpasuubas (3.6) u (3.7), nonyuum
Oy =gy (3.8)

TO €CTh KacaTebHbIe HANPAKEHUA 110 IBYM HANPAKEHUAM B3aUMHO MEPICHIUKYIAPHBIM
IUTOINAZKAM PABHBI MO BEJIMUMHE W 00PATHBI 10 3HAKY, TO €CTh HAMPABJICHBI K JIMHUN
NepeceyeHrst ITHX MIOMAA0K WK OT THHHUH TIEPECCUCHHS,
3T0 — 3aKOH MAPHOCTH KacaTeIbHBIX HAMPSKEHHI T OMHOOCHOTO PACTIKEHHS WITH
CIKATHSI.

Teneps cnoxkum o,,o, . Iomyuum,

o,+0. =oxcos’a+oxsina=0, (3.9)
TO €CTh CyMMa HOPMaJIbHbBIX Haﬂpﬂ.ﬁ(eﬂﬂﬁ I10 JTIKOOBIM ABYM B3aHMMHO IICPICHIUKYIAPHBIM
TUTOINAZAKAM €CTh BEJIHYHHA MTOCTOSHHAS.

3.2.1. J/IBa OCHOBHBIX THNA Pa3pyLICHU
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Kak Buano 13 myHkTa 3.1 Ipu 0JIHOOCHBIM PACTAKEHUH MM CKATHH B CEUSHHAX
CTEPIKHA BO3HHKAET KaK KacaTeJIbHBIE, TAK H HOPMAITbHBIC HAIPIKEHHA.

Hayinuwst ByX 3THX BH/IOB HAMPSKEHHH COOTBETCTBYIOT JIBYM BHJIaM Jie)OpMaliiu,
KOTOPbIC UCTILITHIBACT MATEPUAI CTEPIKHA TP PACTIKEHUM — CIKATHU,

Brraenmm 13 crepxHa O€CKOHEUHO MajTBIil SIIEMEHT OBYMA TTapauTebHEIMH
IUIOCKOCTSIMH, HAKJIOHCHHBIMH MO/ YIJIOM @ K ocu (puc.3.3).
DTOT 7EMEHT PACTATHBACTCSA HOPMATBHBIM HAMPSKCHUEM M CIBUTACTCS KACATEILHBIMU.
BenuuuHa o, JocTHraeT MakCUMyMa Ipu cos” & =1, TO €cTh pu =0, 7, —npusin2a =1, TO

€CTh MpH a=45",

3.3, [llousrusa o J'[l/IHGﬁHOM, MJIOCKOM H 00BEMHOM HaNpPsMKCHHBIX COCTOAHUAX.
['maBHEIE TUTOIIAAKH W TTIaBHBIC HATTPAKEHAA

Jlo cux mop MBI HHTEPECOBAIMCH HANPAKEHHBIMU COCTOAHUEM, KOTa
JICHCTBYIOLIME HA CTEPIKEHDb CHJIbI ObLIM HAIPAaBJICHBI BIOJIb ero ocl. Ho gake B 3TO M
cllyuae uepes Kakyro-nubo TOUKy MOKHO MPOBECTH OECUUCICHHOES MHOKECTBO MIOMIAOK,
T/ BOSHAKAOT HOPMaJTbHBIE W KacaTeTbHbIE HATIPSKeHHUS Pa3THIHON BETHIHWHEI,

Ecnu Bbipesars U3 paboTaOIEro CTEPIKHSA KAKMMH-JIMOO TPeMs HAKIIOHHBIMH
B3aUMHO NMEPNSHANKYIAPHBIMUA MIOCKOCTAMA OSCKOHEUHO MaJIbIH 3JIEMEHT, TO Ha BCEX
IUIOIMA/KAX, HOPMAITh K KOTOPBIM € OCBIO CTEPIKHS COCTABISET Yrol o OTImdHbii ot 90°,
MOABJIACTCS HOPMAIbHBIC U KACATCJIbHBIC HATIPSHKCHUS.

[1pu u3MeHeHnH yrita HaKIIOHA TUTOMIAA0K MEHSIIOTCS BeTHUMHBI KAK HOPMAJTBHBIX,
TaK M KacaTelbHBIX HAMPSKEHHH.

Ho ecnu opny U3 ruioniaiok poBeCTH Tak, YTO0bI €€ HOpMaslb COCTaBIAIA ¢ OChIO
CTEPHKHS o = 90°, TO Ha 3TOM TUTOIAIKEe HOPMAaTbHBIE HAMPSHKEHHS Oy ayT
MaKCHMMaJIbHBIMH, 2 KacaTeJIbHbIe PABHbI HYJIKO. Ha ABYX APYyrux mioiakax,
NEPHSHAMKY/IAPHBIX K NEPBOi, Oy YT paBHOM HYIIIO.

Te mmomagky, Mo KOTOPBIM KacaTeIbHbIe HAMPSKCHUS PABHBI HYJTIO, HA3BIBAFOTCS
TTaBHBIMHF TIOMAAKaMi. HopManbHbie HANMPSOKEHWS, TEHCTBYIONIAE HA 3THX TUIOMIAIKaX,
HA3BIBAIOTCS TIABHBIMH HAMPAXKCHUAMH.

Ecnu 0003HaunTh INIaBHBIE HANPSHKEHUS YEPE3 T,,0,,0,, TO €CTh ISl PACTSKEHHS

WY CXaTuid o, —o,0, = 0,0, =0. Takoe HanpsAXKCHHOC COCTOAHUC, IIPH KOTOPOM [IBa

TIIaBHBIX HAMPAMKCHUA PABHBI HYJIIO, a4 TPETHC HC PABHO HYJIIO, HA3BIBACTCA JIMHEHHBIM HITH
OIHOOCHBIM.
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Ecam paccmoTpeTs 6onee o0 ciaydai 3arpy>keHus Teja, KOoraa Ha Hero
JIeHCTBYET JI00As B3aMMHO-YPaBHOBEIIAHHAS CHCTEMA CHII, TO TIPH 9TOM BOKPYT 10060
TOYKM HTOrO TEJa BCErAa MOKHO BBIACTUTL TPH B3aUMHO NEPHCHAMKYIAPHBIX MIOLLAIKH,
MO KOTOPBIM HE Oy IEeT KacaTeTbHBIX HATPSIKSHHHN.

[To sTum mnowaakam OyayT ACHCTBOBATH TOJABKO IMABHBIC HANPSIKCHUS ©,,0,,0; .

B ToMm cnydae, korjia Bce 3TH TPH TJIaBHBIE HANIPSHKEHNA HE PaBHBI HYITIO,
HANPAIKEHHOE COCTOSHUE HA3BIBAETCA OOBEMHBIM WITH TPEXOCHBIM.

B cnyuae, koraa 0AHO rmaBHOE HANMPSKEHUE PABHO HYJIO, 4 ABA APYTUX HE PABHbI
HYJTIO, HAPAKEHHOE COCTOSTHUE HA3BIBAETCSA TUIOCKAM HIIH JBYXOCHBIM.

Kax nyiockoe, Tak 1 JIMHEHHOE HANPSHKEHHOE COCTOAHME SABJISIIOTCS YaCTHBIMHU
CITydasMH 0OBbEMHOT0 HAMpPSKEHHOTO COCTOAHUA.

[Tpw muneitHOM 0, 2 0,0,= 0,5, =0 (puc. 3.4 a)
IIpu nnockom o, # 0,0.,# 0,0, =0 (puc. 3.40)
[Tpw o6beMHOM o, = 0,0,# 0,0, £ 0 (puc. 3.48)

YcnoBumces o, CUHUTAThb HauOONbIIUM MO a_nre6panqec1<017‘1 BCIIHYHHC H3 BCCX I''TaBHLIX
Haﬂpﬂ}l{eﬂlflﬁ, ;— HAMMCHbIINM.

1010 Téniﬂ Tfimo
: | : | ! 71 03#0
| 3 l = 4 | = N3
| sl B P
I N OV N il
// | // | ;/j__T____
lalﬁl‘—‘o 45”—0 lau_']

3.4. HccaenoBaHue IUIOCKOrO HAMPSKEHHOTO COCTOSAHUA

Hcenenosanme muockoro (puc. 3.4 6) (kak 1 00BeMHOT0) HAMPSHKEHHOTO COCTOSTHUS
HeoOX0IMMO TS TPOBEIEHAS TIPOYHOCTHEIX PACcYeTOB AeTaleil MalTuH, HampHKeHHOe

COCTOAHHUE KOTOPBIX OTIIUYHO OT JTMHEWHOTO.
g1
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Hatinem o ur,(puc. 3.5), HCMOMB3ys NPHHIIHATT HE3aBUCHMOCTH ACHCTBHS
ag,=0,+0c,
cur: %" (3.10)
T,=1,+7,, '
rae ol ur,— HanpsKeHus, 00yCIOBIEHHBIE TOJLKO HAMPAXKEHUAMHU &, |
o,uT,  — HaNPAKEHWs, OOYCIIOBJIEHHBIE TOIIBKO HANPAKEHHSIMHU o,

Hna onpeneneHua ¢ u ., BOCHOIb3YEMCS BEIPAKECHUAMH (3.0), NOTYUCHHBIMH AN

JTHHEHHOTO HATIPSHKEHHOTO COCTOSTHWS TIPH & = 0, |
ol =0, xcos’ a;
P
T
2sin 2a
Jl14 onpeaeneHus o ur, BOCIONL3YEMCH TEMHU e ypaBHEHUAMHU (3.6), HO BMECTO
oW T,,aBMECTO a— CO 3HAKOM MIHYC YTOJT (90— ), KOTOPHIH obpasyet Hopmans N ¢

HAIPABJICHHEM O, :
ol = o, xcos[- (90 -a)| = o, xsin’ a;
- (3.12)

, o,
fa = 2sin2- (00-a)]  2sin2a
C yuerom (3.11) u (3.12) nonyunwm:
o, =0, xcos'a+ao, xsin” a;
(3.13)

g,

2

T, =0 —————
2s51n 2;x

N3 dopmyi (3.13) cnenyer, UTO MAKCUMAJIBHBIC HANPSXKCHHSL PABHbI TIONY PA3HOCTH

TJIABHEBEIX HaHpH}I{GHI’Iﬁ:
(3.14)

o 0
Onu ACUCTBYIOT HA INTOMIaAKaX, HAKITOHCHHEIX T10 YITIOM 45" K TIaBHBIM naomagxKam.
SKCTpCMaIIBHBIM SHAYCHHUAM Ul HOPMAJIBHBIX HANIPAKCHUAM o, 6y1[yT BEJIHYHHBI

[JIABHBIX HAIPSLKEHUA:
GlZm:i.\ = O-'l-"ermm = GE "
Hcenonbiya dopmynsl (3.13), Haiinem nanpsxeHus, IeHCTBYIOIIME HA MJIOMAJKE

CN', nepnenauKyaapHoi k 3agannoi. Jlng storo B (3.13) 3aMeHUM yron « Ha
£=90-a):

g, =0, xcos’[- (90 —a)]+ o, xsin*[- (90 - )]

= % x sin 2[7 (90 - af)]

OKOHYATENBHO MOJIYYHM:
G, =0, Xsin" @ +0, xc0s”
(3.13)

o g, .
T, = ———xsin2a.
OﬁpaTHM BHHMAHHC HO TO, YTO 3aKOH MApPHOCTH KACATCIIbHBIX HaHpH}KeHHﬁ

COGH}OﬂaeTC-H H IITA THIOCKOTrQ HATIPAKCHHOTO COCTOAHHA.
PaCCMOTpPlM ABa 4aCTHLIX C1ydasa IJIOCKOro HAlpPAMKCHHOrO COCTOAHMA,

[. TTonowwm, uto o, =o,0, =c (puc. 3.6).
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Torma o, = o-(c052 o +sin’ a) = o ¥ Ha IJIOIAJAKaX HE3aBHCHMO OT yTJIa HalTpPsSKeHHA
o, Oy IyT OZIMHAKOBBI M PaBHBI o . KacaTenbHbie HANPSHKEHKS HA BCEX MIIOMIAAKAX Oy ayT

paBHbI HYO. Takoe HANPSIKEHHOE COCTOSIHUE HA3BIBACTCS PABHOMEPHBIM JBYXOCHBIM
pPacTsKEHUEM (UM CHKATHEM ).
2. Tlonoxkum, uro o, =0,0, =—0. (3.7).

Tc:n:cr

¢UI:0'

Puc. 3.7

Toraa na nnomankax ¢ HopMaiasiMu N, YTTIOM « , KOTOPbIH € TIaBHBIMUA HAMPAXKEHUAMU

COCTaBJIACT 45", OyJeM UMETh:
o, =0xcos’ 45" —o xsin* 45" =0

¢4

s :%xsin%” =0

Takoe HanNpsKEHHOE COCTOSIHUE HA3BIBAETCS YUCTHIM C/IBUTOM,
CoBokynnoctb popmyan (3.13)-(3.15) naet BO3MOKHOCTh pPellIaTh MPAMYIO 33434y
MJIOCKOTO HAMPSKEHHOTO COCTOSIHUS o, =0 : 110 M3BECTHBIM TJIABHBIM HATPABJICHHUSIM

HAXOJAUTh HOPMAJIbHbIE U KACATE/IbHbBIE HANIPSAKEHHS 110 HAKIIOHHBIM IUIOLIAIKAM.

[1pwu >TOM ceayeT UMETH B BUAY, UTO YTOJ ¢ BCETAA OTCUUTHIBAETCA OT
HampaBJICHH ajredpandeck OOJBITIETO TIIABHOTO HAMPSHKEHUS (OTJIMYHOTO OT yIJia), a
3HAUCHHUS TIABHBIX HAMPSUKCHUE MOACTABAAIOTCS B (DOPMYJIbI CO CBOMM 3HAKOM. ITO
3aMEUYaHUE YKa3bIBAET HA BO3MOKHOCTh M3MEHEHHSI HHJICKCOB Yy IJIaBHBIX HANPSAKEHUN B
pacuetHbix (popmyiax. [TosroMmy HE0OXOAMMO YETKO MOMHHUTh, YTO AJIreOpandecKu
0oJiblIee HAMPSIKEHUE UMEET MHACKC 1.
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Ha IMMPAKTHKS Yalle IMPpUXOIUTCA UHMCTh ACJIO € OﬁpaTHOﬁ 33)13.‘16171, B KOTOpOﬁ
H3BCCTHBIMH BECIIMUMHAMHA ABITAKOTCH T, 45,0, 75, a OnpCacinTh HCOGXOI{HMO SHAYCHHA

[JIABHBIX HANPSKEHUH T MOJ0KEHUE TIAaBHbIX [IOWAI0K.
PacuetHbie hopmysl 11 00paTHO#M 3aaaun HAXOAAT U3 Beipaxennii (3.13) —(3.15),
pelias UX OTHOCHTENBHO o, ,. OTIyCcKas MPOMEKYTOUHBIC BBIKIAAKH, MOKHO MOTYYHTh!

c +0o -
0',q=“—ﬂil><\/(o;/—oﬁ) +4xr1],
) 2 2 ' _
(3.16)
2T
1820, =—=—,
Gﬁ—aa

rJ1€ ¢,— YroJl, Had KOTOPbIA HEOOXOAUMO NOBEPHYTh HOPMaAIb N, YTOOBI NOJIy4YHTh
HarpaBJeHue o, .

3.5. OObeMHOE HANPSHKEHHOE COCTOSHHE.
Hanpspkenust Ha IPOM3BOJIEHOM TUTOMIAKE, HOPMaJTh K KOTOPO#H COCTaBJIsieT
YIJIbl &, &, , ¢, C HANPABJICHUSIMH TJIABHBIX HAMPSHKSHUH ONPEAENIOTCs 1o hopMyJiam:

0,=0,%C0s8" @, + 0, xcos’ &, + 0, xCcos’ &,

_ _ _ _ . . (3.17)

T, = \/o]“ XCO0S o, + 0, XCOs" a, + 0, XCOS &, .
MakcumanbHOE Kacare/ibHOE HANPSKEHUE AEACTBYET MO MJIOIIAJIKE, NapaJule/ibHOM
rIaBHOMY HAMPSDKEHHIO O, W COCTaBIAONIeH yron 45 ¢ HanpaB/ieHueM o, WK O, :

g —0 ;
Tma\; =; (318)
' 2
Ter{epb YCTaHOBHUM 3aBHCHMOCTE MCIKOY TJIABHBIMHA HANPAKEHAAMHA W OTHOCHTCIIEHBIMHA
nedopManusMi BIOTE TIIABHBIX OCEH, MapalJIeTbHBIX TTABHBIM HATIPSHKSHUSIM, JUTS
ciiyqast OOBEMHOIO HAMPAXKEHHOIO COCTOSHUAL.
Paccmotpum gedopmanuio meMeHTa, HMEIOIHe pa3Mepsl Oeaep a, b, ¢, 1mo rpaHsam

KOTOPOro AEHCTBYIOT IJaBHbIE HANPSUKEHUA O, , O,,0, (puc. 3.8). Ji1a npocToTh
MOJI0KHM, 9TO O, )0, )0, )0.

al
NG —=|
C | g’f, l al
i T F l ——
[ o %
| < | B3
o | _*Cé !J‘»:____ |,
L i 1
] i R
Puc. 3.8
Ada Ab Al
£ =— £, =— g =—.
a b /

Bocnonp30BaBImIACs TPHALHUIIOM HE3AaBHCHMOCTH ACUCTBUSA CHJI, IS TJIABHOH
OTHOCUTEIBbHOM JeopManum & MOXKHO 3a1iCaTh

€ =¢ +¢& +g, (3.19)
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' " " ]
I & L& WE — OTHOCHTENbHbIE IehOpPMaLK B HATIPABNIEHHH O, , BHI3BAHHbIE JIEHCTBHEM
PaszieNibHO KayKa0ro M3 HANMPSKEHHUI:

g ==, £ =—u>, g=—pz  (320)
CyMMupYy s, IOTYyIUM

s, =2xlo - ux(o. 40 )

82=%X[O'2—IUX(O'1+O'3)]; (3.21)

1
&5 :EX[O-a _/L[X(G] +O—2)]'

Pasenctsa (3.21) apnsioTca MaTeMaTHUECKUM BhIpaKeHHEM 0000meEnHOTro 3akona [ yka.
4. JEOOPMAILIMSA CABUT A

HpPI HCCJICAOBAHHUH TINIOCKOIO HaIlPAKCHHOI'0 COCTOAHUA ObL1 PacCcMOTpPEH €ro YACTHBI I
cnyqaﬁ, HA3BAaHHBIA YHCTHIM CIABHTOM, TO €CTb TaKOW BHJ TUIOCKOTO HaIIpAKEHHOTO
COCTOAHHA, KOrga Ha TpaHAX JJIEMCHTAPHOTO, BBIACJICHHOTO H3 6pyca JICMECHTA

JIACTBYET TOJIbKO KacaTejabHble HanpsxeHus. |'paHM — MJIOMIAJKA YHUCTOTO CJIBMra.
Hanomuum, 4T0 py YUCTOM CIIBUTE:
o, =0,0,=—0. (cm. . 3.4)

Ha pumcyrke 4.1 mpuBemeHH CcoeIWHEHWS aeTaled, WCIBITHBAIONMX AedopMaIiHio
HYUCTOTO CABHTA.

Puc. 4.1

l

I

Puc. 4.1 (npoaomkeHue)

Bo Bcex paccMOTpeHHBIX NpUMEpax MOKHO OOHapyKWTh IIJIOCKOCTb, IO KOTOPOH
CTPEMATCS Pa3pyuThes aerainu. Ha 3Tux mioiakax BO3HHKAOT TOJIBKO KacaTesIbHbIE
HaTPAKEHHUA,

C nmpyro#l CTOPOHBI, paccMaTpuBasg BHYTPEHHHME CHIIOBHIE (DaKTOPHI, BO3HHMKAIOIIHE B
MONEPEUYHOM CEYeHHUM OPYCca, MOKHO YTBEPK/IATh, YTO CJIBUI — TAKOH BHA jedopmalmu,
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MPH KOTOPOM B MOTMEPEUYHOM CEYEHHWH Opyca BO3HHKAET TOJIBKO MEPEPE3bIBAKIINE CHITHI
(puc. 4.2).

y i
P T p //A dQ
| 1 #
— Er
Ll ’
. :
- 1 -<Q=p
IP x’/;/
Puc. 4.2
Torna T =~A—Q~, 7=1lim AQ
& M AF 50 M'

Ecnu npeanoioxkuTh, YTo 7 PACTIPE/ICNICEHO MO CEUEHHI) PAaBHOMEPHO, TO MOJYYHM
(hopMyny, aHAIOTUYHYIO TOH, KOTOpas MOJYyUYEHA NPH PACTSLKEHUHN IS O

=%, (4.1)

OnHako, Takas OIICHKA KacaTeJbHOrO HANpPSUKCHWA OyJCT BechMa MPHUOJH3UTE/BHO, TaK
KaK TPYIHO MIPEACTAaBUTh aedopmaiiuio capura 6e3 n3ruda Wil CMATHA.
IIpy pacTskeHWH W CKATHH MBI TOJYYHIM 3aBUCUMOCTH MEKAY HATPSKEHUSIMU H
nedopmanuamu, onpeaenieMele 3aKoHoM [ yka:
A= L X_l " £ = Z.
ExF E

AHanoTrW4HbI€ 3aBUCHMOCTH HEOOXO0IMMO MOTYYHTh I CIBHUTA.
Boigenum u3 tena, HaXOAAMMMCS B COCTOSHHM YKMCTOrO CABUTA, MPAMOYTOJIBHBIH
snemenT ABCD co cToponoii, paBuoii «Q» (puc. 4.3).

-=QS=- ﬂ_"
I S ,”_"f’:‘_?ﬂ,
Y i x,.-”‘ !
Al r P Y‘L’.
b= “'
rI‘ //‘ ,:I
T ,."_, Ir
d
Puc. 4.3

Jo nedopmanyiu >JIeMEHT MEPEKOCHIICA. Y TIJIbl U3SMEHHIHCh HA BEIMUHHY Y .
¥ — YroJl CABHIa WM OTHOCHTEIbHBIN CIBUI,

AS — abCOoMOTHBIN C/IBHT.
Hexoas n3 reOMETPUYECKUX COOTHOLICHUH MOYKHO HAMUACATh
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tgy—ﬁ
Q0

AS
Tak kak ¥ BecbMa MaJl, TO gy = yunuy = —.
a

[Ipu nepexoce BBIJEAEHHOTO 3JIEMEHTA M3MEHSETCA HE TOJbKQ YIJibl, HO
H3MEHAIOTCA TUArOHAMH HJIeMEHTA.

Tak jwmaronase  AD  yumeATCs Ha  BeJMuHAY  Al,  cBA3aHHYKO C
AS cooTHOIICHHEM

Al = AS x cos45° .
OTHOCHUTENBHOS YUIMHEHAE AMAroHad € 0y AET PABHO

)
Al ASxcosd45’  AS 5 0 1
E=—=————=——xCO0S§ 45" =—v .
I a=+cosds a 2
Hanpassienne auaroHanu B HallleéM CITyuae COBMAJaeT ¢ HampaBleHHEM, TIO
KOTOpoMY AeiicTByeT & . Bocnonb3yemca 3aBucuMoctaAMH (3.21) oboOmieHHOro 3akoHa

[Nyka:
s=5 =2l —x (o5 + 0, )]

nOCKOHbe MBI HMECM IECJI0 € TINTOCKHM HEITIDH)KéHHBIM COCTOAHHEM, G, = 0.

1 1
Torna 8=81=E><(01—u><c3)=5y.

C y4€TOM TOTO, UTO G| = 1,03 = —TNOJIYYHUM,
g = x(t+ux1) ! ¥
| ==x{T+UxXT)==7.
E 2

[Tocine npeodpa3oBaHuil NOJYUUM OKOHYATE/IBHO
Exy

T:2><(1+u)'

(4.2)

O0partuM BHWMaHHE Ha TO, 4TO — KkodpHIHEHT, 3aBHCAIIHEA OT

25 (1+ )
cBoiicte Matepuana. [loatomy ero 0603Hauaet yepe3 G U Ha3BIBAIOT MOAYJIEM CABHIA.
PasmeprocTh (G Takas ke Kak M T, MOCKOJIBKY ¥ — Oe3pa3MepHast BETHIHHA.

[Tpn u=0,25
2x10°MH |
S J =8x10* MPy -
2x(1+0,25) 2.5 M
®opmyna (4.2) npu BBeAcHUM B Heé G UMEET BUJ
1=0x7y. (4.3)

Jt1a dopMysa BeIpaXkaeT 3akoH ['yka A CIBUTA.
KOHCTPYKIHKD Ha MPOYHOCTH TPH AedopMalvi CABWra PacCUMTHIBAOT TakK,
qTOOBI ACHCTBHTEIBHBIC KACATCIBHBIC HAPSHKCHUA OBUTH MEHBIIC JOMYCKAEMBIX.
VcaoBug MPOYHOCTH HMEET BT

max ~ % = [T] .
Jlna cranu, Meu, aroMHHHAA [t]=]0,5-0.6]x[s]
Has uyryna [‘r] = [0,75 - 0,8]>< [G].

39



5. JEOGOPMAIIMH KPYYEHM

MHuorge aeTanu MaiidH padoTaloT TAKUM 00pa3zoM, YTO B MOMEPEUYHBIX CEUSHUAX
Opyca BO3HUKAIOT TOJIBKO KPYTALINE (BPAIIAFOIINAE) MOMEHTEI.
DTO Pa3mUUHOTO BH/IA BaJbl, MIMWHACTH U T.1. Takol Buj aedopManui HOCUT Ha3BaHHE
KpyueHus. [lpuuem OoNbIIMHCTBO AeTajiei, padoTalOIIUX HA KPYUYCHHE, UMCIOT KPYIJIOe
MOTEPEYHOE CEUeHHE.
[Tpu pacuere kpyrioro Opyca HEOOXOUMO PEIINTH IBE OCHOBHBIE 3a/1a4H:
1) 3amauy mo onpeaencHUI0 HANPSKCHUE, BO3HUKAIOWIMX B Opyce, KOTopas MO3BOIMUT
paccunuTEIBaTH OpyC Ha MPOYHOCTS,
2) 3apmauy onpeaeneuus nedopmannii Opyca npu KpyueHUH.
Jlns m3ydeHus sStoro Buaa aedopMannii BO3BMEM PE3HHOBBIH OpyC KpYTIIoro
MOMEePEUHOr0 CEYEHWS! M HAHECEM HA €ero MOBEPXHOCTH CETKY W3 PAaBHOOTCTOSIINX

OKpYIKHOCTEH 1 oOpazyromux (puc. 5.1 a).

Puc. 5.1

Ilocne mpumoxeHnA MOMEHTa 00pa3yIOLIMe MPEBPAIlAOTCA B BUHTOBbIE JIMHUU, a
MPSIMOYTONBHUKH CETKH B Mapaenorpammel (puc. 5.1 6). Paccrosane Mexny ceaeHUsIMH
HE M3MEHSETCS, OCh OCTAETCS MPAMON. DTH HAOIMIOACHHS MO3BONAIOT CAENATh BHIBOA 00
OCHOBHBIX CBOHCTBAX AeopMalliK KPYUCHHS B Tipeenax ynpyrux aedopmarmii

1. Ocs Opyca npu kpyueHnun He aeopMupyercs.

2. Tlonepeunble CEUEHHS OCTAKOTCA TUIOCKHMH W HOPMAJbHBIMH K OCH CTEPXKHSA, TO
€CThb CEUCHUS NOBOPAYUBAIOTCS KAK JKECTKHE JUCKHU.

3. PaBHOOTCTOSIIIIME TOMEPEeUHble CeYeHWs TOBOPAYMBAIOTCA OIHO OTHOCHTEIBHO
JAPYTroro Ha PABHbLIC YIJIbI,

4. JlnuHa CTEpHKHS MPU KPYUYEHUH U3MEHSIETCH.
[TonepeunpiMu CeUEHHSIMH, OTCTOANIMMH JIPYT OT JApyra Ha pacctosiHud dZ, BbIACTUM
JUCK. A W3 [AUCKa [ABYMS LMAMHAPUYECKMMH MMOBEPXHOCTSAMHU KOJbLO, HApYIKHBIA
aMaMeTp Kotoporo p + dp, a BHyTpeHHmit p (prc. 5.2).
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Puc. 5.2

[IpaBoe ToprieBOE CEUEHHE MOBEPHETCS OTHOCHTEITBHO JieBOoTO Ha yroa do . Obpasyromas
MOBEPHETCS HA YOI 7 :

BB’ =pxdg,
BB =yxdZ
[IpupapHuBas npassie 4acTH, OJy4aeM
do
= X = 51
el (5.1)

rAe Y — Yroi HoBopoTa 00pa3yollel WK Yrof CIBUra.
d
Benuuuna a(p o003HauaeTcs uepe3 Ou HA3BIBAETCS OTHOCHTEIBHBIM  YITIOM

3aKpyUHUBaHUS.
Torma y=—px0.
Bermenum u3 kombna snemenT ABCD (puc.5.3) HaxoauTCsad B COCTOSHHM YHCTOTO
CABUTA.

o 3akony [ 'yka mma caura 1=G x7vy.
Otcrona v="1 G [Toacrapnas 510 BIpaKeHHUe B (5.2), moaydaem
T=pxGx0. (5:2)

S
- o

Puc. 54
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3nemenTapuble cunel TdF (5.4) npuBoAATCA K KPYTALLEMY MOMEHTY
My :jrxpxdF.
F

[loacraBue B 3T0 BeipakeHue opmyny (5.3), nonydumM
M, =G><E)><_(p2 x dF.
F

2 .
HuTerpan J'p x dF mpencraemAeT coboif reoMeTpHUECKYI0 XapaKTEpUCTHKY CeUeHHA H

F
HOCHT Ha3BaHHE MOIAPHOTO MOMEHTA HHEPLHUH CEeUeHHA
2 .
T,=[p’ = dF. (5.4)
F
Takum obOpazom, monydum M, =GxJ,x0 nn

M,

0=—. (5.5)
GxJ,

ITponseenenne G xJ, Ha3eIBaeTCA HKECTKOCTHIO OPyca MPH KPYYEHHN.
Uepes OTHOCHTENBHBIH YTOJ M Yroa NOBOPOTA CEUEHMIA APYT OTHOCHTENLHO PYTra:

dgozgxdzzm‘ik_w
(JXJP (56)
M, xdy :
Otkyna = |~ 5.7
Y ? ;!-GXJP ( )

Takum 00pa3oM, KacarelbHbIE HANPSKEHHUS] PACpe’e/ieHbl 10 CEUEHWKD BIOJIb
pazmMyca no JTHHEHHOMY 3aKOHY M MMCIOT MAKCHMalbHOE 3HAUCHUE B TOUKax, Hanbonee
yAANEHHBIX OT Opyca:

M
,z.mm( — k X pmax )
J »
Benmnunna
J .
£ fev’] (5.10)

max

M HA3bIBACTCS NOJIIPHEIM MOMEHTOM COIPOTUBJICHHUS.
OKoHYaTeIbHO Oy IeM UMETh

T =k (5.11)

@opmyner (5.8) w (5.11) ABNAOTCA OCHOBHBIMH PACUETHRIMH (hopMmynamu Jyis
KPy4eHUs Opyca ¢ KPYIJIbIM HONEPEUHBIM CCUCHUEM (KAK CIUIOLIHBIM TAK U [OJIBIM ).
Mt onpenenienns J, u W, 00paTHMCst K PHCYHKY 3.5,
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Puc. 5.5

[HoncraBum B dopmyny (5.4) dI' = 2x x x pxdp MAOWAAL TIOSACKA TOMLUHON dp . [lonyuum
JUTSL CTLTOIIHOTO Baja:

Jlma momoro Bana:

x(l—a“*)a :%);

N

«
Il
Lo
x
]
| 2 eyt | 1
=
x
=
i
B
=
T
rd
ey
|
|&
g
N A
i
o
>
oS

ot

[ToreHumanbHast 3Heprus JiehOpMalHi NPU KPYUCHUH ONPEACIACTCS MO aHAJIOTHH
CO CIIy4assMH PacTsHKEHUA U CIBUTA.
PaccMoTpuM ygacTok 3akpydeHHOTO Opyca dX (puc.5.6).

Puc. 5.6

DHeprus, HAKOIUICHHAas B HTOM »3jJeMeHTe Opyca, paBHa padoTe MOMEHTOB M, ,
HPUTONKEHHBIX TI0 TOPLAM:

dU = % «M,do,
Tae do — yroJi noBOpPOTa CEUEHHH.

i 2
@:M"'de; dU:M; U:IM. (5.12)
G, 2xGxJ, 2 2xGxJ,
Ecau M, v J u G He U3MEHAOTCA MO AJIUHE, TO
P LI (5.13)
2GJ, |
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5. TEOMETPUYECKHE XAPAKTEPUCTHKH TTOITEPEYHOT'O CEYEHUA
LPYCA

6.1. CrarAueckr MOMEHTBI CEUSHHUSI

CraTiyeckuM MOMEHTOM IUIOCKOH (DUrypbl OTHOCHTENILHO BBLIOPAHHOH CHCTEMBI
KOOPAWHAT SBIAETCA MHTETPAN 10 TUIOMAANA OT MPOHU3BEACHHA IEMEHTAPHBIX TUIOMAaA0K
dF Ha paccTosHUM /IO COOTBETCTBYHOIIEH OCH. (puc. 6.1).

ya yi Py
T X A ——r——dF
(‘ X
\J
a T
3 -
_C]‘ M X1
0 X
Puc. 6.1
S, = [ yar, S, = [xar . (6.1)
F F
HepBblfI HHTGI‘paﬂ — CTaTl/I'-leCKI/lﬁ MOMCHT CCUCHHMA OTHOCHTCJIbBHO OCH X, a

BTOPOH — OTHOCHTEIBHO OCH Y.

Pa3MepHOCTh CTAaTUUECKOTO MOMEHTA My’ , v’ .

C MOMOIIBIO CTATHUECKUX MOMEHTOB CEUCHUA JIETKO OMPEIENAETC LEHTP THKECTH
ceueHWs. EcnW TMpencTaBWTh TIIOCKOE CEUeHWe Kak OJHOPOIAHYIO IUIACTHHKY, TO
CTaTHUECKHUHA MOMCHT CCUCHHA (1)[’13[1'—[601{1’[ 6YILGT IIPCACTABJIATH MOMEHT CHI
cOOCTBEHHOTO Beca OTHOCHTENbHO BhIOpaHHOW ocu. Ecmu 10T MOMeHT Oyner paBeH
HYJTIO, TO OCb IPOXO/NT YEPE3 UEHTP TAKECTH CEUESHHUS.

PaCCMOTp[/IM KaK HM3MEHAETCS CTAaTHYECKHM MOMEHT CEUEHHS npH napajiCJIbHOM
nepeHoce oceit (puc. 6.1). BeiGepem HoByIO cucteMy oceit X, OY,. PaccTosHua Mexmy

ocamMu oOo3Haumm uepes a u b. Jlomyctum, uwto S, « S, m3sectHBl. Tpebyercsa

onpenenuts S, u S

"

CornacHo BeipaskeHuto (6.1) MOXKHO 3anucaTh:

8, = [»dF; S, = [xdF .
F F
M3 pucynka 6.1 criemyet, uto
n=y-b X, =x-a.
Tornoa

S, = [(y=b)dF = [ ydF — [bdF = S ~bF .
F F r

ITo ananoruu

S, =S, -al.

N
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Benuuunst a u b MoryT ObiTh MOOBIMUI  KAK MONOKMTENbHBIMM, TaK W
OoTpuLareasHeiMu. [lo3TOMY WX BCerga MOXKHO TNOA00paTe (NPUYEM E€AMHCTBEHHBIM
o0Opaszom) Tak, 4Tolel npousseenus b w alf pasuanncs cootsercreenno S, « S, Torna

S, # S, obpamaiorcs B Hyb.

X

Ocu, OTHOCUTENEHO KOTOPBIX CTAaTHYeCKWH MOMEHT CeuUeHWsd paBeH HYIO,
HA3bIBAOTCA LEHTPaibHbIMU. Cpeau ceMelcTBa MapaUIeNbHbIX OCEH OHH  ABNAKTCA
CAUHCTBEHHBIMU. PaccToAHMA [0 STUX OCeHd paBHBl KOOpOUHATAM LEHTPA TKECTH
CEUEHUSI B BBIOPAHHOHN CHCTEME KOOPAMHAT:

§
b=y =2
Ve =
S, (62)
a=x,6 =—. .
[+ }" E

CrnenoBarensHO, A4 ONpeaeneHus HeHTpa TAKeCTH ceueHnd B BLIOpaHnoi cucteme
KOODJHHAT, HEOOXOAMMO 3HATh CTarHYECKUE MOMEHTBl CEUEHHA OTHOCHTEJIBHO
BbIOPAHHBIX OCCH U MJIOIAAL CCUCHMUSL.

Bmecte ¢ TeM. ecnM W3BECTHOE TIOJOKCHUE IIEHTpPA TSKSCTH CEYCHHS W ero
TUTOMAE, TO CTATHYECKUIT MOMEHT CEUeHHS OTIPe/IeNTsieTcs W3 BEIpakeHni (6.2):

S, =Fxy,.: S, =Fxx,. (6.3)

Ecau ceueHue Ca0KHOE COCTABHOE, TO KOOPAMHATHI LIGHTPA TAKECTH MOTYT ObIThb

oTIpeIeNe bl U3 BLIPAKEHUHH:

L4
Z Sxx,
— 1
2H
i=l
rac m — 4YHUCI0 HpOCTGﬁH.IHX (le"yp,

| — MOPSAKOBBITT HOMED (UTypHI.
6.2, MoMeHTbl MHEPLHH CEUSHHS

#i1
25,
— 4 1

- (6.4)
3

X

7 &

Ye

PaznuuaioT oceBble, MOAAPHBIC U HSHTPOOEIKHBIC MOMEHTBI HHEPITHH.

OceBBIM MOMEHTOM CEUCHHA HA3BIBAIOT HHTETpal MO IUIOMAAH CEUSHHS OT
MPOM3BEJICHAS  BJICMEHTAPHBIX  TUIOMIAJIOK HA  KBAAPaThl WX  PacCTOSHHH IO
COOTBETCTBYIOIEH ocu, (O003HAYAIOTCS MOMEHTbI HMHEPUMH COOTBETCTBEHHO HEPE3

Joouw J.

Jo=[ydar J, =[x (6.5)
" A
LLCHTpO6C)I(HBIM MOMCHTOM HHEPHHUHW CCUCHHA HA3BIBAIOT HHTETpaAll A0 ITIOINaaIr
CCUCHHWA OT IMMPOHU3BCACHHWA 3JICMCHTAPHBIX [UIOMAA0K Had 00e KOOPpAHWHATBEI 10 ocelt.
O0603Ha4aeTCs NEHTPANLHBIH MOMEHT HHEPLMH COOTBETCTBEHHO Yepes J,,

S =[xt (6.6)

MoOMEeHTBI WHEPITHH H3MEPSIOTCA B €AWHHIAX /UTHHBI B YETBEPTOH CTENEHH, Hallie
BCErO ¢ CM .

[loayunm dopMymnBEl H3MEHCHHAS MOMEHTOB HHEPLHH TIPH ITaPaJUIeIbHOM MEPEeHOCS
oceif (puc. 6.1).

JlonycTuM, 4TO MOMEHTbI HHEPIUK OTHOCUTEALHO ¢Tapoii cucTembl oceil XOY nam
U3BeCTHBL. 1pebyeTcd HAWTH MOMEHTBl MHEPLMH OTHOCHTEIBHO HOBOH CHCTeMBl oceil
X,0¥:
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Sy = j)’uz ar J, = Ixde ; I j x,dF .
i ¥ %

PackpeiBas ckoOku, cornacHo o0o3HayeHusaM (6.1) u (6.6) noayuum
J, =J, —2bS, +B°F

J, =J,—2a8,+a’F ; : (6.7)
oy, =4 —aS, —bS  +abl

¥

[TonoxwuMm, uro ocm XOY — meHTpanbHBIE, TOTOa S, o S, =0, a GhopMyIsI

(6.7) ympotaeTcs ¥ IpUHAMAET BH/T;

I, =S, +BF ;
g, =d, +a’F ; (6.8)
J oy =J +abE.

CnenoparenbHo, TpW  NapaulelbHOM nepeHoce oceid (eciim oAHAa W3 ocei
LCHTPANbHASA) OCEBBIC MOMEHTHl MEHAIOTCA HA BEIMUYUHY, PAaBHYI) NPOH3BEACHUIO
MJIOLIAAN CEYECHHS Ha KBaApaT PACCTOSHUA MEKAY OCAMH.

W3 nepebix JByx (OpMyJ CIEIyer, 4YTO €ClM MEpPexo/i OCYLIECTBIACTCS OT
LCHTPANIbHbIX OCEH K HELUEHTPAIbHbIM, TO MOMEHTbl MHEPLMH BO3PACTAIOT, & MOMEHTHI
WHEPLHH OTHOCUTENBHO LIEHTPAIBHBIX OCEH MAHHMAIIBHBI.

[Ipn onpeaseneHun u3MeHEeHHUA UEHTPOOEKHOIO MOMEHTA WHEpPLUH CIIeAyeT
YUIHUTHIBATh 3HAK.

6.3. T'naBHBIC OCH M INTABHBIC MOMCHTDI HHCPpLUHH

PaccMoTpHM H3MEHEHHE MOMEHTOB MHEPITHH CEUEHHS MPH Pa3BOPOTE ocei
KOOPAMHAT HA HEKOTOPLIH yroa o (puc 6.2).

Puc. 6.2

Ilycts J,, J,, J, u « vsBecTHbl. Tpebyerca naita J,,, J,, J, . Halinem cBasb Mexay

CTapbIMH H HOBBLIMH KOOPDAHWHATAMM.
U/ = ysina+xcosax

V =ycosa +xsina
CornacHo onpeneneHuto

Iy =[PPF Jy = [UrdF ; Ty = [UVEF.
" F F
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[Ipou3Boas 3aMCHY, NOLYUYUM:
Joo= I(ycosa -x sina)zdF ;
F

g, = I(ysina +xcosa ) dl

F

Jo = I(} cosa — xsina)x(ysina + xcosa )}l

Ji = J‘yzdl“ cos’ a — ZIXyd]’ sincosa + fxz sin” audl.
¥ M M

C yuertom BeIpaskeHWH (6.5) W 3aMeHBI 2sinacosa = sin 2a
MOIYYUM
J. =J, cos’a- Josin2a+.J, sin” a.

AHAT0rMMYHO;
Jp=J sinfa+J sin2a+J cos’a
J. = J, ‘ (6.9)
o =, cosla + %sin 2a
CnoKuM NOUNeHHO BeIpaxeHus s J, u  J, . [Tomyunm
Jo+d=Jd. 4T,

(Oka3zplBaeTCA, YTO CYMMA OCEBbIX MOMEHTOB HHEPUMH OTHOCHUTENIBHO [IBYX B3aUMHO
NEPNECHANKYIAPHBIX OCCH HE 3aBUCUT OT yIa ¢ W [IPU NOBOPOTE Ocei ocTaeTes
TTOCTOAHHOW BEMWIHHOM.

310T (hakT JIerko 0ObSICHUM, TaK KaK

Ty = [yl e = (e 4y e = [ prar =,
M M I i

Bwmecre ¢ Hem kaxkas w3 BenwuuH J,, v J, usMeHsercsa. CrenoBaTenbHo,
CYLLECTBYET TAKOE 3HAUCHUE &, MPU KOTOPOM OAMH U3 MOMEHTOB MHEPLUUHK OYAET
MaKCHMaJIeH, a APYrod — MHHHMAIEH.

Haiigem «, npy KOTOPOM MOMEHTHI MHEPIMH MPUHUMAIOT SKCTPEMAJIbHBIE
3HAYECHUS.

Cravana B ypaBHeHMAX (6.9) npoBeaeM 3aMEeHY TPHTOHOMETPHUECKHX (DYHKLIHIA:

s 1—cos2a 2 | +cos2a
sin~ g =——— cos o =——.
2 2
[Mocne 3ameHbl OyieM UMETH:
Jo+JS, T =T, .
J, == +— —cos2or—.J  sin2a
2 2 -
Jo+d, J. -, _
p=——= " cos2a—.J _sin2a ; (6.10)
2 2 B
o = %sin 2a+J . cos2a

Hnddepenuupya nepsoe Boipaxkenue (6.10) Mo « v npupaBHUBAA €ro HyJHO,
HaHOeMm « :

’

(cosar) = —sina ;
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di, J.J, Jo—J,
— = —— 5 —2sin 2@ —2J_ cos2a =-2 751n2a+chos2a =0

do
i
J.—J, ,
win T sin 2a = —J, cos 2ax.. (6.11)
-2J
Omcioda,  1g2a = ———
Jo=J,

[Ipu 3TOM 3HAYEHWHW « OAWH K3 MOMEHTOB MAKCHMaJieH. Bwmecre ¢ 3tum
HEHTPOOEKHBIA MOMEHT MHEPIMH CEUEHHUS 0OPAIIAETCS B HY Ib.

OcH, OTHOCHTENBHO KOTOPBIX HEHTPOOCIKHBIH MOMEHT WHEPUHH PaBeH HYIO, a
OCEBBIC MOMEHTHI TPHHHUMAIOT IKCTPEMaTbHBIC 3HAUEHHS, HA3BIBAIOTCS NITaBHBIMH OCAMH.

Ecin onu Kk TOMy k€, NPOXOAAT YEPE3 LEHTP TAKECTH, TO TOI/IA HA3BIBAKOTCA
TTTaBHBIMH LEHTPATBHBIMH CCAMHU.

(OceBbie MOMEHTHI HHEPIIMH  OTHOCHTEJIBHO TJIABHBIX TEHTPAIbHBIX  OCEH
Ha3bIBAOTCS IJABHBIMU MOMEHTAMM UHEPLIMH.

Hcexmouas u3 Beipaskenus (6.10) yron o ¢ yaerom (6.11), monyunm

J. S, >
o= U S0 Ty (6.12)

Becbpma BaskHO 3alIOMHHTB, UTO €CIIH CEUCHHE HMEST OCh CHMMETPHH, TO OHaA OyaeT
ABJIATHCA [JIABHOM LEHTPaTbHON OCBIO ceueHusa. BTopas rnmapHas LeHTpalbHas ock Oy €T,
OYEBU/HO, NPOXOAUTD YEPE3 LIEHTP TAKECTA NEPNEHIUKYIIAPHO K OCH CUMMETPUHU.

6.4. Ilopanok BHIYUCICHHA IMABHbIX MOMCHTOB HHCPLMH CJIO3KHBIX CEUCHUH

I. CrnoxHoe ceueHne pazbuBaeTcs Ha psSA TMPOCTHIX, HTA KOTOPBIX TeOMeTpHUecKHe
XAPAKTCPUCTHKM MOXKHO ONPEIAC/IMThL 10 H3BECTHLIM (OPMYyJiaM WIH B3STh W3
TadIuL.

2. Jlns kaxkno# w3 puryp BEIOHpaAETCs CBOA TIPAMOYTOITRHAS CHCTEMa KOOPAWHAT (Kak
MpaBuwyio lLeHTpanbHad). Bee BHIOpAaHHBIC CUCTEMbl KOOPJMHAT JIOJIAKHbI OBITh
NAapaJUISIIbHBIMA APYT APYTY.

3. OnpenensiroTcst WITH BEIOWPAIOTCA W3 TaOITHIT Bce HeOOXOAMMEBIE TEOMETPHYECKHE
XAPAKTCPUCTUKU KKA0M U3 (uryp.

4. OmpenenseTcd USHTP TSOKECTH BCETO CEUSHHA U TPOBOAATCA LEHTPATBHEBIE OCH:

a) BbIOMPACTC NPOU3BO/bLHAL CHCTEMA KoopauHat X,0,7,;

0) onpemenseTcd CTATHUCCKHE MOMEHTHI  KaKIOH  (HTYpPBl  OTHOCHTENBHO

MPOU3BOJIBHON CHCTEMBI

B) CYMMHPOBAHHEM OMPEACAACTCS CTATUUCCKHIT MOMCHT CEUEHUA BCCH (PUTryphI,

T') HAXOJUTCA LUCHTP TAKECTH CCUCHHUA U IPOBOIATCA LICHTPAIBHEIC OCH.

5. OnpenenstoTcd reOMeTpHUeCKHe XapaKTEPUCTHKH KaKJIOTO CEUeHHMsT OTHOCHTEITEHO
LCHTPANIbHBIX OCCH BCeh PUrypbl.

6. CyMMHpOBaHWEM  HAXOOATCA  TeOMeTpHYeckHe  (DUTYpPHl  OTHOCHTENHHO
LCHTPAIIBHBIX OCEH.

7. Onpenensercs Mon0XeHUE INIABHbIX [EHTPAJIbHBIX OCEH.

8. OnpenensioTca rjiaBHble UEHTPATbHBIE MOMEHTHI MHEPLIMN CEUEHHSL.
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7. AEOOPMALIUA U3T UBA
7.1. BayTtpennue cunossie (pakTopsl mpu n3rnde

[Tox m3rnboM TMOHWMaeTCA TakOH BWI HarpykKeHHs Opyca, TIpH KOTOPOM B TOMEPEUHBIX
CeueHU Opyca BOZHUKAKOT U3IH0a0IMe MOMEHTbBI «M,».

Ecnu usrubarommii MOMEHT ABJIAETCA €IMHCTBEHHBIM CHJIOBBIM (DAaKTOPOM B

CEYECHHH, TO W3THO HA3BIBACTCS YHCTHIM.
EOJ’II:[L[GFI YACThHO B IOINCPECYHBIX CCUCHHAX BO3HHKAIOT TAKMKEC W IIOIICPCUHBIC CHIJIBI «Q)).
B »>1om cnyuae u3rub HasplBaeTCsa NOMEPEUHBIM,
Ilpu pacuerax Ha U3rud MpPex/e BCEro HEOOXOAUMO OMPEIETUTh 3aKOHbI Pacpe/leIeHHs
() u M, no anune Opyca, TO €CTh NOCTPOUTH MIOPbL O U M, .
OnpeJsielleHe BHYTPEHHUX CHJIOBBIX (DAKTOPOB TMPH H3THOE, KaK W TIPH JTFOOOM JIpyTOM
Bu€e AeOpMaLIMK, TPOU3BOAUTC HA OCHOBAHHH METO/1A CEUCHHH.
Tlocne onpenenenus peakuuii onop Opyc paspesaercs Ha ABE YACTH M M3 PacCMOTPEHUS
PaBHOBECHS OIHOW M3 HACTEH ONMPEeNAOTCsS BHYTPEHHHE CHIOBBIE (DaKTOPHI.
[Tpasusno 3HaKOB.

Cuna () B CEUEHHMH CUMTAETCA MOJIOKMTEIBHOH, €CAM M3 YCIOBHMS PaBHOBECHS
OTCEUEHHOM TacTH OHA HalpaBjeHa BHU3 — MpH o0xoxae crpaea. (puc. 7.1.).

'R P I Rs
A B
b _ b
Y|
4 1 k&
Ra Q th1 M_qf‘(:}' l Ra
1 -z .
Puc. 7.1

HMubiMu  cllOBaMHM, CWJIbI, HANpPaBJICHHBIE BBEPX, nOpu 00XxoAe clieBa OyayT
NOJIOKUTENLHBIMUY, & BHU3 OTPULIATENLHBIMM, TO €CTh dMopa () CTPOMTCS MO CUjie npu
00x0/e cieBa 1 NPOTUB — NP 00Xx0ae crnpasa.

Ecnu Bce Bpems nanpasiate () BHU3 (IIPH 00XO/IE CJI€BA, TO YPABHEHUS PABHOBECHUS ISl
OTCEUEHHOH 4acTH AaayT 3HaK U Mozens () .

MoOMEHT B CEUEHHH CUHTAeTCA TONOJKUTENBHBIM, €CJIH W3 YCIOBHA pPAaBHOBECHA
OTCEUEHHOM YacTH OH HANPABJIEH TAK, YTO W3ru0aeT OAJIKy BbIMTYKIOCTHIO BHU3,

Ilpu sTOM cCKaThie BOJNOKHA OyayT pacnofioxkeHbl BBepxy. MHbIMH cnoBamu, smopa
M3rudaIIUX MOMEHTOB CTPOUTCH HA CHKATHIX BOJIOKHAX.

Ecnu Bce Bpems mpu COCTABJIEHHWH YPaBHEHWI PABHOBECHS CTATHKH AJIsI OTCEUSHHOM
YacTW NOJaraTb MOMEHT HAIpPaBIEHHBIMH TakK, 4TOObl OH H3ruOan 0aaky BHHU3, TO
ypaBHEHHUS MaayT BETUUWHY W 3HAK U3THOAIOIIEro MOMEHTA.

7.2. lnddepeHnHaNbHBIE 3aBUCHMOCTH TIPH U3THOE.
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Paccmorpum  Opyc, 3aKkpeIluleHHBIH MPOM3BOJIBHBIM — 00pa3oM M Harpy’KeHHbIH
pacTpeaeieHHol Harpy3KoH WHTEHCHBHOCTRIO ¢ = f (Z), IpW YeM HampaBiieHne ¢ Oyiem

CUMTATh MTOJIOKHUTETHHBIM (pHC. 7.2).

1 1 q=f(z)

4 Z _d?.L ,75,,

y F 'y Y q
QT l ) M+dM
A
M| 0+d0
C
dz
Puc. 7.2

Beigenum u3 Opyca dJIeMEeHT ATUHOW dZ M NPUIOKHM B CEUSHHUAX BHYTPEHHHE CHUJIOBBIC
(akTophl, MPHHAB WX HANpaBIeHWE TONOKHTENFHBIM. MOXKHO Tak ke MPHHATH, UTO B
npeaenax dz  BenumuuHa ¢ =const. COCTABMM YDAaBHCHUs DABHOBECHS JJIEMCHTA!

YY=0,0+qdz-0+d0=0; SM s =0 —M - Odz —%qdzz +M +dM =0,
Orciona, npenebperas BeAMYHHOM BTOPOTrO NOPAAKA MANOCTH, N0y 4UM

do dM

dz 8 dz ~ (7.1)

7.3. IlpaBuma MOCTPOEHHS W KOHTPOIISA AIIOP BHYTPEHHUX CHIIOBEIX (haKkTOPOB

W3 cooTtHowenuit (7.1) BbITEKAOT CIEAYIOLIME MpaBWia MOCTPOCHUA M KOHTPOMA
amop «M» «O».

1. Ilepepesbipatoinas cuia () reOMETPHUECKH HHTETPUPYETCSI TAHICHCOM YIJIa FaJIOHA
MEXKIy KacaTenbHO# K omope My, B JAaHHOM CCUCHHH M 0ChIO Oanku (puc. 7.3).
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S Musr

o=0
oz
Qi=tgou
8 T Qz=0_ o
S Q:=tgou
P 7.3

2. Tlpu oOxone Oankm cinepa Hanpao npu (O >0 nsmopa M, Bo3pacraer
anrcOpamuecku (puc. 7.4 a), anpu O <0 — y6eiBaet (puc. 7.4. 0).

onQ DnQ

B (O M Sn M

n M

6)

Puc. 7.4

3. Uem Oonblue 3HAUCHHE MEPEPE3bIBAIOLICH CUNbL, TEM OBICTPEE BO3PACTACT WM
yOBIBaeT smopa My, (puc. 7.5).

In 2 [T P @

i ARANERERARA
T2 M

T S0 M

.

rErEre IR

il 1M 1M

Puc. 7.5

i

il
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4. Ecav amopa O npoxoaut depes (), To Ha sntope M Oyaer skerpemym (puc. 7.6).

onQ
HRRRRRRERRNNNN

: T

2nQ

prasl

T [

Puc. 7.6

5. Ecnu Ha rpaHMie COCEOHMX YYacTKOB »miopa () HE HMECT CKaukKa, TO JIMHUH,
OTPaHWUYHBAIOIINAE SMIOPY My Ha 3THX ydacTKax COMPATarTCs B OOHICH KacaTellbHOW
(puc. 7.7).

|

3 Q ™. |2n0Q
|

0

Puc. 7.7

6. llopAnok nWHMHA, OTrpPaHWYMBAIOIIMX SMOPHl ¢, ( M M,, NOCIEIOBATEIBHO
BO3PACTET HA eTHHHAITY.

7.4. Hanpsixkenus B Opyce Npu YuCTOM H3rude
Uwncterit u3rud — sTo Takod Bua aedopmauuu dpyca, Mpy KOTOPOM B MOMEPEUHBIX

CEUeHMSAX BO3HHKAIOT TOJIBKO W3THOAIONIHEe MOMEHTHI, a NMPOYHE CHUIIOBBIE (haKTOPBI
pasHsI HymO (pHc. 7.8).

TN

|
% 4 \ Y X 4
Puc. 7.8

M M M M
/| ", \\. |}4 [‘4‘]
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OTBnekadch OT YCJIOBMH 3akperuieHHs Opyca W 0coOeHHOCTeH NPHIOKEHWS CHIT,
paccMOTpUM ydacTok Opyca, Ha kotopom M =consi u O = 0. Ilycte Opyc umeer
OJMHAKOBOE CeYeHHUe MO Beell ANMHE ydacTKa, MPUYeM Ui MPOCTOTH BO3BMEM CEUYEHUE,
CHMMETPUYHOE OTHOCUTENIBHO OCH ).

TTox peficTBrem n3rudaroIMX MOMEHTOB OpPYC M3rOHAETCA 10 JYre OKPYKHOCTH, TaK
KaK B JHOOOM CEYEHMHM BO3ZHUKACT OJUH M TOT K€ MOMEHT, MaTepuan Opyca OIHOPOJEH,
CeUYeHHe TI0 JTTHHE TIOCTOSHHO.

Kpome Toro, Opyc M30rHeTCsl B OJIHOW KaKOM-TO IJIOCKOCTH (IUIOCKOCTH KPUBH3HBI),
TaK KaKk OpHeHTalMs W3rubaroIiero MOMEHTa OTHOCHTENHLHO Opyca He M3MEHAETCS, TO
€CTh OH He OYJeT 3aKPyUMBAThCS «BUHTOM.

Jlerko TakiKe J0Ka3aTh, YTO MbICJIEHHO MPOBEJICHHBIE IUIOCKHE 10 aedopmarmu
MOTIEpPEUHbIe ceueHHs Opyca OcTaHyTCs IUTOCKUMH H 1TocTie neopManni.

PaccMoTpuM aBa CMEXKHBIX CEUEHMS, OTCTOALIMX APYr OTHOCHUTENIBLHO JApyra Ha
paccrositHum dz (puc. 7.9).

& M
B
f HEHT]). ﬂ bl
cmaT - dZ
e
@ M
Puc. 7.9

IIpun pa3BOpOTE OOHOrO CEYEHUA OTHOCUTEIBHO APYroro BepXHUE cilod OyayT
pacTATHBAThCA, HIKHHAE CIKUMAThCA, a TAE-TO MEXKAY HUMM OYIeT CIoi, KOTOPBIH TOTBKO
uckpusisiercsi. OH He C:KUMaeTca W He pacTsruBaercs. Ero HasblBalOT HeHTpaibHBIM
CIIOEM.

Jlna onpeneneHus HanpsKeHUH B HEKOTOPOM AB HYKHO HaWTH €ro OTHOCHTEJIBHYIO
nedopmarimio:

A'B'- AB
Eyy =SB S———— 7.2

A5 15 (7.2)

3nech AB=CD = D'=ds = g,
AB =(p+y)do,
rae p — paauyc KpHBU3HBI HEHTPAIBHOTO CJIOA;
d@ — yron pasBopora ceuenus (puc. 7.9).

' Ndo — pdo

Torxa g MERRIES 805§ (1.3)
pdb p '
CornacHo 3akoHy | 'yka HanpspKkeHHS B AeOpPMALMK CBA3aHbI COOTHOIIICHHEM
g=ck.

IToacraenss BMeCTO & BhlpakeHue (7.3), moayuum
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c=21. (7.4)
P
Takum 00pa3oM, Mpu YUCTOM W3THOe HAMPsHKeHUd M0 BbICOTE ceyeHus Gpyca U3MeHsoTeA
No JUHERHOMY 3aKoHy. Hem Aanblie OT HEHTPanbHOro clos, TeM Oonblue HanpsKeHus. B
HelTpanbHOM cnoe pu ¥ =0 penuunHa o = 0.

HeliTpansublil cnoii, nepecexas NONEPEUHOE ceueHue, 00pazyeT HEHTPaIbHYIO JUHMIO
ceveHna. UHBIMU crmoBaMu, TEOMETPHYECKOE MECTO TOUEK B CEUEHWH, YIOBIETBOPSIONIEE
ycnono o =0, ecTh HelTpanbHad JTUHUA.

Brepebie moHATHE HEHTpanbHOM AMHMK BRen dpauLy3ckuil yueuslit MapHoTT, npaBaa oH
paccMaTpuBan TOJIBKO CHMMETPHYHBIE TPOMWIA, TOMElas HEHTPaTbHYIO JIHHHIO B
cepeauHy BbICOTHl ceueHua. HHrepecHo, uto Tanuneidl nomaran HaJiMuMe TONBKO
PacTArMBAOLUMX HANPSAIKCHUH U NPUHUMAN TPEYTOJIbHYIO SIIOPY HANPAKEHUN OJHOIO
3raka. OOHAKO OH MEPBBIM HALIEN, CPABHHBAA TMPOYHOCTE TEOMETPHUYECKH MOAOOHBIX
0anoK, 4TO MPOYHOCTh Opyca NPSMOYTJIBHOIO CEUEHHMS NPONOPIHOHAJILHA LIMPHUHE H
KBaJApaTy BbICOTHI, a Kpyraoro ky0y auamerpa. Mapuott, ['aauneii, a cnycta 20 ner
nmocme MapuwotTa S, BepHynanmm ompemenmiii W COOTBETCTBYIONTHE KOXDPUTIMEHTHI
NpPONOPUMOHANBLHOCTH, HO HENPaBUIbHO. S. bepHynId Ha OCHOBE OLIMOOYHOTO pacyera
BBIIBUHYJT «YAUBUTETBHYIO» TEOPEMY: «...TIOTIOKEHHE HEHTPaNbHON JTHHUH He BIWAET HA
COMPOTUBJIEHHUE U3MMOY».

JTa HeBEpHas TeOpeMa, NOAKPEIUICHHAA aBTOpUTeTOM 1. bepHynnu, 3aTopMo3uia yueHue
00 n3rube Ha 100 ner. [lepBoe MpaBuIbHOE BO BCEM PELISHHE 3a4a49H O TTPOYHOCTH OATKH
npyu u3rnde nan ¢ppaiysckuit BoeHHbld uwnxernep [lapan B 1713 roay. OH ucnpasui
OLIMOKM CBOUX MPEALIECTBEHHHKOB B OMPEAEAEHUH KOAMYECTBEHHBIX XapaKTEPUCTHK
MPOYHOCTH TIpH u3rube Sankw (compoTHBAeHWS H3rudy). B mambHeimemM MBI TTOTYIHM WX
BbIpaKE€HH 4.

3apaua 00 u3rude HECUMMETPUUHBIX OTHOCUTENLHO TOPU3OHTANbHONH OCH CEUYCHUH
Ganok Oblna pewena cnyceta 113 net HaBbe, KOTOPBIH MOMECTH HENTPANBHYIO JTHHHIO B
LEHTP TSKECTH CedeHus, B ueynoMm 3aj1a4a O npouyHOCTH Oajiku npu npsaMoM u3rube
pewanach 188 ner, ecau cuurarh OT AaThl U3AaHWA kHUTK [anunea o opounoctn (1638
r.) 1o u3nadus kypea conpomara Hasbe (1826 1.).

BepHemca Kk pucyHKy 7.9. HanpsxeHUd B cedeHUM OyAyT ONpeacsacHbl BEAUYUHONA
¥V, OTCUHTBIBAEMOH OT HeHTpansHOH mHHUKH. ChemoBaTenbHo, opMa HEHTPATBHON JTHHHH
M €€ Pacnoio:KeHUe OKa3bIBAeT PEIIAFOIIESE BIMAHUE HA HANPSKEeHWs B ceTH. Tak kak Opyc
u3rudaercsa B Kakoi TO 0AHOH nnockocTu z(Jy (MNOCKOCTH KPHUBM3HbI), TO HEHTpanbHada
JIWHUA — ECTh TPAMAd, NEPNEHANKYIAPHAA MITOCKOCTH KPHUBH3HEL.

yCTaHOBI/IM CBA3b MEIKIOY HalpPsKEHUEM O W BHYTPCHHHMH CHJIOBbBIMH
(akTopaMu, BO3HUKAIOLIMMM B MOMEpPeYHOM cedeHuM Opyca. na storo odpaTumca K
pucyHnky 7.10.
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Puc. 7.10

[odF=N=0 wm leszgjdezo. (1.5)
: P pr
Orcropa .f ydF =§,=0,
F

DTOT UHTETpaN €CTh CTATUCTHYECKUI MOMEHT CEUEHHS OTHOCHUTENIEHO OCH X, KOTOPYIO
Mbl COBMECTHJIM ¢ HEUTPAJIbHON JIHHUEH CEUeHUA.

CrarucTHUEeCKMii MOMEHT CEUEHHMSI PABEH HYJKO B TOM Clydae, €Clu  OCh,
OTHOCHTEJIBHO KOTOPOH OH ONpeaesaeTces, MPOXOAUT Yepe3 LEHTP TAKECTH.

CremoBaTensHO, HEUTPAJIBHAS TMHHASA TIPOXOANT YePe3 HEHTP THKECTH CEYEHHH.

Bripazum yepes HanpsKeHUs U3rudaMe MOMEHThI B CEUEHHH:

M, = jcrdf*)z;
F
M, =[cdFx. (7.6)
F

[Moacrasnas B (7.6) seipakenue (7.4), nojiyunm:

M, =£ij dF:in ] (7.7)
P P
M, =Efwar=L£, 0. (7.8)
" PF P
U3 Beipaxkenns (7.8) caemyer, uto BO—TIEPBBIX, OCH X M ' — IMIaBHBIC OCH CCUCHHS, TaK

Kak o 8 =O; BO—BTOPLIX, Hefl’I‘paJ'IbHaiI JIHHHAA HTOEPpOCHIUKYIIAPHA K INIOCKOCTH

u3rufaroniero MOMEHTa TOraa, Korja 3Ta I0CKOCTh COBMAAACT ¢ OJHOM U3 IJIaBHBIX OCei
Opyca.

HWubiMu cioBamu, u3rud Opyca MpoOMCXOUT B IJIOCKOCTH M3rudaroiero MoMeHTa Toraa,
KOrjga TUIOCKOCTh MOMEHTA COBMAajaeT ¢ OJHOM W3 TIJaBHbIX oceil Opyca. Takod BuA
u3r1ba HA3BIBAETCSA MPAMBIM U3THOOM.

W3 ypaBuenus (7.7) cneayer, 4To

1 M
L, (7.9)
g EJ,

rae ./, — MOMEHT HHEPUMH CE€YCHHA OTHOCHTEIBHO TJIAaBHOM LEHTPalbHOH OCH,

NEePOEeHAUKYIAPHOM MIOCKOCTH U3rHOAI0IIEro MOMEHTA,
E J, —xecTkocTb Opyca npu n3rube (ananorundno KF; (Jp).

Brneppbie 3aK0H NPONOPIMOHAIBLHOCTH MEX/Ty M3THOAI0IIMM MOMEHTOM W KPUBHU3HON
munuy nporuda Oanku ycranosul S, bepHyuin, HO OpH ONpeeneHuH KeCTKoCTH Opyca
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OH IOTYCTHN OMHMOKY, Tak KaKk HEMPaBWIHHO pacroiaran HeHTpambHYIO JTHHHUIO. DTOT
3aKoH ObuT onyOsiukoBaH B BUjie anarpamMmbel B 1691 roay, 3arem orkpeito B 1694 rony u,
HakoHel, bepHyau nan JoKa3arenbeTBO, MCXOAS U3 TMIOTE3bl IJIOCKUX ceueHuid B 1695
roay.

[Toncranoska (7.9) B (7.4) naet:

M,y
o="2 7.10
7 (7.10)
O-max = Mx]yma‘{ . (7 . ]. ]-)

2Mmopa HamnpsiKeHuit moka3ana Ha pucynke 7.11.

Omax
——|-—|-—

TTHAX

y

Puc. 7.10

% ”
OtHowenne ——=W_  dABngercs TreOMETPHUYECKOH XapakTePUCTHUKOM ceueHus U
ymax

33 3
HA3bIBAETCS MOMEHTOM COMPOTHUBIICHUS U3rU0Y (Pa3MEpPHOCTb CM~, MM ™, M").
C yuetom 3toro dopmyna (7.11) npumeTt Bua

M
O-mux = 3 * (7]2)
W,
Hpkl pacyCTax Ha IIPOYHOCTb AOJIKHO BBIIOJIHATLCA YCJIOBHEC ITPOYHOCTH
O S]] (7.13)

Omnpenenum 3Hauenus W. [na Opyca OpsSMOYTONBHOTO CEYEHHUS €O CTOPOHAMHM A U b
TTOJTYIUM

hh® h bh? _
= =—: W = 5 7.14
Ve=Tg Ve =7 W= (14
IS KpyTa:
Dt D )} .
= L =—i W .= mO,lDS. 7.15
y.\ 64 ylnﬂ.f\ 2 X 32 ( )

Takum 06pa3zom, HAMPSKCHUS TIPH W3rHOEe 00PaTHO MPOTMOPIMOHATBHBI TPETHEH CTETIEHH
JTIUHEHHBIX Pa3MEPOB CEUCHMUSL.

Haubosee HSKOHOMHYHBIMH SBIAIOTCA Takue (OPMBI  CEYSHMs, JUIS KOTOPBIX C
HAUMEHBIIECH 3aTPaTOd Mmarepuana, TO €CTh IPH HAUMEHBIUEH IUIOIAAM CEYEHMS,
MONy4acTcss HAnOOJblIas BEIUYMHA MOMCHTA CONPOTHUBJICHUA. JTO MOJYYACTCA B TOM
ciyvae, korga Oonblias TITOMIAAb CEUEHHS pacrioaraeTcsl Kak MOMKHO Jalbile OT
HEHTPAJIbHOH JIMHUH.

Tax BO3HMKIM ABYTaBpPOBbIe ceueHus (puc. 7.12 a), kopobuarsie (puc. 7.12 0), mBeniepa
(puc. 7.12 B).
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Y7772 —

a) 0) B)
Puc. 7.12

8. CJIOXKXKHOE COINPOTHUBJIEHHUE

Jlo cux mop HaMu pacCMaTPUBAIIUCH 3a1a4M, TAC HIEMEHTb KOHCTPYKUUH (B OCHOBHOM
Opyc) WCIBITHIBAIM OJWH W3 MPOCTEUITNX BHJOB Aedopmanwm (pacTskeHHe, CKaTHE,
C/IBUT, KPYUEHHWE, YACTHIH NIPSIMOM WIIH MOTIEPEUHbIH MPAMOi U3rud).

Ha nppaktuke ke  OONBIIMHCTBO  3JIEMEHTOB  KOHCTPYKUMH  NOJABEPraroTcs
OTHOBPEMEHHOMY JIEHCTBHIO HECKOBKHX CHITOBBIX (DaKTOPOB.

Oco0eHHO 4YacTO BCTPEYAOTCS codeTaHust aedopmaiuii: W3ruO—kpyueHue (Balibl
PEAYKTOPORB), pacTsiKeHHe—KpyueHUe (OONThI, CTAXKKI) U T. 1.

Bee ciayuan HarpyKeHusi, KOrjJa MMEET MECTO COYETAHHME MNPOCTEHIUMX BUIOB
neopManii, Ha3BIBAOTCS CIOMHBIM COTIPOTHBIICHHEM.
Ilpy pacuerax Ha CJI0KHOE CONPOTHBJICHWE HANPSHKEHWS, BO3ZHUKAKOIIME B SJIEMEHTE
KOHCTPYKLUMM, OOBIYHO  HAXOAAT M3  M3BECTHOTO  MPUHLMNOA  CYMNECPHO3ULUH
(HEe3aBHCHMOCTH JEHCTBHS CHIT).

8.1. Kocoii uzruto

Puc. 8.1

Koceim m3rubom HazpiBaeTcs Takod Bua JedopManuu Opyca, MPH KOTOPOM ILIOCKOCTh
IOEHCTBUS W3rH0aromiero MoMenTa M He COBITamaeT HH ¢ OIHOW H3 TIIABHBIX INIOCKOCTEN
uHepuuu opyca (8.1).

bynem paccmaTtpuBaTh KOCOM M3THO Kak TPAMON OTHOBpPEMEHHBIH M3rud Opyca B
JIBYX TJIABHBIX IUIOCKOCTAX MHEpumH Opyca. HanpsokeHuss B HEKOTOPOH TOUKE CEUCHMsI
Opyca HaliieM Kak CyMMy HanpsOKCHHH, BOSHHKAIOIIMX B HEH OT Ka)KA0ro M3rudaroero
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momenta (M, u M,). M, u M, — MOMEHTBI, COBNANAIONINE C TJIABHBIMH TUIOCKOCTAMHU
unepuuu Opyca u odecneunBatoue npsamol u3rud (puc. 8.2):

M =Msmna,
8.1)
M, =M cosa;
U:U(Mx)+G(M}’)= (8.2)
M
olM_ )=—=xy,
(A,) 7ox
(8.3)
O'(M) )— 2 x x;
O_=M51ngy+Mcosax nm o =M| Lsina +-—cosa |. (8.4)
‘]x J}. ‘]x JJ’
¥
%)\ #M
53\\ X1 . " /’i
\.\ Br
% Y X
\ = : \
\\\ .Aff \

Puc. 8.2

Pacuer no HampsikeHMAM, Kak M3BECTHO, CBOAUTCA K ONPEAEICHHI) MaKCUMAaJbHOTO
HANPs/KEHUs, BO3HUMKAIOLIET0 B OMACHOM CEYEHHM Oallkh, TO €CThb B TOM CEYEHHUH, B
KOTOpPOM U3rubaroImii MOMEHT M MaKkCUMAaJIEH.

Jlna ompeneneHus MaKCHMaJIbHOTO HANpPMKEHHA B CEUYEHHHM HEOOXOIUMO 3HATh
3aKOH PACHPE/EIeHHs ¢ 10 CEUSHUIO.
O0parumces k ypasueHuro (8.4).
Ecnu ero npeacraButs B BUIE

cose sina 1
- X - y+—xo=0,
of J M

¥ x

TO CTaHET MOHATHBIM, YTO 3TO ypaBHenue tvna Ax + By + Cz = 0, TO ecTb ypaBHeHHE
[JIOCKOCTH, NPOXOAAIIEN YEPE3 HAYAI0 KOOPAUHAT.
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CnenoBaTenbHO, €CNK B KAX/I0H TOUKE CEUEHHUA OTIIONHTL NO HOPMAJIH BEKTOP O, TO
KOHLIbl BEKTOPOB, KAK W NpH ONpAMOM HU3rude, o0pa3yroT IUIOCKOCTh, KOTOpaA nepecekact
ceueHne. JIMHWA TNepeceueHus JIByX IUIOCKOCTEH (TUIOCKOCTH CEUEHHsS W IIOCKOCTH,
00pa3yeMOd KOHIIAMU BEKTOPOB) €CTh HEHUTPAILHAS JIMHUA, MaKkCUMaIbHOE HANPAKEHUE
B ceuenuu OyaeT HMeTh MECTO B TOUKe, HanboJsiee yaanennoi oT HeUTpansHOi TMHHH.

ITomaras o = 0, u3 ypasaerns (8.4) HalieM ypaBHEHHE HEHTPAITBHOH JTHHHH!

lsina+Jicosa’=0, (8.5)

x v

LS

WITH y=—x—ctgax. (8.6)
,
Takum o0pazom, HEATpaIbHAsL IMHKA [IPX KOCOM U3rMOE €CTh NpaMas, IPOXoAiuias

yepes Ha4alo KOOPAUHAT.

Jlerko yCTaHOBHTE, UTO MPH KOCOM H3THOE (B 00MIEM CiTyuae) HeHTpalbHAS JTHHUA HE
HEPIEHIUKYJISPHA K IIOCKOCTU N3rMOA0LIEIO MOMEHTA.

JeHCTBHTENBHO, VIJIOBOH KO3(HIHCHT clieda IUIOCKOCTH H3THOArOIIero MOMCHTA
MPEACTABIIAET COOON TAHTEHC yIIa & .

O003HaUUM €ro uepes k, TO €CThb

tga =4, . (8.7)
YraoBoit kKo3(pUNUEHT HEHTPaIbHONH NMHKUU 0003HaYUM depes k. On paBen
Jg .
k,= —J" ctger . (8.8)

¥

YcnoBue NepneHauKYIAPHOCTH ABYX NPAMBIX

k, :—%{2, (8.9)

g
tga;tJ—"tga, (8.10)

X

B namem cimyuae

TO €CTh OPYC «TPEANOUUTAET? M3THOATHCSH HE B THIOCKOCTH W3THOANIEro MOMEHTA, a B
HEKOTOPOMH JIPYroM MIO0CKOCTH, MOMCHT MHEPLUH Opyca B KOTOPOH MCHbIIE.

H3 dopmyner (8.10) Takke cneayer, YTO €CIH HMEET MECTO CCUCHHE, Y KOTOPOTo
J,=J, (KBampar, Kpyr M TaK Jauee), TO HCHTPAIbHAA JIMHMA NEPNEHAMKYJISPHA

MJIOCKOCTH M3rd0alonero MOMEHTA.,

Hrtak, MOKHO 3aKIMIOYUTh, YTO MaKCUMATbHOE HOPMAllbHOE HAMpsKeHHEe B CEUEHHH
BO3HHKAET B MAKCUMAJIbHO YJIAJIEHHOW OT HEWTPAITBbHOW JIMHWH TOUKE.

TTonoxum, 4yTO B HAILIEM CIYUAE 3TA TOUKA «H» ¢ KOOpAUMHATAMU X U V. Toraa

M sine M coscr sin ¢ COS&X
max —Ox = W+ X =M nt X
J g J g

x ¥ x 2

(8.11)

PacueT Ha MPOYHOCTE IPH KOCOM H3THO€E BBHITIONHSIOT B CIICAYIOLIEM TTOPSIIKE:

1. OnpeaensaoT onacHoe cedyeHue OankH.

Onpeaendior reoMeTpudeckie XapakTepHCTHKH CeUeHHs.

3. Ceuenne BBIYEPUABAKOT B wmacmTade, TPOBOAAT TJABHBIE OCH CEUEHWA H C
MOMOLLBIO YpaBHEHHA (8.6) cTPOAT HEATPATBHYIO THHHIO.

4. Haxomar (¢ moMoWBIO YIOJBHUKOB, KyJbMaHa) HauOonee YIANCHHYIO TOUKY OT
HEWTPAIIBHOW JIHHHW H ONPENENSIIOT €€ KOOPJAWHATBI B CHCTEME [IIABHBIX OCEH
cevenms.

N
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W CPaBHUBAKOT ¢ [0]

5. Onpenensior o,
8.2. BHELIEHTPEHHOE PACTIKEHUE U CHKATHE

Hpyroii BUA CNOMKHOTO COMPOTUBIEHUS — BHELICHTPEHHOE PACTSKEHUE (CIKaTHE).
Camo HazBaHWe 3TOTO BHJA JAedopMaliKd TOBOPHT O TOM, YTO BHEIIHAA Cuia (WM

PaBHOICHCTBYIOIIAA BHCLIHUX CHJI) HE COBMANACT ¢ OChIO Opyca, KOTopas NpOXOIUT Yepe3

LIEHTP TAKECTH CEYEHHUA, HO OCTAETCA €11 apaJuIEIbHOMN.

)
1
- ‘_
e
Vo / 0 N X;
: -
™ z

Puc. 8.3
HyCTB TOYKA A HpI’IJ'IO}I(eHHH BHEIOHEN CHIIBI UMEET KOOpI[I/IHaTbI Xo H y(_]. cCJIN HpI/IBeCTI/I
cuny P K HEHTPY TSHKECTH, TO CTAHOBHTCS OYEBHAHBIM, UTO 3Ta CHJIa KPOME OCEBOTO,
(8.12)

LICHTPAJIbHOTO PacTsyKeHUs Opyca CO3/aeT elle U U3rud OTHOCHUTENIbHO OCeii X U y (puc.

8.3). Takum 00pa3oM, B CEUCHHH UMEST MECTO Cpa3y TPH CHIIOBBIX (hakTopa:
P, M. =Py, M, =8%.

I/ICHOJlb3y§1, KaK H IIpH KOCOM 1/13FI’I66, INPpUHIHKI CYIICPIIO3HULIMHA, HalaeMm HAIIPpAKCHUC B

Cp=—+—)+
5= g 7. b g 7,
C yuetom paBeHCTB (8.12) monyuum
S L ) T O L T (8.13)
F ol J, F J, ¥

Ypasuenue (8.13) MokHO 3anucath B BUIE

L PR S T Y (8.14)
ol J, F

HEKOTOPOW TOUKE «H» C KOOpAWHATAMH X U V!
P M. M,
x,

OTO ypaBHEHHUE TUIOCKOCTH
Ax+By+Cz+D=0.
Cnenopare/ibHO, KOHLIbI BEKTOPOB HANPSIKCHWUM, OTJIONKEHHBIX B CCUCHHHM 1O
HOpMaJH, JawT IUIOCKOCTh, 4, CIeAOBAaTeIbHO, HEHTpajbHas JIMHUA TIPH
BHELIEHTPEHHOM PACTSKECHUH (CokaTuu) OyaAeT npsiMOU.
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Ee ypaBHenne Halinem, MPUPABHAB HANPAIKEHAS B CEUEHNAX HYJTHO!

i,+—y"y+ Yt 9.
A
(8.15)
DTO ypaBHEHHE BUAA
Ax+By+ (=0,

To ecTh, ypaBHeHue nPpPAMOH, HE MNPOXOAALIEH 4Yepe3 HaAvyaa0 KOOPAMHAT,
Paccrosume (kpatuaiiiiee) 0T npAMOM A0 HAuana KOOPAMHAT ONpPEACTACTCA
ypaBHCHHAEM

) (70
O( = —. (8.16)
VAT + B
B nauiem cayuae
Azt e oL
J)_ J. o
Torna
OoC = IZ/F =
\/(xﬂ/.]),) +(y(,/.f.\_)
(8.17)

Ananmsnpya dopmyny (8.17), BUOAM, 9TO ¢ YMEHBIOEHHEM Xy W Jy (TO €CTh C
NpUOMNKEHUEM CUJTbI K LIGHTPY TskecTH) (JC yBENMUHBAETCS, C YBEIIMUEHUEM X , Jo
— yMmenbluaetres. llpu xy =0, y =0 — (OC OecKOHEUHO BENMKO, & OpU X, —> 0,
Y, >0 —-0C=0,.

Taxum o0pa3om, Ipy BHELEHTPEHHOM PACTANKEHUM U CKATUU HEHTpanbHAd NTUHUA
MOJKET TIepeceKaTh ceYeHne, a MOXKeT TTPOXOJHTh ¥ BHE ero.

B nepBom ciiyuae B ceueHUM BO3HHUKAIOT HANpsiKEHUs ABYX 3HAKOB (+ WU —), a BO
BTOPOM — OJIHOTO.

B HekoTOpBIX crydasx 370 0OCTOATENBCTBO MMEET CYUIECTBEHHOS 3Ha4YeHWe. Tak,
HaNpPUMep, NMPH PacueTe CHKATHIX KUPMUUHBIX, GETOHHBIX WJIH JIAXe YYTYHHBIX KOJJOHH
WAM  CTOCK, TO €CTh BBIMOJHCHHLIX U3 MATCPUATOB MI0X0 paboTalolux Ha
pacTsKeHWe, BCIIENCTBHE BHEUEHTPEHHOTO TPHIOMKEHWS CHIBI B KOJNIOHHE MOXKET
BOSHUKHYTb PACTArMBAIOIICES HANMPSKEHWE. JTO HexenaTe/lbHO M onacHo. Jlia Toro,
qTO0BI ATOTO HE TPOH3OULTO, BHEMIHIOI CHIY HYKHO NPHKIAIBIBATE JOCTATOYHO
OJIM3KO K LUEHTPY TSKECTH, TO €CTh B HEKOTOPOH OKPECTHOCTU BOKPYT LIEHTPA TAXKECTH,
HA3bIBAEMO A/IPOM CEUEHHA.

SlapoM ceueHWs Ha3pIBaeTCAd HEKOTOpas €ro obmacTh BOKPYT LEHTpa THAKECTH
ceueHusd, 00J1a1a1011as TEM CBOWCTBOM, UTO CKMMAKLIAA CUNa, NPUIOKEHHAA B KOO0
€€ TOMKE, BLIZLIBACT BO BCEX TOUKAX CCUCHHMA, CIKUMAIOLIME HANPSIKCHUSA, TO €CTh
HaNpsKEHUS OJTHOTO 3HAKA.

I'pannuy aapa ceUeHMs] MOKHO HAWTH, «MepeKaThiBas» HEWTPaNbHYK JIMHUKD TO
KOHTYPY MONEPEYHOT0 CECUCHUA, OTHICKMBAA KaXAblii pa3 COOTBETCTBYHOLLEE
TIOTIOKEHWE CHITHI.

9. PACKPLITHE CTATUYECKH HEOITPEAEJIMMOCTH CTEPXKHEBDBIX
CUCTEM METOAOM CHJI
9.1. TToHATHE O CTENEHW CTATHYECKOH HEONPEASTUMOCTH
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Iloa crep>xHEeBOH CHCTEMOM MOHMMAETCS BCSKAsA KOHCTPYKLMS, COCTOSIIASA W3
3JIEMEHTOB, UMEIOIIHX (popMy Opyca.

Ecau snemeHThl KOHCTPYKIMS pad0oTaeT B OCHOBHOM Ha PACTSDKEHUE W CXKATHE, TO
3Ta CTEPIKHEBAsA CUCTEMa Ha3bIBaeTCs (pepMoii.

Ecmu smeMeHTsl cucTeMBbl paloTarOT B OCHOBHOM Ha W3rH0, KpyueHHE, TO 3Ta
CHCTEMA HA3BIBACTCS PAMOH.

PamMbl M epMbl pa3oenAOTCS Ha CTAaTHYCCKH OMNPEACTMMBIC M CTAaTHUCCKH
HEOTpe/IeITUMBIE.

IToxa cratuuecku onpeaeIMMOi CUCTEMOM TOHUMAETCA TaKkas CUCTEMA, JIJIA KOTOPOH
BCE peaKUMU OMOp MOryT ObITh OMPEAEsEHbl ¢ MOMOUILI) YPaBHEHMH paBHOBECHA, a
NpY HAHJAEHHBIX OMOPHBIX PEAKIUAX METOAOM CEUSHHH MOTYT ObITh HAHAEHBI TAKKE U
BHYTPEHHHUE CHIIOBBIC (DaKTOPBI B JTHOOOM MOMEPEUHOM CCUCHMH.

[Tox cratrueckW HEOMPEACIMMONH CHCTEMOH TIOHMMAETCsl Takasi cucTeMa, I
KOTOPOU OMnpeiejieHUe BHEIIHUX PEaKUHMH M BCEX BHYTPEHHHX CHIIOBBIX (JAKTOPOB HE
MOYKET TIPOM3BEACHO TIPH MOMOIIH METOAA CEUEHHH U YpaBHEHWH PaBHOBECHS.

PaszHocTh Mesk1y 4HCIIOM HEW3BECTHBIX (peakiyidi Omnop W BHYTPEHHUX CHJIOBBIX
(pakTOpPOB) M UMCIAOM HE3ABUCMMbBIX YPABHEHWH CTATHKH, KOTOPHIE MOTYT OBITh
COCTaBIIEHBI AJIA pacCMaTpPHBAEMOI CHCTEMBI, HOCHT HAa3BaHWE CTETEHU CTaTHUYESCKOH
HEOoTIpeAeTMMOCTH. B 3aBHCHMOCTH OT 3TOro pasgernsaiorT 1,2,3, ... pa3 CTaTHUECKH
HCOMPEACIUMBIE  CUCTEMBI. MHOrma TroOBOpAT, UTO CTEMNEHb  CTATHYECKOHR
HEOTIPEICITMMOCTH PaBHA YHUCITY JTOTIOJTHUTENBHBIX CBA3EH, HATOYKEHHBIX HA CHCTEMY.

92, Br160p ocHOBHO# cucTeMbl. MeToa cui

Haubonee mMpoko pacopoCTPaHCHHBIM METOAOM  PACKpPLITHS  CTATUYCCKOH
HEOTIPEIEITAMOCTH CTEPKHEBBIX CHCTEM siBJIsieTcst MeTox cril. CyTh €ro COCTOHT B TOM,
YTO  3a/laHHAs  CTATHYECKW  HEOMNpPEJe/MMas  CucTeMa  OCBOOOXKJaercss  oT
JOMOTHUTENbHBIX CBA3€H (KAaK BHELIHUX TaK W BHYTPEHHUX), a ACHCTBUA 3aMEHAIOTCA
CHJIaMM W MOMEHTaMH. BenmnuuHa 3THUX CHJ M MOMEHTOB noadupaercs Tak, 4ToObI
NEPEMEIICHHUSI TOUEK CHCTEMbl COOTBETCTBOBAJIM TEM OrPAHMUCHHUAM, KOTOPBIS
HAKJIaJbIBAJIUCh HA CUCTEMY OTOPOILICHHBIMH CBA3SIMH.

[Ipn ykazaHHOM MOAXOAE K PEIICHHIO 3a1aUd HEH3BECTHBIMH OKAa3BIBAIOTCS CHITBI.
OT1cro/1a HA3BAHUE «METOJL CHIIY,

WUrak, packpeiTHE CTAaTMYECKOW HEONPEACTUMOCTH HAuMHAeTCAd ¢ OTOpachIBaHMS
JIOIOJIHUTE/IbHbIX CBSI3CH,

Cucrema, ocBOOOKICHHAS OT AOMOJIHHTEIBHBIX CBA3CH, CTAHOBHTCS CTAaTHYECKH
ONpeaeIMMON U HOCUT Ha3BaHNE OCHOBHOM cHcTeMBI (pHc. 9.1).

-

JananHHad cxema QOcHoBHAag cxeMa

Puc. 9.1

JIns kax 0¥ cTaTUdecKd HEOTPeaeTMMOM CHCTEMBI MOKHO TTOA00paTh MHOKECTBO
OCHOBHbIX  cucteM. OnHAKO He  KaXJAYHd CHCTeMY ¢ OTOPOIICHHBIMH
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JOTIOJTHUTETEHBIMA  CBS3AMH MOKHO TIPHHATH 32 OCHOBHYHI. HeoOxommmo, 4TOOHI
OCHOBHAs cucTema Oblla KUHEMATHYECKH Hen3MeHsaeMon (puc.9.2).

b T AT i n%!% “—"E
Puc. 9.2

[Tocne BBHIOOpa OCHOBHOM CHCTEMBI HYKHO BBECTH BMECTO OTOPOIIEHHBIX CBS3CH
HEHU3BECTHbIE CHIIOBBIC (haKTOPHI.

B tex cnydasx, rae B CCUCHHUAX OTOPOILICHHBIMHU CBA3AMU OBLIM 3alpEIICHHBIC
TMHEHHBIE MTEPEMEIICHHS, BBOIATCS CHIIBI, 4 TA€ YTITIOBBIE — BBOIATCS MOMEHTHI.
Hewspecthrie cuinoBbie (akropel 0003HAUYAIOTCA 4Yepes X,, TAe i— HOMEp

HEW3BECTHOTO. | BHYTPEHHHUX CBS3€H CHIBI X, SABJIMIOTCS B3aMMHBIMH. OCHOBHas
CUCTEeMa, Harpy»XeHHas X, —MH (pakTopamMu HA3BIBAETCSA SKBHBAJICHTHOM. (puc. 9.3).

] s
l)
L X
|
C X, X, X
) Y17
I e — & .
"o X
X, & O
X,
il .
g I,x
X,
Puc. 9.3
9.3. Kanonnueckue ypaBHEHHS METO/a CHII

VuutsiBasg TO 00CTOATENHCTBO, UTO HEW3BECTHRIE CHITOBBIC (haKTOPHI HAXOAATCA U3
YCIIOBUS PABHOBECHS M3BECTHBIX MEPEMELICHUH, TO €CTh PaBHbIX, KAK MPaBUJIO, HYJIIO,
COCTaBMM YPaBHEHME UTA HAXOKIACHHS dTHX CHII.

O0603HauMM vepe3 &, B3aUMHbBIE CMEIEHUS TOUEK CUCTEMBI, /1€
i — COOTBETCTBYET HANpaBJICHUIO NEPEMEIICHUS,

k — COOTBETCTBYET CHIIE, KOTOPAas BBI3BIBAET HTO TIepEMEIICHHE.
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Jlns pamel, nokazaHHOW Ha pucyHke 9.3, orOpouieHa 3aaenka, 3anpelariuas Bce
NEepEMELLEHHUS B TOYKE 3aAC/IKW W NOPOU3BEACH pa3spe3 3aMKHYTOrO KoHTypa. B mecte
paspesa 3anpemeHbl TAKKE BCAKHE CMENICHUA OTHOH 9acTH Opyca OTHOCHTENBHO APYTOH.

Ha ocHOBaHWM TpPWUHIMMA HE3ABUCUMOCTH JEHCTBHS CHIl  BBIPAIKEHHUS AJIA
nepeMeLleHui MOYKHO 3aMUcaTh CASAYIOIUMM 00pa3oM:

Oy, T O, +01y, +onn, +4, =0

Ony T,y T+ +d,,=0
LR Az =y =

9.1)

Kaxnoe w3 cnaraembix &, 0003HauaeT nepemMeilieHUe B HAMPABJIEHWH CUIbI X,
noa ACUCTBUEM CUbL X, .

Tax, Hanpuwep, &,, — nepemeuleHHe yroBoe B Touke B moj| AeHCTBHEM CHITHI
X.. Tak Kaxgmoe nepemMelieHne &,, TPOMOPUHOHATBHO CHJIE BCEH CHCTEMBI BHELIHUX

CHIL.
C yuerom (9.2) nepenuiuem Boipaxkenusa (9.1) B suae:
O X, +6,X, +6,, X, +...... +d,=0

O, X, +0., X, +6,, X, +....+6,, =0

............................................................. (9.3)

DT ypaBHEHUS ABIAKOTCA OKOHYATEAbHBIMU W HOCAT HA3BAHUE KAHOHHYECKHX
VPaBHEHUH METO1a CUIT.

Teneps onpeaenum, uto ¢oboi npeacTaBaAOT KOMPPUIMEHTH W KakKuM 00pazom
WX HY3KHO HAXOJHUTh.

Ecnu nonoskuts B (9.3) X, =1,10 §,, =0,

Takum obpazom, ko3(hULUUEHT ypaBHEHUS §, MNPEACTABIACT COOON NepeMELCHUE
TOYKH CHCTEMBI B HANMPaBIICHWH i— T0 CHITOBOTO (pakTopa, pasroro 1.

Hanpumep, &,, B3aumHbIA yron pasgoporta ceveHusi B orHocurensHo C non
IEUCTBUEM €OIWHHYIHOW CHITH, TTIPAITOKEHHOH B HANpaBlIeHHH X, .

Hna  onpemeneHna  BeMHIAH  KOI(D(HIHEHTOB  MOMKHO  BOCHOJIB30BATHCA
unterpanavu Mopa [2,4]. OHM NO3BONAIOT ONpeAenATh TEpeMelleHus 0G0l TOuKHM
CHCTEMbl B JIOOOM HaMNpaB/IGHHMW NOA JEHCTBMEM BHEWHWX cun. Jna onpenenenuns
nepeMeLLeHUs ¢AMHUUHON CHIIbL B MHTErpanax Mopa HyKHO 3aMEHUTb CUNIOBLIC (JaKTOPLI
OT BHEWHUX CHIl (M . M . M .. O, ) HA CHJI0BbIE (PAKTOPbI, BO3HUKAIOILHME OT EAMHUUHOM

My O,
Torma cnemyromee mepeMerienne §, ¢ MOMOIIBIY WHTErpanoB Mopa omnpeaennTes

cunsl (X, =1), To ectb M M,

caeayrumum odpazom:
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! M.\‘kfodZ + j[ M_\’kﬁt/f_wdz _;'_j'MKk?./[hdZ i kvj[ Q\%Qudz
o= K, £J GJ Ch (9.4)

a v r a
0o

[lon M

XP?

M

BO3HUKAIOLKE HA YYACTKe MO ASHCTBUEM [ — ro ¢IMHUYHOrO CUnoBoro gaktopa.
U3 ypasuenns (9.4) cneayer, uto §,=4,,.

Vi Mkr’ T 'Qs-'f

OyaeM TIOHUMAaTh BHYTPEHHHE CHIIOBbIE (paKkTOpBI,

Ecnu paMa COCTOMT H3 HpHMOHHHeﬁHbIX YYaCTKOB NOCTOSAHHOM KECTKOCTH, TO
MOZKHO UCNOJbL30BaATL MCTO], Bepej_uar HHa.

10, TEOPHUH TTPOYHOCTH
10.1. OCHOBHbBIE TMOHATHSA

Kak wu3BECTHO, MIIOCKOE M JIMHEHHOE COCTOAHWA SBIAKOTCS YACTHBIMH CIYYasMH
00BEMHOT0 HAMPAKEHHOTO COCTOSHMS,

Ho cux nop paccMaTpUBaaluCh B OCHOBHOM PAacueThbl HA OPOYHOCTL OPU AUHEAHOM
HaNMPSKEHHOM COCTOSHHUW W BOTIPOC 0 MPOYHOCTH PELIACa A0CTATOYHO NPOCTO.

MakcuMailbHble  HANPsAKEHWA, KOTOPblE MOIYT BO3HMKHYTh B  CTEPKHE,
ONPEACNAIUCh MO MJOLAAKAM, MCPNCHAMKYISAPHBIM K OCH CTCPKHSA M SBJIAJMCb
OJHOBPEMEHHO TTIABHBIMH.

YcnoBre NpoyHOCTH BBITNSIEN0 TaK:

O =0 = [G].

GG
k,
Benuuunsl o, v ¢, ONPEACNAIUCE U3 ONbITA, KOTOPbIA MOKHO OQUEHb JIErKO

[Tpu sTOM [a]:%,[a]:

nr

OCYIIECTBHTD.

Kak ke npoeeputbh NPOYHOCTh B TE€X CIYyuasiX, KOIJa T€JI0 HAXOAUTCA B OObEMHOM
HaNpPAKCHHOM COCTOAHWUH?

B »ToM crmydae BOIHMKHOBEHHE OMAcCHOTO COCTOSHHA BO3MOMKHO TIPH Pa3THIHBIX

o, a/ a/
KOMOWHAUWIX YHCIOBBIX 3HAYEHHWH TTIaBHBIX HAMPAKEHWH A’z“ CERVASE

Kaxmoit xkoMOWHAWM COOTHOIDEHHWH COOTBETCTBYET OTIpedeNeHHBIe OIAcHBIe
BEJIMUMHBI [JIABHBbIX HAMpPsiKeHUH. UTo BoOOLIE MOHUMATDL M0/ ONMACHBIM COCTOSIHUEM ?

YenoBuMces noa WIM MPeaebHbIMU HANPAXKCHHBIM COCTOAHUCM MOHMMATh TaKoe,
0pPyd KOTOPOM MMPOMCXOJHUT KAYECTBEHHOE W3MEHEHHE CBOWCTB Marepuaia, TO €CTh
nepexoa OT 0AHOTO MEXaHUUECKOrQ COCTOAHUS K APYTOMY,

JAna TOTacTHYHOTO MeTallyla TPeAeNbHBIM SBIAETCA COCTOSHWE, TIPH KOTOPOM
BO3HMKAIOT 3aMETHbIE OCTaTOUHbIe AeopMalHM (NEPEexoa OT YNPYroro COCTOSIHUS K
[L1ACTHYHOMY ).

JAna XpynmKoro — TaKOe HAMPSHKEHHOE COCTOAHHE, TIPH KOTOPOM HAYHHACTCA
paspyliieHue.

[To ananoruu ¢ TUHEHHLIM HANPSKEHHLIM COCTOSHUEM, A KOTOPOrO MPeacibHbIC
cocTosiHuA (o, u o,) ONPEJENAKTCA OMBITHBIM MyTeM, A O00BEMHOro COCTOSHUA

€7€10BaN0 Obl NPOBECTU TE € ONLIThL ¢ PA3NUYHBIMA KOMOUHAUMAMHU &,,0,,0,.
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OfHaKo TakOH MOAXOJ K BOMPOCY COBEPLICHHO HEMPHTOACH, TaK KaK KOJIMUYCCTBO
YUCTIOBLIX KOMOUHALUHR &,,0,,0, BBIPAXaeTcs aCTPOHOMUUECKUM YHCIIOM.

C Jpyrod CTOPOHBI 3TO CBA3aHO € YHUCTO TEXHWYECKMMH  TPY/HOCTAMH,
BO3HUKAIOIIMMU [PU MOCTAHOBKE MCHbITaHWA (TpexocHoe pactsokeHue). [lorromy
HeoOXoauMo co3gaHue oO0lWMX METONOB OLEHKA Mepbl Mo0oro HAmpAKEHHOTo
COCTOSIHUSL,

OTU METOJIBL ABJIAIOTCS MIABHBIMU COAEPKAHUEM TEOPHHA NPOYHOCTH.

ITpexxne weM TiepelTH HEMOCPEJCTBEHHO K PACCMOTPEHHWI) TEOpHi TPOYHOCTH,
BBEJEM HEKOTOPbIE HOBBIE OHATUA.

IlycTs yeMm 3amaHo HaNpsyKEHHOE COCTOAHHME. LeaM HavyaTe MPOMOPUHOHAIBHO BCE
€ro KOMIIOHEHTHBI 7,,0,.0, , TO PAHO WA MO3AHO COCTOSIHUE JIOCTUTHET MPEJAEITBHOTO.

Uuci10, MOKa3biBAIOILEE, BO CKOJIBKO Pa3 CACAYST OJHOBPEMCHHO YBCIIMYUThL BCE
KOMIIOHEHTHI HAMPAKEHHOTO COCTOAHUS, YTOOBI OHO CTAJIO MPeAeNbHBIM, HA3bIBAETCS
k03 PuiiMeHTOM 3anaca NPOYHOCTH,

Ecnu B ABYX pa3HbIX HANPsLKCHHBIX COCTOSHHAX KOA(DHIIMCHTEI 3alaca paBHBI, TO
TaKWe HalPsHKEHHBIE COCTOSIHHS HA3BIBAIOTCS PABHO OIMACHBIMH.

DTO AaeT BO3MOXKHOCTH COMOCTABIAATH PA3IMYHBIE HANPSMKEHHbIE COCTOAHHA MO
CTEMEHH X OMACHOCTH, HATIPHMED, JTHHEHHOE HITH 00BEMHOE.

Beenem erne o/Hy HOBYIKO BEIIMUHMHY — 3KBHBAJICHTHOE HAIPSXEHUE o, . ITO

3.
JAMHEHHOE HANPAKCHUE, KOTOPOE CJACAYET CO3JaTh B PacTHYTOM oOpasile, 4ToObl ero
HAMPSHKEHHOE COCTOAHNE OBUIO PABHOCHIIBHO C 3aJaHHBIM.

Kaxas Teopus npoyHOCTH yCTAHABAKMBACT CBSI3b MEK/Y CJAOKHbBIM HANPSIKEHHBIM

COCTOAHHEM M IIPOCTHIM OJHOOCHBIM PACTSKEHHUEM H CKaTHEM ¢ MOMOLIBIO o, .
Ecnu BennuuHa o, Obuia Hai/igHA, TO €CTh BhIpaKeHa 4epes o,,0,,0,, TO 3a/ady
MPOBEPKH TTPH 0O0BEMHOM HAMTPAICHHOM COCTOAHWHA MOKHO CUMTATh PELICHHON:

my

(o]

axe

=

Tenepp HaliaeM K paccCMOTPEHHUIO COAEPIKAHNA TEOPUH NPOYHOCTH, TO €CTh PELIUM
BONPOC O TOM, KaK OMPEACIACTCS ¢, MO PA3IMUHBIM TEOPHUAM NPOYHOCTH,

10.2. Teopud HanOONBIIKMX HOPMAILHBIX HAIPSDKCHHH

DTO nepead TeOpUsA MNPOYHOCTH, TAK KAK OHA BO3HMUKIA MCTOPHHYECKH paHbIie
npyrux (amumert XYII B.). [1o 3To#t TeopuH cuMTaeTCA, UTO HapylIcHHE MPOYHOCTH
OPOMCXOJUT BCErAa M3-3a OONbLIECTO N0  aOCOMIOTHOM  BEIMYMHE IJIABHOI'O
HAMPDKEHUA. JTO PABHOCHIBHO NPEANON0KEHHIQ, YTO ABA [JIABHBIX (HO MEHBLUUX IO
a0COMFOTHOM BETMUMHE) HAMPAKEHNA HE BIHAIOT HA TIPOYHOCTE MaTepHUana.

OKBUBAJICHTHOE HANMPSDKCHME N0 MNEPBOH TCOPUM MPOYHOCTH ONPEACIsNCTCA B
3aBUCHMOCTH OT TOTO, KAKOE€ INaBHOE HANPSKEHHE MMeeT Haubonpliee 3HAYEHUE —
PACTATHBAIOIIEE HITH CKUMAOIIEE.

Ecnu HaudoJiblIee 3HAUCHHE UMEET PACTArMBAIONICE HAMPSOKCHUE, TO

o, —a.
Ecnm vanbonbiliee 3HaUCHHE UMEET CHKMUMATOIIEE HATIPAKEHUE, TO
T, —0;-
Y CI0oBHA IPOUYHOCTH UMEKOT BH/I
0. =0 <lo],
< [G]c.

O-:ams = O-S

66



JUIa  mnacTHYHBIX  MATEPHAJIOB  NEpBas  TEOPHUs MPOYHOCTH  ONbITAMH  HE
NOATBEPIKAACTCA H €/1a00 MOATBEPXKAACTCA A4 XPYNKHUX NPU YCIOBUHU, YTO HauOoOmbllee
— TJaBHOE PaCTATHBAIOIIEE HATIPAKEHHE.

CoBepllieHHO He HaxXOAWT OTpakeHWe B 3TOH Teopun TOT (haKT, 4YTO TpH
OCYLUECTBICHUM 00BEMHOrO HANPAKEHHOTO COCTOAHHA BCECTOPOHHEE CHKATUE MATEPUATL
NMPaKTHYECKH HE YAAETCS Pa3pyLUNTh.

3TO CYILLECTBEHHOE BO3PAKEHHE IPOTHUB €€ TNPHUMEHEHHs Jaxe I XPYINKHX
MaTEpUANOBR (IPUMEHAECTCA HHOTAA B CTPOUTENLCTBE: IPAHUT, KUpHIUY, OETOH).

10.3. Teopus HAMOONBIIMX OTHOCUTENBHBIX Y/UTMHEHHH

DTO BTOPAsA TEOPHA NMPOYHOCTH, BhIABMHYTAas B 1682 romy CornacHo »ToH Teopuu
CUMTAETCA, UTO HApPYIUEHWE NPOYHOCTH  MPOUCXOAMT  M3-3a  HAUOONbIUEro
OTHOCHTETBHOTO VITHHEHHA £

mas *

OTa Teopus NpPeANoJiaraeT, 4YTO Pa3pyIIEHHE HACTYIMaeT B TOM cllyvae, Koraa
HAuOOMIbIIECE OTHOCUTEIIBHOC YAJIMHCHUC JOCTHIACT BC/IMYMHDbIL. COOTBGTCTBytOLLlefl
Pa3pYWEHAKD TIPH OAHOOCHOM PACTAIKEHWH.

g = g, —;1(62 "'0-3)1

E
£ = G,y — ;1(0'3 + 0'])’
i E
.= g, _4"'[(6] +G:)_
’ E

B dopMmynbn ana e, 0,,0,,0, NOACTABIACTCA CO CBOMMHM 3Hakamu. llpu stom
o, > 0, >0, HE3aBHCHMO OT 3HAKOB HAMOONBITAM OTHOCHTETBHBIM YITHHEHHEeM OymeT
g .

Ye¢noBre NpOUHOCTH BBITJIANT

£ =g = g, _zu(g: _ 63) < [8],
rae %:O—l_ﬂgyz_as)’ [5]=%
WITH o, =c —ule,+0,)

Bropaﬂ TCOpUA NPOUHOCTH YHUTLIBACT BCC TPH INIABHBIX HAIIPAXKCHHA, HO OIlBITAMI
OHa MOATBCPKAACTCA JTHIIL AJIA XPYITKAX MaTCpPHATIOB U TO HC A1 BCCX BHAOB
HaMpPAXKSHHOTO COCTOAHMSA.

10.4. Teopwsa HanOONBIIAX KacaTEIbHBIX HAMTPAKEHHH

DOT0  TpeThsA MPOUYHOCTH, TpedaokeHHad B 1773 BOOy W3BECTHBIM (DH3WKOM

Kynonom.

Habmoaeuue 3a noBeieHHEM METaNIOR, HAXQAALLMXCA B HANPSXKEHHOM COCTOAHMM,
MOKA3bIBAET, YTO OCTATOUHBIE (TTacTHUecKWe) medpopMallii TTOABJIAIOTCS BCIIEACTBHE
CABMIOB B KPUCTAJUIMUECKOH PEIIETKE OTACJIbHBIX KPUCTAJIIIOB,
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STO OGCTOHTGJTBCTBO T[OCJTY)KPU'IO OCHOBAHHAECM OJTA ]'[pI/IHHTI/IH THNTIOTE3BI O TOM, UTO
BO3HHUKHOBEHHUE TEKyl—IeCTI/I (TO SCTb COrJacHoO 3T0l7| Teopnn JOCTHUIKEHHUE MaTepl/laJ'[bHOFO
OpeACTIBHOTIQ COCTOHHM) HACTynacT, Korad Hal’l60J1bLL[l/le KACATCJ/IbHBIC HANPAKCHUA B
HEM DOCTHUTAKOT OTTACHOTO 3HAYCHWA.

7 =% (10.1)
2
rac o u o, l—lal/l60J1bLL[ldG H HAUMMCHBIIHUC TVIABHLIC HANPAMKCHUA.

[I[ppy  OZHOOCHOM  HamNpSKEHHOM  COCTOSHHWW, KOTOpPOS TIpHHWMAETCA 32
3KBUBANICHTHOE,

o)
T :?l' O'—IGBPII[HO, qTO AOMYCKACMOC 3HAYCHHC KaCATCIIBHOTO HANMPAKCHHSA

™max

7151 OAHOOCHOrO HANPAXKEHHOTO COCTOAHUA MOMKHO HaiTH U3 (10.2).
TToacTaBKB BMECTO o, Bennuuny [o], Halizem

[T]-%. (10.3)

Torga 7. = % <[7]= % . (10.4)
Orciona, o, o, <|o] (10.5)
WA C,.=0 —0,. (10.6)

OnbiTHAsA POBEPKA TPETbEH TEOPHH NPOYHOCTH M0KA3aJ1a XOPOLUYKD CXOJUMOCTh C
TeopHeH ANA MNNOCKOre HAMPAKEHHOrO COCTOAHMA (o, =0) M A NIACTHYHBLIX

LI
g

HC

MarcpuanoB, ¥ KOTOPbIX OTHOIICHUE

Jlg 00beMHOro HanpPsHKEHHOTO COCTOSHHS PACXOM/ICHHE PE3yJIbTaTOB TEOPETHUECKHX
pacueToB ¢ OTBITOM H3-32 He yueTa o, coctapmsaer 10— 15%.

Tpetbeii Teopueii XOpoLIO 0OBACHAETCA CEOICTBO MaTEpUaNoB HE pa3pyluaThes npu
BCECTOPOHHEM CIKaTHH.

HeHCTBUTENBHO, KOTAA 0, =0, =0, Mo 0,, =0, -0, =0.
Tperba Teopus MPOYHOCTH HE TNPHMEHMMa T XPYNMKWX MarepuanoB. OHa WHPOKO
MCIOJIb3YETCA B MAIIHHOCTPOSGHHH TNPH PACUETEe MJIACTHYHBIX MATEPHAIIOB.

10.5. Teopus 3neprun hopmMOU3IMEHEHHS

310 uerBepTas Teopua mnpouHocTH. (OHA OCHOBaHA Ha THMOTE3E, KOTOpas
MPeANnoJiaraer, YTo NPHYNHOHW BO3ZHMKHOBEHHS ONMACHOIO COCTOSIHMSI SIBJISIOTCH HE
BCJIMUUHbL HANPSLKCHUI unu aedopManuil B OTACAbHOCTH, 2 BEAMUYMHA YACIbHON
TIOTEHINAITBHOH SHEPTHH (POPMOU3MEHEHMA.

TTo 3Toii TeOpHUM NMPOUYHOCTH CUMTAETCA, YTO JUIs MaTepualia CYIUECTBYET Takas
yaenbhas sHeprus (popMOM3MEHEHUA, MPH HAKOMACHUU KOTOPOH ynpyrue aedopMmauumn
MEepexonaT B MNACTHUECKHE W CTalno ObITh HAMPAKEHHOE COCTOSHHE CTAHOBHTCSH
MPEACIIbHBIM.

Pazbepem cHauana noHATUE «IHEPruA GOPMOUMEHESHUAY
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HM3rectHO, uto Tipw ympyroi#i aedopmarmy padoTa, coBepriaeMas BHENIHWMH CHIIaMH Ha
YOPYIUX NEPEMEHICHHUAX NEPEXOAUT B MOTSHIMAIBHYIO 3HEPrul0 aedopmaiin odpasua,
KOTOPYIO HA3BLIBAIOT MOJTHOW MOTEHLUANLHOMR YHEprue.

OxkassiBaercd, UTO TONHYKY TTOTEHIHAIBHYK) JHEPTHI0 MOXKHO Pa3leluTh Ha
MOTCHIHANBHYIO SHEPrui0 (DOPMOU3MEHEHHS W MOTEHIMAILHYIO 3HEPTUIO M3MEHEHMS
obpeMa. [leHcTBUTEIBHO, €CMH pacTArHBaTh o0pazell MPH3MATHUUCCKOH (OpMBI IBYMSA
CHJIAMH, TO W3MEHWTCA Kak ero (popMa, Tak w ero o0beM. 3TO CBA3aHO B PA3HBIMH
JedopManusIMK BJI0JIb ICACTBUAS MIJIbI M nonepek. [[03ToOMY MOXHO rOBOPUTH O TOM, UTQ
yacTh pabOTH CHIBI HAET Ha H3MCcHEeHUE (DOPMBI, @ 4acTh — Ha U3MEHEHUE 00BbeMa.
TTorTOMY TIOJTHYTO TTOTEHIMATRHYIO IHEPTHIO MOKHO TIPE/ICTABHTE Kak CYMMY

U, =U,~U,,. (10.7)
OTHecs SHEPTUI0 M3MEHEHHA (OPMbI K €AMHHKIIE 00beMa, MOIYYHUM YACILHYIO SHEPTHIO
(popMON3MEHEHHA
U ,
_Ye -
U, = - (10.8)
ﬂ,ﬂﬂ 00BEMHOI0 HANMPAKCHHOT'QG COCTOAHHA
T+pyf - 5 .
I]dJ:—‘L(Jl‘Jrcr:Jra;—olcn —(71(73—0'10'3). (10.9)
3E - . ‘

Ji1st THHEHHOTO HATTPAYXKEHHOTO COCTOAHUSA
1 + ] g
TG (10.10)
3E

HonyckaeMoe 3HadeHne (POPMOUIMEHEHHS INA  JUHEHHOTO  HANpSKeHHOro
COCTOSHHSA MOJYYHM TIOACTAaHOBRKOH B BhIpaxkenue (10.4) momyckaemMoro HanmpsikeHs TIPH
pactsakenud [o],:

1+ y1 o
r,]- el (10.11)

N
2

[’jrf) =

YeaoBUE NPOUHOCTU UMEET B/

Ijﬂ(af +a, +0, —0,0,-0,0, —alcrs)ﬁ lj’,[[ [of. (10.12)
3E 3E
WiH o, = Jaf +0; +0; —0,0, - 0,0, 0,0, <[o],. (10.13)

K nocrowHcTBaM TEOpWH IHEPruW (OPMOM3MEHEHHS MOMXKHO OTHECTH TO
00CTOATENBCTRO, UTO IPU ONPEJIENCHHOM &, YYUTHIBAOTCA BCE T, T,, T, .

K HemocTaTkaM MOKHO OTHECTH TO, UTO MPHHATHIA KPUTEPHH JaeT OJWHAKOBBIE
YCIIOBUA BO3HMKHOBEHMS TEKYUECTH IMPH PACTAKEHUN U CHKATHH, MMOITOMY MOKET OBITH

a
NPUMEHUAM TOJbKO /UL MATEPHANOB € OTHOUICHUEM —2 =~ 1.
a

i

Hnsi Takux MaTepUasioB 3Ta TEOPHA JAET XOPOIMIYIO CXOANMOCTh C 3KCTIEPAMEHTOM.
Kpome paccMOTpeHHbIX, CIEAYET YKa3aTh HA CYIIECTBOBAHUE TISITOH TEOPUU
MIPOYHOCTH (TEOpHil peAeMbHBIX COCTOSHHM ), a TaK/Ke HOBEUIITHX TEOPHH:
— Teopwus [1.I1. BanarguHa — paseuTHE TEOPHH 3HEPTHUH POPMOU3MEHEHUS [2];
— 1eopus M.H. Mupomo6oBa — pa3BUTHE TCOPHHU SHEPTHH (opMOH3MeHeHHA [3];
— TEOPHsl IPEJIENIBHBIX OTKIIOHEHHH ciBUTY W oTphiy A.b. ®pujamana [2].
OTH TEOPHUU HYHNAOTCA B JICTAbHON IKCIEPUMEHTANBHON NPOBEPKE U ONPEACACHUIO
TPaHAL TPUMEHHMOCTH.

11.  ITPOYHOCTD ITPH HIUKJIMYECKI N3MEHATOHNM X CH HATIPSDKEHHWAX
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11.1. [MonsaTtue 00 yCcTanoCTHOH NPOYHOCTH

OucHp MHOTHE ACTAIA MAIIHMH H MEXAHHU3MOB B MPOLECCCE SKCILUTYATAIlHH HCIIBITAIOT
HaTNPSKEHUS, IAKITHIECKH H3MEHSIOINXCS BO BPEMEHH.

HanpsizkeHus, NEPEMEHHBIE BO BPEMEHM, BbI3bIBAIOTCH JIEHCTBUEM HAIPY30K
MEPEMEHHBIX MO BEIMYHHE WM MO HAMPABJICHUIO, @ TAKKE HATPY30K, MEPEMEILAIIINXCs
MO OTHOLLEHHUIO K paccMarpuBaeMomy uiementy (puc.11.1).

e

Puc. 11.1

MHorouHcIeHHBIMH ONBITAMHA YCTAHOBJICHO, UTO TPH NCPEMCHHBIX HANPAXKCHHAX
3HAQUUTEIPHO MEHBIIMX, YEM OIlacHblE, IIPEAENIbHBIE HANpPAKEHUA [PU OIHOKPATHOM
CTaTHYECKOM HATPYIKEHHH.

HquHHOI‘;I 3TOTO ABJBSICTCA HECKOTOPAA, BCSTAa UMCHKIIAA MECTO HCOJHOPOIAHOCTH
CTPYKTYpPbL MaTepuana (Haluuue B HEM 3€PEH, MUKPOCKOMAYECKUX TPELMH MO IpaHULIaM
3epeH, TTOPOKOB Pa3MUHKIX 00pad0OTOK), B CBA3H C Y€M B OKPECTHOCTAX OTACIBHBIX TOUEK
Marepuasl 00J1a/1aeT MOHHUKEHHOM MPOYHOCTHIO.

IIpu ogHOKPATHOM HArpyKEHWH 3TO MPHUBOJUT K HEKOTOPOMY MeEpepacrpeaeIcHuIo
HaTPSDKEHUH B MaTepuasie, HO HE BBI3BIBAET €T0 Pa3pyLICHAS.

ITpu nelcTBUM Ke TEPEMEHHBIX HAMPSHKEHWH MHOTOKPATHO TMOBTOPSIONIMXCS B
OKPECTHOCTAX TOUEK C TOHMKEHHOHW TMPOYHOCTBIO BO3HHUKAKOT MHKPOCKOITHYECKHE
TPEIIHUHBI, KOTOPBIE B CBOKD OUCPEAb ABJAOTCA CHWJIBHBIMH  KOHICHTPATOPaMH
HaNpsHKeHUH. DTO MPUBOAMT K MECTHOMY HAPYLUEHUIO NPOYHOCTH B OKPECTHOCTH TOUKH,
TO €CTh YBETHUCHHIO, PA3BUTHIO TPEIIIMHBI, KOTOPasA PACcTET ¢ YHCIIOM ITMKJIOB.

VYBenuuuparolasnacad TpelliHa yMEeHbIIAeT padouyro [JI0IIaAb CEUCHHUS SJIEMEHTA.
Paspyiuenue mpousoiifer Toraa, koraa ocaadieHHOE CeUeHUE HE CMOXKET BBIACPIKUBATDH
HANPAKEHAN, JEACTBYIOLIAX HA HEM.

CBOMCTBO META/IOB Pa3pymIaThCs MOCIE MHOTOKPATHOTO ACHCTBHUS TEPEMEHHBIX
HANpAKEHUI HA3bIBAIOT YCTANOCTHIO.

[Tocne pa3pyiueHns Ha MOBEPXHOCTH HM3NIOMA OeTAM OOHAPYKHUBAIOTCA ABE APKHE
30HBI.

B oanoii 3oHe KpUCTa/LIBL IOYTU HE PA3IMYHEL, 4 B IPYTrOH APKO BBIPAXKEHBL U YETKO
Pa3TUINMBL.

Coznaercs BneyaraeHUe, YTO B OJHOHM 30HE U B APYroil pa3Hble KPUCTAIMUECKHE
CTPYKTYPHI.

CHauasna Tak 1 0ObSICHSITH TIPUPOY PA3PYIICHUS MPU HUKIMISCKUX HAMPKEHHSIX
— U3MEHEHUEM B CTPYKTYPE, OTCHO1a U Ha3BAHUE — YCTallOCTh.

B HacTos1iee BpeMs yCTAaHOBIIEHO, UTO CTPYKTYpa MaTepHasia He MeHACTCA, a 30Ha C
MajI03aMETHBIM KPHCTA/UTAMH OOBSICHSICTCS B3aWMOJICHCTBHEM — COTMPUKOCHOBEHHEM
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ABYX pasJeleHHBIX TPEIIMHOH MOBEPXHOCTEH. B  pe3ynbrare 3TOr0 KPUCTAJLILL
MCTHPAXOTCA W TPHOOPETAKOT B M3JIOME BH]I MAJIO3EPHUCTOMN CTPYKTYPHI.

Teoperrueckuii  aHajiM3  yCTAJIOCTHOH  MNPOYHOCTH  CBA3aH ¢ OONBIIMMEA
TpyAHOCTAMH. [lpupoda ycramocTHOro paspylieHuss oOycloBlIeHa OCOOSHHOCTAMHU
KPUCTAILTAYECKOTO M MOJIEKYJISAPHOrO CTPOeHHMA BemecTtsa. llostomy mia co3paHus
TEOPHH YCTAJIOCTHON MPOYHOCTH HEOOXOMMA KaK MUHUMYM, CTPOMHAsA TEOPHs TBEP/IOro
Tena.

B Hacrosuiee BpeMs OCHOBBI TEOPHMH TBEPAOIO TEJIA HE HAXOAATCS €Ule HA TOH
cTajuu, 4ToObl Ha WX 0a3e MOXKHO OBLJIO CO3/1aTh METO/bl PacyeTa Ha YCTATOCTHYHO
MPOYHOCTb.

Ha paHHOM »3Ttane TeopHs YCTAJIOCTHOM NPOYHOCTH O0a3upPyeTcs HAa aHAJIH3e
SKCIEPUMEHTAIbHBIX M MPUOIMKEHHBIX JAHHBIX, IOTOMY [OJIYYEHHbBIE 3aBUCUMOCTH HE
BCEraa ABJIAOTCA YHUBCPCAJTBHBIMH.

11.2. OcHOBHbIE€ XapaKTEPHUCTHKH LUK

M3MeHeHHE HANpsUKeHWE BO BPEMEHH MOMKET ObITh H300pa)KCHO € IMOMOILIBIO
rpaduka B KoopauHatax o u { (puc.11.2).

OOBIYHO TIPEANONaraloT, YTO 3aKOH W3MEHEHHMS HamnpsKeHWH BO BpeMeHH
n300pakaeTcst KPUBOW, MMEIOIIEH BH/I CHHYCOM/IBI,

CrenmaibHble UCCIIEI0BAHNS MMOKA3AIH, YTO YCTAJIOCTHAA MPOYHOCTh NMPAKTHYECKH
HE 3aBUCHT OT BUJA KPUBOH, XAPAKTEPUIYIOLIENH U3MEHEHHUE HAINPAKEHUH BO BPEMEHH, A
3aBUCHT JIMILIb OT BEJIMUMH HAUOOJBILEr0 U HAUMCHBIIICTO HATIPSYKCHUA LKA,

(]

Gmax I Omin t
v

|
i
l
ol _
| Gm
|
| t
! |
l LHK] |
Gln'.n
Puc. 11.2
e — MaKCHMaJbHOE HAMPSHKEHHUE TTUKIA;
B — MHHHMAJIbHOE HaNpPsKEeHUE 1MKIIA;
&, — CpEJIHEE HaINPsIKEHHE,
ol — aMIUTATYJa UK.
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— O-max + O-mjn +

m 2 ’.
O =0 el

a max in

a
OTHomeHne —= = r — KOI(PPUITMEHT ACUMMETPHH ITHKIIA.
G

max

B 3aBMCHMMOCTH OT T LIMKJIBI HOCAT pa3finuHbie Ha3Bauug (puc. 11.3)

Cummerp. Accummerp.
LHKJT HJTBI

r<-1 ["\JU r=0
e AN

VTV A
r=-1 r=>-1 =] I =00
3uaxomnepeM. | 3HAKNOCT. [Mynseup.

Puc. 11.3

Lukabl  HanpsokeHWd, A0S KOTOPBIX  KOA(HMUMEHTHl ACHMMETPUHU  HMEKOT
OJMHAKOBBIE 3HAUSHUSA, HA3BIBAKOTCA MOJTOOHBIMHE.

11.3. ¥YcranocrHbie XapakTepucTuku Matepuana. [Ipenen yeranocrtu

Jlnst mosTyueHus MEXaHWYECKUX XapaKTEPHCTUK MaTepHarna, HeOOXOAMMBIX s
pacyeToB HA MPOYHOCTH MPU NIEPEMEHHBIX HAMPDHKEHUAX, MPOA3BOIAT CIIEIHAIBHEIE
WCTIBITAHUS HA BEIHOCIUBOCTH (HA YCTATOCTh).

Haubonee pacnmpocTpaHeHHbIE ABASIOTCA UCTILITAHUS B YCIOBUAX CUMMETPUYHOIO
nuka. [Ipu 3ToM none3yroTes NPUHIMITIOM YHCTOTO U3ruda Bpamaroerocs oopasua.
(puc. 11.4).

Puc. 11.4

[lyTeM MHOrOKpaTHbIX MCIBITAHUA MOXHO OINPEAEINTb YMCIO LMKIOB, KOTOPBIE
BBLACPIKHBAET 00pa3el A0 Pa3pyILICHHs B 3aBUCUMOCTH OT BEJIMUMHBI O, .

C yMeHBIIGHHEM o, YMCIO0 LMKIOB BO3PACTACT B BLICOKOHW CTENEHU, MOITOMY
OOBIYHO TT0 OCH a0IHce OTKIAABIBAIOT He YHCI0 NHUKIoB N, a ero norapudm (puc. 11.5).
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"a

Gn

c—1

InN

0

Puc. 11.5

Takoe o, TWKIA, TIPH KOTOPOM MaTepwajl He pa3pylmaercs Tpu JToOoM ducie

LMKJIOB, HA3bIBAETCS MTPE/ICIIOM YCTATOCTH,

[Ipenen ycranoctn obo3HauaeTca uepes o, . Hampumep, mpu cUMMETPHYHOM TIHKIIE
— ¢ ,, IPA NYJIbCUPYIOLIEM — &, .

Jnsi UBETHBIX METAJUIOB W JUISl 3aKAJICHHBIX /0 BBICOKOW TBEPAOCTH CTajleil He
yaaeTcs YCTAHOBHUThL TAKOE YMCJIO IUKJIOB, BBIJEPIKAB KOTOpoe odpasell He paspylajics
Obl B janpHeWmeM. B momoOHBIX ciydasx BBOJMTCA TIOHATHE YCJIOBHOTO Tpenena
BBIHOCIUBOCTH.

3a yCcTOBHBIH TIpenen BBIHOCIHBOCTH TIPUHMMAETCA HampsikeHWe, TPH KOTOPOM
obpasel MOKeT BBIICPKHUBATE 10° HHKIOB (62a30BOE YHCIIO [IUKIIOB).

Ilpu McnbITaHUK HA YCTAIOCTh NOyYaeTcs O0/bLIOH pa30poc IKCHEPUMEHTANbHBIX
Touek. [loaTomMy Ins Takoro omnpeneneHHs Tpenena BEIHOCIMBOCTH HY)KHO TPOM3BECTH
nopsiaka 40-60 ucneiTaHMid, UTO SIBJISIETCS TPYAOEMKOW W 1I0pOroi onepaiueii. B cesasu ¢
3TUM  ObIT CHETaH psji TOMBITOK CBSA3aTh OSMIMPHYECKAMH (DOPMYJIAaMH  TIpeen
BBIHOCJIMBOCTH C M3BETCHBIMH MEXaHUUYECKUMH XaPaKTEPUCTHKAMH.

Jlna ctaneit : o, =(0,4-05),; 7,=0,560,.

. 1
JInst BBICOKOTIPOUHBIX CTAJIEH, HO HE BCErJA . 0 | = 4000+EGG; 7,=0060,.

JInst UBETHBIX METAILIOB o | =(0,25-0,5)0,.

[Ipenen yctanocTH He SIBISIETCS XapaKTEPUCTHKOW TOMBKO CBOWCTB Marepuana kak G u E.
OH 3aBUCHUT OT Pa3MEpoB, 4acTOThI, OPMbI U METO/Ia IIOCTAHOBKU YKCICPUMCHTA.

11.4. unarpamma yCTaTOCTHOH IPOUYHOCTH

B cnpaBouHOli nuTeparype TPHBOJAT 3HAYEHWA TPEAeNa  BBIHOCIHBOCTH
o, npu r=1,TO ecTh AJI1 CHMMETPUYHOIO LIAKIIA.

CoBepLICHHO OYEBMOHO, 4YTO A OJHOH M TOH K€ CTanld 3HAUYCHUE mOpeaena
BBIHOCITHBOCTH OyIeT Pa3MTUYHO B 3aBUCHMOCTH OT I' — KOX(HUIHEHTa aCUMMETPHA
ukia. C 0o cTOPOHBI, 000 HECUMMETPUUYHBIN 1LIMKIT MOXKET OBITh NPE/ICTABIEH KaK
CYyMMa CHMMETPHYHOTO MHKIJIA ¢ aMIUTATYI0H o, ¢ TIOCTOSHHBIM 3HAYEHHEM HampPKeHHs

o, . C Apyroi#t cropoHbl, B HACTOSIIEE BPEMSI MOXHO NPOBOJUThH MCIBITAHUSA B YCIIOBHSX

M000ro HECUMMETPUUYHOTO LIMKIIA.
3a7aBas MOCTOSIHHOE 3HAUEHWE ¢,, MOXHO HAWTH NYTEM MOCIEMOBATEIIEHBIX

HCOBITAHWI HAHOONIBIICE 3HAUCHHE AaMIIHUTYAbl HWKJIa o©,, HNPH KOTOPOM MAaTcpHall
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croco0eH BHIIEPXKATH HEOTPAHMYEHHOE UHCIO THKIOB WK YCIOBHOE Ga30BOE HHCIIO
N =10°. TTony4ueHHBIH PE3yIIbTAT MOKET OBITh H300PaAKEH TPA(HUECKH TOUKOH B CHCTEME
KOOpIUHAT o, U o,. Eciu manee mpomo/LKUTh MUCHBITAHUA [UIA TOW JKE CTAJId HA TEX ikKe
o0pazuax moimy4yaeM MHOKECTBO TaKuX Todek. Uepe3 STH TOUKH TIPOBOAMTECS TpeaebHag
KPUBAsd, XapakTepW3ylolias YCTaIOCTHBIC, NPOYHOCTHBIE CBOWCTBA MAarepuasioB B
VCIIOBHAX HECHMMETPHYHBIX IMKJIOB. JTa KpWBas HOCHT Ha3BaHHE OHArpamMMbl
YCTaNnoOCTHOM mpouHocTH (puc.13.6).

A I.GEI
R
~ .
T T .
© S,
\ o
\ Y B Om
-+ GH L 2 i
Puc. 11.6

HMeAa XapakKTCPUCTHKH HEKOCTO HECUMMETPHUYHOTO IMHUKIIA o, o, , MOXHO IJIs

CTalM C OMPEAENECHHOH IMarpaMMoOl YCTAalOCTHOW TMPOYHOCTH MPOBECTH NPOBEPKY e€e
paboToCcTOCOGHOCTH B YCIOBHAX JIAHHOTO HECHMMETPUYHOTO TIMKIA. UTS 9TOT0 Ha
JMarpaMmMy  YCTaJIOCTHOH TMMPOUYHOCTH HYXKHO HAHECTH TOYKYy (padouyr) TOuYKYy) C
KOOPIHHATAMH O, U O, .

Ecnu oHa Me)XWT HUKE KPUBOI, TO AeTadb MOKET paboTaTe HEOTPAaHWIEHHO JOMTO.
Eciu Bbliie, TO 110CJ1€ HEKOTOPOI'O YMCIIA LUKIIOB OHA CJIOMACTCA.

[ mpocTOTHl pacyeToB ¢ JOCTATOYHOM TOYHOCTBIO Kpueass AB moxker ObITh
3amenena mnpsamod AB. Torga s mocTpoeHust auMarpaMMbl  HYXKHO BCETO  JIBE
XapaKkTEPUCTHUKU MaTepHalaoB. o, u o_,. HeTouHoCTh MpH 3aMeHe KpUBOH MpAMOH uaeT

3amac ycTaloCcTHOW mpodHocTH. Pabouad Touka MOMKHA HAXOAUTCA B TIpedenax
TPEyTroNbHUKA.

11.5. BrwsAHve KOHUEHTPALMH HANPAKEHUH HA YCTATOCTHYIO POYHOCTH

Tak kax MPUYWHOMN YCTaJOCTHOTO Pa3pyIIeHHs ABJISETCA TMOABJIEHUE W pa3BUTHE
TPELUMHBI, TO, OUYEBMJHO, OOIbLIOE 3HAYEHHE HAa YCTAIOCTHYK) MPOYHOCTh
OKa3bIBAIOT BCEBO3MOKHBIC KOHLEMUMM HanpspkeHus. [loa  KoHUeHTpanuei
HaMpsKEHUH MOHUMAETCS TOBBINMICHHE B HEKOTOPOH 00JIACTH HAMNPAKEHHH BBIIIE
HOpMaJbHBIX. bONBILIOH NPAKTUUECKUH OMBIT U 3KCMIEPUMEHTANBHBIE UCCIEA0BAHUSA
TIOKA3BIBAIOT, UTO B 0OJACTH PE3KHX M3MEHEHHI B (hopMe Tenma (YIITbI, OTBEPCTHA,
BBITAYKH, PE3KUH Mepenajl B JMaMerpax Bajla), a TaKkKe B 30HE KOHTaKTa JieTalel
BO3HUKAET MOBBIIICHHOE HAIPAIKSHUE.

30Ha PacnpoOCTPaHECHUSA MOBBLIMICHHBIX HAMpPAKEHWH OrpaHuYeHa y3KoW o0nmacteio B
OKPECTHOCTH 04ara KOHLUCHTPALUUHU (KOHUCHTPATOPA HANIPSIKCHUIA ).
B cBA3M ¢ JIOKANBHBIM XapakTEPOM pacrpeieieHdsl 3TH HaNpPsKeHHUS HOCAT Ha3BaHUeE
MECTHBIX HAIPSKEHUAMN.
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BenuuuHa MECTHBIX HANPSIKCHWH ONpeenseTcd Kak TCOPETHUYECKH ¢ MOMOLUBIO
MATEMaTHYECKOH TEOPHH YTIPYTOCTH, TaK W IKCTIEPHMEHTANBHO (TONAPH3ALHOHHBIH
METO/T, TEH3OMETPHSI).

OCHOBHBIM  MOKA43aTECIEM  MCCTHBIX  HAMPSOKCHUA  CNYKMT — TCOPETHUCCKMH
K03(pPHIHEHT KOHUEHTPAIHH HATIPSUKEHHHH.

(o
kl P max
(2

B

>

rac o, — MAKCHMANbHOC HANPAMCHHUC,

a — HanpsbKeHue, onpeaenseMoe no (opmyiaaM CONPOTHBIEHHE MaTepHana

0€3 yueTa KOHLUEHTPALIUH.
Benmvaura TeopeTueckoro kKordhHINeHTa KOHIIEHTPAIHH 3aBHCHT TOJIBKO OT BHIA
KOHLIEHTPATOpa, €ro pa3MepoB, OT pa3MepoB jeraiid. Ui OOJIbIIMHCTBA 4acTo
BCTPEUAIOIINXCA BHWIOOB KOHLCHTPATOPOB BeNWYWHA 4, omnpeaenuma. [aHHbie 10

k, ceoyiATca B Tabnuubl U rpaduxu [3].

KoHUeHTpauus HanpsA:KeHUH OKa3blBAeT HA MPOYHOCTH ACTAAW PA3MUHOE BIMAHUC B
3aBUCHMOCTH OT CBOWCTB MaTepHasia M OT Xapakrepa HarpykeHua. B cBa3m ¢ >Tum B
OTJINYNH oT TECOPECTHHUCCKOTO KO3(b(bl/lL[l/leHTa KOHLCHTpPAaLUHH BBOOAT [TIOHSITHE
ddexTrBHOTO KO3pPHINEHTA KOHIESHTPALUNHU 4, , TIPHUEM IeNaeTcd pasiinuie MeEXIy
MNOCTOAHHBIMM U LMKJIMYSCKU H3MEHAOLLMMUCA HATIPSOKCHUSAMU,

[Tpn MOCTOAHHBIX HaTPMKEHMAX (1=1)

b=k =2

r +1 F 2

g

f

rae ¢, — npeaen NpOYHOCTH AN 00pa3la, He UMEOILETO KOHUEHTPATOPOB HANPAKEHWH;

’

¢! — YCNOBHBII mpefen NpPOYHOCTH A1 00pasiia, HMEHIIET0 KOHIEHTPATOPhI

I

HANPAKCHUH.
JIna nnacTHuHBIX MatepuanoB k  =1(To ecTh HET NMPaKTMYECKH PA3HHULbI MEXKTy O, U

r
o).
JIna XpymnKWX MaTtepuanoB k,, mpubmmwkaercs K &,. Mckmouennem sBiseTcs 9yTyH, Tak

Kak BKIOueHue rpadura ciyxat 00jiee CHbHBIMM KOHLEHTPATOPAMH, Y4€M OTBEPCTHE
wnn  mpotouka. [losToMy OHW He BmHAIOT Ha k. B YCIOBHAX UMKIHYECKH

M3MEHSIIOLUMXCA HaNpsKeHUH (npu 1=-1)

071
k, =—*,
o
rae ¢, — Mpeaen yCTalocTH rnagkoro odpasua,;
&', — Mmpeaen YCTanoCTH MO HOMUHAIBHBIM HAMPSHKCHUAM A o0pasla, MMEIOLLETO

KOHLICHTPATOPbL HANIPAXKCHUIA.

k, TakkKe Kak M K, ,3aBUCUT HE TOJbKO OT reoMeTpuueckoi ¢GopMbl, HO M OT
marepuana. UnmcrnoBoe 3HaueHWe A  MoxeT OBITH ONpEAENeHo TONbKO Ha OCHOBE
YCTATOCTHOTO WCTTBITAHASA 00pa3ia.

B Hacrosiliee BpeMs HAKOMICH A0CTAaTOMHO OOAbLIOH  SKCOEPUMEHTAIbHBINA
MarepHan W €CTb HEKOTOpHI€ TIOMBITKH SMNHUPHIECKH CBA3aTh & W k. OoWH W3
npumepos >Toii ceasu: k |, =1+q(k, - 1),
rae q — ko3(pPHUIHEHT TyBCTBEHHOCTH MaTepPHasia K MECTHBIM HATTPSKEHUAM.

BennunHa q 3aBUCUT B OCHOBHOM OT Marepualia.
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Jns BBICOKONPOUYHBIX JIETMPOBAHHBIX 3aKANICHHbIX cTaneid q=1

Jlns koHCTpyKUMOHHBIX craned q=0,6-0,8

Jlnst uyryna q=0

OMnupuueckuMu  (popMysiaMH TAaKOro BMJA MOJB3YIOTCS JMILb B TOM Cllyuyae, KOrja
OTCYTCTBYET PE3YJbTAThl NPAMBIX IKCIIEPUMEHTOB M0 ONPEACTICHUIO £, , a €CTh JIAHHBIC 110

k
[Ipu pacuerax Ha yCTATOCTHYIO MPOYHOCTh HATHYHNE MECTHBIX HAMPSKEHUH YYHUTBIBAETCA

MyTEM BBCIACHHA IMOMNPABOK B YHCJIOBBIC 3HAYCHHA paﬁoqeifl TOYKK Ha JUarpaMmme
YCTAIOCTHOH MPOYHOCTH.

+

11.6. BrnusHue COCTOSHUSA MTOBEPXHOCTH W PA3MEPOB ACTAJIU HA YCTAJIOCTHYIO POUYHOCTh

BOHBH_IOG SHAYCHHEC HpI/I ITUKITUYECKHUX Hanpsm{eHle HMEECT COCTOSHHE HOBerHOCTH
JeTalld, TIOCKOJBKY pa3pylieHHe TPOUCXOIWT HW3-3a pasBUTHA Tpemmubl. [ pydo
00paboTaHHas MOBEPXHOCTh, OYEBHJIHO, caMa 1O cede eCTh COYETAHWE KOHIEHTPATOPOB
HanpsokeHud.  COCTOSHME  TOBEPXHOCTH  YUYMTHIBAIOT  KOAPPUIHMEHTOM  KauecTBa

c
HOBEPXHOCTH &, = —=,

G‘—l
rie ¢ ,— TpeeN yCTATOCTH /Ul 00pa3iioB CO CTaHIaPTHOM MOBEPXHOCTBIO;

g — Opeacyl BBIHOCIHBOCTH 06pa3u013, HMCIOIHUX MOBCPXHOCTDL ACTAJIH.

~ln

-
3nauenus g, ceoasaTcs B Tabmuisl v rpaduku [3]. TIpu pacuere neranu Ha yCTaNnOCTHYIO

NPOYHOCTh  yYUTBIBAETCA elle W Macmrabueii  dakrop, XapakTepu3yembiii
ko3 pummeHTOM

O_
EM e 14 ,
o,
Tae o 5 pEeAECII YCTAIIOCTH 06})33].[21, COHU3MEPHMOT0 € pasMepaMH ACTaIA,

O ,;— NPEJEN YCTaJ0CTH 33/[aHHOr0 00pasiia.

£ — Takke cBoaurcs B tabnuuax u rpaduxax [3]. Ilpu pacuerax Ha yCTaJIOCTHYIO

M

MMPOYHOCTh & W &, BBOMATCA KaK MONPABKH B OpAMHATHI padovyell TOYKM Ha Auarpamme
YCTAJIOCTHOM MPOYHOCTH.

11.7. 3anac ycTaloCTHOH MPOYHOCTH U €ro OMPEICIICHHE
A
k
B Oa
-1 M e
Uﬂ'lik‘ |
ETH' E!Ti
L C -
ﬁmok—i N
O=
Puc. 11.7
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VCI0BMMECS 11071 3aM1aCOM YCTANOCTHOR NPOYHOCTH NOHUMATh OTHOIIEHHE oTpeska OB k
otpesky OA :

OR
n =—,
" 0A
OB 0D o,
04 OK OK

N3 nonodus tpeyroabaukos AMK u COD (puc.11.7):

KM =Z0p4=Z0 6 &

MU+

O-B O-E
O-ak 1 G-l
OK =0M + KM = S fac A0
gr:gm O-Ea‘
Orcroa
n, = il
r o ——+0 7.k,
! gnrgn ! O-G

CoBepIIEHHO aHATTIOTHYHO MOTYT OBITh IMOJIyY€Hbl COOTHOIIEHUA YCTATOCTHOW NPOYHOCTH
JUTSl YUCTOrQ CJIBUTa

L k. T—lkﬂ .
£ £ o

m H g

JlwarpaMma ycTanocTHOM MPOYHOCTH IS CABHTA HECKOJNBKO OTJIHYAETCS OT JAMArPamMMbl
YCTAIOCTHOM TIPOYHOCTH /1A ciiydas u3ruda ¢ kpydennem (puc. 11.8).

4 T-1

9

Tup.

Fﬂ1
Puc. 11.8

JluarpaMma MpOXOAMT 3HAYMTEILHO BbIle NPAMOi nuauK. [103ToMyY KoddhduIHEHT
3araca HeCKOJIbKO 3aBBIIICH MO CPABHEHHIO C HOPMAaIbHBIM HAIPAKEHHEM.
Pazo6panHble HAMH CJIydad YCTAIOCTHOM NMPOYHOCTH OTHOCHIJIMCH K CIIYYar) JIMHEHHOrO
HAMPSIKEHHOTO COCTOSIHUSA (KpOME CABUTa).
B ciyuae mIOCKOTo HATPSHKEHHOTO COCTOSHMS JUTS HAXOXKIeHHs Kod(pgHIHenTa 3amaca
[I0JIb3YIOTCA SMIupHUecKoi (hopmyoii I'ada u [lomnapaa:
1 1 1

- > ]
e

n. n. n
r€ #,— UCKOMBIH 3aI1aC yCTalnOCTHON IIPOYHOCTH;
n_ — 3amac ycralnocTHod npounocty npu 7 =0,
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1, — 3arac ycTajoCTHOH npouHocTH npu o = 0.

11.6. [TpakTueckne Mepbl MPUMEHEHHS TIO MOBBILIEHWIO YCTANOCTHON TTPOYHOCTH
Mepsbl 110 60pb0e € YCTANOCTBIO MOT'YT ObITh PA3ASJIEHBl HA TPH KATEOPHU:
[leppaa kateropus cea3aHa ¢ BbIOOPOM MaTepuana,
Bo-neperix, He0OX0AUMO TIPUMEHATH MaTepPHall ¢ BO3MOXHO 00Jiee BBICOKHM MPEJETOM
NPOYHOCTH OPH AOCTATOUHOMH MAACTHYHOCTH.
Bo-BTOpBIX, MaTepHan JomKeH OBITE CBOOOIEH OT BCAKHX BHYTPEHHHX KOHLIEHTPATOPOB.
Ot1o Tpebyer Gosiee ONHOPOJHON, MEIKO3EPHUCTOW CTPYKTYPbI, OTCYTCTBHUSA BCSKHMX
OCTAaTOYHBIX HaOpAKEHUH, 3aKalouHblX HapyLIEHUI CIUIOWHOCTW MaTepuana B BUAE
TPEIIHH, MY3bIPHKOB, BOTOCKOB.
TTosromy A7 OTBETCTBEHHbIX JeTaleil, paloTalouux MpH MEPEMEHHbIX HANPAKEHHUSIX
NPHMCHAIOT BbICOKOACTHPOBAHHLIC CTANU (XPOMOHUKENCELIC, XPOMOBAHAIUERBIC) C OUCHb
BBICOKHM TIPEOENIOM TMPOYHOCTH, KOTOPBIM TIPH TIOMOIIH TIIATETBHON TePMHUUECKOH
00paboTKK NpuaaHa MeJIKO3epHUCTas CTPYKTYpa.
[IpumeHeHns Takux cranei ¢ APYrofl CTOPOHbI BEAET K TOMY, UTO HCOOXOAHMA QUCHb
TaTenbHas WX o0paboTka, Tak Kak y HUX OONmbmION KOI(pUIHEHT UyBCTBHTENBHOCTH
q=] , d, CICA0BATCIIBHO, OHH YYBCTBHUTECIIbBHBI K BCCBO3MOXKHBIM KOHLUCHTPATOPAM. MoxkHo
CKa3aTh, UTO HeM NyUIIe TPHAMEHAETCA CTalb, TeM Oosiee KyNBTYPHOH HOMKHA OBITH €6
obpadoTka.
Btopasa karteropua Mep OTHOCHTCA K KOHCTPYKTHBHbIM MepaM. OHa CBOOMTCA K
rpaMOTHOH TPOEKTHPOBKe ovepTanuii netan. OCHOBHAS LeNb, KOTOPYIO AONKEH CTaBUTh
cede NpU 3TOM KOHCTPYKTOP, CBOJUTCS K BCEBO3IMOKHOMY CHHXEHUIO KOd(hduineHTor
KoHUeHTpauuu. CHKeHUe KOYPPULUCHTA KOHUCHTPAUMU AOCTUrAeTCA NPEKAE BCEro
TUTABHBIMA TIEPEXOIaMH, TT0 BOZMOMKHOCTH YCTPAaHEHHEM MPOTOUEK, HAIPE30B.
TpeTbﬂ Karcropust MEp OTHOCHUTCA K TECXHOJIOTMUCCKHUM MEpaM.
3a nocneaHee BpeMA 1A MOBLILICHHA YCTAlOCTHOH MPOUHOCTM CTAMU NPUMCHATH
pasnHuyHbIe cieHalbHbIe cMOcoOb 00PAdOTKH MOBEPXHOCTH:
1) NoBEpPXHOCTHOE A30THPOBAHKUE, KOTOPOE JAST OLLYTHMBIE PE3YJIBTAThL IPH HAUIMUYKUN
KOHUEHTPOTOPOB HANPAKCHUA,
2) oOkarTka MOBEPXHOCTH POIWKAMH U apoldecTpyiiHas 0O6padoTka;
3) HUKWMIMPOBAHUE H XPOMHUPOBAHUE.

12. [NOHATHUE O KOHTAKTHbBIX HAIIPAXKEHUAX

Ecnw npw nepenave ycunwil Mexxay ABYMA TENaMH TIOMAAb KOHTaKTa OYEeHb Masia o
CPABHEHHIO € pPa3MePaMu KOHTAKTHPYKLUMX TEl, TO MAaTepuall B 30HE [UIOLIAAKH
COMPUKOCHOBEHHA HCIBITBIBAET OOBEMHOE HANIPAIKEHHOE COCTOSHAE. HanmpsskeHnsa B 30He
KOHTaKTa Ha3bIBAKOTCA KOHTAKTHBIMH HaNpsKEHUsMH. BenuunHa 3THUX HanpsKeHWi
ObICTPO YOBIBACT NPU YAANICHHUH OT MAOLAAKK NPUKOCHOBEHUS, MOYTOMY 3TH HANPKECHUA
HA3bIBAKOT MECTHBIMH.
Tak Kak 3aKOH PACHPE/IeleHUsl KOHTAKTHBIX HANPSXEHWH clioxkeH. To ¢
MOMOLUBID METOAOB CONPOTHUBIECHUA MaTEpPUANIOB ONPEASHMThL 3TH HANPAKEHUA HE
yaaetcs. Ux onpenengroT ¢ mOMOIBIO TEOPHH YITPYTOCTH.
B ofmewm cnyuae kacaHus JBYX Tl IUIOWAAL KOHTAKTA OrPaHUYEHA
3NJIANCOM, YPABHEHUE KOTOPOro UMEET BUI
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Ax® + By* +C = const ,
(12.1)
rie A u B — BEIMUMHBEL, 3aBUCAIME OT TJIABHBIX PAJAMYCOB KPHBHU3HBI

CONPUKACAOLLUXCSA TEN,

C — BenmmunHa cOMMKEHWA TeN, BHI3BaHHAA ynpyro# aedopmanmeit mo mmommaake

KacaHHsl.
I'maBHpIMM pagviycaMHd KpPUBHM3HBI B TOYKE KOHTAKTa SBIAIOTCA HauOONbIIUNA U
HAaWUMEHBIIWH paaMyChl KPWMBM3HBI, JEXalIMe B JBYX B3aUMHO TEPNEHIHKYIAPHBIX
IIIOCKOCTAX.
Hampumep, y mapa paanycoM K riiaBHbele paanyChl KpHBH3HBI PABHBI:

R_r1 =R =r
Y uMIMHApa paauycoM F [J1aBHBIE PaJuyChl KDUBU3HBI PABHBI:
R =r, R =,

1
B o0mem cnydae KOHTakTa JIBYX TEJ HAMPSKEHHS MO TUIOLIAAKE CONPHUKOCHOBEHMS
pacTpeAenstOTes Mo 3aKoHy uncounaa (puc.12.1).

Gmux

Prc. 12.1

MakcuManbHbIe HANPA/KEHUA B LIEHTPE PaBHBIL
3P
O-max = ?
2xab
rae P — HopmanpHAd cuna K 1IomaaKke KOHTaHTa,
a¥ B — TMOJYOCH MJIOMIAT0K KOHTAKTA.
OOBIYHO BEMYMHA HANPSKCHUEA BhIpaykaeTcs dyepe3 Ko puumueHTs
A v B ypasnenus (12.1):

o =aA4APAE?

max

(12.2)

(12.3)
rae @ — ko3(ppHIMEHT, 3aBUCAIINN OT OTHOIICHUS % (MPUBOIUTCA B CITPABOYHOM
JIATEPATYPE).

YacTes U3 TabnuIp! [UTA ONIpeAeeHus o npuBeaeHa Huxe (tadm. 12.1).
Tabnumua 12.1

A 1,0 0,9 0.5 0,01
B
o 0,388 0,400 i 0,49 2,271

@Gopmynsl a1s onpenencHus A u B takoke NpUBOIATCS B CIIPABOYHOM TUTEPAType B
3aBHCHMOCTH OT (hOPMBI CONMPHKACAIOIIHXCSA TEM [ 1].
Beneacteie 00beMHOT0 HAMPSI)KEHHOTO COCTOSHUSI MATEPHAJIA B IIEHTPE MJIOIIAAKH
KOHTAKTTa (TPEXOCHOE CXKATUE) OH MOKET HAJEKHO padoTaTh MPH OYCHb BHICOKHX
KOHTaKTHBIX HanpsbkeHusx. (3500-4000 MlTa).
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Y cioBHE TPOYHOCTH MPH PACUETE TI0 KOHTAKTHBIM HANMPSIKEHWSIMUMEST CIIEYIONH BUJT,
O e, O'i: (12.4)
rae [O']k — AOMYCKAEMOE KOHTAKTHOE HAMPSUKCHHUE (3aBHCHT OT MATCPUANa H TBEPIOCTH
COMPHKACAFOTITXCS TEIT).
Pacuer Ha KOHTAKTHYIO IIPOYHOCTL SABAACTCA OJHHM H3 OCHOBHbIX
PpacueTOB MHOI'HX z[eTa.neﬁ U y3JI0B MallWH (HO,I[H_II/IHHHKOB Ka4ycHHs, 3y6‘IaTLIX
nepesay, GPUKIHOHHEIX MEXaHW3MOB W Ip.).
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