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PED®EPAT
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OG’exT AOCHIKCHHS - TMOJIMIIEHUA JUBapHUN Mar"ieBuil cruiap MIJIS,

MOJIM(IKOBaHUN KaJIbLIIEM 1 OapieMm.

Merta I[OCJ'IiI[)KCHH}I — BHUBYCHHA BIUIMBY JIYKHO3CMCJIbHUX METajliB Ha

CTPYKTYPOYTBOPEHHS, MEXaHIUHI BIIACTUBOCTI Ta %KapOMIIHICTh cruiaBy MJIS.

VY po0OTI HOCHIHKEHO MOXIIMBICTH 3MIHA PO3MIPY 3€pHAa 1 MEXaHIYHUX
BJIACTUBOCTEH BiacTuBocTed cmiaBy MIJIS 3a paxyHok MomudikyBaHHS HOTO
CTPYKTYpH.

[IpoBeneHo aHaii3 HayKoBOi 1H(pOpMaLlli PO BIUIKB JIETYBaJIbHUX €JIEMEHTIB
Ha BJIACTHUBOCTI JIUBAPHOT'O MarHi€BOro CIuiaBy. BukiiageHO METOIUKY MpPOBEICHHS
excriepuMmeHTy. [IpoaHani3oBaHO MNPUYMHM pPyHHYBaHHS AaBlalllfHOTO JIMTBA.
[IpoaHnanizoBaHO BIUIMB JTy>)KHO3EMEIbHUX €JIEMEHTIB Ha MEXaHIYHI Ta apOMIIHI
B1acTUBOCTI ciiaBy MJIS Ta 3poOneHi BUCHOBKHU. PO3IIsIHYTO 0XOpOHY mpalll npu
MPOBENICHHI JOCHIIKEHb. P03paxoBaHO E€KOHOMIYHMX €(EeKT BiJ BIPOBAIKEHHS

HOBOT TEXHOJIOT11 Y BUPOOHHIITBO Ta €(PEKTUBHICTH MPOBEACHUX JIOCIIIIKEHb.

MIJIS, KAJIBLIIM, BAPI, MEXAHIYHI BJIACTUBOCTI, BUJINBKA,
MIKPOTBEPHICTD, JIEI'YBAHHZI, TEPMIYHA OBPOBKA,
IHTEPMETAJIIIN, 3EPHO, CTPYKTVYPA.
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BCTVII

B cyuacHomy mMaimmHOOy1lyBaHHI IIMPOKO 3aCTOCOBYIOTHCS JIETKI KOJILOPOBI
CIUTaBH, 30KpeMa Ha OCHOBI MarHito. [0JJoBHUMU TiepeBaraMu MarHi€BHUX CIUIABIB,
mo 3a0e3mevyroTh iX IIMPOKE 3aCTOCYBaHHS Yy TEXHII, € BHUCOKI MEXaHIYHI
BJIACTUBOCTI MpPU Malllii MUTOMIiil Ba3l, a TaKOXX BHUCOKA MUTOMA MILHICTh, IIO
pOOUTH BUKOPUCTAHHS JIETKMX MaTepiajgiB Ha OCHOBI MarHil0 IEpPCICKTUBHHM.
MarHieBi cruiaBu 3HAXOASATh HIMPOKE 3aCTOCYBAaHHS B aBlalllliHIi, aBTOMOOLIbHIH,
TEKCTUJIBHIA 1 pPaJIOTEXHIYHI MPOMHCIOBOCTI, Y BHUPOOHUIITBI TEPEHOCHHUX
IHCTPYMEHTIB 1 B 0ararbox 1HIIUX TaTy35X TEXHIKH.

3acToCyBaHHSI BWJIMBKIB 3 MAar"i€BUX CIUIaBIB B MAaIIMHOOYIIBHUIITBI
JI03BOJISIE ICTOTHO 3HM3UTH Macy arperaris, 1o 3a0esrneuye 30uibmenns ix KKJI,
M1JBUIIICHHS IIBUJIKOCT1, KOPUCHOTO HABAHTAXEHHS, JATbHOCTI MPOOITY, SHUKECHHS
BUTpaTy mnanuea. IlocTiiiHE yCKIaJHEHHS MallWMH 1 MEXaHI3MIB NPU3BOIUTH 0
30UIBIICHHSI X MacH, IO BHUKJIWMKAE HEOOXITHICTh 3aCTOCYBaHHS CIUIABIB 3
MNOHM>KEHOIO0 HIIIBHICTIO, BOJIOAIIOIIMX MPHU LIbOMY BUCOKHMM PIBHEM MEXaHIYHHMX
BJIACTHBOCTEH 1 JKapOMIITHICTIO.

Haitbinpimn momupeHuM MarHi€BUM CIUTaBOM € ciiaB MJIS, mo micTuth
JIeIIEeB1 JIETyBajJbHI €JIEMEHTH — QJIIOMIHIM, IMHK, MapraHellb Ta 1HII JOMIIIKH.
Jlerani 3 1pOTO CINIaBy IMHPOKO 3aCTOCOBYIOTBCS ISl PI3HUX KOHCTPYKIIH, IO
3a0e3neyye  3MEHIIEHHsS 11X Bard Ta MIJABUINCHHIO  EKCIUTyaTralliiHuX
XapaKTEPUCTUK. AJie, B PsAMli BUITQJKIB, MEXaHIYHI Ta CIemiadbHI BIACTHBOCTI
OTO CIUIAaBY HE BIANOBIJAIOTH CY4YaCHUM BHMOTraM, TOMY IOJIMIICHHS CIUIaBy

MUJIS5 3a paxyHOK #oro MoauGiKyBaHHS € IEPCICKTHBHIUM HAIIPSIMKOM.



1 OIJIA 4 JUTEPATYPHUX JOKEPEJI

1.1 3aranpHa XapakTepUCTHKA 1 3aCTOCYBaHHS MarHio

MarHiii — xapakTepHu eJIEeMEHT MaHTii 3eMll, IKUi MepEeBa’KHO MICTUTHCS
B OCHOBHHX mopojax (4,5 %). Binkputuit y 1808 p. anrmiiicekkum BueHum I. Jlesi,
SKUI OTpUMaB amMajbpramy, a 3 Hel Iicisi BIATOHKU PTYyTI — HOBUU
NOpOIIKONOA10HMM MeTan (marHii) [1].

Marniit BigHocuthess no Il rpynu mepioguyHoi cuctemu. ATOMHA Maca
Martiro 24,32. 3a XIMIYHMMH BJIACTUBOCTSAMH MarHiii BIJHOCHTBCS O
JY’)KHO3EMEJIbHUX MeTamiB. MarHid BIIHOCUTBCA 10 HAHOULIBII  JIETKUX
KOHCTPYKIIHHHUX METAIB: {0ro miIbHICTh 1opiBHIOE ~ 1,74 r/em’® mpu 20°C.

Marniii mnaButecss npu 650°C 1 kunute npu 1107°C, momimopdHux
Monudikaiii Mar"Hii He Ma€ 1 B yCbOMY IHTEpBaJll TEMIIEpATyp HIDKYE TOYKH
IUTaBJICHHS 30epirae rekcaroHaJIbHY IIUIBHOMAKOBAHY CTPYKTYPY 3 BiIHOIICHHSIM
oceit c/a (1,6235), maibke piBHUM TeopeTmuyHOMYy 3HadueHHIO (1,633). Po3mipu
aToMa MarHil0 JOCHTh BENHMKi. Moro artoMmHumii jmiamMeTp, NpHBEIeHHH 10
KoopauHaliiHoro uncia 12, nopisatoe 0,32 um [2].

MexaHiuHi BIaCTUBOCTI YUCTOTO MArHiI0 HEBUCOKI (TPAHUIIS MIITHOCTI MPHU
po3taryBanHi 60 MH/MZ; IpaHUIl TUTMHHOCTI 38 MH/MZ; BIJHOCHE BHIOBKECHHS
50%, tBepaicTh mo bpixemo 200...300 MH/M) [3], ToMy SIK KOHCTPYKIUiHHMI
Marepiall BiH MPAKTUYHO HE 3aCTOCOBYETHCSI.

Marniii — xiMiYHO akTUBHUM MmeTajd. CBiXa TMOBEPXHIO METaly —
CpiOIsACTO—017I0TO KONMBOPY, ajie BOHA IIBHJAKO THMSHIE 3 MPUYUHU OKUCICHHS
MarHil0 Ha TOBITPI 3 YTBOPEHHSIM Ha MOBepxHI okcuaHoi 1Bk MgO. Ilpu
HU3bKHX TEMIIepaTypax OKCHJHA IUIiBKa aMopgHa, aje MpU HarpiBaHHI BUIIE
200°C nabyBae kpuctamiuynoi oynosu. [Ipu Temneparypax Hmxue 450°C ToBumHA
OKCUJHOI IUIIBKM HEBEJIMKAa, BOHA MOPIBHSIHO IIUJIbHA 1 MAa€ MEBHI 3aXUCHUMU

BJIACTUBOCTSIMU MPOTU OKUCIECHHS. [Ipu OLIbII BHCOKHX TeEMIlepaTypax pi3Ko



9

3pocTa€e MIBUAKICTH OKHUCICHHS MarHioo. [lpu HarpiBaHHi Ha MTOBITpPl J0
temrieparyp Buiie 623°C MarHiil 3anaitoeTbes 1 TOPUTh, BUIIPOMIHIOIOYH CIIIITYYO
SCKpaBe CBITJIO. TaKuM YMHOM, OKCHJIHA IIJIIBKA MarHil0 HE BOJIOJIE JOCTAaTHIMH
3aXUCHUMU BIIACTUBOCTSAMU. Lle moB’s3an0 3 TuM, 1o muibHicTE MgO (3,15 r/em’ )
3HAYHO OLIBIIE, HI>K MarHio.

Maruiii  po3uuHsi€ BeIMKI KUIBKOCTI BojmHio. Ilpm  Temmeparypi
KpHCTai3alii B piAkoMy MarHii po3unHseTbcs 6mmsbko 50 cm’/100 r BojHIO, a B
TBepaOMY — 6i1H3BKO0 20 e’ /100 T,

MarnieBi  criaBd  3aJ0OBUIBHO ~ 3BaplOIOTHCS  PI3SHUMHU — METOAaMH
3BapIOBaHHS: TYyTOBUM 3BapIOBAHHS 3 HEBUTPATHUM BOJb(PPaMOBHUM €IEKTPOIOM B
3aXHMCHOMY CEpElIOBHUIl 3 1HEPTHUX ra3iB, KOHTAKTHUM TOYKOBUM 1 POJIMKOBUM
3BaproBaHHAM. MarHiii 1 oro cruiaBu JIerko oOpoOIISIFOTECS PI3aHHSAM.

UucTtuil MarHiidi BOJIOAIE HEJOCTATHHO BUCOKMM KOMIUIEKCOM MEXaHIYHHMX
BiacTUBOCTE. ToMy B TeXHilll BAKOPUCTOBYIOTh B OCHOBHOMY MarHi€Bi CIJIaBH.

3acTocyBaHHSI MarHi€BHX CIUIaBIB 3 ypaxXyBaHHSM iX BEJIMKOI IMHTOMOIO
MIITHOCTI JIO3BOJISIE 3MEHIIUTH Macy JAeTajeii MmamuH. Y JliTakoOymayBaHHI 3
MarHi€BUX CIUIABIB BUTOTOBJISIIOTH KOJieca 1 BUJIKM IIIaci, Pi3HI Baxenl, KOpIyCH
npuiaaiB, HAcociB, KOPOOOK Tmepenad, JixTapi 1 aBepi KaOiH, AeTani MiaHepa
JiTaka. MarHieBi CIulaBy yCHIIITHO BUKOPUCTOBYIOTh B KOHCTPYKIIISIX BEPTOJIbOTIB.
3 Mar”i€BUX CIUIaBIB BUTOTOBJISIIOTH KOPIIYCH PAKET, KOPIYCH HACOCIB, MaJUBHI Ta
KHCHEB1 OaKu, OMOPHI By3JIH, CTA0LTI3aTOPH.

MarnieBi CIUlaBuM 3HAWIUIM 3aCTOCYBaHHS B KOHCTPYKIIi aBTOMOOLIIB,
0COOMMBO  TOHOYHMX  (Koieca, KapTepH, KpUIIKK, MAaclONOMIIM); B
npwiao0yayBaHHl (KOPIycH 1 AeTail mpuiajiB, O1HOKIIB, KiHO 1 ¢oToanaparis).
Bucoka nemndepHa 37aTHICT MarHi€BUX CIUIaBiB OOYMOBJIIO€ 3aCTOCYBaHHS s
BUTOTOBJICHHSI KOXYyXa JUIsl PO3MIIICHHS EJIEKTPOHHOI amaparypu KEepPOBaHHX

cHapsiB [2].
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1.2 AHasi3 TpOMHCIIOBUX JIMTUX MarHi€BUX CILUIABIB

VY MammHOOynyBaHHI IMIMPOKO 3aCTOCOBYIOTHCS JIMBAPHI CIUIAaBU HA OCHOBI
MarHiro, Imo MICTATh AJTIOMIHIN, ITUHK, MapraHelb, MMPKOHIM, HEOAUM Ta IHIII
JIeTyBaJIbH1 €JIEMEHTH.

MarHi€eBl JIMBapHI CIUIaBU MOAUIAIOTH Ha Tpu TIpynu (tadm. 1.1). 3a
YKAPOCTIUKICTIO X MOKHA TMOAUIMTH Ha cruiaBu i poootu no 150°C, 200°C i
250°C (tabn.1.2) [4].

Tabmunsg 1.1 — Knacudikariis MaraieBUX JMBApHHUX CILIABIB IO MIITHOCTI

[4]

Mapku criaBiB BApOOHUITBA PI3HUX KpaiH
Knacudikarris
' VYkpaiHa, CIIIA, BenmukoOpuranis, | AnoHis,
CILJIaBIB
I'OCT 2856 ASTM B8O BS 2970 JIS H5203
Cepenns
MJI3 - — —
MILHICTD
MJI4, MJI5, AZ63A, MAGI1, MAG2,
Bucoka MCI1,MC,
MJI6, MJIS, AZ8I1A, MAG3, MAG4,
MIIHICTB MC7
MJI12, MJI15 | ZK51A MAG7
MJI9, MJI10, | EZ33A, K1A, | MAGS, MAG®6,
Kapowmirai MCg8
MJI11, MJI19 | QE21A MAGS8, MAG9
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Tabmuus 1.2 — PobGoui Temmeparypu eKcIulyaTalii Ta TOpIBHSJIbHI

XapaKTEPUCTUKU MarH1€BUX CIUIABIB MICJIsl TapTyBaHHS 1 cTapiHHs [4]

MexaHi4H1 BIIaCTUBOCTI, HE _

Mapxka Po6oui remneparypu
MEHIIIe

CILJIaBY ekcruryararii, °C
oy, MIla 3, %

MJI4, MJIS | 226,0 2,0 150

MJI11 137,0 2,0 200

MJI10 226,0 3,0 250

MJI19 216,0 3,0 250

3a cBOiM XIMIYHMM CKJIaJIOM JIMBapHI MarHi€Bi CIUIaBU MOXYTh OyTH

BIJIHECEHI JI0 TPhOX OCHOBHHX IpyI (Tadm.1.3):

—  CnnaBu cuctremu Mg—Al-Zn: MJI4, MJI5, MJI6;
—  CnnaBu cucremu Mg—Zn—Zr: MJI8, MJI11, MJI15;

—  CnnaBu cuctemu Mg—Zr-Nd: MJI9, MJI10, MJI19.

Tabnuns 1.3 — XimMiuyHUN CKJIaJ MPOMUCIOBUX MarHi€BUX CIUIABIB [5]

I'pyna XIMIYHHH cKia, Mac. %

CIUIaBIB Al Zn Mn Zr Nd
Mg-Al-Zn |2,5...10,2 |0,2...3,5 |0,1...0,5 - —
Mg—7Zn—7Zr |- 0,2...50 |- 04...1,1 =
Mg-Zr-Nd | - — — 0,4...1,0 |1,6...2,8

[TpumiTka: MarHii — pemra.

PiBeHb MEXaHIYHUX BJIACTUBOCTEH JIMBAPHUX CIUIABIB HUKYUU, MTOPIBHSIHO

3 MarHi€eBUMH Je(QOpMOBaHUMHU CIUIaBaMu. [IeBHE MiJBUINEHHS BIIACTUBOCTEH

JUBApHUX CIUIABIB IOB’S3aHO 3 MOAPIOHEHHSAM 3epHa. ICHYIOTh pi3HI crmocoOu

BIUIMBY Ha PO3MIPH 3€pEH: NEpErpiBaHHs PO3IUIABY NEpPEN JIUTTSAM, BBEIEHHS 0

pO3IUIaBy CIeliaIbHUX MPUCAJ0K (MarHE3UT, XJIOPHE 3aJ1130), BBEJCHHS IUPKOHIO.




12

1.3 JleryBaHHsl MarHi€BUX CILIaBiB

ITpu BHOOPI1 J€ryBajibHUX €JIEMEHTIB IEPII 32 BCe HEOOX1HO BpaxoByBaTH
iX BIUIMB Ha MEXaHIYHI BJIACTMBOCTI MarHil0. Pucynok 1.1 memoHcTpye BILTMB
PI3HUX €JEMEHTIB Ha TUMYacOBE OMIp PO3PHUBY 1 BIJHOCHE MOJOBKEHHS MAarHiro B
3aJIEKHOCTI BIJl BMICTY JIETYBAJIBHOIO KOMIIOHEHTY.

Jlo uucra TOPIBHSHO CWJIBHMX  3MIIHIOBAJIBHUX  €JIEMEHTIB IO
BIIHOIIIEHHIO /IO MAarHil0 HaJeXarb: 1TPiH, alfOMiHIM, IMHK 1 Mapranens. OaHak
MapraHenpb c1abKo BIUIMBA€ HA THMYACOBHUH OIIp PO3PUBY JIUTUX CILJIABIB MarHiio.
B oGmnacTi Manux KOHIIEHTpaIlli TIOCUTh CHIIbHE 3MIITHEHHS Ha/1a€ CKaHIIH.

3a BIUIMBOM Ha TUIACTHYHICTh MArHil0 €JIEMEHTH MOXXKHA pO30MTH Ha MBIl
rpynu:

a) €JIEMEHTH, 1110 3MEHIIYIOTh MJIacTU4YHICTh (Mn, Si);

0) elleMEeHTH, IO MiABUIIYIOTh TUIACTUYHICTh MArHilo MPH iX BBEICHHI 10

neBHoi koHneHTparii (Li, Zn, Al, Sc, Ce).

350 —

300 [~ . -

0 2 4 6 8 10 12 14
BMicT nerypanbHoOro eneMenTy, %

Pucynox 1.1 — BrumiB BmicTy neryBaibHuX eneMeHTiB (y %) Ha MIIHICTb 1

MIacTUYHICTh MarHito npu 20°C (mpecoBaHi NpyTKH) [3 ]

AOMIHIH 1 OUHK — HaWOUIbII TIONIMPEH1 JETyBaJIbHI €JIEMEHTU B
MarHi€BHX CILJIaBaX 3arajibHOro MPU3HAYEHHS, OCKIJIBKM BOHU 3HAYHO JIOCTYITHIIII
1 MaroTh HWXYY BapTICTh, HDK IHIN. 3MIIHIOKOYA i alIOMIHIIO 1 ITUHKY
30epiraeTbes aumie jgo Temmeparyp 150..200°C (puc. 1.2). Ilpu temmeparypax

150... 200°C Haii011b1I CHIIBHO MIJBUILYE KaPOMILIHI BIACTUBOCTI MarHir0 HEOUM
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1 B gemo MmeHmii mipi Topi. Ilpu temmneparypax 250...300°C, maBmaku, Topi
3abe3mnedye OiIbII BUCOKY TBEPAICTD, HIXK HEOTUM.

HB, MIla HB, MTIla

500 400

300

300 200

200 100

100

0 4 8 12 16 20 0 4 8 12 16 20

Bmict neryeanbHOro eiaeMeHTy (%o Macosi)

Pucynox 1.2 — BrumiB BMicCTy NieryBaibHUX e1eMeHTIB (y %) Ha TBEpAICTh MarHio
npu Temreparypax 150°C (a) 1 250°C (6) (M.E. dpwun)

MakcumanbHa MIIHICTh MarHi€BHX CIUIaBIB NMPU KIMHATHIM TeMIieparypi
JOCSITAETHCS TIPU KOHIIEHTPAIlISX JIETYBAIBHUX E€JIEMEHTIB, OJM3BKHUX JI0 TPAHUII
HACHYEHHS TBEPIUX PO3YMHIB MPU TEMIEpaTypax iX MaKCUMaJIbHOT PO3YMHHOCTI.
VY cmmaBax MarHir0 po34MHHICTH OUIBIIOCTI €JIEMEHTIB B TBEPIAOMY PO3UYHHI PI3KO
3MEHILYETHCS 3 TOHWKEHHSIM TEMIIEpaTypu, IO CTBOPIOE TMEPEIyMOBH iX
3MILHEHHSI [UISIXOM 3arapTyBaHHs 1 crapiHHs. Edekr crapiHHs B 3arajbHOMY
BUIIAJIKY 3pOCTaE 31 30UIBIICHHSIM PI3HUII B PO3UMHHOCTI JIETYBAIHHUX €JIEMEHTIB
IPU BUCOKHMX 1 HU3bKUX TEMIIepaTypax, X0ua HEMAa€ YITKOI KOpeJAlii MK LHUMU
napaMeTpamu uepe3 piszHy Aito a3, Mo BUAUIAIOTHCS MIPH CTapiHHI.

VY cnnaBax cuctemu Mg—Al-Zn OCHOBHUM 3MIITHIOBAJIbBHUM €JIEMEHTOM €
antoMiHii. Jl1ana3oH KOHIIEHTPALIM alfOMiHII0 B TPOMHUCIOBUX MarHi€BUX CIUIaBax
ctaHoBUTH 1...10 %, BCi BOHM € HEeBTEKTHUHUMH 3a PiBHOBAXHOI fiarpamu [6]. Ix
MO>KHA TIOJIIJTUTH Ha TPU KaTeropii:

— cmiaBd, o wMictate 1..3 % Al, xapakTtepusyloTbCcsi BHCOKHUMH
MOKa3HUKAaMU MIIMHOCTI 1 TUTACTHYHUX BJIACTHBOCTEH, ajieé MaloTh HU3BKY
PIIKOTEKYYICTh 1 BUCOKY rapsueIaMKICTh;

— cmiaBd, mwo MicTath 4..7 % Al, NoeaHylOTh BHUCOKI MEXaHI4HI
BJIACTUBOCTI 1 33JJOBUIbHY TEXHOJIOTTYHICTB;

— cmiaBd, mo wMictate 8..10 % Al, BigHOCATBCS 10 HAHOUIBII
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TEXHOJOTIYHUX CILJIABIB, aJleé MAalOTh HEBUCOKY IJIACTUYHICTD.

AJNIOMIHI yTBOpPIOE 3 MarHi€eM TBEpPAUNW pO3YMH 3 OOMEKEHOIO
posuuHHicTIO 1 iHTepMeraman Al;Mg,, ALMg; 1 Al ,Mgy;. Hani  momo
posunnHocti Al B Mg ckmagarors 11,6 ar. % npu 438 °C i 1,3 ar. % npu 100 °C
[7].

[IpoMHCIIOBI CIUIaBM MarHiro 3 ajdlOMIHIEM BITHOCSTBCS JO CTApirOUMX, IO
J03BOJIIE TEPMIYHOIO OOpPOOKOIO MOJINIIMTH iX BIACTUBOCTI. [Ipu HarpiBanHi 10
420°C wmaitke BeCh aJIOMIHIA MEPEXOAUTh B TBEpAUW po3uuH. [Ipu moBTOpHOMY
HarpiBaHH1 CIUTaBY MPOTATOM JIEKIIbKOX roguH mpu Ttemmeparypi 150...250°C
BUJIUISETRCS Y — ¢aza, mo 3a0e3neuye 3MIIHEHHS CIUIaBy. 3 JiarpamMu CTaHy Ha
pucyHky 1.3, BuaHO, 1m0 edeKT cTapiHHs OyjAe CIOoCTepiraTucs y BCiX CIUlaBax 3
BMiCcTOM Oublie 2 % Al.

Ha npakTuiii momiTHE MiABHIIEHHS MIITHOCTI Oyze y criaBax 3 4...6 % Al,
TaK K IIBUJKICTh YTBOPEHHS HOBOI (ha3u 3aJICKHUTh B TeMIIepaTypu CTapiHHA 1
BIJl CTyIIHSI IIEPECUYEHHSI TBEPJIOIO PO3YMHY IpH LI Temneparypi. B nanuii yac
MIITBEPKEHO HASBHICTH TICHOTO 3B'SI3Ky MIX IIPOIIECOM BHUILICHHS y—(]a3u 1
yac cTapiHHs 1 3MilHeHHs ciaBy. [Ipu upomy, y—hasza BUIUISETHCS CIOYATKY IO
MEXax 3€peH, a TMOTIM BCEpPeAMHI CaMHX 3€peH, 301JHIOI0YM TBEPAMNA PO3UYUH
AIOMIHIEM.

MakcumanbHa TBEPAICTh CIUIABIB MarHio 3 aJlOMIHIEM JOCITAETHCS IMI€ J0
MOBHOTO BHJIUIEHHS I1i€i (ha3u 3 TBepaoro po3unHy. [Ipu npomy, came y—dasa, 1mo
PO3TAIOBYETHCS IO MEXaX 3€peH, 0e3MOoCcepeHbO BIANOBIIAIbHA 332 3MIIHEHHS

IIUX CIUIaBIB [7].
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Pucynok 1.3 — Mg—Al Jliarpama crany [7]

MapouHuii BMICT IIMHKY BIUTMBA€ B MEHIIIA Mipi HA MEXaHI4H1 BJIACTUBOCTI

criaBy. Bin yTBoproe 3 wmarHiem TBepauii posuuH (puc. 1.4),

a TaKOX

iHTepMeraniau MgsiZn,,, MgZn, Mg,7Zn;, MgZn,, Mg,Zn,;, 1110 MatOTh HE3HAYHI

00J1aCTI TOMOTE€HHOCTI .
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Kpucraniuna crpykrypa ¢dasu MgZn, Oyna npocmimpkena JlaBecom i
BIIHOCUTHCA OO0 Tak 3BaHMX «(da3 JlaBecay, y sSKMX HaWKpaiie 3amOBHEHHS
nocsiraeTbest 3a cmiBBimHOMEHHsSM d, : dy=1,225. Anam3 Bigomux ¢a3 JlaBeca
MOKa3aB, II0 aTOMH, SKi 3HAYHO BIIPI3HIIOTHCS PO3MipaMH, KPUCTATI3YIOThCS B
HIUIBHOMAKOBaHy CTPYKTYpy [8].

[Tpn BBemenni B MmarHit 7,5 % Zn, TpaHulld MIIHOCTI CIUIaBy IMOMITHO
30uIbIIy€eThesl. [IMacTHYHICTh CIIAaBY MMIJABUIIYETHCS IIPU BBEICHHI OJIM3BKO
3% uuHky. Big3HaueHo, 1m0 CIUIaBU, 10 MICTITh 1 Ouibiie 2 % Zn, MOXYTh
3MIIHIOBATUCS TIpW CTapiHHI, OJHAK 30epiraT CBOi BJIACTUBOCTI JIHUIIE O
temmneparypu 150...200°C [3]. [Ipu BMICTI IMHKY B MarHi€BUX CIUIaBaX B MeXax
0,1...2 % migBUILYEThCS TOpAYENaMKICTh [6], a Tpu 30LIBIIEHHI WOTO 110
4% 3abe3neuyeTbcs TEKYYiCTh 1 HM3bKa TOpsYeNaMKicTh. [Hmn mocmigHuku [9]
TaKoXX BIJ3HAYaIOTh, 110 NPHU JOAABaHHI B MarHi€BUW CIUIaB LIMHKY IO MeXax
3epeH YTBOPIOETHCA (Da3a 3 HHU3BKOI TEMIIEPATypOIO IUIABJIICHHS, IO 30LIbIIYy€E
CXHWJIBHICTb JI0 YTBOPEHHS TapsyuX TPILIUH.

CrpykTypa nuTux criiaBiB cucteMu Mg—Al-Zn ckinagaerbes 3 TBEpAOTO
PO3YMHY aJIFOMIHIIO 1 IIMHKY B MarHii 3 BKJIOYEHHIMH 1HTepMeTaniaiB Mg ;Aly,. 3i
30UIBIICHHSIM BMICTY aJIOMIHII0 B CIUIaBl KUIBKICTh 1HTEpMeETamigHuX (a3u
MIJBHINYETHCS. 3 IMABUIIEHHSIM BMICTy IMHKY B CIUIaBI MOXKE YTBOPIOBaTHCS
notpiiiHa daza Mgz (Al,Zn)y.

CrmaBu cucteMu Mg—Al-Zn MaioTh BHCOKI JMBapHI BIACTHBOCTI,
JIOCTATHIO MIITHICTH 1 MJIACTUYHICTIO, POTE X KapOMIIHI TTOKA3HUKHU € HU3bKUMU
[10].

30aTHICTh LIMPKOHIKO MOJAPIOHIOBATH 3€PHO MArHi€BOro CILJIaBY IOB'A3aHA 3
YTBOPEHHSAM IIPU OXOJIOJKEHH1 pO3ILJIaBy BEJIMKOTO 4YMCIa JAPIOHUX KpUCTaJiB
HUPKOHIIO, SKI CIYKaTh JIOJATKOBUMM IIeHTpaMu Kpuctamnizamii. B po6orti [11]
MOKAa3aHo, 10 IUPKOHIM B KUIBKOCTI 10 2 % B MarHi€BOMy CIIJIaBl 3HAYUTEIIHHO

NOJPIOHIOE 3E€PHO.
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[{upkoHiii Mae 0OMEXEHY PO3UMHHICTh B T'paTili MarHio i HOro rpaHuyYHa
pO34MHHICTH cTaHOBUTH 0,985 % (puc. 1.5).

[{upkoHiif XapaKTEPU3YETHCS BHUCOKOI XIMIYHOK AaKTHBHICTIO IIO
B1JIHOIIIEHHIO JI0 JIETYBaJIbHUX KOMIIOHEHTIB MarHi€BUX CIUIaBiB, JIOMIIIKAM 1

ra3am.
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Pucynok 1.5 — Jliarpama crany Mg—Zr [7]

Lleii enemeHT chpuse OTPUMAHHIO IIUIBHUX BWJIMBKIB 1 MHEPEILKOIKAE
BUHUKHEHHIO Ta30BUX mop. Pa3oM 3 TuMm, jgerasyroua 31aTHICTh IUPKOHIIO
3aJIeKUTh Bl BMICTY B MarHii uuHky. [Ipu Bmicti B crasi 4,5 % Zn yTBOpeHHS
TiApUAHOT 6—(a3u MPUTHIYYETHCS 1 BUHUKAIOTh IHTepMeTanmian Zn,Zr; [12].

[lin Yac BHWIUTABKM MAarHi€BUX CIUIaBIB B CTAJICBUX THUIIIAX IIPHCAIKa
[UPKOHII0 OUMILA€ PO3IUIAB BiJl 3alli3a 3a PAXyHOK YTBOPEHHS 1 MOAQIBIIOTO
Buganenus ¢asu Fe,Zr. YV cBoio depry, MOMIMHAHHS MarHi€BUM pPO3ILIaBOM 3aji3a
31 CTIHOK THUIJIS 3HMXKY€E BMICT LIMPKOHIIO B PO3ILJIaBI.

[{upkoHiii 3MEHIIye PO3YMHHICTH BYIVIELI0O B MAarHi€BOMYy pO3IUIaBi,
yTBOPIOIOYM BJiacHi kapOimu. B 1pomy Bumangky, epekT BIUIMBY BYIJICIIO B
CILJIaBax, 10 MICTATh IUPKOHIN, TOMITHO 3HIXKY€EThCS [13].

CrTpyKTypa JUTHX CIUIaBIB cucTeMu Mg—Zn—Zr CKIAJa€eTbCsl 3 TBEPIOTO
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pO3YMHY IMHKY 1 IIMPKOHIIO B MarHii, 1 IHTepMeTaIaHOI (a3u, KUIbKICTh SIKOI
3pocTae 31 30UIBIIEHHSM BMICTY JIErYBaJIbHUX eJeMeHTIB. Ilicis TepMiuHO1
00pOOKH CTPYKTypa CIUIaBY CKJIAHAETHCS 3 0L — TBEPJOTO PO3UHUHY 3 MPHUCYTHICTIO
LHUPKOHIJIIB IIMHKY ab0 ereMeHTapHoro unupkoHito. CruiaBu cuctemu Mg—Zn—Zr
MalOTh BHMCOKI TEXHOJIOTIYHI BJIACTUBOCTI, MIJBUIIEHUN PIBHb MEXaHIYHHX 1
YKapOMIITHUX BJIACTUBOCTEH [14].

CmnaBu cucremu Mg—Zr—Nd BiIHOCATH A0 Kareropii >KapoMILIHMX 1 BOHH
3HAYHO NEPEBAYKAIOTh 3a IIMM TOKA3HUKOM CIUIaBH 1HIUX cucteM [15]. MexaHism
I1JIBUIIICHOO KaPOMIITHOCTI CKJIQIA€ThCS 3 HACTYITHUX YNHHHKIB [16]:

—  CTBOPEHHS CKJIQJIHOJIETOBAHOTO TEPMIYHO—CTAOUIBLHOTO PO3UHHY;

—  apiOHOmUCIIEpCHA CTPYKTYPA;

—  MJBUIIEHA TepMiYHA CTaOUIBbHICTD 3MIITHIOBAIBHUX (ha3.

Jlis IMpKOHIIO B IUMX CIUIaBax, SK 1 B cIUlaBax cucteMu Mg—Zn—Zr,
3BOJIUTHCSI IO OTPUMAaHHS JAPIOHO3EPHUCTOI CTPYKTYpHU BUIIMBKIB, 110 3a0e3meuye
iX BHCOKI MEXaHI4HI1 BJIACTUBOCTI. Takox IIeH JieryBaJibHUN eJIeMeHT 3a0e30euye
padinyBaHHS CIUIaBY BiJ IIKIIJIMBUX JOMIIIOK.

CrmaBu Ha ocHOBI cuctemu Mg—Nd (MJI9, MJI10) Bupi3ustoThCS
BUCOKMMM MEXaHIYHMMHU BJIACTUBOCTAMH TPH KIMHATHIA TeMIepaTypi, BUCOKOIO
YKAPOMIIHICTIO, 33JIOBUIbBHUMU JTUBAPHUMHU 1 TEXHOJIOTTYHUMHU BIACTUBOCTSIMU.

CrnaBu 3MIIHIOIOTHCST TEPMIYHOIO 00pOOKOI0. Y MIKPOCTPYKTYp1 CILIaBy
MJI9 (nutuii cTaH), MO MEXax 3€peH O—TBEpAOro po3uuHy (puc. 1.6) momitHi
BUJIIJIEHHS! €BTEKTHKHU (0+MgoNd). KpiMm TOro, B CTpyKTypl NPUCYTHI BKIIFOUEHHS

YaCTUHOK 0—Zr Ta MgyoNd, sK1 yTBOPIOIOTHCS IPH PO3MaJll 0—TBEPIOTO POZUHHY.
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Pucynok 1.6 — [liarpama ctany Mg—Nd [7]

[Iupoke 3acTOCYBaHHS CIUIaBIB TaKOlI CHUCTEMH OOMEXKYETHCS BHCOKOIO
BapTICTIO JIETYBAJIbHUX €JIEMEHTIB.

Xoua aToMHUN (aKTOp TUTAHY, IIUPKOHIIO, 1 TaQHIIO 3HAXOMATHCS B MEXKAX
CIIPUSTIMBOIO 30HU IO BIIHOUIEHHIO JO MarHito, aje iX po34MHHICTh B TBEPIAOMY
CTaHl y BCIX Bumagkax oOmexeHa. Meramu miarpynu IVA BOHU yTBOPIOIOTH
HIMPOKY 00J1aCTh TBEPAMX PO3UMHIB, 32 BUHSATKOM IHIIMX €JIEMEHTIB II1€1 MArpynu
3 aHAJIOTIYHUMH €JIEKTPOHHUMU CTpyKTypamu [17].

ABtopu poboTu [18] BcTaHOBMIIH, 1110 TeMIEpaTypa KpUcCTai3allii Mardiro
HEe 3MIHIOETHCSI TIPY BBEJICHHI B MOro po3iuiaB TuTany (puc. 1.7). Meranorpadiuni
JOCHI/DKEHHSI 3JIMTKIB MAarHitl0 3 TUTAaHOM TIOKa3ajau, 1[0 YaCTUHKU TUTAHY
MEXaHIYHO BKJIFOUEHI B MarHiid, yTBOpIOIOYM o0nacti cerperaiii. Takum 4uHOM,
BECh TUTAH, 110 3HAXOJUTHCS B PIIKOMY MarHii, BUAUISETHCS 3 PO3IUJIABY MPU MOTO
3aTBEpAIHHI. [HIII aBTOpU BBaXKarTh, 10 TUTaH B KuabkocTl 0,2...0,4 % 3minHIOE
Mar”i€eBuM CIUlaB 1 IMIJBUILYE WOro IJIACTUYHICTh 3a PaxyHOK YTBOPEHHS
iHTepMeTauTigHux a3 [19]. Bimomo ayxke Mano JaHUX NPO BIUIMB TUTAHY Ha
MEXaHIYH1 BJIACTUBOCTI MarHiro i #oro cruiaBiB. B manuii yac TMTaH MPaKTUIHO HE

BHKOPHUCTOBYETHCA SK JICTYBAJIbHA I[O63,BKa a0 MarHilo.
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3 enemenTiB IV rpynu Ilepiomnunoi cuctemu, radHiii € moporum i
HallMEHII MOIIMPEHUM eJIeMeHTOM. MalOyTh 3 IIMM IOB'A3aHa BIJCYTHICTh
JOCJIDKEHb BIUIMBY TadHII0O HAa MEXaHIYHI BJIACTUBOCTI MAarHil0 1 WOTO CIUIaBiB
[24]. Psaa nOCHIAHMKIB TAKOXK CTBEP/UKYIOThb, IO LI METAIM HE CIUIABJISIOTHCS

HaBITH MICJI TPUBAJIOI BATPUMKH ITPU BUCOKUX Temmeparypax [20].
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Pucynok 1.7 — [iarpama crany Ti-Mg [7]

B nmiteparypi [20] € po3pi3HeHi 1 cynepewinBi BiIOMOCTI MPO MO3UTUBHUIMA
BILJIUB JIy>)KHO3EMEJIbHUX €JI€MEHTIB Ha BIIACTUBOCTI MarHieBux cruiaBiB. Kanbiiiil B
MarHii po3uMHSAETHCS B Jy’K€ MajuX KUIBKOCTSX: IPU KIMHATHIA TeMmmeparypl -
0,018%, ipu Temmneparypi 1aBiIeHHs eBTeKTHKH - 1,8%. Y craBax 11i€i cuctemu
YTBOPIOETHCS OJIHE KOHTpyeHTHe 3’exHanHs Mg,Ca mo maButhcst mpu 715°, 1o
npezacTasisie coboro «paszy JlaBeca» 1 Mae rekcaroHanbHy KPUCTAIIYHY CTPYKTYPY
[21]. Kanpuii monpiOHIOE 3epHO JUBapHUX cruiaBiB. CIiiaBH, 10 MICTSATh KaJblIii,
MAalOTh XOPOIIY TEKY4ICTh 1 OUIbII BUCOKY TeMIlepaTypy chanaxy. [Ipuyomy, kpim
MOJIIIIIEHHS OMOpY KOPO3ii, KaJbI[ii TOMITHO TIJBUILYE MEXY MIIHOCTI
MarHi€BHX CIUIaBiB Mpu Temmneparypax 10 2000C [22].

IIpu BmicTi kaneuito 0,1% pi3ko 30UTBIIYETHCS IUIACTUYHICTH MarHi€BUX
criaBiB. [lg Tenmenmis 36epiraerbcss g0 0,3% Ca, komu 31 30UIBIICHHSAM
MJIACTUYHOCTI BifAOyBaeThesl 3MilHEHHs ciiaBy [24]. B poGoti Poxmina JIJI. 1
Hikitinoi H.I. [25] Bim3Hauaerbcs, 1o go0aBKa B TOJBIMHI CINIaBM MAarHilo 3
amoMidieM 10 0,6% Ca crnpusie 3MIITHEHHIO CILIaBiB, 0COOJMBO MPH TMiABUIICHUX

TeMIleparypax, 1 3HHKY€E i1X aKTUBHICTb 11O BIJHOLIEHHIO JI0 KUCHIO.
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Bin3nauaeTbcs MO3UTHUBHUN BIUIMB KaJbI[II0O Ha MAarHi€Bl CIUIABU CHCTEMHU
Mg-Al-Zn-Si, koM npucaiKyd Kaibl[il0 3MIHIOBAJIM TOIOJIOTIIO 1HTEPMETAI/IIB,
NOPIOHIOBAM 3€PHO 1 MiJABUILYBAIM MEXaHIYH1 BIACTHBOCTI cruiaBy [26]. dymku
JOCJITHUKIB IOJI0 BU3HAYEHHS ONTUMAJIbHOI MPUCAIKHU Kajblilo pi3Hl. OpHi 13
HuX [27, 24] BBaxkaroTh, 10 ONTUMAJILHOIO € Tpucaaka B mexkax 0,15 ... 0,2% Ca,
sKka 3a0e3nedye MoApiIOHEHHS MIKPOCTPYKTYPHU 1 MIJABUIIEHHS OIOPY IMOB3y4YOCTi
IIPU BUCOKHUX TeMIepaTypax. 1HIi1

[23, 25] - cTBepKYIOTh, 10 HpH BMicTi Kaibito 0,9 ... 2,0% yTBOprOEThCS
HoBa (paza Al,Ca y BUIIIS/1 TIJIACTUHYACTUX 200 APIOHOKPUCTATIYHUX BUJILICHD, SIK
0 MEeXax 3€peH, TaK 1 BCEpemuHI 3epHa, MO 3abe3rnedye ITiABUIICHHS MEXI
TEKY4OCTI MPH KIMHATHIN 1 MIABUIIEHUX TEMIIEpaTypax MpH JICSIKOMY 3HIKCHHS P
MJIACTUYHOCTI.

Bapiii, sik 1 kanbliiid, Mae ayxe Mally pO34MHHICTh B MarHii. B cucremi Mg-
Ba yrtBOproeTscs Tpu THOM iHTepMeTanminiB: Mg;sBa,, Mg,Ba 1 Mgy;Ba6.
JliteparypHi JgaHi 1OA0 BIUIMBY Oapit0 Ha (I3UKO-MEXaHIYHI BJIACTHBOCTI
Mar”i€BUX CIUIaBIB MPAKTUYHO BiACYyTHI. [Ipu BUBUYEHH! BIUIMBY PI3HHUX JT00aBOK
Oapiro Ha MEXaHIYHI BJIACTUBOCTI MarHi€BOTo CIuiaBy, o Mictuth 18% Al 1 1% Zn,
BiJI3HAYAETHCS, IO Oapiil HE3HAYHO MiABUIIY€E HOTO MeXKa MOB3Yy4YOCTi [22].

1.4 TexHonoris BUPOOHUIITBA JIUTUX JICTAJICH 3 MarHi€BUX CILIaBiB

[InaBka MarHi€eBUX CIUIaBIB MOB'i3aHa 3 PSAOM TPYIHOILIB, OCKUIbKH
CIUTaBU JIETKO OKHUCIIOIOThCA. lle mosicHIoeThest THM, 10 Ha TOBEPXHI PO3IUIABY
YTBOPIOETHCSI PUXJIa OKHMCHA IUTIBKA, 1[0 HE oOepirae po3ruiaB BiJ OKHCICHHS 1
3aropstHHS. OKHCIIEHHS CHOBUIBHIOETBCA B arMmocdepi cipuanoro (SO,) 1
Byriekuciioro (CO,) razy. [Ipu Temneparypax BeieHHs IJIaBKU MarHiil B3a€EMOi€e 3
a30TOM, YTBOPIOE HITP1/IM, 1 IHTEHCUBHO MOIJIMHAE BOJCHb.

[InaBKy BeAyTh B IHAYKIIHHUX Tedax MicTKicTio 0,5-3 T mig mapoM dirocy
BI 2, notim po3miaB po3juBalOTh Y BUHMaIbHI THIJIL, /i€ 31HCHIOIOTH OTEpaIlito
MoM(DiKyBaHHS 1 padiHyBaHHS.

[Topsgoxk TIIaBKM HACTYMHUW: Ha JHO THUIIA IHAYKIIAHOI —medi
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3aBaHTAXKYIOTh YACTUHY APIOHOI MIUXTH, a TIOTIM K MOXKHA IIUIBHO IIMAaTKH OUTBII
BEJIMKOI IIMXTHU, MPOMIKKH MK BEJIMKOIO IIIMXTOK 3allOBHIOIOTH APIOHOIO. 3BEPXY
3acunaroTh Qumoc. [lo Mipi posmiaBieHHS MIABAHTAXYIOTh MIMXTYy 1 TpHU
HeoOxiaHocTi ¢uitoc. Ilicas po3rmuiaBieHHs BCI€T MIKUXTH TPOBOASTH padiHyBaHHS,
MOJM(DIKYyBaHHS 1 PO3JIMBAHHSA 110 (POPMAX TaK CaMo, SIK MPH IJIaBL1 Y BUUMAJIBHUX
a00 CTallOHAPHUX TUIJISX.

[Tpu maBIi MarHi€BUX CIUIaBiB HEIONMYCTUMHI KOHTAKT MeTaily, (pirociB, a
TaKOXX TUIABHJIBHOTO I1HCTPYMEHTY, TUIJIIB 1 IHIIOTO YCTarKyBaHHS 3 BOJIOTOIO,
OCKUIBKH 11€ MOKE BUKJIMKATH 3aiiMaHHs MeTally, BUKHIY MOro 3 revi abo mikcepa
1 IOTIPILIEHHS SIKOCT1 BIUIMBKIB [21].

OcHoBoro OutbmIocTi atociB € kapHaiit (MgCl, KCl). Xnopuctuit 6apiii
JOJAI0Th y (IrocH Jisi 30UIbILIEHHS MOT0 Baru, CIpUsiodl BIIAUISIHHIO (IIIOCY Bl
criaBy. ®dropuctuii  KadbIlli MABUIIYE B'A3KICTh 1 30UTbInye padiHyrody
3natHicTh. OKHMCH MAar”iro JOJaloTh $IK 3aryCHUK, IO 3a0e3leuye yTBOPEHHS

KOPUHKM Tipu nieperpisi metaiy. Cxian ¢rociB HaBeneHo y Tabmui 4.1.

Tabnuis 1.4 — Cxnaau QirociB Jis MIaBKU MarHi€BHUX CILJIaBiB

Cknan, % (3a Macomw)
daroc

Mng KCl1 NaCl CﬁClQ BaClz CaF2 HQO
BU 2 3846 3243 |- 10 5-9 3-5 <3
BU 3 3040 25-36 | <7 <7 - 1520 | <3

®mroc mpu neperpisi cmiaBy 10 900°C yTBOpro€ MIlHY UIIIbHY KOPUHKY,
10 3aXMILNA€ CIUIaB BiJ OKUCIEHHA. He AuBIAYMCh Ha NMO3UTUBHUN BIUIUB, 13
3aCTOCYBaHHSAM (UIIOCIB MOB'A3aHO Ppsi YCKJIQJHEHb: IONaJaHHA (UIIOCIB Y
BIJUIMBKHM, YTBOPEHHS 30CEPENKIB I1HTEHCUBHOI KOpO3li (13—3a BHMCOKOI HOro
TITPOCKOIMYHOCTI), HEOOX1IHICTh JO0AaBKH CBIXKOTO (MIFOCY JJIS 3aXHCTY TOJIOTO
pO3IUIaBy y pe3yabTaTi PO3TPICKYBaHHS KIPKH OKHCJICHOTO (UIIOCY, IHTEHCHBHA
KOpo3is mif jaiero nuity (iarocy, y Bosioriii atmocgepi, Ha cTajaeBi KOHCTPYKIIIT Iexy

[28].
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1.5 Tepmiuna o6poOka BUIIMBKIB 3 MarHi€BUX CILIABiB

MexaHiyHl BIACTUBOCTI JIMBApPHUX MAarHi€BUX CIUIaBIB MOKPAIIYIOTh
TEPMIYHOIO  OOpOOKOI0.  3/MaTHICTP  MAar”Hi€BUX  CIUIaBIB  HA  3MIITHEHHS
O0OYMOBITIOETBCSA 3MIHOIKO PO3UYMHHOCTI JIETYBAJIBHUX E€JIEMEHTIB, 11O BXOASTH JO
CKJIaJly CIUIaBy B 3aJIEKHOCTI BiJ Temneparypu. OCOOIMBICTIO TEPMIYHOT 00OpOOKH
MarHi€BUX CIUIABIB € Majia IMIBUAKICTh MPOTIKaHHS AUQYy31HHUX MPOIECIB 1
MOB'sI3aHa 3 1IUM BEJIMKa TPUBAIICTh HArpiBy JAeTajey IiJl 3arapTyBaHHs, a TaKOX
MOXJIMBICTh ~ OXOJIOJDKEHHS Jetaynieid Ha moBiTpl. [lommpennmu Bugamu
TepMOOOPOOKH €: BiAmas, rapTyBaHHS 1 CTapiHHS.

Bignan ans  marHieBUX — CIUIaBiB  3aCTOCOBYIOTH  JIBOX  BHU/IIB:
TOMOTCHI3AINHNN, KU CIyTy€e NJis BUPIBHIOBAHHS XIMIYHOTO CKJIaay CIUIaBIB 1
YCYHEHHsI JIIKBallli JErylouMX €JIEMEHTIB, 1 peKpucramzaiiinuil. Temneparypa
MOYaTKy peKpucTaiizaiii 4ucTtoro MarHiro — npuoiauzHo 150°C. Y Bumagky
MarHi€BUX CIUIaBIB TeMIeparypa IOYaTKy peKpucTamizaiii ciagae mpuOIu3HO
250...280°C. HaiiuacTime pekpucTagi3aliiiHe BIANAJEHHS M[POBOIATH MpHU
temrieparypax 250-350°C, mpu OUIbII BHUCOKHUX TeMIEpaTypax BiIOyBa€ThCA
3pOCTaHHSl 3€pHa, IMOTIPIIye MEXaHIYHI BJIACTUBOCTI MAarHi€BUX CILIABIB.
[IBUAKICTH OXOJOIKEHHSI HE MA€ CYTTEBOIO BIJIMBY HA MEXaHI4YH1 BIACTUBOCTI.

MarHsieBi criaBu 3MIIHIOIOTh TapTyBaHHAM Ta cTapiHHAM. Ha pucynky 1.7
MOKa3aHO 3MIHU y MIKPOCTPYKTYpi JuBapHOro cruiapy MJIS miciist 3MillHIOBaJIbHO1
TepMooOpoOKku. TlepecnueHi po3urHM HA OCHOBI MarHir0, 3a BHHSTKOM CILIaBiB
MarHito 3 P3M, @ikcyloThCsi mOpu  TOPIBHAHO HEBEIUKUX  IIBHUJKOCTAX
OX0JO/KeHHs. ToMy MarHieBl CIUIaBM 3a3BMYail rapTylOThb Ha MOBITP1 1 1HOAI B
kurisdid Bomi. Ilicnst rapTy craBu migAaroTh MITY4HOMY cTapiHHio. [Ipuponne
CTapiHHS B MAarHi€BHX CIUIaBaX HE Bil0yBa€TbCs, TOOTO BUTPUMKA 3arapTOBAHMX
CIUTaBIB TPHU KIMHATHIA TeMIleparypl HE BUKIUKAE HISKUX 3MIH CTPYKTypU 1

BJIACTUBOCTEH. BUHATOK CKJIa/1at0OTh CIIJIaBH Ha OCHOBI cucteMu Mg—Li.
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- A ; e
Pucynok 1.8 — Mikpoctpykrypa crutapy MJIS, x100: a — B tutomy ctaHi; 0

— B 3arapTOBaHOMY CTaHi ; B — IICJIS TAPTYBaHHS 1 CTapiHHA [5]

[IpoBeneHHS IITYYHOTO CTapiHHA JIO3BOJISE 3OUIBIIMTH  MIITHICTD
MarHieBux ciuiaBiB. [Ipu cTapiHHI CIUIaBiB CUCTEMH ‘‘MarHii—aatoMiHINA~ po3raj
NEPEeCUYEHOTO TBEPJOTO PO3YHHY BiAOyBaeThCs 0O€3 MPOMIKHHUX IEPETBOPEHb,
BUJIUISETHCS piBHOBaXkHA (haza Mg ;Alj,. Posman mounHaeThes 3 Mex 3epeH 1
MOCTYIIOBO PO3IMOBCIO/IKYETHCS Ha BeCh 00’ e€M. BijcTaHbh MI>K YaCTUHKaMH JJOCUTH
BEJIMKA, 1110 HE J03BOJISIE 3a0€3MeUnTH BUCOKI MMOKAa3HUKU MilHOCTI. [Ipomecn, mo
B1I0YBAIOThCSI TIPH CTApiHHI MAarHi€BUX CILJIaBiB, HAWOUIbII TOBHO BHMBYCHI Ha
npukiaal cucremu Mg—Al. MakcumanbHa pO3YMHHICTH QNIOMIHIIO B MarHii
nocsirae 12,7 % 1 3MeHIIY€eThCA 31 3HWKEHHSIM Temrieparypu 10 2 % mpu 20°C .
Takum ynHOM, cruiaBu cucteMu Mg—Al nmoBuHHI OyTH 31aTHI 10 TUCTIEPCUOHHOMY
TBEPAHCHHIO TP yTpuMaHHi Oibire 2 % Al. [ToMiTHE 3MIITHEHHST CITOCTEPIra€ThCS
npu BMicTi Outbie 4...6 % Al [2]. Po3naai nmepecMueHoro TBEPAOrO PO3UMHY B
MarHieBOAJIIOMIHIEBUX CIUIaBaxX BiJipa3y BUIUISETbCS piBHOBakHa y—(ha3a.
Buninsarooreess aucniepcHi 4acTUHKH Y—Gha3W Ha IMOYATKOBUX €Tamax CTapiHHSA
KpuctanorpadiyHO OpIEHTOBaHI 1100 MaTpulli. BoHn maioTh (GopMy IJIACTHHOK,
noBepxHsa skux mnapanensbHa TwiommHaM (0001) wmarpuri. [lpu migBumeHH1
TEeMIIepaTypH 1 TPUBAJIOCTI CTapiHHS Jpyra (a3a moynHae 30UIbIIYBATUCH 1 €PEeKT

3MiI_IHeHHSI SHUXKYETBCA.
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2 MATEPIAJIN TA METOIUKA JOCJIUKEHHSA

VY Xoal mpoBeneHHs PoOOIT MO JOCHIIPKEHHIO BIUIMBY JY>KHO3EMEIbHUX
€JIEMEHTIB Ha BIACTUBOCTI MarHieBoro cruiapy MJIS Oynu mpoBeneHi HACTYIHI
eTany: IPUroTyBaHHsA (GOpM AJid OTPUMAaHHS 3pa3KiB; MOAU(DIKYBAHHS PO3IJIABY
KaJpL1eM 1 0apieM; BUTOTOBJIEHHS 3pa3KiB; JOCIIKEHHS MIKPOCTPYKTYPH 3pa3KiB;
BUMPOOYBAHHS MIKPOTBEP/IOCTI 3pa3KiB; aHaII3 OTPUMAHUX PE3YJIbTaTIB.

2.1 IlpoBeneHHs IIaBKU Ta TEPMIYHOT 0OpPOOKHU

Jlist  mpoBeneHHS  JOCHiAy 1O  MiABUIICHHIO  (13MKO—MEXaHIYHUX
BJIaCTUBOCTEN crmiaBy MJIS BUKOpPUCTOBYBaJM CIUIAB IIPUIOTOBIICHUM 34
cTaHAapTHOIO TexHoJorier. Crmmas MJIS BumiaBisuim B IHAYKUIWHIN TUTEIbHINA
neui tumy IT[IM-500, npu3HaueHoi NI IJIaBKU CIUIABIB Ha MAarHi€Biil OCHOBI.

TexHiyH1 XapaKTepUCTUKU 1HAYKLIMHOI TurenbHoi mneui [[IM-500 wnaBeneni B

Tabmui 2.1.
Tabmuus 2.1 — TexHiuHi xapakrepuctuku nedi [IIM-500

HaliMmeHyBaHHS mapaMeTpiB IIIM-500

BwmicT meui, kr 500

TpuBaicTh M1aBKH, XB. 100

[IpoayKTUBHICTb, KI/TOJ 230

[ToTyxHICTh, KBT 140

Hanpyra, B 380

Fabapuru 1450x2400x2200
(IOBXXUHAXITUPUHAXBUCOTA), MM

JleryBaHHsT pO3IUIaBY NPOBOJWIM B po3AaBajbHIM Tmiedi. TexHiuHi

XapaKTEPUCTUKHU PO3/AaBaIbHOI €4l HaBeIeH1 B Ta0mui 2.2.
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Tabnuis 2.2 — TexHIYHI XapaKTepUCTUKH PO3JaBaJIbHUX Meuei

[Tapamerpu Bennuuna
Bwmict nmeui, xr 150
lMabaputu (MOBKUHAXIIIUPUHAXBUCOTA), MM 1300x1150%480

Beenenns niratyp, mo mictath Ca ta Ba, mpoBoauin y po3uBOYHIN JTOXKIT
o6’emoMm 10 mitpiB mpu Temmneparypi cruiaBy 740-760°C. Jlns BUSBICHHS
ONTHUMAJIBHOI ~ KOHLEHTpauli  JOCHIKyBaJbHUX €JIEMEHTIB y CIUIaBl 3
MaKCHUMaJIbHUMH (h13UKO—MEXaHIYHUMHU BJIACTUBOCTSIMHU 3aJIUBAJIA P13H1 BapiaHTH Yy
niaroToBiaeHHi Qopmu s 3paskiB  (puc. 2.1) TOCTYNmoOBO MiABUUIYIOYU

KOHIICHTPAIIIO JIETYBAIBHUX €JIEMEHTIB Y JaHOMY 00’ €Mi.

22

Pucynok 2.1 — Cxema nuBapHOi (HopMu A5l OJiepKaHHS 3pa3KiB
TepmiuHy 00pOOKY JOCIITHOTO METaTy IMPOBOJIUIIHN MO pexxkumy T—6 ( 1uB.

Tabi. 2.4) y repmiunux nedax tuny benbs'to Ta [TAITI-4M.
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Tabmuns 2.4 — Pexum TepMooOpoOku T—6 ms exkcrepeMeHTalIbHUX

3pa3KiB
l'apryBaHHs Crapinns
Temneparyp | Hac OxonmomxyBanbHe | Temneparypa

' ' ' Yac BUTPUMKH,
a HarpiBy, BUTPUMKH, | CEPEIOBHUILIE 1 MOTO | HAarpiBy,

rox

°C roJt temmeparypa, °C °C
41545 1224 MOBITPS 17545 12-16

TexHIYH1 XapaKTepUCTUKHU JaHUX Medyed MpeAcTaBieHi y Tabmuul 2.5 Ta

tabiumi 2.6.

Tabmuns 2.5 — XapakTepucTruka TEpMIYHOI MIaXTHOT nedi Tuny benbs’ro

XapakTepucThKa 3HaYeHHs
1 2
[TotyxHicTh, KBT 112
Hanpyra, B 380
Po6oua remneparypa, IC 580
Jomyctumuii neperpis remieparypu, °C +5
lMabapurtu pobouoro mpocTopy, MM
BHCOTA 2720
aiameTp 2085
["abaputu arperary, MM
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[Tponorxenus Tadmuii 2.5

1 2
BHCOTA 3285
JiameTp 2430
KepyBaHnHs arperary py4yHe 3 myjibTy
KepyBaHHSI
[IpoayKTUBHICTb, KI/TOJ 95
MakcuMalibHE 3aBaHTAXKCHHS, KT 1200

Tabmuus 2.6 — Xapaktepuctuka Tepmiunoi nedi tuny [TAII-4M

[Tapamerp Bennuuna
1 2
YacTora oGepranHs potopa, 00/XB 1470
[ToTyXHICTb €1eKTPOABUTYHA, KBT 28
Makc. Temnieparypa Harpisy, °C 420
Yac nepuionoyarkoBoro po3irpiBy 6e3 cajiku, roj 0,5-3,5
Jlonyctumuii neperpis temmneparypu, °C +5
["abaputu pob6oyoro mpocTopy, MM

JloBxxuHa 1250
[Hupuna 1450
Bucora 2000
["aGaputu arperary, MM

JloBxxuHa 3670
[Hupuna 2150
Bucora 2190
KepyBanHns arperary pydHe 3 MmyJIbTy KepyBaHHS
[IpoayKTUBHICTb, KI/TOJ 50

2.2 MexaH14H1 BIACTUBOCTI Ta MeTanorpadiuHi J10CI1KEHHS

MiKpOCTPYKTYpy BHUBYAIM METOOM ONTHUYHOI Mikpockomii ( «Neofot 32»)
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Ha TEpPMIYHO OOpOOJIEHHX 3pa3Kax 10 W Micis TpaBiieHHs B peaktuBi: 1 % a3oTHa
kuciota; 20 % onrosa kuciiora; 19 % guctrmiaboBana Bojaa; 60 % eTHICHIJINKOJIb.

MIiKpOTBEpIICTh AOCHTIPKYBAaHOTO MeTajla MPOBOAMIIA Ha YyCTaHOBII
MmikpoTBepaomip “Buehler” MMT7T.

BunpoOyBanHs Ha MIKPOTBEPAICTh BAABICHHSIM IO METOIY BiJHOBIIEHOTO
Bimoutka 3a JIECT 9450-76 monsrae B HaHECEHHI Ha BUIPOOYBaHY MOBEPXHIO
BUpOoOy (3pa3ka) BiAOMUTKA Mif AIEI0 CTATUYHOTO HAaBAaHTAXEHHS, MPHUKJIAACHOI /10
aJIMa3HOTO HAKOHEYHWKAa TPOTATOM TeBHOro uyacy. llicis  BuganeHHs
HAaBaHTAXCHHS W BUMIPY ITapaMeTpiB OTPUMAHOTO BIJOMTKA YHUCIIO MIKPOTBEPIOCTI

BapTO BU3HAYAJIM 32 POPMYIIOIO:

0.102-2 Feg %-cos’gz

:1.313i

j2

2.1)

Y dopmyii (2.1) npuifHATI HACTYITHI TO3HAYCHHS:

F — HopmanbHe HaBaHTaXEeHHs, MPUKIIaJIEHE 0 aIMA3HOTO HAKOHEYHHUKA,
H(krc);

S — yMOBHa IUIOLIA Gi4HOT TOBEPXHi OTPUMAHOTO BiIOHTKA, MM’;

1 — po3mip BiIOUTKA, MM;

d — cepemne apudmeTnuHe TOBKHMH 000X [iaroHajeil  KBaJpaTHOTO
BIOWTKA, MM;

R — paniyc nuninapa, piBHUM 2 MM;

o 1 3 — KyTH pi3HHX 3arOCTPEHb AJIMa3HUX HAKOHEYHHUKIB, Tpal.

2.3 PentrenocnexTpaibHUM aHATI3

PeHTreHocnekTpaJibHUI ~ aHajgi3 BUKOPUCTOBYBAJIM JJIA  SIKICHOTO 1
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KUIBKICTHOTO BM3HAQUEHHS XIMIYHOIO CKJIaAy. 3acHOBAaHMW Ha 3aJIeKHOCTI
IHTEHCHUBHOCTI XapakTepUCTUYHUX JiHIN (mroopeceHIii Biag oro MacoBoi aomi B
pooi. BuszBane NEPBUHHUM PEHTIeHIBCHKUM BUTIPOMIHIOBAHHIM
XapaKTepUCTUYHE BUIPOMIHEHHS €JIEMEHTIB B MPOO1 Pa3KIATAEThCS B CHEKTP 3
HACTyITHUM BHUMIPOM aHAJIITUYHUX CUTHAJIB 1 BHU3HAYEHHSIM MAacOBOi JOJ1
€JIEMEHTIB.

AHani3 nNpoBOJWIN HA €JIEKTPOHHOMY Mikpockori POMMA-202M, saxuit
noeaHye (yHKIT pacTpoOBOTO EJIEKTPOHHOTO MIKPOCKOINA BHCOKOI PO3IIIBLHOI
3JIaTHOCTI M PEHTICHIBCHKOTO MiKpoaHaji3aTropa i BUKOPUCTOBYETHCS JJIs aHAIII3Y
SAKICHUX 1 KUIbKICHHX XapaKTepHUCTHK pPI3HUX 00'ekTiB. EnexkTpoHHO—ONTHUYHA
cucrema (EOC) npunany Tpu miH30Ba (puc. 2.4), BKIIOYA€E JBOJIH30BUMN
koHaeHcop 1 00'ektuB EOC, 3a06e3mneuye popMyBaHHS €IEKTPOHHOTO 30H/1a MaJIOTO
JiaMeTpa B IIMPOKOMY Jiama3oHl MPHUCKOPIOBAIbLHUX HampyT. s oTpuMaHHs
300pa’Ke€HHSI B €JIEKTPOHHOMY MIKPOCKOI BUKOPUCTOBYIOTHCS CUTHANIUA, CTBOPEHI
BTOPUHHUMH, BITOUTHUMHU, TOTJIMHEHUMH €IICKTPOHAMU; ISl TIPOBEACHHS aHAII3Y
XIMCKJIaZly TTIOBEPXHI 3 JIOKAJIBbHICTIO 1-3 MKM 1 OTpUMaHHS 300pa’KeHHsI TTOBEPXHI
B PEHTICHIBCBKMX  MPOMEHSIX  —  XapaKTEePUCTUYHE  PEHTTCHIBCHKE
BUIIPOMIHIOBAHHSI, 10 BUHUKAE MPU B3AEMOJII €JIEKTPOHHOIO 30HAA 3 MIOBEPXHEIO
3pa3zka. PeHTreHoCcneKTpanbHUI MIKpOaHali3 MPOBOJUTHCS 32 JIOMOMOIOI0 JBOX
Kpuctan—audpakuiinux crnekrpomeTpiB XJ{AP HaxuiaeHoro Tumy, BUKOHaAHUX 3a
CXEMOIO MOBHOTO (hOKyCyBaHHS 3 HAOOPOM KpUCTaIIB—aHAJI3aTOPIB ISl T1aa3oHy
eJeMeHTIB BiJ Bymiens (Z=6) no ypana (Z=92). Cuctema eHeproauciepciiHoro
anamzy EJIAP 3a0e3nedye mpoOBENEHHS EKCOpEC—aHAMI3y Uil JI1ala30Hy
eneMmeHTiB Bing Harpis (Z=11) mo amepumis (Z=95). EnexkTpoHika pacTpoOBOTO
MIKpOCKOIIa Ma€ KOMIUIEKC CepBicy sl OOpOOKM CHUTHANIB, MaHIMyJasAUii 3

pacTpoM, aBTOMAaTHU3allii HACTPOIOBAHHS 1 FOCTUPYBAHHSI.
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Pucynok 2.4 — Cxema enextpoHHoi ontuku POMMA:

1 — xarox; 2 — moxynsaTop; 3 — aHom; 4 — oOMmexyroda giadparma; 5 —
nepiia KOHJEHCOpHa JiH3a; 6 — Jpyra KOHJACHCOpHA JIiH3a; 7 — Karylika
MOJIBIHHOTO BIIXWICHHS; 8 — crirmarop; 9 — 00’ekTuBHa niH3a; 10 — miadparma,
10 00OMeXKy€e po3Mip mydka; 11 — JeTeKTop peHTreHIBChKOTO0 BUIIPOMIHIOBAHHS; 12
— migcuioBad (poTomoMHOXKyBada; 13 — reneparopu po3roptku; 14 — 3pasok; 15 —
JIETEKTOP BTOPUHHUX E€JIEKTPOHIB; 16 — 10 KaTyIIKH MOABIMHOTO BiAXHMJICHHS; 17 —

KkepyBaHHs 30u1bieHHsM; 18 — EINIT [23].
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3. PE3YJIBTATU JTOCJIIJIX)KEHHSI TA IX OBTOBOPEHHS

3.1 Anani3 pyliHyBaHHs JUTHX JeTajeil

I3 3pocTarounM yCKIaTHEHHSIM 1 )KOPCTKICTIO YMOB €KCIUTyaTallii Cy4acHOi
TEXHIKM HaJ3BHYAWHO aKTyaJbHOI cTajia mpoliieMa CTBOPEHHS MarepialiB, IO
3a0€3MeuyloTh MOpSJ 3 BHCOKOIO MIIHICTIO JOCTaTHIO HAAIMHICTh MOPOTHU
pyiinyBanHs. CaMe TOMY B OCTaHHI POKH BEJIHMKE 3HAYCHHS HAJAETHCS BUBYEHHIO
npoliecy pyWHYBaHHS W BIUTMBU PI3HUX CTPYKTYPHHX 1 TEXHOJOTIYHUX (haKTOPiB
Ha XapakTep pyrHYBaHHS.

PyliHyBaHHS KOHCTPYKIII B €KCIUTyaTallii, 10 MPU3BOASIThH J0 aBapiMHUX
BIJIMOB, BIJTHOCHO PIAKICHI; JUIsl CEpIMHUX BUPOOIB BOHU CKJIAJAIOTh THCSYHI 1
MUJTBMOHHI YacTKH BIJICOTKA Bij 3arajbHOi KUIBKOCTI €KCILTyaTOBaHUX BHPOOIB.
Tomy aOCOJIIOTHO OuY€BHIHA HEOOXIJAHICTH BCTAHOBJICHHSI O0'€KTUBHUX MPUYUH
pYWHYBaHHS JIJIs 3a1100ITaHHS X B MOJATBIIOMY .

VY 3BSI3KYy 3 YCKJIAQQHEHHSM Cy4acHOro OOJaJHaHHS BUHHUKAE Mpoliema
30UTbIIEHHSI MOro Barv, 3aBASAKM YOMY 3aCTOCYBaHHS JIETKMX CIUIaBIB IS
BUTOTOBJICHHSI IOTO JIeTaliell € aKTyaJIlbHUM 3aBIaHHSM. Tak JJid MOJETIIEeHHS Baru
OCH30MWIN TEPCIEKTUBHUM € 3aMiHa pPSIAy JUTUX JeTalield, BUTOTOBJICHUX 3
QJIIFOMIHIEBOTO CIUIABY HAa MAar”i€BUM 3 MiJABUILIEHUM KOMIUIEKCOM MEXaHIYHUX
BIacTUBOCTEeH. OJHAaK Mar”i€eBl CIUIaBM B TOPIBHSHHI 3 aJIFOMIHIEBUMU MalOTh
JIEII0 MEHIINA KOMILJIEKC MEXaHIYHUX BJIACTUBOCTEH 1 KApOMILHICTD, 1110 BUMAarae
X TIOJIIIIIEHHS 32 PaXyHOK MOU(DIKyBaHHS.

OpnHielo 3 HAWOUIBII METAIOMICTKMX YacTHMH OCH3OMNMWIM, IO BHMAarae
3aMIHU Marepiaiy, € kopryc kaprepa (puc. 3.1). IIpu BUroTOBIICHH] JaHOT BUJIUBKH
3 cTangapTHoro ciasy MJIS marouy ckiagHy KOHQIrypaiio, B Ipoueci TpUBaioi
eKCIUTyaTalli 1 Ipyu MeperpiBaHHl MOXYTb YTBOpUTHUCS TpimuHu (puc. 3.2). [ns
MOJIIIIEHHS CTPYKTYPH, MEXaHIYHUX BIACTHBOCTEH 1 KAPOMIIHUX JOCIIHKYBaIN

BIUIUB JIY>KHO3eMeIbHUX MarepianiB Ca 1 Ba Ha 111 mOKa3HUKH.
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Pucynok 3.2 — pyitnyBaHHs aerani 31 cruiapy MJIS y BUIIIsiAl TpimuH
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Pucynoxk 3.3 — Po3noBcropkennst Tpimunu B criaBi MJIS mo mexax 3epna, x200
OcHoBHa Maca po3NISIHYTUX TPIIIMH BUHUKAJA Y pa3i eperpiBy kaprepa
OCH3OMMIWIIN TIPY BEJIMKUX MMEPEHABAHTAKEHHSAX Y KPUTHUYHUX PEKUMAX
(Puc. 3.3)
[TpoBeneHi aHai3M XiMIYHOTO CKJIAly 1 MEXaHIYHUX BIACTUBOCTEHN
3pa3KiB METay, BUPI3aHOTO 3 JIUTHX JETaeH, MOKa3ain, 0 BOHH BiAMOBIIAIOThH
Bumoram JICTY 2856-79 (tabn. 3.1). Takum 4yuMHOM CTaHAApTHUN MarHi€BUN
crutaB MJIS, 3a10BOIbHAIOYM BUMOTaM HOPMATUBHO-TEXHIYHOI JOKYMEHTAIIi1 1
3a0e3meuyour rapaHTOBaH1 CTPOKU KCIUTyaTailii OEH30IUIIH, HE 3aBK/IH
3a0e31euyoTh He0OX1AH1 BIaCTUBOCTI BUPOOIB 3 BEIUKUMU
MEPEBAHTAKCHHIMU B KPUTHYHHX pEKUMaxX 1 BUMAaraloTh IIiJIBUIICHHS 1X

YKapOMIITHOCTI.
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3.2 Anamni3 BBy Ca, Ba Ha MexaH14H1 BIaCTUBOCTI Ta CTPYKTYpY CILIaBy
MJIS
Maxkpodpakrorpadivyne AOCIIHKEHHS 371aMiB 3pa3KiB OKAa3alio, 110
3pocTaroyl IPUCAIKU KalbIliio 1 6apito okpemo B cuiad MJIS nmoapioHioBain
cTpykTypy Metany. Ciin 3a3HaunTH, 110 Ticis BBeaeHHs 1,0% Ba B crutasi
YTBOPHWJIKCS TIOJIOH 1 CIIOCTEPIraiocss HEPIBHOMIPHUN PO3MOALT IHTEPMETAILTIAHUM

¢da3u B crpykTypi. [Ipu BBeIeHH1 B JOCIIII)KYBaHUH CIUIaB KajibLio 10 1,0%,

IeHO0Opa30BaHHsS B METaJjli HE BHSBJICHO.

Pucynox — 3.4 3mamm 3paszkiB 31 cmmaBy MJIS 3 Ca u Ba, x5: a — 06e3

monudikyBanusi; 6 — 0,05 % Ca; B — 0,1 % Ca; v — 1,0 % Ca;
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1 —0,05% Ba; e—0,1 % Ba; x—1,0% Ba;3-0,1 % Ca+ 0,1 % Ba.
Tabmumsa 3.1 — XiMIYHMHA CKJIaZ 1 MeXaHi4Hl BJIACTUBOCTI JIMTUX JeTalel 3

marHieBoro craBy MJIS micns excrutyararii

XiMIUHUH ckiaa, Mac. % MexaH14H1 BJIaCTUBOCTI

Al Mn /n Zr |Nd | Mg | o, Mlla 0, %

7,7...8,9 10,17...0,45 | 0,20...0,75 | — |- |ocH. |227...238 |2,2...34

Pucynok - 3.5 Mikpoctpykrypa TepMooOpoOiaeHux 3paskis 31 criaBy MJIS, x200:
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a — 6e3 momudikyBanns; 6 — 0,05 % Ca; B — 0,1 % Ca; r — 1,0 % Ca;
n1—0,05% Ba; e—0,1 % Ba; xx-1,0% Ba;3-0,1 % Ca+ 0,1 % Ba.

T e .\._," = - A ;3‘ : : S0
. g i . 3(5
e e am
S S
= : %‘_' e =
. - - -~
e -, _—— s ()—_ ~
E‘-:. & 7 ¥ ““ = ]
K

npoaoBxkeHHs: pucyHky 3.5 1 — 0,05 % Ba; e — 0,1 % Ba; xx —1,0 % Ba; 3 -
0,1 % Ca+ 0,1 % Ba.
CepenHi po3Mipu CTPYKTYPHHUX CKJIQJHUKIB 1 MIKPOTBEPIICTh B 3pa3Kax B 3pa3Kax

31 crutaBy MJIS ¢ Ca i Ba

Bwmict, mac. % | Benuuuna Bincranb mix MikpoTBepIiCTh MaTPHIIL
(pasp.) MIKpO3epHa, BiCSIMU HV, MIla
MKM nenapuris 2 110 T/0 nicis /0
MOPSAIKY, MKM

-- 140 21 1115,9 1227,1

0,05 % Ca 130 19 1126,3 1234,1

0,10 % Ca 120 18 1135,4 1267,1

1,0 % Ca 130 19 1186,8 1283,8

0,05 % Ba 120 18 1085,7 1110,8

0,10 % Ba 110 17 1034,8 1042,0

1,0 % Ba 100 16 988,7 1012,6
0,10 %Ca +

0,10 %Ba 80 15 1132,6 1264,5

MPCA wmerany 3 npucaakamu Ca u Ba noka3zas, 1110 BOHU BXOJWJIU B CKJIaJl
BKJIIOUEHB, 111 Si, Fe Ta iami gomimku (puc. 3.6). Jlani BKIIIOUEHUS, 3HAXOIUTHCS B

CepellMHl 3€pHa, MOXYTh OyTH JIONOBHEHMMHU ILIEHTpaMHM KpHUCTajizamii 1
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MOIPIOHUIIN KPUCTAITH.

WD=10.6mm

PRSI [ERpE e

515: 5.089 kaB

Hinsaka | Ca | Ba Fe Si | Mn | Mg | Cymma
Ca 36,67 | 0,86 | 28,98 | 24,87 (3,58 2,84 | 100

B
Pucynok - 4.26 Pesynsratu PCMA inTepmetaningnoi ¢as3u B cruiaBi MIJIS,

monudikoBanoro 0,1% Ca + 0,1 % Ba. A — micrie aHanizy 0 — CIEKTpOrpaMu MiCT
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10 aHAJI3YETHCS; B — XIMIUHUN CKJIa] AUISIHKY (Macc. %),

bapiii € monudikaropom I pomy 1 HE pO3UMHSAETHCA B TBEPAOMY MarHii,
MIJBHINYE TIACTUYHICTD crutapy MJIS 1 maibke He BIIMBae Ha MirHICTh. Kanbiii
akuil € Moaudikatopom Il pomy 1 po3uMHSETHCA B TBEPAOMY MarHii, MiJBULLYE
MILHICTh HPH HE3HAYHOMY MIABULIEHHI IJIACTUYHOCTI. MonudikyBaHHs oOoma
eJIeMEHTaMHM II1JIBUIIYBAJIO K MIIIHICTh TakK 1 INIACTUYHICTh JUB Ta0II.

MexaHi4H1 BIaCTHUBOCTI 1 %apOMILHICTh (cepeHe 3HaueHHs) cruiaBa MJIS 3

CaTtaBa

BwmicT enemeHTiB, MexaH14H1 BIIaCTUBOCTI %0

mac. % (pa3p.) 6e3 1/0 micis T/0 f1s0-
cs, Mlla 0, % c,, Mlla 0, % ae

-- 160,8 2,5 2284 3,2 141,6
0,05 % Ca 167,0 2,8 2354 3,4 147,9
0,10 % Ca 177,0 2,6 246,0 3,7 208.,4
1,0 % Ca 188,0 3,0 2530 3,5 190,0
0,05 % Ba 161,0 3,6 236,0 3,8 145,4
0,10 % Ba 160,9 4,2 237,0 4,6 177,2
1,0 % Ba 163,0 4,8 230,0 5,3 151,2
0,1 % Ca+0,1 %Ba 185,8 4,7 250,5 5,1 210,5

JKapowmiiiHi BIACTUBOCTI CIUIaBiB, MOAM(IKOBAHMX KaJlbIlieM 1 OapieM,
MIEPEBUIIYBAJIA BIACTHBOCTI HEMOAUPHUIIMPOBAHHOTO MeTany (AuB. Tabm.). Benwmki
3HAYEHHS >KapoMIITHOCTI oTpuMaHi Ha 3pa3kax 3 0,1% Ca i Ba koxHoro, npu
bOMY CIUIbHE 1X IMPHUCYTHICTh B CIUIaBl Jajio Takuil ke pesynsbrar, sk 0,1% Ca.
[Tomanpiie miABUIIEHHS BMICTY MOAM(IKATOPIB 3HUKYBAJIO TPHUBAILY MIIHICTD
CILIaBY.

TakuMm yuHOM, HalWKpallle MO€AHAHHA BIacTUBOCTEM criaBy MIJIS Oyno

nocsrHyTo npu MoaudikysanHi ioro 0,1% Ca + 0,1% Ba.
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4 EKOHOMIUHA E®EKTUBHICTD BIJ] BUKOPUCTAHHS PE3V/ILTATIB
JTOCIIJDKEHHS

4.1 TenneHLli pO3BUTKY PUHKY MarHi€BuXx CILIaBiB
B ocranni gecATHNITTA  cmocTepirajacs — TEHJSHINS  3POCTaHHS
3aCTOCYBaHHSI MarHir0 1 HOro CIUIaBiB MPakKTUYHO Yy BCIX Taly3siX CBITOBOI

IPOMUCIIOBOCTI, BIIMOBIAHO 301IbIIyBanucs 1 00caru Bupoouunrsa (puc. 4.1).

THC. T.
500

400
300
200
100

0
1937 1953 1969 1985 2010, poku

Pucynok 4.1 — Jlunamika BUpOOHUIITBA MarHito y CBITI

CruiaBu Ha OCHOB1 MAarHiro 3HaWIIIM HIMPOKE 3aCTOCYBaHHS B aTOMHIN
SHEepreTHIll, aBialiifHiil Ta aBTOMOOLIbHIN MPOMHUCIOBOCTI, KOCMIYHIN TEXHIII 1 €
JPYTOI0 BEIUKOIO 00IaCcTIO 3aCTOCYBAaHHS YHCTOTO METally, Ha AKy npumanae 33 %
Horo cBiToBOro cnoxuBaHHs. [Ipu 1pomy OaraTo BUPOOHHUKIB TMPOTHO3YIOTH
301IBIIEHHS] 3aCTOCYBaHHS MAarHl€BUX CIUIaBIB K KOHCTPYKUIMHUK Marepial, 1
1ICHy€ MMOBIPHICTb, 110 MOJAJbIIE 3HKESHHS IIIHU Ha MarHiii Mo)ke MPHU3BECTH 10
BUTICHEHHS MAarHi€BUMH CIUIaBaMH alloMiHil0. buiemn  getanbHO  oOJacti

3aCTOCYBaHHS MarHiro IPeACTaBICHI Ha PUCYHKY 4.2.
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MojmdixysanHs aByHy .
1 Hlecynbanis

Marniesi ciuiau 13

33

Bignosnenus Metanis

AJOMIHIIOBI CILIABH
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Pucynok 4.2 — OGnacti 3aCTOCyBaHHS MarHito, %

Ha pucynky 4.3 mnpeacraBieHa guHamika BHPOOHMIITBA MEPBUHHOTO
MarHilo cepei KpaiH CcBiTy. 3a JAaHUMU 3 pI3HHX JDKEpeNl Ta JaHUX MHTHOI
CTaTUCTUKU, CyMapHE BHUPOOHUIITBO MEPBUHHOTO (TMEPBMHHUI TOBApHUI MarHiu
BUKJIIOYAE€ MarHii, BUPOOJEHUM 3 JIOMIB 1 BIIXOIB (BTOPMHHUI MarHii) i MarHiw,
BUpOONEHU Oe3nocepeHh0 Ha THUTAHO-MAarHi€BHX 3aBOJaX 3 TIOBOPOTHOTO
XJIOPUIy MarHito, OTPUMAHOTO B TMPOIECl BUPOOHUIITBA ryOdaroro Tutany B P,
Kazaxcrani, Ykpaini, Snonii) ToBapHoro mMarHiro B cBiTi B 2015 porri ckiano 983
THUC.T, 3HU3UBIINCH Ha —20 Tuc.T ado —2.0 % B mopiBusAHHI 3 1 003 Tuc.T B 2014
pormi. Cmnan BupoOnunTBa 3adikcoBano B Kwurai (—22 TuHC.T) depes
nepeBupoOHuUTBO B 2014 pomi, cnagy BUpOOHMITBA ry04aroro THUTaHy 1
noripuieHHss ymoB puHKy B 2015 pomi, B I3paim (-1 tmc.t), ne ICL nnanye
noerarHe 3akpuTTsa Dead Sea Magnesium, B Pocii (— 0.5 tuc.t) 1 Kazaxcrani (—0.2
TUC.T). 3pocTtanHs BupoOHuUITBa crocrepiraerbes B CIIA, me US Magnesium
3MIMCHIOE MPOEKT IMOAO MOETAMHOTO 30UIbIISHHS MOTYXXHOCTI 3 63 THC.T 10 76
TUC.T Ha pIK, nocaruyBmu B 2014 pori piuHoro BupoOoHunTBa 68 THC.T 1 B 2015
POKY 301LIBIIMB BUPOOHHUIITBO 710 72 THUC.T HA PiK, BUMIIOBIIH 10 KiHIIA POKY Ha 76
TUC.T Ha PIK 3allJIaHOBAHOI MPOEKTOM IMOTYXHOCTI. Po3misimaerbes mnopanbliiie
30UTbLIEHHSI TMOTYXHOCTI 1 BHpoOHHMITBA A0 90 THC.T Ha pIK Yy 3B'A3KYy 3

TUTAHOBAHHUM 3aKPUTTSAM 3aBOJY B [3paili.
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Pucynoxk 4.3 — [IpoBigHi BUpOOHUKHN TIEPBUHHOTO MATHIO

[limBomsiun MiACYMKH, MOXHA BII3HAYUTH, IO JIiJAEpaMu BUPOOHUIITBA
nepBuHHoro MarHiro € CIHIA Tta Kwutail, B VYkpaiHi NepeBaXHO OTPUMYIOTh
BTOPMHHUI MarHii B mpoiieci BUpOOHULITBA I'yOUaToro TUTaHy.

OcHoBHa TIepeBara METaJIeBOr0 MarHito — HOro BUCOKA MUTOMA MIIHICTb.

Ha Tenepimuiii yac B MPOMHUCIOBUX yMOBax IMPW BUPOOHMIITBI BiJIJIMBKIB
TUIYy “KOpIyC NaJMBHOTO Hacocy’ aBialliiHOTO JBUTYHa 31 cruiaBy MJIS mo
TEXHOJIOT1i mependayaeTbCcsi MPOBEICHHS PEMOHTHUX POOIT MICIs MEBHOTO Yacy,
SK1 TIOB’S13aH1 3 pyHHYBaHHSAM J€Taneil.

MeToro 1aHOTro JOCIHIKEHHS OyJI0 po3po0ICHHS METOIUKH, IO JI03BOJISE
aHaJI13yBaTU MEXaHi3M MOSIBU TPIIIUH Ta MPOBECTU JTOCIIIKEHHS BIUIMBY MarHii—
TUTAHOBOI, MAarHi—IMPKOHIEBOI Ta MarHii-TadrieBoi mirarypum Ha (i3uko—

MEXaHI4HI BIACTUBOCTI Ta KAPOMIIIHICTb.
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BnpoBajkeHHsT HOBOi  TE€XHOJOIIT  JO3BOJUTH  30UIBIIUTH  CTPOK
eKCIUTyaTalli Jaeraned 13 MarHieBoro cmiaBy MJIS 3a paxyHOK BUKIIIOUEHHS
MOKJIMBOCTI TIOSIBM TPIIIWH, IO BHUKJIIOYAE€ 3aTpaTH Ha PEMOHTHI pPOOOTH 1
JIO3BOJIUTH OTpUMarH €KOHOMIYHUH edexr, 30UIBLINTH piBEHb

KOHKYPEHTHOCIIPOMO)KHOCTI Ta JTIO3BOJIMTh 3aMIHUTH JOPOXKY1 )KAPOMILHI CIUIaBH.

4.2 TlnanyBaHHSI HAYKOBO—IOCIIAHUX POOIT

[TnanyBaHHS TPOBEJAEHHS JOCIIIKEHb MO BIUBY JIETYBAaJbHUX €JIEMEHTIB
Ha MEXaHIYHI BJIACTUBOCTI Ta >KAPOMIIHICTh JIMBAPHOTO MAarHi€BOrO CIUIABY
MIPOBOAMIIOCS 32 JIONTIOMOTOIO CITKOBOTO Tpadiky.

CucremMa CITKOBOTO IUJIAHYBAaHHS Ta YIPABIIIHHS CKJIAIa€ThCA 3 HACTYITHUX
€TarliB:

®  CKJAJaHH MEpeiKy €TamiB 1 BU3HAYEHHHS iX TPUBAJIOCTI;

e  noOymoBa CITKOBOTO rpadiky;

®  pPO3paxyHOK OCHOBHHX MapaMeTpiB.

JIns mouaTky HEOOXITHO BU3HAYUTH TOCHIJOBHITH MPOBEICHHS HAyKOBO—
JTocHiHOT poOoTH. Bynb—sike HaykoBe MOCHIIKEHHS PO3MOYMHAETHCS 3 aHAIIZY
iHopMaIiiftHMX MaTepiaiiB 3 oOpaHoi Temu. J[Jig IIbOro Ha MOYATKOBOMY eTarll
HEOOX1THO 3MIMCHUTH HAKOMMMYEHHS HayKoBoi iHdopMarlii: O6i6miorpadivynuii
MOIIYK, BUBUYEHHS OKYMEHTIB, OCHOBHHUX JIKEpeNl IIOA0 TEMH, CKIACTH OTJIS]
miteparypu. Ilo 3aBepuieHHIO [BOrO eTamy HEOOX1AHO C(hOPMYIIIOBaTH 1
OOrpyHTYBaTH MpeaMeT A0CiiKeHHs. [licas BU3HaYeHH HAPSIMKY JIOCIIIKEHb —
HEOOXITHO BHUTOTOBUTHU JOCHIAHI 3pa3ku, JIA TepeBipku rinmore3. Ilicis
BUTOTOBJICHHSI 3pa3KiB (JIMTBOM) HEOOXIJTHO MPOBECTH MEXaHIYHY OOpOOKy, IJjis
TOro, MO0 pPO3MipH 3pa3ka BIAMOBITATH HOpMaMm craHaapty. Jlam HeoOxigHO
MPOBECTH BCl HEOOXiAHI BUMPOOYBAaHHS Ta JOCHIIUTH CTPYKTYpH JIMBApHHUX Ta
TepMO0OpoOIeHnX 3pa3kiB. OTpUMaHi pe3yibTaTd MIATBEPIAKYIOTh POTHO30BAHE
MIJIBUIICHHS KOMIIEKCY MEXaHIYHMX Ta JKaApOMIIHUX BIJIACTHBOCTEH, SKi

JIOJTATKOBO TIEPEBIPAIOTHLCA Ha AOCHIAHIN JeTajl, BUILUIABICHIA 3 HOBOTO CILJIaBY.
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bbb etanbHO eTanu JOCIIKEHHS OMKMCaHI1 B MOMEPEIHIX PO3iiIax.

CitkoBwuii rpadik sBisie co6010 1H(GOPMAIIHHO—TUHAMIYHY MOJAEIb, B SIKIN
300paKyIOTBCS  B3a€MO3B’SI3KY 1 pe3ylbTaTH BCiX poOIT, HEOOXITHUX s
JOCSITHEHHSI KIHLEBOI MeTH mpoekTyBaHHsA. I[lpu moOynoBi CITKOBOI Mozeli
BUKOPUCTOBYIOThCSI JBa TrpadiuHux enemeHrta: poboru i1 momii. Pobora — me
opouec, L0 BUMAara€e BUTpaT Yacy, HasBHOCTI BHUKOHABLIB 1 MaTeplajbHUX
pecypciB. [ToaissMu Ha3UBAIOTHCS PE3YABTATH NPOBEAEHUX POOIT, HA rpadiKy MO
300pakaeThCs y BUINIAL Kojia 3 HomepoM. CiTkoBHil rpadik OyayeThes 3a JaHUMU

Tabnuil 4.1 1 npeacTaBiIeHU HA PUCYHKY 4.4.

Tabnuns 4.1 — Criucok poOiIT CITKOBOTO Tpadiky

Kon TpuBaicTs,
Ne Po6ora '
pobotu JIH1

TeopeTruHa miIrOTOBKa A0 MPOBEICHHS
1 0-1 |mocmiKeHHs, OIpaIfOBaHHS HAYKOBOI JIITepaTypu 20

JJIA BU3HAYCHHAA HpI/IHHI/IHiB JICTYBAHHA

BurotorneHHst qociaigHuX 3pa3kiB (JIMBApHUM

2 1-2 15
METOIOM)

; 5 3 MexaHnigyHa 00po0OKa JOCTITHUX 3pa3KiB IEPe/ 5
BUIIPOOYBaHHAMU

Mexanigna 06poOKa TOCTiTHUX 3pa3KiB Mepe]

MPOBEJICHHSAM TEPMIYHOT 0OpOOKHU

5 3-6 [IpoBenenHs BunpoOyBaHb Ha JIUTHX 3pa3Kax 20

6 4-5 Tepmiuna o6poOka 3a pexumom T6 5

JlocimiIpKeHHS BIIACTUBOCTEH Ha

TEPMIYHOOOPOOICHUX 3pa3Kax

8 67 OnpoOyBaHHS AOCHIAHOT MapTii 7

O6po0Oka pe3yaprariB gociimkeHHs. CriaagaHHs

MOSICHIOBAJILHOI 3alIMCKU
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Pucynok 4.4 — CitkoBa mozens nposenerds: H/[P

Han crpinkamu BKa3aHO TpUBAJIICTh BUKOHAHHA €Taly y JAHAX. Take
rpadiuHe 300pa’keHHsl IUIaHy BUKOHAHHS MPOLIECY MOKa3ye B3a€MO3B’SI30K YCiX
pOOIT I TOCSTHEHHS KIHIIEBOI METH.

[TapameTpu poOIT 1 MUIAXIB TIpeACTaBeHl B Tabnuisix 4.2, 4.3 BIAMOBIIHO.

Tabnuis 4.2 — [TapameTpu poOiIT cCiTKOBOTO Tpadiky

t R R

no n ce

Kon t t t t

ij PH po ni

pobotu
0-1 201 0 [ 20 | O | 20
1-2 15 | 20 | 35 | 20 | 35
2-3 2 | 35| 37 | 35| 37
2-4 3 35 | 38 | 35 | 38
3-6 20 | 37 | 63 | 43 | 63
4-5 5 38 | 43 | 38 | 43
5-6 20 | 43 | 63 | 43 | 63
67 7 | 63 | 80 | 63 | 80
7-8 20 | 80 | 90 | 80 | 90

S| O O O o o o o o
S| O O O O O o o o

Tabnuus 4.3 — [MapameTpu HUISAXIB CITKOBOTO rpadiky

Ne  |Ne moniit Tpusanicte L, |Pe3eps| K,
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1 0-1-2-3—6-7-8 20-15-2-20-7-20 90 |6 0,68
2 0-1-24-5-6-7-8 20-15-3-5-20-7-20 9 |0 1

VY pAni BUNAJKIB BaXKKO YCTAaHOBUTH 3arajibHy TPYIOMICTKICTb IPOBEIECHOT
HJIP. Ile mom's3aHo 3 eJeMEHTaMH HEBMH3HAYEHOCTI B MpOIeCi BUKOHAHHS
OinbIIocTi poGIT. IXHA TPYIOMICTKICTB i TpHUBANiCTh 3aJeXHUTh BiJ Oe3miui
dakTopiB, MepeAOAYNTH SIKI HEMOXKIIUBO. Y TaKMX BHITAJIKAX BUKOPHCTOBYIOTH JIB1
Yy TPW BIPOTIJHI OIIHKM 4Yacy, IO JAl0ThCs BIAMOBIIAJbHUMH BUKOHABISIMHU TIO
KO’)KHOMY eTarty poOiT. L{i OlliHKY 3BUYaifHO BUPaAXKalOTh B JHSX 1 € BUXITHUMU JIJIsI

PO3paxXyHKY O4IKYBAHHOTO Yacy BUKOHAHHS €Tairy poOiT 13 hopmynu:

t 3 .tminmz.tmax
oy 5

4.1)
ne tmin — MIHIMAQJIBHO HEOOXIJIHA KUIBKICTh JIHIB TIPU HANOUIBII
CHPUATHUBUX YMOBaX, JIHIB;

tmax — MaKCHUMaJIbHI BUTPATH 4Yacy Ha BUKOHAHHS poOOTH 3 JAHOTO €TaIy
U HECTIPUATIUBUX YMOBAX, JTHIB.

CrymiHb TpPaBUIBHOCTI BHU3HAYCHHS t,, MEPEBIPAIOTH PO3PAXYHKOM
qucnepcii (po3KUay MDK MIHIMAaJbHUMU Ta MAaKCUMaJIbHUMHU OLIHKAMHM 4Yacy
BUKOHAHHS POOIT).

Hucnepciss  saBisie CcoOOK CepeHE 3HAUEHHS KBajapara BIAXUIICHHS
TPUBAJIOCTI pOOOTH BiJl ii OUMKYBAHOIO 3HAYEHHS 1 BUBHAYAETHCS 1O (PopMyi:

2

r =t .
PEVIE: e (4.2)

Skmo aucnepcis MeHiie abo JOpiBHIOE 1, TO 1€ TOBOPUTH MPO MaHit
CTYIiHb HEBU3HAYEHOCTI OIIHKK Yacy poOiT 13 IaHOTO eTarty.

Ha tux eramax, ne mucnepcis Oinbine | 3aBUIICHU MaKCUMAaJIbHUN Yac Ha



BHHUKOHAHHA CTAlly.

Pesynbrat po3paxyHKiB 3BOAATHCS B Tabauu1 4.4

Ta6nuua 4.4 — Tpusanicts HIP

48

Tum9acoBi OLIHKH,

i Hucniepcis
Ne | Eramu HJ[P AHIE
, O
tmin tmax toq
TeopeTndHa MmiIrOTOBKA J0 MPOBEICHHS
JTOCJIIIKEHHSI, OTPALIOBaHHS HAYKOBO1
1 | _ 18 22 20 0,89
JTEpaTypu JUTsl BA3HAYCHHS TIPUHITAITIB
JIETYBaHHS
BuroroBieHHs 10CHIIHUX 3pa3KiB
2 12 16 14 0,89
(JIUBapHUM METOJIOM)
Mexaniuyna 00poOka 10CTiAHIX 3pa3KiB
3 3 6 4 0,77
nepes BUnpoOyBaHHSIMU
[TpoBeneHHst BUIPOOYBaHb HA JTUTUX
4 14 21 17 11,2
3pa3kax
5 Tepmiuna o0poOka 3a pexumom T6 4 7 5 0,77
JlocniKkeHHS BIaCTUBOCTCH Ha
6 _ 14 21 17 11,2
TEPMIYHOOOPOOSIEHUX 3pa3Kax
7 OnpoOyBaHHsI 1OCIIIHOI MAPTIi 7 11 9 0,89
O6poOka pe3yabTariB JOCTIHKEHHS.
8 19 25 22 1,1
CknagaHHs MOSICHIOBAJIBHOI 3aIUCKH
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KoedirieHT HanpykeHOCT1 1-T0 NUIIXY BU3HAYAIOTH 32 (POPMYIIOIO:
_ '
- Li L Kp

K, =——F—
L,-L',

(4.3)

B TaGnuirsix BUKOpUCTaH1 HACTYIIHI MTO3HAYEHHS:

!;j —4ac BUKOHAHHS pOoOOTH;

pH co .
" — paHHIi} TepMiH MOYaTKy poOOTH;

™, — mi3Hiii TepMiH IOYaTKy POGOTH;
1" — paHHiii TepMiH 3aBepLICHHS POOOTH;
1" — i3Hii TepMiH 3aBepIICHHS POGOTH;
R"; _ noBHuii peseps gacy poGOTH;
R, _ pinpuii :
i — BUTBHUHW pe3epB yacy poOoTH;
L; — nopxwuua i—To mIAXY;
L',, — criinpHa yacTHHA i—TO i KPUTHYHOTO MINAXY;
K,; — xoedillieHT HANPYXKEHOCTI i-TO MLIAXY;
L,, — noBxwuHa KPUTHYHOTO IUIAXY.
s nepuioro nuiaxy:

68— 22
K =———=
" 90— 22 0.68

Jns apyroro (KpUTHYHOIO) HUISIXY:

_ 90-90 _

K =27
" 90— 90

1

Yum Oinpuie koedimieHT HampyxkeHocTl uuisixy Ky mo 1, TuM MeHIum
BITHOCHUM pE€3€pBOM BoJIofli€ HUIAX. {1 maHOro BUMajaKy Ha MEPIIOMY LUIAXY
criocTepiraeTecsi 6 THIB pe3epBy s BUNPOOYBAaHHSA HA 3pa3kax A0 TEPMIUHOIT
00poOKH.

Takum uymHOM, TOOYmOBaHO Tpadik MOMINA, CITKOBA MOZENb, TaOIUIIS

CIUCKY pOOIT, 3HaIEHO KPUTUYHHUM LUISX, L0 Ma€ JOBXKUHY 90 AHIB.
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Maiixe Bcl poOOTH BUKOHYBAJUCS MOCTiA0BHO. Pe3epB yacy crocrepiraBcs

Ha NepIoMy (He KpUTUYHOMY ) LUISXY.

4.3 Po3paxyHOK KOIITOpUCY BUTpaT Ha nposeneHHss H/IP

o ckiamy BuTpar Ha npoBefeHHs HJIP BXoauTh BapTICTh YCiX peCypCiB,

sIK1 HeOoOX1THI JIJIs peati3allii KOMIUIEKCY pOOiT.

CKJIa,Z[aeMO KOIITOPUC BUTPAT 3a CTATTAMMU:

— Marepiajiy Ta TPAaHCIOPTHI BUTPATH;

— €Heprif 1 MajuBo;

— creniajabHe 00JaJHaHHS 1 TEXHOJIOTIYHE OCHAIIEHHS

— aMOPTHU3alLlisl YHIBEPCAIIBHOIO yCTaTKyBAaHHS;

— 3apo0iTHA IJ1aTa OCHOBHA 1 JIOATKOBA;

— BIJpaxXyBaHHs Ha COLIAJIbHE CTPaxXyBaHHS;

— HaKJIaJIH1 BUTPaTH.

4.3.1 Po3paxyHOK BapTOCTI MaTepiajiB

Jlo 1i€i cTarTi BiIHOCATH BUTPATH HA IPHUI0AHHS OCHOBHUX MarepiajiB IS

MPOBEACHHS TOCHIKEeHHs (Ta0m. 4.5).

[linn Ha MarepiaJibHI PeCcypcHM BHU3HAYAKOTh 3a BIANOBIIHUMH IIpaiic—

auctamu. TpaHCTIOPTHO—3aroTiBeNbHI BUTparTu: 2—5 % Bij BapTOCTI MarepiajiB

Tabnuis 4.5 — Po3paxyHOK BapTOCTI MaTepialiB

[ina 3a Cyma
Burparu
Marepian, 'OCT Mapka OJMHUIIIO, | BHTPAT,
Marepiaiy, KT
IPH./T IpH.
MarnieBui CInias,
MIJIL 5 100 149050 14905

I'OCT 2856-79
dmroc — 60 2970 179
Jlirarypa Mg—Ca Mg—Ca 0,5 1100000 550




Jlirarypa Mg—Ba Mg—Ba 0,5 990000 495
®opmu mimaHo—
' — — — 130
TJIMHHCTI
PeakTuBu — - — 320
Paszom 16579
TpaHcrOpTHO—3aroTiBeNbHI BUTPATH 684
Bcboro 3 ypaxyBaHHSIM TPaHCIIOPTHO—3aroTiBEJIbLHUX BUTPAT 17263

4.3.2 CrnemianpHe yCTaTKyBaHHS ISl HAYKOBO—TEXHIYHUX POOIT

B wiif crarTi BpaxoBYIOTbCSI BUTPATH Ha 3aKyIMIBIIO, JOCTABKY 1 MOHTa)X

7a00paTOpHUX YCTAHOBOK, BUMIPIOBAJIBHUX 1 PETYJIOIOUMX MPUIAJIIB, TPUCTPOIB,

BUMPOOYBAJIBHOI anaparypu 1 ToMy nojione (tad:m. 4.6).

Tabnuus 4.6 — Butpatu Ha cneriaibHe yCTaTKyBaHHS

. lina 3a CobiBapTicTh
IMepemx o .
Mapka KuIpKkicTh | OQUHUIIIO, eKCILTyararii,
yCTaTKyBaHHS
IPH. IpH.
[Tiu TepmiuHa “benbB’10” 1 157000 3140
IcrimtoBa “INSTRON”
1 33000 660
MaIlIruHa 2801
' . “Beuhler”
MikpoTBepaomMip | 18100 362
MM7T
Po3puBHa
P10 1 11700 234
MallliHa
Pazom 4396
4.3.3 Po3paxyHOK BapTOCTI MajivBa i eHeprii
[limx 9ac TpoBeaeHHSA  JOCHIAIB  OynuM  BUKOPHCTaHI  HACTYIIHI

€HEProCrOXKUBaIOY1 PECYPCH:
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— icuroBa MamuHA “INSTRON™ 2801;
— TepMiuHa 14 “benps’0”

Butparu Ha eneprito E. Bu3Hauaemo mo dopmyti:

D | AN 95 11
KKI

(4.4)

ne II, — ycraHoBiIEeHa NOTYXHICTb EHEPreTUYHHX CTPYMONPHUIIMAYKB
yCTaTKyBaHHs, KBT;

D4 — epexTuBHMI HOHA Yacy POOOTH NaHOTO BUJY YCTaTKyBaHHS, TOJVH;

K; — xoedinieHT BUKOpUCTAaHHSI €HEPTeTUYHUX YCTAHOBOK MO MOTYXHOCTI 1
qacy (K= 0,8);

[, — mina 1 kBt roguna enexrpoeneprii, [;=2,57 rpa/ kBT roauna;

KK/ = 0,6.

s repmivHoi niedi “benbB’r0”;

E~=112x28x0,8x2,57/0,6= 10746 rpH.

Jns icniuroBoi Mamman “INSTRON” 2801:

E.~=10x24x0,8x2,57/0,6= 822 rpH.

Jna mikporBepaomipy “Beuhler” MMT7T:

K= 0,7, KKJ=0,7;

E~=1x12x0,7x2,57/0,7= 26 rpH.

Po3paxyHok BUTpar Ha €HEPrito 3aHOCUMO y TabuIfo 4.7.

Tabnurs 4.7 — Po3paxyHOK BapTOCTiI €eHEPrOpPECypCiB

EdexTus— .
Bun HUH PoH Bapricts Bapricts
YcrarkyBaHHS eHeprope— | - o Gorn I; " > | eHepropecypcis,
CypciB yfoz[ ’ p TpH
ITiu “bensB’r0” EHeKTp,O_ 28 2,57 10746
SHEPris
IciuroBa EHeKTp,O_ 24 2,57 822
CHEPris
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ManiuHa
“INSTRON”
2801
MikpoTBep/10
mip “Beuhler” EHeKTp_O_ 12 2,57 26
MMAT SHEpris
Pazom 11594
4.3.4 Po3paxyHOK aMOpTH3aIlil yHIBEPCAITBHOTO YCTAaTKyBaHHS
Cymy amopTu3aliiHMX  BiApaxyBaHb BiJ  0ajJaHCOBOi  BapTOCTI

YHIBEPCAJIBHOIO  YCTATKyBaHHS,

11(0)

BIJHOCATHCA 1O

PO3paxoBYETHCA Y BIAMOBIAHOCTI iX 3aiHsATOCTI 1y1st HJIP.

Jlnisa medi TepMivHOT (TpU3MIHHUM rpadik poOOTH):
(157000/1860x3)x28=787,81 rpH.

s icnutoBoi mamuan “INSTRON” 2801 :
(33000/1860)x24=425,81 rpH.

s mikpotBepaomipy “Beuhler” MM7T:
(11700/1860)x12=75,48 rpH.

PesynbraTi po3paxyHky 3BoauMo y Tabmuirio 4.8.

OCHOBHHMX  (OHJIIB,

Tabnuis 4.8 — Po3paxyHOK cCyMu aMOpTU3AIlIHHUX BipaxyBaHb

3alHATICTD Piunui

baanicosa | Hopva CTarKyBaH— | €(peKTUBHUI Cyma

YcrarkyBaHHS | BapTiCTh, | aMOPTH— y Y aMopTHU3aIlii
I'PH 3amii, % o (omn vacy TpH
’ roJI , TOJI ’

I[Tiy TepmiuHa 57000 24 28 5580 189
IctiuroBa
f‘f&mSHTH;ON,, 11000 24 24 1860 102
2801
MikpoTBep—
ff]‘;fﬁler,, 6700 24 12 1860 18
MM7T
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‘ Pazom | 309 ‘

4.3.5 Po3paxyHOK 3apo0iTHOI miaTu

Butparu no 1mi#i ctarTi CKIagarThCs 3 NIAHOBOTO (hOHIY 3apOOITHOT IIaTH
yCiX Kareropii mpaiiBHUKIB, 3alHIATHX B IPOBEICHHI HAYKOBUX JOCIIIJIKEHb.

Po3paxyHok 3apo06iTHOI Tmmatm pOOUTHCS Ha TMIACTaBl JaHUX TIPO
TPYAOMICTKICTH (Tab. 4.9).

Kinpkicte wMicsmiB poOOTH HAayKOBO—AOCHIAHOI TPYyNu 3aJa€TbCsl Ha
MiJICTaBl TEPMiHY BUKOHAHHSI TUTIJIOMHOI POOOTH.

B nmanomy Bumanky He Ounbiie 10 wmicsimiB. Pe3ynsratu po3paxyHKIB
3BOAATHCS B TaOJIMIIL.

JonarkoBa 3apo0iTHa 1utara ckiangae 10 % Bijg 0CHOBHOI 3apo0OITHOT T1aTH,
T00TO 4668 TpH.

OcHoBHA ¥ J1omaTkoBa 3apo0iTHA TUIaTa MO KOIITOPHCY HE TOBHHHA

nepesuirysaru 40 % KOIITOPUCHOT BApTOCTI.
4.3.6 BigpaxyBaHHsI Ha coIllaJibHI 3aXOJU
Ili BuTparu BU3HAYAOTHCA B po3Mipl 22 % BiJ OCHOBHOI W JOJATKOBOI

3apo6iTHOI Tath: (46688+4668)x0,22 = 11298 rpH.

Tabmunsg 4.9 — Po3paxyHOK OCHOBHO1 3ap00iTHOT T1aTH

. Cepennbo
Micsiaauit
No ITocana KipkicTs, —neHHa | 3aitasaTicth, | CyMa,
OKJIaJI,
BUKOHAaBIIA JIronen 3apIuiara, ITHIB TPH
IpH
TpH
I'onoBHUMI
HayKOBUM
1 1 6200 310 60 18600
CIIBPOOITHUK
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Monoammi
2 | HayKOBUU 1 4057 202,85 60 12171
CIIBpOOITHUK
3 | JlaGopant 4 2320 116 20 14892
4 | BepcratHuk 1 4100 205 5 1025
Pazom 46688

4.3.7 HaknagHi BUTpaTu

Haknagni BUTpaTH 1O MPOBEAEHHIO HAyKOBO—IOCHIIJIHULBKOI pOOOTH
BU3HAYAIOTHCA Y BIJICOTKaX BiJi OCHOBHOI 3apoOiTHOI Tiath ii BUKOHABIHIB ( Y
mexax 80-100 %). Jlo HMX BIAHOCSTBHCS BUTpPATH, IMOB'SI3aHI 3 YIPABIIHHSM,
YTPUMaHHSIM 1 €KCIUIyaTalllel0 YCTAaTKyBaHHS W NPUMIIIEHb, CTBOPEHHSIM
HEOOX1IHUX CaHITapHO-TIrieH1YHMX yMoB. Haknaaui Butparu s H/P cknagatots

90 % Bi1 cyMH OCHOBHOI 3ap00iTHOI miaTtH, a came 36960 rpH.

4.3.8 Komrropuc BUTpar
VY ckmani Butpar Ha nposeneHHs HJIP BpaxoByeTbcsi BapTiCThb BCIX

pecypciB, HEOOX1THUX ISl peaiizallii KOMIUIEKCY pOOiT.

3 METOI BH3HAUCHHS BUTpPAT Ha IPOBCACHHIA HaYKOBO—,IIOCJIiI[HI/IHBKO.l.

po0OOTH CiiJl CKIIACTH KolTOpUC BUTpat (tadm. 4.10).

Tabmuus 4.10 — Komrropuc Butpar Ha Bukonanus H/[P

. Cyma,
Crarti1 BuTpar
I'PH
Marepianu, nokynHi BupoOu 1 HaniBaOpukaTu (3a 17786

BiJIpaxyBaHHSIM
BIJIXO/IIB, 110 PEaTi3yIOThC)

Eneprisa 11594
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CrieriaapHe yCTaTKyBaHHS ISl HAYKOBUX 4396
(excepuMeHTaIbHUX ) POOIT

OcHoBHa 1 1oaTKOBA 3ap00iTHA IIaTa 51356
BUPOOHUYOTO MEPCOHATY

BinpaxyBaHHs Ha collajibHE CTPAaXyBaHHS 11298
(Bi cyMH OCHOBHOT 1 JI01aTKOBO1 3apOOITHOT TJIaTH)

Haknaani Burparu 36960
Bceroro Butparn Ha nposenenns H/IP 133390

4.3.9 banpHa OIlIHKa €KOHOMIYHOI €(EKTMBHOCT1 HAyKOBO—JIOCIiAHOT

pob6oTu

HaykoBi mocmixkeHHs, MPsIMUI MiIpaxXyHOK €KOHOMIYHOT €(peKTUBHOCTI 1O

SIKUX HE MOXKJIUBHUH, OIIHIOIOTH 32 JIONTIOMOTOI0 OalibHOI cuctemu (Taoi. 4.11).

banbHa o11iHKa MPOBOAUTHCS O HACTYITHUX HAMBAXKIIMBIIIUX MOKa3HUKAX:

. BaXXJIMBICTb po3po0kHu K.

e MOXIJIMBICTh BUKOPUCTAHHS PE3yJbTaTiB po3pooku K2;

. TEOpPETHYHA 3HAYUMICTb 1 PIBEHb HOBU3HU J0CIIKeHHS K.

e CKJIQTHICTH po3poOKu K4.

3a I0MOMOTOI0 XapaKTePUCTHUK JAHUX MTOKA3HUKIB BU3HAYAETHCS KITBKITh

OaiB.
Tabmuns 4.11 — lkana nys oriHKU €()EKTUBHOCTI
ITokazHuk XapakTepucTuka banun
K; Po6orta iHimiaTuBHA 1 HE € 3aBIAHHSAM BiJIOMYHX OpraHiB | 1
K, VY Macmrabax kpainu 8
K3 OpnepxanHsi HOBOT 1H(pOpMAIIii, IO TONOBHIOE 3HAHHS 3

IMOCTIKYBaH1i 00J1acTi

PO CYTHICTh JOCIIII)KYBaHHUX MPOIECIB, HE B1IOMOI B

K4 Po0oTa BUKOHY€THCA OIHUM M1IPO3A1IOM, BUTPATU 3
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10000—50000 rpu ‘ ‘

3arajibHa OIlIHKAa BCTAHOBJIIOETHCS 32 TOOYTKOM KOE(IIIEHTIB:
b=K; K, - K;-K,
[Tutromuii edexr (I1E) na koxxuuit 6am — 2 500 rpH.
3aransuuii eext (E) Bix po3poOku ckiamae:
E=2500 K, K, - K5- K4 =180000 rps.

ExoHomiuHa e(peKTUBHICTh HAYKOBO—IOCIITHUIIBKOI POOOTH BU3HAYAETHCS
3a JI0MOMOrol KoedilieHTa e(eKTUBHOCTI, 10 XapaKTEPU3y€e YaCTKY 3arajibHOrO
edexTy Bi po3poOKH, III0 MPUXOAUTHCA HA OAHY T'pH. BUTpaT (cobiBapTocti HIP):

K = _E__ 180000 _
" K,, 122208

HIAp

1,5

Crpok okynHOCTI T IIPOEKTY PO3PAXOBYETHCA 32

dbopmyIor10: T =—=07p.

Ha mingcTaBi mpoBeneHUX po3paxyHKIB MOXKHA CTBEPIXKYBATH, 110 po0OoTa €
€KOHOMIYHO JIOLJIBHOI. BuTpaueHi kKomTH Ha HayKOBI pO3POOKH HOBOTO CILIABY
JI03BOJISITh B MOJANBIIOMY MIJABHIIUTH pecypc poOOTH 1 HAAIWHICTH JeTal,
3pOCTa€ TAKOXK KOHKYPEHTHOCIPOMOXKHICTh IOJIMIIEHOTO CIUIaBY IMOPIBHSHO 31

CTaHAApTHHUM 1 AOPOKYNMU aHaJIoraMu.
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5 OXOPOHA TTPALII TA BE3ITEKA Y HAJI3BUYAMHNX CUTYALISX

B posnini HajmaHi OCHOBHI 3aXOAM 3 OXOPOHHM Tparli MpH JOCIHIKEHHI
BIUIMBY TYTOIUIABKUX €JIEMEHTIB Ha CTPYKTYPOYTBOPEHHS Ta BJIACTHUBOCTI

YKapOMILIHOT'O MarHi€eBOro CILIABY.

5.1 AHani3 noTeHIiIiHX Hebe3meK

a) HeOe3MeKu, SKi TMOB’si3aHl 3 BUILIABKOIO JOCIIKYBAaHOTO MarHi€BOTO
cruiaBy. 30KpeMa, MOXIJIHMBICTh YPaKEHHSI E€JIEKTPUUYHUM CTPYMOM, MOXJIMBICTH
TEPMIYHUX OIIKIB TpU PO30PU3KYBaHHI PIIKOTO METaly B MpOLECi IUIaBKH,
MOKJIUBICTD OTPYEHHS JIMBAPHUMHU ra3aMu;

0) HeOe3MeKku, Kl IMOB’S3aHI 3 BUTOTOBJICHHSIM JIOCIHITHUX 3pa3KiB s
BUBYCHHSI CTPYKTYpH Ta BJIACTHBOCTEH. 30KpeMa, TpaBMyBaHHS OpraHiB 30py B
mporieci pi3aHHS 3pa3KiB, HEIIACHI BUMNAJKH I 4Yac pyHHYyBaHHS aOpa3MBHOIO
KOJIa;

B) HEOE3MeKH, AKi MOB’A3aHl 3 JOCIIKEHSM MIKPOCTPYKTYPH, 30KpeMa,
XIMIYHI OINIKM BHACHIJIOK HEOOEPEKHOTr0 TIOBO/KCHHS 3 peaKTUBaAaMU IS
BUTOTOBJICHHSI MIKPOLUII(IB Il CBITJIOBOI MIKPOCKONIiI Ta HEraTUBHHUI BILJIMB
CJICKTPOMArHiTHOTO BUIIPOMIHIOBAHHS TPU JOCIIIKEHHI 3pa3KiB Ha pacTPOBOMY
€JIEKTPOHHOMY MIKPOCKOII, IO MoOX€ OyTH T[OBS3aHO 3 HE3HaHHAM alo
MOPYIICHHSIM TpaBUil OE3MEKH, AKI 3a3Ha4eHI B TEXHIYHIA JOKyMEHTallli Ha IIe
obnaHaHHs 200 HOTr0 HECIPABHICTD;

r) HeOe3MeKw, SKi TMOB’s3aHI 3 BU3HAYCHHSIM 3HAUCHb MEXaHIYHUX
BJIACTUBOCTEH. 30KpemMa MOXIMBICTH OTPHUMAaHHS MEXaHIYHUX TpaBM IpHU
BurnpoOyBaHHi 3pa3kiB Ha “INSTRUN" 2801

n) HebOe3meku, sAKi TOB’s3aHI 3 OOpPOOKOIO pe3ynbTariB, 30KpeMa
HEraTUBHUI BIUIMB €JETPOMArHiTHUX MOJiB Ta BunpomiHtoBaHHs [IK 3actapinmx

MOJCIICH;
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€) HE3aJIOBUIbHI MapaMeTPU MOBITPSHOTO CEPEIOBUILB B aIMIHICTPATUBHUX
npumimieHHsax. IlpuumHa — He3agoBUIBHA poOOTa CHUCTEM ONAJCHHS Ta
MOBITPOOOOMIHY;

€) HEeJOCTaTHICTh OCBITJICHOCTI MPUMIIICHHb, i€ PO3TAIIOBAHE MICIIE
JIOCIHITHUKA, W0 MOXe OyTH TOB’SI3aHO 3 HEpPaliOHAIbHUM BHOOpPOM
OCBITJIIOBAJIbHUX BUPOOiB;

) MOXJIMBICTb 3aropsiHb, BHACIIAOK MOPYUIEHb MPaBUJI IOXKEKHOT
0e3neKu, 1110 MOXKE IPU3BECTH /10 TOXKEXKI;

3) HeOe3IeKH, K1 OB’ A3aH1 3 YMOBAaMH Mpalli B HAJ3BUYaHHUX CUTYAIlISX.

5.2 3axoau no 3a0e3MeUeHHI0 TEXHIKU Oe3NeKn

a) Jlna 3a0e3meueHHsT 3aXUCTy BIJ BHUMAQJAKOBOTO TOPKAHHS [0
CTPYMOIIPOBIIHMX YacCTUH HEOOXIHO NPUUHATH HACTYMHI 3aXoad 1 3aco0wu:
3aXMCHE  OIOPO/KEHHSA; 130/l  CTPYMONPOBIIHMX  YacTHH;  3aXUCHE
BIIKJTIOYCHHS; OJIOKYBaHHS;, 3Haku Oe3reku. s 3a0e3MeueHHs 3aXUCTy BiJ
ypaXeHHs  eJIeKTPUYHUM  CTPYMOM TPU  JIOTOPKaHHI 7O  MeETaJeBHX
HECTPYMOITPOBIAHUX YACTHUH, SIKI MOXKYTh ONWHUTHUCS I HAIpyror BHACIIJIOK
MOIIKO/KEHHST  130JIA1111, 3aCTOCOBYIOTh 3aXMCHE 3a3€MJICHHS, 3aHYJICHHS,
BUPIBHIOBAHHSI TOTEHLIANly CHUCTEMM 3aXHWCHUX JIPOTIB, 3aXHUCHE BIJKIIOYEHHS,
130JIS11IF0 HECTPYMOTIPOBIIHUX YACTHH, SKI MOXXYTh ONUHUTHUCS 1]l HAMPYyTOIO
Buie 24B, 3aco0u 1HAMBIAYaJbHOTO 3aXUCTy, HANPHUKIAA TYMOBI KOBPUKH Ta
inme. Bcei MeraneBi 4acTWMHM BHPOOHMYOTO OOJQTHAHHS, SIKIIO BOHU MOXYTh
OMUHUTHUCS Tif Hampyrotro Buie 42B, marors Oyt 3azemsienni 3rigno IIVE —
2013. Jly1s 1poro ix OCHAUIYIOTh JIErKOOIVISIIHUM NPUCTPOEM 3a3emiieHHs R< 4 Om
a00 3’€IHYIOTh 3 HYJIbOBUM JPOTOM.

JIns yHUKHEHHSI TEPMIYHMX OITIKIB, BHACIIIOK TOPKAHHS HArpiTHUX 3pa3KiB i
3a0e3MeYeHHsT HOPMAJBbHMX yMOB  Mpaml  JOCHIAHUKA  BHUKOPUCTOBYIOTh
CHeiaJbHuNA OfAT ISl 3aXUCTy Bin migBuiieHux temreparyp tumy bT, TOCT

12.4.045-78, cnemiaJbHUM WIKIPSHUM B3YTTAM [UIsl 3aXUCTY BiJ MIJBHUILEHUX
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temneparyp, 'OCT 12.4032—77, cnemianbuumu pykaBuisiMu tumy Tp, TOCT
12.4.087-80.

06) Jnsg yHUKHEHHS MeEXaHIYHUX TpaBM TIPH BHUTOTOBJICHHI 3pa3KiB
HEOOXITHO TMpAaIfOBaTH Ha CIPAaBHOMY CTaHKY, CBOE€YACHO IPOBOAMTU 3aMiHY
JeTajneil, TEpMiH eKCIUTyaTallil sSIKUX BXKE€ 3aKIHUMBCS Ta BUKOPHCTOBYBAaTH 3aXUCHI
OKYJISIpM Ta PYKaBHIIL; JJIsl BUKIIOYEHHS! TPaBMYBaHHSI OpraHiB 30py IependayeHo
3aCTOCYBaHHS 3aXMCHUX OKYJISIPIB, SIK1 CIYXaTh JUIsl 3aXUCTY O4Ye€H BiJ YIIKOJKEHb
YacTKaMU TBEPIUX TiJI, IO JIETATH Momnepeny, 3Hu3y 1 300ky. Lli okymsipu ocHameHi
¢birypHuMu OOKOBHHAMM, IO BIJIKMAAIOTHCS. 3aCTOCOBYBATH MPO30PHUI €KpaH s
3aXUCTy O4el poOIiTHHUKA Bij MOPAaHEHBb YaCTKAMHU, 1110 BiJTITAIOTh.

3axonu Oes3neku mnpu  poOOTI Ha nLTQYBaIBHUX 1 3aTOYyBaJIbHUX
BepcTarax:

—  ycTaHOBKa a0pa3MBHHX KiI Ha BepcTaTaXx MOBHHHA IPOBOAMTHUCA
TIJIBKU CTICIIAIBHO TPOIHCTPYKTOBAHUMU HaTaTYNKAMU,

—  BUKOPUCTaHHS a0pa3vBHUX KT 3 AedeKTaMu 3a00pOHEHO;

— a0pa3uBHI Kojla TMOBMHHI Mard mTamMn a0o HakjIeilky mpo
BUIMIPOOYBaHHS — TOPSAKOBUN HOMEp Koja 1 MiAMHC OcoOH, BIAMOBITANBbHOI 3a
BUNPOOYBAHHS;

— OlIg KOXKHOTO  BepcTara HEOOXIJHO BHUBICUTH TaONMUKy 13
3a3HAYEHHSAM JOIYCTUMOI pOOOTH KOJOBOI HIBUIKOCTI BHUKOPUCTOBYBAaHUX KUI 1
YacTOTH OOEpTaHHS IIMUHJIETS BepcTara B XBIWIMHY;

— mnpu obepraHHl aOpa3MBHOTIO KOja, BUCTYIAKOUl KIHII IIMUHISS 1
KPIMUJIBHI J€TaNl 3aXUCTUTH 3aXUCHUMH KOXKYXaMu;

—  MAPYYHUKH MMOBHHHI MaTH JIOCTATHIN 3a BETUYMHOIO MaMTaHUYMK JJIS
CTIMKOrO MOJIOKEHHSI 00pOOIJIIoBaHOTO BHPOOY. 3a30p MK KpaeM MNIAPyYHHUKA 1
po00U0I0 TTOBEPXHEIO MITi(DyBATHHOTO KpyTa MOBUHEH OyTH HE OUIbIIe 3 MM;

—  3a00poHEHO TpaloBatd 0e3 MiJpyyHUKa, 3aXUCHOTO eKpaHa ado
OKYJISIpIB, SIKIIO BEpCTar HE 3a3eMJICHUW 1 HE OO0JlaJHAaHUW YCTaHOBKOKO s

BimicMokTyBaHHsl abpasuBHOro mmuiny. [OCT 12.3.028-82 «IlIpomecc o6paboTkn
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abpa3vBHUMU U 3JIOOPOBBIM HHCTPYMEHTOM).

[TorpiOHO TpaBWIBHO OpraHi3yBatd pobOode Micle Jid YCYHEHHS
3arpo3u3axBOPIOBaHb  OMOPHO—PYXOBOIO  amapary 4epe3 HeeproHOMIYHICTb
po60YOro Miciisi, BpaXOBYIOUM €proHoMiuHi moTpedbu gociignuka 3rigHo 3 OCT
12.2.032-78 “Poboue micie npu BUKOHAHHI POOIT CHIAYM. 3arajibHi €proHOMIYHI
BUMOru”, a poboui micisg ‘“ctosun’” wmaroTh Bianosigatu ['OCT 12.2.033-78
“Po0oue Miclie pu BUKOHAHHI POOIT CTOAYM. 3arajibHi €proHOMIYH1 BUMOTH .

HeoOxigHO BpaxoByBaTu MpH IUTAHYBaHHI pPOOOYOro MICIHS 3pPYyYHICTh
po3TalryBaHHs MOTPIOHUX ISl pOOOTH MPUCTPOIB, @ TAKOK 30HU JTOCSKHOCTI PYK
JOCJIIIHUKA, 110 Ja€ MOKJIMBICTh PALlIOHAIBHO PO3TaIlyBaTH HEOOX1AH1 MPUCTPOI.
3riJIHO 3 3pOCTOM Ta Baroro JOCIITHUKAa BU3HAYAETHCS BUCOTA CTOJNA, 34 AKUM BIH
npairoe. Podounii cTinenps Takok Mae OyTH MAKCUMAaJbHO 3pYYHUM AJisi pOOOTH.
Bin 3a0esneuyeTbcs MiAINMaIBbHO—TIOBOPOTHUM TIPHUCTPOEM, IO 3abe3medye
peryJssiiio BUCOTH CUJIIHHS 1 CIIMHKW; HOTO KOHCTPYKIIIS Mepeadadyae Takox 3MiHY
KyTa Haxwily CHOUHKA. PoOoumii crutenp 3a0e3medyeThesi M1UIOKITHUKAMU.
PerymioBaHHA ~ KOXKHOrO IapaMeTpa IOBHHHE JIETKO 31HCHIOBAaTHCS, OyTu
HE3aJIeKHOI 1 Martu HalidHy ¢ikcamio. [lpu mnnanyBaHHi poOoyoro wmicus
BPaxOBYIOTbCSl 3PYYHICTh pO3TallyBaHHS KJaBlaTypu, JWUCIUIES 1 1HIIHX,
HEOOX1THUX JIJIs1 pOOOTH MPUCTPOIB, @ TAKOXK 30HU JOCSKHOCTI pykaociiaauka. [1i
30HHU, BCTAHOBJIEH] Ha MiCTaBl aHTPOINIOMETPUYHHUX JAHUX.

Jliist 3ano6iraHHs HETaTUBHOTO BIUTMBY €JIEKTPOMATrHITHUX BUIIPOMIHIOBAHb
HEOOX1IHO eKpaHyBaTh JDKepena eJEKTPOMArHITHOTO BUIPOMIHIOBaHHS, 3a
HEOOX1IHICTIO ~ BUKOPHCTOBYBaTH  JIOJATKOBl 3aXMCHI €KpaHU y  SIKOCTI
KOHCTPYKTHBHOT'O BIOCKOHAJICHHS OOJIaHAHHSL.

B) JlJ11 yHUKHEHHSI XIMIYHUX OIIKIB Mepea0aYeHo:

e  30epiraHHs KUCJIOT y MICISIX, 1€ MOXKIIMBE IX CTUKAHHA 3 JIEPEBUHOIO,
Ta IHIIMMHU PEUOBUHAMH OPTAaHIYHOTO MOXOPKEHHS (11 HEHTpai3allli BUMIaKOBO
PO3IUTUX KHCIOT Miclsl iX 30epiraHHs HeoOX1gHO 3abe3rneuyBaTd TOTOBHUMHU

pO3YMHAMU Kpeilau, BariHa abo COu);
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e mig yac poOoTu BukopuctoByBaty rymoBi pykasuii ['OCT 20010-93
«IlepyaTku pe3MHOBBIC TEXHHUYCCKHE. TEXHHUYECKHE YCIOBUS», OKYIsapu «Ouku
zamutHeiey ['OCT P 12.4.013-97, pecmipatop ['OCT 12.4.028-76 CCBT
Pecniuparop IIb—1 “Jlenecrok”. Texmudeckue yosnoBus (¢ usmeHenusmu Ne 1, 2)
cneuianbHuit onsar 'OCT 12.4.011-89 “CpenctBa 3amutsl padotaromux’’;

e Mard TMOONM3Y HEWUTpaNi3yloud pEYOBHHH, aNTEUKy, JDKEPEIIOo
MIPOTOYHO1 BOJIH.

r) HeOe3meku, sKI TMOB’S3aHI 3 BHU3HAYEHHSM 3HAUCHb MEXaHIYHHUX
BJIACTUBOCTEH. 30KpemMa MOXIMBICTH OTPHUMAaHHS MEXaHIYHUX TpaBM IpHU
BunpoOyBaHHi 3pa3kiB Ha “INSTRON” 2801:

- ¥Yci mycKOB1 IPUCTPOI MOBUHHI 3HAXOJUTHCS B MOJIOXKEHHI «BUKIIIOUEHE»
1100 YHUKHYTH MOXJIMBOCTh IyCKY MalllMHU CTOPOHHIMHU 0COOaMHU.

- [lepioguyHuii OIS MAITUHY 1 MYJABTY YIPABIiHHSA TTOBUHEH MPOBOIUTHCS
CHUCTEMATHYHO 1 BIJIMOBITHO /10 IHCTPYKIIIT 3 €KCIUTyaTallli BiAMOBIIHOT aMIITUHHU.

- [lynbT ynpaBiaiHHS 1711 IPOBEACHHS PEMOHTY IMOBUHEH OyTH BIJIKJIFOUYEHUHN
B1JI JIKEpEJIia eJIEKTPOCHEPTIi.

- 3axomu 3abe3medeHHs O€3MEKH MPU MPOBEACHHI PEMOHTHHX POOIT 1
HEOOX1/IH1 KOIITH JJIs X BUKOHAHHS MOBUHHI OyTH mependayeHi B IJIaHl pooiT 1
M1JTOTOBJICHI 3a3/4aJI€T1/1b.

- IligtaryBanHs OonTiB 1 1HIMMX 3'€HaHb Ha Trijgpoamnaparax 1
TpyOONpOBO/Iax MPU BKIOUEHOMY HACOCI 3a00POHSIETHCS.

- 3a3emyIeHHS MalllMHU, EKCIUTyaraiiss 1 PEeMOHT eJeKTPoOoOIaTHaAHHS
MOBUHHI BIJIMOBIJIATH MpPaBUJIaM MPUCTPOIO E€JIEKTPOYCTAHOBKH HE JIOMYCKAETHCS
3aCTOCYBaHHS B 3aII001KHUKAX PI3HOTO POIY «KYUKIBY.

- ExcrumyatyBaru mammHy npu THCKY, IO TIEPEBUINYE BKa3aHe B GOpMYIIspi
3a00pPOHSIETHCA.

- 3MarnyBaHHs YaCTUH MAaIIMHU 1] 9ac il poOOTH HE JI0IyCKAETHCS.

- IlpumilieHHs, B SIKOMY 3HAXOJUThCS MalllMHA, TOBUHHO MaTH MPUPOJHE 1

IITYYHE OCBITJIEHHS BIAMOBIAHO JO YMHHUX HOPM, BEHTWISALIMHI MPUCTPOI JJIs
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OYHUIICHHS TOBITPSI TMOBHUHHI 3a0e3ledyyBaTd HOPMaIbHY  KOHIICHTPAIIIIO
IIK1IJTMBUX PEYOBUH.

- Ilepexkumatu BepXHIO 4YaCTUHY MyJbTa YMOPaBIiHHA 00 Oaka
JIOIYCKA€TbCA TUIBKM MPU 3aKpIIUICHOMY 10 (YHIaMEHTYy MacisiHOMy Oaky 1
3HSTHX MacCJIOMPOBOJAX 30BHINTHKOI PO3BOIKH.

- BuxopuctoByBatH pi3HI MAMIPKA MK BEPXHHOIO YAaCTUHOK IIyJbTa
yIOpaBIIiHHS 1 0AKOM HE JOMyCKaeTbcs. BepxHs yacT mynbTa ynpapiiHHS TOBUHHA
nepekuatucs moxo Oaka Ha kyT 90° i HamiliHO cHEpaTHCS HA IACTABKY,
BCTAHOBJICHY 33a]ly MYJIbTA YIPABIIHHS.

y pa3l BUHUKHEHHS HEOE3NEYHOi CHUTyallll HATUCHYTH KHONKY E€KCTPEHHOI
3YMUHKH, 11€ TPUCKOPUTH 3yNyHKY HEOE3MEUHUX €JIEMEHTIB;

- BCTAHOBJIIOBAaTH 3pa30K y LEHTPl 3axBaTy 1 BUPIBHIOBATH HOro 3a
HANPsIMKOM HaBAaHTQKCHHS, BUKOPHUCTOBYIOUM TIPWJIATU JJIS IICHTPYBaHHS Ta
BUPIBHIOBAHHS;

- HE PO3TAIIOBYBATH EJICKTPUYHI Kalesl Ha Mijjio31 0e3 BiAMOBIIHOIO
3aXHUCTY, HE JOIYCKATH iX TeperpiBaHHs;;

- opu  MiABUIICHHII  pobouoi  temmeparypu  Oimbme — 60°C
BUKOPHUCTOBYBATH 3aXMCHHUM OJIST, pyKaBHuill. BukoprucTtoByBaTu nomnepeKyBaoibH1
3HAKH PO MiIBUIIECHY TeMIIEpaTypy;

— HE 3aXOJWTH B HEOE3NMEeYHy 30HY Ha MUIAXYy MOJOTa MiJ Yac Pyxy
KOMITOHEHTIB CUCTEMH;

- nepea MoYyaTkoM poOOTH BCTAHOBUTH BIAMOBIAHI poOOYl TpaHMIN
(maBaHTaXeHHS a00 Aedopmaitii);

- HE BIJKIIOYATH CHUCTEMY BiJl KOMITFOTEPHOTO YIPAaBIiHHSA, HE
MIEPEKOHABIINCS, 10 HE OAWH KOMITOHEHT CHUCTEMH HE TOYHE PyXaTHUCS I 4ac
NepeXoy Ha pyYHE YIpPaBIIHHS;

- nepen 3HATTAM 3aXMCHHX €KpaHIB 3 o0epTaioduxcs AeTane —
BIIKJTFOUMTH 00JIaHAHHS BiJ] €JICKTPOKUBICHHS;

- BUKOPHCTOBYBaTH 3aXMCHI OKYJISIpU TH €KpaHW, JJs YHUKHEHHS
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TpaBMyBaHHSI y pa3l pyWHyBaHHsA 3pa3ka, oOjagHaHHS abo By3la, IO MOXE
CYIIPOBOI)KYBATHUCSI BUOYXOM.

n) Jlyis 3HWKEHHS MCUXO(I3MYHOTO HABAHTAXKEHHS, BHACHIIIOK poOOTH 3
[TK cnig goTpuMyBaTHCs BUMOT 10 PEKUMY Mpalll Ta BIAMOYMHKY MPU poOOTI Ha
xoMmI1 totepl. [lepconait, mo npaioe Ha KOMIT F0Tepl 3000B° I3aHUI TOTPUMYBATUCS
BUMOT 1HCTPYKIIIH, po3poOiieHnx Ha mijactaBi CaniTapHux HOpM 1 npaBui Canllun
2.2.2.542-96  «I'irieHiu"Hi BUMOTHM JO  BIJEO—AMCIUICHUX  TEpMIHAMIIB,
MEPCOHANIBHUX EJIEKTPOPO3PAXYHKOBUX MAIIMH 1 OpraHizaiii poliT», a TaKoXK
HECTH OCOOMCTY BIANOBIIAIBHICTh 32 JOTPUMAHHS BUMOT O€3IEKH CBOET Ipalli 1 3a
CTBOpPEHHSI HEOE3MEeYHOro YW MIKIAJMBOTO BUPOOHHUYOro QakTopa ais IHIINX
MPAIIOI0YHUX 1 MOJIOMKY KOMIT I0Tepa.

[Tpu po6OTI 3 KOMII’FOTEPOM MIKIJTUBUMU 1 HEOE3[IEUHUMHU YUHHUKAMU €:

—  €NEeKTPOCTaTH4HI MO,

—  EJIGKTPOMAarHiTHE BUIIPOMIHIOBAHHS;

—  HasBHICTH MOTY>KHUX 10HI3YIOUNX BUIIPOMIHIOBAHb;

—  JIOKaJIbHE CTOMJICHHS, 3arajbHa BTOMA;

—  CTOMJIIOBAHICTbH OYCH;

—  HeOesMeKa ypaxeHHs eJICKPHUYHUM CTPyMOM;

—  MOXeXoHeOe3meKa.

Pexxum mparmi Ta BIANOYMHKY TpH poOOTI 3 KOMIIIOTEPOM IOBHHHI
OpraHi30BYBaTHCS B 3aJI€KHOCTI B1J BUAY Ta KaTeropii TpyoBO1 AISUIBHOCTI.

Buau TpynoBoi IisUIBHOCTI TOAUISIOTHCS Ha 3 TPYIIN:

I'pyna A — pobora 3 3uMTyBaHHA 1HQOpMAILIi 3 €KpaHa KOMIIbIOTEpa 3
MONEPEAHIM 3aUTOM;

I'pynia b — po6ora 3 BBeIeHHsIM 1HpOpMAIIii;

I'pyna B — TBopua poGoTa B pesxuMi I1aJIoTy.

3a OCHOBHY pOOOTYy 3 KOMIBIOTEPOM CIIiJ] MPHHMAaTH TaKy, sfKa 3aiiMae
mentie 50% yacy npotarom yacy poOOTH KOMITIOTEpa.

Jlns BUAIB TPYAOBOI AISTIBHOCTI BCTAHOBIIIOETHCS 3 KaTreropii TAXKKOCTI Ta
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HaANPY>KEHOCT1 pOOOTH 3 KOMITIOTEPOM, SIKI BU3HAYAIOTHCSI:

JUIA TPYNIA A — TI0 CyMapHOMY YHMCIy NMPOYUTYBAHUX 3HAKIB 3a 4ac poOOTH
3 KOMITFOTepoM, ajie He Ouabie 60000 3HaKiB;

Ui Tpynu b — mo cymapHoMy 4mcly 3UMTYBaHMX 3HAKiB 3a 4ac poOOTH 3
KoMImtoTepoM, aie He oubiine 40000 3HakiB;

st tpyni B — mo cymapHoMmy uwuciy Oe3nocepeqHboi poOoTH 3
KOMII I0TE€pPOM, aJie He OuIbiie 6 TOANH 3a Yac PoOOTH 3 KOMIT FOTEPOM.

Jlns 3a0Ge3nedeHHs] ONTUMAJIbHOI IpaIe3aaTHOCT] 1 30€peKEeHHS 370pOB’ S
OpOTSATOM  Yacy poOOTHM 3  KOMIT'IOTEpOM  TOBMHHI  BCTAHOBJIIOBATHUCS
pernmameHnToBaHi nepepsu. [lepea moyarkom poOOTH HEOOX1THO MMEPEKOHATUCS, IO
MOHITOPY KOMIT' FOTE€pa MAaloTh AaHTUOJIKOBE WOKPUTTA (OKpiM rpynu A) 3
xkoediuieHToM BiaOUTTA He Outblue 0,5. [ToKpUTTS NOBUHHE TaKoX 3a0e3evuyBaTu
3HATTS €JEKTPOCTATUYHOTO 3apsAly 3 MOBEPXHI €KpaHy, ICKPIHHS 1 HAKOMMUYEHHS
nuny. Koprmyc MoHiTOpa TOBHMHEH 3a0e3medyBaTH 3aXHUCT BiJI 10HI3YIOUUX Ta
HEIOHI3YIOUMX BHIPOMiHIOBaHb. HeoOXiqHO mepeBipUTH podOYe TMOTOKEHHS
KOMIT FOT€pa BIJICTaTh MK CTIHOIO, BIKOHHUMH TPOpPI3aMH 1 CTOJIOM Ma€e OyTH HE
menue 0,8 M. IIpu HeBenukiil KUIBKOCTI poOOYMX MICIh Oa)kaHO pO3TaIlOBYBATH
CTOJIM O1JI MPOTHJIEKHOT CTIHU 1100 BIKOHHUX NPOpi3iB. BigcTane Mixk pobounmu
cTojaMu MOBUMHHO OyTH He MeHIe 1,2 M. He noyckaerbcst 3HaXOMKEHHS IPYroro
pobouoro micus 3 00Ky 3aJHbOT CTIHKUA KOMITtoTepa. ONTUMaIbHUMH HapaMeTpaMu
temrneparypu B kabideti € 19-21°C, nomyctumumu 18-22°C, BiTHOCHA BOJIOTICTH
62-55 %.

VY kabiHeT! ¢l 341MCHIOBATH HACKPI3HE MPOBITPIOBAHHS JUISl MOJIINIIEHHS
SKICHOTO CKJIaJly TIOBITpS, IIOIHS MIPOBOUTH BOJIOTE MIPUOMPAHHS.

JInst miABUIIIEHHST BOJIOTOCT1 MOBITPS CJIiJI BUKOPUCTOBYBATH 3BOJIOXKYBaYi.
VY npuminieHH1 MOBUHHO OyTH MITy4YHE 1 MPUPOAHE OCBITICHHS. OCHOBHUMN MOTIK
IPUPOIHOTO CBITJIa TOBUHEH OyTH JIIBOPYY, HE JOMYCKAETHCS MPaBOpPYY, 333y 1
cnepeny. Ha BikHax momHHI OyTH 3aBicCM B JBa pa3d OUIbLIC IIUPUHHU BIKHA.

3a00pOHSAETHCS 3aCTOCOBYBATH JIJIsl BIKOH YOPHI 3aBICH.
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KaGiner, e 3HaxoAubCsi KOMIT FOTEP BIAHOCHUTHCS /10 MOKEKOHEOE3MEeYHOTO
npuUMIilIeHHs Kareropii “b”, ToMy HEOOX1JHO MAaTH BYIVIEKMCIOTHUN BOTHETACHHUK
tuny OY—5 1 BMITH HUM KOPUCTYBaTHCs. 3BEPHYTH yBary Ha 3a3eMJICHHS, TOMY 110
B KOMIIT FOT€pi BUKOPHCTOBYIOTBCS MIKPOCXEMH, YYTJIMBI O CTATUYHOI EIEKTPUKH.
3BepHYTH OCOOJIMBY yBary Ha I[UTICHICTD 130711 BCiX KaOemniB Ta po3’eMiB, 1100
HE BUSIBUTHUCS HECIIOAIBAHO TMiJ] HANPYrow MmoA0 3eMiil. 3a00pOHSEThCS
CaMOCTIMHO BIJIKpUBATU KOMII'IOT€pA, 3 MPUYMHU BHUCOKOI HANpyTrd BCEPEIMHI.
Buxitouaetbest pobora 3 KOMIT'IOTEpOM 1 Horo mnepudepiiHUMHU TPUCTPOSIMHU 3
BIIKPUTUM KOPITYCOM, CaMOCTIMHO IEepeMHMKaTH CHJIOBI Ta iHTepdelcHi kaberi,
npoJMBatu piavHu 1 T.1. PoOoue wmicue nependadeHo oOnajaHaTH CHEliaIbHUMU
MeOIsIMU: OOEPTOBUM CTUIBIIEM 13 3MIHHOKO BHMCOTOIO CHAIHHSA 1 KyTa HaxXwiIy
cnuHku. [Ipu poOOTI Ha KOMII'IOTEpl MpAIlOIOYMN MOBUHEH OyTH yBa)XHUM, HE
B1JIBOJIIKATHCS HA TTOOYTOBI CIIPaBH.

[Tix yac poOoTH KOMII tOTEepa 3a00POHSIETHCS:

—  3aJMIIaTH KOMIT 10Tep 0e3 Harsay;

—  TPOBOAWTHU PEMOHT;

—  3HIMAaTHU KOPITyC 3 KOMII FOTepa.

TpuBamicTs Oe3nepepBHOi pOOOTH 3 KOMIT IOTEpOM 0€3 periaMeHTOBaHOi
nepepBy HE MOBUHHA TMepeBHIyBaru 2 roauH. [lix yac permameHToBaHOI nepepBU
3 METOI 3HIKEHHS HEPBOBO—EMOILIIMHOTO HAIPYXEHHS, CTOMJICHHS 30pOBOTO
aHaJi3aTopa, yCyHEHHs BIUIUBY TNOAMHAMII Ta T1MOKIHE311, 3a00IraHHs pO3BUTKY
BTOMH JIOI[IbHO BUKOHYBaTH KOMILJIEKCH BHpaB. PiBeHb IyMy B MPUMILIEHHI IT1]1
yac poOoTH KoMIT 10TepiB He noBuHeH nepesuinyBatu S0 1bA. KoHcTpykiiis Bigeo
MOHITOpa TOBMHHAa IepeadadaTd  3axoAu, 110 3a0e3Me4yl0Th  XOPOILY
PpO30ipIMBICTh 300paKEHHSI, HE3AJIC)KHY BiJl 30BHIIIHHOTO OCBITIICHHS.

VY 3ajIe)XHOCTI BiJl MPU3HAYEHHS 1 00J1acTi 3aCTOCYBAaHHS B1ACOTEPMIHAIH
MOXYTb OyTH MOALJICHI HA HACTYIIHI TPYTIH:

—  rpyna A — KoJbOpOB1 MOHITOPH TUIBKH JUJISl AEMOHCTPALIMHUX LIJIEH;

— Tpyna b — KonbOpoBi MOHITOPH J1JIs1 IEPCOHATIBHOT POOOTH;
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—  Tpyna B — MOHOXpOMHI MOHITOPH.

Kareropyuno 3a00poHsS€TbCS BUKOPUCTAHHS Ha poOoyoMy  Micli
€JIEKTPOHArpIBAJIBHUX MNPWIAAIB 3 BIAKPUTHM €JIE€MEHTOM, BIJIKPHUTHM BOTHEM.
KopucryBaHHs €leKTpOHarpiBajlbHUMU MpUiafiaMyd 3 3aKpUTUMH HarpiBajJlbHUMU
€JIEMEHTAMH JI03BOJISIETHCS TUIBKM Yy CIELIANBHO BIABEACHUX JUISl LIbOIO MICLSX.
HenorpumanHs BUMOT 10 MIKPOKJIIMATy TPHUMIMICHHS MOXE HE TUIBKH PI3KO
3HM)KYBaTH MPOAYKTUBHICTh Mpalll, BUKJIMKATH BTPATH poOOOYOro yacy dyepes
301IBIIEHOTO YMCIIAa MOMIJIOK Yy poOOTi, ane 1 MPUBOAUTH 10 (YHKIIOHAIHHHUX
po3iaaiB ab0 XpPOHIUYHUX 3aXBOPIOBaHb OPraHiB JUXaHHS, HEPBOBOI CUCTEMH,

IMyHHOI CUCTEMH.

5.3 3axonu 1o 3a6e3reyeHHI0 BUPOOHUYOT caHiTapli Ta riri€Hy mparii

e) Ha mpacrasi ['OCT 12.1.005-88 «3aranbHi caHITapHO-TITI€HIYHI
BUMOTH JI0 TOBITPS poO0YOi 30HM» ONTHUMAILHUMH TMapaMeTpaMu JUisl JIaHOl
naboparopii OyayTh:

— B XOJIOJHUM 1 mepexigHuil nepion: Temmeparypa 18 ... 20 °C, BimHOCHa
BoJioricTh 60 ... 40 %, mBuaKicTh pyXy nositps 0,2 M/c;

— B Temiuid mnepiox: temmneparypa 21 ... 23 °C, BIIHOCHa BOJOTICTh
60...40%, mBuaKicTh pyxy noBiTps 0,3 m/c.

BianoBiiHICTh LIMX MapaMeTpiB MIKPOKIIMATy AOCITA€ThCs 3aCTOCYBAHHIM
MPUITUBHO—BUTSHKHOT BEHTUJIAILIIT 3 30CEPEKEHOI0 MOIAYEI0 MiIIrPITOr0 MOBITPS
(xamopudep). Haitbunpm edexruBHUM 3aco00M MiHIMI3AIIT BCTYyNy Y TMOBITPS
po00YO0i 30HM MIKIIJIMBUX PEUOBUH (MIIY) € MEXaHIYHA BEHTWIALS MiCLIEBOTO
TUIy — BUTSOKHUX BEHTWISIIN, SKI BCTAHOBIIOIOTHCS Ha POOOYMX MICISIX, 1€
TeHEPYIOThCS MIKIUTMBI peYOBUHU. {151 11bOro MOTpiOHO OOnajgHaTH PoOOUy 30HY
BUTsDKHOIO BeHTW siLie0 3rigHo ['OCT 12.4.021—- 75 «Cuctembl BEHTHISIUU.
OO6mmue TpeOoBaHUSY.

[TiaTpUMKy YMCTOTH AOCHIHUUBKUX MPUMILIEHD 31ACHIOIOThH BiJIOBIIHO

3 TOCT 12.1.005-88 «O6mue caHUTapHO-TUTUEHUIECKUE TPEOOBAHUS K BO3IYXY
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paboueii 30HbI». {751 3a0e3medyeHHs] HaJEKHUX YMOB y HPHUMIIIEHHI Jaboparopii
JOITBHO BUKOPHUCTOBYBATH BOJIOTE TIPUOWpPAHHS JBa pa3H 3a poOoUy 3MiHY;

Jlnst Hopmarizallii mapaMeTpiB MOBITPSHOTO CEPEIOBUINA B BHUPOOHHUUX
OPUMILICHHSAX  MependadaeTbCsi  BUKOPUCTOBYBAaTHM  TEXHIYHI  3aco0U MO
3a0€3MeYEHHI0 HOPMOBAHUX MapaMeTpiB. {0 HUX BIIHOCUTHCS BOJISIHE 200 MapoBe
OMaJIeHHs, MpUpoAHa a00 IITy4YHA BEHTWIALIS. B Xonmomuuil mepios] poky MITy4HY
BEHTWJISILIIO, IPOTOYHY BHUTSKKY MOEAHYIOTHh 3 (DYHKIII€IO MIJITPIiBY 30BHIIIHBOTO
noBITpsL  Kasopudep. Y aaMIHICTPATUBHUX MPUMIMICHHSIX BHUKOPUCTOBYIOTHCS
KOHJIUITIOHEPH.

Po3paxyHOK HagXOMKEHHS TEIJIOTH Y TMPUMIMIEHHS, Ta BU3HAYCHHS
KOHAUIIOHEpA.

Bu3HauaeMo HAgXOMKEHHS TEIJIOTM B TpUMIIIEHHS o 18 rog.
OpienTyBanms Oyxismi za IliBn3. [Tiomma npuMinieHns ckIagae 35 m>, Bucota 4 M.
Posmipu BikHa 2x1,2 ™%, tioma Tini 0,33 M°, moxsiliHe ckinHA. BikHa 6e3
COHIIE3aXHMCHUX TPUCTPOiB. ATMocdepa pailony — He3aOpynHeHa. KigbkicTh
pobounx wMmicup 6: 4 >kiHKH Ta 2 4YoJoBIKM. OCBITIICHHS 3IIMCHIOETBCS 34
JIOTIOMOTOI0 JIFOMIHECIICHTHUX JIaMIl, 3arajibHa MOTYXHICTh SIKUX B MPUMIIIECHHI

cknazgae 1,75 kBt. Temneparypa B npumitienHi cknanae 38°C.

3a Tabnuuero 5.1 BU3HAYa€EMO 3HAYEHHS NPAMOI ((syn) Ta PO3CIAHOL ()
coHsuHO1 pamiarii o 18 roguHi:
Q. = 344 KKaJI/(l“OI['MZ)

Qup =95 KKan/(rom-m’)

Tabmuus 5.1 — MakcumanbHi 3HAU€HHS! KUIBKOCT1 TEIJIOTH NMPAMOT ((;,.) Ta

PO3CIAHOI (5 p.) COHAYHOI pajiarii

KinpkicTh TEMJIOTH MpH 3alOBHEHHI CBITJIOBUX IMPOPI3IB B 3aJIEKHOCTI

. . . .. 2
BIJl 4acy A0OM Ta OPIEHTYBaHHS CBITIIOBHX MPOPI31B, KKaJ/(rog-m")
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J1o nomynHs

Ilokasnuk |y ITisnC Cx [TisnC |TliB [MiBn3  |3x

[Ticns monyaHs

I1is [TiBu3 3 I[lisn3 |IliBx |IliBx Cx
Js.n. 80 426 423 344 257 96 —
Js.p 64 93 112 95 75 66 56

KinpkicTh TemiaoTu, mo HAAXOAUTH JO MPUMIIICHHS 4Yepe3 IMOABIMHE
CKJIIHHSA JUIsl pO3PaxyHKOBOI FOJMHU PO3PAXOBYEMO:

Q cnp. = (qoFn + qiF; ) Ky KKas/TOI (5.1)

7€ o Ta (; — KUIbKICTh TEIJIOTH, KA HAAXOAUTH JO MPUMIMICHHS Yepe3
CBITJIOBI IIPOPI3H, SIKI OIIPOMIHIOIOTHCSI Ta HE OTIPOMIHIOIOTHCS MPSMOIO COHSYHOIO
pajiali€ro;

F, ta F, — mioma 3aloBHEHHs CBITJIOBOIO IPOPIi3y, fKa OIPOMIHIOETHCA
MPSIMOIO Ta PO3CISIHOIO COHSIYHOO paiialli€ro BiMOBIIHO, M2;

K 4z — KOe(diieHT BIJHOCHOIO NMPOHUKHEHHSI COHSAYHOIO pailauii yepes

3allOBHEHHSI CBITJIOBOTO MPOPI3Y.

Tabmums 5.2 — Koedimient K;, skuii BpaxoBye 3aTiHEHHsS CKJIIHHS

CBITJIOBUX IPOPI3iB MEPEIILOTAMH Ta 3a0pyaHEHHS aTMOochepu

3HaueHHs koediieHTy I cBITIIoBHMX TmpopiziB K| Ta

arMocgepu

Hezabpynuenoi | 3a0pynHeHid B MPOMHUCIOBUX paloOHaXx, sKi
CxJniHHS . .
(HE3aJIe)KHO  BiJI | ONPOMIHIOIOTBCS COHIIEM B PO3PaXyHKOBY

ONPOMIHEHHST) TOJVHY

Opunapue 6e3 | 1 0,75
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MEeperIbOTIB

Ilonsiiine  ©6e3 | 0,9 0,68

MeperibOTIB

Tabnuis 5.3 — Koedimient K,, sikuit BpaxoBye 3a0pyIHEHHS CKJIa

3a0pynHeHHs ckia | 3Ha4eHHs KOeilieHTy
3HayHe 0,85
[Tomipue 0,9
Hes3naune 0,95
Hucre ckio 1
Qo = (Qen. T Qs p. JKiK; KKaJ'I/(FOI['MZ) (5.2)
[Tnoma BIKOHHOTO MPOPI3Y, SIKA OMPOMIHIOETHCS COHSYHOKO PaJlialli€ro
CKJIaJae:
Fup=Foc—F, (M) (5.3)

3aranpHa KUIBKICTh TEIUIOTH, K& HAAXOAUTh JO MPUMIIIEHb Yepe3
BIKOHHHI MIPOPI3, BUZHAYAETHCS (HOPMYIIOIO:

Qep.= (qoFn + qF, ) Ko Kxan/(rom-m’) (5.4)

K — Koe(diIieHT BiTHOCHOTO MPOHUKHEHHSI COHSYHOI pajiaiii uepes
3alMOBHEHHS CBITIOBOTO Tpopidy. [Ipu ogqunapuomy ckiinHi Ky = 0,9 ... 1,0; npu
nongitHomy K, = 0,8...0,9.

BujaiienHss TemsIOTH BiJg IITYYHOTO OCBITJICHHSI PO3pPaxoBYIOTh 32

dbopmyIoro:
Qocs = 860 - n - Ny KKaN/TOA (5.5)
J€ N — KOe(IUIEHT Mepexoay E€JIeKTPUYHOI €Heprii B TEIUIOBY; IS

JIOMIHECIIEHTHHX JiamIl n = (,5;
Nocz — CYMapHa MOTYKHICTh JpKepell OCBITIICHHs, KBT.

ITpn po3paxyHkax ciijl mam’siTaTH IpaBuiia NEPEBEACHHS €HEPreTUYHUX
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OJIUHUIIb:

1 kBt = 860 kkan/rox;

1 xkan/rong = 1,163 BT;

1 Bt = JIx/c;

Po3paxyHOK BHILIEHOI TEIUIOTH JIFOAbMH, BIANOBIAHO 10 Tabm. 5.4, 3a
YMOBOIO, 1[0 B IPUMIILIEHH] 3HAXOJAThCS 2 YOJIOBIKH, Ta 4 KIHKU, TEMIIEpATypa B

npumimierHi 38°C.

Tabmunusa 5.4 — KinbkicTh TEIJIOTH, SKa BUIUIAETHCS JOPOCIUMH JTHOABMU

(4o0BIKaMM)

KUIBKICT, TENJIOTH, KKaJI/TOM, KA BUIUISETHLCS OJHICIO JIFOAUHOIO

py TeMIepaTypi NOBITps B npumimieHHi,’C

10 15 20 25 30
130 105 85 55 35
Q. =52+5-4-0,85 = 27 kkan/ron (5.6)

3aranpHa KUIBKICTh TEIUIOTM B PO3pPaxXyHKOBY TOAMHY B JIMIIHI, SIKY
HEOOXIJTHO BIJIBECTH 3a JOMNOMOrOK KOHAMI[IOHYBAaHHS, BU3HAYAETHCSI CYMOIO
TEIJIOTH JHKEPEN TETT0 HAIXOMKEHHS

Quar = Qenp T Qocs + Q, = 642,4 + 752,5 + 27 = 1421 kxan/ron. (5.7)

OckinpKH TUIOIIA MPUMIIICHHS cKiamae 35 Mz, TO HAWOLIBII HOLIJIBHUM €
Bukopuctands  koumuitionepa Ttuny COOPER&HUNTER  CH-S12LHA,
xonopomnpoayktuBHicTIO 3100 kkan/ron. Toxi, 3a hopmyroro (5.8) 3Haxogumo vac,

KU HEOOXITHWM JJIT OXOJIOMKEHHS TPUMIIIEHHS 32 JOTMOMOTOK IIHOTO

KOHAUIIOHEpA:
T = CyVi(tauz — twopw )/3600-1,163:Qony, = 1000-1,2-140-(27-22)/
3600-1,163-3100 = 0,0647 rog. (5.8)

ne C — macoBa TEIJIOEMHICTh MPUITUBHOTO MOBiTps (ckiagae 1000 [Ix/xr
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10);

Yy — T'YCTHHA IPHIUTHBHOTO MOBIiTPs (cKaamae 1,2 Kr/v’);

V — 00’eM npuMIIIeHHS, M

tsuy — TEMIIEPATYPA MOBITPS, IO CKJIAAAETHCS 3 puMitieHHs, | °C

tiopw — HOpPMOBaHAa (ONTHUMAalbHA) TEMIIEpaTypa B NPHUMINICHI, SKY
HEOOX1THO JOCSTTH IUIIXOM KOHJIUIIOHYBaHHS (ipuiiHATH piBoto 22°C).

€) Ilpu xoHTpOI1 BUPOOHUYOrO OCBITIICHHS CJiJ] KEPYBaTHCS BUMOTaMHU
CHull I1-4-79 «lIpupomne 1 mTyyHe OCBiTIeHHS. HopmMu mnpoexTyBaHHS» 3
ypaxyBaHHSIM XapakTepy 1 TOUHOCTI 30pOBOi POOOTH.

[Tpu mocnimKeHHi 3pa3KiB Ha PO3TAT po3Mmip 00’ekra > 10 MM, TOMY po3psia
30poBOi  poboTu mnpu3HadaeTbess sk VI Jlms  1pOro BUKOPHUCTOBYHOTHCS

JroMiHICLeHTHI Jlamiu JIB, 110 BCTaHOBIIOIOTHCS y CBITHIIbHUK TUIy PCII.

5.4 3ax0au 3 MOXKEXKHOI Oe3IEKU

k) Jlns  momepemkeHHS TIOXKEXK TependadacTbCcsi  BUKOPHUCTOBYBATH
NEePBUHHI 3aco0M moxexoraciHHsA. Jlo HUX BIJHOCATBCS: BOTHETACHUKH,
MOYKEKHUH 1HBEHTap (TOKpHBAJIa 3 HETOPIOYOTO MOJIOTHA, SITUKA 3 IMTICKOM, O0YKH 3
BOJIOI0, TOXKEXKHI BiJIpa, COBKOBI JIOMAarH, JIOMH, COKHPU TOIIO), CHUCTEMU
aBTOMATHUYHOTO MTOKEKOTaCIHHS.

[TepBuHHI 3aCO0M MOXKEKOTACIHHS, B 3AJIEKHOCTI BiJl KATEropii MpUMILIEHb,
MOXKYTh PO3TAIIOBYBATUCH SIK OKPEMO, TaK 1 B CKJIa/I1 MOKEKHUX IIUTIB.

Takox HEOOX1AHO TEPIOJUYHO MPOBOAUTH MPOTUIIOKEKHI 1HCTPYKTaXI,
HABYAHHS Ta TPEHYBaHHS MIEPCOHAITY.

3a BHOYXO—TIOXKEKHOIO HEOE3MEeKOI MPUMIIICHHS i OymiBiIl MOAUISIOTH Ha
n’sate kKareropii: A, b, B, I, JI. BcraHoBieHHsi Kareropii NpuUMIIICHHS
BUKOHYETHCSI IUISIXOM TMOCTIZOBHOI TEPEBIPKA HAJIEKHOCTI MPUMIMIECHHS 10
Kareropiii Bia HaWBuIoi (A) 1o Ha HaiHWK4YO01 (/]) 3 ypaxyBaHHSIM XapakTepy
TEXHOJIOTITYHUX MPOIECIB 1 MOXKEKOHEOE3NEUHNX BIACTMBOCTEH pPEYOBHH, IO B

HHUX 34CTOCOBYETHCA, 3 MCTOIO BHABJICHHA MOKIMBUX 0o0CTaBHH 1 IIPUYINH
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BUHUKHEHHS BUOYXIB 1 TTOXKEXK Ta 1X HACIIIKIB.

[Tpuiimaemo kareropiro J[, Tak gk 1 Kareropis OUIBII MiAXOAWTH MO
XapaKTepUCTHUIIl PEUOBUH 1 MaTepiaiB, 10 30epiraroThCsi B MPUMIIIEHHI, a CaMe
3HAXOAATHCS HE3aMMHUCTI PEUOBHMHU 1 Marepiaid B XOJOAHOMY CTaHl, a TaKOX
KaOenpH1 EJEKTPONPOBOJAKM JO YyCTAaTKyBaHHS, OKpemi mpeaMeTd MeOiB Ha
MICLISIX.

BusnaueHHs Kjacy TMOXKeXi. 3aleXHO BiJ arperarHoro craHy u
0COONMBOCTE TOPIHHS PI3HUX TOPIOUMX PEYOBHMH U MarepialiiB MOXKEKl 3a
JABbHB.1.1.7-2002 «IloxexHna Oe3neka 00’ €KTiB OyIIBHUIITBa» MOIUISAIOTHCA Ha
BIJIITOBIIHI KJIACH Ta MIJKJIACH:

e KjJac A — TMOXEXI TBEPAUX PEUOBUH, TMEPEBAKHO OPraHIvHOTO
MOXO/P)KEHHSI, TOPIHHSA SIKUX CYNPOBOIKYETHCS TIIHHSIM (JI€pEBUHA, TEKCTHUJIb,
namip);

e k1ac B — moxkexi roprouux piauH a00 TBEpPAMX pPEYOBHUH, SKI
PO3TOILTIOIOTHCS;

o kinac C — ImoxexKl ra3is;

° kinac D — moxkek1 MeTaniB Ta iX CIUIaBiB;

e wiac E (momarkoBuil) — TOXEXi, TNOB’s3aHI 3  TOPIHHAM
€JIEKTPOYCTAHOBOK.

Ob6upaemo knac E (mogarkoBuil) moxkexli, OB’ A3aH1 3 TOPIHHSAM €JIEKTPOYC
TaHOBO.

Bubip Ttuny Ta BU3HAUE€HHS HEOOXITHOI KUIBKOCTI TMEPBUHHUX 3ac00iB
NoXexoraciHHs. Bu3HayeHHS BUAIB Ta KUIBKOCTI MEpPBHHHUX  3aco0iB
MOXKEKOTACIHHSA ~ CJIiJI TPOBOAUTH 3 ypaxyBaHHSAIM  (I3UKO—XIMIYHUX Ta
MOXKEeKOHEOE3MEUHUX  BJIACTUBOCTEH TOPIOYMX PEYOBHH, 1I1X B3aeMoAil 3
BOTHETAaCHUMHU PEYOBHMHAMH, a TAKOX PO3MIPIB IUION] BUPOOHUYUX MPUMIIIEHb,
BIJIKDUTHUX MalJJaHUYMKIB Ta yCTAHOBOK.

HeoOxigHy KUIBKICTh NMEPBUHHHUX 3acO0IB IOXKEXKOTacClHHS BU3HAYAKOTh

OKpEeMO JUIsi KOKHOTO TMOBEpPXy Ta MPUMINICHHS, a TaKOX i1 MaWJaHYMKIB Ta
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YCTaHOBOK.

[To)xexxHUN 1HBEHTap 3 IOXKEKHUM I1HCTPYMEHTOM 1 BOTIHEraCHUKamMu
PO3MIITY€EThCS HA CHEIATbHUX MOKEKHUX MUTaxX (cTeHaax). Taki muTH (CTEHIN)
BianoBigHO a0 "llpaBun mnoxkexHoi Oe3neku B YKpaiHi" BCTAHOBIIOIOTh Ha
Teputopii 00’ekTa 3 po3paxyHKy omuH T (crenn) Ha mwionry 5000 m2 o
KOMIUIEKTY 3aC001B MOXKEXKOTACIHHS, K1 PO3MIIIYIOTh Ha CTEH/II, CJI1J] BKIIOYUTH:
BOTHETaCHUKHU — 3 MIT.; SIIMK 13 MICKOM — | IIT.; MOXEXKHE MOKPUBAIO PO3MIPOM
2x2 M — 1 WT.; raku — 3 WT.; JJONATh — 2 MIT.; JIOMU — 2 IIT.; COKUPHU — 2 WT. SAuK
13 MICKOM, SIKMH € €JIEMEHTOM KOHCTPYKIII MOXKEXKHOTO IUTa (CTEeH/a), MOBUHEH
MaTHh eMHICTh He MeHIe 0,1 M? Ta BUKIIIOYAaTH MOTPAIISSHHSA B HHOI'O OMNa/iB.

Cepen mepBUHHHX 3ac001B IMOXKEKOTacCiHHS OCOONHMBE MiCIe 3alMaroTh
BOTHETaCHUKH, SIK1 B1J]3HAYAIOTHCSI BUCOKOIO €(DEKTUBHICTIO Jii.

Bubip Tuny Ta Bu3HaYeHHS NOTPIOHOT KUIBKOCTI BOTHETACHUKIB
3MIMCHIOETBCS 3T1HO BOTHETACHOI 3/IaTHOCTI BOTHETaCHUKIB, TPAHMYHOI ILIOIII],
KJIaCy MOXKEK1 FOPIOYMX PEYOBHH Ta MareplaliB y 3aXUIyBaHOMY IMPUMILIEHHI,
abo Ha o0’ekti (crammapt ISO 3941-77). Kpim mnepepaxoBaHUX NapameTpiB
OepeTbCs J0 YyBaru TaKOX Kareropis NPHUMIIIEHb 3a BHOYXOMOXKEKHOI Ta
MOXKEKHOI0 HEOE3MEKOIO.

Bubip Ttuny BorHeracHuka (IepecyBHHN 4YM TIEPEHOCHHUM) 3YMOBJICHUM
po3MipaMu  MOXJIMBUX OCEpEAKIB MOXKEX; Yy pa3l 30UIbIIEHUX iX pO3MIpIB
PEKOMEHIyETHCSI BUKOPUCTOBYBATH MEPECYBHI BOTHETACHUKH.

BiacTanp Bil MOXJIHMBOTO OCEPENKY IOXKEXKI JO MICHS PO3TallyBaHHs
BOTHETaCHWKAa He Mae mepeBumryBaru: 20 M — I TpOMajChKuX OymiBenb Ta
copyn; 30 M — s mpumimeHb kareropii A, b, B (roproui rasum Ta
pinuan); 40 M — s npumimieHs kareropid B, I'; 70 M — i npumiiieHb
kareropii [I.

CBoevacHe BHUSIBJICHHS O3HAK 3aliMaHHS 1 BUKJIUK TMOXKEXKHUX I1IPO3ALIIB
Ja€ 3MOTY IIBUJKO JIOKATI3yBaTH OCEPEAKU MOXKEXKI Ta BAKUTU 3aXOU WIOAO ii

JIKBIJAIlii, a OT)Ke, CTBOPIOE MOXKJIMBICTh CYTTEBO 3MEHIIUTH OOCATH 3aroOisHOI
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mkoau. HaltmBuammm ta HalfHaIiMHIIIUM 3aCO00M CHOBIIIEHHS PO BUHUKHEHHS
MOKEXK1 BBAXKAKOTHCS YCTAHOBKH €JIEKTpUYHOI noxkexxHoi curHam3auii (EI1C).
3alie’)KHO BiJ cXeMU 3’ €QHAHHS PO3PI3HSIIOTH MPOMEHEBl (padialibHi) Ta
kuibileBi ycraHoBku EINIC. B ycranoBkax EIIC moxyTh 005aqHyBaTUCs apecHi Ta
HE aJ[peCHl MOXKEXKH1 crhoBilryBadi. He aapecHHMM BBaXKa€ThCsi aBTOMATUYHUUN
CHOBIIIYBaY, KU pearye Ha (pakTopu, 110 CYNPOBOKYIOTh MOXKEXKY B MICIII HOTO
BCTAHOBJICHHS, Ta (POpMy€ CHUTHANI NMPO BUHUKHEHHS IMOXKEKI B 3aXUIyBaHOMY
npuminieHHi 0e3 3a3Ha4eHHs CBOro Homepa (aapecu). AAPECHHI CHOBIimyBad
MOCTIHHO  ab0  mepioguyHO  aKTMBHO  (OpMye  CHUTHaI  TpPO  CTaH
NOKEKOHEOE3NMEYHOCTI Yy  3aXMIIyBaHOMY TIPUMIIIEHHI Ta 1pO  BIACHY

npare3IaTHICTh 13 3a3HaYE€HHSIM CBOTO HOMeEpa (aapecH).

5.5 3axonu Oe3nexy y Ha/I3BUYaHHUX CUTYAIlIsX

3) MeToro NMpoBeeHHsI PATYBAIBHUX Ta 1HIIMX HEBIAKIAAHUX poOiT (P 1
[HP) B ocepenkax MacoBOIO ypa)X€HHS € PSITYBaHHs JIOJEH Ta HaJaHHS MEIUYHOI
JIOTIOMOTH TIOTEPIIUIAM, JIOKaJi3allis aBapiii Ta yCYHEHHS MOIIKOKEHb, KOTpI
NEPEIKOIKAIOTh MPOBEACHHIO PSITYBAJIbHUX Ta BIJHOBIIIOBAJIBHUX POOIT.

PsaTyBanbH1 poOOTH BKIIFOYAIOTh:

®  PO3BIAKY MapHIpyTiB BUCYBaHHS (pOopMyBaHb 1 00’ €KTIB poOIT;

e  JOKaJi3amilo 1 TaciHHS TIOKEK Ha MapIIpyTax BHCYBaHHS 1 Ha
JISTHKaX pooiT;

®  [OWIYK MOTEPNUIMX 1 BUTATYBAHHS iX 13 MOLIKOUKEHUX Ta MAJAKOUUX
OyIMHKIB, 3aTa30BaHUX, 3aTOIJICHUX, 3aIUMJICHUX MPUMIIICHb, 13 3aBaJIiB;

®  PO3KPUTTA 3pYyWHOBAHMX, TMOUIKO/PKEHUX, 3aBaJICHUX CIIOpYH Ta
PATYBaHHS JIIOCH, KOTP1 TaM nepedyBatoTh;

® [IOfaBaHHSA TOBITPS B 3aBAJCHI COOPYAH 3  TOIIKOKEHOIO
(GITBTPOBATIBEHO BEHTUJIALIITHOIO CUCTEMOTO;

®  HaJAHHS NEPIIOi MEIUYHOI JOMOMOTH MOTEPIUIMM Ta €BaKyalis iX J10

JKapChKUX yCTaHOB;
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e  BUBEJCHHS (BUBE3CHHS) HAaceJIEHHs 3 HeOe3MeuyHUX 30H y Oe3rneuHi
palioHy;

e  caHiTapHy 00poOKy JIONIEH, BETEPUHAPHY 00poOKy
CLIBCBKOTOCTIONIAPCHKUX TBAapHH, JI€3aKTHBAIII0 Ta Jieras3allilo TEXHIKH, 3ac00iB
3aXHUCTY, OJIATY, MPOIOBOJILCTBA, 131, BOAU, QypaxKy.

[HI11 HEB1AKIAAHI pOOOTH BKIIFOYAOTh:

®  TMPOKJIAJAHHS KOJIOHHUX IUIAXIB Ta BIAIITYBAaHHS MPOI3/iB (MMPOXOIIB)
y 3aBajlaX Ta B 30HAX yPaKEHHS;

e  JIOKaJi3allil0 aBapiii Ha ra3oBUX, EJIEKTPUUYHHX MEpPEekax 3 METOI0
3a0€3MeUYeHHs YMOB JUIsl IPOBECHHS PATYBAJIbHUX POOIT;

e  VYKpIIJICHHs 4Y¥ pyHHYBaHHS KOHCTPYKIIIH OyAMHKIB Ta CIOPYH, KOTpI
3arpoXKyl0Th OO0BaJOM Ta MEPEUIKOKAIOTh O€3MEUHOMY pPYyXy 1 NPOBEACHHIO
PATYBAIBHUX POOIT;

®  PEMOHT Ta BIJTHOBJICHHS MOIIKODKEHUX 1 3pYWHOBAHUX JIIHIN 3B’ 3Ky
Ta KOMyHaJIbHO—E€HEPIeTUYHUX MEPEX 3 METOI0 3a0€3MEeUEHHS PATYBaJIbHUX POOIT
Ta IHIIWX HEBIIKJIAIHUX POOIT, a TAKOXK 3aXUCHUX CHOPYH JJI YKPUTTS JIOACH Y
Bumnajky nosropuux HC;

® T[IONIYK, 3HENIKO/PKEHHS Ta 3HUILCHHS Ooe€mnpumaci, 110 He
po3ipBaiucs Ta IHIKX BUOYXOHEOE3MEUHUX MPEIMETIB.

P ta IHP npoBoasiThcst Ge3mocepeiHb0 B 0CepeIkax ypaKeHHs 3a Oy/b sIKOi
NOTOJIY A0 MOBHOTO 1X 3aBEPILEHHS.

Benukuii o6csar pobotu B ocepeakax ypaXeHHS HEMOXKJIMBO IIPOBECTHU 3a
KOpOTKMH dYac 0e3 BHUKOPHUCTAHHS PI3HOMAHITHOI TEXHIKM. TUIBKM IIHpOKa
MeXaHi3alld YCIX BHJIB pOOIT Ja€ 3MOry CBOEYACHO 3IINCHUTH PATYBaHHS
noteprninux. Jyis npoBenenHs P ta IHP MoxyTh BHKOpHUCTOBYBaTHCS BCl THIIU
OyHiBeIbHUX Ta JIOPOXKHIX MAalUWH, MEXaHI3MIB, TEXHIKA KOMYHAaJbHOTO
rOCIIOIapCTBA PailoHy, MiCTa.

3asie’kHO Bij BUy BUKOHYBAHUX POOIT BOHM MOIISIOTHCS HA TaKl TPYIIU:

—  MAaIIMHM 1 MEXaHI3MU JJI1 PO3KPUTTS 3aBAJICHUX CXOBHIL Ta YKPUTTIB,
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po30upaHHsT Ta  PO3YMINCHHS  3aBajiB, MJHIMAHHS, TMEPEMIIIEHHS 1
TPAHCIOPTYBaHHS BaHTaX1B (EKCKaBaTOpPH, TPAKTOPH, OyIbA03€pH, KpaHH,
CaMOCKHU/IY 3 TIpHYenamMu, OJIOKH, JIeO1IKH, IOMKPATH);

—  TMHEBMaTUYHUN 1HCTpYMEHT (OypwibHI Ta BiIOIHHI MOJIOTKH), SIKi
BUKOPHCTOBYIOTBHCS ISl (DOPMYBAaHHS OTBOPIB y KaM SIHUX, LUEIISTHUX 1 OETOHHHUX
CTiHAX, MEPEKPUTTAX 3aBAJICHUX CXOBHUII 3 METOIO TOJaBaHHS B HUX MOBITPs abo
JUTSI BUBEJICHHS THX, XTO TIEPEXOBYETHCS TaM;

— oOmamHaHHS JI pi3aHHS MeTany (ra3opi3u, OE€H30pi3U, aBTOTCHH,
CJICKTPO3BAPIOBAJIbHI anaparu);

—  MEXaHi3MHU JyIs BiIKavyBaHHS BOAM (HACOCH, MOTOTIOMITH, TTOJIUBAIBHI
MAalllMHU Ta aBTOPO3JIMBHI CTaHIIIi);

—  3aco0u, KOTpi 3a0e3meuyroTh TPAHCHOPTYBAaHHS YH TEpPENpaBIsHHS
yepe3 BOJHY IEPENOHY OCHOBHUX MAaIlWH 1 OOnagHaHHA (IPUYINK—Ba’KKOBO3H,
TATayi—Tpeisiepu, 0apxi, MOPOMHU, TOHTOHU TOILIO);

—  PEeMOHTHI Ta 0OCITyroByroui 3acoOu (pEMOHTHI MaWCTEpHi, CTaHII1
00cIyroByBaHHsI, 0€H30—BOI03AITPABHUKH, OCBITIIOBAJIbHI CTAHIIIT TOIIIO).

[Topsin 3 e(EeKTMBHUM BHUKOPUCTAHHSM MAIlMH 1 MEXaHI3MIB YCHILIHE
nposeaeHHs P ta IHP nocsaraerscs:

—  CBOEYACHOIO OpraHizaii€ro Ta 0e3rnepepBHUM MPOBEACHHSIM PO3BIJIKH,
IIBUIKAM BHBEICHHIM (OpPMyBaHb B OCEPEIKH YpPaKCHHS JJIi BHUKOHAHHS
3aBJIaHb;

—  3HaHHSM Ta JOTPUMAHHSM MPaBUII 1 3aX0/1B O€3MeKU MpU MPOBEIACHH1
poOiT;

—  3aBUYACHUM BHBYCHHSM KoMaHaupamu GOpMyBaHb OCOOIMBOCTEMH
AMOBIpHUX JUITHOK (00’€KTiB) poOIT, XapakTepy ix 3a0yJoBH, HASBHICTIO
KOMYHaJIbHO—€HEPreTUYHUX Ta TEXHOJOTTYHUX Mepex, micupb 30epiranas COP,
MICI[b PO3TallyBaHHS Ta XapaKTEPUCTUK 3aXUCHUX CIIOPY;

—  YITKOIO OpraHi3aIli€ro B3aeMOJIii CHJI 1 3ac00iB, 3aTy4eHUX J0 poOIT Ta

BCEOIYHMM 1X 3a0€3IIEUECHHSIM.



78
BHUCHOBKH

1. IlpoBeneHuii aHami3 pydHyBaHb JIMTOI JETall «KOPIIYyC KapTepa»
OeH30MWIM, SKI BUHUKIM TIPH KPUTHYHUX PEKHMMax eKCIuTyaTallli MoKa3aB
HAsBHICTb TPIIIMH CTAaTUYHOTO, BTOMJICHOTO M 3MIIIAHOTO TIOXO/KEHHS, MpHU
bOMY CaMUMU PO3MOBCIO/UKEHUMU € TPIIIMHU 3MIIIAHOr0 Tuily. Lle cBiquuTh npo
Te, mo craB MJIS He Bojojie JOCTaTHIM PIBHEM BJIACTUBOCTEH, TOMY HEOOX1IHA
po3poOKa 3axofliB, SIKi JIO3BOJIAIOTH IMIJBUIIUTH MEXaHIYHI 1 CHEIlalbHi
BJIACTUBOCTI cmiaBy MJIS, 1 BIANOBIAHO YCYHYTH YTBOPEHHS TPIIIMH, IO
BUHUKAIOTh MIPU €KCILTyaTallii OEH30MIIH, 0 € aKTyalbHOIO.

2. JlomoBHEHI 1 OTpUMMaHI HOB1 JaHl IPO PO3AUIbHE 1 CIUIbHE BIUIMB
JTY’KHO3EMEIbHUX METaliB Ha CTPYKTYpOYTBOPEHHS 1 KOMIUIEKC BIIACTUBOCTEU
marHieBoro cruiapy MJIS. Tlokazano, o komruiekcHe monudikysanss (0,1% Ca +
0,1% Ba) crumaBy MJIS 3MeHiye po3mipu MOTO CTPYKTYPHUX CKIagoBUX B 1,5
pasu, MiJIBUIIYIOUM MIIHICTh cruiaBy (3 228 no 250 MIla), miactuunicts (3 3,2 10
5,1%) 1 TpuBany mirHicTh npu 150 ° C (3 140 go 210 rox)

3. Tepmiuna oOpoOka cmjaBy CHOpuUs€ IiJIBUIIEHHIO OXHOPITHOCTI
METaJly BHACIIJIOK TEPEpPO3MOJAUTY €JIEMEHTIB MDK OCSIMH 1 MIKOCHUMU
IpOCTOpaMH ACHIPHUTIB, JOAATKOBOMY JIETYBAaHHIO MaTpHIl 3a pPaxyHOK audys3ii
€JIEMEHTIB, 1110 BPEIITI IPU3BOAUTD, 1O BUPIBHIOBAHHS BJIACTUBOCTEHN MO MEPETUHY
MeTany;

4. Po3poOneHnii moniniieHuit MarHi€eBUH CIUIaB JUISL JIUTUX JeTajiei
«Kopmyc KapTrepa» OeH3omuiau 3a0e3ledye BUCOKUN PIBEHb MEXaHIYHUX
BJIACTUBOCTEHN Ta >KapOMILIHOCTI BWJIMBOK, IO rapaHTye HaAliiHy Ta Oe3nedHy ii

poOOTY TIpH  eKcIuTyararlii 1 BUKOPUCTAaHHI Y KPUTUIHUX YMOBAX;
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