MIHICTEPCTBO OCBITH I HAYKH YKPATHH
3anopizbKuii HAI[IOHAIBHUHN TEXHIYHUH YHIBEPCUTET

METOIUYHI BKA3IBKA
10 1abopaTopHOi podoTr Ne2
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MeronuuHi BKa3iBKH 10 1a00paTopHOi pobotn Ne2 3 AMCHUILTIHU
“TepmiuHe pi3aHHs MeTamiB” UIS CTYACHTIB HAampsMy MiATOTOBKH
6.050504 “3BaproBanns’ ycix ¢opm HauanHs / Ykia. O.€. KamycrsH,
C.I1. Bepexnutii. — 3anopixoks: 3SHTY, 2016 — 14 c.

Yinanaui: O.€. KartycrsiH, crapiir. BUKIaay,

C.I1. bepexxuwuit, KaHI. TEXH. HAYK, JOICHT.
Penienzent: A.O. I1lyminoB , kaHI. TeXH. HAyK, IOLCHT
Binnosinansauii 3a Burtyck: O.€. Kanycrsx

3aTBepIKEHO
Ha 3aciganni kadenpu OT3B
[Ipotokon Ne 7 Bix 26.04.2016

3aTBepIKEHO
Ha 3aciganai HMK [d®
[Iporoxon Ne 9 Bix 12.05.2016
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BCTYII

TepminoMm «razonomymeHneBa oOpoOka», mpuiHATHM y 50-x pokax
MUHYJIOTO CTONITTS 3aMicTh TEpMiHy «aBTOreHHa 00poOka», 3a
Bu3HayeHHsAM akajaemika JI. M. JloOaHoBa, IMO3HAYAIOTh TEXHOJIOIIIO
ra30BOr0O 3BapIOBaHHS 1 MassHHSI METANIB, TA30BOT0 HAILIABIICHHS W Pi3aHHS
- PO3IIOBOrO Ta MOBEPXHEBOr0, TEXHOJIOTIIO TEPMIYHOI MPaBKHU €JIeMEHTIB
METaJOKOHCTPYKI[iM Tichsi X 3BaploBaHHS Ta MPOBENCHHS HH3BKO- 1
BHCOKOTEMIIEpaTYpHOI'0 HAarpiBaHHs BUPOOIB Mepe]] 3BaploBaHHsIM, il 4ac
ii mpoBeneHHss a0 Mmicig 3aKiHYEHHS, a TaKOX TEXHOJOTiI0 KHUCHEBO-
(IIFOCOBOTO pi3aHHS ayCTEHITHUX CTajiell 1 YaByHY.

[epmri cipobu 3acTOCYBaHHS [UIsl 3BApIOBAHHS Ta Pi3aHHS TOPIOYNX
ra3iB y CyMilmn 3 KUCHEM BIIHOCSTBCS 10 TMOYaTky XX-ro CTOJITTS.
CTBOpPEHHIO Ta30BOTO 3BapIOBaHHS Ta pi3aHHS CIOPHAIM JOCTIHKEHHS
MPOIIECiB TOPiHHS Ta30BUX CyMilIiB ¢paHy3bkuM BueHuM AHpi Jlyi Jle
atenpe. ¥ 1895 p. BiH AomoBiB ¢QpaHmy3pkoi akaaeMmii Hayk mpo
OTPUMAaHHS HUM BHCOKoTeMmmepaTyproro monym's (mounax 3000° C) mpwu
CMaJIIOBaHHI aleTHiIeHy 1 KUCcHIo. AneruiieH OyB Biakputuii me B 1836 p.,
A B 1863 p. OyB cunTe3oBanuii M. beptino. OpHak TOCTYITHUM TEXHIYHUM
MPOLYKTOM CTaB JIMIIE MicIs TOro, sk y nepirii monoBuai 90-x pokiB XIX
cronitts ximiku Myaccan y ®pannii i BinmbcoH B Amepuni 3Haiuum
croci0 MpUroTyBaHHA KapOily KajbIlifo 3 BalHAKY i BYTimis.

[Tepumii alleTUIIEHO-KUCHEBUH 3BapIOBaJIbHUM HaJIbHUK
CKOHCTpYIOBasu (hpaniy3bki imxenepu Eamon ®@yme i [apas Ilikap, ski
orpumanu Ha Hel mareHT Himeuunnu B 1903 pori. 3anpomnoHoBaHi HUMH
KOHCTPYKIIii Tra3o3BaploBajbHUX MaJlbHHUKIB TNPHHIUIIOBO Maike He
3MIHHJTUCS JIO TEMEPIlIHBOTO Yacy.

[MpomucnoBi miANpUEMCTBA TIOYaNM 3aCTOCYBaHHS —AalleTHIICHO-
kucHeBe 3BaproBaHHS 3 1906 poky, Komm 3'SBHIIUCS JOCUTHh HaJiiHI
KOHCTPYKIIii alleTWIEHOBUX TeHepaTopiB. Xoda Bxke Toai Oyno Bigome
JIYTOBE €JIEKTPO3BaPIOBAHHS, PO3pPO0JICHE POCIHChKMMH BueHMMH M.M.
Benapnocom i M.I.CnaBsiHOBHM, Ta30Be MOIYM'sl OTPHUMAaJIO IIHUPOKE
PO3MOBCIOJUKCHHS.  JIJIT  3BapIOBaHHS ~ TEXHOJOTIYHOrO  OOJaJHaHHS,
ra30MpoBO/IB Ta iH. KOHCTPYKIIIH.

Y 1904p. y @paniii Oyna BHUSBICHA MOXJIHMBICTH BUKOPUCTAHHS
aIleTUIICHO-KMCHEBOI'0 TAJIbHUKA /ISl pi3aHHs Meraiis, a B 1908 — 1909 pp.
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y @pannii i 8 HiMeuunni Oynu mpoBezeHi nepii yCHillHI TOCTiIKEeHHS 3
KHCHEBOTO MiJBOJAHOIO pi3aHHs. Y HacTymHi 5 - 9 pokiB 0yj0 OTpUMaHO
KiJlbKa MATEeHTIB B LM Tamxy3sl Ta po3poOJieHi MPOMHCIOBI KOHCTPYKIi
pi3akiB AJ1sl MiABOAHOTO Pi3aHHS.

Y 1917p. dpanity3bke 3BaprOBajbHE CYCHUIBCTBO, MICHsI 3HAYHUX
yIOCKOHAJICHb pi3aka JUisl MiJIBOMHOIO KUCHEBOTO pi3aHHA, Mepenano el
nporiec Jyis exkcruryataiiii y ¢uori. HezabapoMm miBojiHe KHCHEBE pi3aHHS
cTajia 3aCTOCOBYBaTHCS Y GuioTax AMEpHKH Ta AHTIIII.

VY Pocii razoBe 3BaproBaHHs cTano Bizome iMoBipHO B 1905 pori, B
1906 p. BOHO BmeplIe AEMOHCTPYBaJOCS B MOCKOBCBKOMY TEXHIUHOMY
YUWIMILI, TICIS 4YOoro, 3 OISy HA MOro MOPTATUBHOCTI 1 HEBHCOKOI
BapTOCTi amaparypH, iIHTEHCHBHO MOYaoCcs HOro MpoMHCIOBE OCBOEHHS,
IO MPHU3BENO A0 TUMYACOBOTO 3HMKEHHS 1HTEpeCy A0 EIEeKTPOIAYrOBOIO
3BapioBaHHA. lIpoTe HeBenmuKki 00CATH BHPOOHMIITBA KHCHIO, KapOimy
KaJbllif0 1 Ta303BaploBajibHOI  amapaTypd ICTOTHO  TalbMyBaJH
3aCTOCYBaHHS ra30BOT0 3BapIOBaHHsI Ta pi3aHHA MeTaniB B Pocii.

Ha mouatky XX cT. ra3oBe 3BapioBaHHS Ta pizaHHS B Pocii
BUKOPUCTOBYBajacs JyXe OOMEKEHO TMpH pEMOHTI BHpOOiB 3
HU3BKOBYTJICLIEBOI CTalli, Mifi # YaByHy Ha psAi 3aBOJIB, HAaNpUKJIA] Ha
Ixopcekomy B IlerepOyp3i, BumpaBieHHs Opaky JHUTTS Ta 3BaplOBaHHS
JeIKUX HEBINMOBIAaJbHUX KOHCTPYKLIA Yy HEBENUKUX MaHCTepHsX,
TOJIOBHMM YMHOM 3aMi3HWYHHX. [IpM 1bOMYy BHKOPHCTOBYBaiacs
amaparypa Ta MaTepiaid, IO BBO3SThCA 3-3a KopaoHy. Y 1911p. xomicis
npu  MiHicTepcTBI TOPriBiIi Ta MPOMHCIOBOCTI JOMYCTHJAa Ta30Be
3BapIOBaHHA JJIsl BATOTOBJICHHS TAPOBUX KOTJIB, I03BOJNMBIIH 3BApIOBAHHS
JeKUX HEBIAMOBiAaJbHUX YaCTUH KOTJIA.

Binbm iHTeHCHBHMI PO3BUTOK Y Pocii ra3oBe 3BapioBaHHS OTPUMAIIO
B Tepiox mepmoi cBiroBoi BiHHM. Y medi yac Ilerporpaackkuit
TEXHOJIOTTYHUHA 1HCTHTYT OpraHi3yBaB OCOOJHMBY IIKONY <«CBHUHIIEBO-
MasUTBHOI CTIPaBM 1 aBTOr€HHOTO 3BaproBaHHs». [Ipodecop inctutyty B.S1.
KypOaToB HamucaB s i€l KON CIIelialbHy KHUTY (OCTaHHE BUIAHHS -
y 1918 pomi), sika MicTiia HEOOXigHI MPaKTHYHI 1 TEXHIYHI BKA3iBKH.
[Mounnarouu 3 1poro yacy i ax 70 30-X pokKiB, Ta30Be 3BapIOBaHHS 3aliMae
MPOBIJJHE CTAaHOBHWIIE B 3BaprOBajbHOMY BHUpOOHMIITBI Pocii, a, BiaTak, i
CPCP. Ockinbku Ha TOH yac BoHa 3a0e3medyBana HalOUIbIl BUCOKOSKICHI
3BapHi 3'€JHAHHS, TO 3 1l JONOMOrOK) BHKOHYBAJIMCS BCI BiJIOBiJIAIbHI
pobotu. Hampuknaa, Bci MaricTpanbHi HAQTONMPOBOAM 1 MPOAYKTOIPOBOAH
B CPCP y 1926 - 1935 poku BUKOHYBAJIHCS TA30BHM 3BapPIOBAHHSIM.
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[loyaTok  TPOMHUCIOBOrO  BHPOOHMITBA  Ta303BaplOBATBHOL
anaparypu B CPCP npunanae na 1927 - 1928rr. micnist ctBopenHs y 1926p.
POCifiCbKO-aMEPUKaHCBKOTO  3MIIIAHOTO  AKLIOHEPHOTO  TOBapUCTBA
«Para3z», B pamkax skoro B Mmicti PocTok OyB mylIeHUH B eKCIUTyaTallito
1ex, 0 BUIYCKaB MaJbHUKH, Pi3aK 1 peIyKTOpH.

Y 1931p. Ha 0a3l aBTOrEHHOrO KOMITETy Ta WiANPUEMCTB
akiioHepHOro ToBapucTtBa «Paraz» OyB crBopeHuidi Bcecorosnuit
aBrorenHuii tpect (BAT), skuili posropHyB OyIIBHHUIITBO HOBHX
MiNPUEMCTE 3 BHPOOHUIITBA 3BApIOBAILHOI amapatypu. 30kpema, OyB
HIBHJIKO MOOYI0BaHHUK HAHOUIBIIMIA Y KpaiHi meX BUPOOHUITBA anapaTypH
JUIS TA30BOTO 3BaplOBaHHS Ta pi3aHHs - MANBHUKIB, pi3akiB, pElLyKTOpIB,
BEHTHJIIB, alleTUIEHOBUX T'eHEpaTopiB - Ha MOCKOBCHKOMY aBTOTEHHOMY
3apoai Ne 1. PosmmpeHo BUpOOHMITBO KapOify Kasbllilo, KHCHIO i
alleTWIEHY Ha JIeHIHTpaJchkoMy 3aBoii «YepBonwmii aBToreH» Ne 1.
[porsrom 1933 — 1934pp. ocTaTOYHO MPUITUHKUIOCS BBE3CHHS aBTOI€HHOT
anapatypH. 1o bOro  4acy BiIHOCATHCS BEJUKI JOCIIPKEHHS B 001acTi
aBTOr€HHOTO 3BaproBaHHs Ta pizanHs M.M. KnebGanoBa, poGoTm sKoro
30eperiy BelnruKe 3Ha4eHHsI 10 TeNepilIHbOro vacy.

[Ticns Toro sk B TEXHIKy IyroBOTO 3BapIOBaHHS MOYald HIMPOKO
BIIPOBAXKYBATHCS TOBCTOIMOKPHTI ENEKTPOIH, 3'IBUJIHMCS HOBI CIIOCOOM
JYTOBOTO 3BaplOBaHHS, pO3POOJICHI JOCKOHANI 1 BHCOKONPOJYKTHUBHI
MalIWHU JJIs1 KOHTAaKTHOTO 3BaplOBaHHS, ra30BE 3BApIOBAHHS IOCTYIIOBO
moyaso BHUTICHATHCS Ha 0araThbOoX BHPOOHMLTBAX  EIEKTPUYHUM
3BaproBaHHAM. Terep Ha mepIie MicClle BUCYBAEThCS KUCHEBE pi3aHHS. Y
30-x pokax y 3BI3Ky 3 AedinuToM KapOily Kajbllif0 IHPOKE MOUIMPEHHS
oTpUMasa pi3aHHs 3 BUKOPUCTaHHAM PiIKUX FOPIOYUX, CIIOYATKYy OCH3UHY,
a 3rooM, TOJOBHMM YHHOM, racy. Jlo mporo mepiogy BiIHOCHUTBCS i
BUHUKHEHHSI MEXaHi130BAaHOTO KHCHEBOT'O pi3aHHS.

HoBuit cruteck poO3BHTKY Ta30IM0JIyMEHEBOI OOpOOKM MeTalliB
MpHIAJA€e Ha TIepiof Ipyroi CBiTOBOI BiHU Ta MIiCISIBOEHHI POKH. 30KpeMa
B CPCP y poku Benukoi Bitun3HsaHoi BilHM BUHUKIIM HOBI MiAMIPHEMCTBA 3
BUITYCKY aBTOTGHHOTO OOJIaJIHAaHHS, TaKi K bapHaylnbCbKHI amapaTypHO-
MexaHigHU 3aB0j, CBEp/UIOBCHKUI aBTOICHHUI 3aBoa Ne 2.

Y 1944p. crBopeHwmit cremianizoBaHuii Bcecoro3Huil  HayKOBO-
JOCTITHUN THCTUTYT aBTOreHHOi 00poOku MmeraiiB - BHIlaBroren (HuHi
BHIlaBrorenmam). JlisuibHiCTH IHCTHTYTY CHOpSMOBaHa Ha HAayKOBO-
TEOPETUYHE BHBYCHHS ICHYIOUMX TEXHOJIOTTYHUX TPOIIECIB Ta PO3POOKY
HOBHMX, IX MEXaHi3allil0 Ta aBTOMaTH3allif0. 32 POKH CBOr0 ICHYBaHHS
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THCTHTYT PO3POOUB KUIbKa JECATKIB HOBUX MPOTPECUBHHUX TEXHOJIOTTUHUX
MPOIECiB 1 TEXHOJOTTYHMX MaTepialliB Ajsl ra30TepMIYHOrO HAIWJICHHS,
ra3onoJyMEHEBOIO  3BAapIOBAHHs, pi3aHHS, HAIUIABJICHHS, TMasHHS,
3arapTyBaHHs 1 HarpiBy. CTBOpPHB KilbKa COTEH HOBHX Ta30pi3ajJbHHX
MallIWH, YCTAHOBOK JUIsl HAlJIaBJIeHHS, TassHHS 1 3arapTyBaHHs, TeHEPaTOPiB
Ta IHIIOrO OOJIaJHAHHSI JUIsi BUPOOHUIITBA AIlCTUJICHY, MAJLHUKIB, Pi3aKiB,
PEeIyKTOpiB, METAJLTI3allifHIX anaparis i T.11.

Kpim BHIlaBrorenmaiia nuTaHHSIMH Ta30MOIYMEHEBOI 0OpOOKU
3aliMaJIuCs 1HIII HayKOBO-AOCTiAHI OpraHi3amii, HampHKIa] 3BaploBabHI
naboparopii MBTVY im. M.E. baymana, KuiBcbkoro i JleHiHTpaachbKOTro
nonitexHiyaux iHctutyTiB, LUHJI MinicrepcTBa HUIAXIB CHONY4YEHHS,
0a30Bi 3BaprOBaibHI J1abopaTOpii NpH ACIKMX BEIUKUX IPOMHUCIOBUX
MiAPUEMCTBAX Ta TATY3€BUX IHCTUTYTaX.

VY MOBOEHHI POKM CTBOpEHA CIIeliajibHa Taidy3b MPOMHUCIOBOCTI -
aBTOTeHHI MalMMHOOYyBaHHS, B PaMKax sIKOi OyB MMOOYJOBaHUI OfEChKUit
3aBOJI «ABTOreHMaIl», SKHH Mo4YaB BHUAaBaTH mpoxaykmiro y 1952p. Ha
Boponespkomy eKCTIEPUMEHTAIbHOMY 3aBOi aBTOT€HHOT'0
MalMHOOy/yBaHHS  OyB  OpraHi3oBaHWUN  BHUIIYCK  allCTUJIICHOBHUX
reHepaTopiB 1 OOJamHaHHS Ui OTPUMAHHS PO3YMHEHOTO AaleTHUIICHY.
[li3Hie aBTOreHHY amaparypy Ho4aB BHITyckaTH KupoBakaHCKHIl 3aBOx
aBTOr€HHOTO MAaIIMHOOYAYBaHHS, TAKOXK MOOYAOBaHMHA B paMKax Tany3i
aBTOr€HHOT'0 MalTMHOOYIyBaHHS.

B pesynbraTi NpoBENEHMX HAYKOBHX JOCHIKEHb 30LIBIIYETHCS
KUIBKICTh MpOIECiB Ta30nomyMeHeBoi o0pooku. KpiM kucHeBoro pizanus i
ra3oBOr0 3BapIOBaHHS, OTPUMAaJHM PO3BUTOK 1 Oarato iHIIMX MPOIECiB
ra3omnoiyMeHEBOi OOpOOKM: Meraji3allisi, HaIlJIaBJICHHS, IOBEPXHEBE
3arapTyBaHHs, HAalWICHHsS 1 3BapiOBaHHS IUIaCTMAcC, Ta30MOTyMEHEBE
MasHHS Ta iH. AJe JOMiHyroue 3HaUeHHs, 5K 1 paHille, Mae KUCHEBA pi3Ka.

VY mepiii NOBOEHHT POKH IIUPOKO CTAJI0 BIPOBAXKYBATHCS Pi3aHHS 3
BHUKOPHUCTaHHSM MpONaH-OyTaHy Ta MPUPOAHOTO ra3y, a B Kini 40-x pokiB
Oynu po3po0JieHiI 1 BIPOBAJKCHI y BUPOOHMIITBO CIIOCOOM KHCHEBO-
¢r0coBOrO pizaHHS.

Iepion micns 50-X pokiB XapaKTepu3yeThCS B OCHOBHOMY SIKICHUMH
3MiHAaMH B TEXHOJIOTii Ta oOnagHaHHI JUIS Ta30MOIyMEHEeBOi O0OpOOKH.
OcoOJIMBO IHTEHCHMBHO pO3BUBAEThCS MEXaHIi3allis 1 aBTOMAaTH3aIlis
nporeciB pizaHHs Metany. CTBOPIOIOTBCS MAIlMHHU U Ta30KHCHEBOT'O
pi3aHHs, pO3pPOOJISIOTHCS HOBI PI3HOBUIM TPOIECIB Ta OOJAJHAHHS IS
KHCHEBO-(DIIIOCOBOTO pi3aHHs, 0e3rpaTOBOr0 pi3aHHs, pi3aHHS KHUCHEM
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HU3BKOTO THCKY, CYLIIBHOT BOTHEBOT 3a4MCTKH MPOKATy W pi3aHHS Tapsyoi
CTalli B MeETaIyprii, Ta30()Ir0OCOBOr0 3BaprOBaHHS Ta HAaIUIaBJICHHS,
«HU3bKOTEMIIEPATYpHOI» TasHHA-3BapIOBaHHS 4YaBYHY 1 KOJIBbOPOBHX
METaJIiB 1 T.I.

Hyxe OypXJMBO pPO3BHBAIOTHCS MEXaHi3allisi 1 aBTOMAaTH3aIlis
MpOIIECiB  ra3onoidyMeHeBoi 00poOKHM MeTaliB, B Tepuly depry Le
CTOCYETbCSl TPOILIECIiB Ta30KMCHEBOrO pizaHHs. Haibinmpmmx ycmixiB y
1OMY JoMoOrucs Taki kpainu, sk Snownis, ®PH, CIIIA. 3 mouarky 70-x
POKIB MHHYJIOTO CTOJITTS Ha BEIMKHX TNPOMHCIOBHUX MiAIPHEMCTBAX
IIUPOKO TIOYMHAIOTh BUKOPUCTOBYBATHCS Tra3opi3ajibHi MallMHH 3
YHCJIOBUM TPOTPAaMHHUM YIpaBIiHHAM. BOHHM 103BOJISIIOTH BUPOOIATH
BHCOKOTOYHE Pi3aHHsI MiJ 3BapPIOBaHHS 1 MEXaHOOOPOOKY 3arOTOBOK OYIb-
sIKOi KOH(Irypartii i CKJIaJJHOCTI, 3 TIOCTIHHOIO MOBTOPIOBAHICTIO PO3MIpIB 1
MiHIMaJbHAMH BIIXHMJICHHSMH LUX PO3MIpPiB Bil HOMIHalIy, a TaKOX
YHCTOTOI0 TIOBEPXHI pi3y, MOPIBHSHHOI 3 HUMH X MapaMeTpamH IpH
MEXaHOO00pOoOIIi.

IcroTHUM BHECKOM Y BHUpIilIeHHS NpOONEeMH SIKICHMX TOKa3HHUKIB
KHCHEBOTO pi3aHHs € po3poOneHuil B kiHli 60-x - mouyatky 70-x pokiB
HOBHH CTIOCIO pizaHHs «3MUB-TIpoliecoM». Ha ipoMy mpuHIHII po3podiieHi
cremiajabHi 0araToCTpyMEHEB1 pi3akd, IO TOEAHYIOTh B COOi mepeBaru
croco0y MBUIKICHOTO Pi3aHHS 3 OJHOYACHUM IJIBUIICHHSM 4YHCTOTH
noBepxHi piza. [Ipu pizaHHI «3MHUB-TIPOIIECOM> MBUAKICTh pizaHHs B 1,5 - 2
pas3u BUIlle, HiK MPH 3BUYaliHOMY pi3aHHi, a YACTOTA MOBEPXHi BiIMOBiga€E
5 - 6 kiracy uucroru (Ra- 1,6).

VY 50 -i poku kadenporo 3BaproBabHOr0 BUpoOHUIITBA KHIBCHKOTO
MOJITEXHIYHOTO 1HCTUTYTY TIPOBOASATHCS AOCHIKEHHSI Ta30IUHAMIKH
KHCHEBOTO CTPYMEHS, sIKi TIPUBENTU JI0 PO3POOKH HOBOI TEXHOJOT1] pi3aHHs
kucHem Hu3bkoro Tcky (0,1 - 0,4 MIla), mo mo3Boisie pizaTH MeTaml
TOBIIMHOIO 70 1,5- 2 M.

Mupokwuii po3sutok B 50-Ti - 60-Ti pokm OTpuMano pi3aHHS B
MeTanyprii, e BOHO BHKOPHUCTOBYEThCS JJIsl 0OpOOKM BEMUKUX Tepepi3iB
Ta MOBEPXHEBOT'0 pi3aHHS MeTally, a TAKOX 00pOoOKM MeTajy, Harpiroro Jgo
temmepatypu 500 - 1000° C. BuBYeHHs MeXaHi3My YTBOPEHHS KaHABOK
MpH TOBEPXHEBOMY pi3aHHI NPU3BOANUTH A0 PO3POOKH TEXHOJOTTYHOIO
MPOIIECY CYHUILHOIO BOIHEBOTO 3aUHIICHHS MOBEPXHI Tapsiuoro mpokary B
mororti mpokaTku 31 mBHaKicTIO 30 - 50 M/xB. J{oCmiyKeHHS OCHOBHHX
3aKOHOMIPHOCTEH  Mpollecy KHCHEBOTO  pi3aHHsS  Trapsdol  craii
3aKIHYYIOTbCS PO3POOKOI0 TEXHOJOril Ta amapaTypu Ui pi3aHHS

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

3aroTOBOK Yy TIpOIleci O€3epepBHOrO PO3JUBAHHS CTadi 1 BigpizaHHS
npuOYTKIB HA BIJIMBKAX 3 BUCOKOJIETOBAaHOI CTali

1 3ATAJIBHI HOJIOXKEHHASA

[Iporec KuCHEBOro pi3aHHS IMOJIATAE B IHTCHCUBHOMY OKHCIICHHI
(cmanroBaHHI) HArpiToro Meraiay B CTPYMEHI YHCTOrO KHUCHIO M BHIAJICHHI
MPOAYKTIB 3TOpPaHHA 13 30HH PO3pPi3y KiHETHYHOIO EHEPTi€l0 KHCHEBOT'O
CTPYMEHIO.

[HTEHCHBHICTh TIpOIIECY OKHCIEHHS, a 3HA4YUTh, 1 MPOAYKTHBHICTH
KHCHEBOTO pi3aHHs 3aJIeKUTh BiJl MOTYXHOCTI MiAirpiBajIbHOTO TOIYM' s,
TUCKY, BUTPATH PIXKY4Oro KUCHIO i YHCTOTH HOTO.

Criiikoro nporecy pi3aHHS i BUCOKOi SKOCT1 KPOMOK 0€3 3Ha4HOI0
BiZIcTaBaHHs 1 3alIJJAKOBYBAaHHS 30HU PO3Pi3y MOXKHA JIOCATTH TUTBKHU TOI,
KOJIM TIBHJKICTh TIEPEMIIICHHs pi3aka [0 JIHII po3pi3y BiANOBIAAE
IIBUAKOCTI OKMCJICHHS MeETally IO TOBINMHI pO3pi3yBaHOro Jimcra abo
3aroToBKd. Jly>ke Masia MIBHAKICTh Pi3aHHS NMPHU3BOAMTH 10 OIUIABIICHHS
BEPXHIX KPOMOK, a Jy)K€ BElMKa Ja€ 3HauHE BiJICTaBaHHs, HENpOpi3yBaHi
70 KIHIS JAUBIHKH, T[OPYHIEHHS Tpollecy pi3aHHA W Maily TOYHICTh
3aroTOBOK, IO BHPi3aroThcs. MakCHMallbHy MIBHIAKICTH Pi3aHHS MOXHA
po3paxyBaTH 3a GOpMYII00, MM/XB.

40000
w,o=—-,
" 50+d

ne d — ToBIIMHA CTaJIi, IO PO3PI3AETHCS, MM.

IIlo0 omepxkaTh SKICHI pO3pi3H, pO3paxoBaHi 3a (HOPMYIIOIO
mBHIKOCTI MaioTh Oytm 3aHmwkeHi Ha 10 — 40 %. IloryxHicTh
MiJIrpiBaIbHOrO MOJIYM' s 3aJISKUTh Bl TOBIIUHU CTall, 110 PO3Pi3a€THCA.
3ane)KHO BiA TOBUIMHU METaly, IO PO3PI3a€ThCs BU3HAYAIOTH BHUTPATY
roprovyoro razy B KyOiYHHX MeTpax 3a TOJAWHY 1 HOMEp 30BHIIIHBOT'O
HaKiHEYHHKA.

JHns pizanHs metany 3aBToBIKH 5 — 100 MM BUTpaTy aneTuieny s
nigirpisameHOro momym’ st 6epyts 0,4 —0,6 M>/roz.
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Tuck (BUTpaTa) KHCHIO 3aJIOKUTh Bl TOBIIMHH pPO3Pi3yBaHOIO
Metany, (GopMH PDKYYOro comia ¥ 4ucToTu KucHio. HemocraTHiii THCK
CIIPUYMHIOETHCS 10 CIOBUTBHEHHSI MPOILECY pi3aHHsl, YTBOPEHHS HATEKIB
oUIaKy 31 3BOPOTHOrO OOKY KpOMOK, 3allUTaKOBYBaHHS po3pidy #
HeMnpopi3aHHS MeTaly Ha BCIO TOBIIMHY. Jly>Ke BENUKHHA THCK MPU3BOIUTH
70 TIIBUIIEHHS BUTPATH KHCHIO, OXOJOPKEHHSI METally i CHOBUTbHEHHS
a0o mopyiieHHs nporecy. KpiM TOro, migBUINEHHN THUCK KHUCHIO HAJa€
KOHYCHOCTI PDKY4YOMYy CTPYMEHIO, a TIOBEPXHI KPOMOK, pPO3pi3aloTh —
3HAYHOI HelepreHANKYIIPHOCTI. BUTpaTy W THCK KHCHIO BCTaHOBIIOIOTH
3aJIeKHO BiJl TOBIIMHM MeTajdy W cmocoOy pi3aHHS UDISIXOM BHOOpPY
BIJIMIOBIIHOTO HOMEpa BHYTPIIIHHOT0 MYHAIITYKA.

OCHOBHI XapaKTEpHCTHUKH SIKOCTI TpPHU PO3AUIBHOMY KHCHEBOMY
pi3aHHi — rMOWHA ¥ BUKPHUBIICHHS OOPO3CHOK, HENEPIEeHIUKYISIPHICTH
MOBEPXHI PO3pi3y /A0 IJIOIIKH, M0 0OMEXYIOTh TOBEPXHIO BHPOOY, CTaH
BEpXHBOI KPOMKH (CTyIiHb OKPYIJICHHs i), XapakTep IUIAKy 1 CTYIiHb
3YCIUICHHS HOTO 3 MOBEPXHEI0 PO3pi3y, 30KpeMa, i3 HIKHbOK KpOMKOo (i3
TOTJISITY JIETKOCT1 BUIAJICHHS).

HenepnenaukynsipHicTh KPOMOK PO3pi3y 3yMOBJIEHA TOpPYIICHHAM
dbopMu CTpyMEHS pIXKY4YOro KHCHIO, 3MEHINCHHSM HMOr0 4YHCTOTH W
KIHETUYHOI eHeprii B Mipy NpPOXOKEHHS 4Yepe3 TOPOXHUHY pPO3pi3y.
HenepnenaukynspHicTh KPOMOK OIIHIOETbCS KYTOM &, 3HAUY€HHS KOO
OOYUCITIOIOTH 13 CITIBBIHOIICHHS

tga = 2B
%=

ne B,, B, —mmpuHa po3pidy BiANOBIAHO Y BEPXHil 1 HMKHIN KpoMIli
JIMCTA, MM,

d - TOBIIMHA JIKCTA, IO PO3PI3AETHCS, MM.

BincraBaHHs — 1€ BiAXWJIEHHS KHCHEBOTO CTPYMEHsS H TIOBEpXHi
OKHCJIEHHSI METaly B 30HI pO3pi3y BiJ BEpTHKANi B CTOPOHY, 3BOPOTHY
HampsSMOBI  mepeMimieHHs  pi3aka. BigcraBaHHS  BUHHKae  4epes
HEBi/AMOBITHICTh HMIBHJIKOCTI MEpEMillleHHs pi3aka B3IOBX JIiHIl po3pizy i
HIBHJIKOCTI OKHCJIEHHS METaly 10 TOBLIMHI AeTanmi. [{1o BenmnunHy MOXXHA
Bi3yaJlbHO BH3HAYHUTH 32 BHUKPUBJIEHHSIM OOpPO3EHOK Ha MOBEPXHI pO3pizy
a00 3a BEJTMYMHOIO BIIXWJIEHHS MOBEPXHI B 30HI OKUCIIEHHS METally HpH
panToBoMy NPUIMHEHHI MoJadi piKyuoro KUCHIO.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

11

BincraBanHs, AK 1 iHINI MMOKa3HUKHU SIKOCTI pO3pi3y, 3aJICKUTh Bia
TaKMX YMHHUKIB!

a) MIBUIKOCTI pi3aHHS;

0) YHCTOTH PIXKY4Oro KHCHIO;

B) (hopmu cora i TUCKY PiXKY4Oro KUCHIO.

I3 30ibIIEHHAM WIBUAKOCTI pi3aHHS BiACTaBaHHA 30UIBIIYETHCS.
[Ipu BimHOCHO MaIifi TOBIIMHI METaJIy W 3aHMIKEHIM IIBUIKOCTI pi3aHHS
BiJIcCTaBaHHs MPAaKTHYHO HE BifOyBaeThes. [Ipu Benmukiil TOBIIMHI MeTany,
HaBITh MPHU 3aHIKEHUX MBUAKOCTSAX pi3aHH:, BiACTaBaHHS 3aBXIu OyBae
OitpM.  BomgHowac  BimHOcHe  BigcTaBaHHsA  (TOOTO  BifHOIIEHHS
BIJICTABaHHS 0 TOBIIMHHM METaJy, LIO PO3PI3aE€ThCs) 3MEHIIYEThCS. Tak,
nust ToBimHE 100 MM BoHO ctaHoBUTE 25 %, a anst 60 MM — yeboro 15 %.

HaiinoBHime moTEHIlialbHA EHEPTrisi Ta3y IIEePETBOPIOEThCS Ha
KiHeTHYHY B PO3LIMPEHHUX COMJIaX, y SIKHX, NPU BIMOBIIHIA AOBXKHHI
KaHanmy i KyTy posmmpenHs 10 — 11°, mBHIKICTh BUTIKaHHSI CTPYMEHS €
HAJ3BYKOBOIO, & PLKYYHH CTPYMiHb — IMIIHAPHYHEM. Y LBOMY pasi y
BEPXHIX 1 HIDKHIX IIapax cTaii, M0 PO3pI3a€TbCs METaNl OKHCIIOETHCS
piBHOMipHO. IllupuHa po3pi3y BUXOOUTH OIHAKOBOIO, a BiICTaBaHHS —
MiHiManbHIM. [{WTiHAPUYHI coIia JAlOTh MEHINY INBHJKICTh BUTIKAHHS
CTpYMeEHS, 1 BiH BHUXOAWUTH DPO3IIUPEHHM JIOHU3Yy, IIO BU3HAYAE, MEHII
IHTEHCUBHHMI TIPOIIEC Pi3aHHS. [3 30UTBIIICHHSIM THCKY PiXY40ro KUCHIO IO
MEBHOTO 3HAYEHHS BiJCTAaBaHHS 3MEHINYETbCS, a TMOTIM  3HOBY
30UTBIIYETHCS Yepe3 TMOTIpImIeHHs (OpPMU CTPYMEHIO 1 30UIBIICHHS
IHTEHCHBHOCTI HOT0 OXOJIOMKYBaJIbHOI Jii. UMCTOTa KUCHIO 3HAYHOIO
MIpOIO BIIMBA€ Ha SIKICTh pi3aHHs. BigcraBaHHS MpH 3MEHIIEHHI YHCTOTH
kucHO Ha 1 — 2 % 30umeyerhes Ha 15 — 30 %. 11[o6 30epertu sKicTh
MOBEPXHI PO3PI3y MPU 3HWKEHHI YUCTOTH KHUCHIO, MOTPIOHO 3MEHIIUTH
HIBHJIKICTD Pi3aHHS IPU OAHOYACHOMY 301IBIIEHH] 1Or0 MUTOMOI BUTPATH.

[Mpu Manux MBUAKOCTSIX YUCTOTA KUCHIO MMO3HAYAETHCS HEICTOTHO, a
i3 30UIBIICHHSM IIBUJKOCTI Pi3aHHS 3HIKEHHS YUCTOTH PIXKYYOr0 KHCHIO
MO3HAYAETHCS OUTBIIOI0 MIpOIO.

MoXnUBOCTI  30UMbIIEHHS MIBHAKOCTI pi3aHHA  30UIbIICHHAM
YHCTOTH PIXKY4OT0 KUCHIO HE 0e3MeKHi, 00 Terep KUCeHb, 3aCTOCOBYETHCS
Mae€ YnuCTOTy He MeHI, sk 99,8 %.

Jlyis BUKOHAHHS J1a00paTOPHOI POOOTH 3 KUCHEBOI'O Pi3aHHS METalliB
BHUKOPHUCTOBYIOTh ra3opi3alibHy MamuHy MikpoH-2.

VYcraHoBHBIIM TOTPIOHI MapaMeTpu peXHUMY, BMHUKAIOTh MOJady
KHCHIO, alleTWICHY ¥ 3amajtoioTh MiirpiBajibHe moiyM s. Pizak migBoasTh
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70 KPOMKH JIMCTa, HIO pO3pi3a€Thcss W TMICHs HarpiBaHHS MeTaly [0
TEeMIlepaTypy 3aliMaHHsS BMHUKAalOTh IOJady PDKYYOro KHCHIO, a TOTIM
MPHUBOJI IEPEMIIIICHHS] MAIIMHH.

{06 mpunMHNTH pi3aHHs, BAMHUKAIOTh PUKYUU KUCEHB, 3yMTUHSIOTH
MallMHy H MEepeKpUBaIOTh NOavy aleTHIIeHY Ta MiJirpiBaibHOrO KUCHIO.
SkicTh  pi3aHHA  OIIIHIOOTH 33  BEJIMYMHOKO  BIJCTaBaHHA W
HeMeprneHANKYIIPHOCTI KPOMOK.

2 META POBOTH

BuBuMTH TexHIKy i TEXHOJIOriI0 KMCHEBOTO PO3AUILHOTO pi3aHHS
MeTaliB, AOCHIAUTH BIUIMB MBHUAKOCTI pi3aHHS Ta TUCKY PIXYYOro KHCHIO
Ha SIKICTh pO3pi3y.

SHIATOTOBKA 10 POBOTH

lotytounce 10 nabopaTopHOi POOOTH, MOTPIOHO BUBYHMTH MpaBHIIa
0e3MeYHOr0 BHUKOHAHHS Ta30pi3aibHUX pOOIT, 3aCBOITH CyTh Mporecy i
TEXHOJIOT1f0 KHCHEBOT'O pi3aHHS METaiB.

Jo 3aHATTS CHil MiATOTYBaTH 3arajbHy YacTHUHY 3BITY, B SKid
HABECTH Ha3BYy pOOOTH, METY i1, METOUKY MIPOBEACHHS.

4 MATEPIAJIN TA OBJTAITHAHHA

lazopizanbpaa Mammna "MikpoH-2",

AlETHICHOKHCHEBI pi3akH,

[TnactuHu 3 HU3BKOBYTIIEIEBOT cTami 3aBTOBIIKH 20 — 60 MM,
MinimerpoBa JiHiiiKa,

[lITanreHnupKyIIb,

CexyHaoMip

oukrwNE
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5 METOANKA BUKOHAHHSA POBOTH

1 PospaxyBaTu MakCHMajbHY HIBHJKICTh pi3aHHS MeTaly 3aaaHol
TOBIMHM, BUOpaTH 3MiHHI MYHAINTYKH W YCTaHOBHTH THUCK PILKYUYOT'O
kucHio B Mexax 0,5 MITa.

2 Hacrpoitu razopizanbHy MalluHy.

3 Buxonaru MammHHE pi3aHHS CTalli 33/JaHOi TOBIIWHU IIPH
ONTUMAJIBHOMY THCKY KHUCHIO Ha IBHJKOCTI, 3MeHmeHil Ha 50, 30 1 10 %
MOPIBHSIHO 3 PO3PaxXyHKOBOIO.

4 Buwmipsatd BifcTaBaHHS W HeMepreHAWKYJSPHICTh KPOMOK Ha
BUKOHAHUX PO3Pi3ax 1 OLIHUTH SKICTh iX.

5 Buxonarn JBa po3pi3M Ha IIBWAKOCTi, 3MEHINEHI Ha
30 % mnopiBHSHO 3 pPO3paxyHKOBOIO TpH TUcKax kucHIO Ha 0,2 MIla
Hwk4yomy i1 0,2 MIla BUIIOMY Bifl ONTUMAIILHOTO.

6 OuiHuTH SKiCTh pPO3pi3iB HpHU PIBHOMY THUCKY KHCHIO 3a iX
30BHIIIHIM BHIJISZIOM, BEIMYMHOIO BiJICTABaHHS ¥ HemepIeHINKYISIPHOCTI
KPOMOK.

6 3SMICT 3BITY

1Buknactu MeTy i cyTb poOoTH.

20mnucaTn  TpoBeAEHI  JOCHIAHM,  OXapaKTepU3yBaTH  SIKiCTh
OJIep’)KaHUX PO3Pi3iB.

33a pesynpTaTaMu JOCHITIB MOOYAYBAaTH 3aJI€KHOCTI BETHYHHH
BiZIcTaBaHHs 1 HeMepreHIUKYISIPHOCTI KPOMOK BiJl HIBHIKOCTI ¥ THCKY
PIKy4Oro KUCHIO.

7 KOHTPOJIBHI 3AITUTAHH A

1 CyTb Tipoliecy KHCHEBOTO Pi3aHHS METaIB.

2. Ski YMHHUKHM BIUIMBAIOTh HA IHTEHCHUBHICTH TIPOIECY
pizaHHs?

3. SxuMH TOKa3HUKaMH XapaKTePH3YEThCS SIKICTh Pi3aHHA i
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SIK BOHA 3aJIOKHTD BiJl MapaMeTPiB peKUMY?
4, Sk BHIMBaE YHMCTOTa PDKYYOro KHCHIO Ha SKICTh i
MPOLYKTUBHICTH MPOLIECy pPi3aHHs?

8 BKA3IBKHU 3 TEXHIKHM BE3IIEKH

1 Poboru 3 ra30BOro pi3aHHS BHKOHYIOTH Ha CIEIiaJbHO
oOJiaHaHOMY POOOYOMY MiCIli TPYU BBIMKHEHIH MICIIEBI BUTSXKHIM
BEHTHJIALII.

2 Kopmyc MammHy 1 po00YHii CTLI TOCTa MAIOTh OYTH 3a3eMJICHI.

3 Po0oTH BUKOHYIOTH TUIBKH B 3aXHCHHX OKYJISIpax i 3aXUCHOMY
CIIeLOAs31.

4 VYV mpoueci BUKOHaHHS poOOTH MOOIU3Yy pPOOOYOro Micls He
MOBUHHI 3HAXOIUTHUCH JITKO3aHMUCTI IPEIMETH.

5 Bwm#uKaTh i BAMHKATH pi3ak CIiJl CyBOPO 3TiTHO 3 IHCTPYKIIEIO.
VYci gocnian mpoBaanTH i HATJISIOM MaiicTpa abo tabopaHTa.

6 IIpu BMUKaHHI oJadi piXKyuyoro KHCHIO i BUKOHaHHI pi3albHUX
po0iT He MoXxHa mepeOyBaTH 3a MAaIIMHOK 3 OOKY 3BOPOTHOTO HANpsMY
pyxy. Y pa3i BUHUKHEHHS HENpopi3aHHSA B Il OiK MOXKIUBUN BUKH]
MPOIYKTIB TOPIHHS METaIy.

7 Y pa3i BHHUKHEHHS 3BOPOTHOTO ylIapy MEpeKpHTH
alleTWICHOBUI BEHTHJIb, MOTIM KHCHEBi, NPOAYTH pi3ak 1 3IIHCHHTH
MOBTOPHO 3amalOBaHHA pi3aka Ta MpoIec pi3aHHS.

8 CraBUTH Ta TONPABIATH IUIACTUHU-3pa3Kd TUIBKH B
Ope3eHTOBUX pYyKaBUILSX. ['apayi 3pa3ku OpaTH TUIBKH IIOCKOTYOLSIMH.

9 [Ilicns 3akiHueHHA pOOOTH TEPEKPUTH BEHTWUJI Ha pi3aky M
TPyOOIPOBOIAX.
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