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PE®EPAT: MeTaxuMus KaKk BUPTYaJIbHO - 9BPUCTAYECKOE IPOCTPAHCTBO
XMMHWYECKOro JM3aiiHa M03BoJIAeT MoKas3aTb, 4To 3dQeKT "depHou
JABIpBI' OOBIYHO TPAKTYE€MBbIN (PU3HMKAMH KaK COCTOSIHUE BEIIecTBa C
HeOoObIYallHO BBICOKOM IUIOTHOCTBIO, IIPUBOJIAIIEE K IOTJIOIIEHUI0 BCETO
Jrara3oHa JUIMH BOJIH, BECbMa BEPOSATHO IIPEACTaBIISAET CO00M MaTEepPUIO
IIeM30I10-JOGHOTO COCTOSIHUSI ~BeIleCTBA C IUIOTHOCTBIO MEHBIIIe
IUIOTHOCTU BOABI , YTO SABJIACTCA PEIYJIbTATOM HAHOTEXHOJJIOTUYECKUX
IIPOIIECCOB, IPOTEKA-IOIINX B BEII[ECTBE IIPH CBEPXBBICOKUX IaBJICHUAX.
H3ygyasa noBeAeHHE BEIIECTBA IPU CBEPXBBICOKUX JABJICHUAX U
0COOEHHO AWHAMUYECKHX Harpys3kax (yZapHbIX BOJHAaX) (pU3HKH
u3gaBHa OBUIM CKJOHHBI JieIaTh BBIBOJA, YTO JeHCTBUE
CBEPXBBICOKHUX JABJI€HUN NPUBOAUT K YBEJIWYEHUIO ILUIOTHOCTHU
BEILIECTBA 10 Mepe ero CKaTus, T.e. yMeHblIleHus oobéMa (Jpemur

A.H., Adadypos TI'.A, 1959), K Takum BBIBOJJaM WX HOPHUBOIUIO



n3ydyeHrne aauabaThl, HAIIpUMEpP CiKATHUA MaTepuala yIapHOH!
BOJIHOM, a caM MaTepHhaJ IPH TAKOI'0 POoJa WCCIEJOBAHUAX HeE
IIOJUTEIKAUT COXPAHEHHI0 U (PHU3UKO - XUMHUYECKOMY W3yIEHHUIO.
BHCpBbIC MaTe€puajbl, IIOABEPra€MbI€ CBEPXBBICOKMM JUHAMHW-
YECKHNM AaBJICHUAM, (I)I/ISI/IRO-XI/IMI/I‘{CCRI/I CTa/Inu n3ydarbCcda
nosnHee (Bauanos C.C.,[/lepubac A.A.,Kymonun C.A.,1965,1966).
IIpm aTOM GBIIIO YCTAHOBJIEHO, YTO BCE MaTE€PHAIbI IEJIATCA HA TPU
rpynmnel. YacTe MaTeprUaioB IPU ACHCTBUM HA HUX CBEPXBBICOKHUX
/f[aBJICHI/IfI I[CfICTBI/ITeJIbHO yBEIMYMBajla CBOIO IINIOTHOCTBb, 4aCTb
MaTepHajoB, HA000POT, YMEHbIIIA IUIOTHOCTH B Pe3yJIbTaTe BbI-
JIeJIeHUsA Ta30B M IIOJy4YEeHUA K3 HHUX OKCHAOB (pasjaranacsh),
HaKOHEI], YaCTh MaTPHAJIOB OYeHb HE3HAYNTEJIbHO MEHSIa CBOIO
IUIOTHOCTB, IIPM 3TOM B TaKUX MaTepHajax oO6pa3oBLIBINCH pas-
HOTO poja iedeKThI U, 9YTO CaMOe MHTEPECHOE , TAKME MaTepHabl
BeJIM ce6d TaK, CJI0BHO OBLIW NOABEPTHYThI MHTEHCHUBHOMY PEHT-
TF€HOBCKOMY WJIM PaJMOaKTHUBHOMY H3JIy4YeHUIO, TEHEPHUPYEMOMY B
YCJIOBUSAX B3pbIBA IIPU CBEPXBBICOKMX JAMHAMUYECKUX JIABICHUAX!
KpurepreM nDpHHA/UIEKHOCTH 3THUX MAaTEPUAIOB K OJHOMY U3
TpeX KJIAcCOB CIy:Kwjla TemioTa o0pa3oBaHWA yKa3aHHBIX
MarepuanoB. Co3laBajioch BIIEYATIIEHHE, YTO HanboJiee IPOYHbIE
MaTe€pUaJIbl ( c OOBITNMU OTpUIATEIbHBIMU 3HAYEHUAMU N3MEHE-
HUA SHTIBINUU B CTAHJAPTHIX YCIOBUAX) MOTYT OBITH OOBEKTAMHU
IIOJIy4Y€HUA N3 HUX IUIOTHOM U BBICOKOILIOTHOM KE€EpaMHKU. Yto u
6bUIO BIIEPBbIE IOKA3aHO B 19651 Ha IpUMepe CETHETO3JIEKTPUKOB.
(Kymoaun C.A.,2000). Ilo3nHee 3TOT METO/, CTall HIMPOKO UCIIOJIb-
30BaTbCA B TEXHOJIOTHU IIPOM3BOJICTBA KEPAMHKH METOJIOM B3pPhI-
Bal

Urak, npexacraBieHne ¢GUSHKOB 00 YBEIMYEHUH ILIOTHOCTH,

HaIllpUMEp, MpaMopa, B YCIOBUAX CBEPXBBICOKMX B3PBIBHBIX Ha-



rpy3kax, ObUIO paspyllieHO (U3NKO-XUMUYECKMMM IIpeAcTaBiIe-
HUAMH O TOM, 3TO U IIOATBEPIKIAETCA Ha IIPAKTHUKE, YTO MpaMop
IIPpOCTO pa3anaraercad ¢ o0pa3oBaHMEM OKCHUAA KaJIblUAa U
VIJIEKUCIIOro Ta3a. HoMIBIOTEpHOE MOJEJIMPOBaHME BIIMAHUSA
CBEPXBBICOKHMX JABJICHUU Ha 3JIE€KTPOHHOE CTPOEHUE U (PUBUKO -
XMMHWYECKHE CBOMCTBA , HAIpUMEP KapOUJ0B II€PEXOHbIX METAJI-
JIOB, IIO3BOJIIUJIO OOHApPY:KUTh H3MEHEHHE 3HaKa U BEJINYINHBI
CTaHJAPTHOM SHTaJIbIIMM OOpa3oBaHUA HN3 JJIEMEHTOB ITUX
TyromiaBsgux MarepuaisioB (Kymoaun C.A.,Komaposa C.H.,®Pponos
IO.A. u Op., 1984). ®akTHU4YeCcKN 3TO O3HAYAET, HAIPHUMEP, YTO
TOpPMOMKEeHHE aTMocdepoil 3eMyIM KOCMUYECKHUX HIPUIIIEIbIIEB,
MMEIOIX COCTaB TYTOIUIABKUX KapOWIO0B, N3MEHSET 3HaK JH-
TaJbIIMU C OTPHUIATEIBHOIO Ha IOJOXKUTEJBHBIN, TEIJIOBOM 3(-
¢$EeKT KOTOPBIX COM3MEPHM CO 3HAYEHUAMU, HAIpUMEp, a3u0B
CBUHIIA WX cepebpa, a mociaegHe, KaKk N3BECTHO, Pa3jlaraloTcs Co
B3PBIBOM. A 3TO 03HAYAET, YTO MCKATh OCTATKH TAKUX ITPUIIIEIIbIIEB
Ha 3emie 6eCCMBICIEHHO, KaK M OCTaTKH TYHI'YCCKOTO METEeOpHTa.
HakoHer1, KOMIIBIOTEPHOE MO/IEJIIPOBAHME BIMSAHUSA CBEPXBBICOKUX
JlaBJIEHUH, KOTOPBIE MOTYT OBITh JOCTUTHYTHI B YCJIOBUAX YAAPHBIX
Harpy3oKk Ha BJJIEKTPOHHOE CTpOeHHe U (PUSHKO-XUMUYIECKHe
CBOMCTBa (IUIOTHOCTBb,TEMIIEpAaTypa IJIaBJIEHUS, OSHTAJIBLIINA,
XapakTepucTudyeckasa treMmneparypa lebasa, koadpPUIueHT TepMU-
YEeCKOTO paCIINpEHHs, VAEIbHOE COIIPOTUBIEHNE, IIOJBUKHOCTD U
KOHIIEHTpallusd HOCHUTEJeN TOKa) TYTroIUIaBKUX COEIMHEHUU
(penkxo3emMeNpHbIE CHJIMIMABI, MOHOHUTPHIBI IIEPEXOAHBIX MeTal-
JIOB, HUTpUbl Oopa, aloMHHUA, raumd, ¢pocdopa) MO3BOIUIU
BBIABUTH HE TOJIBKO OCOOEHHOCTH HN3MEHEHHS SHEPruM CBA3U U
aTOMMU3aIH, HO U XapaKkTep N3MEeHEeHH CTelIeHN KOBa-JI€HTHOCTH,

META/UIMYHOCTH U MOHHOCTU CBS3€M B TAKOIO poJga MmaTepuajaax -



Tabnl.(Kymoaun C.A., Komaposa C.H., Tpemwsikosa I'.C. u
op.,1987).
TaGmuna 1. 3HaYeHUs Pa3IUuYHbIX BEJIMYUH IS CUIAIUA0B P3M

IIpU pa3HbIX CTEIIEHAX CHATUA U COIIOCTABJIEHUE 3THUX BEJIMYUH C

JaHHBIMU (BauarosC.C.,1976)
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3HaueHHe XapaKTepUCTUYECKOM TemmepaTypel [lebas, paccyu-
TaHHOE HO (opMyiaM, HaXOgUTCA B mOpeaenax 166—177 K pna
HUTpUZOB U 318—319 K gna moHOocmuumaos. OnieHKa 3HAYEHUSA
JaBJIeHUA I CTEIIEHU C:kaTusa HUuTpuaa ¢ocdopa npu o = 1,15
paet BeaumuunHy 80 [Tla, yto GJIM3KO K OLEHKE JAaBJIEHUS MOpU
CHHAaTUH HUTPUIOB. Bennuunaa AaBJIEHUSA IIPU CTEIIEHU CHATUA C =
1,45 cununuaoB oka3biBaeTcsa paBHoH 115 I'Tla. I1pu aToM, kak 110-
Ka3bIBAIOT pe3yJbTaThl pacyueTa, XapaKTepUCTUYeCKas TeMIle-
patypa .[Jeb6asa, KTP u anexktpodusndeckre CBONMCTBA CUJIUIIUIOB
U3MEHAITCA JOCTATOYHO cj1a00 NIpU U3MEHEHUH JiaBieHusa Ha 115
I'Tla. PacueTHOE 3HaueHUe I0THOCTU Nds5Sis3 IIpu cTeneHU CiraTUsd
1,45 moHuxkaerca Oosiee yeM Ha 1. OOHapy:KeHHOe SBJIEHUE
OOHMKEHUA IUIOTHOCTHM MaTepuaja C YBEJINYEeHHEM JaBJIEHUSA
ABJAETCA NOpUMedYaTeabHbIM. Takum o0pa3oM, Ha OCHOBAaHUU
KOMIIBIOTEPHOTO MOJIEJIUPOBAHUA BIIEPBBIE TEOPETUYECKU ObLI

MIOATBEP:KIEH (aKT YMEHBIIEHUSA IUIOTHOCTH BEIIECTBA C



laBneHueM. IIporecc IIOHIKEHMUS IUIOTHOCTH BeEIIECTBA C
JaBJIeHWEeM [Opu cjJaboM UNU3MEHEHHUH 3JIeKTPOPUUUYECKUX U
YOPYTUX CBOMCTB CBHUJAETEIBCTBYET O TOM, YTO IIPHU BBICOKOM
JaBJIE€HUMN IIPOUCXOAUT IIpolecc AedeKTooOpa3oBaHUSA B CUIU-
mMaax.

I[Ilpu atom  mpouecc AedeKTOoOOpa3oBaHUA MOMKHO KBaludu-
nupoBaTth (Kymoaun C.A.,Komaposa C.H.,®@ponos [0.A.1982) pna
MOHOCHJIHUITUOB Kak MUTpanuo AedextoB @penkensa — [IIoTTky, a
miia crmmnuzioB P33 NdsSis — kak nportecc gedekTooO0pa3oBaHUA
no lortku. EcTecTBEHHO, YTO TaKOM IIpoliecC XapaKTepUusyeTcs
U3MEHEHUEM 3Heprum cBaA3n Me — Me; Me—Si; Si—Si, 4Tto m
OoATBepIKAaeTcA pacueramMu (Tabi.l). B wucciemyemom kiiacce
CHWINIMAOB C W3MEHEHHEM CTENEeHM CKATHUA YBEJININBAETCH
CTEIeHb KOBAJIEHTHOCTH W INPAKTHUYEeCKH HE MEHAETCAd CTeIeHb
METAJUIMYUOCTHU, YTO IIPUBOAUT B YCJIOBUSAX BBICOKUX NABJIEHUU K
00pa3oBaHUIO YpPE3BBIYAMHO MPOYHBIX MAaTEPHAIOB C MaJlod
BCJIPI‘{I/IHOfI, CKMMAEMOCTH. fABJIeHUE IOHUKEHUS ILNIOTHOCTHU C
yBeJIMYeHUEM JIaBJIeHUA HabmogaeTcd U A1 HUTpuzoB pocdopa.
Kak cienyet 13 pe3ysbTaToB pacdyeTa CBOMCTB HUTpuza gocdopa,
C yYBEJIMYEHUEM CTEIIEHM CiKATUA HUTPUA cpocdopa TuHa PsNs
pasnaraerca ¢ oOpa3oBaHHMeM MOHoHUTpuia ¢ocdopa H
MOJIEKYJIIPHOT'O a30Ta, YTO IPUBOAUT K YMEHBIIIEHHIO INIOTHOCTHU
Hutpuaa ¢ocpopa PsNs 10 3HAUeHMI IUIOTHOCTA MOHOHHUTPHJA
docopa 1,40 T - cM  (mIA cpaBHEHUA 3HAYEHHE IUIOTHOCTHU
HuTpuaa outua 1,28 r - em®), a npu crenenu cixkatusa 1,15 — K
YMEHBIIIEHUIO 3HAYEHUs IUIOTHOCTH CHUCTeMBI 0 0,455 T - cM >,
cocTrodAllerl wu3 MoHoHUTpuZa ¢ocdopa U MOJEKYIIPHOTO
(aTromapHoOro asora) asora, 4YTo CpaBHHMO CO 3HAYEHUAMH ILIOT-

HOCTH MEHOCTEKJIA U ITeM3bI 1 cocTassieT 0,2 — 0,7 r - cM . Takoe



COCTOSHUE MOMKET OBITh KBAIM(PUIIMPOBAHO KaK HAHOTEXHOJIO-

rU4ecKoe CoCcTogHUe neHoHuTpuzaa pocdopa.

PeaysnbraThl pacdyeToB  NOKA3aJlM, YTO COCTOSAHHME  THIIA
neHoHuTpuga ¢ocdopa MOKET OKa3aTbCAd IIPU  OOBIYHBIX
JIaBJIEHUAX [IOCTATOYHO YCTOMYMBBIM, TaK KaK OJHTAIBIINA €ro
oOpaszoBaHud npu ¢ = 1,15 okaspiBaeTcd paBHOM — 7,42 kka/
MOJIb, a TeMIepaTypa miasaeHus = 2993 °C. YCToHYMBOCTh TAKOT0
COCTOSTHUSA IIPU BBICOKOM JAaBJIE€HHM MOMKET OBITb OObsACHEHaA C
y4eTOM BJINAHUSA PE30HAHCHOI'O HAKOIUIEHUS 9JHEPIrUM B
CTPYKTYPHOM HaHoaHcaM0ie neHoHUTpuaa docdopa, KOTOPhIH
npejcTaBiideT coOOM pacrpefieleHHE YacTUll MOJIEKYJ a30oTa B
moHoHUTpUAE docdopa c paguycoM YacTHI] I, - HaHOaHcamOJId.
ITo cymecTBy HabaogaeMbld 3pPEKT CBUAETEIHLCTBYET O BO3MOMK-
HOCTU (OpPMUPOBAHUA HAHOCTPYKTYp B (opme HaHOoaHcaMOseH,
TEXHOJIOTUYECKHUM MeTOZ0M (POPMUPOBAHUA TAKUX HAHOCTPYKTYP
CIIy’KUT BBICOKOE€ 1 CBEpPXBBICOKOE JaBieHHe. /I mMeHHO B Tex
ciydJaax, KOrJa IIoZ, [eHCTBHEM BBICOKOTO JABJIEHHS BEIECTBO
pasiaraeTrcd BBIAENIAS ra3oByio (aay, KoTopas IpPH 3TOM BEJET K
06pa3oBaHUIO IOPUCTOM CTPYKTYPHI BelleCcTBA (HAHOCTPYKTYPHBIX
a"HcaM0Oiielt), B mopax KOTOpPOM COJep:KaTcA MOJEKYJISIpHble U
aToMapHBIE 4YaCTHUIBI TIa3oBoil ¢asbl, YTO M HOPUBOAUT K
YMEHBIIEHUIO IUIOTHOCTW MaTepuaja [0 IIeM30II006HOro

COCTOAHMUA.

PaccMoTpyuM IpyrMep TaKOoro HAHOTEXHOJIOTHYECKOTO COCTOSHUSA
U1 KaKOU - TO JOJIM MOBEPXHOCTHU HaHOAHCAMOJA T,, CIOCOOHOM
HeCTUu 3JIEKTPUYECKUE 3apAnsl, apu OTHOCUTEIHHOM
JV3JIEKTPUYECKOM KO3(D(PUIIUEHTE & C YYETOM JUAJIEKTPUYECKOU

IIOCTOSTHHOM gy B cucteMe CU.



B stom ciIiyda€ €MKOCTb €IMHHNYHOIO KOHJAE€HCATOpa TaKoro

HaHoaHcaMO0J1g OyIeT paBeH:

HaxomieHue sHepruu 3a CUET 3HEPTHUHU CKATUA ITpU 06pa30BaHUU
HaHOaHCcaMO0J1 IPUBOAUT K TOMY, YTO ILUIACTUHBI KOHAEHcaTopa B
BUJIe HUWINHPA YKA3aHHOI'0 pajuyca 3apsyKaloTcs 3a CUET YacTU
9HEPTrUHU NOJIA 3JIEKTPOMArHUTHOMN BOJIHBI, CO3/1aBasA TOK CMEILEeHU S
BEJIMYUHOUN i, MEWKAy IUIACTUHAMU, YTO HPUBOIUT K CO3JAHUIO
MAarHUTHOI'0O TOJIA C HAIIPAKEHHOCThI0O HA PpacCTOAHUU I, OT

IINTACTHUHBI:

H=2(2)

272
I[Ipy aToM BCA BO3HHMKAOIIAsA MarHuTHad sHeprusa @ Toka i, B
o0beEME COOTBETCTBYIOILIEI0 HaHoaHcaMOyid NOpU MarHUTHOU
BOCIIPUMMYMBOCTH L =1 OyAeT paBHa:
42
P="5(3)
OTKyJia I 3HAUY€HUA MHAYKTUBHOCTU L, ITosryuaem:

L="52(4)

a g JUIMHBI 3J€KTPOMAarHUTHOM BOJIHBI B BaKyyMe€, KOTOPOU

COOTBETCTBYET KpyroBas 4acToTa ®, , IMeeM:

A, =2-n-C/w,=2-n-C\L,-C, =m-J5=-r,(5)

C=1/\¢g, 1,

-CKOpPOCTb CB€Ta B Bakyyme. DBeipaxkeHue (5) aHAJIOTUYHO
BBIPDAKEHMIO [UIA oO0beMa IWJIMHApUYecKoro pes3oHaropa CBY -
BostH( Capbaxep @.,90coH B.,1974), 4T0 1103BOJIAET pacCMaTpUBaTh

HaHOaHCcaMO0J/Ib KaK HICTOYHUK Pe30HAHCHOIO MOTIJIoIIeHus(a B psajae



cllydaeB U uU3nydeHus) BoaH kak CBY, tak u K- guamasonHa, He
HUCKJII0Yas peHTI'€HOBCKOM 061aCTH CIEKTpa.

I[Ipu gpmametrpe vacturn 2r,=0.2 +2 MK JJIMHA BOJIHBI IIOIJIOIIEHUSA
nop HaHoaHcaMm0buig cooTBeTcTBYeT 0.3+3MK, a MHTEHCUBHOCTS [(®,)
IIOIVIOIIEHUA HW3JIYYE€EHUSA OIIMChIBA€TCA HM3BECTHBIM YPAaBHEHUEM

BOJTHOBOM MexaHUKH (JIaHday JI./l.,m.1,1969):
_64-7-4- a)y
I(w)= 3% - C(6)

rac A-BCIII/I‘{I/IHa, yauThIBamwIlasgy 4YHUCJIO0 aTOMOB B Ha4YaJlbHOM
COCTOAHUU U KO3((PUIIUMEHT NOJIA IOIJIOIIEHUs, KOTOpble, IIO
KpallHeli Mepe He paBHBI HyJM0. TeM caMbIM, OpPU BBICOKHUX
3HAYECHUAX YaCTOT IIOIJIOIIIEHWA WHTEHCHUBHOCTDb IIOIVIOINEHMA
BHeIIIHero usinydeHus oT CBY 1o peHTreHoBCKOM 061acTH CIeKTpa
B HaHoaHcaMmbie BecbMa BeJMKA. A I HIPaKTHYECKOTO
OPWIOXKEHUA  JIOCTATOYHO  YIIOMSAHYTb, YTO  YKa3aHHBIA
neHoHUTpHJ ¢ocdopa OBUI HCHOIAB30BAH [JIA IOKPBITHUH,
apderTrBHO noryornaroniux CBY uanydeHue OpU HCUYE3AIOIE

MaJIOM OTPAKEHUNU TAaKHUX BOJIH OT IIOBEPXHOCTU IIEHOHUTpPUA.

A caM MeTaxMMHUYeCKHH OAX0J KaK BUPTYaIbHO - 9BPUCTHYECKOE
OPOCTPAHCTBO pedJIEKCUX XHMMHYECKOro JAu3ailHa I103BOJSET
MOJIYyYUTh UHOE 3aKaodeHne 00 ap(PpeKTe BOSHUKHOBEHUA "U€PHBIX
JbIp" B YCIOBUAX OECKOHEYHO GO/BIINX BEJIWYWH JABJICHUMN, UYeM
3TO ZenaroT pusnkru!
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