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BCTYII

Jlaboparopui pobotu 3 gucrtumiind  «Cy4yacHi  BHpPOOHWYI
TEXHOJIOTII» JUIsl CTyAeHTIB crerianbHocTi G8  Martepiano3naBcTBO
crnerianizanii KoMmo3uIiiiiHi Ta MopomKoBi MaTepiaim, MOKPUTTS CIy’KaTh
JUIL O3HAOMJICHHSI CTYACHTIB 3 OpraHi3ali€l0 OCHOBHUX TEXHOJOTIYHUX
MIPOIECIB Yy MPOMHCIIOBOCTI, 3 iX 3MicTOM i1 mpobiemamm; i3 3acobammu
KOHTPOJIIO Ta KEPYBaHHS SKICTIO INPOMHUCIIOBOI MPOIYKIII, a TaKoX 3
npobjeMaMu CIiBICHYBaHHS TeXHOC(EPH 1 €KOJIOrii.

[Tpu BUKOHAHHI Ja0OpPaTOPHUX POOIT CTYACHTH MalOTh MOKIHUBICTD
Ha IMiJICTaBi 3aJaHUX BUPOOHHYNX 200 eKCIIepUMEHTATFHIX YMOB ITPUAMATH
ONTHUMAaJIbHI PIllICHHS MOCTABICHUX 3a/1ad a00 3HAXOIUTH Kpallluid BapiaHT
cepes MOPIBHSHO PIBHOIIHHUX PillICHb.

[Tpu BuKOHAHHI TA00OPATOPHUX POOIT CTYACHTH TAKOXK 3HAHOMIIATHCS
3 CyYaCHUMH BHPOOHWYMMH TEXHOJOTISAMH, TPaKTHIHAMH CTHOCO0aMu
OIIIHIOBAHHS SKOCTI Mponaykiii abo e(EeKTHBHOCTI 3aljIaHOBaHOTO
TeXHONOrigHOro mporecy. Ilicns mpoBemeHHS eKCIIEPUMEHTIB Ta
HEOOXIMHUX PO3paxyHKiB CTYACHTH PEECTPYIOTh OTPHMaHI pPe3yJbTaTH,
pOOIIATE BUCHOBKH 1 0OPMIISIIOTH 3BIT.

Koxna mabopatopHa pobOota (kpiM naboparopHoi poboTu Ne 8)
po3paxoBaHa Ha YOTHPHIOAWHHE 3aHATTA. [lepea MmOYaTKOM KOXKHOI
a0b0opaTopHOi POOOTH TPOBOIUTHCS IHCTPYKTAXK 3 TEXHIKA OE3IEKH.
KoHTpoib 3HaHb PEKOMEHIYEThCS TMPOBOAWUTH NUISXOM TECTyBaHHS a0o
criBOeciau.



JladopaTopna po6ora Ne 1

BU3HAYEHHS TOXUBOK I CTATUCTHUYHE
OBPOBJIEHHS PE3YJIBTATIB BUMIPIOBAHHSA
JIHIHHUX PO3MIPIB

1.1 Meta po6oTn

BuBunTH METOOWKY CTaTUCTHYHOTO OOPOONIEHHS pPE3yJbTaTiB
BUMIPIOBAaHHS, HABYMTHCS BHKOPUCTOBYBATH PE3yJbTaTH CTATUCTUYHOTO
00poOJIeHHS 115 aHaJTi3y €(PEKTUBHOCTI TEXHOIOTTUHUX MPOIIECIB.

1.2 3arauabHi BizomocTi

BupoOHnumii mporec MOCTIHHO 3HAXOMWUTHCS il PISHOMAaHITHUMH
BUJIAMH KOHTPOJIO 3aJ€KHO BiJ WOTO OCOOMMBOCTEH 1 BHAY OCTaTOYHOL
OpoayKmii. Y MamWHOOYAyBaHHI BaXKJIMBHM € IMOONEpaliiHUN KOHTPOJb
BUTOTOBJICHHS JIeTaJIel Ha KO)KHOMY poOouomy Miciii. CyTh HOTO MOJISITae y
BUSIBIICHHI #1OXUOOK — BIAXWICHHI PO3MIpiB BUTOTOBIEHOI JeTami Bif
3aJJaHUX KOHCTPYKTOPOM. 3PO3YMiJ0, BUTOTOBJISIFOUM BEJIUKY KUIBKICTB
Jeraneil, OcoOJMBO y MacoBOMY aBTOMAaTH30BAaHOMY BHPOOHHIITBI,
HEMOJKJIMBO BHTOTOBHTH BCi JieTani aOCONIOTHO OJHAKOBHUMH. Tomy Ha
KOKHHH PO3Mip JeTajli BCTAHOBIIOETHCS OONYCK — JIOIyCTUME BiIXHICHHS
pO3MIpiB, sIKe HaWYaCTIIIE 33Ja€EThCS TPAHUYHUMU BIAXUICHHAMH. SIKIIO
TEXHOJIOTIYHHH MPOLEC MPALIOE MPABHIBHO, PO3MIPH BCiX BHTOTOBJICHHX
JeTaleil MaloTh BKJIAAATUCS Y JIOIYCK.

AHaniz  e()eKTHUBHOCTI TEXHOJOTIYHOTO TpOILeCy MOXe OyTH
NPOBEJICHNH 3a JOMOMOTOI0 CTaTHCTHYHOTO OOpOOJIEHHS pe3ylbTaTiB
BUMIPIOBAaHHS, BHACTIJIOK $KOTO BUPOOHHWYI TIOXHOKA BHUMIpIOBaHHSI
YTBOPIOIOTh 006ipuuil inmepeasn, KU MOBUHEH 3HAXOAMTHCA Y Me¥Kax
JIOIYCKY, BU3HAUYEHOI'0 KOHCTPYKTOPOM.

CraTrcTHYHE BUBUCHHS PI3HOMAHITHHUX SIBUIL BUKOPUCTOBYETHCS JUIS
KOHTPOJIIO SIKOCTI BUPOOIB, aHani3y TOYHOCTI TEXHOJOTIYHHX IPOIECIB,
CKJIaqy PEUOBHH i cyMmilei Tomo. TeopeTHIHO0 OCHOBOIO CTATHCTHYHOIO
00poOJIeHHS pe3y bTaTIB aHAIli3y € Teopisi HMOBIPHOCTI Ta 3aKOH BETUKHUX
yricen. 3riJIHO 3 HUMH PE3yJIbTaT CIIOCTEPEKEeHb — cyMa OaraTbox ciabo
B32€MO3AJICKHUX BEJIMYUH — IPU 30UIbIIEHH] YHCTa CIIOCTEPEKEHD MIPIMYE
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JI0 HOPMANbHO20 PO3NOOLTY, TOOTO 10 PO3MOALTY IIITFHOCTI HMOBIPHOCTEH,
sKa criBragae 3 pyHkiero ['aycca (puc. 1.1). Hopmanbauit po3nomin yacto
3YCTPIYaEThCS B IPUPO/Ii, 30KpEeMa IPH OIIHIOBAHHS TOXHMOOK BUMIPIOBAHHS
JiHiIHHEX po3mipiB [1-3].

RS

X >

VAV, 0.0 0 aVAV. .

&

A

XN
XXX XX SRR X XN

OTAVAVAVLY;

AVAVLY

WO AVAVAV. O 6 AVAV.P. 07

AVZAN

~— . 1 ol
-§ -3c 0 +6

Pucynok 1.1 - CtyniHb po3cifoBaHHS MOXHOOK Ta JOBIpYi HIMOBIPHOCTI IIPH HOPMATEHOMY
3aKOHI PO3MOILITY

VY peanbHUX yMOBax HEMOKJIMBO OXOIMTH CTaTHCTHYHHM aHAJi30M
YCIO CYKYIHICTh SBHII, L0 PO3TJINAIOTBCA — 30KpEMa, MOXMOOK IpH
BUMIPIOBaHHI (Tak 3BaHy 2eHepaibHy CyKynHicms). ToMy Ha MpaKTHII
CTaTHCTHYHOMY OOpPOOJICHHIO MTiATA€ThCs 6UOIpKO6a cyKynnicmb (6ubipka)
— YacTWHA TeHePaIIbHOI CYKYITHOCTI, SIKa BiJIOMBAE 11 OCHOBHI BIACTHBOCTI Ta
npu3HaveHa Juis popMyBaHHS 3MICTOBHHX CY/XKECHb MPO BCIO T€HEPabHY
CYKYITHICTb.

CratuctiuHe OOpOOJSHHA pe3ynbTaTiB BHUMIpIOBaHHS (Pi3MUHOT
BEJINYMHU BKJIFOYAE OOYKCIICHHS HACTYITHUX CTATHCTUYHUX XapaKTePHUCTUK
BUMIPIOBaHOI BEJIMYMHU: CEPEJHE apU(PMETUUHE i Cepe/IHE KBAJIpaTUIHE
BIIXWJICHHS, MAOBIpYMi 1HTEpBald BigXwieHb (NMOXMOOK) TpH 3aJaHii
imoBipHOCcTi. [loxubOKy mo3a [IOBipYMM iHTEpPBAJOM MOKHA BBaXKaTH
He3Hauyioro [1, 2, 4].

[Ipumycrumo, o MaeMo n BUMiprOBaHb (i3UUHOI BEIMUMHHU X: X1, X2,
X3y.eee, Xn. 1IpH Mamiii  KiIbKOCTI pe3yibTaTiB  (n <40) CTATUCTUYHOTO



00pOOIISTHHSA X IPOBOAMUTHCS Y TaKil OCIITOBHOCTI.
CriouaTky  3HaxOJSTh  Ce€PeOHE  apupmemuyne  3HAYCHHS
BHMIPIOBAaHOI BEJTMYNHU:

_ 1
X=—"> X, (1.1)
n o

BoHO € meHTpoM HOPMaIBHOTO PO3MOALTY (po3ciroBaHHS, puc. 3.1)
MOXHWOOK TPW BHUMIPIOBaHHI 1 CIY)XHTh TOYKOBOIO OI[IHKOIO iCTHHHOTO
3HAYEHHS BUMIPIOBAHOI BEJIMYHMHU.

Jami nmns  KOXKHOIO — BHMIPIOBaHHS — OOYMCIIIOIOTH  BUIAJKOBI
BimxuJieHHs (MOXUOKM) pe3yIbTaTiB BUMIPIOBAaHb Ta 1X KBaJpaTu:

S =X, —X;8% = (x, —X)°. (1.2)

Ha migcraBi oTpuMaHWX 3HAa4YeHb OOUYHCIIOITh  CEPEOHE
KeaopamuuHe gi0xXuneHHs Pe3yIbTaTiB BUMiPIOBaHHS.

(1.3)

CepenHe KBagpaTHYHE BIIXWJIGHHS XapakKTepHU3ye 30idicHicmb
pe3yIbTaTiB — CTYMiHb KOHIEHTpAIlil BiIXWIeHb (IIOXUOOK) pe3ylbTaTiB

BHMIPIOBAHb Gx BITHOCHO LIEHTPA HOPMAIBHOTO po3moziny (X).

[epen nomanpmMMu po3paxyHKaMu TpeOa BIEBHUTHUCS Y BiZICYTHOCTI
(abo HasBHOCTI) cepejl pe3yNbTaTiB BUMIPIOBAaHHS X; TPyOHMX MOXHOOK.
TI'pyba noxubkra — 11e pe3ybTaT OKPEMOTO CIIOCTEPEKEHHS, SIKHH IS TAHUX
YMOB BUMIPIOBaHHs Pi3KO BiIpi3HSAETHCA BiA pemTH pelynbrariB. [lpu
CTaTHCTHYHOMY OOpOOJICHHI BOHA BHSBISIETHCS 32 JOTIOMOTOI0 «KPHTEPIIO
3o». «Kpumepiii 30» TPyHTYEThCS Ha TOMY, IO 3arajbHa CYKYITHICTb
PE3YIIBTATIB CITOCTEPEIKEHD 3 BUIIAIKOBIUMH ITOXHOKaMH |0i| < 30 cTaHOBHUTH
99,73% Bcix croctepexxeHb, i Tomy moxuoku |0 > 3o (0,27%) mMoxHa
BUKJIIOUUTH 3 PsLy pe3yibTaTiB SIK HE3HAadylli A JaHOi BHUOOpKHU
BUMIpIOBaHb.

Sxmo Taki moxuOKM y HaHii CYKyHmHOCTI pe3yJbTaTiB (BHOOpLI)
BUSIBIICHI, TO BOHU BUKJIIOYAIOTBHCA 3 HEl, a Uil HOBOI CYKYITHOCTI 3HOBY
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PO3paxoBYIOThCS CepeTHE apu(PMETHUHE 3HAYCHHS BUMIPIOBAHOT BEJTHYMHN
1 cepeqiHe KBaIpaTUIHE BiIXUIICHHS PE3yIbTaTiB BUMIPIOBaHHS.

Josipuuit inmepean pe3ynbTaTiB BUMIPIOBAHHS — I1¢ BEPXHS 1 HYDKHS
rpaHuli iHTepBally, B SKWH oTpuMmani moxubku o  (dopmyrna 1.2)
MOTPAIUIAIOTh 13 3amaHor0 iMoBipHIiCTIO P. Bemwmumaa P HasuBaerhes
006ipuoio imogipnicmro. JloBipua IMOBIpHICTH — L€ WMOBIPHICTb, SKY
MOYKHa BU3HATH JOCTATHBOIO JUIS CyIKECHHS PO AOCTOBIPHICTH pe3ybTaTiB
y paMKax 3a/1adi, o BUPIIIyETbCSA JAHUM BUMiPIOBaHHSIM.

3amarounch MOBIPYOO0 IMOBIpHICTIO P, BU3HAYarOTh TpaHUYIHI MEXi
JIOBIpYOTO iHTEpBAIY:

log

X (1.4)
vn,
ne t, — xoedimierr CTpIOEHTa, SKUH 3aNEXKUTHh BiJ 3aJaHOI JOBipYOl
H“MoBipHOCTI P Ta KinbKOCTI BUMipIOBaHb N 'y BUOOPII.

Sy =t,

OcTaToyHni pe3yabTaT aHAIlI3Y 3aMUCYETHCS Y BUTIISIL:
X=Xtd,. (1.5)

Slkmo oTpumaHMit OBipUHiA iIHTEpBAN BiANOBITAE 3aaHiii TOYHOCTI
TMHIAHUX pO3MipiB  BUpOOYy (3HAXOAWUTHCA Yy MeXaX BHU3HAYCHHX
KOHCTPYKTOPCBKOIO JTOKyMEHTAI[I€l0 JOMyCKy), TO 1€ O3Hadae, II0
TEXHOJIOTIYHHHI POLIEC BUTOTOBIICHHS BUPOOY 3a0e3meuye 3a1any TOYHICTb;
SKIIO Hi, TO HEOOXITHO BXKHTH 3aXOAU 3 YJOCKOHAJICHHS TEXHOJOTIYHOTO
nporecy.

1.3 3aBanaHHs Ha NiATOTOBKY 10 J1a0opaTOPHOI podoTH
[Tpu miaroTosii 10 naboparopHoi poOOTH MOBTOPUTH TEOPETHUHHIA
Mmarepiall, SKHH CTOCYETBCS CTATHCTHYHOTO OOpOOJEHHS pe3ysbTaTiB

BI/IMipIOBaHHH Ta METOOAUKH Horo IMPOBCACHHS.

1.4 KoHTpoJbHi 3antMTaHHS

1. Slke mpuU3HAYEHHS CTATUCTUYHOTO OOPOOJCHHS pEe3yibTaTiB
BUMIPIOBaHHSI IPUPOHUX SBUII?
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2. Ha 4doMmy TpyHTYETBbCS CTaTHCTUYHE OOPOOJIEHHS pe3yNbTaTiB
BHUMIPIOBaHH?

3. SIki XxapakTepUCTHKH OOUUCITIOIOTHCS IPU 00pPOOIICHHI pe3yIbTaTiB
BUMiptoBaHH: (Pi3MyHOT BenuunHu?

4. Slxa moCmiIOBHICTD PO3PaXyHKIB IPH CTATHCTUIHOMY 0OpOOIIeHHI
pe3yabTaTiB BUMipIOBaHHS (i3U4HOI BETUYHHN?

5. Illo Take nOBipuMii iHTEpBal pe3yNbTaTiB BUMIPIOBaHHS i sIK HOTO
PO3pPaxOBYIOTH?

6. SIk yHUKHYTH TIpY po3paxyHKax Tpy0oi moxuoku?

1.5 Ob0nagHaHHs, iIHCTpYMeHTH

1. 3pasku (BupoOu) st BumiproBanus — 20...30 mir.
2. lllTaHTeHIUPKYITb

1.6 Bka3iBKkH 3 TexHikH 0e3neKu

1. Ilepen moyaTkOM BUKOHAHHS JTA0OPATOPHOI poOOTH O3HAHOMUTHCS
3 0Oe3meyHMMH YMOBaMH BHKOPHCTaHHS 3aCTOCOBYBAHOTO  3aco0y
BUMIpIOBaHHS 1 PETENILHO JOTPUMYBATHUCS iX MiJ] yac poOOTH.

1.7 llopsinoxk BUKOHAHHS J1a00pPaTOPHOI podoTH

1. IligroryBatu 3pasku (BHpoOHM) 1 3acid BUMIpIOBaHHS [0
BUMiptoBaHHs. 3anucatd BU3HAYCHHH KOHCTPYKTOPOM JOIYCK (IpaHWYHi
BIIXWJICHHS) Ha JHIMHUA po3Mmip 3paska, sKud mepeadavacTbes
BUMIpIOBAaTH.

2. Bumipstu niHiliHU#E po3mip X; Ha N 3pa3kax. Po3paxysaru cepenHe
apudMeTHYHE 3HAUEHHsI pe3yNIbTaTiB BUMiproBaHHs X 3a opmydoro (1.1) 1
1715 KOXKHOTO BUMIPIOBAaHHS — BUIIAJIKOBI BiIXHMJIEHHS O;Ta iX KBaJIpaTH 3a
dhopmynamu (1.2). Pe3ynbratu po3paxyHkiB 3anucatu y tadmauio 1.1.

3. OOumciauTh cepenHe KBagpaTHYHE BiOXWICHHS pe3yJbTaTiB
BHMIpIOBaHHA O, 3a Gpopmyioro (1.3).

4. TlpoaHani3yBaTH BHIIQIKOBI BIAXHJICHHS O;, i 3a JOIOMOIOHO

«KkpuTepito 36» BHABUTH Ipy0l MOXMOKW. SIKIIO Taki BUSBISATHCS, TpeOa
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BIJIYYUTH 1X 3 YMCIIa BUTIAJIKOBUX BIJIXWJICHb, MIOBTOPUTH PO3PAXYHKH 3a
.. 1...3, 1 pe3ynbraTi iX (Qpyroio KOJIOHKOK) BHECTH y Tabmmio 1.1.

Tabmurst 1.1 — PesynbraTil BUMIpIOBaHb 1 pO3paxyHKIB
2
Ne X, MM 5i , MM 5i , MM

1
2

><|
1

O, =

5. 3aarouuch JOBIPUOIO IMOBIPHICTIO P, BU3HAYAIOTH MEKi JOBIpYOTO
intepBany Oy 3a ¢opmynoro (1.4). Koediuienr Creromenra tp, skumii
3aJIeXKUTh BiJ] 00paHoi JOBipYOi IMOBiIpHOCTI P Ta KiTbKOCTI BUMipIOBaHBb N,
obpatu 3 monmatky A.

6. YcTaHoBHTH J0BipUi po3Mip 3pa3kiB (popmyna 1.5), mopiBHATH iX
13 3aJ]aHUM JIOIYCKOM Ha IIHIHHWI po3Mip 3pa3ka, 10 BHMipIOBaBCA, 1
3pOOMTH BHUCHOBOK IMOJ0 ©(EeKTUBHOCTI TEXHOJOTIYHOTO MpOIECY
BUTOTOBJICHHS 3pa3KiB (BUPOOIB).

1.8 3micT 3BiTY

1. Jatu 3aranbHy XapaKTEPHCTHKY CTaTHUCTHYHOMY METOAY
00poOIeHHS pe3yabTaTiB BUMIPIOBaHHSI.

2. BUKJIacTH MOCIIZIOBHICT CTATUCTUYIHOTO OOPOOIICHHS pe3yIbTaTiB
BHUMIPIOBAaHHS 3 HABEICHHAM HEOOXIAHUX QOpMYJI.

3. ITicast BUMipioBaHHs BU3HAUYEHOT'O BUKJIAJAa4eM JIIHITHOTO po3Mipy
3pa3kiB 3poOMTH HEOOXimHI po3paxyHKu. Posmipm 3paskiB X, Xig i
pe3yJbTaTH PO3paxyHKiB 3aHecTH y Tadmuio 1.1.

4. HaBectn po3paxyHOK JIOBipUMX PO3MIpiB 3pa3KiB.
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5. 3a pesympTraTaMH pPO3PAaxXyHKIB 3pOOWTH BHCHOBOK MIOJO
e(heKTUBHOCTI TEXHOJIOTIYHOTO TIPOIIeCy BUTOTOBICHHS 3Pa3KiB.
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JlaGopaTropHa po6ora Ne 2

BU3HAYEHHA MINHOCTI, INIACTHYHOCTI 1 TBEPIOCTI
CTAJIEHN I CIIJIABIB

2.1. Meta podoTu

3a ZONOMOIOI BU3HAYEHHS MOKA3HHUKIB MILHOCTI Ta IUIaCTHYHOCTI
MPOAHANI3yBaTH 3AJIEKHICTh MOKA3HUKIB MIITHOCTI Ta TUIACTUYHOCTI Bij
BMICTY B CTaJli ByTJICII0; BU3HAYAIOYH TBEPIICTD CTalli MeTogaMu bpunes,
Bikkepca, i PokBenia, BUBUMTH BIUTMB BMICTY BYTJIEIFO Ha TBEPICTh CTaJi
1 TpoaHami3yBaTH 3B’S30K MK TBEPIICTIO Ta TPAHUIECIO MIITHOCTI IS
HOPMaJIi30BaHOi CTaJIi.

2.2 3araJjbHi BizoMocTi

Miynicmp — 11 BIaCTHBICTh MaTepially ONUPATUCS IehOPMYBaHHIO Ta
pYWHYBaHHIO ITiJ] BIUTMBOM 3OBHIIIHIX HaBaHTaxeHb. Ilnacmuunicms —
BJIACTHBICTh Marepially HEe3BOPOTHBHO nedopMyBaTHCci 0€3 MOpyIICHHS
CYHUILHOCTI MiJ JI€F0 30BHINIHIX MEXaHIYHUX HaBaHTaXECHb abo
3aITMIIKOBHX HaNpyKeHb. [lokazHukY (KiTbKICHI XapaKTePUCTHKH ) MIITHOCT1
1 TJIACTHYHOCTI BHW3HAYAIOTh MpH BUMNPOOYBaHHI 3pa3kiB Ha PO3TAT.
BurpoOyBaHHsI TPOBOSTE HA PO3PUBHUX BUIPOOYBaJbHUX MammHax. J{is
BUNIPOOYBaHb Ha PO3TST 3aCTOCOBYIOTH HWIIHAPUYHI ab0 TUIOCKI 3pa3Ku
JliaMeTpoM (TOBIIMHOIO) BiJ 3 MM 1 OUTBIIIE 1 TOYATKOBOIO PO3PAXyHKOBOIO

JOBXKHUHOIO / o = 9,65/F, (ze Fo - nuoma nonepeynoro nepepisy 3paska

1o neopMyBaHHS).

[Ipu po3TaryBaHHI 3pa3ka 3amUCYIOUYHA TMPHIAL BHIPOOYBAITEHOL
MalllMHA ~KPECIUTh JiarpaMmy po3TAry, sKka BiOMBae 3aJIeXKHICTh
BUIOBKEHHS 3pa3Ka A Y Bin girouoro HaBanTaxeuus P. HaBanTtaxeHHs y
NEBHI MOMEHTH pPO3TATYBaHHS MOXKHAa BH3HA4YMTH a00 3a JIOTIOMOTOIO
TeH30MeTpiB abo TpadiuHo 3a giarpamoro po3tsry (puc. 2.1, a), Ha sKii
HABEJCHI XapaKTEepHI TOYKHW, IO BIiAMOBIJAIOTh IEBHUM ITOKa3HUKAM
MEXaHIYHUX BIaCTUBOCTEH.

OCHOBHHM TTOKa3HMUKOM MIITHOCTI BBXKAETBCS SPAHUyss MiyHOCI
(Tumuacosuii omip). it BimoBiae HANPyKeHHs, AKe CTBOPIOE HAOLIbIIE
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HaBaHTaXCHHS Pmax (Touka D, puc. 2.1), mo nepeye po3puBaHHIO 3pa3Ka.

A ., A ’
: 5 /
5 E Z /
¥ C d g /C
: - TR
zZ|B g | A
E A \ £ / y § /
=] B (=W = o
HEE /2
/ /
o) O -
BHIOBKCHHA BHJIOBKEHHA
al3an | aln - 0,2%
e 4 Izar -

a 6
Pucynok 2.1 — [liarpama po3Tsry 3paska 3 IUDIACTHYHOTO METaly (a); cxema
BU3HAYEHHS] YMOBHOI I'PaHUILl INTMHHOCTI MaJOIIACTUHIHIX
craueii (0)

I'panuiro mMinHOCTI G5, MI1a, i BU3HAYaIOTH 33 (OPMYJIOHO:

Pmax
Gy = F_o. (2.1)

Cawme 11e HaIIpy>KEeHHSI BHKOPHCTOBYEThHCS 7151 O1IILIIOCTI pO3paxyHKiB
JeTajaeil MallliH Ha MIlHICTb.

3a pesynpraTaMd OOMIpiB pO3ipBaHMX 3pa3KiB 10 Ta MiCiA
BUTNIPOOYBaHb BU3HAYAIOTH HOKAZHUKY NAACUYHOCTI

6iOHOCHE 6UO00BIICEHH

o=(l,—1,)-100%/¢,, 2.2)
GIOHOCHE 36YMHCEHHA
w=(F,—F,)-100%/F,, 2.3)
ne £ ta (| - BIANOBIZHO NI0YATKOBA Ta KiHLEBA JOBXKHIHA 3pasKa.
Teepdicmbp - 1 BIACTHUBICTH IOBEPXHEBOrO MIapy Marepialy

onuparucs aehopMyBaHHIO a00 pyHHYBaHHIO [TPH MiCLIEBOMY KOHTAKTHOMY
BIUIMBI 3 OOKY TBepilIoro Tina (iHgeHTopa) meBHoi (opMH Ta pO3MIpiB, sKe
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HE 3a3Hae€ 3aJIMIIKoBOi Jaedopmariii. BuMmipioBaHHS TBEepAOCTI €
HAUTOMIMPEHIIIAM METOIOM MeXaHIYHuUX BUNpPoOyBaHb. J[0 OCHOBHHX
METO/IiB BU3HAYCHHS TBEPIOCTI BIAHOCITH MeToau: bpunemns, Bikkepca Ta
Pokgemna. /] 6araThox CIUIaBiB ICHY€E YiTKa 3aJISKHICTh MIXK TBEPIICTIO Ta
eKCIUTyaTallifHAMHA ~ XapaKTepUCTUKaMHu  (MIIHICTIO, 3HOCOCTIHMKICTIO,
00pOOITFOBAHICTIO Pi3aHHAM 200 TUCKOM Ta iHIIUMHU).

Memoo bpinenns nonsarae y ToMy, 1o KyJabK) 31 CTajli abo 3 TBEpAOTo
CIUTaBy niaMeTpoM D BTHCKArOTh y MOBEPXHIO JIeTalli 3ycHursaM P i qaroTh
NIEBHY BUTPUMKY (puc. 2.2, a).

Pucynok 2.2 — Bu3HaueHHsI TBepIOCTi MeTaily Metonamu bpuness (a), Poksemna
(6) Ta Bixkepca (B)

HapanTaxxenns P oOupaeThcs 3a crieniaabHUMK TaOJUISIMH 3aJICHKHO
BiJl JiaMeTpa KyJbKH Ta O4iKyBaHOI TBepAocTi. HaliMeHIIe HaBaHTa)KEHHS
JUIsl KyJibku JiameTpoM 1 MM craHouth 10 H, HaiGinblne mais KynbKu
niamerpom 10 mm — 30 xH.

Uwucno TBepmocti 3a bpunemiem HB Bu3Ha4arOTh BigHOUICHHIM
MpUKIIaeHoro HaBanTaxxkeHHs P, H, 1o momii cepuanoro BigouTka F, MMZ;

__0102P _  0,1022P

HB F  np(—VD?-d?)

(2.4)

{06 He BHaBaTHCS O TPHBAIMX i TPYJOMICTKHX PO3pPaxXyHKiB, Ha
NPaKTHUII JIsl BA3HAYCHHS TBEPJIOCTI 3au1ekHO Bijx P, D, 1 d BUKOpHCTOBYIOTH
CTaHJapTHI TaOIHIII.

IlepeBaroro meroay bpiHemis € mpocToTa BUMIPIOBaHb 1 TOYHICTh
pesyabratiB. Kpim Toro, mMix TBepmicTio (B oauHuUnsx bpunems) i
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rpanunero MinHocti (y MIla) ams nesikuX MIIacTHYHUX METAliB 1 CIUIaBiB
ICHY€ 3aJIeKHICTh THITY

os= K(HB), (2.5)
ne k — xoedirieHt, skuii qOpiBHIOE: 3,5 - IUIsl CTaji Ta JIOPATIOMIHII; 5,5 -
JUTSE Mifi Ta 11 CTuTaBiB y BinaieHOMY CTaHi, 4 - s Mii Ta 11 CIIaBiB micist
HaKJIETy TOIIO.

Ho wmemomikiB Meromy bpiHemns BigHOCATH: OOMEXKEHHS MIOJ0
BUMIiproBaHoi TBeprocti (1o 450 HB mns cranesoi kynmeku 1 1o 650 HBW
JUIL KyJIbKH 3 TBEPIOrO CIUIABY); HEMOXKJIHMBICTH BUIPOOYBaHb TOHKHX
BHUPOOiIB a00 MOKPUTTIB (IX TOBIIMHA MOBUHHA OyTH mprHaiMHiI y 10 pasis
Oinpme TTUOWHM BimOWTKA, TOOTO HEe MeHIe 1...3 MM); BEIHKHI po3Mip
BinOuTKa (2...6 MM), IO 3ATUINAETHCS HA IOBEPXHI JCTai.

Memoo Bikkepca y TONOBHHX pHcax Haciimye meron Bpunemns:
IHAEHTOP BTUCKAETHCS B METAJ IIiJ IEBHUM HaBAHTa)KEHHSIM, BUMIPIOETHCS
po3Mip BiIOUTKA 1 pO3PaxOBYETHCS BEIIMYMHA TBEPIOCTI (puc.2.2, B). Aue
3aBJSIKM Matepiany iHaeHTopa (aiMa3) 1 MEHIIMM HaBaHTKEHHSM BiH
1mo30aBieHU OLTBIIOCTI HEMOMIKIB MeToaa bpuHers.

[HOEHTOPOM CITYKUTh aIMA3HA YOMUPUSPAHHA NIPAMIOa 3 KyTOM MK
MPOTHIICKHUMH TPaHSAMH TIpH BepmmHI o0 =136°. 3anexHo Bix TOBIIUHU
3pa3kiB a00 MOBEPXHEBUX IIAPIB, TBEPICTh SIKMX BUMIPIOETHCSI, a TAKOXK BiJl
X O4iKyBaHOI TBEpAOCTI 70 iHIEHTOpa MOXKE MPUKIIAJATUCS HABAHTaKEHHS
P Big 10 go 1000 H, i BigOMTOK Ha TOBEPXHI 3AIMIIAETHCS MalHid. 3a
MeTooM Bikkepca Mo)KHa BH3HA4YaTW TBEPHAICTh 3pasKiB (nmeranei)
MiHiIManbHOIO TOBHIMHOO 0,03...0,05 MM 3 Oyib-SKUX MaTepiaiB.

TBepmicte 3a  BikkepcoM  BH3HAYa€Tbcs  SIK  BiJAHOLIGHHS
HaBaHTaxeHHs P, H, nmpuknageHoro mo anmas3HOi mipamigu, M0 IDIOMI il
nipamiganbHOro Bigoutka F, Mm2:

Hy = ° 0,102'2P-sin% 0189 *
=FT e S 0®8E. @29
ne d — cepemHe apudMeTWYHE 3HAYCHHS JOBXKWHU 000X JiaroHaieit
BIIOMTKA ITiCIISA 3HATTSA HABAHTAKECHHS, MM.

TBepaicTs 3a memooom Poxeenna BU3Ha4alOTh BTUCKAHHSM y 3pa30K
(meranb) iHAEGHTOpA - AIMA3HO20 KOHMYca 3 KyTOM Npu BepumuHi 120° Ta
paniycom 3aokpyrienss 0,2 Mmm abo cmanegoi xynvku niamerpom 1,588 mm
(1/16”). HaBaHTaxeHHs Ha 1HACHTOP MPUKJIATAETHCS MTOCIIOBHO: CIIOYATKY
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nonepeiHe HaBaHTaxeHHs P, y 100 H, a motim — ocHoBHe P1 (puc. 2.2, 6).
Cymapre HaBaHTaxkeHHS1 P=P,+P; oO6upaeTbcs 3amexHo BiJl 3aCTOCOBAHOTO
1HAGHTOpA Ta OYiKyBaHOI TBEPJOCTI 3pa3ka, SIKHi JOCIiIKYEThCS.

[lepeBaroro metoma PokBemna € Te, mo TBepaicTe 3a PokBemiom
BH3HAIOTH 0€3MocepenHbo 3a 1HIUKATOPOM TBEpAOMipa y MOMAIIKaxX HWOTo
IIKaJH.

2.3 3aBaaHHA HA MIATOTOBKY /10 J1a00paTOPHOI podoTH

[Ipu miaroroBui 10 7a60paTOpHOi POOOTH MOBTOPUTH TEOPETUUHUIM
MaTepial, 0 CTOCYEThCS METO/IIB BU3HAYCHHS MIITHOCTI, IDIACTUYHOCTI Ta
TBEP/IOCTI CTalleld, a TAKOXK BIUIMBY HAa HUX BMICTY BYTJICIIO.

2.4 KoHTpoJibHi 3anuTaHHs

1. SIki xapakTepUCTUKU METAaJIiB BU3HAYAIOTHCS IPU BUIIPOOYBaHHI Ha
po3Tar?

2. JlaiiTe BUBHAUEHHS MIIIHOCTI 1 IIACTUYHOCTI.

3. Io chayXuTh KUIBKICHOW XapaKTEPUCTUKOI MIITHOCTI 1
IJIACTHYHOCTI?

4. SIxi MeToM BU3HAUYEHHS TBEPAOCTI B 3Ha€TE?

5. Sk BmmMBae BMICT BYTJENI HAa MIIHICTh, IDIACTUYHICTH Ta
TBEPJICTb CTajen?

2.5 O0nagHaHHsA, iIHCTPYMEHTH, MaTepiaan

1. Po3puBHa BUNIpOOYBaibHA MalIMHA

2. Teepmomipu

3. llranTreHmpKyIi

4. MikpomeTrpu

5. Po3puBHi 3pa3ku 3i craneii Cr3, 20, 40, 60, V8, V10, V12 y
HOPMaJIi30BaHOMY CTaHi

2.6 Bka3iBKHU 3 TeXHiKH 0e3lmeKu

1. BcTaHoBmoBaTH 3pa3ku y 3aTHUCKayi pO3PUBHOI MAllMHU TIPH
BUMKHYTOMY MEXaHi3Mi pO3TsTY.
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2. Ilig wac BUMPOOYBaHHS HE MIOIMTyCKAETbCA TOPKATHCA PYyKaMH
PYXOMHX YaCTHH PO3PUBHOI MAIITIHH 1 TBEPIOMIpiB.

2.7 Ilopsnok BUKOHAHHS J1a0opaTopHOi podoTn

1. BuBuntH Oyq0BY Ta MIPUHLUI POOOTH PO3PUBHOT MAIIMHH.

2. Bu3HaunTH MOYATKOBI PO3MipH 3pa3KiB 3 pi3HUX BUIB cTaneil: do,
‘.

3. IlpoBectn BumpoOyBaHHA 3pa3KiB Ha po3TAr, 3adikcyBarn
MaKCHMAaJlbHEe HABAHTAXXECHHSA TIepe] PO3ipBaHHAM Pmax 1 BU3HAYUTH pO3MipH
3paskis micist posipansst: du 1 /.

4. OpHOYAacHO BUW3HAYMTH TBEPAICTH 3pasKiB, MO MHPOXOAATH

BUTIPOOYBaHHS Ha PO3TSIT.
4. JIns KOKHOT MapKH CTaji po3paxyBaTH IMOKa3HHUK MIITHOCTI —

TPAHUIIIO MIITHOCTI G Ta MOKA3HUKH TUTACTUYHOCTI — BITHOCHE BUIOBXKCHHS
0 1 BiTHOCHE 3BY)KCHHs . Pe3ynbraTi BUIIPOOYBaHb 3aITUCATH Y TIPOTOKOI
BUNpPOOyBaHb (Tadi. 2.1).

Tabmuus 2.1 — [IpoTtokosn BUNpoOyBaHb Ha PO3TST

Po3mipu 3paszka, MM Makcu- MexaHiuHI BJIACTUBOCTI
bifo) micis MajbHE | TpaHMIs | BIIHOCHE | BIIHOC-
BUIIPOOYBaH- | BUMPOOyBaH- | HABAHTA- | MII[HOC- BHJIO- HE 3BY-
HS Hs J)KeHHA, | Ti, MIla | BKeHHs, | >KEeHHs,
H %% %%
f 0 do Fo € 1 duw | Fu Prmax Gs ) )

5. [lobyxayBaTu rpadivni 3aJIeKHOCTI MIITHOCTI 1 INTACTHYHOCTI CTalIel
BiJl BMICTY BYTJIEIIIO.

6. 3poOKTH BUCHOBKH ITPO BILIMB BYIJICHIO HA MIIHICTb, IIACTUYHICTh
Ta TBEPIICTh CTaJIECH.

2.8 3micT 3BiTY

1. JlaTu BU3HAYEHHS MIIHOCTI, IUIACTUYHOCTI 1 TBEPIOCTI
KOHCTPYKI[ITHUX MaTepiais.
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2. HaBectu ecki3u 3pa3KiB JI0 Ta Micisl BUMIPOOYBaHb i3 3a3HAYCHHSM
BUMIPSTHIX PO3MIpIB.

3. HaBectu miarpamy po3Tsary 3pa3kiB 3 IUTACTUYHOI CTai i3
3a3HaYCHHSM Ha Hill XapaKTepPHUX TOYOK.

4. HaBectn po3paxyHKOBi (HhopMynn A BU3HAYECHHS MOKAa3HUKIB
MIITHOCTI 1 TNIaCTUYHOCTI. Pe3ynbraTn po3paxyHKiB HaBecTH y Tabm. 1.2.

5. lloOymyBatu rpadiku 3aJeKHOCTI MIIHOCTI 1 TNIACTHYHOCTI CTalli
BiJl BMICTY BYTJIEIO; 3pOOUTH BICHOBKH IO POOOTI.
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JladopaTopna pobora Ne 3

3AJIEKHICTH MIITHOCTI KOMITO3UIIMHUX
MATEPIAJIIB BIJI BUAY HAIIOBHIOBAYA

3.1. Merta podotu

[IpoanamnizyBaTy BILTHB BUY HAITOBHIOBAYA, IOr0 XapaKTepUCTHK Ha
MIIHICTh KOMITO3HITITHIX MaTepiaiB.

3.2 3araabHi BizomocTi

Bonokameri  kommosutiiai  marepiamun  (KM)  gocuth  wacrto
BUKOPUCTOBYIOTHCSI 3aBISIKA CBOIM BHCOKHM MEXaHIYHHM BIACTHBOCTSM.
SK mnpaBwio, HpU LBOMY BHKOPHCTOBYIOTBCS IOCTATHBO IUIACTHYHI
MOJIIMEPHI MaTpPHIl, a SK HANOBHIOBAadi - MIIHI, ane KPHUXKi BOJIOKHA
(Hampuknan, CKJIsiHI, Byrieuesi). [Ipm HaBaHTaKEHHI PO3TSATY TEPILIOIO
IUIACTHYHO  AeOpMY€ETbCS MaTpHUI, 1 HABaHTAXKEHHS IOCTYIOBO
COpuilMaeTbCcs HAMOBHIOBAYEM - BOJIOKHaMHU. BoiokHa, pO3TATyrOumCh,
3MEHINYIOTBCSl Yy MOMEPEYHUKY 1 MOYMHAIOTH PO3TATYBATH MATPHIIO Y
MOMEePEYHOMY HampsaMKy. [luM camuM MaTpuis 3IIHCHIOE JOJaTKOBHIMA
BHECOK B omip posrary [5]. Pons matpumi B apmoBaHomy KM min miero
HaBaHTAXXEHHS 3BOAMTHCS JO PpOJI «IUCHIET4YEpa», SKUH PO3MOIiIIE
HaBaHTA)XEHHS MIX BOJIOKHaMH. [10CcTymoOBO HaBaHTaKEHHS TIEPEXOIUTh Ha
BOJIOKHA. YnM Oinbie BMicT HarmoBHOBaYa y KM, THM BUIIle OTO MIIIHICTB,
asie TUM cJiadiie BUSBIAIOTHCS HOTO TUIACTHYHI BIACTUBOCTI.

Bucoxi Mexaniuni BaactuBocti KM mocararoTecs JIMIIE TOI, KOIH
3a0e3MeYyeThCs 0JJHOYACHA po00Ta 000X KOMIIOHEHTIB KOMITO3UTY IIiJl Yac
HOro eKcInTyaTarlii. A 1ie 3HaYHOI MipO0 BU3HAYAETHCS ()i3HUKO-XIMIYHUMHU
mpoIecaMy Ha MEXIi PO3MOJIily MaTPUIIS-HAIIOBHIOBAY. 3a3BUYail TAKUMHU
MpoLIECaMK € 3MOUYYBaHHS, aJre3is Ta 1HIII.

3MOUyBaHHSI — OAHAa 3 TOJOBHUX YMOB OJIepKaHHS SIKICHOTO
KOMITO3UTY. BoHO monsirae y B3aemoii piiHu (MaTpULi) 3 TBEPAUM TUJIOM
(naroBHrOBa4). CTYIiHb 3MOYYBaHHS 3aJIE)KHUTh FOJIOBHIM YHHOM BiJl CTaHy
MOBEPXHI TBEPAOrO Tija 1 XapakTepy KOHTAKTHOI B3aeMOZil piaIuHH 3
MOBEPXHEIO LIOTO TBEPAOTO Tija.
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KoMIo3ur, 1o CKIama€Thes 3 IIACTHYHOI MATPHI Ta MIIHHUX, aje
KPUXKHX OJHOCHPSMOBAHUX HENepepeHUX GOJOKOH, MA€E YiTKO BHPAKEHY
aHI30TPOMII0 BJIACTUBOCTEH, a WOTr0 MIIHICTh BU3HAYAETHCS HE JIMIIC
MIITHICTIO CaMHUX BOJIOKOH, a TaKOX iX JiaMeTpoM i 00’€MHUM BMICTOM
BOJIOKOH y KOMIIO3UTi. 30UNBIIeHHS JiaMeTpa BOJOKOH y ckiami KM
MPU3BOUTH JIO 3HWKCHHS 1X MIITHOCTI, aje Pi3HOI MIipOr0, 3aJICKHO Bij
NPUPOAX BOJIOKOH. BBaXkaeTbes, 10 NpH 301IbIICHH] TiaMeTpa BOJOKOH X
MIIHICTE Pi3KO Majae, a mpu giamerpi d moHam 15 MKM aCHMIITOTHYHO
HaOJIMKY€ETHCS 10 TIEBHOI MiHIMaIbHOT Benuuunu (puc. 3.1).

5 d, MKM

Pucynoxk 3.1 — 3anexxHicTh MIIIHOCTI BOJIOKOH BiJ| liaMeTpa

Minnicte KM, apMOBaHUX QUCKpemHumu 6010KHAMU, 3aBXKIA MEHIIIE
MIITHOCTI KOMIIO3MTIB 3 HENEPEpPBHUMH BOJOKHAMH. BOHa 3alexuTh BiX
CHiBBigHOMICHHS 1X J0oBKUHU | 1 miamerpa d. Uum Oisibliie CIiBBiIHOIICHHS
I/d, Tum wminHimuii Matepian. Ilpu aHamizi #Oro BIUIMBY Ha MIIHICTh
KOMITIO3UTY BHKOPUCTOBYETHCS MOHSTTS KPUMUUHOL Q08IHCUHU BOJOKOH |y
[5-7]:

lp = 65 0/2T54, (3.1
JIe Gy — TPaHMIISI MIIHOCTI BoJIoKHa, MI1a;
d — niamMeTp BOJIOKHA, MKM;
T;q — TPAHULSI MILJHOCTI 3CYBY Ha MeXi MaTpuIi-BosiokHO, MlI1a.

ToOTO, YUM BHIIE Tsy MATPHII, THM MEHIIE |, IBUIIIIE TOCATAETHCS
ymoBa | > |, 1 THM TOBIIIE TpUBAaTUME MOCTYIOBE PYHHYBaHHS apMyBaJIbHUX
BOJIOKOH ITiJT TI€I0 HAaBaHTAKEHH.

SIKIo JOBXKHMHA BOJIOKHA | MeHme 3a KpUTHYHY (MiHIMAaJbHY)
JOBXHHY lip, TO BOJIOKHO HE CTBOPIOE OMip 1e(OPMYBaHHIO MaTpHIli, 1 HOro
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MIIHICTP HE BHUKOPHUCTOBYETHCS y KOMIIO3HWTI TOBHOIO Miporo. SIKIo
JIOB)KMHA BOJIOKHA | Oimbmie 3a KPUTHYHY MOBXHHY lp, TO BOJOKHO
PYHHYETBCS IPH PO3TATY BiAMOBITHO IO CBOET MIIIHOCTI, i IPH LBOMY YHM
Oinbmie 1, Tum Oinbiry MinHiCTE Mae KM B 1iomy.

BaxxmBuM QaxTopom, 1Mo BU3HAYAE MIITHICTh KOMITO3UTY, € 00 '€MHA
KOHYeHmpayis BOJIOKOH y Tiepepisi BUpoOy. SIKino 00’eMHa KOHIIEHTpAITis
BOJIOKOH OibIlie MIHIMAJIBHOI, TiJi HABaHTWKEHHSAMH, HIO MOCTYIIOBO
30UTBIIYIOTECS,  [MOYMHAIOTH  TIOCHIJIOBHO  pPYHHYBaTHCS  BOJIOKHA.
HaBaHTakeHHs mepexonaTs Ha HEJOCTATHHO MIIHY MaTpPHIIIO, i HEBIOB3I
BiIOyBa€eThCH i MUTTEBE PYHHYBAaHHS O BChOMY IIOMEPEUHOTO IMEpepizy
kommo3uty. Take pyiiHyBaHHS KM Ha3uBa€ThCS 0OUHUYHUM.

Hns OIIIHFOBaHHS MIITHOCTI KOMITO3UTY HaWJacrimie
BUKOPHUCTOBYEThCSL (peHOMeHonoriunnil miaxia. [pu ¢genomenonociunomy
MiXOMI BBAKAETHCS, II0 Marepiayl € YMOBHO OJHOPIIHMM 1 Mae JIesKi
yCepeaHeHi BIACTHBOCTI, sIKi MOXKYTh OYTH BH3HAYEHI €KCIIEPHIMEHTAIHHO
Ha 3pa3Kax KiHLIEeBHX po3MipiB. Lle 3Ha4HO crpolye 3aqady, SKIIO 3rajaHi
BUIIIC 3pa3Kyd BUTOTOBJICHI 3a TI€IO K TEXHOJIOTIE0, M0 i BUPiO. Y TakoMy
BUTMIAAKY I TIONEPETHBOTO  OI[IHIOBAHHS  MIITHOCTI  KOMIIO3HTY
BUKOPHUCTOBYETHCA PIGHANHA AOUMUSHOCTI.

PiBHSHHS aAMTUBHOCTI HE BPaxOBYIOTh BCi OCOOJNMBOCTI B3a€MOJii
MaTpHIli Ta HAIIOBHIOBaYa, MEXaHI3My PyHHYBaHHS, aje 3aBASKH IPOCTOTI
Ta 3pyYHOCTI HOrO BUKOPUCTOBYIOTh IPH OLIIHOYHHUX PO3PaxyHKax.

Ipanuya miynocmi nBoxoMmnoHeHTHOTO KM, skuii CKIagaeThes 3
MaTpHIli # BOJIOKOH, 32 MPABUIIOM aJJUTUBHOCTI, a00 «IIPABUIIOM CYMIIIIi»:

o =06 "Vy+ol) (1-Vy), (3.2)

8

e GZ - TPaHUIIS MIITHOCTI BOJIOKOH;

G *- HANPY)XEHHS B MATPULI B MOMEHT PYHHYBaHHS BOJIOKOH;

V; — 00’eMHa YacTKa BOJIOKOH y KOMIIO3MTI.

I'pannis MiHOCTI KOMIO3UTY NPU PO3TATY BU3HAYAETHCS TOJIOBHUM
YMHOM MAaKCHMAJIbHOIO 00 €MHOI0 YacTKOIO BOJIOKOH. O0’e€MHa yacTka
BOJIOKOH pijiko mepeBuinye 65...70% ToMy, 110 IPH MEPEBHUILEHHI 1[HOTO
piBHS BinOyBaeThes 1X HaaMipHe pyiHyBaHHA. [IpakTuka mokasye, o npu
3BHYAHOMY BMICTi BOJIOKOH BHECOK IOJIIMEpHOI MaTpuli y MinHicTs KM
He mepesuinye 2...5%, Tomy 3aranbHa MinHicTh KM J0CTaTHRO TOYHO
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M

KJ ~ 8 KM . .
BM3HAYAE€ThCSA BUPa3oM G, | = 6, *V, (o€ 6, | - rpanuns Minnocti KM,

apMOBaHOTO BOJIOKHAMH, TIpM HABAHTAKCHHI MapaJiebHO HANPSIMKY
pO3TaITyBaHHS BOJIOKOH).

3.3 3aBaaHHs HA MIATOTOBKY /10 JIAGOPATOPHOI podoTH

[Ipu migrorosili 10 1abopaTopHOi pOOOTH MTOBTOPUTH TEOPETHUHUI
Mmarepiaj, MI0 CTOCY€TbCA CKNIady, BJIACTUBOCTEH KOMITO3MLIHHUX
Mmarepiaiis.

3.4 KoHTpoJbHI 3anuTaHHA

1. Sx BigOyBaeTbcs B3a€MOMisl MATPHI 1 HAMOBHIOBAYa IMPH
pyHHYBaHHI KOMITO3HUIIITHOTO MaTepiary?

2. Sk BMBae 3MOYYBaHHsI Ha 3arajbHy MIIHICTh KOMIIO3UIIHUX
MaTepiaiiB?

3. Sk BrTMBAE fiaMeTp 1 TOBXKMHA BOJIOKOH Ha MIIHICTH KOMIIO3HUTY ?

4. Yu 3aNekKuUTh MILHICTh KOMIIO3UTY BiJi 00’€MHOIrO BMICTY

HaToBHIOBa4a?

5. SIk po3paxoBYIOTh T'PAHUIIO MIIIHOCTI KOMIIO3HTY 3a MPaBHIIOM

AUTHUBHOCTI?

3.5 Ob1agHaHHS, IHCTPYMEHTH, MaTepiajau

1. Po3puBHa BUNpOOYBaibHA MallIMHA
2. Kanbkynsatop

3.6 Bka3iBku 3 TexHikHM 0Oe3nexkn

ITpu BUKOHAHHI POOOTA CYBOPO JIOJIEPIKYBATHCS BKa3iBOK BUKJIaaua
(HaBUANBHOTO MawcTpa).

3.7 llopsinok BUKOHAHHSA J1a00paTOPHOI podOTH
1. OrpumaTi BiJ BHMKJIagaua 3aBIaHHS Ha CKJIaJ KOMIIO3MTY, IO

MiIArae TOCTIDKEHHIO: BUJ TOIiMepy MaTpuili (Tadiui 3.1), BUJ BOJIOKOH
HaroBHIOBaua (Tabiuis 3.2) 1 00’eMHy 4acTKy HallOBHIOBaYa y KOMIO3HUTI.



Tabmuig 3.1 - BnactuBocti nosimepis
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Buau I'yctu- | Hanpyxenns Binnocue Temmepa-
MoJIiMepiB Ha, pyWHYBaHHS | BUIOBXKEHHS, Typa
Kr/m® IIpH PO3TSTY, %% TIJIaBJICHHS,
MIla °C
[Momiernnen 918... 10...16 400...600 105...115
INHEBJ 935
[oninpomninen 910 30 100 100...170
[T
[omictupon 1050 35...40 1,0..15 190...230
Ic
[Momiamin 1130 66...80 80...150 215
ITA-6
Tabmuus 3.2 — BnacTHBOCTI BOJIOKOH
I'yctuna, I'panuns Mopyns
Bunu Bonokon Kr/m® MIIJHOCTI. | MPY’KHOCTI,
MITIa I'Tla
CkJystHi Mapku A 2500 3020 74
bopui BH 2400 3140 383
Kesnap-49 1800 2750 130
CkJisiHI KBapIIOBi 2210 6000 75
Opraniyni CBM 1650 2750 130

2. 3a dopmyiioro 3.2 po3paxyBaTH OPIEHTOBHY MIIIHICTh KOMITO3UTY

3aIIpOIIOHOBAHOIO CKJIaady.

3. IloBroputH poO3paxyHKH Ul AEKIJIBKOX KOMIIO3HMTIB Pi3HOTO

CKIIamy.

4. IlpoanaiizyBaTy OTpUMaHi pe3yJIbTaTH 1 OL[IHUTH, 32 PAXYHOK 4OTO
OJIVH 3 KOMITO3UTIiB NIOKa3aB OiJbIIY MIIHICTb.
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3.8 3mict 3BiTY

1. KopoTko omucatu xapakTep pyHHYBaHHS KOMIIO3ULIHHOTO
MaTepiaiy i €0 HAaBaHTAKCHHS.

2. OmmcaTé poilb BOJIOKOH Yy 3a0€3MeYeHHI MIIHOCTI KOMITO3UTY
3aJIeKHO Bif iX po3MipiB Ta iX 00’€MHOT YaCTKU Y CKJIa/Ai KOMIIO3UTY.

3. HaBectu 3anmpomoHOBaHHUN CKJa[ KOMIIO3UTY 1 pO3paxyHOK HOTO
MIIHOCTI.

4. Ilicns mOpiBHSHHS pe3yJbTaTiB PO3PaXyHKIB MIITHOCTI Pi3HUX
HiArpyn 3p0OUTH BUCHOBOK, SIKUH (pakTOp HalO1IbIle BIUIMHYB HA MILTHICTh
KOMITO3HUTY.
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JladopaTopHa podora Ne 4

AHAJII3 EGEKTUBHOCTI CTAJIEIVIABUJIBHOI'O
BUPOBHUIITBA

4.1. Meta po6oTu

[Ipoanami3zyBaTy eHEPTOEMHICTD Pi3HHUX CIIOCO0IB BUPOOHHIITBA CTAJI1
y 3aleXHOCTI BiJl BHUAY TEXHOJOTIYHOTO MpOLECY Ta CKJIagy BHXIiTHOI
HIUXTH.

4.2 3araabHi BizomocTi

MerTayprist — OuH 3 HaAWO1IBIT eHeproeMuux mporecis [8, 9]. Tomy
CyMapHi BWTpaTH e€Heprii i XapakTep i BHKOPHCTAaHHS Ha OJUHUIIO
NOPOAYKIII MOXKYTh CIYTYBaTH 1HTETPAIbHOIO XapaKTHPHCTUKOIO OCHOBHHUX
€KOHOMIYHHMX BHTPAT Ha BUPOOHUITBO YaBYHY, CTali Ta iHIINX METANiB.
BoHu BimOMBaIOTh BUTpPATH €HEPTIi, SIK Y BIACHE TEXHOJIOTIYHOMY TIpOIIeci
BUPOOHUIITBA METaly, TaK 1 Ha BCIX MOMEPETHIX CTajisX BUPOOHHUIITBA,
BKIIIOYAIOYH  BHUJIOOYBaHHS, TEpPEepoOJIeHHS Ta  TPaHCIOPTYBaHHS
eHepropecypciB (IpUpOAHHUN ra3, BYrUmIsS Ta iH.) Ta CHPOBUHH (pyna,
(hmrocu, piaKuUil YaByH, BOTHETPUBH Ta iH. ).

OcHOBHI crocoOu BHPOOHMITBA CTalli: Y KHUCHEBUX KOHBEPTEPax,
MapTeHIBCbKIX Ta eJNEeKTPOJAYrOBHUX Ie4aX - BiJIPi3HAIOTBCS 32
EHEProeMHICTIO (TOOTO 3a CyMapHUMHU BHTpaTaMd Ha BHUPOOHHUIIMBO) Ta
SIKICTEO BUTOTOBJICHOT CTaJIi. Y TOM K€ 4ac HaBiTh y MEXKaX OJIHOTO CIIOCO0Y
BUPOOHUIITBA CTali 3MIHM CKIaJy BHUXIAHHX MarepiaiiB (IIUXTH)
JTO3BOJISIFOTH 3MIHUTH SIK BUTPATH HAa TOTOBY Mpoaykmiro (ii cobiBapTicTh),
TakK i AKiCTh BUTOTOBIIEHOI cTaji. BukoHaHHS 11i€l 1a60pOTOPHOI poOOTH 1ae
MOJUIMBICTh BHSIBUTH, SIKIi TEXHOJOTIYHI MpPOIECH € CYYacHUMH Ta
€KOHOMIHMMU JIJIsl BAPOOHUIITBA CTaJi.

Kucnego-xoneepmepnuii npoyec - 11e BapiHHsI CTali 3 PiOK020 4aABYHY
B KOHBEPTEpi 3 OCHOBHOIO (YTEPiBKOI IUISXOM MPOAYBAaHHS KHCHEM
3BEpXy 4epe3 BOAOOXONO/KyBaHy Gypmy. Lleit meron mae psia mepesar:
BHUCOKa NPOAYKTUBHICTH, BUpoOHHMITBa (10 400...500 T/rox.); HU3BKI
KalliTaJlbHi BUTPAaTH Ha OYAIBHUITBO KOHBEPTEPHOTO IEXY; MOXIHMBICTh
aBTOMaTH3allii BUPOOHUIITBA.
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VY KHCHEBHX KOHBEpPTEpax MOKHA MepepoOIsATH PiIKUN YaBYH Oy/Ib-
AKOT'0 XIMIYHOTO CKJIaAy. 3aBIsSKH BUKOPUCTAHHIO YUCTOTO KUCHIO TEIUIOTH
OKHCHEHHSI BYTJICII0, Maprauiio, Gocdopy, sSKi MIiCTATbCS y 4aByHi, ii 3
HA/JIMIIKOM BHCTAyYae IJIsl HATPiBaHHS PIAKOrO METaly A0 TeMIEpaTypH,
HeoOXimHO1 Ayisl Tiepediry OCHOBHUX (I3WKO-XIMIYHHUX MPOIECIB BapiHHSI
cranmi. Hamnumok Temna mo3Boiisie MepepoOUTH y KOHBEpPTEpi IEBHY
KUIBKICTh METanoOpyXxTy (10 25% Bix Macu 4aByHY).

VY KkHCHeBHMX KOHBEpTEepax BapsATh HHU3KOBYIJICIEBI KOHCTPYKIIiHHI
AKicHI cTaii. BBe/leHHs y cTali JeryBalbHHAX €JIeMEHTIB ITiJ] 9Yac BapiHHA Y
KOHBEPTEPl YCKIAAHEHO Yy 3B 53Ky 3 OKMCHIOBAJBHOIO atMoc(eporo Ta 3
HOPIiBHSAHO MIBUAKHM OKHCHEHHSM JIETYBAIbHUX EJIEMEHTIB Yy piAKOMY
Mmetaii. ToMy iX BMICT y TakuX cTajsIxX He nepesuiye 2...3%.

106 30inpmuTu yacTky MeTanoOpyxTy (mo 100%) y muxTi, sika
nepepoOsIThCS. Yy KOHBEPTEpaX, BUKOPUCTOBYIOTh KUCHEBO-HANUGHUIL
npouec. BiH 3OiMHIOETBCS Yy KOHBEpTEpax KOMOIHOBAHOTO TYyTTS.
IHTeHCHBHE HArpiBaHHS 1 HWjlAG1eHHA MEepOoi wiuxmu 3IIACHIOTHCS 32
paxyHOK TOro, M0 B KOHBepTep uepe3 OiYHI MAIBHUKH HAIXOIUThH
npUpoaHuii Ta3. oro 3ropsHHs, a TaKOX YACTKOBE JOMATIOBAHHS OKCHILY
BYTJIETICIO B KOHBEPTOPI 1 AAFOTh HEOOXiTHY TONATKOBY KUTBKICTh TeTLIa.

Mapmeniecokuit npouec BelyThb Ha TOAY  IOJTYMEHEBOI
perenepatuBHOi BinOWBHOI meui. [lid crmoyaTky 3aBaHTaXyHOTh HIMXTOFO
(piokuii wasyn i memano6pyxm, Takox pynaa, GepocruiaBu Ta i.), sika moTiMm
I €0 BUTATHYTOro (akemy MoayM’st TIOCTYNOBO TulaBUThCs. [licist
PO3IJIaBIIEHHS Y METaleBy BaHHY JIOJAIOTh Pi3HOMaHITHI J00aBKH, 100
OTPUMATH CTaJIb MOTPIOHOTO XIMIYHOTO CKJIay.

Bapiuns crai Tpusae 6...8 roauH. 3a 1eii yac MOXKHA BiJIKOPUT'YBaTH
ii XiMiuHMi cknal. ToMy y MapTeHIBChKHUX Me€4aX BUTOTOBIISIFOTH CTali Oy/b-
SIKOTO XIMIYHOTO CKJIay, Y TOMY YMCIi i JIeroBaHi. Alle TIPOJXYKTUBHICTb
MapTeHIBChKUX Iedei cTanoBUTH 40...80 1/roj; To0TO y 6...10 pa3iB HIbKYE
HiK y KHCHEBHMX KOHBEpTEpaX. IXHE OyiBHHITBO Ta EKCIUIyaTallis
BUMararoTh BEIMKHX KalliTaIbHUX BUTPAT, TOMY HOBI MapTEHIBCBbKi meui
3apa3 He OyayroThCs.

VY 3a5eHOCTI BiJ| CITiBBIIHONIEHHS BHUXiJHUX KOMIIOHEHTIB Y IIUXTI
MapTEeHiBCHKOI Medi (PiAKOro 4yaByHy i TBEPOI 3aBaIKH) PO3PI3HIOKOTH
CKpaI-pyJIHHUH 1 CKpan-rmporecu BUPOOHHIITBA CTaJTi.

Mapmeniecokuii cKkpan-pyoHuii nHpouec BUKOPHCTOBYETHCS TOI,
KOJIM JI0 CKJIAAy 3aBOJY BXOISTh JIOMEHHUN, MapTEHIBCHKUHN 1 MPOKATHUI
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nexn. lle mo3Boisie mocTtayath NOMEHHHMI YaBYH Y MapTeHIBCHKUM IeX
Oe3nocepenHpo y pimkomy ctami. llluxTa mpum mbOMy CKIagaeTbes Ha
50...70% 3 pigKoro 4YaByHy, a pemra — ckpam (BiIXOIu BJIACHOTO
MeTaTypriifHoro BUpoOHUITBA) i MeTanoOpyXxT. BMicT Byrierio B ctami mpu
CKpamn-pyTHOMY IIpOILIECi PEeTYyIIO€ThCS BBEACHHSM Yy 3aBaJKy HEBEIHMKOL
KUJIBKOCTI 3aii3Hoi pyau. HaiuacTime wacTka 3aii3HOi pyau CTaHOBHTH
12...16% Bix Macu MeTasieBoi INXTH. 31 30UTbIIEHHSIM BMICTY PYIH Y IIAXTi
BMICT BYTJICITIO YV PO3IIIaBi 3MEHIIYEThCS. MapTeHIBCHKUN CKpan-pyIHUI
MpoIeC 3MIMCHIOEThCS y Benukux medax (mo 500 T) i3 3acTOCyBaHHAM
KHCHEBOTO AYTTS A iHTeHcu]ikamii (i3uKo-XiMIYHUX MpPOIECiB BapiHHS
cTai.

Ilpu ckpan-npoueci y cxnani muxTh nepeBaxae ckpar. Hepemnka
KUJIBKICTh YaBYHY HaJIXOAWTHh JO 3aBaJKM TaKoX Yy TBEPIOMY CTaHi.
CriBBiJHOIICHHS! MIXK KiJIBKICTIO CKpamy 1 4aByHYy Yy IIMXTi BU3HAYAETHCS
IXHIM XIMIYHHAM CKJIaJIOM, OKHMCHIOBAJILHOIO 3[AaTHICTIO II€Yl Ta XIMIYHHM
CKJIQJIOM CTaJli, 110 BUTOTOBJIAETHC. KibKICTh BYTJICIIO Y CTali BU3HAYA€E
KUJTBKICTh YaByHY y HIMXTi. SIKIIO KiJIbKICTh YaByHY HEIOCTATHS, HEOOXiTHY
JIOJTATKOBY KUTBKICTh BYTJICIIO BBOJSATH 32 JOIIOMOTOI0 KapOOHI3aTopiB
(Byrimms, KOKC, eneKTpomHuii 6iif Ta iH.). Ckpam-mporec peamizyeTrbes y
nevax cepeaHbporo po3mipy (150...250 T) 6e3 3acTOCyBaHHS KHCHIO.

[pu enexkmpodyzoeomy npoyeci 1KepenoM TeIuia € Iyra, ska TOPUTh
MIX eleKTpojiaMi ab0 MK eNeKTPOJaMH W METaJeBOI0 3aBAJIKOIO Iedi.
Perymtoroun enekTpuyHi napameTpy JyTrH, MOKHA iCTOTHO BIUIMBATH Ha XiJl
NPOIIeCy CTaNeBapiHHS. SIK MIMXTY 3aBaHTAXYIOTh MEMANOOPYXHL, Y TOMY
yhucimi W 3 JneroBaHuX BigxomiB. [lpum He0oOXimHOCTI OKWUCHIOBaHHS
HAJITMIIIKOBOTO BYTJICIIO Ta 1HIIMX JOMINIOK Y Mi4 JOJAI0Th 3ali3HY PYAY
abo KuceHb. B enekTpoayrosiii meui MOKHa CTBOPUTH TaKOX 130Jb0BaHY
iHEepTHY a00 BiJIHOBIIIOBAJILHY aTMocdepy MpH BapiHHI BHCOKOJIETOBaHUX
cTaeii BUCOKOI sKOCTi. ENekTpomyroBi medi MarTh NPOIYKTHBHICTH
80...120 1/rox.

B enekrporneyax MoXHAa BapHTH CTallb 1 CIUIaBH OYAb-SIKOTO
XIMIYHOTO CKJIaJy 3 MIHIMQJIGHUM BMICTOM IIKIJJUBUX JIOMIIIOK,
HEMETAJIIEBUX BKIIIOYEHb TOMO. TOMY BHCOKOJETOBaHI iHCTPYMEHTAJbHI,
HEepKaBifoui, KapOCTiHKI Ta JKapOMIIlHI CTali i CIUIABU BiJAIMOBINAIEHOTO
NpPU3HAYEHHS BapsITh JIMIIE B €JIEKTPOLYTOBUX I€Yax.

o6 yHukHYTH 3a0pyAHEHHs CTajui HeOa)XKaHUMH JIETYBaJlbHUMH
eJIeMEHTaMHU, 3apa3 I BUPOOHMIITBA BYTJICTICBUX CTaJCH BUCOKOI YNCTOTH
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y IUXTYy ENeKTPOAYTroBuX Tmedei aomaroTh 1m0 80 % memanizosanux
okamkig. MeTaiizoBaHi OKaTKA BUTOTOBJISIOTH 13 3aJIi3HOI PYOU MPSIMHM
BITHOBJIEHHSIM 3a JOIIOMOIOIO T'a3iB-BiAHOBIOBAYIB. BoHn MicTiaTh 10 90%
YUCTOrO 3ajiza 0e3 JAOMIIIOK BYTJEN, Cipkd, (ocdopy Ta iHIIMX
€JIEMEHTIB, SIKi € HEYyHUKHEHIUMH TIPHU BITHOBIICHHI PYAH y JOMEHHIH Iedi.
Meraii3oBaHi OKaTKH KOINTYIOTh JOCUTH IOPOTO.

Y nmaGopaTopHiil po0OOTi aHATI3YETHCS CIM TEXHOJOTIYHHUX MPOIIECIB:

1. KucHeBo-KOHBEpTEpHUI MIPOLIEC, B IKOMY BCS IINUXTa CKJIAAAETHCA
3 PIIKOTO YaByHY.

2. KucneBo-nanuBHUi npouec, y muxTi skoro 50% piakoro yaByHYy i
50% TBepaOro METaIO0PYXTY.

3. KucHeBo-manuBHUN TPOIEC, B SIKOMY BCS IIMXTa CKJIAMAETHCA 3
TBEPJIOT0 METaJI00PYXTY.

4. MapTeHiBChKHIA CKpaI-pyaHHNA TPOIIEC 3 YaCTKOI METaIo0pyXTy
y muxti 45%.

5. MapTeHiBcbKHH CKpan-mpoiiec, B sIkoMy BUKoprcToByeTbest 100%
METAIOOPYXTY.

6. EnexrtponmyroBuii mpouec, B sKOMy BHKOpHCTOBYeThecsl 100%
METAIOOPYXTY.

7. Enextpomyrosuii npouec, y uxTi akoro 25% metanoopyxry i 75%
METalli30BaHUX OKATKiB.

Cknaji UIMXTH, BUTPATH €JIEKTPOCHEPrii W I1HIIWMX JIOTOMIKHHUX
MarepialiB JuIs KOXKHOTO TEXHOJIOTIYHOTO IIPOIeCYy, a TaKoX HHTOMa
€HEepProeMHICTh BUPOOHUIITBA KOKHOTO KOMIIOHEHTY HaBesieH1 y Taon. 4.1.

4.3 3aBraHHA Ha MIATOTOBKY 10 J1a00paTOPHOI podoTH

[Tpu miarorosii g0 naboparopHoi poOOTH MOBTOPUTH TEOPETHUHHIA
MaTepHal, 0 CTOCYEThCS MPOIIeCiB BUPOOHUIITBA CTaII.

4.4 KoHTpOJbHI 3anUTAHHS

1. Ha3BiTh OCHOBHI ClIOCOOW BUPOOHHMIITBA CTAJI.
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Tabmurs 4.1 — Cxian muxTH Ui BUpOOHUNTBA | T BYTJIeeBoi cTai

1 TUTOMA EHePTOEMHICTh KOMIIOHEHTIB

Kommonentu | ITutoma | Burpatu matepianiB mi, 0., 3a BapiaHTaMu
LIUXTH 1 Ma- EHepro- TEXHOJIOTIYHUX TIPOIIECIB

Tepiayy, o |€MHICTH E;, 1 5 3 4 5 6 7
BHTpavaroThest| MJx/om.

UaByH, Kr 23,8 1280 | 605 - 597 - - -
Merazo- 0,2 - | 495 | 1093 | 489 | 1080 |1064| 300
OpyXT, KT

MeranizoBaH1 14,0 ) ) ) ) ) ) 900
OKAaTKH, KT

S;epo"“”a“’ 627 | 15 | 15| 15 | 15| 15 | 15 | 15
Koxkc, xr 40,4 - - - - 30 6 -
AHTpAIIUT, KT 31,0 - 14 85 - - - -
MasyT, Kr 41,0 - - - 20 | 50 - -
Hpnpomwtmit | 376 | . | 11| 37 |50 [ 130 | - | -
ras, M

Enekrpomu, kr| 186,0 - - - - - 47 | 7,0
Kucens, M 5,8 52 82 | 115 | 40 - 25 | 12
E’FOFHQTPHB“’ 16,5 5 | 6 | 10 | 11 | 15 [12,3]16,5
Bamnno, kr 54 80 70 70 10 10 70 | 70
Enexrpo-

eHepris, 11,25 - - - - - 540 | 665
kBt/rox.

2. SIki OCHOBHi BU/IM HIMXTH MOXTh BUKOPHUCTOBYBATHUCS MPH BHPOO-

HULITB1?
3. ¥V yoMy CyTb KHCHEBO-KOHBEPTEPHOI'O TIPOIIECY?
4. SIxmit mporec Ha3WBAETHCS KHCHEBO-TIATUBHUM?
5. UuM Bifpi3HAETHCS MapTEHIBChKI Cpamn-pyAHUH 1 cKpar-npouecu?
6. SIk BUpOOIISIIOTH CTaNb B €NEKTPOIYTrOBUX Medax?

4.5 O0nagHaHHA, iHCTPYMEHTH, MaTepiaau

1. Kanpkymsatop
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4.6 Bka3iBkH 3 TexHikH 0e3leKHn

1. Ilepen o3HAWOMIIEHHSIM 3 YMOBaMH CTaJI€BApHOTO BHPOOHHIITBA
000B’I3KOBO MPOCTYXaTH IHCTPYKTaX 3 TEXHIKH OE3MeKH Ta YCBIIOMHUTHU
HEOOXI1THICTh BAKOHYBATH i1 BUMOTH.

4.7 Ilopsaaok BUKOHAHHS J1a00pPaTOPHOI padoTH

1. I'pyny mogxinuté Ha ciM miarpyn mo 3...4 crymeHtn. KoxHid
MiATPYIH 32 BKa3iBKOIO BHKIIaJada MPOAHANI3yBaTH OAHWH 3 3a3HAYCHUX
npolieciB BUPOOHUIITBA CTaIT.

2. KoxHilt miarpyni 3a ofep>kaHuM 3aBiaHHsaM 3 Ta0i1. 4.1 Bunucatu
KUTBKICTh KOMITOHEHTIB IMUXTH Ta IHIIMX MaTepianiB, HEOOXITHHUX JUIA
JAHOTO TEXHOJIOTIYHOTO TMpoIecy, a TaKoK MNUTOMY EHEepProeMHICTh
BUpOOHUITBA E;i KO)KHOTO 3 HUX.

3. BuzHauuTH BHTpaTH €Heprii Mo KOXXHOMY KOMITOHEHTYy M; E; i,
iICYMOBYIOYH, BUTPATH IIEPBUHHOI €HEpTii Ha BAPOOHUITBO 1T ByTIIeieBOl
CTaJIl 3a 33JJaHOI0 TEXHOJIOTIEI0:

E=YE -m,. 1)

i=1
Pozpaxynku 3BecTH y Tadm. 4.2.

4. 3a naHUMU Pi3HUX TIATPYI HOPIBHATH BUTPATH IIEPBUHHOI €HEprii
Ha BUPOOHHWNTBO IT BYyINIENEBOI CTalli 3a PI3HUMH TEXHOJOTIYHUMHU
npoliecamM¥, 3BiBIIM Pe3yJIbTaTH MiIPaxyHKiB Pi3HUX MiArpyn y tabdmn. 4.3.

4.8 3micT 3BiTY

1. KopoTko omucaTé TEXHOJIOTIYHWH MpolieC BHPOOHUITBA CTalli
3TiTHO 3 OTPUMAaHUM 3aBJaHHSAM; HOTO OCOOJIMBOCTI i HEIOJIKH, 00IacTh
3aCTOCYBaHHSI.

2. YV Tabmuigo 4.2 3ammcaTd KIJBKICTH KOXKHOTO KOMITOHEHTa mi,
MUTOMY EHEPrOEMHICTh iX BUPOOHHMITBA Ei 3rifHO 3 TEXHOJIOTIYHUM
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MIPOIIECOM, IO aHaJi3yeTbes. [IpoBecTH po3paxyHKH eHepreTHIHUX BHTPAT

Ha BHPOOHHIITBO

It cram (cymy

TEXHOJIOT1YHOTO MPOIIECY.

Ei'mi) 3a 3aganuM BapiaHTOM

Tabnuis 4.2 - EHepreTuyHi BUTPATH 338 TEXHOJIOTIYHUAM ITporiecoM Ne

Ne Kommonentu ITutoma Butpatu Butpatu

No HIMXTH 1 eHepro- BUX1THUX eHeprii no

ILIT. Martepiaim, o €MHICTh MarepiaiiB KOMTIIOHCH-
BuTpavarotecs | Ei,MJIx/ox. M;,o. Ty Ei my

Tabmuns 4.3 - Burpatn mepBuHHOI eHeprii Ha BUPOOHHMHTBO 1T
BYIJICLIEBOI CTali

. . Burpatu nepBuHHOI eHeprii
Bapiant | Bua TexHosoriyHoro npoueccy E, MJTx/r
1 Kucueso-
koHBepTepHHii; 1 00% pigkoro
YaBYHY
2 Kucueso-manusunii,50%
METAIOOPYXTY
3 KucneBo-manusamuii, 100%
METaIO0PYXTY
4 MapTeHiBChKHIA CKpart-
pyzHuid, 45% metanobpyxty
) MapreHniBchbKui cpar-
nporec, 100% MeTanodpyxTy
6 Enexrponyrosuii, 100%
METaIO0PYXTY
7 Enextponyrosuii, 25%
MeTaoopyxTy, 75%
METaJIi30BaHUX OKATKiB
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3.V rtabnumi 4.3 HaBeCTH pe3yNbTATH MiJPAaXyHKIB €HEPreTUYHUX
BUTPAT PI3HUX MiATPYII.

4. 3a nanumu T1a611.4.3 TOPIBHATH €HEPreTUUHI BUTPATH 32 PI3HUMH
TEXHOJIOTTYHIUMH MPOLIECaMH, a TAKOXK IIPOaHaITi3yBaTH BIUIUB 3MiH Y CKIIai
IITUXTH HAa EHEPrOEMHICTh BUPOOHHUIITBA 1T cTai.

5. 3poOuUTH BHCHOBKM NpO IEpeBard i HEJOMIKH MpOoaHaIi30BaHUX
TEXHOJIOT1YHUX MPOIIECIB 1 BIUIMB KUTLKOCTI METAIOOPYXTY Ha COOIBapTICTh
1T ByrmeneBoi craii.
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JlaGopaTopHa po6oTa Ne 5

MOPIBHSIJIBHUM AHAJII3 METO/IIB BUPOBHUIITBA JINTUX
3ATOTOBOK

5.1 MeTa poboTn

BuBdeHHS TEXHOJIOTIYHHX OCOOJMBOCTEH JUTTSA B TimaHi (opmu,
KOKUTBHOTO Ta BIAIEHTPOBOTO JIMTTS, OIIIHKA SKOCTI BWJIMBKIB, IIO
OTPUMAHO PI3HUMH METOJIAMH JTUTTSL.

5.2 3araabHi BizomMocTi

JIuBapHe BUPOOHMIITBO € OJTHUM 3 TOJIOBHHX CIIOCOOIB BUTOTOBJICHHSI
3arOTOBOK JleTasieil MamuH. Voro mpomyKIyist — CKiajgHi BUPOOH 3 Pi3HHX
CIUIaBiB, IO OTPUMYIOTHh 3JIMBAHHAM PO3ILIABICHOTO METANy Y JHBAapHY
(dopMmy, TOpOKHMHA $SKOi 3a KOH(Irypali€ro Ta po3MipaMH BiAIOBifae
TOTOBOMY BHJIMBKY 3 ypaxyBaHHSIM yCaJKH CILIaBY.

Cepen BiZOMHX CIIOCOOIB IIUTTS TPH BHUPOOHHUITBI 3arOTOBOK
HaOIbIIe TOMUPEHHS 3400YIH: TUTTS B Timani popmu (10 80% BUIMBKIB
3a Macoro), KokinbpHe (12...15%), BigneHTpoBe, B 0001I0HKOBI (hopmu, mifg
THCKOM Ta 3a BHTOIUIIOBAHUMH MopaeinsMu. KokeH Meron JUTTS
XapaKTepU3y€eThCs CBOIMH 0COOJIMBOCTSAMH, SIKi BU3HAYAIOTH KOHQIrypairito
Ta pO3MIpH BHWIMBKIB, iX SKICTh i coOiBapTicTh. Lli xapakTepucTukn —
HaWBaXKITUBIII KPUTEPil Py BUOOPi TOTO Y 1HIIOTO METOAY BUPOOHUIITBA
JIUTHX 3aTOTOBOK.

BunuBku HalickiIaqHimoi KOHBIryparii OTpUMYIOTh JIUTTAM Y MillaHi
dbopMu Ta 3a BHUTOILTIOBaHMMH Moxeismu. KoHdiryparis Ta po3mipu
BUJIMBKIB, SIKI BATOTOBJIAIOTHCS KOKUIBHUM, BiALIEHTPOBUM JIUTTSIM, JTUTTSIM
mijg THCKOM a00 B OOOJIOHKOBI (OPMH, CYTTEBO OOMEXKYIOTHCS HH3KOIO
TEXHOJIOTIYHUX OCOOJIMBOCTEH, y MepIIy 4Yepry KOHCTPYKILIEIO JIMBApPHUX
(hopM, MOXKIHMBICTIO BHAAICHHS CTPWKHIB Ta YMOBaMH KpHCTalizawii
BUJIMBKA Y (hOpMI.

SIKICTh BWIJIMBKIB XapaKTEpU3Y€EThCS TOJOBHHUM YHHOM TOYHICTIO
po3MipiB 1 reoMeTpuuHOi (OpMH, SKICTIO IIOBEPXHEBOTO Iapy Ta
BIZICYTHICTIO JHMBapHUX JAe(eKTiB. 3HAYHOIO MIpOI0 SKICTb BHJIMBKIB
3aJeKUTh BiJ iX MaTepialy 1 KOHCTPYKIii, Marepialy Ta SKOCTI
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BUTOTOBIIEHHS JINBapHOi (JOpMH, a TaKOX BiJ YMOB KpHCTami3amii B Hii
MeTany.

CobiBapTicTh BUTOTOBJIEHHS BUJIMBKIB 00YMOBITIOETBCS
TPYAOMICTKICTIO BUTOTOBJICHHSI JINBApHOi ()OPMH, 3aNMBaHHS, BUOMBAHHS 1
OUHILEHHS BUJIMBKIB, a TAKOK TUIIOM BUPOOHMIITBA, BAPTICTIO 3aCTOCOBAHMX
(hopMyBaNbLHUX MaTepianiB, BUTpaTaMU Ha CKCILTyaTallito OOJIaJHaHHS Ta
npucTpoiB. Y wiil nabopaTopHili poOOTi aHAI3yIOTHCS MOKIMBOCTI TPHOX
METOIIB JINTTS: Y TimIadi (JOpMH, KOKIIIBHOTO Ta BiAIIEHTPOBOTO.

JlutTa v mimani GopMu — HAHIPOCTIIIHMK Ta HaHACIIEBIINNA CIIOCIO
nutTTs. JemeBu3Ha MeToqy MOJSIra€ y BUKOPUCTaHHI JUISl BHTOTOBJICHHS
muBapHOi dopmu (puc. 5.1) HOCTYMHUX Ta JemeBUX MaTepiaiiB, a TaKOX
NPOCTOTO T4 YHIBEPCAJIBHOTO OCHAIICHHS — JEPEB’STHOTO MOJCIBHOTO
KOMILJICKTY.

.‘..""l AN 27
&"‘1’\\\\\\’\\\\}\\\

1 — mimomokoBa (abo migMOAENbHA) IOIIKA; 2 — HIDKHS OTIOKa; 3 — BEPXHS OTIOKa;
4 — BuMIop; 5 - CTPIKEHB; 6 — CTOSIK; 7 — TMBHUKOBA Yamia; 8§ — poboya MmopoKHUHA

Pucynok 5.1 — Cxiaena mimana nuBapHa Gopma

TouHicTh po3MipiB Ta (GOpPMH BHIUBKIB, SIK MPaBHJIO, BIJINOBigae
14...17 xBajiteram, mnapameTp mopcTkocti — R, = 60...80 mxm. Ile
3YMOBJIIOE€ MiJBHUILIEHI NPHUIyCKH Ha HACTyIIHE MeXaHiuHe OOpOOJICHHS.
Kondirypariisi, po3mipu 1 Maca BUWINBKIB JJIsl TAHOT'O METOJY TIPAKTHYHO HE
obmexeni. Jluta 3aroroBka Moxke OyTH BHTOTOBIEHAa 3 Oylb-SKOTO
nuBapHoro cmuaBy. [Ipore wmell cmoci® BUpPOOHMUTBA BHIIMBKIB
XapaKTepU3y€eTbC HU3BKOIO MPOAYKTHUBHICTIO Tpali, a pO3BHHEHA
JUBHUKOBA CHUCTEMa Ta HEBHUCOKAa pO3MipHA TOYHICTh 1 MiJBHUICHA
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IIOPCTKICTh MPU3BOJATH JI0 3HAUHHUX BTPAT JIMBAPHOTO CIUIAaBY. Y 3B S3KY 3
UM [ed MeTOA 3a3BWuail 3aCTOCOBYETHhCS Yy ApiOHOcepiiftHOMYy abo
OJJMHUYHOMY BHPOOHUIITBAX.

KokinbHe AUTTS Ma€ iy HU3KY TEXHIYHUX 1 TEXHOJIOTTYHHX MepeBar
y TIOpiBHSHHI 3 IUTTIM y Timani ¢popmu. MeTaneBa nmuBapraa ¢opma (puc.
5.2) nomyckae 6araTopa3ose (10 AeCATKIB THCSY pa3iB) ii BUKoprcTaHHs 0e3
JOJATKOBUX BUTPAT Ha €KCILTyaTalliio.

1 — Bumop; 2 — IMTHUKOBA YaIia; 3 — CTOSAK; 4 — KPUIIIKA; 5 — poboya MOPOKHUHA,
6 — KOpITyC KOKLJII0; 7 — CTPUKEHD

Pucynok 5.2 - Mertanesa nuBapHa ¢hopma (KOKiJb)

Bucoka mBHIKICTE OXOIIOKEHHS Yy MeTajeBiii ¢opMi crpuse
MiJIBUIICHHIO MPOJAYKTHBHOCTI JIUTTS, YTBOPEHHIO JIPiOHO3EPHUCTOT
HIUTBHOT CTPYKTYpH CIUIaBY BWJIMBKAa Ta MOJIMIIEHHIO HOro (i3uKo-
MEXaHIYHUX BiacTUBOCTE. TOYHICTH BMJIMBKIB 3HAYHO BHUINA 1 BiAMIOBigae
12...15 xBamiteram. IloBepxHS 3aroTOBKH, BHTOTOBIICHOI KOKUJIBHUM
JUTTAM, Ma€ TMapaMmeTp mopcTKocTi 10 R,=5..20 Mxm, mo 3ale3medye
3HaYHO MEHIL NPHUITYCKH Ha HACTYIHE MeXaHiuyHe oOpoOieHHs. Y Toi ke
Yyac BUTOTOBJICHHS KOKLJIIO BUMarae OUIbIINX BUTPAT 1 TPUBAIILIOTO NEpioay
OCBO€HHs. BuCOKa TEIJIONPOBIAHICT KOKLIO, JyXe Maji Horo
HiIIATIUBICTh Ta TA30MPOHUKHICTh YTPYAHIOIOTh BUTOTOBJICHHS CKIIAIHUX
3a KOoH(irypaui€ero Ta rabapuTHUX BUJIMBKIB 3 PO3BUHEHUMH BHYTPILIHIMU
NOPOXHUHAMH, TOHKHMH CTiHKaMu, pebpamu Tomo. KOKiINBHUM JUTTSIM
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BUTOTOBIIIIOTH 3arOTOBKY MPAKTHYHO 3 OyJb-SKHUX CIIaBiB, KPIM CIIIaBiB,
[0 MaloTh MIABUIIECHY YCAAKy Yepe3 MOXKIHUBICTh YTBOPEHHS BHYTPIIIHIX
Je)eKTiB Ta TPIIIKH.

IIpu BimentpoBomMy JUTTi (puc. 5.3) BHIMBKH BUTOTOBJISIOTH Y
METaJIeBUX JIMBApPHUX (hopMax (BIJIMBHHIIIX), IO obepTaroThes. Ilin miero
BIJIIICHTPOBUX CHJI PO3IUIABICHUN METal PO3TIKAETHCS IO BHYTPIIIHIN
MOBEPXH1 BUJIMBHUILL.

BWJIMBHHUIII: @ — 3 TOPU3OHTAIBHOIO; O — 3 BEPTUKAIBHOIO BicCIO 00epTaHHs;
1 — xo01100; 2 — dikcaropu; 3 — KpHIlKa; 4 — BUJIMBHUIIL, 5 — BaJ; 6 — IIKIB;
7 — nBUTyH; 8 — KJIMHOMAcOBa Nepeaaya; 9 — Kopiyc ycraHoBkY; 10 — aBeprisiTa;
11 — nuBapHUii KiBII 3 PO3ILIABICHUM JIMBAPHUM CILUIABOM

Pucynoxk 5.3 - Cxema onep>kaHHsI BUJIMBKIB METOJIOM BiILIEHTPOBOTO JIUTTS

OOepTaHHs BWIMBHUII TPUINHHSAETHCSA JIUIIE TCIs 3aKiHUCHHS
KpucTamizamii Mertamy. BiAlleHTpoBI CHIHM  CHOPHSIOTH  IOJIIMIIECHHIO
PIAMHOIIIMHHOCTI Ta MiJABHUILIEHHIO MEXaHIYHMX BJIACTUBOCTEH MeTairy
BWJIMBKA. 332 TOYHICTIO Ta MIOPCTKICTIO 30BHINIHBOI MOBEPXHI 3ar0TOBOK
BiJILIGHTPOBE JIMTTA aHAJIOTiYHE KOKIIBHOMY. SIKICTh BHJIMBKIB CYTTEBO
3aJIeKUTh BiJl 4acTOTH 0OepTaHHS (QOpMU Ta TEMIEpaTypu 3alMBaHHS.
UYacrora obepTaHHsS BUIMBHUII OOUPAETHCS TAKUM YHHOM, 1100, 3 OJHOTO
Ooky, 3a0e3neunTH TpaBWiIbHE (OPMYBAHHS BHYTPIIIHBOI ITOBEPXHI
BWIMBKA, a 3 IHIIONO - HE BUKIMKATH Y HBOMY TrapsSuuX TPillHH.
Temmepatypa 3aquBaHHA NOBHHHa OyTHW OJM3BKOIO [0 TeMIepaTypu
KpHCTaNI3allii CIIaBy JUIsl CKOPOUYESHHST TPUBAJIOCTI KpUCTATI3aIlii.
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HeoOximHo BpaxoByBaTH, IO NPH BiANEHTPOBOMY IJIUTTI Ha
BHYTPIIIHIA MTOBEPXHI BUJIMBKA 30MPAIOTHCS JIETKI HEMETaJIeBl BKIIOYCHHS
(1UTakM, OKCHIY, TOpH), AKI BUAAIAIOTHECS Pa3oM 3 MPHUIYCKOM MpH
MeXaHIYHOMY 00poOIeHHi. Y 3B’53Ky 3 IUM MIPUITYCK 30BHILIIHIX TOBEPXOHb
BWJIMBKIB Maibke y 2 pa3u MeHme, HiK BHYTpimHIX. OcoOmHuBOCTI
(opMyBaHHS BHWJIMBKIB TNpPH BIAUEHTPOBOMY JIUTTI  3yMOBIIOIOTH
KOH(]Irypamito 3aroToBok. SIk MmpaBuiIO, Taki 3arOTOBKH € MOPOXHUCTHUMU
TiTaMd 00epTaHHS 3 HECKIIamHOI ()aCOHHOIO 30BHINTHHOIO ITOBEPXHEIO:
TpyOH, BTYJIKH, IUCKH, KOJIeca, MECTePHi TOIIO.

5.3 3aBmaHHA HA caMOCTiiiHYy MiATOTOBKY 10 JIaopaTopHOi
podotu

[Tpu miarotosui g0 naboparopHoi poOOTH MOBTOPUTH TEOPETHUHHMA
MaTepial, 0 CTOCY€ETHCS MOXKIIMBOCTEH 3raIaHuX BHIIE CIIOCOOIB JIUTTS.

5.4 KouTpoabHi nuTanHs

1. OmummiTh CyTh Ta TEXHOJOTIYHI OCOONMBOCTI JUTTS y TMilIaHi
(hopmu (KOKUIBHOTO, BiJIIIECHTPOBOTO JIUTTH).

2. Slki BM 3HAE€Te TepeBaru Ta HEAONIKH JHUTTA B MmimaHi Gopmu
(KOKiJIBHOTO, BiILIEHTPOBOTO JUTTS)?

3. Sk BIMBaE MIBWAKICTH  KpHCTami3amii BWJIMBKA  Ha
PIAMHOIITMHHICTD Ta MEXaHI4Hi BIACTHBOCTI MeTay?

4. TlokaxiTh BIUIMB CHOCOOY JIUTTS Ha SIKICTh JIUTOi 3arOTOBKH
(TOYHICTH PO3MIpiB, IMOPCTKICTh MTOBEPXHI).

5. SIki nedexTr 3yCcTpivaroThes IPU Pi3HUX CHOCO0aX JUTTS?

5.5 Marepiaan, iIHCTpYMeHT, 00, 1a{HAHHS

1. MoaenbHHUl KOMIUIEKT Ta iHIINE OOJaJHaHHS, MPU3HAYCHHE IS
BUTOTOBJICHHS TINIAHOI JIMBapHOi (OpPMHU, KOKiJb Ta YCTAaHOBKA IS
BiJILIECHTPOBOIO JIUTTS.

2. BwiuBKH, MO OTpPHMaHi JHUTTSAM Yy MINIAHO-TIUHHUCTI (opmu,
KOKUJTbHUM Ta BiJLIGHTPOBUM JIHTTAM y KIJTBKOCTI HE MEHIIE 3 IIT. I
KOXXHOTO METOAY JIUTTSI.
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3. lllTaHTEHITUPKYTI.
4. Habip eTanoHiB I BUBHAYCHHS IIIOPCTKOCTI TIOBEPXHI.
5. Baru nabopaTopHi.

5.6 Bka3iBku 3 TexHikHn 0e3nmexkun

1. Ilepen moyaTtkoMm nabOpPaTOpHOi POOOTH YBAXKHO MPOCITyXaTH
IHCTPYKTaXX 3 TEXHIKH Oe3MeKH B 1abopaTopii.

2. OGepexHO MPOBOANTH BUMIPIOBaHHS BUJIMBKIB, 00epiratou pyku
BiJl y/1apiB Ta MOpPi3iB TOCTPHUMHU YaCTHHAMH BUJIUBKIB.

3. OOepekHO TMPOBOAMTH 3BaKYBaHHS BHWJIMBKIB JUIsS 3amoOIiraHHs
TPaBMYyBaHHS PyK Ta Hir.

5.7 llopsiniok BUKOHAHHS J1a00PATOPHOIL poOOTH

1. OsnHaiioMuTHCS 3 MOAEIBHUM KOMIUIEKTOM Ta IHIIMM
o0agHaHHAM, IPU3HAYEHUM JJIs BATOTOBJICHHS MIIAHOT JINBapHOi (OpMH,
3 KOHCTPYKIII€I0 KOKiJII Ta YCTAaHOBKH IS BiAIIEHTPOBOTO JIMTTS.
O3HallOMHTHCS 3 KPECIEHHIM TOTOBOI fieTai (puc. 5.4), 3aroTOBKHU IS K0T
OTPUMYIOTh TPhOMa CIIOCOOaMU JIUTTS, 10 aHATI3YIOThCSL.

3 2
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PucyHok 5.4 — [letans

2. BUBYHTH TOJIOBHI YMHHHWKH, IO BINIMBAIOTH Ha SIKICTh BI/IJ'II/IBKiB,
SIKI  BUTOTOBISIOTH p13HI/IMI/I METOAAMM  JIMTTA: SIKICTh MOACIBbHOI'O
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KOMIUIEKTY Ta (hOpMyBaJIbHOI CyMillli, IIUTBHICTh TpaMOyBaHHS MiBPOPM i
cKIafaHHs (OPMH; SAKICTh BHYTPIIIHBOI MOBEPXHI KOKLUTIO, TMOPOXHUHH
BHJIMBHHULI Ta 1HIIIE.

4. OUiHNTH SKICTh BUIUBKIB, OTPUMAaHUX PI3HUMH CIIOCOOaMU JTUTTS,
JUTSL 9OTO:

- 30BHIIIHIM OIVIIAOM OILIHHUTH BIANOBIAHICTL T'OTOBOI'O BIJIMBKA
BUMOTaM KpecJeHHS (BIACYTHICTh BHIUMHX CIOTBOPEHb KOH(piryparmii,
TUBapHUX Ne(EKTiB TOIIO);

- BUMIPSATH 30BHIIIHIKA giameTp D HekiapKoX BUIMBKIB, BATOTOBICHHIX
OJIHUM 1 THUM K€ CITIOCOOOM, 1 CKJIACTH TOYKOBI JiarpaMH TOYHOCTI JUJISl BCiX
Croco0iB IUTTS, [0 aHAM3YIOThCA. [l KOXKHOI Tpymu 3aroTOBOK
BU3HAYUTH PO3KHI po3MipiB D sK pi3HHIIO MK MaKCHMaJbHUAM 1
MiHIMaJbHUM poO3MipaMH B Iiii TIpymi 3aroToBOK (KpaifHi TOYKH Ha
BIJIIOBIIHUX JliarpaMax TOYHOCTI);

- KOPHUCTYIOYHCh €TalOHAMH IMOPCTKOCTi, OLIHUTHA TapamMeTpH
HIOPCTKOCTI TMOBEPXOHb BUJIMBKIB, BUTOTOBIICHHX Pi3HHUMHU CHOCOOaMu
JATTS;

- IOPIBHATH SIKICTh 3aTOTOBOK, BATOTOBJICHHUX PI3HUMH crloco0amu, 3a
TOYHICTIO, IIOPCTKICTIO Ta SKICTIO TOBEpXHI (HASBHICTh IJWBApPHHUX
JIeeKTiB).

5. Oninnte edeKTUBHICTh OTPUMAaHHS BIJIMBKIB JJIS 33/1aHOT JleTali
HIISIXOM BU3HAUCHHS KOC(DIlliEHTY BUKOPUCTAHHS MaTepialy JUis KOKHOTO
CIoCco0y JIUTTSL.

5.8 3micT 3BiTY

1. Koporko ommcat CyTh Ta TEXHOJOTIYHI OCOOJMBOCTI
BUTOTOBIIEHHS BHWJIMBKIB JUTTSM Yy Timjadi (opMu, KOKIIBHUM Ta
BIJIIIGHTPOBUM JIUTTSM, CYIPOBOJDKYIOUM OIMCAHHS €CKi3aMHu JeTali,
BUJIMBKIB 200 BiJITIOBITHUX JIMBAPHUX (HOPM.

2. Omnucaru SIKICTh BWIJIMBKIB, BUTOTOBJICHHUX PI3HUMH CIIOCOOaMH
autTsa. Onucatd BIUIMB SIKOCTI MOAEIBHOTO KOMIUIEKTY, (OpMYyBaJIbHOI
cyMinti, JiuBapHoi (hopMu (BIIIMBHHIII) Ha SIKICTh BUJIMBKIB.

3. OxapakTepu3yBaTH TOUHICTh PO3MIpiB (32 PO3KHIOM iX po3mipy D),
IMIOPCTKICTh TIOBEPXOHb (32 MapaMeTpoM IIOPCTKOCTI R,), HasgBHICTH
JUBAPHUX J1ePEKTIB.
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4. BuzHaunTy KOeQilli€eHT BHUKOPUCTAHHA MaTepiamy Uil KOXKHOTO
cioco0y mutts: Key = My/May, 16 My — maca nperani, Mgy — Maca
BUTPAYCHOI'O METANy.

5. HaBectn BHCHOBKH 10 poOOTi, TaTH XapaKTEPUCTHKY MTapaMeTpiB,
SIKi BIUIMBAIOTh Ha BUOIP ONTHMAIBHOTO CIIOCO0Y JIUTTS.
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JlaGoparopHa po6ora Ne 6

BUBYEHHS INTPOLECIB OB’€EMHOI'O I JIMCTOBOI'O
HITAMITYBAHHSA

6.1 MeTa poboTn

Merta pobOoTH TONIATaE B aHANI3I MOXJIMBOCTEH 00’€MHOTO i
JIMCTOBOTO LITaMITyBaHHS 1 BUSIBJICHH] ClTOCO0IB 3MEHIICHHS BUTPAT METaIy
NpY IITaMITyBaHHi.

6.2 3arausbHi Binomocri

6.2.1 O6’eMHe WITaMITyBaHHS

00’eMHUM WIMAMNYBAHHAM HA3UBAETHCS TEXHOJOTIUYHUHN Mpoiec
00pOOJIEHHST METally TUCKOM, TIPH SKOMY NeOpMYBaHHS 1 TUIHH METaly
BiOyBa€ThCSl y CHEHialbHOMY 1HCTPYMEHTI — wimamni i3 3HaAYHUM
NEepepo3NOIIOM MeTaly IMONEepeuHOro Iepepidy BHXIAHOI 3arOoTOBKH.
IlopoxarHN Ha poOOYill TOBEpXHI MITaMNAa — pieuaku — TIPU 3MUKaHHI
BEPXHBbOI Ta HWXKHBOI YaCTHH IUTAMIIA YTBOPIOIOTH €OUHY 3aMKHEHY
MOPOXKHUHY, SKa 32 (OPMOIO 1 po3MipaMH BiAINOBIa€ TOTOBI HOKOGUI.
3ajekHO BiA XapakTepy IUIMHY MeETaly B IpOLeci INTamITyBaHHS
PO3PI3HIOIOTh IITAMITYBaHHS Y BIAKPUTHX 1 3aKpuTHX wTammnax. llpu
GIOKpUMOMY WMAMNYGAHHI MK BEPXHBOK 1 HIKHBOK YaCTHHAMMU
HITamMIa CTBOPIOETBHCSI 3a30p, B SIKMH Ha KiHIEBIH cTajii MITaMITyBaHHS
BUTIKae 3aiiBUil Mertan, yTBOpwroun ob6aoiu. lle cnpuse kpamomy
3a[lOBHEHHIO piBUaka, aje BUMarae J0/aTKOBOI omepaiii — oOpi3aHHs
00m0r0. KpiM Toro BiH € HeOakaHMM BIJXOJOM 1 BHM3HAUYa€ IOMITHE
301TBIIICHHS] BUTPAT METATy IPHY IITAMITyBaHHI.

Ilpu 3axkpumomy wimamnyeanni HEBEIMKUN 3a30p MK YaCTHHAMH
mraMna 3a0e3leuye JIMIIe iXHIO B3a€EMHY PYXOMICTh 1 BHKIIIOYAE
MOYUIMBICTh BHUTIKaHHA MeTaly. BiacyTHICTH 00J0I0 3MEHIIye BUTpaTu
MeTally, BHKJIIOYA€E HEOOXigHICTh #oro oOpizaHH. Alne 1ed Buj
HITAMITyBaHHA TMMOTpeOye BHUKOPUCTAHHS TOYHHUX BHUXIJHUX 3aroTOBOK 3
KaJiOpoBaHOTO UM MONepeHbO 00POOICHOr0 MPOKATY i BUKOPUCTOBYETHCS
JUTSL BATOTOBJICHHSI TIOKOBOK TIOPiBHSTHO MTPOCTOI KOHQITyparii.

Kpaiiyy TOYHIiCTh TOKOBOK JIO3BOJISIE OTPHMATH XOJOJHE 00 €MHE
mrammnyBaHHA. J[0 HBOTO BIJIHOCSATBCSI XOJIOJHE BHTUCKAHHS 1 XOJOJIHE
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BUCA/UKYBaHHA. X0100HUM  GUMUCKAHHAM PI3HUX BHUIIB OTPUMYIOThH
MTOKOBKH THITY OONTIB, CTaKaHIB 1 T.I. BHACTIIOK IUIMHY METay yCepearHi
mraMia. BUXiTHOW 3aroTOBKOIO CIIY)KHTh MIpDHUH BiJIpi30K MpOKary.
OTpuMaHi NOKOBKM NMPAaKTUYHO HE BUMAraroTh HACTYIHOTO MEXaHI4HOTO
00po6enns. Ajne s neopMyBaHHS y XOJIOJHOM CTaHI MOTPIOHMIA JTyxKe
Bequkuit  tHCKk  (mo  0,7...1,5 TITla). Xonoonum eucaodscysanusm
BUTOTOBJIAIOTH IIMUPOKHH aCOPTUMEHT AeTaneid (OONTH, TBUHTH, CIULI i
T.1.). Bei  omeparii 3iHCHIOIOTBCS 3 BHCOKOIO INBHIAKICTIO Ha
XOJIOAHOBHUCAIKYBaJIbHUX aBTOMATax, sIKI MalOTh NPOJYKTUBHICTh MOHA
100 BupoOiB 3a xBuiIMHY. Taki BUpOOM TaKOXK MPAKTUYHO HE BUMAararoTh
MOIATBIIIOTO MEXaHITHOTO 0OPOOIICHHSI.

00’ eMHe mITaMITyBaHHS 3/IIHCHIOETHCS HA MOJIOTaX 1 mpecax. MonoTu
NOJUISIOTECS HAa THEBMATH4HI (MOpPIBHAHO Mayioi TOTY)XKHOCTI) 1
napomnoBiTpsHi. [laponoBiTpsiHi MOJIOTH BUTOTOBIISIIOTH 3 MACOIO YACTHH, IO
nmaaaroTh, Bix 630 go 2500 kr. MoaoTH pi3HUX KOHCTPYKIIiH 3aCTOCOBYIOTh
JUTSL Tapsiuoro INTaMITyBaHHS MEPEBAXHO Y BLAKPUTHX mTamMnax. MoJioTu
3aCTOCOBYIOTh Yy CEpIHHOMY BHPOOHHUIITBI JJIi BUTCOTOBJICHHS IOKOBOK
Macoro 0,01...1000 kr.

IrammyBaHHS Ha  MOJNOTaX  XapaKTEPU3YEThCS  HEBHCOKOIO
NPOAYKTHBHICTIO Ipalli, HU3bKOI TOYHICTIO PO3MIpiB MOKOBOK (JOMYCK
JIOCSTAE KiTbKOX MUTIMETPiB), BETUKAUMHU BUTPATaAMU METAITy Ha HAITyCKH BiJ|
MITAMIYBUIBHUX  HAaxXWIiB  BHACHiJOK OOMEXKEHOro  3acTOCYyBaHHS
BUIIITOBXYBaYiB.

TammyBanbHi MpecH MOJUISIOThCS HA KPUBOIIWIHI, (QPHUKIIKHHI Ta
TipaBiivHi.

HaiimommpeHiii — KpUBOIIMIIHI IPECH, HA HUX OJIEP’KYIOTh MOKOBKH,
ommkui 3a gpopmoro 10 ToToBoi jgetani (puc. 6.1) 3 TOUYHIIIMMH po3MipamMu
(0coOmMBO 32 BHCOTOIO), HIXK IIPH IITAMITYBaHHI Ha MoJoTax. JlockoHamima
KOHCTPYKIIis IITAaMITiB 3a0€311edy€e MEHIITY BEITMYUHY BiJTHOCHOTO 3MIllIeHHS
MOJIOBUHOK IITaMma, 3MeHmeHHs mnpunyckiB (Ha 20...30%), Hamyckis,
MITAMIYBAUILHUX HaxuimiB (y 2..3 pasu), JOMYCKiB i, SIK HACIHIJOK,
3011bLIeHHS Koe(illieHTa BUKOPUCTAHHS METaly.

INppaBniuHi npecu MarTh HEYIapHUIA XapakTep poooTu. Pobouwnii xin
iXHBOTO TOB3yHa 3JIMCHIOETBCS TpPU JyK€ HEBENHKil, ane MoCTiiHIN
mBUAKOCTI, 3Bu4YaiiHO a0 0,15..0,2 m/cek. llTammyBanbHi TimpaBiivHi
NPecH BUTOTOBISIOTH 3yciisiM 1o 750 MH 3i 3BHuaitHuM uu 30inbIIeHUM
pOOOYMM XOJIOM PYXOMOI TOINEPEYHHU 1 OOJaTHYIOTh TiJ[paBIiuHUMU
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BHIITOBXYBa4daMH, a TaKOXX BUCYBHUM CTOJIOM IJIsA 3py‘IHOCTi HCpCMiH.ICHH?I
Ta 3MIHH IITAMITiB MOCTOBUM KpaHOM. rl,I[paBJ'IIIIHI/II/I IHTaMHYBaJ'IBHI/II/I mpec
3HaA4YHO IlOpO)K‘{I/II/I TI/IXOXlI[HlHII/II/I Ta MCHII HpOI[yKTI/IBHI/II/I HIXK
IHTaMHyBaJ'II)HI/II/I MOJIOT 3 €KBIBAJICHTHOIO MAaCOI0 YacCTHH, 110 MaJar0Th.

W

7 7

Pucynok 6.1 - 3aroroBka geraii, OTpMaHa MITAMITyBaHHSIM Ha MOJIOTI () 1 Ha
KPHUBOIIUITHOMY Tipeci (0)

Ha rimpaBmiyHMX mpecax IMITaMOyHOTh TOKOBKM 3 YOPHHX i
KOJILOPOBUX METANIB y THX BUIAJIKaX, KOJH HE MOXe OyTH BUKOPHCTaHHUN
MOJIOT: TIpH IITaMITyBaHHI KPYITHHX ITOKOBOK 3 IJIOMIMHOIO MPOEKIii 110 2,5
M2 um Mmacow Outeme 350 Kr; NpM IITAMIOyBaHHI 3arOTOBOK 3
MaJIOTUTACTUYHUX METAliB, SKi HE JOMYCKAlOTh BEIUKHUX MIBHIKOCTEH
nedopMyBaHHS (TUTAHOBI CILJIABH, JESKI )KaPOMIIIHI CTai 1 CIUTaBH), Y THX
BUTAJKAX, KOJIM HEOOXITHUN Iy’Ke BEIUKUN poOOYMI Xif MyaHCOHA; MpH
PI3HUX BHJaX IITAMITyBaHHS BUTUCKAHHSIM.

6.2.2 JIucToBe I TaMITyBaHHS

Jucmose wimamnyeanna — 1ie TEXHOJOTTYHUI TIpotiec 0OpOOIICHHS
THUCKOM 3aroTOBOK 3 JJUCTOBOTO 200 (hacOHHOro MpokaTy 0e3 00yMOBJIEHOTO
3HAYHOTO TMEPEpO3MNOJITy MeTalny IOMEepPeYHoro TMepepidy BHXIJHOI
3aroTOBKH. Y CHEIaJibHUX IITaMIlax BiAOYBA€TbCs MOBHE ab0 4YaCTKOBE
BiJTOKpEMJICHHS JIETaJIl BiJl 3arOTOBKH a00 3MiHa ii MpOCTOPOBOi hopMHu, aie
NONIEPEYHUH Tepepi3 BUXITHOTO MaTepially NpH LIbOMY HE 3MIHIOETHCSL.
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BiamoBigHO [0 mBOTO OmEparllii JIMCTOBOTO IITaMITyBaHHS TOIUIAIOTECA Ha
PO030in106a1bH1, KOW BITOKPEMITIOIOTh YaCTHHY MaTepiany Bix imcra (abo
CTpIYKH) 3a 33J]aHUM KOHTYPOM, i (hOpMO3MIHI08AIbHI, KO YTBOPIOIOTH
00’emMHy KoH(Dirypartito aerami. J[o po3auTOBaIbHUX ONEpalliid BiTHOCATHCS
Bifpi3yBaHHA, NpOOWBaHH], BupyOyBaHHSA. Jlo (OPMO3MIHIOBAIBHUX
omepalid  BiJHOCSATbCS  THYTTS, BHUTATYBaHHSA,  BiIOOPTOBYBaHHS,
o0THCKaHHS, penbedHe PopMyBaHHSI.

JlucroBe mTamIyBaHHS, SK IPAaBUIIO, 3MIHCHIOETHCS Y XOJOTHOMY
CTaHI.

[lepeBaramu JMCTOBOTO IITAMITYBaHHSI € MOXKJIMBICTh BUTOTOBIICHHS
MIITHUX, JIETKHUX 1 JKOPCTKUX TOHKOCTIHHMX BHPOOIB MPOCTOi Ta CKIAaIHOL
dbopMu, sKi OTpUMATH IHIIMMH CIIOCOOAMU HEMOJMJIMBO; BHCOKA
NPOAYKTHBHICTH Ta EKOHOMHE BUKOPUCTAHHS METay; IIMPOKI MOKIUBOCTI
aBTOMAaTH3allli Ta MeXaHi3alii BUPOOHUYMX IMPOIECIB; B3aEMO3aMIiHHICTh 1
BHCOKa YHCTOTa TOBEpXHi BHPOOiB. J[0 TOro X 3a pPaxyHOK [eSKHAX
(hOpMO3MIHIOBAILHUX OTEpalliii BOHO J03BOJISIE OTPUMYBATH JKOCTKI Ta
MIIHI JeTali, SKi He MOCTYHAaThCs JSTallIM, BUTOTOBJICHUM 13 3arOTOBOK
OTpUMaHUX OO0’ €MHHM IITaMITyBaHHSM, 0€3 MOJANBIIOT0 MEXaHIYHOTO
00poOIIeHHSI.

IlramMn At JTUCTOBOTO IITAMIyBaHHS — BIJIHOCHO CKJIaTHHH
IHCTPpYMEHT, SIKUH CKIIaIa€ThCs 13 3HAYHOI KUTBKOCTI fieTaneit. ba3osi gerani
IITaMIia — JIBi TUTMTH (BEPXHs 1 HUXKHA), K1 CIIY)KaTh JJIS 3aKpilJICHAS Ha
HUX po0OYOro iHCTpyMeHTa (myaHcoHa Ta Marpwili). CHiBBICHICTE pyxy
MyaHCOHAa Ta MAaTpUIll BHU3HAYAIOTHCS HampsMHUMH. HibkHS dacThHA
HITamMIa KpiluThcs HEPYXOMO JI0 CTOJTYy TIpeca, a BEpXHS - 10 IIOB3yHa Ipeca
3a JIONOMOIOK XBOCTOBMKA. [[ BUTOTOBJIIEHHS [ESIKUX JeTallei
BUKOPUCTOBYIOTBCSI IITAMIIM MO/BiIHHOI aii. Ha HHX Tpu KOXHOMY
TIEPEeMIlIeHH] ITaMIia TyaHCOH BHUKOHYE JIBI Omeparlii, IMOCIiJOBHI IpH
BUTOTOBIIEHHI AaHoro BupoOy. Ilpm HacTymHOMY mepemimieHHI BUXiTHOL
3arotoBku (mTaOu) Ii JABI omepaiii MOBTOPIOIOTHCSA, IO IMiJBHUILYE
NPOJYKTHBHICTH IITAMITYBaHHSI.

Sk obnagHaHHS 3BHYAHO BHKOPHUCTOBYIOTHCS KPHMBOILMIIHI MPECH
PI3HOMaHITHUX KOHCTPYKITIH.

JIucTOBUM IITaMITyBaHHSIM BUTOTOBJISIIOTH 3arOTOBKH 1 APiOHI meTai
TOJIMHHUKIB 1 TpWIaNiB;, JETali CepeAHiX pO3MipiB, METaJeBHil MOCY],
KOHCEpBHI OaHKH; KPHUILKH, KPOHLITEHHH, AUCKU; KPYHHI OOJIMIIOBAIbHI
€JIEeMEHTH aBTOMOOLIIB, TPAKTOPIB; 3arOTOBKM Ta JETasl JITaKiB, BaroHis,
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aBiallifHUX NTBUTYHIB; TOBCTOCTIHHI 3aTrOTOBKH JETajel MapoBHX KOTIIB i
pe3epByapiB, KOPIYCiB MOPCHKUX CY/I€H TOIIO.

6.2.3 [lokoBKka 00’€MHOTO ITaMITyBaHHS

Tunosa mokoBka 00’€MHOTO ImTaMIyBaHHs (puc. 6.2) BiIpi3HAETHCS
B JeTam eleMeHTaMH, SKi JOMAlOThCs IO MOBEPXOHb T'OTOBOI JETali:
HaIyCKH, TPUIYCKH Ha MexaHiyHe oOpobOnenns (I1), mrammyBanbHi
naxunu (ILIH), pagiycis 3aokpyraens (R) Tomo.

B
J

IH

“y
-\.'\1‘“'-\"‘; b

I

A, b — poawmipu neraini; B — po3amip nokoBku;
IT — npunyck Ha mexaniune oopobnenns; H — nanyck; IIHH ta o i
{3 - 30BHiIIHI Ta BHYTPIIIHI IITAMIyBaJIbHI HAXMIH; JI — IUIOLMHA PO3HIMY;
Rir - BHyTpilIHi Ta 30BHILIHI Pajiycu 320KPyTJICHb

Pucynok 6.2 — Kpecnennst neraii (a) i mokoBku (0)

Hanycku H npuzHaualoTh Ha €NEMEHTH KOHCTPYKIIi jaerani, sKi
HEMOXXIIUBO BUKOHATH MmtammnyBaHHsM. Ilpunycku 11 popatotees 10
MTOBEPXOHb, SIKi TMOTIM OOpOOISATHMYThCSI pi3aHHSAM (Ha HUX BKa3aHHMA
BiJINIOBITHUI TTapaMeTp IOPCTKOCTI).

Ha xpeciieHHI TIOKOBKM BH3HAYalOTh MIOWUHY po3Himy miTamma JI,
MiCJIE 4YOro Ha TOBEPXHi, NEPHEHIUKYJSIPHI A0 Hei, BCTaHOBIIOIOThH
wmamnyeanvhui naxuau 111H (3oBHImHI o i BHYTpimHI  [3). [ToBepxHi,
IO CHOJYYalOThCs, 3’€AHYIOTbCS paliycaMH 3a0KpYIJieHb. Buympiwini
padiycu 3a0kpyrieHb R 3a0e3neuyioTh IUIaBHUE Mepexin Bix omHiel
MOBEPXH1 JI0 1HIIOT; 308HiHI padiycu T 3a0KPYTIIOIOTH TOCTPI KPOMKH
MTOKOBKH.
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06’em 6uxionoi 3azomoeku V., 3 IK0i TOYNHAETHCA ITAMITyBaHHS,
BU3HAYAIOTh 32 KPECICHHSM ITOKOBKH 3 YpaxXyBaHHSIM JIOJATKOBUX BUTPAT
METaJly B MPOILIECi IITaMITyBaHHS:
V5= VitV +V+Vi. (6.1)

00’eM TIOKOBKH PO3paxoOBYIOTh 3a ii kpecieHHsIM. 00’ eM 06010 V,
3BHYalfHO CTAaHOBUTH 5...25%, BuTpatd Ha yrap Vy - 0,5...0,8% mnpu
enekTponarpianHi abo 1,5...2,0% Big o00’eMy T™OKOBKH V, TMpH
MOJTyMEHEBOMY HarpiBaHHI. Bimxoaw Ha KIIIOBHHY Vi MOXYTh CTAHOBUTH
5...60% Bix 00’€My TIOKOBKH.

6.3 3aBaaHHs HA MiATOTOBKY 10 J1a00PaTOPHOI podoTH

[Mpu migroroBui A0 1aboparopHOi poOOTH MOBTOPUTH MaTEPial, SIKHHA
CTOCYETHCS TEXHOJIOTIT 00’ €MHOTO 1 TMCTOBOTO MITAMITYBaHHS.

6.4 KouTposbHi 3anuTaHHs

1. Y gomy monsirae cyTh 00’ €MHOTO 1 JIICTOBOTO IITAMITYBaHHS?

2. SIki Buam 00’ eMHOTO TaMIyBaHHs Bu 3HaeTe?

3. Slkuii IHCTPYMEHT BUKOPUCTOBYETHCS JJIs IITAMITYBaHHS?

4. SIxy poib BUKOHYE 00JI0M TpH BIIKPUTOMY 00’ €EMHOM
[ITaMITyBaHHi?

5. Ske oOmajgHaHHS HalYacTilie 3acTOCOBYIOTH JUIsl 00’€MHOTO i
JIUCTOBOTO IITAMITYBaHHS?

6. UuM NOKOBKa BiJ{pi3HAETHCA BiJf TOTOBOI teTaui?

6.5 Ob6nagHaHHsA, iHCTPYMEHTH, MaTepiaau

1. KpuBowunHuil rapsyeiTaMmiyBajJbHUN IIpec

2. llltammu 1t 00’ €MHOTO 1 JINCTOBOTO IITAMITyBaHHS
3. Korimi

4. llTaHreHIUPKY b

5. Kanpkynsrop

6.6 Bka3iBKkH 3 TexHiKM 0e3nmexn
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I[Ipu BukoHaHHI JabopaTOpHOi pPOOOTH BHUKOHYBATH BKA3iBKH
BHKJIaiada (HaBYAJILHOTO MaiCcTpa).

6.7 Ilopsnok BUKOHAHHS J1a00paTOpHOi podoTH

1. OrpumaTn y BUKIagaya 3aBJaHHS y BUIJISIII KPECIEHHs AeTai i3
3aJaHUMH PO3MipPaMH 1 IIOPCTKICTIO MOBEPXOHD 3 METOIO BU3HAYUTH 00’ €M
1 pO3MipH BUXiTHOT 3aTOTOBKH.

2. Jlma merami 3rimHO 3 OTPUMAHUM 3aBAaHHSAM BHOpaTH CIIOCIO
HITAMIYBaHHA Ta PO3POOMTH  OpIEHTOBHE  KPECICHHA  IMOKOBKH,
NPU3HAYAI0YM ONTHMAIBHI TPHIYCKH W HAIMyCKH 3a PEKOMEHMAIlisIMU
BHKJIA1a4a, 1 3a HUMH BH3HA4YUTH 00’ €M IMOKOBKHU V.

3. Buznauntu 00’eM BUXigHOI 3aroToBkd sk Vs = (1,3...1,5) V.
[MpuiiMarouu BUXiHY 3ar0TOBKY 3a IHJIIHAP, AlaMeTp sIKoro d;. Mae OyTH Ha
5% Oinplie HaWOIIBIIOrO AlaMeTpa AeTali 3aBAaHHs, BU3HAYUTH ii BUCOTY
h, BEXiaHOT 3ar0TOBKH 32 (hOPMYIIOIO:

h, = 4V,/(rd,?). (6.2)

6.8 3micT 3BiTY

1. KopoTko omucaTts CyTh 00’ €MHOTO IITaMyBaHHSI.

2. HakpecnuTu neTans iHAWBITyaTbHOTO 3aBIAaHHS 1 pO3poOUTH s
Hel KpecIIeHHs TIOKOBKH.

3. Po30uBIIM KpecieHHsI MOKOBKH Ha MPOCTi TeOMETPUYHI Birypw,
po3paxyBaru 00’€M MOKOBKM V; 1 00’€M BUXITHOI 3aTOTOBKH V.

4. Po3paxyBaTd po3MipH BUXigHOT 3aroToBKH (ds, hs)

5. HaBecT BUCHOBKH TPO BipHICTh CHPOEKTOBAHOI TOKOBKH Ta
e(heKTUBHICTH 0OPAHOTO CIIOCO0Y MITAMITYBaHHS
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JladopaTopna pobota Ne 7

BU3HAYEHHSA PEXKUMY PIBAHHA I ITPOAYKTHUBHOCTI
OBPOBLJIEHHA ITPU ®PE3EPYBAHHI

7.1 MeTa poboTn

O3HalloMHTHCS 3 OCOOJMBOCTAMU OOpOOJICHHS 3aroTOBOK Ha
(bpe3epHUX BepcTaTax; BUBYMTH MapaMeTpU pEKUMY pi3aHHA TpU
(hpe3epyBaHHi; HABUUTHCS BU3HAYaTH OCHOBHMI (TEXHOJOTIYHUN) dYac
00pOOJICHHS 3arOTOBOK, BiJ] SIKOTO 3aJICXKHUTh MPOAYKTHBHICTH 00pPOOICHHS
npu (hpe3epyBaHHi.

7.2 3arajabHi BizoMocTi

@Dpezepysanna - Bun OOpOOJNIEHHS 3aroTOBOK pi3aHHAM 32
JIOTIOMOT00 0araToye30Boro iHCTpyMeHTa — (hpe3u. ['0NoBHUM pyXoM IMpH
(hpesepyBanHi € 00epTaHHs Ppe3n, pyx Mmojadi 3AiHCHIOETHCS TOCTYIIOBHM
PYXOM 3aroToBKH (Y TIO3/I0BXXHBOMY, MONEPEYHOMY a00 BEPTUKATLHOMY
HanpsMkax). Ope3epyBaHHs — BUCOKONPOIYKTHBHHN CIIOCIO 00pOoOJIeHHS,
3a JIOTMIOMOTOI0 SIKOTO OOpOOJISIOTH TUIOCKI TIOBEPXHi (TOPH3OHTAJBHI,
BEepPTHKAIIbHI, a00 TOXWIi), IMa3H, YCTYNH, KaHABKH, a TaKoxX (pacoHHI
MTOBEPXHI.

Jnst oOpoOnieHHsST pi3aHHSAM 3aroTOBKa 1 pi3ajbHUH IHCTPYMEHT
TTOBMHHI BUKOHYBATH IE€BHI pPyXH. BOHHM OIUISIOTHCS HA po0O0Ui, YCTAaHOBYI
Ta JTOMOMIXKHI.

Poboui pyxu mpu3HaueHi Al 3HATTS CTPYKKU. Yemanosui pyxul — e
pyx# poOoUMX OpraHiB BepCcTara, 3a JIOMIOMOTOI0 SIKUX 1HCTPYMEHT 3aiimMae
TaKe TOJIOKEHHsI BIJIHOCHO 3ar0TOBKH, sIKe O J1ajia 3MOT'y 3HSTH 3 Hel IeBHUI
miap Matepiany. /Jonomisicni pyxu — pyxu poOOUrX OpraHiB BepcTara, 1o He
MalOTh MPSMOTO BiJJHOIIEHHS 70 Pi3aHHs METaly.

Poboui pyxu mNOAUIAIOTBCS HA 20n08HUi pyx 1 pyx nodaui. 3a
JOIIOMOTOI0 TOJIOBHOTO PYXY 3HIMAEThCS CTPYXKKA, a PyX Mojadi Aa€ 3MOTY
pO3MOYaTH MPOIEC Pi3aHHS Ta MOUIUPUTH HOTO HAa HEOOPOOJICHI MUISTHKH
NOBEpXHI 3aroToBKH. KiNbKICHOIO XapaKTEpHCTHKOI poOOUYMX pyXiB €
€JIEMEHTHU PEXXUMY Pi3aHHs.



49

Ho enemenmie pexcumy pizanna mnin yac ¢ppesepyBaHHA HAJCHKATh:
IIBUJIKOCTI pi3aHHSA 1 moAadi Ta TIMOWHA pizaHHs. Bix npaBuinbHOTO BUOOPY
[UX EJIEMEHTIB 3aJeXaTh NPOIYKTHBHICTb OOpOOJICHHS, TOUHICTH 1 SKICTh
00poOICHNX TOBEPXOHB.

Llleuokicms pizanna \/, M/XB., BU3HAYA€THCA 32 (HOPMYJIIOIO:
V = zDn/1000, (7.2)
ne D — miametp dpesu, Mm;
N —yactoTa ooepTanHs (hpe3u, 00/XB.

Inubuna pizanua t, mm, BHU3HAYAETHCA 32 JOBITHUKAMHU 1
BCTaHOBIIIOEThCS Oe3MocepeTHbO Tepe]l TOYaTKOM (pe3epyBaHHI.

Ilpu dpesepyBaHHi pO3PI3HIOIOTH TPU BUAM MIGUOKOCHICH NOOAYi.
XBUWJIMHHY Sys, MM/XB., - TIEpEMIIIeHHS 0OpOOIIOBAHOI 3arOTOBKH 33 OJHY
XBWJIMHY; 1TOAa4Yy Ha 00epT So,MM/00., - TIepeMiIlleHHs 3arOTOBKH 33 OJIUH
00epT ¢pesn; momady Ha 3y0 ¢pesu S;, MM/3y0, - IepeMillIeHHS 3aTOTOBKU
3a 4ac MOBEPTAaHHS Ha KyT, IO BiAMOBigae ogHoMy 3y0Oy dpesu. Lli momaqi
B3a€MOIIOB’ 13aHi:

Sxs = Soh = Sz-z2:n, (7.2)
Je N - gactoTta obepTanHs Gppesu, 00/XB;
Z - yncno 3y0iB Qpesu.

XBWIMHHA TOAa4a Sy, BU3HAYAE NPOOVKMUBHICIb (hpe3epy8anHsi.
[Monmaua Ha 00epT BIUIMBAE Ha MIOPCTKICTH 00po0IeHo1 moBepxHi. [Togaya Ha
3y0 xapakTepu3ye iIHTeHCHBHICTh HABaHTA)KEHHS Ha 3y0, a OTXKe i CTIIKICTh

(hpesu.

IIpooyxkmuenicms 06poonenns npu dpesepyBarti Q BUZHAYAETHCS
KUTBKICTIO JIeTaJlel, IKi BUTOTOBJISAIOTHCS 3a TIeBHUIA riepiof acy T, xB., (3a
MICSIlb, 3MIHY, TOJAMHY 1 T.IL):

Q=T/Tx, (7.3)
ne Tk - yac BUTOTOBJIEHHS OHI€T IeTal, XB.

l'onoBHOIO CKJIaOBOIO Yacy BUTOTOBJIEHHs JeTaii Tx € OCHOBHHUI
(texnounoriunmnii ) yac T, XB., - 4ac, IKUI BUTpa4aeThcs Oe3MOCEPETHBO Ha
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3MiHy (hopMH, pO3MIpiB Ta CTaHy 3aTOTOBKH Ha BepcTaTi. BiH BU3HA4Ya€eThCS
3a popmynoro:
To= Li/Sx, (7.4)
ne L - po3paxyHKOBa JOBXKHHA 3aTOTOBKHU, MM;
1 - 9HCII0 TIPOXOMIB pe3u.

Po3paxyHnkoBa noexuHa (puc. 7.1)
L = li+l+ly, (7.5)
ne 11 - moBkrHa IUIAXY Bpi3aHHA (Qpe3u, MM;
| - bakTryHa MOBXKKMHA 0OPOOIICHOT MOBEPXHI, MM;
I> - mepebir ¢pes3u micast BUXOMy 32 MEXKi 3arOTOBKH, MM (3BHYaiHO 2
0epyTh 2...5 MM).

_______ — [ [l ,_/ i
S"jg‘-_ _‘._ S]!gL ! ./!
I ] Iy -7
[ L Iz 1 i
a i}

Pucynok 7.1 — Cxema BU3HAYEHHs pO3PAXyHKOBOT JOBKUHHU 3arOTOBKHU TIPU
(dbpesepyBaHHi UITIHAPUIHOO (@) 1 TopIieBoto (0) Ppesamu

JlopxxruHa 1UISXy Bpi3aHHA TpU  (pe3epyBaHHl  YuriHOPUUHONO

(hpesoro:
lh=t(D-1t); (7.6)

a [Ipy CUMETPUYHOMY (pe3epyBaHHI mopyesoro hpe3oro:

l=05(D - /D7 B?), (7.7)

ne D - niametp dpesn, Mm;
t - rOuHa pizaHHs, MM;
B - mmpuna 06po0:aroBaHoi MOBEPXHi, MM.
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7.3 3aBnaHHs Ha DiATOTOBKY 110 J1abopaTOpPHOi podoTH

[Tpu miarorosIi 10 1a00paTOPHOT pOOOTH MOBTOPUTH MaTEPiall, SKHA
CTOCYETBCSA KOHCTPYKIII Ta poOOTH (Pppe3epHUX BepCTaTiB.

7.4 KOHTPOJIbHI 3anuTaHHSI

1. Ha3BiTh OCHOBHI XapaKTEPUCTHKH Ipoliecy (hpe3epyBaHHs.

2 SIki pyxu 3A1HCHIOIOThCS IPU (pe3epyBaHHi?

3. ki poboui pyxu BH3HAYAIOTh OOPOOJICHHS 3arOTOBOK Ha
(hpesepHUX BepcTaTax?

4. UnM BU3HAYAETHCSA PEXKUM pi3aHHA NIpH (hpe3epyBaHHi?

5. Ilo Take OCHOBHHMU (TEXHOJOTIYHHMN) dYac Tpu 0OpOOIEeHHI
pizaHHsIM?

7.5 Ob6nagHaHHA, iHCTPYMEHTH, MaTepiaau

1. Bepcrar BepTUKaIbHO-(Ppe3epHuil (Topu30HTANEHO-(PE3epHUN)
2. Ope3a ToprieBa (IUTIHAPUIHA)
3. Kanbkynstop

7.6 Bka3iBKkH 3 TexHiKH 0e3nmexkn

Ilpu mnpoBeneHHi mabopaTopHOi POOOTH BHKOHYBATH BKa3iBKH
BUKJIa/Iaua (HAaBYAJIbHOTO MalcTpa).

7.7 Ilopsinok BUKOHAHHS J1a00paTOpHOI podoTH

1. KoxHilt miarpyri oTpuMaTH y BUKJIa/iaya BapiaHT iHIUBIyaTbHOTO
3aBJIaHH 3TiaHO 3 Ta0m. 7.1.

2. 3a HaBeIEHOIO BUINE METOJIUKOI po3paxyBatd To - dac
o0pobnennst 3aganoi moBepxHi. Kinbkicte mpoxoniB i1 (popmyna 7.4)
BU3HAYUTH OPIEHTOBHO, 3B)KAI0YH Ha TOBIIMHY LWIIHIPUYIHUX Ppe3 65 MM
a00 Ha JiaMeTp TOPILIEBOI (hpe3H, 110 BUKOPUCTOBYETHCA.

3.BBaxarouu, 1110 y JaAHOMY BUTIAJIKy OCHOBHHH (TEXHOJIOT1UHMIA) Yac
To mpakTUuHO cHiBHAaZae 3 YacoM BHIOTOBIECHHS ofHiei geram T,
BU3HAUUTH TPOAYKTUBHICTE 0O0poOIeHHs npu ¢pesepyBaHHi Q, wiT.,
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(dbopmyna 7.3) 3a mepion gacy T, XB., BU3HaUSHHI BUKJIagadeM (HaIIPUKIA],
3a 8-roguHHUi podounii nerb T = 480 xB.).

4. ITopiBHATH MPOAYKTUBHICTH 0OPOOICHHS aHATIOTIYHUX MTOBEPXOHb
pizHuMHE ppezamu a00 Ha Pi3HUX pekUMax pi3aHHs 1 BUOpATH ONTUMAIbHUH
pEeXUM pi3aHHS.

Tabmuig 7.1 — InauBinyanpHi 3aBIaHHS

No ®dpesa O6pobiroBana Pexxnm
Bapi- MTOBEPXHSA pi3aHHs
aHTa BUJ D, l, B, Sxs, t,

MM MM MM MM/XB. MM
1 ATHIIP. 50 80 200 25 1
2 IHAITHIP. 60 80 200 50 1
3 LATIHIP. 80 80 200 100 1
4 HATHJIP. 100 100 250 25 2
5 HATHJIP. 120 100 250 50 2
6 IWTIH/P. 150 100 250 100 2
7 TOpILIEBa 50 80 200 25 1
8 TOpILICBa 60 80 200 50 1
9 TOpILICBa 80 80 200 100 1

10 | Topiesa 100 100 250 25 2

11 TOpIIEBa 120 100 250 50 2

12 TOpIIEBa 150 100 250 100 2

7.8 3micT 3BiTY

1. JlaTh KOpOTKY XapakTepUCTHKY (pe3epyBaHHs SK METOIy
00pOOJICHHST METaJTiB Pi3aHHSM.

2. 3anucaTy XapaKTePUCTUKH 1HIUBIyaIbHOTO 3aBIaHHI.

3. HaBectu cxemy (pe3epyBaHHS BIAMOBIAHO 10 puc. 7.1, 3a sAKOIO
MIPOBOJIMBCS PO3PAXYHOK (hpe3epyBaHH:.

4. HaBectu po3paxyHOK OCHOBHOrO (TexHojoriunoro) vacy To i
MPOAYKTHBHOCTI 0OpOOIICHHS 33aH01 TOBEPXHi Q, IT.,

5. Ha migcraBi oTpuMaHUX pO3paxyHKIB 3pOOMTH BHUCHOBOK, SIKHUii
peXUM pi3aHHS BUSIBUBCS ONTUMAIBLHUM.
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JladopaTopna po6ota Ne 8

3ABE3INEYEHHSA TEXHOJIOT'TYHHOCTI I TOYHOCTI
OBPOBJIEHHA 3AT'OTOBOK

8.1 Mera po6oTu

O3HalOMHUTHCS 3 MOXIJIMBHMHU CIIocoOamu 3a0e3rmedeHHs OuTbIIol
TOYHOCTI Ta TEXHOJOTIYHOCTI OOpOOJEHHsS 3aroTOBOK pi3aHHIM i
METOJUKOI0 BUOOPY KPAaIIoro croco0y 3a0e3meueHHs TEXHOIOTI9HOCTI IS
3arOTOBKH 33J]aHOi AeTai.

8.2 3arajbHi BitoMocTi

3a0e3neyeHHsT TeXHOJOTIYHOCTI ISl OYAb-IKOTO TEXHOJIOTIYHOIO
mpoliecy — 3ajaya OaraTorpanHa. 30kpema 3a0e3MeUeHHs TEXHOIOTIYHOCTI
00pOOJIEHHST 3aroTOBOK Dpi3aHHSIM 3aJeXUTh, 3 OXHOTO OOKy, Bix
MOJKJIMBOCTEH 1 €(peKTHBHOCTI HAsSBHOTO Ha JaHOMY IiIPUEMCTBI MApKy
METaJIOpi3aIbHUX BEPCTATIB, a 3 1HIIIOTO — Bl MOXKIMBOCTI 3arOTiBEIBHOTO
BUPOOHUIITBA BUTOTOBUTH 3pY4YHY ISl OOpOOJIEHHS pi3aHHSAM 3arOTOBKY i
MiJArOTYBATH 11 JIsI TOAIBIIOTr0 OOPOOIICHHS Pi3aHHSIM.

3ajaya MIIBUIICHHS TEXHOJIOTIYHOCTI OOPOOJIEHHS 3aroTOBOK
MOJISITa€ TOJIOBHUM YHHOM Yy 3MEHIIEHI 00csary OOpoOJeHHS pi3aHHSIM.
CriocoOu BupillIeHHs IMi€i 3a7a4yi 3HAYHOK MIPOI0 3aJIeKaTh BiJl THITY
BUPOOHUIITBA, OOCSATY MapTii, BHIy 3aroTOBKM Ta I1HIIUX (aKTopiB. Y
3araJlbHUX pUCax BOHH 3BOJAATHCS O HACTYIHUX PEKOMEHAALIH.

baxaHno, 100 KOHTYp 3aroTOBKH CTAHOBUB IO€IHAHHS HAHIPOCTIINX
reoMeTpuyHUX QopMm. Hamyckm 1 TpHIyCKH, $Ki 3HIMAIOTBCA TIPU
00poOJIeHH] pi3aHHSM, TIOBHHHI OyTH MiHIMalbHUMH. TOUYHICTH pO3MIpiB
3aroTOBOK TIOBMHHA OYyTH HaWBUINOI, & IIOPCTKICTh TOBEPXOHb —
MIHIMaJIbHOIO, aJieé eKOHOMIYHO OOIpyHTOBaHMMH. BakaHO MaKCHMallbHO
BUKOPUCTOBYBATH CITIOCOOM BUTOTOBJICHHSI 3ar0TOBOK, SIKi HE MOTPeOyIOTh
HACTYITHOTO 3HATTS CTPy*KH (puc. 8.1).

IIpu HemoxnuBocTi 00idTHCA 0€3 MeXaHIYHOro OOpOOIICHHS
HEOOXiZIHO HamaraTucsi MaKCUMaJbHO 3MEHIIUTH HOro obcsr 3a paxXyHOK
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3MEHIIICHHSI KIJIBKOCTI 1 IOBXXUHU 00pOOJTIOBaHUX MOBEPXOHB (pHC. 8.2).

—
Q A AA TS ATATT TS TA AN TS AL A TS TAAS IS TSI LA SSSY,

9 |74
¢

Pucynok 8.1 - llnunbpka, BATOTOBICHA OOPOOIICHHAM pi3aHHIM (a)
1 HakouyBaHH:M (0)

Ha cborogHi OCHOBHUMH METOJaMH BHPOOHMIITBO 3arOTOBOK €
JBapHe BUPOOHUIITBO, OOpOOIICHHS METaIiB THCKOM 1 3BaptoBaHHs. KoxHa
3 IUX Taly3edl Mae CBOI MOXIWBOCTI s 3a0e3MedeHHS TOYHOCTI 1
TEXHOJIOTIYHOCTI 0OPOOIIEHHS 3aTOTOBOK Pi3aHHIM.

I
N
RN
[

i

a D

PucyHok 8.2 - [Ipukiiany 3MeHIIeHHs 00CsIry MeXaHiYHOTO 0OpOOIIeHHS 3a paxyHOK
3MEHIICHHS IOBXHWHH 00pOOIII0OBaHNX TIOBEPXOHb (@) Ta iX KiibKocTi (0)

VY ausapromy eupobHuymei TOCITTH MiHIMAJIbHHUX MIPHUITYCKIB MOYKHA,
BUKOPHCTOBYIOUH JIMTTSA y MeTaneBi (GopMu abo TOUYHI CIIOCOOM JIUTTS
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(Hampukam, JIUTTS IMiJ] TACKOM, 32 BUTOILUTFOBAHUMU MOJISJISIMU Ta iH.). AJe
e JOCHTh AOpOri MeToAM, i iX BUKOPHCTaHHS BWIpaBIaHe JHIIEC Y
KPYITHOCEpiHHOMY 1 MacOBOMY BUPOOHHIITBAX.

Oco6nuBicTh (hopMyBaHHsS BUJIMBKA Y JIMBapHid (Gopmi moisrae y
TOMY, IIIO PO3IUIABJICHUH METaJl y MOMEHT 3aJMBAaHHS BCTYIA€ y KOHTAKT 3
XOJIOJTHOIO JINBAPHOIO (popMOI0. BHACIITOK IIBUIKOTO OCTHTaHHS BHIIMBOK
OTPUMYE KPYITHO3EPHUCTY CTPYKTYPY 1 HU3bKY INIACTHYHICTb. binbie Toro,
HOBEpXHEBHH MHIap BHJIMBKA 3arapTOBYETHCS, IO YTPYAHIOE ITOJAIIBINIE
00pobnenHs pizaHHsAM. ToMy AJisl OMNIIEHHS OOpOOIIOBAHOCTI pi3aHHIM
Ta MOJIMIIEHHS MEXaHIYHMX BIACTUBOCTEH, a OT)Ke M I 3a0e3MCUCHHS
TEXHOJIOTIYHOCTI OOpOOJICHHS pi3aHHAM JIUTI 3arOTOBKH IIAJAIOTh
TEPMIYHOMY OOpPOOJICHHIO.

XapaxTep TepMOOOPOOIICHHS 3aJICKUTH Bi/l BULY IMBAPHOTO CILIABY,
croco0y JUTTS, po3MipiB BIIUBKA Ta iHmUX (pakTopiB. Cmanesi BUINBKH
HiAJAI0Th BIANATIOBAHHIO. PeXHM BiJBaIIOBAaHHS 3aJICKUTh T'OJOBHUM
YUHOM BiJ BMICTy ByTrJemo. B pe3ymprari OmepXKylTh TOCTATHIO
TUTACTUYHICTD 1 MIHIMAJILHUI PIBCHD 3aJIMITKOBUX HAIPYXKEHb, @ TBEPICTh
MOBEPXHEBOTO IIApy 3HAYHO 3HIDKYEThCS. TepMiuHe 0OpOOIICHHS YagyHHUX
3arOTOBOK 3aCTOCOBYETHCS IS 3MiHH CTPYKTYPH METalIeBOT OCHOBU YaBYHY
(marpuii), ctyneHs rpadiTuzaiii, 3HIKEHHS 3aJIHIIKOBHX HaNpPY>KEHb,
crabimizarii po3Mipis.

SIKIO  3aroTOBKA  BUTOTOBISIETBCS  OOPOONEHHAM — MUCKOM,
TEXHOJIOTIYHO JOLUIbHY (OpMY OKOBKHM BUOMPAIOTH 3 ypaxyBaHHSAM SIK 32
yMOB 1 (OpMyBaHHS Yy BIJIOBIIHOMY KOBaJbCHKO-IITAMITYBAIEHOMY
THCTPYMEHTI, TaK i 3 ypaxyBaHH;IM 3a0€3MeUeHHsT 3py4HOr0 00pOOIeHHS Y
MalOyTHBOMY.

OO0poOIieHHsT THCKOM MOXe BifOyBaTHCS SIK Y XOJOIHOMY, TaKk i y
rapsaomy crtani. KoxxHuit Bug oOpoOiieHHs Mae CBOI MepeBaru i HeJIOMIKH.
OO0po0iieHHsT y raps9oMy CTaHi BUMarae€ MeHIIE 3YCHJIb, aje Ha MOBEpXHi
YTBOPIOEThCS OKaJIMHA, SIKa SIK aOpa3MBHUI MaTepiayl MIBHJIIE 3HOLIYE
METallOpi3aibHUM  iHCTpyMeHT. JIns WiABMINEHHS CTPOKY  CIYXKOH
pi3anbHOrO iHCTPYMEHTY mNpH OOpOOJNEeHHI TOKOBOK, a TaKoX s
MOJIETIICHHSI KOHTPOJIIO SIKOCTI IOBEPXHI MOKOBKY OYHIIAIOTH Bl OKAJIMHH.
lopcTkicTh MOBEPXHi HABITH MiCIs 3HATTS OKAJIHHU JOCUTH BHCOKA, TOMY
NPUIYCTH Ha 0OPOOJICHHS Pi3aHHSIM TEX BEJHKI.
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OO0po0iieHHsT y XOJOAHOMY CTaHi Ja€ BUCOKY TOYHICTH PO3MIpiB i
HU3KY IIOPCTKicTh. [lpumycku Ha OOpoONeHHs pi3aHHA Oyxe Mami ado
30BCiM BiacyTHi. [IpoTte xonoane aedopMyBaHHs BUMarae 3Ha4HO OiIBIINX
3yCHJIb 1 CKJIaTHOTO O0JIaIHAHHSI.

Kpame 3abe3nedeHHS TEXHOJOTIYHOCTI 1 TOYHOCTI OOpOOICHHS
3arOTOBOK, BHTOTOBJIEHHX OOpPOOJICHHSM THCKOM, MAIOTh TaKi METOIH
BUTOTOBJICHHS 3arOTOBOK: XOJIOJHE BHTHCKAaHHA 1 BHCAPKyBaHHS,
KamiOpyBaHHS KaTaHUX a00 MITaMIIOBAaHWX 3arOTOBOK BOJOYIHHM. Jleski
criemianbHi METOAM TPOKAaTyBaHHS JO3BOJISIFOTH BHUTOTOBJISITH BUPOOU
CKJIaJHOT KOH(Irypaiii, fKi HE BHMAaralOTh HACTYITHOTO MEXaHIYHOTO
00pOOIICHHS.

[Tpu BUTOTOBIICHHI 36apHUX 3020M 060K 00CIT MEXaHIYHOTO
00po0IIeHHS, SIK IPAaBUJIO, HEBEIMKHUH. 3 TOUKH 30y BIUIMBY Ha MOXIIMBOCTI
MOJIAJBIIIOTO MEXaHIYHOTO OOpOOIIEHHST HalOiNbIIa yBara 3BepTaEThCA HA
JIOCTYIHICTh OOpOOJICHHI0O TIOBEPXOHb, IO BHMAaralTbh MEXaHIYHOTO
00pOOIIeHHs, a TAKOXK HA OOpaHuil cIIociO 3BaprOBaHHS.

[lpu 3BaproBaHHI BaXJIMBY pOJIb BiAirpae JpKepelno Tera, sKe
BHKOPHCTOBYEThCS TIPU 3BapIOBaHHi. Mloro Temmeparypa i po3mip Harpitoi
30HHM HaBKOJIO 3BapHOIO IIBa CYTTEBO BIMBAIOTh Ha BIACTHBOCTI METaly
3aroTOBKH. Y CaMOMYy 3BapHOMY IIBI 3MIiHIOETbCS XIMIYHWUH CKiIaj 3a
pPaxyHOK JOJaBaHHS IIPHCAJIKOBOTO MeTaly, a OTXKe W 3MIHIOIOTHCS
MexaHiuHi BnactuBocTi. Kpim Toro, 3 000X OOKiB 3BapHOro IIBa
YTBOPIOIOTECS 30HU MepmiuHo20 énaugy. Y NHX 30HAaX XIMIYHUHA CKIaj
MeTally He 3MIHIOEThCS, ajle 32 PaxXyHOK IIBHJKOTO BIITOKY TeIuia y TIH0
3arOTOBKM METaJl y 30HI TEPMIYHOrO BIUIMBY 3arapToBYEThcs. Bce e
Oe3mocepeIHBO BILIMBAE Ha Nepedir oOpoOIeHHs pi3aHHIM. PexxuM pizaHHs
BU3HAYAETHCS, PO3PAaXxOBYIOUM HAa BJIIACTHBOCTI OCHOBHOTO METaily
3aroTOBKH, & B 30Hi 3BAPHOIO I1BA iIHCTPYMEHT 3yCTPIYaETHCS 3 MOBEPXHEIO,
TBEPIICTh AKOI 3HAYHO IMEPEBUIIYE TBEPHICTH OCHOBHOrO MeTany. Tomy
3BapHa 3aroTOBKa TAKOXK BUMArae MiAroTOBKHU JI0 MEXaHIYHOTO 0OpOOIeHHS
HIISIXOM TepMOOOPOOIIEHHSI.

Tepmiune 0OpoOJIEHHS 3BapHUX 3arOTOBOK MPOBAIUTHCS 3 METOIO
MOKpAIlleHHS BIACTUBOCTEH METally IIBa 1 30HW TEPMIYHOIO BIUIMBY Ta JUIS
3HATTS  3BaplOBAIBHUX  HANpyXeHb. PexxuM  TepMOoOpOOIIeHHS
BU3HAUAETBCS XIMIYHHM CKJIQZIOM, TEIUIOQI3UYHUMH 1 MeXaHIYHUMHU
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BJIACTHUBOCTSIMH ~ MaTepially 3aroTOBKH. TepMooOpoOIeHHS 3BapHUX
3arOTOBOK CHpHUsA€ 3a0E3MCUCHHIO TEXHOJOTIYHOCTI 1 TOYHOCTI iX
MOJANBIIOT0 MEXaHIYHOTO OOpPOOJIEHHS, a TaKOXK CTaOUIBHOCTI PO3MIpIB 1
(hopmMu aeraieii B mpoleci eKcIuTyarartii.

Takum uymHOM, 3a0e3ledeHHs TEXHOJIONIYHOCTI 1 TOYHOCTI
00pOOJIEHHST 3arOTOBKO pi3aHHA 3HAYHOIO MIpOI0 3aJICKUTH BiX
MIPAaBIIIFHOTO BUOOPY METOY BUTOTOBJICHHS 3aTOTOBKH Ta MIATOTOBKH 11 110
00poOICHHS pi3aHHSIM.

Ocraroynuii BUOIp KOHKPETHOTO METOAY BHUPOOHHUIITBA 3arOTOBOK
3I1HCHIOETHCA Ha TIEPIIOMY €Talli TEXHOIOTIYHOT MiATOTOBKH BUPOOHUIITBA.
Buxopsuu i3 3agaHo0i nporpaMu BUIYCKy, KOH(DIrypaiii 1 po3aMipiB aeraneii,
a TaKOX BUPOOHWYHMX MOKIIHBOCTEH MiANPHUEMCTBA, BCTAHOBIIOETHCS THIT 1
xapakTtep MaiOyTHbOTO BHPOOHHMYOTO TIporecy (OAWHWUYHE, CepiifHe 4
MacoBe; rpynoBe abo TTOTOKOBE).

3rigfHO 3 KOHCTPYKI€I0 JAeTaimi Ta i TEeXHIYHUMH yMOBaMHU
BCTaHOBIIIOIOTH OCHOBHI YHHHHKH, SIKi BA3HAYAIOTh BUOIp BULY 3arOTOBKH i
TexHoJNorii ii BUTOTOBIEHHS. Y KOXXHOMY KOHKPETHOMY BHIAIKYy IIi
YMHHUKK 0a)KaHO PO3TAIIOBYBATH Y TMOPSAKY 3MEHIICHHS iX 3HAYYIIOCTi
JUTSL TAHOTO TiIPUEMCTBA.

AHaNi3yr04d CTYIiHb BUJIUBY 3TaJ[aHUX BUIIE YAHHHUKIB, OOMPAETHCS
KiJIbKa TEXHOJIOTTYHHUX HPOLECIB, SIKi 3a0€3MeUyI0Th OJEPKaHHS 3ar0TOBOK
noTpibHOI siKocTi. OIHOYACHO NEPEBIPAETHCA MOXKIMBICTD BUKOPUCTaHHS
KOMOIHOBaHMX 3aroToBoK. Ha erami BHOOpPY ONTHMalbHOTO METOIY
BUTOTOBJICHHS 3aTOTOBOK MOKHA BUKOPHCTATH TaK 3BaHy MAMPUUIO 6NIUBY
yiHHUKIB (Tabm. 8.1). OIliHKa KOXKHOTO YMHHUKA B Hill pOOUTHCS 3HAKAMU
«IIoC - Minyc" abo 3a J0rmoMororo koedirienty nutomoi Baru (Bix 0 g0 1).
Kpamum BBaxkaeTbesi cnoci6, sikuii Habepe OiIbIy KUTBKICTh IUIFOCIB 200
OinpIIy cyMy KoegilieHTiB.

8.3 3aBnaHHA Ha MiATOTOBKY 10 Ja0opaTopHOi podoTH
[pu migroroBui 10 1abopaTopHOi pOOOTH MOBTOPUTH MaTepial, KU

CTOCYETBCSA KOHCTPYKLIi Ta poOoTH (pe3epHUX BepcTaTiB i 0OpOOIISTHHS Ha
HUX 3arOTOBOK.



58

Ta6nuus 8.1 - [puknan opOopMIEHHS MaTPHUIli BIUIMBY YMHHHKIB

UHHHUKH
Crnocid Hobxi ;
oy . obxigHa | Texnono- . g =
BHI'OTOBIICHHA | bopma i o 14 ‘i aHi Ba Bupobuuui |5 Z| 2
S . TO4YHICTE 1 | riuni Bla- =
3aroToBKH pO3MipH . . MosIHBOCTI | F OB O
AKICTE CTHBOCTI . < 2
3aroTOBKH . . HAIPHEMCTBA =1
noBepxHi | Marepiany =
Jurra:
: = + — — - | 2
- 1]l THCKOM
- 33 BUTOILIIO-
BAHUMH MOJle- + + — + + 4
JISIMH
KyBanHsi + - + + - | 3
HIramnysaHHs
: + - + - + 3
Ha 'KM

8.3 3aBaaHHs HA MiATOTOBKY 10 J1a00paTOPHOIL poO6OTH

[Mpu migroroui A0 1aboparopHOi poOOTH MOBTOPUTH MaTEpial, SIKHHA
CTOCYETBCS KOHCTPYKIIT Ta poOOTH (pe3epHUX BEpCTATIB i 0OPOOIISHHS Ha
HHX 3aT'OTOBOK.

8.4 KoHTpoJbHi 3anuTaHHA

1. Sxi MeToaM BHUTOTOBJICHHS 3aroTOBOK BHKOPHCTOBYIOTHCS
Haigacrimre?

2. SIki OCHOBHI BMMOTH BHUCTAaBJISIFOTbCS 1O 3arOTOBKH 3 METOIO
3a0e3neueHHs TEXHOIOTIYHOCTI 00po0IeHHs 1X pizaHHIM?

3. HasBiTe BHIM TEepMOOOPOOJIEHHS JHMTHX 3arOTOBOK IS
3a0e3MeyeH s TEXHOIOTIYHOCTI 00pOOIIeHHS TX pi3aHHSM.

4. YV doMmy MONSATalOTh OCOOIHMBOCTI BHTOTOBIECHHS 3arOTOBOK
XOJIOJTHUM 1 rapsi9uM 0OpPOOJICHHSIM THCKOM?

5. Ski 3MiHM BigOyBarOTbCS y 30HI TEPMIUYHOTO BIUIUBY 3BapHOI
3aroTOBKH?

6. SIk 3mIMCHIOETHCS BUOIP ONTHMAIBHOI'O METOJAa BUTOTOBJICHHS
3arOTOBKH, SIKUM 3a0€3Me4nTh Kpamly TEeXHOJIOTIYHICTE 00poOIeHHs
Ppi3aHHAM i TOYHICTH PO3MIpiB?
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8.5 Ob6aagnanHs, iIHCTPYMeHTH, MaTepiaau
1. KanbkynsTop
8.6 Bka3ziBkH 3 TexHikH 0e3nmeKu

IIpu mnpoBemeHHi mabopaTopHOi POOOTH BHKOHYBATH BKa3iBKH
BHKJIaJa4a (HABYaIbHOrO MaiicTpa).

8.7 llops10k BUKOHAHHS J1a00pPaTOPHOI Po6OTH

1. KoxHiit miarpymni oTpuMaTty y BUKJIagada KpecIeHHS AeTall, st
3arOTOBKH $IKOT Tpeba o0OpaTH MeToJ BUTOTOBJICHHS 3aroTOBKH, IO
3a0e3MeYnTh Kpalli TEXHOJIOT1YHICTh 1 TOUHICTD TIPU OOPOJICHHI pi3aHHSIM.

2. BcraHOBUTH OCHOBHI UYMHHHKH, SKi BH3HAUYAIOTH BUOIp BHIY

3. [ToOynyBaTn MaTpUIIO BIUIMBY 3 ypaxyBaHHSM 0OpaHUX YHHHHKIB.
4. 3a OIIHKOI MATpHUIl BIUIMBY OOpaTH ONTHMAIBHUN METO
BHUTOTOBJICHHS 3aTOTOBKH 1 OOTPYHTYBaTH HOTO.

8.8 3micT 3BiTY

1. HaBectu ecki3 neTaii-3aBAaHHs Ta 1l OCHOBHI XapaKTEPUCTUKHU.

2. HaBectm BUOip [eKiNBKOX METONIB, 3a SKUM MOXe OyTn
BUTOTOBJICHA 3ar0TOBKA 33aJaHO1 JeTali i 00IpyHTYBaTH HOTO.

3. HaBectn MaTpuifo BIUIMBY 3 ypaxyBaHHSIM OOpaHMX UYMHHUKIB
BILIUBY.

4. Sk BHUCHOBOK HaBeCTH OOpaHWH ONTHUMAaJIbHUH  METOJ
BUTOTOBJICHHSI 3arOTOBKH 1 OOTPYHTYBaTH HOTO.
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Jomatox A

Tabmus koedinienty CteioneHTa tp
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Josipua iMmoBipHicTb P

n—1
0,90 0,95 0,99

1 6,31 127 63,70
2 2,92 430 9,92
3 235 3,18 5,84
4 213 278 4,60
5 2,02 2,57 4,03
6 1,94 2,45 3,71
7 1,89 2,36 3,50
8 1,86 231 3,36
9 1,83 2,26 3,25
10 1,81 223 3,17
11 1,80 2,20 3,11
12 1,78 218 3,05
13 1,77 2,16 3,01
14 1,76 2,14 2,98
15 175 213 2,95
16 1,75 2,12 2,92
17 1,74 211 2,90
18 173 2,10 2,88
19 173 2,09 2,86
20 172 2,09 2,85
21 1,72 2,08 283
22 1,72 2,07 2,82
23 171 2,07 281
24 1,71 2,06 2,80
25 1,71 2,06 2,79
26 1,71 2,06 278
27 1,70 2,05 2,77
28 1,70 2,05 276
29 1,70 2,05 276
30 1,70 2,04 275




