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BBE/IEHUE.
Brinmonnenue kypcoBoit padoTel 1o aucuumuinie «IIporpamMmmusie cpeactBa o0padoTku uHGOP-
Malluu» — OJIMH U3 ATANoOB MOATOTOBKU OakanaBpa mo Harpasienuto 261700 «Texnonorus no-
aurpaduyueckoro U ynakoBOYHOro MpOU3BOJICTBAY.

Brlinonnenre KypcoBoil paboThl O3BOMISIET CTYJAEHTY 3aKPENUTh MOJyYeHHbIE 3HAHUS U
OPUMEHUTH UX MpU padoTe B chepe noaurpaduu.

1. IIEJIX 1 3AJTIAYM BBIIIOJJTHEHUS KYPCOBOW PABOThI

[{enpro KypcOBO# pabOTHI SBISETCS U3YUCHHE OCOOCHHOCTEH MHCTPYMEHTAIBLHOM CPE/IbI
B MpOrpaMmax, MUCIOJb3yEeMbIX B KOMIBIOTEPHBIX U3aaTenbckux cuctemax (KWC) mpu obpa-
00TKe TEKCTOBOW WH(GOPMAIIUHU U TIPU CO3/IaHUU TPE3CHTAIUH.

Ha ocHOBe BBINOJHEHUsT KYypCOBOW pa0OTHI ydalluecs JOJDKHBI MPOJAEMOHCTPHUPOBATH
HaBBIKU:

- BBITIOJTHATH OCHOBHBIC TIpotieAypsl B KMC: MHCTAIUISAINIO MPOTPaMMHOTO 00ECTICUCHNS;

- BBITIOJTHATH BBOJI TEKCTOBOW W TpaduiecKoil H(GOPMAIUK B KOMIIBIOTED,;

- BBITIOJTHATH 00Pa0OTKY TEKCTOBOW MH(OPMAIIMU U €€ BHIBOJ,

- oopMITATE pe3yNbTaThl pabOTHI B UJEE MPE3CHTAINN, HATIISTHO MOSCHSIOMIEH X0 BbI-
TIOJTHEHUS paOOTHI.

Ha ocHOBe BBINONHEHUs KypCOBOW pabOTHI yyaluecs JOJDKHBI MPOJAEMOHCTPUPOBATH
3HaHUE:

- OCHOBHBIX MPOTPAMMHBIX CPEJICTB, ONMpEACIIoNne cnenuPuKy o0paboTKH TEKCTOBOM
u rpadudeckor napopmaruu B KNC.

VYyamuecs T0JDKHBIE UMETh TPECTaBIICHHUE:!

- O TEHJCHIIMSX Pa3BUTHSI COBPEMEHHBIX MMPOTPAMMHBIX CPEACTB M HOBBIX HAIPABJICHHIX
B 00JIACTH KOMITbIOTEPHOM 00paboTK1 MHGOPMAITUH.

2. OCHOBHBIE TPEBOBAHUSA K KYPCOBOM PABOTE

3.1. Ucxoanble TaHHBIE K KYpPCOBOii padoTre

HcxonHbIMM  JAaHHBIMM K KypCOBOM paboTe sBISIETCS 3aJlaHue, BbIJAaBaeMOe
PYKOBOJUTENEM KypCOBOM paboThl. BapuaHThl 3ajaHUil COCTaBISIOTCA TaKUM 00pa3oM, YTO B
COBOKYITHOCTH BKJIIOHAIOT B €€0s IEpEeUYeHb OCHOBHBIX BOIPOCOB, KOTOpPBIE Mpejaraercs
U3YYUTh  CAMOCTOATENIBHO C  HCHOJB30BAHMEM  JIMTEPATYPHBIX HUCTOYHMKOB H €
COOTBETCTBYIOIIUM IIPOrPAMMHBIM 00€CIIEYEHUEM.

3.2. 3axanue HA KYpPCOBYIO padoTy

BapuaHTel KOHTPOJBHOW pabOThl BKIIOYAIOT MOCTPOCHHE CXEMbl (OPMHUPOBAHUSA
NpUBEICHHOT0 o0pasiia B TekcToBoM penaktope MS Word u dopmieHue pesyiabTaToB
BBIMIOJTHEHHON paboOThl B BHJE HAIVIATHOW NpPE3CHTAlMM B peNakTope Npe3eHTauuid MS
PowerPoint.

[Ipu BBImade 3afaHusi PYKOBOAWUTENh PAOOTHI C KAXKIBIM CTYJACHTOM pPacCMaTpHBAcT
00bEM U coJiepkaHue padOThl, yCTAaHABIMBACT KaJICHIapHBIN TJIaH €€ BHITTOJIHEHUSI.

3.3. O6BeM KypcoBoi paboThI

KypcoBas paGoTa coCcTOMT U3 pacyeTHO-TIOSCHUTEIBHOMN 3alUCKH, BBITIOJIHEHHOW B Iie-
yaTHOM BuJE Ha 15-25 nucrtax ¢opmara, pacrneyaTku Ipe3eHTaluu U MYJbTUMEINHON YacTH B
BUJIE IPE3EHTALIMM HA MATHUTOONITUYECKOM HOCUTEIIE.



4. OFbEM M COJEPXXAHUE KYPCOBOM PABOThI

[TosicHuTenbHas 3amucka K KypcoBoi paboTe AOHKHA BKIOYATh CIEYIOLUIUE pa3aesibl:

TutynpHbl Tuct (mpuiioxxeHue 1).

3ananue Ha BoinonHeHue KP (mpunoxkenue 2).

AHHOTaIM.

OruasiieHue.

Martepuan KypcoBoil pabOThl COTIaCHO BbIJAHHOMY 3a/IaHHIO.

BbIBOIBI 110 KypCcOBO# padoTe.

Cnucok UCTOIb30BaHHOM JIUTEPATYPhl (HE MEHEE 3-X HAaUMEHOBAHM).

[Ipunoxenue ¢ pacrneyaTkon Mpe3eHTaluy B YEPHO-0EJIOM BU/IE.

[TosicuuTensHas 3anucka opopmisiercs B cootBerctBuu ¢ ECK/[ u 'OCT 2.105-79 (cm.
npuiioKeHue 3).
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O6pa3zen; 0hopMIIEHHUS] TUTYIBHOTO JIUCTA 3aMTUCKHI

MunucrepcTBo o0pazoBanusi M Hayku Poccuiickoit @enepanuu
PegepajibHOE TOCYIAPCTBEHHOE 0I07KeTHOE 00pa3oBaTeIbHOE y4peKAeHHe
BhICIIEr0 NPo¢ecCHOHAJIBHOI0 00pa30BaHUA
«TyJbckuii rocyapcTBeHHbIH YHUBEPCUTET»

ITonuTeXHUYECKUN NHCTUTYT
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BapuanTs! 3aganuii 17151 BRIIOJTHEHUS KYPCOBOH pabOThI
Nel
O6pasen
CKHH-5@®EKT B ]'[FDEDJHH.IUHX ILTEHEAX
ITPH TAZEPHOM BO3TEHCTBHH

B.A Anexcammpor
Hremunnm npurcnadror vevanuxu VpO PAH, o Hxcescr
aval@udman.ru

s scc1eIoBaEHA HAHOCTPVETYPHPOBAHHEIX MPOBOIAINHY IITEHOK ABIAHOTCH
MepCcHeKTHEHBIMHE PAIEHTHE H BHeIPeHEHE Ja3ePHEIX MeTOIOE.

B paumax npeacTaBaeHHA B3aHMOIeHCTEHA JasepHOTO  HIAVIEHHA C
NPOBOJAMEH MOBEPXHOCTRIO Kak B3aHMOISHCTBHS (POTOHOE C 3ISKTPOHHEIM TaioM
nokasaHo BodHHEKHOBeHHe 3T B NpoBOIAIIHMX IMIeHKAX NPH BO3IeficTBHH
TA3EPHOTO HITVISHHI, OOVCIOBASHHOIO MPOIOABHEIM H [OMNEPEe¥HBIM TOKAMH B
CKHH-C/I0€ MPOBOIAITHY ITIeHOK. [[T0THOCTH 3THX TOKOE. COOTBETCTEEHHO, PABHEL

i = {enf [mc” ].a'cusa'smr_’!

i = [enh, ml,c‘:-}lfcosl o,

rde € - 3apdd ICRTPOHA, N, - HX KOHOSHTPAIlHA B cIHHHITS DOBeMa [NIEHKH, m, -
MAaCta MICRTPOHA, © - CHROPOCTE CBeTA, ] - HHTeHCHBHOCTL MVHEA Ta3cpHOTO
HITVEeHHA, o - VIO DAaJeHHA JIa3epHOrOe HITVICHHA K HOPMATH NOBSPEHOCTH
IIIEHEH.

MarxcHvaneHei HIJD.ID.'ILHBII:'E TOK B CKHH -CJI0€ IUISHEH JOTESH HAOMIOIATRCE
OpH DAISHHH Ja3epHOTS HITVISHHA OO0 VIIOM & = ifri‘r B HOPMATH MOBSPXHOCTH

IIIeHEH, a MaKCHMAILHEIA HDHE‘pE‘"—IHHﬁ TOK — IOpH =10 HﬂHpﬂB.‘IE"HHE
MpOoIOdBHOTD TOER B CEHH -CI0¢ IITCHEH I6aBHCHT OT VIDIA [MaJcHHA Ta3cpHOTO
HITVEICHHA.

HMcxoaa w3 BRIpa&eHHR IIOTHOCTH TOKOE B CEHH -CJI0€ H 3KCIEPHMEHTATBHO
manepgenerx 3C Ha OPOBOIAIIMX NISHEAX [PH Ja3epHOM BOIISHCTEHH C
3A0AHHOH  HHTSeHCHEHOCTBED MOMKHO OUSHHTE HKOHUSHTPAUHKD  CBODOIHBIX
3IEKTPOHOB B INTCHKAX H3I PAIHYHEIX MATSPHATIOE, B JACTHOCTH HAHOVIVISPOIHEIN.
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EPHOXHMHYECKAA TEXHOTOTHA ITOTYUEHHA
HAHOPASMEFHBIX @EPPOTPAHATORB

1 : 2 1
A H. byvaaroea ", HC. Tpvraes ~, M.&. byvnatoe
Acmpaxancxidi cocydapemeerrvlil VHUSEDCUmen”

Mocxoscruii cocvoapemeenHblil YHUSEPCUINEN UHNICEHEPHOTI 3KOTOSHN

. & . i s

PaspadoTka HOBRIX MeTOIOB CHHTE3A COBPEMEHHBIX MATSpHAIOE C 3AJAHHBIME
(OVHKUHOHATEHEIME CBOHCTEAME AEIASTCH OJHHM H3 NPHOPHTETHRIX HANPABISHHI
PasBHTHA HAVKH H TexHurn. (VIIecTBEHHBIMH VCIOBHAMH, ONpPeIe/IA0MIHMHE
BBICOKHS MOKA3ATENH (VHKIHOHATBHEIX MATEPHATOE H H3ZEIHH Ha HX OCHOBE,
ABIAKTCA TOCTHASHHE OIHOPOIHOCTH XHMHYSCKOTO H (Ja30BOTO COCTABA, a TAKES
DOHOPOIHOTO MOP(OIOrHYECKOT0 CTIPOSHHA CHHTEIHPOBAHHEIX MPOIVEIOB. B
HACTOAIIEE BPEMA OTPOMHOS BHHMAHHE VISISSTCH MOTVISHHRD MElKOIHCIIEPCHBIX,
DCODEHHO HAHOPAZMEPHEIX MATEPHATIOE H HAHOCIPVETVPHPOBAHHBELN KEPAMHE,
KOTOpBIe OOSCTIEYHEANT He TOMBKC BREICOKHE 3MeKTPOoQHIMYecKHe mapaMeTphl HO H
CTIOCOOCTRYVEOT VMEHBIIEHHED PAIMEPOE H3IeTHH.

Onmmen 13 ovTell pelieEnd IpodIeMel CO3TAHES (VHKITHOHAIBHER MaTePHAIOE
ABI4eTCAd HCMOIB30BAHHE EPHOXHMHYSCKOHR TeXHOIOTHH MOIVISHHT OJHOPOIHEIX
CAOEHOOKCHIHBIX MATEPHATIOE B BHIS MOPOIIKOE H3 PACcTEOPOE COMSH, KOTOPBIE
CMEMHBAKTCA B TPe0VEMEIX COOTHOMIEHHAX H 3TH COOTHOINEHHA COXPAHAKTCA [OPH
TepPMHIECKOH 00padoTRe.

Ilpoonena MOTVISHHA HAHO - H VIBPTPATHCISPCHEIX MATEPHATOE ¢ 33JAHHEBIMH
H BOCIPOHIBOIHMEIMH CEOHCTBAMHE B 3HAYHTEIRHOH Mepe CROOHTCH K JOCTHAEHHIO
BEICOKOI CTEISHH MPOCTPaHCTBEHHOR OOHOPOIHOCTH XHMHMECKOro cocTasa. L 3Tol
TOYEH 3PEeHHA BakyVM — CYOIHMAUHOHHEI COocol o00namasT 3HAYHTEILHBINMH
OPeHMYIISCTREAMH, NOCKOIBKY [O3BOIAST CMSIIHBATE KOMIOHEHTRl ¢ BRICOKOH
TOUHOCTEED HA CTAIHH MPHIOTORISHHS PACTBOPA. CBOIHT K MHHHMYMY HX MOTEPH Ha
MocIeIVIOIHY CTAIHAY OPOolecca H coXpaddeT QH3HKo-KHMHIeCKYEO NPeIRICTOPHED
mMarTepHana. Ha OpoTa@seHHH BCEr0 Mpolecca o0pasoBaHHe KPHCTALIHISCKOR (hass!
DCVINECTEIAETCA B HOSHTHYHEIX VOIOBHAX — B MEHKPOODEEMAX BEIIECTBA.

Ina momyaenna depporpadata Yo oCagFesOp: nenecoodpasHes HCMoMs30BaTE
HHTPATEl MeTAIOE, BXOIAINHX B HX COCTAB, T.K. OHH HMEHT I0CTATOMHO XOPOMIVED
PacTEOPHMOCTE B BOOE (B OTIHSHE OT OOMBINHHCTBA CVIBDATOE) H VMEPeHHVED
TeMOEpaTvVPy 3aMeP3aHHA JBTEKTHISCKNX PacTBOPOE (B OTAMYHE 0T XI0PHIOR).

SECOepHMSHTATRHCE HCOCIeIOBAHHE NOpOlecca MOAVIEHHA KpPHOTPaHVI
(KpHOKPHCTATTHIAINE) HCXOIHEIX PACTEOPOE B AKHIKOM A30Te NPOBOIIIOCE B TOTES
H3 HE[UEABSIOMISH CTAIH C HENOIBIAHLIM CI0SM EHIKOTO aA20Ta.

B pezvieTaTe 3ECOEPHMEHTANBHEIX HCCISIOBAHHH BAKVVM-CYOIHMALIMOEHON
CVIIKH OBLIH MONVISHBl HAHOTHCOSPCHBIE MOPOINKH OTISIBHBIX COTEl MEeTalIos,
OBVE-, TPEX- H IeTRIPEX KOMIIOHSHTHBIX CMeCeH (IpeKypCopoE) HHETPATOE METAILIOR
714 TDoCIeIVEOIIEH TepMHIeCKoH 00padoTHH.
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PACYET PEOJTOT HUECKHX ITAPAMETPOB HAHOIIOTOKOB
A A Baxpymmes, A M. Nunasnoe, A B. Baxpvines

HuctaryTt npartagHoi Mexaguaxs ¥ pO PAH, [Txesck
makaveli lefiiemail. com

Ha ocmope nocTposHHOH MAaTeMATHYSCHOH MOISTH CHCTEMEl CHHIEOCTE-
HAHOKAHATY) BEIMOIHEHE! PACISTEl DAparMeTPoE TPEXMepHEX TeusHHE. Paspadorana
METOIMEA 1714 PACteTa TeUeHN HeHBHTOHOBCKO BUIKOCTH IpH Hamumaa K-¢asel B
TPeXMEpPHEIX KaHATax, obaagaromex  ciaeTpreil. Metomamm  uonekvaapaoid
IHHAMHEH pPACCIHTAHA 2aJada OO0TeKAHHA HaHodacTHu. [IpoEensHo cpaBHeHHS
AHAMHTHYeCKOR (opMyIEL,  CEARIBAOINEll TeH30p HAOpEHeHHHE ¢ TeHI0poM
ckopocTe gedopManHi, Ha OCHOBE Pe3VIBTATOB, MOMYVIeHHSIX © MOMOIIBE METOda
MOTEKVIAPHON THHAMHKH.

Mcenenopaner  TeweHHS  HAHORMIKOCTEH B VIIEPOIHEIX  HAHOTPVORAX,
PA3IHYIAMIIAYCE KAk KoH(QHIypauHedl, Tak H 9HCI0M cI0eBE. B XoXe BHINOIHEHHY
THCASHHOTO IKCIEPHMEHTA OBII0 HOCIeNOBAHO BIHAHHE KalWIApHoro 3dderTta Ha
0OpAa30BAHNE IYCTOT B KAHANS [PH IBHHCHHH HHIKOCTIL
Tabmioa 1. CocTas MOTeKVIIPHOH CHCTEME] «BOIA — VIVISPOIHEI HAHOKAHATD

Tun atomoe Huanerp yraepogHol HaHOTPYOKH
E CHCTEME D=324 D=644 D=964
Yraepog (CA) 12672 50400 113616
Kucropon (OT). somopoz (HT) 17763 175713 713274

Beio cvogenHpoRaHo VeTOHUHEOS TeHUeHHe HHIKOCTH, MOCTPOSHEl OCPeJHEHHEIS
OpodHIH CKOPOCTH B TONEPEUHOM CEYeHHH TPVORH I8 CPABHEHHA C OpOdHIeM
IMvazefing B npmEEIpHIeckoM wadate [1]. Tlo ouaammHecksn mapaMeTpan MOTOKA
(DapIeHHEe, TeMIepaTvpa. UIOTHOCIR) H HA OCHOBE PACCHHTAHHOIO DACKOIA
AMIKOCTH OBITA IOTVEEHa BAIKOCTE CPEIbL
Tﬂ(_'l.—.[HHH 2. PeavaeTaThI PActeTOB BASKOCTH HAHOIOTOKA

BH3K0CTE BOJEL JuaMeTp VIIepoIHoH HAaHOTPYOKH
vl / cex) D=324 D=644 D=964
MNMHEHEMATBHOS 3HAUSHIS 1478107 8.524.10° 25.776-107°
MakcHMAaTEHOS 3HAaUeHH: 6.002.107° 15.759.10° 65.064-107°
CpeaHee 3HAYSHHE 3.488-10° 11.168-10° 35.125-10°°

B xoze mccaegopaHmA OBIMH paspadOTAHBl BRICOKO3(()EKTHBHEIE <HCISHHEIS

AMTOPHTMEL H ¢ HX IOMOIIEK PEIIATICE 3aJaTH TeHUeHHA MOIeKVIAPHBX HHIKOCTEH
ua npousccopax IBM (PowerPC u Cell BBE).

PacoTa ermonHeHa B pavkax rpagra PEDIT Ne 05-08-50090-a .

1. Noftuzackmit 1T . Mexamuka #mokocta u rasa. - M. Havea, 1973, - 848 c.
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INOTYUEHHE HAHOOKCHIOB MEJIH H HHKE.TA

B. I Aypaenes, KB Hedegopa, O.I. Peznmmrarx

CoBpeneHHO? NPOHIBOACTED TEXHHYUSCKHY COPTOE OECHIA MEIH Kak MPABHIO
OAIHpVeTcd Ha TepuMuYeckoM paztosenun  Menu () vraexsctofl ocHOBHOM
CuCOs*Cu(OH),. 100 OKHCISHHH 3ISKTPOAHTHYSCKOrD MEIHOTO OOPOLIKA B
CTAHMOHAPHEIX HIH JIHHAMHYECKHX VCIOBHAX. B HOepBoM cIviae MOTVHaOT
AKTHEHEIC MOPOIIKH, 984 IHCIEPCHOCTE He NpPeBRIMAsT J uen. Bo BTopon mMeToze
pasiep HacTHII OKCHIA 3ABHCHT OT COPTA HCXOIHOTO MeIHOTO MOPOMIKA, A NPOIVET
YACTO COOSPEHT IPHMeCHBIS (assl MeIH MeTalTHIeckol H okcHIa Mexn (1) Owcug
HHKEIA B MPHHIHIE MOAET OBITH MOTVIEH TEPMOIH30M €ro COTel, HO Halle BCETO
eT0 MOMVHAKT PazIoACHHEM OCHOBHOTO THIPOKAPOOHATA HIH A30THOKHCIOIO
HHEeTd ¢ VIABTHERHHSM IEVOKHCH azoTa. (OIHako, MpOM3EOICTEO 3THX OKCHIOE
CYOMHEPOHHOTO pazMepa BOMOKHO Hepe? NHPOIH3I HX A30THOKHCIBIX COIeH
OPragi<ecKHMHE I00ABKAMH-BOCCTAHOBHTETAMH (TTIHIIHE, TTOTHEHHHTOBEIH CIHPT H
ap).

[pHETexATSTEHOCTE DPOHIBOICTEA TAKHM CHOOCODOM  IPOMEINITSHHBIX
NapTHI 3aKIK0MAsTCA B TOM, MTO
1) eTo MOAHO BeISHHA 3KOTOTHYECKH THCTHIM COOCO0OM OIarofapd OCOOSHHOCTAM
OKHCIHTENEHO-BOCCTAHOBHTEIBHEIX [IPOLIECCOE,
Cu(NO;),+ H;N(CH,)COOH — CuD+ H,0+ N, +C0, . (1)

KOTOPEIE B  IPHCVICTEHH Opragudeckoll  KOMIIOHEHTEl [POTEKaKT ¢
BOCCTAHOBISHHEM THOKCHIA A20Ta 10 3IeMEHTAPHOTO A30Ta;
2) peakuHs HaUHHASTCH NPH VMEPSeHHOM HATPeEe H HOCHT 3K0TepMHYeCHH
XapakTep, UTo P30 CHIDEAST 3HeproeMEOCTE IPOH3B0ICTEA;
3) BAAHVI0 POTE HIPAKT KATATHTHYEECKHE CBOHCTEA OKCHIOR HHKEIE H MeIH:
4) hopuHpOBaHHE CVOMHKPOHHOTO MATEPHAIA HIST ¢ BRICOKOH CKOPOCTBED;
3) BO3MOAKHO PEryIHPOBAHHE €ro MOPQOIOrHH, VIeIbHOH M0BePXHOCTH, HACBITHOM
MACCHI B PaMEAX OJHOIO TEXHOIOTHISCKOr0 MPOLecca.

B macTosmef padore MeToZaMH pacTpoBOH 3IeKTpoHHOH MmHKpockomm# ( Jeol
JSM-39007),
Pentrepoeckofi audpaxunn (JPOH-3) u B3T mccaezopamo BIHAHHE coocooa
MHPOTH3A A30THOKHCIEIX COTeH MeOH H HHKEId Ha HX MOop(OI0THIO, IHCIEPCHOCTE,
VISIBHVIO HMOBEPXHOCTE H (pazoBeli cocTaR. CVOMHEPOHHEIS MOPOMIKH OOIATAROT
VMEPSHHO BEICOKOH VISTEHOH MOBSPXHOCTBED, PAIHOH CTSMSHBH) ATTIOMEPALHH H
aMopdIalHg B 3ABHCHMOCTH OT VOIOBHH 3wchepinieHTa. ecmenopamo =imaHmes
KPATKOBPEMEHHOID OT/AHIA NPOIVETOE Ha H3MEHESHH: PaiMepa JacTHU H VIeIBHOMH
MOBEPXHOCTH.
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PEHTTEHOS/IEKTPOHHBIE HCCJIETOBAHIA
YIITEPOIMETANICOIEPKAINNX HAHOCTPYRTVYP, IIOIVUEHHBIX
B HAHOPEAKTOPAX ITIO.THMEPHBIX MATPHIT

'I1.H Iladasosa, ~. I Marapoea, 'H.C. TepetoEa

Y Duzuro-mexniecxui uncmunnm YpO PAH, o Hxceack

“ IOV BIIO “Vonnpmeruii cocvdapemeennulll viusepcumem ", 2. Hxcescx

B macTosmes Bpema oIHOH M3 OCHOBHBIX 3aJa¥ SBI4STCH PaiBHTHE METOIOE™
OHATHOCTHKH, KOTOPBIE MO3BOIAT KOHTPOIHPOBATE [POMEAVTOYHEIE H KOHEUHBIS
Pe3VIBTATEl CO3JaHHS HOBBRIX MaTepHanoB. (JCHOBHAA pPOTB B JIHATHOCTHEE
MATEPHAIOE MNPHHALISAHT PEHITEHOBCKHM MeToZaMm. B CBAH © 3THM 0COOVED
AKTVATBHOCTE IpHOOpeTaeT PA3IBHTHE MeToZa PEHITEHO3IeKTPOHHOIM
cnexTpockonue  (P3C).  Baxmoll  oco0eHHOCTEIY MeToZa HBIIETCS eTo
HepaspVINAKONIHA XapakTep BO3IeficTBHMA, TAK KAK PEHITEHOBCKOE H3ITVISHHE,
KOTOPOe CIVAHT 114 BO30VAICHHA (POTONISKTPOHOE, HE CO3IasT NOBPEAICHHA B
OONBIIHHCTES MATEPHATOE. JTOTO Helb3A CKAIATE O MeTOOAX aHATH2A MOBSPXHOCTH,
KOTOPBIE CBA3AHEI C &¢ HOHHOI HIH 3IeKTPOHHOH 00MOap IHPOBKOH.

MeTog peHITEHOIEKTPOHHOH CHEKTPOCKONHH pa3padoTad IMd KOHTPOIA
MOTVUeHHd HAHOKTACTEPOE 10 OTHOCHTeMsHOMY comepaammie C-C, C-H, C-Me
CEAZSH, THOV THOPHIH3ALMH BATSHTHBIX S 3ISKTPOHOE aTOMOB VIJIepoda H
carentuTHON cTpvkType Cls cnerTpa, XHMHMeCKOil CBA3H aTOMOB METAILIOE.

[IpoBegero HcCIeIOBaHHE METOIOM PEHTTEHOIIEKTPOHHOH CHOSKTPOCKONHH
HAHOMATEPHATIOB, TMOIVIeHHBEIX B  HAHOPEAKTIOPe  MNOMHMEPHOH  MaTpPHIED
(momuerErI0EEl] crupt-IIBC, nonmstuneunoananun -II311A, anetananeTon- AA)
¢ kaTamazaTopos MNiCl;

Mavaeno  BaMgHHE — OKHCIHTEIBHO-BOCCTAHOBHIENRHOTO — IpoIecca  Ha
00pazOBaHHe MeTALI-VIIEPOIHEIX HAHOTPVOOK, MPOBEISHBl HCCASJOBAHHA CHCTEM

N1 B 3aBHCHMOCTH OT COOCPEAaHHA IIOMHMCPOR, HX EHIIA, xEMHIeckol ceazn Me-C.



O6paszen

COCTAB, CTPOEHHE H CBOHCTBA 30/Ib-TE.ITb CHIHKATHBIX
ILTEHOK, IETHPOBAHHBIX ITALTATHEM

OM. Kagvanarkosa, A E Mypageee, A A laxoe, JI.B. Cypaas
Duzuno-mexnuvecxkul uncmunnm VpO PAH

HE‘TIEI’HPOBE&HHLIE CHIHEATHEIE IUIEHEH IIHPOKD HCOMIBIVHOTCH B EatECTES
JAMHTHEIX H OTPARAROIITHX HOI-\'IJI:III»II:I. CHIMKATHEI® [UISHKH, ACTHPOBAHHEIE
Malnragied, ABIICRTCA OCHOBHEIM IIEMEHTOM TOHRKOIUICHOWHEIN IA30ERIX CCHCOPOE.

Henero gampof paloTEl SBHIOCE HCCTISIOBAHHS H3MeHEHHH MopdoTorHm
(IIepoXOBAaTOCTE NOBSPXHOCTH, [OOPHCTOCTE), TOHKOH CIPVEIVPEL (CTATHCTHEA
CTPYETVPHBIX KPeMHHAKHCIOPDOIHEIX H EPSMHHAOPIAHNTECKHY SIHHHI) H CBOHCTE
(moBepXHOCTHOS HATAMCHHE, T[HIPODHIBHOCTE, KOQQHIHEHT OPeIo)MIcHHA)
CHIHKATHON [UTeHKH B Pe3viIbTaTe IeTHPOBAHNA IALTATHEN.

Mopdomorua moBepXHOCTH — HCCUIEIOBAHA MeTOJAM ATOMHOH CHIOBOM
MHEPOCKOIIHH Ha CKaHHPVIOmMeM 2o0HI10E0M MuEpockons P-47 HT MIT u pactpopof
AeKTPOHHOE MHEpOCKONHH Ha coexTpouerpe JAMP-10S5. Coctar nmsHok
MPOAHATHZHPOBAH MEeTOIAMH Ode-cIeKTpockondl (Ha cunexrtponerpe JAMP-10S) u
PEHITEHOXIEKTPOHHOH cnekTpockonHH (Ha choerrponmerpe 2C-2401). Anams
TOHKOH CTPVEIVPEI IVICHOK IPOBEICH [0 METOIHES, TpegTosenHoi B [1]. Beamnaa
MNOBEPXHOCTHOIO HATAASHHA H IHIPOQHIBHEIS CEOHCTEA HMOBEPXHOCTH B CVXOH H
BIAKHOH artMocepax ompedensHBl Ha OCHOBAHHH H3IMEPEeHHA KPASBRIX VITIOB
CMaYHBAHHA BOOEI, [IHLEPHHEA H JHMETHICYILDOKCHIA.

OopexTaMH HCCISIOBAHHA ABTAINCE CHIHKATHEIE [UIEHEH, NOMVISHHEBIE M3
TeTPAsTORCHCHIAHA. Henerupoeannsle INISHEH  TepMO0DpadoTaAHBL I
temmeparvpax 250°C 1 450°C. IneHka. nerupoBanHas mamtagaeM (3 mo1.% PdO,).
TepuooGpaboTaa & azore npH Tenmeparype 450°C.

[Toxazaro, 9T0 COOTHOIISHHS MATOTISHHER (3.4-9NeHHBIX) H MHOTOUISHHEEBIX
(5,6-wIeHHEIX) KpeMHHAKHCIOPOIHEIX KOISL B CIPVETYPE I[NIEHOHK OTIHYASICH OT
MACCHBHOTO CTeiIoo0pazHoro xeapie. [loHmsenHoe comepiaHis MHOTOWISHHEIX
KOTS NPHEOIHT K VMEHBNIEHHKY KO3DOHIHEHTAa NPeToMISHHA H TOBBIMIEHHE
ruapodHIEHOCTH MoBepXHOCTH. [lanmannii DpHCYVICTEVET B COCTABE IUISHOK,
NPEHMYINSCTESHHO B BHIS OKCHIA

ObcyvigasTcd B3aMMOCEA3E CBOHCTE [IISHOK OT HX CIPYVETVEL

1. Kanyvaeuropa OM. IHecnegopanme cTpoeHHE TOHKHX CHIHEATHEIX ITSHOK
MeTOIAMH PeHITeHOECKOH (QOTO3IeKTPOHHOH CHSKTPOCKOIHH H aTOMHOH CHIOBOH
vukpockonsd ' [lepenertaenaere vateprane:, 2006, Ne6, ¢ 88-92
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IIOIYYEHHE YT JIEPOIMETATICOIEPRANNHX HAHOCTPYKTYFP B
T'EJIAX IIBC C HCTIOIB30BAHHEM METALTYPTHUYECKOM ITBLTH

B.B. Kogonoea, B.A Jemmcor, BI1 Kogomos, EI. Boakora
Hremumyvm npuxnadwoil vexanuxs YpO PAH, o Hxceack

Ha nampent MoMeHT OpH DOTVESHHH HAHOCTPYRIVP T4 MHOTHX METOIOE B
KadecTEe KATATH3ATOPa, NOIIOAKH, VHIACTHHEA CHHTSIa HCMOOTBIVEOT pPawTMHEIS
METATIEl H HX COSIHHeHHA. 714 CHIRSHHA Ce0SCTOHMOCTH HAHOMPOIVETOE, HAPHMED,
I8 MOOHOHKAIINH KPVIIHOTOHHAAHEX MATEPHATOE, MOXKHO HCIOTBIOBATE B KadecTBE
HEOPTaHHIeCKod (asel OTXOIR! MeTATTYVPIHYSCEIX IPOHIECICTE. KomMIecTESHHEH H
KAUeCTBCHHEIH COCTAE HCNONBIVEMEBIX OTXOIOE 33aBHCHT OT EBEIOPAHHOTO METOIA
MOTVHEeHHE HAHOCTPYVETVD.

Jdmf cHHTS3a VIISPOIHEIX METATICOISPAAIINK HAHOCIPVETYD E EKadecTBe
VITIEPOINOCTAETAIOIIETO EBEIIeCTBA HCMONTBI0BATH IOMHEHHHTIOBEI cmapT. Meton
CHHT®3d HAHOCIPVEIVD OCHOBAH HA OKHCIHTSIBHO-BOCCTAHOBHTEIBHEIN DPEAKITHAX B
HaHopeakTopax. B JaHHOM cTydas HAHOPEAKTOPE! — NPOTAAEHHEIE TIOTOCTH, B TOM HMHCIS
HAHOMOPEL 0OPA30BAHHEIE B MefIAX [IOMHMEPHEIX BeIecTE. B pesviasTaTe OKHC/IITEIEHO-
BOCCTAHOBHTEIEHBEIX PEAKIHI MNPOHCXOIHT BOCCTAHOBISHHE MeTalla, a Takue
bopMHEpPOEAHHE VTISepoIHOH O00OMOMEH M3 CTEHOK HaHOpeakTopa. B KadecTee
HEOPraHHYeckoil (ha2el HCMOMB30BATH [EIIH, NOTVISHHEIE HA CTATHH ORHCIHTEIBEHOTO
OOFHIa MATHHTHOH (pPakIlHe H HHKETSEOTO KOHLIEHTPATA NPH IOTVISHHH HHEeTIA: NIS
8.1%. CuO 6%, CusS 2.3%, N10 81,2%, CoO 2%.

B 3aEHCHMOCTH OT Ka9eCTESHHOTO H KO/IYeCTBEHHOIO COCTAaBa IIBIIeH
H3MEHASTCH COOTHOIIEHHE KOMIIOHEHTOR, TEMISPATYPHEIE PeEIIMEL IOTVISHHA.

Pac. 1. [Tnesomseie BEapocTpyETYREL 3AITONEEHEER Puc. ). Yroepogsele HSapoCTPYETYDEL MOTYIeREER
METATIHISCKOE B MeTATTORCHIROH dai0f, momyTess [OCTE CTYTIRHTATON TeMIRPaTy PEOE o0padoTsn
TIoCTe CTYTEEATOR TepMERacEol oopatorsa zo 230°C. oopamos zo 400°C.

Cormacio nmomyvieHsEend  QoTorpadman [I9M # smmpomadpasmmm (31 =
OONBIMHCTEE COVEASE  [OMVISHBl  HAHOCTPVETYPBL — [PeICTABTAIONHE  COOOH
METAIMUSCEKIE H MeTATICOISNEAITHE HAHOUACTHIER! B VIISPOOHELX OOOTOUEAX.
Pazveprr nomvuaeMen HAHOIPOIVETOR IHIHHAPIEeCKOH hopuer manetp — 13-30 m,
omama 100 -1000 mv, Tommwema obodowsn 2-7 v [Ipe TenmepaTypHOE 00padoTES
200°C momveeHsl VTISPOOHElS HAHOIIIEHKH TonmEHoR 1o 10 e noomaneso = 500w x
1000mma ¢ seTammoM B METATICOODADAAINHMHE —KOMIOOHEHTAMH MEAIY  CIIOAME
Heoprammeckas daza maeet caemyionni coctas: Ni, W10, Cu, Cu0, CoO.
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MOJETHPOBAHHE ITAPAMETPOE TYHHE/TBHBIX CEHCOPHBIX
HAHOCTPYRTYP METALT-TH3TEKTPHRE-METALT

B M Komemmo, A B Tvnai, B A Tyaai

5@.?0‘.‘.{‘.'?{".‘{4’.".‘? Hﬂi‘»_i'.'n'G.’:"fI'.‘bHE:l."i"i' FHEXH UM eCKIT YHUgEDCUMEm

Ilepcnextueer  cozmamms  TyHEeIsHEX  NWIM-mHamocemcopor  (MeTamn-
OHATEKIPHE-METATI) HAa OCHOBS CBEPXTOHEHX JHWISKTPHUSCKHY IUISHOK, B
YACTHOCTH, OKCHIOE PeIKO3ZSMETBHEX 3TeMeHTOE (P33) TpedyioT BCeCTOpPOHHETD
HIVIeHHA CBOHCTE MHOTOCIOHHEIX HAHOCIPVETYD. JQOeKTHEHEIM MeTOZOM
Heonegopanua  TvHEHeTEHBN  MIM-HaHOCTPYETVP  #BISeTCH  KOMIOBRETEPHOES
MOZEIHPOBAHHE HX 3IKTPOQHINUSCKHX CBOHCTE H 3aBHCHMOCTH 3THX CBOMCTE OT
BHemHNY Bo:deficTEHi. KEanToBRIH vpoBRSHE MOJSIEPOBAHHA NOPSINOIATAST
Hayaenne TyHHEeTsHoH MIM-naHocTpVETYPE! KAk NOTEHIHATEHOTO Dapbepa a4
HocHTeIefl 3apAda, obpazvenMore JUaTekTpHU=ckoff mneExoil. Ha wmmeTHueckoM
VPOBHE MOASTHPYEOTCA MPOMECCH TEPEH0ca 3apaIa Hepes THATeKTPHYECKHHE ClI0H H
MPOXOAIEHHA aeKTpHueckore Toka gepes MIM-magocrpyvrrypy. Mogemipopanne
Opouecca TOKONEPSHOCA OPOHIEOIHTCE B IPSONOIOACHHE, HT0 OPOBOIHMOCTE
MOIM-gaHOCTPVEIVP IPH KOMHATHOH TeMIEpaType H HOPMAIBHOM JABISHHH
OOpefendeIcd OOMSTHeHHOH 3ISKIPHUSCKHM [MOAeM 3MHCCHeH IeKIPOHOE Had
DAPBEPOM HA TPAHHIE pazlena MeTaUI—THAIEKTPHE.

[Ips maveeHHH TOKONSPeHOCA HA BONBT-AaMNSPHEIX XapaxTepHcTHRAax (BAX)
MIM-magocTpvETVP Ha OCHOBe okcHIoE P35 (mampmmep, oOKCHIA HTTPHA)
HAQMIOZASTCA IeperHOC B IHamazome HanpawseHmd 0.8-12B. B ceazm ¢ stHM
MPOBOINIH THHSHHVID AMMPOKCHMALND 3KCISPHMEHTANBHEIK 3ABHCHMOCTEH MeF Iy
i) u U'* o Toukm neperuoa (I B U— 1ok ¥ manpmsenne). Brime vkazamHBIX
IHAYSHHA HANpOEeHnd HaOmoIaeTed THESHHAT 2aeucHyocTs [ ~ U Mz nepeceuenna
ATIMPOKCHMHPVIOITHY VIaCcTEOB 114 Ka#1oil BAX momviaens! KpHTHYSCKHE 3HATEHHA
Hanpa#cHHA LUf. OPH KOTOPBIX NOPOHCXOOHT NePeKIOUeHHEe NPe00IaJaioimero
MEXAHHIMA TPOBOIHMOCTH. [lo BenmumHHe KPHTHYSCKOIO HANPAHESHHT HafIeHE
KOHLIEHTPAUHE HOCHTEISH 2apAda Ha IPaHHUS Pasisls MeTalI—IHITeRIpHE N
(Ny=Ud(d3.510");  d— rtommmma gmsnektpmueckod  [UIeHKH),  BEICOTA
MOTEHITHATRHOTO Dapbepa H Ko3QOHIHERTE 118 VpapHeHHs TeprosmuccHl [loTTrn

I=AT *exp{-[(Z/kT)— Z(E"*kD]}. 3mece A— sbdexrusHas mocTosHHas
Pumapacona; — — BricoTa dapsepa; E — HaOpAHEHHOCTD 3MEKTPHYSCKOTO Tond; [ —
ADCOMIOTHAS TeMIEparvpa; k— [NOCToAHHAA boapunada; _ — koapdHuEeHT (CML
TADTHIY).
Tomwuna Ilnomane Kpumirrecko Kouuentpauns | Beicotra | Koaddumuen
IH3TSKTPHEA | KOHTAKTa i HOCHTenek dapnepa T
d, HM S e | FATPASCEHS Ny, ear® _.2B N
] L:I'}, B U ]
5 10~ 1,224 6,995-10" 1332 [ 09753107
16 10~ 1.108 1,978-10" 1324 [ 1.6435:107
16 2-107 0,873 1,559-10" 1.304 [ 1.6151-1077
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MOTHOHITHPOBAHHE UYI VHA ITPH SILTETPAITHH 'IEPE3
INTEHORKEPAMHUYECKHE @I TBTPEI C HAHOCTPYRTYPHPOBAHHBINMH
ITOKPBITHAMHA

EB Maremryamma, CE. ITopozosa, 11 Cuporerso
wHenumell yernp nopowrosoce Mamepianosedeniar 1 OV BIIO «llepnieriii
coVOapemeerKLIll IMaxHiteckull Veusapeianeny, 2. Iepys

B macToswes EpenA HAKONISH 3HATHTSIBHBOI OOBEM SMITHPHISCHIX JAHHEDL 110
MPEMEHSHHIC MeHORepanmdeckrx ¢umIpos (IIKD) B mmrefimon OpoH3BOICIES, B
YACTHOCTH, OpPH (IIBTPAIMH PAcIIsECE VIVHA. DBuecTe © TeM, MOJeTHpOBAHHE
(bizImecanT ABTSHHE, IPOHCHONAINEY MOPH NPOXOEISHHH TVIVHA Hepe: MOPHCTVIO
CIPVETYPY QHIBTPA, OCTASTCA AKTVAIBHEDM, HECMOTPA Ha DA IIVOVIHEAIHE, MOCEANSHEEIX
stoMy Bompocy [1].  Hoeboa HanpaeasHHenM ABMAeTcH H HonombsoBamme [IKD mpm
HAaHOMOTHGHITHPOBAMIH MVTVHA [2], Korda HAHeceHHEBI! HA NOBSPXHOCTE (DHIBTPA
MOIHPHEATOP B BHIS HAHOYACTHII BO3IRICIBVET HA PACINIABIEHHEIN METALT B IPOLIECCe
(heTpalHE, BEIZREAZ NepepachpeleleHHe KOMIIOHEHTOE CIUIABA, HIMETBUEHHE €r0
CIPVETYPHEIX IEMEHTOB, OIHOBPEMSHHOS BOIDACTAHHE [IPOTHOCTH, IBEPIOCTH H
TUIACTHEIHOCTH CILTAEA.

Ima omacanss npolecea (QHIBTPALTHE FHIKOTo MeTatia gepes [IKE mpmennmz
PACUETHVED CXeMy, HCIOOIEIVEMVED B KaruiEpHoi emcwozmyerpun [3] IIpm atom
MOPHCTEIA MATePHAT IPeICTABIIETCA B BIIS CEASKH KAlUTIIPHEDS TV O0K.

VpaEHeEHe TeUeHHA BAKOH AMIKOCTH B INTIHHIPIMECKOM KAHATE YCTAHABTHEAST
CEA3L [PATHEHTA JABICHHA C HI3MEHEeHHeM CHOPOCTH TeUeHHA PACIUIABA B IIPOLIECCE

(ITTETpALHH:

. ¥
LB

Pg 2g rwg wg © T pg 2
Ioe T= _ME - CIBHTOBOS HAIPAACHEE Ha CTeHkax xamwumpa, [la; o = 4—{’: 4
dr ar a2
BA2KOCTE, [Ta-c; Q — 0OBEMHAT CKOPOCTE TeUeHHE, M /c; V — CpeIHa cKOpOCTE TeqeHHE,
M/C; T — paIHVC KAMILTEPA, M, Z — Te0METPHMeCcKas KOOpPIHHATA (AT, M.
[Ipeano#eHHBll [OMMOD [MO3BOMAST ONPEIETHTE JHAMETP AUeHEE  (QHIBTpa,
e00NOMMEDT 1719 3bheRTHEHOTO OCVINECTEISHHA NPOLScca HAHOMOIH(GHITHPOBAHNA, H
OITHMATEHVIO CHOPOCTE (MHIBTPALIEE. 3HAHNHE 3THX BETHNHH [03BOMIeT DACCIHIATE
MapaMeTpsl (HHIBTpa H THTHHEOBOH CHCTEMBI B IEI0M. [10KA3AHO, STO MOTVT OBITB
MOIOOPAHEl VCIOBHA T8 NPOXNOAICHHA HAHOMOIHDHIHPOBAHHA TVTVHA B IIPOLECCE
(GHIBTPALTHH.
1. Cyeopor C.A. Tebyer HE. THopommanmmeckos MOISIHPOBAHHE MPOLECcCA
QICIETpAINGE  PACIUIABOE  METAUIOE  UePe3  BEICONOOTHEVIIOPHEIE  SUSHCTBIE
eHoRepannreckis dimeTpe / Oraevmoper. 1992 Ne 6. C. 11-15.
2. Haeprwmoe CB. Texmonorns HAHOMOIHOHIHPOBAHIA JOMEHHED. H BATPAHOMHEDL
UYTVHOE // 3aT0TOEHTEIEHEIE POHEECICTEA B ManmHocTpoeHmm. 2005, Ne 2. C 3-9.
3. Xamg U0 Peonorms B nponsccax mepepadoTs nommepoe. Mo Xammmm, 1979

El

e

368 c.
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MECCBAY3POBCKHE HCCJIIETJOBAHHA
HAHOKPHCTA/LTHYECKOI'O CILTABA FINEMET THIIA, ITOC/IE
OBJIYUEHHA HMITY./IBCHBIM HOHHBIM ITYUYROM

” L -
P A Hazmnos, A B. Ilatase, HA. 3ro0zma. P11 Batamce , P.M. Bazzutor
Kasaueruil cocydapomsennsill VHugepcumen
Kazancxuii guzuxo-mexnwvecxuit uxcmunnvm KHI] PAH

Metozom Meccbavaporckoi CHOSKTPOCKOITHE ORI HCCIeZOBAH™
HAHOKPHCTATIHYUSCEHE CITAE HA OCHOBE &elgeza cocTaBa Fep;S1;;CuNb;B;
(FINEMET tHma) moxs odavieHHS B HMIVIBCHOM VCEOpHTeTe HoHOB «[ENMID:.
Oopazuel cmmaBa B HCXOZHOM aMOPQHOM COCTOAHHH, MNONVESHHBIE OVIEM
CIIHHHHHTOBAHEA DPACIITABA Ha OPOH30BBIA BAd, B BHIS TOHKHX (DOIEL, TOIITHHOH
20 »rM, TOMEITATHCE B BAKVVMHVED KaMepPV VCEOPHTEIA H OOIVIATHCE HOHAMH ©

. =
IIIOTHOCTBHRY IIOTORKA IHEDIHH 2 ,:[_'.»I{..-'C?.I—. IPH Pa3sHBIX KOTHHUSCTEAX HMIOVIBCOE — 2, 2

[

u 10. Coctae myura HOHOE OBLT caemyrommey: vraepog O (80%) v cuece sogopoda
xncaopedom H . O (20%), smepruz monos — 300 x3B. Joza myuka 10" mom/end’.
IIHTEIBHOCTE HMOVIBECA HoHHOro myira J0 He

BEuIH mpoBeneHsl PeHITEHOCTPVETVPHEIE HCCASOOBAHHA Ha IH(PaETOMETpPE
OPOH 20 = reomerpun bperra-bpentano, ma wamvaennn Co-K,. i1z Beex
DOPA3LOE, 0 JAHHBIM PEHTTEHOCTPYETVPHOTO AHATHIA, He BEIEBISHO CTPVETVPHBIX
HIMEHeHHH CITABA NPHEODAIINY K EPHCTATINIANHH o0beMa. Meccoavaposcrus
HCCIeI0BAHHA IPOBOIIIHCE B TeoneTPHHE NoMomeHnd Ha cruekrpomerpe T 1101,
HCTOMHHKOM T[aMMA-KBAHTOB CHOVEHT H30Tom (o B XpOMOBOH MaTpHIE.
MeccOavapoBCEIe CHEKTPEl MOKA3ATH CHIBHEIE H3MEHSHHA MarHHTHOH TeKCTVDE
DOMVHMEHHOTO CIIIABA M0 CPABHEHHIO © He OOMVISHHBIM oOpasion. Ha ocHoBaHHH
AHANHA MeCCOAVIPOBCKHX CHEKIPOE OBLT COSNaH BEIBOI O HeoOpaTHMofd
MepeopHeHTAIHHE HAMATHHYSHHOCTH B OOpA3lax HOcIe OOIVISHHA, B Pe3VIBTaTs
KOTOPOH HAMATHHYMCHHOCTE CTAHOBHNACE IONMTH NepHeHIHEVIAPHOH [IOCKOCTH
00pa3la, TOTOA KAK B HCXOIHOM CIUIABE BEKTOP HAMATHHUCHHOCTH JISEHT EIONEB
IUIOCKOCTH  JIEHTEL.  [AHHEBIE BEIBOZ OBLT [IOZEPEINIEH  IOMOIHHTEIBHEIMH
MeCCOAVIDOBCEHMMHE HCCISI0BAHMAMH OOMVHEHHBIX CIJIABOE B [PHIOHKEHHOM

MATHHTHOM ITOTE.
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©A3OBLIE IIPEEFAINIEHHA B CILTABAX ITPH MEXAHOAKTHBATIHH

BJL Opnoe. AB. Opnoe, A A T pedeHBKOB
Armaticruil cocvoapemeennuill mexHuNeckuil Veusepcumen (2. bapravn)
cOpCRU SOCVIaREMEEHHEBIIT VHISEDCHINEM (2, wl-Marcuiick)
FOcopcruti cocvoapemsenyslll vrugapcumem (o Xanme-Marculicx

HurtencHenag miacTHdeckad IJedopMalHd MeTATIOE BEIZHIBAST MPEBPAITSHHI
METANTIOE M CIUIaBOB. Hawdomee w=acTo HadmioZacMele 3bewTel mpH 3ToM —
DOpa3I0BaHIe MepecEITeHHER TESPIEIX PACTEOPOE H anMophHEX (az.

Ilpegmosena eHOMEHOMOTHYIECKAS TEOPHA CTPVETYVPHO-DA0BEXN OPEEpALTSHHE B
MeTaTIaX H CIUTABAX MPH HHTSHCHEHOH NDIacTHYeckoll medopaauun. Teopus
DAIEPVETCA HA MPeINoiIoeHHH, UTO NPH MeXaHOAKTHEAINH 3epHO VMEHbIIASTCA I0
HEeKOTOPOH  BeMHWHHElI H  Jalee  OCTAeTcA  CcTAOHIRHEIM. (' TadHIEHOCTE
DOECTIEYHEASTCA VIPVIHMHE HANPDKSHHAME BCECTOPOHHETO CHATHA, IPHIOKEHHEIME
K 2epHY H BRI3BAHHEIMH [OBEPXHOCTHEIM HATZHeHHeM. 3a rpauunef epua
IeHCTBVIOT VIPVIHE PACTATHBAKINEE HANPDECHHA. B mamnoH padoTe 2amHCAHEL
BEIpAACHHA O1d  ISHQQVIHOHHEIX HDOTOKOE  ATOMOB  PAIHYHOIO — COQPTA.
HuddyamoHHee TOTOKH BBIIBAHBl [PATHEHTAMH XHMHISCKHX DoTeHUHAToB. lpm
BEIBOJE COOTHOINEHHH IT18 XHMHYSCKHYX MNOTEHIHATOE VIHIBIBATHCE IIOTHOCTH
SHTPONHE, 3HEpPrHH MeKATOMHEEIX CBE3eH, 3HePIHH VIIPVIHX HAPLASHAL.

BprﬂH(EHHf.‘ OTA IIOTORA aTOMOE OOHODD COPTa IIOVIVEIICHO B BHIS!

n,n.n,. ZAe _ Q,
J.; =- ng [Da+Dt}ﬁTua+{D:ﬂl]ETG!

3zece: n,.n,.n,.n -KOHUEHIPAHH VITOB EKPHCTATIHYECKON PEIISTKH, ATOMOE
pasnHEHOro copTa, BakadcHi; D, D, -koaddHrEeHTE g EVIHE ATOMOR PasIHIHOTO
copTa; O-VIPYVTHE HANpLAcHHA, (1-aTOMHBIH 00BeM: AE-3HEpPIHA CMEIICHHA, z-
KOO IHHALMOHHOS THCIO.

AmWaTH: BEIpAXEHHI T4 IOTOKOE aTOMOB 3AKTHIAICE B PeNIeHHH BOMPOCA O TOM.
OvIoeT OubdVIHA aToMOB B ONpeIslcHHON 00JACTH MATEPHATA OOBIMHOH. IHOO
pocxogamefi? MexanoxmmmrieckHiA CHHTS: HIH 0O0pa30BAHHE MNEPecHIIEHHOTO
TEEPIOre PAcTEOPA BO3MOAHO TONBKO B CIVIAE ODBMHOH IHGGVIMH BO BCEX
0OMACTAX MaTepHala. Bocxoaamas auddvima OPHEOIHT K PacCIocHHED
HIHAYATEHO 0JHOPOTHOTO CTUIABA.

[Ipegmarasyei mogxon ONHCAHHA HA0BEIX NPSEPAINSHHE OpPH HHTEHCHEHOM
MIacTHIeckoH JedopMalliH E  ONpelelNeHHOH CTeNeHH NepeKIHKAasIcd ¢
TepMOoIHHAMEYECKHM MogemHposanieM Musgemer JoctonmcreoM mpenmarasMoro
Nogxoda HABIASTCA  BO3MOKHOCTE ONPEJeIHTE, [de HAXOIATCA ©ODIacTH ¢
HAHOOIBINHMH TePMOIHHEAMHYSCKHMHE JEILEYIOHMH CHIAMH [Iepe)elIHEAHHS.

[IpoEeseHEl ONEHOYHEIE PACHETEl IIA PAIIHYUHBIX METATTHIECKHX CHCTEM.
Iloxazamo, @To mpeanarasMad TeopHA COOCOOHA VIOBISTEOPHTEIBHO OMHCEIBATEH
IECTIEPHMEHTATEHEIE PAKTEL
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IIOIVUEHHE YT IEPOIMETATICOIEPKAIIHNYX HAHOCTPYKTYP B
TEJIAX ITBC C HCTIOJIB30BAHHEM METALTYPTHYECKOH IIBLTH

B.B. Kogoaora, B.A. Hemncor, BI1 Kogonos, EI. Bonkora
Frcmummvm npurciaduoil mexanuxy ¥pO PAH, o Hxceack:

Ha naHHEN MOMEHT IpH MOTVISHHH HAHOCTPYETVP T8 MHOTHX METOIOE B
KauecTBe HKaTAMH3aTOopa, NOLTOAEH, VIACTHHEA CHHTE3a HCIONB3VIOT pasIMHBIE
METAUIE H HX COeMMHeHHA. |14 CHIDHeHHA ce0eCTONMOCTH HAHOMPOIVETOB, HANPHMED,
18 MOZHOHEALHE EPVIHOTOHHAAHBX MATEPHATOE, MOMAHO HCIIONB30BATE B KAUSCTBE
HEOPTaHMYeckoil (a3sel OTXOOE! MeTALTYPIHIECKHK IPOHIBOICTE. KOMHUIeCTESHHBI H
KAYSCTESHHEIT COCTAE MCOOABIVEMEBIN OTXOIOE 34BHCHT OT BEIOPAHHOTO MeTOIA
MOTVIeHHA HaHOCTPYETVD.

Hma cHareza VINSpPODHBIX METATICONSPEALNNK HAHOCTPVETYP B EKatdecTBe
VIASPOINOCTABTAOMISTO BEINECTEA HCTONBI0OBATH NOMHEHHHIOBRIE cmapT. Metox
CHHT®3a HAHOCTPVKTVP OCHOBAH HA OKHCIHTENBHO-BOCCTAHOBHTEIBHBIX PEeaklHAX B
HasopearTopax. B JaHHOM cTyHas HAHOPEAKTOPE] — IPOTAASHEEIS IOOCTH, B TOM IHCIS
HAHOTIOPEL 00PA30BAHHEIE B IeflAX [IOTHMEPHEIX BellecTB. B pesyiabTaTe OKHCIHTEIBHO-
BOCCTAHOEHTEIBHEIX DSAKIHA NPOHCXOIHT BOCCTAHORISHHE MeTaTla, a  Takse
hopumpoBaHHe VIIEpODHOH OOOMOUEM M3 CTSHOK HaHOpPeakTopa. DB kadecTse
HEOPraHHYecKoH (passl HCIOMB30BATH IBUIH, [TOTVYEHHBIE HA CTATHH OKHCIHTEIBHOTD
OONTA MATHHTHOH (PPakiHH H HHESTSEOTO KOHLSHTPATa IPH DOTVISHHH HHESTT: NiS
8.1%, Cu0 6%, CusS 2.3%, N10 81.2%. Co 2%.

B 3aBHCHMOCTH OT XadecTBEHHOTO H KOIHYSCTBEHHOIO COCTABA IBUIeH
H3MEHASTCA COOTHOIIEHHE KOMIOHEHTOR, TeMIIEPATYPHBIE PEAHMEL TOTVIEHHA.

Prc. 1. [Tiezoussie HEHOCTRYETYDEL 3AM0THEEHER Prc. 2. Vroepodsse SEaHOCTRYETYDEL DTOTYISHHER
METATINTIRCEOH H MeTATTORCHIR0N $az0l, momy=essl DOCTE CTYTIRHTATOH TEMIRPaTYPHOE oopadoTss
TocTe CTYIERNATON TepMHTackol odpabotss zo 25070, oopaizos oo 400°C.

CormacHo momvasusemd  goTorpagmav [I9M u wmspomadpasmmm (310) B
OONBIIHMHCTES  CIVIASE  [ONVISHBl  HAHOCTPVETYPBL, — NPEACTABTHIONHE  COOOH
METAIHYSCEKHS H  MeTATICOISEAINHS HAHOYACTHUR! B VIISPOIHEIN OOOIOMEAX.
Pazveprr nomyvIaeMens HAHOIPOIYETOR IMTHHIpIEecKoH hopuer mianterp — 15-30 ma,
omma 100 -1000 my, Tommuma obomousm 2-7 mv. Ilpr TemmepatyvpuoH odpadoTie
200°C’ momyueHs! VTASpOIHEIS HAHOMISHEH ToammHod 1o 10 v mromanein = 3001 X
1000me ¢ MeTAaTIOM H  MeTATICODADAAINNDMH  KOMIIOHEHTAMH MERIY  CI0SMEH.
Heoprammecran daza meet cnemyviomsd coctas: N N0, Cu, Cu:0, CoO.
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MOJE/THPOBAHHE ITAPAMETPOE TYHHEJTBHBIX CEHCOPHBIX
HAHOCTPYETVYP METALT-TH3TERTPHE-META.LT

B. M. Konemmxo, A B. Tvaait, B. A Tvaai

EQ.EO‘Q‘.'FC“KI.".‘? H:‘Ifi'»_q'.'n'O.‘-."fI'.'th."i"-l' THEXHIHeckill YrRugepcumeam

Ilepconextueer  cozmammus  TyeEHensHerx  MWIIM-mamocemcopoe  (umeTamt-
THAMEKTPHE-METAT) HA OCHOBE CBEPXTOHKHMX —JHAIEKTPHUSCKHX IUISHOK, B
YACTHOCTH, OKCHIOE pPeIKO3eMeNBHEX 2IeMeHTOBE (P33) TpedyioT BCecTOpPOHHETO
H3VIeHHA CBOHCTE MHOTOCIOHHEIX HAHOCTPVETYD. JdderTHBHEDM MeTomzom
HecaegopaHud  TVHHeTIBHRIX  MM-HamocTpyeTVp  4BNSeTCA  KOMOBHTEPHOS
MOISIHPOBAHHE HX NISKTPO(HIHYSCKHX CBOHCTE H 3ABHCHMOCTH 3THX CBOHCTE OT
BHEIIHHX EBO3TeHcTBHA. KEBadTOBEIH VpOBSHE MOISIHPOBAHHA NOPeIlofarasT
mayaende TyHEensHOoHE MIM-madocTpyvETYVpEl Hak NMOTEHIHATBHOTO Dapbepa A1
HOCHTEEH 3apifda, o0pasyveMoro IH3ITEKTpHYeCcKoR MieEkod. Ha wumHeTH®eckom
VPOBHE MOISTHPVIOTCA NPOLISCcH MepeHOCa 3apata depes TUISKTPHIeCKHA clI0H H
MPOXOEISHNE 3IeKTpHYeckore Toka depes MIM-manoctpyverypy. Mogemupopamie
Opomecca TOKONEPSHOCRA NPOHIBOIHTCE B NPeINOICEEHHH, HUTO IPOBOIHMOCTE
MIM-gagocTpyRTVp OpH KOMEATHOH TeMISPaType H HOPMAIBHOM JABICHHH
ONpegeIdieTcad ODISTTIeHHOH ISKTPHUSCKHM [IOOeM 3MHCCHEH ISKTPOHOE Hag
DapbEPOM HA TPAHHIE Pa3IsTa MeTATT—THITEKTPHE.

[Tpu H2veeHHH TOKONEPeHOCA HA BONBT-AMISPHBEIX XapaxTepHcTHEAX (BAX)
MIM-magocIpyvREIVP Ha oCcHOBe owcHIoE P33 (manpmuep, oOKCHIA HITPHA)
HAbMogaeTcs meperH0 B guanazode Hanposexmid 0.8-12B. B ceam ¢ aTHM
MPOBOJHIH THHEAHYIO ANNPOKCHMALHIO JKCIEPHMEHTATEHEIX 3aBHCHMOCTeH MeKIy
() u U 10 tourm neperudoa [ 1 U— Tox ¥ manpaxenus). Brime vkazamHex
IHAUCHHI HANPLASHNA HabmogasTed MTHHeHHag 3apucHMocts [~ Ul 1z nepeceuenna
ATMPOKCHMHEPYVIONTHY VIACTKOB 1714 kasgol BAX momyiensl KpHTHYECKHE 3HAYMEHHA
HAOPA#SHEA L}, OpH KOTOPEIX MPOHCXOIHT MepeKTHTIeHHe MPeolIalairero
MEXAHH3MA OPOBOIHMOCTH. [lo BenmwnHe KpHIHYUSCKOTO HANPAECHNS HaHIeHEI
KOHIEHTIPAHH HOCHTeNSH 3apAda HA TPAHHIE pPasIens MeTATT-THIERIpHE [N
(N, =Uy(d3.5:10™); d— tTommmuma auamexTpHueckoff IUIeHKH), BEICOTA
MOTeHUHATEHOTO Oapsepa H KoadduupenTs! 1ia yvpapHeHus TepyoznmccH lottemn

I=AT *exp{~[(T/kT) - Z(E"*/kD)]}. 3mece A— >ddexTHEHAZ  mocTodHHaz
Puumapacona: © — BricoTa dapsepa; E — HampaO&eHHOCTE AMEKTPHESCKOTO oM 1 —
ADCOMEOTHAS TeMOepatypa; & — mocrosnHad bomsimana; — — kosdbsmment (o
TAOTHIIY).
Tonmuaa Tlnomane Kpurirecko Kounerrpauus | Bricota | Koaddunnen
OH3ISKTPHEA | KOHTAKTA F HOCHTEIeH Dapeepa T
¢, HA S cf | FATPAACHES Ny, enr” _.:B [
] L:I.'}, B U] ]
5 10~ 1,224 6.995-10" 1332 [ 0.9753-107%
16 10~ 1,108 1.978-10" 1324 [ 1.6435-107%
16 2:107 0.873 1.559-10" 1304 | 1.6151-107°
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MOJIH®HITHPOBAHHE YYTVHA ITPH ©@HIBTPAITHH TEPE3
INEHOKEPAMHYECKHE @ITBTPEI C HAHOCTPYETYPHPOBAHHBIMH
TTOKPBITHAMHA

EB. Maresoryumma, CE. Ilopozopa, LI Cuporenso
wHanwmuill yermp nopolirosoce Mameplianosederniay IOV BITO allepncwani
S0CVOapEINEEHRLIN INEXRIM skl VRusepcimeniy, 2. Iepnis

B macTogmes BpeMA HAKOIUISH 3HAYHTENEHBI 0OBEM SMITHPHYSCKHX TAHHBLX 10
PEMEHEHHIO MeHOKepaMirieckdx (HmIpos ([[KD) B mmefimonM NOpOM3IBOICTIEE, B
SMACTHOCTH, NpH (UIETPAIHH pAacliiABOB TyTVHA. BMeCTE © TeM, MOISTHPOBAHHE
hHIMHeCKHY ABTSHMI, NPOHCKOTAINHX OPH NPOXCEISHHH HYTVHA Hepe: MOPHCTVIO
CIPVETVPY (DHIBTPa, OCTASTCH AKTVAIBHED, HECMOTPA Ha PAD ITVOIHEALHH, M0CEAIISHHEIX
stony Bompocy [1].  Hoeera mampaezenmen sendercs H Hoemomeioeamme [IKD npu
HAaHOMOTHpHITHpoBameH vTyHa [2], x0rma HaHeceHHBN Ha NOBSPXHOCTE (PHIABTPA
MOTH(QHEATOP B BHIS HAHOYACTHI BO3OeHCTEVET HA PACIVIABISHHENT METATT B IPOLISCCe
(hITBTPALTHYE, BEIZBEAR [epepacnpelsTcHHe KOMIIOHSHTOE CIUIABA., H3METBRUCHHE €T0
CIPVETYVPHEDY ¥IEMEHTOB, OIHOBPEMSHHOS BO3PACTAHIE [POUHOCTH, TEEPIOCTH H
IUIACTHHHOCTH CITTAER.

s ormicasms npouscca (EIETpam #iimoro Metawia gepes [IKD npivennm
PACISTHVIO CXeMY, HCOOMBIVEMVE B KamuntapHofi emcrosmuerpus [3]. Ilpm atom
MOPHCTHIH MaTepHAT IPEICTABTASTCH B BHIE CEAZKH KAlUITIPHE TPVOOE.

VpABHEHHS TeUeHHA BAIKOH AHIKOCTH B MNTHEIPHHUECKOM KAHATE VCTAHABIHBAST
CEA3L TPAOHEHTA OABTEHHA ¢ H3MEHSHHEM CKOPOCTH TeUeHHA PAacllIaEa B IPOIECeS
QI TETPALRHE:

v 2r 2r , v
:._+ﬂ+q—-————_:-:—:._}=:_,_ +‘U—-+T- .
g 2g rpg 1pg pg 2
av ) _ Cdv 40 i
rae 7= - CIBHTOBOS HANDTKCHHE HA CTEHKAX KAIIILIAPA, Ia; —=—-= ol
r de =@

BzK0CTE, Iarc; Q — 06BeMHas cKOpoCTs TeueHm, M/c; V — CpemHas cKopocTs TeueH s,
M/C; T — PAZHVC KAIIEJUIAPA, M; Z — TE0MeTPHYeCcKaT KOOPIHEATA (DHIETPa, 1L

[MpeamomeHHsll NOTXON MOIBQIAST ONPEIeTHTE OHAMETP SHeHEH  HIBTPA,
HeODXOTMEDT 1719 3(pQeRTHEROTO OCVINSCTEISHHY [IPOLISCca HAHOMOTHHITHPOEAMIA, 1
ONTHMATEHVE) CHOPOCTE (MHIBTPALTHH. 3HAHHE 3TN BETHHMHH IO3BOMEET PaccIHTATE
mapaMeTpel (HIETPa H HTHHKOEOH cHCTeMBl B pemoM. [Iomazamo, =TO MOIVT OBITE
MoJOOPAHE] VOAOBHA I8 NPONOEISHHA HAHOMOIHOGHITHPOBAHHA HUVIVHA B IIPOLISCCE
ITIETPALTH.

1. Cveopor CA. Tedyer HbB. I'mopommmanmmeckos MoOemIpOBAHEE IPOLECCA
ITETpAIIE  PACIUTABOE  METAUIOE  HUepe?  BLICOKOOTHEVIIOPHEIE  SISHCTBIS
negoRepanEreckis himeTper/ Ormevooper. 1992 Ne g, C. 11-13.

2. Japermee CB. Texnonoris HaponMogHQHIMPOBARIT JOMEHHEDS B BAIPAHOTHELK
IVTVHOE // 3ar0TOBHTSIEHEIE MPOHIB0ACTEA B MammuocTposmm. 2005, Ne 2. C 3-9,

3 Xan YT Peonorms B mponeccax nepepacoTss momaepos. Mo XKoo, 1979

368 c.
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DA3ZOBBIE IIPEBPAIIIEHHA B CILTABAX IIPH MEXAHOARTHBAITHH

B.JL Opnoe. AB. Opnos. A A TpedeHsKoB
Armaticruil cocvdapemsernblll mexHuNecknil Vhusepcumen (2. baprayt)
FOzopceruti cocvdapemeenrnlll Veusepcumen (2. Xanmoi-Marcuiicx)

HMurencueHad naacTHUeckad JedopManisd MeTATIOE BEIZBIBAST [OPEeBPAlTeHHA
METATIOR M COIaBoB. Hawbomee =acTo Hadbmogjasmels adubexter mpm stonm —
0Opa30BAHHE NEePeCEINeHHEN TEEPIEIX PACTEOPOE H aMophHEIX daz.

[Ipegmomena (emoMeHONOTHYECKAS TEOPHS CTPVETYVPHO-(DAZ0BEIN OpeBpalleEHE B
MeTaTlax H CIlaBax [IpH HHTEHCHBHOH MIacTHYeckod gedopmauun. TeopHa
Da3HPVeTCH Ha NPeaNoIoEsHHH, 9T0 OPH MeXaHOAKTHEAUHH 3ePHO VMEHBIIASTCH J0
HeKOTOpoil  BeMHUHHEI M Janee  oCTaeTcd  cradmmeHsiM.  CTA0HIBHOCTE
OOECMIeTHEASTCH VIPVIHME HANPAASHIAMH BCeCTOPOHHETO CEATHA, NPHIOAHSHHENIH
K 2epHY H BHI3BAHHEIMH MOBEPXHOCTHRIM HATAHSHHEM. Ja IpaHHUed 3epHa
OeHCTEVEOT VIPVIHES PACTATHEAIINHE HAnNpaaenud. B JamHof paboTe 3amucaHEl
BEIpA&SHHA 1714 JHPQVIHOHHEI  [OOTOKOE  ATOMOE  PasIHYEHOTO — COpPTA.
HudhyvamoHHEl® NOTOKM BRIZEAHEI TPATHSHTAMH XHMHYECKHX IOTeHUHAToB. [lpm
BEIEOOS COOTHONIISHHH 119 XHMHUECKHX NOTSHIHAIOE VHHTHIBATHCE ILIOTHOCTH
IHTPONHHE, 3HEPTHH MeKATOMHEBIX CBA3SH, 3HePrHH VIPVIHX HaNpaaeHH.

BHpﬂ}EEHHE ITH ITIOTORA aTOMOE OOHOTD COPTa IMOIVISHO B BHICS!

n,n,0. ZAE Q, o
I.; = _T [Da + DI: }ﬁrua + I::D:na ]ET[}_I

3aece: n,.n,.n,.0 -KOENSHIPAUHH V3I0EB KEPHCTATIHUSCHKOH PeIISTXH, ATOMOE
PasIHYHOTO copTa, BakaHcHH; D,.D, -Ko3bbHmHeHTE Jud EVIHE aTOMOE Pa3IHTHOTO
COpTa; ¢-VIPVTHE HANPAHeHHZ, (-aTOMHEIH o0BeM; Af-3HeprHS CMEIISHHT, z-
KOOPIMHAIINOHHOS THCIO.

Awann: BEIPAASHHE 1719 NOTOKOE aTOMOB 3aKINTANCE B PEINSHHH BONPOCA O TOM,
ovier aguddyIug aTOMOE B ONpelensHHOH 00TACTH MATepHATA OOBIMHOE, THOO
pocxogamefi? Mexamoxmupaecknil CcHETS: HIH  00pPA30BAHHE MNePeCHINSHHOTO
TESPOOro PAacTBOpPa BOIMOAHO TONBKO B CIvias O0BMHOH InddyiHH BO BCex
pOmacTax Marepuata. Bocxozamas guddvana OPHEOIHT X PACCIOSHHED
HIHATATBHO 0JHOPOIHOTO CIUIABA.

[Ipegnaraeneri nogxon ONHcaHHA (A30BLIX NPEEPAINSHHE IPH HHETSHCHEHOM
MIAcTHIeCKOH JedopMallHH E  ONOpedelIeHHOH CTeNSEH [epelIHEAsIcd ¢
TepuMoIUHAMIYSCEHM Mogemuposannen Muegenmer. ocToHNHCTEOM OpeITarasMoro
NoIxoda HBIASTCE  BOIMOKHOCTE ONPedeTIHTB, Ide HAXOIATCA OO0TacTH ¢
HAHOOIBIIHMH TePMOIHEAMHEECKHMH JBIAVITHMHE CHIAMH [TepeMelIHEAHHA.

[lpopeneder oLeHOUHEIS PACHSTHl OTA PAIIHUHEIX METATIHYSCKHY CHCTEM.
[Toxazano, 9To OpegmaraeMad TeopHd CIOOCODHA VIOBISTEOPHTEIEHO OMHCEIBATEH
3KCTIEPHMEHTATEHELE QaKTEL
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HNOIYYEHHE HAHOTHCIIEPCHOI'O KPEMHIA 1.1 CO3TAHHA
AHOJHBIX KOMITIO3HTHBIX MATPHIT

A A Tlomopwu, ILA Hurudopor, I B. Oummenxo, A K. eetauxor, BT . Kvpasnii

Harenesocmounsiil SO0 '{E'ﬂ_.i?c‘? NESHHBIN MEvHUNecK Uil

vrusepcumem wwexn BB, Ryiiosiuesa

HABO PAH Hucnumym xuninn

Henmero DaHHOH padOTEl #EIATOCE. MOTVESHHE HAHOTHCIEPCHOTO MOPOIIKA
kpeMHHA, (¢ pazuepom wactHn ot 0,0009-0,1 mr B BEICOKHMH TeKCTVPHEIMH
XapaKTepHCTHEAMH) BoccTaHoBTeHHeM 5102  (gmokcmaa KpeMHHA) Marsmel,
MeTOIOM MEXaHOCHHTE3d, 1718 CO3IAHHA AHOJHEIX KOMIIOIHTHBEIX MATSPHATORE
CHCTEMEL YIJIEpOO — KPeMHHil, IIe VITepoI BEICTVIAST B POTH MATPHIEL A
EPeMHHI B POTH HATIOMHHTENE (AKTHEHOT assl).

JKCHepHMEHT II0 BoccTaHOBTeHHH S10; (IHOKCHIA EpeMHHA) MAarHHeM
OCVINECTBIANH HA IHEPrOHANPLESHHON BHOpoMeTIsHHNE xoHcTpveEumE [[BITY
mvenn B B. Kviiornmnera B nadopatopui «MVeXaHmoakTHRAITHE H MeXaHOCHHTE3a%.
Huoxcna 510, Op17 B BHAS VIBTPATHCISPCHOTO NOPOMIKA © PAMEPOM TACTHI OKOIO
1,12 mrov, voemsHoRE noeepxHocTeio 245nY . Maruuii menonszopans mapss MI -
90 B BHOS METKOH CTPVAKH.

PasuvanpBaomuME TeldaMH B BHOPOMEIBHHIE HBISTHCE IIAPEl H3I CTATH
IIX15 guaverponm 17 apa. MexamopeakTop nOpeIcTaBndeT coO0H TepMeTHUHBIR
KOHTSHHEp, BHVIPEHHHH IHaMeTp HKoToporo paeed /0 ape a eercora 180 »v. B
cOVHAae HeOoOMOIHMOCTH Hepe? PeakTop MOEKHO MPONVCKATE Taibl HIH H3MEPATH
IABTEeHHE BHYIPH peaKTopa B XOIf MEXaHHYecKOH axTHEanHH. B kauecTee
HCXOJHBIX KOMIIOHEHTOR OBLTH HCMIONB30BAHEL YIBTPAgHCHepCHEIE mopomok S10; B
roaudectee 10 rpanmg B uwscrend wmarami dapen MI-90, eagoe menxofl cIpvarH B
komuiecTBe § rpavi BecoBoe KOTHMECTEO KOMIIOHEHTOE PACCHHTEIBATH B
COOTESTCTEHH CO CTEXSOMETPHE XHMHUECKOH PeaklHH EOCCTAHOBISHHA JIHOKCHIA
EpemuHd  yareHen:  S102+2Mn=5:+2MnO. [lpn EoimonHeHHH  3KCOEpHMEHTA
HCIOIR30BATHCE CASIVEOITHE PeddMEl: MacToTa KOAeOaHHH MexaHopeakTopa — 12
Tu arvocdepa — BO3OIVX., HHTEHCHBHOCTE (OTHOIISHHE MACCEI HCXOIHBIX
MATEPHATOE K Macce pasuateEaromux  mapoe  1:20; cTenmedr 3anolHsHHA
MEXAHOPeaKTOpa cTansHemMH mapam# ~30% ot ero odwema, mMacca mapos — 360
rpany.  J[IHTeneHOCTE  pasMona  OpoHIBOOHTAck B TeuenHe 40 wmEVT ©
VCTAHABIHEATACE 3IKCOEPHMEHTATBHO, € LETBK NOTVMEHHA HaHOIHCIIEPCHOTO
TIOPOIITKA.
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PACTIPEIEJTEHHE YHCTIA CUETA ®OTOHOB MEPITAIOIIEA
$IYVOPECIHEHITHH KBAHTOBBIX TOUEK

P.T. Cuoator
Vawanoeckuii cocvaapomaerHnill VRuGEDCIINENn

b

ren_sibibicm
B  IxcoepHMEHTATBHEIX HCCISIOBAHHAX  MepHamoimedl  duTvopecteHIHH

EBEAHTOBEIX TOWUSK OIMeHUaACTCH HUTO O01- H DE-HHIE]_}BE!E[LI paclipeIcIcHEl  IIO
CTEMEeHHBIM 3aE0HAM:

P{T_ >t} t™, P{T, >tjact *

El

rae D<o, 8 <1 - koHCTaHTEL [lapaMeTprl o H [ OpaxTH¥eck He H3MEHAOTCR MOPH
BAPRHPOBAHHH VCIOBHH HIMEPEeHHH: TeMOepaTVPEL HHTISHCHBHOCTH H3TVHSHHA

Tazepa, pazMepa KBAHTOBEIX TOUeK. (DHIHYeCKHe OPHYHHE] MEPIAHHd KBAHTOBBIX
TOWSK OO0 KOHUA HE BEIACHSHEBI, XOTA
NpeIneIoAHeHHH.

CVINSCTEVET HCCKOMIBKD THIOTE: H

B HAacTOAIIeH pﬁ'E_)OIli‘ TOKAZAHOD, UTO0 CTATHCTHEA CUETA ('It."IOIOHDB MePLARKITHX

KBAHTOBLIX TOUSK ONHCHIBASTCA C MOMOIIREY IPOOHO-VCTORNHBBEIX pPaclpelsTeHHI
Ha ocHoBe

CI\'O]_)OCTHOIE MO ..-—.[EBI'I-C_:I.'I:‘-'L'I{:LQHI-H AT mOpomecca  MEPIaHHA
KBAHTOBEDL

TOYEK TMOMVHEHBl ACHMNOTOTHYSCKHE PACTIPEIeIeHHd  CYMMAPHOM
IIHTENBHOCTH ON-HHTEPBANOE. DHI 3THX pacOpeleleHHH CHIBHO 3aBHCHT OT
IHAYSHHA TOKAZATENSH CTENEHHBIN paclpelsTenHil on- 1 off-untepsamos. Izvaeno
BIMAHHE HA CTATHCTHEY VCOeUeHHA
HHTEPBAIOE,
Tloxazana

CTETICHHOTO 3aKO0HA pPachpeleleHHA Of-
IKCIEPHMEHTATEHO HAOMOZABIIETOCA IJPYTHMH HCCIEJOBATETAMH.
TpaHCQOPMALHA  pPacIpedeleHHs CYMMApPHOH IIHTeNBHOCTH — Ofi-
HHTEPBATOE NIPH VESIHYSHHH BPeMeHH HaOTiodeHHA. Boe pesyaeTaTel mOTyHeHEL B

AHAMHTHYIECKOM BHIOC — B TEPMHHAX Jl)OElHO-}'CIOfI‘IHBLD{ ILIOTHOCTEH.
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Puc. ITnomuocms pacnpedenenua cyyvaproll d.

200 4 G0 RO f

TONETBHOCHI OR-UHIHEPEaTos
d78 pazmiHbix du f3

Ha puc. mokasagel NIOTHOCTH paclpeIsIsHHa CVMMAPHOH IIHTSIBHOCTH Of-
HHTEPBATOE., KOTOPBIE CBA3AHEl C pacOpedeleHHeM HHCIA  POTOOTCHUETOR
mpeobpazopanren  [IyaccoHa. CHOeRTPOCKONHSA OIHHOWHEIX — HAHOKPHCTAITIOB
MO3E0I4eT HCCASIOBATE JOKATEHVID JHHAMHKY B3aHMOISHCIBHA C OKDPYAHSHHEM
KBAHTOBOH TOUKH. Y9&T QUIVETYAUMHl, KOTOPBIE B CAVIAS «CTEISHHOTOW MEPIIAHHA
He VORIBAKT ¢O BpEMEHeM, ¢ NOMOINBH Ipo0HO-VCTOHRMHEBRIX PaclpelsIeHHH
moMorasT B CTATHCTHYECKOH — HHISPIpPeTAllHH
hIvopeCcIeHITHHE.

Padoma sunoanena npu noddeprxcrs PEEH (zpanm 07-01-00517).

BpEeMEHHEIX  TPacKIOPHMA
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BIHMAHHE HAHOCTPYRETYPHOI'O MOJH®HITHPOBAHHA
IMOBEPXHOCTH ATIOMHWHHA H CTATH HA HX
TPHBOXHMHAYECKHE CBOHCTBA

AT Cepros, [1.C beictpor, T M Maromegoe, T.T. Baxpenspa
Canrm-Tlemeptypecruii Focydapomeensnlil copHBITT HHCTNRIVIR
{mexruveckull yRugepcumeny) ______________________
[Towpck HOBEXM myTell H pasBHIHe (VHIAMEHTATBHEIX OCHOB IIPHMEHEHHA
HAHOMATSPHAIOE H HAHOTEXHOIOTHH 114 3alUMTEl H CMAZKH [OBSPXHOCTH METAIOR
#BJASTCA 3amade] DOIBIIoH HaViIHO-IPAKTHYSCKOH SHATIMOCTH .

Papes mannt OBLIO OOHAPVAHEHO, 9T0 B HAHOIUISHKE, OOPA3VIOIISHCA B Pe3yIETATE
AICOPOUHH HA CTAIH 3 kKarHoHHeX I[IAB H3 paz0aBIeHHOIO BODHOMO pacIBOpa
Ankanvona (A) 1 Tpuamora (1), roe A'T=1, sgepris cea3u azora N1s npmvepso Ha 2 3B
BEONE, 0 JaHHeDM PEOC, ueM B HaHOIISHKE, TOMVISHHOH 12 pacTeopa A wm T Tof e
KOHIIeHTpannu. B JaHHoH paboTe HIMepAmi CROPOCTE PABHOMEPHOTO IRIDHSHHT
CTATEHEIX IIAPHKOE ¢ OJHHAKOBEIMH MACCAMH H THAMSTPAMH, MOTHOHIEPOBAHHERX
PANDIMHEIMHE BEIISCTEAMHE, NPH IPOXOEHISHHH HMH (HECHPOBAHHOTO PACCTOSHHA E
BepTHEATEHOH Tpvoe (veTamoexe Crokca ¢ D=140:m w H=151w). zanomienmoi
KACTOPOBEDM Macton. BEIMCHHTIOCE, UTO CHOPOCTE BOSPACTAST (COMPOTHEISHHE CPemEl
nagast) B pagy oopazmos: T/CT=A/CT=T KA/ D/Cr=(A+TVCr=AT/Ct, rae Cr — cTams
3; ® — docdataent cormacviomsil nogcaoi ma crams [ R — oo, HaHeceHHROT H3
rEapododIHPVIONIETO KPeMHHIopTAHITeckoi BHIrocTH; A+ — IBVXHOMIOHSHTHAS
IIeHEA, HaHeceHHas 13 cvecH A/T=1; A/T/Ct — oopazew, rie Ha cTAIE DOCIEI0BATENRHO
HAHeCeHEI Hanocaol T, a zaten —A. Menermanna pacteopos Ha ocHoBe A 1 T B KadecTBe
CMA3EH  [OPOMEIUIEHHOTD  BEICOKOCKOPOCTHOIO  KoHBefiepa €0 CTATSHOH
TPAHCIOPTHPOBOUHOH TpaccoH NOIIESPINIO, WI0 HAHTYVIINHH aHTHOPHEIHOHHBIH
athbert (2 7+10 pasz ezime) gaet coctak ¢ AT=1 (mo vacce) . Hambonee Bricormii n
CTAOMIBHBIN ANTHEODPOIMHHEIN 3DgerT mo pesyIbTaTan JadopaTopHBEIX H HATVDHEIK
HCTIBITAHMI B BORIVINHOH aTMoc(eps COMAHBIX PVIHHKOE IT19 CTATEHEIX OOPAsIoE,
COOSp/AAINIK [IPHBEIEHHEIS BEINE HAHOIUISHEH, XapaxTepel mma obpaimos (A+T)Cr
ASTICr, uTo RoppelmHpveT ¢ VCHIeHHeM BOI00TTATEHBAOIIINY CBOHCTE ODPa3LoE |

Hapmvomnnin — BOJOOTTAHMEBARIINME — CBOHCIBAMH  (THIpodoOHOCTENY) M3
H3viIeHHEX Al — DOPOIIKOE OOTATATH IOPOLIEH C «IPHAMOHOBEDM» | — IIOOCTIOSM
AT/AL Al — mopommsr sapor [TATT-2, ACT-1 u TIA-3  wommdwnnipoBaHbn
uanocTpveTypanme w3 mapoB A T, TEA eoepesie. Al — nyopa, ucmonezvemad i
HATIONMHEHHA KPACKH «CEPEOpIHEHy, cOfepaaman apyxronMmonenTEvie (AT wmr A+T)
IUIEHKY Ha TOBEPXHOCTH 9ACTHIT VBETHMHBAST CBOK) XHMHUSCKYH) AKTHEHOCTH TPH
ormcrenn Ha sozayxe (1173 K, 300c) no cpapresito ¢ HoxoTHOH OVIPoi TOMBED TOCTE
MpeIBapHTEIBHOTC XPaHeHHA 00pasios Ha sosmyxe. Muoe geno, oopasmer ATTIATL-2 n
(A+T)TIAIT-2, woTopele cpasy MOCHE MOTVEEHHS JeMOHCTPHPVEOT — YCHISHHE
AKTHBHOCTH He neHee, geM Ha 30 %, mo cpasHerimo ¢ nexomssma [TATT-? (morpenmocts
— 10 %), xoTopsni 00TaTAST AKTHEHOCTEES HA VDOBHS HAHOMOPOIIEA AT HHAA.
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JORKATBHAA ARKTHBATTHA HAHOKOMIIO3HTOB FE-FE;C B
HEATPAJTLHBIX XTOPHICOIEPKAIIAX CPETAX

AB Cwraes, C & Jlomaesa, C M Pemerauwor, [T B. Cypama, A C. Ilvpasun,
E.&. Hlapadeera
Duzuno-mexnunecrkuii unenarvm YpQ PAH, o, Hacescx
uals (@, ru

i

Ha cerogssmumii OeHe caMsIMH PacHpOCTPaHEeHHBIMH KOHCTPVEIHOHHBIME
MATEPHATAME OCTAROTCH VIVISPOOMCTEIE CTATH K VIvHEL Hecuotps Ha 3To,
OCOOSHHOCTH —KOPPOIHOHHO-3IeKTPOXHMHENECKOr0 OoBedeHnd cucTeMm Fe-C B
HAHOKPHCTATUIHYECKOM COCTOSHHE He H3vieHB. Llenpi JaHHOH padoTsl ABIIETCH
H3VIeHHe HPoNeccoE NACCHBAITHH H JTOKATBHOH AKTHBAHH HaHoKoMIozHTOE (HE)
a-FetFe;C ¢ pazuepon zepra ot 30-40 HM H cogepaanieM UeMeHTHTA oT 9 1o 95
mo1.%, nomyueHHEN MexaHoakTHEAHER Fe ¢ rpaduTonM M kene:a B opraHHTecKHxY
cpelax © NOCTSOVEOITHM ITHHAMHYECKHM NPeCCOBAHHEM. SISKTPONHMHYSCHHE
HCCAeOOBAHHA MPOBSIeHEl B OopaTtHoM OyiepnoM pacteope (BEP) ¢ pH=74, B ToM
yHeae ¢ godaekaMy NaCl {ID'J'—U,E M.

Moeso BBRIOSTHTE 3 OCHOBHEIX cayviad B mobegexuH HE Fe%5C5 (9 non%
Fe;C). B ToM uHcTIe mocTe pekpHcTanmH3amuonHoro orxura (800°C | 1u, B cpene
Ar), a tarcme nmETOH cTanH Y13 ¢ Tem me wommwectBoM FeyC, B zaBmcEMocTH oOT
KOHLISHTpalHH HoHOE akTHEaropok (C17). Ilpm xommentpammm C1 - 0-107*M stm
MaTepHankl NACCHBHPYIOICA H HE MOABEPralTcAd JIOKATRHOH AKTHBAUHH IIpPH
aHomHoR momspmzammd. mpE  107°-10"M  —  maccHBEEpYVIOTCE H IOKATBHO
axTusHpyioTca, npe 0.5 M — wHadmTomaeTcd mondHAs AKTHBANMA MOBEPXHOCTH H
mepexog K paBHOMeEpHOH  koppozmH.  ms  cranm Y13 moTeHuHans
MHTTHHTOOOpAz0BaHNT Himwe, weM gna HEK Fe93C3, ure mo gammend Ome-
CHSKTPOCKONHH CBA3aHO C [PHCYICTBHEM B CTalH ¥ 13 XKOppo3HOHHO-ONACHEBIX
CVIBHIHEIX BETIOUeHHA. [lochoe peRpHCTATIH3ALHH OHITHHIOCTORAKOCTE HE
Fe95C5 Heckompko HOBBINASTCA. HTO CBA3AHO C VMEHBIISHHEM NPOTAECHHOCTH
TPAHHIT 38peH, HIPAKOINX pOTbk AKTHBHEIX [EHTPOS  B3AMMOISHCTBHA C
roppozHouHof cpexoil. O yeemmaenmem monm Fe,C B HE (FeB3C15 ¢ 35 mon%
Fe;C) o0macte wommentpammit (1, npu koTopoff HAOMIOZAeTCE JOKANLHAS
axTHEAUHA, cyaasTes o 3%107-107 M. Taxmu ofpason, veenmuenHe jomu Fe,C
CHIOCOOCTEYET NPeIOTEPAlIcHH HaHOOISE ONACHOTC BHIA KOPPOSHHE — MHTTHHIOBOH
KOpPpO3MH H TpH BeIcokHX koHNeHTpamuzx (1 - mepexody K pasHOMESpPHOMY
pacteoperuwe. Hecnegopanue ermanna qoms FesC (9-95 wac.%) B pacteope © 107 M
Cl' morazamo, 9I0 NOBRINEHHE CTORKOCTH K [HTTHHIOBOH KOPPOIHH HOCHT
craukooopazHei xapaxTep: Fe93C5=Fe90C10=<Fe83C15=Fe80C20=Fe73C23, uro,
Mo-EHIHMOMY, CEI3AHO ¢ MIePeX0I0M oT heppHTHOR MaTpHUE! E MaTpune Fe;C.
Patora mogmepsana rpagtom PRPIT 07-03-96006 1 HETerpalHOHHBIM OPOSKTOM
bvEmavenTateEex uecnegopanmi v pld) PAH «Mexanorkommosutsel — mpexypeops
IS CO3IAHHS MATEPHAIOE C HOBEIMH CBOCTBAMEY
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DA3ZOBBIE IIPEBPAIIIEHHA B CILTABAX IIPH MEXAHOARTHBAITHH

B.JL Opnoe. AB. Opnos. A A TpedeHsKoB
Armaticruil cocvdapemsernblll mexHuNecknil Vhusepcumen (2. baprayt)
FOzopceruti cocvdapemeenrnlll Veusepcumen (2. Xanmoi-Marcuiicx)

HMurencueHad naacTHUeckad JedopManisd MeTATIOE BEIZBIBAST [OPEeBPAlTeHHA
METATIOR M COIaBoB. Hawbomee =acTo Hadbmogjasmels adubexter mpm stonm —
0Opa30BAHHE NEePeCEINeHHEN TEEPIEIX PACTEOPOE H aMophHEIX daz.

[Ipegmomena (emoMeHONOTHYECKAS TEOPHS CTPVETYVPHO-(DAZ0BEIN OpeBpalleEHE B
MeTaTlax H CIlaBax [IpH HHTEHCHBHOH MIacTHYeckod gedopmauun. TeopHa
Da3HPVeTCH Ha NPeaNoIoEsHHH, 9T0 OPH MeXaHOAKTHEAUHH 3ePHO VMEHBIIASTCH J0
HeKOTOpoil  BeMHUHHEI M Janee  oCTaeTcd  cradmmeHsiM.  CTA0HIBHOCTE
OOECMIeTHEASTCH VIPVIHME HANPAASHIAMH BCeCTOPOHHETO CEATHA, NPHIOAHSHHENIH
K 2epHY H BHI3BAHHEIMH MOBEPXHOCTHRIM HATAHSHHEM. Ja IpaHHUed 3epHa
OeHCTEVEOT VIPVIHES PACTATHEAIINHE HAnNpaaenud. B JamHof paboTe 3amucaHEl
BEIpA&SHHA 1714 JHPQVIHOHHEI  [OOTOKOE  ATOMOE  PasIHYEHOTO — COpPTA.
HudhyvamoHHEl® NOTOKM BRIZEAHEI TPATHSHTAMH XHMHYECKHX IOTeHUHAToB. [lpm
BEIEOOS COOTHONIISHHH 119 XHMHUECKHX NOTSHIHAIOE VHHTHIBATHCE ILIOTHOCTH
IHTPONHHE, 3HEPTHH MeKATOMHEBIX CBA3SH, 3HePrHH VIPVIHX HaNpaaeHH.

BHpﬂ}EEHHE ITH ITIOTORA aTOMOE OOHOTD COPTa IMOIVISHO B BHICS!

n,n,0. ZAE Q, o
I.; = _T [Da + DI: }ﬁrua + I::D:na ]ET[}_I

3aece: n,.n,.n,.0 -KOENSHIPAUHH V3I0EB KEPHCTATIHUSCHKOH PeIISTXH, ATOMOE
PasIHYHOTO copTa, BakaHcHH; D,.D, -Ko3bbHmHeHTE Jud EVIHE aTOMOE Pa3IHTHOTO
COpTa; ¢-VIPVTHE HANPAHeHHZ, (-aTOMHEIH o0BeM; Af-3HeprHS CMEIISHHT, z-
KOOPIMHAIINOHHOS THCIO.

Awann: BEIPAASHHE 1719 NOTOKOE aTOMOB 3aKINTANCE B PEINSHHH BONPOCA O TOM,
ovier aguddyIug aTOMOE B ONpelensHHOH 00TACTH MATepHATA OOBIMHOE, THOO
pocxogamefi? Mexamoxmupaecknil CcHETS: HIH  00pPA30BAHHE MNePeCHINSHHOTO
TESPOOro PAacTBOpPa BOIMOAHO TONBKO B CIvias O0BMHOH InddyiHH BO BCex
pOmacTax Marepuata. Bocxozamas guddvana OPHEOIHT X PACCIOSHHED
HIHATATBHO 0JHOPOIHOTO CIUIABA.

[Ipegnaraeneri nogxon ONHcaHHA (A30BLIX NPEEPAINSHHE IPH HHETSHCHEHOM
MIAcTHIeCKOH JedopMallHH E  ONOpedelIeHHOH CTeNSEH [epelIHEAsIcd ¢
TepuMoIUHAMIYSCEHM Mogemuposannen Muegenmer. ocToHNHCTEOM OpeITarasMoro
NoIxoda HBIASTCE  BOIMOKHOCTE ONPedeTIHTB, Ide HAXOIATCA OO0TacTH ¢
HAHOOIBIIHMH TePMOIHEAMHEECKHMH JBIAVITHMHE CHIAMH [TepeMelIHEAHHA.

[lpopeneder oLeHOUHEIS PACHSTHl OTA PAIIHUHEIX METATIHYSCKHY CHCTEM.
[Toxazano, 9To OpegmaraeMad TeopHd CIOOCODHA VIOBISTEOPHTEIEHO OMHCEIBATEH
3KCTIEPHMEHTATEHELE QaKTEL



