PO3ALT 1
3ATAJBHI MOJIOKEHHS

JIucrose mrammyBanHs (JIILI) 3HaxXomUTh 3acTOCYyBaHHS Yy BCiX Trairy3sx
BUPOOHUIITBA 1, O0cO0JIMBO, B  aBTOMOOUIEOyAyBaHHI,  paaio- 1
npuiao0yyBaHH1, aBlaOy1yBaHHI.

JIIII € po3noBCIOIKEHUM, MTPOTrpecuBHUM pizHOBHIO0M OMT.

3 TUCTOBOTO Matepiany (JIHcT, CTpivuka, MmTada) OTPUMYIOTh Pi3HOMAaHITHI
CKJIaJHI aeTaii (BiJ 4acTKW MiliMeTpa 10 IeKIJIBKOX METpiB).

JILI mae psx nepesar:

* MOXJIMBICTH OfIep)KaHHS JleTajeil CKIaaHol KoHQIrypartlii, sKi HEMOKJIUBO
oJIep)KaTH 1HIIIMMHU BUJIaMH OOPOOKHU;

* CTBOPEHHS MILHMX 1 TBEPAMX, aje JIErKUX KOHCTPYKIIiH;

* BHCOKa TOYHICTH JIETAJIEH;

* TrapHa SKICTh IOBEPXHI AeTa,

* IIBHJIKA MPUCTOCOBHICTH A0 MaciTabiB BUPOOHHUIITBA,

* MacOBHUM BUITYCK 13 HU3BKOIO COOIBAPTICTIO,

* BHCOKa IPOJYKTUBHICTD;

* BIJHOCHO HECKJIaJHa MEeXaHi3allis i aBTOMAaTH3aIlisl IPOIIeCiB,;

*  MOXJIUBICTh BUKOPUCTAHHS HeKBai(hiKOBaHOI poOOUOl CHUIIH;

* BUCOKWIi KoedilieHT BUKopucTanHs Matepiary (KBM).

ITepearu JIIII mo3BonstOTH BUTOTOBISATH B psani ramyseit go 60...80 %

JeTajied Bl 3arajibHOl KIJIBKOCTI, a B neskux 10 98 %.

1.1 Knacudghikauia ocnoénux onepauiit 1Ucmo6020 wWmamny8aHHs

Bci onepartii JILL po3ninsitoTh Ha HACTYITHI OCHOBHI I'PYIIN:
* PpO3ILJIOBI;
* (dopmoyTBOprorodi (hopMO3MiHHI);
e KOMOIHOBAaHI;

*  TaMMo30MpabHi.



Ilpy BUKOHAHHI PO3AUTIOBUX omepaliii aedopMyBaHHS 3aroTOBKH
BiIOyBaeThCcs ax J0 pyWHyBaHHsS. BoHu moB's3aHi 3 BIIIIJIEHHSIM OJHIET
YaCTMHM Matepialy BiJ iHIIOI MO 3aMKHyTOMYy a00 He3aMKHYTOMY KOHTYpi
(Bimpi3ka, BUpyOKa, MpOOWBaHHS, HAJpi3aHHs, pO3pi3aHHs, 00pi3Ka, 3aUnIICHHS
i iH.).

[Tpu popMOyTBOpPIOIOYMX ONEpallisiX MparHyTh 10 CTBOPEHHS YMOB, MPH
SKUX MOXKe OyTH oTpuMaHa HaiOunmpima ¢opMmo3MmiHa 0e3 pyHHyBaHHS. Y
mporeci  (GopMO3MiHHMX oOrmeparii Tuiocka abo TOPOXXHUCTA 3aroTOBKa
MIEPETBOPIOETHCSI B MPOCTOPOBY JAeTalnb (THYTTS, BUTSDKKA, BiIOOPTYBaHHH,
dbopMyBaHHSs, OOTHCK, po3/1aya).

KombinoBaHe 1mTammyBaHHS SBJISiE COOOK CIIOJMYYCHHS JIEKiJTbKOX
TeXHOJIOTIYHUX omepaliii (B OAHy omepaliro. pi3ka i THYTTS, BHpPyOKa i
BUTSKKA, BUTSDKKA 1 pentbepHe HOpMyBaHHS).

3anexHo BijJ CIoco0y CIOJyYeHHS olepalliii po3auIsSIoTh. CyMIIlIeHe,
MOCTIAOBHE 1 CyMIiIIIEHO-TIOCITIIOBHE IIITaMITyBaHHS.

[Ipn cymimeHOMy INTaMITyBaHHI JeTajb BUTOTOBISETHCA 3a OIUH Xif
mpeca i 3a OJIHy YCTaHOBKY 3arOTOBKH.

[Ipu mocnigoBHOMY IITaMITyBaHHI JeTallb BUTOTOBIISETHCS i3 3arOTOBKH
OKpeMHUMH ITyaHCOHAMH 3a KiJlbKa XOIB Mpeca NpH TepeMilleHHi il y370BxK
mramna. [Ipu cramomy mporieci 3a KOXXHHE XiJT Tpeca BUTOTOBIISETHCS IeTATb.

[Ipu cymimieHo-oCIiIOBHOMY IITaMITyBaHHI JeTallb BUTOTOBIISETHCS 3a
KUIbKa TIepexo/liB B  OJHOMY INTaMIll CYMIIIEHUM 1 IOCJiJOBHUM
IIITaMITyBaHHSIM.

[IITammo36upankHi omnepartii Mpu3HAYeHi s 3'€THAHHS JeTajeid B OJWH
BUpIO (3ampecoByBaHHs, KJENaHHS, 3aKadyBaHHS, XOJOJHE IUIACTHYHE

3BaprOBaHH, BaJ'IBLII-OBaHHH).

| Nvcrose wramnysanis |

| |
| Pozpinosi | | ®opmoyreopioroui | | Kom6inosani |
1 1
[ruyra] | Bumsxka | Joopmysanss]

] | ]
-Bigpi3ka -FHYTTA -BUTAKKA -sinboptysanHs| |-otpeaka Ta
-Bupy6ka -3akatyBaHHs| | -BUTSXKa 3 -npaska THYTTA
-npobuBaHHA Kpais NOTOHbLIE- -pen’egHe -BUpybyBaHHA
-Haapi3aHHs HHAM CcTiHkM | JdhopmyBaHHsA Ta BUTArNyBaHHA
-paspizaHHa -06TUCK -BUTArYBaHHA
-06piska -po3fava Ta (hopMyBaHHA

-3a4ULLIEHHA
-NPOCIKaHHA

Pucynox 1.1 —Knacughixayis npoyecis nucmogoco umamnyeammsi
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1.2 Knacughikauyia mawmun | ocHaweHHA  01A  JIUCHI08020

wmamnyeanna. Cepiiinicmo eupooHuUUmMea

JIis  BUKOHAHHS IITaMIyBaJIbHUX OIepaliii BUKOPUCTAIOTHCS Pi3HI

MallluHU.

HOJKHIII 3 TTapaJieIbHUMU, TIOXUJIUMH, TUCKOBUMHU HOXKaMH;

IpeCcy KPUBOIIMITHI TTPOCTOT, MOABIMHHOT 1 MOTPiiHOT AiT;

TiApaBIivHi TIpecH,

pecd 3 aBTOMATHUYHOIO IIOJa4er0 JINCTOBOIO Marepianxy, aBTOMAaTH i
HAIliBaBTOMATH,

MAaIlIMHY 1 BEPCTATH ISl BUMIPABJICHHS 1 THYTTS Ta 1HII MAIIUHH.

BupoOu BHrOTOBISIOTH 3a IOMOMOIOIO CIeLiaJbHUX IHCTPYMEHTIB —

[IITAMIIIB.

[ItaMnu miApO3AUISIOTH BiA XapaKTepy 1 poay Onepariiii:

BUPYOHI;

TUTSI THYTTS,

pOoOHBHI,

dhopMyBasbHi Ta iH.

[[Itammun MOXyTh OyTH TIPOCTI — OJHOOTMEpaIiiHl 1 CKIamgHi —

OaraTooriepalliifti, a TakoX KOMOIHOBaHi.

[IporpecuBHICTh TUX a0O0 IHIIMX TEXHOJOTIYHUX METOIIB HEPO3PUBHO

NoB'sI3aHa 3 TUIOM BUpOOHMITBA (i3 cepiitHicTiO). 3 opraHi3allii BUpOOHHIITBA

BIIOMO, IO TWI BHUPOOHUITBA BHU3HAYAETHCS XapaKTePOM 3aBaHTAKEHHS

POGOYOTOo MiCIIS 1 XapaKTepoM pyxXy JAeTalli MK POOOYMMH MiCIISIMH.

HaiiGineime mommpenns JIII omepxano B GararocepiitHoMy i MacoBOMYy

BUPOOHUIITBI.

Tabnuya 1.1 —Cepitinicmo eupobrHuymea

Tun Bararto- e i0HO-
Macose .o Cepiiine Ap .o Onnan4He
BHPOOHHITBA cepiiine cepiiine
Kinekicts
IT 11 H
oTiepartit, 1..3 3...10 10...30 30...100 ©
3aKpiIUICHUX 32 BU3HAYEHO
OJTHAM TIPECOM

VY npibHocepiitHomy 1 onnHuYHOMY BHpoOHMLTBI JIIII XapakTepusyeThcs

BUKOPHUCTAHHAM }/HiBepcaHBHI/IX CIIPOIICHUX i JACIICBUX ]J_ITaMHiB, a TaKoOX

3aCTOCYBAHHAM  HOBHX TEXHOJIOTTYHUX MCTO,Z[iB (LHTaMHYBaHHH rymoro,

HOJIiypeTaHOM, PiIMHOI0, BAOYXOM).



PO3JILI 2
OCHOBHI MATEPIAJIHU JJI51 JUCTOBOTO
IITAMIIYBAHHS I METO/IM iX BUTIPOBYBAHbB

[Ipu BuGOpI MaTepialy HeOOXiJHO BPaXOBYBaTH:

* MexaHiYHy MIIHICTh, TBEPHICTh, yAapHY B'SI3KicTh (ISl BCIX BHIIB
pUIAI0- 1 MAITKHHOOY Ty BaHHS);

* omip Kopo3ii (xiMiuHi 1 MeUYHI PHUIaad, KopadiaeOyayBaHHs Ta iH.);

* TEIUIONPOBITHICTH | TEIIOCTIHKICTD (MPHITau, JITAbHI arapaTH, Mocy/ i

T.J.);

*  eJIEKTPO- | MArHUTOIPOBIIHICTh (€IEKTPOTEXHIUHI BUPOOH);

* wmacy (aBTo- i aBiaOymyBaHHSs);

* 3HOCOCTIMKICTH 1 JIOBrOBIYHICTH (TpPaHCIOPTHI 3acO0H, TrOCIIOAAapPChHKi
npusIaan).

KpiMm nmx BrnacTuBocTel, $KI BHU3HAYalOTh eKCIUIyaTalliiHy SIKICTh
BUpPOOiIB, Ha BUOIp Marepiajly 3aJe)XHO BiJi BHAY 1 KOHCTPYKII BHpPOOY
BIUTMBAIOTh 1 TEXHOJIOTIYHI (aKTOpH, TOB'sI3aHI 3 XapaKTepoM 1 CTyIeHeM
noTpiOHOI Jedopmariii.

TexHONOriYHI  BIACTHBOCTI ~ MeTajdy 3ajeXxaTb BiI  MeXaHIYHHUX
BJIACTUBOCTEH, XIMIYHOTO COCTaBa, CTPYKTYpU 1 BEIMUYMHHU 3€pHA, HAMPIMKY
BOJIOKOH TIpH TMPOKATII — aHi30Tporii MeTany, TepMOOOpOOKH, CTyIeHS

nedopmariii (Hakery).

2.1 Mexaniuni enacmueocmi memaJiieé

Haiikpari pe3ynbraTu A BU3HAUYEHHS MEXaHIYHUX BIACTUBOCTEN JAIOTh
BUNPOOYBaHHS Ha pO3TATAHHS, SKi JO3BOJSIOTH BHU3HAYWTH MILHICTHI
XapaKTePUCTHKHU (MeXa TeKy4OCTi, MIIIHOCTI 1 T.I.), MOKA3HUKH ILIACTUIHOCTI
(BiIHOCHE ITOOBXKEHHS 1 BiIHOCHE 3BY)KE€HHS, KOeQilli€eHT aHi30TpoIii 1 T.1.).

TpynHoui BUNpoOyBaHHS Ha pO3TATaHHS TOHKUX JIMCTOBUX 3pa3KiB
MoJIsirae B TIM, IO BOHM MAalOTh IHIIUK XapakTep pyWMHYBaHHS B MOPIBHSHHI 13
KpyrJiuMu 3pa3kamu. [{um BUKIMKaHI po301KHOCTI pe3ysbTaTiB BUIPOOYBaHb
KPYTauX 1 TJIOCKUX 3pa3kiB. TomMy BHUMIpPOOYBaHHS TOHKOJMCTOBUX MeETalliB

snificHioloThest 32 ['OCT 11701-66. BennunHa piBHOMIPHOTO BiJHOCHOTO
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MONOBXKEHHS — O, 3[iMCHIOBAHOIO 10 YTBOPEHHs UIMHKM, XapaKTepusye
3MATHICTh JAHOTO MeTaly A0 IITaMIlyBaHHS (YMM BOHa BHILE, THM Kpalle
3IATHICTH JIO IITaMITyBaHHS).

Kpim 1150r0 TOKa3HMKA BU3HAYAETHCS TTOBHE BiTHOCHE TTOIOBKEHHS ITiCJIS
PO3pHUBY 3pa3Ka.

IToxa3zHuk HAKHOIIBIIOT MJTACTUYHOCTI METaJly MPU PO3TATAHHI MOXe OyTH

BUPaXEHHUI BiITHOCHUM 3BYXKEHHSM - \y (4UM \ BUILE, TUM Kpallle 31aTHICTh JI0

IITAaMITyBaHHS).
O A Liarpama icTUHHUX
HanpyXeHb
Hiarpama yMOBHMX
HanpyXeHb
O bvaws
Oy
0 : >
' e

Pucynox 2.1 ={iaecpamu 3anesircrnocmi misic HanpysiceHHamu i depopmayiamu

Mertan nigbupaeThes 3aJIe)KHO BiJl TPU3HAYEHHS 1 YMOB POOOTH BUPOOY, a
TaKOX TEXHOJIOTii HOTO O/IepKaHHS.

[Tpu po3aiioBUX omepallisx MeTald 3 BUCOKUM Op JAOTh YUCTHH 3Di3;
st GOPMO3MIHHUX oreparliii 6akaHui HU3BKUU O, 110 CIPHUSE 3MEHIIICHHIO
npyxHoi gedopmartii micus mramimyBaHHs. Lle 0coOIMBO Ba)KJIMBO MpH THYTTI,
e IPY>KHICTh TT03HAYAETHCST HAMOLIBIIT CUITBHO.

I'muboka BUTSXKKa 3IIMCHIOETBCS Kpalle, YWM OiJbllle BiJHOCHE
MOJOBKEHHS 1 YUM OlJIbllle PI3HMIT MDK THMYacCOBHUM OIIOPOM PO3PHUBY Op 1
MeXer TEeKydoCTi JaHoro martepiany or. JlOCHTh TapHUM CIHiBBiTHOLIEHHSIM
MOJYKHa BBaKaTH, Ko My = op/og < 0,65 npu BiTHOCHOMY MOJOBXKEHHI & ~
30%.

JIns mTaMITyBaHHSI 3aCTOCOBY€ETHCSI BeJIMKa KIJTBKICTh METalliB, a TaKOX
HEMEeTaJliYHI Marepiajid: TpeclInaH, TeTUHAKC, TEeKCTOM]IT, CKJIOTEeKCTOIT,

¢i0pa, kapToH, marip, mepraMmeHT, Kipa, ryma, CykKHo i1 T.1.
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2.2 OcHosHi mamepianu 011 TUCHI06020 WIMAMNYGAHHA

Mertanu, 1o 3actocoBytoThbest B JIIII BUpOOHHUIITBI MOYKHA PO3IIJIUTH Ha
JIBI OCHOBHI I'pyTH:
1) Yopni (;ucTOBI) - MpoKaTHA CTalb i3 Pi3HAM BMICTOM BYIJICIIO M
1HIIINX €JIEMEHTIB.
2) Konboposi (mpokaTHi) MeTaiu i IXHi CIUIaBH.
HaiinommpeHimmmH e:
* CcTajb PI3HUX MApPOK 1 COPTIB;
e Miap i1 criaBu (JlaTyHb, OpOH3a, MEJIBXIOp Ta iH.);
* aJoMiHif, MarHifi 1 ixHi crmmaBu (IypasroMiH, allOMiHi€EBO-MarHieBi
CIUTaBH Ta iHIIe);
* [IMHK 1 OIIMHKOBaHA CTajb,
* HIKeJb 1 HIKEJIEB] CIJIaBU.
MeHIIT po3MOBCIO/KEHI, ajle B JESKAX Taly3sX YacTO 3aCTOCOBYIOTHCS
MaTtepialiu:
e MOJIOIEH 1 IOTO CIUIABH,
e TaHTaJ, HI001i 1 IXHI CIJIaBY,
* crenianabHi HiKeJIeBi 1 KOOAIBTOBI CIUTaBH (iHBap, MJIATHHIT, iH.);
* Oepwuiif, HIUPKOHIH 1 IXHI CILJIaBH,

* OuaropomHi MeTay (30JI0TO ¥ cpibII0) Ta iHIIIE.

2.3 Copmamenm ucmogux mamepiaiie

Marepian, sSiKuii 3aCTOCOBYEThCS Yy JUCTOBOMY INTAMITYBaHHI 3a BUIOM
BUXIiJIHOI 3arOTOBKH, MiJPO3ALISAIOTh Ha JIUCTH, INTA0M, CTpiukd (pyJIOHH) i
IITY4YHI 3arOTOBKH.

Hopmaneai posmipu nuctiB — 711420, 10082000, 12582500,
150G<3000, 2005000 mm. Ilo ocobmuBomy 3amoBienHto 3rigHo ['OCT
MOXYTh OyTH BUTOTOBJICHI JINCTH TOHAJ HOPMaJIbHI PO3MIpH.

[IItabu BUroTOBNISIIOTH HIMPUHOKO 10 200 MM (BM3HAYA€ETHCS PO3KPOEM
Mmatepiany) i goxkuuoro g0 2000 MM (moBkuHa nwmcrta). Koporki mrabu —

BEJIMKHIA BifXifl, MoBri (Oiibie 2 M) — HE3pYUHICTh Yy POOOTI.



CTpiuky BUTOTOBJISIIOTH Pi3HOI mupuHu (10 2300 MM) i JOBKUHOIO Bif
KUJIbKA JECSATKIB METpiB, yMaKoOBaHI y BUIUISIAI pyJIOHIB. JIOBXXKMHA CTpPIYKH B
PYJIOHI TOHKOJIUCTOBOI cTaui, Mmoxke Oytu 10 300Mm.

Y MacoBoMy BUPOOHHMITBI HaWOibII MAOLITbHA pPYJOHHA 3aroTOBKA,
CTpiuKa Ja€ MOXJMBICTh IIHPOKO KOPHUCTYBATHCS PI3HUMU THUIIAMH

ABTOMAaTU4YHHUX I1O0AAaY.

2.4 Memoou eunpo6yeans i 6U3HAUEHHA MEXAHIYHUX | MEXHOI0ZIUHUX

slacmueocmelt IUCmOBUX Mamepia./lie

[IpuaaTHICTE 1O IITaMIyBaHHS 1 MOJANbIIOI eKCIUlyaTalli — Lieé OCHOBHI
BUMOTH, ITPOTIOHOBAH1 JI0 MaTepiaiB.

Buau BunpoOyBaHb:

* 3arajbHi — BCTAaHOBJEHHS (DOPMHU, PO3MIPiB 1 CTAaHy MOBEPXHI JUCTOBUX
Marepiaiis;

* XiMiYHI —BU3HAYEHHS BMICTY 1 OTIOpY KOpPO3ii;

e wMmeTajorpadiuHi — AOCTIIKEHHS MaKpoO- 1 MIKpOCTPYKTYpPH, BU3HAUCHHS
HaIpsIMKY BOJIOKOH;

* MexaHIYHI — BU3HAYEHHs TBEPAOCTI, MeXi TeKYy4OCTi, TUMYAaCOBOT'O OIOPY
pPO3pHUBY, BIJHOCHOTO TIOJOBXKEHHSI 1 3BY)KEHHS, a TaKoX MOMIYJs
3MII[HEHHS,

* TEXHOJOTIYHI — BUSBJICHHS 31aTHOCTI MeTaly A0 IUIACTUYHOI AeopMariii.



PO3JILI 3
PO3KPII1 JUCTOBOT'O MATEPIAJTY

3.1 Ocnoeni nonosrrcennsn

Posxkpoem mamepiany mupu JIIII HazuBarOTh palioHambHU cmocid
PO3MIIIIeHHS 3aTOTOBOK Ha JIUCTI, ITab1, CTPIYIIi.

Po3zkpiii nuctoBoro martepiany Ha MTabW 1 MITY4YHI 3aTOTOBKH € TIEPIIIOI0
orepalri€ro, MOB'SI3aHOM0 13 BTpAaTaMHM y BIIX1J Marepiaiy.

EXOHOMIUHICTP PO3KPOIO OIIHIOETBCS KOeDiyi€cHMoM BUKOPUCTNAHHA

mamepiany (KBM):

[F

F S 0w abo KHM:%DO(%, (3.1)

KBM :F—() 100% abo KBM =

H.6. H.6.

ne F,, G, —muola noBepxHi 1 Maca ferai;
F..:G

e ~ —IIJIOLIA MOBEPXHI 1 Maca HOPMH BUTpPATH,;
N_ — KIJBKICTb AeTallell, 0epXKyBaHHX 3 JIHCTa,;

H.6
L, B — moBxnHa Ta MIMpHUHA BUX1AHOTO JIKCTA.

Hopmoto eumpamu Ha3uBaloTh KIJTBKICTh MaTrepiany, HEOOXimHy MAJis
BUTOTOBJICHHSI OJHI€T JleTalll, 3 BpaXyBaHHSM BCiX BTpaT maTepialdy B mpoleci
HITaMITyBaHHS.

TexHoJNOrYHICTh KOHCTPYKIIiT JeTai, Baje po3TallyBaHHS ii Ha JIUCTI,
MiHIMaJIbHAa MEePEeTUHKAa MIXK AeTaJsIMH 1 MaKCUMallbHe BUKOPUCTAHHS BIIXOJIB
nigsuirye KBM.

[leperrinka poOUTBHCS MK JBOMa pO3TAlllOBaHUMHU JAeTalsIMA 1 IO
KOHTYpy Tabu, 6e3 Hel MPaKTUYHO HEMOXJIMBO OJepKaTH SKICHUH KOHTYp
3aroTOBKH.

OcHoeni npaguna po3kporo mamepiarny.

* PizaHHA 3aroToBOK HEOOXIAHO poOUTH 3a po3poOJIEHUMHU KapTamu

PO3KpOIO.

e Ilpm pi3aHHI BEJIUKUX 3aroTOBOK Yy ApiOHOcepitHOMY BHPOOHUIITBI

3aCTOCOBYBaTHM KOMOIHOBAaHUN PO3KpIH.
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* PizanHs By3bKuX ITa0 pOOUTH Y30BXK JIMCTA.

e Pizatu mupoki, a He BY3bKiI ITa0M — MpU LIBOMY HEOOXiTHA MEHIa
KUTBKICTB Pi3iB.

* VYV OararocepiiiHoMy Ta MacoBOMY BHUPOOHMIITBI HEOOXIAHO 3aMOBISTH
crieliayibHi MipHI JIUCTH.

* VY GaratocepiiiHOMY i MACOBOMY BUPOOHUIITBI JIJIsl OJiepKaHHS HEBEITUKHAX

JeTasnei TOIiIbHO 3aCTOCOBYBATH CTPIUKOBHM PYJIOHHHIA MaTepial.

3.2 Cnocoou po3kpoio

3acTocoByBaHI Ha MpPaKkTUI BUIAM PO3KPOI MpH BHUPYOIl 3aroTOBOK

pi3HOT hopMU MOXKYTh OYTH 3BEJIeHI 10 HACTYITHUX OCHOBHMX BHIIB.

Tabnuya 3.1 —Tunu posxporo

Tumn po3kporo Po3kpiii 3 Bigxogom ManoBiaxiaauii po3kpii

1 2 3

Y HEE
[Tpsimuii -$- % -@ i
d Ra
Ioxumuii

3ycTpiuHuit ; l j;f‘%%

Komb6inosaunii

(o]



IIpooosoicenns mabauyi 3.1

bararopsaaunit

3 BHPI3KOIO
MIEPETUHKH

MasoBiaxiaHui (Oe3BinximHui)  PO3Kpi  3aCTOCOBYETHCS ISt

BUTOTOBJICHHS JIeTalield, 110 IOMyCKAIOTh HEBEIUKI 1e(EeKTH KOHTYPY.

3.3 Po3kpiit 1ucmosozo mamepiaiy npu 6upyoui Kpy2aux 3a20moeokK

BupyOky kpyraux 3arotoBok aiamerpoM Buile 150 MM pobniaTh B oquH
psan (moB'si3aHO 3 po3MipaMu poOOUOi 30HHM Mpecy). 3aroTOBKH 3 MEHIIUMHU
po3MipamMu MO)KHa BUPYyOyBaTH y JiBa 1 O1JIbIIIe PSIIN.

Ha mpaxTumi 3acTocoBylOTh NapajienbHe abo IIaxoBe pOo3TallyBaHHS
3aroTOBOK.

llapanenvre pozmautysanus 3a20mo8ox

A=D+a1
D ——

Pucynox 3.1 —Cxema napanenvnoco pozmauty8aHusa 3a20moeox
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Pucynox 3.1,1ucm 2

[Ipu onHOPSIAHOMY PO3TAIllyBaHHI:

2
_ 0,785[D 100% .
(D+a,) D +2@&)
[Ipu nBOpsiIHOMY pO3TaIlyBaHHI:
2
KBM 20,785[D [100%.

" (D+a) (2D +2MR+a,)
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[Tpu N-psaoHomy po3TalTyBaHHi:

KB = n(D,785[D>
(D+a)UniD +2[a+(n-1)[&)

100%, (3.5)

Jie 8 —BeTWYrHA MIEPEeTUHKY BiJ] Kparo mTabu, MM;
& — BeJMYMHA NIePeTUHKU M)XK 3arOTOBKaMH, MM,;
D — niameTp 3arOTOBKH, MM;

N —KUIBKICTh PAIIB.

BBaxkaeTbcsl, 10 KOXHHUWA JONAHWUH psAl TpH  MapaeIbHOMY
po3TalllyBaHHi gae ekoHoMito B 3...5 %.

Llaxoee posmautyeanHs 3a20mMo60K
[Ipu 1maxoBoMy po3Kpoi 31 301JBIIEHHSIM KiJbKOCTI PSIiB €KOHOMIs
Marepially BUXOAUTh 32 paxyHOK 30JMKESHHS PSIiB.

[Ipu gBOpsIHOMY pO3TalllyBaHHI:

_ 2[0,785[D*
(D +a,) (D +2M@) + (D +a,) [tosa]

KBM 100%. (3.6)

[Ipu TpupsgHOMY pO3TallyBaHHI:

KBM = 3[D,785[D?
(D+a,) (D +2[&) +2[{D +a,) [tosa]

1006. (3.7)

[Tpu N-paoHomy po3TalTyBaHHi:

KBM = n[0,785[D?
(D +a,) (D +20@) +(n-1) (D +a,) [Cosa]

100%. (3.8)

BBaxkaeThcs, 1110 KOXKHUHN TOJaHUM PSII IIPH IIIaXOBOMY pO3TalllyBaHHI Ja€
exkonoMiro B 4,5...8 %.
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Pucynok 3.2 —Cxema waxosoeo pozmauty8aHusa 3a20mo8oK

3.4 Po3kpiit nucmoeozo mamepiany npu eupyoui RPAMOKYMHUX |

Qizypnux 3a20moeok

Po3kpiit mpsAMOKYTHUX 3aroTOBOK, SIK MPaBUJIO, HE BUKIHUKAE OCOOIMBHUX
YCKJIaIHeHb.

[Ipu BupyOI1i (irypHUX 3aroTOBOK OCOOJMBO CKIQJHO, a iHOAI 1 He
MOJKIIUBO, AQHAJITUYHUM IIIIXOM BCTAHOBUTH palliOHAIBHY BUTpATy, TOMY
HaWOIJIBII BUTIHY CXeMY BH3HAuYaroTh rpadidHo, 3aCTOCOBYIOYH Pi3HI CrlocoOu

PO3KPOIO.
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3.5 Po3kpiii iucma

Sx mpaBuiio, BUPYOKYy 3aroTOBOK pOOJNATH 31 mTabu, SIKy BUPI3YIOTH i3
mucta. JIuct posmyckaroTe Ha mTabu B3IOBXK abo momepek. SKmo radaputu
po0oY0i 30HM HOXHIIB JO3BOJISIFOTH, TO HAWOUIBIN OMUIBHO ITAa0W pi3aTh

B3JJOBX JIUCTA.

llonepeunuii po3zkpiti nucma

- b >
i‘ \*a‘l Y
i F
A A L A
~ |3
@ ~. |
S I O
Y . :
A |
o AI - :x m i
" F:
o | d B1 L —||
s
T -
e
‘\.\\
el T
[, El Y
. . ., " o,
! g o M .
.

Pucynox 3.3 —Cxema nonepeunozo poskpoio aucma

Hexait By = D + 2 /@ — mipuHa mradwu.
A —KpoK rozgavi.

B, — mmpuna nucra 6e3 Bigxonay C;.

L; — moBxxuHa ucTa 6e3 BiaXomy M.

B, L — mmpuHa i JOBXXWHA JTUCTA.

BusHaunmo KiNbKICTh JeTajnei, 10 oJepKyThCs 31 Ta0u:

ng =2t _B-a-q (3.9)
A D+ay
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BusHaunmo KiJbKICTh ITA0, 0 OAEPKYIOTHCS 3 JINCTA!

no==Lt™M (3.10)
B, D+2a

Busnaunmo 3araibHy KUIBKICTh JIeTalleld, 10 OJIePKYIOThCS 3 JTUCTA:

n o=n h,=o_2"Gpt M (3.11)
D+a, D+2[&

Buznaunmo KBM npu nonepeyHoMy po3Kpoi JucTa:

2
kM =" o 10gp= 078D UB-3 “C)UL=M) 50 (31
L[BO{D +a,) 0D +203)

1los3006d1cHill po3kpiti nucma

B
czi—ﬁh
A
al

o
—

v -
N
&

Pucynox 3.4 —Cxema no63006s1cHb020 po3xkporo nucma
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Hexait B, — mmpuna nucta 6e3 Bigxomy Co.

L, — nomxuHa aucTta 6e3 BiaXoay M.

BuzHaunMo KimbKiCTh ieTajei, mo oepKyoThes 31 MTabn:

ng=2"d _L-aTm (3.13)
A D+a

BuzHaunMo KimbKicTh mMTa0, M0 OJIEPKYIOThCS 3 JINCTA:

n, :E:ﬂ_ (3.14)
B, D+2[&
BusHauMMo 3arajbHa KiJbKiCTh JeTaei, 1o 0epKyIOThCs 3 JIUCTA!
L-a,-m, _B-c
n=n, =" 2 Tep="% (3.15)

D+a, D+2@&
Buznaunmo KBM nipu noB3A0BKHBOMY PO3KPOI JIUCTA!

2 —_ —_ —_
KBM :nL—[Ff’D_OO)/O: 0,785[D EQI— a mz) EQB Cz)
LLE LIBUD +a,) [{D +2[&)

100%. (3.16)

IHONMI BWKOPUCTOBYIOTH KOCHH abo TpymoBUH cmOCiO TpH PO3KpPOI

BEJIMKUX 3aroTOBOK, 1110 miaBuiiyye KBM npubnuszno Ha 15 %.

3.6 Busznauenns eearuuunu nepemMudKu i WiUpUHU wimaou

BenuurHa nepeMUYKH BIJIMBA€E HA MPOLIEC BUPYOKH 1 AKICTh BUPOOY.

OcHOBHe MMPU3HAYCHHA IICPEMHUYKH — KOMIICHCYBATHU ITOXUOKH noz:aqi

Marepiany 1 (ikcyBaTH HOTO B IITamIli IS TOro, MO0 3amobirtu Opaxy.

[Tepemuuka mOBMHHA OyTH NOCHTH MiIlHa 1 KOPCTKa, iHaKIIe IITaba MOXe

MOPBATHUCS 1 BTATTHUCS B IITaMI a00 YTBOPUTH 3aJUPKY.
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BenuunHa nepeMuuKH 3a1€XKUTh BIJ:
* TOBIIMHU MaTepiaiy;
* MexaHIYHUX BIIACTUBOCTEH Marepiaiy;
* koH(iryparii nerari;
* THUILy PO3KPOIO;
* crmocoOy mojadi mradu (3 6iYHUM MpUTHCKadeM abo 6e3);
* Uy ynopy (HepyXoMui, pyXauBHii).
Haiimenie 3HaueHHS IepeMUYOK MPUBOAUTHCS B TAOIHUIIAX.
[linpaxyHOK HOMIHaJbHOI UIMPUHHU IUTA0M BUKOHYETHCS 3 YMOBHU
MIHIMaJIBHO HEOOXI1THOT MEPEMUYKH MPH PI3HUX crlocobax nojadi i Jomyckax 3a

IIUPUHOIO IITA0H.

AAZ

- ) Y — )
D2+8 A2
a o

a) Wmamny8aHus 3 OIYHUM NPUMUCKAYEM,

0) wmamnyeanus 6e3 6iuHo20 npuMUCKaia

Pucynok 3.4 —Cxema niopaxyHKy HOMIHATbHOI WUPUHU Wmadu

Tabnuysa 3.2 —IliopaxyHok HOMIHATbHOT WUPUHU WMAOU

. . | HomiHa/ibHA IIUPUHA ..
Cnoci6 nogaui urrabu (B) Ipocsit Mixk HanpsiMmHuME (A)
3 OlaHM B=D+2[b+Au A=B+Z=D+2[b+Au+Z
PUTHCKAaYeM
bes Ornoro | g by or(h+Au)+Z | A=B+Z=D+2[(b+Au+2)
IpUTHCKaYa

Jle B - HomiHanbHa muprHa MTA0H;
A - IpOCBIT Mi HANIPSIMHUMU;

D - po3wmip neraii, 1110 BUPi3a€ThCS;
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b - HalimeHIIa BeTMurHA OIYHOT TIEPEMUYKY;
Z - rapaHTOBaHHMH 3a30p MiX HaNPSIMHUMH 1 HaWOUIBIIO MOXKJIHUBOIO
IIMPUHOIO 1ITa0H,;

Auwt - oqHOOIYHM (MIHYCOBHIA) TOIYCK Ha MIMPUHY IITAOH.

Ocnoeni npasuna niopaxyHKy WupuHu wmaou’

* IIMpPHHA WTAa0W 3aJeXHUTh BiJ JOIMYCKY, BKJIIOYAIOYM HOTO y BUIJISAII
301IbIIeHHS O IIUPUHU IITA0H.

* [IpH IITaMIyBaHHI 3 OIYHUM MPUTHCKAYEM IIUPHUHA IITaOU HE 3aJeKHUTh
BiJl TapaHTOBAHOI'O 3a30pYy, IO JO03BOJISIE 3aCTOCOBYBATH INTAaOW MeEHII
TOYHI 32 LINPUHOIO.

* [IpH WITAaMIyBaHHI 0e3 OIYHOTrOo MpHUTHCKaya IMIMPUHA IITA0H 3aJIeKUTH Bij
rapaHTOBaHOTO 3a30py, L0 MOBHHEH OyTH B3ATUH Yy MOXXJIMBO MEHILIUX

MeJKax, iHaKIIe MO)Ke BiIOYTHCS BUXIJl KOHTYPY BUPI3KHU 3a Kpai ITadu.
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PO3ALI 4
PO3ALJIOBI ONEPALIl JUCTOBOIO IUTAMITYBAHHS

4.1 Cymnuicmo i mexanizm po30iiosux onepauii

Lle naiimommpeHinn omeparii, sKi CynpOBOIKXYIOTh MeTaJ MOYWHAIOYU
BiJl TOCTaBKH JIUCTOBOTO MaTepially 10 OCTATOYHUX Oreparliil.

VY 1eit yac po3aioOBUM oOmepallisM MiJgaroTh MeTal 1 CIUIaBU 3 Pi3HOKO
toBmmHOK Bixg 0,02 no 40 MM 1 Bume. Pi3aHHS TOHKOJMCTOBHUX CTAJIEd B
0,05MmM siBsIE cO601O0 TTpoOIeMy, sIK 1 pi3aHHSI Ty’Ke TOBCTUX JIUCTIB.

PozpinoBi onepaiiii mogiis0Th Ha!

* PpO3KpiliHi;

* 3aroTIBEJIbHI,
* TEXHOJIOTIYHI;
* 00poOHI.

OCHOBHOIO BUMOTOIO JI0 PO3AUIOBUAX oOmepariii € 3a0e3reueHHs
HE0OX1THOT TOYHOCTI, SIKOCT1 IOBEPXHI 3pi3y 1 HalMeHIla 3aIupKa.

[Ipu po3ninoBuX omepaiisiX MeTanl MPOXOAUTh TPHU CTaii: MPYXKHY,
TUTACTUYHY 1 pyHHYBaHHS.

3 MeTOI0 3MEHILIEHHS CIIOTBOPEHb 3aroTOBKH, BUKIWKAHUX IJIACTUYHOIO
nedopmarli€ro, MparHyTh MaKCUMaJbHO JIOKaJi3yBaTH ocepesioK aedopmariii.
[lporo nmocsiratoTh 3MEHIIEHHSM 3a30py MiX PLKYYMMH POOOYMMH KPOMKamMu
1HCTpyMeHTa Ta 3MEHIIIEHHSIM PaJiilyCciB KPOMOK.

Bignosinno no mnpunuuny Cen-Benana mpo mnokanbpHICTE edexTy
30BHIIIHIX HaBaHTaXeHb, [0 CAMOBPIBHOBAXYIOTbCS, HEPIBHOMIPHICTh
pO3MOJIINY HaMpyKeHb, BUKJIMKaHA €0 30CepeKEeHUX CHUJl, IIBUIKO yOyBae
(3aracae) y mipy BUIalleHHS BiJl TOUYKH IXHBOTO TpuKiIaneHHs. [Ipu po3ainoBux
orepauisix y Mipy BUIQJCHHs BiJ] PKyYMX KPOMOK Y TOBIIMHY 3aroTOBKH,
HEPIBHOMIPHICTh PO3MOJALTY HaMpy>XXeHb 3MEHUIYETbCS, a JOBXKHWHA 30HHU
MJIACTUYHUX Jedopmallii y HampsMKax MepHeHAUKYJISIPHUX 0 HAMPSIMKY il
30BHIIIHIX CHJI pi3aHHs, 301TbIIY€ETHCS.

Mexanizm pytinysannsi

IIpu 3cyBi omHi€l YaCTUHU 3arOTOBKH BIJIHOCHO IHINOI B pe3yJbTati mil

MOMEHTY BiJl cui P 3aroToBKa mparHe mnoBepHyTHcs. Ha Oi4HMX MOBEepxXHSIX
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YaCcTMH MeTally, IO 3MIIIaloThCsl, BUHUKAE TOPWU3OHTANbHA cwia 7, 10
MIPUTHCKAE 3arOTOBKY 10 OIYHUX MOBEPXOHb iHCTpyMeHTa. Lli cuim mpu 3cyBi
pi3abHOTO IHCTPYMEHTY BIJJHOCHO 3arOTOBKH 3IJIQJKYIOTh TOBEPXHIO 3pi3y 1
YTBOPIOIOTH TaK 3BaHUI OJIMCKYUYUi TOSCOK Ha TTOBEPXHI 3pi3y.

Sk TiARKM JOcCATaEThCA TpaHWYHA BednyuHa naedopmariii B Imapax
3arOTOBKH, PO3TalllOBaHUX IOOJIM3Y PIKYYHUX KpPOMOK, IIapd TOYHMHAIOTh
pYWHYBaTHCS, yTBOPIOIOYH TPIIIWMHM, SKi IIBHIKO MPOHHWKAIOTH Y TOBIIHHY
MeTay.

3aBasxu gii cun P u 7, siKi pO3KIMHIOIOTH, TPIIIMHA IO yTBOPIOETHCS
PO3BEPTAETHCS 10 BUIBHOI MOBEpPXHi. 3'€IHAHHS LUX TPIUMH Y PO3AUTOBUX
omepallisix 0e3 3HATTS CTPYKKH 3aBepIIIy€e MpoIecC BiAIICHHS OJHI€] YaCTUHH
3aroTOBKH BiJI 1HIIIO].

JlocniIHUM TUISIXOM BCTaHOBJIEHO, IO f = 4.6 i 3MEHIITYEThCS 31
30UTBIIIEHHSM MIITHICTHUX BIIacTUBOCTEN. B Toit ke uac 3arnmOieHHs myaHCcOHa
no mossu tpimmE h =(0,1...0,58 1 306ingbryerbcst 31 30UTBIICHHSIM
IUTACTHYHOCTI MaTepiaiy (31 3MEHIIIEHHSAM XapaKTePUCTUK MIIIHOCTI).

TakuM uwHOM, MiHIMaNbHUK 3a30p, IO 3abe3medye 30ir TPIMIUH

Ha3UBAETbCA onmumailoHUM 3A30POM.

1 (Zopt)
PA LNCOW).
3 (Z <Zopt)
] 2 (Zopt)

Y

5
A >
Xona

1 —manonnacmuunuii mamepian; 2, 3 —nracmuunull Mmamepiar,

Pnp —3ycunna npowmoexysannsa 3a2omoeku Kpize Mampuyro

Pucynox 4.1 —3anesxcnicmo 3ycunns 6io eenuyunu 3a30py
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Pucynox 4.2 —Cxema pyuinysanns mamepiany npu pizHux 3a30pax Miic

IHCMPYMEHMOM
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[Ipu 3MeHIIeHHI 3a30py B IMOPIBHSAHHI 3 ONTUMAJIBHUM TPIIIMHU HE
3yCTPI4alOThCS, TOBEPXHS BUXOJUTH PBAHOIO.

IIpu 36inbIlIeHH] 3230pY B MOPIBHSAHHI 3 ONTUMAJIBHUM TPIIIUHA MOXYTh
3NIUTUCA, ajleé MPU LBbOMY 3pOCTa€ HaXWJ IOBEpPXHI 3pi3y M0 BiCi, a TaKOX
301JIBIIYETHCSI CHOTBOPEHHS, BUKJIMKAHE J1€E0 MOMEHTY CHIL.

[Ipu 3a30pi MeHHIOMY HIXK ONTUMaJbHUNA 3ycwiulis naedopMyBaHHS

HE3HAYHO 301JIBIIY€EThCS, aje poOdoTa aeopMyBaHHS ICTOTHO 3POCTaE.

4.2 Pizannsa HOM@ICUUAMU 3 nApAJIeIbHUMU HOJICaAMU

Lli HOXWuIII JyIs pi3aHHS MOPIBHSIHO BY3bKHX 1 TOHKMX IITabd. KyT pizaHHs

90°. 3aroToBKa TOMIIIYETHCS MK HOXKAMH.

oot |

BepxHit Hix np"Tc“ 3agHiit
4 )¢ yop
S e W/////I/////////J%
LLUTaba
HuXHIn HiX (nucr)

-ﬂ""-"\--'-—-_..——'——_\_’______’-ﬂ
Pucynox 4.3 —Cxema pizanns HO’CUYAMU 3 NAPANETbHUMU HONCAMU

SIKI10 pO3MIISIHYTH IJIOLIKMHY 3pi3y JIUCTA, TO MOKHA BUSIBUTH 4 30HH.

Pucynok 4.4 —Ilnowuna 3pizy nucma HONCUYAMU
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| - 30Ha 3aKpyrJIeHHS] — 3MUHAHHS TTOBEPXHI MaTepiany BHACIIAOK BUTHHY
3 PO3TSATAHHSM IiJ] AI€10 3yCUILISA, TPUKIIAIEHOTO 10 HOXKa.

Il — 30Ha pi3ku (3pi3, 3CyB) — MOYATOK pyHHYBaHHS MaTepiaay BHACIIIOK
Pi3KOi KOHIEHTpalii HampyXeHb y Mipy 3ariuOiIeHHs piKydoi KpOMKH HOXKa B
Marepia.

[l — 30Ha ckoNtOBaHHS — MOBHE pyHHYBaHHS MaTepialy, 10 BUIIepeIKae
3arjauOJIeHHs pIKy4oi KPOMKH BHACIIZIOK YTBOPEHHS Ta 3’ €IHaHHS TaK 3BaHUX
TPILIMH CKOJIFOBAHHS.

IV — 30Ha 3MHUHaHHS — 3MWHAHHA MOBEPXHI Marepianxy BiJ HHKHBOTO

HOXKa.

Pucynok 4.5 —Cxema 0ii cun

Jle P —piBHOIIf0Ya TUCKY HOXA,;
Pla —nepekuaarounii MOMEHT;

T —piBHOAIIOYA O1YHOTO TUCKY Ha HIXK.

VYMoBa piBHOBaru (pUMHHEHHS pO3BOPOTY):

Pla=Tlb. (4.1)

Jlns 3amobiranHst Matepiaixy Bil MepeKugaHHs MependadyaeThCsl MPUTHUCK

13 3ycmsm Q.
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biuawMii TUCK HA HIXK:
T=bly, (4.2)

Ie (U - KyT MOBOPOTY MaTepiaiy, 1o po3pizaetses, (¢ =10...20°), a npu

pisauHi i3 mputnckauem 5...15.
BiamoBigHO 10 IUX 3HAYEHD.
T =(01C..018) [P, (4.3)
ne P —3ycuiis pizaHHs.

3ycunna i poboma pizans

3ycuyutsl pi3aHHSI BU3HAYAIOTH 32 3QJIC)KHICTIO!
P.; =Flo., =BI[Slo., [H], (4.4)

: 2.
ne F —mtorma 3pizy, MM~
B — mmmpuna nucta, Mm;

S —TOBIIMHA JIUCTA, MM,

Ocp —omip 3pizy, MI1a.

vy peaJIbHUX YMOBaAx HOXI TYIUIATBCA, TOBIOWMHA JIMCTAa KOJIMBAE€THCH,

yCTaTKyBaHH: 3HOIIY€EThHCS, TOMY.

P=k[P,, = (10..13)[BISl0o,, , H]. (4.5)

Po6orta, 110 3aTpadena npu pi3aHHi:

_ Fer [S

ne Pcp —cepenHe 3ycusuis pizanss, H.

AP, [S

100’ [[x], (4.7)
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.. P
ne A —koeoimieHt, A = cp

MAX

3aeXHO BiJ TOBIIWHU i TBepaocTi MaTepiany A 3mintoerses Big 0,30 10
0,75.

3Hatoun poOOTy, IO TOTpiOHA [JIs pi3aHHS, MOXKHA BU3HAYUTH

MOTY>KHICTh HOXHIIIB 1 €JICKTPOITPUBO/LY.

4.3 Pizannsa 1ucmosozo mamepiauy 6 WMAMnax

[Tpouec pizaHHs MITaMIIaMK aHAJIOTIYHHIA MPOIIECY Pi3aHHS HOXKHUISAMU. Y
IbOMY BHUIMAJKy ITyaHCOH i MaTpuls € sk OM HOKaMU 3aMKHYTOi KOH(irypariii,
10 MalOTh CHONY4YeHl pikydi KpoMku. OIHaK MpOLEcH pi3aHHS MalOTh ICTOTHI
BiIMIHHOCTI.

[Ipouec pizaHHsS IITaMIaMU TaKOX CKIAJaeTbcsl 13 TPhOX CTaiil:
MPY>XKHOT, IJTACTUYHOT i pyiHYBaHHS (CKOJTFOBaHHS).

Ha mepmiii cramii BinOyBaeThCs MPYKHUH BUTHH MeTally 3 JIETKUM
BUJIABIIIOBaHHSIM Horo B OTBip MaTpuili. [Ipu 1iboMy Hampy>XeHHS B MeTalli He
NepeBepIIyIOTh MEX1 ITPY>KHOCTI.

Ha nnactuuniit ctanii BinOyBaeThCsl BAABIIOBaHHS MyaHCOHAa B MeTan 1
BHJIaBITIOBAaHHS HOTO B OTBIP MaTPHIIi.

BnasmntoBaHHs BUpYOHOTO ITyaHCOHA BIIOYBA€EThCS HE 32 BCIE€IO TOPLEBOIO
[OBEPXHEI0, a JHIIe 3a KilblleBUM (abo iHIIOI ¢opMU B MIaHi) IMOSCKOM
mmpuHOol0 D. Take  BIaBIIOBaHHS CHOCTEpIraeThess 1 3 OOKYy MaTpHIIi.
BinOutku Bin 10KaIi30BaHOTO BIABIIOBAHHS ITyaHCOHA | MATPHIl 3aJIUIIAIOTHCS
Ha BUpPYOaHii getaini 1 BIAXOHl Y BUIVISAAL 3IM'ATOI CMYXXKH Y3JOBX KOHTYPY
pi3aHHs.

VY  pe3ynbpTaTi JIOKaJi30BaHOTO BAABJIIOBAHHS IyaHCOHa 1 MaTpuLl
BUHHMKA€E KPYrOBUH 3rMHAIOYMI MOMEHT, YTBOPEHUU CUJIAMH pi3aHHsS, YMOBHO
IpeCTaBIeHUMH PiBHOAIIOYMMH HOPMAJbHHUX HampyxeHb (puc. 4.6, cxema | i
).

[lin ni€er0 KpyroBOro 3ruHAIOUYOrO0 MOMEHTY 3aroTOBKa OJIEPIKYE
MPOCTOPOBUI BWIWH, MPH SIKOMY 13 30BHIIIHBOI CTOPOHHM 3aroTOBKH (B
MOPOXHHMHI MAaTpHIli) BUHUKAE HAMPYXXEHWI CTaH ABOBICHOBOIO PO3TSTaHHS, a

Ha BHYTPIIIHIA CTOPOHI (ITiJ TyaHCOHOM) - ABOBICHOBOI'O CTUCKAHHSI.
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I N\

Zopt ‘ . . Zmin

IV: NN

Z.

Pucynox 4.6 —Cxema npoyecy pizanHs wiumamnamu

besnocepenHbo miA  piXKYyUOI0 KPOMKOIO IyaHCOHA CTBOPIOETHCS
HaIpy>KeHHUl CTaH 00'€MHOI0 CTUCKaHHS, a HaJ P)KYy4YOK KPOMKOIO MAaTpHL -
HaMpy>XeHUW CTaH 3 HaIpy>KeHHSIMU pafianbHoro po3tsiraHHs. [lepiniii cran
ONBII CHOPUATAUBUANA ISl TUIACTUYHOTO IUIMHY MeTaly, a APYrHid - MeHII
CIIPUATIIMBUH 1 CIIpUsi€e BAHUKHEHHIO MIKPOTPIIIMH Y 30H1 pi3aHHS.

Jlo kiHUg JApyroi cTagil HampyXeHHs NoO0Ju3y pLKYYUX KpPOMOK
JOCATAIOTh MAaKCUMAaJIbHOI BeJIMUMHH, 1110 BiAMOBIIa€ OMOPY MeTaly 3pi3y.

Ha tperiit cramii mporiecy BUPYOKH Oilsl piKydrMX KPOMOK MATPHII
YTBOPIOIOTBCS TPIIIKMHHU, M0 CcKoMoTh (cxema IIl). Ilicas momameIoro

3arauOJIeHHs ITyaHCOHA 1 BUYEpIaHHs MiCIIeBOT IJTACTUYHOCTI MeTaly TPIIIWHH,
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110 CKOJIIOIOTh, BUHUKAIOTH 1 OiJIsl piKyunX KpoMok IyaHcoHa (cxema IV i V).
Lls mociOBHICTh CKOJFOBAHHS IMTiATBEPIKYETHCS TUM, IO OJIMCKYYHH MOSICOK,
10 BiJMOBIJIa€ IJIACTUYHIN CTafii pi3aHHsS, HAa BiAXOJl 3HAYHO IIHUpIIE, HIXK Ha
JeTaii.

Tpimman, M0 CKOFOOTH CIIPSMOBaHI 10 JIIHISX HAKOUTBITUX nedopmartiii
3cyBy (MTOBEpXHSM KOB3aHHS) 1 IIBUAKO MOIIMPIOIOTHCS Ha BHYTPILIHI IIapH
MeTally 1 BUKJIMKAIOTh BiAAUICHHS JAeTall.

ITix gac mepmioi 1 Apyroi crajiii BUPYOKM IIBUIKICTH 3aryiMOJICHHS
MyaHCOHA 3MEHIIYEThCS; a 3 MOYaTKy TPeThol cTalii — pi3ko 30iibmryerbes. [Ipu
MOANTBIIIOMY PYyCi ITyaHCOH IMPOIITOBXY€E BUPi3aHy JeTallb yepe3 pooody MKy
MaTpHIIi.

[Ipu HOpMaNIBHOMY 3a30pi1 MIXK ITyaHCOHOM 1 MaTpPHIIEIO TTOBEPXHI 3CYBY
(1iHIT KOB3aHHS), 110 BUHUKAIOTH OiJIsl pIXKY4HUX KPOMOK IIyaHCOHA, 301raroThes 3
MOBEPXHSAMHU 3pYILICHHS 1 TPIUIMHAMM, IO BUHHUKIA OIS PIKYyUHX KPOMOK
MaTpHIIi 1 yTBOPIOIOTh 3arajibHy KPUBOJiHIHHY MOBEPXHIO CKOJTIOBAHHS.

IIpu Manmomy 3a30pi 1 BeMKIM TOBIIMHI MaTepialy MOBEPXHi 3CyBY, IO
HAIyTh BiJl KPOMOK ITyaHCOHA, He 30irafoThCs 3 TIOBEPXHSIMH 3CYBY, 110 BUHUKIIH
Oins kpoMok Matpwili. KisnbrieBa nepemMuyka, 0 3ajuInuiacs, MepepizyeTbes
MpU TOAATBINIOMY 3aryIMOJICHHI ITyaHCOHa 3 BUHUKHEHHSM HOBHX TPIIUH,
OpUYOMY Ha JeTalli yTBOPIOEThCS HAAPWUB 1 MOABIMHHUI 3pi3 3 3aAMPKOIO.
[ToBepxHsT OTBOPY BHXOIWTH TMOPIBHSHO TJAAKOI, JIUIIE B HIDKHIA YacTHHI
YTBOPIOETHCS HEBENMKUAW I[IOPCTKYBaTHH Bigkos. Tomy, SKIIO MOTPiOHO
OJIep>KaTh OTBIp 3 TIAJAKUMM PIBHUMH CTIHKaMH, BapTO POOUTH NMPOOMBAHHS 3
MaauM 3a3opoM. [lpm BupyOIli 3 MaiuM 3a30pOM TBEepAUX MaTepiamiB
MOABIHOTO 3pi3y HE BUXOJIUTb.

VY Bumaaky mayke BEJIMKOIrO 3a30py Ha IOBEpPXHI YTBOPIOIOTHCS pBaHi

3aIMPKH BiJI 3aTATYBaHHS 1 0OpHBY MeTally B 3a30pi.

Zmin Zopt Zmax

Pucynok 4.7 —3o06niuiniti 6uensio nosepxwi 3pizy npu pisHux 3a30pax
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4.4 Onip 3pi3y npu eupyoui i npooueanHi

Y mporeci BUPYOKH-IPOOWBAHHS JINCTOBOTO METaly BWHHKA€E CKIIaJIHE

HEOJHOpITHE CHUJIOBE TIOJie, CKOHIIEHTpOBaHE MOOIU3y pPILKYYHMX KPOMOK

»
%%

MyaHCOHA 1 MaTPHIIi.

— I\

dz

)

Pucynox 4.8 —Cxema cun, wo ditomo Ha 3a20moseKy npu supyoyi 6e3 npumucky

He P, 1 P, — piBHOAIIOUMX CWJI, IO AIFOTh Ha Macok 3 OOKy IyaHCOHa i
MaTpHIIi.

a—tueve cun P 1 Ps.

b —mmpuHa KiTbIIEBOTO MOSCKa KOHTAKTY .

Q, R — peakTuBHI HOpPMaJibHI 3yCWJUIS, 10 BHUHHUKAIOTh BiJl THUCKY
3arOTOBKH Ha KPOMKH ITyaHCOHA 1 MaTpHIII.

P, 1P, LQ, YR — noTuyHi 3ycuis.

Uepe3 cknagHiCTh 1 HEOMHOPIAHICTH CHJIOBOTO TMOJIS TIPU BHPYOIIi-
MpoOVBaHHI B  TEXHOJOTIYHUX poO3paxyHKaX 3acCTOCOBYEThCS  yMOBHA

TEXHOJIOTIUHA BeJIMUMHA - O 3pi3y:

L (4.9
LIS-h,)
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Ie O.p - yYMOBHHH omip 3pizy, MIIa;
S —ictunnuii onip 3pizy, MIla;
L — mepumeTp 3pi3y, MM;

S — TOBIIMHA MaTepially, MM;

h, — BenuumHa 3arauOiieHHs (BAABIIOBAHHS) IyaHCOHA B Marepiayl Jo

MOMEHTY YTBOPEHHS TPIlllMH, 10 CKOJIOIOTH (3aJIe)KUTh BiJl 3a30pY 1 IIBUIKOCTI

BUPYOKH), MM.

4.5 Buznauenns 3ycuinia i pooomu eupyoKu-npoouUeaHHs

3ycunns:

P.; =0, [F =L[Slo., [H], (4.9)

ne L — noBxkuHa nepuMmeTpa BUpyOKH, MM;

S — TOBIIMHA MaTepially, MM.

Y  BUpPOOHMYMX yMOBax TOBIIMHA JIMCTa KOJMBA€ETHCS, KPOMKHU
IHCTpyMEHTa 3aTYyIUIIOIOTBCSA, TMpec 3HOILIYEThCS, TOMl 3YCHUISL MOXe

30impmuThECa Ha 30 %.

P=(@11..23)[P,; , H]. (4.10)
Poboma:
P.,I[S
=_c = , 4.11
100C [Tx] (4.11)

ne P., — cepenHe 3ycuiuis, po3paxoBYE€ThCS SIK y BUINAAKY pi3aHHS Ha

HOXUIIX, H.

[Tpn BUOOpPiI mpeca HEOOXiTHO BPaxOByBaTW HE TIMBKU 3yCWIUIA, aje i

poboTy.
[ToBHe 3ycHyuls BKIIOYAE TaKOX 3ycwuis OydepiB Uil MPHUTHCKY,

BUIIITOBXYBaHHS 1 3HIMaHHS:

PHOBH = PPIS’ + PEV@ ) (412)
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8
9

4.6 Tounicmb wimamnygeanHusa npu eupyoui-npooUBaHHiI

Ha TouHicTh mITaMIiyBaHHsI BIUIMBAIOTh HACTYTHI (hakTopH:

Pix marepiamny.

Cran maTepiany (HOpMaJIbHAM, BiJaleHUH, HaKJIeTTaHW ).

TexHosoriss onmepkaHHsl JIMCTOBOTO TMpokary (rapsida, XOJIOJHA,
HaIpyXeHo-1eOpMOBaHUN CTaH — BY3bKi, MIUPOKI INTAOM;, HAMPSIMOK
IIPOKAaTKH — aHi30TPOITisl METANY).

Kondirypartist i po3mipu meranei, 10 MTaMITYIOThCS.

TexHomoriunuit mpouec mramiryBaHHs (pO3IiTBHUHN, CITOTyYeHHIA).
Kouctpykmiss mrammna (i3 OpUTHCKOM MaTepiary abo 0e3 HbOro; 3
HaNPSMHUMH KOJIOHKaMH abo 0e3 HUX).

3a30p 1 pIBHOMIPHICTh HOT0 pO3MOIiTY 32 KOHTYPOM.

®dopMa 1 HaxWJI MPOXIJHOTO OTBOPY MaTPHLIL.

Buxiguuii ctaH mrramia 1 Horo CTiHKICTb.

10 KoncTpykitis i cTaH npeca ()KOPCTKICTh, 3HOMIEHICTB).

11 YMoBHM poOGOTH 1 TOUHICTH YCTAHOBKH 3arOTOBOK Yy IIITAMII.

Hix wm'skimie matepian, TUM MeHIe a0CONIOTHE 3HAYEHHS BIIXWICHBb

PO3MIpiB JeTall BiJ po3MipiB LITaMIIA.

3i 30inbinenasM S/ D makcuMmanbHe 3HAUEHHS BiIXUIEHD 3MEHIITYETHCS.

Hix mpocrime dbopma merani 1 MEHIIE PO3MIpH, TUM SIKICHIIIE JeTal.

Onnak gy»xe apiOHi 1 JyKe BeTUKi IeTalll BAXOISATh HETOUHUMMU.

Matpuus 13 UWIHAPUYHUM TOSCKOM CHpHUSIE MIABUIIEHHIO SKOCTI

BUPOOIB.

4.7 Bupizka eracmudHum cepeoosuuiem

3BUYaliHI METOAM IUTaMIyBaHHS, SKI IIUPOKO 3aCTOCOBYIOTHCS B

OaratocepifHOMy 1 MacoBOMY BHPOOHUIITBI, HEIOCTAaTHhO e(MEKTUBHI 1

HepallioHaJlbHI B YMOBaX JpiOHOCEpiiHOro BUPOOHHUIITBA, TOMY IO JJIS

BUIOTOBJICHHSI KOHCTPYKTMBHO CKJAJHUX 1 JOPOTHX IUTaMIiB HOTPIOHUI

TpUBAJIMI Yac, a 3po0JIeHl BUTPATH HE OKYMAIOThCA.
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HeoOximHicTh IIBUIKOTO OCBOEHHS HOBHX BHIIB BHUPOOIB BHMAarae
3aCTOCYBaHHS B 3a3HAYEHUX YMOBAaX HOBHUX TEXHOJIOTIYHMX TMPOIECiB 3
BUKOPUCTAaHHSM JIeLIEBOTO YHiBepcaJbHOTO ab0 4YacTKOBO YHIBEpPCaIbHOTO
ocHameHHs. Jlo TakWx MpOIECiB MOXJIMBO BiTHECTH Oe3MaTpWUYHiI Crocoom
BUPYOKHM 1 pOOUBaHHS: BUPi3Ka TyMOIO 1 IOJIiypeTaHOM; BUPI3Ka MIACTHYHUMHU
Merajamu, Oe3marpuuHe mpoOuBaHHs. [lpu 1BOMY 3HAYHO CHPOILILYETHCS
KOHCTPYKIIiSl 1HCTPyMEHTa 1 3HUXKYEThCS LlIHa HOro BUTOTOBJIEHHS, TOMY IO
IIpU 3aCTOCYBaHHI JBOX IEPIIUX CIOCOOIB MOTPIOHWNA JUINE OIUH BHUPI3HUM
mablioH, a B OCTaHHBOMY CMOCO01 — TibKM TPOOWBHI TyaHCOHU. Bimmamae
HEOOXiIHICTb BUTOTOBJIGHHS 1 TPUTOHKA BHUPI3HUX MAaTpPHLb, POJb SKHUX

BUKOHYE Ir'ymMa a0o MoJiiypeTaH.
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PO3/1J 5
®OPMO3MIHHI OMEPALIT JUCTOBOIO
IITAMITYBAHHS

5.1 I'nymma aucmoeozo mamepiasy

5.1.13acanvui nonoxcenns. Mexanizm enymms

I'nymmsa — 1le TeXHOJOTIYHa omeparlisi, B pe3yJbTaTi SKOi 3 IUIOCKOT
3arOTOBKU OTPUMYIOTH IIPOCTOPOBY BUTHYTY J1€Talb.
['HyTTS 0JHA 3 PO3MOBCIOJIKEHUX Ofepalliii, 4aCTO 3aCTOCOBYEThCS pazoM
3 IHIAMH oreparlisMu. ['HyTTS BUKOHYETHCS B INTaMIIax Ha CHEiabHAX
MammHax abo mpecax.
Po3pi3HstoTh:
* OJHOKYTOBE THYTTS,;
* JIBOKYTOBE THYTTS,
* YOTHPUKYTOBE THYTTS;

* THYTTS 3a KPUBOJIIHIHHOIO YTBOPIOIOYOIO.

Pucynox 5.2 =/lepopmayin memany npu eueuni (00 —neiimpanoruii wap)
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Jlst By3wKoi mradbu (b <3[S) g, =0, qns mmpoxoi — (b= 3[S) €, =0.

Takum YWHOM, TIpH THYTTI BY3bKHX INTa0 3 JOCTATHHOIO TOBIIUHOIO
MaTepially Mae Micle TUIOCKAN Hampy)XeHHui cTaH 1 o0'eMHUI nedhopMoBaHUi
CTaH, a MNpPH THYTTI IIUPOKUX IMTa0 — o0'eMHUN HampyXeHUH 1 TIITOCKUMA
nehopMOBaHU CTaH.

YacTo mpu THYTTI s OQOpPMIIEHHS YITKOTO KyTa pOOJISATH yaap, IO
YeKaHWTh, HAIPUKIHII Tporecy. Y IbOMY BHUITQJKy HANpy>XEHUW CTaH
3MIHIOETBCSI — Y BCIX MICLSAX MiJf TyaHCOHOM BHHHKAa€ HepiBHOMipHe BcebiuHe
CTUCKaHHSI.

3ane’)kHO BiJ XapakTepy JaedopMaliii Ha pI3HUX CTaligX Mpolecy 3a
TOBIIMHOIO 3arOTOBKH, IO 3TUHAETHCS, PO3PI3HSAIOTH. NPYNKHUHN, MPYKHO-
MJACTUYHUU, TJIACTUYHHUM 3THH.

JIBa ocTaHHI MOXYyTh OyTH 31 3MiITHEHHSM MeTanmy i 0e3 3MiI[HEeHHS.

FHYTTH 3aBXIHU CYIIPOBOKYETHCA CIIOYATKY IIPYKHUMH, a MOTIM IJIACTUYHUMH

nedopmarismu.
., s Os
sy T |
a o 8

a — NPYACHUTL 32UH; 6 — NPYICHO-NAACMUYHUL, 8 — NIACTMUYHULL 32UH

Pucynox 5.3 —Buou 3euny

Pucynok 5.4 —IlocnioosHicme i Mmexanizm Kymogo2o eHymms
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5.1.2 Busnauenns po3mipis niockoi 3a20mosku npu 2Hymmi

BusHaueHHs po3MipiB IUIOCKOI 3arOTOBKM IpPU THYTTI 3aCHOBAaHO Ha
PIBHOCTI JOBXXWHH 3arOTOBKH JIOBXKMHI HEUTPAIBHOTO LIAPY.
Po3pi3HAIOTH 1Ba OCHOBHUX CIIOCOOM BU3HAYEHHS pO3MipiB 3arOTOBKH:
1 TIlpu rHYTTI i3 3aKpyTIACHHIM 1O paaiycy.

2 Ilpu rHyTTI 6€3 3aKpyTJICHHS.

YV nepwiomy eunadky nOBXKWHA 3aroTOBKHU JOPIBHIOE CyMi JIOBXHUH

MPSMUX AUISHOK 1 TOBXWH HEUTPAbHOTO IIapy Y BUTHYTUX JIJISHKAX.
L=l +l, .+l +] 0+t [MM]. (5.1)

JloB)KrHA HEUTPANBHOIO IIapy y BUTHYTI# MiASHII BU3HAYAETHCS:
nig
|  =—Z[r + x[5), [mMm], 5.2
npu ¢ =90°:

=5 0 +X08), ], (5.3)

Je X —Koe(IIieHT, 10 BU3HAYAE MOJI0KESHHS HEUTPaIbHOTO 1Iapy;

@ —KyT BUTHYTOI IUISIHKH, Tpaj.

Kyt Burayroi ainsaku Tiibku npu @ = 90° mopiBHIOE KYyTy THYTTS, Y BCIX

1HIINX BUIAAKaX BIH CTAHOBHUTD.
¢ =18C°—a, [rpan], (5.4)

Jie @ — BHYTPIIIHIN KyT THYTTS, Tpaj.

Pucyrnox 5.5 —Cnisgionouternnsa misic Kymom 3ieHymoi OiIAHKY [ KYmMoM eHymms
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5.2 Bumaosicka nucmoegozo mamepiasy

Bumsoicka — 1ie Tipoliec MEepeTBOPEHHSI TUIOCKOI 3arOTOBKH B MOPOXKHIO
neTanb Oyab-sikol popmu (abo momasbiina 3MiHa i po3MipiB).
Buxoasuu 3 hopmu i1 TexHonoriunux ocodauBocteit JIIL moposxHi nerami
MOXYTh OYTH PO3JIlJICH] Ha KiJIbKa OCHOBHUX TPYII:
* JeTa, 10 MarTh GOpMy TiJI OOEpTaHHS;
e Jnetaii KopobudacToi Gpopmuy;
* neTali CKJIagHO1 GOpMHU.
Bci nmoposxHi getani MOXyTh OyTH BUTOTOBJIEHI 13 dyiaHIeM 1 6e3 HbOro.
3a xapakTepoM 1 CTymeHeM JedopMallii pO3pi3HAIOTh BHUTSIKKY Oe3

CTOHILIEHHS CTIHOK 1 31 CTOHILIEHHSM, & TAKOX KOMOIHOBaHY BUTSIKKY .

=8
<

=
AGS

Pucynox 5.6 —Buou oemaneii

OcHOBHI cIOCOOU BUTSI)KKH.
* (0e3 MPUTHUCKY 3aTOTOBKH;
* 3 IIPUTHUCKOM 3aroTOBKH;
* 3BOpPOTHA BUTSKKA (3 BUBEPTAHHSIM);
* BHpyOKa i BUTsDKKA (Y KOMOIHOBaHHX IIITaMIIax);
* Oararomno3uiliiHa BUTS)KKa B CTPIULl;
* BHTSDKKA 31 CTOHIIIEHHSIM (IIEPETIKKA);

¢ KOMOIHOBaHA BUTSXKA.
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Oco061BI CITIOCOOU BUTSIKKHU.
* BUTSKKA €JJaCTUYHUM ITyaHCOHOM;
* BUTSKKA TACTHYHOIO MaTPHIIEIO;
* TiJApaBiivyHA 1 TIpoMexXaHidyHa BUTIKKA;
* BUTSKKA CBHUHIIEBOIO MaTPHIICIHO;
* BUTSKKa-0OTATyBaHHS Ha riiponpecax;
* TMigpWBHE IITAMITyBaHHS;
*  eNeKTPOTiApaBlidyHa BUTSKKA,

* MAar”iTHOIMITYJIbCHE IITaMITyBaHHSI.

5.2.1Bumsoicka yuninopuunux oemaneti 6e3 cmoHuleHHs CmiHOK

Pucynox 5.7 —Cxema npoyecy sumsoicku 6e3 cmoHuleHHA CMIHOK

ITporec TMMOOKOT BUTSKKHU 13 TIPUTUCKOM TMOYUHAETHCS HE 13 IIIACTUIHOL
nedopmMariii (yaHIs 3aroTOBKH, a 3 MICIIEBOI IIACTHYHOI JedopmMaltii KiJIblieBO1
HE3aTUCHYTOI YaCTUHHU 3aroToBKH (a) mpH 3aTHCHyTOMY duianmi. Lls cramis
3MIHCHIOETHCS 32 PaXyHOK pO3TATaHHS S CTOHINEHHS IIASHKA (@), IpUYoMy
HailOlbllle CTOHIIEHHS BHUHHUKA€ Ha TpaHULl 1€l AUISHKA 13 JHOM
(HeOe3meunwmit epepis).

B Mipy 3aHypeHHSs IMyaHCOHA 3yCHJUIS 3pOCTAa€, a pO3TATaHHS 1 CTOHIICHHS
KUIBIIEBOI JIJISTHKY 3015bInyeThes. Jlo KiHIA i€l cTaii BiqOyBa€eThCs TIacTUYHA

nedopmMaliisi JOHHOI YaCTUHM.

36



[Ticns mocsirHeHHsI PiIBHOBArv MK TATHYYHMM 3YCHIUISAM 1 OTIOPOM (uiaHIs
neopMyBaHHIO TOUYMHAETHCS APYyTa CTaIisl BUTSKKH, IO MMOJISTAE Y BTSITYBaHHI

(bnaHIs B MATPULIIO.

Pucynox 5.8 —Ilocnioosricms eumssicku

Ha 1i#t cranii Ko)XHU# eJIeMEeHT IUIOCKOI 3arOTOBKHU 3MIHIOE CBOI pO3MipH
(MOIOBXKYEThCSA B pajiaJbHOMY HAMpsSMKY i KOPOTIIAE B TaHT€HIAlbHOMY),
MOTIM MiJJA€ThCs BUTHHY 1 IEPETBOPIOETHCS B €JIeMEHT O1YHOI MOBEPXHi AeTai.

[Ipy BUTSKINI MeTan JOBOMAATH MO CTaHy IUIMHHOCTI, 1 MPOIIEC BUTSIKKU

BiZIOyBa€eThCs 3 HANPYXXEHHSMH, IO JIeXaTh y 30HI (O, +0,), XxapaKTepHUMHU

JJI TNTACTUYHOI'O CTaHy.
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5.2.2Koeghiyienm eumsoicku

3ayie’)XHO BiJl CHIBBIJHOIIEHHS BHUCOTH 1 JiamMeTpa JeTaji, a TaKoX Bif
BigHOCHOI ToBIIMHM 3aroToBKU (S/ D) BUTsDKKa Moke OyTH 3po0JieHa 3a OHY
abo KinpKa omepartii.

Ilocmasnennus 3as0amHA. 3a MEHIIY KUIBKICTh OIepalliii  oaepxatu
HaWOIIbITy TJTMOWMHY BHUTSKKHM TPU HEOOXiAHOMY JiaMeTpi BHpoOy 0Oe3
MPOMIXKHUX BiJIIAJIB.

Ile o3Hauae, MO Ha KOXHIA omepalil BUTSKKH BapTo MNpUHAMaTH
MaKCUMaJbHO MOJIMBHH CTYIiHb Aedopmarlii, M0 MPU BUTDKII 3BUYANHO

BHU3HAYAIOTH 33 (hOpPMYJIaMHU:
* I N-oi omepariii:

_F_,-F _nld_[S-nld(S_d_-d
E = = =

" I:n—l ﬂmn—l [B dn—l

N~ =1—ki, (5.5)

n

1e £ —CTyIiHb AeopMarllii mpu BUTSIKII;

F —moma nonepeyHoro nepepiza BUPOOY, 10 BUTATAETHCS;
D — giameTp MmIOCKOI 3arOTOBKH;

d — giameTp BupOOY Ha BiAMOBIIHOMY MEPEXO/Ii BUTSIKKH;

M —Koedilli€eHT BUTSIKKH,

K —cryninb BUTsOKKHY (BeTMUMHA, 3BOPOTHA KOS(IIIEHTY BUTSIKKH).

OTxe,

In(%j =In(k) =-In(m);

>1; (5.6)

OO0OB'SI3KOBOI0  YMOBOIO 3aCTOCYBaHHSI LMX KOE(IIEHTIB HOJsl PI3HUX
TUTIOPO3MIPIB JeTalli € TeOMEeTpUYIHA 10/100a 3arOTOBOK, BUpPakeHa BiTHOCHOIO
ToBimHOKO 3aroToBku (S/D). Koxnomy BimnomenHio S/D  BiamosizaroTh
ceol miKk.
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Jani xoedimieHTH 118 AeTaneit 6e3 daHis He MOXHA 3aCTOCOBYBATH IS
neranedt 13 daHueM depe3 Te, IO BIIPI3HAEThCS HAINpPYKeHO-Ie(opMOoBaHU
CTaH.

HaiinomupeHimuM noka3HUKOM CTyIeHs Aedopmarliii € koedilieHT m.

5.2.3 BusHauennsa po3mipie NIOCKOI 3A20MOBKU NPU  BUMANCYI

NOPOACHUCIUX MITI 00epMAaHH3

Metou 3acHOBaHI Ha CTaNOCTI 00’ €My 1 Macu 3aroToBKH 1 fietani. [cHye 5
METO/IiB BU3HAYECHHS PO3MipiB IJIOCKO1 3arOTOBKH.
| AHaITUYHI METOIH.
*  MeToa piBHOCTI TOBEPXOHb.
* Merog piBHOCTI 00’ eMy.
*  MeTtox piBHOCTI Mac.
Il T'padiuni meToau:
* ['pado-anamiTHUHUN METOS.

* TI'padiunuit meros.

5.2.4 Busnauenns uucna i nocnidogHocmi onepayiti npu  SUMANCYI

Ooemareti be3 gpaanys

TexXHONMOTIYHO pPO3paxyHKH TPH BUTSXKIN CKIANAIOTHCS Y BHU3HAYCHHI
MPUITYCTUMOTO CTyIeHs JedopMallii, 3HaXOIKeHHI HEOOXiIHOI KIIBKOCTI
oriepallif BUTSKKH 1 po3paxyHKy olnepaiiiHuX po3MipiB AeTali.

[Npunmyctumi cryneni aedopmaiiii 3HaAXOIATh IO EKCIIEPUMEHTAIBHO
BCTAHOBJICHUX Koe(illieHTax BUTSIKKH, K1 3BeJIeH1 B TaOJHIIIO.

llocmanoexka 3ae0auHA. HEOOXITHO oOnepXkKaTH TMOPOXKHIM  BUPIO

niametpom d,, i Bucororo h,,.
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Pucynox 5.9 —Texnonoziuni nepexoou eumsicku 6e3 granys

Tax, ay1g nepoi 1 HACTYHOT onepaLiid BUTSHKKU:

m, =d, /D; d, =m [D;
m, =d,/dy; - d, =m, [dl; (5.7)
m, =d,/d,4 d,=m, & 4
A0o,
d, =myIm, [...Im,, [D. (5.8)

IIpy TexHOJOTIYHMX pO3paxyHKaX MOps] 3 BHU3HAYEHHSM KITBKOCTI 1
MOCIIJOBHOCTI omeparniii moTpiOHO po3paxyBaTH BUCOTY HamiB(aOpuKaTiB Ha
KOJKHOI omepalliil Jjisl BA3HAUYeHHS BEJIMYMHU POOOYOT0 XOAY 1 3aKPUTOI BUCOTH

npeca. @opmynu U1 po3paxyHKy HaBeJIeHI B IOBIIKOBIM JliTeparypi.
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Y Bunauky,

JKIIO OCTaHHA BHUTSXKKA BHXOJUTH HCIOBAHTAXKXCHOIO

(m, = 087...099), HeoOXiTHO BUKOHATH MEPEPO3MOIiINT KOe]ilieHTIB BUTSHKKH

Ha BCiX omeparisx.

5.2.5 Busnauennsa 3ycunni, pobomu i

WBUOKOCMI  NpU  BUMANCYI

YUNiHOpuyHUX demaneii 6e3 CMOHUIEHHS CIMIHOK

Tabnuya 5.1 —@opmynu 011 usHAYEHHS 3YCUNIL BUMAICKU

i3 Quranem

Tunu BUpoOOIB, 110 Onepanii
Dopmysn

BHTSAralTh BHTSI)KKH
HuriaapuyHi 6e3 [lepua P=nld, [Slog [k (5.9)
(rnanus Jlpyra i HacTyIHI P =mld,, (5log [k, .
Humispusi 13 Mepua P=nld,[Slog [k,  (5.10)
ITUPOKHUM (IIaHIIEM
KomniuHni i chepuuni Mepua P=7ld, [Slog (ks (5.11)

e d, —menmmii giametp KoHiuHOI fetami ado 0,5 miamerpa cdeprunoi

ZIEeTalll, MM,

K, Ky, K —KoediienTw.

— PCP[h_

©100C

ne h —rimbuHa BUTSIKKH, MM,

Prax —MakcumansHe 3ycums, H;

A —xoedimienrt, pisawuii 0,6...0,8.
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5.3JIucmose ghopmyeanns

Jo omepaiiiit 1rucToBOTrO (hOPMYBaHHS BiTHOCSTH:
penbedHE HOpMYBaHHS,

B1I0OOPTOBYBAHHS OTBOPIB 1 30BHIIITHLOTO KOHTYPY;
po3naua,

00THCK,;

BUTIPABJICHHS 1 KapOyBaHHS.
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