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MCCAEAOBAHUE SAEKTPUYECKNX XAPAKTEPUCTUK NMAEHOK
OKCHMAOB MEAU METOAOM XOAAOBCKHUX U3MEPEHUUA

M3yyeHbl SIAEKTPUUYECKME XAPAKTEPUCTUKM MAEHOK OKCUAOB MEAM, MOAYUYEHHbIX OpPUIMHAAbHbIM
meTopoM «in situ CVD». TAeHKM cuHTE3MpoBaAM 3a pasAnuHoe Bpems npu Temnepatype 400°C
B BO3AYLIHO-aproHOBOW CMECM C MCMOAb30BaHMEM MOPOLIKOBOMO METAAAMYECKOro MCTOYHMKA C
3epHuctocTtbtlo 100, 200 mam 300 Mell, aKTMBMPOBAHHOIO MOHOXAOPUAOM MeAM. TOALMHA CAO4
nopotika coctaBasAa 0,9 Mm. NoAAOXKKaMU CAY>KMAM MOKPOBHbIE GOPOCHMAUKATHDBIE CTEKAA PA3MEPOM
25x25 Mm? ToAWMHOM 0,17 MM. M3MepeHus BbIMOAHSIAM MeTOAOM BaH-aep-Ilay Ha yctaHoBke «Eco-
pia Hall Effect Measurement System (HMS-3000)». TOALUMHY MAEHOK OMPEAEASIAN FPABUMETPUYECKMM
MEeTOAOM. M3yyanoch BAMsHME (DPaKLMOHHOIO COCTaBa MOPOLUKOBOIO MCTOYHMKA U BPEMEHW CMHTE3a
Ha DAeKTpPUYecKMe XapaKTePUCTMKM TMAEHOK OKCMAOB MeAM. AAS MHTeprnpeTaumm MOAYUYEHHbIX
pe3yAbTaToB 06pasLibl MAEHOK U3YHYaAnCb METOAAMM ONTUYECKON MUKPO(OTOrpachmm 1 pamMaHOBCKOM
CMeKTPOCKONun. XOAAOBCKME M3MEPEHMS MOKA3aAM, YTO BCe 00pasLibl 00AaAAAM P- TUMIOM MPOBOAMMOCTH
€ (N,-Np=(1-9)E15. Aaga nopouwkos 100 1 200 Mew C POCTOM BPEMEHM CUMHTE3a KOHUEHTpaums
AbIPOK CHauaAa ObICTPO MaAaAQ, a Npu BPeMeHn cuHTesa 60Aee 5 MUHYT HAaBAIOAAQAOCH €6 MEAAEHHOE
noHmxkeHue. AAs nopotuka 300 MeLl KOHUEHTpaLMs AbIPOK OCTaBaAaCh MPAKTUUYECKM MOCTOSIHHOM Mpu
BCEX BpemMeHax cuvHTe3a. MccaepoBaHMe 3aBUCMMOCTEN MOABUMYKHOCTU OT BPEMEHW CMHTe3a Moka3aAo
MX KOAOKOAOOOpa3sHbIi xapakTep. MakCMMaAbHas BEAMUMHA MOABMXKHOCTM AbIPOK paBHas 47 cm?B-
c 6blna MoAyyeHa aast naeHok Cu,O, CHTe3MpoBaHHbIX 3a Bpems 30 MUH. 13 nopolukos 100 met.
YAeAbHOE CONPOTUBAEHME MAEHOK CAABO 3aBMCEAO OT BPEMEHU CMHTE3a U MEHSIAOCH B AMarnasoHe OT
100 A0 260 OM'CM B 3aBUCMMOCTM OT 3€PHUCTOCTM MOPOLLIKA UCTOUYHMKA. [1peAroKeHO 06bsiCHeHMe
MOAYYEHHbIX PE3YAbTATOB M3MeHeHMeM (Da30BOro CoCTaBa NMAEHOK OKCMAOB MEAM.

KatoueBblie caoBa: Okcna Mean, ddpdekt Xoara, Pasosbiit coctas, CVD.

Antoschenko V.S., Migunova A.A., Frantsev Yu.V., Lavrishchev O.A,,
Nemkayeva R.R., Iminova N.A.
National open-type nanotechnology laboratory,

Al-Farabi Kazakh National University,
Kazakhstan, Almaty, e-mail: solartechnology@mail.ru

Study of electrical characteristics of copper oxide films by Hall measurements

The electrical characteristics of copper oxide films obtained by the original «in situ CVD» method are
studied. The films were synthesized at different times at a temperature of 400 °C in an air-argon mixture
using a powdered metal source with a size of 100, 200 or 300 mesh activated by copper monochloride.
The thickness of the powder layer was 0.9 mm. Substrates were borosilicate glasses measuring 25x25
mm? with a thickness of 0.17 mm. The measurements were performed by the Van der Pau method using
the Ecopia Hall Effect Measurement System (HMS-3000). The thickness of the films was determined by
the gravimetric method. The influence of the fractional composition of the powder source and the syn-
thesis time on the electrical characteristics of copper oxide films was studied. To interpret the obtained
results, the film samples were studied by optical microphotography and Raman spectroscopy. Hall mea-
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surements showed that all samples had a p-type conductivity with (N,-N_) =(1-9)E15 cm™. For 100 and
200 mesh powders, the concentration of holes initially decreased rapidly with increasing synthesis time,
and at a synthesis time of more than 5 minutes, its slow decrease was observed. For 300 mesh powder,
the hole concentration remained practically constant at all synthesis times. The study of the mobility
dependences on the time of synthesis showed their bell-shaped character. The maximum value of hole
mobility equal to 47 cm?B-"-c’' was obtained for Cu,O films synthesized during a time of 30 min. with
100 mesh powders. The resistivity of the films was weakly dependent on the synthesis time and varied in
the range from 100 to 260 Ohm cm, depending on the grain size of the source powder. An explanation
of the results obtained by changing the phase composition of copper oxide films is proposed.
Key words: Copper oxide, Hall effect, Phase composition, CVD.
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MbIc OKCHA] YAAIPIHIH, DAEKTPAIK cMNaTTamMaAapbIH
XOAA OALLIEMAEPI dAICiMeH 3epTTey

TynHycka «in situ CVD» aaiCiMeH aAblHFaH MbIC OKCUAT KabaTTapblHbiH 3AEKTPAIK curaTTaMaapbl
3eptTenpi. DuabMAEpP OPTYPAI YakbITTa aya-aproH KocrnacbiHAa 400 °C  TemnepaTypacbiHAQ
CUHTE3AEAIM, MbIC MOHOXAOPMAiIMeEH BeaceHaipiareH 100, 200 nemece 300 MeLl MOALLEPIHAETT YHTaK Thl
METaAAbIH, K63i ManAaAaHbIAAbL. YHTaK KabaTblHbiH, KaAbiHAbIFbI 0,9 MM. Cy6cTpat KaAbiHAbIFbI 0,17
MM 60AaTbIH 25X25 MM? BALLIEMAETT GOPOCUAMKAT LbIHbI TOPI3AI LWbiHbl 60AAbI. OAleyai Ecopia Hall
Effect Measurement System (HMS-3000) kemerimeH Van der Pau aaici opblHAAAbI. [TA€HKAAAPAbBIH
K@AbIHAbBIFbl FPAaBUMETPUSIAbIK, 9AICTEH aHbIKTaAAbl. YHTaK, Ke3iHiH (DpakUMsIAbIK KypaMbl MeH MbIC
OKCUAIHIH MAEHKaAAPbIHbIH IAEKTPAIK KaCMEeTTepiHe CUHTE3AEY YaKbITbIHbIH 8Cepi 3epTTeAAl. AAbIHFaH
HOTMXKEAEPAI TYCIHAIPY YLWIH MAEHKaHbIH YAFiAepi ONTMKaAbIK, MUKpodoTorpadms >keHe PamaH
CMEeKTPOCKOMMUS apKblAbl 3epTTeAreH. 3aaabl ealley 6apAabik, yariaepae (Na-Nd) = (1-9) E15 6ap n-tunTi
eTKi3riwTiri 6ap ekeHiH kepceTTi. 100 >kaHe 200 Mew yHTaKTap YiliH, TECIKTEePAiH, KOHLEHTPaLMACDI
CMHTE3 YaKbITbIH >KOFapPbIAAr, XXbIAAAMABIKMEH a3asAbl )XOHe 5 MUMHYTTaH acTam CUHTE3Aey Ke3iHAe
OHbIH, Gasy TemeHaeyi Garikaaabl. 300 Mew yHTaK, YLIiH TeCiK KOHLEeHTpaumsacbl 6apAblk, CUHTE3AEY
YaKbITTapbIHAQ iC XY3iHAE TYPaKTbl GOAbIM KAAAbL. YTKbIPAbIK TOYEAAIAIKTEPIH CUHTE3AEY YaKbITbIHAQ
3epTTey OAapAblH KOHbIpay MiliHAI cunatbiH kepceTTi. 30 MUHYT iwiHAe cuHTespeareH Cu20
MAEHKaAapbl YWiH MaKCUMaAAbl TECIK MOOMABbAIAITT 47 cm? B ¢! 60oAabl. 100 Mew yHTakTapbl 6ap.
[MA€HKaAapAbIH, KEAEprici CUHTE3AEY YaKbITblHA Hallap ToyeAAi OOAAbI >KOHEe KO3AiH YHTaFblHbIH,
acTblk, MeAlepiHe 6GarAaHbICTbl 100-aeH 260 OM-CM AeWiHM AManasoHAa e3repai. MbIC TOTbIFbI
NMAEHKAAapbIHbIH, (a3aAblK, KYPamblH 63repTy apKblAbl aAbIHFAH HOTUXKEAEPA] TYCIHAIPY YCbIHbIAABI.

Ty#iH ce3aep: MbIC OKCHAI, XOAA acppekTici, chazanblk, Kypambl, CVD.

BBenenune

B mocnenane rozapl MOSIBUIIOCH OOJBIIOE YHC-
70 TyONMKaIWid, TOCBSIIEHHBIX HCIIOJIE30BaHUIO
TUIGHOK OKCHJOB MEIHW U CO3JaHMs psja MOy-
HPOBOTHUKOBBIX TPUOOPOB: COTHEYHBIX HJIEMEHTOB
[1-4], BBIIPSAMHUTENBHBIX OUOAOB [5], pa3IUYHBIX
ceHcopos [6, 7]. bonbiioe 3Hauenue npu pa3padbot-
K€ 3TUX NPUOOPOB MMEET IMOJIyYeHHE IUICHOYHOTO
Martepuaiga C 3aJaHHBIMH DIEKTPOPH3MYECKUMHU
xapakTepucTukamMu. OqHUM U3 3PPEKTUBHBIX WH-
CTPYMEHTOB JHWAarHOCTHKU IOJYTIPOBOIHUKOBBIX
cioeB siBsiercst Mmetoy dpdekxra Xomia. B psne
paboT 3TOT MeTOoA ObUT HCHOIB30BAaH B TEXHOJIOTH-
YECKUX MCCIIEOBAHUAX 110 ONTUMHU3AIMN HIICKTPH-
ueckux xapakrepuctuk mieHok Cu,0 u CuO. B [8]
TEXHUKOW PEaKTHUBHOTO IUIa3MEHHOTO paclbUICHUS
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Obumi 1osty4enbl 1wieHkH Cu,O mpu KOMHATHOH
temnepatype. [Ipu pa3naHpIX cOueTaHUSIX MOIITHO-
CTH MCTOYHUKA M KOHIEHTPAIMH KUCI0poa ObUIN
MOJTyYEHBI TUICHKH C ONTHYECKOH IUPUHOHN 3arpe-
LEHHOU 30HbI 2,0- 2,6 3B, p-TUna npoBOAUMOCTH C
yaenbHBIM conpoTuBiaeHneM oT 10% o 10* Omem u
HU3KOH TOABMKHOCTBIO HOcHTeNeH 3apsina. OTxuUr
00pas3IoB MoKa3all, YTO MPH MOBBIIIEHUH TeMITepa-
TypsI oT 25 110 250°C MoABMKHOCTB JBIPOK BO3pac-
tana ot 1 1o 10 cm?/B-c. B pabore [9] peakTuBHOE
MarHeTpOHHOE PaCIbUICHHE Ha MOCTOSTHHOM TOKE
OBUIO WCIIONIB30BAHO JUTSI BBIPALIMBAHMS IIJICHOK
Cu,O npu temneparypax 600 K u 1070 K. beuio mo-
Ka3aHo, YTO TIOBHIIIIEHUE ‘TEMIIEPaTyphl pOCTa yBe-
JIMYMBAJIO pa3Mep 3epeH B IUICHKE U MOBM)KHOCTD
Jelpok. Tak pazMep KpHUCTaIIUTOB cocTaBua 230
HM 1 890 HM, a MOIBIKHOCTH IBIPOK — 40 cm?/ Ve u
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62 cm?/Ve ans 600K u 1070K, npu KoHIIEHTpanuu
2,3E15 cm? u 7E14 cM™, cOOTBETCTBEHHO. ABTOPHI
[10] m3y4anu BAMSHUE OTKHUTa TUICHOK MEJTH, OCaXK-
JICHHBIX Ha CTEKJISTHHBIC TOJUIOKKH. [LmeHku, oro-
sxokernabie ipu 100°C, mokazany cMemaHHyio ¢a3y
Cu-Cu 0O, Torga kak omkur mexay 200 u 300°C
nokasan oy Kybuueckyro dasy Cu,O. Onny mo-
HoxmmHHYI0 CuO-(asy morydanu u3 MmiIeHOK, 0TO-
sdokeHHBIX Mexny 350 u 450°C. [lonoXuTenbHBIN
3HaK KOd(QuIrenTa XoJia MoATBEP I TTPOBOIH-
MOCTh p-Tuna B mienkax ¢ Cu,0-¢pasoi. Onnako ot-
HOCHTEJIBbHO HU3Kasl KPUCTAJUIMYHOCTh STUX IICHOK
OTrpaHUYMBAIA XapaKTEPUCTUKH p-Thma. [lneHku ¢
Cu m CuO-dazaMu MMOKa3BIBAIOT POBOIUMOCTH
n-tuna. B pabore [11] metomom 3ddexra Xoia
OBLIH HCCIIEIOBAHBI JIEKTPHUCCKUE XaPaKTEPUCTH-
ku mieHok CuO Tonmuuaon 250 HM, BBIpAIIEHHBIX
MarHeTpOHHBIM pacnbuieHueM, U 1wieHok Cu,O,
MOJTyYEHHBIX TIOCIIEYFOIINM BaKyyMHBIM OT)KHTOM
mwieHok CuO npu 623 u 700K. BakyyMHBII OT>XKHUT
CuO mpoaeMOHCTPUPOBAT YIYUIIEHUE BIIEKTPH-
YECKMX M ONTHYECKMX CBOKMCTB 11 mieHok Cu,O.
ABTOpBI [TOKA3aJIM, YTO BaKyyMHbIA oT>xur nipu 700
K (mpusopsmuii k o6pasosanuto Cu,O) noBbImaer
XOJIOBCKYO MOABMKHOCTE ¢ 0,26 110 51 cm? (V:s)!
U yMEHbIIIAeT KOHILIEHTpaluto Abipok ot 7,4E19 1o
1,5E15 cm.

ABTOpHI [12] nosmydanyu TIIEHKH OKCHIOB MEU
BO3JCHUCTBHEM KHCIOPOJHOW IUIa3Mbl Ha ILJICH-
KU TonmuHoN 80 — 5 HM, IpenBapUTEIHHO OCaAXK-
JICHHBIC Ha CTCKJISHHBIC TMOJJIONKH HMITYJIbCHBIM
MarHeTpOHHBIM pacmhbuieHneM wmutiern Cu (4u-
crota 99,99%). Oxucienwe MPOBOIUIU C yUa-
CTHEM MHUKPOBOJIHOBOH Tuia3mel (2,45 I'To u 600
BTt) B motoke kucnopona mpu Temneparype 300
°C. Inenxkn Cu monBepraaud BO3ICUCTBUIO KHC-
nopoaHoit mna3Mel B TedeHue 10, 20 u 30 MuHYT.
[Inenka Cu,0 (10 munyT OOGaydYeHHAs IUIA3MOK
IJICHKA) JEMOHCTPHUPOBANa yACIHHOE COMPOTHUB-
JIEHWE U TOABUKHOCTE ~66 OM-cm u ~ 0,5 cm?B’!
¢!, COOTBETCTBEHHO, C KOHIIEHTPALUEN HOCUTEIEH
p-tuna ~2x10'7 cM. ABTOpBI IPEIIOIOKHUIIN, YTO
AJIEKTPOIPOBOJTHOCTh P-THIIA OOYCIIOBJICHA Ha-
JUYHEM MEeXIO0Y3eIbHOTO KHUCIOpPOJa W OTpHUIa-
TEJIbHO 3apsXKEHHbIX BakaHcuil menu. Kak Tonbko
BpeMsl SKCIIO3MIIMK YBEIUYHBANOCh 10 20 MuH,
mieHku coxaepxkanu kak ¢aser Cu,O, tak n CuO,
npudem Cu,O sBnsiack TOMHHUPYROIEH (Ba3oi.
VY enpHOE CONMPOTHBIICHHE MPH 3TOM BO3PACcTajo
1o 170 Om:cM, Ipr OTHOBPEMEHHOM YMEHBIIICHUH
TTOJBIKHOCTU M KOHIICHTpaIuu Hocuteneu 1o 0,3
cm?Vist m 1,2x10Y cm?, coorBercTBeHHO. Jlis
30-MUHYTHOH BBIIEPKKH JOMUHUpYOMmEN (ha3on
ob11 CuO, a yJenbHOe CONPOTHBIICHUE U KOHIICH-

Tpanus HocuTene ymeHsmanuce 10 ~ 130 Om-cm.
n 3,8 x 10'° ¢M™, COOTBETCTBEHHO.

B [13] nonukpucrammmyeckue mwienku Cu,0
ObLM TOTy4eHbl Ha Si0, MOI0KKAX UMITYJIbCHBIM
JIA3epHBIM OCaXKJIEHHEeM IpH KOMHATHOH TeMiIle-
parype u nocromkure B cMmecu razos N,+O,. As-
TOPbI OOHAPYKWUJIK, 4TO npH cooTHomenun [O,]/
([O,]+[N,])=0,002% ocaxnanuch BBICOKOUHMCTBIE
wienkd Cu,0O. YBeruueHue TeMIeparypbl OTKUTa
yalyqiano kaqectBo mieHok Cu O. MakcumanbHas
XOJIJIOBCKas MOABMKHOCTE 26 cm?/(V-s) Oblia mo-
nydyena npu 700°C. TloaBmKHOCTh dPdexTa mos
Obuta Mana u cocraBmia 102cm?/(V-s), 4To ykasbl-
BaJIO Ha BBICOKYIO KOHIIEHTPAIIHIO JBIPOYHBIX JIOBY-
mek. PeHTreHoBCKUi aHamu3 0OHAPYKUII MEPTBBIN
CJIOM ¢ HM3KOH MJIOTHOCTBIO Ha TpaHHIE pasaena
Cu,0-Si0,, uro 6bw10 cBaA3ano ¢ mudpdysuei Cu B
MOJITOXKKY.

B pabore [14] nna monydeHHS TUICHOK
Cu O Obumn  ucnonszosan  Trimethylvinylsilyl)
hexafluoroacetylacetonato Copper(I), Cu(l) (hfac)
(TMVS) kak mpekypcop MeIu M BOJa B KaueCTBeE
okuciutens. Ilpomecc, HasBaHHBIA atmospheric
atomic layer deposition (AALD), mo3Bomma oca-
auth maeHkn Cu,0 Ha OOPOCHIIMKaTHOM CTEKJIE
npu temneparype 150-350°C u Ha noJUMEPHBIX
nomnokkax PEN (DuPont) B untepBane ot 150 no
200°C. Jlyymue MJIEHKH MOKa3ajdu IMOABHKHOCTb
HocuTenei Toka 5 cm?/(V-s).

W, nakoHel, MaKCUMaJbHas BEJTMYMHA TTOIBHK-
HOCTH OblIa mojyueHa B padore [15], rae coodmia-
€TCsl 0 BBICOKOM moBKHOCTH B Cu,O nipu SnuTaK-
CHAJIbHOM pPOCTE Ha PEIIETOYHO COTJIACOBaHHBIX
MOJUIOKKaX. ABTOpPBI BBIPAIIMBAIN JMUTAKCHAIb-
upie wieHky (110) Cu,O ma noanoxkax (110) MgO
JUISL CO3JIaHMSI TOHKOIJICHOUHBIX TPaH3UCTOPOB C
BBICOKOH MOIBIKHOCTEIO p-kaHana (TFT). Dnurak-
cuanbhble wieHku (110) Cu,O tommunon 650 Hm
MPOJIEMOHCTPUPOBATIM BBICOKHE XOJUIOBCKHE ITOJI-
BIOKHOCTH ~90 cM*(V+s)!, cpaBHUMBIC C TUICHKAMHU
M3 BBICOKOKAYE€CTBEHHBIX MOHOKpHUCTAILIOB. [Ipu-
BEJICHHBIA KpaTKUil 0030p MOKAa3bIBaeT, YTO NpPH
BCEM MHOT000pa3uy METOJOB CHHTE3a MOJyUYCHHE
TUICHOK OKCHUJ/IOB MEIH C BHICOKHMMH DJIEKTPUIECCKH-
MU XapaKTePUCTHUKAMH SBISIETCS JOCTATOYHO CIIOXK-
HOU 3amavell. B Hacrosmel paboTe mpeacTaBieHbI
pe3ynbTaThl UCCIEIOBAHUS DIIEKTPHUECKUX Xapak-
TEPUCTHK TNICHOK OKCHJIOB MEJTH, TIOJTy4YSCHHBIX OpH-
THHATBHBIM MEeTOA0M «in situ CVDy.

MeTO}II/IKa IKCIIEPUMEHTA

N3MmepeHust >IEKTPUUECKUX CBOMCTB IIJICHOK
OKCHJI0B MCIHu ObIIIM BBITIOJIHEHBI Ha YCTaHOBKEC
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«Ecopia Hall Effect Measurement System (HMS-
3000»

OOpa3iel AT U3MEPEHUsT DIEKTPUUCCKUX Xa-
PaKTEpUCTUK IUIEHOK pa3MepoM okojio 10x10 mm
BBIPE3AINCh M3 CTCKITHHBIX TOMIOXKEK «Slide-
Glass» pazmepom 24x24x0,17MM ¢ npeaBapuTEb-
HO CHHTE3UPOBAHHBIMH CJIOSIMU OKCHJIOB MEIH Pa3-
JUYHOU TonmuHel. ITo yrinam kBaapaToB HAaHOCHIIN
TOUYEUHBIE KOHTAKTBI U3 YTIIEPOTHON MACThl, HA KO-
TOPBIX (PUKCHPOBAINCH HM3MEPHUTENbHBIC 30HIIBI
neprkatens oopasma. Ha pucynke 1 mokazaHa cepust
00pa3oB TJICHOK, CHHTE3UPOBAHHBIX C HCIOJIB30-
BaHueM nopomka 100 mem npu 400°C 3a paznuuHoe
BpeMsl C HAaHECEHHBIMH OMHYECKUMHU KOHTAaKTaMHU
(xouturypanus Ban-pep-Ilay). [epxarens ¢ 00-
pasloM YCTaHABIMBAJICSA B IITATHOE THE3/I0 WM IMPH
3a/laHHOM TOKE 4Yepe3 oOpasell MPOBOAMINCH U3Me-
pEHUs TIPU ABYX HAINPABICHUSX MArHUTHOTO TIOJIS.
CuHTE3 TICHOK MPOBOJMIN OPUTHHAIBHBIM METO-
oM, ommcaHHoM B [16] mpu Temmepatype 400°C
B BO3JIyIIHO-apTOHOBON arMocdepe 3a Bpems OT 2
10 40 MUHYT C MCIIOJIb30BAaHUEM aKTUBUPOBAHHOTO
MOPOIITKOBOTO MCTOYHHKA C (DPAKIIMOHHBIM COCTa-
BoM oT 100 mo 300 memr. ITopomrok 200E oTnmua-
eTcs OT OCTAIBHBIX TEHACHIUEH K KOHIJIOMEpanuu
BCJIEJICTBHE TOHKOJIMCTOBOW CTPYKTYPHI OT/IEITHHBIX
yacTHil. Bce peareHThl, UCTIONIL30BaHHBIC B DKCIIE-
PUMEHTAaxX, UMENTH YUCTOTY He XyxKe «XU».

Pe3y.]'ILTaTI>I u oﬁcymeﬂne

Ha pucyske 2 noka3zaHbl 3aBUCUMOCTH TOJIILIUHBI
TUIEHOK, OT BPEMEHHU UX CHHTe3a. ToJIHA MIIeHOK
onpezensiack rpaBuMerpuuecku [16]. B uarepsane
BpeMeHu cuHTe3a 2-30 munyT st mienok 100, 200
u 300 memr HaOIIOJACTCS MPAKTUICCKH JIMHCWHBIN
poct TonuHbl. Hebosbioe pa3inyre B HAKIOHE
KPHUBBIX B 9TOM MHTEPBAJIC CBUIETEIBCTBYET, O pa3-
JUYHONW CKOPOCTU OCAKIIECHUS TIJICHOK IS Pa3HbIX
nopomkoB. s miaeHok 200 mem E nuHelHOCTH
CKOPOCTH POCTa COXPaHSETCS 0 BpEMEHH CHHTE3a
20 MHHYT, TIOCIIE YETO CKOPOCTh pocTa manaet. He-
3HAUUTETLHOE MaJJICHUE CKOPOCTH POCTA TAKXKE Xa-
pakTepHO At cuHTe3a u3 rnopoiika 200 mem npu
BpeMeHu cuHTe3a Oosiee 30 MunyT. CKOPOCTH pO-
cra cHmkaercs B Hanpasinenuu: — 200E, 200, 300 u
100 memr. Ananu3 BIUSHUSA GPAKITHOHHOTO COCTaBa
MTOPOIIKOBOTO MCTOYHMKA HA TOJIIUHY TUICHOK HE
SIBJISIETCSI LEJbI0 TAHHOTO HCCICAOBAHMSI, OJIHAKO
OTMETHM, YTO 3TH OCOOCHHOCTH MOTYT OBITh 00B-
SICHEHBl KMHETHKOM TpoIlecca CHHTE3a U pa3indy-
HOHM KOHIIEHTpalueil aKTUBHOTO KOMIIOHEHTA I0-
POIIIKOBOTO MCTOYHHKA JIJISl TIOPOIIKOB PAa3IMIHBIX
¢dpakuuii. B yacTHOCTH CHM)KEHUE CKOPOCTH pOCTa
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MJICHOK IIPH BBICOKUX BPEMCHAX CUHTE3a CBA3AHO C
HUCTOIICHUECM aKTHBHOI'O BCIICCTBA HCTOYHHKA.

. B B Bl .
Co"ox:d's Cc’ ox:d!ns Ct.omd.ns
" @ —e -
BpeMsi CHHTe3a (cieBa — Harpaso): 2, 5, 10, 20, 30, u 40 MmunyT

Pucynox 1 — O6pasipl IeHOK OKCHIA MEIH
Ha CTEKJISTHHBIX MOUIOKKaX, nmoiay4deHHsle mpu 400°C
¢ Hcnoibp30BanreM mopoika 100 memx

Ha pucynkax 4, 5 u 9 npeacraBiieHbl pe3yJibTa-
THI U3MEPEHHUH XOJUTOBCKUX ITapaMeTPOB B IICHKAX
OKCHJI0B MeH, ostydeHHbIX ipu 400°C 3a Bpemst oT
2 10 40 MUHYT JUTS TIOPOIIKOB PA3IHMYHBIX (DPAKITHIA.

2000+
1500 -
E J
5 1000
0
@ 1
C
=z
L 500+
[E —a— 200m
] —e— 300m
04 —&— 100m
—¥—200m E

0 5 10 15 20 25 30 35 40 45
Time, min

Pucynok 2 — 3aBUCUMOCTD TOJIIIUHBI TNIEHOK
OKCHJIOB M€/ OT BPEMEHU CUHTE3a

PucyHox 3 mnoka3plBaeT HM3MEHEHHE XOJUIOB-
CKOH KOHICHTpAaus MJICHOK OKCHUI0B M€ OT IIPO-
JTOJDKUTENBHOCTHU TMPOIIecca pocTa I Pa3InyHbIX
(hpakmii TOPOIIKOBOT'O MCTOYHUKA. XapaKTepHOM
OCOOEHHOCTBIO BCEX KPHUBBIX SBIISICTCS CIaJl KOH-
nenrpanuu N -N 110 Mepe pocTa BpeMEHU CHHTE3A,
0COOEHHO CHIIBHBIN TIPU MaJIbIX BpEMEHaX CHHTE3a.
Hanbonpiryro KOHIIEHTPAIMIO UMEIOT TUICHKH, TI0-
JTydeHHbIe 32 Bpems 2 MuH. C pOCTOM BPpEMEHU CHUH-
Te3a KOHIEHTpAaIlHsI CHadasa OBICTPO MaJIaeT, a MpH
BPEMEHHU CHHTE3a 0oJiee 5 MUHYT HaOJIIOAcTCs e
MeJJIeHHOE TIOHWXkeHne. Hanbomnee xapakTepHo 3T0
MPOSIBIISIETCS ISl IJICHOK, MOJIYYEHHBIX C IOPOILL-
kamu 100 mem. [Ipu BpemeHu cuHTe3a 2 MHHYTHI
9TH IJICHKU MOKA3aJIM HAUBBICIITYIO KOHLIEHTPAIUIO
paBuyto 9E15 cM?. TIpu BRICOKHX BpEMEHAX CHHTE-
3a KOHUEHTpAlUU HOCUTENIEN TOKa JIJI1 BCEX Cepui
AKCIIEPUMEHTA OKa3alIUCh ONU3KHU JPYyT K JPYyTY.
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Haumensiueli KoHIIEHTpanMel HOCHUTENEW 3apsaa
(N,-N,)) o6nanaror 1mjieHKH, MOJyYEHHBIC NIPH UC-
noibp3oBaHuu mnopomkoB 300 memr. Jis mieHKH,
CHUHTE3MPOBaHHON ¢ NMpUMeHeHueM mnopoiuka 300
Melll [IPY BPEMEHHU CHHTe3a 2 MUHYTHl U3MEpPEHHE
JNEKTPUYECKHX MTapaMeTPOB OKa3a0Ch HEBO3MOXK-
HBIM H3-3a BBICOKOT'O CONPOTUBIICHUS 00pasia.

Ha pucynke 4 nokazaHo M3MEHEHHE XOJIOB-
CKOH TMOJBMYKHOCTH B OKCHIAaX MeIW OT BPEeMEHU
CHHTE3a IUICHOK ISl Pa3HbIX (PaKkUUil MOPOIIKO-
BOTO HCTOYHHKA. YBEJIMYEHHE IOABMKHOCTH Ha-
OmomaeTcst sl BCEX KPHUBBIX MpH BpeMeHax 2-30
MUHYT, 3a UCKItoueHneM kpusoi 200 mem E, mid
KOTOpOI mpu Bpemenu Ooree 10 MUHYT HaOIrO1aeT-
Cs pe3KUil crajl, Nepexoasluii B MOJOTUA y4acTOK
npu BpeMeHHu cunte3a Oonee 20 munyT. s mie-
gok 100, 200 m 300 memnr crmag MOABMKHOCTH B TOM
WIN UHOHM crenieHn HaOmogaercst nocie 30 MUHYT
CHHTE3a.
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Pucynok 3 — 3aBHCHMOCTB XOJUIOBCKOW KOHIIEHTPAIUU
JUISL TFIGHOK OKCHJIOB MEIM OT BPEMEHH CHHTE3a

ITpu sTom ju1st tuienok 200 memn 3TOT ciaj MU-
HumaneH. U3 pucynka 4 BUAHO, 4TO HauOOJIbIIeH
MOJIBU)KHOCTBIO HOCHTEJIEH ToKa paBHO# 47 cM*/B-c
00JalaloT TUICHKH, CHHTE3UPOBAHHBIE C HCIIONb-
30BaHMEM MOPOIIKOBOI0 HcTouHUKa (hpakiuu 100
Menl 3a Bpems 30 MUHYT. MakcuMasbHasi OJIBUXK-
HOCTh Juist TieHOK Cu, O, M3BECTHAs HA CETOMHSII-
Huii 1eHs paBHa 90 cM?B¢! [15] u mocTurayta npu
SMUTAKCUAIIBHOM POCTE€ Ha PEHIETOYHO COIJaco-
BAaHHBIX MOHOKPHUCTALTHICCKUX MopToxkkax (110)
MgO.

JUid BBISICHEHUS NPUYMH CHUXKEHUS MOJBUXK-
HOCTH C POCTOM BPEMEHH CHHTE3a Ha OTACIHHBIX
IUIGHKaX OBUIM TOJY4YeHbI MHUKpodoTorpaduu u
CHEKTPbl KOMOMHALIMOHHOTO paccesHus IJICHOK
OKCHJIOB MEJH, CHHTE3WPOBAHHBIX C HWCIIOJIH30Ba-

HueM nopomka 200 mem E B Teuenue 20 u 2 MUHYT.
[lony4yeHHble pe3yiabTaThl NPUBEAEHBI Ha PHUCYH-
Kax 6-8.
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PucyHnoxk 4 — 3aBHCUMOCTD MTOABHKHOCTH
B IUICHKaX OKCHJIOB ME/IM OT BPEMEHH CHHTE3a

PucyHok 5 neMOHCTpHpYET ydYacTOK IUIEHKU
OKCH/Ia ME/IM CHHTE3MPOBAHHOH C NCTIOIB30BaHHEM
nopotka 200 memr E B Teuenue 20 mun. Ha Mukpo-
¢dororpadun HaOIIOAAIOTCS TPU XaPaKTEPHBIX 00-
JIACTH, UMEIOIITNE Pa3IMIHBIA (a30BbIM COCTaB, YTO
MOJTBEPIKIACTCS PAMaHOBCKUMU CIIEKTPAMH, MOJTY-
YeHHBIMHU C 3THUX obOnacteil (pucyHok 0). Ilpucyt-
CTBHE Ha BCeX CIeKTpax nuka 297 cm™!, oTHOCSTIIE-
rocs k aze CuO, CBHIETEIHCTBYET O YACTHUYHOM
JIOOKHUCIICHHH TIE€PBOHAYAIBHO Cc(HOpMUPOBaHHON
mienkn Cu,O Ha Beert mosepxHocTu. Cocras o0ina-
ctH 2 cooTBeTcTBYeT uncToi dgaze CuO, uro mox-
TBEPIKAAETCA TAKXKe HATUIMEM XapaKTEpPHOTO MUKa
343 cm!, Torga kak obnactd 1 U 3 UMEIOT CMEllaH-
HbIi cocTas ¢ 6onbmoi nosei Cu,O. [pucyrcrBue
B 1wieHke (azpl CuO NpUBOAMT K YMEHBLICHHUIO
MTOJIBMKHOCTH HOCHTENEH 3apsma 10 7 cm’Blc,
YTO XOPOILIO COTJIACYETCsl C JINTEPaTypHBIMHU JaH-
HbIMU. VccnenoBanue MiIeHKH OKCUAA MEAW, CHH-
TE3WPOBAHHOW W3 TOT'O K€ MOPOIIKA B TEUECHHUE 2
MHUHYT [10Ka3aJl0 IPUCYTCTBUE B CIIEKTPE MOLIHBIX
pednekcos daszer Cu,0O (147 u 213 cm') u xapak-
TepU3YIOTCS Xoporreld Mopdoorueii MOBepXHOCTH
(pucynox 7). IIogBMKHOCTD JBIPOK B 3TOW IUIEHKE
cocrasuna 15 cm?B-'¢!', uto BiBOe OOJbIIE, YeEM
st 20-TH MUHYTHOW TUTeHKH. TakuM oOpa3om, oc-
HOBHOW MTPUYMHON CHUYKEHUS TTOJABUAKHOCTH CIIE/ly-
er cuutath GopmupoBanue ¢assl CuO B mpouecce
cuaTe3a. OOmMU POCT MOABHKHOCTH CO BPEMEHEM
CUHTE3a OOYCJIOBJIIEH POCTOM KPHCTAJUIUTOB U HMX
YIOPSJOYECHUEM.
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Pucynok 5 — Onruueckne MmukpodoTorpadun mreHku okcuaa mean (200 mem E, 20 mun.)
BHUJI CBEPXY, O) BUJ CHU3Y, B) Ha IIPOCBET
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Pucynok 6 — PamanoBckue criektpsl obnacreit 1 (a), 2 (6), 3 (B) (cm. puc.1)

Intensity
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Pucynok 7 — Ontudeckas mukpodororpadus (a) u pamanosckuii ciekrp (6) miuenku Cu,0
(200 memr E, 2 muH.)
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3aBHCUMOCTH YACIBHOTO COTPOTUBIICHUS Tie-
HOK OKCHIIOB MEIH OT BPEMEHH CHUHTE3a IPEICTaB-
JIeHbl Ha pUcyHKe 8. BuaHo, uTo KpuBBIE A 00-
pas3uoB, MOJYYECHHBIX TPH CHHTE3€ U3 IMOPOLIKOB
100 u 200 mer1, MpakKTUYECKHA COBIAJAIOT U UMEIOT
yzaenapHoe conpoTuBienue Ha yposHe 100 Omcm Bo
BCEM MHTEpBaJIC BpEMEHU CHHTE3a.

400 4 —e— 300m
£ —a— 100m
e —=— 200m
E —v— 200m E
O“ —v AA—
.‘Z‘ / -—" » -
= 2004 e
o l::}__.,..c_'lbh.‘ .F_,__.___ﬁl“——'———f_.
0

T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40
Time, min
PucyHnox 8 — 3aBHCUMOCTB y/IE€NbHOTO CONPOTHBICHUS IIEHOK
OKCHIOB MEJIH OT BPEMEHH CHHTE3a

Bornee BBICOKMM ynEIBHBIM COMPOTHUBICHHEM
okoio 200 Omem obmagarot oopasusl 200 mem E, u
emre OoJlee BEICOKUM — Ha ypoBHE 260 OMcMm — 00-
pasipl, CHHTE3WPOBAHHBIC U3 MOPOITKOB 300 merr.
VY aenvHoe conportusienne nopomkos 200 mem E u
300 memn Takxe crabo 3aBHUCHT OT BPEMEHU CHHTE-
3a. Paznuune B yJIeIbHOM CONPOTHBIEHUH TJICHOK
OKCHJIOB MEIM JUIsl TIOPOIIKOB PAa3HbIX (hpakuui,
BO3MO’KHO, 00YCJIOBIIEHO WX TIPUMECHBIM COCTaBOM.

B Tabimie npuBeneHb KOHIEHTpAIMH Homa U
JKelie3a B IMOPOINKAX Pa3IMYHbIX (DpaKIuil, Mmoiry-

YCHHBIC HA PEHTTCHO(IYOPECIIEHTHOM MHKpOaHa-
nuzaTope «Pokyc M2y.

Tabauna — [IpumecHbIil cocTaB MEHBIX MOPOIIKOB pa3ivy-
HOM 3epHuCcTOCTH (Macc.%)

3epHHUCTOCTH MTOPOIIKA, MEIII
DieMeHT
100 200 200E 300
Hon 0 0,002 0,020 0,028
Keneso 0,062 0,079 0,079 0,107

BunHo, 4TO KOHLIEHTpanus Hojia U jKeje3a BO3-
pactaet B psaay 100, 200, 200E u 300 mem, yto
COIJIaCyeTCs ¢ POCTOM YJIENBHOIO CONPOTHUBIICHUS
TJIEHOK OKCHJIOB MEJTH.

BaxkHo Tax)xe OTMETHUTb, UTO yJIEIbHOE CONpO-
TUBJICHUE IUICHOK IOYTH HE 3aBUCHUT OT UX (a30Bo-
T'0 COCTaBa.

3aKkioueHne

BrinonHeHHbIe  Mccie0oBaHUs MOKa3ald BO3-
MOKHOCTb HCIOJIb30BAHUSI MPEAJIOKEHHOIO aBTO-
pamMu MeToJa CHHTE3a IUIEHOK OKCHAOB MEIN W3
AKTUBHPOBAHHOTO TOPOIIKOBOTO MCTOYHHUKA IIa-
HapHOW TeoMeTpuu Uit (HOPMHUPOBAHUS IJICHOK
MprOOPHOTO KavecTBa.

Cunresuposansl wieHKH Cu,O ¢ BHICOKOH MO~
BH)KHOCTBIO HOCcHTENeH 3apsia (47 cm?B ).

JlaHo OOBsCHEHHE TOJIYYCHHBIM DKCIIEPHMEH-
TaJIbHBIM 3aBHCUMOCTSIM.

Paboma evinonnena npu urancosoi noo-
Oeporcke Munucmepcmea obpazosanus u Hayku Pe-
cnybauxu Kasaxcman (epanm 3225/ ®@4).
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