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AHasi3 edeKTUBHOCTI PI3HUX KOHCTPYKTHBHMX ()OpM I@OKa3aB, 10 B
HaWOIbIWIiN Mipi kpuTepilo panioHaJBHOCTI 3 BpPaxyBaHHSIM BHMTPAT Ha
BUI'OTOBJIEHHS BillIOBiJa€ cTep:KeHb BEPXHbOIO Mosicy miBgepmu y BUIrIsAi
nepopoBaHoro ABOTaBpa 3i 3MIHHOI0 BHCOTOK CTIHKM, Yy $IKOro
MaKCHMAaJbHO PO3BHHYTHI Nepepi3 po3Milienuii B cepeAnHi miBIpoaboTy i
crpuiiMae Haii0iiblie 3HAYeHHS 3THHAIOYOT0 MOMEHTY 3a BiANMOBIZHHX
3HaYeHb TeOMETPUYHHUX TMapaMeTpiB  po3paxyHKoBoi  cxemu. Jlas
MiATBEP/ZKEHHSI TEOPETHYHHMX BHCHOBKIB 100 KOHCTPYKTHBHOI (opmu
Ppo3po0dsieHol pepMH MOKPUTTSI BUKOHAHI eKCIIepUMEHTAIbHI J0CTiIKeHHS.

One of the ways to reduce the material consumption of steel trusses is the use
of initial systems with a minimum number of elements, the concentration of
material in the main bearing elements, the use of highly efficient profiles. The
researched truss in the form of a sprengel system, which consists of a two-
sloped upper belt, a lower broken belt and two risers connecting the belts, can
correspond to such design directions. The upper belt in the areas between the
support and ridge nodes is a rigid, inseparable rod that receives all three types
of internal forces: bending moment M, longitudinal force N and transverse
force Q. The main role here is played by the bending moment, the value of
which along the belt varies from zero values to certain extreme values. The
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upper belt has been studied. The characteristic curves of the bending moment
in the upper belt and the structural solutions of the rods for each of the given
stiffness change schemes are considered. The final proposed constructive
solution of the upper belt of the truss with a span of 18 meters in the form of a
perforated I-beam of variable height. The permissible range of changes in the
values of the bending moment is obtained. A geometric interpretation of the
area of possible moment values is established. The method of finding
rational parameters of a truss with a perforated upper belt of variable
stiffness is described. The regularities of the process of changing
internal forces in the upper belt and the dependence between them
have been established. Such a combination of the bending moment plot
and the cross-section scheme of the original I-beam was obtained,
which satisfies all strength and design constraints with the minimum
possible weight of the truss. To confirm the theoretical studies,
experimental tests of a steel small-element roof truss with a span of 18
m in natural size were carried out.

Kuiouosi ciioBa:
Banxka, pepma, n1BOTaBp, TaBp, pi3Ka, EKCIIEPUMEHT.
Beam, truss, H-beam, tee-beam, cutting, experiment

Beryn. Oanumm 3 HanpsIMKiB - 3MEHIICHHsST MaTepiaJOMICTKOCTI  CTaleBUX
KPOKBSHUX ()epM € BHKOPUCTAHHS BUXIJIHUX CHCTEM 3 MIHIMAJIbHOIO KUIBKICTIO
€JIEMEHTIB, KOHIGHTpAllisi MarepiaJly B OCHOBHMX HECyYHX e€JIeMEHTax,
BUKOpDHCTaHHS ~ BUCOKOe(eKTHBHUX npodimiB. Takum  HampsMkaMm  1pu
MIPOCKTYBAaHHI MOXe BiJIOBiIaTH nociipkysBana B [1, 2, 3, 4] depma y Burmsai
MIMPEHTEIbHOI CHCTEMH, fKa CKJIQJAETHCS 3 JIBOCXWIOTO BEPXHBOTO IIOSICY,
HIDKHBOTO JIAMAHOTO TOSCY Ta IBOX CTOSIKIB, IO 3'€AHYIOTH mosicu (puc. 1).
0 30 30 30 30 3.0

18,0

Puc.1. BuxinHa cucrema depmu
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BuknageHa MeToaMKa IMOUIYKY palliOHAIBHUX MapaMeTpiB  depmu 3
neppopoBaHUM  BEpXHIM  TosicoM  (mepdopoBaHUM  ABOTABPOM)  3MiHHOI
JKOPCTKOCTI. XapakTep 3MIiHH OPCTKOCTI B3JIOBXK I0siCA 3aBISKH 3MiHI BUCOTH
nepdopoBaHoro ABOTaBpa AOCHiKeHUH y [3]. AHami3 eQeKTHBHOCTI pPi3HHX
KOHCTPYKTHBHHX (pOpPM TI0Ka3aB, 110 B HAHOUIBIIIN Mipi KPUTEPiIO pallioHAILHOCTI
3 BpaxyBaHHSAM BHTpPAT Ha BUTOTOBJICHHS Bi/IMOBIZAa€ CTEPKEHb BEPXHHOTO MOSICY
miBpepMu y BHMISAAI TIepGOpPOBAHOTO TBOTABPA 31 3MIHHOI BHCOTOIO CTIHKH, Y
SIKOTO MaKCHMAJIBHO PO3BHHYTHH Tepepi3 PO3MIIICHUN B CEpeInHI MiBIIPOIBOTY 1
cupuiiMae HaMOLIbIIe 3HAYCHHS 3THHAI0OYOT0 MOMEHTY 32 BIATOBITHUX 3HAUYCHBb
TeOMETPUYHUX ITapaMeTPiB PO3PAXyHKOBOI CXEMH.

JUis miaTBep/pKEeHHS TEOPETUYHHWX BHCHOBKIB MO0 KOHCTPYKTHBHOI (hopmu
po3pobiteHol hepMU OKPUTTS BUKOHAH] €KCIIEPUMEHTAIBHI TOCITIIKCHHS.

Jlo TemnepiliHBOrO 4Yacy TIpOBe/eHa HEBENMKAa KUIbKICTh EKCIIEPUMEHTAIbHUX
JMOCTIKeHb Tep(OpPOBAHUX EJIIEMEHTIB, aJie, Ha JKajlb, pPE3YJbTaTH IHX
JOCIII/DKeHb HE 3aBXIU BioOpakeHI B JiTeparypi, a iHOAI cynepedyarb OJHMH
OJTHOMY 1 TEOPETHYHHM MepeyMOBaM CaMHUX aBTOPIB JOCITipKeHb. Jlo Toro i,
eKCIIEPUMEHTANIbHI JIOCTI/DKEHHSS B OCHOBHOMY IIPOBOAWJINCH Ha MOJENSX Y
BUTJISIII 3TMHAIBHUX OJHONPOJITHUX OAJOK 3 METOI0 BCTAHOBJICHHS CTYIEHIO
TOYHOCTI PI3HMX METOIMK pO3paxyHKy. EKcrmepuMeHTanbHI JOCHIIPKCHHS
HATYPHHX 3pa3KiB KOHCTPYKIi TOKPUTTS B CYYacHI NpakTHI € PiIKicTio, a
eKCIIEPUMEHTH 3 KOMOIHOBaHMMH CHUCTEMaMH (epM TOKPHUTTA, A0 CKIALY SKHAX
BXOJATH Nep(opoBaHi eIeMEHTH, IIPEACTaBICHI HEJOCTAaTHEO.

BpaxoByroun, 1110 Hanpy)eHo-1e(OpPMOBaHUH CTaH peaibHUX KOHCTPYKIH Mae
OibIy pO30DKHICTD 3 TEOPETHYHUMH PO3PaXxyHKaMH, HIXK BiJIIOBIIHUX MOJIEIIEH,
a TaKoX LIHHICTh pe3yJbTaTiB JiHCHOI pOOOTH pealbHUX KOHCTPYKIH, BHHUKIIA
HEOOXIHICTh TPOBEIEHHS CaMOCTIHHHX EKCIIEPUMEHTAIbHUX  JOCIHIIKEHb
HaTypHHX 3pa3KiB po3po0iieHnX (epM MpoaboToM 18 M.

BianoBisHO 10 MOCTaBIEHOT METH €KCIIEPUMEHTAIbHI JOCIIKEHHSI BKIIIOYaIN
Takl 3aBJaHH:

- BHU3HA4YEHHS (AKTUUYHMX 3HAYCHb BHHHMKAIOYMX B eJeMeHTax (epmu
HalpyXeHb, MOPIBHAHHA iX 3 TCOPETHYHUMH [AHUMH Ta BHSBICHHS CTYICHS
PO301KHOCTI;

- BUSBJICHHS TPAaHWYHOI HECYYOl 3IaTHOCTI, GOPMH 1 XapakTepy pyHHyBaHHS
KOHCTPYKIIii;

- BUSIBJICHHSI JOCTaTHBOI KUJTLKOCTI B's131B B IIEpEPi3i CTOSIKIB.

MeToanka eKCHepHMEHTAJbHUX /IOCHIIKeHb. BilmoBiiHO 10 3aBaaHb
eKCIIEPUMEHTAILHUX JIOCHI/DKEHb OyJM 3alpoeKTOBaHI Ta BUIOTOBJEHI Ha
JKuroMupchkoMy 3aBOJII METAJIOKOHCTPYKLIH 1BI (epMH HpoiaboToM 18 M.
BepxHiii nosic ¢pepm OyB BUKOHAHUI 3 BuXigHOTO ABoTaBpa 2362 3a TY14-2-24-
72, HWKHIM MOsIC 3 JBOX CIIAPEHMX KYTHKIB 75X6, CTOSIKIB - 3 JBOX CIapeHUX
kyTHKiB 63x5. KoHCTpyKkTHBHE pilieHHs (hepM HaBeICHE Ha puc. 2.
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Puc. 2. 30BHINIHIA BUTIISLT MaTOSIEMEHTHOT KPOKBSIHOT (hepMH ITPOTHOTOM
18 M 3 nmepdopoBaHNM BEpXHIM MOSICOM 3MiHHOT XKOPCTKOCTI

BinmoBigHO 10 MTOCTaBICHOT METH - BUBYCHHS JIMCHOI pOOOTH KOHCTPYKIIii, OyIa
3alPOSKTOBaHa Ta BUTOTOBJICHA CIIelliaJIbHa YCTAaHOBKA, sIKa JJ03BOJIsLIA O MPOBECTH
Taki BUIIPOOyBaHHs. B IiloMy ekcriepuMeHTallbHa YCTaHOBKA BKJIIOYaia B cede
JOCTIIHY  KOHCTPYKIIFO, CHCTEMY  PO3KDIIUICHHS, CHCTEMY  CTBOPCHHSI
HABAaHTAXXCHHS, CHCTEMy Ilepeladi HABAHTAXKCHHS HAa KOHCTPYKIIIO 1 CHCTEMY
KOHTPOITIO CTaHy KOHCTPYKIIii.

BunpoOyBana ¢epma 30upanacsi B TOPU3OHTAJIBHOMY MOJIOKEHHI 3 TPbOX
BIAMPAaBHUX Mapok (puc. 3) i BCTAHOBIIOBANACs BEPTHKAIBHO Ha KOJOHHU. Jlist
PO3KpIIIJICHHS 3 TUIOMIMHH il 30BHINTHHOTO HABaHTAKECHHS TOCIiKyBaHA (epMma
BCTAHOBIIIOBAJIACs B OJIOI 3 aHAJOTIYHOO 3B'A3yr040i0 (hepMolo 1 3'eHyBanacs 3
HECIO 32 JIOTIOMOTOk0 B'si3iB (puc. 4).
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Puc. 3. Bignpasni mapku GpepmMu
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Puc. 4. ExcniepuMenTanbHui 010K 3 1BOX dhepm

Imitamist KOpcTKOro TOpLEBOro OJIOKy, HAsBHOrO B THMOBIH OymxiBii,
3MiCHIOBANIACs 3a JOTIOMOTOIO 3'€THAHHS BEPXHBOTO TOSCY 3B's3yrodoi depmu 3
HEPYXOMHUMH KOHCTPYKLISMH B TPhOX TOYKaX: B KOHBKOBOMY BY3JIi Ta y BEpXHIX
By3/lax CTOsKiB. B'3i BHUKOHyBamMCs 3 OJMHAPHMX KYTHKiB. IX 3'eqHaHHA 3
(depMamu 3AIHCHIOBATOCSA: B TOPU3OHTAIBHIN IUIONIMHI - Y BHIVIII JIMCTOBHX
LWIAPHIPIB; y BEPTHKAJbHIA - y BHIUISAI OAHOOONTOBHMX 3'€lHaHb, IO HE
MIEPEIIKO/PKAN0 BIIBHOMY IEPEMILICHHIO BHIIPOOYBaHOI (epMH y BEpTHKaJIbHIN
TUTOIIMHI Ta 3HIMAJIO BIUIMB 3B'13y1040i ()epMHU Ha BUITPOOyBaHYy.

CucremMa CTBOPEHHS HaBaHTAXKEHHSA CKJIafanacs 3 OCHOBHOI Ta JABOX
JIOTIOMIKHIX MAcJIOCTAHIl/ 3 MAHOMETPaMH, KOHTPOJBHHUX JIOMKPATIB B YKOPCTKHX
paMKax 3 JMHAMOMETpPaMH JUIsl 3IiMCHEHHS KOHTPOJIKO 33 BEIUYHHOIO
HABaHTAXXCHHS, OCHOBHHX JOMKpariB JI[-25, cTBOprolouMX HaBaHTaXCHHS
0e3rnocepe/IHbO0 Ha KOHCTPYKIIIO, 1 MacJIONpOBOJIIB, sIKi 3'€HYIOTh TOMKpPATH 3
MaciocTaHIissMi. OCHOBHa MacJIOCTaHIisi BHUKOPUCTOBYBAjacs JUIsl CTBOPEHHS
CHUMETPUYHOI0 HAaBAHTAXKEHHS, IIPH LbOMY BCi JIOMKPATH CTBOPIOBAIN OJJHAKOBE
HaBaHTakeHHs. JlomoMibkHI  MaciocraHiii B CYKYMHOCTI 3  OCHOBHOIO
MPU3HAYAIUCh JUISi CTBOPEHHS HECHMMETPHUYHOTO HABAHTAKEHHS, IPU IBOMY
JIOMKpATH JIiBO1, IpaBoi miB()epM Ta KOHBKOBOTO BY3JIa CTBOPIOBAIN Pi3HI CHITH.
Cucrema mepenadi HaBaHT@KEHHS CKIajanach 3 psly TpaBepc 1 TSKIB, 3
JOTIOMOTOI0  SIKHX HABAaHT@XECHHA BiA JOMKpaTiB dYepe3 IIApOBI OHOPH
repeiaBajlach Ha BEpXHiH mosic BUIIpoOyBaHOi (epMH, MpH IIbOMY HIDKHI BY3JIH
TSDKIB 3aKPIIUIIOBAJIMCh B CHJIOBIM TJUTO31 3a JIOTIOMOTOI0 aHKEPHHX IIPHCTPOIB
(puc. 5).
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Puc. 5. Cuctema nepeaadi HaBaHTKESHHsI HA KOHBKOBHH BY30J1

HaBaHTa)keHHsI MPHKIAAIOCh JI0 BEPXHBOTO MOSICY BUMPOOyBaHoi (epmu B
MICIISIX OONMHUpAHHS OrOpO/DKYBAIBHHX KOHCTPYKIH IMOKpPHUTTS (a came, pebep
nependadyBaHUX 3alli300€TOHHUX IUIAT TMOKPHUTTSA po3MipoM 3Xx6 M), ToOTO B
pOoJILOTI hepMH PO3MILILYBAJIOCS IT'SITh HABAHTAXKYBAJIbLHUX MTPUCTPOIB HA BijCTaHI
3 M 0/IMH BiJ] OJTHOTO.

Cucrema KOHTpPOJIO CTaHy KOHCTPYKHii BKIIOHWaja —amaparypy i
BHUMIpIOBaHHA (GiOpoBHUX Jedopmarliii e1eMEHTIB 3a JOMOMOTOI0 TEH30PE3UCTOPIB,
a TaKoX TMPOTWHOMIPH [UIsi BHU3HAYEHHS MEpEeMillleHb BY3JIiB KOHCTPYKIIIi.
BumipioBaHHIO MiJISraJid NPOTHHU KOHBKOBOTO BY3Ja 1 HWXKHIX BY3JIB CTOSIKIB,
BY3JIB NPHUKJIaJaHHS 30BHIMIHFOIO HABAHTAKCHHS, a TAKOXK JEIKUX IPOMIKHUX
By3u1iB (pHC. 6).

3arajbpHa cxeMa eKCIIepHMEHTAIBHOI YCTaHOBKY HaBe/ieHa Ha puc.’.

IIpoBenenHss  TeH30MeTPpHYHMX  BHMIipiB. B excnepumeHTanbHUX
JIOCITIJDKEHHSIX BHUKOPHCTOBYBAJIKMCh CTAHAAPTHI NPWIIAAH, SIKI NpPU3HAYEHI JUist
CTaTHYHHUX BHUIIPOOYBaHb, IBOX THUIIB: 1) JUIs BUMIpPIOBaHb NEpEMILICHb BY3IIiB
(depmu; 2) Ui BUMiproBaHb AedopMaliiii BOJIOKOH Martepially OKpeMHX eJIeMEHTIB.
3 Ipyroro THIY NpWIagiB BUKOPHCTOBYBAJIUCH TEH30PE3UCTOPH 3 0a30r0 20 MM,
SIKI T1/1'€IHYBAJIHMCh 110 EIEKTPOHHO-IIM(PPOBOTO TEH30METPHUYHOTO KOMIUIeKTy. Ha
elieMeHTax BUMPoOyBaHoi Gpepmu Oyiio BctaHoBiIeHO 250 TeH30pe3ucTopiB. CxeMu
PO3MIIIEHHST TEH30PE3UCTOPIB MOAUIINCh HA TPH THUIH: 1) CXEMH PO3MIIICHHS
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TEH30PE3UCTOPIB B MOMEPEUYHUX Tepepizax JBOTaBpa BEPXHBOIO MOsiCa; 2) CXeMHU
PO3MIIIIEHHSI TEH30PE3UCTOPIB B Iepepi3ax CTOSKIB Ta HIDKHBOTO I0sICY; 3) CXEMH
PO3MIIIEHHS TEH30PE3UCTOPIB Ha JINCTOBUX €IEMEHTaX.

Marepiax CTOSKIB i HIJKHBOTO IIOSICY 3HaXOAUBCA B OJHOOCHO-HAINPYKECHOMY
CTaHi, TOMYy 3ajaya noJiraja Yy BH3HAYCHHI MO3JO0BXKHIX JedopMmarii
(HOpManbHUX IO TIOTIEpEeYHNX Hepepi3iB eneMeHTiB). basn Ten3opesucTopis Oymm
OpIEHTOBAaHI 3a HAMPSIMKOM BUMIPIOBaHUX Ae(opmartiii.

Puc. 7. 3aranpHa cxema eKCIIepUMEHTAIBHOT yCTAHOBKH: | - OCHOBHA MAacCJIOCTaHLIis;
2 - I0aTKOBI MACIIOCTaHIIii; 3 - KOHTPOJIbHI TOMKpATH; 4 - OCHOBHI JOMKPATH;
5 - cucTema MacionpoBoiB; 6 - TpaBepcH; 7 - TsHKI; 8 - mapoBi onopw;
9 - macronepexpuBatoui BeHTmi; 10 - mporuHoMipy; 11- mepepizu 3
HaKJICEHUMH TeH30pe3ucTopamu; 12 - cuitosa miggora; 13 - ankepu
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CrepykHI BEPXHBOrO MOSICYy TpAlOBald SIK CTUCHYTO-3ICHYTI eJeMeHTH. B
NIEBHUX INepepizax 3 METOI0 BH3HAUCHHS HANpPYXXEHb 110 BHUCOTI Tepepisy Ta
KOHTYpPY OTBOpPY PpO3MIIIEHHS TEH30PE3UCTOPIB 3MIHCHIOBANIOCH 3a PI3HUMHA
HanpsIMKaMH y BUTJBIII PO3ETKM 3 TPHhOX JaT4nKiB. HampyskeHHS BU3HAJalNCh B
HaWOUIbII HEOE3MEYHUX, a TaKoXK MPOMDKHUX TepepizaXx BEPXHBOTO MOSCY,
HIDKHBOTO TOSICY Ta cTOsIKiB. Ilepepi3m 3 BCTAHOBJIEHMMH TEH30PE3UCTOpaMHU
HaBeZeHI Ha puc. 8.

Opranizanis Bunpo6yBanb. BunpoOyBaHHsS KOHCTPYKIII BHKOHYBaloOCh 3a
TPbOMa CXEMaMH HABaHT@KCHHS: CHMETPHUYHOMY, HECHMETPHYHOMY Ta
MOHT&XKHOMY. HaBaHTakeHHS ()epMH BHKOHYBAJOCH IISITbMa 30CEpPEIDKEHHMHU
CHJIaMH 3a CXeMOolo, sika O 3abesrnedyBajia IMITAllll0 HaBaHTaXEHHs QepMu
3aJ11300€TOHHUMHU TUIUTaMH MTOKPUTTS PO3MIpOM 3X6 M 3 BIAMOBIJHOO MOKPIBIIEIO.

CumerpryHe HAaBAaHT)KEHHS BKIIOYAIO B ceOe Bary THIIOBHX ITOKPIBEIEHHUX
MaTepiaiiB, OTOPOKYBAIFHUX KOHCTPYKIHM Ta cHiry mus Il cHiroBoro paifony.
Po3paxyHKOBe HaBaHTaXeHHs Ha depMmy ckmagano 3,92 kH/m® abo 23,52 xH/m.
3ocepepkeHa By3JioBa cuiia IpH oMy jopisaioBana 70,56 kH.

HecumerpruuHe HaBaHTaKEHHS pO3IIISIANOCH JUIS  BHUIAAKY BiJICYTHOCTI
CHITOBOTO HaBaHTA)XCHHS HA MOJIOBUHI IIPOIBOTY. TyT Aisi0 HaBaHTAKEHHS JIULIE
BiJl BJIACHOI Bard OrOpOJPKYBaJIbHUX KOHCTPYKIi Ta mokpiBii. Po3paxyHkoBe
HABAHTAXKEHHS HA MpaBili mooBuHi pepmu cknanano 2,94 kH/m? a6o 17,64 kH/m.
3ocepepkeHa By3ioBa cuia gopiBHioBana 52,92 kH. Ha miBiii monoBuHi depmu
HaBaHTKEHHS 3JIMINAIOCH THM e. KOHbKOBHH B30I HaBaHTa)KyBaBCsl CHIIOIO,
CEpEeIHBOIO 32 BETMYMNHOIO MK CHIIAMHU JIBO1 Ta MPaBoi MiBHepM.

[lepen GesnocepenHiM BUIPOOYBaHHSAM (hDepMH BUKOHYBAIOCH MOMNEPEIHE il
HaBaHT@KEHHS, SKe OyJIO MOYaTKOBMM KOHTPOJILHMM erarnoM. IlepeBipsiacs
TOTOBHICTh Ta HaJIeKHA i BCIX MIATOTOBYMX IPHCTOCYBAaHb, B TEPIIy YEpry
HAaBaHTAXYBaJbHUX, a TAaKOXX HAMIMHICTh KPIMJICHHA Ta IMPAaBHIBHICTH MOKAa3iB
BCTAaHOBJICHWX TPOTHHOMIpIB 1 TEH30METPUYHOI amapaTypH. |HTEHCHBHICTh
KOHTPOJIbHOTO HAaBaHTaXEHHsl NpuiiManach piBHOWO 10% Bil MakcHMalbHOT
po3paxyHkoBoi. [Ipu 1poMy BigMiueHa MOsiBA ACSIKHX OCTATOYHHUX IMEPEMIICHB 1
nedopmaiiiid, 00yMOBIICHUX OOMUHAHHSM 3'€/JHAHb, MICIIb OOIIMPAHHS, B3a€MHUMU
3MIIIEHHSIMHU eJIeMeHTIB 1 T.n. HemoBepHeHHs1 mpuOOpiB Ha HyJIb MICHS 3HATTS
KOHTPOJILHOI'O HaBAaHTAXXGHHS HE PO3IIIAIAJOCS SIK IMOKAa3HUK JeeKTHOCTI IX
YCTaHOBKH.

HaBaHTa’keHHST B mporeci BUNPOOYBaHb NMPHUKIANAIOCSA CTYNCHAMH, PIBHUMHA
10% Bix MaKCMMAaJIbHOTO HABAaHTAKEHHS, 3 TOAANIBIIAM 3MEHIICHHSIM BEJIMYMHU
cTyneHs 10 5% mo Mipi HaOMMKEHHS OO0 MAaKCHMAJIBHOTO 3HAa4YeHHs. Burpumka
MICI IPUKIIAAaHHs HaBaHTKEHHS JUTA 3'ACYBaHHS 3aKOHOMIPHOCTI MPHUPOIICHHS
mepeMimieHs Ta aedopMmariiii ckinanana 15 XBummH.

HapanTaxcenust Ha hepMy Ipu BUIPOOYBaHHI 32 KOXKHOIO 3 NMPUHHATUX CXEM
JIOBOJIMJIOCSL IO PO3paxyHKOBOTO HOro 3HA4eHHs, Micis 4oro 3Himarnocs. Ha
KO)KHOMY  eTami  BUNPOOyBaHb 3HIMAJIMCh  TOKA3HUKH  IPOTHHOMIPIB 1
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TEH30METPUYHOI anmapaTypu. B mporieci BUnpoOyBaHb OyJIH 3HATI MO3I0BXKHI B'sI31
10 HIDKHIM By3JlaM CTOSIKIB 3 METOI0 BH3HAYEHHSI MOJXIIMBHX X NEpeMillleHb B
HaIpsIMKY 3 IUIOIMHU (epMHu.

PyiinyBanus ¢epmu BinOyBanocs 3a CHMETPUYHOTO HABAHTAXKCHHSI.
Pe3yabTaTn EeKCIepUMEHTATbHUX JOCIi/IZKeHb. ExcniepumenTanbHi
JOCIIKeHHST (pepMH TIATBEPIMIN, B IIIOMY, PO3pPAaXyHKOBI INEpeIyMOBH Ta ii
NPUJATHICTh U BUKOPUCTaHHA B OyAIBHMITBI. EKCIEpUMEHTOM BCTaHOBIEHO,
110 TIPH JIOCSTHEHHI PIBHS PO3paXxyHKOBOTO HABAHTAXXCHHS BUIMMUX PYHHYBaHb B
esleMeHTax Qgepmu He criocrepiragock. OTprMaHi eKCIEPUMEHTAIBHO HAIIPY>KSHHS
HE TEpPEeBUIIIIN SK PO3PaXyHKOBOTO ONOPY CTali, TaK i 3HAYEHb HAINpPYKEHb,
obuunciieHnx TeopeTnyHo. DakTUYHI BEPTUKAIBHI MEpEeMILIeHHs By3IliB GpepMu He
nepeBunyBasiu 1/250 npossotry. [Ipu By3noBoMy HaBaHTaxeHHI, piBHOMY 88,60
kH, BimOymacs BTpara CTIHKOCTI BEPXHBOTO IOSICY MiB(QEPMH MiXK CTOSKOM 1
KOHBKOBHMM By3j0M. Dopma BTpaTH CTIHKOCTI HaBeJeHa Ha puC. 8. 3armac Hecy4oi
3maTHOCTI epmu ckiaB 1,26, 110 € JOCTaTHIM JJisi JaHOTO BHIY KOHCTPYKIIIH.
HwxHi By31mu cTOSIKIB B TIpolieci BCiX BUIIPOOYBaHb MOKa3ain
BHCOKY CTIMKICTb TOJIOXKEHHS, TOMY OyB 3pOoONIieHHII BHCHOBOK IIPO BiICYTHICTBH
HEOOX1THOCT] PO3KPIIJICHHS! B'SI3IMH IIMX BY3JiB.

Puc. 8. ®opma BTpaTH CTIHKOCTI BEPXHIM ITOSICOM
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AHAJi3 pe3yJbTaTiB eKCHepUMEHTAIbHHUX AOCTIIKeHb Ta MOPiBHSIHHA 3
TeOpeTHYHNMHU Ppo3paxyHkamu. OOpoOka pe3ynbTaTiB EKCIEpUMEHTATBHUX
JOCTIDKeHBb 3 IMOOYIOBOIO CII0p HANpyKeHb BUKOHYBANAch Ul KOMKHOTO eTaIry
HaBaHTaXeHHA (epmu. B poboTi oTpuMmaHi pe3ynbTaTH BHUMIPIOBAaHb NpPHU
PO3paxyHKOBOMY HABaHTa)KEHHI 32 CHMETPHYHOIO Ta HECHMETPHUYHOIO CXEMaMH
Horo mpuKiIaiaHHsA. X- KOOpAMHATH PO3MIILCHHS Iepepi3iB BEPXHBOrO IMosca 3
BCTAHOBJICHUMU TEH30PE3HCTOpAMH Ta HOMEPH OKPEMHX eJIEMEHTIB Iosca
HaBesleHi Ha puc. 9. Ix miapaxyHOK BUKOHYBABCS Bijl KOHBKOBOTO i OTIOPHHX BY3IIiB
T10 HAINPSIMKY JI0 CTOSIKIB.

Puc. 9. X-xoopauHaTu niepepi3iB BEpXHBOTO MOsiCa 3 BCTAHOBICHUMHU
TEH30pe3UCTOpaMU

3Ha4YeHHs BHYTPIMIHIX 3yCHJIb B Iepepi3ax, TEOPETHYHI Ta eKCIePUMEHTAIbHI
3HAYEHHs HANpy)XeHb B KpaiHiX (iOpax BepXHHOI Ta HWKHBOI MOJHIL JABOTABPa
BEPXHBOTO T0sica HaBeeHi B Tadur. 1.

CepenHe  BIAXWICHHS  TEOPETHYHMX  3HAUYCHb  HAIPYKCHb Bix
eKcTiepuMeHTambHNX ckiano 17%. I{omo posmonineHHs HaNpyXeHb MO BHCOTI
0cJ1abJIieHnX Mepepi3iB, TO MOPIBHSHHS €KCIIEPUMEHTAIBHUX 1 TEOPETUYHUX JaHUX
BHKOHYBAJOCh IIISIXOM IOPIBHSHHS IUIONI CIIOp HOPMAIBHHUX HAalpyXXeHb 3a
Jgonomororo koedirientiB 3anoBueHHs emnop ( Ksz=Ameop. / Aexcn.). Cepenne
3Ha4eHHs KoediienTa cxkiano 1,17.

HopmanbHi HampyXeHHsT B Iepepi3ax 3 CYLUIBHOCTIHYACTOIO JUISTHKOIO
PO3TOINAIOTHCS aHAIOTIYHO HAMIPYKCHHSAM Y 3BUYaifHIX OaKax.

JedopmartuBHIiCTh (hepMU B SKCIICPUMCHTAIBHHUX TOCIIKCHHSIX OI[IHIOBaIaCsI
32 NPOTMHAMH KOHBKOBOTO BYy3/a Ta HIKHIX BY3JIB CTOsKIB. TeopernuHi
pO3paxyHKH TPOTHHIB BH3HAYAINCH 3a OOUYMCIIOBATBHMM KomruiekcoM "Jlipa'.
OCKINBKH JKOPCTKICTh BEPXHBOTO TOsCAa Majla 3MIHHHH XapakTep, TO BiH IPH
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PO3paxyHKy po30HBaBCs MPOMDKHUAMH By3jJamu Ha 48 minsHOK. B Mexax KOXKHOT
TaKOi JAUISTHKU KOPCTKICTh CTEPIKHS BBAKAJIACS MOCTIHHOIO.
Ta6mums 1
BryTpimHi 3ycwuig B iepepizax BEpXHBOTO Mosca 1 3HAYCHHS
Harpy>XeHb 32 CHMETPHUYHOT'O 30BHIIIHBOTO HABAaHTAKEHHS
3HavyeHHs BHYTPIIIHIX

No Bepxus nonuus | Hukast monuns
Ne mepe 3yCHIlb p 1 1
eemMeH|” .
Ta p13y MX ’ NX 1 QX ’ o meop.» o excnep.1 o meop.y o excnep.s

kHm xH xkH Mlla | Mlla | Mlla | Mlla
X1 -18,05 |-323,21| 9,26 | -54,29 | -34,34 |-184,57|-155,36
1 X2 -10,94 |-323,21| 9,26 | -77,48 | -71,74 |-155,09(-127,34
X3 2,15 |-323,21| 9,26 |-121,00|-103,51(-100,82| -82,98
Xy -46,88 |-330,20| 65,92 | 32,71 | 17,20 |-250,41(-239,16
X5 11,15 |-321,56| -4,12 |-142,39|-120,16| -78,01 | -77,62
Xg 516 [-321,56| -4,12 |-133,85(-112,96| -97,53 | -83,36
X7 151 |-32156| -4,12 |-127,62|-102,00| -11,72 | -84,38
Xg 433 |-321,56| 4,12 |-132,45|-116,50(-100,55| -90,58
3 Xg 8,32 [-321,56| 4,12 |-138,68(-117,12| -86,77 | -81,94
X10 11,31 |-321,56| 4,12 |-139,32|-117,86| -81,37 | -66,48
X11 -33,55 |-330,20| -65,92 | 1,29 | -12,64 |-220,94|-198,16
X12 -52,47 |-314,57| 60,78 | 49,46 | 40,28 |-256,59|-228,68
X13 -8,26 |-314,57| 60,78 | -59,00 | -49,92 |-152,96 |-132,54
4 X4 2,15 |-323,21| -9,26 |-112,55|-101,76(-109,27| -91,74
X15 -6,83 [-323,21| -9,26 | -89,45 | -75,74 |-139,63|-117,14
X16 -13,89 |-323,21| -9,26 | -68,32 | -62,44 |-166,20|-133,38
X17 -18,05 |-323,21| -9,26 | -54,29 | -26,96 |-184,57(-148,14

Tabnuns 2
[TopiBHSIHHS TEOPETHUYHUX Ta EKCIIEPUMEHTAILHUX
3HAYeHb NPOTHHIB BY3IiB

Cxema Teopernune | Ekciepumen.
Ne fexcrnep./
HABaHTAKCHHS 3HAYEHHS 3HAYEHHS frl
By371a freoper.
freoper., cm | fexcrmep., cm
1 6,48 5,66 0,87 1/318
CumerpuuHa 2 1,47 1,22 0,83 1/1475
3 1,47 1,22 0,83 1/1475
1 5,67 5,06 0,89 1/355
Hecumerpuuna 2 3,11 2,56 0,82 1/703
3 -0,53 -0,39 0,74 1/4615
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[IInsxoM TOCTaHOBKM JIOCTaTHBOI KIUIBKOCTI NPOMDKHUX BY3JIB TaKUd
CTEpKEeHb J00pe anpOKCHMYBABCS CUCTEMOIO KiHIIEBUX EJIEMEHTIB 3 MOCTIHHUMHU
10 JOBXXHHI KOPCTKICHAMH mapaMeTpamu. Jlo TOro », 3HAYeHHsS >KOPCTKOCTI
o0YHCITIOBANINCS B OCNIAONEHHUX Tepepizax. Sk Mmoka3aB eKCIEPHMEHT, MPHAHATA
KUJIBKICTh  3aMIHSIIOYMX MPSMONIHIHHMX ~KIHIEBHX €JIEMEHTIB J03BOJSIE 3
JOCTaTHbOI JUIsl MPAKTUKH TOYHICTIO alpOKCHMYBATH CTEPXKEHb 3 HEPEMiHHOIO
BHCOTOIO TIepepi3y.

PesynbTaTi TEOPETHYHOrO PO3PAaXyHKY IMPOTHHIB BY3IIB 1 MOPIBHSHHS iX 3
eKCIIEPUMEHTAILHUMH pe3yJIbTaTaMH Halepeao/iHI HacTaHHs pyHHYBaHHS QepMu
HaBeJeHI B Tabn. 2. ExcriepuMeHTanbHI 3HAYEHHS NPOTHMHIB HE TEPEBHIIMIN
IPaHUYHO JIOIYCTUMHX, piBHUX 1/250 mponboty, T00TO 7,2 CM.

BucnoBok. IlpoBeneHi ekcnepuMEHTaNbHI  JOCII/DKCHHS — MIiATBEPANIN
MOJKJIUBICTh BHKOPHCTaHHS pO3poOieHNX (epM B pealbHOMY OyJIiBHHITBI.
3okpema, cTaneBi KpOKBsHI (epMu TpoilsoToM 18 M 3 meppopoBaHUM BEpXHIM
MOSICOM 3MIHHOT JKOPCTKOCTI BUKOPHCTAHI MpH OyIBHUITBI €KCIIEPUMEHTAIBHOTO
MaTepiaJbHOr0 CKJIaJy Ha 3aBOJ1 3aJ1i300€TOHHMX BHPOOIB B M. JKuromupi
(puc.10).

B mEEEE sEEss

we ma

Puc. 10 . MoHTa)X HOKPUTTSI MAaTEPiaJIbHOTO CKJIay HA 3aBOJ1
3a111300eTOHHUX BUPOOiB B M. JKutomupi

BHﬂBHeHO, 110 PO3XOKCHHA (I)aKTI/I‘IHI/IX 3HAUYCHb HOPMAJIbHUX HAIIPY’KCHb 3

TEOPETHYHIMH B TIPYXHIHA cTamii podotu cram ckmano mo 20%, mo BiAmoBigae
pe3yJibTaTaMm IHIIUX JOCITIHKEHb.
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