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EKcriepiMEHTaIBHO JOCIIKEHO POOOTY JBOLIAPHIPHUX 3ai300€TOHHUX apoK, IIO Ja€ MOMJIMBICTB JOCIIUTH OCOOIMBOCTI
HaInpy»eHo-1e(h)OPMOBAHOTO CTaHy Iepepi3ax MOsCy Ta XapaKTep Hepepo3NoJily 3YCHIb apKid MK BEPXHIM MOSCOM Ta 3aTSHKKOLO,
PO3BUTKY MPOTHHIB Ta TPIIMH NP OZHOPA30BUX Ta MOBTOPHHUX KOPOTKOYACHHX CTATHYHHX HaBaHTaXeHHsX. HaBemeHo Meroamky
PO3paxyHKy BHYTpIIIHIX 3yCHIb JBOXIIAPHIPHUX 3ali300€TOHHMX apoK i3 BpaXyBaHHSM II€PEpO3IOJITy 3yCHIb HpPH IOBTOPHHUX
HABAHTAKCHHSIX.

KurouoBi ciioBa: 3amizo0eTOH, JBOMIApHIpHA apka, MEepepo3NOJil 3yCHJb. IONEPEJHE HAMpPYKEHHS, HaNpyXeHO-
neopMOBaHUH CTaH.

AKTyaJbHicTh TeMH. 3aJ1i300€TOHHI apKH HIMPOKO BUKOPHCTOBYIOTHCS B OY/IIBHUIITBI PI3HOMaHITHUX
OyniBenb i ciopyn. BoHu OyBaroTe 1BO-, TPUIIAPHIPHUMHA Ta Oe3MIapHIpHUME. | OpH30OHTANBEHHN PO3IIip
CIIPHAMAETBCS 3aTSHKKOO, ajie MOXKE TAKOXK IIepeaBaTHCh HAa 1HINI KOHCTPYKHil (pamu, QpyHIaMEHTH).
HaifmommpeHimii ABOMIApHIpHI apKH 3 3aTsHKKO0. [IpH BENMHMKUX MPOJIbOTAaX 3aCTOCOBYIOTHCS TPHIIAPHIpHI
apku. besmapHipHi apky HalIeTII, aje HAWIy TIUBIIII 10 OCiaHb, TOTPEOYIOTh BIIAIITYBAHHS ITOTYXHHX
OITIOp JUTSI CIPUHHATTS PO3IIOPY 1 B HIOKPHUTTSIX 3aCTOCOBYIOTHCS PIIKO.

VY nBOmIApHIPHMX apKax HUIAXOM PETYJIIOBAHHS 3YCHIUII B 3aTSDKI MOXKHA 3MCHIIUTH MaKCHMaJIbHI
3HAYEHHS! 3rMHAIBHUX MOMEHTIB y IIONEPEYHHX Iepepidax IpH NMEBHUX HABAaHTAXKEHHSIX Ta PO3Mipax
KOHCTpyKMii. CyIijbHI JIBOIIAPHIPHI apKH MOXKHA BHTOTOBJIATH SK Ha 3aBOJaX 3aJli300€TOHHUX
KOHCTPYKIiH, Tak i Oe3mocepeHb0 Ha OyIiBeNbHUX MalZaHYMKaxX 3aJIeKHO Bifl PO3MIPIB KOHCTPYKIL,
MOKJIMBOCTI TPaHCTIOPTYBAaHHSA, IXHBOI KUNBKOCTI Ta IHIMX (akTopiB. Taki apkd 3aCTOCOBYIOTH Y
KOHCTPYKIISIX MOKPUTTS IPOMHCIIOBUX Ta TPOMAJCHKUX OyliBeTb, MOCTOBHX KOHCTPYKIIiSIX, IPOCTOPOBHX
MOKPUTTAX cropyn (miadparmu 00070HOK). [Ipu 1pOMy iCTOTHE 3HA4eHHS Mae€ TAaKOX AapXiTEeKTypHa
NpHUBaOIUBICTh APKOBHX MOKPUTTIB [1].

VY mporieci eKkcIuTyaTalii apku y CKJIazi IOKPUTTIB NPOMHUCIIOBUX 1 IIMBUIBHUX OYIIBISIX Ta CIIOpYJax
MOXXYTb MiJUlaBaTUCh TIOBTOPHUM HABAaHTAXKEHHSM, 1HKOJIM IEPEBAHTAKEHHSM Ta ITOLIKO/DKEHHSM, SIKI
CYTTEBO BIUIMBAIOTh HA HANpPYXEHO-IeOpPMOBaHMI CTaH mepepidiB apku 1 3aTsokku [2, 3,4]. B
JIBOLIAPHIPHUX apKax MO)Ke BiOYyBaTHCS IEpepo3Ioii 3yCHiIb MK BEPXHIM HOSICOM apKu Ta 3aTSKKOIO,
SIKMI BIUIMBAE Ha X MILHICTh 1 )KOPCTKICTH [5, 6]. BIMB HOBTOPHHUX (MANOLMKIOBUX) HABAHTAXXECHb Ta
MOYJIMBHIA TIEPEPO3MOALUT 3yCHIb TPH PO3paxyHKaxX 3ali300€TOHHMX apoOK YUHHUMH HOPMATHBHUMH
JOKYMEHTaMH HE pO3IIiIaloThesa. He po3pobmeHO METOOWKH pO3paxyHKY apoK 3 ypaxyBaHHAM
TIePEPO3IIOILTY 3yCHITb MiXK BEPXHIM TIOSICOM apKH Ta 3aTSHKKOIO.
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Buxopsau 3 HaBeAEHOT 0, NOCIIIPKEHHST pOOOTH HOPMaJIbHHX TIePepi3iB JBOLIAPHIPHUX 3aJ1i300€ TOHHMX
apOK MpH J1il TOBTOPHUX HABAHTAXKEHB € aKTYAJILHOIO 33/1a4elO0.

AHaui3 octaHHix gociaimkens. Cabip FOcidh Bakip y cBoiit HaykoBiit po6oti [7], min KepiBHHIITBOM
[ymkap H.B., mocmimpkyBaB Hecydy 3AaTHICTH apoK 3 ypaxyBaHHSIM TEXHOJIOTIYHOI MOILIKOJPKEHOCTI
OetoHy. B po0Goti Oyno HOCTaBIEHO: EKCHEPUMEHTAILHO-TEOPETUYHUM LUIIXOM OOIPYHTYBAaTH BIUIUB
TEXHOJIOTTYHOT HOLIKOJDKEHOCTI Ha HAIpyKEHO- Je(OpPMOBAHUH CTaH apOYHUX KOHCTPYKLIH 3 Ba)KKOTO
OctoHy. BcTaHOBNIEHO, IO HA CTYNEHSIX 3aBAaHTAKCHHS MEpHIl  CIJIOBI TPIIMHA PO3BUBAINCH IIO
TPAEKTOPISAM TEXHOJOTIYHMX TpimuH Ha Bucoty a0 0,25h. ABTOp peKOMEHIye poO3paxOBYBaTH
JIBOILIAPHIPHI apKH 3a Jie(popMarifHoI0 CXEeMOIO.

Kapasn b.B. BukoHaB JOCTIIKEHHS B Pe3ybTaTi €KCIEPUMEHTAIRHHUX JOCTIIKCHb BCTAHOBHB, IO 3i
30UTBIICHHSAM  KJIaCy BHCOKOMIIHOTO OE€TOHY, MIIHICTh JBOMIAPHIPHUX apoK 30UIBIIyeThCS,
TPIIIMHOCTIMKICTH apOK 3 BHCOKOMIIIHUX OCTOHIB BHIIA HIXK apOK 3 BAXKKOTO OCTOHY 3BHYAITHOI MII[HOCTI
C20/25. TpimuHw, M0 YTBOPHIKCH 1 PO3BUBAIIKCH Y MOSCI apOK 3 BHCOKOMIITHOTO OeToHy Ha 50% MeHIi
HIDXK B apKax 31 3BUYaiiHOro OETOHY, @ MOMEHT TPIIIMHOYTBOPEHHS Ha 25% BHLIMIL. 3aJIeXXHICTh IPOTHHY B
cepe/IiHi MPOJIbOTY apKH BiJ HABAHTAXCHb 10 PyHHYBaHHs Ma€ JiHiitHui xapakrep[8].

A. Pournaghshband, y cBoiii po6oTi Ha 37100yTTs cTyneHs gokropa ¢inocodii B University of Warwick
(Korentpi, Benuka Bpuranist) [9], mocmimkyBaB ABOILIAPHIPHI apKH 3 METO 3HAXOPKCHHS ONMTHMAJIbHOT
0e3MOMeHTHOI (popMH KOHCTpYKIi. [ 9MCIOBOTO aHami3y TPHOX HAHMIOMMpeHImuX (GopMm apok OyB
BUKOPHCTaHUH METOJ| CKIHYCHHHX €JIEMEHTIB, Pealli30BaHM 3a JIOMOMOTOI0 MPOTPaMHOTO 3a0e3NeUeHHS
GSA.

MeTtoro po6oTu Oys0 BCTAHOBUTH BIUIMB OAHOPA30BHX Ta ITOBTOPHMX HAaBaHTaXCHb Ha HAIpPY>KEHO-
nedopMOBaHHI CTaH 1 Hecydy 3JaTHICTh IBOMIAPHIPHUX 3aTi300€TOHHHUX apoK 3 YpaxXyBaHHSAM IITYYIHOTO
PEryIIOBaHHS 3yCHIIb Ta YJOCKOHAICHHS PO3PaxXyHKy TaKHX apoK.

JIi1st TOCSATHEHHS] METH HaMIYCHO BUPILIMTH TaKi 3a/1a4i:

- BCTAHOBUTH OCOOJMBOCTI poOOTH HOpPMaJbHHX Hepepi3iB ABOIIAPHIPHHUX 3aJ1i300€TOHHHMX apoK MpH il
OJTHOPA30BOTO Ta MIOBTOPHUX (MAJIOIMKIIOBHX) HABAHTAXKEHB 0€3 Ta 31 INTyYHUM PEryJIIOBaHHSM 3yCHIIb;

Apxu OyJii OKpecIieHi 1o KOy, MaJli HaCTyTHi po3mipu: mpouiT — L =200 cm; crpina migiiomy — f=
40 cwm; paniyc ayru apku (f/lL = 1/5) — R = 145 cM, Bucota — h = 52 cm. Po3mipu momepedHoro
nepepidy npuiiHaTi piBaumu 10x14 cm (puc. 1). ExcriepuMeHTanbHi apku sBISIOTH 000K MOAei
HaWOUIbII MOIIMPEHUX apOK y IMPOMHUCIOBOMY OY/IBHMITBI. 3aii300€TOHHI apKH B HOKPUTTAX €
BUTiTHUMH TIPU TPOJTIHOTax Oibime 30 M.

ApMyBaHHS MONIEPEYHHX TIEPepi3iB 000X cepiif apoK NPUHHATO OAHAKOBUM Ta BUKOHAHO y BHTIISI
MPOCTOPOBOTO KapKacy.

Ha omopHux ninsHKax apKy BIAIITOBYBAJIM 3aKJIaJHI JeTalli i3 ABOX 3BapEHHX IUIACTHH O = 8§ MM.
Jlist 3aTs>KKH BUKOPUCTOBYBAIH cTepxkenb All O 28 M,

Jo xoxHOI cepii 3pa3kiB BIAMOBIZHO BUTOTOBJSUTUCH KyOHM Ta TPU3MH, 3aBISKH SKAM OyiH
OTpHMaHi JIaHi Mpo KyOWKOBY Ta MPU3MOBY MIITHICTE OETOHY .

BunpoOyBaHHsl JBOIIAPHIPHUX 3a1i300€TOHHMX apoK MPOBOJWIOCH B TiJpaBIiYHOMY Tpeci,
o0Jia/IHaHOMY ~ CIIelliaJJbHUMK TpaBepcaMu. HaBaHTa)KeHHS NPHUKIANAIN JIBOMa 30CEPEIKCHUMHU
cuiamu Ha BifctaHi 40 cM Bif meHTpy cumeTpii apku. s po3KpUTTS CTATUYHOT HEBU3HAYEHOCTI apKH
B 3aTsDKII BUMIPIOBAJIM po3mip auHamoMeTpoM postary JAITY 50-2 500 xH (puc. 2).

YV mpoueci BuNpoOyBaHHS apoOK BHUMIipIOBajmCh: Aedopmariii 0eToHY, apMaTypH, MPOTHHU apoK,
MOJXKITUBE TIEPEMIIlIEHHS OTOp, 3a IOTIOMOTOI0 MEXaHIYHUX Ta TEH30METPUYHHMX NpuiamiB (puc. 2).
JaHi oTpumaHi 3 TEH30pE3MCTOPIB, sKi OyiaM po3MmilleHi Ha apMaTypi Ta OETOHI BHMIpIOBaIH
OaraTokaHaJbHOI TEH30METPHYHOI cuctemoro BHII-8 [10].

Apka 1A-1 HaBaHTaXXyBajach OJHOPA30BO CTYNEHSMH 0 pyHHyBaHHS; apka 1A-2 ta 1A-3
HiIaBanach JecITUKPaTHOMY MOBTOPHOMY HaBaHTaXXEHHIO JI0 piBHS F¢yc = 0,6Fy, a Ha ognHagusTOMY
IUKJI OyJM TOBEZIeH] 10 pyHHyBaHHA. B apyriii cepii nocminis apka 2A-1 ta 2A-2 BUNpoOOByBasIach
OJTHOPA30BHMM HABaHTa)XKCHHSM J10 pyiiHyBaHHs. OnHak B apii 2A-2 OyJI0 BUKOHAHO HOIEpeHINA HATAT
saTsokkn AH = 8,0 kH (momepenHe HarpyskeHHs). 3HAU€HHS J0JATKOBOTO 3yCHJUIS BH3HAYalId 3a
PO3PaxXyHKOM i3 BpaxXyBaHHSM MEPEPO3IMOIITY 3yCHIIb BiI MAKCHMAITLHOTO HABAHTAXKEHHS Ha apKy 2A -
1. CtBOpeHe 3ycHuId B 3aTsDKII 00yMOBIIIOBAJIO BUHUKHEHHS I0JATKOBOI €IIIOPH 3YCHIIb.
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Puc. 2. Cxema BHIIpOOOBYBAHHS apOK Ta PO3TAILYBaHHS BUMIPIOBAILHUX MPHIAAiB HA HUX

Apku 2A-3 Ta 2A-4 miggaBagKch MOBTOPHHM KOPOTKOYACHHM HABAHTAXKCHHSM, DIBEHb SKHX
ckiagaB 60 % Bix pyiHiBHOTO. Ha mouaTKy HaBaHTa)XeHHS OyJIO HAIIPY)KEHO 3aTSHKKY BiAIMOBIIHO fK i
B apui 2A-2. Ha onmuHaAIITOMY HamiBIMKII BOHU OyJIM JOBaHTa)KEHI /10 pyHHYyBaHHS.

Pe3yabTaTi excrepuMeHTAIbHUX AOCTIIKeHb. 3aMipsHI 3HAUEHHS 3yCHIIb Y 3aTSDKIN JO3BOJIMIH
PO3KPUTH CTaTHYHY HEBHU3HAUEHICTh apKH Ta OOYMCIINTH 3HAUEHHS 3THHAIIFHIX MOMEHTIB Y Iiepepizax
apku. [Ipy npuiHATIH cXeMi HaBaHTa)KeHHS 3yCHIUIS B 3aTsokui gopiBHIoe Hp=1,41F, mpu xoedimieHTi
noAaTIuBoCTi 3aTKKU kin=0,928. ExcriepuMeHTaNbHe 3HaYCHHsT KoeillieHTa MOJATIMBOCTI 3aTsDKKH
B apkax 1A-1 ta 2A-1 mpu MOHOTOHHOMY HaBaHTa)XEHI BUSABHMJIOCS Ha 5 % MeEHIIe, HiX TEOPETHYHE.
BignosigHo, 3HaYEHHS 3TMHAILHUX MOMEHTIB 301IBIIHIIOCE.

[loBTOopHI HaBaHTa)XCHHs BIUIMHYJIM Ha XapakTep 3MiHM 3yCHJUIA B 3aTsDKII HA IUKIAX
HaBaHTAXCHHS 10 pyiiHyBaHHA. Ha mepmmx cTymeHsx eKCIepHMEHTalbHI 3Ha4eHHs OyIu OiTbIIMMHy,
HXK TeopeTnyHi, KoeilieHT MOaaTIMBOCTI 301IbIIyeThCs 10 Kexp = 1 (m0 10%). Ha piBHI moBTOpHHX
HaBaHTAXXCHb PO3IIp BiATOBiAaB TEOPETHYHOMY 3HAa4UCHHIO. IIpn HepeBUIICHHI PiBHSI HaBaHTa)KEHHS
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F > 70,0 xH 3ycus B 3aTshKKax 1moyayo 3MEHIIyBaTHcs. Taka 3MiHa po3HOpY CBIAYMTH IIPO TE, IO
BXKC Ha MEPIIOMY UK BiMOYBCSA MEpepo3MOALT 3yCHJb, Ha HACTYIIHHX apKa MpairoBaiga OuIbII
Npy>KHO. 30UTBIIEHHS PO3NOPY IOSICHIOETHCS CcTallmi3alielo IAaCTUYHUX AedopMaliii Ta pO3BUTKOM
ICHYIOUMX TPILIHH.

BinmoBigHO 10 3MiHHU 3yCHIIb y 3aTsDKKAX 3MIHIOBAIMCS 3HAYCHHS 3TMHAILHUX MOMEHTIB (pHC. 3).
BHacniiok z1ii MOBTOPHUX HAaBaHTa)kKeHb BOHM 3MEHIIyBanucs. [Ipu moganbmoMy HaBaHTaKeHHI apKu
0 pyWHYBaHHS, NOYHHAIOTH MEpeBaKaTH IUIACTHYHI Aedopmariii Ta BigOyBaeThCs 30LTBIICHHS
3TUHAJIBFHOTO MOMEHTy. Ha OocTaHHbOMY CTYIEHI HaBaHTa)KEHHS BiOyBa€ThCS MPHUPICT IUTACTHIHHUX
nedopmaniii Ta TPIIIWH, YTBOPUBCS IDIACTUYHUH IIApHIp, a 3TMHANBHAN MOMEHT HAONIKAETHCA 10
TEOPETUYHOTO 3HAYCHHSI.
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Puc. 3. 3MiHa 3rUHAILHUX MOMEHTIB M.
1 — teoperuune npu ki, = 1,0; 2 — Teopernune npu ki = 0,928; 3 — B apui 1a-1; 4 — cepenne ais apok 1a-2 i 1a-3

Xapakrtep 3MiHH 3ycHIIb B apii 2A-1 cxoxuit 1o apku 1A-1. [Tomepenre HampyKeHHS 3aTDKKA B
apri 2A-2 103BOJIMIIO Bifjpa3y Mepepo3NOIUINTH 3yCHIIIS B TIEpepi3ax apKy Ta 3MEHIIUTH 3THHAIBHUN
MOMEHT Ha 28% .

3HaueHHs 3TUHAJIBHOTO MOMEHTY B apui 2A-2 3 HEBEIMKHM BIIXWICHHSIM BiATIOBiJgae
TeopeTHYHOMY 3HaueHHto. [licns il TOBTOpHMX HaBaHTaxkeHb B apkax 2A-3 2A-4 MOMeEHTH
3MEHIIYIOThCS JI0 NPYXKHOTO 3HAYEHHs, a Ha craiil pyiHYBaHHs 30UIBIIYIOTBCS JI0 TEOPETHYHOTO
3Ha4YCHHs (MPAIIOIOTh, K apku nepiioi cepil 1A-2 i 1A-3) (puc. 4).
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Puc. 4. 3MiHa 3rHHAIBEHOTO MOMEHTY M IIPY IIOBTOPHOT'O HABAHTAXKEHHS apOK JAPYroi cepii:
1 — reopermune npu ki, = 0,928; 2 — Teopetnune mpu Ky, = 0,928 3 AH = 8 kH; 3 — teopermune npu ki, = 1,0 3 AH = 8 xH;
4 — B apui 2A-1; 5 — B apui 2A-2; 6 — cepenHe ais apok 2A-3 1 2A-4
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PosBurok nedopmariii y 6eToHi 1 apmMarypi, OKa3aB BIUIMB Ha HUX JiI0 TIOBTOPHUX HABAHTAXKEHb.
ITicns nii MOBTOPHUX HABAHTAXKCHB 3AJUINKOBI JeQOpMallii B PO3TATHYTIH apMarypi Ta CTHCHYTOMY
OeroHi ckiaamarTh 10 38 % Bix gedopmariii Ha gecsATOMY LUK HaBaHTaxeHHs. [licas 30iMbIICHHS
HABaHTA)XEHHS y BEPXHbOMY IIOsICI apOK MOYaJMCh BHHUKATH JOJATKOBI IulacTH4Hi aedopmarii
OeroHy Ta HOBI TpimuHH. [licns monepeTHHOT0 HANpPYKEHHS 3aTSDKKU B apii 2A-2 BinOyBcs BUTHH
NPOTWICKHUH 10 HANpsIMKY HaBaHTaXeHHs, Aedopmarnii OeToHy Ta apMaTypd HaOynu BiJ €MHHX
3Ha4eHb. JlehopmyBanHs apok 2A-3 Ta 2A-4 Ha TepIIoMy IIMKIII BigNOBiae 3MiHI Aedopmarliil B apiti
2A-2; Ha nmpyroMy LUKT BigOyBaeThCs pi3kui mpupicT aedopmarniii. B momamsmomy nedopmarii
301IBIITYBAJIFCh TIOCTYIIOBO Ta IEPEBHIIMIIN 3HAYeHHS nedopmamniid B apui 2A-1 Ha piBHI F = 60 xH,
OCKITBKH TIO3JOBXHS cwmia 30impmmack. [lpm momampmiomy HaBaHTakeHHI 1m0 F=100 xH
nedopmarii OeToHy Ta apMaTypd aHAJIOTiYHI 3HAYeHHSIM, BHU3HAUCHHMM B apmi 2A-1, mo
BUITPOOOBYBajach 0€3 HATATY 3aTSHKKU (JAMB. PUC. 5).
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Puc. 4. 3MiHa 3rHHATIBHOTO MOMEHTY M IIPY IOBTOPHOT'O HABAHTAXKEHHS apoK ApYroi cepii:
1 — reoperunune npu ky, = 0,928; 2 — teoperuune npu ki, = 0,928 3 AH = 8 xH; 3 — teopetunune npu ki, = 1,0 3 AH = 8 xH;
4 — B apmi 2A-1; 5 — B apui 2A-2; 6 — cepexnHe Uit apok 2A-3 1 2A-4

[HTerpaJIbHUM TOKa3HMKOM BIUIMBY IUIACTHYHMX JedopMmaliii y OeToHi MOXyThb OyTH HPOTHHH
KpHUBOJIiHIIHOTO Opyca. BHacnifok Aii MOBTOPHMX HaBaHTa)KEHb 3AJIMIIKOBI IPOrMHM B apkax 1A-2 1 1A-3
cxnamm 1,85 ta 1,75 mum (B cepentbomy 1,8 Mm), o cknanae 19 % Bix cepeHbOro MPOTWHY Ha MEPLIOMY
LMK HaBaHTaKeHHsI. [I0BTOpHI HaBaHTa)XKeHHS 3MIHMIIM XapaKTep KPUBUX 3aJI©)KHOCTEH MPOTHHIB apKH.
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Puc. 6. 3MiHa MPOrUHiB NP MOBTOPHUX HABAHTAXKCHHSIX apOK JPYroi cepii:
1—apka 2A-1; 2 —apka 2A-2; 3 — apka 2A-3 (1-i1, 11-it unkin); 4 — apka 2A-4 (1-i, 11-i uuk)
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B apkax apyroi cepii npu HampykeHHi 3aTspkku 10 AH = 8 kH 3adikcoBaHO moYaTKOBUN BUTHH
apku fo = 3,89; 4,01; 4,1 mm. BHacmiZIoKk IOBTOPHUX HaBAaHTA)KEHb 3aJIMIIKOBI MPOTWHY CKJIaAaloTh 20
% BII CepeIHBOro MPOTHHY HA IEPLUIOMY IMKJI HaBaHTaXeHHs. [IpormH B apkax IpH HOBTOPHHUX
HaBaHTaKEHHSX, IO MiJUIaBATUCh HAIIPYKEHHIO 3aTSHXKKH Ha MEpPIINX CTYIEHSIX HaBaHTA)KEHHs 3HAYHO
NepeBaXKaloTh MPOTUHAM B apKax 0e3 IONepeaHbOro HATATY, a CyMapHUH NPOTHH OJIM3BKUHA OJHMH 10
OJHOTO. 3a paxyHOK II0YaTKOBOTO BUTHMHY apKH KIHLEBMH NPOrWH 3MEHIIWBcS Ha 35 % mpu
MOHOTOHHOMY HaBaHTa)kKeHHI Ta Ha 14,7 % micis NOBTOPHUX HaBaHTa)XKEHHAX (AWB. pHC. 6).

Apka 1A-1 3pyiiHyBamack BHACHiJOK pyHHyBaHHS O€TOHy Ha MJUISHII TpPUKIaJaHHI
HaBaHTaXeHHs, piBHOro F = 125,0 xH. Apxu 1A-2 i 1A-3 micas necsITHKpaTHOTO HaBaHTAXXCHHS, Ha
OIMHAMIITOMY LHWKJI JOBaHTAaXYBAINCh A0 pyiHHyBaHHiA. B apmi lA-2 pyifHiBHE HaBaHTa)XCHHS
cknano F =107,0 kH, a nnst apku 1A-3 — F =124,5 xH.

st apku 2A-1 pyitniBHa cuna cknana F = 106,5 kH. Apka 2A-2 BunpoOoByBaniach, 3 MoNepeaHiM
HalpyXeHHSM 3aTsDKKU. PyiiHiBHe HaBaHTaxeHHs ckiano F = 98,0 xH. Apxu 2A-3 1 2A-4
MiAJaBATHCh JACCSATUKPATHOMY MAJIOLUMKIOBOMY HaBaHTaxeHHI0. Jlns apku 2A-3  pyiiHiBHe
HaBaHTaxeHHs ckiano F = 100,8 kH, a s apku 2A-4 F = 109,5 xH (puc. 7).
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Puc. 7. Xapaxrep pyiiHyBanns apok: (a) — 1A-1, (6) — 1A-3, (B) — 2A-4

B nBomapHipHHX apKax Nepepo3lonil 3yCHib BinOyBcsl B mepepizax BEpXHBOTO MOSICY apKH i
3aTsDKII. ApKaHa piBHI NOBTOPHHX HaBaHTaXXEHb IPALlOE IPYKHO, KOe]ilieHT MOAATIMBOCTI
HabmwkaeTbest 10 K = 1,0. LlTyuHe perynioBaHHS 3yCHIb, LIIAXOM IONEPEIHBOIO HAIMPYKESHHS
3aTSDKKH, J1a€ 3MOTY BIUIMHYTH Ha NEpEpO3IOAiTy 3yCHIIb.

BHacniok mepepo3nonity 3yCHJIb Ta PEryJIOBaHHI 3yCHJUIL B 3aTsDKII MOXHA BUPIBHATH
MaKCUMaJbHE 3HAYCHHs 3TMHAJIBHOTO MOMEHTY i/l 30CEpeDKEHHMH CHJIaMH Ta HPOTHIIEKHI
3HadYeHHS MOMEHTIB (puc. 8). Ile mae 3Mory eKOHOMIYHO BUKOPUCTATH CUMETPHYHE apMyBaHHS IO
BCBOMY TIepepisy  apKe, 3HU3UTH TPYAOMICTKICTH BHUTOTOBJICHHSA, IOKPAIIUTH  SIKICTh
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koHCTPYKIii[11]. Po3paxyHOK 3ycHIUIs TOMEPEIHBOTO HATSITY 3aTSHKKH HEOOXIJIHO BPaXxOBYBaTH
koedimient nogatiusocTti Ky = 1,0.

Puc. 8. Ilepepo3noin 3ruHAILBHIX MOMEHTIB B Ilepepizax JBOLIAPHIPHOI apku

[ToBTOpHI HaBaHTa)KeHHs BIIMBAIOTh HAa HANpPYXEHO-Ie(OPMOBaHHUII CTaH 3ai3006TOHHUX apOK.
Bracnigok nii 1aHUX HaBaHTa)XEHb 30UIBIIYEThCS KOCPIIIEHT MOAATIMBOCTI 3aTshkKu 10 10 %, 3a
PaxyHOK 3MEHIICHHS )KOPCTKOCTI MOSCY apKH.

BuHHKHEHHS Ta PO3BHTOK TPIIIHMH, 3pOCTaHHA IUIACTHYHUX Aeopmamniil y OeTOHI, BHACTIIOK Iii
MOBTOPHUX HABAHTAXXCHb, BiIOYBAETHCS MEPEPO3IOALT 3yCHIIb MiXK BEPXHIM 3a1i300€TOHHAX TOSCOM
apKH1 Ta 3aTsDKKOF0. 301bIIyeTsest po3mip H Ta 3MeHIIyeThCst 3ruHanbHU MOMEHT M.

[Ipn MoBTOpHUX HaBaHTaXEHHSAX, PiBEHb SKUX He mepesuurye 60 % Bix pyHHIBHOTO 3HauCHHS,
MOXKYTb 710 20 % 30UIBIIMTUCS 3QTHIIIKOBI MPOTHHH 3aJ1i300€TOHHOTO MOSICY apKH.

[MonepeiHe Hanpy>XEHHS 3aTSHKKH MOXKE 3MEHIIYyBaTH 3rHHANBHI MoMeHTH 10 30% B mepepizax
apKH, 10 J03BOJISIE 3MEHIIETH MPOTMH Ta 30UILIIUTH TPIIMHOCTIHKICTL apku. [lonepenHiit Hatsr
3aTSDKKH, SKMH BU3HAYEHUH 3 YMOB IpaHMYHOT PIBHOBAaru, 3MEHINY€E KiHIEBI IPOTHHU apku Ha 35 %
NpYU MOHOTOHHOMY HaBaHTa)XeHHI Ta 10 15 % — npu NOBTOPHUX HABaHTAXKECHHSIX.

3 HaBeJGHUX JOCIHI/PKEHb BUIUIMBAE, IO BHACIIIOK YTBOPEHHS W PO3BUTOK TPILMH, 3pOCTaHHS
IUIACTHYHUX JAedopMaliiii y O6eToHi, 3MIHIOETECS HampyXeHo-1eopMOBaHUH cTaH Ta BinOyBaeThCs
Hepepo3NoAia BHYTPIIIHIX 3yCHJIb y Iepepi3ax apKu, >KOPCTKICTh 3aJi300€TOHHOI'O MOSCY apKu
3MEHIIYEThCS Ta MPALIOE SK IPYXHUH €JeMEHT. 3amnporoHOBaHAa METOJIWKA IAacCTh MOXIIHUBICTBH
HaJlifHIIIE TPOEKTYBAaTH 3ali300€TOHHI apoyHi KOHCTPYKIii, a caMe 3MEHIIUTH MOMEHT
TPILIMHOYTBOPEHHSI PO3TSATHYTOI 30HM OETOHY, NMPOTMHM KOHCTPYKIii Oe3 3MEHIIeHHS Hecydol
3IaTHOCTI apOYHUX KOHCTPYKITiH.
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Kucmox A, Casenxo B.1., Yoceeoea O.A., Camuyk B.I1., Hinivyk H.B.
OCOBJIMBOCTI POBOTH 3AJII3BOBETOHHUX APOK 3 PEI'YJIIOBAHHSIM 3YCHWJIb ITPU ITIOBTOPHUX
HABAHTAKEHHSIX

VY ABOIAPHIPHMX apKaxX LULIXOM PEryJIOBAHHSA 3yCHUIS B 3aTSDKI MOXKHA 3MEHIINTH MAaKCHMAlbHI 3HAYEHHS 3THMHAIBHUX
MOMEHTIB y TONEPEUHUX IIepepizax IpH IIeBHUX HABAaHTAXKCHHSX Ta PO3Mipax KOHCTPYKIi. CyIiIbHI JBOIIAPHIPHI apKy MOXKHA
BUTOTOBILITH SIK HA 3aBOJIAX 3a1i300€TOHHMX KOHCTPYKIIIH, TaK i 6e3nocepeiHbo Ha Oy/JiBelbHUX MailIaHuMKaX 3aJIe)KHO Bifl PO3MIpiB
KOHCTPYKLi, MOXKIIMBOCTI TPaHCIIOPTYBAHHSI, IXHBOT KUTBKOCTI Ta iHIIMX (akTopiB. Taki apku 3aCTOCOBYIOTh Y KOHCTPYKLIISIX TIOKPUTTS
TIPOMHCTIOBHX Ta TPOMAJACHKHX OyJiBelb, MOCTOBHX KOHCTPYKI[SIX, IIPOCTOPOBHX HOKPHTTSAX CHOPYA (miadparMu 0OOIOHOK). Y
MPOLIECi eKCIUTyaTaLlii apKi y CKJIai MOKPUTTIB MPOMHCIIOBHX 1 [MBUIHHUX OYAIBISIX Ta CIOPYAaX MOXYTh HifIaBATHCH TIOBTOPHHM
HABAHTAKEHHSM, IHKOJM IEPEBAHTAKEHHSIM Ta MOLIKOKCHHSM, sKi CyTTE€BO BIUIMBAIOTh HA HAIpPY)KEHO-Ie(OPMOBaHMH CTaH
Tiepepi3iB apKH 1 3aTSHKKU. B IBOIIApHIPHIX apkax MOXKe BilOYBaTHCS IEPEPO3IOALT 3yCHIb MiXK BEPXHIM MOSCOM apKH Ta 3aTsDKKOIO,
SIKU BIUIMBAE Ha TX MILIHICTb 1 )KOPCTKICTb.

ExcriepiMeHTaIbHO JIOCIIDKEHO POOOTY ABOLIAPHIPHHX 3alli300€TOHHHMX apOK, LIO Ja€ MOXIHBICTb JOCITIIUTH OCOOIMBOCTI
HanpyXeHO-1e(OpPMOBAHOTO CTaHy Iepepi3ax MOsICY Ta XapakTep Iepepo3HOily 3yCHIb apKH MDK BEPXHIM IOSICOM Ta 3aTSDKKOIO,
PO3BUTKY HPOTHHIB Ta TPILMH IPH OJHOPA30BUX Ta IIOBTOPHUX KOPOTKOYACHHX CTATHYHHX HABAHTAKCHHSX.

BHacminok yTBOpeHHs H PO3BUTOK TpILIMH, 3POCTAHHs IUIACTHYHHX JedopMmaliii y OETOHi, 3MIHIOETHCS HAIMPYIKEHO-
neOpMOBAHUH CTaH Ta BifIOYBA€ThCS MEPEePO3NOALUT BHYTPIMIHIX 3yCHib Y TIepepizax apKH, >KOPCTKICTb 3aJ1i300eTOHHOTO TOSCY apKu
3MEHIIYEThCS Ta MAIlOE SIK TPYXKHHUHA elneMeHT. HaBelneHo MeToouKy po3paxyHKy BHYTDILIHIX 3YCHIb JBOXIIAPHIPHHX
3aJ1i300€TOHHUX apOK i3 BpaxyBaHHSM MEPEepO3HOALTY 3yCWIb IPH NMOBTOPHMX HABAaHTAKCHHSX. 3alpONOHOBAHA METOJMKA JAacTh
MOJKITUBICTh HaZiHHIIIe IIPOSKTyBATH 3aJ1i300€TOHHI apOYHi KOHCTPYKIIil, a camMe 3MEHIIHMTH MOMEHT TPIIMHOYTBOPEHHS PO3TATHYTOT
30HHU OETOHY, TIPOrMHU KOHCTPYKIiT 6€3 3MEHIIIEHHST HeCyqo1 3[aTHOCT] ApOYHHX KOHCTPYKIIii.

KarouoBi cioBa: 3ami300eToH, ABOIIAPHIpHA apka, MEPEpO3MOiT 3yCHIib, IONEPEIHE HANPYKEHHs, HAIPYKEHO-
nedopMoBaHuii CTaH.

Kyslyuk D.Y., Savenko V.I., Uzhehova O.A., Samchuk V.P., Ninichuk M.V.
FEATURES OF THE WORK OF REINFORCED CONCRETE ARCHES WITH ADJUSTMENT OF EFFORT
UNDER REPEATED LOADS

In two-hinged arches, by adjusting the tightening force, it is possible to reduce the maximum values of bending moments in cross-
sections under certain loads and dimensions of the structure. Solid two-hinged arches can be manufactured both at factories of reinforced
concrete structures and directly at construction sites, depending on the size of the structure, the possibility of transportation, their number
and other factors. Such arches are used in constructions covering industrial and public buildings, bridge structures, spatial coverings of
buildings (shell diaphragms). In the process of operation, arches as a part of coverings in industrial and civil buildings and structures can
be subjected to repeated loads, sometimes overloading and damage, which significantly affect the stress-deformed state of the cross-
sections of the arch and tension. In two-hinged arches, there can be a redistribution of forces between the upper belt of the arch and the
tightening, which affects their strength and stiffness.

The work of two-hinged reinforced concrete arches was experimentally investigated, which makes it possible to investigate the
features of the stress-strain state of the belt sections and the nature of the redistribution of arch forces between the upper belt and the
tension, the development of deflections and cracks under one-time and repeated short-term static loads.

As a result of the formation and development of cracks, the growth of plastic deformations in concrete, the stress-strain state changes
and there is a redistribution of internal forces in the cross-sections of the arch, the rigidity of the reinforced concrete belt of the arch
decreases and it works as an elastic element. The methodology for calculating the internal forces of two-hinged reinforced concrete
arches is presented, taking into account the redistribution of forces during repeated loads. The proposed method will make it possible to
more reliably design reinforced concrete arched structures, namely to reduce the moment of cracking of the stretched concrete zone, the
deflection of the structure without reducing the bearing capacity of arched structures.

Key words: reinforced concrete, double-hinged arch, redistribution of forces, preliminary stress, stressed-strained state.
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