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AHHOTADIUS

YyeOHoe mnocoOMEe COIEpPKUT MaTepuan JUisl H3y4YeHHs OOydaroluMUcs
OCHOBHBIX TeM YYEOHBIX JUCHUIIUH «CONpPOTUBICHHE MaTEpPUATIOB» U
«CrenuanbHble  BOMPOCHI  CONPOTHUBJICHUS MaTEpPUANOBY, [JIsl  3aKperJICHUs
YUTAEMOI0  Kypca  JIEKIMH, CaMOCTOSITEILHOTO  BBIMOJIHEHUS  JOMAITHUX,
KOHTPOJIBHBIX U pacueTHO-rpaduyecKux padoT, MOJATOTOBKU K TEKYIIEMY KOHTPOJIO
YCTIEBAEMOCTH U TIPOMEKYTOYHOM (MTOTOBOM) aTTECTAIIUU.

[Tocobue mpemHasHadeHO ISl CTYACHTOB Bcex (GopM oOydeHus: (OYHOH, OYHO-
3a0YHOM, 3a0YHOM) TEXHUUYECKUX HAIMPABJICHUN TMOATOTOBKU (CIEIUAIBLHOCTEN),
U3YYaIoIMUX TUCHUIUIMHB « CONMPOTUBIIEHHE MaTepUuaioBy, «CrieluaibHbIE BOMPOCHI
CONMPOTHUBJICHUS  MarepuanoBy, «MexaHukay, «TexHUYeckass  MeEXaHHKay,
«Teopernueckass MexaHHWKa JUIsl apXUTEKTOpPOB», «CTpouTenbHass MEXaHUKa s
apXUTEKTOPOB», B YACTHOCTH, VISl CTYJEHTOB, OOYYAIOIIMXCS IO HAIPABICHUSIM:
08.03.01 — CrpowutennctBo; 07.03.01 — Apxutekrypa; 07.03.02 — PexoHCTpYyKIUS U
pectaBpanus apxutekrypHoro Hacienus; 07.03.04 — I'pagoctpoutensctBo; 23.03.03
— DKCIUTyaTaius TPaHCIOPTHO-TEXHOJIOTUYECKUX MAIIUH U KoMIuIekcoB; 29.03.04 —
TexHOMOTHS XyH0KECTBEHHON 00pabOoTKM MaTtepuasioB U crneruanbHocTsaM: 08.05.01
— CrpoutenbCcTBO YHUKAIBbHBIX 31aHui; 08.05.02 — CTpouTenbCTBO, IKCILUTyaTaIusl,
BOCCTAaHOBJICHHME M TEXHUYECKOE MPUKPHITHE aBTOMOOWIBHBIX JOPOT, MOCTOB U
toHHenen; 21.05.01 — Ilpuknannas reoxaesus; 23.05.01 — HazeMHble TpaHCHOPTHO-
TE€XHOJIOTUYECKHE CPEICTBA.

Hacrosimiee yuebHOoe mocoOre COCTOUT U3 TPEX YacTe.

Conepxanue mocobusi cooTBeTcTBYeT DenepanbHbIM TOCYAapCTBEHHBIM
oOpa3oBaTeIbHBIM  CTaHAAPTAM  BBICHIETO  OOpa30BaHUA MO  TEXHUYECKUM

HalpaBJICHUsIM TOATOTOBKM (cmenuanbHOCcTsM), U «lIlpumepHoit mporpamme
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JUCIATIINHBI "ConpoTuBiieHUE MarepuaioB", Mockaa, 2012 o1,
PEKOMEHJIOBaHHON  y4eOHO-METOJIMUECKUM OOBEIUHEHHEM BBICIIUX  Y4EOHBIX

3aBeneHui Poccuiickoii denepanun mo 006pa3oBaHUIO B 00JIaCTH CTPOUTEIILCTRA.

ABTOp
KaHJI. TEXH. HayK, npodeccop kadeaps

«Conporusnenue matepuanony Epemun B./I.
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HPEANCJIOBUE

ComnpoTuBiIeHHEe MAaTepUAIOB — Hayka O TPOYHOCTH, IKECTKOCTH U
YCTOMYUBOCTH OTJIEIBHBIX D3JIEMEHTOB KOHCTPYKIMW, HWrpacT Ba)XHYIO pOJIb B
npodeccroHaIbHON MOATOTOBKE HHKEHEPOB JTH000H CrelUalbHOCTH.

ComnpoTuBIeHHE MaTEpPUAJIOB — OJHA M3 CJIOXHBIX YYE€OHBIX JTUCIMIUIMH,
U3Y4YaeMBbIX CTYJICHTaMHU TEXHUYECKUX HAIMPABJICHUH MOATOTOBKH (CIEIIUATBLHOCTEN).

CamocTtosTenbHass pabora oOyyaromMXCs SIBASETCS OJHUM W3 BaKHEUIIINX
BOIIPOCOB B YCJIOBHSIX peaM3allii KOMIIETEHTHOCTHOM MOJENIH 00pa3oBaHUs. DTO
CBSI3aHO HE TOJIBKO C TIOCTOSIHHBIM YBEJIWYEHUEM JOJIA CaMOCTOSITEILHON pPadOThI
IpyU OCBOCHMHM YYEOHOM JUCHUIUIMHBI, HO U C COBPEMCHHBIM IMOHUMaHUEM
00pa3oBaHUs KaK )KU3HEHHOU CTPATEeTUU JIUYHOCTH.

Jlns  ycBoeHHs Marepuaiia 3TOW JAUCIUILIMHBI HEOOXOJMMO 00s3aTelIbHO
COCTaBJISATh KOHCIICKT JICKIIUA ¥ HAYYUTHCS CaMOCTOSITEIBHO pemaTh 3anadu. Ecim
Opy pelieHWH 3ajJad W OTBETaX Ha BOIPOCHI JJISI CaMOINPOBEPKH BO3HUKHYT
3aTpyJIHEHHUS, CJIEIYET BOCIOJB30BAThCS HMMEIONIUMHUCSI B YYECOHHUKAX M Yy4EeOHBIX
MOCOOMSIX yKa3aHUSIMHU M PCIICHHSAMHU, a Tak)Ke OOpaTHThCS 3a KOHCYJbTalMeH K
IIPETI01aBaTEIO.

HeoOxomuMo Takke OCHOBATEIbHO pa3o0paThcsi B BBIBOJAX OCHOBHBIX
BBIpOKEHU W (opmyi, oOpamias mpu 3TOM 0co00e€ BHUMaHHE Ha (PU3UYECKYIO
CYIIHOCTh paccMaTpUBAE€MbIX BOIIPOCOB M Ha JIOMYIIEHUS W OTPpaHUYECHUS, KOTOPHIC
JIETIAI0TCS B TIPOIIECCE BHIBOJOB.

B yClOBHSAX IOCTOSHHO COKpAIIAromerocss B yYeOHBIX IJaHAX BPEMEHHU,
OTBOJAMMOIO Ha ayJIUTOPHOE H3YYEHHUE OTUX JUCIUIUIMH, U B TO K€ BpeMms
HEe0O0XoauMOoCTH (OPMHUPOBAHUS y Oy MYIIUX WHXKEHEPOB 0a30BOro 00heMa 3HAHHUH O
MPOYHOCTH, IKECTKOCTH U HAJAEKHOCTH TMPOCKTUPYEMBIX M HAXOJISIIUXCS B
JKCIUTyaTalluM 3JaHUA W COOPY)XEHHM, BaXXHO OOECHeYuTh OOYyYaIOIIUXCS
MOCOOMSIMHU, HEOOJBITMMH MO 00BEMY, HO OXBAaTHIBAIOIIMMH OCHOBHBIC DPa3Jelibl
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3HAaHMM B COOTBETCTBHHM C 3aJa4aMH (POPMUPOBAHUS Y 00YUAIOIIUXCS HEOOXOIUMBIX
HAaBBIKOB pPAacyeTOB Ha IMPOYHOCTb, JKECTKOCTh W YCTOMYMBOCTH 3JIEMEHTOB
KOHCTPYKLIUH.

VYyeOHoe mocoOue COCTOUT U3 TPEX YacTeil.

B mnepBoii yactu mocoOus aHaIM3UPYETCs HAIpPSHKEHHOE COCTOSHUE Tena U
U3JIaratoTCsl METO/bl pacueTa Ha MPOYHOCTh U YKECTKOCTh 3JIEMEHTOB KOHCTPYKIUH,
UCTIBITBIBAIOIINX TPOCTHIE BUIBI AehopMaluii, O JAOMYCKAeMbIM HAIpPSKEHUSIM U
IpEeIeTbHBIM COCTOSTHUSIM.

Bo BTOpOif yactu yuyeOHOro mocoOus paccMaTpUBAIOTCS METOJbI pacueTa Ha
IPOYHOCTh U KECTKOCTh AIEMEHTOB KOHCTPYKIUH, paboTaloIuX Ha U3THO.

B Ttperbeii wacTu mocoOus paccMaTpUBAIOTCS BOMPOCHI pacuera Opyca Ha
CJI0’KHOE COIPOTHUBIIEHHE, HA YCTOMYMBOCTb, a TAK)KE 3aJlauyd y4yeTa JTUHAMUYECKHX
Harpy30K B COIPOTHBJIEHUU MAaTEpUAJIOB.

YyeOHoe mocobue COAep UT MaTepuan sl U3yUYeHUs CTYJCHTaMU OCHOBHBIX
TEM CJIEIYIOINX YYeOHBIX TUCHUILTUH KadeIphl:

— COIPOTHUBJIEHUE MAaTEPUATIOB;

— CIIELHAIbHBIE BOIIPOCHI COMPOTUBIICHUSI MAaTEPUATIOB;

— MEXaHHKa;

— CTPOUTENbHAS MEXAHUKA ISl apXUTEKTOPOB;

— TEOPETUYECKAsI MEXaHUKa JIJIs apXUTEKTOPOB.

[Tocobue mpemHazHaueHo s CTYIEHTOB BceX GopM oOyueHus (OYHOM, OYHO-
3a0YHOM, 3a0YHOM) TEXHUYECKUX HAIMpPaBJICHUN MOATOTOBKHU (CHEUUAIbHOCTEN), B
YaCTHOCTH, IS CTYJIEHTOB, oOydarommxcs 1o HampaBieHusM: 08.03.01 —
CrpoutensctBo; 07.03.01 — Apxurektypa; 07.03.02 — PekoHCTpyKuusi H
pecraBpanus apxutekrypHoro Hacienus; 07.03.04 — I'pagoctpoutensctBo; 23.03.03
— DKcIutyaTtanusi TpPaHCIOPTHO-TEXHOJIOTUUYECKUX MAIllMH U KoMmIuiekcoB; 29.03.04 —

TexHonmorus: Xya0xecTBEeHHOW 00paboTku MatepuasioB u crneruaibHocTsaM: 08.05.01
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— CrpourenbcTBO yHUKANbHBIX 30aHul; 08.05.02 — CTpouTensCTBO, dKCIUTyaTaIus,
BOCCTAaHOBJICHHME M TEXHUYECKOE MPUKPHITHE aBTOMOOWIBHBIX JOpPOr, MOCTOB U
toHHenel; 21.05.01 — Ilpuknagnasa reoxesus; 23.05.01 — Ha3emHble TpaHCIOPTHO-
TEXHOJOTUYECKUE CPEACTBA, JUIsl 3aKPEIJIEHUS YUTAeMOro Kypca JIeKUUH, s
NOJIFOTOBKM K TEKYLIEMY KOHTPOJIIO YCIEBAEMOCTH M MPOMEXYTOYHOU aTTeCTalluu
oOy4Jaromuxcs, MpU CaMOCTOSITEIbBHOM BBIIIOJIHEHUH JOMAIHUX, KOHTPOJBHBIX U

pacueTHO-TpaduiecKkux pador.
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TEMA 8. U3T'Ub NPSIMOJIMHEMHBLIX EPYCBHEB

8.1. YmcTslil M IUVIOCKHUI NONIEPeYHbI U3THOBI.
OcHoBHBbIE onpe/ieieHUs U IOHATHS

B cTpouTenbHBIX  KOHCTPYKLIMSX  IIHPOKO  IPUMEHSIOTCS  DJIEMEHTHI,
paboratoniue Ha M3ru0. XapakTEepHbIM NPU3HAKOM HM3ruba SIBISIETCS M3MEHEHHUE
KPUBU3HBI MIPOJIOJILHON OcH Opyca.

[Ipy wu3rube nepBOHAYAIBLHO NpsIMasi €ro OCh CTEPXKHS HCKPUBIAETCS, a
NEPBOHAYAIIBHO KPUBAsi U3BMEHSET CBOKO KPUBU3HY.

Onpeodenenue. Tlpsamoii 6pyc (CTepkeHb), paboTarouuii Ha W3ru0, Ha3bIBACTCS

OaJIKOH.

Onpedenenue. IlpononvHas (TeoMeTpuuecKkas) OChb Oajdku — ITO JIMHHS,

mpoxogdamas 4€pe3 NCHTPHI TAKCCTU ITOIICPCUHBIX CeUeHUM OaIKu.

Onpeodenenue.  CeueHusi,  KOTOpbIE  PACHOJIOKEHBI B TUIOCKOCTSX,
NEPIICHAUKYISIPHBIX K T€OMETPUYECKOM OCH CTEPKHs, HA3bIBAIOTCS IONEPEUYHBIMU
CEUYCHHSIMH.

[Tpu m3rube Ganku MPOJOJBLHBIE BOJOKHA, HAXOMAIIMECS HAa BBITYKIOW YacTH,
pacTATrMBAaOTCA, a HaxXxoAsAUIMecs Ha BOTHYTOM dYacTu — cxuMmartcsa. Cioi
IIPOMEXKYTOYHBIX BOJIOKOH, KOTOpbBIC, UCKPUBISSCH, HE WU3MEHSIOT CBOCWU JJIMHBI,
HAa3bIBACTCS HEUMPATbHBIM CJLOEM.

Onpedenenue. JluHug T1iepeceyeHrss HEUTPAJBbHOIO CJIOS C IUIOCKOCTBIO

MIOIIEPEYHOr0 CEUYECHUsI HA3bIBACTCS HEUTPAIBHOM JIMHUEHW WM HEUTPAJIbHOU OCBHIO
(HyneBoil TUHKEH ).

Onpedenerue. YNCTbIM U3rHOOM HA3BIBACTCS TaKOW BHJ AchOpPMAIlUNA CTESPIKHS,

MIPY KOTOPOM B €T0 MOTIEPEYHBIX CEUCHUAX BO3HUKAET TOJIKO U3THOAIONTUI MOMEHT
M,;., a octanpabie BHyTpeHHHE yeunus (N, Q u M,) paBHBI HYITIO.
B ycnoBusx yucToro u3ruda MoKeT HaXOJUThCs BCA Oalika WU OT/ACNIbHBIEC €€

YYacCTKH.
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[Ipu nelicTBuM Ha OaJKy CUCTEMbI BHEIIHUX CHJI, PACTIOJIOKEHHBIX B TUNIOCKOCTH,
MPOXOASALIEH Yepe3 OJHY W3 TIJaBHBIX LEHTPAJbHBIX OCEHM HHEPLUHMHM KaXKJIOIrOo
MOMNEPEYHOr0 CEeYeHUs] OallKh, W TMEPHEeHIUKYISIPHBIX K €€ MpOJOJbHOW OCH, B
KOKJIOM €€ CEYEHUHM MOTYT BO3HHMKATh [IB€ BHYTPEHHUE CHJIbI — M3THOAIOIINIA
momeHT M u nonepeunas cuna Q.

OTa II0CKOCTh HA3bIBACTCS CUNOBOU NIIOCKOCMBIO.

Onpedenenue. II10CKUM TOMEPEYHBIM M3TUOOM HA3bIBAGTCA TaKOW BHU

nedopMali CTEPKHsS, MPU KOTOPOM B €ro IMONEPEYHBIX CEYEHHUSX BO3HHUKAIOT
OJIHOBpEMEHHO u3rudaromuii MmomeHT M,;, u monepeunas cuna Q, a ocrajabHbIC
BHyTpennue ycuius (N u M) paBHBI HYJTIO.

Onpedenenue. PaMoll Ha3bIBA€TCS T€OMETPUUECKH HEU3MEHsEMasi CTEpIKHEBas

CHUCTEMa, CTEP)KHHM KOTOPOU (CTOMKHM W pUTreIu) BO BCEX WM B HEKOTOPBIX y3iIax
KECTKO COSIMHEHBI MEXKTy COOOM.

HekoTopelie y31b1 MOTYT OBITH IIAPHUPHBIMU WJIM, B OOIIEM cllydae, ynpyro —
NOAATIUBBIMU. B JKECTKMX y3JlaX B3aMMHBINA MOBOPOT MPUMBIKAIONIUX CTEPKHEN
UCKIIIOYaeTCsl Kak Jo aedopmanuii, Tak U mocie aedopmanuii, TO €CTh B y3JI0BOM

TOYKC YIJIbI MCKOAY UX OCAMH OCTAIOTCA HCU3MCHHBIMU.

Onpedenenue. BepTUKaabHBIE SJIEMEHTHI paMbl HA3BIBAIOTCS CHMIOUKAMU, 2
TOPU3OHTAIIBHBIE WM OJM3KUE K TOPU30HTAIBHOMY PACIIONIO0KEHHUIO 3JIEMEHTHI PaAMBI
HAa3bIBAKOTCS pucenamu. TOYKM COEIWHEHUs CTOEK W PUTElEd paMbl Ha3bIBAKOTCA
V3namu.

PaznuuaroT pambpl NPOCTPAHCTBEHHBIE W IUIOCKUE. Y HJIOCKOU pPaMbl BCE
T€OMETPUUYECKHUE OCHU €€ IJIIEMEHTOB JIEXKAT B OJTHOW IJIOCKOCTH, KOTOpasi COBIAAAET C
IJIOCKOCTBIO HAIPY3KHU U ABJISETCS TJIABHOW IUIOCKOCTBIO JUISl BCEX 3JIEMEHTOB PAMBI.

8.2.  OcHOBHbBIE THUIIBI ONIOP U 0AJ0K

st Toro 4yroObl Oanka (pama) Morja BOCHPHUHUMATh BHEUIHIOIO HArpy3Ky U

nepcagaBarb €€ Ha OCHOBAHHMC, OHa JOJIZKHA OBITH COCAMHCHAa C HHM OIIOPHBIMH
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

CBS3MHM (OIOpamu).
Kak u3BEeCTHO, CyIIECTBYET TPH OCHOBHBIX THIIA OIIOPHBIX YCTPOWCTB (B
IJIOCKOM CUCTEME CHJI):

® 3awemnenue unu 3adenxa (puc. 8.1)

M) AR A
R
o2
A HaPA

Puc. 8.1. 3amemMiieHue win 3aaeika

o [[ununopuueckas waprupHo-Henoosuxcuas onopa (puc. 8.2)

a) b) +RaA
mI
<
A Ha QA

Puc. 8.2. llapaupHO-HENIOABHKHAS OITOpa

o [Jununopuueckas wapnupro-noosudcras onopa (puc.8.3)

a) b) LRz

7 X
QB E:

Puc. 8.3. [llapaupHO-TIOIBI>KHAS OTIOpa

Haumenvwee uucno cesnzeu, ne nozgondowux danike (pame) nepemeuwjamvcs 8
NJIOCKOCMU OeliCmEuUsl Ha2py30K, PAGHO MpeM.
PaccmoTpum paznuuHble TUIBI MPOCTEUIINX OaloK, B 3aBUCUMOCTH OT CIiocoda

ux 3akperuieHus (puc. 8.4):
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB

CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

3

a). 0). \& &
6). 2). o
& & P& X &

Puc. 8.4. OcHOBHBIE TUIIBI TIPOCTEHIINX OATOK

a). KoHcompHast HiTh JKeCTKO 3aleMiIeHHas 0aka;

b). OnHonposieTHas MAapHUPHO — onepTast Oajka /0ajka Ha ABYX Omopax/;

8). KoHcomnpHas mapHupHO — oriepTast Oamnka;

2). MHorormposeTHas 6anka (banka ¢ MPOMEKYTOUYHBIM IIIAPHUPOM).

banku ¢ mpoMeXyTOYHBIM IIAPHUPOM TIPEICTABIISAIOT COOOM CIIOKHYIO CHCTEMY,
COCTOSIIIIYI0 M3 HECKOJBKUX OpYyCheB, COCIMHEHHBIX MEXKIy COOOH CBs3SIMH,
TIO3BOJISTIOLITUMHE TIOBOPOT CeUeHUI OPYCheB B COSTMHEHUU (B IIapHUPE).

[ToaToMy, 6 npomescymouHom wapHupe 8O3HUKAIOM MOJLKO 8ePMUKATbHbIE U
20PU3OHMATbHBIE PeAKMUBHbIE CUTILL, d MOMEHM PABEH HYJIO.

8.3. OcHoBHbIE BU/Ibl BHEIIHUX HATPY30K, BbI3bIBAIONIUX U3TUO 0AJIOK

Hedbopmanmio u3ruba BBI3BIBAIOT  BHEUIHUE HATPY3KH, JCHCTBYIOIIHE
NEPIICHAUKYJIISIPHO K OCU CTEPKHSL.
Ha puc.8.5 mokazanpl pa3nuyHbie BUJIBI BHEIIHUX HArpy30K, BBI3BIBAIOIIUX

U3ruo

Puc. 8.5. OcHOBHBIC BUIBI BHEIITHUX HATPY30K
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

a — COCpeIOTOYEHHAs CUIa;

6 — cocpeloTOYEHHas Mapa CUJl C MOMEHTOM M (KpaTKO — COCPENOTOYEHHBIH
MOMEHT);

6 — pPaBHOMEPHO — paclipe/ielieHHas Harpy3Ka;

2 — HEpaBHOMEPHO — paclipe/ielieHHas Harpys3Ka.

B 3aBucumocTu oOT crnocoba TPUIOKEHHS BHEIIHUX HArpy30K pa3iudyaroT

pasHbie BUbI H3ruooB (puc. 8.6):

£
g T =
i .:_f-f
; |’ ———— ..._Jg.q....}'
E =
~5 7
= L
a
T |
= i
q ..'\- ------_—Z;.
z'é Fe
=
Puc. 8.6

® NIPOCMPAHCMBEEHHbLI U32UO — HATPY3KH PACTIONOKEHBI B PA3HBIX IUIOCKOCTAX
(puc. 8.6, 6);

® n10CKUl U3eud — BCE BHEIIHUE HATPY3KH PACIOJIOXKCHBI B OJHOM IJIOCKOCTH
(puc. 8.6, B).

Ecmu 1mockocTh JeiicTBHS HArpy3ok (CHJIOBas IDIOCKOCTh) TPOXOIHUT Yepes3
OJTHY W3 TJIABHBIX IICHTPAIBHBIX OCEH CEYCHHs, TO TaKOW M3ru0 HA3BIBACTCS MIOCKUM
npsimvim uzeubom (puc. 8.6, B).

Ecimu miockocTh TeCTBUS HArpy30K HE MPOXOIUT HU 4Yepe3 OJHY W3 TJIaBHBIX
[EHTPATBHBIX OCEH CEYCHHs, TO TAKOW M3THO HA3bIBACTCS MIOCKUM KOCHIM U32UOOM
(puc. 8.6, 1).

8.4. OmpenesieHne ONMOPHBIX peakuuii B 6ajJIKax U pamax

Jns omnpeneneHuss BHYTPEHHUX YCWIMKA W HANPSDKEHHUM, BO3HUKAKOUIUX B
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

AJeMEHTax 000N KOHCTPYKIIMH, HEOOXOIMMO HAWTH BCE JACHCTBYIOIIME Ha HeEe
Harpy3ku, a, cJieJIoBaTeIbHO, U BCE HEM3BECTHBIC OMIOPHBIC PEAKIIUU.

Jlns ompeneneHus OMOPHBIX PEAKUUM Il TJIOCKOM CUCTEMBI CHJI MOXKHO, B
o0111eM citydyae, COCTaBUTh TPU ypaBHEHUS paBHOBECHUS (CTAaTUKH) B JIFOOBIX yIOOHBIX
KOMOUHAIUSX:

a). llepsas xkombounayus’

2 Fx = 0 — Cymma nipoekIiuii BceX CHJI Ha TOPU30HTAIBHYIO OCh X pPaBHA HYJIIO;
2 F; = 0 — CymMa npoekiuii Bcex CUjl Ha BEPTUKATBHYIO OCh Z paBHA HYIIIO; (8.1)
2 Ma = 0 — CymMa MOMEHTOB BCEX CHJI OTHOCHUTEIIBHO TOYKHA A paBHA HYJIIO.

VYpaBuenune X Mg = 0 (Cymma momenmos 6cex cun omuocumenvio mouku B
PpasHa Hyar0) UCTONIB3YETCS JJIsl TPOBEPKU MPABMIILHOCTH TOJIYYEHHBIX PE3yJIbTaTOB.

0). Bmopas komounayus.
¥ Fx = 0 — Cymma npoexiuii Bcex CHJI Ha TOPU30HTAIBHYIO OCh X paBHA HYJIIO;

Y Ma = 0— Cymma MOMEHTOB BCEX CHJI OTHOCUTEIBHO TOUYKU A paBHA
HYJIIO; (8.2)
2 Mg = 0 — Cymma MOMEHTOB BCEeX CHJI OTHOCUTEIBHO TOUKH B paBHa HYIIIO.

VYpasuenue X' F, = 0 (Cymma npoexyuii 6cex cun Ha 6epmuKaibHylo 0Cb Z pa6Ha
HYJ10) UCTIONIB3YETCSI IS TPOBEPKH MTPABHILHOCTH MOJIYUCHHBIX PE3yIbTaTOB.

VYpaBHEeHUSI paBHOBECHS HY)KHO COCTaBJISITh TakK, YTOOBI B KaXKJ0€ ypaBHEHHE,
[0 BO3MOXHOCTH, BXOJWJA TOJBKO OJHA HEWU3BECTHAs OINOpHAs peaKuus. ITO
OOJIETYUT HAXO0XKJICHUE OMTOPHBIX PEAKIIHIA.

Bce HemsBecTHBIE OMOpHBIE PEAKIIMM B MHOTOIPOJETHBIX Oaakax, WMEIOIIHNX
MPOMEKYTOUYHBIN IIAPHUP, MOKHO ONPEACIUTH IBYMs CITIOCOOAMU.

1). Memoo momenmnou mouku (Cnocodb, yuumvl8arOwjull  CEOUCMBO
NPOMEIHCYMOUHO20 WUAPHUPA).

B stoM ciiyyae HeOOXOaMMO 3amucaTth TPU ypaBHEHUs paBHOBECHUs MJisA BCe
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

OaJIKW M K HUM J00AaBUThH JOIOJHUTENbHbIE YpaBHEHUS, OTpa)kaloU[Ue CBOMCTBO
MIPOMEKYTOYHOTO IIAPHHUPA, TO €CTh, CyMMa MOMEHTOB BCEX CHJI, PACIIOJIOKEHHBIX
cieBa (cmpaBa) OT MPOMEXKYTOUHBIX IIAPHUPOB, OTHOCUTENIBHO IIapHHpA paBHA

Hymto (puc. 8.7):

Ra 4 Rp
CN | '“
« éHH#HHH#HHg
LONA B C 3D X
8 L—a —J<—b ~|< C — e d —>|
Iloymasicnaa cxema
zZ A RD
4 RC q m
= F He
A l|OCHOBHaﬂ6MKa|: ERERRERERE FREREES
. | H:c | D X
H, HF A B Cc {Re |Ho;11;ecnaﬂ 6aJ1Ka| J
le—a —J: b >le c —rle———d

Puc. 8.7. 3amannas Oajika U €€ «IOdTaXKHasI» cXeMa

¥ Fx = 0 — CymMma npoekiuii BceX CHIJI Ha TOPU3OHTAIBHYIO OCh X paBHA HYJIIO;

2 Ma = 0 — CymMma MOMEHTOB BCEX CHJI OTHOCUTEIBLHO OMOphI A paBHa

HYJIIO; (8.3)

2 Mp = 0 — CymMmma MOMEHTOB BCEX CHJI OTHOCUTEILHO OMophl D paBHA HYII10;

T MMz 0 oy MO = 0 - Cymma MomenToB Beex cwi,
PacCIoNIOKEHHBIX clieBa (CIpaBa) OT MPOMEXKYTOUHBIX MMAPHUPOB, OTHOCUTEIHHO
[IapHUpa, paBHA HYIIO.

Vpasuenune X' F, = 0 (Cymma npoexyuii 6cex cun Ha 6epmuKaibHy0 0Cb I paeHa
HYJI0) HCTIOJIB3YETCS JJIsI TPOBEPKHU MPABMIIBHOCTH ITOJIYICHHBIX PE3yJIbTaTOB.
2). Memoo nocmpoenusi «knO3mMaxicHowy cxemvl OAIKU.

Jlnst ymobcTBa pacdera W HATJISAHOCTA TPEACTABICHUS O XapakTepe paboTh

OTJIEJIbHBIX YaCTEH MHOTOMPOJIETHON OAJIKH CTPOUTCS €€ «IOITAKHAS» CXeMa.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

B sToM cnydae 3amaHHy0 OajKy MBICJIECHHO Pa3pe3aroT MO MPOMEXYTOUYHOMY
mapHUpy (MPOMEXKYTOUYHBIM IIAPHUPAM) U BBIICISIOT OCHOBHYIO OaiKy (MX MOXKET
OBITh OJIHA MJIM HECKOJIbKO) U ToJIBeCHbIC Oaku (puc. 8.7).

[Ipu 5TOM BHau4ase BBIACISIIOT OCHOBHBIE OAJIKU, TO €CTh T€, KOTOPbIE CIIOCOOHBI
CaMOCTOSITEJIbHO HECTH Harpy3Ky, a 3aTeéM BCIOMOTaTelIbHbIE, KOTOPbIE HMEIOT
TOJILKO OJIHY ONOpY WJIM HE MMEIOT MX BoBce. Hepocraromumu omopamu st HUX
CIIy’KaT COETUHUTENbHBIC IIAPHUPHI.

Takum 006pa3oM, OCHOBHBIMH WJIM TJIABHBIMHU SIBIISETCS T€ OalKu, KOTOpBIC
MOTYT CaMOCTOSITEJIbHO CONPOTHUBIISITHCS MPUIOKEHHBIM BHEUIHUM cujaM (HECTH
BHEIIHIOI HArpy3Ky) MOcje pa3pe3aHus 3aJaHHON OalKku IO MPOMEXKYTOUYHBIM
[IapHUpaM, TaK KaKk OHM MMEIOT TpU KuHemaTuueckue cBsizu (O6anka ABC Ha puc.
8.7).

OcranbHble OaJIKM Ha3bIBAIOTCS TMOABECHBIMU WM BTOPOCTENEHHBIMU (Oajka
CDE Ha puc. 8.7).

[locne  mocTpoeHHUsT  «IMOATAXKHOW»  CXEMbI,  3aJaHHyl  Oalky ¢
NPOMEXYTOYHBIMH IAPHUPAMH, MOKHO paccMaTpHUBaTh KaK COCTOAIIYIO U3 psiaa
IIPOCTHIX OAJIOK.

3areM pacCYUTHIBAIOT KaXIYI0 MPOCTYIO OAJIKy B OTACIBHOCTH.

PacueT npocTheiX 0ajioK NpOU3BOMST, HAUMHASA C CAMBIX BEPXHHMX ITOJABECHBIX U
MOCJIEI0BATENIBHO MEPEX0s K HIDKE JIeKATUM OajKam.

Pacyer mpocTeiX 0anok CBOAMTCS K ONPEACIICHUIO OMOPHBIX pEaKUUi U
MIOCTPOEHUIO 3IIOP U3rMOAOIMX MOMEHTOB U MTONEPEYHBIX CHJL.

[lpu pacuete HUXKe JeKauMX OaTOK HEOOXOIWMO YUHUTHIBATH HE TOJBKO
3a/IaHHYIO0 BHELIHIOIO Harpy3Ky, KOTOpas K HUM NPUJIOKEHA, HO U CUJIBI, PaBHbIE 110
BEJIMYMHE ONOPHBIM  pEAKUMsIM  BBbIIIE JIEKAUIMX IOJBECHbIX Oajok U

MIPOTHBOIIOJIOKHO HamnpaiieHHbIe (puc. 8.7).
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

Takum 00pa3om, mnepenaya HArpy3kd C BEPXHHUX IOJBECHBIX OalOK Ha HUXKE
JeXKalllue OCYIIECTBIAECTCS C IOMOIIBIO YCIOBHBIX COCPEAOTOYEHHBIX CHJI B
MPOMEXKYTOUHBIX IapHUpPAX. OTH CUJIBI YUCIEHHO PaBHBI COOTBETCTBYIOIIUM
YCJIOBHBIM OIOPHBIM PEaKIIMsIM B IMOJABECHBIX Oankax (puc. 8.7).

CocraBiisisi ypaBHEHHUs] paBHOBeCUs (CTaTHUKH), OOBIYHO HCIOJIB3YIOT MPABUIIO

3HAKOB, NMOKa3aHHOE Ha puc. 8.8,

Z 4

AD
X

M

Puc. 8.8. IlpaBuna 3HakoB

Ilpasuno 3naxos. FOpI/I?;OHTaJ'IBHBIe N BCPTHUKAJIBHBIC CHJIBI ITOJIOKHUTCIIBHBI,

CCJIM UX HAIIPAaBJICHUA COBITAAAarOT C HAIIPABJICHUSAMU oCer X U Z.
[TonoxurtenpHOE HAIIPaBJICHUC MOMCHTOB — IIPOTHUB X014 4acoBOM CTPCIIKU.

Onpeoenenue. banku (paMbl), y KOTOPBIX BCE€ OMOPHBIE PEAKIIMH MOTYT OBITh

OMpENIeNICHbl TOJbKO U3 YPAaBHEHUN PaBHOBECHS (CTATHKH), HA3bIBAIOTCS CTATUYECKU
ONPEAECIUMBIMH.

8.5. BHyTpeHHHUEe cHJI0BbIe (PAKTOPHI MPH U3rHbeE.
OcHoBHbBIE onpejieieHNsl U MPABUWJIa 3HAKOB

PanHee ObLIIO yCTaHOBIEHO, YTO MPH JCHCTBUM Ha OajKy BHEIIHEW HArpy3KH,
MEPHEHANKYIIPHON K T€OMETPUYECKON OcH OalKu M PaCIOJIOKEHHOW B OJHON M3
TJIABHBIX TJIOCKOCTEH WHEPIMU KaXJAO0r0 IOTNEPEeYHOTO CEeueHus Oalku, B ee
CEUCHMSIX, B 00IIeM cTy4yae, BO3HUKAIOT U3rndaronuit MoMmeHT M u monepednas cuia
Q.

BuyTpeHHue cuiibl, BOZHUKAIOUIME B JIOOOM IOMNEPEYHOM CEYEHUU CTEPIKHS
(371eMeHTa) MIIOCKOW paMbl, B OOLIEM Ciydae MPUBOIATCS K TPEM BHYTPEHHUM
cwioBbIM (hakTopam: mpomonabHON cuie N, momepeuHoit cwie Q u m3rubaromemy
MoMeHTy M.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

BHyTpeHHME cHIOBBIE (DAKTOpPHI ONMPEACISIOTCS Yepe3 BHEIIHHE CHJIBI,
NeHCcTByIOIMME Ha Oanky /paMmy/, C TOMOIIBIO METOJa CEYCHUH, NPUMEHEHUE
KOTOPOTO IO3BOJISIET chOopMyIMpOBaATH OOIIHE MPpaBUiIa JISl HAXOXKIACHHUS YKa3aHHBIX

BHYTPEHHHMX YCWJIMM Ha KaXKJIOM ydacTke Oanku (pambl).

Onpedenenue. Y4acTKOM Ha3bIBa€TCs 4acTh OajaKku (pambl), B peaenax KOTOpoil
3aKOH (ypaBHEHHUE) U3MEHEHUS JAHHOTO BHYTPEHHETO YCHJIUS TTOCTOSHEH.

['paHuIiaMu ydacTKa SIBJISIFOTCS TOYKH TPUIIOKEHHUS COCPEIOTOYCHHBIX CHII,
COCPEIOTOYCHHBIX MOMEHTOB, TOUKH Hadalla U KOHIIA pacrpeeIeHHOW Harpy3KH.

CyTb MeTO1a CEUEHUM CBOJMUTCS K CIEAYIONIEMY:

1. MpICIEHHO TPOBOAMM TIOMEPEYHOE CEUEHUE, KOTOpoe pa3buBaeT Oayky
/paMy/ Ha JIB€ YaCTH.

2. BeiOupaeM Ty 4YacTh Oajku /pambl/, Ha KOTOPYIO JCHCTBYIOT H3BECTHBIC
Harpy3ku (HaMMEHbIIIee YUCIIO U3BECTHBIX HATPY30K).

3. CocraBinsieM BbIpaKeHHs JJi1 U3rHOaroIiero MoMmeHTa M, monepeyHoi CUITbI
Q u mpononbHO cuibl N. TIpu 3TOM pykoBoJCTBYeMCs OMpeeIeHUEM BHYTPEHHUX
CWJIOBBIX (DAKTOPOB U MPABUIIOM 3HAKOB.

Onpedenenue. N3rubaromnuii MomeHT M B IPOM3BOJILHOM MONEPEYHOM CEUEHUU

0anky /paMpl/ YUCIICHHO paBeH ajareOpandeckoil cymMMe MOMEHTOB BCEX BHEIIHHUX
CWJI, JEHUCTBYIONIMX IO OJHY CTOPOHY OT MPOBEIECHHOTO CEYEHHS, OTHOCHTEILHO
HEUTpPaJIbHOM OCU 3TOr0 MOMNEPEYHOr0 CEYEHUs (MM OTHOCUTENBHO TOW TOYKH
MPOJIOJIBHOW OCU Oanku /pambl/, depe3 KOTOPYIO MPOXOAUT paccMaTpUBaeMoe
CEUCHHE).

Onpeoenenue. Ilomepeunas cunma Q B MPOU3BOJIBLHOM IOTIEPEYHOM CEUCHUU

Oayku /pambl/ YUCIEHHO paBHA ajlreOpanvdeckoil CymMMme MPOEKIMH BCEX BHEITHHX
CWJI, PaCIHOJIOKCHHBIX 10 OJHY CTOPOHY OT TMPOBEACHHOTO CEUYCHHS, Ha OCh,

MEePICHIUKYISIPHYIO K TEOMETPUUECKOM OCH OaKu /pambl/.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

Onpedenenue. IlpononbHas cuna N B NPOU3BOJIBLHOM IONEPEYHOM CEUCHHUU

O0anku /pambl/ YHCICHHO paBHA alreOpandyeckod CyMMme MPOEKIMH BCEX BHEIIHHUX
CWJI, pACIIOJIOKEHHBIX 110 OJHY CTOPOHY OT TMPOBEACHHOTO CEYCHMs, Ha
T€OMETPUUECKYIO OCh PACCMATPUBAEMOTI0 dJIEMEHTA OaJIKu /pambl/.

8.5.1. [IpaBuJia 3HAKOB BHYTPEHHHUX CHJIOBBIX (haKTOPOB IS 6AJIOK

IIpasuno 3nakos. WMsrubaromuii mMomeHT M B momepeyHOM CedYeHHH Oallku

nonoxurenen (M = +M ) ecnu moment Baemmueit cunsl (M ™) manpasnen o
XOJIy Y4aCOBOM CTPEJIKM — OT CEYEHHs CJIEBA, U TMPOTHB XOJla YacOBOM CTPEIKH — OT

ceuenus capana (puc. 8.9),

vy () o
F z 6Heu
L :

< v | | u >

F X 6Hew F X eHnew

ceyeHue F eHeut
z

Puc. 8.9.. IlpaBmia 31akoB

NN I/ISFI/I6aIOHII/Iﬁ MOMeHT M cumrTaercs IIOJIOKUTCIIBHBIM, €CJIM OH BBI3bBIBACT

pacTshKeHHE HIDKHUX BOJIOKOH Oanku (puc. 8.10).

M Q v

N \_ N
Q

Puc. 8.10. [TonoxuTenbHble HAITPABICHUS BHYTPEHHUX
CWJIOBBIX (PAaKTOPOB J1si 6ATTOK

IIpasuno 3naxos. llomepeunas cuna Q B TONEPEYHOM CEUEHHUHM OayKu

nonoxutensHas (Q = +F, ), ecim Buemmuss cuna (F; ““") nanpasinena BBepx — oT

CEYCHMsI ClIeBa U BHU3 — OT cedyeHus cmpasa (puc. 8.9), wim momnepeunas cuia Q
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

CUMTACTCS  TOJIOKUTEJIBHOW, €CIM  BHEIIHUE CHJIbl  CTPEMSTCS  BpalllaTh
paccMaTpUBaEMyl0 4YacTh OaJIKh OTHOCHTENIBHO IIEHTpa TSXKECTH MPOBEICHHOIO
CCUCHHs 0 X0y YacoBoit crpeinku (puc. 8.10).

IIpasuno 3maxoe. llpoponpHas cuma N B monepedyHoM ceyeHUW Oalku

nonoxurensHas (N=+ F,*), ecnn Baemnss cuna (F,*“) nanpasinena BieBo — ot
CEUYEeHUs CJIeBa W BIPaBO — OT ceueHus crpana (puc. 8.9), i npononbHas cuia N
CUMTACTCS TIOJOKUTEIBHOW, €CIIM OHa BBI3BIBACT pACTsOKCHHE (YIJIMHCHUE)
paccMmarpuBaemoit yactu O6anku (puc. 8.10).

Buoisoo. Mzrubarommii MomeHT M B monepeyHOM ceyeHUM Oalku CUUTaeTCs
MOJIOKUTEIIbHBIM, ©CJM OH BBI3BIBACT PACTSHKCHHWE HIDKHMX BOJIOKOH Oalikw,
nonepedyHas cuiaa Q cuMTaeTCs IMOJOKUTEIBHOW, €CIM OHA CTPEMHUTCS IOBEPHYTh
paccMaTpuBaeMyI0 4acTh OaJKH 1O XOJYy YacOBOW CTpENKH, MpojosibHas cuiaa N
CUMTACTCSl TIOJIOKUTEIIBHOM, €CIIM OHA BBI3BIBAET PACTSKCHHE paccMaTpPUBaEMOM
JacTu OaJIKHU.

[TomoxxuTenbHBIC HANpaBICHUS ATUX CHJIOBBIX (DAaKTOPOB ITOKa3aHbl Ha PHLC.
8.10.

Nsrubarormuii  MOMEHT, TIONepeyHas W MPOJOJIbHAS CHJIBI JJIs  Oaliok
OTPHUIIATEIIBHBI, €CJIM HAMpaBJICHUS JTHUX CHUJIOBBIX (DAKTOPOB MPOTHUBOIIOIOKHBI
HaIpaBJICHHIM, YKa3aHHbIM Ha puc. 8.10.

8.5.2. [IpaBuJ1a 3HAKOB BHYTPEHHHUX CHJIOBBIX (paKTOPOB /Uil pam

[IpaBuna 3HAKOB BHYTPEHHUX CHJIOBBIX (DakTOopoB (mpomonbHOM cuibl N,
noriepedHoit cwiibl Q u m3rubaromero MmomeHTa M) 11T TOPU30HTAIIBHBIX YYaCTKOB
paMbl (puresnein) ocTaroTCsl TAKUMHU K€, UTO U JIsl OJIOK.

Jlns mosydeHws TpaBuiia 3HAKOB BHYTPEHHHX CHIJIOBBIX (DaKTOpoOB s
BEPTUKAIBHBIX YYaCTKOB paMbl (CTOEK) CBEJAEM WX K TOPU3OHTAIBHBIM ITyTEM

YCJIOBHOT'O TTIOBOPOTA paMbl (CTOEK) IO X0y YACOBOM CTPEIIKH.
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Taxkum obpazom, IpU ONpPENENEHUN BHYTPEHHUX CHJIOBBIX (PaKTOPOB B CTOMKaxX
U pUressix paMbl OyieM MOJIb30BATHCS CIECAYIONIMMU IPABUIAMH 3HAKOB:

e y3rubaromuii MOMeHT M cuMTaercs NOJIOKUTENbHBIM, €CIU OH BbI3bIBAET
PACTSKEHHUE HUMCHUX BOJIOKOH PUTEIIEW paMbl U NPAGblX BOJOKOH CTOEK PaAMBI;

e onepeyHass cwia Q cuMTaeTcs MOJIOKUTENBHOW, €CId OHAa CTPEMHUTCS
NOBEPHYTh PAaCCMATPUBAEMYIO YacTh pambl (CTOMKHM M PHUTeNu) MO XOAY 4YacOBOM
CTpEIIKH;

e mpojtosibHast cwina N cuMTaercs MOJOKUTEIBHOM, €ClIM OHAa BbI3bIBACT
pacTsKeHHe pacCMaTPUBAEMOM YaCTH paMbl (CTOEK U pUTeTieh).

[TonoxuTenbHbIE HAPABICHUS! BHYTPEHHUX CHIJIOBBIX (PAKTOPOB JIJIsl AJIEMEHTOB

paMsl (y3J1a B BUJIe KpecTa) moka3aHsl Ha puc. 8.11
4 N
Q
Q M (_:%_’
M

N L | N

Puc. 8.11. TlonoxxutenpHbIC HAIPABICHUS BHYTPECHHUX
CHJIOBBIX (DAaKTOPOB IS pam

Wzrubaronuii  MOMEHT, TIOmepeyHas W MPOAOTbHAs CWIBl I paMm
OTPUIATEIbHBI, €CJIM HAMNPABICHUS STUX CHJIOBBIX (DAKTOPOB MPOTUBOIOIOKHBI
HaIpaBJICHHIM, YKa3aHHbIM Ha puc. 8.11.

8.6. uddepeHunanbHble 3aBUCUMOCTH MPH MJIOCKOM U3rude

Nzrubarormuii momeHT M, momepeunas cuina Q W MHTCHCUBHOCTH BHEITHCH
pacrpee’eHHON Harpy3Ku (] CBSI3aHHBI MEKIYy COOOM ONpeeIEHHON 3aBUCUMOCTBIO.
Paccmotpum Oanky, HAXOASUIYIOCS MO IEHUCTBUEM MIIOCKOW CUCTEMBI CUJl (pHC.

8.12)
22



VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

M(x) M(X)+dM(x)

q

Cl o e ()

x X

' J | |
QE)+dQ(xX)

< dx

Puc. 8.12

JIByMsI OIEPEYHBIMH CEYEHUAMH X U (X + dX) BbIpe:keM U3 OalKu dJIEMEHT TakK,
4roObl HAa HEro He JCHCTBOBAIM BHEUIHUE COCPEJOTOYCHHBIE CHIIBI U
COCpEI0TOUYEHHbIE MOMEHTHI. IHTEHCUBHOCTD BHEIIHEH paclpe/eIeHHON Harpys3Ku (
Ha JutiHe dX cuMTaeM IOCTOSIHHOM.

JleficTBue  OTOpOIIEHHBIX YacTed 3aMEHMM  BHYTPEHHHMH  CHJIOBBIMH
(akTopamu. JleficTBue I€BOM 4YacTHM 3aMEHUMM H3rHOaromMM MoMeHTOM Mgy u
nonepeyHoi cunoi Q(x), KOTopble OyAeM CUMTATh IOJIOKUTEIBHBIMU. AHAJIOIMYHO
3aMEHMM JIeHCTBUE MpaBoil yacTu MoMeHTOM M; = My + dM(y) 1 monepeuHoit cuioit
Q1 = Q + dQ(y. Tak kak Ha [uIMHE >IeMeHTa 0X He MPUIIOKEHBI COCPEAOTOUCHHbIE
CHIIBI U MOMEHTHI, TO B 3mopax M n Q He 10MKHO OBITH Pa3phiBa, MOITOMY
U3THOAIOIMI MOMEHT U IONIEpEYHas CHIa B IIPABOM CEYEHHH OYAyT OTIMYATHCSA OT
UX 3HAYEHUH B JIEBOM CEUEHUH Ha BEIMYMHY MalbIX npupameHuii dMpy 1 dQy.

Bca Ganka B LEJIOM HaxXOAWTCS B DPaBHOBECHH, CJIEJOBATEbHO, M €€
BBIJICJICHHBIH 271€eMeHT UX cO BCEMH NPUIIOKEHHBIMU K HEMY CHIaMH TaKxkKe JIOJKEH
HAaXOJUThCS B PABHOBECHH.

CocTaBuM ypaBHEHHs] PaBHOBECHS:

1. Cymma npoexkyuti 6cex Cuil Ha 8epMUKAIbHYIO 0Cb I PAGHA HYTIIO:

2F,=0: Q(X)+q'dX—(Q(x)'l'dQ(x)):O; - q'dX_dQ(X):O'
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N3 sTOr0 paBeHcTBa MOJIYyYUM

dQx) _

= q (8.4)

CienoBaTenbHO,

nepeas Npou3eoO0HAss OmM NONEPeyHolu Ccuibl hno abcyucce X pasHa
UHMEHCUBHOCIU PACNPeOeNeHHOU HA2PY3KU 8 CeUeHUU.

2. Cymma mMomeHmo8 cex Cul OMHOCUMENbHO YEeHmpa npaso2o CedeHus

PAasHa HYo:
d
Z My =0: — Mg~ Qudx—q-dx =+ (Mg + dMc) = 0.
Orcrona

(dx)*

dMg = Qpy - dx +q - ==~

B stom PAaBCHCTBC ITOCJIICAHCC CJIaracMocC SABJIACTCA MaJioM BEJIUYMHOM BBICIIETO

ImopAaaka 1mo CpaBHCHHUIO C APYIUMHU YWICHAMHU, ITIO3TOMY €TI0 MOIKHO OT6pOCI/ITL, TOoraa

%1207
dM(X) = Q(x)' dX,
OTKyJa
dM(X)
Q=g (8.9)

Taxkum obGpazom,

nepeas. npouszsooHas om uzeudbaroueco Momenma no aodcyucce X pasHa
nonepeynou cuJe.

dopmyna (8.4), oueBHIHO, HE TPUMEHHMMA I CCUCHHH, B KOTOPBIX
MPUIOKEHBI BHEIIHUE COCPEIOTOYCHHBIC CHJIbL. AHallormuHo, ¢gopmyna (8.5) He
MpUMEHUMAa JUIS CEYCHUH, B KOTOPHIX MPHIOKEHBI BHEIIHHE COCPEIOTOYCHHBIC

MOMCHTHI.
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W3 HalifeHHbIX BbILIE ABYX AU((depeHIUaTbHbIX 3aBUCUMOCTEN CIEAYET TPEThs

d2 M(X) — dQ(X) — q
dx? dx '

(8.6)

TO €CTh

8mMopas NPou3BOOHAs OM uzeubaue2o MoMeHma no abcyucce X pagHa nepeotl
NPOU3B0OHOU OM NONEPEeUHOU CUNbL UL DPABHA UHMEHCUBHOCU DACHPEeOeNeHHOU
HaepysKu.

Beipaxenuss (8.4) + (8.6) mnpeacraBiastor coboit  auddepeHnanbHbie
3aBUCUMOCTH  MEXJIY  HM3THOAIOIIUM  MOMEHTOM, IONMEPEYHOW  CHIOH W
MHTCHCUBHOCTHIO PACIPEICICHHON HATPY3KH TIPU U3THOE.

Ot hopMyJIbl OBUTH MOJIYYEHBI PYCCKHM YUYCHBIM U HHXXeHepoM JKypaBckum
J.1. OHH UCTIONB3YIOTCS TIPH aHAIM3E PA3IMYHBIX BOIPOCOB, CBS3aHHBIX C U3THOOM
0aJloK, B YaCTHOCTH, JUIS IMPOBEPKH MPABUILHOCTH MOCTPOCHHUS SITIOP M3THOAIOIINX
MOMEHTOB H ITOTICPEYHBIX CHJI.

JUIss  OTBICKaHHSA  OKCTPEMAIbHBIX  3HAYEHWH  W3rHOAOIMUX  MOMEHTOB
(HanOOJBIIETO WIM HAUMEHBIIIET0) HEOOX0JUMO TIEPBYIO TIPOU3BOAHYIO OT MOMEHTA
npupaBHATh Hymto. ClleoBaTelbHO, B CEUCHHUAX, TJE H3TUOAIONIMA MOMEHT
MpUHUMAaeT HauOoubllee WM HauMmeHbllee 3Ha4eHHE (M ,ucmp), TOIIEpEUHAs CHIIA
pasHa Hy0 (Q = 0).

MoXHO BBIHCAaTh CJHEOYIONME JBE 3aBHCUMOCTH, WLIIOCTPUPYIOIINE
HaxoxaeHne Q) U () 1Mo MoMeHTy M.

1. Ilonepeynas cuia Q(y):

2. IHTeHCHBHOCTD paclpeieNeHHON Harpy3KH ((x):

d*My, dQy _
dx2  dx = e
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Otu auddepeHImanbHble 3aBUCUMOCTU CIIPABEJIMBBI ISl YYaCTKOB JIEUCTBUS
CIUIOLIHOM paclpeeIeHHON Harpy3KHu.

O6OpaTtHbie  (MHTErpaJibHbIE)  3aBUCUMOCTH  TMOKa3bIBalOT, 4YTO  3HAas
MHTEHCUBHOCTb PACIPENEICHHON HAarpy3ku () M HadanpHble 3HaueHHs Qo u My
MOXHO onpenesuTsb Quy 1 M.

1. Tlonepeynas cuna Qy:
Q) =Qo +IQ(X) :
0

2. Msru6Garomuit MoMeHT My):

B utore IMOJIYYHUM YPAaBHCHUC IJIA I/I3FI/I6aIOHI€FO MOMCHTAa M(X) IIpu HCﬁCTBHH

CIUIOLIHOW pacIpeNeIEHHON HArPy3KH ((x):
M(X) = MO +QO . X+JdXIq(X) 'dX.
0 0

8.7. Jmopbl BHYyTPEHHUX CHJIOBBIX (PaKTOPOB.
IIpaBusia X MoCTpOEHUA

Jlnst vccnenoBaHusl HAPSDKEHHOTO COCTOSIHUST Oallki HEOOXOAMMO 3HATh, Kak
U3MEHsI0TCs BHyTpeHHue yeunus (Q u M) mo pymmne 6anku.

UtoOsl MMETh HarIsAHOE TpeiacTaBieHne o0 usMmeHeHnn Q m M mo nnmuHe
OaJIK¥, CTPOSIT SIMIOPHI ATUX BHYTPEHHUX YCHUIIH.

AHQIUTUYECKUNA PacyeT IUIOCKOM paMbl TaKXe 3aKII0YaeTCs B ONPEACICHUU
BHyTpeHHNX ycwmid (N, Q mw M) oT 3agaHHBIX BHENIHWX BO3JCHCTBHA W B
MIOCTPOCHUHU COOTBETCTBYIOIIMUX JMIOP HA T'€OMETPUUECKON CXEME pambl MO OCSM

CTOEK U PUTEIIEH.
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Boipaskenust Ayie OpOJOJIbHOM CHJIbI, TONEPEYHOW CHIIBI W H3THOaroIIEero
MOMEHTa NPEACTaBIAIOT COO0M (YHKIMM KOOPAMHATBL X M JJS HHUX MOXHO
noctpouTh rpaduxu (3mopsl) usmenenus N, Q u M no anuue crepxHs.

Onpedenenue. I'paduku, nzodpaxaromue 3akoHsl u3MeHeHus N, Q u M Bmonb

reoOMEeTpUYecKol ocu Oanku (pambl), HA3bIBAIOTCSA COOTBETCTBEHHO JMIOPOM
TPOIONBHBIX CHIT, SIIOPOU MOTIEPEUHBIX CHJI M SITIOPON U3rHOAOIINX MOMEHTOB.

Opounamwi smux sn0op npedcmasisaom coootl yuciennvle 3naverus N, Q u M 6
COOMBEMCMBYIOWUX cedeHusx Oaiku (pamol).

[Tpu moctpoenun smop N, Q mw M B cTaTMyecku OMNPEACIUMBIX CHUCTEMaX
PEKOMEH/TyeTCsl CICAYIOIIUN OO TOPSIOK JCHCTBHIMA:

1. OnpezensiemM ONMOPHbBIE PEaKMy U3 YPaBHEHUN paBHOBECHS (CTATUKH ).

2. PazbuBaeM pacueTHylo cxemMy Oanku (pambl) Ha YYACTKH.

3. IlpumeHsisi METOJl CEYEeHMid, MBICIICHHO MPOBOJMM IONEPEUYHOE CEUCHUE B
npenenax paccMaTpUBAaEMOT0 ydacTKa, KOTOpoe pa3douBaeT Oayky (pamy) Ha JBE
YaCTH.

Bri6upaeM Ty yacTh 0ajku /paMbl/, HA KOTOPYIO ICUCTBYET HAMMEHBIIIEE YUCIIO
U3BECTHBIX HAarpy3ok. Jlns ompeneneHuss BHYTPEHHUX YCWIMA B CEYCHUU
COBEpIIEHHO Oe3pa3IuvHO, KaKylo 4acTh Oanku (pambl) paccMaTpuBaTh. BemuduHb
BHYTPEHHHX YCWJINM OyIyT OJTHU U TE XKE.

4. CocTtaBisieM BbIpakeHUsl (YpaBHEHUS), TOKA3bIBAIOIINE 3aKOH U3MEHEHUS B
mpeaenax paccMaTpUBAEMOTO y4acTKa IpooiibHOM cuiibl N, monepeuno cuibl Q u
usrubaromiero momenta M. IIpu 3ToM pyKOBOACTBYyeMCS OIIpeieIEHUEM BHYTPEHHUX
CWJIOBBIX (DAaKTOPOB M MPABUIIOM 3HAKOB.

5. I1o »TUM BBIPOKEHUSM BBIYHCIISIEM YHCJICHHBIE 3HAUYCHUS MPOIOIBHBIX CHII,
MOTIEPEYHBIX CHUJI U M3THOAIOINX MOMEHTOB B XapaKTePHBIX CEUCHUAX ydacTka (Ha
ero rpanniax). Ecim ¢pyHKIIMoHanbHas 3aBUCUMOCTh YKa3aHHBIX CHUJIOBBIX (DAKTOPOB

HGHHHeﬁHaH, BBIYHUCJIICHUC IIPOU3BOAMM CIIC U B HpOMC)I(YTOqHOﬁ TOYKC, HAIIPHUMCEDP,
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B CEpelMHE y4yacTKa WM B CEUEHHUH, Te (PYHKIUS JOCTHUTAaeT JKCTPEMAabHOTO
3HAYCHMUS.

6. Ilo momyuyeHHBIM YMCIEHHBIM 3HAYEHUSIM TPOAOIBHBIX chl N, monepeyHsIx
cun Q u msrubaromux MOMeHTOB M cTpouM smiopsl (rpaduku) 3TUX BHYTPEHHUX
YCUIIUH.

Omiopa  KaXIOro BHYTPEHHETO YCHIUS CTPOUTCS Ha OTACIBHOW JIMHUU
(6a3ucHOM TIpsIMOI), MapalIeIbHON reoMeTprudecko ocu O6anku (pamsr). Jlist 6anok
ATIOPHI PACTIONIATAOTCSI HETIOCPECTBEHHO O] HEH.

B mpOEKTHBIX CTPOUTEIBHBIX OPraHU3AIUAX MPH MOCTPOCHHUH S0P IS 0amok
MOJIOKUTENIbHBIE  3HaueHusi TpoaoibHBIX cuid N w momepeunnix cuin  Q
OTKJIQJIBIBAIOTCS BBEPX OT OA3MCHOM MPSMOH, a OTpUIIATeIbHBIC 3HAUCHUS — BHU3.

[TonoxuTenbHble 3HaUYCHUS M3THOAOIMX MOMEHTOB M OTKIaAbIBalOTCS CO
CTOPOHBl «PACTAHYTBIX» BOJIOKOH, TO €CThb BHH3 OT O0a3uCHOM mnpsaAMOn, a
OTpUIIATEIbHBIE 3HAUYEHUS — CO CTOPOHBI «CXKATBIX» BOJIOKOH, TO €CTh BBEPX OT
0a3MCHOM MPSMOH.

Takum o0pazom, osnopa uzeubarowux momenmos M cmpoumcsa Ha
«PACMAHYMOMY» B0JIOKHE.

Ha mone »mropel Mexay rpadukoM H 0Oa3WCHOW NpsIMOM CTaBUTCS 3HAK
BHYTPEHHETO YCUJIMS U IPOBOASITCA OpAUHATHI.

7. lenaeM mpoBEpKH MPaBUIBHOCTH MMOCTPOCHHBIX 3MIOP BHYTPEHHUX CHIIOBBIX
(bakTopoB.

8. Otmeuaem omacHble cedyeHHs] Oajku, TAe JACUCTBYIOT MaKCHUMallbHbIE
(Haubonpie) 1O aOCONIOTHOM BENIMYMHE 3HAYEHHS BHYTPEHHHUX CHIIOBBIX
bakTopoB.

IIpasuna nocmpoenusi anwOp GHYMPEHHUX CUNOBLIX (HAKMOPOE (8HYMPEHHUX

ycunuil) 8 pamax maxue dice, Kak u 6 OAIKaXx.
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8.8. KoHTpoasb (mpoBepKH) NPaBUJIBLHOCTH OCTPOEHHS IMIOP
BHYTPEHHHUX CHJIOBBIX (PAKTOPOB /151 0aJ10K

Hudbdepennmansubie 3aBucumoct .M. XKypaBckoro mexay u3rubOaronmm
MOMEHTOM, IIONEPEYHOU CHJIIOW M HMHTEHCHUBHOCTHIO BHEIIHEW PACIPEIECIECHHON
HArpy3Kd OMNpPEesioT CBs3b MeXay amopaMu M u Q, MOCTPOCHHBIMHU OT JIFOOOM
BHEIIIHEN HArpy3KHU. JTa B3aUMHAs CBSI3b UMEET BAXKHOE MPAKTUUECKOE 3HAUCHUE TS
KOHTPOJISI MPABWJIBHOCTH BBIMOJHEHHOTO MTOCTPOCHUS MMIOP M3TrHOAIOIINX MOMEHTOB
Y TIOTIEPEYHBIX CHUJL.

Bce mnpoBepkr NpaBUIBHOCTH MOCTPOCHHBIX J3MIOP BHYTPEHHUX CHJIOBBIX
bakTOpoB 1151 OATIOK denaromces creéa Hanpaso:.

o «Ckaukn» Ha smiope Q BO3MOXHBI TOJIBKO B TE€X CEUCHMSIX Oallku, T
NPUJIOXKEHBI  COCPEIOTOYEHHbIC  BHEIIHWE  CWJbl, NEPHECHAUKYJSPHBIE K
reoMeTpudeckoil ocu. Ilo Benu4yMHE 3TOT «CKAa4OK» paBeH 3ToM cuie. Ecim sta
BHEITHSSI CHUJIa HAIlpaBjeHa BBEpPX, TO Ha 3Mtope Q MMeeTcsl «CKauoK» BBEPX, a KOra
CuJia HaIlpaBJI€Ha BHU3 — UMEETCS «CKavy0K» BHU3.

e «Ckauku» Ha »miope M BO3MOXHBI TOJBKO B TEX CEUCHUSAX Oaiku, TIe
IPWIOKEHBI COCPEOTOUYECHHBIE BHEIIHME MOMEHTHI. I[0 BETMYMHE 3TOT «CKAYOK»
paBE€H 3TOMY MOMEHTY. ECiIM COCpelOTOYECHHBIM BHEIIHUNA MOMEHT JEUCTBYET IO
XOJly 4YacoBOM CTpenKd, TO Ha dmope M umeercs «CKadoK» BHH3, a Korja
COCPENOTOUYCHHBIM BHEIIHUM MOMEHT JEUCTBYET HNPOTUB XOJA YAaCOBOW CTPEIKH, TO
Ha smrope M uMeeTcs: «CKa4yoK» BBEPX.

¢ Ha yuactkax Oanku, Ha KOTOPBIX MomnepeyHas cuia Q mooKuTenbHas, dIopa
M3TU0AIONMX MOMEHTOB BO3pAacTaeT, HAa ydacTKax Oayku, e momepeyHas cuia Q
OTpHUIATENbHAS, JITIOPa U3THOAIOIINX MOMEHTOB yOBIBAaeT, a HA y4acTKax Oaiku, rae
nonepeyHas cwiia Q paBHa HyIIO, dIIOpa U3THOAIONTUX MOMEHTOB MOCTOsTHHAs (M =
= const).

o zrubaromuii MmomeHT M nocturaer max uwau Min (M ,..mp) B TE€X CEYEHUSX

Oaiku, T1Ie TorepeyHas cuiia pasHa Hyiro (Q = 0).
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e Ha yuactkax Oanku, Te JCHCTBYET BHEIIHSAS paclpeielieHHas Harpyska
MHTCHCUBHOCTBIO (|, TorepedHas cuia Q M3MEHseTcs MO JIMHEWHOMY 3aKOHY, a
AMIOpa U3ruOAOIIMX MOMEHTOB M Ha 3TOM y4acTKE OrpaHUY€Ha KPUBOM.

e Ha ywactkax Oanmkw, T/A€ BHENIHSS  paclpeleleHHas  Harpyska
MHTEHCUBHOCTBIO (] OTCYTCTBYET, momnepeyHas cuwia Q mocrosinHas (Q = const), a
AMIOPA U3TUOAIOIINX MOMEHTOB M M3MEHSETCS 110 JINHEHHOMY 3aKOHY.

8.9. KoHTpoas (mpoBepKH) NPaBUJIBHOCTH OCTPOEHHS IMIOP
BHYTPEHHHUX CHJIOBBIX ()AaKTOPOB JIs1 pam

[TocTpoeHHBIE SIMIOPHI MOMEPEUYHBIX CHJI W HM3rM0AlImMUX MOMEHTOB B pame
IIPOBEPSIFOTCS TIO MPABUIIAM KOHTPOJISI 1T MPSIMOJIMHEHMHBIX OaJIOK.

Kpowme 3T0oro B pame He0OX0AMMO MTPOBEPUTH PAaBHOBECHE BCEX Y3JIOB.

OTta TpoBepKa COCTOMT B TOM, YTO BBIPE3aHHBIN Yy3el ToHa JeHCTBUEM
OPWIOXKEHHBIX K  HEMY  BCE€X  BHEIIHUX  COCPEJIOTOYECHHBIX  HArpy3ok
(cocpeOTOUYEHHBIX CHJI M MOMEHTOB), a TaKK€ BHYTPEHHUX CHJIOBBIX (DaKTOpPOB
(ToTepevHbBIX CHUII, MPOIOJIBHBIX CHJI M U3TUOAIONINX MOMEHTOB) JOJKEH HAXOAUTHCS
B PAaBHOBECHH.

Jlis  3TOro  BBIPE3alOT y3ed W MPUKIAABIBAIOT K HEMY BHEIIHHE
COCpPEJIOTOYCHHBIE HArpy3Kd (COCPEIOTOYEHHBIE CHJIBI M  COCPEAOTOYCHHBIC
MOMEHTBI, €CJTM OHU MPUIIOKEHBI K Y3ITY).

3areM K Y3lIy TPHUKIQJBIBAIOT BHYTPEHHHE CHIIOBBIE (PaKkTOpbl (TIONEpedHbIC
cwibl Q, mpononbHbie cuiabl N U m3rubaronyie MOMeHTHI M), KOTOpbIe BBIpa)karoT
JecTBHE OTOPOIICHHBIX YaCTeH pamMbl Ha y3ei (¢ momorsio smrop Q, N u M).

CocTaBisi0T TpYU YpaBHEHHsI PaBHOBECHS (CTATUKH), KOTOPHIC IOJKHBI OBITH
paBHBI HYJIIO:

¥ Fx = 0 — CymMma mpoexIuii Bcex CHJI Ha TOPU30HTAITBHYIO OCh X paBHA HYJIIO;

¥ F, = 0 — Cymma mpoeKIuii BceX CHil Ha BEPTUKAJIBHYIO OCh Z paBHA HYJIIO;

Y Ma = 0 — Cymma MOMEHTOB BCEX CHJI OTHOCUTEIIBHO Y3714 paBHA HYITIO.
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8.10. YUCTHIN U3T'UB BAJIKA
OcCHOBHBIE THIIOTE3bI

Panee ObLIO yCTAaHOBJIEHO, YTO IMPU BHEUIHEH HArpys3ke, NEPIEeHIUKYJISPHOU
reOMETPUYECKON ocH Oajku, B KaKJIOM €€ MOMEPEYHOM CEUYEHHHM MOXET BO3HHMKATh
OJIHOBPEMEHHO M3THOAIOIIN MOMEHT U NIOoTIepeyHas cuia.

N3yyeHue HampsyKEHHOTO COCTOSIHMS Oajku yAoOHee HauWHaTh C YaCTHOIO
cilydasi, KOJia IOIepeyHasl CUjla paBHa HYJIO, TO €CTh C YUCTOTO U3ruoa.

Paccmotpum nedopmarnuto yncroro usruba 0anku. C MoMoLIbl0 3KCIIEpUMEHTA
YCTAHOBJIEHO, YTO €CJIM Ha OOKOBYIO IMOBEPXHOCTb OajKu W3 PE3UHOBOro Opyca
IPSMOYIOJIBHOT'O IONEPEYHOTIO CEUYEHUST HAHECTH OPTOTOHAIBHYKO CETKY B BHUIE
IOPOJIOJIbHBIX M TONEPEYHBbIX MNPAMBIX, TO ToOcie AePOPMUPOBAHHUS HA YYacTKe
YUCTOT0 M3ruda MpoJOJbHBbIE MPsSMblE MPUHUMAIOT KPHUBOJIMHEWHOE OuYepTaHHE, a

IMOMICPCYHBIC OCTAKOTCA IIPAMBIMU. HpI/I 9TOM CCTKa OCTACTCA OpTOFOHaHLHOﬁ (pI/IC

8.13)
F F

Vuacmorx wucmozco
uzcuoa

|<a>|< [-2a >|<az>|

e e e e e |
Z

71 1 1 | \

Q /Heﬁmpaﬂbubzu" ClOU %

Puc. 8.13

72

Otcroma MOXHO cAenaTh BbIBOJI, YTO YIJVIOBBbIE JepopMaluud B IJIOCKOCTH
n3ruda OTCyTCTBYIOT, a MOMEPEYHbIE CeUEHUsl OaIKU MpU U3rude HE UCKPUBIISIIOTCA.
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W3 pucyHka BUIHO, YTO NPOJOJIbHBbIE BOJIOKHA OajKd, paclojiO)KEHHBIE B
HIKHEH €€ Y4acTU, PACTAHYTHI, & B BEPXHEU YaCTH — CXKATBHI.

Onpeodenenue. T'paHulla MEXIYy pacTAHYTBIMH M CKaTbIMH BOJIOKHAMU

HAa3bIBACTCSI HEUTPAIbHBIM CIIOEM.

Heumpanouwlu cioti He ucnvslmuléaem pacmaiCeHus U CHCamuisl.

Huxxe  HEWTpaJibHOTO  CJIOSI B MOMNEPEYHBIX  CEUEHHSIX  JCHCTBYIOT
pacTAruBarolue HopMaibHbIe HAMPSHKCHHMS, a BbIlIe — ckumaroriue (puc. 8.13)

Onpedeﬂeﬂue. JIunus MMEPCCCUCHUA HeﬁTpaHBHOFO CJI0Ad C IINIOCKOCTBIO

MOTIEPEYHOT0 CCUCHUS HA3BIBAETCS HEUTPAIbHOW JTUHUCH (H)/1e601 uHUell) CCUCHHUS.

DKCIEpUMEHTAJIbHBIE U TEOPETUUYECKUE HCCIEOBAHUS YHUCTOrO0 M3ruda Oanok
JIe7aI0T BO3MOYKHBIM IIPUHSATD CIICTYIONINE TUTIOTE3bI:

1. l'unomesza nnocxkux ceuenuni (eunomesa A. Bepuynnu). Tlomepeunsle
ceueHust OaJIKH, TNIOCKHE ¥ HOPMaJIbHBIC K €r0 FreOMETpUYecKoi ocu (HeHTpaIbHOMY
CIIOI0) 10 Je(opMalni, OCTAIOTCS IUIOCKUMH W HOPMAaJbHBIMH K OCH U IOCIE
nedopMarmm.

OTta TUIOTE3a PAaBHOCWIIBHA MPEIOJIOKEHUI0, YTO TMPU M3rHOe IMOIMepeuHbIe
CEUCHUs MOBOPAYMBAIOTCA HA HEKOTOPBIM YroJI OTHOCUTEIBHO HEUTPAIBHOW JIMHUH,
a yrioBble AedopMalvy B MPOJAOIBHBIX CEUCHHUSIX OaTKU OTCYTCTBYIOT.

2. IIpodonvHvie ciou ne oasam Opye Ha Opyea (B3aUMHOE TaBICHUE MEXIY
MPOJIOJIBHBIMU CIIOSIMA OTCYTCTBYET).

Orcroma crneayer, 4YTO MPOAOJbHBIE BOJIOKHA WCIBITHIBAIOT LIEHTPAIBHOE
(omHOOCHOE) pacTsHKEHHE HIIH CXKATHE.

3. Hegopmayuu npooonvbHbIX 60JI0KOH He 3A6UCAM OM UX HONONCEHUS. NO
wupuHe ceyenusl.

N3 3Toro ciegyer, 4To HOpMalibHbIE HAMPSIKEHUSI OCTAIOTCS OJUHAKOBBIMU T10

MUPHUHE CCUCHUA.
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3amaya 00 OTBICKAHWU 3aKOHA PACIPEACIICHHUS HANIPSHKCHHUM 110 CEUCHUIO OalTKu
SBIIICTCSI CTATHYECKH HEONMPEACIMMONM W IS €€ pelIeHUuS HEeoOXOIMMO
JOTIOJTHUTENIBHO K YPaBHEHUSM PAaBHOBECHs TPUBIICYb YpaBHCHHS JcPOpMAIIHA,
KOTOpbIE  MOXHO  cOopMyIHpoBaTh Ha  OCHOBAaHUHU  DKCIIEPUMEHTATBHBIX
HAOJIIOICHUH.

BeiBog  dopmynel i onmpeneNieHus HOPMaJIbHBIX HANpPSOKCHUH G B
TIOTIEPEYHBIX CEUCHHSIX OATKU TTPOBOIUTCS IO CIICTYIOIICH cXeMe:

1. PaccmaTpuBaeTCs cmamuyeckas CmopoHa 3aaadu, TO €CTh aHaJU3UPYIOTCS
YPaBHCHHMS CTATHKH.

2. PaccmaTpuBaeTcs eeomempuueckas cmopora 3anadd. Ha oCHOBE ONBITHOTO
U3y4YCHHMsS] JIaHHOTO BHja jJcdopmarnvu Oalkk W NPUHUMACMBIX THIIOTE3,
YCTAaHABJIMBAIOTCS 3aBUCHMOCTH MEXAY IIEpEMEIICHUEM TOYEeK OalKu U uX
II0JIO)KCHHEM B CEUCHUH OTHOCHTEJIBHO IPUHITONW CHUCTEMbI KOOPUHAT.

3. PaccmarpuBaetcs  ¢usuueckas cmopouwa 3amadyd  —  ONPEACISICTCS
3aBUCUMOCTh MEXK]Iy HANPSOKCHUSIMH U JIe(OpMaIusIMHu.

4. TIpou3BOIUTCS CUHTE3 YPaBHCHHH, TO €CTh UX COBMECTHOE PEILICHHUE.

8.11. OnpenesieHne HOPMAJIbHBIX HANPSIKEHU I

N3yuum 3aKoH pacripesieieHnsi HanpsHDKEeHUH B MOMEPEYHOM CEYCHUU OalKu TIPH
gyuctoM wu3rube. byaem paccmatpuBaTh 0ajaKy C IOMEPEYHBIM CEUYCHUEM,
oOnagaronmM XOTs Obl OJIHOH OChIO CHMMETPHH, KOTOpas COBMAJAaeT C CUJIOBOU
IJIOCKOCTBIO.

Tak Kak TONepevyHble CEUYEHUS CHUMMETPUYHBI OTHOCUTEIBHO CHJIOBOM
TUTOCKOCTH, TO JUIS YIPOIICHUS TPUMEM UX TIPSIMOYTOJIbHOU (opmbl (puc. 8.14).

B miockocTH moOnepevyHoro ceueHusi MpoOBEAEM KOOpJIUHATHBIE OCU Y W Z.

Obo3znauum 2OPU3OHMANIbHYI0 0Cb Yepe3 1, a 6eEpMUKATIbHYI0 OCb Yepes Y.
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M M
| 1 | 2 | z
ST PO e
d B——»adA
5 O o o pRAE
1 2 s
X dx

Puc. 8.14

Ocb Y COBMECTHM C CHJIOBOM JIMHKEH, @ OCh Z MPOBEJIEM TTOKa Ha IPOU3BOJIBHOMN
BBICOTE TIEPIICHANKYIISPHO OCH Y.

Nsrubaromuit  momeHT M (cuioBasi TIJIOCKOCTh) JIEMCTBYET B  CHIJIOBOM
IUIOCKOCTH XOY. B TMJIOoCKOCTH TOMEpeyHOro CEYEHUs BBIIETUM 3JIEMEHTapPHYIO
wromaaky dA.

[Tpu yuctom mu3rube uzrudaromuii MOMEHT M B MONEPEYHOM CEUEHUHU OalKH
BBI3BIBAET HOPMAJIbHBIE HANPSDKEHUS O, a KacaTeJIbHbIe HANPSIKEHUS T PaBHbI HYJIIO.

l. Cmamuueckas cmopona 3a0ayu.

CocTtaBuM ypaBHEHUS CTATUKHU '

1. Cymma npoexyuii 6cex cun Ha 2OpU3OHMATILHYIO OCb X PABHA HYJIO.

ZF=0: [,6-dA=0 (8.7)
2. Cymma MomeHmos 6cex Cui OMHOCUMENIbHO OCU I PABHA HYJIO.

ZM,=0: M-[,6-y dA=0 (8.8)
3. Cymma momenmos ecex cul OMmHOCUMENbHO OCU Y PABHA HYIIO.

ZMy=0: [,00z-dA=0 (8.9)
Il.  T'eomempuueckas cmopona 3adayu.
Paccmotpum nedopmaruto Tol ke 6anku. Beimenum u3 6anku cedeHusimu 1-1 u

2—2 snement auuHoi dX (puc. 8.15).
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7o
i -E:'Q e E;g&

F
cl 'E:' ':IE E:' ;r:b

W—cf x—H
Puc. 8.15

B pesymprate pedopmManuu TPOUCXOAUT H3MEHEHHE PACCTOSIHUN MEXIY
MONEPEYHBIMU CEUCHUSIMM — HHUXHHUE BOJIOKHA YJJIMHSIIOTCS, a BEPXHUE —
YKOpaunBarOTCsA. ECTECTBEHHO MPEION0KUTh, YTO MOKHO HANTH M TaKHWE BOJIOKHA,
JUTMHA KOTOPBIX MPU U3THOE HE U3MEHSIETCS.

Co80KYNHOCMb BOJIOKOH, He USMEHAIWUX coell ONUHbl Npu uzeube OAIKU,
HA3b186aeMcsl HeUMpPAIbHbIM CLOEM.

Bonokna, mpuHaaniexaniye HEHTpalIbHOMY CIIOI0, 70 AedopManuu JieKaT B
OJTHOM TIJIOCKOCTH, a B 1€()OPMUPOBAHHOM COCTOSIHUHM OOPa3yIOT HHJIMHIPUYECKYIO
noBepxHOCTh. [lo u mocne aedopMany KakKao€ MONepeyHOe CeueHue MepecekaeTcs
C HEUTPAJIbHBIM CJIOEM IO MOPSMOM, KOTOpas Ha3bIBAETCA HeUumpanivHou (Hy1e6ot)
JIUHUEU ceyeHusl.

I[Ipyu mnockoM wu3ruOe HEUTPaNbHBIM CIIOH TEPHNEHIUKYJIAPEH CHIIOBOU
IJIOCKOCTH, @ 3HAYUT U HEUTpaIbHasl JIMHUS NEPICHANKYIISIPHA CUIOBOM JIMHUH.

bynem cuutath, 4TO OCh Z COBNAAAET C HEUTpaIbHOM JuHHEH. M3 pucyHka
(8.15) umeem:

a,b, = aghy — ¢ pagmycom p;

ab — ab, — ¢ paguycom p+y.
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Haiinem oTHOCHTENIbHOE YAJIMHEHUE TIPOM3BOIBHOIO BOJIOKHA ab:
£ =(ab, —ab)/ab;
ab =(p+y)-dg, ab=dx—

—e=[(p+y)do—dx]/dx.

Haiinem oTHOCUTENbHOE YAJIMHEHUWE BOJOKHA a,b, =dX, MpuHaAJIekKaIIee
HEUTPAIIBHOMY CJIOKO:
ab,=aby=p-do=dx —
> =[(p+y)o-pd6)(d0)=ylp —

Yy
g£==. 8.10
B (8.10)

Il.  @usuuecxas cmopomna 3adauu.

OnpenenuM, B KakOM HAMpPsHKEHHOM COCTOSSHUM HaXOAMWTCS IPOU3BOIBHOE
npoosibkHOe BOJIOKHO ab. Ha TopueBoit moBepXHOCTH BOJOKHA (B CECUCHHHM)
KacaTeJbHble HANpsDKeHUs T paBHbl Hymo. CregoBaTrenbHO, B COOTBETCTBUHU C
3aKOHOM MapHOCTH KacaTeIbHBIX HAMPSIKEHUM HET UX U B CEUCHUSX, MapalieIbHbIX
ocH OaJKu.

Hopmanbnbie HaIPSOKEHUS oy, BBIpa)KaroIue B3aUMOJICHUCTBHUE
paccMaTpUBaeMOro BOJIOKHA C COCEHUMHU BOJIOKHAMH, B CHIy BTOPOUM THIOTE3BI
PaBHBI HYIIO.

Takum 006pa3om, IPOJOILHOE BOJOKHO HAXOJUTCS B JIMHEMHOM HAMNPSKEHHOM

COCTOSIHUH. 3aKOH FYKa JJIA JIMHEHHOT' O HaIpsKCHHOI'O COCTOAHUA UMEET BU.

c=¢"E (8.11)

V. Cunme3s ypasHeHUil.

Pemas cucremy ypasuenuti (8.10) u (8.11), momydnm:

o=(Ey)p — G:E-Ey (8.12)
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[loncrasinss Beipaxenue (8.12) B ypaBHeHue (8.8), nomydyum:

M = [LE-yda==[y2da= =1
AP P p

1/ p=MI(El,) (8.13)

N3 Beipakenwnit (8.12) u (8.13), cnenyer:

c=—.y (8.14)

I

[Tonoxenne HeUTpanbHOM OCH (HYJIEBOW JTMHUU) ONPENETUM M3 YCIOBUS, UTO
POJI0JIbHAS CUJIA B TIOTIEPEYHOM CEYEHHUH OaJIKW MPHU YMCTOM M3rude paBHA HYIIO.

PaccmotpeB ypaBHenue paBHoBecust (8.7), moaydum:
fcs dA=0 — f dA—— fAy'dA=O >

S, = fAy-dA=0 — S,=0 (8.15)

Cratnueckuii MOMEHT CEUECHHUS Sz OTHOCHUTCIIBHO HeﬁTpaHBHOﬁ OCH Z paBCH
HYJIIO JIMIIb B TOM CJIy4ac, KOraa ama ocb yeHmpailbHAAl.

PaccmotpeB ypaBuenue paBaoBecust (8.9), moayuum:

J oz -dA= O—>f yszO—»IM-fAy-z-dAZOﬁ

Z
IyZ:fAy-z-dAZO — 1,=0 (8.16)
[leHTpOoOEeKHBII MOMEHT UHEPIIUU PABEH HYJIIO OTHOCUTEIHHO OCEH Y U Z JIUIIb
B TOM CIIy4ae, KOTJla OHU SBJISIIOTCS 21AGHLIMU YEHMPATbHLIMU OCAMU UHEPYULL.
CnedogamenvHo, ocb 1 (HeumpanvHas JUHUSA) NPOXOOUm, uepe3 YeHmp
maxcecmu NaOWaou NONEpeyHo20 CeYeHus, maxk KaKk CmamudecKuli MOMeHm paeeH
Hyato (S; = 0), a ocu Y u 7 — enaguvie yeHmMpaibHvle OCU UHEPYUU, MAK KAk
yeHmpoobedcHulli Momenm unepyuu cevenus pager wymo (ly;, = 0).

Takum oOpazom, w™mbl momyuwmn Qopmyny (8.14) nmns  ompeneneHus
HOPMAJILHOTO HANpPSDKCHHWsI 6 TPH YHCTOM M3rHO€ B TMPOU3BOJIBHON TOYKE
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MOTICPEYHOTO  CCYCHHMS OallKM C KOOPAWHATOM Y OTHOCHUTEIBHO TJIaBHBIX
LEHTPAJIbHBIX OCEH.

ITo dbopmyne (8.14) MmoxxkHO omnpenensiTh abCOMIOTHYIO BEIMUYMHY HOPMAJIbHOT'O
HaIpsHKCHUS 6, a €ro 3HaK YCTaHABIWBAaTh B 3aBHCHMOCTH OT TOTO, B CYKaTOW WIIH
pacTIHYTOH 30HE HaXOAUTCS paccMaTpuBaeMas To4ka. B aTom cirydae BenmnuuHbl M
u Yy OepyTcs 1Mo a0CONMIOTHBIM 3HAUYCHHUSIM.

Ecnmm ke yuuThIBaTh 3HAaKM M3rmOaromero MomMeHTa M u koopawHATHI Y, TO
dopmyna (8.14) mo3BOJIAET OMNPEACNSATh YHUCICHHOE 3HAYEHHUE HOPMAJIBHOTO

HaNpsKCHUSA 6 U €TI0 3HAK.

IIpasuno 3uaxoe. llpum omnpeneneHUH 4YHUCIEHHBIX 3HAYEHUH HOPMaJIbHOIO
Hanpspkenust o 1o  Gopmyne (8.14) wusrubaromuit  MomeHT M cuurtaercs
IOJIOKUTENIbHBIM, €CIM OH BBI3bIBA€T pACTSDKEHHE B TOUYKAX MEPBONW YETBEPTH,
HPUHATON CUCTEMBI KOOPJUHAT, MTONEPEYHOr0 CEYCHUs OaJKH.

8.12. PacuyeT 6aJI0K HA MPOYHOCTH NMPHU U3rUde

OnpiTaMH YCTaHOBJIEHO, UTO TIoniepeyHas cuia Q, BOZHUKAIOIIAs B TOTIEPEYHBIX
CEUYCHMSIX OAJIKM TMPHU IJIOCKOM TMOMEPEYHOM H3Tu0e, Malio BIWSET HAa HOpMAaJbHbBIC
HaIpsDKEHUs O0aJIOK M 3TUM BIIMSHAEM MOKHO IpeHeOpeUb.

Cneodosamenvro, popmyna (8.14) ons éviuucienuss HOPMAILHBIX HANPIHCEHUIL 8
cayuae uducmoz2o uzeuba Oanku enoaHe npuemiema OJs pacuema 6cex Oaiok,
pabomawux Ha uzeuob, 8vi36aHHbIL OeUCmEUueM He MOJIbKO U32UOAIUUX MOMEHMOB,
HO U NONEPEeUHbIX CUIL.

OnpenenuM HOpMajbHBIC HAIPSKEHUS B XapPAKTEPHBIX TOYKAX IMOMEPEYHOTO
ceueHus Oanku, aekamux Ha Tuanuax 1 — 1,2 —2 u 3 — 3 (puc. 8.16 +~ 8.18).

®opwmyna (8.14) ayist onpeaeneHns: HOPMAJIbHOTO HAMPS)KEHUSI B TPOU3BOJIBLHOM

TOYKE MONEPEYHOr0 CeYEHUs1 OaKU C KOOPIUHATOU Y

M

c=—"Yy

Iz
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MOKAa3bIBAET, YTO KaKyl Obl (GOpMy M pa3Mepbl HU MMEJNO CEYEHUE, HOpMaJbHbIE
HaIpsDKEHUs] B TOUKax 2 — 2 MONEePEeYHOro CeYeHHs OalIKH, JIeXKaIIUX Ha II1aBHOU ocu

Z (Ha HerTpanpHOM ocH Y = 0), paBHBI HYJIIO.

O-max
1 7 Ty 1 Y 1 L >
7 o
+ + pacTsHyThIC
/ BOJIOKHA
2 2
h — F. EEEN
YA é
W7777/8 ===

“—ph —>

Puc. 8.16. Dmtopa HOpMaTbHBIX HANPSIKEHUN 110 BHICOTE
IPSIMOYTOJILHOTO TOTIEPEYHOT0 CEUeHUsI OaIKu

PacCTAHYTBIC
BOJIOKHA

Puc. 8.17. Dmopa HOpMaTbHBIX HANIPSIKEHUH IO BHICOTE
KPYTJIOTO MOMEPEYHOI0 CeUeHUsI OAIKu
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O
A max
1 1 y /
y
pacTAHYTble o
BO/IOKHA
2 . /2
h >
Z
3 1
«— b 3

Puc. 8.18. Dntopa HOpMaTbHBIX HANPSIKEHUM 110 BHICOTE
JIBYTaBPOBOT'O MOMEPEUYHOTO CEUCHHS OaIKU

Onpedenenue.  HelTpanpbHOil  OChl0  (HYJEBOW  JIMHUEHW)  Ha3bIBaeTCs

reOMETPUUYECKOE MECTO TOUEK MOMEPEYHOro CeYeHHs OAlIKH, B KOTOPHIX HOPMAaJIbHbIE
HaIPSKEHUS paBHBI HYJIIO.

Heiimpanvnas oce npu niockom useube npoxooum uepes YeHmp MmManicecmu
NONepeyHo2o ceveHus U nepneHOUKVIApHAa K CULOBOU NIOCKOCHIUL.

HopmanbHble HamnpsbKeHHs JIMHEMHO BO3pacTalOT MO MEpe YIajJeHus OT
HEUTpanbHOM JWHUU. [Ipr 3TOM HaNpPs)KEHUS OKa3bIBAIOTCS MOCTOSAHHBIMHU 10
MIUPUHE CeUeHUS (BIOJIb JJMHHUH Y = CONSt).

HauGonpieit BenMYWHBI HOpMajbHbIE HAMNPSHKEHUS JOCTUTAIOT B TOYKAX

MOTIEPEYHOT0 CeueHusd, Jexamux Ha guHusax 1 — 1 u 3 — 3, 10 ecThb Hambonee

YIAJCHHBIX OT HEUTPATBHOUN TUHUH (Y = Ymax):
_ M
Omax =~ Ymax
VA

I,

O6o3Hauas = W,, nonyuyaem Gopmyny as onpeneneHns MaKCUMAaIbHBIX

Ymax

HaIpsH>KEHUH B TPOU3BOJIBHOM CEYEHUM OAJIKU:
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M

VA
B stux gopmymnax:
|, — r1aBHBI MOMEHT MHEPLIUU MONEPEUYHOTO CEYEHUSI OTHOCUTENBHO OCH Y,
Ymax — MaKCHUMaJbHOE paccTosiHue (KOOpAMHATA), U3MEpPSIEMOe MO OCH Y OT
TJIaBHOM OCH Z 710 HauOoJiee yAaleHHON TOYKU MONEPEUHOT0 CEUEHUS;
W, — MOMEHT CONpOTHUBJIECHHS TMONEPEYHOTO CEUEHUs OalKu OTHOCUTEIBHO
IJIaBHOU OCH Z.

Onpedeﬂeﬂue. OnacHBIMH TOYKaMH MMONICPEYHOI0 CCUYCHUA HA3BIBAOTCA TOYKH,

HaIIPsAKCHUS B KOTOPBIX JOCTHUTAKOT HauOOJIBIINX 110 BEJINYHUHE 3HAUCHUH.

MaxkcuMaJibHOE HOPpMAJIbHOC HAIIPSKCHUC B Oajike B clIydac 4YUCTOro HIIH
IIJIOCKOTO HM3rHO0O0B BO3HUKACT B CCUCHHUHU, TAC H3FH6aI-OI[II/Iﬁ MOMCHT JOCTHI'aCT
HaMOOJIBIIICH 110 MOAYJITO BCIIMYUHBI, TO €CTh B OITACHOM CCYCHHU.

Onpeodenenue. CedeHue, B KOTOPOM U3TMOAIOUIMNA MOMEHT MPUHUMAET

MaKCHUMaJIbHOE 10 a0COJIIOTHOW BeNWYMHE 3HaueHUE Mpmay, HA3BIBAETCS OMACHBIM
CEUYCHHEM OaJIK¥ 10 HOPMaJIbHBIM HAMPSKEHUSM.

Takum ob6pazom, HauboOIbUWIUE HOPMALbHbIE HANPANCEHUST BO3HUKAIOM 8
ONACHBIX MOYKAX ONACHO20 CeYeHUsl OAIKU.

CrnenoBatenbHO, HAMOOJBIITHE HOPMATILHBIE HATIPSKEHUS B OallKe MPU YUCTOM H

TJIOCKOM M3TH0ax OyayT paBHBI:

M
Gmax = ‘;\TIIaX (818)
Z

[ToctpouM »>mrOopbl HOPMAaJbHBIX HANPSHKEHHH & JJII HEKOTOPBIX THUIIOB
MOTMEPEYHBIX CEUCHUI.

Onpedenenue. I'paduk, wn300pakaromMMUi 3aKOH HM3MCHCHUS HOPMAIBHBIX

HaNpsHKEHUNW @ 110 BBICOTE MOMEPEYHOTO CEYEHHUSI, HA3bIBAECTCS SMIOPON HOPMAJIbHbBIX

HANPSKEHUMN.
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Kak cnenyet u3 popmyisi (8.14), HOpMaabHbIE HANPSHKEHUS 6 3aBUCST JIMHEIHO
OT KOOpAWHATBI Y, W TIO BBICOTE TIOMEPEYHOTO CEYCHHSI 3aKOH HM3MEHEHUS
HOPMAJIbHBIX HAIIPSHKEHUH TIPEICTABIISACT MPSIMYIO JTUHUIO.

Ha puc. 8.16+8.18 noka3ansl B 001IIeM BUJI€ SMIOPHl HOPMAJIBHBIX HAMPSIKEHUM
G TS IPSIMOYTOJIBHOTO, KPYTJIOTO U IBYTaBPOBOTO MOTIEPEUHBIX CEUCHUN 0Ky /015
CY4as pacmsaHymvlX 6ePXHUX OJOKOH/ .

Pa3mepbl  371eMEHTOB  KOHCTPYKIHMH (TIOTICpEYHBIC CEYCHUS H  JIMHA)
HEO0OXO0IMMO MO0UPATh TAKUMH, YTOOBI IO/ ACHCTBUEM BHEIIHMX HArpy30K OHHU HE
pa3pymainuch U HE TOTydaan aeGopMalnii BBIIIE JOMYCTUMOTO Mpeena.

B yci0BHSX MacCOBOTO CTPOMTENIBCTBA TAKKE BO3HUKACT MPOOJIeMa SKOHOMUU
CTPOUTEIIBHBIX MAaTCPHAJIOB TIPH MOJTHOW rapaHTHH MPOYHOCTH KOHCTPYKITUH.

Jlns G6e3omacHOi pabOTHl KOHCTPYKIIMHM HEOOXOIWMO, YTOOBI MaKCHMAaJIbHBIC
HaIPsDKEHUSI, BO3HUKAIOIIHNE B €€ AJIIEMEHTax, ObIITN HUKE TPECIbHBIX 3HAUCHUH.

[ToaToMy mTpu TPOSKTUPOBAHUM HEOOXOJUMO TMPABWIBHO YCTAHOBUTH
HaIpsDKEHUs, o0ecreunBaronie 6€30MmacHOCTh KOHCTPYKIIHH.

B HacTosmee Bpemsi NPUMEHSIIOTCS, B OCHOBHOM, JIBA METOJa pacuera Ha
IIPOYHOCTB: 10 OONYCKAEMbIM HANPANCEHUAM U NOo npedeivHuim cocmosanuam. Obda
METoAa TMpecleayIoT OJHY Iellb — OOECHEYHTh COOPYKCHHIO IIPOYHOCTh M
JIOJTOBEYHOCTb.

ITepBBIii METOJ ele HEeJJaBHO IMIMPOKO HCITOJIB30BAJICS B CTPOUTEIBLHOM Jejie U
JaCTUIHO UCIIOIB3YETCs B HacTosmee Bpems. [1o aToMmy MeToy pa3Mephl 2JI€MEHTOB
KOHCTPYKIIMHM JIOJDKHBI OBITh TaKMMH, YTOOBI BO BCEX CEUCHHUSAX HAIPSDHKCHHUS,
BBI3BIBACMbBIC HArPy3KOH, HE MPEBHIIIAIN JOITYCKaeMON BEJTMYHHEI.

Bropoii, 6oee mporpecCUBHBIA METOJT pacdeTa MO MPEACTbHBIM COCTOSHUSM,
ObLT pa3paboTaH COBETCKMMH YUeHBIMHU. B HacTosee BpeMs OH SBIISICTCS OCHOBHBIM

METOJIOM, IPUMEHSIEMBIM IIPU TPOEKTUPOBAHUHU COOPYKEHUI B HALLIEH CTPAHE.
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Hopmamu ycTaHOBiEHBI TpU BUAA NPEAEIBHBIX COCTOSAHUU. B compoTuBieHnU
MaTepHalioB paccMaTPUBAETCS TJIABHBIM 00pa3oM MEpBOE MPEAEIbHOE COCTOSHUE,
CBSI3aHHOE C MPOYHOCTHIO KOHCTPYKIIMU, U OTYACTHU BTOPOE, 3aBUCSIIEE OT PA3BUTHUA
ype3MepHbIX  jaedopmaiuid,  HapymaloOUMX  HOPMAJIbHYIO  ODKCIUTyaTaluio
KOHCTPYKIHUH.

YcnoBue MPOYHOCTH MPU U3rHOE MO HOPMAIBHBIM HANPSKEHUSM 1O Memooy

OOHyCKCleMle Hdl’lpﬂ.?fC@HUZZ UMEET BUL.

M
Omax = Vrvnax <[o] (8.19)

Z

VYcnoBue MpovYHOCTH TPHU U3THOE MO HOPMAIBHBIM HAMNPSKEHUSIM 1O Memoody

l’lpeaeﬂbelX COCMOSHUL TMEET BU

M .
Omax — % <R"-x- mg (820)
z

B stux dhopmymnax:

Omax — MAaKCUMaJIbHOE HOpPMaJIbHOE HAMNPSKEHHUE;

Mmax — HamOoJpliee 1O aOCONIOTHOM BEIWYHMHE 3HAUYEHHE W3THOArOIIEro
MOMEHTa (OTIpeIeIIIeTCs 10 MIOPE U3THOAIOIINX MOMEHTOR);

W, — MOMEHT CONpPOTUBIEHUS TMOMEPEYHOTO0 CEUYEHHUS] OTHOCUTEIHHO TJIABHOU
ocu Z (HeHTpanbHas oCh);

[0] - onomyckaemoe HOpMandbHOE HANPSOHKCHHE MaTepuania dIIEMEHTOB
KOHCTPYKITUH;

R" — HOpMaTHBHOE CONPOTHUBJIEHHE MaTepHasa SJIEMEHTOB KOHCTPYKIIHH;

N — koahpuIHeHT meperpy3Ku;

K — KO3()PUITMEHT OJHOPOAHOCTH MaTepraja JJIEMEHTOB KOHCTPYKITUY;

M, — K03 HUIMEHT yCIIOBUM PaOOTHI JIIEMEHTOB KOHCTPYKITUH.

Bennumna nmomyckaeMbIX HampspDKEHUW [O] Ha3HadaeTcss B 3aBUCUMOCTH OT

Marepuala, u3 KOTOpOro U3rOTOBJIEHa Oajka.
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[InacTuunbie MaTepuanbl 00J1a1al0T IPUMEPHO PaBHBIMH IIpeieiaMU TEKYyUeCTr

Ha C)KaTHE U HA PaCTSHKEHUE, IOITOMY
[oc] = [op] = [].

JIns XpynKuUX MaTepuanoB, y KOTOPBIX INPOYHOCTh HA CHKAaTHE BBILIE, YEM HA
pacCTsKEHHE, JOMYCKAaeMble HANIPSKEHUS HA PACTSHKEHUE U CKATUE, KaK MPaBUIIO, HE
paBHBI MEX1y CO00H o] > [0,] U, 0ITOMY, HEOOXOAUMO 3aIIUCHIBATh ABa YCIOBHS
IPOYHOCTH

Mmax Mmax

Omax = L Ymax, < [op]; Omax = L Ymax < [od], (8.21)
Z Z

rae
Ymax, ¥ Ymax, — PACCTOAHUA (KoopAMHATBI) OT HEUTPAIBHOM OCH 0 Haubosee

yIAICHHBIX PACTSIHYTBIX H CKATHIX BOJOKOH.

Bennunna R, paBHas

R=R" k- m, (8. 22)

Ha3bIBACTCS PACHEMHbIM CONPOMuUBIeHIUemM MaTepraia JIeMEHTOB KOHCTPYKIIHH.

[Tone3ysick yCIOBHEM TMPOYHOCTH MPH YUCTOM W IUIOCKOM H3THOAX I10
HOPMAaJIbHBIM HAMPSKCHUSAM [0 METOAY JOMyCcKaeMbIX HanpspkeHui (8.19) u metoay
npeaenbHbIX cocTosiHui (8.20), MOKHO periaTh MPUMEHHTEIBHO K H3TH0Y H3BECTHHIC
HaM TPH TUIIA 33/1a4:

1). Ilpoexmmuwiii pacuem. B 3TOM cilydae W3BECTHBI BHCIIHSS HAarpy3ka M

marepuan sjaeMeHToB KoHCTpykuuu ([o] wmmm R"). Tlo 3amaHHoi Harpyske
OTIPEICISIIOT HAMOOIBIIMK M3THOAIOMNA MOMEHT Mpa (IO dmiope HW3rudaronmx
MOMEHTOB) W w3 ycioBus mnpouHoctd (8.19) wmm (8.20) HaxomaT BEIWUYHHY
TpeOyeMOro MOMEHTa COMPOTUBJIEHHUS MOMEPEYHOI0 CEUCHHS IO opMysam:

a). Ilo meToy pacuetra Ha IPOYHOCTH MO JOMYCKAEMbIM HAIPSKEHUSIM :

Tped Mmax
W0 5 M (8.23)
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0). Ilo MeToay pacueta Ha MPOYHOCTH MO MPEICTbHBIM COCTOSHUSM |

M :
WTpe6 -~ _—max-n 24
Z — RH . k . mB (8 )

o mpeo
[lo monyuyeHHO#l BenMuuMHE TpPeOyeMOro MOMEHTa COMpPOTUBIICHUA sz

no0MparoT pa3Mepbl MONEPEUHbIX CEUEeHUW Oanku TakuM o0pa3oM, UTOObI
NEeUCTBUTEIILHBIN MOMEHT conpoTuBiieHus: W, mpuMepHO paBHsUICS Obl TpEOyeMOMYy
W, = WP

Kaxk u3BectHo, MOMeHT conpotuBieHus W, 1Jisi IPOCTBIX MOMEPEYHBIX CEUSHUM
onpezensercss no (Gopmyigam uYepe3 pa3Mepbl CEUYCHHUS WU 10 COpTaMEHTaM JIJIst
IPOKATHBIX MPOdUIISH.

[TonGop ceueHust MPOU3BOASAT CIACTYIOMIMM 00pa3oMm:

e ecu Oanka TMPOEKTUPYETCS U3 MPOKATHOrO Npoduisi, TO HEOOXOIUMBIN

HOMep nmpodwmist Oepercs MO TabnMWIlaM COpTaMEHTa MPOKATHBIX CTajeil B

mpeo
3aBUCHUMOCTH OT BCJIINYUHBI Tp€6yeMOF0 MOMCHTAa COIIPOTHBJICHUA sz ;

e B Ccily4yae MmoAOOpa KPYIJIOro CIUIOIIHOIO Ce4YeHHs Oanku guametpom d,
M3BECTHO, 9YTO MOMEHT conportuBieHuss W, onpenensercs mo gpopmyse:

T-d3
W, =
32

mpeo o
Hpupasuusas W, = W, 7’| naxoaar tpebyemslii quamMeTp Gajiku:

3 32_mee6
d> [—X—.
T
e B CiTy4ae 1mo100pa NpsMOYToJILHOTO TOMIEPEYHOT0 CeUCHHS OaIKu pa3MepoM
b X h, npensapurenpHO 3anatorcs cootHomenuem B = h/b, mo ecmov h = S+ b.
W3BecTHO, 9YTO MOMEHT conpoTuBieHus W, it MPSMOYTOIBHOTO TIONIEPEYHOTO

cedeHwus OaKu onpeaensercs mo Gopmysne:

_bh? b(@b)?  pEbe

6 6 6
45
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mpeo
Hpupasausas W, ~ W, 7’ naxoaar tpebyemsle pazsMepsl Gaku:

3 6_WTpe6
b > B_ZZ

2). Onpedenenue Odonyckaemoll Hazpysku (necyuien cnocodonocmu). B 3TOoM

; —» h=p-hb,

clly4ae W3BECTHBI pasMepbl momnepeuHoro ceuenus (W;) m marepuayl 3JIEMEHTOB
koucTpykuuu ([o] wiu R").
N3 ycnoBus npounoctr (8.19) wnm (8.20) HaxoasaT HAMOOJBIIYO JOMYCKAECMYHO
BEJIMYMHY M3rH0AIOIIEr0 MOMCHTA:
a). I[lo MeTomy pacyera Ha IPOYHOCTH IO JOMYCKAEMbBIM HAMPSKCHHSIM:
Mmax = [Mimax] < W - [c]. (8.25)
0). ITo MmeToay pacuera Ha MPOYHOCTD IO MPEACTBLHBIM COCTOSHHUSM |
max — [Mmax] <W, - R" k- mg - 1/n. (8_26)
[To HaiimeHHOMY JONMyCKAaeMOMY 3HAYCHHIO H3ruOaroniero MomMeHTa [Mmax]
OTIpeIeTIsIeTCS TOMyCKaeMoe 3HaUeHNE BHEIITHEH HAarPy3KH.

3). IIposepounsvii pacuem. B 3TOoM ciydae H3BECTHBI BHEIIHSS Harpyska,

pa3mepsl nonepeunoro ceuenus (W;) 1 MaTepuan 31€MEeHTOB KOHCTpYKUMH ([ o] uin
R").

TpeGyeTcst onpenenuTh HauOOJbIIIEE HOPMAIIBLHOE HAIPSKEHUE, BO3ZHUKAIOIIEE
B DJJIEMEHTaX KOHCTPYKIMH, M CPAaBHUTh C JONYCKA€MbIM HAINPSIKEHUEM WIIH
PAcCUYETHBIM CONPOTUBJIEHUEM, TO €CTh NMPOBEPUTH BBIMIOJHEHHE YCIOBUSI MPOYHOCTHU
(8.19) mu (8.20):

a). Ilo meToy pacueta Ha TPOYHOCTH MO JOMYCKAEMbIM HANPSKEHUSIM

Mmax < [ ]
O - OJ.
max w, —

0). I[lo MeToay pacyeTa Ha MPOYHOCTH IO MPEACTBHBIM COCTOSHHSIM |

Mmax- n H
Omax — W_SR “K M.
z
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8.13. PaumonanbHble popMbl NMoONEepeYHbIX ceYeHUil 0aI0K

Xapakrep pacnpeeneHs HOpMalIbHbIX HANPS)KEHUN B MOMEPEYHBIX CEUEHUSIX
OaJIKM MO3BOJISET ClIeNaTh BBIBOJBI O PAIlMOHAIBHON (opMe MONMEepeyHOro CEYeHUs
IPU YUCTOM M IJTIOCKOM U3ruodax.

B ornuyme OT LEHTpanbHOrO pacTsKeHUs (CKaTvsl) HANpPSHXKEHHUsS B CEUCHHH
pacnpeaensoTcs HepaBHOMEpHO. MaTepuai, pacrionoXKeHHbIH Y HEUTPaJIbHOTO CJI0s,
Harpy>kKeH He3HAUUTEIIbHO.

[ToaToMy, B 11e/I1X SKOHOMHUH MaTeprasa U CHIKEHHs Beca KOHCTPYKIIMH, JIJIs
CTepKHEeH, paboTaronux Ha U3ruo, cienyeT BhIOUpaTh Takue (OpMbl CEYEHUS, YTOOBI
3HAYUTEJIbHAs YacTh MaTepuana Oblia HauOoJee yjajeHa OT HeHTpaabHON JIMHUMU.

W neanbHBIM sSIBIsICTCS CEUCHUE, N300pakeHHOe Ha pucyHke (8.19)

A/2 NN

A/2 \\\\\\\\i\\\\\\\\\

Puc. 8.19

W3 mpakTrYecku BCTpeUaronuxcs Mpoduieii Hanboiee OJIM3KO K HICATBHOMY
CCYCHUIO — 3TO JIBYTaBPOBOE CCUCHHUE.
Hecymas ciocoOHOCTh Oanku omnpenensiercs BeipakenueM (8.25) umu (8.26):
a). [lo MeTrony pacdera Ha TIPOYHOCTH IO JTOITYCKAEMBIM HAIPSKCHHSIM :
Miax = [Mmax] < W, - [c].
0). I1o MeToxy pacuera Ha MPOYHOCTH O MPEACITHLHBIM COCTOSHUSIM |

Mumax = [Mmax]SWz'RH'k'mB - 1/n.
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Pacxon ke MaTepuasia mponopiuroHaieH miomaau cedeHus A. CieaoBaTenbHo,
yem OoJbine otHomieHue W, / A, TeM O0NbIINi M3rHOAIOIIMA MOMEHT BBIICPKUBACT
ceueHWe ¢ 3aaaHHOW Miomanso. OtHomenne K = W, / A MOXHO TpUHATH 3a
KPUTEPHH, OIEHUBAIOIINA Ka4eCTBO (POPMBI MIOMIEPEYHOTO CCUCHUS.

PaccMoTpuM HECKOJIBKO BHIOB MOMNEepedHbIX ceucHuit (puc. 8.20):

f N T
v N L

- |l
Puc. 8.20

— JJIsL KPpYIJIOro CCYCHUS .

=32 -9 _ 01254 = (0125h);
wd? 8

— JJI IPSIMOYTOJIBHOI'O CCUYCHMUS .

bh*/6
K=
bh

D oae7n:
6

— IJIL ABYTaBPOBOI'O CCUCHUA.
x=(0,29+0,31)-h.

8.14. IJIOCKHNH NONEPEYHBIN N3TUB
KacartebHble HANPSIZKEHUS NP U3rKde

B otimmuume ot uncroro mi3ruda IIpu IIJIOCKOM IIOIICPCUYHOM m3rude B CEUCHHUU

OaJIKi BO3HUKAET HE TOJIBKO M3THOaromuii MOMeHT M, HO u mornepednas cuia Q.
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[loaToMy npu TIOCKOM H3ruO€ B TOMEPEUYHBIX CEUECHMUSIX OallKM Hapsay C
HOPMAJIbHBIMU ~ HAIPSKEHUSIMU G, BbI3BAHHBIMU ~ M3TMOAIONIMM  MOMEHTOM,

BO3HUKAIOT U KacaTeJIbHbIE HANPSKEHUS T, BBI3BAHHBIE TONEPEYHBIMU CUIIAMMU.

BcenencrBue caBuroB rumore3a IJIOCKMX CEUEHUM MPU  TUIOCKOM  HW3THOE
HapylaeTcs, IIOCKKUe 10 AeGopMaliy CeYeHHUsI ClIeTKa UCKPUBIISIOTCS.

HccnenoBanus 3Toro Borpoca MokKasajiu, 4TO BIMSHHE yKa3aHHOro s¢dexra Ha
BEJIMUMHY HOPMAJbHBIX HAMPSKEHU HEBEJIMKO M MOJTOMY BJIUSHUEM CIBUTOB Ha
3aKOH paclpeesieHUus] HOPMalbHbIX HAMNPSHKEHUH TpU TUIOCKOM  (TTONIEPEUHOM)
u3rude npenedperaror.

Taxkum oOpazoM, rurnoTesa MIOCKUX CEYCHUN PacIpOCTPaHICTCS M Ha TUIOCKUN
HOTepeYHbIN U3THO.

3a/aya ornpezesieHus HaINpPSKEHUN B MOMEPEYHBIX CEUEHUSAX OalKu CTaTUYECKU
HeomnpenenuMa U TpeOyeT pacCMOTpeHHUsI TpeX CTOPOH 3aladu  (CTaTUYECKOH,
reOMETPUYCCKON U (PU3HUCCKON).

OnHako WHOrJa MOXHO TPUHATH TAaKUE THUIIOTE3bl O paclpeicieHun
HAIpSOKEHUW, TMpPU KOTOPBIX 3aJaya CTAHOBUTCS CTAaTUYECKH OINPENEIUMON U
OTIaJaeT HEOOXOJUMOCTh B NMPHUBICYECHUU T€OMETPHUECKUX U (PU3MUECKUX CTOPOH
3a/1a4Hu.

JIns onpeneneHns KacaTesIbHbIX HANPSHKEHUN B CIIy4ae IUIOCKOr0 MOIEPEYHOro
n3rnba NpuMeM CIIeTYIOIINE TUITOTE3bI:

1. HampaBiieHusi BceX KacaTeNbHBIX HANPSHKEHUHW B CEUEHUM MapaiieiabHbI
MIOINIEPEYHON CUIIE, KOTOPas SIBIIIETCS UX PABHOAECHUCTBYIOILIECH.

2. KacarenbHble HAIIPSKEHUSI PABHOMEPHO PaCHpPENENIEHbI IO ITUPUHE CEUEHUS
Oanku [mpu b < < h].

3. BennunHa HOpMaJIbHBIX HAPSIKEHUN TPUHUMAETCSI KaK MPU YUCTOM U3THOE,

TO €CTh BBIIIOJIHACTCS TUIIOTE3a IIIOCKUX CCUCHUIA.
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[IpoBenem BbIBOJ (hOPMYJIbI KaCaTENbHBIX HAIPSHKEHUM MPH MIIOCKOM M3rude Ha

npuMepe OaTKU IPSMOYTOJIEHOTO MOTIEPEUHOT0 CeYCHUs UpHHOi b (puc.8.21).

F
& &y l M B By jtecing
___________ :ﬁ._._._._.}_E.ip;_._._._._._._._. _'.;Ii_' Q
; ¢
7] it & oz
e r——-dx a b & o

¢ - = =

: . 3 H

illl g
Mwllﬁw A gy &

Puc. 8.21

Jlnst BeiBoa (pOpMyIIbl KacaTeNbHBIX HAMPSDKEHWM BBIPEKEM M3 OAJIKU JIBYMS

ceuenusamu a — b u a; — by anemenrapusIii aneMent amuHOM dX.

B ceuenuu a — b usrubaroriuii MOMEHT BBI3bIBACT HOPMAJIbHBIC HAITPSDKEHUS O

a IIOIepeYHas Cuja KacaTeslbHble HaNpsuKeHusd T = T.
B ceuenun a; — biu3ruOarommii MOMEHT BBI3BIBACT HOPMAJIbHBIC HAMPSIKCHUS
0 , A IONIEPEYHAsl CUJIa KacaTeJIbHbIC HAIIPSKEHUS Ty.

Jlns  ompeneneHus KacaTeNbHBIX HAMPSOKEHUH B IJIOCKOCTH — CEYCHHS,
PaCIoONIOKEHHON TapajuIeIbHO HEUTPAIbHOMY CIIOI0, Pa3pekeM BBIPE3aHHYIO YacTh
OaJIKM TUIOCKOCTBI0O M — N U OTOPOCUM BEPXHIOIO YacTh. [leficTBue oTOpoOIIeHHON
YaCTH HA OCTAaBIIYIOCS HWKHIOIO YacTh (3alITPUXOBAaHHASA 4acTh, puc.8.21) 3aMeHnM

mpeanosaraeMon casurarorieii cutoi dT.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

Takum oOpazom, Ha mepeaHel, 3aqHeld U HUXKHEU IpaHsSX OTCEUYEHHOW YacTH
BBIJICJICHHOTO 3JIEMEHTa (3allITPUXOBAaHHAS 4acTh, puc. 8.21) HeT HANMpPSOKEHHIA, Tak

KaK 3TH IpaHu CBOOOAHBI OT MOBEPXHOCTHON HArPY3KH.

[To GOKOBBIM I'paHsIM OTCEUCHHOMN YaCTH BBIJCIICHHOTO 3ieMeHTa (ceueHus a — b

u @; — by) NeHCTBYIOT HOpMAJIbHBIC HANIPSHKCHUS G U G , BHI3BAHHBIC W3rHOAIOIINMU
MOMEHTaMH, W KacaTellbHble HamnpsikeHuss Tq U Ty, BbI3BAHHBIE MONEPEUYHBIMU

CHJIaMU.

B nnockoctu CCUCHU, paCHOHO)I(eHHOﬁ ImapaiICJIbHO HCﬁTpaHBHOMy CJIOHO,

neiictByer cauraromas cua dT = 7 - b - dX (puc. 8.22).

b | e e 1 bl

1 1

1 1

1 1

1 1

1 1

1 1

1 1

: R
A . h
/I T I\
[ 14— — — —<«— \
‘T

dT=7"bdx l

«— gdx —

Puc. 8.22

CocrtaBuM ypaBHEHUE paBHOBECHUS (YPaBHEHUS CTATUKH ):

Y x=0.>—"-b-dx~ [ o'-dA+ [o"-dA=0
Aome Aome

HOpMaJ'H)HBIe HAIIPSKCHUA, HeﬁCTBYIOHIHe Ha I'paHAX BBIACJICHHOI'O 3JICMCHTA,

PaBHBI:
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

o' =My/l; o"=(M+dM)y/l, .

HOI[CTaBI/IB B YPABHCHHUEC PABHOBCCHSA, ITOJTYUYHM .

~rhax— | ydA+ | wdA:o.
A

Aome z e z
—>—r'-b-dx+d—M-S;’m” =O.—>T'=d—M- 5;
I, dx b-l,
Tak kax
dM /dx=Q,
TO
r'=—Q'SZ .
b-1l

z

Ha ocHoBanmu 3akoHa IMapHOCTHU KAaCATCIbHBIX HaHp}I}KGHI/Iﬁ HMeEEeM.

QS

T =7=
b-1,

CruenoBaTenbHO,

Q-5
AL S 8.27
YA 1, (8.27)

[TomyueHHOE BhIpakeHHUE npencTaBisaeT codoit popmyny .M. Kypasckoro mis
OTIPEJICICHHs] KacaTeJIbHBIX HAMPSKEHUH B MPOU3BOJIBHOM TOYKE MONEPEUYHOTO
cedeHwust OaKK MPH TUIOCKOM MOTIEPEYHOM U3THOE.

B stoit popmyne

Q — alcomroTHas BEJIMYMHA IIONEPEYHON CHIIBI (ONpenesseTcs I0 SITIope
MONEPEYHBIX CHJI);

Sy"¢ — abconoTHOE 3HAYEHHE CTATUYECKOTO MOMEHTA «OMCEeYeHHOU» YacTH
MOTIEPEYHOTO CCUCHUs OATKA OTHOCUTEIIEHO HEHTpaIbHOMN ocH (TJIaBHOM OCH Z);

b(y) — muprHa ONIEpeYHOro CEUSHUS Ha YPOBHE pacCMaTPUBACMON TOUYKH;

[, — riaBHBIM MOMEHT MHEPLUH MONEPEYHOTO CEUCHHUSI OAJIKU.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

Y — KOOpAMHATa TOYKH TOMEPEUYHOrO0 CEYCHHUsS, B KOTOPOM OmpeaesieTcs
KacaTeJIbHOE HANPSKEHUE.

«Omceuennouy YacThblO TIOMEPEUHOrO0 CEUYEHUs OalKu SBISETCS YacTh
MONIEPEYHOTO CEYECHUSI, PACIIONIOKEHHAS IO OJIHY CTOPOHY OT MPSIMOM, POBEICHHOM
4yepe3 MCCIIeIyeMYI0 TOUKY MapaJijiesIbHO HEHTpalIbHOM OcH (TJIIaBHOM OCH Z).

Takum o0pa3oMm, kacamenvHoe HanpsdceHue 6 HNPOU3BOTILHOU  MOUKe
nonepeyHo2o ceyenus 6aIKu npu NJI0CKOM NONEPeuHOM u32ude pasHo npou3eeoeHuio
nonepeynoti cunvt Q, Oeticmsyrouel 8 paccmampugaemMom cedenuu Oarku, Ha
cmamuyeckuil. Momenm S9'C uacmu nonepeunoco ceuenus, Jjexcawjell vlue (Unu
HUICE) pACCMampueaemo2o C1os, OMHOCUMENbHO HeUMPAlbHOU OCU, U OeIeHHOMY HA
wupuny b(y) cros nonepeunoco ceuenuss u ma enaenviii momenm unepyuu l, éceco
ceuenuss OMHOCUMENbHO HellmpPalbHOU OCU.

B 1r060M IMOTICPCYHOM CCUHCHUU 0aJKu CTaTHYECKHUH MOMEHT OTCCUCHHOM YacTH

S9™C 11 caMbIX OTIAJIEHHBIX OT HEWTPAIBLHON OCH (TJIABHOM OCH Z) TOYEK CEUEHUs

PaBEH HYIIIO, I03TOMY KacaTeIbHbIC HANIPSYKEHUS T B HUX PABHBI HYJIIO.
B Toukax momepedyHOro cedeHWs Oanku, JIeKalUX Ha HEWTpaJbHOHW OCH
=5 Somc —_ Sl/z —_ S
(rmaBHOM ocu z), $9"° = §,'" = Snax,> CIACIOBATEIBHO, KacaTeIbHBIC HANPSDKCHHS B

HUX JOCTHUTAIOT MaKCUMAJIBHBIX 3HAUYCHUM (0naCHbl€ I’I’lO'{KI/l).

1/2 .
3nech S Z/ = S nax — CTATUYECKUN MOMEHT MOJIOBUHBI TTONEPEYHOTO CCUCHUS.

Onpeodenenue. CedyeHue, B KOTOPOM TIIONEpeYHas cwia MNPUHUMACT
MaKCHUMaJIbHOE IO aOCOMIOTHOM BeauuuHe 3HaueHUe Qmax, HA3BIBACTCS OMACHBIM
ceueHHeM OaJIKu 0 KacaTeJIbHBIM HAIPSIKCHHUSM.

Takum o0pazom, Hauboabuiue KacameibHble HANPANCEHUS BO3HUKAIOM 8

ONACHBIX MOYKAX ONACHO20 CeYeHUsi OanKu.

1/2

_ Qmax'sz
Tmax™ ~p ooy (8.28)
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

PaccMmoTpuM pacnpeneneHne KacaTelbHbIX HAMPSKEHU MPU U3rube 1o BhICOTE

HEKOTOPBIX THUITOB TOMEPEUHBIX CCUCHUH (IMIOPHI T).
B omimune OT HOpMaIbHBIX HANPSHKEHUM pPacHpeesieHUe KacaTelIbHBbIX

HaprDKGHI/Iﬁ I10 BBICOTC MOIMNCPCYHOTO CCUCHUA 3aBUCUT OT q)OpM]':;I CCUCHUA.

Onpedenenue. I'paduk, n3o0paxaromuii 3aKOH U3MEHEHUSI HAINPSIKEHUH T 110

BBICOTC MMOMCPCYHOT'O CCUCHM, HA3bIBACTCA BHIOpOﬁ KaCaTCJIbHBIX HaHpH)KCHHfI.

N3 dpopmynel (8.27) BUIHO, UTO KacaTeIbHbIC HANIPSIKEHUS B OaJIKE U3MEHSIOTCS

OTC

VA
b(y)’

IT0 BBICOTC IIOIICPCYHOI'0 CCUCHUA 10 TOMY K€ 3aKOHY, UTO

8.15. Kacare/jibHble HANIPSKEHHSI B DajIKax
NPSIMOYT0JIbHOTO TONEPEYHOT0 CeYeHU st

B mpsmoyroasHoM ceuenun b(y) = b = const, mostomy 3akoH pacrpeneacHus

6y,II€T TaKMM K€, YTO H AJI1 CTAaTHYCCKOI'O MOMCHTA «OTCEUEHHOM» YacTHu

TIONIEPEYHOrO CeueHus S ¢.
h
2
2 4
y

CJ'IGI[OB&TCJ'ILHO, KacCcaTCJIbHBIC HaIIPpAKCHUA B HpOHBBOJ’IBHOﬁ TOYKCEC

y2
b-v-dy=b-2—
y-ay >

omc __
;™ =

< C— | T

MPSIMOYTOJILHOTO TIOTIEPEYHOT0 CEYCHUSI 0aaKu C KOOPIUHATON Y BBIYUCISIIOTCS TIO

dbopmyiie:

_Qs§™ _6Q h*
T b(y)1, bh3 ( z Y ) (8.29)

Ota @QopMmysia TMOKa3bIBAET, YTO KacaTeJIbHbIE HAINpPSIKEHUS IO BBICOTE
MPSIMOYTOJILHOTO TIOTIEPEYHOr0 CEUYEHUS HU3MEHSAIOTCS MO 3aKOHY KBaJApaTHOU
napadoJIbl.

Onpenenum KacaTelbHbIE HAIpPSHKEHHUS B XapaKTEPHBIX TOYKAX MOMNEPEYHOTO

cedeHus Oaykw, jexanux Ha quHusax 1 — 1, 2 — 2 u 3 — 3 (puc. 8.23).
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB

CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

I
»

Vy 7T

Tm ax

\\\\\\

!L3 /

l
|

Puc. 8.23. DOntopa kacareabHbIX HAPSKECHUH 1J1s
IPSIMOYTOJILHOTO TIOTIEPEYHOr0 CeUeHUs 0aIKu

B Toukax nomnepeyHoro ceueHus, Jexamux Ha duHuAX 1 — 1 u 3 — 3, To ecTh
. . h
HanOoJIee yIaJIeHHbIX OT HEHTpalbHOM ocH (npu 'y =+ E)’ KacaTeJIbHbIC HAIIPSKEHUS

paBHBI HYJIIO.
B Toukax momepeuHoro cedyeHus Oajku, JIeKalUX Ha HEUTpalbHOU ocu 2 — 2

(npu 'y = 0), BO3HHKAIOT HAaHOOJIBIINE KacaTeIbHbIC HAIPSHKEHUS (OnacHble mouku).

CraenoBaTenbHO,
T 2 2 =29 (8.30)
MX~ 2 bh 2 A '
B stoit popmyiie:
Tmax — MAKCHMaJIbHOE KacaTelIbHOS HAMPSIKCHUE,
Q — alcomroTHas BEJIMYMHA IIONEPEYHON CHIIBI (ONpeneseTcs 10 SITIope

MONEPEYHBIX CUJI);

A =D - h — wIonags NPSIMOYroJLHOTO IMOMIEPEYHOTO CCUCHUS OaTKH.

Tak kak, Hauborvwue Kacamenvhvie HANPANCEHUS GO3HUKAIOM 6 ONACHBIX
MOYKAX ONACHO20 CeyeHUst OAIKU, TO JUTSl HAXOXKICHHUS CaMbIX OOJIBIINX 110 BEJIMUNHE
KacaTelbHbIX HANpsOKCHUH B Oamke  HeoOxomumo B dopmyiay  (8.30)

moacTaBUTh Q = Qmax:
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHUAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

3 Qmax
Tmax— = ° : 8.31
max= 5 - 2 (8:31)

Ha puc. 8.23 noxazan oOuiuii BUJ SIIOPHI KAacaTeIbHbIX HANPSXKEHUUW T IS
MPSIMOYTOJIBHOTO TIOTIEPEYHOTO CEUCHUS OAIKH.

8.16. KacarejibHble HANIPSZKEHNsI B DajIKax
KPYIJIOr0 NMONepPevYHoro cevyeHust

[Ipenmonaraercs, 4To BEPTHKAIbHBIC MPOCKIIMU KacaTCIbHBIX HAMPSHKEHUN
pPaBHOMEPHO pachpeeNieHbl MO0 MIMPUHE KPYIJIOTO CEYCHUSA. DTH COCTABISIOIINE
KacaTeJIbHOTO HaMpsoKeHHUs ompefenstorcss mo ¢opmyne (8.27). Drta dopmyna
MOKAa3bIBACT, YTO KacaTeJbHbIC HAMPSOKCHHS I0 BBICOTE KPYIJIOTO IONEPEYHOTO
CCUCHHMSI TAKKEC M3MCHSFOTCS TI0 3aKOHY KBaJIpaTHOW MapaOoJIbl.

OnpenenuM KacaTebHbIC HANPSDKCHHS B XapaKTEPHBIX TOYKAX IMOIEPEYHOTO

ceueHus Oanku, jJexanux Ha muHusax 1 —1, 2 —2 u 3 — 3 (puc. 8.24)

Tm ax

Puc. 8.24. Dmtopa kacatenbHBIX HANIPSKEHUHN TSI KPYTIIOTO
MOTNIEPEYHOI0 CEYCHUsS OaTKU

B Toukax kpyrioro monepevyHoro cedeHwus, Jexkamux Ha JuansIX 1 — 1 u 3 — 3,
o o d
TO ecTh HawboJiee yNaJCHHBIX OT HEUTpaJbHON ocu (mpu y = * E) KacaTeJIbHbIC

HAIIPSHKEHHS] PaBHBI HYIIIO, Tak Kak $9¢ = 0.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

B Toukax momepedHoro ceueHus Oajku, JieKalIMX Ha HEUTpanbHOU ocu 2 — 2

(npu 'y = 0), BO3HUKAIOT HaUOOJIBIIIKE KacaTeIbHbIC HAMPSKCHUS (OnacHble mouKu),
1/2
omc — —_
Tak Kak 87" =8,"" = Snmax-
1/2 .
3necb S, — cTaTMYeCKHl MOMEHT TIOJOBHHBI TONEPEYHOIO CEUYCHHS
OTHOCHTEJIHLHO HEHTPaIbHOM OCH (TJIABHOM OCH Z).

MaxkcuMalIbHOE KacaTeJIbHOE HAIIPAXKCHUC I KPYIJIOTO MOTICPCYHOI'0 CCUCHUA

OaJIKM MOKHO BBIYUCIUTH O (popmyiie:

Trax= 5" 3 (8.32)
B aroit hopmyne
Tmax — MAKCUMAIIBHOE KacaTeJIbHOE HANIPSKCHNUE;
Q — alOcomioTHasi BEeNWYHMHA TIOMEPEYHOW CHIIBI (OINpenemseTcsl MO JITope

MOTIEPEYHBIX CHUI);
n-dz
A = T — IJI0MaJAb KPYTJIOTO IMMOIICPCYHOI'O CCUCHU S 6aHKI/I.

Tak kak, Hauborvwiue Kacamenvhvie HANPANCEHUS GO3HUKAIOM 8 ONACHBIX
MOYKAX ONACHO20 CeyeHUs: OAIKU, TO TSI HAXOXKICHUS CaMbIX OOJBIIMX IO BEJTMYHHE
KacaTeJIbHBIX HamNpsDKeHUH B Oanke HeoOxomumo B (opmyny (8.32) moacTaBUTH
Q = Qmax::

_ 4 Qmax

Tmax— 3 A (8.33)

Ha puc. 8.24 mokazan oOmuii BHJ SIIOPHl KAacaTEIbHBIX HAMPSOKCHUH T IS
KPYTJIOTO IMOIEPEYHOT0 CECUCHHS OaNKH.

8.17. KacarejibHble HANIPSIZKEHUS B 0ajIKax
ABYTABPOBOI0 MONEPEYHOI0 CeYeHUs

XapakTepHOM OCOOEHHOCTBIO ATOTO CEUEHHs SIBIAETCS PE3KOE HU3MEHEHUE

IMUPHUHBI CCYCHMUA IIPHU IICPCXOAC OT CTCHKH ABYyTaBpa K €I0 I10JIKC.
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COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

[Tpu ompeneiacHUH KacaTelbHBIX HANPSHKCHUH B MOJIKe IBYTaBpa HEOOXOIUMO
UMETh B BHUAY, 4YTO JUISI WX OINPEACIICHUS HEIb3s HMCIOIb30BaTh (HOPMYITy
Kypasckoro .M. (8.27), Tak Kak TNPEANOJIOKEHHE O PaBHOMEPHOCTH
pacrpesicicHusl KacaTeNbHbIX HANPSOKCHWH 10 IIMPUHE TOJKHA  31eCh HE
BBITTOJTHSICTCS.

Takum 00pa3oM, BOIPOC O BEIMYUHE M 3aKOHE PACHpPEICIICHHS KacaTeIbHBIX
HaMPsDKCHUH B MOJIKAX JBYTaBpa OCTACTCS HEPA3PEIICHHBIM.

OpHako, BBHAY TOr0o, YTO B OTHX CEYCHHMSX KacaTC/IbHBIC HAIPSHKCHUS
HEBEJIMKH, TO UX OOBIYHO HE BBIUUCIISIOT.

3HAYUTEIbHO OOJBINNNA HHTEPEC IMPEACTABISIOT KacaTeabHbIe HAMPSIKCHHUS B
CmeHKe JIByTaBpa, TaK KaK, B OCHOBHOM, MONIEPEYHYIO CHITY BOCTIPUHMUMAET CTCHKA.

KacaTenbHble HANpsDKEHHSI B 9TOM CIydae MOXKHO ompeaessTh mo gopmye J1.U.

XKypasckoro (8.27):
_ Qs

b(y)I,
I[J'IH 9TOIro O6BILIH0 OHpeI[eJ'IfI}OT YU CJIICHHBIC 3HAUCHUA KaCaTCJIbHBIX

HaHpH)KeHI/Iﬁ B XAapPaKTCPHLIX TOYKAX IIOIICPCUHOI'O CCUCHHA, JICKAINIMUX Ha JIHMHHAX

4-4,2-2 u 5-5 cmenku osymaspa (puc. 8.25).

y y
1 ty 1
A@
4 4 A -
—ll+ g T4 T
72-2:Tmax
2
h 2 >
Z
5 5 T55
A
1
3 3

«—p —

Puc. 8.25. Dmiopa kacaTeapHBIX HAPSHKCHUH IS IBYTaBPOBOTO
MOTIEPEYHOT0 CEYEHUS OaTKH
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COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

MakcuMasnbHble KacaTelbHbIC HAMPSHKEHUS BO3HUKAIOT B TOYKAX IMOIMEPEUYHOTO
CEUYEeHUs, JISKAIUX HA HEUTpadbHOW JNHUHUU 2 — 2 (HA TJIABHOW OCH Z) JIByTaBpa
(onacuvie mouku), MOITOMY JUJISl TTOIIEPEYHOr0 cevyeHUs Oanku u3 apyraBpa b(y) =
=d (puc. 8.25).

OtceueHHas 4yacTb (UTYpBI, B 3TOM CJIydae, — BEpXHss MOJIOBUHA MMOMEPEYHOTO
CEUYEHUs, IOATOMY:

SOW[C - Sl/z
e

SZ1 /2_ craTHuecKuii MOMEHT TIOJOBHHBI CEUCHUS OTHOCHTENBHO TJIABHOM OCH Z.
(Inms mpokaTHbIX mpoduiie STa BeIWYMHA TPUBOJUTCA B COOTBETCTBYIOIIEM
COpTaMEHTE).

Jlist onpeneneHusi KacaTeabHbIX HANPSHKEHUNM B TOYKAX, JIEXKAIIUX HA JIMHUAX
4 —4 u b5 — 5, HAXOIAT CTATUYECKUNA MOMEHT MOJIKU (OTCEYEHHAs] YaCTh CEUCHUS —

3alITPUXOBAHHAS TOJI0YKA IByTaBpa, puc. 8.25):

h h
Sy = spomn =8, /2 g AT g g (G-t (G- =

NlH

d h
=8,/% — (-

[To momy4eHHBIM YHUCIICHHBIM 3HAYCHUSIM T B cedeHusix 2 — 2, 4 —4 u 5 -5
CTPOST 3MIOPY KacaTeJIbHBIX HANPSHKCHUM 110 BRICOTE cmenKu nByTaBpa (puc. 8.25).

IIpu paccMOTpeHMHM KacaTelIbHBIX HAIpsOKEHUHM B IMOJKax, Kak ObUIO YKa3aHO
BBIIlIE, Y)KE€ HEJIb3sl MPENINoJiaratb, YTO KacaTelbHbIC HAIPSXKECHUS PaBHOMEPHO

pacrpeesieHbI 110 IMUPHHE D TOIKH.
h
Hampumep, BumHO, 9to mpu Yy = % [(—2 — t)] xacarenbHBIC HANpPsSKCHHS Ha

HIDKHEW TpaHW BEpXHEM MOJKU M HAa BEPXHEH rpaHd HUXKHEH IMOJKU JOJKHBI OBITH
paBHBl HYJIIO, B TO BpE€Ms Kak B MECT€ COEAWHEHUS IIOJKH CO CTEHKOW OTH

HaIIPAKCHUA HC PAaBHBI HYJIIO.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

CnepnoBarenbHo, npumeHenue ¢opmynsl .M. XKypaBckoro ans omnpeaeneHus
KacaTeIbHBIX HANpPSKEHUW B TIOJIKE MNPUBOAUT K OMIUOOYHBIM, IO CYIIECTRBY,
pesyiabTatam. MOXXHO JIMIIb yTBEpPXkKAaTh, UTO MPU HEOOJBLION TONIIMHE MOJIKH
KacaTeJIbHbIC HAMPSHKEHUS B MOJKE BECbMa MaJlbl.

B TO xe BpeMs B MeCT€ PE3KOro W3MEHEHHS IIUPUHBI CEYCHUS BO3HUKAET
3HAUMTENIbHAS KOHIICHTpAIUsl HamnpsokeHud. B AelcTBUTENBHOCTH, B MPOKATHBIX
JIBYTaBPOBBIX OajikaXx B BEpPIIMHAX BXOJAIIUX YIJIOB JIEJNAIOTCS 3aKpYIJICHHS,
CHIKAIOIINE KOHIICHTPAIIMIO HATIPSYKEHUM.

Takum obOpasom, GeludUHa KACamenbHblX HANPANCEHUU 6 palioHe 2PaHulybl
NOJKU U CMEHKU He MOodcem Oblmb MOYHO YCIMAHOBIEHA MEeMOOaMU CONpOmuBiIeHUs
Mamepuanos.

Jlist onpenienieHus: TOPU30HTAIBHBIX COCTABJISIONINX KacaTeNbHBIX HAMPSKEHUN
B TOUYKaX MOJKKA MOXHO Bocmoib3oBatbes ¢popmynoit .M. XKypaBckoro, npuHumas B
Heil 3a S$9'C cTaTMYECKHT MOMEHT OTHOCHUTEIIBHO HEWTPaIbHON OCH YaCTH TOJKH, a

3a by — rommuAy nonku t (puc. 8.26).]

Train

fi"i"!ﬂ.:'i

Train

Puc. 8.26
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COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

B pesynbrare nonyyum:
S9¢=t-[(bl2)-z]-(h-1t)/2.

KacarenbHble Hanps>keHus OyAyT paBHBI:

o :%.(E_ZJ.(E_%j:%.(%_zj.(h—t).

op

2 )
Takum O6p3,30M, T N3MCHACTCA B IIPCACIIAX IMOJIKU 110 IMHCUHOMY 3dKOHY.

MakcumanbHoe 3HaueHne T “F npuauMaet npu Z = d/2

w_Q (b 4}y O
rmax——Z-[———j(h—t)—ﬂ-(b—d)-(h—t).

z

B Oankax CIUIOIIHOTO CEYECHHMS 4Yallle BCEro BEJIMYHMHA KacaTeIbHBIX
HANPSDKCHUH TI0 CPAaBHEHUIO ¢ HOPMATbHBIMM HAIPSHKCHUSAMHU HEBEJIMKA, U OOJIbIICH
9acThIO TTPOU3BOJUTH MPOBEPKY MPOYHOCTH OATKU 1O KacaTebHBIM HAIPSKEHUSM
HET HeOOXOUMOCTH.

B xopoTkux ©0ankax, CWJIBHO Harpy)XeHHbIX BOJIM3H OMOp, W B Oaikax
TOHKOCTEHHOTO TMPO(IIIA KacaTelbHbIE HAINPSDKCHUS MOTYT UMETh CPAaBHUTEIBHO
OOJIBIITYIO BEJIMUUHY.

Ilosmomy ma npaxkmuxe 00bIYHO NOOOUPAIOM PA3MEPLL NONEPEYHO2O CeYeHUs]
Oanku U3z ycious NPOUYHOCMU NO HOPMANbHLIM HANPSNCEHUAM, d 3amem Yoice
npogepsiom, y0081emseopsiem i 6blOPAHHOE CeyeHue OAIKU YCI08UI0 NPOYHOCMU NO
KACamenbHbIM HANPANCEHUSIM.

B sTom ciiydae mpoBepka MPOYHOCTH TO METOAY JOIMYCKAaeMBIX KacaTeIbHBIX

HaIpPsHKCHUH TPOU3BOAUTCS 10 (popMmyiie

1/2
T — M <[] (8.34)
max b@) I, ) .

rac

[ 7] — nomyckaemoe kacaTeiibHOE HANPSHKCHHUE TP U3THOE.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB

CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

Jnst  cranpHbIX Oanok OOBIYHO NPUHHUMAIOT JIOMYCKAaeMOE KacaTellbHOE

HaIpsHKEHUE paBHbIM
[t1]= 0,6 - [a].
8.18. AHa/IU3 HANIPSXKEHHOT'0 COCTOSIHUS NPHU U3rude.
I'1aBHbIe HanpsizKeHUs1 NP U3rude

BBIIIGJII/IM Ha BCIHO MHUPUHY OalKu B OKPECTHOCTHU HCKOTOpOﬁ TOYKHU

aiieMeHTapHbIi mapamienenumnen 1 — 2 — 3 — 4 (puc. 8.27).

g d— 2
........... _J,_T} 1_.5'
N2 3 T
] g i == f

Puc. 8. 27

[lo rpansam 1 — 2 u 3 — 4 nelCTBYIOT HOpPMallbHBIE 6 W KacaTeiabHble T
HanpsDKeHUsI, a 1o TpaHsM 2 — 3 u 1- 4 — TonpKO KacaTeabHbIe HANPSHKEHUSA T.

Benuuunbpl HanpsbkeHuil ¢ U T onpezenstorces mo gopmynam (8.14) u (8.27)

COOTBCTCTBCHHO.

_Q-sge

B b(y) -1

Ilepennsiss m 3amHSAA TpaHU DJIEMEHTAPHOIO MapaJUICIENUNENa COBIANAIOT C

_M .
c=—'Yy, 1

Iz
OOKOBBIMHU TTOBEPXHOCTSAMH OaJIKM, CBOOOJHBIMU OT HArpy3KH, a MOTOMY Ha 3THUX
TpaHsX HanpsDKeHUs paBHBI Hyto. CreoBaTeNbHO, MapauIeNieuIel HaXOJuTCs B
YCA0BUSX NILOCKO20 HANPSANCEHHO20 COCMOSHUSL.

Ha mnomagkax, HaKJIOHEHHBIX TOJ PA3UYHBIMHU YIJIAMH K OOKOBBIM TPaHSIM
AIIEMEHTAPHOTO TMapajuieienuneaa, ACHCTBYIOT HOPMAaJbHBIE U  KacaTelIbHbBIE

HaIpPsHKEHMs], BETUYMHBI KOTOPBIX MOKHO ONPEAETUTh 10 (opMyJiaMm:
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

Gy = Oy ° cos’a, + Oy sin“o — Tyx - SIN20;
(8.35)

Ty = (Ox - Oy) - SIN20/2 + Ty - COS20L

NmeroTcst  aBE  B3aWMMHO TEPHCHAMKYJISIPHBIE IUIOMIAJAKHA, HA KOTOPBIX
KacaTejabHbIC HAMPSOKCHUS PaBHBI HYITIO. OTH TUIOIIAJKH HA3BIBAKOTCH 21A6HbIMU
niowaokamu, a HOPMajbHbIC HANPSDKCHUS, JCUCTBYIOIIME HA HUX, — 2IAGHbIMU
HOPMATIbHBIMU HANPSACEHUSIMU.

Ha momaakax, HaKJIOHCHHBIX TOJ YIJIAMH @ = 45° k rMaBHBIM MUIOmIAMKAM,
JCHCTBYIOT OSKCTpEeMaJIbHbIe (MaKCHMAajbHBIC) KacaTelbHbIC HANpSOKCHUS. OTH
IJIOIIAAKH HA3BIBAIOTCS NI0OUWAOKAMU COBU2A.

['maBHBIE HOpMaJbHBIE M OSKCTpeMalibHble (MaKCHMaJIbHBIC) KacaTelbHBIC
HANPSDKCHHSI IS TUIOCKOTO M3ru0da ONpeAeIIsoTces Mo GopmyiaM, HCXOIS U3 0ouieco

Cy4asl niloCKO20 HANPANCEHHO20 COCMOAHUA.

B namewm cnyuae 6y = 6, T;x = T. BeanunHOW HOpPMaJIbHBIX HANPS)KCHUW B

TOPU3OHTANBHBIX  IUIOHIAJIKAX O, OyaeM  mpeHedperatb, TMOITOMY IS
paccMaTpuBaeMoro ciydas (GopMylbl TJaBHBIX HAIpPSKEHUH M OKCTPEMalbHBIX
(MaKCHMMalbHbIX) KacaTelabHbIX HampspkeHui (4.8) m (4.11) mns maockoro u3rmba

MNPUMYT CICAYIOIINN BUT
O =

o . —O0 .
. i%-\/02+412; I e o fo LV (8.36)

max
min ‘min 2

N | Q

VYT0JI HaKJIOHA TJIaBHBIX TUIOMIAIOK ompezerssercs o Gopmye (4.9):

tg2a, = — 2% (8.37)
O

311ech:
0 — HOPMaJIbHOE HaINpPsHKEHWE B PAcCMaTPUBAEMOM TOYKE, JEHCTBYIOLIEE IO

IJIOMIaaAKE, COBHaI[aIOIHeﬁ C NOIICPCUYHBIM CCUCHHUCM 6an1<1/1,
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHUAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

T — KacaTelbHOE HANPSHKCHHE B PAacCMaTpUBAEMOW TOYKE, NEHCTBYIOIIEE II0

IIJIOIMIaAKE, COBNAJAIONICH C IMONEPCYHBIM CCUCHHUEM OaJIKH.
PaCCMOTpI/IM HaIpsi’KEHHOC COCTOSIHUEC B TOUKAX HPAMOYIOJIbHOTO ITOIICPCYHOT O

L

ceuenus Oanku (puc. 8.28)

HJ;;!E.:'; M “H?‘:';!.?‘! _jflﬂ';rmin Mfmﬂ.:':M
W 2 2
|E|-
B A 00 g
24 24 24 2A
&
L

— by M M
W 2 2

Puc. 8.28

B nomnepeyHoM ceueHnM Ha HAPYKHOUM MOBEPXHOCTH Oayiku (B Toukax a u b),

KacaTeJIbHbIC HAIPSDKEHUS T PaBHBI HYJIO, 4 HOPMAJIBHBIE HANPSKEHUS G DPABHBI

(8.17):
M
Omax = + —
max —_ WZ
B smux moukax eoznuxaem oonoocroe (JZMHBL?HO@) HANPANCEHHOE COCNOAHUE.

DKcTpeMalibHbIe (MaKCHMallbHBIC) KacaTebHBIC HANPSHKCHUS B TOYKax a U b

ompenaensitorcs mo Gopmysie (4.5):
o
Tmax=+ — (8.38)
min 2
G DPaBHO HYJIIO, a KacaTelIbHOES

B Ttouke d HOpManbHOE HaIpsHKEHUE

HanpspkeHue T pasHo (8.30):

N | W
> O



VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

B 3Tux Toukax HampsiKEHHOE COCTOSIHHE MPEACTABISIET COO0U uucmulli cosue C

KaCaTCJIbHBIMHA HAIIPSAXKCHUAMU

0
JIBe riaBHbBIE IJIONIAJAKKA HAKJIOHEHBI MOja yriamMu a = + 45° x ocu Oanku, a

rJIaBHbIC HANpsDKeHUs Ha HUX paBHsl (8.30):

omax = £ T==

min

(8.39)

N | W
> |0

Breruucnsis riiaBHbIC HAIPSDOKCHUA  JIL [CJIOTr0 psda TOYCK, KAKOTO — 1100
IMONepeYHOIr0 CCUCHUSA, MOXKHO IIOCTPOUTH OIIOPbI TJIABHBIX PACTATMBAIOIINX,
TJIaBHBIX CXKHUMAIOIINUX, a4 TAKXKC HauOOJIBIINX KacaTEIbHBIX HaHpHX(CHHﬁ, KOTOPBIC
Pa3BUBAIOTCA B INTOI[AaAKAX, HAKIIOHCHHBIX K I'NTABHBIM IIJIOIIAAKAM IIOJ YI'JIOM @ = +

+ 45° (puc. 8.28).

8.19. IlosHasi NpOBepKAa NPOYHOCTH OAJIKHU
MPH MJI0CKOM TONePeYHOM U3Tnode

OOBIYHO, JTOMONHUTEIBHYIO TPOBEPKY Ha TMPOYHOCTH IO  TJABHBIM
HANPSDKEHUSIM TIPOU3BOST ISl TIOTIEPEYHBIX CEUEHUH, Y KOTOPBIX IIMPHUHA PE3KO
MEHsIeTCs BONM3M KpaeB CEYeHHs, HANpuUMep, B JBYTaBpe, LIBEJUIEpE WIU
MYCTOTEJIOM TMPSIMOYTOJIbHOM Tpoduiie. OMopbl HOPMAIBHBIX W KacaTeIbHBIX
HaMPsHKEHUH T TakuxX npoduieit (Hanmpumep, puc. 8.18 u 8.25) mokasbIBaoT, 4TO
Ha ypOBHE Tepexoja OT IMOJIKU K creHke (touku 4 — 4 u 5 — 5) kacarenbHble U
HOpMaJIbHBIC HAMPSXKEHUSI HIMEIOT BETUYHMHY, OJIM3KYIO0 K MAKCUMAaJIbHOM.

[To rmaBHBIM HANPSDKEHHSIM TIPOBEPSIOTCS TE CEUCHHS OalKd IO €€ JJIMHE, TIIe
OJTHOBPEMEHHO W3THOAIONMINKA MOMEHT W TONEpeyYHas Cujia JOCTHTAIOT OOJBIION
BenuunHBL [IpudeMm, eciM TakuX CEUEeHWU HECKOJBKO, TO TPOBEPSIOTCS BCE OTHU
CeueHusl.

B »sTom Clydac JOOIIOJIHUTCIIbHAA IIPOBCPKAa Ha IIPOYHOCTHL IIO TIJIaBHBIM
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

HaIpsDKEHUSIM TpU U3ru0e MPOM3BOJUTCS B 3aBUCHUMOCTH OT HPHUHITOW TEOpUHU
MIPOYHOCTH.
DT yCclIOBUS MPOYHOCTH UMEIOT BUL

— 1-s1 Teopus — Teopusi HAMOOJIBLUINX HOPMAJIbHBIX HAIPSIKEHUM :

1
o' = % £ a7 <o) (8.40)

— 2-5 Teopus — Teopusl Hanbopux nepopmanuii (yIaIuHEHUH):

6" =[0,35c + 0,65V 6° + 41°] < [o] (8.41)

— 3-51 TeopHUst — TCOPHUS HANOOJIBIITUX KacaTeIbHBIX HANPSKCHMH :

"=V’ + 47 <[o] (8.42)

— 4-5 Teopuss — SHepreTHuyeckas TeopHs (TeopHsl MOTECHIHUAILHOW SHEPIHH
dbopmMon3MeHEeHUS ):

oV =V + 31 <[o] (8.43)

B mnactosimee Bpems aiig TpoBEpKH OalOK HAa MPOYHOCTh IO TJIABHBIM
HANPSDKEHUSIM Yallle BCET0 MPUMEHSIOTCS TPEThs TeOpHs (HAaMOOIBIINX KacaTeIbHBIX
HanpspkeHuit) (8.42) u ueTBepras (3Heprerudeckas) treopus npouroctu (8.43).

OpnHako Ha MpaKTHKE MPU pacueTe OANOK 10 CUX MOP COXPAHMIOCH TPUMEHEHUE
TCOPUH HaMOOJBIIMX HOpPMalbHbIX Hampsbkenuit (8.40), nmaromieir wacto Oosee
HPKOHOMHYHBIE Pa3Mephl MOMEPEUHBIX CEUCHUH.

Taxum o6pazom, HJiS YTOYHEHUS Pa3MEPOB TMOMEPEYHOTO CEUYCHHs Oanmku
MIPOU3BOJIUTCS MPOBEPKA MPOYHOCTH B OTJEIBHBIX €r0 TOUKAaX.

Hanpumep, mns Oanok aByraBpoBoro ceueHus (puc. 8.29) Takas mpoBepka
npousBoauTcs B Toukax 1 — 1 m 3 — 3 momepeyHOro cedeHus MO0 HOPMATbHBIM
HanpspkeHusM /hopmynst (8.19) wnu (8.20)/, B Toukax 4 — 4 u 5 — 5 — 10 TJIaBHBIM
HanpspkeHusM /Gopmynbl (8.40) — (8.43)/, B Toukax 2 — 2 — TO KacaTeIbHBIM

HanpsbkeHusiM /popmyina (8.34)/.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

1 uTy 1

4
4 4
—><—d
h 2 > R
z
5 5
1
3 3

«—p —

Puc. 8.29. Ceuenus 6anku, B KOTOPBIX MPOU3BOSATCS MPOBEPKU TPOYHOCTH

8.20. ONPEJEJEHUE NEPEMEIIEHU B BAJIKE ITPY N3T'UBE
Hepopmanusi 6a710k. OCHOBHBIE IOHSTHS U OTIPeAeIeHUs

B mpeapinymux pazgenax ObLTM PAacCMOTPEHBI BOIPOCHI, OTHOCSIIUECS K
pacuery Oajok Ha MNpoYyHOCTh. OgHAKO B OOJBIIOM KOJMYECTBE CIydyacB
PAKTUYECKOTO pacyeTa CTEP)KHEBBIX U PAMHBIX CHUCTEM, PaOOTaroONIMX Ha M3THO,
HEOOXOIMMO TaKKe MPOU3BOJIUTH UX PAacUeT Ha )KECTKOCTb.

Ilog pacueToM Ha >KECTKOCTh NMOHHUMAETCS OLEHKAa YNpPYyrol MNOJAaTIMBOCTH
TUIOCKUX CTEPIKHEBBIX CUCTEM IO ACHCTBHEM HArpy30K M MOJ00p TaKUX pa3MepoB
MOTEPEYHOr0 CEYCHMs, NPHU KOTOPHIX TEpeMelleHus He OyayT MpeBbIIaTh
JOIYCKAEMBIX BEJIMYHH.

JIist  BBIMIOMHEHUST TaKUX PACUETOB HEOOXOAMMO HAYUYUTHCA BBIUYUCIATH
[IEPEMELICHHS TTONEPEUHBIX CEUEHUN TUIOCKMX CTEPKHEBBIX CUCTEM IOJ JIEHCTBUEM
mo0oii BHemIHeH Harpy3ku. KpoMe 3Toro, mepemMenieHusi MpuxoauTcsl ONpeAesiTh U
[IPY PacyeTe CTaTUYECKHA HEONPEAETUMBIX KOHCTPYKIIUH.

ITon neiicTBHEM BHENIHWX HArpy3okK Oanka gedopMupyeTcs uW €€ OCh
HCKPUBIIAETCA.

Onpeoenenue. Ilnockas kpusas, GopMy KOTOPOW NMPHHUMAET OCh OAJKU TPHU

n3rude, Ha3bIBAE€TCS U30THYTOM OChIO, WIIM YIIPYTOW JTUHUEH.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

[Tpu gedopmaruu Ganku HEHTPHI TSHKECTH €€ MOTMEPEYHBIX CEYCHHI TOMyJatoT
JMHEHHbIE TepeMeIleHusl, a CcaMH CEYCHHsI [MOBOPAYMBAIOTCS BOKPYT CBOUX
HEUTPAJIBHBIX OCEM.

[Ipenebperass nedopManusMu CABHTa, MOXXHO CYUTAaTh Yroil TOBOPOTa
MIOTIEPEYHOT0 CeUeHUs OAKU (@ paBHBIM YTy MEXAY KacaTelbHOH, MPOBEJACHHON K
M30THYTON OCcH OaJK{ B 5TOM CEUCHUH, U HeJe(POPMUPOBAHHON OCHIO OAKH, TO €CTh
YTy TIOBOPOTA OCH OAJIKH.

JlomyIiieHue 0 MajoCTH TEpeMEeNIeHHs TO3BOJSET CUMUTATh, YTO HAIPABICHUS
JMHEHHBIX TEPEeMEIEHU MepIeHAUKYISIPHBI TPOAOIHHON (TeOMETPUIECKO) OCH
Heneopmupyemoro opyca (puc. 8.30).

a)
0)

Ynpyeas nunus

Kacamenvnas

Hedegpopmuposannas oco X

y
/717717 /A

« X Ll |

A A
~

Puc. 8.30

Onpeoenenue. llepemenieHue IEHTpa TSHXKECTH CEUYECHHUS [0 HAIPABICHHIO,

MEPHEHANKYIIPHOMY T€OMETPUUYECKON OCH OajKy, Ha3bIBAETCS MPOTHOOM Oajkud B
JTAHHOM CE€YeHUU U 0003HaYaeTCsi OyKBOM V.

Onpedenenue. Haumbompmuii TPorud Ha3bIBACTCA CTPEIOW mporuda u

obo3Havaercst OykBoii f.

[TporuOnr Ganku Manbl IO CPABHEHHIO C €€ JUIMHOW, a MO3TOMY WX HPHHSITO
n300pakath B 00Jiee KPYITHOM MaciTade, 9eM JIJTUHY OCH.

JlnmnHaa ocu Ganku Mpu U3rude ocTaeTcs HEM3MEHHOM, TaK KaK OCh PACIIONO0KEeHA

B HeﬁTpaJIBHOM CJI0€, a HOPMAJIbHBIC HAIIPSAXKCHUS B IIOIICPCUYHBIX CCUCHUAX OaJIKku Ha
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COIIPOTUBJIEHUE MATEPHUAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

YPOBHE HEUTPAILHOTO CIIOSI paBHBI HYIIIO.

HckpuBieHne ocu Oalki BBI3BIBAET HE TOJIBKO MPOTHOBI, HO M CMEIIEHHUST TOUEK
ocH OajKy MO rOPU30OHTAIIH.

Omu cmewjenus, Kax npagulo, 6eCbMa MAbl He MOJbKO ¢ OIUHOU OAIKU, HO U C
npoeubamu ee ocu; NOIMOMY UMU NPU pacyeme npeneope2arom.

Onpedenenue. YToll @, Ha KOTOPBIA KakJ0€ CEYEHHE MOBOPAYMBAETCS IO

OTHOIICHHUIO K CBOCMY IICPBOHAYAIIBHOMY ITOJIOKCHUIO, HA3BIBACTCA YIJIOM ITOBOPOTA

CCUCHUH.

Takum o0pa3oM, mnpu u3ruOe OaloOK TOUKH €€ TeoMeTpuyeckoir ocu (X)

IMOJYy4aroT BECPTHUKAJIIBHBIC TIICPEMCUICHUSA WA HpOFI/I6BI (V), a TIOIICPCYHBIC CCUCHUSA

MOBOPAYHMBAIOTCSI OTHOCUTEIIBHO CBOMX HEUTPATIbHBIX Ocel (Z) Ha yroia @ (puc. 8.31).

&Y

(LIS IIL SIS
h VIS SLLAD NS,
|

X h !

Puc. 8.31. Jlepopmartus 6anku npu usrude

Onpedenenue. TTporuOsr (V) U yTiIbl MIOBOPOTA (@) 4aCTO HA3BIBAIOT JTUHEHHBIMHA

" YI'JIOBBIMHU IICPCMCIICHUAMMN COOTBCTCTBCHHO.

IIpasuna 3naxos. Iporu6 (V) cauTaeTCsl MOJIOKHUTEIBHBIM, €CITH OH IPOUCXOTUT

BBEPX — B CTOPOHY IOJIOKHTEIHLHOW OCH OpJIMHAT Y. YTOJ IOBOPOTa (@) CUUTACTCS
MOJIOKUTEIIBHBIM, €CJIM MTOMEPEYHOE CEYEHUE MOBOPAUYNBAETCS NPOTUB X014 YaCOBOU

CTpEJIKH, KOTJ1a OCh a0CITUCC X HaIpaBieHa clieBa Hampaso (Ha puc. 8.31 v (X) < 0,
a @(xX) > 0).
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COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

[Iporu6el 06anok u3MEpAOTCS B €IMHULAX JUIMHBL (CaHTUMETpax WU
MUJUIUMETPAXx), & yribl IOBOPOTA — B TPaJycax WK paguaHax.

30echb u danee navano omcuema 0L KOOpounam X, Y u Z 8b16upaemcsi Ha i1e6om
KoHye OanKu.

Teopust nedpopmanuu 6anok, u3ydaemas B Kypce COIMPOTUBICHUS MaTEPHUAJIOB,
OCHOBBIBAETCS Ha CIEAYIOLIUX MPEANON0KEHUAX (TUIIOTE3aX ):

1. Marepuan Oanku mnoguuHsiercs 3akoHy [yka (o6 = E -€g), TO ecThb
HanpspKeHHsI B Oalike HE BBIXOJIAT 3a MpeJIes MPONOPIHUOHAIBHOCTH.

2. Pa3Mepsl monepeyHbIXx ceYeHU Ok HEBEIUKHU IO CPABHEHUIO C €€ IJTUHOM.

3. IIporubsr Ganku (V) Majibl MO CpPaBHEHHIO C ee JUIMHOW L /paccTositHuemM
MEXJy OropamH Oalikk/, TO €CTh OTHOIICHHE HauOousbiiero nporuda f k mmune

IMpoJIcTa L 6anxu YCTAHABJINBACTCA B CIACAYIOIIHX IIPCACIax

f_ 1 . 1

L 100 1000’
rae
L — nnuHa nposteta G6anku (1711 KOHCOJIEH TpoJieT L paBeH yIBOCHHOMY BBUIETY
KOHCOJIN).

4. YTibl IOBOPOTA TIONIEPEYHBIX CEUCHUH () HE MpEBbIIIAOT 1

| (Pmax| <1= 0,0175 pan.

8.21. IuddepenunanbHoe ypaBHEeHHE H30THYTOI OCU 0AJIKH

Bri6epeM npsaMOyTroiapHYI0 CUCTEMY KOOPAUHAT X0Y ¢ HavajJoM Ha JICBOM KOHIIE
ocu 6anku. Ock X HampaBUM BIPaBO (BAOIL Hele(HOPMUPOBAHHON OCH OajKh), a OCh
y — BBepx (puc. 8.31).

[Mpu takmx ycmoBusix ypaBHenwe V = f(X) mpencraBiser coboit ypaBHEeHHE
KPHUBOM, IO KOTOPOM U30THETCS OCh OAJIKK MO HArpy3Ko. ITo U OyAeT ypaBHEHUE

W30THYTOM OCH OaJIKH.
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KacarenbHas kK M30THYTOM ocH OaJIKM B pacCMAaTPUBAEMOM CEUCHUU COCTABIISCT
C OChIO X YroJd @, TO €CTh Yrojl MOBOpPOTa MOMEPEYHOTO CEUEHHUS OTHOCHUTEIHHO

IICPBOHAYATIBHOT'O ITOJIOKCHUS.

dv o
[lepBass mpou3BoHAS d—OT v = f(X) npencrasisier coOOW TaHTEHC yrjia @
X

MEKJ1y OCBIO X ¥ KacaTeJIbHOM K YIIPYIOM JIMHUU
v (x) = tgo(X),
IIpakTuecku yriael @ BecbMa Maibl. OHH, Kak npasuio, meHee 0,01 pannana,

MO3TOMY, B CBSI3HM C MaJIOCThIO JepopMaruii 6aJIoK, MOKHO CUUTATh, YTO

tge ~ o,

CJICA0OBATCIBbHO, MOXKHO 3aIlUCaTh

V(X) = tge (x) = ¢ (X),
TO €CThb

dv
¢ =4 (8.44)

Yeon noeopoma @ nonepeunozo ceuenus b6anrku pagen nepeoiu Npou3B00HOU No
X om npoz2uba N 8 5mom ceyeHuu.

Hns  ompenenenus nedopmanuu  Oamku B €€ MPOU3BOJIBHOM CEUEHUU
HEOOXOAMMO TIONyYUTh ypaBHEHHUE yrpyroi iuann V = f(X).

Hcxoos uz uzuueckoti npupoosi U302Hymotl ocu 6aiKu, MONCHO CUUMAMb, YMO
VApY2as MUHUS 00IHCHA OblMb HeNnPePbIBHOU U 21A0KOU (0e3 U310M08) KPUBOIL.

CrnenoBaTenbHO, HA MPOTSHKEHUH BCEH OCU OajKU JIOJDKHBI OBITH HETPEPBHIBHBI
dynkmms V = f(X) u ee mepBasi mpou3BOIHAS.

[InockocTH ABYX CMEXKHBIX TOMEPEYHBIX CeueHUU neopMupoBaHHOU Oankw,
OTCTOSIIIUX JPYT OT JIpyra Ha pacCTOSTHUM (X, MepeceKkaroTcsl B IEHTPE KPHUBU3HBI
yuactka OX ocum Oaynku. PaccrossHme p OT IEeHTpa KPUBU3HBI JIO0 OCH Oallku

Ha3bIBACTCA paaunyCOM KPHBHU3HEBI OCH.
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[Ipu omnpeneneHun HampsDKEHUH B cllydae 4MCTOro M3ruba Obula MOJydeHa

dopmyna kpuBu3HsI (8.13):
=— (8.45)

BBIp@KAIOIIAS CBS3b MEXKIY pPaJANyCOM KPHUBU3HBI OCH Oallkk, W3rHOaronum
MOMEHTOM B ITONIEPEYHOM CEUCHUHU OaJTKU M HKECTKOCTHIO MOMEPEYHOT0 CCUCHHS TTPU
u3ruoe.

Benuuuna El,, xapaxmepu3syrowas conpomusiiemocms OAIKU USMEHEHUIO ee
Nep8OHAYANIbHOU (hOPMbL, HAZLIBACMCSL HCECMKOCMbIO OANKU NpU uzeude.

[IpeneOperass HE3HAYUTEIIBHBIM BIMSHUEM IIONMEPEUYHON CHIJIBI HA BEIHYHHY
nedopmanuii, OyaeM mojarath 3Ty (GOpPMyJIy JIEHCTBUTEIBHONW W B OOIIEM cCllydae
IJIOCKOT'O M3ruoa.

N3 xypca MaTeMaTH4YeCKOro aHaju3a W3BECTHO YpaBHEHHE KPHBHU3HBI TUIOCKOM
KpUBOW:

d%v
—p—ax (8.46)
dv.-12
1+ G

[Toacrasmisis Beipaskenue (8.45) B popmyny (8.46), momyunm

Q|-

d2 v

—_— =4 3
e @]

Mbt nonyuunu mounoe oughghepenyuanvroe ypagrneHue u302Hymou ocu (ynpyaou

(8.47)

JIUHUU) OATKU.

2
Tak xak yron @ menee 0,01 paguana, TO BEITWUYMHOU (%J =0,0001 MOXXHO

npeHeopeyb.

Torna ypaBuenue (8.47) npuHUMAET BUI:
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M_, 4y
E_IZ =+ I (848)
HNJIn
" M
vV =+ E_IZ (849)

Mbui nonyuunu npubauscennoe ougpepenyuanvroe ypasHeHue u3oeHymotl ocu

(ynpyaoti tunuu) 6anKu.

[IpaBuia 3HAKOB JUIS M3rHOAONIET0O MOMEHTA YCTAHOBJECHBI HE3ABHCHMO OT
HalpaBIICHUs. KOOPAUHATHBIX ocelt (useubarowuii momenm M 6 nonepeunom cevenuu
OanKu cuumaemcs NOJONCUMENbHbIM, eClU OH Gbl3bléaent PACMANCCHUE HUNCHUX
60JIOKOH OANIKUL).

Bropas ke mpou3BOJHAs IOJIOKUTEIbHA, €CIIM B CTOPOHY IIOJOXHTEIHHOIO
HalpaBlIeHUs. OCH Y OOpallleHa 602HYMOCMb KpUeoi, W OTPUIATE]IbHA — €CIH

BBIITYKJIOCTH KpUBOii (prc.8.32).

[
=
=

(LM>0 M>0‘>
('MQO M<O‘)
2
dx*
’X > X
Puc. 8.32

[Tpu puHSITOM MpaBwiie 3HAKOB ISl U3THOAIONIEr0 MOMEHTA, MOJIOKHUTEIIBHON

BTOPOM TPOM3BOJHOM COOTBETCTBYET IIOJOXKUTEIbHBII MOMEHT, a NO3TOMY B

dopmyne (8.49)

HE0OXOIMMO OpaTh 3HAK «ILTIOCH
El.-v =M (8.50)
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llonyuennoe  ypasnenue  Hazvleaemcsi  OCHOSHbIM  OughghepeHyuanbHbim
ypaeHeHuem u302Hymou ocu 6aiKu.

VYpaBuenue uzoruyroir ocu Oanku (8.50) mHOrma yaoOHO 3ammcaTh B HHOM
dbopme, cuuTast 3aJaHHBIM HE H3ruOaromuii MOMEeHT M, a UHTEHCUBHOCTb BHEIITHEH
pacnpeeNIeHHON Harpy3Ku.

N3BecTHO, uTO (8.5)

q= d*M
dx®
B pesynbrare nonyuum:
dM dQ
El,v"=— " =Q,; El,v"=—"t=gq,.
z dx Q(x) z dx q(x)

8.22. MeToa HenmocpeACTBEHHOT0 HHTerpupoBanusi 1 depeHnaIbLHOro
YPaBHEHHUsI H30THYTOI 0CH 0AJIKH

DTOT METOJ] 3aKJIF0YAETCsl B TOM, YTO IS Ka)XJIOTO ydacTKa OajKh COCTABISIOT
BBIDQKCHUE HW3TUOAIONIET0O MOMEHTa, KOTOpPO€ TOJICTABIAIOT B  OCHOBHOE
ouppepenyuanvroe ypasnenue uzoenymot ocu 6arxku (8.50), ¥ MHTErpUpyIOT IBa
pasa.

[MpounterpuposaB Beipakenue (8.50) /mis Oanky MOCTOSHHOTO MOIMEPEYHOrO

CEUCHMsI/, IOyUYUM YpaBHEHUE YTJIOB MIOBOPOTA CEYEHUHN OAJIKHU:

Elz-v’zj.M-dx+C.

WuTerpupyst BTOpoii pa3, moxydaeM ypaBHEHHE POTHOOB (ypaBHEHHE YIPYTOM
JIMHUM):

E|Z-V=J.dXJ.|\/| -dx+C-x+D.

HpI/I 9TOM IIOCJIC KaXXKAOI'0O MHTCTPHPOBAHUA ITOABUTCA HCKOTOPAA INOCTOAHHAA
BCIN4YMHA U, CJIICO0BATCIIBHO, OKOHYAaTEIbHbBIN PE3yJIbTaT Ha KaXXIOM YY4CTKC Oanku

6YI[CT COaCpIKaThb 08¢ NOCMOSIHHbLE HeU38eCmHble GeIUUUNDL.
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HeusBectHble mpou3BOILHBIE TOCTOSIHHBIE HHTerpUpoBanust C u D onpenenstoT
U3 TPAaHWYHBIX YCIOBUH (u3 ycaosuil 3axpeniienus 6aiku) W HA TPAHHUIIAX CMEXHBIX
YYaCTKOB.

['panuyHbIe YCIOBUSI OTpa)alT XapakTep 3aKpervieHusl (OmupaHus) OaJKu U
COCTaBJIIIOTCS] OTHOCUTEIBHO MPOTrUOOB U YIJIOB MOBOPOTA.

Tak, Hanpumep, IJis MIApHUPHO onepToit O6anku (puc. 8.33) rpaHUYHbBIE YCIOBUS

XAPAKTCPU3YIOT OTCYTCTBHC HpOFI/I6OB Ha omopax.

Vg = Ou Vp = 0 (851)

Puc. 8.33. lllapaupHo omnepras 6anka
Jlns  okecTKo 3amieMiieHHOM Oanku  (puc. 8.34) rpaHMYHBIE  YCIIOBHUS

XapaKTepU3yIOT OTCYTCTBUE MPOTUOOB U YIIIOB MTOBOPOTA B 3aJICIIKE:

Va=0 u oo =0 (8.52)
YT v, =0
¢o,=0 F
531/ X
ﬂ L\\\\ I—>
EIN ~—~__ IB

Puc. 8.34. XKecrtko 3amemiieHHas 0aiaka

Ha rpanunax nByx cMeXHBIX y4acTKOB (puc. 8.35) mporu0 u yroa moBopoTa

JUTSI JIEBOT'O U TIPABOTO YYaCTKOB PaBHBI MEXITy COOO0M

VJ'IBB = VnpaB ; (p.]'leB = (pr[paB (8'53)
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|~ n 1 np »

Puc. 8.35

B kaxaom KOHKpEeTHOM ciiydae HE0OXOAMMO BhIOPATh TO WU WHOE TPAHUYHOE
yCIJIOBHE.

PaccmoTpum 6aliky, J)K€CTKO 3aJiefIaHHYI0 TIPaBbIM KOHIIOM M HArpy>XKCHHYIO Ha
CBOOOJIHOM KOHIIE COCPEAOTOUEHHON cuiion F, MuHMS NeHCTBUS KOTOPOW COBITaaeT
C BEPTUKAIBHOM TJITABHOM OCHIO MTONIEPEYHOTO CEUSHUsI OAJIKH.

OnpenenuM mporud W yroj IMOBOPOTa IOMEPEYHOrO CEUYCHHs OalKku Ha ee

cB00OOIHOM JIeBOM KoHIIe (puc. 8.36).

¥
*
F
l S
Z x

— — —_—
NEKZ -
x —p]
| [ >
Puc. 8.36

banka nmeer ouH y4acToK.
N3rubarornuii MOMEHT B CEUCHHH OQJIKU ¢ aOCIIUCCON X paBeH

M=-F-X.
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[loncraBuB 3TO BhIpaXkeHUEe B IU(PepeHIMaIbHOE YpaBHEHUE HU30THYTOH OCH

0anku (8.50), mosryunm:

[TocTosuuble unTerpupoBanuss C u D ompenenum u3 yclloBUN 3aKpeIUICHHS

npaBoro koHua 6anku. 3aech (mpu X = £) nporud Vp u yron noBopota ceucHus (g

PaBHBI HYJIO.
IloncraBum 3HadeHuss X = £ B BBIpaKEHUSA M V U (), NMOJIYYUM 3HAYCHHUS
NOCTOSIHHBIX MHTErPUPOBAHUS W YpPABHEHUS JJISI ONPEAEICHHUS YIJIOB MOBOPOTa U

poru0oB st ATOM OaNKu:

_F.‘gz.

F-¢3 F
1D= —
2

; o= (= x%); v=—

C =
ZE'IZ 6E'IZ

(263 — 302 - x + x3) (8.54)

[Io »TMM ypaBHEHUSM MOXHO OINpPEAEIUTh NMPOrud V U yroa MHOBOpOTa ¢
J000T0 TOMEPEYHOr0 CEUEHHUs ITON OAIKM C KOOPAMHATON X.

[Tporu® cBOOOAHOrO KOHIA Oalkk M yroji moBopota ceuenus (X = 0) Oyayt

PAaBHBIL:
F-£3
V(O) = Vmax = — 3E-Iz' (8.55)
;L _ F-2
V(o) =P©) =~ Zg L - (8.56)

CpasnuBas Boipakenus s C u D (8.54) ¢ Beipakenusmu (8.55 u 8.56) mst
nporuba W yriia moBopoTa B HadanbHOM cedeHHH (X = 0), Bugum, uro C paBHO
HaYaJILHOMY YTUIy TIOBOpOTa, a D paBHO HadampHOMY Tiporu0y (¢ MHOXKUTeNneM E1,).

Takos ¢husuueckuti cCMulcll NPOU3BOILHLIX NOCMOSHHLIX UHME2PUPOBAHUs OJiA
10001 OANKU NpU NPOU3BOTILHOU HAZPY3Ke.

Ecmu Ha Ganky OynyT AeHCTBOBAaTh HECKOJIBKO BHEIIHHX CHJI, IPUJIOKCHHBIX B
pasHBIX €€ CEUYCHHSIX, TO NPHMEHSS JTOT METOJ K OTICIbHBIM ydacTKaM OaJku,

MOJIyYUM B pe3yJIbTaTe CUCTEMY YPABHEHUM C OOJBIIUM YHCIIOM HEU3BECTHBIX.
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8.23. IlpaBWwjia ypaBHMBAHUSA OJHOUMEHHBIX NOCTOSTHHBIX HHTETPUPOBAHMS.
IIpaBuna KieoOma

Ecnu Ganka mMeeT HECKOJIBKO YYacTKOB, TO U Ka)IOTO W3 HUX BBIPAKCHUS
I U3TUOAIOIIET0 MOMEHTA Oy IyT Pa3IUuYHBIMH.

CrnemoBaTenbHO, A1 KKAOTO y4acTKa JTOJDKHO OBITH COCTABIICHO M JIBAXKIBI
NPOMHTErpUpOBaHO MU depeHInaTbHOe YpaBHEHHE YyNpyroi JImHuu Oanku. [lpum
ATOM Ha KaXJIOM y4acTKe Oy/IeT MO JBE HEM3BECTHBIX MOCTOSIHHBIX HHTETPUPOBAHH.

JUis ux ompeneneHUss K JBYM ONOPHBIM YCIOBHUAM OaiKd JOJKHBI OBITH
N00aBJICHBI YCIOBUS TUIABHOTO WM HETPEPBIBHOTO COMPSDKEHHUS YYaCTKOB OaKu
MEX]Iy COOO. DTH MOMOJTHUTEIbHBIC YCIOBHS BBIPAXKAIOT OTCYTCTBHE Pa3phIBOB U
M3JIOMOB YIPYTrOW JIMHUK OaJIKK Ha rpaHuIaxX y4acTtkos (8.53).

Ilpumenss npasuna Knebwa modcho 0o0bumuvcs pagencmea medcoy cooou
OOHOUMEHHBIX NOCMOSHHBIX UHME2PUPOBAHUS HA 8CEX COCEOHUX YYACMKAX .

To ectb

C,=C,=C,=-=C,;

. D=D,=D;=-----=D, (8.57)

Jlsiss ypaBHUBaHHUS MEXKIY COOOW OJHOMMEHHBIX ITOCTOSSHHBIX HHTETPUPOBAHHUS
Ha BCEX COCEIHUX YydYacTKaX HEO0OXOIMMO HEMPEMEHHO BBIMIOJHUTE CIICIYIOIIHE
TpeboBanus Kneobma:

1. Havano koopauHat (UKCHUPYIOT Ha JIEBOM KOHIIE Oajkd W B TPOIECCe
peIIeHUs 3a/1a4ll HUKYy/a HE TEPEHOCAT, MOJI0XHUTEIbHOE HampaBicHue ocu Yy (V) —
BBEPX.

2. Ilpn BKIFOUCHHHM B ypaBHEHHE BHEITHETO COCPEIOTOYEHHOTO MOoMeHTa M.,
ero HeoOXOAMMO YMHOXKATh HA MHOXHTENb (X — a)°, paBHbIl eAuHMIE. 31eCh a
KOOpJIMHATA CEYCHHSI, B KOTOPOM MPUIIOKEH COCPETOTOUCHHBII MOMEHT.

3. UnTterpupoBanne nuddepeHManbHbIX YpaBHEHNI Ha BCEX y4acTKax Oaiku

BBINIOJIHSAETCS 0€3 paCKpPBITHS CKOOOK, TO €CTh 110 HOBOM IIepeMEHHOM (X — a).
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CrnenoBatensHo,  BhIpakeHme  F-(x—a,)-dx  3aMeHseTcs  BHIpaKEHHEM
F-(x-a,)-d(x-a,).
Orcrona,

F-(x-a,)
2

[Fx-a,)ix=[F(x-a,)(x~a,)= .C

Bripaxenne M, -dx 3amensercs BeipaxkenueM M, -(x—a, ) -d(x-a,).
Orcrona,
jMndx=IMn(x—an)°d(x—an): M (x-a, )+C.
4. Tlpu pedicTBuM Ha OajKy pPacIpele€HHONW HArpy3K, HE JOXOIAMIEH 0
IPaBOro KOHIA 0aJIKu, €€ HEOOXOAMMO MPOIOKHUTH 10 MPABOTO KOHIIEBOIO CEYEHHUS,

OJHOBPECMCHHO YPaBHOBCHINBAA €C IIPOTUBOIIOJIOKHO HaHpaBHeHHOﬁ HanySKOﬁ TOU

K€ MHTCHCHUBHOCTH, KaK 3TO ITOKA3aHO Ha pHUC. 8.37.

yTR @ m ®q RCT @
1 B EEERERRRRRE

X

>!< b > < c —»

A
s3]

Puc. 8.37. TpeboBanus Knebia

Jlnst pacueta GaloOK Ha KECTKOCTh (OMpENENICHUE TMEPEMEIICHU B TUIOCKHX
CTEp)KHEBBIX CHCTEMax) B KypCe COMPOTUBICHHUS MaTEpHUaOB OOBIYHO H3YYAIOT
METOJ] HayaJIbHBIX MapaMeTpoB U MeToa Mopa (uuTerpan Mopa) ¢ UCIoJIb30BaHHEM
npaBuiia Bepemaruna (mpaBuia «repeMHOKEHUSD S0P ).

MeTton HauadbHBIX MMapaMETPOB YAOOHO MPUMEHATH B TOM Ciydae, KOrna

HGO6XOI{I/IMO onpeaAcCInTb NCPEMCIICHNA B HCCKOJIbKUX CCYCHUAX 6anku. OCHOBHBIM
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HEJ0OCTaTKOM 3TOTO METOJa SIBJISETCS TO, YTO €r0 MOXKHO NPHUMEHSTH TOJBKO JIJIS
pacueTa OajoK.

Meron Mopa, B ommMuYue OT MeETOAa HAYAJIbHBIX TApaMeTPOB, SBISCTCS
YHUBEPCAJIBHBIM. ET0 MOKHO MPHUMEHSITH JJIs OTPEISICHUS TEPEMEIICHUH THOBIX
00BEKTOB — 0AJIOK, ITOCKUX M MPOCTPAHCTBCHHBIX paM, apoK H JIp.

8.24. MeToa HaYAJbLHBIX IAPAMETPOB

Omnpenenenue MepeMenIeHuH METOJIOM HEMOCPEJACTBEHHOTO0 WHTETPUPOBAHUS
muddepeHnnaaTbHOr0  YpaBHEHHUS HW30THYTOH OcH Uil  0ajok ¢ OOJbIIUM
KOJIMYECTBOM  YYacCTKOB  COMNpPSDKEHO ¢  OOJNBIIMMH  TPYIHOCTIMH. 3ajada
OTIpEJICIICHHS] TTPOTMOOB W YIJIOB MOBOPOTAa MOXET OBITh 3HAYMTEIIPHO YITPOIICHA,
€CIM MPUMCHATh TaK Ha3bIBAEMOC YHHUBEPCAJILHOC ypPaBHCHHE H30THYTOTO Opyca
(MeToJ HaYaJbHBIX TapaMEeTPOB).

Axanemukom A.H. KppuioBsiM moo0Hast 3aaya Obuta pelieHa B 001eM BHJIE
11t 0aNKu, YCIIOBHO HArpy>KeHHOM BCEMU BO3MOKHBIMU THIIAMU BHEUTHUX HATrPY30K.

Meron HayaldbHBIX TIAPAMETPOB HE TpeOyeT COCTaBICHUS BBIPAKECHHIA
U3rH0AOIIMX MOMEHTOB M AudQepeHIIMpoBaHus ypaBHCHHH. UMCIIO HEM3BECTHBIX
MOCTOSIHHBIX, TOJJICKAIUX OMNPENEICHUIO0, HE MPEBBIAET JBYX, HE3aBHCHMO OT
YHUCiIa y4aCTKOB OaJIKH.

[Io meTomy HaYanbHBIX MMapaMeTPOB NPOTHO B JIOOOM CEUYCHHUU OajKu
ompesieNsieTcsl 4epe3 TNEpeMeIlleHus W CWIOBbIe (DaKTOphI, B3ATHIE B Hadaje
KOOPJIMHAT, C YYETOM MPHUIOKEHHOHN K OaKe Harpy3KH.

Paccmorpum OGanky moctosiHHOro momnepeunoro cedenuss (EI, = const),

3arpy>kKeHHYIO ITPOU3BOJILHON BHENIHEH Harpy3koi (puc. 8.38).

Illpasuno 3Haxos. YCIOBHMCS CUHATATh HANPAaBICHUS BHEIIHUX HArpysok,
MMOKa3aHHBIX Ha pUC. 8.38, MOJOKUTEINbHBIMU.

byoem svinonnamoe mpebosanus Kneowa.
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VMO®M1®@@@

@

=

{

il

[ C
O ]‘ T tiitttt
FO — X1 —» F1 F2 ql qz .U.m
—— a; —>
b, >
b, >l
C >
C, >
Xg
dy ———»

Puc. 8.38

X
—>

Pazo0ObeM Oanky Ha psl y4acTKOB TakuM OOpa3oM, 4yTOObI HA TPOTSHIKEHUU

KaXXa0ro ydacTKa I/I3FI/I6aI-OH_II/If/'I MOMCHT BbIpaKaJICA C IIOMOIIbIO HGHpCpLIBHOﬁ

byHKIHH.

PaccmoTpuMm nepBhIi y4acTOK, MPUJIECTAOIINN K HAYJIy KOOPAUHAT.

1 yuyactok: 0<X;< a; (Ha4aja0o OTCYCTA HA JICBOI I'PAHHUIIC YIaCTKa).

CocraBisgem BBIPAKCHHC JIJIA I/I3FI/I6aIOH1€FO MOMCHTA.

M, = M(Xl) =Mp+Fp- X

HuddepennmanbHoe ypaBHEHHE H30THYTOM OCH IS 3TOTO ydacTKa Oanku

MMEET BHI.
« _d¥v, M,
Vi = 2 T oy
dx=  El,
CnenmoBartenbHO,
n _ 1
Vi = —— [Mo+Fo-x]
El,

[IponHTErpHpyeM 3TO YpaBHEHHUE ABAKIbI
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) 1 x5 .
vi = @(xq) = E [Mo - X1+ I:0‘?] +Cy;

1 x2 X3
vy = v(Xq) = 'L [M0‘7+F0‘Z]+C1‘X1+D1.
Z

/
HOIICTaBI/IB X1 = 0 B BBIPpAKCHUA  IJIA vl 151 vl, MNOJIy9uM 3HAYCHUA
IMPOU3BOJIBHBIX TTOCTOAHHBIX I/IHTCFpI/IpOBaHI/ISI:
, — — —
vi = @(0) = @ = Cy,
TO €CTh

C1 = @y (8.58)

vy =v(0) = vy =Dy,
TO €CTh
D1 =Vp. (859)
B stux dhopmymnax:
Vo U (0 — TIPOTUO U YTroJI TOBOPOTA IMOMEPEYHOr0 CEUCHUS, PACTIONIOKEHHOTO B
HayaJie KOOpIUHAT (B KpaliHEM JICBOM CCUCHUH OAJIKH).
AHAJIOTUYHO PACCMOTPHUM €IIIe OJIMH MPOU3BOJIBHBIN YUaCTOK OajKH, HapHUMEp
6 — &1 y9acToK.
6 yuacTok: ¢, <Xs< a, (Hayaymo oTcyeTa Ha JICBOW I'PAHHUIIC YIaCTKa).
CocraBisieM BbIpaKeHHUE JIJIs M3TUOArOIIEro MOMEHTA!
Mg= M(Xg) = Mo+ Fo - Xg + My - (Xs — a;)° + F1(Xe— by) + F2- (Xg— by) +

(X6 — C1)2 (X6 — Cz)z
to —— +tQ————

2 2

,HI/I(b(bepeHuI/IaﬂLHoe YpaBHEHHE I/I30FHYTOI71 OCH JUId DTOTO Yy4YacTKa Oayku

UMeeT BUJL .

1
Vg :E_Iz' [Mo+ Fg - X+ My - (X6—31)0 +F1(Xe— by) + F2-(Xe—by) +

(X6 — C1)2 (X6 — Cz)z]

d1 > Jz >
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[TIpouHTETpHpyEM 3TO YpaBHEHUE JBAXK/IbI:

' X6 (x6 — by *
V1=(P(X6)— [Mo Xe+ Fo- _+Ml (Xe — a1) + F1 A
+ Fy (x6—2b2)2+ql_(x6—6c1)3+q2_( _C2)3]+C6,
V1:V(X6):ELIZ’[M0‘%+F0 _"'M %"'Fl'@*'
+Fp e —(X6_6b2)3+q1'—(x6_cl)4+q2 '—(X6_C2)4]+C6'XG+D6

24 24

Tak kak Mbl BBIIOJHWINA Bce TpeboBauus Kiebia, To ©MeeM MpaBo 3amucarth,
yuutbiBas (8.58) u (8.59), uto

C1 = Cg == C6: = Cn (OLY Dl = D2 =eee= De == Dn =Vp (860)

CrenoBaTeibHO, OKOHYATENIBHO Ui N-20 y4yacTKa OalKd MOXKHO 3aIucarh,

pacCTaBuB CJIaraCMbIC B HpaBOﬁ 4aCTH B IIOPSAKE BO3pACTaHHU CTCIICHU .

X2 (x-ap? 2
= + . .
V(X) = Vo + @0 - X+ Mo 2El, tFo 6EIZ T LM 2El,
x-bj* x—c)?
+ —_—
XF +2 gk - J4EL (8.61)

MpbI nony4ymiu yHUBEpCAIbHOE YPaBHEHHE M30THYTOM OCH OalIK, BHIPAXKEHHOE
yepe3 HavyaJdbHbIE MapaMeTphl Zg, o, Mo 1 Po.

Tak kak

TO, MpoAudPepeHITMPOBAB ATO YHUBEPCAITHLHOES YPABHECHUE U30THYTOM OCH OaJIKH 10

X, IOJIyYUM YHUBEPCAIBHOE YPaBHEHUE /I YIJIOB IIOBOPOTA!

2

(x — aj)
O(X) = Qo+ Mo - — EIZ +Fo 2EL + X M TR +

(x — bj) ? FY gy (x—cp)®

2EIl, 6EIl, (8.62)

+ZFj

B stux dpopmynax:
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V(X) — BenmuuHa poruda B MPOU3BOJIBHOM CEUCHHM OalIKM Ha PACCTOSHHH X OT
Hayajia OTCUETa;

Vo, o — MPOrud W yrojl MOBOPOTA MOIMEPEUHOr0 CEYEHHUs Oajaku B Hayaye
CHUCTEMBI KOOPAUHAT (KUHEMaTHYECKUE HaYaJIbHBIC TApaMETPhl);

Mo, Fo— cocpenoToueHHbII MOMEHT U COCPEIOTOUCHHAs CHJIa, JCHCTBYIOIINE B

HavaJI€ CUCTCMbI KOOPpAWHAT (CT&TH‘I@CKI/Ie Ha4daJIbHBIC HapaMeTpBI);
Mi — COCpeJIOTO‘ICHHI:Jﬁ MOMCHT Ha paCCTOSHUHA ai > 0 oT Hayaja KOOpAUHAT,
Fj — COCPCOAOTOUYCHHAA CUJIa HA PACCTOAHUU b] > 0 oT Hayaja KOOpAHWHAT,

Ok — HUHTEHCHBHOCTH pacCIpeeICHHON Harpy3Kd, KOTOpas HaudWHaeTcs Ha
paccrosiHuM Cj, > 0 OT Hauana KOOpJuHAaT;

El, — sxecTKOCTh MOMEpPEUHOT0 CEUCHHS 0K TTPU U3ruode.

Crarnueckre HadanbHble TapaMeTpbl Mo u Fg (cocpenoTodeHHBIE MOMEHT U
COCpPEIOTOYCHHAs CUJia, JEHCTBYIONIKME B Hayajae CUCTEMbl KOOPJAUHAT) MOTYT OBITh
W3BECTHBI (BHEIIHSIS HArpy3Ka) WU JIOJDKHBI OBITH ONpe/IeNieHbl U3 YCIOBUH CTaTHKU
(omopHBIE peakiun).

HewnsBecTHbIe KMHEMAaTHYECKHE HAaYaIbHBIE TTapaMeTPhl Vo U @ ONPESSIOTCS
u3 ycnosuii 3akpenienus oaixu (KAHEMaTHIECKUE TPAHUYHBIC YCIIOBHS).

KuneMatnueckue TrpaHUYHBIE YCIOBUS OTPAKAIOT XapaKTep 3aKperieHUs
(ormpanmst) GAIKU U COCTABJISIOTCS OTHOCUTEIBHO MPOTHOOB U YTIIOB ITIOBOPOTA.

Tak, Hampumep, ISl IMAPHUPHO ONEPTOM OalKW TpPaHUYHBIC YCIOBHUS
XapaKTEepPU3yIT OTCYTCTBUE MPOTHOOB Ha onopax (puc. 8.39):

VA:O 51 VB:O.

— F
Yy Vv ,=0 l vg=0

X
A/\\\ — = >
o &8

Puc. 8.39. lapaupHo omepTas 6anka
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JUist  KecTKOo 3alleMJICHHOW OajKkh TpaHUYHBbIE YCJIOBHS XapaKTepU3YIOT

OTCYTCTBHE MPOTHOOB U YIIJIOB MOBOPOTA B 3ajeike (puc. 8.40)

Va=0ugqy=0.
y v,=0
¢A=0 F
3 | X

~—_
~

Puc.8.40. YKectko 3amemMiieanas 0ajika

Takum oOpa3om, UIsi ONpeACNICHUS TMPOrMOOB W  YIVIOB TIOBOpPOTa B
POU3BOJILHBIX TIOTIEPEYHBIX CEUEHUSX OalloKk METOJIOM HaudajbHBIX TapaMeTpoB
JOCTaTOYHO JIUIIb 3HAHUM BENWYUH Mporuba Vo M yIriia MOBOpOTa @p B Hayaie
CUCTEMBl KOOpPJIHMHAT, TO €CTh TaK HA3bIBAEMBIX KHHEMAaTHYECKHMX HaydaJbHbBIX
napameTpoB. [lodToMy [HaHHBIA METOJl HA3bIBACTCS MEMOOOM  HAYANbHBIX
napamempos.

[Ipumenenne MeTona HayaJdbHBIX MMapaMETPOB TpeOyeT HEMPEeMEHHOIO
BBITIOJIHCHUS ClIeayronux TpeboBanuii Kiedma:

1. Havano koopauHat (UKCUPYIOT Ha JIEBOM KOHIIE Oalkd M B MpoIlecce
peIIeHus 3a/1a4ll HUKYJla HE IMEePEHOCAT, MOJIOKHUTEIbHOE HanpaBicHue ocu Yy (V) —
BBEpX.

2. Ilpu gedicTBUM pacnpeAesieHHON Harpy3KH, HE JOXOSIIEH 10 MTPaBOro KOHIA
Oasiku, €e HeOOXOAMMO MPOJIOKUTH JI0 MPABOTO KOHIIEBOTO CEUYCHUS, OJHOBPEMEHHO
YPaBHOBEIINBAsl €€ MPOTUBOIIOJOXKHO HANPAaBICHHOW HArpy3KoM TOM ke
WHTEHCUBHOCTH, KaK 3TO TIOKa3aHo Ha puc. 8.37.

Harpy3ku (Mo, Fo, M, Fj, Qk) cuuTaroTcs MNOIOXKUTEIbHBIMHU, €CJIH OHH
HaIpaBJICHBI TaK, KaKk MoKa3aHo Ha puc. 8.41, m oTpHUIATENTbHEIMU — B MPOTHBHOM

ciryJae.
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VYrpasnenue uppoBbIX 00pa30BaATEIBHBIX TEXHOJIOTUN

COIIPOTUBJIEHUE MATEPHNAJIOB

CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

¥ FjT tettteeeeteeeiedes
I

bj > ‘ qk
Ck

Puc. 8.41 IlpaBuia 3HakOoB MeTO/a HAYaJIbHBIX MAPAMETPOB

[Tocne Toro, Kak OymyT HalEHBI BCe HAYAJbHBIC MTapaMETPhl, MOXHO HAIUCaTh
OKOHYATEJbHBIC YpaBHEHUS NPOruOOB, a mpoaudPepeHIupoBaB WX, U YIJIOB
TIOBOPOTA JIJISl KAXKIOTO yJacTKa OalIKH.

[TpumaBas BeaWMYMHE X PSJI 3HAYCHWM, W BBIYHCISAS B COOTBETCTBYIOIIUX
XapaKTEPHBIX TOUYKAX YHCICHHBIC 3HAYCHHS MPOTUOOB U YIIIOB TOBOPOTA, MOYKHO
TIOCTPOUTH SMI0PbL NPOSUOOE U Y2TI08 NOBOPOMA OCU OANIKU.

8.25. IlpoBepka NpaBUJIbLHOCTH MOCTPOEHHBIX IMIOP

YIJIOB IIOBOPOTA M MPOrudoB

N3 teopun m3rmba OGasiok WM3BECTHO, 4TO Beau4uHBI Q, M, @ u V cBs3aHbBI
MeXIy co0oit nuddepeHImaIbHBIMU 3aBUCUMOCTSIMU .
d?v _ M(x), dv _

_ V — ox): d’¢ _ Q®. do _M®
dx2 EI,’ dx PR k2 El,’ dx EIl,

(8.63)

Ha ocHOBaHMM ATUX 3aBUCUMOCTEH CTPOSITCS MpPaBUiia MOCTPOCHUS M KOHTPOJIS
3MIOP YIJIOB MOBOPOTA U MPOTHUOOB:

1. Ecnmm  wm3rubaromumii  MOMEHT Ha  KaKOM—TO  y4acTKe  Oajku
MOJIOKUTENBHBIN (M > (), To 31opa IPOoruOOB HA TOM YYaCTKE MPEICTABISACT COOOM
KPHUBYIO, BRITYKITYIO BHU3.

2. Ecnmm  wm3rmbarormuii  MOMEHT Ha  KaKOM—TO  y4acTKe  Oajku
otpunarenbHbiid (M < (), To 3MMopa MPOruOOB Ha TOM YYacTKe MPECTABIICT COO0M

KPHBYIO, BBIITYKIIYIO BBEPX.

86
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3. Ecnu nzrubaromuii MOMEHT B KAKOM-TO CEUEHUU OalIKU paBEH HYIIIO
(M= 0) /mpu cMeHe 3HaKa/ WM MMEET «CKAa4voK» /MPH CMEHE 3Haka/, TO Ha JIope
poru0oB B 3TOM CEUCHUH HAOIIOaeM TOUKY neperuda (T.11.).

4, Ecnu yron moBopoTa B KaKOM—TO CeueHUHU Oaynku paBeH Hymo (¢ = 0)
/ipu cMeHe 3HaKa/, TO Ha DJMIOpPEe MPOrdOOB ITOM CEUECHHUH HAOJII0JAaCM TOUKY
sKcTpemymMma (T. 3.).

5. Ecnu monepedHas cuiia Ha KAKOM—TO y4acTKe OajIKd MOJIOKHUTEIIbHAS
(Q > 0), To smropa yrioB MOBOPOTA HAa 3TOM YYacTKe MPEACTABISCT COOOH KPHUBYIO,
BBIMYKJIYt0O BHHM3. Eciau momepedyHas cWjia Ha KaKOM—TO ydYacTKe OalKku
orpuniatenbHas (Q < 0), To smropa yriioB MOBOPOTa HA 3TOM y4YacTKE MPEICTaBISACT
co00¥ KpUBYIO, BEITYKIIYIO BBEPX.

6. Ecnu nonepeunas cuia B KAKOM—TO CEYEHHH OAKU paBHA HYJIIO
(Q = 0) /upu cmeHe 3HaKa/ WM MMEET «CKA4YOK» /TP CMEHE 3HaKa/, TO Ha 3Iope
yIJI0B TTIOBOPOTA B 3TOM CEUYCHUU OaKK HaOJII0/1aeM TOUKY Teperuoa (T. 1m.).

7. Ecnu uzrubaromuii MOMEHT B KAKOM—TO CEYEHUU OAJIKU paBEH HYIIO
(M = 0) Inpu cMmeHe 3HaKa/ MM UMECT «CKAa4OK» /IPH CMEHE 3Haka/, TO Ha JIope
yIJI0B TTOBOPOTA B ATOM CEYCHUHU HAOII0IaeM TOUYKY dKCTpeMyMa (T. 23.).

8. Ecnum nHa smiope u3rubarwmmux MOMEHTOB B KaKOM—TO CEUYEHHUH OajKu
HaOJIOMaeTCsl «CKAau0K», TO Ha JIIOPE YIIIOB MTOBOPOTA B 3TOM CEYCHHH HAOJII0aeM
TOYKY H3oma (T. U.).

8.26. Pacuer 0aJI0K HA )KECTKOCTh.
IIpoBepka BbINOJHEHUS YCIOBHUS JKECTKOCTH OAJIKHU

Onpeoenenue. CedeHne, B KOTOPOM mepeMenieHne (mporud 0aaku) mpUHUMAET

MaKCHMAaJIbHOE€ II0 aOCOJIIOTHOM BEJIWYMHE 3HAYCHHC f, Ha3bIBACTCA OIIaCHBIM
CceueHHEM OaJIKH U3 YCIIOBHA KECTKOCTH.

VYcnoBue KECTKOCTH MPU U3rude UMeeT BUJT

f<[f]. (8.64)
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3nech

f — crpema mporumba (MakcHMMajabHOE IO AOCOJIIOTHON BEIMYMHE 3HAYCHHE
nporuoa);

[ f] - Beanuuna monmyckaemoro nporuoa.

JIJIsi IpOBEPKU BBITIOJIHEHUS YCJIOBHUS KECTKOCTH OAJKM M3 SIIOPHI MPOTHO0B
OTIpE/IeTISICTCS] B OMIACHOM CEUEHUH OalKM MaKCHMalbHOE TI0 aOCONMIOTHON BETMYMHE
3Ha4YCHHE MPOruda |Vmax| = f, koTOpoe mojacrasnsercs B yciaosue (8.64).

Benuunna momyckaemoro nporu6a [ T ] mas peanbHbIX COOpYKEHUI MpUBEaCHA

B CII (CBox mpaBui1) ¥ MOXKET U3MEHSTHCS B JJOBOJIBHO IIMPOKOM JIMAINa30He

L L
[f1=7067 Tooo
rae
L — mnuHa mponera (ansi KOHcojed mposieT L paBeH YIABOEGHHOMY BBUIETY
KOHCOJIN).

OObIHO yciioBHe kKecTKoCcTH Oanku (8.64) BBIMOIHICTCS.

B npomuenom cnyuae, uz ycnosus scecmrxocmu t < [f] neobxooumo onpedenums

mpeo
senuuuny I,"*" u nodo6pame noevle pazmepvl nonepeurozo ceuenus 6anx.
qm06bl OdHO@p@M@HHO BbINOJIHANIUCL yciosue npoiynocmu u ycimosue

acecmkKkocmu, HEeoOX00UMO OKOHYAMENbHO 6bl6pai’l’lb bonvuLee ceuenue.

8.27. PackpbITHE CTATHYECKOH Heonmpeae I MMOCTH
YHPYTHX CTEPKHEBBIX CHCTEM

3akperieHus1, HEOOXOAUMbIE I KHHEMAaTHYECKON HEU3MEHSEMOCTH CUCTEMBI,
oOecreunBalOTCsl MO0 3alleMIICHHEM OJHOTO W3 KOHIIOB Oankw, 00 ABYMS
IAPHUPHBIMU OMOPAaMH, U3 KOTOPHIX OJHA HEMOJABHXHAsA, a Apyras MOJBHKHAS, TO
€CTh HaWMEHBIIIEE YHCIIO CBA3EH, HE TO3BOJISIIONIMX Oanke (pame) mepeMeniaTbesi B

IJIOCKOCTH JAEUCTBUS HArpy30K, PaBHO TPEM.
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B aTOM cityuae Tpu HEM3BECTHBIE OMOPHBIC PEAKIIMH OMPEICISIOTCS U3 YCIOBUM
paBHOBecHS (CTATUKH).

Takxue banku Ha3vLIBAIOMC CMAMUYECKU ONPEOETUMBIMU.

B unxeHepHON MpakTUKE OYEHb YaCTO, MO YCIOBUSAM PaOOThl KOHCTPYKIIHH,
OKa3bIBACTCSI HEOOXOJMMBIM YBEJIUYUTh YHWCIO OMOPHBIX 3aKperuieHuid. B atom
CJIy4yae YUCJI0 HAJIOKEHHBIX CBSA3eH (YMCII0 HEM3BECTHBIX OMOPHBIX PEAKIINA) OOJIbIIIe
Yucjia ypaBHEHUN paBHOBECHS (CTATUKH).

Jlns pacuera TakUX CHCTEM Ha MPOYHOCTh U KECTKOCTh, TaK K€ KaK M B
PACCMOTPEHHBIX PaHEE CTATHYECKHU OMPEACIUMBIX 3a7adax, HEOOXOIUMO MOCTPOUTH
OOBIYHBIM CIIOCOOOM AMIOPHI BHYTPEHHUX YCHWJIMH, MPOrHOOB M YIJIOB MOBOPOTA, a
JUTSL 3TOTO HEOOXOIMMO TIPEIBAPUTEIBHO OINPEACIIUTh BCE OMOPHBIE PEAKIUU.

Takue cucmemvl HA3bI6AIOMCA CMAMUYECKU HEONPEOETUMBLMU.

Onpeodenenue. CTaTUUYECKH HEOIpEAEIUMbIE CHUCTEMBI — 3TO YIpYyrue

CTEP)KHEBBIE CHCTEMBI, y KOTOPBIX UYHCJIO HEU3BECTHBIX OIOPHBIX peaKIui
IPEBBIIIACT YUCIO HE3aBUCUMBIX ypaBHEHHMH paBHOBeCHs (YpaBHEHHH CTATHKH),
BO3MOYKHBIX JJISI ITOW CHCTEMBI.

B »Tux cucremax, MCHOJIb3ys TOJBKO YpPaBHEHHUS PaBHOBECHS, HEBO3MOXKHO
OTPENICNIUTh HU PEAKIIMK ONOpP, HU BHYTPEHHHUE YCHJIUS, BOSHUKAIOIINE B dJIEMEHTAX
KOHCTPYKLIHM.

HckimroueHne cocTaBiIsIIOT MHOTOMPOJICTHBIE OalTKu (COCTOSIIINE U3 HECKOIBKHUX
OTZIEJIbHBIX OallOK, COEIMHEHHBIX MEXAY COOOH MNPOMEKYTOUHBIMH IIAPHUPAMM),
KOTOpBIE MOTYT OBITh CTATHYECKH OTMPEICTUMBIMHU U MPU YUCIIE HAJIOKEHHBIX CBS3EH
OomBIIIEe TPEX.

Cmenenb cmamuueckou onpederumMocmu  (Heonpeoeiumocmu) npoCcmolx
CMEPIHCHEBBIX CUCEM O0ObIUHO ONPedeislemcs KAk Pa3HOCmb MedHcoy KOAUuuecmeom
HeU36eCMHbIX ONOPHBLIX PeaKyull U KOJIUYeCcmeom YPAaeHeHUll pagHO8eCUsl (VPAGHEHULL

cmamuzcu), Komopbsle MOJICHO cocmaesumbs 07151 OAHHOU CUCTEMBbL.
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Ha puc. 8.42, a, 6 u3o0pakeHbl JIB€ CTAaTUYECKU HEOMpPEACIMMbIe Oanku, Ha

KaXKAYI0 U3 KOTOPBIX HAJOKCHBI YCTHIPC BHCIITHHUC CBA3H.

@)
F Caaru ﬂ
— I caain
&)
3 raeaiu ; ; ;
— I caain I ceain I ceain

&)
SCEATU ; ;
/ﬁ I caasn I caasrn

Puc. 8.42

CJ'I@,ZIOB&TGJILHO, 9TH OaNKH OJIMH pa3 CTaTUYCCKU HCOIIPCACIUMBI.
Ha pI/IC842, 6 moka3aHa 0aJIka C IIECThI0 HAJIO)KEHHBIMH BHEIITHUMH CBJ3sIMU,
CJICOO0BATCIbHO, OHA TPH pa3d CTATHYCCKU HCOIIPCIACIINMA.

Onpedenenue. CTENeHb CTATUUECKON HEOMPEACTMMOCTH OaKH, HE MMEIOIICH

IPOMEXYTOYHBIX IIAPHUPOB, COCAUHSIOMIMNX APYT C APYTOM OTAEIbHBIE 3JIEMEHTHI
0anku, paBHa U30BITOYHOMY (JIUITHEMY) YMCITy BHEIITHUX CBsI3EH (CBEpPX TpeX).

Cratuyecku HeonpeneTuMble 0aTKi YaCTO Ha3bIBAIOT HEPA3PE3HBIMH OaTKaMH.

Cmenenv cmamuueckou OnpeoeIuMocmu  (HeOnpeoeruMoCmuy) CLOACHBIX
CMEPIHCHEBBIX CUCMEM ONPEOeNsemcsi YUCIOM «IUWHUXY cs3ell o hopmye:.

S =3k — 1, (8.65)

rjae

K — YHCJIO 3aMKHYTBIX KOHTYPOB B KOHCTPYKIIMU B MPEANOJIOKEHUH OTCYTCTBUSA
[IAPHUPHBIX coennHeHuit (puc. 8.43);

Wt — 9YUCJI0 OAMHOYHBIX HIaPHHUPOB.
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E K

A & B C D
hos w 2 KOHTyp p 3 KOHTyp >

Puc. 8.43. Cratuuecku onpeaeauMasi MHOTOIIPOJIETHAsI OaJika

Tak anst mapHUpHO — HEMOABUXKHOU omnopsl (omopa D nHa puc. 8.43) yucio
OJIMHOYHBIX MAPHUPOB — 1, JUIsl MApHUPHO — TMOJBIKHOMN OMOPHI (HarmpuMmep, oropa
A Ha puc. 8.43) yncli0o OJMHOYHBIX IAPHUPOB — 2.

JIJ1s1 CIIOKHOTO MIApHUPA (~b—) UKCIIO OMHOUYHBIX IIAPHUPOB ONpPEJIEIeTCs 110
dbopmyie:

m=c-—1,
rae

¢ — YUCJIO CTEPKHEH, MOAXOASIINX K HIapHUPY.

Ha puc.8.43 mapuupsl E u K — onuHOYHBIE, TaKk KaK K KaXJAOMY W3 HHX
MOJIXOUT TIO JIBA CTEPIKHSI.

Ecmu S = 0, To 3amaua cratnuecku onpenenumas. [Ipu S > 0 3agava ctaTudecku
Heonpeaenumasi, a mpu S < 0 — cucreMa reoMeTpuIECKH H3MEHsIeMas.

Tax Ha puc. 8.43 Ganka wMeeT TPU 3aMKHYTHIX KOHTypa (k = 3) W JEBATH
OJIMHOYHBIX MIapHUPOB (w = 9), mostomy S = 3k — wt = 3-3 — 9 = 0, cregoOBaTEIBLHO,
7Ta OajKka CTaTUYECKU ONpPEeIeTUMAsl.

Jns  ompeneneHuss BCEX HEU3BECTHBIX OIMOPHBIX PEAKIUA CTAaTUYECKU
HEOTPEICTUMON CHCTEMBbI COCTABIISIIOT JIOMOJHUTEIBHBIC YPABHECHMSI, BBIPAKAIOIINE
YCIIOBUS €€ 3aKperuieHus Ha onopax (puc. 8.39 u puc. 8.40).

OTH  JOTIOTHUTENBHBIC  YpPaBHEHWS  YCIOBHO  HA3bIBAIOT  VPAGHEHUAMU

nepemeujeHuti Wi YpasHeHUsMuy coO8MeCcmHocmuy 0epopmayui.
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KonudecTBO JOMONHUTENBHBIX YpAaBHEHHMH IMepeMelIeHnil, He0OOXOIUMBIX IS
PAcKpBITUS CTaTHMYECKOW HEONPENEeNUMOCTH, JODKHO OBITh paBHO CTENEHU
CTaTUYECKOU HEONPEAEITUMOCTH CUCTEMBI.

COBMECTHOE pEIICHHE YPaBHEHMI pPABHOBECHS M YPaBHEHHMM IEpEeMEICHUN
NO3BOJISIET ONPEJEIUTh BCE HEM3BECTHBIE OMOPHBIE PEAKLUU. DTOT 3TAll PELICHUS
3a71a4M Ha3bIBACTCS PACKPBITUEM CTATUYECKON HEOIPEIECIUMOCTH CUCTEMBI.

Onpedenenue. PacKpbITh CTAaTUYECKYIO HEONPEAEIMMOCTh CHCTEMBI — 3TO

SHAYUT OIIPCACIINTDb YHUCJIICHHBIC 3HAYCHHUA BCCX OIMMOPHBIX pCaKHHﬁ.

OHpG}ICHI/IB BCC OIIOPHBIC PCAKIINH, MOKHO OOBIYHBIM IMyTEM IMOCTPOUTDH 3TTHOPBI
BHYTPCHHHUX YCHHHﬁ, d TAKXKXC OIPCACINUTL BCIIMNYUHY BCPTUKAJIBHOI'O IICPCMCIICHHA
" yrija moBOpoTa JI000ro ceueHus OalaKu Tak KC, KaK 3TO ACJIACTCA B CTATHYCCKHU
OIIPpCACINMBIX OaJikax.

8.28. Ilopsaiok penieHusi CTATHYECKH HeoNpeaeJuMbIX 3a/1a4

Cratuyecku  HEONpeAeUMble  KOHCTPYKIIMM  PAacCUUTHIBAIOTCS,  pelias
COBMECTHO YpaBHEHHUS, IOJY4YEHHbIE B pe3yJbTaTe PACCMOTPEHUSI CTATUYECKOM,
TCOMETPUYECKON M (GU3UYECKOW CTOPOH 3amadyu. I[Ipum 3TOM mNpuIEpKUBAIOTCS
CJIEIYIONIETO TOps/IKa:

1. Cmamuueckas cmopona 3a0auu. Oupenensercs CTeNeHb CTaTHYECKOU
HEONpeAeTUMOCTH cucTeMbl. COCTaBIAIOTCS ypaBHEHHUS PaBHOBECHS, COAEpKalllHe
HEU3BECTHBIEC OMOPHBIEC PEAKIIUU CUCTEMBI.

2. T'eomempuueckas cmoporna 3aoauu. PaccMaTpuBaroTCsi KHHEMATHYECKUE
IrpaHUYHbIE YCIOBUS (YCJIOBHUSI Ha OIOpax), OTpaKalolllhe XapakKTep 3aKperICHUs
(omMpaHusl) CHUCTEMBI, W 3allMCHIBAIOTCS YPaBHEHHUS COBMECTHOCTH nedopmaruit
(ypaBHEHUS IEpEMEILICHUI).

3. Quszuueckas cmoporna 3aoauu. Ha ocHoBaHum 3akoHa ['yka (Hampumep,

YpaBHEHHSI METOJIa HayaJbHBIX MMapaMeTPOB, KOTOPOE MOJYYEHO HA OCHOBE 3aKOHA
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'yka) ypaBHeHUsT coBMeCTHOCTH Jedopmanuii (ypaBHEHUS MEPEMEILECHU)
BBIPAJKAIOTCS Yepe3 HEU3BECTHBIE OMOPHbBIE PEAKLIUU.

4. Cunme3  ypaeuenuii. Pemas COBMECTHO CHUCTEMY YpPaBHEHUH,
MOJIyYEHHBIX B PpE3yJbTaT€ pACCMOTPEHHS] CTAaTUYECKOM, T€OMETPUYECKON U
(¢u3nueckoi CTOPOH 3aJayM, ONPENEISAIOTCS YHCICHHbIE 3HAUYEHMSI BCEX OIMOPHBIX
pEaKIUH.

CyuiecTByeT MHOIO METOJOB PACKPBITHS CTaTHUYECKOW HEOIpeaeIMMOCTH
CTEp>KHEBBIX W paMHBIX cuUcTeM. [[1s 0ajoK MOCTOSHHOrO MOMEPEYHOTO CEeYeHUs,
Harpy>KeHHbIX BCEMH BO3MOXHBIMM THUIAMU HAarpy3ok, TIpU MPOU3BOJIHHOM
KOJIMYECTBE YYAaCTKOB, PACKPBITHE CTATHMUYECKOW HEOMPENEeTMMOCTH U OIpe/esieHue
nporudoB 1e1ecO00pa3HO MPOU3BOANUTh, NPHUMEHsS YHHUBEpPCAIbHOE YpaBHEHHUE
METO/1a HaYaJIbHBIX [1apaMETPOB.

8.29. IloreHunanbHasi FJHeprusa aegopManuu 6aJI0K

Kpome paccMOTpeHHBIX CIOCOOOB BBIYUCIICHHS] MPOTHOOB M YIJIOB MOBOPOTA
ceyeHui OalloK CyIecTByeT Oosiee OOMIMA METOJ, MPUTOAHBIN IS ONpeeiIcHUs
nedopmaiuii JO0BIX yNPyrux KOHCTpyKuui. OH OCHOBaH Ha MPUMEHEHUHU 3aKOHA
COXpaHEHHMS YIHEPTHH.

[lon peiicTBueM BHEMIHMX cuI Tena AedopMmupyloTcsa. Orta nedopmarus
MIPOTEKAET MOCTENEHHO, BO3pacTasi OT HYJS JO KAaKOro — TO KOHEUHOI'0 3HAYEHUs, B
3aBUCUMOCTH OT BEJMYMHBI, JCHUCTBYIOIIEH HA Teno Harpy3ku. llpum wu3ydeHun
nedopMaIyii CYMTAIOT, YTO HArPY3KH K TeJlaM MPHUKIIAIBIBACTCS CTATUYECKH, TO €CTh
TaK, 4YTO OT HYJS 0 CBOEr0 KOHEYHOI'O0 3HAYEHUsI OHU BO3PACTAIOT MOCTENEHHO,
MEJIJIEHHO MEHSISICh 10 3aKOHY MPSAMOM.

IIpu Takom crmocobe Harpy3ku YIPYroro Tejaa MOXKHO CUMTaTh, YTO TEJO HE
UCIIBITHIBAET HUKAKUX YCKOPEHUM, a CJIe0BaTeIbHO, U HUKAKUX APYTUX CHII, KpOME

MPUKIAABIBAEMON K HEMY CTaTUYECKOU HArPy3KH.
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[Tox BO3NEWCTBMEM BHENIHUX CHJI TeNO, NePOpMHUPYSICh, HAKAIUIMBaeT B cebOe
(aKKyMyJIMpYeT) ONpEeJEeIeHHOE KOJUYECTBO PHEPTUU, HA3BIBAEMOE NOMEHYUANbHOU
anepeueti depopmayuu U.

[ToTennnanbuas sueprust nepopmanuu U BO3HUKAET B yInpyrom Opyce 3a cuer
paboTsl BHemHUX cuil A. B mporiecce ynpyroit nedopmariuu HaOI01aeTCs Mepexo
OJIHOTO BHUJA MOTEHUHAJIbHOW SHEPTUU B JPYrod, a UMEHHO: B PacCMaTpUBAEMOM
cllyyae TOTEHIMaJbHAs SHEPTHs JEUCTBYIONIMX Ha OpyC HArpy3o0K MEpPEeXOJHT B
MOTEHITMATBHYIO SHEPTHUI0 edopmaluu opyca.

[Tonarasi, 4To 3aKOH COXPAHEHHUSI PHEPTUHU MOJHOCTHIO PACIPOCTPAHACTCS Ha
paccMmaTtpuBaeMoe siBJieHHE (00pa3oBaHHME MMOTEHIHAIBHOW SHepruu aedopManuu
TEJ1a), MOJKHO CUUTATh, YTO MOTCHIMAIbHAS dHeprus Achopmaiuu U ynpyroro tena
YHCJICHHO paBHa paboTe BHEIIHUX CUJI A, TO €CTh

U=A (8.66)

B o6meM ciyuae usru6arommii MOMEHT My IBJISIETCS. BEIMYMHON IEPEMEHHOM.

B nmr0060M ceueHnn eMy MOKET COIyTCTBOBaTh nomnepedHas cuia Q. Iloatomy
paccMaTpuBaTh CIEIyeT He BCIO OajKy B I€JIOM, a JUIIb OECKOHEUHO MaJbIi

aileMeHT Oanku amuHoi dX (puc.8.44).

&
1%
e
L
dpfd 1T A a
I | LY
N
T Ir I ' '/
M, I, 2 =
£
A 0 0 | oA
1
o i
7 g,
l—dr——] h—dr—
Puc. 8.44
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[Tox nmeiicTBUEM HM3rMOAIOIMIMX YCHUJIUN CEUEHMs DJIEMEHTa MOBOPAYMBAIOTCS U
oOpaszyroT mexay coboi yron de. KacatenbHble XK€ YCUIIUS CTPEMSTCS BbI3BATh
nepekoc anemeHTa. TakuMm o0pa3om, MepeMelieHuss OT HOPMAaJIbHBIX HapsKEHUM
Uy T NEPHEHANKYISIPHO K HAMPABICHUIO KacaTeIbHbIX HANPSHKECHUN, 1 HA00OPOT.

DTO TO3BOJISET HE3aBUCUMO BBIYUCIISTH PAa0OTy M3THOAIONIUX M KacaTelbHBIX
YCUIIUH.

O6bIuHO paboTa KacaTeIbHBIX YCHUJIUN OKa3bIBACTCS MaJIOW MO CPaBHEHUIO C
paboTOl HOPMAJBLHBIX U €10, KaK MPaBUJIO, TPEHEOPETatoT.

DnemeHTapHasi paboTa HOPMAJIbHBIX YCUJIUN paBHA:

1
dA. =dU ==-M do.
A 5 () Y

C uckpuBlieHMEM OCH OalKu CBA3aH B3aUMHBIA TMMOBOPOT cedeHuil. JlnmHa
otpe3ka 0,0, paBHa:
0,0,=dx = ode
OTcroza yroJ moBOpoTa ABYX CMEXHBIX CEUCHH

&
3

do

[Ipu ompeneneHnn HaAMpPsHKEHWM B cllydae YMCTOTO M3rnba Obuta TOJydeHa

bopmyna kpuBu3Hs (8.13):

BBIPAKAIONIAsT CBSI3b MEXIY paguycoM KPUBU3HBI OCH Oallk¥, HW3THOA0IUM
MOMEHTOM B TOMEPEYHOM CEUCHUH OAIKHM U KECTKOCTHIO TIOTIEPEYHOTO CEYCHUS MPHU
YHCTOM H3TrH0e.

[IpeneOperas HE3HAYUTEIBHBIM BIUSHUEM MOMEPEYHON cuiabl Q HA BETUYUHY
nedopmanuii, Oymaem monarath 3Ty GOpMyITy NEWCTBUTEIBHONW W B OO0IIEM cliydae

IUIOCKOTO M3ruda, To eCTh.
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1_My
p El
B sTtom cyuae
M
dp = I(Exidx (8.67)

CnenoBatenbHO, MOBOPOT ceueHUM d@ W KpuBu3Ha ocu Oanku 1/p mpsimo
IPONMOPLHOHATIBHBI BEIMUMHE U3THOAI0IIEr0 MOMEHTa U 00paTHO MPOMOPIIMOHAIbHbI
xecTkocTH Oanku El.

Toraa BeipaxkeHue AJisl MOTEHIIMATIBHON YHEPTUU MIPUMET BU:

2
B M (X)dx

au == (8.68)

Ilonnas IMOTCHIMAJIbHAA SHCPIHUA n3ruda MOJIYUUTCA CYMMUPOBAHUCM 110 OJIMHC

OaJIKH:

U =MLy gy (8.69)

[lony4yennas dhopmyna cpaBenauBa it 0alKu MOCTOSTHHOM ecTkocTu El.

[Ipu BBIBOAE 3TOH (OPMYNIBI MBI MPEHEOPEINIM BEIWYMHON IOTEHIMAIBHOM
sHepruu AedopMaluy CABUTa, BO3HUKAIONIECH OT JICHCTBUS MOTIEpeYHOM cuibl Q, Tak
KaK BJIMSHUE €€, COOTBETCTBEHHO BBIYMCIICHHSIM, B TOJABISIONIEM OOJBIIMHCTBE
CJIy4aeB MaJlo.

[Tonyyennas dopmyna (8.69) mns omnpenencHus NOTCHIMAIBHONW SHEPTHH
nedopmanyu OanKu Mpy U3rude MOXKET OBITH UCIIOJIb30BaHa MPHU PEIICHUU 3a/1a4 110
ompenesieHuro AehopMaliii 6ajox.

B cnyuae Gayiku ¢ HECKOJIBKUMH ydacTkamu, uHTerpan (8.69) pasduBaetcs Ha

CyMMY HHTETrPAJIOB:

1 n
U=—"2>"|M] :
261 2 JM(xi)dX (8.70)
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COIIPOTUBJIEHUE MATEPHNAJIOB
CITEIUAJIBHBIE BOITPOCHI COITPOTUBJIEHH A MATEPUAJIOB (Yacth I |)

8.30. MeTon onpeneJieHnsi nepeMenieHnil, OCHOBAHHbIN HA BLIYHCIEHUHN
NOTEHIUAJbHON JHeprum Aegopmanuu

YCTaHOBUM METOJ OIPENEIICHUs IIePEMELIECHUN, OCHOBAHHBIM HA BBIYUCIICHUU
MOTEHLMAIbHON 3Heprun aedopmanuu. B ocHoBe 3TOro Meroja JEKUT TeopeMa
Kactunbsino.

Onpedenenue. Ilpon3BoaHas NOTEHIMAIBHOM dSHepruum JedopManuu IO

0000IIICHHOM CHIIe paBHAa 0000IIEHHOMY TIepeMeleHuo (TeopeMa KacTuibsiHo).

Onpedenenue. O600IIEHHON CUIION HA3bIBAIOT JIFOOYIO HArPY3KY, BHI3BIBAIOITYIO

nedopMaruio.

Onpeoenenue. llepemelnienne, COOTBETCTBYIOIIEE 3TOW OOOOIEHHON cuIe,
Ha3bIBAIOT 00OOIICHHBIM ITEPEMEIICHUEM.

CooTBeTCTBUE 3aKJIIOYACTCS B TOM, UYTO PeYb HJET O MEPEMEIICHUH CCUCHHS,
r7ie MPUIOKEHA CUja, IPUYEM O TAKOM IEPEMEIICHUH, TPOU3BEICHUE KOTOPOrO Ha
ATy CUJTY JlaeT paboTy.

JIJist cocpeIoTOYEHHOM CUJTBI, TPUIIOKEHHON B CEUE€HUU Oaliku, 3a 0000I1IeHHOE
nepeMelleHne MPUHUMAIOT MPOTrud B TOM CEUYCHUH, T/I€ MPUIIOKEHA CUJla.

Jlns m3rubaromieid mapsel CU 3a 0000IIeHHOE TepeMelieHne TPUHUMAIOT YroJT
OBOPOTA CEYEHHUS B TOM CEUEHUH, /1€ IPUIIOKEHA MTapa CUJl.

B cnydae crutoniHoi paBHOMEPHO pacIpeiejIeHHON MO BCeMy IMPOJIETY OanKku
Harpy3ku OOOOIIEHHBIM MEpPEMEIICHUEM SIBIAECTCA ITUIONIA/lb, 3aKIIOUEHHAS MEXIY
MEePBOHAYATILHOM OChIO O0ATTKHU U OCBHIO U30THYTON OaNKH.

Uccnenyem merona omnpeneneHus NepeMelleHH, OCHOBaHHbI HA BBIYMCIICHUU
MOTEHIIMAIBHON dHEPTUU e OpMaIIiH.

Paccmorpum  Oanky, Ha KOTOpPYK JIEMCTBYIOT B Ppa3HbIX CEUYEHHUAX
COCPEIOTOUYCHHBIE CHIIBI U TTaphbl cui (puc. 8.45)

Jnst ciydas u3ruba nMeeM GopmMyiTy TIOJTHON OTEHIIMABHOM dHepruu (8.69)

M Z,dx
U= (x) '
'I[ 2El

CBA3bIBAIOIIYIO BCIIMYHNHY HOTGHHHEU'II)HOIZ OHCPIUuun Uc I/I3FI/I6aIOIHI/IMI/I MOMCHTaMMH.
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2 F F.
les | o |

A

Puc. 8.45

Bbraucnnm gactHyr0 npou3BoAHyto oT U 1o 0HOM U3 BHEIIHUX CHJI, HAIIPUMED
F1. [Homyuum

ﬂ_ij'\"@)dx
oF, oF |1 2Bl |

|

Nmeem cnyuait  guddepeHurpoBaHus  ONpPENEIECHHOTO HMHTErpaia 1o
napametpy. [Ipu sTom,

My — GyHKOMA, WHTETPpUPOBAaHME KOTOPOM MPOBOAUTCA MO X, a
muddepeHmpoBanme — o napametrpy Fi.

Kak wu3BecTHO, eciau mpeiAesbl WHTErpajia MOCTOSHHBIE, TO CIEAyeT IPOCTO
mudGepeHIIPOBaTh MOABIHTETPATBHYIO (PYHKIIHIO.

Takum o0pazom, mporud B TOUKE MPHUIONKEHUS COCPEAOTOYCHHOW cuiibl Fi

paBeH:
M ,dx oM
Vl = % = .[ (X) (X) (8.71)
oF, 1 El oF
VYron noBopota ceuenus ¢ napoit M; paBeH:
ouU M ydx M
= = 8.72
2 oM, J. ( )

El oM,

|
Ecmn Tpebyercst ompee/inTh JTMHSHHOE WIIM YIJIIOBOE TEPEMEIICHHE B TOYKE,
rJie 10 YCJOBHIO 3aJa4d O0OOIICHHAS CHJIa OTCYTCTBYET, TO B 3TOH TOYKE CIEAYeT
MPUIOKHUTH COOTBETCTBYIONYIO (DUKTUBHYIO 00OOIICHHYIO CHITY.
3areM, HamUCaB BBIpKEHHE I HM3THOAIONIET0 MOMEHTa OT CHUCTEMBI CHII,

BKJIIOYAsl YKa3aHHYI0 (PUKTUBHYIO CHIIY, HEOOXOJMMO B3SITh €ro IMPOU3BOJHYIO MO
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ATOW (PUKTUBHOMN CHUJIC€ U B MOJYYCHHOM BBIPAKCHHUH JJISl TIEPEMEIICHUS TTOJIOKUTh
(UKTUBHYIO O00OIIECHHYIO CUITY PaBHOM HYJIIO.

8.31. Omnpenenenue nepeMeleHuil B MIIOCKUX CTEPKHEBBIX CUCTEMAX
metoaom Mopa

JIroboe coopyxeHue Moja JAecTBUEM BHEMIHHX (akTopoB nedopmupyercs,
U3MEHSISI CBOIO MEepBOHavYalbHyI0 (GOpMy, U NpUHUMAET (OpPMY paBHOBECHUS, IMPHU
KOTOPOM BJIMSIHHE BHEIIHUX BO3JCHCTBUI YPaBHOBEIIMBAETCS BHYTPEHHUMH CUIIAMU
CONPOTHUBIICHUS.

[Ipu sTom mporu® u yrojq moBopoTa Oajku (paMbl) B TOYKE MPUIIOKECHHUS

COCPEIOTOYCHHOM CHITBI MOT'YT OBITh BhIUKCIICHBI 110 (hopmytam (8.71 u 8.72):

BbIsicHUM CYIIHOCTB 3TUX MPOU3BOIHBIX.
Ecny Ha Ganky nelcTByeT NPOU3BOJIbHAS BHELIHSS Harpyska, To MOMEHT My B
JT000M CEeUEeHUU TaKOW OaJIKU BRIPAXKAETCS TUHEHHOW QyHKIMEH OT Harpy3o0K:
My =aF +a,F +a,F +-+ M, +b,M, - +C,0, +C,0, +--
Koappummenter a,a,,a,,--,0,b,,--,C,C, +-sABAAIOTCT  DyHKIMAMH  TpoJIeTa
0aJIki, pacCTOSHUN TOYEK MPUIOKEHUS CHJI U MOMEHTOB OT OMOp M abCIHCChl X

paccMaTpuBacMoOro CCYCHUA.

Hanpumep, onpenenum mporud TOYKH MPHIIOKEHUs CHitbl F;. (puc. 8.46)

F Fy
Jos 1 w7
| I -

ran L

Puc. 8.46
B sToMm ciiydae
oM
() _
oF, e
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aF,F M ,M,,-q,0, ---1Ipu 3TOM AUPPEPEHUNPOBAHNN IOCTOSTHHBIE BETUUNHBI.

CnenoBatenbHO, @1 MOXKHO pacCMaTpUBaTh KaK YMCICHHYIO BEJIMYMHY MOMEHTA
M B 110060M ceueHuur Oanku OT NEUCTBHS, TaK Ha3bIBAEMOM, €IMHUYHON HArpy3KH, TO
ecTh cuiibl F = 1.
JleificTBUTENBbHO, TIOACTaBIAS B (GopMyiy BMecTo Fj ero yactHoe 3HaueHUE —
€ANHUILY, U TPUPABHUBAS BCE OCTAJIbHBIE HATPY3KH HYJIIO, OIy4aeM
M= aj.
Hanpumep, mis 6anku (puc. 8.47) u3rubaromuii MOMEHT B €€ MPOU3BOJIBHOM

CCUCHHH PABCH

il

A J;J,J,J;Jﬁllllf

I,

Puc. 8.47
[Tpou3BoHast B 9TOM cliydae paBHA

6M (X)
oF

DTO BBIp@XEHHWE PAaBHO HM3THOAIONIEMY MOMEHTY Oallku B €€ IMPOU3BOJBHOM
CEUCHMH, €CJIM Harpy3uTh €€ CUJION paBHOU edurHuye, MPUIOKESHHOU B TOU KE TOUKE
B, rae pacnonoxxena cuiia F, 1 HarpaBJIEHHOH B TY YK€ CTOPOHY.

AHaJIOrU4HO, MPOU3BOAHAS U3TMOAOMET0 MOMEHTa M(x) IO MOMEHTY I1apbl CHII
M7 Y9UCIEHHO TPEICTABISICT COOO0H M3rMOalImMuii MOMEHT OT Tapbl ¢ MOMEHTOM,
PaBHBIM eOuHuye, TMPWIOKEHHOW B TOM K€ CEUCHHH, TJAe uMeeTcs mapa M; u
HAIMPABJIECHHOW B Ty )K€ CTOPOHY.
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Taxum 06p6130]l/l, eblyuciienue I’lp0u360()Hle M38M6Cli0ll/,t€20 MOMEHMA MOHCHO

3AMEHUMb 6blHUCTIEHUEM M32M6CUOM41/DC MOMEHMOB OMm eOUHUYHOU Hacpy3KU.

Dmu momenmot 0603nauaiom M.

CnenoBarenbHO, A OTBHICKAHUS TnepeMmerieHuit A (mporuba wiM  yria
MOBOPOTA) JIFOOOTO ceueHUsl 0ajaku, BHE 3aBUCHMOCTU OT TOTO, MPHUJIOKECHA WU HE
NPWIOKEHa B JTOM CEYCHHMHM COOTBETCTBYIOIIAS CHJIa, HEOOXOAMMO HaWTH

BBIPAXKCHUC I 1/13r1/16a}01uer0 MOMCHTAa M(X) oT SaﬂaHHOﬁ HAarpys3skpm U MOMCHTA

M ot COOTBETCTBYIOIIEH E€IWHUYHOM HArpy3KH, MPUIOKEHHONW B CEYEHUH, TJE
TpeOyeTcst HalTH TepeMeIeHue A.

Torpa 3To nepemenienne BoIpazuTcst HOpPMyIoii:

‘M, M
— [k
A _'([ £l dx (8.73)

[Tonyuennoe Boipakenue (8.73) HaswiBaeTCs unmezpaiom (hopmynoi) Mopa.

Ecmu 6 ¢opmyne (8.73) noo A noopaszymesaemcs npoeub, mo momeHm

M 1eo6x00UuMO bIUUCAMb OMm CcOCPeOOmMoO4eHHOU eOUHUYHOU Oe3paA3MePHOlL CUTbL,
NPUNOJNCEHHOU 8 MO MOUKe, 20e OMbICKUBAEMCsl NPo2uo.

Ilpu evluucnenuu oice yena noeopoma 8 Kauecmee eOUHUUHOU HA2PY3KU
npuKIadvleaemcs be3pazmepHas napa Cuil ¢ MOMEHMOM PABHbIM eOuHuUYe.

Ecnmu mpu BBIYUCIEHUM HW3THOAIONINX MOMEHTOB MPUXOJIUTCS NEIUTH OanKy
(pamy) Ha y4acTKH, TO ¥ HHTETpal B popmyie aist nepemenienuit (8.73) pacnamaercs
Ha CyMMY UHTErPAJIOB.

8.32. Omnpeneenue nepeMenieHuil B MIOCKUX CTEPKHEBBIX CHCTEMAaX
MeToa0M Mopa ¢ ucmosib30BaHueM npasuwia Bepemaruna

Berancnenne wHTerpama Mopa (8.73) ymoO0HO NPOHM3BOMUTH IO TPABHITY
Bepemaruna (mpaBuity «IepeMHOKCHHS JIIIOP).

Tak kak eqMHUYHON HATPY3KOW OBIBaeT OOBIYHO JTMOO COCPENOTOUYCHHAs CHIIA,

160 mapa cui, To amopa M orpaHudeHa npsMbIMU JIUHUSMU. [To3TOMY BhIUHCIIEHUE

101
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M ) M dX mpu m06GOM OYEpPTAHHH SITIOPbI My MOXXHO TIPOM3BECTH CIEIYIOIIUM

obpaszom (puc. 8.48)

M(x)

yvy v __ _ vy _

Puc. 8.48

ITycte osmopa My HMeeT KpHUBOJIMHEMHOE oOuepTaHue, a osmopa M -
MPAMOJIMHENHOE.

IIpousBenenue M(X)-dx MOXXHO paccMaTpuBaTh Kak 3JIEMEHT d T1UIonaau
smopst M(yy Opaunata M = X-tga.

Tornma npou3sBeaeHue

M dx- M = do-X-tga,
a BECh MHTETPAI
M(X)-dxm = tga‘IdO)'X

NpPEACTaBasgeT COOOM CTATMYECKMH MOMEHT IUIOIAAM SIIOpbl M(y) OTHOCHUTEIBHO
TOYKU A, YMHOKEHHBIN HA £2aL.

Ho »ror cratmyeckumii MOMEHT paBeH Bced mromamu 3 smopsr My,

YMHOXECHHOHN Ha PaCCTOSTHHUE OT €€ LEHTPa TXKECTH X 10 TOUKHU A.
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Takum oOpazom,
Mgy Mdx = Q - % tga
BennunHa X, fga paBHa opaunate M, smopst M.
Orcrona
Mgy Mdx = Q- M,

N UCKOMOC MCPCMCUICHUC PABHO

A= E'\IWC (8.74)

Taxum 00pa3om, 011 onpedenenus nepemeujeHuti A Heob6X00UMO BbIUUCIUMD

naowaos ) snwopvl My, ymHONCUMb ee Ha opOounamy M. sniopbl om eOuHuU4HOU
Haz2py3Ku noo yeHmpom msaxcecmu niowaou L u pazoeiums Ha HceCmKoCcmy OAIKu.
YtoObl pUMEHUTH ciocod Mopa it onpesiesieHns MepeMenieHril B CTePKHIIX

NEPEMEHHOr0 ceueHus, mpeodpazyem hopmyiy s IepeMeIleHHH

(MM 8 M(x>('o/<x>),—,
A_][ el dx_izg I M. -dx (8.75)

31ech
| ,) — MOMEHT HHEPLMH NIPOU3BOJILHOTO CEUEHHUS;
|, — MOMEHT HHEPITH ONPEICIICHHOTO (XapaKTepHOT0) CEUCHHSI.

O003HaYUM

Mye=M,, . (8.76)

M HA30BEeM OTYy BEIMYUHY HPUBCOCHHbIM U3LUOAIOWUM MOMEHMOM 6 MmeKyujem
ceueHuu.
Tornma unTerpan Mopa MOXHO 3amucaTh B BUJIE

: Mni.mi
AzZ'I[E"—Ide (8.77)
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[Ipumensisa kK noayueHHo# popMyre npaBuiio Bepemaruna, moiyuum

nO M.
A:nZ%OC' (8.78)

3nech

ani — INI0IIaab HpHBeHCHHOﬁ SIIOPbI MOMCHTOB Ha I-oM Y4aCTKE,

M. — OpAuHara €JUHWYHOM JHIOPbl MOJ LEHTPOM TSKECTH IPUBEACHHOMN

SMIOPBI HA I-OM YYaCTKe.

CrnemoBaTenbHO, OTpeelieHne MepeMenIeHnii (MporuboB WK YIriIoB MMOBOPOTA
IPOM3BOJIBHOTO CEYCHHWs Oallkh WM paMbl) C TIOMOIIBIO TNpaBuia BepemarnHa
HPOU3BOAMTCSA B cieayromieM nopsake (puc. 8.49):

1. Ctpowutcs smopa U3ruOAOINX MOMEHTOB OT JICHCTBUS 3aIaHHOW HArPYy3KH —

snopa Mp (Tpy30Bas 3M1opa).

Y a4 Inrwopa M p Qb
N
Ce I
11
Snropa M

Ye il
i .
>

Puc. 8.49. IlpaBuno Bepemnaruna

2. BeiObupaercs BcmoMorareabHOe SIMHIYHOE COCTOSIHIE CUCTeMBl. [[71s1 aToro K
Oanke wiM pame, OCBOOOXKICHHOM OT 3aJaHHOW HArpy3Kd, IO HaIpaBICHHIO
HMCKOMOT0 TIEpeMEIeHUS TIPUKIABIBACTCS Oe3pazmepHas eOUHUYHAA CUNA .

— TpU  ONpEICICHWH JIMHCHHOTO  TEePEeMEIICHUS —  Oe3pasmepHas
cOCpedomoUeHHas eOUHUYHAs CUNA,

— TIpU ONpPEACJICHUH YyIJia TMOBOPOTA — 0Oe3pa3MepHblli COCPeOOmMOYEHHDbIl
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COUHUYHBIU MOMEHM.

3. Crpoutcs smropa U3rudaronix MOMEHTOB OT JEUCTBUS 3TOU Oe3pazmepHoll

eOuHUYHOU cunsl — dmtopa M.

4. Ocp Oanku (pambl) pa30MBaeTcs Ha YYacTKM TakuM o0Opa3oM, 4TOObI B

mpejenax y4actka dmiopbl Mp u M), He uMenn Obl 0COGCHHOCTEH (IIEPEIOMOB H
CKAuYKOB).

5. Ha kaxaom ydacTke Oanku (pambl) JJIs BBIYMCIICHHS WHTErpasia Mopa 1o
npaBuny Bepemaruna (TpaBUily «IEpPEeMHOXKCHHS» SIIOP) HEOOXOAWMO IUIOIIATH
OJTHOH 3IIopbI (0OBIYHO TPY30BOH 3MMIOpl Mp, TaK Kak, €CIIM €CTh KPUBOJWHEHHAs
3MIOpa, TO 00s3aTeIbHO €€ IUIOINIAJb) YMHOXHUTh Ha OpPJIWHATY APYTOW SIIOPHI,
PaCIOJIOKCHHYIO TIOJ IIEHTPOM TSDKECTH TIEPBOW, W pa3/IeUTh Ha )KECTKOCTh OaJIKH

(pambl), TO €CTh

eMpOM(®) 1
Jy - dx—EIz Qp-y. (8.79)

rjae
2, — muomanbs rpy3oBoil smopbl Mp Ha PacCMaTpPUBAEMOM YYacTKE Oallku

(pambl), 3HaK KOTOPOU OMpPENIENISIETCA 3HAKOM COOTBETCTBYIOIIEH 3mtopbl M p;

Y. — OpAMHAaTa B JIMHEHMHOW 3MIOpE Mk IIOJI LIEHTPOM TSIKECTU 3MOpsl Mp Ha
paccMaTprBaeMOM y4YacTKe Oanku (pamMbl), 3HAK KOTOPOW OMpEeNessieTcss 3HAKOM
cOOTBETCTBYIOMIEH dmmropsl My, (prc. 8.49);

E-J, — ’KecTKOCTh MOTEPEeYHOro Ce4eHHsl Oanku (pambl) HA paccMaTpUBACMOM
Y4aCTKE.

Ha mepBblii B3rJIsia, OmuMcaHHBIN TpadOaHATUTHYECKHN CIIOCO0 BBIYMCIICHUS
UHTErpasioB Mopa He Na€T ynpolleHH, Tak Kak BCE paBHO MPUXOIUTCS BBIYUCIATD

IWIOWAAb Q, KPUBOIMHEHHBIX JIIIOP.

OpnHako, BCTpedarolMecs Ha MPAKTUKE SMIOPhl MOTYT ObITh pa3OUTHI HA Pl

npocThiX Guryp (MpSAMOYrOJIbHUK, TPEYTOJbHUK, CHUMMETPUUHYIO KBAaJAPATUUYHYIO
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napaboity), y KOTOPhIX U3BECTHBI ILJIOIMIA/Ib U TIOJIOKEHUE LIEHTPA TKECTH.
Ha puc. 8.50 mnpuBeneHsl cBeaeHHs O KOOpAMHATAX IEHTPA TKECTH H
IUIOMIA/IAX TMPOCTEUIINX JMIOp — MPSIMOYTOJIbHHUK, TPEYTOJBHUK M CHUMMETPHYHAS

KBaJipaTuyHas napadona.

b b b w' 'V
Al
|11 0
— xc

|
M—XC—> L_XC_,

|
Xe =5 Q=bl Xe=5i Q=— Xc =

Puc. 8.50. KoopauHaThl 1IEHTPOB TSAKECTHU AIIOP U UX TLIOIIAIH

[Tpumepsl pazbueHus >mop npuBeAeHbl Ha puc. 8.51.
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Puc. 8.51. PazOuenune ClI0KHBIX MIOP Ha MPOCTHIC AMIOPHI

Pezynomam «nepemmuoosicenusy sniop Ha paccMaTpUBAEMOM Y4acTKe Oaliku
(pambl) sensiemes nonoxcumensuvim, eciu snwopvl Mp u Mk oonoco snaka, u

ompuyamenvivim, eciu sniopvl Mpu My pasneix snaxos.
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Eciii A 1ONOXUTENIBHO, TO TNIEPEMEILIECHUE COBNAJAECT C HaIpPaBICHUEM
€IUHUYHOW CHUJIbl, a €CJIM OTPULATEIIbBHO — TO IPOTHUBOIIOJIOXKHO ITOMY

HaIIpaBJICHHUIO.

8.33. KoHTpo/ibHbIE BONPOCHI AJIsl CAMONPOBEPKH 0 TeMe
«HM3rud npsiMoJIMHEeHHBIX OPyCheB»

Kaxoit Bua nedopmanum Ha3bpIBaeTCs YUCTHIM U3rHOOM?

Kaxkoit BHU] JIC(i)OpMaI_II/II/I Ha3bIBACTCS IIJNIOCKHUM ITOIICPCUYHBIM n3ruoom?

1
2
3. YTo mpoucXOoIUT C IPOJOJIbHBIMU BOJIOKHAMHU MaTepHalia npu u3ruoe?
4 Ha xakue Tpu OCHOBHBIX TUTIA ACJIATCS OMOPHI OANOK?

3)

Kakue BHYTPCHHUC CHUJIOBBIC q)aKTOpBI BO3HHKAIOT B IIOIICPCUHBIX

CEUCHMSIX OaJKH, pambl?

6. UTto Ha3bIBaeTCA MOMEPEYHON CHUJION B JaHHOM CEUYCHUH OalIKu?

1. Yto Ha3bIBaeTCs U3THOAIONMM MOMEHTOM B JJAHHOM CE€YCHHU OaJIKH?

8. UTto Ha3bIBaeTCS MPOJOJIFHON CHIION B TAHHOM CEYCHUU paMbl?

9. Kaxk onpenensercs 3Hak MonepeyHoM, Mpo0IbHOM CHUT M U3THOAIONIEro

MOMEHTA B MOIMEPEYHOM CeUEHUH OAJIKU U paMbl?

10. JUIst 9eT0 CTPOSTCS SIIOPHI BHYTPECHHUX YCHITUH MpHU n3rude?
11. Kaxk ompenensitorcst rpaHUIIBI YIaCTKOB OalKu (paMbl)?
12. [TpuBeaute nuddepeHManbHbIe 3aBUCUMOCTH MEXAY MONEPEUHON

CHJIOM, M3ru0aoIMM MOMEHTOM M MHTEHCUBHOCTBIO BHEITHEH pacrpe/ieeHHON
Harpy3Ku.

13. B kakom ciyuyae Ha SmIOpe MOMEPEYHBIX CHJT HAONIOMAETCS «CKAady0K» U
YeMy OH paBeH?

14. Chopmynupyere MpaBWIO «CKAYKOB» HA DIIOPE  HW3THOAIONINX

MOMCHTOB.
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15. Kax n3mensiercs nonepevnas cuia U U3rudaromnii MOMEHT Ha y4acTKax
0aJiku, T/Ie OTCYTCTBYET BHEIIIHSIS pacipeieicHHas: Harpy3Ka?

16. [To kakoMy 3aKkOHY HW3MEHSAIOTCA TOMNEpeYHas Cuja W M3TrUOaroIuid
MOMEHT Ha YydYacTKax OasKku, TIJe JAeUCTBYeT BHEIIHsS paclpeiesieHHas
Harpy3ka?

17. [Ipy KakoM 3HAYE€HHM TMOMEPEYHOM CHIIBl H3TUOAOIUMHA MOMEHT B

CeYeHUU 0aJKu MPUHUMAET IKCTPEMAIbHOE 3HaUeHue?

18. Uto Ha3pIBaeTCs CHIIOBOM MIIOCKOCTHIO (CHIOBOM JIMHUEH)?
19. UYTto Ha3bIBa€TCA HEUTPAIBHOM JIMHUEHN ?
20. HazoBute rumoresnl, KOTOpble NPUHUMAIOTCA AJI BbIBOAA (HOPMYIIBI

HOpMaJIbHBIX HaHpH}KGHI/Iﬁ IMpHu YUCTOM IINIOCKOM nu3ruoe.

21. Kak omnpenensiercss omacHoe cedeHue Oalkd 1O HOPMalbHBIM
HanpsHKEHUsIM ?
22. [lo kakoit  Qopmyne omnpenenstoTcss HOpMajbHbIE HAMpPSHKEHHUS B

MPOU3BOJIBHON TOYKE TIONIEPEYHOT0 CeUeHUs Oamku?

23. Kak ompenenstoTcss omacHble TOYKH IMOMEPEYHOrO CEUYCHHS OaNKH TI0
HOPMAaJIBHBIM HAIPSIKCHHUSIM?

24, Hanwmwure yciaoBHe TPOYHOCTH TIPH H3TMOE TI0 HOPMATBHBIM
HAIPSHKEHUSM IO METOY JOTTYCKaeMBbIX HATIPSIKCHHIA.

25. Omnopa HOpMANBHBIX HaMpshKeHU mpu u3rude. Kak ¢ momoripio 3Toi
SIIOPHI ONPEACIIUTD HAMPSHKEHUS B MPOU3BOJIBLHOM TOUYKE MOMEPEYHOTO CECUCHHUS
Oanku?

26. Kakue rumotesbl MCTONB3YIOTCS TPHU BBIBOJE (OPMYIBl KacaTeabHbIX
HaMPsHKEHWH TPU TITI0OCKOM U3ruoe?

217. Hamumure ¢opmyny KypaBckoro st ompeaeneHus KacaTelbHBIX

HaTPsHKCHUH MPU TIIIOCKOM M3THOeE.
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28. Kakoil BUJ MMEIOT 3MIOpHI KAacaTelbHbIX HANPSIKEHUH B MONEPEYHBIX
CEUYECHMSIX OaNKu NPSIMOYTOJIbHOM (OPMBI, AJI1 CTEHKH JIByTaBpa, LIBesuiepa?

29. I'me HaxonsaTcs omacHble TOYKM B TONEPEYHOM CEYEHUU Oallku 1o
KacaTeJbHbIM HaNPSXKEHUSIM?

30. Hanumure ycnoBue NpPOYHOCTH MO KacaTeNbHBIM HAINPSKEHUSM T10
METOJly IOMyCKAEeMBbIX HAIPS)KEHUU MPH MIIOCKOM H3rube.

31. Kaxk npoBepsieTcss MpoYyHOCTH OAJIKH 10 TJIABHBIM HAMPSHKEHUSIM ?

32. Kakue mnepemenieHusi moiy4aroT TMOINEpPEYHbIE ceueHus OaloK Mpu

IUIOCKOM HU3ruoe?

33. Urto Ha3bIBaeTCs yIPYrou JTUHUEH (M30THYTOM OChI0) Oanku?

34. Yro HazbIBaeTcs Mporuoom Oamku?

35.  Yro Ha3bIBaeTCs yriioM MOBOPOTA MOMEPEYHOr0 ceueHus OanKu?

36. Zanummute AudPepeHImaIbHy0 3aBUCUMOCTh MEXIY IPOrHOOM U

yIJIOM ITOBOPOTA CEYEHUM OANIKH.

37. Hamumwure npubnukxennoe nuddepeHnnaibHOe YpaBHEHHE HU30THYTOM
ocH OaJKu.

38. Urto Ha3bIBAETCS KECTKOCTHIO OaIKu?

39. Harumwure oOmuii BUJI YHUBEPCATBLHOTO ypaBHEHHUS ISl BBIYHCICHUS

MPOTUOOB 10 METO1y HAYaJbHBIX IMapaMeTPOB.
40. Hanumure oOmuii BUA yHUBEPCATBHOTO YpPaBHEHUS NJIsi BBIYMCICHUS

YIJIOB IIOBOpPOTAa CEUYCHUM 10 MCTOAY HAaYaJbHBIX IIAPpaMCTPOB.

41. N3 xakux yclioBUil ONpeeNat0TCs HEM3BECTHBIE HaYalbHbIE TapaMEeTPhI
Oanku?

42. HazoBuTe OCHOBHBIE MpaBWiia KOHTPOJISI MPABUIBHOCTU MOCTPOEHHBIX
S0P @ U V.

43. JlaiiTe onpeeneHrne CTaTHYECKU HEeONIPEIeIMMON CUCTEMBI?

44, Kak ycTranaBnuBaeTcsi CTeNeHb CTATUYECKON HEONPEIeTMMOCTH OamKku?
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45.
46.

[Inan pacyera cTaTUYECKH HEONIPEAETUMON CUCTEMBI?

Kakue ocHOBHEBIC npeuMynieCcTBa CTaTUICCKU HCOIPCACIUMBIX 0aJIok

repes CTaTUYECKH ONPENETUMBIMU ?

47.
48.
49.
50.

Kaxk unrtaerca reopema Kactunpsno?
Hanummure naTerpan Mopa.
B uem cyTh npaBuna Bepemaruna?

[Inan ompenenenus nepemenieHuid (MPOruOOB WU YIVIOB MOBOPOTA

IMPOU3BOJIBHOT'O CCUCHUA OaJIku WIJIH paMI)I) MCTOAOM Mopa C IIOMOIIBIO

npasuia Bepemaruna.
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U KOHTPOJIbHBIX PA00T 10 JUCUUILIMHAM
«ConporusjieHHEe MAaTEPUAJIOBY,

«CTpouresibHAA MEXaHUKA 111 APXUTEKTOPOBY,
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Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB
CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

1. CopramMeHT NPOKATHOM CTAJIN

1.1. IBesuiepsl craiabHble ropsvexaransie no F'OCT 8240—97
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Pucynoxk 1.1 — IlIBennep ¢ ykii0HOM BHYTPEHHHUX TPAHEH MOTOK

YenoBHble 0003HaYEHUS BETHYHH, XapaKTePU3YIOLIUX CBOMCTBA IIBEJJIEpA:

h — BbICOTa (IIBE/LIEPA);
b — mupHHA MOJIKH;
d — TONIIMHA CTEHKH;

e

TOJIIIIMHA TOJIKH;
Yo — PAaccTOSHHE OT OCH Z — Z 10 HAPYKHOM I'PaHH CTEHKH;
A — TIomAIh NOMEPEUHOTO CEUCHHS;

I — MOMEHT UHepIuH;

W — MOMEHT COpPOTHBIICHHUS,

[ — paguyc HHEpIHH;

Sy — CTaTHYecKHH MOMEHT TI0JTyCEYEHHS.

[Inomane MOIIEPEYHOT0 CCYCHHA H MaccCa Im IIBEJUICpa BBIYHCIICHBI II0

HOMMHAJIbHBIM pa3MepaM, INIOTHOCTh CTAJIH NPHHATA paBHOM 7.851/ oM,
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Tabmuma 1.1 — IlIBenmepsl ¢ YKIOHOM BHYTPEHHHX TpaHEH IMOJIOK

Ne h b | d t A I, Wy Iy Sy I, W- i Y0 Macca
MM | MM | MM | MM | CcM? cm? oM cM oM’ cm? eM® | oM | oM | lm M. Kr

S5Y | 50 | 32 |44 7.0 | 6.16 22.8 9.1 1.92 | 5.59 5.61 | 275 1095 |1.16 | 4.84
6,5Y | 65 | 36 |44 7.2 | 7.51 48.6 15.0 | 2.54 | 9.00 870 | 3.68 | 1.08 | 1.24 5.90
Y | 80 | 40 (45| 74 | 898 89.4 224 | 3.16 | 13.30 | 12.80 | 4.75 | 1.19 | 1.31 7.05
10Y | 100 | 46 | 45| 7.6 | 10.90| 174.0 | 348 | 3.99 | 20.40 | 2040 | 6.46 | 1.37 | 1.44 8.59
12y | 120 | 52 |48 | 7.8 | 13.30 | 304.0 | 50.6 | 4.78 | 29.60 | 31.20 | 8.52 | 1.53 | 1.54| 10.40
14y | 140 | 58 |49 | 8.1 | 1560 491.0 | 70.2 | 5.60 | 40.80 | 45.40 | 11.00 | 1.70 | 1.67 | 12.30
16Y | 160 | 64 |50 8.4 | 18.10 | 747.0 | 934 | 6.42 | 54.10 | 63.30 | 13.80| 1.87 | 1.80 | 14.20
16ay | 160 | 68 | 5.0] 9.0 1 19.50 | 823.0 |103.0| 6.49 | 5940 | 78.80 | 16.40 | 2.01 1 2.00| 15.30
18y | 180 | 70 |5.1 | 87 [20.70 | 1090.0 ' 121.0| 7.24 | 69.80 | 86.00 | 17.00 | 2.04 | 1.94 | 16.30
18ay | 180 | 74 | 5.1| 93 12220 1190.0 | 132.0| 7.32 | 76.10 | 105.00 | 20.00 | 2.18 | 2.13 | 17.40
20 [200| 76 |52 9.0 |23.40| 1520.0 | 152.0 | 8.07 | 87.80 | 113.00 | 20.50 | 2.20 | 2.07 . 18.40
22V | 220| 82 |54 95 |26.70| 2110.0 | 192.0 | 889 | 110.00 | 151.00 | 25.10 | 2.37 | 2.21  21.00
24y 1240 | 90 | 5.6 10.0 | 30.60 | 2900.0 |242.0 | 9.73 | 139.00 | 208.00 | 31.60 | 2.60 | 2.42 | 24.00
27Y | 270| 95 | 6.0 10.5|3520| 4160.0 | 308.0 | 10.90 | 178.00 | 262.00 | 37.30 | 2.73 | 2.47 27.70
30 | 300|100 |6.5|11.0 | 40.50 | 5810.0 | 387.0 1 12.00 | 224.00 | 327.00 | 43.60 | 2.84 | 2.52 | 31.80
33V | 330105 |7.0|11.7 | 46.50 | 7980.0 | 484.0 13.10 | 281.00 | 410.00 | 51.80 | 2.97 | 2.59 | 36.50
36V | 360 | 110 | 7.5|12.6 | 43.40 | 10820.0 | 601.0 | 14.20 | 350.00 | 513.00 | 61.70 | 3.10 | 2.68 | 41.90
40V 400 | 115 |8.0 | 13.5]61.50| 15220.0 | 761.0 | 15.70 | 444.00 | 642.00 | 73.40 | 3.23 | 2.75 | 48.30

(11 919¢h) dOI'VIdALVIN BUHALI'AULOdIIOD 190041109 AI9HII VAITAIID

dOI'VUdALVIN AMHALFAN.LOdIIOD
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yl'lpaB.TIEHI/le HH(l)pOBle Oﬁpa30BaTeJ'lele TEeXHOJIOTuii

COIITPOTUBJIEHUE MATEPHUAJIOB
CIIEHUAJIBHBIE BOITPOCHI COIMTPOTUBJIEHUSI MATEPUAJIOB (Yacts 1)

1.2. BobiOopka ABYTaBpBI CTAJIBHBIE FOPSAYEKATAHBIE ¢ MAPAJLIEILHBIMH IPa-
uamu noJok mo 'OCT P 57837—2017

d
YL/ /£ 2]
78

. — — . — v — —

J/
////k/ v
A

b

Pucynoxk 1.2 — J[ByTaBp cTajabHOM ropsyeKaTaHsblii ¢ mapasiieabHbIMU TPaHAMU
MOJTIOK

YenoBHbIE 0003HAYEHNS BETMYHH, XapaKTEPH3YIONINX CBOICTBA JByTaBpa:

h ~— BbIcOTa (AByTaBpa);

b — mmMpHHa MONKY;

d — TONIMHA CTECHKH;

{ — TONIHHA MOJKY;

A — mIowa/b NONEPEYHOro CEUCHHMS;

[ — MOMEHT HHEpPLHUH;

W — MOMEHT CONpOTHBIICHHUS;

I — paauyc MHEpLHH;

S — CTaTMYeCKMii MOMEHT MOJTYCEYEHHS.

[Tnomane momepeyHoro cedeHust ¥ Macca | M JByTaBpa BBIYHCIEHBI IO
HOMHHAJIBHBIM pa3Mepam, IOTHOCTb CTA/IH IPUHATA paBHOH 7.85 r/em’.
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Tabmuua 1.2 — JIByTaBpbl CTaabHbIE TOpsYEKAaTaHbIE C APAIEIbHBIMH IPAHSIMH MOJIOK

Ne h b d t A Macca I8 W, Sy Iy A W, S; iy
MM MM | MM | MM om? 1 m. M. Kr em? om? om? cM em com? e’ M
Tun b — Bbasounbie HOpMa/ibHBIE IBYTABPbI
1061 | 100.0 | 55.0 | 4.1 | 5.7 10.32 8.10 171.01 34.20 19.70 | 40.70 15.92 5.79 4.57 12.42
1261 | 117.6 | 64.0 | 3.8 | 5.1 11.03 8.70 257.36 43.80 2494 | 4830 22.39 7.00 5.49 14.25
1262 | 120.0 | 64.0 | 44 | 63 13.21 10.40 317.75 53.00 3036 | 49.04 27.67 8.65 6.79 14.47
14b1 | 1374 | 73.0 | 3.8 | 5.6 13.39 10.50 434.86 63.30 35.80 56.98 36.42 9.98 7.76 16.49
1462 | 140.0 | 73.0 | 47 | 6.9 16.43 12.90 541.22 77.30 44.17 57.40 44.92 12.31 9.62 16.54
16b1 | 157.0 | 82.0 | 40 | 59 16.18 12.70 689.28 87.80 49.55 65.27 54.43 13.27 1035 | 18.34
1662 | 160.0 | 82.0 | 50 | 74 20.09 15.80 869.29 108.70 61.93 65.78 68.31 16.66 13.05 | 18.44
1861 | 177.0| 91.0 | 43 | 6.5 19.58 15.40 1062.74 120.10 67.66 73.68 81.89 18.00 13.98 | 20.45
1862 | 180.0 | 91.0 | 53 | 8.0 23.95 18.80 1316.96 146.30 83.21 74.16 100.85 22.16 17.30 | 20.52
2060 | 198.0 | 99.0 | 45 | 7.0 23.18 18.20 1581.56 159.80 89.88 82.60 113.62 22.95 17.86 | 22.14
2061 | 200.0 | 100.0 | 5.5 | 8.0 27.16 21.30 1844.26 184.40 104.73 | 82.41 133.91 26.78 2097 | 2221
2062 | 203.0 | 101.0 | 6.5 | 95 32.19 25.30 2218.49 218.60 12499 | 83.02 163.93 32.46 25.50 | 22.57
2063 | 208.0 | 102.0 | 8.0 | 12.0 | 40.24 31.60 2852.62 274.30 15846 | 84.20 | 213.50 41.86 33.02 | 23.03
25b1 | 248.0 | 1240 | 5.0 | 8.0 32.68 25.70 3537.11 285.30 159.68 | 104.04 | 254.85 41.11 31.80 | 27.93
2562 | 250.0 [ 125.0 | 6.0 | 9.0 37.66 29.60 4051.73 324.10 182.93 | 103.73 | 293.85 47.02 36.55 | 27.93
2563 | 255.0 | 126.0 | 7.5 | 11.5 | 47.62 37.40 5238.16 410.80 233.88 | 104.88 | 384.79 61.08 47.67 | 28.43
2564 | 260.0 | 127.0 | 9.0 | 14.0 | 57.68 45.30 6481.01 498.50 286.25 | 106.00 | 480.07 75.60 59.24 | 28.85
3061 | 298.0 | 149.0 | 5.5 | 8.0 40.80 32.00 6318.22 424.00 237.53 | 12444 | 442.00 59.33 45.88 | 32.91
3062 | 300.0 | 150.0 | 6.5 | 9.0 46.78 36.70 7209.26 480.60 271.06 | 124.14 | 507.53 67.67 52.56 | 32.94
3063 | 305.0 | 151.0 | 8.0 | 11.5 | 58.74 46.10 9254.92 606.90 34437 | 12552 | 661.88 87.67 68.31 | 33.57
3064 | 310.0 | 152.0 | 9.5 | 14.0 | 70.80 55.60 11381.41 | 73430 | 419.40 | 126.79 | 822.37 108.21 | 84.60 | 34.08
3561 | 346.0 | 1740 | 6.0 | 9.0 52.68 41.40 11094.49 | 641.30 358.09 | 145.12 | 791.54 90.98 70.11 | 38.76
3562 | 350.0 | 175.0 | 7.0 | 11.0 | 63.14 49.60 13559.01 | 774.80 | 43396 | 146.54 | 984.34 112.50 | 86.79 | 39.48
3563 | 355.0|176.0 85 | 135 | 77.08 60.50 16797.02 | 946.30 53354 | 147.62 | 122936 | 139.70 | 108.13 | 39.94
3564 | 361.0 | 177.0 | 10.0 | 16.5 | 92.89 7290 | 20719.71 | 1147.90 | 651.07 | 149.35 | 152890 | 172.76 | 134.02 | 40.57
4061 |396.0 | 199.0 | 7.0 | 11.0 | 72.16 56.60 | 20018.83 | 1011.10 | 563.93 | 166.56 | 1447.14 | 14544 | 111.97 | 44.78
4062 | 400.0 | 200.0 | 8.0 | 13.0 | 84.12 66.00 | 23704.43 | 118520 | 663.13 | 167.87 | 173639 | 173.64 | 133.82 | 4543
4063 | 406.0 | 201.0 | 9.5 | 16.0 | 102.05 80.10 | 29352.45 | 144590 | 81338 | 169.60 | 2169.89 | 21591 | 166.74 | 46.11

IIpodonaicenue na credyioweii cmpanuye

(11 919¢h) dOI'VAdALVIN BUHALI'AULOdIIOD 190041109 AI9HII VAITAIID

dOI'VUdALVIN AMHALFAN.LOdIIO)D

00 xiggo0dun sundraedn

HUIOIFOHXJL XI9HdId Ledosed

~



8Tt

[Tponomxenue Tadnuup 1.2

Ne h b d t A Macca I W, Sy Iy I W, 3, iz
MM MM MM MM CM2 I m. M. KT CM4 CM3 CM3 CcM CM4 CM3 CM3 CM
40b4 | 412.0 | 202.0 | 11.0 | 19.0 | 120.10 94.30 35196.83 | 1708.60 | 966.65 | 171.19 | 2616.25 | 259.03 | 20047 | 46.67
45b1 | 446.0 | 199.0 | 8.0 | 12.0 | 84.30 66.20 28697.35 | 1286.90 | 725.06 | 184.50 | 1580.03 | 158.80 | 123.29 | 43.29
4562 | 450.0 | 200.0 | 9.0 | 14.0 | 96.76 76.00 33450.76 | 1486.70 | 839.53 | 185.93 | 1871.57 | 187.16 | 145.46 | 43.98
45b3 | 456.0 | 201.0 | 10.5 | 17.0 | 115.43 90.60 40710.41 | 1785.50 | 1012.55 | 187.80 | 2307.62 | 229.61 | 178.81 | 44.71
45b4 | 462.0 | 202.0 | 12.0 | 20.0 | 13422 | 10540 | 48197.42 | 2086.50 | 1188.75 | 189.50 | 2756.66 | 272.94 | 213.01 | 45.32
5061 |492.0|199.0 8.8 | 12.0 | 92.38 72.50 36841.89 | 1497.60 | 853.45 | 199.70 | 1581.96 | 158.99 | 124.86 | 41.38
5062 | 496.0 | 199.0 | 9.0 | 14.0 | 101.27 79.50 41869.08 | 1688.30 | 957.23 |203.33 | 184489 | 18542 | 144.88 | 42.68
5063 | 500.0 | 200.0 | 10.0 | 16.0 | 114.23 89.70 47846.05 | 1913.80 | 1087.59 | 204.66 | 2140.79 | 214.08 | 167.48 | 43.29
5064 | 508.0 | 201.0 | 12.0 | 20.0 | 139.99 | 109.90 | 59953.57 | 2360.40 | 1348.82 | 206.94 | 2717.85 | 270.43 | 212.23 | 44.06
5065 | 516.0 | 202.0 | 15.0 | 24.0 | 170.59 | 133.90 | 73345.26 | 2842.80 | 1642.68 | 207.35 | 3315.53 | 328.27 | 260.04 | 44.09
55b1 | 543.0 | 220.0 | 9.5 | 13.5 | 113.36 89.00 55677.42 | 2050.70 | 1164.94 | 221.62 | 2405.54 | 218.69 | 171.67 | 46.06
55b2 | 547.0 | 220.0 | 10.0 | 15.5 | 124.74 97.90 62784.45 | 2295.60 | 1301.49 | 22434 | 2761.34 | 251.03 | 196.56 | 47.05
5563 | 553.0 | 221.0 | 12.0 | 18.5 | 148.63 | 116.70 | 75321.22 | 2724.10 | 1554.49 | 225.11 | 334292 | 302.53 | 237.99 | 4742
55b4 | 560.0 | 222.0 | 14.0 | 22.0 | 174.86 | 137.30 | 89907.09 | 3211.00 | 1842.20 | 226.75 | 4032.07 | 363.25 | 286.76 | 48.02
60b1 | 596.0 | 199.0 | 10.0 | 15.0 | 120.45 94.60 6871590 | 230590 | 132536 | 238.85 | 1979.66 | 198.96 | 157.64 | 40.54
60b2 | 600.0 | 200.0 | 11.0 | 17.0 | 134.41 | 105.50 | 77632.25 | 2587.70 | 1489.36 | 240.32 | 2278.16 | 227.82 | 180.72 | 41.17
6063 | 604.0 | 201.0 | 12.5 | 19.0 | 151.28 | 118.80 | 87472.10 | 2896.40 | 167538 | 240.46 | 2586.62 | 257.38 | 205.28 | 41.35
60b4 | 612.0 | 202.0 | 15.0 | 23.0 | 181.97 | 14290 | 106509.50 | 3480.70 | 2026.68 | 241.93 | 3182.62 | 315.11 | 253.12 | 41.82
7061 | 691.0 | 260.0 | 12.0 | 15.5 | 164.74 | 12930 | 12592220 | 3644.60 | 2094.79 | 276.47 | 4557.35 | 350.57 | 276.64 | 52.60
7062 | 697.0 | 260.0 | 12.5 | 18.5 | 183.64 | 144.16 | 145904.02 | 4186.63 | 2392.68 | 281.87 | 5437.68 | 418.28 | 328.41 | 54.41
7063 | 702.0 | 261.0 | 145 | 21.0 | 210.26 | 165.10 | 167085.05 | 4760.30 | 2736.06 | 281.89 | 624849 | 478.81 | 378.10 | 54.51
7064 | 710.0 | 262.0 | 17.0 | 25.0 | 248.14 | 194.80 | 199679.98 | 5624.80 | 3249.28 | 283.67 | 7531.16 | 574.90 | 456.29 | 55.09
Tun I — bajgoynbie LWHPOKONOI0YHBIE ABYTABPbI
20110 | 190.0 | 149.0 | 5.0 | 7.0 31.11 24.40 2079.60 218.90 12097 | 81.76 386.62 51.90 39.79 | 35.25
20001 | 194.0 | 150.0 | 6.0 | 9.0 39.01 30.60 2689.74 277.30 15428 | 83.04 507.16 67.62 51.85 | 36.06
20002 | 199.0 [ 151.0 | 7.5 | 11.5 | 49.38 38.80 3502.14 352.00 198.01 | 84.21 661.25 87.58 67.27 | 36.59
2003 | 204.0 | 152.0 | 9.0 | 14.0 | 59.85 47.00 4362.01 427.70 243.18 | 85.37 821.37 108.08 | 83.18 | 37.05
20014 | 211.0 | 155.0 | 11.0 | 17.5 | 75.06 58.90 5696.83 540.00 311.20 | 87.12 | 1089.19 | 140.54 | 108.38 | 38.09
2005 | 218.0 | 157.0 | 13.0 | 21.0 | 90.27 70.90 7117.64 653.00 381.26 | 88.80 | 1359.05 | 173.13 | 133.81 | 38.80
20006 | 228.0 | 159.0 [ 16.0 | 26.0 | 112.29 88.20 9312.80 816.90 485.66 | 91.07 | 1749.68 | 220.09 | 170.75 | 39.47

IIpodondicenue na cnedyoujeii cmpanuye

(11 919¢h) dOI'VAdALVIN BUHALI'AULOdIIOD 190041109 AI9HII VAITAIID

dOI'VUdALVIN AUHAI'dAU LOdIIOD
HILIOIFOHXIL XI9H4Ird Legosed

~

00 xiggo0dun sundraedn



61T

[Tponomxenue Tabmuupt 1.2

Ne h b d t A Macca I, W, Sy Iy I W. S, i
MM MM | MM | MM cM? 1 m. m. Kr em? oM’ o’ cM em? oM’ oM’ cM
25110 |240.0 | 1740 | 6.0 | 9.0 46.84 36.80 4981.13 415.10 229.64 | 103.13 | 791.75 91.01 69.84 | 41.11
25101 | 2440 | 175.0 | 7.0 | 11.0 | 56.24 44.20 6121.23 501.70 279.19 | 104.33 | 984.48 112.51 86.36 | 41.84
2512 | 249.0 | 176.0 | 8.5 | 13.5 | 68.59 53.80 7624.69 612.40 34394 | 10544 | 122933 139.70 | 107.41 | 42.34
25103 | 256.0 | 177.0 | 10.5 | 17.0 | 85.69 67.30 9819.49 767.20 436.06 | 107.05 | 1575.20 | 177.99 | 137.18 | 42.88
251114 | 264.0 | 182.0 | 13.0 | 21.0 | 107.50 84.40 12751.44 | 966.00 556.26 | 10891 | 2116.49 | 232.58 | 179.70 | 44.37
25115 | 274.0 | 184.0 | 16.0 | 26.0 | 133.40 | 104.70 | 16478.26 | 1202.80 | 703.59 | I111.14 | 2710.17 | 294.58 | 228.44 | 45.07
251116 | 286.0 | 186.0 | 19.0 | 32.0 | 163.42 | 12830 | 21287.68 | 1488.70 | 884.76 | 114.13 | 3448.57 | 370.81 | 288.22 | 45.94
30110 | 290.0 | 199.0 | 7.0 | 10.0 | 61.48 48.30 9429.75 650.30 360.60 | 123.85 | 1316.09 | 132.27 | 101.70 | 46.27
30111 | 294.0 | 200.0 | 8.0 | 12.0 | 72.38 56.80 11338.30 | 771.30 429.51 | 125.16 | 1603.26 | 160.33 | 123.28 | 47.06
30112 | 300.0 | 201.0 | 9.0 | 15.0 | 87.38 68.60 14209.66 | 947.30 529.86 | 127.52 | 2034.13 | 202.40 | 155.42 | 48.25
3013 | 306.0 | 203.0 | 11.0 | 18.0 | 105.56 82.90 17455.33 | 114090 | 644.63 | 128.59 | 251546 | 247.83 | 190.85 | 48.82
30114 | 314.0 | 206.0 | 13.0 | 22.0 | 128.52 | 100.90 | 21967.16 | 1399.20 | 798.35 | 130.74 | 3213.67 | 312.01 | 240.56 | 50.00
300105 | 326.0 | 208.0 | 16.0 | 28.0 | 162.46 | 127.50 | 29037.68 | 1781.50 | 1031.79 | 133.69 | 4213.04 | 405.10 | 313.16 | 50.92
30116 | 342.0 | 210.0 | 20.0 | 36.0 | 207.98 | 163.30 | 39315.66 | 2299.20 | 1357.14 | 137.49 | 5580.38 | 531.47 | 412.35 | 51.80
3511 | 334.0 | 249.0 | 8.0 | 11.0 | 83.17 65.30 17107.05 | 1024.40 | 565.71 | 14342 | 2834.62 | 227.68 | 174.45 | 58.38
35112 | 340.0 | 250.0 | 9.0 | 14.0 | 101.51 79.70 21676.50 | 1275.10 | 706.03 | 146.13 | 3650.97 | 292.08 | 223.45 | 59.97
35113 | 347.0 | 252.0 | 11.0 | 17.5 | 125.95 98.90 27535.21 | 1587.00 | 886.41 | 147.86 | 467490 | 371.02 | 284.26 | 60.92
351114 | 354.0 | 254.0 | 13.0 | 21.0 | 150.67 | 118.30 | 33692.45 | 1903.50 | 1072.31 | 149.54 | 5745.80 | 452.43 | 347.18 | 61.75
3515 | 364.0 | 258.0 | 16.0 | 26.0 | 187.51 14720 | 43231.44 | 237540 | 135436 | 151.84 | 745832 | 578.16 | 44479 | 63.07
35106 | 376.0 | 260.0 | 19.0 | 32.0 | 229.11 17990 | 54967.48 | 2923.80 | 1688.25 | 154.89 | 9398.88 | 722.99 | 557.28 | 64.05
35107 | 392.0 | 262.0 | 23.0 | 40.0 | 284.79 | 223.60 | 7181525 | 3664.00 | 2150.36 | 158.80 | 12030.69 | 918.37 | 709.81 | 65.00
4011 | 383.01299.0 | 9.5 | 12.5 | 112.91 88.60 30554.32 | 1595.50 | 880.73 | 164.50 | 5576.08 | 37298 | 28542 | 70.27
401102 | 390.0 | 300.0 | 10.0 | 16.0 | 13595 | 106.70 | 38674.10 | 1983.30 | 1093.97 | 168.66 | 7207.77 | 480.52 | 366.53 | 72.81
40113 | 397.0 | 302.0 | 12.0 | 19.5 | 164.89 | 129.40 | 47846.38 | 2410.40 | 1339.96 | 170.34 | 8962.48 | 593.54 | 453.33 | 73.72
401114 | 406.0 | 304.0 | 14.5| 24.0 | 201.98 | 158.60 | 60107.10 | 2960.90 | 1662.00 | 172.51 | 11253.74 | 740.38 | 566.43 | 74.64
40105 | 418.0 | 309.0 | 17.5 | 30.0 | 252.20 | 198.00 | 77867.25 | 3725.70 | 2114.90 | 175.71 | 14776.27 | 956.39 | 732.65 | 76.54
401116 | 430.0 | 311.0 | 21.0 | 36.0 | 303.25 | 238.10 | 96432.24 | 448520 | 2578.21 | 178.32 | 18086.35 | 1163.11 | 893.43 | 77.23
40117 | 446.0 | 313.0 | 25.0 | 44.0 | 369.09 | 289.70 | 122543.61 | 5495.20 | 3204.85 | 182.21 | 22547.07 | 1440.71 | 1109.25 | 78.16
45110 | 434.0 1 299.0 | 10.0 | 15.0 | 135.04 | 106.00 | 46794.17 | 2156.40 | 1192.24 | 186.15 | 6692.40 | 447.65 | 342.87 | 70.40
4511 | 440.0 | 300.0 | 11.0 | 18.0 | 157.38 | 123.60 | 56069.13 | 2548.60 | 1412.44 | 188.75 | 8111.31 540.75 | 413.80 | 71.79
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Ne h b d t A Macca 1 Wy Sy Iy I W S, i
MM MM | MM | MM om? 1 1. M. KT em? cm® oM’ cM em? oM’ o’ cM
451112 | 446.0 | 302.0 | 13.0 | 21.0 | 184.30 | 144.70 | 66379.08 | 2976.60 | 1661.51 | 189.78 | 9655.62 | 639.44 | 490.29 | 72.38
45113 | 452.0 | 304.0 | 15.0 | 24.0 | 211.46 | 166.00 | 77050.83 | 3409.30 | 1915.99 | 190.88 | 11258.33 | 740.68 | 569.04 | 72.97
451114 | 464.0 | 308.0 | 18.0 | 30.0 | 262.46 | 206.00 | 98962.82 | 4265.60 | 2420.93 | 194.18 | 14639.89 | 950.64 | 731.39 | 74.69
45115 | 476.0 | 310.0 | 21.0 | 36.0 | 31298 | 245.70 | 121722.09 | 5114.40 | 2932.26 | 197.21 | 17919.22 | 1156.08 | §891.09 | 75.67
451116 | 492.0 | 312.0 | 25.0 | 44.0 | 380.50 | 298.70 | 153856.39 | 6254.30 | 3633.74 | 201.08 | 22341.69 | 1432.16 | 1106.76 | 76.63
50011 | 482.0 | 300.0 | 11.0 | 15.0 | 145.52 | 114.20 | 60366.76 | 2504.80 | 1395.56 | 203.67 | 6763.81 | 450.92 | 347.62 | 68.18
502 | 487.0 | 300.0 | 14.5| 17.5 | 176.34 | 138.40 | 71863.01 | 2951.30 | 1666.63 | 201.87 | 7897.76 | 526.52 | 40942 | 66.92
S0MI3 | 493.0 | 300.0 | 15.5 ] 20.5 | 198.86 | 156.10 | 83437.19 | 3384.90 | 1912.66 | 204.83 | 9251.07 | 616.74 | 478.76 | 68.21
501114 | 499.0 | 300.0 | 16.5 | 23.5 | 221.38 | 173.80 | 95277.59 | 3818.70 | 2161.40 | 207.45 | 10604.77 | 706.98 | 54821 | 69.21
S0LS | 508.0 | 302.0 | 19.0 | 28.0 | 260.80 | 204.70 | 114959.83 | 4526.00 | 2578.55 | 209.95 | 12894.50 | 853.94 | 663.27 | 70.31
5006 | 518.0 | 310.0 | 22.0 | 33.0 | 309.84 | 243.20 | 140248.12 | 5415.00 | 3106.50 | 212.75 | 16442.93 | 1060.83 | 825.05 | 72.85
500107 | 532.0 | 312.0 | 26.0 | 40.0 | 372.92 | 292.70 | 174203.77 | 6549.00 | 3797.96 | 216.13 | 20335.66 | 1303.57 | 1017.09 | 73.84
SOI8 | 548.0 | 314.0 | 30.0 | 48.0 | 442.84 | 347.60 | 214879.98 | 7842.30 | 4598.03 | 220.28 | 24895.52 | 1585.70 | 1240.04 | 74.98
6011 | 582.0 | 300.0 | 12.0 | 17.0 | 174.49 | 137.00 | 102709.98 | 3529.60 | 1981.30 | 242.62 | 7669.85 | 511.32 | 396.49 | 66.30
60I2 | 589.0 | 300.0 | 16.0 | 20.5 | 217.41 | 170.70 | 126193.28 | 4285.00 | 2438.84 | 240.92 | 9259.23 | 617.28 | 483.58 | 65.26
60LI3 | 597.0 | 300.0 | 18.0 | 24.5 | 252.37 | 198.10 | 15003532 | 5026.30 | 2869.72 | 243.82 | 11069.15 | 737.94 | 578.58 | 66.23
601114 | 605.0 | 300.0 | 20.0 | 28.5 | 287.33 | 225.60 | 174450.48 | 5767.00 | 3305.39 | 246.40 | 12881.17 | 858.74 | 674.12 | 66.96
605 | 616.0 | 302.0 | 23.0 | 34.0 | 338.13 | 26540 | 210467.04 | 6833.40 | 3941.46 | 249.49 | 15686.68 | 1038.85 | 817.44 | 68.11
60LI6 | 630.0 | 315.0 | 27.0 | 41.0 | 412.99 | 324.20 | 266239.93 | 8452.10 | 4907.09 | 253.90 | 21476.18 | 1363.57 | 1073.64 | 72.11
60LI7 | 644.0 | 317.0 | 31.0 | 48.0 | 480.93 | 377.50 | 318172.04 | 9881.10 | 5788.14 | 257.21 | 25653.76 | 1618.53 | 1279.02 | 73.04
60LL8 | 664.0 | 319.0 | 36.0 | 58.0 | 574.05 | 450.60 | 394963.73 | 11896.50 | 7047.57 | 262.30 | 31634.21 | 1983.34 | 1572.47 | 74.23
TOLIT | 692.0 | 300.0 | 13.0 | 20.0 | 211.49 | 166.00 | 172424.05 | 4983.40 | 2814.39 | 285.53 | 9024.74 | 601.65 | 468.07 | 65.32
70MI2 | 698.0 | 300.0 | 15.0 | 23.0 | 242.53 | 190.40 | 198779.77 | 5695.70 | 3233.41 | 286.29 | 10382.92 | 692.19 | 54047 | 65.43
7013 | 707.0 | 300.0 | 18.0 | 27.5 | 289.09 | 226.90 | 239021.10 | 6761.60 | 3867.01 | 287.54 | 1242420 | 828.28 | 650.29 | 65.56
7014 | 715.0 | 300.0 | 20.5 | 31.5 | 329.39 | 258.60 | 275127.01 | 7695.90 | 4426.46 | 289.01 | 14242.00 | 949.47 | 748.55 | 65.76
70L5 | 725.0 | 300.0 | 23.0 | 36.5 | 375.69 | 29490 | 319781.96 | 8821.60 | 5099.30 | 291.75 | 16514.18 | 1100.95 | 870.34 | 66.30
7006 | 740.0 | 313.0 | 27.0 | 44.0 | 458.21 | 359.70 | 403258.33 | 10898.90 | 6334.98 | 296.66 | 22622.21 | 1445.51 | 1143.72 | 70.26
70LU7 | 758.0 | 315.0 | 32.0 | 53.0 | 549.27 | 431.20 | 496466.98 | 13099.40 | 7693.00 | 300.64 | 27822.58 | 1766.51 | 1405.68 | 71.17
708 | 780.0 | 317.0 | 38.0 | 64.0 | 660.25 | 518.30 | 616075.38 | 15796.80 | 9389.94 | 305.47 | 34321.60 | 2165.40 | 1734.01 | 72.10
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No h b d t A Macca I, W, Sy Iy I W, Sz i
MM MM MM MM CM2 1. m. kT CM4 CM3 CM3 CM CM4 CM3 CM3 CM
I5K1 | 147.0 | 149.0 | 6.0 | 85 34.17 26.80 1366.76 186.00 103.63 | 63.25 469.21 62.98 48.05 | 37.06
15K2 | 150.0 | 150.0 | 7.0 | 10.0 | 40.14 31.50 1641.33 218.80 123.04 | 63.95 563.28 75.10 5736 | 37.46
15K3 | 155.0 | 151.0 | 85 | 12,5 | 49.84 39.10 2117.61 273.20 155.69 | 65.18 718.46 95.16 72.78 | 37.97
15K4 | 160.0 | 152.0 | 10.0 | 15.0 | 59.64 46.80 2629.16 328.60 189.67 | 66.40 879.66 115.74 | 88.65 | 38.41
15K5 | 166.0 | 153.0 | 12.0 | 18.0 | 71.72 56.30 3291.43 396.60 23239 | 67.74 | 1077.13 | 140.80 | 108.12 | 38.75
20K1 | 196.0 | 199.0 | 6.5 | 10.0 | 52.69 41.40 3846.06 392.50 21641 | 85.44 | 131447 | 132.11 | 100.38 | 49.95
20K2 | 200.0 | 200.0 | 8.0 | 12.0 | 63.53 49.90 4715.63 471.60 262,75 | 86.15 | 1601.53 | 160.15 | 121.91 | 50.21
20K3 | 204.0 | 201.0 | 9.0 | 14.0 | 73.57 57.80 5602.48 549.30 308.35 | 87.26 | 1896.76 | 188.73 | 143.72 | 50.78
20K4 | 210.0 | 201.0 | 10.5 | 17.0 | 88.27 69.30 6962.62 663.10 376.57 | 88.81 | 2303.59 | 229.21 | 174.72 | 51.09
20KS | 214.0 | 202.0 | 12.0 | 19.0 | 99.33 78.00 7970.40 74490 | 426.84 | 89.58 | 2613.87 | 258.80 | 197.63 | 51.30
20K6 | 220.0 | 202.0 | 14.0 | 22.0 | 11497 | 90.30 9488.15 862.60 500.34 | 90.84 | 3027.75 | 299.78 | 22945 | 51.32
20K7 | 226.0 | 203.0 | 16.0 | 25.0 | 13L.11 | 10290 | 11136.66 | 985.60 578.16 | 92.16 | 349341 | 344.18 | 263.98 | 51.62
20K8 | 234.0 | 203.0 | 18.0 | 29.0 | 150.87 | 118.40 | 13375.48 | 114320 | 679.29 | 94.16 | 4053.99 | 399.41 | 306.76 | 51.84
25K1 | 246.0 | 249.0 | 8.0 | 12.0 | 79.72 62.60 9170.92 745.60 | 410.68 | 107.26 | 3090.06 | 248.20 | 188.61 | 62.26
25K2 | 250.0 | 250.0 | 9.0 | 14.0 | 92.18 72.40 10832.61 | 866.60 | 480.25 | 108.41 | 3648.81 | 291.90 | 221.88 | 62.92
25K3 | 253.0 | 251.0 | 10.0 | 15.5 | 102.21 80.20 12153.56 | 960.80 53541 | 109.05 | 4088.75 | 325.80 | 247.85 | 63.25
25K4 | 257.0 | 252.0 | 11.0 | 17.5 | 114.82 | 90.10 13927.17 | 1083.80 | 607.67 | 110.14 | 4672.01 | 370.79 | 282.18 | 63.79
25K5 ] 262.0 | 253.0 [ 12.5| 20.0 | 131.15 | 103.00 | 16243.92 | 1240.00 | 701.07 | 111.29 | 5404.02 | 427.20 | 325.46 | 64.19
25K6 | 267.0 | 253.0 | 14.0 | 22.5 | 147.13 | 115.50 | 18593.24 | 1392.80 | 79396 | 112.42 | 6080.59 | 480.68 | 366.65 | 64.29
25K7 | 274.0 | 258.0 | 16.0 | 26.0 | 171.88 | 13490 | 22416.62 | 1636.30 | 942.16 | 114.20 | 7452.57 | 577.72 | 441.04 | 65.85
25K8 | 281.0 | 259.0 | 18.0 | 29.5 | 194.97 | 153.10 | 26169.72 | 1862.60 | 1083.49 | 11586 | 8556.67 | 660.75 | 505.09 | 66.25
25K9 | 288.0 | 260.0 | 20.0 | 33.0 | 218.20 | 171.30 | 30128.76 | 2092.30 | 122896 | 117.51 | 9685.85 | 745.07 | 570.29 | 66.63
25K10 | 298.0 | 261.0 | 23.0 | 38.0 | 251.62 | 197.50 | 36112.37 | 2423.70 | 1442.84 | 119.80 | 11288.10 | 864.99 | 663.49 | 66.98
30K1 | 298.0 | 299.0 | 9.0 | 14.0 | 110.80 87.00 18848.66 | 1265.00 | 694.64 | 130.43 | 6241.19 | 41747 | 316.82 | 75.05
30K2 | 300.0 | 300.0 | 10.0 | 15.0 | 119.78 | 94.00 | 20410.21 | 1360.70 | 750.59 | 130.54 | 6754.83 | 450.32 | 342.13 | 75.10
30K3 | 300.0 | 305.0 | 15.0 | 15.0 | 13478 | 105.80 | 21535.21 | 1435.70 | 806.84 | 126.40 | 7104.76 | 465.89 | 358.04 | 72.60
30K4 | 304.0 | 301.0 | 11.0 | 17.0 | 134.82 | 105.80 | 23380.49 | 1538.20 | 852.74 | 131.69 | 7732.59 | 513.79 | 390.46 | 75.73
30KS | 308.0 | 301.0 | 12.0 | 19.0 | 149.56 | 117.40 | 26362.99 | 1711.90 | 953.96 | 132.77 | 8642.78 | 574.27 | 436.61 | 76.02
30K6 | 312.0 | 302.0 | 13.0 | 21.0 | 164.72 | 12930 | 29508.74 | 1891.60 | 1059.44 | 133.84 | 9648.60 | 638.98 | 485.99 | 76.53
30K7 | 316.0 | 302.0 | 14.5 | 23.0 | 180.85 | 142.00 | 3273242 | 2071.70 | 1167.93 | 134.53 | 10569.09 | 699.94 | 533.09 | 76.45
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Neo h b d t A Macca I8 W, Sy Iy I W. S; i
MM MM MM MM CM2 1 m. M. KT CM4 CM3 CM3 CM CM4 CM3 CM3 cM
30K8 | 316.0 | 357.0 | 145 | 23.0 | 206.15 | 161.80 | 38173.52 | 2416.10 | 1353.26 | 136.08 | 17452.10 | 977.71 | 741.50 | 92.01
30K9 |322.0 | 358.0 | 16.0 | 26.0 | 232.14 | 182.20 | 43983.21 | 2731.90 | 1541.60 | 137.65 | 19896.06 | 1111.51 | 843.38 | 92.58
30K10 | 328.0 | 359.0 | 18.0 | 29.0 | 259.60 | 203.80 | 50113.52 | 3055.70 | 1738.68 | 138.94 | 22381.16 | 1246.86 | 947.13 | 92.85
30K11 | 334.0 | 360.0 | 20.0 | 32.0 | 287.18 | 22540 | 56488.07 | 3382.50 | 1939.98 | 140.25 | 24906.98 | 1383.72 | 1052.25 | 93.13
30K12 | 341.0 | 361.0 | 22.0 | 35.5 | 31849 | 250.00 | 64158.87 | 3763.00 | 2176.26 | 141.93 | 27866.03 | 1543.82 | 1175.02 | 93.54
30K13 | 350.0 | 362.0 | 24.0 | 40.0 | 357.18 | 280.40 | 74376.59 | 4250.10 | 2481.31 | 144.30 | 31663.84 | 1749.38 | 1332.11 | 94.15
30K14 | 356.0 | 371.0 | 27.0 | 43.0 | 394.74 | 309.90 | 83542.72 | 4693.40 | 2760.90 | 145.48 | 36649.59 | 1975.72 | 1506.68 | 96.36
30K15 | 364.0 | 372.0 | 30.0 | 47.0 | 433.46 | 34030 | 93889.39 | 5158.80 | 3062.80 | 147.17 | 40396.23 | 2171.84 | 1659.03 | 96.54
30K16 | 374.0 | 373.0 | 33.0 | 52.0 | 479.80 | 376.60 | 107317.14 | 5738.90 | 3441.68 | 149.56 | 45068.65 | 2416.55 | 1848.28 | 96.92
30K17 | 384.0 | 374.0 | 36.0 | 57.0 | 526.34 | 413.20 | 121512.35 | 6328.80 | 3831.76 | 151.94 | 49816.72 | 2664.00 | 2040.04 | 97.29
30K18 | 396.0 | 375.0 | 39.0 | 63.0 | 580.58 | 455.80 | 139424.86 | 7041.70 | 4307.16 | 154.97 | 55520.26 | 2961.08 | 2269.45 | 97.79
30K19 | 408.0 | 385.0 | 43.0 | 69.0 | 650.18 | 510.40 | 162282.28 | 7955.00 | 4912.82 | 157.99 | 65823.94 | 3419.43 | 2622.83 | 100.62
30K20 | 422.0 | 387.0 | 47.0 | 76.0 | 717.92 | 563.60 | 187072.37 | 8866.00 | 5534.78 | 161.42 | 73671.75 | 3807.33 | 2923.99 | 101.30
30K21 | 440.0 | 389.0 | 52.0 | 85.0 | 804.48 | 631.50 | 221339.16 | 10060.90 | 6361.10 | 165.87 | 83732.23 | 4305.00 | 3311.01 | 102.02
35K1 | 342.0 | 348.0 | 10.0 | 15.0 | 139.03 | 109.10 | 3124791 | 1827.40 | 1001.17 | 149.92 | 10542.21 | 605.87 | 459.67 | 87.08
35X1.5 | 346.0 | 349.0 | 11.0 | 17.0 | 156.41 | 122.80 | 35711.23 | 2064.20 | 1135.84 | 151.10 | 12051.44 | 690.63 | 524.08 | 87.78
35K2 | 350.0 | 350.0 | 12.0 | 19.0 | 173.87 | 136.50 | 40295.09 | 2302.60 | 1272.61 | 152.23 | 13585.82 | 776.33 | 589.29 | 88.39
35K3 | 355.0 | 351.0 | 13.5 | 21.5 | 196.48 | 154.20 | 46230.77 | 2604.60 | 1448.66 | 153.39 | 15506.81 | 883.58 | 671.24 | 88.84
35K4 | 360.0 | 352.0 | 15.0 | 24.0 | 219.19 | 172.10 | 52353.70 | 2908.50 | 1627.80 | 154.55 | 17459.86 | 992.04 | 754.25 | 89.25
35K5 | 365.0 | 353.0 | 16.5 | 26.5 | 242.00 | 190.00 | 58667.44 | 3214.70 | 1810.04 | 155.70 | 19445.30 | 1101.72 | 838.34 | 89.64
35K6 | 369.0 | 360.0 | 18.0 | 28.5 | 264.79 | 207.90 | 64960.86 | 3520.90 | 1991.80 | 156.63 | 22183.47 | 1232.42 | 938.35 | 91.53
35K7 | 376.0 | 361.0 | 20.0 | 32.0 | 296.87 | 233.10 | 74398.83 | 395740 | 2256.32 | 158.31 | 25119.61 | 1391.67 | 1060.65 | 91.99
35K8 | 382.0 | 362.0 | 22.0 | 35.0 | 32547 | 25550 | 82894.78 | 4340.00 | 2491.96 | 159.59 | 27708.51 | 1530.86 | 1168.17 | 92.27
35K9 | 389.0 | 363.0 | 24.0 | 38.5 | 357.82 | 280.90 | 93053.12 | 4784.20 | 2767.25 | 161.26 | 30738.03 | 1693.56 | 1293.57 | 92.68
35K10 | 396.0 | 364.0 | 26.5 | 42.0 | 391.87 | 307.60 | 103736.94 | 5239.20 | 3054.44 | 162.70 | 33819.63 | 1858.22 | 1421.64 | 92.90
35K11 | 404.0 | 374.0 | 29.0 | 46.0 | 437.99 | 343.80 | 118982.06 | 5890.20 | 3458.40 | 164.82 | 40183.36 | 2148.84 | 1644.63 | 95.78
35K12 | 414.0 | 375.0 | 32.0 | 51.0 | 485.77 | 381.30 | 135721.11 | 6556.60 | 3886.58 | 167.15 | 44924.28 | 2395.96 | 1836.42 | 96.17
35K13 | 424.0 | 376.0 | 35.0 | 56.0 | 533.75 | 419.00 | 153322.14 | 7232.20 | 4326.20 | 169.49 | 49742.08 | 2645.86 | 2030.81 | 96.54
35K14 | 434.0 | 377.0 | 38.0 | 61.0 | 581.93 | 456.80 | 171810.18 | 7917.50 | 4777.34 | 171.83 | 54637.74 | 2898.55 | 2227.81 | 96.90
35K15 | 446.0 | 378.0 | 42.0 | 67.0 | 640.99 | 503.20 | 195206.29 | 8753.70 | 5336.35 | 174.51 | 60526.72 | 3202.47 | 2466.48 | 97.17
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Ne h b d t A Macca I W Sy Iy I W, S i
MM MM | MM | MM cM? 1 1. M. Kr em? oM’ oM’ cM em? cm’ oM cM
35K16 | 458.0 | 392.0 | 46.0 | 73.0 | 719.27 | 564.60 | 227053.17 | 9915.00 | 6094.32 | 177.67 | 73566.95 | 3753.42 | 2891.61 | 101.13
35K17 | 472.0 | 393.0 | 50.0 | 80.0 | 788.23 | 618.80 | 258357.05 | 10947.30 | 6796.66 | 181.04 | 81286.57 | 4136.72 | 3191.54 | 101.55
35KI8 | 488.0 | 394.0 | 55.0 | 88.0 | 868.47 | 681.80 | 296560.11 | 12154.10 | 7629.66 | 184.79 | 90173.86 | 4577.35 | 3538.66 | 101.90
35K19 | 506.0 | 395.0 | 60.0 | 97.0 | 956.93 | 751.20 | 342451.59 | 13535.60 | 8591.51 | 189.17 | 100237.84 | 5075.33 | 3929.92 | 102.35
35K20 | 520.0 | 409.0 | 65.0 | 104.0 | 1056.95 | 829.70 | 392963.38 | 15114.00 | 9664.42 | 192.82 | 119352.51 | 5836.31 | 4520.43 | 106.26
35K21 | 540.0 | 411.0 | 71.0 | 114.0 | 1162.03 | 912.20 | 454051.02 | 16816.70 | 10869.85 | 197.67 | 132896.31 | 6466.97 | 5017.71 | 106.94
35K22 | 562.0 | 413.0 | 77.0 | 125.0 | 1276.17 | 1001.80 | 526659.93 | 18742.40 | 12243.01 | 203.15 | 148011.27 | 7167.62 | 5568.89 | 107.69
35K23 | 580.0 | 426.0 | 84.0 | 134.0 | 1407.19 | 1104.70 | 606878.23 | 20926.80 | 13777.86 | 207.67 | 174271.92 | 8181.78 | 6362.61 | 111.29
35K24 | 604.0 | 430.0 | 92.0 | 146.0 | 1546.07 | 1213.70 | 704826.44 | 23338.60 | 15522.09 | 213.51 | 195579.56 | 9096.72 | 7087.61 | 112.47
40K1 | 394.0 | 398.0 | 11.0 | 18.0 | 186.81 146.70 | 56145.31 | 2850.00 | 1559.22 | 173.36 | 18922.62 | 950.89 | 720.40 | 100.64
40K2 | 400.0 | 400.0 | 13.0 | 21.0 | 218.69 | 171.70 | 66621.41 | 3331.10 | 1836.23 | 174.54 | 22412.67 | 1120.63 | 849.93 | 101.23
40K3 | 406.0 | 403.0 | 16.0 | 24.0 | 254.87 | 200.10 | 78039.22 | 3844.30 | 2139.84 | 17498 | 26200.19 | 1300.26 | 988.59 | 101.39
40K4 | 414.0 | 405.0 | 18.0 | 28.0 | 29539 | 231.90 | 92771.14 | 4481.70 | 2513.15 | 177.22 | 31026.87 | 1532.19 | 1165.56 | 102.49
40K4,5 | 420.0 | 403.0 | 20.0 | 31.0 | 325.61 | 255.60 | 103629.70 | 4934.80 | 2786.46 | 178.40 | 33850.08 | 1679.90 | 1279.67 | 101.96
40KS | 429.0 | 400.0 | 23.0 | 35.5 | 370.49 | 290.80 | 120290.27 | 5607.90 | 3198.49 | 180.19 | 37914.87 | 1895.74 | 1447.08 | 101.16
40K6 | 438.0 | 370.0 | 25.0 | 40.0 | 389.65 | 30590 | 128432.35 | 5864.50 | 3381.88 | 181.55 | 33828.59 | 1828.57 | 1400.59 | 93.18
40K7 | 448.0 | 371.0 | 28.0 | 45.0 | 438.29 | 344.10 | 148100.16 | 6611.60 | 3848.78 | 183.82 | 38379.67 | 2068.98 | 1587.47 | 93.58
40K8 | 458.0 | 372.0 | 31.0 | 50.0 | 487.13 | 382.40 | 168699.38 | 7366.80 | 4327.20 | 186.09 | 43005.94 | 2312.15 | 1777.05 | 93.96
40K9 | 470.0 | 373.0 | 35.0 | 56.0 | 547.21 | 429.60 | 194740.01 | 8286.80 | 4920.70 | 188.65 | 48584.93 | 2605.09 | 2007.28 | 94.23
40K10 | 484.0 | 374.0 | 39.0 | 63.0 | 615.01 | 482.80 | 226537.95 | 9361.10 | 5620.76 | 191.92 | 55131.74 | 2948.22 | 2276.18 | 94.68
40K11 | 494.0 | 392.0 | 43.0 | 68.0 | 691.21 | 542.60 | 261626.63 | 10592.20 | 6402.77 | 194.55 | 68534.68 | 3496.67 | 2700.52 | 99.57
40K12 | 510.0 | 393.0 | 48.0 | 76.0 | 773.35 | 607.10 | 303779.05 | 11912.90 | 7286.50 | 198.19 | 77250.09 | 3931.30 | 3043.64 | 99.94
40K13 | 528.0 | 394.0 | 53.0 | 85.0 | 863.69 | 678.00 | 354176.39 | 13415.80 | 8303.29 | 202.50 | 87133.42 | 4423.02 | 3430.99 | 100.44
40K14 | 548.0 | 395.0 [ 59.0 | 95.0 | 965.87 | 758.20 | 414486.60 | 15127.30 | 9480.79 | 207.15 | 98243.26 | 4974.34 | 3868.52 | 100.85
40K15 | 564.0 | 410.0 | 65.0 | 103.0 | 1081.45 | 848.90 | 482318.02 | 17103.50 | 10811.51 | 211.18 | 119192.55 | 5814.27 | 4525.42 | 104.98
40K16 | 588.0 | 412.0 | 72.0 | 115.0 | 1209.51 | 949.50 | 569246.79 | 19362.10 | 12395.01 | 216.94 | 135224.96 | 6564.32 | 5120.62 | 105.74
40K17 | 616.0 | 414.0 | 80.0 | 129.0 | 1358.67 | 1066.60 | 679972.83 | 22077.00 | 14322.16 | 223.71 | 154171.56 | 7447.90 | 5823.25 | 106.52
40K18 | 638.0 | 430.0 | 87.0 | 140.0 | 1519.61 | 1192.90 | 800682.16 | 25099.80 | 16419.75 | 229.54 | 187578.96 | 8724.60 | 6820.27 | 111.10
40K19 | 668.0 | 435.0 | 96.0 | 155.0 | 1696.33 | 1331.60 | 952172.58 | 28508.20 | 18868.64 | 236.92 | 215398.09 | 9903.36 | 7755.88 | 112.68

(11 919¢h) dOI'VAdALVIN BUHALI'AULOdIIOD 190041109 AI9HII VAITAIID

dOI'VUdALVIN AMHALFAN.LOdIIO)D
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Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB
CHELHUAJIBHBIE BOITPOCHI COMMPOTUBJIEHUS MATEPUAJIOB (Uacts 1)

1.3.  ¥roaku cranbHble ropsuexaranbie papHononounsie mo 'OCT 8509—93
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Pucynok 1.3 — Yronok cranbHO# rops4yeKaTaHblii paBHOMOIOYHBIH

YenoBHble 0003HAYCHNMS BETHUMH. XaPAKTEPU3YIOMIMX CBOKCTBA LIBEJLIEPA:

b — IMpHHA NOIKH;

d — TONIIMHA TOJKH;

t — TONIUHA MOJKH;

A — IJIOWWA/b NONEPEYHOrO CEUCHNUS;

[ — MOMEHT HHEpLHH;

Y0 — PAacCTOSHME OT LIEHTPA TAKECTH JI0 HAPYKHON rPAHU MOIKH;
I,y — 1eHTPOOEKHBIA MOMEHT MHEPLIUH;

[ — paguyc MHEPIHUH.
[Inomanb MOMEPEYHOr0 CeueHHs M Macca | M  PaBHONOJOYHOTO YIOJKa
BBIYMCIEHBI TI0 HOMHHAIIGHBIM pa3MepaM, IUIOTHOCTh CTaJd TPHHATA PaBHOM
7.851/cn’,
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Tabmuma 1.3 — Yronku craabHBIe TOpsTYEKaTaHbIE PABHOIOTIOYHbIC

Ne b d A Iy VVy l'y IyO iyO IZO WzO iZO I_\‘Z Yo Macca
MM | MM CM2 CM4 CM3 CM CM4 CM CM4 CM3 CM CM4 cM | lmm. kr
2 120 3| 113 0.40 028 1059 063 |[0.75] 0.17 020 {039 023 |0.60| 0.89
2 120 4| 146 0.50 037 | 058 078 [0.73| 0.22 024 |038| 028 |0.64| 1.15
25125 3| 143 0.81 046 |0.75| 129 [095| 0.34 033 [049| 047 |073| 1.12
25125 4| 186 1.03 0.59 1074 1.62 |093| 044 041 048 059 10.76| 1.46
28 (28 | 3 | 162 1.16 0.58 1085 1.84 [1.07| 048 042 1055 0.68 080| 1.27
3 1303 ] L74 1.45 0.67 (091 230 |L15] 0.60 0.53 1059 085 |085] 1.36
3 130 4| 227 1.84 0.87 {090 292 |1.13| 0.77 0.61 {058 1.08 |0.89 | 1.78
32 1323 | 186 1.77 0.77 1097 280 |[123| 0.74 0.59 |0.63| 1.03 |0.89| 1.46
32132 4| 243 2.26 1.00 {096 358 [121| 094 071 {0.62| 132 |094 191
3513513 | 204 2.35 093 | 1.07| 3.72 |135| 097 0.71 10.69| 137 |097| 1.60
35135 4 | 267 3.01 121 |1.06| 476 |133]| 1.25 0.88 [0.68| 1.75 |1.01]| 2.10
351355 | 328 3.61 1.47 | 1.05| 5.71 132 1.52 1.02 | 0.68| 2.10 |1.05] 2.58
4 140 | 3 | 235 3.55 122 | 1.23| 5.63 1.55] 147 095 {079 2.08 |1.09 1.85
4 140 | 4 | 3.08 4.58 1.60 | 1.22| 726 |[1.53| 190 1.19 1 0.78 | 2.68 |1.13| 242
4 140 | 5| 379 5.53 195 | 1.21| 875 [1.52] 230 1.39 1078 | 322 | 1.17] 298
45 |45 3 | 2.65 5.13 1.56 | 1.39| 8.13 175 2.12 1.24 1089 3.00 |1.21| 2.08
45145 | 4 | 348 6.63 204 |138| 1052 |1.74| 2.74 1.54 1089 | 389 |126 273
45 145 5 | 429 8.03 251 | 137 1274 | 1.72| 3.33 1.81 | 088 471 |130| 3.37
5 150 3] 296 TH 1.94 | 1.55 1127 |[1.95] 295 1.57 | 1.00| 416 |133] 232
5 150 4| 389 9.21 254 | 154 14.63 |1.94| 3.80 195 1099, 542 |138] 3.05
5 15 |5 | 480 | 11.20 | 3.13 |1.53| 17.77 |1.92| 4.63 230 098] 6.57 |142] 3.77
5 15 |6 | 569 | 13.07 | 3.69 |1.52| 20.72 |191| 543 263 [098] 7.65 |146| 4.47
56 | 56 | 4 | 438 | 13.10 | 321 | 1.73| 20.79 |2.18| 54l 252 | L11} 7.69 |1.52] 3.44

IIpodondcenue na cnedyoweti cmpanuye

(11 19¢h) 40I'VUdALVIN BEUHAICAULOdIIOD 190041109 AI9HII'VUITALD

dOI'VUdALVIN AUHAI'dAU LOdIIOD
HILIOIOHXIL XI9H4Ird Legosed
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[Iponomkenne TaduIs 1.3

Ne b | d A I8 W, Iy Ly Iy0 I W0 I-0 Ly Yo Macca
MM | MM CM2 CM4 CM3 CM CM4 CM CM4 CM3 CM CM4 CM | II. M. KI'
56 | 56 | 5 541 15.97 396 | 1.72| 2536 |[2.16| 6.59 297 | 1.10| 9.41 1.57 4.25
6,3 63| 4 | 496 18.86 409 195 2990 |245| 7.8l1 326 | 1.25| 11.00 | 1.69 3.90
6,363 | 5| 613 23.10 505 1.94] 36.80 (244 952 387 [1.25| 13.70 | 1.74 4.81
6,3 63| 6 | 728 27.06 598 | 193] 4291 |243| 11.18 444 1.24| 1590 |1.78 5.72
7 170 |45 6.20 29.04 5,67 216 4603 |2.72| 12.04 453 11.39| 17.00 | 1.88 4.87
7 170 5 | 6.86 31.94 6.27 |2.16 5067 |[2.72] 13.22 492 139 18.70 |1.90 5.38
7 170 | 6 8.15 37.58 743 215 59.64 |2.71| 15.52 566 |1.38] 22.10 |1.94 6.39
7 170 7 | 942 42.98 857 1214 68.19 |2.69| 17.77 6.31 | 1.37| 25.20 |1.99 7.39
7 170 | 8 | 10.67 | 48.16 9.68 212 7635 |[2.68| 19.97 6.99 | 1.37| 28.20 |2.02 8.37
75 1751 5 | 7.39 39.53 721 | 231 6265 [291| 1641 574 1149 | 23.10 |2.02 5.80
75 175 | 6 8.78 46.57 8.57 1230, 7387 |290| 19.28 6.62 | 1.48| 27.30 |2.06 6.89
7,5 175 7 | 10.15 | 53.34 989 229 84.61 |289| 22.07 743 147 31.20 |2.10 7.96
75 75| 8 | 11.50 | 59.84 | 11.18 | 2.28 | 9489 |2.87| 24.80 816 |1.47| 3500 |2.15 9.02
75 1751 9 | 1283 | 66.10 | 1243 227 10472 |2.86| 27.48 891 |146| 38.60 |2.18| 10.07
8 80 | 5.5| 8.63 52.68 9.03 |247  83.56 3.4 | 21.80 7.10 | 1.59 | 30.90 |2.17 6.78
8 80 | 6 | 9.38 56.97 9.80 |2.47 9040 3. | 23.54 7.60 | 1.58| 3340 |2.19 7.36
8 80 | 7 | 10.85 | 65.31 11.32 | 245| 103.60 |3.09| 26.97 8.55 | 1.58| 38.30 |2.23 8.51
8 80 | 8 | 1230 | 73.36 | 12.80 |2.44 116.39 |3.08 | 30.32 944 |1.57| 43.00 |2.27 9.65
9 19 | 6 | 10.61 | 82.10 | 1249 |2.78 | 130.00 |3.50 | 33.97 9.88 | 1.79| 48.10 | 243 8.33
9 |90 | 7 | 1228 | 9430 | 1445 (277 | 149.67 |3.49 | 3894 | 11.15 [1.78 | 55.40 | 2.47 9.64
9 190 | 8 | 1393 | 106.11 | 1636 | 2.76| 16842 |3.48| 43.80 | 12.34 | 1.77| 62.30 |2.51 | 10.93
9 190 | 9 | 15.60 | 118.00 | 18.29 | 275 | 186.00 |3.46 6 48.60 | 1348 [1.77| 68.00 |2.55| 12.20
10 | 100 | 6.5 12.82 | 122.10 | 16.69 [ 3.09| 19346 |[3.89| 50.73 | 13.38 |1.99| 7140 |2.68 10.06
10 | 100 | 7 | 13.75 | 130.59 | 17.90 | 3.08 | 207.01 |3.88| 54.16 | 14.13 | 1.98| 76.40 |2.71 10.79

IIpooondicenue Ha credyoweti cmpanuye

(11 19¢h) 40I'VUdALVIN BEUHAICAULOdIIOD 190041109 AI9HII'VUITALD
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[Ipomomxkenue Tadmubl 1.3

Ne b d A Iy Wy iy Iy() iy() [Zo WzO iz() Iyx Yo Macca
MM | MM CM2 CM4 CM3 cM CM4 cM CM4 CM3 cM CM4 CM I m. M. kr
10 100 | 8 | 15.60 | 147.19 | 20.30 | 3.07 | 233.46 |3.87| 60.92 | 15.66 198| 86.30 |2.75| 12.25
10 | 100 | 10 | 19.24 | 178.95 | 2497 |3.05| 283.83 |3.84| 74.08 | 18.51 | 1.96| 110.00 ' 2.83 | 15.10
10 | 100 | 12 | 22.80 # 208.90 | 29.47 |3.03 | 33095 |3.81 | 86.84 | 21.10 | 1.95] 122.00 |2.91 17.90
10 [ 100 | 14 | 26.28 | 237.15 | 33.83 | 3.00 | 37498 |[3.78 | 9932 | 2349 |1.94 | 138.00 | 2.99 | 20.63
10 | 100 | 16 | 29.68 | 263.82 | 38.04 | 298| 416.04 | 3.74| 111.61 | 25.79 | 1.94| 152.00 | 3.06 | 23.30
11 | 110 7 | 15.15 | 175.61 | 21.83 | 3.40 | 278.54 |4.29 72.68 | 17.36 |2.19| 106.00 | 2.96| 11.89
11 | 110 8 | 17.20 | 198.17 | 24.77 | 3.39 | 31451 | 428 81.83 | 19.29 |2.18  116.00 | 3.00 | 13.50
1251125 8 | 19.69 | 29436 | 32.20 |3.87 | 466.76 |4.87 | 121.98 | 25.67 |2.49 | 172.00 | 3.36  15.46
12,5125 9 | 22.00 | 32748 | 36.00 |3.86 | 520.00 |4.86 | 135.88 | 28.26 |2.48 | 192.00 |3.40 17.30
12,5125 10 | 2433 | 359.82 | 39.74 |3.85| 571.04 |4.84 | 148.59 | 3045 247 | 211.00 |3.45 19.10
12,5125 12 | 28.89 | 422.23 | 47.06 |3.82 | 670.02 |4.82| 174.43 | 3494 |2.46 | 248.00 | 3.53 | 22.68
12,5 1125 | 14 | 33.37 | 481.76 | 54.17 | 3.80 | 763.90 |4.78 | 199.62 | 39.10 |2.45| 282.00 |3.61  26.20
12,5125 16 | 37.77 | 538.56 | 61.09 |3.78 | 852.84 | 4.75| 224.29 | 43.10 | 2.44| 315.00 | 3.68 | 29.65
14 [ 140 9 | 2472 | 465.72 | 4555 (434 | 73942 |547 | 192.03 | 3592 |2.79 | 274.00 3.76  19.41
14 | 140 | 10 | 27.33 | 512.29 | 50.32 | 433 | 813.62 |5.46 | 21096 | 39.05 |2.78 | 301.00 | 3.82 | 21.45
14 | 140 | 12 | 32.49 | 602.49 | 59.66 |4.31 | 956.98 |5.43| 248.01 | 44.97 | 2.76 | 354.00 ' 3.90 | 25.50
16 | 160 | 10 | 3143 | 774.24 | 66.19 |4.96 | 1229.10 | 6.25| 319.33 | 52.52 | 3.19 | 455.00 | 4.30| 24.67
16 | 160 | 11 | 3442 | 844.21 | 72.44 | 495 | 1340.06 | 6.24 | 347.77 | 56.53 |3.18 | 496.00 | 4.35| 27.02
16 [ 160 12 | 37.39 | 912.89 | 78.62 |4.94 | 1450.00 | 6.23 | 375.78 | 60.53 |3.17 | 537.00 | 4.39 | 29.35
16 | 160 | 14 | 43.57 | 1046.47 | 90.77 | 4.92| 1662.13 | 6.20 | 430.81 | 68.15 |3.16 | 615.00 | 4.47 | 34.20
16 | 160 | 16 | 49.07 | 1175.19 | 102.64 | 4.89 | 1865.73 | 6.17 | 484.64 | 75.92 | 3.14 | 690.00 | 4.55| 38.52
16 [ 160 18 | 54.79 1 1290.24 | 114.24 | 487 | 2061.03 | 6.13 | 537.46 | 82.08 |3.13 | 771.00 4.63  43.01
16 [ 160 20 | 60.40  1418.85|125.60 | 4.85 | 2248.26 | 6.10 | 589.43 | 90.02 |3.12 | 830.00 4.70  47.41
18 [ 180 11 | 38.80 | 1216.44 | 92.47 | 5.60 | 1933.10 | 7.06 | 499.78 | 72.86 |3.59 | 716.00 | 4.85| 30.47

[Ipodonaicenue na cnedyowetl cmpanuiye
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[Ipomomxenue Tadmuirs! 1.3

Ne b d A ]y VVy iy Iy() iy() IzO WZ() iz() Iyx Yo Macca

MM | MM CM2 CM4 CM3 CM CM4 CM CM4 CM3 CM CM4 CM ] . M. KT
18 | 180 | 12 | 42.19 | 1316.62 | 100.41 | 5.59 | 2092.78 | 7.04 | 540.45 | 78.15 | 3.58 | 776.00 | 4.89  33.12
20 1200 | 12 | 47.10 | 1822.78 | 124.61 | 6.22 | 2896.16 | 7.84 | 749.40 | 98.68 | 3.99 | 1073.00 | 5.37 | 36.97
20 | 200 | 13 | 50.85 | 1960.77 | 134.44 | 6.21 | 3116.18 | 7.83 | 805.35 | 105.07 | 3.98 | 1156.00 | 5.42 | 39.92
20 1200 | 14 | 54.60 | 2097.00 | 144.17 | 6.20 | 3333.00 | 7.81 | 861.00 | 111.50 | 3.97 | 1236.00 | 5.46 | 42.80
20 1200 | 16 | 61.98 |2362.57 | 163.37 | 6.17 | 375539 | 7.78 | 969.74 | 123.77 | 3.96 | 1393.00 | 5.54 | 48.65
20 |1 200 | 20 | 76.54 | 2871.47 | 200.37 | 6.12 | 4860.42 | 7.72 | 1181.92 | 146.62 | 3.93 | 1689.00 | 5.70 | 60.08
20 {200 | 25 | 94.29 | 3466.21 | 245.59 | 6.06 | 5494.04 | 7.63 | 1438.38 | 172.68 | 3.91 | 2028.00 | 5.89 | 74.02
20 1200 | 30 | 111.54 | 4019.60 | 288.57 | 6.00 | 6351.05 | 7.55 | 1698.16 | 193.06 | 3.89 | 2332.00 | 6.07 | 87.56
22 1220 | 14 | 60.38 | 2814.36 | 175.18 | 6.83 | 4470.15 | 8.60 | 1158.56 | 138.62 | 4.38 | 1655.00 | 5.91 | 47.40
22 1220 | 16 | 68.58 |3175.44 | 198.71 | 6.80 | 5045.37 | 8.58 | 1305.52 | 153.34 | 4.36 | 1869.00 | 6.02 | 53.83
25 1250 | 16 | 78.40 | 4717.10 | 258.43 | 7.76 | 7492.10 | 9.78 | 1942.09 | 203.45 | 4.98 | 2775.00 | 6.75 | 61.55
25 [ 250 | 18 | 87.72 | 5247.24 | 288.82 | 7.73 | 8336.69 | 9.75 | 2157.78 | 223.39 | 4.96 | 3089.00 | 6.83 | 68.86
25 |250| 20 | 96.96 | 5764.87 | 318.76 | 7.71 | 9159.73 | 9.72 | 2370.01 | 242.52 | 4.94 | 3395.00 | 6.91 | 76.11
25 1250 | 22 | 106.12 | 6270.32 | 348.26 | 7.69 | 9961.30 | 9.69 | 2579.04 | 260.52 | 4.93 | 3691.00 | 7.00 | 83.31
25 1250 | 25 | 119.71 | 7006.39 | 391.72 | 7.65 | 11125.52 | 9.64 | 2887.26 | 287.14 | 4.91 | 4119.00 | 7.11 | 93.97
25 1250 | 28 | 133.12 | 7716.86 | 434.25 | 7.61 | 12243.84 | 9.59 | 3189.89 | 311.98 | 4.90 | 4527.00 | 7.23 | 104.50
25 1250 30 | 141.96 | 8176.82 | 462.11 | 7.59 | 12964.66 | 9.56 | 3388.98 | 327.82 | 4.89 | 4788.00 | 7.31 | 111.44
25 [ 250 35 | 163.71 | 9281.05 | 530.11 | 7.53 | 14682.73 | 9.47 | 3879.37 | 366.13 | 4.87 | 5401.68 | 7.53 | 128.51
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Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB
CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

1.4. ¥Yroakwu crajabHble ropsiuexatanbie HepasHonoso4unbie mo 'OCT 8510—
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Pucynok 1.4 — Yronok cranbHOi ropsueKaTaHblii HEpaBHOMOIOUHBIH

VenoHble 0003HAYCHUS BETMYHMH. XapaKTepPU3YIOIIHX CBOMCTRA IBEILIEpa:

h — BbIcoTa (MBELICPA);
b — [IMpHHA TIONKH,
d — TONIIMHA CTEHKH;

—

TOJIHIMHA ITOJIKH;

Y0 — PaccTOSHHE OT OCH T — Z JI0 HApY)KHOH I'PaHH CTEHKH,;
A — njomaak NoNepevyHoro CeYEHMs;

I — MOMEHT HHepIHH;

W — MOMEHT CONpPOTHBIEHHS;

[ — paauyc UHEPLUH;

Sy — CTaTMYECKHH MOMEHT MOIYCEYEHHS.

[lnomane nonepeyHoro ceyeHuss W CIPABOYHBIE BETMUYMHBI BBIYMCICHBI 110
HOMUHAJIBHBIM pasMmepaM. [Ipu BeluMCIeHUMH Macchl | M yronka IJIOTHOCTh CTalH

npuHsTa pasHoil 7.85r/cm’.

129



0€T

Tabmuna 1.4 — Yromku cTanbHbIe TOpAYEKaTaHble HEPABHOTIOIOUHEIE

Ne B | b | d A 1 W, Iy I W, i | yo | 20 Iy, tea | Macca
MM | MM | MM | cM? cm? eM® | em | emt | eM® | oem | em | em | em? 1 m. M. xr
25/16 125 |16 | 3 | 1.16 | 0.70 043 1078 022 | 0.19 044|042 /086 | 0.22 [0.392| 091
32 130 20| 3| 143 1.27 0.62 [094| 045 | 030 [0.56|0.51| 1.0 | 043 [0427| 1.12
3/2% 130 1 20 | 4 | 1.86 1.61 0.82 [093| 056 | 039 [0.55]0.54|1.04| 0.54 |0.421 1.46
322 132120 | 3 | 149 1.52 0.72 | 1.01| 046 | 030 [0.55]0.49|1.08| 047 [0382| 1.17
322 132120 4 | 194 1.93 093 |1.00| 057 | 039 [0.54|0.53|1.12| 0.59 [0374| 1.52
4/25 | 40 | 25 | 3 | 1.89 | 3.06 1.14 | 1.27| 093 | 049 |0.70]0.59|1.32| 0.96 |0.385 1.48
4/25 | 40 | 25 | 4 | 247 | 3.93 149 | 126 1.18 | 0.63 | 0.690.63 137 | 122 |0.281 1.94
4/25 | 40 | 25 | 5 | 3.03 | 4.73 1.82 | 1.25| 141 | 0.77 | 0.68|0.66 141 | 1.44 |0374| 237
4/3% 140 | 30 | 4 | 2.67 | 4.18 1.54 | 125 201 | 091 |0.87]0.78 | 1.28 | 1.68 |0.544| 2.26
4/3% 140 | 30 | 5 | 3.28 | 5.04 1.88 | 1.24| 241 | 1.11 | 0.86]0.82|1.32| 2.00 [ 0.539| 246
45/28 | 45 | 28 | 3 | 2.14 441 1.45 | 148 ] 132 | 0.61 1079064 |1.47| 138 [0382| 1.68
45/28 | 45 | 28 | 4 | 280 | 5.68 1.90 [ 142| 1.69 | 0.80 | 0.780.68 | 1.51 | 1.77 10379 | 2.20
5/32 150|323 242 6.18 1.82 | 1.60| 1.99 | 0.81 [091]0.72|1.60| 2.01 |0.403 1.9
5/32 150 |32 4 317 798 238 [ 1.59| 256 | 1.05 [ 0.90]0.76 | 1.65| 2.59 |0.401 24
5,6/3,6 | 56 | 36 | 4 | 3.58 | 11.37 | 3.01 |1.78] 3.70 | 1.34 | 1.02]0.84 | 1.82| 3.74 |0406| 2.81
56/3,6 | 56 | 36 | 5 | 441 | 1382 | 3.70 |1.77| 448 | 1.65 | 1.01 |0.88 |1.87| 4.50 |0.404| 3.46
6,3/40| 63 | 40 | 4 | 404 | 1633 | 3.83 |201| 516 | 1.67 |1.13/091]2.03| 525 0397 | 3.17
6,3/40 | 63 | 40 | 5 | 498 | 1991 472 12.00| 626 | 2.05 | 1.12[0.95/2.08| 6.41 [039 | 391
6,3/40 | 63 | 40 | 6 | 590 | 23.31 558 [1.99] 729 | 242 [ 1.11]0.99 212 | 744 |0393| 4.63
6,3/40 | 63 | 40 | 8 | 7.68 | 29.60 | 7.22 |1.96| 9.15 | 3.12 | 1.09]1.07 220 | 9.27 |0386| 6.03
6,5/5% | 65 | 50 | 5 | 556 | 23.41 520 2.05] 12.08 | 3.23 | 147|1.26,2.00| 9.77 [0.576| 4.36
6,5/5% 1 65 | 50 | 6 | 6.60 | 2746 | 6.16 |2.04| 14.12 | 3.82 | 1.46|1.30|2.04 | 11.46 |0.575| 5.18
6,5/5% 1 65 | 50 | 7 | 7.62 | 3132 | 7.08 |2.03] 16.05 | 438 | 1.45|1.34|2.08 | 1294 | 0571 | 5.98

IIpodonoicenue Ha cneoyrowet cmpanuye

(11 919¢h) dOI'VAdALVIN BUHALI'AULOdIIOD 190041109 AI9HII VAITAID

dOI'VUdALVIN AMHALFAN.LOdIIOD

00 xi9go0dun sundraedn

MUIOILOHXIL XI9HdIrRLedosed
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[Ipogomxenune Tadmuirs! 1.4

Ne B | b | d A I, W, Iy I W, iz | Yo | 20 Iy, tga | Macca
MM | MM | MM CM2 CM4 CM3 CM CM4 CM3 CM CM CM CM4 I . M. kT
6,5/5% | 65 | 50 | 8 | 8.62 | 3500 | 7.99 12.02| 1888 | 493 | 144 |1.37|2.12 | 13.61 | 0570 | 6.77
7/45 | 70 1 45 | 5 | 5.59 | 2776 | 5.88 223| 9.05 | 262 |1.27|1.05|228 9.12 0406 4.39
75/5 |75 150 | 5 | 6.11 | 34.81 6.81 1239|1247 | 3.25 | 143 | 1.17|239 | 12.00 | 0436 | 4.79
7,5/5 |75 150 6 | 7.25 | 4092 | 8.08 | 238| 14.60 | 3.85 | 1.42|1.21|2.44 | 14.10 | 0435 | 5.69
7,5/5 |75 1 50 | 7* | 837 | 46.77 | 931 236| 16.61 | 443 | 1.41|1.25]|2.48 ) 16.18 | 0435 | 6.57
7,5/5 |75 150 | 8 | 947 | 5238 | 10.52 1 2.35| 1852 | 488 | 1.40|1.29 252 | 17.80 | 0430 | 7.43
8/5 80 1 50 | 5 | 636 | 41.64 | 771 256 12.68 | 3.28 | 1.41 | 1.13|2.60 | 13.20 | 0387 | 4.49
8/5 80 50 | 6 | 7.55 | 4898 | 9.15 [ 255| 1485 | 3.88 | 1.40 | 1.17]2.65| 15.50 | 0386  5.92
8/5 80 | 50 | 6 | 815 | 52.06 | 942 253 | 25.18 | 5.58 | 1.76 | 1.49 | 2.47 | 2098 | 0.547 | 6.39
g/6* | 80 | 60 | 7 | 942 | 59.61 | 10.87 |2.52| 28.74 | 6.43 | 1.75|1.53 2.52 | 2401 | 0.546 | 7.39
g/6* | 80 | 60 | 8 | 10.67| 66.88 | 12.38 |2.50| 32.15 | 7.26 | 1.74 | 1.57 | 2.56 | 26.83 | 0.544 | 8.37
9/5,6 | 90 | 56 55| 7.86 | 65.28 | 10.74 1 2.88| 19.67 | 453 | 1.58 |1.26 292 20.54 10384 | 6.17
9/56 | 90 56 | 6 | 854 | 70.58 | 11.66 | 2.88| 21.22 | 491 | 1.58 | 1.28 295 22.23 10384 | 6.70
9/56 | 90 | 56 | 8 |I1L.18| 90.87 | 15.24 |2.85| 27.08 | 6.39 | 1.56 | 1.36 | 3.04 | 28.33 | 0.380 | 8.77
10/6,3 | 100 63 | 6 | 9.58 | 98.29 | 14.52 |3.20| 30.58 | 6.27 | 1.79 | 1.42|3.23 | 31.50 | 0.393 | 7.53
10/6,3 | 100 | 63 | 7 |11.09 | 112.86 | 16.78 |3.19| 3499 | 7.23 | 1.78 | 1.46 | 3.28 | 36.10 | 0.392 | 8.70
10/6,3 | 100 | 63 | 8 | 12.57| 126.96 | 19.01 |3.18 | 39.21 | 8.17 | 1.77 | 1.50 | 3.32 | 40.50 | 0.391 9.87
10/6,3 | 100 | 63 | 10 | 15.47 | 153.95 | 2332 |3.15| 47.18 | 9.99 | 1.75|1.58 | 3.40 | 48.60 | 0.387 | 12.14
10/6,5* | 100 | 65 | 7 | 11.23 | 114.05 | 16.87 |3.19| 38.32 | 7.70 | 1.85 | 1.52 | 3.24 | 38.00 | 0.415| 8.8l
10/6,5% | 100 | 65 | 8 |12.73 ] 128.31 | 19.11 | 3.18 | 4296 | 870 | 1.84 | 1.56 | 3.28 | 42.64 | 0414  9.99
10/6,5% | 100 | 65 | 10 | 15.67 | 155.52 | 23.45 3.15| 51.68 | 10.64 | 1.82 | 1.64 |3.37 | 51.18 | 0.410 | 12.30
11/7 | 110 70 | 6.5 | 11.45 | 142.42 | 19.11 | 3.53 | 45.61 | 8.42 12.00|1.58 |3.55| 46.80 | 0.402| 8.98
11/7 [ 110 70 | 8 |[13.93 | 171.54 | 23.22 | 3.51 | 54.64 | 10.20 | 1.98 | 1.64 | 3.61 | 55.90 | 0.400 | 10.93
12,5/8 | 125 | 80 | 7 | 14.06 | 226.53 | 26.67 | 4.01 | 73.73 | 11.89 1 2.29 | 1.80 | 4.01 | 74.70 | 0.407 | 11.04

[Ipodonacenue na credyoweti cmpanuye

(11 919¢h) dOI'VAdALVIN BUHALI'AULOdIIOD 190041109 AI9HII VAITAID

dOI'VUdALVIN AUHAI'dAU LOdIIOD
MUIOIFOHXJL XI9HaIrR Ledosed

~

00 xi9go0dun sundraedn
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[Iponomxkenue Tabmuust 1.4

Ne

B
MM

b

MM

d

MM

A

CM2

I,

CM4

W,

CM3

CM

CM

CM

CM

Yo
CM

20
CM

]yx
CM4

tgal

Macca
| 1. M. KT

12,5/8
12,5/8
12,5/8

125
125
125

80
80
80

8
10
12

15.98
19.70
23.36

225.62
311.61
364.79

30.26
37.27
44.07

4.00
3.98
3.95

80.95
100.47
116.84

13.47
16.52
19.46

2.28
2.26
2.24

1.84
1.92
2.00

4.05
4.14
4.22

84.10
102.00
118.00

0.406
0.404
0.400

12.58
15.47
18.34

14/9
14/9

140
140

90
90

8
10

18.00
22.24

363.68
444.45

38.25
47.19

4.49
4.47

119.79
145.54

17.19
21.14

2.58
2.58

2.03
2.12

4.49
4.58

121.00
147.00

0.411
0.409

14.13
17.46

16/10
16/10
16/10
16/10

160
160
160
160

100
100
100
100

9
10
12
14

22.87
2528
30.04
34.72

605.97
666.59
784.22
897.19

56.04
61.91
73.42
84.65

5.15
513
5.11
5.08

186.03
204.09
238.75
271.60

23.96
26.42
31.23
35.89

2.85
2.84
2.82
2.80

2.24
2.28
2.36
243

5.19
5.23
5.32
5.40

194.00
213.00
249.00
282.00

0.391
0.390
0.388
0.385

17.96
19.85
23.58
27.26

18/11
18/11

180
180

110
110

10
12

28.33
33.69

952.28
1122.56

18.59
93.33

5.80
5.77

276.37
324.09

32.27
38.20

3.12
3.10

2.44
2.52

5.88
5.97

295.00
348.00

0.376
0.374

22.20
26.40

20/12,5
20/12,5
20/12,5
20/12,5

200
200
200
200

125
125
125
125

11
12
14
16

34.87
37.89
43.87
49.77

1449.02
1568.19
1800.83
2026.08

107.31
116.51
134.64
152.41

6.45
6.43
6.41
6.38

446.36
481.93
550.77
616.66

45.98
49.85
57.43
64.83

3.58
3.57
3.54
3.52

2.79
2.83
291
2.99

6.50
0.54
6.62
6.71

465.00
503.00
575.00
643.00

0.392
0.392
0.390
0.388

27.37
29.74
34.43
39.07

* Yronxu U3roTaBIuBaloT 10 TpC6OBaHHIO HOTpeﬁlflTeH}I

(11 919¢h) dOI'VAdALVIN BUHALI'AULOdIIOD 190041109 AI9HII VAITAID

dOI'VUdALVIN AMHALFAN.LOdIIOD

00 xi9go0dun sundraedn

HMIOIFOHXJL XI9HAIrdLedosed



Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB
CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

1.5. /JIByraBpbl cTajibHbIe ropsiyexatanbie no 'OCT 8239—89

(b—d)/4

Pucynox 1.5 — JIByTaBp cTanbHOM ropadeKaTaHbli

BHUMAHME! I'OCT ytparun cuiny Ha tepputopun Pocceuiickoit @enepaiyun
¢ 30 HosOpst 2018 roga B cBsa3u ¢ u3nanueM llpukaza Poccrangapra ot 30.11.2018
Ne 1047-ct. B3amen BBenén ['OCT P 57837—2017.

VYenoBHble 0003HAYCHUS BETMUNH, XapaKTEPU3YIOLIMX CBOMCTBA JIByTaBpa:

h — BbIcOTA (ABYTaBpa);

b — IIHMpHHA MOJIKH;

d — TONIIUMHA CTEHKH,

{ — TOJIIMHA IOJKH;

A — TUIOMIAb MOTIEPEYHOTO CEUCHHS;

[ — MOMEHT MHEpLHH;

W — MOMEHT CONpPOTHUBIICHHS;

i — paguyc UHEpLHH;

S — CTaruyeckui MOMEHT IOJIyCEUCHHsI.

HJ'IOIJ.IaILb [IOIIEPCYHOTO CCHYCHHUA MW MaccCa IMm AByTaBpa BBIYHUCJICHBI 110

HOMUHAJIBHBIM pa3Mepam, III0THOCTh CTAJIU IIPUHATA paBHOM 7.85 r/em’.
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Tabnuua 1.5 — JIBytaBpsl cTanbhblie ropsuekaranbie (I'OCT ytparun cuny Ha Tepputopun PD)

Nel h | b d t A Macca Iy W, Iy Sy I W, iy
MM | MM | MM | MM | cv? | lmwm kr| em? oM’ cM oM’ cem o | om
10100 | 55 | 45 | 7.2 | 12.0 9.46 198 | 39.7 | 406 | 23.0 | 179 | 649 |1.22
121120 64 | 48 | 7.3 | 147 | 11.50 350 | 584 | 488 | 337 | 279 | 872 |138
141140 73 | 49 | 75 | 174 | 13.70 572 | 8L.7 | 5773 | 46.8 | 419 | 11.50 | 1.55
16 1160 | 81 | 5.0 | 7.8 | 20.2 | 15.90 873 | 109.0 | 6.57 | 623 | 58.6 | 14.50 | 1.70
18180 90 | 5.1 | &1 | 234 | 1840 | 1290 | 143.0 | 742 | 814 | 82.6 | 18.40 | 1.88
201200 | 100 | 5.2 | 84 | 26.8 | 21.00 | 1840 | 184.0 | 8.28 | 104.0 | 115.0 | 23.10 | 2.07
221220 110 | 54 | 8.7 | 30.6 | 24.00 | 2550 | 232.0 | 9.13 | 131.0 | 157.0 | 28.60 | 2.27
24 1240 | 115 ] 5.6 | 95 | 348 | 27.30 | 3460 | 289.0 | 9.97 | 163.0 | 198.0 | 34.50 | 2.37
271270 | 125] 6.0 | 9.8 | 40.2 | 31.50 | 5010 | 371.0 | 11.20 | 210.0 | 260.0 | 41.50 | 2.54
301300 135] 6.5 [ 10.2| 46.5 | 36.50 | 7080 | 472.0 | 12.30 | 268.0 | 337.0 | 49.90 | 2.69
331330140 | 7.0 | 11.2| 53.8 | 42.20 | 9840 | 597.0 | 13.50 | 339.0 | 419.0 | 59.90 | 2.79
361360145 7.5 | 123 619 | 48.60 | 13380 | 743.0 | 14.70 | 423.0 | 516.0 | 71.10 | 2.89
40 1 400 | 155] 83 | 13.0| 72.6 | 57.00 | 19062 | 953.0 | 16.20  545.0 | 667.0 | 86.10 | 3.03
451450 | 160 | 9.0 | 14.2 | 84.7 | 66.50 | 27696 | 1231.0 | 18.10 | 708.0 | 808.0 | 101.00 | 3.09
501500 | 170 | 10.0 | 15.2 1 100.0 | 78.50 | 39727 | 1589.0 | 19.90 | 919.0 | 1043.0 | 123.00 | 3.23
551550180 | 11.0 | 16.5| 118.0 | 92.60 | 55962 |2035.0 | 21.80 | 1181.0 | 1356.0 | 151.00 | 3.39
60| 600 | 190 | 12.0 | 17.8 | 138.0 | 108.00 | 76806 | 2560.0 | 23.60 | 1491.0 | 1725.0 | 182.00 | 3.54

(11 9198h) dOI'VAdALVIN EUHAI'AULOdIIOD 1900411049 AI9HII ' VHAITAIID

dOI'VUdALVIN AMHALFAN.LOdIIOD

00 xi9go0dun sundraedn

MUIOILOHXIL XI9HdIrRLedosed
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Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB
CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

2. 'eoMeTpHYecKHe XapaKTePUCTHKHU NPoOCcTeHINX PUryp

[IpunsTHIC 0003HAUCHUS:

A — IJI0Aab QUryps;

V2 — IVIaBHBIE OCH;

Iy, I,  — MOMEHTbI HHEPIHH,

1 — LIEHTPOOEKHBII MOMEHT MHEPLIHH;
Wy, W, — MOMEHTBI CONPOTHBIICHHS,

ly,i; ~ — PaJuyChl HHEPLHH.

3Ha4ok «*» y MoMeHT conpotusnenust W npuBoautes Ui Hanbouee yaanéHHBIX
BOJIOKOH OT IIEHTPA TSKECTH CEYECHUS.

Ksagpar
z A= az,
I a
77 7 yC:Zc:Es
] ;O’%_z a4
s b h=l=15
7 o
e P
a Wv = m = g;
—i,= -2 ~0289%
y Z \/ﬁ *
Kgajpar, nocrapiieHHbiil Ha pedpo
Z* A= az;
. h 2
ye=ze=75= av2 _ 0.71a:
P .
S L=L=-=—; I, =0;
@ 12 48
N 2 3
Ye W_y =W, = ﬁa‘ ;
a
Iy=1i,=—~0.289a
Y \/ﬁ
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Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB
CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

IIpsiMOYTOJILHMK
ZA A = bh;
7 ye=2i =1
[ O Y 2 2
= N—or bh? hb?
O // Iy — =, I, = :
N / s 12 12
~ | [_VZ = 0;
Ak bh? hb*
b M= T
iy = 0.289h; i; = 0.2895b.
PaBHOOGeApeHHBIH TPEeYroJIbHUK
bh
A= —;
ZT 2
_ b _
yC - 29 ZC’ 33
<l LAY Lobn
& /O Y367 7487
< Iyz —_— O,
- bh?
b 7Y
. h : b
[ e [ e
T3V2 ©2vV6
IMpsaMOYroJibHBIN TPEYroJbHUK
bh
Ye = 59 lce = g’
< N bh? hb?
> _//O__.. Iy:g; IZZE’
N / x b2h2
ye be =757
b W %k — b—’lz- W * — h_l?z.
7 yo - 24 ’ FAOEE 24 >
h , b

Y32 BT ey
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Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB

CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

Kpyr
7td?
A
4
— _dn
y(.'_z(._ 2’
P - mdt ot ; - ndt
YR T 64 40 P 3
nd® md?
Wy=W,;=—=— Wy = —;
) 4 P~ 16
) d r
ly_lZ:ZZE.
IHoaykpyr
AT _m
8 2
i A, 2 4
+ yc_2_ ’ ZC_37T_371:’
4 4 4
N _O_ y ]v:-d———- E———-——-— ; ]7:_7.17_4_.:_7:[_’:_
Ml Y Y16\ 8 9 128 87
3 I':();
) G =2r ) nwd® T
Wyk 2~ 0.0239d°%; W, = — = —
o =64 38
d
v~ 0.132d; = —.
Ly I 4
IpaBWJILHBII MHOTOYTOJIBHHUK C /1 CTOPOHAMM
1

har

9

A= Znazctgoc = nrztgoc =

a a

. .
2 2

~ 2sina ' 2tg o
=1="2 (6B —a?) =57 (122 +a);

96
Iy, =0;

. . 1212 +a?
ly = lz = T.

137



Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB
CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

Koas1o
d? d
A:ﬂ—(l—oﬂ); o= —
4 D
nD*
I=1 =" (1 —a4) zo.OSD“(l —a4);
V]
D3
Wy=W. =" (1-a*) ~ 0.0 (1- )
32
D
.¢ —_ ] —_ — 1 OC2.
ly =1; 1 +
ToHkoe KoJaBLO F &K D
A = ntDt;
D3t
=1 = HT ~0.3926D°:
Dt
Wy=W.=——~ 0.7853D%t;
iy = i; = 0.353D.

IIpaBui10 3HAKOB 119 HEHTPOOEKHOI0 MOMEHTA HHEPUUH
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Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB
CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

3. llepeBon equnuin. Mexanuveckne XapakTepHUCTHKH MAaTEPHAJIOB

3.1. 3aucumocts Mexay mMexanudeckummu exununuamu CHU, CI'C u BHecu-

CTEMHBIMH ¢ IMHHLAMH

Envnnna ee 0003Ha4eHHs CoorHomenune
Bennuuna
no CHull B cucteme CH €IMHHIL
Cuna, Harpyska, Bec Kunorpamm-cuna (kre) | HetlotoH (H) lkre =9.8H ~ 10H
TOHHA-cuna (Tc) KHWIOHBIOTOH (KH) Itc ~ 10000H =
= 10xH

JInHeiinas Harpyska,
MOBEPXHOCTHAS Ha-
rpyska

KWJIOTpaMM-CHJIa Ha
MeTp (Krc/m),
TOHHA-CHJIa HA METP
(rc/w)
KHAJIOTPaMM-CHIIA Ha
KBaIPaTHBIH METp
(xrc/M?)
TOHHA-CHIIa Ha
KBAaJIpaTHBINA METp

(re/w2)

HBIOTOH Ha METP
(H/w)
KHJIOHBIOTOH Ha
metp (kH/m),
HBIOTOH Ha KBaJl-
parHbIi MeTp
(H/m?)
KHJIOHBIOTOH Ha
KBaJIPaTHBIH METP
(kH /)

1kre/m =~ 10H/m
I'tc/m~ 10kH /M

1 kre/m? =~ 10H/m?

11c/m? ~ 10kH /M?

Hanps:xenue, nasnenue,
MOJTYJIb YIIPYTOCTH

KHJIOTPaMM-CHJIa Ha
KBaJIpaTHbIA MHIUIH-
metp (kre/mm2),
KWJIOIPAMM-CHJIA Ha
KBaJIpaTHbINA CaHTH-
metp (kre/cm?)
TOHHA-CHJIa Ha
KBAJIPATHBIH METp

(re/w?)

nackainsb (Ila)

(111a ~ 0.1 munam-
METpa BOJAHOTO
cronba),
meranackaib (Mlla)

1 kre /mm” A2
~ 10" [la = 10MIla

1kre/cm? ~
~10°Tla = 0.1 MIIa

ITc/m? = 10*Ta =
= 10kIIa

MoMEeHT CHITBI

KHJIOTPaMM-CHIIa-METp
(krc - m)
TOHHA-CHIIa-MET]p

(TC M)

HBIOTOH-METP
(H-m)
KHHOHbi—OTOH-METp

(xH - m)

lkre-Mm~ 10H M

Itc-Mm~ 10xkH ™M

Im=10%cMm; 1M = 10% em?; 1m3 = 100em?;
leMm=10"2m; lem®=10"*m%  lem® =10"0m3;
IH=10"3kH; 1H=10"°MH; 1kH = 103 MH;
IkH=10H; IMH=10°H?% I MH = 10°H;
IMa=15%;  Ixla=1%; I MIa = 1 X1
1xlla = 10°TTa; 1kIla= 10"3>MIla; 1MIla = 10°klla;

1 — J0MITa.
CM

139

Im* =108 cm?;
lem* = 1078 m;

1 Tc = 10kH;
I krc = 10H;
I MH = 1001c;

1 MIla = 10 £5;
CM




Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB

CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

3.2. Mexanuyeckne XapaKTepHCTHKH MATEPHAJIOB

Marepuan E,MIla | G,Mlla oc,FpLaﬂ y,;—‘j
Crais 2.06-10° | 8-10* | 125-1077 | 785
Menb npokarHas 1.1-10° 4.10% 1651077 88.9
Cepblit uyryH 1.18-10° | 4.5-10* | 100-1077 | 68.0-74.0
Tlepeo Bomb Borokos | 1-10* | 0.055-10% | 20+40-10"7 | 5.5+7.4
G= £ :
2(1+v)
O0o3HaueHus: E — MOIyab YIPYTOCTH NPH PACTSHKEHUH MaTepHala;
G — MOay/b yIPYTOCTH MPHU C/IBHTE;
v — xkodddumuent [lyaccona;
X — TeMmnepaTypHsIi KOIDHUIIMEHT TMHEHHOTO PACITMPEHHUS,;
Y — O0OBEMHBIN BecC.
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Yupasiienue nupoBbIX 00pa3oBaTebHbIX TEXHOJIOI Wil

COIIPOTUBJIEHUE MATEPHUAJIOB
CIHEUAJIBHBIE BOITPOCHI COITPOTUBJIEHUS MATEPHUAJIOB (UacTh I |)

4. YCTOMYMBOCTH C:KATBIX CTEPIKHEH

3Ha4yeHUs (@ Ui JAepeBa  ONPENEeIATCS B COOTBETCTBHUM ¢ 11.7.3
CIT 64.13330.2017 «/lepeBsaHHbIE KOHCTPYKIHMH. AKTYQJIM3UPOBAHHAS pEeAaKIIUA
CHulT IT—25—80»:

A\ 2
=1-038 (100> , eciu A < 70;
3000
=2 ecin A > 70,
rme A —  THOKOCTb CTEPIKHS;

L — Ko3()PUUMEHT NPUBEACHUS JJIUHBI;
[ —  JIJIMHA CTEPIKHS;
imin — MHHHUMaJIbHBIHA paanyC UHEPLHH.

B cinyuae cranu C245, 3HaueHue @ NpUBEJICHBI B TaOIUIBI HUKE U OIpe/IeIeHbI
cormacHo BbipaxkeHuto (8) CII  16.13330.2017 «CranbHble KOHCTPYKLHH.
AxtyanusupoBanHas penakius CHull [I—23—81%»:

0.5 (6 V52— 39.487\2)

A2

(p:

3nauenue kodddumuenta & onpeaensercs mo Gopmymne
=9.87 (1 —oc+ BA) + A%

R,y
e A=A/ — YycioBHas THOKOCTb CTEPIKHA,

auf} — K03 PUIIUEHTHI, orpeensieMble mo Tabmure 7

CIT 16.13330.2011.
Jliist TunoB ceveHuit «6» mo tabmume 7 CIT 16.330.2017 a« =0.04 u 3 = 0.09, a

Takke cortacHo Tabnuubl B.5 nns cranu C245 R, = 235MlIla; E = 2.06 - 10° MIla

3HauYeHHs KOA(P(PHUIIMEHTA ( NIPUBEICHBI B Ta0IHULIE

I'nbxocte A
Marepuan
10 | 20 30 | 40 | 50 | 60 70 80 | 90 | 100
® Crans C24510.99 1098 1095|091 |0.87|0.82|0.77]0.70 | 0.63 | 0.57
Hepeso 0.9910.97 093] 0.870.80|0.71]0.61 {0.47|0.370.30
['nbxocth A
Marepuan
110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
® Cranp C245 | 0.50 1 0.44 | 0.39 ] 0.350.31 | 0.28 |1 0.25]0.23 | 0.21 | 0.19
HepeBo 0.2510211(0.1810.15][0.130.12|0.10 | 0.09 | 0.08 | 0.08
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Pacuérnoe conporusnenue cranu Ry onpenengercs cornacuo CI116.13330.2017
«Cranbuble KoHCTpYKIMH. AkTyanusupoBanHas pepakuus CHull [I—23—81%y.
B cimyuae, ecii ruOKOCTL CTEPHKHA A NPEBHIIAET MPEAETbHYI0 THOKOCTD Anper,

KPHUTHYECKOE HATIPSUKEHHE ompeessercs no popmysie Diiepa

Fy TElL,

Ugp = —> = ——i
A A(w)

B ciyuae, eciu rHOKOCTB CTEPKHSA A HE IPEBBIMAET NPEIENBHYI THOKOCTD Apper,

KPUTHUYECKOE HanpsKeHue onpeensercs no popmyne B. @. Scunckoro
rme aub — >MIupHUecKre Kod(POHIMEHTHI, ONpeenseMble s pa3THIHbIX

MaT€pHalIoB Ha OCHOBE SKCIIEPUMEHTAIBHBIX JTdHHBIX.

Tabmmua 4.1 — 3nauenus k0dGPUIMEHTOB a U b T HEKOTOPBIX MaTepPHaIoB,
ucmonb3yeMbix B popmyie @. C. Acunckoro

Marepuan | a, MIla | b, MIla | Agpes
Craunb 310 1.14 | 100
Hepeso 40 0.203 | 70

F F F F.F F F
*C&—A\ K é‘%—*‘ K j‘g ‘t \ ‘
(S SR TAN W
[ [ \| .. \

|\ ~ \\ '--.»|\ ~ !,"'--a \Q;“.&J‘M \\ K ™~
| N\ |\ | NS S
| 1 ARG

& . K3 SO SS {@ T

u=1 u=07 pu=05 p=2 \u=0.5 n=0.35

Pucynok 4.1 — 3aBucumoctb k03 duirenTa npuBeICHHS JTHHBI L OT CXEMBI
3aKPETICHHs CTEPKHS
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5. Dnwpbl BHYTPEHHUX YCHJIMH M NepeMenieHHi VI HEKOTOPbIX
NPOCTHIX 0AJIOK

5.1. TlpaBu/jia NOCTPOEHHSA W KOHTPOJSA MIOP (MeTOA HAYAJIbHBIX MapaMeT-
pos)

Z)

(=]

A

3
¥

(&)

Pucynok 5.1 — K meToy HayaJIbHBIX TapaMETPOB: MOJIOKUTEIBLHOE HAIIPABJICHHE
BHEUTHHUX HArpy30K

@(x) = (po+-- Y m(x— a)+ZF Z (x :

() o+ ot [Ty pE=D g o)’

rne £ — Moayns ynpyroctu 0ajku;
I — MOMEHT uHepUUH OAJIKH OTHOCUTEIBLHO OCH Y,
— PpacCTOsHHME OT Havyajaa KOOPAUHAT 10 TOUKH ITPHIIOKEHHUS
n3rubaronero MoOMeHTa m;

b — paccTosHHE OT Hadajaa KOOPJAUHAT O TOYKH MPHIIOKEHHS
COCpPEeIOTOUYECHHOU CHIIBI F;

€ — pacCTOsSiHME OT Haudajla KOOpAMHAT 10 Havyalla pacrnpeaenéHHon
Harpys3KH ¢.

Hcnonp3oBaHie TIPUBEIEHHOTO BBIPAKEHHUS MOXKET OBITh BO3MOXKHO TIpH
coOmoaeHun aBYX W3 4eThIpéx npasuia Knebmra: 1. Havano koopauHar GpUKCHpPYIOT
Ha JICBOM KOHIlE OaJIKh M B TpOLEecCe pPEHICHHUs 3aJadyd HUKYJAa HE NEepPEeHOCHT.
2. IIpn neiicTBuu Ha OalKy pacupenei€HHON HArpy3Kd, HE JOXOIALICH /10 IpaBoro
KOHIIA Oaliku, e€ HEeOOXOIMMO IMPOJOJIKUTL JIO NPAaBOI0 KOHLICBOI'O CEUCHHMS,
OJIHOBPEMEHHO YpaBHOBEIIMBas €€ IPOTHUBOIOJIOKHO HAIPABJICHHOW Harpy3Koi
TOM K€ MHTEHCUBHOCTH.

JuddepeninanbHas 3aBUCUMOCTb MEXKY BHYTPEHHUMH CHJIOBBIMHU (DaKTOpaMu
MOXKET OBITH 3alKcaHa:

_do &M o d*w
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Torza mpaBuia MOCTPOEGHMS SIIOP YIVIOB IOBOPOTAa U NPOrHOOB MOTYT OBITH
copmynupoBaHsi:

1. Ha ydacTtke, re amiopa monepevHsix cuil () MoJokKHUTeNbHA, JI0pa YITIOB
IIOBOPOTA (9 MMEET BBIYKIOCTh BHU3; HA YYaCTKE, [JIE JII0pa MOIEPEUHbIX
CUJI ¢ OTpHLIATEIbHAS, JITI0PA YIVIOB IOBOPOTA () MIMEET BHIMYKIOCTh BBEPX.

2. B Touke, rae smropa TMOMEpeYHBIX CUl () TIPOXOAMT Yepe3 HOMb, HIIH
HNPOUCXOIUT CKAYOK Yepe3 HOMb, Ha 3II0PE YIVIOB OBOPOTA ( B 9TOM MECTe
Touka neperuda (T.11.).

3. B Ttouke, rj1e smopa W3rubamIEero MOMEHTa () MPOXOMHUT Yepe3 HOJb, Ha
MIOPE YITIOB MOBOPOTA (9 B 3TOM MECTE IKCTPEMYM (ext).

4. B Touxke, 171e Ha 3Mope u3rnbaroniero MomeHta M HaOmOgaeTcs CKavoK, Ha
JMIOPE YITIOB MOBOPOTA () TOYKA M3J0Ma (T. 1.).

5. Ha yuactke, rae smiopa m3rudaromero MoMeHTa M MONOKUTEIbHA, M0pa
nporubOBW MMeEET BBIMYKJIOCTh BHU3; HA y4YacTKe, TJie 3MI0pa U3rHOaroIero
MOMeHTa M oTpuuaTenbHas, dMI0pa NPOruOoBwW HMEET BHITYKIOCTh BBEPX.

6. B Touke, rae smopa u3rubawIero MoMeHTa M MpoXoauT Yepes HOJb, HIH
MPOUCXOAUT CKAYOK Yepe3 HOIIb, Ha JMIOpe MPOrHOOB W B ATOM MECTE TOUKa
neperuda (T. 1m.).

7. B Touke, I1e Smopa YIIOB TOBOPOTA () MPOXOAUT 4Yepe3 HOJb, HA JIIOpe
nporuGoB w B TOM MECTE IKCTPeMyM (ext).

CokpalllEHHO JJaHHBIE TIPaBUIIa MOTYT ObITh IPE/ICTABICHBI IPAQHUCCKH:

Harpyska |{134| F|-“Z—o—| 0 | —
1
\V4

0 \V4 ext | 0
M \/ L TaL | ext | 0

¢ V| T | ext | 0
\%

w

e \o/ — napaGona;
T}\
N — usiowm;

L — cxauok; /‘_\

ext — DKCTpEMYM,

T.OL | ext

T.I. — TOYKa meperuoa.
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5.2. Dmniopbl BHYTPEHHHUX YCHJIMH U NepeMelleHuH 1151 HEKOTOPbIX MPOCTHIX

0aJsioK
A F
) B
[
Q A 9nfopa ITOIICPCYHBIX CHUJI
¥ M F

0 | _ ® _ 10

\ %

Omropa u3rudaroImx MOMEHTOB

¢ Dnropa yrioB IOBOpOTa
]
| O
1 g
WT Dmropa Iporubos
0

_ 1FP*

©B *EH’
1FP3
WB = Wmax 3E-
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q
NI IR R E R R RN RN
Y B
[
O Dmropa IMOIEePEYHBIX CHII

Dmropa U3ru0arIux MOMEHTOB

ql?12
0 Iy 0 X
M
¢ DMropa yriioB MOBOPOTa
OT 0 X
‘ Pp
w
OT - ]?n}opa’nporn603 | 0 X

Wp
1403
PB = _EE’
1 gl*
WB = Wmax gﬁ
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. m
‘ B
l A
Oy DMIOPA NONEPEYHBIX CUIT
0 0 X
Omropa U3rudarIIuX MOMEHTOB
m M m
0 l e [ o »
M
P DMmopa yriioB NOBOPOTa
0] 0 X

OT 9n10p§1 l'IpOFI/I6OB. 0 X

:=IL'||||I'
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A r B
& C &
a b
[
|
04 DIopa MONePEeYHbIX CUJI
Fb/l @ F
0 \ = \ | . 0 2
l @ [ Fa/l
0] Omropa U3rubaroImMx MOMEHTOB () x
. . T . . -
WW
M Fba/l
¢, OMIOpa yIJIoB IOBOPOTA —_ ©p
o T ®[]o x
\ O
D4 |
" C) §)
OT | | -H}Op? leorg OB 0 x
S]] ” O
WC f
__1Fba . _1Fa p 5,
N T TN 77 (l “)’
1 F (ab)?
WC:—gﬁ ] , IpH X = Ad;
1 FI? l
f:Wmax:WC:—EE, npnx:a:b:i.
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4q

o]

3mopa HBPI/IGaI(I)IJIHX MOMCHTOB 0 x
Y Sl
|
PIRL:
¢, DTIOpa yriioB MOBOPOTA ___—rT ?B

0 ___T.®.Oi‘

w
Dmnropa mporudos
of Jmopampornbos g x
| Ol ]
L]
Wp
1 gl 1 gl®
PA= o4 ED PB= 54 ED
5 ql* l
pu x = —.
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F
& < B ¢
[ ] a
O Dnropa MONepedHbIX CUIT
F . F
0] | | s 0 X
Fa/l | ] G Fa/l
Dmopa U3rudarnMx MOMEHTOB
| Fa
0, . T o
M
P
P4 Dmnropa yriioB IIOBOpoTa
oll.llw. B (I
]
| o
W |  Dmnropa nporu6os
w

| Fal | Fa
PA=gEr = Tgp B3
Fal?
Wexs — 0.0642° L. rpu x — 0.5781;
El
1 Fa?
— Yt a).
we 3 ET ( +a)
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44 F X
\ B"
a
[
ZA 1
:A F Y ¥ ¥ Y f
* B
a b
[

[
AZ°A < -
N ) B
a } b
[
z4 ;m Bx
A
a J b
[
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lml_

@A:—gﬁ,
_Iml
@B—gﬁa 2
Wiiiag = —0.0642%;
I mi? [
w:—1—6ﬁnpnx:§.
Imyl 1mpl
PA=3E TREL’
_lmAl lmBl'
AN TTREYTA
1 (mA+mB)12 [
wmaX:—ETnpnx:E.
_ Imgl Tmpl
PAT3E T 6EL
_lmAl lmBl.
PBTSEl 3EL
L (my—mp)l>
W:_ETHPHX_E'

Wmax = —ﬁ El
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zh 4 1 _1a21(1 a).
pyany X oa=:7(1-5)3
&é& B _lazl [ a? '
a PEENEI\ T22)
[ 1 &b a
7 92 4—3—).
Y 24E1( I
1 gbc
q 4a(l+b) —c?
AZT gy x ba= 24Ell[a + C}
I gac
& | . <& B (pg—ﬂ%—ll{%l—l—a —cz]
a b
1 gc |ab c\ ¢
=TT (a1 —2a> -~ )+ —
L " 6E1[ (20124 4)+64]
npu X = a.
zA q q
pyaes! X ! g
A K\E«B PA=Pp= 55(31—20)
a a lql4 a? a* [
/ Ty A (3 212) Y=Y
lqazl_
(pA_—EEa
1 ga®l
7 0 > 0r= 55T
A >
B |C | ga*
] ‘ (PC—EE( +1);
’ o wee 19T s
Yo ’
212
wmax—00321q21 mpu x = 0.5771
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