o1 .9.02.02 CONPOTUBJIEHUE MATEPHUAJIOB
TEOPETHYECKHUE OCHOBbBI PACUYETA BAJIA
HA ITPOYHOCTDH U ' KECTKOCTb

VYuebHOE mocodue

Jlann of1nie NONTTHR NATPIXCHAG-ACPOPMEPOBAEHOTC COCTORHEA B 001acTi FaK0-
Ha ['VKa, AIA HEKOTUPOH TOYKM HATPYXCHHOIO TENA, 4 TAKS KPATKHE CBEASHMA O LIRPOKD
MPEMEHASMEIX B PACIETHOH NPAKTUKE TEOPHAX TPOTHOCTH.

Omecaun rpadudecknd » anamiTHIECd8d cnocobs!  Qnpeziefiensa FIABHLIX HADPA-
WEIHEl B TOMKE B CNYYAS NNOCKOTO MAMPIDKSHHOIO COCTORHUN OPUMCHHTCIBHO K PacHeTy
BAAA HE [IPOTROCTD NPW XpYHeHHR. TTPHBOAHTCS METONMKA PACTETE BASTA HA NPOYNOCTL ¥ HKe-
CTHOCTD.

IIpcaHRIHAYCHO 118 CTYACHTOR, H3YUARCLIHX kype «ConpornaneHe MATEPHANOR» B
HOIWIOM obreme.
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BBEAEHHE

KpydeHne OTHOCHTCS K NMPOCTHIM BHIaM CONMpoTUBACHHS, OAHAKO IS
BLIITOMTHEHUS PAcueToB NP KpyyeHnH HemfexHo ofpanicHue Kk APYrMM pai-
JeraM Kypca COTIDOTHRACHHS MarepualloB. JTO BHIAHO W3 npuj;cn'e_mloro Ha
puc. 1 anroputMa pacyera. Llenpio Hactosuero ydeGHoro mocoOms ARIAETCH
NOMO4b CTYNEHTY B OCO3HAHHOM M MPAMOTHOM BBIIOAHEHHH OTNE/THHRIX 3TAN0R
pacdeTa § yCTAHOBJICHWH MX B3a¥MOCBS3H. MHOIO BHHMaHWA B JHHOM TIOCO-
6HH YAENSETCA AHANM3Y HANPDKEHNOrO COCTOSHMR M KIACCHYECKHM TEOPHIM
IPOYHOCTH, NPUMCHHTENILHO K PACUeTy BANa, 4TO M ONPEAE/IMA0 TIOCNeH0Ba-
TENBHOCTE H3JI0KECHHA MaTepUana.

PeanbHan
KOHCTPYKUNR
l
MNMoctpoenne
pac4eTHON CXembl

[

Onpepenerve
BHYTPEHHUX YCHUIHA
Momck Boiuncnexve -
ONacHOTO CRUYEHWA ' nepemeLweHni e
1 T
Nowck onacHon - Ycnosue
TOYKW B COMSHHUM WECTKOCTH
[ -
AHANM3 HANPAKEHHOTG Onpeaenenve
COCTOAHWA 8 ToUKe . MEXAaHWIECKNX [ |
T XapakTepucTuK
MaTepvana
Boifop runoTess
NPOMHOCTH
] Pacuer
TeOMETPUUECKAX
Ycnoawe - XapaKTepUCTHK
NPOYHOCTA CEueHUS

Puc. 1. Cxema pacuera Ha NPOYHOCT H KECTKOCTS



1. OBIHME HOHATHA H3 TEOPHH HAHOPAKEHHOT'O
COCTOAHRA H KPATKHE CBEAEHHUSA O KPUTEPHSIX
MPOYHOCTH

Teopnst Hanpsokern#t (w0 gedopmarnat) Geura cosnana Kown'. BeiBeaeHo
TPH YPABHEHMA PARHOBECHA IEMEHTAPHOTO YETHIPEXTPAHHUKA, JOKA3AH TAKOH
TAPHOCTH KacaTEIBHBIX HANPOKECHHI, BBEACHO [TOMATHE TIaBHLIX 0CCi (IUoLa-
JIOK), TJIaBHBIX HAIIPSDKCHHMN H Jp.

1.1. O6mHe NOHATHS 6 HAOPHKEHHAOM COCTOAHHH.
Tenzop nanpaxennii. Hnpapuaurnocrs Temsopa

B TREpAOM TENE, HArPYKCHHOM NPOH3-
ROMBHOM “cHCTemolt cur™’, wepes oGy ero
TOYKY MOXKHO TIPOBECTH OEeCIHCIEHHOC MHOXKCCT-
BO PA3NHAYHO OPHEHTHPOBAHHBLIX ILTOMIAA0K, MO
KOTOPBIM ACHCTBYIOT HOPM@IBHEIC M KacarelbHbIC
HaMPSKCHHA, BHI3HIBAIOILAREC THHEHHEIE U YTIOBHIC
JedopMaiii. B OxpecTHOCTM TOYKH BBUICAAIOT
SNeMEHTapHEIi ofbeM MaTepnana B Buac napai-
JENCIMIea, [UIA KOTOPOro HANPAKEHHOE CO-
CTOSHUEC MOXHO CIMTATh OAHOPOIHBIM (PHC. 2).

Puc. 2. Hanpsxeuns,

IeACTBYIOIUE O Fpa- Hanprocenue — eenuquna, xapaxmepu-
HAM  JJICMCHTAPHOI'0  3YOWjdas UMMENCUSHOCMb GHYMPEHHUX YCURUH,
napaianenenunea BO3HUKAIOWUX & Oehopmupyemom mene noo

GAIUANNEM GHeWHUX 80630elicmsuti, mo ecnbv
BHYMPERHUE CUNY, NPUXO0AWUEC HA EOUHUYY NAOWAOU 8 OKPeCMHOCTU Dac-
cmampueaemoti mouxu. [lojoe HallpsHKEHHE p, YPABHOBCHIMBAIOMEE BHEII-
HIOIO HAIpy3Ky, pacKIaabnBarOT Ha coc*rannmomﬂe [0 HOpMAU K CeUcHMC (G)
K B IUIOCKOCTH C€YESHHA (1), MPUYEM p =o' +1 (cu. moapasaen 1.4),
-~ Hanpaxcenue nopMaasnoe o — nepnenOuxymapro K CeHeHUIO.
Hanpaxcenue Kacamensioe 1T — Oelicmayem 8 NOCKOCMYU CEHEHUA.
Hanpaxcennoe cocmonnue (0, T) — COBOKYNHOCMG HARPANCEHUH,
deticmeyIoujux no mpem MobeM OPpMOZOHATLHOIM mou;adxau. npOXoOAULUM
Yepes paccMampueaemyio moyxy.

I'paHs 9acTO HA3BIBAIOT IMCMEHTAPHOH Tomaxkoi (wm npole: woman-
xoi). Ilepeeri wHAekc B o0OSHAYCHMM YKA3HIBACT HApABICHHE HOPMATH K
wionaaxe (aapec romanky). Bropoit MHACKC YKa3WMBacT OCh, B HANIPARJICHUM
KoTopo# neficteyer Hanpskenne. B 0603HAYCHHH HOPMAMLHBIX HaIPDKEHH o
IPUCYTCTBYET TONBKO NEPBhi MHEEKC, TNOCKOILKY OYEBHIHO, ¥TO BTOPOH COB-
MAAAET ¢ HUM.

! Onocrens Jlyn Kouwm {Cauchy A L. 1789-1857) — dpanuyscinit yaennii. Onybankopan Gonee 800 pabor no
MATEMATHIE, MEXAHHKE, Grdmxe, ACTPOROMIH. Teopun wanpowennfi npeanoxesra s 1822 r
® IMoa “cHCTEMDH CHA™ AAECH H B TAALHEHIIEM NOHHMAETCH BCA COBOKYMHOCTD DHELIHMX CHNOBRIX (EKTOPOB

(CHAG!, MOMEHTH, PacTIpeieTeHHbIE HArPYIKi H np.).



Hanpaxennoe COCTOAHNE B OKPECTHOCTH TOYKH ONpeAeAReICs ACBATHIO
KOMIIOHEHTEMH M OITACHIBAETCA TEH3OPOM HAIIPSHKEe HIH
Ox Ty Ty
Te=|Tx Oy 1y
Ixx Tzy O
Ténsop [or nar, lendere — HaTATMBATh, HAIPATATH;, MATEMATHICCKOES
NOHATHE] — geuuuna 0co6020 pooda, 3a0asaeMan HUCIAMY U 3AKOHAMYU UX Npe-
00pa30eanun; ABAAEMCR PA3GUMUEM U a60OweNuem sexmopa u mampuys. Bex-
TOP — 3TO TEH30P MEPBONO PaHra, a CKAIAp — TEH30pP HYJICBOTO pauHra.
TeH30pHOEC MCIACACHHE IMMPOKO NPAMEHACTCA B MEXAaHMKE, IIpaBIMKeE,
JNCKTPOAHHAMNKE, MABOAMHAMUKE H JPYrHX 00JaCTAX HAYKH.
B neppoit cTpoke TEH30Pa CTABAT HANPMOKEHWS HA NEPBOH ILTOINAAKe X,
BO Bropoii — ya miomanke y. Temsop coaepkut 9 komnodeHT. [Tapawinenens-
nefl, BbLACNEHHbIH B OKPECTHOCTH PACCMATPHBAEMOM TOUKH, HAXOAUTCA B pas-
HOBECHH TION ZCHCTBHEM CHUI, MPHAOKEHHBIX K €ro rpawiM. HopManbuhie CHITLI
Hd TPaHSX MapajUIcHenunes B3aMMHO YPaBHOBEMICHB! H, CHEAOBATCABHO, TPH
YPAaBHCHHA PAaBHOBECHS TOKAESCTBEHHO YHOBRETBOPAtOoTCA. COCTasuB ypaBHeE-
HHA CYMMBI MOMEHTOB BCEX CHJI OTHOCHTENbHO KOOPAMHATHEIX ocel (cM.
puc. 2), nanpamep, oc z: (T,-dzdy)dx — (1-dzdx)dy = 0, MoxkHO noayunTs
CAEYIOMIME TPH PaBEHCTBA! ' '
' Ty =Tyas Tye =Tzps Taz =T
OTH paBeHCTBA HA3NBAIOT JIAKOHOM RAPROCMU KACAMERLHNX
HANPRANCEHUR: eCru ho Kakou-1ubo niowadxe Oelicmgyem KacamenvHoe HA-
npROICERE, MQ N0 nepneHOUKYRAPHOL x Hell naowadxe Gydem deticmaoeame
KaCamensHoe HANPANCENUE, PASHOE RD BEAUYUNE U NPOMUSONONOICROE NO JHAKY.

lpasuxa 3saKoB. HopManLunie HAnpsKeHus BbI- oo
3MBAIOT YIUTHHEHUME MM YKOPOUCHHE rpaHeii mapasuieierm-
fiefa. PacTATMRAIONMME HANPOKCHUR CYUTAIOTCH NON0KH- e
TensHEIMM., KacarehHete HANpMHKCHUA BbIIBIBAIOT CMEHIEHHE : — 3
rpadedi, ux caBur, M3MCHCHWE TPAMLIX YIJIOB HA TYnoi u +’tt
ocTputil. KacarennHoe HANpsKEHUE NOJOKUTENBHO, eCim
m300paxaomMii ero BEKTOP CTPEMUICA Bpamarb TpaHs IO
XO/ly 4aCOBOH CTPCKM.

BenencTpre 3aK0HA NM2PHOCTH KACATE/AbHLIX HANPDKEHNHA TEH30P CTaHO-
BHTCA CHMMCTPHYHLIM OTHOCHTEBHO I'TABHOMH /Maronand. BMecTo aeBATH AMe-
€M TOJBKO IECTh HE3ABUCUMBIX. KOMIIOHEHT.

|+

Gy Ty 1Ixz



HuBapHauvEOCTh TeH3opa. Mumapuanr [dp. invariant — semsme-
HAomniica]. Ecm B3aMeH MCXORHOM CHCTEMBI OCe# (X, ¥, z) Bubpars Kakywo-
TO HOBYIO CHCTEMY (d, P, ¥), KOMIIOHEHTHl TeH3opa w3MeHATcd. OQHAKO caM
TCH30p HaNPAKCHHM, KaK KOIMYECTBEHHAA XAPAKTEPHCTHKA HaNPKSHHOTO
COCTOSHHS, OCTACTCA TEM XK€ (UMBADUANMHOCMb MEH30pAd — e20 He3ABUCU-
MOCMb OM NPUNAMOLE CUCTIEMBI KOOPOUHAMm).

Cka3aHHOE NIOACHAETCA HA [IPUMEPE BEKTOPA (YaCTHOrO CiIy9as TEH30pa),
NOKAa3aHHOro Ha puc. 3.

y
4

Puc. 3. BapuanTs: OmEcaHusA BEKTOpA B PA3HBIX CHCTEMax KOOPIUHAT:
a — ciy4aino BrIOpaHHan cucTeMa, & — CHCTeMa, B KOTOopoil OaHa 13
oceit coBmagacT ¢ HANPABJICHAEM BEKTODA

B cHcTeMe KOODAWHAT CHCTEME X, ¥, Z (HC. 3, @) BekTop P ompeneneH
MATPHLIEA, "WICHAMH KOTOPOH ABIIIOTCA KOOPAHHATH KOHUA BekTopa (3, 4, 0), a
B CHCTEME ocel X', ¥, Z {puc. 3, 6) Juid Toro ke BekTopa — marpuueii (5, 0, 0).
O6bparvte BHUMaHHE. IOJOKEHME BEKTOpPa B HPOCTPAHCTBE M €r0 BEIMYMHA
(p=v3+4*+0% =5) OCTANHCH HEWIMEHHKIMH, HO BHIGDAHA Takas CHCTEMA KO-
OpIOMHAT, B KOTOPOH BEKIOP IPOSLMPYETCS TONBKO HA OXHY W3 OCell B Hary-
PaTbHYIO BEIHYHHY, a 00€ npoeKkuyy Ha APYrve OCH PaBHLl HY IO,

1.2. T'napable NAOMAZKRE
W rJiaBHbIE HAUPAKCHEA
Onepait Han TEH3O0POM
CIIOXHEE Onepaiiii Hag BEKTO-
poM, omHako, B mo0oH TOIKe
HATPYXEHHOFO TElla  MOXHO
HalfTH Takve Tp¥ OPTOrOHANb-
HBIE IIONIAZXM, HA KOTOPhLIX Ki-
) CaTeNbHAEIE HANPSKEHUA PABHBI
Puc. 4. Hanpsxennoe cocTognue B 1po-  uymo (puc. 4, 6). Kommuecteo
U3BOJRHON CUCTEME KoopmuHar (a); HE3aBHCHUMbBIX KOMIIOHEHTOB
raBHBIC IUIOIUAZKK C OCHCTBYIOLUMMHM  yMeHbinaerca 4o Tpex. Ha ssuxe
HA HHX [MABHBIMA HANPIKEHHIMH (6)




MaTpU4HOM areGpsI 9T0 03HAMAET PHBECTH METPHILY K JHATOBATLHOMY BULTY.

HRowadku, no KOMOPHM KACAMENLHBE HANPANCEHUS OMCYMCMEyiom,
Ha3bIGAIOMCA 2RA8HBIMU . Hopmansheie Hanpadicerus, Oeticmgyroujue Ha SMux
NACAOKAX, HAZIBAIOMCA 2XACHHIMU HaAnpAXcenuamu. OHY NPUHAMAIOT
IKCTPEMANBHRIC 3HAYCHUA. [IaBHbIC HATIPIOKEHHA HYMEPYIOT B HOpAAKE YObB2-
HHS BETHIWHB HAAPSOKEHHA B anredpanieckoM cMuICHe

012 G2 3.
Ha puc. 4, 6 mudpamMu 1, 2 1 3 NoKasaHbl 21a6HbIE HANDASAECHUA HAND-
HCEHHO20 COCMOAHUA — HANPAGNEHUA, RAPAIENbHLIC SNABHBIM HANPANCEHUAM.
Tenzop HanpsOKEHMIA B YTOM CIIydae, He MeHNH CBOeH BeNIHYHHBI (HHBAPHAHT-
HBUA TCH30p) HPHHAMAET BHI:

o 0 0
TO’ = 0 02 0
0 0 O

bonsmoe BHUMaRHME K TIIaBHLIM HalPAKSHMAM B UHXKECHEPHOHR pacueTHOMH
IPAKTHUKE OOBACHACTCH HE TONBKO OTHOCHTCIBHOH IMPOCTOTON OIMMCAHHA Ha-
NPSHKCHAOrO COCTOSHIA B TOYKE TENA ¢ HX NOMOUIBIO, HO, B TIEPBYIO OYEPE/D,
CBOMCTBOM 3KCTPEMATLHOCTH 3THX BEIMYMH M, KaK CICHCTBHE, BOIMONKHOCTBI)
HHTETpaTbHOH OLECHKM [MPOYHOCTH B JITOM TOUKE HA MX OCHOBE (MCMONL3YS
NPUHLMN HHBAPHAHTHOCTH TeHz0pa). I1o3roMy onipefieneHne TNaBHBIX HATIpA-
KEHHUI sBNLETCA HEOOXOAMMEIM ITANIOM IIpH pacqerax Ha npoqnom B 001eM
CHYHae HaNPSOKEHHOTO COCTOSHIA.

1.3. Buakl HanpaKeNHOT0 COCTOSBANA.

Paznusaior TpH  BHAA _ o2
HaNpOKEHHOTO  COCTOAHU!
“maneitHoe” (puc. 5, a), ecmu "] Oy |01
JB€ Napsi TpaHei cBO0OIHH OT ' 5
HaOpsOHKeHHA,; “TUTockoe”™ (pHc. a 6

5, 6), ecnid oIHa mapa rpaHelt
cBobonta OT HaNpAKEHWH H
obeemMuoe (puC. 5, 6). Ilocnen-
HHE [Ba CAyYad HA3BIBAIOT CJIOXHHLIM HANPMKEHHEBIM cocrosnmeM. Ha pre. 5
HaNPKEHIS TOKA3AHEl TOALKO HAa BUAMMBIX ILIOLIAIKAX.

OnpenenuTs BAX HANPHKCHHOTO COCTOAHNS U pacc'ranm'b mRzEKCH 1, 2
WIH 3 [IPH HANPDKCHRAX MOKHO, JIHIIL BLIYHC/IAB IJ1aBHbIE HANPSDKEHNAS O, O,
4 ;. Tak HampsUKEHHOE COCTOSHME, BOOpOKEHHOES HA PHMC. 6, g, HA MepBHIi
B3CVIA KOKETCH IUIOCKHM (T. €. OJHO H3 IIABHBIX HAMNPKCHHA OTCYTCTRYET).
OaHAKO IPH HEKOTOPHIX COYETAHHAX HOPMATBHEIX M KACATENbHBIX HAMPDKCHMIN

Puc. 5. Buapl HanpsxKeHHOro COCTOAHUR,
a — nHelHoe, 6 — IIoCKoe, 8 — 00BeMHOE



OHO MOXET SBIATHCH JHHeHHBIM, O/UH W3 TAKHX BapHaHTOB (nepeas cTpoka
TaGNMIEE) MHTCPIIPETHPOBAH B Bije Kpyra Mopa’.

Ox | Oy | Ty | Gy, O

t Bl| O 20 5 | 10254 0
nllif— ol ' RN S —
c_ ', 1010]10]20] 0

= - _
s, &' 5 12001012510
4 125710129 0O
a

2 150{10)52] 0

Puc. 6: g — HopMaTBHEBIE B KacaTeNbHHE HANPSKEHNHA, XeHCTBYIOIMMC Ha rpa-
HAX NPOM3BOJILHO OPMEHTUPORAHHOID YIEMEHTa, 6 — rpajuueckoe mzobpa-
HEHAE HATIPHKEHHOrO COCTONHHS, NOKA33HHOT0 Ha PHC. 6, a

1.4. luneiinoe nanpsizkednoe COCTORNME (EA NpUMepe pamﬁceunn)
PaccMOTpUM TIpOCTEH-

m

“ ot cmydali: aedopMaipao

f_ £ a pactsxeHueM., B nonepeu-
| HOM m-m cecuennH Opyca

m n (puc. 7, a) or aelicrBua npo-

m, I | n NOJBHOM BHCUIHEH HAIPY3KH
— « 0.2t F Bojmukaer BHyrpeHHee
SEErN Pe >N isp, youme N (N = F) u cootser-
4= Ay 1, CTBCHHO HalpMKEHWEe O =
- "o " N/4 (puc. 7, 6). Oﬁenumio,
o ) 2 maomaa: A; HpOM3BOJNBHO
Puc. 7. TIpumep  mHeliHOro OPHEHTHUDOBAHHOI  HAKJIOH~
HaMPAXKEHHOTO COCTOSHUA [3] HO¥ TUIOAZKH n-# (puc. 7, 6)

6onsime nnomanyn 4 nonepegHoro ceueHus:. A, = A/cosa. Ilonnoe nampske-
HUE P, Ha HAKCIOHHOH TUTOINAIKE

N N
paz——:;cosa:ccosa. (1)

Kax BHAHO, NOJHOE HANPSKEHHE HA HAKIOHHOM TUIOMENKE P, MEHBINE (€c-
m @ # 0) HOpMANBHOTO HANPHKCHHA B TIONEPEYHOM CEIEHHH 6 = Omx. B CBOWO
ouepeb, OAHO¢ HANPAKECHHE P, MOXKET OHTH pasiiOoKeHO HA MPOSKIHHU (BCe-

rjia MCHbINE) HOPMATBbHYIO O, M K3CarelIbHYIO T, (PHC. 7, 2):

k Orro Xprernan Mop (Mohr O H. 1335—1918) — HeMELKHIT MEXRHEK K HIDKeHep, Tpodectop Brucmed TeXHA-
ueCKol Wkoak & Jpesncue. Kpyrosas AHarpamma npeanowena s 1882 r



a = pacosa =0'COSZC£,

)

- ' . g .
Ty = Po SINU =G COS sma=zsm2a.

Bripakenns (2) NOKaswBalOT, Kak H3MCHAIOTCA HANpSKEHMA, €ClM Ha-
KIIOHHOE CEHEHHE PACIoaracTes Moj Pa3sHu4HLIMY yriuamy, Jis OpakTHKH KH-
TEPECHH ILIOMAIKH, HA KOTOPBIX BO3HWKAIOT IKCTPCMAIBHHE 3HAYEHHS HANPSA-
aeHWH. [ OThICKaHMA TONOXKEHHS 3THX IUIOMAR0K CenyeT MpUPABHATE Hy-
JIEO TIEPBYIO MTPOU3BOAHYIO BRIpaxkeHHH (2) '

dog =-20c0s 0 sina = —gsin 2a; =0 =>a=0.
dot ' da
Korza a = 0 nockocTs n-# COBNANAET ¢ [LEOCKOCTEIO NTONEPEYHOTo cede-

HHA m-m. B 3TOM Cliyyae HOPMANBHOE HAMPMKEHUE MAKCHMAIBHO (Omay), KAca-
TENbHOE HATIPMKEHHE PaBHO HYMO. Takas IUiomanka Haspipaercd riaasHoil. [lo
Mepe YBEIHICHHS YINa ¢, HOPMAIbHOE HANDPIKCHHE YOBIBACT M CTAHOBHICH
PABHLIM rﬂano pH o = 7/2, a 3T0 MOKA3LIBACT, YT0 MEXKAY NPOAOIGHLIMMY “BO-
NOKHAMM ™" CTEPKHs (NIAPAIEIEHBIMA €T0 TEOMETPHUECKOH 0CH) HOPMANbHBIE
HAPAXKEHUA OTCYTCTBYIOT, YTO TEOPETHYECKH MOATBEPAKIACT IHIIOTE3Y OTCYI-
CTBUA GOKOBHIX JaBJICHIHI IPH PaCTDKCHHM,

o _Ocos2; Te0 =20=90° a=45.
doo 2 dot

KacatenpHoe HanpKeHUe T, PABHO HYJHO B ABYX Cltydasax: mpH o = 0 u
npH o = ©/2. CBOEro MaKCHMAaTLHOTO 3HAYCHHA Ty = Cunx/2 OMO JOCTHTACT TIPH
o = /4, Tak xak sin 2(w/4) = 1. Ilnowaoxa, no xomopoti xacamensHoe HaANPs-
HCCHUE O0CMUZGEmM  IKCMPEMATLHOZO 3HAYEHUS, HA3LIBAIOM RAOUWLAOKON
coeuza. :

- HecMotp4 Ha TO, 970 MaKCHMATLHOE KACATEIBHOC Hanpsmcemae COCTARNS-
€T JHIIb NOJOBHHY MaKCHMaILHOMO HOPMAalIbHOrO Hanpm:emm €ro pos B
TIpOLIeCCax PAIPYIICHUS Gmaae'r 3gasurensHON. HanprMep, npn “BaskoM” pas-
PYIIECHUH THIIA «KOHYC-YAINKa»  LAIHHAPHIECKOro 00pasua HaGTIONaloTc 1Ba
MexXam3Ma paspymenus. Lenrpambaas 9acTh 00pasiia (AHO Yalllku) TTepreHIu-
KyJAApHA €r0 OCH — pe3yJibTAT ACHCTBHA HOPMANbHLIX HAUPSDKCHHH (MeXaHW3M
paspymenns orpuiBoM). Ilepudepua (koHyC ¥ CTSHKH YamIK) — CJIEACTBHE
CABUTOBHEIX IPOIIECCOB OT KACATENBHRIX HANPSKEHWN (MeXaHniMa pa3pymcHHs
COBHrOM). DTOT BHA paspymienus paccMarpHsaercsa B naboparoprod pabote
“XapaxTepuCTUKA TPOTHOCTH U TUIACTHIHOCTH MeTaiios”. C pyroi CTopoHsl,
A@Ke npd “XpYIKOM™~ paspymeHHn BOIH3H HOBSPXHOCTH o0pasna HabmozaiT-
¢ “ry0nl cpe3a” — Tatoke AefiCTBHE KacaTebHBIX HATIPMHKEHHH.

* ECTeCTBEHHO, HMKAKMX BONOKOH B OBBMIAIX SOHCTPYKIHOHHED MATEPHANEX HET, 38 HOWIHUCHHEM EOMNO3Y-
IHOHHLIX, KOTOPIC B A2HHOM focO0RH HE PACCMATPHBATCH. DT0 NOHATHE BBONHTCA aBCTpakTHO.
“Konyc — aimka” 370 TeXHAGCCKHTT TepMUH (TAKOK BHI HMESET JCTS o&paaua B 30§1@ pasphiBa).



N3 ananusa dopMyn (1) u (2) caeayior ABa BAKHBIX BWMBOHA. Bo-nepsvix,
moboe U3 3HAYCHHN Py, Oo, T MEHBUIE HANPHKEHUSA © = Opp™ O (CM. pHC. 6, 6)
B MONEPEHOM CEUECHHH, CIEAOBATENFHO HAKIOHHAIE CCHCHMS HE CTONb OMaCHbI
(mpH BCEX NPOYHX PABHBIX YCAOBHAX: HE3ABMCHMOCTE MEXAHU3MOB Pa3pyIICHHUS
OT yria «; OIHHAKOBbIC MEXAHHYECKHE CROMCTBA 110 PA3HLIM HANPABICHUAM LS
W30TPONHOr0 Marepuana u Jap.).
HMeHHO no3ToMy BO BCeX BHIAX

T .
pacdera Ha NPOYHOCTE HAXOAAT op 0 0} ‘f 1
HaUPSOKEHHUA B HONEPEHHOM C&- T 1 0 ¢ 0 = / ! /\‘4A _
YCHHH M MCHOMB3YIOT XapaKTe- b o
PHCTHKH NONEPEYHOZ0 CECHEHNA. 0 00 W \_/
Bo-emopeix, HanpsmkeHHA 3aBU- a O] 8
CSIT OT YIUTa HAKJIOHA TUIOIAMKH, ) 1 ]
a TaKMX IUIOWMAIOK B HAIPYWEH- 0 0 0 it g
HOM TENI¢ MOXHO PacemarpuBarh h phy
OecunCIcHHOE MHOMXKECTBO, 3Ha- Is=(0 0 0 ?”
YUT M BapHAHTOB OIMCAHMA Ha- 0 0 o3 U ﬁ
NPHKEHHOTO  cocTosHus  Oyaer 6 ' Gy 2

GeCuHCITeH-Hoe MHOXECTBO.
1M H 0ObACHAETCH Heobxoan- PHC. 8. TeH3opsl HanpsbkeHuid (a), (6) u
MOCTh OTHICKAHMS nonoxexus KPyr# Mopa (6), (2} ann cnydaes pac-
MIABHLIX TTOIOAZOK WM BeJHyun  THKCHHA M CKATHA COOTBCTCTBCHHO

[JTABHbIX HATPDKEHRH.

1. 5. [l1ockoe HANPSKEHAOE COCTONHAR. ARAMATHICCKAIM
H rpadgputeckni cnocofni pacuera riIaBHAIX HanpsKenuif

[Lnockoe HampAKEHHOE COCTOAHME BCTPEHACTCA HA IPAKTHKE BO MHOTHX
caydanx. B 9acTHOCTH, OHO BOZHHMKAET TpH nonepeaHoM u3rube 6amok; 8 che-
pUYECKON WM INAUTHHIPHICCKOH 000JIOUKAX, HAXOMMIMXCA MO JNABICHUCM
KUIIKOCTH HITH 1a3a (UMCTEPHA, [asoBEIH OAWLIOH, cheputieckuid rasronbaep), B
TOHKOM ITNACTHHE, HArPYXCHHON B3aHMMHO YDABHOBEIICHHOH CHCTEMOH CHI,
TPH KPYYEHUH H Mp.

Hpu nnockoM HaIPAKEHHOM COCTOSHHM JBa IKCTPEMATLHBIX HanpsiKe-
HuA 13 TpeX [AABHLIX G}, G, WIH 03 aHATMTHICCKH ONpeAeNnioT 1o fopmyne

' 2
6, +0, o, -0, 5
3] - + I o 3
max, min = 57 ( ) ¥ 3
a IIONOKEHAC IJIaBHAIX MIOMATO0K — YTAOM O
T 2t
tg2a = ———2—. @)
o, -0,

Popmynn (3) u (4) 3anmcanbt IS IIOCKOCTH X; Y. AHANOIMYHO UX MOXKHO 3a-
mcarh W U ABYX JIPYrUx nnockocreit (y; 2 1 z; x).
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['paduucckoe onpeaenieHne BHNOIHACTCE DOCTPOCHHMEM Kpyra Mopa.
IloxaxkeM o6a BapuaHTa Ha pUMepe TPyGuaToro obpasia (ronoro pana) nabo-
paropHoif ycraHosku (cM. na0. pab. “HUccaesopanue mnockoro HanpsHKEHHOro
cocrosHig” [5]).

T
CclP
e
b 0] a o
B
O3 g
.
o3 b o
8 ¢ _ »

Puc. 9. AHany3 HanpAXKEHHOTO COCTOAHUA B o0pa3zue
nafopaTOpHO# YCTAHOBKH I'papUUYECKHM cnocofoM

I'paduueckoe pewmenue. 1lon nelicTsueM NPUIGKEHHOW HAIPY3Kku B
TIOTICPEIHBIX ceueHnsix o0pasia (Bana), HMCIOIIETe KOJAbHEBOE CEUEHHE, BOIRH-
KaeT TOJBKO OAMH BHYTPSCHNHII CHNOBOI (HakTop — RHYTPCHHMEA KpyTALIMA MO-
MeHT T (puc. 9, a, 6). CucteMy KoopOouHAT (x, y) Bbtbepem Tak, yroOM och X
abcumce coBnana ¢ reoMeTpHIeckol ochio obpasia. ['parv B u C anementa
(puc. 9, a) opueHTHpYeM Tax, 9TOOB OHH OBUIH OPTOTOHANBHBI BHIOPAHHBIM
OCSIM KoOpmHaT. Baosm napet rpaneit B aelicTeyeT napa kacarelbHbIX HAps-
KEHHI — Ty, (3HAK OTPHUUATCNARHLIN, TAK KaK OHH CO3TAIOT KPYTAILMHA MOMEHT
IPOTHB YacOBOM CTPENKH), a BAONL rpaHel ¢ — paBHLie HM 10 MOXYNIO (3aKoH
TIAPHOCTH KACATENbHBIX HaNpXeHWH) HanpsxeHud +1,. Benwgwna THX Ha-

. TIpsoKeHHl, ICHCTBYIOIAX Ha IOBEPXHOCTH CEYEHMA, onpe,uenne'rcs (cM. noa-
pazaen 2.3) rak:

Ty = Ty = Toax =7 | (5)
r

Hanpmemme COCTOSHME Ha JrOOOH rpaHM 3nEMEeHTAa Xapakrepu3yeTcH
napoi HanpspxeHH# (o, 1). B namiem npumepe: B (0, 1) v C (0, 1,,) unu
B (0, tnax) #1 C (0, Tyay). B KOOpmHATHOI CHCTeMe HaNpsokeHuit 6 — 1 (pHC. 9, 6)
nocrasuM Touky B u C (otofpaxaomue na AnarpamMe Mopa HanpsxeHHOE
COCTOSHME COOTBCTCTRYIOUEH rPAHH) HA OCH T, IOCKONBKY Oy = Oy = 0. M3 uen-
Tpa O paauycom OB = OC nposegeM oxpyxuocts. Kpyr mepecekaer ocs ¢ B
IBYX TO9Kax: a B 6. OpmiHATH! 3THX TOYEK PaBHbl HYJO, CICHOBATCIHHO, 3TH
TOUKH COOTBETCTBYIOT TIABHBIM IUIOIIAKKAM, HA KOTOPRIX KACATEIHLHEIC HATIPA-
JKEHHA OTCYTCTBYIOT (T = (). AGCIHMCCRI ITHX TOYCK PABHRI TIIABHBIM HAIIPSDKE-
HAAM Og = 6} = Tyay, Ob = 63 = ~ Tyax. OCTACTEH YKA3aTh, YTO OCTABIIEECH BTO-
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POE I'IABHOE HANMPSKEHHE OTCYTCTBYET, T. €. 02 = (), B CHIIY MMEIOILETOo MECTO
MROCKOrQ HAIIPHKEHHOre cocTogHuA. HalaeM nonokeHne riagHuIX NIOMAA0K.
[Mnomanka B Ha puc. 9, a OpUEHTUPOBAaHA BEPTHKANLHO, HA PHUC. 9, 6 yepes Tou-
Ky B mpoBOAMM BEPTHKANLHYH0 JHHHIO (IuTpHXoBKa). [ nomanka C opreHTHpO-
BAHA FOPH3OHTANLHO; Hepe3 OJHOMMEHHYIO TOUKY HA PHC. 9, ¢ TPOBOIUM FOpU-
30HTANBLHYIO TUHMIO. Touyka nepecedernn yKasaHHbIX TMHKI OIPEACHMT [10110-
XEHME Nnowoca, koTopeidi obo3Hauaercs Oykso¥t P (B paccMaTpMBacMOM IIpH-
Mepe cormajiaer ¢ Toaxoit C). M3 nomoca P B TOYKHM @ ¥ b OpoBOIUM JIydH, KO-
TOphIE OMPEJLIIAT HOAMKEHHE INaBHbIX IUIOMANoK. Yron aPb npamoil (onupa-
€TCA Ha JHAMETp) — IPAHH TMABHBIX MNCINANOK B3aHMHO NEPICHAHKYISPHBL H
OPHCHTHPOBAHL! 00 YrioM 45° k mpoaoibRO# ocu 6pyca, 4T0 04eBHUIHO U3 TIO-
crpocHaa. Tlonoxenyie riaBHBIX ILVIOWAJOK (HA KOTOPHIX JEHCTBYIOT paHee
HaltleHHbIC HANPSXXEHHA O] ¥ G;) NOKa3aHo Ha puc. 9, 6.

Ananumuveckoe pewtrenue. [lockoibky 6. = 6, = 0 (BHob oceit x, y

Hanpﬂxccuml HeT), To w3 GopMynsl (3)

Opax = O1= *Tg™ Tmax;  Omin = 03 = ~Tay = “Tmax; 02 = 0.
B topmyne (4) ncpen poObIO 3HAK «—», HANPMKEHHUE T, < 0, a 3HaMeHaTens
$opMyAEI paBeH HYIIO, CJIe0BATE/BHO,
tg2a=+o; 20=90°% a=+45°

3HayeHHe Yria OTKNANBIBalOT IPOTHB XOXA 4AaCOBOM cTpenxH (cMm. puc. 9, 0),
TAK KaK MOJOXKKTCILHLI 3HAK YTia ONpeAenserTcs NOBOPOTOM OCH afCipce K
OCH OpAVHAT,

B J@HHOM Cly4ac HMEET MECTO Hanpme}moe COCTOAHME ““UMCTBIH
caBUr”. Yncmuii cosuz — wacmuuiii CAy4al CAOMNCHOZ0 (OBYXOCHO20) Hanps-
HCEHHO20 COCMOAKUA, NPU KOMOPOM HQ SPAHAX IAEMEHMA GOIHUKAIOM MONLKO
KacamenvHule HANPANCeHUS,

Kak BHOHO 1O pMC. 9, BMECTO 3MEMEHTE, MOIBEPralOMICTOCA ACHCTBHIO
MOAbKO KACATEAbHBIX Hanpsoxenuil (prc. 9, @), MOXHO op 0 0
BRIJICIATL HOBLHINM, JIO IrpaHAM KOTOPOTO ACHCTBYIOT r=lo & o
moAbKke HOpMATBHBIE HanpmxeHua (puc. 9, 6). Taxum °C
obpazom, 31eMeHT, H300paXeHHEIN Ha pHC. 9, a, HCIThI- 0 0 o3
TBIBACT [C(OPMALMIO THCTOrO CHBMra, a MATEPUan  Tem3op HaNpOKEHM
3TOTO INEMCHTA B TO JKE€ BPEMS MMPETEPIICBAET B HEKO- g umCTOIO CABUIS
TOPHX HANPABACHHAX PACTMKEHHE HIH CKaTHeE.

1.6. Iepopmauny npH oﬁbeunoul HANPEKeHHEOM COCTOAHHAH,
O6o6mennkiil 3axon ['yxa

IIpu pacrsxennu B ynpyro# obmacTd ofpasua auunoH £ B NONEpeuHEM
ceuendeM axb MeXIy OTHOCUTEIbHBIMM TPOJONBHON U fIONCPEYHHIMHE Jedop-

, TAE

'

&

MaIMAMH CYINECTRYET MOCTOMHHOC OTHOMCHNUE (L= 1'-—
£
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=‘%£ (ymmnenue, AL > 0);

g = Aa (yxopogenne, Aa < 0); N
a

g = ébé (yxopouenme, Ab < 0),
rmeAa=a;-an Ab=5b;->
~ abcomoTHbie  AchopMarym N
CTEPKHA B TONEpeYHbIX Ha-
npasiaeHuix, aAf = {—-¢ —B
MPONOABHOM, |t — KOo(PHIIM-
€HT nonepevnoi zepopmarnn (TTyaccona).

[MpoionbHAs OTHOCHTENRHAS Te(POPMAITIR CTEPHHAA CBAIAHA ¢ HANPSTKSHH-
eM 3akonoM ['yka = ofE.

AHanorsyHeIe 13BACHMOCTH CIPABSIIHBL W U4
3NIeMEHTapHOTO 00beMa © passepamy pedep axdxe B
HAlIpaBACHHH IMaBHbIX deopMaipi (puc. 31).

Tnasnme dedropmagun — OMHOCHMENLHBIE
YOnuHernun pelep NAPATREACHURCSOT. NAPARACALHbIE
2AAGHBIM HANPANCEHURM, E1 = £2 2 £3.

: Adns mHelHOr0 RanpLXeHHOT0 COCTORHNE, XOrna
Puc. 11. OneMen-  nepicrayer romko oy (pHc. 12, ) Tpasb o yUTHHSETCA,

Pre. 10. Cxema neqopMHpoBanis
CTEPAHA [PH DACTAMCHI

TapHbil 00beM rpanM b M ¢ ykopaunsaorea. Torga cornacHo 3akory
T'yxa '
g =2L; g m—pg, =—pab; € =—ug =gt
T 2 1 £ o3 1= —H 5

AHanorH4HO A4 HANPABICHHR 2. €C/IH ACHCTBYET TONLKO Oz, TO YKOPAYNBAXOT-
CA TpaHM @ U ¢, rpank b yuiaugercs (puc. 12, &). Jedopmaiivi B Tpex Hanmpas-
JICHUAX
%2 gn g, =l e =g, =-p ok
g’ B 2 £’ 9 2 -
TaK xKe | U1 TPEThEro HANpaBJICHuT (pHC., 12, 8).
%3, ef=pgy =-pl; €f=-pgy = —pt
E E’ E’

Ha ocHoBaHKHRA IPHHLIANG CYMEPNO3HIIHA Ne(POpMELMID €, MOXA0 Dpex-
CTaBWTH CACHYIOMMM 00pazOM:

£ =

€3 =

€1 =€) +€] +€7,

I/te €, ~ OTHOCHTENLHOE YITHHEHNE B HAPEBACHHHA |, BEI3BAHHOE JeHCTBHEM
TOJIBLKO HANMPSOKEHHT & (IpH &; = 03 = 0); £] - OTHOCHTCILHOS Y/UIKHEHRE B
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HaNpaB/ICHUH C), BHBBAHHOE ACHCTBHEM TOJIBKO HAUPSKEHMSA G; (TIPH O} = G5 =
0); €] — OTHOCHTCIHOE YAJIMHEHUE B HANPABICHHH O}, BEI3BAHHOE NeHCTBHEM

TONBKO HAPAIKEHHA G5 (TIPH &y = &, = ().

Puc. 12. DnemeHTapHBIH 06BEM 1104 ASHCTBHEM TJXGBHbIX
HanpsHKeHii NepBoro ) (4), BTOPOro 6, (6) H TPETLETO G3 (8)

CnoXxus 3Td BeIHIHHEL, Oy/IeM HMEThb

=% = %“M%=%[U1*H(Uz +03)].

AHaI0THYHO MONYYHM BbHPAKCHUA H AN ABYX APYIHX [JIABHBIX Je(OpMalmii.
B pesymerare 3amameM obofuygenn it 3axkon I yka 0aa u3omponHozo me-
A4, T¢ CTh 3aBUCHMOCTD MEKIY JIMHEHHEIMH JehOopMalMsIMK K I71ABHRIMA Ha-

NpsHKEHWIME B 001HEM ClTydae 00BEMHOI0 HANPSYKEHHON0 COCTOSHHA:

€,

£y ':”1‘1;‘[01 - o, +03)}
2 =20, - (os + o)} G
€3 ="é‘[°'3 “H(O'l +0’2)1

1. 7. HoHSTHS 0 TEOPHIX APOUHOCTH

Teopun MPOIROCTH NCIIOIbL3YKITCS JUIA OLEHKH IIPOYHOCTH KORCTPYKIIMIE
B CIy4a¢ I[UIOCKOT0 B OOBLEMHOro HampskeHHEX coctoguwif. [Ip aByx- u
TPEXOCHOM HAaNPSHKEHHOM COCTOSHMAX COOTHOMIEHMS MEKAY HOPMATBHBIMH M
Kacare/ThHbIMH HAMPSHKEHUAMH HACTOIBKO pa3sHO00pasHEl (T¢H30p HANpsDKeHNI
COAEPKHT ACBATh KOMIIOHEHTOB, 3 KOTOPHIX [HECTh HE3ABHCHMEL), MTO JKCIIC-
pHMeHTaNbHas MPOBEPKE ONACHOIO COCTOSHMA I KAXAOrO H3 COOTHOUIEHHI
NPaKTHISCKM HOKTIOYacTCA. - '

3amaua HECKONbKO YIPOMIAETCH, €CAM BMECTO IICCTH KOMITOHEHTOB Ha-
UpMKEHIT paccMarpyBaTh 3KBUBAJCHTHLIC UM TPH TJABHBIX .HAPMKEHHS ¥
HAlTH TAaKylo ux KoMOuHAIMIO, KROTOpan Obuta OM PaBHOONIACHOH JMHEHHOMY
HANPOKEHHOMY COCTOANHIO, T. €. HPOCTOMY PACTDKCHUIO WM CKaTHIO. Xapak-
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TEPUCTHKH IPOMHOCTA W ANACTHIHOCTH, NOJIYYEHHBIC MPH ACIHITAHUH HA Pac-
TRKENHe, JOCTATOYHO MOJIHO PUBEACHK B CIPABOYHOM THTEpaTypE.

CyTb Teopuif (riitoTe3, KpHTESPHEB) MPOYHOCTH COCTOMUT B TOM, 4TO, Ol
pelAciHB THABHYIO MNPUYMHY DPaspyIIeHMs Marepuana (IPeHMYLIECTBCHHOE
BIMSHHE TOr0 WIH MHOTO (JaxTopa), MOXKHO 10zZ00path COOTBETCTBYHOLIEE K-
BHBANICHTHOS HAIPOKEHUE TTPH CNOXHOM HANPSKEHHOM COCTOSHMM, a 3areM CO-
MOCTABMTE €0 C MPOCTHIM OJTHOOCHBIM PACT/DKEHHEM, KaK NTOKA3aHO HA CXEME. -

Jkeusanenmuoe HANPANCEHUE Gy, — HANPSDKEHHE, KOTOPOE CNCAY-
eT cO3/tarh B pactaHyToM o0paslie, 9T00bl ero HANPAKERHOE COCTOAHUE CTAN0
PaBHOOMACHBIM ¢ 3a/IAHHLIM.

3aMeHHUTH Cpasnurp
o [o] min Oy,
g3 / Corn

Co3aaH paa Teopuit (runores, KpuTepueB) npogHocTy (6oaee 20), no3Bo-
HOOIIMX ONPEACAnTh BUA JyHKIMOHALHLIX 3aBHCUMOCTCH, NPEACTABIISIOITHNX
CHOKHOE HAOPAKEHHOE COCTOAHHE DKBMBAJCHTHRIM €MY OAHOOCHHIM HANpPA-
KECHHHIM COCTOSHUEM. :

B kagecTBe IpUMHH HACTYIUIEHHA ONIACHOTO COCTOSHHA CUMTRIOT. &) HOP-
MANbHBIE HAIIDDKCHHA — PaspYIICHME XPYNIKOE€, HyTeM OTpeiBa; 0) muueHHkIe
nedopMarpK; B) KacaTe/lbHule HANPSDKEHHA — Pa3pYHICHUE IIaCTHYHOE, TTYTEM
CHABUra; ) S3HEPrud 1¢OopMALIH U IPYTHE.

Caenyer 3aMETHTh, UTO OIACHOE COCTOSHHME KaK AN ILTACTHYHBIX MaTe-
pHaIOB (MOMEHT rogBAcHMS Comsmmx ocrarouHsix aedopmaimmif), tak U s
XPYNKHX (MOMEHT [JOSBICHHS TPEIUMH) JIOKHT Ha PpaHMIE o00sacTH ynpyroro
JePopMUpOBaHHMA. 3TO [103BOAACT NPH BCEX. NANBHEHIINX BHYUCNEHAAX, OTHO-
CHINHMXCA K NMPOBEPKAM NPOYHOCTH, TOJB30BATLCA (POPMYIIAMH, BbHIBEICHHHMH
MpPY YCIHCBHH MPHMCHMMOCTH 3aKoHa 'yka,

I‘PHIOTEBA HAMBOJIBIUTMX HOPMAJIBHBIX HATIPSIKEHUI
{nepeas TeOpuA MPOIHOCTH)

Ipounocme npu n0bom nanpsocenHom cocmoanuu bydem obecneyena,
ECAIU MAKCUMANBHOE HOPMAIBbHOE HANPAICERUE HE NPEGIOLIVEM JOnYyCKAeMozo,
ONPedeReHH020 NPU NPOCNIOM PACHMANCEH WU

Saa() = 01 < [0].
3aecs [6] — mornyckaeMoe HapsDKEHHE NPU PACTSDKCHUM. OTY THIOTE3Y CBA3bI-
sator ¢ umeneM [, Tamunesn (XVH). lN'unoTeza npeneOperaer geiictBueM ABYX
APYTHX THABHBEIX HAIPDKCHHHA, HE YYMTHIBAST TOABICHWI IUTACTHYECKHX Ie-
dopmarii. {aer yROBAETBOPHTEABHBIE PE3YIBTATHL S XPYNKMX Mawpﬁamm
CTEKJIO, KEpaMuKa, KaMeHb, KUpIyd, OeTOH, THIIC.
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I'MIIOTE3A HAHBOJIbIIHX JIMHEWHBIX I[E‘IDOPMAIM’I
(BTOpAas TEOPHA NPOYHOCTH)

Tlpounocmy npu 11060m HANPANCEHHOM cocmosnuu Oyoem obecneuena,
ecnu naubonvliee OMHOCUMERbHGE YORUHEHUE HE npe@oﬁdem OONYCKAEMOZ0,
ONPeOeaAeHHOZ0 NPU NPOCMOM pacmaxeuuu

<[el.

I'mnoresa npenoxena J. Mapuorrom (1682), passnra b. Cen-Benanom (XIX).
N3 neproit ctpoku 0bobienHoro 3akoda I'yka ont 00beMHOr0 HaNPHKEHHOrO
cocrosHud (6)

1 .
& = E[Gl - o, +°’3)]= € max
Jna imneitnoro HanpseHHOro COCTORHNA, KOrAa c; =62 =0, 5, =& =0

AR

Petitas coBMeCTHO nOCiepe TPH PABEHCTBA, MOy YHM:
Coxs(iny = O1 ~ ulo, +o;)<[o].

JKCHEpHMEHTANBHO THNOTE3a ITOATBEPXKAAETCS ciabo, B PacYeTHON NpaxTHKe
IMPHMEHANACH B HAYATC POILIONO BEKa.

TUITOTE3A HAMBOALUINX KACATEJBHBIX HATIPAXEHWHI
(TpeTha TeOpUs MPOYHOCTH)

Ilpounocmy npu aobom nanpaxcenunom cocmosnuu 6yoem obecnevena,
eCAY HAubOJLUICe KACAMENLHOE HGNPAJCENUE HE Npee3otioem OOnyCKaemoso,
ONPEOeREHHO20 NPU NPOCMOM PDACMANCeHUN

Toax < [T}
lNunoresa nmpemnoxena 1. Kymowom (1773 r.), passura bB. Ceu-BenanoMm
(1871). ina oOreMHOIO HAIPSHKEHHOTO COCTOAHMA

o, -0
Ty = —‘2—3 Q)
IIpu npocTOM pacTDKEHHH (THHEHHOM HaNPsUKEHHOM COCTOAHMH, 02 = O3 = 0)
(o] [c]
Tmax = 5'; [ ] ==

Pemasn COBMECTHO HNOCACIHHC IBa PAaBCHCTBA, HOJ?"TITM:
oaun([[[) =G, —03 Llo (8)

THIloTe3a He yunThiBaeT AeHCTBHE BTOPOro [SIABHOrG HAIYDKEHHA G;. XOpomo
COTTIACYETCA C OIBITOM IS TIACTHYHbIX MATCPHANOB.
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TUHOTE3A YJAEJILHOH IIOTEHIMAJILHOM SHEPTHA
¢0PMOH3MEHEHH$:[ OHEPTETHUYECKAS TEOPHS IPOYHOCTH
(uerBepTas TCOPUs MPOTHOCTH)

Hpounocms npu mobom Hanpaxcewnom cocmoswuu 6ydem obecnevena,
eCcAu VOeIbHAT NOMEHYUANbHAR INEPEUR Oechopmayuu, UOVMAR HA UIMEHEHUE
QPOopmul, He npea3oTioem JONYCKAEMO20 SHAYEHUS, ONPEOeREHHO20 NP HPOCIMOM
pacmaxcenuu

. u¢ < [H J
CorJlacHo runoTese, Brickasanuoi Jl. Makcsemom B 1856 1. u paspa6oranHoii
M. XyGepom B 1930 r., yaenbHyi0 NOTCHIMAILHYIO JHEprHmO JedopManun cie-
JAYET Pa3liOKHTh HA IBE KOMIIOHEHTH, OHA W3 KOTOPBIX OTBEYAET 32 H3IMEHCHHE
obbema, a apyrad — dopMbl. B pacuerax yuMTHIBaThL Milib OJHY W3 HUX — 1i0-
cnemnoro. Hanpsbxenna 6), 02 M 03, ACHCTBYIONIHEC TI0 I'PaHAM NapasLICACIMIIe-
A4, TOKE MOXKHO PA3/I0XKATh Ha J[BE KOMIOHEHTH, KaK MOKa3aHO HA CXEME. .

™o = T on + T 61-0m
o3 | Om |~ ag-cm/
\ J \ ,
Y L 7]
[Hapooit Jlesuarop
TEeH30p
G =(0-1 _'Um)"'cm;
. G| +Gq 1+ 0,
G, =(0'2 - O'm)+ G, TAEC O =-—~‘§-~—-——..

03 =(03 — 0, )+ 0,
IlepBas KOMOOHEHTA —~ MAPOBOH TCH3OP, MO IPAHIM KOTOPOro JEHCTBYET Cpea-
HEe HANMPSOKCHAC Oy, OTBCYACT TOJLKO 3a M3MCHCHME 00BEMA (O/TMHAKOBOE Y~
nuHernHe Beex pedep). Bropast koMmoHeHTa — AeBHATOp (Nar. deviatio — OTKIO-
HECHHWE) OTBEYACT 33 M3IMCHEHHE POPMEI IJIEMEHTAPHOTO [apallIeEHIea.
Oueprusn opMoMIMEHEHHS A1 00bEMHOr0 HAIPHKEHHOTO COCTOSMHSA
(BBIBOZ OTYCKAETCH):

“H[(Ul - 02)2 +(o, “03)2 +(53.— 01)2]-

11pu omHo0CHOM pammcmm xorna G2 = 03 = 0, IpHHSAB Gy = O}, HOTYIHM:

1+ 2
ST
Torza ycnopue IPOYHOCTH 110 9eTBEPTOl TEOPHH MOXHO 3aIHCATS TaK:
1
o= 0107 + (03 -2} + (0, - <ol ®

geTreprad Teopys Gojiee TOYHO, YEM TPETh, ONMCHIRACT NOABJICHHE B MATEPHA-
1€ MWBIX racTHYeckax aedopMainmi. OMBITH XOPOWO NOATBEPHIAIOT HET-
BEPTYIO TECOPHIO [UIA WAACTHYHLIX MATEpHAnoB, OJHHAKOBO paboTaloLIyX Ha
PACTSOKEHHE U CKATHE,
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Kommenrtapuu Kk 11l n IV Teopusam nmpovmnocrn

Pamuychi Tpex kKpyros Mopa, MOCTPOEHHBIX B INIOCKOCTSX AeHCTBHS TPEX
TJIABHKIX HAPOKCHWH (pyc. 13), aBaMOTCA HA YEM MHBIM, KAK MAKCHM AllbHEIMH

IlnockocTs 1)
TelCTBHA 01—03 ™3
Tn - 1
: .. 63'1' E 5 6 m“
; : b ; ~
: ' A
:, e 8 E
3t H O |
st Pl B 0
“s_‘ﬁ:; : : f:‘ =
f A
¢ SV R
/‘/ PR S
(" - W
InockoCTh
HEHCTBHA a )

Puc. 13, O6pemuoe Hanpmem{oé COCTOSIHUE (&), KPYTH
Mopa 18 00BEMHOTO HATPDKEHHOTO COCTOAHMA (D)

KACATE/IHHBIMH HaNpPHKECHWIMH, HEHCTBYIOIIMMHE N[O IUIOMAKaM CiBura (o =
45°), T0 eCTb NHONYCYMMOI IIaBHHIX Hanipsokerusi (cM. puc. 8, 9):
gy 03 . G2 — 03, G; — Gy

max1-2 = ° s Tmax2 3= 5 Tmaxl-3 =
“ 2 2 ' ' 2

T

Eciy B TpeTheH TEOpHH NMPOUHOCTH HCIMTONb3OBALHCH HANPIKEHIA TMHIL Ha OX-
HOM TUIOINAAKE CABHTA, TO B YETBCPTOM YYTEHbI MAKCHMMATbHLIC KacaTelbHHIC
HaNpMHKeHUA Ha BCeX Tpex Iuiomankax jcM. gopmyny (9)]. BepostHo noaromy
IKCIEPHMEHTAThHBIC PE3YNbTAThl HECKOABKO OMIKE K PACHCTHBIM HMEHHO 110
IV reopym ppoysocry. OOGCYKAEMbiE KPHIEPUM B NPAKTHKE PACHCTOB 3aHH-
MAKOT PABHOIIPABHOE IONOKEHHE.

FIOTE3A KYJIOHA-MOPA (TEOPHUA TTPOYHOCTH MOPA, 1900 )
Ilpounocme npu mobom wanps-
HCEHHOM cocmoaHuu Gydem obecnexend,
ecau kpyz Mopa ne svixodum 3a npeoenvl
O2UBQIOWUX  KPY208, NOCMPOEHHbIX Hd
OONYCKACMbIX  HANPANCERUAX Npu  hpo-
CMOM PACTIANCERUN U CHCAMUL.

Oaks(vy =01 %03 < [G+]'

'anoreza (ee HHOrAA HA3RIBAIOT
IOl ¥ ofosHadaoT puMckol mmagpoit  Puc. 14. Kpyru Mopa: ana oceso-
V) OPUMCHAETCS 14 MATCPHAIOB, ofna- [0 pacTskeHus (1), oceroro cxa-
[AIOMAX PasHHIM CONPOTHBACHHEM pac- Tvi (2); OMACHOro HaPAKEHHOTO
TAKEHHIO M CKATHIO (4yTyH, Geton, ...). cocrosrma (3); GesomacHoro Ha-
B caydae, ecim AonycKaeMele Haupske- NPIHKEHHOO cocTosums (4)
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HUA NPH pacTskeHnu [o.] B ¢xaThu [0.] oauHaKkoBLL, TeOpHa Mopa COBIIAAacT ¢
TPEThe# TCOpHEH IMPOYHOCTH,

Taxkum obpasoM, AN NPAKTHHCCKHX PacdeToB CACAYET PEKOMEHZOBATH
YETBEPTYIO MM TPETHIO TEOPUH NPOYHOCTH (CTPOTO rOBOPA. — TEOPUH NICPEXOAa
JOKAbHOTO 00BeMa B TUIACTHIECKOC COCTOAHME) A MATEPHANOB, OIMHAKOBO
COTIPOTHBIIONIHXCA PACTSDKEHHIO 4 CKATHIO, T. €. TUIACTHYHBIX, M TEOPHIO
Mopa - ajis MaTepUATOB, PA3IIHO CONPOTHBIIMIONMXCA PACTIDKEHUIO H CKATHIO.

2. KPYYEHHE BPYCA KPYTJUIOTO HOIIEPEYHOIO CEYEHMA

Kpyuenue — guo oepopmayun, npu KOMoOpOMm u3 wecmu eHympenHux yCu-
Ul He pagHo HYao o0Ho — xpymawuia momenm 7. KpydeHHe BO3HHKAET IIpH
AeHcTBAY Ha Gpyc BHEUMHX CWI, 06pa3yiOmMX MOMEHT OTHOCHTENBHO €ro
TIPOAOIBHON OCH.

Prc. 15. Mogens 3akpyymBaeMoro 6pyca

bpyc, pabomarowuii Ha Kpyuenue, HA3LIBWOM 8ANOM. Ban — spawarowan-
cs (06BIYHO 6 NOCWUNHUKAX) Oemans MAWUuKbl, Repedaiowyan KpymRuutl Mo-
senm. TIpUHATO BHEMHHE CHIOBHIE (aKTOPH! HA3LIBATL GPAWYAIOUUMYU WITH
CKpyuugarowumMy MoMeHTaMi ¥ o0o3nagarp OykBoit M, BHYTpeHHMS ycunma —
xpymAwum MomeurToM T (aurn. (orsion; ¢p. — torque).

2.1. BuyTpenude yCHARS NPA KPYUYEHHH

Ha ocHOoBanK# METOAA CEHECHHI KPYTAINUA MOMEHT B NPOM3BOJILHOM MO~
nepedHoM cederu Opyca YucieHHO pasen anre0pandeckoif cyMMe BHEHIMMX
CKPYUHBAIOIHMX MOMEHTOB, MPIIOKEHHLIX K OpYCy nO ONHY CTOpOHY OT pac-
CMATPUBACMOr0 CeUcHHSR. [ padhur usMerenus Kpymawyux Mosenmos no Oune
6pyca Hazuteaiom 3n0POLt KDYMAUGUX MOMEHMOG.

[Ipasnao i1nakos. B pacuerax Ha OPOYHOCTD U KECTKOCTL NPH KPyde-
HUH 3HAK KPYTSIILEro MOMCHTA 3Ha4CHUS HE UMEeT, HO AU yAo0CTBa NocTpoe-
HHA JIMOP IPHHATO ITPABUJIO! _
KDYMAWUT MOMEHI CHUMGIOM NORONCUMENbHDIM, €CAU NpU 832130¢ 8 mopey
omcedennoli vacmu Gpyca oK cmpemMumcs epawame ceHenue npomus xo0a ya-
COBOU CMPENKU. .

[TosokHTEeNbHBIE KacaTeILbHLIE HANPKCHHS BHISBAHBI Y
NOJOXHUTENEHEIM KPYTAMEM MOMEHTOM (pHC. 15). AHAIOrHY- , é a >0
HOE NPaBII0 3HAKOB MPUMEHMIOT B KYPCE MareMaTHKH, Teope- *
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THYECKOH MeXaHuky, (H3HKE (IpaBuno
GypaBtyixa JUI KpYTOBOTO TOKA).

Ha puc. 16, 6: ZM,= 0;
Ti+ M1 = 0, OTKyAaa T = —Ml.

Ha puc. 16, 6: M, = 0:
T+ M,; +My= 0; otxyaa Ty = -M,; —-M..

Ha pnc. 16, 2: XM= 0,
T~ M4 = 0; otxysa Ty = M.

Ha »>mMope KpyTamMX MOMEHTOB

(puc. 16, 0) MeCTO PacnOIMKCHNA CKaT-
KOB (loKa3aHs! HHTYPHRIMH CKOOKaMK),
X HAMPaBJCHUE W BEIHYHHA COOTBETCT=

41 2 BYKT BHCIIHMM INIPHWIOKCHHBIM Bpa-
THAIOLHMM MOMEHTAM.

|
I Tmp !
+ , M, 2.2. HanpaxeHn® npH KPpyIeHHNA
TO T Teopusi kpyuesns 6pycper, MMEIOIIMX
- Mol f M, 0  Kpyrjoe CIIOHIHOE WM KONBLEBOE IIO-
Ty -

Ty NEPEYHOE CeYeHHE, OCHOBaHA Ha Che-

JYIOUIHX JIOTIXEHHAX.

1. Tlonepeannte cevenus Opyca ILIOCKHE
A0 AehOpPMaIM OCTAIOTCH IUIOCKHMU
¥ B JeOPMHPOBAHHOM COCTOAHMM

Puc. 16. Cxema oripenenenus
BHYTPEHHHX YCHIMI TIPH KpY-
YCHUH '

(runotesa bepHyn),
2. Pamiycel nOMEpEUHbIX CEYSHUM He HCKPUBAAIOTCA ¥ COXPaHAIOT CBOK) JUIM-
Hy. [lonepeyniie CeueHH OCTAIOTCA KPYTIILIMH.
3. PaccTosnud BAOND OCH Gpyca MeXy NONEPeuHbIMM CEIEHUSIMY S H3MEHS-
10TCA. | .
Pacuernas dopMyna noikHa yCTaHOBHTHL CBA3b HANMPSUKEHRH ¢ BHYTPEHHHMH
YCHIMAMH. PaccMOTPHM HECKONBKO ITAII0B PEIHCHHS 3aJa4s.
¢ Cmamuwieckan cmopona 3a0a4u — yCIoBHe PaBHOBECHA (PHC. 16, 6):
1d4 - 3neMeHTapHOe YCHITHE;
p(t1-d4) — TeMeHTAPHRIA KPYTAIHE MOMEHT,
T —~ paBHOACHCTRYIOHIMI MOMEHT KacaTeNbHRIX HAMPHKEHIIA:

T={[prdd. - (10)
A

J19 HaxoXACHHA CABUTAFOIIMX HAIIPDKEHHH T pACCMOTPHM
»  dusuteckyio cmopoHy 3a0avu ~ 3akoH I'yxa npy capure
: =Gy, (11)
CBY3LIBAIONMI KACATENBHOE HAIPDKEHHE T A CABHIOBYIO Aeopma-
IR0 Y, KOTOPYIO HAAAEM, PACCMOTPEB
e zeomempuyeckyio (GeOpMALHOHHYIO) CIOPOHY 3a0aui.
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Puc. 17. CxeMal k BMBOAY POpMYIIEI HANPAKEHUH MPH KPYHCHHU

Ilpassiit Topeu Opyca aamnoi x (pHc. 17, a) noa aeHCTBHEM BHEIHHETO
CKPYYHMBAIOILEr0 MOMEHTa M [1OBEPHETCA HA HEKOTOpHIR yron ¢. B
sneMenTe MMHEOH dx — ananorgyusiii yron do (puc. 17, 6). Obpasyio-
Iad [HIMHAPA OTKIOHICTCS 0T MCXOAHOIO MOI0MKeHns Ha yrol y. Ha
TIOBCPXHOCTH 3/€MEHTA P3IHYCOM 7 YroJl ¥ NPHHUMAET MAKCHMANLHOE

JHAYCHHE
T _ g§ Ut -d(p
max ¥ 18 Ymax = -5~
BHYTpH 2€MEHTA B LIMHAPE [IPOM3IBONBHONO PANHYCE P
de
— 12
Y=pg. (12)

. Mamemamuuecxaa cmopona 3adawu OGLEIMHAET PACCMOTPCHHbBIE PAHEE
aransl. YparHeuHe (12) noacrapuM 8 ypasHenwe (11), noxyanm

=G-p—, 13
T ( )

2 ypasHeHue (13)—3 ypasHeHue (1 0)
do . ;
7= [p26%a4=G92 {o7d4.
I dx dx :Ep

O6osnavas [p’dd =1/, - nomlpmm {OTHOCHTEILHO NONIOCA — TIPOXOJTE-
4
HOI OCH X) MOMENT HHEpLIH, TIOJTYTHM

do do T
T=G-1,—, oTKyAa ~— = 14
rge OV A I (14)

OrroCHTeIEHBIN YTO 3alcpqu;anm1 EMEHTAPHOTO yt[a(m(a do/dx noa-
crapnaem B (11)
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T
1=G-p '
G-,
d ONIYY M HANPSOKEHWE B TIPOM3BONRHON TOUKE NONEPEIHOrO CEUCHHA

1=_F | (15)

3akoH pacnpenencHys KacaTeNbHbIX HANPAAKCHHIL B TIONEPETHOM CEUEHUU —
JoHelsbii, B uentpe 1= 0, Tak Kak p = 0; Ha nepudepuy, Ii€ Pon= 7, T = Tmax
(puc. 17, 2).

2.3. Pacuer na npouROCTS: NPy KPYIEHHH
I, I

Ipunnmas otomerme —i— =—£= W,, ycnoBHe MPOYHOCTH MOXKHO
Pmax 7
NPELUCTABHTE
T, .
Toax = < 1), 16
max = = < 1] (16)

p
rAe 3Ha9CHME [, BBIOUPAIOT M3 3MOPH KPYTAIMX MOMEHTOB MO MOIYJHO,
W, — nonstpysiii MOMEHT CONPOTHBJICHHA KPYTTIONO MM KOJBIEBOrQ NONEPEY-
HOro ceuewitit. Jina kpyra

xD*

D’ 3
===~ 0lD% W,=""=~02D%. 17
P32 P16 _ (17
J1g KOTbUEBOr0 CEUCHHS
rh* a4 D’ 4
=—\l-¢*); W, =——\1-c%, 18

TJ€ OTHOUICHNME BHYTPCHHETO JHAMETPa d KONMbiICBOr0 CEICHIA K HapyxuHomy D
HA3HBAIOT KOYPDMIHEHTOM fTycToTeROCTH ¢ = d/D. _

Ecam cevenne Hekpyrioe (IIPAMOYTOIbHOE, TPEYTO/LbHOE, JUTHITTHIECKOS
H JIp.) Henonb3yIoT [y, Wy, KOTOPHIC BRYHCATIOT 110 CIELHANBHEIM QopMyaaMm.

Jonyckaemoe HaDpasKeHHe MPH KpYUCHWH HA3HAYaoT, UCXOAA U3 BEIO-
paHHOH TeopHH npouHocTH. [1pH kpydensy (cM. noapasaea 1.5) 66110 Haiie-
HO: 6) =T, a 63 = —1. [ToAcTasnas >1H 3Ha4YenHA B ycnosue Il reopuu mpogno-
cta {dopmyna (8)], monyuum: Con(mt) = T~ (— 1:)= 21. Tlepexoaa Kk nonyc-

KaeMbIM HafpsXKCHHAM, Haliiem
{6]=2[1}, orxyma [1}=0,5[c].
Ecmu ucnosns3osars IV Teopuio rpodHOCTH, TO

cm(m=‘/%[12+tz+(.;_t)2]=\/§.f, wm [o]=+3 [,
otkyma [t}=0,577 [a].
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Buabl pacueToB Ha NPOIHOCTD:

a) MOBEPOUHBIN: H3BECTEH JHAMETD BaNa W HONYCKACMOE HANPIKEHHE,
BHIMHCIMOT Tmg (16) M CpaBHHBAIOT ero ¢ [t], ompenenas HEAOTPY3KY WM
TEperpy3Ky B MPOLEHTAX; €CAHM COTIOCTABHTE Tiay C MPEAENIOM TEKYYECTH 1.,
© MOXHO HAWTH Ko>(pDUIWEHT 3aIaca IPOTHOCTH,

) MPOEKTHbIA: H3BECTHL! BHEUIHNE HAFPY3KM M JOMYCKACMEIC HATIpskKe-
e ([t] wm [6]) Wik XapaKTePUCTHKA IPOTHOCTA MaTepHana (T, Wil G,); onpe-
ACIMOT BHYTPEHHHE YCWDHA (KPYTAILME MOMEHTHI), BEITHCIITOT JHAMETP Baja.

B) OnIpe/IeICHUE JOTYCKAaeMO Harpy3KH: 110 M3BECTHLIM pasMepaM Baja u
X8pAKTEepUCTHKAM TIPOYHOCTH MATCPHATE HAXOANT HOMYCKaeMBIH KPYTAILHMH
MOMEHT.

24. Jletbopmanna npe Kpy4Yennn. Pacqer pajia Ha JKeCTKOCTH
Yron dog JAKPYUHBAHHA JNEMEHTAPHOTO yqacrxa dx w3 yparHenus (14):

-
o= I,

Yrox 3aKpyIHBAHMS BCETO BANA
‘ 0= j‘——~—dx

Jnq Bana nOCTOAHAOM KECTKOCTH ceuemm (npomsene}me G-1,) Ba pymue £ 1
NOCTOSHCTBEA KPYTAIIEro MoMerTa 7
I
G-I p
Honyqe}mym 38BUCHMOCTH HA3BIBAIOT 3aKOHOM I'yKa IPH KPYISHUH (cdhopmynn-
posan Kynonom® B 1784 r. criyers 106 et nocne ['yxa npiMepHO TAK: KPYTALUMA MOMEHT
nponopHoOHAICH yr.ﬂy 3axpyqnnauuﬂ)
38 MEPY KECTKOCTU NIPUHUMAIOT OTHOCHTE/IbHBIH Yo 3axpyq1mafm TO
€CTb YrOJ, MPHXOAAILMACH HA ¢AMHHULY JIMHB! BaTa
T

9= (19)

6=—= , M,
TR
Ycnonpe XKeCTKOCTH IPH KPYYCHHM:
T
0= <16,
= <[6], pawis

4 .
rae JOnyCkaeMBIH OTHOCHTENBHLIH yron 3akpyauBanus (8] MMeeT pasMepHOCTD

pas/M. Yame noas3yioTed rpafycHoit Mepolt yria 3axpyquBaHuA:
0 =—— 180 o] rpamm. (20)
G-1, '
Jomyckaemel#i YTO 3aKPY9MBAHHE 32BHCHT OT Ha3HAUeHMA Bajia, NPHHHMAIOT
{0°] = 0,3-1 rpaa/m.

s Iispns Orrocten Kyaou (Coulomb), (1736 - 1806) ~ ¢paruysckuit MareMaThk, aCTPOHOM, BoeHHELE HrbKe-
HEp, CTPOHTENE MOCTOB H AOPOE, AXaneMuK. SAHHMANCA MEXaHHKON, DISKTPHUECTBOM, MAFHCTHIMOM,
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2.5. Tipamep pactera Ba/IR HA NPOTHOCTE H AECTKOCTL

1 ; _ g :k H3 YCA0BUA NPOYHOCMU U dHcecmKocmu
| .

o — —}_i._.a.. T ETD &bINOARUMb npaexmnbm pacvem. onpe-
h X
| }

- ¥ derums JuaMempsl CHROWHO20 U NOROZO
o n Y m a (¢ = 0.8) sanos. Pezyromamo: oxpye-
' S T P aums coenacho [OCT. [ocmpoumes
g o SNIOpLL Y2N0€ 3aKpysusarun easa. Bane
T o+ . 6 CONOCMAaums NG MEMANIOEMKOCIIN,
xHx 2 {TTTT] T
135 i Hano:
! | M, =5 kH'm, a=0,6m,
Eh ST ' M; = 7 kH- 5=08
B 107 0 — : 8 2 M, SM,
- l C My=6xHy, c=07w.
: I P 3,79 6] =160 MITa, [6] = 0,8 rpa/m.
PO ST 13,19 |
P10 0 W — 2 L o _
- : npeaejneHue
3,12 .U_L. 2 74 BHYTPEHHHX ycUuaui
311 3HaueHne BEOYDICTO MOMEHTA

Puc. 18. CxeMa HarpyxeHus Bana (q), Mewa ONPEENUM U3 yCIOBHA

JMOpa  KPYTAIMX MOMEHTOB (§), PaBHOBecws sana: 2 M, = 0;

IMOPHl YTJIOB 3AKPYUHBAHHA CILIO- Me; - M - M, - M; = 0, orkyna

HOr'o (&) ¥ Hosoro (2) Banon My, = Mit My + My =5+7+6=

18 xkH-m.

JIna pacueTOB Ha IPOYHOCTD H KECTKOCTb HEOOXOAMMO HEHTH ITOJ0KEHME
OTAaCHBIX CEYEHMH U BEJIHYWHGLI KPYTILIMX MOMEHTOB, ACHCTBYIOIMX B ITHX
ceuennax Bana (puc. 18, a). BocnomwiopasmHCh MeTOmOM cedeHHil (oM.
rogpasaen 2.1), onpeaeniM BHYTPEHHHES YCWIMA W NOCTPOMM JIMOPY KPYTAIUX
MOMCEHTOB (pHcC. 18, 6). OnacHEIMH ABISTOTCA Bee ceueHus Ha I yuqacTke: T, =
12 kHm.

IL TlpoexTHBIl pacueT Bajga CHNOMHOIO CCHEHHUA

T
a) VI3 yClIOBHA NMPOYHOCTH NPH KPYIEHHH T, = —;ﬁ <k}
P .
HAXOMMM HCOﬁXO}IHMb[H MOMEHT conp(rr}mne}mx YOJIIPHSLI /U1 CILIOMIHOTO

prmoro CCUCHMS

D 3
W, 2 , OTKY/ia AMaMETp BATA [ » 3/ O max _ 3/16:12:10 = 00914 .
[r] x[t] n-80-10°

3mech HOIYCKAaEMOE KacaTelbHOEe HANPAXKECHHE NPHHATO IO Tperbeﬁ TEOPUH
IIPOYHOCTH :

[1] = 0,5 6] = 0,5-160 = 80 MI1a.
Eciit IPHHATH JOITYCKaEMOe KacaTeabHOE HANpMKEHUE MO YETBEPTOH TeopHU
poaHocTH: [t] = 0,577 [¢] = 0,577-160 = 92,3 MI1a, To
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a3
/lﬁzrm,, [16-12-10 00872 m
Vn 92,3.10°

Huamerpsi o;rnma}mcs BCETO Ha w 100 46%.

9,14

T 180" _fo1

G-I, = I

HaxX0AuM HEOGXOAMMEIH MOMEHT HHEPLMM NONSPHRIA JUIS CTINOIIHOTO KPYTioro
CeYCHM:

6) V3 ycoBHA RECTKOCTH NPH KPYHEHHH 6 =

1,205 — =35 OTKYA3 lMameTp Bara

@ 3
D”’i{g%m 180 \[32 1210 180" o0,
0.107-08 =
3nece G — MOAYIIL CABMIA, YApYTrad NnocToAHHad;, i cram G = 80 I'la.
Yrober pasmepnl Bajla YHOBJCTBOPAIH OOOCHM - YCIIOBMAM — Kak

[IPOYHOCTH, TAK ¥ KECTKOCTH, CleQyeT HA3HaYuTh AMameTp, SompImMi U3 ABYX
HaiiaeHserx. Cornacno ['OCT 663669 npuimiMaeM auamerp Bana D = 105 MM.

L NedpopMamKs Bana cONOMHOIO CEUYEHUSA
Yriel 3akpyunsanis Baia Ha KDKIOM H3 TPEX YYACTKOB ONpPEACTHM II0
38XOHY I'yKa, BEIYHCIAHB NPEABAPHTEILHO 3HAYCHME XECTKOCTH CEYEHHA MpH

KpY4€HUH

P
. — - 3 +*
oy = Jub _712:10 2,8 - 001005,
0,955.10° -
6-10°.0.7
= LS S 250 20,0040,
WG, T 0955 10°
Y eTaHOBHB HAYATO OTCUETA Ha J€BOM KOHIIC BANIA {CCUCHME ¢), BEITHCINM

YIABI 3aKDYIHBAHKA JIPYTHX XAPEKTCPHAIX CeHEHHMH Bala CIUTOMIHOTO CCHEHMA
B, =0.
B =g =-31410".
R g =0 +oy=~(314+1009-107 =-131910°
Bo =0y + 0y +y =—{314+1005-4,40-10° =-879.10°
CTpouM 3mI0py YIoB 3aKkpyMuBaHus CIUIOHMIHONO Baja (puc. 18, 6)

V. Hpoexrmﬂﬁ pacdeT Bana ny(:'m'renoxo ceueHUsd

a) i3 yCnoBys NPOYHOCTH. PH KPYYCHHH T, = —12 <[]
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HAXO0MUM HeoOXOMMMBI MOMEHT COTTPOTHBIICHHS NONAPHBIH U8 MyCTOTEROFO
ceyenma
I D3 (

4 Tomax. l1-¢ ) OTKYJd ANaMETD Bala

ol

f 167, " 16- lf 210 01090 n.
Valti-c*y Y=-80-10%0-08%

31ech RomycKaeMoe KacareibHoe Hanpsaenne no I Teopus npourocTh
[t} = 0,5 [6] =0,5:160 = 80 MIla.

0) M3 ycnoBus XeCTKOCTH HpH KpydeHnu 0 = é—r— o [9]
P

HAXo[uM HeoOXOOUMBId MOMEHT HHEPUMH NOASPHRIA ANS  HYCTOTEIOro
KPYTI0ro CCIEeHMA:

180° =D*( 4\
7 2_% =—Il-c"), OTKYJ2a Jpam Baja
P7GB] = 32 ( ) °1P
Ds 4 32T, : _18(2} L, 33 -12-10° : _182 01167 m
Glli-<Y = 80-10°.08(1-08% = |
Urobpl pasMepbl BaId  YAORICTBOPANH O0OMM YCIHOBHAM — Kak

MPOYHOCTH, TAK U JKECTKOCTH, CAECAYET HASHAYHTS AuaMerp Gonpmimil U3 aByx
naiinennsix. Cornacuo TOCT 663669 npusumMaeM auamerp Baxa D = 120 mu,

V. edpopmanns Bajga NyCTOTENOro ceYeHHU
Yrant 3aKpyUMBaHMA Ba/ia HA KAKNAOM M3 TPEX YYacTKOB ONPEACIHM 110
3akoHy ['yka, BRYHCIUB NPEABAPHTENLHO 3HAYCHHE XECTKOCTH CCUCHHA MpHU

Kpy“eHUH
aD' 4 o012 4 6 112
GI, =67 {1-c*)=8010° %2 2 (1~ 08*)=096110° Har*

gy = 0 =508 o000
GI,” 096110
Tgb -12-10°-08
GI, 096010
e 6.
=1me 010 0T 600437
=G T 096110°

YcTaHosMR HA4aI0 OTCIETA HA JICBOM KOHLIE Bana {CEUCHHE 2), BHYUCINM
yFJIbl 38KPY4HBaHWA [IPYTHX XAPAKTEPHRIX CCHEHHI NOIOro Bajla:
=0,
,f:, =g =-31210%
Bug = +our=—312+99%-10° =131 1107,
By =01 +0y + Oy =-(312+999-43710" =8 74.10°
CrpouM IMOpY YEI0B 3aKpy4HUBaHus NoNoro raia (puc. 18, 2).

= —0,00999;
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VL ConocTaBlIecHUE METANNTOEMKOCTH BAaJlOB JIBYX BAPHAHTOB

MeTALTOEMKOCTh Bana ONPEeIsSeTCa €r0 0OhEMOM, T. €. NIPOM3BEACHHEM
JNKHBI HA TUTOMaAs nonepedHoro cedeHns. [lockonsky AinHa Bata HEUSMEHHS,
CONOCTABHM TLTOMIANH TOMEPEUHBIX CCHEHHI CILTOIIHOTO BaNa C MOJBIM.

Ao waDZ, 1052 _
Anon  (@/4)DZ,(1-c%) 120°(1-0,8%)

BoiBoan:

1. H3 ycmosui mpOYHOCTH M HKECTKOCTH HAHXEHBI AMAMETPH Bala ABYX
BAPUAHTOB MCIOJAHECHMA, CILIOIHOTO # mycTtorenoro: 105 w 120 mm
COOTBETCTRCHHO. '

2. Bousicienst aedopManui BajioB Ha KAKAOM M3 YUACTKOB, TIOCTPOCHDI
3MOPSHI YTIIOB 3aKPYITHBAHKA BAJIOB CTUIOHIHOTO M nyctoTenoro. XKecTkocTh
BAJIOB NIPAKTHISCKH OAUHAKOBBL.

3. ConocrapieHbnl MeETAIIOEMKOCTH BAJOB8 JBYX BEPHAHTOR HWCIIONHEHHS,
Pacxon meranna amd Bajia CILIORIHOTO ceyeHHA Oonee, @eM B asa pasa
APEBHILIACT AHATOTMYHbIN BOKA3aTE/ L LA BA/aA ITyCTOTENOr0.

- -

Ipameganme, [lonyueHHbIH Pe3yNETaT N0 COMOCTABIEHHIO METAUIOCMKOCTH BaJOB
oxunaeM. Kak cnemyer M3 3mopst pacrpelenc¢HHR KacaTeNbHBIX HanpMHKEHHH IIpH
Kpy4YeHuH JocTaToMHO Gonbuloil 00beM MaTepHana, COCPeAOTOHEHHbIH OKOIO LEHTpa
TAKECTY CEUCHHS, HCIILITRIBACT HAMPIMKEHHS HIKE AOMYCKACMOTO, H BKJIAI ITOFO Ma-
TEpHAna B OOMYI0 HPOYHOCTE KOHCTPYKIMH

HeBeIHK. [losToMy uesecoobpasHo ybupars — oeax |
"epafoTalolmnit MatepHaln U3 3Told oGnacTH. —
KoHctpykuus uz nojoro 0pyca cosfael nipH- y
pOAOH: KAMBI, TPOCTHUK, GaMOyK, 3NAKOBHE — = ~ = R — — =
KyJALTYDH, TpyOuaTeie KOCTH NTHH H MAEKON#- ]
TalOMHXX. B apHauny # XOCMOHABTHKE HCTIONb- S
3yIOT MONLIE BAJIBI, B CTPOHTENECTBE — MYCTOT- '
HEIE TITATE IEPEKPHTHHR.
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3. Bonpocsl anzm camonpone.pml

Jlaitte onpeaencHme obbeMHOMY, mocx{my H MHEHHOMY HATIPAKESHHBIM
COCTONHUAM,

Jaitre onpeccHHE rAABHBIM TUIOMATKAM H FIABHBIM HAIDDKEHWIM.
3armuTe TeH30p HANPMKEHUH B MaTphuroil dopme.

Uro 03HAYaeT NOHATHE «UHBAPHAHTHOCTH TCH30pA»?.

Kakas cBa3b CyIECTBYET MEXAY IJaBHKMH HaNPOKEHHAMH U TITaBHBIMU
ncopMANIIMK IS U30TPONHOTO Tena?

Kak Hafith BenuuuHY [JIABHBIX HOPMATBHEIX HANPOKEHMI AHATHTHYECKH?
Kak naiiti BeiMIuHy TIaBHRX HOPMANBHBIX Hanpsxenuid rpapuuecku?
Kak HaifTi To0KeHye IaBHbIX IWI0MATOK HATUTIHICCKH 1 rpaduecku?
JaiiTe onpemeneHye MIOMANKaM CBHIA, '

Kak BHIMMCIMYb BETHYMHY KACATENBbHBIX HAIPMKCHHHA B HPOWIBOAbLHOH
TOUKE MOTIEPEUHOro CEYERUA TIpU KPYIeHHH?

Kak BEIMWCIHTS BEJHMUHHY MAKCHMAIBHBIX KACATEIbHBIX HANPDKCHUR IIPH
KpyHeHHH?

UJeMmy paBHa BEMHYHHA TJIABHRIX HOPMAIbHBIX HAaNpsOKEHWH 0pH Kpyde-
HUH?

Yro takoe no.uxpmﬂﬁ MOMEHT HHEPIMH 1 KAK €r0 BBIMHCIUTD A% KPYrio-
ro CHROMIHOrO ¥ nostoro cederna? Kakosa ero pasMepHoCTs?

Yto Takoe DONAPHBIA MOMEHT COMPOTHBACHHMSA H Kak €ro BHMHCIHTE A
KpYriaoro ¢IuUIONIHOTO M NoJIoro ceyelns? Kakosa ero pasMepHocTs?
Kaxue rimore3n Ipo9IHOCTH IPHUMEHSIOT NP pacuere AuaMerpa sana?
TTpyu KaxMX BHAAX HarPYKCHHR BO3IHMKAET 0OBEMHOE, TUTOCKOE, THHEHHOE
HanpsiyKEHHBIE COCTOAHMA? [IpuBe/UTe MPUMEpEL.

Kak onpeaenuTh AHaMETp Baia 43 YCAOBHA JKECTKOCTH?

Kak onpe/iec;IuTh JUaMeTp Bajla M3 YCIOBHA IPOYHOCTH?

M3 kak#x cooOpKeHUI OKOHIATENbHO HA3HAYAIOT AUaMETD Basta?

Kakue pedopmainii Ha3pIBatOT MIABHEIMH?

Kakoe HanpmkeHHOE COCTOSHHE BO3HHMKACT B npomnonbuou TOYKE NpH
KpydeHun Opyca kpyraoro ronepeuysoro ceucHns ? Hapucyitre xpyr Mopa.
Kakoe HAnpAKCHROE COCTOSHHE BOZHHMKACT B MPOU3BONBHOH TOUKS Ceue-
HMA TIpM pacTsDKeHKH cTepxkna?l Hapucyire kpyr Mopa.

CrepxeHb PACTATHBAKT CHIIOH, OPWIOKEHHOH BOIL €r0 OCH. BoamncHyT
M B KAKOM-JH0O0 CEUCHUM CTEPXKHA KacaTeNbHne HanpskeHua? Ecin aa,
TO B KAKOM M KaK uX OIpeneiurs? -

YeMy paBHa BEIHYMHZ AaBHBIX HOPMATBHBIX Hanpzmeunﬁ npu cxcamu'?
Hapucyifre xpyr Mopa ins 370ro BHAa Rarpyxenua (aedopmatpm).
Kakoro nopaaxa AeiiCTBYE CHCIYCT IPUACPKHBATHCH B PACULTAX JICMCH-
TOB KOHCTPYKIMMA?

Kaxoe npapuio 3HAKOB IPHHATO AJIE HOPMAIbHBLIX ¥ KaCATENLHAX Halps-
KESHHI?

Kaxoe npasmwsio 3Hakos uenecooGpasHo NPHAITL 1A KPYTAIEro MOMEHTa?

28



28.
29.

30.
31

32.
33.
34
35.
36.
37.

38

KaxoB 3aKoH pacnpeXeleHMs KacaTelbHLlX BANpOKEHHA B TONERETHOM
CeteHHH BTa NPH KPYJICHUR?

B ueM 0cOGEHHOCTD NPHMEHEHHS NONOTO BAHA TO CPABHOHHI) © BEMOM
CTUIOMIHOTO CEYSHHA 7

Tlpuseaure IPHMEPBE MYCTOTETHIX AMEMERTOR B IPHPOIS ¥ TEXHHKE,

Ha cxkonbKo 3HAYMTENHHO OTAMYAKITCH PeIVALTATRL DACHETOB [HAMETPA
Bafla, BHIIONHEHHKE ¢ puMeHeHHeM 1E & IV reopidt npovuocTH?
TlpuseauTe mpuMepH HArpyXeHMH, MPH KOTOPLIX BOINHKROT PAIIHYHBIC
BRb! HANPSDKCHHBIX COCTOAHMIA.

Jlalite onmpejeicHne NOHATHIO «MHCThIE casHry. Kak HaliTH rnasusnie Ha-
HPSHXECHHA [PH YHCTOM CABHIE?

Kax opuenTHpoBansi rnaBHHE ILIOMATKE RO OTHOINEHHIC K OCH Bpyca mpH
YUCTOM CIBHTe?

Kak HIMeHMTCH YTOJI 3aKpYYMBAHHY B&Mia, SCIH £ro SRAMETP YBE/IHGHUTD
B/(BOE?

Kak M3MEHWTCA HalpssKEeHHWE B NOTISPEYHOM CedeHHH BANA, eCltH Ero AMa-
METp YBEJMYHTD BIBOE?

Kak usMenmres yron 3akpydHBaHHS BaNa, SCNH €ro JIMHY YBEIMIMIL
BaBOE?

Kak M3MEHHTCA HanpSMKEHHE B MONCPETHOM CEHEHHM BAJIA, €CTH ET0 ATH-
HY YBEJHYNTE BABOE? :
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