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NMPOLUECCHI CAMOOPTAHU3ALWW B TBEPAOM TENE
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ObnuHcKuil uHcmumym amomHoil snepeemuru, O6nunck Kaayxcckoii o6a.

PROCESSES OF SELF-ORGANIZATION
IN SOLIDS

V. S. KHMELEVSKAYA

A field of a new and a very perspective scien-
tific direction (physics of open systems) is the
study of the nature and conditions of forma-
tion of self-organized structures. Such struc-
tures in solids, in particular, induced by irradia-
tion by both ion fluxes and a laser are
described.

Onuceisaromes npupooa u ycaosus BO3HUKHO-
BEHUA CaMOOp2aHU30BAHHbLIX CMPYKMYyp, KO-
mopsle ABAAOMCA npeOMemoM U3y4eHus Ho-
8020 U BECbMA NEPCNEeKMUBHO20 HAY4YHO20 Ha-
npasneHus — U3UKU OMKpbIMbIX cucmem.
[lpusedeHbl npumepsl NpocmpaHcmeeHHol u
8peMeHHOU camoopaaHu3ayuu 8 meepdom me-
Jle, 8 YACMHOCMU, Noc/e 06/1y4eHUs UOHHbIMU
nomokamu u 1a3epom.
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BBEJIEHUE. CBOMICTBA
CAMOOPTAHU30BAHHBIX CTPYKTYP

CamoopraHu3als BellleCTBa — 3TO OIWH U3 CAMbBIX YINBU -
TETBHBIX U B KAKOM-TO CMBICJIE 3aTafoYHbIX 3(PhEeKTOB, ¢
KOTOPBIMU MBI CTAJTKMBAEMCS TIPU UCCIIETOBAHUN KOHIEH-
CHUPOBAHHBIX Cpell — KUIKOCTEW 1 TBEPIbIX Te1. 3yueHue
9THUX SIBJIEHUI B CYITHOCTH TOJIBKO HAUMHAETCSI, U OKa3bl-
BaeTCs1, UTO MOMOOHbBIE HAOTIONEHUS CTaBST IO COMHEHUE
HaIlli OCHOBOIIOJIAraloive MpeacTaBiIeHus, MOXET ObITh,
Hay4yHbI€ IITaMIIbl, HO TEM CaMbIM OTKPbIBAIOTCSI HOBbIE
IyTU OCMBICJICHUS TTPOLIECCOB, TTIPOUCXOASIINX B IIPUPOJIE,
MyTH, KOTOPbIE JIETJIM B OCHOBY HOBOTO HAyYHOT'O HaIpaB-
JIeHUs1 — (U3UKU OTKPBITBIX CUCTEM. “ MBI JIUIIIb HAUMHAEM
TTOHUMAaTh YPOBEHb TPUPOJIBI, HA KOTOPOM XUBEM”, — 3TH
cioBa npuHamiexat Mibe [TpuroxuHy, omHOMY U3 OCHO-
BOITOJIOXKHUKOB 3TOTO HAIpaBJIeHUsI, KOTOPbIi B 1977 Tomy
obu1 yooctoeH HobGeneBckoit mpeMuu 3a paboThI B 00IaCTH
XMUMUYECKOM TepMOIMHAMUKU. [1o-BUIUMOMY, MBI SIBJISI-
eMCsI CBUIETEIIMM OYpHOIO pa3BUTHS ITOI 00JacTU Ha-
YKU, KOTOpasi HAUMHAET UTPaTh BAXKHEHIITYIO POJIb B TEXHO-
JIOTUYECKOM TTporpecce o011ecTBa.

Y0 Xe MpeacTaBIsIoT cO00M MTPOCTPAaHCTBEHHO-0pTra-
HU30BaHHBIE CTPYKTYphl? Bo3bMeM 1151 Havaia mpuMep 13
3aMmeuarenbHoli KHuru WM. Ilpuroxumna m WM. CreHrepc
“ITopsimoxk u3 xaoca” [1]. JomycTuM, Mbl paccMaTpuBaeM
MPO3payHyI0 KOPOOKY C IapUKaMU, OKpaIlIeHHbIMU B Uep-
HbII 1 Geblit iBeTa. C HEKOTOPOTo pacCTOSIHUSI Macca Ia-
pPUKOB OyeT Ka3aTbes cepoii. BHe3amnHo (a aktnuecku B
pe3yJibTaTe BO3AeCTBUSI, TTPUXOISIIErO U3BHE) BCS Macca
1IApMKOB CTaHET 0eJIoil, 3aTeM Yepe3 ompeAeSieHHbIN Tpo-
MEXYTOK BpEMEHM — YepHOI1, 3aTeM CHOBa 0eJ10ii. DTo 1po-
00pa3 Tak Ha3bIBaeMbIX XUMHUECKUX YacoB. Ho camoe ynu-
BUTEJIbHOE, YTO TaKUe XMMHUIECKUE Yachl HaOIIOIAINCh B
skcnepumenTte! B 1951 rogy B.I1. benoycos uccienosan
MPOLIECC OKUCIICHNSI OPraHUYECKOM (MaJTOHOBOI1) KMCIOTHI
OpoMaToM Kajusl B MPUCYTCTBUM HEKOTOPBIX KaTaau3aTo-
poB. Cam Ipoliecc TOCTaTOYHO CJIOXEH (0KOJO TpUALATU
MPOMEXYTOUHBIX COEIMHEHMIT), OTHAKO 3E€Ch MOXHO BbI-
TIEJIUTD 1Ba COCTOSIHUSI, TTPU KOTOPBIX PACTBOP UMEET JINOO
KpacHbI, 1100 cuHUil 1BeT. KOHIIEHTpallio BellecTB,
MOABOAMMBIX K cocyny (peakTopy), MOXHO ObLJIO peryJsiu-
poBatb. beyoycoBy ynmanoch HabI0AaTh YAWBUTEIbHBIE
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SIBJICHMSI: TIPU OTIPEICICHHOM 3HaYEeHUU MPUTOKA pearcH-
TOB M3BHE HAUMHAJIMCh MIEPUOIUUECKHE KOJIeOaHUs Kpac-
HOe—CHHee—KpacHoe (xumudeckue 4dackl). Ilpu apyrux
BHEILIHMX YCJIOBUSIX B P€aKTOPE IMPOMCXOIMIIA IPOCTPAHCT-
BEHHasl CaMOOPraHU3aLUsI — KUIKOCTh B COCY/Ie COCTOsIIa
U3 TIepeMeXalolIuXcsl KpacHbIX U CMHUX ToJioc. HakoHelr,
OKa3bIBaJlaCh BO3MOXHOI1 Y TpeThsl (hOpMa caMOOpraHu3a-
LIMM — TIPOCTPAHCTBEHHO-BPEMEHHasI; 10 COCYIy MpoKa-
THIBAJIMUCh TO KpacHble, TO CMHUE BOJHBI. HabGomaeMbie
(akThl KazalMCh HACTOJBKO YAUBUTEIbHBIMU, HACTOJIBKO
MPOTUBOPEYMIIM 3IpaBOMY CMBICITY, UTO beloycoB B TeueHue
HECKOJIbKUX JIET HE MOT OIyOJIMKOBAaTh Pe3yJIbTaThl CBOETO
YIUBUTEIBHOTO 3KcniepruMeHTa. [103Ke OH Bece-Taku cyMe
MPOJOIKUTh UCCenoBaHus coBMecTHO ¢ A.M. 2KaboTuH-
CKVM; B HACTOSIIIIEE BPEMSI 3TH PE3Y/IbTAThI SIBJITIOTCS Kiac-
CUKOI (DM3UKU OTKPBITHIX CUCTEM.

PaccMoTpuM elle onMH 3HAMEHUTHIA OMBIT — peyb
UIET O TaK Ha3blBaeMOU HeycToilumBocTM beHapa, wiu
syeiikax benapa. [ns1 sKkcnepuMeHTa HEOOXOAUMO B3SITh
TOPU30HTAJIbHBIN CJI0i1 KaKOW-HUOYIb KUAKOCTU (HAIIpU-
Mep, Macjia) U Co3[aTh BEPTUKATbHBIN IPpaAMEeHT TeMIepa-
Typ (J1eTKo coo0pa3uTh, YTO Takast cxeMa MoJyuuTCsl, eCiu
NofIorpeBaTh CHU3Y cKoBopony). Ilpu aToM ycTaHOBUTCA
HEKOTOPBII MOTOK Teria, Uyl CHU3y BBepx. bynem ns-
MEHSTh I'paJMeHT TeMIepartyp (Temrneparypy aHa). Korna
OH JIOCTUTHET HEKOTOPOTO KPUTUYECKOTO 3HA4yeHUs, TO
OIHOPOAHAs CTPYKTypa XUIKOCTU BHE3AMTHO MU3MEHUTCH,
U Mbl OyneM HaOIIonaTh CIOXHYIO MPOCTPAHCTBEHHO-0P-
TraHW30BaHHYIO CUCTEMY, COCTOSILIYIO U3 siueeK B (hopme
MPaBWJIbHBIX IECTUYTOJIBHUKOB. Takast CTpyKTypa u300pa-
KeHa Ha puc. 1, a. [Ipy 1oCcTHXKEHMM TOPOTrOBOTO 3HAYEHMUST
rpagueHTa TeEMIIepaTyphl EPeHOC Tera yxke He obecreun-

BaeTCs TOJILKO TETIONPOBOTHOCTbHIO, TO €CTh XaOTUYECKUM
NBUKEHUEM MOJIEKYJT XKMIKOCTH, U BOBHMKAET UX KOHBEK-
TUBHOE ABUXeHue. Ha puc. 1, 6, rae siueiiku beHapa yBenau-
YeHBI B 25 pa3, MOXHO YBUIIETh, UTO B LIEHTPE STYSHKU XU -
KOCTb ITOJIHMMAETCSI BBEPX, a MO KpasiM IBUKETCSI BHU3.

Yto 001IETO B 3TUX IBYX SIBAEHUSIX, OJTHO U3 KOTOPBIX
OTHOCUTCS K XUMUIECKUM PEaKIIUsIM, BTOpOe — K TUIPaB-
nke? Bo-TiepBhIX, B 000MX CIIydasix Mbl IMEEM JIeJIO C OT-
KPBITBIMU CUCTEMAaMU, TO €CTh C CUCTEMaMH, TTOJIBEpraio-
IMMKCS TIPUTOKY SHEPTUMU WJIM BellecTBa M3BHE, M3-3a
IpaHMI] CUCTeMbI. Bo-BTOpPBIX, YTOOBI cucTeMa Tepeliia B
0COOBIIl PeXrM, TTPU KOTOPOM 00pa3yioTcsi MPOCTPAHCT-
BEHHO-OpPraHMW30BaHHbIE CTPYKTYPhl, HEOOXOIUMO, UTOObI
BHEIIIHEE BO3JEHCTBUE TOCTUTJIO HEKOTOPOTIOo KpUTHYE-
ckoro 3HaueHusl. B ciyuae crpykryp benoycoBa—2Kabotun-
CKOTO 3TO ONpeAeSieHHOe 3HaYeHUe KOHIIEHTPAlMOHHOTO
MOTOKA peareHToB, B ciyyae siyeek beHapa — rpamueHTa
TeMmreparyp. 3a 3TUM TIOPOTOM CTPYKTYpbl BO3HUKAIOT
“Bapyr” m3 xaoca, U3 OMHOPOJHOTO BEIIeCTBA.

OO1mMM UX CBOMCTBOM SIBJISIETCS 3aMeuyaTesabHasl ca-
MOCOIJIACOBAHHOCTh MUKPOOOBEKTOB CUCTEMbI. MoOJIeKy-
JIBI XKMJIKOCTH KaK Obl UyBCTBYIOT JIOKOTh COCE/Ia, XOTSI TIpU
MEHBIIMX 3HAYEHUSIX BHEITHETO BO3AEMCTBUSI OHM KaK Obl
He 3aMeyvasii APYT Apyra v AeiCTBOBAIM MHIWBUAYAIbHO.
Takoe moBeneHUEe Ha3bIBACTCSI KOTEPEHTHBIM U TpeOyeT
cnennpuIecKnuX IMHAMUYECKUX CBSA3ei BHYTPU CUCTEMBI.

Hakonel, HeoOX0aMMO, YTOOBI M3MEHEHUS COCTOSI-
HUSI CUCTEMBI OITUCHIBAINCH HETMHEMHBIMU ANPdepeHII-
aJIbHBIMU YPABHEHUSIMMU.

HTak, caMmoopraHu30BaHHbIE CTPYKTYpPhl BO3HUKAIOT B
OTKPBITBIX CUCTEMAaX, TO €CTh CUCTEMaX, MOIBEPraroLInXCs
BO3JECMCTBUIO M3BHE MPUTOKA BelleCTBA WU SHEPTUU

Puc. 1. a - a4eiikn BeHapa, Bo3HMKatOLLME B paHeEe OAHOPOAHOM XNOKOCTU NPY 3aKPUTUHECKOM
3Ha4YeHUM TeMNEepPaTypHOro rpagneHTa (PasHoCTy TemnepaTyp Mexay HU30M 1 BEPXOM COCyaa);
6 — yBenu4yeHHas B 25 pas kapTuHa HeycTon4nBocTn BeHapa B xnakocTu. B LLeHTpe Kaxaon syei-
KM XWAKOCTb NOAHMMAETCS BBEPX, HA KPasix ONyCcKaeTcst
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yepe3 TpaHMUIbl CUCTEMbI, OJHAKO 3TO SIBJISETCS 00s3a-
TeJIbHBIM, HO HEIOCTaTOYHbIM yciioBrueM. BozaeiicTBue us-
BHE JOJDKHO OBITh CUJIbHBIM, 3aKPUTUYECKUM, MPU 3TOM
MBI TIEPEXOIUM B 0COOYI0, HETMHEHYIO 00J1aCTh, KOTOPYIO
Ha3bIBaIOT 110 TepMUuHOJIoruu [TpuroxnHa obiacTeio, yna-
JIEHHOW OT paBHOBECUS.

XoueTcst 00paTUTh BHUMaHME Ha IIMPOKYIO pacIIpoCT-
PaHEHHOCTb MPOCTPAHCTBEHHO-OPTaHU30BaHHBIX CTPYK-
Typ B OKpYXawlleid HacC MpUpoJe, HalpuMep B OKpacke
pacTeHUii, HACEKOMBIX, KMBOTHBIX. BcrmoMHuUTE 3e0py, KO-
TOpPYIO Bce Bujaeau B 3oonapke. OKpacka ee He paBHOMEp-
Hasl, a IpeJcTaByIsieT co00i MpaBUIbHOE Yepe10BaHuE Yep-
HBIX U 6eJIBIX TTOJIOC.

Kaxk yxxe roBopuiaoch, U3ydeHue SIBICHUI caMoopra-
HM3allMM OTHOCSIT K HAayYHOMY HampaBieHUIO0, KOTOPOe
ceityac yallie BCero Ha3bIBaloT (PU3UKOM OTKPHITHIX CUCTEM
WM HEPaBHOBECHOH TepMonMHaMuKoil. OCHOBHbIE UIEU
9TOI 00JIACTH HAyYHOTO 3HAHUSI, BOJIOLUS OT TEPMOJIH-
HaMUKM 3aMKHYTBIX CUCTEM K JIMHEHHOI HepaBHOBECHOI
TepMoAMHaMuKe (TIe BHEIIHee BO3AEHCTBUE OTHOCUTEb-
HO MaJIO) U Jiajiee K CUJIbHO HEPAaBHOBECHBIM CUCTEMaM M3-
JIOXXEHBI B IBYX cTaThsix Tipodeccopa A. M. Ocunosa “Tep-
MOAMHAMUKa BYepa, CETOIHs, 3aBTpa”, MOMEIICHHBIX B
“CopocoBckoM O6paszoBarenbHOM XKypHane” [7].

IMpouecc camoopraHu3aluy ecTh rMepexoj ot Oecro-
PSIIOYHOTO ABMKEHUSI, XaOTMYECKOTO COCTOSIHUSI depe3
HapactaHue GIyKTyaldii K HOBOMY MOPSIAKY. DTO He cTa-
TAYHBIA MOPSIIOK PaBHOBECHUsI, a TMHAMUYECKOE COCTOSI-
HUE, KOTOpOe TONJIEPXKUBAETCSI MPUTOKOM H3BHE, 4epe3
rpaHulibl cucTembl. Kak yxe roBopuioch, BaXKHEHIIIMM OT-
JIMYMEM CaMOOPTaHM30BAHHBIX CTPYKTYpP OT CTATUYHOTO
TTOPSIZIKA SIBJISTIOTCS TIPUCYIIE UM KOJUTEKTUBHBIE 3 deK-
ThI. YTOOBI TOMYEPKHYTh POJIb KOOTIEPATUBHBIX AEUCTBUIA,
OIMVH U3 OCHOBaTelell (pU3UKU OTKPBITHIX cucTeM, [epmaH
XakeH, BBeJl TepMHUH “CUHEpreTHKa”, 4To 03HayaeT COBMe-
cTHoe neiictBue. M. IlpUroxuHy NpUHAIIEXKUT TEPMUH,
Kacalouiuncs CIIOHTAaHHO CaMOOPTaHU3YIOLIUXCSI COCTOSI-
HUM, — “IUCCUMATUBHBIC CTPYKTYpPbI”. DTUM OH MoOaYep-
KMBaeT 3HAUeHUE NMCCUTALMU (pacCcesTHUsI DHEPTUM) B
BO3HMKHOBEHUN HOBOTO peXuMa IIpu ITepexone 4depes
KPUTHUYECKYIO TOUKY. DIIyKTyaliuu yBeTMUUBAIOTCS W TIe-
pPECTaroT OBITh MAJILIMU TTOTIPAaBKaMU K CPETHUM 3HAYCHU -
sM. PaHee TokainM3oBaHHBIE B MaJIOM YaCTU CUCTEMBI, OHU
pacIpoCcTpaHsIIoTCs Ha BClo cucTeMy. BennunHa ux Hapac-
TaeT, aMILTUTYIbI (PIyKTyaluii UMEIOT TaKoM Xe MOPSIoK
BEJIMYMHBI, KaK CAMU MaKpOCKOTIMYeCKHe 3HaYeHUsI, pa3-
Juune Mexay (QIyKTyaluusMu U CpeIHUMU 3HauYeHUSIMU
ctupaercs. OT3BYKU JIOKATbHBIX UBMEHEHUI pasHOCITCS
10 BCeii cUCcTeMe, MOSIBIISIIOTCS JAJIbHOIEHCTBYIOIIE KOP-
pessiliug, OTKJIMK CUCTeMbI Ha BHEILITHEE BO3/IEMCTBUE CTa-
HOBUTCS KOJIJIEKTUBHBIM. OOpa3yroniniicss TMHaMUYeCKUit
MOPSIIOK BbIPACTAET U3 Xaoca.

HecMoTpst Ha OrpoMHYI0 pPacClIpOCTPAHEHHOCTb CaMO-
OPraHU3YIOLINXCS CUCTEM, UX U3yYEHME TOJbKO HAYMHAECT-
Csl U, BO3MOXHO, SIBJISIETCSI CAMbBIM 3araJlOuHbIM SIBJICHUEM,
caMoli COKpOBEHHOM TailHOU mpupoabl. Benb Kak nucan B
cBoeil KHUTe 3HaMeHMTHI pusuk D. HlpémmHrep, cama
JKM3Hb €CTh MPOLIECC CO3/IaHMsI TTOpsIIKa U3 Xaoca. YIUBU-
TeJIbHA CIIOCOOHOCTD XXMBOTO OpraHM3Ma 3a7ep>KUBaTh Ie-
pexoi K TepMOAWHAMUYECKOMY PaBHOBECUID — CMEPTH.
OpraHusm Kak OTKPbITasi CUCTEMA MOAIEPXKUBAET CBOE Cy-
1IecTBOBaHMe OJ1aromapsi BO3MOXHOCTH IIpeo0pa30BhIBaTh
9HEPruo 60jIee XaoTUYECKOro ABMXKEHUSI B YIOPSAOUYEH-
HO€, U UIMEHHO €ro ClOCOOHOCTb MUTh YIOPSIAOYEHHOCTh
U3 OKpYyXaroulei cpeabl MO3BOJsIET U30erath nepexona K
aTOMHOMY Xaocy.

CAMOOPTAHN3OBAHHBIE CTPYKTYPBI
B TBEPIOM TEJIE

WccnenoBaHue TBepIOro Teja 3aHUMaeT 0co0oe MECTO B
¢u3MKe, MOTOMY YTO 3TO HayKa O CTPOCHUU MaTePUU KU -
BOW M HEXXUBOW MPUPOJIbI, HAYKa O MaTepuaiax OKpyxaro-
IIIeTOo Hac TeXHU4ecKoro Mupa. BHMMaHue K caMmoopraHu-
30BaHHBIM COCTOSTHMSIM B TBEPIOM TeJle TPUBJICYeHO He
TaK JAaBHO, XOTSI HEKOTOPBIE MCCJEIOBAaHMS ITOKA3LIBAIOT,
YTO TaKUE CTPYKTYPHI, BO3MOXKHO, IIPEACTABIISIOT HE TOJIb-
KO HAay4HEII, HO ¥ IIEPBOCTEIICHHBII ITPAKTUIEeCKUIA MHTEe-
pec, TIOCKOJIbKY OTKPHIBAIOT IIyTH CO3IaHUS MaTepHUajIoB C
MNPUHIMUIINATILHO HOBEIMM CBOMCTBAMMU.

Ilpu cunpHOM BO3AEMCTBUM HA TBEPAOE TEJIO YacTO
HaOII0HaeTCs CI0XKHOE MePEIIeTeHIEe IIPOLIECCOB BO30YX-
NIeHUs U peakcalu, KpoMe TOro, MHOTA OJJHA YacTh CU-
CcTeMbl MOXET TOJBEpPratbCsi BO3AEHCTBUIO CO CTOPOHBI
npyroii. Tem He MeHee, ITO-BUIMMOMY, 1 3[1€Ch AEHCTBYIOT
3aKOHOMEPHOCTH, OOIlKe I HEPABHOBECHOU TepMOIU-
HaMUKU.

Hawnbosee npocTeiMU CllydasiMu, TIpA KOTOPOM ¢op-
MUPYIOTCSI CUJIBHO HEPaBHOBECHbBIE COCTOSIHMSI TBEPIOTO
TeJia, SBJISIIOTCS TTPOLIECCHI, TIPOUCXOAAIINE TTPU B3aMMO-
NeACTBUU U3TYYEHMsI C BELIECTBOM. B HEKOTOpBIX HOBEil-
IIUX TEXHOJIOTUSX, B TOM YMCJIE B aTOMHOM TEXHUKE WU
MpU paguallMOHHOM MOAM(UIIMPOBAHUN MaTepuasoB (B
9TOM CJiyyae TOBEPXHOCTh MaTepuajioB o0padaThIBalOT
My4yKaMU 3JIEKTPOHOB WJIU UOHOB), BELIECTBO HAXOAUTCS B
pagualoHHoM 1noJjie. OueBUAHO, YTO BO BCEX 3TUX CITyva-
SIX MBI UM€EM JEJI0 ¢ OTKPBITOM CUCTEMOM, MOABEprao-
1Ieiicsl MpUTOKY 3Hepruu usBHe. Kpome Toro, yacto oka-
3bIBAETCSI, UYTO UMEETCS U MPUTOK BellecTBa (Harpumep,
npu 00Jly4EeHUU MaTepUaJIOB B YCKOPUTEJIE MBI BBOIUM —
UMITJIAHTUPYEM — YyXKUe UOHBI).

ITpu paccMOTpeHUU MOAOOHBIX 3KCIIEPUMEHTOB BO3-
HUKaeT OJUH BaxKHBIM Bompoc. [leso B ToM, 4To ¢j1abo He-
paBHOBeCHas cucTteMa (MOTYMHSIONIAsICS JTMHEWHON He-
PaBHOBECHOII TepMOIMHAMHUKE) IO CBOEMY ITOBEICHUIO
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MOYTH HE OTJIMYAETCS OT 3aMKHYTOM paBHOBECHOM — 3aMK-
HyTasl CUCTEMa 3BOJIIOLIMOHUPYET K COCTOSIHUIO paBHOBE-
cus, c1abo HepaBHOBECHAs CUCTeMa — K HEKOTOPOMY CTa-
LIMOHAPHOMY COCTOSIHMIO. B Kakux ciydasix, mpM Kakux
BO3MIEMCTBUSIX 00JlydaeMOe TBEpAOe TEJIO TepeieT OT pe-
>KMMa cJ1ab0 HEPaBHOBECHOTO K PEXUMY CUJIbHO HEPABHO-
BECHOMY, TO €CTh B KAaKUX CJIy4asiX Mbl MOXXEM CUMTATh BO3-
MyllleHHe MajbiM? DTOT BOIIPOC B HACTOsIIEe BpeMsl He
HCCIIEOBaH, U Mbl MOXEM CYAUTH 00 3TOM TOJIBKO IO TO-
BEJIEHUIO CUCTEMBI.

YT0 3X€ MPOMCXOMUT MPU B3aUMOIEHCTBUN U3TYyIeHUS
¢ TBepabIM TesioM? HarmoMHuM, 4TO B OOJIBIIMHCTBE TBEP-
JIBIX T€JI aTOMBI (WJIM MOHBI) COCTABJISIOT TaK HAa3bIBAEMYIO
KPUCTAJUTMIECKYIO PEIIETKY — TPEXMEPHYIO Meproanye-
CKYI0 CTpYKTypy. CaMu aTOMbl PAcMoJIOXeHbl B €€ y3Jax,
HO JIOCTAaTOYHO IJIOTHO, TaK YTO 10 HEKOTOPHIM HaIlpaBJie-
HUSIM OHU KacaloTcsl, a MEKaTOMHBIE IIPOMEKYTKU MaJlbl —
He 6osee 0,4 pazmepa atoMa. KpoMe KpHCTa/uIOB OBIBAIOT
TakXe aMOpGhHbIE MaTepUasibl, B KOTOPBIX HET TPEXMEPHOI
TePUOTUIHOCTH, OTHAKO aTOMBbI YITAKOBaHBI TaK Ke IJIOT-
Ho. [Ipu obGayyeHuu ObIcTpast yacTuiia (Hampumep, MOH)
CTaJIKWBAETCSI C aTOMOM BellleCTBa, BHIOMBAET €ro 13 y371a B
MeXY3€eTbHBIN TTPOMEXYTOK. [1py 5TOM y3elT pereTku oc-
TaeTcst MyCThIM, U 00pa3yloTcs cpasy 1Ba nedexra: BakaH-
CHSl Y MeXXY3eJIbHBII aToM (Takas mapa aedeKToB Ha3bIBa-
ercs nmapoii ®peHkKes).

Ecnu yactuia tsxenas, TO €CThb He 3JIEKTPOH, a Cyllie-
CTBEHHO IPEBOCXOSIIME €€ TI0 MacCe HEUTPOH WUJIU UOH, U
€CJIM BHepPrus YacTUllbl JOCTATOYHO BEJIMKa, TO, BEIOUB U3
y371a OIVH aToOM (U MOTEPSIB IPU 3TOM YaCTh SHEPTUM), OHA
MOXET MTPONOJIKATh COYNAPEHUSI, TIOKA €€ SHEPTUs HE UC-
CsIKHET. B cBoto ouepenb, BHIOUTHIN U3 y371a aTOM TOXKE MO-
KeT 001agaTh HEPrueit, J0CTaTOYHOI IJIs TOTro, YTOOBI
Mpou3BoaAuTh nedekThl. B pesynbraTe obpasyercst Kackar,
B KOTOPOM MOXET OBbITh HECKOJIBKO COT JIe(PEeKTOB: BaKaH-
CHUI U MEXY3€eJbHbIX aTOMOB. Terniepb paccMOTpUM, KaK 13-
MEHSIETCSI COCTOSIHME 00JIy4aeMoro TBepJoro Tejia BO Bpe-
MmeHU. McTouHMK 00ydyeHus (3TO MOXKET OBITh aTOMHBIN
peakTop, B KOTOPOM 00pa3yloTcsi HEUTPOHBI, U YCKOPU-
Te€JIb, 2JIEGKTPOHHBIN WJIM MOHHBIN) HEIPEPbIBHO T€HEPU-
pyeT nedekThl B TBepaoM Tejie. OMHOBPEMEHHO B BEIIECTBE
WUIYT MPOLIECCHI, TTPY KOTOPBIX 3TU AeDEeKThl yHUITOXAIOT-
cs. Bo-mepBbIX, 3TO MpoliecC aHHUTWJISLIMU, KOTJAa JBa
Pa3HOMMEHHBIX neheKTa — BaKaHCUSI U MeXY3eJbHbIA
aTOM — BCTPEYAIOTCH U B3aAUMHO YHUUYTOXAIOT APYT Ipyra.
Bo-BTOphIX, 1eheKT MoXeT “morudbHyTh Ha cTokax”. Tak
CIIYYUTCSI, €CJIM OH IOJOMAET K BHEIIHEN IMOBEPXHOCTU
WA BHYTPEHHUM CTOKaM — JieheKTam apyroro tTuna (mpo-
TSDKEHHBIM), OTMCAHWE KOTOPBIX BBIXOAWUT 3a TpEAesibl
oroii cratbu. KoHieHTpauus aedekToB B 00JIydaeMoM
TBEPIOM TeJjie OyeT U3MEHSIThCSI COTJIAaCHO YPaBHEHUIO

%tq =K -aC,C,—BSN,

rae dC/dt — ckopocTh U3MEHEHUS! KOHLIEHTpaLuu aedek-
TOB, K — CKOpPOCTb cO3IaHusl Ne(heKTOB, 3aJaBaeMasi 00JIy-
YaloUIMM YCTPOMCTBOM (pPeakTOpOM WJIM YCKOPUTEJIEM).
BTopoii uieH ypaBHEHUS CBSI3aH ¢ aHHUTWJISIIMEN aedek-
TOB, OH 3aBUCUT OT BEPOSITHOCTH BCTPEYM BaKaHCUU (UX
KoHILeHTpauus C,) U MEXY3elIbHOro aromMa (KOHLEHTpa-
uug C), a B ko3pOULMEHT O BXOAUT K03hdULIMEHT nud-
¢y3un (CKOpPOCTh IepeMelIeHNs 1eeKTOB), KOTOPHI cam
3aBUCHUT OT KOHLEHTpauy AeheKToB. TpeTuii WieH ypaB-
HEeHUS CBSI3aH C THOENbIo Ae(heKTOB Ha CTOKax, 31ech N —
YHCJIO CTOKOB, S — MOIIIHOCTh CTOKA, CITIOCOOHOCTH €TI0 I10-
mIomaTh 1e(eKTHI.

Hrtak, B 00beMe 00IydaeMoro BelllecTBa B pe3yjabTaTe
BHEITHEro BO3JAEHCTBUSI HA CUCTEMY HEIMPEepPhIBHO CO3/1a-
oTcs 1edeKThl, OJHAKO BCJIEACTBUE TPOUCXOISIINX B
TBEPIOM Tejie TIPOLIECCOB OHU HEMPEPHIBHO MCUE3al0T, B
pesysbTare fajlaHca 3TUX MPOLECCOB MOMACPKUBACTCS He-
KOTOpasi cTallMoOHapHasi KOHLeHTpalus nedekToB. Jlerko
BUJIETb, UTO Mbl UMEEM JI€JI0 C TUTTMYHOM CcJ1ab0 HEPABHO-
BECHOI CUCTeMOM, KOTOpas BedeT ceOsl MoJ0OHO 3aMKHY-
TOI pABHOBECHOM CUCTEME, OAHAKO SBOJIIOLIMOHUPYET HE K
COCTOSIHUIO PaBHOBECHSI, @ K CTALIMOHAPHOMY COCTOSIHUIO
C HEKOTOpOI KOHIIeHTpalMeit fepekToB B o0beMe. Ha Mux-
POCKOIMMYECKOM YpPOBHE MPOMCXOMAAT TapHble coyaape-
HMSI, HE CBsI3aHHbIE JIPYr C IPYroM, Moka AedeKkToB He
CIMIIKOM MHOTOo. [edheKThl pacrpeneiaeHbl Mo o0beMy
MPpUOIU3UTETLHO PABHOMEPHO, €CJIM HE YYUTHIBATh 00J1ac-
TH KacKaJloB, KOTOPBIE UTPAIOT POJIb (PIIyKTyaluii KOHLIEH-
Tpauuu nedekroB. B HeKoTopoli 061acTH paaralilMOHHbBIX
mapaMeTpoB 3TU (PIIyKTyalluu JIOKAJIbHBI U TTIOKa HE 3aBjia-
neu Beet cucreMoit. OTHaKO SKCIepUMEHTAIBHO TTOJTyde-
HbI COCTOSIHUS, TIe KapTUHA paauallMOHHbIX TOBPEXIEHU I
CYILIECTBEHHO OTJINYAETCSI OT OMMCAHHOM, — Ha0II01at0TCs
MPOCTPAHCTBEHHO-OPTaHU30BaHHbIE CTPYKTYPhI, YTO, MO-
BUIMMOMY, COOTBETCTBYET PEKMMY CUJIBHO HEPABHOBECHBIX
cocrosiHui. [TpuBeneM nprMepsbl MOAOOHBIX COCTOSIHUI.

HekoTropble MeTainueckre CIuiaBbl 00JIy4aluCh UO-
HaMu aproHa c sHeprueii 20 k3B (Ar") go Gonbiuux 103 U
TPU JTOCTATOYHO OOJIBIIONH MHTEHCUBHOCTH MmoToka. Oka-
3aJI0Ch, YTO CTPYKTypa OOJydeHHOW MOBEPXHOCTU TIPU
9TOM pe3Ko u3MeHmnack. Ha puc. 2, a mokazaHa MUKpO-
ctpykrypa cruiaBa Fe—Cr mmocie o6ydeHust ¢ yBeTuueH -
eMm B 1000 pa3. /o obiydeHUsT IIOBEPXHOCTH CIlIaBa ObLia
IJIAIKOW U OMHOPOIHOM, Iociie 00JydeH!s BUIHA YOS~
TIOYeHHas1 CTPYKTYpa, COCTOsIIAs U3 IBYX CUCTEM TI0JIOC.
IMpupona mojoc, HaMMOMUHAOIIMX LIEMU U3 TMepeceKaro-
LIMXCsl 3BEHBbEB, TIOKA HE MccienoBaHa. BecbMa nHTepec-
HbIE Pe3yJIbTaThl TTOJYYEHBI TP U3YYEHUM TOTO K€ CTuIaBa
C TIOMOUIbBIO 3JEKTPOHHOTO Mukpockona. Ha puc. 2, 6
mokKasaHa CTpyKTypa ¢ yBeauueHueMm yxe B 100 000 pas.
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Puc. 2. MukpocTtpykTypa cnnasa Fe—Cr nocne o6nyye-
HUa noHamun Ar* ¢ aHeprueii 20 kaB: a — yeen. 450%;
BMAHA MPOCTPAHCTBEHHO-OPraHW30BaHHas CTPYKTypa
C xapakTepHblM padmepom 3 MkMm; 6 — yBen. 45000X%;
NPOCTPaHCTBEHHO-OPraHM30BaHHasA CTPyKTypa C Xa-
pakTepHbIM paamepom 500-1000

W 31ech BUAHO YITOPSIIOYEHHOE PACTIONOXEHUE CTPYKTYP-
HBIX 2JIEMEHTOB, TMpeICTaBsIoniee cO00H YeThIPEXYTrob-
Hble O€HApONOAO0HbIE STYEUKU, MPUIYEM TEJIO STYSUKHU U ee
IpaHMIIbl pa3anyaroTcsl MO KOHTPACTY, OAHAKO MpUpoa
slYEeK U B 3TOM cJiyyae MoKa HesiICHA.

CrnenyeT OTMETUTDH ABE BaxKHbIE OCOOCHHOCTH CTPYK-
Typ, 0OHapyKEeHHBIX B 3KcnepuMmeHTax. McxomHoe cocTosi-
HUE MeTaJl1a ObIJI0 PABHOBECHBIM U OTHOPOAHBIM, OTHAKO
rnocjie oO0JydeHusi B TBEPAOM Tejie MOSIBUIMCH 00JacTu
JIByX TUIOB. MOXHO MpPeanoJoXUTb, YTO B MOJIOCAX WU
rpaHUIIAX siYeeK IJIOTHOCTh JAe(eKTOB BbICOKA, a BHE I1O-
Jioc oHa ropasno MeHblie. [Togo6Hoe npeBpalleHrue OIHO-
POIHOI CUCTEMbI B HEOIHOPOHYIO, TeTEPOTeHHYIO MbI Ha-
Osroany U B IPYTUX MPOCTPAHCTBEHHO-OPraHM30BaHHBIX
cTpyKTypax. GroseToBast OTHOPOTHASI CMeCh B oMbITax be-
JIOyCOBa IMpeBpaliaiach B reTepOreHHYI0 CTPYKTYPY U3 uepe-
IYIOIINXCSI KpaCHBIX M CUHUX IToJ10C. B cimygae GeHapoBCcKoit
HEYCTOMYMBOCTH ONHOPOAHAS XUAKOCTb TpaHCHOPMHMPO-
BaJlach B CJIOXKHYIO CTPYKTYPY U3 sTYeeK, B KOTOPBIX COCTO-
sTHUE Tesa STYeKU U IpaHMIbl ObUTO pa3auyHbIM. [10-BU-
NIMMOMY, TaKoe TMpeBpalleHre OMHOPOJHON (TOMOTeHHOM
CHCTEMBbI) B T€TEPOTEHHYIO SIBJISIETCSI TIPABUJIOM TPU CUJTb-
HBIX BO3IEHCTBUSIX.

Tenepsb o npyroit 0COOEHHOCTHU OMUCHIBAEMBIX COCTOSI -
Huil. Ilocne oOiiydeHUsT yIOpsimouyeHHasl CTpyKTypa Ha-
OJit0J1aJ1ach B ONTUYECKOM U DJIEKTPOHHBIX MUKPOCKOMAX,
MaciiTab B 3TUX ABYX clydasix 3HauuTenbHO (B 100 pa3s)
pasznuyaercs. Ha puc. 2, a xapakTepHblii pa3mMep CTPYKTY-
pBl (cpemHee pacCTOSHHUE MEXIY MOJ0CAMM) COCTaBIISET
OKOJIO 3 MKM, B SIYEMCTOM CTPYKType Ha puc. 2, 6 — 500—
1000 A. Takum oGpa3om, B O6JIydeHHOM MaTepuane Ha-

OmoaeTcsl Mepapxusi CaMOOPTraHW30BAHHBIX CTPYKTYD,
YIOPSIIOUEHUE Ha PA3IMYHBIX MACILITAOHBIX YPOBHSIX.

CyniecTByIOT Takke HaOJIONEHUs, TAe B paadaliioH-
HOM TIOJie TIpOSIBJISIIaCh BpPEMEHHasl caMOOpraHM3alus
TBepaoro Teia. Tak, UCCIeNOBaIMCh CBOMCTBA TUTYyTOHMSI, B
KOTOPOM 3HAUUTEJIbHYIO [JOJNI0 COCTAaBIA1 U30Tom SPu.
DTOT M30TOII (KaK, BIIPOYEM, 1 APYTUe M30TOIIBI ILTyTOHMS)
MOABEPXEH paIloaKTUBHOMY pacramy, Tpy 3TOM MPOUCXO-
IUT caMooOydeHue Matepuasa. Okazaaoch, YTO HEKOTO-
pble ero CBOICTBa B YCJIOBMSIX HEMPEPHIBHOTO IMPUTOKA
SHEPruM (OTKPBITas CUCTEMa) LUKIMYECKU W3MEHSIIOTCS.
Ha puc. 3 mokaszaHbl pe3yJbTaThl U3BMEPEHUI JUIMHBI IBYX
pa3IMYHBIX 00Pa310B IUTYTOHUS (C pa3IMYHbBIM COAEPKaHU-
€M CWJIBHO aKTUBHOTO M30Tomna 2**Pu) ¢ TeueHUEM BpeMeHN.
[NeproanyHOCTH UI3MEHEHUI BUAHA JOCTATOYHO YETKO.

Tenepp paccMOTpUM ellle OAMH MpUMep (HOpMHUPOBaA-
HUS TPOCTPAHCTBEHHO-OPTaHU30BaHHBIX CTPYKTYD B TBEP-
JIOM Tejie — TPU OOJyYeHUM ero MOBEPXHOCTH JIa3epOM.
JlazepHas 06paboTKa ucnosnb3yercs A MoauduImupoBa-
HUS CBOMCTB, HAIIPUMED JIS yIIPOYHEHUS METAJUTMYECKUX
noBepxHocTeil. OMHaKO B OTHAEIbHBIX ClIydasiX yHopsiio-
YEHHYIO CTPYKTYpY Ha MOBEPXHOCTU B HEKOTOPBIX MaTepU-
ajlax dJIEKTPOHHON TEXHUKHU CO3[AI0T IieJIieHaNpaBieHHO,
IIJIS1 TeXHOJIoTnYeckux Hyxn. [1pu 1azepHOM BO3aeliCTBUN
yalie BCero Ha MaTepual MHOTOKPATHO TOCHUIAIOTCS M-
TyJIbCBI MAJIOM JUTUTETbHOCTU. [TpoCcTpaHCTBEHHO-OpraHM-
30BaHHBIE CTPYKTYPbI (DOPMUPYIOTCSI HAUMHAsI C HEKOTOPO-
ro KpUTUYECKOro yucia uMmmyiabcoB. Ha puc. 4 moka3zaHbl
MPUMEPBl TAKUX CTPYKTYP, MOJYyUYEHHbIE Ha MeTajlauyec-
koM criaBe Fe—Cr—Ni. [lo oGaydyeHus j1a3epoM MoBepX-
HOCTb CIlJIaBa ObL1a OMHOPOIHOMN, MUKPOCTPYKTYpa HE UMe-
Jla KaKMX-JIM0O OCOOEHHOCTE.

ITpocTpaHCTBEHHO-OPTraHM30BaHHBIE COCTOSIHUS T10-
cJie JIa3epHOTO BO3NEHCTBUS TPEICTABISIOT CYIIECTBEH-
HBII UHTEPEC elle T10 CASAYIONM 00CTOsITeIbcTBaM. Mu-
KPOCTPYKTYpa, 3apeTMCcTpUPOBaHHAs MTOC/Ie UCCeNOBaHMS
B ONTUYECKOM MUKpocKomne (puc. 2, a; 4, a, 6) Wiu sJieK-
TPOHHOM MUKpOCKoMe (puc. 2, 6), CTAHOBUTCS BUIUMOI1
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1 1 1 1 1 1
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Puc. 3. IameHeHne gnnHbl LMANHOPUYEeCKNX 06pasLoB
NAYTOHUS CO BpemeHem: 1 —7,3% 2%Pu, 2 - 80% 2**Pu
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Puc. 4. MNpocTpaHCTBEHHO-OPraHN30BaHHbIE CTPYKTY-
pbl nocne 061y4eHnst TBEPAOTENbHBIM 1a3€POM C 4JIn-
TenbHocTbio numnynsca 10-20 Hc B crnnaBe Fe—Cr—Ni
(300 mnynbcoB). YBennyerme 450 %

13-3a TOTO, YTO B MaTepuajie o0pa3yroTcsi 00J1acT, B KOTO-
PBIX BEILIECTBO HAXOAUTCS B PA3TMUHBIX COCTOSTHUSIX. MOXK-
HO TIPEANOJIOXUTh, HAIIpUMEP, YTO B TTosiocax (puc. 2, a)
TUTOTHOCTbD 1e(heKTOB CYIIECTBEHHO BbIIIE, YEM B OKpYKa-
foleM Matepuaiie. OIHaKO TOTAA ISl TOJyYeHUsT CTPYKTY-
Pbl HEOOXOIMMO, YTOOBI, BO-TIEPBBIX, TaKKe Ae(DEKThl ObI-
JIV CO3/IaHbI; BO-BTOPBIX, HY>KHA IMePerpymniuupoBKa aTOMOB
(nedexToB), MPUBOAILAS K IPOCTPAHCTBEHHOMY YIIOPSI-
oYeHU0. B 061yuyeHHOM HeMTpOHaMU WJIM MIOHAMU MaTe-
puaie Takue AeheKThl MOTYT 0O0pa30BBIBAaThCS B MAapHBIX
coyIapeHusIx, Kak ObUIO ITOKa3aHo, OHAKO JISI TTOCeTylo-
LIel MeperpyniupoBKU M 00pa3oBaHUs YHOPSAOYESHHOM
CTPYKTYDHI YK€ HYKHBI KOJIJICKTUBHBIC B3aMMOJEHCTBUA,
KOIJla aTOM B3aMMOJIEMCTBYET He TOJbKO C OJMKaHIIMMU
cocensiMu. [1pu JazepHOM BO3AeCTBUY 110 OOCTOUT MO-
nHoMy. Ha Marepual mochliaeTcss MOIITHBIN ITy9OK KOTe-
PEHTHOTO CBETOBOTO U3JIyYeHUsI, OMHAKO KaXXIbIi OTAETb-
HbIi1 CBETOBOI KBAaHT HE B COCTOSIHUM CMECTUTh aTOM C €TO
MecTa B pelleTKe 1 00pa3oBaTh Ae(GeKT: BAKaHCHIO WIIA Me-
XKy3eJbHbI aToM. JlazepHoe 00ydeHre B COCTOSIHUM MO~
NeCTBOBATh TOJBKO Ha 3JIEKTPOHBI TBEPIIOTO Teja, a OHU,
B CBOIO O0Yepeb, BHOCAT U3MEHEHUST B COCTOSTHUE MOHOB.
Takum oOpa3oM, B JaHHOM cCJy4yae Mbl MMEEM HECO-
MHEHHOE JI0Ka3aTeJIbCTBO CYIIECTBOBAHUS KOJIJIEKTUBHBIX
addexToB, 1 Mpr 06pa30BaHUU MTPOCTPAHCTBEHHO-YTIOPSI-
JIOYEHHBIX CTPYKTYP SICHO MPOSIBJSIETCS] KOTE€PEHTHOE I10-
BEIEHUE CUCTEMBI.

M HTepeceH Takxke BOMPOC O BBIOOpE YMPABIISIOLIETO
rmapamMeTpa, Mpu JOCTUKEHUM TTIOPOTOBOTO 3HAYEHUSI KOTO-
pOro cuctemMa NepexoAuT B CUIIbHO HEPABHOBECHBIU PEXKUM.
MbI yke BUAEN, YTO MPHU JJa3epHOM OOJyYeHUU TaKOH pe-

>KMM HACTYTAaeT IMOoCje ONPEAeIeHHOIO YKCia UMITYJIbCOB.
OTBeT Ha BOIIPOC, KaK CUCTeMa HaKalJIMBaeT HEOOXOOM-
MYIO 3HEPTUIO U NMEPEXOIUT K KOT€PEHTHOMY NOBELEHUIO,
TpeOyeT CreMalbHOro UCCIeN0BaHMSI HA MUKPOCTPYKTYP-
HOM YPOBHE.

IIpu o6nyyeHrMr HOHAMU 0CO00E COCTOSIHME MeTalla,
KOTOPOMY CONYTCTBYeT 0Opa3oBaHMe MPOCTPaHCTBEHHO-
OpPraHU30BaHHBIX CTPYKTYpP, (pOpMUPYETCSI B HEKOTOPOM
nMana3oHe BHEIIHUX MapaMeTpoB: 103, MHTEHCUBHOCTEN
MOTOKa M TemrmepaTtyp oOsydeHus. MOXHO Mpearnoso-
KWUTh, YTO B 3TOM CJIydae yIpaBIsIoNIMM ITapaMeTpoOM MO-
KeT ObITh KOHILIeHTpauus aedekroB. Tak, Hampumep, C
yBeJIMYeHEM MHTEHCUBHOCTH TTOTOKA MPU JaHHOM TeMIIe-
paType KOHIEHTpalus nedeKTOB CHavyaja MOXET Hapac-
TaTh, TOCTUTAs MaKCHUMyMa, a 3aTeM YMEHbIIaThCs M3-3a
yBeJIMUEHUSI BCTped Ae(eKTOB pa3HOro 3Haka (BaKaHCUI 1
MeXY3eJbHBIX aTOMOB).

B otiimuune ot cucteM B ¢1abo HepaBHOBECHOM 00J1ac-
TH TIOBEJeHNE CUJILHO HEPaBHOBECHBIX CTPYKTYp CIIEIIU-
¢uuHo. He cyiecTByeT yHUBepCaJlbHOIO 3aKOHA, KOTO-
pBIii MOT OBl B A€TaJISIX ONpeAeJuTh MoBeAeHue Bcex 0e3
HUCKJTIOUEHUST CUCTEM, Kaxjaash U3 HUX TpebyeT ocoboro
paccmotpeHusi. Tak, HarpuMep, Mbl BUIEIU, CKOJIb pa3HO-
00pa3HbI MOTYT OBITH MPOCTPAHCTBEHHO-OPTraHU30BaHHbIE
CTPYKTYPBI Jaxe Tocje OMHOTUITHOTO BO3JAEHCTBMSI U Ha
O/IHOM MacIITabHOM ypoBHe (cM. puc. 4).

Camoopranmusanus He SBIAeTCS €IWHCTBEHHBIM pe-
3yJITATOM 3BOJIIOLIVM JaXe B HEJIMHEHOM 061acT, 06-
pa3oBaHUe MPOCTPAHCTBEHHBIX CTPYKTYP JUIIL OOWH U3
BO3MOXHBIX TTyTEN CUCTEMBI, 3€Ch TIPOSBIAETCS MHOTO-
BapUaHTHOCTD, YTO TOXE ABJISAETCS OTIMYUTENBHBIM ITPU-
3HAKOM CHCTEM B HEPABHOBECHOI 00JIACTH.

3AKIIOYEHUE

H3ydyeHue siBieHUit camoopraHuzanuu u B 6osiee MIMpo-
KOM CMBICJIE CUJIBHO HEPABHOBECHBIX COCTOSIHUAM B TBEp-
IIOM TeJie TOJbKO HaunmHaeTcs. O4eBUIHO, YTO OHO MOXET
NIaTh CWJIBHBIN TOJYOK Pa3BUTHUIO (GU3UKKU OTKPHITHIX CUC-
TeM. CoBpeMeHHasi Hayka M30aBIsieTCsl OT WILIIO3UU, YTO
MUP YCTPOEH MPOCTO, YTO BCE MPOLIECCH MOTYT OBITH OMK-
CaHbl TIPOCTBIMU U SICHBIMU 3aKOHOMEpPHOCTIMU. B Hayu-
HbIIA 00MXO0 BXOIST MOHSTUS HEIMHETHOCTH, HEYCTOYM -
BOCTU, (JIYKTyallUil, OHU CTAHOBSITCS JIEUTMOTMBOM BO
MHOTUX obsacTsix 3HaHus. CTaHOBUTCS 60Jiee TIOHSITHBIM,
KakK, MCXOIs U3 XMMMHU, U3 HAYyKd O MaTepuasax, MOXHO
TOCTPOUTH CIOXHBIE CTPYKTYPHI M (POPMBI, B TOM YHUCJIE T€,
KOTOPBIE CTAIM MPEAIIECTBEHHUKAMU XKUBOM TTPUPOIBI.

HenuHeliHble HepaBHOBECHBIE COCTOSIHUST BECbMa UYB-
CTBUTEJIbHBI K BHEITHUM YCJIOBUSIM. B paBHOBecumn mate-
pusi ciiena u MepTBa, OHa Oe3pas/inyHa K BHEIITHUM YCJIOBU-
SIM 1 HeCIToCOOHAa K U3MEHEHU10. B cHIIbHO HepaBHOBECHBIX
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YCIOBMSIX CHCTEMa TOTOBa K BOCHPMSITHIO Pazinyuili BO
BHEIIIHEM MUPE.

Bce Oosee O4YeBUAHBIM CTAHOBUTCSI, UYTO H3yYEHUE
CWJILHO HEPaBHOBECHBIX COCTOSTHUI B TBEPIOM TeJI€ CYJIUT
OoJIBIIINE TTPAaKTUYECKIE BHITONBI. Ha 0CHOBE TaKMX COCTOST-
HUIA MOXET OBITh COBEPIIICH MPOPHIB B CO3MaHNM MaTepra-
JIOB C HOBEIMM CBOMCTBaMM. YKe ceifuac HEKOTOPHIE JOCTH -
JKEHUSI B 3TOM 00JIaCTU MUCIOJIB3YIOTCSI B MUKPOTEXHOJIOTUN
U MUKPO3JIEKTPOHUKE. 3aBTpa 3TU HEOOBbIYHbIE YBJIEKa-
TeJIbHbIE CTPYKTYpPbI, BOBMOXHO, JISTYT B OCHOBY HOBBIX,
HbIHE HEM3BECTHBIX TEXHOJIOTHIA.
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Peyenzenm cmamou J1.1. TpyOe1ikoB

Buta CepreeBHa XmeneBckas, AOKTOp GU3NKO-MaTemMa-
TUYecKkux Hayk, npodeccop OOHUHCKOrO WHCTUTYTa
aToOMHOl 9HepreTukn. O6nacTb Hay4HbIX MHTEPECOB —
B3aMMOOENCTBNE W3NYYEHUS C BeL,ecTBOM, da3oBble
npeBpaLLeHns, MHAYLMPOBaHHbIE 06y4EHNEM, HEPABHO-
BECHble CTPYKTypbl B 06/1aCTW, yOANEeHHON OT paBHOBeE-
cusi. ABTop 6onee 100 Hay4yHbIX paborT.
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