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JlaGopaTopHa podora Ne 1

BU3HAUYEHHS HAINIPYKEHD B I'l IPOINUJITH/API
MEXAHI3MA 3AIIUPAHHS KOKLJIbHOI MAIIIMHA

Meta po00TH — BU3HAYUTH HANpPYKEHHS SIKi BUHUKAIOTH B TiIPOIH-
JIHAPI MeXaHi3Ma 3alMpaHHs KOKUIbHOI MAalllMHU, a TaKOXK pO3paxyBaTH
IITOK T1IPOIMITIH/IPA HA CTIAKICTb.

Yac BukoHaHHS poOOTH — 4 TOAWNHM.

3araanHi BimomocTi

KokineHe IUTTS — 1le TEeXHOJOTIUYHUI MpoIlec BUTOTOBIICHHS BHIIUB-
KiB BUIbHUM (IIi[] JI€}0 CHJI Baru) 3aJIMBaHHSIM PIJIKOTO METally B MOCTIHHI
MeTalieBi popmu 0araTopa3oBOro BUKOPUCTAHHS — KOKLIi, METaJIeBl 4acTH-
HU SIKUX YTBOPIOIOTH KOH(ITrypaliro Ta BIaCTUBOCTI BUIIMBKIB. LM croco-
OOM BUTOTOBIISIIOTH PI3HOMAaHITHI IO KOH(Irypaii Ta Npu3HaYeHHIO BHIIH-
BKH Baroro BiJl IEKIJIbKOX IpaMiB i 10 14 ToH i3 4yaByHY, CTaji Ta KOJIbOPO-
BUX CIUIaBIiB (IFOMiHIEBUX, MarHi€BUX Ta MiJHHUX).

JIUTTS B KOKiJIb, Y TOPIBHSIHHI 3 OTPUMaHHIM BWJIMBKIB B Pa30BHX
minauux (opmMax, Mae Oe3MepedHi JOCTOTHCTBA 1 €KOHOMIUHI IepeBary.
lonoBHI 3 HUX BITHOCATHCS A0 €EKTUBHOCTI MPOIIECY JIUTTS 1 SIKOCTi BH-
TuBKiB. [ligBHUIy€eThCS TPOMLYKTUBHICTD Mpalli 1 3HIKYEThCSL COOIBapTICTh
BUJIMBKIB 32 paxyHOK 0aratopa3zoBOro BUKOPUCTaHHS KOKLTIB Ta BiJICyTHO-
cTi ¢popmyBanbHUX MaTepianiB. [lokpalryeTbcs CTpyKTypa MeTaily, MiABH-
HIYIOTBbCS. TOYHICTh, YMCTOTAa TMOBEPXHI, IMUIBHICTh Ta (Pi3MKO-MEXaHivHi
BJIACTUBOCT]I BHJIMBKIB 3aBISIKM MPHCKOPEHOMY OXOJOKEHHIO MeTaily, a
TaKOX 3MEHIIYIOThCSI IPUITYCKH Ha MeXaHIuHY 00pOOKY 1 BiZICOTOK Opaxy.

MeraneBa (opMa TpU KOKUIBHOMY JIMTTI HA3MBAETHCS KOKUIEM 1
Ma€, B MOPIBHSAHHI 3 MIIaHOK (OpMOI0, MPAKTHYHO HYJIHOBI T'a30MPOHHK-
HICTb, Ta30TBOPEHHS Ta MoJaTIUBicTh. KOHCTPYKIIii KOKUTIB pi3HOMaHITHI i
3ayexarb BiJf KOHQIrypamii i MaTepiany BUIUBKH, 11 TMBHUKOBO->KUBUIIBHOI
CUCTEMH, XapaKTepy BUPOOHUIITBA, YMOB eKCIuTyaTallil Ta iHmre. KokinbHi
dhopMu MOXKYTh OyTH OJHO- i OaraToMiCIIeBi, MaTH MilIaHi a00 MeTaJieBi
CTEp>KHi Ta Pi3HY KUIbKICTh MOBEPXOHb P03’ eMy. KitacudpikyroThCst KOKiii B
3aJIOKHOCTI BiJl pO3TAlllyBaHHs MIOBEPXHI PO3’ €My: Hepo3' €MHI (BUTPYIIIHI);
3 BEPTUKAIBHOKI IUIOMIMHOIO P03’ €My, 3 TOPHU3OHTAJIBHOIO IJIOMIMHOIO
po3’ emy; 3 KOMOIHOBaHO (CKJIaJHO0) TUIOMIMHO po3’ emy [1, 2].
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Becb mpoliec BUTOTOBJIEHHS BWJIMBKU TpaBiTallifHOIO 3aJMBKOIO B
MOCTifHY MerajieBy (opMy peami3yeTbcsi Ha OAHINM MalluHi, sKa Ha3WBa-
€ThCS KOKUTbHOKO MalmHoK. OcHOBHI (QyHKINIT MammHu — 30upanHs ¢op-
MU, TiITpUMKa il B 3aMKHEHOMY CTaHi MpH 3aJMBIi Ta TBEPAIHHI BHIMBKH,
po30upanHs (popMHU i BUIITOBXYBaHHS BHJIMBKH.

[MiaroroBka ¢opMH MiJ 3aJIMBKY 1 peryatoBaHHS TeMIlepaTypH KOKi-
JIIO0 3IIHCHIOIOTHCS, K MPAaBUIIO, CHEiaTbHUMHI KOMIUIEKTYIOUHMH MeXaHi-
3MaMH, ajie iHOJi MOXKYTb BUKOHYBATHCSI CAMOIO MallIHHO0. 3aliuBKa opM
B (pyHKUIT MalIMHU HE BXOAWTH 1 3AIHCHIOETHCS CIEHialbHUMHE 3aJIHBaIIb-
HUMH yCTaHOBKaMH a00 BPYUHY.

KoHCTpyKIlis KOKUTbHOI MaIllMHU 3aJISKUTh Bl TUITY (OPMH, Kilb-
KocTi ii moBepXoHb PO3’€My, a TaKOX THUITy BHJIMBKIB Ta 1X MarepiaiiB.
Kiacudikarrist KOKiUTbHUX MamMH HaBeaeHa B tadm. 1.1 [3].

Ha puc. 1.1 npuBenena KiHeMaTHYHa CXeMa KOKUIBHOI MalllMHH, SKa
BinoOpakae (pyHKIIOHATIbHE IPU3HAYEHHS! OCHOBHUX 11 enemMeHTiB. CtaHu-
Ha 1, Hepyxomi Ty 2 1 12 Ta cnpsiMoBytodi 13 yTBOPIOIOTH HeECydy
KOHCTPYKIIitO, siIKa CIPpUHMAE BCi HABAHTAXKEHHS MPHU poOOTI ii MeXaHi3MiB.

4 3 i 7 & 9 w11

I
T A R T T T F T e v

1 — cranuHa; 2 — HepyxoMa IUTUTa; 3 — TiIPONMITIHAP MEXaHi3Ma 3aipaHHs,

4 —ynopwu; 5 - npyxuHH; 6 — IWTaHTH; 7 — pyXoMa IUINTa;

8 — pyxoma monoBrHa KOKiro; 9 — mmuta BUIITOBXYBadiB; 10 — BUIITOBXYBaYi;
11 — HepyxoMa TIOJIOBHHA KOK1TIO; 12 — Hepyxoma uiuTa; 13 — cpsIMOBYIOUi.

Pucynok 1.1 — KinemarnyHa cxeMa KOKiJTbHOT MaIlIMHI
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Pyxoma 7 i Hepyxoma 12 minTH, siKi HA3UBAIOTHCS IMiJKOKUIBHUMU
abo TMTaMH-POPMOYTPUMYBAYaMH, CIY)KaTh UIS KpIIUIGHHS TOJIOBUH
kokimo 8 ta 11, a rigponuninap 3 peanizye pyxu, HeoOXimHi A 30upaHHs
1 po30MpaHHs KOKIUTIO Ta BUIITOBXYBaHHS BHIIMBKU. llITanru 6 3 npyxuHa-
MU 5, rumTa BuITOBXYBauiB 9 1 BumroBxyBaui 10 yTBOPIOIOTH CHCTEMY
BUIITOBXYBaHHS BIJIMBKH 13 PyXOMOI ITOJIOBUHHU KOKLTIO 8.

[TizpuB KOKiIIO 1 BUIITOBXYBAHHS BHJIMBKH i3 HOro pyxoMoi moino-
BUHU 3[1HCHIOETHCS. OJHUM TinpomiinapoM 3. [Ipu po3KpUTTI KOKLIIO BH-
JIMBKA 3aJIUIIAECTHCS B PYXOMill MOJIOBHHI KOKUTIO. B KiHII X0y MITaHTH 3
NpYyKHHAMH 5 HaDKIDKaIOTh Ha peryiboBaHi ynopu 4 i 3ynuHSIOTH IJIUTY
BUIITOBXYyBayiB 9. Pyxoma mosoBrHa KOKiIIO 8 pa3oM 3 mIUTOI0 7 IPOJIO0-
BXKYE PYyX 1 BUIMBKA BUIITOBXYETHCS 13 PyXOMOi OJIOBUHH KOKLITIO.

[pyxuan 5 3a0e3neuyroTh MOBEPHEHHS! BUIITOBXYBAdiB B poOode
TTOJIOXKEHHS MPY 3aKpUBaHHI KOKUTIO. [HOI B MOMIOHMX MallliHaX BUKOPH-
CTOBYIOTBCS yIIOpH 4, IO BiABOIATHCS MPH MOBHICTIO POKPUTOMY KOKiJIi.
[Mpy>xuan 5 B mpomy BHUMaiKy NoBepTaroTh BHIITOBXyBadi 10 B poboue
MOJIOKEHHS TIPU PO3KPUTOMY KOKiJli, IO 1a€ MOXIIUBICTD IPOBOIUTH (pap-
OyBaHHS KOKLIIO.

Jlo mBHIKICHOTO pEXHUMY pOOOTHM MEXaHi3MIiB KOKUIBHUX MalliH
0COOJIMBUX BUMOT HE Mpel aBIseTbesl. BaxmBo nuiie 3a0e3meunTH 1iaB-
HE 3ITKHEHHS €JIEMEHTIB KOKiI0 (0COOIMBO MpH BUKOPUCTAHHI IMIlIAHUX
CTEp)KHIB) 1 TUIABHY iX 3yIMUHKY IPH TTOBEPHEHHI B MIOYaTKOBE TTOJIOKECHHS.

BusnavanpHUM JUIsi MEXaHI3MIB KOKUIBHMX MAIllMH € CHJIOBHH pe-
XKHUM poOoTH. CuiH, sIKi TOBHHHI PO3BHBATH MEXaHI3MHU MAIllMHH B Pi3HHUHA
4ac il poOOTH, CYTTEBO pi3Hi. MoXxHA BUALIMTH 4 1epioan poOOTH MeXaHi-
3Ma KOKUTbHOT Matnuu (puc. 1.2).

P
A h Iy Iy iy
e Zaat ™ e =
13 r
P, il
I‘ Py B
P: CL
1 [T ! = |
oy of

Pucynok 1.2 — CunoBuii peskuM poOOTH MeXaHi3Ma KOKIJIBHOI MAIIiHI
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1 36upanns xokimo (mepiox t;). MexaHi3M MOBHHEH pPO3BUBATH Bi-

JHOCHO HeBenuKy cuiay P, oOymomneny cunamu teprs Py mpu pyci py-

XOMOI IUTHTH 110 crpsiMoBytounM matnnu P, = P .

Tpeba maTi Ha yBas3i, IO CIIOYATKy PyXy HEOOXigHa cuja CYTTEBO
OijIbIe BHACTIOK BiIMIHHOCTI KOG(II[IEHTIB TEPTS CIIOKOIO 1 PyXYy.

2 3amuBka Kokimo (mepiox t,). HeobOxinHa 11t yTprMaHHS KOKINIO B
3aMKHEHOMY cTaHi cuiia P, Bu3HauaeThest THCKOM Meraity B (OpMi B KiHIII
3aJIMBKH

P, =k, op, >dF, (1.2)
F

ne F —rutoma nmpoekiiii BUIMBKY Ha TUIOIIMHY PO3’ €My KOKLIHO;
P, —rigpocratuuHuil THCK MeTay B hopwmi;

K, — koediuient, mo BpaxoBye " IMHAMIYHUI MOMTOBX” THCKY METay

B ¢opmi B kinui 3amusku (K, = 1,5, 2,0).
3 Teepainns BunuBky (mepiof t,). Cuna, HeoOXigHa I yTpUMaHHS

KOKiTBHOT ()OpMH B 3aMKHEHOMY CTaHi MpoTsAroM 4acy t§ mo gocsrHeHHs
BUJIMBKOM MIITHOCTI, IOCTATHBOI TS 30epexenHs ii KoHQiryparlii, 3Buuaii-
Ho Oepersest P, = P, .

[Ipu TBepaiHHI Ta OXOJOPKEHHI BUJIMBKUA MOXIIMBO T0SBAa 3HAYHUX
CHJI, IO TParHyTh PO3KPUTH KOKiIb. Lle BUKIMKaHO mepeaycalkoBUM Po-
3MMPEHHSM MaTepiany BHJIMBKH Ta il KOHQIrypaieto.

Yacto KOKinb "po3BaHTaxyloTh” (3HIMaTh cuiy Pj) micns 3akin-
yeHHs dacy t§ abo miapuBarOTh CTEPXKHI.

4 Po3bupanns kokimto (mepiox t,). B mpomy mepioni BinOyBaeTbcs
IiPHB KOKIIIO i BUIITOBXYBaHHs BUIMBKY, mpudomy cuin P, i P,; Ha-

0araTo IepeBUILYIOTh CHIIy IIepeMilieHHs pyxomoi mmtu P .

TexHOJOrYHO HEeOoOXiAHI CHiIM (XapaKTepUCTUKH HAaBaHTAaXXCHb) B
IBOMY Tepiofli € BU3HAYAIBLHUMU ISl HOpMYBaHHS pOOOUMX XapaKTepHc-
THUK MEXaHI3MiB KOKUIbHUX MaIIvH.
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MeTtoanka NpoBeeHHS PO3PaXyHKIB

Meroayka po3paxyHKiB MalllH JIUBAPHOTO BUPOOHUITBA 3aJISKUTh
BiJ] TUITy MalIvH. PO3paxyHKu MOAUISMIOTECS HA TEXHOJOTIUHI Ta KOHCTPYK-
TOPCBKi po3poOKU. METO0 KOHCTPYKTOPCHKOTO PO3paxyHKy MeXaHi3My €
BHU3HAYEHHS yCiX CHJI, TIFOUMX Ha BY30JI, sIKi BHHUKAIOTh B JIETall IpH J10-
CSTHEHHI HEI0 TEXHOJIOTTYHUX MmapaMerpiB (IIBHIKOCTI, 3yCHIUIS Ta 1HIIE).

PospaxyHok nerani Ha MIlHICTH MPOBOIATH ab0 MPOEKTYBaJIbHUI
(yTO4HIOIOTBCS pO3MipH JeTalli, a0 TpaHWYHI HaBaHTa)KeHHs), a0o mepe-
BipoYHMH (BH3HAYAIOTHCS HAMPYKEHHS, 110 3’ IBJISIOTHCS B JIETaI MIPHU I10-
BHOMY HaBaHTa)XCHHI i IOPIBHIOIOTBCS 3 IOMYCTUMUMH). € JIEKIbKa METO-
IiB BUOOpY JOMYCTHMHUX HampyXeHb. JJs KOHCTPYKIIHHUX cTajel 3ara-
JIBHOTO MPU3HAYCHHS JIOMYCTUMI HaNpyXeHHs [S | BUOMPArOThCs 3 ypaxy-
BaHHSM BUJly HaBaHTaKeHb (PO3TATyBaHHS, 3rUHAHHS, KPYTiHHA) 1 KaTero-
pii HaBaHTakeHb (CTATHYHI, MYJIbCYIOUi, 200 CUMETPUYHI, SIKi 3MIHIOIOTHCS
0 3HAKY 1 BEJIMYHHI).

KoHcTpyKTOpChKi po3paxyHKH IPOBOISTH 110 HACTYIHIA METOIHIII.

1 BubuparoTh HaliOUTbII HABaHTaXKEHHUH BY30I1 00 JeTaib.

2 CxiagaroTh po3paxyHKOBY cxemy. Ll cxema sBisie co0oro crpo-
nieHe 300pa)keHHs AeTalll, sSIKe 32 CBOEI0 T€OMETPI€I0, YMOBAMH 3aKpillJIeH-
Hs 1 HAaBaHTaXXEHHS JOCTaTHHO MOBHO BiJIoOpakae peajbHy KOHCTPYKIIIFO.
[o mpuitHATAM NMPHITYLHIEHHSM peaibHy KOH(Irypaliro AeTali 3aMiHIOIOTh
OJTHIEIO0 3 TEOMETPUYHUX (POpM: OpyCOM, TUIACTHHOO a00 000IOHKOIO.

3 O0YHCITIOITh PO3PaXyHKOBI HABAHTAXKEHHS 3 ypaXyBaHHAM iX Ka-
Teropii.

4 OOUMCITIOITh HAWOUTBIIT HANIPYKEHHS, IO 3’ ABJISIOTHCS B JeTall i
MOPIBHIOKOTH iX 3 JOMYCTHMHUMH.

3aBaaHHS HA MiATOTOBKY 110 J1aG0paTOpPHOI po6oTH

st BUKOHaHHS 71ab0paTopHOi poOOTH CTYIEHT CaMOCTIHHO BHUBYAE
MaTepiaj CTOCOBHO MUTaHb KOHCTPYKIiH, MPUHIUIY Aii Ta poOOTH KOKiJIb-
HUX MaIlliH 3a Jiteparyporo [1, ¢. 328-357; 2 ¢. 186-230; 3, c. 18-65].

CTylleHT Tporisiiae KOHCIEKT JISKIid 3 JaHOl ITUCIUILITIHU 10 TeMi
J1a00paTopHOi pOOOTH.

B 3ommuTi 11 nabopatopHuX podiT 0hOpMITIOEThCS TEOPETHYHA Yac-
THHA poOOTHU 3 00OB’ I3KOBUM HaBE/IEHHAM BCiX PUCYHKIB.
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Iopsinox BUKOHAHHS J1a00pPATOPHOI POOOTH

B KoOKinpHIM MalMHi TPUTHUCKaHHS PYXOMOi MOJOBHHU KOKLTIO J0
HEPYXOMOI 3JICHIOETHCS 32 PAXYHOK 3yCHJUIS TiIAPOIMIIIHIpPA MEXaHi3mMa
3alUpaHHs 3 poOOUUM THCKOM D), Ta KpUTHYHHM THCKOM By (THCK, Koiau
CTIpaIbOBYE KIIamaH Oe3meKH).

Hiamerp nopunst Dy, rinpoumninapa i po6ounit Tuck D, BU3Ha-
qarotbes 3 Tabu. 1.1. Kopnyc rigpoumminapa Buroroenenuit i3 cramu 40X 3
toBuwmHow crinkd d = 0,018 m. [lITok TigpormIiHApa BUTOTOBJIEHHH i3
cranu 12XH3A, miamerp wrroky mopisuroe d , = (0,47, 0,48)xD,,, . Xixn

0o

wrroky cknagae |, =0,5m (puc. 1.3).

1100

-<
>
I
I
I
I
I
I
I
Y I

H a0

By d| d

00

Pucynok 1.3 — Cxema rigponuinapa MexaHi3Ma 3alMpaHHs KOKUTBHOI MalllMHI

Tabmuus 1.1 — BuxinHi gaHi 1o po3paxyHKY TiAponUIiHApa MexaHi-
3Ma 3arupaHHs KOKIIbHOI MaIlIMHU

Hudpu 3a1ikoBOj
KHVDKKH
Hiamerp mopiHs

Dis, MM 105 112 [ 120 (128 | 136 | 144 | 152 | 160 | 168 | 176
(mepemocTanus)
PoGoumnii Tuck
BH;¥0°% H/m® | 7,0 |85 | 9,5 [10,5[12,0/13,5/15,0(16,0(17,0|18,0

(ocTanHs)
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1 Buznauntu 3 Tabn. 1.1 BuxinHi gaHi 0 po3paxyHKY TiIpOLITiH/I-
pa MexaHi3Ma 3anMpaHHs KOKUIbHOI MamMHU (B 3aJ©KHOCTI BiJ HOMEpY
3aJ1IKOBOT KHMKKH — OCTaHHI JIBi 1I(pH).

2 O0UHCIIUTH PO3PaxyHKOBI HABAHTA)KEHHSI 3 ypaXyBaHHAM iX KaTe-
ropii Ta HaHOUIBII HANIPY>KEHHS, 11O 3’ IBJIAIOTHCS B JIETal.

3 TlopiBHATH pPO3pPaxyHKOBI HANpY>KEHHS 3 JONYCTUMHMH HAIpYy-
KEHHSIMH [T MaTepiany aeTai.

JlomycTuMi HanpyxeHHs [S | Bu3HauaroThes 1o tadi. 122 [4] mis
BUJly HaBaHTaxxeHHs (po3TaryBaHHs) i || kaTeropii HaBaHTakeHb (ITyJIbCY-
1041 — HABAaHTA)XKEHH, 1110 3MIHIOIOTHCS BiJl HYJIbOBUX JI0 MAKCHMAJIbHHX).

B rigpounmiHapax oKpyXHI Hampy»XeHHS B JiBa pa3H BUII, HIK Me-
punianbHi. ToMy po3paxyHOK Ha MILHICTh MPOBOIUTHCS MO OKPY>)KHUM Ha-
npyKenusaM. SIkmo ToBmmHa crinku rigpouwninapa (d £ 0,1r) paniyca
MOPILHS, TO BiH BBAXKAETHCS TOHKOCTIHHUM. TOIi OKpY)XKHI Hampy>KeHHs
PO3paxoBYIOThCS 1O piBHSHHIO Jlamaca:

_Boer
- d

(1.2)

ne D, —poboumnii THCK B T1APOLMIIHAPI, H/m?Z

I —paaiyc TOpUIHA T1IPONMIIIHIpA, M;
d —ToBHIMHA CTIHKHM TiIpOLMIIHAPA, M.
Slkuro ToBumHa crinku rigpouwtinapa (d 30,1r ) pagiyca nopruss,
TO OKPYXHI HamnpyKeHHSI Ha BHYTPILIHIA CTIHII OUIbII 1 PO3paxOBYIOTHCS
1o (popMyJIi /I TOBCTOCTIHHUX IHJIIHAPIB:

& 1’0
S:————gl—%X%JMI (1.3)
o
ne I, —BHYTpilHIN pafiyc rigponmtinapa, M (I, =1 );

I, —30BHIWHIA pagiyc rinpoumninapa, m (r, =1, +d);

Dy —pobounii TUCK B TiAPOHITIHIP], H/M

YMoBa MiIHOCTI U1 MaTepialy KOpITyca TiIpOIHIiHIpa Mae BUTIIS

. E[s] B (1.4)
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ne [S ] — JIOMyCTUMI HamlpyXeHHs sl MaTepialy KopIiyca TiIponuiiHapa
(crams 40X, || kateropis HaBanTaxens —[S | = 14540° H/m? [4]).

Koedimient 3amacy riapouuminapa mo MilHOCTI CKiIagae

s ]
N, =—-—, (1.5
S max
I3 yMOBH MiITHOCTI MiHIMaJIbHA TOBIIWHA CTIHKU TiAPOIMIIIHIpPA MO-
xe OyTH
Por
dmin = M (16)
s ]
KoedimienT 3amacy mo TOBIIMHI CTIHKH CKJIaae
d...
_ Toaag.
NG = g , @7

min
TakuM YMHOM, KOPIYC T1IPOIMIIHIPA BUTOTOBJICHUH 3 3arajibHUM
KoedirieHToM 3amnacy N.

tok rigporwmninapa BiguyBae 3ycuuiss N, sike cTBOpIOETBCS po-
00YMM THCKOM B IIMJIHJIPi Ha MOPILIEHb

p XDTI?%
N=P x, =P ><T H (1.8
ne D,, —nmiamerp mopurHs rixponutiHapa, M.

Hanpy»keHHs B IITOKY JOPiBHIOE

max

S, . = Fi £[s], nm? (1.9)

00

ne F . —mioma mroky rigponntinapa, M2

[S] — JIONyCTUMI HAaNpy)KeHHs JUId MaTepialy IITOKa TiApOUMITiHApa
(crams 12XH3A, || kareropis HaBanTaxens —[S | = 22020° H/m? [4]).
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2
P >d., , M (1.10)

F:a(‘) = 4
ne d , — aiamerp wrroky rigponumisapa, M.

Koedirient 3amacy mroka rigpomuiiHapa Mo MIIIHOCTI BU3HAYAETh-
cst o popmyii (1.5).

S
. :S[_]

max

[ITok rigpommiiHapa HEOOXiJHO TEPEBIPUTH HA CTIUKICTD.
I'HyuKicTh MITOKY CKIIAAA€e

— m>4!5f)
i

: (1.11)

min

ne M — koedillieHT, 1110 BpaXxoBye YMOBH 3akpimieHHs mrtoky (7 =1,0);

|, —xix mroky, M;

iy — MIHIMaIBHUH pajiyc iHepuil WTOKY, M.

. -
| . = min , M 112
min F ( )

00

.. o o 4
pi(] I min — MIHIMaJIbHHHW OCbOBHHU MOMCHT IITOKY, M .

MiHimMabHUIA OChOBHII MOMEHT IITOKY BU3HAYAETHCS 110 POPMYITi
4
p xd,
| =2 ! (1.13)
64
Slkmo rayukicts mrtoky | £100, To kputnuny cury N, mpu skiit

IITOK BTPAaTUTh CBOIO CTIHKICTh HEOOXiIHO BU3HAYATH MO EMIIPUYHHUM 3a-
nexxHoctaM fcuncpkoro @.C.

N, =(a- bX )xF,,  H (1.14)

@0 !

ne @ i b — emmipuuni xoedinientn, H/m® (11st Heneropanux crameii a =
32140° H/m?, b = 1,1640° H/m% ans meroamux crameii a = 589x0°
H/M?, b = 3,82:40° H/v? [5]).
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Slkmo rayukicts mroky | 3100, To kputnuna cuma N mpu skiit

HITOK BTPATUTh CBOIO CTIMKICTh BU3HAYAETHCS MO piBHAHHIO Elinepa
2

— p XE X min

=——"",H
(m)

. . 2 . 1:
ne E —wmonyns npyxkaocti matepiany, H/m? (st crami E = 240" H/m).
Koeditient 3amacy 1o crifikocti
N,
&0
n. = (1.16)
no ' "
N
TakuM YHUHOM, IITOK BHUTOTOBJIEHHH 3 OUTBII BHCOKHM 3arabHHM
KOe(iI[iEeHTOM 3aracy, BHACIIJIOK TOro, IO TP HE3HAYHOMY IEPEKOCi
MPUKIIaICHHS HABAHTAKEHHS 10 OCi B IITOKY MOXYTh BUHUKHYTH HE TiJlb-
KW CTHCKalo4l Halpy>KeHHs, aJie 1 3THHANbHI.

NAé

(&

(1.15)

3mMicT 3BiTY

B 3BiTi moBuHHI OyTH BigoOpakeHi.

1 Hasga i mera poGoTH.

2 3aranbHi TEOPETUYHI BIJIOMOCTI.

3 CxeMa MaIMHYU 1 pekuM 1i poboTH, cxeMa TiIpoLuITiHpa.
4 HeoOxiaHi po3paxyHKH 10 poOoTi.

5 BucHoBKkHU 110 poOOTi.

KoHTposbHI 3anMTaHHsA 171 caMonepeBipku

1 B 4oMy CyTHICTh MPOIIECY JIUTTS B KOKLIb?

2 BuiMBKH 3 SIKUX CIUIABiB MO>KHA BUTOTOBJISITH JIUTTSIM B KOKIJTB?

3 SIKki OCHOBHI JOCTOTHCTBA 1 EKOHOMIUHI MepeBaru JUTTS B KOKiIb?

4 Sx xnacudikyroThCsl KOKUIbHI (JOPMH 1 BiJl 4OT'0 3aJeXHUTh iX
KOHCTPYKIIis?

5 Sk knacuikyroTbcsl KOKITBHI MallIMHU ?

6 SIki ocHOBHI (YHKIIi KOKITbHOT MAIIMHA ?

7 SIxuid ycTpiit 1 mpuHIMI poOOTH KOKITBHOT MAIIMHA ?

8 ki icHyIOTh TIepionu podOTH MexaHi3Ma KOKUTbHOT MaIlluHU ?

9 Ski cuiM MOBMHEH PO3BMBATH MEXaHi3M KOKUTFHOI MaIlIMHY B Pi3HI
nepioau ii poboru?
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JlaGopaTopHa podora Ne 2

BU3HAYEHHS CUJIOBUX I TEXHOJIOTI'TYHUX
XAPAKTEPUCTUK MAIIUHU JIMTTSA NI TACKOM

Merta po0oTH — BU3HAYWUTH THCK B KaMepi MpecyBaHHS MallldiHH
JUTTS MiJ TUCKOM 1 CEPEAHIO0 IIBUAKICTh MPECYBaHHS, PO3pPaxyBaTH JOB-
XKHUHY pPoO0OUOro X01y MPECcOBOTO MOPIIHS 1 3arajibHy JOBXKHHY XOIy TOp-
IIHA TiIpoUMIiHApa MexaHi3Ma MpecyBaHHA, a TAaKOX PIBEHb PiIKOro Me-
Taxy B KaMepi mpecyBaHHS.

Yac BuKoHaHHS poOOTH — 4 TOINHM.

3araanHi BimomocTi

JIUTTS T THCKOM € OJTHUM i3 HAHOLTBII MPOAYKTUBHUX METO/IB BU-
TOTOBJICHHS BUJIMBKIB BHCOKOI TOYHOCTI Ta YHCTOTH TIOBEPXHI i3 KOJIBOPO-
BHX MeTaiB. [luM criocoOOM BUTOTOBISIIOTH BHJIMBKH, 110 KOH(ITrypairii Ta
po3MipaM HaMOLIBII OJU3BKI 0 TOTOBUX JETalCH 3 IIMHKOBUX, alOMIiHie-
BHX, MAarHI€EBUX Ta MIJHMX CIUIaBIB BAaro0 Bij JACKUILKOX TpaMiB JI0 JAECAT-
KiB KinorpamiB. [Ipu IHUTTI mig THCKOM OCHOBHUMH MOKa3HUKAMH SKOCTi €
TOYHICTh, HMIOPCTKICTh MOBEPXHI, MEXaHIYHI BIACTUBOCTI, MIUIBHICTh, T'ep-
METHYHICTb, SIKI BU3HAYAIOThCSI OCOOIMBOCTSIMU BUTOTOBJICHHSI BIJIUBKA.

CyTHICTh METOAY IOJIATAE B TOMY, II[0 METAJICBUH CIUIAB Y PIAKOMY
a00 TBEPAOPIAKOMY CTaHi 3aJMBAETHCS y KaMepy MPeCcyBaHHs ClieliaabHOT
MAaIlMHA JIUTTS i THCKOM, a MOTIM MiJ] JI€0 TOPIIHS, SKUH NepeMily-
€ThCS B I KaMepi, 3allOBHIOE 3 BHUCOKOIO INBHJIKICTIO 4Yepe3 JIMBHUKOBI
KaHaJIM MOPOKHUHY Tpec-hopMu i TBepaie y Hill mig TuckoM. [lpu po3k-
PUTTI TIpec-pOopMH BUIIMBOK BHIYy4YaeThCsl. TakuM 4WHOM, mpec-(hopma 3a-
MTOBHIOETHCS ITiJ] JIIEI0 30BHIMIHIX CUJI, SIKI TIEPEBUILYIOTh CHJIU TpaBiTailii, a
TBEPJIiHHS MeTaly 3AIHCHIOETHCS TMiJ] HA/TMIIKOBUM TUCKOM [3].

Pingkuii mMetan pyxaeTbesl y TMBHHUKOBIM CHCTEMI 1 MOPOKHUHI TIpec-
¢dopmu 3 pisaumu mBuaAKocTAMHE Big 0,5 no 140 m/c. KinreBuii THCK Ha
posmias gocsrae 500 MIla. Cepenniii yac 3armoBHeHHsI pec-(hopMH CKJia-
nae 0,06 cekyHIM 1 MPaKTHYHO HE 3aJI€KHUTH BiJl PO3MIpPiB, TOBIIMHH CTIHKH
Ta KoH(Irypamii BuiuBku. Lle n0o3Boss€e, HE MUBIASYKUCHL HA BUCOKY IIIBH/I-
KICTh OXOJIOIKEHHSI, BUTOTOBJISATH BUJIMBKH 3 TOBIIMHOK CTIHKK 40 1 MM 1
MiHIMaJbHHMH IPUITYCKaMU Ha MeXaHiuHy 00poOKy, a iHofi 1 Oe3 Hed.
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VYci cyuacHi MalllMHU JIATTS i THCKOM I10 MIPUHIXIY PoOOTH By3Iia
NpecyBaHHS PO3MOIUISIOTHCS HA TPH THITU: MAIIMHU 3 TapsS40r0 KaMeporo
NPECyBaHHs; MAIIMHKA 3 BEPTUKAIBHOI XOJOIHOK KaMepOK MpPECyBaHHS;
MAIIMHYU 3 TOPU30HTAIBHOIO XOJIOIHOK KaMeporo npecyBanHs [1].

Haii6inbi po3moBCIOKEHUMHU € MAIIMHK JIUTTS 1] THCKOM 3 TOpH-
30HTAJILHOKO XOJIOJIHOK KaMepoto npecyBanHs (puc. 2.1).

il

| | —
AT, ;’/////7?]:/_7.-777:
T4 3 0

6)

a —3araJbHUi BUJ; 6 — CXeMa MallnHy;

1 — rigpounniHap MexaHizMa 3anupaHHs; 2 — nTa; 3 — peiika; 4 — pyuka,;

5 - BaxinbHa cucrema,; 6, 16 — konoHH; 7 — pyXxoma IUINTa,;

8, 9 —pyxoma i Hepyxoma nonoBuHu npec-popmu; 10, 15 — Hepyxoma minTa;
11 — kamepa npecyBaHHs; 12 — nopiuens; 13 — rigpolpninap MexaHi3Ma
npecyBaHHs, 14 —3anmBanbHe BikHO; 17 — raiikm.

Pucynok 2.1 - Mamuyna JIUTTS HiJl THCKOM 3 TOPU30HTAIIBHOIO XOJIOIHO0
KaMepolo MPECYBaHHs
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HaiiBaxxnuBiim By3nM MallMHU — MEXaHI3M 3allUpaHHs 1 MeXaHi3M
npecyBaHHs. MexaHi3M 3anMpaHHs npec-QopMH, sika CKIIAJa€ThCsl 3 TOJN0-
BuH 8 1 9, 3akpimieHnx Ha pyxoMiil 7 i Hepyxomiid 10 mumTax MammHH,
CKiIaiaeThes 13 rigpouminapa 1 i BakinpHOI cucremu 5. Pyxoma mmura 7
MepecyBaEThCS MO TIOAOBXKHIX KOJOHAX 6, sIKi CIy»KaTh Il Hel CIPSIMOBY-
I0YUMHU. MexaHi3M NpecyBaHHsI CKIIAJAeThes 13 Tiapormiinapa 13, mopurHs
12 ta xamepu mpecyBanHsa 11, B skiif € 3anuBanbHe BikHO 14. Tigporwu-
miagp 13 MexaHi3ma mpecyBaHHsS YKpIiIUIEHWH B HepyxoMmii miuti 15, sika
3'enHana kojoHamu 16 3 Hepyxomoro mmtoro 10. [Ipu Hamagmi MamuHu
IJIMTa 2, 0 SKOI KPIIJIATHCS PYyXOMi JIAHKH BaXKelliB 5 MexaHi3Ma 3aru-
paHHA, MOXKE TepeMilllaTUCs B MTOJOBKHBOMY HampsiMi peiKkoro 3, sKa me-
pecyBaetrhbes pyukoro 4. [TonoxeHHs IWIMTH 2 BIIHOCHO KOJIOH 6 (hikCy€eTh-
cs raitkamu 17, 1110 MafOTh HOHIYCHI JineHHs [2, 4].

[Ipu BUTOTOBICHH] BUJIMBKIB Ha JJAHUX MAIlMHAX 3/[IHCHIOIOTHCS Ha-
crymHi omeparii (puc. 2.2). Sanupanus mnpec-GopMH 3a paXyHOK Iepecy-
BaHHS PYyXOMOI IUTUTH JI0 HEPYXOMOi. 3aJIMBaHHS PIJKOr0 METaly uepes
BIKHO 3 B KaMepy npecyBaHHs 2, sika 0e3nocepenHbo 3B’ si3aHa 3 HEPYXO-
MO0 MoJIOBMHOKO Tipec-hopmu 1. Kamepa npecyBanHst 2 po3TaiioBaHa ro-
PHU30HTAJILHO MO OC1 MAalIMHH 1 TMEPHEHAMKYISPHO N0 IJIOUMHU PO3'EMY
npec-popmu. [Ipu pyci nopmss 5 pigkuii Metan yepes >KUBUIBHUK 4 3a110-
BHIOE POOOUY MOPOXKHUHY Tipec-hopmu. [licist 3aKiHYEHHS KpucTaizaril
MeTany npec-popMa PO3KPHBAETHCS 1 BUIMBOK Pa3oM 3 MPEC-3IUIIKOM 7
BUIITOBXYEThCS TOPLIHEM 5 i3 Hepyxomoi wactuHH Tpec-¢popmu 1. Sk
MPaBUJIO, BHJIMBOK 3aJUINAETHCS B PyXOMil monoBuHI mpec-popmu 8, a
MOTIM BUINTOBXYETHCS 13 Hel 32 JIOMOMOIOK0 CHCTEMH IITOBXAYiB 1 CKHJIA-
€ThCS B CIICLIANBHY Tapy, a00 BUTATYEThCS 3aXBaTaMK MaHimyisitopa [3].

-
b
F

Pucynok 2.2 — Cxema JIUTTSI /T THCKOM Ha MaIlIiHaX 3 TOPU30HTATLHOIO
XOJIOTHOIO KaMEpOI0 TIPECYBaHHS
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Ha puc. 2.3 300paxeHa KOHCTPYKTHMBHA CXe€Ma By3ja MpPeCyBaHHS
CY4YacHOI MAIlIMHU JIUTTS i TACKOM 3 TOPU30HTAILHOIO XOJIOJHOK Kame-
POIO TIpecyBaHHS.

1 — cranuna; 2 — HepyxoMa IUTHTa,; 3 —KaMepa IpecyBaHHs,; 4 — OpIICeHE,

5 — mrok; 6 — KOJIOHY; 7 — TiIPONMITIHAP MPEeCyBaHHS; 8 — cTiiika; 9 — 30JI0THHK;
10 — mudepenuitinnmii mopiens; 11 — mynprumtikatop; 12 — mopmeHs Kianaxy;,

13 —3BopoTHiii knanaH; 14 — rigporTiHAP-TOMKpaT; 15 — TeneckomigHi TpyOH.

PI/ICYHOK 23— KOHCprKTI/IBHa CX€Ma BYy3Jia IPECyBaHHA MAlllUHU JIUTTS Hiﬂ THCKOM
3 TOPU3OHTAJIBHOIO XOJIOJHOKO KaME€POKO NMPECYBaHHA

CranmHa 1, Hepyxoma TuMTa 2 MallliHH, KOJIOHU 6 1 cTilika 8 yTBO-
PIOIOTH TPOCTOPOBY paMy — IO HECE KOHCTPYKIIiIO By3ia mpecyBaHHs. [i-
JOPOLWITIHAP TpecyBaHHs 7 i 3aKpiMJieHnH Ha HOoro TOpui MyJbTHILIIKATOP
11 BcranoBieHi B CTiiili 8 Ta MOXYTh HepeMillaTHCA Yy BEPTHKAIbHIN
IJIONIMHI 10 CHPSMOBYIOUHMM CTiMKM 8 3a JOMOMOTOI TiApOMMIIiHApa-
nomkpata 14. 3BoporHiii kiaman 13, skuii BOynoBaHui B Tijio audepeH-
uifinoro nopmss 10 mynsTHIDTIKaTopa 11, mpu3HayeHuit i po3’ € THAHHS
MOPITHEBOI MOPOKHUHY MiJBUILIEHOTO TUCKY 1 TTOPOXKHUHU HOMiHAIBHOTO
THUCKY Ha MIOYATKYy CIpaIlOBaHHs MyJbTUIUTIKaTopa. [lopmens 12 cmyxuTh
JUISL BIAKPUTTS 3BOPOTHOrO Kianany 13 npu moBepHeHHI AudepeHmiiHoro
nopuHs 10 MynpTUIUTIKATOpPa y MOYaTKOBE MOJOXeHHs. HamipHuit 30m0t-
HUK 9 mpHU3HAYEHUH IS PeryIoBaHHs KiHIIEBOTO TUCKY B TiIpOLMIiHAP] 7
MpH MiANpecyBaHHI B pe3yabTaTi 3MiHH MPOTHBOTHCKY B IITOKOBiH MOpoO-
KHMHI MyJIbTHILTIKaTOpa. Poboya pimuHa (Macio) moTparisie B TiApOIH-
JiHIp 7 MexaHi3Ma MpecyBaHHs 10 TEIEeCKOMIYHUM TpyOam 15.
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MeTtoanka NpoBeeHHS PO3PaXyHKIB

[Tpu po3paxyHKy MalldH JUTTS i THCKOM MO 3aJaHUX 3HAYEHHSX
3yCUJIISl 3alMpaHHsl, 3yCHUJUIS MPECyBaHHS Ta HAHOLIBIIOI Bard piIkoro
MeTaiy, [0 3aJMBAE€ThCA BU3HAYAIOTHCS TUCK B Kamepi MpecyBaHHs, Mak-
CHUMaJIbHUH THCK MiINpecyBaHHS 1 cepelHs MIBHIKICTh mpecyBaHHsA. Kpim
TOT0, JUIA PI3HUX AiaMEeTpiB KaMepH MPeCyBaHHS PO3PAXOBYIOTHCS TOBKH-
Ha poOOYOro Xoay MPEecoBOro MOPIIHS, 3arajbHa JOBXHHA XO/AYy MMOPIIHS
TiIpONMITiHAPa MeXaHi3Ma IpecyBaHHs Ta PiBeHb PIAKOr0 METaly B KaMepi
pecyBaHHS.

3aBaaHHS HA MiATOTOBKY 110 J1aG0paTOpHOI podoTH

st BUKOHaHHS 71ab0paTopHOi poOOTH CTYIEHT CaMOCTIHHO BHUBYAE
MaTepiajl CTOCOBHO MUTaHb KOHCTPYKIIH, MPUHIMITY Aii Ta pOOOTH MallnH
JIUTTS T THCKOM 3a JiiTeparyporo [1, ¢. 66-215; 2 ¢. 268-321; 3, ¢. 5-183;
4, c. 5-139].

CTylleHT Tporisiiae KOHCICKT JISKI[id 3 JaHOl ITUCIUILIIHU 10 TeMi
J1a00paTopHOi POOOTH.

B 3ommuTi 11 nabopatopHuX pobiT ohopMITIOEThCS TEOPETHYHA Yac-
THHA poOOTH 3 00OB’ I3KOBUM HaBE/IEHHSM BCiX PUCYHKIB.

Iopsinox BUKOHAHHS J1a00pPATOPHOI POOOTH

[IpoBectn HEoOXigHI PO3pPaxXyHKH MEXaHi3Ma MpEcyBaHHS MaIIMHH
JIMTTSI TiJT THCKOM 3 TOPU30HTAJIBHOIO KaMeporo nipecyBanHs (puc. 2.4).

=
P’ P
Lsa 5 )
; It \
:I,‘ 1 g E‘
< \/;IllII : _-é___ca
Iﬁ; Lp Le -I'I
T T r
I
A

Pucynok 2.4 — Po3paxyHkoBa cxeMa MeXaHi3Ma MpeCcyBaHHS
MAIIAHY JIUTTSI 1L THCKOM
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Busnauutu 3 Tabn. 2.1 BuXiiHI JaHi 10 po3paxyHKy MeXaHi3Ma Ipe-
CYBaHHSI MAIlIMHM JIUTTS MiJl TACKOM (B 3aJISKHOCTI BiJi HOMEPY 3aiKOBOT
KHWKKH — OCTaHHI JIBI UQPH).

Tabnuus 2.1 — BuxiaHi JaHi 10 po3paxyHKy MexaHi3Ma IpecyBaHHS
MAaIIWHY JIATTS i THCKOM

Hudpwu 3ami-
KOBOI KHM)KKHU
Tuck macna
DA%, HIv?
(mepemocran-
Hs)
Mopens

manman  [71106711077110871109711107111171112711137111471115
(ocTanHs)

50 (55|60 6570|75|80(85|90 /|95

[o 3amaniii Moeni MaIIMHK 3 J0JaTKy A BU3HAYMTH il TEXHIUHI Xa-
pakrepucThky (3ycuuis 3amupanas N i + SYCUIUISL [IPECYBaHHsI N, i
Hal6inblIy Bary pikoro Meraiy, mo 3anuBaeTbesd [ . ).

HiamMeTp OCHOBHOI KaMepu NpecyBaHHS BHOMPAETbCA TPU Cepe-
HbOMY CTATUYHOMY THUCKY

/4XN‘1‘6
D, = , M (2.2)
P *p;

ne N;, —3ycumns npecysanus, H (zomatox A);

P, —cepenniii craTHuHKi THCK, H/im® p, = 504.0° H/m®).
PospaxoBaHne 3HaueHHsT D, HeoOXigHO OKPYIIUTH i KOHCTPYKTHBHO
MPUAHATH AlaMeTp KaMepy MpecyBaHHS.
Tuck B KaMepi MpecyBaHHA B KiHI[I X0y IPECOBOTO MOPILIHS 3HAXO-
IUTHCS 110 popmyti

- (- -
p, =N NF LT 2.2)

&
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ne N —3ycmuis, sike CTBOPIOETHCS THCKOM Maclia B MOPOKHUHI TiAPOIIHU-
JIHpa, 1110 3aM0BHIOEThCS, H;

N € — 3ycusuisi, sike CTBOPIOEThCSI TIPOTHBOTHCKOM Maciia B MOPOKHUHI
TiIpOLMITIHIPA, IO CIIOPOXKHSIEThCS, H;

01 — cuJjia TepTs B IOPIIHEBUX KUIbIIX, H;

\

O, —cwa TepTs B MAHXKETHUX YIIUIBHEHHSIX IITOKA, H;
2 y

FéT — IUI0IIIa MOIIEPEYHOI0 IIEPETHHY KaMEPH MpECyBaHH, M.
2
xD2
Fo = pTel M2 (2.3)

ne D, —miamerp xamepu npecyBaHHs, M.

3ycuius, Sike CTBOPIOETHCS TACKOM Maciia B IOPO>KHUHI TiIPOIIITiH-
pa, 110 3aII0BHIOETHCS

xD.
N=Px— H (2.9
4

ne P —Tuck Macna B TOPOXKHUHI TIAPOIMITIHAPA, 10 3aITOBHIOETECS, H/m?
(tabm. 2.1);

D.s, — ZiaMerp MOpHIHA TifPOUMJIIHAPA MEXaHi3Ma MPECyBaHHA, M
(Dyy =(3,0,35D,; ).

3ycuILIsl, SIKE CTBOPIOETHCS MPOTUBOTHCKOM Maciia B TIOPOKHHHI Ti-
JPOLMITIHAPA, IO CTIOPOKHSIETHCS

N¢= P(I><% D2, - d2).H (25)

ii0e

ae D( — npoTUBOTHCK Maciia B MOPOKHUHI TPOLMIIHIPA, IO CIIOPOXKHS-
etbest, Hv® (D(= 0,25 D);

d, - nmiamerp mroka rigpommmiHIpa MexaHi3Ma NpECYBaHHs, M
(dyy =Dy ).
Cunn TepTsl B MOPIIHEBHX KUTBLAX 1 B MaH)KETHHUX YIIUTbHEHHSX
HITOKA
O, =p XDy, b, xf, ><il *, + P)1 H (2.6)
0, =p xd_, o, xf, %, P H 2.7)
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ne b, b, — mmpuHa nopuwHeBOro Kinbus i MaHXETH BiAINOBIAHO, M
(b,=0,01 M, b,=0,012 m);

f,, f, — koediuienTH TEpTA BIANOBIAHO MOPIIHEBOrO KilbLs O CTIHKH
rigpounninzpa i mamkern o wrok ( f,=0,07, 0,08, f,=0,09, 0,1);

I,, I, —KinbKicTh mopiuHeBHX Kineus i mamxer, wr. (i,= 4, i, =5);

D, — THCK TOpPIIHEBOro Kilblld HA CTIHKM TipOIMIIHIpA, H/m?
(B, =(0,09, 0,1) 20° H/v?).

[To po3paxoBaHOMY THUCKY B KaMepi NMPECYBaHHS B KiHIIl XOIy Ipe-

COBOTO MOPIHS 110 hopmysi (2.2) 3HaXOAUTHCS MaKCHUMATBHUHN TUCK M-

pecyBaHHS
D, =k, xB, , HIM® (2.8)

ne K. — koedinient mynprumuikanii (K, = 2,5, 4 cniBBinHOIECHHS MaKcH-
MaJBHOTO THUCKY B TiAPONMIIIH/PI MPECyBaHHA B KiHI MiAMPECyBaHHS 1 JI0
HBOT0).

3ycwuis MignpecyBaHHs, HEOOXIHE [T 3a0e3eueHHS 3aJIaHOl CTY-
MEeHI CTUCHEHHS Tra30BHX BKJIIOYCHb Y BWIIMBKY BHU3HAYAETHCS MO THUCKY
HiApecyBaHHs

xD2
N13a = rn’l XR35 XpTel H H (29)

ae M, — koedillieHT BTPAaTH TUCKY B KaMepi IPECyBaHHs 1 IMBHUKOBIH cH-
creMi (g MalIMH 3 TOPU30HTAIBHOI KaMepoO IpecyBaHHA M =
0,85, 0,95, 3 BeprukanbHoro M, = 0,8, 0,85, 3 rapsuoro M, = 0,7, 0,8).

Po3paxyHkoBa J0BKHHA POOOYOro XOAy MPECOBOTO TOPIIHS 3HAXO0-
JUTHCS. BUXOJISTYM 3 HAHOUIBIIIOT Bar PiIKOr0 METay, 110 3aJIMBAEThCS
45 .
LgB = % M (2.10)
2
pxDg; X
ne I ,,, —HaiibinbIua Bara pigKoro MeTay, IO 3alUBA€ThCsA, KT (Bara BU-
JIUBKH 3 IABHUKOBOIO CHCTEMOIO 1 TTpec-3amuiinkoM) (moaatok A);
[ — IIUIBHICTH PIIKOro MeTany, Kr/m® (s amrOMiHIEBHX CIUTABIB

1

I o = 2500, 2700 kr/m).
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Pospaxosane no dopmyui (2.10) 3nauennst L{ neoOxinHo 36inbmm-

i Ha 5-10 % i KOHCTPYKTUBHO NPUIHATH JAOBXKUHY POOOUYOT0 X0y MPeco-
BOro nopuss L .

3araibHa JOBKHHA XOJY MOPUIHA TiAPOLMIIHApPAa MEXaHi3Ma Ipecy-
BaHHS

Laa =Ly +Li+L ™ (2.11)

Jc Lé — JOBXXHWHA XO4Yy MOPUIHA I HCPECKPUTTS 3aJIUBAJILHOT'O BiKHa, M,

L‘f(; — JOBXXHWHA XOA4Yy IMOPHUIHA I BUIITOBXYBAaHHS MIPEC-3aIUIIKaA, M.

L,=(0,3,04)x,, M (2.12)
L, =(04, 05, , M (2.13)

MakcumasbHa Bara piikoro MeTaiy, 10 3aJIMBaeThcs (Bara BUIMBKU
3 JINBHUKOBOKO CHCTEMOIO 1 MPEC-3aIHIIKOM) IS JaHOT KaMepH MpecyBaH-
HSl CKJIaJIa€e

I B =F, Xy, xr (2.14)

PiBenb pizkoro merany B Kamepi MpecyBaHHsI 10 MOYATKY IpecyBaH-
HSl BU3HAYa€ThCA PO3MipaMH 3aJIMBAILHOTO BIiKHA, SIKi MIOBUHHI OyTH Taku-
MU, 100 3a0€3MEeYNTH MOXKIIMBICTh 3aJIMBKM B KaMepy MpecyBaHHS MaKCH-
MaJbHO HEOOX1THOT KIIBKOCT1 piIKOro MeTaiy.

OO0’ €M BUJIMBKH 3 JINBHUKOBOIO CUCTEMOIO 1 MPEC-3aIUIITIKOM

Vie =Fs X, s (2.15)
JIoBKHHA X0y IPECOBOr0 NOPLIHS IIPU NpeCcyBaHHi
L, =L, +L,, u (2.16)

[Inoma nonepedyHoro mepeTuHy MeTaly B KaMepH MpPEecyBaHHS JI0
MOYaTKy PyXy IPECOBOTO MOPIIHS

F¢= Vas , M (2.17)

0
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[1n01ma nomnepevyHoro nepeTuHy KaMepu MpecyBaHHs, 1110 He 3aiiHATa
METaJIOM JI0 TTOYaTKy pyXy MPECOBOrO MOPIIHS

FI(=F, - F( M (2.18)

LlenTpanpHuil KYT | 3HAXOTUTHCS MMiZOOPOM 13 CIIBBITHOIICHHS
F« . .

= =05% - snj ) (2.19)

ne R —paziyc kamepu npecyBaHHs, M;
| —ueHtpanbhuii Kyt () = 2,094, 2,443 pan = 120°, 140°).
3HaveHHs KyTa | B pajiiaHax 3HAXOJHUTHCS i3 TPOIOPIIT

180° = 3,141
140° = 2,443
Crpina cerMeHTy 3HaXOAUThCA Mo HopMyITi
O _
éq_g: 2>gnZJ (2.20)
eRg 4
Bucora cermeHTy BU3HadaeThes 1o Gopmyi
5 D..
he= Sélgxi M 2.21)
eRg 2
PiBens pinkoro mMerany B kKamepi 10 MOYaTKy MPECyBaHHS
h(=D, - ht, M (2.22)
CepenHs WBUIKICTh IPECYBAaHHS BU3HAYAETHCS IO POPMYITi
u, = / (2.23)
o5 = —————,Mlc .
i0 p xD; >{ .

ne V,,; —00’eM BUIIMBKY 3 TMBHUKOBOIO CHCTEMOIO 1 IPEC-3aJIHILKOM, M

= 0,04, 0,06 ).

[lo macnopTy MaimiuMHa JIMTTS IiJ THCKOM 3a0€3leuye IIBHJIKICTh
npecyBanHs 10 10 m/c.

t i — TpUBaIiCTh 3an0BHEHHs npec-popmy, ¢ (L
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3mMicT 3BiTY

B 3BiTi moBuHHI OyTH BigoOpakeHi.

1 Hasga i mera poGoTH.

2 3aranbHi TEOPETUYHI BIJIOMOCTI.

3 CxeMa MaIlIlHU, cXeMa JINTTS 1 BY30J1 IPECyBaHHS.
4 HeoOxiaHi po3paxyHKH 10 poOoOTi.

5 BucHoBkHU 110 poOOTi.

KoHTposbHI 3anMTaHHs 171 caMoniepeBipkn

1 B 4oMy CyTHICTh MPOLIECY JUTTS MiJ] THCKOM ?

2 BunuBKkH 3 SIKMX CIUIaBIB MOXKHA BUTOTOBJISITH JIMTTSIM ITiJ] THC-
KOM?

3 SIki OCHOBHI TEXHOJIOT1YHI MApPaMETPH JUTTS MiJ] THCKOM ?

4 Sk xnacuikyrOThCS MAIIMHU JIUTTS I THCKOM I10 MPHUHIIHITY PO-
00THU By3Ja pecyBaHHS?

5 B oMy pi3HUIIS MK Tapsiuoo 1 XOJIOJHOI0 KaMepOIO MPeCyBaHHA?

6 Skuii ycTpii 1 MPUHIKT POOOTH MAIIMHM JUTTS il TUCKOM 3 T'0-
PHU30HTAILHOIO XOJIOAHOIO KAMEPOIO MPECyBaHHS?

7 Sxi omepanii 34iHCHIOIOTHCSI TP BUTOTOBJIEHHI BHJIMBKIB HA Ma-
IIMHI JUTTS T THCKOM 3 TOPHU30HTAJIBHOK XOJIOJHOK KaMEpOK Mpecy-
BaHHS?

8 Sxwii ycTpili i mpuHIMI poOOTH By3Jia MpeCyBaHHI MAIIMHU JTUTTS
i1 THCKOM 3 TOPH30HTAJILHOIO XOJIOAHOI0 KaMEPOIO MPECyBaHHsI?

PexomennoBana Jjiteparypa

1 Kammpues JLII. Jlureiinpie Mamuabl. JIuThe B MeTaUIMYECKUE
¢dopmel: YuebHoe mocodbue. — M.: ManmHoctpoenue, 2005. — 368 c.

2 l'opckuit A.W., I'ennep P.JL., JlnokymoBuy JI.®D. Pacuersr mammn
JIUTEWHOTrO MPOon3BoJICTBa. — M.: MammHoctpoenue, 1966. — 404 c.

3 Jlutee moa maenenveM /| M.B. Bekkep, M.JI. 3acnaBckuii, 10.D.
Urnarenko u ap. — 3-e u3n., nepepad. u jon. — M.. MammHocTpoeHue,
1990. —400 c.

4 Mammnbl uths non aasieHueMm / Ilon pen. B.E. PozenGepra. —
M.: Mammmnoctpoenue, 1973. — 288 c.
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JlaGopaTopua podora Ne 3

BU3HAYEHHS ITAPAMETPIB MEXAHI3MA 3AITUPAHHS
MAIIWHUA JIUTTS 1 THCKOM

Meta po60TH — BH3HAYHTH y3arallbHEHY >KOPCTKICTh MAIllMHH, 3Y-
CHJUIA TiAPOIMIIIHAPAa MeXaHi3Ma 3alupaHHs, cyMapHy aedopMalilo mpy-
JKHOI CHCTEMH MAIlIMHU Ta KOeil[ieHT 3amacy MexaHizma 3allupaHHs, a Ta-
KO pO3paxyBaTH KOJIOHU MAIllMHU Ha MIIHICTb.

Yac BukoHaHHS poO0TH — 6 TOIUH.

3araanHi BimomocTi

OpHMM 3 HaWBaXKJIMBIIMIUX BY3JIIB MAIIUHU JIUTTS IiJl THCKOM € ME-
XaHi3M 3anupaHHs. Big KoHCTpyKmii MexaHi3Ma 3anupaHHs y BeIHKiil Mipi
3aJiexaTh MPOAYKTUBHICTh MAalllMHU, YMOBH POOOTH €IEMEHTIB mpec-QopM,
TOYHICTS 1 IIITBHICTh BUIMBKIB, a TAKOXK Oe3MeKa mpatli poOiTHUKIB.

3HayHHUH THCK, SIKUIl BUHUKAaE B TIOPOKHUHI mpec-popMU y MOMEHT
3allPecOBKU PIIKOTO METally, BHKIMKAE 32 JSSIKMX YMOB PO3KPHTTS Ipec-
¢dbopMH 1 BHKH]I PIIKOTO METally uepe3 3a30p, M0 YTBOPIOETHCS MiX i1 mo-
noBuHaMH. MexaHi3M 3anypaHHs TOBUHEH PO3BUBATH 3yCHIUIS, SKE rapaH-
Ty€ TaKWi CHJIOBHH KOHTaKT CTUKOBHX TOBEPXOHb IOJIOBHH Mpec-hopmH,
MPH SIKOMY TOBHICTIO BUKITIOYAETHCS MOXKJIMBICTh PO3KPUTTS mpec-PpopMu
i yac mpecyBaHHs. Y 3B'A3KY 3 MM BeJIMYUHA 3yCHIUIS 3allUPaHHs € Of-
HI€I0 3 OCHOBHHX CHUJIOBHX XapaKTEPUCTHK MAIIMH JIUTTS i TUCKOM.

Mexani3M 3anupaHHsl BAKOHYE HACTYITHI OCHOBHI 3a/1a4i:

a) 3aKpuBaHHS — 30MpaHHs pec-PopMHu;

0) 3amMpaHHs — yTpUMaHHS 1pec-GopMU B 3aMKHEHOMY CTaHi MpU
3all0BHEHHI MOPOKHUHU Tpec-POpPMHU PIIKMM METaJIoM 1 MiAnpecyBaHHi,

B) PO3KPUTTS — po30MpaHHs rnpec-hopMH JUTs BUIAJICHHS BUJIMBKH.

JlonaTtkoBOIO (PYHKIIIEI0 MEXaHi3Ma 3alHupaHHs 4acTO € BUJIAJICHHS
CTEp>KHIB 1 BUINITOBXYBaHHS BHJIUBKH 13 PyXOMOI IMOJIOBUHHU Tpec-(OpMH.

B mammni mutTs mig tuckoM (puc. 3.1 a) ogHa Hepyxoma 5 monosu-
Ha mpec-PpOpMH 3aKpIIIIOETHCS Ha TepeaHid HepyxoMiili miuuti 6. [pyra
pyxoma 4 nonoBuHa npec-HopMH MOHTYETbCS Ha PyXOMil TUUTI 3 Malu-
Hu. [lepemimenHss pyxoMoi MOJIOBHHH Tpec-HOpMHU BITHOCHO HEPYXOMOI
3a0e3meuyeThbes CrpsaMoByOYMME KojloHamu 2. Hepyxomi mutu 11 6 Ta
CHPSMOBYIOUI KOJIOHH 2 YTBOPIOIOTh HECY4y KOHCTPYKIIiIO, 1110 CIIpUiiMae
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BCl BUHMKAaIO4i HaBaHTKCHHS. MexaHi3M 3amnuMpaHHs MalluHu (Ha cxemi
HE MOKa3aHuil) 3BHYaliHO po3MillyeThcss Mk Tuutamu 1 i 3 Ta cTBOprOE

OPUKIAJIEHY 10 IuX minT cuny N i 3aIHMPaHHs pec-Gpopmu.

12 3 4 5 8 Y\
'\17 1 \ o [ | w7
| 1 Ll
IZZL ! 1L Prie. &

‘l|l N | Y

Noan | PIL;— _FE
Ne | ¥ MpNew
=l 1% t
o | b @,
a) 6)

1, 6 — HepyxoMi IUINTH; 2 — CIPSIMOBYIOYI KOJIOHH; 3 — pyXOMa IUTUTA,
4, — pyxoMa IToJI0BHHa Ipec-QpopMH; 5 — HepyXxoMa IOIOBHHA Tpec-(OpMHL.

Pucynok 3.1 — Cxema cuitoBoi KOHCTPYKIIiT (a) i miarpama pobor (6)
MeXaHi3Ma 3alipaHHs MAIIKHK JIATTS 1] THCKOM

Pobounii mporec MexaHi3Ma 3arnupaHHs MallMHKA JIATTS il THCKOM
MO)KHA po30uTH Ha Tpu nepioau (puc. 3.1 0).

[Mepmmit mepion t, — 30upanusa npec-Gopmu (30MIKEHHS PyXOMO]
Ta HepyxoMmoi moysioBHH mpec-popmu). Jo IMBUAKICHOTO PeXHUMY pOOOTH
MexaHi3Ma 3alupaHHs B el 1mepiosl 0cOOIMBUX BUMOT HE MPEJ IBISETHCS.
OpnHak 171 CKOpOYEHHs LUKy poOoTu MamuHK 4yac t, moBuHeH OyTu ma-
JIMM, TOMY HIBHJIKICTH CITOYaTKy 3pocTae. A mo0 yHHKHYTH TUHAMIYHHX
yJapiB MpH 31TKHEHHI TOJOBUH Mpec-(HOopMH HIBHIIKICTh NEPEMILIEHHS Py-

XOMOI TUTUTH HAMPHUKIHII Tepioay 3MEHIIYEThCS.
B npomy mepioni MexaHi3M MOBUHEH PO3BHBATH BiTHOCHO HEBEIHKY

cury N. obymoBneny cumamu teprss N mpu pyci pyxomoi mimut mo

cupsmoBytounm Mamman N = N, . Onnak tpeba matu Ha yBasi, 110

CIOYATKy PyXy HEoOXiHa CHJIa CYTTEBO OLIbIIE BHACTIJOK BiJIMIHHOCTI
Koe(ili€HTIB TEPTS CIIOKOIO 1 pyXYy.
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HApyruit nepion t, — yrpumanHs mpec-GopMu B 3aMKHEHOMY CTaHi
MpH 3aMOBHEHHI MOPOKHUHH TMpec-pOopMHU PIIKUM MeTajoM 1 miarpecy-
BaHHI. MexaHi3M 3arupaHHs MallliHA IOBUHEH PO3BUBATH CHITY

N(;él‘f>Ni :F)iXF

aes 1

(3.1)

ne N, —piBHOZIIOYA CHJI THCKY PIIKOrO METaly Ha HOJOBUHY QOPMHU;

P —tuck Merany B mOpoXXHUHI Tpec-popMu;

1

F

— IJI0IIA TPOEKIil BUJIMBKY Ha TUIOLIMHY Po3’ €My mpec-(popmu.

ase

ITpu Busnaueni cumu N, HEOOXiZAHO BPaXOBYBAaTH HE TUIBKU CTAaTH-
YHHUI THCK B METaJi MPH MiANpecyBaHHi, ane 1 JUHaMi4Hi KK TucKy. Cuna
3auMpaHHs NOBUHHA OYTH Takoro, MI00 MOBHICTIO BHKIIOYHTH PO3KPUTTS
npec-GopMH 1 BUKU PiIKOTro MeTally 10 MJIOMIKHI if po3’ eMy B KiHIIi 3a110-
BHEHHS TOPOXKHUHHU TTpec-(hopMHu.

Yac BUTPUMKH CHJIM 3allMpPaHHs MOBMHEH OyTH OLIbIIIE CyMapHOTrO
yacy poboru npecosoro mexanismy (t, >1, +t, +t; +1,). 3snuaiino Bona
BUTPUMYETHCA 10 3aKiHUCHHS OXOJIOKEHHSI BUJIMBKHU B Mpec-PopMi.

Tperiit nepion t, — poskpurts npec-popmu. Jlo MBHAKICHOTO pe-
KHUMY TIPEN SIBISIOTHCS Ti 3K CaMmi BUMOTH, 1110 1 B TIEPIIHA NEePioA.
MexaHni3M 3anupaHHs MoBuHEH po3BuBatu cuity N, HeoOXimHy s

pO3KpHTTS npec-popmu Ta cuiny N,, BUIITOBXyBaHHS BHIMBKH i3 PyXOMOI
noJoBuHM mpec-popmu. CHiIM B MOYATKOBUH MOMEHT PO3KPHUTTS Tpec-
(hopMH 1 BUIITOBXYBaHHS BHJIMBKH 3HAYHO MEPEBUIYIOTh CHIIM, HEOOX1IHI
JUISl TPAHCIIOPTHUX MEpEMIlIeHb PyXOMOI IJIUTH.

VY cydacHHMX MaImIMHaX JUTTS il TACKOM 3aCTOCOBYIOTHCSI TPH OCHO-
BHI THIK MEXaHI3MIB 3allMpaHHs: BaXUIbHI, TiIpaBIiyHi, KIMHOBI, 8 TAKOX
ix koMOiHarii. [To cyKkymHOCTi JOCTOTHCTB HaWKpalluM MEXaHI3MOM 3aIliv-
paHHS JJIS MAIUH JIUTTS il THCKOM € BaXUIbHUH.

HaiinpocTimmii BaXiIbHUH MeXaHi3M 3alUpaHHs MPENCTaBIsE CO-
0010 KpPUBOIIUITHO-IIATYHHUH MEXaHi3M, MOB3YHOM B SKOMY € pyxoma
TUIMTa MAllMHA. B MammHaxX JTUTTS i TUCKOM 3BHYAHHO 3aCTOCOBYIOTHCS
3/IBOEHI KPUBOLIMIHO-IATyHHI MexaHismu (puc. 3.2). Kpusomunu ab i
ab(, marynu bc i b(, posramosani ciMeTpHYHO BiIHOCHO OCI MAIIMHU
i MatoTh crinbHUN mpuBia Bix rigpoumninapa 1 uepes Baxeni de i dec.
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3 MeToro 3MeHIIeHHs fedopmMallii BUrHHY it 2 1 5 mapripu a, al pos-
MIIIYIOThCS MOOIM3Y OCeil KOJIOH, a mapHipu C, C( aemro 3MilyrThes 10
nentpy (aal> ccl).

M - W74
3 T

1 —rigponmiaap; 2, 6 — HePyXOMi TIUTH; 3 — BAKUIEHUA MEXaHi3M;
4 — cripsIMOBYIOUi KOJIOHH; 5 — pyxoMa 1nTa; 7 — CIpSIMOBYIOUHH
3piBHUIBHUN IPUCTPiH; 8 — TpaBepca.

Pucynok 3.2 — Cxema BaXiIBHOTO MEXaHi3Ma 3alyupaHHs MAIIUHA JTUTTS i1 THCKOM

lapuipu a,b,c i a(b( cl cnpuiimarors Bei cumm 3anmpanns. s
3MEHILIEHHS THCKY Ha KOHTAKTHHX IMOBEPXHSX 1 3pi3alouuX HampyXeHb B
0CSIX MIApHIPIB BaXKUIBHUH MEXaHi3M HaOWpaeThes 13 TUIACTHH, 11O 3aiMa-
I0Th MaiiKe BECh MPOCTIp MK KOJOHAMH B TOPU3OHTANIBHIH miuomuHi. Ha
puc. 3.2 yMOBHO TIOKa3aHi JIUIIIE JBI APy TAKUX TUIACTHH.

11106 3abe3neunTn oHAKOBI yMOBH poboTH mapHipiB a,al, C,cl ta

b,b( (onnakosi Mo KOHTAKTHHUX TTIOBEPXOHB IIAPHIPIB) IS PUBOIHUX

saxenis de i d€( Bukonytorbes nomnatkosi mapuipu d i d( Ha kpuso-
LINMIIAX, SKi HA3UBAIOTHCS PO3BaHTAKyBaJIbHUMH.

I[lpu 3anupanni npec-popmu Baxeni ab, bc ra ab(, bc(zaiima-
I0Th TOJIOKEHHS1, Oyn3bke 10 MepTBoro. [Ipu aal> ccl BaxinpHuil Mexa-
HIi3M CTiMKHI y BepTHKaNbHiN tutonmHi. [1{o0 BUKIIOYATH MOSBY OOKOBHX
CWJI Ha IITOKY TimporwiiHapa 1, B TOPU3OHTAIBHIN IUIONMHI BBOJUTHCS
3piBHAIBHUIA NPHUCTPild. BiH ckilagaeThes 3 CIPIMOBYIOUUX 7, 3aKPilIEHUX
Ha pyxoMiii uTi 5, 1 monepeyHoi TpaBepcH 8, M0 mepeMilaeThes Mo MUM
CHpsiMOBYrOuuM. [3 TpaBepcor 8 3'eHyIOThCS MTOK Timpormiagpa 1 i
npuBoaHi Baxkeni de i d€(. Omnak s BUTOTOBJIEHHS TaKMi MeXaHi3M
CKJIAJIHU{, TOMY B KOHCTPYKIIiSIX BaXKUIBHUX MEXaHI3MiB 3alTUpaHHS BUKO-
PHUCTOBYIOTBCSI CIIPOIICHHS.
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Jns cepennix mammn mutts mig tackom (N £ 10 MH) npuiima-

erbesi aal = CC(, 30UTbIIYIOYN IPH BOMY JKOPCTKICTh MHT. J[na mexaHi-
3miB 3 aal = CC( 3piBHUIBHUN MPUCTPIHi 000B’ I3KOBUI LTSI MiABUIICHHS
CTIMKOCTI B BEPTUKAJIbHIHN TUIOIINHI Ta BUKJIIOUCHHS OOKOBUX HaBaHTAXCHb
Ha WTOK riiponwiinapa. ns sinnocno mamux mamms (N £ 1 MH) no-

JIATKOBO BUKIIFOYAIOTHCs po3BaHTaxkyBaibHi mapuipu d i d( (aal = ccC,
bd =b@(=0). /lng caMmux ManMx MamuH BUKOPUCTOBYIOTHCS OJMHOYHI
Ba)XKUIbHI MeXaHi3Mu 3anupanHs (tadn. 2.4 [1]).

MeTtoanka nNpoBeeHHS PO3PaXyHKIB

[Tpu po3paxyHKy MaIlMHHU JUTTS i THCKOM IO 3aJlaHOMY 3HA4eH-
HIO 3yCHJIJISl 3alMpaHHsl BU3HAYAIOTHCS y3arajbHEHa KOPCTKICTh MAIluHH,
3ycWJUIsl TiApOUMIIIHApa MexaHi3Ma 3amupaHHs, cyMapHa aedopmaris
MPYKHOI CHCTEMH MAalIMHU Ta KOe(il[ieHT 3amacy MexaHi3Ma 3amnvpaHHs.
Kpim TOro po3paxoByIOThCsS OCHOBHI HaBaHTaXEHi JeTall MAalliHH, IO
OepyTb y4acTh B CTBOPEHHI 3yCHIUISI 3aNIMpaHHs — KojoHu. KomoHnu pospa-
XOBYIOTHCS Ha PO3TATYBAaHHSA Bifl 3yCHJUIA 3allMPaHHs Ta 3THHAHHS BiJl Baru
TUTUTH 1 3aKPITUICHUX HA HIi JIeTaei.

3aBaaHHS HA MiATOTOBKY [0 J1aG0paTOpHOI po6oTH

st BUKOHaHHs J1ab0paTopHOi poOOTH CTYIEHT CaMOCTIHHO BHUBYAE
MaTepiaj CTOCOBHO MUTaHb KOHCTPYKIiH, MPUHIKITY Aii Ta poOOTH MEXaHi-
3MIB 3alMpaHHs MAIMH JUTTS il TACKOM 3a JiTeparypoto [1, c. 66-215; 2
c. 268-321; 3, c. 5-183; 4, c. 5-139].

CTylleHT Tporisiiae KOHCICKT JISKIid 3 JaHOI ITUCIUILTIHU 10 TeMi
J1a00paTopHOi pOoOOTH.

B 3ommrti myis mabopatopHux podiT 0OpMITIOETECS TEOPETUYHA Yac-
THHA poOOTH 3 00OB’ I3KOBUM HaBEIEHHAM BCiX PUCYHKIB.

Iopsinox BUKOHAHHS J1a00pPATOPHOI PO0OTH

Ha puc 3.3 noka3zaHa po3paxyHKOBa CXeMa BaXUIbHOTO MExaHi3Ma
3aMupaHHs MallMHKA JUTTS if TUCKOM. LIITOK rigporuimiHapa BILUIMBAE Ha

Baxinb @ 3 ciIol0 N, . J[BOMa CUMETPUYHO PO3TALIOBAHMMHU BaXKEISIMU
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0 11e 3yCUILIS TIePEAaEThC BAXKEISIM 6, IIAPHIPHO YKPIMJICHUM Ha HEPYXO-
Mil TUIMTI H, 1 AT BaXKeENsIM 2, SKi TepeMilllaloTh PyXoMy TUIUTY p JI0 T0-
JIOKEHHSI 3aKPUTTS TOJOBHH Tpec-PpopMH, Micis 4Oro PO3BHBAETHCS 3Y-
cuins sanmpanns N .

H

Pucynok 3.3 — Po3paxyHkoBa cxeMa BaKUIFHOTO MEXaHi3Ma 3alrpaHHs

Busnauutu 3 Tabn. 3.1 BuXijHI JaHi 10 pO3paxyHKy MeXaHi3Ma 3a-
MUPaHHS MAIIMHU JUTTS i THCKOM (B 3aJISKHOCTI BiJl HOMEpY 3aJ1iKOBOT
KHWKKH — OCTaHHI J1BI U(PH).

Tabmuus 3.1 — BuxinHi naHi 10 po3paxyHKy MeXaHi3ma 3amupaHHs
MAaIIWHY JITTS i THCKOM

Hupusani-| o | 41 5 | g | 4 | 5| 6|7 ]8]|09
IKOBO1 KHHUXKKH]

Koedimient
kpaTHOCTI A
(mepemoctan-

Hs)
Mopnens

mamman  [71106f11077110871109711107111171112711137111471115
(ocTanHs)

235|124 1245| 25 |255| 26 |265| 27 |275| 2,8
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[o 3ananiit MojeNni MaluHY 3 TOJaTKy b BU3HAYMTH XapaKTepUCTH-
KM JIAHOK BRXXUILHOTO MEXaHi3Ma 3alupaHHs Ta KOJIOH MaIllHH.
JKopcTKicTh OKpeMHX AUISHOK BaXUIbHOIO MEXaHi3Ma 3allipaHHS
MAIlVHA JIMTTS i1 TACKOM 3HaXOJUTHCS 110 (POpMYIIi
E xF E xF
— 34 . — 4-5
C,,= - C,s=——,HMm 3.2
34 4-5
. . 2 . 11 .
ne E —moxnyns npyxnrocti Matepiany, H/m? (st crani E = 240 H/v?);
. 2.
F, ,, F,  —moma nonepeunoro neperuny AiISHKH, M

l, ., 1, 5 —noBXMHA AinsHKH, M.

[Tnoma nmomepeyHoro nNepeTHHy OKPeMHUX JUISTHOK KOJIOHU

_p>d; _pxd; . _pd]
F, = 41, F, = 42, F, = 43,M2 (3.3
ne d,, d,, d, —xiamerp ninsiHKE KOJNOHH, M.
XKopeTkicTh OKpeMUX AUISTHOK KOJIOHH
E:F E:F E X+
c,=—2*; C,= 2, Co,=——2 ,Hm (34
ly I, I3

me |y, |, |; — nopxuHa ninsHKM KOMOHH, M.

KopcTkicTh O1HIET KOJIOHM BU3HAYAETHLCS 110 (POPMYITi

@l 1 16

Cp =f—+—+—1 ,HMm (3.5)
Cl Cz Cs (%]

VY3arajgpbHEHa KOPCTKICTh MAIIMHU BU3HAYAETHCS IO GOPMYITi
P -1
e & 1 1 1

C, =&k + + 1 ,Hm (3.6)

® & gnxC, mxC m>C, . ¢

e 16 3-4 4-5 A

ne K — koediuienT, 110 BpaxoBye KOPCTKICTh PEINTH eleMeHTiB (mpec-
dopmu, rmt, ctukis), K= 1,5;

N — KUIBKICTh KOJIOH, (N = 4 mmT.);

M — KUIBKICTh OJHAKOBUX BaXKEJiB, IO MPAIIOIOTh MapaJielibHO,
(Mm=2mr.)
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[ToOynyBaTu (Ha MigiMeTpoBOMY Tarepi) rpadik 3aiexHOCTI Koedi-
II€HTAa TIOCUJICHHS BaXKUILHOIO MexaHi3Ma Bia jedopmariii npyxHoOI cuc-
Temu ManmHu N =] (y) (xpuBy 1, puc. 3.4). MakcumaibHuil KOeillieHT

IIOCHJICHHSI BasKLIbHOro MexaHi3ma ckiagae h = 18,6 (touka D).

= Niay v‘w':!dp

/’Fd-: 4
1o :
%,g;’/ﬂ‘ iRy 2z A
2,0 16 12 0,8 04 7

- - o
4107 w Y3an

Pucynok 3.4 —I'padix 3anesxHOCTI KoedillieHTa ITOCHICHHS BaKUIBHOTO MeXaHi3Ma
BiJI eopMartii Mpy>KHOI CHCTEMHU MaITuHA

[Monepenne 3HaueHHs KoedimieHTa KpaTHOCTI A MOXITUBOTO 3YCHII-
J1s1 3anupanHs 3anaerbes (taom. 3.1).
JlificHuii koeillieHT OCHICHHS BaKiIbHOTO MexaHi3My (Touka D)

1
h, ==—>h 3.7
i =R e 3.7)

¢
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IMo 3ananomy 3nauennto sycuiuis sanupanns N mammun (noza-

TOK A) 3HaXOJMTHCS HEOOXiHE 3yCHIUTSA TiAPOIMITIHAPA

N .
Niio = h =, H (3.8)

cai
CymapHa nedopmaiiis mpy>KHOI CHCTEMHU MAIIMHH, BUKJIUKAHA PO3II-
pAMIICHHSM Ba)keTiB MeXaHi3Ma 3amupaHHs (Touka [ ;) 3HaXOAUTBCA IO

dbopmyi

Yoo =g (39
— Y .
cai Nég

Ha puc. 3.4 uepe3 toukn b, Tta I 3 TpoBoauThCS TMpsMa 3 (JIiHIsA

O;b,) mix xkyrom € 10 oci abeuuc. TaHreHC KyTa HaXWiTy IpsMoi 3 10 oci

abciuc 3HaXOAUThCS 10 HopMYyJTi

C,,
tge, = , Um (3.10)

240

Io Binpisky I/ 5 =Y , Wo BiacikaeTbes npsmoro 3 Ha oci abeuuc

BH3HAYa€ThCs AedopMallisi KOJIOH, HeoOXimHa IUIs OTpUMaHHS 3aJaHoro
3HAYECHHS 3yCHIUISA 3alTUPaHHS

D, = Mo 3.11
¢ = Y n)(:lé’M (311)
Ha puc. 3.4 mapanenbHo mpsiMiid 3 mpoBomuThes mpsima 2 (JTiHis
Ozb2 ), loTuuHa 10 kpuBoi N B Touni @, . 3 TOYKU JOTUKY &, HPOBOJUTH-
cs opanHata @,d, i Bu3HawaeThes KoedilieHT 3amacy MexaHi3ma 3alid-
paHHA 110 popMyIi
a,d
=22z (3.12)
a,d,

Koedirient 3anacy MexaHi3ma 3alupaHHsl MaIldHU JMTTS IiJ] TUC-

cai
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KoM TioBuHeH Oytn B Mexax X 5 =11, 1,5. Takum unHoM, pospaxyHKoBe

3Ha4YeHHS KoeQillieHTa 3amacy MexaHi3Ma 3alypaHHs 3HAXOIUThCS y BKa-
3aHUX MEKaX.

Kpim Toro po3paxoByloTbcsi OCHOBHI HaBaHTa)KEHi JieTall MaIIlHH,
o OepyTh y4acTh B CTBOPEHHI 3yCHIUIA 3aupaHHs — KonoHu. Komonu po-
3paxoBYIOTBCSl Ha PO3TATYBaHHS BiJ 3yCHJUIS 3allipaHHs Ta 3THHAHHS Bix
Baru pyxoMoi IUIMTH 1 3aKpilJIeHNX Ha Hii neraneii (puc. 3.5).

) Is D
' b
j I, 4T
0. |2 143,
- 1 "
Maf y 4__%____!?_#‘_,,;_ 3,{}_.@3

Pucynok 3.5 — Cxema KOJIOHH MAIIUHH JIATTS i1 THCKOM

3yCI/IHH}I PO3TATYBaHHS, IO IPUXOAUTHCA Ha OJHY KOJIOHY

N
Ny, ==t H (3.13)

Hanpy»xeHHs1 po3TAryBaHHS Ha OKPEMHX AUISTHKaX KOJIOHH

N, N, N.,.
Sy =5 S =% sg =2 HM (314
F, F, F

YMoBa MIIHOCTI [T MaTepialy KOJIOHH MAa€ BHUTIISA
max 2
sr £fs ]y, Him (3.15)

ne [S ] sic — JOTYCTHMi HANIPYKeHHs Ui Matepiany Kononu (crans 45, 11

KaTeropist HABaHTaKEHb — [S ] sig = 17040° H/m* [2]).
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Pyxoma mnuTa mig yac 3akpuBaHHS a00 BiAKpUBaHHA mpec-popMH
pPYXa€eThca MO KOJOHAX SK MO CHPSMOBYIOUMUM. TOMY KOJOHH JOAaTKOBO
PO3paxoBYIOThCSl Ha 3TMHAHHS BiJl Bard IUIMTH 1 3aKpiIUIEHUX Ha Hill Jera-
nieid. [Ipy nbOMy KOJIOHA PO3TIISIAEThCS K Oajka, 3aTHCHEHA 3 000X OOKIB
(puc. 3.5).

Bara pyxoMoi IIuTH, 110 NPUXOJUTHECS HA OJHY KOJIOHY

_ Qe
Qlé - 4

H (3.16)

ne Q, —Bara pyxomoi munth, H (gomatok A).

JIoB>XKHMHA KOJIOHH, IO MiAJa€ThCs 3THHAHHIO
I =l- 1= 1, ™ (3.17)

3ruHanbHUA MOMEHT Ma€ HalOimblle 3HAYEeHHS MPH pO3TallyBaHHI
i Ha Bincrani d =1/3X, Bin onopu (puc. 3.5). MakcumanbHuii 3ru-
HAJIBHUI MOMEHT BU3HAYAETHCS 10 POPMYITi

M. =0148>Q, A, Hwu (3.19)

Hamnpy»xeHHs Bij 3rMHaHHS

ca

Mmax 2
S . :T’ H/m (319)

X

nie W, — 0choBHii MOMEHT OMopy HEGE3MeUHOro MEPETHHY, M.

3
= Py (3.20)
32

CymapHe HanpyXeHHs B HeOC3MIeUHOMY TIepeTHHI
Q — max 2

as =sg. +ts,,Hm (3.21)
YMoBa MIIHOCTI [T MaTepiaty KOJIOHH

as £[s ], , HM (3.22)

[TogoBxkeHHsT OKpEMHUX JUITHOK KOJIOHH
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:Nléxll. DI :Nlé>42. DI :Nlé>13

; ; M (3.23

S = 2B, OB, (323)
CymapHa aedopmartisi KOJIOH

DI, =DI, +DI, +Dl;, M (3.29)

TakuM ynMHOM, JIeTaji BaXKUIBHOIO MEXaHi3Ma 3alupaHHs Ta KOJIOHU
3a0e31euyoTh HEOOXiJHE 3yCHILIS 3alTUPaHHs MAIIMHU JIUTTS I1i]] THCKOM.

3mMicT 3BiTY

B 3BiTi moBuHHI OyTH BigoOpakeHi.

1 Hasga i mera poGoTH.

2 3aranbHi TEOPETUYHI BIJIOMOCTI.

3 [iarpama po0OTH i cxeMa BaXKiJIbHOIO MeXaHi3Ma 3alupaHHs.
4 HeoOxiaHi po3paxyHKH 10 poOoOTi.

5 BucHoBkHU 110 poOOTi.

KoHTposbHI 3anMTaHHs 171 caMoniepeBipkn

1 SIxke oCHOBHE NMPU3HAYCHHS MEXaHi3Ma 3alHupaHHs MAIMHUA JTUTTS
i TUCKOM?

2 SIxi ocHOBHI 3a/1a4yi BUKOHYE MEXaHi3M 3alMpaHHs?

3 Ski icHylOTh Tepiogn poOOYOro Mmporecy MexaHi3Ma 3alipaHHs
MAILWHA JUTTS I TUCKOM?

4 SIki OCHOBHI THMIIM MEXaHI3MIB 3allUPaHHS 3aCTOCOBYIOTHCS y CY-
YaCHUX MAIlMHAX JUTTS 1] TUCKOM?

5 Skuit ycTpiil 1 mpuHIMT POOOTH BaXKUIBHOTO MeXaHi3Ma 3alupaH-
HS MAIWHU JUTTS 11 THCKOM?

6 SIki crpolleHHs BHKOPUCTOBYIOTHCSI B KOHCTPYKIISX BaXKLTBHUX
MEXaHI3MIB 3aMTUPAHHS JJIsl PI3HUX MAITUH JIUTTS ITi]] THCKOM?

7 Sk 31iliCHIOETBCS KOHTPOJb 3yCHIUIS 3alIMPaHHs Ta HACTPOWKa Ba-
KUTBHOTO MEXaHi3Ma 3aIupaHHs MaIlluHU JIUTTS I1i]] THCKOM?
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JlaGopaTopua podora Ne 4
BU3HAYEHHS TAPAMETPIB BIJILIEHTPOBOI MAIIIMHA

Meta po00TH — BU3HAUNTH IIBUAKICTH 00EPTaHHS JTUBApHOI (hOpMH
1 HEOOXiJHY Bary posIiiaBy, a TAKOXK PO3paxyBaTH THUCK PiIKOr0 MeTaly Ha
poboui moBepxHi (OpMU Ta PiBHOIIOUI (TOJIOBHI BEKTOPH) CUJI THCKY.

Yac BuKoHaHHS pOoOOTH — 4 TOINHM.

3araanHi BimomocTi

BiiieHTpOBE JUTTS € MEPCIEKTHBHUM CIIOCOOOM BHUPOOHHMIITBA (a-
COHHMX BWJIMBKIB 3 (hopMoIo Tin obepranHs. Jlerami, ogepkaHi BiALeHTPO-
BHM JIUTTSIM, BiJJPI3HSIOTHCS MiJBUIIICHUMH MEXAHIYHUMH BJIACTHBOCTSIMH 1
HIUTBHICTIO 32 paXyHOK 3MEHIIEHHS yCaJKOBOI MOPUCTOCTI, Ta30BHX 1 He-
MeTajeBUX BKIOYEHb. KpiM MOMIMIIEHHs SIKOCTI BWJIMBKIB BiLIGHTPOBE
JUTTS Ma€ 1 3Ha4H1 TEXHIKO-EKOHOMIYHi IepeBary B MOPiBHIHHI 3 JIUTTSIM B
pa3oBi (OpMHU: CKOPOUYIOTHCS BUTPATH METANY i TPUBAIICTh BUPOOHUYOTO
MUKITY (CIPOIIYETHCS TEXHOJOTIUHHE MPOIleC), a TaKOX 30LTbIIYETHCS
MPOAYKTUBHICTE Tparii. Lei nporec Moke OyTH MOBHICTIO MEXaHi30BaHUH
a00 aBTOMaTH30BaHUM.

BingnenTpoBe TUTTS 3aCHOBAHO HAa TOMY, LIO PiAKHHA MeTan 3aluBa-
€TbCS Y (POPMY-BUIIMBHHMIIKO, KA IIBUAKO O0EPTAETHCS, 3aXOILTIOETHCS il
CTiHKaMu B 0OepTaHHS i1 Mij AI€I0 BiAIEHTPOBOI CHJIM MPUTUCKAETHCS 0
CTIHOK (opMH. YcepenauHi (opMH B3JI0BXK 0Ci 00EpTaHHS YTBOPIETHCS
MTOPOYKHUHA, PO3MIP SKOT 3aJIGKUTH BiJI KUIBKOCTI 3aJTUTOr0 y (pOpMy MeTa-
ny. BunuBHuLs 00epTaeThes 10 THX Tip, MOKH MeTan He 3aTBepaie. B pe-
3yNbTaTi BUXOAUTH BUIIMBKA BHYTPILIHS MOPOKHUHA SIKOi yTBOpHUIIAacs BHa-
CITIZIOK i1 BiZIIIEGHTPOBUX CHII.

Bice obepranHs (opmu MOKe OyTH TOPH30HTAIBHOIO, BEPTHKAIb-
Hoto ab0 moxuior. B cBoro uepry, momaoxeHHs: oci o0epTaHHs GOpMHU BU-
3HAYa€ BUJ BHYTPIIIHBOT MOPOXKHIUHU BUIMBKH (BUIbHOT MOBEpXHi). BinbHa
MOBepXHs (IOTUYHA 3 MOBITPSM) PIKOr0 METajy, 3aJIuToro y Gopmy, 1o
00epTaeThCsl HABKOJIO TOPU3OHTANIBHOI Oci € 1iiHapoM (puc. 4.1 a). [pu
obepTaHHi (QOpPMHU BITHOCHO BEPTHUKaJIbHOI ab0 MOXMIOI OCi BHYTPIIIHS
MOBEpXHs BWIMBKM Oyne watu ¢opMmy mapabomnoina oOepTaHHs
(puc. 4.1 6), sika YTBOPIOETHCS B PE3yabTAaTI OJHOYACHOI i1 BiAIEHTPOBOT
CHJIM Ta CHJIM TSDKIHHS (CHJIM B3AEMHO MEPICHIUKYJIISIPHI).
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a) i)
a — 3 TOPU30HTAJIBHOO BiCCIO 00epTaHHS; O — 3 BEPTHKAIBHOIO BICCIO 00EpTaHHS;
1 — ¢opma, mo obepTaeThes; 2 — KiBII; 3 — BUINBOK; 4 — %KO0JI00; 5 — eNeKTPOIBHUTYH.

Pucynok 4.1 — Cxemu BiJJIIEHTPOBOTO JIUTTS

3a npu3HAYCHHSIM BIILCHTPOBI MAIIMHU OJNM3BKI J0 CHEI[iaIbHUX.
Kondirypamist i mMaTepian BWJIMBKIB, TUI JUBapHOi (OPMH, OCOOIHUBOCTI
TEXHOJIOTTYHOTO TMPOIECy BioOpa)karoTbcsi HA KOHCTPYKLII MamvH i BU-
3HAYalTh 1X PI3HOMAHITHICTh. 3arajJbHUMH, XapaKTEpHUMH JJIS BCiX Ma-
IIMH, O3HAKAMH € TIOJIOKEHHS 0ci 00epTaHHs (TOPU30HTANIbHE, BEPTHKAIb-
HE) 1 TUI KOHCTPYKIl OCHOBHOro By3na (oOepTanHs (opMH) MallMHU
(unmuHenbHi, poTopHi) (Tadm. 4.1).

B mmuHgensHUX MamnuHAaX JuBapHa (GopMa 3aKpiluIoeThes 0e3rno-
cepenHbo Ha MMWHAEN ab0 TUTaHMANHOI IMUHIENS, MO0 00epTaeThes B
JIBOX OTIOpax.

B poropHux MamHax 3BU4YaiftHO opMa € pOTOPOM, 110 00CPTAETHCS
Ha POJIMKOBHUX OIOpax, TOMY TaKi MallliHU TaKOX HAa3UBAIOTh POJTHUKOBUMH.
OO0epTaHHs POTOPY NEPEAAETHCSA Yepe3 HUKHI IPUBOHI POJTUKK a0 yepes
HIKIB KITMHONIACOBOI Tiepeiai, BEpXHil POJIUK — IPUTHCKHUI.

lupoxy HOMEHKJIATYPY BHJIMBKIB BUTOTOBJISIIOTh HA HINMAHACTBHUX
MalliHaX 3 BEPTHKAJIBHOIO BiCCIO O0OepTaHHS: JeTajl TUIY Tl 00epTaHHs
(kinbIrs) Manoi BUCOTH — 3arOTiBKM BIiHINB 3yO4aTHX 1 YEPB'SYHUX KOIIIC,
poboui Kojeca BIALIGHTPOBUX HACOCIB; (pacOHi BHJIMBKH 13 CIICIiabHUX
crajell 1 CruiaBiB, IO BUTOTOBISIIOTHCS B pa3oBHX a0o iHmMX (opmax B
BaKyyMi; IpiOH1 Xy 0XKHI, IOBETIpHi Ta CTOMATOJIOT 1YH1 BUJIUBKH.

InuHaensHI MaliiHA 3 TOPU30HTAIBHOIO BiCCIO 0OEpTaHHS 3acTo-
COBYIOTBHCS JUIsl BUTOTOBJICHHS JIeTalleil TUIY BTYJIOK BITHOCHO HEBEIMKOI
JOBXKMHU — T1JIb3H OJIOKIB LMTIHAPIB TPAKTOPHUX JBHUTYHIB.
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PoTopHI MalMHu 3 BEPTUKAILHOI BICCKO 00CPTaHHS 3yCTPIYalOThCS
Jy’K€ PiIKO 1 BUKOPUCTOBYIOTHCSI B OCHOBHOMY [Tl BUTOTOBJIEHHS TIOPOXK-
HHUCTHX CTAJIbHUX 3IUBKIB Macor 10 20-45 ToH.

Ha poTopHHX pONMKOBHX MallMHAX 3 TOPU3OHTAIBHOIO BicClo 00ep-
TaHHSI BUTOTOBJISIOTHCS BUJIMBKU THITY MTOPOKHUCTHX TU1 00EpTaHHS mepe-
Ba)KHO CEPE/IHBOI Ta BEIMKOI JJOBKUHH (TpyOOIMBapHi MAIIMHHM).

Ta6muus 4.1 — Tunu BimieHTpoBUX MammH [ 1]

Kowerpyk-| - Bicek obepranns -
uist Beprukaneua [opuzonTaisia
t
(] |

> e
TS 'l" - U G s
JATER T D¥ 1 Ale: W |_[F}‘ bl

“
|

Poropaa

Haii6inbin po3mnoBCIO/PKEHUMHU € IIITUHJICIBHI MAIllMHA 3 BEPTHKa-
JbHOKW Biccto obOepranHs (puc. 4.2). B rakiii mamumHi cupa milaHo-
rmHUCTa opMma 1, sika 3MOHTOBaHA Ha CIICI[IaJILBHOMY IiJJIOHI, BCTAHOB-
JIIOETHCSI HA IEHTPYIOUUH MMOCaIKOBUEH KOHYC 2 Ha mmuHAe 3. Creriab-
HOro KpiruieHHs1 popma He Mae. Bin enekrpoaBuryHa 4 obepTaHHS MINKH-
JISITIO TiepeaeThbes yepe3 Mmy(ry 5, peaykrop 6, KIMHOMACOBY 7 Ta KOHIUHY
3yOuaty nepenauy 8. Ha yac ycraHOBKM 1 BujasieHHS (JOPMU PyXOMUH 3a-
XUCHHUN KOXKYX 9 OIYCKa€ThCS B HHIKHE TTOJIOKCHHS.
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1 —pazoBa opma; 2 — IEHTPYIOUHIA TTOCAIKOBHIH KOHYC; 3 — IIITUHJIEIb,
4 — enekTpoABHUTYH; 5 — My(dTa; 6 — peayKTop; 7 — KIIMHOMACoBA Mepeaya;
8 —xoHiuHa 3y04aTa nepenaya; 9 — 3aXUCHUI KOXKYX.

Pucynok 4.2 — BinieHTpoBa MINMUH/IETFHA MaIlIHHA 3 BEPTUKAIBHOIO BiCCIO 00CpTaHHS

Mo anamoriuniii cxemi OyqyIOThCS MAallIMHU JJISl TUTTS ACTaJICH TUITY
Kielb (3aroTiBKY BIiHIIIB 3y04YaTUX 1 YepB'sTYHUX KOJIIC) B MeTaleBi (opMmH,
II0 OXOJIO/IKYIOTHCS BOJIOKO (PO30pU3KYBaHHSIM), @ TAKOXK JUIsl BAKYYMHOT'O
BifIeHTpoBOro JUTTA. KoOHyc 2 mpu [bOMY 3aMiHIOETBCS CTOJIOM-
mianmaitoro. [Ipu BakyyMHOMY JHTTI CTiln 3 (GOpMOIO PO3MILIYETHCS B
BaKyyMHiii kamepi [1].

MeTtoanka NpoBeeHHS PO3PaXyHKIB
OCHOBHUM TapaMeTPOM TEXHOJIOTTYHOIO MPOIECY 1 MAIMH BiJIICH-

TPOBOTO JIMUTTS € MBHIKICTh 00epTaHHs JuBapHoi popmu (W ado N). Jns
KOXXHOT OKpeMOT BUJIMBKY BOHA TIOBHHHA JIOKATH B IIEBHUX MEXaX.
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[Tpu BepTuKanbHiN oci o0epTaHHS (OpPMHU HIKHS MeXa IIBUAKOCTI
o0epTaHHs 00YMOBJICHA JIOMYCTHMOIO TOJIOBXXHBOI PI3HOCTIHHICTBIO BH-
JUBKIB TUIY TIOPOKHUCTUX TiJ1 00EpPTaHHS, a TAKO)K BUMOTAaMHU OYHILICHHS
MeTaly BiJl HeMeTaleBUX BKIOYEHb. [Ipu ropu3oHTa bHIl 0Ci 00epTaHHs
OCHOBHHUM OOMEKEHHSIM € “JOIIyBaHHA , TOOTO HMXHBOI MEKEIO SBIIS-
€TbCS KPUTUYHA MIBUAKICTH 00epTaHHs (hopmu. MakcuManbHa IIBUAKICTh
obepraHHs (BepXHsS MeKa) 3BUYAHHO OOMEKYETHCS MaKCHMaJbHUM THC-
KOM, MilHicTIO (popMu ab0 BHIIMBKH, 10 TBepie (rapsui Tpiuan). s
TPYOOJIMBAPHUX MAIIMH PESKUMHU JTOOpE BiANPAI[bOBaHI 1 CKIaIal0Th: MIBHU-
axicte obepranns dopmu (N= 50, 1250 xB.™Y); BimHOCHE mMepeMileHHS
»o1oba i poropa (V, =V, = 0,02, 0,04 m/c) [1].

OnTUMalIbHOK BBAXKAEThCS HAaWMEHINA IIBUIKICTH oOepTaHHs (op-
MH, TIPH SKifl BUXOIUTh BHJIMBOK HEOOX1THOT SKOCTI [2].

OCHOBY poO3paxyHKiB HaBaHTa)XeHb Ha JHBapHy (opMy i MalmHy
CKJIQJIAIOTh PIBHSHHS PO3MOJUTY THCKY 1 TOJIOBHHUX BEKTOpIiB (pIBHOMIIIO-
4nx) cui TUCKY. L{i piBHSHHS CrpaBeIMBi JJIsi YMOBH PIBHOBAard piIvMHA
(pinkoro merany y juBapHiii ¢opmi). Po3paxyHKOBI TUCKH 1 CHIIH TIPaKTH-
YHO 3aBXKIH OuIblIe (PaKTHUHUX, OCKUTBKM PIBHOBAra pijKoro Meramry Mo-
KIIMBA 1 IOCATAETHCS HE 3aBXK/H, 8 TBEPAIHHS BUIMBKH MPU3BOAUTH A0 Tie-
peposnonily HaBaHTakeHb. OIHAK Ha CHOTOMIHI 1€ MPAaKTUYHO €IWHUM
CHOCI0 iHXEHEPHOT OI[IHKY HaBaHTAXKEHb.

3aBAaHHS HA MiATOTOBKY 110 J1aG0paTOpPHOI podoTH

Jnst BUKOHaHHS J1ab0opaTopHOi poOOTH CTYIEHT CaMOCTIHHO BHUBYAE
MaTepiajl CTOCOBHO MUTaHb KOHCTPYKIIiH, MPUHIIMITY Jii Ta poOOTH BilIeH-
TPOBHX MAIIKH 3a Jiteparyporo [1, ¢. 285-338; 2; 3, ¢. 367-391].

CTylleHT Tporisiiae KOHCICKT JISKIid 3 JaHOl ITUCIUILIIHU 10 TeMi
J1a00paTopHOi POoOOTH.

B 3ommuTi 11 nabopatopHuX podiT ohOpMITIOEThCS TEOPETHYHA Yac-
THHA poOOTH 3 00OB’ I3KOBUM HAaBEICHHSM BCiX PUCYHKIB 1 TAaOIUIIb.

Iopsinox BUKOHAHHS J1a00pPATOPHOI POOOTH
[IpoBecTn HeOOXigHI PO3pPaxXyHKH JTUBAPHOI POPMH, KA BCTAHOBIIE-

Ha Ha BIJILIEHTPOBIH MaIlIMHI 3 BEpTHKAJIBHOI Biccto obepranus (puc. 4.3).
Bick cumerpii ¢popmu criBmagae 3 Biccio 00epTaHHS.
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™,

"B =pghi Jpatr?  Cpepeh

Pucynok 4.3 — Emopu THCKY piikoro MeTany Ha CTiHKH JIMBapHOI (OpMHU
TIPY BiJIIEHTPOBOMY JINTTI

BuniBka moBurHa Mati Bucoty H Ta 30BHimmHiif pagiyc R, ski Bu-
3HAYaIOThCS 3 Tabn. 4.2 (B 3aJIeKHOCTI Bil HOMEpY 3aJliKOBOI KHMKKH —

ocTtaHHi JBi iudpu). MiniMansHuii BHyTpimHii pagiyc R, i ToBmmHa nHA
h nopisarorors R =0,85R ta h=0,3H . Ycanxa BuiBku npu TBepAin-

Hi HE BpaxoBYeThCsl. Bich 2 cymilieHa 3 Biccio oOepTaHHs, a MOYaTOK KO-
OpIIMHAT PO3TAIIOBAHUI HA HUXKHIN poOoUiid moBepxHi Gopmu.

Tabnuus 4.2 — Buxigni qani 10 po3paxyHKY BiIIEHTPOBOI MalllMHU

Hudpu 3aikoBoi
KHYKKH
Bucora H , m
(mepemocTanHs)

0,16 0,17 |0,18|0,19/0,20|0,21{0,22 0,23 |0,24 0,25

Paniyc R, m

0,14 |0,16|0,18|0,20|0,22|0,24|0,26 |0,28 | 0,30 0,32
(ocTanHs)
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PiBHsIHHS BUTBHOT MOBEPXHi PiAKOr0 MeTany OyJe MaTH BUTIISI
W
z,- h=—r/ (4.1)

I3 piBusinns (4.1) npu Z, = H ta ry, = R Bu3HauaeThcs HeoOxinHa

KyTOBa IIBUKICTb 00€pPTaHHS JUBAPHOI (hOPMU
AJ20(H - h
y2giH-h) , Ue? (4.2)
R
ne W — KyToBa MIBHAKICTH 00epTaHHs IMBapHOi opmi, 1/c%;
g — npucKopeHHs BinbHOro maginus, m/c® (g = 9,81 m/c?);

H —sBucora Buusky, M;
h — roBumHa jHa BUIKMBKH, M;
R, — minimanbHuit BHYTpilIHIi pajilyc BUIMBKH, M.
ITo xyTOBil MWIBMAKOCTI 0OEpTaHHS JMBapHOi (POPMH BH3HAYAETHCS
rpaBiTaiiiHuil KoeQilieHT

K =VR 4.3)

['pasitariiinuii koedilieHT kg OXOIUIIOE BECH KOMILIEKC YMHHUKIB,

110 BU3HAYAIOTh HEOOXiHY MBHUAKICTH 00epTaHHs (HOpMH, a TOMY 3MiHIO-
€THCSI B MIMPOKUX MEXKax (BiJl OIMHHIIb 10 COTEHB).

Kinpkicte 00eptiB nuBapHOi opMH 3a XBHIMHY 3BHYaiiHO OOHpa-
€ThCsI O TpaBiTaiiiiHoOMy Koedimienty (mo popmynam Kemmena ado Konc-
tantunosa JI.C. [2])

Ky -1
n= 300 E , XB. (44)
HeoOxinHa Bara po3ruiaBy 3HaXOIUTHCS Yepe3 Pi3HUIIO 00’ €MiB -

JiHIpa Ta napadonoina

M. =pr, |[R°H - 05R?(H - h)|, xr (4.5)
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ne [ — Bara BUJIMUBKHU, KT

ase
I, —mimeHicT pigkoro Meraiy, kr/m° (uis ctani I, = 7800 kr/m’);
R —30BHimHii pajiyc BUTHBKH, M.

Sxmo BBaXkaTH, M0 aTMOC(HEPHHA TUCK HAa BHYTPIIIHI Ta 30BHIIIHI
CTIHKM (pOPMH YPIBHOBaXKCHUH, TO HEOOXIJIHO BU3HAYATH T1[POCTATUYHUIM
TUCK. THCK Ha po0OYy TOBEPXHIO KPULIKH (POPMHU 3HAXOAUTHCS i3 PIBHIHD
PO3IOJIUTY TUCKIB B PiZIMHI B TOPU3OHTAIBHIN TUTOLIHHI

P =051, w2(R? - R?), IMa (4.6)

ne f)éé — TiIPOCTATUYHMI TUCK Ha KpUIKYy (opmu, [1a.

Tuck Ha OOKOBY HMITIHAPUYHY OBEPXHIO (hopmu

60 =r gH,, Ia (4.7)

4ié

L. =r. g(H,- H), Ia 4.8)

ae
linorernyna Bucora H, Bu3Hauaerbest i3 piBHsHHA (4.1) BinbHOT

HOBepXHi pinkoro merany mpu I, = R

HO:h+W—2R2,M (4.9)
29

Tuck pinkoro Meranay Ha HUKHIO poOOYy MOBEPXHIO (OPMH

P2, =r, gh,Ta (4.10)

pL. =r, gh+05r W?R’ Ila (4.11)

Enropu Tucky pigkoro meramy Ha poOOYMX MOBEPXHSX JMBApPHOL
(dhopmu HaBeneHi Ha puc. 4.3.

PiBHOzitO4I (TrOJIOBHI BEKTOPHU) CHJI THCKY Ha CTiHKH JIMBapHOI (op-
MU BH3HAYAIOTHCS IHTErPAIli€l0 3a BiIOBIIHUMU TUIONaMu. B neprry uep-
Iy MOBa iJie 0 CHJIax, IO JIIOTh Ha KPHUIIKY 1 JHO ¢popMu. CHIIM TUCKY Ha
KPHILKY i IHO (OpMHU JiIOTh BEPTUKAIbHO. TOW e HampsSMOK MaroTh i iX
piBHOIfOYI. TOMY HEOOXiTHO BU3HAYATH 1X MOJIYJI, MO3HAYMBIIHN X K P .
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Cuua, sika i€ (Bropy) Ha KpUILIKY (GOpMH
R
P, = @O,Briwz(r2 - Rf)>Qp xdr,
R
micns iHTerpamii
P, :%r w2(R2- R?f H (4.12)
Cuua, sika fie (BHM3) Ha HO (OpMHU
R
P, = (‘3(ri gh+0,5riw2r2)>Qp xedr
0

micns iHTerpamii
P, =pr, R*(gh+05w?R?), H (4.13)

Be3 ypaxyBaHHS Baru eneMeHTiB caMoi (pOpMH OChOBa CKJIaZIOBa CH-
JM, IO i€ Ha CTLT MallMHHW, BU3HAYAETHCS SIK PI3HUIS PIBHOMIIOUMUX CHII
TUCKY Ha JTHO 1 KpULIKY (opmu

P,=P-P ,H (4.14)

. 2
Hageneni pospaxynku npu W Tr >> g MOXIHBO MPHOINU3HO PO3TIO-
BCIOJIUTH 1 Ha BIJILICHTPORI MAIIMHU 3 TOPU30HTAIBHOIO BICCIO 0OCpTaHHS.

3mMicT 3BiTY

B 3BiTi moBuHHI OyTH BigoOpakeHi.

1 Haszga i mera poGoTH.

2 3arayibHi TEOpETHYHI BiIOMOCTI.

3 Cxemu BiALIGHTPOBOTO JIUTTS 1 MAIlIMHHU, THITA MAIIUH.

4 HeoOxiaHi po3paxyHKH 10 poOoOTi.

5 Enropu THCKY pigKOro MeTany Ha CTiHKU JTUBapHOi (POPMH.
6 BucHoBku 110 poOOTi.
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KoHTposbHI 3anMTaHHs 171 caMoniepeBipkn

1 SIki nepeBaru BilEHTPOBOTO JTUTTA?

2 B 4omy cyTHICTb Mpoliecy BiAILICHTPOBOIO JTUTTSA?

3 Slkwuii BUj BUIBHOT MOBEPXHI OyJle MaTH BHJIMBKA MPH Pi3HOMY T10-
JIOKeHHi oci obepraHHs popMu?

4 SIx xnacuQikyoThcs BiALIEHTPOBI MAIMHU?

5 SIky HOMEHKJIAaTypy BHWJIMBKIB BHUTOTOBIISIIOTH Ha BiAIEHTPOBHX
MalInHax 3 BEPTHKAIBHOIO BicCl0 00epTaHHs?

6 SIky HOMEHKIAaTypy BHWJIMBKIB BHUTOTOBIISIIOTH Ha BiIIEHTPOBHX
MalInHaX 3 TOPU30HTAIBHOIO BicCl0 00epTaHHA?

7 Sxuit ycTpid i MpUHIUI pOOOTH BIAIEHTPOBOI INMHHIECTBHOT Ma-
IIMHYU 3 BEPTHKAIBHOIO BiCCIO0 00epTaHHs?

8 B sikux Mexax 3HAXOAUTHCS MIBUAKICTH o0epTaHHs (Gopmu i Bin-
HOCHE TepeMillleHHs XK0100a i poTopa MpH BiALIEHTPOBOMY JIUTTi?

PexomennoBana Jiteparypa

1 Kammpues JLII. Jlureiinpie mamuabl. JIuThe B MeTaUIMYECKUE
¢dopmel: YuebHoe mocodbue. — M.: ManmHoctpoenue, 2005. — 368 c.

2 IOnun C.b., Jlesun M.M., Pozendensn C.E. LlenTpobexxHoe m-
The. — M.: Mammnoctpoenune, 1972. —280 c.

3 Crennanbibie criocoObl uThs: CrpaBounuk / B.A. Epumos, I'.A.
Anncosud, B.H. babuu u ap. [lox o6ur. pen. B.A. Epumosa. — M.: Mamm-
HocTpoenue, 1991. —436 c.
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HomaTok A
TexHiYHI XapaKTEPUCTUKH MAIIMH JUTTS i THCKOM
3 TOPU30HTAIBHOIO XOIOIHO KaMeporo npecyBanns o [[OCT 15595-84

Tapamerp 71106/ 71107|71108|71109| 71110| 71111 |71112| 71113| 71114 | 71115
3ycnnns sampanns, kH (N, ) | 1000 | 1600 | 2500 | 4000 | 6300 | 8000 |10000 (12500 |16000| 20000
3ycumns npecysanns, kH (N, ) | 132 | 200 | 300 | 450 | 670 | 800 | 950 | 1200 | 1500 | 1900
Haiibinpma Bara pigkoro meraiy,
IO 3aJIMBAETHCA, KI (it amomi- | 125 | 21 | 36 | 60 | 10 | 13 | 18 | 24 | 32 | 42
HieBUX cmnaBiB) (1 ;)
3ycwins BUIITOBXyBaHH:A, KH 80 | 112 | 150 | 200 | 265 | 315 | 375 | 450 | 530 | 630
BincTans Mik KONOHAMH 380 | 450 | 530 | 630 | 750 | 850 | 950 | 1060 | 1180 | 1320
B CBITJI1, MM
TosmuHa npec-hopMu, MM
MiHIMambHA 190 | 220 | 260 | 320 | 380 | 420 | 480 | 530 | 600 | 670
MAKCHMATbHA 420 | 500 | 600 | 710 | 850 | 950 | 1060 | 1180 | 1320 | 1500
Xix pyxoMoi mInTH, MM 320 | 380 | 450 | 530 | 630 | 710 | 800 | 900 | 1000 | 1120
Bara pyxomoi i, H (Q,, ) |20000|25000| 30000| 3500040000 | 45000| 50000 | 55000 | 60000| 65000
Bcranosiena norykHicrs 115|228 | 234|252 40 | 44 | 55 | 60 | 80 | 100
CIIEKTPOABUTYHA, KBT
Bara, T 46 | 85 |105| 19 | 30 | 45 | 53 | 70 | 85 | 110

PDF cosgaH ncneltatensHon sBepcunen pdfFactory Pro www.pdffactory.com

67


http://www.pdffactory.com

XapaKTepI/ICTI/IKI/I JIAHOK BaXKIJILHOI'O MEXaHi3Ma 3alupaHHA 1 KOJIOH MAIllUH JTUTTS HiI[ THCKOM

Honatok b

3 TOPU30HTAIBHOIO XOIOIHO0 KaMeporo npecyBanHs o ['OCT 15595-84

Ilo3na-

TTapamerp e | 71106| 71107| 71108 | 71109| 71110| 71111 | 71112 71113| 71114| 71115

l., | 015|020] 030|040/ 050 055|060 065]| 0,70 | 0,80

l., |0075| 0,20 | 0,15 | 0,20 | 0,25 [0,275] 0,30 | 0,325] 0,35 | 0,40

l,s | 012 016] 020|024 028032036 040/ 044 | 0,48

Jlopsicuiit HaHOK, M . | 0,08| 0,12 | 0,16 | 0,2 | 0,24 | 0,28 | 0,32 | 0,36 | 0,40 | 0,44
l.a | 02 |025]030]|035] 045050/ 055 060] 0,65 0,70

l.s | 030|040] 050 060] 07008 |09 | 1,0 | 1,10/ 1,20

Tioma nonepeunoro | Fas  |0,0168/0,0192(0,0216/0,0240|0,0264|0,0288/0,0312|0,0336/0,0360]0,0384
TepETHHY JTAHOK, M’ F.s |0,0245| 0,028 0,0315| 0,035 |0,0385| 0,042 |0,0455| 0,049 |0,0525| 0,056
Possip, A | 050|065 0800950/ 1,15 | 1,30 | 1,45 | 1,60 | 1,75 | 1,90
B | 025|0,325| 0,40 | 0,475|0,575| 0,65 | 0,725| 0,80 | 0,875| 0,95

l, |026]027]028]02]03]031]032]033]034]0,35

gg‘;ﬁ‘f{i ;‘Q“;H I, | 001]001]001]001]001]0015|0,015]0,015]0,015]0,015
l, | 1,60 | 1,80 | 20 | 220 | 240 | 2,60 | 280 | 3,0 | 3,20 | 3,40

. d |009]010] 011012014016 018 020] 0,22 | 0,24
ﬁfﬁﬁﬁﬁ(ﬁ d, | 008]009]010]011]013]015] 017 019] 0,21 0,23
d; |0,105|0,115]/0,125|0,135|0,155| 0,175 | 0,195 | 0,215 | 0,235 | 0,255
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