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M3 nupodopHOro HAHOAMCIIEPCHOTO TTOPOIIIKA XeJie3a B IepuyaToOYHOM OoKce B aTMOocepe aproHa u3ro-
TOBJISUTV KOMITAKTHBIE 00pa3ibl AMaMeTpaMu 3 ¥ 5 MM, KOTOpbIe TIOMENIaIu B GIOKCHI C TTIPUTEPTOM KPHITII -
Koii. [Topolok keje3a IMojydyai XUMUKO-MeTaJUTyprudeckum MetogoM. CpeaHuii pa3Mep HaHOYACTULL
ITOPOIIIKA COCTABJISUT 85 HM. YCTaHOBJIEHO, YTO B MpoIlecce HaXOXIeHUs OI0KCOB ¢ 0Opa3liaMu Ha BO3IyXe
MPOMCXOINIIA IMMAaCCUBALIMSI 0OPA3IIOB C COXPAaHEHWEM UX BBICOKOM XMMHUUYECKOM aKTUBHOCTH, TaK KaK IpU
WHULMMPOBAHUM PEAKIIMA OKMCIICHUS BBICOKOTEMITEpAaTypPHBIM MCTOYHMKOM IO 0Opasily 3aIycKajach
BOJIHA TOPEHUS CO CKOPOCThIO Topsiaka 0.25 MM /c. Beimepskka macCuBUpOBaHHBIX 00pa31oB TMaMETPOM
5 MM B TeueHue 60 muH npu temneparype 110°C He npuBesa K U3MeHEHUIO (pa3oBOro coctaBa oOpasia.
Breigepxka npu temneparype 180°C B redueHre 30 MUH TIpUBeia K U3MEHEHMIO 1IBeTa 00pas3iia U ero OK1c-
JIEHW10. DKCIIEPUMEHTHI ¢ TACCUBUPOBAHHBIMU O0Opa3llaMy JUaMEeTPOM 3 MM TOKa3aJiv, YTO B YCIIOBUSX
IporpaMMHUPYEMOTro HarpeBa BOCIJIaAMEHEHHMe O0pasloB IMPOUCXOIUT MpU TeMmIepaTrype okojio 100°C
ITpoBeneHHbIE HCCIIeTOBAHNS ITO3BOJISTIOT TOBOPHUTH O TEPMOCTAOWIILHOCTH TTOJTYIeHHBIX KOMITAKTHBIX 00-
pa310B U3 HAHOITOPOIIIKa XeJie3a Ipu TemItepaTtype Huxke 100°C, korna He TpedyeTcst KaAKMX-JTM060 0COOBIX
TeMIIEpaTypPHBIX YCIOBUH IJIT UX 6€30TIaCHOTO XpaHEeHUs M TPAHCITIOPTUPOBKH.

Karoueswie caoéa: upodOpHBIEe TTOPOIIKY Xejle3a, HAaHOYACTULIbI, KOMIAKTHBIE 0Opaslibl, ITacCUBaIIUs,
TepMOCTaOUIBHOCTb.
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BBEJIEHUE

IMopoiiky 60ABIIMHCTBA ITePEXOIHBIX METAJIOB,
pa3Mepbl yacTull KoTopbix <100 HM (majiee — HaHO-
MOPOIIKHM), SIBISIOTCS MUPOGOPHBIMU, T.€. CITOCOO-
HbI CAMOBOCILIaMEHSIThCS TIPU KOHTAKTE C BO3IYXOM
13-3a BBICOKOI XUMWYECKOM aKTUBHOCTH 1 OOJIBIIION
yaesapHOM moBepxHocTH [1—7]. J1s Toro 9To0nI cue-
JIaTh TIpOlIeCC MalbHeuIeil ImepepadboTK HaHOIIO-
POIIKOB B M3IeausI 6e30IacHBIM, MX ITaCCUBUPYIOT
[6—10]. IMaccuBaums 3aKI04YaeTCI B CO3MaHUN TOH-
KOI 3alllMTHOM IUIEHKM Ha IMOBEPXHOCTH HaHOYa-
CTHUII, KOTOpas IMPEISITCTBYET UX CAMOBO3TOPAHUIO.
Borbiioit uKII paboT MOCBSIIEH ITOJIYIYeHHUIO M OCO-
OEHHOCTSM MaCCUBALIUU HAHOMOPOIIIKOB AJTIOMUHUS
[11—13]. TIIpouecchl maccuBallMd HAHOIIOPOIIKOB
Keje3a M HUKeJIsl UCClIeNoBaucCh B padortax [14—17].

OIHaKO CYIMIECTBYIOT CUTYallMK, KOIIa IIpoBede-
HUE TMacCUBallM HEBO3MOXHO WJIM HEXelaTeJIbHO,
XOTSI TEXHUYECKHE OIlepalliyd ¢ HAHOIIOPOIIKAMU U
KOMITAaKTHBIMU U3ETUSIMU U3 HUX HEOOXOIUMO OCY-
1ecTBUTh. [1oaTOMYy aKkTyaJbHBIMM 3aHadyaMu SIBJISI-
IOTCSI HCCJIeOBaHNE CaMOBOCIUIAMEHEHUSI M CaMO-

87

pasorpeBa KOMIaKTUPOBAaHHBIX 00Pa3IloB M3 Hellac-
CHBHPOBAHHBIX HAHOIIOPOIITKOB M Pa3paboTKa HOBBIX
CITOCOOOB TOJYJIEeHMNST KOMITAKTHBIX M3MEINi M3 HUX,
TTO3BOJISTIOIINX 00eCTIeYnBaTh TPEOYyEeMEBIif ypOBEHb IO~
>KapOB3PbIBOOE30MACHOCTH.

JIutepaTypHble JaHHBIE O 3aKOHOMEPHOCTSIX Ca-
MOBOCITJIAMEHEHHUSI U caMopa3orpeBa KOMIAKTUPO-
BaHHBIX 00OpPa31I0OB U3 HEMMACCUBUPOBAHHBIX HAHOIIO-
POIIIKOB JOBOJIbHO orpaHmyeHkbl. Tak, B padborax [18, 19]
T10 MCCJIETIOBAHUIO 3aKUTAHUSI CUCTEM C pa3MepaMu Uya-
CTUII peareHToB B nuana3oHe 40—80 HM rmoka3aHo, 4YTo
B OTUX CIIydasiX TemIlepaTrypa W SHEprusl 3aKUTaHMS
MOTYT OBITh 3HAYUTEIBHO HIDKE, YEM B CMECSIX TTOPOIII-
KOB C yacTuiiamMu Mukpopasmepa (1—100 Mxm).

B pab6otax [20, 21] uccinenqoBaHBI OCOOEHHOCTH
pacIpocTpaHeHUsI INIAMEeHU 110 TTPECCOBKAM M3 CMe-
ceii HaHoOopo1IKOB Al/CuO (Tak Ha3bIBa€MEIE Cy-
MEePTEPMUTHI) B 3aBUCUMOCTHU OT UX IVIOTHOCTHU MPU Jia-
3€pHOM MHULIMMPOBAHUM TopeHusi. bblio ycraHoBe-
HO, YTO MeHee TUIOTHBIE 00pasLibl (TopucTocTh — 90%)
BOCIUIAMEHSIIOTCSI OBICTPEE U CKOPOCTDb PACIIpOCTpa-
HEHUS TIAMEHU B HUX Ha MOPSIIOK BhIIIE, 4eM B 60-
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Jiee TUIOTHBIX 00pa3siax (rmopuctoctb — 50%). Dtn pe-
3YJIBTAThl, IO MHEHUIO ABTOPOB, YKA3bIBAIOT HA U3MEHE-
HUE MeXaHM3Ma TOpeHMsI ¢ BO3pacTaHUeM ILJIOTHOCTU
KOMITaKTUPOBAaHHOIO o0Opa3lia OT KOHBEKTUBHOTO K
nnddy3noHHOMY. AHAJTOTMYHBIE U3MEPEHUS, OITH-
caHHBIC B MOHOTpaduu [22], OB IIPOBEICHBI C 00-
pasuamMu HaHoropolkoB Al/MoQO;, mojydeHHbIe
IUIST 3TOTO CYHEepTepMMUTa pe3ybTaThl KaUYeCTBEHHO
Te Xe. B 11e710M TeruioBasi 4yBCTBUTENIBHOCTh B 0OOJIb-
IIMHCTBE CJIy4aeB 3aBUCHUT IJIABHBIM OOpa3oM OT THUIIa
MaTepuralia 1 criocoda ero usroronieHus [ 18, 19, 23].

Llenp paboThEl — ompeneneHne 00JacTU TepMUIE-
CKOIi CTaOWJIBHOCTU B BO3AYLIHOI aTMochepe KOM-
MaKTHBIX 00pa3110B U3 HAHOTIOPOLIKOB XeJje3a Mocie
raccuBaIlvu.

MATEPUAJIbI U METOJIUKA
INPOBEJEHUSA DKCITEPUMEHTOB

B pabGote mist aKcriepuMeHTaJIbHBIX MCCea0Ba-
HUI MPOLIECCOB BOCIUIAMEHEHUS U MAaCCUBALIAU UC-
MOJIb30BaJIM HAHOTMOPOIIKW Xeje3a, TOJyueHHbIe
XUMUKO-METATYPTUUECKUM METOJAOM. [J1aBHBIMU
CTaIUSIMU CUHTE3a METAJTMYECKOTO MOPOIIKA SIBJISI-
IOTCSl OCaxKJIeHWe TUIPOKCHUIA MeTasla, Cyllka U
BoccTaHoBiieHUe [15]. CuHTEe3 ruapokcuaa xejesa
OCYIIECTBJISUIM METOAOM TreTepoda3HOro B3aUMO-
e CTBUS TBEPAOI COJIM MeTaJljla C PACTBOPOM ILEJIO-
yu. [Tocne ocaxneHust TUApOKCUaA XKeje3a ero cHa-
4Jajia MpOMBIBAJIM B BOpoHKe broxHepa mo pH 7 u 3a-
TeM CyIIWIM Ha BO3Ayxe [0 IMbuieHus. Jlas
MOJyYeHUST METANIMYECKOTO HAHOTIOPOIIIKA THAPOK-
CUJI XeJle3a BOCCTaHABJIMBAIU B MeUM B TeueHue 1 u
npu 400 °C B ITIOTOKe BOAOPOIa B peaKTope. 3aTeM pe-
aKTOpP U3BJIEKAIN U3 Ieun 1 oxJtaxkmanu 10 20°C B ro-
TOoKe aproHa. [Topolliku 1ocjie U3roToBJIeHUs XpaHWUIN
B TepMETUYHOM OIOKCe B aTMocepe aproHa YMCTOTOM

99.987%. YnenbHYIO TIOBEPXHOCTh HAHOYACTHII 3KeJie3a
orpenesuii MeTonoM bproHepa—OMmera—Teriepa.
BenuuuHa yaenbHON TUioMaay MOBEPXHOCTU COCTaB-
nseT 9 M%/T, IO3TOMY B IPEIITOTIOXEHUH TOTO, YTO Ya-
CTUIIBI MOHOIMCIIEPCHBIE, ChepruecKue MIn TICEBIO-
chepudeckre, MX CpeoHUII pa3Mep paBeH 85 HM.
BHenrHwuii BUI IoJiydeHHBIX HAHOYACTHULI XKeJjie3a Mo
JIAHHBIM 3JIEKTPOHHON MUKPOCKOIMUU (C UCTIOIb30-
BaHUEM 3JIEKTpOHHOTO MUKpockomna Ultra Plus kom-
nanuu Carl Zeiss, Germany) npeacraBieH Ha puc. 1.

BckpbiTHE cOCYyI0B C HAHOMIOPOIIKOM U MOCHEIy-
folliee TIpeccoBaHre 0O6pa3IioB IMTPOBOAIIN B IKCITe-
PUMEHTAIbHOM yCTaHOBKE, IIPUBEICHHOI Ha puc. 2.
YcraHOBKA TTO3BOJISIET TTOTYYaTh KOMIIAKTHBIC M3IIe-
JIusl naxe 13 MUPOMOPHBIX (HEMACCUBUPOBAHHBIX)
MOPOIIKOB, TaK KaK BCe onepalny ¢ HAaHOMOPOIIKa-
MU HaYMHasl OT BCKPBITUS COCYIOB C HUMMU, B3BEIIIN-
BaHUs U TIPECCOBAHUS MPOBOMSATCS B TEPMETUIHOM
0OKcCe, 3aIIOTHEHHOM MHEPTHBIM Ta30M (aproHOM) 1
CHAOXXEHHOM IILTI030M JJIsI CMEHBI TOPOIIKOB U 00-
pasLoB.

Konnenrpanuio kuciiopoga B 60Kce KOHTPOJIM-
poBayiu aHanuzaTopoM AKIIM-1-02. ITpu oTKpbITUHA
COCYIIOB C MOPOIIKOM U B Mpoliecce IMpeccoBaHUs
00pa3loB KOHILIEHTpallus KUCJIopoJa B OOKce He
npesbiirana 0.1 06. %. M3 HaHOTIOpOIIIKa Kejie3a ObI-
JIN TIONy9eHBl ¥ WCCIIeNOBaHBl IWIMHIPUIECKUE
KOMIIAKTHBIE 00pa3Lbl TUaMETPOM 3 U 5 MM U ILJIOT-
HocThIo 3.0—3.5 1/cM?.

it  mpoBepKM  COXpaHEHMS ITMPO(OPHBIX
CBOIICTB HAHOIIOPOIIIKA MOCJIe MAHUITYJISIIUIA B IIep-
YaTOYHOM OOKCE YacTh ITOPOIIIKA HACKITIAIN B OIOKC C
TIPUTEPTOM KPBITIIKOM, KOTOPHII M3BJIEKAIN N3 OoKca
OOHOBPEMEHHO C OCTaJIbHBIMU oOpasmamu. Ilocie
U3BJICYCHUSI U3 OOKCA OTKPHIBAJIM U BBICHINIAIN I10-
poiiok Ha Bo3ayxe. [1opollloK pacnblsiics B BO3IY-

Puc. 1. MUzo6paxenne CHOM HaHOIIOPOIIIKA XKeJie3a.

XUMUYECKAA ®U3NUKA Ttom42 Ne8 2023
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Puc. 2. O61muii By repMeTUYHOTo GOKCca C yCTAHOBJIEHHBIM BHYTPU 000pYI0BaHUEM [UTSI TIOJIyYeHUSI KOMITAKTHBIX 00pa31ioB
13 MUPOoGOPHBIX HAHOTIOPOLIKOB KeJe3a: [ — 1103, 2 — rpecc, 3 — BbIXOJ Ha aHaJIM3aTop Kuciaopoaa, 4 — undpoBbie BECHI,

5 — nepyaTku, 6 — Habop mpecc-GhopM.

Xe, BOCIUIAMEHSIJICSI M TOopell, T.e. ocTaBajiCs MUPO-
¢GOpHBIM Ha TPOTSKEHUU BCEX MOATOTOBUTEIbLHBIX
oriepauuii.

®a3oBEIif cocTaB 0OPA3IOB U3yYaIn C TIOMOIIIBIO
mudpakromerpa JPOH-3M c¢ ucnonb3oBaHueM MO-
Hoxpomatuuyeckoro Cu(K,)-uznyyeHusi. CbeMKy AU-
(bpakrorpaMM MpoOBOAWIN B PEXKUME IIIAarOBOTO CKAHU-
poBaHug B MHTepBajiie yrioB 20 = 20°—80° ¢ miarom
cweMku 0.2°. [MomyyeHHbIe gudpakTOrpaMMbl aHAIIA-
3UPOBAJIN C MCHOJIb30BaHMEM 0a3bl JaHHbIX PDF-2.

PE3YJIBTATBI U UX OBCYXIEHUNE

Jnsg yyeta BAUSTHUSI MacmITabHoro ¢akropa u
oIpeAeaeHUS TeMIepaTypHOro UHTepBalia, IIpU KO-
TOPOM He MPOUCXOAUT BOCIUIaMeHeHUe 0Opa3LoB U
BO3MOXHO Oe3oItacHOe oOpalleHrue ¢ HIMH, UCCIIe-
JOBaJICh 00Opa3libl pa3HbIX pa3MEPOB. IUAMETPOM
5 MM U BBICOTOI 7—8 MM, a TaKXKe ITMaMETPOM 3 MM U
BBICOTOI 2—2.5 MM.

Hccaedoeanue mepmocmabuavnocmu
obpa3zuoe duamempom 5 mm

ITaccuBaiust 06pa3ioB IMaMETPOM 5 MM IIPOUC-
XOIWIa TIPU HAXOXICHUM 3aKPbIThIX IMPUTESPTHIMU
KpBIIIKaM1 OI0KCOB ¢ 0Opa3liaMi Ha BO3IyXe B TeUe-
Hue 30 muH. [IpenBapuTebHBIE SKCITIEPUMEHTHI T10-
Kazaju, 4YTO IMacCUBUPOBaHHBIEC 0Opa3libl COXpAaHUIN
CBOIO XMMNYECKYIO aKTUBHOCTh U TOPENIN MOCIe MO/~
JXWTa HarpeToil BoJbppaMoOBOIi CITUPATBIO. DTOT JIO-
KaJbHBIII pa3orpeB IPUBOAWI K PacIpOCTpaHEHUIO
0 00pa3Iy BOJTHEI TOPEHUS: OT BEpPXHETO TOpIa 00-
pa3slia pacpoCTpaHsIeTCsl BHU3 BOJIHA TOPEHUS TIPU-
OGIUBUTENLHO C TIOCTOSTHHOM CKOPOCThIO. Tak Kak B
npoliecce OKUCICHUST TOBEPXHOCTh 00pa3iia MeHsIIa
CBOI 1IBET, TO CKOPOCTb TOPEHUS OTIPENeJISiIU C TTO-
MOIIBIO MOKAAPOBO 00OpabOTKM HAaHHBIX BUIEO-
cbeMKU (cM. puc. 3). TunuyHbie 3HAYEHUST CKOPOCTU
ropeHust coctapiassioT V' = 0.25 mm/c. OTMETUM, 4TO
00pasibl, CIpecCOBaHHBIC U3 TTOPOIIIKA XeJle3a ¢ Ya-

t=4c

tr=8c

Puc. 3. KaI[pI:I BUIACOCHEMKM IMOILKWUTAa U TOPEHUA ITAaCCUBUPOBAHHOI'O 06pa3ua AUaMeTpoOM 5 MM.

XUMUYECKAS ®U3UKA Ttom42 Ne8 2023
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Puc. 4. [IudpakrorpaMMbl IaCCUBUPOBAHHBIX 00PAa3LI0B IPU pa3INnYHbIX YCIOBUSIX HarpeBa: / — MacCUBUPOBAaHHbII 0Opasell
IO TMIOMEIIEHUS B IeYb, 2 — obpasell nocie HaxoxaeHus B TeueHune 60 muH B reun mipu 110°C B Bo3ayiiHoit atmocdepe, 3 —
ob6pa3serr mocyie HaxoxneHus B TeueHre 30 muH B ieun nipu 180°C B Bo3ay1rHOIT atMocdepe.

CTALIAMM MHUKPOHHBIX pa3MeEPOB, B aHAJIOTUYHBIX
YCIIOBUSIX HE YAAIOCH IMOMXKEYb.

BrU npoBeaeHBI MCCIeIOBAHMS IO TEPMOCTAOMIIb-
HOCTH Ha BO3IyXe MaCCUBUPOBAHHBIX KOMITAKTHBIX 00-
pas3uoB. 15 3Toro aBa o0pasia [uaMeTpoM S MM C OIM -
HaKOBBIMM YCJIOBHUSIMM ITaCCUBALIMK ObUIU BBIACPKA-
HBI B TIeUU B BO3AYIITHOI aTMOcdepe: ONUH B TeUeHUE
60 muH nipu Temreparype 110°C, npyroit — 30 MuH
npu temneparype 180°C, mocie yero 6bLI NPOBENEH
aHaJIM3 X COCTaBa U CTPYKTYPhI METOJOM PEHTITEHO-
dazoBoro anamusza (P®MA). Pesynbratel POA sTHX
0o0pa3loB mocjie OCThIBaHMs (muddakTorpamMMel)
MpuBeAeHbI Ha puc. 4 (kpuBble 2, 3). [lsi cpaBHeHUS,
Tak>XXe TPUBEACHBI TaHHbIC IJIsI TTACCUBUPOBAHHOIO
oOpaslia, He MoABepraBlIerocs HarpeBy (puc. 4, Kpu-
Bas /). Kak BUJIHO 13 3TOro pucyHKa, HarpeB I1acCU-
BUPOBaHHBIX 00pa3LoB npu temmneparype 110°C He
OpuBel K M3MEHEeHMI0 mx (pa3oBoro cocraBa. Bri-
JIepxka rmpu reMiteparype redu 180 °C mpuBeiia K u3-
MEHEHUIO LiBeTa oOpa3lia u okuciaeHuro. Ha nudpax-
TorpamMme (puc. 4, kpuBas 3) HaGII0aeTCS 3HAYU-
TEJIbLHOE KOJIUYECTBO OKCUAHBIX (a3. IIpoBeneHHbIE
9KCIEPUMEHTHI I103BOJISIIOT TOBOPUTh O T€PMOCTa-
OMJIPHOCTU TIOJIYYeHHBIX KOMIIAKTHBIX OOpa3loB
npu temiieparype Huke 100°C, korma He TpebyeTcs
KaKMX-JIN0O OCOOBIX TEMIIEpAaTyPHbBIX YCIOBUM IS
1x 0€30ITaCHOTrO XpaHEeHMs U TPaHCIIOPTUPOBKHU. Kak
MoKazajqu pe3yabTaThl IKCIIEPUMEHTOB, TepMOCTa-
OMJILHOCTb ITAaCCUBUPOBAHHBIX KOMIAKTHBIX 00pa3-
1IOB M3 HAHOTIOPOIIIKa XeJie3a 0Ka3aaach CyllIECTBEH-
HO HMXKe, YeM TaKHX Xe 00pa3lioB U3 HAHOMOPOIIIKA

Hukenss [24, 25]. IIpu HarpeBe macCMBHUPOBAHHBIX
0o0pas3lloB M3 HAHOMOPOIIIKA HHUKEIS INaMeTPOM
5 mMm nipu Temnepatype 180°C Kakux-1mb0 u3MeHe-
HUI B (ha30BOM COCTaBe 0Opa3OB He TIPOU3OIILIO.

Hccaedosanue mepmocmabuivnocmu
o0pasuyoe ouamempom 3 mm

DKcnepuMeHTallbHasl YCTAaHOBKA ISl MCCIeloBa-
HUS TEIUIOBOM CTaOWUJIbHOCTY 00pas3lioB AMaMETPOM
3 MM MpuBeJeHa Ha puc. 5. MeToauKa MpoBeIeHUS BKC-
MeprYMEHTOB aHaJIOTMYHA OIKMCaHHOK B pabote [24].
ITaccuBrpoOBaHHBIIT 0Opa3ell BEIHUMAIU U3 OI0KCa U
yCTaHaBJIMBAJIM B TUTeJdb U3 HUTpUIa 6opa. Turenb
HarpeBaJjicsl JIEHTOW U3 rpaduTa, uyepe3 KOTOpYIO
MpoITycKajcs 3jekTpudeckuii Tok. Obpaselr jexan
Ha IUIOCKOI TepMomnape, CBAapeHHOM U3 BOJIbdhpaM-
peHueBbIX TpoBojiok WRe5/20, mpokaTaHHBIX 1O
ToimuHbl 30 MKM. 3a30pbl LIMPUHOM OKOJIO 1 MM
MEXIy TUTJIeM, OOKOBOM M HUXXHEH MOBEPXHOCTHIO
oOpasua obecrneyrBaiv paBHOJOCTYITHOCTD MOABOA
BO31yXa K HEMY.

DKCHepUMEHTBI OKA3aJIM, YTO IJISI MacCUBallUU
00pa31oB IMaMeTPOM 3 MM JOCTAaTOYHO, YTOOHI 3a-
KPBITBIM OIOKC ¢ 0Opas3loM HaxXOIMJICSI Ha BO3IyXe
Bcero B TeyeHue 3 MuH. Eciam oTcyTCTBOBaJI BHEIII-
HUI HarpeB o0pasiia, To TepMoIiapa He GUKCcHUpoBaia
ero camopasorpes (puc. 6, kpusas /). BaxxHo orme-
TUTh, YTO B XOZ¢ IIPOBEICHUS SKCIIEPUMEHTOB 00Opa-
3ell (puc. 5) “nmoaBellieH” Ha TepMOIape U He KacaeT-
Csl CTEHOK TUIJIS.

XUMUNYECKASA ®U3UKA Ne 8
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Puc. 5. Cxema sKcriepuMeHTaIbHOM YCTAHOBKU UISI IIPOBEACHUS MCCIEI0BAaHUM TePMOCTA0MJILHOCTH 00pa3lioB IUAMETPOM 3
MM: [ — obpa3sel, 2 — TUTeNIb U3 HUTpUIa 6opa, 3 — repmonapa, 4 — rpadUTOBBIII HarpeBaTeIb.

s BBISICHEHUSI BIIMSTHUSI HarpeBa Ha TEILUIOBHI-
JIeJIeHUE OT XUMMWYECKMX peaKlii OKUCIeHUS ObLIIN
MpOBeAeHBI CcleayllIne 3KcrepuMeHThl. O6paseln
BBICOTOM 2.4 MM 1 TMaMETPOM 3 MM, U3TOTOBJICHHBIM
10 OITMCAHHOM BBIIIE METOIUKE, TOMEIIAJIN B TUTEIb
2 (cM. pucC. 5) ¥ Ha BCeM IIPOTSKEHUU SKCIIEpUMEHTA
He BBIHUMAJIH U3 HETO U He CMEIIAJIM OTHOCUTEIBHO
TepMotaphl. Tak Kak maxe IMpU MUHUMAJIbHOI Be-
JIMYMHE TOKa 4yepe3 IpadUTOBBII HarpeBaTelb He
yaaBajioch MoJjiydaTh TeMIlepaTypy HarpeBa oopas-
noB 7'< 100°C, To BO Bcex aKcIepuMeHTax GUKCU-
poBajoCh BOCIUIAMEHEHME 00pasloB (cM. puc. 6,
KpuBbIE 2, 3).
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IMonyyeHHBIE pe3yNbTAaThl KOPPEIUPYIOT C JaH-
HBIMH paboThl [26], Toe GBUIO TTOKa3aHO, YTO €CIU
TeMmIlepaTypa caMopa3orpeBa IpeBbliiajia OTMETKY B
100°C, To 3aTeM IIPOUCXOIUIO BOCIUIaMEHEHHUE 00-
pasua. [ToaTroMy gaHHYIO TeMmepaTypy NpUHUMAIU
3a TeMIlepaTypy BociuiaMeHeHus. Harpes maccuBu-
pOBaHHBIX 00Pa31IOB 3 HAHOITOPOIIIKA HUKEJISI TAKO-
ro e IuamMeTpa B 3TOM yCTaHOBKE 0 TeMIlepaTyp, He
npesbiaiomumx 250 °C, He IPUBOAMIA K €r0 BocIIaMe-
HeHU1o [24]. PenTreHoga30BbIii aHaIM3 06pa3lioB I10-
cJie HarpeBa, TIPUBOISIIIETO K MX BOCTUIAMEHEHUIO, TT0-
Kasajl, YTO MPOAYKTHI B3aUMOIEICTBUS Kejie3a C BO3-
nyxoM coctosT us ¢as Fe u Fe;0,4 (cm. puc. 7).

Puc. 6. TepmorpaMMbl MacCUBUPOBAHHBIX 00Pa3I0B IMAMETPOM 3 MM IPU Pa3IMYHOMN CpeHe CKOPOCTH HarpeBa Ha Hauyaslb-
HOM yuacTtke: / — 6e3 BHelIHero HarpeBa; 2 1 3 — Ipy CKOPOCTHM HarpeBa 7 rpaju/c.
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Puc. 7. ludpakTorpaMMbl TacCUBUPOBAHHBIX 0OPA3IIOB TUAMETPOM 3 MM TP Pa3IMIHOM CpETHEel CKOPOCTH HarpeBa Ha Ha-
YyaJbHOM y4JacTKe: / — 6e3 BHEIIIHEro HarpeBa, 2 — Ip¥ CKOPOCTH Harpesa 7 rpai/c.

Puc. 8. Kanpbl BuIeocheMKHM Ipoliecca BOCIIaMEHEHUST U TOPEHMSI HEMTaCCUBUPOBAHHOTO (ITMPO(OPHOTo) HAHOITOPOIIIKA Ke-
Jie3a Ipu pa3aIndHoi BeicoTe copackiBanust H = 0.5 (a, 6) u 1.5M (s, e).

HarmmoMHuM, 4TO [JTs1 TIPOBEPKU COXpPaHEHMUS TTU-
POMOPHBIX CBOMCTB HAaHOTIOPOIIIKA MOCe MaHUITY-
JISIUMIA B IepyaTOYHOM OOKCE YacTh ITOPOIIIKA HACHI-
najach B OIOKC C IIPUTEPTOM KPBIIIKOI, KOTOPBIA U3-
BJIEKaJId U3 OOKCa OJHOBPEMEHHO C OCTaJIbHBIMU
obpasuamu. [Topolllok pactnblIsiics B BO3AYXe, BOC-
TUIaMEHSJICS U TOopell, T.e. ocTaBajics MUPOMDOPHBIM
Ha TIPOTSKEHUM BCEX MOATOTOBUTENIBHBIX OTEpalnii
(puc. 8a, 6). Pesynbrathl PDA mopoiika, B3ITOTO C

MEeTaJUTMYECKOU TTONI0XKM, Ha KOTOPYIO OH Iajaa
(paccTrossHHE OT 6I0KCa IO TIOBEPXHOCTU COCTABIISIIIO
0.5 M), mokasanu, 4To 3a BpeMsl ITaAeH1SI HAHOIIOPO-
IIIOK OKMCJIMJICSI HEe MOJHOCThIO (puc. 9, KpuBas 2).
MOXXHO MPEaIoNoXUTh, YTO HE TIOJTHOE OKUCICHUE
HAHOIIOPOIITKa Keje3a B BO3MyXe ITPOUCXOIHT ITO
IBYM TIpUYMHAM: CHJIBHOE TOPMOXEHUE pPeaKIIuu
OKMCJIEHUST 00pa30BaBIIUMCS CJIOeM MPOAYKTA U Ma-
Joe Bpems naneHus. Cuuraercs, 9To Ipy KOHTAKTE C
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Puc. 9. IudpakrorpaMmsl TIPOLYKTOB TOPEHUST Ha BO3Myxe MUPOGOPHOro HAHOIMOPOIIKA XeJle3a MPU PasIuIHOM BBICOTE

copaceiBanust H: 1 —1.5m, 2— 0.5 M.

MOBEPXHOCTBIO MPOUCXOAAT MPEeKpallcHe peakKnu
OKWCJICHUS M3-3a CUJIBHOTO TEIUIOOTBOJA B TTOBEPX-
HOCTb 1 3aKaJKa MPOMEXYTOYHBIX IIPOAYKTOB peaK-
uu. 715 mojlyde sl OTBETA HAa BOIIPOC O TOM, KaKOIA
MeXaHU3M OTBEYAET 3a HEIIOJIHOE MpeBpalleHre Ha-
HOIIOPOIIIKA 3keJie3a, paccTossHue H ot 610Kca 10 TT0-
BEPXHOCTU, Ha KOTOPYIO BHICHINAJICS MOPOIIOK, ObI-
JI0 yBeau4deHo 1o 1.5 M (puc. 86, ¢). Pesaynbratel POA
MOpPOIIIKA, B3SITOrO C IOBEPXHOCTU, B 3TOM cepuu
9KCIEPUMMEHTOB IIpUBeaeHEI Ha puc. 9 kpusas 1. Kak
BUOHO M3 3TOTO PUCYHKa, HAHOMOPOILIOK Keje3a
OKHCJIUIICS TTPAaKTUIECKU MOTHOCThIO. DTO O3HAYa-
€T, YTO NMPUYMHONM ero HEIOJHOTO OKMCJIECHUS Ha
BO3IyXe MpU MaJeHUN ¢ BBICOTHI 0.5 M sIBIsIETCS 3a-
KaJIka TTPOMEXYTOUHBIX MMPOAYKTOB OKUCIICHUST MPU
HageHUU Ha METAJDIMYECKYIO TTOIIOXKY.

BbIBO/IbI

1. IlpoBeneHHBIE 3KCIEPMMEHTHI MMOKa3aJIu, YTO
MacCUBUPOBAHHbIE KOMIAKTHBIE 0OPa3Libl U3 HAHO-
MOPOIIIKA XeJle3a MOXHO 6€30IMacHO XpaHUTh HA BO3-
Jyxe 6e3 TOMOTHUTEIBHOIO OKUCIIEHNSI B MHTEepBalie
temmeparyp a0 100°C.

2. I[Noka3aHo, 4TO MpW HAXOXKICHUY OIOKCOB C TTH -
podopHBIMH 006pa3LiaMU Ha BO3AyXe BO3MOXHA ITac-
cuBauus nocjeqHux. Bpemsi, Heo6xomumoe aJist mac-
CHMBallMM, BO3pacTaeT ¢ yBeJIUUYeHUEM AuamMeTpa 00-
pasloB.

3. CreumanabHO TIPOBEIEHHBIE 3KCIIEPUMEHTHI
IOoKa3aJju, 4YTO aCCUBMPOBAaHHBIE KOMITAKTHEIE 00-
pa3lbl COXPAHSIOT CBOIO XMMUYECKYIO aKTUBHOCTD,
HampuMep UX MOKHO BOCIIJIAMEHUTh BOTb(PaMOBOIi
CIUPAJbIO.

4. TTokazaHo, YTO IPH OKUCIIEHU HAHOIIOPOIITKa
KeJle3a Ha BO3IyXe He HabOJIogaeTcsl CUILHOTO TOP-

XUMUYECKAS ®U3UKA Ttom42 Ne8 2023

MOXKCHHMA pPEaKIIMM OKMCIICHUA O6pa3OBaBH_[I/IMCH
CJIOEM ITpOAYKTa.
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