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CTBOpPEHO KOMM'IOTEPHI MOZenNi Ana po3paxyHKy MPY>KHUX NPSAMOKYTHUX MAACTWH 3 NigKpinAeHnMn nps-
MOKYTHUMU BUOBXEHUMU 0TBOPaMU, SIKi nepebyBaroTh Nif, i€t OAHOBICHMX 3yCU/b pO3TATY, MPU Pi3Hill opieH-
Tauii OTBOPIB LOA0 HaNPAMKY Aii uux 3ycunb. Matepianm nnacTvHW i CMyroBMX MNiAKPINAOKYMX eNeMeHTIB
Bigpi3HAtOTbCA. KOMM'toTepHe MOAENtOBaHHA NPOBEAEHO 3 BUKOPWUCTaHHAM MeTOAY CKIHUYEHHWX eNemMeHTIB B
CKnagi CTaHAapTHOro NakeTy MpuKnagHuX nporpam. JocnifjkeHo BNNB MeEXaHIYHUX i reOMETPUYHUX napameT-
piB NAacTVH i NigKpinneHb, opieHTaLii 0TBOPIB (KyTa NOBOPOTY BiAHOCHO HAaNPSAMKY Ail 3yCU/b) Ha Hanpy>XeHo-
[LethopMOoBaHWiA CTaH MAacTUHW. BCTaHOBEHO 3a1eXHICTb KoedhiljieHTa KOHLEeHTpaL T Hanpy>XeHb B NAaCTUHI Big
opieHTauii 0TBOPY, CMiBBIAHOLLEHHS MOAYNIB NPY)XXHOCTI MaTepianiB NNacTUHM i NigKpinaeHs (MOAY b NPYXHOC-
Ti MaTepiany nigkpinaeHHs B 3 pasu GinbLue (260 MeHLUE), HXX MOAYNb NPY>XHOCTI MaTepiany nnactuHw). Moge-
NOKOTLCSA NMACTUHM 3 OTBOpaMK, Po3TallioBaHUMM Nif KyTamm 60°, 45° i 30° BigHOCHO HanpsMKY Aii HaBaHTa-
XEHHs. Martepianv naacTuHM i NigKpinneHHs fetopMytoTbCa B NPYXXHINA o6nacTi. MokasaHo, Lo BAanWii Bubip
reoMeTPUYHMX Ta XOPCTKICHUX XapakTepUCTVK napameTpiB NigKpinaeHb, N1acTUHU i opieHTaLil OTBOPIB MOXe
iCTOTHO 3HWM3UTW KOHLIEHTPALil0 HanmpyXeHb B MaacTvHi. [M06yA0BaHO KapTUHWM PO3MOAiNy iHTEHCMBHOCTI Ha-
Npy>XeHb y Nepepizax NAacTUHW, L0 NPOX0AATb Y3A0BX OAHIET 3i CTOPIH OTBOPY, Ta KOHLIEHTPaL,ii HanpyXeHb B
OKOJi KyTOBWX TOYOK 0TBOPiB. OTpUMaHi B po60Ti pe3ynbTaTi MOXYTb 6yTV BUKOPUCTaHI A1 po3B’A3aHHs 3a4au
ONTUMI3aLiT TOHKOCTIHHWUX MPAMOKYTHWUX NNACTWH 3 BULOBXEHUMI 0TBOPaMMU, L0 MatoTb CMYFOBI MifKPinaeHHs
no Kpasix, Npy MiHIManbHKX BUTpaTax Matepiany Ans BKIOYeHb.

Co3aHbl KOMMbIOTEPHbIE MOZJENN ANA pacyeTa YNpyrux NpsMOYro/ibHbIX MAACTUH C NOAKPern/eHHbIMU
NPSMOYrO/bHbIMWA MPOTSXKEHHbIMU OTBEPCTUAMM, HaXOAALLMXCA MOA [eiiCTBMEM OLHOOCHBIX PacTArvBatoLLMX
YCUNMiA NPU pa3NYHON OpYeHTaLMMN OTBEPCTUIA OTHOCUTENbHO HamnpasfeHWs AeicTBUsA aTUX yeunuii. MaTepua-
Nbl NAACTVHBI W MONOCOBbLIX NOAKPENAOLLMX 31EMEHTOB OTNMYatoTcs. KoMMnbioTepHOe MOAeNMpoBaHe NpoBe-
[IeHO C MCMO/b30BaHNEM MeTO/a KOHEYHbIX 3/IEMEHTOB B COCTaBe CTaHAApPTHOrO nakeTa NPUKAagHbIX Nporpamm.
WccnefoBaHo BAMAHME MeXaHUYECKMX W FeOMETPUYECKMX NapaMeTpoB NAacTWUH W MOAKPENeHni, opreHTaLmm
0TBepCTUin (yrna noBopoTa OTHOCWUTENbHO HanpaBneHWs AeCTBUA YCUUIA) Ha HanpsXXeHHO-AehopMMpPOBaHHOE
COCTOSIHME NNACTWHbI. YCTaHOB/MEHa 3aBUCUMMOCTb KO(D(ULMEHTa KOHLIEHTPaUWUN HanpskeHnii B NnacTuHe OT
OpUWeHTaLMN OTBEPCTUS, COOTHOLLEHUS MOAY/e YNpyroctTu matepuanos NAacTUHbLI U MOAKPENeHnin (Mogy/b
ynpyroctvi mMatepuana nogkpenneHus B 3 pasa 60nblue (MM MeHbLLE), YeM MOAYNb YNPYrocTy MaTepuana nna-
CTVHbI). MOAENMPYIOTCA NIACTVHBI C OTBEPCTUAMM, PACTONOXKEHHBIMI Mo yriamn 60°, 45° n 30° oTHOCKTENBHO
HanpasfieHns feicTBYA Harpy3ku. MaTepuanbl NacTUHbI M NOAKPenneHus fedopMUpyrOTCs B yNpyroii o6nacTu.
MoKa3aHo, YTO YAayHbIN BbIGOP FEOMETPUYECKMX W KECTKOCTHbIX NapaMeTpoB NOAKPEN/IeHNiA, NNacTUHbl 1 opu-
€HTaLyN OTBEPCTUIA MOXKET CYLLECTBEHHO CHU3UTH KOHLIEHTPALMIO HAaNPSXXEHWIA B nacTUHe. MoCTpoeHbl KapTu-
Hbl pacrnpefeneHns MHTEHCMBHOCTY HANPSHXKeHUI B CEYEHWAX MNacTVHbI, MPOXOAALLMX BAOMb OAHOW M3 CTOPOH
OTBEPCTUS, N KOHLEHTPaLMM HanpshkeHW B OKPECTHOCTW YI/OBbIX TOYEK OTBEPCTMWiA. MonyyeHHble B paboTe
pe3ynbTaTbl MOTYT 6bITb UCMONb30BaHbI AN PELLEeHNs 3ada4y ONTUMM3aLMN TOHKOCTEHHbIX NPAMOYTO/bHbIX Nna-
CTUH C NPOTAXXEHHbIMW OTBEPCTUAMM, VMEIOLLMMI MOMI0COBbIE MOAKPEN/EHNA NO KpasM, Npy MasbiX 3aTpaTax
maTepvana 41s BKIYEHNIA.

Computer models were developed for analyzing elastic rectangular plates with reinforced rectangular elon-
gated openings acted upon by uniaxial tensile forces in the case of different orientations of the openings relative to
the direction of the forces. The plate material and the reinforcing strip material are distinct from each other. Com-
puter simulation was conducted using the finite-element method as part of a standard application package. The
stress and strain field of a plate was studied as a function of the mechanical and geometric parameters of the plate
and the reinforcements and the orientation of the openings (the angle the opening makes with the force direction).
The stress concentration factor was studied as a function of the opening orientation and the ratio of the modulus
of elasticity of the plate material to that of the reinforcement material (1/3 and 3). The simulation involved plates
with openings making angles of 60°, 45°, and 30° with the load direction. The deformations of the plate and rein-
forcement materials laid in the elastic domain. It was shown that an appropriate choice of the geometric and stiff-
ness parameters of a plate and reinforcements and of the opening orientation may significantly reduce the stress
concentration in the plate. Patterns of the stress intensity distributions at plate sections passing along one of the
opening sides and patterns of the stress concentration in the vicinity of the opening corner points are presented.
The results obtained may be used in the solution of problems of optimization of thin-walled rectangular plates
with elongated openings reinforced with strips at their ends at a low consumption of the reinforcing strip material.
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Knoyosi cnosa: nigkpinaeHHs, nnacTuHa, 0TBIp, Hanpy>KeHHs, gedopmauit,
KoeiLieHT KOHUeHTpaLii Hanpy>KeHb, METOZ CKiIHYEHHUX eleMeHTIB.

BcTyn. 3agavi fehopMyBaHHA MeXaHiYHUX CUCTEM 3 Pi3HUMMW HeOAHOpigHOC-
TAMUW — KOHCTPYKTUBHUMMU, TEXHONOMYHUMK abo eKcnayartauinHumm (0TBOpM, Mo-
POXHWHK, TPILMHK, BKIKOUYEHHS TOLLO) — € CKNafoBMMW LUMPOKOIO Kacy 3ajay
MEXaHIKN TOHKOCTIHHUX KOHCTPYKLUi. HadBHICTb NopyLUeHb CyLisIbHOCTI, reome-
TPUYHUX HEeJOCKOHANIOCTEN (MOpU, TPILLMHK) | PI3HOMAHITHUX BK/IKOYEHb MaE CyT-
TEBWIA BN/IMB Ha MpoLecun aeopMyBaHHS i pyrHyBaHHS TBepauX Tin [1 - 6].

BrBYeHHA BM/MBY OTBOPIB Ha Hanpy)XeHo-Ae()opMOBaHUIA CTaH 3anovaTkyBa-
nn C. T1. TumorleHko Ta k. Jleccenbc [3], SKi 3BeNun 3a4a4y BU3HAUEHHSA Harnpy-
XeHb 6ing 0TBOPY [0 3a4adi 3HaXOMKEHHS Harpy>XeHb Yy KpUBOMY OpycCi, SKWUiA
HaBaHTaXXEHWA MO 30BHILUHLOMY KOHTYpPY. TakoX 3HauHi [OCArHEHHS B LibOMY
HanpAMKY MoB’A3aHi 3 LOCNIIKEHHAMM BITUUM3HAHKX BUYeHUX [6, 8, 9, 11].

[n4 3a0a4 LoCNigKeHHS BK/IHOUEHb KAHOHIYHOT (DOPMU MOX/IMBE BUKOPUCTaHHS
aHaNITUYHUX MeTOAIB. Afe Y BUNaAKY Tif CKNagHol JopMU, HAsABHOCTI BKJTHOUEHb
Pi3HOT KOHWirypauii Ta opieHTaLii BUKOPUCTaHHSA aHalITUYHMX METOAIB HanvacTiLle
€ HEMOX/IMBUM. TOMY J0LI/IbHO 3aCTOCOBYBAaTW YMcnoBi MeToam [7, 10].

MUTaHHA NP0 MOX/MBICTb 3HVXKEHHA KOHLEHTpALIT Hanpy>XeHb B OKOMi KYTO-
BMX TOYOK NPSAMOKYTHOr0 OTBOPY MAACTUHW BHACNIAOK Or0 MiAKPINIeHHS TPUKY-
THUMW Hakfagkamu gocnifmxeHo y [2]. Mpu uboMy NpoBefeHO KOMM’HOTepPHE MO-
[eNloBaHHA fethopMyBaHHA NIACTVHWU B 3a/IEXHOCTI Bif OpieHTaLii 0TBOpY, Mexa-
HIYHMX B/IACTMBOCTEN MaTepiany Ta po3mipy Haknafok. Migbip onTuManbHUX Na-
pameTpiB NigKPIiNIeHb MOXe 3MEHLUNTN KOHLEHTPALiIK0 Harnpy>XXeHb.

Y [paHiii po6oTi NPOBOAUTLCA KOMM’HOTEPHE MOAENOBaHHSA npouecy gedop-
MYBaHHSA MPAMOKYTHUX MAaCTUH 3 MigKPiNIeHMMU OTBOpPaMK PIi3HOI opieHTauii
BIAHOCHO HanpsAMKY PO3TAryKUOro 3yCW/nis Ha OCHOBI MeTOLY CKiHYeHHUX ene-
MeHTIB. MeTOl [OC/IIKEHHS € BUSAB/EHHS BMN/IMBY OPieHTaLil OTBOPIB HA 3MeH-
LUEHHS IHTEHCUBHOCTI Hanpy>eHb Ta AethopmaL,iil y NaacTuHi.

MocTtaHoBKa 3ajavi. PO3risHEMO NpY)KHY KBagpaTHy MIacTUHKY pO3MipoMm
axa, 3 NigKpPinIeHUM BUAOBXKEHUM NPAMOKYTHUM oTBOpOM bxc (¢ = 3b) pisHoi
OpieHTauiT BIAHOCHO HaNpPAMKY Ail OAHOBICHOTO PO3TATYHUYOro 3ycunns g, npuk-
NafileHoro Ao ABOX NPOTUMEXHWUX CTOPIH nnactuHu (puc. 1). Macosumu cunamu
HEXTYEMO.

MpoBOANTLCA LOCNIIKEHHA HanpyXeHO-A4e(hOpPMOBAHOr0 CTaHy NIacTUHK 3
ypaxyBaHHAM BMAUBY NiAKPINJeHb Ta opieHTawil oTBopiB. MigKpiNJeHHa Moge-
NIOKOTHLCA BK/IFOUEHHAMM, LLO PO3TALLOBAHI Y MIOLMHI NNACTUHK, | HA MeXax AKUX
3 MaTpULEro 3afiaHi YMOBU YKOPCTKOIO 34ersieHHs. Y [4] 6yno BUsBEHO, WO Npu-
MHATHOIO LUMPWHOKO MIAKPIN/IeHb 3 TOYKM 30pY 3MEHLUEHHS HarnpyXeHb € b/2.
MogentolTbCs NNacTUHKM 3 O0TBOpPaMM, SiKi PO3TalioBaHi nig Kytamu 60°
(puc. 1, a)), 45° (puc. 1, 6)) Ta 30° (puc. 1, B)) BigHOCHO HaNPAMKY Ail HaBaHTa-
YKEHHSA. IHTEHCMBHICTb HaBaHTaXXEHHSA Mifi6PaHO TaKMM YMHOM, W06 HanpyXXeHHA
He NepeTUHAIN MeXY NPYXXHOCTI.

AHaniz oTpMmaHnx pesynbTaTiB. HaBesemo pesynbTaTty po3paxyHkiB. Ha
puc. 2 NOAHO PO3MOAIN BiHOCHOT IHTEHCMBHOCTI HanNpyXeHb Gysi =ci/q Y NniacTu-
Hi 3 NPSMOKYTHUM OTBOPOM, MOBEPHYTUM Ha 30° BiAHOCHO HaNPAMKY Aii 3ycunns
postary (puc. 1, B)).
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Puc. 1 — CxemMa HaBaHTaXXeHHS NiacTUHKW (a—B) Ta BapiaHTW NigKpinnaeHs (r-3)

a)

0)
Puc. 2 — Po3nogin BigHOCHOT iIHTEHCMBHOCTI HamnpyXXeHb Gysi 4151 BUNAAKY,
300paXXeHOMY Ha puc. 1, B): @) PO3MoAin BigHOCHOT iIHTEHCUBHOCTI HaMpPYy>XeHb;
6) 30i/bLLIEHe 300paXXeHHs 06/1aCTi KOHLEHTpaLiT Hanpy>eHb

3 MeTOot 6iflbll HarNsAHOro 306paXKeHHs pe3ynbTaTiB HaBOAWTLCA YacTUHA
NAacTUHKU y 36inbLUeHOMY BUrnsagi (puc. 2, 6)). 3a Takoro posrtallyBaHHS 0TBOPY

KoeiLieHT KOHLEeHTpaLiT HanpyXeHb (KKH) gopisHioe 14,5.

84



25,00

20,00

En:Es
-_——-1:1
—3:1
10,00 —g3

15,00

Osi

5,00

0,00
A B
En — MoAynb NPYXXHOCTi NNacTUHW, EB — MOAYNb NPY>KHOCTI BK/KOYEHHS
Puc. 3 — Po3nogin oy y nepepisi A — B:

3 METOH 3HMXKEHHSI KOHLEHTpaLiT Hanpy)XeHb Yy NAacTuHi 0TBip 6yno nigkpi-
MEHO BK/IKOYEHHAMM 3 iHLWOro Martepiany. 3MiHa martepiany nnacTUHU XxapakTepu-
3YETbCA 3MIHOKO MOAY/S MPYXHOCTI Y AedKoMy nepexigHomy wwapi [2].

Ha puc. 3 npescTaBneHo po3nogin BifHOCHOI IHTEHCUBHOCTI HaMpy>KeHb Gysj Y
nepepisi A — B gnsa nnactuHK, 306paxkeHol Ha puc. 1, 3).

34iicHeMO MOPIBHANbHIM aHani3 pesynbTaTiB  PO3paxyHKy [Ans  Pi3HUX
CNiBBIAHOLLEHb MOAYNA MPYXXHOCTI NAACTUHK Ta MigKPiNeHb.

HasBHICTb MEHLL >XOPCTKMX, HiXK OCHOBHWIA MaTepias, BK/OYeHb (Mpy cniB-
BiAHOLLEHHI X MoAyniB Npy>HocTi En:EB = 3:1) y po3rnsHyToMy BUMNagKy npus-
Bena Ao 3meHweHHAa KKH Ha ~49 %.

Po3rnsHemMo Mogesb NAaCTUHK 3 OTBOPOM, L0 PO3TalloBaHuWiA Nig KyTom 45°
BiHOCHO HanpsaMKYy fii HaBaHTaXeHHs (puc. 1, 6)). Ha puc. 4 HaBefeHO po3nogin
BiHOCHOT IHTEHCMBHOCTI HanpyXeHb os Y NNACTUHI 3 OTBOPOM 6€3 BUKOPUCTaH-
HA NiAKPINIEHb.

(=]

Puc. 4 — Po3nogin BigHOCHOT iIHTEHCMBHOCTI HampY>eHb Gysi 4151 BUNaaKy,
300paXXeHoro Ha puc. 1, 6)

Takuii KyT noBopoTy oTBopy 36inbwme KKH go 17,2 y NOpiBHAHHI 3 pe3y/b-
TaTtamu, 306paXkeHNMN Ha puc. 2.
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MpoBeAemMo MOPIBHAMLHWIA aHani3 pe3ynbTaTiB Po3paxyHKy ANA MAaCTUHM,
300paXkeHOl Ha puc. 1, X).

Ha pwuc. 5 nogaHo po3nogin BigHOCHOT iIHTEHCUBHOCTI HanpyXXeHb oys; Y Mnepe-
pisi A - B.

HasBHICTb MeHLL XXOPCTKMX, HIDK OCHOBHUIA MaTepias, BKIHOUYEHb Y PO3rNsHY-
TOMY BUMaAKy npmu3sena Ao 3meHweHHs KKH Ha ~52 %. Ane npy TakoMy po3TaLuy-
BaHHi oTBopy KKH 36inbLumBca Ha ~20 % Yy NOPiBHSAHHI 3 pe3y/bTaTamu, 306paxe-
HUMM Ha puc. 3.

Ha puc. 6 nogaHo po3nogin BigHOCHOT iIHTEHCUBHOCTI HaNpyXeHb Gy Y Mnac-
TUHI 3 NPSAMOKYTHMM OTBOPOM 6e3 nigkpinneHb (puc. 1, a)). Mpun Takomy po3Ta-
wysaHHi KKH popisHtoe 17,2.

30,00

25,00

20,00 f

, En:Ee

b'a"‘ 15,00 A ---11
—31

eeeeee 123

10,00

5,00

0,00
A B

En — moaynb NPYy>XHOCTi NnacTyHW, EB — MOAyNb NPY>XHOCTi BK/HOYEHHS
Puc. 5 — Po3nogin oy y nepepisi A - B:
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Puc. 6 — Po3nogin BifHOCHOT iIHTEHCUBHOCTI HaMpY>eHb Oy 418 BUMAAKY,
306paXkeHOMY Ha puc. 1, a)
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3HaYeHHA MaKCUMa/IlbHUX Hanpy>XeHb Maike He 3MIHWUAUCA Y MOPIBHAHHI 3
pe3ynbTaToM, 300paXXeHUM Ha puc. 4.

MopiBHAEMO pe3ynbTaTh Po3paxyHKy Ans NNacTUHKU 3 MiAKPINJeHUM OTBOPOM
npwn BapitoBaHHI CNiBBIAHOLWEHHS MOAYNIB MPYXXHOCTI NAACTUHWU Ta MigKPinaeHb.
Mogenb NnacTuHM 306paxkeHa Ha puc. 1, €).

Ha pwvc. 7 npefctaBneHo po3nogin BiAHOCHOT IHTEHCUBHOCTI HamNpYXXeHb Gisi
y nepepisi A — B. Tyt KKH Mmalixke He 3MiHMBCS Y MOPIBHSAHHI 3 BMMAAKOM,
pesynbTaT po3paxyHKy AKOro 306paxeHi Ha puc. 5. HanpyxeHHs no6ausy
KyTOBMX TOYOK MiKPINAeHb 3MEHLIWINCL, ane 3HaYeHHS MaKCUMaslbHUX
Hanpy>XeHb He 3MiHWAMCb. HalMeHLWi Hanpy>XeHHs Yy MicusX KOHLeHTpauii
BUHWKaIOTb NPKU opieHTaLii NigKpinaeHoro oTeopy (306paxeHo Ha puc. 1, 3)).
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Puc. 7 — Posnogin oy y nepepisi A - B:

Po3rnsHemo po3nofin BigHOCHOT IHTEHCUBHOCTI HanpyXeHb oy Y nepepisi A
— B ana mogeni nnacTuHK, 306paXkeHol Ha puc. 1, e).
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Puc. 8 — Po3nogin oy y nepepisi A - B:
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3 puc. 8 B1AHO, WO 3a Takoi OpieHTaLii OTBOPY Ta napameTtpax MigKpinieHsb,
KKH meHwwnii Ha ~20 % HiXX y BMNagkKy, pe3ynbTaTy SKOro nogaHo Ha pwc. 3.
HasBHICcTb NigKpinaeHs 3 iHWoro marepiany 3HM3nna KKH Ha ~57 %.

MMopiBHAEMO pe3ynbTaTM  PO3paxyHKy [A/19 MNJaCTUHK, 300paxkKeHOl Ha
puc. 1, o). Ha puc. 9 HagaHo po3nogin BifAHOCHOT IHTEHCUBHOCTI HarpyXeHb Gysi Y
nepepisi A - B.
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Puc. 9 — Po3nogin oy y nepepisi A - B:

MopiBHABWM pe3ynbTaTi, 306paxeHi Ha puc. 9, 3 pesy/nbTaTaMu Ha puc. 8,
MOXHa BigMITUTK, WO MaKCUMa/ibHi HanpyXeHHs 3pocnu. Lle moxe 6yTu
3YMOB/IEHO TWM, WO [AOBXMHa OTBOPY Yy HanpsmKy, nepneHAnKynspHOMY
HanpAMKY AiT HaBaHTaXKeHHs, 6iNbLua, HiX Y Binagky, 306paxXeHOMY Ha puc. 8.

Po3rnsHeMo pe3ynbTaTh po3paxyHKy A4/18 N1acTUHK, 306paxXeHoT Ha puc. 1, ).
Ha puc. 10 nogaHo po3nogin BigHOCHOT iIHTEHCUBHOCTI HaNPY>KeHb oy Y Mepepisi
A-B.
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Puc. 10 — Po3nogin oy y nepepisi A - B:
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MoykHa 3p06uTV BMCHOBOK, L0 HaWlKpalwuii BapiaHT OpieHTauil oTBopy Ta
napameTpiB MiAKPINAeHb 3 TOYKM 30pY 3MEHLLUEHHS KOHLEHTpauii Hanpy»XeHb
BiAMOBIJaE CXeMi, IKY NoAaHo Ha puc. 1, e).

BucHoBKW. IMpoBedeHO aHani3 BMAMBY OpieHTaL il NigKpinieHoro oTeopy Bi-
AHOCHO HanpsiMKY Ail HaBaHTaXXEHHS Yy NMPAMOKYTHIl nnacTuHi. BHacnigok nopis-
HAHHS OTPUMaHWX pe3ynbTaTiB AN BCIX PO3rNAHYTUX BUNaAKIB Y10 BUABNEHO:

1. Halikpawum 3 TpbOX BapiaHTIB OpieHTauil OTBOPY BIAHOCHO HanpsMKy Ait
HaBaHTaXeHHs (puc. 1, a) — puc. 1, B)), 3 TOUKUN 30pY 3MEHLLEHHS HAMpPYXeHb,
MOXHa BiAMITUTIN BapiaHT, 306paXkeHnin Ha puc. 1, B));

2. BapiaHTW po3TalyBaHHSA MigKpinneHb, fKi 306paxeHo Ha puc. 1, 1) -
puc. 1, €), ganu Kpawuid pesynbTaT, HiX BapiaHTW, 306paXkeHi Ha puc. 1, €) —
puc. 1, 3);

3. 3 TOYKM 30pY 3MEHLLEHHS HanpyXeHb HalKpawimM 3 po3rfsHYTUX BapiaHTiB
BUABMBCA BapiaHT, 3006paxeHWin Ha puc. 1, e). BHacnifgok BMKOPUCTaHHA
NiAKPINAeHb 3 MeHLL «KOPCTKOro» marepiany KKH 3meHLwumBecs Ha ~57 %;

4. BapiaHTW opieHTauUil O0TBOpPY, SKi 306paxxeHo Ha puc. 1, a) Ta Ha puc. 1, 6),
[al0Tb Maike 04HAKOBI pe3ynbTaTu.

OTxe, 3aBAAKN BapitOBaHHIO OpieHTaLii OTBOPY BiJHOCHO HanpsaMKy Aii Ha-
BAHTAXXEHHS, a TakoX MpWY BUKOPUCTaHHI BKIOYEHb 3 THLLIOIO MaTepiasy MOXHa
3HAYHO 3MEHLUUTM HANPY>XeHHA Yy MAacTUHI B Micuax X KOHUeHTpauii. MMpwu
3MEHLLUEHHI KyTa MOBOPOTY OTBOPY BIAHOCHO HanpAMKY Ail HaBaHTaXKEeHHS
MaKCUMa/bHI Hanpy>eHHS 3MEHLLYHTbCA.
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