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3AT'AJIBHI ITOJIOKEHHSA

CamocrTiiiHa poOOTa CTYJIEHTIB € BaXXJIMBUM (DAKTOPOM 3aCBOEHHS
MPOTPAMHOTO MaTepiady AOCIHKYBaHOT AUCIUIUTIHM. g poboTa BKiIFOUae
CaMOCTIWHE BUBYECHHS TEOPETUYHOT YaCTHHH KypCYy 3a JOIMOMOTOI0 MiApy-
YHUKIB 1 KOHCHEKTY JEKIil, Mpua0aHHs HaBUYOK CaMOCTIHHOTO
PO3B’sI3aHHS 1H)KEHEPHHUX 3a/1ad Ha OCHOBI 3HAHb TEOPETUYHUX IMOJIOKEHb
KYypCY, a TAKO’K BUKOHAHUX JJa0OpaTOPHO-TIPAaKTUYHUX 3aBJaHb.

MeTtoaruHi BKa31BKU CKJIAIAIOTHCS 3 IBOX YaCTHH. Y MEpPIIi YaCTHHI
IPUBEICHI TEMU JISKI[iH, [0 YUTAIOTHCS CTYACHTaM 3a JIAHUM KYpPCOM, BH-
KJIaJICHUI 3MICT KOXKHOI JIEKIIi 3 BKa31BKOIO JITEPATypHOTO JKepena 1
CTOPIHOK MIJIPYYHUKIB, 1€ HANUOLIBII MOBHO MPEACTABICHUMN BiAMOBIIHUI
HaBYaJbLHUN MaTepial.

Jpyra dyactiHa METOJWYHUX BKa31BOK MICTUTh TE€KCTH 1HJIMBITYaslhb-
HUX 3aBJaHb, AK1 BUAAIOTHCS CTYJICHTAM SIK pO3paxyHKOBO-rpadiuHi podo-
TH, a TaKOX TIEPENIIK TeM IPOrpaMOBAaHUX KOHTPOJIIB, MPOBEACHHS SKHX
3IMCHIOETHCA Kadeaporo 3a rpadikoM 3 METOI0 KOHTPOJIIO CTYIICHS 3aCBO-
€HHSI CTYJICHTaMH HaBUYAJILHOTO MaTepially BIAMOBIAHOT TeMu. s HagaH-
HS JOTIOMOTH CTYJICHTaM Yy CaMOCTIMHINA MIATOTOBIN IO MPOrpaMOBAHOTO
KOHTPOJTIO 3HaHb, & TAKOK CAMOKOHTPOJIIO SIKOCTI 3aCBOEHHS HAaBYAJILHOTO
Marepialy B IIUX METOAWYHUX BKa3iBKax IMPHUBEACHI BY3J0BI MUTAHHS Ha-
BUaJIbHOTO Matepiany. [IpuBeaeHI TakoX OCHOBHI NMUTAaHHS €K3aMeHaIlii-
HUX KBUTKIB 332 KypCOM.



2 3MICT AUCIMIIIVIIHA

2.1 Haiimenysanns mem, 006caz ayoOumopHux 3aHsams 6 200UHAX

Tabauus 2.1
No I'onuH Ha BUBYECHHS
Te- B TOMY YHUCJI1
MH HaiimeHnyBaHHS TeMH BChO- |JIe- |jabopa- | IpakTH-
ro | KIi¥ | TOpHUX | YHUX
pooIT 3aHATh
1 2 3 4 3) 6
5 cemecTtp
1 | Beryn. 3amaqi meranosnascrBa. Oc-
HOBHI METOIM HOCTIDKEHHS METATIB. 5 9 4
[TpoGremMy OXOpOHU HABKOJMIITHHOTO
CepEIOBUITIA
2 | Meraiu 1 iXHi BIaCTUBOCTL. ATOMHO- 4 5 9
KpHcTamyHa Oyj0Ba METaJIB
3 | OcobmiBocTi Oy0BY peaTbHUX KpH- 4 5 9
craiiB. Teopist qucoKartii
4 | I1naByeHHs 1 KpUCTATI3allisl METalIB 4 4
5 | MexaniuHi 1 (i314HI BIACTUBOCTI Me-
TamB. MexaHiuHI BIACTHBOCTI, 00Y- 5 5 4
MOBJICHI TIpM CTaTWUYHUX HaBaHTa-
YKESHHSIX
6 | ®i3uuHa NpUpoa MEXaHIYHUX BlaCc- 9 9
THBOCTEH
[ | MexanivHi BIacTUBOCTI, O0OYMOBJICHI
Ipy JUHAMIYHUX 1 3HaKoIepe- 6 2 4
MIHHUX HABAHTOKCHHSX
8 | Kpuxke 1 B’si3ke pyiHyBaHHs. Ele-
MEHTH MeXaHIKU pyhiHyBaHHS. Ppak-| 6 2 2 2
Torpadist
9 | CrpykrypHi 3MIHM B MeETalax IpU
4 2 2
aeopmartii
10 | IToBomkennst ehopMOBAHOTO MeTa-
JIy TIPY HArpiBaHHI, TIOBEPHEHHSL, peK- | 4 2 2

pUCTaTI3aITis




IIponosxenns Tabaumi 2.1

1 2 3 4 5 6
11 | OcnoBu Teopii cruiaBiB. CriiaBu
1 ixHi xapakrepuctuku. Kmacu-| 2 2
dbikaris a3z
12 | liarpaMu CTaHy JIBOKOMIIOHCH-
fHI/IXpCI/ICTeM 7 10 4 2 4
13 | liarpaMu CcTaHy TPHKOMIIOHCH- 9 9
THUX CUCTEM
14 | ®a30Bi IepeTBOPEHHS B CILJIaBaX 9 9
y TBEPJAOMY CTaHi
15 | diarpamu  ¢a3oBoi piBHOBAru 3 9 5 4
3aJ1130BYTJICIIEBUX CIIABIB
16 | Byrmenesi crami, ixXHIM CKJa. 5 9 5 5
BiactuBocrti nuroi crani
17 | BnactuBocTti  rapsdoaedhopmo-
BaHoi ctani. Knacudikaris 1 ma- | 2 2
pPKYBaHHS BYTJICLIEBUX CTaJIel
18 | Ctpykrypa yaByHy. OCHOBHI Te- 4 5 5
opii rpadiTuzarii
19 | CtpykTypa 1 BJaCTUBOCTI CIEIli- 9 5
aJbHUX YaBYHIB
20 | JleroBani crami i yaByHu. B3ae-
MOJIIS JIETYIOUUX €JIEMEHTIB 13 2 2
3aJ1130M 1 BYTJIELIEM
21 | BlumB Jneryrouux eJeMeHTIB Ha
OCHOBHI MEPETBOPEHHS B 3a11130- 10 5 4 4
BYTJICLIEBUX CIUlaBax. Mapky-
BAHHs JIETOBAHUX CTAJIEN
22 | CiutaBy Ha OCHOBI MiJl 4 2 2
23 | CriuiaBu Ha OCHOBI1 JTIOMIHIIO 2 2
24 | CiraBM Ha OCHOBI 0OJIOBa, CBHH- 9 9
ITI0 1 TUTAHY
Ycboro 104 | 52 36 16
6 cemecTp
25 |Ilpouecu, mo BimOyBarOTHCS B
CTajl TpU TMOBUIBHOMY Harpi- 2 2
BaHHI. Y TBOPEHHSI ayCTEHITY




IIponosxenHs Tabaui 2.1

1

2

26

3epHo B cTaii. BruiuB BeIuuuHU
3epHa ayCTEHITYy Ha MEXaHIvHi 1
TEXHOJIOT14H1 BJIACTUBOCTI CTaJl

27

[lepeTBOpeHHS, 110 BiAOYBaIOTh-
Csl B CTaJll IPU MOBUIBHOMY OXO-
JIOJUKEHH]. MexaHi3M 1 KIHETUKA
po3naay MepeoxoyioHKEHOro ay-
CTEHITY

28

MapTeHCUTHE NEpPETBOPEHHS B
CTaIIAX

29

MexaHi3M 1 KiHETHKa MPOMIXK-
HOTrO (OEMHITHOTO) MEPETBOPEH-
Ha. [leperBopeHHs, 1O BiAOYy-
BaIOTHCSI B CTajl MpU Oe3mepeB-
HOMY OXOJIOKE€HHI

30

TexHomoris TepMiuHOi 00pOOKHU
cTajii 1 yaByHy. TexHoJoris BiJI-
najgy, BUIM 1 npusHaueHHs. Ile-
pPBHHHA 1 BTOPUHHA TEPMOOOPO-
OKa

31

Hopwmamnizanis cram. ExoHomiu-
Ha €(EKTUBHICTh 3aCTOCYBaHHS
HOpMaTi3ari

32

3araptyBanHs ctaii. Bubip na-
paMeTpiB TeXHOJOTii. Pi3HOBU M
3arapTyBaHHS

33

Texnosnorist Biamycky. Biamyck-
Ha KPHUXKICTh. Teopis mepeTBo-
pEHb

34

[loBepxHEBI METOAM 3arapry-
BaHHSI

35

3aranpHi 3aKOHOMIPHOCTI XiMmi-
KO-TepMI4HOI OOpOOKM  CTall.
Texuomnorid uemenraiii

36

TexHosorist a30TyBaHHS 1 I[1aHYy-
BaHHSI




IIponosxenHs Tabaui 2.1

1

2

37

Cknan, TepmiuyHa oOpoOKa 1 Biia-
CTUBOCTI KOHCTPYKIIIHHMX CTa-
Jen

38

Cknan, TepmiyHa o6poOKa 1 Bia-
CTUBOCTI IHCTPYMEHTAIbHUX
cranei. Tepmiuna oOpoOka BH-
JIMBKIB 13 CIPOT0 YaBYHY

39

[Ipupoga peHTTEHIBCHKUX MPO-
MeH1B. PeHTreHiBChbKa anaparypa

40

besynmuHHMN 1 XapakTepHUCTHY-
HUW PEHTTEeHIBCbKUM crieKTp. Pi-
BHSIHHA TU(paKiii

41

[lornmuaanHs  PEHTIEHIBCHKUX
nmpoMeHiB. PeHTreHiBchka 1y -

nedexTockomis

42

MeTtoau peHTTEHOCTPYKTYPHOTO
aHam3y. Meron Jle6as

43

[HTEHCUBHICTh PEHTIE€HIBCHKUX
npoMeHiB. DakTopu, 110 HA HEl
BILJIUBAIOTh

44

@da30BUll PEHTTCHIBCHKUI aHa-
7i3. BuzHaueHHs Makpo- 1 Mik-
pOHANPY)KEHb

4

Ycroro

70

40

30

Pazom

174

92

66

16

2.2 3micm mem, uy0 peKOMEeHOYIOmbCA IImMmepamypoio

Tema 1. Bceryn. 3amaui mertano3HaBcTBa. OCHOBHI METOAM JOCII-
JoKeHHs meTaniB. [IpoOieMu 0XOpOHU HABKOJIUIITHBOTO CEPEAOBHUIIA

3amaui YKpaiHu 1040 PO3BUTKY MAIIMHOOYAYBaHHS 1 METaNyprii, -
JBUILEHHS SIKOCTI BUPOOIB 1 €(peKTUBHOCTI BUpOoOHUIITBA. [Ipeamer «Me-
TAJIO3HABCTBO» 1 MOTr0 3B'A30K 31 CIEIlAJIbHUMHU AUCLHUIIIIHAMU. 3HAUECHHS

METAJIO3HABCTBA B CYYaCHOMY MaIllMHOOY1yBaHHI.

MeTanu 1 METOAM iIXHBOTO AOCHIIKEHHS (MaKkpo-, MIKpO- 1 pEHTT€HiB-

CBbKUH METOJIU, MEXAHIYH1 BUTPOOYBaHH).




EKoJIOr14H1 acleKkTH: 0XOpOHa HABKOJIMIITHBOTO CEepeIOBHINA 1 i1 mpo-
O1eMH, O€3BIOXOMHA M EKOJIOTIYHO 4YMCcTa TeXHoJorli. Buau mkimimBoc-
TeM, 3B'13aHUX 3 TEPMOOOPOOKOIO.

Jliteparypa [1, ¢.9-18; 4, ¢.9-21]

Tema 2. Metanu 1 iXHI BJIIACTUBOCTI. ATOMHO-KpHUCTajiyHa Oy/0Ba
MeETaJliB

EnexTpoHHa CTpyKTypa 130JbOBaHMX aTomiB. Oco0auBOCTI OyJ1I0BU
aTomiB MeTasiB. loHi3ariiiHuil moteHiiain. CyTHICTh METaJIE€BOIO CTaHYy pe-
YOBUHHU.

Kpucraniyna OyaoBa MeraniB. Buau eneMeHTapHUX OCEpEAKIB MeTa-
7iB: 00'eMHO LIEHTpOBaHA KyOluHa, TpaHEIIEHTPOBaHa KyOlyHa, reKcaroHa-
JbHA 1 TeTparoHaibHa KpucTaiaiyHi rpatu. Kpucraniuna OyjjoBa MeTaliB K
B1JIOOpaKEHHS 3aKOHIB I1AJIEKTUYHOTO MIEPEX01y KUIbKICHUX 3MiH Y SIKICH1
(B3aemMoisl CUJI MPUTATAHHS 1 BIJIITOBXYBAaHHS, CTPUOKOMOMiOHA 3MiHA
BJIACTUBOCTEH y pe3ysIbTaTi MOJIMOP(HUX MEPETBOPEHB ).

XapaKTepUCTUKU €JIEMEHTAPHUX OCEPEIKIB: mapaMeTp, KOOpAUHALIIN-
He yucio, 6asuc. Kpucramorpadidyae mo3HauyeHHS aTOMHUX THIOITHH.

Jliteparypa [1, ¢.18-26; 2, ¢.10-23; 3, c. 11-27]

Tema 3. OcobnuBocTi Oy0BU pealibHUX KpucTaiiB. Teopis nucioka-
1

HenockonanocTi kpuctanigyHoi O0ynoBu. DakTopu, 10 00yMOBIIOIOTH
HAsgBHICTh y MeTajaxXx HeJOCKOHanocTeil. TOYKOBI, JiHIMNHI 1 TOBEPXHEBI
HegockoHanocti. JliHiiH1 aucnokanii. Bexktop Broprepca. Bzaemonuist nuc-
noxkaiiii. [Ipupona rpanunb 3epeH, 0J0ku. BHYTpIlIHI HAIPYKEHHS 1 1XHS
knacudikamis 3a M.M. [JaBunenkoBuM. MeToau BU3HAYEHHS BHYTPILIHIX
HaIpyXeHb. BIuB 1eekTiB Ha MILHICTb.

Jlucnoxkariiiina Teopis sSK pe3yJbTaT MOMIMOJICHHS JIIOACHKKOTO Mi3HaH-
Hs1. Po6otu [LA. Oninra, B.C. IBaHOBOi. AHI30Tpormis 1 moaiMopdizm MeTa-
TiB.

Jlitrepatypa [1, ¢.26-37; 2, c.18-30; 3, ¢.27-35; 4, ¢.29-35]

Tema 4. 11naBneHHs 1 KpyUcTai3ailisi METaJIB

bynoBa metaneBux posmiaBiB. ®a3oBi (aykTyari 1 iXHIHA poO3MOILI.
IToHsTTST mMpo BUIbHY eHeprito. TepMoJaWHaMiuyHI OCHOBU IUIABJICHHS W
OTBEPJIIHHS, TEIJIOBUM TiCTEPE3UC, KPUBI OXOJIOKCHHSI. MexaHi3M KpHc-
Taji3aiii MeTtaixiB. MHUMOBUIBHE 3apOKEHHS KPUCTaIiB TBepoi (daszu.
3MiHa 3amacy BUIBHOI €HEprii Mpu Temreparypax BHUILE 1 HIXKYE KPUTHY-



HO1. [IoHATTA mpo 3apoJIOK KPUTUYHOI BeanuuHu. PakTopu, Mo 00yMOB-
JIOI0TH po3Mip 3apoaka. MoaudikyBanHs. BriuB 1oMimok i CTiHOK (op-
MU Ha 3apOJKCHHS IIEHTPiB KpucTajizaiii. AKTUBHI AoMimiku. [TpuHIumn
CTPYKTYpHOI 1 po3mipHOi BianosigHocTi (mpuHuun B.I. J[ankoBa). Mexa-
HI3M POCTY 3apOJIKiB, IBOMIPHI 3apOJKH, May3u pOCTy, KpuBl TammaHa.
dopMa KpUCTaIiB y 3aJIEKHOCTI BiJ] yMOB OXOJIOIKEHHS, TTpaBuiio ['100ca-
Kiopi-Bynbda. lenaputu. [1naBneHHs 1 oTBEpAIHHS K B1IOOpPaKEHHS 3a-
KOHY KUIbKICHO-SIKICHUX 3MiH.

BbynioBa MeTaneBuX 3JIUTKIB, TUTUX JIeTAJICH.
Jliteparypa [1, ¢.38-54; 2, ¢.31-59; 3, c.42-54]

Tema 5. Mexaniuni 1 Gpi3uyuHI BIACTUBOCTI MeTamiB. MexaHiuHi Bliac-
THUBOCT1, 0OYMOBJICHI ITPU CTATUYHUX HABAHTAKEHHSX

CyTtHicTh 1 kinacudikaiisa (pi3UKO-MEXaHIYHUX XapaKTepUCTUK. Poib
(b13UKO-MEXaHIYHUX XapaKTePUCTUK Yy MIJIBUIIEHHI SKOCTI BUJIUBKIB. Oc-
HOBHI HaNPsIMKU BUKOPHUCTaHHS (PI3UKO-MEXaHIYHUX XapPAKTEPUCTHUK Y JIH-
BapHOMY BUpOOHUIITBI. Kiacudikaiiiss MexaHIYHUX BJIACTUBOCTEH y 3alie-
’KHOCTI BiJl YMOB 1 XapakTepy HaBaHTaXeHb. B3aeMO3B'sI30K 1 B3aeMOis
HayYK SIK BIJOOpaKEHHSI MaTepiaabHOI €JJHOCTI CBITY.

[ToBO)KEHHST METaJlIB MMiJ HAaBAaHTAXKEHHSAM 1 MEXaHIYHI XapaKTepHC-
tuku. KoeditieHT TBepAocTi BunpoOyBanb. [IpakTuuna kinacudikaiis Me-
XaHIYHUX XapaKTEPUCTHK.

BunpoOyBaHHs MeTasiB Ha pO3TATaHHS.

3naBanbHI BUIPOOYBaHHS JJisi OCHOBHUX TPYIl BUPOOIB, 110 OAECPKY-
I0Th Y JIMBAPHOMY BUPOOHUIITBI.

BunpoOyBaHHsI MeTalliB Ha CTUCKAHHS, BUTHH, KpyTiHHI. MeToIH BU-

3HAYEHHS TBEPAOCTI.
Jliteparypa [7, ¢.7-23, 146-229, 245-262]

Tema 6. ®i3uunHa pupoaa MEXaHIYHUX BIACTUBOCTEH

JliarpaMu iICTUHHUX HaIpyKeHb. 3B'S30K MK XapaKTEPUCTUKAMU Mi-
ITHOCTI, MJIACTUYHOCTI 1 B'si3k0CTi. D13M4HA MPUPOJIa MOKA3HUKIB MEXaHI4-
HUX BiactuBocTer. Harnpykenuit ctan. MeToau BUBUEHHS HANPYKEHOTO
crany. Cnocobu onucans nedpopmoBanoro crany. [Iporec pyitHyBaHHS.
Knacudixkaiiist TumiB pyiHyBaHHs 1 iXHS pOJib Y BUPOOHUIITBI BUJIMBKIB.

Jlitrepatypa [7, ¢.45-82]

Tema 7. MexaHiuHi BIaCTUBOCT1, 00OYMOBJICHI IPU JTUHAMIYHUX 1 3HA-
KOTEPEMIHHUX HaBAHTAXEHHSIX



JuHamiuHi BUIpoOyBaHHS, BUZHAYEHHS YJapHO1 B'SI3KOCTI, BUJIM 3pa-
3kiB 3a JICTom. Meroauka BunpoOyBanb. Pi3nyHa NpUpoaa yJ1apHOi B'sI3-
KOCTI1, po0OTa 3apOIPKEHHS 1 po00Ta MOMUPEHHS TPIIIUHU. MeTOIn IXHbO-
ro BU3HAUYCHHSI.

Bromnenicte meTaniB. @akTopw, 110 BILIMBAIOTh HA OMIp BTOMJIEHOC-
Ti. BunpoOyBaHHs MeTalliB HA BUTpUBAIICTh. KpuBI BTOMIIEHOCTI, Alarpa-
MU BTOMJIEHOCTI. MeXaHi3M BTOMIJICHOTO PyHHYBaHHS. Y TBOPEHHS 1 IO-
IIUPEHHS TPIMKMH cToMieHHs. DakTopu, 0 BINTMBAIOTH HA OIip BTOMIIC-
HOCTI. MeTo0JIOT1YH1 NpOOJEMH BUCHHS PO BTOMJIEHY MII[HICTh METAIB
y CBITJI IpoOeMu BUOOPY Teopii.

Pi3HOMaHITTS MiAXO/IB O BUBYCHHS SBHII BTOMJICHOCTI SIK B10Opa-
YKEHHS SIBUIIA B MOT'0 PI3HOMAHITTI 1 B3a€EMO/II1.

Jlitrepatypa [7, ¢.231-245, 298-348]

Tema 8. Kpuxxke 1 B’si3ke pyiiHyBaHHs. EjeMeHTH MEXaHIKU pyHHY-
BaHHs. OpakTorpadis

[Iporiec pyitHyBaHHS SIK MPOIEC YTBOPEHHS 1 pocTy TpimuH. KoHIeH-
Tpallisi HanpyXeHb. Kpuxke 1 B’si3ke pyriHyBanHs. Teopis ['pidirca. Me-
TOJU OI[IHKU CXUJIBHOCTI METAIIB JI0 PyUHYBaHHSI.

BuzHadeHHs CXUJIBHOCTI 0 KpUXKOTO pyiHyBaHHA. KpuTepii kpuxkoi
MIIIHOCTI: B'A3KICTh pyiiHyBaHHS K., Koe]illieHT 1HTEHCHBHOCTI Hampy-
eHb, piBHAHHS [lepica.

Jliteparypa [7, ¢.105-146]

Tema 9. CTpyKTypHI 3MIHM B ME€TAJIaX MpHU JePopMyBaHHI

[ToBomKEHHST METAIIB MPU MPY>KHIN 1 MIIACTUYHIA Aedopmallisix, Me-
XaHI3M KOB3aHHSA 1 JBOWHMKYBaHHsA. J[xkepeno nucnokaiiii @panka-Pina.
OcobnuBocTi TacTUYHOI Aedopmaliii nomikpuctaii. Pi3uyHa npupoaa
3MIIHEHHSI TpHU HakJemnl. BrmB miactuyHoi aegopmaiiii Ha CTPYKTypy 1
BJIaCTUBOCTI MeTaliB. [loHaamIacTuYHICTh MeTaliB. TeopeTuyHa MILHICTb.
Cxema [.A.Opinra.

Jliteparypa [1, ¢.54-63, 76-78; 2, ¢.120-135; 4, ¢.52-62]

Tema 10. IToBomxeHHs 1eopMOBAHOTO METally IIPU HarpiBaHHi, 3BO-
POT 1 peKpHrcTaIizalis

Enepreruununii cran Hakienanoro metany. [Insxu 3MeHIIIEHHS 3amacy
BUIbHOI eHeprii. CIIOYMHOK 1 MOJITOHI3allis, MeXxaH13M mpoiieciB. PoboTu
A.A. bouBapa. Pexpucranizaiiis, mopir pekpucranizaiii, 30ipHa pekpucra-



mizamis. Jiarpamu pekpucramizaiii. I'apsda 1 xonoaHa 00poOka MeTaiB
THUCKOM.
Jliteparypa [1, ¢.78-88; 2, ¢.136-141; 4, ¢.63-69]

Tema 11. OcHoBu Teopii cmaiB. CrutaBu 1 iXHS XapaKTEpHUCTHKA.
Knacudikaiis da3

[lonsTTa: cnnaB, koMmnoHeHt, ¢a3a. Knacudikania dha3 y noapBiiHux
cucTteMax: TBEPJl PO3UMHHM, iXHsS OyJ0Ba, BUAU TBEPJUX PO3UMHIB (3ami-
IIICHHS, BIPOBA/KCHHS, BUpaXyBaHHs, OOMEXKEH1 1 HeoOOMexeH1). XiMiuH1
CIOJIYKH, BIIMIHHICTB 1X BI1J TBEpJAUX po34uuHIB. MexaH1uHi cymimii. [Ipo-
MIXKHI 3'€IHAHHS: YNOPSAAKOBaHI TBEPAl PO3UMHHU, €IEKTPOHHI 3'€JHAHHS.
®a3u BrnpoBamkenHs. Kmacudikaia npomixuux 3'eqHanb 32 M.C. Kyp-
HAKOBHM.

Jlitrepatypa [1, ¢.88-100; 3, ¢.97-108; 4, ¢.97-109]

Tema 12. JliarpamMu cTaHy ABOKOMIIOHEHTHUX CUCTEM

Tepmonunamiuauii onuc ¢azoBoi piBHoBaru. [loOyaoBa miarpam cra-
Hy. AHami3 jaiarpam CTaHy, KOMIOHEHTH SIKMX BOJIOJIIOTH ITOBHOIO B3a€M-
HOIO PO3YMHHICTIO Y TBEPJOMY 1 pijikomy cTtaHax. JIikBaiis. 30HHa MJIaBKa.
AHai3 aiarpaM cTaHy, KOMIIOHEHTH SKHUX IIJIKOM HE PO3YMHHI Y TBEPIO-
My ctaHi. EBTektruna kpuctamnizaiis 3a A.A.bouBapom. [liarpama crany 3
OOMEXEHOI0 PO3YMHHICTIO KOMIIOHEHTIB Yy TBEPJOMY CTaHi: €BTEKTHYHA 1
NepUTEKTUYHA KpucTamizamii. Jliarpama ctaHy 3 XIMIYHMMH CIOJIYKaMU:
CTIMKUMH 1 HECTIMKMMU. AHaJII3 AlarpaMu CTaHy KOMIIOHEHTIB, IO 3a3Ha-
I0Th MOJIIMOP(HUX MEPETBOPEHD, €BTEKTOIIHI TEPETBOPEHHS. BinxuneHHs
B ()a30BOi PIBHOBArM B pEAIbHUX CIUIaBaX. 3aJIEKHICTh BIACTUBOCTEN
CIUIaBIB Bij XapakTepy aiarpamu ctany (3akoH M.C.KypnakoBa).

Jliteparypa [1, ¢.100-128; 3, c.112-144]

Tema 13. JliarpamMu cTaHy TPUKOMIIOHCHTHUX CHCTEM

[TobynoBa miarpamu cTaHy TPUKOMIOHEHTHUX cucTteM. KoHIeHTpa-
MIMHUN TPUKYTHUK. METOAM BU3HAYEHHS XIMIYHOTO CKJIaJy 3a KOHIIEHT-
paliiiHUM TPUKYTHUKOM: METOJ MEPIEeHIUKYJIAPIB, PIBHOODKHUX CTOPIH,
Mmeton ['emiepa. AHani3 giarpaMy CTaHy TPUKOMIIOHEHTHUX CHCTEM, KOM-
MOHEHTHU SKMX MalOTh B3a€EMHY PO3UYHHHICTH y TBEPJOMY 1 PIAKOMY CTa-
Hax. [3oTepmiuHl mepeTuHU. AHalI3 JiarpaMu CTaHy TPUKOMIIOHEHTHUX
CHUCTEM, KOMIIOHCHTH SKHUX MAalOTh MOBHY PO3UYMHHICTH Y PIIKOMY CTaHi 1
MOBHY HEPO3YHMHHICTh y TBEpJIOMY. AHa3 MEPETBOPEHb MO KOHIICHTPA-
IIHHOMY TPUKYTHUKY. [Ipoiiecu CTpyKTypOyTBOPEHHS.



Jliteparypa [1, ¢.128-140; 3, c.144-157]

Tema 14. ®a30Bi nepeTBOPEHHS B CIJIaBaX Y TBEPJAOMY CTaH1

Hudysis, 3akonu qudysii. Mexanizm audysii, poib BakaHcii. dakto-
pH, 10 BIUIMBAIOTh Ha AUQY3it0. ['paHyisiis, roMoreHi3aiis 1 picT 3epeH y
TBEpAUX po3uuHax. Bugu neperBopeHb y TBepaomy ctaHi. [lomimopdHni
NEPETBOPEHHSI B MOJABIMHUX CIUIaBaX, MEXaHI3M MNOJIMOP(HUX MEPETBO-
peHb (nudys3iitHuii 1 MapTeHcuTHH). Po3nan nepecuueHux po3uuHib. Te-
opisg ctapinusa 3a C.T. KonobeeBchbkum. Koanecueniis 1 cdepoiguzaiis
HaJIMIIKOBUX (pa3. BruimB crapiHHg Ha MeXaHiuHi 1 (i3U4HI BJIACTUBOCTI
cruiaBiB. EBTEKTOIIHE 1 MEPUTEKTOIHE MEPETBOPEHHS B MOJBIMHHUX CILIa-
Bax. Di3u4dHI 1 TEXHOJOTIYHI BIaCTHBOCTI MOJABIMHUX CIIABIB 3 HEPIBHO-
BaYXHUM CKJIAJIOM 1 CTPYKTYPOIO.

Jlitrepatypa [2, ¢.161-174]

Tema 15. [Tiarpama (a3oBoi piIBHOBArW 3aJ1i30BYTJICIICBUX CIIJIaBiB

BnactuBocTi 3amiza: momimMopdi3M, BIAHOIICHHS A0 ByrJjielo. Biac-
THUBOCTI BYTJIEIO, TpadiT 1 IEMEHTHUT. 3arajibHUM orisiy (pa3oBoi glarpaMu
CTaHy 3aJ1130BYIJICLIEBUX CIUIaBiB. [1070KEeHHS KpUTHYHUX TOYOK. bynoBa
ocHOBHHUX (ha3. IlepeTBOpeHHS B 3al1i30BYIJICIICBUX CIUIaBaX, 110 BigOyBa-
IOThCSI TIPU TIOCTINHIN Temmeparypi. [lepurekTuune mepeTBOPEHHsI, MOTO
MeXaH13M, TMPOJYKTH NepeTBOpPeHHS. EBTeKTHYHE TepeTBOpeHHs, Jieae0y-
pUT 1 Horo BiacTUBOCTI. YaByHM €BTEKTHYHI, JO- 1 3a€BTEKTHUYHI, iXHS
CTPYKTypa 1 BIacTUBOCTI. EBTEKTOIAHI MEpEeTBOPEHHS, IEPJIT 1 1OTO BJac-

TUBOCTI. Jl0- 1 3aeBTekTOIAHI cTami. [lo3HaUeHHS! KPUTUYHUX TOUYOK CTAJI.
Jliteparypa [23, ¢.159-179]

Tema 16. Byrnenesi crani, ixHiil ckian. BiactuBocti nutoi crami

. Byrneuesi craimi, iXHiil ckian, BIUIMB JoMIMIOK. CTPyKTypa JIUTOI
CTajJl: MaKpo- 1 MIKpOCTPYKTYpa, ACHAPUTU. XIMIUHA HEOAHOPIAHICTh JIU-
TO1 CTaJll — ICHAPUTHA 1 30HAJIbHA JIIKBAIlli, HEMETaIi4yH1 BKJIIOUEHHS, ra-
30B1 1 MIIKOPKOBI MIXypPH, BUMAJAKOBI JOMIIIKH, (13UYHA HEOTHOPIAHICTS,
yCaJl04H1 PaKOBUHU, TIOPUCTICTh, TPIIIIMHU. BJIaCTUBOCTI JIUTOI CTaJII.

Jlitrepatypa [2, ¢.226-238; 3, ¢.181-195]

Tema 17. BrnactuBocti rapsaogedopmoBanoi crami. Knacudikaris i
MapKyBaHHS BYTJICLIEBUX CTaJIeH

Bynosa nepopmoBaHoi cTai, BIUIUB OOPOOKU TUCKOM Ha CTPYKTYpY 1
BJIACTUBOCTI, Temneparypuuil iHTepBan OMT. Jlepexktu aedopmoBaHOi



CTajl: BOJIOKHUCTa Oyj0Ba, mU(EpHUN 3J1aM, CMYTacTICTh, PAJIKOBICTD,
BOJIOCOBUHHM, TpiluHH, (PiiokeHnu. Byrienesi crami, ixHsa kinacudikariis 3a
SIKICTIO, MIPU3HAYEHHSIM, CIIOCOOOM PO3KHCIICHHS. MapKipyBaHHS CTaJiei.
Crani 3BuuaiiHoi sikocTi (rpyna A, b, B), skicHi 3 HOpMaJabHUM 1 TT1BUILIE-
HUM BMICTOM MapraHifto, JIMTa CTajib. BnacTuBOCTI JUTO1, 1€(hOPMOBAHOI 1
PEKPHUCTAII30BAHOT CTaII.

Ponb migBHILIEHHS SIKOCTI CTaJIe 1 pO3pOOKH HOBUX CTajiel y PO3BUT-
Ky MamrHOOYyBaHHS 1 3HWKEHHSI METAJIOEMHOCT] MalllMH. 3aCTOCYBaHHS
Ha 3AT HKM3 BakyymyBanus cram, EIIII. BukopuctanHsa npoayBKu
1HEpTHUMU Ta3aMu 1 nopomkamu ctaiai Ha CKM3. Pobotu xadenpu mera-

no3HaBcTBa JJJIMA mo maBUIEHHIO SKOCTI CTalll.
Jliteparypa [4, ¢.183-191]

Tema 18. Ctpykrypa yaByHa. OCHOBHI1 Teopii rpadiTu3zaiii

CtpykTypa 0i1uX 4aByHIB, YMOBH iXHBOI'O OJIepKaHHS, BJACTUBOCTI H
obnacth 3actocyBanHd. Cipi yaBynu. CTabliapHa JliarpaMa CTaHy 3a1i30BY-
rieneBux cruiaBiB. OCHOBHI Teopii rpadituzarii, crtamii rpadituzarii,
BB C, Si, Mn, S, P. Enepretuuni yMoBH yTBOpeHHS rpadiTy 1 EeMEeH-
tuTy. CTpyKTypa CipuX 4aBYHIB: BIUIMB I'padiTy Ha BJIACTUBOCTI YaBYHaA.
OcHOBHI (pakTopH, 1110 BU3HAYAIOTH PO3MIPH, POpMY 1 KUIBKICTh rpadiTy:
JIOMIILIKH, IIBUJIKICTh OXOJIO/IKEHHS, TIeperpiBaHHS.

Jliteparypa [2, ¢.210-222, 236-241; 4, ¢.192-205]

Tema 19. CTpykTypa 1 BIaCTUBOCTI CIICIiaJIbHUX YaBYHIB

MertaneBa ocHOBa Cipux 4aByHiB: peputHa, pepuro-nepiiTHa, nepi-
THa. OnepkaHHs CreliaJbHUX YaBYHIB. MoaudikoBaHUii, BACOKOMIIIHUM,
CTAJTUCTUN 1 KOBKUM YaByHHU. TE€XHOJIOT1S IXHHOTO OJIEp>KAaHHS, BIIaCTUBOC-

Ti. Bubinenuii yaByH. MapkipyBanHs 4aByHiB 3a JICTowm.
Jliteparypa [3, ¢.216-222; 4, ¢.205-210]

Tema 20. Jlerosani ctaii 1 yaByHU. B3aeMoIis 1eTyl0unx €JIE€MEHTIB 13
3aJ1130M 1 ByTJIELIEM

CtpykTypa JeroBaHuX cTajeil 1 yaByHiB. Bumoru, mpen’siBiieHi Ha-
POJHHUM TOCIOJAPCTBOM IIOJ0 PO3BUTKY BUPOOHHUIITBA JIETOBAHOI CTai.
Po3nofin erytounx elIeMeHTIB, BIUIUB JETYIOUUX €JIEMEHTIB Ha MOJIIMOp-
¢di3m 3amiza. PepuTHi ¥ ayCcTEHITHI cTadil. BIUMB neryrounx eaeMeHTIB Ha
kapOiaHy a3y, 3aKoH KapO1J0yTBOPEHHS, BUAM KapOi/IiB 1 iX BIACTHUBOCTI.

Jliteparypa [3, ¢.341-355]



Tema 21. BrinuB JIeTyrounx €JIEMEHTIB Ha OCHOBHI MEPETBOPEHHS B
3aJ1130BYTJICIEBUX CIUIaBax. MapKipyBaHHs JIETOBaHUX CTaje

BmiuB jeryrouux €JeMEHTIB Ha OCHOBHI MEPETBOPEHHS B CTANAX —
nudysiiini 1 6e3audy3iiini. CTpyKTYpHI KJIaCH JIETOBAHUX CTaJIeH, KIacu-
¢ikamis JeroBaHuX crajed y piBHOBAXKHOMY 1 METacTaOLILHOMY CTaHax.
MapKyBaHHsI JIETOBaHUX CTaJIEH.

Jliteparypa [3, ¢.355-364, 406-425]

Tema 22. CntaBu Ha OCHOBI M1/l

Minp 1 ii BnactuBocTi. CrijiaBu Mifll, BIUIUB JTOMIIIOK, MApPKyBaHHS Mi-
ai. CruiaBu Miil 3 HMHKOM. 3arajibHUM OIJISJ JlarpaMu CTaHy «Midb —
IMHK», aTOMHO-KpUCTaidiuHa OyaoBa ¢a3. BrimB LMHKY Ha CTPYKTYypy 1
BJIACTUBOCTI cruiaBiB. OxHodasHi 1 ABoGa3Hi JaTyHi. MapKyBaHHS 1 3aCTO-
cyBaHHs JatyHeu. [limmunHuKoBl cruiaBu. Bumoru, mo npes’ siBIsitOThCS
1m0 Hux. Pobotn A.A.bouBapa. CriaBu Mijai 3 0JIOBOM. 3arajibHUM OTJIS]
JlarpaMy CTaHy CUCTEMH «Mijb — 0JIoBO». CTpPyKTypa 1 BIacTUBOCTI (a3,
10 YTBOPIOIOTHCA B cucTeMi. MapkipyBaHHsl OpoH3. OJ0B’SITHUCTI OpOH3H 1
iXHbO1 BJIACTUBOCTI. be30JI0B’STHUCTI OpOH3U: aTIOMIiHIEBI, KPEMEHUCTI,
OepwtieBl, CBHHIEBI, 1XHIN CKJaJ, BIACTUBOCTI, 00JACTh 3aCTOCYBaHHSI.
MertanokepamiuHi il aHTU(PUKITIIHI CIITIABHU.

Jliteparypa [4, ¢.426-443]

Tema 23. CrinaBu Ha OCHOBI1 JIFOMIHIIO

AmoMiHI{ 1 HOTO BJIACTUBOCTI, BIUIMB JAOMIIIOK, MapkipyBaHHs. Kia-
cuikailisi CrIaBiB Ha OCHOBI aJIOMIiHIIO, JJUBAPHI 1 TaKl, O AeHOPMYIOTh-
s, 3MIIHIOIOTHCS 1 HE 3MILHIOIOTHCS TEPMOOOpoOKoro. [iarpamu crany
ANIOMIHIIO 3 KpeMHieM. JIuBapH1 CIUIaBU — CUITyMIHH, TEXHOJIOT1SI MOIUA]I-
KyBaHHS. MapKyBaHHS CUIYMiHIB. AJIFOMIHIE€B] CIUIaBH, M0 Ae()OPMYIOTh-
cs. CIutaBd 3 MarHi€M 1 MaprasieM, 1o He 3MIIHIOIOThCS, MO3HAYCHHS
ux criaBiB. ypamtomis, oro tepmooopooka. IlnakyBanus. Bucokomii-

H1 1 )KapOMIITH1 aJTIOMiHI€B1 CIIJIaBH. MarHi€Bi CIUTaBH.
Jliteparypa [4, ¢.444-458]

Tema 24. CrinaBu Ha OCHOBI 0JIOBa, CBUHIIIO 1 TUTaHY

CBuHellb 1 0J0BO. BIyiMB OMIIIIOK Ha BJIACTUBOCTI ITUX METaJiB. 3a-
CTOCYBaHHSI CBUHIIIO i 0JioBa. JIETKOIJIaBKI MiAITUITHUKOBI CIIJIaBH — 0a0i-
. OJ0B'THUCTI 1 6e30/10B'ssHUCTI 6a0iTH. badiTH Ha OCHOBI ITUHKY M ajIto-
MmiHito. [Tpunoi, m'siki 1 TBepai. OJOB'sTHO-CBUHIOBUCTI npumoi. TBepai
MpUIIOi, CPIOHI MIPUIOT, IUHKO-ATIOMIHIEB] MIMUITHUKOBI criiaBu. CIuiaBu



Ha OCHOB1 TuTany. CIjiaBu JJig AJI€pHOI T€XHiIKU. THUTaH 1 WOro CIUIaBHU.
[TomiMopdizm TuTany. Brimue qomimiok (a30Ty, BYTJIEI0, KUCHIO 1 BOJHIO)
Ha BJIACTUBOCTI TUTaHy. - 1 - crabutizatopu. Jliarpama cTtaHy TUTaHa 3

AFOMIHIEM, OJIOBOM, ITMHKOM, MOJII0/IeHOM, BaHaJliEM, MapraHIeM 1 3aJi-
30M. BnacTtuBoCTi TMTaHOBMX CIUIaBiB. TBep/ii CIUIaBU: JIUTI 1 METaIOKe-
paMiuHi. [HIn criaBu (Mpenu3iiiHi CIUIaBH, HAIIBIIPOBIIHUKOBI MaTepialiy,
CILJIaBH JUIS SIIEPHOT TEXHIKH).

Jliteparypa [4, ¢.463-467, 3, ¢.556-562, 618-628]

Tema 25. Tlpouecu, 1110 BiIOYBAIOTHCS B CTANIl IPU MTOBUILHOMY Harpi-
BaHHI. Y TBOPEHHS ayCTEHITY

OCHOBHI1 €JIEMEHTU TEXHOJIOT1l TepMOOOPOOKHU: HarpiBaHHS, BUTPUM-
Ka, OXOJIO)KEHHS. 3B'I30K TEXHOJIOT1T TEPMOOOPOOKH 3 JlIarpaMoi0 CTaHy
3aJT130BYTIJICIIEBUX CILIABIB.

[lepeTBopeHHs (pepUTO-NIEPIITHOI CyMillll B AYCTEHIT 1 KIHETUKA MPO-
1ecy. 3apoJKEHHS 1 PICT 3€pHa ayCTEeHITY NP HarpiBaHHi. ['oMoreHizaris
aycTeHiTy. [lepeTBopeHHs NepiTy Ipu OE3yNMMHHOMY HarpiBaHHi.

Jlitrepatypa [5, ¢.7-26; 6, ¢.100-136]

Tema 26. 3epHo B ctani. BiuiuB BennurMHM 3€pHa ayCTEHITY Ha MeXa-
HIYH1 1 TEXHOJIOT1YH1 BJACTUBOCTI CTaIl

3epHO ayCTEHITY, OCHOBHI BU3HAYE€HHS: CHAaJKOBO JIpiOHO- 1 Tpy003e-
pHUCTI cTail. DI3uYHA MPUYMHA CXWJIBHOCTI 3€pHA ayCTEHITY JI0 POCTY.
CnocoOu Bu3HaueHHs BenuunHu 3epHa 3a JICTom. BmimB xiMidHOTO
CKJIaJly, CIocoOy BHUILJIABKU Ha CXHJIBHICTh 3€pHa ayCTEHITYy A0 pocTy. lle-
perpiB 1 nepepianai. Briue BeIMUYMHU 3epHA Ha TEXHOJIOTTYHI 1 MEXaHI4YHI
BJIACTUBOCTI. JliiCHE 3€pHO CcTalll.

Jliteparypa [3, ¢.47-54, 237-243]

Tema 27. llepeTBOpeHHS, 1110 B1IOYBAIOTHCA B CTajl MPU MOBUILHOMY
OXOJIOJ)KEHHI. MexXaHi3M 1 KIHETUKa po3Majly MepeoX0J0)KEHOTO aycTe-
HITY

3aranbHa TEOpid MEPEOXOJIOHKEHOTO ayCTEHITY, BIUIMB CTYIEHS Iie-
peoxoiiomxeHHs. KiHeTrka 1 MexaHi3M NEepEeTBOPEHHS MEPEOXO0JI0KEHOTO
ayCTEHITY B MEPJITHIA 1 MPOMDKHIN IiisHKax. [liarpama i30Te€pMIYHOTO
po3Maay MepeoxoyoKEHOTO ayCTeHITy, ii moOy0Ba, TEOPETUYHA 1 TpaK-
TUYHA 3Ha4uMICTh. CTpyKTypa MPOAYKTIB MEPETBOPEHHS 1 BIACTHUBOCTI.
dakTopH, 110 BIUIMBAIOTh Ha MEXaHI3M 1 KIHETHUKY pO3Iaay MepPeoX0Jio-
JPKEHOTO ayCTEHITY.



Jlitepatypa [6, ¢.135-146]



Tema 28. MapTeHCUTHE TIEPETBOPEHHS B CTAIISIX

3aranbHa Teopis neperBopeHHs. Po6otu I'.B. KypatomoBa. CTtpykrypa
1 BJJaCTUBOCTI MapTeHCUTY. MeXaH13M MepeTBOPEHHS ayCTEHITY B MapTeH-
cut. [Ipupona maprencury. KineTrka nepeTBOpeHHs ayCTEHITY B MapTeH-
cuT. MapTeHCcUTHA JlarpaMa, 3aJUIIKOBUi aycTeHIT. Ctabimi3alis 3aaulll-
KOBOT'O ayCTEHITY. BIUIMB yMOB 0X0J10/1’)KEHHSI Ha IEPETBOPEHHSI AyCTEHITY
B MapTCHCHT.

Jliteparypa [6, ¢.181-227]

Tema 29. MexaHi3M 1 KiHETHKAa MPOMIKHOTO (OEMHITHOTO) MEpeTBO-
penns. [lepeTBopeHHs, 1110 BiAOYBAIOTHCS B CTaNll NMPU OE3YyMUHHOMY OXO-
JIOKEHHI

[Tpomixue (OeliniTHe) mepeTBopeHHs. [Ipupona OeiinitTa. MexaHi3m
OCMHITHOrO TEPETBOPEHHS. MexaHiuHl BIACTUBOCTI CTalll 3 OEHHITHOIO
CTPYKTYpoO10. BIUIMB Jieryrounx eIeMeHTIB Ha 130TepMIYHE MEPETBOPEHHS
ayCTEHITY.

[lepeTBOpeHHsI ayCTEHITY MHpH OE3yNMUHHOMY OXOJOMKEeHHI. Brums
IIBUJIKOCTI O€3yNMUHHOTO OXOJIOJKEHHS HA KPUTUYHI TOYKH, CTPYKTYPY 1
BJIACTUBOCTI cTaji. KpuThuHa MIBUIKICTH OXOJIOJKEHHs. BIimB ckiamy
CTa]l 1 TEXHOJIOTIYHUX (PAKTOPIB Ha KPUTUYHY IIBUAKICTH OXOJIOJIKCHHSI.
Po3paxyHKkoBO-TpadiyHe BU3HAYEHHS KPUTUYHOI MIBUIKOCTI 3arapTyBaH-
HsA. TepMOKIHETHYHI AiarpamMu MEPETBOPEHHSI ayCTEHITY, IXHE MPAKTUYHE
3HAYEHHS MPU TEPMOOOPOOITl BUITUBKIB.

Jliteparypa [5, ¢.76-88]

Tema 30. Texnonoriga TepMiuHOi 0OpOOKHU cTalll 1 YaByHY. TeXHOJIOr1s
BNy, BUAM 1 npu3HaueHHs. [lepBuHHA 1 BTOpMHHA TEpMOOOpPOOKa

Buau 1 Mera Bianany. Bignan nepmioro poay: NpUHITUIIA BUOOPY OC-
HOBHUX TapameTpiB TexHousorii. Knacudikaiis ctam 3a GpIoKeHOIyTIUBI-
ctio. IloBHMI Bigman crami, IpU3HAYCHHS, pekuMH. HemoBHuMIT Bimman
CTal, MPU3HAYCHHS, PSKUMH. [30TepMIUHUI BiAmana ctaji, MpU3HAYCHHS,
pexumu. ['omoreHi3yrouuil Biinaa crajiei, npu3HadueHHs, pexxumu. CBiT-
it Bignana. Pexxumu Binnmany KpynmHUX MOKOBOK. Biaman craneBoro JuTTA.
HuszbkoTeMnepatypuuii Bianan. Binman Ha 3epauctuit nepait. Bianan xo-
nomaHoaedopMoBaHoi cTaii. BrmB Biamany Ha CTPYKTYpy 1 MeXaHIUHI

BJIACTUBOCTI rapsuoaeopMOBaHO1 CTaI.
Jliteparypa [6, ¢.27-92, 146-156]



Tema 31. Hopmamizaliisi ctami, eKOHOMIYHAa €()EKTHBHICTh 3aCTOCY-
BaHHS HOpMaJi3alii

Buznauenns onepartiii Hopmaizaiii. ®akTopu, 1m0 BIUIMBAIOTH HA pe-
3yJIbTaTH HOpMaJi3alii craii. BrauB HopMaimizallli Ha CTPYKTYpy 1 Mexa-
HIYHI1 BJIACTUBOCTI CTaJli, MOPIBHIHHS HOpMai3ailii 3 BiAMaloM, €KOHOMI-
yHa €(DEKTUBHICTh 3aCTOCYBAaHHS HOpMaTi3allii.

YcrarkyBaHHs i Bianany 1 HopManizaiiii. OKucatoBaHHs 1 00€3BYT-
JEUIOBaHHS CTalll. 3aXucHI atMocdepu, OE30KUCHE HarpiBaHHs, Ne(EKTH,
10 BUHUKAIOTh MPH BiAMNAal 1 HOpMaizailii (00e3ByTJICHIOBaHHs, IEPErpiB,
nepeBianai, KOpoOJIeHHs).

Jliteparypa [5, ¢.291-294]

Tema 32. 3araptyBanHs ctaii. Bubip mapamerpiB TexHoJoT1i. Pi3HO-
BUJIHOCTI 3arapTyBaHHs.

Busnauenns omeparitii 3arapryBanHsi. @akTopu, 110 BU3HAYAIOTH pe-
3yJAbTaTH 3araptyBaHHs. [IIBUAKICTE 1 TeMrepaTypa HarpiBaHHs Iij 3arap-
TyBaHHA. [IIBUAKICTH OXOJOMKEHHS 1 XapaKTEPUCTHUKA OXOJOIKYIOUHMX
CEpEIOBUIL, TMOHATTS MPO 17eanbHUl oXo0JoKkyBad. Jledopmaris crani
P 3arapTyBaHHI.

[IporapToBaHICTh 1 3arapTOBaHICTh CTali. MeTOU BU3HAUYECHHS MPO-
rapTOBAHOCTI cTajl. BIJIKMB MpOrapToBaHOCTI HAa CTPYKTYPY 1 BIACTUBOCTI
craii, cxema A.Il I'ynsesa.

[ToHsATTS TpO oNTUMabHUM CHOCIO 3arapTyBaHHS, BIUIMB CKJIATy 1
dbopmu paeranei. TexHosoriss 1 00JacTh 3aCTOCYBaHHS: 3arapTyBaHHS B
OJIHOMY OXOJIOJ)KyBaui, 3arapTyBaHHsI B JIBOX CEpPEOBHUIIAX, CTpyHhuaTe
3arapTyBaHHs, 3arapTyBaHHS 13 CAMOBIJITYCKOM, CTYIIHYacCTOTO 3arapTy-
BaHHsI, 130T€pMIYHOTO 3arapTyBaHHA. [IOHATTS U 001acTh 3aCTOCYBaHHS
6e3nedopMalliifHOro 3arapTyBaHHs. 3arapTyBaHHs Ha CTaOUIbHI PO3MIPH.
O06pobOka xo010/10M. OCcOOIMBOCTI 3arapTyBaHHs JUTOI CTAJIL.

Jlitrepatypa [4, ¢.262-272, 279-283; 6, ¢.239-243]

Tema 33. TexHonoris Biagnycky. BianyckHa kpuxkicts. Teopis nepert-
BOPEHD

BusnauenHs omnepaiiii BiAycky craii. Teopis Bianycky ctajii. Brus
TeMrepaTypH BIAMYCKY Ha CTPYKTYPY 1 MEXaHIYHI BJIAaCTUBOCTI 3arapToBa-
HOi cTajil. Tepmiune nominmenHs. KpuxkicTh cTaji npu Biamycky. O0opo-
THa 1 HEOOOPOTHA KPUXKICTh.



CrapiHHs CIUIaBiB Ha OCHOBI 3aii3a. Teopis cTapiHHA. Y CTaHOBJIECHHS
peXUMY BIIYCKY. Y CTaTKyBaHHS JJisl HArpiBaHHS 1] 3arapTyBaHHSA 1 Bi-
anyck ctani. JlegekTu, 1o BUHUKAIOTh MIPU 3arapTyBaHHI 1 BIJITYCKY.

BukopucTtanHs TOCSITHEHHS BiJl 3arajJbHOrO 0 MIPHUBATHOTO SIK TPOIIe-
Cy Mi3HAHHS NPU MPU3HAYEHHI KOHKPETHUX BUAIB TEPMIYHOI 00poOKHU (Ha
MiJICTaB1 3arajbHUX 3aKOHOMIPHOCTEN (Pa30BUX MEPETBOPEHb BUBOJSTHCS
MpUBATHI TEXHOJIOT1YHI TpuiioMu oO0poOkm). Ha mpukiaai TepMidHOro mo-
JITIIIEHHS] MOKa3aTH YMHHICTh 3aKOHY 3amnepeueHHs (y pe3ysbTaTi 3arap-
TyBaHHS TJIACTUYHICTh, YJapHa B'SI3KICTh P13KO MOHU3WIINCS, Y PE3YJbTaTI
BIIMYCKY - MIABUILIMWINCS, ajie Ha OUIbIII BUCOKOMY PiBHI MPHU OJTHOYACHO-
My TIJBHUIICHHI MIITHOCTI, IJIACTHYHOCTI 1 B'S3KOCTI, TOOTO BCHOT'O KOM-
miekcy BiactuBocteil). Pobotu xadeapu meranosznaBctBa JAJIMA 3 miel

TEMHU.
Jlitepatypa [6, ¢.306-333]

Tema 34. l1loBepXxHEBI METOIU 3arapTyBaHHS

CyTHICTh 1 IPU3HAUYECHHS MMOBEPXHEBOr0 3arapTyBaHHs, Kiacudikariis
MeTo1iB. [ToBepXxHEeBe 3arapTyBaHHS IPY HArpiBaHHI y CBUHIIEBUX BaHHAX.
[Tonym'ssHe moBepxHeBe 3araptyBaHHs. [loBepxHeBe 3arapTyBaHHS IpuU
HarpiBaHHI B eJeKTpoiiTi. KoHTakTHE HarpiBaHHA. 3arapTyBaHHsS MpU Ha-
rpiBaHHI CTpyMaMu BUCOKOiI 4acToTu. CrocoOu IHAYKIIMHOTO HarpiBaHHs
nig 3araptryBaHHs. [lapameTpu 1HAYKIIMHOTO HarpiBaHHs ISl LUIEH Tep-
MI4HOI 00poOKH. BrimuB mapamMerpiB 1HAYKIIHHOTO HarpiBaHHs Ha CTPYK-
Typy 1 MEXaHI4H1 BJIACTHUBOCTI 3arapToBaHoi ctaji. HampyxeHHs B moBep-
XOBO 3arapToBaHiil cram. Omnip BroMmiieHocTi. JliarpaMu JOMyCTUMUX 1 Tie-
PEBAXHHUX PEKHUMIB NP BUCOKOYACTOTHOMY HarpiBaHHI IIiJl 3arapTyBaH-
Hs. [ToBepxHEBe 3arapTyBaHHs MPU Ta30MOIYyM'STHOMY 1 JJA3€pHOMY Harpi-
BaHHI. [lepeBaru 1 HeOTIKH.

Jlitrepatypa [5, ¢.293-323; 10, ¢.252-261]

Tema 35. 3aranbpHi 3aKOHOMIPHOCTI XIMIKO-TepMIYHOI 0OpOOKH cTai.
TexHoJIoT1s eMeHTarl

BusnauenHs omnepailii XiMiKO-TepMidHOi 0OpOOKM cTaji. 3arajibH1 3a-
KOHOMIPHOCTI Iu(y31iHUX TpoIieciB, Teopis sBull. bygoBa nudy3iitHOTrO
apy B 3B'SI3Ky 3 JliarpamMolo CTaHy.

[lemenTamis ctam. BmiauwB TemmepaTypw, TPHUBAJIOCTI IEMEHTAIl 1
BMICTY B CTajl JIETYIOUMX €JIEMEHTIB Ha pe3ysbTaTu lemeHTaiii. Crtaib
U1 rieMeHTartii. TBepai, pigki 1 razomoiOH1 kaporopuzatopu. [IpakTrka
MPOBEACHHS IIeMEHTAaIlli. Y CTaTKyBaHHS, 1110 3aCTOCOBYEThCS.



TepMmiuna 00poOka 1ieMeHTOBaHUX BUPOOiIB. CTPyKTypa 1 BIACTUBOCTI

IIEMEHTOBAHOI CTaTi, 00JaCTh 3aCTOCYBaHHS [IEMEHTAIII1.
Jliteparypa [4, ¢.307-320; 6, ¢.361-382]



Tema 36. Ximi3M TIpoIeCy a30TyBaHHS

BnactuBocTi azoroBaHoro mapy. Crami Jjis a30TyBaHHS. AHTHKOPO-
3iifHe a30TyBaHHA. A30TyBaHHS JIETOBAHOI CTajll 3 METOI MOBEPXHEBOTO
3MIIHEHHA. PeXMMM a30TyBaHHS 1 YCTaTKyBaHHs, IO 3aCTOCOBYETHCA.
[TopiBHSIHHSI a30TyBaHHS 1 IIEMEHTAIIIi SIK TBOX METO/IIB XIMIKO-TepMIUHO1
00poOku. ["anmy3i 3acTocyBaHHS a30TyBaHHS.

[MianyBanns crami. CTpyKTypa 1 BIaCTUBOCTI I[1aHOBaHOi cTaii. Huzsb-
KOTeMIIepaTypHE L[IaHYBaHHS B PIAKHUX, TA30BUX 1 TBEPJIUX CEPEIOBUIIAX.
[{ianyBaHHS IHCTpYMEHTaJNbHUX cTajied. TexHika Oe3neku. bopupyBaHHS.
Hudysiitna metanizaiis. CynbhinupyBaHHs CTalll 1 YaBYHY.

Jliteparypa [4, ¢.320-330]

Tema 37. Cxnan, TepMiuHa oOpoOKa 1 BIACTUBOCTI KOHCTPYKIIIMHHUX
cTajieu

Bumoru, mo npea'sBIsiOTbCA A0 KOHCTPYKIIMHUX ctaned. [Ipupona
MIITHOCTI KOHCTPYKIIIMHOI cTaial. KoHCTpyKIiliHa MiIlHICTh. 3B'S30K MiX
MIIHICTIO 1 3amacoM B'SI3KOCTI. BIummB XiMIYHOTO CKJIaay Ha MEXaHIdH1
BJIACTUBOCTI CTaJIl MICJIsl HU3BKO- 1 BUCOKOTEMIIEPATYPHOTO BiIITyCKY.

Crani, SK1 IEeMEHTYIOTbCSI, 1 KOHCTPYKIIIMHI CTal, 0 MOJINIIYIOThCS.
ByrneneBi KOHCTPYKILIHI cTali, IXHINA CKiaj, BIACTUBOCTI, TEPMIUHA 00-
pobka. OcoOIMBOCTI TepMIUHOI OOpOOKHM JUTUX CTajeid, B TOMY YHCII
XPOMHUCTHUX, XPOMO-HIKEJIEBHUX, XPOMO-HIKEJIb-MOJIOCHOBUX 1 1HIIHUX
KOHCTPYKIIMHUX cTajed. TepmiuHa oOpoOKa pecopHO-TIPYKMHHOT CTall.
Hedextu neroanux cranei, GiaokeHu 1 Mipu 00poTbOu. KapomilrHi 1 xka-
POCTINKI CILIaBH.

Jliteparypa [3, ¢.364-411]

Tema 38. Cxnan, TepmiuyHa 00poOKa 1 BIACTUBOCTI IHCTPYMEHTAILHUX
ctaneit. Tepmiuna oOpoOka BWIMBKIB 13 ciporo 4aByHy. OnepxaHHS KOB-
KOT'0 YaBYHY

Bumorwu, mo mpea'sBISIIOTBCS A0 1HCTpyMeHTanbHuUX ctajei. Ckiaf,
TepMiuHa 00poOKa, BIACTUBOCTI BYIJICIIEBOI 1 JIETOBAHOT 1HCTPYMEHTAJIb-
HO1 ctami. Jluti crami. [lltammnoBi crami jis feopMyBaHHS METAIy B XO-
JIOMHOMY CTaH1 1 1Jia 1eopMyBaHHS B rapsuoMy CTaHi, JIJIsi KOKUIIB 1 1H-
IIOTO JIMBAPHOT'O OCHAIICHHS. YMOBH po0oTu cTam. KpacHOCTIHMKICTD,
TEPMOCTINKICTh, B'SI3KICTh, MPOrapTOBAHICTh, BIAMYCKHA KPUXKICTh, 3JIU-
MAEMICTh CTaJiel IJIs «rapsyux» MTaMmIliB. 3aCTOCYBaHHS CTali, MPaKTUKa
TepMiuHOi 00poOKku. Ctani aJjist npec-popm JIUTTS MiJ TUCKOM, BUMOTH J10
HUX, TepMOOOpoOKa. Bubip craneit mis npec-GpopM pi3HOTO MPU3HAYCHHS.



TBep/i criaBu — JIMTI 1 METallOKepamiyHi. MeTanokepamiuHi TBEp/Ii CILIa-
BM Ha OCHOBI KapOiJiB BoJibhpaMy 1 TUTaHy, iXHS OyJ0Ba 1 BIACTHBOCTI.
JIuTi TBEpAl CIJIaBH, iXHIM CKJIaJl, CTPYKTYpa, BIACTUBOCTI 1 MPU3HAYCHHS.

Tepmiuna 0OpoOka BUIIMBKIB 13 CIPOTO YaBYHY 3 METOI0 3HUKCHHS
TBEPJAOCTI 1 3MEHIIEHHS 3aJUIIKOBUX HampyXeHb. CTapiHHS MPUPOJHE 1
HITYy4HEe. 3arapTyBaHHs 1 BiAMyck 4aByHY. [lopiBHSHHS €()EKTUBHOCTI Te-
PMIYHOI OOPOOKH YaBYyHY 1 CTaJIi.

Opep:xaHHs KOBKOTO 4aByHY. TepmiuyHa 0OpoOKa CrenialbHOro 4YaBy-
HY.

Jliteparypa [3, ¢.411-448; 6, c.156-165]

Tema 39. Ilpupona peHTreHiBchkux npomeHis. Ilpupona y - mpome-

HiB. CrocoOu IXHHOTO OJepP KaHHS
bynoBa pentreniBcbkoi TpyOku. [IpuHiunoBa OygoBa peHTI€HIBChKO1
yctaHoBKU. CydacHa IIepeHOCHa PEHTTEeHIBChKA 1 ¥ - amaparypa.

Jliteparypa [8, ¢.140-147]

Tema 40. CriekTpu peHTT€HIBCbKUX MPOMEHIB. MexaHi3M BUHUKHEHHS
Ge3YMUHHOTO CcreKTpa. Moro 3akoHOMIpHOCTI i ocobmmuBocTi. MexaHizm
YTBOPEHHS XapaKTepUCTHYHOTO crekTpa. Moro ocobmisocTi. Judpakiiis
PEHTTeHIBChbKUX MpoMeHiB. PiBHsaHHS Bynbda - bperra.

Jliteparypa [8, ¢.186-195]

Tema 41. 3akoH TOTJIMHAHHS PEHTTECHIBCBKUX MPOMEHIB. MacoBuil
koediieHT ocnadneHHs. CyTHICTh PEHTTEHIBCHKOI 1 ¥ - AedEeKTOCKOTIi.

dakTopHu, 1[0 BU3HAYAIOTh SAKICTh PEHTT€HIBCHKOr0 3HIMKA. [IpocBiuyBaH-
Hs BUIMBKIB. OCHOBHI BUIU JIe(PEKTIB y BUIIMBKAX.
Jliteparypa [8, ¢.147-153]

Tema 42. Metonu peHTT€HOCTPYKTYypHOTO aHamizy. Metox Jlaye. Me-
To1 00epTOoBOTO Kprctana. Meroa Jledas. Po3mmdposka nedaerpamu. Bu-
3HAUEHHs MapameTpa KpucTamiyHux rpat. nsxu migBUIlleHHS TOYHOCTI
METOAY.

Jliteparypa [8, ¢.218-239]

Tema 43. THTEHCUBHICTh PEHTI€HIBCHKUX MpoMeHiB. DakTopu, 1o ii
BU3HauaoTh. CtpykTypHuit dakrop. HMoro 3HaueHHs i1 00'€eMHO-

LEHTPOBAHUX 1 TPAHEIEHTPOBAHUX I'paT. DaKkTOp MOBTOPIOBAHOCTI.
Jliteparypa [8, ¢.186-195]



Tema 44. ®azoBuit peHTreHIBChKUN aHami3. OCHOBHI METOJHU SKICHUX
1 KUTbKICHUX BU3HA4YeHb (a3 y pedoBUHI. JIOCTOTHCTBA 1 HEJOJIKY aHATI3Y.
PentreniBchkuii pa3oBUi aHaj13 BiANAIEHOI 1 3arapToBaHoi cTaii. Bu3Ha-
YEHHS MaKpOHAIpyKe€Hb PEHTT€HIBCLKUM MeTOJIoM. CYTHICTh METO/IIB BH-
3HAUYEHHS MIKpOHAIPY>KeHb 1 pO3MIpiB OJIOKIB.

Jliteparypa [8, ¢.275-281; ¢.406-418]

2.3 Cnucok ocnoeHoi i 000amkoeoi timepamypu

OcHoBHA
I T'ynses A.Il. Metamioeaenue. — M.: Meramnyprus, 1986. — 541

2 bynun K.II., bapanoB A.A. Meramnorpadus. — M.: Meramtyp-
rus, 1970. — 254 c.
3 TI'ynseB A.Il. MeramnoBeaenue. — M.: Metamnyprus, 1978. — 647

4 Jlaxtur KO.M. MertannoBenenue u Tepmudeckas oopadorka. — M.:
Metannyprus, 1983. — 471 c.

5 T'ynseB A.Il. Tepmuueckas 06padotka ctanu. — M.: Mamrus, 1960.
- 495 c.

6 Hosukos N.N. Teopus tepmudeckoir 00pabOTKH MeTaIoB. — M.:
Metamnyprus, 1978. — 392 c.

7 3onorapeBckuii B.C. MexaHnudyeckue CBOMCTBa METaIOB. — M.:
Metamnyprus, 1983. — 350 c.

8 Vwmanckuit A.C., CoxonoB FO.A. Pentrenorpadus, kpucraaiorpa-
dbust u snekTpoMukpockonus. — M.: Metamnyprus, 1982. — 632 c.

JlomaTkoBa

9 bynun K.II., Manunouka S.H. Beeaenue B metamnorpaduto. — M.:
Meramnyprusgar, 1954. — 191 c.

10 Kamenko I'.A. OcHoBi MeTayoBeaeHus. — M.: Metamnyprusjar,
1950 - 615 c..

11 MertannoBenenue u Tepmuyeckas oOpaborka: CrnpaBouHuk. B 3
T./Ilox pen. M.JL.bepuamreitna. — M.: Meramnypruzaart, 1983.

12 HaranoB b.C. Tepmuueckass oOpaborka meramioB. — Kues:
Bpima mk., 1980. — 288 c.
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3 HNUTAHHA JJI IIIATOTOBKHA
A0 HIJCYMKOBUX KOHTPOJIIB

H'amuit cemecmp
OCHOBHI 3aKOHOMIPHOCTi, YCTAHOBJICHI METajlo3HABCTBOM. PoOJib BIT-
YU3HSHUX BUCHUX Y PO3BUTKY METAJI03HABCTBA.
CyTHICTb 1 IPU3HAYEHHS MIKPOCKOIIYHOTO JOCII)KEHHS METaIB.
CyTHICTb 1 MPU3HAYEHHSI MAKPOCKOIIIYHOTO JOCIIIJI)KEHHS] METAIB.
CyTHICTb 1 IPU3HAYEHHS €JIEKTPOHHOI MIKPOCKOTIII.
CyTHICTb 1 IpU3HAYEHHS (PI3UYHUX METOMAIB JOCIII)KEHHS METAIB.
OCHOBHI BJIaCTUBOCTI METAJIIB, 1110 BIAPI3HAIOTH iX BIJlI HEMETAIIB.
Po3nopin enekTpoHiB B 1301bOBAHUX aTOMax, €HEPreTUYH1 piBHI 1 MijI-
piBHI.
Enepris B3aemoii Mk aTOMaMu B MeTajax.
di3uyHa MPUPOIa METAJIEBOTO 3B'SI3KY.
OCHOBHI XapaKTEPUCTUKHU €JIEMEHTAPHUX OCEPEJIKIB.
XapakTepUCTUKU €JIEMEHTAPHOTO OCepeKy O0'€MHO IIEHTPOBAHOTO
KyOa.
XapaKTepUCTUKU €JIEMEHTAPHOTO OCEPEAKY TPAHEIIEHTPOBAHOTO KyOa.
XapakTepUCTUKU I'eKCaroHaJIbHUX KPUCTATIYHUX IparT.
To4KkOB1 HETOCKOHAJIOCTI KPUCTAIIYHOI OyJOBH, JKepela BUHUKHCH-
HSL.
Jlucnoxkartii 1 ixHi BracTuBOCTI. KpaiioBi, TBUHTOBI 1 3MIIlIaHi JUCIIO-
Karfi.
AHITUIAIA JUCIIOKAIIM.
[ToBepxHEBI HEOCKOHAIOCTI KpUCTaIlyHOI Oy/10BU. ['paHulil 3epeH 1
OJIOKIB.
AHi30Tporis meTaniB. @akTopH, 10 00YMOBIIIOIOTH aH130TPOIIIIO.
[To3HaueHHsI aTOMHUX TUIOIIWH METaJliB.
3aMIIIKOB1 HamMpykeHHs, iX kimacudikarmis 3a H.H. JlaBunenkoBum,
JKepesa BUHUKHEHHS.
bynoBa MeTaneBux po3IiaBiB, OJUKHIN 1 JaTbHINA MOPSIAOK.
EneprernuHi yMoBH (pa30BUX NMEPETBOPEHb (Ha MPUKIIAJI KpUCTaTi3a-
1ii). BiapHa enepris.
MexaHi3M MUMOBUIBHOT (CIOHTAHHO1 ) KpUCTaJi3aIllli.
OcHOBHI (hakTOpH, IO BIUIMBAIOTh HA PO3MIPU KPUTHUYHOTO 3apojiKa
MpU KpUCTaTi3alli.
Pict kpucTaniB npu KpucTamizailii 3 piauHu.
[IpyuHIMT CTPYKTYPHOI 1 pO3MIPHOT BIJIMOBITHOCTI.
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Kpucranizaiis Ha 1oMillIKax, MeXaHi3M, OCOOJIUBOCTI.
MonaudikyBaHHS CIUTaBIB, BIUIMB Ha MPOIIECH KpHUCTaTI3aIli.

BynoBa MeTajaeBux 3JIUTKIB 1 BUIMBKIB.

Knacudikairiss MexaHIYHUX BJACTUBOCTEU METAJIIB.

KoediiieHT TBEp10CTI BUNIPOOYBaHb PU CTATUYHUX HABAHTAKEHHSIX 1
fioro (i3uyHa CyTHICTb.

BunpoOyBaHHs Ha po3Tarants. @opma 1 po3MipH 3pa3KiB.

JliarpamMu ICTUHHUX HaIpy>KeHb, X MO0Y/10Ba, TEOPETUYHA 1 TPAKTHY-
Ha 3HAYUMICTb.

®di3uyHa CyTHICTh apaMEeTPiB MEXaHIYHUX BIACTUBOCTEN, OOyMOBIIE-
HUX MPU BUIPOOYBAHHIX HA PO3TATaHHS.

B3aeM03B's130K MiK XapaKTEpUCTUKAMH MIIHOCTI 1 TUTaCTUYHOCTI.
BunpoOyBaHHS Ha CTHCK 1 HAa BUTHH.

BusnaueHHs TBEp0OCTI BJABJICHHSIM CTaJIEBOI KyJIbKH (3a bpiHemiem).
BusHaueHHsI TBEpAOCTI BAABJICHHSAM aJIMa3HOTO KOHyCa YW CTajeBOl
KyJibkU (32 PokBemiom).

BusnauenHs TBepAOCTI BIABJICHHAM ajaMmaszHoi mipamiau (3a Bikep-
COM).

Bu3zHaueHHs TBEpIOCTI IEPEHOCHUMH MPUTIaJaMHU.

BunpoOyBaHHs MeTaIiB Ha YJIapHY B'SI3KICTb.

Bu3zHaueHHs rpaHulll BUTPUBAJIOCTI.

KpuBi BTOMJIEHOCTI 1 iX XapaKTEePUCTUKHU.

Kpuxke 1 B'si3ke pyitnyBanHsa metaiiB. [iarpama A.®.Ioddde.

ITopir X0104HOIAMKOCT1, METOJI BU3HAYCHHS.

MexaH13M KpUXKOro pyHHYBaHHS. ¥ MOBH KPUXKOTO PyiTHYBaHHS.
MexaHi3M B'A3KOro pyiHyBaHHS.

Teopis A. I'pidpditca. Mexanika pyilHyBaHHS.

KoedirieHT IHTeHCUBHOCT1 HAIIPY>KEHHS 1 HOro (hi3MYHA CYTHICTb.
KoediiieHT B'sI3K0CT1 pyitHyBaHHS 1 HOTO (Pi3UYHA CYyTHICTb.
BunpoOyBaHHs MeTalliB Ha B'SA3KICTh pyHHYBaHHSI.

XapakTepucThKa 3pa3KiB JJisi BUIPOOYBaHHS Ha B'S3KICTh pyHHYBaH-
HSl.

PiBusinus [epica 1 fioro excrnepruMeHTalbHE BUSHAYCHHS.

MexaHi3M npy»KHOi aedopmarrii.

[Tnactuuna nedopmaliis 32 MEXaHI3MOM KOB3aHHS.

BrumB xomo0aH01 mmacTudHoi AedopMaliii Ha CTPYKTYPY 1 BIaCTUBOCTI
METaJiB.
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OcobnuBocTi miacTu4yHO1 AedopMallii MOMIKPUCTATIYHUX METaJIB.
dakTopu, M0 OOYMOBIIIOIOTH TEPETBOPEHHS B XOJomaHOAEhHOpPMOBa-
HOMY METaJll PU HABAHTAXKECHHI.

MexaHi3M CIOYMHKY 1 MOJIIroHi3alii. BIumB mpoiieciB Ha BIaCTUBOCTI
neopmMoBaHOI0 METaIy.

Pexpucranizaiiss npu HarpiBaHHi XOJOJHOJE()OPMOBAHOrO MeTaly,
BIUIUB Ha BJIACTUBOCTI.

XomnoaHa 1 rapsiya 00poOKa THCKOM.

BusnauenHs: criaBu, cuctremMa, KOMNoHeHT, gasu. [IpaBuio ¢asz. Cra-
OUTbHUIN 1 METAaCTaOUTbHUM CTaH (a3s.

TBepal po3uWHU 3aMIIICHHS B METAJICBUX CIUIaBaxX, BUAH, aTOMHO-
KpUcTalilyHa 0yJ10Ba, BIACTUBOCTI.

YMOBHU yTBOpPEHHSI HEOOMEKEHUX TBEPIUX PO3UMHIB.

XiMIYHI CTIOJIYKH B METAJI€BUX CIUIABAX, 1XHS CTPYKTYpa, BIaCTUBOCTI,
0CcO0JUBOCTI Oy/I0BH.

EnexTpoHHi 3'e1HaHHS, IXHS aTOMHO-KpUCTalliuHa Oy/10Ba, BJIACTUBOC-
TI.

YrnopsiikoBaHi TBEpJl PO3UMHHU, iX aTOMHO-KpHUCTalIlyHa Oy/10Ba, Bia-
ctuBocTi. a3y BNPOBAJKEHHS B METAJIEBUX CIUIaBax, iXHS aTOMHO-
KpUcCTaiuHa OyJ10Ba.

[Tpunuun nmoOyA0BM KOHIIEHTPALIHOI OCl AlarpaMu CTaHy JABOKOM-
IIOHEHTHO1 CUCTEMHU.

CyTHICTb €KCIIEPUMEHTAIILHOTO METOTy NOOYOBU AlarpaMu CTaHy.
OcHOBHI 3a/1a4i, pO3B'sA3yBaHi 3a JIONIOMOIOIO JllarpaM CTaHy.

[TpaBu0 KOHOAM 1 MPABUIIO BiAPI3KIB.

AHaui3 glarpaMy CTaHy KOMITOHEHTIB, IO BOJIOJ1IOTh TOBHOKO B3a€M-
HOIO PO3YMHHICTIO Y TBEPJOMY 1 PIIKOMY CTaHaXx.

AHani3 mepeTBOpeHb Yy CIUIaBax 3a JlarpaMol0 CTaHy KOMIIOHEHTIB,
110 BOJIOJIIOTH MOBHOK HEPO3UMHHICTIO Y TBEPAOMY CTaHi 1 MOBHOIO
PO3YMHHICTIO B PIIKOMY.

MexaHi3M €BTEKTUYHOI KpUCTasi3allli B JBOKOMIOHEHTHIN CUCTEMI.
AHani3 mepeTBOpeHb Yy CIUIaBax 3a JlarpaMol0 CTaHy KOMIIOHEHTIB,
10 BOJIOJIFOTh OOMEXEHOK PO3UYMHHICTIO Yy TBEPJIOMY CTaHI 1 110 3a-
3HAIOTh €BTEKTUYHOI KpUCTaIi3aIli.

MexaHi3M NEePUTEKTUYHOTO MEPETBOPEHHS B JBOKOMIIOHEHTHIN CHC-
TEMI.

AHai3 MEepeTBOPEHb Yy CIUIaBax 3a JlarpaMol0 CTaHy KOMIIOHEHTIB,
10 YTBOPSATH XIMIYHY CHOJYKY.
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AHaii3 MepeTBOpPEeHb Yy CIUIaBax 3a JlarpaMor0 CTaHy KOMIIOHEHTIB,
OJIVH 13 SIKMX BOJIOJI€ TTOTIMOP(}I3ZMOM.

AHaJi3 mepeTBOpPEHb Yy CIjlaBax 3a JiarpaMor0 CTaHy KOMIIOHEHTIB JIJIs
BUMAAKY, KOJM 00U IBa KOMIIOHEHTH BOJIOAIIOTH MOJIIMOP(I13MOM.
3akoH M.C. Kypnakoaa.

OCHOBHI BJIACTMBOCTI 3aJ1i3a 1 BYTJICIIO SIK KOMIIOHEHTIB 3aJ1130BYyTJIC-
[IEBUX CILIABIB.

BiactuBocTi ycix a3 cucTeMu «3a1i30-1eMEHTUT.

CyTHICTh HOHBaplaHTHHUX MEPETBOPEHD Y CUCTEMI «3aJ130-LIEMEHTHUT.
OCHOBHI1 TOMIIIKHA BYIJICIIEBUX CTajeH 1 iX BIUIMB Ha CTPYKTYPY 1 Bia-
CTUBOCTI.

CTpyKTypHa HEOTHOPIIHICTh JIUTOI CTaJII.

XiMmivHa 1 Gp13U4HA HEOJHOPIAHOCTI JIUTUX CTaJICH.

CTpyKTypa 1 BIaCTUBOCTI Tapsi40/1epOpMOBAHOIL CTaII.

BractTuBOCTI cTasiei B 3aJIEKHOCTI B1JT CIIOCOOY PO3KUCIICHHS.

Crati 3BU4AitHOT SIKOCTI, 1X MapKIpyBaHHS 1 BJJACTUBOCTI.

Crauni siKicH1, BYTJICLIEB1, IXHE MapKIpyBaHHS, BIACTUBOCTI.

Craimi 11 pacoHHOTO JIUTTSI, IX MapKipyBaHHS 1 BJIACTUBOCTI.

OCHOBHI 0COOJIMBOCTI CTaOUIbHOI JiarpamMu CTaHy 3alli30BYTJICLIEBUX
CILJIaBIB.

OcHoOBHI (pakTopH, 1110 BIJTUBAIOTH HA IpadiTU3ALIIIO.

Buau yaByHIB, iXHSI CTPYKTYpa, BIAaCTUBOCTI, 3aCTOCYBaHHS.
MapkipyBaHHS 4aBYyHIB.

B3aeMois Ieryrourx eJIeMEHTIB 13 3a1130M.

B3aemo1is IeTyr0unX €JIEMEHTIB 3 BYTJICIIEM.

Hepkagitoui ctani. MiKKpHUCTaIITHA KOPO3is.

JKapowmitrHi 1 )KapocCTiiKi cTai.

Krnacudikarrist JeroBanux crajuei.

100 MapkipyBaHHs JIETOBaHUX CTaJIeH.

101 CnimaBu Ha OCHOBI Mi/Ii.

102 CninaBu Ha OCHOBI CBUHIIIO.

103 Kiracudixkarist crijiaBiB Ha OCHOB1 aTIOMIHIIO.

104 JIuBapHi atoMiHi€B1 CIUIaBHU.

105 CritaBu Ha OCHOBI ANIIOMIHIIO, 110 AehOpMYIOThCs. Teopis cTapiHHS.
106 AnTUdpHUKIIIIHI CTUIaBU, BAMOTH, 1110 MPEI'ABJISAIOTHCS 10 HUX.

107 TBepni cruiaBw.

108 CrimaBu Ha OCHOBI TUTaHY.

109 CrimaBu Ha OCHOBI1 MarHiro.



Hlocmuit cemecmp

1 CyTHIiCcTh TEpMOOOPOOKH SIK TEXHOJOTIYHUN CHOCIO 3MiHM BIACTUBOCTEU
CILIABIB.

2 Pousb 1 3HAUMMICTh TEPMOOOPOOKH Y CBITJI1 BUMOT ITiABUILICHHS
SIKOCTI MPOJYKIIi1, IO BUITYCKAETHCS.

3 Poub 1 3HaYUMICTh TEPMOOOPOOKH CTall y CIIpaBi €eKOHOMIT MeTamy,

I1IBUILICHHS HAAIMHOCTI JeTalIeil B eKCILTyaTallii.

OCHOBHI apamMeTpH TEXHOJIOT1T TepMOOOpPOOKHU, rpadiuHe 300paKeHHS

TEXHOJIOTTYHOTO TPOLIECY.

3B'A30K MIXK BUJIaMH TEPMOOOPOOKH 1 1iarpaMoro CTaHy.

AHaJti3 nepeTBOpeHb, 10 BIIOYBAIOTHCS B CTAJSX MIPU HArpIBaHHI.

MexaH13M YTBOPEHHSI AyCTEHITY MIPU HarpiBaHHI.

Ponp audysii Byriemio i JEeryrouux €JIeMEHTIB B MPOIECl YyTBOPEHHS

ayCTEHITY.

9 HeoaHopiAHICTh ayCTEHITY B MOMEHT MOTO YTBOPEHHSI, IPUPOJIa HEOI-
HOP1HOCTI.

10 KineTuuHi KpuB1 YTBOPEHHS ayCTEHITY, iX MO0y I0BAa.

11 Jliarpama i30T€pMIYHOTO YTBOPEHHS ayCTEHITY, iX MO0y 0Ba.

12 BB JIeryro4uux €JIEMEHTIB Ha MPOIEeCH 130TePMIYHOTO YTBOPEHHS
ayCTEHITY.

13 Oco6auBOCTI YTBOPEHHS ayCTEHITY Mpu 0€3yNTMHHOMY HarpiBaHHI.

14 3epHo B cTajl, OCHOBHI BU3HAYCHHS.

15 CnagxkoemHa 3€pHHUCTICTb.

16 Metoau BU3HaYEHHS BEJIMUYUHU CIIAJJKOEMHOTO 3€pHAa.

17 OcHoBH1 (hakTOpH, 110 BU3HAYAIOTh CXUJIBHICTh 3€pHA AyCTEHITY 0
pocTy.

18 BrnuB BeIMUMHM 3€pHA Ha BJIACTUBOCTI CTaJl.

19 ®izuyHa CyTHICTH EPETBOPEHHS ayCTEHITY IIPH OXOJIOKEHHI.

20 TeopeTnuHMil aHaNI3 poO3Maay ayCTEHITY MPU OXOJIOJKEHHI, BILIUB Pi3-
HUIII BUTBHOT eHeprii a3 1 qudys3ii.

21 KiHeTuka po3nany ayCTeHITY B 130TEPMIYHUX YMOBaXx.

22 Jliarpama 130TE€pPMIYHOTO pO3Maay MEPEOXOJIOKEHOTO ayCTeHITy, Il
noOymoBa.

23 MexaHi3mMu niepiiTHoro neperBopeHHs. Ilepmit, copOit, TpoocTur, ix
Oy/10Ba 1 BIaCTUBOCTI.

24 BnacTuBOCTI MapTEHCHTY.

25 MexaH13M MapTEHCUTHOTO MTePETBOPEHHHI.

26 Oco0aMBOCTI MAPTEHCUTHOTO NMEPETBOPEHHS, 110 BIJIPI3HAIOTH MOTO BIJT
IHIIUX TIEPETBOPEHbB y CTANISIX.
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27 3anumkoBUM ayCTEHIT, Npupojia ioro yrBopeHHsa. Crabinmizailisi 3a1u-
IITKOBOTO ayCTEHITY.

28 O6poOka cTami x010/10M, (i3udHA CYTHICTh, TEXHOJIOT1SI.

29 MexaHi3M 1 KiHETHKa TPOMIKHOTO (OCMHITHOTO) TEPETBOPEHHS B CTAISIX.

30 Oco6aMBOCTI alarpamMu 130TE€PMIYHOTO TIEPETBOPEHHS ayCTEHITY B J10- 1
3a€BTCKTOIIHUX CTaIsIX.

31 BruiB jeryroounx €JIeMEHTIB Ha Jiarpamy 130TepMIYHOTO pO3Maay Iie-
PEOXOJIOIKEHOTO ayCTEHITY.

32 [lepeTBOpeHHs ayCTEHITY NpH OE3yNMMHHOMY OXOJOMKEeHHI. Brums
IIBUJIKOCTI O€3yNMMHHOTO OXOJIOJKEHHS Ha PO3IMajl IEPEOXOIO0IKEHOTO
ayCTEHITY.

33 TepMOKIHETHYHI JllarpaMu po3Maly NePEeOX0I0KEHOTO ayCTEHITY.

34 [lpu3HadeHHs BiAMaNTy, BUAN BiIMAIY.

35 TexHonoris roMOreHi3yH40ro BiMay.

36 TexHoJIOT1sl peKPUCTATIZAINHOTO BiIMAIY.

37 TexHonoris Bignamy I 3HATTS 3JIMIITKOBUX HaNpykeHb. Penakcariis.

38 TexHomoris Bianamy rapsuoachopMoBaHOi CTai.

39 Oco6auBoCTi Bignany (hJIOKEHOUYTIMBUX CTaJICH.

40 TexHoJoTis BiANATYy CTAIEBOTO JIUTTS.

41 TexHomorist chepoiAM3y0voro Bianany.

42 130TepMiyHUN Biamal.

43 Bianan 3BapeHUX KOHCTPYKIIIH.

44 Hopwmami3zaiiisi cTaii.

45 ExOHOMIYHA JOLJIBHICTh HOpMaJi3alii.

46 JledexTu, 1110 BUHUKAIOTh IPH BIANAI 1 HOpMali3allii, 3aX011 YCYHEeHHSL.

47 3arapTyBaHHS CTall, IPU3HAYEHHS, OCOOJIMBOCTI TEXHOJIOTTII.

48 Bubip Temneparypu HarpiBaHHA JJIsl 3arapTyBaHHs CTaJl.

49 CnocoOu HarpiBaHHsI 3arOTOBOK IIPH 3arapTyBaHHI.

50 Bubip mBUAKOCTI OXOJOMKEHHS IIPU 3araptyBaHHi. [loHATTS mpo i7ea-
JIbHUW 0XOJIOJIKYBaY.

51 KputnyHa mBHUAKICTh 3arapTyBaHHs. DakTopu, 10 BIUIUBAIOTh Ha il
BEIIUYUHY.

52 3arapToBaHICTh 1 IPOTapTOBAHICTh CTaJI.

53 XapakTepucTHKa OCHOBHUX CEPEAOBUIIL JIJIsi TapTyBaHHSI.

54 Kpurepii nporapToBaHOCTI.

55 Cniocobu BU3HAYCHHS ITPOTapTOBAHOCTI.

56 Kpusa i npsima mporapTOoBaHOCTI, (i3U9YHA CYTHICTH TIOHSTh.

57 OcHOBHI (akTOpH, IO BIUNIUBAIOTh HA MPOTapTOBAHICTb.

58 TexHoJoris 3arapTyBaHHs B OJJHOMY OXOJIO/[KYBayi.



59 3araptyBaHHS B IBOX CE€pEJIOBHUIIIAX.

60 [3oTepmivuHe 3arapTyBaHHS.

61 CrymniHdacrte 3arapTyBaHHS.

62 TexHOJIOT1YHA CYTHICTh HAaTEHTYBaHHS.

63 di3udHa CYTHICTH MEPIIOTO MEPETBOPEHHS MPH BIJIITYCKY.

64 ®i3u4Ha CYTHICTb IPYTOro NMepeTBOPEHHS MPU BIAMYCKY.

65 di3u4Ha CYTHICTh TPETHOTO MEPETBOPECHHS TIPH BIAMYCKY.

66 di3u4Ha CYTHICTh YETBEPTOIO MEPETBOPEHHS MPU BIAMYCKY.

67 BruuB BiamyCKy Ha MEXaHIYH1 BIACTUBOCTI 3arapTOBAHOI CTaJIl.

68 Biamyckna kpuxkicts [ 1 Il pony.

69 Buau BiAMyCKy, TEXHOJIOTIS 1 MPU3HAYEHHS.

/0 BruiuB mporapTOBaHOCTI Ha KOHCTPYKULIMHY MIIHICTh 3arapToBaHOI 1
BHUCOKOBIAMYIIIEHOI CTaJIl.

71 CyTHiCcTh 1 TpU3HAYEHHSI MOBEPXHEBOTO 3arapTyBaHHs, OCOOJHUBOCTI
CTaJIe!, 0 3aCTOCOBYIOTHCS.

/2 TloBepxHeBe 3arapTyBaHHs 3 HATPIBOM Ta30KMCHEBUM IOJTYM'sSIM.

/3 IloBepxHEeBe 3arapTyBaHHS 3 HArPIBOM 1HIYKIIIHHUM CIIOCOOOM.

74 CniocoOu THIYKIIIHHOTO 3arapTyBaHHS.

75 JlocToiHCTBA 1 HEJOMIKA MTOBEPXHEBOTO 3arapTyBaHHS 3 1HIYKIIIHHOTO
HarpiBaHHS.

76 Oco0IMBOCTI MOBEPXHEBOTO 3arapTyBaHHS 3 HarpiBOM y CBHHIIEBUX
BaHHAX 1 JIa3€pOM.

/7 OcHOBHI (bi3WYHI MPOLECH, IO BIIOYBAIOTHCSA MPU XIMIKO-TEPMIUHIN
00poOI1Ii.

/8 TexHOJIOT1s IEMEHTAIlI] Y TBEpJIOMY KapOropu3aTopi.

79 TexHoJOT1s TA30BOI IIEMEHTAII{1.

80 Tepmiuna 0OpoOKa IeMEHTOBaHUX BUPOOIB.

81 TexHosorist a30TyBaHHsI, 0COOJIMBOCTI CTaJIEH JIJIsl A30TyBaHHSI.

82 CnocoOu KOHTPOJIIO TJIMOMHY LIEMEHTAIlll i a30TyBaHHS.

83 CyTHICTb 1iaHyBaHHH.

84 TexHOomoTisl HITPOIIEMEHTAIII].

85 Ilpuposa peHTreHIBChbKUX MTPOMEHIB, iX 0COOJIMBOCTI 1 BIIACTHBOCTI.

86 MexaHi3M BUHUKHEHHS 0€3yITUHHOTO CIIEKTpA.

87 MexaHi13M BUHMKHEHHS XapaKTEPUCTUYHOTO CIIEKTpa.

88 3akoH morIMHaHHS PEHTTeHIBCHKUX MPOMEHIB.

89 dakTopwu, 110 BIUIMBAIOTH HA SIKICTh PEHTIEHIBCHKOTO 3HIMKA.

90 CyTHICTh PEHTTeHIBCHKOI AeeKTOCKOTIi. [T 10CcTOTHCTBA 1 HeMOMIKHY.

91 CyrtHicTh ) - nedeKTOCKOMil. [i nocToiHCTBA 1 HEMOMIKH.

92 3akon audpakiiii peHTTeHIBChKUX MPOMEHIB.



93 CytHicTh MeToay Jlaye. I'amy3b 3acTOCYBaHHS.

94 CyrtHicth MeTOIy 00epTOBOTO KpHcTana. ['any3s 3acTocyBaHHs.

95 CytHicth MeTony Jlebas. ["amy3s 3acTocyBaHHS.

96 ®akTopu, 110 BIJIMBAIOTh HAa IHTEHCHUBHICTh PEHTIEHIBCHKOI JIIHII.
CtpykTypHHil hakTop.

97 3nauenns crpykrypHoro (axropa aist OLIK 1 I'IK. ITpaBuna inauiito-
BAaHHSI PEHTIE€HOIPaM BiJi p€UOBUH 3 KyOIYHUMHU I'paTaMHU.

98 ®azoBwuil sikicHUI peHTreHiBCbKkui anami3. [Ipuknanu.

99 ®dazoBuil KUTbKICHUN PEHTIe€HIBChKUM aHami3. [Ipuknagm.

100 CyTHICTh PEHTI€HIBCHKOT'O METOIy BUSHAUEHHSI MAKPOHAIPYKEHb.

101 CyTHICTh PEHTIEHIBCHKOTO METOJY BH3HAYEHHS MIKPOMEPEKPYyUy-
BaHb KPUCTATIYHUX IPaT 1 pO3MipiB OJIOKIB.

102 OcHoBHI Buau AeEKTIB, IO BHUIBISIOTHCS y BHIMBKAX METOIAMH
PEHTTeHIBCHKOI 1 raMMa-1eeKTOCKOIIi.

103 OcHOBHI HanpsAMK{ MPAKTUYHOTO BUKOPUCTAHHS METOIB PEHTIEHO-
CTPYKTYPHOT'O aHai3y.

4 THAUBLIYAJBHI 3ABJAHHS

4.1 3aBpannsa 1
PI'P 1.1 Amomuo-kKpucmaniuna 0yooea memais
Jlns MeTany, 3a/1aHOTO B 1HAWBIIyaJbHOMY 3aBaaHH1 (Ta0mui 4.1):
a) oXapakTepU3yBaTH HOT0 KPUCTAIIUHI IPATH;
0) moOy1yBaTH KpUBI HarpiBaHHs i OXOJIOKEHHS;
B) 3anucat GopmyIry pO3MOJILTy €IEKTPOHIB B 130JIbOBAHOMY aTOMI.

Tabmus 4.1
Ne Bapi- Mera Ne Bapi- Mera Ne Bapi- Mera
aHTa aHTa aHTa

1 2 3 4 5 6
1 bepuiit 18 OnoBo 35 bapiii
2 MarHiii 19 TanTtan 36 [epiit
3 AJTFOMIHIT 20 Bosbdpam 37 Peniii
4 Turtan 21 Ocwmiit 38 OcmMii
5 Bananiii 22 Ipuniit 39 Ipunii
6 XpoMm 23 [1naTuna 40 ATroMiHIN
7 Mapranensp 24 30510TO 41 [{uHk
8 3aiiz3o 25 PtyTh 42 Miab
9 KobGanbT 26 CBuHElb 43 KobGanbT




10 Hikenpb 27 Kamiit 44 Xpom

11 Miab 28 Kanpmit 45 Banamiit
IIponosxenns Tadaui 2.1

1 2 3 4 5 6
12 [{uHk 29 ["adniit 46 Turan
13 ["epmaniit 30 CtpoHui 47 Marmnii
14 [{upkoHiii 31 Py6i1iit 48 Harpiii
15 HioGi# 32 Penii 49 JIiTin
16 Monibaen 33 [Tanamiit 50 bepuiit
17 Kamgmin 34 Iamii

PI'P 1.2 Mexaniuni én1acmueocmi memaJiié i 6CHAHOB/ICHHA IX
Y 3anesxcnocmi 6i0 pizHux haxkmopie

[Tpumitka. KiHieBuil pe3ynbTaT po3B’sA3aHHsS 3ajadl — MoOyJa0Ba
rpadika, o0 XapaKTepU3ye MIyKaHy 3aJI€KHICTb.

Bapianm 1

Ha nijcraBi ekciepuMEHTAIbHUX JAHUX, PUBEJCHUX Y Ta0nui 4.2,
YCTAaHOBUTHU KOPEJSALINHY 3al€XKHICTh (Y BUIJISAL PIBHSHHS pErpecii) MK
OMOpPOM BIAPUBY Sy 3arapToBaHoi ctaii 1 ii TBepaicTio HRS, saxiio mate-
MaTHYHA MOJICIb ITI€T 3aI€KHOCT] BUPAKAETHCS PIBHSIHHIM

Sk = A-| ¢ (HRS) ’
ne A, ¢ — xkoedimieHTH, yKaHl B 3aa4i;
| — migcraBa HaTypalTbHUX JIOTapU(MIB.
OTpuMany 3aJ€KHICTh IPEACTABUTH I'padivHO.
Tabnuns 4.2

Sk 11700 | 1780 | 1820 | 2000 | 2200 | 2400 | 2600 | [IOAOBAHI 3pas-
Mlla KH

1500 | 1580 | 1600 | 1700 | 1900 | 2090 | 2230 | - lomepetHi 3pa-

3KU
HRS |20 25 30 35 40 45 50

Bapianm 2
Ha migcTtaBi ekCEpUMEHTANbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.3, YyCTaHOBUTH KOPEJALINHY 3aIeXKHICTh (Y BUTJISIAI PIBHSIHHS perpecii)
MK TPaHUIICI0 BUTPUBAJIOCTI O_41 CTajl 1 ii TUMYAaCOBUM OIOPOM O, SK-

[0 MaTEMAaTUYHa MOJEIb II1€1 3a71€KHOCTI BUPAKAETHCS PIBHAHHIM




o_1=a+y(oy,),
ne a, y — KoedIlieHTH, IIIyKaHi B 3aa4l.

Tabmuis 4.3
o, ,MIla | 433 480 580 860 910 920 955
01, Mlla 200 210 250 380 400 405 420
Bapianm 3

Ha miacTtaBi ekcrneprMEHTaTbHUX JaHUX, MPUBEICHUX Yy TaOJuII
4.4, yCTAaHOBUTU KOPEJSLINHY 3aJI€XKHICTh (Y BUIJISI PIBHSHHS perpecii)
MDK TBepAaicTio 3aii3a 3a bpinennem HB 1 miametpom 3epHa d,, sikimio ma-
TeMaTUYHA MOJIENb 111€1 3aJIEKHOCTI BUPAKAETHCS PIBHSIHHAM

HB=A (d)” %,
ne A, o - urykaHi Koe(ilieHTH perpecii.
Tabonuis 4.4
d,, Mmm 0,04 | 008 | 0,22 | 0,16 | 0,20 | 0,24 | 0,28 | 0,30
HB 100 92 88 82 80 /8 75 73
Bapianm 4

Ha miacTtaBi ekCepUMEHTANbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIli
4.5, yCTaHOBUTH KOPEJALINHY 3aIeXKHICTh (Y BUIJISIAI PIBHSHHS perpecii)
MDXK TBEPICTIO 3ai3a 3a bpinennem HB 1 BMicTOM y KpUCTaIi4YHUX IpaTax
po3auibHO Si, Mn, Ni, Mo, W, sKmio MaremMaTi4yHa MOJIENIb IIi€T 3aJIekK-
HOCTI BUPAXKAETHCS PIBHIHHIM
HB = a+aex,
1e x — po3ainbHuil BMicT Si, Mn, Ni, Mo, W, %;
a, y — Koe(dilieHTH, yKaHi B 3a/1a4l.

Taoang 4.5

HB 3ammiza 90 | 100 | 110 | 120 | 140 | 160 | 180 | 200 | 220 | 240
Buiicr jiery- Si 0O | 03[05/0816|25 3240 |45| 5
S MD O | 05]/06|20(32|38 42|48 |52 | 6
MEHTIB Ni | 0 08|10 /22| 4 60|70

v | Mo | 0 [10]30]|38]40]50

w 0 | 11]31|39]|42 |53
Bapianm 5

Ha migcTtaBi ekcrneprMEHTaTbHUX JaHUX, MPUBEACHUX Yy TaOJuII
4.6, yCTAaHOBUTH KOPEJALINHY 3a€XKHICTh (Y BUIJISI PIBHSHHS perpecii)




MDK 4acoOM JI0 PYWHYBaHHS CTajll 7 1 HapYrow HaBAHTAXKEHHSA O , SIKIIO
MaTeMaTH4YHa MOJEb II1€] 3aJeKHOCTI BUPAXKAETHCSA PIBHIHHIM

t=Aoc ¢,
ne A, o - mykadi B 3a/1a4i KOe(illl€eHTH PIBHSHHS, allPOKCUMYIOUl KPUBY
Beinepa.
Tabomuis 4.6
?j‘; A0 PYHHYBAHIA €| 10 | 15 | 20 | 35 | 45 | 70 | 105 165 | 350
Hanpyra o, MIla 270 | 260 | 250 | 240 | 230 | 220 | 210 | 200 | 190

Bapianm 6
Ha miacTaBi ekcrneprMEHTaTbHUX JaHUX, MPUBEICHUX Yy TaOJuIl
4.7, yCTAaHOBUTU KOPEJSALINHY 3aJI€XKHICTh (Y BUIJISI PIBHSHHS perpecii)
MiX MIKpOTBEpIiCTIO KapOigy turany H U 1 BMICTOM Y HbOMY BYTJIEIIIO

(%C), K10 MaTeMaTUYHa MOJICNIb I[I€i 3aJ€KHOCTI BUPAXKAETHCS PiB-
HSTHHSM

H u=at6(%0),
1ie a, 6 - yKaHl Koe]ilieHTH perpecii.
Tabnuis 4.7
Bwmict
C. % 10 20 30 40 50 60 70

H u 800 1200 1600 2200 2800 3400 4000

Bapianm 7
Ha mijcraBi ekciepuMEHTAbHUX JaHUX, PUBEJCHUX Y Ta0uuil 4.8,
YCTAHOBHUTHU KOPEJAIINHY 3aleXHICTh (Y BUIVISIAI PIBHSHHS perpecii) MK
BEJIMYMHOKO 3epHa 3amiza 0, i omopom Binpusy Sy, SIKIIO MaTeMaTHuHa

MOJIETb I[1€1 3aJIe)KHOCTI BUPAXKAETHCSA PIBHSHHSIM

Sk = A(d, )—a :
ne A, @ - mykaHi KoedilieHTH perpecii.
Tabmuis 4.8
d 3epna, mxm | 950 750 600 550 500 480 450
Sy, MIla 50 100 150 200 250 300 350

Bapianm 8




Ha mijgcTaBi ekciepuMeHTaIbHUX JTaHUX, MPUBEACHUX Y Taomui 4.9,
YCTAHOBUTH KOPEJAIINHY 3aleXHICTh (Y BUIVISIAI PIBHSHHS perpecii) Mk
OTOPOM BiJIpUBY cTaji Sy 1 BMicToM y Hii Byrerio (%C), sk maTema-
TAYHA MOJIEb II1€]1 3aJ€KHOCTI BHPAKAETHCS PIBHSIHHIM

Sk =a + 6(%C),

e a, 8- KoedilieHTH, IITyKaHl B 3a/1a4i.

Taomurs 4.9
Bwmict C, % 0,4 0,5 0,6 0,7 0,75
Sy, MlIla 1700 1450 1100 800 700

Bapianm 9
Ha miacTtaBi ekcrneprMEHTaTbHUX JaHUX, MPUBEACHUX Yy TaOJuIIi
4.10, ycTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISI1 PIBHSIHHS perpecii)
MIK OMOPOM BIAPUBY cTalli Sy 1 BMICTOM Yy Hill Byriento (%C), ko Ma-
TEeMaTUYHA MOJENb I[€l 3AJIEKHOCTI BUPAKAETHCS PIBHSIHHIM
Sx=a + 6( %0C),
e a, 6 - KoedllieHTH, IIyKaHl B 3aa4l.

Tadomuis 4.10
Bwmict C, % 0,4 0,5 0,6 0,7 0,75
Sy, MIla 1380 1400 1420 1480 1500

Bapianm 10

Ha migcTaBi ekClepUMEHTANbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIli
4.11, ycTaHOBUTH KOPEJAIINHY 3a1eKHICTh (y BUTJISI PIBHSHHS perpecii)
MK TUMYaCOBUM OIIOPOM O, , BITHOCHUM IIOJIOBXKECHHSAM O 3amizaicry-
MIEHEM XOJIOJHOI feopmalii £ , KO MaTeMaTUYHa MOJEIb 1€l 3a-
JICKHOCTI BHPAXKAETHCA PIBHAHHIMU

o, =A% S=gs”,

ne A, e «,f - xoediuieHTH, IIyKaHi B 3a1a4i.

Tadomuisg 4.11

Crymie 2edop-| 19 | 20 | 40 | 60 | 80 | 100

Mamii €, %

o, , MITa 360 | 380 | 410 | 470 | 520 | 900

5, % 15 8 5 4 3 2
Bapianm 11

Ha miacTtaBi ekCEepUMEHTANbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIl
4.12, yCTaHOBUTH KOPEJALINHY 3aleKHICTh (y BUTJISA1 PIBHSHHS perpecii)




MK TUMYaCOBUM OIIOPOM CTajll O, 1 ONMOPOM BIIPUBY CTalll Sy, AKIIO Ma-

TEeMaTUYHA MOJENb I[€l 3aJIEKHOCTI BUPAKAETHCS PIBHSIHHSIM
Sk=a+e(0y),
e a, 6 - KoedillieHTH, IIyKaHl B 3aj1a4i.

Tadomuis 4.12

o, ,Mlla 500 700 900 1100 1300
Sk, MIla 1400 1450 1500 1550 1600
Bapianm 12

Ha migcTtaBi ekcrnepyMEHTaTbHUX JaHUX, MPUBEICHUX Yy TaOJuII
4.13, yCTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISLI1 PIBHSIHHS perpecii)
MK MEXEI0 MIIIHOCTI CTalll O, 1 IPAaHUYHOIO IUIACTHYHICTIO €, KO0 Ma-
TeMaTUIHA MOJCNb IT€l 3aIEKHOCTI BUPAKAETHCSA PIBHIHHIM

O, =ate(e%),
e a, 6 - KoedllieHTH, IIIyKaHl B 3aa4l.
Tadomuis 4.13

o, ,Mlla 1050 970 880 800 750 660

e, % 70 80 90 100 110 120

Bapianm 13
Ha migcTaBi ekcrneprMEHTaTbHUX JIaHUX, MPUBEACHUX Yy TaOJuII
4.14, ycTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISI PIBHSIHHS perpecii)
MDK TPaHUYHOIO TUIACTHUYHICTIO e 1 BMICTOM y cTtaji Byrielo (%C), skiio
MaTreMaTUyHa MOJENb II1€1 3aJ€KHOCTI BUPAKAETHCA PIBHSHHIM

e=A (%C)_a ’
ne A, o - xoedillieHTH, IIyKaHi B 3aja4l.
Tabonuis 4.14

e, % 65 50 30 20 13
%C 0,23 0,24 0,26 0,28 0,30
Bapianm 14

Ha migcTtaBi ekCEpUMEHTANbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.15, ycTaHOBUTH KOPEJALINHY 3al1eKHICTh (y BUTJIS1 PIBHSHHS perpecii)
MIK BIITHOCHHUM 3BYKE€HHSIM |/ 1 MEKEIO MILIHOCTI CTaJll, IO MICTUTh Pi3HY
KUTBKICTh T00ABOK, SIKIIO MaTeMaTHYHA MOJIENb II1€1 3aJeKHOCTI BHUpa-
KAETHCS PIBHSHHSAM




w=a+e(0o,),
e a, 6 —IIyKaHi Koe(Iie€HTH JJIs IIECTH BUITAAKIB CKJIaJIB CTaJICH.



Tabmung 4.15

v, % 35 40 45 50 55 60 | 65
Og . | Hemerosama | ooy | 250 | 650 | 600
MIIa | fSKiCHa cTajb

Henerosana

BHUCOKOSIKICHA 1000 | 850 720 650 600

CTaJIb

Jlo6aBku Mn 1150 | 1050 | 950 840 | 740 | 630

HMobasku 1450 | 1300 | 1200 | 1050 | 950 |850 | 750
Cr+ Mo

Cr + Ni + Mo 1300 | 1200 | 1050 | 950 | 830
Cr 1250 | 115 | 1060 | 950 | 850 | 750 | 650

Bapianm 15

Ha migcTtaBi ekcepUMEHTANbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.16, yCTaHOBUTH KOPEJAIINHY 3aleKHICTh (Y BUTJISA1 PIBHSHHS perpecii)
MDK TPAaHUYHOIO IUIACTUYHICTIO CTNll & 1 PO3JAUIBHUM BMICTOM €JIE€MEH-
TiB, MPUBEJCHUX y TAOJUII, SKIIO MaTEeMaTHYHA  MOJCIb II€l  3aJIexkK-
HOCTI BHUPAXKAETHCA PIBHSIHHSIM

£ =AM,
ne M—-swmict y cram BianoBiaHo Si, Ni, Mo, Mn, Co, Cr, %;
A- xoediIieHT, ITyKaHU# y 3aadi.

Tabmus 4.16

e, % 15 |20 25 30 35 |40 |45 |50 |55 |60
Bmict |Si1 |0 1 Jaii 13 301uIpmeHHIM % S1 € He 3MIHIOEThCS
eje- Ni |0 08 |16 |1,8 2,6 3,8
MEH- Mo |0 04 108 10,85 1,3
TiB, % | Mn |0 0,38 [0,7 10,90 1,3

Co |0 0,35 |05 10,55 1,0 3,0
Cr |0 0,20 |0,4 10,43 0,80 2,1
Bapianm 16

Ha miacTaBi ekCepUMEHTANbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.17, yCcTaHOBUTH KOPEJALINHY 3a1eKHICTh (y BUTJISII PIBHSHHS perpecii)
Mi’ BMICTOM KHCHIO B cTali (% Oy) 1 HOPOroM X0JI0AHONAMKOCTI typ, AKIIO
MaTeMaTHU4YHa MOJIENb III€i 3aJeKHOCTI BUPAKAETHCS PIBHAHHAM

ne x — BMicT kucHio (O,) %;




a, & - Koe(dilieHTH, TyKaH1 B 3a/1a4i;
{ - 0cHOBa HATypaIbHUX JIOTapU(PMIB.
Tabomuis 4.17

typ . °C 0 0 0 2 100 | 140 | 150
Bwmict O,, % | 0,001 | 0,0015 | 0,0025 | 0,0035 | 0,005 | 0,0065 | 0,0075
Bapianm 17

Ha migcTtaBi ekcrneprMEHTaTbHUX JaHUX, MPUBEICHUX Yy TaOJuIl
4.18, yCTaHOBUTHU KOPENALINHY 3al1€KHICTh (y BUTJISI PIBHSIHHS perpecii)
MIK OMIOPOM BiIpUBY 3aii3a Sy 1 po3aiabHUM BMicToM Mn, Cr, Ni, K110
MaTeMaTUyHa MOJEIb I[i€l 3aJIe)KHOCTI BUPAKAETHCS PIBHAHHSIM

Sk = a +teM,
ne M — BMicT y BijicoTkax BianoBigHO Mn, Cr, Ni, %;
a, 6- KoelIeHTH, IITyKaHl B 3a/1a4i.
Ta6musa 4.18

Sy, MIla 850 | 1000 1100 1200 1300 1400
Bwmict eneme-| 0 1,0 1,8 2,4 3,0 3,5
HTIB, % 0 1,5 2,5 3,6 5,0 5,8
0 2,5 3,7 5,0 6,0 7,0
Bapianm 18

Ha migcTtaBi ekcrnepyMEHTaTbHUX JIaHUX, MPUBEACHUX Yy TaOJuII
4.19, yCTaHOBUTHU KOPEISIINHY 3aJICKHICTh (Y BUTJISI PIBHSHHS perpecii)
MK yaapHoto B's3kicTio KCU rpy6o3epHuCTOi 1 ApiOHO3EpHUCTOT CTae 1
TEMIIEpaTypOr0 BUMPOOYBaHHSA {, KO MaTeMaTUYHA MOJIEb ITI€T 3aIeK-
HOCTI BUPAXKAETHCS PIBHSIHHSIM

Kcu=ar*®
ne ¢ — ocHOBa HAaTypallbHHUX JIOTapU(MiB;
t — remneparypa icoury, °C;
a - KoedIIieHTH, IITyKaHi B 3a/1a4i;
K, — Ipy00O3epHUCTA CTallb;
M, — Tp1OHO3EpPHUCTA CTAJb

Tabomunsa 4.19
KCU, K, 0,09 0,19 0,25 0,60 0,66
MDx/nv? M, 0,22 0,61 0,70 0,72 0,75
t,°C 0 +20 +40 +60 +80




Bapianm 19

Ha migcTtaBi ekcrneprMEHTaTbHUX JaHUX, MPUBEACHUX Yy TaOJuIl
4.20, yCTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISI1 PIBHSIHHSI perpecii)
MDK IpaHuLero Tekydocti o (% Si)  3ami3a 1 BMICTOM y KPHCTaJIYHHX
rpaTax KpEeMHIIO, SIKIIIO MaTEMaTHIHAa MOJISTb i€l 3aJI€KHOCTI BUPAKAETh-
Csl PIBHSIHHSIM

or = a +e( %Si),

e a, 6- KoedllleHTH, IITyKaHl B 3a/1a4i.

Taomurs 4.20
or ,Mlla 50 110 160 220 260 300 350
Bwmict S1, % 0 1,0 2,0 30 40 50 6,0

Bapianm 20

Ha miacTaBi ekCepUMEHTANbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIli
4.21, yCTaHOBUTH KOPEJAIINHY 3al1eKHICTh (y BUTJISI PIBHSHHS perpecii)
MDK I'DaHHUICIO TEKy4OCTl Op 3aji3a 1 BMICTOM y KPHCTaJIYHHMX IpaTax
Mmaprauiio (% MII), skiio maTeMaTuyHa MOJIEIb ITi€T 3aJI€KHOCTI BUpaXKa-
€THCS PIBHSIHHIM

or=a +6 (%Mn),

e a, 6 - Koe]llieHTH, IIIyKaHl B 3aa4l.

Tadomus 4.21
or ,Mlla 50 52 55 58 60 100 120
Bwmict Mn,% 0 025 05 0,75 1,0 15 20

Bapianm 21

Ha migcTtaBi ekcrnepyMEHTaTbHUX JaHUX, MPUBEACHUX Yy TaOJuII
4.22, yCTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISLI PIBHSIHHSI perpecii)
MK TPaHULECIO TEKYYOCTI Op 3aili3a 1 BMICTOM y KPUCTall4YHUX I'PaTax Hi-
kemo (% Ni), Ko MareMaThdHa MOJEHb INET 3a7€KHOCTI BUPAKAETHCS
PIBHSIHHSM

or = a +e (%Ni),
e - a, 6 - KoedilieHTH, IykKaHi B 3a7a4i.
Tabmuusa 4.22

or ,Mlla 50 53 70 95 150 180 200

Bwmict Ni, % 0 1,0 1,5 2,0 3,0 3,5 4,0




Bapianm 22
Ha migcTtaBi ekcrneprMEHTaTbHUX JaHUX, MPUBEICHUX Yy TaOJuII
4.23, yCTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISI1 PIBHSIHHSI perpecii)
MK I'DAaHHUICIO TEKy4OCTI Op 3ajli3a 1 BMICTOM y KPHCTaJIYHHMX I'paTax
xpomy (%Cr), K10 MaTeMaTHYHa MOJEIb III€i 3aJI€KHOCTI BUPAKAETHCS
PIBHSHHSM
or=a +e (%Cr),

ne  a, 6 - KoediieHTH, rykadi B 3a7a4i.
Tabmusa 4.23

or ,Mlla 50 52 53 60 70 90 100

Bwmicr Cr, % 0 1,0 2,0 3,0 4,0 5,0 6,0

Bapianm 23
Ha miacTaBi ekCepUMEHTANbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIli
4.24, yCcTaHOBUTH KOPEJAIINHY 3a1eKHICTh (y BUTJISII PIBHSHHS perpecii)
MK OIIOPOM BifpuBy Sy 3aii3a i Horo TBepaictio 3a Bikepcom (HV), sik-
[0 MaTEMaTU4YHa MOJEIb III€1 3a71€KHOCTI BUPAKAETHCS PIBHIHHIM

Sk =a +6 (HV),
e a, 6- KoedilieHTH, IITyKaHl B 3a/1a4i.
Tabnuws 4.24
Sy, MIla 50 75 100 125 150 175
HV 170 250 300 400 500 550
Bapianm 24

Ha migcTtaBi ekCepUMEHTATbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.25, yCTaHOBUTH KOPEJAIINHY 3al1eKHICTh (y BUTJISA1 PIBHSHHS perpecii)
M OIIOPOM CTaui BifpuBy Sy i BMicToM y Hiil Byruero (%C), Ko Ma-
TeMaTUYHa MOJIEIb 111€1 3aJIEKHOCTI BUPAKAETHCS PIBHSIHHAM

Sk = a +6( %C),
e a, 6 - Koe]illieHTH, IyKaHl B 3a1a4i.
Tabmuis 4.25

Sk ,MIIa | 1700 | 1600 | 1450 | 1300 | 1150 | 1000 | 850 | 700

Bwmict C,% | 0,40 | 0,45 | 0,50 | 0,55 | 0,60 | 0,65 | 0,70 | 0,75

Bapianm 25
Ha miacTaBi ekCcepUMEHTANbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIli
4.26, yCTaHOBUTH KOPEJAIINHY 3aleKHICTh (y BUTJIS1 PIBHSHHS perpecii)




MIX OTIOPOM BiZIpUBY Sy 3aii3a i cepenHiM aiamerpom 3epHa d,, Ko Ma-
TeMaTUYHA MOJIEIb 111€1 3aJIEKHOCTI BUPAKAETHCS PIBHSIHHAM
— -
Sy =4(d,) ™,
ne A, o - xoedillieHTH, IIyKaHi B 3aja4l.
Tadomuist 4.26

Sk ,MIIa | 900 | 700 | 600 | 550 | 500 | 470 | 420 | 400

d,, MKM 50 100 | 150 | 200 | 250 | 300 | 400 | 450

Bapianm 26
Ha migcTtaBi ekcrnepyMEHTaTbHUX JaHUX, MPUBEICHUX Yy TaOJuII
4.27, yCTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISAI1 PIBHSIHHS perpecii)
MiX IacTuuHicTio cram O %, mo mictuts 0,02% C, i BMicTOM y Hiii ¢o-
chopy (% P), axiio maTeMaTHyHa MOJACIb L€l 3aJEKHOCTI  BUPAKAETHCS
PIBHSHHSIM

O0=A4(%P) %,
ne A, a - xoedilieHTH, IIyKaHl B 3a/1a4i.
Tabmuusa 4.27
Bwmict P, % | 0,025 0,05 0,1 0,20 0,30 0,5
o % 31,0 25,0 2,4 23,0 13,8
Bapianm 27

Ha migcTtaBi ekcrneprMEHTaIbHUX JIaHUX, MPUBEACHUX Yy TaOJuII
4.28, yCTAaHOBUTHU KOPEJSIINHY 3aJICKHICTh (Y BUTJISII PIBHSHHSA perpecii)
MK yaapHoto B's3kicTio KCU crani, uto mictuth 0,02% C, 1 BMicTOM y Hil
dbochopy (% P) skiio maremaTrnyHa MOJIEINb i€l 3aJI€KHOCTI  BUPAKAETh-
Csl pIBHAHHSIM

KCU=4(%P)"“,
ne A, a - xoediiieHTH, IIyKaHl B 3aa4l.
Tabonuist 4.28

Bwmict P, % 0,025 0,05 0,10 0,20 0,30 0,50

KCU, MJx/M° | 0,40 0,35 0,18 0,19 0,16 0,08

Bapianm 28
Ha miacTtaBi ekcrneprMEHTaIbHUX JIaHUX, MPUBEICHUX Yy TaOJuII
4.29, yCTaHOBUTHU KOPEJALINHY 3al1€XKHICTh (y BUTJISI1 PIBHSIHHS perpecii)
MIX MEKEI0 MILHOCTI O, crami, 1o MictuTh 0,02% C, 1 BMicTOM B Hill (o-




chopy (%P), skio maremMaTH4yHa MOJICNb IT1€1 3aJIEKHOCTI BUPAXKAETHCS
PIBHSHHSIM

o,=A4(%P) %,
ne A, a - xoediiieHTH, IIyKaHl B 3aa4l.

Taomurs 4.29
Bwmict P, % | 0,025 0,05 0,20 0,30 0,50
o, , Mlla 353 407 486 520 625

Bapianm 29
Ha miacTtaBi ekCepUMEHTANbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.30, yCTaHOBUTH KOPEJAIINHY 3a1eKHICTh (y BUTJISAI PIBHSHHS perpecii)
MK IPaHUIICIO TEKy4OCTl Op crail, o Mictuts 0,02% C, 1 BMicTOM B Hii
dhochopy (%P), axio maTemMaTHUHa MOJIEIb IT1€1 3aJIEKHOCTI BUPAXKAETHCS
PIBHSHHSIM

o1 =4 (%P)" %,
ne A, a - xoediiieHTH, IyKaHl B 3aa4l.

Taomurs 4.30
Bwmict P, % | 0,025 0,05 0,20 0,30 0,50
o1 ,Mlla 212 272 337 377 496

Bapianm 30
Ha migcTtaBi eKCEpUMEHTATbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.31, yCTaHOBUTH KOPEJALINHY 3al1eKHICTh (y BUTJIS1 PIBHSHHS perpecii)
MK ToBepxHeBoto TBepicTio (HRC) xpoMoBaHOi cTaii 1 BMICTOM Y Hil
ByreIio (%C), K0 MaTeMaTUYHA MOJIEITb IT1€1 3aJIe’)KHOCTI BUPAYKAETHCS

PIBHSIHHSM

HRC = 4 (%C) % |

ne A - xoedili€eHT, 10 MiIsIrae BU3BHAYEHHIO.

Taomung 4.31
HRC na 15 25 45 60 65 68
IOBEPXHI
Buict C, % 01 | 02 | 04 | 06 | 08 | 10

Bapianm 31
Ha migcTaBi ekCepUMEHTANbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIli
4.32, yCTaHOBUTH KOPEJAIINHY 3a1eKHICTh (y BUTJISA1 PIBHSHHS perpecii)




MIK TBEPJICTIO HaBKOJIOMIOBHOI 30HU cTaii (HV) 1 BMicToM y cTani KpeMm-
Hi10 (%S1), K110 MaTeMaTHYHA MOJIEITb ITI€T 3aJI€KHOCTI BUPAKAETHCS  Pi-
BHSIHHSIM

HV = 4 (%Si) >,
ne A - xoedili€eHT, 10 MIsIrae BU3BHAYEHHIO.
Tadomuis 4.32

HV 170 270 280 300 310 320

Bwmict Si, % 0,1 0,34 0,35 1,15 1,30 1,6

Bapianm 32
Ha migcTtaBi eKCEepUMEHTANbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIl
4.33, yCTaHOBUTH KOPEJALINHY 3aleKHICTh (y BUTJIS1 PIBHSHHS perpecii)
MIK TBEPAICTIO HaBKOJIOIOBHOI 30HU ctani (HV) 1 BMicToM y cTaii xpoMy
(%Cr), gK10 MaTeMaTUYHa MOJCNb INI€l 3aJIeKHOCTI BUPAKAETHCS  PIB-
HSTHHSIM

HV = 4 (%Cr) "9,
ne A - xoedili€eHT, 10 MiIsIrae BU3BHAYEHHIO.
Taomusa 4.33

HV 270 | 280 | 300 | 310 | 320 | 330 | 340 | 360

Bwmict Cr,% | 0,2 | 0,22 | 0,33 | 04 05 | 065|072 | 14

Bapianm 33
Ha miacTaBi eKCiepUMEHTAIIbHUX JaHUX, NMPUBEJACHUX y TaOJuIl
4.34, yCTaHOBUTH KOPEJAIINHY 3al1eKHICTh (y BUTJIS1 PIBHSHHS perpecii)
MDK TBEPIICTIO HABKOJOIMIOBHOI 30HU ctaii (HV) 1 BmicToM y cTami map-
rauifo (%Mn), K110 MaTeMaTHYHa MOJIEIb 1I1€1 3aIeKHOCT] BUPAYKAETHCS
PIBHSIHHSM

HV = 4 (%Mn) 0>
ne A - xoedIli€eHT, 10 MIsIrac BU3BHAYEHHIO.

Tabonuis 4.34
HV 280 300 310 320 330 340
Bwmict Mn, % 0,19 1,0 1,1 1,3 1,4 15

Bapianm 34
Ha migcTaBi eKCEpUMEHTANbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIl
4.35, yCTaHOBUTH KOPEJAIINHY 3al1eKHICTh (y BUTJISA PIBHSHHS perpecii)
MIK MEXEI0 MIIIHOCTI CTalll O, 1 pO3AIABHAM BMICTOM B Hil Byriemto (%




C) 1 miai (% Cu), k1o MmaTeMaTU4YHa MOJIEIIb I11€1 3aJIE)KHOCT]I BUPAKAETh-
Csl PIBHSHHAM
s = a + 6( %) enemeHra,
ne % enementa — Bmict Byremnio (% C), miai (% Cu);
a, 6 - Koe(Qlli€HTH, IITyKaHl B 3a/1a4i.

Tabmuist 4.35
o, ,Mlla 420 490 560 630 700 770
Bwmict C, % 0,01 0,014 | 0,015 0,032 0,035 0,046
Bwmict Cu, % | 0,035 0,14 0,28
Bapianm 35

Ha migcTtaBi ekcrnepuMEHTaTbHUX JIaHUX, MPUBEACHUX Yy TaOJuII
4.36, yCTAaHOBUTU KOPEJALINHY 3al1€KHICTh (y BUTJISLI1 PIBHSIHHS perpecii)
MK MEXKEI0 MIIHOCTI CTam O, 1 po3AiIbHUM BMICTOM Maprasuio (% Mn)
1 hochopy (% P), skio MaremaTuuHa MOJEIb 1€ 3aJIEKHOCTI BHUpaXa-
€THCS PIBHSHHIM

s =a + 6 (% enemenra),
ne % enementa — BMmicT Maprasifo (%Mn), docdhopy (%P);
a, 6 - Koe(ilieHTH, TyKaH1 B 3a1a4i.

Taomuist 4.36
o, ,Mlla 420 490 560 630
Bwmict Mn,% 0 0,105 0,11 0,14
Bwmict P, % 0 0,0105 0,022 0,035
Bapianm 36

Ha migcTaBi ekCEepUMEHTANbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.37, yCTaHOBUTH KOPEJALINHY 3al1eKHICTh (y BUTJISA1 PIBHSHHS perpecii)
Mick ipupoctoM TBepaocti (AHV) mpu crapiHHi MapTEHCHTY 1 BMICTOM
Hikemo (%Ni), sSKIo MaTeMaTHYHa MOJENb €T 3aIEKHOCTI BUPAKAETHCS

PIBHSIHHSM

AHV =4y, %

ne N- nponenTHHUI BMicT Hikemro (%Ni);
A - KoedIIieHT, IyKaHuH y 3a71a4i.

Taomuusa 4.37
Cranp Mmictuth 5% Mn
A HV 0 60 120 160 170 200
Bmict N1, % | O 4 6 8 10 12




Bapianm 37
Ha miacTtaBi eKCEepUMEHTATbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIl
4.38, yCTaHOBUTH KOPEJALINHY 3aleKHICTh (y BUTJISAI PIBHSHHS perpecii)
Mixk mpupocToMm TBepaocti (AHV) mpu crapinni maprencuty Fe-Ni crura-
BiB 1 BMicTOM Hikelto (%N1), K10 MaTeMaTHYHa MOJIENb €l 3aJIe)KHOCTI
BUPAXKAETHCA PIBHIHHSIM

AHV = 4,7%°
ne N — mponenTHHiT BMicT Hikemo (% Ni);
A - KoedIieHT, IyKaHui y 3a71a4i.
Tab6aunis 4.38
A HV 0 | 10 40 80 100 130 140 160
Bmict Ni,% | O 4 6 8 10 12 14 16

Bapianm 38

Ha miacTtaBi ekcrneprMEHTaTbHUX JaHUX, MPUBEICHUX Yy TaOJuIl
4.39, yCTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISA1 PIBHSIHHS perpecii)
Mk mpupoctoM TBepaocti (AHV) mpu crapinni maprencuty Fe — Ni
craBiB 1 BMicToM KoOanbTy (%Co), Ko MaTeMaTUYHa MOJEIb 1€l 3a-
JICKHOCTI BUPAKAETHCS PIBHAHHAM

AHV =a + 6 (% Co),

e a, 6 - KoedillieHTH, IyKaHl B 3aj1a4i.

Taomurs 4.39
A HV 0 75 155 225 300
Bwmict Co, % 0 5 10 15 20

Bapianm 39

Ha migcTtaBi ekcrneprMEHTaIbHUX JIaHUX, MPUBEACHUX Yy TaOJuII
4.40, yCTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISI1 PIBHSIHHS perpecii)
Mk mpupoctoM TBepaocti (AHV) mpu crapinni maprencuty Fe — Ni
craBiB 1 BMicToM xpoMy (% Cr), sSIKIII0 MaTeMaTH4YHa MOJIEJIb 1I€T 3aIexkK-
HOCTI BUPQXKAETHCS PIBHSIHHSAM

AHV =a +6 AHV,

e a, 6 - Koe]ilieHTH, IIyKaHl B 3a/1a4i.

Taomusa 4.40

A HV 140 160 180 200 220 240

Bwmict Cr, % 0 2,5 5,0 7,5 10 12,5




Bapianm 40
Ha migcTtaBi ekcrneprMEHTaTbHUX JIaHUX, MPUBEASHUX Yy TaOJuII
4.41, ycTaHOBUTU KOPEJALINHY 3al1€KHICTh (y BUTJISI1 PIBHSIHHSI perpecii)
mik TBepaicTio Fe — Ni crmaiB (HRC) i1 TpuBainictio crapinss npu 430 °C
- T, SIKIIO MaTeMaTHU4YHA MOJIeNIb I[1€] 3aJIe)KHOCTI BHUPAXKAETHCA PIB-
HSIHHSIM

HRC = 4 (1) 7,
ne A, p - xoedilieHTH, IIyKaHl B 3a/1a4l.
Taomunsa 4.41
HRC 32 38 42 45 46 50
T ,T0] 0,001 0,01 0,1 1,0 10 100
Bapianm 41

Ha migcTtaBi ekcrnepyMEHTaIbHUX JIaHUX, MPUBEACHUX Yy TaOJuII
4.42, yCTaHOBUTHU KOPEISIINHY 3aJICKHICTh (Y BUTJISI PIBHSHHS perpecii)
MDK TPUKIAJEHOI0 HAMPYTO0 O 1 YUCJIOM LMKIIB 0 pyiiHyBaHHA N, sK-
[0 MaTeMaTUYHa MOJIEJIb 1€ 3aJI€KHOCTI (CTOMJIEHA) KpUBA BUPAKAETHCS
PIBHSHHSIM

o=4MN)"%,
ne N —uyucio uukiiB g0 pyitnyBanug ciary H18JIO9MST;
A, a - xoedilieHTH, IIIyKaH1 B 3aJ1a4i.

Tabomuis 4.42
o , Mlla 1250 1100 950 800 650
N 10000 80000 50000 7000000 10000000

Bapianm 42
Ha migcTaBi ekClepUMEHTANbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIli
4.43, yCTaHOBUTH KOPEJAIINHY 3a1eKHICTh (y BUTJISAL PIBHSHHS perpecii)
MDK Mexero MinHocTi O g cinaBy H18JIO9IMST 1 Temneparyporo BHUIIPO-

OyBaHHS t, SIKIIO MaTeMaTUYHA MOJEJb 1€l 3aJI€KHOCTI BUPAKAETHCS PIB-
HSIHHSIM

o=4 1%,
ne A, o - xoedilieHTH, IIyKaHi B 3aa4l.
Tadomurst 4.43
t, °C 50 100 200 300 400 500

op,Mlla | 1900 | 1800 1650 1500 1400 1350




Bapianm 43
Ha migcTtaBi ekcrnepyMEHTaTbHUX JaHUX, MPUBEICHUX Yy TaOJuII
4.44, yCcTaHOBUTU KOPEJALINHY 3al1€KHICTh (y BUTJISI1 PIBHSIHHSI perpecii)
MiK BiHOCHMM TomoBKeHHAM O cmwiaBy HI8JIOIMST i temneparyporo
BUNPOOYBaHHS t, KO MaTeMaTU4YHa MOJENb i€l 3aJIeKHOCTI BUpa)Ka-
€THCS PIBHSIHHIM

5=41%,
ne A, a - xoedilieHTH, IITyKaHl B 3a/1a4i.
Tabnui 4.44
t, °C 50 100 200 300 400 500
o, % 10 10 10,5 10,6 12,1 15
Bapianm 44

Ha miacTtaBi ekcrnepyMEHTaTbHUX JIaHUX, MPUBEICHUX Yy TaOJuIl
4.45, yCTaHOBUTHU KOPEJALINHY 3al1€KHICTh (y BUTJISI1 PIBHSIHHS perpecii)
MDK B'S3KICTIO PYWHYBaHHS ch JIBOX CTaJIel 1 MEXKEI0 iXHbOI TEKY4OCTI

O7T , SKIIO0 MaTeMaTH4YHa MOJEIb L€l 3aleKHOCTI BUPAKAETbCA PIBHSH-

HAM

e a, 6 - Koe]illieHTH, IIyKaHl B 3aj1a4i.

Ky = a ts(or),

Tab6mung 4.45
Ky, . MIla/m 25 | 50 | 75 | 100 | 125 | 150
or, | YU 9700 | 1500 | 1420 | 1300 | 1200
Mla o sanacram | 2500 | 2300 | 2100 | 1900 | 1700 | 1500
Bapianm 45

Ha migcTaBi ekcrneprMEHTaTbHUX JaHUX, MPUBEACHUX Yy TaOJuIl
4.46, yCTaHOBUTHU KOPEJALINHY 3al1€XKHICTh (y BUTJIS1 PIBHSIHHS perpecii)

MDK Tpanuiero Tekydocti Ot cmiaBy HI8JIOIMST 1 BMicTOM y cruiaBi
tutany (% Ti), K110 MaTeMaTUYHA MOJIEJb 111€1 3aJIEKHOCTI BUPAKAETHCS
PIBHSHHSIM
o1 = A (% Ti) %,
ne A - xoedillieHT, IyKaHUH y 3a/1a4i.
Taomurs 4.46




o1 , Mlla 1400 | 1580 | 1700 | 1800 | 1850 | 1930 | 1940

Bwmicr T1, % 02 03] 04 0,5 0,6 0,7 0,8

Bapianm 46
Ha miacTtaBi ekCepUMEHTATbHUX JIaHUX, MPUBEJICHUX Yy TaOJuIli
4.47, yCTaHOBUTH KOPEJAIINHY 3a1eKHICTh (y BUTJISAI PIBHSHHS perpecii)
MIDXK B'SI3KICTIO PYWUHYBaHHSI ch criapy H18JO9MST i BmicToM y ciuiaBi

tutany (% Ti), AK110 MaTeMaTUYHA MOJICIb IT1€1 3aJIe)KHOCTI BUPAKAETHCS
PIBHSIHHSM
Ki = a+6(%Ti,
Ic

e a, 6 - KoedllieHTH, IIIyKaHl B 3aa4l.
Tabomurs 4.47

Ky, MHa~'m | 182 | 177 | 170 | 165 | 161 | 155 | 157

Bwmicr Ti, % 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Bapianm 47

Ha miacTtaBi ekCepUMEHTATbHUX JIaHUX, MPUBEJACHUX Yy TaOJuil
4.48, yCTaHOBUTH KOPEJALINHY 3a71eKHICTh (y BUTJISAI PIBHSHHS perpecii)
MDK Mexero MinHocTi og cmiasy H12M10K 1 BmicToM y HbOMY KOOaJIb-
Ty (% Co), K10 MaTeMaTUYHA MOJENb 11€] 3AIEKHOCTI BUPAKAETHCS P1B-
HSIHHSIM

og = A(%Co) ¥,

ne A, o - xoedillieHTH, IIyKaHi B 3aja4l.

Tabomuis 4.48
og ,Mlla | 1800 1900 2010 2110 2350 2500
Bwmict C, % 0 2,5 5 7,5 10 12,5

Bapianm 48
Ha migcTtaBi ekcrneprMEHTaTbHUX JaHWX, MPUBEACHUX Yy TaOJuIIi
4.49, yCcTaHOBUTH KOPEJALINHY 3a1€KHICTh (y BUTJISIIL PIBHSIHHS perpecii)
MDK IpaHuLero TeKydocTi o7 cmiaBy HI12MI1OK 1 BMicTOM y cruiaBi Ko-

oanbTy (% Co), K10 MaTeMaTUYHA MOJIEIIb ITI€T 3aJIEKHOCTI BUPAKAETHCS

PIBHSHHSIM

o7 = A IO((%CO)’

ne | —migcraBa HaTypaJbHHX JTOTapHQMiB;
A, a - xoedilieHTH, IIIyKaH1 B 3a/1a4i.
Tabmums 4.49




o1 ,Mlla | 1600 1700 1900 1960 2200 2380
Bwmict C, % 0 2,5 5 7,5 10 12,5
Bapianm 49

Ha miacTaBi eKCEepUMEHTATbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.50, yCTaHOBUTH KOPEJAIINHY 3aleKHICTh (y BUTJISA1I PIBHSHHS perpecii)
MIDX B'SI3KICTIO pyHHYBaHHS ch 3araptoBaHoi ctaii 1 ii TBepaicTio (HRC),

SKIIIO MaTeMaTUIHA MOJIEIb IT1€1 3aJIeKHOCTI BUPAKAETHCS PIBHSIHHSIM
ch = a +¢( HRC),

e a, 6 - Koe]illieHTH, IIyKaHl B 3aj1a4i.

Tabmuis 4.50
Ky, MIla</m | 13 | 11,8 | 11 | 10 9 8 7
HRC 38 40 42 44 46 48 50
Bapianm 50

Ha miacTtaBi eKCEpUMEHTATbHUX JIaHUX, MPUBEJACHUX Yy TaOJuIli
4.51, yCTaHOBUTH KOPEIALINHY 3a1eKHICTh (y BUTJISAI PIBHSHHS perpecii)
MiX BiZIHOCHUM IOJOBXEHHSAM O AJIOMIHIIO i CTylleHeM OOTHCHEHHS IIPH
HOT0 X0J0JHOMY OOTHCHEHHI &, SIKIIIO MaTeéMaTUYHA MOJIEIb ITET 3aJIekK-
HOCTI BUPQXXAETHCSI PIBHAHHSIM

§=A4()",
ne A, o - xoedilieHTH, IIyKaHi B 3aa4l.
Tadomurs 4.51
0 ,% 15 75 45 3 28 2.7 26 25
e, % 0 10 20 30 40 50 60 80

4.2 3aBnranuga 2

PI'P 2.1 /liazpamu cmany 0860KOMROHEHMHUX CUCHIEM.

Bapianm 1

ITnacmuuna oeghopmauia i pekpucmanizayis

1 Hakpecnith miarpamy CTaHy CUCTEMH «MiJib — Cpibsio». OMUIIITH
B3a€MO/III0 Mifi 1 cpiOJia B piAKOMY 1 TBEPAOMY CTaHaX, YKaXKITh CTPYKTY-
py CIUIaBIB Yy BCiX AUISIHKAX JlarpaMy HUKYe JiHIi comiayc. g ciaBy,
mo Mmictuth 15% cpibna, Bu3HauTe (Ha30BHIl CKIIaJ CIUIaBY, KUIbKICHE
CHiBBIJHOIIECHHS MK (pazaMu 1 XIMIYHUI ckian a3 npu Temneparypi Bu-
i€ TEeMIEpaTypHu COJIAYC, alle HUXKYE TeMmrepaTypu JikBiayc. [1oscHITH




XapakTep 3MIHM BJIACTUBOCTEU CILIABIB I[1€1 CUCTEMU 3a JIOTIOMOTOI0 3aKO-
Hy M.C. KypHakosa.

2 SIxkum crmocoOOM MOKHA BiTHOBUTHU IUIACTHYHICTH X0JI0HOAEDOP-
MOBAHOI'0 aJIFOMiHI€EBOTO TpyTKa? BKaxiTh pekuM TepMOOOPOOKH, OIHU-
IIITh CYTHICTH SIBUII, 1110 BiJI0YBaIOThCHI.

Bapianm 2

1 HakpecniTh aiarpaMmy CTaHy CHUCTEMH «CBUHEIb — OJIOBOY». Ormu-
IIITh B3a€EMO/III0 CBUHIIO 1 0JIOBA B PIAKOMY 1 TBEPJOMY CTaHAX, BKAXKITh
CTPYKTYPY CIUIaBiB y BCiX JUISHKAX Jiarpamu Hrbk4de JiHii comigyc. s
craBy, mo MictuTh 30% cBuUHILIO, BU3HAUTE (Ha30BHil CKiIaj CIUIaBY, Ki-
JBKICHE CIIBBIJHOIIEHHS MIX (a3amu 1 XIMIYHUHI ckian (a3 npu teme-
parypl BUILIE TEMIIEPATYPU COJIAYC, A€ HUKYE TEMIIEPATYPHU JIKBIIYC.
[TosicHITH XapakTep 3MiHU BIACTUBOCTEH CILJIABIB Ii€1 CUCTEMHU 3a JI0TIOMO-
roto 3akony M.C. Kypnakosa.

2 SlkuM cmocoOoM MOKHA BIJTHOBUTH IIACTHYHICTH XOJIOJIHOAE(HO-
pMOBaHUX JUCTIB 3 MarHito? [IpusHaure pexxum TepMOOOPOOKH, OTHUIIITH
CYTHICTb SIBHUILI, III0 B1JI0YBaIOTHCS.

Bapianm 3

1 HakpecniTe aiarpamy cTaHy CHUCTEMHU «MarHiil — kanpmii». Onu-
IIITh B3a€EMOJIII0 MAarHito 1 KaJbI[iI0 B PIIKOMY 1 TBEPJOMY CTaHAX, YKAXKITh
CTPYKTYPY CILIaBiB y BCIX OOJIacTsIX JiarpaMy HUXYE JiHIT comiayc. s
cruiaBy, 1o Mictuth 40% marHito, Bu3Haute (a3oBUM CKIIaJ CIUIABY, Kijlb-
KiCHE CHIBBITHOIIEHHS MDK ¢dazaMu 1 XIMIYHUHN ckiaj (a3 mpu TeMIiepa-
Typl BUILIE TEMIIEPATYpH CONIAYC, alie HUXK4YE TeMrnepaTypu Jiksigyc. [lo-
SCHITh XapaKTep 3MIHM BJIACTUBOCTEH CILJIABiB I1€1 CUCTEMH 3a JOIOMO-
roto 3akony M.C. Kypnakosa.

2 OnoBo 1 MiJib MIACTUYHO AehOpPMOBaHI MPU TEMIEPATypl LEXY
(+20°C). Onumits, sika e 06po6Ka a1t 060X METaliB i 4oMy?

Bapianm 4
1 HakpecniTh iarpaMmy CTaHy CUCTEMH «MiJlb — MUII'SK». OIUIIITH
B3a€EMOJIIIO Mijl 1 MUII'SIKY B PIIKOMY 1 TBEPJIOMY CTaHaxX, YKaXiTh CTPYK-
Typy CIUIaBIB y BCIX AUISTHKaX JlarpaMuy HYK4YeE JiH1i coniayc. s craBy,
o0 MicTuTh 15% minai, Bu3HaunTe (pazoBuil CKIaj CIUIaBy, KUIbKICHE CITiB-
BiJHOIIIEHHS MDK (pazaMu 1 XIMIYHUM cKJaja (a3 mpu TemriiepaTypi BUILE
TeMIrepaTypu COIIAYyC, ajle HUKYE TeMnepaTypH JikBiayc. IToscHIiTh xapa-



KT€p 3MIHU BJIACTUBOCTEH CIUIABIB Ii€i CUCTEMM 3a JOIMOMOTOI 3aKOHY
M.C. KypHakoBa.

2 VYKaxiTh, K 1 YOMY 3MIHIOEThCS IIUIBHICTh AUCIOKAIIM MpHU Miac-
TUYHIN gedopmarii.

Bapianm 5

1 Hakpecnith miarpamy cTaHy CHUCTEMH «CBHHEIb - MarHii». Omnu-
IIITh B3aEMOJII0 CBUHIIIO 1 MArHio B PIIKOMY 1 TBEPJAOMY CTaHaX, YKAXKITh
CTPYKTYPY CIUIaBiB y BCiX AUISHKAX Jiarpamu Hrpkde JiHii comigyc. s
cIuiaBy, 1o MictuTh 15% cBuHLIO, BU3HaUTe (Ha30BHil CKiaj CIUIaBy, Ki-
JBKICHE CITIBBIJHOIIEHHSI MK (a3amu 1 XIMIYHHMI ckian (a3 npu temre-
parypi BHUIIE TEMIIEPATYPU COJIAYC, A€ HUKYE TEMIIEpATypH JIKBIIAYC.
[TosicHITH XapaKTep 3MiHU BJIACTUBOCTEN CILJIABIB 11€1 CUCTEMHU 3a JOTIOMO-
roto 3akony M.C. Kypnakosa.

2 CsuHenpb 1 amoMmiHid JepopmoBaHI MpHU TeMIEparypi ULExy
(+20°C). SIxa we 06pobKa st 060X MeTamiB i Jomy?

Bapianm 6

1 HakpecniTe Agiarpamy CTaHy CUCTEMHU «CypMa - BicMyT». ONUIIITH
B3A€EMO/III0 CYPMHU 1 BICMYTY B PIJIKOMY 1 TBEPJIOMY CTaHaX, YKaXITh CTPY-
KTYypy CIUIaBIB y BCIX IUISHKaX JiarpaMu HWX4e JiH1i comiayc. [ns crua-
By, 110 MICTUTH 15% BicmyTy, Bu3HauTe (pa3oBUil CKiIaj CIUIaBy, KUIbKICHE
CHIBBIJHOIIEHHS MK (pazaMu 1 XIMIYHUI ckian a3 npu Temneparypi Bu-
e TEeMIEpaTypHu COJIAYC, alle HUXKYE TeMmrepaTypu JikBigyc. [1oscHITH
XapakTep 3MIHU BJIACTUBOCTEW CIUIABIB 11€1 CUCTEMHU 3a JOTIOMOIOI0 3aKO-
Hy M.C. Kypnakosa.

2 S$Ik 1 4OMy 3MIHIOIOThCS BJIACTUBOCTI 1 CTPYKTYpa METally IIpH Ta-
psAYld TIacTU4HIN Aedopmartii?

Bapianm 7
1 HakpecniTe miarpamy cTaHy CHUCTEMU «MarHid - repmaniii». Omnu-
IIITh B3a€MOJII0 MarHito 1 repMaHii0 B PIIKOMY 1 TBEPAOMY CTaHaX, yKa-
KIThb CTPYKTYPY CIUIaBIB y BCIX JUISHKAX JlarpaMy HUXYE JIiHII COJIIYC.
Jlst crunaBy, 1m0 MicTuth 15% repmanisi, BusHaute Gpa3oBHil CKaj CIUIaBYy,
KiJIbKICHE CITIBBITHOIIICHHS MDK (ha3aMu 1 XiMIYHUN cKi1aj (a3 mpu Temiie-
patypi BHIIE TEMIIEpAaTypH COJIAYC, ajie HIKYE TEMIIEpaTypH JIKBIIYC.
[TosicHITH XapakTep 3MiHU BIACTUBOCTEH CILJIABIB Ii€1 CUCTEMHU 3a JIOTIOMO-
roto 3akony M.C. KypHakoga.
2 3amizo i cBuHenb aedopmoBani mpu Temmepatypi nexy (+20°C).
Ska 11e 00poOka a5t 000X METalIB 1 YoMY?



Bapianm 8

1 HakpecniTe naiarpaMy CTaHy CHCTEMH «MiJib - HiKeJb». ONUIIITH
B3a€EMOJIII0 MiJIl 1 HIKEJI0 B PIAKOMY 1 TBEPJAOMY CTaHax. YKaXiTh CTPYK-
Typy CIUIaBIB y BCIX JIUISIHKAX JlarpamMu HUX4Ye JiHii coniayc. [lopiBHsiiTe
CXWJIBHICTD JIO JIKBAIlll CIJIaBiB, 110 MICTATH 15 1 50% wnikemro. [TosicHITE
PO3XOJIKEHHS.

2 Sk 1 yoMy 3MIHIOIOTHCS MEXaHI4YHi 1 (PI3UKO-XIMIYHI BJIACTUBOCTI
MeETaJIiB MICJIs XO0J0AHOI IJIACTUYHOI JiehopMartii?

Bapianm 9

1 HakpecniTh aiarpaMmy CTaHy CUCTEMH «CBHHEIb - cypMay. ONUIIITh
B32€MO/III0 CBUHIIIO 1 CYpMHU B PIIKOMY 1 TBEPIOMY CTaHaX, YKaXIiTh CTPY-
KTYypy CIUIaBIB y BCIX IUISHKaX JlarpaMu HUX4e JiH1i comiayc. [ns crua-
BY, 110 MicTUTh 60% cypmu, Bu3HauTe (Ha30BUM CKJIAJ CIUIaBY, KITbKICHE
CIIBBIJIHOIIICHHS MiX ¢azaMu 1 XiMIYHUM ckiiaja (a3 mpu Temieparypi Bu-
e TeMIepaTypu COJIAYyC, ajie HIK4Ye Temmeparypu JikBigyc. IloscHITH
XapakTep 3MiHU BJIACTUBOCTEU CILJIABIB I[1€1 CUCTEMU 3a JIOTIOMOTOI0 3aKO-
Hy M.C. Kypnakoga.

2 BwuzHauute nopir pexkpuctamizaiii Miai. OnumiTe TpoIecy, Mo
MPOTIKAIOTh MPH TUIACTHYHIN aedopmaliii Mil HIDKYE 1 BUIIE I1€1 TEMIIe-
paTypH.

Bapianm 10

1 HakpecniTh niarpaMmy cTaHy CUCTEMH «aJIOMIHIN - Mifby». ONUIIITH
B3a€MO/III0 AJIFOMIHIIO 1 MiJll B PIIKOMY 1 TBEPJIOMY CTaHaX, YKaXITh CTPY-
KTYypy CIUIaBIB y BCIX JIUISHKaX JiarpaMu HUX4e JiH1i comiayc. [ns crua-
By, 10 MicTuTh 15% Mini, Bu3Haunute (pa3oBUil CKJIaJ CIUIaBYy, KUIbKICHE
CHIBBIJHOIIEHHS MK (pazaMu 1 XIMIYHUI ckiana a3 npu Temneparypi Bu-
e TeMIEpaTypHu COJIAYC, alle HUXKYE TeMmrepaTypu JikBigyc. [1oscHITH
XapakTep 3MIHU BJIACTUBOCTEW CIUIABIB 11€1 CUCTEMHU 3a JOIIOMOIOI0 3aKO-
Hy M.C. Kypnakosa.

2 Slxum cnocoOOM MO>KHA BIJTHOBUTH IUIACTUYHICTh XOJOAHOKATAHUX
MigHUX CTpiuok? [IpusHauTe pexuM TepMOOOpPOOKH M OMUIIITH (Pi3HUHY
CYTHICTb MPOILIECIB, IO BiI0YBAIOTHCS.

Bapianm 11
1 HakpecniTh aiarpaMmy CTaHy CHUCTEMU «AOMIHIN - KpeMH1i». Onu-
IIiITh B3a€EMOJIII0 AJIIOMIHIIO 1 KPEMHIIO B PIIKOMY 1 TBEpJOMY CTaHax,



YKaXITh CTPYKTYpPY CIUIaBIB y BCIX JUISHKAxX JiarpaMyd HU KY€ JIHII COJi-
nyc. Hns cnnaBy, mo mictuth 40% kpemHil0, BU3HauTe (Da3oBUil CKian
CIUIaBY, KUJIbKICHE CIIBBIAHOIIEHHA MDK ¢azaMu 1 XiMIuyHUN ckian (a3
Ipy TeMIepaTypl BUILE TEMIIEPATypH COJIIYC, ajle HUKYE TeMIEpaTypu
nikBigyc. [losicHITh XapakTep 3MiHU BJIACTUBOCTEH CIUIABIB L€l CUCTEMU
3a nornomororo 3akoHy M.C. KypHakoga.

2 BwuzHauTe nopir pekpucramizaiii TuTany. ONUIITh TPOIECH, IO
IPOTIKAIOTh MPHU MJIACTUYHIN Aedopmallii TATaHY HUXKYE 1 BUIIE 1LI1€1 TeM-
neparypu.

Bapianm 12

1 Hakpecnith aiarpamy CTaHy CHUCTEMH «OJIOBO - LMHK». ONHUIIITH
B3a€MO/III0 0JIOBA 1 IIUHKY B PIAKOMY 1 TBEPJAOMY CTaHaX, YKaXIThb CTPYK-
Typy CIIaBIB y BCIX JIUISHKaX JlarpaMu HUXK4e JiHil comiayc. s craBy,
mo wmictuth 70% nuHKY, BU3HauTe (a30BUN CKJIaj CIUIABY, KIJTbKICHE
CIIBBIJIHOIIICHHS MiX ¢azaMu 1 XiMIYHUM ckiiaja (a3 mpu Temmneparypi Bu-
e TeMIepaTypu COJIAYyC, ajie HIK4Ye Temmeparypu jdikBigyc. IloscHITH
XapakTep 3MiHU BJIACTUBOCTEU CILJIABIB I[1€1 CUCTEMU 3a JIOTIOMOTOI0 3aKO-
Hy M.C. Kypnakosa.

2 Sk 3MiHIO€TBCSI OJIOKOBA CTPYKTYpa MPU HArpiBaHHI MJIACTUYHO Jie-
dbopMoBaHOTO MeTary? Y 4OMy CyTHICTh MPOIIECY MOJITOHI3a11ii?

Bapianm 13

1 HakpecniTh aiarpamy CTaHy CUCTEMH «KaJaMiil - HUHK». ONUIIITH
B3a€EMOJIII0 KaJAMIIO 1 IIMHKY B P1IKOMY 1 TBEPAOMY CTaHAX, YKaXKITh CTPYK-
Typy CIUIaBIB y BCIX AUISTHKaX AlarpaMu HYK4Ye JiHii coniayc. s craBy,
mo wmictuth 75% uuHKY, BU3HauTe (a3oBUN CKIaj CIUIABY, KIJIbKICHE
CIIBBIJIHOIIICHHS Mk (hazaMu 1 XIMIYHUN ckiiaja (a3 mpu Temneparypl Bu-
e TeMIepaTypu COJIAYyC, alle HIK4Ye Temneparypu jdikBigyc. IloscHITH
XapakTep 3MIHM BJIACTUBOCTEW CILIABIB I[1€1 CUCTEMU 32 JIOTIOMOTOI0 3aKO0-
Hy M.C. Kypnakoga.

2 OnoBo i TuTaH nedopmoBani npu Temneparypi +20°C. Slka ne 06-
poOKka aJist 3a3HaueHUX MeTaniB? OnUIIiTh CYTHICTh MPOIECIB, IO MPOTi-
KaloTh MPH Iiii 00poOIIi.

Bapianm 14
1 HakpecniTe pgiarpaMy CTaHy CHUCTEMH <«QIIOMIHIH - TepMaHiiiy.
OnuuriTe B3a€EMO/I1I0 ATIOMIHIIO 1 T€PMaHIIO B PIIKOMY 1 TBEPAOMY CTaHaX,
YKQXITh CTPYKTYPY CIUIABIB Yy BCIX JUISHKAX JlarpaMd HUXKYE JIIHII COJIi-



nyc. Jlng comaBy, mo Mictuth 15% repmanisi, BusHaute (pa3oBuil ckiiajn
CIUIaBY, KUJIbKICHE CIIBBIAHOIIEHHS MDK ¢azaMu 1 XIMIYHUM ckiaa (a3
IpU TEMIIEpATypl BUIIE TEMIIEPATYpU COJIIYC, ajie HUXKYE TeMIleparypu
nikBigyc. [losicHITE XapakTep 3MiHU BJIACTUBOCTEH CIUIABIB IIE€T CHCTEMU
3a nonomMororo 3akony M.C. Kypnakosa.

2 1o Take OJOKOBa CTPYKTypa METanay 1 sIK BOHA 3MIHIOETHCS Mif
BIUITMBOM IIACTUYHOI Aedopmariii?

Bapianm 15

1 HakpecniTh iarpaMmy cTaHy CUCTEMH «CypMa - repManiity. OnuiiTh
B3a€EMOJIII0 CYpMH 1 T€pPMaHII0 B PIAKOMY 1 TBEpJAOMY CTaHaX, YKaXIiTh
CTPYKTYpPY CIUIaBiB y BCiX AUISHKAX Jlarpamu HEbK4de JiHii comigyc. s
cIuiaBy, mo MictuTh 80% repmanisa, BUsHauTe Ga3oBUl CKiaj CIUIaBy, Ki-
JBKICHE CITIBBITHOIIEHHS MK ¢azamu 1 XIMIYHHM ckiajn (a3 mpu temre-
patypi BUIIE TEMIIEpATypH COJIAYC, ajie HIKYE TEMIIEpaTypu JIKBIIYC.
[TosicHITH XapakTep 3MiHU BJIACTUBOCTEH CILIABIB I1€1 CUCTEMH 3a JJOTIOMO-
roto 3akony M.C. KypHakoga.

2 JIns 90ro 3aCTOCOBYETHCS PEKpUCTaNI3aIliiHUN BiANan y mpoleci
BUT'OTOBJICHHS XOJIOJHOKATaHOI cTajeBoi CTpiuku? OMUIIITh TEXHOJIOT14-
HUU MPOIIEC Biamamy.

Bapianm 16

1 HakpecniTh aiarpaMmy CTaHy CUCTEMH «cpibijio - repmaniity. Onu-
IIITh B3aEMOJII0 CpiOia 1 TepMaHis B pIAKOMY 1 TBEPAOMY CTaHaX, YKaXKITh
CTPYKTYpY CIUIaBiB y BCIX AUISHKAX JlarpaMu HUXK4e JiHIi comiayc. s
CIUIaBy, 10 MICTUTh 15% repmanis, Bu3HauTe (a3oBUil CKiaj CIJIaBY, Ki-
JbKICHE CHIBBIJHOIICHHS MK (azamu 1 XIMIYHUM ckiajd (a3 mpu Temiie-
paTypi BUILE TeMIEpaTypu COJIAYyC, aje HUXKYe TeMIlepaTypH JiKBIAYC.
[TosicHITH XapaKTep 3MIHU BIACTUBOCTEH CILIABIB IIi€] CUCTEMU 3a JI0TIOMO-
roto 3akony M.C. KypHakoga.

2 Jlns AKX MPaKTUYHUX LUJIEH 3aCTOCOBYETHCS HAKJIEN 1 YOMYy?

Bapianm 17
1 HakpecniTh aiarpaMy CTaHy CUCTEMHU «CPi0Jio - ckaHA1i». OnuUIIiTh
B3a€MO/III0 Cp10JIa 1 CKaH/II0 B PIIKOMY 1 TBEPJIOMY CTaHaX, YKaXITh CTPY-
KTYypy CIUIaBIB y BCIX JIUISHKaX JllarpaMu HUX4e JiH1i comiayc. [ns crua-
BY, 110 MicTUTh 60% ckaHJit0, BU3HauTe (Ha30BUN CKJIAJ] CIUIaBY, KUIBbKIC-
HE CIIBBIJHOIIEHHS MiX (pazamu 1 XIMIYHUHN cKiiaa (a3 mpu TeMieparypi
BHUILIE TEMIIEpATypH COJIIYC, ajie HIDKYE TemIepaTypu JikBiayc. [1oscHITh



XapakTep 3MIHM BJIACTUBOCTEU CILIABIB I[1€1 CUCTEMU 3a JIOTIOMOTOI0 3aKO-
Hy M.C. Kypnakoga.

2 Sk 3MIHIOIOTBHCS EKCIUTyaTallliiHI XapaKTEepPUCTUKHU JETajeh MicCls
MOBEPXHEBOI0 HaKjIeNy (IpoOOCTpYMUHHOT OOpOOKH, OOKATyBaHHS POJIH-
KOM) 1 oMy ?

Bapianm 18

1 HakpecniTe miarpamy CTaHy CUCTEMH «aTtOMIiHIN - Oapiit». OnUIIiTh
B3a€EMO/III0 AJIOMIHIIO 1 0apil0 B PIIKOMY 1 TBEPAOMY CTaHaX, YKaXKiTh
CTPYKTYPY CILIaBiB y BCiX JUISHKAX Jiarpamu Hrpkde JiHii comiayc. s
craBy, o Mictuth 0,4% Oapito, Bu3HauTe (pa30BU CKIIaJ CIUIABY, KiJlb-
KiCHE CHIBBIJTHOIIEHHS MDK ¢dazaMu 1 XIMIUHUHN ckiaj (a3 npu Temiepa-
Typl BUILIE TEMIIEPATYPH COJIAYC, alle HUXK4YE TeMnepaTypu Jksigyc. [lo-
SCHITh XapakTep 3MIHM BJIACTUBOCTEH CILJIABIB II1€1 CUCTEMHU 3a JIOTIOMO-
roto 3akony M.C. Kypnakosa.

2 IIpyTKHu 0J10Ba 1 TUTAHY IJIACTUYHO J1Ie(pOPMOBaHI IPU TEMIIEPATYPI
+20°C. SIxa 1e 06pobka st 060X Meranis? OMULITH CTPYKTYPY i BIACTH-
BOCTI IIUX METaJIB MICJs MJIACTUYHOI Jedopmaliii Ipu 3a3HaYCHIN TeMIIe-

parypi.

Bapianm 19

1 HakpecniTe aiarpaMmy CTaHy CHUCTEMH «30JIOTO - BicMyT». OTHUIIITH
B3a€MO/III0 30JI0Ta 1 BICMYTY B PIIKOMY 1 TBEPJOMY CTaHAX, YKaXITh CTPY-
KTYypy CIUIaBIB y BCIX JIUISHKaX JlarpaMu HWX4e JiH1i comiayc. [ns crua-
BY, 110 MICTUTh 15% BicmyTy, Bu3HauTe (pa3oBUil CKIIaJ CIUIaBY, KUIbKICHE
CHIBBIJHOIIEHHS MK (pazamu 1 XIMIYHUI ckiana a3 npu temneparypi Bu-
e TEeMIEpaTypH COJIAYC, alle HUXKYE TeMrepaTypu JikBigyc. [1oscHITH
XapakTep 3MIHUA BJIACTUBOCTEW CIUIABIB 11€1 CUCTEMHU 3a JOTMIOMOIOI0 3aKO-
Hy M.C. Kypnakosa.

2 OnuuIiTh CyTHICTB 1 MEXaH13M 301pHOI peKpuCTai3allii.

Bapianm 20
1 Hakpecnith giarpamy CTaHy CUCTEMH «H1001# - k0OanbT». ONUIIiTh
B3a€EMOJIII0 HI00110 1 KOOAnbTy B PIAKOMY 1 TBEpPAOMY CTaHaX, YKaXiTh
CTPYKTYpY CILJIaBIB y BCIX IUISHKaX Jlarpamu HWK4e JiHii comiayc. s
CIUIaBY, 110 MICTUTh 15% k00anbTy, BU3HaUTe (Pa3oBuil CKiaj CIUiaBy, Ki-
JBKICHE CIIBBIJHOIICHHS MK (hazaMu 1 XIMIYHUN CKjaj (a3 mpu Temrie-
parypi BUIIE TEeMIIEpaTypH COJIAYyC, ajie HIKYE TeMIlepaTypu JiKBigycC.



[TosicHITH XapakTep 3MiHU BIACTUBOCTEH CILJIABIB Ii€1 CUCTEMHU 3a JI0TIOMO-
roto 3akony M.C. KypHakoga.

2 Illo aBasitoTh COOOI0 peKpUCTAII3ALIlHI AlarpaMu 1 sike iIXHE Mpak-
TUYHE 3aCTOCYBAHHS?

Bapianm 21

1 Hakpecnite giarpamy ctaHy cuctemu «radHiil - Bojabppam». Onu-
IIITh B3a€MOJI110 TadHIo 1 BOJbpamMy B PiIKOMY 1 TBEpJIOMY CTaHaxX, yKa-
KIThb CTPYKTYpPY CIUIaBIB y BCIX AUISHKAX JlarpaMd HUXYE JiHII COJIIYC.
Hns crnnaBy, mo MictuTh 15% Bonbdpamy, Bu3HauTe (Pa3oBUM CKian
CIUIaBY, KUJIbKICHE CIIBBIIHOIICHHS MK (azaMu 1 XIMIYHUN ckian ¢a3s
Opy TeMIepaTypl BHILE TEMIIEPATypH COJIIYC, ajle HUXKYE TeMIEepaTypu
nikBiayc. [losicHIT XapakTep 3MiHU BJIACTUBOCTEM CIUIABIB III€I CHCTEMU
3a gonoMororo 3akony M.C. Kypnakosa.

2 SIxi mponecu MPOTIKAIOTh MPU rapsAyiid miacTuyHid nedopmarii i
AK 3MIHIOIOThCS Oy/10Ba 1 BIaCTUBOCTI METajiB?

Bapianm 22

1 HakpecniTh miarpaMmy CTaHy CHUCTEMH «THUTaH - OcMii». ONUIITH
B3A€EMO/III0 TUTAHY ¥ OCMIIO B PIAKOMY 1 TBEPJOMY CTaHaX, YKAXKITh CTPY-
KTYpy CIUIaBIB y BCIX AUISHKAX JiarpaMu HIbKYE JiHIT comiayc. Jis cra-
BY, 1110 MIiCTUTh 30% ocMito, BU3HaUUTe (Pa30BUM CKJIaJ CIUIaBY, KIJIbKICHE
CIIBBITHOIIICHHS MiX ¢hazaMu 1 XIMIYHUN cKiiaa (a3 mpu TemiepaTypl Bu-
e TeMrepaTypu COJIAYC, ajle HUXKYEe TeMmnepaTypu JikBigyc. [TosicHITh
XapakTep 3MIHU BIACTUBOCTEH CIUIABIB 11€1 CUCTEMHU 3a JOTIOMOTOI0 3aKO-
Hy M.C. Kypnakoga.

2 o Take KpuTUYHUH cTymiHb Aedopmarii? OnuiluiTh NpUpoay
IILOTO SBUIIIA.

Bapianm 23

1 HakpecniTe aiarpaMmy CTaHy CHUCTEMH «TUTaH - BoJibdpam». Omu-
IIITh B3a€EMO/III0 TUTaHY 1 BOJb()paMy B piAKOMY 1 TBEPAOMY CTaHaX, yKa-
KITh CTPYKTYpPY CIUIaBIB y BCIX AUISIHKax JlarpaMu HUXKYe JiHii comiayc.
Hnst crinmaBy, mo mictuTh 40% BonbhpaMy, Bu3HauTe (a3oBHIl CKIIa
CIUIaBYy, KUIbKICHE CHIBBIJHOIICHHS MDK (azamu 1 XiMiuyHUM ckiaa (a3
Opu TeMIlepaTypl BULIE TEMIIEPAaTypUu COJIYC, ajie HIKYE TeMIepaTypu
nikBigyc. [losicHITH XapakTep 3MiHU BJIACTUBOCTEH CIUIABIB M€l CUCTEMU
3a gonoMororo 3akony M.C. Kypnakosa.

2 B 4omy CYTHICTb 1 SIK€ MPAKTUYHE 3aCTOCYBAHHS HAKJICITY?



Bapianm 24

1 HakpecniTh aiarpamy CTaHy CUCTEMH «XpPOM - ByrJienb». ONUIIITH
B3AaEMOJIIF0 XpPOMY 1 BYTJICIIO B PIAKOMY 1 TBEPAOMY CTaHax, YKaXIiTh
CTPYKTYpY CIUIaBIB y BCIX AUISHKAX JlarpaMu HUX4e JiHii comiayc. Js
CIUIaBY, 110 MICTUTh 7% ByTJELI0, BU3HaUTe (ha30BUM CKIIaJl CIUIABY, K1JIb-
KICHE CITIBBIJHOIICHHS MK (hazaMu 1 XIMIYHUHK cKJaja ¢da3 nmpu Temiepa-
Typl BUIIIE TeMIEpaTypu CONIAYC, aje HIK4YE TeMIepaTypu JikBiayc. [lo-
SCHITh XapakTep 3MiHU BJIACTHUBOCTEW CIUIABIB III€] CUCTEMH 3a JOIOMO-
roto 3akoHy M.C. Kypnakoga.

2 BuxopuctoByroun popmyny A.A. bouBapa, BU3HaUTE MOPIT pEKpU-
cTai3alii TEXHIYHOTO TUTaHy, 3aii3a, Mial 1 xpomy. OOIrpyHTYiTE TemIe-
patypy raps4oi 0OpOOKH IIUX METAIIB TUCKOM.

Bapianm 25

1 HakpecniTh giarpaMmy CTaHy CUCTEMH «3aii3o - ¢pochopy». Onumiith
B3aeMoOJit0 3ami3a 1 ¢ochopy B PIAKOMY 1 TBEPIOMY CTaHAX, YKaXKiTh
CTPYKTYpPY CIUIaBiB y BCiX AUISHKAX Jiarpamu Hrpkde JiHii comigyc. s
cruiaBy, 1o Mictuth 15% docdopy, BuzHaute dazoBuil ckiaj CIjiaBy, Ki-
JBKICHE CHIBBIJHOIIEHHS MDK (azaMu 1 XiMIUHUHN ckiaj (a3 mpu Temiie-
paTypi BHIIE TEMIIEpAaTypH COJIAYC, ajie HIDKYE TEMIIepaTypH JIKBIAYC.
[TosicHITH XapakTep 3MiHU BIACTUBOCTEH CILJIABIB Ii€1 CUCTEMHU 3a I0TIOMO-
roto 3akony M.C. KypHakosga.

2 Slka Temmeparypa po3auisie pailoHU XOJOIHOI 1 rapsyoi MIaCTUYHOI
nedopmariii 1 yomy?

Bapianm 26

1 Hakpecnith miarpamy CTaHy CHUCTEMHU «MiAb - Oepuiiii». OnuuiTh
B3a€EMOJIII0 MiJl 1 OEpUITiio B PIAKOMY 1 TBEPAOMY CTaHAX, YKAXKITh CTPYK-
Typy CIUIaBIB y BCIX AUISTHKaX AlarpaMuy HY>K4Ye JiHli comiayc. s craBy,
mo Mictuth 3% Oepuiito, Bu3HauTe (ha30BUM CKJaJ CIUIABY, KIJIbKICHE
CIIBBIJIHOIIICHHS M1k (hazaMu 1 XIMIYHUN cKiiaja (a3 mpu Temneparypl Bu-
e TeMIepaTypu COJIAyC, ajie HIK4Ye Temneparypu jdikBigyc. IloscHITH
XapakTep 3MIHH BJIACTUBOCTEW CILIABIB I[1€1 CUCTEMU 32 JIOTIOMOTOI0 3aKO-
Hy M.C. Kypnakosa.

2 TlosicHITh PO3XOKEHHSI MK TapsAdoi0 1 XOJOJHOK TUIACTHYHOIO
nedopmariismu.

Bapianm 27



1 HakpecniTh aiarpamy cTaHy CUCTEMH «HIKENb - ByIJelby. ONUIIiTh
B3A€EMOJIII0 HIKEIO 1 BYIJICIIO B PIAKOMY 1 TBEPJAOMY CTaHaX, YKaXiTh
CTPYKTYPY CIUIaBIB y BCIX AUISHKAX JlarpaMmu HUX4e JiHii comiayc. Jis
craBy, 1o MictuTh 0,75% Byrieito, Bu3HauTe (a30BUM CKJaj CIUIaBY,
KUIbKICHE CITIBBIJTHOIIEHHS MDK (hazamu 1 XIMIYHUM ckiaj (a3 mpu Temiie-
paTypi BHUILE TEMIEPATypu COJIAYC, aje HUXKYe TeMIlepaTypH JiKBIAYC.
[TosicHITH XapakTep 3MiHU BIACTUBOCTEN CILJIABIB L1€] CUCTEMHU 3a TIOTIOMO-
roto 3akony M.C. KypHakoga.

2 OnuuiTh BUAW HEIOCKOHAIOCTEN KPUCTANIYHOI OYyJIOBH, 1X MOXO-
JKEHHSI, BIUTUB Ha BJACTUBOCTI METAIIB.

Bapianm 28

1 HakpecniTe miarpamy CTaHy CHUCTEMH «MIiJb - KUCEHbY». ONUIIITH
B3a€EMOJIII0 MiJl 1 KUCHIO B PIIKOMY 1 TBEPJIOMY CTaHaX, YKaXITh CTPYKTY-
py CIUIaBIB y BCIX AUISHKAaX JiarpaMy HI>K4e JiiHII conimyc. s cruiaBy,
mo mictuth 0,75% xucHio, BU3HauTe (ha3oBUM CKJIAJ CIUIaBY, KUIbKICHE
CHIBBIIHOIIEHHS MK (pazamu 1 XIMIYHUH ckiana a3 npu Temneparypl Bu-
e TeMIepaTypH COJIAyC, ajie HUXKYE TeMmrepaTypu JikBiayc. [TosicHITh
XapakTep 3MIHM BJIACTUBOCTEH CILJIaBiB I11€1 CHCTEMH 3a JOTIOMOTOIO 3aKO-
Hy M.C. Kypnakoga.

2 Sk BIIMBAa€E CTYIIHb IJIACTUYHOI AedopMarlii Ha Mpolec peKpucTa-
Ji3alii 1 BeJIMYMHY 3epHa?

Bapianm 29

1 HakpecniTh aiarpaMmy CTaHy CHCTEMH «PTYTh - Teiayp». ONUIIITH
B3a€EMO/III0 PTYTI 1 TEIypy B PIAKOMY 1 TBEPJAOMY CTaHaX, YKaXITh CTPYK-
Typy CIUIaBIB y BCIX JIUISHKaX JlarpaMu HUXK4Ye JiHil comiayc. s cruaBy,
o mictuth 15% Ttenypy, Bu3HauTe (ha30BHIl CKJIAJ CIUIAaBY, KUIbKICHE
CHIBBIJHOIIEHHS MiX (pazaMu 1 XIMIYHMI ckiana a3 npu temneparypl Bu-
e TeMIEpaTypH COJIAYC, alle HUXKYE TeMmrepaTypu JikBigyc. [1oscHITH
XapakTep 3MIHUA BJIACTUBOCTEW CIUIABIB 11€1 CUCTEMHU 3a JOTIOMOIOI0 3aKO-
Hy M.C. Kypnakosa.

2 Jlnst 4oTO 3aCTOCOBYETHCS BIJMAN MICJSI XOJOAHOI IJIACTUYHOIL Jie-
dbopmartii? YkaxiTe IPUHIIUIIA BUOOPY PEKUMY BiJMAaly.

Bapianm 30
1 HakpecniTh giarpaMmy cTaHy CUCTEMU «KapOig xpomy — kapOijg 3aui-
3a». OnuIITh B3aEMOJIII0 KapOigy XxpoMmy 1 kKapOimy 3aiiza B piAKOMY 1
TBEPJIOMY CTaHaX, YKaXIiTh CTPYKTYpPY CIUIaBIB y BCIX JUISHKAaX JlarpaMu



HIDK4YE JIiHi1 comiayc. [nsa crmaBy, mo mictuth 50% kapOiny 3aiiza, BU-
3HauTe (H)a30BUM CKJIAJ CIUIaBY, KIJTbKICHE CHIBBITHOIIEHHS MIXK (pazamu 1
XIMIYHUH cKiIaa (a3 mpu TemIiieparypl BUIE TeMIIEpaTypu COdIAYyC, alie
HUKYe Temriepatypu JikBigyc. IIosCHITH xapakTep 3MIHU BJIACTUBOCTEH
CILJIaBiB M€l cucTeMHM 3a gonomoroto 3akony M.C. KypHakoBga.

2 TIlig miero sSIKUX HaANpPYXKEHb IUIAaCTUYHA JedopMaliisi BUHUKAE 1 4O0-
My?

Bapianm 31

1 Hakpecinith Jiarpamy CTaHy CUCTEMHU «PTYTh - Kaamii». ONUIIITH
B3a€EMOJIII0 PTYTI 1 KaJAMIIO B PIIKOMY 1 TBEPJIOMY CTaHaX, YKaxXITh CTPYK-
Typy CIIaBIB y BCIX JIUISHKaX JlarpaMu HUXK4e JiHiT comiayc. s craBy,
mo mictuth 15% kaamito, Bu3HauTe (Da3oBUil CKIIAJ CIUIaBY, KITbKICHE
CIIBBIJIHOIIICHHS Mk (hazaMu 1 XiMIYHUM ckiaja (a3 mpu Temmeparypi Bu-
e TeMIepaTypu COJIAYyC, ajie HIK4Ye Temmeparypu jdikBigyc. IloscHITH
XapakTep 3MiHU BJIACTUBOCTEU CILJIABIB I[1€1 CUCTEMHU 3a JIOTIOMOTOI0 3aKO-
Hy M.C. Kypnakosa.

2 TlosicHITH CYTHICTb MPOLIECY PEKpUCTaATi3allli 0OPOOKH.

Bapianm 32
1 HakpecniTh aiarpamy CTaHy CHUCTEMHU «KOOaibT - Byrieunb». Omnu-
IIITh B3aEMO/IIF0 KOOQAIBTY 1 BYIVICIIO B PIAKOMY 1 TBEPJIOMY CTaHaX, yKa-
KITh CTPYKTYPY CIUIaBIB y BCIX AUISHKAX JlarpaMH HUXKYE JIiHII COMIIyC.
s crnaBy, mo MictuTh 1,5% Byriento, Bu3HauTe (a3oBUil CKIIaJl CILIa-
BY, KUIbKICHE CITIBBITHOIIEHHS MK (DazaMu 1 XIMIYHUN ckiaj (a3 npu Te-
MIIEpaTypl BUIIE TEMIIEpATypH COJIIYC, ajle HUXKYE TeMIIepaTypH JIKBI-
nyc. IlosicHITh XapakTep 3MiHU BJIACTUBOCTEH CILJIaBIB 1I1€1 CUCTEMHU 3a J0-
nomoroto 3akoHy M.C. KypHakoga.
2 Sk BIIMBAIOTH CKJaj CIUIABY 1 CTYMiHb IJIACTUYHOI AedopMallii Ha
MPOTIKaHHS PEKPUCTATI3alIMHUX MPOLIECIB?

Bapianm 33
1 HakpecniTe giarpamy cTaHy cucTeMH «cpiomno - MQ,Si ». Onumrite
B3a€eMOJIiI0 cpibsa 1 MqpSi y piIKOMY 1 TBEpJIOMY CTaHaX, YKaXIiTh CTPYK-
Typy CIUIaBIB y BCIX AUISTHKaX JlarpaMuy HYK4Ye JiHii comiayc. s craBy,
o Mictuth 4% MQq,Si, Bu3Haute (a30Buil CKiaj CIUIaBy, KUIbKICHE CITiB-
BiTHOIIIEHHS MDK (pazaMu 1 XIMIYHUM cKJaja (a3 mpu TemIiiepaTrypi BUIIE
TeMrepaTypu COIIAYyC, aje HUKYE TeMIepaTypH JikBiayc. IToscHiTs xapa-



KT€p 3MIHU BJIACTUBOCTEH CIUIABIB Ii€i CUCTEMM 3a JOIMOMOTOK 3aKOHY
M.C. KypHakoBa.

2 Busnauwmte mopir pekpucrtanizaiii Bojgb(ppamy. Onuimith 3MiHH
CTPYKTYpH 1 BJaCTUBOCTEN BOIb(paMy mpu HOro IMiacTU4HIN aedopmariii
IpU TEMIIEpATypl HUKYE Opora peKpucTatizalii.

Bapianm 34

1 HakpecniTe miarpamy CTaHy CUCTEMHU «Cpi0Jio - CBUHEIb». ONUIIITH
B3a€MO/III0 Cpi0Jia 1 CBUHIIIO B PIAKOMY 1 TBEPAOMY CTaHAX, YKaXITh CTPY-
KTYypy CIUIaBIB y BCIX JIUISHKaX JlarpaMu HUX4e JiH1i comiayc. [ns crua-
By, 10 MicTUTh 40% CBUHIIO, BU3HAUTE (Pa30BUIl CKIIAJ CIUIaBY, KUIbKICHE
CHIBBIAHOIICHHS MiX (pazaMu 1 XIMIYHUI ckiana a3 npu Temneparypl Bu-
e TEeMIEpaTypH COJIAYC, alle HUXKYE TeMmrepaTypu JkBigyc. [1osicHITH
XapakTep 3MIHU BJIACTUBOCTEW CIUIABIB 11€1 CUCTEMH 3a JOTIOMOIOK0 3aKO-
Hy M.C. Kypnakoga.

2 Jlast 4oTO 3aCTOCOBYETHCS BiJMAJ MICHSI XOJOAHOI IJIACTUYHOL Jie-
dopmariii? YkaxiTe IPUHIUIINA BUOOPY PEKUMY BiJIIAIy.

Bapianm 35

1 HakpecniTh aiarpaMmy CTaHy CUCTEMH «BICMYT - CBHUHEIbY». ONUIIITh
B3A€EMOJIIF0 BICMYTY 1 CBHHIIIO B PIAKOMY 1 TBEPJOMY CTaHaX, YKaXIiTh
CTPYKTYpY CIUIaBIB y BCIX AUISHKAX JlarpaMmu HUX4e JiHIi comiayc. Js
CIuiaBy, 1o MicTuTh 15% cBuHIIO, BU3HaUTe (Ha30BHM CKiIaja CIUIaBY, Ki-
JbKICHE CIIBBIJHOIICHHS MK (azamu 1 XIMIYHUM ckiaj (a3 mpu Temiie-
paTypi BHUILlE TeMIEpaTypu COJIIYC, aje HUXKYE TEeMIepaTypu JIKBIIYC.
[TosicHITH XapakTep 3MiHU BIACTUBOCTEH CILJIABIB Ii€1 CUCTEMHU 3a I0TIOMO-
roto 3akoHy M.C. Kypnakoga.

2 Buznaute TeMmeparypy peKpUCTANII3ALINHOIO BiANaTy HIKEIIO.
JlaliTe NOSICHECHHSI.

Bapianm 36

1 HakpecniTh aiarpaMmy CTaHy CHCTEMHU «HATpId - Kamii». OmuuiTh
B3a€EMO/III0 HATPIIO 1 KO B PIAKOMY 1 TBEPAOMY CTaHaX, YKaXIiThb CTPYK-
Typy CIUIaBIB y BCIX AUISTHKaX AlarpaMuy HY>K4Ye JiH1i comiayc. [{ns crnaBy,
o MictuTh 15% kanito, BU3HauTe (pa30BUi CKIIAJl CIUIABY, KUIbKICHE CITiB-
BIJIHOIIIEHHSI MK (ha3amMu 1 XIMIYHUN ckian ¢a3 Mpu TemmepaTypl BHUIIE
TeMIepaTypu CONIAYyC, ajle HUKYE TeMnepaTypH JikBiayc. [ToscHiTh xapa-
KT€p 3MIHM BJIACTUBOCTEH CIUIABIB Ii€i CUCTEMHU 3a JOTIOMOTOI0 3aKOHY
M.C. Kypnakoga.



2 Sk 1 YoMy 3MIiHIOIOTBCSI MEXAaHIYHI BJIACTUBOCTI METaJIB IIPU XO-
JIOMHIN TIIACTUYHIN nedopmariii?

Bapianm 37

1 Hakpecnith aiarpamy CTaHy CUCTEMH «CBHHEIb - Oapiit»y. OnuiiTh
B3a€EMO/III0 CBUHIIIO 1 0apito B piIKOMY 1 TBEPAOMY CTaHAX, YKaXKITh CTPY-
KTYpy CIUIaBIB y BCIX AUISHKAaX Jiarpamu HWX4Ye JiHil comiayc. Jis cruia-
By, 110 MicTUTh 2% Oapito, BU3HAUTe (Pa3oBHUM CKiIaj CIJIaBY, KIJIbKICHE
CIIBBIJIHOIIICHHS Mk (hazaMu 1 XIMIYHUN ckiaja (a3 mpu Temneparypl Bu-
e TeMIepaTypu COJIAYyC, ajle HIK4Ye Temneparypu jdikBigyc. IloscHITH
XapakTep 3MIHM BJIACTUBOCTEW CILIABIB I[1€1 CUCTEMU 3a JIOTIOMOT OO 3aKO-
Hy M.C. Kypnakoga.

2 Slkoro TepMOOOpPOOKOI0 MOKHA BITHOBUTHU IUIACTUYHI BIACTHUBOCTI
xosoaHoaehopmoBanoi cram 10? YkaxiTe pexxuM oOpaHoi TepMooOpoO-
KH.

Bapianm 38

1 Hakpecnith iarpamy CTaHy CUCTEMM «aJTIOMIHIA - 3aimi3o». Onu-
IIITh B3a€EMOJIII0 AIIOMIHIIO 1 3alli3a B PIIKOMY 1 TBEPAOMY CTaHaX, yKa-
KIThb CTPYKTYPY CIUIaBIB y BCIX JUISHKAX JlarpaMd HUXKYE JiHII COJIIYC.
s crnaBy, mo mictuTh 15% 3amiza, Bu3HauTe (pa3oBUil CKIlaJl CIUIABY,
KiJIbKICHE CITIBBITHOIIICHHS MDK (hazaMu 1 XiMIYHUN cKi1aj (a3 npu TemIie-
paTypi BHIIE TEMIIEpAaTypH COJIAYC, ajie HIKYE TEMIIepaTypu JIKBIIYC.
[TosicHITH XapakTep 3MIHU BIACTUBOCTEH CILJIABIB IIi€1 CUCTEMHU 3a I0TIOMO-
roto 3akoHy M.C. KypHakoga.

2 Illo Take kpuTuuHU cTyniHb AedopMailii? ONuUiiTh TPUPOAY LHO-
0 SIBUIIIA.

Bapianm 39

1 Hakpecnith agiarpaMmy CTaHy CUCTEMH «cypma - BicMyT». ONUIIITH
B3a€EMO/III0 CYPMH 1 BICMYTY B PIIKOMY 1 TBEpJIOMY CTaHaxX, YKaXIiTh CTPY-
KTYpy CIUIaBIB y BCIX AUISHKAX JlarpaMmu HWXK4YE JiHi1 comiayc. s cruia-
BY, 110 MicTUTh 40% cypmu, Bu3HauTe (a30BUM CKIIAJl CILJIABY, KUIbKICHE
CHIBBIAHOIICHHS MK (DazaMu 1 XIMIYHHM ckiiana ¢a3 mpu TemMneparypl Bu-
e TeMrepaTypu COJIAYC, ajle HUXKYE TeMrepaTypu JikBiayc. ITosicHITh
XapakTep 3MIHHM BJIACTUBOCTEH CIUIABIB 11€1 CUCTEMHU 3a JOTIOMOTOI0 3aKO-
Hy M.C. KypHakoBga.

2 Sk BIIMBAaE CTYMiHb IUIACTUYHOI eopMallii Ha MpoleC PeKpUcTa-
Ji3arlii 1 BeJIMYUHY 3epHa?



Bapianm 40

1 Hakpecnith aiarpamy CTaHy CHUCTEMH «MarHiil - repmadii». Omnu-
IIITh B3aEMOJIII0 MArHilO 1 repMaHis B PiAKOMY 1 TBEpAOMY CTaHaX, yKa-
KIThb CTPYKTYPY CIUIaBIB y BCIX JUISIHKAX JlarpaMu HUXKYE JiHII COJIIYC.
Jlnst crnaBy, 1o mictuth 80% repmanisi, BU3HauTe pazoBHil CKIaj CIUIaBY,
KUIbKICHE CITIBBITHOIIICHHS MDK (hazamu 1 XiMIYHUN cKiiaj (a3 mpu TemIie-
paTypi BHUILle TeMIEpaTypu COJIIYC, aje HUKYE TEeMIepaTypu JIKBIIYC.
[TosicHITH XapakTep 3MiHU BIACTUBOCTEN CILJIABIB IIi€] CUCTEMHU 3a 10TIOMO-
roto 3akoHy M.C. Kypnakoga.

2 TloscHiTh, YoMy MIACTUYHY AedOpMAIlil0 OJIOBA IIPU TeMIEpaTypi
+20°C HasuBarTH rapsuo0 aedopMarieo, a BonbhpaMy IIpu TEMIIEPaTypi
1000°C — xomoxHOM0 Hedopmarie?

Bapianm 41

1 HakpecniTe aiarpaMy CTaHy CHCTEMH «MiJib - HiKeJb». ONUIIITH
B3a€EMO/III0 MiJIi 1 HIKEJIO B PIIKOMY 1 TBEPAOMY CTaHaX, YKaXKITh CTPYKTY-
Py CIUIaBiB y BCIX AUISHKAX JiarpaMM HUK4Ye JiHil comiayc. Jis criiaBy,
mo Mmictuth 80% Hikeno, BU3HauTe (a30BUM CKJIaJ CIUIABY, KIJIbKICHE
CIIBBIJIHOIIICHHS Mk (hazaMu 1 XiMIYHUN cKiiaja (a3 mpu Temmneparypl Bu-
e TeMIepaTypu COJIIYyC, ajle HIK4Ye Temmeparypu JdikBigyc. IloscHITH
XapakTep 3MIHM BJIACTUBOCTEU CILIABIB I[1€1 CUCTEMU 3a JIOTIOMOTOI0 3aKO-
Hy M.C. KypHakoga.

2 Cwmyru cBUHIIO OyJid MpOKaTaHi Ha PI3HUWA CTyHiHb Aedopmarii
npu Temmepatypi +25°C. Un 6yayTh Bigpi3HATHCS I CMYTH 32 MEXaHid-
HUMHM BJIACTUBOCTSIMU? [T0SICHITH SIBUIIIE, 1110 CIIOCTEPIra€ThCH.

Bapianm 42

1 Hakpecnith giarpamy CTaHy CUCTEMH «CBHUHEIb - CypMay. ONUILITH
B3A€MO/III0 CBUHIIIO 1 CYpMU B PIIKOMY 1 TBEPJIOMY CTaHaX, YKaXITh CTPY-
KTYypy CIUIaBIB y BCIX IUISHKAaX J1arpaMu HWX4e JiH1i comiayc. [ns crua-
By, 10 MicTuth 40% cypmu, BU3HauTe Pa3oBUid CKiaj CIUIaBY, KUIbKICHE
CHiBBIAHOIIECHHS MK (pazaMu 1 XIMIYHUI ckian a3 npu Temneparypi Bu-
e TeMIEpaTypH COJIAYC, alle HUXKYE TeMmrepaTypu JikBigyc. [1osicHITH
XapakTep 3MIHHM BJIACTUBOCTEH CIUIABIB L1€1 CUCTEMH 3a JOTIOMOIOI0 3aKO-
Hy M.C. Kypnakoga.

2 B koTenbHUX yCTAaHOBKAaX, /i€ € 3aKJICMyBallbHI IIBU, YACTO CIIOCTE-
pITaeThCs 3HAYHA KOPO3isd B JUISHKAX METaly, IO MPUJISATaloTh /10 3aKje-
noK. [{osICHITh MPUYMHU, IO BUKIMKAIOTH 1LI€ ABUIIIE.



Bapianm 43

1 HakpecniTh niarpaMmy cTaHy CUCTEMH «aJIOMIHIN - Mifby». ONUIIITH
B3A€MO/III0 AJIFOMIHIIO 1 MiJll B PIIKOMY 1 TBEPJIOMY CTaHaX, YKaXITh CTPY-
KTYpy CIUIaBIB Y BCIX AUISHKAX JiarpaMu HWK4YE JiHIT comiayc. Js cra-
By, 10 MICTUTh 45% wMmiji, Bu3HauTe (Pa3oBUil CKiIaj CIUIaBYy, KUIbKICHE
CHIBBIJHOIICHHS MK (pazaMu 1 XiMIYHUH ckian a3 npu Temneparypi Bu-
e TEeMIEpaTypHu COJIAYC, alle HUXKYE TeMmrepaTypu JikBigyc. [1oscHITH
XapakTep 3MIHU BJIACTUBOCTEW CIUIABIB I1€1 CUCTEMHU 3a JOTIOMOIOI0 3aKO-
Hy M.C. Kypnakosa.

2 TloscHITh, U4 MOXKHA BIAPI3HUTH 3a MIKPOCTPYKTYpPOIO MeETal, Je-
dbopMOBaHUH y XOJOJAHOMY CTaHi, BIJI MeTally, 1e()OPMOBAHOTO y rapsyo-
My CTaHi, BKaXiTh, Y YOMY PO3XO/’KEHHS Y MIKPOCTPYKTYpi?



Bapianm 44

1 HaxkpecniTe miarpamy CTaHy CHUCTEMH «cpi0io - repmaniit». Onu-
IIITh B3aEMOJIIO Cpibiia 1 repMaHisi B piIKOMY 1 TBEPJOMY CTaHAX, YKAXKITh
CTPYKTYPY CILIaBiB y BCIX AUISHKAX JiarpaMu HrpK4de JiHii comigyc. s
cruiaBy, o MicTuTh 15% repmanis, Bu3HauTe (a30BUid CKiIaj CIUIABY, Ki-
JBKICHE CIIBBIJHOIIEHHS MK ¢azamu 1 XIMIYHUHI ckian (a3 npu temme-
parypi BUIIE TEMIIEPATYPU COJIAYC, ajie HUXKYE TEMIIEpATypH JIKBIIYC.
[TosicHITH XapakTep 3MiHU BJIACTUBOCTEMN CILIABIB 11€1 CUCTEMHU 3a JOTIOMO-
roto 3akony M.C. Kypnakosa.

2 BosiouiHHS APOTY OPOBOAATH y KiJbKa MPOXOIIB. SKIO TPH 1bO-
My BOJIOYIHHSI TTPOBECTH 0€3 MPOMIXKHUX ONepaliid BIANaly, TO APIT Ha
OCTAaHHIX MPOX0/aX AACTh PO3pUB. [0SCHITh MPUUYNHH.

Bapianm 45

1 Hakpecnith giarpamy CTaHy CUCTEMH «Cpi0JIo - CKaH1i». ONUIIiTh
B3a€MO/I1I0 Cp10JIa 1 CKaH/II0 B PIIKOMY 1 TBEPJIOMY CTaHaX, YKaXITh CTPY-
KTYypy CIUIaBIB y BCIX IUISHKaX JiarpaMu HWX4e JiHIi comiayc. s cruia-
BY, 1110 MIicTUTh 60% ckaH/ir0, BU3HauTe (ha30BUM CKIaJ CILJIaBY, KIJIbKIC-
HE CITIBBIJHOIICHHS MDK (pazamu 1 XiMIYHUH ckiaj da3 mpu TeMreparypi
BUIIIE TEMIEPATypH CONIAYC, aje HUKYE TeMIepaTypH JikBiayc. [1oscHITh
XapakTep 3MIHU BJIACTUBOCTEH CILJIaBiB I[1€1 CHCTEMH 3a JOTIOMOTOI0 3aKO-
Hy M.C. Kypnakoga.

2 B koTenbHUX yCTAaHOBKAaX, /i€ € 3aKJICMyBalibHI IIBU, YACTO CIIOCTE-
piraeTbcsi 3Ha4Ha KOpO3is B AUISTHKAX METaly, 10 MPUISTaloTh A0 3aKijie-
oK. [TosICHITh MPUYXHHU, 1110 BUKIIUKAIOTH 1€ SBUIIIC.

Bapianm 46

1 HakpecniTh aiarpaMy cTaHy CUCTEMHM «atOMiHi# - Oapiity. OnUIIiTh
B3a€EMOJIII0 AJIOMIHIIO 1 Oapil0 B PIAKOMY 1 TBEpJIOMY CTaHaX, YKaXIiTh
CTPYKTYpPY CIUIaBiB y BCIX AUISHKAxX Jlarpamu HrbK4de JiHii comigyc. s
craBy, 1o MictuTh 0,4% Oapito, Bu3HauTe (pa30BUi CKJIaj CIUIABY, Kijlb-
KICHE CHIBBIJHOLIECHHS MDK (hazaMu 1 XIMIYHUHN cknaj (a3 npu Temriepa-
Typl BUIIE TEMIEpaTypu COMiAYC, aje HXK4Ye TeMIeparypu Jiksiayc. Ilo-
SCHITh XapaKTep 3MIHM BJIACTUBOCTEH CIUIABIB II€i CUCTEMHU 3a JOTIOMO-
roto 3akony M.C. KypHakosga.

2 TlosicHITh, Y4 MOKHA BIIPIZHUTH 32 MIKPOCTPYKTYpPOIO MeETall, Jie-
dbopMoOBaHUH y XOJOJAHOMY CTaHi, BiJl MeTally, 1e()OPMOBAHOTO y rapsyo-
MY CTaHi, BKQXKIiTh, Y YOMY PO3XO/KEHHS Y MIKPOCTPYKTYPi?



Bapianm 47
1 Hakpecnith giarpamy CTaHy CUCTEMH «30JI0TO - BicMyT». ONUIIITH
B3a€MO/III0 30JI0Ta 1 BICMYTY B PIIKOMY 1 TBEPJIOMY CTaHaX, YKaXITh CTPY-
KTYpy CIUIaBIB Y BCIX AUISHKAX JiarpaMu HWK4YE JiHIT comiayc. Js cra-
BY, 110 MICTUTH 15% BicmyTy, Bu3HauTe (pa3oBUil CKiIaj CIUIaBy, KUIbKICHE
CHIBBIJHOIICHHS MK (pazaMu 1 XiMIYHUI ckian a3 npu Temneparypi Bu-
e TEeMIEpaTypHu COJIAYC, alle HUXKYE TeMmrepaTypu JikBigyc. [1oscHITH
XapakTep 3MiHU BJIACTUBOCTEH CILJIABIB I1€1 CHCTEMH 3a JOTIOMOTOI0 3aKO0-
Hy M.C. Kypnakosa.
2 TlosicHITH, YOMY IIACTUYHY Je(opMaIlito 0JioBa IIPH TeMIeparypi
+20°C nHasuBaroTH rapsuoio nehopMari€ro, a BOIb(paMy py TeMIeparypi
1000°C — xo0m01H010 nedopmariiero?

Bapianm 48

1 HakpecniTe niarpamy CTaHy CHUCTEMHU «HIOO01HA - k0oOanpT». Onu-
IIiTh B3a€EMOJIII0 HI00110 1 KOOAIbTy B PIAKOMY 1 TBEPAOMY CTaHaX, yKa-
KIThb CTPYKTYpPY CIUIaBIB y BCIX JUISHKAX JlarpaM HUXYE JIiHII COJIIYC.
Jlns crinaBy, 1o MicTuTh 15% ko0anbTy, BU3HAUTe (Da30BHIl CKIIal CILIa-
BY, KIJIbKICHE CITIBBIIHOIICHHS Mk (azamu 1 XiMiuHUH ckiaj (a3 npu Te-
MIIepaTypl BHUIIE TEMIIEpATypHU COJIAYC, ajie HUXKYE TEMIIepaTypH JIIKBI-
nyc. [TogacHITh XapakTep 3MiHU BIACTUBOCTEH CIUIABIB I1€1 CUCTEMH 3 JI0-
nomMororo 3akoHy M.C. KypHakoga.

2 OnumiTe BUAW HEAOCKOHATIOCTEW KPUCTAIIYHOI OYJI0BH, iX MOXO-
JKEHHSI, BIUTUB Ha BJIACTUBOCTI METAIIB.

Bapianm 49

1 HakpecniTh miarpamy cTaHy CHUCTEMH «Cypma - repmadiiiy. Omnu-
IIITh B3aEMOJII0 CYpPMHU 1 T€pMaHis B PIIKOMY 1 TBEPAOMY CTaHaX, YKAXKITh
CTPYKTYPY CILIaBiB y BCIX OOJlacTsIX JlarpaMu HWXKYe JiHIT comimyc. s
criaBy, o MictuTh 80% repmanisi, Bu3HauTe (a3oBUi CKiIaj CIUIABY, Ki-
JBKICHE CITIBBIJHOIIEHHS MK (ha3zamu 1 XIMIYHMM ckJiaj (a3 mpu Temrie-
parypi BUIIE TEMIIEPATYPU COJIAYC, ajie HUXKYE TEMIIEpATypH JIKBIIYC.
[TosicHITH XapakTep 3MiHU BJIACTUBOCTEN CILIABIB 11€1 CUCTEMHU 3a JOTIOMO-
roto 3akony M.C. Kypnakosa.

2 Sk BIUIMBa€ CTYMiHb IJIACTUYHOI Aedopmarlii Ha IPoLeC peKpuc-
TaJl3allii 1 BEeJIMYKMHY 3epHa?

Bapianm 50
1 HakpecniTh JiarpaMmy CTaHy CUCTEMHU «THUTaH - OCMii». ONUIIITH
B3a€MO/III0 TUTAHY ¥ OCMIIO B PIAKOMY 1 TBEPJOMY CTaHAaX, YKAXITh CTPY-



KTYpy CIUIaBIB y BCIX JUISHKAaX JiarpamMu HWX4YeE JiHi1 comiayc. Jis cruia-
BY, 1110 MicTUTh 30% ocmito, Bu3HauuTe (a30BUM CKIIaJ CIUIABY, KIJTbKICHE
CIIBBIJIHOIIICHHS MiX (azaMu 1 XiMIYHUM cKiiaja (a3 mpu Temrneparypl Bu-
e TeMIepaTypu COJIAYyC, ajie HIK4Ye Temmeparypu JdikBigyc. IloscHITH
XapakTep 3MIHM BJIACTUBOCTEU CILIABIB I[1€1 CUCTEMU 3a JIOTIOMOTOI0 3aKO-
Hy M.C. Kypnakoga.

2 Skoro TepMOOOpPOOKOI0 MOKHA BIJHOBUTH IIJIACTUYHI BJIACTUBOCTI
xosioiHoiepopmoBanoi ctami 10? YkaxiTe pexxum oOpaHOi TepMOOOPOO-
KH.

4.3 3aBnanuda 3

PI'P 3.1 Po3paxynku MexaHiYHUX 61ACMUBOCHIE NPU CIAMUYHOMY
HABAHMAMNCCHHI

BuzHaunTi XapakTepUCTUKH MIITHOCTI (Meka TEKy4OCTi 1 THMYACO-
BUI OIIp) 1 MJIACTUYHOCTI (BIIHOCHE MOJIOBXKEHHS 1 BITHOCHE 3BY>KCHHS)
3a pe3yJbTaTaMu BUIIPOOYBAHHS Ha PO3TATaHHS CTAaTUYHUM HaBaHTaXKEH-
HsaM. Pe3ynbTatu BUNIpOOYBaHHS 32 KOKHHM I1HJWBIAyaJIbHUM BapiaHTOM
npuBeaeHi B Tabnuil 4.52. [To6ynysatu rpadidyHy 3a1eKHICTh 3a3HaYECHUX
XapaKTEPUCTUK BIJl BMICTY OJIHOTO 3 KOMIIOHEHTIB CIUIaBY, IO 3MIHIOETh-
Csl.
YMOBHI TTO3HAYCHHS BEIWYWH, 3a3HAYCHUX Y Ta0auI 4.52;
do, d; — miaMeTp 3pa3ka BiAMOBIAHO 0 1 MiC/Is BUIIPOOYBAHHS;
g, hy — TOBIIMHA TOCKOI0 3pa3Ka BiIIMOBIAHO J0 1 MiC/Is BUTPOOYBAHHS;
80, 61 — IIIMPHUHA TIJIOCKOTO 3pa3Ka BIAMOBIAHO 0 1 MiC/Isl BUIPOOYBaHHS;
lo — poOoya ToBXkWHA I’ ITHKPATHOTO 3pa3Ka;
A - aBCOoIIOTHE MTOIOBKEHHS 3pa3Ka;
P, — naiibinpIe 3ycuiis, o nepeayBano po3puBy 3pas3ka,;
Pr—3ycunis, sKkoMy BIAMOBIJA€ IUIONIAJKAa TEKYy4OCTI Ha aiarpami
pPO3TATaHHH.
Tabmuis 4.52 — Bapiantu PT'P 3.1

Ne Mapka P,H |PH A, |, e, |6 |G [hy, |6

Bap. | CILIaBY MM | MM |MM |MM |MM |MM | MM
1 2 3 4 5 6 7 8 9 | 10| 11

10 16485 | 26090 | 155 10 - - 6,/ | - -

1 35 24335 | 40820 | 100 | 10 - - | 74| - -

50 27475 | 49455 | 70 10 - - | - -
9 30I 21750 | 41/50 | 70 - 5 15 - 43| 18
500 27750 | 48750 | 50 - 5 15| - | 46| 89
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IIponosxenns Tabaui 4.52

1 2 3 4 5 6 | 7] 89 10 11
30T 20880 | 39600 7,0 - | 612 - |51| 77
3 3012 26640 | 45360 6,0 - |6]12 )| - |53] 86
30173 30960 | 57306 5,0 - | 612 - |55]86
15X 35000 | 49000 5,0 - | 7110 - 59|60
4 40X /70000 | 81900 4,0 - | 7]10)| - /63|68
55X 80500 | 86100 3,0 - | 7]10)| - |65]|76
20XIT'T | 39685 | 50880 | 810 | 9 - 163 - -
5 | 20XI2T |48335| 60420 | 6,/5 | 9 | - | - |65 - -
20XT3T | 55968 | 69960 | 540 | 9 | - | - |68 - -
20XC 53380 | 62800 95 |10 | -| - |71 - -
6 20X 63388 | 74575 g0 |10 |-| - |74 - -
20X2 73395 | 86350 50 |10 |-| - |78 - -
40XDA | 14994 | 17640 2,9 S | -] - 139 - -
7 | 40X20A | 18316 | 21560 2,0 5 | -] - |42 - -
40X3PA | 19990 | 23520 1,5 5 | -] - |44 - -
30XT'C | 14990 | 17645 2,6 6 | -] - 39| - -
8 | 30XI2C | 18340 | 21600 2,1 6 | -| - |42 - -
30XT3C | 19995 | 23550 1,6 6 | -] - |43 - -
65 /8500 | 98500 | 565 | - | 5] 20| - |43]151
9 70 83700 | 103500 | 500 | - | 5] 20| - | 45156
75 88290 | 108500 | 420 | - | 5| 20| - |4,7]159
38XMIHOA | 65155 | 76930 /0 110 -| - | 71| - -
38X2MIO | 73005 | 84780 60 |10 | - | - | 73| - -
10 A
38X3MIO | 80865 | 94200 50 (10| - | - | 78| - -
A
18XT 46746 | 55968 4,5 9 | -] - 62| - -
11 | 18XT'C | 60150 | 67150 3,6 9 | -] - |64 - -
18XT'C2 | 64475 | 80593 4,7 9 | -] - 67| - -
40XH 62800 | 78500 50 10| -| - |74 ]| - -
12 | 40XH3 |62810| 86350 | 100 | 10 | - | - | 72| - -
40XH2 | 62805 | 86200 g0 10| -| - | 71| - -
bpA7Mu2 | 17920 | 21084 | 280 | 8 | - | - | 27| - -
13 | bpA7Mu7 | 18825 | 25100 | 290 | 8 | - | - | 45| - -
bPa7Mn9 | 20207 | 27610 | 360 | 8 | - | - [ 59| - -




ITponoBxenns tabnuin 4.52

1 2 3 4 5 |6 o [ 10| 11
JI40Mnl | 10255 | 16674 | 54 | 9 62 | - | -
14 [ JI40M2 | 17860 | 23812 | 90 | 9 56| - | -
JIAOMI3 | 21476 | 28250 | 104 | O 49 - | -
JILBgi\/m 16345 | 19230 | 90 | 10 770 -] -
15 ngﬂ 13820 | 18445 | 76 | 10 79 - | -
ngﬂ 13280 | 15680 | 50 | 10 82 | - | -
JII30A2 | 11295 | 15060 | 6.0 | 8 59| - | -

16 | JIL30A6 | 14680 | 19580 | 4,0 | 8 62 - | -
JII30A9 | 20360 | 25450 | 3.2 | 8 65| - | -
20XTC | 26957 | 49396 | 48 | 8 52 - | -

17 | 20XT2C | 41315 | 59276 | 40 | 8 56| - | -
20XT3C | 59750 | 74687 | 32 | 8 59| - | -
40X 30222 | 37590 | 35 | 7 50| - | -

18 | 45X | 32070 | 39616 | 3.2 | 7 52 - | -
50X | 37807 | 41503 | 2.8 | 7 54 - | -

20X | 18027 | 23673 | 45 | 6 39| - | -

10 | 30X | 19415 | 24960 | 3.9 | 6 a1 - | -
35X | 20800 | 25780 | 33 | 6 23] - | -

150 | 7700 | 15400 | 84 | 7 54 - | -

20 [ 2001 | 8470 | 16170 | 7.7 | 7 571 - | -
2501 | 9240 | 17320 | 63 | 7 59| - | -

30 | 13052 | 24095 | 64 | 8 65| - | -

21 [ 351 | 14056 | 25100 | 56 | 8 6.7 - | -
4001 | 15060 | 26250 | 48 | 8 69| - | -

451 | 25120 | 43175 | 55 | 10 89| - | -

22 [ 551 | 26690 | 45530 | 4,5 | 10 00| - | -
60J1 | 28260 | 47100 | 40 | 10 02 - | -

168 | 6360 | 8490 | 12 | 6 40| - | -

23 [ 162 | 7230 | 9905 | 13 | 6 38| - | -
159 | 9248 | 10168 | 8 | 6 50| - | -

196 | 3763 | 4704 | 125 | 5 30| - | -

24 [ J190 | 4076 | 5096 | 113 | 5 34| - | -
180 | 5020 | 6272 | 105 | 5 39| - | -




ITponoBxenns Tabnuin 4.52

1 2 3 4 5 6 | 7] 8] 9 1011
JI70 6540 9340 65 | 6 | -| - |31 - -
25 J162 7140 | 10200 | 147 | 6 | - | - | 36| - -
JI59 /530 | 10800 7,9 6 | -] - | 42| - -
bpAX9-4 | 18480 | 23100 | 148 | 7 | - | - | 49| - -
26 | bpAX6-4 | 15400 | 19250 8,7 |- - 152] - -
bpAX4-4 | 10740 | 15400 70 /| -] - 163]| - -
bpb3 15060 | 25100 | 120 | 8 | - | - | 48| - -
27 bpb2 13554 | 22590 | 148 | 8 | - | - | 40| - -
bpbl 9780 | 15060 | 224 | 8 | - | - | 35| - -
20XH 55200 | 76800 6,0 - 18112 | - | 60|83
28 20XH2 | 62400 | 91200 6,9 - 18112 - | 62|87
20XH4 | 81600 | 105600 | 84 - 18112 | - |50 81
18XHBA | 84150 | 113850 | 6,0 - 911 | - |62 75
29 | 18X2HBA | 94050 | 118800 | 4,0 -9 11| - 73|70
18X3HBA | 106920 | 133650 | 3,0 - 9111 - | 7776
60C2 140400 | 152400 | 3,0 - 11012 | - | 81| 87
30 60C3 176400 | 199200 | 20 - 11012 | - | 85|95
60C4 189600 | 211200 | 10 - 110112 | - |91 94
75 69090 | 86356 40 |10 | - | - | &7 | - -
31 80 73005 | 90275 30 /10| -| - | 89| - -
85 76930 | 98125 20 |10 | -] - |90 ] - -
10XI'T | 70650 | 78500 50 |10 | - | - | 71| - -
32 20XI'T | 74575 | 82425 40 |10 | - | - | 72| - -
25XIT | 86350 ] 10200 | 35 |10 | - | - | 75| - -
12XHA | 53380 | 70650 40 |10 | -| - | 61| - -
33 | 12XH3A | 54950 | 74575 50 |10 | -] - | 65| - -
12XH4A | 56200 | 76930 /0 10| -] - |68] - -
08 38000 | 42000 | 153 - | 5120] - |44 147
34 15 40000 | 45000 | 146 - | 5120 - [46] 146
20 46000 | 50000 | 135 - | 5]120] - [48] 145
25 50000 | 55000 | 129 - | 5120 - [45]153
35 30 53000 | 60000 | 118 - | 5120 - [47]155
35 58000 | 65000 | 10,2 - | 5120 - [48] 158
Al4 23500 | 30300 | 80 |10 | -| - | 61| - -
36 A20 24100 | 33150 | 50 |10 | - | - | 73| - -
A35 28050 | 39000 | 40 | 10| -| - | 85| - -




ITponosxenns Tadbnuin 4.52

1 2 3 4 5 6 |7 8] 9 |10 11
40XH 61230 | 76930 | 6,0 0] -] - [164] - -
37 45XH 66155 | 80070 | 50 0] - -172] - -
50XH 69080 | 94200 | 40 10| - - |80 - -
20 19625 | 32180 | 120 |10 | - | - | 50| - -
38 30 22760 | 37/00 | 110 /10| - | - |61 - -
45 26700 /47100 80 | 10| - | - | 67| - -
2012 20630 | 33750 | 11010 | - | - | 74| - -
39 45172 32180 | 54950 | 70 |10 | - | - |80 - -
55172 37680 | 63580 | 66 |10 | - | - | 83| - -
20XP 47100 | 62800 | 60 |10 | - | - | 7,1 ] - -
40 | 40XD 85600 | 102500 | 50 |10 | - | - | 74| - -
55XP 90500 | 113000 | 40 |10 | - | - | 79| - -
05k 16000 | 18000 | 150 - |3 20| - [2,6]10,8
41 08kn 17100 | 19200 | 130 - |3 20| - |2,7]116
10kn 18000 | 20400 | 100 - |3 20| - [28]119
10 38000 | 44000 | 163 | - |4 | 25| - |34]190
42 15kn 40000 | 46000 | 145 | - |4 25| - |36/193
20kn 43000 | 48000 | 135 | - |4 |25| - |3,8]|16,2
20 46000 | 51000 | 136 | - |4 25| - |32|218
43 25 50000 | 55000 | 124 | - |4 25| - |35]|20,6
30 54000 | 60000 | 113 | - |4 25| - |3,7]20,0
35 60000 | 65000 | 10,7 | - |4 | 25| - |33|2277
44 40 64000 | 67000 | 101 | - |4 | 25| - |36]216
45 65000 | 70000 | 90 | - |4 25| - 138|210
15T 40000 | 43000 | 158 | - | 5|20 | - 44152
45 20I 42000 | 45000 | 146 | - | 5|20 | - |46]152
30 50000 | 55000 | 124 | - | 5120 - |48|154
40T 51000 | 60000 | 10,7 | - |5]20| - |41|183
46 50 61000 | 65000 | 118 | - | 520 | - 44179
60I" /70000 | 72000 | 90 | - | 5|20 - |4,7]1/8
65I" /71000 | 75000 | 68 | - | 5|20 - |46|1/8
47 70T 74100 | 80000 | 5,7 | - | 5|20 - |48]|1/5
80I° 83000 | 90000 | 45 | - |5]20| - 149|179
1012 41000 | 45000 | 158 | - |5]20| - |43]|151
48 30172 55000 | 60000 | 113 | - |5]20| - 44159
35172 60000 | 63000 | 10,7 | - | 5120 | - |46]|155




ITponosxenns tadbnui 4.52

4012 63000 | 67000 | 96 | - |4 25| - |3,7|20,2

49 45172 65000 | 70000 | 85 | - |4 25| - 38211
50172 71000 | 75000 | 73 | - |4 |25 - 139|210
25XT'CA | 61000 | 70000 | 10,2 | - | 5|20 | - |4,7]165

50 | 30XT'CA | 71000 | 75000 | 90 | - | 520 ] - [48]16,7
35XI'CA | 73000 | 80000 | 7,3 | - |5]20| - |49]|16,7

PI'P 3.2 — 3anizogyzneuesi cniagu

1 HakpecniTe miarpaMmy cTaHy «3aili30 — KapOia 3aimiza». BxaxiTe
CTPYKTYPHI CKJIaJIOB1 y BCIX JUISTHKAaX JilarpaMu, OMUIIITh EPETBOPEHHS 1
no6yyiiTe KpUBY OXOJIOKEHHS B iHTepBaii Temneparyp Bix 1600°C i no
600°C (i3 3acTocyBaHHsaM mpaBuia $has) I CILIABY, IO MicTUTh «C» Bij-
COTKIB ByTJIeL0. JJ1d 3a1aHOTO CIUIaBy MpHU TeMreparypi t BU3HaUTe Macy,
a TaKOXX BMICT y 1MX (pazax Byriemnto. st 3a1aHOr0 CIIaBy BKaXKiTh TEM-
nepaTypy BCiX KPUTHIHUX TOYOK.

2 OnuuniTe XIMIYHHM CKIajd, MIKPOCTPYKTYpPY (BIAMOBIIHO N0 diar-
paMH CTaHy) 1 MeXaHIYHI BJIACTUBOCTI, a TaKOX OO0JIaCcTh 3aCTOCYBaHHS
CTaJield, 3a3HaYCHUX B iHAMBITyaIbHOMY 3aBIaHHi (Ta0bmuis 4.53).

3 OnuuriTe MIKpPOCTPYKTYPY 1 MEXaHIYHI BJIACTUBOCTI YaBYyHY, 3a-
3HAYEHOTO B 1HJIUBIyalbHOMY 3aBJaHHl. BKaxiTh AOILIbHE 3aCTOCYBAHHS
YaBYHY II1€1 MapKH.

Tabmmrs 4.53 — [nauBiayanbHi 3aBAaHHS

Homep | YmoBu g0 3agaui 1 | YmoBu g0 3agadi 2 | YMoBH 70 3a1a4i 3
Bapia- 0 CTaJIb CTalb JaBYH JaBYH
HTa €. % tC Ne 1 Ne 2 Ne 1 Ne 2
1 2 3 4 5 6 7
1 0,1 1525 Ct0 10 CUl5 | BU38-17
2 0,16 1510 Crlkn 15 CUH20 | K437-12
3 0,3 768 Crlmc 20 CU25 | K435-10
4 0,4 740 Crlcno 25 CY30 KY30-6
5 0,5 1475 Ct2Kn 30 C435 K4Y33-8
6 0,6 1475 Ct21mc 35 CYl18 KY50-5
7 0,7 1450 Ct2cn 40 C440 K456-4
8 0,8 1450 Ct3 45 CY10 K4Y60-3
9 0,9 1400 Ct3kn 50 C445 K463-2
10 1,0 1400 Ct31mc 55 CUl10 AKY-1
11 11 1350 Crdxn 60 CU15 AKY-2




ITpogoBxenns Tadbnui 4.53

1 2 3 4 3) 6 /
12 12 1350 Créric 65 Cylsg BY50-2
13 13 800 Crédcn 08kn C420 BY60-2
14 14 1325 CrSric 10kt CY25 BY70-3
15 15 1300 Cr5cn VY7 CY30 BY80-3
16 1,6 900 Créric VY38 CU35 BY100-4
17 1,7 850 Créric Y9 C440 BY120-4
18 1,8 800 MCrl Y10 CY45 BY45-5
19 19 1250 MCr2 Y11 C410 BY38-17
20 20 1350 MCr3 Y12 CYl5 BY40-10
21 21 1000 MCr4 VY13 CU18 BY45-5
22 2,2 1300 MCr5 YTA CY20 BY38-17
23 2,3 1350 MCr6 Y8A CU25 KY37-12
24 24 1100 MCrlxn Y9A C430 KY35-10
25 2,5 1050 MCr2xkn | VIOA CY35 KY30-6
26 26 700 MCr3kn | VIIA C440 KY33-8
27 2,7 650 MCrdxn | VI2A Cy45 KY55-5
28 28 1000 MCr5kn | VI3A CYl10 K456-4
29 29 950 MCrbkn 25]1H CYl5 K460-3
30 30 1250 MCrlcn 35JI- CY20 KY63-2
31 31 1200 MCr2cn 45J1- CU18 AKY-1
32 3,2 1250 MCr3cn 50J1-1 CY25 AKY-2
33 3,3 800 MCrdcnr | 25JIHI CY30 BY50-2
34 34 770 MCr5cnt | 36JIHI CY35 BY60-2
35 3,9 900 MCr6cnr | 45JIHI C440 BY70-3
36 3,6 850 BCrl 50J1-11 Cu45 BY80-3
37 3,7 1155 BCr2 55JI-I C410 BY100-4
38 3,8 1100 BCr13 25JHHII CYl5 BY120-4
39 39 1000 BCr4 35JI-I CU18 BY45-5
40 40 700 BCr5 45J1-11 CY20 BY38-17
41 41 1150 BCr6 50JI-11 CY25 BY40-10
42 42 1100 BCrlkn | SS5JI-l C430 BY45-5
43 43 1000 BC12xn A25 CY35 KY37-12
44 44 600 BCr3kn A35 C440 KY35-10
45 45 1150 BCr4xn A45 Cy45 KY30-6
46 4,6 1200 BCrSkn A50 C410 KY33-8
47 4,7 900 Cr0 A25T CUls KY50-5




ITpogoBxenns Tadbnui 4.53

1 2 3 4 3) 6 /
48 4,8 750 Crlkn A35T CUIg KY56-4
49 4,9 800 Crlmce A40I" CU20 K460-3
50 5,0 1250 Crlcn A45T CY25 KY63-2
ol 5,1 800 Cr2kn 10 C430 AKY-1
52 5,2 1200 All 15 CY3s AKY-2
53 5,3 1150 Al2 20 C440 BY50-2
54 5,4 1100 A20 25 C445 BY60-2
55 5,5 1000 A30 30 CUu10 BY70-3
56 5,6 1350 A40 35 CUls BY80-3
o7 5,7 1300 A40I" 40 CUl8 | BU100-4
58 5,8 1250 Cr2mnc 45 CUH20 | BU120-4
59 5,9 1200 Cr2cn 50 CU25 BY45-5
60 6,0 1150 Cr3kn 55 CUH30 | BU38-17

4.4 3ananns 4
PI'P 4.1 — Ilepemeopenns ¢ cmanax npu HazpieaHHi
(ymeopennsa aycmenimy)

Ha ocHOBI npoBeIeHNX €KCIIEPUMEHTIB, PE3YyJIbTATH SIKUX CKIIAJIal0Th
1HIUBIIyalibHE 3aBIaHHs (Ta01. 4.54):

1) po3paxyBaTu Koe(illleHTH MaTeMaTUYHOI MOJEl (PIBHSIHHS pe-
rpecii), 110 3B'sI3y€ TEMIIEPATYpy 1 Yac 130TepMiI4HOI BUTPUMKH B1J] MOYAT-
Ky 1 10 KIHIISI IEPETBOPEHHS MEPJIITY B ayCTEHIT y 3aJaHOi CTali, a TAaKOXK
1Oro roMOreH13aIlli;

2) noOynyBatu Aiarpamy i30T€pMIYHOTO YTBOPEHHS ayCTEHITY 3aja-
HOI1 CTalll, BAKOPUCTOBYIOUM OTPUMAaHI PETPECIHI PIBHSIHHS;

3) YCTaHOBUTHM BIUIMB IIBHUJKOCTI O€3YNMUHHOrO HArpiBaHHs CTai
(Vi, V,, V3 — nuB. Ttabn. 4.54) na temmneparypy mo4yaTKy IE€pETBOPCHHS
MepITy B ayCTEHIT, TEMIIEPATypy KIHIIA I[bOTO MEPETBOPCHHS, a TaKOXK
TeMIepaTypy roMOTeHi3allli ayCTEeHITY;

4) chopMynroBaTH BUCHOBKH.

4.4.1 Anzopumm po3e’a3anHsa nOCMABIEHUX 3A0aY

[Ipyu yTBOpPEHHI ayCTEHITY B 130TE€PMIYHUX YMOBaX 3aJICXKHICTb MIXK
TeMIEPaTypoOrO 1 4aCOM YTBOPEHHS ayCTEHITY OMUCYETHCS PIBHAHHAIM

t=A7r" (4.1)

ne { - Temneparypa i3oTepmiuHOi BUTpUMKH, “C;




T - 4ac JI0 MOoYaTKy (4 KiHIISI) yTBOPEHHS ayCTEHITY;
A i o - nocriiini kKoeiLieHTH, 10 OOYUCIIIOIOTH Ha OCHOBI JAHUX iHIH-
B1IyaJIbHOTO 3aBJIaHHSI.
MeToauKa po3paxyHKy mykanux koediumienris A i o
1.1 IIponorapudpmyemo piBHsiHHS (4.1), 0J1epKUMO:

Igt = IgA — aqt. (4.2)

1.2 BBenemo mo3HayeHHS:
lgt =y, IgA=a; —a=y; lqr =X,
TO1 piBHSAHHS (4.2) mpuiiMe BUTIISIA

y=atex. (4.3)

1.3 ®opmyna (4.3) Bupaxae npamy Jidito. [lykani koedimieHTH «a»
1 «y» 00YMCIIIOIOTH CIIOCOOOM HalMEHIINX KBaApaTiB 3a (GopMyIamMu:

n- ixiyi - ixi(i)’i)

g i=l =l =l (4.4)

n n 2

nyx; —(2Xx)
i=1 i=1

n n

_Z)/i in

a=E _gi=l (4.5)

n n

JI€ 1 — YUCJIO JOCTIAHUX JaHUX 1HJUBIyalbHOTO 3aBIaHHS.
1.4 Ha migcrasi n.2 3 supasy IQA = a, norenuiroroun pesynasraTn

pO3paxyHkKiB 3a (popmyioro (4.5), BU3HAUMMO YUCIIOBE 3HAYCHHS A.

3 BUpa3y — & =6 , 3 po3paxyHkiB 3a Gopmyroro (4.4), BU3SHAYUMO
YHCJIOBE 3HAYEHHSA X .

1.5 Maroun oOuncieHi 3Ha4YeHHS 4 1 ¢ 3amuIIeMO OCTaTOYHUMN BHU-
pa3 MareMaTU4yHOi Mojieni 3a Gopmysioro (4.1) 3 4MCIOBUMU 3HAYECHHSIMU
koedimientis A i .

1.6 Taki po3paxyHKu BUKOHATHY 151 JaHUX TaOI. 4.54 11 YOTUPHOX BUTAIKIB:

- TI0YaTKy Mepexoiy MEPJITy B ayCTEHIT;

- KIHIIS [IepEeXO/y MEPIITY B ayCTEHIT;

- 3aBEpIICHHS YTBOPEHHS ayCTEHITY;

- 3aBEpIICHHS rOMOTEHI3allii.



[IpumiTKa: po3paxyHKH 3 BU3HAUYCHHS KOE(DIIIEHTIB perpecii Jo-
CUTh CKJIa/IH1, TOMY CTYJE€HTaM PEKOMEHIYIOThCS 111 PO3PaXyHKHU BU-
KOoHyBaTu 3 BUKOopuctanHsM [IEOM. [Ins yoro HeEoOXigHO CKIacTu
BIJINOBIIHY MTporpamMy. 3pa3ok Takoi MporpaMu € Ha Kadeapi.

4.4.2 Ilobyoosa diazpamu i30mepmiuHo20
YMEOPEHHA ayCcmeHimy

1 TloOynyBatu HamiBiOrapu(MidyHy CHCTEMY KOOPJIMHAT: BICh Op-
nuHAT (Temnepatypa B rpagycax Llenncis) y piBHOMiIpHOMY MaciiiTadi, BiCh
abciyc (Jac y CeKyH/1ax) y JJorapuMIidH1i CUCTEMI.

2 3o00pa3utu rpadiuHO PIBHSIHHA perpecii, orpumadi B 1. 1.5 po3mi-
JBHO JI TPHOX MPONECIB: MOYATKy YTBOPEHHS ayCTEHITY, KiHUA HOro
YTBOPEHHSI 1 KIHIA roMOreHi3aiiii). [y mporo 3aaBaTi JOBUILHO BIIPI3KU
qacy B CEKyHJaX, MiJICTaBJISATH B OTpUMaH1 PIBHSHHSA 1 MIpaxOBYBaTH BiJi-
MOBIIHY TeMnepaTypy. 3'€IHaBIIM TUIAaBHUMU JIHISIMHU BiJ3HA4YE€Hl TOYKH,
OJIEPKUMO JllarpaMy 130TE€pPMIYHOTO YTBOpPEHHsI aycTeHiTy. HaHecTu Ta-
KOX TeMnepatypy A 3 1I0BIAKOBOI JIITEpaTypH JJis 3aJaHO1 CTall.

3 Bci auIgHKYA OTPUMAHO1 JllarpaMu MO3HAYUTH BIAMIOBITHUMHU CTPY-
KTYPHUMU CKJIaJIOBUMH.

4.4.3 Bcmanoenenna eniugy ueuoKocmi 6e3ynuHH020 HaZpi6aHHA
Ha npoyecu aycmeHimu3ayii

1 Hanectn Ha moOyoBaHy aiarpamy 130T€pMIYHOTO YTBOPEHHS aycC-
TEHITY 3a/laHl B 3aBJaHH1 MBUAKOCTI Oe3ynuHHOro HarpiBaHHs (Vi, Vo,
V3). [lyig 1iboro JiTst KOXKHOT 3 3a/IaHUX MIBUAKOCTEH IMipaxyBaTH MUTTEBY
TeMIIepaTypy CTalli 4epe3 JI0BIILHO 00paHuil BiApi30K yacy 3a (popmyoro

Cion = Cugu + ViT;
ne t,,, — modaTkoBa TemIlepaTypa HarpiBaHHs , 3agaHa B Tpadi 8 Taou.
4.54,
Vi - posrisHyTa mBHaKicTh HarpiBaHHs (BiAmoBigHO rpadu 9,

10, 11 ta6xa. 4.54);
T - JIOBUIBLHO B3STHM BIJIPI30K Yacy, C.

PexoMeHnayeTbcsl miipaxoByBaTu 5...6 MHUTTEBUX TeMmmepaTyp, Bii-
3HAYMBIIM 1X BIAMOBIIHUMH TOYKAMH Ha Jiarpami 130T€PMIYHOTO yTBO-
pEHHS ayCTEeHITY. 3'€IHABIIM TOYKH IJIABHOIO JHIEI0, OAEPKUMO rpadiuHe
300paKeHHs 3a/1aHOT IIBUJIKOCTI HarpiBaHHS.

2 3HalTH TOYKHU MEPETUHAHHS JIIHIN MBUIKOCTEW HarpiBaHHS 3 JiHI-
MU JilarpaMu 1 3poOUTH BiJIOBIIHI BUCHOBKHU PO BIUIMB IIBUJKOCTI Oe-
3YMMHHOTO HAarpiBaHHS Ha MPOIIECH ayCTEeHITU3AIl].






Tabnuus 4.54 — 3MICT IHAUBIAyaIbHUX 3aBJIaHb JJIs MOOYIOBH JiarpaMu 130T€pPMidHO-

TO YTBOPEHHSI ayCTEHITY
No | Mapka | EkcniepuMeHTanbH1 JaHi sl MOOYJ0BU JlarpaMu 130Tepmi- | JlaHl Jjisi BUBUEHHS BIUIMBY IIBHU-
Ba- |cTaimi YHOTO YTBOPEHHS ayCTEHITY 3aJaH01 CTajl IKOCT1 Oe3mepepBHOTO HarpiBaH-
pi- HS Ha MPOIIECU ayCTEHITU3AIlIl
aHTa Temne- |Iuky- |Cymapuuii |3aransuuii | Yac po 3a- | [louatkoBa | [lIBuakocti Harpi-
patypa Oaliii- |4ac JJisl 3a- | 4aCc yTBO- | BEPIICHHSI | TEMIIEpATy- | BAHHsI, Ipaji/c
130Tep- | HUH BEpIIICHHS | PEHHS ay- |TOMOT€HI3a- |pa  Harpi-
MIYHOT gepioa, MEPETBO- cTeHity, ¢ | 1ii aycreHi- | Banus, °C
ButpuM- | C CHHS Ty, C
KI/I,Opc pH—>A, C g Vl V2 V3
1 2 3 4 5 6 / 8 9 10 11
800 6 12 500 9000
820 / 6 100 2000
1 35X 840 2 4 40 500 700 02 | 04 | 06
860 1,5 2,8 20 200
880 1 2 10 100
780 11 30 4000 100000
810 4 8 800 4000
2 40X 830 2,3 5 70 1000 650 0,15 | 0,35 | 0,55
850 1,8 3 28 300
870 1,2 2,5 15 150




[TponoBxkenns Tabnui 4.54

2 3 4 5 6 / 8 9 10 11
790 3 15 50 5000
800 2 9 30 1800
30M 820 1,3 3) 18 300 680 03 | 05 | 0,7
840 0,8 2,8 10 120
880 0,3 1,6 4 40
780 5 20 1000 100000
800 2 8 70 2000
30XI'T 820 1,3 4,2 20 300 710 02 | 0,7 | 10
840 0,9 2,5 13 110
880 0,4 1,9 / 50
790 3 15 300 50000
810 1,8 6 40 800
40MH 830 1,0 3 18 200 690 01| 06 | 08
860 0,6 2 8 70
880 0,4 1,7 / 50
820 11 25 200 20000
830 8 30 150 5000
45X20 840 6,5 13 80 900 670 0,05 04 | 0,6
850 5 9 50 500
860 4 / 35 320
760 15 600 4000 60000
00C2 780 5 130 1000 7000 0°0 017021 L3




800

45

380

1800
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1 2 3 4 5 6 / 8 9 10 11
840 1 9 75 380
880 0,6 4 22 120
750 30 2000 10500 200000
790 3 80 600 4000
8 60172 800 2 45 380 1800 640 02 | 0,25 0,35
850 0,9 / 50 300
870 0,8 4,5 30 180
740 60 1000 10000 40000
760 8 60 600 2100
9 65C2 800 1 2,5 22 110 640 0,12 | 0,16 | 0,25
840 0,5 1,0 4,5 18
880 0,3 0,7 1,8 6
780 3 15 70 15000
800 1,8 / 16 5000
10 v7 820 1,0 4 12 900 630 01 | 0,12 | 0,15
840 0,7 2,1 / 45
880 0,4 1,0 2,8 25
760 2,2 140 3000 100000
780 1,2 12 150 10000
11 V8 800 0,8 4 28 1000 640 0,15 | 0,20 | 0,25
840 0,55 1,6 3,3 40
880 0,40 0,8 2,0 15
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1 2 3 4 5 6 / 8 9 10 11
740 35 250 1500 5000
760 6 30 180 750
12 45 800 0,7 3 18 80 650 0,12 | 0,13 | 0,3
800 0,3 1,0 5 22
840 0,2 0,7 7,9 12
750 10 60 350 1200
770 3 15 90 350
13 50 790 1 5 30 120 660 0,15 | 0,18 | 0,25
810 0,5 2 12 50
860 0,2 0,7 3,2 15
740 30 100 200 800
780 0,8 3,2 10 40
14 60 820 0,3 1,1 4 18 670 0,12 | 0,20 | 0,25
840 0,25 0,85 3 12
880 0,18 0,7 2,2 10
750 6 22 60 200
770 1,5 9,5 18 60
15 65 790 0,6 2,2 / 28 680 0,10 | 0,15 | 0,18
830 0.25 1,0 3,5 15
860 0,2 0.7 2,5 10
760 22 1100 20000 60000
16 50X 280 5 20 800 4000 690 0,05 | 0,08 | 0,15




820

0,3

2,0

20

100
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1 2 3 4 5 6 7 8 o | 10 | 11
840 | 025 0.9 6 26

16 | 50X a0 018 05 . o 690 | 005|008 | 015
720 | 320 1600 740 6000
760 40 210 760 1000

17 | 40X2MA | 780 10 60 780 300 660 01 | 03 | 06
840 18 7 32 160
880 1.2 5 20 70
730 | 1000 | 5000 20000 70000
750 80 500 2000 8000

18 45X£2C 790 6 35 180 700 670 02 | 04| 05
840 18 7 32 160
870 13 5 20 80
730 | 110 1000 6000 20000
770 5 23 120 1000

19 | 60C2H2 | 800 16 6 30 280 680 03 | 06 | 07
840 0.9 3 12 100
880 0.6 25 0.9 75
740 45 300 2200 10500
760 9 45 270 2000

20 | 70C3d | 790 2 8 40 350 690 04 | 05 | 08
810 13 48 20 180
860 0.8 27 9 80
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1 2 3 4 5 6 / 8 9 10 11
730 200 7000 10800 45000
750 26 120 900 9000

21 35172 770 3 23 130 1600 700 05 | 03 | 0.2
790 2,2 10 45 500
840 1,3 4,8 15 100
740 45 900 5000 20800
780 3 16 80 800

22 4512 800 2 / 30 310 710 06 | 02 | 04
840 1,4 4,3 14 100
860 1,1 3,8 11 80
738 108 1500 20000 50000
750 25 120 800 4500

23 | 20XH3 780 5 23 100 750 650 0,15 | 0,40 | 0,55
820 1,8 8 28 210
860 1,3 9,5 18 150
740 70 550 5000 20000
760 14 70 350 2500

24 | 25XH3 800 2,8 12 43 360 660 0,20 | 0,35 | 0,45
820 1,8 8 27 210
860 1,3 5,7 18 150
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1 2 3 4 5 6 / 8 9 10 11
730 60 1000 10500 30000
760 / 55 450 4200
25 | 5XHB 780 3 25 180 1800 670 0,25 | 0,30 | 0,40
820 1,6 9 60 750
880 0,8 3) 35 550
740 30 300 3000 20000
770 4,5 35 260 2800
26 | SXHT 710 2,2 18 120 1400 680 0,30 | 0,25 | 0,35
810 1,5 10 /3 900
860 1,0 6 45 200
730 200 900 4100 28000
750 40 190 900 6700
27 |40X2H® 770 15 70 400 3000 690 0,35 10,20 | 0,5
820 2,5 17 90 850
860 1,2 6 42 500
730 180 400 2700 6000
750 12 55 420 1600
28 | 40X2H3 780 2 8 75 280 700 0,40 | 0,15 | 0,60
820 0,7 2 18 95
860 0,5 1,1 8 26
730 50 200 1100 6000
29 | 38XMIO 760 5 30 150 650 660 005 01 | 04




800

1,6

25

100
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1 2 3 4 5 6 / 8 9 10 11
840 0,8 1,4 / 32
29 | 38XMIO 380 0.55 0.8 22 10 660 005 01 | 04
30 | 38XDIO 740 22 100 600 3000 670
A 770 4 18 75 350
810 1,4 3 18 70 0,08 | 0,15 | 0,5
830 0,9 1,8 10 40
870 0,6 0,9 3 15
730 500 1000 5400 20100
750 20 160 1000 5000
31 | 40XI2P 790 1 8 58 400 680 0,1 | 0,18 | 0,55
830 0.4 1,8 8 50
870 0,3 1,1 4 10
740 150 500 2800 10200
760 / 75 480 2700
32 | 40XIP 800 0,7 4,5 30 200 690 0,12 | 0,20 | 0,60
840 0,4 1,3 6,2 40
880 0,3 1,0 1,4 22
740 400 1000 2500 5400
760 120 400 1000 2100
33 40H 800 28 100 200 850 700 0,14 | 0,22 | 0,65
840 7,5 40 140 400
880 2,8 18 65 200
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1 2 3 4 5 6 / 8 9 10 11
730 900 2000 5000 10000
750 200 550 1400 3000
34 40H3 790 40 150 400 900 710 0,16 | 0,25 | 0,70
830 10 50 180 450
870 3,2 20 80 250
740 50 300 2800 10200
760 5 50 600 3600
35 40H5 780 1,4 13 200 1400 715 0,18 | 0,28 | 0,80
820 0,4 1,9 38 350
860 0,3 1,0 13 140
740 45 300 2800 10200
750 14 100 1100 6000
36 20X2 790 0,8 7 140 900 650 01| 0,7 | 0,2
830 0,4 1,5 28 280
870 0,3 0,9 11 105
735 150 1500 10000 90000
755 22 100 600 3500
37 45X3 775 / 38 180 1000 660 02 | 06 | 04
835 0,9 9,5 25 190
875 0,4 2,5 12 100
740 75 550 4000 30000
38 55X 280 55 30 150 900 670 03 | 05 | 01




820

1,4

7,5

35

250
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1 2 3 4 5 6 / 8 9 10 11

840 0,8 3) 22 180

38 55X 380 0.4 22 10 90 670 03 | 05 | 01
730 300 3000 6000 10800
750 20 180 700 4500

39 55C2 770 4 30 180 1500 680 04 | 06 | 0,3
810 0,5 3,5 20 250
860 0,2 1,0 5,5 60
740 80 600 2500 10000
780 2 18 100 900

40 45B3 800 0,7 5,5 35 380 690 05 | 04 | 0,2
840 0,25 1,4 8 100
860 0,2 1,0 5,5 60
730 28 105 380 2800
750 6,5 40 108 900

41 45B5 770 2,5 18 60 520 700 06 | 03 | 05
810 0,7 6,5 28 250
860 0,3 3,4 18 180
740 17 75 210 1800
760 4,5 28 90 710

42 40T 800 1,0 8 32 300 710 0,7 | 02 | 04
840 0,4 4,2 20 190
870 0,2 3 18 160




[TponoBxkenns tabnui 4.54

1 2 3 4 5 6 / 8 9 10 11

730 1500 10000 40000 80000
750 40 2000 10000 30000

43 55172 790 1 40 300 3800 640 0,7 10,07 | 04
830 0.3 3 40 500
870 0,25 0,9 10 100
740 350 6000 20200 55000
760 10 800 550 18000

44 65172 780 1,5 100 900 6000 650 06 | 01 | 0,3
820 0,35 4,5 70 800
860 0,25 1,3 14 150
730 800 3000 5500 10900
750 28 290 1000 4000

45 500 770 3,2 32 210 1000 660 05 | 02 | 06
810 0,55 2,8 28 140
850 0,28 1,0 9 40
740 150 1000 2600 9000
760 9 90 500 2000

46 | 40M3 780 1,8 16 140 550 670 04 | 03 | 06
820 0,4 2 20 90
860 0,25 0,85 7,9 35




[TponoBxkenns tabnui 4.54

1 2 3 4 5 6 / 8 9 10 11

750 600 6000 9000 10900
770 70 550 1900 4600

47 | 45M5 790 17 110 520 1700 680 03 | 04 | 06
830 4 23 103 450
870 1,9 8 40 200
740 10000 20000 40000 45000
760 180 1600 4000 8000

48 50M 780 30 250 900 2600 690 02 | 05 | 0,7
840 2,8 17 80 350
880 1,6 / 30 180
730 170 540 1300 2500
750 20 80 300 800

49 | 50Xd 770 4,7 24 100 380 700 01 | 06 | 05
830 0,55 2 14 70
870 0,35 1,2 / 38
740 55 200 700 1600
760 10 45 190 560

50 | 50I'M 780 2,8 15 70 280 710 0,07 0,7 | 04
820 0,65 2,8 18 80
860 0,4 1,3 8 40




PI'P 4.2 Ilepemeopennsa ¢ cmanix npu 0Xoa004#ceHHi

1 Bukpecnutu ctporo y macmradi aiarpamy 130TEPMIYHOTO PO3Maay
ayCTEHITY CTaJi, 3aJaH0l B 1HAMBIAyaJbHOMY 3aBJaHHI, 1 BKa3aTU CTPYK-
TYpHI CKJIaJIOB1 y BCIX JUISIHKAX Jlarpamu.

2 Hanectn Ha HaKpeclieHy jaiarpamy JiHIi, IO XapaKTepu3ylTh
MBHUAKOCTI Oe3ynuHHOrO oxomomkeHHs Vi i Vo, 3amani B iHauBimyass-

HOMY 3aBIaHHi, Bijg Temmeparypu 1 = A, + (ZO)OC (AKIIO CTalb

Hazp
noesrektoinna) un t,,., = Aem + (20)°C (axmo crams saepTeToinHA).

Jlst rpadivHOro 300paskeHHs MBUAKOCTEH OXonmoKeHHs: Vy 1 Vo Bu3Ha-

4YUTH MUTTEBY Temnepatypy t, .. 3a ¢popmyioro

Uyon = tnaep - (Vi7),

ne t - Temmnepatypa Harpisaxus, "C;

Hazp
Vi - s3amani mBuakocti oxonomkennst (Vq i Vs), °Cle;

T - JOBUIBHO OOpaHMi BIJIPI30K Yacy Ha OCl aOCIIHC, C.
PexoMeHnayeTbCs mipaxyBaTu S...6 MUTTEBUX TEMIIEPATYpP 1 OTPUMaHI
3HAYEHHS HAHECTH y BUTJISA/I TOUOK Ha JiarpaMmy 130T€PMIYHOTO PO3Maay
ayCTeHiTy. 3'€qHaBIIM IUIABHOKO JIIHIEIO BI3HAYEHI TOYKH, OJICPKUMO
rpadik MBUAKOCTI OXOJIOKCHHS.
3 IIpu KOXKHIM MBUIKOCTI OXOIOMKCHHS:

- 3HAUTH TeMIiepaTypy MOYaTKy 1 KiHI MEPEeTBOPEHHs aycTeHiTy. Ilo-
SCHUTH MOXO/KCHHS ITUX TEMIEpaTyp;

- Ha3BaTH KIHIIEBY MIKPOCTPYKTYPY, IO YTBOPHUTHCS, 300pa3uTH ii cXe-
MAaTHYHO 1 MO3HAYUTHU CTPYKTYPHI CKIIAI0BI;

- BKA3aTH TBEPAICTh CTA MiCIST OXOMODKEHHs 31 mBHaKocTsMu Vq 1 Vo,

- JIaTU TIOSCHEHHS TEePETBOPEHB, IO BiAOYBAIOTHCSA, 1 PO3XO/KEHBb Y

CTPYKTYpI Ta BJIACTUBOCTSX CTall.

4 Bu3HAuUTH YMCIIOBE 3HAYCHHSI KPUTUYHOI IIBUJIKOCTI 3arapTyBaH-
HSI.

5 BusHauuTH XapakTep CTPYKTYpU M OpIEHTOBaHY TBEPAICTh CTai
IpU 130TEPMIYHOMY pO3MaJl ayCTEHITY II1€i cTali mpu Temneparypax 400,
500, 600 °C.

3MICT IHAMBIIYaJIbHOTO 3aBJaHHS MPUBEJICHO B Ta0J. 4.55.



Tabnuus 4.55 — IlnpuBinyanbHi 3aBaanss g0 PI'P 4.2

No [IIBuakocTi No [IIBuakocTi

Bapi- Mapka OXOJIOJKEHHS, | Bapi- Mapka OXOJIOJIPKCHHS,

aHTa cTani °Clc aHTa cTani °Clc

Vi |V Vi |V

1 45 1,95 62 26 35M 1,6 55
2 70 2,1 105 27 40M3 0,007 24
3 Y9 2,0 100 28 45M5 0,02 47
4 12H3 0,015 | 3,5 29 50M 0,006 31
5 40H3 0,25 37 30 15XD 0,025 35
6 20X 0,05 35 31 40X D 0b22 22
7 35X2 0,075 11 32 50XD 01021 21
8 45X 0,1 30 33 90X D 0,30 7
9 45X3 0,03 4,5 34 X120 0,03 0,6
10 EX9K15 0,06 | 0,40 35 50I'M 0,01 10
11 IX15 0,02 20 36 12X2H3 0,06 44
12 90X 0,3 28 37 12XH4 0,12 34
13 55C2 10 50 38 | 20X2H2M | 0,009 34
14 70C3 0,23 3,3 39 20XH2 0,06 38
15 45B3 0,008 36 40 20XH3 0,01 205
16 45B5 2,4 240 41 30XH3 0,1 0,4
17 P9 0,007 | 0,9 42 40XH 1,0 50
18 3512 0,02 21 43 40X2H3 0,09 1,3
19 40T 2,05 100 44 40X2HD 0,9 19
20 4512 2,0 100 45 5XHB 0,02 0,4
21 55T 0,9 36 46 18XT 0,02 37
22 5512 1,75 88 47 40XT0 0,15 10
23 65T 0,7 30 48 40XTP 0,15 30
24 6512 0,17 4,3 49 S5XTT 0,01 2,0
25 500 2,2 110 50 XBI' 0,08 50




4.5 3apnanuga 5

PI'P 5.1 Texnonozisa mepmiunoi oopooxu
Memaesux eupooie

Po3pobutu pexxumu nomnepeaHboi i 0CTaTOYHOI TEPMIYHOI 0OpOOKHU
neTanei, 3alaHuX B 1HAUBIAYyallbHOMY 3aBJaHHi (Tabmn. 4.56) s 3a0e31ie-
YCHHSI OTOBOPEHHUX BiacTUBOCTeH. [Ipy BUKOHAHHI 3aBAaHHS:

1 Jlns craneBoi gerani:

a) BKa3aTU CKJaJ CTall, BUXOJASYM 3 MApOYHOrO IO3HAYEHHS, il
AKICTh, CTPYKTYPHHUH KJIaC y PIBHOBaXXHOMY CTaHi, 3arajbHe MPU3HAYCHHS;

0) omucaTy MEPETBOPEHHS, 110 MPOTIKAIOTH MPU HATPiBaHHI, BUTPU-
MIII ¥ OXOJIOPKEHH1 Ha CTa/il OCTaTOYHOT TEPMOOOPOOKY;

B) BKa3aTH MIKPOCTPYKTYPY CTaJli Ha TOBEPXHI Ta Y CEPIIEBUHI JIeTa-
.

2 Jlns gerani 3 4aBYHY:

a) BUXOJSIYM 3 MApOYHOr0 TMO3HAYEHHS BKa3aTH BUJI YaBYHY, MOTO
MEXaHi4H1 BIaCTUBOCTI, (hopMy rpadiry;

0) onucaTu IEPETBOPEHHS, 110 MPOTIKAIOTh HA CTA11 OXOJOMHKEHHS.

3 Jns nerani 3 KOTbOPOBUX METAIB:

a) BKa3aTH CKJIaJl CIUIaBY;

0) oxapakTepu3yBaTH MEPETBOPEHHS, 110 MPOTIKAIOTh MPHU HArpiBaH-
H1, BUTPUMIII i OXOJIOJPKCHHI.

VYci BUIM TEXHOJIOTI TEPMIYHOI OOpOOKH MPEACTABUTH Yy BUJI Ipa-
ixa B koopaunarax “ Temneparypa (°C) - gac (rom)”.



Tabmuus 4.56 — IuauBigyanbHI 3aBAaHHA Ha PO3POOKY TEXHOJIOTII
TepMIYHO1 0OpOOKH BUPOOIB 13 CTajll, YaBYHY Ta KOJILOPOBUX METAJIIB
(MO3HAYCHHS: © — JIaMETP JeTai; A - TOBIIMHA JeTaJl)

No OcHoB- I ToTpiOHI BIACTUBOCTI
Bap. . HMIA raba- Ha TIOBEpX- | B  ceplie-
Hamew PUTHHIA Marepian | mi ? BHHI ?
JeTan .
po3MIp,
MM
1 2 3 4 5 6
1.1 Mirunk mamms-| @950 P985 63-64HRC | 6364
HUM 160-170 HRC
A300 30J1-111 HB 160-170
1.2 Ctanuna npoka- 143-229 HB
1 | THOTO CTany 2100 CYl10 HB 143-229
1.3 ByaiBenbHi Ko- 90 HB HB
JIOHH g 70 bp0d10-1 90 HB
1.4 Yepp’aunuii Bi- (JmaTTsN)
HEIlb
2.1 llecrepns A30 20X2H2M | 58-62HRC | 35-36
170-241 HRC
2.2 CraHnHa CTaHKa A70 CY40 HB 170-241
2 385-400 HB
2.3 X0J10BE KOJIeCo A 60 40IJ1 HB 229-241
105 HB HB
24 Jluctu A16 J116 105 HB
3.1 Bicw 7250 34XH2M | 30-35HRC | 30-35
200-220 HRC
3.2 3yOuare Koseco A70 35IJI-1 HB 200-220
3 143-229 HB
33 Jleram BomsaHOi| ©50x20 CYy24 HB 143-229
apMarypu 45 HB HB
3.4 manroytu AS J16 45HB
4.1 IlleBponHa miecre-|  A40 20XH3A | 58-62HRC | 30-35
pHS HRC
4.2 bapaban ramkuii | o 1170x 35JI- 11 285-290 285-290
4 620 HB HB
4.3 Koxxyx TypOiHu A 100 CU32 163-229 163-229
HB HB
4 4 CrpuHrepu A8 J116 105 HB 105 HB




ITponoBxkenns Tabnui 4.56

1 2 3 4 5 6
5.1 TopcioHHuit Basn 2 30 60C2A | 4346HRC | 4346
HRC
5.2 Crakan o640x | 35XMJI-1I | 310-320 310-320
5 160 HB HB
5.3 Komnocauku A 50 Cu40 170-241 170-241
HB HB
5.4 JlomwxepoHu A7 J116 105 HB 105 HB
6.1 Ban 7250 40X2H3 280-320 280-320
HB HB
6.2 Koreco rmajxe 0 1050x | 35X12CJI- | 40-42HRC | 217-269
5 250 Il HB
6.3 BuuBauUIl A 50 197-269 197-269
BY60-2 HB HB
6.4 CiioBi Kapkacu A10 105 HB 105 HB
J116
7.1 Ceepmio A25 P18 62-64HRC | 6264
HRC
7.2 3yOuare Koseco o 1370x | 38XI2CJI- | 45-50HRC | 269-302
7 360 Il HB
7.3 IoprHeBi KiTbLis A 10 229-269 229-269
BY70-3 HB HB
74 Ky30B BaHTOKHHX A2 105 HB 105 HB
aBTOMOOLIEH J(16
8.1 Pormik 260 45 55-56 HRC | 180-190
HB
8.2 3yOuare koseco o 1400x 40XMJI | 45-50HRC | 269-302
8 400 HB
8.3 2Konob pyaauii A 60 BY60-2 197-269 197-269
HB HB
8.4 Tpyou 2 100/90 AB 95 HB 95 HB




9.1 Ban-mecrepns

9.2 Komeco mnuiiH-
TpUIHE

9.3 T'onoBka nm3e-
JI1B

9.4 JlomaTi I'BUHTIB
BEPTOJIHOTIB

2 400

0480x90

A 40

A8

40X

35J1-

BU60-2

AB

280-300
HB
140-160
HB
197-269
HB
95 HB

280-300
HB
140-160
HB
197-269
HB
95 HB
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1 2 3 4 5 6
10.1 ITnamka A15 9XC 58-60 58-60
HRC HRC
10.2 IxiB dacon-| @ 1900x 35J1- 11 192 HB | 192-241
10 | Huit 300 HB
10.3 dudyzop A 30 Cu32 163-229 | 163-229
HB HB
10.4 Pamu A5 AB 95 HB 95 HB
11.1 Bunka mepe-| A40 35172 38-45 38-45
MHUKa4a HRC HRC
11.2 3y6uatuit Bi-| 0 3000x | 45JI- I 45-55 220-260
11 | geusp 400 HRC HB
11.3 lapu MauHIB g 60 C432 163-229 | 163-229
HB HB
11.4 IBepi A2 AB 30 HB 30 HB
12.1 T'inmp3a mmmiH- | @, 100 | 38XMIOA | 950-100 30-35
apa Brap 150 HV HRC
12.2 3yb6uare kone-| @ 670x | 40XJI- Il 55-60 220-260
19 | €0 200 HRC HB
12.3 Jlomati gpo-| A 30 BU60-2 197-229 | 197-229
oeMeTiB HRC HRC
12.4 OO6muBka i- A2 B95 150 HB 150 HB
TaKiB
13.1 Yepn’sk @ 60 15XD 58-62 28-32
HRC HRC
13.2 Mydra crymi- | o 425x 35JI- 11 220-260 | 220-260
13 | Huara 4900 HB HB
13.3 IlpoBoaku co-| A 100 CU44 60-62 170-241
pPTOBUX CTaHIB HRC HB
13.4 KoHcTpykiii AS B95 150 HB 150 HB
14.1 ®puxmiitauii A 40 V8 40-45 40-45
JTVCK HRC HRC
14.2 Illectepus ko-| @ 520x | 40XMJI- I 45-55 220-280
14 HIYHA 120 HRC HB
14.3 IIIHex MIMHIB A 40 BY60-2 45-50 197-269
HRC HB
144  IlimmoTopHI A3 AKG6 105 HB 105 HB

pamu
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1 2 3 4 5 6
15.1 Tarenp 230 I8XIT 56-58HRC | 32-35HRC
152 Kareco mmmampyd- | 62200 40XCI-11 4555HRC 220-260
HE 435 HB

D 1153 Kawamisauiini| 250 | CWB5 | 170229HB| 170229
Tpyou 200 HB
15.4 Kpunbuatka AlS AK6 105HB 105HB
16.1 TlpyxvHa 1mHE- 230 55C2 4548 HRC | 4548 HRC
pyYHA
16.2 Koneco nuiig- 92350x 40XTJTI-Il | 4555HRC | 240-280

16 | ApUYHE 560 HB
16.3 MaxoBuk 2 800x BY&0-3 380400HB | 380400

100 HB

164 banngoki BaroHB A5 AKS 135HB | 135HB
171 Pecopu A10 60C2M2 4446 HRC | 44-46 HRC
17.2 Brynka 21100x 40XT T 220°260HB | 220-260

17 700 HB
17.3 Kopmyc 3a- A40 Cu24 143229HB | 143229
TIBUKKHA HB
17.4 IopmHi 260 AK4-1 120HB 120HB
18.1 Kormip 280 38XMIOA | 9801000 | 3840HRC

HV

182 Obotima cTyTIi- 2 1570x A9XTTHI | 220260HB | 220-260

1g |HUaTa 500 HB
18.3 Kpumka xop- A15 BU60-2 197269HB | 19/-269
IyCy Hacoca HB
184 T'omoBKM 1HIII- A3 AK4-1 120HB 120HB
HJIpiB
19.1 Basok 2300 40XHMA | 35-38 HRC 35-38

HRC

19.2 Bax1ib 930x160 | 35XMJI- I 260-280 260-280

19 HB HB
19.3 biok 2 300x BY60-2 480-490 480-490

40 HB HB

19.4 JlomaTku KOM- A25 AK4-1 120 HB 120 HB

IIpecopiB
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1 2 3 4 5 6
20.1 [ITabep A 35 VI2A 61-62 61-62 HRC
HRC
20.2 HamiBmydTa @250x | 38XI2CJI- | 185-200 | 185-200 HB
20 100 | HB
20.3 Kopmyc 130is- A25 163-170 | 163-170HB
TOpa K435-10 HB
20.4 OO0ILIMBKa JITAKIB A2 120 HB 120 HB
AK4-1
21.1 Koneco Barosn- A 80 65 241-255 | 241-255HB
HE HB
21.2 Kopnyc peny-| 2630x A0XHJI-l | 241-255 | 241-255HB
21 |xTopa 470 HB
21.3 bynisensui | 2200 CY28 143-229 | 143-229 HB
KOJIOHHU HB
21.4 Ilnutn A15 AmrS 60 HB 60 HB
22.1 Hlecteprs A 60 20XH3A 58-60 35-36 HRC
HRC
22.2 ITimanka miocka 3500x | 34XH2MJI- | 265-285 | 265-285 HB
22 310 | HB
22 .3DyHIaMEeHTHTHI A300 CY28 143-229 | 143-229 HB
IJINTU HB
224 baku misg OeH3u- Al5 Awmr3 60 HB 60 HB
HY
23.1 Bicb 2180 38XI2C 44-46 44-46 HRC
HRC
23.2 Kimere a400x | 38XI2CJI- | 170-185 | 1/0-185HB
23 300 | HB
23.2 CranuHa craH- A 100 170-241 | 170-241 HB
Ka CY40 HB
234 TpyOonpoBoau Al5 60 HB 60 HB

Awmr3




24

24.1 Bamik
24.2 Cextop dacon-
1505071

24.3 biioK J1BUTYHA

4.4 Bitpaxi

240
a400x
600
A20

A25

40

30XH3JHI

Cy44

Awmr2

55-56 HRC

48-55
HRC
170-241
HB
60 HB

180-190
HB
220-230
HB
170-241
HB
60 HB
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1 2 3 4 5 6
25.1  TlopuHeBuii @ 60 I8X2H4BA | 60-62 34-35
naJeib HRC HRC
25.2 k1B 2 200x 40XJI-11 185-195 | 185-195

25 300 HB HB
25.3 IopmHi g 180 CU36 170-229 | 170-229
HB HB
25.4 Ileperopoaku A1,5 Awm1 55 HB 55 HB
26.1 [nymxep g 320 | 38XBIOA 30-32 30-32
HRC HRC
26.2 HaniBmydra 0 500x | 30XT2CJI | 265-285 | 265-285
26 600 -11 HB HB
26.3 Jwm3enpHi 1m-| o 160x CY36 170-229 | 170-229
JIHJPH 100 HB HB
26.4 BikoHHI1 paMHu A2 AMiy 55 HB 55HB
27.1 IIpoTskka g 100 P18®2 65-66 65-66
HRC HRC
97 27.2 Handa ¢i-| o 500x 35XJI-2 185-200 | 185-200
rypHa 540 HB HB
27.3  KoniHuatwmii @ 60 BY50-2 49-55 49-55
BaJI AU3EIIA HRC HRC
27.4 ormm g 30 AMro6 /0 HB 70 HB
28.1 Baymk @70 20X2H4A | 58-60HRC | 36-35
HRC
28.2 [11abot @ 2800x 25J1-11 135-140 135-140

28 500 HB HB
28.3 Kpuiiku musmiH- A30 BY60-2 | 3545HRC | 3545
pa HRC
284 Enementu mdTiB A5 AMr6 70HB 70HB
29.1 ®peza A 60 P10K5®5 64-65 64-65

HRC HRC
29.2 baba kormpa 2 930 25JI-11 135-145 | 135-145
29 HB HB
29.3 Tpasepca npe-| A 300 BU80-3 221-241 | 221-241
ca HB HB
29.4 Hlorau cyaiB g 40 AMr5 70 HB 70 HB
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1 2 3 4 5 6
30.1 Bainok rapsiuoi| @ 600 55X 285HB | 285 HB
MIPOKATKH
30.2 IToxgymika 400x |40XHMJI- | 265-285 | 265-285

30 500 ] HB HB
30.3 TIpokatHi BaJ- g 500 | BY100-4 55-60 229-241
KH HRC HB
30.4 Pamu BaroHiB A5 AMr6 70-80 HB | 70-80
HB
31.1 HamiBBich 7280 | 40XHDA | 255-285 | 255-285
HB HB
31.2 MaxoBukK o 1000x 50J1-11 175-185 | 175-185
200 HB HB
31 1313 Kopnyc maco-| A30 | BU60-2 | 167-269 | 167-269
CiB HB HB
31.4 Kpumiku @ 45 AJI2 50-55HB | 50-55
HB
32.1 Kopmyc A 20 AJl4 70-75HB | 70-75
HB
32.2 CranuHa A 400 25J1-11 135-145 | 135-145
32 HB HB
32.3 Bentumii A15 BY80-3 229-241 | 229-241
HB HB
32.4 Kopnyc xkomn-| A 20 AJl4 70-75HB | 70-75
pecopa HB
33.1 Ilnymxkep Ha- @ 40 38XMIOA | 980-1000 | 32-35
coca HV HRC
33.2 Enementu 1ig-| A 250 |[40XHMJI-| 200-220 | 200-220
poTypOiH I HB HB
33 |33.3 Kaprep penyk-| A 15 K435-10 | 163-170 | 163-170
TOpa HB HB
33.4 bnoku uIiH- A 20 AJl4 70-75 HB 70-75
ApiB ABUTYHA HB
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1 2 3 4 5 6
34.1 Ban-mecrepus | @ 640 40XH 285-300 | 285-300
HB HB
34.2 3ybOuatmii Bi-| 800x 35XJI-11 50-55 135-140
HEIlb 300 HRC HB
34 134.3 Crynuus A20 | KY37-12 | 163-285 | 163-285
HB HB
344 Kaprep nBu-| A 10 AJl4 70-75HB | 70-75
ryHa HB
35.1 Bich g 250 | 40X2HMA 32-35 32-35
HRC HRC
35.2 Jlomati rigpo-| A 60 35XJI-11 55-58 185-190
TypOIHH HRC HB
35 |35.3 Kpioku g 40 KY45-6 | 241-269 | 241-269
HB HB
35.4 Apmarypa @ 25 AJl7 60-65 HB | 60-65
HB
36.1 Illectepus A 30 12XH3A 58-62 30-32
HRC HRC
36.2 IInactuau 500x | 38XI2CJI- | 260-285 | 260-285
200 I HB HB
36 [36.3 Ckobm A40 | KYS50-4 | 241-271 | 241-271
HB HB
36.4 KpoHireitHu A 50 AJ17 70-75HB | 70-75
HB
37.1 3ybuare kome-| A 90 45 48-52 180-190
co HRC HB
37.2 XKuBUJIbHUK o 400x | 30XH3JI-1I 55-58 170-180
37 25 HRC HB
37.3 Mydtu A 50 K433-8 163-241 | 163-241
HB HB
37.4 IopuHi g 150 AJll 95-98 HB | 95-98

HB
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1 2 3 4 5 6
38.1 Cramecka mo| A15 V7A 55-56 HRC | 55-56
b1 ()019:3% HRC
38.2 Iluexk ms mi-| ¢ 300x | 30XH3JI- | 55-58 HRC | 170-180

g | kY 25 I HB
383 Bmuka xap-| A45 |KU60-3 269-285 269-285
JIJAaHHOT'O BaJia HB HB
38.4 TomoBku mum-| A 10 AJll 90-95 HB 90-95
JHJPIB IBUTYHA HB
39.1 3yb6uate komne-| A 30 I8XI'T | 58-60 HRC | 58-60
co HRC
39.2 XpecTroBuHa @50 | 30XH3JI- | 58-60 HRC | 241-260

39 1 HB
39.3 Bmimka xap-| A30 |[KY60-3 269-285 269-285
JIJAaHHOT'O BaJia HB HB
39.4 MacionoMmu A 15 MIJI5 50-55 HB 50-55

HB
40.1 IITamn g 35 V10A 62-64 HRC 50-54
HRC
40.2 IlIkiBu @ 200x | 40XTJI-11 348-362 348-362

40 60 HB HB
40.3 Pomunku uems| @ 80 K463-2 | 48-52 HRC | 269-285
KOHBE€Epa HB
40.4 Tpyon AS JIAYK60- 80 HB 80 HB

1-1
41.1 Mitunk cimo-| @10 VI11A 61-63 HRC 61-63
capHHi HRC
41.2 Kouseepuuii | @300 |40XMJI-II | 35-38 HRC | 35-38

41 Oapaban HRC
41.3 T'anemoBl ko-| A40 K463-2 | 48-52 HRC | 48-52
JIOJIKH HRC
41.4 Taiiku matmc-| @400 | JTAXKMu- 160-165 160-165
KHUX I'BUHTIB 66-3-2 HB HB
42.1 Inamka A 20 XI'3CB® | 60-62 HRC | 60-62

42 HRC
42.2 Jeram emeBa-| @120 |30XMJI-Il | 55-60 HRC | 35-38
TOpa HRC
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1 2 3 4 5 6
42.3 Pamiatop oma-| A 12 CU28 143-229 | 143-229
4o | VEHHS HB HB
42 .4 Yeps’stuni | 9180 | JIAXKMno-6- | 160-165 | 160-165
TBHHTU 3-2 HB HB
43.1 Tepnyr A8 V13A 62-64 62-64
HRC HRC
43.2 Banok mpoka-| @500 | 50X®JI-11 | 302-341 | 302-341
43 | THHI HB HB
43.3 KpoHireitn A 15 CU32-52 187-255 | 187-255
HB HB
43.4 Brynku A20 | JIKC80-3-3 | 90-95 HB | 90-95 HB
44,1  TlopmneBuii | @ 20 12XH3A 59-62 30-35
HATTHIP HRC HRC
44.2 3ybuare komne- | 62000x | 45XJI-1I 48-50 180-190
44 | <0 400 HRC HB
44.3 ki o 100x | K4U37-12 163-241 | 163-241
30 HB HB
44 .4 TlpyxxuHu 210 | bpO®-6,5- | 90-95 HB | 90-95 HB
0,15
45.1 Kapmannuii | @ 80 60C2A 45-48 45-48
Ball HRC HRC
45.2 Ia6ot monota | A 500 25J1-11 135-145 | 135-145
45 |45.3 llemenTariiii HB HB
SAIIAKA A 40 CY30 143-229 | 143-229
45.4 MemOpanu HB HB
0,5 bpOI14-3 | 70-75 HB | 70-75 HB
46.1 BomoummpHa| A 30 X12M 63-64 63-64
JTOIIIKA HRC HRC
46.2 Tpapepca mpe-| A 400 35JI-11 165-185 | 165-185
46 | @ HB HB
46.3 I'upi 2 60 CU28 143-229 | 143-229
HB HB
46.4 TTigmumauKn g 300 | bpOLIC-4- | 62-65 HB | 62-65 HB
4-17
47 47.1 Ponuk g 100 12X2H3A 60-62 35-38
HRC HRC




ITponoBxkenns Tabnui 4.56

1 2 3 4 5 6
47.2 CrammHa mo-| A 350 35JI-11 165-185 165-185
J0Ta HB HB

47 47.3  Kominuatmii | @ 40 BU80-3 950-1000 | 269-285
BaJI JIBUTYHA HV HB
47.4 Yepp’ssune ko- | @ 400x | bpOILIC4- | 62-65 HB | 62-65 HB
JIECO 50 4-17
48.1 3enkep 2 60 P9 61-63 HRC | 61-63
HRC
48.2 Humuaap Mo-| ¢ 800x | 35XIJI-II 35JI-11 35JI-11
4g | 70T 600
48.3 Bentmimi A 12 K437-12 163-229 163-229
HB HB
48.4 IIpoBonoka| @5 bpb2 390-395 390-395
JUISL IPY>KUH HB HB
49.1 Ilapuxku mig-| @10 IX15 62-63 HRC 62-63
ITAITHUKIB HRC
49.2 TInactuauatmii | A 200 | 35X2JI-11 185-195 185-195
YKUBUJIbHUK HB HB
49 1493 Kopnyc peny-| A15 | BU45-5 | 241-269 | 241-269
KTOpa HB HB
49 .4 ['pedHuii | @ 900x BT6 og=900 -
TBHHT 10 MIIa
50.1 [Tpociuamii | @ 100 X12M | 52-64 HRC | 52-64
IITaAMII HRC
50-2 IlIxek 040x10 | 20XJI-1l | 50-55 HRC | 185-200
HB
%0 1503 Kopmyc peny-| A15 | Cu4s | 170-241 | 170-241
KTOpa HB HB
50.4 O6mmuBKa | A 50 BT14 og=1070 -
MOPCBKHUX CY/IiB MIIa

PI'P 5.2 Cucmema mapkipyeanns i Kracugpixauis
Memaneseux mamepianie
Jl71s1 mecsiTi MapoK CIUIAaBIB, 3a3HAYCHUX B 1HIWBIAyaIbHOMY 3aBJaH-
H1 B Ta0J1. 4.57, yka3zatu (0e3 BUKOPUCTAHHS JOBITHUKA):
- HAaIMEHYBaHHs CIUJIABY;



- XIMIYHHUM CKJIaJl (SKIIO 1€ MOXJIMBO), BUXOASYM 3 MAPOYHOTO I103-
HAYeHHS;

- JUIS CTaJIel: 3arajibHe MPU3HAYEHHS, IKICTh CTaJll, i1 BIJIHOIIEHHS /10
3MII[HIOI0YO01 TEPMOOOPOOKH, PO3KUCIICHHS;

- Il YaBYHY: MEXaHi4H1 BJIaCTUBOCTI 1 popmy rpadiTy, BUXOIAUHU 3
MapOYHOTO MMO3HAYCHHS;

- JUISI KOJIbOPOBUX METaJiB: CIIOCIO0 BUTOTOBJICHHS JI€Tal.

Tabnuns 4.57 — Bapiantu Mmapok CIUIaBiB

No Mapku criiaBiB
Bap. 1 2 3 4 5

1 |BCt2xkn |10 All 09172 40X13

2 |BCr3cn | 10xo | ALI20 20X2H4 I5XM®D

3 |bCrl 35 ACI12 50XHM 1IX9

4 | CT2xn 10nc | AC45172 50XHB 110I"13J1

5 |Cr3nc 05km | AC40XT XBI' X12

6 |Crlkno 08 30XT'CA 90XC Bl

7/ | Cr3cn 15k | 60T XB4 5012CJI-1I

8 | Crdkn 65 60C2 XBCT HIX15CT

9 |Cr2nc 25 65T 90X D 55T2A
10 | Crl 45 35X P6M5SK 35JI- 1
11 |BCrlxn |70 40X PO®D6 30X13J1
12 | Ct2cn v7 50XH 40X2B5M 60C2H2A
13 |BCrlco |80 40XHMA B2® 50J1-11

14 |BCt3mc |85 I18X2HMA | P9 1IX6

15 |BCrlmc | V8A |18XIT 30X2B8D 40X3B2M2A
16 |BCrlkn |08co |25XIT 40X5B2®C 90X2M®DA
17 | Ct5mc 20 30XIC 40X3B2M2® | 90XIT3CA

18 | Cr6cn 30 40XH S50XHT 90XC2DA

19 | Crdmc 60 38XH3M 50XHM X12H
20 |MCt5cn | Y9 25XI'™M 35CX8M 08X21H9
21 |MCt3cn | VY11 |38XHM 40CX8 10X19HIT
22 |BCrt5cn | V13 |25T2C P10K5®2 60X6B3M®DC
23 |BCr6en | 05mc | 0812C P6M5 08X21I'7AHS5
24 |BCrt5cn |55 12XH3A 130XD 25X2I° 3D JI-II
25 |BCr6en | 15mc | 30XMIOA 03X14H14 35XI'CrO/J1
26 |BCrd4kn |75 20XTI'P XBC2l'A 110I"13T2HOJI
27 |BCrdcn | VY9A |25XI2M P8M3K6C 90X2CHOA







ITponoBxenns tadn. 4.57

Ne | Mapku cruiaBiB
Bap. 1 2 3 4 5
28 | Crlnc A30 10XCH/J[ | PI8 90X2A-III
29 | Crlcn A12E I15XCH]J | 70C3A 35XC2BDJI-I
30 | Cr3kn A20 16I"2DJJIA | P12®3 12X13
31 | X09 1X20H14C2 | 70C3A 151C P18
32 |9X 0X18H9 50XT 181'2C P9
33 | 7X3 2X18H9 50XTA 2512C PI9K5
34 |9XC 1X25H20C1 | 50XT DA 10I"2C/], P9K10
35 | 8XD 1X18H11b | 60C2XA 14XTC PO®5
36 |3X3B8 |1X13H4I'9 |65T 30XT"2C P14d14
37 |4X8B2 | 1X25T 55I'C 14XT'C2H P18d2
38 | XB5 1X17H2 60C2XDA | 10XI"2CH P10K5®5
39 |4XB2C |EX 55C2 10XT2CH2]] | P1SK5®D2
40 | XBI' 1X18HI2M2T | 60C2A 10X2X3CH2J1 | BK3
41 |5XHM |V7 65C2BA 15X2CHII2A | BK6
42 |5XB2C |EX3 12X2H4A | 12X2I BKS
43 | 5XI'M 1X18HI2M3T | 20XH4DA | 12X2T'H BK15
44 | SXHT Y7A 60C2H2A | 10XT2H T5K10
45 |6XB2C |E7B6 25XHBA 141°2 T14K8
46 | X12 V8 40XHMA | 0912 T15K6
47 | X12M Y8T'A 55CT 10I'H]] T30K4
48 | 8XD EXS5KS5 18XT'T 10XH2I1 T60K6
49 |20X13 Y8A 30XH2M®A | 75 b8&3
50 | IX18H9 | EX9KI15M 15HM 85 bpOI1C6-6-3
ITponoBxenns tadn. 4.57
0 Mapku criaBiB
Bap. 6 [ 8 9 10
1 |CUl5 bp010d1 AJl7 Mro6 ACM
2 | K463-2 | BbpAS B95 MAI AUll-1
3 |AKY-1 |MO0O MA2-1 AK1 b8&3
4 | BY100-4 | M1 AJI2 BM/JI1 bK
5 |CUIS8 A3 Awmirl MJI3 b8&9
6 |KY37-12 | A8S AJI21 BKS b6
7 | CU24 A999 16 BMJI-1 BT
8 | K435-10 | JI90 AMr2 BT22 AUll-2




9 |AKY-2 |BbpAX10-4 | AJI3 BT1-00 BC
[TponoBxenns Tabuil 4.57
No Mapku criaBiB
Bap. 6 [ 8 9 10
10 | CY30 JIL30C3 AB BT-1-1 BH
11 | KY45-6 |JI96 B96 BT3-1 IHAM10-5
12 | BU42-12 | JIK80-3 AK6 BTS5J1 BT7
13 | CY10 bp0311[12C J120 BT3-1JI b16
14 | K4Y50-4 |bp010 AK4-1 BTS5 IHAM-510
15 | CU45 JIL40C2 AKS BT1-0 ITOC-90
16 |BY50-7 |JIAX60-1-1 1 OT4 AK2,5
17 |KY30-6 |JIII38A1X1 AMin BT16 ACCo6-6
18 | KY65-6 |JDKMn59-1-1 | AMr3 0T4-1 ITOC-61
19 | K4U80-15 | JIC59-1 AJI19 T5K10 I1Cp-1,5
20 | CY20 MO AJI27 T14KS8 I1Cp-72
21 |BUYR9-2 | A97 AMr6 BT5-1 I1Cp-3
22 | K460-3 | bpb2 A0 T30K4 JI130
23 | BU120-2 | Mr90 TT7K14 bpAX9-4 A4
24 | BU100-2 | bp010I12 A8 BK4 IHAM15
25 | CU25 JTAK77-2-1 A7 BT6 I1Cp-2,5
26 |BU80-3 |JIII38Mu3Al | A6 BK3 I1Cp-10
27 |K445-5 |JIK80-4 A5 BT14 J1141
28 | BU38-17 | bp06®d0,2 AJI5 TT7K12 [HAM-4-1
29 | CU35 JIL40Mm2 AJl4 T15K6 M1
30 |K4Y40-5 |BbpKHI-3 AJll BT20 J1145
31 | CYI2 110I°13J1 MII] BbpA7 IIMn36
32 | CUl5 S50X12CJH-11 | M1 bpAM110-5 | I[IAMI10-5
33 | CUl18 35JI- 1l M2 BpAXKMI10-3-1 | [TA15
34 | CY20 30X13JI-111 JIA67-2,5 | BpAXKH104-4 | AJll
35 | CU2l 50JI- 1 JTAYKMiy bpKMi3-1 AJl2
66-6-3-2
36 | CU24 25X2I3DJI-111 | JIK80-3 bpKH1-3 AJll
37 | CU28 110I'13THOCITI- | JIKC80-3-3 | bpb2 Amir2
1]
38 | CU32 35XT2CJ- 11 | JIMC58-2-2 | bpKnl AMTI3
39 | CU35 40XJI-11 M3 bpXO0,5 116
40 | CY38 30XHJI-III JIMnOC bpAXC7-1-1 | J3I1
58-2-2




41

BY45-5

30 2XCH2JI-I

BY45-5

302XCH2JHHII

A8




[TponoBkenns Tadbnui 4.57

No Mapku criiaBiB

Bap. 6 7 8 9 10

42 | BY40-10 | 35JI- 11 JIM1pKS52-4-1 | bpMuHKCS- | AK2

2-1-20

43 | BUS0-15 |35X2JI- 11 JIC59-1 bpAMul10-2 | B95

44 | BUY60-2 |40X2HJI- Il | J196 bpC30 AOO

45 | KY30-6 |35XMJI- 11l | BpOLICH3-7-5-1 | bpCH60-2 Al

46 | KY33-8 |35HI2BJI- Il | B83 bpOIIC3-12-5 | /11

47 | K435-10 | 30X2HJI- 11 | JI70 bpxml3-1 bpl6

48 | KY37-12 | 30XH2BJI-III | TIOC90 bpO®6,5-0,4 |I1Cp10

49 | K4Y45-6 |40XH2TJ- |Bbp0d10-1 Copmaiit Ne 1 | ITTOC40
i

50 | KY50-4 |25JI-1 BbpAS5 Cremnit I[10C40

5 METOJAWYHI PEKOMEHJAIIII IO PO3PAXYHKIB
KOE®ILHIEHTIB MATEMATUYHOI MOJEJII
(PIBHSIHHSI PEI'PECII), 3AJIAHOI
BIJIIIOBIJTHUM PIBHSIHHSIM
(10 BuKOHaHHA po3paxyHKiB mo PI'P 1.2)

Po3paxyHKku Mo BU3HAYEHHIO KOE(ILIEHTIB PIBHIHb PErpecii TOCUTH
TPYJIOMICTKI, HaBITh NIPU BUKOPUCTAHHI KaIbKYJIATOPiB. ToMy peKoMeHIy-
eTbcsi BUKopuctoByBatu [IEOM. JIns nporo CTyA€HT MOBUHHUK BUBYMUTH
MaTeMaTUYHUM aJITOPUTM PO3PAXYHKIB, MPUBEIACHUX Y IIbOMY PO3Iiii, J1a-
a1 ckiactu nporpamy Ha [TEOM 1, BBiBIIM B MallMHy JaHl CBOTO 1HIMBI-
JyaJbHOTO 3aBJIaHHs, 3pOOUTH BiJIMIOBIAHI PO3PAXyHKH.

BukonaBim po3paxyHKd, CTYAEHT 3000B'3aHUN 3aITUCATH OTPUMAaHE
PIBHSIHHS perpecii 3 YMCIOBUMH Koe(ilieHTaMu, J1all, 1ICTaBIISIIOYM JaHi
1HMBIIyaJIbHOTO 3aBJAaHHS B OTPUMAaHI PIBHSHHS, PO3paxyBaTH UYHCIIOBE
3HAYEHHS aHaJ130BaHOTO IMapamMeTpa, MoO0yayBaTH JB1 KpHBi — OJIHY 3a Jia-
HUMM 3aBJIaHHS, 1HIIY — 3 PO3PaxXyHKY 3a OTPUMaHUM PiBHSIHHSAM perpecii,
31CTaBUTH OOUBI KPHBI 1 COPMYJIIOBATH BUCHOBOK MPO MPUYUHU PO30i-
YKHOCTI JIaHUX 3a 00oMa rpadikaMH.

5.1 MaTeMaTUYHUN aNrOpUTM PO3PaAXyHKIB KOE(DIIIEHTIB PIBHSIHHS
perpecii Tumy
y=a-+aex (5.1)




IlykaHuMu € koeillieHTH a i 6. IX HipaxoByIOTh 3a eKCIIEpUMEH-
TaJbHUMU JAaHUMH, IPUBEICHUMHU B 1HAUBIAyaIbHOMY 3aBJIaHHI.

5.1.1 PiBHsiHHS (5.1) BUpaxkae npsAMy JiHIIO, TOMY IIyKaHi Koedillie-
HTHU 3HAXOJSTh 32 METOJIOM HalMEHIIMX KBaJpaTiB 32 GopMyJIaMu:

n n n
nYXiyi— 2% 2V

g = i:1n i:1n i=1 : (5.2)
nZXiZ—(ZXij
i=1 i=1
n n
2V XX
a='=; —e'=r1] , (5.3)

1€ 1 — YUCJIO JOCIIIB, OTOBOPEHUX B 1HJIMBIIyaJIbHOMY 3aBJ/IaHHI;
X, Vi - YMCJIOBI 3HAYEHHs KOKHOI'O 331aHOT0 IIapaMeTpa.
JI71s1 3py9HOCTI pO3paxyHKH BapTO POOUTH, 3aIIOBHUBIIH Ta0I. 5.1.

Tabmuis 5.1 — TabauuH1 JaH1 1S pO3paxyHKIB KOe(iIlieHTIB
a Ta ¢ piBHIHHA (5.1)

NoNe noc- YwncioBl 3HaYEHHS BEIUYNH
JIIHUX 5 x: N
JIAHIX X i Xi Vi Xi 'iZ 1yi

1

2

o

N n N n )2 Nn
> 2% 2. )i 2. Xi Vi (inj Z(Xi : Zyij
i=1 i=1 i=1 i1 i=1

5.1.2 HeoOxiaHo:

1 Buxonatu po3paxyHKOBI omnepariii 3 Bukopuctanasm [TEOM 3a 3a-
3/1aJIeTiab CKIIAJEHOI0 CTYACHTOM MPOrpamoro.

2 TlobynyBatu rpadik 3aaeKHOCTI JAHOTO MapameTrpa y BiJ APYroro
napamerpa x.




3 Hanectu Ha rpadik ekcriepuMeHTaIbHI TOYKHU MapamMerpa y BiJIIO-
BIIHO JI0 BapiaHTa 3aBJaHHsI, TOSCHUTH PO3CIFOBAHHS TOYOK 1 POJIb Tpadi-
Ka.

4 3poOUTH BUCHOBOK MPO BUSIBIECHI 3aKOHOMIPHOCTI.

5 JlaTi XapakTepUCTUKY IMapaMeTpa ), ONucaTh CHocid Moro exkcre-
PUMEHTAILHOT'O BU3HAYCHHSI.

6 Ykazaru, y IKUX BUPOOHMYMX CUTYyalisIX BIAOMOCTI PO JTaHUM Ma-
paMeTp HEOOX1/IHi.

7 3anucatv KIHUEBUW BUIISLA PIBHSHHS (9.1) 3 YMCIOBUMU 3HAY€H-
HSIMU KOE(ILIEHTIB @ 1 6.

5.2 MaremaTuuHHUil adrOpUTM PO3PaxyHKIB KOEQIIIEHTIB PiBHSIHHS
perpecii Tumy

y = Ae** (5.4)
Iykanumu € xoedimienTn A i . IxHili migpaxyHOK peKOMEHy-
€ThCA POOUTH 3a HACTYNMHHUM aJTOPUTMOM Ha IIiJICTaBl €KCIIEpUMEHTAIhb-
HUX JAHUX, IPUBEJACHUX B 1HAUBIIyaJbHOMY 3aBJIaHHI.
5.2.1 Ilponorapudpmyemo piBHAHHS (5.4), OAEPKUMO:
lgy=IgA+xa-lqge.
Tomy mo lg e = 0,434, onepxumo:
lgy=1qgA=0434 ax. (5.5)
5.2.2 Beenemo no3Hauennst gy =z; Ilqg A =a; 0,434a =y, Ton1 3
ypaxyBaHHSM MTO3HAYE€Hb PiBHSAHHS (5.5) npuiiMe BUA
z=a+eéx. (5.6)
PiBusiHHs (5.6) aHanoriuHo piBHsAHHIO (5.1) 3a 1.5.1, BUpaxae npsamy
JIHIO, 1 IITyKaH1 KOe(IIleHTH a ¥ 6 3HaXOJATh BIJAMOBITHO A0 PEKOMEH-
naiii, BukiaaeHux y m.5.1.1.
5.2.3 O6uncnuBIIA KOSPIIEHT @, B3ATH 3a MOTO YMCJIOM aHTHJIOTa-
pud™ 1 ogepkaTu YUCIOBE 3HA4YEHHA KoedirieHTa A.
5.2.4 3a oO4uciIeHUM 3HAYCHHSM KoedillieHTa 6 OOYHMCIUTH Tapa-
8

0,434

5.2.5 3anucatu ocTtaToyHe PIBHSAHHA (9.4) 3 00YMCICHUMH YHUCIIOBH-
MU 3HAYEHHSIMU KoedilieHTiB A1 & .

5.2.6 Bukonartu yci Bumoru 1m.5.1.2.

METp ¢ 13 PIBHAHHS X =

5.3 MaTreMaTUYHUN aarOpUTM PO3PaXyHKIB KOE(DILIEHTIB PIBHIHHS
perpecii Tumy



y=Ax¢. (5.7)
Iykanumu € koedimienTu A i o . IxHili migpaXyHOK peKOMEHIYETh-
Csi pOOMTH 3a HACTYIHUM QJITOPUTMOM Ha MIJCTaBl €KCHEPUMEHTAIBHUX
JaHUX, TIPUBEACHUX B 1HJAUBIIyaJbHOMY 3aB/IaHHI.
5.3.1 IIponorapudmyemo piBHSIHHSA 5.7, OJIEPKUMO

lgy=1IqgA-oa-lgx. (5.8)

5.3.2 Beenemo nmo3HaueHHs lq y = z; lg A =a; - =6, lgx = X;.
Toni piBusHHS (5.8) IpUiiMe BUT

z=a+e6x,. (5.9)

PiBusaHs (5.9) ananoriuno piBHsAHHIO (5.1) 3a 1. 5.1, BUpaxkae npsamy Ji-
HIIO, 1 IITyKaHi KOe(IIEHTH a 1 6 3HAXOMASAThH BIJMOBITHO 10 PEKOMEH/1a-
111, BUKJIageHuXx y 1. 5.1.1.

5.3.3 O0uucauBIIN KOSPIIIEHT &, B3ATH 3a HOro YMCIOM aHTHJIOTa-
pudM 1 ofepKaTH YUCIOBE 3HAaUeHHS KoedimienTta A,

5.3.4 3a o0uyucneHUM 3HAYEHHAM KoeQIlliEHTa ) B3SITU MOTO 31 3Ha-
KoM (-) 1 mpucBoiTH Homy iHIeKC (X ).

5.3.5 3anucatu octatoyHe piBHSHHS (5.7) 3 OOUHUCICHUMHU YUCIOBU-
MU 3HAYEHHSIMHU KoedimieHTiB A 1 -« .

5.3.6 Bukonartu yci Bumoru 1. 5.1.2.

5.4 MaremMaTu4HHIl adrOpUTM PO3PaxXyHKIB KOEQIIIEHTIB PiBHSIHHS
perpecii TUIy
y = Ax“ (5.10)
Ilykanumu € xoedimienTn A i ¢ . IxHiil migpaxyHOK peKoMeHy-
€ThCA POOUTH 3a HACTYNMHUM AJTOPUTMOM Ha IIJICTaBl €KCIEPUMEHTAIb-
HUX JaHUX, IPUBEACHUX B 1HAUBIIyaJbHOMY 3aB/IaHHI.
5.4.1 IIponorapudmyemo piBHsiHHSA (5.10), onepkumMo

lgy=IlqgA+ a-lgx. (5.11)

Beenemo nosHaueHus lq y =z, Ilg A =a;, a =6 lgx = X,. Ton
piBHsiHHSA (5.11) npuitme BuA

z=a+e6X, (5.12)



PiBusiHHs (5.12) ananoriudo piBHsSHHIO (5.1) 3a 11.5.1 Bupaxkae npsi-
MYy JIIHIIO 1 IITyKaH1 Koe(illeHTH @ 1 6 3HaXOMAATh BIAMOBITHO J0 PEKO-
MEHJIaIli}, BUKiIajeHux y m. 5.1.1.

5.4.3. O6uucauBIIA KOEDIINIEHT &, Y3SATHU 3a WOr0 YHUCIOM aHTHIIO-
rapudm 1 oJiep>KaTH YUCIOBE 3HAYCHHS KoediiieHTa A.

5.4.4 OGuucneHe 3HaYEHHS 6 JIOPIBHIOE ¢ ,TOOTO X = 6.

5.4.5 3anucatu octaToyHe piBHSHHSA (5.10) 3 OOUHCICHUMHU YHCIIO-
BUMU 3HAYCHHAMH Koe]iiieHTiB A 1 .

5.4.6 BukoHat# yci BUMOTH 11.5.12.
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METOJIMYHI BKA3IBKU

1 1HAMBIIyaJIbH1 3aBIaHHS
70 CaMOCTIHIN poOOTH 3 KypCy
«MeTano3HaBCTBO, TEOPIA 1 TEXHOJIOT1s
METaI000POOKI»
TUTs CTyACHTIB creriaabHocTi 7.090403
«Jlusapne 8upoOHUYMBO YOPHUX | KOTLOPOBUX

Mmemarnie)
Yknanau Muxaitno SIkoBud benkin
PenmakTop Haranis Bonogumupisaa €promina
186/2001. ITigm. no apyky dopmar 60x84/16
3amoBiieHHS No Odcetnuii npyk. YM. npyk. apk. 7.0.
O6n.-Bux. apk. 5.09. Tupax 30 npum.

JNJIMA. 84313, m. Kpamaropcek, Byi. [llkaginosa 72
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