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OrpumaHo fJaHi NpPO HaNpYKEeHO-Ae(POPMOBAHMHA CTAaH Pi3HUX THILB
NPOMIKHHMX OIIOP [BONPOJBOTHHUX HepPO3pi3HUX mnepdopoBaHux OAJOK Yy
pe3yabTarTi iX po3paxyHKY MeTOAOM CKiHYEHHMX €JIEMEHTIB y NPOrpaMHOMY
KoMILIeKei «Jlipa» 3a gil CHMMETPHYHOIO Yy MpPoOJbOTaX PiBHOMIPHO
PO3MOAIIEHOT0  HaBaHTa:keHHs.  Po3rusiHyro  Bapiantm  omop 3
BUKOPHCTAHHAM 200 0e3 BUKOPUCTAHHS pedpa sKOPCTKOCTI, PO3MILLIEHOr0 10
0Ci MPOMI’KHOI OIOPH, 2 TAKOK 3 HE3ABAPEHUMH YU 3aBapeHHMMH OTBOPaAMH Y
cTiHni 0aJIKkM 3;iBa I cripaBa Bija onopmu.

Despite the large number of theoretical and experimental studies of solid and
inseparable beams, as well as structures using perforated elements, the
calculation and design of inseparable perforated beams, especially near
intermediate supports, has significant differences compared to solid beams,
which are currently little studied and this is a deterrent to the wider use of
such beams. For them, another factor that affects the bearing capacity, in
addition to the value, nature of the action, type, scheme of action of the load;
material strength; the value of the span; geometrical parameters of section,
there is a constructin of intermediate support parts.

The current design standards of steel structures present the general principles
of design of perforated beams, formulas for calculating stresses at
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characteristic points of cross section with a hole are given and emphasize the
need to strengthen the cross section on the support by transverse stiffeners. In
other matters, the perforated beams are subject to the same requirements as
conventional rolling beams. These requirements apply only to single-span
beams, and the design features of multi-span continuous perforated beams are
not considered at all.

The aim of these studies is to study the stress-strain state of different types of
intermediate supports of inseparable perforated beams of I-beam profile of
different heights under the action of symmetrically in two spans evenly
distributed load in the software complex '"Lira'. The objectives of the study
are to establish the actual values of stresses in the characteristic sections on
the supports of inseparable perforated beams of the I-beam profile and
perform a comparative analysis of the results of numerical studies. Modeling
of beams is made in the software complex '"Lira' on the basis of a method of
finite elements with observance of the real sizes with all design features of
support parts. Support parts with welded and unwelded holes, as well as
without a stiffening rib or with a stiffening rib placed along the axis of the
intermediate support are accepted for consideration.

The analysis of the stresses obtained as a result of the calculation of the
diagram shows a significant change in the stress-strain state of the calculated
cross sections as they approach from the middle of the span of the beam to the
axis of the intermediate support. In the middle part of the beam, the stress
distribution in the section with the hole is traditional - stresses at the points of
cross section of the upper part of the I-beam have a sign ""'minus'', and at the
points of cross section of the lower part - sign '"plus' in full accordance with
the diagram of bending moment. The nature of the stress distribution at the
calculated points of the support cross sections has significant differences due
to the change in the sign of the bending moment and the transverse force.

As a result of the calculation by the finite element method in the software
complex "Lira'" under the action of symmetrically distributed in the spans
load were received the data on the stress-strain state of different types of
intermediate supports of two-span inseparable perforated beams.

KirouoBi ciioBa: Hepo3pi3HUil, MPOMDKHHM, O6anka, omopa, eIeMeHT, nepdopariis,
HaIpy>XeHHs, AchopmMaIltis, Hecyda 3/1aTHICTb.

inseparable, intermediate, beam, support, element, perforation, stress, deformation,
bearing capacity.

Beryn.  HesBaxaroum  Ha  BEJNMKY — KUIBKICTh  TEOPETHYHHUX  Ta
EKCIIEPUMEHTAIBHUX JOCIIKEHb PO3PI3HUX 1 HEPO3PI3HUX OalloK, a TaKOoXK
KOHCTPYKI[If 3 BHUKOPHCTAaHHAM TIepPOpOBAHUX EJIEMEHTIB, PO3paxyHOK 1
KOHCTPYIOBaHHS HEpO3pi3HUX mnepdopoBaHux 0Oanok, 0coOIUMBO MOOIU3Y
OPOMIDKHUX OTIOP, MA€ MOPIBHSAHO 3 CYLUIbHUMH OaJIKaMH CYTTEBI BIAMIHHOCTI, K1
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Ha CHOTOJIHI € Majl0 BHBUYCHHMH 1 II€ € CTPUMYIOYUM (PaKTOpOM /sl OUIbII
IIUPOKOTO BUKOPUCTAHHS TakuxX Oanok. J[is HUX IIe OJHUM MOKa3HUKOM, IO
BIJINBA€ HA HECYYy 3MaTHICTh, OKPIM BEIWYHMHH, XapaKTepy Aii (CTaTUYHE YU
IUHAMIvYHE), BUAY (30CepekeHe, PiIBHOMIPHO poO3MOJIiIeHe, KOMOIHOBaHE),
CXeMH Jii HaBaHTa)XXKEHHS; MIITHOCTI MaTepiany (cTaii 3BHYaiiHOI MIITHOCTI 9
BUCOKOMIIIH1); BEJIUUYUHH TPOJHOTY; TEOMETPUUYHUX MapamMeTpiB mepepisy, €
KOHCTPYKTHBHE 0(OPMIICHHS TPOMIKHUX OTIOPHUX YACTHH.

AHaJIi3 OCTaHHIX J0cJiIKeHb. B UMHHUX HOpMax MPOEKTYBaHHS CTaJIEBUX
KOHCTpYKIiK [1] KOpPOTKO TpeAcCTaBiCHO 3arajbHiI TPUHIUINA TIPOCKTYBaHHS
neppopoBaHnux OajoK, HaBelACHO QOpPMyNH JUisi OOYMCIIEHHS HANpyXeHb B
XapaKTepHUX TOYKax IIepepisy 3 OTBOPOM Ta IIAKPECICHO HEOOXI1AHICTh
MIICUIICHHS TIEpepi3y Ha OmIopi IONEpeYHHMH pedpaMu >KOPCTKOCTI. B iHmMX
MUTAaHHAX 70 TepPopoBaHUX OalOK BUCYBAIOTHCA Ti CaMi BHMOTH, IO 1 0
3BUYAHUX TPOKaTHUX Oanmok. I[lpw mpoMy #aeTbes JUIIE MPO OTHOMPOJIBOTHI
OaJkM, a OCOONMBOCTI TIPOCKTyBaHHA  0araTOMpPOJBLOTHHUX  HEPO3PI3HUX
neppopoBaHUX OalOK B3araji HE PO3MIIAAIOThCSA. EBpPOMEHCHKI  HOPMU
MPOCKTYBaHHI [2] po3paxyHOK miepdopoBaHMX E€JIEMEHTIB  Hapa3i He
pErJaMeHTYIOTb.

Ilinx 4ac TeopeTHYHO-EKCIEPUMEHTAIBLHUX JOCHIPKEHb HECYd4Oi 3/1aTHOCTI
MOTIEPETHRO HAMPY>KEHO1 apKH MPOIHLOTOM 9 M, pe3yNIbTaTH SIKUX MPEACTABICHO B
[3,4,5], Oymm 3'dscoBaHi TEBHI OCOOJHMBOCTI pPOOOTH Ta HAMPYKCHO-
1e(OPMOBAHOTO CTaHy BEPXHBOTO MOSCY apKH, BUKOHAHOTO 3 TMepdOpOBaHOTO
JIBOTABpPY, KWW MpAIfOBaB 3a HEPO3PI3HOI CXEMOIO, OCKIIBKM MaB MPOMIKHY
OTIOPY Y BHUIIISAI TOMEPEIHBbO HampyxkeHoi posmipku. OTpumana iH(opMaris
HAIITOBXHYJIa aBTOPIB HA JYMKY IPO HEOOXIJHICTh NPOBEACHHS [OAATKOBUX
KOMIUIEKCHUX  EKCIEPHMEHTAILHO-TCOPETUYHUX JIOCHIDKeHb caMe JUISTHKH
3THUHAJILHOTO €JIEMEHTa MOOIM3y MPOMIXKHOI onopu. Ha nepiomy etari asis 1boro
IOLUIBHO 3aCTOCYBAaTH MporpamMHuil  kommiekc «Jlipa», skuif  MmMHPOKO
BUKOPUCTOBYETHCA Yy TIPAKTUIIl MPOEKTYBaHHS PI3HOMAHITHUX OydiBEIbHUX
KOHCTPYKIIH 1 KU MATBEPAWB CBOIO BHUCOKY €(hEKTHUBHICTH 1 TOYHICTH MiJ 9ac
JIOCJIIJIPKEHHSI IEpPOPOBAHUX MPOTOHIB Z-110110HOTO TTpodiiro [6].

Mera i 3amaui jgociaimkenb. B po0OoTi mocraBieHO 3a METy BUBYUTH
HanpyXeHO-Ae(OPMOBAHHI CTaH PI3HUX THIIB MPOMIKHUX OMOP HEPO3PI3ZHUX
neppopoBaHUX OaJOK JBOTABPOBOTO TMPOQITI0 Pi3HOT BUCOTH, OTPUMAHUX 3
BUXiTHUX ABOoTaBpoBUX Oamok NeNe 20, 30, 40, 50, i1 60 (I'OCT 8239-89) 31 cram
kiacy C235 3 MakCHMalIbHO MO>KJIMBUM 3HAY€HHSIM KOe(IIli€EHTY pPO3BUTKY BUCOTHU
nepepi3y 1,5 3a n1ii CUMETPUYHOrO y JBOX MPOJIHOTaX PIBHOMIPHO PO3MOJIIIIEHOTO
HaBAaHTAXCHHS y MPOTrPaMHOMY KOMIUTIEKCI «Jlipa». 3aBAaHHSAMU JOCIIKEHHS €
BCTAHOBJICHHsSI (PAKTUYHUX 3HAYCHb HAMPYKCHb Y XapaKTepHUX IMepepizax Ha
OTIOpax Hepo3pi3HUX NephOpPOBaHUX OANOK JBOTABPOBOIO MPO]LI0 Ta BUKOHAHHS
MOPIBHSUTBHOTO ~ aHaNI3y pe3yibTaTiB UYHUCIOBUX JOCTIHKCHb, OTPUMAaHHUX Y
IPOrpaMHOMY KOMIUIEKCI ,,JIipa”, 1uis pi3HMX THUIIIB IPOMIKHHUX OTIOP.
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Meronuka pociigkenb. AHam3 JITEPAaTypHUX JDKEpPEN, TEOPETUYHUX Ta
EKCTICpUMEHTAIBHUX JOCIIKCHD TUIOCKUX HECYYHX KOHCTPYKIIIH, Y TOMY YHCII 13
3aCTOCYBaHHSAM  TEpPOPOBAHUX  CIEMEHTIB; TEOPETHYHI  JOCHIDKEHHS 3
BUKOPHCTAHHSIM METOJIy CKIHUCHHX €JIEMEHTIB, peanizoBaHoro y I1K «Jlipa».

OcHOBHi pe3yabTaTH J0CJiA:KeHb. Hapasi mas momadplinx JOCIIIKEHD
MPOIMOHYETHCS PO3MVIAHYTH BaplaHTH KOHCTPYKIII MPOMIKHOI OMOPHOI YaCTUHU
HEpO3pi3HUX TepPOopoBaHUX OATIOK JBOTABPOBOTO MpOQLI0, SKi HaBEACHO1 Ha

puc. 1...4.
rFZ

>ﬁ, " o <

I._2 L

o i G [ o= ..1800 |, 11=700...1800
i=J00.. 161 101500} (h=300-900)7 (h=300...900)
(h=300..900) ~—1ﬁ 900) S

00...900) 00...900) =600 —6000
(=6000 L |=600C
A
Puc. 1. Onopra ninstaka 6e3 pedpa Puc. 2. OnopHa ninstaka 3 pedpom

’KOPCTKOCTI 1 3 HE3aBapEHUMH OTBOPAMH  KOPCTKOCTI 1 3 HE3aBapEHUMH OTBOPAMHU

Puc. 3. OnopHa ainsHka 6e3 pedpa Puc. 4. OnopHa auisHka 4 3 pedbpom
)I(OpCTKOCTi 13 3aBapCHUMHU OTBOpaMU )KOpCTKOCTi 13 3aBapCHUMU OTBOpaMU

Ha nmepmomy eTami BHU3HA4eHHS HAMPYKEHO-ACPOPMOBAHOTO  CTaHY
HEpo3pi3HUX TephopoBaHUX OajJOK JBOTABPOBOTO MpOoQUI0 Ha MUITHKAX OIS
OPOMDKHUX ONOp 3a PIZHOrO iX KOHCTPYKTHBHOTO oOdopmieHHa 1 3a ail
CUMETPUYHOTO Yy TMPOJIbOTAX PIBHOMIPHO PO3MOJAUICHOIO  HABAHTAXKECHHS
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BUKOHYETHCSI y TporpamMHOMy Komiuiekci «Jlipa». KoedimieHT po3BUTKYy BHUCOTH
mepepizy craHoBUTh 1,5 I BCiX OajoOK HE3aJeKHO BiA BHCOTH BHUXITHOTO
podiyIro, 3 TKOTO YTBOPIOETHCS MepdopoBaHa 0ajgka, a BUCOTa OTBOpY nepdopariii
TOPIBHIOE MMOJIOBUHI BUCOTH BUXiAHOTO TIpodinro. MoaenoBanHs 6aJIoK BUKOHAHO
y TIporpamMHOMYy KOMIUIeKCi «Jlipa» Ha OCHOBI METOAY CKIHUEHHX EJIEMEHTIB 3
JOTPUMAHHSAM pEaTbHUX PO3MIpPIB 3 yciMa KOHCTPYKTUBHHUMH OCOOTUBOCTSIMU
OMOPHUX YaCTHH.

Jlo ckmany TpOMIXKHOI OMOpPHOI YacTHHW OajK¥ BXOMATH JBI JUISHKH

popxuHor0  mo [, =700..1800 MM 3miBa 1 cmpaBa Bim oci onopu. Takum
YHHOM, JOBXHHA OIOPHOI YaCTHHH 3aJIE)KHO BiJl BHCOTH MephOpOBaHOi OGaaku
h =300...900 mm ctanoButh 2/, =1400...3600 Mm . Po3mip [/, — ue BigcTanb

BiJl TOYKHM TMEPETUHAHHS EMIOPOI0 3TMHAI0OUOro MOMEHTY M HeWTpanbHOI miHii,
TOOTO HYJIHOBOi TOUKH, 10 OC1 MPOMIKHOI OIIOPH.

BuxopucroByroun BigoMi (GopMynH I BU3HAUEHHS BEJIMYUH MOMEPEYHUX
CHJI 1 3rHHAIOYMX MOMEHTIB y XapaKTepHUX TOYKax 1 Mepepizax Mo JOBXKHHI
JIBOTIPOJILOTHOT HEPO3pI3HOI Oanku 3a Jii MEBHOTO PIBHOMIPHO PO3MOJIIJIEHOTO
HABAaHTA)KEHHS, MO’KHA BU3HAUYUTHU BEJIMUYMHY HABAHTAXKCHHS, 3 MPUKIAJaHHS
SAKOTO B OaJilli BUHUKATUME TPAHUYHUN CTaH, [0 HAJIECXKHUTHh O IPAHUYHHX
craHiB 1-i rpymu, a came BTpaTa HECy4yoi 3JaTHOCTI 3a JOCSITHEHHS Y
MoNnepeyHoMy Tmepepi3dli Oaldku TpaHUYHUX HOPMAJbHUX HAIMpPY>KEHb.
Buxonsuu 3 numx MipKyBaHb OOYMCIEHO T'paHWYHI 3HAYEHHS PO3PAXyHKOBOTO
PIBHOMIPHO PO3IMOAUIIEHOI0 HABAaHTAXEHHA ¢ JUIsi OalloK pi3HO1 BUCOTH. [Ipuuomy
[l HAaBaHTaXEHHsI OOYMCIICH] JIUIsl BUXITHUX JBOoTaBpoBUX Oasiok NeNe 20, 30, 40,
50, 60 1 CTaHOBIATH BIANOBIHO ¢ = 16,45; 45,22;85,24;142,1; 229,0 xH /M.

AHani3 entop HalpyKeHb, HABEIEHUX B Ta0J. 2, CBIAYUTH MPO CYTTEBY 3MIHY
HanpyXeHO-1e()OPMOBAHOIO  CTaHy pPO3pPAaxXyHKOBUX HEpepi3iB Mo  Mipi
HAOJMO>KEHHS B1J] CEPEJIMHU MPOJIbOTHOI YACTUHU OalIKK JI0 OC1 MPOMINKHOI OTMOPH.
B cepenniii yactuHi Oanku poO3MOIICHHS HANpPY>KEHb B MEpEpPi3i 3 OTBOPOM €
TpaJAULIMHUM — HAMpY>KEHHS B TOYKAaX BEPXHBHOTO TaBPY MOMNEPEYHOro Mepepizy
MaloTh 3HAK «MIHYC», a B TOYKaX HWXHBOTO TaBpy 3HAK <«IUIKOC» Yy IOBHIM
BIJIMIOBITHOCTI JI0 €MIOPHU 3rHHA0YOTO MOMEHTY.

Jnst onopu Tuny 1 B mepepisi 1-1 3anexHo BiJl HOMEPY BUXIJHOIO IBOTaBpa,

3 IKOT'0 YTBOPEHO Nep@opoBaHi Mpodisii po3NOAISIEHHS HAIIPYKEHb TaKe:

1.V Bepxnix TaBpax nepdopoBanux npodiaiB Bucoror 300, 450 1 600 mm
3a(1KCOBaHO HANPYXKEHHS PO3TATY SIK Y B. 1, Tak 1 B T. 2. [Ipuyomy HanpykeHHs
B T.2 € HabaraTo OUIbIIMMU 3a HampyxeHHs B T. 1. Takuil xapakrtep emtopu
Hampy>KeHb TMOBHICTIO BIAMOBiAa€e €MIOpI MOMEHTIB Ha CepeAHiil omnopi
JIBOIIPOJILOTHOT HEPO3PI3HOT OATKHU.

2.V BepxHix TaBpax nepdopoBaHux mnpoduriB Bucotor 750 1 900 mm
XapakTep eMpHu HAMpPY>KEHb 3MIHIOETHCS 1 B T. | BKe (IKCYIOThCSI HANPY>KEHHS
CTHCKY, XO4Ya BEpxHIH TaBp NpoduIiB 3HAXOAUTHCS, BIANOBIAHO JIO EMIOPU
MOMEHTIB, Y PO3TATHYTIN 30HI.
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3.V HWKHIX TaBpax BCiX MpodumB 3a(iKCOBAHO HANPYKEHHS CTUCKY 3
HabaraTo OUTEIIMMHM 3HAYCHHSMH B T. 3 TMOPIBHSIHO 3 T. 4.

Jlns 1pOoTO K THITy OMOpH B Tepepizi 2-2 I BEpPXHIX TaBpiB MpodiiiB
MepeBaXHO BUHUKAIOTh HATIPYKEHHS CTUCKY, X04a B T. S 1715 MPodisliB BUCOTOIO
450, 750 1 900 MM BUHUKAIOTh HE3HAYHI HANIPY)KEHHSI pO3TATY. B HIDKHIX TaBpax
B OCHOBHOMY 3a()iKCOBAHO HAmMpyXEHHS PO3TATY, Xoua B T. 8 B mpodiisax
Bucotoro 450 1 600 MM 3adikCOBaHO HE3HA4YHI, MOPIBHSIHO 3 PO3TATOM,
HAIpPY>KEHHS CTUCKY.

B omopuomy mepepi3i 3-3 Ha omopi 6e3 pedpa KOPCTKOCTI Y BEpXHIX
gactuHax Oanok (T.1.9 1 10) Bcix mpodiaiB HAMPYXKEHHS PO3TATY ITyKE
HE3HAYHI, a HAIPY>KCHHSI CTUCKY y T. 11 € HeOe3nmeyHuMu Juie I mpodiIro
BucoToro 900 MM, ne ix BennunHa ctaHOBUTH 380 Mlla, 1110 poOUTh MOXKIMBUM
BUKOPHUCTAHHS OMOPH JAHOTO THITY JIUIIE Y BUMAJAKY 3aCTOCYBaHHS sl OaioK
CTaJIeld BUCOKOT MIIHOCTI 3 PO3paxyHKOBUM omopoM He MeHmmM 3a 400 Mlla.
SIKII0 BHKOPHWICTOBYBATH CTaJli 3BHYAMHOI MIITHOCTI, TO 3aCTOCYBaHHS pedep
KOPCTKOCTI, PO3MIMICHUX II0 OCSIX IPOMIKHHUX OIIOP HEpPO3pi3HUX OajoK, €
000B’ A3KOBHUM.

Jlns onopu Tumy 2 XapakTep po3IMOAUICHHS HaMpyKeHb B nepepizax 1-112-2
€ QHAJIOTTYHUM XapaKTepy PO3MOAUICHHS HANPYXEHb B IUX CAMHX TOYKAX JJIS
ommopu tumy 1. [IpudoMy 1 BeIWYMHM HANPYKEHb Yy PO3PaXyHKOBUX TOUYKAX
nepepiziB  Maike HE BIIPI3HIIOTBECA MK cobor. Jlume B mepepisi 3-3
Hanpy>XeHHs1 y T. 11 € HaGarato MEHIIMMU 3aBIISIKKM HassBHOCTI OMOPHOTO pedpa
YKOPCTKOCTI.

Y pasi BUKOPUCTaHHS OMOPHU THUIY 3, TOOTO y pa3l BUKOPUCTAHHS OMOPHOI
yacTuHU nepdopoBaHoi Oanku O€3 OTBOPIB, MaikKe BCl BEPXHI TaBpU BCIX
npo(disiB 3a3HAIOTH PO3TATY SIK B mepepisi 1-1, Tak i B mepepisi 2-2. Jlume ans
npodimo Bucororo 600 MM B T.1 1 B T.5 3adikcoBaHO IyXKe HE3HAYHI
Hampy>KeHHsI CTUCKY y Mexkax 2 MIla. B wmkHIX TaBpax BCiX TpodisiiB B
mepepizax 1-1 1 2-2 BHUHHMKAIOTh HE3HAYHI HAMpYXKEHHS CTUCKY. B mepepisi 3-3
XapakTep CMIOPH HaNpyKeHb Maibke TaKui caMuil, K 1 JIi omopu Tumyl, i
Maike 3 TAMU CaMUMH 3HAYEHHSAMU Halpy>KeHb, 0c00JIMBO B T. 11.

st omopu THMy 4 XapaKTEpPHUM € HasBHICTh Ty)K€ HE3HAYHUX HANPYKCHb
cTucky y T.T. 1 1 5 msa npodinis Bucororo 300, 450 i 600 mm y mexax 2 MIla i
Oy’kKe HEe3HAUHUX HaIpyKeHb po3TATY M1 mpodimiB BucoToro 750 1 900 mm. B
T.T. 2 1 6 mepepiziB 1-1 1 2-2 Bcix 0aloK BUHHMKAIOTH HE3HAYHI HAIPYyKCHHS
po3TATy. Y HWXKHIX TaBpaxX BCIX OaJlOK BHMHMKAIOTh HAIPY>KEHHS CTHUCKY,
BEJIMUMHA SIKUX He nepeunlye 14 Mlla.

PosnoniieHHss HampykeHb B 1mepepidi 3-3 mojiOHe 10 PO3MOJiICHHS
HANPY>KeHb Y I[bOMY CaMOMY IHepepi3i sl OMOpH THUITY 2, OCKUIBKH B 000X
BUIIAJKaX BHUKOPUCTOBYIOThCS pebpa kopctkocti. [lpudyoMy 1 3HaYeHHSA
HAIPY>KEHBb TEXK CYTTEBO HE BIAPI3HIIOTHCA.
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Ta0murg 2

Enropu HOpManbHUX HAIMPYKEHb B PO3pPaxXyHKOBUX Tepepizax Oallok 3

MIPOMIKHUMH OITOPAMH PI3HHUX THUIIIB

Emtopu Hanpyxenn, MlIla, B nepepizax

Ne [ Ne BuxigHoro ;
Ne| msoTaspa/ Hopmanbhi o
s/| mm oropu Iepepis 1-1 Ilepepis 2-2 IHepepis 3-3
(touku 1, 2, 3,4) (Toukwm 5, 6, 7, 8) (toukn 9, 10, 11)
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TPOJAOBKEHHSI Ta01. 2
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B Tabmuii 2 s mpuUKIany HABEIECHO JIUIIE PE3ylbTaTH PO3PaXyHKIB IS
0aJIOK, yTBOPEHUX 3 BUKOPUCTaHHAM BuUxigHUX ABOTaBpiB NeNe 20 1 60.

BucnoBku. Po3nonin HampykeHb B PO3PAaxXyHKOBUX TOYKaX XapaKTEpPHHUX
nepepiziB 3 OTBOpPAMM HEPO3pI3HUX Hep(opoBaHUX OANOK MOOIM3Y MPOMIKHUX
ONOp PI3HOT KOHCTPYKIII CYTTEBO BIIPIZHIETHCS BiJ| PO3NOJIUTY HANpPYXKEHb Y
PO3paxyHKOBUX TMIE€pepi3ax IMpOJIbOTHOI YACTUHHM, OCKUIBKM 3HaK EHiopu
3rMHAaI0Y0ro0 MOMEHTY B OIMOPHIN YaCTHHI 3MIHIOETHCS 3 JIOJJATHHOT'O HA BIJ €MHUN
1 LIe MOBHICTIO 3MIHIOE XapakTep HampyxeHo-nedopmoBaHoro crtany. Lls 3miHa
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CBITYHMTH TIPO HEMOIKJIMBICTH BUKOPUCTAHHS (POPMYJT YHHHUX HOPM IPOCKTYBaHHS
[1] nns oOuMclieHHsS HANpPY>XEeHb B PO3PaXyHKOBHUX TOUYKaX 1 TaKUM YUHOM €
HEOOXITHICTP y TPOBEAEHHI MOAAIBIINX EKCIEPUMEHTAIbHO—TEOPETUIHNX
JOCIIDKEHDb PI3HUX THIIB OMOPHMX YacTHH OaloK 3 METOI PO3pOOKHU
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