ISSN 2079-0775 CEPIS1 "MAIIMHO3HABCTBO TA CAITP"

YK 539.3: 331.45: 685.7

C.B. KYIIEHKO, A. IO. BACHJIbEB, /]. C. MYXIH

A0 IINTAHHA BUKOHAHHSI BATATOBAPIAHTHUX PO3PAXYHKIB HA MIITHICTb
HA ITPUKJIAAI KAPABIHIB

VY poborti mpoBoaHThCS Cepisi pO3PAaXyHKIB HANPYKEHO-Ae(hOPMOBAHOTO CTaHy KOHCTPYKLII METOJOM CKiHYEHHHUX €JIeMEHTIB. MeToro LUX po3paxyH-
KiB € aHaJli3 BIUIMBY HU3KH T'€OMETPHYHHX MapaMeTpiB Ha HanpyxeHo-nedopMoBaHuii ctaH. JlaHuil aHaIi3 MPOBOANTHCS AIA TOIIYKY pallioHaIbHIX
MeX MPOSKTHHX IapaMeTpiB 3 TOUKH 30py MirHOCTi. Cepis po3paxyHKIB BKIIIOYa€E B ceOe MOOJHHOKE BapiloBaHHS OJHUM 3 mapaMerpiB. O0'ekToM
JIOCITi[UKEHHSI BUCTYIIA€ CTAJICBUIT TypUCTHUHU# KapabiH y Gpopmi Tpamewii. Ha 3aBepIieHHs cTaTTi MPOBOAMUTHCS aHAII3 OTPHMAHHX JAHHUX.

Knrwouosi cnosa: MeTo]] CKIHUCHHHUX €IEMEHTIB, HANpPYXKEHO-Ae(pOPMOBAHUH CTaH, MapaMETPHYHMII aHAJi3, aNbITIHI3M, EJIEMEHTH CTPAaXOBKH,
IHAMBIAyaTbHE CHOPSIKCHHS, KapaliH.

B paboTe mpoBoAMTCs CepHsl pacdeTOB HANPSDKEHHO-AS)OPMHPOBAHHOTO COCTOSIHUS KOHCTPYKIMH METOJOM KOHEYHBIX dJIeMeHTOB. llembio aTmx
pacyeToB SABISETCS aHAIN3 BIMAHUA PsAZla FEOMETPHYECKUX TapaMeTpoB Ha HaNpsHKEHHO-AeopMUpOBaHOE COCTOSHUE. JIaHHBINH aHAIU3 IPOBOMUTCS
JUISL TIOMCKA PAIIMOHATBHBIX TPAHUI MIPOSKTHEIX ITapaMEeTPOB ¢ TOUKH 3peHHs IpodHOCTH. CepHs pacdeToB BKIIOYACT B ceOs MOOAUHOYHOE BaPbUPO-
BaHUE OJHMUM W3 mapaMeTpoB. OOBEKTOM HCCIENOBaHUS BHICTYHNAeT CTaIbHOH TYypHUCTHYECKHI KapaOuH TpamenueBHIHON (opMbl. B 3akmoucnue
CTaTbU NPOBOAUTCS aHAJIH3 TOJYYEHHBIX JaHHbIX.

Knrouegvie cnosa: MeToq KOHEUHBIX 2IEMEHTOB, HANIPSHKCHHO-1e(OPMUPOBAHHOE COCTOSIHUE, ITapaMeTPUICCKUN aHAIN3, albIHHU3M, JJICMEH-
TBI CTPAXOBKHU, HHAUBHAYaIbHOE CHAPsDKEHUE, KapaOuH.

In this work, a series of calculations of structure stress-strain state by the finite element method is conducted. The objective of these calculations is tc
analyze the influence of some geometrical parameters on stress-strain state. This analysis is performed to find the boundaries of rational design pe
rameters in terms of strength. Calculations series includes a single variation of one parameter. The object of research is steel tourist carbine of trape
zoidal shape. This object has five main parameters: the length of longitudinal portion of the carbine, the sectional diameter, the height, the radius of the
arc bending and longitudinal section. Each parameter varies 4-5 times in range 0.5 to 1.5 from baseline value. For each of parameters static streng
calculations were performed. The results are displayed in graphs and tabulated. The influence of each parameter was analyzed. For each parame
recommendations were issued for practical application. Finally, the paper presents conclusions and specifies ways for further research. The path i
represented for further automation of calculation process for simplification and more detailed analysis of some aspects of design parameters.
Keywords:finite element method, stress-strain state, parametric analysis, alpinism, climbing belay elements, personal equipment, carbine.

Beryn HbOI YacTHHHM KapabiHa, qiamMeTp NHepeTHHy, BHCOTA,
MO37I0BKHIH 3pi3 i pamiyc Buruny ayru (puc. 1). Koxen
3 mapaMeTpiB 3MiHIOBaBcs B Mexax Bimx 0,5 mo 1,5 Big-
HOCHO II0YaTKOBOIO 3Ha4eHHs (Tabi. 1).

V momepenwiii crarti [1] Gymo mpoBemeHo mocii-
JOKSHHS 3aCTOCOBHOCTI PI3HUX MaTepialliB JIsl BUTOTO-
BJIEHHs KapaOiHiB, Tak caMo Oyin BU3HAYEHI parjioHa-
JbHI PO3MIPH CKIHYEHHO-EIEMEHTHOI ciTku. JlaHuii
HATPSMOK JOCIIKCHh MAa€ CBOIO aKTYaJIbHICTh, OCKi-
JBKU BiJl HAIIAHOCTI 1HIUBIAYaJIBHOTO CIIOPSIKCHHS
Oe3rocepeiHbO 3aNekKaTh KUTTA Jroaed [2—6]. 3amnobi-
TaHHs TpaBMaTH3My a00O CMepTi JIIo/ied MiJl 4ac BUKO-
HaHHA CBOIX OOOB'SI3KIB Mae qyXe BaXXJTUBE 3HAYCHHS
IUTSL CTBOPEHHSI OE3MIEUHUX YMOB JKHTTS 1 37M0pOB'ST [7—
8]. Oco6unBO 11e BaXKJIMBO ISl CUTYAIIiH, 0 TOB'sI3aHi
3 eKCTpeMaJbHUMH YMOBAMH: aNbIIiHI3M, TYpPH3M, Ds-
TyBaJIbHI omepaii, BifickkoBa cnpaBa. HemacHi Buna-
Ku OyJu 1 3aJIMIIAIOTHCS Tparenaiero. s 3amoOiraHHs
TpaBMaTU3My PO3pO0JICHO 03I HOPMATHBHHUX JOKY-
MEHTIB, PO3NOPSIUYUX HpaBHJI IOBEAIHKH 1 BHKOpHC-
TaHHs obnajHauHs [7—8]. Ane maHa 3agaua BUMarae
MIPOEKTHOTO IMOIIYKY IMapaMeTpiB, KOTPi P 3MCHIICH-

Pucynox 1 —Ocnosni sapitiosani napamempu

Tabmunsg 1 —Mexi BapiloBaHHS TapaMeTpiB

Hi BUTpaT Ha BUTOTOBIICHHS 30epexyTh abo 30iJabLIaTh Hasea napameTpy 1 2 3 4 5
HaAIWHICTh KOHCTPYKIii. ToMy B HaHilf cTaTTi BHAUICHI
OCHOBHI T€OMETPHWYHI MapaMeTpu KapabiHa i 3a HUMH Jlopxua, MM 40 | 52| 70*] 87] 105
MPOBEJCHUN TOIIYK ONTHUMAaJIbHUX KOHCTPYKTUBHHUX Hiamerp nepetuny, MM 6 8 10*| 12 15
XapaKTePUCTHK JJIA JAHOTO THIy KOHCTpyKUid. Sk i B BHcoTa, MM 34 | 45| 56| 67 _
non'epezmm poboTi, ,Z[OCJI.I,Z[)KGHHH 6yﬂe HpO).(“O,Z[I/ITI/I Ha Tlosomifi 3pis, vt 4 6 g* 10 —
6a3i TypucTuyHOTO Kapabina y hopmi Tpamermii.

Paniyc ayru, Mmm 7 11 | 15*%| 19 22

IHocranoBka 3amayi o .
Ilpumimka: * — 1104aTKOBE 3HAYEHHsA IapaMeTpiB

HocnijpkenHst  HafniiHOCTI  0co0HcTOrO — Crops-

JUKeHHST Oyne BUKOHYBATHCh HAa OCHOBI I'€OMETPHYHOL
MOJIeNi TYPHCTCHKOTO CTalleBoro Kapabiny y dopmi
Tparernii 3 MyQpToBaHOIO 3acyBkor0. OCHOBHHMH Mapa-
METpaMH Ul BapilOBaHHS OyIyTh. JOBXKHHA II03IOBXK-

3amada CKIaaeThCs y MPOBEACHHI OaraTomapame-
TPUYHOTO aHANI3Yy JUIA TOMIYKY paliOHAJbHUX MEX
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MPOCKTHUX MapaMeTpiB 3 TOYKU 30py MEPEBHUILCHHS
HaTpy>KeHHSIMH MeXi TeKyJOCTi i BUTPHBAJIOCTI Ta PO3-
pOOKM peKOMEHIaIlii MO0 aBTOMATH30BAHOI CHCTEMHU
TIOCTIKCHHS HAIIPYKEHO-Ie(OPMOBAHOTO CTaHy Kapa-
OiHIB.

VY pamkax noto4Hoi poOOTH 00'€KT PO3TIISANAETHCS
y BiAKpUTOMY He3aMy(TOBaHOMY IOJIOXKEHHI Yepes Te,
0 B TaKOMY CTaHi KapaOiH BUTPUMY€ 3HA4YHO MEHII
HaBaHTaXXCHHs, HiX y iHmmX. CaMe TOMY Takuil cTaH
BBa)KA€ThCs HANOLIbII HEOE3MEYHUM UL JKUATTS JIFOIU-
uu [1, 6-8]. Kapabin Moxe 3HAXOAUTHCS B TAKOMY CTa-
Hi [IpH 34YeTIICHHI/PO3YeIUIeHH] Pi3HUX BY3JiB i 3TiIHO 3
JICTY EN 362—-2001 [8}i0BHHEH IPOXOJUTH IIEPEBIpP-
Ky y BIAKpUTOMY IIOJNOKEHHI. 3 METOI0 3MCHIICHHS
PECYpCOEMHOCTI 3aBAaHHS, PO3paxyHKOBa MOZETH OyIa
CIpoIIeHa 70 OHi€l AyTH 6e3 MeXaHi3My 3aMHUKaHHS.

Sk OyIo 3a3HaUCHO paHillle, IePeBaKHA OUTBIIICTh
XapaKTEepUCTUK MaTepialiB, IO 3aCTOCOBYIOTHCS IPHU
BUTOTOBJICHHI KapaliHiB, € KOMEPLIITHOIO Ta€MHUIIEIO.
Ane uyepe3 Te, 10 poOOTa NMPUCBSIYECHA JIOCIIHKEHHIO
BIUIMBY TEOMETPUYHMX IIapaMeTpiB Ha HAIPYKEHO-
neOopMOBaHMA CTaH KOHCTPYKII, TO A TECTOBUX
po3paxyHKiB Oyna B3fTa BHCOKOMIIIHA 3arapTOBaHa
ctaiap 3 Mexero minuocti He Menmre 800MIla. Taxi
cTaii 31eOUThIIOT0 MAaOTh MOAYINE MPYKHOCTI, OIH3b-
KHA# 110 1,9-1(31 ITa i koedimient [Tyaccona, sikuit gopi-
Baoe 0,3 (ra6n. 2). I'yctuHa, B3sita ISl OOUHCICHHS
macu — 7800kr/m°. JI0MaTKOBO PE3y/IbTaTH pO3PaxyH-
KiB HIOPIBHIOIOTHCS 3 MIEPETIKOM MaTepiaiiB, HaBeICHUM
B momnepeHii podori [1].

Tabnuiyt 2 —I[puknagu XxapaKTepUCTUK MaTepiaiiB

6, 6.
| Marepion | i |t [ e | |
MTTa MTla
1 Cr3 %2%‘:’)' 23%%' i%%‘ 380-490| 2,05| 0,27
2| Cramas | 50| PO 470 610980 20 | 031
3| 3a2 375 | 375| 590| 59| 1,98 043
4 [3oxHam2mA| 750 | 750 | 900| 900 | 195 0,28
5| Cram85 | 980 | 1650| 113d 1750 141 0,81
6| sxr | 1177| 1177| 12758 1275 1,85 OB
7| 3xrcH2a | 1375 | 1500 1620 1900 1,95 0,29

VMOBH 3aKpIIUICHHSI Ta HABAHTAXXCHHS y BHIJISII
cui B 7000 Hy3noBx mo3noBxHBOT OCi kKapabiHa 30-
OpaxxeHi Ha puc. 2. Take HaBaHTa)KEHHS 3yMOBJIECHE
CepelIHIM 3HAYCHHSM TI'PAaHMYHOI'O HABAHTAXCHHS IPH
BIIKPHTIH 3aCyBIIi JJIS TaHOTO BUIY KapaOiHiB.

Takox Ha OCHOBI JIOCIIKEHb, TIPOBEJACHUX PaHi-
me [1], pamioHaIbHMM — pO3MIPOM  CKiHYEHHO-
€JIEMEHTHOI CITKM UIS JAaHOTO THITY KOHCTPYKLIH €
po3mip 2 mm. Takuii po3mip 3abesrieuye 3aJOBLIbHY
TOYHICTB 1 30DKHICTB, 320€3MeUy0UH NPU [IbOMY BHCO-
Ky IIBUAKICT PO3PaxXyHKY.

Pucynox 2 —I'panuuni ymosu

Pe3yabTaT po3paxyHkiB

s Toro, mo6 MaTu 0a3y ais aHamizy, Oyia mpo-
BEJleHa HM3Ka PO3PaxyHKIB NP PI3HUX XapaKTEpPHUX
po3Mipax. BapitoBanHs mpu upoMy BinOyBanocs 3a oJ-
HUM MapamMeTpoM, iHIII NpUMann MO4YaTKOBE 3HAYCH-
Hs1. KoHeTpykuist nepeOyBana mij Ii€0 CHIIM, TPHUKIIa-
JIEHO1 Ha OJHY 3 OBEpPXOHb. [IpoTsIroM po3paxyHKiB He
3MIHIOBAJINICST XapaKTePUCTUKHA MaTepiany, 3aKpiIlieH-
HS, THII Ta PO3MIp CKIHYEHHOTO eneMeHTa. Yepes 3MiHU
i mepeOyI0By reoMeTpii IpH BapiroBaHHI MapaMeTpaMu
TOBEPXHI HABAHTAXXEHHSI 1 3aKPITUICHHS 1HOI 3MiHIOBA-
JIM CBOYO IUIOMLY 1 BiTHOCHE pO3TalTyBaHHS.

Sk 3a3Hauanoce y momepenHii crarti [1], mopis-
HIOBAaTH HANpPYXXEHHS 32 MAaKCUMaJIbHUM 3HAYEHHSIM HE
30BCiM jg0opedyHo. CKiHUEHHO-CIIEMEHTHA CiTKa 00yMo-
BJIIO€ I0SIBY KOHIIGHTPATOPIiB HANpPY>KEHb, [TOB'I3aHUX 3
PO3MIpHICTIO CITKH, a HE TUIBKH 3 OCOOJIUBOCTSIMH
KoHCTpyKuii. TakoX 1mo3a KOMITIOTEPHUMH PO3paxyH-
KaMH{ He iCHY€ aOCOIIOTHO JKOPCTKHX YMOB 3aKpiIUIeH-
HS Ta ieanbHO TPYXHIX MarepianiB. L[i ynHHUKH 3y-
MOBITIOIOTH TIOSIBY KOHIICHTPATOPiB HANpPYKEHB, SKi B
peanbHi KOHCTPYKIIl OyIOyTh MPOSBIATHCS B MEHIIIO-
My oOcs3i. 3TigHO 3 €BPONEHCHKOI0 TEPMiHOJIOTIETO,
hotspots stress (HS)xanpyxeHHs B KOHIIEHTpATOPaXx i
general stress (GS)3aranpHuil HaPyXeHU cTaH Oe3
ypaxyBaHHsS KOHIIEHTpATopiB. 3aralbHUN HaNpyKeHHH
CTaH BU3HAYaBCs LUIIXOM TOYKOBOTO BUMIpPY Hampy-
JKEeHb Oe3rocepesHb0 Ol MicIs KOHIIEHTparopa Ta
anpoKCUMAIlil OTPUMaHHUX 3HAUYEHb.

[TouaTKOBMMH 3HaYEHHSIMH TapaMeTpiB Oynu: 10-
BkuHa — 7/0MM, IO3IOBXKHIH 3pi3 — 8 MM, BucoTa — 45
MM, Aiametp nepetury — 10mm, pagiyc ayru — 15mm.
[pu usoMy HanpykeHHs y KoHteHrpatopi (HS) cramo-
By 1000MITa ta 762MIla no3a #oro mexamu (GS).
ITepemimenns cknamm 3,67 MM, a maca — 112,76, Jlo-
PEYHO 3a3HAYUTH, IO IiJf MACOIO TYT 1 Aaji MaeThCs Ha
yBa3l TUIBKKM CKOOa, 0e3 ypaxyBaHHS 3aCyBKH 1 Kpin-
nens. KapTuHa po3noainy HampyXeHb JJIsl HOYaTKOBUX
3Ha4YeHb HaBEJCHA Ha pHC. 3.

Pucynox 3 —Hanpyacenns 3a Mizecom
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Hwx4ve HaBeneni rpadikm 3ajeXHOCTI MacH, Ha-
MpY’KeHb 1 IepeMileHb BiJ TOCIiKYyBaHOTO MapaMeT-
pa. Maca Oyna BKJIOYeHa B JNaHi rpadikd ajs TOTO,
00 BU3HAYMTH JOIUIBHICTH BapitOBaHHS ITApaMETPOM.
ITo ropuzoHTaNBHIA OCI BIIKJIAZEHI 3MIHH PO3MIpYy B
yacTkax. T0o0To Oe3po3MipHa BEJIMUMHA, IO MOKa3Ye,
Ha CKUIBKU 30BN a00 3MEHIIWIN TIEBHUN PO3MIp.
Ha rpadikax TpUKYTHHMH TOYKaMH IO3HaueHi Iepe-
MILICHHS, KBaJPaTHUMU — HANPYKCHHS, KPYTJIHMH —
Maca ckobu kapaOiHa.

[TouaTkoBe 3HaYeHHS MapaMeTpy 'TO3MOBXKHIiM
3piz" (puc. 4) 6ymo 8 mm. Ipu 3mini mapamerpa Bix 4
mo 10 mm HanpyxenHs 3miHoBamucs Bim 1460 mo
820MIla y xonmenrpatopi (HS) ta Bim 885 mo
574MIla mnosa i#oro Mexamu (GS); mepemimieHHs
ckimamanu Big 5,35 mo 2,45mM; maca — Big 62,62 1o
120,98t BimnosinHo. Bcei pesynbraTti BapitoBaHHS jaa-
HUM TIapaMeTpoM HaBejieHi B Tabn. 3. Takox B Tabmwuii
HaBeJICHI MiHIMAJILHO JOIYCTHMI CTali, OIMHPalOYKCh
Ha JaHi Ta0u. 1. Jlns cripoleHHs TyT i 1aji HaBOJUTHCS
HOMEp CTaJIi.

ITo3noBxHiit 3pi3 Vit

Pucynox 4 —Ilapamemp "no3ooeorcuiii 3pis"

Tabmums 3 — PesynmeTat po3paxyHKiB I mapa-
MeTpy "T0310BXKHiH 3pi3”

Hasgsa napamerpy 1 2 3 4
3HayeHHs napamMerpy, MM 4 6 8 10
3Ha4YeHHs B YaCTKax 0,5 | 0,75 1 1,25
Maca, r 62,62| 88,9% 112,76 120,98

Tepemimenss, MM 5,35 | 4,02 3,67 2,45
Hampyxenns HS,MIla | 1260 | 1180 1000 820
Hamnpyxernns GS,MIla 885 | 826 762 574

Honycruma cranb, Ne 5 5 2 2

[louatkoBe 3HayeHHS mapamerpy Bucota"
(puc. 5) 6yno 45 mm. Ilpu 3mini napamerpa Big 34 mo
67 MM HampyxeHHs y KoHtieHTparopi (HS) smintoBanm-
cs Big 111000 630MlIla ta Big 785m0 410 MIla no3a
foro mexxamu (GS); nepemimnenns ckuagana Big 4,59
1o 2,98mmMm; maca — Big 104,6510 130,59r BigmnosigHo.
Bci pesynbraTi BapiroBaHHS JaHUM NapaMeTpPOM HaBe-
nedi B Tabi. 4. Takox B TaONHUI HaBEAECHI MIHIMAJIBLHO
JIOITYCTHMI cTasli, CHMpalovYKch Ha faHi B Tadu. 1.

[TouaTkoBe 3HAUEHHs MapameTpy 'miameTp mepe-
tuny" (puc. 6) 6yno 10 mm. [Ipu 3mini mapamerpa Bix 6
a0 15 MM HampyxeHHs1 y KoHneHtparopi (HS) 3minro-
pasics Bixg 3060m0 572MTIla 1a Big 240010 205MI1a
no3a #oro mexkamu (GS); nepeMillieHHs: CKIAanud Bif
16,7 1o 1,09mMm; maca —Bix 45,110 177,72r Bignosiz-
HO. Bci pesynbraTé BapiloBaHHS JaHUM MapamMeTpOM
HaseneHi B Ta0bn. 5. Takox B TaOnuii HaBeaeHi MiHIMa-
JBHO MOmycTUMi ctami (muB. Tabm. 1).

Bucora Mt rpas
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Pucynox 5 —Ilapamemp "sucoma"

Tabmuusg 4 — Pe3ynbratu po3paxyHKiB Ui mapa-
metpy "Bucora"

Hazpa napamerpy 1 2 3 4

3Ha4yeHHS NapaMeTpy, MM 34 45 56 67

3Ha4YeHHs B YacTKax 0,75 1 1,25 15
Maca, r 104,64 112,76118,28 130,59
Iepemimenns, MM 459 3,67 | 3,16 2,98
Hampyxenns HS,MIla 1110 1000| 765 632
Hamnpyxernns GS,MIla 785 | 762| 525 410

N

2 2 2

Jomyctuma crans, Ne

Jliametp nepeTuny

N\ _

\-\‘h\\‘

o a
13

09 131 15

oamipy
A Hanpyreii @ Maca pospy

Pucynox 6 —Iapamemp "oiamemp nepemuny"

IMouaTkoBe 3HAuUCHHS MapaMeTpy HOBXKHUHA"
(puc. 7) 6ymo 70 mm. IIpu 3mini mapamerpa Big 40 mo
105 MM HampyxeHHs1 y KoHUeHTparopi (HS) 3miHroBa-
qucs Big 1050 no 951 MIla Ta Big 782 no 733 MIla
no3a iioro mMexxamu (GS); mepeMillieHHs CKJIafanu Bix
1,99 10 5,65mm; maca —Big 104,6510 130,59r Bigno-
BiztHO. BCi pe3ynbpTaTh BapitoBaHHs JaHUM MapamMeTpOM

Bicauk HTY "XIII". 2017.Ne 12 (1234)

51



ISSN 2079-0775

CEPIS "MAILIMHO3HABCTBO TA CAITP"

HaBeleHi B Ta0n. 6. Takox B TabauLl HaBeAeHI MiHIMAa-
JBHO JIOIMYCTHMI CTaJIi 3TigHO 3 JaHUMH Taom. 1.

Tabmung 5 — Pe3ynbTaTh po3paxyHKiB Il mapa-
MeTpy "miamerp nepeTuny"

V BcixX po3paxyHKax xapakrep aedopmariiii i 3ara-
JbHI KapTHHU PO3NOALUTY HAIpPYyXXEHb 3aJHINAUCS He-
3MiHHUMH. J[JIsl IPUKIaay HaBEACHO PE3yJbTAT PO3IO-
JliTy Hampy>kKeHb 32 MizecoM 3 BapitoBaHHSM TapaMeT-

pa "paniyc ayru" (puc. 9).

[TouyaTrkoBe 3HaueHHS mapamerpy '‘paniyc Iyru"

(puc. 8) 6yn0 15 mm. Ilpu 3mini mapametpa Big 7 g0
22 MM HanpyxeHHs y koHueHTpatopi (HS) sminoBasnu-
cst Bix 250010 708 MIla ta Big 125010 434 Mlla mosa
foro mexamu (GS); mepemimenns — Big 7,61 1o
1,97MmM; maca —Big 95,1410 1281 BignosigHo.

Bci pesynbTaTi BapitoBaHHS aHUM IapamMeTpOM
HaBeneHl B Ta0u. 7. Takox B TabmuIl HaBeAEHI MiHIMAa-
JIBHO JOTyCTHMI cTaii (auB. Tabm. 1).

HazBa napamerpy 1 2 3 4 5 i Paniyc ayru o
3Ha4YeHHs apamerpy, 6 8 10 12 15 ’ \ / =
3HaYCeHHS B 9acTKaX 0,6 0,8 1 1,2 1,5 ] \ // e
Maca, r 45,1 | 76,21112,76 134,61177,72 . / w075
Iepemimenns, MM 16,7 5,45| 3,67 2,07 1,04 s W e e
Hanpyxenns HS,MITa| 3060 | 1400 1000 | 580 | 415 : =
Hanpyxenns GS,MIla| 2400 | 1030 762 | 390 | 205 ot E ;m“:
OITyCTHMa CTaiib, No - 5 2 2 1 " . "
flomy Pucynox 8 —Iapamemp "padiyc dyeu
N Hopxura e Tabnuus 7 — Pe3ynsTati po3paxyHKiB julsl mapa-
A 0| 150 MeTpy "paziyc xyru”
/. 1060 140
. .\ / o2 120 Hassa nmapamerpy 1 2 3 4 5
3 /\/‘\\.\ A HAYCHHS 7 11 15 19 22
. napameTpy, MM
- m
2 "//‘/ = 3HavenHs B yacTkax| 0,5 0,75 1 0,15 1,5
o . 5 Maca, r 95,14 101,31112,76/ 119,46 128
Pucynox 7 —Iapamemp "doexcuna” Ilepemimenns, mm | 6,56 1,97 3,67 5,38 7,6
Hamnpysxennst HS,
Tabmuus 6 —Pe3ynbratn po3paxyHKiB MIla 25001 708| 1000] 1290 161
JULL TIApAMETPy - AOBAHHA Hanpywenns GS, | 1550 | 434| 762| 895 117
MIla
Ha3sga nmapamerpy 1 2 3 4 5 Ilonyclex;[a craih, 7 2 2 5 7
3nauenns napamerpy, mm| 40 52 70 87 105
3HaYeHHS B YaCTKax 0,6 0,75 1 1,25 1,5
Maca, r 83,25 98,15(112,76 128,25 147,771
Tepemimenss, MM 1,99| 2,32 | 3,67 4,32 5,65
Hampyxenus HS,MITa | 1050 971 | 1000 980| 951
Hanpyxenust GS,MIla | 782 | 742| 762 733 750
Homyctuma crains, No 2 2 2 2 2

Pucynox 9 —Ilapamemp "padiyc oyau", 7 mm

AHaJii3 OTPUMAHHX pe3yabTaTiB

Po3paxyHkn mokaszanu, mo Oeski mapameTpu Oi-
JIBIIOI0 MipO0 MO3WUTUBHO BrutuBatoTh Ha HJIC koHc-
Tpykuii. Tak, mpu 30idbIIeHHI IiaMeTpy TepeTHHy
(muB. puc. 6, Tabn. 5) 3HAUEHHS HANPYXEHb 3HAYHO
3HIXKYIOTECS. Lle, B CBOIO 4epry, mMpu3BOIUTH 10 30i-

52

Bicauk HTY "XIII". 2017.Ne 12 (1234)



ISSN 2079-0775

CEPIS1 "MAIIMHO3HABCTBO TA CAITP"

JBIIEHHS 3arajbHOi MacH KOHCTPYKIIiI, aie 3 ypaxy-
BaHHSAM TOTO, IO II€ JO3BOJIUTH 3aCTOCOBYBATH IS
BHTOTOBJICHHS MapKH CTalel 3 HU3BKAM 3allacoM Mill-
HoCTi. JlaHu#i BapiaHT mpu3Bee 10 3HIKEHHS BapTOCTI
BUPOOHHUIITBA 1 MOXE BHKOPHCTOBYBATHCS B Taly3sX 1
HAMPSAMKaX, J€ CIOPSHKEHHS TPAHCIOPTYEThCS Iepe-
BakHO TexHikorw (MHC, BiliCbKOBI Ta pATYBaJbHI ore-
patii, i T.11.).

INapamerp nosxuna (muB. puc. 7, Taba. 6) mpak-
TUYHO HE BIUIMBA€ HA HATPYKEHO-Ie(hOpPMOBAHUI CTaH
KOHCTPYKIIi, IK HACTIOK, HUIM MOKHa BiTHOCHO BiJIb-
HO BapirfoBaTH 3 TOYKHU 30py MIITHOCTI KOHCTPYKIii. [Tpn
IFOMY BapTO BiA3HAYUTH, IO NAHWHA MapaMeTp MOXKe
MAaTH BEJHMKY 3HAYUMICTh U KOHCTPYKIIii gepes Te, Mo
BiH BIUIMBA€ HA PO3MIPH 3aCYBKH, KA HE BPaXOBYETHCS
B JIaHOMY JOCJTI/UKeHHI. A i po3mipHu, B CBOIO HYepry,
BIUIMBAIOTh HA 3PYYHICTH Ta MOMJIMBICTh KOPUCTYBaH-
HSL.

BukopucranHs 1 3acTOCYBaHHSI OI4HOTO TO3/I0BX-
HBOTO 3pi3y IPUHOCUTH 3HAYHE TOJIETIICHHS KOHCTPY-
KIii, aje IpH LBOMY CHJIBHO 1 HPSMO NPONOPLIHHO
3MEHINYE MIIHICTh TAHOTO THIY KOHCTPYKIi (IuB.
puc. 4, tabn. 3). Moro 3acTocoBHiCTE MOXKIMBA 1 HOI-
JbHA CIUTBHO 3 BHUKOPUCTAHHSIM 3MIITHIOIOYHAX KOHC-
TPYKTUBHUX €JIEMEHTIB, HANPUKJIA, JOJATKOBUX JIOKa-
JTBHHUX pedep )KOPCTKOCTI B CIa0KHUX MICISIX KOHCTPYK-
uii. B qanomy BUMaaky icHye HeoOXiTHICTD JOJATKOBO-
r'0 JOCHIJDKEHH, sike O OLIBII JAETaNBLHO 1 TOYHO BU3HA-
YajJo palioHaJbHI MEXI BapilOBaHHS I BUKOPHCTaHHS
JAHOTO TMapaMeTpa y CYKYIHOCTI 31 3MIIHIOKOUYUMHU
€JIEMCHTAMU.

Paniyc nyru (auB. puc. 8, Tabn. 7) He3HAYHOKO Mi-
POXO BIUIMBA€E Ha Macy, aji¢ MPU LOMY 3HAYHO 3MIiHIOE
TEOMETpil0 JeTani, THM CaMHM 3MIHIOIOYH XapakTep
HaBaHTaXXCHHA 1, SIK HACIIIOK, BIUIMBAE HA HATIPY)KEHe-
nepopmoBanmii  cTaH. OcCKiTbKH Tpadik 3aJIe)KHOCTI
HaTpy>KeHb BiJ JaHOTO MapaMeTpa Mae TOUYKY IeperH-
HY, TO BUMarae OUTBII JETAaTbHOTO JOCIiKEHHS 31 3Ha-
9HO OiBII IPiOHMM KPOKOM BapilOBaHHS B OKOJII TaHOT
TOYKHU.

Pucynox 10 —Mooicnuei sapianmu naganmasicenus

[pu BapiroBaHHI mapameTpoM BHcoTa (CM. puc. 5,
Tabn. 4) BUHUK sl JOJATKOBUX muTaHb. [lo-mepie,
BapilOBaHHS JIaHUM MapaMeTpoM 0e3 ypaxyBaHHS 3acy-
BKH HE 30BCiM JopeuHo. [lo-npyre, OCKiIbKU HaBaHTa-
JKEHHS 1 3aKPIiTUICHHS 3a7aBJIMCS JI0 MMOBEPXOHb, TO B
aHIM HHU3MI PO3paxyHKiB IMPOSBUIACA HE(I3UIHICTH,
MOB's3aHA 3 THM, IO MPHUKIAJCHI TPaHUYHI YMOBH IIe-

peOyBany BuIe abo HIKYE THX MICITh, JIe B PEaTbHOCTI
po3TamoByBaiics O TOUKH 3aKpilJICHHS i HABaHTa)KEH-
ms (puc. 10, 11).

Ile mpwu3Beso 10 TOTO, MO BaXiJb MPUKIAIEHOT
CHJIM 33J]aBaBCsl HEBIPHO, 1110, BiJIIOBIIHO, IPU3BEJIO 10
TTOMUJIKOBHX 1 HEBIPHUX pe3yNbTaTiB po3paxyHKiB. [
JJAHOTO TapaMeTpa HEOOXIAHWI mepepaxyHOK pe3yiib-
TaTiB 3 ypaxyBaHHIM BUSBIICHUX HEJOJIKIB.

=>
=

Pucynox 11 —Micye peanvrozo naganmagicenus

BucHoBkH

Y poboti Oynu MPOBEICHI JOCHIIKEHHS BILUIUBY
KOHCTpYKTHBHUX mapamerpiB Ha HJIC koHCTpyKIIii.
BcranosneHo, sKi 3 00paHUX KOHCTPYKTUBHUX ITapame-
TpiB OUTBIIOI0 MipOXO BIUTMBalOTh Ha MimHicTh i HJIC
KOHCTPYKIIi: AiaMeTp NepeTHHy, paaiyc AYTH Ta IIo-
B370BXKHIN 3pi3. Tak camMo BCTaHOBJIEHA 3aJICKHICTh
MacH KapabiHa BiJl TO3HAYCHUX ITapaMeTpiB.

B xonxi mocmimkeHHsT 0yJI0 BCTAHOBICHO JOIUIb-
HICTb PO3POOKM 1 CTBOPEHHS METOAIB aBTOMAaTH3allii
mporecy nepeOyayBaHHS TE€OMETPIii i MOJANBIIOTO ii
po3paxyHky. Lle m03BoiuTh OLTBII NETambHO 1 3 MEH-
MM KPOKOM JIOCIIIXKYBAaTH K MPOOIEMHI MICIsl, BU-
SIBJICHI B XOJIi JAHOTO JIOCIIJPKEHHSI, TaK i KOHCTPYKIIIIO
B minmomy. Tak caMo 3'SIBUTBCS MOXIIUBICTH CHHTE3Y i
JIOCTI/DKEHHS KOHCTPYKIIA 3 JEeKiTbKOMa OJHOYAaCHO
3MIHHUMH TIapaMeTpamu, M0 3HAYHO PO3IMIUPHTH 00-
JIaCTh BHUBYEHHSA. Tak camMo OIIIBHO OLIBII IEeTaIbHO
BUBYUTH MHUTaHHS KOHIECHTPATOPIB HANPYKEHb Ta PO3-
pOOUTH METOIUKY IX aBTOMaTH30BaHOTO BHUSIBIICHHS Ta
MOJKJIMBOCTI aHaJli3yBaTH KOHCTPYKIIIO 5K 3 iX ypaxy-
BaHHSM, TakK 1 0e3 HbOTO.

[Ipu BIpoOBa/KCHHI TAHWX IOCIIKCHb B IMpPAaK-
TUYHE 3aCTOCYBaHHS MOXC 3HAJOOHMTHUCS PO3B'S3aHHS
3aJayl aHai3y Ta CUHTE3y B OUIbII TOYHIH MMOCTaHOBII
32 paxyHOK OiJIbIII BHCOKMX BHMOT O CHOPSDKCHHS i
oro BUKOpUCTaHHS. JIJIs OUTBII TOYHOTO PO3B'S3aHHS
3a/adi aHaji3y Ta CHHTE3y MapaMeTpiB JOCIiIKyBaHUX
00'exTiB (B TaHOMY BHMAIKy KapaOiHiB) MICIS MOUIYKY
MEPBUHHUX 30H /IS JONMyCTHMHUX HapameTpiB Ciix
MPOBOJIUTH TIOBTOPHI JOCITIKEHHS B YTOYHEHiH mo-
CTaHOBIIi: KapaOiH MOJICITIOBATH K CKJIAJAIBHUIN 00'€KT
3 ypaxyBaHHSAM BCiX HasSBHHX JICTAJCH 1 KOHTAKTIB MiX
HUMH, BHKOPHCTOBYBaTH MO MaTepialiB 3 ypaxy-
BaHHAM X HENIHIIHOT MOBENIHKH, TPOBOANTH PO3paxy-
HKH Ha 0araTOIUKJIOBY 1 AMHAMI4HYy MilHIicTh. Tak ca-
MO HEOOXIJIHO pO3paxOBYBaTH MOJCNb 3a BCiMa 3acToO-
COBaHMMH [0 Hel BUMOraMH 1 periiaMeHTaMH, OIuca-
HUMH Y HU3Il TOKYMEHTIB 3 BUIIPOOYBaHb 1 IOIYCKY 110
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