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1 META I 3AJAYI KYPCOBOI'O IPOEKTY

Metoro BukoHaHHS KypcoBoro mpoekty (KII) 3 mucrowmmiam
«Jlomomi>kHe oOONamHaHHSA JUIsI 3BApPIOBAaHHS Ta IMKEHEPil TOBEPXHI» €
(dopMyBaHHS y CTYAEHTIB 0a30BUX TEOPETUYHUX 3HAHb 3 KOHCTPYKTHBHUX
0COOJIMBOCTEH, TiepeBar Ta HEAOMIKIB JOMOMDKHOTO OOJIaJHAHHS IS
CKJIQJaHHA 1 3BapiOBaHHA Ta OTPUMAHHS TPAKTUYHUX HABHYOK 3
PO3paxyHKy MpH HOT0 MPOEKTYBaHHi.

OCHOBHUMM 33/1a4aMH TIPH BUKOHAHHI JAHOTO KypCOBOTO MPOEKTY
€ BHMBYCHHS METOMAIB BH3HAYEHHS HEOOXIMHMX CHJI Ul 3aKpilUICHHS
JieTasei, ONmaHyBaHHS METOJMKAaMH KOHCTPYIOBAaHHS, PO3PAXYHKY CHIIOBHX
OpUBONiB Ta (YHKIIOHATBPHUX €IEMEHTIB 1 BY3JiB CKJIQAaJIbHO-
3BapIOBAHUX CTEHIB, KOHAYKTOPIB, NPHUCTPOIB s TepeMilIeHHS
3BapIOBAILHUX BUPOOIB Ta 3BapIOBAILHUX aIlaparisb.

KypcoBuii mpoekT mo po3paxyHKy JAOMOMIXKHOIO oONagHaHHS 1
NPUCTPOIB  CHpHUSE€ 3aKpIJICHHIO, MOMIMOJNCHHIO 1  y3arajibHEHHIO
CTylIlCHTaMH 3HaHb, OTPUMAHUX 31 3BapIOBAIBHUX JAUCIUIUIIH, a TaKOX
BUKOPHUCTAHHS IIMX 3HAHb Ul KOMIUICKCHOTO PO3B’S3YBaHHS 1HKCHEPHHUX
3ajlay 10 BUTOTOBJICHHIO 3BAPHUX KOHCTPYKIIii.

KypcoBe mpoexTyBaHHS Ma€ BEIMKE 3HAYCHHS Yy PO3BHUTKY
NPaKTHYHUX HAaBUYOK CAMOCTIHHOI TBOPUOi POOOTH CTYIEHTIB, BHXOBYE
BiJIMOBIaIbHICTh 32 BUKOHaHY poOOTYy, TPUILNEILUIIOE HABUYKH HAayKOBO-
JIOCITAHUIIBKOT POOOTH, palioHami3amii, BHHAX1IJIMBOCTI.

3 METOI0 MOJIETHIEHHS! POOOTH CTYAEHTIB IIPU BUKOHAHHI KypCOBOTO
MPOEKTY y JIaHUX METOJAWYHUX BKA3iBKaX HABOSTHCS OCHOBHI NPUHIIUIH
PO3paxyHKy 1 KOHCTPYIOBaHHSI MEXaHIYHOTO 3BapIOBAILHOTO YCTATKyBaHHS
1 HOro TONOBHMX BY3JIiB 1 MeXaHI3MIB (CKIaJallbHO-3BapIOBAILHIX
NpUCTPOiB, KaHTyBadiB, oOepTadiB, MAaHIMyJIATOPIB, MO3UIIOHEPIB,
POJIMKOBUX CTEH/IIB, 3BaPIOBAJILHUX Bi3KiB i KOJIOH 1 1H.). Takox HaaaloThCs
BKa3iBKM 1 TIOCWJIAaHHA Ha KepiBHI Marepiamd moA0 oQGOpMIICHHS
MOSICHIOBAJILHOI 3aIIICKH Ta KPECIICHb.

Jani MeToJqWuHI BKa3iBKM MOXYTh 3HAWTH BUKOPUCTaHHS Y
JUIIOMHOMY TIPOCKTYBaHHI.



2 3ABJJAHHS HA KYPCOBUM MPOEKT

Temy KypcoBOTro MpOEeKTy 1 BUXiJHI JaHi Ui PO3PaXyHKY KOKHOMY
CTYJeHTY BU3Ha4a€e KepiBHUK 3rimHo JomaTky A.

3aBmaHHsA Ha KypCOBUH MPOEKT PO3POOJICHI KEPIBHUKOM IPOEKTY 1
0 OpPMITIOETRCS CTYACHTOM 3rigHO JlogaTky b.

3 OPTAHI3AIIMHI BKA3IBKH

Han  BuUKOHaHHSM  KypcOBOTO  TPOEKTY  CJiJ  MpalioBaTH
CHCTEeMaTHYHO HA MPOTS31 YChOTO CEMECTPY, 3TiHO KaJCHIAPHOTO IUIaHy 3
BU3HAYCHHMH TEpMiHAMU BUKOHAHHS eTariB npoekty (Jomarok b).

Ha mouarkoBoMy etami poOOTH Haj KypCOBUM IPOEKTOM BasKIUBO
YBa)XHO po3i0partucs 3 KOHCTPYKTHBHHMH OCOOJIMBOCTSIMH 1 TPUHITUTIOM
poboTu TOoro THIy OONagHAHHS, SKE€ 3a3HAYEHO B 3aBIaHHI 10 IMPOEKTY.
CknazanbHe KpeciaeHHs abo 3aranbHuil BUI 00T JHaHHS B ABOX MPOEKIIISX
1 3 TEeXHIYHUMH BHMOTaMH JI0 HBOTO BioOpa)kaeThcs Ha JTUCTI 1 dopmary
Al. Jlani HEoOXiTHO BHU3HAYMTHU CXEMYy HaBaHTa)KEHHs OOJaJHaHHS, sKa 1
Oyne ©0a3zoBol0 sl HOro IHXKEHEPHOTO PO3paxyHKy. PesymbraTu
PO3paxyHKIB MMOBUHHI OYTH MPEJICTABJICHI Y MOSCHIOBAILHOI 3allMCKU, a Ha
JUCTi 2 KypCOBOTO MPOEKTY — PO3paXyHKOBA CXeMa i 3aKIIF0YHI (POPMYITH.

KoHTpoJib 3a I1aHOMIpHICTIO pOOOTH CTYICHTA 3/IIHCHIOE KEPIBHUK.

4 METOAUYHI BKA3IBKH 1O BUKOHAHHA
KYPCOBOI'O IPOEKTY

Yepes BenMKy pi3HOMaHITHICTH  JONOMDKHOTO — MEXaHIYHOTO
oOagHaHHs, 10 BUKOPUCTOBYETHCS y BHUPOOHMLTBI 3BapHUX BHUPOOIB, B
IUX METOAMYHUX BKa3iBKax IPEICTABJICHI JIMIIE 3arajibHi BIJOMOCTI IO
METOJaM PO3PaXyHKY. Y 3aralbHOMY BHITAJIKy 00’ €KTaMU KOHCTPYIOBaHHS
1 pO3paxyHKy MEeXaHIYHOTO 3BapIOBAILHOTO OOJIaHAHHS €:

- IPUBOJIY 3aTUCKHUX IPUCTPOIB;



- 3aTHCKHI TIPUCTPOI 1 MEXaHi3MH, SKi € BHKOHABUYUMH OpTraHaMH
CKIIQIaJTIbHUX CTEH[IIB 1 KOHTYKTOPIB;

- HeCy4i KOHCTPYKIII;

- MEXaHi3MH IOBOpOTY, 00epTaHHS a0o NiHIMHOTrO pyxXy BUpPOOIB Y
THUX KOHIYKTOPaX, sKi 3711ICHIOIOT HE TLTBKH 30MpaHHs BUPOOY, A€ TaKOX
HOro KaHTYBaHHS a00 3BApPIOBATFHUH PyX.

Meroau po3paxyHKy IIMX CHJIOBUX €JIEMEHTIB HABOIATHCS B [3, 4].

Jns skicHOTO 1 TIMOOKOTO OMpAIIOBaHHS 33JaHOT TEMH KypPCOBOTO
IPOEKTY  CTYHEHT 3000BSI3aHHH  MAaKCHUM@JIbHO  BHKOPHCTOBYBAaTH
iH(popMallito, HasBHY B JIiTepaTypHUX JKepenax, [HTepHeTi.

4.1 MexaHi4Hi cTeHAN i KOHAYKTOPH 3 KIABIINHUMH NPUTHCKAYAMH IS
CKJIAJaHHSI T 3BAPIOBAHHS JTUCTOBUX KOHCTPYKUIM

Cepen pi3HHX 3aTHCKHHX MPHCTPOIB, MEXaHIYHI MPUTHUCKAY]
HAWOUIBII JOCKOHAII 1 HamiliHi B ekcivtyaTamii. OmHa 3 HaWOLIBII
MOUIMPEHUX  KOHCTPYKIIH MEXaHIYHOrO 3aTUCKHOTO MPHUCTPOI0 —
KJIaBIIIHUHA TPUTHCKAd. Y TaKUX HPUCTPOSIX JIHCTH MPUTHCKAIOTHCS [0
CKJIQIAJIbHOI TUIUTH KJIABIIIHUMH BaKEJISIMU, SIKi MepeOyBarOTh Mg i€l
CHJIOBHX TIHEBMO- a00 TiJpOUWTIHAPIB, HiapparMOBHX ITHEBMATUIHUX
kamep (puc. 4.1) abo nporymoBaHux IuiaHris (puc. 4.2).
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1 — 3BaproBaHi JIUCTH, 2 — BEPXHS HECyda 1 — MigHa MiOKIAAKa, 2 — TIPUTHCKHAN IIUTAHT,
Oanka, 3 — niagparMoBa MHEBMOKaMepa, 3 — BepxHs Oanka, 4 — migKIagKa IS HUTaHry, S5 —
4 — NIPUTUCKHUHN BaXiJTb—KJIaBiIIIa, IIUTAHT 3BOPOTY, 6 — MIApHIp KJIaBii, 7 — IPUTUCKHA
5 — MizHa migKIaaKa, 6 — HIKHS OITOpHA KJaBila, 8 — migKIaaKa A1 HPUTUCKHOTO LIIaHTY,
Oanka 9 — HxHs Ganka, 10 — mucTH U1 3BaprOBaHHs
Pucynok 4.1 — Knapinrauii mputuckad 3 Pucynok 4.2 — Knapinrauit mputuckad 3

niadparmoBrMH Kamepamu [3] MHEBMOIIUIAHTOBUM MPUBOAOM [3]



IIHeBMOIIIAaHTOBI KJIABIIIHI MPHUCTPOi BIMHOCHO ITOPTATHBHI 1 MpH
MOPIBHAHO HEBEJIHMKUX PO3MIpax MOXYTh PO3BUBATH AY>K€ BEIHKI 3yCHILIS
Ha mputuckax (1o 20 kH (2 tc) Ha 1 mor. M mpu THCKY MOBITPS B LUIAHTY
1o 0,5 MIla (5 atm).

Ha Ttakmx creHmax i KOHIYKTOpax BHKOHYEThCS TaKOXK 1 IX
3BaploBaHHA. TOMy Hecy4a KOHCTPYKIIiSl CTCHJIB OCHAICHA PEHKOBUM
HUISIXOM /71l 3BapIOBAJIFHOTO aBTOMaTa, 3MOHTOBAaHMM IapajieibHO OcCi
CTHKY Ha BEpXHii OaJIli KIaBIiITHOTO 3aTUCKHOTO MPUCTPOIO (Ha pUCYHKax
HE BKa3aHO).

IIpu poOGoTi Ham JaHOK TEMOK KYpPCOBOTO MPOEKTY HEOOXiTHO
BUKOHATHU PO3PaxXyHKH Ha MIITHICTb 1 )KOPCTKICTh KOHCTPYKIIN CKIaIabHO-
3BapIOBAILHOTO TPUCTPOIO TI0 3aTHCKHOMY 3YCHILTIO, SIKE TAKOXK MOTPIOHO
pO3paxyBaTH 3TiHO METOMKH, HaBeaeHOT B [3, 4] i cxemoro Ha puc. 4.3.
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Pucynok 4.3 — Cxema BH3Ha4€HHS CHIIM TIPUTUCKY 3BAPIOBAHUX JIMICTIB IIPH KYTOBUX
nedopmariisx [4]

Cxemu HaBaHTaxeHHs (puc. 4.4, 4.5) i METOOMKH pPO3PAXYHKY
oOnajHaHHS JJIS  CKJIQJaHHS 1 3BapiOBaHHS JIMCTOBUX KOHCTPYKIIIH
HaBeieHi B [3, 4]. Buxinni nani — B Jlomatky A, tabi. A.l.

B pesynbraTi po3paxyHKy Ma€e OyTH BU3HAYEHO CyMapHE BiIXHMJICHHS
€JIEKTPO/Ia B TOPU3OHTAIBHIN 1 BEPTUKANBHIN IUIOIIMHAX Yepe3 MpPYKHY
nedopmartito (MMPOTrH) i CKpyYyBaHHs HECYUHX KOHCTPYKLIH CTEHY.

Lli BigxuieHHs Mal0Th OyTH HE BHILE AONYCTHMHUX II0 TEXHOJIOTi]
3BapIOBaHHA. 3a3BUYall I BEJIMYWHA JIJIsl YTOBOTO 3BAPIOBAHHS JPOTOM,
0 [JIABUTHCS KOJUBAEThCS B Mekax +1,5-2 MM 1o ropu3oHTam i £5-8 Mm
M0 BEPTHUKAIL.
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a — cxeMa CiJI B TIONepeyHOMY mepepisi Oanku, 6 — 3ruHaHHA Oanky, B — KpyYCHHS Oalku
PucyHok 4.4 — Cxema HaBaHTa)XEHHsI BEPXHBOT OMOpHOT Oaiku [4]
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PucyHok 4.5 — Po3paxyHkoBa cxema ormopHoi 6anku crenaa [4]

4.2 KoHayKTOpU-KaHTYBa4i JJIsl CKJIaJiaHHS i 3BapIOBaHHS 0aJIKOBHX
KOHCTPYKIii

JIns mOIITYYHOTO MEXaHi30BaHOTO CKJIAJIaHHA 1 3BapIOBaHHS OaloK
3aCTOCOBYIOTHCS HAWPIZHOMAHITHINII ~KOHCTPYKIN CTEHJIB, THIIOBUM
NPEJICTABHUKOM SIKUX € KOHIYKTOP-KaHTyBay JUIsl CKJIaJIaHHSI 1 3BapIOBaHHSI
TaBpoBUX 0ok (puc. 4.6).

Kinematnyni cxeMu Ta KOHCTPYKUil BaXIJIbHHX 3aTHCKHHUX
NPUCTPOiB,  SIKI ~ 3aCTOCOBYIOTBCSI B CKJIaJalibHO-3BapIOBaIbHUX
KOHIYKTOpax 1 CTEHAaX, HACTUIbKM YHCIEHHI Ta pi3HOMAaHITHI, IO
HEMOXXJIMBO JaTH YHIBEpCAJIbHUH METOZ 1X PO3paxyHKy, KOTpuid OyB Ou



OJTHAKOBO TPHUAATHUHN I yciX. 3 i€l TOYKHM 30py HAHOUIBIIMIA iHTEpec
MIPEJICTABIISIE MEXaHI30BaHUN KOHIIYKTOP-KaHTyBad, KOTPHUUA OCHAICHHUN
BaXKiIbBHUMU MexaHizMamu (puc. 4.7).

Buxigni gani — B I[onaTKy A Tabn. A.2.
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1 — KomoHa 3 PEUKOBHM IIUIIXOM JUIS 3BapIOBAJIBHOTO aBTOMarta, 2, 9 — omopHi 6anku
KOHIIyKTOpa, 3 — KOHIYKTOp-KaHTyBad, 4 — BiCh MOBOPOTY KaHTyBaua, 5 — MapHipHAN
OanaHcHp, 6 — cTiHKa OaJyKH, 7 — MOBOPOTHHI BaXKiJIb MOABIWHOI Aii, 8 — perympoBaHa
npyxuHa, 10 — mosicHuit uct 6anku, 11 — XUTHUHA TigpourmmiHAp, 12 — Kiinm 3axBary,
13 — wiamkuii» Baxisb, 14 — mHeBMOIIMIMHAD, 15 — cTaHuHA
Pucynok 4.6 — KoHtykTop-KaHTyBau [UIsl CKIIaIaHHsI i 3BapIOBaHHS TaBPOBUX 0anok [3]

Po3paxyHOK 3aTHCKHMX NPHUCTPOIB CIiJ MOYMHATH 3 BH3HAYECHHS
3yCHIIb Ha 3aTUCKaX, SIKi HEOOXITHO MPHUKIACTH A0 OAJKK I yTPUMaHHS 11
B MPSIMOJIIHIHHOMY CTaHi, KOPUCTYIHOUYHCh METOINKOI0, HAaBEICHOO B [3, 4].

ITo3noB>xHiil mporuH TaBpoBoi Oanku (puc. 4.8) yTBOPIOETHCA Bif Ail
MOMEHTY

M=Py-e
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ne P, — ycajiouna cuina, sika JIi€ 110 0Ci 3BapHOTO ILBa;
e — BIJICTaHb MK [IEHTPAMH Bard MOTMEPEYHOr0 Mepepi3y 3BapHOTO IIBa
Ta 0aNKU (EKCIICHTPHUCHUTET).

Py <

PucyHnok 4.7 — Po3paxyHKoBa cXxema BaXKiJTbHOTO 3aTHCKHOTO IPHCTPOIO
KOHJIyKTOpa-KaHTyBaua [4]

Pucynok 4.8 — Jledopmaitist TaBpoBoi 3BapHOi Gasku [4]
Hdani 3a po3paxoBaHMMH 3yCHIUISIMA BHOMPAIOTHCS HEOOXinHi
ITHEBMO- 1 TIAPOLMIIIHIPH, PO3PaXOBYIOTECS JAiaMeTpH OCIiB IIapHipiB [5].



11

B manomy KypcoBoMy IpOeKTi HEOOXiTHO BUKOHATH PO3PAXyHKH Ha
MIIHICTB 1 XKOPCTKICTh OMOPHOI 06amku KOHIyKTOpa. Cxema HaBaHTaKeHHS
(puc. 4.9) i MeToaMKHM PO3paxyHKy oOJagHaHHS A CKIAJaHHS 1
3BaprOBaHHs 0ATOYHHUX KOHCTPYKIii HaBezeHi B [3, 4].
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a — IpyU CKJIaiaHHi BUpoOy, O — Iicist 3BapIoBaHHS BUPOOY
Pucynok 4.9 — Cxema HaBaHTaXEHHsI ONIOPHOI OaJIKK KOHIYKTOpa-KanTyBaya [4]

4.3 OnHOCTOAKOBI KOHCOJILHI KaHTYyBaui Ta o0epTaui

KantyBaui — 1me cramioHapHi TpUCTPOi, SKi JO3BOJISAIOTH
3aKpIIIIOBATH 3BaprOBaHi BUPOOM Ta TMOBEPTATH 1 YCTAHOBJIIOBATH iX B
3py4HE /11 3BapIOBAaHHS MOJIOKECHHSI.

Obepraui — TakoX CTaLliOHAPHI NPHUCTPOI, SKI NPU3HAYCHHI IS
o0epTaHHsS 3BaplOBaHUX BUPOOIB 31 IMIBUJKICTIO 3BapIOBaHHS HAaBKOJIO
MOCTIMHOT OCi MpH aBTOMaTHYHOMY Ta PYYHOMY 3BaplOBaHHI KPYroBUX i
KIUTBIIEBUX IIBiB, & TAKOX MPH HATUIABIICHHI IWITIHIPHYHUX BUPOOiB.

Po3pisHstoTh KaHTyBadi i 00epTadi 3 TOPU30HTAIFHOK, HAXUICHOO 1
BEPTHKAJIBbHOW Biccto obepranus [3, 4]. KOHCTpYKTHBHO BOHHM BHUKOHaHI
onnakoBo (puc. 4.10).

Mera po3paxyHKy: BHU3HAYCHHS MAaKCHMaJbHUX 3THHAIBHUX
MOMEHTIB Ta KPYTHHX MOMEHTIB, a TaKOX HaBaHTAKEHHsI B OTMOpax JUIs
pO3paxyHKy JiamMeTpa INNUHAEAS B HeOe3MeuHuX Imepepizax, BHOIp
MiAIUITHUKIB Ta TOTYXHOCTI IPUBOy o0epTaya (KaHTyBaua).

BuxinHi nmaHi ans po3paxyHKy: KOHCTPYKTHBHA, KiHEMaTH4HA Ta
po3paxyHkoBi (puc. 4.11-4.14) cxemu, po3Mmipu Ta Bara 3BaprOBaJbLHOTO
BUPOOY, NoJIokeHHs neHTpa Bary (Jonarok A, Tadbn. A.3, A.4, A.5).

Po3mip mirounx Ha MIMWHAENIb MOMEHTIB, & TAKOX OHNOPHUX PEaKLii
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3HAYHOIO MipOI0 3aJIeXKHUTh Bifl PO3TAlTyBaHHS BIJOMOTO 3y0YacTOro BiHIISA
Ha mmuHaeni. Kokna po3paxyHKoBa cxeMa TIIpeICTaBlIeHAa B JBOX

BapiaHTax:
1 — 3yGuacTe kojeco abo 3yOuacTuii BiHEelb 3aKpiluieHe Ha MepeaHii

KOHCONIBHIMT dYacTWHI INMUHAENS 1 HaBITh MOXe OyTH 3B’s3aHe

0e3rmocepeTHbO 3 TIAHIIAH00¥0;
2 — 3y0yacre KOJECO PO3TalllOBAaHO Ha IIIMHHICII MiX OINOpaMH

(moxaszaHo Ha cXeMax ITPUXOBOIO TIHIEH0).

a) 8 e
—T |+
. % '
4 fF
| S:% _H.e. .
b B
L T ow 4

1 — cranuHa, 2 — YepPB'TIHUN PEIYKTOP, 3 — €IEKTPOABUTYH, 4 — KOPITYC LITTHH/IEIS,
5 — 3yOuacTmii BiHenb, 6 — 3aXUCHUIT KOXYX, 7 — KpiIJIbHA TIIaHIIal0a,
8 — BupiO, 10 3BapIOETHCS
Pucynok 4.10 — OmHOCTOSKOBI KaHTyBayi 3 TOPH30HTAIBHOIO (@) 1 HaXuIIeHOIo (0) Biccro
oGepranns [3]
! ki k
e

e (3

G — Bara Bupo0Oy, Q — okpyxHa cuia Ha 3y04yacToMy BiHIl, R — paziyc mo4aTkoBoro Koia
3y04acToro BiHILI, € — EKCLEHTPUCUTET, A i B — peakuii B omopax miIIHITHUKIB
PucyHok 4.11 — Po3paxyHKoBa cxema 0/THOCTOSIKOBOTO o0epTraya 3 TOpH30HTaIbHHM
urmuaaenem [4]
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PucyHok 4.12 — Po3paxyHkoBa cxema obepraya 3 BepTHKAIbHUM IIHHAEIeM [4]
(mo3HaveHHs Ti %, 1o i Ha puc. 4.11)

PucyHok 4.13 — Po3paxyHKoBa cxema OJHOCTOSIKOBOTO 00epTaya 3 HaXMJICHUM
wnuHaenem [4] (mo3HayeHHs Ti k, 1o i Ha puc. 4.11)
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Pucynok 4.14 — Cxema HaBaHTaXEHHsI IITTHHJIES OKPYXKHOIO CHIoro [4]
(mo3HaueHHs Ti K, WO i Ha puc. 4.11)
Po3spaxyHOK  OMHOCTOSKOBMX  00epTadiB Ta KaHTyBadiB 3
TOpHU30HTAJIbHUM, HaXWJICHHUM 1 BCPTHUKAJIbHUM HIMAHACIEM BUKOHYETHCH,
KOPHCTYIOYHCh METOIMKOI0, HABEACHOIO B [3, 4].

4.4 JIBoCcTOSIKOBI IECHTPOBI KAHTYBaYi Ta 00epTayi

KoHCTpyKTHBHA CXeMa IBOCTOSKOBOTO KaHTyBada CKJIJIEHA 3 JIBOX
omopHUX 0aboK: TmepeAHbOoi NPUBOJHOI Y BUTISII  OJHOCTOSIKOBOTO
KaHTyBaya 3 JIOTIOBHEHHSIM LIAPHIPHOTO KPIMHIBHOTO IPHCTPOIO Ta 33IHBOT
XOJIOCTOI pyXoMoi 0aOKH 3 KpIMMJIBHAM CaMOBCTaHOBIIOBAHUM IIEHTPOM.
[TpuHIMIT CaMOBCTAaHOBJIIOBAHOCTI B JaHOMY MPHKIIAIl peani3oBaHUN 3a
JIOTIOMOT OO IIapHipa.

[HapuipHe abo iHIIE CaMOBCTAHOBIIIOBAHE CIPSHKEHHS KPIMAIBHUAX
OPUCTPOIB 31 INNHMHAENEM MepenHbol Ta 3aaHboi 0aboK  J03BOJISE
PO3MIIAATH 3aKPIMICHUH B HUX BUPIO SIK 0aJKy, BUIBHO OMEPTY MO KIiHIIM,
a peakuii omop, KOTpi CHpUIMArOTh Bary BHPOOYy, NPHUKIAJAECHUMH 0
HEHTPIB MapHipiB. Ko K KpituleHHs: BUpOOy B TIepeHii i 3a1Hil 6abkax
KaHTyBada OyJie >KOPCTKUM, TO Ha KPIMWIbHUX TUIAHIIANHOAaX 1 IIMUHJIEISIX
KpiM PEaKTUBHHUX ONOPHUX 3YCHJIb B MICISIX KpIIUIEHHS BUHUKHYTH 1
PEaKTHBHI 3TUHAIBbHI MOMEHTH, SIKi MOKYTh BUSIBUTUCS JIOCUTh 3HAUHUMH 1
npu o0epTaHHI BUPOOIB HABITh 3arpoXKyBaTH MOJIOMKOIO KaHTyBaua.

Po3paxyHkoBa cxemMa KaHTyBada 3 INApHIpaMd IOKa3aHa Ha pHC.
4.15.

BuxinHi gani ans po3paxyHKy: po3Mipd Ta Bara 3BaplOBajbHOTO
BUPOOY, NOJIOKeHHs 1eHTpa Baru (JJogarok A, tadi. A.6).
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Pucynok 4.15 — Po3paxyHKoBa cxema IBOCTOSKOBOI'O KaHTyBaya ¢ MapHIpHIMU
KpilHIbHUMH OPHCTPOsiMH [3]

Po3paxyHOK JIBOCTOSIKOBMX IICHTPOBHUX KaHTYBadiB BHKOHYETHCH,
KOPHCTYIOYHCHh METOIMKOI0, HABEACHOIO B [3, 4].

B pesynbTari BUKOHaHUX PO3PaxyHKIB MOBHHHI OyTH BH3HAuCHI
HACTYIHI TIapaMeTpH KaHTyBada: JiaMeTpu IIMHUHAENS B HeOe3meuHnx
MepeThHaxX, OIOpHI peakmii MOUHAENS I MTiAOopy MiANIHWIHUKIB,
HAKOIBIN KPYTHI 1 3TUHAIBHI MOMEHTH, MOTYKHICTh IPUBOTY [5].
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4.5 Be3ueHTpoBi KaHTyBavi-o0epTayi

o uporo kiiacy o0JjiaJiHaHHS BiJHOCATHCS KaHTyBadi, SKi HE MalOTh
¢i3MYHUX TEHTPiB ab0 ocell oO0epTaHHS y BHI IIMUHAETIB a00 OTOPHHUX
nang. HaiiOinbine po3MOBCIOPKCHHS 3HAWIUIM JIAHIIOIOBI KaHTyBai,
POJIMKOBI 00epTayi, KiJIbIIeBI KAHTYBaHI.

4.5.1 Jlanutorosi kaHTyBaui

JlaHIIOrOBI KaHTyBadi 3py4Hi Ui KaHTYBaHHsS JIOBTMX OalKOBHX
KOHCTPYKIIiH, MPodiib SKUX CBOIMH 30BHINIHIMU Ta0apuTaMu OJU3bKUI 110
KBajgpara a0o koma. BoHM 103BOJNSIOTH TOBEPTATH 3BApPIOBaHY OalKy
HABKOJIO T1 II0310BXKHbBOI 0ci Ha 360°.

Jlanmrorosuii  kantryBau (puc. 4.16) ckiamaeTbcs 3 JIEKUIBKOX,
OTOPHUX CTOSIKIB 5, KOXKEH 3 SIKMX OO0JaJHAaHWK TphOMa JIAHIIOTOBUMHU
omokamu 1, 4, 7. Uepe3 1i OJOKM NEPEKMHYTO 3aMKHYTHH HECKIHYEHUH
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naHmor 2. YxiajgeHa Ha HuUX Oanka 3 TEPeKOYYEThCS MO JIAHIIOTAM 1
MTOBEPTAETHCS HABKOJIO CBOET TOPU30HTAIBHOT OCi.

425 425

TO0

P e A A A A A A 7
_Q/ 1050
Pucynok 4.16 — TunoBa CToOMKa JaHIIOrOBOr0 KaHTyBaua [3]

VYxnanaHHsg BUpOOY B TaKMH KaHTyBay 311HCHIOETHCS 32 JOIIOMOTOO
MOCTOBOTO KpaHa IPOCTO 1 IIBUAKO, OCKIJIBKM HE BHHUKAE MOTpedu HOro
3aKpiIUieHHS B IIeHTpax abo Ha IutaHmantax. HasBHICTh MPOMIKHUX OTIOP
crpusie 3aro0iraHHI0 YTBOPEHHSI 3HAYHOTO MTPOTHHY 3BapIOBAHOI OaJKu.

HeponikaMu NaHIIOrOBOr0 KaHTyBada € IMOXMOKa MOJOXKEHHS Oci
O0anku TNpH KaHTYBaHHI Ta BIJICYTHICTh IUIABHOCTI IOBOPOTY, 5K Y
[HEHTPOBUX KaHTyBaudax.

Po3paxyHOK JIaHIIOrOBOrO KaHTyBaua BHKOHYETHCS 33 METOAMKOIO,
HaBezeHoo B [3, 4] i Ha migcraBi po3paxyHkoBoi cxemu (puc. 4.17).
Buxinni nani — B Jlonatky A, tabi. A.7.

Cuna HaTIry JAHITIOTIB 3aJICKUTh HE TUIBKM BiJl Baru Oaiku Ta
KUJIBKOCTI ONOPHMX IETeNb, ajle 1 BiJg CTYNEHIO MPOBUCAHHS IETelb, sKa
BUMIPIOETbCS KYTOM 00xBary Oanku K,. Lleil KyT BBa)Ka€ThCs OJHHM 3
TOJIOBHMX IMapaMeTpiB JAHIFOTOBOro KaHTyBava. BinnmoBiiHO 10 HaBemeHOT
METOJMKH pO3paxyHKy [3, 4] kyT oOxBary cii BUOMpATH B MeKax X, =
60-100°.




1 — emtopy 3rUHAJIBHUX MOMEHTIB, 2 — PO3paXyHKOBa CXeéMa CTOHKH, 3 — KOHTYp
METaJIOKOHCTPYKIii CTOWKH, 4 — BiCh OJIOKY, 5 — IPUBOTHUIT BaJl BEAYUHX 31pPOYOK
Pucynok 4.17 — Cxema HaBaHTa)XEHHsI OMIOPHOI CTOMKH JIaHIFOrOBOTo KaHTyBaya [3]

Jlanky 3Bapuoro mammora (puc. 4.18) Tpeba pospaxyBaTH Ha
MIIHICTD, BHXOJASYM 3 BEIMYMHHM HATATY JIAHIIOTa Ta 3 YpaxyBaHHIM
KoedillieHTa TUHAMIYHOCTI, SKAH OIiHIOE e()eKT yJaapiB Ta MOIITOBXIB MpH
VKJaJaHHi 1 moBopoTax OanKu, a TaKoXX 3 ypaxyBaHHSAM HEOOXiJHOTO
3amacy mirHocTi [3, 4].

tal

Pucynok 4.18 — KoHCTpyKIlist TaHKH 3BapHOTO JaHIora [4]

Jani Bu3HauaeThcsi HEOOXiJHA TMOTYKHICTh MPHUBOAY JIAHIFOTOBOTO
KaHTyBada. [, BUXoAs4M 31 3HAMIEHOI MOTY)KHOCTI 1 MepefaTHUX YHcel
MEXaHi3My NPUBOJIY, PO3PaxOBYIOTHCS BCi CHJIOBI €JIEMEHTH NPHBOIHOTO
MexaHi3My — 3y0uacTi nepeiayi, BajH, MiIIHITHUKHA [5].

Po3paxyHOK NO30BKHBOTO Baja KaHTyBada i HOTO OMOp, a TaKOkK
BICiB HampsSMHHUX OJIOKIB 1 OHOPHUX CTOHOK 3MiHCHIOETHCS 32 3YCHIUIAM 1
MOMEHTaM, [Iil0YMM Ha JIAHIIOrOBi 3ipovkd 1 OJOKM KaHTyBadya, IO
MEPEIAEThCs Ha MO3IOBKHIHN BaJl 1 0ci OJIOKIB.
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4.5.2 PosiukoBi crenau (o0epTaui)

PomukoBi crenmu (puc. 4.19) mnpusHaueni s oOepTaHHS
OWIHAPUYHUX 1 KOHIYHMX BHPOOIB 31 IIBHAKICTIO 3BapIOBaHHS IPH
aBTOMATUYHOMY 3BapiOBaHHI KIJTBIIEBHX MIBiB, a TaKOX M oOepTaHHA
BUPOOIB 3 MapIIOBOI0 INBHIKICTIO Ta BCTAHOBIEHHS iX Yy 3py4yHe
MOJIOKEHHST JUIS 3BaprOBaHHs, CKJIaJaHHSA, OOpoOKM 1 KOHTpomw. 3a
JIONIOMOTOI0  POJIMKOBUX CTEH[IB 3a0e3MeUyeThcsl TaKOX 3BapIOBAHHS
MO3/I0BXKHIX MIBIB 00MYaliOK 3 BUKOPHCTAHHSM 3BapIOBAIBHHUX TPAKTOPiB
Y CAaMOXiJJHHUX Bi3KiB 3 MiJIBICHIMH 3BapIOBaJIbHUMH OJIOBKAMH.

I | ar Ilo A4
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1 — x0mocTi POTMKOOTIOPH, 2 — EIEKTPOIIPUBOJL, 3 — IPUBO/IHI POTHKOOIIOPH,
4 — yIopHUii TOPLIEBUI POJIMK
I — cxeMa CTeH/a 3 OJIHMM PsJIOM NPUBOJHUX POJIMKIB, /] — cXeMa CTeH/ia 3 IBOMa psijaMu
MPUBOJIHUX POJIHMKIB, //] — cXema CTeH/1a 3 IBOMa IIPUBOJHUMH POJIMKAMH
PucyHok 4.19 — TUIIOBI CXeMH POJIMKOBHX CTeHIB [3]

Y  3aiekHOCTI  BiA  BaHTaXOIMITHOMHOCTI  POJIMKOBI  CTEHIU
OISO THCS Ha JieTKi (10 5 T¢), cepenni (1o 10 Tc) Ta Baxki (o 50 Tc).

Po3pi3HAIOTH MPUBOAHI Ta XOJIOCTI POIMKOONOpH. Jljist 301IbIIeHHS
CHJIM 34YCIUICHHS Ta 3a0e3MeYeHHs IJIABHOCTI OOCpTaHHsS 3BapIOBAHOTO
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BUpPOOYy ycCi pONHKH OOJAIITOBaHI TYMOBHMH BAaHTOKHUMH [IHHAMHU.
KinpkicTh ponmkoomnop Ta BiACTaHb MK HUMH BHOMPAIOTH y 3aJI€KHOCTI
BiJl pO3MIpiB Ta MacH 3BapOBaHOTO BUPOOY.

MeToro po3paxyHKy pPOJMKOBUX CTEHIIIB € BU3HAUEHHS 3YCHJb Ha
POIUKOOIIOpaxX MPH PI3HUX 3HAYCHHAX JiaMeTpa BHPOOY Ta KyTa po3mopy,
MOTIEPEYHOT BiZICTaHI MK POJIMKOOIIOPAaMH, JiaMETpPiB OCEH i MPUBOIHHX
BaNiB Ta MOTYXXHOCTI NPHUBOLY POJHMKOBOTO cTeHIy. Buximui manHi — B
Honatky A, Ta6n. A.8.

Jns po3paxyHKY PpOJHMKOBHX CTEHIB MOXYTh 3aCTOCOBYBATHCS
KUJIbKa PO3PaXyHKOBHX CXEM B 3aJIEKHOCTI Bij KIIBKOCTI PsIIiB IPUBOJHUX
1 XOJIOCTUX pOJHMKiB, Micus ix po3ramryBanus [3, 4]. Ha puc. 4.20, sk
NPUKJIAT TTOKa3aHa pPO3paxyHKOBA CXEMa POJHMKOBOTO CTEHIA 3 OJHHM
PSIOM TIPUBOHHUX POIIMKOOTIOP (JTiBUM, BianoBiaHO puc. 4.20).

Pucynok 4.20 — Po3paxyHkoBa cxema poJauKoBoro crenza [4]

B nanomy mpoekTi HeoO0XiJHO BUKOHATH PO3PAXYHOK:

—BaJla NPUBOJHOI POJIMKOONOPH 3 HYEPB'STYHUM peayKTopoMm. Sk
HPHKIAJ, MOXHA BHKOPHCTOBYBAaTH pO3PaXyHKOBY cXxemy Baja [3,
puc. 113].

—TIOTY)KHOCTI TIPUBOJHOTO JBWTYHa 3a BiJIOMHMH METOAMKAMH
muciuiuting - «Jlerami  mammey  [5] 1 mepeBipuTH  3amac  3uerUICHHS
NPUBOJIHUX POJIUKIB 3 BUPOOOM.
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4.5.3 Kinbuesi kanTyBaui

Kinpresi kaHTyBawi Mpu3HAYeHi AN CKIAJaHHS Ta 3BaplOBaHHSI
TPOMI3AKUX KOHCTPYKUIH THUIYy CTaHMH, NMPOCTOPOBUX paM, IU3ETbHHUX
OJIOKIB, OBaJbHMX MUCTEPH Ta 1iH. Taki KaHTyBadi OJHOYACHO
BUKOPHUCTOBYIOTBCS SIK CKJIaJalibHI KOHIYKTOPU. Y pasi, SIKIIO LEHTP Bard
BUpOOy 3HAuHO 3MilleHWH Bix oci oOepraHHA (BUCOKHMH aucOanaHC
00epToBUX Mac KaHTOBaTelns 1 BHPOOy — EKCIEHTPHUCHUTET €), TO €
Hebe3neka MpoOyKCOBKH 1 KOB3aHHS OIMIOPHUX KiJelb MO0 poiuKkoorop. B
TAaKOMY BHUIAJKy BHKOPHCTOBYETHCS KaHTyBad 3 YyciMa IPHBOJHUMHU
pomukoomniopamiu (puc. 4.21).
I

2
Pucynok 4.21 — KinbnieBuii ppuKIIHHAI KaHTYBad 3araibHOTO MPH3HAYEHHS 3 yciMa
NPUBOJHUMHE poJIMKooTiopamu [3]

[Ipu nopiBHIHO HEBEIMKHUX EKCLEHTPUCHTETaX MOXKHA 3a0€3MeUUTH
HaJilfHe 34YeIJICHHS OMNOPHUX PpOJUKIB 3 KIJIBIAMH 32 PaxyHOK
3aCTOCYBaHHs HAWTIPOCTIIIOTO TIPUBOY 3 OJHUM PSIOM BElyYHX POJIMKIB i
JPYTUM PSIIOM XOJIOCTUX POJIMKOOIIOP.

Po3paxyHok ¢pukiiiinux kinsiesux [3, 4] kantyBauiB (puc. 4.22)
AHAJIOTTYHUI PO3PAXYHKY POJIMKOOTIOP ISl POJIMKOBUX CTEHJIB, OJHAK € 1
BIJIMIHHOCTI.

[lepm 3a Bce, HEOOXiTHO BpaxoBYBaTH, L0 3BHYANHMN POJIMKOBUI
CTEHJ, Ha BIAMIHY BiJ KUIBIEBOIO KaHTOBATENs, PO3PAaXxOBYEThCS Ha
obepraHHs BUPOOIB PI3HOTO JiaMeTpy i, MO MOMIIMBOCTI, B IIHPOKOMY
Jliana3oHi. Y KibIIEBOMY KaHTYyBadi el iaMeTp € BEIMYMHOIO OCTIHHOO,
PIBHOIO KOHCTPYKTHBHOMY Jiamerpy Kuiblisi. OTke, B KUIBLIEBOMY
KaHTyBa4i i [ICHTPAIBHUI KyT PO3IIOPY @ € BETMYMHOKO MTOCTIHHOIO.



PucyHok 4.22 — Po3paxyHKOBa cxeMa KiJIbIIeBOTO (ppUKIIAHOrO KaHTyBaua [4]

ITpu po3paxyHKy KilbLIEBOIO KaHTOBATENsI IJIi KOHKPETHOTO KyTa a
BU3HAYAIOTHCSI OMOPHi peakii Q; 1 @, Ta okpykHe 3ycuyuis T.

[TpuBOMHMIA Bal BEAY4YHX POJIMKOOIOP PO3PAXOBYETHCS HA CYKYIHY
JiI0 3rHHAJILHOTO MOMEHTY, I1iJl HABAHTAXCHHSM Ta KPyTHUM MOMEHTOM.

3a po3paxoBaHOI BETMYMHOI KPYTHOO MOMEHTY Ta 4YacTOTi
o0epTaHHs KaHTyBaua BH3HAYAETHCS HeoOXiTHa MOTY>KHICTh
eJIeKTPONPUBONA. AJie TIONEpeTHBO HEOOXITHO TMEepeBipUTH  3amac
3UYETICHHS POJIMKOOIIOP 3 KUIBLSIMU, KU rapaHTyBaB OM HEMOXIIHUBICTD iX
MPOOYKCOBKH.

Buxinni nani nis po3paxyHky — B Jlogatky A, tabm. A.9.

4.6 BaxibHO-10MKpaTHi KaHTyBa4i

BaxinpHO-TOMKpaTHI KaHTyBadi MalOTh CHUJIOBHIA MPUBOJ Y BUTIISIL
BOXUIBHOI CHCTEMH TOBOPOTY 3  MiJHOMHHMH JIOMKpaTaMd —
rigpaBnivHuMH a00 THEBMAaTMYHMMHU. BOHM mpHU3HAa4YeHi AJsl MOBOPOTY
TPOMI3AKHUX 00'€MHHUX KOHCTPYKILIN B 3py4HE Ul 3BAPIOBAHHS MOJIOKEHHSI.
Jlo TakuX KOHCTPYKIIif Halle)kaTh paMHi Ta KOPIYCHI BUpOOH, 3BapHi IIBH
KOTPHUX PO3TALIOBaHi y JBOX B3a€EMHO NEPIECHANKYIIAPHUX HATIPSMKaX.

VHiBepcaibHi ~ BaXUTbHO-IOMKpPAaTHI  KaHTyBaudi MAalOThb  TaKy
KOHCTpYKITito (puc. 4.23).
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a — TOPU30HTAIbHE MOJIOKEeHHSI (B po3pi3i), 6 — HAXUIICHE MOJI0KEHHS
Pucynok 4.23 — VHiBepcanbHUi KaHTyBay 3 [EHTPAIBHUM I JHOMHUM JTOMKpaToMm [3]
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PospaxyHok cwmi, ski [Oif0Th B KaHTyBadi, MOXKHa BHKOHATH 3a
JIOTIOMOTO0r0  MacmTabHOI po3paxyHKOBOi cxemu (puc. 4.24), Ha KOTpid
rpa¢iqHO 3HAXOIATh BEIMYMHY IUICYEH yCiX MPUKIAJEHUX 10 HUX CHII Ta

110 piBHﬂHHﬂM MOMeHTiB BHU3HAYAKOTh 3HAYCHHA NUX CUJL.
h

i :’// R i
—

Pucynok 4.24 — Po3paxyHKoBa cxeMa yHIBepCAILHOTO BaXKIJIbHO-IOMKPAaTHOTO
KaHTyBaua [4]

CunM Ha ITOKY TIAPOUMITIHApA TO OMOPHHX MiBBIiCAX MmiIaTGopMu
HEOOXiIHO BW3HAYATH TPH ABOX KpaWHIX MONOXKEHHAX IutarGopMu —
TOPU30HTAIBHOMY Ta HAXHJICHOMY MiJ KyToM a = 45°) a Takok mpu JBOX
CUMETPHYHHX BiJTHOCHO OCi KaHTyBaya MOJIOKCHHSX [IEHTPa Bary.

Po3paxyHOKk oropHOi TiBBiCi BUKOHYIOTh Ha 3TMHAHHS Ta 3pi3aHHS,
JiaMeTp MiBBiCI BHU3HAYAIOTh, BHXOASYM 3 MAKCHMAJIBHOTO 3THHAIIBHOTO
MoOMeHTY. ['Hi3[10 po3paxoBy€eThCS HA MUTOMHIA THCK.

Po3paxyHOK BaXKiJIbHOTO KaHTyBaya BHUKOHYETHCS 3a METOIHMKOIO,
HaBezeHoo B [3, 4] i Ha migcraBi po3paxyHKOBOi cxemu (puc. 4.24).
Buxinni nani — B Jlonatky A, tada. A.10.

Po3paxyHok Jniamerpa TiIpONMIIHJpa BUKOHYIOTH 3 ypaxXyBaHHSIM
MaKCHMaJIbHOI CHJIM Ha IITOKY [3, 4].
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4.7 BaxiJIbHO-KHUKKOBI KaHTyBaui

OcHOBHA KOHCTPYKTHMBHA iJesl BaXiTbHO-KHHXKKOBOTO KaHTyBaua
(puc. 4.25) nonsirae B HaXWIi OCi MPUBOJIHOTO TiAPOIIIIIHApPA — TOMKpaTa 6
II0ZI0 BepTUKaIl i B CHHXPOHHOMY TMOBOpOTI BaxeniB 2, 7, 10, 12 mpu
CKJIaJIaHHI Ha ff = 96° Ta po3KIaaHHi.
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1 i 8 — miBuit i mpaBmii crenaxi, 2 i 10 — nmiBi mOBOpOTHI Baxkeni, 3 — 3'eqHyBaNbHUIN Bal,
4 — maTyHu, 5 — HaNPSIMHI JUIS TOB3YHA, 6 — TigpormiHAp, 7 1 12 — npaBi MOBOPOTHI
BaXkell, 9 — monoTHMUIIE, sIKe 3BapioeThes, 11 — omopHi migmuITHIKY, 13 — BepXHS BiCh
maTtyHa, 14 — roioBka maryHa, 15 — 3'eqHyBasbHUH TpyOUacTHil Ban
PucyHok 4.25 — BaxiIbHO-KHI)KKOBHU#T KaHTyBay ISt TUCTOBUX BUPOOiB [3]
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BinH Moke BHKOpPHCTOBYBAaTHCS JUIA IIOBOPOTY B 3pydHE IS
3BapIOBaHHS IIOJIOKEHHS 3BAapHUX MOJOTHHUIN, ¢epMm Ta Oamok. s
3a0e3neueHHs OJHOYACHOTO MOBOPOTY 000X Map BaKeNiB KOXKHA Mapa
Ba)KEJIIB Mae€ 3’ €IHyBaJIbHUN BaJl, SKHI )KOPCTKO 3’ €THY€E JIBa BaXKelli.

Leit kanTyBa4 € yHiBepCaIbHAM, THIIOBUM. ICHYIOTH 1 crierianizoBaHi
KaHTyBadl pI3HUX KOHCTPYKIIHA. 3a3BW4ail BOHH 3aCTOCOBYIOTHCS B
CepiiHOMY i MacoBOMY BHUPOOHHIITBI; MPOEKTYIOTHCSI 1 BUTOTOBISIOTHCS B
IHIWBIAyaTbHOMY TIOPSAKY.

Buxigaumu manumu (Jomatok A, Ttabm. A.1l) mis po3paxyHKY
BaXXUTbHO-KHIDKKOBOTO KaHTYBaua € HAaBaHTAKCHHS KaHTyBaya y BUTJISAIL
Barn BUpoOy Ta TOJIOKEHHS HOTO IIGHTpa Bard, a TakoX KiHeMaTH4YHa
CXeMa IMPUBOJHOTO BaXKUJIBHOTO MeXaHi3My. Buxonsum 3 po3paxyHKOBOT
cxeMu (puc. 4.26), BU3HAYAIOTh CWJIM Ha IIATyHi, MOB3YHi, INTOLI i CHIY,
gKa Ji€ Ha BiCh TOJIOBHOTO IIapHipa TOBOPOTHHUX  Ba)KeliB.
PospaxynkoBumu OymyTh HaWOUIBIII 3 MOXKIWBAX 3HA4€Hb CHII Ta
MOMEHTIB.

1 — Baxiyb KaHTyBaua, 2 — MIaTyH, 3 — MIOB3yH, 4 — MTOK, 5 — TIAPOIIIIHID

Pucynok 4.26 — Po3paxyHKOBa cXeMa BaXilbHO-KHUKKOBOTO KaHTyBaua [3]

v 3B’$[3Ky 3 TUM, IO KAaHTyBa4d Mae€ JiBa ,Z[BOBa)KiJ'ILHI/IX MeXaHiSMI/I,
TO PO3PAaXyHOK JOPEYHO BECTH JUISI OJHOTO MEXaHi3My, BUXOIIYH 3
ITOJIOBUHHOT'O HABAHTAXXCHHSA KaHTyBayda.

MCTO)II/IKa 1 pOSanYHKOBi CXCMHU BAXKCIISI KHHKKOBOI'O KaHTyBada
HaBezieHi B [3, 4].
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5.8 YuiBepcaabHhi 3BapioBajibHi o6epraui

VYHiBepcanpHICTh TakuxX oO0epTadiB MOJsIrac B TOMY, IO BOHH
MOXYTh BHKOPHUCTOBYBAaTUCh B SIKOCTI 00epTayiB, MaHIMyJATOPIB,
KaHTyBadiB Ta MO3HIIOHEPIB.

Jo ckmajgoBuX YacTHH YHiBEPCAaJbHOTO obOepTaua BXOAATH (pHC.
4.27) xopryc 1 3 MexaHI3MOM HaXWJICHHS TUIaHIIAWOM, CTi (TpaBepca) 2 3
IJIaHIIai0010 3 1 MexaHi3MOM 0OepTaHHS.

obepranus

Pucynok 4.27— Cxema yHiBepcanbHOro obepraua [4]

VuiBepcanpHi  oOepraui  (MaHimynsTopu) 1 TO3WI[IOHEPH
KOHCTPYKTHBHO HE BIJIPi3HSIOTHCS, TOMY IO BUTOTOBIISIOTHCS 3
yHi¢pikoBaHUX (HYHKI[IOHATBHHUX BY3JiB. BOHM MaloTh J[Ba MEXaHI3MHU: I
o0epTaHHs IUIaHMANOW Ta ans 1i HAXWIy MiJ BIAMOBITHUM KyToMm. Sk
NpaBUIIO, MEXaHI3MH HaxWily IUlaHIaiOuW 3a0e3neuyloTh Haxwia 3
MOCTIHHOIO MIBUKICTIO 1 00J1a/IHAHI €TEKTPOIPHUBOIOM 3MIHHOTO CTPYMY 3

ACHHXPOHHUM JBHUT'YHOM.

OG'ekTaMy KOHCTPYIOBaHHS Ta pPO3pPaxyHKy B 3BaprOBAIbHUX
MaHIIMyJIATOPAX €:

- MeXaHi3M 00epTaHHs BUPOOY BiIHOCHO BiCi IIMHIEIS;

- MeXaHI3M HaXWIy IITHHIES;

- Hecy4i KOHCTPYKIIiT HOro 00epTOBOI i CTalliOHAPHOT YaCTHH.

Po3paxyHkoBa  cxema  MexaHi3My  oOepTaHHS  IUIaHIIAiOH
MaHiImyJIsTOpa HaBeJleHa Ha puc. 4.28.

Buxinui nani — B Jlonatky A, tadma. A.12.
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AR TR IR NN
6)
a — HaxWJIeHe MOJIOKEHHS IiJ] JOBUTEHIM KyTOM @ , 6 — HaXWJIEHE TTOJI0KEHHS i
KYTOM @y, 6 — TOPH3OHTANIBHE TIOJIOXKEHHS [IPH & = 90°
Pucynok 4.28 — Po3paxyHKOBi CXeMHU MexaHi3My 00epTaHHS MaHimyIaToOpa
MexaHi3M o0epTaHHS IUIAHIIAWOM YHIBEpCaJbHOIO OOepTaua
(MaHinynsiTopa) OOJNIaAHAHWN ENEeKTPOIPUBOJOM TOCTIHHOTO CTPyMy 3
€JIEKTPOMAILIMHHUM HiJICHIIIOBA4YEM 1 3a0e3meuye o0epTaHHS 3BapIOBAHOTO
BUPOOY B IIIMPOKOMY JTialla30H1 3BapIOBAILHUX IIIBUIKOCTEH.
Y 3anexxHOCTI BiJl BaHTAXOIIAMOMHOCTI  PO3PI3HAIOTH  TakKi
MaHIIyJISTOPU Ta MO3HULIIOHEPH:
a) jerki — 1o 500 krc;
0) cepeani — Big 500 xre g0 2000 kre;
B) BaxKi — 10 10 000 krc i OinbLie.
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Buxonsum 3 po3paxyHKOBOI CXeMH, MaKCHUMAaJIbHUN €KBiBaJICHTHUN
3THHANBHANA MOMEHT y HaWOiIbI HeOe3NmeuHOMY Iepepi3i IMIMUHASTS — B
i IIATHUKY A:

Mg max = G\ h? +e?

Po3ramryBanHs Bexy4oi 1 BeneHOI 3yOuacTux ILIecTepeHb Ha Baly B
nonoxenusix [, 11 abo III (puc. 4.28 ¢) BIiIMBa€ Ha BEJMYMHY TIIOYHMX Ha
HIMWHAETh MOMEHTIB Ta ONOPHMX peakmid. Bemydy mectepHro, sk
MIPaBIJIO, PO3MIMIYIOTh YHH3Y. B 3aJI€KHOCTI BiJl MOJIOKEHHS 3yO04UacTHX
IIECTEPEHb HEOOXITHO PO3paxyBaTH AiaMeTp IIIMHHILIS 1 IEPEBIPUTH HOTO
Ha MIIHICT, 1 BHUTPUBANICTh, & TaKOX IEPEBIPUTH HA KOPCTKICTh —
3ruHaNbHY (A) 1 KpyTHIBHY (0).

IloTiM MO KPyTHOMY MOMEHTY Ta MaKCHMaJbHiil 4acTOTi oOepTaHHs
HIMAHAENS 13 ypaXyBaHHSM BUTPAT Ha TEPTS B MiJUIMIHUKAX Ta 3aTalbHOTO
KKJI mpuBogHOTO MexaHi3My TpeOa BU3SHAYUTH MOTYKHICTh pruBoaa N.

3a TOTYXKHICTIO 00OpaHOTO EeIEeKTPOJBHUTYHA 1 KIHEMATUYHOI CXEMH
MPUBOJTHOTO MEXaHI3My BU3HAYAIOTHCSI PO3MIPH BCIiX CIIEMEHTIB MEXaHI3My
(BamiB, 3y0OuacTux mepenay, MiAMUIHUAKIB Ta 1H.) METOJAMH PO3PaAXyHKY
JeTajeii MamuH [5].

Jns  BU3HAUCHHS PO3PAaxXyHKOBOTO HABAaHTAXKEHHS MeEXaHI3My
HaXWICHHS HEOOXiHO PO3MISIHYTH JiBa HEOE3MEeYHUX TIOJI0KEHHS:
ropusoHTanbHe (puc. 4.29 a) ta HaxwmieHe (puc. 4.29 0, B).

Haii0inpmmit BaHTa)KHUH MOMEHT BiTHOCHO OCi HaXWJEHHS Oyie y
IpyromMy (HaXWJIEHOMY) TIOJOXKEHHI, MpH SKOMY IUlede Jii BaHTaXKHOTO

MOMEHTY J0CAra€ MaKCHUMAaJIbHOI'O 3HAYCHHIA +/ h% + ez, a MaKCHMaJIbHUN
BaHTa)XHUHA MOMEHT:

My, = G\/h? + €2

Buxojs1uu 3 IbOT0 BU3HAYAETHCS TOTYXKHICTh MPHUBOAY 1 OKPYKHE
3yCHIIISL Ha 3y04acTUX CEKTOPaX.

Po3paxyHkoBi GopMynu Ui BU3HAYEHHS CHIOBOTO HAaBAHTAXECHHS
MeXaHI3My HaxXwIy 3BaplOBaJbHOTO obepTaya i METOMKa HOTO PO3pPaxyHKy
HaBejieHi B [3, 4].

[igmunavkr ans nang NOBOPOTHOI TpaBepcu BUOUPAIOTHCS 3
ypaxyBaHHSIM ONOPHUX peakuii. J{isi miAIMIHUKIB KOB3aHHS PO3PaxyHOK
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BUKOHYETHCSI Yepe3 JOMyCTUMHHA NHTOMHHA THCK, a IJIs MiAIIUAITHUKIB

KOYEHHS - 3 ypaxyBaHHAM AiameTpa mandu abo MIMHHIENS Ta TOMYCTHMHAX
HaBaHTa)XeHb, HABEICHHUX Y KaTajorax MIapHKo- i POIUKOMIIIINITHHKIB.

i e A
A !
L= | o
| o
il o
G
Y
|
a) PP P PP PP PP PP PPl rlrs

R; (h,&na + cCosa)

a) — TopHu30HTaJIbHE NOJIOkKeHHs Tpr @ = 90° ta f = 0; 0) — HaXKUJIEHE TTOJIOKEHHS TTi ]|
kyroMm @ = 90° — ¥, Ta § = 90°; B) — HaXWUJIEHE MOJOKEHHS ITi]] JJOBITBHAM KyTOM
Pucynok 4.29 — Po3paxyHKOBI CXeMH MEXaHi3My HaxWJIEHHs YHiBepcalbHOro obepraya [4]

[ToBopoTHa TpaBepca yHiBepcalbHOro obepTada aHajioriqyHa oanii Ha
JIBOX OIOpax, HABAHTA)XEHOI 3TMHAJBHUM Ta KPYTHAM MOMEHTaMH.
Po3paxyHOk Takoi TpaBepcH Ha MIIIHICTh Ta OPCTKICTh BUKOHYETHCS 32
thopmymamu kypcie «Orip maTepianisy i «Jlerani mammn» [5, 6].

5.9 ITiniioMHO-MOBOPOTHI KOJIOHM

Tunosi noBopotHi kononu (I1K) BunmyckaroThcs 4OTUPHOX OCHOBHHUX
mopeneii: TTK-1, TTK-2, TIK-3 i [TK-4. KoxxHa 3 HUX sIBIIsiE COOOI0 TIPUCTPIit

JUTS. HACTAHOBHUX TIePEMIllIeHb 3BapIOBaJIBHOTO anapary 3a TpboMa B3aEMHO
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MEPIICHANKYISIPHUMYA HAaIlpsIMaMH: JBa — NPSMOINIHIAHI (BepTHKaIbHE 1
TOPU30HTAJBHE) 1 OJJHE — KPYTOBE, IIOBOPOTHE HABKOJIO OCI KOJIOHH.

[Ipu 3BaproBaHHi KinbueBuX MmBiB HiamerpoM 600-2000 MM Moxe
3actocoByBatucsi komona IIK-1 (puc. 4.30) 3 HecaMOXigHUMH
3BapIOBAIFHUMHU arapaTaMu, 3aKpiliieHUMH Ha BUCYBHIM KOHCOJI.

800-2400

1 — mpuBix miaiiomy, 2 — KapeTka, 3 — KOHCOJIbHA IITaHra, 4 — 3BapIOBaIbHUIT anapar,
5 — moBopoTHA YacTHHA KOJIOHH, 6 — HEpyXoMa Mi/IcCTaBKa
Pucynok 4.30 — IToBopotHa konona ITK-1 [3]

Ilpy 1upoMy 3BaproBaHHMi BUpIO 00epTaeTbcs 3 MIBHIKICTIO
3BapIOBaHHS 32 JIONIOMOTOK MaHimyssTopa, obepraya abo POJMKOBOIO
creHna. Iligiiom, omyckaHHs 1 BHCYHEHHS IITaHTH, BHKOHYETHCS 3a
JIOTIOMOTO0 BiJIIOBIIHUX eJeKTponpuBoiB. [IIBuakicTs migioMmy 2 M/XB,
HIBUAKICTh BHCyBaHHS — 1 M/xB. OOuaBa MexaHi3mMu (migdOMHHMN 1
BUCYBHHI) TIPYHTYIOThCS Ha 3aCTOCYBaHHI XOJOBHX TBHUHTIB, IO
NpUBOIATECS B OOEpTaHHA CINEKTPOABUTYHOM 4epe3 /MBI HapH
MUWIHAPUYHUX 3yO4yacTux rmepenad. [loBOpOT KOJNOHU 3IIHCHIOETHCS
Bpyuny. [lpu 1mpoMy Hemae moTpeOu OCOONMBUX 3yCHib, TaK SIK BCS
YaCTMHA M0 OOEPTaEThCs 3MOHTOBaHA Ha MAMIUITHUKAX KOYECHHS.
[oBopoTHuUil mpucTpiii 3abe3neueHnid pyYHHM CTOTIOPOM 1 0OMeKyBauamMu
KyTa TIOBOPOTY, 1110 PETYIOIOTHCS.
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IToBopotHa kosoHa I1K-2 (puc. 4.31) Biapizuserscs Big kononu I1K-
1 TuM, MO 3aMicTh BUCYBHOI TOPH3OHTAIBHOI INTAaHTH BOHA 3a0e3redeHa
MiAOMHOI0 KOHCOJIBHOIO 0ajikoro, MO SIKii mepecyBaeTbcs CaMOXiIHUI
3BapIOBAJILHUI aBTOMAT.

3000
10640
e

4300

1009

RS !
L o
3300

|
|

1 — npuBox migiiomy, 2 — KapeTka, 3 — KOHCOJIbHA IITaHra, 4 — 3BaproBaJIbHUIT anapar,
5 — moBOpOTHA YacTHHA KOJIOHH, 6 — HEpyXOMa ITiICTaBKa
Pucynok 4.31 — IToBopotHa kosona [TK-2 [3]

3aBAgKkM 1bOMY 3a foromororo konoHu [IK-2 moxHa 3BaproBaTH He
TiNBKY Kpyrosi mBHu giamerpom 600-2000 MM, a i mpsiMi, SIKi po3TalIoBaHi
palliaibHO MOJI0 OC1 KOJIOHU 1 MaroTh AOBXKHHY 110 1800 MM. B iHImOMY 1151



32

KOJIOHA CKJIAJIA€ThCS 3 THX XKe YHipiKoBaHUX By3iB, 1o i [TK-1.

[oBopoTtHa konoHna [1K-3 (puc. 4.32) Biapizuserbes Bix [MK-1 1 TTK-2
OLMBIIMMK PO3MipaMH, a TAKOXK THM, IO 3aMiCTh PaJialibHOI KOHCOJIBHOT
Oanku (sx B I1IK-2) 1m0 KapeTkw NPUKPIIUICHWH OaIKOH 3 MO3IOBKHIMH
peiikamu Ha QacajHili CTOPOHI JUIS CAMOXIJHOTO 3BaprOBalIbHOTO amapary,
a TaKoX 3 JIIOKOM B TMIUIO31 TSI MOMJIMBOCTI POOOTH 3BaprOBAIBHUM
TPaKTOPOM.

- — |} feri g
==

o [ 3600
o == '

1 — HepyxoMma Ti/IcTaBKa KOJIOHH, 2 — KOJIOHA, 3 — KapeTKa,
4 — MexaHi3M migiiomy, 5 — 6ankoH
Pucynok 4.32 — INoBopoTHa kosona ITK-3 [3]

HasBricTs 6ankona B konoHi [IK-3 3amicTe kKoHCONMBHOI Oanku abo
IITAHTH  OOYMOBJICHO HEMOXIIMBICTIO OOCIYrOBYBaTH 3BaprOBaJIbHY
amapatypy Ha BEJHUKIH BHCOTI 3 MIUIOTM 1 HEOOXIJHICTIO IPUCTPOIO
3py4HOIO i Oe3nevHor KabiHW IS 3BapHMKA MOOJM3Y 30HH 3BaplOBaHHS,
TaK SIK 11 JOBOJUTHCSI BECTH Ha BUCOTI JIO 5 M.

Kosnona I1K-4 3moHTOBaHa 3 THX k€ YHI(pIKOBaHHMX BY3JiB, L0 1
komona IIK-3, 3a BuHATKOM O0anKkoHa, 3aMmiCTh SKOTO JO0 KapeTKH
MIPUKPIIJICHa KOHCOJbHA Oayika, aHAJIOTiYHO TOMY, SK 1€ 3pOOJICHO ¥
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kojoni I1K-2. 11 Ganka 3a0e3meueHa TOPU3OHTATHPHIME HaIPABISTIOIHNMHI
(pefikaMu) 7151 CAMOXiTHOTO 3BapIOBAJIHLHOTO amapary.

Konona IIK-4 Bigpisuserbes Big konoHu [1K-2 Tinpku OiLnbIIuMu
po3MipaMu. Y KOHCTPYKIIIT i€l KOJIOHU He TiepedadyeHa creliaibHa KabiHa
Uit 3BapHuKka. HeoOximai mist ii oOcimyroByBaHHA MicTku abo OankoHH
CTHIOPY/DKYIOTBCSL 32 MICIIEM 3alie)KHO B NMPH3HAYCHHS 3BapIOBAILHOI
YCTaHOBKH 1 p0o3MipiB BHPOOY.

5.10 3paproBaibHi Bi3kn

Bynp-fika 3 pO3IISIHYTHMX BUIIE THUIOBHX KOJOH MOXe OyTH
BCTaHOBJICHA HA CAMOXiJHOMY Bi3KY 3 PEryJIbOBaHOI POOOYOI0 MIBUAKICTIO
1 B IbOMY BHIIAKY YTBOPIOE TaK 3BaHH 3BapIOBAJILHUI Bi30K.

Bizku st 3BaproBalibHUX amapariB, y TOPIBHSIHHI 3 KOJIOHAMH,
JTO3BOJISAIOTH INEPEMIlIaTH 3BapIOBAJIbHI arapaTh Ha BEJUKI BiICTaHI Npu
3BapIOBaHHI NPSMOJIHIHHUX IIBIB.

Bizku mpusHaveHi I TepeMillleHHS 3BapIOBaJbHUX arapariB 3
MIBUIKICTIO 3BapIOBaHHS Ta 3 MapIIOBOIO IMIBHIKICTIO. B 3amexHOCTI Bin
KOHCTPYKTHBHOTO OQOPMIICHHS PO3PI3HAIOTH TaKi CAMOXiIHI Bi3KH:

- BEJIOCHIIEHI;

- TJIaroJibHi;

- IOPTaJIbHI;

- cremianbHi, SKi TpHU3HAYeHi it OOCIYyroBYBaHHS OKPEMHX
orepartii.

5.10.1 BeaocunenHi Bizkn

Benocunenni Bi3KM TNpH3HAYEHI JUIsl MEpEMIlllEHHS 3BaprOBaIbHUX
amapartiB 3 MapLIOBOIO IIBHAKICTIO a00 31 MIBHIKICTIO 3BAapIOBaHHS IPH
3BapIOBaHHI KiJIbIIEBUX Ta MPSAMOJIiHIHHX IIBIB.

Pospisusitors Benmocumnenni Bizku (BT-1 i TBC-3,2/2) [3, 4] mis
HECaMOXIIHUX 3BaproBalibHUX amnapatiB tuny Ab, A-384, A-626 Ta iHmmx
IpY 3BaprOBaHHI NPAMOJIHIMHUX Ta KinbLeBUX mBiB (puc. 4.33), a TakoX
Benocurnienni Bisku (BT-2 1 BT-4) ansg caMoxiHUX 3BaproBajbHUX
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amapariB, TPU3HAYCHUX I 3BapIOBAaHHA NPSAMOTIHIHHUX TOMEPEYHHX,
MO3I0BXKHIX 1 KinbleBux mBiB (puc. 4.34). Ha 1mx Bi3kax BCTaHOBIEHI
noBopotHi kononu [1K-1, T1K-2, TIK-3 i I1K-4 BimmoBigHo. Bizok Moxe
nepeMinryBaTiuch 3 pobodoro mBUAKicTIO 3BaproBanHs 0,3-1,3 m/xB Ta 3
MapIIoBOIO IMBHAKICTH 13 M/xB. PoOo4a MIBHIKICTH PETYIIOETHCS IIABHO
3a JIONIOMOTOIO JIBUT'YHA MTOCTIHHOTO CTPYyMY.

S00-2800

1 — CTONMK-TIIUTOKITHUK, 2 — HECAMOXIiTHUH 3BapIOBAIbHAN anapart, 3 — IMyJIbT yIpaBIiHHS,
4 — migifoMHUIT MeXaHi3M, 5 — XOJIOCTI POJIMKH, 6 — BUCYBHA IIITaHTa, 7 — KapeTKa,
8 — konona I1K-1, 9 — HwxkHe mraci, 10 — mpuBoa Bizka
Pucynok 4.33 — Bizok Benocuneanuit BT-1 1i1s HecaMoxiqHHX 3BaproBalibHUX anapartis [3]
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1 — BepxHi pOJIMKH, 2 — MEXaHi3M MiTHOMY KapeTKH, 3 — KOHCOJIb 3 HAalPaBJIAI0YNMH,
4 — kapetka, 5 — kosnona [1K-2, 6 — HwkHe maci, 7 — MpUBIJ Bi3Ka
Pucynok 4.34 — Bizok Benocureqauii BT-2 11t caMOXiJHUX 3BaproBaibHUX arapaTis [3]
Benocunenni Bi3kM NEpeMINIYIOTHCS BOMA peHKaMH: MO HIDKHIN
peiili Ha KaTkax Ta MO BEpXHiM HampsIMHIA, M0 3aKpilieHa Ha KOJOHAaX
nexy abo Oimst crinu. [lpwm iX po3TamryBaHHI B iHIIMX MicHSIX HEOOXiTHO
MaTH CHelialbHI METAIOKOHCTPYKIIIT JJIS 3aKPITUIEHHS BEPXHBOI peHKH.
Benocunenni Bi3kH 3aiiMaroTh HEBEJIMKY BUPOOHNYY IIJIOILY, A€ MpU
BUKOPHCTaHHI IIEXOBUX KOJIOH HEOOXiJIHO MaTH Ha yBa3i, M0 y BHITAIKY
HEOCTAaTHBOT 11X JKOPCTKOCTI KOJHMBAaHHS, 30y/KEHI TepeMillleHHsIM
MOCTOBOTO KpaHy, MOXYTh TIepelaBaTHCs 3BaplOBabHOMY amapary i
BIUIMBATH Ha SKICTh 3BapHOIO I1IBA.

5.10.2 I'naroanHi Bi3kn

Bizku I'-momiOHOi KOHCTPYKIIi mNpH3HAYECHI JUIS TepeMilieHHs
3BapIOBAILHUX arapariB 3 MaplIoOBOI IIBUIKICTIO a00 31 IIBHIKICTIO
3BapIOBaHHS MPH 3BapIOBaHHI KUIBIEBUX IIBIB Ta IO3J0BXKHIX IIBIB
BEJIMKOI MPOTSIKHOCTI. Ix BiAMIHHICTP BiJl BEJOCHIICIHUX MOJIATAE JIMIIE B
TOMY, IO BI30K IEPECYBAEThCS IO HA3EMHIM JBOPEWKOBUW KOMIl 1 HE
norpedye BepxHbOI MOHOpeWku. OpHaK, MpH BEIMKUX pPO3Mipax
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3BapIOBaHMX BHPOOiB, I'-TomiOHI BI3KM MAarOTh HEAOCTATHIO JKOPCTKICTH
yepe3 30UTBIICHWHA BHWIIT KOHCONI Ta 3aiiMalOTh BEIHKY IUIONLY Y
MOPIBHSIHHI 3 BEJIOCUTICTHUMHU.

I'naromeHmii Bizok I'T-1 mae Tpu mpuBoAW: MepeMilleHHsS Bi3Ka,
migioMy Ta OMyCKaHHsS KapeTkd 1 BUcyBaHHs mTanru (puc. 4.35). Bizok
I'T-2, B mopiBastHHI 3 I'T-1, Moke moBepTaTiCch Ha 360° B OCHOBI.

Ee—x
e
)

800-2500

1640

1 — MUTOK-TIUTOKITHUK, 2 — 3BapIOBAILHII ammapar, 3 — myJabT yIpaBIiHHS, 4 — MEXaHi3M
ninifoMy KapeTku, 5 — miTifoMHUIA TBUHT, 6 — BUCYBHA IITaHra, 7 — KapeTka, 8 — KoJloHa,
9 — Bi3oK, 10 — mwada anapaTypu ynpasiiHHS
Pucynok 4.35 — I'nmaronbsHuii Bi3ok [3]
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5.10.3 IopTranbHi Bi3kn

IlopranbHi Bi3KM TNpU3HAYCHI IS MEPEMIIEHHS CaMOXIiTHUX
3BapIOBAIGHUX amapariB NpH 3BaplOBaHHI 30BHINIHIX NPSMONIHIAHHX 1

KIUTBIIEBUX IIBIB KPYITHOTa0apUTHUX BHPOOIB.
[opraneni Bi3ku (puc. 4.36) [3, 4] mepemimryroTbesl MO peiikax,

pO3TalIoOBaHMX 3 JBOX CTOPIH BUPOOY.

Hy)

Al it

?85 0 (3taxc.)

1

3100 (xio barxo

7750

1 — moHopetika, 2 i 12 — konoHH, 3 — kapertka (2 mT.), 4 — purens, 5 — podounii GaIKoH
Bi3Ka, 6 — pemyKTop, 7 — KiHIIeBUil BUMUKaY, 8§ — €IEKTPOBUTYH, 9 — 3'eAHYBaJIbHUIH Ball,
10 — xanaTHmit 6apaban (2 mr.), 11 — 610k (2 mT.), 13 — peiikoBi maci (2 mr.)
PucyHok 4.36 — Tlopransuuii Bi3ok [3]
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Taxi Bi3kM MarOTh HaHOUIBITY >KOpCTKicTh. [Ipn Bemukux rabapurax
3BapIOBAaHUX BHPOOIB KOHCTPYKIliS TOPTaIbHUX Bi3KIB YCKIIAJTHIOETHCS
yepe3 HEOOXiAHICTh 3a0e3nmeueHHs >KOPCTKOCTI IMOpPTaly 3 BEIHKUM
NpoNLOTOM. J{JIsl 3BaproBaHHSI 3aCTOCOBYIOTHCSI 3BapIOBaNbHI TPAKTOPH, a
Opyd  JIONAaTKOBIM  yCTAaHOBII  pEHKOBHX  HANPSAMHHX  MOXYThb
3aCTOCOBYBATHCH 3BapIOBAJIbHI TOJIOBKH.

5.10.4 HanpsimMHi 1J191 3BapIoBaJbHUX anapaTiB

Hanpsmai npu3HadeHi Ui mepeMilleHHs] 3BapIOBaJbHUX arapartiB
MpH  3BapIOBaHHI MPSAMONIHIMHMX TBIB. Sk TmpaBwio, HAMpsIMHI €
KOHCTPYKTUBHUMH €JICMEHTaMH KOJIOH 1 caMOXimHuX Bi3kiB. OmHaK psi
KOHCTPYKIIIH HapsAMHUX Ma€ CaMOCTIliHE 3aCTOCYBaHHs. PO3pi3HsIOThH Taki
BUJIU HATIPSIMHUX:

- HaIpsIMHI iBICHI;

- KOTYy4i OamnKu.

Kotyui 6anxu (puc. 4.37) npu3HaueHi s IepEMIIIeHHsT CaMOXiTHUX
3BapIOBAIFHUX AamnapaTiB MPU 3BaprOBaHHI MPSAMONIHIMHUX IIBIB 0OaloK,
KOJIOH, HWJIIHAPUYHUX COCYHIB Ta iHIIMX BHUPOOiB. Taki KOTy4i Oajku He
MaloTh MEXaHI30BaHOTO MPHUBOMY s HepeMimenHs. s dikcamii 6amkn
Ha JTiHi1 mBa nepeadadeHi cronopHi npuctpoi [3, 4].

AN

2 ¥4

——.-h:_ i

1 - xornonana, 2 - mrypsai, 3 - koty4a 6anka, 4 - HPUBOIHHI BaJl,
5 - 3BaproBaJIbHUI aBTOMAT, 6 - MOHOpElKa
Pucynok 4.37 — Kotyua Gaska [3]
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5.10.5 Po3paxyHok 3BapiOBaJIbHUX Bi3KiB Ta HeCyYHX KOHCTPYKIiii

OcHOBHMMH 00'€KTaMH PO3PaxyHKY Bi3KiB € MeXaHI3MH MepeCcyBaHHS
1 X0/I0Ba YaCTHHA Bi3Ka, MEXaHI3MU Mi[iiMaHHS Ta BUCYBaHHS KOHCOJIBHOT
IITAHTH, HeCy4a KOHCTPYKIIisl.

Po3paxyHOK MOYMHAIOTH 3 BU3HAUEHHS OMOPHUX PEaKLild XOJOBHX
KOJIC IO 3aJaHiii Ba3i Bi3Ka Ta IMOJOKCHHIO Horo IieHrta Baru. Jis
pO3paxyHKy HEOOXiIHO BHOpaTH HAMOLIBII HEBUTINHE HOTO TOJOXKEHHS.
Take MONOXKEHHS 1. B. BUOUPAETHCS TPH MAaKCUMAITBHOMY BHJILOTI INTAHTH
31 3BapIOBAILHOI0 TOJOBKOKW. PO3paxyHKOBI CXEMH pi3HUX THIIIB
3BapIOBAIHUX Bi3KiB MpeCTaBIIeHI Ha puc. 4.38.

Buxingai gani mias po3paxyHKY Bi3KiB HaBe/l€HI B JoAaTKy A (tabi.
A.13, A.14, A.15, A.16)

@ — BEJOCHIIEIHA, 6 — IJ1arojibHa, 8 — IOPTajlbHa, 2 — MOCTOBA, 0 — KOHCOJIBHA,
€ — cXeMa pO3MO/IiIIiB 3yCHIIb Ha KoJieca OJHI€T peiKH
Pucynok 4.38 — Po3paxyHKOBi CXeMH 3BaplOBaIbHUX Bi3KiB [3]

MeToaukn po3paxyHKy 1 TepeBipka 3amacy 34YeIUieHHs KOJic 3
peiikoro npescTasieHi B [3, 4].

3a 3HaWJICHUM 3yCWUISIM, JiF0YMM Ha XOJOBHX KOJIECax, BU3HAYAIOTh
niaMerpu iX BaliB 1 BICIB, KOPHUCTYIOYHCh METOJHMKOI aHAIOTIYHOTO
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PO3paxyHKy POJMKOOIOP POJMKOBUX CTEHIIB [3, 4], a TakokK 3araJbHUMH
METOJIaMHU PO3PaXyHKy naetaneit mammH [5].

Jaui cnin po3paxyBaTH MEXaHi3M IiTHIMaHHS KapeTKU Ta MEXaHi3M
BHUCYBaHHs INTAHTH, BIAMOBIAHO 70 METOAWK, HaBeAeHuUX B [3, 4].
Buxigaumu gaHUMH Ui pO3paxyHKy € TACYMKOBa Bara ycix
KOHCTPYKTHBHHX YaCTHH Ta MMOJIOKEHHS 1X [ICHTPa Bary.

Po3paxyHKoBI cXeMHM Ta KOHCTPYKLil O3HaYeHHX MeXaHi3MiB
HaseneHi Ha puc. 4.3914.40 ta B [3, 4].

Ilicns  3aBepmieHHS ~ MEXaHIYHMX  PO3pPaXxyHKIB  HEOOXiTHO
po3paxyBaTd MOTY>KHOCTI €JNEKTPOABHTYHIB MeXaHi3My migiiomy 1
MEXaHi3My BUCYBaHHS IITaHTH, BUOPATH BIIIMOBIIHI JABUTYHU 3 JIOBIJIKOBOI
JiTepaTypH.

1 — konoHa, 2 — KapeTKa, 3 — KIIMHOMOAI0HA pelika, 4 — pOJIHK, 5 — eKCLIEHTPHYHA BiCh
poJhka
Pucynok 4.39 — Po3paxyHKoBa Ta KOHCTPYKTHBHA CXEMH
MeXaHi3My MiJHIMaHHs KapeTku [4]
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5.10.6 Po3paxyHOK Hecy4HX KOHCTPYKIiii 3BapioBaIbHUX Bi3KiB

HecyunMu KOHCTpYKLISIMH 3BaplOBANIbHUX BI3KiB € 3aKpiIUieHi Ha
1Iaci pisHOMaHITHUX Bi3KiB KOJIOHH 3 IMiIHOMHO-BUCYBHUMU KOHCOJISIMU Ta
YCTAaHOBJICHUMH Ha HHX 3BapiOBAIbHUMH  aBTOMaTamu. [IpykHa
nedopmaniisi Hecy4ol KOHCTPYKLii He TOBMHHA BHUKJIMKATH BiIXUJICHHS
KiHLS €JIeKTPoJa y TOPU30HTAILHOMY i BEPTHMKAIbHOMY HampsMKax Ha
BCJIMYUHY OUIBIIY BiJl pEriIaMeHTOBAHOI TEXHOJIOTI€I0 3BaproBanust [3, 4]. ¥
3B’SI3Ky 3 MM HECydl KOHCTpPYKIIi Bi3KiB MOBHWHHI BiJMIOBiIaTH yMOBaM
MIITHOCTI Ta JKOPCTKOCTI.
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9, 10,

1, 9 — xopmyc kapeTkH, 2, 6 — ITaHra BUCYBHA, 3, 4 — pONUK, 5 - peyKTOp, 7 — TBHHT
XOJIOBHH, 8 — BUTYH, 10 — MOBOIOK raliku
Pucynok 4.40 — Po3paxyHKOBa Ta KOHCTPYKTHBHA CXEMH MEXaHi3My BHCYBaHHS mrranru [4]
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Po3paxynkoBa cxema Hecy4oi KOHCTPYKIi 3BaprOBaIbHOTO Bi3Ka
mpeacraBieHa Ha puc. 4.41 wWa TpUKIami  TIArojJbHOTO  Bi3ka 3
MaKCHUMaJIbHUM BWJILOTOM Ta BUCOTOIO MiAHOMY INTaHTH, HaBAHTAKCHUX
30CEepEeIKEHOI0 CHUIIOI0 Ta PIBHOMIPHO PO3IOIIIEHUM HAaBaHTAKECHHSIM.
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Pucynok 4.41 — Po3paxyHKoBa cxemMa HeCy4oi KOHCTPYKIIii TIaroJbHOTO 3BapIOBaIBHOTO
Bi3ka [4]

Y MoOCTOBHX Bi3kax (KOTyuMx Oajkax) BEpPTHKaJIbHE 3MIilLEHHS
eJIEKTPO/Ia BUHUKAE BHACIJIOK MPOTUHY OaJKH BiJ| CyMiCHOI Baru OajkH 3
amapaToM Ta 3aKpydyBaHHA Oallkl BHACHiIOK EKCLEHTPUYHOTO
pO3TallyBaHHS LIEHTpa Baru anapara. | opu30HTaJIbHE 3MILIEHHS eJeKTpoaa
BUHHUKAE TUIBKH BiJl 3aKpyTy Oayiku (puc. 4.42).

AHAIIOTIYHO TPOBOJUTHCS PO3PAXyHOK Ha BUTWH 1 3aKpy4yBaHHS i
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KOHCOJIbHUX HECYUUX 63.]'[01(, SAKIIO LEHTP Barv 3BaprOBAJIBHOI'O arapary

eKCIIEHTPUYHHHA TI0 BIAHONIIEHHIO JIO0 TMOMEPEYHOTO Iepepisy Oamku (puc.
4.42).

— e
[l

T T
Pucynok 4.42 — Po3paxyHKoBa cxeMma 3aKpydqyBaHHs 0aJKd MOCTOBOTO Bi3Ka
Buxonsum 3 yMOBH JKOPCTKOCTI Ha 3aKpydyBaHHSA, yCi Oailkw s

3BapIOBATLHUX Bi3KiB BUTOTOBIISIOTH 3aMKHYTOT'O KOPOOYaCTOro mpodiro.

5.11 BucnoBkn

Jatu crucily XapaKTepUCTHKY METOJUKH  PO3PaxyHKy, IO
BUKOPHUCTOBYETHCS B KYPCOBOMY TPOEKTI 1 OIIHKY PE3yJIbTATIB PO3PAXYHKY
3 TOYKH 30y IX BiJIIIOBIIHOCTI BUMOTaM 3aBJIaHHS.
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6 BKA3IBKHU IIOJ0 O®OPMJIEHHA
I BAXUCTY KII

6.1 Bumoru 10 ogopmieHHSI KypPCOBOr0 MPOEKTY

OdopmneHHs Ta HyMepalisi CTOPIHOK MOSCHIOBAJIBHOI 3aluCcKU
MOBUHHO BHKOHYBaTHC 3riaHo0 3 Bumoramu JICTY 3008:2015 [1] ta JICTVY
I'OCT 3.1001:2014 (€CTA) [2].

[MosicHtoBanbHa 3anucka (I13) mMae OyTH Ha apKymiax OJHOTO COPTY
6inoro manepy ¢opmaty A4 (210x297). 3 ycix 4OTHPhOX CTOpIH apKyIia
MOBWHHI 3alHIIATHCS TOdsA. Po3Mmip mojs HE MeHNI: JiBOro — 25 M,
mpaBoro — 10 MM, po3mip BEpXHBOTO i HIXKHBOTO — 20 MM.

Teker 113 apykyrots mrudptom Times New Roman 4opHOTro Koibopy
MPSIMOTO HAaKpeCcIeHHsI depe3 MiBTOpa MIKPAIKOBI iHTepBanmm Keriem 14.
BupiBHIOIOTHP TekcT mo MmwpuHI. Po3mip mpudTy 111 HaNHCaHHS
3aroJIOBKIB y psjKaX, KOJOHKax TaOJUIb 1 TMOSCHIOBAIBHUX JaHUX Ha
PHUCYHKaX, B TAOJHIIAX BCTAHOBIIOETHCS CTYIEHTOM CAMOCTIHHO.

TUTynBbHUIA JHMCT KypCOBOTO MPOEKTY € MEepLIMM apKymeMm i
odopmiroeTsest 3a popmoro (Jlogartox B).

Bci cTopiHkH KypcOBOTO IPOEKTY MalOTh OYTH CKPIIJICHi.

KoHcTpyKTOpChKa 4acTHHA MPOEKTy BUKOHYeThCs 3rigHo JCTY.

Kpecnennst 3BapHUX KOHCTPYKIill Ta By3JliB BUKOHYETHCS Ha JIUCTI
Al (594x841 mm) 3 HIUILHOrO OUIOrO mManepy i HAAalThCS Y TaKOMY
00’emi, 00 Oyio MOBHE i 4iTke 1X 300pakeHHS 3 yciMa HEOOXiTHUMHU
MPOEKIisAMU 1 31 crienudikaiiero Ha aeTam, SKi BXOAATH JO X CKIAAy.
OCHOBHI HAJNKWCH Ha KPECICHHSAX BHKOHYIOThCs 3rigHo 3 JICTYVY.
Crnemudikanis BukoHyeTbesi 3rizno 3 JICTY 3008:2015 nHa oxpemomy
apkymii i migmmBaetses 1o [13, gk momaTok.

HopmaruBHuII KOHTpOINs MpaBUiIbHOCTI qoTpuManHs BuMor JICTY,
CTII 3aificHIOE KEPIBHUK.

6.2 3axucT NMpoeKTy

3axucT MPOEKTY € 3aBEepIUATbHUM €TarnoM poOOTH 1 MPOBOAUTHCS
nepea Komiciero y ckimami 2-3 BHKIAAadiB kKadeapu, B TOMY YHCHI i
KepiBHHKA KypCOBOTO MPOEKTY, i3 3alPOIIECHHSIM CTY/ICHTIB.
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o 3axmcTy OJaeThes OBHICTIO 3aBepIieHa po0oTa, sKa MiAmrcaHa
aBTOPOM, KEpIBHUKOM TIPOEKTY. 3arajJbHHUI dYac, SKWA BiIBOAWTHCS IS
3axXHCTy MpoekTy cknagae 20-25 xBuimH, 3 akux §-10 XBHIMH HagaeThCs
CTYACHTY JAJIsl BUCTYITY, & PelITa 4acy — JJIsl BiAMOBi/Iei Ha 3amUTaHHS.

Orminka 3a TPOEKT CTaBUTHCS y crobanpHiM cuctemi. [lpm mpomy
BPAaXOBY€ETHCSL:

- IOBHOTA, SIKICTh 1 CAMOCTIHHICTS, BUKOHAHHS IOCTABJIEHOT 3a/1a4i;

- ohOopMIICHHS TIOSCHIOBAJIBHOI 3alMCKH, TpadidHoi YacTHHHU
npoekty (3rizHo Hopmam 'OCT, ICTY Tta CTII);

- 4iITKiCTh BUCTYITy CTYACHTA Ta MOT0 BiIOBiAl HAa 3aUTaHHS;

- TUTAHOMIPHICTh POOOTH HaJl IPOCKTOM;

- poboTa 3 JTeparyporo.

CryJneHrt, O HE MOJaB KypCOBUH MPOEKT y 3a3HAYCHHUN TEPMiH, abo
HE 3aXHCTHB HOTO 0€3 MOBAa)KHOI MPUYMHHU, BBAKAETHCS TAKUM, II0 MAa€
akajmeMmiuHy 3a0oproBaHicTh. llpm opepkaHHI HE3aJ0BITHHOI OI[IHKA
CTYJEHT 3a PIIIeHHSM KOMICii BHKOHY€E KYPCOBUM MPOEKT 33 HOBOIO TEMOO
abo mepepoOIsie MomepeaHI0 poOOTY B TEPMiH, BH3HAYCHUH JICKAaHOM
(akynbTeTy.

PEKOMEHJIOBAHA JIITEPATYPA

OcHOBHA

1. ACTY 3008:2015. Indopmarnis ta gokymeHTauis. 3BitH y cdepi
Hayku 1 TexHiku. CTpyKTypa Ta npaBuiia 0(OpMITIOBAaHHS.

2. JICTY TOCT 3.1001:2014 €guna cucTeMa TEXHOJIOTTYHOI
nokymentatii (ECTJ]). 3aranbHi MonoKeHHsI.

3. Ces6o ILUM. KonctpympoBaHue H pacdyeT MEXaHUIECKOTO
cBapouHoro obopyznosanus / [I.U. CeB6o. — K.: HaykoBa aymxka, 1978. —
400 c.

4. Kapnenko A.C. TexHomoriuHa OCHacTKa Yy 3BaplOBaIbHOMY
BUPOOHMITBI / 2-T¢ BHIAHHS, Tepepodi. Ta aomnoBH.: HaBu. mociOHuk //
A.C. Kapnienko. — K.: Apicreit, 2006. — 272 c.

5. PemreroB JI.H. Jleramu wmammu / J.H. PemeroB. — M.:
MammHocTpoenue, 1975. — 656 c.

6. HapxoB A.B. Comporusienne MmarepuaioB / A.B. Jlapkos,
I'.C. lmupo. — M.: Beicmas mkoma, 1975. —431 c.
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7. JICTY 2651:2005/'OCT 380-2005. Cranp ByriieleBa 3BU4aliHOL
skocti. Mapku — Kuis. JlepxxcrioxkuBcranmapt Ykpainu. — 2006.

8. Cepenko A.H. PacueT cBapHBIX COCUHEHUH W KOHCTPYKIMH /
A.H. Cepenko, M.H. Kpymoounetr, K.B. barpsiackuii. — K.: Bumia mikona,
1977.-336 c.

9. Kypkun C.A. CBapHble KOHCTPYKIIUU. TEXHOJOTHS W3TOTOBJICHUS,
MeXaHH3alKs U KOHTPOJIb KaYeCcTBa B CBAPOYHOM MPOU3BOJICTBE. Y USOHHK
s By3oB / C.A. Kypkun, I''A. Hukonaes. — M.: Beicur. mkoma, 1991. —
398 c.

10. Anexcanapos O.I'. IIpoekTyBaHHS Ta eKCIUTyaTaiis 00IaJHAHHS
UL AyroBoro 3BaptoBaHHs: HapuanmpHuii mocionuk / O.I'. Anekcanupos,
J.A. Aatonrok. — JIsBiB: HoBwmit Cgit, 2000, 2011. — 312 c.
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Jdonatok A
TeMu KypcoBHX NPOEKTIB i BUXiHI JaHi 1J1s1 pO3PaAXyHKY

1. Tema KII: «Po3paxyBaTt i CKOHCTPYIOBaTH MEXaHIYHUN CTEHA IS
CKJIQJIaHHS 1 3BapIOBaHHS TO3/I0BKHIX CTUKIB CTAJCBUX MOJIOTCH HA MiJIHIN
MOKIAa 13 KIABIIHAM TPUTHCKHAM TPUCTPOEM 1  3BOPOTHOIO

HPY>XHHOIOY.
Tabmuus A.1 — Buxigai pgani aas  po3paxyHKYy —KIIaBillTHHX
MIPUTUCKAYiB
No POSMipI/I.CTaJ'IeBI/IX HapaMeTpE KyTOBO1 PekoMerIoBaHa
Bap. JIUCTIB, MM nedopmarii, puc. 4.3 siteparypa
0 b L 1, mm tgo
0| 4 300 | 4000 40 0,021
1] 4 600 | 5000 50 0,112
2 | 4 800 | 6000 60 0,105
3| 5 | 1000 | 4000 | 40 0085 |D1¢ 341,62
4 | 5 |1200 | 5000 50 0,078 [4],0 58-63. 65-
5 | 5 | 1200 | 6000 60 0,061 70 1'05_112’ 175-
6| 6 800 | 3000 40 0,052 17;3 '
7 | 6 | 1000 | 4000 50 0,045
8 | 8 | 1200 | 5000 60 0,039
9 | 8 | 1500 | 6000 70 0,027
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2. Tema KII: «Po3paxyBaTH i CKOHCTPYIOBATH KOHIYKTOP-KaHTYBad
JUISL CKJIQTaHHS 1 3BAPIOBAHHS TaBPOBUX 0aIoK».
Tabmus A.2
KOHJIYKTOPiB-KaHTYBayiB

—  Buxigni

nafi

UL PO3pPaxyHKy BaKiTbHUX

Ne | Po3mipu TaBpoBoi 6ankw, MM | Karer | Poswmip e, Bun

Bap.| CTIHKA | MOSC | JOBXKMHA |IIBa, MM | puc. 4.8, MM |3BaproBaHH:
0 |400x10{200x16 6000 8 106 A3D
1 ]400x10/200%16 6000 8 106 Pa3
2 1400x10]200x16 5000 8 106 A3D
3 |400%10{200x16 5000 8 106 P13
4 1400%10{200x16 4000 8 106 A3D
5 1400x10{200x16 4000 8 106 P13
6 [450x12]200x16 5000 8 119 A3D
7 1450x12]200x16 5000 8 119 P13
8 |450x12{250x16 6000 8 119 A3D
9 1450%12|250x16 6000 8 119 P13

PexomennoBana mitepatypa: [3] c. 49-56, 88-92, 140-151; [4] c. 65-
66, 170-175
3. Tema KII: «Po3paxyBatm 1 CKOHCTPYIOBAaTH OIHOCTOSKOBHUI
KOHCOJILHHUI 00epTay 3 TOPU30HTAILHOK BICCKO O0CpTaHHS.
Tabmuns A.3 — BuxinHi 1ani 1y po3paxyHKy

Hiamerp| Bara |EkcueHt Bincranp Big- Paniyc M?Te_
Ne IIneue,| MM 3yOuacT. | pian
BUPOOY, | BUPOOY, |pHCHUTET, CTaHb,
Bap.| G ke | e, h, MM K ke |1 a | OTTECR, | TIITIHE-
' ’ o R, MM | nmemst
0| 900 | 200 | 25 | 200 |40|-|200| 225 |,°
1| 1000 | 230 30 230 | 40 | - | 200 250 40X
2 | 1100 | 250 30 250 | 40 | - | 200 275 30XTT
3 | 760 170 20 190 | 40 | - | 200 190 20X
4 | 600 100 17 160 | 40 | - | 200 150 |Cr 5Scn
5 | 900 200 20 200 | - |40 200 225 20X
6 | 1000 | 230 30 230 | - |40 200 250 [30XTT
7 | 1100 | 250 25 250 | - |40 200 275 | 40XH
8 | 760 170 20 190 | - |40 200 190 20X
9 | 600 100 15 160 | - |40 200 150 |I18XIT

PexomenzoBana siteparypa: [3] ¢. 156-168; [4] c. 179-183.
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4. Tema KII: «Po3paxyBarum 1 CKOHCTPYIOBAaTH OIHOCTOSKOBHUI
KOHCOJIbHHI 00epTad 3 MOXUJIOK0 BICCIO 00epTaHHSD».

PexomennoBana siteparypa: [3] ¢. 156-168; [4] c. 185-190.

Tabmuis A.4 — Buxigni maHi Ui po3paxyHKY OJHOCTOSIKOBHUX
KOHCOJIbHUX 00epTaviB 3 MOXUJIOK0 BICCIO

. Ekcue Bincra . Pagiyc | Marte-
Hiamerp | Bara et FICTAHE Bin- Ay ar
Ne urpuc |[lneue, MM 3y0uacT.| pian
BHUPOOY, |BHpOOY, CTaHb,
Bap. utet, | h, MM KoJieca, |IIIM1H-
MM G, krc K | ki | I, Mmm
e, MM R, MM | mens
0 900 200 25 200 40 - 200 225 craib 45
1 1000 230 30 230 40 - 200 250 40X
2 1100 250 30 250 40 - 200 275 30XI'T
3 760 170 20 190 40 - 200 190 20X
4 600 100 17 160 40 - 200 150 Cr 5cn
5 900 200 20 200 - 40 200 225 20X
6 1000 230 30 230 - 40 200 250 30XI'T
7 1100 250 25 250 - 40 200 275 40XH
8 760 170 20 190 - 40 200 190 20X
9 600 100 15 160 - 40 200 150 18XTT

TIpumiTka: kyT Haxuy 1 Bap. Nel-4 — o = 75°, anst Bap Ne5-9 — o = 105°

5. Tema KII: «Po3paxyBarm i1 CKOHCTPYIOBAaTH OIHOCTOSKOBHUI
KOHCOJIbHHUI 00epTay 3 BEPTUKAILHOIO BiCCIO 00CPTaHHS».

PexomenmoBana mitepatypa: [3] c. 156-168; [4] c. 184-185.

Tabmuns A5 — Buxigai maHi i po3paxyHKY OJTHOCTSKOBHUX
KOHCOJIbHUX 00epTayiB 3 BEPTUKAIHHOIO BiCCIO
No Hiametrp| Bara |Excuen e, Bin- | Bin- 3zg§2:; l\ﬁ?;:
BUPOOY, | BUpOOY, |TpucuTe CTaHb, | CTaHb,
Bap.| G xre |1 e. mm h, mm K oaint | 1w | KOTIECR, | TITHEH-
' T ’ ’ R, Mmm Jenst
0 900 200 25 200 40 200 225 | cramn 45
1 1000 230 30 230 40 200 250 40X
2 1100 250 30 250 40 200 275 30XI'T
3 760 170 20 190 40 200 190 20X
4 600 100 17 160 40 200 150 Crt 5cn
5 900 200 20 200 40 200 225 20X
6 1000 230 30 230 40 200 250 30XI'T
7 1100 250 25 250 40 200 275 40XH
8 760 170 20 190 40 200 190 20X
9 600 100 15 160 40 200 150 18XI'T
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6. Tema KII: «Po3paxyBaTh i CKOHCTPYIOBaTH JBOCTOSIKOBHIA
[IEHTPOBHUIT KaHTYBAY 3 MAPHIPHIMH KPIMIEHIMH IIPUCTPOSIMH».

PexomennoBana siteparypa: [3] ¢. 168-173; [4] c. 190-195.

Tabmuus A.6 — Buximui gmani ans po3paxyHKY ABOCTOSIKOBHX
[IEHTPOBUX KaHTYBadiB 3 MIAPHIPHUMHU KPINMIEHUMH MPUCTPOSIMH

No G, e, Il, ap, hl, Ig, dy, hg, k, kl, I, MaTepiaJI
Bap.| KIC | MM | MM | MM | MM | MM | MM | MM |MM| MM | MM | IIAH A CJISA

0 |[400| 25 [700|100 150|300 |100|250|50| - [225| cramb 45

460 | 30 | 700|100 180|300 100|280|50| - |250] 40X

500 | 30 [700|100|200|300[100|300|50] - [275] 30XIT

340 | 20 | 700|100 |120]300 |100|220|50| - |190] 20X

200 | 17 | 700|100 | 80 | 300 | 100|120 |50 150] Crt 5cn

400 | 20 [700 /100|170 |300|100|270| - | 90 [225] 20X

460 | 30 | 700 | 100|200 | 300 100|300 - | 90 [250] 30XIT

500 | 25 | 700|100 |220|300/100|320| - | 90 |275] 40XH

340 | 20 | 700|100 | 140|300 |100|240| - | 90 |190] 20X

OO |INO|UR(WIN|F-

200 15 | 700|100 |100] 300 |100|140| - | 90 |150] 18XIT

7. Tema KII: «Po3paxyBaty i CKOHCTPYIOBATH JIAHIFOTOBHI KaHTyBad
JUTST  3BaprOBaHHS OaJOK JBOTaBPOBOIO Ta KOpOOYACTOro Tmepepidy;
pO3paxyBaTH 3BapHI JAHIFOTK.

Tabmuus A.7 — Buxigai nmaHi Uis po3paxyHKy JIAHIFOTOBHX
KaHTyBadiB
Posmipu Oanku, MM Tuno Biacrans Mixk
No : . .
Bap. Iosic Crinka | JloBxkuHa, | Iepepizy CTIHKaMH
on | B |oc| H L Oanku* 0aIKu, MM

0 |12 | 500 | 8 | 500 5000 1 -

1 |12 | 600 | 8 | 600 6000 11 524

2 |12 | 700 | 8 | 700 7000 I -

3 | 16 | 800 | 10 | 800 8000 11 720

4 |16 1900 |10] 900 | 10000 I -

5 | 16 | 950 | 10 | 950 | 12000 11 870

6 | 20 | 500 | 12 | 500 7000 I -

7 | 20 | 600 | 12 | 600 8000 11 516

8 |20 ]700 12| 700 | 10000 I -

9 |24 [800)12|800| 12000 11 716

* — 1 — nBotaBpoBa Oanka; Il — kopobGuacTa Oanka
PexomennoBana miteparypa: [3] c. 185-192; [4] c. 199-204
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8. Tema KII: «Po3paxyBaTu i CKOHCTPYIOBaTH POJIMKOBHH CTCHI 3
OJHAM  pPSIOM TPUBOJHHX PONHKIB I  OOSpTaHHS  CTaleBUX
MUTTHAPUYHIX 00MYaiioK MpH 3BapIOBaHHI KiJIbLIEBUX IIBiBY.

Tabmuus A.8 — BuxinHi naHi 11 po3paxyHKy POJIMKOBHX CTEHJIIB

No Jliavetp Hosxuna |Bara BupoOy, | Excientpuc | Llentp. kyT,
BHpoOy, D,
Bap. iy BUPOOY, £, MM G, xrc WTET, €, MM | 0, Tpaz.
0 1050 3000 380 20 75
1 1050 3500 440 30 80
2 1050 4000 500 30 80
3 1350 4000 790 40 85
4 1350 4500 890 45 85
5 2400 4000 1870 50 90
6 2400 5000 2340 60 90
7 3500 6000 5125 70 95
8 3500 7000 5980 80 95
9 3500 8000 6830 90 100

PexomennoBana miteparypa: [3] c. 207-234; [4] c. 223-232

9. Tema KII: «Po3paxyBaTi i CKOHCTPYIOBAaTH KUTBIIEBHI KaHTyBad 3
JIBOMa psaMyd TMPUBOJHUX POJIMKIB JUIsi KaHTYBaHHS HECHMMETPHYHUX
BUPOOIBY.

Tabmuis A.9 — BuxinHi 1aHi a1 po3paxyHKY KiJIbI[eBHUX KaHTYBadiB

No Raniyc I[QBmHHa Mmix | LleHTpansH ExclieHTprcn LenTp.
KinbLs, | KinblsiMy, E, | a cuia, G, KyT, 0,

Bap. R, MM MM KI'C TeT, e, MM rpa.

0 | 1200 2000 580 120

1 | 1200 2500 640 130

2 | 1200 3000 800 130

3 | 1300 2000 700 140

4 | 1300 2500 890 145 90

5 | 1500 2000 1870 150

6 | 1500 2500 2340 160

7 | 1500 3000 3120 170

8 | 1600 3000 3980 180

9 | 1600 3500 4530 190

PexomennoBana siteparypa: [3] c. 179-185; [4] c. 195-199
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10. Tema KII: «Po3paxyBaTH 1 CKOHCTPYIOBATH BaXiJIbHO-
JOMKpPATHUH KaHTyBa4 3 IIEHTPAJILHNAM T'iIPABIIYHAM JOMKPATOM).

Tabmuus A.10 — Buxigni amani s po3paxyHKy BaKUTbHO-
JOMKpPaTHUX KaHTYBauiB
No Bara Bara EKCLEHTPHCHTET, MM Pozmipu, Mm
Ba]_) BHPOOY, [T1aTopmm, ’ (muB. puc. 4.23)
| Go, kre | Gy, KIC MO3/J0BXK., ¢ |momneped. e;| R I
0 600 40 40
1 850 50 60
2 900 55 70
3 | 1000 65 95
4 | 1200 80 55
5 1 1350 1500 50 110 1400 2800
6 | 1400 60 60
7 | 1700 120 100
8 | 2100 135 180
9 | 2500 150 250

PexomennoBana mitepatypa: [3] ¢. 193-200; [4] c. 204-208

11. Tema KII: «Po3paxyBaTH i CKOHCTPYIOBATH BaKiIbHO-KHHKKOBHUIA
KaHTyBaY JJIs1 3BAPIOBAHHS JTHUCTOBUX MOJOTHHIIL.

Tabmuis A1l — Buxigai maHi Ui po3paxyHKy BaKiJIbHO-
KHM)KKOBUX KaHTYBaUiB JJIsl 3BAPIOBAHHSI JIMCTOBHUX MOJIOTHHII]

No Bara supo0y. BiIFCTa'HI? L. B. | Bigcrann MDK

BiJ Bicl, H, OIIOpaMH BiCl,
Bap. G, ke M L. My

0 1000 1750

1 600 1200

2 650 1280

3 700 1300

4 750 1350 90

5 800 1400

6 850 1450

7 900 1500

8 950 1600

9 1100 1700

Pexomenznosana siteparypa: [3] c. 200-207; [4] c. 208-212
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12. Tema KII: «Po3paxyBaTh 1 CKOHCTPYIOBATH YHIBEpCAIbHUIA
3BapIOBATBHUN MAHIITYIISTOPY.

PexomennoBana niteparypa: [3] ¢. 235-250, 278-297; [4] c. 212-223.

Tabmuus A.12 — Buxigni maHi Ais po3paxyHKy YHiIBepCallbHHX
3BapIOBATEHUX MaHIMyJISATOPIB

IBun Tiamer Bara |Excig Bincrans, MM | Paniyc
Ne| xicTh Bupo |eHtp |[Ineue,| (puc. 4.28) |3ybOuact |Matepian
Ba|3Bapio Bngo6 0y, |ucut| h, Oro |MIMUHAE
p.| B., G, ler,e,| MM | | K| K; |K,| xoneca, s
y, MM
M/XB KIC | MM R, MM
0,3 | 900 | 200 | 25 | 200 (200|40| - |-| 225 40X
0,2 | 1000 | 250 | 45 | 230 (200|40|{ - |-| 250 |crams45
0,2 | 1100 | 300 | 55 | 250 (200|40| - |-| 275 30XT'T

04 | 760 | 155 | 18 | 190 |200)40] - | -] 190 20X
0,5 | 600 | 110 | 20 | 160 |200| - |160| - | 150 Ct 5cn
0,3 | 900 | 170 | 28 | 200 |200| - |160| - | 225 20X
0,3 | 1000 | 200 | 30 | 230 |200| - 160 -| 250 30XI'T

OO |INO|UT|PAR(WIN|FLO

0,2 | 1100 | 400 | 40 | 250 |200|-| - |40] 275 40XH
05 | 760 | 200 | 40 | 190 |200|-| - |40] 190 20X
0,6 | 600 | 140 | 35 | 160 |200| -| - |40{ 150 18XI'T
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13. Tema KII: «CrpoeKkTyBaTH 3BapIOBabHHN Bi30K BEJIOCHIIEIHOTO
tunry BT-1 i3 migifomHo-moBOpoTHOO KomoHOwo IIK-1 Ta pospaxysaru
XOJIOBY YaCTHHY i MEXaHi3MHU MepecyBaHHs, MiAKOMY i BUCYBaHHS IITAHTH
Ta HECY4YH KOHCTPYKIUIT Bi3Kay.
PexomennoBana siteparypa: [3] c. 306-323, 338-350; [4] c. 233-257.

Tabmuns A.13 — BuxijHi AaHi sl pO3paxyHKY BEJOCHIICHHUX Bi3KiB

Bap.

Buxinni 1aHi CMMBOJTIB, MO3HAYECHUX HA PUCYHKAX

Puc. 4.38, a Puc. 4.39 Puc. 4.40 Puc. 4.41

G,
TC

11,
M

H’ le L1 Iy ha Ily |21 Gau Gﬁ!
M KTC M M M M M KI'C | KT'C

L,
M

2,5

1,2

451760|1,210,35/1,0(1,0]0,4 400360

2,0

1,0

2,5

1,2

45]760/1,110,30{1,0(1,1]0,4 400360

2,0

1,0

2,42

1,0

45/680)10035/10]0,8]0,4 320|360

2,0

11

2,42

1,0

4,51680)1,05/0,40| 1,0 |0,85]| 0,4 | 320|360

2,0

11

2,42

1,0

451680)12035/10]09]04 320|360

2,0

11

2,4

1,1

4,5]660|1,1)0,40{1,0{0,8|0,4 300|360

2,0

0,7

2,4

1,15

4,516601,05/0,35/ 1,0 0,8 0,4 300360

2,0

0,7

2,45

1,15

45710112 0,35/10]1,1]0,4 350|360

2,0

0,5

2,45

1,2

45(710)1,25/0,40| 1,0 |1,05]| 0,4 | 350|360

2,0

0,5

OO |N|O|OIA~|WIN PO

2,45

1,2

451710/1,210,40{1,0(1,2]0,4|350]|360

2,0

0,5
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14. Tema KII: «CmpoekTyBatu 3BapIOBaJbHHUIA Bi30K TJIarojbHOTO
tunry ['T-1 i3 migiiomHO-MOBOpOoTHOIO KomoHOIO [IK-1 Ta pospaxysaru
XOJIOBY YaCTHUHY 1 MEXaHI3MU MEepPeCyBaHHs, MiJHOMY i BUCYBaHHS INTaHTH
Ta HECY4YH KOHCTPYKIUIT Bi3Kay.

PexomennoBana siteparypa: [3] c. 306-325, 338-350; [4] c. 233-257.

Tabmurs A.14 — Buxigsi fani U1 po3paxyHKY II1arojJbHUX Bi3KiB

BuxinHi naHi CHMBOJIIB, TO3HAYCHUX HA PUCYHKAX

Ne Puc. 4.38, 6 Puc. 4.39 Puc. 4.40 Puc. 4.41

Bap| G, | I, | Iy, [l |Gy, | L, , |h |1, | I |Ga|Gs|L | I |H,
TC |M| M |[|M|KIC| M | M [M| M | M |KIC|KIC|M | M | M

2,65(1,5|0,35/0,7|760| 1,2 |10,35]1,0/1,0 | 0,4 |400|360{2,0/1,0(3,5

2,65/1,5/|0,35/0,7|760| 1,1 |10,30/1,0/1,1| 0,4 [400|360({2,0/1,0(3,5

2,5711,5|0,35/0,7/680] 1,0 |0,35/1,0/0,8] 0,4 |1320|360(2,0/1,1|3,5

2,5711,5|0,35/0,7|680]1,05/0,40/1,0/0,85| 0,4 |1320|360({2,011,1|3,5

2,5711,5|0,35/0,7/680] 1,2 |0,35/1,0/0,9]| 0,4 |1320|360({2,011,1|3,5

2,55(1,5/0,35/0,7|660| 1,1 |10,40/1,0/0,8 | 0,4 |300|360{2,0/0,73,5

2,55|1,5/0,35|0,7|660|1,05/0,35/1,0/0,8 | 0,4 |300|360{2,0/0,73,5

2,60{1,5|0,35/0,7|710| 1,2 |0,35/1,0/1,1] 0,4 |1350|360{2,0/0,5/|3,5

2,60{1,5|0,35/0,7|710]1,25/0,40/1,0/1,05| 0,4 1350|360{2,0/0,5/|3,5

O O|NOU|AR(WIN|FL|O

2,60(1,5/0,35/0,7|710| 1,2 |10,40/1,0/1,2| 0,4 |350|360{2,0/0,5|3,5

15. Tema KII: «CrpoekTyBaTH MOpPTaIbHUIA 3BapIOBAILHUI Bi30K
[1T-1 Ta po3paxyBaTH XOAOBY YaCTHHY 1 MEXaHI3M IepecyBaHHS Ta HECydi
KOHCTPYKIIiT Bi3Kay.

PexomenmoBana mirepatypa: [3] ¢. 306-329, 338-350; [4] c. 233-257.

Buximni pgani ans pospaxyHKy mnopraipHOoro Bizka IIT-1 (muB.
puc. 5.40, 6): Bara G = 14,0 T; Bigcraus | = 5,0 m.

16. Tema KIT: «CripoekTyBaT MOCTOBHII Bi30K (KoTyuy Oanky Kb-1)
Ta po3paxyBaTH XOJIOBY YaCTHHY 1 MEXaHi3M MepecyBaHHS Ta Hecydi
KOHCTPYKIIiT Bi3Kay.

PexomenoBana siteparypa: [3] c. 306-331, 338-350; [4] c. 233-257.

Buxinni nmani s po3paxyHky moctoBoro Bizka Kb-1 (muB. puc.
5.40,t, 5.44):

-BaraBizka G; =24,0T;

- ipoutiT Bi3ka | = 10,0 m;

- G, — Bara 3BaproBajbHOrO aBToMarta A-1416;

- iHmi posmipu (puc. 5.44) — BHUXOAIYM 3 KOHCTPYKIIi
3BapIOBAIILHOTO aBTOMATa 1 Oamku Bi3Ka.
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Honatok b
Jluct 3aBanannsa ta Kajgennapuuii naaun

MIHICTEPCTBO OCBITU I HAYKU YKPATHU

HauionajabHuii yHiBepcuTeT "'3anopizbka moJritexHika'
(HOBHS HaﬁMeHyBaHHﬂ BHUIIIOIO HABYAJIBHOI'O SHKJ'IB.Z[y)

®dakynerer [HxKeHepHO-(hi3NIHUI

Kagenpa O6nagnanHs Ta TEXHOJIOTIT 3BaPIOBAIFHOTO BUPOOHUIITBA
Juctumnina — JlonomibkHe o0nagHaHHA 171 3BapIOBaHHS Ta iH)KEHepil MoBepXHi

OcgitHs nporpama «TexXHOJIOrI] Ta YCTaTKyBaHHs 3BapIOBaHHS»
Kype III ,rpymald-... , CEMecTp

3ABJAHHA
Ha KypCOBHUH NPOEKT CTYACHTY

(npi3Buiie, iM’s1, 10 6GaTHKOBI)

1. Tema mpoekTy. «Po3paxysaru i CKOHCTPYIOBaTH POJIMKOBHMA CTCHJ 3 OJTHUM DPSIOM

MPUBOJTHUX POJIMKIB JiIsl 0OEpTaHHS CTANCBUX IIIIHAPHYHUX OOWYAHOK MPH 3BaprOBaHHI
KiJIbLIEBUX MIBIBY (Hanpuxiad)
2. TepMmiH 31ad4i cTyAeHTOM 3aKiH4eHoro npoekry: 30.05.201_

3. Buxiani mani 1o npoekry: tadi. 8, Bap. 1. (ranpuxiad)
4. 3MiCT PO3paxyHKOBO-TIOSICHIOBAJIBHOT 3alIMCKU (MIepeIlik OCHOBHHUX MUTaHb, SIKi MOTPiOHO
PO3pOOHTH):
- pyHKIiOHAbLHE MPU3HAYEHHSI 3a3HAYEHOr0 00J1aJHAHHS, KOHCTPYKUII i THIH,
nepeBary i HeI0JMiKH;
- ONHC MPUHINITY POOOTH 00JIaTHAHHS;
- iH:KeHepHMil PpoO3paxyHOK 00.JIaJHAHHS, BHM3HAYEHOI0 TeMOI0 KYypPCOBOIO
MPOEKTY.
5. [epenik rpadigaoro marepiany (3 TOYHUM 3a3HAYEHHSIM 000B’I3KOBHX KPECIICHB):
Jluer 1 — 3aranbHui BU 007JaJHAHHS, YCTAHOBKH, SIKE MIIUISATAE PO3PAXyHKaM;
Jluer 2 — po3paxyHKOBa cxema 00JIaIHAHHS 1 OCHOBHI (DOpMyIIH pO3paxyHKY.

6. JlaTa Bujaui 3aBIaHHs: / Ocinos M.IO.

(KepiBHHK MPOEKTY)
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Tepmin
No BHUKOHAHHSA
/' Ha3sga eTamiB KypcoBOro nNpoeKkTy eranie | [Ipum.
S NMPOEKTY,
THKICHb
1 |Berym. OzHaifomeHHS 3 ($YHKIIOHATTEHIM 2
NpU3HAYCHHSAM OOJamHaHHA, HOro IepeBaraMH Ta
HETOIIKaMH.
2 |Ommc poboTH OOMamHAHHS, WOTO KOHCTPYKTHBHHX 3
0CO0IMBOCTEH.
3 |BuzHaunTH po3paxyHKOBI HABAHTAXKCHHS. 4
4 |Bu3Ha4MTH PO3PaXxyHKOBY CXeMy OOJIaHaHHS. 5
5 |OmanyBaTH METOIUKY PO3PaXyHKY OOJaIHAHHS. 7
6 |BukoHaTH iHXCHEPHHU pO3PaxyHOK 00JIaTHAHHS. 8
7 |BuxkoHaTH  KpecieHHs OONagHaHHSA  3TiHHO i3 10
3aBJIaHHAM J0 KypCOBOT'O IPOEKTY (JucT 1).
8 |BuxoHaTH  KpeclieHHS ~ PO3pPaxyHKOBOi  CXEMH 11
o0uaiHaHHs 1 OCHOBHI (popMyJH po3paxyHKy (JiucT 2).
9 |BuchoBok. Pedepar. 3micr. Jliteparypa. JJomaTku. 12
10 |3axucT mpoeKTy. 10
151220
CryneHr /
KepiBHuk M.1O. Ocirnor

«__» 20 p.
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HonaTtoxk B
TurynbHuUil aucT

MIHICTEPCTBO OCBITU I HAYKU YKPATHU
Hauionanbnuii yniBepceutet "3anopizbka noJiitexnika'
Kadenpa O6nagHaHHs Ta TEXHOIOTIT 3BaPIOBAIILHOTO BUPOOHUIITBA

KYPCOBUM IPOEKT

3 IUCUMILIIHT «/JomoMidkHe 00JIaqHaHHs JUIS 3BAPIOBAHHS Ta 1HKEHePIT

IIOBEPXH1»
Ha TEMY: «Po3paxyBaru i CKOHCTPYIOBATH POJIMKOBHUM CTSHM 3 OJHUM

PAOAOM IIPUBOJHUX DOHI/IKiB JAJIA 06CDTaHH5{ CTaJICBUX HI/IHiHI[DI/I‘IHI/IX
00MYalioK ITPH 3BapIOBAHHI KiTBIIEBUX MIBiBY» (Hanpukaad)

Crynenta (ku) I xypcy rpymm [D-_

cneuiansHocti 131 IIpuknanHa MexaHika

ocBiTHBOI mporpamu  «TexHonoris Ta
YCTaTKyBaHHs 3BapIOBAHHS»

(mpi3BHILE Ta 1HILIAHN)
KepiBHuKk n011., KaHJI. TEXH. HAYK,
Ocimos M.10.

HarmionanpHa mkaia
KinekicTe Oais: Ominka: ECTS

Yjienu KoMmicii

(migmuc)  (Tpi3BuIE Ta iHiLiaIK)

(migmuc)  (mpi3BHILIE Ta iHII[iaIN)

(mignue)  (Tpi3BUILE Ta iHIIIATH)

M. 3armopixoKs
20 pix



