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Cuctembl MeTann—Boaopos BO MHOMMX OTHOLUEHUSIX YHUKanbHbl M UCMOMb3YOTCA B
LUIMPOKOM OnanasoHe TeOpPEeTUYECKUX U NPaKTUYecknx 3agadvy puanmyeckoro U TEXHUYECKOro
MaTepuanoBedeHNs, TEOPUM U TEXHOMOMMU TEPMUYECKON W NnacTU4eckon o0paboTku,
dm3nyeckon xmmun, Guankn metannoB u uankn TBEpaoro tena B uenom. [lpakTuka
ANKTYeT 3aga4vm obecnedeHns HagexHon paboTbl BOAOPOA0ONACHbIX NPOM3BOACTB (aTOMHas
3HepreTMka W aTtoMHas MPOMBILLUMEHHOCTb, XMMUSA N HeTEXMMUS, YepHass U LBeTHas
MeTannyprus, MHayctpus Aobbldnm 1 TPaHCMOPTUMPOBKM MPUMPOLHOrO rasa, a Takke psga
ApYyrmx otpacnen TexHukun). [Npn 3TOM NepcnekTMBbl Pas3BUTUS TEPMOSIAEPHON U pasBuTme
BOOOPOAHOM 3HepreTukn obycnaBnmBaloT U3yvyeHne oyHaameHTarnbHbIX 3aKOHOMEpPHOCTEN
B3aMMOOEeNCTBUSA BOAOPOAa M ero n3oTtonos ¢ metannamu [1].

Mannaguii B HacTtosillee BpemMsi NPUMEHSIETCS B aBTOMOOMWMBbHOW, 3MEKTPOHHON,
XUMMYECKON MPOMBILLNEHHOCTU, HOBENMPHOM MPOU3BOACTBE N MeauumHe, HO ocobylo posb
urpaet B MpOeKTax BOAOPOAHOM 3HepreTukn. K HacToswemy MOMEHTY BPEMEHW OH
nucnonb3yetcd B KayvecTBe MemOpaH Ans MofyYeHus BbICOKOYMCTOro Bogopoda [2], B
HEKOTOPbIX KOHCTPYKLUMAX OaTYMKOB yTeuek Bogopoaa [3], B TONNUBHBLIX anemeHTax [4], n kak
MOZESNbHbIA MaTepuan Ansi U3yuYeHUs OCHOBHbIX 3aKOHOMEPHOCTEW B3aUMOLENCTBUS
BOoOOpO4a C MeTannamu, 4To OOyCnoBnEeHO OTHOCUTENbHOW MNPOCTOTOM AuarpaMmmbl
COCTOSIHUSA TEPMOAMHAMMYECKM OTKPbITON cuctemsl Pd-H [5].

B HacTodAwem goknage npeacTtaBrneHbl pes3ynbTaTbl CUCTEMATUYECKUX UCCeaoBaHNA
3aKOHOMEPHOCTEN N 0COOEHHOCTEN B3aMMOLENCTBUA Nannagnsa ¢ BOAOPOLOM.

OKCNEPUMEHTLI MO  U3YYEHUID KUHETUKA W MOPEOMorMM MNPOAYKTOB MAPUOHbIX
npespaLleHii nposBoannm Ha dmctom nannagum (99,98%) B Buge npososnoku, 0,5 Mm.
OKCNepuMeHTbl MO MUCCreaoBaHUio  (POPMOM3MEHEHNS, BbI3BAHHOMO  OOHOCTOPOHHUM
NPOHUKHOBEHMEM BOAOpOAA, MpoBOAMNM Ha obpasuax B Buae nannagmeBbiX MAacTuH,
pasmepamn 60x5.5x0,27 MM, C OQHON CTOPOHbI SNEKTPONTUTUYECKN MOKPLITbIX MEALHO.

[na pervctpaumm CTPYKTYPHBIX U MOPMONOrMYecknx WM3MEHEHUI Ha MOBEPXHOCTU
nannagus n U3ydeHust KMHETUMKU TMAPWUOHbIX MpPeBpaLLEHMI WCMOSb30Banu OpPUTMHaNbHYH
ycTaHoBKy BBY-2, 06beamHstoLwyo Be METOONKU: METOAMNKY ONTUYECKON MUKPOCKOMMM in situ
C BWOEO03aANMCbl0 MNPOTEKAOWMX HA MNOBEPXHOCTU MpeaBapuTENlbHO MOArOTOBMEHHbIX
nannaguveBbiXx  WNWGOB  MNpPOLECCOB, W METOAMKY  MHTErpanbHOro  n3mMepeHusi
3MEKTPOCONPOTUBIIEHMS.

[Ons wccnegoBaHus dopmonsamMeHeHnst (M3rmboB) nannagueBoV MNacTUHbL  MNpU
OOHOCTOPOHHEM HAaCbILWEHN BOOOPOLOM MCMOSb30BanM BOAOPOOO-BAKYYMHYHO YCTaHOBKY
BBY-4, nosponsiowyld MNPOBOAUTL BUAEOpPErncTpaumio npouecca usrmba KOHCONbHO
3aKpenIeHHOW NNacTUHbI U MOCNEAYOLWMIA KOMMbIOTEPHbBIN aHaNn3 BUOEO4AHHbIX.

Mopdghonozusi npodykmoe 2udpudHbIX rnpespaw,eHull
O6pasoBaHwe rMopuaoB BO BPEMS HAChILLEHMS BOAOPOAOM rMapuaoobpasytoLmx MeTansios

n3yyanocb B TeveHmne MHorux net (1950—1970 IT.) TONbKO C TOUKN 3PEHNST XMMUYECKMX NMPOLIECCOB
N paccMaTpuBanocb Kak peakums rmapuypoBaHms. B koHue 1970-x BhnepBble  Obina
copmynmpoBaHa naes 06 ocobow npypoae rnapuaHbIX npespalleHnin. 3atem, B cepeamHe 1980-
X Obln npoBeaeH cuHTe3 [6,7] 3HaHWIM O TMAPUAHLIX NPeBpaLLeHMsX. bbino caenaHo 3aknoYveHne,
YTO OHW TMPUHUMNMANbHO OTNNYAOTCA OT  BCEeX Kraccuyecknx (oasoBbiX  NEepexonoB
(MapTeHCUTHbIX, ONPY3NOHHBIX U T.4.) U OOSKHbI paccMaTpuBaTbCs Kak 0cCobbil  Kriacc
Oughgby3UOHHO-KOOINEPaMUBHbIX rpespauieHUll 8 KOHOEHCUPOBaHHOM eeujecmee, obnagaroLwmnin
cneuundunyeckorn  audbdysnMoHHO-KoonepaTnBHOM  npupodon. CywHOCTb  9TOM  npupogbl  —
B3aMMO3aBUCMMas U B3anMMOOOYCrOBMEHHasi, CUHepreTndeckas nepecTporika BOAOPOOHON
NoAcUCTEMbI U MeTannNM4Yeckon MaTpuubl. ATOMHbIE NEPECTPOEHNST BOAOPOAHOW U MeTanm4eckomn
noacucTeEM NPOTEKalT MO MPUHUMNMANbHO OT/IMYHBIM MEXaHM3MaM: BOAOPOAHas mnoacuctema
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nepectpamBaeTcs AMAP@Y3MOHHBIM NyTEM, a KpucTannuyeckas pelsetka — TOMbKO MO
KoornepaTMBHOMY, MapTEHCUTONOAOBHOMY MEeXaHU3Mmy.

CnpaBeQiIMBOCTb  3TOrO  3aKMOYEHUs1  MOATBepXOaeTca  pesynbTatamm  Halumx
3KCMEePMEHTOB MO UCCNEeAoBaHMIO NPAMbIX M 0BpaTHbIX TMAPUAHLIX NpeBpaLleHnii B cucteme Pd-
H [8]. OencTeuTtensHO, kak NpsiMoe, Tak U obpaTHoe rmapuaHoe NpeBpalleHVe pasBmnBaeTcs no
MEeXaHU3My 3apOXOEHVMs U pocTa 3apofblller, U MO ero OKOHYaHMM Ha npegBapuTesisHO
MoONMpPOBaHHOM MOBEPXHOCTM obpasLla pas3sBuBaeTcss HeobpaTMMO AedOpPMUPOBaHHbLIN penbed
NoBEPXHOCTU. [lpyn OTCYTCTBUMM KOOMEPATUBHOW MEPECTPONKN MeTanmnmMyeckon matpuubl B
npouecce rMapuaHOro npeBpalleHnss TakoW KapTuHbl He Habnoganocb Obl: MOBEPXHOCTHbLIN
penbed oTcyTcTBOBan Obl.

KuHemuka 2udpudHbix npespauweHuli 8 cucmeme Pd-H

Cucrtematuyeckoe aKkcriepMMeHTanbHOe UccrneqoBaHue KUHETUKM rMapuaHbIX (ha3oBbIX
npeBpaLleHnn B CUCTEME MNannagun—Boaopo4 nokasano [8], YTo KMHeTuka MpsMbIX o—f
mapuaHblX  as3oBbIX  NpeBpalleHuin  onucbiBaeTca  C-00pasHbIMM  KMHETUYECKUMM
anarpamMMmamMu, B TO BpeMsl Kak Ang KMHETUKM obpaTHbiX P—a rmapuaHbiX dasoBbiX
npeBpaLLeHnn XapakTepHbl (pas3oBble Auarpammbl NPUHUMNWANBHO WHOro Tuna. WHbIMK
cnoBamu, Ana ApSAMOro  rMapuaHoro  ¢oasoBOro  MpeBpalleHus, npu  yBenu4eHun
NnepeoxnaXXaeHns CKOPOCTb 3apoXKaeHUs (YMCRO) LEHTPOB HOBOW (hasbl U CKOPOCTb MX pocTa
N3MEHSIIOTCA MPOTMBOMONIOXHBIM 00pa3oM. [lo3ToMy C  yBenMYeHMEM MNepeoxraXaeHus
CHavana JOMUHUPYET POCT Yncna 3apoAbillen HOBoW hasbl, 3aTEM HauMHaeT npeBanupoBaTb
YMEHbLUEHNE CKOPOCTU ANcdY3NOHHOM OOCTaBKM BOAOPOAA K 3apodbilam HoBoW doasbl,
fGnarogaps Yemy CKOpPOCTb a—[3 npeBpaLLeHus, NPonaa Mpu OXIMaXOEeHUM Yepe3 MaKCUMyM,
HaYMHAET CyWeCTBEeHHO 3ameandatbcda. [Mpu obpaTHbiX B—a rMOPUOHBIX NPEBPALLEHUAX C
pOCTOM neperpesa wnu nepenaga LgaBneHUs BOOOPOAA YMCHO LIEHTPOB 3apOXOEeHUsS HOBOW
dasbl M CKOpPOCTb MX Anpdy3MOHHOTO poCTa TOMbKO YBENUUMBAKOTCA. Takoe xe
NPUHLUMNManbHOE pasnuyne KMHEeTUYECKUX Avarpamm npespalleHnss MMeeT MecTo B CTansx u
crnnaeax [9]. Takum obpasom, gaxe ANs APUHUMNUANBHO OTAMYHBLIX OT CTanen M CniaBoB
TepMOOUHAMMYECKN OTKpbITbIX cuctem Me—H pabotatoT obuime 3akoHOMEPHOCTU (ha30BbIX
npeBpaLleHnin B TBEPAOM TeNe.

KozepeHmHbie u Heko2cepeHmMHbIe siefieHus1 e cucmeme Pd-H

CuctemaTU4eCKMMM UCCNeAOBaHUSAMW, BbIMOSTHEHHBIMW B YCIOBUAX, OTBEYaloLmX
ogHodasHoMm obnactm Ha pguarpamme coctosHus Pd-H, npu yCKOpeHHOM HachbieHun
nannagusa  BOAOPOAOM  3aperucTpupoBaH  Uenbldi  psa4 BOAOPOOOYNpYrMX U
BOAOPOAONIACTMYECKUX  9PEKTOB:  CTaUMOHapHble  KOrepeHTHble  BblMy4YnBaHUS,
HeobpaTMMbIN COBUI 3epeH, ABWXYLUMECS BOMHOOOpasHble KOrepeHTHble BblMy4nMBaHUSA
(conmtoHbl) [10]. [MokazaHo, 4TO oOO6LWEN MpPUYMHOM UX MPOSIBNEHUS SABNSAETCH
BO3HUKHOBEHWE, nepepacnpegeneHve 1n penakcaums BHYTPEHHUX HanpshkKeHun B cnraBax
Pd—H. C npakTMyeckom TOYKM 3PEHMS, IKCMEPUMEHTANbHO YCTaHOBMEHHbIE 3PEKThI
NCKNIOYMTENbHO BakHbl Ans obecneveHns 6e30nacHOCTM (PYHKLMOHMPOBAHMUS TEXHOMOMUM
BOAOPOAHOM 3HEPreTWKX, MOCKONMbKY BO3HUKHOBEHME, [OBWXEHWE W  UCYE3HOBEHWe
CONMUTOHONOAOGHBIX BbIMYYMBAHUM  3TO OCOObLIM  MexaHu3M penakcaumm BHYTPEHHUX
HanpsbkeHun B cnnasax Me—H.

®dopmMousmeHeHuUe nasnsnadueeoll niaacmuHbl NPU 0OHOCMOPOHHEM HacblWeHUU
eodopodom
Mpobnema  kopobneHuss  MeTannoB  NpU  HEpPaBHOMEPHOM  BO3OENCTBUU
TemnepaTypHbIX MOSen, N COOTBETCTBEHHO, BO3HUKHOBEHUW TEMMNEPATYPHbIX HAMPSXKEHUA B
MeTanne, LWWPOKO M3BECTHa B MeTannoBedeHUn W y4uTbiBaeTCa B TEXHOMOrmsax
Tepmudeckon obpaboTkm metannoB. OgHako, HEPAaBHOMEPHOE BO3AENCTBME BOOOPOOA Ha
nannaguin Bbi3blBaeT CUITbHOE (DOPMOM3MEHEHME MeTanna (B Hawux crnydasx — uarnbbl
nannagueBor nNnacTuHbl) B pe3ynbTaTe BO3HUMKHOBEHWUS, HapacTaHus W penakcaumm
BHYTPEHHUX HaNpshXeHUKn, OBYCrOBMEHHbIX BOAOPOAHbLIM BO3AEWCTBMEM (BOL4OPOAHBIX
HanpsbkeHnn). ATOT ahPeKT M3yyeH B LUMPOKOM MHTepBarne Temnepatyp v gasnexHun [11].
MexaHnam mn3rnba nannagveBoV NAACTMHbI NPU HacbIWEHUN BOAOPOAOM MPUHLMNMANBHO
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OTIIMYEH OT TaKOBOIO NPU MEXaHNYECKOM HarpyXeHun: oH peanuayeTcs Yepe3 obpasoBaHue
N pasBUTUE BPEMEHHOIO rpagMeHTHOro Martepuana MeTann—Boaopoa, B KOTOPOM BHELLHWI
cnow npegcrtaensaeTt cobon cnnas PdH, a BHYTpeHHUN — eLé He HacbIWEeHHbIN BO4OPOOOM
YUCTbIN  Nannaguvi. JOTW  pesynbTaTbl  MPUHUMMMANbBHO BaXHbl ANA  TEeXHOMOorum
NCMNONb30BaHUSA CUCTEM Nannagun-s0aopod, B YaCTHOCTU, ANt MEMOPAaHHON TEXHOMOormm u
pa3paboTkn AaTYMKOB yTe4eK BOAOPOAA Ha OCHOBE nannagus.
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