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TEMA : TPIIIUHOCTIMKICTH 3AJI3OBETOHHUX EJIEMEHTIB. BUMOI'!
TPINMHOCTIMKOCTI3AJI3OBETOHHUX KOHCTPYKIIM

Hegomkom 3ami300eTOHHHX KOHCTPVEINH € Te, MO NPH  MOPIBHAHO
HEESHEHX HABAHTAKCHHIX BHHHEAIOTH TPUUHHHE YV OSTOHL POITATHYTOL 30HH. 1
I1i TPINTHHEH MOXYTE POKPHBATHCA TIPH MOJATLIIOMY 301TRIISHH] HABAHTAKCHE
V mpomeci TMOJATENIO eKCIUTVAaTamii [pITHHH 3MeHIIVIOTE JOBTOBITHICTE
KOHCTPVEIIH, 3HIEAVIOTE KOPO3HHY CTIHKICTE apMaTypH, [IBHITYIOTE
nethopMaTHEHICTE.

Jamezmo BiT YMOE pODOTH €I€MEHTY Ta BHIV EHKOPHCTAHOIL apMATYPH 0
TPIMHHOCTIAKOCTI HOPMATEHHX Ta IOXHIHX Iepepi3siE  3am300eTOHHHX
KOHCTPYELIH BHCYEAIOTE EHMOTH, INO AUTATECA HAa TPH KATETOpii:

I kamezopia — He TOMYCKAETHCA EHHHKHEHHA TPIITHH;

! wamezopin — HOTYCKAETBCA OOMEHEHe 33 IMHPHHOK HETPHBAIE
POIKPHTTA TPITHH ;. 33 VMOBH 33DE3MeYeHHY X HACTVIIHOTO HATIHHOTO
JAKPHTTA (3ATHCHEHHT ),

3 xkamezopia — DOMVCKACTECA 0OMEKEHE 33 MHPHHOK HETPHBAIE gy 1
TPHBAIE 7 POSEPHTTA TPIITHE.

Posp13Ha10TE HETPHEATE G,y 1 TPHBAIE dgp; POSKPHTTS TPAIIHH.

Ilin HETpHEATHM POZVMIIOTE POIKPHTITE TPLNHH Bil CVMH IOCTIHHHX
TPHBATHX Ta KOPOTKOYACHHX HABAHTAKEHL (MPAKTHIHO BiI CYMAapHOTO
HaBaHTaxeHHA). [[U1 TPHBATHM PO3VMIKOTE PO3KPHITA TPIIHH BiT CYMH JIHIIE
TIOCTIHHAXY 1 JOBMOYACHHX HABAHTAKEHE.

V tabmmmi 2.1 waeememi kaTeropii BHMOT OO0 TPIHHOCTIHEOCTI Ta
TPAHHTHO JOMVCTHMI 3HATEHHA MIHPHHH PO3KPHTTA TPIITHH, a v Tabmmm 2.2 —
NOPAIOK BPaxVBAHHA CECIDIYATALUAHHX HABAHTAACHE 2a VTEOPEHHAM.

POIKPHTTAM ab0 3aKPHTTAM TPIITHH.



Kareropii BHMOT J0 TPUNHHEOC TIHEOCT1

Tatmema 2.1

Kareropis BEMOT J0 TPUOHHOCTIHEOCTI 3AMI300eTOHRHAX
ECHCTPYEILHE, FPAaHHTHEO JOOVCTHMA IIHPHHA HeTPHEATIOTO Ta
TPHEATONY POSKEPHTTH TPUITAH
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Tatommma 2.2

ITopagox ypaxyBaHHT HABAHTAREHE IPH POIPAXYHEY HA EHHHEHEHHST i
POSKEPHTTA TPIITHE
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IlpeniTea. * )y OpEAMACTECA AK OPH POSPAXYHEY HA MITHICTE.




I3 Tabmam 2.1 EAMIREBA, IO 34 OEPIIOK EATETOPISE: POIPAXOBVIOTH
EOHCTPVEIL, AKi 3HAXONATHCE I THCEOM PifHHE abo raue (pesepByapH,
HAOIPH1 TPYOH TOINO), 4 TAKOH Tl N0 EKCILIYATVEOCH HFDEWE PIEHA [PYHTOBHX
EO 3 DOEHICTIO POSTATHYTHM IDepepi3oM, EONH IMOBIPHE YTEOPEHHEA HACKPIHAX
TPIOHHE, OO0 DOPYIIVIOT:E HENPOHAEHICTE EOHCTPYEDG [rd mosmmenss
TPUIHHOCTIAECCT] OX KOHCTPYEDIH B TAKHX YMOBAX 3acTOCOEYIOTE IONEpPeTHE
HANPY#EESHEA apMaTypH. [l1i OpOTe BHEOPHCTOBYIOTH CTPHEHEEY APMATYPY
Eracie A-IV ta srme, gpotoey B-II Ta Bp-1I, kagara K-7, K-19.

[mm monepeER0 HADPY#EeH] KOHCTPVEDLL 3ATe&HC BiI VMOB pobOTH Ta
EHJy AapMaTyPH DOBHHHI EBUINOEBIaTH EBEMoramE 2-1 Ta 3-i EKaTeropiE
TPUIHEOCTIAEOCTL

Benmore 2-1 EaTeropii TPUNEHOCTIAKOCTL, IO OepelOavaroTs OOMEREHE
33 [NHEPHEHEOK TPHEATS PpPOSEPHTTA TPUOHH 33 VMOBH 3aDesmedeHHA iX
HACTYIHOTC HATIHHOTO 3AKEPHTTA (3aTHCHEHHA), BHCYBANOTHCE 0 EOHCTPYEIIH,
apMoBaERX cTpEEEeE0D (A-IV Ta BEHIDE) 1 ZpoTOBOK aApMAaTypPON BHCOKOL
MIDHOCTL

Bemoran 3-i EareTopii BIJHOCETBECE [HO0 VCoIX EOHCTPYEDIE Oes
NomepeIHBOTC HAOPYVEEHHA, a TAECE [0 IHIOHX DoOepeJHbC HANPYHEHHX
EOHCTPVEILH.

PospaxyHor 3adizoleToHHHX eIeMeHTIE 33 BHHHKHEHHSM TPILLHH.
PospaxyvEOK 33 EHHHEHEHHSM TPIUUHH BHECHYSTRCH 3ANTEKHO BiN KaTeTopiE
BEHEMOT J0 TPIMEHOCTIAKOCTL eIeMeHTY.

Jns monepegHso HaOPY#EEHHAX KOHCTPYEIIH DPOBOIATH POSPAXVHOE 3a
VIBOpPEHHAM JBOX EBHOE TPIOHE — HOPMANEHHX T4 DOXHIHX BITHOCHO
NOJOERHEBOI OC1 EIEMEHTY.

PospaxyHor 30 SHHNKHEHHAM HOopMaasHux mpiuini. B ocmosi
PO3PAXYHEY 33 BHHMEHEHHSM TPIUOHH OPHAHATO HADPYEEHO-IJedopMoBaHHH
cTaH edeMedTy B cTamii 1 a. [Ipr opoMy BEA®ANOTE, MO TPUDHHHA B OSTOHL E

POSTATHYTIH 30H1I 3 ABISIOTBCA TOJL KOWIH #HOIO DOJOBEEHHA JOCATAS



TPAHAYHOTO 3HAUEHHA, 2 HANPYXEHHS CTAE PIBEAM Ry, ..

Enevenmu, wo scux@omscs. Jaf Toro, mob TPIUHHE He BHHHKATH,
HeoOXiTHO, 00 MOMEHT 30BRIMELX CH1 M He mepeBHIIYBaE MoMeRT M, AKHH
COpREMAE Iepepis IPH VTEOPEHH! TPIHH ¥ OeTOR1 PO3TATHYTOL 30HH:

MsM,. (2.82)

B nonepensso HanpyxeHHX eleMeHTax. MO THHAITECA, B POSTATHYTIH B

CTAZil EKCILTVATAIN 30HI CHIA ODTHCHEHHA, SKA NEPEmKOTKAE BHHHKHEHHIO

TPAITHH, CTBOPIOE CTHCKAKOYe HanpyxeHns (puc. 2.56)

Pe
iy -_-_P_.,.__QL: (2.83)
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Ae P — piEHOAONA 3YCHAL ¥ BCIH MO3TOBAMEIE APMATYP! 3 BPaXyBAHHAM
BUITIOBLTHHX BTPAT

P=40,+4,0,-40,-40,. (2.84)

ae W,y — Opya®EHEE MOMEHT OnopY: Wow = Lwi/ Yo Jreg — MOMEHT 1HepIii

NPHEEJEHOTO MEPEPI3y BATHOCHD OCi, MO MPOXOJHTH Tepes HOTO MEHTP Mac;

Vo— BUICTAaHb BiT WEHTPa Mac JO BOJOKHA, TPIIHHOCTIHKICTE AKOTO

BH3HAYACTHCA.

R

Prc. 2.56. o BH3HAYEHHA MOMEHTY YTEOPIOBAHEA TPIHH Y
ITHHATBHOMY NONepeTHE0HANPYASHOMY eeMeHT: a — HAIPYASHHA BUI i
nonepeTHLOTO HANPYAEHHA; O — HanpyKeHHA B NPYARIH cTagd poCoTH: B —

HANPYAEHHA B MOMEHT YTBOPEHHA Nepmoi TPUNHKH.




Momert M, AKHMH COpHYHHAE YTBOPEHHA TPOIHH B MONepeIHBO
HAMPYAKEHOMY €JeMEeHTL CEIAjacThCcA 3 JBOX CKIAJOBHX — MOMeHTY M;. mo
3MEeHIIVE HANpPYKEeHHA OOTHCHEHHA B KpaHHBOMY BOMOEKH1 Oetomy mo 0. 1
MomerTY M, mo mueamye Hanpyaerna 811 0 go Ry, .-

M_=M+M,. (2.85)

Ockitekm mpE Aii MoMeHTY M, OeToH mpamoe OpPyAHO IO BCHOMY
nepepisi Ta eIopa HANPYAEHHA IPHIMACTBCA TPHEYTHO (pHC. 2.36). TO

' Pe,
.M,=H-"Na,ﬂ=ﬂ'[ f - u_"’ J=P[%+e‘,r

red red | L /

=P(r+ e,,,,)=.M,,,, (2.86)

ae
W, ed/4res — BIACTAHD BiQ DEHTPA MAaC OPHEEJEHOTO NEPepisy JO BepXHBOI
Azposoi TouEH (prC. 2.56); M,, — MOMEHT CHa OOTHCHEHHA BiTHOCHO BEpPXHBOI
ATAPOEOT TOSIKH
M,=W/R, ... (2.87)
ae I1; — OpYAHOILIACTHIHAA MOMEHT ONOPY 3a1i300€TOHHOIO Iepepisy;
Wyt = Wred ¢ — 12 KPaHHBOTO BOJIOKHA; ¥ — KOS(IIICHT. MO BPAXOBYE BILTHB
HEOpPYAHEX JedopMamiil OeToHY PpOSTATHYTOI 30HH. 14 NPAMOKYTHHX
nepepisis yr= 1.75.
Tassm qHHOM.
M=M, =M_+R W. (2.88)
Pospaxynorx 3a ymeopenHam noxwinux mpiuind. Pospaxysox 3a
VTBOpEeHHAM MOXHIHX TPiUOHH BHKOHYIOTB B MICOAX Jii HAHOLTBIITHX
HONEepeTHHX CHI. MOMEHTIE 3THHY. a4 TAKOK IX HAHOMIBIOL CYKYIHOL Aif: TOOTO
B MICOAX PI3KOI 3MIHH IDHPHEH Nepepisy. NOCIabneHHd CTIHOK OTBOPAMH;
IMINH IIHPHEH CTIHEHR 0 JOBAHE] &IEMEHTY. B Iepepi3ax Ha MeXi OIlop TOmO.
INoxm1i TPITHHA B eleMeHTi OyAyTh BUICYTHL SKIIO BHKOHYETECA YMOBA
Gt < 74 Rit ers (2.89)



Je Vpe — KOBQUNIEHT YMOEB pPODOTH OETOHY. M0 EBPAxXOBYE BILTHE
ABOXOCHOBOTO HANPVASHOIO CTAHY HA HOTO MIIHICTD 1 BH3IHAYAETHCA 33

tpoprymor0

1-c_ / R, 5
v = ~ N . -"%
" 02+4aB (39

ate He Oumme 1 TYyT @ — KoemIiEHT, MO DPHAMAETHCA PIBHENM 18
saxxoro Serory 0,01: a1a apidrO3epEHCTOrD. MerKoro Ta Hisaprosaroro — 0,02;
B — xmac OeToHy 33 MIITHICTIO HA CTHCK 3Ha9eHHA a5 NPHHMAIOTh He MEHIe.
mix 0,3; ¢, Ta ¢, — FOIOBH] POSTATYIOU Ta TOMOBHI CTHCKYIOUW! HANPYKEHHA

& GeToni. [x 3HAveHH BH2HATAIOTH 33 BHPAIOM
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Ze O, — HOpMATBHE HANPY#AeHHA B €JIeMEHT! BiJ 3VCHIb NONEpeIHbOrO
OOTHCHEHHA TA 30BHINTHIX HABAHTAKEHD Ha IVIOMAINL, TApPATeTbHIH NOJOBKHIT

OCi eleMeHTa; ¢, — HOPMATbHE HaNpyAeHHA B OeTOH! Ha IUIOMAmmL

NapazeTbEl NOJOBAHIE OC1 €IeMeHTa, BUI MICHEBOi Aii peakni OHOpY,
30CepeDKeHHX CHA Ta PO3NOAUIEHOTO HABAHTAKEHHA. 3YCHIb CTHCHEHHR
BHACALIOK NONEPeTHBOIO HABAHTAKEHHA XOMVTIE TA BAJITHYTHX CTPIHAHIE;
r,, — JOTHYHi HANPY:KEHHT B OSTOH! Bil 30BHINIHBOTO HABAHTAAESHHA Ta 3YCHTb
OOTHCHEHHA BEACALIOK NONEPETHBOTO HANPYKEHHA BLIIrHYTHX CTPHAHIE.

Po3paxyHor WUpHHI POSKPUMINA HOPMAILHIUX mpitiH. PospaxyHox
OPOBOJHTECA 33 APYTOI0 CTANICI) HANPYAEHO-IeOpMOBAHOIO CTaHY HAa AM0
PO3PaxXyHEOBOTO HABAHTA&ZSHHA OpH )y =1. 3a pPOSKPHTTAM TPUNEH
PO3PAXOBYIOTH 3AM300€TOHHI €7eMeHTH, B AKHX VIBOPeHHA TPIIIHH
OpHITVCTHME, alle 0OMeXVEThCA MIHPHEA X POIKPHTTA.

[IwprEy pPOKPHTTA TPUOHH. HOPMANBHHX 10 NO3OBAHB0I OCI
eeMeHTy, BH3HAYAIOTD B MM HA PIEHI IEHTPAa MAC HAHOUTBOI POSTATHYTHX

APMATYPHHX CTPHAHIB B 3arATEHOMY BHIVLATI



a, =wvol E (2.92)
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C,— HAOPYKEHHA B apMATYp1 B Nepepi3i 3 TPIHHOW; ¥, — KOS(ImIEHT.

o BPaXxoBYe poOOTY OETOHY Ha AUIAHEAX MUK TPIUHHAMH, | — BiACTAaHB MIK

TpIHEAME; E, — MOZYIS OPYAHOCTI APMATYPH.
A4 DeHTPANBHO POSTATHYTHX eIeMEHTiB
L.=dn(4u). (2.93)

Ie d — JiaMeTp CTPHARIB; )| — KOe(iIIEHT. MO 3aJedMTb BLI BHIY Ta
OpOQLIIO APMATYPH; U — EOeDIIIEHT APMYBAHHA.
Tazan THHOM,

c.d
. 294
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[IepEHa POKPATTA TPINHHE, HOPMATEHHEX J0 MOJOBKEBOI OC1 EIEMEHTA.
BUINOBLTHO A0 HOPM MPOSKTYBAHEA, BHSHAYACTECA 32 eMIIPHIHOK QOopMyIon0

a, =5¢)ﬂ%—20(3,5—100,u){/<7 : (2.95)

Ae 6 — KOe(INIEHT, MO NPHHMACTHCA PIBEEM | A1 eJeMeHTiE. mo
STHHAIOTBCA Ta NO3ALEHTPOBO CTHCHYTHX eleMeHTi 1 1.2 1714 pOSTATHYTHX:
@.— KOSDINIEHT. MO XapaKTepH3ye TPHBATICT Jii HABAHTAXKEHHA Ta
OpHIMAcTBCA PIBHEM | NpR KopoTkogacHil Al 1.5 — npa aoBroTpEBamE i1 a
TAKOXK @OpH [ HABAHNTAKEHHA, AKe O0araropasoB0 NOBTOPIOETBCA. A4
KOHCTPVEKIIH 3 BAXKHX OETOHIB 1 HAa MOPHCTHX HANOBEIOBadwax. Ta 2.5 — gia
HI3PIOBATHX OETOHIE;?) — KOe(UIeHT. AKHH BPaxOBYE BILTHE BHIY po0OTO1
APMATYPH TAa NPHEMAETBCA PIBHEM | 114 CTPHAHIE NepIOAHYHONO mpOdiTo.
1.2 — naa apoty Kaacie Bp-1. Bp-IL xamarie. 1.3 — 212 mamox rapAgeKaTagHx
crpeaEiB. 14 — ans mmagxoro ApoTy; M — KoeimiEHT apMyBAaHHA 33
POSTATHYTOK apMaTyporo, ate He bumme. Buk 0.02; d — miameTp posTarsyTOi
apMaTypH. MM: ¢, — HAaNpYAeHHA (UH NPHPICT HANPYAEHHA B POSTATEYTiH

apMaTypl EPaHHBOTO PANY B Nepepist 3 TPINHHOK BiX A 3OBHUIHBOTO



HAaBAHTAKEHHA TAa NONEPEIHEOI0 HAOPVEEHHA. ATd OEHTPAIBHO POITATHYTIHX

eeMeHTIE Oe3 DomepeHBOro HanpyxeHHEAa o, =N/A , 3 mDonepegam

_(N-P)

HAIpVASHEAM o, = . A4 eleMeHTiB. WO 3THHAIOTBCA, 3

(‘4-)"*"4‘}

OJHHOTHOK apMATYPOX 0e3 NOomepegHOro HampyaeEHI o, =M/4z. 3

— . . M—P(:—efp)] o
epelHIM HANPYKEHHAM o, = (s nnege
A, +4)z

BHYTPINHG01 IapH CHI. € — BIACTAHD B NEHTPAa Mac ILIOMIt apMATypH S, J0
TOUKH NPHITANAHHEA 3YCHIIA OOTHCHEHHA.

IlimpEHa POSKPHTTA HOPMATBHHX TPIIHE 3aTeAHTH BiI HANPYKEHHR B
POSTATHYTiH apMaTypi koeQilicHTY apMYBAHHA Hepepisy. BHIY Ta JiaMeTpy
apMaTYpH. TPHBATOCT1 Jii HABAHTAKEHHA. /14 3MeHINeHHA MIHPHHE POSKPHTTA
TPOIHH CI0 SMEHIOIHTH JIAMETP APMATypH. 3OUTBIIHTH i KUIBKICTS.
EHKOPHCTOBYBATH apMaTypy NepiogHTIHOTO MPOdLTIO.

Jdna enemeHTiE 2-01 KaTeropii TPANHHOCTIAKOCT! MHPHHY HETPHBAIOIO
POSKPHTTA TPIOHE @, BH3HAYAIOTH Bil HETPHBANOI il NOCTiHEMX 1
JAOETOTPHBATHX HABAHTAXEHL 1 Byi Mii KOPOTKOYACHHX HABAHTAKEHD, a A
eIeMEHTIE 3-0i KaTeropii TPUNHHOCTIHKOCTI ii BH3HAWAKOTHL AK CYMY INHPHHH
POSKPHTTA Bil JOBFOTPHBAMOI Al MOCTIHHHX i AOBrOTPHBAIHX HABAHTAKEHD
Qs 1 OPHPOCTY IIHPHEH PO3KPHITE Bil Aif KOPOTKOUACHHX HABAaHTAKEHD
ey = Acpez , TOOTO

A, =Q,,—0.,+a, .- (2.96)

oy ore e
IlfrprEY POSKPHTTA NOXHIHX TPUNHH BH3HATAIOTH 32 POIPAXVHKOM

BLONOBLTHO O THHHIX HOPM.



