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IHHOBALIHHMH METOJ MIABHIUEHHA

JOBroBIYHOCTI AETANEK MALIMH
XIMIKO-TEPMIYHOH OEPOBKOH

3anpononosana nosa, npocma Oist GUKOPUCTAHHS MA eHeP2emUudno 00ULIbHA MeXHOL02is 60pYsai-
Hs 6upobie 3i cmanell Pi3HUX KIACI8, AKA CNPAMOBANA HA CKOPOUEHHS MPUBALOCME XIMIKO-MepMiunol
06po0KU npu 0depicarii BUCOKOAKICHUX OOPUOHUX wapis, wo 3abe3neuye neoOXIOni eKcniyamayiini
eracmusocmi demanei mawun. Busnaueno onmumanvii napamempu o6pooxu.

Kmouosi cnosa: 6opysanis, cmanw, Ougysitni wapu, mikpomeepdicmy, 2aubuna wapy.

1. Becryn

[lixBuieHHs HAMIITHOCTI 1 IOBrOBIYHOCTI Pi3HUX MAlllMH
i iX metasell € O/lHIE€TO0 3 HAWBAKIMBININX 3a71a4 CyIaCHOTO
MamuHOOy IyBaHHs. AKTYyaJbHICTb ii 3POCTAE 3 KOKHUM
POKOM y 3B’sI3Ky 3 (e3[epepBHUM IiABUIIEHHIM CHIOBHX
i MIBUKICHUX TTapaMeTpiB poOOTH PI3HMX MAINH i MEXaHi3MiB.

EdexTuBHIM METOI0M 3MIlIHEHHS Pi3HUX BUPOGIB € 60-
pyBaHHsI — MpOIleC HACHYEHHs MOBEPXHi geTamneii GopoM,
BHACJIZIOK YOTO 3MIiHIOIOThCSA iX (hi3WMKO-MeXaHiuHi Biac-
TUBOCTI: TBEPAICTh, BTOMHA MIITHICTh, >KApPOCTIHKICTh Ta
in. BopytoTs cTami pisHmx kiaciB ta npusnadenns [1].

2. Axania niTepaTypHuX KaHUX
Ta nMocTaxoBKa npobnemu

OcranniM 4acoMm Bce GiJbllie yBarm HaJA€ThCS TOMY,
AK came MmapaMeTpu XiMiKo-TepMigHoi 0OpoOKM Ta CKJaj
HACUYYBAJbHOTO CEPEIOBUINA BIIMBAIOTH Ha (GOpMyBaHHS
i BaactuBoctTi mudysiitHoro mapy cmasis. Ile nos’gsano
3 HEOOXiAHICTIO PO3POOKK HOBUX, OIJIBII BUTITHUX 3 €KOHO-
MIYHOT TOYKHM 30py CIIOCOGIB 3MiHM BJIaCTUBOCTE MOBEPX-
HeBux mapis geraneii. Cepes HOBUX nporieciB nudysiitHoro
HaCWYyBaHHs Bce Oi/bIe 3HaYeHHsT Ma€ GopyBaHHs [2—5].

ITporec GopyBaHHs 3/11ICHIOETHCS 3 TOPOIIKIB, PO3ILIa-
BiB coJlell i Ta30BOTO cepefioBHUINA 3aJIeKHO Bif dopmu,
PO3MIpIB i KIIBKOCTI JeTajiei, 1o miazaioThes 60pyBaHHIoO,
a TaKO’K Bijl HassBHOCTI HeoOXigHOrO ycrarkyBanHs. Koxken
3 Ha3BaHUX TEXHOJIOTIYHUX MPOIECIB OOPYBaHHS Ma€e CBOI
nepeBaru B THX ab0 IHIIUX yMOBaX 3aCTOCYBAHHS, a TOMY
He MOKHA BI[JIATH TI€PEBAry SIKOMY-HEOYIb OIXHOMY CITO-
coby macuuenus [6—8].

3. MeTa pocnigaeHHs

Meroio po6otu € po3pobKa MPpOCTOi ISt BUKOPUCTAHHS
Ta eHepPreTUYHO AOIIILHOI HAHOTEXHOJIOTI GOpyBaHH [eTa-
Jieii sicrasieil Ta BUOip onTUMabHUX HapaMeTpiB 00poOKH,
dKa CIIPAMOBaHA Ha CKOPOYEHHS TPUBAJIOCTI XiMiKO-Tep-
Mi4HOI 06pPOOKU NpU OAEpPKAHHI BUCOKOSKICHUX OOpPHUJI-
HUX MIapiB, 1Mo 3a0e3medyioTh HeoOXiaHI eKcIIyaTaliiini
BJIACTUBOCTI JleTajlell MalllnH.

4. ExcnepuMmeHTanbHi gaxi Ta ix o6pobxa

Martepianamu gociijpkeHHs € cTaji pisHux kiaci. s
GOpYBaHHSI B IACTAX 3aCTOCOBYBAJIACS CYMIlll HA OCHOBI HAHO-

aucriepcHux 6opoMmicHux peuosuH [9]. HarpiBauHs 3aiiicHto-
BaJM B KaMepHiil medi TpuBarmicTio Big 15 mo 120 xBuswmH.

3 siTeparTypHUX JAHUX BiZloMO, 1[0 TemiepaTypa 6opy-
Banmst Moske 6yt 800—1200 °C, 3a7esKHO Bi MapKu cTai
Ta BJIACTUBOCTEH, siki MOTPIGHO oTpuMmaru Bix OOPUAHUX
mapis. /lo 1100 °C yrBoprooThest rokonoaioni Gopuan
3 tBepaictio 20—23 I'lla 3 mepexigHoO 30HOO Bif HUX /10
cepiieBMHM Metaiy, a npu Ttemieparypax 1100—1200 °C
Ha TIOBEPXHI CTaji yTBOPIOIOTHCS €BTEKTUUYHI CTPYKTYpPH
3 menmioio tBepaictio 13—16 I'Tla. Yactime 3a Bce Temme-
parypa G0pyBaHHs JJist KOHCTPYKIITHUX cTajiell 00upaeThest
6JM3BKOIO JI0 TEMIIEPATypH TapTyBaHHsl, 106 MoKHa OysI0
noexHaru 1i aBi 06pobku [10].

B nammx excriepumenTax Temieparypa HarpiBaHHs Bapiio-
Basacst Biz 800 no 1100 °C 3 inreppasom 50 °C. dk i cuix
OyJ10 04iKyBaTH, 3 TiABUIIEHHSIM TEMIIEPATyPU TOBLINHA GO-
POBAHOTO APy 3061TbIIYETHCSI. AJle TIPU 1[BOMY POCTE 3€PHO,
o BusuBae Kpuxkicts cram. Hukdae 800 °C GopysauHs
TPOBOINTH HEPAIiOHAIBHO Yepe3 AysKe MOBIIbHY Audy3ifo.

dopmyBaHHg 60poBaHUX MIApPiB B Po3pobJIeHiil macti
BinOyBa€ThCs aHATIOTIUHO ANDY3IITHUM apaM, OTPUMaHIM
npu TpaguiiiHomy 6opysanti. [Ipu yrBopeHHi 60poBaHOTO
mapy Ha CTaJsiX CIIoYaTKy Bijfl MoBepxHi yriub merasy
[POPOCTAIOTH OKPEMI ToJIKOIoAIOH] kpucTanu 6opusy FesB.
[TocTymnoBo 11i KpucTanu 3UBaIOThCS B cyliabHui map. [Ipn
MOZIATTBIIOMY HACHYEHHI GOPOM Ha MOBEPXHi yTBOPIOETHCS
me oauu map 3 6opuny FeB. Hukue Goposanoro miapy
PO3MIIILYIOThCS BU/ICHHS «OOPHOrOLEMEHTHUTY >, TOOTO(ha3n
cknany Fes(B,C), ski yrBopuincs BHACTiZIOK BUTICHEHHS
BYIJIEL[IO 3 TIOBEPXHEBOTrO H0poBaHOTO Mmapy. Meraiorpadivsi
JIOCJTI/ReHHST TToKa3asu, 1o npu teMrepatypi Buiie 900 °C
st ByraenieBux craneit ta Buiie 1000 °C s meroBanux
cTajell, ToK OOPUIIIB YKPYITHIOIOTHCS, IO MOKE OKPUXUUTH
6opoBanuii map. Tomy, 3 i€l TOUYKU 30py Uil ByTJIEIlEBUX
cTajeil paiioHaJbHO IIPOBOAUTU OOPYBAHHSI IIPU TEMIIE-
patypi #e Bumie 900 °C, a mig BUCOKOJIETOBAHUX CTaJei
caig obuparu temmeparypy 900—1000 °C.

3a eKclepuMEeHTAJIbHUM JJAHUMU OTPUMAHO 3aJI€KHICTh
TOBUIMHY GOPUIB Biji TpUBaIOCTI GOPYBaHHSA A PI3HUX
craneit (puc. 1). 3 puc. 1 BugHO, M0 TOBIMHA OOPUIHOTO
rapy JJTst BCiX crajieif 36iabITy€eThest 3 TPUBAJICTIO MPOTIECY,
O/IHAK IIBU/IKICTH HOTO POCTY JyKe CHUJIBHO 3aJIeKUTh Bij
ckJasy craui. Ilepir 3a Bce mopiBHAEMO Mik co6010 cTali 45,
Y8 ta ¥Y12. Bci BoHu He MIiCTATDH JIETYBAJIbHUX €JIEMEHTIB,
a Temreparypu mpotecy Oyau 6nusbkumu (850—800 °C).
CuiBcraBnenns kpusux 1, 4 i 6 cBiguuTh, MO B Tepie
4yepry Ha MBUAKICTh 3POCTaHHST GOPOBAHOTO APy BILIMBAE
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Byrienb. Tak, 3a 1,5 rog #oro TOBIMUHA s CTami 45
nocarae 130 MM, crami Y8 — 77 mrMm, Y12 — 59 MrMm.
[IpaBua, cranp 45 Gopysanacs npu Temieparypi 850 °C,
a ¥81i Y12 — mpu 800 °C. Ane mopiBHSHHSA KpUBUX 4
i 6, TemmepaTypa 6opyBaHHS AKHX OyJa OIHAKOBOIO, (€3
CYMHIBY CBI[4UTH MPO CIIPABEMIMBICTD 3pOOJEHOTO TBEp-
moKeHHst: 30impients Byraemio 3 0,8 mo 1,2 % 3MeHIINIO
toBmuuy mapy Ha 23 % (1,5 rom). Moskna mopiBHsTH
cram 45 ta 40X (xpuwsi 1 Ta 2), 3 4oTO BUILIUBAE, IO
geryBaHHst (1ipu ojiHakoBiit temmeparypi 850 °C), Takox
rajgbMye€ Ipoiec GOpyBaHHSL.
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Puc. 1. 3anesuicts ToBuMEYM Gopuais Big TpuBanocTi GopyBaHHA
KOHCTpYELiftanx (— — —) Ta incTpyMenTansaux (—-) craneit: 1 — crane 45;
2 — crane 40X; 3 — crane 30XI'CA; 4 — crane Y8; 5 — crane [IIX15;

B — crane Y12; 7 — crans 18X2H4MA; 8 — crans 4X5SM@C;

9 — crane P18; 10 — crane PEMS5; 11 — crans 30X13

3 HaBeJleHUX KPUBUX MOKHA HPUIYCTUTH, IO Hali-
CUJIbHIIIE TaAbMy€ PicT OOPUAHUX TIAPiB XPOM — [T
crami 30X13, me3Bakaloum HAa HU3BKUN BMICT BYIJIEIIO
i Bucoky temneparypy npotecy (1000 °C) ToBuuna mapy
Haitmentma (puc. 1, kpusa 11). /lns ByTyeneBux ta HUI3HKO-
JIETOBAHUX CTaJeil CIOCTEPIraeThes aKTUBHUIA picT GOPUIIB
mpu 3miHi TpuBasocti 6opyBants 1o 60 xsusnuH. [pn mmo-
nanpimoMy 36igpmenni wacy XTO MmMBHUAKICTH 3pOCTaHHS
Gopuzis 3Menuryerbes. Lle BigOyBaeThess 3a paxyHOK Ha-
SIBHOCTI KapOiiB y TepexiaHiil 30Hi, sIKi TaTbMYIOTh PicT
6OpPUAHOrO Mmapy. 3ajeKHO Bijl yMOB eKCILIyaTallil geraiei
JUI KOHCTPYKIIHHUX cTajiell mpu GopyBaHHI 32 po3pob-
JeHoo TtexHoJsoriero gocrarabo Bix 30 go 120 xBuanh,
ITST BYTJIETICBUX 1HCTPYMEHTATBHUX cTajieidl — Bix 45 110
120 xBuymH, A1 Beix iHmuxXx — g0 120 xBuanH.

TBepmicTh MOBEPXHEBOTO MIAPY TAaKOXX 3aJEKUTh Bif
CKJIAy CTaji, aje B 3HaYHO MeHmomy ctyreni. Ile i 3po-
3yMisio, ocKisbku TBepaicth camux Gopuzis (FeB, FesB),
SKi € ocHOBHMME (asaMu OOPHIHUX IIapiB Bix BMicTy
BYIJICIIO 1 JIETYBAJbHUX €JIEMEHTIB Maii’ke He 3aJIe’KUTD.
XapakTep KpUBUX /715 BCIiX cTasell ogHaKkoBHi. MikpoTBep-
JIiCTh MIATBEPAKYE HasBHICTH ABOX Gopuiis, a came FeB
3 TBepaicTio 20—23 TTla i FeyB — 15—18 TTla. dus
KOHCTPYKIIHUX BYIJIEIEBUX CTaJell XapakTepHUH OijibIi
IJIABHUI PO3MO/IJ MIKPOTBEPAOCTI B MepexifHiil 30H1 HixXK
B iHCcTpyMeHTaAbHUX. [JI1 KOHCTPYKIINHUX BYIJIEleBUX
craseil TBepaicTh moBepxHi cranoBuTh 20—22 [lla, a nna
IHCTPYMEHTJIbHUX JeroBaHux craneil go 21—23 ITla.

Pospobiiena npocra jjisi BUKOPUCTaHHST Ta e(heKTHBHA
HAHOTEXHOJIOTis GopyBaHHs Jerajiell 3i crajell, sika CKo-
POYYE TPUBATICTD XiMiKO-TepMiuHOi 06poOKN y 2—3 pasu
[PU O/IePKaHHI BUCOKOSIKICHUX GOPUAHUMX HIAPiB.

[l cipolieHHS TeXHOJIOTIYHOTO IIPOIlecy POTIOHY€ETh-
cs1 oepHaTU GOPYBAaHHS 3 rapTyBaHHSM IS BCIX crajieii,
KpiM TIBUAKOPi3ambHUX. /[ HUX AOMITBHO TTPOBOIUTH
6opysanna npu temmepatypi 1000 °C micas rapTyBaHHS.
TpusasicTb 60pyBaHHS OOUPAETHCS BiJINOBIHO 3 BUMOTaMU
no neraneit, ase we Menie 30 XB I KOHCTPYKITIMHUX
cTaneil, 45 XB — BYIVICIEBUX IHCTPYMCHTAJIBHHUX CTaseil
i 120 xB — 71 BHCOKOJIETOBAHUX CTaJIell.
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