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Hayionanvnuil ynisepcumem 6iopecypcis i npupoooxkopucmysants Yxpainu, m. Kuie

AHoTauiss. BukoHaHuii MOpIBHSIBHUN PO3paxXyHOK IJIOCKOI CTajeBOi (pepMH MOKPHUTTA 13
MapHUX KYTHUKIB  MPOCTOPOBOTO  KapKacy  OJIHOMOBEPXOBOi IMPOMHUCIOBOI  OymiBiai  3a
3arajibHONPUMHATOI0 PO3PAaXyHKOBOIO CXEMOI, — 0e3 BpaxyBaHHS CYyMICHOI poOOTH 3 JHCKOM
MMOKPUTTS, & TAaKOX 3 BPAaxXyBaHHSAM CIUIBHOI poOOTH Kapkacy i3 3alli300€TOHHUMH PEOPUCTUMH
wmtamMu. OOrpyHTOBaHO BUKOPHCTAHHS YHCEIHHOTO MOJETIOBAaHHS (pparMeHTa MOKPUTTSI METOJJOM
ckinueHHux eneMeHTiB y [IK «JIIPA CAIIP 2022» mmisxom MOPIBHSJIBHOTO aHai3y BHYTPIIIHIX
3yCHJIb B €JIeMeHTaxX (hepMu Ta ii 3arajbHOi MacH 3a ABOMa pO3paxyHKOBHUMHU MOJICIISIMHU.

KurouoBi ciioBa: mpocTOpOBHI CTajeBUM KapKac, YHCelbHA MOJENb, PO3paxyHKOBa CXema,
KOPCTKUN AUCK MOKPUTTS, 3a11300€TOHHI peOpPHUCTI IUINTH, BHYTPIIIHI 3yCHIUIS.

IloctanoBka mnpodaemu. Ha tepuropii Vkpainum mnoOyroBaHa 3HauyHa KUIBKICTb
OJTHOTIOBEPXOBHX IPOMHCIIOBUX Oy/iBelb, BUKOHAHUX Yy CTaJIEBOMY Kapkacli 3 HACTHJIOM i3
3aJ11300€TOHHMX IUJIUT MOKPHUTTS. Y BIANOBITHOCTI 10 PE3YJbTaTiB YHCEIbHUX 00CTEXKEHb Oy/IiBesb
Ta imWKeHepHuUX cmopyn [l, 2 Ta iH.], KOHCTPyKIi Takux OyaiBelb MawTh JePexTd Ta
MOIIKO/DKeHHS, SKI HE 33J0BOJBHIIOTH [3] 1 He BIANMOBIAIOTH NPOEKTHUM PILICHHSAM Y
BIIMOBIIHOCT]I /IO [IFOYMX HOPMATHBHHX JOKYMEHTIB 3a [4—6 Ta iH.]. Taki KOHCTpyKIli He
3a0e3neuyoTh MOAABII0T HaliiHOT ekcIutyarallii [7] 1 moTpeOytoTh MPOBEACHHS BiTHOBIIOBAILHUX
poOIT.

AKTyanbHOCTI HAOyBarOTh 3aJayl BU3HAYCHHS [IACHOI HECYYOi 3JIaTHOCTI, CTIHKOCTI Ta
nedhopMaTUBHOCTI KapKaciB OHOMOBEPXOBHX 1 0araTormoBEepXOBUX IPOMHCIOBUX OymiBeb,
IpUYOMY, SK TIPU PEKOHCTPYKUii [8], Tak 1 mpu HOBOMY OymiBHMLTBI Takux OyaiBenb [9] i3
BpaxyBaHHSM ckianHoro nedopmyBanus [10], HoBux edekriB omopy [11] Ta mpuiHATHX TimoTe3
moOynoBU po3paxyHKOBUX cxeM [12], 3ueruieHHs apmarypu 3 6eToHOM [13], iHKEHEPHOTO 3aXUCTY
teputopiid [14] Tomo. Camy TOMy MOIIYK ONTHUMAJIbHHUX [15] 1 HEOPIMHAPHUX KOHCTPYKTUBHUX
pimens [16—-18] 3 KOMIJIEKCHUM BpaxyBaHHSM CYMICHOI POOOTH HECYy4YMX €JIEMEHTIB 13 CTalsli Ta
O0eToHy TpH iXHBOMY po3paxyHKy [17-20] mpu3BOAUTH OO CYTTEBOTO EKOHOMIYHOTO e(]eKTy
MOPIBHSHO 3 PO3paxyHKaMH 3a i7ieali30BaHUMHU PO3PAXYHKOBUMH CXEMaMH.

AHami3 ocTra”HHix xepea i myoOaikamiii. MopaenroBaHHS CyMICHOT pOOOTH HECYyUHX
KOHCTPYKIIi# 31 cTajii Ta GETOHY IiJ] 4ac pO3paxyHKY CTaJO0 MOXJIMBUM 3aBISKU pealizalii MeToxy
ckinueHanx eneMmeHTiB (MCE) y pisHux pospaxynkoBux komruiekcax (SCAD, JIIPA CAIIP,
ANSYS, Nastran To110), BAKOPUCTaHHS SKUX HAOYIO IIUPOKOT0 3acTocyBaHHA [21-24].

ExoHOMIUHA JONMUTBHICTH BiJ BpaxyBaHHS CyMICHOI pOOOTH CTajeBUX Ta 3ajli300€TOHHHX
KOHCTPYKILiH BigmiuaeTbcss y Oararbox kpainax €spomm, CIIIA, Kanmani Ttomo. 3pemroro, 1e
MIPU3BEJIO 10 BUHUKHEHHS 1 moganbinoro BrpoBapkeHHss EuroCODE4 [25] 13 rapMoHnizartiiero Horo
Ha TepeHax Ykpainu y ICTY-H b EN 1994-1-1:2010.

BukonanHs po3paxyHKy OajgKOBHUX €JEMEHTIB Ta ¢epM MOKPUTTSA Yy BIAMOBITHOCTI 0
BUIIIEBUKIIQJICHUX TEPEAYMOB, 1 CIPOIICHHs 0e3 BpaxyBaHHs CHUIbHOT poOOTH 3 KOHCTPYKLISMHU
Kapkacy OymiBii (y TOMY YHCH 1 3a11300€TOHHUMHU TUIMTaMH) OTPUMYIOTh TIEpPEpi3u €IEeMEHTIB 31
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3HAUYHUM 3aI1acOM MIIIHOCTI, 1 SIK HACJIJIOK, — IIEPEBUTPATy MaTepiay, 0 NPU3BOAUTH O 3HAYHOTO
3MOpPOKYAHHS ~ KOHCTPYKIKA  [26]. JlochmimkeHHSIM  JOiCHOI  poOOTH  KPOKBSHUX  (depMm
OHONOBEPXOBUX IMPOMHCIOBUX OyIiBeNb MiATBEPUKEHO BKIIOYEHHS Yy CHUIBHY pPOOOTY
3a11300€TOHHUX IUIUT MOKPUTTS MpPHU JOTPUMaHHI NEBHUX KOHCTPYKTHBHHUX BHMMOTL. lle 3HauHO
3MEHIIIY€ 3HAYE€HHS IO30BXHBOTO 3YCHIUISI Y BEPXHbOMY IMOACI 1 K HACHIJIOK, JIO3BOJISE
paIioHaJIbHO 3aIPOEKTYBATH PEepPMY TOKPUTTSI.

IMocTanoBka 3aBaaHHA. OCHOBHOIO 3aJlaueio NpPU PO3paxyHKy OalKOBHX KOHCTPYKIIH Ta
301pHUX IUTUT TEPEKPUTTS 3 BPaxyBaHHSIM iXHBOI CYMICHOI pOOOTH € KOPEKTHE MpPHU3HAYCHHS
PO3paxyHKOBOTO 00'€THAHOTO Mepepi3y Oanku Ta IUIMTH, SKUK TOCTOBIPHO BigoOpaxaTume poOoTy
KOHCTPYKIIIi: TOBIIMHY Ta MIUPUHU TIEpepi3y IUIUTH, sIKa BKIIFOUAEThCs B podoty [10, 11].

[TpobaeMHHUM TakoX € MUTAaHHA TPO KOPEKTHICTh BpaxyBaHHS CyMICHOI POOOTH JMCKiB
MOKPUTTS 31 30IpHOro 3aji300€TOHY MpU PO3paxyHKY CTaJIeBHX KOHCTPYKIIM Ha 3THH SK
MOHOJIITHOTO 3aJ1i300€TOHY Ta MOAAJBIIOrO PO3paxyHKy iX SIK CcTaje3ani300eTOHHUX KOHCTPYKLIN
[1]. Po3paxyHOK 3ycHIIb Y CTEPKHSIX KPOKBSIHUX (hepM, K1 MPAIIOIOTh CIIJIBHO 13 TUIMTaMH, TAaKOXK
CIIOHYKA€ JI0 BU3HAYECHHS KOPEKTHOI pO3paxyHKOBOI CXEeMHU, sika BpaxyBayia O CHUIbHY pOOOTY IUIUT
MOKPUTTSI Ta BEPXHBOT'O 05CA, 1, IK HACJIIJJOK, 3HUKEHHS 33 PaXyHOK 1[bOT0 IT0370BXKHBOTO 3yCHILIS
B OCTaHHBOMY.

Takox po3paxyHOK €JIEeMEHTIB JUCKa TIOKPUTTS Ta MPOTOHOBUX KOHCTPYKIIH, SKI
CKJIaJatoThes 13 301pHOTO 3ai1i300€TOHY, HEOOXiAHO MPOBOIAMTHU i3 BpaxyBaHHAM €(EKTY CHIIbHOT
poOOTH KOHCTPYKIIM JHCKa OAWH 13 OMHUM. Takuii e]eKT crocTepiraeTbcs BiApasy MiCs
00'eTHaHHS KOHCTPYKTUBHUX OJMHUIIb JUCKA B €MHE LIiJIe 32 JIOTIOMOTOI0 3BapIOBaHHS 3aKJIaHUX
neraneii. CmoinbHa po0OOTa €JIEMEHTIB JUCKAa TOKPHUTTS 3alleKUTh Bi J1e()OpMaTHUBHOCTI
MO3/IOBKHBOTO pedpa IUIUTH MOKPUTTS, Ne(pOPMAaTUBHOCTI 3aKiIagHux Aeranei [18], mpusHaueHnX
JUTSL 3aKPITUICHHS TUTMT 3 OajKkaMd, YMOB 3aKpPITUICHHS TUTUTH TOKPHUTTS Yy CKJIali JHCKa, SIKOCTI
MUKIUTUTHUX IIBIB 3aMOHOJIIYYBaHHS, 3MIHHM OCBOBOI Ta 3THHAIBHOI KOPCTKOCTEH KPOKBSHOL
KOHCTPYKIIii y mporieci aedopmysanss [9, 10].

Tomy y mpoueci MoOaeTIOBaHHS 13 3aCTOCYBaHHSAM e(ekTy po3BaHTaKeHHs [26], HeoOXigHO
BpaxoOBYBaTH IMIJABUINCHY Je()OPMATUBHICT BY3JIOBHUX CHOJIy4Y€Hb IUIUT, iXHIO (i3uuHy 1
KOHCTPYKTHBHY HEJIHIHHICTD, SIKI 3MIHIOIOTHCSI 3aJIeKHO BiJ HAaIpy>KeHO-1e(h)OpPMOBAHOTO CTaHY
[22, 24]. Memorw oOocnioxicennn € 3HWKEHHS MaTepiaIOMICTKOCTI 3THHAJIBHUX METaJIEBUX
KOHCTPYKLiN (hepM MOKPHUTTS 13 BpaxyBaHHSIM IXHbOI CYMICHOI poOOTH 3 KOPCTKUMH IHCKAMU
MTOKPUTTS, BAKOHAHUMHU 31 301pHOTO 3aJ11300€TOHY.

OcHoBHUIi MaTepiaJ i pe3yabTaTi. MOJEIUTIO TOCTIIKEHHS € TPOCTOPOBHUH OJIOK TOKPUTTS
OJTHOTIOBEPXOBOI MPOMHKCIIOBOT OyiBI1 3 po3Mipamu B TiaHi 2460 m, 10 CKIaay SKOTO BXOASITh TPH
KPOKBsIHI (pepMHU 3 YXHUIIOM BepxHbOro mnosica 1,5 % 3a cepieto 1.460-4 (puc. 1). [Ipomnit dpepm — 24 ,
Kpok — 6 m. Bucora dpepm 3a reomerpuunumu ocssmu — 3000 am.
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Puc. 1. Cxema po3sranryBaHHsS KOHCTPYKIIIM TTOKPUTTIB:
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O®BB — ¢epmu BepTHukanbHi B's13eBi, O-1, -2 — Mapku KPOKBIHUX PepM

Crnupannst ¢pepM Ha KOJOHHM — 3BepXy (mapHipHe). Po3misiHyTHii OJ0K Mae TOpU30HTANIbHI
B’5131 HUKHBOTO TIOSICA 1 PO3TSDKKH JUISl 3MEHIICHHS KOJTMBaHb HWKHBOTO TIOSICA BiJ JUHAMIYHOL i
KpPaHOBHX HaBaHTaKeHb. B’s31 MaloTh XpecTOBl rparH, mepepi3u B’s3el 1 pO3TSHKOK BUKOHAHI 13
PIBHOIIOJIOYHUX KYTOYKiB. Y SIKOCTI MOKPIBEIBHOIO HACTUITY 3aCTOCOBYIOThCS 30i1pHi 3a1i1300€TOHHI
pebpucti MTH 3a cepiero 1.465-7 noBxuHO0O 6 M, puHOIO 3 M 1 BUcoToro 0,3 m. 3ami300eToHHI
IUIUTU TIPUBAPIOIOTHCS O CTaJ€BUX HAKIAJOK, SKI 3 €IHYIOTBCS JI0 BEPXHBOrO mosica ¢epm
HIOHAaiMEHIIe Yy TpbOX TOYKAaX MUIAXOM 3BapioBaHHsA. [lo34OBXKHI Ta TMONEpedHl IIBU
3aMOHOJIYYIOThCS PIOHO3EPHUCTHM BakKUM OeroHoM kiacy C12/15 [5]. Marepian KpOKBSHUX
bepm — cranp C245 [4], 3113006 TOHHUX TUTAT TOKPUTTS — OeToH kimacy C20/25 [5].

VY mporueci 1OCHiPKEHHs TPOBEICHUI po3paxyHOK BHYTPIIIHIX 3yCHJIb Ta BUKOHAHUH miaOip
nepepi3iB €JIEMEHTIB y KPOKBSIHUX (hepmax, skl BXOJATh Y CKJIaa OJIOKY MOKPUTTS 3a TPAIUIIIHHOIO
METOIMKOIO, po3mIggaroun  (epMy OKpeMo BiJl KOHCTPYKLiH Kapkacy OyaiBii, 30Kpema
3a11300€TOHHUX PEOPUCTUX TUIMT TOKPUTTA. 3AIMCHEHUN Miadip Tepepi3iB €IeMEHTIB B s3eil
JOCHITHOTO OJIOKY MOKPUTTSL.

Otpumani 1iepepi3u eleMeHTIB OJOKYy MOKPUTTS OyJu 3aJaHi y MPOCTOPOBY PO3PAXyHKOBY
CXeMY Ta BU3HA4YEHI 3yCUJUIA y CTEPKHSIX HAHOLIbII HaBaHTAXEHOT pepMH OJIOKY 13 BpaXyBaHHSAM i1
CYMICHOI poOOTH pa3oM 13 TUIMTAMH TTOKPHUTTS Ta B’A35IMHU. 32 3HAYCHHSIMHU OTPUMAHUX 3yCUITb OYyIIn
nigiOpani nepepisu elxeMeHTIB (pepMH Ta BUKOHAHWN MOPIBHJIBHHUNA aHalli3 BHYTPIIIHIX 3yCHIIb Ta
eNeMeHTIB epM, 00UnCIeHUX 13 BpaxyBaHHSAM Ta 0€3 BpaxyBaHHsI CHIJIbHOT POOOTH KOHCTPYKIIIH
MOKPUTTHL.

30ip HaBaHTa)XCHb BHUKOHAHMK 3a [6] Ha BaHTaXHY IUIOILY, IIUPHHA SKOI OPIBHIOE KPOKY
depm y OymiBmi — 6 m. 3ycuiuis y CTepXKHSAX (pepMHM BHU3HAYaIHMCS 32 JOMNOMOTOIO MPOrPaMHOTO
komruiekcy JIIPA CAIIP [13, 22, 24], npukiagaiodd 30C€peKeHI HABaHTAKEHHS 10 BY3JIIB Gepm
(puc. 2). Po3paxyHKOBI 3yCWJUIA OTPHUMYEMO IUISIXOM IEPEMHOXXEHHS 3HA4Y€Hb 3YCHUJIb BiJ
OJIMHUYHMX HAaBaHTaXeHb Ta 3HA4Y€Hb, OTPUMaHUX MpHU 300pi HaBaHTaKkeHb. Po3paxyHKOBI
MOEHAHHS 3YCUJIb OTPUMYEMO, IMiJJICYMOBYIOYH MaKCHMAallbHI 3HAYEHHS 3YCHJIb BiJl MOCTIMHUX Ta
CHITOBUX HaBaHTaxeHb (puc. 3).

P=05 | P=1 P=1 P=1 P=1

cHizoBe Hobanmaxenus (2 Bapiawm, cxema N92)
P=05 P=1 P=1 P=1 P=1 l P=1 l P=1 l P=1 P=05

cHizoBbe Habawmaxends (1 Bapiaum, cxema N21)
P=05 |P=1 p=1 P=1 P=1 l P=1 l p=1 l P=1 P=05
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Puc. 3. Enropu BHYTPIITHIX 3yCHIIb Y CTEPXKHAX (hepMU BiJl CyMH HaBaHTaXCHb

- 130 -



Cyuacni 6ydisenvhi KoHCmpYKyii 3 memany ma depesutu, 2024. — Bun. Ne 28 (cTop. 128-139)

Ilepepi3 crepkHIB NPUHHATHN 13 JBOX PIBHOMOJOYHMX KYTOUYKIB, 3'€JHAHHS — IIApPHIpHI.
BpaxyBanHsi CcyMicHOi poOOTHM JUCKa TOKPUTTSA 31 KPOKBSHUMHU (epMamMu 3a1a€ThCs depes
MPOCTOPOBY po3paxyHKoBy cxemy Onoky mokputts y IIK «JIIPA CAIIP». Takox MoIemtoeTbes
reoMeTpUYHa cXeMa MPOCTOPOBOTO OJIOKY MOKPHUTTS, sIKa CKIAJAETHCS 3 TPhOX KPOKBSIHUX (epM Ta
BIJIMIOBITHUX 3B'A3KIB. Y pe3yibTaTi MaeMO CTEPKHBOBY KOHCTPYKIII€IO, KA MICTUTh YHIBepCallbHI
npoctopoBi ctepkHi Tuiy CE10, sxi MatoTh 6 CTyNeHiB BUTLHOCTI (pHC. 4).

OckinbkH B’s31 3aKpilUTIOIOTBCA 70 (epM IIApHIpHO, Yy PO3PaxXyHKOBIH CXeMi MO KIHIISX
CTEP>KHIB BBOSTHCS IIAPHIPHU MO0 MicIeBUX oceit 0Y, 0Z.

CrniupanHs ¢epM Ha KOJIOHM MPUHHATO MIApHIpHE, TOMY Y KpalHIX TOYKaX HUXKHBOTO IOsica
(dbepM y po3paxyHKOBIH cXeMi 3a1a€EMO IIAPHIPHI OTIOPH:

— y JiBiif TOYIII 33/1a€MO LIAPHIPHY OIOpY, sKa 3a00pOHs€ JiHIIiHI 3MIlEHHS GepM 3a TpboMa
OCHOBHMMHU Hanpsimkamu — 0X, 0Y, 0Z;

— y IpaBiii TOULI 337]a€MO JIiHIHO-PYXJIUBY OTIOPY, sIKa 3a00pOHSs€ NiHiiTHI 3MileHHs Gepm 3a
JIBOMa OCHOBHUMHM Hanpsimkamu — 0Y, 0Z.

BciMm cTepikHSAM 331a€MO KOPCTKOCTI, BU3HAYEHI Y TIOMIEPEIHIX PO3pAXYHKAX.

[Tonky 3ami300€TOHHMX TUIMT Yy PO3pPaxyHKOBIA CXeMl 3aJaEMO  YHIBEpCAIbHUMHU
yotupukytHuMu CE obGononkamu — CE 44, Ge3nocepeqHbo o0'€MHAHMMM 13 BEpXHIM MOSCOM
KPOKBSIHUX (pepM, KUl po30MBAEThCS Ha OKPEMI CTEP)KHI B 3aJICKHOCTI Bijl pO3Mipy CKIHYEHHOTO
€JIEMEHTAa, Ha KU p0o30MBAEThCS MONULS TUTHTH (puUc. 5).
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Puc. 4. Po3paxynkoBa cxema Puc. 5. Po3paxyHkoBa cxema
070Ky MOKPUTTS 0€3 TUIUT OJIOKY MOKPUTTS 3 TOJIUIICIO TIITUT

XKopcTkicTs mepepi3y MOMHIN MPU3HAYAEMO SK Il OETOHHOTO IUIACTHHYACTOTO E€JIeMEHTA,
BBOISSYM B  PO3PaXyHKOBOMY KOMIUJIGKCI TOYaTKOBUH MOIYIb TMPYXKHOCTI OETOHYy —
E, =3x10" Mlla ixoediuient ITyaccona v=0,2.

3HauHUN BIUTMB Ha JOCTOBIPHICTh OTPUMAaHHMX PE3YJBTATIB PO3PaxyHKy i3 BUKOPHCTAHHSIM
MCE mae po3Mip CKiHUEHHOEIEMEHTHOI CiTKH [22]. 3 MeTol0 BH3HAUEHHs pPiBHS BIUIMBY PO3MIipy
CKIHYEHHUX €JIEMEHTIB Ha pe3ylbTaTH PO3paxyHKy 3yCWJIb B eleMeHTax (epMm, a TaKoXK s
OTpPUMaHHS JIOCTOBIPHOTO DPE3YJAbTaTy Ta IMPOBEACHHS MOAAIBIINX PO3paxyHKIB OyiaM BHUKOHAHI
pO3paxyHKH OJIOKY TOKPHUTTS 3 PI3HUMH PO3MipaMu KOMIPKH TOJHUII TIITUTH.

[TocnigoBHO OynM BUKOHAHI PO3paxyHKH OJIOKY MOKPHUTTS i3 HACTYITHUMHU PO3MipaMu KOMipKH
CKIHYEHHOEJIEMEHTHOI CITKHU TUIUTH:

— ciTka i3 koMmipkoro 500x500, KUTBKICTh BY37iB y cxemi — 1250;

— ciTKa 13 KoMipkoro 250%250, KUTbKICTh BY3iB y cxemi — 4778;

— ciTKa i3 KoMipkoro 150x150, kinbKicTh By37TiB y cxemi — 13066;

— ciTka 13 koMipkoro 100x100, KiITbKICT BY3iB y cxemi — 29186;

— CiTKa 13 KOMipKOt0 75X75, KUIBKICTh BY3JiB y cxeMi — 51706;

KpurepieM m10oCTOBIPHOCTI po3paxyHKy € 3HAUCHHs PI3HUII MK MaKCUMJIbHUM 3YCHILISIM Y
BEPXHbOMY MOSACI HAMOIIBII HaBaHTAXEHOI (GepMH OJOKY, pO3paxOBaHMM 3a aHATI30BaHOIO Ta
MOTEePEHBOI0 CXEMaMU PO3paxyHKy. 3HAUEHHS PI3HUII He Mae nepeBunryBatu 3% [22].

I'padik 3a1eKHOCTI MAaKCHMAaJIbHOTO CTHCKAIOUOTO 3YCHIIIS y BEPXHbOMY IOSCI HaHOIIBII
HaBaHTAXKEHOI KPOKBSIHOI (pepMHU Bij po3Mipy KiHIIEBOI CITKM HaBEICHHI Ha puC. 6.

3rigHo TpexacraBieHoro rpadiky (puc. 7) pi3HHIS MDK 3YCHIUIAM y BEPXHBOMY IOACI
HaWOIIBIIT HABAHTAXKEHOT (pepMH OJIOKY, pO3paxoBaHUM 3a cxeMoto i3 ciTkoro 100x100 ta 75x75 He
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nepesumrye 3%. OTxe, pe3ydabTaTd pO3paxyHKIB BHYTPIIIHIX 3yCHJIb 3a LHUMH CXEMaMu
BB)KAaTUMYThCS JOCTOBIPHUMH.
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Puc. 6. HapanTaxxeHHs1, TpUKIaAcHE Puc. 7. I'padix 3amexHOCTI 3yCHILIsA y
Ha 1’ 610Ky MOKpUTTS BEPXHBOMY TOSICI epMH BiJl pO3OHBKHU

CITKH CKIHYEHHUX €JIEMEHTIB IUIUTH

[Ipuiinara po3paxyHKOBa cxema OJIOKY MOKPHTTS 13 pO3MipaMH CITKH CKIHYEHHUX €JIEMEHTIB
75%75 mm. epopmoBaHa cxema OJIOKY MOKPHUTTS MPEACTaBIEHA HA puUC. 8.
Bynu mpoananizoBaHi 3yCHIUIA y HAOUIBIII HABaHTXKEHIM KPOKBsHIM Gepmi (puc. 9).

Puc. 8. JlepopmoBana cxema GJI0KY OKPUTTS 13 KOMipPKOIO CKIHUEHHO-EJIEMEHTHOT CITKU 75%75mMm
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Puc. 9. 3ycmis y crepkHsAX (hepMu 13 BpaxyBaHHSAM 11 CIIUIBHOI POOOTH i3 AMCKOM OKPUTTS
BiJI CyMH CHITOBOTO Ta IMMOCTIHHOTO HABAHTAKCHb

3rimHo 3 puC. 9, 3yCWIUIA Y BEPXHHOMY TOSCI PO3MOAUISETHCS JCMIO 1HAKIIE MOPIBHSIHO 31
cxeMolo (epmu, ska Oyina po3paxoBaHa OKPEMO BijJ KOHCTPYKIIiil KapKacy:

— 3YyCWUIS PO3MOAUBIETBCS HEPIBHOMIPHO 110 JIOBXHHI €IIEMEHTIB TMO0sCa, JO0CITaloun
MaKCHMaJbHHUX 3HAYE€Hb Ha IOYATKY €JIEMEHTA Mosica Ta 3MEHIIYIOYHCh 70 HOTro KiHII;

— 3YCHJUIA Ma€ HalO1IbIIe 3HAYSHHS B €JIEMEHTI, 1[0 MPUMHKAE JIO0 OTIOPHOTO PO3KOCY, TO/I SIK
MaKCHMaJbHE 3HAueHHs 3yCHWUIL y (epMmi, IO pPO3PaXOBYETHCS 3a IUIOCKOIO PO3PAXyHKOBOIO
CXEMOI0, CIIOCTEPITaETHCS B €IIEMEHTAX, PO3TAIIOBAHUX Y CEPEAMHI MPOJIBOTY.

Jlns aHaiizy BHYTPILIHIX 3yCHJIb y CTEpXKHAX (pepMH 3aHOCHMO DPE3YIbTaTH PO3paxyHKiB
BHYTPIIITHIX 3yCHJIb 32 TUTOCKOIO Ta TPOCTOPOBOIO PO3PAaXyYHKOBUMH CXeMaMH y TaoI. 1.
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Tabmmis 1
IHopiBHsIbHA TA0JIULSA PO3PAXYHKY 3yCHJIb Y CTEP:KHSAX CTAJIeBOI (pepMHU MOKPUTTSH

Homep Po3zpaxynkoe 3ycuiis | Pozpaxynkose 3ycminisi| EQexT Bif cniibHOT
Enementn 0e3 BpaxyBaHHs 13 BpaXyBaHHSAM pobotu (3MiHa
CTepXKHS . ’ . -
criyibHOi poboTH, kH | crinbHOi poOOTH, KH | 3HAYEHHS 3yCHILIIS)
1-2 0 69,1 —
BepxHiit 2-3 -404 0,691
osic 34 -584,71 -150 0,257
4-5 -779,62 -243 0,312
ikt nosic A-11 341,08 276 0,809
11-12 730,89 620 0,848
A-10
710 -482.,4 -573 1,189
Poskocu 1-10 0 -0,309 -
2-11 344,98 389 1,128
4-11 -206,6 -256 1,239
4-12 88,64 99 1,117
.\, 3-11 -97.,9 1,005
Criliku 5 12 -97,45 101 1.036

Buxonsuu i3 oTpuMaHuUX pe3yabTariB, MOXKHA 3pOOMTH BHCHOBOK IIPO T€, IO BpaxyBaHHS
CIUIBHOTI POOOTH KPOKBSIHOT KOHCTPYKIIIi Ta KOPCTKOTO AMCKA TMOKPUTTS MPU3BOAUTH 10 3HAYHOTO
3MEHIIIEHHS 3yCHIIb y TIosicax (hepMu.

_ Newi—N,un 100% = 779,62xH — 404xH

o N, 779,62kH

6.n.,1

neN,, | — MakCUMajbHe 3yCHIUIA, AKE JIi€ Y BEPXHBOMY II0SICI MiJ] 4aC pO3paxyHKy 0e3 BpaxyBaHHs

-100% = 48,2%, (1)

CIIBHOT POOOTH KOHCTPYKIIN MOKPUTTA, KH; N, ,— T€ X came, JUIIE i3 BpaXyBaHHIM CIILILHOT
pOOOTH KOHCTPYKIIIH.

3 ¢opmynu (1) Ta anamizy [26] BHUIIIMBa€, IO PO3PaXyHOK MIATBEPIUKYE pPE3YAbTATH
nociimkenb JI.C. BacuibeBoi, sika CTBEpIKYE, 10 €()EKT BiJl BKIOYSHHS J0 CITUIBHOI pOOOTH TIITUT
13 KPOKBSIHUMH (pepMaMu 3HaXOOUThCs y Mexxax 40—50%.

OpHax ¢ 3ayBaKHTH, 110 TIPH IbOMY 3yCHJUIS B €JIEMEHTAX PENITKA GepMU 301TbITYIOThHCS
HE3HAYHO, 30KpeMa B OIOPHOMY pO3KOCi, B SKOMY CIHOCTEpIra€Tbcs HaHOUIBIIMN MHpUpICT
CTHCKaHHS 3yCHJUIA, — 301IbIIyeThest Ha 18,9%.

3a OTpUMaHUMH 3YCH/UIIMA BUKOHAHMM miAOip mepepi3iB eleMeHTiB cTaneBoi (epmu
MTOKPUTTS , pe3yJIbTaTH 3BeIeH] 10 Ta0m. 2.

Pesynbrati mimbopy mepepi3iB 3a 3yCHWIUIAMH, PO3PAXOBAHMMH 13 BpPaxyBaHHSM CIUIBHOI

pOOOTH KOHCTPYKIIIH, Y IIOPIBHIHHI 3 pO3paxyHKaMH 3a 1J1€alli30BaHOI0 CXEMOI0, OTPUMAHO:

— 3MEHIICHH NIepepi3y eeMeHTIB BepXHboro nosica pepmu i3 L 140x12 no L 100x10;

— 3MEHIIEeHHS Nepepi3y eeMeHTIB HIKHBOTO nosicy depmu 13 L 100x8 go L 90%8§;

— 301IIBIIEHHS TTepepizy OMOPHOTO po3kocy gepmu i3 L 100x12 mo L 125%10;

— 301IBILICHHS TIEpepi3iB eNEMEHTIB PELIiTKH, 30KpeMa Tepepi3 enemenTa 2—11 30u1bImmBes 10
L 75x6 (mopiBHSHO 3 L_75x5), a nmepepi3 enementa 4—11 — go L 100x10 (mopiBasiHO 3 L 100%8);

— TIepepi3u IHIIUX eJIEMEHTIB ()epPMH HE 3MIHUIIHCS.

Takox cii 3ayBaKUTH, IO MaKCUMallbHE 3HAYEHHS BEPTUKAJIBHOTO MPOTHHY B CepenvHi
nponboTy (pepmu cranoBmiio 34,11 mm, y TO vac sik mpu po3paxyHKy ¢depmu 0e3 BpaxyBaHHS
CHITbHOT pOOOTH TPOTHH y CEpPEeArHI MPOIbOTYy CTaHOBUB 61,43 mm. 3Biacu BUILTMBAE, 1O 13
PO3paxyHKy CHUIBHOT poOOTH (epM i3 3as1i300eTOHHUMH IUIMTaMH, MPOTHH (epM 3MEHIIMBCS Ha
44,5%.
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Ilepepi3 crep:kHiB pepmu, migidpani 3a 3ycuIAMH,
BH3HAYEHUMH i3 BpaxXyBaHHSIM CYMICHOI p00OTH KOHCTPYKIiil MOKPHUTTHA

(cTop. 128-139)

Tabmug 2

Ere- Howmep | Po3paxyH- Tepepis,| A, I/, .zx/ By, [epepipka
CTEPK- |KOBE 3yCHII- b | (eral, (i Tady| A/A | [A] ) Ye |3a HANpyX.,
MCHTHU MM CM 2
HSl ns1, kH yem) | yem) xH/cm
300/ | 2.16/ | 138.9/

b 1-2 69,1 7055 1372 oo | 53 | g0 | 150 | - [09]5.04<216
PX- 193 -404 300/ | 3,05/ | 97.4/ | 122 18,57 <19,2
HUL 5y 50| 1001013841 s | 452 | se4 [138.5] 0007 |08 g 0 <102
Hose 3.05/ | 97.4/

4-5 243 | 100x10 384 |300/255| 75 | 5oy | 145.1]0.5667 |0.8 11,17 <19.2

Hiokaiii| A-11 276 600/ | 2,76/ | 217.4/ 1,0] 9,93 <24
nose | 1112 | 620 | 20U 278 510 | 408 | 125 | 00|~ Mol 223 <

A-10 217,5/ | 3,85/ | 56,5/
510 573 | 125%10 (48,6 | T | U5 | Tgg | 129.1]0.6439|0.9]18.31 <216
2175/ | 2,16/ | 100,7/
. 1-10 | 0.309=0 | 70x5 13,72 5 0 | 5% | 0o | 180 |~ 0.9 -
i 391,5/ | 2,3/ | 170,2/
xocu | 2-11 389 7556 (1478) oo | 3aa | 1073 | 400 - | 1,0] 22,15 <24
391,5/ | 3,05/ | 1284/
4-11 256 | 100x10 384 | Teou | U5 | g | 199-5]0:4127|0.8]16,15<19.2
391,5/ | 2,16/ | 181,3/
4-12 99 7055 1372 S0 | 503 | 1145 | 400 | - [L0)7.22<192
N 3-11 97,9 283,5/ | 2,16/ [131,25/[154,2 17.85 <19.2
Cridin | 5 5 -101 105 372 678 | 323 | 8291 [152.41 92777 |98 18,42 <192

Pesynbratn po3paxyHKy METaJOEMHOCTI €JIEMEHTIB (epM, pO3paxOBaHUX 3 BPaxXyBaHHAM
iXHBOI CIITBHOT POOOTH 13 )KOPCTKUM JUCKOM IOKPUTTS Ta 0€3 HHOTO, 3BOAUMO y Ta0m. 3.

Tabmuus 3
Po3paxyHok BUTpaTu MeTaJly Ha cTaJjieBi ¢pepmMu MOKPUTTH, MiZi0OpaHi 3a ABOMA cxeMaMHu
Howmep [Tepepis | Ilepepiz | Ilor. maca | Ilor. Maca i[;; Maca | Maca |Pi3Huns
eI-Ty 3 | €1-Ty 3 | €n-Ty 3 e-Ty 3 eN-Ty 3 | en-Ty 3 3a
EneMeHTH| cTepik- ene-
po3pa- | po3pa- |po3paxyHKY | pO3paxyHKy po3pa- | po3pa- |Macoro,
w xyHKy | [xynky II| L, ke/m.n. | 11, xe/m.n. Mej:lTa’ xyHky [ | xynky II | %
Bepxwniit | 1-2 70%5 70%5 10,76 10,76 3,00 | 32,28 | 32,28 —
osIC 2-3
2—451 140x12 | 10010 51 30,2 9 459 271,8 | 40,78
Huxwniit | A-11
nosiC 1-2 | 100x8 | 90x8 24,4 21,8 12 292,8 | 261.6 | 10,66
Poskocu | A—10 | 100x12 | 125x10 35,8 38,2 4,243 | 151,9 | 162,083 | -6,28
2-10
1-10 | 70x5 70x5 10,76 10,76 2,18 |23,403 | 23,403 —
2-11 | 75%5 75%6 11,6 13,78 4,35 | 50,46 | 59,943 | -15,82
4-11 | 100x8 | 100x10 24,4 30,2 4,35 | 106,14 | 131,37 | -19,2
4-12 | 70x5 70x5 10,76 10,76 4,35 | 46,806 | 46,806 -
Critikn | 3—11 | 70x5 70x5 10,76 10,76 3,00 | 32.28 | 32,28 —
5-12 | 70x%5 70x5 10,76 10,76 3,00 | 32,28 | 32,28 —
PA3OM: 1227,3 | 1053,8 -
Maca Bciei pepmu: | 2454,7 | 2107,69 (14,14%
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Ilpumimka:

1. Po3paxyHOK CKJIaZieHO JIJIsl TOJIOBUHH (PepMH.

2. Po3paxyHok I — po3paxyHok 6e3 BpaXyBaHHSI CyMICHOI poOOTH KOHCTPYKLIH, pO3paxyHOK
II — po3paxyHOK 13 BpaxyBaHHSM CyMiCHOI POOOTH KOHCTPYKIIiil.

3. Pi3HMIIS 32 Maco0 00YHMCIIIOETHCS 32 HACTYITHOO (hOPMYIIOFO:

A="2.100%, )
m,
Ie m, —Maca eJIeMeHTa 13 po3paxyHky I, m, — e Xk, 3 po3paxyHky IL.
4. 3a NOBXKHUHY €JIEMEHTa MPUUHATO TEOMETPUYHY JIOBKHHY €JIEMEHTA.
ExoHoMmis mo Maci ¢epMu ipu BpaxyBaHHI CIIUTEHOT pOOOTH KOHCTPYKIIiH MOKPUTTSI CKIIama:
E, =M —M,=24547 ke —2107,69 ke =347,01 k2, (3)
ne M,, M, — ymoBHa Maca eleMeHTIB (epMu 3a po3paxyHkamu I Ta 1.
ExonoMmiunuii edext (y %) cTaHOBUTS:
_E,,  3470lke
DM, 2454 3Kz

BpaxyBanHs cymicHOi poOoTH KpOKBSHOI (hepMu Ta peOpUCTHX 3ali300€TOHHHUX ILTUT
MOKPUTTSA JI03BOJISIE CYTTEBO 3€KOHOMHUTH Marepian Hecyuux KOHCTpykuiil (14,14%) mopiBHSHO 3
PO3paxyHKOM OKpEMO HaBaHTaXeHOi (epMu Ta TOBHHEH OyTH OOOB'SI3KOBO BpPAaXOBAHUU IPH
MPOCKTYBaHH1 HOBUX Oy/MiBENb Ta pEKOHCTPYKIIil iICHYIOUHX.

BucHoBku.

1. Po3paxyHOK KpOKBSIHUX cTajieBUX (epM 13 BpaxyBaHHSM CIUIbHOI pOOOTH 3 JHUCKOM
MOKPUTTS 31 301pHOTO 3a11300€TOHY MOKa3ye 3HAYHE 3HMKEHHS 3yCHIIb Y BEpXHbOMY Tosici — 48,2%,
0 BIANOBIZAa€ HASIBHUM pe3yJIbTaTaM eKCIIEPUMEHTAIBHUX JTOCTIKeHb, [IHCHOI pPOOOTH
KPOKBSIHMX (pepM, BHKOHAHMX IMiJ Yac aHamuizy pobotu [26]. Takox MO3MOBXKHI 3yCHIUIL JAEUIO0
3HM3WINCA Y HHKHBOMY Tosici (Ha 17,9%) 1 3pociu B onopHoMy poskoci (Ha 18,9%) ta enemenTax
pemritku (1m0 23,4%).

2. Tlix ywac po3paxyHKy KpOKBSHUX (epM 13 BpaxyBaHHSM CIIUIbHOI POOOTH 3 JHCKOM
MOKPUTTS 31 30ipHOTO 3a1i300€TOHY CHOCTEPIraeTbcs 3MEHIICHHS 3HAUEHHs MPOTHHY HIKHBOTO
nosica B cepeiiHi mpoiboTy dhepmu Ha 44,5%.

3. Xapakrep po3MOJily MO3IOBKHBOTO 3YCHJUIS Y BEPXHbOMY MOACI Y BHIIAJKy CIUIBHOI
poOOTH 13 JUCKOM TOKPUTTS HE BIJAINOBIJIa€ TaKOMY JUIS TUIOCKOT PO3PaxyHKOBOI CXEMH,
BUPI3HAIOUUCh HEPIBHOMIPHICTIO pO3MOAUTY 32 JOBXKHHOIO €JEMEHTIB 1 pPO3TallyBaHHAM
MaKCUMAaJIbHOTO 3Ha4YEHHS.

4. 3MiHa 3Ha4eHb BHYTPIMIHIX 3yCWJIb y CTEPKHAX CTajeBoi GepMH MiJ d4ac pO3paxyHKy 3
BpaxyBaHHSIM CIIUIBHOI POOOTH 3 JWCKOM TOKPHUTTS HpHU3BENa JI0 3HAYHOTO 3HIDKCHHS MAacH
€JIEMEHTIB KPOKBSIHOT KOHCTpYKUii — 14,14% y mNOpiBHAHHI 3 PO3paxyHKOM 3a TpaIuliiiHOIO
IUTOCKOIO PO3PaxyHKOBOIO cxeMoro. lle mae 3Mory cyTTeBO 3a0IaKyBaTh MaTepiall OHOPHHUX
KOHCTPYKILiM 1 Mae OyTH OOOB'S3KOBO BpaxOBYBAaTHCS IiJ Yac IMPOEKTYBAHHS 1 PEKOHCTPYKIIT
OyziBeb Ta COpY/.

Onnak, po3poOka TOYHOrO Ta HAMIMHOTO pPO3PAXYHKOBOTO amapary 3a MpeCTaBICHUM
HaIpsIMKOM TIOTpeOy€e MPOMOBKEHHS YMCETBbHUX OCHIDKEHb IUISXOM MOJEITIOBAHHS HETiHIHHOT
poboTH MarepiajiB, BpaxyBaHHS pi3HUX KJIaciB OETOHY IIBa Ta KOHCTPYKIIH, 3aKJIaJHUX AeTalei
IUT Ta Bepudikamii pe3yabTaTiB IIIAXOM MPOBEACHHS HATYpPHHX EKCIEPUMEHTAIbHUX
JIOCHIJKEHD.

100% =~ 14,14%. 4)
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