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AHJTATIIA

byn auniomapik sxyMbic 35 GeTTeH, 5 CypeTTeH JKOHE 7 KEeCTEIEH Typasbl.
JIMTIIOMABIK ~ JKYMBIC — TaIlChIpMaJiaH, Kipicre/ieH, HEr13T1 OOJIIMHEH,
KOPBITBIHABIIAH KOHE TNalJallaHbUIFaH oJeOueTTep TI3IMIHEH KYpasFaH.
JIMTIOMIIBIK KYMBICTHI 5Ka3y OapbIchbiHAa 9 ofebueT ko3aepi KOIAaHbUIIbI.

JIMTUIOMIBIK ~ JKYMBICTBIH ~ MakcaTbl ~ MEXaHUKAIbIK  OeJCeHAIpuUIreH
OKCUATEPIH  KYPBUIBIMBIH JKOHE  TeMip MEH XpOM  Heri3iHJeri
ATFOMUHOTEPMISUTBIK, KaHY KYHECiH 3epTTey OOJIBIT TaObIIa/Ibl.

3epTTey HBICAHBl PETIHAE IIJIAHETAPJIbI-OPTAJAAHTENKINI  JTUIPMEH]Ie
MEXaHOXUMMUJIBIK OHJICYICH OTKEH TEeMip MEH XPOM OKCHJI1 OOJIBIN TaObLIA .

CoHnpaii-ak OyJ1 *KYMBICTa KOpPIIAraH OpTaHbl KOPFay MEH 3KOHOMHUKAJIBIK
3epTTeyJIepAIH KOPCETKIITEP! KapaCcThIPbUIA/IbI.

XKymMmbIcTa MIaHETAPNBIK-TENKIIT TapTKBIITHIH MapaMeTpiepiHiH ecenTepi
KENTIpiIreH. MexaHuKalbIK OHJCY KE31HJerl YHTAKTarbllll 3aT >KOHE OHJCNITeH
MaTepHaJIbIH 63apa 1C-KUMbUIBIHBIH MaTEMaTHUKAJIBIK MOJICNIbJICY1 ©TKI31JITEH.

byn ocep Typi rana emec (ocep, aOpa3uBTi), COHBIMEH KaTap TETiCTey
OpraHJapblHBIH  ocep €Ty okuimri. HoTwkeciHme  Korapbl — JUCHEPCTI
OeJICeHIIPUIreH YHTAaK KOcrajiaphbl aJlbIH/bI.

Temip ’XoHE XpOM OKCHUATEPIH MEXAHUKAIBIK OHJIEY OJapiblH OeTiH
apTThIpyFa MYMKIHAIK Oepeni. KuHeTnkara »oHE OJapAblH KaTbICYbIMEH
MIPOIIECTEPIH TOJBIK OTYiHE 9CEp €TETIH MaTepuall mapamMeTpiiepiH alTapIIbIKTan
©3repTyre MYMKIHIIK TyaJbl. bysl )KyYMBICTa MEXaHUKAJIBIK aKTUBTCHIIPY 3aTThIH
KACHETTEPIHIH MEXaHUKAJBIK DHEPrUSHBIH JCEpPIHEH e3repy IMpoleci OoJbIn
TaOBLTAIBI, OHBIH MAaKCaThl, OJETTe, KaTThl (pa3aHbIH KaThICYbIMEH (hHU3MKa-
XUMUSUTBIK TIPOLIECTEP/I1 JKEACTACTY OOIbIN TaObLIAIbI.



AHHOTAIUA

JlunimomHass paboTa COCTOMT M3 35 JHUCTOB, 5 PUCYHKOB M 7 TaOJIHII.
JlutiomHast paboTa COCTOUT U3 3a/1aHUsl, BBEJICHUS, OCHOBHOM YacTH, 3aKJIIOUCHUS
U CHHCKa MCIOJIb30BaHHOM JHUTeparypbl. B cocraBieHWH AMIUIOMHON pabOThI
UCIIOJIb30BaHbI 9 NCTOUYHUKOB JINTEPATYPHI.

Lenp numIoMHON pabOThI COCTOUT B UCCIEIOBAHUU COCTOSIHUS CTPYKTYPBI
MEXaHOAKTUBUPOBAHHBIX  OKCHUJIOB U  aJIOMUHOTEPMHUYECKOTO  TOPEHUs
aKTUBHPOBAHHBIX CHCTEM Ha OCHOBE JKeJIe3a U XpoMma.

OOBEeKTOM HUCCIIEIOBAHUS SBIIAIOTCS OKCHIBI XKelle3a U Xpoma, MPOIIeIIINe
MEXaHOXMMHYECKYI0 00pabOTKy B IIJJAHETAPHO — LEHTPOOEKHOM MeEIbHHUIIE
JTMHAMUYECKOTO JICUCTBUSI.

B pabore mpuBeneHnl pacyeThl MapameTpoB IEHTPOOECKHO-TUIAHETAPHOU
MenbHUIBL. [IpoBEeEHO MaTeMaTHYeCKOE MOJIEIMPOBAHUE B3aWMOJICHCTBUS
MEJTIONIEro Tena U 00padaThIBAEMOT0 MaTepHalia Py MEXaHUYECKOU 00paboTKe.
OTMmedeHo, YTO MPU MEXaHUYECKON 00pabOTKe Ba)KEH HE TOJIBKO BUJ] BO3JICHCTBUS
(ynap, ucTupaHue), HO ¥ 4acTOTa COYJapeHHs MEJTIOIINX Tel.

B pabore Takke paccMOTpeHBI pa3fenbl, Kacalolluecs OXpaHbI
OKpY’KalOUIEH Cpelbl U PacCUUTAHbl YKOHOMHUYECKHE TOKAa3aTelIu IMPOBEICHHBIX
UCCIICIOBAHUM.

Mexanuueckass 00pabOTKa OKCHUIOB KeJle3a U XpoMa MO3BOJSET HE TOJIBKO
YBEIUYHUBATh UX MOBEPXHOCTh. BO3HMKAET BO3MOKHOCTh CYLIECTBEHHBIM 00pa3oM
W3MEHUTh MapamMeTphl MaTepuaia, BIUAIONME Ha KHHETUKY U TOJHOTY
NpPOTEKaHUsl MPOLECCOB € UX ydacTheM. B gaHHOM paboTe MexaHuueckas
aKTHUBAILUs SIBJIIETCA MPOLIECCOM HM3MEHEHHs CBOWCTB BELIECTBA MOJ JIEHCTBHEM
MEXaHUYECKON PHEPruu, LeNbI0 KOTOPOTo SIBJISIOTCS, KaK MPaBUIIO, YCKOPEHUE
(bU3UKO-XMMHUYECKHX MTPOIIECCOB C yU4aCTUEM TBEPOM (pa3bl.



ANNOTATION

The thesis consists of 35 sheets, 5 drawings and 7 tables. The thesis consists
of a task, introduction, main part, the conclusion and the list of the used literature.
In drawing up the thesis 9 sources of literature are used.

The purpose of the thesis consists in research of a condition of structure of
the mechanoactivated oxides and alyuminotermichal burning of the activated
systems on the basis of iron and chrome.

Object of research are the oxides of iron and chrome which passed
mechanochemical processing in planetary — centrifugal mill of dynamic action.

In work also discussed topics relating to environmental protection and
economic indicators designed studies.

The paper presents calculations of the parameters of a centrifugal planetary
mill. Mathematical modeling of the interaction between the body and the grinding
of the processed material during machining.

This is not only the type of impact (impact, abrasion), but also the frequency
of impact of the grinding bodies. As a result, highly dispersed activated powder
additives were obtained.

Mechanical treatment of iron and chromium oxides allows not only to
increase their surface. It is possible to significantly change the material parameters
that affect the kinetics and completeness of the processes with their participation.
In this paper, mechanical activation is a process of changing the properties of a
substance under the influence of mechanical energy, the purpose of which is, as a
rule, the acceleration of physical and chemical processes involving the solid phase.
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BBEJAEHUE

CoBpeMeHHOE COCTOSIHME HAYYHO-TeXHUYECKOH MP00JjieMbl

MexaHudeckue METOJbl aKTHUBAIlMM XUMHUYECKHUX IIPOLIECCOB IYTEM
00paOOTKHU TBEPHBIX BEIIECTB B U3MEIBUUTEIBHBIX allapaTax B MOCICAHEE BPEMs
BCE IIHPE HCIOJB3YIOTCA B MPOMBINUIEHHOCTH. C KX IOMONIIBIO MOYKHO
CYILIECTBEHHO HHTEHCU(DUIIMPOBATH reTeporeHHbie mnponecchl. Cioga OTHOCSTCS
MPOLIECCHI, KOTOpPbIE TOPMO3ATCS KWHETUKOW MEX(]Pa3HOTO B3aUMOJICUCTBUS U
mubdys3ueit B TBeplod (¢aze: pacTBOPEHHE IIJIOXO PACTBOPUMBIX BEIIECTB,
TBEep0(a3HbIE peaKuu U T. . MeXxaHuuyeckasi akTUBALMS IPUPOJIHBIX MUHEPATIOB
MO3BOJISIET YCKOPUTH MPOLIECCHI UX B3aUMOJICUCTBHS C KMCIOTAMU UITU LIEI0YaMH,
a o0Opa0oTka cojaep)KalluX OKCHIbI CMECEl B BBICOKOIHEPTOHANPSIKEHHBIX
U3MENIbYMTEIbHBIX — amnmaparax M[pPUBOAUT K  CYIIECTBEHHOMY CHM)KEHHIO
TEMIIepaTypbl CHHTE3a U CIIEKaHUsI KEPAMUYECKHX MaTEpPHalIOB, a B PAJIE CIy4acB
K CHHTE3y HPOAYKTOB HEMOCPEICTBEHHO B HM3MEIbYUTEIBHOM ammapare.
HccnenoBanne 3aKOHOMEPHOCTEW ATUX MPOLIECCOB MPHUBENIO K MOSIBICHUIO HOBOU
Hayku — MexaHoxumud. Ilo ompenenenuto akagemuka [I.A. PeObunpaepa, «uenb
MEXaHOXMMHUHU COCTOUT B MCIOJB30BAaHUM WUJIU MPEIOTBPALICHUHN T€X XUMUYECKHUX
peaklMii, KOTOPBIE BBI3BIBAIOTCA WJIM YCKOPSIOTCS MEXAHHYECKOW aKTHBALUEH.
K HacrosmeMy BpEeMEHM C IOMOIIBK) MEXaHUYECKOW AKTUBALIMHM PEaTN30BaH
CUHTE3  OOJIBIIOTO  YHMCJIa COEOUHEHHWM W YCTAHOBJIEHBI  HEKOTOpHIE
3aKOHOMEPHOCTH MPOTEKAHNSI MEXAHO-XUMHYECKUX PEAKLIHIA.

s IIPOBEICHHUS MEXaHU4ECKOM aKTUBALUU HEOOXOIUMBI
BBICOKOOHEPIOHANPSKEHHBIE ~ W3MEJIBUYNUTEIBHBIE  alllapaTbl, IIOCKOJbKY B
OObIYHBIX anmaparax 3((EeKThl aKTUBALUUM HE3HAUUTENbHbI. i1 3TUX ueneu
pa3padaTbIBalOTCS CHElMaIbHbIE H3METBbUUTENN-aKTUBATOPHI. B yacTHOCTH, cepus
anmnapaTtoB IUJIAaHETAPHOTO M LEHTPOOEKHOro TUNOB. IlmaHeTapHble MEIbHULBI
ABJIAIOTCS 3P (DEKTUBHBIMU M3MENBbUYUTENbHBIMU allliapaTaMu. Beicokasi cKOpoCTh
U3MEJIbYEHUS M aKTUBAalMKU B HHUX OOECIEeYMBAETCA LEHTPOOEKHBIMHU CUJIAMU,
BO3HUKAIOIIMMH TPU BpallleHHuH 0apabaHOB BOKPYTr cBoed W oOmiei ocu. OHu B
JECATKH pPa3 MPEBBIIAIOT CHIIy TSAXKECTH, YTO TMO3BOJISIET BO CTOJIBKO K€ pa3s
YMEHBILUTh Pa3Mepbl MEJIOLIUX Tel 0€3 CHUKEHUS UX KHHETHUECKON SHEPTUH.

AKTYaJIbHOCTH PadoThI

Mexannyeckass 00paboTKa OKCHIOB Xeje3a U XpoMa MO3BOJIET HE TOJBKO
YBEJIIMYUBATH UX TIOBEPXHOCTh. BO3HMKAaeT BOBMOXKHOCTh CYIIECTBEHHBIM 00pa3oM
U3MEHUTh MapaMeTpbl MaTepuaa, BIMSIOIME HAa KHHETHUKY W IOJIHOTY
OPOTEKaHUsl MPOIECCOB € MX YywyacTHeM. B 1aHHON paboTe MexaHudeckas
aKTHUBAIIUS SIBJIIETCA MPOIIECCOM M3MEHEHHUsI CBOMCTB BELIECTBA MO JCHCTBUEM
MEXaHUYECKON PHEPruu, ILEJIbI0 KOTOPOTo SIBIISIOTCS, KaK MPABUIIO, YCKOPEHUE
(U3UKO-XMMHUYECKHX MTPOLIECCOB C yU4aCTUEM TBEPIOM (pa3bl.

B cBs3M ¢ 3TUM TpencTaBieTCS aKTyaJlbHbIM IMPUMEHEHHE MOAXO0B,
UCIOJIb3YIOIINX JUCKPETHBIE MPEICTABIECHUS O MPUPOJIE SABJICHUM, MPOTEKAOIINX
B TBepaOM (a3e mpu aKTUBALMM, MOCIHEACTBUN aKTHUBALMU U €€ BIHUSAHUM Ha
KMHETHKY TEXHOJIOIMYECKUX MPOIIECCOB C YYaCTHEM aKTUBHUPOBAHHBIX TEJI.



O0bekTOM HCCIeI0OBAHMSA SBJISIIOTCS  OKCHIBI  JKelie3a U Xpoma,
MPOLIEAIINE MEXaHOXMMHUYECKYI0 00paboTKy B IUIaHETApHO — IEHTPOOESKHOU
MEJIbHUIE AMHAMUYECKOTO JICUCTBUS.

Heas padoTbl COCTOUT B HCCIEJOBAHUU COCTOSIHUA  CTPYKTYPHI
MEXaHOAKTUBUPOBAHHBIX  OKCHJOB W  QJIIOMUHOTEPMUYECKOTO  TOPEHUS
aKTUBHPOBAHHBIX CUCTEM Ha OCHOBE jKeJie3a U XpoMma.

3agaum pabGorbl: lccienoBaHue MNpeaBApUTEIbHON MEXaHOXMMHYECKOU
00pabOTKH CUCTEM Ha OCHOBE OKCHIOB (-TIEPEXOIHBIX METAJLIOB XKeJie3a U XPOMa,
pacyeT TEPMOJAMHAMUYECKUX XApPAKTEPUCTUK BOCCTAHOBJICHUS OKCHUIOB B
MpoIeccax allOMUHOTEPMHUH.

HayuyHnasi HOBHM3HA: TIPOBEJICH pacyeT MapaMeTPOB yIapHO-(PPHUKITHOHHOTO
B3aMMOJICHCTBHSI HAa KOHTAKTE MEITIONTUX TEI M OKCHJIOB (-TIepeXOHBIX METAILIOB.
Paccuntansl W TOpoaHANM3UPOBAHBl ~ WU3MEHEHHSI  TEPMOJUHAMHYECKUX
XapaKTEPUCTUK, KOHKPETHO CBOOOJHON SHEPruM MPH BOCCTAHOBJICHUH OKCHIOB
XpoMa M jKeje3a aJlOMUHMEM B 3aBHCHUMOCTU OT Temmeparypbl. OmnpenencHbl
yCIJIOBHUSI, 00€CIIEUMBAIOIINE MAKCUMAJIbHYIO CTEIEHh BOCCTAHOBJICHUS Xpoma U
xKemesa.

Teoperuyeckass  OCHOBA  —  aHajuu3  JIMTEPATYPHBIX  JIAHHBIX,
MIPOMEXYTOUYHbIE HayuHble oTueThl WIII'.
MeTogoi0oru4yeckasi OCHOBA — METOAbl AHAIN3a: MHUKPOCKOIIMYECKHU,

peHTreHo(a3oBbIii, XpoMaTorpaGUIecKuii.
IpakTuyeckas 6a3a nanucanus — PI'TI «HcTUTYT poOsieM ropeHus».
OO0ocHoBaHMeM ISl HamMCaHWs pPadOThl MOCTYKWJIU BBINOJIHEHHBIE
JUIIJIOMAHTOM 3KCHEPUMEHTHI M J1a00paTOpHBbIE MCHBITAHUS, KOTOpbIE MOKa3aln
NPUHIMIHATBHYIO BO3MOKHOCTh OCYILIECTBIICHUS MPEIIaraéMoil TEXHOJIOTHH.
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1 Kputnueckuii 0030p

Mexanoxumuueckass — oOpaboTka cO  CHEUHUATBbHO  MOJ0OpaHHBIMU
XUMUYECKUMHU JT0OABKaMH M Cenaparus yris MO3BOJISIOT 3HAYUTEILHO TMOHU3UTh
Bs3KOCTh BYT.

MexaHoxuMmuueckass 00paboTka MeTajula 3aKIIYaeTcsi B OJIHOBPEMEHHOM
CUJIOBOM MEXaHMYECKOM W XUMHUYECKOM BO3JCHCTBUM Ha OYHUIIAEMYIO
MMOBEPXHOCTh. MeXxaHW4ecKoe BO3JCMCTBUE  OCYIIECTBISIETCS  OYHCTHBIMHU
AJIEMEHTAMHU M3 CIPECCOBAHHBIX CTAJIBHBIX MPOBOJOYEK (KECTKHX IIETOK) MpHU
BETMYMHAX CWJI, OOECIECUMBAIOIIMX XPYIKOE pa3pylICHHE IUICHOK OKUCIOB M
MUKpPOpE3aHUE MOBEPXHOCTH MeTauia. B kauecTBe XMMHUYECKHM AKTUBHBIX CpE.l
IPUMEHSIOT BOJHBIE PACTBOPBI MUHEPATbHBIX KHCIOT, [ITAB 1 nenoracureneii [1].

NuteHcuBHas MexaHOXUMHUYEcKass 00pa0OTka BO3MOXKHA TOrja, Korjaa
oOecrieynBaeTCs MaKCUMallbHasg KOHIIEHTpAIMsl MEXaHWYEeCKOW JHEpruu B
eNHUIIE 00BeMa oJTUMeEpa.

[IpoBeneHHbIC HCCIEAOBAHUS MTOKA3aJIM, YTO MEXaHOXMMHUYECKast 00paboTka
1o3BoJIAeT NPUMEHATh XAC, B KOTOPBIX KOHIIEHTpalUsi XUMPEAKTUBOB B 1,5 paza
MEHbIIIE, YeM B OOBIYHO PEKOMEHYEMbIX JIJISi TPABJICHUS OKAJTHHBI KOMIIO3UIIUAX;
COBMENIaTh MPOIECChl  O0C3KUPHUBAHUSA, TpaBieHUs U  QochaTUpOBAHMUS,
YMEHBIIUTH (U3UKO-XUMHYECKYIO T€TePOTreHHOCTh TOBEPXHOCTHOTO CJIOSl METaslia
3a cyer Oosiee TOJHOrO  yAaJ€HUs MPOAYKTOB  KOPPO3UU U €ro
IacTU(PUIMPOBAHUS B PE3yJbTaTe MPOSIBICHHUS XeMomexaHudeckoro 3d¢dexra.
[Io cpaBHeHHIO ¢ 00OpabOTKOW TPOBOJIOYHBIMHU IIIETKAMU B CpEIE BO3ayxa
npuMmeHeHrne XAC TO03BOJSIET TMOBBICUTH  MPOU3BOJIUTEIBHOCTh  OYUCTKHU
B 15-2pazsa|[2-5].

JIns u3MeNbUeHUsT TBEPABIX BEIIECTB MPUMEHSIOTCS allaparhl pa3indyHbIX
KOHCTPYKIIMH, pa3Myarlolrecss BHIAOM MEXaHUYECKOTO BO3ACHCTBHUS  Ha
BEILIECTBO: pPAa3JaBlIMBaHUEM, YAApOM, pacKajlblBAHUEM, WCTHpAaHHEM U T.a1. B
COBPEMEHHBIX M3MEIBUUTENSAX OOBIYHO COUYETAIOTCS JBA WU 0oJiee BUIAOB TaKHX
BO3ACUCTBUM. [l TOHKOro W3MeNbYeHUsI (IUCIIEPTUPOBAHUSA) MPUMEHSIOT
MEJILHUIIBI, O00Jafaronue BBICOKOW JHEProHANPSIKEHHOCTHI0. lcmonb3oBanue
IJIAHETAPHBIX MEJIbHUI] PUBOJUT HE TOJIBKO K MPOLECCY AUCIEPTUPOBAHUS, HO U
K BO3pPacTaHUIO POJU COMYTCTBYIOIIMX MPOLIECCOB BBICOKOW KOHIIEHTpAUU
neexkToB W 00pa30BaHUIO AaKTUBHBIX IIEHTPOB B IOBEPXHOCTHOM CJIOE
oOpabaTeiBaeMoro BemiecTBa. Bkian WX MOXeET ObITh HACTOJIBKO BEJIUK, UYTO
BIIMSCT Ha (PU3MKO-XMMHUYECKHE CBOMCTBA BEIIECTBA, TO €CTh NMPUBOJUT K €ro
akTuBanuu [6].

OnnuMm u3 Beaymux (akTopoB, BIUAIONIMX HAa CTENEHb CTPYKTYPHBIX
W3MEHEHUN MaTepualioB, SIBJISICTCS CIOCOO pa3pyIICHUSs, ONpeaeaseMblid TUIIOM
u3MenbunTens. Haubosnee HarmsimHO BIMSHHAE CIOCO0a pa3pyIIeHUs! MPOSIBISETCS
npu aHam3e (HU3UKO-XMMHYECKOTO COCTOSHUS BEIMIECTB C OJM3KUMU YACIbHBIMU
MOBEPXHOCTSIMH, MOJyYCHHBIMU MPU U3MEIBUYEHUH B alaparax pa3JiuyHOro THUIIA.
Tak, Hampumep, CpaBHEHUE KBapLEBOrO I€CKa, H3MEIbUYEHHOTO B IIIAPOBOM,
BUOpALIMOHHOW U CTPYHHOW MENbHUIIAX, @ TAKXKE B aTTPUTOPE U JE3UHTErpaTope
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MOKA3aHOo, YTO B PE3YJbTATE€ CYXOT'0 M3MENbUYEHUS B JIE3UHTETPATOPE U CTPYHHOU
MEJIbHUIIE KBapll OJIM3KOrO TPaHYJIOMETPUYECKOTO COCTaBa paCTBOPSIETCS B
IJJABUKOBOM KHCJIOTE€ 3HAYUTEIBHO MEHBIIE, YEM IOCJIE MU3MEIBYEHUS B JPYTUX
armaparax [7].

AJIOMOTEPMUYECKHE IPOLECCHl €  HMCIOJb30BAHUEM  AIFOMUHHEBOIO
MOPOIIIKA CBSI3aHbl, MPEXKIE BCEro, C MOJYYEHUEM YHCTBIX METAJUIOB KAK XPOM,
Maprasell, BaHaaui, a Takxke ¢eppociaBoB. CuuTaercs, 4YTO KOJIMYECTBO
teruia MeHee 2500 kJ[K/Kr HEIOCTATOYHO JJIi  OCYIIECTBJICHHS  BHEMEYHBIX
amroMoTepMHuUIecKuX mporeccoB, oT 2500 mo 4600 k/[K/KTr — AOCTaTOYHBIM, a
ooitee 4600 x/[>x/Kr — U30BITOYHBIM.

B03MOXHOCTh BOCCTaHOBJICHHSI OKCHJIOB TOPOIITKAMU AJTIOMHUHUS ObLIa BIIEPBHIC
obocHoBana B 1856 r. J[eBumiem C. IlpuMeHUMOCTH 3TOTO cmocoba IS
BOCCTAHOBJIEHUSI OKCHJIA XpOMa IpPOJEeMOHCTpupoBaHa B 1859 r. ogHOBpEeMEHHO
Benepom ®. u bekeroBeiM H.H. OpHako NpPOMBIIUIEHHOE OCBOEHUE 3TOTO
npoiiecca 3a1ep>KUBaJIOCh JI0 MOSBJICHUS CPaBHUTEIILHO JCIICBOr0 amoMuHus [8].

B mpou3BOACTBEHHBIX YCIOBHUSIX BaXKHO, YTOOBI aTIOMOTEPMHYECKOE
BOCCTAHOBJICHUE, CaMOIIPOU3BOJBHO PACHPOCTPAHSIONIEECS] HA BCHO IIUXTY,
COCTOSIIIIYK0 M3 CMECH TMOpOIIKOB AaIIOMHHUSI M OKCHIA MeTajljia, JaBalio
JIOCTATOYHOE KOJINYECTBO TEIUIA JJIsl PAcCIUIaBICHUSI IPOJYKTOB PEAKIUH, a TaKkKe
pa3ieleHusl MeTajula U IUIaka. BCruibIBaromnil IUIaK MPEJOXPAaHSIET METall OT
B3aUMOJICHCTBUS ¢ aTMOC(EPOH.

VYcenemHocTh MOpOTEKaHUS —AIOMOTEPMUYECKOM peaklMd 3aBUCHUT OT
pa3Mepa 4acTHI] OKCHA METalla U aJlOMHHMS, a TAKKE OT COCTaBa UX CMECHU: YEM
TOHBILIE TOPOIIOK, TeM HWHTEHCUBHEe HAYT peakuuu. OpHaKo, MNpPUMEHEHUE
IpyOBIX MOPOIIKOB ATIOMHUHUS MO3BOJISIET U30€XKaTh MBIJIEBOIO YHOCA U CUJIBHOTO
OKHCJICHUSI alIOMUHUS TIPU MOJTOTOBKE IIMXThl W HArpeBaHWU Ha BO3yXE, HO
MOXET NPUBECTU K TOMY, YTO B XOJA€ PEAaKIUU ATIOMUHUN YaCTUYHO PACTBOPUTCS
B BOCCTAHOBJICHHOM METAJUIE U OCSIAET Ha JHO THUIJIA, HE YCIEB BOCCTAHOBUTH
HAXOMSIIUNCA B TUIJE OKCUJ. HakonmuBIIMICS B pacijiaBe aTtOMHHUM MOXKET
BCTYIIUTh B JalIbHEWIIEM BO B3aUMOJICHCTBUE C OCTHIBIIMM B [UIaKe
HEBOCCTAHOBJIEHHBIM  OKCHJIOM, 4YTO NPHUBEIET K HEKOHTPOJIHPYEMOMY
MOBBIIIICHUIO TEMITEPATYPhl U «BCKUTIAHHIO» 3arpy3ku [9].
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2 OcHOBHAA 4aCTh
2.1 Marepuajbl H METObI HCCJIEI0BAHUS

MarepuaJbi:
JIns1 sKCTIepUMEHTAIBLHBIX pa0OT OBLIIM BHIOpAHBI:
— okcun xpoma (Ill) mapku «yma», KpymHOCTBIO dacTtui < 12,5 MKM, c
coziep>kaHrieM ocHOBHOTO BemecTBa — 99,0%;
— okcup xenes3a (1), kpynuocteio yactuir 30 - 140MkmMm;
— mopomok amomMuHueBord Mapku I1A-4, guctoroit — 99,0%, Fe—0,17%,
— Si-0,1%, Cu-0,003% u 0,7% ... mo FOCTy 6058 - 73;
— HOopomoK xpomuTa KeMnmpcaiiCKkoro MeCTOpOXIEHHUs, C KPYIHOCTBIO
gacturn <30 MM, ¢ % coxepxanuem: Cr,O;—54,1; MgO - 16,5; Al,O;-8;
— FeO-7,5; Fe,0; - 6; SiO;, — 4,8; CaO — 0,4,
— KEJe30pYJHbIE OTXOAbI MPOU3BOJICTBA U3 TemupTay, ¢ KPymHOCTbIO YaCTHI]
<..MKM, cruexaytomero cocraBa: Fe,0O; - 84%, FeO — 5,25%,
— Ca(OHy) — 2,0%, SiO, — 3,1%, V,05 — 1,0%, MgO — 2,4%, Al,O; — 1,65%,
S -0,6%.

2.2 Mexanuueckasi 00padoTka TBepAbIX BelIeCTB B LICHTPOOEIKHO-
IUVIAHETAPHBIX MeJIbLHULIAX

2.2.1 XapaKTepuCTHKH MEXaHUYECKOro peakropa. Pes;kumbl 00padoTku

JIist u3MeNnbYeHus U MEXaHUYECKOW aKTUBALIMU TBEPJBIX TEJl UCIIOJIb3YIOTCS
anmaparbl pas3JIMYHbIX KOHCTPYKLMM, pa3auvarolIviecss BUIAOM MEXaHUYECKOTO
BO3JICHCTBHSI Ha BELIECTBO: YJAap, pacKaJlbIBaHWE, UCTUpaHUE U T.1. B Hammx
UCCIIEIOBAHUSIX ~ MEXaHMYECKyl0  oOpabOTKy  MOpOUIKOB  MPOBOAWUIM B
HSHEPTrOHANPSHDKCHHOW TJIAHETAPHO-IIEHTPOOSKHOM MENbHHIIE, Pa0OTaIONIeH 110
IPUHIUIY TPaBUTALMOHHOIO W3MEJIBYEHUS, KOTOPBIA peanu3yercss 3a Cyer
B3aMMOJCHCTBHS IBYX LIEHTPOOEKHBIX moJiel. Cxema ammapara MpejacTaBieHa Ha
pucyske 1.

Ckopocth Bpaienus miatgopmsel coctaBisia 700 060pOTOB B MHUHYTY.
CkopocTh BpallleHHs pa3MoJibHbIX cocyaoB — 1200 o6opoToB B MunyTy. [Ipnyem
JBKEHUE TIaT(GOPMBI U pa3MOJIbHBIX 0apadaHOB peann3oBajiach B MPOTUBOXO/IE.
Bennuuna yckopeHusi mpu oO0pabOTKe B LIEHTPOOEKHOM IJIaHETapHOW MEIbHULE
nocrturana 20 g.

K napametpam, okazpiBaroliuM BiIHsIHUE HA 3()PEKTUBHOCTH U3MEIbUYCHHUS,
OTHOCSITCSI TakXke 0O0beM, 3aHMMAaeMblil IIapaMu, pa3Mep MIapoB, 00beM
U3MeIbYaeMoro BemiecTBa W Ap. B pabore, yuuThIBas ST HapaMeTphl,
IPOBOJMIIOCH U3MEJIbYEHUE OpU  COOTHOILEHHH MaccChl NOPOIIKa
K Macce IIapoB (M,/M,): 1/4, ontuManbHOM npu 0OpabOTKE  JaHHBIX
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BemecTB.  [Ipw mpoBeneHUM  HKCIIEPUMEHTOB 10 MEXaHOXUMHUYECKON
0o0pabOTKE OKCHIOB OTACIBHO W C BapbHPOBAIU  IPOJODKHTEIBHOCTH
obpabotku — 3, 6, 9, 12, 30, 60 MUHYT.

=

Ock BPaLLEHWA BOAMNA 4’?

B Qch spawesun bapabana

R - Psanyc oc Gapabana , *, "
I - Buyrpesnun pagnyc Bapatana t d \Q .l
W, - Yra0eas cropoCTe NEPEHOCHOTO EPILLEHHA N2 \-_

W - VYrsoeas cropocTe spaugenus Bapabana

PucyHok 1 — cxema 1ieHTpoOeKHO-TNIAHETAPHOU MEJIbHUIIBI

BaxxHoe 3HadueHME TIpM MEXAaHWYECKOM aKTHUBAIlUA HMMEET CKOPOCTh
MEJIOIIEro Teja. TeopeTudeckoe 3HaYeHHe CKOPOCTH €ro B MOMEHT OTphIBa OT
cTeHKd Oapabana mon yrioMm 180° unum Onu3kuM kK Hemy ( Hambojee 4acrto
peanu3yronascs CUTyalusi B MEJIbHUIAX MJIAHETAPHOTO THUIA ) COCTaBJISET:

=01+ v, = 27[®1( Ry + Ry ) + 0,Ry], Q)

rae  ;, ®; — YUCIO OOOPOTOB BOKPYT OOINECH OCH W IUTAaHETApHOM OCH

COOTBETCTBEHHO;
R1, R, — paauycel 00111ero v njiaHeTapHOro BpAILEHUH.
Beipaxkas (v) yepe3 XapaKTepUCTUKHU MEJIbHUILIbI, TOJTYyYUM

v=2nw1Ry[k + (M + 1)], (2)

rine K — kunetnyeckwuii haktop = wy/w; = -1,7 (K npuHuMaet orpunarenpHoe
3HAYEHUE T.K. B MEJbHUIIC MPOTHUBOIMOJIOKHOE HAIIPABJICHUE BEKTOPOB CKOPOCTEH
OTHOCHUTEJIHLHOTO ¥ COOCTBEHHOTO BpareHus 6apadaHoB);

M — reomeTpuueckuii pakrop m = 1,/1, =2,3;

PacyeT MOIITHOCTH MEITBLHUIIBI TP PabOTE BBIMTOJIHEH 110 (hopMyIie:

- 25272
W oinan=Wiap (47" R“N/981) ( n1/ny), (3)
rie W, — MOIITHOCTB MEIILHHIIBI B PEKUME PaOOTHI €€ KaK NIapOBOM:

W,p=6,1 D , kBT; 4

D — nmumamerp OapabGana, M; N — umcio o0060poTOB poTopa, C;
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N; — KPUTHUECKOE YUCIIO 00OPOTOB LEHTPOOEIKHON METBHUIIBL:
n;=0,8NVR4/R; , (5)

Ny — KPUTUYECKOE YUCIO 00OPOTOB LIEHTPOOEIKHON MEITBHUIIBI B YCIOBUSIX
ee paboThI KaK IIapOBOI:

n,=32\D, (6)

OTH mapaMmeTpbl HKCHOJNB30BAJIMCh HaMH IPU  pacyere mporecca
MEXaHUYECKON 00paboTKH B IEHTPOOEIKHO-TIIIAHETAPHON METHHUIIE.

2.2.2 MogeaupoBaHue yIapHO-(PUKIHOHHOTO  B3aUMOACHCTBHS
MeJIIOIINX TeJ H 00padaTbIBaeMOro MaTepHuaJia

Pacuer B3auMOJEHCTBUSA MENIONIMX TeJl M 00pabaThiBAEMOro Marepuania
MIPOBOJIUJICS. HA OCHOBAaHUHU MOJIEIIH, MIPEAJIOKEHHOM B pab0oTax ¢ UCIOJIb30BaHUEM
06a30BBIX (HOpMYIT:

— ompeeneHusl TOJIIMHBI MOJABUKHOTO clIosi oOpabaThiBaeMOro matepuana

(9):

=My/[e1(IT + 11y ) (1 —p )] = 4M; /[u( T + I ) 7], (7)

r7ie P — MOPUCTOCTh MOABMKHOTO CJIOS, IPUHATASL PABHOU TSI MAKCUMAIIBHO
IUIOTHOM yNakoBku cdepuueckux wyactuy (P = 1 - w/4); M; — Macca
u3Menb4aeMoro okcuga (r); o1 — IUIOTHOCTh okcuaa; Il — munuHapuueckas

2

COCTaBJISIIOIIAsl TOBEpXHOCTH Oapabana (cm”); Il, — cymmapHass MOBEPXHOCTh
I1apOB;

— otHocuTensHOM ckopoctu W coymapeHusi miapa co CTEHKOM Oapabana
MEJIbHUIIBI, MOACTUPYEMO# MI0cKuM citoeM (R;<<1,):

W=2nw;1,[(k+1)> + m* — 2m (k — 1 )cose + (m + 1 )7°°, (8)

riae cos® = -(1 + k)/m = 0,3 onpenenser yroy oTpsiBa mapa OT CTCHKH.

[Ipu 5TOM HOpMaNTbHASI COCTABJISIIOIIAS CKOPOCTH COYAapEHHUS IIIapOB paBHa!

W,=W cos, (9)

M TaHTCHCAJIbHAasA COCTaBJIAIOIIAasl, COOTBETCTBCHHO paBHA:
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W=Wsing; (10)
— BpeMs B3aUMOJICUCTBHS 111apa ¢ IUIOCKUM ciioeM okcuaa (1), c:
t= 4,1R,>*0,%*W?? (11)

MaKCUMaJlbHasl Crjia B3auMoieicTBrsl mapa ¢ okcuaom (T), H:

f=4,0R%,>°0, **W*"? (12)
— MAakKCUMaJIbHOE€ HOPMAaJIbHOE JAaBJICHHE B IICHTPE IJIOIIAJKA KOHTAKTa (Pn),

ITa:

Pr=1,5,"°0, "W (13)

— CcpenmHee maBlieHUE Ha KoHTakTe < P, >, Ila:
<P,>= 1,020, 2%wW"* (14)
— MaKCHUMAaJIbHBIN paJnyc TUIomaan KoHTakra (), Mm:
r=1,1 R, >?0,*W%* (15)
— MaKCHMAaJbHAs IUIOIIAAb KOHTAKTA (S), M’:
s= 4,1R% "0, WO? (16)
— MakcuMaJibHas o01mast nedopmarus (€), M:
e= 1,3R.'0,* W08 (17)
2.2.3 YcaoBusi npoBeeHUs AJIOMHHOTEPMUYECKOT0 TOPEHUs CHCTEM
OKCH/ MeTaJlJIa-aJJIOMUHHUH
N3 wmexannyecku o0OpaOOTAHHBIX TMOPOIIKOB TpeccoBaid 0OOpaslbl Ha
nabopaTtopHom mpecce mapku " Carver” mpu ycunmum 5 T - pa3Mepamu:

45x25x1,0cmu @ 2,0x 1 cm. CooTHOIIEHHE KOMIIOHEHTOB CMECH PacCUUTAHO
M0 CTEXMOMETPHUH COTJIACHO YPABHECHUSIM:

2A|+Cr203= 2Cr + A|203 (18)

2Al + Fe,O; = 2Fe + A|203 (19)
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Cunre3 00pa3loB MPOBOJUIU KaK B 3JEKTPUUYECKON JTaOOpaTOPHOM Meuu
CHOJI, Tak 1 BHENEYHOM peXUME Ha Bo3ayxe. OnpeaeneHne CKOpoCTu TOpeHUs B
uccienyeMbIX o0pa3iax IpoOBOJWIM 0 CTaHIAPTHON METO/IMKE, BIIPECCOBBIBAs Ha
ONPEJEICHHOM PACCTOSHUM TI0 JBE XPOMEJb-aJIOMEJIEBbIE  TEepMOMaphl,
COelIMHEHHbIe ¢ ocumiorpadom. s 3anucu TeMrepaTypHOro npousis BOJIHEI
TrOPEHUs MCIOJIb30BAIM  BOJIb()paM-PEHHUEBBIE TEPMOIIAPBI,  OTJIMYAIOIIUECS
BBICOKOM YyBCTBUTEIIBHOCTHIO B MHTEpBase temnepatyp 2000-3000 K.

2.3 MHccaenoBaHue COCTOSIHUSI CTPYKTYPbl MEXaHOAKTHMBHUPOBAHHBIX
OKCHJI0B M AJIOMMHOTEPMHYECKOI0 TOpPeHHMs AKTUBHPOBAHHBIX OKCHIOB
XpoMa H KeJie3a

2.3.1 PacyeT 1 aHAJIN3 NIPOLECCA MEXaHUYECKON AKTHUBAIIMU OKCUI0B

Cpenu pa3HOOOpa3HBIX IyTEH MOBBIMICHUS PEAKIIMOHHONW CIOCOOHOCTH
TBEPJBIX TEJI 0CO00E MECTO 3aHMMAIOT METOJIbI MEXaHOXMMHUYECKON aKTUBAIIUU,
SBJIIOIIUECS MPOCTHIM U 3(H(PEKTUBHBIM CIIOCOOOM M3MEHEHHS SHEPTeTUYECKOIrO
cocTosiHuA BemecTB. Kak mpaBuiio, MEXaHOXMMHUYECKas AaKTHUBAIUS SBISICTCS
pEe3yJIbTATOM HMITYJIbCHBIX (10" — 10°) Bo3meiicTBHiT B IOKATBHBIX OOIACTSX
MOBEPXHOCTHBIX CJIOEB, YTO 3aTPyAHSET MPSIMOE HCCIEIOBaHKUE IIpollecca
MEXAHUYECKOM aKTUBalMM. B 3TOM cllyyae BO3MOXXHO TPHUMEHECHHE METOJA
MaTEMaTHYeCKOTO0 MOJCIUPOBAaHUS M pacdeTa CHJIOBBIX M TEMIIEpPaTypPHBIX
W3MCHCHU Ha KOHTaKTaX B3aMMOJICHCTBYIOIIMX YACTHI[ JJI MPOTHO3WPOBAHUS
MOBEJICHUSI MAaTEepPUANIOB B TMOCIEAYIONUX (U3UKO-XMMHUYECKUX Tpoleccax. B
paboTax Ha OCHOBE HEJIMHEHHOW yHpYrollaCTUYECKONW TEOPUH COYy/apeHus
TBEPJBIX TEJI TPOBEICHA TEOPETUYECKasl OIeHKA WMITyJbCa JIaBICHHUS W
TEMIIEpaTyphbl B JIOKAJBHBIX 30HAX MEXaHUYECKOTO BO3JCHCTBHUSA, YTO MO3BOJIUIIO
MpeacKazath CHenuPuKy MEXaHOXUMUYECKUX pEakiuid B 00pabaThIBaeMBbIX
OKCHUJHBIX CUCTEMAX.

[TapameTpsl B3aUMOACHCTBUSI MENIOMUX Teia (IapoB) U 0OpadaThIBa€MbIX
OKCHUJIOB XpOMa M Keje3a pPacCUUTaId C MCIOJb30BAaHUEM YIPYTUX MOCTOSHHBIX
TBEPIBIX TEI.

MexaHnueckyro 00padOTKy OKCHAOB MPOBOAMIM B CTaJIbHOM IIapoBOM 3-X
OapabanHoi 1eHTpoOekHO-TaHeTapHo MenbHuile (L[IIM) co cnexyrommumu
XapaKTEPUCTHKAMMU:

— reoMetpuueckuit pakrop m = 2,3;

— xuHeTnueckuit pakrop K = -1,7 (K mpuHUMaeT OTpHUIIATEIILHOE 3HAYCHHE T.K.
B MCJIBHHUIIE  MPOTHUBOIOJOKHOE  HAMpaBICHUE  BEKTOPOB  CKOPOCTEH
OTHOCHUTEJIHHOTO ¥ COOCTBEHHOTO BpaleHusi 6apadaHoB);

— o0ObeMm Oapabana V = 450cm>;
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— IMIMHAPUYECKAs COCTAaBISIOMAS MOBEPXHOCTH Oapabama II ~ 170 cm®
(Bo3meiicTBME ~ 1IapoOBOM  3arpy3kd  Ha  oOpabaThiBaeMblid  Marepuanl
MPEUMYIIIECTBEHHO OCYIIECTBISETCS MMEHHO Ha 3TOM MOBEPXHOCTH).

— OTHOIIIGHHE Macchl ImapoBoi 3arpy3ku (M) m oxcuma (M;) cocTaBisio
M + M; = 100 + 400 = 500 r (3KCIIEpUMEHTAIHHO OMPEACICHHOE ONTHUMAIbHOE
COOTHOIIIEHHE MACCHI IIAPOB K Macce 00padaThIBAEMOTO OKCHU/IA)

— pamuyc mapoB R~ 5 * 107 w;

— IUIOTHOCTbH CTaJbHBIX IIApOB , = 7,86 * 10° kr/m® |

— yucao mapos N = 100,

— cyMMapHas noBepxHocts [1, = 320 oM

— otHocuTenbHas ckopocTh (W) coymapeHus Immmapa co CTeHKoW OapabaHa
MEJTBHHMIIBI, MOZICITUpyeMast TUIOCKUM citoeM (R; << 1,):

W=16,20 wm/c; (20)
IIpU 5TOM HOpMaJIbHAs COCTABJIAIOIIAA CKOPOCTH COYAAapCHUS IIApOB PaBHA:

W,=4,90 m/c; (21)
N TaHI'CHCAJIbHAA COCTABJIAIOIIAA CKOPOCTH, COOTBCTCTBCHHO PaBHA!

W,=15,40 m/c (22)

Tabnuna 1 — Mcxoanbie maHHbIe IJ1s pacyeTa yaapHO-(PPUKIIMOHHOTO
B3aMOJIENCTBUSA

[Tapametpsl Memronree teno Oxcua d-nepexoJHOro MeTasuia
(map) Cr,05* Fe,04

[InotHOCTH (o), 7,86%10° 5,21*10° 5,24*10°
kr/m®
Monyns  FOura 2,23*10" 3,57*10" 2,12*10"
(E), I1a
Koaddurment 0,29 0,24 0,14
ITyaccoHa (v),
TonaTauBoCTh 1,65%10™ 1,06%10™ 1,76*10"
O=4[1-(v)’J/E,
[a™

Tak Kak M3MEHEHME YNPYTHMX CBOMCTB 3aBUCHUT OT TUIA PELIETKH, W3-3a
OTCYTCTBUS CHpaBOYHBIX JaHHbIX (v, E) 1nus okcuga Xxpoma, MOXKHO
BOCIIOJIB30BAaThCA ~ XapPaKTEPUCTUKAMHM  YNPYrOCTH € ONU3KUMU K  HEMY
napaMeTpaMu pelerku. Jlis okcuaa Xpoma C T€KCaroOHajabHOM CUHIOHUEH C
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napametpamu: a = 0,495 um; ¢ = 1,3665 HM; c/a = 2,76 HM — OKCHJI aJTIOMHUHHS C
reKcaroHaJIbHOM cuHronmen ¢ mapamerpamu: a=0,4758 uMm; c=1,2991;
c/la=2,72.

IIpu Mexanuueckoit oOpaboTke okcuaoB B I[IL[M mpoucxomut mporiecc
caMo(yTepOBKH CTEHOK OapabaHa u 1mapoB. ba3zoBbie (opMyIsbl BBHIOpaHBI s
YIApHOTO  B3aUMOJCHCTBUS  (PYTEpOBAHHOTO IIapa C IUIOCKHM  CJIOEM
00pabaThIBa€MOT0 OKCH/IA.

Tabmuma 2 — IlapameTpbl B3aMMOJCHCTBUS Ha yAapHO-(QPUKIHOHHOM
KOHTAKTE
[TapameTpsl PacueTHble 3HauCHUS
Cr203 F9203

Bpewms B3aumonerictus (1), ¢ 1,73*10'5 2,12*10'5
MaxkcumanbHas cuiia 1,51*104 1,23*104
B3aumoeiictus (), H

Maxkc. HopMmasibHoe nasienue (Pp), 1,65*10" 1,10*10*
IIa

Cpenuee nasnenue <P>, Ila 1,19*109 7,92*109
Maxc. paJnyc IO, KOHT. (), M 6,43*10™ 7,12*%10™
Makc. mjioil. KOHT. (S), M 1,40*10'6 1,72*10'6
Maxc. obuias aed. (€), M 9,89*107 1,09*10™

MunumManbable  Temrepatypsl Ha KoHTakte: 1 = (To+ Ty)/2, rae
Tm — Temneparypa miaBieHust oopadarsiBaemoro okcuaa, a To — 400 K — dhonoBas
temmneparypa B menbHuIe. Cr,0; — 1490, Fe,0O; — 1120 K.

Pesynpratel pacueta CBHAETEIBCTBYIOT, YTO Ha yAapHO-(QPPUKIMOHHOM
KOHTaKTe Mpu 00paboTke TBep10(a3HbIX OKCHIOB B IUIAHETAPHO-IIEHTPOOESKHOM
MEJIbHHIE Pa3BUBAIOTCS KpaTkoBpeMeruble ( 107°) Boicokue maBinenns 1,19%10° u
7,92*10° Ila — gmms okchma XpoMa M OKCHIA JKelIe3a COOTBETCTBEHHO.
Mexanudeckass 00paboTka B MENBHHUIIAX CO CTAIBHOW (DYPHHUTYPOUM MPUBOIUT K
UCTUPAHUIO U U3HOCY MENIOIIUX TeJl U BKIOYEHHIO UX B POLECC B3aUMOICHCTBUS
c oOpabaTbiBaaeMbIMU OKCHUJAaMH. BbICOKHE JIOKaJIbHbIE TaBJICHUE U TEMIEPATyPhI
BBI3BIBAIOT TBEpAO(a3HbIEe pPEaKINH, HAOIIOJAaeMble M OTMEUEHHbIE B HaIIMX
HKCIIEPUMEHTAX.
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MexaHnyeckasi akTUBAIUs SABIAETCSA 3(PPEKTUBHBIM CIOCOOOM BO3/IEUCTBUS
Ha  pa3lMYHbBIe  OKCUABI  O-MEpPeXOJHBIX  METAJUIOB,  OTIHYAFOIIHXCS
HECTEXHOMETPUYHOCTBIO,  OOYCIIOBJIEHHYIO ~ MHOTOBAJICHTHOCTBIO  CaMHX
d-meramnoB. MexaHu4eckass aKTHBAlUsl TO3BOJIICT BJIHMATH HA TEMIIEPAaTypHO-
KOHIICHTPAaLMOHHBIE 007acTh (a30BBIX MEPEXOJOB U TEM CaMbIM BO3/AEWCTBOBATH
Ha YCJIOBUS W KMHETHKY MPOTEKaHUS XMMHUYECKHX PEaKIMH B MPEABAPUTEIHHO
AKTUBHPOBAHHBIX CHCTEMaX.

2.3.2 TepMOIlI/IHaMI/I‘IeCKl/Ie pacueThbl AJTIOMHUHOTEPMHUYECKOTO
BOCCTAHOBJICHUA OKCH/I0B

AHaJIN3 peaKkuii BOCCTAHOBJIEHHS XpoMa

TepMmomunaMuyeckre  pacdyeTbl  MOKHO  NPUMEHHTh K  aHAJIU3Y
BOCCTAHOBJICHHSI XpOMa U3 €ro OKCHJa aJIOMUHUEM. XpOM o0pa3yeT cC
KHCJIOpOAOM Heckonbko coenuHeHuit: Cr,0s, CrOsz;, CrO,. Ilpu B3aummoaercTBuit
okcuma xpoma (IlI) Cr,O3 ¢ amoMuHHEM 00pa3yrOTCs XPOMOATIOMHUHHEBAS
[IMUHEIb, BOCCTAHOBJICHHBI METAUNIMYECKUM XPOM M OKCHUJ QJTIOMUHUS WU
xpoma. C  momoIbio TEPMOIUHAMHYECKUX pacyeToB MO>KHO
MPOTHO3UPOBATh  KaKou u3 MPOIIECCOB Oonee  BEpOSITEH  MpHU
B3aMMOJICUCTBHUI AIFOMUHUS HA OKCHUJ] XpOMa: MPOIECC TMOTYICHHS YUCTOTO XpoMa
WM ero ImmuHend. I[lepBoMy OTBedaeT peakius aTlOMUHOTEPMHYECKOTO
mporecca:

Cr203+2A|=2Cr + A|203 (23)

Jlnst 3TOM peakiu ypaBHEHHE 3aBUCHMOCTH BOCIIOJIB3YEeMCS CIIPaBOYHBIMU
TAHHBIMHA U3 TAOJUIIBI 3.

Tabnuua 3 — CnpaBouyHbI€ TaHHBIE 17151 peakiuu (23)

Pearentnl AM AN

-Cr,04 -59016,6 +14,3

-2Al 0 0

+2Cr 0 0

+Al,04 +87432,0 -16,4

Af 284154 -2,1
lgK,=-28,4/T—- 2,5 (24)
AG°=AH°-T*S (25)

20



YcnoBusiM  TEPMOAMHAMHYECKOTO  pPAaBHOBECHUSI  PEAKIMM  OTBEYAET
TeMIiepaTypa:

T=-AM/AN=-28,4/-2,1 = 13,5 K; (26)

IIpu T < 13,5 K nsueprus ['mb6ca peakiuu OyAeT XapaKTepU30BaThCS
HOJIOKUTENIBHBIM 3HAKOM H, CJIEOBATENIbHO, MpOoIecC OyAET TEPMOJAUHAMUYECKU
HEBO3MOXKEH.

OCHOBHOI1 XapaKTEpUCTUKONW YCTOMYUBOCTHA COEUHEHUH, CITyXallell Mepoi
DHEPrUM MEXATOMHOW CBA3H, SABJSIETCS HM300apHBIM  TEPMOAMHAMUYECKUI
NOTEHIMAJ WK CBOOOIHAS SHEPIUs UX 00pa30BaHMs, ONpenesieMas ypaBHEHUEM
['ub0ca-I'enpMurosbLA:

AG=AH - TAS 27)

Opnako Oosiee TOJHBIE JAHHBIE KMEIOTCA MO TEIUIoTaM o00pa3oBaHus,
KOTOpBIE CPaBHUTEIIBHO MaJl0 OTIMYAIOTCS OT 3HAYEHUH CBOOOJHBIX SHEPrui.
[To3TOMY IpU COMOCTaBIEHUU MPOYHOCTH XUMHUUYECKON CBSI3U COCIMHEHUN JTydllle
BOCIIOJIB30BAThCSl JTAHHBIMU TI0 CTAHJAPTHBIM TEIUIOTaM WX oOpa3zoBanus. [[is
HaxoxnaeHus BenuuuHbl AG°g peakuuu OCYLIECTBIISIOT —alredpandeckoe
CIIOKEHUE CTAaHIAAPTHBIX TEIIOT 00pPa30BAHMS MCUE3AIOIIUX U 00pa3yIOLIUXCs 110
pEaKIUH BEIIECTB.

B cnydae BoccranoBienus xpoma u3 okcuaa (lll) amromuHueM BO3MOXKHBI
BAPHUAHTBHI PEAKIUN:

Cr203+2A|=2CI’ + Alzog, (18)
2Cr203+2A|:2CI‘ + A|203 + Cr,03, (28)

CBoOomHast sHeprusi oOpa30BaHUA, XapaKTEpU3YIOIIas MOTEHIUATBHYIO
BO3MOXKHOCTh B3auMojieicTust okcuaa (1) xpoma ¢ agroMuHEEM, PacCUYMTHIBAIOT
o opmyiie:

AG®295=AH 295-ASgs, (29)

rne AHygg — u3MeHeHue HHTanbNUM (TemioBod 3¢ddexkT) npu o00pa3zoBaHUU
COEJIMHEHUN B CTAaHAAPTHBIX YCIOBUAX, KaJ/MOJb; AS;9g — CTaHIAPTHOE 3HAYEHUE
HTpONMH, 73.€. V3MeHeHHe TeIloThl 00pa3oBaHUs C TEMIIEPAaTypol 110
YPaBHEHUIO:

AGT=AH®59g—T*AS g (30)

I/ICXOI[HBIG JaHHBIC pInIb | BCIICCTB, Y4aCTBYIOIIUX B PCaKIu
BOCCTAHOBJICHUS OKCHUJIda XpOMa aJIlOMHUHUCM CJICAYHOIIUC:
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AHozgg B I[)K AS°298 B 3.€C.

st Al -0 - 6,77
-Al,0O3 — (- 400290) -12,16
-Cr-0 - 5,68
-Cr,03 — (- 272650) -19,4

CranpaptHas Termora oOpazoBaHusi (AG°gg) aTIOMHUHOTEPMHYECKOTO
BOCCTAHOBJICHHSI OKCHIAa XpOMa COCTaBISIET COOTBETCTBEHHO I PEaKIuu
MIOJTHOTO BOCCTAHOBJICHUSI:

2 AHoggg =-127640

2 AS°298 =- 22,9

AGoggg == 534748,3 I[)K

" I pCaKIKU HEIIOJHOI'0 BOCCTAHOBJICHHA XpoOMa:
2 AHoggg =-127640

2 AS°298 =- 28,82
AG°®y95= - 534690,8 [k

Tabnuna 4 - Tepmoaunamuueckuii pacuét peaxiuu (18)

2Al + Cr,03 = 2Cr + Al,O3
T deltaH deltaS deltaG K Log(K)
C kcal cal/K kcal | 3,742E+039 39,573
400,000 -130,837 -13,309 -121,878 | 1,189E+034 34,075
500,000 -131,008 -13,546 -120,536 | 6,767E+029 29,830
600,000 -131,208 -13,789 -119,168 | 2,534E+026 26,404
700,000 -136,489 -19,451 -117,560 | 3,522E+023 23,547
800,000 -136,523 -19,485 -115,613 | 1,503E+021 21,177
900,000 -136,467 -19,436 -113,666 | 1,517E+019 19,181
1000,000 -136,317 -19,314 -111,728 | 3,007E+017 17,478
1100,000 -136,069 -19,126 -109,806 | 1,022E+016 16,010
1200,000 -135,716 -18,879 -107,905 | 5,391E+014 14,732
1300,000 -135,252 -18,574 -106,032 | 4,082E+013 13,611
1400,000 -134,671 -18,217 -104,192 | 4,180E+012 12,621
1500,000 -133,967 -17,808 -102,390 | 5,523E+011 11,742
1600,000 -133,135 -17,352 -100,632
Amount Volume
Formula FM Conc. Amount g I or ml
g/mol wt-% mol 53,963 19,986 | ml
Al 26,982 26,202 2,000 151,990 29,117 | ml
Cr203 151,990 73,798 1,000 g | or ml
g/mol wt-% mol 103,992 14,463 | ml
Cr 51,996 50,493 2,000 101,961 25,715 | ml
Al203 101,961 49,507 1,000
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C moBbIllIEHUEM TeMIIEpaTypbl 3HaYECHHE CBOOOHON SHEPTruu 0Opa3oBaHMUs
IPOJYKTOB peakiuu MeHseTcs. O0e peakiuu TepPMOAMHAMUYECKHA BO3MOIKHBI.

TepMoauHAMUYECKAH pacueT BO3MOXHOCTH TNpoTekaHus peakuuii (18)
BBINIOJIHEH ¢ momoimieio mnporpammel HSC Chemistry xommanumu Outokumpu
Technology Engineering. 1 npeacrasien B Tabmuiie 4.

AG, KOXK T,C
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Pucynok 2 — 3aBucumoctb AG=f(T) peakuuu (18)

AHaJIN3 peakuuii BOCCTAHOBJIEHHS KeJjie3a

Tepmutabie cuctembl Trma Fe;O; — Al Xopolo W3y4eHbl U JaBHO HAIILIH
MPAKTUYECKOE TMPUMEHEHHUE (KIAaCCHUECKHl TMpUMEp — CBapka pEJbCOB).
Hcmonp30BaHNEe TaKUX CHUCTEM B KAa4eCTBE HMMITYJIbCHBIX MCTOYHUKOB TETUIOBOM
SHEPruM [JIsi HarpeBa Kakux-JIHOO Cpel 3aTPyJHEHO H3-3a MUX OCOOCHHOCTEM,
TaKMX KaK CJUIIKOM OOJBIIOEC DSHEPTOBBIJCICHHE B CAWHHWIYY BpPEMCHH,
oOpazoBaHue (a3bl pACIUIABICHHOTO MeTajyla M 3HAYUTEJIbHOrOo oObeMa (WUiu
JaBJieHHs1) maporazoBo ¢aspl. OgHAKO MOTPEOHOCTH B JOCTATOUYHO MOITHBIX
TEIJIOBBIX UICTOYHUKAX CYIIECTBYET.

Pe3ynbTaThl pacyeToB, MPOBEACHHBIC JJIsl OJHOIO BOCCTAHOBJICHUS! OKCHIA
xene3a (111) u HernoaHOTO, CBUAETENBCTBYET O TEPMOJAMHAMUYECKON BO3MOKHOCTH
000MX BapUAHTOB.

F8203+2A|:2Fe + A|203, (19)

2Fe,05 + 2Al = 2Fe + A|203 + Fe,0s, (31)

WcxonHble  JaHHbIE A BEHIECTB, YYaCTBYIOIUMX B  PEAKIUH
BOCCTAHOBJICHUSA OKCH A KCJIC3a A IIOMUHUCM CIICAYIOIICC:

AHozgg B JI)K AS°298 B 3.€C.
s Al -0 - 6,77
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- AlL,O; — (- 400290) - 12,16
“Fe-0 - 6,49
- Fe,05 — (- 196800 ) - 21,15

CranpmaptHast Teruiota oOpazoBaHus (AGCg) aTIOMUHOTEPMHUYECKOTO
BOCCTAHOBJICHHsI OKCHJa J>KeJe3a COCTaBSIET COOTBETCTBEHHO [UIsI PEaKIuu
MIOJTHOTO BOCCTAaHOBIICHUSI:

2 AHozgg =-209490

2 AS°298 =- 23,44
AGoggg == 852524,9 I[)K
H A pCaKIMKU HCIIOJHOT'O BOCCTAHOBJICHHA KCJIC3a.

2 AHozgg =-203490

2 AS°298 =- 9,9

AGoggg =- 852581,6 J_—[)K

OtpurareibHble 3HAYCHHS CBOOOIHOW 3Hepruu [MOOCa CBUACTEIBCTBYIOT O

TEPMOIMHAMHYECKOM BO3MOYKHOCTH MPOTEKAHUS ITUX PEAKIIHH.
TepMoauHaMUYeCKHid pacyeT BO3MOXKHOCTH MpoTekaHus peakiuii (19)

BBIMOJIHEH ¢ momotpio nporpammbel HSC  Chemistry kommanuu  Outokumpu

Technology Engineering. 1 npeacrapiien B Tadmuiie 5.

Tabmuma 5 - TepmoauHamuueckuii pacuét peakmuu (19)

2Al + F6203 =2Fe + A|203
T deltaH deltaS deltaG K Log(K)
C kcal cal/K kcal

400,000 -205,639 -13,351 -196,652 | 7,108E+063 63,852
500,000 -206,058 -13,930 -195,288 | 1,613E+055 55,208
600,000 -206,549 -14,527 -193,865 | 3,377E+048 48,528
700,000 -212,121 -20,507 -192,164 | 1,444E+043 43,160
800,000 -211,518 -19,919 -190,142 | 5,323E+038 38,726
900,000 -211,236 -19,666 -188,165 | 1,139E+035 35,057
1000,000 -210,890 -19,370 -186,230 | 9,353E+031 31,971
1100,000 -211,017 -19,466 -184,287 | 2,155E+029 29,334
1200,000 -211,095 -19,521 -182,338 | 1,130E+027 27,053
1300,000 -211,124 -19,540 -180,385 | 1,153E+025 25,062
1400,000 -210,694 -19,290 -178,419 | 2,029E+023 23,307
1500,000 -210,530 -19,195 -176,495 | 5,697E+021 21,756
1600,000 -203,868 -15,516 -174,804 | 2,495E+020 20,397
Formula FM Conc. Amount Amount Volume
g/mol wt-% mol g | or mi

Al 26,982 25,257 2,000 53,963 19,986 | ml

Fe203 159,692 74,743 1,000 159,692 30,476 | ml
g/mol wt-% mol g lorml

Fe 55,847 52,278 2,000 111,694 14,210 | ml

Al203 101,961 47,722 1,000 101,961 25,715 | ml
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Pucynok 3 — 3aBucumoctb AG=f(T) peakuuu (19)
2.3.3 UcciaegoBanue CTPYKTYPbl AKTUBHPOBAHHBIX MATEPUAJIOB

HccnegoBaHo BIMSHUE MEXAaHUYECKOM aKTUBAIMM OKCHUJIOB XpoMa H
JKeJe3a, a TAK)KE XPOMUTOBOM PYIbl U OTXOJIOB KEJIE30pyAHOr0 MPOU3BOJCTBA HA
MOCJHEAYIONINN ATFOMUHOTEPMUYECKUN TPOLECC B CUCTEMAX OKCHUJ MeTajlla —
amoMuHui. M3ydeHo BiausiHue oOpabOTKH OTAEIBHO OKCHIAa U COBMECTHO €ro C
ATIOMUHUEM Ha KUHETHYECKHE XapaKTePUCTHUKU TropeHus. [IpoaoinKuTeabHOCTh
obpabotku — 3, 6, 9, 12, 30, 60 MUHYT.

Bricokue ucTuparonme CBONCTBA OKCUJIOB BBI3BIBAIOT aOpa3uBHBIA M3HOC
CTaJbHBIX MEIIOMUX Tea W OapabaHOB MEJbHUIBI, B pE3yJbTaTe€ 4Yero B
oOpabaThIBaeMblii OKCHUJl TMOMAAAIOT YJIBTPAAUCIIEPCHBIE YaCTHUIIBI JKelie3a,
pPETUCTPUPYEMBbIE METOAOM PEHTreHO(a30BOT0 aHaIM3a U KOJUYECTBEHHO
OTPEJICJICHHbIC BOJIOMETPUYECKUM MeTo/IoM. KonuyecTBO kejne3a 3aBUCHUT OT
MPOJIOIKUTETLHOCTH MEXaHMUEeCKOM 00paOOTKHM, OTHOIIEHUS MAacChl IIapoB K
Macce o0pabaThiBa€MOIo MaTepralia U UCTUPAIOIIUX CBOMCTB okcuaa. OOpaboTka
BeJIaCh TMPH JOCTyMNEe aTMOC(HEPHOrO0 KUCIOPOJa, CIOCOOCTBYIOMIETO OKHCICHHUIO
PEaKIMOHHBIX YIBTPATUCIIEPCHBIX YACTHII JKeJIe3a M0 PeaKIuu:

Fe+1/20, = FeO, (32)

KOTOpasi UMEET MECTO MpH TemnepaTypax Boiiie 873 K.

Bricokue Temmeparypsl U TaBJICHHUS B JIOKAJIBHBIX 00JIACTAX KOHTAKTa IPH
00pabOTKe OKCHIOB B MEJBHUIIE TEOPETHUECKH OOOCHOBAHBI MOJEIBIO yAapHO-
(GPUKIIMOHHOTO  B3aUMOJCHUCTBHUA. PaccuuTaHHBIC YCJIOBHS  CYIIECTBOBAHMS
o0JacTeil JIOKAJIbHBIX Pa30rPEBOB, BO3HUKAMOIIMX B MECTaX KOHTaKTa MEXKIY
caMO(yTepOBaHHBIM MEIOIIUM TEJIOM M 4YacTHIIAMU OKcHuaa J-rmepexomaHoro
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MeTalyla MpU HMX MEXaHMYeCKOil 00paboTKe TMOKa3bIBaIOT BO3MOXHOCTH
pOTEeKaHUs TBEPA0(]a3HBIX peaKlnii Ha MOBEPXHOCTH YACTHI] I10 CXEMaM:

FeO+Cr,03—Fe,Cr,0,(1573 — 1773 K; 1000 — 1500 K ); (33)
FeO + Fe + Cr,03 — Fe/Cry,Oy; (34)
FeO + Fe,03 — Fes0, (1100 - 1700 K) (35)

B  pesyaprare  aOpa3sMBHO-OKHUCIMTEILHOIO H3HOCA  OOpa3yroNIUecs
yIbTPAIUCIIEPCHBIE  YaCTHIBI JKelie3a M KHCIOPOJ  aacopOMpyIOTCS  Ha
CBC)KEOOPAa30BaHHOW  IMOBEPXHOCTH  YacTHI[  00pabaThIBAEMOro  OKCHJA.
[IpoTekanne Te€TEPOreHHBIX TBEPAO(A3HBIX pPEaKIKii BO3MOXKHO TOJBKO Ha
y4acTKax TECHOIO COMNPUKOCHOBCHHS (a3 ¢ (HOPMHUPOBAHMEM CJIOS IIMTHHEIH
HECTEXHOMETPUUECKOro cocrtaBa. (Opa3oBaHHbIE B IIOBEPXHOCTHOM  CJIO€
IIMHHEId W YIbTPAJUCICPCHBIC YaCTHIBI JKEjie3a BbI3bIBAIOT HHIMOUPOBAHUE
MOCIICAYIOMIETO BBICOKOTEMIICPATYPHOTO CHHTE3a, AHAJIOTMYHO OTMCUCHHOMY
panee s cucteMbl SiO, - Al

CoBMecTHasi aKTHBaLMsS OKCHJIA W AIIOMHHHS TPHUBOAUT K 3HAYUTEIIHHO
MEHBIIEMY H3HOCY MENIOIIHUX TeJ, YTO BO3MOXHO CBS3HO C BBICOKOM
[JIACTUYHOCTBHIO aJTFOMUAHUA.

2.3.4 OmnpeneneHue XapaKTepPUCTHK TOPEHUS  IPeJIBAPUTEIbHO
AKTHBHPOBAHHBIX CHCTEM HA OCHOBE OKCH/I0B XPOMAa M KeJjie3a

Nx wmexannyecku oOpabOTaHHBIX TIOPOIIKOB MPEccOoBaIM 00Opasibl Ha
nabopaTtopHom  mpecce wmapku " Carver” mpu  ycunud S5 T pa3Mepamu:
45x25x1,0cmu 9 2,0x 1 cm. CooTHOIIEHHE KOMITOHEHTOB CMECH PaCCUYUTAHO
M0 CTEXUOMETPHH COTJIACHO YPABHEHHSIM:

2A|+Cr203:2Cr + A|203, (18)
2Al + Fe203 =2Fe + Alzog, (19)

CkopocTh TOpeHUsl B UCCIIEIyEMBIX 00pasiiax ONmpeaessuIi MO CTaHIapTHOMN
METOJIMKE, BIIPECCOBBIBAs HA OIpPEACICHHOM pPACCTOSHUM MO JIBE XpOMEIb —
aJIOMEJICBbIE  TEPMOIIApbI, COEAUWHEHHbIe C ocuuuiorpadpom. Jlns 3amucu
TeMIepaTypHOro MpodUIIs BOJIHBI TOPEHUS HUCIIOIb30BaIHM BOIb(paM-PEHUEBBIC
TEPMOIAphl, OTJIMYAIOLIMECS BBICOKOM YYBCTBUTEJIBHOCTBIO B HWHTEpBAJIC
temneparyp 2000 - 3000 K. CuHte3 mnpoBOAWJIM KakK B JJIEKTPUUYECKOU
nabopatopuoit meun CHOJI, Tak 1 BHEMEYHOM pPEXKHMME Ha BO3ayXe. AHaIu3
MPOJIYKTOB CHHTe3a mnpoBoAwm Ha audpakromerpe "JIPOH-4M" B uznmyuenun
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Co-K,. O6pa3zoBaHHbIe B MOBEPXHOCTHOM CJIO€ IIMUHENIH U YIbTPAIUCIEPCHBIC
YaCTHUIIBI xKernesa BBI3BIBAIOT MHTUOMpOBaHUE HOCJIETYIOIIETO
BBICOKOTEMIIEPATypHOT'O CHHTE3a, aHAJIOTHYHO OTMEUYEHHOMY paHee Uil CHCTEMBI
SiO, — Al

CoBMecTHasi akTUBaLUs OKCHUJA U QIIOMUHHS HPUBOAUT K 3HAUYUTEIBHO
MEHBIIEMY HW3HOCY MENIOIUX Tel, YTO BO3MOXKHO CBS3aHO C BBICOKOU
IUIACTUYHOCTBIO AJTIOMUHUSA. 3aBHUCHUMOCTh TEMIIEpATypbl FOPEHUs U OOBEMHOMN
CKOPOCTH BOJIHBI TOPEHHSI OT TMPOAOJDKUTEIBHOCTH OOpabOTKU st CUCTEMBI
Cr,03 — 21 % Al npexncraieHa Ha pucyHKe 4.
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Pucynox 4 — 3aBUCHMOCTB TEMIIEPATYPBI TOPEHUS U 00BEMHON CKOPOCTH
pacrnpocTpaneHus BOJIHbI roperus cuctembl Cr,03 — 21 % Al ot
MPOJIOJDKUTETLHOCTH 00pa0OTKH ( BHETIEYHOU PEXUM )

DKCHEPUMEHTBI TIOKA3aJId TOJIOKHUTEIIBHYIO POJIb COBMECTHOM aKTHUBAIIUU
OKCHJIOB M aJTIOMUHUS. PaspyIieHre OKCUIHON TJICHKH aTIOMHHHMS TIPU 00paboTKe,
YBEIMYCHHE TUIOMIAJM KOHTAKTA W TMOBBIIMICHHE TEILUIONPOBOJHOCTH CTHMYJIUPYET
caMoBocIIaMeHeHue oOpasioB npu Temreparype neun 750 — 800 °C. O6pasibl
XOpOIIO COXpaHsioT QopMy Tmocie cuHTe3a. [opeHme o00pasloB B MeYU
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XapaKTEPU3yeTCs] OAHO BOJHOBOJIHOBBIM CTallMOHAPHBIM PEKUMOM, (pUC. 5a) B
OTJINYKE OT CITMHOBOT'O CTAI[MOHAPHOTO IIPH BHEIIEUHOM (pHc. 50).

Pucynok 5 — BaeniHuit Bus1 00pas3ioB Mnociae CUHTE3a
a) Cr,03 + 21 % Al (neunoit pexum),
0) TOT e cocTaB (BHEMEYHOUN PEKUM)

B pesynbrare ropeHHs CHUCTEMBI OKCHJ XpoMa — aJIFlOMUHHM, COTJIACHO
peHtreHoda3zoBoMy  aHamuM3y  oOpasyeTcss  KepamMuka,  COCTOSIIas U3
METAJTHYECKOT0 XpOMa, OKCHJIOB XpoMa M aTFOMUHHS B BUJIE TBEPIBIX PACTBOPOB.

B cucreme XpoMHT — aIIOMHMHUN CKOPOCTh TOPEHHUS JHUMHUTHPYETCS
peakiusaMu B3aumojeicTBus amomunus ¢ Cr0s, Fe,03 FeO, SiO,. Takum
o0pa3oM, Mpu MEeXaHUYECKONM 00pabOTKEe OTIEIBbHO OKCHJIOB, 0Opa3yroliuecs Ha
MOBEPXHOCTH TIPOIYKTHI TBEPAOGA3HOTO B3aUMOJCHCTBUS YIBTPATUCIICPCHBIX
YacTUI[ JKejle3a W OKCHUJAa MeTajula HHTMOMpPYIOT JajdbHEWIIMH mpolecc
ATIOMUHOTEPMHYECKOTO TOPEHHUS, a COBMECTHAs MEXaHWYeCKas aKTHUBAIUI
pearupyromux KOMIIOHEHTOB 00ECIIeYMBaET HE TOJIBKO MPOIIECC TUCTIEPTUPOBAHUS
U YBEIMYCHHE TUIONMIAJAM KOHTAKTa, HO W CO3JaHHE DHEPIEeTHYECCKUX YCIOBHUH,
CTUMYJIUPYIOIIMX CTAIlMOHAPHOE MIPOTEKAHNE CHHTE3a.
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3 DKoHOMHYECKAA 4YaCTh
Pacuer oOmieli cymMmbl 3aTpaT BKJIIOYacT B ceOs 3aTpaThl Ha CHIPhHE,
PEaKTHBBI, BOJAY, DJCKTPOIHEPIHIO, aMOPTU3AIMOHHBIC OTYHCICHHS 32

o0opyaoBaHue U 3apaboTHYIO TUIaTy. Bee 3aTparhl cBeieHbl B TA0IUILY 6.

Tabnuua 6 - O0uue 3aTpaThl HA HAYYHO-UCCIIEI0BATEILCKYIO0 padoTy

HanmenoBanwme 3aTpar CymmMa 3arpar, Tr
AMOpPTH3AIIMOHHBIE OTYUCIICHHS 3a 3 MecsIa, TT 2499

OCHOBHBIE U BCIIOMOTaTEJIbHbIE MAaTEPUAIBI, TT 1693

3arpathl Ha MOTpeOIeHNE MIEKTPUIeCTBa, KBT "4 2473,5

3arpaThl Ha MOTPeOICHNE XOIO0THOM BOJIBI, JT 34,6

3apaboTHas miara, Tr 299700

Htoro 306400,1

Takum 0O6pa3om, cymma 3arpat Ha uccienoBanus coctasisietr 306400,1 Tr.
Jlnst Toro, 4ToOBI peHTabenbHOCTh OblIa X0Ts Obl Ha 10 %, SKOHOMHUUYECKUI
3 PEeKT T0IKEH COCTABIIATD:

D=3+ A) 0,1 (3/12). (36)

Tak kak paboTa MpoBOAWIACh B T€UECHHE 3 MECSIEB, TO YKOHOMUYECKUU
s dekt OyaeT paBeH:

50=3+C, lp 0,33 (1 +e) (3/12). (37)
DKOHOMUYECKHH 3(PPEKT JaHHOU pabOTHI COCTABIISIET:
3= 306400,1 + 200000 1,08 0,33 (1+0,1) (3/12) =326002,1 Tr.

Torma 10 % peHTaGenbHOCTH TPOM3BOJACTBA AKOHOMHUYECKUU dPdekT
COCTaBHT:

D=3+ C, 1y 0,33 (1 +e) (3/12)) ' 0,1; (38)
Do =(306400,1 +200000'1,08 0,33 (1 + 0,1) ' (3/12)) ' 0,1 =32600,21 .

Takum oOpa3om, skoHOMHYECKHN A(P(HEKT HAydYHO — HCCISNOBATEIBCKOU
paboThI onipeensiercs mno Gopmyie:

29



9¢=3+C, Iy "0,33 (1 +¢)* (3/12);

(39)

D, =306400,1 + 200000 1,08 0,33 (1 + 0,1) % (3/12) =345604,1 1.

Tornma 10 % peHTabeNBPHOCTH TPOU3BOJICTBA HA BTOPOM I'0J1 IKOHOMUYECKHUI

¢ PEeKT COCTABUT:

25=(3+C, "1y 0,33 (1 +e)*" (3/12)) ' 0,1;

(40)

3 = (306400,1 + 200000 1,08 0,33 * (1 + 0,1) > (3/12)) ' 0,1 =34560,4 .

Tabmnma 7 - TeXHUKO-9KOHOMHYECKHE TOKa3aTeIN

[TokazaTenu 3HaueHUs
KanuransHbie 3aTpaThl Ha | 200000
obopyioBaHue, TT

3arpaThl Ha UCCIEOBAHUS, TT 306400,1
3apabotHas iata U Hauncienus, Tr | 299700
Haxomjienns Ha ucciieJ0BaHus, TT 71289
Haxorutenns Ha wucciaenoBanus 3a 1 | 78408
TOJI, TT

Haxorutenns Ha wucciaemoBanus 3a 2 | 86408,52
TOJI, TT

CtouMoCTh IPOEKTA, TT 377689,1
CroumocTs mpoekTa 3a 1 rof, Tr 384808,1
CtouMoOCTh IPOEKTa 3a 2 ToJ, TT 392808,62
Cpok oKyIaeMocTu, roja 1,9
Oxonomuueckast 3PpGeKTUBHOCTD 32600,21
ucciuenaoBarenbekoi padotsl ipu 10 %
peHTa0eIbHOCTH 3a MEPBbIU TOJ, TT
OxoHoMuueckast 3PpPHeKTUBHOCTD 34560,4
uccueaoBaTeabckoit padbotel pu 10 %
peHTaOCIIBHOCTH 32 BTOPOM T'OJI, TT

Takum o6pazom, sxkoHomuueckuit a3pdhext HUP npu 10 % penrabenbHoCTH

Ha BTOPOU I'OJl COCTABUT:

345604,1 +34560,4 =380164,5 Tr.
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Cpok OKynmaeMoCTH MpOeKTa pacCYUThIBaeM 1o popmyie:
== (41)

rIe K — romoBast cromMoCcTh 000PY/IOBaHUS;
U — n3meHeHne ce0eCTOMMOCTH;

T =200000/103208,45 = 1,9 rona.
Taxum 06pa3omM, CPOK OKYITaeMOCTH MPOEKTa cOCTaBUT 1,9 rona.

Ha ocHOBaHMM pacCUMTaHHBIX JaHHBIX COCTaBUM TaOJUIy OCHOBHBIX
TEXHUKO-IPKOHOMHUYECKHUX TMOKa3aTesnei (Tabiuia 7), XapakTepU3yIOIIMX JTaHHYIO
HAY4YHO - UCCIIEIOBATENBCKYIO PaboTYy.

Takum oOpa3zoM, pacueTbl SJKOHOMUYECKUX 3aTpaT MOKa3ajiu, YTO OCHOBHYIO
4acTh 3aTpaT COCTABJISIOT KaUTAIbHBIC 3aTPAThI U 3aTPAThl HA 3apa00THYIO TUIATY
UCIIOJIHUTENIEH HAyYHO-UCCIIeI0BATEICKON PaboThl. DKOHOMHUYECKUH 3G deKT npu
10 % penTtabenbHOCTH PAOOTHI MO pe3yJbTaTaM MEPBOTO Toja COCTaBISET -
32600,21 Tenre, mo pe3yapraram BTOporo roma - 34560,4 tenre. Cpok
OKYNaeMOCTH Hay4YHO-UCCJIEI0BATEIbCKOM PabOThl B ATUX YCIOBHUSX COCTABUT
1,9 rona.
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4 Be3onacHOCTH M OXpaHa TPyaa

TexHuyeckuii perjaMeHT pa3paboTaH B COOTBETCTBUM C 3aKOHAMHU

Pecny6siuku Kazaxcran ot 3 anpenst 2002 roga «O npoMbIIeHHOW 0€301MacHOCTH
Ha OIACHBIX IPOM3BOJICTBEHHBIX 00OBeKTax» W oT 9 Hos6ps 2004 rona
«O TEXHUYECKOM PETryJIUPOBAHUI.
Pacnpoctpansiercss Ha TpeboBaHUsA K 0€30MaCHOCTH MPOIEecCOB (ApoOIeHUS,
WU3MENIbUCHUS, KIIacCU(PHUKAIMK, TOATOTOBKH IIHMXTHI, OO0XHTa, MPOKAJIKH,
CIEKaHUsI, TUPOMETAJUTYPTUUECKHUX, THUAPOMETAJUTYPTHUECKHUX, SJIEKTPOJIM3HBIX,
padbUWHUPOBAHUS W PA3JIMBKH) METAJLUTYPTHYSCKUX TPOU3BOJICTB, CBS3AHHBIX C
BO3MOYKHOCTBIO TIPUYMHEHHSI BpE/la KU3HU U 37J0POBbS YEIOBEKA U OKPYKAIOMIEH
cpene.

[Ipomecchl MeTaUTyprHUECKHX IMPOW3BOJACTB WMEIOT PHUCKH TPHYUHCHHUS

Bpella 3JIOPOBBIO M JKM3HM JIIOASM, PHCKH CBSI3aHHBIE C 3arpsa3HCHUEM
OKPY’KAIOIIEH CPEBI.
NneHTudukauioo OmacHbIX YCIOBHM W OIEHKY IMpEerojaracMoro pucka
BO3JICHCTBUSI OIMACHBIMH BEILIECTBAMHU, BKJIIOUAs JIFOOYIO CKPBITYIO OMACHOCTD JIJIs
OOCITY>KMBAIOIIETO  MEpCOHaJla  MPOBOAUT  H3TOTOBUTENL  OOOpPYIAOBaHUS,
MIPUMEHSIEMOTO B MPOIIeccax METALTYPTHUECKUX ITPOU3BO/ICTB.

OmnacHble BelIecTBa HAXOASTCS B JIOOOM (PU3UYECKOM COCTOSHUU (Tas3bl,

KUIKOCTH, TBEPJIbIC BEIIECTBA) M MOTYT BO3JICHCTBOBATH HA YEIOBEKA MTyTEM:
— BJIBIXQHUS;
— TIOTAJIaHUS B KEIYIOK;
— KOHTAaKTa C KOXKeW U CIM3UCTOM 000JI0UeK TJa3, Hoca, PTa;
MTPOHUKHOBEHUS TIOJT KOXKY.

B mpomeccax  METATypruvecKux  IMPOM3BOACTB  OOpa3yrOTCS  Kak
MEePEeHOCUMbIC, TaK M HEMEPEHOCHMBIC 1O BO3JIYyXY 3MHCCHH, KOTOPbIE MOTYT
MIPECTABIATh COOOM Cephe3HbIC NCTOUHUKHU BO3ICHCTBUS OMACHBIM BEIIECTBOM.
Puck Bo31eliCTBUS OMACHBIM BEIIECTBOM JIOJKEH OBITh CHIDKEH J0 NMPaKTHUYCCKU
BO3MOXXHOTO, YUYHMTHIBAsI HAYYHO-TEXHHUYCCKHE METOIbI M IpEeACIbHbIC 3HAYCHUS
BO3JICUCTBUSI DTOTO BEIIECTBA M YCJIOBHS OKpPYXAIOIIEH Cpeabl, MPUMEHSS
TEXHOJIOTUM U O00OPYJOBaHUE, COOTBETCTBYIONIUE TPEOOBAHUSM MPOMBIIUICHHON
0€30MacHOCTH.

HachImeHHOCTh  COBPEMEHHBIX — J1ab0paTopuii  3JIEKTPOOOOPYIOBAaHUEM
Ype3BBIYAHO BHICOKO. Yarle Bcero ciaeayeT OTMETHTh HCIIOIb3YEMbIC B KAUCCTBE
OCHOBHBIX HMCTOYHHMKOB TEIUIA PAa3JIMYHBIC AJICKTPOHAIPEBATCIIBHBIC IMPUOOPHI
MOIIIHOCTBIO, OT HECKOJbKMX BaTT JO JECATKOB KHJIOBAaTT, B TOM YHCIIE
CYIIUJIbHBIC MKA(BI, SICKTPOIICYH U TaK JaJiee.

XuMuueckass J1abopaTopusi 1O CTEICHW OINACHOCTH TOPaKCHHS JIFOACH
IEKTPUUYECKUM TOKOM OTHOCHTCS K TOMEIICHHSIM C TOBBIIIIEHHOW OMacHOCTHIO.
Ota OMacHOCTh oOycoBiieHa BO3MOKHOCTBIO BO3JICUCTBUSA Ha
AIEKTPOOOOPYI0BAHNE XUMUYECKH aKTHBHOU CPEJIbI.

OCHOBHBIMM MepaMH TPEAOTBPAIEHUS SJESKTPOTPaBM B J1a0OpaTOPHUIX
SIBJISIETCSI 3aIIMTa OT IPUKOCHOBEHUS K HAXOSAIUMUCS O] HAMIPSIKEHUEM YaCTIM
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3IIEKTPOOOOPYIOBAaHUS W TMPUMEHEHHE 3allUTHOrO 3azemieHus. [Ipoume mepbl
3aIIMUTHI - 3AIIUTHOE OTKJIKOYEHHE, NMPUMEHEHUE MAJIBIX HANpPSKEHUW - UMEIOT
OTPaHUYEHHOE NMPUMEHEHUE.

3alMTHOE  3a3€MJICHHE TNPEIHAMEPEHHOE  COEOUHEHHE C  3eMJeH
METaJUIMYECKUX YacTell 00OpymOoBaHMs, HE HAXOIAIIUXCS TOJ HANpsHDKEHUEM B
OOBIYHBIX YCIOBUAX, HO KOTOPbIE MOTYT OKa3aThCsl MO HAMPSXKEHUEM BCIIEICTBHE
HapyILIEeHUsl H30JSLMU BJEKTpooOopynoBanus. Ero HazHaueHue - ycTpaHeHUe
OMAaCHOCTH  JJEKTPUYECKUM TOKOM TIPU  TOSIBJICHUM  HANpsDKEHUS  Ha
KOHCTPYKTHUBHBIX YacCTSIX 000PYTOBaHMS.

3amuTHOE ~ OTKIIOYEHHWE  YCTPOMCTBO,  oOecleuyuBamIiee  ObICTpoe
aBTOMATHYECKOE OTKIIFOUEHHE YYaCTKa JEKTPUUYECKON CETH NMPU BO3HWKHOBEHUH
B HEM ONACHOCTH MOPAKEHHS JIEKTPUUECKUM TOKOM.

CpenctBa HMHIMBHIYAJIbHOW 3alIUThl palbOTAIOUIMX HAXOAAT LIMPOKOE
npuMeHeHue. Bo MHOTHX ciydasx WX MCIOJIb30BaHHUE SIBISIETCS 0053aTE€IbHBIM U
HeoOxoauMbIM. HIUBHTyalIbHAS 3alIUTa UMEET BCIIOMOTaTENbHBIN XapakTep U ee
HUKAK HENb3sd MOJAMEHUTh TEXHUYECKHUMH MEPOIPHUSATUIMU IO OOECIEeYEHUIO
HOPMAJIBHBIX YCTIOBUHM Tpyna. Crenoaexaa CIy uT JUIsl 3alUThl paboTaroero ot
HEOJAronpusITHBIX BO3JIEUCTBUM PpAa3IMUHBIX Cpel, HE Hapylas Mpu 5TOM
HOPMAaJIbHOTO (DYHKIIMOHUPOBAHUSI OpraHU3MA.

K wuHIuBHOyanbHBIM CpEACTBAM  3alllUTBI  OTHOCSTCS MPUOOPHI U
NPUCTIOCOOJICHHSI [Tl 3aIlMThI IBIXaHUs, 3pEHHUS], CIyXa, FOJIOBbI, PYK, HOT, KOXHU.
JInst 3amMThl  OT BPEOHBIX BEIIECTB OCHOBHOE 3HAUYEHHE HMEIOT CpEJCTBA
WHIUBUYAIbHON 3alllUThl OPraHOB AbIXaHUs, CIELOAEkKIa, cnenoOyBb, CpeACTBa
3aIUTHI PYK.

[ToxapHas 0€e30IMacHOCTh OJDKHA o0ecrieunBaTbCI CUCTEMOU
NPEAOTBPALICHUS TTOKapa U CUCTEMOM MOKAPHOW 3aluThl. OTBETCTBEHHOCTH 32
coOoieHre HEoO0XOAMMOIro MPOTUBOMOXKAPHOTO peXUMa U CBOEBPEMEHHOE
BOCIIOJITHEHHUE MPOTHUBOMOXKAPHBIX MEPOIPHUATHI BO3JaraeTcsi Ha PyKOBOJIUTEIEH.
PykoBoauTenu npeanpustusi 00si3aHbl HA3HAYUTH MPHUKA30M JOJKHOCTHBIX JIUII,
OTBETCTBEHHBIX  3a  MOXapHYH0  O€30MacHOCTh  OTAENBHBIX  OOBEKTOB.
OTBETCTBEHHOCTh 3a MOXKapHYI0 0€30MacHOCTh HECET KaXKIbli Ha CBOEM MeECTe.
Bce Tpynsimmecs mnpu MOCTYIUIGHMH Ha paboOTy MPOXOAST TMEPBUYHBIA U
MOBTOPHBIN HHCTPYKTAX O Mepax MOKapHOUW 0€30MMacHOCTH.

B cootBeTcTBUM C YCIOBUSIMH, HEOOXOIUMBIMU JJIi BO3HUKHOBEHHS U
pacnpocTpaHeHUs] TOPEHMs, MPEKpalleHUE TOPEHUSI MOXKET OBITh JIOCTUTHYTO
CJIEIYIOUMMU METOJIaMU: MPEKpPalIEHUE IOCTYTNA B 30HY TOPEHHS KUCIOPOa WU
TOpIOYEro BELIECTBA, OXJIQXKICHUEM 30HBI HUXKE TEMIIEPATYPHI
CaMOBOCIIJIAMEHEHM I, pa30aBJI€HUEM TOPIOYHX BEUIECTB HETOPIOUYMMHU.

OueHb BaXXHO YYHUTBHIBaTh TPEOOBaHUS K YCTPONCTBY IMYTE€M HBaKyalluu,
BBIXOJIOM U3 3JaHHM, KOTOPOE MPUHUMAETCS MO PacyeTy U JIODKHO OBITh MX HE
MEHee JBYX. OBaKyalus [epcoHajda MNPOBOJUTCS Yepe3 KOPUIIOP, BEAYLIUUA K
JIECTHUYHOMY TIPOJIETY, AaJiee Yepe3 3aacHON BbIXO/] HA YIIUILY.

33



3AK/IIOYEHUE

Pe3ynbrarhl MpOBENEHHBIX HCCIEIOBAHUII IO BBUICHEHMIO BIUSHUS
IpeIBApUTEIbHON MEXaHOXMMHUYECKOH OOpabOTKM CUCTEM HAa OCHOBE OKCHJOB
d-TIepexoJHBIX METAJUIOB Ha ATIOMUHOTEPMHUYECKHE TOPEHHS IOKA3bIBAIOT, YTO
JUCIEPrUPOBAHUE U aKTUBALUSA SBISAIOTCA 3PPEKTUBHBIM CIIOCOOOM BO3/EHCTBUS
Ha  OKCHJIbl, OTJIMYAIOLIMECS  HECTEXMOMETPUUYHOCTHIO,  OOYCIIOBICHHOMN
MHOTOBaJICHTHOCTBIO caMuX O-meTamuioB. V3ydeHO BIUSHHE MEXaHHYECKOW
00paboTKN OTAEIbHO OKCHJAa MeTajlyla U COBMECTHO €ro C aJlOMHHHMEM Ha
KUHETUYECKUE XapPAKTEPUCTUKUA TOPCHHUSL.

[IpoBenennbiii pacuer mpu o0paboTKe TBepAO(haA3HBIX OKCHIOB B
HEHTPOOCIKHO-TIJIAHETAPHOW  MEJIbHUIIE CBHUAETEIbCTBYET, UYTO Ha YAapHO-
(PUKIIMOHHOM KOHTaKTE DPa3BUBAIOTCA KPATKOBPEMEHHBIE BBICOKHE IABICHHS U
Temneparypbl. B pesynpraTe aOpa3uBHO-OKUCIMTEIBLHOTO M3HOCA 00pa3yroUIrecs
yIBTPaJUCIIEPCHBIE  YaCTHUIIBI  JKejle3a UM KHUCIOpOoA  aAcopOupyroTcs Ha
CBEX€00pa30BaHHOM MOBEPXHOCTH YacTHI] 00pabaTsiBaeMoro okcuna. Ilporexkanue
reTepOreHHbIX TBEPAO(Aa3HBIX PEAKIMI BO3MOXKHO TOJBKO HAa Y4acTKaxX TECHOTO
COIPUKOCHOBEHUS (a3 ¢ POPMUPOBAHUEM CIIOSI LIMTMHENIN HECTEXMOMETPUUECKOTO
cocraBa. O0Opa3oBaHHbIE B MOBEPXHOCTHOM CJIO€ LIMUHENU U YJIbTPaJUCIEPCHBIE
YaCTHULIBI xKeesa BBI3bIBAIOT UHTUOMpPOBaHUE HOCJIETYIOLIETO
BBICOKOTEMIIEpATypHOTO cuHTe3a. COBMECTHAs aKTHBAIMS OKCUAA U AFOMUHUSA
o0ecrieunBaeT HE TOJBKO IMPOLECC IUCIEPTUPOBAHUS WM yBEIWYCHHE IUIOIIAIN
KOHTaKTa, HO ¥ CO3JaHHE DJHEPreTHYECKUX YCIOBUH, CTUMYIUPYIOIINX
CTaLlMOHAPHOE NMPOTEKaHUE BHICOKOTEMIIEPATYPHOTO CUHTE3A.

Taxkum o0Opazom, TE€XHOJIOTUYECKU I IIpUEM, BKJIFOYAOLIUN
MEXaHOXMMHYECKYIO aKTUBALUIO M AFOMUHOTEPMHUIO, PACIIUPSIET KPYT CHUCTEM, B
KOTOPBIX MOKET OBITh OCYIIECTBJIEH MPOIECC, pPa3[BUraeT KOHIIEHTPAIlMOHHBIE
IpaHUIbl €ro MpPOBEAEHUS, IO3BOJSET CYIIECTBEHHO YBEIMYHUTh CKOPOCTh U
IIPOBECTH €r0 B TBEPA0(PA3HOM PEXKUME.
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