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M3amoskeEN pe3yINbTaTH  SKCIEPDEMEHTAJBHHX ¥
TEOPEeTHYeCKHX NCCIOMOBAHMA MEXaHHYECKOTO M3MeJb-
9YeHAS HEOPTaHWIECKHX TBEPABIX TOJ A0 9JACTHN MAKPOH-
HHX B CyOMUKDOHHHX pa3MepoB. PacCMOTpDEHH BIHAHWG
BHEIDHEH CPefH Ha IPOLEecC HOJYYeHWs BHICOKOJUCIEPC-
HHX IOPOMKOB, H3MEHEHHEe KPHCTAJINIECKON CTPYKTYPH
MaJIHX 9acTHI[ X BO3HEKAWIINE B CBA3K C YTHEMU H3MeHe-
HUAMA MeXaHOXUMAJYecKme sABIeHAsa. B MoHorpadmm
IMOKa3aHO, KaK IO Mepe YMeHbIIeHWUS PasMepOB YaCTHIL
pacTeT BIUsAHAE (USAKO-XAMUIECKOTO MX B3aMMOEACTBAA
¢ BHEImEHeH# cpefoli, mIacTmIeckoro pmedOpMEPOBAHUA
H MacmTabHOr0 YHOpPOYHEHHs HA KEHETHAKY M SHEPIeTHAKY
mpomecca H3MeIbYeHHs.

MexaamaecKoe m3MeIbUeHEEe TBEPAKX TeJ C IEAbI0 UX
JaJibHemell TeXHOJIOTHIECKOH mepepaGoTKE sABIAETCA
OJHEM M3 CaMHX PacOPOCTPAHEHHHX B IPOMBIIIIEHHOCTH
mpomeccoB. JcclemoBaHMA MeXAaHUKH  M3MeJIbYeHMS,
$U3AIECKOTO COCTOAHUA M (H3MKO-XUMHIECKAX CBOMCTB
JUCOePCHHX MOPOIIKOB BH3BAHK 3aIPOCAMH NPAKTHKHA H
HEMEIOT CBOEil [ebl0 MOBHIeHue 3¢HEeKTHBHOCTA TeXHOJIO0-
THYeCKAX IPONECcCOB.

Puc. 94. Tabx. 22. Buba. 266 mass.
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BBEJEHUNE

JucneprupoBanme TBEPAHIX TeX — UX H3MEJIbYCHUE [0
JaCTHUI[ MAJHX Pa3MepOB — OCYIIECTBIAETCA C IENBI0 IIOBHI-
IEHNSA CKOPOCTH TETePOTeHHHIX HpoleccoB. B GoxpimHCTBE
CIyYaeB IPAKTMIECKOE MCIOJH30BAHME TBEPAHIX MaTEpPHATIOB
B TeTepOTeHHHIX W TBepAodas3HHX peaknuax 0e3 uUx mpejBa-
PUTEIBHOTO U3MeJbIeHHSA B0ooOme HeBo3MokHO. IlocKombKy
DO4TH BCe IIpAMEHAEMEE IPOMBIIIIEHHOCTHI0 MAaTepHaJIh
B OOHYHEIX YCIOBUAX HAXONATCA B TBEPAOM COCTOSHHH,
u3MeJbUEHNe SBISAETCA ONHOM M3 OCHOBHEIX omepanail ux
nepepaboTru. V3BecTHH pa3andHEe COOCOOH IOJAYICHUSA TBEP-
IHIX TeJ B NMCIEPCHOM COCTOSHHUM, N3 HUX Hambosee HPOCTHIM,
9KOHOMHIHBIM M, BCJEICTBHE 3TOT0, Hambojee pacIpocTpa-
HEHHBIM SIBISETCH MEXaHWIECKOe WM3MelbYeHUe.

B HacTosmee BpeMsa MHpPOBOE IIPOM3BOJACTBO IIOPOIIKOB
mocTHTaeT Mmiimapma ToHH B rog. Ha sro sarpaumsaercsa
okono 10% Bceit BripabaThiBaeMoit 3jexTposHepruu. He-
CKOJIbKO MIIIMOHOB TOHH BHICOKOKAYECTBEHHON CTaxuM pac-
XOJYeTCA €KerofHO Ha M3rOTOBJIEHAE MeJomux Tei. Vizmens-
9eHWe IPHMEHAKT B TAKMX MHOTOTOHHAKHEIX OTpacifax
MPOMEINIIEHHOCTH, KAaK TOPHOPYAHAsS, IEMEHTHAs, CTEKOJb-
Hasg, OUImeBas, X B OIPOU3BOACTBE METANIOKepaMuKu, dpeppa-
TOBHIX M3[IeJU#, TBePAHIX TOILIMB JJs PEaKTHUBHHX IBUTATe-
Jefi, B3PHBYATEHIX BEIIECTB, SIEPHEX TEILIOBREIAIMUX
DJIIEMEHTOB, JEKAPCTBEHHHIX MOPOLIKOB, SIXOB U [P.

B saBucuMocTH OT NpHPOAH MaTepHala M XapakTepa
€r0 HCIOJB30BAHMA K W3MEJbYEHUI0 HPEABABIAIT DPA3HO-
obpasHble, HO, Jalle BCETO, BIOJHE KOHKDeTHHE TpeGoBaHUA
10 [UCIEePCHOCTY, YUCTOTE, COXPAHHOCTY 1 Ap. B GonpmmuncTBe
cIydaeB CTABUTCA 3afada MOJYIeHHA BO3MOKHO 6oiiee TOH-
KHAX TOPOHIKOB IPM YCHOBHM, OJHAKO, OIDAHAICHHS 3aTpaT
SHEPTrud u BpeMeHu. Bce 9To mpuBeno K HeoGXOQUMOCTH HC-
ClIeJOBAaHHS 3aKOHOMEDHOCTedl mpomecca H3MeJNbUCHHS M
CBOHCTB IIOPOIIKOB, a TaKike IOTPeGoBaN0 PasBHTHA METOOB



6 BBEJIEHUE

HX fEcnepcuonHoro amanmsa. llens maygunx paGor B o6mact
H3MEJNbYCHAA TBEPOHIX TeJ COCTOHT B OIPEJeNI€HWH YCIOBHI
u paspaboTke cnocoboB mx Hambosiee PAIMOHANBHOTO JUCIEP-
TIPOBAHHA W NPUMEHEHHA.

ITepsrie monmuTKM HaydHo OGOCHOBAHHOTO aHAIM3a IPO-
mecca MW3MeJbUEHNSA UPWHANIAEKUT Purrmarepy (1867 r.)
[1] m Kuky (1885 r.) [2]. C Toro BpeMeHH mMOABHAOCH MHOMKeE-
CTBO nybamKammii, MOCBAIMEHHEIX 9TOd TeMe. MuTepec K m3-
MeJbYeHHI0 O0COOEHHO BO3POC B IOCIENHWE HNECATHIETAS
B CBfIBM C PE3KHM DacIIAPEHHEM NIpPOW3BOACTBA M moTpebie-
HHS MOPONIKOB W HOBHIMH TEXHMYECKUMH BO3MOXHOCTAMHI
yBeJnueHnsA ux pucnepcaoctTd. OMHAKO K HAYaJdy HAIIEro Mc-
caenoBanms (1958 r.) moarm He mMesoch paboT, KOTOpPHE pac-
cMaTpuBajgm OH 3TOT mpolecc ¢ mo3muuil Gusmem u Pusmge-
CKOH XHMHUH, C y9€TOM H3MEHEHHWS MEXaHHWYECKHX CBOMCTB
TBEPAHIX TeJ MO BIASHUEM B3aMMOJEHCTBUA C KHUIAKOCTAMHI
¥ Ta3aMH.

B npomecce pmcmeprapoBaHMSA MOMKHO YCMOTPETH [BA
OCHOBHHEIX 3Tama. IlepBhii — paspylieHMe dYacTHI, BHEIIHe
CHJIOM, mpUiIaraeMoii 0o6B9HO K MX COBOKymnHocTu. Bropoit —
arperanua 9acTHI[, KaK CaMOIIPOW3BOJbHAsg, TAK M BHI3BaH-
Hasg BHEIIHAMHE C:KUMaoIimmu ycunuamu. Vsygenme pucmep-
TEPOBAHUA CBA3AHO, CJIEIOBATEIbHO, C IPO6IEMOl IPOIHOCTH
TBep/OTo Tena W MpobieMoit arperaTWBHO# yCTONYMBOCTH,
paccMaTpuBaeMoil (PH3MKO-XMMMEH JWCHEPCHHIX CHCTEM X
mosepxHoCTHRIX ABIeHmA. (O6a mpomecca — paspylleHme =
arperanus — CYIOECTBEHHHIM 00Da30M 3aBHCAT OT IIPUPOMIEI
BHEINHEH! Cpefibl ¥ YCJIOBHHA ee B3aMMOJENCTBUS C YaCTHUIAMHU.
IlnAa pmcmepecHBIX CHCTEM BCJEACTBAE OTHOCUTENBHO OYEHb
Pa3BHTOM IOBEPXHOCTHU-Pa3fesa pa3 BIUAHAE CPEXbl 0COGEHHO
BEJIIKO.

Hapsangy ¢ nucmeprupoBaHMEM M arperanueil mpu m3Melb-
9eHNM, KaK W IPHA BCAKOM APYIOM BHIE MEXaHMIECKOH obpa-
GOTKH, UPOUCXOAMT H3MEHEHHe KPUCTAIIUIECKOX CTPYK-
TYPH U BHEPreTHIECKOI0 COCTOAHHWA IIOBEPXHOCTHHX CJI0EB
gactmn. lIx wccaemoBamue HpPEACTABIAET UHTEpeC AIA Qu-
BMKU TIOBEPXHOCTHHIX SBJIEHUH W OY€Hb BAKHO [JIS MOHAMAa-
BUA MexaHuaMa u3MenbueHms. CocTosHWE NOBEPXHOCTHBIX
CJI0eB CYIMIECTBEHHO BIMAEeT HA B3aWMOJEHCTBME  YACTHII
Mexay co6o#l M CO CpeHoH M, TeM CaMbIM, Ha JUCIEPCHOCTH
NOpPOIIKOB. 3HAHUZE dfnsnxo-ngnqecxnx CBOHCTB LOBEPXHO-
¢Telt B pAfe CAydaeB HEOOXONEMO [IA ONpefeNeHHA yCIO-



BBEJEHHE 7

BU# DNPaKTHYECKOTO MCIOJL30BAHHA HM3MENIbYCHHHX MarTe-
PHaJoB. .

Mororpagus mnocBsAmeHa H3YIEHHIO NpOIecca TOHKOTO
W3MeJIbueHUuA TBepAHX Tel. B Hedl paccMOTpeHH pasiudHEIe
CTODOHHI BIHAHOA HOBEPXHOCTHO-AaKTHBHHIX BEIIECTB HA HH-
TEHCHBHOCTh pa3pyIIeHHA ¥ B3aUMOJEACTBHE [HCIEPCHEIX
9aCTAN, MEXaHH3M HX XPYOKOTO PaspymeHHs ¢ yIeTOM H3Me-
HeHHA Pa3MepoB JacTHI M 00mue 3aKOHOMEPHOCTH IpoIecca
pucmeprupoBanusa. VI3IoKeHH pesyabTaTH HCCIeJOBAHHA
BIMAHASA MEXaHMYECKOH 0o0pa0OTKE HAa HEKOTOpPHE (HUBHKO-
XAMWYECKHe CBOMCTBA TBEPHEIX TeJ, Pas30oBHeE OpEeBpAMEHUA
B HHX, CTPYKTYPY H HEPreTHYECKOe COCTOSHHEe IIOBEPXHOCT-
HHIX CJI0eB. 3[IeCh K€ PacCMOTPEHH O0COGEHHOCTH B3amMO[ei-
CTBHA Tas30B W IIaPOB CO CBEXeoO0pasoBaHHKME B MOMEHT
PaspymeHHs IOBEPXHOCTAME TBEPIHX Tel.

Heo6xomuMoii mpenmochIKOA IpOBENEHHS HCCJIEI0BAHAN
mponecca W3MeJNbYeHHS ABIACTCHA BJAJEHAC METOJAMH [HC-
IePCHOHHOTO aHalm3a. B 00JacTE BHCOKOH [MCIEPCHOCTH
IpaKTHYeCKNM BCe OHH OCHOBAHHI HA WM3MEPEHHHM KAaKOTO-
au60 mapaMeTpa YacTHI, M3MEHAIOINETroCA C yMEHBIIEHHEeM
mx pasmepos. OpgHAKO, IOCKOJABKY (H3MKO-XAMHUIECKHE
CBOHMCTBA NOPOIIKOB, IOJYYaeMHX MK3MEJIbUYCHHEM, OIpele-
JAKTCA HE TOABKO pasMepaMM 49acTHI, MX [UCIePCHOHHEIA
aHan®m3 OCJOMHAEeTcA. KpoMe pasamuHEX CcmocoGoB gmcmep-
CHOHHOTO aHajm3a, B paboTax N0 HW3MEJIHYCHHIO HCIOJIH-
3YIOTCA PEHTTeHOCTPYKTYPHHA M TepMorpadHIecKHid aHAJIH3,
9JIeKTPOHHAS MHMKDPOCKONOHWA, Macc-COeKTpocKommsi, wuHQpa-
KpacHasg CIEeKTPOCKONHMA ¥ XAMHYeCKHHA amaiam3. Haxgui
¥W3 DTHX METONOB NPUMEHFAETCHA B COOTBETCTBHH C KOHKPET-
HEIME YacTHRIME 3ajjadaMd mcciemnoBanma. OgHuM u3 feii-
CTBEHHHIX CIOCOGOB MCCIENOBAHHA OKAa3ajJcsa ancopOmuon-
HH#. fIBnenme ajgcopbumm rasoB W IapoB B JaHHOM Ciydae
paccMaTpHBaeTCsi HE TOJNBKO Kak O0OBEKT, HO M B KadecTBe
HHCTPYMEHTA H3YYCHHS CBOMCTB IOBEPXHOCTEH TBEPAHX Tel
¥ HW3MeHEHHSA WX 5SHEePreTHIeCKOT0 COCTOSIHHA B IIPOIECCe
MeXaHHYeCKOI'0 paspymeHHA A0 YaCTHI[ MAJBHX pPa3MepoB.



TIABA I

OCHOBHBIE CIIOCOBbI
MEXAHUYECKOI'O W3MEJIbBYEHUA
n ITUCOHEPCIOHHOI'O AHAJIM3A
TBEPJBIX TEJ

Cooco0n MeXaHMYECKOTO W3MEJbYeHUS, T. €. CIOOCOOH
paspyImeHHs TBePAHIX TeJ Ha Bce 0ojiee MeJKHMe JaCTHIH IIy-
TeM CO3JaHUA B HHX paspylIal0MuAX HAUPSKEHHA, KaKk o
MaIIFHK, NpeJHA3HAYEHHHE IJIA 3TOX NEJH, SIBJISIOTCA Lpei-
MeTOM wu3ydeHusi MammHOBefeHusA. Dusuku wusMeIbuUeHUA
OHH KacalTCA B TOH Mepe, B KaKO# JIeiCTBHE CPeIbl H3MEeHSAeT
TIPOYHOCTH TBEPOHIX TEJ M XapaKTep B3aHMOMLEHCTBHA MEXKAY
OUCHEePCHRMHA dYacThHlaMd. IIOCKOJIBKY yCaI0BHS, B KOTOPHIX
OpPOM3BOAMUTCA W}M3MeJbUeHme, OIS KayKgoro cmocoba pas-
JH9YHE, TO B B3aBHCHMOCTH OT 3THX YCJIOBHMHA pa3IHIe€H U
XapaKTep B3amMOJEHCTBHA TBEePAHX TeJ CO Ccpefod, o,
BCJEOCTBAE 9TOT0, — W 3(PQeKTH, BH3HBAEMHE BIAAHAEM
CpefH.

ITo Toii e npmumHe 5QPEKTEBHOCTH NPUMEHEHUS MHOTHX
MOBEPXHOCTHO-aKTHBHEIX BEImECTB MJSA MHTEeHCHQHKAUU
mpolecca M3MeJIbUCHHS OmpeNeiseTcs NPUHIUIOM aedcTBUA
M 0COOEHHOCTAMM KOHCTPYKOME Mamuusl. B cBA3m ¢ sTuM
NIpPEJICTABJIAETCA YMECTHRIM KpaTKO€ ONHCAaHWE M CHCTe-
MaTd3amus OCHOBHEIX IOPHEMOB TOHKOIO M3MeJBbYCHUS,
OpEMeHsAEeMHX B IIPOMHIIJIEHHOCTH # JabopaTopHOi
IIPaKTHUKe.

OGsop He mpeTeHAyeT HA IOJHOTY M KacaeTCA JHUIIb TeX
pasmesoB 3TOH OGMIMPHOX TEMEI, KOTOPHE HEOOXORMMEI [
OOHMMAHHMA PaCCMOTPEHHHIX fajiee IPUJIOKEeHUH KOHIenIui
(HUBUKO-XMMHYECKOH MEXaHUKHM K JNCIePTHPOBAHMWIO TBEp-
OHIX Te.
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§ 1. Mammesl A71A M3MEXbYCHAA MOPOIIKOB

IIpr KOHCTPYMPOBAaHME MENLHHUI] YIATHBAIOTCA nacmepc-
HOCTH, KOTOPYI0 HEOOXOMMMO IIONYIHTH, PasMepPH HCXOIHOTO
MaTepHaja, €ro MeXaHHYecKme CBOMCTBa (TBepHOCTh, miac-
TAIHOCTH, MPOYHOCTD), TEMOEPATyPHbIe XapPaKTePUCTHUKM, pe-
AKIMOHHASA CIOCOGHOCTH M ee M3MEHeHWe IPH M3MeJbYeHWH,
a TaKke BO3MOMKHAA CTENEHb 3arPABHEHMsA MaTepumaia Ipo-
AYKTaMI M3HOCA MEIbHHUNB U METOIEX Ted, NOMyCTEMAs
CTeNeHb €ro OKUCJIEHUs NPH B3aMMONEHCTBHE C BOBLYXOM,
B3DEIBOOIIACHOCTD U DS APYTHEX NoKasarenedi. Hempemenusim
YCIOBHEM NDOMBIIIIIEHHOTO IPONECcCa M3MeJbIeHHS OKHA
OLITH €r0 BKOHOMUYHOCTH, Pa3yMHAS [IHTEJbHOCTS, IpocToTa
YCTpOiCTBA MaIIMHBI M HaJeKHOCTH ee paGoTsl. Bce mmoro-
o6pasme Tpe6oBaHMIl, NPELbABNAEMBIX NPAKTHKOH K oopoul-
KaM I CYCNeHSHAM M K CHoco6aM HX IOJydYeHHA, IPHUBEIO
K CO3/[aHMIO CaMbIX Pa3HOOODPa3HBIX TUIOB MANIMH NI W3-
menpueHud. Ilo Mepe pasBuTHA TeXHWKHU B CBA3M ¢ MOsABIe-
HIeM HOBBIX KOHCTPYKIIMOHHEIX MaTe€pPHAaJoB W M3MEHEHHeM
TpeGoBaHMif K M3MEJIbYEHHBHIM MOPONIKAM I pacmimpeHnneM
MX acCOpTUMEHTa MAIIWHH [JIA HU3MEeJIbUCHHA CTAHOBATCH
Gosee COBEPMEHHBIMI; YUCIO0 MX THIOB, OTIAXIAIOMAXCS pas-
MepaMd, NPOM3BOJUTENBHOCTHI) M [PYTHME IapaMeTpPaMH,
BCe MHOTOYHCIEHHee. JTO BEI3BAJO0 HEOOXOLMMOCTH HEKOTO-
poil WX CHCTeMaTH3aUWM, CBA3AHHON KaK C HYKIAMH KOH-
CTPYUPOBAHUA, TAK U IPEIHASHAYCHHON I OOJErYeHms UX
BHOODA IS Ka)KAOT0 KOHKPETHOTO CIydas OPOMBIIIIEHHOT'O
UCIOJIB30BAHUA WM JabOPaTOPHHIX HYKA. Pasnmumpie Ba-
PUAHTEL CHCTEMATH3ALUM U3MENbYHNTESeH NpPHBEleHH B psIe
monorpagmit [3—10]. Hecmorps na smaumrembpmble pacxo-
AIEHUA B NETANAX, MOMKHO HAMETHTh oOM[We IPUHIAOH CH-
CTeMaTH3alUA ¥ BHABATH HECKOJHKO BIIOJHE OIPEeIEIeHHHEX
KJIACCOB M3MEJbYATe e M JIMHAA MX Pa3BHTHA.

O6bi9n0 paspymenue MaTepmaia OPOU3BORUTCA IIyTeM
MeXaHMYeCKOT0 BO3NEACTBHA HA HEro MeNOMuX Teld Wi’
KYCKOB TOro ke Marepmana. K MammmaMm 3Toro kjiacca oT-
HOCATCA Bpamaiomuecs, BUOPANUMOHABE U CTPYHHBIE Melb-
HHIbI, MOJIOTKOBBIE, BAIKOBbe U Apyrue Apobuiakm. B mamm-
Hax ApYTroro Kiacca paspylleHHe IPOM3BOAUTCA MOCPENCTBOM
BO3/eACTBUA HA MaTepPHal OKPY’KalOMel CPeIs — JKIIKOCTH
wim rasa. K aTomy waaccy oTmocstes 3JIEKTPOTHPaBITYe-
CKZe JPOOHMIKE M KaBUTAMOHHHE MeJbHHIHL. Pazpymenne
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B HEX OCYIIECTBJIAETCA BCECTOPOHHHM C)KATHEM MaTepHaja B
MOCJAeAYIOMAM pe3KEM cOpOCOM [aBJIEHHS, CO31aBaeMOTro
reHepamumeii B JKHJKOCTH YIOPYTEX BOJIH U KaBUTanueil.
B mexroTophix ciy7asx paspymleHHe TOPHCTHX BJIAT0COMEP-
JKAMUX MaTepHadoB o0Jjergaercsi mX OBICTPEIM HarpeBOM,
B pesyJbTaTe 4ero B TBEPJOM Tele 3a CUET HABIEHHWA Iapa
CO3AIOTCA paspymaiompe HANPAKEHUA.

ITomaBnsiromyio 7acTs HOPOIIKOB W3MEJIHYAOT B MAIIAHAX,
B KOTODHIX peaim3yeTcsa 00KYHOEe MEXaHMIECKOe paspyIIeHue.
Wx cpaBEHTEXHBHO NPOCTOE KOHCTPYKTHBHOE O0QOopMICHUE
COYeTaeTCA C HANEKHOCTHI0 M HSKOHOMHIHOCTHIO. V3 Mamum,
HCOONB3YIOIMUAX [APYTHe NPHHIWIH, 3JIEKTPOTHPABIMYe-
CKEH M3MeJbYHMTe]Nb NPHUTONEH MJA PaspyMeHHA KPYIHBIX
KYCKOB, & KaBHTAI[HOHHKI X YJIBTPA3BYKOBOH, B CHJIY CPaB-
HUTEJABHO MAaJioil MOMHOCTH TeHEePHPYEMHX KoJae0aHHA u
MalblX [JIHH YOPYTHX BOJH, — JHIIb [ paspymeHus
MATKAX MaTePHUAJIOB X arperaToB y)Ke W3MeJbUYeHHEIX JaCTHI.

MenapHAOHN pAa3iInYaTCA TaK)Ke Ha3HAUGHUWEM; ONHHU U3
HEX INpHCHOCOONeHH MJjisi rpy6oro maMelbdeHHs, KOTODPOE
OPUHATO HA3KBATh [ApOONEHHmEM, ApyrAe — Ml TOHKOTO
W3MeJbYeHAA — JUCOEepPrupoBaHUA. PesKodl pasHHUIE Mek-
oy 7npobjeHMeM U JUCHePTrHPOBAHMEM HE CYIIECTBYeT.
Hmeerca Gonpmas rpynma MaOIMH, Ha KOTOPHX MOYKHO IOJY-
9aTh MaTepHaJ cpefHedl ToHKocTH. lmama3oH AuCIepCHOCTH,
NOCTIKUMEIA B Ka)KAoW MammHe, OOKYHO OHIBAaeT BeJHK,
OJHAKO KaKJO¥ W3 HHX B CHJIY OCOOEHHOCTEH YCTPOMCTBa
CBOMCTBEHHA. HEKOTOpasA AHCIOEPCHOCTH MaTephajia, IpPH KO-
Topoit momosn Hambosiee 5QHeKTHBEH M DKOHOMHYEH.

JileMeHTapHEE AaKTH PaspyMIeHUs OCYIECTBIAKTCHA CO-
3JaHMEM B YAaCTHIAX OPEJeNbHEX HANpPSAMKeHHH CHBHTa IIy-
TeM CHaBJIMBAaHUA, yHapa mWim cpesa. Kuuerudeckas sHeprus
coobmaerca amO0 HEMOCPEJCTBEHHO MENIOMAM TejIaM, Kak
B MOJIOTKOBHIX, IEKOBHX H JPYTHEX [ApPOOHIKax, B yZapHO-
MEeHTPOOEIKHEIX W [{e3MHTETPATOPHEIX MeJIbHHMIAX, Jubo Kop-
IyCcy MEJBHHIE, OT KOTODOTO OHA IIepefaeTcsi CBOOONHEIM
mapaM, CTeP:KHSIM MIH KYCKaM MaTepmala LOCPEeNCTBOM
TpeHms, NEeHTPoOeKHOro 3PdeKTa M ¢ HCIOIH30BAHHEM
CWJI TAeCTH (Bpamalompecs IMapoBEE M CTEPIKHEBEIE MEJIb-
HHAIE CaMOM3MeNbYeHHs, a TaKKe OTPaKaTeJbHEe TPOOUIKN)
WId HHePOUOHHHX cHi (BEOpDANWMOHHKE ¥ IJIaHeTapHbIe
MeJbHEOH). B CTPYAHHX MeIbHHANAX 9JIEMEHTADHHIE AaKThI
paspymeHHsi OCYIMECTBIAKTCA NP yJape dYacTHI, paso-
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THAHHHX CTPYAMH rasa, OpPYr o apyra ambo o6 oTGoiiHyIo
IUINTY W3 TBEPAOTO MaTepHaia.

Hax B mpoMHINIEeHHOCTH, TaK U B Ia00PaTOPHOM HPAKTHKE
9game BCEro OPHMEHSIOTCS 4eTHpe THNOA MeJbHHUI]: BPAaMar-
muecsi IIapoBHe, BUOpalMOHHBIE, YHApPHHE W CTPYHHEHE.
9¢pdextuBHOCTH UX PaGOTH, SKOHOMHIHOCTH M 061acTh muC-
mepCcHOCTH, B KOTOPOH OHM [AlOT JyYmue HDOKAa3aTeld, 3a-
BHCAT OT TAaKUX (PAKTOPOB, KAK MaTEPUAJH CTEHOK U MEJIO-
I{UX TeJ, pasMepH M KOJUIECTBO IIAapOB, B ciIydae CTPYHHOM—
CKODOCTH ¥ 3aIbIEHHOCTH I'a3a, B Clydae BAOPAIMOHHOR —
9acToOTa M aMILIUTyAa KodebGanmit u T. i. MHoroe ompepenser
CONPSKEHHBIA € MEJBHHUIEH arperar 3arpy3KH W yHajeHHs
H3MeJIbICHHOTO MaTepuaia.

Ha ocHoBanum u3BecTHHX B HAcTOsAIlee BpeMs TaHHBIX
MOKHO C YBEPEHHOCTHI0 YTBEP:KAaTh, 9TO HE MMEETCHA TaKOro
OIHOTO THIIA MEJbHHIH, KOTODPHA MOT OHl BCerga X BO BCEX
crydasx 5$PeKTUBHO 3aMEHHTH BCe ADPYTHE, Aa)ke B CpaB-
HUTEJBHO y3Ko# o6nacTu gucnepcuoctTu. (Boxee Toro, MoxxHoO,
[O-BAJUMOMY, 'IO0KAa3aTh NPUHIMOHAIBHYI HEBO3MOKHOCTD
co3maHuA TaKo#W yHuMBepcanabHOU Mamuub.) BriGop MenbHHIL
IJi DPOMBIIIIGHHHX M MCCIEOBATENBCKUAX IeJedl MoJKeH
OCYIIECTBIATHCH C YI€TOM KOHKDPETHHIX CBOMCTB H3MeJbuae-
MOT0 MaTepHuaja M ycJoBHil ero npuMmeHenus. B camsix oGmux
qgepTax Hs3 Ha3BaHHHX"IeTHpeX THOOB MEJBHHUIl DM IOMOJIe
a0pasWBHEIX MaTepHaloB Bpamaiomascsa ImapoBas HauGoiee
SKOHOMHMYHA, OHA MO3BOJAET HOJYdIaTh HPOAYKT TAKOH ke
TOHKOCTH, 9TO M CTpyi#Hasd. [ 09eHb TOHKOT0 H3MEJbICHAA
npegHasHadYeHH BMOpPAIMOHHEIE MEJIBHHIE, HO M3MEJIbYeH-
HEIi MaTepwaJ B HHX 3arpsA3HAETCA NPOAYKTaMH H3HOCA
MeJIIOmMEX Ted. B CcTpy#HOH MeabHHIlE H3HOC MUHHMMAJEH,
HO BEJIMKM IIOTEPH MaTepHaja, YHOCHMOTO OTPaboTaHHEM
rasoM. MeJbHHUIE yZApHOTO [e#iCTBHWs, HA3HIBAEMEE [e3HH-
TerpatopaMu, NPUTOAHH [JiA WM3MeJIbUEHHA TOJIBKO OYEeHb
MATKAX MaTepuaiioB, abpasmWBHOCTH KOTOPHX MOCTATOYHO
mana. Hmxe mano Gosee mompo6HOe omucaH@e KOHCTPYKIUA
M NPUHIHMIOOB [eHCTBHA W3MEJbIHMTENEHd ITHX BHUOB.

Bpamamomnuecss MeIbEALE ¢ MEJIOIAMA TeJIAaMA ABIAIOTCA
HauboJiee pPACOpPOCTPAHEHHHIM THIOM m3MelbauTeneir. OHE
YCIeIHO NPUMEHAITCA B rOpPHOOGOTaTUTENbHOH, CTPORTEND-
HOM M XMMHYECKO#l mpoMHInIeHHocTH. MHorme ocoGeHHOCTH
9THX MeJHHUIN CBOMCTBEHHH TaKKe BHODAIMOHHHM M ILTaHE-
TapHHEIM IIapPOBBIM MeJbHHIAM.
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Bpamaromuecs mapoBsie ¥ CTeP)KHEBEE MEIBHHIE COCTO-
AT U3 IIycTOoTeJIoro GapabaHa, MMEIOMEr0 TOPIEBEE KPHIIKH,
¢ moNHMHE IandaMm, KOTOPHE YCTAHOBJIEHH B HONIIMIHUKAX.
IToMonpHAsE KaMepa 3amojiHEHA MENIOIUMHU TejaMd (IapHl,
CTep:KHU, Iuiabme6C, KpeMHEBAasA TajlbKa) M U3MEIHYaeMBIM
MarepmasoM. Ilpu BpamieHum TOMOJBHOW KaMepH MEJIOIINe
TeJIa YBJIEKAIOTCS IOCPEACTBOM CHJI TPEHHUA M IEHTPOOEIKHOTO
apderTa CTeHKAMM, MOJHMMAKTCA HA HEKOTOPYIO BHICOTY I
maJaloT BHUB, M3MeJbYasd JaCTHUIBI B 30HE CONPHKOCHOBEHUSA
mapoB (uim Apyrmx Menwoimux Tteia). Ilepememenue maMens-
9aeMOro MaTepuaja II0 MEeJBbHUIE OCYIIeCTBIAETCSA 3a CYeT
€CTeCTBEHHOTO HAamopa NOpPM HEOpPEepHBHOH €ero mogade.
IIpm MokpoM moOMoOJe MaTepHal YBIEKAeTCHA KUAKOCTHIO.
B cayuae cyxoro momona gepes MEJBHHIy MOMKET IPOAY-
BAThCA HOTOK BO3JyXa, BEIHOCAINUN 0ojiee JeTrKue H3MEIb-
9eHHHe 4YacTuubl. llogaga ropsgYero BO3AyXa INO3BOJAET
COBMECTHUTH IIOMOJ C CYLIKOM.

B pacgerax 0o6BHYHO paccMaTpHBaeTCsA Hmiap, yBJIEKaeMblid
cuJIaMu TPeHUs Bo BpameHne 6apabarnom MenbHuus. IIpu qBu-
JKeHHU Iapa 100 KPYroBoil TPaeKTOPWH B HEKOTODOIl ee TOUKe
NPOEKOUA CHJIH TAKECTH HIapa Ha pagdyc ero BpaIleHUs
BOKDYI' OCH MEJBHHUIbl CTAHOBHTCS PaBHON LEHTPOOeKHOR
cane. IlockoabKy TaHreHIMAJbHAA CHJA IIOTAIIAETCSA PeakK-
Iuell OmOPH M COOPOTHBIEHWEM IMOCIEYIOMmETo -psAga LIapoB
TOTO JKe CIIOf, IMap I0JydaeT BO3MOMKHOCTH [BUTATHCA IO
KPYIOBOA TpPaeKTOPHH @Oj J[elcTBMEM COOCTBEHHOTO Beca
Kak Tejo, OpOImIEHHOE I0J] HEKOTODPHM YIJIOM K TOpH-
30HTY.

Ha mapaGonuueckoM y4acTke TPaeKTOPUH IPH CBOGOTHOM
TaJleHUd mWap o6roHsAeT Kopiyc MeabHUNE. BeaencrBue aToro
9HUCI0 yAapoB IIapa 3a eJUHHUIY BPEMEHHU O HIDKHIOIO 9acTh
6apabana mpeBHIIAET 9HUCJIO €ro 0GOPOTOB.

Pa6ora, sarpaumBaeMas Ha moABeM IIapa, paBHasg ero
KUHETHYEeCKOH SHeprud B TOYKEe LafeHUsA, W OnpefesseT 0C-
HOBHHE TEXHHYECKHWEe XapakTepucTuxku OapaGaHHOH Melb-
Hunsl. O4eBHHO, YTO HIpPH HAAJAEKAINeM BHOOpE CKOPOCTH
BpameHusa, ofecneuuBaomeil HeO6GXOMUMEIA IOABEM INApOB,
WX KMHETHIECKAas YHEPIUA pacTeT ¢ yBeJWICHHEM [JHaMeTpa
6apabana. OgHaKo pacyeT SHEPTHHU IIapa B MOMEHT IafeHUS
OCJIO}KHAETCS COBOKYIOHHM [BIKEHHEM [DPYTHX ILIapOB H
U3MeJbIaeMOro MaTepmaja M MOKeT OHITH BHIIOJHEH TOJBKO
OpYM NONYMEHWH pPsAfa YOPOIMAIIIUX NPAGIIKeHUH.
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ITonysMuupuyeckuM nyTeM GHiIa HalieHa npubIMKeHHAS
dopMyma [mIA MOIMHOCTH, HEIOCPEACTBEHHO B3aTPAaYdBAEMOI
Ha JBIJKeHHEe MeIIIUX TeJ M HM3MeJIhbJaeMOro MaTepuala:

W = lykph e, DLy, (1.1)

rme D m L — pmaMeTp W IJIWHA TOMOJBHON KaMephl; T —
HAaCHOHOU Bec Mexomux Tex, pasusit 0,6—0,75 ymenasHOrO
Beca WX MartepHmana; kg, k,, k3, k, — x09pdAIUEHTH, yIATEH-
BalOIMWE CBOMCTBA M3MEIHYaeMOr0 MaTépmala M, LpPex[e
BCero, BHYTpPeHHee TpEHHE B W3MeJIbIaeMOM MaTepHale,
dopMy oOKIafoK BHYTpeHHe#l moBepXHOCTE GapaGaHa, CKO-
POCTH €r'0 BPANMEHWS M CTEHNEHDb 3AMOJHEHHS MENIOMUMH Te-
aamn (o6erago 25—30%).

JnA MenpHUI[ pA3NUYHHIX pPasMEPOB IPHM IOCTOSHHEIX
CTeleHN 3amOJIHeHWS IMapaMd, CKOPOCTH BpalmeHms @ fopme
dyrepoBkm koapdunmentr k,, k,, k; u k, MO)KHO 3aMEHHUTH
ogHuM o0mmM Koddppmmuentom K.

Tornma

W = K D*5Ly. (1.2)

MomuocTs, coobmaemas efguEENe o6beMa IOMOJBHOMR
KaMepH, OOHYHO Ha3KBaeMas ee DHEPrOHAUPAKEHHOCTHIO,
paBHa:

KD25L 4 -
— L
4

"3 ¢opmya (1. 1)—(1. 3) caemyer, 9T0 HPOM3BOAHTEID-
HOCTh BPAIAIMUXCA MEJbHHI[ IPONOPIUOHAIEHA UX T'eoMe-
TPUYECKUM pasMepaM, a yheabHasg (Ha eguHHELNY o00BeMa)
TIPOM3BOAMTEIHFHOCT — KOPHIO KBaJpaTHOMY M3 JHaMeTpa -
IOMOJIPHOX KaMephl. BEHCOKOmpoW3BOWTENbHEE BpAIAlo-
muecA MeJbHHUIEI MMEIOT IMaMeTpPH pasMepoM A0 4—5 m u
oamee g0 24—30 M.

HeB03MO0KHOCTD IOBHINEHUS BHEPrOHALPSKEHHOCTH BpPa-
Imapmeica MeJbHHUIE HHEIM IyTeM, KPOMe KaK yBeJIHIeHHEM
nmuaMeTpa, 0COGEHHO CKa3BIBAETCSA IPH CBEPXTOHKOM H3MENb-
sennu. Hak Gymer mokasaHo B fajpHEdIIeM, MakCEMAaJIbHO
TDOCTIKEMAasA B 000 Bpamamomeiicsa MeJIbHUIE JUCIEPCHOCTD
OpOmopIMOHAaJbHA ee dHepronampsxeHHocTH. IloaToMy Bpa-
mapomasaca IMapoBad MelbHUIA He Mo)KeT OHTH adpexTHBHO
IpUMeHeHa A TOHKOT'0 U3MeJbYeHusA. [JNnTeTbHOCTD H3Melb-



14 U3MEJBYEHHUE ¥ JOUCIEPCHMOHHBIN AHAJIM3 [Ta. 1

9eHHA BO BPAIMAIIUXCA MeAbHHANAX JabopaTopHOro THIA
O NOCTEKEHHWS IOCTATOYHOM JUCHEPCHOCTH MaTrepHuajia
yCTaHABJIMBAETCA MHOTHA B MECATKM W Jake COTHH 9JacoB.

Manass sHepPTOHANPAKEHHOCTh BPAMAKNMUXCA MEIHHHI
mobyimia K CO3JAHHI0 MAUIMH, B KOTOPHX MeIIINue Teia
[ABIKYTCA € YCKOPEHHAMHU, 3HAUUTEIHHO NPEBHIIAIIMAMU
YCKOpeHme CHJIH TsKecTH. VI3 MammuH Taxkoro poxa HambQIb-
Olee IpPW3HAHWE M PACIPOCTPAHEHHWE IIOJYYAIU BUOPATUOH-
Hble MEeILHUITH.

ITpuanun peiicTBuss BHOpPAMMOHHBKIX MEJIBHHI[ OCHOBAH HA
IpHEBEIEHNM MACCH IapOB U M3MeJIb9aeMOT0 MaTepuaa B Kpy-
roBoe KoixebaTeapHOE [BIYKEHHE IIOCPEICTBOM BmOparopa,
COLPSAKEHHOTO C 3JEeKTpoMoTopoM. UacTuusl MaTepmaia pas-
pylmaioTcs, momajas B IPOCTPAHCTBO MKy IIapamu. AK-
THBHEIE JJIf PAa3PyMIEHUsS 30HH BOKPYT KaKIOro Imapa MOTYT
OHTH PACCYNTAHH AHAJOTHIHO TOMY, KaK 3TO OBLIO CHEIaHO
JiIA IDapoBOH Bpamalomeicsa MeJIbHUIH.

JKCIepAMeHTAJIbHEIE [aHHEE IIOKA3hBAawT, 9T0 3ddex-
TUBHOCTh W3MEJIbYeHHA B BHOPAIMOHHON MeEIBHWIE OIpe-
JenseTcsi, KpoMe CBOMCTB MaTepmajia, 4acTOTON M aMIIUTY-
o KomeGaHM, TBEPHOCTHI0 M PasMepaMH IIapOB, CTEINEHBIO
3a00JHEHWA HUMU o0beMa MeJbHUIE, (opMOE U o6BEeMOM
IOMO/JIBHOM KaMephl, CTEIEHbI0 3aNOJHEHHA ee M3Melbuae-
MBIM MaT€pPHaJioM, YCIOBUSAMHA €r0 HOCTYIIEHHS M CKOPOCTHIO
yAaJeHus N3MEJIbYEHHOTO IPOAYKTa. ¥ CTAHOBIEHO, 4TO 3()-
$EeKTUBHOCTH M3MEJIbYEHNA NPOMOPIHOHAJIbHA JACTOTE U KBaI-
pary mim kKyOy aMmauTyan Koiebamuit. Ona omruMajbHa,
KOT[a IHaphl 3aDOJHAIT OKOJIO TPeX dYeTBepredl oObeMa Io-
MoabHOX KaMephl. CKOPOCTH U3MebYeHUs PacTeT C IOBHIIIE-
HEEM INIOTHOCTH M TBEPHOCTH MaTepuajia, M3 KOTOPOrO H3-
TOTOBJIEHH IIapH, a Hambosiee BHITOJHEIE MX pasMephl OmIpe-
OEeNSTCA pasMepaMd JacTHI[ MCXOMHOI0 M M3MEIHYEHHOTO
OPOAYKTa ®W ero pumcuepcHocThio. C yMeHbImeHmeM pasMepoB
9acTUIl] MCXOJHOTO IPOAYKTA M yBeawdeHueM TpeOoBaHuUit
K €ro AHUCIEPCHOCTH HEOOXOMMMO yMeHBIIATh pasMepH Ila-
poB. B cBaA3m ¢ sTmM OGHYHO HPUMEHAIT MIAapH [ABYX HIH
TpexX OUaMeTPOB, B3ATHX B COOTHOIIEHMM OJUH K HATH KakK
o ‘pasMepaM, Tak u mo KoaumdecTBy. CTemeHb 3amoHEHHSA
ONTHMAJbHA, KOIKa 00BeM H3MeJIb4aeMOTO MaTepmala Co-
CTaBISAET OKOJIO OJHOU-IBYX HECATHIX JoJjell o6beMa KaMepH.

B cpemmeM sHeproHampsKeHHOCTh BHOpPANMOHHEIX MEJb-
gun cocrasiaser okono (0,8—1,2)-10-% kem/cm® oGpema mo-
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MOJIBHOX KaMepH, XOTSA B 1ab0opaTOPHHX MEJIbHHAOAX MOCTH-
raTCA 3HAYATENbHO OOJNbIIMEe BeauumHH. TaxKas BEICOKAas
SHEePrOHAUPSKEHHOCTh IIPUBONHT K HHTEHCEBHOMY BEINEJIe-
HOIO TeIIa B IIOMOJBHOM KaMepe, 9TO BHHYKIAeT IPHHUMATH
CHeIAAJIbHEIE MEDE 110 €r0 OTBOAY LYyTeM NPHHYIHTEILHOTO
OXJIQKIEHAA.

B macrosmee BpeMsA CO3TAHH pa3iWIHbIE IO IPOU3BONH-
TeJIHHOCTA W HA3HAUGHHWI0 BMOpANMOHHBIE MeXbHHOH. Hpyn-
HEe IPOMBIIIJIEHHEE MAIIWHE, ¢ 06'56MOM MOMOJBHEIX KaMmep
1000, 600 u 230 «z, IpAMEHAIOTCA AJIS TOHKOTO M3MEIbYCHUS
I[eMEeHTa, KBapIEBOTO IeCKAa, MBBECTHAKA W [PYTAX MaTepHa-
JI0B ¥ MOT'yT paGoTaTh KaK B HEIPEPLHIBHOX CXeMe, TaK W IEPHO-
pudeckd. VMerorca Taxyxe o6pasmbl BEGPOMENLHHI[ MAJIOTO
o6beMa, UCIOJb3yeMbie B JTabOPaTOPHHX ycaoBuax. V3 mamx
Hanbojee yHOGHE MeJBHHIA ¢ 00HEMOM IIOMOJBHOM KaMepH
10 « (Mapru M-10 xoucrpyxknmu BHUMHCM [6]) m skcmen-
TPHKOBas MeJBHANA C IeTHPHMA OapabamaMm, KaxKIHHA o6be-
mom 100 cm3.

HepocTaTkoM MeJbHUI[, 3aI0JHEHHHIX MEIIOIMUMEA TeIaMM,
ABIsAeTcaA GONBIION yAeJBHBIA PACX0[ METANIA HA KOHCTPYK-
OUI0 X WM3HOC (COOTBETCTBEHHO — 3arpPASHEHHE JUCIEePCHBIX
IOPOIIKOB HPOAYKTAMHM H3HOCA MEIIOMUX Tel U Kopmyca).
B cBsasm ¢ sTuM OHLIE CO3JAaHE MAaIIUHEL, B KOTODHX paspy-
IeHne OCYMEeCTBJIAETCS BEICOKOCKOPOCTHHM ynapom. K Menn-
HANAM 3TOr0 THIIA OTHOCATCS DPa3JIMIHbIe KOHCTPYKIUNA CTPYii-
HHX MEJBHHOI W JEe3UHTErpaTOpHL.

Crpy#HBIME HA3HBAIOT MEIBHHIE, B KOTOPHX KHHETHYE-
CKafg DHEPIrHUS IePelaeTcA YacTHI[aM N3Melb4aeMOTo MaTe-
pHaia IOTOKOM BO3AyXa, Iapa HIW IPOAYKTOB CrOPaHHA,
a W3MeJbUEHNWE OCYMeCTBIAETCA JuGO IPH CTOJIKHOBEHHH
BCTPEYHHIX MOTOKOB 9acTHI[ MaTepwaixa, aubo Ipm WX ymaape
06 orGoitmyro mamTy. B ofomx ciaydasx HEKOTOpas dacTh
MaTepuajia U3MeJIbIAETCA OT KacaTeJIbHHX yLAPOB O BHYTPEH-
HIe I0OBEPXHOCTH YCTAHOBKA IPW PA3TOHE WX IMPH TPAHCIOP-
TAPOBKE II0 TPAaKTaM OHEBMOKJIACCHQUKALUOHHON  CH-
CTEMEI.

ITockonbKY 9acTHOH KOBOJBHO GHICTPO mpuobperanT Tpe-
OyeMyl0 [JiA paspymeHHA CKOPOCTH HAa OTHOCHTENIHHO
KODOTKMX Y9aCTKaX, CTPYHHEe MeJbHHIB OKAa3HBAIOT-
cA OTHOCHTENBHO MajioraGapuTHHME MamuHamm. Mx pas-
MepH ¥ Beca OmpefeasiioTCs, B OCHOBHOM, rabapuTaMu reHe-
paTopa 9SHEPrOHOCHTENs, a TaKXKe KIAaCCHQHIUPYIOMAX
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NHJIEOCANHUTENBHHX K IHIEYJIOBUTENBHHX YCTPOMCTB, B TO
BpeMsa KaK COOCTBEHHO IIOMOJBHAsI YacTh HMEET BeChMa He-
Oonpmme pasMepHL.

B macTosimee BpeMsa W3BeCTHO GOJBIIOE KOJIMIECTBO pPas-
JMYHHIX THOOB CTPYAHHIX MEJIBHUIN, OTIMYAIOIMUXCA KaK II0
THOY SHEPIOHOCHTENSI — BO3LYXOCTPYHHEE, NApPOCTPyHHEE
¥ ra3oCcTpyidHHe (OPOXYKTH CTOPAHMWS TONJMBA), TAK U IO
OAaBJIEHHUIO Ta3a-d9HEPTOHOCUTENA mepefl MeIbHANEe — BEICOKO-
HaIOpHHE, C JABJIEHWEM Iepex comioM oT 2 mo 15 amu;
snskonanopusie — ot 0,2—0,3 mo 2 amu; BeRTHIATOPHBIE —
mo 0,2—0,3 amu. Hambonee pacmpocTpaHeHHEIM THIIOM HB-
JIAKNTCA HABYCTPYHHEE NPOTHBOTOYHHIE MEJIBHHUIH, IpHME-
HAomuecAa Janmb0 ¢ BHHECEHHHM KJjaccudumraTtopoM, Jmbo
¢ COBMEIEHHOH IIOMOJBHO-KJIaCCHPMKANUOHHON  CXEMOIA.
TasocTpyitEble W, YaCTHIHO, TAPOCTPYHHBIE MEIBHUI[E MOTYT
OLITh MCOOJAB30BAHEl [JIA COBMEIMEHHOTO IIOMOJA M CYLIKH.
TazocTpyiiHEle MEJIBHANE OPW NOBHIIEHAW TEMOEPaTypH
HHEPrOHOCHTENS MOTYT OHTHh HCIOJH30BAHHL [JJIA COBMEIIEH-
HOT'O TOMOJIa W 00Kmra, T. e. [AJIA MeXaHOTePMHIECKOH obpa-
6oTKH.

B cTpy#HHX MeIbHAIAX 3HAYATEIHHO M3HAMMKBACTCHA Pa3-
‘TOHHHIA ammapaT M, IpeskJe BCero, KOHPY30p, PacImoNIOKeH-
HHI B Hagajle PAasTOHHO! TPYyOHI, a Takke OTGOMHON IIMTHI.
Hecmotpa ma To, ato 73% MaTtepmaia m3MeNbYaeTCHA 3a CYET
ynapoB o6 oTGO#HYI0 mIATY M TOABKO 5% 3a cuer ymapos
0 CTeHKH Pa3TOHHOrO ammapaTa U [APYTHE Y3Jh MeJIbHUIH,
80—90% m3HOCAa NpPEUXOAWTCA Ha PasTOHHHIM ammapar [7].
ITo 0o0BACHAETCA PAa3IMYUEeM yria aTakd IOBEPXHOCTH Me-
Talna ¢ gacTumamu. Hak m3BeCTHO, M3MeHeHmWe yria aTaKkd
¢ 90° (mopManbEH# ymap) mo 30° BHBEIBaeT yBeJWdYEeHUE W3-
Hoca B 4—5 pas. C 3Toil mosummm, 09eBUAHO, OCOGEHHO
GoabIOnM HOJKeH OBITH H3HOC B KOH(Y30pe MEJLHHUIBI, 4TO
u OHJIO OoTMEYeHO mpm ee sKcmayaramum. Crporo roso-
PA, Ha IAIMHADAYECKOM YUaCTKe PasroHA HM3HOC IOJIKEH
OHTH HeBeqHK (YroJ AaTaKWm JAaMHHADHOTO IIOTOKA paBeH
HYIII0).

Onnaxo 3HAYATENbHAA TYpOyIHA3aIAA TOTOKA JETAMMUX da-
cTHIl, yCyryOiseMas HepaBHOMEDHEIM DacIpefe]leHHeM TBep-
ol ¢asH mO CeYeHWI0 CTPYH X OOMEHOM SHEePTdd IPH CTOJK-
HOBEHHAX, a TaK:Ke paclImpeHme ra30BOTO IOTOKA BHI3HIBAIOT
TMOABJIEHNE YACTHI[, yZAPAKIIUXCA O NOBEPXHOCTh MeTaJjlIa
[OJ PasNMYHEIMM yriamm aTaku (BmiaoTh o 30°). O6muit sxe
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PaCXOf MeTalila Ha WSHOC Y CTPYHAHKX MEJIBHUI[ CYIeCTBOHHO
HOKe, YeM y OIapPOBHIX.

JKCOepMMEeHTAIbHEIE UCCIE0BAHMS, NPOBEeHHEE HA BO3-
IyXOCTPYHHEIX M IaPOCTPYHHBIX IPOTHBOTOYHHIX MeJBHUIAX
upomsBopuTenbHocThi0 300—500 ke/uac, mokasanm BIHAHHE
Ha paboumii mpormecc AIMHH W JUaMeTpa PasTOHHHIX TPYOOK,
a Tak;Ke PACCTOSHUA MEKIY X cpe3aMu. BEJIO ycTaHOBIEHO,
9T0 3aBHCHMOCTH IPOM3BOJUTENHHOCTH M IHEPro3aTrpaT oOT
reoMeTpudecKuX $aKTOPOB HOCUT SIBHO BEIPAyKEHHHIN KCTpe-
MAaJBHEIH XapakTep.

IIpocToTa ycrpoiicTBa, OTCYTCTBHE ABMKYIMUXCA dacTed U
CIO)KHBIX IOJNIMIHAUKOB OOYCIOBIMBAIOT IIPEUMYMIECTBA
CTPYAHBIX MEJBHHUI] 10 CPABHEHHUIO C IMapoBHIMH. HOHCTPYK-
THBHAsA BO3MOKHOCTH BHIIOJHUTH He6OJbIIne y9acTKH, IO-
BEPralomuecs MHTEHCHBHOMY JOKAIbHOMY BO3JHCTBHIO, M3
BHICOKONPOYHO# a0pasMBOCTOMKOA KepaMUKM WA TBEPHBIX
CILIABOB ONPEHeNs0T MaJble BeJIWIMHEL 3aTPA3HEHUSA IOTO-
BOTO MaTepuaja OpoxyKTaMu uanoca. OTCyTcTBUe CyIIeCTBEH-
HHIX MEXaHWYECKHAX HANPSKEHUA B KOHCTPYKUZAX IMOMOJb-
HOM KaMepH [elxaeT DTH MAIOIXHBEI BeChMa OJTOBEYHBIMH.

HepocraTKOM CTPYHHBIX MEJIBHUI[ ABIAOTCA 3HAYATEIHHO
6osipIOME 0 CPABHEHHIO C MIAPOBHIMHA HHEPTO3aTPATH MPHU TOH-
KOM H3MeIbU4eHHH U He00XOJUMOCTH OYUCTKE OTPabOTaHHOTO
rasa B ¢uabrpax. Hemsbexen Taxike yHOC Hamboee BEICOKO-
OUCHEePCHOM ¢paknuum MaTepmaja ¢ OTPaGOTAHHEIM Ta30M.
BosmoxuocTt cTpy#iHO# MEJBHHUIBI OTPAHAYEHH, TaKAM
006pa3oM, ¢ OHO# CTOPOHH — TPYZHOCTHI0 Pa3TOHA KPYIHBIX
KYCKOB MaTepmaja, a C [Jpyroid — Heo0XOXMMOCTHIO pas-
BUTHA GOJNBIINX CKOPOCTEH [JIA W3MEJIbYEHNUS OYEHb Mel-
KHX 4YaCTHWI[ M CJOKHOCTHIO YJIABIHBAHUA IPOLYKTOB UX
usmenpuennsa. OOHIT MOKAa3EBaeT, 9To0 Hauboxee 3PHeKTUBHEL
5TM MEIbHHIE B 00JIaCTH CPEIHETOHKOro u3MelbdeHHs (70
10—40 mkm) XPYyUKHX MaTepHaJOB C pasMepaM@ YacTHI]
MeHee 5 MM.

Ile3uHTErpaToOpPE, KAK U CTPYHHEIE MEJIBHHIE, OTHOCATCSH
K 4mcly MamWH YRApHOTO AefiCTBHA, OJHAKO W3MEJIbUICHHE
B HEX NPOM3BOAUTCA YZAPOM BPAMAIOMUXCSA CTEPIKHEH IO
cB00OIHO TAamaioOIMM YacTuiaM MaTepumaia. lle3mHTerparop
COIEP’KUT B CBOEM KOKYXe [iBa BPAMAINAXCSA HABCTPETY
OIWH IPYTOMY OWCKA C HACA)KEHHHIMH C BHYTPEHHEH CTOPOHHI
10 OKPYKHOCTH psAZaMuM MTUGTOB HUIMHIPAYECKOU (MHOTHA
KOHMYECKOM MIN NPU3MATHIECKOi#) ¢opmel. Pagel mrmdToB
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0o00nX OUCKOB DPaCHIOJNOMKEHH HAa Pa3HHX pajmycax Bpale-
HUA H BXONAT C HEKOTOPHIM 3a30POM ONUH B APYTOii.

MeabHEOH C OOHAM BPANIAIOIIUMCS POTOPOM HA3HIBAKOTCA
mucMemGpatropamMn. VX mpeMmyImmecTBOM HABJIAETCA CPaBHH-
TeJIbHO HpocTas KOHCTPYKIusi. BMmecre ¢ TeM, musa moctmxe-
HEA TeX jke, 9T0 W B Je3WHTErpaTopax, CKOPOCTe# ymapa He-
00xonmMo 00ecIHeInTh COOTBETCTBEHHO GOJBIIAE CKOPOCTH
BpameHus JIUCKa.

NsmenpuaeMsii MaTepual D[OCTYymaeT B IEHTPAIBHYIO
gacTh Gapabana. YacTmis, mpoxons depe3 pPsANbL CTEP:KHEH,
TOBEPralTCsa UX yIapaM M OO0 Mepe IPOABIKEeHHS K mepude-
PHHO CTAHOBATCH BCEe Meibue M JmOO0 BEICHIAIOTCA 9epes JOH-
HEIA JI0K, Jdu00 BHHOCATCA DOTOKOM BO3AyXa B KiacCHUKa-
rop. CremeHs W3MeJbUEHHWS MaTepuaja B [€3MHTETpaTope
OIpenensaeTcsa CKOPOCTHI0 BPAIEHUs JUCKOB, HX AHAMETPOM,
9UCIOM PANOB, PACIOJIOKEHHEM M pasMepaMé CTepIKHel.

Baskuoe sHadenme musi paGoTH [Ie3WMHTErpaTopa WMeeT
KadecTBO MaTepmajia crep:kHeidl. VX m3HOC ABJIAETCA CaMBIM
YA3BAMEIM MECTOM 3THX MammuH. HeKoTophe KOHCTPYKIUI
Je3THTerPaToOpPOB MPEeIyCMATPUBAIOT BO3MOYKHOCTH IOJIHOMN
3aMeHbl poTopoB. OHAKO M3HOC BCerja MBJIAETCA JHMHATH-
pyomuM QaxKTopoM paboTH [e3MHTETPATOPOB, U IIO0ITOMY
UX NPHMEHSAKT B OCHOBHOM [JS W3MEJIbUEHHA TAKAX MAaJIo-
abpa3WBHEIX MaTepHAJOB, KAaK MeJ, KAaOJ@H, IJIacTMAacCHI,
yroab, OHTMEHTH.

Teopum paGoOTH [[€3MHTETPATOPOB K HACTOSAIEMY BPEeMEHHI
He CO03[IaHO. VIMeIOTCA IOmEITKM pacieTa OKPYKHEIX CKOPO-
cTeit, HeoOXOMUMEIX MJIA MOCTVYKEHHA 3aJaHHOM CTEIeHM W3-
MeapueHUA. B pacuerax mpepgmosiaraercs, 9To YHMCIO yAapoB,
molydaeMEX dYacTHIled, DaBHO UUCIAY YAapOB CTep;KHeH,
a CKOPOCTh yJapa paBHA CyMMe CKOPOCTeH COCeTHUX PAIOB.
Cremenr HW3MeJbYeHHWS HOPH KAKAOM  yAape IPHHATA
oquzHakoBoi. OgHAKO HA NpPAKTUKE OPOM3BOJUTENHHOCTD WU
AUCOEePCHOCTH IOMOJIA KaKAOTO BHMA JEe3MHTErPaTopa ompesne-
IAIOTCA SMOEpPUIecKd. TOYHO TaK Ke SMIMpPHIECKH HmOROH-
paeTcs MaTepHa CTep;KHed, mXx ¢opMa U APyrue mapaMeTpEL.

§ 2. Pa3nereHnme YacTHI| 10 pa3MepaM

IMonyuenme BHICOKOJHCIEPCHHX MAaTEpPHANOB OCYMIECTB-
NfAeTCA, KaK YyiKe YKa3hHBaJoCh, C NPHEMEHEHHEM Cemaparo-
POB, ‘OpefHABHAYEHHHX JAJIA BHIEICHHA TOHKHX Qparmui
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Tpe6yeMod KPYIHOCTH M3 MPOXYKTA moMoJa. VI3 Bcex BO3MOIK-
HEIX MaIlIZH HOXO0HOro psAfa B 06JacTE TOHKOTO H3MeJIbie-
HHA XOPOWIO 3apeKoMeHfoBaiu cebsd M IONYIMIHM DPACHpO-
CTPaHeHHEe B TIPOMHIILIEHHOCTH BO3LYMIHO-IEHTPOOEIKHEIE Ce-
maparoph. Ilpmanun mx peiicTBuA 3akI0YaeTca B TOM, 9TO
9acTHIB MaTepHasia WOABEPraloTCA OJHOBPEMEHHO MeHCTBHIO
OBYX CuI — IeHTpobeskHO#, co37aBaeMoil BpamieHWEM IIO-
TOKA, MW pagHalbHON, CO3XaBaeMOH# [JBIKEHHEM IIOTOKA
K IEHTPY cemapammoHHO# KaMepH. B cTporo cranumoHapHBIX
YCIOBUAX PABEHCTBO 3THX JBYX CHUJI ompefieseT pagmyc
KPYTOBOH TPaeKTOPHH JaCTHI[ 3aJaHHKX pasMepoB. YacTuisl
KpyIHEee PacdeTHOro 3HAYeHHA GYMYT ABUTATHCS NO CHUPATB-
HOU TpaekTopudm K mepulepuH, a Meabie — [0 COUDPAJIH IKe
K IIEHTDY. ’

ITpocreitmas Teopusa cemapanuu B IEHTPOOEKHO-BO3AYII-
HEIX IOJAX pPaccMaTpHBaeT HEKOTOPYIO dacTulmy cdepuae-
CKO#l (OpMHBI MIM (OPMEI, HPEBOTUMON K cepuIecKo: mo-
CPeJCTBOM BBEeIEHHS HEK0ero HKBUBAJIEHTHOTO cdepe ee pas-
Mepa u Koadpumumenta popmsl. Ilpegmonaraercs, 4ro gacTuma
HE COOPHKAcAaeTCs ¢ JBIMKYMUMEUCH [AETANAMH MAaIlUHH,
T. €. cBOOOTHO mONBENIEHA B IOTOKE.

Ienrpobesxuaa cumiaa, pmeidcTByomas Ha cQepUIECKYIO
gactuny paumamerpoM X, paBHA

fu=nX%(D — D,) U%[6R. - (1.4)
Cuna yBie4eHHA ee IIOTOKOM —
fu=1,Cry X*D, U2, (1.5)

rme D mw Dy, — COOTBETCTBEHHO INIOTHOCTH YACTHIIHL U CPEJHL,
B KOTOPO# mpom3BOAWTCA cemapamusA; R — pamumyc TpaexTo-
pum; U n U, — rauresnuajibHas W DpafidajlbHAsA COCTaB-
mnoume cxopocm IOTOKA Ha paccToAHuE R 0T IeHTpa;
¥ — 0e3pa3MepHHEI KOIQPHUIMEHT, YYUTHBAOIUA OTKIOHE-
Hme (GOpPMH dacTUIBl OT cpepmUecKOd B JaHHOM Iporecce,

C=24 Re mpu 0<<Re<1, (1.6)
C =13/Re’» mpum 1 <<Re <10, (1.7)

(Re — umcao Peiinoabnca).
PasenctBo cux f, u f, ompepenser TPaHUYHBIA paszMep
gactur X,, HAXOAAMMUXCA Ha KPYroBofl TpaeKTOpHHU 3afaH-
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HOTO paamyca. A OYeHhP MeJKHX dacTHEX ¥ He6oasmux
ckopocteir B coorBerctBuu ¢ (1.6)

X, =4 24( vx) "(RUY: U (1.8)

B caygae gacTum cpefHeil KpYyIHOCTH M CPABHUTEIBHO 60JIb-
mux U, B coorserctBmu ¢ (1. 7) mmeem

2 T RBU
X,=4,54 x)v| —=, (1.9)
0 [(D Dy ) ] Ul
Urz:Q/ZTCRH, U‘P= U,, (Ro/R)%, (1,10)

rne Q — o6BeMHHNI pacxof Bo3gyxa, H — BHCOTa 30HEL pas-
nenenusa, U, — TaHTeHIMalbHasA COCTABIAKNIAA y BHEIIHeR
rpaHMIB 30HB, R, — paccrogHme BHYTPEHHeH TIpPaHMUIBL
30HH [0 LeHTpa. B saBucmMocTu 0T cmocoba opraHum3amuu
DOTOKA BEJMYMHA o MOMeT M3MEHATHCA B Ipefeiax
— 1L

IIpp «=0 u H (R)=const 1A 09eHb MEJKHUX TaCTHI]
U,=const u X, ne sasncur or R. CiefoBaTeabHo, BCs 30HA
celapalnuy pasfesaseT YacTUIBl TOJHKO IO OXHOMY 3HAYEHHUIO
uX pasmepoB. Kpyrosele TpaeKTOpUH OBMIKEHUS DPaBHOBEC-
HBIX 9aCTHL[ B IIpefejaXx 30HH ABIAKTCA YCTONYMUBHIMHA W,
B IPUHIAIE, PABHOBECHbIE TACTUI[EI MOT'YT HAXOMUTHCA B 9TOR
30He KaK YTOHO JIOJT0. JTOT CIy9ail ABIAETCA HAEaTbHHIM
nas paboTsl cemapaTopa. JliA ero ocymecTBieHHA HeoO-
XOXHUMO, 9TOOHl CKOPOCTH 3aKpyduBaHUA (YIiIoBasg CKOPOCTS)
NOTOKAa yBeJAMYMBAIach NPONOpHuoHaNIsHO 1/R mo Mepe mpu-
Oamwxennsa k uentpy. Ilomagmas B aoboe MecTo Kiaccudpura-
OUOHHOM 30HHI, YacTHLHl KpymHee X, OyAYyT mO cmupaxsam
yRaiaAThcA Ha mepudepuio, a Meapie X, — TakKe IO CIOH-
paisaM K IEHTDY. -

Ecan 0 < a <1, To Ha KpyroBHX opOuTax, mpuGiau-
JRAIOMAXCA K IEHTPY, PABHOBECHHIMH OyAYT YacTULEL BCO
Goapmux pasmepoB, a mpu —1 < a < 0 — Bce MeHBUIHX.
dto osHavaer, uTo mpm a=%~(0 B cemapaTope CYIIECTBYeT He
OIWH TPAaHWMYHBIA pasMep pasjesieHHs, a HeKoTopas 001acTh,
onpenensemasa gopmyaamu (1.8) u (1.9). [IBuxeHume paBHO-
BECHEIX 9acTHI[ 10 KPYTOBHIM TPaeKTOPHWAM mpu a =% (0 HoCUT
HeycToHumBHE xapakrtep. (DmloKTyamum HOTOKa u caydaii-
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HEle 3a6pocH "acTun GyAyT mepeBONUTH MX HA HePaBHOBEC~
HEHe COUpajbHHEe TPAeKTOPUHM W HANPABIAATH B ONMH W3 IPO-
OYKTOB Cemaparumd. :

Ha ocuoBammm (1.8), (1.9) m (1.10) cmpaBemauso co-

OTHOIIeHue
Xop (R
Yo =(m) a1

rme R, u R, — rpaHu4Hble pafuycH o00JacTH cemapanud,
Xy, 1 X,, — PAaBHOBECHEHE pa3MepPH YacTUI[ HA BHEIIHEH u
BHYTpeHHell I'paHMIax B30HH pasfeneHus. JacTUUsl ¢ pas-
mepamu X, << X < X,,, B 3aBHCHMOCTH OT MecTa WX IO-
maflaHusg B 30HY Cemapanuu MOTYT HOATH Kak B TpYOHIA,
Tak M B TOHKHME mpomykT. [losToMy TOHKHI mpOAyKT -Gymer
coflepKaTh Bce YaCTHIB Meabde X, a TpyOBIi mpomyKT —
Bce dacTumbl Kpymuee X,.

Hons gacTui; zTaHHOTO pasMepa, NONAJAIIAX B OIPE/IeIeH-
HYI0 30HY cemapaquy, IPM PAaBHOBEPOSATHOCTH IIOIMATaHUS
9acTur; B JM06YI0 TOYKY B30HH IPONOPIMOHANbHA IIMPHHE
aToil 30HHEI. Torma ma ocmoBanmu (1. 11):

nR2— xR} _ (R/Ry)2—1 __ (X/Xp)*—1 (1.12)
nRE —mR?  (Ry/Ry)2—1 (Xgo/Xg)*—1"° )

CocraB TOHKOH# (pakmum mnpencraBisger coboil, ciemo-
BaTeJbHO:

XOl xoz

X/Xp)*—1 .
P,(X)=| F(X)dX—|—J§ M%F(X)dx (1.13)
0 o1

Kosdppuuuments mosesHoro meHCTBUS cemapaTopa PaBHEL

Xol
[ F(x)dx
0

I{1= b AU K2=

- P X (1.14)

Ecam « 3aMeTHO OTIHYAeTCA OT HYJIs, & OTHOLICHUE
R,/R, Benuko (mopsapka 2—5), TO, O0YEBUAHO, TOYHOCTH
paspenenusa u KIIJl knaccudpikanwu Huzkue (OPU yCIOBWH,
gro Ha mHTepBal Xg,— X, NPAXOAUTCSA 3HAUUTEIBHAS YACTh
Marepuaia). Jlpyrue ¢axkTopH — TypOyJeHTHOCTH IIOTOKA,
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B3amMOJefiCTBHEe JYACTHI, TPEHHE HX O CTEHKH — TaKKe Cy-
IMEeCTBEHHO YXYAIDAIT TOYHOCTH Cemapamum.

B o0mem caysae TOYHOCTH cemapaunumy Hpu (QUKCHPOBAH-
HOH rpaHume pasfgeieHus onpeneiseTcs QIOKTyanmusMu CHI,
JeficTBYIOIMUX Ha 9YacTHOH I'paHWIHOro pasmepa. OueBHOHO,
9T0 9eM pesde MEHSETCA AeHCTBYHMAs Ha YaCTHIY CHJIA C M3-
MeHEHWEeM ee Da3MepoB, T. €. 4eM Goublie abCONIOTHAsA Be-
nmamHA upomsBogHOR df/dX, TeM TouHee pasmeleHme. JTHM
00CTOATeNbCTBOM, B YACTHOCTH, O0YCJIOBJIEHA HEOOXOMAMOCTD
OpUMEHEeHHA IeHTPOOEKHEIX CemapaTopoB BMECTO TpaBHATa-
[UOHHHX JJA pasfeleHmAa 9acTHI MaJHX pPa3MepoB.

JleficTBATEIBHO, MJA I'PABUTANUOHHON CHJIBI M IPOTHBO-
me#icTByoOmel e CHMJIE BO3NYIIHOTO IIOTOKA

f,,: e (D — Dy) g X3 — 3nnXV =
= (D—DYg(X*— XX,  (L.15)

rme 7 — AEHAMAYECKas BABKOCTH Cpexsl, V — CKOPOCTH
DOTOKA OTHOCHTEJIBHO dacTHIE, a X, — PAaBHOBECHOE 3Ha-
genme pasMepa wacTmm A f=0:

X2=18qV /(D — D,)g.
Benugunua npomsBomuo#r u puddepernumanr X B TOUKe
X=X, paBEHH

df JdX =1[gn (D — D) g (3X* — X3);

1.16
dX |xx, = 3dfm (D — Dy) gX?. (1.19)

s 1menTpobeKHEX mosed

fu =g X? (D — Dy) aR — B DX hU s =

r

=1/n (D — D,) o?R (X3 — X*=X3), (1.17)

Ile ® — YIJI0Basg CKOPOCTh BpamleHHWsA Ha paccrosHmm R oOT
1eHTpa. PaBHOBeCHOe 3HAaWeHHWE pa3Mepa JacTHI[ HA paccTos-
HEu R oT meHTpa BpameHHs pPaBHO

x _.( 39U D'\
0= \Ze*R (D —=Dy) ) *
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Benmumra npomssommoi m amdpdepermman B Touke X=X,
IJIA TEeHTPOGEKHBIX I[oJed paBHH

a o
- =1y (D — Dy) o*R (3X2 — ¥, XX %),

dX |x_x, = 4df|(D — D,) *RX2.

(1.18)

CpasamBaag ¢opmynur (1.16) m (1.18), MoxxHO BHAETH, 4TO
peamunaa auddepennuana dX npH PaBHHX B3HAUCHHAX df
B ClIyuae LEHTPOOEKHHIX I0JeH MeHBbIIE, 9eM B CiIydae Tpa-
BUTAIMOHHOI0 NOJS, B YHCIO pa3, NIPONOPHEOHAIbHOE
otHomennio w?R/g. OO6HYHO 5TO OTHOMIEHZE COCTABIAET
HECKOJIbKO COTEH M, CIe[OBATeNbHO, BO CTOJBKO Ke Pa3 BHIIe
To9HOCTh paspmenenus. 13 ¢opmyn (1.16) m (1.18) cmemyer
TaKKe, 9TO C yMEHbIIeHHEM TPAHMYHOI0 pasMepa BeJHYHHA
CIYyYafHOr0 OTKJIOHEHHSA pPasMepoB dacTHI 110 00e CTOPOHH
rpaHEOb PasfieieHnsl yBeaWymBaeTcs BechMa Owictpo. Cure-
INOBATEIbHO, TOYHOCTH CENAPAIME C POCTOM UCHEPCHOCTH
PEe3Ko majlaeT, a JKCIEePEMEHTAJbHHE TPYIHOCTH HPAKTHYe-
CKOTO OCYINECTBJEHHUS Mpolecca pasfeleHnss BO3PacTaloT.
OnHT CO3JaHUA CEeNapaNUOHHEIX YCTPOMCTB IOATBEPKAaeT
CIPaBEIJIMBOCTG [AHHOTO BEIBOJA.

Ha xauecTBe cemapanmm CKa3BBAeTCS TAKMKe B3HAYEHHE
Pa3sHOCTH IUIOTHOCTEH CemapUPYEeMBIX WaCTHLN M CpPEeJH.
OueBnHO, Ka4YeCTBO CemapanWy TeM Jydlle, YeM IJIOTHOCTH
9acTHI| BHINE U 9eM MeHee ILUIOTHOHM ABJIAETCA cemapalioH-
Hasg cpena.

IIpuBefenHbie BHIE pacdeTsl BHIIOJHEHH (€3 yuera aspo-
IUHAMOYeCKHX oco0eHHOCTed KOHCTPYKOmA. Mexny Tem,
co3[jaBaeMiie B HHX TypOyJIeHTHbE IIOTOKE MOTYT CYINECT-
BeHHO YXYANHUTH KadeCcTBO cemapauud. B cBA3m ¢ 3TUM
B cemapaTopax BecbMa BaJKHA adpPOAMHAMHAYECKAS KOPPEKT-
HOCTH OopM U KadecTBo maroroBiaenms. KIII mo paspenenmio
HEKOTOPHIX W3 Takumx Mamwmu gocturaer 60—80%.

§ 3. BeeneHne B AMCHEPCHOHHEBIA aHAJIN3 MOPOUIKOB

Ilna ompenesieHHsT Pa3MepOB YaCTHUI MOPONIKOB IIPHUMe-
HAIOTCA pPa3imIHEe CHOoCO0B, 00BeIMHEHHbIE O0IIM Ha3Ba-
HOEeM, — MeTOAbl JUCOePCHOHHOI0 AaHajd’3a. OTH METOJH
HeJATCA Ha IpPAMEE M KOoCBeHHBe. K mpAMHM oTHOCHTCA He-
NOCPENCTBeHHOE W3MEDEeHHE pasMepoB YacTHI[ ¢ IOMOIIBIO
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HeKoToporo MacmTaba, 6ynp TO IDTKala MHKDPOCKONA HIH
figeiikd cuT. K KOCBEHHEIM — ompejieieHHe PasMepoOB IO Ka-
KOMY-1u00 IPHU3HAKY, HEINOCPEACTBEHHO OT HHX 3aBHCH-
meMy, HampaMep, IO CKODOCTH OCeIaHWS B BS3KOH cpeje,
CKOPOCTM pAacTBOPEHHUA, OTPAMKEHHUIO CBETA CyCHeH3WeHd, aj-
copbnuonHOil cmocobuoctm m nap. Pasnoobpasme upmMmense-
MEIX B HAcTosmee BpeMA METONOB [AWCHEPCHOHHOIO aHa-
am3a BeckMa Beauio [11, 12]. O6wAcHAeTcd 5TO He TOJBKO
GoNBIIUM ACCOPTHMEHTOM MOPONIKOB, OTIMYAIMUXCA CBOei
OpUpPONOf ¥ [AUCIEPCHOCTHIO, HO M CHEIAYAYHOCTHIO UX
npuMeHeHus. JacTo OKa3HBAeTCsA, YTO XapaKTEePHUCTHKA M-
CIOEePCHOCTH, YAOBIETBOPUTEJIbHAS B OJHOM CJIydYae, HeMpHEeM-
JeMa B JpYroM.

MoKHO KOHCTATHPOBATh, YTO B HACTOAIEEe BPEeMA He Cy-
IMeCTBYeT HHU OJHOTO [0CTaTOYHO YHHMBEPCAJIBHOI'O METOHa
IUCIEPCHOHHOTO aHANW3a, KOTOPHH [gayke C OrPaHUYCHHOMN
HaJIesKHOCTHI0 MOTr OBl OBITh NPHJIOMKEH KO BCeMy MHOroo6pa-
3010 TMOPONIKOOOPA3HHIX MaTepuwanoB. B cBA3m ¢ 3TuM BO3-
HHUKaeT Heo0XOoQuMMOCTH NPaBHJIBHOTO BHOOpa cmocoba om-
pefielie s [HCOePCHOCTH C yYeTOM KOHKPETHHIX (H3HKO-
XHMUYECKAX CBOMCTB, YCAOBUA MONYYEHHA M MCIOIb30BAHUSA
mopomkoB. HempeMenHsIM TpeGoBaHEEM B BTOM Cjydae
ABIACTCA COOTBETCTBME M3yYaeMHIX CBOMCTB MOpPOMIKA M
mpoiiecca ero mepepabOTKE OFHOH W3 BO3MOMKHBEIX Xapak-
TEePUCTUK JHUCIEPCHOCTH.

B 3maueHnmm TepMMHOB, NPHMEHSEMHIX MIJA XapaKTepH-
CTUKM JUCIEPCHOCTH IOPOMKOO6PA3HEIX MaTepuaoB, HabIio-
HaloTCA, KaK 00 5TOM MOKHO CYA@TH IO JHTEPaTypPHBIM
NaHHBIM, BHAYUTEJIbHEE PACXOKAeHUA. PAIY OCHOBHHX
TNOHATHIl MUCIIEPCHOHHOTO AHAJIM3a, TAKMM, KAK JacTHUIA, ee
pasmep u gopma, yAeaIbHAS DOBEPXHOCTH, IPANUCHBAIT pas-
Hoe cojepskanume. BEI3BaHO 3TO He TOJBKO CO0OOPaKEHUAMU
$OpPMaNbHO-TUHTBUCTAYECKOT0 MOPSALKA, HO M 0COOEHHOCTHIO
IUCIEPCHBIX CHCTEM, IS KOTOPHIX, B B3aBHCHMOCTH OT YCJO-
BUH WX TOJYYEHUA WIU NPUMEHEHUsd, Te WIH HHBE Xapak-
TEPUCTUKM CTAHOBSTCA OIpPENeNAIIIMI.

PaccmMoTpmM B KadecTBe IpUMePa HEKOTOPHM IOPOMIOK,
COCTOAINAI M3 0Y€Hb MEJIKHX YaCTHI, KOTOPEE OOBIIHO CO-
Guparorcs B arperaTel. lIpu ocaxmeHwm B BABKOH cpefe,
HalpuMep, arperaTsl BeAyT ce0sa Kak eIWHOe HeJoe W IpHuMe-
HOATEJBHO K [MAHHOMY IPOLECCY TAaKKe NMEHYIOTCSA YacTH-
namu. Eciu jKe mopomoK mpuMeHsAeTCA B COPOIIMOHHOM MU
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XUMHMYECKOM NLpoIlecceé M BHYTPEHHsAA NOBEPXHOCTh arpera-
TOB OPUHMMAaeT B HEM yJacTHe, TO YacCTHiell sABIsgeTCA 4acTh
TBEPOTO MaTepHala, OTPAHHIECHHAA CMe;KHOH (razoobpasHoit
mad KugKod) ¢asoii. BoaMoxkHO Taxike, 9TO KayKmas Takas
9aCTHOA COCTOMT M3 INIOTHO CKPEIJIEHHHX MeKAy coboi
OOHOPOAHHIX MJIM PA3HOPORHHIX IO COCTABY BDJIEMEHTAaPHHX
9aCcTHI[, HA KOTODHE OHA pPAacmafaeTcs JUIIb IPH 3aMETHOM
MexaHHIeCKOM BosmeicTsuu. CocTaBHBIE 3JIEMEHTH TAaKOR
9aCTUIE HA3HBAKT OOATH-Takd dacrunamu. CiegoBaTenbHO,
DOHATHE 9YacTHOa IPHIATaeTcsi K PAa3HEHM COCTaBHEIM dIe-
MEHTaM NOPOIIKA. AHAJOTMYHEIMH IPHMEPAMH MOKHO IPO-
WINIOCTPAPOBATh M JPYTHe TePMHUHbI [UCIEPCHOHHOTO aHa-
am3a. Takoe mooKeHHE C TEPMHHOJOTHEN B JACIEPCHOHHOM
apaiuse NOOYTaeT aaTh OO BO3MOMKHOCTH OJHO3HATHEE
ompefeNeHNs OCHOBHHIM €ro IOHATUAM.

ITIpumenuTeapHO K IIOPOLIKAM dYacTHIEHd Ha30BeM 06BeM
BemecTBa TBepAoil ¢aszp, MMEIMUHA IOBEPXHOCTH pasfela
¢ ra30M WIH KUIKOCTHI0 M COOOMAIMUICA ¢ HMONOOHBIMA Ke
obpasoBaHmAME TBepHoil ¢ass He 6ojee YeM TOIEIHBIMU KOH-
rakramMd. Ilpu 9TOM KOHTAKTH [OJYKHEL HMMETH BTOPHYHOE
NPOHUCXOKAeHre, T. €. OHH JOJIKHH OHTH 00pa3oBaHBE mpHU
CONPUKOCHOBEHMH paHee Pa3feJIbHHEX 9acTHUI], COAEePKAMUXCH
B orpanmienHoM obGweMe. Harkmasa Takaa gacTuma mpu ms-
MeJIbYeHUH WJIM [OPU APYTHX CHIABHEIX MEXaHWYECKUX BO3-
OeACTBUAX MOKET 0Y€Hb IJIOTHO COEJUHMUTHECA C el momo0-
HEME B 0Oojiee Kpynunie o0pasoBaHms, YIOBIETBOPSIONMEE
onpenejieHHI0 TepMHUHA 9aCTHAIla, HO HEOAHOPOAHBIX IO CTpOe-
HHI0O d MeHee npo4YHHX. Takwme 06pa3oBanmsa Ha30BeM BTOPHY-
HEIMA 9aCTHIIAMH, & COCTABJIAIOIAE WX YACTHIE — IEePBHI-
HBIMU. prHHH YacTHul, CKpPEeHmJeHHBIe B TOYEYHBIX KOHTAaK-
TaX, KOTOPHEe B KOHKPETHHIX pacCMaTPUBaeMHIX Ipoueccax
Be#yT cebA Kak efWHOEe IeJ0e, HA30BEM arperaTaMu.

Huas memopmcToil wactTmmel Ji060# (OpPMH onmpeseseHue
00beM ABIAETCS BIOJHE OJHO3HAYHEIM (OTHOIIEHHE ee Beca
K mIoTHOCTH Marepmana). B kadecrBe ofbmeMa arperara mpu-
MeM 00BeM OPOCTPAHCTBA, OTPAaHHICHHHI BHENIHEH MmOBEpPX-
HOCTHOH TIpaHHNEeW, pasjfeldAnImedl CBOUCTBA CpeAsl BHE H
BHYTpH arperata B paccMaTpmBaeMoM mpomecce. Hampmmep,
IpH CeTUMEHTALMM JKHUIKOCTh BHYTPU arperata [gBHKETCH
BMecTe ¢ TBephoil ¢asoil, ero rpaHEWOa OPOXOJUT IO KHTKOMN
dase M ompefeiaseTcsa YCIOBHEM pPaBEHCTBA CKODOCTH IBU-
JKEHUA JKEJKOCTH W arperara. AHAQJIOTWYHO oOmpefelrsercs
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u 06peM mopmeThix gactmn. G ogHOM cTOpOHEI, X 06BEM pa-
BeH 00beMy TBEpAOT0 MaTepHajia, M3 KOTOPOTO OHH COCTOAT,
a ¢ Apyroii — 00beMy IpPOCTPAHCTBA, MMH 3aHUMAEMOTO.

TepMEH «OIOmMAAh IOBEPXHOCTHY» HENOPHUCTHIX YaCTHI]
BIIOJIHE OMHO3HAYHO OIDENENseTCA KaK IUIOmAanh IIOBEpX-
HOCTH TpaHMOE TBepho# ¢asel, Iia arperatoB m IOPHCTHIX
9aCTHI[ MOHATHA NOJHON W BHEIMIHE HOBEPXHOCTH oOIpele-
JATCA TaKKe AaHAJIOTMYHO COOTBETCTBYIOIMM NOHATHAM
ob0BeMa.

YineapHo# NOBEPXHOCTHIO J000H YacTHOBI HAa3KEBAIOT
OTHOLIGHWE IJIOIAAHM €e WNOJHOM MIW TOJNBKO BHENIHEH Io-
BEPXHOCTH K 00beMy HMIH BeCcy. 3[eCh HEOOXOMEMO OTMETHTD,
9TO NPHMEHAEMHH BHIIE TEPMHH (IOBEPXHOCTH pasjeia
¢a3» He opHO3HA4YeH. J[eACTBUTENbHO, IIOMAAb TI'PAHEIE
pasgesa ¢ TBepAEM TeJOM ONpeNeNsieTcs MOCTYIHOCTHIO ee
IOJIA MOJEeKyJ cpefnel. VI3BecTHO, OXHAKO, 9YTO MOJEKYJH
JKUIKOCTe#l M Tra3oB CYMECTBEHHO OTJIMYAIOTCS CBOMMH pas-
mepamu. I[losToMy BeiIMYMHA MOBEPXHOCTH TBEPHOrO TeJa
¢ OYeHb Y3KHMH MOPAMH 3aBHCHT OT pasMepa MOJEKYJ CpPEJH.
Tak, miIomans HOBePXHOCTH 9YaCTHI[, M3MepsAeMas II0 COpJ-
[IWYE JKAPHHX KACIOT WA KPacHTeleidl, 9acTO 3aMeTHO MeHbIIe,
9eM msMepseMad 10 copOuuu BOAEI WIH a30Ta.

XapaKTepUCTHKA 9acTHI KaKHM-I100 JIMHEHHEIM pasMe-
poM (4acTo HasHBaeMasa qEAaMeTPOM) yHoOHA 1 O0MenpuHATA.
Bnonme offHO3HAYHO JAMHEHHBIA pasMep OMHCHBAET TOJIBKO
reoMeTpUIeCKM NpaBHJIbHBEIE YaCTHIE — Imap, Ky0 M [Apy-
rme, KOTOpPHE MOKHO OmMCaTh OJHMM mapaMeTpoM. Bo Bcex
OCTAJbHHX CAy9adX HeO0XOMUMO ONOJHHUTEJIHHOE OIpe-
JelleHHe TOTO, YTO LOJPA3yMeBAeTCA IIOf JUHEHAHHIM pasMe-
pom. Ilpm npamex HAGIOJEHAAX, KOTJa BO3MOJKHA TeOMeET-
pUYecKas HMHTepPOpeTanus, pPasMepoM CYHTAT, HAIpPHUMep,
cpemHee W3 TPeX M3MEePEeHHA — [JWHL, MIMPUHH ¥ TOJIIIWHE,
MIM [JIAHY CTODPOHH BKBHBAJEHTHOTO mo o0beMy Ky0a.
Onpenesnerne pa3MepoB BO3MOYKHO IPH HMCIOJH30BAHUU KOC-
BEHHHIX MeTof[0B. Tak, B ciydae Ce[EMEHTALMOHHEIX H3Mepe-
HEA 3a AMaMeTp YaCTUN OPHHUMAIOT AMaMeTp cdhepHIecKUIX
9acTAL TOH jKe IUIOTHOCTH, OCERAKIHAX CO CKOPOCTBHIO HC-
cleyeMHX 4YacTHI, OPHA H3MEPEHANX NOBEPXHOCTH — JHa-
MeTp c¢depH, DOBEPXHOCTH KOTOPOH paBHA IOBEPXHOCTH
9aCTUIE.

Tak ke, Kak H pasMep, ompefeieHAA (OPMH YaCTHI]
B OOJBIIMHCTBEe CIydYaeB yciaoBHH. lIpmHATO pasmeaaTs da-
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cTHIOH, opMa KOTOPHX 61m3Ka K cHepuIecKoi, Ha BHTAHYTHO
MOX0)KMe Ha NWIMHADP HJIM NPH3MEl, I YIIOBATHE, HOXOMKHE
Ha MHOTOTPAHHHKE C HEDPOBHHMH Kpasamu, m ap. CmisHO
BHTAHYTHE HUTEOOPa3HEE YACTHIE XaPAKTePH3YIOT OTHOIIE-
HEEeM [JIAHK K IDMpWHE, IJIOCKME — OTHOIIEHWEM HaWMEeHb-
mei Toamuek K mupuHe. OTHomeHMe HamOOJbIIETO JWHEH-
HOTO pasMepa K HaWMEHBIIEMY WNCHOJNB3YETCA KaK II0Ka3a-
rens (mam axrop) gopmsl. CpaBHEHHE YUCIEHHBIX 3HAYCHUA
dakTopa (GOpPMEI WMeeT CMEICH JHIIb [IJIA I'eOMEeTPHYCCKHA
mOAOOHHX YaCTUI[ IPU CTPOTOM OIDENENEeHHH N3MepAeMHIX
mapameTpoB. Hawmbosee marmsgHoe mpefcTaBieHume o opme
9acTHIl MOKeT OHTHh mOJYYeHO UPAMEIM BU3YaJbHHIM HAOI0-
MeHmeM KX C IOMOIMbI0 MEKPOCKoma. Bo3MOMKHO TaKke m3Me-
penme OPMBI KaK OTHOLIEHHS CKOPOCTEH OCEeJaHhA B BA3KOA
cpene M3y9YaeMBIX JACTHI[ X PABHEIX MM IO Macce CepuIecKux
9aCTHI[ TOTO ke MaTepuaia. [IpUMeHAITCA U JPyTrue KOCBEH-
moe ompenenenusi. G yMeHbIIGHHEM pa3MEpPOB 9aCTHI[ dYHC-
JeHHOe BHIpa)KeHue (akTopa (GOpPMEI CTAHOBHUTCA Bce Goiee
3aTPYTHUTEIbHEIM. \

IlmcnepcHOCTBI0O MOPOLIKA HA3KHBAKT XapPAKTEPUCTHKY
pasMepoB m (OPMEI JaCTHI[, COCTABIAIMMAX MOPOMOK. Jlmc-
IEePCHOCTH BHIpa)kaeTcA QyHKIMEH pacmpefeseHUs U HEKOTO-
poii BeIMIMHOR, cpefgHell NJid BCeX YacTHI[ MOPOMKA, a TaKKe
yeAbHOH IOBEPXHOCTHI0 NMOPOINKA. PasMepsl YaCTHI] MOTYT
OHTH OmpemeJeHb OJHMM M3 CHOCOGOB, ONMCAHHEIX BHIIIE.
Hanpumep, pacmpefernenme MoKeT OHTH BHPayKeHO Kak
¢yHEOUA 06HEMOB, NOBEPXHOCTEH WM OFHOTO M3 JHHEHHHX
pasmepoB. Hawmbosnee pacupocTpaHEeHHHIM SABISAETCS pacipe-
nenenne mo (yCIOBHOMY) HEaMeTpy.

VieapHO# HOBEPXHOCTHI0 NMOPONIKA (BHIIIE JAaHO ONpe.e-
JieHne yIeJbHOH II0BEPXHOCTU JaCTHUIIH) HA3BIBAIOT OTHOLIE-
HUE CYMMapHO# MOBEPXHOCTW JacTUL K UX Becy. Jlerko Bm-
IeTh, 9TO [JIA MOPOIIKA W3 HEOJUHAKOBHIX 9ACTUI CPEIHAA
yIeabHas MOBEPXHOCTh YaCTHI{, BOOOme roBOps, He paBHA
YIeJIHHOX NOBEPXHOCTH IOPONIKA.

K npsaMeIM MeTomaM IMCLIEDPCHOHHOTO aHAJM3a OTHOCATCA
CUTOBOX ¥ MUKpoCcKonmiecKuit. CHTOBOR aHAIM3 3aKI0YAETCA
B IpOCEMBAaHMU NPOGH HCCAENyeMOro MaTepmajia depes
Ha00p CUT U B ONPeNeeHAN NPOIEHTHOTO COIePKaHMA OCTaTKA
Ha KayKIOM U3 HUX 110 OTHOIIEHHIO K BECY HCXOHOH mpoGH.
Nsrorosienne TKAHHHX CAT C PasMepaMH OTBEPCTHH SA9eeK
menee 60—40 mkm TeXHWYECKH KpaiHE 3aTPYAHATEIHHO.
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CeTKZM ¢ TAaKEMU MeEJIKUMH A96AKaMU COJepKaT MHOKECTBO
OTBEPCTHIl HempaBHJIBHOX (ODPMEI, pa3MepPH KOTODHX 3Ha-
YATEIHHO OTIHYAIOTCA OT CpPeJHEero. JTO BENeT K MCKAYKEHHUIO
T'PaHYJIOMETPIYECKOTO COCTAaBa IO JAHHKIM CHTOBOI0 aHAJIM3a.
B nocienHee BpeMA CTAIWM W3BECTHH IPUEMH IOJIYYEHHUSA
CETOK 00paboTKOM MeTAIIMIECKUX IIACTHH Ju00 TpaBIeHAEM,
ambo BIEeKTPORYroBeM cmocoGom. TakuMm nyreM ymaercs
MoJyd9aTh TeOMETPHYECKH COBEpIIEHHEE OTBEPCTHS C pas-
MepaMd 10 O MEM.

Omnpenenennme TPaHYJIOMETPHIECKOI0 COCTaBa, TaK Ha-
3KIBAEMOY MOJCATOBOM (paKmuu MOPOIIKOB, IIOX KOTOPOHR
0OBHTHO mOMpasyMeBalOT (QPaKOUI0 C pa3MepaMu JaCTHIL
meree 40—60 mka, BHENGHHYI0 NOPOCEMBAHUEM, MOMKET
OHITH IPOM3BENEHO C MOMOMBbI0 MUKpockona. Mukpockommge-
cKuil anaim3 (B TOM 9HCJIE C BIEKTPOHHOX ONTHKON) BAKJIIO-
HaeTcAa B M3MEePeHNH YCIOBHHIX Pa3MepoB U B IlojicdeTe 9HMCJIa
9acTUO B 3aJaHHOM HMHTEPBaje pa3MepoB Jubo BH3YalbHO,
aun6o mo Muxkpodororpadusam npenapara. Mukpockonus maer
HaJe)KHEE W BOCIPOU3BOAMMEIE PE3YJBTATH TOJHKO IPHU
TIIATeJHHBIX U3MEPEHUSX (TOIHOCTH IPOINOPIHOHATIBHA KOPHIO
KBaJpPaTHOMY W3 COCIMTAHHOIO guciaa dactun). Mmkpockonus
¢ OOBIYHOH CBETOBOW ONTUKOW NPUMEHSETCA [JISA YaCTHUI]
¢ pasmepamm Beme 0,5 KM, a ¢ SIEKTPOHHOW — B HMHTEp-
paie 0,001—10 mrx. Hwxusasa rpanmma pasMepoB 3epeH,
KOTODHE eme MOTYT OHTh W3MEepPeHH MHKDOCKOIIOM, OIpe-
JelsgeTcA ero IpefeJbHON paspelIarmeil CIoCOGHOCTHIO.

Mukpockonmdeckuit aHaau3 [aeT BO3MOKHOCTH oOIpefe-
JUTHh BHPAYKEHHOE B IPOLEHTAX OTHOCHUTEJIBHOE COIeprKa-
HUe 9JacTUm TaHHOTO pasMepa, TO €CTh JaCTUYHYI0 KOHI[EH-
rpanuio. Ha nmpakruke, ogHako, 66i1pmmuil mHTEpEC IPEICTaB-
JisieT ONpefieJieHMme COCTaBa JacTUI[ IO UX BeCcy — BecoBasg
rounenTpaqusa. Heobxopgumblii B Takux ciIydafgx mepecder
MOKeT OBITH OCYIECTBIEH, €CJIH IIPEANOJIOKHUTH, HAaIpHMep,
9TO YACTMIH TEeOMEeTPHIECKM IOFOOHH, a paclpefeseHue
9acTHI[ II0 pasMepaM BHYTPU y3KOH (paKOuU C pasMepaMu
or X, no X,,, TakoBo, uro f (X)=dn,/dX =const. Torga Be-
COBOE CcOfiep)KaHme dTOM (QpaKIuu PaBHO

P?= lni(X¢+1"Xi) (X%+1+X%) . (1‘19)
dini (X + X)) (X3, + X3)
]
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3mech | — 4mcio BHODAHHEIX HHTEPBAJNIOB, N, — 9HCJIO
9aCcTWI], COCYMTAHHEIX B KaKIOM (-M HHTEepBAaJe.

OO6HYHO [ TepecueTa KOHOEHTPAIUA YaCTUI] B BECOBHE
MoJb3yITCA 0ojiee HPOCTHIM pacyeToM, B KOTOPOM IIPUHU-
MaloT Bec ppaKuu PaBHHM BeCy CPeIHero mo pasMepy 3epHa,
YMHOXEHHOMY Ha YHCJI0 dacTur B 3Toil ¢pakumm. Taxoi
pacuer ompaBgaH JHOIb TOrAa, Korga umuTepBanbnl X, ,—X,
BoOpausl oueHb y3kuMu. ORHAKO IOACUET 3epeH, paamepm
KOTOPHIX }KECTKO OIPAaHWIEHH, TPYOyeT Benmuaiiuieir TmaTe b-
HOCTH M, TeM He MeHee, He MOKeT OBITh BHIIOJHEH J0CTATOYHO
touno. [IpakTugeckn ygoOHee BEIOMPATh ITHPOKHME HHTEPBAJIHL.
Ho B aToM ciiyuae ynpOLIEHHHIHA IepecdeT CTAHOBHTCA OYEHBb
HETOYHHIM M HeoOXO[MMO IIOJH30BATHCA NPHBEIEHHON 3IECH
dopmyIIoit.

M3 KOCBEHHHX METONOB OIpeNeNeHUs T'paHyJIoMeTpHde-
CKOTO COCTaBa IOPOIMKOB HamboJiee UIAPOKO HPHAMEHSOTCSH
B IpaKTUYECKOR pabore cequmentanuonnsie. CeUMeHTaIOH-
HH aHAIM3 OCHOBAH HA 3aBHCHMOCTH CKOPOCTH OCAKIEHUS
(cemmMenTanuM) OTHOPONHEIX YACTHI[ B BASKOHM cpefe OT HX
pasmepoB. [las ompeneieHAA T'PaHYJIOMETPHIECKOTO COCTaBA
MOPOINKOB, COCTOAIAX H3 OYEeHb MaJbX gacTul (MeHee
2—3 MKM), BBUAY MEIJIEHHOCTH HX OCEJAHUSA B II0JE CHJI
THAKECTH IPUMEHSIOT MEeHTPOOEKHBIe MO,

Ompenenenue TpaHyIOMETPHIECKOTO COCTaBa 1o Habuiio-
NEHUI0 CeUMEHTAI[AU MOKEeT OBITH IPOM3BE/[EHO ITOCPEICTBOM
U3MepeHus BO BpPEMEHM HA B3aJaHHON BHICOTE CIEeTYIOIUX
BEJMYMH: KOHIEHTPAIUU TBepHo# (asbl, IIOTHOCTH CYCIEH-
3MH, Beca OCaaKa.

Honuempanmo u3MepsanT uyreM ot6opa np06 gepes
(UKCHPOBAHHEE INIPOMEXYTKUA BpEMEHH, II0 PACCeSHHI0 M
HOTJIOMEHNIO CBETA, II0 MOTJIOMEHUI0 PAJMOAKTHBHOTO M3JIY-
9eHAA W HEKOTODHIMHU APYTUMM IpHEMaMM.

IInmoTHOCTH CycmEH3MHM M3MEpPAIT apeoMeTpoOM WIH II0
BeIMYHHE IIAPOCTATUIECKOr0 HaBjieHusa. I[IOTHOCTH CyCIeH-
3u;m p Ha raybmne H OT mOBEPXHOCTH B MOMEHT BpeMeHU ¢
u ee KoHueHTtpanmsa C CBA3AHK MeKIy €000l IPOCTEIM CO-
OTHOIIEHUEM

Dy— D
(H, t)=D;+ 22521 C (H),

rge D, — mioTHOCTE fuCHEepCHOHHOMA cpear, D, — IIOTHOCTH
TBOPROZE ¢aanl.
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Bec ocamka EKCHpPYeTCA TeM UIW WHEIM CIOCOGOM IO W3-
MEHEHHI0 Beca CeJWMEHTAIlMOHHOM YaliKW, MOABENIeHHOR
K BecaM IIOCPEJCTBOM TOHKOHW HWTH WiIHW cTep:KHA. WHorma
IJIA W3MePeHHs Beca 0cajjKa IPEMEHSIIT o6paTHOe paccesHme
T-Tyqeit.

Ompepernenne pa3MepoB 9acTHI[ W, CJIEIOBATEIBHO, Ipa-
HYJIOMETPUIECKOTO0 COCTaBa MOPOIIKOB II0 CEIUMMEHTAI[MOH-
HEIM [aHHBIM 06asmpyercsi Ha 3aKOHAX [BIYKEHHUS TBEPIBIX
chepmaeckux gacTuim B BA3KOM cpeme. O6A3aTeNBHEIME yCIO0-
BHAMEH TPUMEHUMOCTH STHX BaKOHOB fABIsETCA 6e3rpaHu-
9eHHOCTHh M CILIOIIHOCTH CPEefbl, a TaKKe BO3MOKHOCTH pac-
CMaTpUBATh [ABIMKeHNe KaKA0# JacTHOH HEe3aBUCHMO OT JPY-
rax. IIpakTmaecku 3TH YCIOBUA 03HAYAIOT, YTO ypPaBHEHUSA
JABIJKEHHSA JaCTHL B JKUIKOCTH WM I'a3€ CTPOTO CIipaBeIIMBH
JAb A CHWJIBHO pa36aBIEHHBIX CYCOEH3WH M Ta30BHIX
B3Bece#, TBepAHE YACTUIH KOTOPHX BEIMKM IIO0 CPABHEHHIO
¢ pa3MepaMH MOJIeKYJ cpegsl M AAWHAMU HX CBOGOTHOIO
mpobera, a pacCTOSHUA MEKIY YaCTUNAME U yJaJieHhe OT.CTe-
HOK COCyJa 3HAYHUTEJBbHO IIPEBhHIMAET KX pPa3MepHl.

Yactuma, noMemeHHas B BA3SKYH 4 ILNIOTHYIO cpemy,
IOBYIKETCA IOJ HeACTBHEM CHJI TsKecTH (B ciydae CeJuUMEH-
TaquE B TpPaBUTAI@OHHOM moJje). Ee CKOpOCTH HOJIHOCTHIO
ompefensieTcA NeNCTBHEM BTUX CHJI M CONPOTHUBIEHHEM
cpefbl — BASKEAM ¥ THUADPOAMHAMHYECKUM:

w = 6rqrv + Y nr2Dw? = 6rnn2 Re/D, + = Re?/3D,,

rae r — pagmyc cepsl, U— CKOPOCTH MEPEeMemeHusT JaCTHUIL
OTHOCUTEJILHO CpeIbl, 7 — BSABKOCTH cpexbl, Re — uwmcio
Peitnonnaca. B o6nactu mManeix gucen Peitnonspca (Re <€ 1)
MOHO npeHeGpeub 3HAYEHHMEM BTOPOT0 U3 CIaraeMhHX,
a B ob6anactu Goapmmx (Re > 1) - MokHO mnpeHe6Gpeds
IePBHIM.

HauGonphiee npaxkTHIecKoe 3HadeHWe HMeeT o006JaacTh
npumenumoctu 3akoHa Crokca (Re < 0,2), mockoabky ce-
OUMEHTANHOHHOMY aHaJu3y [OJABepPralTcai OOKYHO OYeHb
MeJKMe YaCTHIH, CKOPOCTH [ABIKEHUS KOTOPHX HEBEJIUKH.
ITpumennmmocTh 3akoHa CTOKca €O CTOPOHBI MAJEIX YHCEJ
PeitHonbACca OrpaHEMYeHa, B IPUHIHIE, TPeGOBaHHEM CIJIOII-
goct: cpenbl. OMHAKO OpPaKTHIECKM JTa TPAHUIA AJIA Ce-
IVMEHTALZU B, KAMKOCTU OIpefesseTcsi TpebGoOBaHMEM K CKO-
POCTH MBIDKEHHs MAaJbIX 9acTHI[, KOTOpas J0JIKHA OHTH
ROCTaTOYHO BEJHMKAa, 9T00H BPEMsA IIOJHOTO OCeXaHWA He Ipe-
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BHIIAJO IO KpaiiHell Mepe HECKOJIBKHX 9acoB. B mpormBHOM
caygae Majefinme TeMmepaTypPHHE I'PaJ[HeHTH, BHI3KIBAIONIHEE
KOHBEKTHBHBIE IIOTOKH >KUJKOCTH, CYMECTBEHHO H3MEHAIOT
XOJ, CeJUMEeHTAIiH.

CropocTs TafieHUs B JKUNKOCTE YaCTHL, HeIPaBHIBHOR
(OPMEI MOJKET 3HAYMTE]HHO OTIMIATHCH OT CKOPOCTH [BHIKE-
HOA cPeprHIeCKUX JacTHIl paBHOU Macch. Pasnuna B ckopocT:
3aBACAT TaKKe OT OPHWEHTANUN AHU30METPHIHHIX TaCTHI]
OTHOCHTEJIbHO HampaBieHWs ux aBmwxenmsa. OQHAKO BpAA JIH
HMeeTCS HpAaKTUIeCKas BO3MOKHOCTH yueTa (OpPMHI JaCTHI,.
IlosToMy HOpPOIDKM C pPE3KO AHH30METPUIHHIMA YaCTHIIAMU
HCCIe0BATh CEJAMEHTAIIMOHHEM IyTeM BooOme He PeKOMeH-
nyercsi. Bo Bcex mpakTHIeCKMX OIpefeJeHHSX HOPHHAMAIOT
3a pasMep 4YacTHI[ AHAMETP ODKBUBAJEHTHOM IO CKODOCTH
mageHnAa cPepuIecKOd dYacTHNE, T. €. SABHO WMIH HEIBHO
CYMTAIOT 9aCTAUH ceprnIecCKAMU, OTOBAPHBAACH, 9TO Pa3MePH
ABIAIOTCA CEeSUMEHTAMOHHEIMEA (HJIX CTOKCOBCKHAMI).

I'panynoMerpmuecknii cocrTaB ABIsAETCA Hambojee MONHOH
IUCIEPCHOR XapaKTepUMCTHKOX mopomka. OJHAKO BO MHO-
THEX ClIydYasX [OCTaTOYHON, a MOPOA M eJHHCTBEHHO HE00Xo-
IOUMOH, ABJISETCA BeJWMYMHA YHENbHO# moBepxHocTH. B Ha-
cTosmee BpeMsa Hambojee 9acTO ee OmPENENANT ABYMSI Me-
TOaMHU: IO BOBAYXOODOHHUIAEMOCTH CIPECCOBAHHOIO CIOA
mopomka ¥ m0 5PPeKTy HEH3KOTeMImepaTypHO# axcopbmum
asoTa (mociemuuil Meron paspaboran Bpymayspom, 9mmer-
toM m Tenmepom).

Ounpepenenue yaeapHOl MOBEPXHOCTH IO BO3MYXOUPOHH-
MAEeMOCTH SBISAETCA CaMBIM PACOPOCTPAHEHHHM METOJ0M
OUCOEPCHOHHOTO aHAJIW3a IOPOMKOB. JTOT MeTOJ IIHPOKO
OpUMEHAETCA B HAYYHHX MCCIEHOBAHHAX M OCOOGHHO HIA
KOHTDOJA HIPOU3BOACTBEHHHX IPOLEcCcOoB. MeTo OTIHMIaeTcCs
IPOCTOTON ammapaTypHOro OQOpPMIEHHS, HKCIPECCHOCTHIO
W3MePEeHHW# W JIETKOCTHI0 pacueTHO# pabors. VI3BecTHHI [Ba
ero BapmanTa. B ogmoM m3 mmx, paspaGorammoM HKosemm m
HapmamoM, mcmoansyercs spdexT (uiapTpamum depes CIoH
CIPECCOBAHHOTO IOPOIMKA BO3LYyXa IpHW aTMOCHEPHOM [aBiIe-
HEW, B fipyroM (Meton [eparmEa) — TOT yxe caMmuil 3dgexT
OpHE 3HAYWTeNbHOM pa3pe:keEmu. B o0omx BapmaHTax HX
OCHOBOII ABIAITCA TeOPETHIECKHE HIHW HKCIePHMEHTAJIbHEE
BAKOHOMEDHOCTH TEeYeHHsS Ta30B 4epe3 MOPHCTHE Tela.

Hark moxassiBaeT OmHT, IPAKTHYECKOE MCIONIB30BAHEE
QUIBTPAUUE BO MHOTHX cIyIagx oOHApY)KHBaeT cephesHHe
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3aTPYAHEHUA UOPHHOUOWAIBHOTO XapaKTepa, CTAaBAMUEe IIOX
COMHEHHME €ero KODPDEKTHOCTh. VIMeloT MecTo 3HaYMTeNbHEIE
PACXOKJeHNA B BeJIMYUHAX YAEIbHHX [OBEPXHOCTEH, ompe-
JeNeHHBIX MeTO[laMH HpOHHWIaeMocTy u apyrmmm. Habiio-
JaeTcsi HeOJHO3HAYHOCTH-HX OTHOCHTEIHHO YIUVIOTHEHHS IIO-
pouixka. BEIsEBaeT BO3paKeHWA NpPUMEHEHHME BO3AyXa IpHU
aTMOCepHOM [aBIEHMM [JIfi AHAJIMW3a BHICOKONACIEPCHBIX
MOPOLIKOB. _

OcuoBoi#i Teopum Mertoma Hosemu—HKapmana sBasercsa
cootHomeHme Ilyaseiiyis A Ted4eHHS BABKHX IKUIKOCTEH
mo tpyGam. Ilopucroe Teno momenmpyercsa CHCTEMOH mapai-
JIeMBHEIX KAOWILIAPOB. B pacueTsl BHOCUTCA U3 HKCIEPHUMEH-
TaJbHBIX JaHHBIX ONOINPaBKa HA MX M3BUJIHCTOCTH. BBOJIHTCH
OOHATHE THUAPABIMYECKOTO pAajuyca, BeJIWIMHA KOTOPOTO
ompefieAeTCA MOPUCTOCTHIO CIOA W YAEIbHOH IMOBEPXHOCTHIO
noponika. s crysas xorga pasMepH IOP CPaBHUMEL C [JIH-
HOH cpemHero cBoGomHOro mpoGera MOJEKyJ rasa IPH TeM-
mepaType ONbITa, BBOJUTCS HONPABKA HA CKOJIBKEHHE U MO-
JEKYISAPHOE TeIeHHeE.

Iusa oumpemeneHmA yAenbHOH IOBEPXHOCTH IO 3QQerTy
HU3KOTEMIEPATypPHO#l afcopOnuu HapoB 3JKCIEPUMEHTAIBHO
u3MepseTcs BeamudHA afcopbnuu rasa OpM 3afaHHOA TeM-
mepaType M ero AaBJeHHe. Y[eJdbHas IMOBEPXHOCTb PacCIm-
TaHa [0 ypaBHEHMIO, mpuBeneHHomy B [11].

Ilpm usygenuu CBOACTB JUCIEPCHEIX MATePHMANOB, a TAKIKE
npn paspaboTKe CHOCOGOB MX MOJYIEHHMS W HCIOJIH30BAHAA
94CTO BO3HMKAET HeoOXOAMMOCTh B BHIABJIEHUH 3aKOHOMEPHO-
cTeil pacHpeeseHns TaCTHUIl 0 ux pasMepam. Hanuame Takux
3aKOHOMEPHOCTEH B OIPENEJIEHHHX KJIaccaX HOPOIIKOB, IO-
3BOJAIINAX ANIPOKCHMHUPOBATH KDHBHE pacopefe]eHus Ma-
TEMaTHIECKMM BHIDA)KEHMEM, OTMEYaJOCh HEOJHOKPATHO Ha
OCHOBAHMM MHOTOYHCIEHHHIX 9YKCHEPHUMEHTAJIbHEX TaHHHIX.
Amanmtraeckas GopMa 3anuCH KPUBHX PaCHpefeNeHUs IpaK-
TH9ecKH ymoOHee IpaduUecKOd ¥ MO3BOJIAET NIPOU3BOIHUTH
KOPPEKTHOe CpaBHEHWE QUCIEPCHHIX XapaKTePHCTHK, IOJY-
9eHHHX Pa3HBIMA METOJaMM JUCIEePCHOHHOTO aHajamsa. AHa-
JIUTAYECKHEe BHPaKeHHs 00J1er9aioT 5KCTPAaloJINpPOBAHEE Pac-
npefeeHnsi, BHYNCIEHHE €r0 CPeJHAX XapPaKTePUCTHK U
pacuer yHmeabHEX mnoBepxHocTedl mopomkoB. Crpemienue
BHABATH 3aKOHOMEDHOCTH pacmpefeleHuss 0GYCIOBIEHH
TaKKe HeoOXO[MMOCTHI0 B psfie CIydYaeB ONHCAHMA RHECIOEpPC-
HOCTH IOPOIIKOB OrPAHMYEHHHIM YUCIAOM IapaMeTpoOB. ITO
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0c00eHHO BayKHO DM CPABHUTEIHHOM aHAJIW3E AMCIOEPCHOCTH
B 3aBUCHMOCTH OT paboTH uM3MeIbYUTeNed, NPUMEHSIEMEIX
IPONECCOB W ammapaTos.

B o6meM ciygae mopomiok mpepcTaBiseT coGoit Habop
9acTHUI] Pa3JIMIHONA MacCH U reoMeTpmuecKoi popmu. Nx pas-
MepH OTPAaHUYEHHI KaK CO CTOPOHHL BEDPXHEro, TaK M CO CTO-
POHEI HIKHETO 3HAYEHUS Macc, 9T0 06yCI0BIEHO XapaKTepoM
NPOU3BOACTBA U CBOMCTBAMU BEHICOKOAMCHOEPCHEIX MaTePHAJOB.
Ouens Goapliue W 09€HHL Mallble YaCTUIH He IOmaNaiT B II0-
POIIOK B pe3yJabTaTeé eCTeCTBEHHHIX WMIM HNCKYCCTBEHHHIX
KilaccMQUIKANUOHHEIX mpomeccoB. Jlajke HpH OTCYTCTBHHA
KilaccHQAKAUME CYMECTBOBAHME MpeNeIbHO MAJEIX YaCTHI]
OrPaHMYMBAETCA TEPMONUHAMUYECKUM CTPEMIICHUEM MX K B3a-
HMHOMY CJIHMSAHHI0 — arperamuu.

Kpome Macch, 9aCTHIH MOKHO 0XapaKTepPH30BATh eme H
TeOMeTPHIeCKUMH IapaMeTpaMd — 00beMOM, IOBEPXHOCTHIO
m pasmMepoM. Hak y)e yKasHBaJOCh BHINE, A YaCTHI]
OpPOM3BOJBLHOA (OPMEL BCe 9TH XapaKTePHCTHKH, BooGmIe
TOBOpPA, HE CBA3AaHH OJHO3HAYHO MEXAY coboit. OpgHako
00HYHO B peaJbHHX IOPOUIKaX (opMa 3€PEeH IPAKTAYECKH
HEe 3aBHCHT OT WX MAacChl, M COOJIIOTAeTcs reoMeTPHIecKoe
mogo6ue (xoTa OB DO CTATHCTAIECKOMY CpemHeMy). ITo 06-
CTOATENBCTBO IO3BOJISAET YCTAHOBUTH 3aBHCHMOCTb MEMKIY
Maccoii, 00'beMOM, HOBEPXHOCTHI0 M ONIPENeSImEM pasMe-
poM zepHa. Bo Bcakom ciaywae, B maJbHEAmAX pacdyerax
OyleT NPUHATO, YTO YACTHIBI TBEPHHIX TeJ OJHO3HAYHO Xa-
pakTepusyoTcs uX Maccoir M, o6beMoM V, moBepxXHOCTHIO S
7 pasmepoMm X=2r, mpmuem S=BX2%, M=DV, V=aX?
rge D — mIOTHOCTH BeIECTBA, & W [ — YUCIAEHHEE KO03(p-
¢uumenTsl. Ilpu 5TOM NPUHMMAIOT, 9TO TACTHIEI OTHOPOLHEI
0 COCTaBy M He HMeT BHYTPeHHHMX mojocTeir. Pasmep
gacTHl; X MOKeT OHITh OIpefeieH B KayKIOM KOHKPETHOM
cIydae mO-PasHOMY, B 3aBHCHMOCTH OT WX (OPMEI, IpPaKTH-
9eCKOr0 IPHUMEHEHHS HOPOLIKA M cmocoba ero JUCIepCHOH-
HOTO amaixmsa.

Pacnpenenenue wacTuiy mo pasMepaM LpefcTaBiseT coboil
HauboJIee MOMHYIO UCIEPCHOHHYIO XaPAKTePACTAKY OPOIIKA.
9T0 0CoGeHHO CUpaBefIMBO IS ONHOPOXHHIX IO COCTAaBY,
HEeIOPHCTHX ¥ HEe CIMIIKOM IIePOXOBATHX 3€PeH NIPABHIb-
HOM mnu mour:m mpaBuibHOil ¢opmul. Ilockonsky gmero wa-
CTHI] B IOPOIIKAaX 00KYHO 09€Hb BEJIUKO, [JIS AaHAJIATAICCKOTO
ommcaHWA pacOpefielieEUs dYacTHI IO pasMepaM MOIKHO
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IpEMeHATH AuddepeHnuaIbHOe M HHTETPAJbHOe MCIACIOHNS .
ITprMernTEeNbHO K mMOpOMEKaM mof 9ucioM dacturm d/N o6HIHO
mOJpa3syMeBaeTCs YMCJIO YaCTHI[, 3HAYMTEJIHLHO MeHbIIee 00-
mero gncia ux. PasMepn sTux wacTum oTim4aroTcsa He Gouee,
9eM Ha dX. AHaJOTHYHO 5TOMY B HQHECIEPCHOH CHCETEME OI-
pepeasAInT u moHATHA AuddepeHmmaa MacckH, o0beMa, mIIO-
magd IOBEPXHOCTH.

CraTmcTHKa AUCHOEPCHHIX CHCTEM, B YaCTHOCTH MOPONIKOB,
yKe [MOBOJIHHO XOpPOmO H3yIeHA B SKCICPHMEHTAJIHLHOM
oTHomeHnmd. M3 MHOrouMCIGHHHX HAOIIONEHWIA HM3BECTHO,
970 QYHKIHUA pacupefiesieHdsa IacTHIl 0 UX pasMepaM B 60Jb-
MIMHCTBE CJIyYaeB HMeeT OAMH XOPOMO BHPAKEHHHI MakK-
COMYM aCMMMETPHYHOM (OPMH ¢ KPYTHM CHAIOM B CTOPOHY
MeJKMX 9acTHI[ M HOJOTEM — B CTOPOHY KPYOHHX. DBHIm
ClleJIaHEl HEONHOKPATHHE IONHTKEA MAaTeMaTHIeCKOro OmmCa-
gusa (upaBpa, 6e3 ysacHeHAA (PU3MIECKOTO CMEICAA) KPHBEIX
pacupenejeHnAs. ‘

AcmMMeTpHYHEIE KDHBHE pacmpefelNeHAA B obmeM ciy-
9ae OOHCHBAIOTCA yPABHEHEEM BHIA

aN __ (X — X min) (X max — X))\ __
W_.F( Xmaix_Xmin )_F(X), (120)

rge F (X) — morapupmumueckm HopManbHasg pyErmmsa, X —
pasMep 4dactum, wusMeHglomuiica B mpemexax X < X<<
< X paxe IIpaxtugeckoe mcmonnsoBamme ypaBrHenma (1.20),
Ha3HBAEMOTO HEHEAJbHHM JOTapAPMAIECKA HOPMAJILHEIM
3aKOHOM, JOBOJBHO CJO0KHO. Il03TOMY y4HMTHBAas, 9TO HEK-
AU mpefesl pasMepoOB 9acTHI, 0COGEHHO [Jisi BEICOKOAHMCIEPC-
HHIX MaTepHAaJOB, OYeHb Maj W NOPAKTHIECKH ONPEIeN:Th
€ro HEeBOBMOKHO, 00HYHO mpmEmManT X, =0. YunreBas,
TaKxe, 9To coaf kpmBoit F (X) co CTOPOHN KPYNHHX JaCTHUL
MOBOJBHO IJIaBHHMA, MJIA ONHCAHHA KPHBOH pacmperneseHAs
B obmactr X <€ X, ,, MOkHO mpuHATH X, ,,=0c0. Torma pac-
npefielleENe JaCTHI, IO pasMepaM CBORHTCA K Jorapmpmmde-
CKI HOPMAQJbHOMY B3aKOHY, BIEpPBHE BHBEICHHOMY IpHMe-
HUTEJBHO K OPOAYKTaM pa3pyHmeHHsA TBEPAHX MaTepHAJOB
Koamoroposnm [13].

JlorapugMuIecKrm HOPMaJbHHI B3aKOH BECOBOTO pacmpe-
HelleHHsA YacTWL IO HX pasMepaM HMeeT BHL

2

In &
401 1 1.21
F(X)=AX" T exp | — OE , ( )
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rge A — nocToAHHAA HODMHDOBKH, £ — Meamama, o — JHC-
mepcHA  pacupejeNieHuds.

B Tex ke mpeqmosio;KEHHAX OTHOCHTENBLHO IIPENENBHEIX
pasMepoB d"acthnm pudpdepeHNUANbHAS KPHWBAA pacmpepele-
HHA MOKeT OHTh aNNpPOKCHMHDOBAHA W CTENEHHKM BHIPA-
aenueM [14, 15], Koropoe B mambosee o6meit dopme 3amm-
CHIBAeTCA Kak

F(X)=AX"exp (—aX?), (1.22)

rme A — ODOCTOSIHHAA HODMHUDOBKH, a CTemeHs m YHOOHO
3anmcaTh Kak m=m,tn. [lapameTpu m,, a, p ompenens0T
OCTPOTY MAKCHMyMa ® CT€HeHh ACHMMETPHIHOCTHA KDPHBOIA,
rn — meioe umcao. B Takoit 3ammem, ecam F (X)=dN/dX,
to ectb F (X) mpencraBiaser coGoi pacmpeieieHHme 9YmCIa
gacTur 110 pasMepaMm, To m=m,; ecam F (X)=dS/dX,
TO €eCTb — pacupefelieHme UOBEPXHOCTEHd, TO m=my+2;
ecin F (X)=dM,/dX, To ecTb — pacupefeleHHe YaCTHI]
oo MaccaM mim o0beMaM, T0 m=m,+3. Beamumna m, ompe-
fedseT OpPE 5TOM TOJBKO OCOGEHHOCTH pAaCHpefeseHHs HC-
ciregyeMoro mopomkxa. BenmumEa A BHOEpaercs OOHYHO
©

TaK, YTOOH S F(X)dX Bupaxancsa B A0NAX eIUHUIE MUK

—
B mpomenTax. Bupakenme (1. 22) o6oGmaer psaj M3BECTHHIX
aHajguTHIecKmx (OpM 3anmMCH KPHBHX pacmpefeieHdsa. Bce
OHHI OTJIMYAIOTCHA MEIy Co0Od TeM, 94TO ONMCHBAKT pacmpe-
JeJIeHUsI PAas3Id4YHOM CTeNeHH acuMMeTDMHA ¥ KDPYTH3HH
makcmmyMa. CTonp ke IOTHPOKOA OOIHOCTBIO oOmamaeTr u
dopmyna CBeHCOHa, KOTOpPafg B IPHHATHX 3[0eCh 0003HAUe-
HEAX B aupdepeHmEaTbHOR (opMe MOKeT OHTH 3ammcaHa
B BHOIE

F (X) = Aexp[— (XX (X/X,)%,  (1.23)

rae n, p, X, — mapaMeTpH pacmpefeJeHns.
IKCIepAMeHTANbHNE HCCIEOBAHAS COCTaBa IIOPOIIKOB
o0 pasMepaM YacTHI, IMOKAa3aJd BO3MOXHOCTh KX ONHMCAHESA
B O[{HHEX CJydasX JOorapuMuIeCKu HOPMAJbHEM, B IPYTAX —
pa3imYHKIMI cTeneHHEIME 3axkoHamm [15, 16). Ilpm mamie-
yKameM BHOOpe IapaMeTpOB CTENEHHHE 3aKOHHI, BHIPayKeH-
HEHe Kak B ¢opme (1.22), tax m B ¢opme (1.23), Bmoame
OPUTONHH [N ONUCAHHWA KPHUBHIX DPAaCHPENeJIeHHA TeX Io-
POIDKOB, K KOTOPHM NIPUMEHUM U JIOTapUYMUAYECKH HOPMAIb-
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Hu# 3akoH. Hambonpmee npakTAIeCKOe MPUIOKEHAE U3 BCEX
9acTHHX BHOB CTENEHHOTO 3aKOHA WMMeeT ypaBHeHHme Po-
suHa u Pammiuepa (m=p=a). IlockoxpKy mapamMeTpH Bcex
ypaBHEHHU# ONPENeNATCI HA OCHOBAHME 3KCIEPHMEHTAJb-
HHX [aHHHX, ¢ TPaKTAYECKOH TOYKHW 3PEHHSA NPEIMOYTeHHUe
MOJIKHO OBITH OTHAHO IPOCTEHIIeMy W3 HUX.

B Tex caygasx, KorTha pacupefeneHde YacTHI[ IO pasMe-
paM uMmeeT nBa @ Gojlee MaKcAMyMa, aHAJIWTAYECKOE OIMCA-
HHE€ CTAHOBHUTCA [OBOJBHO CIOMHEIM # (aKTAYECKH HHUTMIE
He ymorpebaserca [14—16]. ITomyueno amanuTm9ecKkoe BHI--
pajkeHMe TaKHX KPHUBHX B BHJE CTEIEHHOTO MHOTOYIEHA
u paspaGoTaHa cucTeMa ompefeleHus @mX mapaMeTpoB [14].
Yneno craraeMHX MHOTOWIEHA DPABHO YUCIY MAaKCHMYMOB
KPHUBO# pacmpefeneHns.

Bce npmeenennsie 3mech (OPMYJIH HOPMEPYIOTCA A
ompefieieHAA NOCTOAHHON A. YH00HO HOpPMHPOBATH Tak,

[ee]

4TOGH SF(X) dX =1. B aToM cayuae HOpMUPOBKA 1O ypas-

0
gennio (1.22) mpuBoAuT K BHpa)KeHUIO

A= (]

roe I' (m ;_ 1) — raMma-QyHKIUA,

Ilaa BHAMCIEHNA HAapaMeTPOB JOTAPHPMAIECKU HOPMATb-
HOTO pacupe/eleHns M0 SKCIEePAMEHTAIbHEIM JaHHKM YI06HO
OpeACTaBUTh MX B BEPOSATHOCTHO-JIOTapAPMUIECKHAX KOOPHIH-
Hatax. B cayuae quddepennmanisHoil KpuBO# mo ocu abemmee
oTKJaguBaoT In X, a no ocu opAuHAT — 3HAUEHHME QYHKIAU
Ilaycca or In X; miua wmuTerpalbHON KpHBOH abciumcca —
In X, a opgmraTa — mHTErpan BepoATHocTH. Eciam Kpusbe
pacupeleieHns AaNNPOKCUMUPYIOTCA JOTapuMAIECKH HOP-
MaJIbHBIM 3aKOHOM, OHH OyAyT M300pasKeHH B TAKUX KOOPHAH-
HaTax B Buje OpAMEIX. [[eficTBHTeNbHO, B IpEKHUX 0003HA-
YeHHMAX COEP/KaHMe 9YacTHO C pasMepaMm, GONBIIUME [aH-
HOTO, PaBHO

A S exp (—1/,22) dz = A erf (2),
X
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rae z = -i— In 'zs{' , erf (z) — unTerpan BeposarHocTH, a F(z) =

=dP/dz — ¢pynruma T'aycca. Ecam P (X) BeIpakeHo B [0-
aax egmamui, a 0 < X <<oo, 10 4=2. [lna mocTpoeHms
IIKaJH IO OCH OPAEHAT CJIELYeT BOCIOJB30BATHCA Tabammei
WHTErpaja BepOATHOCTH.

Ilo oumpepmenenmio, MeamaHa £ paBHA TaKOMYy pasMepy
gacTun, gas kotoporo P (£)=0,5, T. e. mosoBmHA BCEro KO-
JnYecTBA WACTHL WMeeT pasMep Ooxabmme £, momoBmHA —
Menbmie. (J9TO ompefesieHMe HE 3aBHCUT OT BuUAa QyHKIHHA
F (X).) IosroMy 3mHauenme £ serko HaxopAT mo rpaduxam
P (X) nwam F (X), mpencraBieHHEM B JIO0OHX KOOPAMHATAX.
Tanrenc yriia HakjIoHA OPAMOA B BePOATHOCTHO-JIOTapuMHA-
9eCKHX KOOD/MHATAX, KaK JeTKO BHIETh, PABeH JUCHEPCHH O.

Ecnau ompepmenena MefmaHa, NUCIHEPCHI0 MOKHO HAWTH X
0 KaKo#-1mbo Touke KpUBOH, Miisa Kortopoit P (X)=40,5, T. e.
In (X/§)541. qas sroro, Bocmoib30BaBMUCH TabaMmaMu HH-
Terpajia BEDOATHOCTH, HAXOJAT 3HAUEHHE Z, COOTBETCTBYIO-
mee BuGpannoMy P (X). 3areM BHUHCIAOT c:—i—ln%.

Ha ocHOBaHWE BHUYHUCIEHHHX HAPaMeTPOB § M G MOIKHO
HAUTH W oCTajbHEE XapaKTePHCTHKU pacmpepeneHdsa. Tak,
cpefHUMI pa3Mep YACTHUI

©
X=|xF(X)dx=texp(®2)

0

Bcerga Goapme . Moma pacnpepmenenus (smavemme X, mpm
KoropoM F (X) wumeer maxcmmyM) G=E£exp (—oc?) Bcerga
MeHbIIEe MeIUaHH. )

Pacmpenenenne mo 9mesIy 9acTHI[ TakKe MOKeT OHITH am-
TIPOKCAMHPOBAHO JTOTapuPMUYeCKM HOPMAJILHEIM 3aKOHOM H
OTIMYAeTC OT BECOBOTO DPACIPENeJeHHs TOJIBKO 3HAYCHHEM
MeIMAHH, JHCIEPCHA K€ WX OJNMHAKOBa. 1103TOMy B BEpOAT-
HOCTHO-JTOTapEPMUIECKHX KOOpAMHATaX o0a BHAa pacipe-
meneHdsT W300pa)KaOTCA NAPAJICIbHHMHA JHHEAMEA. OITOT
BEIBOJ ClIeyeT M3 OCOGEHHOCTeH JorapHpMHUIECKH HOPMAIb-
Ho#t ¢QyHKHUUM. J[eACTBHTENBHO:

[ x» exP[_g(m_{—Lﬁ)ﬁ]gz
—trexp () fexp [ -3 (5 o) 37
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Kpome morapmpMmieckm HOPMAJBLHOTO pacmpefiesieHus,
KaK yKe YKasHBAJIOCh, KPHBHE IDAaEyJIOMETPHIECKOTO CO-
CTaBa 9acTO HEIJIOXO ONHCHBAIOTCA ypaBHeHHmeM Posmma—
Pammuepa, xotopoe B mupdepenmmannvHO opme (pacmpe-
gejenme 06HEMOB MIEM Macc) yOoOHO 3ammcaTh B BHfE

F (X)=apAX?exp (—aX?).

Hxsa ompemeneHWss mapaMeTpoOB pacnpep;enéﬂ'nn a4 p
BRITOJJHO HCHOOJIB30BAaTh HNHTEIPAJbHYI0 XapPaKTePHCTHKY —
coliep;XaHHEe 9acTHI[ ¢ pasMepaMml 6oJbme JAaHHOTO:

«©
P(X)= | F(X)dX = A exp (—aX?).
X

Huasa X=0 monoxmm P (0)=1, 7. e. OTHOCHTEIbHOE CyMMap-
HOE CofiepkaHme BceX dacTurm OyaeM CYATaTh paBHEIM 1,
rorfa A=1 m P (X)=exp (— aX?).

Huas ompenenerna o m p rpaEYecKEM METOLOM KPHBYIO
pacupenenennss ygo0HO IPEACTAaBATH B JBOWHOM JorapupMmm-
9ecKOM Macaitade:

Inln(1/P)=Ina+ pln X. (1.24)

VYpasmernme (1.24) B koopmmmaTax: aGcmmeca In X, opam-
mara In ln (1/P) — mpencraBasier co6oif mpsAMyl, TaHTEHC
yria HaxkJIOHA KOTODOH PaBeH p, a OTPE30K, OTCEKAEMHH Ha
ocx opamEar, In a.

Ypasuerme Posmma—Pammiepa ymo6HO mpexcTaBuTh
B BHfE:

P(X)=-exp[—(X/X,)?], rtme (1/X)’=a. (1.25)

B Taxoit mETepmperamum upu Jd060M p 3HAYEHMO Iapa-
merpa X, ompenexasercs m3 ycaosua X=X, m P=1l/e,
T. €. COfiepsKaHMe 4dacTHL, C pasMepaMd, GoapmmmmE X,,
cocraBaser 1/e=0,368.

Benmunra X, xapakTepmsyeT AHCHEPCHOCTH NIPOLYKTOB
m3MebYeHNsA (KOTOpas TeM BHIIe, YeM MeHbIIe 3Hadenme X,),
p — pmmemepcmsa pacupepeneHns (KoTopas TeM Gojbine, dgem
MeHbIe 3HAYEHHE D).

Pacupenenenme 00beMOB 9acTHm IO pasMepaM B TaKoii
3aIMCH HMeeT BUI:

= e b (B e [-)] 0
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MakcumyM »sTOH (QyHKIMEM HMeeT MecTO B TOUKe (=
= X¢\J(p —1)/p npu ycnosBuu, uwro p>1. Oxrcnepumes-
‘TaJbHEE 3HAYEHHAA P He MOTYT GHTh MeHbIE 1, DOCKONBKY
Ha omHTe QYHKIWH pacupefieleHns BCerga AMEIOT MaKCUMYM.

Megmara pacupeznenennsa £ Mo:keT OHTH HalifleHa U3 yCIIO-
BHUA

P:exp[—(—)f—'))p]_—_O,S, 1. e. E=XZ{yIn2.

Cpenree 3HAUEHHe PasMepa HO PaCHPeeNeHuio Posmra—
Pammuepa:

v [on[ () Jox = +1)
0

IIpn 1 B Taroii sanucu I L 1) Mmano oramuaercd ot 1.
pu p )

Tak, npu p=2 I' (1,5) Mmunnmanrsa m pasua 0,89, npm p=1
spagenus I' (2)=1. IIpm Bcex mpyrux p (1 <p < o) sHa-
yenua raMMa-QyHKOuA HaxomaTcs B mpeneaax 0,89 < T' < 1.
Beanmumus cpefHero sHavYeHWsA, MOAH M MeQUWAHH, KAaK 9TO
caexyer m3 dopmyxa (1.25) m (1.26), 6nmsxkm Mexnmy coboii.
Taxk, npa p=2, 9T0 BCTPedaeTcda NOBOJIbHO dacto, (=0,71X,,
= 0 ,83X,, X= 0,89X,; mpm p=3 (=0,88X,, §=0,89X;
X=0,89 X,.

Yacro B mpaxkTmieckoil paGoTe BosHHKaeT HEOOXOQUMOCTH
B ONpEeJeNeHHM [0 JAaHHKEM TPaHYJIOMETPHIECKOTO COCTaBa
yeIbHOR HOBEpPXHOCTH mOPOmKOB. Ecam ¢pymrmusa F (X) —
BECOBOE pacIpefielieHWe YacTHI[ IO pasMepaM, TO YAeIbHAA
MOBEPXHOCTH HOPOHIKA paBHA

Xmax

S = 2‘*6" [ Fax, (1.27)

X min

rme S BHpaKeHO B eWHWIAX IJOMANE HA eJHHHNY o0BeMa,
g, — BecoBoe cofiep:xaHEe QpaKkmmm gacTHL ¢ pasMepaMm X
(B monsAX emUHUIE).

OTHOmeHZme YHCIEHHHX KO3()PHOUEHTOB IOBEPXHOCTH
K 00bemy "actan — f — A mapa m Ky6a ¢ ragkmMum cTeH-
KamMz paBHO 6. Jlaa gYacTEn mMBMeNbYEHHEIX MAaTepHAaJOB,
¢dopMa KOTODHX OTAHYHA OT NPABHIBHON, a IOBEPXHOCTH
HepOBHAs, TO OTHONIEHWE MOKET NPWHEMATH 3HAYEHHA,
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3HAaYATeNbHO Gosbmme 6, gacto B 2—4 pasa. Beamumua B
3aBUCHT OT IPHPOAH MaTepmaia, crocoba ero m3MelbdeHUS,
pasMepa 9acTHI[ X JOJKHA OHITH ompefesieHA NPAMEIME H3Me-
PeHHAMHA B KaKIOM KOHKpeTHoM cxaydae. C oToit measio
MOJKHO, HAaOpPAMEDP, BOCIQIB30BATHCS H3MEPEHUEeM IIOMAN
TIOBEPXHOCTH KaKOH-1u60 Pparnumm ogHEM H3 COPOIMOHHEIX
MetoroB. Popmyna (1.27) B Bmae cyMMBl ymoOHA ISl BH-
YUCAEHHA Y[eIBHOH HIOBEPXHOCTH IO DKCHEPUMEHTAJIbHEIM
W3MEPEHHAM TPaHyJOMETPHIECKOTO cocTaBa. VHTerpaibHas
¢opma (1.27) mpuMmeHseTCsS B TeX cIydasX, KOTHA 3HAYEHUE
F (X) maHo B aHalImTHIECKOM BHJE.

IlponsBememM mopcueT yaeabHOW MOBEPXHOCTH, IPEALO-
llarasg cOpaBefduWBHIM pacnpefeneHue Posmama—Pammiepa

S= pOSDXL% xm1xexp| —(3-)]dX =4 (2—2).
0

3uauenme ramMMa-QyHKOUE HAXOOAT W3 Talbadm MiIA 3agaH-
HOTO p, HU3MEPEeHHOr0 II0 JKCIePHMEHTAJBHBHIM [JaHHEIM.
Ecan tabauisl comep:kar sHaueHHA raMMa-QyHKIAA TOJIBKO B
npepeiax p3MeneHna apryMmeara or 1 mo 2, roma 1l <p <2
clielyeT BOCIOJB30BATHCA TEM €€ CBOWCTBOM, YTO

' (m+1)=mT (m).
B mamem cayuae

SN

)

Szip(z_%>=£(t_

%o Xo(z_ )t

Kax Bmamo u3 smpamennsa (1.28), maa p=2 3HaueHHme
T (2 — %) =1, a gqna p > 2 3HaueHue raMMa-QyHKIUU HUT]e

He cranoBurTcsa Menbpme 0,89 um BelmumHa yAeabHOH IOBEPX-
‘HOCTH 0im3Ka K BHYHCJICHHOH II0 XapaKTePHCTHKAM pacmpe-
HeJeHNA — MOJie, Me[HaHe WIM CpegHeMy. Taxoe mOJIOKe-
HHEE MOXHO CYHMTATh CIOPAaBEIJIHBHIM C JOCTATOYHOH B IIPaK-
THYEeCKOX PacueTax CTeNmeHbI0 npubimKenns s Bcex p > 1,5
(I'~1,3). Jaxe gna

p=1,3 I‘(Z—%)zi,&

(1.28)

'U'N
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9T0 03HAYAeT TAK)Ke, YTO [JIA JOCTATOYHO Y3KHX pacupepe-
Jenmit ¢ Mamoit pmemepcmeir (p > 1,5) Do ymeabHOH moO-
BePXHOCTH MOJKHO UPHOIMKEHHO OIEHHUTh XaPaKTePHUCTHKU
pacopepesieHus.

Ecam e p upmbinmwmxaercs x 1, 4To o3HadYaeT pacmimpe-
HHMe KPHBO#, BKIAX Medxkux ¢paxuumii B o0mee comeps;xaHme
9acTHI{ BO3PACTaeT, a y/[AedbHAas IOBEPXHOCTh CTPEMHATCA
K Oecronegnoctu. IIpwampaa TakOro pacxoKIeHUS KpPOETCs,
BO3BMO)KHO, B HECOOTBETCTBHH pAaCIpefiejeHnsa 3aKkoHy Po-
smHa—PaMMiepa, B KOTOpOoM mpeimosiaraeTcs PaBHOH HYJIIO
HIKHAA TPAHUIA PasMepoB dacTHII.



TIABA II

B3AVMOJENCTBUE TBEPJABIX TEJ CO CPEION
B NPOINECCE MX MEXAHHNYECKOI'O
JUCIIEPTIPOBAHMA

Kar moxasamo BEHIe, [gUCHEPTUPOBAHWE TBEPAHX Ma-
TePHAJIOB MyTeM MX MEXaHMIECKOTO PAa3PyHNIEHUA MOMKET OHTHL
OCYIIECTBIEHO Pas3imyHEIME cmocobamm. V3 HEX camMmM pac-
IpPOCTPAaHEHHHEIM W HamGosee 3PPEeKTHBHEIM, 0COOEHHO A
MOJNY9eHAA BHICOKOJAUCIEPCHHIX CHCTEM, SABIAETCA M3MeJbde-
HOe ¢ IOMOINBI0O TBEPAHX X MaCCUBHHX, II0 CPABHEHHUIO C 3ep-
HaMu MaTepmalia, Meaomux Teil. Mexomue Tejla IpEBOIATCA
B [IBIKEHHE OTHOCHTEJIBHO APYT APYra BHENIHUM MCTOIHHKOM
SHEepraW, a 3epHA MaTepHmaja pPaspymIanTCd HA HX TOBEpX-
HOCTH B pesyjbTaTe yAapa, pAasgaBIHBaHHA WIH Cpe3a.
Ha npomecc Takoro gucmeprapoBaHAsA Hambojee CYIIECTBEH-
HOe BIHAHHE OKAa3HIBAIOT, BO-IEPBHX, M3MEHEHWE IPOIHOCTH
O IUIACTHIHOCTH TBEPAHX TeJ B pe3yibTaTe B3amMOJEHCTBHA’
HX IOBEPXHOCTEH ¢ OKpYKalOMmeHd Cpefoi ®, BO-BTOPHX,
B3aHMOJEACTBHE 9acTHN APYT C APYIOM ¥ BIHAHEE CPEIH
Ha Xxapakrep mx B3ammojeiictsmA. Ilo Mepe yMeHbImenmsa
pasMepoB dactan (yBeNWYeHHS UX YHEJIBHOA HOBEPXHOCTH)
BINAHZE CpPeJsl Ha MeXaHWIECKHe XapPaKTePUCTUKHA, 00JbmIoe
majke MJA MAaCCHBHEIX Te€JI, YBeJIMYMBAETCA W LPH TOHKOM
U3MEJIbYCHAN BHICOKOJMCOEPCHEIX MaTepHajioB CTaHOBHTCH
oco0eEHO CcHABHHM. JPPeKT B3aMMONEHCTBHS YaCTAN APYT
¢ JPYTOM TaKKe BO3PACTAET C YBEJIMICHUEM HX NUCIEPCHOCTH.

§ 1. JleiicTBue cpefpl Ha IPOYHOCTH
M IJACTAYHOCTDL TBEPABIX Tel

Monexkys TBePAHX TeJl Ha TPAHEIE ¢ BAKYYMOM HIH APY-
roif asod B oTamIME OT MOJEKYJ B o0BbeMe ImOfBEpraoTcs
mefCTBHI0 CHJ, pe3yIbTUpyiomas KOTOPHX HampaBleHa
BHYTph Teda. IlosToMy dacTh BemecTBa, HaXORAMAMACA Ha
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MOBEePXHOCTH pasfena ¢as, obxagaeT HEKOTODPHMH OCOOHMHE
CBOMCTBaMH, OTJIMYHEIME OT CBOMCTB 3TOTO BeIIecTBa B 06beMe.
JtoT ¢arT ompenenseT NEIHA pAR ABICHHHA, IOJYyIABIIAX
Ha3BaHWE (IOBEPXHOCTHHX», KOTODHE BKIKNYAIOT TAKHE BaXK-
HHE ¢ IPAKTHYECKON M HayYHOH TOYKHM 3DEHHS Dasfesbl, Kak
KaTaams, agcopOnus, aAresus, KaUWIIAPHOCT 1 Ap. K HuEM
otHOCHTCA W BPQEeKT HOHMKEHHS OPOYHOCTH AKTHBHHX Be-
MECTB IO BAMAEAEM (QH3HIECKOH copOmmm Ha MX IOBepX-
HOCTH, 0GHapy:xerHNit B 1928 r. II. A. PeGmamepom [17—19].
dpdexr Pebumupmepa m mpyrme mOoBepPXHOCTHHIE ABJIEHHA OKa-
SHBAIOT 3HAYATEJHHOE BIMAHWE HA IPOMECC -M3MEIbYeHHA.
Cop6rnmoHHEEE METOHH, KPOME TOr0, MHPOKO NPUMEHAITCH
VI aHAJIM3a JUCIEPCHOCTH M IPH M3YICHUH CBONUCTB MOBEPX-
HocTel mumecmepcHbix MartepmanoB [20—35]. B cmay sToro
371eCb YMECTHO IPHWBECTH OCHOBHEE IIOJOKEHHS TEOPHH IIO-
BEDXHOCTHHIX fBJIEHHWH, HMMeII(He HEeIOCPEICTBEHHOe OTHO-
INeHMe K NPeIMeTy JAHHOIO HCCIAe0BaHUA.

[aa onmcamms IOBEPXHOCTHHX fABJIGHAR OGMENPHHAT
TepMOMHAMUIECKHI MeTon. B cooTBeTCTBHE ¢ TepMEHOJIO-
rueif TePMOJMHAMEUKE IOBEPXHOCTHHIE CJAOM TBEPHHIX WACTHI,
KaK 7 »KAOKEAX Kaneiab, XapaKTepU3YIOTCA 3HAYCHHAMH CBO-
6GOHOA ¥ NOJHOX SHEPTHH, XHMHIECKUM IOTEHI[HAJIOM U 3H-
Tponumei.

YnmenvHas cBoGOfHAA HOBEPXHOCTHAS JHEPTHS G OLpe-
HelseTca Kak MHEHEMalbHAs BeamdmHA paGoTH, HeoGXoxm-
MasA IJsd CO3NaHMA eNMHANH IJIOMAAH pasfena ¢as B obpa-
TEMOM H30TepMmIecKoM mporecce. IlonHOe ymeabHOE Temio-
cofiepKaHmMe M TOJHASA y/eJbHAs ODHEPIHA IOBEPXHOCTH
no ypaBHenmio I'm66ca m I'enpMronrma paBHEH

Hs=o—T(55); Es=o—T(3),. (1)

B ypasmenusax (2.1) Beamumna [—T (90/0T)] — ckpwuiras
TemioTa 00pa30BaHHA eIWHWOH IOBEPXHOCTH B 0GpaTHMOM
M30TePMAYECKOM IpoILecce.

Tenn0eMKOCTh NOBEPXHOCTHOTO CJIOS HPH IIOCTOSHHOM
maBieHAE m o0BeMe

dHg 0%

CSp= (_dT )p= -_ T2 )p; (22)
dES 92s

Cor = ar )y _(0_7'7 v
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HNabnrounas mo cpaBHEHHIO ¢ SHTpOIEel# o06beMa B3HTPO-
Ous efHHANL IOBEPXHOCTH pPaBHA

ng=— (j—T)V 2.3)

IKCIePHMEHTANbHEE ONpefeleHus: CBOOOAHOR sHeprum
IOBePXHOCTH KUNKOCTEH CPABHUTEIBHO HPOCTHI W XOPOLIO
paspabGorann [23—26]. B sToM caygae HCHONB3yeTCA BHICO-
Kagd OOfBIIKHOCTH HUX MOJEKYJ, 4TO II03BOJISeT 3aMEHHTh
H3MEpPeHHe DHEePTeTUIeCKHX BEIMYMH CHJIOBHIMA — IOBEPX-
HOCTHHIM HaTs)KeHHeM. IloBePXHOCTHYI ODHEDPIHMI0 TBEPMBIX
Tel OOHYHO HAaXONAT M3 KOCBEHHHIX JaHHHX [26, 27], ma-
mpmMep, Ha OCHOBAHUH ONLITOB 10 H3YI€HHUI0 3aBHCHMOCTH
PaCTBODMMOCTH MAaJEX YacTHI[ OT HX pasMepa. IlpaMuie
METOBl ONpENeJIeHAs IOBEPXHOCTHOTO HATSIKEHHS OCHO-
BaHH HA M3MEPEHHH IPH JOCTAaTOYHO BBICOKOH TeMmepaType
BA3KO# mosnsydectd TBepAmx Ted. Torfa, Kak u I sKHIKO-
CTell, BMECTO SHEPreTHYECKHX BEIWIMH H3MEPA0T YCHIUS,
YAJHHEAONHAE JACTOYKU MCIOHTYEMOr0 MaTepHala.

IloBepxHOCTHYI 9HEPTHMI0 XPYIKHX TBEPABIX TEJA MOIKHO
W3MEPUTh JIMIIL B UCKJIKNYIUTENbHHX ClydYaax (pacmierieHune
JHCTOYKOB CJIIONHl M TPEIMUHH B cTeKiae). B 0630pHO# cTaThe
Burepmana [27] 6ruto mokaszaHo, UTO BCe M3BECTHHIE DKCIE-
PUMEHTAJbHEE CIOCOOH OMpEe/leJeHnA MOBEPXHOCTHOH 3HEp-
I'Id TBEPAHIX TeN NP TIIATEIHHOM JIOTHIECKOM PacCMOTpe-
HOHA SABIAIOTCA HEKOPPEKTHHMH. BoJjiee Toro, Aas peanbHEIX
TBEPAKX TeJ B3HAYeHHE MMOBEPXHOCTHOM OJHEPrMM BecbMa
HeoxHO3HATHO. Ee BermumHa 3aBHCHT OT IeOMETPHM H CTPYK-
TYPH IOBEPXHOCTHOTO CJOA KOHEYHOM TOJMIUHE.

Yame Bcero MOBEPXHOCTHYI SHEPIHI0 TBEPALIX TeJ Ha-
XOJAT PaCUeTHHIM IIyTeM, MCXOMSA M3 IPEeJCTaBIeHHH O CHIax
B3aUMOJIEACTBAA MOJEeKya (MIH aTOMOB), MX COCTABISIONIWX.:
Bruaucisierca sHepPrus . CBA3HW, ONpEeNsomas IPOIHOCTH
GesmedeKTHOrO TBEPHOro Telma, a IO Heill m paboTa obHasKe-
HOSL eJWHANH NoBepxHOCTH (paGoTa, MUHMMAIBHO HeobGXo-
OEMas [JA paspHBa CBA3eH B OQHON aTOMHOM INIOCKOCTH).
Pacuer Takoro poma 6w mpemnosken @penxesem [28],
KOTOPHH YYHTHBAX B CJIydYae METAJJIOB M CHJBI OTTAJKMBA-
HOs1, BH3LIBAeMEle 3JeKTPOHHOU MIEHKOX HA WX NOBEPXHOCTH.
IIpm copaBepgiimBOCTE NUPHHATHIX B pacdeTax MAONYIeHMH
ZOMKHA HMETh MECTO NIPONOPIIMOHANBHOCTH BEJIMYUH CBO-
00qHOM HOBEPXHOCTHOH SHEPTHH XM TEOPETHIECKOH IPOIHOCTH
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tBepaux Ted. Ilocnegmsss B cBoio odepenp mpumbOIM3HETENBHO
IpOmOPHMOHANBHA WX pealbHOX mpogxoct: [29]..

3HaYeHUs TEOPeTUYeCKOHA MOBEPXHOCTH BHEPI'HMH Pa3jimd-
HEIX TBEPABIX MATePHAJIOB, KAK M MX IPOYHOCTH, BapbUPYIOT
B BecbMa WIMPOKUX mpefenax. Tak, Aasg aaMasa o=
=11 400 spe/cm?, musa xkBapuma — 980 spe/cm?, a mus rpauei
cnainoctu kpuctaiinoB NaCl ~ 150 apz/cu?. Ilpu mpunsaToMm
OLpe/ieJIeHNA YeJbHOH CBOOOJHOM SHEPTHMM TBEPOr0 Teia
Ha IpaHHIe ¢ BAKYYMOM €€ BEeJIMYHHA HE 3aBHCHT OT Pa3MepOB
9acTUI] BILIOTH [0 Pa3MepOB MOJEKYJIAPHOTO HOPAAKA, IS
KOTOPHIX C/IeJaHHLIE JONYIIeHHS CTAHOBATCS HEBEPHBIMIA.

Ha ocuoBaunu KpucraiimorpaduaecKux MCCICIOBAHLHA Cire-
OyeT OMUAATh, 9YTO peajbHasaA CBOGOJHAA MOBEPXHOCTHAA
SHEPTUA TBEPALIX TeX OyaeT OTAMYATHCA OT PaCCYATAHHOR
TEOPETHIECKH B CBASH C HCKAYKEHUEM KPHUCTAIIHICCKOR CTPYK-
TYpHl, 0COGEHHO 3HAYUTEJLHHIM B HOBEPXHOCTHHIX CJIOAX.
Jlaa MaCCHBHBEIX TeJl ¢ YIeTOM TOJINAHLI Pa3ylopPATOUYEHHEIX
CJI0EB M 3aIlaCeHHOW B HAX sHEPruu (B pacdeTe Ha OIHY MoJe-
KyJly) IPHPOCT SHEPIWH B NOBEPXHOCTHOM CJIO€ 3a CUeT
€ro MeCTPYKIUU CPABHUTEIHHO HEBEJUK.

TepMofEHAMEKA MOBEPXHOCTHHIX SABJIEHHA OCHOBHIBAETCH
Ha Kaaccugeckux paborax I'm66ca m TyremreiiMma mo Teopmm
rammuaapuux asrennit [30]. ITo T'mG6ey mas mByxdasmoii
CHCTEMbl BHIDA)KEHME [JA yBeJIMYeHUs BHYTDPEHHEH SHeprum
B IOBEPXHOCTHOM CJIO€ MOKeT OBITh 3aIHCAaHO B BHJIE

du, = Tsdn, + 2 p,dnt + ods, (2.4)

rae u, — W30HITOYHAA NOJHAS BHYTPEHHAA DHEPrUsA IMOBEPX-
HOCTH, N’ — U3GHTOYHOE COfiep/KaHHe MOJel, § — MIOmMaAb
moBepxXHOCTE pasfena (a3, p;, — XEMAYECKHA IIOTEHIHEAN
i-ro KoMmonenTa. Torma

u, = Tsy, + X pnd + os. (2.4)
s

IToce pudpdepennupoBanns mo YaKTOpaM MHTEHCHBHOCTH
O IpHW YCIOBHH IOCTOSHCTBA U, (3aMKHYTas CHCTEMA)

sdo=—mn,s dT — X ntdp,. (2.5)
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YpaBrerme (2.5) — ypaBmenme apcop6mmm I'mG6ca, Ko-
TOpoe OOHYHO 3aOMCHBAIT B BHJE

do=—ndT — NTdp, T,=nys. (25

Jaa agcopOmum 9mcTOro BemlecTBA IPH IIOCTOSTHHOM TeMme-
paType Ha HepacTBOpAWINEM ancopbenTe

dc: P dp-. (2.6)

O6HYEO0 XWMHYECKHWH IOTEHIEAN BHIPAXKaeTcs uepes Qyrm-
TEBHOCTE (mim OpUOIMKEEHO — Yepes yYHOPYTOCTH mapa),
TOrza:

ds=T4d (RT In %} @.7)

rge P, — maBineHme B HAJaJIBHOM COCTOAHWMH, P — B paBHO-
BECHOM.

Nurterpuposanme ypaBreHmss I'm60ca mosBojser paccun-
THBaTh TEIJIOTY M MAaKCHMAaJbHYI paboTy apcopOmumm, Xa-
PaKTepHU3yIIIHe COOTBETCTBEHHO H3MEHEHHEe HOJHOM BHYT-
peEHeil W CcBOOOQHOM SHEPTMH CHCTEMH HpH afgcopbmum
9ECTOT0 KOMIIOHEHTa Ha MHEPTHOM ajicopbenTte.

Ypauenme I'm66ca cupaBenawBO AJIs IOBEPXHOCTEH pas-
pHBa ¢ a1060it KpuBEsHOA. B ciydae, Kora pagmyc KpUBH3HE
MOBEPXHOCTH CONIOCTABUM C TOJNIEHON ancopOmpoBaHHOIO
cmos, Heo6XOAMMO y9YHTHBATh Dasiuige B NapHUAILHBX
naBieHEAX $as HAJ WCKPHBJICHHON MOBEPXHOCTHIO. 1loppo6-
HOE pacCMOTpeHHe BIHAHHA KPHUBH3HE HOBEPXHOCTH Ha
‘ajicopGOuonHkIe TPOIECCH npoBefieno B paGore Pycanosa [31).

Basxnoi#l 1 QUSHKM [HCUEPCHOTO COCTOSHHA M U3MeINb-
9eHHUA TBEP[HIX TeJ SBIAETCA 337a9a O 3aBHCHAMOCTH TEPMO-
OMHAMHIECKOTO 3HAUEHHs IOBEPXHOCTHON B5HEPrHA OT pa-
Omyca KDPHBH3HH IOBEpXHOCTH paspena ¢as. Ommaxo pae
IJISE CPABHATENBHO IPOCTHX CIYYaeB KHAKOCTA B KAaOMJJISAD-
HHIX CHCT€MaX W B TOHKHX CJOAX OHA HE DPeIIeHa eme OJHO-
sHayHo. JIMeloTCA COBEPIIEHHO IPOTHBOPEYMBEIE WHCCIEN0-
BaHHA, B OJHHX K3 KOTODHIX 3HAK NPOM3BORHOH (0o/0r)
CIMTAETCSI MOJNOKUTENBHEIM, B JPYIEX — OTPHIATENbHBIM
VA ONHAX M TeX jKe yCJIoBHE. MoJeKyIAPHO-KHHETHIECKOE
PaccMoTpeHHe 9TOi 3aJadd OCJOKHSETCS M3MEHEHHEM CTPYK-
TYPH JKALKOCTEA M 0COGEHHO TBEDAHX TEJ B BRHICOKORHCIEPC-
HOM cocrosimmm. CBoficTBa SHEEKOCTE B TOHKHX CIOSAX H3Y-



§1] IEVCTBUE CPEIOBI HA IIPOYHOCTD W INTACTUYIHOCTD 47

ganues B nukie pabor Jleparmma m ero corpymaumkos [32].
JKCIOePHMEHTANbHOE HCCIAEOBAHAE 3aBHCHMOCTH IIOBEPXHO-
CTHOi 9HEPTHH TBEP/HIX TEJ OT HX Pa3MepPOB, 0COGEHHO MaJIEIX
9aCTHN, 9Pe3BHYAMHO CJIOKHO W [0 HACTOSMIEr0 BpPEeMEHH
He IPOU3BEeHO.

Kpome TtepMogmmaMmueckoro onmcamms, GOJbIIOE B3HA-
YeHWe [ pasBUTHA NpeACcTaBIeHm#E 006 ancopOnmOHHEIX
ABJIEHAAX, OCOOEHHO [ NOHHMAHHA MeXaHW3Ma axcope-
IMOHHOTO NOHIKEHHA NPOYHOCTH, WMeeT aHaJIN3 MOJEKY-
JAAPHHX CHJI B IOBEPXHOCTHHX ca0sX. COrnacHo MoJexyasp-
HOM KOHIENIUHA COPOIUI0 ra30B W KHUAKOCTEH Ha MOBEPXHOCTH
TBEPHHX TeJ HPUHATO NEJIHTh Ha (H3MYECKYIO M XAMUYECKYIO.
@Du3snueckass copbmoua o6ycC/IOBIIeHA NPEMMYIIECTBEHHO BaH-
Jep-BaaJbCOBHIMA CHJAMH, BO3HMKAONUMHA IpPH NpHGIH-
JKeHNN IIOCTOPOHHMX AaTOMOB K IIOBEPXHOCTH TBEPIOro
rena [34—391.

KBaHTOBO-MexaHHYECKHE, KAK M KJIACCHYECKHE, PACUETH
aficOpOIMOHHOTO B3aHMOMEACTBHS OCHOMKHAKTCA TPYNHO-
VYHTHBAEMHIM ILPH COBDEMEHHOM COCTOSHHHM TEODHHM BIIH-
AHEeM KpHCTAJIHIecKoi pemeTku. [laA pemeHmsa 3amaud
0 B3amMOJEACTBHH agCcOPOMPYEMHX aTOMOB C TBEPIHIMH IIO-
sepxuoctamu Mar-Kapomn m Jpamx [40], a Taxxe Mamyra
z Coxomos [41] orpammumBaim ee pacCMOTpEHHEM IIONy-
'6eCKOHEYHON IEMOYKH YHOPYro CBABAHHHX MeKmy Ccoboi
aTOMOB C HalleTAalOI[IM Ha €€ KOHEI[ aTOMOM ra3oBod ¢asH.
OTMe4eHO 3HAYATEJIHHOE BIASHME HOBEPXHOCTHHIX IpHUMecei
Ha BeIMYMHY Kod(dunmenta akkoMoranun nupu agcopbmun [40].

Xumuueckass CBfA3h afiCOPOMPYEMOHl MOJNEKYJH C IMOBEPX-
HOCTBIO B OOIEM cJydae ONMCHBAETCA BOJHOBOM (QyHKImE:H,
OpefiCTaBIANIEeR co00il CyMMy BONHOBHX (QYHKOUH AIAA KO-
BQJIGHTHOM ¥ WMOHHOA cBA3HW. PacueT sHeprum XMMHYECKOH
cBA3N. Ham(ojlee KOPPEKTHO pa3paboTaH Ha OCHOBE METOMa
monekyaapuex opbmr Munukenma—I'yaga. Toumocts pac-
9eTOB XMMHUYECKOH COpPOnEN B 3HAYMTEIHHOM Mepe 3aBHCHUT
OT BO3MOJKHOCTH Yy9Y€Ta CTEHeHW B3aIOAHEHHUSA IOBEPXHOCTH,
reoMeTpHIeCKOX CTPYKTYPHL LOBEPXHOCTHOTO CJIOS H uX
BINAHEA Ha BeJIWIHHY CYMMapHO# sHeprmm. B Tex cayuasx,
KOrJia- XMMHdYecKas afcopOmma COIpPOBOKIAETCA HUCCOIMMA-
mueit MOJEKyJl Ha aTOMHI, [JIA ee OCYMeCTBIeHHsA HeoOXoqmMa
HEKOTOpas SHEPTHfA AKTHBAUUM. JHEPTUsA AaKTUBAIMA OLpe-
JelseTcs HE TOJBKO MEeXaHW3MOM 9SJIEMEHTapHOTO AaKTa,
HO W OmPHPOOil afcOPONUOHHKX I[EHTDPOB.
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ONIeKTPOHHASA TeOpHA XHMMIECKO# amcopbmmm paspaba-
TeiBanack Boaskenmreiinom, HKaramom, CanmoMmpcrum,
Boru-Bpyesuuem [33, 42]. Paccmorpera poas medextos
CTPYKTYpPH B Ipoieccax copOmum, B 4aCTHOCTH, afcopoiuu
Ha F-nenrpax. OcHoBHAA 0COGEHHOCTH DIEKTPOHHOU TEOPHH
3aKJI0YAETCSA B TOM, 9TO B HEH y4WTHIBAeTCsA BiamsAHme o6beMa
TBepaoro Teida. B wacrmoctm, Horam moxasam, 910 B caydae
MaJIBIX pPasMepoB Tela moixoskeHme ypoBHsg DepmMm Ha ero
DOBEDXHOCTH 3aBHCUT OT IHWCIEPHOCTH, B CBA3M C YeM H3-
MEHSAIOTCA U ee yHeJbHEE aAcopOIuoHHbe CBOfcTBa. JPdexT
OHUCIEPCHOCTH CTAHOBUTCSA 3aMETHHIM, KOIJ]a pasMep 3epeH
CpaBHUM C [uuHO#l pjebaeBckoro oskpanupoBanus (10-4—
10-¢ cm).

B pacuerax sHeprum copOuum B GOJNBIIMHCTBE CIydaeB
DOBEPXHOCTH TBEPHOTO Tejla MPUHHMANACh afeKBaTHON ufe-
QJIBPHOMY CEYeHUI0 KpHCTAJImdeckoit pemerku. Ilpemmoia-
rajioch, 9TO MEXATOMHEE PacCTOAHUA BOIUBH IIOBEPXHOCTH
TaKWe ke, Kak B o0beMe maeadbHOro Kpmcramuaa. OmHako
00pHB DePHOAMIHOCTE HA MOBEPXHOCTH OPMBOJUT K Hapymie-
HAK KOOPAWHATUOHHOM cPepH IOBEPXHOCTHHIX AaTOMOB
1 K BO3paCTaHHUIO UX HOTBHIII/IaJILHOﬁ 9Heprum. BTO BEI3EIBAET
YMEHBUIEHAE MEKATOMHHEX PpACCTOSHHA B HOBEPXHOCTHOM
CJI0e W BCJIEACTBHE TOTO M3MEHEHVWE MOBEPXHOCTHOU SHEepPrum
KPHCTA/JIa M0 CPABHEHUIO C PACCYMTAHHON IO MAHHHIM [JIs
upeanpHOll pemerkun. Hapymenwe upaeanbHOR NepHOLAIHOCTH
HIMeeT MeCTO [[0 TJIyGUHHL B COTHH MEXaTOMHHIX PaCCTOSHUIA.
VsMenenue reoMeTpuUE MOBEPXHOCTHOTO CIIOS TaKKe MPUBOLAT
K HeonpeneJeHHOCTH B BBHIYMCJIEHUAX PAaBHOBECHOI'O PaCCTOA-
HAA acOPOUPOBAHHOM MOJEKYJIH, OIPEeNSomero mooKe-
HHUe ee IMOTeHIHANbHON AMBEL.

Muxkpo- u MakpomedeKTH TOBEPXHOCTH MOTLYT CO3[aBaTh
NPENATCTBUA [JIA afcopOIuyM MOJEKYN W BHOCAT 3HAYUTENH-
HEIe U3MEHEHHS B pacIpeeneHne dIeKTPOCTaTAYeCKOT0 U JIAC-
IePCUOHHOTO TMOTeHnuaka. B mopax, TpemuHax WMeeT MeCTO
pesKoe IOBEHIINEHHME [AUCIEPCHOHHOTO NOTeHHuaka. Jlmcio-
Kallu, BHXO[AIUE HA MOBEPXHOCTh, IPHBOJAT K TAKHM IKe
apexTamM, HO POJNb MX BBUAY MAaJOH KOHIEHTPAUMH HEBe-
JdKa, M BHOCHMEE HMHI HUCK)KEHHWS afncopOIUOHHOTO mO-
TeHIHWaNa ClefyeT YYUTHBATh JHUIIb HA pPaHHAX CTAgUAX
3aII0JIHEHNA II0BEPXHOCTH. X eMoCOpGIpOBaHHEIE aTOMHE yI06HO
paccMaTpuBaTh Kak MePeKTH CTPYKTYpH, SBIAKIHECH IEHT-
paMa ¢usmuecKoil copOuum. JTOH TOUKH BPEHHS NPHAEPIKU-
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Baercsa ITontopax [43], moxasaBmuil, YT0 KOHIEHATPAHA TAKAX
nedeKToB COOTBETCTBYET IO HMOPAAKY BEIHIMHH KOHIEHTpPa-
[AX aKTHBHHIX IEHTPOB, ONPENEJIEHHOH W3 KaTaJIWTHYECKHX
JTaHHHX.

W3 Bcex mOBepXHOCTHHX 30PEKTOB I NPO6GIEMEI H3MEIb-
9eHUsA 0COOEHHO Ba)KHOEe 3HAYEHHE MMeeT M3Y4eHHe BIUAHUA
copbnyy W3 BHENIHEH CPeNE Ha IPOYHOCTH W IJIACTHIHOCTD.
Boepsuie B 1924 r. Modde ¢ corpynuuramu [44] mokasam, ato
IPOYHOCTh KPUCTAJIOB KAMEHHOM COJIM, IOMEIEHHKX B BOLY,
3HAYATENBHO BO3pACTaeT, HE [OCTHUras, OJHAKO, TEOPeTH-
Jeckux 3HaueHmii. [mckyccms mo Bompocy o mpmpome obHa-
PYH{€HHOTO ABJIGHHA CHIPajJa 3HAYMATEIbHYI0 POJb B pas-
BUTHM (QU3UKHM TBEPHOTO Tela. HpaTKWil mcTopmuecKui 00-
30p MCCJENOBAHUA BIMAHWUSA CPENH HA NPOIECC PaspyIIeHHA
TBePOHX TeJ comepskuTcsa B crathe Becrsyma [45]. Becrsynm
orMedaer, uTo 3PPEKTH M3MEHEHUA ILIaCTHIHOCTH METAJJIOB
OpUM UX KOHTAKTE ¢ KUAKAMI METAJIaME ¥ MOBHIIEHWE Iia-
CTHYHOCTH OGHYHO OY€Hb XPYIKOA KaMeHHOH COJM IpH Io-
MeImeHNN ee B PACTBOP OHJIM 3aMedYeHHl eIle B Hadaje Ha-
mero Beka. OgHAKO JWIIL B HOCHEHEEe BPEMA STH W ApPyrue
NMOBEPXHOCTHHIE SBJIGHUS W3MEHEHUS MEeXaHWYECKUX CBOUCTB
TBePAEIX TeJ CTAJIW NPEJMeTOM TIIATEJIbHOI0 W3yIEHHH.

CoBpeMeHHbIEe IPENCTABICHMS O BIMAHUM IIOBEPXHOCTHBIX
oPeKToB Ha MeXaHWIECKHe CBOMCTBA TBEPAHIX TeN IIOCIEN0-
BaTeJILHO pa3BHBalOTCA B paborTax akajgemMmka Pe6unpmepa
1 ero COTpyAHHKOB, Hagmuas ¢ 1928 r. [46—48]. Vimu Gvuro
OKA3aHO, 4TO afcopOIuA MOBePXHOCTHO-aKTHMBHEIX BEINECTB
73 BHeIIHeH CpegsH B OTCYTCTBHE 3aMETHOTO XMMHYECKOIO
B3aUMOJIEACTBHA MOKET 3HAYUTENbHO MOHIKATH Hpefes Y-
pYyrocTH, IPOYIHOCTh M TBEPAOCTH, 0bierdath AUCOEPrUPOBa-
HHe XPYOKHX TeJ M yBeIWIWBATh IJIACTUYHOCTH METallJIOB.
IIpn pedopManuu TBEPOTO Tela B ero IIOBEPXHOCTHOM CJIOe
pa3BUBAITCA KIMHOBHJHEIE MUKDOTPENIMHEI, CIIOCOGHBIE CMEI-
KaThCSA IIOCHE CHATHA HATPY3KH MOJ00HO TOMY, Kak IpOHC-
XOMUT CMBIKAHHE INACTHHOK CJIOAH. ACOpGIMOHHEIE CIOM,
MUTPUPYA 10 HOBEPXHOCTH, AOCTHTAIT YCThS MUKpOIIeIei
7 TpenATCTBYIOT WX CMBIKaHHKQ. Hak OGBUIO yCTaHOBIEHO
HepsaruusiM [49], mueHKH SKUAKOCTH MeXAY TBEPABIMH IO-
BePXHOCTAMH OKa3HBAIOT HA HAX PAaCKIMHUBAIOLIee [elCcTBHE,
KOTOPOEe B cjIydae O4eHb Y3KHX Iejell 3aMeTHO CIOCOOCTBYeT
ux pacmupeHuo. Eciu jKUAKOCTH BIOJHE CMadMBaeT TBep-
moe Teao, TO DHEPTHA TOHKOH miueHku E=2c,,+e (I), rae
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20y, — cBoGonHAA IOBEPXHOCTHAsA 9HEPrHA T'DAaHANUH ‘pas-
nella TBepHOe Tello — JKUAKOCTh, e (I) — m36HTOK cBOGOmHOM
SHEPTHHU 10 CPABHEHHIO C TOJICTHIMHA ILIEHKAMH.

Benuguna e (I) pesko Bo3pacTaeT mpH YMEHBIDEHHH TOJ-
MUHBL MeJTH ! m paBra mym;o npm ! > [, (To ecTh mpm [BOiI-
HOH TOJNIMUWHE IEPEXOJHOTO CJOS mmucoc'm Ha TpaHHINe
¢ TBepaEM TesoM). I36mToxk smeprum e (I)  MoMHO mpen-
CTaBUTh KAK DPE3YJIbTAT HEKOTOPOTO PACKINHMBAIOMErO JaB-
neuma P (I)=d e(l)/dl, woTopoe upOTHBOJEHCTBYET YMEHB-
OIeHWI0 TOJNINUHBL IIeHKHA. Benmamna [, yBeaumumBaercs
¢ yBelmYeHUEM SHEePIMM CMAYUMBAHUA, ¥ PACKIKHEBAKOIIEE
faBjieHdme [ BIOJHE JHOPUIBHEX CHCTEM CTAHOBUTCA
3aMeTHHIM yKe NpPU He OYeHb Y3KUX IMeJsX.

B mocieguue rogsl npeacTaBieHnus 0 MeXaHMW3MeE [eHCTBUA
cpefbl HOJYyYMIM [ajbHelliee pasBUTHE B CBETe€ HOBEHIIZX
yemexos ¢usuru TBepmoro Tena [50]. Cormacmo stum mpep-
CTaBICeHUAM AanCcopONUOHHBEe 3PPEKTH HOCAT KHHETHIECKU
XapakTep, a HOHWKEHHWE IPOYHOCTH BHI3HIBAeTCA obierve-
HOEeM BHXOJa [AMCIOKANWA HA HOBEPXHOCTh B pe3yJbTaTe
CHIKEHHA MOBEPXHOCTHOM 9HEPTAH TBEPAOTO Teaa. Benmumna
Mex(Pa3HOr0 MOBEPXHOCTHOTO HATAMKEHUA ompenesisaeT paboTy
A, 1 BepoATHOCTh 00Da30BaHMA CIBHTOB W TPENUH paspy-
IMEHWA Ha OCHOBE cna6mx MeCT B IOBEPXHOCTHHIX CIOAX
TBEPHOTO TeJa:

A =0y, W=~Cexp(—op,s,/kT), ~

m

C =exp 8P,V /kT), s,=20%, V,=2%,
3, — pasMep YJIBTPAMHKDOGIOKOB HEOTHOPOAHOCTH CTPYK-
Typm IIM PacCTOSHEE MEXKAY AedeKTaMu, COOTBETCTBYIOIIee
pasmepy komnompunx gacrun (10-° cum); P, — mampsuxenme;
ko3¢¢unment B > 0 AaA pacTATMBAKIETO U B < 0 gns cra-
TUBAlOMero HanopsuxkeHusa. lIpmMeHmTenBrHO K mpomeccam
meopMammu MeTAJJIOB OTMedaeTc CYMECTBOBAHHE TPex
BeChbMa PAa3jIMIHEIX JKCOEPHMEHTAJIBHO YCTAHOBJEHHHX 5(-
dexToB BAMAHUA CPefibl. B 3aBMCEMOCTH OT KOHKPETHEIX YCJIO-
BUil ONEITA [eiCTBHE CPEeAH IPOABIAETCA Mu00 B IIacTHpU-
ONupoBaHmd, Jub0 B yBeIMYeHHHW XPYIKOCTH, JuOO0 HmpHAaeT
TBEPILIM TeJaM CHOCOGHOCTh K CaMONpPOM3BOJBHOMY AmCIED-
ruposBarmio. OmpegensomuM (aKTOPOM IPHHANJIEKHOCTH
K OHOMY W3 9THX TPeX CJIyJaeB ABJIACTCS BEIWIAHA CHUKE-
HOA TOBEPXHOCTHOH 3Hepruum TBepporo Teaa. Ilpm HesHa-
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9UTENBHOM CHIDKEHNW, HA HECKOJBKO [IECATKOB apz/cm?,
HabioaeTcsa mIacTRQUOIPOBAHNAE; eCIN IOBEPXHOCTHAA dHEP-
IEA CHIKAeTCA B HECKOJBKO pa3 — yBeJHWIEHHE XPYII-
KOCTH, a IPH CHICKEHWH [0 JeCATHX J0Jed apz/cm? — camo-
MpOU3BOJbHOE AmcmeprupoBanume. Pacuerst BeamamH sddex-
TOB, IPOM3BEJeHHEE HA OCHOBE TEODHH AUCIOKALUiA, XOPOIIO
COTJIACYIOTCA C 9YKCOEePAMEHTAJBHHIMA NAaHHHMHE. PaccMoT-
PeHHAasA KapTHHA, OTOOpayKaomas BIUAHHE CPEOH HA CBOM-
CTBa TBEPAHIX Tel, ABISETCSA BechMa oOImedl u moATBepPIKIaeTCA
BCell COBOKYIHOCTHIO NAHHEIX, HOJYYEHHHX IIPH MU3yIeHUH
nepopManmii M IZUCHEPTHPOBAHUSA TBEPAHX Tel B IOBEPX-
HOCTHO-aKTHBHEIX Cpefax.

OcoGoe 3uaueHme I afCcOPOIMOHHOrO MOHWKEHUA MPOY-
HOCTH TBEPHIX T€JI UMEIOT NePEKTH UX CTPoeHmA. IIoCKOIbKY
nepexTH o0mamaioT m30HTOYHOH CcBOOOXHONM dHeprumeir, Ha
HEX OPOMCXORHT MHTEHCHBHAs afcopbmus mOBEPXHOCTHO-aK-
THBHBEIX BemecTB. AJcopOuua m o6yCIOBIEHHOE €10 CHIKEeHHe
NOBEPXHOCTHOHl 9HEPrMM HPHUBOAAT K YBEJWICHHIO pas-
MepPOB MUKPOTPEINUH, BO3HMKAIIAX B MECTAaX BHICOKOH KOH-
HEeHTpallil HAUPSKeHUH, W K CHIKEHHIO YDOBHA HAIpPsKe-
HUii, OpY KOTOPOM MUKDPOTPEIIMHE Pa3BHBAIOTCA B TpPEIIXHEL
paspymenus. Ilo pfepexTaM CTPYKTYPH OCYIIECTBISAETCSA
HOCTyIJIeHHe COPOMPOBAHHEIX aTOMOB C MOBEPXHOCTH 06pasia
K MecTy 3aposkuenus o6beMHo# Tpemuukl. Ilo sTuM npmaraam
agcopOIIOHHOe NOHIKEHWEe IPOYHOCTH IPOSABIAETCH TeM
cmjibHee, 4eM BhIOIe NePeKTHOCTH CTPYKTYypH. Ha Gesmedext-
HHIX KpHCTalJaXx afCcOPONUOHHOE NOHWKEHUE IIPOIHOCTH
MokeT oTcyTcTBoBaTh., Haubonee obmee obGbAcHenme [eii-
CTBUA Cpefsl Ha IPOYHOCTH M IIACTHIHOCTH TBEPHBIX TeJ
nsaoxeno B paGore BecrByma [45]. [leiictsme cpemsl Ha
3apOK/IeHHe TpPEIuH OOYCIOBIEHO TeM O06CTOATeNbCTBOM,
9TO0 9HMCAO0 AUCIOKAUUA B MCXOMHOM CKOILUIEHHH, HEoGXOmm-
Moe IJIfi 3apOKIeHHUs TPEMWHE, IPOIOPIMOHAILHO BeInINHE
me;xdasHol moBepxHocTHOH sHeprmu. Ilockoabky o6pa-
30BaHNMe TPEI[UH Pa3PYIEeHHA, KaK 00 3TOM CBUETEILCTBYIOT
SKCIIePHMEHTAJbHEE TaHHbIE, HAUMHAETCS, B OCHOBHOM, € IIO-
BePXHOCTH, TO CHIJKEHHE HOBEPXHOCTHON BHEPIWH B Pe3yilb-
TaTe COPOIMOHHOTO MIK XAMAIECKOTO B3aNMOEACTBHSA CO Cpe-
ol obsgergaer 3TOT HpOHeECC.

YcnoBue pasButdsA yiKe cQOPMEPOBAHHON TPEIUHH B CO-
oTBeTCTBHE ¢ KpurepueM I'pmddumrca sanmcrBaercsa B Bmie:
P,=(2E o/nl,)'":, rne P,—pacTAruBaiomee Hampsxenne, [, —
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KpATHIECKasA IJIMHA TPEMMHE, ¢ — pafoTa cosmaHusa enn-
HHOH CBOOONHOY HOBEPXHOCTH, KOTOPYH YyHOOHO mpefcTa-
BUTH KaK CyMMy: o=oc,+} B, TOe o, — BeludumHa MeKPasHOK
cBOOOTHOY NOBEPXHOCTHOH dHeprmM, a [ — yHAedbHasa (Ha
e[UHANY NOBepXHOCTH) padoTa miIacTmYecKoro medopMupo-
BaHHWM, 3aTpadWmBaeMas Ha npoismwxeHme TpemuHs. Hax
DOKAa3hBAlOT PAacYeTH, OCHOBAHHEE HA YKCIHEPUMEHTANBHEIX
JAHHHX, B 3aBHCHMOCTH OT ILIACTHIHOCTH TBEpPHOTO Teia B
Goxpme o, B 10—10° pasa.

BiokupoBarme B pe3yibTaTe cOpOIMEM M3 BHEIIHEHR CPEH
¥ XMMAYECKOTO B3aMMOJEACTBUA BHIXOIAIMAX HA MOBEPXHOCTH
Tella WIM K TPAHUNe TPemUHE AUCIOKANUA IIPHBOJHUT K CHH-
JKeHHNI0 IJIACTHYHOCTHU, TO €CTh K YMEHBIICHHWIO 3aTpaT 9Hep-
IME Ha IpefelbHOe miIacTudeckoe faedopmupoBanme. Hapany
C 9THM, KaK CJeQyeT M3 NPUBEJeHHON (OpPMyIbl, CHIYKEHHE
BeIWYUHH o= -} o, DOHMKaeT HPOYHOCTH TBEPJOTO TeJa,
€CiIU BeJWYMHA M CTPOEHME TPEIIMHE B Pe3yJbTaTe B3amMO-
meiicTBUA co cpemoit He maMmensercsa. Cpega, ofHAKO, MOMKET
BH3BaTh M3MEHEHHWe KOHQUIYypanud BepIIWHH TPEOIWHBI, 4TO
n3MeHHT pacueThl I'pupdurca, coeraHHEE B UPEIIOI0KEeHUIN
4e4eBUNE00pa3HOd (OPMBI HOJOCTH. 3HAYEHHE G IIOBHIIIA-
€TCsH, eCid B Pe3yJbTaTe PacTBOPEHUSA YMEHBIIAETCH OCTPOTA
TPEemUHK, W TOTMAa NPOYHOCTH Teja BospacTaer. Ecam e
cpena o6pasyer ¢ TBEPAHM TEJIOM IIPOYHEIE COEJUHEHMS, KO-
TOpPHE KAK MOCTUK CTATHBAIOT BEPIIUHY TPENIUHEI, €e OCTPOTA
YBeJIMYHBACTCA, a IPOYHOCTH TBEPHOrOo Teja Imajaer.

IleficTBHe cpefsl BechMa pasHo00pa3HO M 3aBUCUT OT MHO-
rux $aKTOPOB, CPeId KOTOPHIX CYIEeCTBEHHOEe 3HAYCHHEe HMEIOT
COOTHOIIEHUA B YMCJIE€ W Pas3Mepax BHYTPEHHHX M IHOBEpPX-
HOCTHHX fledexToB. IToaToMy omHa m Ta 3Ke cpefia B OSMHAKO-
BHIX VCIOBHAX MOMKET OKashiBaTh pAa3IUIHOE [EHCTBHE.
B cBsizu ¢ 3TMM PO MIEHOYHHIX MOKPHITHH, B3aUMOJeicTBHe
C JKUIKOM u ra3000pa3Hoil $a30il M MX BAUAHWE HA OPOIHOCTH
M IUIACTMYHOCTH TBEPHOTO Teja ONpeJeldseTCsa NPeNEICTO-
pueit oGpasna.

Ha sBenmwunmby wu3MeHeHHA NPOYHOCTH W IIACTHIHOCTH
BIHAIOT TAK)Ke HEKOTOPhe (H3UKO-XMMHIECKHE 0COGEHHOCTH
B3aUMOJIEMCTBUA MEKIY CPERO# M IOBEPXHOCTHIO TBEPHOTO
Tena. BmepBrie 3TOT acmekT paccMoTped B pa6ore Ilepmoma
u PeGungepa [51] u Gomee mogpo6uo mccaemosan IlyxkunsiM,
CymmoMm um I'oproHOBHIM NPHMEHHTENIBHO K MeTajuraM [52].
IIposBnenme amcopbmmonEOro 3PderTa ompeneaseTcs CTPoe-
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HOEeM 3JEeKTPOHHHX 000J0YeK B3amMOMEHCTBYIOIINX ATOMOB,
pasHHIe#d B MX aTOMHHX pajuycax W BEIWIMHOHA DHTPONHH
cvemenusa. Taxkum o6paszoM, addeKT amcopOIHOHHOIO MOHU-
JKeHHA IPOYHOCTH BechbMa CHenuQWIeH — OFHOTO TOJBKO
CHIDKEHHSA IOBEePXHOCTHOM 3HEPTHHM Ha Ipanuue ¢as Aid ero
IpOABIEHNsA ABHO HEJOCTATOTHO.

W3 mpexcraBienumit o MexaHW3Me BIMAHHUA SKANKHX CPeJ
Ha IPOYHOCTH TBEPAHIX TEJ CIERYET, YTO HX dPPEeKTHBHOCTD,
BooOIme roBOps, 3aBUCHT TaKKe OT YCJIOBHUHl MeXaHMIECKOTO
BoafieficTBUA Ha TBepasie Tena. HamGosee GrarompuATHEIMA
CIyJasAMH [JIA NPOABIEHHS COPOMUOHHHX 3PPeKTOB cIuTa-
0TCA, BO-IEPBHX, pAedopManmd, [OCTATOYHO MeJJeHHEIe
IO CPaBHEHUIO CO CKOPOCTHI0 MHUTPANWH JKAFZKOCTH IO IIO-
BEPXHOCTH, U, BO-BTODHIX, IePHOJAYECKZEe CHJIOBEE BO3Jei-
cTBuA. Bo BTopoM ciyuae mMeeT 3HaueHWe COOTHOINEHHe Iie-
PHO/I0B IPUIOKEHHs CUILL U «OTAEXa». YacTs 00pasoBaHHBIX
BO BpeMs NPMJIOKEHUSA BO3[EHCTBUA TpPEemHAH 3a BpeMA J0-
CTAaTOYHO [IUTEIBHOTO «OTAHIXa» CMEIKaeTCcd, a IoNaBIuue
B HUX MOJIEKYJH ;KHAKOCcTH BhfaBamBaiorcsa. IIpoumcxoput
«3alleuuBaHUE) NOBEPXHOCTHHIX fedpexToB. C yMeHBbmeHUeM
Iepuoja «OTABIXa» M IPH YBEJAWIEHUH YaCTOTH IPUIOKe-
HUs BHeIIHEH cuibl (IpU NEePUOTAIECKUX BO3TEHCTBUAX)
9ppeKTUBHOCTS [EHCTBEA NOBEPXHOCTHO-aKTEBHHIX Cpex
pacTer. ‘

Ilpu panpHeiinieM yBe1ndeHUE 9aCTOTH BHEIIHUX BO3jelicT-
BHii MM cKopocTHu fedopManuu 3PHeKTHBHOCT IOBEPXHOCTHO-
aKTUBHBIX BEIIECTB CHIYKAETCH B CBASH ¢ TeM, 4TO MX MOJe-
KYJHI He yCIeBaloT afcopOupOBAaThCSA Ha BHOBH 00pa30BaHHKX
noBepxHOCTAX: Beawunmna sToro cumwxeHunsa ddPerTUB-
HOCTH MeHee B3aMeTHa B ONHOPOJHOM Cpele H OYeHbH 3a-
MeTHa B MAaJOKOHIEHTPUDPOBAHHHX pACTBOpax B BABKHX
cpeaax.

9¢PPEeKTUBHOCTS PACTBOPOB IOBEPXHOCTHO-aKTUBHHX Be-
ImMECTB OJHOTO TOMOJOTHYECKOTO psifja M3MEHSETCS COrIAacHO
npaBmay Tpay6e. Ilpegmonmaraercs, 4910 yMeHbmmenue 3¢-
¢exTa B CTOPOHY OOJBINIMX KOHIIEHTpPAIMi CBA3AHO ¢ acco-
nuanueil MoJeKy B pactBope. OTMEIEHO TaKKe, 9TO HEKOTO-
pHIe JKUJKOCTH, TAKMEe, KAK Ba3eJUHOBOE MAaCJI0, CIATABIINECS
B DPaHHHX paloTax COBEPIIEHHO NACCABHEIMA, BO MHOTHX
CIydaAXx He OCTATCA IOJHOCTHI0 HEATPANbHBHIMH, & OKashl-
BAIOT CYIIeCTBEHHOE BJIMAHWE Ha IPOIECC COPOIMM aKTABHEIX
BelecTB WM Ha WX AeHCTBWE NpM Pa3pyMIeHUH.
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B cnydae cMa309HOro HAelcTBHA anCcOpPOMUOHHEIX CJI0EB
BO3HUKAET MIacTHPUKANUA MIOBEPXHOCTHOIO CIOS TBEPHOTO
Teja, YTO yAydYaeT OPUTHPKY HIOBEPXHOCTEH, yBeIMIMBAET
II0mangh KOHTAKTa M TeM CaMEIM CHEYKAaeT HOPMAaJbHOE [aB-
JIieHHe W CHJY TPEeHH.

Hepsarunam [53] m ero coTpygumKaMm IpOBENEHHl IONI-
POGHEE HCCIeOBAHAA MOJEKYJIAPHOA UPHPORH CHI Tpe-
Hus. IloxkasaHma He3aBHCEMOCTH HCTHHHOTO Ko3dpdmuumeHTa
TPeHHS OT d9HWcia MOHOCJHOeB cMaskd. llpm ompepmenermoM
OABIGHUM, B3aBHCAMEM OT NPHWPORH MOAKJIANKA H IO-
JAPHHX CBOMCTB MOJEKYJ CMa3KH, BMECTO CMa309HOIO
geiicTBHA HAOMIOZaeTCA YCHIEHHHM WM3HOC, CBASAHHHU C
MOHIYKEHHEeM IPOYHOCTH TBEPAOT0 -Tejla MOJ BIHAHEEM
MOBEPXHOCTHO-aKTHBHEIX BemecTB. Ilpm Maibx - jaBjaeHEmAX
npeolJiiaaeT cMa309HOe [eACTBUE, a C YBEJINYCHUEM JaBJIeHUA
HabaomaeTcss afacopOOUOHHOe HOHWKEHHEe MIPOYHOCTH, KOTO-
poe mpoABIAETCA IPA BSHAYATEIBHEX IUIACTHIECKHX JIe-
dopManmuAX, BHBHBAEMEIX KacaTeNbHHIMHA HAIpPAKEHHAME
B IIOBEPXHOCTHOM CJO€. '

Yucao u 3HaYeHHME HCCIENOBAHUA HEeACTBHA CpeIsl Ha
MeXaHWIeCKHe CBOKCTBA TBEDPHAHIX Tel B CBA3M C TeXHUYECKOMH
aKTyaJbHOCTHIO 3TOM mPOOJEeMH Bce Bozpacraer. B mociaeqnue
rofikl BHIIOJHEHH pPaboTH, 00bEKTOM HCCIAeqOBAHHA KOTOPHIX
OBLIM HEe TOJHKO METAJIHICCKUE MOHO- W IIOJHKPUCTAJLIH,
HO TakKe cTexiaa u mojmmeps [54]. OGmapyskeHo 3HAYm-
TEJBHOE BJIMSAHUE CPENH KAaK HA TEeXHOJOTMYECKHE IPOMECCH
DOJyIeHHUA psAfa MaTePUaloB, TAK H HA YKCILIyaTalMOHHBIE
CBOMCTBA KOHCTPYKIUH.

[as npo6iaeMun m3MenbdeHUs paboTH B o6iacTd HeHCTBEA
cpedsl Ha MEXAaHUIECKME CBOMCTBA TBEPHHX TeJ AKTYaJbHH,
BO-TIEPBHX, B CBA3HM C BO3MOKHOCTHIO OOJErYeHHA MHECHep-
TUPOBAHMA pPANa TeXHAYECKH Ba’yKHBIX MaTepHaloB, a BO-
BTOPHIX, B CBA3M C BIHSAHOEM CDeAH Ha H3HOC 000pyHoO-
BaHMA.

Kax mpasmio, MaTepuajaMd, IOJBEPraeMEIMH M3MeJbde-
HEI0, ABJIATCA PA3IHIHEC OKHCIE H COJM, UX OPOYHOCTD |
OJIaCTATHOCTH JKeJaTeabHo yMeHbIuTs. O00pymOBaHHE KE U3-
TOTaBJHBAETCA MOYTH MCKIINIATEIHHO M3 MeTaxaa. Ero mpog-
HOCTh M CTOMKOCTDH 3KelaTeJbHO YBEJHIATH HJIH, BO BCAKOM
ciIydae, He CIMIOIKOM YXYQIIHTH, HOCKOJBKY Pacxoj MeTaiiia
OPH M3MEJIHYEHAH COCTABISAET BeChMa CYMECTBEHHYH 9acTh
3aTpaT HA TOHKOE JUCIePTHPOBAHHE.
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§ 2. Bausnnme cpenst Ha nponeci:
AHCIEPrupOBaHAS

Ioum:xerme OPOYHOCTH TBEPAHX TEJ OHJIO MCIOIB30BAHO
B mpomeccax maMenbueHmA. Okmpanocs, 9T0 apcopOuma
HEKOTOPHX OpPTaHMYECKHX COeJWHEHHMA Ha 00pa30BaHHEIX
Opd M3MeJIbYCHAN HOBEPXHOCTAX HOJIKHA IPHUBECTH K 06ier-
YEeHUIO [AUCIEPTHPOBAHMAA — K HOBHIIEHHIO AUCIEPCHOCTH Ma-
Tepmala, K CHIPKEHHIO 3aTPaT SHEPIUHA HIN K YBEJIUYCHUIO
IPOM3BOJUTEIHHOCTA MEJIBHHUL. B CBA3H ¢ 3TUM OBUIH II0-
CTaBJEHH OOKITH, B KOTOPHX wH3ydalach 350PEeKTHBHOCTH
BHOCHMHEIX B MEJBHHUIy PAa3IMIHHIX MOBEPXHOCTHO-AKTHBHEIX
BEINECTB B 3aBHCHMOCTH OT YCJIOBMA NPOIECCA M3MEIbUCHUA.
Wsygseno, manpmmep, peiictBme [o0aBOK oJileaTa HATPUA,
aIU3aPUHPOTA W APYTHX BemecTB Ha M3MeJbUyeHHe Py B IIa-
poBuix MenbHmmax. OKazakock, 9YTO B CIy4ae NPHMEHEHUS
CTAlIbHHX IMapoB 3¢¢eKTa OT BBeIEeHHSA TaKmX J00aBOK He
Habmiofaercs, a B cilyJae CTeKJIABHHX ImapoB mpm Giaro-
OPHATHHX YCJIOBHAX BHIXOJ TOHKOU Ppakoué yBeIHIEBAICA
Ha 15—18% . He oGHapysxeHO TaK)Ke MOJIOKUTEIBHOIO BIUA-
HOA NOBEPXHOCTHO-AaKTMBHHX T00aBOK HA CKOPOCTh M3MEIb-
9eHUA KBApOEBOH PyAs B MapoBod MenbHuUne. Ilpm momoie
annaTuTo-HeeIHHOBOR PYAH ¢ Hambojee AKTHBHHIMA Opra-
HOYECKUMIH PEareHTaM; — KUIKIM MEJIOM I 0JIeaTOM HaTpPUsA
spdexT mo BEHXOAY (paKOEEH YACTHI AEAMETPOM MEHbBIIe
0,1 mm cocrasasier 4—10%. OrmeueHO yMenbmenme 3Pdex-
THBHOCTH [0GaBOK C POCTOM MHCIEPCHOCTH NOPOMEKA. llpm
BBEJEHUN MOBEPXHOCTHO-aKTHBHHIX BeIEeCTB OOHApYKeH 3¢-
dext 15—25% mo BHXOmy Menkoit Pppakmum KopyHma. Amna-
JIOTHYHBE 0 BeimguHe 3PPeKTE 0TMEYeHH IPH IOMOJIE B IIa-
POBOi1 MeJbHAIE KBapmeBOr'0 IEeCKa, MAarHe3WTa W IOJOMHUTA.
OcobGenno 6oapImoe nmpaxkTmdecKoe 3HAYCHHE MMEIOT HCCIEIO-
BaHHSA BIUAHEUS INOBEPXHOCTHO-aKTHBHBIX BEIIECTB HA IIOMOJ
memernta. Csemenma o BumosmesHHX A0 1950 r. mccaeno-
BAHWAX BIWAHAA CpPefH HA NPONECC W3MEJILYCHUSA MOIKHO
HaiiTm B paApge o6sopoB m Momorpadmit [5, 6, 10, 17—19,
46, 47].

Heo6xopmMo mopaepKHYTH, 9T0 BO MHOTHX pPaHee BHIIOJ-
HEHHHX paboTax 0 M3MeJbYEHHMIO MCCIENOBAJIACh 00JacTh
CpPaBHHUTENBHO TIpPy6oil AMCHEPCHOCTH. Y CIOBUA NUCHEPTH-
POBaHHA M METOMH OHEHKH €ro 3PeKTUBHOCTH OHIM BechMa
PpasHO00pa3Hb, YeM B 3HAYUTEJIBHOX Mepe U OGBACHAIOTCA



956 . B3ANMOJIEMCTBHUE CO CPEIION [ra. 11

pasHOTJIacus B pe3yJabTaTax, NONYIEHHHIX pasHHMH aB-
TOpaMu. .

Cpenm mcciemoBaHMi, TOCBAMEHHHX 00JaCTH CpPEJHEeTOH-
KOT'0 M3MeJLYeHHUs, CIefyeT oTMeTmTh pabory I'érre m Ilumr-
agepa [55]. VIMm m3ydeno BiuAHWE HAPOB HOJAPHHX M He-
DOJAPHHX KUIKOCTE HAa HOMOJ B BHOPANMUOHHON MeXbHUIE
KINHKepa, KBapua, Mpamopa u cTekaa. Ilomoam Mmpamopa
B mapax srmidopMmaTa, ameToOHa W TeNTaHa IO CPaBHEHUIO
C IIOMOJIOM B CyXOM BO3IyXe, KaK BEIACHWIOCH, IIPOMCXOXUT
3HAYMTENPHO HHTEHCHBHEE. 3aMETHOH DPAa3HUIKI B MHTEHCHB-
HOCTH HM3MeJbYeHHMS KBapla M CTeKJa B Iapax 5THX JKHI-
KOCTeH M B CyXOM BO3HyXe B paboTe He HalieHO. ¥ KIMHKEpa
o6HapyeH psan 0CO0EHHOCTEH, CBA3AaHHBIX C €r0 CIOCOOHO-
CTHI0 XHMUYECKH B3aMMOJIEHCTBOBATH ¢ Bomoil. Ilpm mameinn-
9eHWM MpaMopa OTMeYeHa B3HAYHTEeNbHO - 00jiee BHICOKAsA
3P PEKTHBHOCTh MOJAPHHX JKAUIKOCTEH 0 CPABHEHHIO ¢ HEIo-
NADHHIMEA. AHAJOTHYHBIE PE3YABTATH IOJYIeHH JixGop-
HOM JJI Tex jKe MaTtepuaios [56].

B pa6orax Qeiirmma m Poxamckoro [57] mcciemoBana
cnenuduKa OedcTBHA IIOBEPXHOCTHO-AKTHBHHIX BEMECTB Ha
momos rpagura. BHEO mOKasaHo, 9TO IOABJIEHHE HA IIO-
BEPXHOCTH TrpafuTa afcOPpOMPOBAHHHIX CJIO0EB KHIKOCTEH
OPUBOMWT K PE3KOMY YMEHBUIEHWIO €ro MUCOepTHPYEeMOCTH.
ITa 0c00EHHOCTh OOGBACHAETCA ILIACTHHIATOM CTPYKTYpOit
KPHUCTAJI0B Trpadura, JETKO PACIEIUIAIIIUXCA B IPHCYT-
CTBUM afcOpOHPOBAHHON YKHIKOCTH IO IIOCKOCTSAM CIAHHO-
CTHM, YTO OPUBOAMUT K YMEHBIICHUIO CHUJIH TPEHUS B CHCTEMe
I TeM CaMBIM cIHOCOGCTBYeT CHILKeHMIO d(PPeKTHBHOCTH HuC-
neprupoBanmsa. OQHAKO, KAK IOKA3ajd HajJbHEHINNe WMCCIe-
moBarua Mankesua m Byrarmma [58], moGaBkm K Boge,
B KOTOPO#l IpPOM3BOJUIOCH AUCHEPrHpoBaHue rpadura, Mu-
'HEPAJbHBIX MOBEPXHOCTHO-AKTUBHEIX BEIIECTB BHI3HIBAIOT yBe-
JnmgeHue ero gucmeprupyemoctu (pumc. 1).

IlpuMenenne B psApge paGoT BUOPANUOHHBIX MEJIBHMAI]
ABIAETCA O0COGEHHO OMarONpHATHHIM s HaONOHeHHA af-
copOumonHEX 3(PPeKToB. BHCOKOTACTOTHHI XapaKTep BO3-
JneiicTBuii B BHOPANMOHHEIX MEJBHUIAX M TOT (AKT, dUTO
BeJIUYMHA CO3[aBaeMBIX B HHX OJHOKPATHHIX HAUpPSKeHHR
BO MHOTHX CJydYasiX OCTAeTCS HIKe Ipefela IPOYHOCTH OpHU
CTAaTUIeCKOM HATPYIKEHUH, CIOCOOCTBYIOT MPOSABIEHUIO BIMA-
HHASA CPelbl HA TPOIECCH AUCIEPTUPOBAHUA. JTOMY K€ CIO-
co0cTByeT KOHLIEHTpauus B HeGOJBIIOM HOBEPXHOCTHOM CJIO0E
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HaIpsyKeHUi, BOBHWKAIOIMAX 3a CYeT OTHOCHTEJIBHOTO [BH-
JKEHUA 9acTUI[ C YCKOPEHUAMH, MHOTO OOJIBIIEMHM yCKOpe-
HUS CWJI TSYKECTM INOPH MaJbX HOPMAJbHHX [aBICHUAX.
B pesyabraTe 3aKOHOMEPHOCTE BUODAIMOHHOTO M3MeJbIeHUS
TBEPALIX TeJ CONMKAITCA C 3aKO-
HOMEPHOCTAMH abpa3uBHOTO W3-
HOCa. 714

Ananma nuTeparypHHX [aH- 7
HBEIX IOKa3bIBaeT, dT0 [AelcTBHE
cpegsl Ha IIPOYHOCTH METAJIHMIe-
CKHUX TBEpDAHX TeJ, IO KpahHei
Mepe B 9KCIePUMEHTAJIbHOM OTHO-
MeHNH, CPABHUTEJIHHO IOJHO M
BCECTOPOHHE HM3ydYeHO. B myGim-
Kanuax [29, 45, 54], mocBamen-
HBIX 9TO#l TeMe, OMMCAH PAX 00-
MuX 3aKOHOMEpPHOCTe# HelcTBHA
Cpegil B 3aBHCHMOCTH OT TeMIe-
paTypH, CBOHCTB Kak caMoH . ) .
cpefbl, TaK U MCCIeyeMHX 00heK- J 2z 4 6
ToB. PaccMoTpeHH pas3aUIHEIE T, we
aCOEKTH MeXaHU3Ma MOHMKEHHS

) Pnc. 1. Uamenbuenme rpa-
MPOYHOCTH, 6a3npy10mne§ﬂ Ha dura [58]
pesyJibTaTax HCCHEJOBAHME, CH- ;. _ooo.. 0, o oo
CTeMaTH9eCKM OYyOIMKOBABIIHXCH 3, 4 — B BOTHOM DAacTBOPE CYJb-
B HayuHOH nmTeparype. Bmecte SGIone FSiiie cow s ommnes.
¢ TeM, M3MeHeHWe IOJ BIHAHWEM
Cpe[kl IPOYHOCTH W IVIACTHIHOCTH HEMETAIHICCKHX TBEPIBIX
T€JI — OKMUCIOB, COJIEH M Ip. U, 0COOEHHO, 3HAYEHHE DTOTO AB-
JIEHHUA NPU UX N3MeJIbYEHAN, HECMOTPSA HA aKTYaJIbHOCTD IPOG-
JIeMbI, N3Y9eHO elle 09eHb MaJjio. BoJbIMUHCTBO MCCIeOBAHUI
npoBefeHo Ge3 HeOOXOAMMOro ydeTa YCJIOBHUil JuCIepTHpO-
BaHUA MBMEJbIaeMHIX MOPOIUKOB, 9TO BHOCHT 3HAYUTEIBHYIO
OyTAaHUIY Ja)ke B IPENCTABIEHHE O HOPAAKE BEJUIMHHI Ha-
OnmogaeMbix dQQHEeKTOB.

Heo6xonumMo mogaepKHyTh, 9TO IOYTH BO BCEX M3BECTHHIX
HCCJIeIOBAHUAX [eHCTBUS IOBEPXHOCTHO-aKTHBHEIX BeEINEeCTB
Ha M3MeJIbUeHHE [IUCOEPCHOCTH TBEPHHX TeJ O0CTaBajlach
HusKoi. OOJacTh JUCHEPCHOCTH IO pa3MepaM YacTHI[ MeHee
MHKpPOHA OKAa3alach COBEPHIEHHO HEM3YIeHHOHX. ITO OBLIO
CBABAaHO B IEPBYI0 0Yepelb KAaK C TPYAHOCTAMH IOJYdJeHUS,
TaK W € TPYAHOCTAMU QgUCOEPCHOHHOT'O aHAJHW3a TAaKHX
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cucteM.  ITociennee mmeer TeM Gosee Ba)KHOE 3HAYEHME, UTO
OCBOGHHEE IPOMHINJIEHHOCTHI0 BHOpAaLMOHHEE, CTPYHHHE
W PYyTHUe MEeJLHUIH, KPaTKOe ONHCAHWE KOTOPHX HPHBEIEHO
B ra. I, mamT BOSMOMXHOCTH HOJYdaTh IPE3BHYANHO BEICOKO-
AUCIepCHBEIEe IMOPOIMKH B CYCIIBHBHE

B roakoBaEmm MexaEm3Ma fAeficTBHA CpeiH IIPH ;tmcnep—
TUPOBAHME TBEPJHX TeJl TaKKe CYMECTBYIOT 3HAYMTENbHEE
pasHoriacua. 37eCh OTMEYAIOTCA [Be TOYKH 3pPEHMA; HmOJa-
raam, 970 3¢pexT obaerdenus AUCIEPTHPOBAHHASA 0GYCI0BICH
au6o TONBKO Me3arpernpyroIuM [eACTBHEM IIOBePXHOCTHO-
AKTMBHEIX BEMIECTB, JHGO TOJBKO MOHMKEHHEM IPOYHOCTH
H3MelNbIaeMOT0o TBEPAOr0 Teia. BO03MOMKHOCTh NIPOABIEHHA
Kakmx-1u60 Apyrux SBIeHUHA B DpOLEcCax AMCIePTAPOBAHUA
BOOOmE HE paccMaTpmBalach. TaKoe COCTOAHHE BOIPOCA
mo6yauao HAC mPOBECTH HOAPOOHOE MCCIeROBAHHWE NEUCTBUA
DOBEPXHOCTHO-aKTHBHEIX Cpef HAa HW3MeJbYeHHE PAJAA TBEp-
JHX TeJX ¢ ydeToM BHEMIHAX YCIOBHA H AUCOEPCHOCTH HO-
POIIKOBE.

B ocHOBHOM, HCCIE0BAHO AEUCTBHE CpeJHl HA M3MeJIbYe-
HOe KBapna, oGbYHO MCHOJNL3YEMOI'0 B Ka49eCTBE MOMEILHOTO
MaTepmala [is CPAaBHHTEJbHOH XapaKTePHCTAKM MEJILHHML.
Keapnesuii mecoxk JloGepemxoro MecTOPOMKIEHHA, COmepsKa-
muii 99% uwmcroro Kpemmesema u 1% TIAMHECTHX IpHEMecei,
IPOMHBAJICA BOJOX HA cmTe ¢ pasMmepom sueek 150 mrm mas
OT/le/IeHNs THIJIeBUAHHX Qpaknmit u ramaw. Bepxumi mpemen
pasMepoB sepeH kBapua He mpeshmax 500 mrm. Penrtremo-
IpaMMH HCXOJHHIX 00pasi[oB Cofeps<aT Jumb AEPpPaAKIHOH-
HHe JNHAE KPUCTAJIANdecKOT0 KBapla HM3KOTEMIEpaTyp-
HOl MommdpHmKaAIUH. .

Kansumr npepcraBasii co0oif KpynHKe, XOPOIIO OrpaHeH-
HEE mpPO3padYHbie KPUCTAIIH, KOTOPHE IPeIBAPUTEILHO APO-
OHnuCch B CTYIOKE [0 IOJYIEHHS 3€PeH pasMepoM Meuee
1 mnm.

Tanpk comep:xali mpmmepuo 95 % umcroro Muaepana Anof-
CKOT'0 MECTODPOKeHAA U IPAMEHSJCSA B BAME NPEBAPHATENLHO
H3MEIbICHHOTO N0 3HAYHTeAbHOH fucrepcHoCcTd (0K0a0 30 M2/2
OOPONIKA).

Hopysr nmpummensscs B Bmae 0el0ro 4mcToro KpPHCTA-
JIAYECKOT0 MOPOINKA a-MOTUUKANMA, IOJYIEHHOTO IJIaB-
JeHneM TIXHO3€Ma B IJIAMEHH BOJLTOBOM AyId.

HBapueBoe cTerao GHIO DPUTOTOBIEHO ILIABJICHHEM 4H-
CTOT'0 FOPHOTO XPYCTAIA H IIePef U3MEILYeHAeM HO/IBePraioch



§ 2] BINAHHUE CPEJBI HA IIPOILECC JUCIIEPTUPOBAHHUSA 59

npo6ieHuio B cTynke fo pasmepoB sepen Menee 1 mx. Ta-
KOH jKe omepam@E NOLBEPrajoch M CHINKATHOE CTEKJIO
mapra 3C-5. _

Pyrun npummensncs B Bmfie 6el0oro KPHCTAJLIUIECKOTO
nopomka ¢ pasmepoM seper Meree 0,3 ma.

Bce mcexomHHe IOPOMIKE mepel H3MeJbUueHWeM BRICYINHA-
panuch npu Temmeparype ~150° C B TeueHme HECKOIBKUX
gacoB. JlmcmeprmpoBaEme NpPOM3BOJAMIOCH, KAK IPABHIO,
B 1a60pPaTOPHOM HKCHEHTPHUKOBON BubpomensHune. OOmHEOCTH
DOJyYeHHHX B pafoTe pesyIbTaTOB NOATBEDKIAIM ONEITH
0 M3MeNbYeHUI0 HeKOTOPHX M3 MEPEYMCICHHHX MaTepPHajioB
B BEHOPOMEJBHEIAX [APYTEX THOOB C PAa3IAYHEIME IIapaMer-
pamMa. O6beM IOMOJBHHX KaMep STHX MEJIBHHI] COCTABJIAIN
0,01 »% 0,2 M3, ammmTyga Konebammit 1—5 mm. Panm onm-
TOB OBLI IOCTaBJIEH C JIa00PaTOPHOH MIIaHETAPHON MEIbHUNEH,
KOTOpag HWMeeT JBa IIOMOJBHHEX IWIHHAPA, COBEPIIAMIEX
OJIHOBPEMEHHO [iBa ABHKEHMSA: BpamIeHHMe BOKPYI COOCTBEH-
HOH OCH M BOKPYT OCH, IPOXONAIEH Jepe3 cepefuHy JHHUM,
COeMHAIOMEl WX OeHTPHL.

BuiGop xBapma B KauecTBe OCHOBHOIO 00BEKTa HCCIELOBa-
gua  [59—62] obycioBien mpesxpe Bcero BO3PaCTAIOIIAM
npuMeHeHHeM TOHKOM3MeIbYeHHOTO0 KBapImeBoro NecKa B psafle
oTpaciieil IPOMHIIIEHHOCTE M IJIaBHEIM 00pa3oM B IIPOMEIII-
JIEHHOCTH CTPOHMTEJBHHX MaTepmanoB. Vsyuemme pmcmep-
TUPOBAHUA M CBOMCTB TOHKOH3MEILYEHHOTO KBapIa ABISAETCHA
B HACTOAMEE BPeMA IPAKTHICCKH AKTYaJbHHIM [JIA PEIIeHHS
TeXHOJOIMIeCKMX 3a1ad, CBABAHHHX C GeCIHeMEeHTHHIM CTPO-
HTEIBCTBOM, Pa3paboTKOX MEMEHTHHX M IeMEeHTHO-IeCIaHbIX
6eTOHOB ¢ HAaMMEHBIIEM PACXOFOM IIEMEHTAa, C HOTPe0HOCTAMME
CTEKOJIBHOTO IPOU3BOACTBA H AP.

KpomMe mpaxTmaeckoro sHaveHHsS, WCCAOJOBAHUA AUCHEp-
THpPOBAaHEUA W CBOMCTB AHWCIOEPCHOT0 KBapma KaK OHOTO H3
Haubosiee THNWYHEX XPYNKHX M OPOYHEIX TBOPAHIX TeJ IIPefi-
CTaBIAIOT ¥ SHAYATEJbHHE HAyYHHA nHTepec. Vsyuemme
9UCTO afCcopOIMOHHOr0 NEHACTBHSA BONH HA IPOMECCH JUCIep-
TMPOBAHAA KBapma HECKOJIBKO OCJHOKHEHH TeM, 4TO HAa €ero
NOBEPXHOCTH, KAK X HA MOBEPXHOCTAX CHIMKATHHIX CTEKOJ,
00pas3ynTca CTYNHEH KPEMHEKHCJIOTH PA3JIMIHOTO COCTaBa.
Ilo mpepcrasienusM, passaTeiM I'pebenmuxoBuiM [63], Ta-
KOe IO0BEePXHOCTHO-XMMOYECKH® B3aMMONEHCTBAA  BayKHE
B IpoOecce IOBePXHOCTHOTO [UCIOPTAPOBAHEA — OPH IO-
JUPOBKE CTEKOJ.
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Wsmenpbuenme KBapma IPOUBBOAHMIOCH B CYXOM BO3LYXe
¥ B Pa3iI@AIHHX JKUMKOCTAX W HMX Iapax, B TOM YHcie B Ta-
KAX HOJAPHHX, KaK ameTOH W BOJA, M HEMOJSAPHHX — OeH-
303, mapadmi. /[mcmepcHOCTH HMOPOIIKOB OIpPENEISIach Be-
JWIMHON UX yMeJIbHON IMOBEPXHOCTH, M3MEPSABIIEACA METONOM
Bpysayaspa, Immerra m Temmepa mo HE3KOTEMIEpaTypHOR
afcopbuuu azota. B xome mceaemoBanms GBHUIIO yCTAaHOBIEHO,
910 moMoa kBapua ¢ 50—100% Bomsr oT ero Beca mMPUBOXUT
K MHOTOKPATHOMY YBEJIWYEHHUIO er0 yAeJbHOHU II0BEPXHOCTH
10 CPABHEHMIO C Y/AEJIbHOU IIOBEPXHOCTHI0 MOPOIIKOB TAKOIO
e 10 MPOJOJKATeNIHLHOCTH IOMOJa B CyXoM Bosmyxe. Pas-
HAIa B JUCIEPCHOCTH OOPOIIKOB CYXOr0 X MOKPOTO IIOMOJIOB
BO3pacTaeT ¢ yBeJudeHHeM IIPOJOJIKUTENIHHOCTH MPOIEcca.
BMmecre ¢ Tem, moMOJ KBapma ¢ APYTHMH >KHIKOCTSAMH, Kak
3TO BHAHO u3 Tabx. 1, He BHIBHIBAET TAKOr0 3HAYUTEIHHOTO
TOBHIIEHUA 3(PPEKTUBHOCTH AUCIEPTUPOBAHUA.

Ta6auma 1

H3Menenune yneiabHO#l MOBEPXHOCTH KBapla B mpolecce
H3MeJbYeHUA ¢ Pas’INYHBIMH KHAKocTAMU (M2/2) |

IIJIHTBIIBHOCTB ooMoJia, MUH
Cpena
2 4 8 16 32

Boanyx 3,8 5,2 4,7 6,5 5,9 '
Bopa 9,8 17,0 27,0 42,0 73

Benszoa — 2,8 6,6 8,3 9,3
Aneron — 2,0 6,8 13,2 | 13,3

Cnzpr — 4,1 71 — —

Taxne pe3ynbTATH ONEITOB Ka3aJUCh 0Y€Hb CTPAHHBIMA.
JleficTBUTEIPHO, IO OTHOIIEHWI0O K KBapLy ajacopOUuIOHHEE
CIoCOOHOCTH MPEeICTaBIeHHHX B Taba. 1 ;KUAKOCTEd He CimiI-
KOM CHJIBHO OTJIMYAlTCA MekAy coboit. IlosTomy coraacuo
mpeicTaBIeHUAM 06 afCcOPOUOHHOM NOHWKEHUHM IPOIHOCTH
MOKHO ORIJIO OJKUZATH BO BCEX CIAyJIaAX NPUMEPHO ONMHAKO-
BHX 9(0QeKTOB NOBHINEHHWS [JUCIHEPIAPYEMOCTH. TpPYyaHO
ObL10 O0BSACHUTD W PE3YJbTAThl ONEITOB IO AJHMTEIbHOMY H3-
MeJIBUEHMIO KBapIia B CYXOM BO3AyXe W PAJA APYTUX TBEPHAHX
TeJ. Y[edbHEE IOBEPXHOCTH TAKWX IOPOIIKOB B Ipomecce
M3MEJIbYeHNA JOCTUTANN MaKCHMAJIbHOTO 3HAYEHHS, a 3aTEM
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B pAfe CIyYaeB 3aMeTHO YMEHBIIAJINCh NPH AaJbHeAmeM
momoure.

COBOKYIHOCTH HONYICHHHX [JAHHHX OPHBEIA K MBICIH
0 BO3MOKHOCTH OYeHb INIOTHOTO CJIHMIAHUA 9acTUI KBapUa
mpu m3MebIeHun ¥ 06 0c060il pos BOAH B MPEfOTBPAIIEHUT
Takoro ciaumnanmsa. Hak BHACHWIOCH, KPaTKOBPEMEHHEIE
(B Tegenme 10—30 cex) moMouaBl ¢ BOJOI MOPONIKOB, IIONY-
9eHHBIX NPOJO/UKUTENBHHIM JUCOEPIAPOBAHMEM B CYXOM
BO3[yXe C AaleToHOM, 0EeH30J0M M CHOHPTOM (HACTOJBKO
KpaTKOBpPEMeHHEe, 9TO JUCHEPTAPOBAHUEM 3a BPEMS TAKOTO
moMoJia MOKHO IpeHeGpeds), OPHBEIH K PE3KOMY yBejamde-
Huio (B HECKOJBKO pPas) mx yjeabpHoil moBepxHocT:. Ilomol-
HOe jKe YBeJIHYeHWe YAeJbHOH NOBEPXHOCTH HabiwmaeTca
W A TOPOIIKOB KBapIa, MONYIEHHHIX AUCIEPIHPOBAHHMEM
¢ MaiasMm f[00aBKaMH BOOH M APYrEX JKEAKOCTeH. Omblr
HOOKA3HBAeT, 9YTO Pe3Koe yBeJHYeHUWE YAeJbHON IOBEPXHOCTH
MOPOIIKOB 3aKaHdmBaeTcss MeHee deM 3a 40 cex momoima
B Bofe. Ilpm manbHeiilneM yBeJWYEHHH MPOJOJIKATEIHHOCTH
TAKOr0 IIOMOJIa POCT YHAEeAbHOH IOBEPXHOCTH COBEpPIIAETCH
B COOTBETCTBHM C KHHETHKON WM3MeIbYeHHSA B BoOJeE.

Peskoe yBenumueHwe yoelbHOH HOBEPXHOCTH B Pe3yib-
TaTe KPaTKOBPEMEHHOIO IOMOJa B BOJE MOKHO OGBACHHUTH
ofpasoBaHmeM B IpoIecce W3MENIBYCHHS U IOCIETYIOIUM
paspyuieHHeM [OBOJBHO IJIOTHHIX, HO CPABHATEJIHHO MaJo-
OPOYHHX AarperaToB M3 YacTHUI[, IOPH MeKAY KOTOPHIMH
3aI0JIHEHbl GoJiee MEJKUMHU JacTUOaMd. B pesyiabTaTe Taroi
OJIOTHOH yIaKOBKE GOJbIIAs 9aCTh BHYTPEHHEH IOBEPXHOCTH
arperaToB CTaHOBUTCS HEJOCTYNHOH IJs amcopOuum asora.
BcemMu MeromaMm [HCIEPCHOHHOTO aHANM3a, KPOME PpEHTre-
HOBCKOT0, MO00HbIE COBOKYIIHOCTH YACTHI, BOCIPUHUMAIOTCA
KAk OTMeJIbHBIE YaCTHIE COOTBETCTBEHHO O00JbINell Kpym-
Hoctu. Ilpumenenue jke B paccMaTpPHBAaeMOM Ciydae PpeHT-
TEHOBCKOTO MeTOJa He JaeT HOJO)KATEIBHHX pe3ylbTaToB
B CBA3M C HESOCTATOYHO MAJEIMU pas3MepaMd NePBUIHEIX
gacTul, U uX amoppmzanmeit. fIBiaenme arperammm gacTmi,
MOPOINKOB KBapIa W WX fe3drperamud B BOJE, PETHCTPHPY-
eMoe MeTOOM HM3KOTeMImepaTypHO# amcopbumu asora, Ipef-
CTaBJIAET CAMOCTOSITEJIBHHIA WMHTEpEC W OyHeT paccMOTPEHO
B § 3. 3mech ke MH GymeM KacaThCs 3TOI0 BOIPOCA TOIBKO
B TOH Mepe, B Kakoil 5T0 HeoOXoimMo mpH oOCY:KIeHHH
OUKTOB [0 M3YYEHMIO AEHCTBUA Cpej HAa IPOLECCH ucmep-
rUpOBaHUA.
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Jlerkocts, ¢ KOTOpPO# pa3pymamTCA arperaTH, IOKAa3H-
BaeT, 9TO OHU HE OKA3HBAIOT 3aMETHOT'0 BIMAHNA HA KMHETHKY
mucueprupoBaEnsa KBaprna. HeoGxomumocTs B fesarperanum
BHI3BAHA TE€M, 4YTO arperamuA TOHKHX IOPOIIKOB, KaK OTMe-

9aJI0Ch, CHJIBHO MCKayaer

pe3yibTaTH HM3MEPeHHmA uX
P OUACIHEPCHOCTH, B CBA3H C 9eM
Wk 4 /e OIleHKa fielicTBUA Ccpex mpH M3-
MeJIbYEHUH CTAHOBUTCH HEBO3-
MOKHOA. ITOT QaKT ocoGeHHO
HATJIAJHO IpEeICTaBieH Ha
puc. 2 ® 3, Ha KOTOPHX IpPH-
BeeHH KWHeTHKA H}3MeJbde-
HHAS KBapma B BOJe, ameToHe,
cumpre u Gensose. Ilocae ne-
3arperaiy KPUBHE KWHETHKH
JUCUEePTUPOBAHAA B BTHX JKH[-

©

S, M2z

01 5
s+ _ 7 KOCTAX DIPAKTHIECKH COBIA-
4—_ * | RaoT. :
i O6rapy)keHHOE  sBIEHHTE
V27 & 4y UJIOTHOH arperammm BHICOKO-
T, MK JUACHEPCHEX TBEPAHX YaCTHIL
OPH UX H3MeNbYeHWW H HPOC-
Puc. 2. Wamenbienme KBapme- .,o&  cmoco6 Jiesarperanan
BOr0 IIeCKa B 9KCIECHTPHKOBOM
MEIBHEN® ¢ aMmIATYIol Koje- HOSBOJMIM HONydaTh Gimskme
GaHEA 4 mM. K MCTHHHHIM 3HAYeHUA yeldb-
1— B Gyxom Bosuyxe Ges mesarpe- HBIX MOBepXHocTeir. B pesyims-
ggﬁgﬁé 51&53333332’;;,6?303%;5 TaTe 3TOr0 NOABHIACH BO3MOMK-
;(gln:“%%anzxi ccnggfggg?mggnﬁc}gggz HOCTH nccneAOBa}.HnH Jucmep-
Jble KPYWHKM) M B aneTone, Gensome ~THPOBAHHUA W JeiicTBHA noba-
Rk '(Iggggggmg}‘;‘mfgrpem‘ BOK JKUKOCTe Ha Ipomecc
Hm3MeJbU9eHNA TBEPALIX TEJI B
o0JacTE X BHICOKOH mmcmepc-
HOCTH. O(PPEeKTHBHOCTH [EMCTBHA JKHNKOCTEH mM3ydalach
B 3aBHCHMOCTH OT HX IPUPORH ¥ KOHOEHTPALWA IPHU Pasimd-
HEX MeXaHWYeCKAX YCIOBHUAX H3MEJbUYEHUA M JUCHEPCHOCTH
TBEPAKIX Tel. B KadecTBe HIOBEPXHOCTHO-aKTUBHEIX Cpef
OPUMEHANNCh, KpPOMe BOJEI, ameToHa, OeH30Ja W CIHEPTA,
TaKKe TPHATAHOJAMHH, HapaduH, 0JIemHOBAsA KHUCJIOTA, Base-
aun u Ap. IlockoIbKYy mO OTHOIEHHWIO K KBApIy BOHA SBIA-
€TCA OIHEM M3 CAMHIX aKTHBHHX BEMIECTB, 9TO BHIHO, HAOPH-
Mep, W3 3HAYCHHUH TemJIOTH CMadMBaHHUA KpeMHe3eMa BOJOM,
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meiictBme A06aBOK BOAH Ha [UCHEPIHPOBAHME KBAapHa H3y-
ganach Hauboiee mompo6HO.

IIpnBegennnie Ha puc. 3 m 4 MaHHHE OO0 WM3MEIbLYCHIIO
KBapIeBOTO II€CKa PAa3JWIHOM BJIAKHOCTE B BKCIEHTPUKO-
BOIi MeJBPHUIIE IPU aMI-
JHUTYE D MM YKABEIBAIOT
HA CHJIBHOE BIHSHUE Na-
/e O4YeHb MalHX [03
BOJH HA WHTEHCHBHOCTH
nucmeprupoBaHua. Taxk, s
y’Ke IIPH BJIAKHOCTH, PaB-
moixt 0,04%, wHTEHCHB-
HOCTh [MCOEPTHPOBAHHA
3aMETHO BHINe, 9€M NpPH
moMoJjie B CyXOM BO3ZyXe,
I PE3KO BO3PAacTaer ¢ yBe-
JIHYeHHeM BIKHOCTH [0
1%. Ilpm panbHeiimem < 7
YBEJINYEHNHN COJePKaHUA 4,9,__-;

7
]

-

74

Bogu or 2 mo 30% mu-
TeHCUBHOCTH [HCOEPTHPO-
BaHOA 3HAYATENHHO CHH- .
maercsa, a opu 30—40%
CHOBA DPE3KO BO03pacTaer
X JOCTHTaeT ONTHMAJb-
HHX YCJOBHU mpH mepe- -
xome K momoay ¢ 50—

/4 a0
T, MUk

Pmc. 3. Hs3mexbuenme *” KBapoeBoro
mecKka B SKCIEHTPHKOBOX MeJIbHHI®
C AMINIUTY[OX KomeGaEmiz 5 mx.

80% BomH.

CHu)KeHHe WHTEHCHB-
HOCTH [HACIEPTHPOBAaHUA
OpH YBeIMIEHHH COHep-

1 — B cyxoM BO3gyxe Ge3 mesarperauuu,
2 —c 1,2% Bopmsl, 6e3 pmesarperauum, 3 —
B aleToHe Ge3 pesarperauuu, 4 — B CYXOM
BO3AyXe C pmesarperaumeit, 5, 6, 7, 8 —
cooTtBeTcTBeHHo ¢ 0,04, 0,2, 0, 4 1, 2% BOJH
C mesarperauuei, 9 — ¢ 80% BOAHI (CBETJIRIE
KDPYKKI) MJIM aUeTOHA (TeMHbIe KBaZpaTHl
C nmesarperarmme .

JKaHHA BONHL HAXOJHT
obbsicHeHEme NpHE  pac-
CMOTpEHIH MeXaHHIeCKHX CBOMCTB BJIAsKHOTO mopomka. Kak
IOKA3HBAIOT HabMIOfeHWs, Macce M3 TOHKOMOJOTOTO KBapra
¢ BJIQKHOCTHI0 HECKOJBKO HPOIEHTOB HPUCYIMa 3HATHTENb-
Hasd BASKOCTH I MPOYHOCTH, ITO BHI3HBAET IPMIMIAHAE IACTH
DOPOIIKA ¥ INapoB K CTeHKAM NOWJIMHAPOB U TeM CaMHM —
yMeHbIIeHHe WHTEHCHBHOCTH AHWCHeprupoBanms. MoykHO mo-
JIlaraTh, YTO TAKHe MeXaHWYeCKHe CBOMCTBA BIAyKHHEIX IIOPOII-
KOB CBf3aHH C 00pa3oBaHHEM KOATyJIANUOHHHX CTPYKTYD
B CHCTeMe, COCTOsAmeil W3 4YacTHI KBApIEBOTO IECKa,
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COEIMHEHHEIX  MeKAY Co00H  TOHKMMHE  DpPOCIORKaM:
BOJIHI.

CpenHIOl TONMUWHY HPOCIOEK BOME MEKAY 9aCTHIKAMHE
TBEPJOTO TejJa, COOTBETCTBYINYI0 Hadaldy o6pa3soBaHEA
KOaryJANUOHHHX CTPYKTYD (MaKCHMyM Ha KDHBHX pHC. 4),
MOKHO OIPEAEJHTh W3 HAIIMX ONBITOB 0 M3MEPEHHHIM BeIH-
9EHAM YAeJbHON HOBEPXHOCTH U COAEPIKAaHUI0 BOAH. ¥Ym100HO

g, %o

Puc. 4. BamsaHue cofep:KaHWA BOJH HA HMHTEHCHBHOCTb N3MEJIbYCHUSA
KBapIeBOTO IIeCKa.

Kpussie 1, 2, 3, 4 cOOTBETCTBYIOT 2, 4, 8, 16 mun nmomona. IIITpUXOBEIE KPUBbIE —
0es mesarperauuu.

TOJNMWHY TAKAX INIEHOK BEIPAKATh YWCJIOM HACHIEHHBIX
MOHOMOJEKYJIAPHEIX CIO0EB HA NOBEPXHOCTH IACTHI] IOPOIIKA.
KoumuecTBO BOMEI, COOTBETCTBYMOINEE OTHOMY HACHIEHHOMY
MOHOMOJIEKYJIAPHOMY ciiolo, paBHoe 0,26 mz/m?, BEHUMCIsAET-
Cs, WCXOOA W3 MOCAJOYHOM IUIOMAJKH MOJIEKYJH BOMH,
pasuoit 11,5-10-16 c¢mu? u ee Beca 18,1.10-2¢ 2 (paccumTh-
BaJUCh 0 3HAYEHUAM TIUIOTHOCTH JKHMIKOM BOJEL).
} U3 pacderoB mo mMaHHHIM puC. 4 cleqyeT, 9T0 MAaKCHMYMH
KPHUBHIX COOTBETCTBYIOT 00pa3oBaHMI0 HA HOBEPXHOCTH IO-
POIIKOB (K MOMEHTY OKOHYAHHS IIOMOJa) OXHOTO HACHIIEH-
HOTO MOHOMOJIEKYJISDHOTO CJOSI BOMHL.

MoxHo mosaraThb, 9TO HamMeHbImas 3PPEeKTHBHOCTD H3-
MeiabueHns (MAHEMYMBL Ha KDHBEIX DHC. 4) COBIamaeT co
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3HAUeHHeM HamboJbIIel HPOYHOCTH KOATYJIANUOHHON CTPYK-
TYPH BIaKHOTO mopomKa. Taxkag HamMeHbINas 3(dexrTus-
HOCTH HOJYYaeTCsi UpPH CpefHell ToamuHe 060JOYeK BOJH
BOKpPYr 3epeH kBapuma B 5—10 HACHIIEHHHX MOHOCJIOEB.
Ilpm panpHeiimieM yBEJMYEHAH TOJIMAHK IPOCIOEK BOMIH
MEKAY 9YacTHIKaMH NIPOUCXONHUT OocialbieHme KOaryiAAnuoH-
HO# CTPYKTYpH, YTO W OPUBOJAT K IOBHINEHHI0 HHTEHCHB-
HOoCcTH m3MeidbueHus. Ecam ke copmepikaEme KHTKOCTH Ta-
KOBO, 9YTO CpeJHAA TOJMEHA 000J09eK MOKeT COCTaBUTH
okoino 40—100- momocaoes (~0,1—0,02 mrm), mansHeiimee
VBeJIMYCHHEE BJIAKHOCTH, KAaK MOKA3HBAKT 3JKCIEPUMEHTH,
oKxasnBaercs OeapesyapraTHHM. ORHOBpeMeHHO Takume 000-
JIOYKM BOJH HAJE/KHO IPEJOXPAHAIOT YAaCTHOH IOPOMIKA OT
arperanud. Ilosy4ennne fanHEe HAXOAATCA B IOJHOM COTJIA-
com ¢ Teopmeidl KOAryJAIUOHHOTO CTPYKTypooOpasoBaHwms,
COIJIACHO KOTOPO# IIPOYHOCTH TAKHX CTPYKTYpP OIpeneis-
€TCsI BaH-EP-BAaJbCOBHIME CHJIAMH, 3(PPeKTHBHOCTH Hei-
CTBUA KOTOPHX PAaCIpPOCTPAHAETCA BCETO HA HECKOJIBKO MOJE-
KyJApHHX paguycoB [65, 66].

Takum o6pasoM, o6pasoBaHHE KOATYISIHOHHHX CTPYK-
Typ, Ha paspylIeHWe KOTOPHIX 3aTPAYMBAETCHA 3HAYATEIbHASA
HOJSA 9HEPTUH MEJBHHUIE, SABJISAETCS BeChMa Ba)KHEIM (aKTO-
POM B mpoljecce AMCHEPTHPOBAHMA C MaJbMH H0GaBKaM:
K CyXOMy HIODPOIIKY IIOBEPXHOCTHO-aKTMBHHIX BemecTB. IIpe-
HeOpe)keHme 3TUM (AKTOPOM HPH MCCIEOBAHMHM H3MeJbde-
HUA TPHBOAAT K HENPABHJIBHHIM BHBOLAM OTHOCHTEIBLHO
MCTHHHON BeaumauHB d3PdeKrTa 00JerdeHusa MUCIEPTrUPOBAHTA
¥ TOHIKEHHMS OPOYHOCTH TBEPHABIX TEJ.

MakcuManbHasgs MHTEHCHMBHOCTH JHUCOEPTHPOBAHMSA, KaK
9TO BHAHO U3 PHC. 4, 1usA 2-, 4- 1 8-MUHYTHOTO IOMOJIA [OCTH-
TaeTcd NpPH TOJINEHE COJNbBATHON 0GOJOYKM BOJH B OLUH
MoHocaoit. HeckonpKko MeHbInee 3HaYeHUe yAeJbHOM IOBEpX-
HOCTH B MAKCEMYMe KpHBOi1 16-MUHYTHOTO IOMOJIA 110 CpaBHE-
HOIO CO 3HAYEHHEM, COOTBETCTBYIOIUM GOJBIIOMY KOJIMIECTBY
BOJB, OOBACHAETCA 3aMe[JIEHHEM CKOPOCTH [HCIEePrupoBa-
HOfA HAa HAYaJIBHHIX CTQAuAX IIOMOJA, KOTAA TOJIAHA 000-
JI0OYeK BOXHL B DTOM CJydYae 3aMeTHO HPEBHINAET MOHOCJOM.
Taxum o0pasoM, YCIOBHA HBMENLUYEHHS C KOJHIECTBOM
KETKOCTH, COCTABJIAIMAM ONWH HACHIIEHHHHA MOJEKYJIAD-
HH# CJI0H BOKPYrI TBEPAHX YacTH4eK, ABIAKTCA Hamboiee
BRHITOJHHMEA. JTO 0COGEHHO XOPOIIO BHAHO, €CJIH BHYHUCIHATH
CKOPOCTh [HCOEPTUPOBAHHA B B3aBHCAMOCTE OT TOJIEHE
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000/109€K, BHpPa)KEHHON B 9HUCJIe MOHOCIOEB JKUAKOCTH, KaK
OpefCcTaBIeHO HA pHC. O. [laHHbIE @O CKOPOCTH AHMCIEPTHpPO-
BaHHsA OHIE HOJNydYeHH myTeM AuddepeHnEpPOBaHMA KDPHBHIX
puc. 3 1 4 ayis yHeabHOR HOBEePXHOCTH mMOpomKa 25 u 35 m?/e..
Hucmepcuocts B 25 um 35 Mm%/z Onira BrOpaHa B KadecTse
nambosiee yno6Horo mpmMepa. M B papyrux caydsaax moso-
JKeHMe MAaKCHMyMa OCTaeTcAa BOIU3M ONHOTO HACHIEHHOTO
MOHOCJIOSI, XOTSI €r0 BeJWYHHA H3MeHsercsa. JleBag BeTBb

j‘-

4

1 ! 1 1 1

7z F 4 5 4
m/S , 8 moocnorx

Puc. 5. BinAnue KOHIEHTPAlLAA BOLK HA CKOPOCTh N3MeJIbUeHNA KBapIa.
1 — 25 m?/e, 2 — 35 _Mz/e.

KPHUBOA CKOPOCTM AUCIEPTUpPOBAaHUA 00yciaoBieHA 3PdeKrToM
obileruenys paspylIeHHsA B aKTHBHOM cpefe, TOrMAa Kak Ipa-
Basg — o0pasoBaHmEM KOArYJANMOHHBIX CTPYKTYp. DBoab-
mas KPYTH3HA KPUBHIX CKOPOCTHM [AHCIEPIMPOBaHHA IO 06e
CTOPOHH OT MAaKCHMyMa YKashiBaeT HAa HCTOYHHK 3HAYHUTEJb-
HHIX OIINGOK IpHU U3YIeHHH HEeHCTBUA MAJHX H006aBOK BOAH
Ha CKOPOCTH 3TOoro mpomecca. HeGonpinne HETOYHOCTH B J03H-
POBKe BOIOH W B M3MEPEHHAX HUCIEPCHOCTH MOTYT IPHUBONATH
K CYIIECTBEHHO PAa3HBIM pe3yjabTaTaM. OTO HEOOXOQUMO IIpPH-
HEMATh BO BHHMAaHME IPH OLEHKE BEeJWIMHEl COPOIHOHHBIX
apexToB.

Citemyer 0co60 OTMETHTH, YTO MeMCTBME MAaJHX K00ABOK
JKUTKOCTH CTAHOBHUTCA XOPOIIO 3aMETHHM W IPU KOHIEHTpA-
IMAX, 3HAYATENbHO MEHBUIMX OIHOTO MoHOCHOsA. Taxk, mo-
6aBka Bogsl mopsagka 0,04%, koTopas Ha mOpOIIKE C YAeNb-
HO#l moBepxHocThI0 15 M%/z cocTaBnsier mpumepHo 0,1 HachH-
MEHHOT0 MOHOMOJIEKYJSAPHOTO CJOS, YBEeJIWYHBAET CKOPOCTH
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HA3MeJBUCHNSA IPH 3TOH AWCIHEPCHOCTH IpHAMepHO B 2,5 pasa
M0 CpaBHEHHIO CO CKOPOCTHI0 HM3MeJbueHHA Oe3 moGaBoOK.
N36aBrTECA OT TaKHX CIA0GHIX CJIEXOB BIArH B pPEaJbHHX
YCI0BHAX HQITH HEBO3MOKHO, TAK YTO HA CAMOM [ejie Hadalb-
HHE CTajuN AUCHePIIPOBAHHUS INPAKTHIECKHA BCETAa IIPOXO-
IOAT B NPHCYTCTBAU mapoB Boxsl. Ilo Mepe yBenmuenmsa pmmc-
OepPCHOCTH IOBEPXHOCTHAS KOHIIEHTpAOdsA IIapoB B TIepMe-
TAYHHX OUWINHAPAX YMEHBIIAETCS M IIOMOJ CTAHOBUTCH YiKe
(aKTHIECKA CyXmM. 31eCh YMECTHO OTMETHTD, 9YTO HaGIo[eH-
HHe bBPQeKTH uM3MeHeHHA [UCHePrEPYeMOCTH B o06aacTm
MaJsIX [00aBOK BOXK MOTJIHA GEITH 0GHAPYKEHE TOIBKO HA Jie-
3arperupoBaHHEX mopomkax. Hak mokasamno Ha puc. 4 (mTpu-
XOBHe KpPHBEHE) MOJEKYJIADHOILUIOTHAS Aarperamusa BECOKO-
IUCOEPCHHX YaCTAN, NOJHOCTHI) HABEIWPYET MAKCHMyM HH-
TEHCUBHOCTH M3MEJIbYCHHA B CIydae MAaJBIX 03 BOJIHL.

TaG6anmuma 2

Bananue MaabIX 100aBOK BOABI, Al[€TOHA, STHIOBOTO CIIUPTA U GeH30aa
' HA AUCIeprupoBaHHe KBapIa
(S[m2/e], npomomxuTenbHoCTh — 16 MuKr, aMpnauTygA — 5 MM)

CoxneprkaHue
HUAKOCTH, %, 00BeMa 0,0 0,5 1 3 6 9 12
KBapna
Bopma 19 25 41 52 — — 35
Aneror 19 26 33 43 56 48 68
Compr 19 21 28 41 62 59 60
Bensox 19 29 29 41 59 41 49

HeiictBue Mainx g00aBOK aleToHa, STHIOBOIO CIUPTA
un OeH30Jla HA JUCHEPTUpPOBaHMe KBaplia, KaK 9TO BUHO
u3 Taba. 2, BO MHOrOM IOZOGHO MEHCTBHIO MAaJbIX 103 BOJH.
N3 pgaumeix Tabu. 2 ciemyeT TakKe, 9TO BHICOKas (CpaBHU-
MaA ¢ fgedcTBmeM BOAE) 3PPEKTHBIOCTH AHUCIEPIHPOBAHUA
KBapila B ameToHe, OEH30Jle W CHMpPTE HE MOJKET OBITH OTHe-
CeHa 3a CYeT 3arpA3HEeHHA JTHX JKUAKOcTe#d Bomoit. B mpo-.
THBHOM CJIy49ae CJefoBal0 O OpeJuoJOKUTh HaJWIue,
nanpmmep, B Geusome oxoixo 30% Bomgw. Ha camom pere
coliepKaHme OpuMecedl B GeH30/ie 3aBEJOMO He IIPEBHIIIAJNO
1%. XapaxTtepHo, uro mobaBKM aimeToHa, GeHsosia, CHEpTa
B KOJMIECTBAX, COOTBETCTBYIOIMAX 00pa30BaHUIO KOATYJIsA-
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OHOHHHX CTPYKTYD, He IPABOAAT, KaK 3TO HMEET MECTO B CIY-.
gae [06aBOK BOJH, K CHIDKEHWI0 WHTEHCUBHOCTH H3MEJIbYe-
HEA. IJTa 0Co0eHHOCTh 00sA3aHA CBOMM IIPOMCXOKIEHUEM
CPaBHHUTENHHO O0OJIBINOA BelHIAHE MOBEPXHOCTHOTO HATHKE-
mua Bouul (o=111 spe/cm?) mo cpaBHEHWIO ¢ MOBEPXHOCTHEIM
5 HaTAKEHUEM [DYrHX JKAIKO-
creit (amerom o=23, Gem3ox
=29, compr o=22 apz/cm?).
OcobGernoct 06pa3oBaHWA Ko-
aryJIsAquOHHHX CTPYKTYP C Ma-
JEIM COAEP;KaHHEM >KHIKOCTeR
B flanbHeimeM OBIX TEOPeTH-
geckn paccmorpeHE I[yxm-
meM [60] m fAxmmamM [66],.
BHBOJH KOTODHX HANINH 9YKC-
IePUMEHTAaIbHOe IIOTBEPK/Ie-
HOe OpPA CTaTWIECKOM HCIEITa-
HAA Ha TPOYHOCTH HEKOTOPHIX
OECOEePCHHIX CHCTEM.
HeiictBme pgobaBox psAna
IPYTHEX JKUKOCTEH Ha aucIep-

S, MYz

3 L J
Vi Y i TApOBaHHWEe KBapuna, TaKHX,

7, muH KaKk TPUATAHOJIAMZH ¥ BOJXHEII
pacTBOp aMMHaKa, OKa3aloch
Pmpc. 6. llsMenpueHEe® KBapla [pakTHYECKH TaKOM ’Ke, Kak

C PABIUIHEIMA JO0ABKAMH. I feiicTBHe ManbX [00aBOK

1—c¢ 3% Tpua'raﬂonamnna 6e3 me-
3arperauv‘x’n 2 4, 5—0c 0,0, BOOBI, AameToHa, Oeuszona u
0,2%, 0,4%, 1 2% TpUBTaHOJAMMHA  CIIHPTA. B IIPOTHBOIIONIOK~

© Bosarperatuel, 6 u 7 “napagunow  HOCTB DTOMY J0GaBKE OJemio-
c neaarperal&ggﬁp&ﬁl;gfanbﬂble KOH- " Bojf KHCJIOTH U napad)m{a
(onTEMaNbHEE KOHOEHTPamHn),
TEeIJIOTa CMAYABAHMAS KOTODPHMY KBApIa 3HAYATENBHO HUDKE,
9eM y TNepeYHCIeHHEIX KUAKOCTEeHl, Mal0T 3HAYNTEIHHO MEHBb-
muit a¢dexr (pmc. 6). AHanormyHble pe3yIbTATH IOJYIEHBI
‘M ¢ pobaBKaME K KBapLEBOMY IIOPOIIKY Ba3eJMHOBOTO
MacJia.
PaccMoTpuM Temeph BIMAHNE IUCIEPCHOCTH IIOPOIIKA
A MeXaHHIeCKMX YCJIOBUIl M3MeNbUeHWS HA BEJIUIUHY COPO-
nmoHHOro 3»PdexTa 06JerdeHUA AECHEPTHPYEMOCTH KBapia.
W3 upmBemeHHbx Ha pumc. 2 um 3 JAHHHX BUIHO, YTO POJIb
JREIKOCTEH IO Mepe POCTa NHCIePCHOCTH IOPOIIKOB CTAHO-
BHTCA Bce GoJiee CymecTBeHHOH. TakK, CKOPOCTH AUCOEPTHPO-
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BaHWA CPABHUTENBbHO KDPYNHHX YAaCTHI IPH HIPOJOKHTENb-
HOCTH U3MeJIb4eHNA MeHee 2 MUH Mal0 W3MEHSETCA OT HmpH-
cyrcrBua Bopu. IIpm Gosee mamTepHOM N3MEIbICHAN B CYXOM
BO3IyXe POCT yAeJIbHON NOBEPXHOCTH HPEKPAaeTcsa, a B BOJI-
HOM cpefe CKOPOCTH IOUCIEPTHPOBAHMA OCTAETCSH 3HAYATENb-
HOH fake s IOPOUNIKOB C YHEJAbHON IOBEpXHOCTHIO 60—
70 m%/e. 3aBumcumMoCTb
saperra obaerdenns guc- 9 (
NeprupoBaHUA OT [HC-
NMEePCHOCTA IOPOIIKOB M 7/ ¢ J
MeXaHAIeCKHX CBOHCTB
W3MeIbUHTeNA  yHoOHO
OLIGHUTb, NPHHEMAS 3a
Mepy aToro sdpdexra Be-
amauny (S,—5S,)/S,, rme
S, — ymeapHadg IOBepX-
HOCTh IPH IIOMOJIE C BO-
noit, S, — ymeapHas mo-
BEPXHOCTB CYXOT0 IOMOIa v | . |
TOM ke [JINTeJIHHOCTH. Y7 : W
Jauuste pmc. 7 HOKa3H- S, M2z

BaloT, TI0 BAMAREO BORN Puc. 7. 3aBEHCEMOCTh BeJMYMHH af-
BO3PACTAET C YBOIMEE- 06 yommoro sddexTa obIerdenns na-
HHEEeM [WCOEePCHOCTA u

MeJbYeHHsA KBapma OT JAUCHEePCHOCTH
IpU YMeHbIIEHUW AMIUIA- 1pn PasiMYHHX HHTEHCHBHOCTAX IIPO-

(552)/%

TyAe KojJebaHWi Merb- necca.
HHOBL C 5 o 3 mm. 1, 2 n 33— '?;mznmyna COOTBETCTBEHHO
IIpm mamenbueHM: 10 oA mS

I0CTATOYHO BHICOKOM MyC-
NepCHOCTH yaeibHAs NOBEPXHOCTh HOPOIIKA YBEJIMIMBAETCH
B 103—10% pas. B sToM cayuae MokHO npeHe6peds BIMAHUIEM
3arpA3HEeHAR KBapma CyXoro IoMOJIa IePBOHAYAIBHO afcopou-
POBAHHOM BIIaroil B pe3yipTaTe 09eHb 3HAYATEIHLHOTO YMEHb-
NIeHHSA €e II0OBEPXHOCTHOA KOHIEHTpammu. JTO 06CTOATeNdb-
CTBO II03BOJISIET OLEHHWTh BIUSHEE CPENEl B CPABHATEIBHO
KOPPEKTHHX yciIoBuax. Kak IOKA3HBAOT 3KCHEPAMEHTANb-
HEE JaHAbEe, 50eKTUBHOCTH AUCIEPTUPOBAHAA B HEKOTOPHX
KOIKAX cpefax BHIIe B 5—7 pas, 9eM IpH IOMOJIe B CYXOM
BO3yXe C TAKUMH jKe 3aTpPaTaMW SHEPTHM.

Takume Ooapmme 5PPEeKTH YBEIMICHAS WMHTEHCHBHOCTHA
AMCOePrupOBAHMS, BHI3BAHHHE [eACTBHEM CpefH, IpHOanm-
JKAIOTCA IO cBOell BeawumHe K dPPEKTaM NOHWKEHHA NPOT-
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HOCTH MeTaJIMIeCKMX MOHOKDPHCTAJJIOB IOf BJIMAHHEM TOH-
KHX SKAOKEX MeTajiamiecKux wmokphTmit. Cronp Goamimoe
3HaYeHne coponuonHOro sgderTa yBeqIndIeHNs NHTEHCHBHOCTH
OUCIEePTUPOBAHAA COIPOBOKIAETCH BHAYATEIbHEIM (pacuer-
HHIM) CHI;KEHHEM IIOBePXHOCTHOH 5HepruM KBaplia B BOJie
M [Apyrax KagKocTaX. IloBepXHOCTHAsA 3HEPruA KBapia
noumkaerca ¢ 980 apz/cm® B Bakyyme mo 416 spz/cm® B BOpE,
a amopduoro kpemueseMa — ¢ 275 gpz/cm® B BakyyMme J0
130—80 spz/cm® B Bome [64]. AT mamHbie MO3BONAT OMKH-
IaTh CHIPKEHWS MPOYHOCTH M IUIACTHIHOCTH KBapla W KpeM-
He3eMa NPUMEPHO B 2 pasa, 9T0 B KOHEYHOM HUTOTE M MOKeT
BHI3BaTh HabaomaeMere 5QQeKTEHI.

OTMeueHo Tax)Ke BecbMa O0OJbIIOE YBeJIWMYEHWE WHTEH-
CHBHOCTH H3MEIbYEHHS METAJJIOB B NPHUCYTCTBHM ancops-
[HOHHO-aKTUBHHX pacmiaBoB. Tak, BBemenme 3% ramaus
B nmHK mpuBopmt K 200-KpaTHOMY CHISKEeHHI0O DabOTHL ero
pucuneprupoBanmst  [67]. IloBepxHocTHas »5Heprms IWHKA
¢ 3% ramnmma ymeupmaerca go 200 spz/cm?®, Torma Kak mias
gucroro nuaKa oHa pasHa 830 spe/cm?. Omuaxo, xax ObLIO
moxkasano Ha upmmepe rpadmra [57] u xBapma, BBemenue
JKUIKOCTE He BO BCEX CJydadaX NPHUBOAUT K COOTBETCTBYIO-
meMy yBeamdeHnio 3¢dexkTmBHOCTH m3MenbueHuA.llpmannamMu
3TOT0 OKa3ajJuCh pa3iWdHbe ABJIEHHsA, Takme, Kax obpaso-
BaH@e KOAryJIAIUOHHEIX CTPYKTYP, arperanus 9acTul, YMeHb-
nIeHne Koatbcimune}m‘a TpeHus, o0yCIOBIEHHEE B 3HAYUTEb-
HOl Mepe CBOHCTBAMHE H3MEIBIAEMEIX TBEDHBIX Tedl.

IIpE mCCIe0BaHAY AEMCTBHSA REIKEX CPeJ HA M3Meabua-
€MOCTh KaJNbIHATa, KODYHAA, TajbKa, PyTWIa, IJIHHO3EMa,
CHAKATHOTO M KBapIEBOr'0 CTEKJa, IEMEHTa BHIACHUIOCH,
9T0 MHOTHE M3 HEX AaHAJOTHYHO KBapIy CKIOHHE K 06paso-
BAHMUI0 IJIOTHHIX arperatoB, KOTODPHE JETKO pa3pymaloTcs
KpaTKOBpeMeHHKM moMojioM ¢ Bomoi., [IpemeGpesxenue
TaKof arperammeil BHICOKOAMCIEPCHEIX YaCTHI IPHABOLHAT
K BHAYATEJIHHEIM HCKAKEHHAM pe3yJbTaToB M3MeJlbueHNs
¥ B Apyramx ciydaax. Tak, HampmMep, U3 ONHTOB C KalbIH-
TOM OBUIO HONY9€HO, YTO AUCIHEPCHOCTH MOPOINKOB 6e3 mx
nesarperanum B Ciydae IIOMOJIA ¢ MAJEIME [03aMHA OJEeWHOBOR
KHCJIOTH WJIA TPHATAHOJAMHHA OKAa3ajach HAMHOTO HEKe
OHMCIePCHOCTH NOPONIKOB, M3MENbYeHHHX ¢ Bomoi. OmEaKo
Ooesarperanmus NPHBONAT K MHOTOKPATHOMY YBeJIHICHUIO
JAUCIIEPCHOCTH NOPOIIKOB, HM3MEJIbIEHHHX C TPHATAHOJIAMH-
HOM W OJIEMHOBOI KWCJIOTOH, M K 3HAYHTEJIBHOMY yBEIMICHUIO
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BUCOePCHOCTH IOPOIIKOB, M3MEJbYeHHHX B CYXOM BO3[yXe.
IIpm sTOM BHIACHMIOCH, YTO NOGABKM TPHATAHOJAMHHA [AIOT
Hamboabpmuit ddPgext, MOOABKE OJNEeXHOBOM KHCJIOTH — HE-
CKOJBKO MeHbIINHA, a BOAK — eme MeHbmmi. OTHOCAIMEECT
K 9TOMY JaHHBEIe HPeACTaBIEHH Ha pmC. 8.

Hopynp sBigerca ogHmM U3 caMbix TBepibX u abpasmB-

HHX MaTepmanoB. TomKoe aWcmeprmpoBanme KopyHAa ‘6es
m00aBOK IIOBEPXHOCTHO-aKTHB-
HEIX BEMECTB, KaK 5TO BHIHO
u3 pmc. 9, ABIAAETCA UPAKTH-
YeCcKH HeocymecTBUMHIM. Tak,
IpH M3MEJIBYCHHAH B CYXOM
BO3[yXe HE YHAeTCA MOJIyIUTH
IOPOIIOK C YHAEJBHOH IOBepX-
HOCTHIO Gosee 5—7 m%/z, B BOZIE
MOYXHO  JIeTKO  [JOCTHTHYTH
yaeanHO# moBepxuocta 50 m%/e,
970 O0JHMBKO K JHUCHEePCHOCTH
TMOPOIIKOB, IIOJYyIaeMHX OyTeM
Jermaparanau aJIloMoreJiei. | A !
Ilpm m3MenbYeHUH . KOPYHAA, g v 5
TaK ke KaK M KBapma, 3¢- z, My
($EeKTHBHOCTH MPOIMECcCa CHIBHO Puc. 8. VaMenbuenne KaJIbOATA.
3aBUCUT OT BJaAXXHOCTH IIO- 1— 1; 0YX01;[ g‘?anyxe Ges3 %leaal‘pel‘g_-
POIIKOB, 9UTO TAKIKE CBABAHO gon’ aeoacporaain b s oyson
¢ o6pa3oBaHEEM KOAryIANHOH- BodIyxec Jedarperamyolt, 4 c80%
HBIX CTPYKTYp, MEHBbIIE BJINA- KUCJOTH M ¢ 1,29% TpuUITaHOJAMMHA
HIe BOXH HA M3MeJbUeHMe TJIH- ¢ Resarperanued.
HO3eMa, IOJYYEeHHOTO JIeruapa-
rTaqueil amoMoreias. B oTimgme 0T KOpPYHAA, HPH CYXOM
U3MeNbYeHHN - TIHO3eMa He HaO0NII0JaeTcs 3aMeTHOH arpe-
raggd gacTun (WM Jesarperanum — IpH [AOMOJE C BO-
noif).

3HAYNTENbHO BIMAHNE IOBEPXHOCTHO-AaKTHBHLIX BEIIECTB
U OpHM M3MEJIbUEHUA aMOPPHHIX TBepAHX Tea. Tak, mampmmep,
OpH H3MeJNbUeHUW IJIABJIEHHOTO KBapma B CYXOM BO3[IyXe
I C BOJOM KHHETHKA POCTA Y/EeJbHOH IOBEPXHOCTH COOTBET-
CTByeT TaKoBO#l JJaA KpmcTajaimieckoro ksapma (pume. 10).
B sTroM cayuae Takke HaOMIOMAaeTCA 3aBUCHMOCTH HHTEHCHB-
HOCTH [WCIePIUPOBAHUA OT BIAKHOCTH HOPOIIKOB M arpe-

ramusa YacTHI[, OPUBOAAMAA K YMEHBIICHHIO yAeJbHOH mo-
BepPXHOCTH.

8, MYz
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CpasauTenbHo Madue 3GPeKRTH HaGMOIAIOTCA IPA JACTEp-
THPOBAaHMM C BOMOM PYTHIA M CHIHKATHOI'O CTEKJA. ITOT
$aKT OGBACHAETCA, BO3MOMKHO, XMMHYECKOH AKTUBHOCTHIO
PyTmia H CTeKJa @m0 OTHomeHuMI0 X Boje. OOpasymomuecs
BOJIM3M IOBEPXHOCTH 9YacCTHYCK BOJHHE DACTBODHI, IIO-BHAH-
MOMY, 9aCTHYHO CIOCOGCTBYIOT 3aJI€YMBAHUI0 IOBEPXHOCTHEIX
TPEiiH aHAJOTMIHO TOMY, KaK 9T0 HabIomamioch mpu HCcie-
IOBaHEM IPOYHOCTH KaMeHHO# coum [44, 45, 54]. Bosmoxmo
TaKyKe, YTO STHM MaTepuajaM CBOMCTBEHHA 0€060 mpouHas

J
E74 2
X
0
W % 7
5 7
" 1 1 1 1 J
/4 V7/4 E74
T, My

Puc. 9. Hamenbuenne B SKCIEHTPHKOBOH BHODOMEIBHHOE KpPUCTAJJIH-
YeCKAX NIOPOIIKOB:

1 — KODPYHA B CYXOM BO3yXxe, 2 — KOPYHR ¢ 10—30% Boan, 3 — KOpYHR ¢ 80%
BOMBI, 4 — T'JINHO3eM B CYXOM BO3JyXe, 5§ — IJIMHO3eM ¢ 80% BOXHE, 6 — DPYTHI
B CYXOM BO3nyxe, 7 — pyrua ¢ 809% BOQH.

MOJIEKYJIAPHOILUIOTHAS arperanusa 4acTHI[, TAK 9TO IpH OOHYI-
HOM B HAIIEX ONHITAaX [[OMoJie ¢ BOJOH MX arperaTsl He pac-
napaiorcs. Bo BesikoM cayuae, ABIEHHASA [e3arperanuau IacTHI]
pyTHia U CTeKJa He o0OHapy)keHo. BmecTe ¢ TeM mpodYHOCTH
CTEeKJIa M PYTHJIA 3aMEeTHO HHKe MPOYHOCTH KOPYH/IA 1 KBapma.

ConenupuaHOCTD [EACTBHA JKUAKAX CPEN Ha AHCIEPTHPO-
BaHHe 0COOEHHO SAPKO HPOABISETCA B CiIydae TajbKa, OTJIH-
9UTENHHOM O0COOEHHOCTHI0 KOTOPOTO ABJSAETCS IJIACTHHYIATOE
crpoerne m amopobuocTs. Hak moxkasmBaioT, MaHHEE, Iped-
craBieHHEe Ha pmc. 11, Manbie mo0aBKE BOJH, ameToOHA
un compra (Tak jXe KaK M A KBapha) BHBHBAT CHAYAIA
3HAYATENbHOE MOBHINEHAE MHTEHCHBHOCTH AUCIEPTHPOBAHHUA
ranbka. OfEAKO HaJdbHelIee yBeJWdeHHe COXEPIKAHHSA IKU[I-
KOCTeH, B IPOTHBONOJOKHOCTH TOMY, KaK 3TO HMEJIO MECTO
0JS KBapma, He IOBHIIAET CKOPOCTH JUCHEPTHPOBAHHUSA.
Taxaa 0co0eHHOCTH mOBENEeHHS TalbKa 00yCIOBIEHA, Bepo-
ATHO, yMEHbIIEHHEeM Ko3pPHWImeHTa TpPeHHA B CHCTEMEe H3
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IOPONIKA K MEJIOMAX TeJ, 9T0 B CBOIO 09epelb BEI3BAHO CKOJIb-
/KeHHeM JPYT I0 APYTY MIOCKUX YacTHIeK, PasfeJeHHHX Ima-
pEKaM# HeCMAaTHBAIOMIeH KEAKOCTH. -YBeamdenne 3PpdeKTus-
HOCTH JWCHePTHPOBAHUA TAJIbKA, KAK M A IPYTHUX BEINecTs,
CBA3AHO ¢ copOmueil MePBOro CJI0S BOXH MM JPYIHX KUIKO-
creit. Pacuerw,%{momoGHEE TOMYy, Kakoii ORI cmelaH i
KBapma, IOKa3KBalT, YTO MaKCAMYM KpHWBHX Ha pumc. 11
COOTBETCTBYET 00pasoBa-
HEI HacHmeHHOTo Mo- Y[
HOMOJIEKYJISIDHOTO CJIOSA
RATKOCTH. 3aMeTHOro0
YMeHbIIeHHS  yHeJbHOH
OOBEPXHOCTH IIOPOMIKOB
TalbKa Kak IPH CyXoM,
Tak W IPHE MOKDOM TIOMO- 27
e HaMm He oGHApYIKeHo. v
3HagnTeabHAs arpe-
ragua Habaogaerca mpu
W3MEJIbYCHAN  IEMEHTa
(pmc. 12). Wsmearuenme
B BHODAmMOHHON Mexb-’
HUIE B CYXOM BO3AyXe
BHIBEIBA€T CHAYaJa POCT,
a 3aTeM yMEHBIIEHHE ero
VIeJIbHOR IOBEPXHOCTH.
Heﬁonobmne RobaBKm oyle- ° 1, 2 — CIJINKATHOE CTEKJIO B CYXOM BO3NYXe
MHOBOH KHCJIOTHL Jayke - u c 80% Boaw, 3, 4, 5 — KBapIeBoe CTEKJIO
Ges nocnenymmeﬁ nesar- B cyxoM Bo3uyxe, ¢ 20% u 30% BoOmm.
peranmupm OPHUBOXAT K PO-
CTy AMCHOEPCHOCTH B MPOMOJIKEHME BCero moModa. Ilposectm
oOLIYEKIM TyTeM [e3arperaquio 9YacTHWI] IeMeHTa B BOJie He
ylaeTcsA BBUAY THApaTanu¥ KIXHKEDHHX MHHEPAJIOB.

Bea cOBOKYNHOCTH HAHHHIX IO HCCIEZOBAHHUIO [EHCTBHA
MOBEPXHOCTHO-aKTHBHEIX CpeJl Ha OPONECCH IUCIOeprapoBa-
HOA pPAa3IMYHEIX TBEPAHX TeJ IOKasHBaeT, 4To HamGolee
3 EeKTNBHEM OKa3HBAaeTCA IPHMEHEHWE IOBEPXHOCTHO-aK-
THBHHX BeIECTB NpPA JHCIEPTEPOBAHHA CAMEIX TBEPABIX
I XPYOKWX TBEPAHX Tel, TAKHX, KaK KapOOpyHHI, KOpYH.
z kBapn. C yMeHbIIeHWEM TBEPHOCTH MOHEDAJOB BJIHAHOE
cpel Ha WX W3MeJbueHHE pPesKo majaer. Beamamma sddexra
yGHBaeT B IOCIEZOBATENILHOCTH, COBHAfalOMel ¢ yOnBanmeM
TBepaocTH mo mxane Mooca (KOpyH/, KBapI, KaJAbIAT, TAIBK).

o
L

T, MUH

Pmc. 10. Vamensuennme amopduEIX mo-
POIIKOB B JKCIEHTPHKOBON BHGpO-
MeJbHHAILE.
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Puc. 11. Biansaname Bogu, cnUPTa X aNEeTOHA HA JUCIEPTEPOBAHHAE TAJIbKA.

Yucya y KPMBHX — IPOAOJIKHUTENIBHOCTh M3MeJbYeHMA; CONEepIHaHue HUJKOCTE!
AaHO B 06’I>BMHHX MIpPOILIeHTaX OT H3MeJIb4aeMOro TaJibKa.
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Pmc. 12. Bausirme OJ6MHOBOA KHMCJOTH HA QUCIePrapoBaHUe LIEMEHTA.
1— 3B cyxom Bosgyxe, 2 — 0,75%, 38 —1,5%, 4 — 3%.
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Ilonm:xenrme IPOYHOCTH WM IMOBHIIEHWE XPYIKOCTH TBEP-
OBIX TeJ B peayJjbTaTe cOpOIME He BCET[[a MOYKET OHITH 3aMe-
9€HO B IpOIECCaX AWCOepPTHpOBaHWsA. Bo MHoOrmx ciydasx
aTOT 9peKT MacKHpyeTcsi APYTMMH NOGOYHEIME ABJICHUAMH,
9T0 0COOEHHO PE3KO NUPOSBISETCA MJIA BHICOKOMMCIIEPCHHX
mopomkoB. Hak OHIIO moKasaHO BEHIIIEe, POJIB KUAKAX CpeX
NP U3MENbUYCHHM B3aKI0YaeTCs TakKe B CTAOMIM3YyIOMIEM
M [ie3arperupynomeM JeiACTBUH.

~

§ 3. Arperanus m aesarperanus BbICOKOJUCIEPCHBIX
TBEPAbIX YACTHI[ IPH MX N3MEAbYCHUH

Buime orMegasoch, 9TO yHAeJbHas IOBEPXHOCTh MHOTHX
BRICOKOIMCIIEPCHEIX TBEDABIX TeJ, HOJyJeHHBIX H3MeJIbIeHneM
auGo B CyXoM Bo3myxe, amb0 ¢ MAJTHMU J0DaBKaMd IOBEpPX-
HOCTHO-aKTHBHHIX CpeJ, YBEJIMYUBAETCH B HECKOJABKO pa3
[ocjie KPaTKOBPEMEHHOT0 IIOMOJIa HOPOUIKOB B BOAE. ITO
ABIeHne 610 00BbACHEHO 00pa30BaHMEM B IIPOILECCE M3MEeb-
9eHHs M pa3pylIeHHeM IpH [OMOJe C BOXOH O49eHb IJIOTHEIX
arperaToB M3 MEJIKHX 9YacCTHI[, HACTOJHKO INIOTHHX, YTO
IOBEPXHOCTh IIOP MEKAY YacTHIAMI CTAHOBUTCA HENOCTYI-
HOH mJA amcopOuUumm MOJIEKYJ asora. Takoe yBeaumdeHHme
YIeIbHOR MOBEPXHOCTH, KaK OBLIO NMOKa3aHO, UI'PAET BechbMa
CYIECTBEHHYI0 POJIb B M3YyYEHWUH IPOIECCOB AUCHOEPrApOBa-
HASA H 3acCiyKUBaeT OTHEeNbHOT0 W3yYeHHA.

IlOKa3aTeJII:CTBOM TOro, 49TO YyBeJlIHn4YeHUe y}.’[eJII:HOﬁ Io-
BEPXHOCTH, Ha0J0JaeMoe NIpPH KPaTKOBPEMEHHOM [OMOJIe
OOPOIIKOB B BOjie, 0053aHO Pa3pyIIEHHWI0 arperaTos, ABIA-
ercsi obparuMmocTh sTOro spdexrra. [leiicTBHTENBHO, eciam
yBeJWYeHNe YAEAbHOM HOBEPXHOCTM BHIBBAHO Pa3pyIIeHHEM
arperaToB IpHd AOMOJE B BOJE, TO IOMOJ B CYyXOM BO3yXe
BBHICOKOAMCIEPCHOTO MOPOIIKA MOJIKEeH cmoco0cTBOBaTh 00pa-
30BaHMI0 TAKMX arperatos, W yhelbHasdA MNOBEPXHOCTh HPH
3TOM JOJI’KHA YMEHBIIATHCA. IIOBTOPHBIA MOMOJI B BOMe IOIY-
9eHHHIX TAKHM IIyTeM arperaToB CHOBa NPHBENET K pOCTY
ymeabHo# moBepxHOCTH. ONIHTH HOKA3HBAKT, YTO yBeJIHYe-
HEe yAeldbHO#l moBepxHOCTH BmodHe obOparmmo. Taxk, -eciam
M3MeJIbYCHHEM C BOOM MJIA C APYTUMH KAJKOCTAMHA U IOCJIe-
gylomeil mesarperamumeil B BOJLe HIOJYYHTH IOPOIMKH C 00Jb-
IMON ymeJbHOX MOBEPXHOCTHIO, & 3aT€M XOPOIIO BHICYIIHMTH
7X ¥ MOJIOTH JONOJHUTENHHO B CyXOM BOBIyXe HMIX ¢ HeGOJb-
muMu Jo6aBKaMd BOAB M APYTHX KMIKOCTEH, TO yoeJbHasA
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MOBEPXHOCTH, KaK 3TO BUAHO U3 Talia. 3, 3HAYUTENBHO YMEHb-
maerca. IIpm mesarperauum — goMolie B BOJe MMOJYIEHHEIX
TaKUM IIyTeM IOPOUIKOB — WX yAeJbHAas MOBEPXHOCTH CHOBA
PEe3Ko BO3pacTaeT, mocturasg Jaub0 MCXOJHOH BEJIUIHUHEI,
ecqM WU3MeJbYaeMblii HOPOIIOK ObLI XOPOIIO IPOCYINEH,
aubo GOnbIIel, B 3aBUCMMOCTA OT AUCIEPCHOCTH IOPOIIKOB,
BBOAUMBIX [00ABOK ¥ BpPEMEHM TAKOr0 IONOJIHUTEIBHOrO
IOMOJIa.

Tabnuma 3

YMenbmenue yaelbHoil IOBEPXHOCTH BBbICOKOMCIIEPCHOrO
KBapIeBoro INopoinKa B Ipoljecce xoMoJa

VaenbHas moBepx- Ilo6aBku, IIpOROJKUTENB- YpenbHan
HOCTB 10 noMoJa, BecC. 0/0 HOCTB [OoOMOJa, TIIOBEPXHOCTh

Mz MUN T ocJie [o0MoJia

39 — 2 30

39 — : 8 20

39 — 12 15

58 — 16 28

58 1,2% Boxa 16 32

58 2,5% Boma 16 34

58 5,0% Boma 16 35

60 8,0% Boma 16 46

60 209/, Boma 16 61

60 40% Boma 16 140

T4 — 20 22

74 33% aueron 20 40

YMeHbIIeHNE YIEAbHON MOBEPXHOCTH HAOMIOTAETCA TaKiKe
¥ OpHU IIOMOJEe B CYXOM BO3AYyXe BEICOKOJMCIEPCHOTO IIO-
pommka xopyupa. Tak, manpmmep, 3a 16 mun momoiia ymeian-
Hasg IOBEPXHOCTh Tpex 00pasi0oB IOPOIIKA KOPYHIA YMEHb-
muaack ¢ 33 mo 8 m?/e, ¢ 41 mo 13 m%/e, ¢ 59 mo 19 m?/e.
YnienpHas IQBEPXHOCTH Kap6opyHma — kapbmpa KpeMHEA
ymenpmuiach 3a 10 muw ¢ 14—23 mo 10 m?%/z, nemenra —
¢ 10 mo 6,5 m2/z m 1. 1. OGpaTHMOCTH M3MEHEHHA yHENBHOR
MOBEPXHOCTH [OKA3HIBAET TAKMe, 4TO ITO ABJEHUE HE CBHA-
3aHO C IPOIECCAMHM XUMHIECKOTO B3aMMOJEHCTBHA KBapia
WIX KOPYHJA C BOJOH W, B 9aCTHOCTH, C HX PACTBOPHMOCTHIO
¥ OOCIEeIyIMUM BEOANEHHEM B OCafOK rejieil MPH BHICYIIH-
BaHHA 06pasmoB. PacTBopuMOCTh KBapma B BOfe IIPH HAJH-
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uun GONbIIOH IJIOTHOCTM IEHTPOB KPHUCTaJ/IM3AlUH B BHJE
TOHKOMOJOTHIX YacTHYeK CKOpee BCEro MOMKEeT IPHBECTH
TOJBKO K YMEHBIIEHHIO [UCIEPCHOCTH 3a CYeT IEepeHoca
BelleCTBa ¢ MEJKHUX dacTan Ha Goigee KpymHEe. B moapsy
3TOr0 K€ COO0paKEeHHsS CBHUIETEJIHCTBYET M TOT (PAKT, dYTO
OMHAKOBHE II0 /HCIEPCHOCTH HeJe3arpermpOBAHHEE IO-
POIIKY, W3MEJIbUEHHEE C PasHHIMHU M00aBKaMu WIM OPH pas-
HOM IPORO/IKMTENHHOCTM M [ie3arperMpOBaHHEE B COBEp-
HIEHHO . ONMHAKOBHIX YCJIOBHAX, HPUOOPETAIOT CYIECTBEHHO
pa3iudHbEe YHEJIbHBE IOBEPXHOCTH, II0 KOTODHIM 3aTeM
MO}KHO TOCTPOUTH KPHUBHE KHHETHKHA M3MEJIbIEHHS C MOHO-
TOHHO BoO3pacTameil (QyHKuued IUCIEPCHOCTH.

W3Menennme yneapHONl MOBEPXHOCTH B IPOIECCAX M3METb-
4eHUA HEJb3SI TaKke 00BACHUTHL 00pa30BaHHEM H pas3pymie-
HUEeM IIPOCJIOEK W3 Telisi KPEMHEKHCIOTH MEMKIAY IacTHIKAMMI
KkBapna. JlefictBuTenbHO, arperaTol Bcero Jydmie o0pasy-
I0TCA TIPM TIOMOJIE B CyXOM rase WM BakyyMe, KOT[[a TaKme
IPOCJHOMKM He MOTYT OHTH IOJAYYEHH, M 3HAYATENBHO XYiKe
¢ ManmMu fobGaBKaMum Bomel m Apyrmx sxmpgxocreir. C aroit
TOYKU B3PEHMA HENb3s ObUI0 OH TaKke OOBACHATH HAJIHIHE
arperaToB NIOPOUIKA KalbOUTa, KOTOPHI HPH HOPMAJIbHEIX
ycaoBuAX 00pasyeT TOJIBKO OYeHb CJalhie PacTBOPH.

YMeHbIIeHHEe YAEJbHON IMOBEPXHOCTH HAOI0ANI0Ch paHee
OPU CYXOM M MOKPOM IoMoJie cmimkareias [64]. dro asiaennme
OEITIO 0G'BACHEHO IEePEeHOCOM BelecTBA JHMO0 IO BIHAHHEM
BHICOKMX TeMIEpaTyp B MecTax KOHTaKTa, Am00 9epes pacTBop,
9T0 B 060MX CiIydasX NPHBOAAT K BaKPHTHI0 HOP M, Kak
clleficTBHe, K YMEHBIIEHHIO YJeJIbHOM HmOBEPXHOCTH. Tarmm
00pa3oM, yMeHbIIEHHE Y/EJbHOH IIOBEPXHOCTH CHJIMKATeJs
00A3aHO HAJAMYMI0 B HEM IIOPHCTOH CTPYKTYpPH H CYIIECT-
BEHHO OTJIMYAeTCA OT IOLOOHOTO ABJIEHHA [JIA HEIOPHUCTHIX
TOHKOMOJIOTHIX IIOPOINKOB.

MonekynsapHomnoTHas arperamma  BHICOKOJMCIEPCHBIX
HEIIOPUCTEIX IOPOMIKOB, IOJYYeHHHX IIyTeM XWMHIECKOTO
OCajKIeHHA, OPOTEKAeT HECKOJHKO CBOeoGpasHo.

IIpuBepennsie B Tabia. 4 gaHHEE MOKA3HBAIT TaKike, UTO
B OTJHYMe OT IIOPOIIKOB KBapma y/ejlbHas IOBEPXHOCTH
aspocmia, paBHas mnepBoHadambHO 200 M2%/2, ymMenbmaerca
He TOJNIbKO HOPH HM3MeJbYeHHH B CyXOM BO3AyXe, HO W IpPH
u3MeJbYeHH® C BOJoil. B 3HaumTenrHO MeHbIIEH CTeDEHH
IPOHUCXOAMT yMeHbIOIEHHE €ro [AHCHEPCHOCTH IpH IOMOJe
C ameToOHOM WU COHPTOM. B 3TmX ciyZadx Ha Ha9aJIbHOM
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sTame mMeeT MeCTO Hajke HEeOGOJBIIOW POCT AMCIEPCHOCTH,
9T0 00BACHAETCA YPE3BHIANHO Maloil PACTBOPUMOCTHIO KPeM-
He3eMa B BHODAHHHIX JKAAKOCTAX. XapaKTepHO, UYTO YMEHb-
mieHWe YHeJbHOH IOBEPXHOCTH a3pOCHIa IPOMCXOAAT Heol-
parmmo. OOH9HBIH KPAaTKOBPEMEHHEIH IIOMOJ ¢ BOJOH MOJO-
THX B BHODOMeJBHHUIle NOPOIIKOB ad’pOCHIa He IPUBOIUT
K 3aMETHOMY pPOCTY HX YAeJIbHOH IIOBEPXHOCTH.

Tabnuma 4

Hl3smMenenne yneabHoii moBepxHoceTn [nx2/2]
aspocuja B mpounecce IomMojia
B JKCIeHTPHKOBOi MeJbHHIe

IIpomoNKUTEJIBHOCTD N3MeJIbYeHU A, MUH
Cpena
2 16 32
Boaayx 60 17 23
Boga 172 157 184
A11eTOH 230 146 —_
Cnupr 252 186 —

ITo-BummMoOMYy, arperaTsl BHICOKOJUCIIEPCHBIX YACTHI 00pa-
3yITCA B pe3ylbTaTe Pa3BHBAaeMHIX B MEJHHHIE JOCTaTOYHO
60/IBIUX BEICOKOYACTOTHEHIX MEXaHWIECKUX BO3[EACTBHIA, KO-
TOpHle BHHYJKJAIOT TPYOOH 9acTHI B MeCTaX KOHTAaKTOB
LIapOB NPHHATH HOJOMKEHHE IUIOTHOM ymakoBKHU. JIerxoctb
Pa3pymIeHHA MOJEKYJISPHOIUVIOTHHIX arperaroB IPH OMOJE
B Bofle 0 CPaBHEHWIO ¢ HePa3pYMIEHHHIMU YaCTUI[AMHA CBH-
JeTeqbCTBYeT 06 MX Majoil (110 CPaBHEHWIO ¢ MOHOJUTHHIMH)
OPOYHOCTH, 9TO MOKHO OOBSACHUTH TOYEYHHIM XapaKTepOM
KOHTAKTOB MEKIY YaCTHIaMH.

OGpasoBaHHEIE IIpM HM3MeJbUYEHHU AarperaThl IIPOSBISIOT
cebA He TOABKO [0 M3MEHEHMIO YIEeJbHOH IOBEPXHOCTH
OOPOIIKOB, HO MOTYT OBITH HEMOCPELCTBEHHO . HAGIIONEHHI
¢ IOMOIBI0 9JIEKTPOHHOTo MuKpockoma. Ha npuwBemeHHEIX
mukpogororpadusax (pumc. 13) xopoimo BugHA pasHHUIA B pas-
Mepax arperupoBaHHEIX M HearpermpoBasHhX dactuu. Cpex-
HEe pasMepH YacTHI, H3MepeHHBle IO 3TUM MHUKPOPOTO-
rpad¢uAM, OPHMEPHO COBIAal0T CO CPeJHHMU pa3MepaMu,
BHYHUCJICHHBIMA W3 B3HAYeHUH YAeJbHOH moBepxHOCTH (AJIA
KBapIma), 9T0 CBHAETEIHCTBYeT 00 OTCYTCTBUU 3aMEeTHOM HOPH-
CTOCTH B arperatax. 9ToT BHIBOJ IIO/TBEPK/IAaeTCA A3MepeHueM
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Puc. 13. Mukpodororpadmem arperupoOBaHHHX M HearperapoBaHHHKX
00pasmoB TBEPAKIX Tel.

@) KanbuuT (I — 10 Mun IOMOJIA B CYXOM BO3HyXe, S=10 m?/2; 2 — 10 mun nmoMona

B CYXOM BO3[yXe, e3arperupoBaHHBIN, S=20 m2/2); 6) kBapIl (I — 8 Mun IIOMOJIA

B CYXOM Bo3fyxe, S=6 m?/2; 2 — 8 mun mOMOJIa B CYXOM BO3yXe, ne3arperupo-

BaHHBI, S=18 M2/2); ¢) aspochyt (I — MCXORHEINA, S=200 M2/2; 2 — 32 mun ITOMOJIA
B CYXOM Bo3nyxe, S=23 m%/2; 3 — 32 mux nmomona B Bome, S=184 m2?/2).



80 B3AUMOIENCTBUE CO CPEION [ra. 11

HW30TePMH afcop6mum asora Ha obpasmax kBapma mpm 78° K
AGcomoTHEE H30TEPMH aficoponmm asota (pme. 14) ma arperm-
POBAaHHOM ¥ [e3arperupoBaHHOM 00pasmax  COBHOAJAoT,
B TO BpeMa Kak IPH HAJIWIMHA MOJEKYJISPHOH HOPHCTOCTH
B arpermpoBaHHOM o006pasme HAKIOH COOTBETCTBYIOMEH m30-
TEPME COTJIACHO TEOPHH IOJIMMOJNEKYJIAPHOH afcopbnmu
moiskeH OHTH Gojiee IOJOTHM.

ArperaThl W3MeIbYEHHHX B CYXOM BO3[yXe HOPOMKOB
KBapma He PacOoaflaloTCA NPM KUOAYEHWHA WX B BOJe W OpPH

VA4 7/
£, mm pr. cr.

Puc. 14. MsorepmMa agcopOnum as3oTa HA . arperupoOBAHHOM (TEMHE®
TOYKA) H [e3arpernpoBaHHOM (CBeTiHe) o0pasmax KBapra.

pacTHpDAaHAE WX C BOJAOM B CTYIKEe PE3WHOBHIM IECTHKOM.
loGaBienne K Bome HeOOJBIMIEX KONHMYECTB aMMHUAKa WIK
€[IKO¥ IMEeNoYd TaK;Ke OKasaloch 6e3pesyisTaTHHIM. B mamux
OomHTax pesarperamma o0mgHO upomsBogmiack 20—30-ce-
KyEREEM noMosioM ¢ 80% Bopwl. Ilpm sToM cnmemmansuo OBLIO
DOKa3aHO, YTO YBEeIWYeHHEe IPONOKHTENBHOCTH [OMOJA
¢ 10 go 40 cex me usMeHnseT 3aMeTHHIM 06pPa30M AUCIIEPCHOCTH
mopomka. [anpHeiimee yBeJamuenue mPONOJKATEILHOCTH [0-
MOJIa OPHBOAWT K YBEJIHYCHHI0 [UCIEPCHOCTH IOPOIIKOB
COTJIACHO KWHETHKe HW3MEJIbUYeHHS C BOJOM.

Kax Gymer morasano B § 4, IOPOIIKK KBapma, W3MeJIbYeH-
HEle C MQJIHMH [J00aBKaMM JKHAKOCTEd, KAk W NIOPOIIKH
KanpOouTa, KOPYHAA, TalbKa U Jp., A3MEJIbYeHHEE M B CYXOM
BO3MyXe, W ¢ N00aBKaMH KHUAKOCTeH, OPH MJIUTEIHHOM Xpa-
HeHEN (HECKOJBKO CYTOK) B BOJe KOMHATHO# TeMmepaTypH
CaMOIpOu3BOJBHO pmcneprupyior. Ilpm sToM MoryT OHTH
DOJYYIeHH yHeJbHHE IOBEPXHOCTH, OJM3KHe K YHEABHBIM
IIOBEPXHOCTAM IOPONIKOB IPH MeXaHWYeCKOH WX Jesarpe-
rague. CaMOmpOW3BONIBHOM [le3arperanum B [JPYTAX JKETKO-
cTAX He HabaOmaercA.
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3 Bcex mCCIEeNOBAaHHHX JKUAKOCTEN TOIHKO BoJa 00IagaeT
HOCTaTOYHO YHHUBEPCAJIbHOH CIOCOGHOCTHI0O K [e3arperamum
mOpPOMKOB. [[pyrme »KHAKOCTH, TaKue, KaK COHPT W AmeToH,
HapALY C BOXO# MOTYT OHITH HPUMEHEHH IS MeXaHHIECKOM
mesarperanmd KaJjbl[ATa, HO He MPHUIOAHH [JIsA [e3arperamun
KBapma u KopyHpma. Jlesarperamus OpPOXOTAT TeM XYiKe,
9eM MeHbBIIe COfIepKaHWe BOAH B -IOPOIIKAx M}, ClefoBa-
TEJBHO, 9€M TOHBIIE IIPOCIOUKMA JKUAKOCTEN MeKIy TBEPIHMHE
gactmukamMu. llpm cpegHeit Tonmmue mpocioex o 95—10
HACHOIEHHBIX MOHOCIOEB Jie3aTperaniy MPAKTAYeCKH HE ImPO-
umcxomut. [Ipm 20—30 MoHoCHOAX [esarperamusa CTAHOBHUTCH
yxe saMeTHoii. Xopolmas pesarperanmus MDOJy4aeTcsa NpPH
COIeP)KAHMH BOMALI, COOTBETCTBYIOMIEM TOJIOHHE IPOCIOEK
Bogsl mopsanka 100 u Gosee MomocioeB wim oxomo 0,02—
0,03 mrm.

MosxrO mosaraTh, 9TO Jesarperamus IOPOUIKOB B BOJe
ABJIAETCA MOCTATOYHO IOJHOU. B moib3y aToro coobpakeHHs
CBHIETEABCTBYET cBoeoOpasunit 5PQexT HacHMmeHusa — yBe-
NU9eHAe BIAAKHOCTH IMOPOIIKOB IOCJIE JOCTHKEHHUS TOJI[AHEL
conbBaTHEX O6onouex mopspka 0,02 mxm He yBeamimBaer
Je3arperapymwIny0 coocoOHOCTH Bomu. JIpyrmM moaTBep:k-
JeHHeM MOJHOTH [Ie3arperaudd HOPOIIKOB ABIAETCH BO3MOMK-
HOCTh JOCTI)KEHHA OPH H3MEJIbYEHHH C BONOH YHEIbHOR
moBepxrOocTH Ko 150 Mm?/e. Kar mowraseiBaeT, OIEHIT, mpemeib-
HEE 3HAYCHHA YMEJIbHOH IIOBEPXHOCTH OOGYCIOBJIEHH JIHIIb
MEeXaHHYEeCKAMY YCIOBHAMHA H3MeJIbYeHHS — DYHEPrOHAIpPA-
JKEHHOCTBI0 IIPOIeCCa, AMIIATYMOM W 9YacTOTOl KojgebaHmit
MeJBHWIH, a He o0pa3oBaHmeM arperaTos. B mnpoTUBHOM
caIydae MOMKHO ObLIO GBI 03KUJATh, HAIPUME], IPU YBEJINICHUN
aMIUIATYAH KoJe0aHuil MeJIbHHUE OT 3 J0 O MM yMEHbIIEHHS
(u3-3a yBeIM4EHUS KOHTAKTHHIX [JaBJIEHHH), a HE yBeJIUIeHHS,
OpeaenbpHOr0 3HAYEHHUSA JUCIEePCHOCTH.

ArperaTh He OKAa3HBAIT 3aMETHOTO BIHSAHUS HA IPOIECC
H3MeNbYeHHusA. ITO ClefyeT W3 TAHHHX, COTJIACHO KOTOPHIM
mocjie fe3arperdnny NOPOIIKOB KBapma, M3MeJIbUYEHHHIX C [I0-
0aBKaMH pPAa3JIMIHEIX IIOBEPXHOCTHO-aKTHBHHIX BEMECTB, UX
yHeJbHbIE MOBEPXHOCTH COBOAJAIOT B JOBOJBHO LIMPOKOM
HMHTEpPBaJe JUCIEPCHOCTH C YAEJIbHEIME IOBEPXHOCTAMH IIO-
POIIKOB, MOJOTHX ¢ GOJXBIINM KOJIMIECTBOM BOAH LIPH LPO-
9uX paBHHEIX YCJI0BHAX. HesaBHMCHMOCTH pe3yabTaTOB M3MENIh-
9eHHA OT CTEHEeHH AarperHpOBAHHOCTA OOBACHAETCA CpPABHH-
TeJIHPHO MAJOX NPOYHOCTHI0 arperaroB 0o CPaBHEHAIO C
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OPOYHOCTHIO IEPBUYHHIX YACTHI. Arperars, 00pa3oBaHHKE OIPH
CyXOM W3MeJbYeHWH, B 3TOM OTHOIIEHHE HE COCTABIAIT
HCKIIOYEHNA.

Arperanus 9acTHIy ¢ yMeHbIIeHNEM IOBEPXHOCTH, AOCTYI-
HO# [IJIA MOJIEKYJ a30Ta, 3AMETHO IPOABIAETCA DDA TOHKOM
OUCOepTHPOBAHME KODYHAA, KapOopyHma, KBapma, IJIaB-
JIEHHOT0 KBapma W, B HECKOJBKO MEHBIIEH CTEmeHH, IPH IWC-
NeprapoBaHME KajdbInmTa, acOecra. Arperamusa dYacTwi rpa-
¢uTa HaMm He OTMeJaNach HA IIPH CYXOM, HH IIPH MOKDPOM
JUNCIEePrEPOBAHAHM, YTO, ONHAKO, HEIb3SI OTHECTH 3a CIEeT
ero ragpodobrocTH. ITO ClIeqyeT, HanpuMep, W3 TOro (akra,
9TO0 KBaApIEBHI IOPOIIOK, M3MEJBUCHHHH ¢ fo6aBKaMm mapa-
¢uHA WIK [HOJEeUMIAMUHA, KOTOPHE NEIalT ero MOBePXHOCTH
rugpodoGHOH, 06IafgaeT He MeHbIIEH, 9eM B OCTAJBHEIX CIY-
9afX, CKIOHHOCTHI0O K arperaiMy W TaK K€ JIETKO Je3arpe-
TUPyeTCs B BOfe.

XapaKTepHO, 9TO II0 arperaTHBHOH CIOCOGHOCTH, 3a Mepy
KOTOPOH MOXHO IPWHATH, HAIPUMEDP, OTHOLIEHHE YNeJIbHHIX
DOBEPXHOCTEH MOPOIIKOB CYXOr0o IIOMOJA DPaBHOH pucmepc-
HOCTH [0 W IOCJe fie3arperalu, TOHKOW3MeJIbIeHHEIe TBep-
ABle Teja pacmojiaraloTcsi B TOH jKe IOCIef0BaTEeIbHOCTH,
9T0 W [0 OTHOIIEHHWI0O K JIeHCTBHIO HAa HHEX IOBEPXHOCTHO-
aKTHBHHX Cpef, T. €. II0 CTeNeHNW YMEHbIIeHHSA TBEPHOCTH.
3aBUCHMOCTHL arperaTUBHON CIOCOOHOCTH MOPOIIKOB W fie3a-
T'PEraTUBHOM CHOCOOHOCTE JKHAKOCTEH OT CBOMCTB TBEPABIX
TeJ, CBABAHHEX C OCOOEHHOCTAMM HX KpPHCTAJIJIUIECKOTO
CTPOEHHSA, AT HEKOTOPEIe OCHOBAHHA A CY;KACHHUSA O MeXa-
Hu3Me oGpasoBaHms arperaroB. Mo)xHO mosaraTs, 94T0 ILUIOT-
Hasg yIaKOBKA 9aCTUI CyXUX MOPOIIKOB HPOMUCXOAUT B PE3YIb-
TaTe B3aMpPEecCOBKW O0YeHh HEeOONBIINX KOJHIECTB IOPOIIKA
IOJi BO3MEACTBMEM HAUPSKEHHHA B MeCTaX KOHTAKTa INapoB.
Eciau mpm 5TOM CHIB CHEIJIEHHA MeKAY 9YacTHIaMH HOCTa-
TOYHO BEJUKH, TO arperaTil OKAa3HBAIOTCA YCTONYHBHIMHA
X He pacmafaiTcsa OT CIyJafiHEX CaabhX MeXaHHIEeCKUX
BoapielicTBmit. CrmemieEme MeKAy YaCTHIAMH OIpeNeNsaeTcs
CBA3AMA B TOYEYHHIX KOHTAKTaX, KOTODHIE, €CTECTBEHHO,
TeM mpouHee, gyeM OOoJbIIe CHIH MOJEKYJIAPHOT'0 B3amMOJei-
cTBHA B TBepAHX Texax. IloaToMy deM TBep;ke MuHEpaT, TeM
arperaTBHas CIOOCOOHOCTh €ro IPH HIPOYAX PABHHX YCJIO-
BHAIX IPOABIAETCA 3aMeTHee.

Poup xuakocTeil B fle3arperanuy 3aKJI09aeTcd, KaK HaM
KayKeTCcd, B COBJAHUM NOPEemATCTBME [JIA TECHOIO CONMKeHHS
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9aCTUI, B yMEHBIICHAN YHCJIA W IUIOMAJAW KOHTAKTOB MEKAY
gumu. Ilpm ycmoBum, 9T0 miIomagh KOHTAKTOB 9aCTHI[ APYT
C PYrOM CTAaHOBATCA MeHbIIE TOH IIOMANA, KOTOpas Heol-
XOAMMAa i OPHAAHUA arperataM HeoOXOZWMOH IPOYHOCTH,
o pacunagaiorcsi. C 3Toll TOYKE 3PEHHS CTAHOBHTCS IOHSAT-
HEIM, I0Y€MY TOHKHE IPOCIOMKY BOJH WM APYTO# KUIKOCTH
He CI0COGHBI NpPeJOTBPATHTH arperanuio KOPYHAa W KBapIa,
a COUPT U al[eTOH HaPALY C BOLOM MOT'YT CIYKHUTH AJsA ge3ar-
peranuu KajpuuTa. TOHKHE NMPOCHOUKHE JKUAKOCTH, HELOCTa-
TOYHHE /IS OKAa3aHWA HPENATCTBHE CONMIKEHUIO 9FaCTHUII,
He CHOCOOHH  NOJHOCTHI0O IPENOTBPATHTH Aarperamumo.
C yBesqmaeHneM TOIIMAHE IPOCTIOEK BOXHEL YCIOBHUSA KOHTAKTHPO-
BaHMA dactull yxynamaroorcsa. He mcwmrogeno, 9to cmenudu-
HOCTH BOOHL 10 OTHOIIEHHWI0 K J[e3arperafdd IOPOLIKOB
o0yciioBieHa ee CmoCOOHOCTHI0 00Pa30BHBATE COIBBATHEIE 000-
JIOYKH, a TaK)Ke BEICOKO# IOBEPXHOCTHON 3Heprueid m sHep-
rueil CMaYMBAHMUA €10 MHOTUX TBEPAHIX TeJI U B CBS3U C 3TUM —
packaumauBalomuM (o [epsarumny) nefcTBHEM.
IlpuBnedenme  KOCBEHHBIX METOOB JHCIEPCHOHHOTO
aHaliM3a, U3 KOTOPHIX CaMEIM 9QQeKTHBHBIM OKa3aJICHA aficopo-
I[AOHHHKMN, [al0 BO3SMOKHOCTH OGHADYKMTH MOJEKYJISPHO-
IJIOTHOE arperapoBaHHE BHICOKOAMCHOEPCHEIX YaCTHI[ M H3Y-
auTh 3QQPeKT obierdeHmA WX [UCHePTUPOBAHUA B IPUCYT-
cTBMH aKTUBHEX BemecTB. Ha caegyiomem »sTame ObiIO
"€CTeCTBEHHO IIPHBJEYD JJA M3YYEHHs ITHX SBICHUHA IPAMOR
MEeTOJI, B Ka4eCTBe KOTOPOro ObLIa MCIOJb30BAaHA 3JIEKTPOH-
Haa MumKpockommsa. Heo0GxogmMo oTMETHTH B3HAYHTENbHEE
YKCIIePUMEHTAIbHEE TPYLHOCTH TAKHUX MCCIeJ0BaHmil, 00y-
CJIOBJIGHHBI® IJIOXO# PasleiseMOCThI0 JaCTHI] M3MEJbICHHBIX
TDOPOIIKOB IPH MX IPENapHPOBAHHAU U MAJON CTATHCTHIECKOH
OpeACTaBUTEIbHOCTHI0 B KAKAOM MSYYEeHHOM Ipemapare.
Cpemm paGoT, B KOTOPHX MJS HCCIEeTOBAHHS Ipoliecca H3-
MelbYeHUs NIPHMEHEeHa JJIEKTPOHHAA MHUKDOCKONWA, IpUMe-
gateabHa pabGora Taraxamm [71], maGmopgaBmero arpera-
IMI0 KAOJWHUTA B FAJOY3ATa NPH MX IPOJOJKATENBHOM H3-
Melab4eHHH B cyxoM cocrosHmd (pme. 15). Opnako Taraxamn
He mcCJenoBal npupoay Habaogaembix mM arperaroB. He mc-
KJII09eH0, 970 cdepuIecKkme dacTHOH (pmc. 15) mosaBMIHCH
He B pesyJabTaTe aRperandd B MeJbHUIE, a BCIEACTBHEE Hey-
HaYHOTO NpPENapUPOBAHHA — OCAJKIEHUA BHICOKOLHCIIEPC-
HHEIX 9aCTHUI[ M3 BOJHOH CYCHEH3MH NpPH NCIADEHHA ee Ka-
mejb Ha IUIeHKe-IOgIoKKe. OUeBUAHO, 9TO C yYBeJIHICHHEM
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[IPOROJKATEIBHOCTA U3MEIBIEHUSA — C POCTOM HAHCHEPCHOCTH
MepPBUYHHEIX YACTHUI CKJIOHHOCTh MX K arperHpOBAHUI0 OOBIY-
HOT'0 THOA BO3pacTaeT.

ITpn moMoImu 5IeKTPOHHOH MHKPOCKONUH OLIIH H3yIEHE!
AUCOEPCHEIE INPOAYKTH HM3MENbUEHWS LOPOIIKOB KBApIa,
Oemoil caykm, cwiamkaTa amoMuHEms u acbecra [72]. [asa
MCCIEOBAHUA MPOIIECCA arPETANAN CIYKAIU IPELBaPATEIHHO
U3MeJbUeHHbIe WU HOJTyIeHHbEe XUMUIECKAM IyTeM HOPOIIKH
¢ Ooxpmoil ymelpHOW HmOBEPXHOCTHIO. [{omOMHUTENBHHIHA mo-
MOJI NPOM3BOJAIM B BUODOMENBHHIAX KAK B CYXOM BHJE,
TAaK M B BOXHOHA cCpefe, B TeUeHWE pPA3JIAIHOTO BPEMEHH.
Y @eabHYI0 MOBEPXHOCTH MOPOUIKOB 0 ¥ HOCJE JOHOJIHUTEIb-
HOTO IIOMOJIa ONIpPEJENSJM METOZOM HH3KOTEMIEpPAaTypPHOI
amcopbuum asora (Meroq Bpymayspa, 9mmerra, Temmepa).
JJIEKTPOHHO-MUKPOCKONIMIeCKHe HAOIIONEHAS BEIHCh HA MUK-
pockome YOMB-100 m YIMB-200 (paspemaiomas cmoco6-
HOCTH cooTBeTcTBeHHO 20 m 25 A) Kak Ha TPOCBET, TaK W IpH
OOMOIIY PeIIhK.

IlpepBapuTenbHEIE ONBITH WOKA3aJu, 4TO OOHYHOE Ipe-
mapHpoBaHMe NOPOIIKOB (HCIOJIH30BAaHHOE TaKke B pabore
Takaxamu [71]) sBaseTcss HENPUTOAHHIM: €CIH IIOPOLIOK
CYXOTO IOMOJIa pa30aBUTh BOZOM W KAmII0 CYCOEH3WH Ha-
HECTH Ha IOMJIO}KKY, TO IOCJe MCOAapeHHus BOAH, B 3aBHCHMO-
MOCTH OT KOHOEHTDAIME CYCIEH3HWH, pa3MepoB Kamiu o
YCIOBHIl MCIapeHHA Ha CHHMKAX HaJIORATCA HapAmy c bec-
($OpPMEHHBIMA OKPYTIJIEEe TaCTHIE Pa3iIWIHHX pasmepoB. Oge-
BHJHO, IIPM HCIAPEHHAU BOJHL 3a CIET NEWCTBUA KANMJIIADHEIX
CHJI IPOMCXORHUT arperarnus gactum. llosToMy mas mpsMmoro
HCCIeN0BAHNA TOPOIIKY HAHOCHIH Ha O/JIOKKHY 663 NX yBIasK-
HeHuA. [{JiA monyvYeHns PENVIMK HOPOIIKH YIVIOTHSIM HafaB-
JUBaHWEM CTEeKIAHHON NJIaCTHHKOH, IpefBAPUTEIHHO OTTe-
HAJIW NJIATHHOM M 3aTeM HOKPHBAIHE CJI0EM HANOBIIEHHOTO
yraepoga. 3aTeM yIepOoAHO-IIATHHOBYIO PemIUKY 06pabaTsi-
BaJIX CMeChI0 PTOPHACTOBOOPONHOM M COMAHON KUCIOT KO IOJI-
HOTO yAajeHUA OPUINNIINX K Heil MHHEDAJNbHHX YaCTHI.

Ha puc. 16 npmBemeHEl CHUMKHU IpenapaToB 0eJo# cakd
u cuinukara amomuausa. 06a moponIka nepej u3MeIbIeHIEM 06-
Jaffajid 3HAYHTENbHOR fucnepcHocThIo (S =120 m2/2 u 75 M?/2).
Kax BupHO M3 CHEMKOB, 00pasibl COCTOANH H3 MEIKHX Ya-
cTar, okpyriod gopmer (muamerpom oxoxo 100 A mas cmiu-
kara amommaua u 200—100 A pgua Gemoir caxu), mpm
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5 o Tamrsr

Puc. 16. Arperauus BHCOKOZMCIEPCHHX MOPOMIKOB Gesoi caskn (1 u 2)
M CWIMKATa alioMmEnsa (3 m 4) B mpomecce uU3MeJbYeHHA.
1 — Geyag caka mcxomHasa (S=120 m?/z), 2 — mocye ImomoJia B TedeHue 8 mun

(S=15 m?/2), 8 — CMJIMKAT aJIIOMUHNA MCXOOHBINA (S=T75 Mm2%/e), 4 — mocJe IOMOJNa
B TeueHne 8 mun (S=9 m?/e).
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npenapupOBaHUM JETKO OTANSA0MUXCA IPYT OT Apyra. Fsmens-
9eHUEe CYXOr0 NOPONIKA NHPUBEJO0 K YMEHBIIEHWIO YIeNbHOI
MOBEPXHOCTH B HECKOJBKO pas. IIpu 3ToM oTHeIbHbIE YaCTHIH,
Kak BumHO m3 puc. 16, cobupaoTcs B MIIOTHHE arperarts, He
pasuensiomuecss MPU OPENapPUPOBAHUM Jajke B CIydae NpH-
MeHeHUs YJIBTPa3BYKOBOIl 00paboTKH.

Hax 6110 moxasaHo BHINe, M OCYIMECTBIEHUS MOJEKY-
JASPHOIJIOTHOM arperanuu (Kak u Jias o0eaHO#) Tpebyercs
HaJIW4ue B JOCTATOYHOM KOJMYECTBE BHICOKOMMCIEPCHHIX da-
crun. (Ilo 3Toii nmpmumHe NpM M3MEIBYCHUM B CYXOM BO3TyXe
Irpy6OAMCIIEPCHEIX MOPOIIKOB YAEAbHAas MOBEPXHOCTH CHAa-
gajia pacrter, a 3aTeM mapgaer.) HeoGxommmo ObLIO BHABUTH
MUHMMAJbHEIN pasMep 9acThl, JOCTATOYHHIA IS OCYIMEecTBIIe-
HUA MOJEKYJIAPHOMIOTHON arperamum. U3 puc. 13, 16 m 17
CJIeflyeT, 4UTO BHICOKOJMCIIEPCHLIE MaTepHajbl, TaKue, Kak
Genass cayka, CHJIMKAT ANIOMUHASA M KBApPI[ MOKPOIO IATEIh-
HOTO TIOMOJIa, cofiepkaiue B 0OJBIIOM KOJMIECTBE MejbYaii-

mue gactunpl 100—300 A, mpu [JONOJHHUTEIHBHOM IIOMOJE
arperupyior ocoGenno serko. ITo JauHbIM 5JI€KTPOHRHOR MUKPO-

CKOIMM MOJKHO KOHCTATHPOBAaTh, 4To pasmep gactui B 300 A
(bemas caka U CHIMKAT aIIOMAHUS) Bce eme OJarompusaTeH
nas obpasoBammaA arperatToB. I[Ipw mamensueHum B BOmHOM
Cpefie JUCIIEPCHOCTh TAKMX IOPOIIKOB HE PACTeT W, CJIEI0Ba-
TeJNbHO, He 00pasyioTcsi Gojiee MeJKWe, YeM B HMCXOIHOM Ma-
Tepuane, YacTHUIIHL.

Pasmepsl mepBMYHBIX 9aCTHMI[, COCTABIAAIOIIMX OOBLIYHEIE
arperaThl 94acTHUI[ KBapila MOKDPOTO I[OMOJIA, TaK/Ke MOKHO

OUEHUTH NO DIEKTPOHHO-MUKDOCKONHIECKUM CHUMKAM WU
[0 U3MEPEHUI0 YAeJIbHON moBepxHOCTH. Tak, HampuMmep, Kak
BugHO uM3 puc. 17, Kpas oOHYHOrO arperaTta yCesHHI YaCTHU-
IIaMM, IONEePeYHMKN KOTOPHIX WM3MEPAIOTCA COTHIMH IOJSAMU
mukpona. ITo magHBIM yaenpHO# MOBEPXHOCTH CpeqHUil pas-

Mep 9acTum Toro ke mopomka cocraBisger 100—300 A. ITpu-
MEPHO TaKOB jKe pasMep' JacTHI[, BRIABIEHHHIX METOJOM pel-
ank. ClenoBaTesIblio, OIEHKH Pa3MepOB IEPBHIHBIX JaCTHII,
mOJIyIeHHbIe U3 JAHHHIX yAEJIbHOH MOBEPXHOCTH M U3 IPAMEIX
m3MepeHuit, conagaoT. Ha cHuMKax KBapa ¢ XapaKTepPHEIM
MOJIEKYJIAPHOIJIOTHHIM arpermpoBaHUeM YacTHI[H TAKOI0 pas-
Mepa Kak IepPBUYHHEE IOYTH He BeTpedarorcs. Pemnmkm ¢ ra-
KAX IOPOIIKOB IO3BOJAIOT KOHCTATHPOBATH HaludWe IIJIOT-
HBIX HEOHODOJAHHX 06pas3oBaHMH, pasMephl KOTODHIX TaKKe
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Puc. 17. Bu6panuonHoe m3MelbdeHHe KBapLa B BOXHOMU Cpefle m arpe-
ragusA ero 9JacTHUN NPH IIOMOJIeé B CYyXOM BO3[yXe.

1 1 2 — nocne u3MeJbyeHUA B Bone (S="77 m?/2), HA IPOCBET U pPEMINKa, 3 M 4 —
mocje arpermpoBaHUA CcYXuM nomoyiom (S=16,9 m2/2), nHa TPOCBET U peIMKa.
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6MU3KM K BHYUCJIEHHHM IO NAHHEIM YHEJIbHOU IHOBEPXHOCTH.
ITOT PaKT CBUETEIBCTBYET 0 HEOOHIKHOBEHHO INIOTHOM CTPYK-
Type arperaToB, y KOTODHX NIPaKTAYECKH BCA [OCTYIHAs
MOJIEKYJIaM a30Ta IOBEPXHOCTb SBISETCS BHEIIHEH.

Ecnu npuHATH 9acTHOE HOPOUIKOB CHEPUIECKUMH M BCe
OIWHAKOBHIMU, TO U3 IPOCTHX T€OMETPUYECKHUX COOOparkeHmin
clenyeT, 9T0 BHYTPEHHUN 00BeM MeKAy dYaCTUIAMU CTaHO-
BUTCA HETOCTYIHHIM JJIS MOJEKYJH a30Ta IPHU YCIOBHHU, ITO
X pasMep He 60)}68 geM B O Pa3 OPEBHIIIAET pasMep MOJEKYJIH,

T. €. okoxno 12 A. B pgeiictBuTenpHOCTH 3Ke TpPeOyeTcsa JMINb
HalpIue JOCTATOYHOTO KOJMYECTBA TAKHX YACTHUI[, KOTOPHE
OynyT 3aKymopuBaTh NMPOCTPAHCTBO MexAy Goasmmmm. Opn-
HAaKO Ha M3yYEHHHIX HaMU mpemapaTax 0eiofl Cayku W CHJIM-
KaTa QJIIOMUHHUA JIaCTUIH OIU3KAX K 3TOMY pasMepoB He 00-
Hapyensl. He MCKIHYEHO IOITOMY, 9TO B MexaHmsme 00-
PasoBaHMA MOJEKYJISPHOIUIOTHHIX arperaToB 3HAYMATENbHYIO
polb uTpaeT IJIacTHYecKad fAedopManus IOBEPXHOCTHEIX
cioeB gactur[. MOMHO m0JaraTh, 9TO YaCTMIEI HE TOJBKO
IJIOTHO COENHHAIOTCA B TOYKAX KOHTAKTa, HO Osaromgapsa
IaCTUIECKOMY 1eOPMUPOBAHUIO TOYEUHHIE KOHTAKTH Ipe-
BPamalTCA B KOHTAKTH II0 HEKOTODPOH IIOBEPXHOCTH. JTHM,
BO3MOXHO, 1 00yCJIOBIIeHA CPABHUTENBHO BEHICOKAS MPOIHOCTD
MOJIEKYJIAPHOMIOTHEIX arperatos. lIlpemenpHas BeJquYuHA
KOHTAKTHOH IIOMANKN ONpPEeNeNseTcA BeJIUIMHON BHEIIHEro
IaBJAEHUS M TBEPJAOCTHIO WACTHI[ U He 3aBUCHUT, IO-BHLEMOMY,
oT ux pasmeposn. IlosToMy ¢ yMeHbIIeHUEM pasMepPOB YaCTHI]
CyMMapHas IUIOMAAh KOHTAKTOB Ha €MHHUIYYy Beca MaTepmaja
BO3pPAcTaeT M IPOYHOCTH arPeraToB yBeJIMYMBAETCH. OTO IPHU-
BOJUT K TOMY, 9T0 00pasoBaHHe MOJEKYJISPHOILIOTHHX arpe-
TaToB CTARHOBUTCH BO3MOKHBIM U ISl 9acCTHUI, 3HAYUTENBHO
Gonpmmx 12 A. [leficTBUTENBHO, II0 YCIOBHIO PAGOTH Melb-
HHIB, 9ACTUIK BCETa HOABEPTalTCA HANPSKEHHAM, 0Ju3-
KUM K OpefieJIbHEIM, paspymanomuM. Oco6eHHO CHIBHEE Ha-
NpsKeHUs BOBHMKAIOT B MecTaX KOHTakTa. HesaBucumo ot
MeXaHH3Ma ABIEHHA MOKHO I0JAraTh, 94TO 3/€Ch BO3HUKAIT
miaacTmyeckde gepopManuu, raIyOMHA KOTOPHIX TOTO e IIo-
PAOKA, KAk W OpH paspymenuu. I[Ipm msMeapdeHUH CyXOTo
KBapIa, Kak IOKAa3aHO paHee, INIyOMHA IJIACTHYECKUX Jie-

dopmanuit cocraBiasger 150—200 A. CuaegoBaTenbHO, Ipu H3-
MeJIbYEHHH B CYXOM BO3JyXe KBApLeM MOT'YT OHITH 3amOJIHEHEI

mopsi 1o 150 m gasxe 300 A, eciiM KOHTAKTHPYIOI[HAE YACTHIIHI
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nepopMumpyOTCa opmHAKOBO. PasMmep gacTumil, cmocoOHHIX CO-
eAHHATBCA B  MOJIEKYJsSDHOIVIOTHBE arperarsl, COCTAaBAT
B BTOM cirydae (C yIeToM reoMeTpudeckoro gaxropa)mo 1500 A.
Taxroit Mexauu3M He HPOTHBOPEYUT, B TACTHOCTH, IPELCTABIIE-
HEAM O [e3arperupyiomeM AeAcTBAU BOAH (WM APYTUX HKU[-
KOCTel), B KOTOPO# TiIy0uHa MIaCTHIECKOT0 feopMUpOBAHUA
npmmepHo B 10 pas3 Mensime,
Ta6auna 5 geMm mpm moMoiie B CyXOM BO3-
Bansanue cpepn nyxe (cm. ra. III).

Ha [ucHeprupoBaHue acdecra Poap arperanuu B mporiec-
(S B x2fe) Ccax W3MeJbUYEHUs M BIUAHNE
cpensl Ha (GOPMY YacTHI[ 0CO-
0eHHO IOKasaTeJbHa Ha IpPU-
5 A 8 Mepe u3MeJbueHUs acbecta —
MOHepala C SPKO BHIPajyKeH-
HO! BOJIOKHHMCTOHN CTPYKTYypOH#
Bosmyx | 32 | 32 | 16 (pmc. 18). [lauusie mo usMepe-
Bona 40 | 42 | 52 HHUI0 Y/JeJIbHOH IOBEPXHOCTH
merogoMm Bpyrayspa, ImmerTa
u Tennepa obpasmoB acbecra

TOMemeHsl B Ta0ia. 5.

Ha muxpodororpaduax xopomo BupHo, uTo dopma da-
cTul acbecTa, MOJIYyJIaeMEIX MOKPHIM U CYXHM H3MeJIbYeHHEM,
CYIIEeCTBEHHO pasHas. B mepBoM ciyae ac6ecT m3Mebp4aeTcs,
pasbeMHAACH HAa TOHYAWIIme BOJIOKHA. J[maMeTphl BOJOKOH
00pasoB MOKPOTO IOMOJA, BEIAWCIEHHLIE MO YAEJIBHON I0-
BePXHOCTH B IPENOJOMEHHH, YTO HX (PopMa — JIHUHHEE
IEIMHAPE], COBIAJAOT ¢ W3MEPEHHLIMU IO HIEKTPOHHO-MUK-
pocroumaeckum caumraM (200—400 A). Ilpm cyxom usmens-
geHm? acbecTa ero BOJIOKHA JIOMAITCS, a OTJEIbHbIe TaCTUIH
0 Mepe W3MeJIbIeHUA COeTUHAITCS B IUVIOTHEIE arperaThl He-
npaBWIbHOM (OPMEI, 9TO COMPOBOKAAETCS PE3KUM yMeHbIIIe-
HHEM YHeJbHOH HmoBepXHOCTH. Biaromapsa oco0oil BOJOKHU-
CTOMl CTPYKTYpe KPUCTAJIOB POJb CPENb HPH U3MEJTLICHUU
acOecTa mpOABIAETCA 0COOEHHO OTYETIMBO.

YMecTHO OTMETHTH, 9TO B OTIXIME OT KBApIia U MHOTHX
ApYrux TBEPABIX TeJ pas3pylleHHe arperaroB acbecra iMeeT
MECTO HEe TOJBKO IPH NU3MENbYEHWM B NPUCYTCTBUHU GOJIBINUX
KOJIMIECTB BOJBI, HO TAKIKE UM JPYTUX YKUMKOCTEH U Jayke mpPHU
nX MajioM comepsxanuu. VsMenapueHume B NPUCYTCTBUU MAJIBIX
KOJMYEeCTB BOAHl U aleTOHA, KaKk dTo BHAHO u3 pmc. 18, 6,

Bpemsa nomoJia, mMun

Cpena




ATPETAIIMA U NE3ATPETAIVA IPY U3MEJBLYEHUU 91

§ 3]

*(¢) BHOLONIE 9XadD & M (Z) BHOLANIE *(I) I9Y09 MWeMEBQOY MWII'EW O 9MHORII'OWEN (8 ‘Hnw (g) m @)y
*(I) Z 9UHORAL € 9X2dD JOHYOH € OUHORJUOWEU (9 ‘HNW (£) 8 M (2) ¥ “(I) 7 9MHOROL g 9XAXTE0H WOXAD & OVHORIILOWEH (o

"eL0900e QUHORILOWEN BH Miod0 SMHBHIL Q] *oUJ




92 B3AUMOIOENCTBUE CO CPEION [ra. 11

cmoco6CTBYeT Kak pacIiemieHmi0 acGecTa Ha BOJIOKHA, Tak
¥ UX IOUEPEYHOMY pasdpymeHmio. MoJeKyIspHOIIOTHEE ar-
peraTH acbecTa B IPUCYTCTBHM MAaJEIX KOJHIECTB BOIH U alle-
TOHA He 00pasyoTcsd, 9T0 MOATBEP/KNAETCS N3MePEeHUEM yIelb-
HO# IOBEPXHOCTH IOPOUIKOB MeTomoM Bpymayspa, OMMerra,
Temnepa (coorBerctBerno 70 m 60 Mm%/ mo copbumm N,).
s maMenbgeHus B Cpefie aleToHA XapaKTepPHO, OTHAKO, 00-
pasoBaHMe PHIXJHX KOMKOB, CIVIETEHHHX U3 ac0eCcTOBHIX HU-
Tell pasIWIHOM MJIMHEL.

Ha6aonmaemele 3mecs cBoiicTBa acfecTa IO OTHOMIEHTIO
K MOJEKYJISPHOILUIOTHOY arperanud IpYW W3MEeJIbYeHUN UMEIOT
HEKOTOPOE CXOJICTBO B QHAJOTMYHOM CIydYae CO CBOMCTBAMH
rpadura W TaubKa, T. €. MaTePHAJNOB TaKKe MATKHX u 00aa-
marmuax cinaboil sHepruell B3auMoeACTBHA MO OJHOMY H3 Ia-
paMeTpoB KpmcTamimdeckoil pemerkd. OZHAKO B OTIHMYHEE OT
acOecra rpadUT He arperupyeT W IPH CyXoM momoiie. AcGecT
mpeacTaBaseT co0oi, TAKEM 00pasoM, IPOMEKYTOYHHIA CIYy-
9ail MeRIy CaMbIMHA TBEPABIMA — KOPYHJI, KapGOpyH/I, KBapI,
mesarperanmsi KOTOPHX BO3MOKHA TOJNBKO B BOJIe, M CAMEIMU
MATKAMA MaTeprajlaMu, BooOme He CKIOHHHIMHU K arperaium.
ITOT PAaKT HAXOIUTCA B COIJIACHH C IOJOKEHUEM O POJIU MEHK-
MOJIEKYJIAPHHX B3aWMMOJeACTBUA B MecTaxX KOHTAKTa YaCTHI]
B 3pdeKTe MOJEKYISAPHONJIOTHOA arperanun.

§ 4. CamMonpou3BoIbHOE JUCIHEPrupoBaHNe
MOJEKYJAAPHOIIOTHBIX arperaTon

Kax um3BectHO, TepMOAMHAMHYECKOE COCTOAHUE qUCIEpC-
HOM CHCTEeMBI, HaXO[AMmMeiCcA IPA MOCTOSHAOM JIaBJIE€HUHA N TeM-
mepaTtype, MOKHO ommcaTh cBoGommoit smeprmeit I'mGGca,
a TaksKe 3HAKOM M BeJIWIWHOM mepBOH W BTOPOI ee mMpom3BoO.-
HEIX 110 gucmepcHocTH [25]. B ragecTBe xapaKTepuCTUKH MHC-
HepCHOCTH MOKeT OBITH OPHWHATA HOBEPXHOCTH paspena ¢as
WIK 9HCJI0 JacTal (B o6meM ciyJae — IpaHyIoMeTpPHIeCKHA
COCTaB) IpH 3aJjaHHON Macce mucmepcHoit ¢assl. B oTcyrcTBume
BHEIIHUX MEeXaHWIECKMX HANPSKEHUH W DA PABEHCTBE HYJIIO
U3MEHEeHUN BIEKTPUIECKUX, TPABUTANMOHHEIX, XUMUIECKUX
¥ [p. IOTeHnuajioB cBobGoguas sueprus I'm66ca s 3aBemoMo
He OYeHb MaJIbX JaCTHAI[ PABHA IO BEIWYMHE MOBEPXHOCTHOMR
sHepruu pasgera ¢as (G=os). B cBaA3m ¢ sTMMH ycaoBEAMHA
e[MHCTBEHHO BOSMO)KHEIM HAImpaBJIEeHHEM H3MEHEHUS COCTOS-
HHOSL CHCTEMEl SIBJISIETCS yMEHBIICHWE NAWCIEDPCHOCTH JmOO0 Iy-
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TeM CIUAHAA TACTHI[, I1UGO0 HyTEeM MEePEeKPUCTANIA3ANANA B .CO--
oTBeTCTBHA ¢ 3aKoHoM HensBmHa (s — Sp;;, Opm c=const).
Onuako ecnu gucnepcHas gasa COCTOMT U3 YACTHUI[, CONEPIKa-
mux fneeKTH M BHYTPEHHWE HANPSIKEHHWS, BO3MOKHO He
TOJHKO YMEHBIEHWE €€ NUCHEPCHOCTH, HO W CAMOIPOM3BOJIb-
Hoe gumcmepruposanme [29, 50, 68, 69].

MaxpomedeKTE CTPYKTYPH TBEPAKIX TN B JOBOJIBHO 00meM
crygae OymeM paccMaTpuHBaTh KaK HEKHWe IIOJOCTH, 00Jamaro-
mue ¢azoBoii rpanuneil. [Ipy GraronpusATHHX yCIOBUAX IMO-
JOCTY MOTYT BAMOJHATHCA OKPYIKAIOMUMEA TEJIO JKUTKOCTHIO
niad rasoM. B mpummune, Bo3MokHO RudPy3moHHOE 3aje-
9UBaHUE MOJOCTel, B pe3ysbTaTe 4ero Gymer o0pasoBaHa Ham-
Gonee yctoiiumBas cucreMa. OmHAKO mpm Temmeparypax, faa-
JeKUX OT TOUKW I[JIABIEHHSA, TAaKOU Aupy3MOHHEIA mMpomece
IPOMCXOAMT KpaiHe MeIIeHHO.

YMenbmenne CBOGOAHOM BHEPTUU CHUCTEME BO3MOYKHO
TAKKe M B pe3yabTaTe (IIOKTYaTUBHOI'O pPa3pyHIeHHA 30H
KOHTAKTa MEKIY MaKpOomepeKTaMm, CBA3HBAMIIAX B eIUHOE
mesoe oTHenbHbIe OesmedexTHbIe GIOKEM TBephoro tema. Pac-
CMOTPUM B Ka4ecTBe IPAMEPA HOPOIIOK,, CONe KA A TaCTHIH,
IUIONaAb BHEIIHEH IOBEPXHOCTH KOTOPHIX B HAadYaJbHEIA MO-
MEHT BPeMeHH DaBHA S;, a INIOMAAb BHYTPEHHUX Ne(PEKTOB
So,. VI3MeHeHUe CBOOOJHON DHEPIWH TaKOM CHCTEMBI MOJKET
OBITH 3alMCAaHO B BHje

AG = (s, — 801) 01 F (S5 — Sg2) O (2.8)

3mech o, M G, — yHeNbHEIE 3HAYEHAS IIOBEPXHOCTHOU dHEP-
Iuu Ha TPaHUIEe TBEPAOTO Tella ¢ BHENIHEeH Cpefof U ¢ BaKy-

yMoM. ¥YCIOBHEM CaMONPOM3BOJIBHOCTH IPOLECCA SBIAETCA
AG < 0. Pemenus maa AG < 0O:

As; =5, — 5, <0, Asy=15,—55,<<0

(BMecTe MIM MOPO3HB) OMPENENAIOT IPOMECCH arperamud 4a-
crar (As; < 0), cMbikaHUA BHyTpeHHUX noxocreit (As, < 0)
n pudpdysuio MoJeKyJ cpefbl B mojocTH AedexToB (As;=
=—=—As,). YcioBneM caMOOpOU3BOJIBHOTO AUCIEPTUPOBAHUSA,
T. e. As; — (—As,) > 0, sBasgercsa:

0 <Asio, <(—Asp)oy;  $pp > s (2.9)



94 B3ANMOJEACTBHUE CO CPETON [rJI. 11

Ecan oGo3naunts gepes As, miIomajs HOBePXHOCTH II€PEMEI-
9eK, B pe3yJbTaTe pa3phBa KOTOPHX BCJIEJCTBHE TEIIOBHIX
KoJie0aHHA MOBEPXHOCTH Bo3pacTaeT Ha As;, ToO

(s1+ 82) — (So1 + So2) = As,,  As,=As; — (—As,). (2. 10)
Ycnosue' (2.9) Torga MoKHO 3ammcaTh B BHJE
—Asy > As,0,/(5p — 1) = As,[(0/0, — 1). (2.11)

Ias caygas, HanpuMep, KBapma B Bofie o,/ o, =~ 2, U cieloBa-
TeJIbHO, CAMOIIPOU3BOJIHHOE TUCOEPTEPOBAHNAE CTAHOBHATCA BO3-
MOKHBIM, €CIH IIOMAAb MOBEPXHOCTH [ePeKTOB COCTaBIAET
6oJjiee IOJIOBUHEI ILIOMANA CeYeHUA IACTHIH B ILIOCKOCTH Jie-
¢dexra.

B moBoapHO 06meM ciiyiae BepOATHOCTH OTPHIBA OJHOM U3
9acThN OT MEePBAYHON YaCTHIEI — arperara (B pacCMaTpHBae-
MOM CIIy%ae OT MOJIEKYJIAPHOIIOTHOT0) — IpH JIOOHX 3Ha-
YeHUAX DHEPTHH aKTUBALIWK OTPHIBA MPOIOPIHOHAIBHA THCIY
eme OCTaBMIMXCHA HeJUCIePTHPOBAHHEIX YacThI[. Torga ypas-
HeHFe KMHEeTHKHU IpoIecca:

dn=K,(N —n)dt; In(N/(N—n))=K . (2.12)
3nec K, — KOHCTaHTa  CKOPOCTH JACIEePTAPOBAHUSA

(Kn—_—_—cgi exp(—k—z-», C, — cKOpOCTH 3ByKa, O0— pasmep
ornensiomuxcsd gactan, U — sHeprua axkruBammm, N — mep-
BHYHOE 9HCJIO JaCTHUI B arperate, n — 9HCIO yKe OTHENIHB-
muxca gactmn. lIpm mocTosHCTBe MaccH aucmepcHO# (ass
Boipaykende (2. 12) MOKHO mOJNy9dTh M B BHIE

In (s,,/(s,, — 8)) =In (S,/(S,, — S)) =K ,t, (2.13)

rge s, =Ns, — mIomags HOBEPXHOCTH pasfena ¢as B mpe-
HelbHO IHCIEePTHPOBAHHOM CHCTEMe, S=nS, — ILIOMAXb I0-
BEPXHOCTH TBEPHOil Pa3sl B MOMEHT £, S, — IJIOMANb IHOBEPX-
HOCTH OfHO# gyacThusl, S, m S — COOTBETCTByIOIEE 3HAYeE-
HHUA yJAeJBHHX II0BEPXHOCTeH.

Coramacro (2. 12) m (2. 13) ckopocTh AUCHEPTUPOBAHUS
BeChbMa UYYBCTBHUTENbHA K BeIWIMHE 9HHEPIWHM AaKTUBAIUU
orpuiBa. JleiiCTBATENbHO, IPEMEM CKOPOCTH 3BYKa B TBEPHOM
rene Gamskoit 5-10° cm/cex. Pasmep wacTmi BrifepeM B mu-
poxom uurtepsaie 10-2—10-% cx. Torma pua cocrosnus cu-
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CTeMHI, XapaKTepuayeMoro Beamuuuoit N/(N—n)~e~2,7 upn
U=20 kT, nna paspmeleHus arperaToB caMbX KPYIHBIX da-
cTul (13 3aJaHHOT0 MHTepBaia) Tpedyercs Bcero okoio 10 cex,
anpu U=50 kT pns pasgeneHus arperaToB JaKke CaMbIX Mel-
rux gactun, — Goxee 30 mer. CienoBaTenbHO, IHAIA30H DHEP-
MU aKTUBALMX OTPHBA YACTHI[ B arperatax, KOTOPHIe [eIaioT
MOCTYIOHBIM HAGIIOMEHUI0 HPOIECC CaMONPOU3BOJBHOTO (Tem-
JI0BOT0) AWCHoeprupoBaHusdg, OYeHb Y30K M cocraBiser 20—
50 kT. ArperaTso ¢ MeHbIIed sHeprumeil aKTUBALME pacmaga-
OTCA CTOJNb OBICTPO, 9TO HEOOXONMMEL 0COOEE IPMEMEl HX
Ha0JI0IeHds, a pacmaj arperaTos ¢ sHepruei cBsAsH, GOJbIIei
50 kT, gpesmepuo pgimrenern. CUCTEMBI ¢ TOCTYIIHEIM I HAO-
qrofeHus OOBIHEIM C€mOCO00M M B OOBIYHBIX YCJAOBHMAX JqUa-
Ma30HOM DJHEPTHMHA AaKTHBAI[MA BCTPEYAIOTCA KpahHe pemKo.

dueprua 20—50 kT npm oOHYHOH TeMmepaType COCTaB-
aser 8-10713—2.10"'% gpe. [as cpaBHEHHS — JHEPTAA
Me;KMOJIEKYJIAPHOM CBA3H B Kpucraiie kBapma ~10-11 ape.
Ecam cauraTh, 9T0 HEPrusA OTPHBA YACTHI] paBHA HpHpAIIe-
HHI0 UX HOBEPXHOCTHOM HEPTHH, TO [JA KBapUEBOI'0 CTEKJIA
B Boje, Hampumep (=100 aspz/cm?),

As, ~ 1072100 =104 e =10042  (3=104).

Opnako Ha caMoM fiejle 9HEPTUA aKTHBAIMM 3HAIWTENBHO IIpe-
BOCXOIMT JHEPTHUIO CBA3Y B KOHTAKTE M 3aBUCHUT OT crocoba
orpriBa gactunbl. Heobxonmmo 0co60 moggepKHYTH, 9T0 HUB-
KHe 3HAYEHWS DHEPIMHM AKTMBAIUU SABIAIOTCA TOJBKO HEo6-
XOOAMMBIMH, HO ele Hé NOCTAaTOYHBIMU YCJOBUAMHU CAMOIIPOU3-
BOJIBHOT'O [UCIEePIUPOBAaHUA.

Cremyer TakKe OTMETHTH, 9TO BCSAKHUE APyTHe BapHaHTH
YPaBHEHUSA KUHETUKH He N3MEHSIT CYI[ECTBEHHO BEJIUIUHY
IUama3oHa SHEPTMM AaKTHBAIMM, B Ipefelax KOTOPOTo ca-
MOLPOU3BOJBHOE IMCIEPTUPOBAHNE JOCTYIHO HAOIIOEHUIO.
Opuako B ciaydae o9eHb GEICTPOTO pacmafa ero CKOPOCTH
MOJKET JHUMUTHPOBATHCSA CKOPOCTHI0 RudPy3um dYacTHUI, UTO
obJlergaer MCCiIefOBaHMe IPOIECCA.

B xagecTBe 00BEKTOB DKCHEPUMEHTAIBHOIO MCCIE[OBAHUA
CaMONpPOM3BOJNBHOTO [JUCIEPIHPOBAHUA BHOPAHH JUCIEPC-
HBle IOPOLIKW, II0JyJIaeMble HyTeM TOHKOTO BHGDAIMOHHOIO
usMeabIeHnsaA. Hak yxe 0TMeYaI0Ch, B M3BECTHHIX YCJIOBUAX
YJACTHI[H IIOPOLUIKOB MOKHO IOJYYHTh B BHJE CBOEOOpPa3HHEIX
09eHb IJIOTHHIX arperaToB W3 NePBUIHEIX 9aCTHUL], BHYTPEHHAA
OOBEPXHOCTh KOTODHIX HEJOCTyOHA H3MEPEHHI0O BCEMH MeTO-
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ZaMd TUCHEePCHOHHOTO aHANE3a, B TOM 9YHCIe W afAcopOnuoH-
peva [62]. Tlo sTmM mpmanaxaM, Takme MOQJIEKYJSAPHOIIOT-
HEIe arperaThl NIPEACTABIAAIOT €000l OTAENbHEE CIIOIHEE,
HO ¢ JedeKTaMH, JAaCTHUIH TBEPHHIX TeJN, KOTOPHE, KaKk IO-
Ka3aHO BEIIIe, CDABHUTEIHHO JETKO PACHafal0TCSA IPH KPATKO-
BPEMEHHOM WX H3MeJbYEHNH B BOJHOU cpefe.

Brunm mccienoBaEE BHCOKOHUCIEPCHEE IOPOIIKY KBAapIa,
9JIEKTPOKOPYH[A, KAJBIHATA, TAJIbKa, NOJIyYeHHHE HIHECOEp-
rupoBaHMmEM B Ja00paTOPHON SKCHEHTPMKOBOH BHOpOMENb-
mume, ambo cyxmM cmocoboM, amGo0 B pPa3IMIHHEX KHI-
KOCTAX — BOJie, TOJYyOJe, HUXJIOPITaHE, ameTOHE, STHIOBOM
¥ n-aMmioBoM cuompTe. B HeKoTOpHX omnHTax HoGaBKM
COCTABJIAJIM HECKOJNHKO IPONEHTOB OT Beca MaTepuaia.
Xopomo BHCYIIEHHHE IIOCJHe HDOMOJa HOPOMKH XPaHHIUCH
IJIATeJbHOE BpeMs mpW KOMHATHOW TeMIepaType WJIH B BOE,
WIH B OPraHHYECKHMX JKHUKOCTAX — TeNTaHe, aneToHe, OH-
metmiadopmamupe. HumeTmra caMOnpoWsBOJIBLHOIO MAHCIED-
rapoBanusa (pacmajma) OIEHMBAJACh IO M3MEHEHHMIO BO Bpe-
MEHH YJeJbHOH HOBEPXHOCTH BHICYIIEHHHIX HOPOIIKOB (Me-
TogoM bBpymayspa, Ommerra, Temmepa mo N,). Hamuume
MOJIEKYISIPHOILIOTHHX arperaToB 9YacTAI B WM3MEJIBYEHHBIX
DOPOIIKAX NpPeBAPUTENBHO YCTAHABIMBAJIOCH IIYyTeM Kpart-
KOBPEMEHHOTO HMX [[OMOJA B BOJE.

OcHOBHEIE DPE3YJNBTATH MCCIENOBAHHA CBOIATCA K Clle-
ayomeMy: 9QQeKTEBHAA yHeJIbHAas IIOBEPXHOCTh TOHKOM3-
Meab9eHHOTO 6e3 H06aBOK KBapHa IPH [IATEJIHHOM XPaHEHAH
B BOZe W3MeHseTCsA HesHaumTeabHO (puc. 19). Amnanormuno
KBapIeBHIM MOpOMmKaM BefeT ce6sa u Oexas caska. YIejbHEE
MOBEPXHOCTH KAJbIUTA W KOPYHAA CYXOro IOMOJIa IPH Xpa-
HEHHWU B BOJle BO3PacTalT B HECKOJABKO pas. OcobeHHO 6OJb-
moit 5¢)PeKT caMOmpOM3BOJBHOIO AUCHEPIHpPOBaHMA HaGII0-
maeTcA y TauabKa. lIpM XpaHeHNW DOpPONIKOB CYXOTO
IIOMOJIA B IEPEYUCIEHHBIX BHIIE OPraHMYECKUX IKUMKOCTAX
u3MeHeHHA nX 5PQEeKTUBHHIX 3HaYeHHHd S He IPOUCXOXUT.

YenpHbe HOBEPXHOCTH IOPOIIKOB KBapma, KOPYHZA, HM3-
MeJIbYEHHHX B OPraHMYECKUX FKMIAKOCTAX M XPAHHWBIIWXCS
B BOJie, YBEJIMYMBAIOTCA B HECKOIBKO pa3 (puc. 20). Hambomxs-
il WX IPEPOCT MMeeT MeCTO IIPH paclajie arperaToB KBapIa.
Te jKe HOPOMIKA KBapma, HO XPAHHWBIIMECA B OPraHHIECKHX
UIKOCTAX, HAIPUMeDP, B TAKOM PaCTBOPHUTENE, KAK JAMETHII-
dopMaMmzi, C€aMOIPOHM3BOJIBPHOMY AHUCHOePIHpOBaHUIO (arpe-
T4TOB) He HO[BEPraloTcA. Y/elbHas MOBEPXHOCTH IOPOIIKOB
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KBapna, U3MeJbYeHHEIX C MaJHMHA H00aBKaM#A OpPTaHMIECKUX
JupKocTelt, Hanpmmep, ¢ 2% mo Becy ameToHa, STHIOBOTO
cnupra, 6eHsona, Npu AJIUTEIHHOM XPAHEHAH HX B BOJE B Te-
4eHUEe HECKOJBKUX MeCAIEB YBeIUIUBAETCH B HECKOIBKO pas.
Hus cpaBHeHHA mpo-
BEJIEHE ONEITHL ¢ OeHTO-
HUTOBOM IIMHOM, HE IOJ- ar
BepraBmieiics m3MeJbde-
Huio. HKax caegyer n3
puc. 20 (kpuBas 7),
yIeJIbHAs  IOBEPXHOCTH
HEHM3MEeJbYEeHHOTO GeHTo-
HUTA IO Mepe XPaHeHHs]
B BOJle HECKOJIBKO pacTer,
a sareM mamaer. Ilytem at 3
U3MEJIbYEHUA  yHeJIbHAs 7
IMOBEPXHOCTH OEHTOHHUTA 7
MOjkeT OHRITH yBeJamIeHa . L .
B 2—3 pasa. Ilpm xpa- 7 z J
T, MECRIbI
HEHMM B BOJE [HCIEp-
THpPOBaHWE TAKHX NOPOII- Puc. 19. l3menenue 3dpdeKTHBHOL
KOB Hpofre}(aefr aHaJormu- ylleJII)HOf;I IIOBEPXHOCTA HOPOIMKOB Cy-
HO HeI/I3MeJII>‘IeHHOMy 06_ X0ro musMeJb4€HUA IMIPU TIUTEJIBHOM
XpaHeHun UX B BOge:
pasily. Hpn KUIAGCHIT 1 — KBapLeBHl INEeCOK, 2 — KOPYHA, ‘3 —
MOPOIIKOB B BOJE CKO- KAJIBIAT, 4 — TOUbK. @
pPOCTh  CaMOIPOU3BOJIb-
HOT'0 IMCHePTMpPOBAHUA BHINIe, 9€M IIPH KOMHATHOH TeMmepa-
type. IlpegBapuTenbpHEI 00KUI IOPONIKOB NPH TEMIEpa-
type 500° C mpemoTBpamaeTr 3TOT IPOIECC, XOTH pacrBop-
MOCTH IIOPOIIKOB 3HAYMTENbHO BospacraeT [70].
YMeHpIleHNE JUCIHEPCHOCTH NOPONIKOB IPH  XPaHEHUHA
B BOJe MMeeT MECTO B CIydae M3MEJbUeHHEIX CYXHM CIO-
co00M NOpOIIKOB KaXbnuTa, Kopyuma (puc. 19) m xBapma,
m3MeabIeHHOTO B Boje (puc. 20). IToT (aKT CBHAETEIH-
CTBYET O NIPOTEKAIMUX NapaIeJbHO IPONMeccax — paspy-
meHuyM arperaToB YacTHI M YKPYOHEHUU NEPBHIHEIX YACTHII.
Us puc. 19 m 20 caegyer, 9T0 CKOPOCTH POCTA yAEILHOR
LIOBEPXHOCTH CYIIECTBEHHO 3aBHUCHUT OT YCJIOBUA M3MEJIbYCHUA
mopomkoB. HauGosee mpounrle arperaTil KBapia, H3Melb-
9eHHOTO B CYXOM BO3[yXe, IOYTH He pacuajgaiorcsa. Memee
OpPOYHEIE arperarthl, MmOJYyYeHHEE W3MeNbYCeHHEM C MaJIbIMu
(mo 2%) moGaBraMu KUAKOCTEH, pacmafarTCs 3HAYATEILHO

S, m¥z

4
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MeJllieHHee, 9eM arperaTh HOPONIKOB MOKpOTO (He B BoJe)
H3MeJbYeHNS.

YacTuUH KaJbOUTa IPH M3MEJIBYCHHN C OPTaHAYECKAMH
HHAMAKOCTAME, KaK HOKA3HBAIOT ONHITH ¢ KPAaTKOBPEMEHHEIM

o Ayemon
/i x L

\D\Wym 7 L E

art

1 1 1

L 1 1 Il
/A4 75 57 97 3
T, Cymmd T, MECAYbI

Pmc. 20. VameHennme 5(0¢eKTHBHON yHeabHOH MOBEPXHOCTH IOPONIKOB
IpH JJIMTEJIbHOM XDAHeHHH HX B BOJe.

1—4 — KBapl, 5—6 — KOPYHA, 7 — OeHTOHMT. ITOpOmMKM M3MeJIbYEHH B BOHE
(2 m 7), B cMecwm BOOH M aleToHa (3), B aleToHe, cnmpre um Tojyoje (I M 6)
u c po6aBKoOif 2% aueToOHAa K CYXOMY IODPOMKY (4).

HIOMOJIOM B BOJE, MOAEKYJIAPHOIUIOTHOM arperanum He IOf-
BepyKeHH. BcuecTB®e 5TOr0 AJIATENIbHOE XPAHEHHE UX B BOZE
He OPHBOJUT K 3aMETHOMY pOCTY Y/[AeJIbHOHX IOBEPXHOCTH.
Kax m jys nopomkoB, m3Menb4eHHHIX B CYXOM BO3AYyXe,
B MAQHEHOM CJIyJae HMeeT MECTO yMEeHbIIEHHEe NHUCIePCHOCTH
OpE XPaHeHWH WX B Boje.

OueBHAHO, YTO ONMCAHHOE 3[eCh HM3MEHEHHWE JHCIEpC-
HOCTH, KaK, BOPOYeM, W 3aada 00 yCTOHIABOCTH KOJIOHS-
HO# cHCTeME BOOOINe, HEHOCPEJACTBEHHO CBA3AHH C METOJOM
usMepernd. ITa d3QPexTH He Obim OH 3aMedeHH, €CIH OH
IUCHEePCHOCTH M3MepsAiach He MeTomoM Bpymayspa, OMMerTa
z Tennepa, a cKaskeM, PEHTTEHOBCKHEM (paaMepaMn mepBHY-
HHIX KPHCTAJJIHTOB).



FTABA III

OCOBEHHOCTHN XPYIIROI'O PA3PYHNIEHHA
TBEPABIX TEJI MAIJIBIX PA3MEPOB

B pa6orax, HOCBAMEHHHX HCCIEJOBAHHIO NpoIecca Hs-
MelbUYeHHA, B KadecTBe OCHOBHOT'O KPHUTEPUS ONEHKH €ro
pe3yIbTAaTOB HPUHATA OJHA W3 XapPAKTePHCTHK AUCIEPCHOCTH.
Taxad omeHKAa mMpHEMJIeMa TOJBKO B TOM ClIydae, KOI[a HEp-
I'A paspylIeHHs BIOJHE ONpeesseTcs CO3TaHHEMA BHENTHEH
cuIoii TpelelbHHMHI YOPYTUME AeOPMANEAMHE M 3aBHCHT
TOABKO OT Pa3MepoB paspylmaeMHXx dactum. Memxagy Tem
B OOBIYHHIX YCJIOBHUAX IPH Pas3pyIIeHAN JaCTHUIH HCIEITHBAIOT
HapAAYy ¢ YOPYIUMH U ILIacTAYecKme nedopManum, BeJIMIAHA
U yIeJbHEE 3HATEHUSA KOTOPHIX 3aBUCAT OT CIOCO0a IPHIOsKe-
HOA HaOpAMeHUA, OPHPOAH TBEPAOr0 Teja, pasMepa da-
CTHI[ ¥ B3aHMOMEHMCTBHA WX C JKHAKOH MIM TIa3000pasHOii
¢asoit. Ha mnacTugeckoe meopMupoBaHme 3aTpaImBaeTCA 3HA-
quTeabHAsd [OJNA SHEPTMHM W3MeNbYEHHsd, BIOJHE COIIOCTa-
BEMAasA C SHEPTrHeil IpefeJbHOr0 YIOpPyroro aedOpMEPO-
BaHHA.

OcraTrouHble mjacTuiecKkue AefopManum, KpoMe TOro, Cy-
IMECTBEHHO M3MEHAIT QM3AKO-XMMUYECKHE CBOHCTBA MOPOLI-
KOB, 9aCTO B 3HAYMTENBHO GOJNbIIEH Mepe, 9eM yMeHBIIEHHE
pasMepoB dactull. BciefacTBme 3TOr0 MX HANJIEKHUT CIHTATH:
HapAAy C OHCIePrUpPOBAHMEM OCHOBHEIM pPE3YJbTATOM OpPO-’
necca (MHOTHA OCHOBHEIM IO 3HaYmMocTm). Taxkmm oOpasoM,
00bACHEHNE N3MEHEeHNSA PUBNKO-XAMAIECKUX CBOMCTB BEICOKO-
IOACIEePCHEX MOPONIKOB M MEeXaHW3Ma JNeACTBHUA CPeNHl, TaK e
KaK M CO3[aHME TEOPHUH M3MEJbYeHHUs, 0Ka3ajdoCh CBA3AHHEIM
C HCCaefoBaHEEM OCOGEHHOCTeH paspymeHHsA MAaJHX YaCTHI]
M CTeNEHW WX IJIACTUIeCKOro neOpMHDPOBAHUA B IPOIECCe
W3MeJIb9eHusA.
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§ 1. lIsaMeHeHne KPHCTANIMYECKOH CTPYKTYPHI 9acTHIY
NMpH H3MeTbueHAn

IIpmHATO AeawTh TBepAHe Tela HA XPYOKHE M ILIaCTHY-
HEe. K mIacTHYEEIM OTHOCAT OOHYHO METAJIH, K XPYOKAM —
MHOHepAaJXH THOA ajlMas3a, KOPYHAA, KBapma, paspylUleHHEe KO-
TOPHX OPH HOPMAJBHOM TeMmepaType HPOMCXONUT IIPH yBe-
JMYeHAN HAUPSKEeHAH 1o paspymaomux. OqHako B pAge Cly-
9aeB IPU N3MEJBICHAN TAKMX MaTePHAIoB ObLIM 00GHADPYKEHE
SABJIEHUS, KOTOPHE MOKHO OOBACHHTH JHMb 3PHEeKTOM uX
niactmIeckoro pedopmupoBanmsa. K HEM oTHOCHTCA BmepBhie
ucciaemosannas Jleaxepom [73] BeICOKas XUMHUYECKad AKTUB-
HOCTh M3MEJbYEHHOTO KBapIa, KoTopas Opuia o0macHena 06-
pasoBaHMEM Ha IOBEPXHOCTH YACTHI[ TOHKOT'O PaspyNIEHHOTO
cios, Tuna ciosa Beins6m [23] ma moBepxHOCTH mONEpOBaH-
HEX MertajnoB. B manbueimem Ilyxerep [74] oGHapysxun Ha
MOBEPXHOCTH aJMa3a OPH IapallaHuM ero aJMa3HBIM jKe pes-
[OM XapaKTepHbIe COPOCH, KOTOPHIE TaK:Ke MOMKHO OHLJIO CYm-
TaTh Pe3ybTaTOM IJIACTAIECKOr0 Ted0PpMUPOBAHHUA B 00IaCTH
Goposgsl. Ha ocHoBaEmHE m0m06HOT0 PO/la TAHHKIX OTAXYATEN b~
HOH 9epTOil XPYIKHX TeJI MOKHO CYATATh HE OTCYTCTBHE,
a JINMb CPaBHATEIbHO 0YeHDb MAIYI BEJAUIAHY IIACTUIECKOTO
nedopMHUPOBAHUA, COCPETOTOYEHHOr0 B 00JACTH MaKCAMAJIb-
HEx HanpsxeHmit. Ilmactmueckoe pmedopMumpoBaHme TaKUX
MaTepPHAJ0B HECYIMEeCTBEHHO NPH Pa3pyMeHHA KPYOHHX 006-
PasmoB, HO B IIPONECCaX M3MEJIbYEHUS €ro POJb CTAHOBHTCH
Bce Gosee 3HaudTeNbHOW. K 5TOMy BEIBOOYy NpPHIIIN TaK:Ke
ITarasa ¢ Koxamosekoit [75] u Tementn [76].

BoamoxHOCTS HAOMIONEHHUS MIACTHYECKOTO aedopMUpo-
Bauus Goapmmx 06pasmoB XPYNKHX TeJ ONpeHessieTcsi TOod-
HoCThI0 mpuGopos. Ilpm mocTaTOYHO aKKypaTHOM MOCTAaHOBKE
OIBITOB, B KOTOPHIX [ied)opMaium GUKCUPYIOTCA ¢ BEICOKOM TOY-
HOCTBIO, OHA O0HApy:xkuBaeTcA W Ha Ooapmmx obpasmax mpu
X MENJIEHHOM CKaTum. TaKue ONMEITH MPOBEJEHEl ¢ KPUCTAJ-
aamu kBapua [77] u ¢ o6pasmaMu psga XpYyOKHUX TOPHEIX II0-
pox [78, 79]. K coxanenmio, B paGoTe ¢ xBapmeM medopma-
AN KPUCTAJIOB IIPH UX CKATHU M3MEPSINCH IO CMEMEHUIO
OOPIIHA B IIPecce, KOTOPOE MOTIJIO OHITh YACTHIHO BELI3BBAHO
paspymenmeM 1e(eKTOB Ha TOPIEBHX MOBEPXHOCTAX, 4TO HMU-
THPYeT miacTHIecKoe [eOPMADOBAHME- W [€IaeT HEHATEX-
HEIM COIOCTaBJeHHWE PAabOTH yOPYrHX M IUIACTHIECKHX [ie-
dopmanumit. B mpOTHBOIONOKHOCTE 5TOMY B HCCJIENOBAHUU
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Kouamnna, Bapona m Becenosa [78] maguratopu medopma-
Q@i IPAKPEmIAIACH K CaMOMY [eQOpPMEDPYEMOMY LHIHHIDY
(rrcora 40 mm, nmamerp — 400 mam), 9TO HCKI0TAET mOTpPENI-
HocTH, BHOCHMEE AedopManueir mpecca. Vs npuBeeHHHIX Ha
puc. 21 maHAKX BHAHO, YTO pA3MHYHHEE TOPHEE MOPONIH
I cpeqd HAX TaK@e XpYIKHe,
KaK J[UKeCOUIWT W KBApOWUT, Ha
CaMoM [ieJle MMeIOT 3HAIATEIbHYIO
006J1aCTh MIACTHIECKOTO AedopMu-
posaums. IIpu sTom BrIag paGoTn
HpefeNbHOr0 NJIacTHIECKOro me-
$OpMUPOBAHUA COCTABIAET IJIfA
TPKeCIIIIANTa HEeMHOT'0 MEHBIIE II0-
JIOBHMHEL Bceil paboTH paspymeHns,
a maa mpamopa — Gomee 80%.
ITogpoGuble JaHHKE 0 MeXxaHU3Me
paspylleHHA XPYOKHX u IOJY-
XPYIKHX TBEPAHIX TeJ W OIEHKA
poJIM WX ILIACTHIECKOro pnedop-
MUPOBAHUA COOGIMANHMCH B psAMIe
NOKJAMOB Ha KOH(pEpeHmmm, II0-
CBAMIEHHON OKCIIEPAMEHTAIBHBIM V4 4z VZ

st

Hazpysha, 7
S
1

X

¥ TEOPETHYECKUM MCCIETOBAHUAM
paspymenus tBepaeix Tea [80].
[ auusie, npuBeeHHEEIE HA PHAC.

E, MM

Pmc. 21. JImarpamMma ogHO-
OCHOTO CjKaTHs TIOPHHX IIO-

21, TMO3BOJAIOT OLEHHTH MOBEPX- pox [78].

HOCTHYIO INIOTHOCTH (B pacueTeHa 1 - mpavop, , 2 ~— nomectunk,
“ — amaTuT, 4 — POTOBUK, & —

eIUHAIY BHOBb 06Da30BAHHOM IO-  juenesmcrnii  keapumr, = 6 —

BePXHOCTH) SHEPTHWH IPEfeJIbHOr0 CHApPH, 7 — JUKeCIHHT.

[IacTUIecKoro eOpMEpOBAaHAA MIYICHHHX MaTepHaJoB.
IleficTBATETbHO, NPHUPOCT HOBOA HOBEPXHOCTH B Pe3yJbTaTe
pa3pylleHNus TBEPAOUA TOPHOI MOPOAH — [KEeCHWINTa, IO Me-
XaHMIECKAM CBOMCTBaM GIM3KOHE K KBapIy, MOKHO CUATATH
TaKuUM ke, Kak y kBapua. Coramacuo paboram Hsorra, Agamca,
Isxoncona u Ilmperra [81] u Axcenncona m ITmperra [77]
CpefHMUi1 IPAPOCT yAeIbHON HOBEPXHOCTH, M3MEPEHHON MeTo-
nom Bpyuayspa, 9mmerra um Tennepa, npm paspymeHuu
KBapua cocraBiser 14 cm?/kz-cm, T. e. 3aTPaTH Ha IpeeNb-
HOe IIacTWiecKoe HeOPMUPOBAHUE COCTABISAIOT OKOJO
2-10% ape/cm?. [Inss MpaMopa ¥ M3BECTHSKA IOJYIAM TAKOE e
3HAYeHONE IUIOTHOCTH SHEPTHH ILIACTHIECKOTO HedopMEpOBA-
HOA, €CJIH IpUMeM, 9TO JJA HHEX COTJIACHO HKCIOePHMEHTAJb-
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HEIM JJAaHHHIM TeX ke aBTopoB [81], kak m qua ramsnuTa, npm-
POCT DOBEPXHOCTH HA ENHHANY 3aTPAd€HHON HEPIWH BIBOE
GoJple, 9eM A KBapma. dTa BeamumHa nmpumepuo B 20 pas
NMPEBOCXORMT 3aTPATH DHEPIWH HA CO3[aHUE HOBHIX MOBEPX-
HoOCTe# (yBeamueHHe CBOGONHOH HMOBEPXHOCTHOU IHEPTHH)..
Onurramu emucrepa u Puuu [82], B koToprix wmccmeno-
BaHO m3MepeHWe (PU3MKO-XMMAYECKMX CBOMCTB KBapma B pe-
3yJIbTaTe ero W3MeJIbYeHUs, ORII0 NOKA3aH0, 9TO AaHOMAIBHOM
XUMHAYECKON aKTHBHOCTHIO OTIHIAETCS JHWIIH TOHKHHA MOBEPX-
HOCTHHIA CJIOM YaCTHI| M3MEJIHYEHHOr0 KBapua. YJaJeHue mo-
BEPXHOCTHOTO CIOS DPAacTBOPEHHEM BO (TOPUCTOBOIOPOAHOM
KHCJIOTe B3HAYATENHHO CHIKAI0 XWUMHAYECKYH AaKTHBHOCTH
TOpOImIKa [0 BHAYEHHWH, CBONCTBEHHHX KPHCTANIHICCKOMY
KBapnmy. PeHTreHoBCcKMe W TepMOIpaBHMETPUYECKHE MCCIEfo-
BaHWA aMopQHU3anUM M3METbICHHOI'0 KBapila TaKKe IPUBOLAT
K BHBOJY O JOKAJIH3aOUH aMOPPM30BAHHOTO ILIACTUIECKOMR
medopMammeil BemecTBa Ha IOBEDXHOCTH 49acThi. Taxme
onuTH Gerim mpoBenensl I'opmonom [83], mccaemoBaBmuM m3-

Menenme maTeHcuBHocTH nummmz [1022] (d=1,81 A) kBapma
s pasMepos gactui oT 0,2 mo 20 mrm. Buio o0HapyKeHo
yMeHbIIEHWE WHTEHCHBHOCTH X He(GOJBIIOe pACHIMpeHHe JH-
HH@A ¢ pocTOM AmcuepcHocT: mopomka. O6paboTKa mOpPOIIKOB
(TOPHCTOBOOPOTHOR KHCIOTOH IpHBeNa K POCTY MHTEHCHB-
HOCTH OTpayKeHHit B ciyIae Mankx gactul. Vsmepennsnie 'op-
LOHOM HA OCHOBAHUHY PEHTTEHOBCKAX TAHHBIX TOJM{AHE aMOpdu-

B0BaHHOTO CJI0f OKasaanch Gamaxumm k 1000 A. K TaKOMY JKe
3HAYEHUIO IPUBOAAT TepMOrpadmdecKre MCCAELOBAHUA, TOIA
KaK U3 ONBITOB II0 PACTBOPHMOCTH TOJIMMHA aMOPYHOTO CIOA
okasanack B 10 pas mempme [84—87].

IIpencraBnennsie Ha puc. 22 PEHTTEHOTPAMMEL IIOPOLIKOB
KBaplla, N3MeJbYeHHLIX B BO3YIIHOMA Cpefie, IIOKA3KBAIOT, YTO
¢ yBenMYeHWEM NPOAOKATEIHHOCTH W3MEIbIeHUsI IPOUCXO-
OUT IOCTeIEHHOe YBeJWICHHE IIOTHOCTH (OHA, BHIBEIBAIOMIEE
nouepuenme nebaerpamMmsl. Ilpm aTom gaxxe mpu oueHB GOIb-
IDO¥ [IIATEIHHOCTH IIOMOJIOB AUPPAKIMMOHHEE MaKCHEMYMBHI,
XapakTepHEIe M pemeTKM KBapuma, OKA3HBAlTCA COBEp-
meHHO 4eTKuUMH, Ge3 samerHoro umx pacimmmpenus. CiegoBa-
TeJBbHO, aMOpPU3aNMI0 KBapIa HENh3s OPEOACATH yMEHBIIe-
HHOI Pa3dMepPOB KPUCTALIMICCKAX JACTHUI, KAK 9TO IMEeT MecTo,
HampuMmep, Rid rpadura, KOTKa OO Mepe W3MENbYEHHSA IIPO-
HACXOAUT NOCTEHEHHOE PACIIMPEHWEe PEHTTeHOBCKMX MAaKCHAMY-
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v0oB. Bo BCAKOM ciydYae, PEHTTE€HOBCKHE MaHHEE YKa3HBAIOT
Ila OTCYTCTBHE B HOPOMIKAaX KBAaplla 3HAYMTEJHHBIX KOJHUIECTB
K PHCTaLIAIECKAX 6m0x0B paszmepom Goapme 20 m MeHpme
300 A. CpaBHeHHe KPUBHX IOYePHEHUSA ebaerpaMM CBUETENb-
CTByeT O 3HAUMTEIHLHOM CXOACTBE (B CMBICIE IIOJHOTO OTCYT-
¢TBUA MAJbHET0 HOPASKA B PACHOJNOKEHAH aTOMOB) CTPYKTYP

N
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Puc. 22. Jle6aerpaMMH H3MeILIEHHOTO KBApIa.
BpeMR N3MeJIbYeHN A YHKa3aHO B dacaxX.

KBapua, aMopPHU30BaHHOTO IIyTeM [ITEJIHHOTO M3MEJIbYCHHUS,
1 KBapOEBOTO CTEKJIa, YTO HOATBED;KAAETCA TAKIKE TAHHHIMH
tepMmdeckoro amanmsa [88, 89]. aa amopdmsoBarHOTO
KBapha, B OTJIMYAE OT KPHCTANIAIECKOTO, TEmIOBOL 3(PerT
(asoBoro mepexopa mpu 574° MOJHOCTHIO OTCYTCTBYET.

K wmpenTwunoMy ¢ HammmM BEIBOAY O MPHpOJE U XapakTepe
CTPYKTYPHHX HM3MeHeHHN B KBapue mpumuiim mosguee CraHTO
u Jluaguep [90], npoBoguBmMe maMenbUeHHE B CPAaBHUTEIHHO
MaJIOMHTEHCHBHON BmOpoMeasumue. I1o UX JaHHHEM CKOPOCTH
amMopdu3anMK 3aBUCUT OT MaTepuaia Meaomux Tea (puc. 23).
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Jlasa wmsMepeHUA TOJIMWHE AKTEBHHIX aMOPQU30BaHHEIX
cioeB, 00pDA30BAHHHX HA IOBEPXHOCTH KPHCTALINIECKUX
9JacTHUL, KBapma OPH ero W3MeJbYeHHH, NPAMEHSIIH Pasimd-
HEIe METO[H, B TOM 9ucje AudepeHqmaibHblii TepMUIeCKHit
aHaJHU3, DIEKTPOHOIPaQmio, PEHTTeHOCTPYKTYDHHH aHAIH3,

T, yac

T, yar
Puc. 23. 3aBuCHMOCTb CKOPOCTH aMmMopdusanmm KBapma OT YCJIOBHU
W3MeJIb4eHNA M OCO0EHHOCTH aMopdmsanumm KaMeEHOHM COJH.

1 ¥ 2 — NpU N3MeJIbYeHUH CTAJIbHBIMI M KOP YHAOBBIMI IIapaMyl — B YKCJIe UMIYIIb-

coB jmHuu (101), BepxHAa mwKana T [90]. 3u 4 — amopduzanua KaMeHHOH cosm

M KBaplia — B OTHOCUTEJIbHBIX eIUHMIAX, 3’ M 4’ — COOTBETCTBYIOUIasd KMHETHKA
m3MEeHeHWH pa3MepoB YacTHL, HWKHAA mKana <t [94].

uHQpPAKpPACHYI0 COEKTPOCKOIHUIO, a TAaKyKe JaHHbIE 0 YMEHb-
IIeHHI0 IUVIOTHOCTH W yBeJIWmdYeHHI0 pacTBopumoct:m [82—87].
B s1ux paGorax (qaEHbe M0 HAM CBeJeHH B Tabi. 6), Korga sTo
OBLI0 HEeo0XOoMUMO [JIs BHYUCIEHHS TOJIMWHE aMopdHOro
CJI0fA, CPefHHWE pasMepH YaCTHI[ ONPEReNsad 1m0 BeJIUIAHAM
VAEAbHHX MOBEPXHOCTEH, HB3MEPEHHHM MeTOLOM BO3AYXO-
NPOHUNAEMOCTH.

HKax Buguo m3 Tabi. 6, B ompegenenuu aMophU30BAHHOTO
cnoa HAGIIONATCA 3HAYUTENbHHE pacxopenma. OGbacHe-
HHE 3TOMY MOMXHO HAATH B TOM, YTO KBAapIEBHI MOPOIIOK
Ipd CyXOM IIOMOJIE, KAK IIOKA3aHO BHIIIE, HOABEPraeTCs CHIb-
HOH MOJIERYJIAPHOIIOTHOH arperammm. Kpome Toro, Meron
OIllpeJieIeHNA YAeNbHO! MOBEPXHOCTH [0 BO3AYyXONPOHHUIae-
MOCTH MJIf TOHKHX IOPONIKOB JIa€T HEHAJe/KHbie W, BO BES-
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Ta6numa 6

OieHKa TOJI{MHB OBEPXHOCTHOTO0 aMOP(H30BAHHOr0 CI0A HA KBapue

HaspaHme MeToma ompeneJIeHnsA ToJIuHEA CJIO0A,
(yCIIOBHO) MEM

PacTBOpeHr® B INIABUKOBOI KHUCJIOTE 0,02—0,03
Judparuuss peHTTEHOBCKAX Jydei 0,03—0,10
amepeRre IUIOTHOCTH 0,03—0,15
Inppaknus dIeKTPOHOB 0,03—0,06
XuMuyecKnil aHAIN3 0,02—0,07
IuddepeAnnanbEni TepMUdeCKni aHAIN3 0,11—0,15
NHedparpacHasas COEKTPOCKONAA s

KOM cilydae, 3aHIKEHHEE pe3yJabTaTel. 1losToMy mpuBener-
HHle [aHHbE, MOJyJeHHHe TakKe 0e3 ydera coenuPuKm
U3MeJLYEHNA, CIEeyeT PAaCCMAaTPABATh TOJIbKO KaK CPaBHHATE I b-
mele. HenameyXHOCTD JUTEPAaTyPHEIX JAHHEIX O TOJIIAHE aMOP-
dU30BaHHOIrO CJIOSL M OTCYTCTBHE CBefeHHH 006 0COGEHHOCTAX
mpomecca aMopusaiuy B CBSA3H € [AeficTBHEM Cpegs mo0y-
muar K Gojsiee mOAPOGHOMY MCCIEOBAHHIO 3TOTO sABIe-
uusa [88, 891.

HonuuecTBo KBapia, mepemefmero B Ipomecce M3Melb-
4eHHA B aMOP(HYI0 (OPMY, ONPENEIANIOCh B HAIIEX OMEITaX
MeTomoM nudpdepeHINaIbHOI0 TepMmiIecKoro amaiamsa. Ilpm-
MEHeHHe 3TOT0 MEeTO[a OCHOBAHO HA W3BECTHOM CBOMCTBE KpH-
CTAJIIMIECKOr0 KBapla, y KoToporo mpu Temumeparype 574° G
copepmaercss (Has3oBHIl Iepexox u3 HUBKOTEMIEPaTypHOM
a-QOopMEL B BEICOKOTeMmepaTypHyIo B-dopmy. Temimomoit s¢h-
deKT a — B-mHBepCHE MOBOJBHO BHAYATENEH M COCTABIAET
npumepro 1,6—3,5 dxc/e, 4T0 HenmaeT BO3MOKHEIM HCIONB30-
Banue 3Toro s¢dexTa IJIA OMEHKHU COAEPIKAHMA KPHCTAIInIe-
cKoil ¢a3sl KBapla B cMecsiX ¢ OPyTMMH BemecTBamMu. HeoO-
XOAUMO OTMETUTH, 9TO TaKme (OPMH KpeMHe3eMa, Kak
TPUAMMHAT, KPUCTOOAIAT B KBaPIEBOE CTEKI0, HE MMEIT IPH
remmeparype 574° C kaxkmx-1m6o PasoBHIX IEpPEXO0B M He
mepexo/AT 3aMeTHHIM 00pa3oM B KBapIl IPH JIOGHX TeMmepary-
Typax W HOPMAJbHOM JaBieHWH. lIsMepeHms TemmnoBoro 3¢-
deKTa HHBEPCHE OPOU3BOAMINCH HAa (POTOPETHCTPHPYIOMEM
nupomerpe HyprHakoBa. B mnmpomerpe mnpemycmorpena ¢o-
TO3amMCh TeMmeparypsl o6pasma ¥ PpasHOCTH TeMOmeparyp
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ofpasiia u 5Taj0Ha, KOTOPHE PErHCTPHPOBAIUCH C IOMOIIBIO
IJIAaTAHO-IIATHHOPOANEBEIX TEPMONAD C 3ePKAJBHHIMH T'alib-
BanoMeTrpamu. Mcciemyemeie npoOsl ObIE BHIGDAHK PaBHEIME
2,5 a.

Nsmepenus npousBommiadm ODpW OXJaKAeHAA 06pasuoB,
mocjie mpelBapuTelbHOro HarpeBanusa mo 650° C—700° C.
ITpoBenerne wmaMepeHWiI OPU OXJIAKIEHMH OO3BOJMIO U30e-
JKaTh BIMAHAA PANA IOMeX, B TOM YHCJIE€ HEPaBHOMEPHOCTH
HarpeBaHusA o0pasma m3-3a KojebaHUil HANPAKEHWH B CETH
H CETeBHX HABOJOK HAa TEPMOHAPH, 3aMETHO HCKaKAIIUAX
pesyabTars Habmomenmid. OxiaskfeHme TPOXONUIO- JOCTa-
TOYHO PABHOMEDHO 1 OMUHAKOBO BO BCEX ONEITAX CO CKOPOCTHIO
oxoiso 250° B wac B paGouem muTepBase Temmeparyp (550—
600° C). B sTmx ycmoBHAX BeJIMYMHA TEMIEPATYyPHOTO NHUKa,
COOTBETCTBYIOMEr0 ()a30BOMY IePeXofy YHUCTOTO KBapua, Co-
c¢rapasama 50 mm.

Hns onpenernenms cofep:kaHusa B o0OpasiaX KpHCTaIIn-’
9eCKOTO KBapOa I0 BHCOTE TEMIEpPaTypPHOTO NMKa ORIIm Imo-
CTaBJIEHH TI'DPafyAPOBOYHEIE ONBITH. Takwme OIEITH COCTOSIH
B OIPEJEeJIeHHA BEICOTH IUKOB [JIsI CMeCeil MOPOMKOB IHCTOrO
KPHUCTAIIXIECKOTO KBapha ¢ MPOKaJEeHHKM TIMHO3€MOM WK
KBapUEBHIM CTEKJOM, B3ATHX B DPAa3JIWIHHX COOTHOIIECHHAX
Memxny coboi. Ilo moayYeHHHM MAHHBIM CTPOMIH IPagydpo-
BOYHYI0 KPHBYI0 3aBECHMOCTH BHICOTHL OT CONEPIKAHUA KPHU-
CTaJIN9ecKo# a3k KBapma B oOpasme. XapakTepHoi ocoben-
HOCTBIO0 9TO# KPUBOi1 ABIAAETCA HEIMHEHHOCTH B 001aCTH MaJIbIX
cofiepKaHUit IpuMeceii, 61aronpUATCTBY0OMAA XOpomei TOIHO-
ctn MeTofa AupdepeHnuaIbHOTO TEPMAIECKOTO aHAIM3A IPU
OnpefleJIeHAd JaKe 09eHb HeGONBIINX KOIMYEeCTB KBApuma, Ie-
pellefnnX Npu M3MeJbYeHHH B Apyrue (GOopME KpeMHeseMa.
IToBTOpHEIE MBMePEHHSA ¢ ONEHAKOBHIMHA IPO6aMHU OKA3HBAIOT,
9T0 B HAIIAX OUKTAX INPHA CONEPIKAHUU KPHUCTATIHIECKOU
¢dasur kBapma B KoixmuectBe 80—100% ommbkxu B ompeneie-
HOAX cocTaBaand +2,5% oOT m3MepseMHX BeIWIHH, a3 B WH-
‘repBane 10—80% — B cpemmem mpummepHo -+4%.

UccnemoBana amopdumsamus KBAPIEBEIX NOPOMIKOB, u3-
MeJIbYaBIINXCA B DKCIEHTPAKOBOHM BHOPANMOHHOW MEJIbHHIE.
Copnep:xaHnme KPHCTAJJIMIECKOT0 W aMOPPHOTO KBapIa ompe-
JIeIEHO ¢ Y96eTOM HONPABKH HA 3arpsg3HEHUEe MOPOIIKOB HPO-
OYKTaMd W3HOCA W3MENbIHTeNs (OKHCIOB jKelxe3a), KO-
9eCTBO KOTOPHX OHIPeNe]ANr XAMAYeCKNM myTeM. VaMepenme
yIeJbHOA IOBEPXHOCTH HPOM3BOJAWIN METOIOM HE3KOTEMIIE-



§1] U3MEHEHUE KPUCTAJIJIMYECKOM CTPYKTYPHI 107

paTypHO#l amcop6oum azoTa, IpEYeM BCe MOPONIKHW IPERBapHU-
TeJBHO mOABepTanm jesarperanmum. VM3 mpencTaBIeHHHX HA
puc. 24 TepMorpaMM HOPONIKOB KBapIja, M3MEJIbYEHHHX B Cy-
XOM BO3[IyXe, BHIHO, YTO BEHICOTA TEMIEPAaTypPHOI'0 MHKA a —>
— B-muBepcun mpm 573° C yMmeHnsInaeTcsi B HECKOJBKO pas
NP WM3MEHEHWM IPOJO/IKUTENBHOCTA HM3MeabueHus oT 1 fo
64 mun. B coorBeTcTBMM C 3THM cofep;KaHue aMopdHOoit Pass

N

4

Puc. 24, Tepmorpaguueckue dPPexTH a—> B-mHBepCUN U3MEIbIEHHEIX
TMOPOMIKOB KBapia.

BpeMa mu3MenhueHHA YKa3aHO B MUHYTaX.

yBeanmamsaercs oT 0 mo 95% u cTaHOBHTCA BHOJIHE 3aMETHHIM
y’Ke OPH IPOROJKUTeNBHOCTH H3MEIbYeHHsI OKOJI0 1—2 MuH.
JlagHEE 1m0 cofep)KaEmi0 aMOPdHOH a3kl KpeMHe3eMa W 3Ha-
9eHHA YIEIbHHX IOBEPXHOCTEHA TeX € MOPOIIKOB IO3BOJIAIOT
paccunTaTh CpEJHION TOJMUHY aMoppH30BaHHOTO CIOA HA
KpucTajdamdecKmx Aapax. Ha puc. 25 moxkaszaHo m3MeHeHUE
comepkanmsa aMopdHOil (asH B KBapIEBEHIX HOpPOMKAax, M3-
MelIbYeHHHIX B CyXoM Bosgyxe, ¢ 1,2% Bopsl minu TpmaTanoi-
amuua 1 ¢ 80% BOIHL, B 3aBECHMOCTH OT YACIHHOM IIOBEPXHOCTH.
Tonmuua aMopYHOTO CI0S W3 STHX MAHHHX OIPENENAETCA KaK
I=AQ/pAS (mrm), rme Q — comepsxanme amopdHOi (asnl
(B momAX emMHMUEI), p — IUIOTHOCTH aMOPPU30BAHHOIO
KBapua, S — yHeJdbHasg HOBEPXHOCTH (Mm?/e).

Kax caenqyer ua puc. 25, Toamuna aMop(hE30BaAHHOTO CJIOS
(AQ/pAS) ma wactTumax KBapma, H3MeIbYEHHOT0 B CYXOM
BO3[yXe, H3MEHAETCA OUeHb pPEe3KO OT 3HAYEHHUsA HPUMEPHO
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20 A gas TpyGoii NECHEPCHOCTH M JIO * HECKONBKEX COTeH
aHrCTpeM B ciydae JOCTATOYHO JIUTENBbHOTO M3MelbUeHNms.
B DpoTHBOMONOKHOCTH STOMY IPH W3MeJbYeHHH C BOJOMH
TONIIAHA aMOP(HOro CJI0A OCTaeTcd IOCTOAHHOHM, DaBHOM
~20A, B 3HaYATEIbHOM fEana3one gucnepcaocTH (o 50 m?/2).
Ilpm yBenumdenum yHeabHOR moBepxHocTH Bhme 50 m%/e
ToNmuHEA aMOP)HOTO €0 BO3PACTaeT, HO BHAUUTEJBHO MeN-
JeHHee, YeM IPH HW3MeJb4eHHd B cyxoM Bosmyxe. Tommuna

r

Codepmeanue amgpprad pazer
S|

1 1 ]
V74 V///4 4
5, m%/2
Pnc. 25. ConocraBieHne gUCIHEPCHOCTA KBAapUa CO CTEIEHBIO ero aMop-
¢u3anuy B mpoOyecce M3MeIbICHUA.

1 — B cyxoMm Bo3ayxe, 2 —c¢ 1,2% Bome, 3 — ¢ 80% BOQIH.

aMOppHOTO CJI0A Ha KPYNHHX YaCTHNAX, HOJYYEHHHX W3-
MeJbueHEeM ¢ MajauMmm fobaBkamuz (1,2% mo Becy) Bogs miam
TPUITAHOJAMUHA, — TaKaA ke, Kak um npm momoie ¢ 80%
Bogel. G yBeam4eHHmEM [QUCIEPCHOCTH BejMYMHA | [JAA mO-
POIIKOB, M3MEJIBYCHHHIX ¢ MaJHME [qo0aBKaMm, pacreT Mef-
JeHHEe, 9€M IpPH H3MeJbYeHHH B CyXOM BO3[yXe, HO 3HAYH-
TeJbHO GHCTpee, 9eM NpH M3MeJIbYEHHH ¢ Bomoii. Pea3xmit pocr
TONIMWEE! aMopdHOro cios mpm mameasgenunu ¢ 1,2% Bops
WA TPUATAHOJAMEHA HAYMHAETCS NPH AOCTIKEHWH AWCHepC-
Hoctm 30—60 Mm?/e, koTOpas COOTBETCTBYeT IOBEPXHOCTHOM
KOHOEeHTpanuu fo0aBok »xmaKocTeir or 0,5 10 1 HaCHMEHHOTO
MOHOMOJIEKYJIAPHOTO CJIOA.

JKCHepUMeHTaNbHEE [JaHHHE IOKA3HBAalT, YTO KOJIU-
9eCTBO KBapija, mepelneirero B aMoppHOe COCTOAHME 34 ONH-
HAKOBOE BpeMs, B ClIyJae WM3MeJIbUYEHHS C MaJbiMu [f00aB-
KaMU 3HAYUTEJbHO GoJiblie, YeM JJIf 9acTUIl], M3MeIbUeHHBIX
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B CYXOM BO3/lyXe HIH C BOHO#. JTa ocobeHHOCTh BEAHA HA
puc. 26, Ha KOTOPOM LPECTABIEHH KPUBHE KMHETHKHE aMop-
¢usamEM ODOPOIIKOB KBapHa, M3MEJIbYEHHHX 0e3 f00aBoOK,
¢ 80% Bopmpt u ¢ 1,2% (BecoBrix) Bopmel. CpaBHeHHE JaHHBIX
no aMoppusamumy ¢ KOHETHKOM [UHCHePTHPOBAHUA KBapIa
HOKA3kBAeT, YTO MaJbie [03H JKAAKOCTeH (mape) cmocol-
CTBYIOT He TOJDbKO MOBHINEHHWIO 3PPEeKTHBHOCTH RHUCIEPIH-
pOBaHMUA, HO UM CYNIECTBEHHO YBEJIMYMBAIOT BEIXO[ XHWMHYe-
cku Gosiee akTuMBHOA amopdHoil ¢asn. B oramume ot sToro

’
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1

wopHIl pasel, %

b

Lodepmanue  am

20 407 60
T, MUH

Puc. 26. Kunetunka aMopdu3anuu KBapna Ipyu H3MeJb9€HNM B SKCIEHTPH -
KOBOH MeJIbHMLE.
1—c 80% BOmBI, 2 — B cyxoM Bo3ayxe, 3 —c¢ 1,2% BOAHIL.

npu momoJe ¢ GoabmmM KoamaectBoM Boxsl (80%) ysemmue-
HOA BHIXOfa aMopQHO# a3k 1o CpaBHEHHIO C MOMOJIOM B CY-
XOM BO3AyXe He Habaomaercs.

W3 manmsix mamux oumbiToB [88, 89], B mpormBomomosx-
Hocth paboram [emncrepa u Pmum [82] m llepna, Puum m
I'm66a [84], cnenyer, 9To TonmuHA aMOP(HOTO CJIOA HA KPU-
CTaJIIaX M3MEJHUYSeHHOTO KBapIa, BooOIme TOBOPA, HE OCTAETCA
NOCTOSHHOM W 3aBHCHT KAaK OT IPOROJIKUTEIBHOCTH M3MEJb-
9eHAsA, TaK W OT NPHCYTCTBHS NOBEPXHOCTHO-AaKTHBHEIX
BEI[ECTB, IPHIEM BIHSHWE TAKMX BEMECTB CKA3HIBAETCHA 0CO-
Genno cuxbHo. Ha sToM ocHOBammu MOKHO OOBACHHTEH pac-
XOKIeHNe MEKAY W3MEPEHHOM METOIOM 3JIeKTPOHHOH mmd-
PAKIMA M NPWBEJNEHHOH HAMMU BHINE OINEHKAMH TOJIIAHEL
amop¢dHoro cios. JleficTBUTENBHO, B ONHTAaX C HMCIOIb30Ba-
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HEEM MeTofla BJeKTpoHHOH mmppaxmmm [84] mccnemosan
KBapIeBH# MOPOIIOK, M3MOJIOTHI B MIapOBOil araToBOX MeJb-
HEOe B mpomoinkeEmE 17 uac m ¢ comepkanmeM aMopdHOi
¢dasu 50% . Ilonyuennoe 3HaYeHme TONMUAHEL aMOPHHOTO CIOS
okasajocs paBubiM 0,03—0,06 mrkxm. Hamu ompenenenus
TOJIUHE aMOP(HOTO CJI0A HA JaCTHIAX KBapHa, M3MeJbUeH-
‘Horo 6e3 J00aBOK W C TaKHM jKe cofep;KaHHeM aMopdHoi
¢daser, gaor BeauauHy 0,02—0,03 mrm.

AMoppmzanus xBapma B mpoliecce M3MEJIbYEHUS MOKeT
OHTH BHI3BaHA, BOOOmME roBops, Am00 IJIACTHIECKOH medop-
Manuei#l vacTal, a0 ON/aBICHHEM X IMOBEPXHOCTHHIX CJIOEB
3a CUeT BHICOKHX TeMIepaTyp B MecCTaX KOHTaKTa C MeJIo-
mumME_TenamMu. MoskHO, oflHaKo, HOJaraTh, 4TO B YCJOBHAX
HaOIEX OOKTOB OGHIYHOTO OIIABJIEHHA YacTHUIl KBapma dax-
THYECKM HE Npomcxogmio. Jlna naasiaenms KBapua HeoO-
XoauMH TemuepaTyphni, npesmmatomme 1700° G, Torma Kak
CTaJIb, U3 KOTOPOH M3TOTOBJIEHHl MEIbHUIA W MEJIIIUe Teja,
OJaBATCA OPH B3HAYMTENLHO O0ojiee HH3KOM TeMmepaType,
1500° C. BosHmxHOBeHHE B MecTax KOHTAaKTa TeMIeparyp
BHIIIe TeMOEPATypH IJIABIEHUS OJHOTO U3 KOHTAKTHPYIOUHAX
TeJd BPAN JU BO3MOKHO. B mons3y sTOro ke coobpaykeHms
CBH/IETEJABCTBYIOT M CPABHUTEJBHO HHU3KHE KHHETHIECKUO
DHEPIME MeJMUX Tel, Tak YTO paspylieHme, IPOMCXOAHT,
B OCHOBHOM, C}KEMAIOIuMu ycmiaumsMu. Kpome Toro, Kak yixe
YKasHBaJ0Ch, HA NpHMepe MAacCHBHHIX 00pasmoB ObIO ycTa-
HOBJIEHO, 4YTO IJIACTHIECKOoe HeOPMHPOBAHWE WMMEET MEeCTO
M B ClIydae CaMHX Xpynkmx MartepmanoB. G Ipyroit CTOPOHH,
Ha npomecc aMopusamum, KaKk ¥ HU3MEJIbYEHHS, CHIBHO
BIHAIOT MaJhe JO03H MOBEPXHOCTHO-aKTHBHHX BemecTB. Ta-
KOe BIHMSAHUWEe HeJNb3sd OOBACHHUTH, €CIH CIMTATh NPHIUHON
aMopjmsanuy NOJaBJIEHHE MOOBEPXHOCTH YK€ paspyMeHHHIX
gacTuil.

Ha ocuoBanmm msnosxennoro GymeM B majibHEAIEM moJia-
raTh, 4TO BcA aMopdHas ¢asa KpeMHe3eMa B BEICOKORMCIEDC-
HOM KBapme oOyCloBleHAa ILIACTHYCCKUME HepopManusaMm
B 1pomecce paspymenma wactmi. I[lmacTmueckmM pepopma-
UAM OpHAaeTcs oupefenenHoe 3uauenme B Teopuim Crema-
HoBa [91], KoTopHii monarajs, 9TO OHM BOBHHKAKT IPU
PaspymieHdd B TOHKHX CIOAX, NPHIEKAMUX K MOBEPXHOCTAM
pasioMa, W OpefIecTBYOT eMy. K TakoMy ke BEIBOLY IDH-
BOOAT TaKKe W pe3yJbTAaTH HOBEHIIHX HMCCIeOBaHUEA Me-
XaHH3Ma pa3pyleHAs XPYOKHUX METaJIoB M HeMeTajiude-
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ckmx tBepasix Tex [80]. Ouenka TonrmuuE aMOpPA30BAHHOTO
CIOA WO3BOJIAET CYUTATh, UTO IJIACTHYECKYIO AedOpMammio
XPYOKHX TeJ, TaKWX, KaK KBapl, MOKHO HE YYATHBATh
B GajaHce 3aTpaT YHEPTHE Ha pa3pymeHHme JHIIb X0 TeX 1op,
UOKA TOJMIMHA CJIO0A, MOXBEPraeMoro IUIaCTHIECKOMY medop-
MHUpPOBAHMUIO, OCTAETCA MAaJIOfl [0 CPaBHEHHI0 C pasMepaMm
KpHECTaiioB, Eciam ke pasMepH 9acTHUI CPABHEMEL C TOJMIH-
HOHM TaKOTO CJI0f, POJIb 3aTPaT Ha IJIAacTHIeCKHe edopManum
CTAHOBHTCA YK€ CYIECTBEHHON, 9YTO IOATBEPIKKAETCA mC-
cle0BaHMAME aMopm3aldéd KBapma B IIPOmECCe H3Melb-
9eHUA.

YMecTHO OTMETHTH, YTO B HcciemoBaumax llemmcrepa u
Puan [82] Tonmmma aMopdHOTO ClIOA, OmpefeeHHAA IO
HaHHKM AuddepeHnuaIbHOr0 TePMHYIECKOr0 AaHANHW3a, Ipe-
BHIIIalla B HECKOJBKO pa3 3HAYeHHe, M3MEPEHHOe APYTAMHO
Merofamu. IIpuamHa 3TOr0 PacXoKIeHUsA 3aKIOIAETCA B He-
OPAaBHJBHOM OLIEHKE WMHA pPa3MepoB YaCTHI[, BEYIHCICHHHIX
Ha OCHOBE JAHHHX N0 Y[AeJbHOH IOBEPXHOCTH, M3MEPEeHHOH
meronoM Hosemm—Hapmana. CpaBHeEme B HAmHUX ONDHTAaX
yIeJbHHX IIOBEPXHOCTEH ONHHX U TeX ke mpol KBapmeBOro
mecKa CyXOoTro IOMOJa, H3MEPEHHHX MeTOogaMm afcopOmun
asora u BosgyxomponummaemocTn Hosemm—HKapmama, moxa-
3KIBAET, YTO MOJIEKYJISPHO AOCTYIHAS IIOBEPXHOCTH TOHKO-
U3MeJIbYeHHEX OOpOmKoB KBapma B 2,0—3,5 pasa Goabme
COOTBETCTBYIOIMEX BEeJWIMH, H3MEPEHHHIX 110 MeTony Koszeru—
Kapmana. OnucanHas BhIIE IUIOTHAs arperamusA BHCOKO-
OHUCIEePCHBIX YacTUO, HPHBOAMT K YMEHBOIEHHWI0O MCTHHHOMI
yAeJAbHOH NOBEPXHOCTH MOPOIIKOB, M3MEJIb4eHHHX 0e3 [o-
GaBok, eme mpmmepHo B 2 pasa. CiemoBaTeJbHO, MOKHO
mojiaraTh, 94TO TOJIMEHA aMopdHOro ciofA B omHTax Jlemm-
crepa u Pumum, uamepeHHas MeromoM AuddepeHnmaIbHOro
TePMHYECKOTO aHajm3a, 3aBemeHa B 4—7 pas. C ygerom
3Toi# mompaBKm Iiiy0mHa aMOpPU30BAHHOTO CJIOSA COTVIACYETCA
¢ ApyruMu ompefenenmaMu. M3 Hux HamGoisiee HaIEKHEIMM,
KaK HaM KajKeTcsl, ABJAETCA U3MepeHme MeTOIoM AudpaKkmuu
3JIeKTpOHOB [84].

MosxHO OBUIO ampPHOPH INPEAUOJOKHTH, a ONHCAHHEE
3[[eCh OIKITH 3TO MOATBEePAMJIH, 9TO KBapI SABJIAETCA BeChMa
6IaronpHEATHEM 00BEKTOM [JIsl MCCJAEeTOBAHASA INIACTHIECKOIO
neOpPMHEPOBAHMA MAJKX YaCTHI IPH WX MeXaHHYeCKOM
usmeabuyeHnd. CrToap ke yOOOHEIM B TOM OTHOIIEHHHW SB-
aserca rpadur [92] m mpyrue KpucTaNIMIECKHe MaTepPHAJIH,
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B KOTOPHIX IIacTHIecKoe nefopMEpoBaHWE HEeOOpPATHMO uU3-
MeHsIeT KPHUCTANLIAIECKYI0 CTPYKTypy. B obmeMm ke ciywae
W3yYaTh NJIACTHIECKOoe NeOpMUPOBAHME TBEPIBIX TeJ IPU
W3MeJNbYEHNH @0 COMep)KaHuWI0 B HEX aMopdHOo#t ¢asH He
ynaercsi. CeasaHo 3T0 amb0 € TPYAHOCTAMH pPETUCTPALUA
0CTAaTOYHEIX fAedopManmii, 9T0 MMEET MECTO AJIA BCeX aMmopod-
HEIX MaTepmajoB, Jm00 ¢ pelakcammeil OCTAaTOIHHIX Hgedop-
Manumit KPUCTAJIIANTOB — cBoeoGpasHOil o6pPaTEMOCTBIO B yC-
JIOBUAX HM3MeIbUYCHUA. :

K amcny maTepmalioB, B KOTOPHX IIPOMCXORWUT peJaKca-
nua pedopMandit B YCAOBHAX HAIIUX OHBITOB, OTHOCHTCA

[1126] (i8]
26=48°30' 26=477%5'
a=1674 a=7914

Puc. 27. Pemrtrenorpaguieckoe MCCIELOBaHUE H3MEJIBUYCHHOTO Kalb-
nuTa.

OGo3HaYeHNA COOTBETCTBYIOT HOMcpam o0Opa3noB B Taba. 7.

KaJapnaT. B oTiamume oT KBapua ero He ymaerca aMopdmso-
BaTh IOJHOCTHIO JTa’Ke KaK YTOOHO IJINTEIbHEIM H3MeJIbdeHneM
B BumOpomennnmme. Ha pmec. 27 nDokaszano, d9T0 H3MeNb-
YeHHe OPWBOAMT JUIIH K YCTAHOBJEHHWIO HEKOTOPOI'O PaBHO-
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BECHOTO YpPOBHA aMopdHoro ¢oHa m K pacmmpeHmi0 ngadpax-
IMOHHEIX MaKCHMYMOB.

Ilas Gosee meTaabHOTO OIpeNeNeHNs XapaKkTepa CTPYKTyp-
HEIX U3MEHEHHH B BHOPOW3MENBUYEHHOM KAJIBIATE CIEKTPH
PEHTIeHOBCKOTO pacCegHMSA CHAMAJWUCH OPH NOBHIIEHHON
CKOpPOCTM UpOTHKKU JeHTH (Ha anmapare ¥ PC-50-IIM).
Wsmepsanucs sHavenus moaymmpuust nukos [1014], [1018],
[1126], [3030]. [lamHEe HOMYNIMPUHEL B OTHOCHTEIBHBIX
e[MHAUIAX MOJYIeHEl C yJeTOM HMHCTPYMEHTAIbHOTO HX pac-
LIMPEHNsI, OUPEeJIeHHOT0 IO KPYIHOKPHCTALIMIECKOMY 00-
pasuy. W3 mpexncraBieEHHX Ha pmc. 27 u B Tabx. 7 JaHHBIX
cieflyer, 9TO C HPOJOIKHTENbHOCTBIO W3MeNbYeHus (mocie
OBYX MHHYT) cofepsKaHme aMoppHON (a3s He pacTeT W HC-
KajkeHme KpPUCTAJI0B He yBeamyumBaercsa. COOTBETCTBEHHO
Mallo HM3MEHAETCA U YHAelNbHAasd MOBEPXHOCTh IOPONIKOB.
Ipupamenne MUPUHB NMKOB ¢ yBeJWYEHHmEM yria Audpak-
LUU COOTBETCTBYeT 3aKoHoMepHocTH tg 0. Takaa sakomomep-
HOCTH 00YCJIOBIEHA He [HCIEDPCHOCTHI0 KPUCTAJIUTOB, & WX
WCKa)KeHmeM — HAUPSIKeHHAMH 2-T0 poja. B mpormBHOM
ciydae yBeJWdeHWE MOJYIINPUHH MHKOB COOTBETCTBOBAJIO GBI
sakonoMepHocT: sec O [93]. dToT BHBOA cormacyercsa ¢ maH-
HHEIMH II0 OIIpeieJIeHUI0 Pa3MepOB YaCTHI[ U3 U3MEePEHHuR y/elb-
HOU moBepxHOCcTH mopomkoB. Pasmepsr gactmm (~0,1 mrm)
elme [0CTaTOYHO BEJWKH, 9TO0H BIAWATH HA PaCIUIMPEHHE IH-
(PAKIMOHHBIX MAKCHUMYMOB B YCJIOBHMAX HANINX ONEITOB.

Ilnsa ompenmeienuss BIMAHAS YCJIOBUHA HM3MENbYEHHA Ha
HeCTPYKIUI0 KPHCTANIOB KAJBIUTA €r0 H3MEJIbYall COBMe-
c¢THO ¢ KBapueM. U3 maHHBEIX Tabia. 7 BUAHO, 9TO B BTOM CIy-
qae MOCTUTaeTCs 3HAYUTENbHO GOoJbIIasg, 9eM NpU H3Mebue-
HOO YHCTOr0 MUHEPaJa, CTeNeHbh aMOp(YU3anuy W MCKAKeHIA
KpucTaaioB. MoyKHO IpegmoNOKUTh, 9TO YACTHIUH KBapIa,
Kak GoJyiee TBepHBE, CIOCOOCTBYIOT pPA3PYLIEHHMIO YaCTHI]
KaJpl[ATa M, pPas3befuHAS WX, OPENATCTBYIOT CpPaCcTaHTIoO,
9eM 1 BHI3BaHH HabmomaeMble 3(PQeKTH.

Kak m B caydae KBapma, HOBePXHOCTHO-AaKTHBHEE Be-
mecTBa (B JAHHOM CJIydae TPUATAHONAMAH) OPA M3MEIbYCHHN
OKa3HBAlT CYMECTBeHHOe BIMAHWE HA MCKAKEHUE KPHCTAal-
noB Kanpnura. OfHAKO B CBA3M C TPYAHOCTAMHE KOJIHYECTBEH-
HOT'0 U3MepeHusI HCKAKEHHA W HeONPEe[eIeHHOCTHIO B CTEIeHN
penaxcaumd feopManmii mpoCcIefHTs 3aKOHOMEPHOCTH 3TOTO
ABJEHNA He ygaercsi. MOJKHO TONBKO OTMETHTH, YTO W3-
MeJbUYeHHe C TPHITAHOJAMHHOM CIOCOGCTBYET HAKOIJIEHUIO
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i
Biausanme nsMeiabueHMA Ha KPHCTAJNJIH |

]

NyWBApUHa,

1014; 20=29°15"; 3,4 A | 1018; 20=47°25"; 1,91 A
N O6pasen A, | h Ab | 4, | R
n/a murn | cm b 4 m Mmun| ca b 4 'AATbl" )
1. |Tpy6osucnepcHuii
KaJgpIeT, ~40 nex |11,2) 141 10,08 0 | 1 |15,0[{126]0,12| 0 | 1
2. | Mpamop, 1 xuwr na-
MeJIbUeHUSA 15,4 9310,15)0,07} 1 (22,5 82[0,27|0,15|2,1
3. | Kanpmur, 12 muw
H3MEJILYSHHA ©
H,0, 17 m2/e 14,0 3910,14/0,06] 1 [21,2{ 94(0,22(0,10|1,7
4. | Hansuur, 12 mun
CyXoro maMeJibye-
HEsA, 8 M2[e 13,8/ 106 0,13]0,05| 1 [22,0| 930,24[0,12(2,4
5. | Kampuur, 2 xuwn
maMenpueHEA ¢ 19/,
TOA, 9 x2/e
6. | Ranoour, 32 wuw |17 5/109)0,17[0,09] 1 [34,0] 690,490,37|4,1
n3MeJbYeHHS C
Hy0, 14 w?/e 15,0{ 990,15/0,07[ 1 |20,0{ 87/0,23[0,11|1,6
7. | Rampnur - KBapn '
(1:4), 12 mun wus-
MeJIb9eHH A 18,1} 2710,87(0,59] 1 |32,0[ 20|1,60|1,48|2,5
8. | (KampmmT -+ KBapn :
1:2), 12 muw ms-
MeJILYeHHA 25,0 5510,45(0,37| 1 |31,0] 48(1,06/0,94|2,5
sech 1,04 1,09
sec
sec 14°37’ 1 1,09
tg 6 0,27 0,44
tg 6 .
tg 14°37' 1 1,6

Ipumeuande. A — aGconioTHAA [OJIYMHEPAHA nwKa, A — BHCOTa IH
Ab/Ab; — oTHOCHTeNbHAA [U(PAKIUOHHAA MNOJYLUIEPUHA,
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Ta6bnuma 7
YeCKYI0 CTPYKTYPY KaabIETa

1136; 20—=48°30"; 1,87 A 3030; 20=64°40"; 1,44 A
A, Mun | h, cm b Ab %— A, mun | h, cm b Ab A-A—bbl-
14,2 108 | 0,13 0 1 19,4 47 0,41 0 1

20,2 75 (0,27 (0,14 | 2,0 (22,8 | 28 |0,82 6,41 6
19,0 8 (0,210,140 | 1,7 | 23,2 36 | 0,65 0,24 4

20,2 8 (0,26 |0,43| 2,6 | 23,8 38 [0,63( 0,22 | 4,4
27,0 62 | 0,44 10,31 | 3,4 | 44 27 | 1,6 1,2 13
21,2 9 10,230,410 1,4 | 24,4 36 |0,68| 0,27 | 3,9
29,0 18 [ 1,6 | 1,47 | 2,5

37,6 40 {0,94]0,81 | 2,1

1,10 1,18
1,06 1,14
0,45 . 0,63
1,7 2,4

Ka, b — HaGaiogaeMand noaymupuna, Ab=1>b — b; — quppaxyEoHHad NO-
TOA — TpmsTaHOIAMHH.
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JedpexToB B OGombmeidr Mepe, 4eM m3MeJbYeHHE B CyXOM BO3-
oyXe miE ¢ OOJBIIUM COHEeP/KaHUWEM BOJEH.

VsMenenne CTPYKTYpH KPHUCTAMIOB NPH WX MeXaHUIe-
CKOM HN3MeJILbYEHMHU B IOCIEIHME TOIH H3ydajoCh BecbMa
uHTeHCUBHO. UlHTepec K 3ToMy sABIEHMIO BHI3BaH, OJHAKO,
HE CTOJBKO 3aHpPOCAMH TEOPUM W HPAKTUKU W3MeJIbYeHHA,
CKOJIBKO CTpeMJIeHHeM HalTu o0bsAcHeHme HEeOOBYHOH XH-
MHIYECKOM AKTHUBHOCTM TBEPHABIX TeJ, BO3HUKAIOMEHR B IIpO-
Iecce MIM B pesyibTaTe UX MeXaHWIeCKo# 06GpaboTKH.

Bo .MHOTEX ciygasx m3MenbYeHme KBapIia MCHIOJIH30BaHO
B KadecTBe DHTAJOHA IPU COIOCTABJIEHHM C HOBeJeHNeM Jpy-
IUX BEMECTB B Tex jKe yciaoBuax. Takr, mampmmep, llIneiinep
[94] comocraBun msMeHeHme CTPYKTYpPH KBapma, yris, Ka-
MeHHOH conu W Kapbupa xanpuumsi. OGHapy)keHO, 9TO KaMeH-
HHI yroip, KaK M KBapl, MOHOTOHHO aMopdusyeTcd, TOrAa
KaK C YBeJIMYEHHWEM [JIUTeNbHOCTH M3MeJIbUYeHUsI KaMeHHOR
COJM ¥ Kapbujga Kajablus CTemeHb Je(eKTHOCTH UX peIleTKH
"JIOCTHTaeT MAKCHMAJbHOTO B3HAYEHWS NIPH [JOCTIKEHUH He-
KOTOPOTO pasMepa daCTHIl, a 3ATE€M YaCTHIH YKPYOHAKTCA
¥ OJHOBDPEMEHHO peKpucrajausyiorcsa (cm. puc. 23).

O6Hapy;KeHO W3MEHEHHWE KPHCTAIJIUIECKOH CTPYKTYPHI
IpH W3MeNbIeHAN I'paduTa, KAOJMHATA U MeTaLioB. B mopo-
KaX HUKeNs HaW[IeHH HEYCTOUYMBHE KPHUCTANIUIECKHE MO-
JuQUKaOUI|, KOTOPHE IPU KOMHATHOM TeMmeparype caMompo-
H3BOJIBHO NEPEeXOfAT B oGmuHOE cocToanme. I'padur obora-
maeTca pPoMOMYeCKOX Momupukanmueid, a OPU [IUTETHHOM
IIoMoJie B OTCYTCTBHE afCOPOMMOHHEIX CJIOEB BJIArum OH aMoOp-
¢mayerca. Ero crpyrrypa craHoBuTCsa mOmo6HO#E CTPYKType
aMopdrEX yried u caxx [92]. B oramume or kBapma, rpagur
aMopdm3yeTcs ¢ IMOCTENeHHHEIM 3aMETHHIM yMEHBIIEHUEeM pas-
MepOB KDHUCTAJINTOB M C 00OrameHumeM JBYMEDHHIME CeT-
KaMH#, 9T0 00HApYy:XMBAaeTCA AHAAM30M KDPUBHIX MHTEHCHB-
HOCTH JMQPAKIUOHHEIX MaKCHMyMOB Ha pEHTTeHOTpaMMaXx.
Kax 6muto mokasaHoO pEeHTTeHOCTPYKTYDHHIMH HCCJIE[0Ba-
HUAMH, [JIHTEJIbHOE W3MeJbYeHHe OPTaHWIECKHX BeIlecTB,
TaK®HX, KaKk caxap u memaoigosza [95], Tawike npuBOAHT
K ux aMmoppmsaumu. Vzyueno BiamsaHme BoAs Ha aMopdmaa-
IUI0 W JUCIEPCHOCTh 9YacTHUI[ OPH MBMEIbYEHHUU CIIOMBI
[96, 97]. 3a ogumaroBoe BpeMsa mpm cyxom momoJe ob6HApY-
/KE€HO 3HAUMTeJbHO 0oJbIIee HM3MEHEHWE CTPYKTYDPHI CJIIOMH,
9eM IpM IOMOJIe B Bojie. ITO COIJIACYeTCs C WM3TO0KEeHHEIMU
BHIIIe NAaHHBIME IO KBapny u rpaduty. IIpum umamennuenuu
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BOSMO)KHO TaK/Ke pAa3JI0KeHUEe CJOKHHIX COeJWHEHUH, mo-
HoGHO TOMY, KaK IPOHCXOJUT, HAUPUMEP, TPUOOXHMHUIECKOE
pasnoenue okcainarta cepebpa [98]. Ormeueno mHe TOIMBKO
U3MEHEHUEe KPHCTAIINYeCKON CTPYKTYPH KaJbIWUTA, HO H €ro
pasiio)KeHne NPH U3MeJbYEHMM W B3aUMOJEACTBME IOJYy9IeH-
HOY P 9TOM OKHCH KaablIus C KPEMHEe3eMOM B mpoIecce
H3MelNbu4eHUsA Npm KoMHATHO# Temmepatype [99]. B wmare-
puanax, HecTaOWIbHBIX IIPM KOMHATHOM TeMIeparype, U3-
MeJbYeHUe CIoCOo0HO BH3BATh mepexon B OoJjiee cTaOMIbHEIE
MopuUKALINH,

Ilpu paspylneHnn c;kaTueM B 006JaCTAX HAWBHICIIUX CIABHU-
TOBHIX HANUPAKEHUN paCTAKEeHUs BHIBHBAIOT, HMPEMKJE Bcero,
[ePeCTPOMKY KPUCTAIMIECKON pelneTKH (eCIH TeJI0 KPHUCTAJ-
JIngecKoe) B APYTHMEe KPUCTANIMIECKHE (POPMEI, yCTONIMBEIE
npu: Gojiee BHICOKMX TeMmeparypax. Taxme ¢opmel 00magaoT
MeHBIIEeHl IJIOTHOCTHIO, M IIO3TOMY IEPECTPOHKAa KpPHCTAJJIU-
9ecKoil pelleTKM NPU PAaCTAKEHUH DHEPreTHYeCKU BHITOHA.
Jueprus, HeobXoguMas [ IEPECTPOAKH, CpPaBHUTEIHHO
HEBEJIHKAa, 9TO CJIeAyeT TaK)Ke M3 HUBKOM TEmIoTH (as3oBHIX
mpeBpameHuit (HampuMep, Iepexojy « — B KBapa, TemIoTa
KoTOporo ~3,5 dac/e). Eciu BHOBb 06Gpa3oBaHHBIE KPUCTAJ-
JIM9ecKrHe MOAA(PUKAIMA YCTOMIUBH B OORYHBEIX YCIOBHAX,
TO OHE O0CHAPY)KHBAIOTCA HOPH aHAAM3e€ M3MEIBYEHHOTO Ma-
Tepuaga. Ilo pToit mpHYMHE NPHM M3MEJIHYCHUM KAJBIUT Hepe-
xonur B aparoruT [106], a B pesyanTaTe m3aMelbYCHHA Tpa-
¢uTa mpomcxomuT ero oborameHue poMOmUecKoil MomudmKa-
nueit [92]. Bricoxmit ypoBeHs HAUpPAKEHTA BHI3HIBAET MOSB-
Jenne aMOpHHIX 00pa3oBaHEH, KOTOpHE BMECTe C TeM K
HamMeHee NPOYHEI. B Tex obmacTaAx, rjge mPOM30IIIA aMop-
¢umsanusA, B pedyiabraTe JAIbHEAMUX CABUIOB M Pa3BHBAIOTCH
3aTeM TpPEMWHE pa3pylIeHHs.

Yixe oTMEYaNOCh, YTO NPH M3MEJbYEHHH KaJbIUTA B MH-
TE€HCUBHOH# BHOPOMENBbHUIE B IOPOLIKEe He OOHApPYKMBAETCsH
3aMeTHOe KOJMYECTBO aparoHuta. Hapsagy ¢ 9TUM B OmBITax
Illpagepa u Topdmanma [106] penrremorpaduuecku obua-
PYyKeHO mpeBpameHme Kalb[uTa B aparOHAT W aparoHUTA
B xaxbuut. MazoBoe paBHoBecue Mexxay mmmm (70% aparo-
auta 1 30% xansmmra) ycramaBimBaerca 3a ~200 uwac us-
MeJb9€HHS HE3aBUCHMO OT TOTO, KaKOH W3 3THX MHUHEpPAaJoB
B3AT B KadecTBe mcxofHOro. OTMedaeTcs 3aBUCHUMOCTH KU-
HeTUKHZ (a30BOTO IEPeX0ja ¥ PABHOBECHOTO COCTAaBa OT THIA
OpPUMEHSAEMBIX MEJNbHUI[ U YCIOBUil M3MEJIbYEHUA.
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TaG6anumnoga 8

Bausanue wu3MeabYe€HHA HAa IVIOTHOCTb KBapna M KBapuesoro CrekJa

(2/cm3)
MccaenyeMoe Bpems Cpenunit pas-| ILDOTHOCTB IT0THOCTB
BELIeCTBO usMegbuenus | MeP HacTum, TIOPOIIKA amopgHoro
MEM apn 18 °C caoA
Toprmit HACXOTHBIA 230 2,664 —
XpyCTaIh 5 mun 70 2,647 —
2 uac 2,4 2,640 2,590
17 uac 1,3 2,606 2,551
Ksapnesoe HACXOHOE 450 2,201 —
CTeKJIO 17 uac — 2,230 —

PesynbpraToM miacTmgecKoro AeOpPMEpPOBAHHS SBJISETCA
peanbHo HalmaomaeMoe yMeHBIOIEHHE NJIOTHOCTH TBEPHAEIX TeJ
mocie uaMenbdeHdmsA. Hak GRIIO SKCIEPUMEHTAIBHO YCTAHOB-
JIeHO, ILIOTHOCTH IIOBEPXHO-
CTHHIX CJOEeB HA YacTHUIAX
KBapma HECKOJBKO HIKe
MIOTHOCTH KPUCTAJINIECKO-
ro KBapma, dYTO 3aMETHO
CHIDKAeT CPEeJHI IIOT-
HOCTh TOHKOMOJIOTOTO IIO-
pomka [86, 107, 108].
NsMenbuenme ke KBapIie-
BOTO CTEKJIa IPUBOJAT K 00-
PAa30BaHUI0 HA MOBEPXHOCTH
€ro 9acTur CJ0s C IJIOTHO-
CTBI0, HECKOJBKO Gojiee BHI-
COKOH, YeM INIOTHOCTD IJIaB-
nennoro kBapua (tabmx. 8). Ilpm aToM B mpoAyKTax H3Mejb-
4eHAA KBapIEBOr0 CTeKJa He OOCHAPYIKeHH KpHCTAJIHIe-
ckme OPMHI KpeMHe3eMa. ¥ BelWYeHWEe IVIOTHOCTH BHI3BAHO,
IO-BUAMMOMY, PACKPHTHEM MHKPOCKONWYECKMX HYCTOT IpPHU
paspymenun gactan [108]. v

AHasmornuyHoe KBaply yMeHBIIEHHE IIOTHOCTH HabJIIo-
llaeTcA MpH U3MeJabueHum Kaoiamuurta (pumc. 28) [71].

Bce nepeuncaenssie 9QQeKTH IPOABIAIOTCA TeM SBCTBEH-
Hee, YeM BHIE [JUCOEPCHOCTh H3MeJbIaeMOTo IOPOMIKA.

40 . . .
¢ w V7/4 N7/
7, Yaw

4

Puc. 28. lsMeHeHHe IIOTHOCTH
kBapoa (I) m xaommumTa (2) B pe-
ayapraTe mameabuenus [71].
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[asa mpoGieMH u3MeJIbYEHHUS, ONHAKO, IPECTABIAET HHTE-
pec BHICHUTH, B KAKON CTEIEHNW CYMECTBEHHA POJb ILIACTH-
9eCKOro e opMEpPOBAHUA (CIEICTBEEM KOTOPOTO M ABIAETCH
W3MEHEHUEe CTPYKTYPH TBEPOHIX Teq) B ob6aacTm 0oOHIHOI
ISl DPOMEIIMIJIEHHHX YCAOBUN AMCIEPCHOCTH M IJIS MaTepHma-
JIOB, TEXHOJIOTHS NPOW3BOJACTBA KOTOPHX BKJIYAeT, Kak
oﬁﬂaaTenLHmn mporecc pucneprupoBanmsa. B cBasm ¢ stam
GELTIO W3YdYeHO BIMSHAE M3MEJIbIeHUs (L0 He 09€Hb BHICOKOH
OUCOePCHOCTU) HA KPUCTAJIMYECKYIO CTPYKTYPY IEMEHTHOTO
KINHKepa W KIuHKepHHX Mmuepaxos [100, 101]. Uarepec
K IIEMEHTHOMY KJIWHKEePY W KJIMHKEDHHM MHUHEPAJaM BHI3BaH
He TOJBKO GoapmmM 00HEMOM IPOW3BOACTBA W IIPAKTHYE-
CKNMM 3HAYeHNWEM TAaKUX HcClefoBanmil. Bsxymme MaTepuansn
B OTJIMYME OT KBapHa M KAaJbIUTa OPEJCTAaBIAKT coGOd mpm-
MEpPH CJIOKHHX TMOJUKPACTAIINIECKAX CTPYKTYD, A3MEHEHIe
KOTOPHIX B IIpoijecce HM3MeJbYeHHNs paHEee He M3YJaloCh.
Kpome Toro, mccieqoBanmsa CTPYKTYDPHHX H3MEHEHHWH B Iie-
MEHTe WHTEPECHH eIme CBOMM BIHAHHEM Ha €r0 OCHOBHEH®
TeXHOJIOTHIECKHEEe KadecTBa.

§ 2. MexaHn3M XpyOKOro paspymleHAs MAajibIX YacCTHIJ

Ha ocEOBaHWE OIHTOB, COfiep;XaHHE KOTOPHX W3JI0MKEHO
BHIIIE, MOJKHO CHIEJaTh BHIBOX 00 M3BECTHON OGMIHOCTH Me-
XaHW3Ma pa3pyIIeHHs XPYOKHX METANJOB W HeMeTajimde-
CKEX KpHCTalioB. B obomx caydasx XpymkoMy paspHBY
HpefmecTByeT HEKOTOpasA IIaCTHIEcCKas neq)opmamm Ha
co3gaHme KOTOpOil 3aTpaumBaeTcs paboTa BHEIIHEH CHIIHL.
O6mHOCTh 3aKOHOMEPHOCTE! paspyMeHdsa ¢ MeTaJaaMu oGHa-
Py/KeHa W y CTeKJa — SABHO aMOPQHOI0 M TUIHIHO XPYIKOTO
matepuana [102]. C mpyroi CTOPOHH, HAIIW HCCIENOBAHMA
3aKOHOMEPHOCTe H3MeJbUeHHS KPUCTAJNINIECKOTO KBapla
M KBapIeBOT0 CTEKJa YKa3HBAKT HA HMOCHTHYHOCTH HMX IO-
BeleHUS 0PN U3MEJIHICHUH.

N3sBecTHO, 9TO «T€OpETHIECKASA» HPOYHOCTH TBEPHAHIX Tel,
BHUMCJIEHHASS B IPENUOOJOKEHAA «HACATBHOWY CTPYKTYPH
KPHCTAIIAYECKON PelleTKH, Ha HECKOJIbKO IOPAKKOB Goabmre
meficrBuTenbHOA mpounoctun: P, ~(2Ec/d)’, rme E — Mo-
nyas IOmra, ¢ — ynensHas cBoGoHAS MOBEPXHOCTHASA DHEP-
ras, O — TPAHCIAANUOHHAS MOCTOSAHHASA PEIIETKH KPHCTAJLIA.
[aa o0bsAcHeHHMS PacXOKEEHHA TEOPETHIECKHX W HeHcTBH-
TeJIBHHX 3HAYEHMA HPOYHOCTH (MX OTHOIIEHHME — B IIpefie-
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aax 102—10%) G0 BHOBHHYTO HECKOJBKO rumoTe3. B oxHOMI
us Hux [103, 104] paccmMaTpuBaeTcss BAMsAHUE HA IPOYHOCTDH
TBEPABIX Tel TEmJIOBOr0 ABIKEHHA aToMoB. CoriacHo 3ToM
TUII0Te3¢ BEPOATHOCTH Pa3pHBA CBA3HM OIPEEeNseTcs TeMIe-
paTypoi Tena. B oTcyTcTBme HAmpSIKEHWH 9YMCIO BHOBH pa-
30PBAHHHIX B GMHUIY BpeMEHM CBA3eH paBHO YHCIY BOCCTa-
HOBJIGHHHIX ‘' CBA3€ll, W BCEr[]a MMEETCA HEKOTOPOE THCJIO
Pa30pBaHHEIX CBs3ed, KOTOpPOE pacTeT ¢ TeMIepaTypoil.
Ilpn HajoKeHUW HAUPSAKEHHWH YHUCIO Pa30PBAHHBIX CBs3el
yBeIUYMBAETCHA, U NPH HEKOTOPOM KPUTHIECKOM YCHIUN
X KOHIEHTPAIUU CTAHOBUTCS MOCTATOYHOM [JIA pa3pyMeHus.
9TH mpeficTaBIeHUA GHUIM MOJOKEHH B OCHOBY KHHETHYECKOM
TeOpHH HPOYHOCTH, COTJIACHO KOTOPOH HPOYHOCTH TBEPHBIX
TeJl B3aBHCHT OT TEMNEPaTyphl W BPEMEHH [eHCTBHA CHJIH:

t =t,exp[(U,—1P)kT], 3.1)

rme ¢ — «IOJTOBEYHOCTHY TeJa IOf HATPY3KOH NIpH TeMmepa-
type T, v m U, — mocrosiuHble BeJIWIUMHH, OIpefeIseMEIe
(QH3UKO-XMMHUIECKOA IIPHPONOA Tella M ero CIPYKTYpOH.
dueprernueckuii Gapsep U,, Beramcaenusid no (3.1) us man-
HHIX IO JOJTOBEYHOCTH, OKa3aJcd OJM30K K DHEPTHH CBA3H
aTromoB B Kpucraminax. Korcranra t,, pasaasa (10-13—10712) cer
He 3aBUCHT OT mpmpopkbl TBepmoro Texa. Coornomenme (3.1)
IOKa3bIBaeT, YTO BOIPOC 0 IPOIHOCTH HE MMeeT OHO3HATHOTO
OTBeTa, €CJIM He ONpPEeJeHO BpeMsa MefCTBAA HArPy3KH.
9To yKasHBaeT Ha YCIOBHOCTH NOHATHA (HIpefel IPOIHOCTID,
KOTODHIM OOBIYHO mOJB3YIOTCA B pacderax. OmHAKO IpH U3-
MeJIbYeHUN BpeMs [eficTBAA HAarPy30K O09eHb Majlo M HO3TOMY
BeJIMYMHA paspylIalomedl HArpysku O6JmsKa K IPOYHOCTH
MaTepuajoB, ompenensemMoit o6rankiM myreM. Caegyer oTme-
TUTh OYeHb ciaabyio 3aBumcmMocTs 1o (3.1) paspymarmeit
Harpy3KH OT BpeMeHH ee [eHlCTBUA Opu OOHIYHEIX TeMIIe-
paTypax.

Ias o0bscHeHHS BPEMEHHOM NPOYHOCTH TBEPABIX Tel
OPHUBJIEKAOTCA OOKYHO B TOH MIM HMHON (opMe IpPENCTaBIIe-
gus I'puddurca 0 3apofsIIeBHX TpemuHAaX. SHAYCHHEE (aK-
TAYECKOM DPOYHOCTH C yYeTOM HAJIWIusA B Telle HEKOTOPOH
gedeBUIC00pPAsBHON «OMACHOW) TpPeMUHHE IJIMHOI [, paBHO
P,=(2Es/xl,)>. llpm P > P, TpemmHa pacTeT H TeJO
paspymaetcs, npm P < P, TpemuHa CMbIKaeTCA W WCIE3aeT.
Qopmyna I'puddurca BrBemeHa u3 IPOCTHX COOOpasKeHUH
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00 ynpyroi sHeprum KpHUCTajlja u 0 paborTe co3gaHmsA HOBOI
mOBEepPXHOCTH. Bojiee KOppeKTHHE pemeHWs 3ajadd, HAOpH-
Mep, MJIA TpeXMepHO#l TpemuHH B GopMe aiIMICOMma — He-
IIOCPEACTBEHHEIN aHAJIA3 MEKATOMHEIX CHJI M PACIOJIOMKEHUA
aTOMOB HJIY 3aMEHA SHEPreTHIECKOTO pPAaCCMOTPEHHUs OIpe-
JleJieHIeM MePeHanPKEHAN Ha ee KPasaX, IPUBOJAT K Pe3yJib-
TaTaM, oTauYapmuMca oT gopmyas I'puddurca mmmp wmc-
nennnM Koaddunumentom. Ilomysennas saBucumocts pus P,
CTPOr0 TOBOPA, OTHOCHUTCS K M30TPOIHOMY TeJdy, KOTEA ©
OJMHAKOBO JJIf BCeX HANpaBIEHHI pacKoJa.

Kax moxasmBaioT nmpuBefeHHEIE BHIIE JaHHBIE, BCE TeJa.
ABIAITCA INIACTHIHEIMEA B TOM CMBICJIE, 9TO 3aTPaThl HHEPTUH
Ha HX IUIaCTHIEeCKOe NePopPMUpPOBAHWE BHAYUTENBLHO IIpe-
BOCXOJAT 3aTpaThl Ha 00pa3oBaHme HOBHIX IIOBEPXHOCTEH,
a BO MHOTHX CIyJasfX W Ha OpefieibHOEe ynpyroe medopMmpo-
BaHue. B Teopmm TpemuH 95TO0 OOCTOATENBCTBO BHI3HIBAET
3aTPYMHEHUA, IOCKOJBKY PasMePH «OIACHHX» TPEIUH C yue-
TOM 3aTpaT »HEPrud Ha IIACTAYECKoe MedOopMHUPOBAHHE
COIJIACHO BHIYHCJIEHUSAM CTAHOBATCA OYeHb OOJNBIIUMHU, HPH-
9eM TPeMUHEH TaKUX PasMepoB B TejJax He 00HAPYKHBAIOTCA
9KCIIePUMEHTAIBHO.

CorsacHo mpefcTaBieHHAM, pasBUTHM JluxTManom, IIly-
kuaniM u PeGummepom [29], »T0 o6cToATenBCTBO HeECyme-
CTBEHHO, TaK Kak [JIA BHOOJHeHHsA ycaoBmid I'puddurca
I0CTaTOYHO, YTOOH XOTA OH B OJHOM MecTe IJIaCTHIECKHe
nedopMaIdM OKa3aimCh 3aTOPMOKEHHHMHI KaKuM-1u6o mpe-
naTcTBueM. Torma B MecTe TaKOTO 3aTOPMOKEHHOTO CHOBUTA
Pa30BbeTCA TPEIIHHA, KOTOPAasd OPHU YIOBIETBOPEHAN YCIOBHIO
I'puddurca cranoBmTes «omacHoi». TakmMm oGpasoM, ycioBue
lpudpdurca 00bACHAST NPUIAHY CHIKEHHS NPOYHOCTH KpH-
CTAJIJIOB «OMACHHIMIY JedeKTaMd, a MCTOYHHKOM HMX BO3HUK-
HOBEHHUA ABIAETCSA IUIacTHYeckoe pepopMupoBanme. Tpe-
IMHH BO3HUKAIOT W Pa3BHBAIOTCA B IPONECCe IIACTHIECKOTO
CIBHUra IOJ [MeACTBMEM CKAJHBAaEGMHIX HANPSKEHHA W CTaHO-
BATCA «OHACHEIME» IO JOCTYMKEHHH CQOTBETCTBYIOIIUX pasMe-
POB M IpPH COOTBETCTBYIOIEM YPOBHE DACTATHBAIONIEX
Hanpsuxennii. [Ipu cyxaTuu paspylieHme MaTepHaia IPOMCXO-
OUT NPEeMMYINeCTBEHHO IO HANPaBIeHHAM, Ha KOTODHIX CKa-
JNHBAKNIAE W PACTATUBAIIIEE HANDPAKEHUA PaBHH mo abco-
nmotHo# Beamumue [105]. (9To ycmoBme cupaBemiuso, Boobime
TOBOPS, TOJNBKO A MeXaHWIECKHM M30TPOIHEIX MaTePHAJOB,
KaKIMH ABJISIOTCS KBApI W PAX TOPHHX IOPOJ).
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Teopusa 3apoKNeHUA TPEMUH B KPUCTAJLIaX B Pe3yibTare
CIBHUra OCHOBHIBAETCA HA NUCIOKAIMOHHON Momeiam. B ob6mem
ciIydae, OJHAKO, IPAMEHATEIHHO K PA3BHTHIO TPEMIUH MOYKHO,
MO-BAEMOMY, BBECTH LDeJCTABIEHAE O NOABIKHBIX CTPYK-
TYpHHX AedeKTaX aTOMHOTO pa3Mepa, XapakTep ABMKEHHS
M pacmpefieleHus KOTOPHX TAKOB jKe, KaK W B JUCIOKAHOH-
Hoit Mojenum. (Bextrop Broprepca-mepeMenHas BenIm4mHA).
Torga 0CHOBHEIE OJIOKEHUA TEOPHA NUCIOKALAA TPAMEHMME
¥ K XPYIOKAM aMOpPQHEIM TejiaM, 3aKOHOMEPHOCTH Pa3pyLIeHHs
KOTODHIX Maljl0 OTIHYATCA OT 3aKOHOMEPHOCTEH XPYIKOTo
paspylieHusa KpucTayimiIeckux Tea. O CymecTBOBAaHAM MHO-
TOYMCJICHHEIX ATOMHHX IePEeKTOB B MOBEPXHOCTHHIX CIOAX
9acTHI[ W3MEJbYeHHHIX MAaTepPUaloB CBHETEILCTBYIOT OM-
CaHHEE BHINEe HAPYIEHAS KPHCTANINYECKOH CTPYKTYPH,
MeXaHOXHMHEYECKHe IPOIECCH, a TaKKe TepMOJIOMEHECIeH-
UA, YK309JIeKTPOHHAA BMHACCUS W APyTUe ABJICHUA.

Pasmep omacHHIX TpemuH OIpefeaseTCa, Kak 3TO CIAexyeT
u3 mpeacraBienmii ['pmdpdurca, oTHOIEHHmEM

L5~ (P,P,). ‘ (3.2)

Npuenmas P,/P,~10* [109], maxogum ana kBapma, Hampu-
mep, l,~1,5— 6 mrn. Ecum e P./P~10%, to 1,~150—
600 mEMm. PasMepm JKe YJaCcTHI] ,u;a;}ce OpA CPaBHATEIHHO
HEBKON AMCHEePCHOCTH, paBHO# 1 M%/z, cocTaBiANT B cpefi-
HeM oxoxo 2 mkm. B mpomecce Bn6paun0HH0ro u3MeJbIeHAA
HaMH OOJYYeHH MOPOIIKA C YHAEeNbHHMH IIOBEPXHOCTAME
G6onee 100 m%/z. CpemEme pasMepH 9aCTHI[ TAKUX IMOPONIKOB
B JECATKE-COTHH pas MEHBIIE (OMACHHX» TpemuH. B 3TOM
caygae momens I'pmpdaTca moirkHA OHITH JOMOJHEHA YIETOM
KOHEUHHIX Pa3MepoB Tela.

ITycrs B KyGe co cToporow X BHemHEH cmioil F co3maHb
yOpyrue HampspKeHHs W 00pasoBajach TpPEMUHa pasMepoM [.
PaGora Buemueit cuin F Ha ee o0pasoBanme paBHA

!
n P2 12d1
AW=7126_(P7ETX4Sm’ (3.3)
0

rae P, — manpsixeHme, cosfaBaeMoe BHENIHEH CHIOH, ¢ —
noiHasg paboTa CO3JAaHUA eJUHUIOE NOBEPXHOCTH pAacIpo-
CTpaHAIOMmMEeRCA TpPemEHH, ¢ — YHCIeHHHA Ko3PHumeHT,
YYATHBAOMAR HAKJIOH MIOCKOCTH HAMOOJBIINX HAUPAKeHUH
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K Hampasiienmio BHemueii cmisl. (IIpm cxarum m3oTpommBIX
TeJX MOKHO CYHTaTh cp~0 5—0,8)

N3 ycanosusa ycroiigmBoctu Tpemmun OAW/0l=0 moay-
qaeM

2Es T (1, \2R l /L \2 ]2
2 — 250 |1 T m — p2 tmo fq __ = (‘tm
= 1—3(3) = 1-3(3) T 69
e Pl,o 7 l,, — paspymaloimee HaOpsyKeHHe W [JINHA OIac-
HEIX TpPEmUH MACCHABHEIX 00pDAasmoB.
Ecau cumtaTs ypoBeHH paspymMalomAX HAIDSKEHHA Mac-

CUBHHIX M MAaJHX OODBEKTOB ONUHAKOBHM, T. €. IOJOKATH
P,=P,, to pna sasucumocTtm I, (X) momyumm BHIpayKeHHe

L—nfi- 3T

KOTOpOe JIETKO pemaeTca OTHOCHUTEJIBbHO X:

X =1 ]/ [ (m)]’ (3.5)

I'padpux ¢yuxuun I, (X)/I,, no ypaBrenuio (3. 5) mpu-
BefleH Ha pmc. 29, U3 KOTOPOT0 BUAHO, 9TO ¢ yMeHbIIeHUEM X
yMeHBIIaeTCsA W BejmumHa [ , -

m?

T. e. TpU 3amaHHOM ypoBHe 4

BHEIIHEr0 Paspymaiomero Ha- § /f

PUKeHMA ONACHEME CTaHo- X

BATCA TPEMUHH BCce MeHbIOIUX ,§ ™7

pasMepoB. /A4

(DaKTHYECKH e OTHONEHUe M

P /P, He ocraeTrcA NOCTOSH- g g wp ” 75 uﬁ’/ Jf
HBEIM, a YBeIWYNBAeTCA IpU A/ by

yMEHBIIEHHH PasMepoB o0pas- pyc. 29. BasucumocTs OTHO-
IIa B CBABM C Te€M, 9TO Y[AENb- CHTeNBHOH JIMHEL OMACHHX Tpe-
Hasg pabora o6pa3oBaHMA Bce WIMH OT DPasMepoB dacTul (mo
6oliee KOPOTKO TPEImIHE BO3- ypasuenuio (3. 5)).
pactaer. B mpenene mpu [, — &

P, — P,, a xpusas [, (X) — Gosee BHIyKIasA, 9eM 10 ypaB-
HOHMI0 3. 5).

Hak ykasbiBaioch, omacHele TPemIWHH BOBHHKAKT B pe-
3yJabTaTe HEKOTOPOTO IJIACTHYECKOTO CABHUIra, HIPeAInecTBYIO-
mero ee obpasoBanmio. Ha ocHOBaHME SKCIepPEMEHTAJbHEIX
MaHHHX o0 aMopm3amud KBapma MOYKHO CINTATh UIHMPUHY
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o6jacTd TaKOr0 INIACTHYECKOro [edopMHUDOBAHHA BIOJb
HampaBJIeHUs CABUTa HEGOJBIION M0 CPABHEHMIO C pasMepaMm
naxke ogeHs Mansx (1o ~0,1 xxm) gactun. ['ny6una obmacta
OIaCTHIECKOTO RePOpMAPOBAHMA XPYNKUX MATEPHANIOB IIPH
C/KATMM OrDaHMIEHA, Hmpekie BCETo, JOKaamaamueil obiactm
mamBucmux Hanpsxenui [105], a Bo-BTOpPEIX, Kak ciemyer
U3 TEOPHH yUpyrocTw, — OBICTPHM yOHIBAaHMEM HAIPHKEHUM
B OKPECTHOCTH JIOKaJm3anuu cABEra. 110sToMy B [[OBOJIBHO
MUPOKOM JAWMANa30He AMCOePCHOCTH €€ BeImImHy, Heob6Xxo-
OUMYI0 [JAA CO3LAHUA TPEI[UHH ONPENEJIeHHON [IIMHHI,
CUNTAIOT HE3ABUCAMEN OT Pa3MepoB YACTHI. OTO IOJOKEHHE
TIOATBEPKIAeTCA B HAIIOX ONBITaX HE3aBUCHMOCTHIO TOJIUHEL
aMOppU30BAHHOTO CIOS OT pPa3MepoOB YaCTHI[ KBapHa IpH
W3MeJIbYEHNA WX B Boje.

ITycts mop meiicTBEEM CKAJBIBAIOMEr0 HAIPSKEHHWS TBEp-
I0e TeJI0 MPeTepIeio CABUT, KOTOPHIA 3aTOPMOKEH BCIEICTBUE
OPUCYTCTBUS HEKOTOPOTO «HEIPEO{OINMOro» IIPEHATCTBUA,
Kak-10: pafoume IOBEPXHOCTH CIKUMAKOIMEr0 HHCTPYMEHTa
¥ 06;1aCTH BCECTOPOHHET0 CKATWA WM CABHUIU, HAlpaBIeHUE
KOTOPHIX PE3KO HE COBIajaeT ¢ HAmpaBJIeHWEM paccMaTpu-
Baemoro. Ecam namGonpmuM NPemATCTBEEM paclpoCTpaHe-
HUIO CABHUra CJIYKAT IIOBEPXHOCTH MHCTPYMEHTAa, Y4TO HamGo-
Jlee BEPOATHO, TO OH pacupocTpaHserca (aKTHIECKH Ha Bee
ceueHMre 4JacTUIbl. BOKpYr He3aBEePIDEHHOTO JOKAJILHOIO
CABUTAa KOHIEHTPHPYIOTCA BBHICOKHME CKAJHIBAIOI(AE M HOP-
manbunie uHanpskenua [105]. Ilpm sToM MakcuManabHBIE
pacTArMBalMUe HANPS/KEHNA BOBHUKAIT IOJ HEKOTODHIM
yriaoM 0 K mIoCKOCTH cABHUra, L€ OHHU [OCTATAIOT BEJIWYMHBI
P~ (C/r)y: [29]. 3pecs C — obmacTp JOKAXUBALUE
3aTOPMOKEHHOT0 ydYacTKa CIBHUra, I — PaCCTOSIHME NAaHHOK
TOYKK OT ero BeplimHbl, B 06JacTu KOHUEHTpAIuMm HampssKe-
HO BO3MOKHO 00pasoBaHdme KIXHOBUIHOM TPEIWHE, €CJIN
yupyroii sHeprum, ocBobokgaeMoil mpu ee oGpasoBaHuw,
TOCTATOYHO [JIA 06Pa30BaHMUSA HOBOA CBOGONHON OBEPXHOCTH.

B cayuae paspylIeHHA C;KaTWeM MeXaHHYECKH W30TPOI-
HHIX TBEPIBIX TeJ BO3MOKHbIE HANPABIEHHS PACHPOCTpPaHe-
HIA TPEIUHEl OTPAHWIEHBl MAIBIMU yriaaMd 0, T. e. TPemuHE
OGynyT pasBUBaThCH BOMUM3M 06JACTH MIACTUIECKOTO Hedop-
mupoBaHusa. Haubonee BepOATHEIM MeCTOM 3aPOKAEHUS OMAC-
HEIX TPEIOWH SBISAIOTCA IIOBEPXHOCTHEE CJIOM Ha TpaHHUIEe
CONPUKOCHOBEHMS PaspyMaeMoOd JaCTHOE CO CHABIABAIOIIAM
unu ypapsomuM npegmeroM (puc. 30). B6amsu nmosepxuoCcTH
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COCPEeOTOIeHO OCHOBHOE KOJMYIECTBO HedeKToB, obierdaro-
mux o6paszosanme TpemuH [107], a ma rpamnme KoHTakTa —
Hambonpmue Hanpsyxenms. CopaBeqjimBOCTE TOTO IOJOMKe-
HOA, 9TO paspymieHne TBEPAHX TeJ HPU CKATAA HAYAHAETCH
¢ HDOBEDXHOCTH, [OKA3aHO DKCIEPMMEHTAJBHO KaK Ha KpPYI-
uHx obpasuax [110], Tak m Ha MAKpPOCKONAYECKAX IMIApPHKAX
KBapIeBOro CTeKaa, pasmepoM oT 2 xo 100 mrm [112—113].

¥

/

) 4)
Puc. 30. KapTuna paspymenns o0pas3noB KyOmIecKoir OpMH C;RaTHeM.

a) TeopeTMyeckas cXema; 6) MefCTBUTENbHOE Pa3pYIIEHHE; 6) cXeMa DPacIpocTpa-
HEHUA TPEIUHK B YacTHIe HEeNPABUJIBHON GOPMBI, CHABJIEHHON METIOMMU TeJaAMU,

Pacopocrpanerme TpeIUHH TPOMCXONHT, IO-BHAUMOMY,
3WIr3aroo0pasHo, MOCKOIBKY B MeCTaX BCECTODOHHETO C3KAaTUA
TpeIHHA BCTPEYAeT HEIpPeodoJMMEE IPEeNSATCTBUSI M OTpa-
akaeTcsa oT HEX. II10THOCTH ynpyroil sHeprum B Ky0e co CTO-
ponoii, pasHoit C, cocrasur W, (r)~ -:20/2Gr.°Hpn 3TOM r

MeHsAeTcA B uHTepBaje r, < r < C, rue ro=~10 A ompeneiuser
mpefesl NPUMEHUMOCTH TEOpHW yupyroctda, G — MORYIb
caBUra, t — Hampspkenme cusmra [29].

Ecan B mI0CKOCTH CKOXBKEHHS 00pasyeTcs TpeIuHa
IJWHOI [, TO yOpyrue HAOPSIKEHWS CHUMAIOTCH, MOYKHO
moJiaraTh, BO BceM o0beMe KyOmKa CO CTOPOHOH, mpPUMEpHO
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pasHOii C. Bmmrpmm ynpyroit sHeprmm, ecim pasmep da-
CTHIH 3HAYATEJBHO OOJbINEe IJIWHHE «ONACHOW» TPEI[WHE
(B ciyszae obmemMHO#l 3amaum), ¢ o6pasoBaHHEM TPEINIEHEI
COCTaBHUT

1
212C2] aS dr _ <2C2?]
2G r

*o

al
Tln ‘;0—. (3. 6)

(3meckr o — uymCIeHHHA KOQPHOUEHT HOPANKA ENHHMIH.)
ITpmpoct cBoGonEoit sHEpPrum B pesyiabrare 06pasoBaHEA
HOBHX IOBEPXHOCTe# cocTaBET 20l%, a ofmee wu3MeHeHHe
SHEPrHA paBHO
t2C2] l
T mZ, (3.7

To

AW(; = 2012

3asmcumocts AW (1) mmeer MuamMyM npn [540, KoTOpPHIX
HaXOJAT M3 YCIOBHA

d(AW)ol =0, 4ol, —

2C2

(1 +1In )——o. (3.8)

[TockonBKy 3aBHCHMOCTD ln& or I, — cnaGas, cuuTaoT
o
4JIeH (1 -+ In —) HEKOTOPHM 9HUCIEHHHM KOdpduinuentoMm 2f
(nopapxa 2—4 [29]) M0BTOMY

2~ 2060m __ %e
»~ T fC2 m 2G *

(3.9)

Ecam cumrats tszp -— OPOYHOCTH MaTepuaja, TO moACTaB-

aasa B (3. 9) sHaueHme peadbHOX mpounocTm mo I'puddurcy,
noxysmmM C=l,. Taxum o6GpasoM, coriacHo JlmxT™many,
lyknny u Pebunnepy [29] makcmmanwsHoe 3Hauenme o6ia-
CTH JIOKAJIU3AaIuN CABATa, HEOOXOEMOe JJIsi CO3TAHMSA «OIac-
HOH» TpeImAHbl, OPUGIABHTENBHO TeX jKe pasMepoB, YTO U
BEJIMYMHA (OHNACHONY» TPEIWHbI, KOTOpas AJId CPABHUTEIHHO
MaCCHBHEIX YaCTHI|, KaK yKa3HBAJIOCh BHINeE, HOPANKA 10¢—
108 A,

B maccmBrEx Tenax (X > l,) 3aTopMoOKeHHHE y4YacTKH
CABUTa JOKAJHM3YIOTCA B MaJHX obaacTax BOMW3W mpemaAT-
CTBHAi M HE pDAaCIpPOCTPAHAITCA HAa BCE CEYCHHE JACTHUIIH.
B Tex e caywasx, xorga uactunil Mann (X=l ), o6macts
3aTOPMOKEHHOTO COBHra OXBATHIBaeT BCe ee CeueHHe.
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ITopcranoBka sHaweHEA [, B OpMYyIy IPOYHOCTH Deals-
HHX MacCHBHHX Tex (mpm yciaoBmum E~G) maer

P, ~ 2EqC. (3.10)

Ilpm c:xaTEm pa3pymeHHe DPOUCXORMT IO HANPABIEHUAM,
rue |Pp|z|tp|sz,,/\/2, P,,— paspymaioniee BHeImHee Ha-
npsKeHye./

U3 (3. 10) gns mpowsOCTH mONyYaeTcA BEHIpakeHUe, aHu-
aormamoe ¢opmyne I'puddurca, B KOTOpOM BeimdamHa Tpe-
IMAHK 33aMEHEHA pPa3sMepoM 00JacTH JIOKAJIMa3amZd CABHUIa:

P, ~ 2 (2Es/C)". (3.11)

Heo6xogumo 3amermTh, 9To dopmyan (3. 6)—(3. 8) mpen-
CTaBAAKT CO0OA KpHTepHil SHEPreTHYeCKOHX BHITONHOCTH 00-
pasoBanma TpemuH. PealbHasg BOSMOMKHOCTH HX 00pasoBa-
HHOA OIpEMIeNAeTCH B COOTBETCTBHH CO CTATHCTHIECKOH Teo-
pHeii TBepAOro Teja YPOBHEM BO3HHEKAIAX NEePeHANDSIKeHAA
W 9YHCJIOM OJHOBPEMEHHO BO3HMKAKMUX CABHroB. B cBaAsm
¢ OTMM B IpeleJbHO HAaHpPSKeHHOM o6pasue obpasyerca
He OfHA, & MHOKECTBO TpeIIuH.

Kak yxe yrasuBaioch, 3HadeHme C He 3aBHCHT HENO-
CPEJCTBEHHO OT pasMepOB YaCTHH, IIOKA OHU JOCTATOYHO Be-
JUKA, W OUpeJeNseTcsl HX yUpyro-IIacTHIHEME CBOACTBaMH,
CKOPOCTHI0 NPHJIQKEHHs HANDSKEHHS U JefcTBHEM BHEIIHEeR
cpensl. ITosTomy Ha ocHoBammm (3. 11) MOKHO cudTaTh mpoU-
HOCTh KBapIeBHIX YacTHI, B3HAYATEIbHO 0ojiee KPYOHHX,
9eM [, ~C, HesaBHcAmeil OT mx pasmepoB. Ecim e o6iaacTsh
3aTOPMOJKEHHOTO C/IBETa PacmpOCTPAHSAETCA HA BCE CedeHHme

vactunu, o C~ X, a P, . =2y2Eq[X, 1. e. Gymer HaGuio-
naThesa MacmTabHOE ynpoqﬁerme, ($OpPMyIy KOTOPOTO MOYKHO

HanucaTh B BUje .
P,,=P,(1+ Va/X),

rge P, — mpOYHOCTh MACCHBHHIX YaCTHL, @ — Ko3{dmiuenr,
pasamnit Hyao opr X > C u pasauit C npn X < C.
MacmrTabHOe  ympouHeHWEe — BO3PAaCTaHHE  MOPOYHOCTH
¢ yMeHbIIeHHEM PasMepoB OOKIHO OOBACHAIOT CTATHCTHICCKUM
pacmpeneieEdeM TpemuH B o6beMe Tema. Hak ymxe yrash-
BaJloCh, TPEIIMHEI, FOCTATOYHO GONBIIEE JIA CHIYKEHHSA Teope-
THYECKON HPOYHOCTH N[O peajbHOH, Jame BCero B HCIHTYe-
MHIX MaTepmajax He 00GHAPY)KHBAITCA, HO MOTYT BO3HHKATh
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B pesyibTaTe IIACTAYECKHX CABHIOB, IIPEIIIECTBYIOMMUX
paspyuiennmio. HiuHoBHIHbIE TPEMMUHEL HOABAATCA IPH TOP-
MOKeHUHW CABHUTa y Kakoro-ambo mpemsarcTsusa. Heobxonum-
MBEIM YCIOBHEM HMX YCTONYMBOCTH (PAaBHOBECHOCTM) SIBJIAETCS
yObBaHWe HANDPSKEHUA [0 Mepe yAaleHHA OT IJIIOCKOCTH
TOPMOKEHHUSA, [OCTATOIHO OHICTpoe mius o0pa3oBaHHA MU-
HUMYMa 3aBHCHEMOCTHE CBOGOIHOI dHEPIHMH PACCMATPHBAEMOTO
ob6beMa OT fiadHH TpemuHbl. MoKHO mosaraTs, 9T0 B IPaKTH-
9eCKHX CJIydJasgX TaKoe YOHBaHWEe BeIWIMHH CIBATOBEIX
HaOpsIKeHUWit [feficTBETeNbHO mMeeT Mecro. IloxaykeM, dTO
y9eT IpefieIbHOTO IIACTHYECKOT0 NePOPMHEPOBAHHS LO3BO-
JgeT moJydaTh POPMYIy MacmTabHOTO YIPOYHEHHWS BHE CTa-
THCTUIECKUX LPEICTABICHHN M NI JOCTAaTOYHO OOmMEro ciry-
9ag paspymeHHs TBePIHX TeJ.

ByngeM monaraTh [is yOpOImIEHHsS PAcIeTOB B KadecTBe
nepBoro npubamwxennsa Beawauny f B dopmyae (3. 9), Hesa-
BucmMoit oT <, G, X m o [29]. Jlanee yurem, 4TO HOCKONBKY
IPOYHOCTh MACCHBHEIX TBEPAKX TeJ OT Pa3MepOB He 3aBHCHT,
BesmumHa C ompejesisieTcs JHIIL OX CTPOEHHEM I criocoGoM
npmioKeHusa HanpsyxeHmit. OueBHEIHO, OHAKO, YTO C YMEHb-
mIeHHeM pasMepoB Teja [0 sHadeHmA C M MeHbmMX 00JacTh
JIOKAJIM3aI[U¥ COBATA YMEHBIIAETCH M BCJIEICTBHEE 3TOTO PacTeT
BeJIUYNHA CABUTOBHX HAOpsKeHWH, HEOOXOTAMEIX AJsa obpa-
30BaHUA HEKO# omacHO# Tpemuns [,. Bmecre ¢ TeM, Kak
mokasano Beime (popmyia (3. 5)), ¢ yMeHbIIeHMEM pPasMepoOB
Tella BeJIMYMHA ONACHHX TpPEIMEH ({OCTATOYHO OONBIIMX IS
ero paspymeHwms)- Taxse yMmeHbmaercsa. IlofcTaHoOBKa BHI-
pasxenms (3.9) B BHpazKeRHe (3. 4) nyrem umcraogenns I,

faer:
P\2 /T \2 c2 4 T \¢ Cif2
<7"f) (Tf) 82 :T[ o ('c_:) azxz] ’ 3.12)

rae P2=2Eoc/9; 2=2Go/d; 8 — pumHa sieMeHTapHOI TpaH-
CIALMA B TBEPIOM Tele.

IIpu X > C ypasuenume (3. 12) mepexoguT B y:Ke u3Be-
craoe Brpaxenme P, t,=f0oP, <,/C [29]. Ecim e X wmauo,
0o C~kX, roe k — HOCTOHHHaﬂ OOPARKA EeXUHMIITH.

Ecmu camrats Taxske ornomenma P,/P, u <,/t, npuGru-
JKEHHO OfIMHAKOBEHIMH, TO ypaBHeHue (3. 12) MO)KHO npen-
CTAaBHTh B BHJE

z=(1—2%, rae z=(P,;5,X VE¥/P3),



§ 21 MEXAHH3M XPVYIIKOI'O PA3PYIIEHUA 129

KoTopoe pemaercs orHocaTeabHO z (2=0,6). Takum oGpasoM,
¢dopMysa MacmTabHOr0 yIPOIHEHHS MAJKIX TaCTHI] HMEET BUJ,

Py, =0,6P,73/X V&%, (3.13)

npudeM k2f BaBHCHT OT KOHKDETHHIX YCJIOBHA pas3pyIIeHUS
u cBOCTB TBepxoro Teaa. G yaeToM TOro, 9To HpH paspymeHnn
C)KaTMeM H30TPONHHIX Tex, P ,=r, -—Pp;\o, dopMyra Mac-

mMTa0HOTO YOPOYHEHWS MAIHX O0OBEKTOB:

08 1/ Prp
PB_W X (3' 14)
rae ¢>~0,5. C yueToM BHpaKEHUs IPOYHOCTH MACCHBHEIX
gactan QOpMyJNy OPOYHOCTH HPH CKATHH MOYKHO 3amHCaTh
B BHJE

P,=P,(14+k P P 3/X), (3. 19)

rae k'=0,8 ¢-? (kjf)~* — mocrosHHaA.

Us q)opmyn (3. 13) (3. 15) BugHO, 94TO ¢ yMeHbIIEHHEM
pasMepa 4acTuiL MX OPOYHOCTH HPHUOIMIKAETCA K TeopeTmye-
CKOM, a ¢ yBeJHIeHHeM — K OPOYHOCTH MAaCCHBHEIX 00pa3IoB.

Ecam paspymenme CoBepIIaeTCs IyTeM PACTAKEHHA,
TO OpPHEHTAIUS IIOCKOCTEH CKOJB/KEHHUA MEHAETCA B IPO-
necce gepopmainum (0COOEHHO IS MIACTHYHHX METAJJIOB).
ITosTomMy B 06mem ciaydae

PP = PDBCPI (Ppn)’ Tp = pa‘\°2 (Ppn)"

u Qopmyna MacmTabHOr0o ympodHeHHs coriacHo (3. 12) m
(3. 13) ompepmensiercss DPOYHOCTHIO MaTepHaia, €ro MJIACTHI-
HOCTHI0O W HAYAJIBbHOH OpHMEHTAIMeN IJIOCKOCTEH CKOJIbKEHH.
B wacTHOCTH, ANA MIACTUIHHIX MaTePHAJIOB B CBA3H C IEpe-
OpUeHTameil MIOCKOCTE! CKOJNB/KeHHA T PacTeT 3HAYATEIHHO
onictpee P. Ilostomy mo (3. 13)

P~ Py(1 + kX7, (3.16)

9T0 mpeAcTaBiseT coboil o0HYHY (opMmMyny MacmTaGHOTrO
VIPOYHEHHS IO CTATHCTHIECKOH Teopmu. Taxkasa HEOTHO3HAT~
HOoCTh 3aBmemMmocT:m P, (X), MoHO mojaraTh, 00BACHAET

3HAYUTEJNHHEIE PACXOKIAEHASA B DKCIEPUMEHTAJIBHEIX TaHHBIX
mceaefoBaHusa MacinTaGHOro sddexra.
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Qopmyan (3. 5)—(3. 16) monxyYeEHW B HpeANONOKEHAH
OTCYTCTBHA B 00pasmax [0 NPHIOKEHHsS K HAM HAIpPSAKEeHHA
Kakmx-ambo TpemuH. (DaxTmueckum Ke B HOX COfep:KaTCA
CTPYKTYDHHE HeQeKTH, YHCI0 H CTeNeHb «OMACHOCTHY KOTO-
PHIX 3aBHCHT OT HpefsicTopud o0pasioB. B cayzae mamennue-
HHOA 3T0 0cO0EHHO CYIMECTBEHHO, IOCKOJIbKY KaKgas JacTHIA
OPE/ICTaBIA6T COO0OH OCKOJOK Pa3pyMEeHHOX dYaCTHUIB (O0Jb-
meil KPYmHOCTH H, CJIeJ0BaTelbHO, MHOTOKDATHO IIOABEpra-
lach HAOPA)KEHUAM, GIMBKEM K mpefedbHEIM. llpmuem weM
Mellbde JaCTHOE, TeM GoJbliee, B CPENHEM, YHMCJIO IUKIOB
PaspymeHHA OHM HcOHTaim. Ha 3TOM OCHOBAHHE MOMKHO
mOJIaraTh, 9TO 3aBHCHMOCTH IIPOYHOCTH OT pasMepa YaCTHI]
¢dakTmuecku ciaabee, 4eM maerTcs Bripaxkenmem (3. 15). Ilpm
u3MeJNbYCHAA B AaKTHBHOU cpele I 3aBHCEMOCTH YCTa-
JIOCTHOM IPOYHOCTH MeTaJIMIeCKHX 00pasmoB OT HX pasMe-
poB [29] MoskHO oOMmpmarh ambo Hem3MeHHOCTH, AHOO fake
CHWJKEHHA IIPOYHOCTH ¢ POCTOM IMCIEPCHOCTH TBEPAHIX Tel.
K comanennio, Mexanumsm MacmTaOHoro 3¢g@exTa mpogHOCTH,
XOTA W TO[BEPraeTcA CHCTEMATHIECKOMY WMCCIEOBAHUIO,
Bce eme HesceH. Boiee Toro, 3aKOHOMEPHOCTH MacmTaOHOTrO
VOpOYHEeHHMS Wu3-3a MHOTOYHCJIEHHOCTH (AKTOPOB, HA HETro
BIMAMAX, HEe YCTAHOBJIEHH OJHO3HATHO.

Buamsauume macmTaGHOro ¢axropa NIpH H3MENHYECHAHM OC-
JIO}KHEHO TaKyKe W TeM, YTO YaCTHIH B KAKIOM aKTe coyhape-
HUA WA CKATHA MONBEPraTCsa PaspylleHHI0 He B OXUHOUKY,
a rpynoamMu. OGBeM rpynn, BEpOSITHO, HE 3aBHCHT OT pasMe-
POB dYacTHN, KOTZAa Te CTAHOBATCA JOCTATOYHO MEJIKHMH.
I'panmnsr MeXny ONHOPOAHHIMH 3€pPHAME BPAJ JH CIyKaT
CePhE3HHIME HPEeNATCTBUAMHE DPAaCIPOCTPAHEHHMIO COBHTA LPHA
CKaTUM TPYOOH, a BEPOATHOCTh HAXOJKIEHHA OIACHOTO
COBHTa B OfHOM M3 9YACTHI[ IPYNOH He MEHbIIE, 9€M B CIJIOII-
HOM Teje Toro ke oGpemMa. Bce 3To menaeT ygueT Macmra6-
HOTO (paKTOpa B TEOpHH W3MEJNbYEHHA, OCOOEHHO NPUHH-
Magd BO BHHMAaHEEe OTCYTCTBHE KaKMX-Im00 HaJeKHRX Nps-
MHIX 9KCIEPHMEHTAJBHHIX [aHHbIX, KpaliHe HeOJHO3HAT-
HEIM.

JKcOoepUMeHTAJAbHEE HCCIENOBaHUA mpomecca AedopMm-
POBaHHA M pPa3pyIIeHWs JaCTHUI, MAKPOHHHX pasMepoB Tpe-
OyIOT mpHMeHEeHAA BHICOKOTOYHOI ammapaTypH AJS CHHXDOH-
HOT0 HalaoaeHmsa BechMa MalHX ([0oJH MHKpPOHA) HedopMa-
numit m warpysok. HoHcTpympoBaHme m W3roTOBIEHHE TaKOU
anmapaTyphl CTajJ0 BO3MOKHHM TOJBKO B IIOCIEHEe BpeMsd
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B CBA3H C OOMUM pa3BUTHEM TEeXHMKHM NPHOOPOCTpOEHHS.
Cosnannmit IlléaeproMm m Pymndom [112] npmbop mosBomma
H3YYHTH IPONECC pa3pymIeHWs 9YacTHI PasMepoOM OT 2 MKEM
mo 10 mm m B KayKIOM cliydae WU3MEPHTHh TaK:Ke 3€PHOBOR
COCTaB IPOAYKTOB paspymeHms dactun. B ycraHoBke mpe-
OyCMOTDEHA 3amWCh HepeMeIeHHs MTOKa, OCYMECTBISeMas
TOCPEACTBOM 3JIEKTPOMATHATHOM CHCTEMH C paspemamnmei
cmnocoGHOCTRIO 1/50 MEM. Ycunme, mepenaBaeMoe paspyliae-
MOH 9acTmie, P MEJJIeHHOM HArDPYy;KeHHH U3MepSeTCS 1o
M3MEHEHHIO TOKA TOYHHIM IOTEHIEOMETPOM, a npu GHCTpOM —
3JIEKTPOHHOJYIeBHM ocnmiiaorpajpom. O6pasen momemaercs
MEMAY [ABYMS IUIOCKO-IApPANIeJbHEIME CAnQAPOBHIMHE ILIa-
CTHHKAMH, CKBO3b BEDPXHIOI U3 KOTOPHX MOKHO OBLIO HA6III0-
math 1 QororpadmpoBaTh C MOMONIBI0 MEKPOCKONA IPOLECC
paspymeHus.

Ockonku gacTul; cofupanm Ha HUKHEH IIacTWHKe, a I
OpefoTBPAMIEHNs. HX pasjieTa paspymaeMas 9YacTHUIA IOMe-
Imajach B Kamio Bofgst. IloqygeHHHA TaKAM IyTeM mpemapar
¢dororpadmpoBanu. i DOBHINEHWS TOYHOCTM WU3MEPEHHUA
9aCTUIEL pas3feldsiim B IEeHTPOGEe;KHOM mose Ha (paxnmu.
ITo cHEMKAM H3MEPANM IPAHYJIOMETPHYECKHA COCTAB IIO-
POIIKA M IOACYMTHBAIM €r0 YAEJbHYI HOBEPXHOCTH. Bo us-
Oe)KaHMe HMOBTOPHOTO PAa3PYLIEHUSI OCKOJIKOB MEXKAY camm-
paMy ODOMemaju MMEWINYH0 KOJBIEBOH BHPE3 IUIEHKY TOJ-
munoit ~0,5—0,6 puamerpa gactums. Bruto cnenmanbHO
[IOKAaB3aHO, YTO HPOYHOCTH CTEKJISAHHHX ITAPAKOB B BOAE U
BO BJAKHOM BO3[yXe NPAKTHICCKH OIMHAKOBA.

BeJIP[‘IHHa OPOYHOCTU HM3MepAJach KAaK OTHOIIEHME pa3-
pylmaoieif CHIH K IJIOMARW Ce4eHUs YaCTHIHl B IUIAHE.

B cnyuae mapa oHa paBHA Pp:mx——z,

mapa. B coorBercTBuE ¢ Teopueil I'epia sHagenne paspymaio-
IUX HaOps;keHuir P, MOMHO BHYHCIHTH IO H3MepeHHOI

TAKHM CH0COGOM BeIMIMHE IPOYHOCTH IHPHU YCIOBUH, UYTO
neopManms He3HAYUTEILHA 10 CPABHEHMIO C Pa3MepoM Iapa.

B ommrTax y9uTHIBAJICA X0JOCTOH Xon mpubopa u Hamps-
ykeHuss ero dacteir. Ilo guarpammam HampsixeHume—maedop-
Manus OBLIM BHYUCJEHBl IPOYHOCTH M paboTa paspylieHus
9acTAl PasAUYHEIX PasMepoB W (POpPMBI, KpPOMe CHEenHalbHO
UBTOTOBJIEHHBIX CTEKJIAHHHIX IIapUKOB, a TaKyKe OBIIM MCOHI-
TAQHE JaCTHUI[El KBaplla, MBBECTHSKA, YIVIfA, KIMHKEpa X TOP-

dupa.

rage X — nuamertp
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Ha pumc. 31 npuBemeHH AumarpaMMH pa3pymIeHHS IATH
9aCTHI KBapma pasHeX pasmepoB. Ha amarpaMmax MoKHO
OTMETHTh HECKOJbKO OIpefeleHHHX YyJacTKoB. llepBrit m3
mox — 0A (pocT mampsixeHHUs ¢ yBedmdeHHeM jedopManum)
06yciIoBJIeH yIPYTHEM HAarpy;KeHHeM JacTHuL, BTopod — AB —
o0xkpamuBanmeM HamGoree AePOPMHEPOBAHHHIX Y9acCTKOB.
Ha TperseM BC B paifioHe BTOpPOro mopbeMa KpumBoir P (e)
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Pmc. 31. JlmarpaMma paspymenns dwactun Ksapma [111].

PasMepsl M OPOYHOCTD YACTUL COOTBETCTBEHHO pAaBHHI: 1 — i43x129 MEM;
4,27 xI'/mm?, 2 — 186 X 114 mrm; 5,95 xI'/mm?; 3 — 149 X 129 mrm; 10,9 xI'/mm?;
4 — 171 X114 mxm; 8,8 wI'/mm?, 5 — 149X 114 mxm; 9,7 wI'/mm2.

UMeeT MecTO yIpyras u o6paThMasi, KaK HOKA3bIBAIOT OMBIThL
¢ pasrpyskoit, medopmanus Broas Kpusoit EF. Yuacrox FD
COOTBETCTBYET Pa3PYNIEHUIO YACTAIH U PA3JETy €€ OCKOIKOB.

Kaxk_ciuemyer m3 sKCOEPUMEHTAIbHEIX JaHHBIX, MPOYHOCTDH
9acTUD HeNpaBHIbHON (OpPMH ci1abo 3aBHCUT OT WX pasMe-
POB, a cTaTHCTUIECKHMA Pa3bpoc IPOIHOCTH 0YEHDb BEIHK. ITO
3aMedaHme OTHOCHTCA KO BCEM MCCIEJOBAHHEIM MaTepHaaaM.
B caydae m3BecTHAKA Bce jKe€ MOMKHO OTMETHTH HAJIWIMe
MacmTabHOTO ympoumeHmsa (pme. 32).

CraTHCTHYeCKAs OCTOBEPHOCTh H3MEPEHHH €O CTeRJIAH-
HEIME (E3 KBapIEBOI0 W CBHHIOBOTO CTEKJIAa) IIapPUKaMA 3HA-
9UTEeJbHO BHIIE, 9€M C YACTHOAMHE HEOPABMJIBHOR (HOPMEL.
9TO0 mO3BOJNHIO W3MEPHTH B3aBHCHMOCTH JedopMamua—Ha-
OpsiyKeHme B MIMPOKOM AMama3oHe PasMepPOB WM OJHOBPEMEHHO
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IPDOCIONATH 38 pAasBATHEM TPeMHUH B MeCTaX KOHTAKTa W
iIacTEIecKuM faedopMupoBanmeM mapuxos [113].

Ha pmc. 33 nmpuBemeHa pmarpaMMa Harpy;KeHHS H pas-
rpyskm mapHKa M3 KBapmeBOro creksa muamerpoM 11,5 mrxm.
lIpmameoit HabmrogaeMoro rucrepesmca aedopManmum IMapmKa
SIBJIAIETCA INIACTHIECKOe TeI€HMEe B MEeCTaX KOHTAKTa CO CIKH-
MalOmMUMK IJIacTHMHAMZ. BEAcHmIOCh, 4TO HeoGpaTHMOCTh
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Puc. -32. Pesyapratat m3- Puc. 33. J[marpamma cKaTus KBapue-
MepeHuA NPOIHOCTH YaACTHL BOr0 IDApPWKA [OUAMETPOM
usnecm;ma[ 'rp(]ex dparomi 11,5 men [113].
112].

1 — Harpy»eHue, 2 — pasrpyska, 3 — Kpu-
Basg XOJIOCTOrO Xopa Ipubopa.

nponecca AehOPMAPOBAHMUA IIAPHKOB MAaJBIX DPasMepoOB MpPoO-
ABJAETCA NPHU CKATHUHW, HpeBHIaoomeM 7%.

Pasmepsr u crpoenme HeoGpaTuMo [eOPMHAPOBAHHEIX 30H
Ha YacTMIAX OBIIM H3YYeHH MeTOHOM (a30BOKOHTPACTHOIM
MHKDPOCKONMM IOocie cHATASA Harpysku. OGHapyxeHO mO-
ABJIEHME pPANUANBHEX ¥ KOHIEHTPAYECKUX IOBEPXHOCTHEIX
TPEIIUH, PACIPOCTPAHAIMUXCA OT MECTa KOHTAKTA JaCTHI[EI
€O C/RUMAMEN IIacTHHOH. OKCHePHMEHTAJNbHO [IOKA3aHO,
9TO BOBHMKHOBEHNWE U POCT TAKAX TPEIMUH HEHOCPENCTBEHHO
BHI3BAHH IJIACTHIECKHAM [e)OpPMHPOBAHWEM NPH HArpy3KaXx,
3HAYUTENBHO MEHBIIAX, 9eM Da3pyIIalomue.

TaxkuM o06pa3oM HOpPAMBIMM ONBITAMU OBLI HOATBEPIKIEH
CelaHHHl HaMM paHee HA OCHOBAHHU KOCBEHHHIX NAaHHHIX
BEIBOJ O PpeIIAIomell POJH IJIaCTHIeCKOro [ed0pMUPOBAHUA
Opu PaspymIeHHHM YacTHI[ MAaJHX pPasMepoB.

Iléneprom m Pymndom Grira maydeHa TaxKe 3aBUCEMOCTH
OPOYHOCTE IDaPHKOB H3 CBHHIOBOTO CTEKJa -OT HX [Ada-
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merpa [112]. OkcmepmmenTanpHhie fauHHe (pmc. 34) moxa-
3LIBAIOT, 4TO B mATepBajie quamerpos 1000—40 mxm mx mpog-
HOCTh pacTeT mo 3aBmcmMoctd X~/:. B mnTepBase quamerpoB
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Puc. 34. 3aBECMMOCTD 3KCIEPEMEHTAIBHO H3MEPEHHOH mpoynocTH (P )
[pHA C)KATAM W PAcYeTHOW BOJMIMHBI PACTATMBAIOMMUX HAUPAKEHHH (¢)
CTeKJIAHHHX LIAPUKOB OT UX AuaMeTpa B OOHYHEIX KoopamuaTax [112]

¥ B KOOpAMHATax (Pp, o m X"/z).

menee 40 MKkM OPOYHOCTH CTEKIAHHHX IIAPHKOB NpubIu-
JKaeTCA K IOCTOSAHHON B COOTBeTCTBHHE ¢ (popmyior (3. 15).
XapaKTepHO, YTO KaK B3HAYeHHWS NPOYHOCTH, BBIPAKEHHOM
_OTHOIIEHWEM BHEIIHedl Barpy3KH K IJIOMAAu AUaMeTPaIbHOTO
cedeHMs, TaK ¥ BHYHCIEHHHE m0 Teopmu l'epma 3HaZeHHSA
paspymaomux HaOpsKeHu# yJoBIETBOPAIOT OfHOH U TOH ke
sasmcamoct P, (X), BrpaskenHoit gopmymoit (3. 15). B Go-
nee mospmeit pabore [113] copaBegmmBocts dopmynsn I'epna
OJA IMapEKOB M3 KBApIeBOTO CTeKaa OHIa JTOKasaHa Ha OC-
HOBAaHMM SKCHEPHMEHTAJbHHX NAHHHX.



TIABA IV
3AROHOMEPHOCT HN3MEJBbYEHUA

Ilpouecc maMenbueHUs 3aKIA0YAETCA B paspymIeHUH TBEp-
IOEIX TeJ IIOCIE0BaTEJbHON cepmell MeXaHWYeCKHX BO3JeH-
CTBHi, OCJOKHEHHOM arperamuei AMCOEPCHHX MAaTepHAJIOB,
nedopManmeii MeJIOIMEX TBEPIAHX TeJ, JKUAKOCTH HMJIM rasa.
JT0 3aMedaHHEe OJWHAKOBO OTHOCHTCA K MeJbHHmaM Gapa-
0aHHOIO THHA ¢ JHOOKME BEIAMA MEJIOIEX OPUCIOCOOICHHH,
K yOapHHM, CTPYZHHM, KaBUTAI[HOHHHIM U BCEM JAPYTHM BH-
OaM MeJbHHI. 3afadeil TeOpuM H3MeJb4eHHs ABIAACTCA ycCTa-
HOBJICHHE B3aUMOCBA3M MEKIY [AHUCIEPCHOCTHI0 IOPOIIKA,
(UBMKO-XMMHUIECKAMY B MEXaHWIECKEMHU XapaKTePUCTHKAMHU
€ro 4acTHI{, 3aTpaTaM® SHEPTHH M IapaMeTpPaMH MeJbHHIH.
NccnepoBanme 3aKOHOMEPHOCTEH WM3MeJbUCHHA HEO0X0aMMO
IJIA pacueTa MEJBHUIl M OUpPENeJeHHs OUTUMAJIbHHX yCIOBHA
ux paboTn. Baxuo Takke mpegBHIETh TEXHOJOTHYECKHH pe-
3yJbTAT AUCHEPIrHPOBAHUA OTIHMYAIIAXCA IO CBOMM CBOM-
CTBAM MaTepHAaJIoB.

[ BHABIEHAsA 3aKOHOMEDHOCTEA HM3MEAbYEHHS OJTOT
mpomece CIegyeT pacCMaTpHBATH C yIeTOM COBOKYIHOCTH BCEX
OCHOBHHIX fBJIGHHH, €r0.COmpOBOKJalmux. K HEM oTHO-
CATCA Npe)Kie BCero BIMAHEE BHEIIHeH CpeIsl, ONMCAHHOE
B ra. II, yopyroe m miacrmueckoe nedopMEpOBaHHE HpH
paspymennu, Macmrabunii daxrop (ra. IIT), a Taxyke B3am-
MofieficTBIE MEKIYy dYacCTUIaMH.

§ 1. OcHoBHBIE OmpeAeneHHAs H IapaMeTpPHl Hpouecca

BriGop mamenpumTeneil @ ONTAMAJIBHEIX PEKEMOB MX pa-
GOTH BCe eme NPOM3BOJATCH OMIMPHYECKH, TEOPHS IOKA
HOCHUT NWINb Ka9eCTBEHHHH XapakTep. HakomineHnr 3a MHOTO
JieT OOHIT I03BOJIAeT HAXOAUTh IPABUIbHEIEe PENICHAS KOHKPET-
HHIX 3ajad, ONHAKO CO3JaHHe KaKJA0r0 NPHHIUIMAILHO
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HOBOTO THUIA W3MEJBUHTENS TPeGyeT MOBTOpPEHUS BCEro OYTH
OT MOZeJIH [0 OPOMHIIJIEHHOTO arperata. B sHaumTeabHOM
Mepe BO3BHUKAIOMue TPYAHOCTH IPEOJOJEBAIOTCA HA OCHOBE
yiKe W3BECTHHX SMIMPHIECKAX PEIIeHWH C W3BECTHHIMHU BH-
mamMu Mamume. B 5ToM miame o6o6meHnme B BHJe Pa3yMHEIX
aHAJINTAYECKAX BHPAKeHHA M3BECTHHIX K HACTOANIEMY Bpe-
MEeHEH DKCOEPMMEHTANbHHX [aHHHX IPENCTaBIfET Hemocpe[-
CTBEHHHH IpaKTmiecKmit muTepec. PAN cHesaHHHX B pasHoOe
BpeMa 00o0meHmit Takoro poja mpuBefneH B o03opax Tosa-
poBa u ap. [114] u T'mito [8].

PaGors B 06macTu TeOpHA U3MEIBICHUA MOKHO HECKOIBKO
YCIOBHO moApasmenuTh Ha Tpu rpymoi: 1) MccaemoBanus,
B KOTOPHIX OCHOBHAS 3aJada CBeJjeHa K YCTAHOBJECHHIO 3aKO-
HOMEPHOCTe#l I'paHyJIOMeTPHIECKOTO COCTAaBa W3MEIHIaeMOro
marepuana [13—16, 114, 115]. Copepsxanme m mpaxTHIe-
CKasg INPHMEHMMOCTb BHBENEHHHX BHPa)KeHHHl 00CyKIeHa
Hamu pamee [11]. 2) WccnemoBaHumsa MeXaHMKH MeJILHHII,
B KOTODPHIX paccMaTpUBAoTCA (aKTOPH, BIHAKMEE Ha 3(-
(EeKTHBHOCTH H3MEJILUIEHWS, TaKWe, KaK pasMep # COCTaB
MeJIOMUX TeA B IMAPOBHIX MEJBHHIAX, CKOPOCTb BpPalNeHHUs
6apafana BO BpamamOIMUXCA MeJbHHIAX, 9aCTOTA M aMILIH-
Tyfa KojiebaHHH BHOpamMOHHEIX MEJBHHI, CKOPOCTH IIOTOKA,
€r0 BANBUIEHHOCTh M INIOTHOCTH ra3a B CTPYMHHIX M Ta30-
cTpyitanx MexpHuIax. VccaegoBammsa mogo6HOrO pofa mpo-
Begentl MopryamcoM, AryunosuM [6, 7, 116]. 3) Uccaenosa-
HOSA MeXaHW3Ma H3MEJIbYEHHS TBEPABIX TeJ Kak pAfa mocie-
DOBaTeJIbHEIX omepanumii 6e30THOCHTENBHO K MeXaHMIeCKOMY
cmnocoby mamenbuenmsa. K Hambosee paEHAM HCCIELOBAHAAM
nofo6HOTO0 posa oTHOCATCA paGors Parruarepa [1], Kuaka [2],
Borpma [117], Ceercona '[118], Yapasza [119] m gp.[120—
121]. 9t; mccaenoBanma Haumbojiee OIM3KO CONPUKACAIOTCSH
¢ ¢usnkoir TBepHoro Tejaa. VIx mens — msyueHme 3aKOHOMED-
HOCTeil IpPOmeccoB, IPOMCXOAAINMX LPH PAa3pyIIEeHAH TBEP-
OBIX Te.

Ins mccremoBaHmA 3aKOHOMEDHOCTEHl U3MeNb4eHHSA He-
o0XofmMa XapaKTePUCTHKA [JUCIEPCHOCTH WM3MeJIhIaeMOro
MaTepmana. Hak mOKa3HBAT SKCIEPUMEHTANBHEE NaHHEIE,
pacupejeieHEe 9YaCTHI[ IO Pas3MepaM B IPOAYKTAX H3MEJIb-
YeHEA B 00IeM ciaydae aOnIPOKCEMHEDYeETCS HEKOTOPO KpuBo#
C OfHEM acCHMMMETPHIHKIM MaKCHMYMOM, 6osee moyiéro coagao-
I[EM B CTOPOHY KPYHHHX Jactun. Bee MEOroo6pasme rpanyiio-
MEeTPHYECKOT0 COCTABA IMPOJAYKTOB H3MEJbYEHUST OMUCHBAETCS
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IByHApaMeTpHIeCKMMU KDPHBHIMH, OPUIEM OJHMH M3 Hapame-
TPOB ompefelseT CPeJHUN pa3Mep 9acTHI, APYroil Aucmep-
cuto pacumpepenenus. IIpocTile pacdeTH Ha OCHOBE JKCHOEpH-
MEHTAJbHO M3MEPEHHHIX KPHUBHIX PACHOpPEeJeHNA IOKAa3H-
BaOT, 9TO0 €CJHH pacHpefieleHue NOCTaTOYHO Y3KOe, T. e.
OUCIepPCUA MaJja, CTeleHb H3MEIbYeHHS MOKHO XapaKTepH-
30BaTh OJHMM NAPAMeTPOM, HAmpumep, YAeNbHOH IOBepX-
HOCTBIO mopommka [11, 12].
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Puc. 35. I'panynomerpudecknit coctaB 16 o0pasmoB BuGpomamenbden-
HOrO0 KBapIeBOTO0 MmeCKAa pAas3amIHo#é pucmepcHocTn [122].

AGcumcca — OTHOWIEHUC pasMepa 4YacTUIl K MeOuaHe paclpenesIeHuA.

HoppeKTHOCTh XapaKTePUCTUKN NMCHEPCHOCTH ONHIM :IIa-
paMeTpoM pacIpefieleHuss MOATBEPKAAETCA TAKIKe IPAMEMIE
pabaonesnamu. Hax Guito morasano dmeasman [122], mme-
nepcus pacupefelieHns 9acTHI[ KBapIeBOr0 IOPOIIKa W APY-
ruX MaTepHaoB Mall0 M3MEHSeTCA B IPOIlecce M3MEIbUCHNUA.
Ewo Obnium wm3MepeHH IyTeM CeAMMEHTAIMOHHOI'O AaHAJIM3a
TpaHyJI0MeTPHIECKEe COCTaBEH NOPOUIKOB KBAapHa, IJIMHO-
3éMa U I eMeHTa, IIOJYYEeHHLIX B]’/I6paHI/IOHHI>IM n CprEHLIM
usMenbdenneM. Ilo KpuBHM pacnpeneleHHs oOmpeNeIsAInChH
X Me[WaHHI, IOCJe 9ero STH KPHWBHeE HM300paskajdm B KOOp-
IWHATaX: CyMMapHOe COJlep;KaHme 4dacTHL C pasMepamiu,
GoapIIMME JaHHOTO, — abcmmcca, OTHOIIEHWE pasMepa da-
cTuIy K MenmaHe — opauHarta. HaHeceHHEe Ha Takoi
rpapumK SKCOepMMEHTAJbHEE TOYKH, KaK BUAHO M3 pumc. 35
7 36, onmcHBAaOTCA ¢ TOBOJIBHO XOPOWIEH TOYHOCTHIO OHOMN
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KpPHUBO#, XapaKTepHOA AJIA HAaHHOIO MaTepmaja m cmocoba
ero maMennruenus. IIpu sToM 3HAYEHEA MeqUHAHH pacIpeneie-
HEA WNCCIEJ0OBAHHHX IIOPOMKOB OTJIMYAIOTCH B HECKOIHKO
pa3. Bonee yskoe pacmpefesneHnme HOPOIIKOB, W3MeJIbYEHHEIX
B CTpyi#HO# MeiabHHIE, OOBACHAETCA NPHMEHEHHEM KIACCH-
¢uranum, Boanpamalomen Ha [OMOJ KDYIHbIE YaCTHOH, X

w YHOCOM C OTXOJSI[MM BO3.Y-

XOM Mejbuabimeir ¢paxnoum.

7 Onnako Kak OBl HU H3MEHAIACHh

Vi KpHBasg pachnpefelleHus, I

7w KOHKDETHOTO MaTepHala u

coocoba u3Melb4eHIA MeguaHa

N & OTHO3HAYHO XapaKTepuayer
4 JHCIEPCHOCTh MOPOIIKA.

4 IIpumenenne ymenbHOM 1O-

BEPXHOCTH B KadecTBe Xapak-

57 TePUCTHKH AUCIEPCHOCTH B MC-

20 clIe[OBaHMAAX 3aKOHOMEPHOCTeH

” n3MeJabpYeHusA TeMm Oojee oOI-

' N | pPaBIaHoO, YTO €e YyBeJIHICHHE

Y B B 22 2 (moBepxHOCTH, paspmena (as)

B GOJBIWHCTBE CIIyIaeB SB-

Pnc. 36. T'pamymomerpuaeckmit JIACTCA IPAMOM IEJIBI0 STOTO

cocras 16 obpasnos mamenpwen- lPouecca. Kpome roro, yrems-

HOTO B CTPY#HO# MeJIbHHLP KBap- HAas IIOBEPXHOCTh JOCTAaTOYHO

IIeBOTO MeCKa PAa3IMIHOM AUCHeP- TOYHO OHpPENeNAeTCA SKCIepH-

cgoetn {122]. MEHTAJIbHO, 9er0 HeJb3sA CKa-

Afctmees — omomerre _PNCPA  3aTh O TpAmyTOMETPEeCKOM

COCTaBe U €ro mapamerpax. 3To

0CO0EHHO OTHOCHTCSI K TOHKOMY

M CBEDXTOHKOMY M3MEJbYEHHIO, KOTJa I'PAaHyJIOMETPUIECKHA

aHaJIW3 HamMeHee TOYEH, a yAeNbHAS MOBEPXHOCTH, M3Mepse-

Mafd aficopOIMOHHKIMA MeTOXaMu, W3MEPSAeTCs ¢ HaWmMeHbIIe
omubKoii.

CBoeoOpa3HH# aCHMMEeTPHIHHA BHJI KPHUBHX pacumpenele-
HHS 9aCTHI IO pasMepaM CBf3aH C MEXaHH3MOM HX pa3pyIie-
HusA. Ecian npaHATE, 9T0 BEPOATHOCTH (MM CKOPOCTH) Paspy-
OIeHAA YaCTHUIL JaHHOTO pa3Mepa DPOmOPHMOHAIBHA MX COHep-
JKAHOIO B A3MEJIbIaeMOM MaTepmale, To (YHKOUA pacmpese-
JeHEA 1O pasMepaM, Kak OwIo mokasaHo HouamoropoBmm
[13], Bupakaercsas morapmMmYECKH HOPMAJBHEIM BaKOHOM.
IIpm paspymermzm 9acTHOE [eNATCA HA OCKOJKH ca-
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MBIX pasHHX pasmepoB. IlosroMy QyHKNEA pacmpenelreHHA
B o0meM ciyYae BHPpaKaeTcA NPOH3BefeHHEM BEPOATHOCTH
paspylennsa u QYHKIAE BePOATHOCTH PaCHpefeleHHsI 0CKOI-
KOB paspyluends. JTa IOCIeNHAA B CBOI OYepefb 3aBHCHT
OT ycJaoBHiT BozjleiicTBUA Ha TBepphle Tema. Hak caegyer ums
omnToB Ampmpuazena u Lleiisena [123], rpamymomerpmaeckmit
COCTaB OCKONKOB paspymenHus (asgHCOBHX KyOmkoB (mBYX
cepuii, KayKfgaA W3 KO-

Topex cocrosana m3 60 g 2

OTUHAKOBHIX KyOuKxoB %
pasMepoM COOTBETCTBEH- L

o 15,85 m 5,63 mm) N Z
3aBHCHT OT THMIA BO3feH- 7
crBuA (yoap WId c;KaTme) 4yt

X OT pasMepa MCXORHEIX

ky6mkos (pumc. 37). Uu- /1

TEPECHO OTMETUTh, 4YTO C .
IJIA cliydasi CKaTHA OT- 7 7 7 4 5 7
HOIIEHWe CpPegHUX pas- X, mm

MepOB OCKOJIKOB, OIpe- ,

nejissemMoe Taureacamu Pmc. 37. I'pamynomeTpudeckmit cocTaB

yIia HAaKIOHA KpPHBHIX (BecoBoe comepkaHHe dYacTUI[ C pas-
MepaMH MEHBIIe NAHHOIO0) HPOXYKTOB
IPaHyJIOMETPHIECKOT0 CO-  pagpymenus pasncoBHX KYGuKOB [123].
cTraBa OPOAYKTOB pas- Paspymenne nasineHveM (I ¥ 2) M _yaapoM
pPymeHusa, BeCbMa OMU3KO (3u4),1m 32—“R}'6£Hg ggampom 18,83 mm,
OTHOIIEHAI0 Pa3MepoB HcC- ' :
XomuuX KyOmroB. B cay-
4ae jKke yJapa yKasaHHasg 3aKOHOMEPHOCTh He coOJiromaercs.
Brno mokasamo tamxe [123], uro sddexTmBHOCTH paspy-
IIeHAs C)KAaTHeM MAaJHX KyOWKOB Beme, 4eM ymapom. Ilo-
no0HEE 3aKOHOMEPHOCTH OTMEYAJMCh M B JPYTHX HCCIIeI0Ba-
HEAX U OygyT oOCYy:KIeHH [aJjee.

He Menee Ba)keH /Il TeOPUM H3MEJIbYCHUA M NPaBAIbHbIN
Bei6Op Hambosee oO0mEro mapaMeTrpa, XapaKTepH3yHMEro
pa6ory MeabHEOH. JPPEeKTHBHOCTH MEJBHHIE, BOOOmE To-
BOps, 3aBUCHT OT MHoOrmx ¢axropoB. [{us mensHED Gapaban-
HOTO THNA BaKHEAIIUMH SBISIOTCA COOTHOIIEHHWE pasMepa
HIapPOB W YaCTHUI[ M3MEIbIaeMOro MaTepHala, KOJIMIecTBO Iia-
POB, UX yHeIbHHI Bec, TBEPAOCTh, A@aMeTp Oapabama, CKo-
pocts BpameHHA. [as BEOPOMEJBHHIE CTOJNb jKe BAKHHI
($aKTOpH 3arpys3Km, a TaKKe 9acToTa W aMIUVIETYHa KoJjeba-
uui. [{ua cTpyiiHO# — CKOPOCTH rasa, COAEP/KAHHE JACTHIL
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B CMecH ¢ Tra3oM, [JIUHA PasTOHHHIX TPYGOK W TeMmeparypa
rasza. Bce HasBamHHE mapaMeTpH ABJIAITCA KOHCTPYKTHB-
HEIMH. JKCIIePUMEHTAJbHAS JOBOLKA MAIIHH CBOAATCA 0GKHIHO
K HaXOKOEHMI0 WX ONTHMAJbHBIX 3HAYEHHU IO BEIXOLY I'OTO-
BOA TPOAYKIHH 3aJaHHON IMCIEPCHOCTH HA eJAHHUIY 3aTpaT
sueprud. IlosTOMy MMEHHO 3aTpaTH DHEPIWMH AIA SKCOEepPU-
MEHTAJIBHO  BHIGPAHHOTO ONTHMAJBHOTO DEXKUMA SBIAIOTCH
ompeneaAnmMUM (PaKTOPOM, XapaKTEPU3YIOMUM NPOIECC Mh3-
MeJIbYeHHA.

Kax oxasanoch, ecim OTHOCHTH 3aTpPaTHl JHEPTUM, HEMO-
CPeICTBEHHO HAyIIUe Ha W3MejbueHme (sHEpPrus, moTpebisie-
Masg MeJbHUIEeH ¢ W3MeJIbYaeMEIM MaTepPHMajioM, 3a BHYETOM
sHeprmu, mnorpebiasemoit 6e3 M3MeNIbIAEMOTO MaTepuala),
K BeCy M3MeJb9aeMOro MaTepHala, TO 3aBUCHMOCTD y/AeIbHOM
[OBEPXHOCTH IIOPOIIKA OT 3aTpaT TAKO# MOJIEe3HO 3aTpPaveH-
HOM SHEPrUH He 3aBHCHT OT Beca M3MeIbYaeMOro IIOPOINKA,
a B page caysaeB m oT ero npuponsl (puc. 38). JlecunsiM u
Jlokmunoit [124] Grto mokasaHo, 9To U A BEGPAI[MOHHOK
MeJbHUIE BeJIMYMHA 3aTPAT SHEPTHH HA EJUHAIY Beca m3-
MeIb4aeMor0 MaTepuaja ABJIAETCA (PAKTOPOM, OIPEeMIessio-
UM POCT YAEIbHOU MOBEPXHOCTH. JKCIEPUMEHTAIbHEE JaH-
HEIe IIOKa3hBaoT (pme. 39), 4T0 POCT yhelbHO# HOBEPXHOCTH
KBapIeBOro IeCKa HPH PABHHX 3HEProszaTrparax ONEHAKOB
i pPasjIUYHEIX 3aTPY30K MaTepHajta, 9acTOT W AMILIATY[
roxebaumit BuOpomenbummul. Ilpm sToM B mamHOM cCaydae
EMeeTCs B BHAY IIOJHASA BeJMIMHA 3aTPAYMBAEMOR BHEPIHH,
morpebiasiemoil MenbHHIeidl (Ge3 ydeTa SHEPTHH XOJOCTOTO
xona). HesasmcumocTs mnpmpocTa yAeabHOR NOBEPXHOCTH
B BEOPOMEJbHHUIE OT MEXaHWIECKHX YCIOBHIA ee pabOTH 0CO-
O0eHHO BayKHA I 0000IMEHNs TeOPEeTHICCKUX HMCCJIEeNOBaHMA,
B roii sxe paGore [124] Griuro ycraHOBiIEHO, 9TO Takas Hesa-
BECHMOCTH IMEeT MeCTO JIAIIb B TOM CJydYae, €CJIM YCKOPEeHme
MeJIOmMmuX TeJ IPEeBOCXOJAT HEKOTOPYH BeIWYMHY, MUHH-
MaJbHO HEOOXOMMMYI0 s paspymIeHHA CaMHX KDYIHBIX
gacThn. IT0 OGCTOATENLCTBO IO3BOJIAET HEIOCPEICTBEHHO
CBfI3aTh MapaMeTPH H3MEJIbYATENs C XapPAKTePUCTHKAME OPOY-
HOCTH MaTepHaJia.

Ha ocHOBammE u#3N0KEHHOTO MOMKHO CHIelNaTh BHIBOJ,
9TO IPH PACCMOTPEHHH 3aJaYM 0 MEXAaHHW3MEe U 3aKOHOMEpPHO-
CTAX W3MeJbYeHHs I1eJeco00pasHoO’ HPHHATH B KAaveCTBE Xa-
PAKTePHCTHKE AUCIEPCHOCTH MAaTepHaja €ro yAedbHYHI IO-
BEPXHOCTh, & B Ka4eCTBe XaPAKTEPHCTHKHU WM3MEIbIUTEINA —
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9HEepPrui, IepefaBaeMylo UM eWHAINE Beca MaTepuajia. Bax-
HeMII¥M 3TAmoM peIIeHHsi dTON 3ajaud ABIAETCA YCTAHOBJE-
HNe B3aWMOCBASHM 3aTpPAT SHEPTUM W IPHPOCTa TMOBEPXHOCTH
B HEKOTODOM 3JIEMEHTAPHOM aKTeé pa3spymeHHs XPYIKOTOo
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Puc. 38. 3aBmCEMOCTH YHENBHOU Prc. 39. 3aBECEMOCTD yAeIb-
TMOBePXHOCTH KBapma, KIHHKepa, HOiI IOBEPXHOCTH KBapie-
YIJIA OT 3aTpPaT 3HEPruy HA MIapoB0e BOT'O IIECKA OT 3aTPAT d9HePruu
.m3menpdenme [114]. Ha H3MeJIbUeHHe.
Bec IIOpPOIIKa B MEJIbHMIIE MEHAJCA OT l1—B Bn6pomenb}mue npu pas-
4 mo 30 x2 muA kBapua, oT 4 mo 20 xe JMYHON vacToTe ® AMIIINTYAE
IJIA KIMHKepa u oT 2,5 Mo 16 x2 misa yras. Kone6aHUit IOMOJBHOU KaMeph

[124]), 2 — B crynke [130].

Tena. BenrmumHa mpupocTa mOBEPXHOCTH HA €IUHUILY 3aTpa-
9eHHON HAa M3MeJbUeHHe PAOOTHL CIY}KUT XapaKTePHCTHKOM
H3MeJbIaEMOCTH MaTepHala.

ITo npuBemenHnM Ha pmc. 38 MaHHEIM, OPAPOCT MOBEPX-
HOCTH HA EWHUNY 3aTPaT SHEPIHMH OJMHAKOB B 3HAYHTENH-
HOM HHTEpBaJe JUCIEPCHOCTA AJS KBApIEBOTO MECKAa, KIUH-
kKepa u yrag. OmgHaxo 3To 06CTOATENBCTBO CIERYyeT, BHAUMO,
OpU3HATH caydaidHeM. TmaTejapHEE MCCIELOBAHMUSA, BOEPBHIE
oposenenusie I'poccom u [{mmmepam [125] m saTem pasBuTEIe
B paborax Bmiuncoma, Boymena, I'onena, onucamrsie Tarrap-
oM [126], me mogTBepIUIE BHBOJA 06 ONMHAKOBOCTH 3aTpaT
SHEPIMM Ha CO3MaHUE eIMHHUIK HOBEPXHOCTH [JA Pa3HEIX
MAaTepHuaJIoB.
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T'pocc u umMepau maMepsau paGoTy, saTpadeHHYI Ha
u3MeJb9eHNe KBApPIEBOI0 MECKAa B CIENHAJbHO CMOHTHPOBAH-
HOM npubope. YhearHas HOBEPXHOCTh OHpPENENsaach HMHU
WO CKOPOCTH PACTBOPEHHMS MOPOIIKA BO (TOPHCTOBOIOPOMHOM
KHCJIOTe, IO cOpOmWE W3 PACTBOPOB U ApPYyrmMHE cmocoGamu.
Bo Bcex caygasx Habuofanach OPONOPIUOHAABHOCTH 3a-
TpaT SHEPTHH IPHPOCTY HOBEPXHOCTH B 00JacTH CPEIHETOH-
KOTo m3Menb4eHHMA. TaHTeHC yria HAKJIOHA OPAMOM, Kak
BBHIACHHJIOCH B TAKMX ONBITaX, 3aBHCHT OT OPHUPONHI M3MeJhb-
gaeMoro Marepmaia. Eciu npuHATH U3MeNbY4aeMOCTh KBapIia
3a eJHHUIYy, TO W3MeJIbIaeMOCTh nupura Gymer paBHa 1,29,
cpamepura — 3,31, =xamprmura — 4,34, remenmra — 5,17,
a gpyroro obpasma rejeHmra — 9,69.

ITo-Bmgumomy, Hambolree O0OCTOATENbHEIE HMCCIEIOBAHUSN
3aBHCHMOCTA ME}KAY 3aTpPaTaMd SHEPTMM U NPHPOCTOM IIO-
BEPXHOCTH PAJA MaTepHaja IPU HX W3MEJbYCHUM BHIIIOJTHEHH!
rpynnoit ITupera [77, 81, 127, 128). Wzyueno we ToabKO pas-
NaBJIMBaHUE, HO W ylIapHOe paspylmeHme o0pasimoB. ¥ Ieib-
Haf MOBEPXHOCTh H3MEPAJIAch ABYMS METOJAaMH — II0 BO3-
AYXOIPOHUIAEMOCTA H N0 HHU3KOTEMIEpPaTypHO# axcopOuun
aTaHa. Pe3yinbpTaTH NPOBENEHHHIX HCCJIEJOBAHUA B 3HAYH-
TeJIbHO Mepe 0606IMAaiT panee MOJyICHHEIE JaHHBE U B PAIE
clyd4aeB HMEIOT HOpWHIWNHAaJbHOoe sHaveHwe. IlocraBienHne
nosnuee I'ampmepmuarM u Ilomomwxmm [129] sxcmepmMentsl,
9acTHYHO IOBTOPHBIIME COJeprKaHme sTHX paboT, mpuBeIn
K aHaJOTMYHEIM pesylbTaTaM.

CpaBHeHEe DHEPrOEMKOCTH W3MEJIbYEHHSA KBapIEBOTO
mecka ymapoM u cskatmeM (puc. 40) moxassiBaer, 9T0 B 061aCTH
nucnepcroctr Gomee 800 cm?/z cmatme — Golee HKOHOMHUY-
HHJ THO paspymeHHs, a OPU pPaspyIIeHAH CPABHUTEIBHO
KPYOHHX 9YacTHO #HX 3PQeKTHBHOCTH OJUHAKOBA (HA TOM ke
rpadmrke HaHeceHa BaBHCEMOCTH, moiaydeHHaa ['poccom m
lmmmepinm psisA paspymeHHmd yhapoMm). YMeHblienme 3¢-
(EeKTUBHOCTH yHapa C POCTOM [JHCOEPCHOCTH OOBACHAETCH,
MO-BUOUMOMY, 3aTpPaTaMHl SHEPIWH HA paspylIeHHme BTOPHY-
HEX CTPYKTYpP, BO3HMKAIOIEX B mopomke. [lefcTBUTEIBHO,
DOPOIIOK OCTATOYHO BEICOKON JWCIE€PCHOCTH OO OTHOIIEHHIO
K BHEIIHEMY Bo3fjeiicTBUIO BefieT ceb6s momo0HO BABKOM JKHA-
KOCTM, CO CBOMCTBEHHHM €My HEKOTODHIM BpeMEHeM pellaxca-
nuu. C yBelmueHHeM YAEAbHOW MOBEPXHOCTH HOPOIIKA YHCIO
KOHTAKTOB B HEM BO3DacTaeT X COOTBETCTBEHHO IIOBHIIAETCSH
€ro COMPOTHUBJIeHNE yAapy. B peayibrare 4acTs 9HEpruu yaap-
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HOU MAIIWHE PacXOAYyeTCs Ha NPEOf0JIeHNe CUEIIeHHS MKy
9aCTHNAMH, NIPAYEM B 3aMeTHO GoJblieil Mepe, 9eM IIPH MeJi-
aenHoM cxatum. Ilo pToll mpmumHEe MOMKHO CYATATH CHKATHE
60JIbIIE COOTBETCTBYIOIUM (HU3MKe IIpomecca M3MelbueHuA
B 4HCTOM BuJe, YeM yJapHoe
BO3JeiicTBHe. :

Has caygas cikarasa xa- G 2
PaKTepHa IPAMOIMHEHHAS 3a- &
BUCMMOCTh TIPHPOCTA HOBEPX- % 7474
HOCTH OT 3aTpaT SHEPTHH HA . z <
paspylienme, CBOMCTBEHHAA He N gyl
TOJIBKO KBapIy, HO X MHOTHM
OPYrAM  TBEepABIM  TejaM. , ) .
YnenasHhe 3HaYE€HAS OPUPOCTa w V% R/
[OBEPXHOCTA HA €WHUNY 3a- £, ne-omfe
TpaueHHO paboTH W moKa3a-
TEJM M3MEJbYaeMOCTH OTHOCH- Puc. 40. H3mensdenme Ksapie-
TeJIbHO KBapHa IPHBEJEHH B BOro mecka ygapoM (I) m cxa-
ta6na. 9. 3a BeaumuMHY HOKa3a- THeM (2).
TeJISI N3MeJb9aeMOCTH NPHAHATO g’;‘c%g"g;fn';“05;’;’};‘;00[’1"2;jfmell>§ggagg
OTHOIIEHME CKOPOCTH m3MeJjip49e- 3 (yl}‘%poing; "nﬁcp;r&:g;n m[»1 21%a]uuum
HHS JaHHOT'0 MaTepHuaia K CKo- :
pocTm m3MeabdeHHs KBapma.

IlpencraBnennsie B Taba. 9 JaHHEE HOJYYEHH NMPH H3Me-
PEHHH YHEIBHOH MOBEPXHOCTH METOJAOM BO3LYXOIPOHHIae-
moctu Hosemm—Hapmama. B nmanpmeiimem wumsmepenma

Ta6amma 9
N3Menb9aeMoOCTh TBEPABIX TelX
(oTHOCHTENbHBIE 3HAYEHAH)

TBepRoCTh MO ds cm? -
Marepua Moocy aE ' mom emlgg;a:fl ora. en

Tonas 8 5,00 0,88
Kaapn 7 5,69 1

JlaGpopmapnt 6 3,98 1,05
Crerio 3—6 6,04 1,06
Anatnr 5 7,66 1,35
IimaxoBass oOMaHKa 3,5—4 9,57 1,69
Il1aBPKOBEI mmar 4 15,5 2,72
Kaxpupr 3 10,67 1,88
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YAEIbHON MOBEPXHOCTH IO afcOpOnME Tra30B IOKA3aJd, 4TO
yOeNbHE OPHPOCT HOBEPXHOCTH [JsA KBapma COCTaBIAET
14 cm?/ke -cm. Messny mudppamu 5,7 u 14 cu?/kz -cm He ciemyer
ycMaTpUBaTh IpOTHBOpednsi. Hak m3BecTHO, METOLOM BO3LYXO-
IPOHHIAEMOCTH HE OIPEefeNsieTCA IacTh MOBEPXHOCTH JACTHII,
OPUXOfAMAACA HA HOPH, IAyGoKMe TPEemUWHEI H LPOCTO ee
«HeriagkocThy. B m3ydenHoM He6oOIBIIOM HHTEpBAaJE AUCHEPC-
HOCTH MEKIYy B3HAYEHWSIMH YAEJLHHX ITOBEPXHOCTEH, m3Me-
PEHHEIME JJISL OMHOX W TOM 3Ke mpoObl, HAGAOJAeTCA NPOmOp-
OEOHaNbHOCTh. Benmumua kospdmmuenTa NPOMOPIUOHAID-
HOCTH 3aBHCHT, OJHAKO, OT IPHPONH MaTepmaja m cmocoda
ero paspymenns. [[0sToMy oTHOCHTEJIbHEE 3HAYECHHUS HOKA3a-
Tesell M3MeNbIaeMOCTH TaKKe MOT'YyT H3MEHHTHCA IPH pacdeTe
Ha YMEeIbHYI0 IOBEPXHOCTH, H3MepAeMyl N0 axcopOmmm.
(Hdus xansmmra, HanpmMep, coorBerctBenno 1,9 m 4,3.)

Mesxny nanasiMHA, npABefeHHHMA Ha puc. 37 u 38, Habao-
IaeTcs HeKOTOpPOe HecooTBercTBme. JleicTBHTENbHO, IPH Pas-
pymeHmE C:KaTHeM (GasgHCOBHX KYOMKOB pPa3HOTO pasMepa
CpPeIHAA BEIMYMHA OCKOJKOB pAaspymeHus OKas3ajach IIPO-
NOPIHUOHAJALHOA pasMepy KyOmKOB. JTO o3HA9aeT, 4TO IpHU
PABHHX 3aTpaTax SHePTMM IPHPOCT HOBEPXHOCTH HPH Paspy-
HIeHAN MaJHX 9Yactan Oymer Goaphie (Opodme paBHBIE YCJIO-
BUA), 9€M NPH paspymeHHHA PaBHOTO umM o0beMa OoJabIImX
gactun. [Janubie Anppmasena u Ileiizema (puc. 37) mom-
TBepIAlT chopmyaupoBannoe eme HwmxoMm [2] mpasmio
momo0us pa3pyImaeMsX M PaspyIlleHHHX MaTepuaioB. IIpamo-
JIHHEHHHA Xofi 3aBHCHMOCTH Ha pmc. 40 mpm mociemoBaTexb-
HOM MHOTOKPATHOM pAaspyINeHHH TIPYNIOH 9acTHI, C)KaTHeM
B CTYIKE CBHIETENHbCTBYET O BJIHAHWM LPOIECCOB, NPEIAT-
crBylomux 3QPeKTHBHOMY HCIONb30BaHWI0 dHepruum. Hak u
B ciydYae yhapa, MMH MOTYT OKa3aThCS KOHTAKTHEE CBS3H I
TpeHme MEKIy YacTAIaMH, BKJAJ KOTOPHIX PacTeT ¢ POCTOM
AMCIIePCHOCTH TOpOmKa. EcTecTBeHHO, 9To MpH pa3pylIeHuH
OMHOYHHX KyOWKOB CKaTHeM HX pOJb HUYTOIKHO Maia.

Ilpmanun momo6ms HE COXpaHSAETCS NPH Pa3pylIeHHU
ynapoMm (puc. 37), 9T0, OZHAKO, MOKET OEHITH OTHECEHO 33 CHYET
He 0YeHb TOYHOTO 3aMepa SHeprud, 3aTpPadeHHOM HEmOCpe.-
CTBEHHO Ha paspymenwme. Bo3MO)KHO, 94TO IpH paspylmIeHHH
MaJHX KyOMKOB B TOH ’Ke YCTaHOBKE, 9TO W GOJBIIMX, OTHO-
CUTEeNbHO GONbINAasAg 9acTh SHEPIAH HEYYATHBAEMO TepseTcs
Ha ee fedopManuio. Bo BcsAKOM cirydae, TOYHHI ydueT HOJe3-
HOii HepruH yAapa BechbMa 3aTpPYIHHUTeJeH,
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3Havenme K03PUOHEHTA NIPONOPHEOHAIBHOCTH MEMKLY
yAeTBHKMY TOBEPXHOCTAME MaTepHala [0 M IOoCie paspymie-
HOA 3aBHCHUT OT €TI0 IPHPOAH W OT YCIOBHA PaspyILICHUA W,
B 9acTHOCTH, — 9HEPIWH BO3JeiicTBUA (B ciydae paspymie-
uuss ymapoMm). IlpmBenenunie Ha puc. 41 [gaHHBE OIBITOB
[77, 94] mo paspymenmio KupOWIHHIX O0GpPA3MOB HENPABUIb-
HoO# ¢opMH (Bec Kakmoro oxkoxo 50 2) yKa3HBalOT HA HE3aBH-
CHMOCTH 3aTpaT dHePrum Ha 00pa3oBaHME EJUWHHIEI MOBEPX-
HOCTH OT JHEPrHH yhapa ®,

CJIeI0BaTeIbHO, OT €ro CKOpO- 4(
crd. Ilas gpyrux MaTepHasoB °
NOBHIIEHWE CKOPOCTH BHI3HI- Jr °

BaeT NOHIKeHHe  YAeNBHOH
IIOBEPXHOCTHOH  BHEpProeMKo- J 2f
cru. Tak, mpm ysenrwdeHumH §

L]
cKOpOCTH IpUMepHO B 4 pasa ;| _, /a5 *
OHAa yMEHbIIWIACH NI KaHH- el e
¢oan B 1,33 pasa, musa rumca ° x s
m memenTa — B 3 pasa [78]. 7 z
9To sABJIEHNE, BO3MOIKHO, CBSA- {/ Lo, omm.ed

3aHO ¢ INIACTAYHOCTHIO Mare-
pUajioB, BIHAHWE KOTOPOLO f;r(;a'r[;;n nggggﬁe“x ;’:;*g;z
YMEHBIMAETCA € POCTOM CKO-  menue u IIOMAAbIQ MOBEPXHOCTH
poct: pmedopManmit. OCKOIKOB [94].
XapaKTepHO, YTO IPOIOP- Temubie TOYKH — DAKTHUECKUE Bh-
IMOHAJBHOCPh 3aTpaT sHeprum TP gg;p%%ﬁ?:g:D:Mg?enenb-
BHOBb 00pPa30BaHHOW IOBEpX-
HOCTH COXPaHAETCA U IPH pPas-
pYLIeHNM KPHCTAIIOB KBapma ckatmeM. B sTom ciyuae pas-
JM9HON BeJumumHe PaGoTH COOTBETCTBOBAJA PA3IUYHAS IPOY-
HOCTh M INIACTHYHOCTL pa3pyImaeMbx KpucraianoB. IIpog-
HOCTh [JAA pasHHX o6pasmoB umaMmeHAxack oT 500 mo
10 000 x2/cm?. HecoBmameHume IIOTHOCTH HpPeNeIbHOH ympy-
roit sHepruu 06pasuoB ¢ PaKTHIECKH 3aTpaueHHo# paboToit
MOKeT OHTH 00BAcHeHo JaubGo miacTuIecKoid nedopManmeir
KpHUCTAJLIOB, au60 HAaImImeM IIEPOXOBATOCTed Ha IIOBEpX-
HOCTAX, paspylleHme KOTOPHX ee HmMuUTupyer. Pesymbprars
onnTa AkcerbcoHa u Ilmpera [77] maioT ocHOBaHmMe mis ycra-
HOBJIEHHA TOJBKO o0Mel TeHAEHOHWE YyBeJHUYCHHUA DOBepX-
HocTH ¢ pocToM sHeprosarpar. Ha camom mene pas6poc B 3Ha-
JeHAN IIOKAa3aTeNA M3MeJbIaeMOCTH O4eHb Beamk — oT 17
o 250 cm?/kz-cm. Ecam npmaATh, 9TO BeJmImHA CBOGOMHOMA
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DOBEPXHOCTHOY sHeprmm KBapma pasHa 980 spez/cm?, To mo-
Jie3HEIE 3aTPATH SHEPTHH COCTABAT cooTBeTcTBeHHO oT 1,7%
mo 26,5%. Ilpm msMenbdeHnmm B CTymKe KBapIEBOTO MECKa
BeJIMYMHA TIOJNIe3HHX 3aTpar pasHa 1,4%.

B ommirax IMamamaxmea [130] 6mna mecmoan3oBama Mexa-
HUYECKasA CTYIKa, B KOTOPOA KBAPIEBHI MECOK CyKEMAJICSH
ME/IJIEHHO ABUTAMOIMUMCH IOPUIIHEM. XOf HOPUIHA W BO3HU-
Kalolqde IpH CRATUM yCHInsA QHKCHPOBAIHUCH, YTO A0 BO3-
MO}XHOCTh BHIYHCINTH pPaGoTy, 3aTpaumBaeMyl0 Ha H3Melb-
genne. B paccumTamHy0 BeamumHY pabOTH BXORMJIA TaKMKe
pabora medopMupOBaHHA MHCTPYMEHTA, CRaTHA 00beMa KBap-
IEeBOro IecKa 1 ero ymioTHeHuA. II0 OKOHYaHWHE cepuum Iuc-
NETaHui 1po0y mecKa [e3arperapoBajd: B BOME, BRICYIIABAIHA
7 OOpeelAin ee YHelbHYI IOBEPXHOCTH METONOM BO3IYXO-
OPOHMIAEMOCTH. Pe3yabTaTH ONKTOB, IIPUBEEHHEE Ha
puc. 39, CBHUOETENLCTBYIOT O NPAMOJMHEAHON 3aBUCHMOCTH
MeKIy 3aTpaTaMd SHEPrMd W NPHPOCTOM YHEJIbHOHM I0BEpX-
HocTH. XapaKTepHO, YTO 3aTPaTH 3HEPrmE Ha o6pa3oBaHme
e[MHANL HOBOY IOBEPXHOCTH IPH TaKOM cmocoGe paspymie-
uns, cocrapuasomue 16 -10 %opz/cm?, okazanmeb 3HAIATEIHHO
BHIE, 9eM JIA Clydas HU3MeJb4eHHA B BHOpPOMEILHHIE
(pumc. 39). Pasmmma Mexpy 5Tofl BeJWYWHOH W 3aTpaTaMm
sueprud B amcToM Buae (mo pmc. 38 m 40), cocraBisOmMuME
3:104—4.10% spz/cmu?, ompenensieT HEMPOW3BOAUTEIHHEIA pac-
XOJl HepTHA Ha HPHUBOJ, AedopMaiiuio MeJINAX TeJ, TPeHHe
MEXIYy YaCTHIAMM W IPEOJ0JeHHe CHJI CIEIJIHHS MEIy
HEME — [e3arperamnuio.

C menpio ompeneNeHnsT yAEIbHHX 3aTpaT SHEPTHO Ha pPas-
pyIIeHEne eIWHNYHHX cPepHIecKNX IMAPHKOB W3 KBAPIEBOTO
¥ CBOHIOBOTO CTEKJa OBIM H3MEPEeHHI 3aTpPaTH pPaGOTH Ha
paspymernuze no nedopManquOHHEON KPUBOH W NIIOMANb IOBEPX-
HOCTH OCKOJIKOB II0 JJaHHEIM MIKPOCKOTIIMIecKoro anaamsa [112,
113]. Pesyabrars onsiToB npuBefeHtH B Ta6i. 10 m na pume. 42.

N3 tabn. 10 u pume. 42 BUAHO, YTO 110 Mepe yMeHBIIEHUSA
pasMepa mapuKoB o0beMHas MIOTHOCTH pPaGOTH paspyme-
HOA yBeJIWYWBAeTCA. YOeJbHas paboTa paspylleHHs OKasza-
aach B mpenenax 7,5-10*—18,5.10 4 spz/cm? mas wacTun pas-
mepoMm ot 38 mo 1000 mxm. Beuny HemocTaTo9HOH TOYHOCTH
B ONpefieJieHnd IIOMANu BHOBH 00pPa30BAHHON IIOBEPXHOCTH
Ha OCHOBaHEME FaEHHX Ta6a. 10 mean3a cmeraTs 060CHOBaH-
HOTO BHIBOZAa O 3aBUCHMOCTH OJTOf BEeNWYWHH OT pasMepoB
q9acTHI. '
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Paspymense CTeRJIAHHHX HNIAPUKOB CXKATHEM, KaK IOKa-
saHo B Tabx. 10, Gosee BRITOOHHI mpomecc, 9€M paspylleHne

7500y
%
E 000\
R
N L

‘ % /4
V4 | T ) ] 1 J
V/ i AW W
- A, man

Puc. 42. 3aBucuMMOCTH yReNbHON paGOTH pPa3pyIIeHUS CTEKISHHBIX
mWAapUKOB OT ux guamerpa [112].

ymapoM. K sToMy ke BHBOLY HIPHBOJAT, KAaK YKa3hIBAJIOCh
BHIIE, ONBITH AmngpmaseHa um nap. [123—129].

Ta6aumma 10

CoorHolIeHne MeKAY IPUPOCTOM NMOBEPXHOCTH M 3aTPATaMM YHEPrHH
Ha paspylleHHe CTeKJIAHHbIX WapukoB [112]

PasMep IAapPHKOB, MEM
Hamepsaemulii napamerp

38 95 95%) 270 1000

Mpupoctr  moBepxmocTH, | 4,15-107% 0,384 ) 0,506 3,85 38,2

M

OrHOmerne moBepxHocreir | 10,2 14,5 19,1 17,7 12,6
110 ¥ II0CJIe Pa3pymeHus

PaGora paspymenwus, 3,4107% 0,297 0,573 2,89170,8

I cn

IIpapoct ymearHOi moBepx-| 1,48 104 | 8570 11000 | 3740 [ 580
HOCTH, cm2/cm3

VYnmenvEas pabora paspy-| 14,2 6,62 12,4 2,8 1,27
menusa, k[ -mjcnd weu/ud 30,5 18 33,7 7,6 3,46

VYaoenrHas TPOM3BOTHATENH- 1,34 1,29 1,88 1,33 0,54
HOCT, 107° cM?/ape

VYiensHEIE SHEPro3aTparhl, 7,5 7,8 11,4 7,5 | 18,5
10 ape/cm?,
105 xeu/m? 2,03 2,11 3,08 2,04| 5,04

*) InHaMu9ecKoe paspymeHne b
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IlpuBemennsie B Tabm. 10 gaHHEbIe IMOKAa3HBAT TaKKe,
9TO OTHOINEHME IIOLIAJieil MOBEPXHOCTU Pa3pYLIEHHHX CrKa-
THeM JaCTHUI[ K HJIOMAJN IOBEPXHOCTH HX OCKOJKOB B Ipefie-
JaX TOYHOCTH ONEITOB HE CYIECTBEHHO 3aBHUCHT OT AHAMETpa
gacrun. Heckonbko Menbliee 3HAaYeHME 3TOr0 OTHOLICHUA
OIS 9acTUI MAJHX pasMepoB OOBACHAETCH, BO3MOKHO,
HEydYeTOM MeJb4afilinXx TPYAHOPETHMCTPUPYEMBIX OCKOJKOB,
HEPa3pemIaeMbIX ONTHIECKMM MHKDOCKOIOM. ¥ MECTHO 3a-
MeTHTh, 9TO o0mee cpefHee YHUCIO OCKOJKOB pa3pyIleHHs
eUHMIHEIX dJacTur, BecbMa Beauko: 159 000 — gua gacTmis
muamerpoM 1000 mrm, 335 — muaa gacTHUBH JUAMETPOM
38 MKkMm, IpEYEM 3apPErHCTPUPOBAHHOE COfiepyKaHme Gpaxuumm
9aCTUL MEHEe 4 MKM CPEH OCKOJKOB Pa3pylIeHHs COCTABHIO
67—43% . Ilauubie 3TUX ONHITOB HOATBEPKIAIOT, TAKMM 00pa-
30M, yCTaHOBJIeHHOe HuKOM mpaBmwio momoOmsa paspylmae-
MBIX 9aCTHI M OCKOJKOB pa3pyIleHHWs, BHBeIeHHOe MM Ha
OCHOBE JKCIIEPHMEHTOB C MaCCHBHHEIMEH 00pasimamu.

Ha6niomaemas sKcnepUMEHTANBbHO NPOMOPIMOHAIBHOCTD
o0pasyemMoit mpum U3MeNbYEHUH MOBEPXHOCTH BEJIMYMHE 3a-
TPAYeHHON HA H3MeJIbUEHHE YHEPTUHU IOCHYKUJIa OCHOBAHUEM
IJIS1 MOCTPOEHUsI TEOPWH, COTJIACHO KOTOPOM 3HEpPTHs pas3py-
IIeHUs PACXORYeTCsd, B OCHOBHOM, Ha CO3[aHME HOBEIX IIO-
Bepxuocreii. Ilpusenennsie mudpsr (KIII=1,4%) orBep-
raoT BO3MOMKHOCTH TaKO#W TpaKTOBKE mpomecca. OgHAKO
aTa TPAKTOBKA, BIEPBHE IpEJIOKeHHaA PurTuHrepoM
B 1887 r. [1], monroe BpeMs rocmoicTBOBAJA B TEOPHM U3-
MeJb9eHHA. DBHUIO HpeiioKeHOo HECKOJIbKO THOOTE3 B ee 3a-
MUTY M IOCJIe TOr'0, KaK BHIACHUIACH €e HECOCTOATEIHHOCTD.
B wacTHOCTH, yKa3HBaIOCh, 9TO MCTHHHAsA BEIMYMHA CBO-
0O[HOHX IOBEPXHOCTHOX SHEPTMM TBEPHAHX Ted (HAKTHIECKH
3HaumTeabHO Ooabine ob0menpuusaroit. Tak, Ilmnunrep us
KaJIOPAMETPHYECKHUX ONBITOB ONpEfeNm [Js KBapla Belu-
amHy cBoGogHOI moBepxHOCTHOI sHeprum B 1,07-10° apz/cm?,
a I'pocc u Iummepan — B 5,6-10* opz/cm?, IMuper — B 8,9 X
X 10% spe/ecm® [7]. JocTOBEPHOCTH MONYIEHHHIX YKA3aHHEIME
aBTOpaMd JAHHHIX, K COMKajJeHmio, comumTeabHa. CoorHome-
Hue Purrmurepa, cKopee Bcero, HaXOGHUT OOBSCHEHWE B CBETe
0TMeYeHHOTO Pe6uHIEepOM SMITPUIECKOI0 IPABMIA, COITACHO
KOTOPOMY [JIfi TBePABIX Tes OIM3KOH KaTeropum, pasiamdalo-
MUXCH, OfHAKO, 09€Hb CHJIBHO IO IPOYHOCTH, paboTa paspy-
IIeHUS OKAa3hBAETCHA IIPHMEPHO NPOIOPIHAOHAJIBHON YHEIb-
HOU IIOBEPXHOCTHOH BHEPrHM TeJ B NaHHON cpeme. Xapak-
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TePHO TaKKe, YTO Yy[AeJbHAsA IOBEPXHOCTHAs SHEPTHs, He-
IOCPeICTBEHHO M3MePEeHHAas WX PACCINTAHHASA TEOPeTHIECKH,
HCXO[A U3 HPOCTeHIUX NpEeACTaBIeHHHA 06 SHOPTHH CBA3HU
B UealbHOX KPHCTANIHNIECKO# pemeTke mo Teopum BopHa,
COCTABJAET, KaK YKAa3HBAJIOCH, JHUIIb MAIYI0 KOJI0 PaboOTH
paspyllleHdd M TeM He MeHee OIpefelseT 3TOT IPOLEcC.
YMeCTHO OTMETUTbH, 9YTO U PeaNbHAA MPOYHOCTH TBEPHABIX Tel,
KaK W3BECTHO, B COTHM M THICAYH pPa3 MeHbUIag TeopeTHmie-
CKO#l MPOYHOCTH TOT'0 }Ke KPUCTAJLIA ¢ HAEANBHOH DPEeIIeTKOMH,
OpPOMOPUHMOHAJIbHA 3TOH TEOPETHIECKOX IPOIHOCTH.

§ 2. YpaBHeHHE KMHETMKH M3MeIbYCHUS

3aBUCEMOCTE MeKAY AUCIEPCHOCTHI0 UBMEIBYAEMEX TBEp-
IOBIX TeJ U 3aTpaTaMu JHEPIAM HA IIPOLECC UBMeJbYeHUS
OPUHATO HA3HBATh 3aKOHOM wu3MelbdeHHA. B Hacrosmee
BpPEMsA H3BECTHO HECKOJBKO TAKUX DKCIEPUMEHTAJIbHO HAM-
JEHHHIX 3aKOHOB, KQJKIHIN M3 KOTOPHX CIOpPaBEeJJIHUB TOJIHKO
B o6iacTa mocTtaroduo rpy6oi pucuepcuoctu. Hax 6o mo-
Kasano Yapapsom [119], MHOTHE W3 HEHX MOTYyT GHTH ¢op-
MaJIbHO BHIPAyKEHH CIEAYIONUM SMIMPUIECKH YCTAHOBJIEH-
HEIM COOTHOIICHHUEM:

de = —C'dX|X™ = C'd S| S*™, (4. 1)

rge & — oHeprus, coobmaeMas efmumIe o0BbeMa paspyllae-
Moro Tema, X — cpegHHA pasmep 3epeH, S — yAeJbHAA
moBepxHOCTh, C’’, C' ®W m — SMUEpPHIECKH HOJ0HpaeMke
DOCTOSHHEIE.

WnrerpupoBanme cootHomenus (4. 1) mpu m=1 npuso-
JHUT K BHPa)XEHUIO ' .
e=C"In(S/S,), (4.17)
rae S, — yHeabHas IOBEPXHOCTH TBEPHOTO Teaa [0 €ro us-
Melb9eHUA. JTO BHpayKeHUe MmPeCTaBJIsAET C000i M3BECTHEHII
sakoH HupnmueBa — Huka, moiyJeHHHHA OPH KOIOJIHHTENb-
HOM [JONYNEHUM O HE3aBUCHMOCTE CHEKTPAa OCKOJKOB Apo06-
JIeHHA OT PasMepoB YaCTHI.

Wnrerpmposanme (4. 1) mpu m=2 paer sakoH Purrumn-
repa, npm m=1,5 — sakou Bomga. UsBecTHH u ppyrue
SMIOMPAYECKA YCTAHOBIGHHEIE COOTHOUIEHUS, SKBUBAJEHT-
uee (4. 1) ompu m=3, m=4 u 1. .
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3axkon HupmmueBa — Huxa moayuaror U3 Teopuum ympy-
TOCTH, COIJIACHO KOTOPOH Jjisfi paspylIeHUsA MIEaJbHO XPYI-
Koro Texa obbeMa V Tpebyercs 3aTpaTUTh SHEPTHIO, PABHYIO

qu%vzev, (4.2)

roe P, — mpemen mpognoctu, E — momgyap IOmra.

OnucaHHBe BHIIE KCHEPUMEHTAJIbHBIE [JaHHHE IOKa3bi-
BAIOT, YTO IPU [JOCTIDKEHWE OPEJeNbHOT0 HAIPSKEHHOTO
COCTOSHUA IIyTeM CKATUSA TeOMETPUIECKHU NONO0OHbIe XPYyIKUe
TeJa HE3aBHCHMO OT UX Pa3MEPOB PACKAIBIBAKTCH MOXOGHO
opyr ppyry. Ilpm stom BHOBb OOHa)K€HHAs MOBEPXHOCTH M
cpegHUil pasMep HOBHX YaCTHI ONPENEIATCS pa3MepaMu
paspyiraeMoro texa X m paBHBI COOTBETCTBEHHO a,X U a,X?,
rfe a; U 4, — HOCTOSIHHEE, HE 3aBUCAMMME OT Pa3MepOB Das-
pymaemoro Tena. Ecam rtexy mepenaercsa smeprus U, > U,,
TO BTO IPHBOAUT K YBEIWICHHWI0 KOIPPHOUEHTOB a;, U d,,
KOTOphle IPH NOCTOSHCTBE MIOTHOCTH sHeprum e=U,/V mo-
IPEKHEMY OCTAIOTCS HOCTOSHHEIMY.

ITo Teopuu ympyroctu upm P < P, paspyuleHus Teija
He IMPOUCXOAUT, M NOCHEe PasrPy3KU BCA IMOJYyIEHHAS UM
sHeprusa pacceuBaerca. OfHAKO M3BECTHO, YTO [aske ciadbie
TepUOfMIECKMe MeXaHMIECKNe BO3AeHCTBUA BHI3HIBAIOT 06pa-
30BaHUE YCTAJOCTHHIX TPEI[HH, B Pe3yJbTaTe 9ero TBEP/bIE
TeJla Pa3PyMIAIOTCA IOCHEe ONPeJeIeHHOT0 IMCIa [UKJIOB NPH
Hanpsyxkeuusax P < P,. 3arpaThl 3HEpPrEd Ha YCTAJOCTHHIA
mporecc u3MeJbYeHUs, TeM 0O0iblie, 9eM O0oJblle BeANINHA
passocTm P,—P, oumpenensioTcs YHCIOM IHWKJIOB, IpeMIIe-
cTBylomux paspymenmio. Ha »ToM ocHoBanum OymeM cUd-
TaTh, YTO KOJMIECTBO dHEPTUH, HEOOXONMMON A paspylre-
HUA TBEpPAOTO Teja pasMepoM X HA YacTHIEl, CyMMapHas
DOBEPXHOCTh KOTOPHIX paBHA a,X%, Bcerma OIpeIelasieTcs
DOCTOAHHON BEeJIWMYMHON ILUIOTHOCTH dHEPrud, HeoOXO0quMoit
IJIA XPYOKOTO Pa3pyImIeHWs, X COCTABIAET, B CYI[HOCTH, 3a-
KOH m3Meabdenus HKupnmaeBa— Huxa.

PaccMoTpuM Ha OCHOBAHUU H3JIO0MKEHHOTO BEIBOJ COOTHO-
menusa (4. 2) mgasa ciydas ApPoOGIeHHS ONHOPOSHBIX YACTHUI]
Xpymokoro TBepmoro Texa. IlycTs wmaMexbuaeTcsa dacTuUIa,
o6seM koTopoit V paBen bX3. PaccMoTpmM HECKONBKO mOCe-
DOBaTEJbHHIX AKTOB Pas3pyIIeHHUS 3TOH YACTHUIEL U €€ OCKOJ-
KOB. [[JIf mPOCTOTH HOJIOMKHMM, 9TO B Ka)K[IOM aKTe paspymie-
HUA U3 KayKIo#M wacTuubl obpasyercsa n® ogq@HAKOBHIX COOT-
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BETCTBeHHO 0oJiee MENKMX dacThm. Hammasa M3 5THX 9acTHI|
M3MeJIbYAeTCsl He3aBHCUMO OT APYTHX Takke Ha n® gacrei.
Jluneitneiit pasMep 4acTmi mocje MEPBOTO aKTa paBeH X,/n,
mocie Broporo X,/n?, mocme i-ro X,/n’. IlocKOABKY wmCIO
qacTHI] paBHO 1%, TO MOBEPXHOCTH TAKHX YACTHI| IOCJE i-TO
aKTa ¢ yIeToM ¢axTopa GOPMEl IMOBEPXHOCTH @, PaBHA

s=a,(X,/n'2n%¥ = a,X2n". (4.3)

Tar xax o6beM TBepAOTO MaTepHaja B IPOMECCe M3MEIb-
9eHNA He N3MEHHeTCsA, Ha BCe [ AKTOB Pa3spyHIEHUS U3MeJIbdK-
TelleM 3aTpaduBaeTcsa pabora, ¢ yderoM o0beMHOTO (axTopa
$opmBI paBHASA

U= beXgi; i = U/eV = ¢/e. (4 4)

Ompenensia m3 Bupamkenumsa (4. 4) Y@mcio IHMKIOB Yepes
BeJIMYUHY 3aTPadeHHO SHEPTHH ¥ HOACTaBIAA B (4. 3), momry-
quM ’

s =a,X2n""*" = sn°l°. (4.5)

ITockonbky B (4. 5) nt/¢ He 3aBMCHT OT pPasMepOB YACTHII,
110CJIe YCPeNHEHWS IO BCEMY CHEKTPY PasMepOB NEePBHIHEIX
gacTul u fexeHus obemx gacteir (4. 5) Ha o0BeM u3Menbuae-
MOT0 TBEPHOTO TeJIa IOJYIAM

S =S8,exp (¢/eln n), (4.9)

rge S — ymenbHas moBepxHOCTH. Bripaskenue (4. 5') mosker
ObITh JIeTKO mpeoOpasoBano k BuAay (4. 1'), mpm srom

C'=e/lnn.

Ypasuenne (4. 1') MosxHO BRIBeCTH U He mpuGeras K mpej-
MIOJI0KEeHUI0 06 OTMHAKOBOCTH OCKOJIKOB Pa3pyHIeHHs KayKmoi
9aCTHLE, a MCXOAfA JHIIb M3 COoO0paskeHWsA O «momobmm»
OCKOJKOB, MOJYYalIUXCA OPA APOONEHUH YaCTHI, Pasimd-
HHIX pa3MepoB. B sToM ciygae B pesyibrare APoOJeHUA JIO-
0ot u3 wactmi o6pasyercss HeCKOJIbKO (n3) wacTmi], pasMephl
KoTopHX paBHH T,X, T1.X...n%X.

B pesynsrate mpumMeHeHHS i aKTOB Pa3pyLIeHHWS W3 IEp-
BHYHOM yacTmOsl pasmepoM X, ob6pasyerca n® wactmm, pas-
MepH KOTODHIX OLpefedsAoTcsa mpomaBefeHHeM X, Ha IpPOM3-
BefleAne | Ko3(QQPHUIUEHTOB 7,, HE3aBHCHMHIX OT pasMepoB
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gactun. IlosToMy mpm ompenxeneHmm BenwduWHH CyMMapHOi
IOBePXHOCTH NMPOAYKTOB ApoGJeHWs yCpefHEHHe II0 pacipe-
JeJIeHAI0 YacTHI[ 110 pasMepaM B HCXOAHOM H WM3MOJOTOM
MOPOIIKAX NPUBONUT K pe3yabTaTaM, aHamormyueiM (4. 5).

JuCKpeTHHI XapakTep IpoIecca XPYIKOTO pa3pylIeHUA
TBePIHX TeJ HE IO3BOJAET, BOOGMmE roBOPsA, 3amMMCaTh ypaB-
HEHHe M3MeJbYeHWs MOHOIWCIEPCHHIX dYacTui B nudpdepen-
nuanbHolt dopMe. OgHAKO [AA M3MENbYEHHA COBOKYIHOCTH
MHOTMX YAaCTHI[, pa3Mephl KOTOPHIX IIPEACTABIANT coboi
MOYTH HempePHBHEIA COEKTDP, TAKas 3aNUCh BOOJHE BO3BMOJKHA.
ITogo6Has cTemeHs HpPHONIIKEHHSA MMeeT MeCTO, HAIpHMep,
B MOJEKYJIAPHON (U3AKe NPU ONUCAHUM PACHPEIEICHNS MOJe-
KYJ 00 CKOPOCTAM.

PaccMorpnM mporecc paspymieHHs ABYX JacTHI] ¢ pasMe-
pamz X m X+ AX, orimmuaromuxcsa Ha Maayio seaunauay AX.
C TOYHOCTHIO IO MAJHX 2-T0 MOPAAKA 3aTPATH 9HEPTUU HA Pas-
PyIIeHHe JTHX YaCTHI[ COOTBETCTBEHHO DPaBHHI

U,=beX3, U,=be(X3+ 3X2AX),
AU =U,— U, = 3beX3AX, Ae=AU/bX?=23eAX/X. (4. 6)

B pesynsTaTe OQHOAKTHOTO pa3pymeHHA KaKmod da-
CTUIB cyMMapHas (BHOBb 0o0pa3oBaHHAs) HOBEPXHOCTH HX
OCKOJIKOB CTAHOBHTCSA PaBHOMI

As;=a,X?  As,—a, (X?+ 2XAX),
. _ _As _2a, AX
AS——AS2——A81—-—202XAX, AS_ET(—J—TTZ—‘
Pasuocrtm smeprmit AU cooTBeTcTByeT IPHpPOCT HOBEPX-
Hoctu As. Paspgenums (4. 6) ma (4. 7), moiayuuM ypaBHeHHe
HJs 3aTpaT dHEPTMH B 3aBHCHMOCTH OT pPa3MepoB 9YacTHI[ X
IPUPOCTA MOBEPXHOCTH

dU[ds = AU|As = 3beX/2a,. (4.8)

Yepenuss (4. 8) mo BceMy CIeKTpy pasMepoB YACTHI| M TIPU-
HuMasg Bo BumManme, 9T0 dU="Vde; ds=VdS (S — ypenvuas
IOBEPXHOCTh, paBHasA 6/X), moayduMm ypaBHeHUWE WM3MeIbIe-
HHA, KOTOPOE 3aIMMmeTcs B BHME
9%e dS
de ="—— — (4.9)

Qg S -

(4.7)

Vpasuenne (4. 9) coBmagmaer ¢ (4. 1) mpm m=1, opm stoM
KoHCcTaHTa ypaBHeHus (4. 1) C'=90be/a,.
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CopaBegnuBocTs 3axkoHa HumpnuueBa—Huka sxcmepm-
MEHTAJbHO IOKAa3aHa JJIA U3MeJbYeHUS CPABHHTEIBHO KPYII-
HEIX 9acTdIl, HaIpEMEp, B mporeccax xpobaenusa. B obmacru
6ojlee TOHKOrO M3MeJIbYEHHS, KaK, HAIpHUMep, B ONHITAX IO
U3MEJbYEHUI0O KBAPIEBOr0 IMOPONIKA NAJAIOIUM CTaJbHEIM
IIapoM W B MIapOBHIX MEJIbHUIAX, B 3HAYATETHHOM MaNa30He
OUCHEePCHOCTH BHIOJHAETCH 3akoH Purrummrepa [125, 126].
Bmecre ¢ TeM, kak yKasHBaJIOCh [OCTATOYHO yOeqUTEIBHOIrO
¢u3u4ecKoro 0GOCHOBAHHA 3TOT0 SaKOHA [0 HACTOAMIEro
BPEMEHH He NPUBOAMWIOCH. B HEKOTOPHIX YACTHHIX IPEIOJI0-
JK@HMAX OTHOCHTEJBbHO XapakTepa MOpPOIECcca H3MeJIbUYCHHS
3aKoH PmTTMHrepa Mo)XHO IOJIydYuTh U3 3aKona Kumpnmaesa—
Kuxka, oHako mPEMEHEMOCTh TAKHEX IOJOKEHHA K TOHKOMY
U3MeJbYeHUI0 caMa 1o cebe HYXZaeTcad B JTOCTATOYHOM
o6ocHoBanun. K ux 4mciy OTHOCHTCA HMOJIOKEHHE O TOM, 4TO
o0beM TBepIOro Tejia, MOABepraomuiica ynpyrmm aedopma-
UUAM, MaJl ¥ OPOIOPIUOHANEH MOBEPXHOCTH YacTum. B 3TOM
ciydae V=a,X2%l, l=const — Toamumua medopMEpyeMOro
CJIOfI, HE 3aBHUCAIMAS OT pa3mepoB gyacTmi. Ilpmpoct moBepx-
HOCTY IPONOPIUOHAJIEH [IeHCTBYIOMEH NOBEPXHOCTH, M 3aKOH
u3MeJbUeHNsA MOKHO HaImWcaTh B BHJE

X2l dS
V. 3

de=C =CldS=C'"dS. (4.10)
Ypasuenume (4. 10) mpexcraBisier coGoil 3akoH Purrmarepa.

B Gosee oGmem caydae [46] 3axon m3sMeab4eHHA 3aMHCH-
BaeTCsA B BHUJE CYMMHI IByX WIECHOB:

de = a,d S + a,dS/S, (4. 11)

rge o, W 0, — HOCTOSHHBIE, SMIMPHIECKH TOAGHpaeMbie
K03pPUIIEHTEI.

OnmcanHEe BHIOIE W ApYyrue HW3BECTHHIE B JHTepaType 3a-
KOHHI H3MeJbueHusa TBepAux Tea [119, 131] ne BumoaraioTca
B 00J1acTH 09€Hb BHICOKOi# mucmepcHocTd. IlonmiTky HaliTh Ta-
Ky ¢opMysny 3aKoHA M3MeJNb4YeHHs, KOoTopasd Obura Gw mpu-
rogHa IJifg ONHCAHHA NIPOLECCa TOHKOTO M CBEPXTOHKOIO
U3MeJIBUEHNS, OKA3aJMCh HEYJAaYHHIMH, 9TO BO MHOrOM 00yc-
JIOBJIIEHO HEIOCTATOYHOCTHI0 M NPOTHBOPEYMBOCTHIO OTHOCH-
OIAXCA K 9TOMY BOIPOCY SKCHePUMEHTAJBHHX MaHHHX. Ta-
KO€ MOJIOKEHHE CIO0KHIOCH MO0 PAAY NOPHIMH, IJIaBHHE N3
KOTOPHIX, IO HAIIEMy MHEHHUIO, CIeNyIOIIue.
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IloBepxHOCTHO-aKTUBHEIE BEMECTBa, KaK 9TO BHUIHO, Ha-
npHEMep, U3 HAIIHX ONHTOB, OKA3KHBAIOT 09€HH CHIIBHOE BJIHA-
HHEe Ha OPONEecC TOHKOTO NUCHEPTUPOBAHWA. IJTO BIUSHHE
CTAQHOBHUTCS 3aMETHHM [JaKe IPH HUITOKHO MAJIKIX KOHIIEHTpa-
nuax, cocrasasomux 0,04% mo Becy, WM IpPH MOBEPXHOCT-
HBIX KOHLEHTpanmaX, 0nuskux K 0,1 HacHIIEHHOI0 MOHOMOJIE-
KyJaspHoro ciuod. V30aBHTbCA OT HaJIMIusg TaKHUX CJIEI0B
BIIATH WJIM JPYTHX JKUAKUX DpUMeceil B GONBIIMHCTBE CIyIaeB
NpPaKTHIeCKU HEBO3MOKHO. IlosToMy Bce mOMOJE TBEPHAEIX
CyXHMX BEOEeCTB Ha CaMOM [ejie IIPECTABIAKT c000il amubo
OOMOJH ¢ Ho0aBKaME II0BEPXHOCTHO-AaKTUBHHIX BEIECTB,
aubo KOMOMHMpPOBaHWE TAKHX IIOMOJIOB C IIOMOJaMu (aKTH-
9eCKM CYXMMH, KOT[a B pe3yibTaTe POCTa JUCIEPCHOCTH II0-
BEDXHOCTHAA KOHIEHTPAIUA UIKUX NPUMECed BO MHOTO pas
YMEHBIIAETCA U MX BJINAHWE CTAHOBUTCA CPABHHTENBLHO He-
6oabmmM. Mesxqy TeM B paboTax 10 YCTAHOBJEHHWIO B3aMMO-
CBA3U MEX[Y 3aTpPaTaMH SHEPrud W JUCIEPCHOCTHIO IOPOII-
KOB POJIb CpefHl [0 HACTOAMEr0 BPEMEHH He YYUTHBAJIACH.

B o6anactu nucnepcuoctm Gomee 10—20 Mm%/ uamennpuenue
OOPOIIKOB pAda TBEPABIX TeJI, KaK 6HJIO IIOKa3aHo BBIOE, CO-
IPOBOMKAAETCA arperapoBaHmeM, NPHBOAAIUM K CTOJb 3Ha-
IUTEIBHOMY UCKAKEHMIO Pe3yJbTaTOB M3MEJIbYeHMS, 9TO Ka-
Kafg-1u00 pasyMHas HX TpPaKTOBKa 0e3 yduera aToro (akxra
CTAHOBUTCSA HEBO3MOYKHO#. 3HAYMTEJbHHIE TPYJHOCTH BO3HU-
KaloT B CBA3M C arperagueil W Ipu AUCOEPCHOHHOM aHAJIM3e
TOHKOM3MEJIbYEHHEX HOPomKoB. OGBHYHO HCHOJB3yeMbIe M
5TOi IeJd MHOTOYMCIEHHEIE METOIbI, KaK 9TO CJIeqyeT M3 Jiu-
TEepPATYPHBIX [JAHHHIX, AT KpaiiHe HEHAMEKHBE U IPOTHBO-
pednBhie pPe3yJbTaTH.

Bo Bcex paGorax’mo Teopumd M3MEJIBYEHHA, TaK Ke KakK
U B IPUBEJEHHEIX BHINE BEBOHax 3akoHa Kupnmuesa— Kuxka,
He MPUHAMAJOCH BO BHUMAaHME, 9T0 Pa3pyIUeHHe TBEPILIX TeJ
COIPOBOKAETCSA ILIACTUIECKO# fedopMammeir, Ha KOTODPYIO
3aTPAYMBAETCA HEKOTOpAasA MOJS MOABOAMMON K HUM DHEPIHH.
Avopdusanua ¥ fpyrue A3MeHEHUS KPUCTAJIIAICCKON CTPYK-
TYPH, HA0JI0aeMble IPU UBMEIbYCHUN PANA TBEPAKIX TeJ, IO0-
3BOJIAET CUMTATh HAJWIMEe 3aMETHOM IIacTHYecKoi medopma-
HA OPY TOHKOM M3MEJbYeHUHA J0CTATOYIHO OOIUM SIBJIECHHIEM.
Hapsany ¢ 3TuM mMeroTcs M [pyrume 3aTpaThl HEPLAHU, B 4aCT-
HOCTH, IOTepH Ha paboTy TpeHHms W Ha obpasoBaHue W pas-
pyIIeHHE arperaToB, KOTOPHIMH TaKiKe npeHererann npu
BHIBOJI€ 3aKOHOB M3MEJILYCHUA.
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Pa6ora Tpenus, T. e. paboTa mOBEPXHOCTHOTO HedopMu-
pPOBAHMA W pa3pyIIeHUs, SHEPTUA IIACTAIeCKUX AedopMarmii
n paGora Ha o0pasoBaHue W pa3pylIeHHe arperaToB 3aBUCAT
OT fAmcIepcHOCTH mopomka. Mo)xkHO mosaraTh, 9TO IpH 1IO-
CTOAHCTBE [aBJIEHHs, CO3[aBaeMOr0 B MeJbHHile, paboTa,
3aTpaduBaeMas Ha TPEHWE, IIPONOPIMOHAILHA HOBEPXHOCTH
qacTHI[. JHEprus, pacxomgyemas Ha IuacTmdeckue nepopMma-
U, B NEePBOM NPUOMMKEHMM TaK)Ke IPOINOPLMOHAJIbHA [O-
BEPXHOCTH. JTO NOMYIIEHEE OCHOBAHO HA Pe3yJbTaTax NpU-
Be[[eHHBIX BHIII€ OIBITOB, B KOTOPHX OHJIO IOKAa3aHO, 49TO
IpH IOMOJIe KBapIa ¢ BOXON HIPOUCXOAUT aMOpPPU3ALUA €ro
4acTul[, IpudIeM cofep:kaHme aMopdHOA $assl pacTeT IpoIOP-
LIUOHAJIBHO POCTY yIIEJII)HOﬁ IIOBEPXHOCTHA IIOPOIHKOB B 3HA-
YUTENHHOM [HMAala30He IUCIEPCHOCTH.

Ha ocHoBaHMM 3THX TOJOKEHWH BHBeJeM ypaBHEHHe,
CBsIBEIBAlOINEe 3aTPATH DHEPTUU HA M3MeJbUeHue U AUCIepC-
HOCTH IIOPOIIKOB, C Y9eTOM 3aTPaT SHEPTHUHU Ha MIACTUIECKUE
gedopManuu B TOBEPXHOCTHHX CJOSX M JIpyrWe IOTepH,
pacTyinue NpPOIOPIMOHAIBHO POCTY YyHeJIbHOH MOBEPXHOCTH.
Tosuuy ci0eB, B KOTOPHX COBEpPHIAIOTCA IJIACTAYECKUE
nepopmanuu, GyHeM CUMTATh IOCTOSHHOM (paBHOM ) u He 3a-
BUCAIIEH OT KPYINHOCTH YaCTUI[ B CAyJae M3MEJIbUCHUS B aK-
THBHOM KUKOCTH, HalpuMep, KBapia B Boje. Bymem Takske
BPEMEHHO CYATATh HECYMEeCTBEHHHIM MAacCIITaOHOE YIpOYHe-
Hue npud usMexsuenuu. Jlanmee Oymer moKasaHo, 94TO yd9eT
3TOT0 ABJIEHUA He IPHUBEJET K 3aMETHOMY M3MEHEHHIO II0JY-
9YeHHBIX COOTHOIIEHUH.

B kaykgoM OTHETBHOM aKTe pas3pyINeHWs 3aTPATH DHEp-
UM Ha IUIacTHiIecKue nedopManuu OmpenensioTcs o6BeMoM
nedopMupOBaHHOR 00MacTH, KOTOPHIA [JIA wacTHI Ji060i
$OpPMEL IIpUMEM pPaBHEIM

n3b[X1}—-(X1—2l)3]—_~b[X3—( _j_’)a], (4.12)

1

rge X,;=a,;X — cpegHuil pasMep OCKOJKOB pa3pyIIeHHsd,
b — o6beMHHEIR (aKkTOp PopMbl, n® — cpegHee YUCIO OCKOJ-
KoB, paBHoe 1/a3.

PaccmorpuM Temeph mpomecc paspylieHHS HEKOTODOiA
TBepHoit wactTunil pasmepoM X ¢ yd4eToM IOTEPh SHEPIUm
Ha HeoOpaTmMble fepopMarud U 3PPEeKTH Ha ee MOBEPXHOCTH.
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Jua paspymenus gactdn Heo6X0quMO COOOMATH UM SHEPTHIO,
paBHYO

U=b{eX>+B[X>— (X — L’} + (1 + a0) X2, (4.13)

rme B — mWIOTHOCTH SHEPTWMEM IUIacTAYecKmX [nedopManumi,
IpemecTBYOIMNX XPYIKOMY paspymenuo, [,=2l/a,, 1 —
MOBEPXHOCTHASA IJIOTHOCTH PabOTH CHJI TPEHUS W JHEPruu
ofpa3oBaHmA ¥ paspymeHHWs arperatoB, o — cBobomHAs
SHePruA eJUHANBI HOBepXHOCTH. [lIA dYacTWIB pa3MepoM
X+AX amamorugHsie 3aTpPATHL SHEPrUU PABHEH

U-+AU=b{e(X +AX)P+B[(X 4+ AX) —
— (X AX — L]} + (1 + a0) (X + AXY. (4.13))
Brrunraa (4. 13) us (4. 13') m yamTHiBasg mpmpocT moBepX-

HOCTH mpu paspymennu ds=2a,XAX ¢ TOYHOCTHIO 0 MAJBIX
2-ro nopﬂ;u{a IOJIy9uM

3V = = %ax b (eX?+ 3eX%dX 4 B[X 4 3X2dX —
—(X—ll)3—3(X — )P dX]—eX? —B[X3— (X — 1)’} +

2X (Yt a) dX 3be 3b3 (X —1,)2 , 7
+ 2a2Xd2X =5 X + 5 [X — —_L+E + c].
(4.14)

VunrhiBasg, Kak u pambme, uro dU/ds=de/dS, X=6/S,
OOJAyYdM ypaBHEHHE A 3anaT SHEPTHH Ha H3MelIbYeHHme:

de_9::d5+3”3( )dS-l—( + )dS

nin

de =00 H(PEL 4 oYas— P sas.  (4.15)

B ypaBuenuu (4. 15) mepBEI#i wieH mpencrasisier co6oil 3a-
TPATHl YHEPTUU HA 00beMHOe nedopMUpPOBAHME TBEPIOTO Teja
B coorBercTBuU ¢ 3axonoM HupmnuaeBa—Huka, BTOpOMl —
3aTpaThl YHEPTMM HAa Heympyrue pepopmamum, pabory cuia
TPEHHA U CO3[JaHUEe HOBHIX IIOBEPXHOCTeH, TPeTHH yJHUTHIBAET
u3MeHeHue o0beMa oOnacTm miactmYeckmx medopmanmit
B CBASH ¢ M3MEHEHHEM DPa3MepoB YaCTHII.
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Ws ypaBmenms (4. 15) ciegyer, 9To mpm odYeHb TrpyOoM
noMoie, KOTja -Te>[3l1 +%+‘—1§—° (S — mocraTouno maio),

B (4.15) MoxHO mpeHe6peYb BCEMH WIEHAMH, KpoMe
nepBoro. B srom cayuae (4. 15) mpumuumaer ¢opmy 3aKoHA
HupomaeBa—HKura. IIpu mocratoano 6ossmom S, maoGopor,
3HaYeHHe JOrapuPMUIECKOTO IIEHA CTAHOBUTCA MAJEIM II0
cpaBHeHHMIO ¢ JuHeiHbiM. Ecim K TOMy ke MO)KHO elme Impe-
HeOpeds oTHoeHueM [, /2X mo cpaBreruio ¢ (14 (7+a,0)/3 BL,),
TO ; BHaUeHHWe Tpersero wieHa B (4. 15), Koropoe Hu-
KOTJa He mPEeBOCXOAWT IIOJOBUHEI BEJMIMHEL BTOPOTO Cjarae-
MOT0, TaKKe JOCTATOYHO MAaJI0 II0 CPABHEHUIO CO BTOPHIM M
u3MelnbdeHUe coBepmaeTcs no 3akony Purrmurepa. Ilpm yemro-
BHH MAaJIOCTH INOCJIEJHEr0 9IEHA [0 CPABHEHUI0 C CYyMMOM
mepBHX ABYX ypaBHenme (4. 15) cBopuTCA K [IBYYIEHHOMY
saKkoHy umsMeabuenus (4. 11). OGmacTs gucnepcHOCTH, B KOTO-
poit cupaBefmBa Ta WIM WHAsg OpMa 3aKOHA M3MeNbYeHUs,
ompe/easeTcs BeIVYMHAMU I[UIOTHOCTH SHEPTHH YHpPYyruxX u
nactudeckux pnepopmanuii. IlocKoMBRY mias Xpymwumx Ted
B> e, HeoOxopuMoe yCiIOBUE BHIOJIHMMOCTH 3aKoHa Hup-
nugeBa— Kura cBomutca K ToMy, 94TO pasMep 3epeH MOJKEH
OLITH Ha HECKOJBKO NOPSAKOB 00JbIIE YABOEHHOM TONIIMHEI

aMopdHOTO ClI0sA, paBHOro mpu u3Melnbderuu B Bome 20 A.

Taxum o6pasoMm, ydeT moTeph Ha IUIACTHIECKME NedopMa-
uuu 103B0JsAeT 060CHOBATH CYIIECTBOBAHME HEKOTOPHIX W3-
BECTHEIX BaKOHOB M3MeJbUeHHA M ONPENeNuTh 00JacTH X
npumenennsa. ONHAKO BHBOJ ypaBHeHUA uaMenbueHus (4. 15)
MPOBEJIEH HPH [BYX CYINECTBEHHHX IIPEAMOJOKEHUAX, KOTO-
phle HAJIAraloT M3BECTHHIE OTPAHMIEHAS HA €r0 MPUMEHUMOCTD
K [UCHePTUPOBAHMIO OYEHH MAJNHIX YACTHII.

Bo-mepsrix, 3T0 ypaBHeHHE MOKeT OBITH CIIpaBeJJIABEIM
TOJIBKO MIJIAA 9acTuil, pasmepsl kKoTopbix X > I. Ilomo:xenme
0 IIOCTOAHCTBe TJIYGUHHI CJ0OA INIACTUYECKUX AedopMammit
Ha 9YacTWIaX pasHoil KpymHocTu B cayzae X < I, Kak 3To
cleqyeT U3 YCJAOBUWI BHIBOJA YPaBHEHHUs, TEePAET CMBICI.
Pacxon smeprum ma mimacrmueckme pedopManuu mpu X < I
nepecTaeT yBeIMYMBATHCA C yBeAWIEHHEM JUCIEPCHOCTA M
ypaBHeHHe [OMKHO HPWHATH HECKOJbKO HHYIO dopMy.

Bo-Bropsix, npnu BhiBofe ypaBHeHus umaMeiabieHns (4. 15),
KaKk 1 Ipu BHBoOJe 3akoHa KupnuueBa—Huka, mpurumanach
B pacdeT TOJBKO dHeprus, HeobxoxmMmasA [iA paspymeHHS
gactan. Me)xay TeM [oJiA DHEPTHH, 3aTPaYABaeMOi Ha IIACTH-
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geckue fefopManMy M APYTHE HOTEPH, YMEHBIIAETCHA ¢ YMEHb-
LIeHWEeM pasMepoB YaCTHI IPONOPIMOHANBHO HX IOBEPX-
uocra. IlosTomMy mioTHOCTH 3aTpaT dHeprmu, HeoGXoxEMO
OJIS paspyLUIeHAs JacTHI], JO/KHA YBeIMIUBATHCA B IPOIECCe
m3MenbieHusa. JleACTBHTENHbHO, BeJUIMHA IJIOTHOCTA SHEP-
ruM, HeOOXOAMMOM IJs pa3pymeHus JacTUIH, PABHAs NpPHU-
MEepHO

[(a,Bl? + a®o + 1) X2 4 beX?)bX? = e + [a, (Bl 4 0) + 1]/bX,

npHu [0cTaToyHo MajaoM X pacTeT o4eHb OHICTPO C yMeHblie-
umem X (upu X > I).

BwMmecTe ¢ TeM mIOTHOCTH 9HEPTHUH, KOTOPYI0 U3MEJIbUUTEIb
nepegaeT M3MeJabY4aeMOMY MOPOLIKY B eJMHUIHOM aKTe pPaspy-
[IeHUS, OMPEfesAeTcs KOHCTPYKIHe M0CaeHero U B KaKIoM
KOHKDETHOM CcJIydJae orpanwdeHa. Tak, HaupmMmep, B OHBITAX
C TafieHueM TSKeJIOro ITapa Ha MOpPUIeHb, IO KOTOPHM IoMe-
I[aeTCH M3MEJbYeHHEI MOPOLIOK, BEIMIMHA MaKCHMAJIbHON
IUIOTHOCTY dHEPTHUH €,, OLpefiesIAeTCs BRICOTOM nafileHus mapa,
ero BecoM u o06BeMOM mH3aMelabuaeMoro mopourka. B BmGpo-
MeJbHUIE BeJUIUHA €, 3aBUCHUT OT 00BEMa CJIOS IOPOIIKA,
HQJIMMAIEro Ha IIaps, d 9HEPTUu: HIapoB BOIM3W KoxeGiiro-
IUXCA OOBEPXHOCTEH (30HA MaKCUMAJbHON HHTEHCHBHOCTH).

MakcuManbHOE KOJHIECTBO SHEPTHHU, MOJYyIaeMoil TacTu-
et B eUHWYHOM aKTe, ompeneanM paBHbeM ¢, V. Yacrts
oToil sHeprum W Hemsd0e;KHO pacxofyeTcAd Ha MIACTAYECKUE
mepopmanuu u ppyrme morepu. Ecaum mpu srtom eV, <
< WHP2V,/2E, To m3MenbYeHHe dYacTHI[, 00BHeM KOTOPHIX
Menblre V, , MOKeT IPOUCXOAHUTH TONBKO YCTAJOCTHBIM IIyTeM,
4TO BHI3BIBAET PE3KUI POCT 3aTPAT SHEPTUH HA ITOT IPOLECC
IJA 9acTHI] Takux pasMepoB. IlosToMy B KagecTBe mepBOro
npubawxenus 6y/eM cauTaTh, 9To YacTunk obseMom V <V,
BOOOINEe He WM3MeJIbJIaloTCsA. TaKMX 9YacTHil, MOTPEOIAIOUUX
9HEPIHi0, HO NPAKTHYECKH HE U3MeJbYalOmUXCH, C yBeaude-
HUEM AMCIEePCHOCTH IOPOIIKOB HAKAIJIUBAeTCA Bce GoJblie,
9TO IPUBOAMT K 3aMe/JIEHHI0 BCETO IpoIecca.

C yueToM M3JI0}KEHHOT0 IOACIMTAEM 3aTPATHL DHEPTHU, KO-
TOpHE IPHUBOAAT HENOCPEJCTBEHHO K pPa3pYIIeHUIO YaCTHII.
ITpm sToM GymeM moJjiaraTh IJIOTHOCTH 3aTpaT S9HEPIUM Ha IIpe-
AeJbHHE IUIacTAYecKue geopManuum M pasIuUIHEE IIOTEPH
O[IMHAKOBEIMA [Js BCEX JaCTHI[, pa3Mep KOTODHIX IIPEBOCXO-
autT X, — MUHMMAIbHYI0 BeIMYMHY H3MeNbUAlMUXCA da-
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crun. Yactmus pasmepom X < X,, TeM MIH HHHM IIyTeM
aub0 paccemBalT BCIO NOABEJEHHYI0 K HUM 9HEPTHIO, Jubo
9aCcTUYHO 3TA SHEPTHA PACXOAYeTCs Ha miacTmiecKume nedop-
Manuy, OPABOJAMEAE K U3MEHEHHUIO CTPYKTYPH TBEPAOTO TeJa.
C yueroMm «GanacTHHIX» 9acTar, pasmepom X < X, u3 o6mux
3aTpaT, paBHHX Vde, rne V, — cyMMapHHi 00beM 9acTHII,

L 1 L 1 L it 1 1 L
v v W N N N YV W
glA> mrn), 7o

Puc. 43. CooTHOInEHME MEXKIY YAEABHON IMOBEPXHOCTHIO M COfeprKaHMeM
gactu X > 60 mrm.

KOJMYEeCTBO DHEPTHH, PACXOJyeMoil HemoCpPeJCTBEHHO Ha H3-
MeJibYeHHEe, B Ppe3yJbTaTe KOTOPOr'0 IOBEPXHOCTHh YBEIHIN-
BaeTcA Ha ds, PaBHO

dW:[; V.— 3 V‘]dezdeVm—VOm/Vo), (4. 16)

XX,

rge V,, — cyMMapHH# 00BeM dacTHI, pasMephl KOTODPHX
X < X,, suauenme V,,/V, paBHO HYNI0 MIH OYeHb Maio
B HavaJie M3MeJIbIeHNS X GIU3K0 K 1, KOTA AIUTeNbHOCTH U3~
MeJb4eHUsA o49eHb Benuka. [IpuHuMas Bo BHMMaHMe, 9TO OTHO-
menune S/S,, rae S, — yAeIbHAA IOBEPXHOCTH IIPEIEIBHO
U3MeJbUeHHOT0 IOpOoIiKa ¢ pasMepamn Beex gactmn X < X,
HMeeT OJHI W Te )Ke 3HaYeHHsS B COOTBETCTBYIOMUX IIPEHeb-
HEIX CJIyYasiX M 9YTO B INHPOKOM [AHMANA30HE UCIEPCHOCTH
MeKIy SHAYeHHSAME YIEIbHON IOBEPXHOCTH W BECOBHIM CO-
dep:KanmeM (paKmEd ¢ pa3MepaMHu JacTHAIl MEHbIIEe JaHHOTO
HabnomaeTcss MPONOPUMOHANBHOCTH (puc. 43), a CcoOTHOme-
HEe Mekjy oTHomeHmeM S/S,, M OTHOCHTEJIBHHIM COJEpIKa-
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HEeM TOHKOH (paKIuM IIOYTH He MeHSeTCS HPH U3MEeIbYeHHH
(pmc. 44), MoKHO HammcaThb:

AW =V, (1— ) de. (4. 17)

IopcraBusaa (4. 17) B Bupaxkenme (4. 14), momyuuM ypasHe-
HOe H3MeJb4eHHA ¢ ydeTOM MpPefeJHHOT0 3HAYEHHA IJIOT-

wr HOCTH DHEPTUH, IepefiaBa-
eMoii m3MeJbIuTeNeM ’3-
MeJIbIa€MOMY TBEPHOMY
Tely B €AMHAYHOM AaKTe
paspymeHmsi, @ C Yyde-
TOM  HEIpPOH3BOJATENH-

°§ - HHIX 3aTpaT SHEPTHH Ha
> mepopManumio MaJHIX da-
SN CTHI:
de 9be
s=— s\ T
) a,S (1 — S—‘)
/4 A V//4 "
T, My + 368l 41 +S_"2° —
Puc. 44. amenenwe oromenus S/S,, ap (1 -5
U COfepKaHWA YACTHI C PasMepaMu "
X < 10 mkx B mponecce maMeaLICHHSA b3l S
KBapmeBOr0 IeCKa B BHOpPanUOHHOR - S\ ° (4- 18)
(JepHEIe 3HAYKH) ¥ OKCIEHTPHKOBOM 4ay (1 — )

(cBeTiible 3HAYKW) MEIBHHNAX.
C ygyerom MacmrabHOr0 ympouHeHms coriacHo (3. 14)
e=¢é,(1+1,6yC,/X+0,6C,/X),

rae X=6/S, a e, — paboTa mpeneasHOro yupyroro gedopmu-
POBaHUA MACCHBHBIX YaCTWMII:

ds <1 A -1 [Qeo 15,9, VC

1 3;311 +0,9¢,C,, + 1122 _ﬁ] (4.18)

Ilaa mocrarogno Goapmux S ypaBHEHUE (4 18) mpmeEEMaer
BHAJ,

de -1 3681, + 0,9¢,C,, + ¥ + aoo
g (1_S ) = . (4.19)
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Haa manux S, naoGopor, S/S,, < 1, u (4. 18) B 3aBEmCEMOCTH
OT Beau9uHHE S, Kak paHee OBUIO DOKA3aHO, IEPEXOIHT
B ypaBHenme HumpnumueBa— Kuxa mam Purrunrepa.

IIpene6peras BenmauHOH (@, 5+ 7) X2 m0 CpaBHEHHUIO ¢ DHED-
rueii miacrmdeckux pAedopmanmii m3 ycaosma e, X3 =
=BIX3—(X—1)%]+eX3, nerko maiitu Benrmunry X, (MumAE-
MaJIbHHE pasMep M3MeIbYaIOMUXCS TACTHL):

_ L ~ 84
== 3 ~ P N
1+1/e——-——'"_;_e m e
(em—p_e)Xsn_{_p(Xm——ll)a: 0'

C yueroM saTpaT sHeprum Ha 0GpasoBaHWe HOBOH IOBEpX-
HOCTH ¥ paboTH cui TpeHds, paBHHX (ac-+7)X? masa caywas
|l <€ X, noayanm

(4. 20)

_ 9Bl + o+ 7/ap)
Xp= b(e, —e) :

Iloutn Bcerpga peanwHble 3HadeHHA [ > (e,—e) (OmeHKA
BeqwauH f W e [aHa HKe), moaromy X, > l;. Ilpmbam-
sxenHoe sHadenme B (4. 20) mocraroumo TouHo mpm X, > I,
mam opu B> e, —e. C yueToM pacxofa sHeprum Ha 00paso-
BaHUE HOBOM MOBEPXHOCTM M PabOTy CuJ TpPeHHUS BeIHIMHA
X, DONydIUTCA HECKOJIbKO OoJsblle 3HAUeHHA, ompepeisde-
MOTO B (4. 20). IIpm e, < (B+e) Bemmamma X, ompene-
JfeTcsa yiKe 3aTparaMu 3Heprnn Ha YHUCTO HOBEPXHOCTHEIE
ABNEHNUA: HA paboTy cui TpeHUS M Ha o0pasoBaHWe M Paspy-
menwe arperatoB. G yderom sroro ypaBmenme puaa X, 3a-
NuIneTcs B BUAE

b(em—p—e) X?nl—(a23+Y) ml O

ass 4 ¢

X"“:T,,,—_B—_e)' (4. 207)

CoBpeMeHHbIE M3MEJIBYUTENM KOHCTPYHPYIOTCA C TaKUM
pacdeToM, 49TO €, He Gosblle HeCKONBKUX e. VIHEIMU cloBaMu,
IpefielIbHEIE [[aBIEHUA, CO3JaBaeMble B MEJIBHMOAX, B 2—
3 pasa wiIm MeHee NMPEBOCXOMAT IIPOYHOCTh H3MEILIAEMOr0
marepmana. Us (4. 20) m (4. 20’) BuAHO, 9TO JJIA LOCTHIKEHHS
IpeJesIbHO TOHKOTO M3MeJIbIeHHs He00X0qUMO, YTOGE BRIIOJI-
HAnOCh Gomee skectkoe ycaosme: e, > f+4e. Hak Oyner

rie
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DOKa3aHO HIJKe, COIJIACHO 3TOMY YCJOBMIO JJA KBapua e,
IOUKHO OHTH mpuMepHO Ha 2—3 mopsAgka Oosslme e.

YpaBHeHme m3MenbueHUsI B 00gacTH pPasMEpPOB TACTHIY
or X, mo X,;, rme X,, u X,;, — 3HaueHuA, ompefeisemMbie
COOTBETCTBEHHO m3 BHpakenmit (4. 20) m (4. 20°), Gymer
WMeTh BHM, HECKOJBKO OTIMIHEIA 0T (4. 18):

. 9b(e+8) ds VE, ds
de= =G s syt o) T sy 2

WnterpupoBanue pupdepeHumaqbHOr0 YpABHEHUS W3-
meavdenua (4. 18) B mpemenax or S, 10 S m or e=0 g0 ¢
JaeT 3aBUCAMOCTb MEKAY 3aTpaTaMu SHEPTUH W Pe3yIbTaToM
W3MEIbYeHAsL B IIAPOKOM [HANA30HE JUCIEePCHOCTH:

Jbe (l -+ 1n——%)+
(BbBl +ag+y)in =0
+bBIZS?n (S — S ln Sm— S‘0 >. (4. 22)

4ay Sw 0 Sp—2

WNurerpupoBanme Bripa)kenus (4. 18’) ¢ ygerom MacmraG-
HOI'0 yOpOYHEHMs, KaK Jerko BUJEeTh, IpUBefeT K gobaBie-
HOO B (4. 22) craraemoro 0,9¢C B wmcimTese BTOPOTO WIEHA,
nockonpky sHauenue 9,9/C/S <<€ C npu Gonpmux S, Koraa
Macmra0HOe  yOPOYHEHWE  HAYMHAET  MNPOABIATECA, U
9,9VC/S <9/S npu mManux 3nadenuax S.

IKCOePUMEHTANbHE aHAIW3 YPABHEHUA KUHETHKH U3-
MmenbueHus (4. 18)—(4. 22) MoskeT OHTE IpPOBEREH TOJBKO
C Y9eTOM pOJH Cpefbl B MeXaHHW3Me TOHKOTO H3MEeJbIeHMS.
B cBasm ¢ 9TEM HmKe H3JIaraloTCA BEITEKAIOMUE H3 HCCIENO-
BaHOM BINAHUA NPOIECCa W3MENbYEHUS HA CTPYKTYpy TBep-
IBIX Tell MPEACTABJICHHA O MeXaHU3Me [eHCTBUA aKTUBHOMN
cpefbl Ha paboTy HX paspyLIeHUA.

e =

§ 3. IKcmepUMEHTANbHBI AHAIN3 ypaBHEHUSA
u3MeabYeHUu st

CorsacHO pasBUTHIM BHIIE MPEACTABIEHUAM O MeXaHH3Me
paspymeHus TBEPAHX Tejd, aMopdm3anus IPHU CPABHATEIHHO
HeO0JBIOM yeabHOM IOBEPXHOCTA HOPOIIKOB (HE HPEBHIIIAI0-
mell NTPEMEPHO ONHON TpeTHM ee MAKCHMAaJIbHOTO 3HAaYeHUA
IJIA [QHHHIX YCJHOBHA M3MEIBYEHHA C M30OBHITKOM BOJHI) IeJIH-
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KOM ompefeisiercs miacTmdeckon medopmanueir. Habmomae-
Masg HAa OIBITe NPOHOPIMOHAJIBHOCTH POCTA AUCIEPCHOCTH U
cofep:kanusa aMopdHOHE ¢as3s (cM. puc. 25) HOATBEPHKIaer
CIPaBeJIABOCTh MOJOKEHUS O HEe3aBHCHMOCTH INIyOHMHH ILIa-
cTuYecKuX pefopMammEié OT pasMepoB UACTUI[, HPHUHATOIO
npu BEBome ypaBHeHmA. C POCTOM [AHMCHEDPCHOCTH, OXHAKO,
B MOPOIIKAX HAKAMIXABAETCS Bce 60JIbIIee KOMUIECTBO JACTHIL,
pasMephl KOTOPHX MeHBIIe MaKCHMAaJIbHOTO pasMepa He-
u3MeJbYalmuxcsa gactan. HexoTopas [noJas SHepPrud, HOJy-
9eHHOW TAKUMH YacTANAMH OT M3MeJbYATeNs B pesyJbTare
MHOT'OKPATHHIX BO3/IeHCTBUI, 3aTpadmBaeTCA Ha AAJBHEHITYIO
uX aMopdu3anuio, YT0 X NPHBONHT K 3HATUTEIBHO Goiee
Me[JIEHHOMY YMEHBIIEHHI0 CKOPOCTE aMopdmsanwu o Cpas-
HEHHI0 ¢ YMEHBIIEHMEM CKOpOCTH [AmchoeprupoBanmsa. Ecre-
CTBEHHO II09TOMY ONpENedATh TIYyOHHY IUIACTHYECKHUX JIe-
dopmaruii, NpPeIIeCTBYIOINUX PAa3pPYIIEHUWI0, @O TOJMUHE
aMopdHOro ClI0sA Ha rpybogucuepCHHX mnopomkax (o0macTh
nponopumoHaJabHocT Mexnay S m Q).

Kax 6mu10 oTMeueHOo, riry6mHA CJIOSA INIACTHYOCKUX JIe-
dopmMamuii pPe3Ko B3aBHCUT OT IPUCYTCTBHS IIOBEPXHOCTHO-
aKTUBHHIX BemecTB. Il0ToMy mpum momoie KBapua B CyXoM
BO3AyXe cofepsKaHme aMop(HOIl (assl MOKET yBEIHIMBATHCH
M 3a CYeT YMEHBUIEHWSA MOBEPXHOCTHONM KOHIEHTpAIud 3a-
rpPA3BHEHWH MO Mepe yBeamdeHus gucuepcHoctd. Eciu B Ha-
Yaje M3MEJIbYEHUS KOHIEHTPAIUA IOBEPXHOCTHO-aKTHBHBIX
3arpAsHEHU eme AOCTaTOYHO BEJIMKA JJI TOT0, YTOOHI IIy-
6uHa miIacTudeckoi medopManuu ! GhIa BHAYUTENHHO MEHBIIIE
3HaYeHusA I, COOTBETCTBYIOIETo (aKTHIECKH aGCOJIOTHO Cy-
XOMY WM3MEJIbYEHMIO, TO II0 Mepe YBeIWIeHUS IOBEPXHOCTU
Oymer mMpoOHMCXORUTH mocTenennoe yBeamdaenue [ — 1. Ilo aTum
NpPUYMHAM HEINOCPeCTBEHHO OIEHHUTH INTyOMHY ITACTHIECKHX
nedopManuii I aGCOMIOTHOTO OTCYTCTBUA aICcOpPOIMOHHOTO
sdderTa 3 TAHHEIX N0 aMOPPU3AIAA KBAPIa, U3MEJIBbYEHHOTO
6e3 nmobaBok, He ymaerca. OgHaKO, eciIW CUYMTATh BIUAHNE
3arpA3HEHN TIPH IOCTATOYHO BBICOKOM IUCIEPCHOCTH IIO-
POUIKA O9YEeHBb MAJBIM, MOKHO OLEHUTH BeJWIWHY !’ u3 COBO-
KYIOHOCTH [AHHBIX 10 AUCIEPCHOCTH MOPOIIKOB CYXOro M3-
MeJIbYeHHs, W3MeJNbYeHHUA C BOMOW W ToXIMuHE aMoOpPdHOro
cIosi B mociaefHeM ciydae. [leficTBUTENBHO, COIJIACHO BHIpa-
yrenmio (4. 20) rpanuYHOe 3HAYEHME Pa3MEPOB HEM3MENbYalo-
mMUXCA 9acTUI[ IPONOPIHOHAIBHO TJIYOMHE ILIACTUIECKUX
nedpopmanmit. Cuuras mnpefenbHEE BEJAMIMHBI  yHeJAbHOH
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DOBEPXHOCTH 00PaTHO IPOIOPHUOHAJIBHHMHA X, W OPMHAMAs
BO BHAMAaHWE, 9TO IpeJiesl JUCIEPCHOCTA IPHM CYXOM IOMOJe
pasen 19 w2/, a npu nomoue ¢ Bogoit — 140 m?/z (ammamTyna
A =5 mm), TIyOUHY WPERENbHEIX IIACTHIECKUX HedopMaruii
aGCoOMIOTHO CYXOr0 KBapua, NPeAMIeCTBYOMYK €ro Xpyi-
KOMY pAaspyHIeHHWI0, MOKHO OIIeHHTh IPHMEPHO paBHOH
1,5-10-2 mrnm.

IMoMonsr ¢ MambiMu [00aBKAMHU IOBEPXHOCTHO-aKTHBHBIX
BEIIECTB NPUBONAT, KAK YKAa3HBAJIOCh, K YBEJIMYEHUIO BHI-
xofa aMop¢HO# a3k M0 CPABHEHUIO C IIOMOJiaMu 0e3 J00aBOK
MJIZ TIOMOJIOM ¢ Bofoit (cM. puc. 26). 9To siBieHue 00yCA0OBIEHO
TeM 00CTOATEeIBCTBOM, 9TO 3aMETHOE YMEHBIIEHNe KOHIEHTpPa-
A TOBEPXHOCTHO-aKTHBHHIX BEHIECTB B [aHHOM Clydae
HACTyIaeT OPHW B3HAUMTENbHO OOJBLIEH JUCIIEPCHOCTH, deM
mpu momoJie 6e3 Ko6aBok. IloaTOoMy ¢ yMeHbIIEHmEM TOBEPX-
HOCTHOW KOHIIEHTpalUM KUJKOCTEe# Ipm BO3pacCTaHWMU 3HA-
9eHHA [ ¥ IPOUCXOAUT ycwieHHas aMopdusauusa Takux Goiee
MeJIKNX 9acTHI], NPHIEM MeXaHWIeCKHe BO3IEUCTBUA, KOTO-
pHle MPUBOAMIM IPU IOMOJIE B CYXOM BO3QyXe K mepopManuu
yiKe aMopPuU30BAHHEIX CJI0eB Ha 0ojiee KPYHHBIX YacTHUIAX,
B BTOM cjiydae B GOJbIIEH CTeNeHHM CIOCOGCTBYIOT ILTAcTHIe-
cKoil medopmarmu KpucraidamdecKoir ¢assl. EcrecTBeHHo, Ko-
HEYHO, YTO TOJIMUHA aMOP(PHOTO CJIOA HA FaCTULAX, M3MEJb-
9eHHHX C MaJBIMK J00aBKaMM, OCTAeTCA BCErQa MEHbIIe WJN
PABHOU TOJIIMHE TAKOTO CJIOSA HA 9YaCTHUIAX, M3MEIbUeHHBIX
B cyxoM Boaayxe. VI3 maHHEIX, mpEeICTABIEHHHX Ha pHC. 45,
BHIHO, 9TO MAaKCHMAJbHAsg CTeNeHb amopdusamum HaGIIIo-
maercs IS O09eHb MaJbIX [00aBOK, MOBEPXHOCTHAA KOHIEH-
TpanusA KOTOPHIX, pPacCYATAaHHAA MO0 3HAYECHUAM Y/IeJIbHBIX
OBEPXHOCTEH, COOTBOTCTByeT obGpasoBanuio 1—0,5 MoHo-
MOJIEKYJISIPHOTO CJIOA. ITO HAXOQUTCA B COTJACUHU C IPUBEIEH-
HBIMHA BHIIe cOOOpa)keHmAMH 00 yBeAWYEHUHM TIJIyOUHDI
npefeJbHAIX MJIacCTUIeCKUX fedopManuil npu mepexofe K ¢ax-
THIECKY CYXOMY IIOMOJY. ¥ MEHbIIEHUE aMO pPU3aIUA IPU yBe-
JNYEHNYM TOBEPXHOCTHON KOHUEHTPALUA IKUMKOCTEH COOT-
BercTByeT oOpasoBauuio 1—10 MoHocia0oeB m 00yCiaOBIEHO
KAk YMEHbIIEHMEM TJHYOUHBI IJIACTUIECKOTO CJIOfA, TAK N
yMeHbIIEHWEM 3aTpPaT SHEPIUU HEIMOCPEACTBEHHO HA HU3Melb-
9eHUe B CBABM C KOAryJANMOHHBIM CTPYKTYpooOGpa3oBaHMEM.
CpaBHeHMe TaHHBIX puc. 9 m 45 mOKAa3EIBaeT, YTO MAKCUMYM
aMopdu3aIuu ¥ JUCIEPTUPOBAHUA UMeeT MECTO IIPH OJUHAKO-
BBHIX KOHIIEHTPAIWAX BOJIHI.
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IpuBenennas Ha puc. 25 3aBmcmmocTh Q (S) Gruta momy-
qeHa i AMIIATYAH KojaeGaHWil MENBHHUIBI, PABHOH O MM.
[Ipavonnueitnas 9acTs KpmBoit Q (S) AaA aMmamTymsr 3 mx
COBIIAAeT ¢ MPAMOJMHEHHOH YacThi0 TAKOM KPHUBOI IS aM-
IATYA 5 MM, ONHAKO M3MeHeHme HakiaoHa Q (S) B cBA3m
¢ yBeamdeHmeM TPAHWYHEIX pasMepoB dacrtun X, B oToM
cIyJae HACTyNmaeT IPH MEHBIIMX 3HAYEHWAX YIENbHOU Io-
BepxHOCTH. IIOCKOIBKY MeXaHHYeCKHe YCHWIHS U3Melbue-
HUfA, TaKWe, KaK IpefeNbHOe 3HAUeHHE NaBJIEHHA B MecTax

’

7, Yo

Puc. 45. 3aBucuMocTh cremeHn amop¢msanum KBapua (Q) or comep:ka-
H¥UA BONE B MexbHHIE (g — % OT Beca IOPOINKA) IPU HM3MEJIbYEHNH.

1, 2, 3 — cOOTBEeTCTBYOT 4, 8, 16 mMun u3MeJbUYEHMA.

KOHTAKTa MeJNIMUX TeJ, OMpPeledAoTcsa aMIUINTYN0i Koneba-
Huil (IpM TOCTOAHHOM YacTOTE), HTOT PEe3YJAbTAT MOKHO CYU-
TaTh MOATBEPIKIEHUEM IIOJOKEHUSA O HEe3aBUCUMOCTH TJy-
GUHBI CJIOS TpEAEeNbHBIX ILTACTHIeCKUX nedopmanmii, mpen-
LIECTBYIOIINX PAas3pyLIEHUI0 TBEPAHX Tell, OT IapaMeTPOB
U3MEJIBIUTENS.

HezaBucumMocTs TIyOMHEL TpeeNbHON IJIACTHYECKOM Jie-
dopManMM KBApIa OT PasMEpOB €ro YacTHI[ ¥ MeXaHWIeCKUX
yCJIOBUA M3MeJIbYeHUs II03BOJIsSET CYMTATh paGoTy Ha CO3Ma-
HOe ONAaCHBIX TpemuH, 00pasyeMHX B pe3ylbTaTe ILIACTHU-
qeckux gepopManuil, NPaKTUIECKU OAMHAKOBOM MJA YaCTHIL
CYINECTBEHHO pasHO# KpymuocTu. V3 sroro ciaemyer, dTo
B cllydae TOHKOTO M3MeJbUeHUsA KBapma sdpdext Macirral-
HOI'0 YIOPOYHEHUS He MPOABJIAETCA 3aMEeTHHIM 006pasom.
B monn3y arToro ke coobpaskeHuss OTHOCHTEABHO MACIITaGHOTO
YOPOYHEHHUSI CBHAETEIBCTBYIOT 0YeHBH Oojabinme 5PPeKTH Io-
BEDXHOCTHO-aKTHBHHIX CDeJ OPHW TOHKOM IHWCIEePTHPOBAHUM.
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MacmrabHOoe ympouHeHHme, B OOHYHOM HOHMMAHWMW, SBISAIO-
meecss CHeNCTBAEM YMEHBIIEHUA [e(PeKTHOCTH CTPYKTYPHI,
0 Mepe YMEHBIIEHHS pPa3MEpPOB YacCTHUI, NOJIKHO OBLIO OB
[IPUBECTH K YMEHbIIEHAI0 3 (PeKTABHOCTH KHAKOCTE B BEICOKO-
DucmepcHO# obiacTm, 9YTO Ha CaMoM JieJle HE HMeeT MecTa.
ITogo6rass TeHmeHIUsA yMeHbIMIEHHA 3PQEKTABHOCTH KHIAKUX
cper Habaiofamach B ONEITAX IO OLPENENEHHUI0 NEeHCTBHS MO-
BEPXHOCTHO-aKTUBHHEIX CPEJ HA IPOYHOCTH TOHKHX CTEKJIAH-
HEIX HUTE# pA3IMIHOrO [gHaMeTpa.

IToryuennse maHHHE IDOKA3HBAIOT, YTO AafACOPONHMOHHLIE
3pPeKTH DpH H3MENBYCHAHM CBOAATCH K YMEHBIIEHHWIO IJIy-
OmHE mpemedbHEIX mactmieckmx pAedopmanmii. IlomoGuoe
ApieHme Onmo paccmorpeno Beitmepom u JIlmxtmamom [132]
B HMCCIENOBAHUAX HEHCTBAA MOBEPXHOCTHO-aKTHBHEIX CMa30K
Ha nponecc 06paboTK: MeTaLIoB qaBienneM. MokHO, OTHAKO,
moJiaraTh, YTO MEXAaHU3M JeHCTBHA cpel B 3THX CIyIasaX pas-
amded. Ecim npu BOIOYEHHE HMeeT MeCTO INIacTHPHUIEPOBa-
HAe NOBEPXHOCTHHIX CJIOEB, TO B CIyYae paspylIeHAsA KBapua,
CKOpee BCEro, MPOABJIAETCA MOHMKeHNUE PAa0OTH paspymeHus
B pe3yJbTaTe MOBHIIIEHUSA XPYIKOCTH. B 1mM0aB3y 3TOT0 C0006-
pakeHHUs CBHIETEJLCTBYET GOJbIIOE MOHIKEHHE IOBEPX HOCT-
HOH Hepruum KBapoa B BOE 0O CPABHEHUI0O C BAKyyMoOM
(c 980 mo 416 spz/cm?®) u 3HaUmTENBHOE HADPYIIEHHE €T0 KPH-
CTAJINYECKOR CTPYKTYPH, KOTOpoe oGecmeduBaeT BO3MOMK-
HOCTH MATPAIMH MOJIEKYJ K BHYTPEHHHUM IIOJIOCTSAM II0 Mexa-
HU3MY HeperyispHoi nuddysuu.

OueHuM Temeph YMCJIEHHBIE 3HAYEHUA KO3(PPUIUIEHTOB,
BXONAMHZX B ypaBHeHme (4. 22) pusA ciydas U3MeJbUCHHSA
KBapIeBoro mecka. Ilpemen mpodmocTm KBapua Py=
=2.10% gxI'/em®, momyasr IOnra E=10% kI'/cm, orcioma:
ey = Pﬁ/ZE = (2 . 103)2/2 2106 =2 %I - C.M,/C.M3 =

=4,5-10 ape[moar =2 - 108 spz/cm’.

[iig OUEHKH BeJWIMHBI IUVIOTHOCTH 9SHEPTHH, PacXopmye-
MoO# Ha miacTmieckue meopMaIuu, ClefyeT NPUHATH BO BIIU-
MaHuWe, 9TO OHW OPUBOAAT K IOJHOHX aMOppu3aLU@ MOBEpX-
HOCTHHIX ciioeB. CiefoBaTelIbHO, YAENBHBIA PACX0[ DHEPTUN
Ha @yacTHgeckue pnedopMalMM HOKAK HE HIIKE TeIJIOTH
Iepexofia KBapha W3 KPUCTAJJIMIECKOTO COCTOSHHA B aMopg-
noe, pasHoO# 9,7 Kdxc/mosv [133]. Orcloga HIMKHAA TpaHUNA
BeJMYNHH [3 paBHa

B,=10" spz/moar = 4,4 - 10° spe/cm3.
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ITopamox BenmamuaH [ MokHO omeHHTH W WHHM myTeM. Co-
IJIaCHO TEOPETHIECKEM J[aHHKM IpefeJIbHOe HaNpsAKeHHe
CABHTa B HMAEANBHHX KPHCTAJ/LIAX T JEKAT B IPENeIax oOT
G/30 no G/2=. Ilpumumas paa wsaprna =E/10 m G=E,
MOKHO ompepneauts P 1*/2E=E/200=5.10° aspz/cm3, dro
BIIOJIHE COTJIACYETCA CO 3HAUEHWEM, BRIYMCIEHHEIM U3 TeNJIOTH
amoppusanuu. @axTHIecky BenrmguHa (3 3HAIATEIHHO GoJbIIe
By- O6 3TOM CBHUAETEABCTBYIOT KAaK ONKITH IO H3MEDEeHHIO
OpefeNbHEX IIacTHIeCKUX pefopMamuii KPYHHHEX oOpas-
moB (ra. III), Tak u usaMepenus sHTAIHONU aMOPPHE30BAHHOTO
CJI0A, ONKMCAaHUE KOTOPHX Oy/IeT JaHO B ri. V. OHepPruaA mpe-
OEeIbHOTO MJIACTMYeCKoro fefopMmpoBaHus, KAaK YKasHBa-
Jock, 6nuaka k Beqmumue 2-10% spz/cm?®. Iloaromy ¢ ydeTom
TONMUHE aMopdusoBanuoro ciog ~~100 BeamImHa B=
=2:10%/100-10-% =2.10% spez/cm®. VI3 maHHHX Ke IO U3Me-
peHuio H3OHTOYHOW HHTANBIAM aMOPPU3OBAHHOTO CJOA e€e
BEJUYHHA IPUMEPHO B 1,0—2 pasa mpeBOCXOAMT HHEPTHIO IIaB-
JeHHSA KBapLa M, CIeJ0BaTEJIbHO, €¢ MOKHO IPHHATH HIPH-
mepuo paBHoX (7—10)-10° spe/cmu®. Tounas omenka Bexm-
guHH [ TpeGyeT ydeTa pelaKcandii Hanps:KeHHH, YTO HKCIe-
PUMEHTAJBHO TPYAHO BEIIOJIHUMO.

Benuuuny 7 MOKHO ONEHHTH, NPUHUMAs 3HAYEHUHE KOIP-
¢unuenta Tperus paBHEM ~0,1, maBjeHme B MeJIbHHIE —
paBEEM P,, a QiImHY OyTH, OPOXOJUMOT0 YacTHIEH B 3ie-
MEHTApPHOM aKTe C}KAaThsA, — He 0O0Jiblle BEIMIMHE JACTHIHL.
B sToM cayuae paGora cmi TpeHusa mpumepHO Ha 1—2 mo-
pAKA MeHbIIe PabOTH NPENENbHOT0 MJIACTHIECKOro medop-
MEDOBaHHEA, ecau nake e;~3pl,. Ilpyrme moTepm sHeprumw,
yYHATHBaeMbe KO3)PUIMEeHTOM Y, HO-BHAUMOMY, MEHBIIE pa-
O0oTH cma TpeHmA. Briaag MacmrTaGHOTO yUpOYHEHHA Maer,
HampmMep, A KBapma, mias xoroporo C ~ 1 mkm, yBenm-
veHme BeJIMYMHEHE 3aTpar sHeprum, Ha 0,9],C~2-10% ape/cm?.
Mexny Tem paxke mpm l,=~20 A Bemmumma 3Bl > 4-103,
T. €. OPUPOCT PabGOTH IIACTHIECKOro JAedOpMUPOBAHAA IO
KpaiilHell Mepe Ha HOPANOK OoJbmie.

Jlamee MOKHO HOJOKHTH, 9TO B aKTaX paspymIeHAs da-
CTHUIH JIOMalOTCA TaK, 9T0 UX JUHEHHHE PasMepH B CPeTHEM
yMeHBIIAIOTCA B ABa pasa (a,=1/2). 9To mosBoaseT cYATATH
KooppunmenTr a,=3. IlopcraBnss umcienubie 3HAaYeHAA 4,
a,, B, e, l u v B ypaBuenue (4. 22) m monaras gaxrop GopMsr
b=1, opm yciaoBum, dTO

3Bbly > (a9, + 1+ 0,9,C),
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NOJy4YuM:

e—6. 106(1n—+1n “S°)+3 10078, In S —S°+

41,5109 (lSm)2<§-;—‘?—°— In b—:fg) (4. 23)

rge pasmepHocth [e]l=[spe-cm-3], [I]=lem], [S]1=I[S,]1=
= [cm?-cm~3]. CeMeilicTBO KPHBHIX, BHIEPIEHHHX IO ypaBHe-
A0 (4.23), mpu pasamg-
Sun? HEIX S(m np)encganﬁeno Ha
/ puc. 46.
75 Ha ocuoBaumm npons-
7 %, =/ BEAEHHEIX IO[ICIETOB OLe-
HHUM TPaHUIbl BHIIOJHE-
“3; 48121620 MOCTH 3aKOHOB M3MeJb-
NCA RN wennsa HKupnmaeBa—Ku-
X Ka u Purtmarepa.
vy Jlaa BomonHeHUA 3a-
koHa Hupnuuesa— Huka
zr 7 He00XO0fuMO, 9TO6H c00-
JI0aJI0Ch YCIIOBUE

/4 S
1 1 — . 6 ————
6-10°In->

7 /4 v

b/ J
de, 10 sre/em >3.10018,,In Sn =3
Puc. 46. 3aBHCHMOCTH YHeABHOH IO- —b
BEPXHOCTH JUCIEPrMPOBAHHOTO KBapua (4, 24)
OT 3aTpaT SHEPTAM HAa W3MEJILYCHHE
(mo ypaBuenuio (4. 23)).
[Mockonery [S, mnopamka 1 mam 0,1, lng—i IOJDKEH

6urs mopsagka 107¢—1073, yro nosBoaseT mpousBecTH pas-
JoyKenue B PAL
Sm'—SO —'SO_/I_ —SONS—SO

In—g—p =-—"— S, =S~ s,

Hanee MoHO mOXOKHTH, 910 In (S/S,) > 1, d9r0 paer
BO3MOJKHOCTH 3ammcaTh yciaoBme (4. 24) B Bupe:

(S—S8,) < 5-104/1.
ITpmauMas Bo BHMMaHUe 3HAYeHUE | IPW ITOMOJIE B CYXOM
Bo3nyxe, paBHoe 150 A, a npu momose B Bome — 20 A,
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NOJIy9AM BepXHME T'PAHHIBl IPHMEHHMOCTH 3aKoHa HKupnum-
ueBa—HKuka coorserctBenno pasueiMzm S =300 cm?/cm?,
S""=2000 cm?/cmd.

WNurerpuposanne ypasuenusa (4. 19) mus oGmacTm BEICO-
KOil IACTIePCHOCTH B YCJOBHUAX OTHOCUTEIHHO MAJOr0 BKJIAaa
HEePBOTO M TPETHEro WIEHOB MO3BOJSET ONPEIEIUTH BeINIUHY
V/IeJAbHOE IOBEPXHOCTH B 3aBUCUMOCTH OT 3aTpPAT dHEPLHUM:

S=S8,— (S, — S,) exp (—c,e), (4. 25)

rae co=(2-101°1S, )-! mMeeT CMEICI KOHCTAHTH CKOPOCTH
nucnepruposanus. Herpynuo y0Gegurscd, d9To ypaBHEHHe
(4. 25) MOKHO TOTYIUTH B TEX YK€ MPENIOJI0KeHUSAX 1 U3 yPaB-
uenns (4. 23), npeneOperas mepBHM W TPETHAM CIaraeMbIM.
Ecan Sy < §,,, T0 (4. 25) MomxHO 3anucars B GoJee mpocToit
dopme:

S=38, [1 — exp(—ce)]. (4. 25")

B BuGpanmonnoil MeJbHHIE NPUMEHSABIIETOCA HAMH THOA
sBenmuuHa 1S, ~~1, ciegoBareabHo, ¢, 09€Hb MAJI0. ITO HO3BO-
aser musi HeGonsiumx € pasnokuTh [1—exp(—cye)] B papg
X ¢ JOCTATOYHOW CTENEHBI0 TOYHOCTU CIUTATH

S=(3-10078,)1S,e=3-10¢/l =cle,

4T0, OYEBW/IHO, SABJISETCA 3aKOHOM PurTmarepa.

3uauenue ¢’ =3-10-1/] upexcrasiser co6oit BeIUIAHY IIO-
BEPXHOCTH, KOTOpas MOKeT OHITh o6pasoBaHa B pe3yibraTe
sarpar eguHuubl suHeprum. Cumras, 9To mpm momoie Ges

no6asox =150 A, DOy IUM
¢! =3-101/1,5.10=2.1075 cm?/spe.

N3 onwerroB mo pasMony kBapueBoro mecka [123—125] pasa
NPUPOCTa MOBEPXHOCTM HA ENWHUIYY 3aTPaT SHEPTHU IOIY-
qeno ¢’'~(1,4—3)+-10-% cm?/sps. Pasuuma Mexmy TeopeTmde-
CKEMH M YKCIePHMEHTAJIHHHMHA BeIWIVHAME YHEIBHOTO IPHU-
pOCTa IMOBEPXHOCTH MOKeT GHITH oTHeceHa Kak 3a cuaer KII]]
mporecca U3MeJIbYeHHsA, TaK M 3a CIET TOr0, YTO B HAIOUX pPac-
9eTax A IUIOTHOCTH SHEPTHH IJIACTAYECKUX medopmaruii
OPUHATO HAUWMEHbIIee 3HAYCHHE.

JKCOepMMeHTalbHASA NPOBEPKA YPABHEHHSA KUHETUKH M3-
MeAbUeHMA B 06JaCTH BEICOKOM MMCIEPCHOCTH NPeACTaBIAeT
3HAYUTEeNbHEIe TpyRHOCTH. Hak yKashsBanoch, arperamus
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9acTdN, W, IVIaBHOE, MOBEPXHOCTHO-aKTHBHEIE BEINECTBA OKa-
3HBAIOT 0YeHb CUJIBHOE BIMSAHWE HA KWHETHKY TOHKOTO JHC-
meprupoBaHmsa TBepAbx Ted. IlosTomy mpm cyxoM msmenbde-
HOW KBAapIa M JPYTAX TBEPAHIX TeJI B YCJIOBHAX yOHBaromen
KOHLIEHTPAIWA BIAarW HeJIb3sA OKHLATH XOPOMEH BHIIOJHU-
MOCTH BHIBEIEHHHIX BHIIEe 3aKOHOMepHOcTeil. Vsmenpdenue
B BOJHOHM cpefle 3HAYUTEJIbHO Gosee OmarompumaTHO. B srom
clIydJae He HNPOMCXOMMT 3aMeTHOH arperamum 9acTAI, a Mmo-
CTOSIHHBIM W30HTOK BIarw 00ecmeuYnBaeT IOCTOSHCTBO eii-
CTBWA IOBEPXHOCTHO-aKTHBHOA cpexbl. Boxapmias BexrmaumHa
mpefeabHO HOCTHKUMOI MOBEPXHOCTH I03BOJISET mMpeHeOpedh
BesqmuuHO# S, mo cpaBHeHUO ¢ S, B (4.25) m mcmoab30BaTH
ypaBHeHHe u3MenbuIeHHs B ¢opme Brpakenus (4.25°), ko-
TOpoe yHOOHO HpPENCTaBUTH B BHJE:

t=¢In <m (4. 26)

5, —S° :

rge ¢’'=3.10-1* NK/S,VI, t — NpOROIKETEIBHOCTs M3-
MenbueHHd, V — o6beM wu3Meab4aeMoro Marepmaixa, K —
rexumdecknii KIIJ] mamenwvuenuss, N — morpeGaseMas Momi-
HOCTH, KOTOpas HPHHATA HE3aBUCHMOH OT BPEMEHH HM3MeJb-
9eHus.

Kax Bmguo ms puc. 47, KuHeTHMKA M3MeNBYEHUA KBaplie-
BOTO IIECKA C BOMO#l B 1a6OpaTOPHON SKCIEHTPHKOBOH MeJb-
HHUIle [pPM PAasIWYHBIX aMILIATYZax Koje0aHUA H dTacroTe
50 ey xopommo coriacyercA ¢ 3THM ypaBHeHHeM. Beamamusl
KOHCTAHT CKODOCTH [ACIEPTHPOBAHUA [JIA BCOX AMILIUTYI
OKa3aJmch HPAKTHYECKH OJMHAKOBHIMA. JTO MOMKHO 0GBsAC-

HOTH TeM OGCTOATeNbCTBOM, UTO Sm-_-:gf(X) (X)1dX (rme

f(X) — pacnpepenenue dgacTHi mo pasMepaM) OGpaTHO Hpo-
TMOPIMOHAJNbHA BeJIMYMHE BEPXHEro IIpefesia MHTerPAPOBAHUSA
X, =3pl,/(e,,—€), a e, TIPOIOPIUOHATBHA MOIIHOCTH Mellb-
HuLE. B coriacuu ¢ 9TEM OTHOIIEHHWS BeJIWIAH S, IPH pas-
Au9HBX aMoamTyRax S,s3: 8,48, s=1:2,0:2,7 Boonne
COTJIaCYyIOTC C OTHOIIEHHAMH  KBAagpaTOB  aMILIUTYH,
PABHHIX OTHOHIEHUSIM MONIHOCTEH, HOTPEOIAEMHX MeJIbHH-
meit: A2: A2:A42=1:18:2,8.

N3smepennas mo rpadury puc. 47 KOHCTAHTA CKOPOCTH JHC-
OeprupoBaHMA oOKaszajach pasHO# ¢=6.10-* cex-1. Omenka
KOHCTAHTH CKOPOCTH [HCOEePrupoBaHusA u3 ypasHeHms (4. 26)
maer sHademme, paBHOe K -10-2 cex~!, rme K — KIIJ ms-
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meapunTens. CiieoBaTeNbHO, A COIVIACOBAHUA TEOPUH
¢ 9KCIIepEMEHTOM Heo0xoauMo mox0kuTh Benmauny KIIJ] npn-
mepuo pasuoit 10% . YumTeiBass ogens GoJpIIme MOTEPH MOII-
HOCTH MOTOpPAa B NOAUNIMIHWKAX HA BHOpanum QyHmaMeHTa I
KOpIyCa MEJBHMI[H, Ha HeopMaiud ee CTEHOK M MEIIOMUX

50

)

S, m/z

4

L

20 74 a
T, muH

Puc. 47. KuneTuka gucneprupoBaBEusA KBapua B SKCIEHTPUKOBO# Bu6po-
MeJIbHUIE,

1, 2,3 — B CYXOM BO3TyXe IIPM aMILINTYAAX Konebauuit 3, 4, 5 mm, 4, 5,6 — ¢ 80%
BONBI IPH TeX e aMIMMTYHAaX, 7 — B KOOPHAWMHATAaX ypaBHEHHA (4. 26).

TeJl, KOTOpHe B HAIIMX pacueTaX He NPHHEMAJIACH BO BHHMa-
HEMe, Taxkylo Beauwsmpy Texmmdeckoro HKIII[ caemyer mpum-
3HATH BOOJHE pPasyMHOH.

CoBmajieHEe C TOYHOCTHIO [0 TIOCTOSTHHON TEOPETHYECKU
BHYACIEHHON M DKCOEPUMEHTAJbHO HAOGIIOTAEMEIX KPHBHIX
M3MeJIbYeHHA MOATBEP:;KIaeT COIPaBeNInBOCTh IPAHATHX HAMU
OpH BHBOJE ypPaBHEHUS M3MeJdbUeHUA AONYIMIEHWHA, U B TOM
9ucie HOoJ0KeHnsA 00 OTCYTCTBMHM 3aMETHOTO BIHAHHUA MaCII-
TabHOTO YIPOYHEHHA IIPH TOHKOM AUCIEPrUPOBAHHH KBapIa.
IlpoBeprka ypaBHEHHA KHHETHKH WM3MeJbUeHHA HAa OPYTHUX
TBePAHX TeJaX HAaMH He IPOM3BOJUIACH, OJHAKO De3YJb-
TaTH NpeJBAapUTEIbHEX ONHTOB HO3BOJAIT HANEATHCA HAa
OPHAJIOKAMOCTh €r0 K W3MEJbUeHHUI0 PAJAa XPYNKHX Tel, Ta-
KHX, KaK KODYH[, KaJbIuUT I Ap.
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IlpencraBaser uHTepec OOpPENENUTHh ONTHMAJBHEE YCJIO-
BHS [MCHOePIrEPOBAHUA II0 BHIBEJEHHOMY BHINEe YpPaBHEHUIO
m3MeabueHusi. PaccMoTpuM [y 5TO# Leawm ciaydail, Korga
l< X,, T e. ciydaii He O4YeHb TOHKOTO H3MeJIbUEHHA.

Pabora paspymenua wactunsl mpu ! < X, MokeT OHTH
3ammcaHa B OpocTodl ¢opme:

AU = beX3 4+ [a, (Bl + o) + 1] X2 (4. 27)
MHHHM&JIBHHﬁ pas3Mep HeM3MEeJIbYAIUXCA YaCTHUI[ PaBEH:

Xm: ap (31 +9) +v (4 28)

b(W,—e) °
rage W,,, Kak 1 BHINe, — MaKCHMAalbHasA MIOTHOCTH SHEPTHH,
KOoTOpas MOKeT OHITh mepefaHa 9YacTHUIE B eUHHIHOM AaKTe
(c:watue, ymap u T. H.).

Kax Bumeo u3 (4. 28), mus oCyINecTBIEHHS IIPENEIBHO
TOHKOTO M3MEIbYeHHMS He00X0AMMO, dYTOOH BHIIOJHAJIOCH
ycaosue W, > (Bl+4 o)+ 1/ay+e. IloBrmenue Beamaunnr W,
JOCTUTaeTCsA yBeINYeHUeM dHePrOHAUPAKEHHOCTH MeJIbHUIE,
Hunsa mapoBoil — 3To yBeiamdeHuwe guamerpa OapabaHa, IisA
BUOPAIHOHHON — YacTOTHl M AaMIOJIUTYABl Kojebauuit, pid
CTPYHHOM — CKOPOCTH BCTPEYHHIX dacTuUil. bBoJplioe 3Ha-
geHne mMeeT guamerp Mexiomux Teix. C yMeHbIIeHHEM [ua-
Merpa 00BEM MaTepuaja, 3aKMMaeMOTO MEKAY IIapaMu,
YMEHBIIAETCA, 9TO NPHUBOAUT K YBEJAUYEHHIO INIOTHOCTH
suepruu W, u, Kak ClefCcTBHe, — K IOBHIIEHHIO 3fdexTus-
HOCTH TOHKOTO M3MeJb4eHUA.

C yuerom RIIJI npouecca fius mamelbdeHus COBOKYIHOCTH
9aCcTHUL, MOKHO B3alMCaTh:

be 3 X}

aw de AU
m=x(l—s)a=1r= 2X2+F”+ +ap
_ st X
=2 HBtot L, (29)

rme K — RIIJ] usmenpuenusi, b’ — 9gucieHHHA KO3PPAIUEHT,
PaBHHE Jjisi cdepudecknx U KyOmdeckux eguumy 6, a puad
peaNbHBIX 9YacTUI HEeNpaBWIbHON $OpMH 3HaueHus b’ MoryT
HDOCTUraTh HECKOJIbKMX [ECSATKOB B 3ABHCHMOCTU OT HOBEPXHO-
ctaoro peaseda. Ms (4.27)—(4.29) moaydgaeM cpaBHHTEIHHO
[pOCTOe ypaBHEHWE [Js 3aTpaT SHePIuW HA eFUHUILY LOpHU-
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pOCTa YyHOeJIbHON IOBEPXHOCTH B 3aBHCEMOCTH OT JuUCHEpC-
HOCTH U MEXaHWIECKUX CBOMCTB M3MeJHUaeMOT0 MaTepHmaja:

»_1 de S \-1[ eb’ Y )
K o= (1— é_> [%_S+pz+o+ﬂ. (4. 30)
B ypasuenuu (4. 30) 3naueHue Y/a, 3aBUCAT OT MHOTHUX
$aKTOPOB, TPYAHO YIUTHIBAEMbIX dKCOEPAMEHTAIbHO. MoskHO,
KaK y»Ke YKas3HBaJIOCh, MOJAraTs, 910 Y/a, < Pl+o+0,9¢,C,
a e=e,. OMHAKO Jja)Ke eCJIM 9TO yCJIOBHE He GyeT BEHIIOJIHEHO,
xapaktep saBucumoctu 1o (4.30) me mamenurca. Ilpencras-
JdeHHbBEe HAa puc. 48 KpuBHe mosxydeHH 1o (4.30) maa caygas

60*

74

S, H%/z

Puc. 48. 3aBMCHMOCTD YHENBHBIX SHEPro3aTparT HA WM3MEJIbYEHUe OT
AMCIEPCHOCTH M3MeJbuaeMOTo mopomKa (mo ypaBHenuio (4. 30)).

JleBas wKajga — Aaa =20 A, npasad — aaa =200 A, MITPNXOBOE IIPONOIKCHUE
KPUBBIX — 1A =200 A.

BUOPALMOHHOTO U3MEJIbIEHNA KBAapIa B BOJHOR Cpe/ie | B Cy-
xoM Bo3nyxe. B pacuerax Toauimra aMop@U30BAHHOTO CIOS

npuHATa paBHO# coorBercrBeHHO 20 m 200 A. Ilnorrocts
9HEPTUM INpPEJeNbHEX YyOPYTHX [gepopManuil KBapma, Kak
X paHee, paccydTaHa M3 MAKPONpPOYIHOCTH KBapma. Ilmort-
HOCTh SHEPTUH TPENeJbHHX IJAaCTHIeCKUX nedopManuil mpu-
HATa PaBHOH sHeprum aMopduaauum, ABIAIOMENHCH, ode-
BUAHO, HIJKHHM 3HaYeHmeM 3Toi Benmuuubi. Hax BugHo
u3 pmc. 48, 3aTpaThl 9HEPTMH HA CO3[aHUe eIWHUIE IOBEPX-
HOCTH B oOjacTum Trpy6oro uM3MeJbUeHHS Majl0 3aBHUCAT OT
9HEePTOHANPSAKEHHOCTY MEJIbHUIB, TOTAA KAaK OPH TOHKOM
usMenbdeHUU 3PPEeKTUBHOCTh HHEPrOHAUNPAKEHHBIX MeJbHUI]
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TeM BHIIe, YeM TOHbIIE wm3MeabdeHme. Ilasg cyxoro, Kak
H [JA MOKPOTO HM3MeJbYeHWs, B 00JaCTH BHICOKOH qmCIepC-
HOCTH MO)XHO mnpeHe6pedsr saTpaTramMm Ha ynpyroe maedopmum-
poBanme. Ilostomy de/dS mnpu cyxoM moMoile xapaKkTepusy-
I0TCA 3HAUYEHUAMH, B JeCATH pa3 Goxpmumu (mpaBas HIKaJa
puc. 48), B cooTBeTcTBHH ¢ GOJBIINMHU 3aTpaTaMd SHEPIUH
Ha miacTuieckoe nedpopmupoBanme. Ilias obmactu Gosee rpy-
60if MUCIIEPCHOCTH CYXO#l IMOMOJ XapPAaKTePU3YeTCA MEeHBIINM
OTHOCHUTEJbHEIM BKJA[OM IIPENEIbHHX yOPYTuX medopma-
nuil (WTPUXOBOE IPOJOJIKEHHEe KPUBHIX) HPH YCIOBUH, YTO
OPOYHOCTh CYXOT'0 M MOKPOTO KBapIa OJUHAKOBA.

Muunmym suHadenus de/dS Ajs MOKpOro moMoJia IPHXO-
OUTCA Ha ONM3KMHA A BCEX KPUBHIX yd4acToKk ~2 Mm%/cm®,
OIMHAKOBHI [JIf MEJBHUI[ PA3INIHONA dHEPTOHAUPAIKEHHOCTH
(pasmsie S,). Cuemyer oTmermTh, 4TO ®TOT (PaKT, a TaKKe
COBIAJIEHNME HAYAJBHHIX YYACTKOB KPHUBHIX CBS3aHHI C MEPBO-
Ha9aJIbHEIM HPEIIOJN0KEeHHEeM O JOCTATOYHOCTU YCUJIMA, pas-
BHBAeMBIX B MEJBHHUIE, AJIA Pa3pyIIeHUsA CAMBIX KPYIHBIX
gactur. Ha camoMm jese, eciM 9HEPrOHANPHIKEHHOCTh MEJb-
HUIB HEJOCTATOYHO BeJHMKA M B Havale M3MEJIHYCHUST MEMKLY
mapaMz TOMafaloT KpPYIHbE, He BCermga N3MelbYaiolluecs
9acTHIB, IJIOTHOCTH 2HEPruM W MOMeT HEeCKOJIbKO pacTu
B mporecce moMoia. Kpome Toro, HEoOXO[UMO B TAKHUX CIY-
94X YYNTHBATh BEPOATHOCTH PaspyIleHUsA KPYIHHIX TaCTHI,
aro orpakaercsa Beamguuoit KIIJ mamenpaurens. Munumans-
Has BeiamumHa de/dS, ogHaK0, TeM MeHbIIe, 9eM BEILIe DHep-
TOHANPSKEHHOCTh MEJBHHUIEI. Pasinaua B MUHMMAaJIbHEIX
saTpaTax SHEPTHH, WUMEIOI[He MECTO IJIA MOKPOro IIoMOJia
kBapma mpu S, > 10 m*/z B obGmactm 2 m%/2, mpm cyxom
coocobe ]]pOHBJIHIOTCH npu 3HAYeHUAX S,, OPEMEDPHO B 5—
10 pas mempmux, T. e. 1—2 m?/e.

ITpu cyxom ¢110C06e B BHAUCHEAX S, > 10 m*/z muun-
ManbHaA BeamuamHa de/dS NmpakTUYeCKU HE 3aBUCUT OT dHEP-
TOHANPS}KEHHOCTH MEJBHUIB, a 3HadeHUe S, COOTBETCTBYIO-
mee MEHAMYMY 3aTPaT, CABUHYTO B CTOPOHY KPYIIHBIX YACTHII.
CrnepoBarenbHO, B ciIydae CPaBHUTENBHO MAJbiX 3HAYeHUH
3aTpaT 9SHEpPIMH Ha IIacTmdeckue pAedopManmm (Xpynkue
MaTepHaJsl) BHTOJHO NPUMEHATH dHEPrOHANPSKEHHEE MeJb-
HONOH fa)ke B 00J1aCTH CPaBHATEIBHO I'Py0Oro msMeJbYeHHs.
Moxpsiit oMol KBapua CTaHOBUTCA 3(YPEKTHUBHBIM IO CPaB-
HEHWI0 C CYXHM [Js YAEJIbHEIX IOBEPXHOCTEH IPUMEPHO
0,01—0,02 m2%/cu®, T. e. mpaKTUYECKUM BO BCEM [UAmasOHe
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nucnepcaocTH. IPPerT M00aBOK IKHAKOCTEA mpm TrpyGoMm
IOMOJie, KaK YKashBaJoCh paHee, NPOABIAETCA OPHA HX
o4eHb MalloM cofepkaHmm. Jlayke ecTeCTBeHHAS BJIAKHOCTb
MaTepmajia MPUBOLHET K TOMY, 4To Gosee rpyboe maMelrbdeHuUe
u fpoblienme HIET, WO CYIMECTBY, OO MEXaHH3MY MOKPOTO
M3MeJIbIeHNA.

IpyruM cmoco0oM CHEKEHHSA BEJNUYAHHL IIACTAIECKOTO
nedopMEpPOBAHUA M, CIEIOBATENHHO, MOBHIIEHAA 3PPEKTHB-
HOCTH W3MeJbYUTeNell ABISAETCH IOHIWKEHHWE TeMIepaTyphl
maTepuaia. Ilo sTomMy myTm mayT B ciyJae HEOOXOIEMOCTH
m3MeJbueHUA 0¢000 BA3KUX MaTepuadoB. Co3maHEl MEJIBHUIH,
B KOTOPHIX M3MEJIHYAEMHI MAaTEePHAN OXJIAKNACTCH JKUIKEM
a30TOM. O[[HaI{O 3aMETHOI'0 IPAKTHYEeCKOr0 NIpHMEINeHnuA 3TOT
cmocod He TOJaydmiI.

PaccMoTpenHEe mpEMepH NpegyCMAaTPUBAJIH Maljble 3Ha-
ueHHMA 3aTPAT YHEPTMM HA BHENIHee TPeHMe, B3amMOJelcTBUE
gacTnn 1 00pa3oBaHue CBOGOHOM IOBEPXHOCTH IO CPABHEHUIO
¢ BHeprueil HmpeleJbHLIX MIACTHICCKEX Aedopmammit. Mexmy
TeM HKCIIePUMEHTAJIbHEIE TaHHbE MO3BOJIAKT CINTATh BIMAHLE
BHEIODHETO TPEeHHA MEKIY YacTAIAMH B HEKOTODHIX YCIOBUAX
U3MeJIbYCHNUA BeChbMa CyMEeCTBeHHKM. B 9ToM cirydae MEHAMYM
3aTpaT BO3pPacTaeT W CABHIAeTCs B CTOPOHY MEHBIIHX 3Hade-
HEU# yHeJbHOA IOBEPXHOCTH.

IlpenenbHEIM clIydaeM B3anMOEACTBHA BEHICOKOJHCIEPCHEIX
9acTUI APYr ¢ APYToM ABIAETCA 90PEKT mX MOJEKYJISAPHO-
IJIOTHOR © arperanum. ITO SABJIEHHE HIPaeT BA)KHYI pOIb
KaK IPH AUCIePrApPOBAHMM MAaTE€PHAJIOB, TaAK M IPH H3Mepe-
HHM [MCOEPCHOCTH HPOAYKTOB HM3MelbYeHHA. BIepBre Ha
BO3MOJKHO€ BIMSHHE arperanud dYacTAL NPH H3MeJIbYeHUU
Ha xop mpomecca ykaszanm Xiortur, Camec m IlltaydenGep-
rep [134], BrmickazaBmime HexoTophie obmue CoOOpasKeHUsA
0 Ipolecce M3MEeJbUeHNsI, KOTOPHA OHH PacCMaTPUBAJM IIO-
TOGHBIM XUMHUIECKO peaknuu 1-ro mopsagka. ITA mMOMOKEHUS
OKa3aJMCh 09€Hb YHPOINEHHHMU 1 He HAINIW IPAKTHIECKOTO
nopTBepkmennsa. OfHAKO OHM CHII'DAJIM HU3BECTHYIO DOJb
B PasBATUH OPEACTABIEHUH 06 U3MENbIEHAN KaK O CIOKHOM
mporecce, BKJINYAmMeM U o6paTHHE 3PPeKT — KOHCONU-
Janmio y;Ke M3MeJbYeHHHX dYacTun. B manpmeiimem Ilama-
makuc [135] mpemsoskun ypaBHeHHmE AJS ONMCAHUA IPOIECCA
HW3MEJIbIEHUSL C YIeTOM arJioMepallum:

YR Tp BW BW
S_(i—A)gg—ﬁd:’t(So-i—]g“_A))—lg(i_A) ,
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rie A u B — xoadpunmenTs, XxapaKTepu3yoIIue arioMepa-
U0 ¥ paspyllaeMocTh, & — o0mmit Bec mapoB, N — CKo-
POCTH BpalleHuA MeJbHUIH, d — guaMeTp Imapa, B — o0beM-
ueii Bec mapa. @opmyna Ilamamakmca He uMeer, OIHAKO,
HH BECKOTO SKCIEPWMEHTAJbHOTO MOATBEPKICHUA, HU HAyd-
Horo oGocHoBaHusA. Hpome Toro, m cam mpouecc arperamuu
9acTAN IPW W3MENBYCHHU TBEPIHIX MATEPHAIOB KO BpeMenu
paGors ITamagaxuca 6r1 ma3yued BecbMa ciaaGo.

T, var

Pmc. 49. 3aBmCEMOCTP CKOPOCTH W3MEHEHHA YEIBHOH IIOBEPXHOCTH
oT BpeMeHM m3MmenbdeHus [136].

1 —Ti, 2 — Ni, 3 — NbC, 4 — ZrO,, 5 — SiC, 6 — ZrC, 7 — Al;0,.

UccnemoBannsa KMHETUKYM W3MEIBYEHHA PANA METALIOB —
THTaHA, HUKEJA — W KapOUIOB: IUPKOHWUA, HUOOMA M KpeM-
HYS, 8 TAK)Ke OKMCIOB QIIOMUHUA U NUPKOHUA B CpPele STHIIO-
BOTO CIMPTa ObLIM IPOBENEHH ABryCTHHHUKOM, Burgepraysom,
I'ponsmoBriMm u [posmenkoit [136] (mas  wmsysemmnix uMun
MaTepHaoB, Kak M Oiad Kaabimra (cM. ra. II), sTumoBmit
CHUPT 9aCTUIHO WIM [aKe IMOJHOCTHIO MPEIOTBPAINaeT arpe-
ranuio). ViamMenpaenue npousBOgMIOCs B BUOPAUNOHHOR Meb-
HANe ¢ "acToToit ronebGanmit 1500 B MUHYTY M aMOauTyRoi
3,0 mm. YpeapHas MOBEPXHOCTh U3MepsIach IO BO3LYXO-
NPOHHUIIAEMOCTH DM HUBKUX HaBieHusAX npubopom [leparuna
U METO[[OM HHMBKOTeMImepaTypHo#l amcopbmmm aszora. O6a Me-
TOA JaJd yA0BIETBOPUTEIHHO COIVIACYIOMUECs Mexay coboi
3HAYEHHA yAeNbHbIX IOBEPXHOCTEH.

IKCIepPMMEHTAIbHEIE  JaHHEIE, NMPUBEeHHEE Ha puc. 49,
YKasHBAIOT Ha 00Jiee BHICOKYI0 M3MEIbYaeMOCTh XPYIKUX
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MaTepHaJIOB 10 CPABHEHWIO C ITacTHYHHIMU. PocT cropocru
M3MeNbUeHNA HUKEJIS M TUTAaHA B IepBHe [OBa Jaca W3Mejb-
qeHHMA O00YCJIOBJIEH NOBHINIEHWEM WX XPYMNKOCTH W3-3a HAaK-
Jena. YMeHBIOIEHHE CKO-

pocTH IHCHEePIUPOBAHMSA 7

CBA3aH0 C yYMEHBIIEHWEM a) 3

pasmepoB gactur. Iloka-
3aTeNbHO, YT0 U3MEHeHNue
CKODOCTH JHCIePTpOBa-
HHUA ¢ Te4eHNEeM BpeMeHU
(wnu ¢ pocToM mucnepc-
HOCTH) CJefAyeT B3aKOHO-
MEpHOCTH, aHaJOTUIHOH’
mpaBHM BeTBAM KPUBHX
Ha puc. 48. Kuneruwe-
CKHe KpHUBHE H3MelJbde- g) 7/6
HUsA, IIpeJCcTaBJIeHHBIE B 5
KOOpAUHATAX ' yPaBHEHUS £

ASY, "z

XN Ny X
~

‘§

Sm - Sl)

Cot =In S,-M__—S

Sn=Sp
NWARRN
~

(pme. 50), omumcmBaoTCA
HPSAMEIMH. Oxasamoch
HeOe3EIHTePECHEIM  COTIO-
CTaBlIeHHe KOHCTAHT CKO- . s L - '
pocTH u3MeJabIeHUA (¢,), ¢ 4 2 ¥ X
onpefielIeHHEIX II0 BTHM
3aBICHMOCTAM, C HEKOTO- Pme. 50. 3aBmcuMocTh yAenanHoli mo-
pEIMu  UBUKO-MEXaHUIe-
CKHMHU CBOMCTBAMU MarTe-
puanos. M3  maBHEIX MeHBu usMennyeHus [136].
rabx. 11 BupHO, 4TO KoH~- I — Tiysfc,— ?i’—ng:,Nbf’fA_lz(ir‘o” 5~
CTaHTA CKOPOCTH JHC-
HePTUPOBAHUSA pacrer v
¢ yMeHBIIEHHEM IIACTHIHOCTH MAaTepPHajioB M C yMeHBIe-
HIIeM IOf[BKHOCTH aTOMOB B KPMCTAJVIMIECKON pelIeTke.
BsaumopeiicTBne BHICOKOIMCIEPCHBIX TACTAI APYT C APYTOM
H ¢ MeJIOMMUMHU TeJaMU NPH CYXOM H3MeAbYCeHUM HPHBOIUT
K XOpOIIO W3BECTHOMY W3 DIPAKTUKU SABICHUI0 HAJINIAHWA —
TOPOLIOK CKANJIMBAETCA B BUMIE TOJCTHX MPOCIOEK HA IOBEpX-
HOCTH MENIOIUX TeJ, 9T0 3aMeTHO CHIDKaeT 3(PPeKTHBHOCTL

Sm - SO
BepxHocTHd (a) u In S g (6)otBpe-
m
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[TI. IV

Ta6anuma 11

ConocraBieHNe KOHCTAHT CKOPOCTH M3MeJbYeHHA €O 3HAYCHUIMH
MeXaHHYeCKNX cBoiicTB Marepuanos [136]

Amnonn-

c-107, VYnapras Ty#a Tem- Monyas MukpoTBep-

Marepnai wac—1 BAJKOCTD, JIOBBIX KO- cpBura, TOCTD, %2/ MM’
xe/MM? neGauuii, Kx2/MM? '
A

Turar 0,96 16—20 0,149 3870 105—157
Hurens 1,20 10—17 0,113 7500 80—160
Kapbug 1,94 4827 0,076 11946 2000—2570
HAOOHSA
Oxncn 2,23 — — 7700—9000 | 950—1200
IAPKOANA
HKapbng 2,77 1 1,12—1,59 — 12000 3300
KpeMHUA
Kap6ux 3,01 1,1—1,4 0,074 12360 2950
LA PKOHMS
HKopysxn 3,45 1,0—1,2 0,065 15300 2500

magbHeliniero msmenpueHnsa. Hamunmanwe oOycioBmeno o6pa-
30BaHEEM KANMIIAPHO-KOATYJIAMUOHHKEX CTPYKTYP, B KOTO-
PHX 9aCTHIH CBASAHH IPOCHOHKAME SKHIKOCTH; OHO HCYe-
3aeT IpH mMepexofie K MOKPOMY M3MeJbYeHHI0 ¥ NI aGCoMI0THO
cyxnx mopomkoB. Hannmanme MoKHO yCcTpaHATEH Tak:ke BBe-
IeHNeM BemecTB, TEApofoOH3UPYIMIX MOBEPXHOCTh M YCT-
PaHAIIAX BO3MOKHOCTh 00pa30BaHNA MEHHCKOB.

Ha ocuoBanum aHantW3a OKCIEPHMEHTANBHEIX [JaHHEIX
110 KHHeTHKe H3MEeJbICHHUS ¢ J0OaBKaMu BONHE GHIIO yCTaHOB-
JeHo, d9T0 HaumboJbIIasg HTUHAMHYECKAS IPOYHOCTH TaKHX
CTPYKTYP BO3HHKAeT IPW CPelHell TOJINWHE IPOCIOEK KUJI-
KocT Me;kny gactuuaMa B 5—10 mMorocioes. C yMensmennem
W ¢ yBeINYeHWEM TOJNMMHE MPOCHOEK NIPOIHOCTH CTPYKTYP
majfaeT, 4YTO W IPHUBORMT K IOBHIIEHWIO 5PpPeKTUBHOCTH HuC-
neprupoBaHuA. YMeHblleHHe 3QQeKTHBHOCTH M3MeJTbUCHUS
npu 06pa3oBaHUM CTPYKTYP OOBACHAETCA, CIEXOBATEIBLHO,
fecmoNe3HBIMK 3aTPATAMU KWHETUIECKON HHEPIHU MeNIOMUX
TeJ Ha OPEOJ0JeHNe CHJI CONPOTHBIEHHAS CPEHHL.

Hax 65110 mokazano Angpecom [137] ma mpuMepe BogHEIX
cycmensmii Gapura, eppocuIunMA M MarHeTHKa, B obaacTm
BEICOKIX KOHIEHTPALdN pPeoJOTMUeCcCKHe IapaMeTphl CYyCIeH-
smit (mpeneibHEE AUMHAMHAIECKOe M CTATHIECKOe HAIPSKEHHe
CHBHUTa, MIACTHIECKAA BABKOCTH) PEBKO BO3PACTAT C yBelu-
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9eHMEeM JUCIEPCHOCTH MOPOIMIKOB, ITH [AHHHIE HOATBEPIKAT
CIPaBeJIIMBOCTH {IPEJCTABIEHUN O 3HAYMTENHHOM BIWSAHUU
PEOJIOTHIECKAX CBOMCTB CpPENEl HA IPOIECC MEXaHHIECKOTO
IUCHEPTUPOBAHUA TBEPHBIX Tel.

Ponp B3amMoOpmeHCTBUA TACTHI 0COOEHHO BENUKA TPH U3-
MeJbYeHHN B CTYOKAX C HOMOINbI0 0OfKa MM MITOKA, Kak
3TO OCYIIECTBIANOCH, HAIPHUMEpP, B ONBITAX, IIOCTABIEHHEX
C LEeJbI0 U3yYeHUs HefCTBUA KUIKAX cpef Ha 3PHEeKTUBHOCTD
nucnepruposanusi, @pamxuckocom u Cmurom [138]. Uwmm
HCCJIe[OBAHO [EUCTBME BOJHEIX PACTBOPOB KapOoHaTa HATpus
4 eKOT0 HATPUA HA M3MEJIb4aeMOCTh M3BECTHAKA, & TaKKe
PACTBOPOB TPEXXJOPHUCTOT0 AJIOMUHES, METHIOBOTO CIMPTA
M BORHBIX BMYJIbCHA M PACTBOPOB KPEMHHNOPraHUIECKUX
coeJUHEHUI HAa M3MeIbYaeMoCTh KBapra. HoamgecTBo mopom-
KOB B CTymKe cocraBusio 15 e, mmgroctm — 7,5 2. Ilepso-
HadaJbHBEe nuaMeTpsl wactul — oT 1,4 mo 2,05 mm. Ypens-
Hasg IOBEPXHOCTh H3MEIbYEHHOTO W3BECTHAKA, M3MEPeHHas
MeTOIOM BO3AyXOIpoHHUIaeMoctu, cocrasasaiaa go 1100 cm?/e,
a kBapua — 1o 300 em?/z. Bec cBoGoiHO magan0miero mMroKa—
2 ke, yacrota yxapoB — 120, 240 n 360 B MunyTy, BEICOTA
nagenusa — 9,5, 13,5 u 17,4 mm.

Bo Bcex ommTax HaGIIOHAIO0CH 3HAYMTENHHOE YBEIUICHHE
Ha ~ 200% o¢ddexTuBHOCTH M3MENBYCHUA YKe HPH BBEJEHUU
B CTYOKY TOJBKO JUCTHJIMpPOBaHHON Bomul. IloGaBKm Mute-
PAJBHEIX CcoJlell M KPeMHHAOPTraHHIEeCKUX COeJWHEHHA K Boje
0PI ONTUMAJBHHX KOHIEHTPANAAX TOMOJTHATEIHHO IOBHIIAIY
OPHUPOCT YHAENIBHON NOBEPXHOCTH W3BECTHAKA HA EJUHHIY
3aTpadenHo# pabors mpuMepHo Ha 40%, a miaa KBapma—Ha
20% B ciyae MuHepaabHHIX coneir u go 50% B ciygae meru-
JI0BOT'0 CHMPTA M KPEMHHAOPTaHAIECKHAX COEJUHEHUIA.

9pdeKTMBHOCTD M3MENbUEHUsA KBAapma B CTYNKE, KaK 3TO
BUJIHO 13 puC. 51, CyMEeCTBEHHO 3aBUCHUT OT BHICOTH U YaCTOTH
majenus mMToKa (T. e. OT cuiabl ypapa). [leiicTBme moBepx-
HOCTHO-aKTUBHHIX BEIIECTB 3aMETHO H3MEHSETCS B 3aBUCH-
MOCTH OT 9acToTH ypgapoB. OpmHaKO B cilydae WM3BeCTHAKA
3eKT TacTOTH YHAPOB BEHIpa)KeH MeHee OTUETJIHBO.

COBOKYIHOCTH MOJYYEHHHX TAHHEIX OEITAIOTCA 00BACHATH
¢ KJIACCHYECKHX MO3UIHMH, COINIACHO KOTOPHIM B HM3MeJbdae-
MOM MaTepHaje HPH IePUONHIeCKOM HArPYKEeHUH CO3AI0TCSA
30HH Ipefpa3pylieHus, H300uayomue TpeluHAMEA, B KOTO-
phie TPOHMKAIT MOJEKYJH JKALKOCTE XM OPemsTCTBYIOT HX
CMBEKAHUI0. IJTH 3(PPEKTH ABIAITCA JOCTATOYHO OOMUMH
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W MMEIT MeCTO BO BCeX IIpoIeccaXx paspyIIeHHsA TBepIHX
TeJl B HPHUCYTCTBUH CMAadMBAOMUX KUAKuX cpen. OpgHAKO
HaM IpPElCTABIsAETCA, 4TO B PacCMaTPWBAEMOM IIpoIecce
afcopOuMOHHHA 3(PPEeKT TONBKO B 30HE TpedpaspylIeHusa
HeJOCTAaTOYeH JJA 00BACHe-
C(CH50H), % HHS Pe3yJbTaTOB JKCUHEPH-

Vi 2 /) ~ MEHTOB.

Ve T HeiicTBuTenpHO, U3 BCEX
M3Y9IEHHHIX Cpel BoOxa sB-
6 aseTcsa Haubojiee aKTUBHBIM
IO OTHOIIEHWI0O K KBapIy
pearenToM. MoseKyJIB BOLAH
BeChbMa MOJABMIKHEI U HEMEJ-
s JIEHHO BCTyHAKT B XHUMHUYIe-
w CKOe B3amMoOJeificTBHE CO
CBeKe0Opa30BAHHEIMU  II0-

3 BEPXHOCTAMH KpeMHe3eMa.

OTUM B 3HAYUTENHHOH Mepe

& 4 o0ycioBiieHa BHICOKasg a¢-
z
7

omn. 67
N
N

a5
ac’

(EeKTUBHOCTH J06aBOK BOJIHL.
PacrBopennsie B Bome coJn

& L WIH KPEeMHUAOpPraHumdecKue
/4 5/ S0  coegUHEHUS BpAL U CHO-
C(ALLY3), mesn coOCTBYIOT Jiy4lIeMy ee copo-

IUOHHOMY B3aMMOJEACTBUIO
Puc. 51. BumAnme KOHUEHTPamMH ¢ KPEMHE36MOM. SHAUMTENb-

TPeXXJIOPUCTOTO ~ amiomMuHEs (I— - _
4,6) m mermioBOTO compra (5 Ha o Gomee BhCOKas apdex

5 eKTHBHOCTD MBMETbUCHNS KBap- THBHOCTH DPacTBOPOB KpeM-
ma B crymke [138]. HUUOPTAaHUIECKUX COeUuHe-

_’Tl 5/[5 2 — BBICOTA nanegz;g mT%}(a Huu, 49eM XJIOPpHCTOI'0 aJjIo-

=9,5 mm, wyacrora v=240 mun Oe3

IpefBapUTEJIbHON BBIOEPKKU B pacTBOpe MUHUA, IIOKA3EB aeT’uno B

(I)MCBHJJ.emeoﬁ 15 mun (2); 3 — v= AaHHOM CJy4ae [JeucrBue

250 s h3%® s 28 Ay wuw, KEJKOCTH HE OTPaHUIUBAET-
R=1T,57 . cA COPOIMOHHBIMU IpPOIEC-

caMH B 30He mpefpaspylie-

HUA U CBSI3aHO CO B3aW-

MOJEHCTBEEM  MEXKAY  9acTUNaMU.  JJIEKTPOJUTUIECKAs
nuccoruaiusa pacTBopeHHHX B Boje AlCl, mnu NaOH wus-
MEHAEeT COCTOSHWE NBOMHEIX 3JIEKTPUIECKUX CJIOEB HA UX
OOBEPXHOCTH B Pe3yJbTaTe W30MpPaTeabHOR M 06MEHHOU COpo-
UM MOHOB W DPACIpefeNeHNsI MOHOB U JUIONEH B pacTBOpe
3a JBOHHKIM CI0e€M. ITO IPUBOAUT, B TACTHOCTH, K U3MEHEHHIO
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9JIeKTPOKMHETHIECKOTO NOTEHIIMAJNa, WNMEIOmero MaKCHMYyM
[IPU HEKOTOPOi#l KOHIIEHTPALMK JIEKTPOJIUTa. B moap3y siex-
TPOCTATHYECKOTO NPOUCXOKAEHUA 9PPeKTa KOHIEHTPAUUN
CBUIETEIBCTBYET BJIUSHUE BHEPIKKU MOPOIIKOB B BJIEKTPO-
Jure meperx umaMenabueHumeM (cM. puc. 51). IledicTBHTENBHO,
Kakux-1u00 nupysHOHHEIX IPOIECCOB B TACTHIIAX KBapIa
WX KaJdbIUTa, He IOJBEpPraBIiuXcA AepopManusAM, He HPO-
HCXOANUT, ¥ BO3MOYKHBI TOJIBKO COPOIMOHHBIE ABIEHUS HA UX
TMOBEPXHOCTH.

YMeHblleHHE YIeJbHBIX IIOBEPXHOCTEH MOPOIIKOB IIPH
nosuimenun Kournentpanuu AlCl; u NaOH moxer Gerth Taxxe
obycaoBieHo ocobenHocTAMH ux u3MepeHua. IloCKoIbKY
W3MEeJBUEHHEII B 3JIEKTPOJIUTE MaTepHal BHICYUIHBAJICH,
HaXOJAmMAsACA B PacTBope COJb cmocoGeTBoBaia o6GpasoBa-
Hui0 arperaroB. Ilpm u3MepeHHH YAEIBHOHX IOBEPXHOCTH
METO/IOM IPOHMI[AEMOCTH arperainus UMATHPYET ee yMeHbIIe-
Hue. [ UPOBEPKH BTOTO NPEJNOJOKEHUS MBI U3MepSu
yOeJIbHYH0 HOBEPXHOCTh MOPOUIKOB KBaplua M KaJbIUTa,
CMOYEHHHIX B AaHAJOTMYIHBIX YCJIOBHAX NUCTUJLIUPOBAHHOR
BOJIOM M PACTBOPOM COJBL WJIU €KOT0 HATPa U 3aTE€M BHICYIIEH-
HHX. Do o0Hapy)KeHO, UYTO, HeHCTBUTEIBHO, HOPOLIKH,
CMOYEeHHEIE PAacTBOPOM, 00JafaloT YAEJIbHOX MOBEPXHOCTHIO
npumepro Ha 10% wmensbimeit, 9eM mopomku, obpaboTaHHbIe
OUCTUIIIMPOBAHHOA BOMOH. ITOro MAOCTATOYHO A 00bBsC-
HeHUA Ha6I0IaBIIerocss yMeHbIIeHUS 35(PPEeKTUBHOCTH [0-
0aBOK IpPU OHOBHIUIEHNN HX KOHIEHTpAUuM. AHAJIOrHMIHOE
yMeHbIIeHNe YAeJIbHON MOBEPXHOCTM HMMeeT MeCTo NpH 006-
paboTKe MOPOUIKOB MAJOKOHI[EHTPUPOBAHHEIMM DPACTBOPAMHU
Tpusranoaamuaa [139].



TIdABA V

PUBNKO-XUMNYECKUE CBOMCTBA
N3MEJIbYEHHBIX ITOPOIIKOB

OpHuM U3 BaKHEAIIMX pE3yJNbTaTOB WU3MEAbYeHUs SB-
JIsIeTCs yBeJIU9IeHue yJIBJIBHOﬁ — Ha eJUHALY HIOBEPXHOCTU —
PEeaKIUOHHO# crocOOHOCTH M3MeJIbUYeHHX MaTepuaioB. Ilpu-
9UHB 9TOI'0 MOMKHO CBECTH K CIEAYIOMEMY.

YMeHbIIAIOTCA pasMephl YaCTHUI[ — yBeJIUIXBAETCA KpU-
BU3HA MX IOBEPXHOCTH W BKJaJl NMOBEPXHOCTHHIX CJIOEB. JTO
sABIeHue, obmiee s BCeX AMCIOEPCHEIX CUCTEM, HE3aBUCHMO
0T coco6a ux MONAYIeHHA, OCIHOMKHACTCH, OTHAKO, IJIA U3MEJb-
9eHHHIX MAaTepUaloB o0pasoBaHMEM B3HAYUTEIHHOI'0 YHCIA
rpaHeil u pebep m arperauumeil 4acTuil.

Mexanudecku HMCKa<aeTCA WM aMOPPHU3YETCA KPUCTAJ-
Ju9ecKas CTPYKTypa HOBEPXHOCTHHIX CJIOEB YaCTHI[, HMMeeT
MeCTO mepexoj BeIecTBa B pe3yjbTaTe IUIACTHIECKUX Ie-
¢dopManmil B KBaszmaMopHoOe, MeTacTabuiabHOe NpPU OOKYHBIX
TeMIepaTypax COCTOSHHE C MOBHINEHHHM 3HaYeHUeM CBOOOJ-
HO#l oHeprum. XapakTepHO, 4TO U aMoppHEIE B OOGHYHOM
CMEICJIE TeJla B Pe3yJbTaTe MeXaHMIeCKOr'0 AUCIePTUPOBAHUSA
CTAHOBATCSA AaKTHBHEE CBOHMX HEW3MEJIbYeHHHX aHAJIOTOB.

B naunoit rnaBe omeHeHa POJb Ka)KMOT0 U3 YKa3aHHBIX
daxkTopoB B OasiaHCe yBeNMUYEHUS PEAKIHOHHON crocodHOCTH
B 3aBHCUMOCTH OT YCJIOBHIA H3MeJbUeHUsI, IPUPOHL U JECIepC-
HOCTM M3MeJbUaeMHX MaTepHuajioB.

§ 1. BausHne yMeHbIIEHWs Pa3MepPOB JaCTHUIL
M JECTPYRIMH HMX IIOBEPXHOCTHBIX CJI0EB
Ha PacTBOPUMOCTH NOPOLIKOB

JKCIepHMEHTAJIbHbIe MCCIETOBAHUA 3aBHCHMOCTH peax-
[MUOHHON CHOCOOHOCTH OT pPasMepOB YaCTHUI[ TBEPHHIX Tel
ObliM BOEPBHIE BHIIOJHEHH XIOJETTOM Ha IpUMepe pPacTBO-
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puMocta cyiabdaTa Gapus, okucm pryTm m rumca [140]. Um
obnapysxeHa Gollee BHICOKas PACTBOPHMOCTH MEJIKHX KpHC-
TaJJIOB 10 cpaBHeHHI0 ¢ KpyunabiMa. C TeueHmeM BpeMeHH:
paBHOBEeCHAs KOHIEHTPAnus pACTBOPA YMEHBINANAaCh, YTO
obycnoBieno obHapyeHHHM paHee (OCTBaJBIOM ABIEHUEM
NePeKPHCTANIA3ANUA — PACTBOPEHAEM MEIKHX K POCTOM
KPYIHHX KPHCTAJJIOB.
¢ Bupakenme [qus 3aBHCEMOCTH DPAacTBODEMOCTH OT pas-
MepoB cHeprIeCKMX TACTUIL MOKET GHITH HOJTYyIeHO HA OCHOBA-
nuyu coobpayKennil, IPABOTUMEIX OORIYHO DY BREIBOJE GOPMYJIH
HeapBuua AN ynpyrocTm mapoB HaJ MaJHMU chepUICCKAMHU
ramaamun. OG6o3HaguM dYepes r pPafHyCc dTacTHUI, a depes
M/D;=¢ wmonexynsapuuii o6seM. Umcno dwacTmr B OTHOMR
rpamMmM-MoJiekyme paBHo ¢/(*/; mr®), a cyMmapmas moBepx-
nocth p4anr?/t/,nr®=3 ¢/r. Ecam wuMeTca [BE YaCTHIH
¢ pafimycaMu r; M I, PACTBOPEMOCTH KOTOPHX paBHA COOT-
BerctBeHHO C; u C,, TO M30TepMHUIECKAs OCMOTHYEeCKasA paboTa
pacrBopenma RT In (C,/C,) paBHA pasHOCTH MOBEPXHOCTHOMI
DHEPTUM JACTHI:
3¢ (7-—r)=RTIn-gt

2 5.1
r ro c,’ (1)
rge o — cBoOOMHAA NOBEPXHOCTHASI HHEPrHsA Ha TpaHHIE
TBEPIOE TEJI0 — HKHUIKOCT.

HeficTBuTeIbHAA MOBEPXHOCTH MHOTOTPaHHHKA O0oJsbime,
9eM NOBEPXHOCTH cPepH TOro ke oGbeMa, mO3TOMY IO pac-
aeram @peitnpauxa [141] popmyny (5.1) caemyer mammears,
3aMeHuB 3 Ha 2:

C 2M 1 1
Inte— c(— ) 5.2)

Cl - DlRT ry —r_2

Qopmyna (5.2) saBasercs TPUOIMKEHHOH, MOCKOIBKY OHa
0CHOBaHA Ha He COBCEM TOYHHIX mojokenuax. Tak, cunraercd,
uro ¢ u D; He 3aBHCAT OT pasMepOB 9acTHI[, & K PacTBOpaM
OPUMEHAMEI 3aKOHH HIEAJIbHHX 'a30B, CTPOTO COPAaBE/JIABHE,
09eBUIHO, JUMIb [JIA CAydasa HE 0YeHb MEJIKHAX YaCTHUI I 0YeHb
pasbaBieHHBIX pacTBopoB. Bmocaenctsum ¢opmyna Dpeitnsn-
auxa 6ba yrounena [xomecom [142] m lanmonom m Makom
[143], yunTHBaBIIEME CTeNeHb NUCCONHANUA B CIAydae CHIb-
HEX 3JekTponuToB. OMHAKO BO Bcex 3THX paboTax He mpu-
HUMAJNUCH BO BHEMaHZEe (aKTOPH, KOTOPEE MOTYT MPEmATCT-
BOBaTh PacTBOPEHMIO 09eHb MeJKux Jactan. Ha ogun u3 sTmx
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daxropoB ykasan Hmanm [144], paccmorpesBmmit BamAHmE
BJIEKTPUYECKOr0 3apAfa YacTUI HA WX PACTBOPUMOCTH.

C yaeroMm 3apsanoB n3bmToIHAS cBoGOABAsA dHEPrUA chepH-
9eCKO# YaCTHIHI B PacTBOpe paBHA

E =4r r’% |- ¢*2xr, (5.3)

Ifle ¢ — TMOBEPXHOCTHHIA 3apsAf, *x — AUIIEKTPUIECKAs I0-
CTOSTHHAA.

B BHBome BEIpa)KeHUA [ PACTBOPHMOCTH MEJKHX da-
CTHI] IPAMEeHEH METOJ] MU30TePMUIECKOA 06pATHMO# HEPETOHKH
Maccsl BemecTBa dM,=4nr?D dr ¢ wactHmn pagmycoM T,
Ha 9aCTHNY PaJUYCOM Iyt

2 2
dE = (zm L2 — _-q—) dr — - (2_°__2_) M,
2xr2
ECJIH K pacTBOPY OpPHMEHHMEI 3aKOHH HJOEaJBbHEIX ra3oB,TO

RTDlln&:20<L__1~) qe(j__1>. (5.4)

M Cy ry ry 8mx \r{ i/’

eCcJii OJHa M3 JacTHuIi[ O9eHb BeJHKa, TO

RTD;, Cy 2 g r
=g (5.5)

IIpn suBome Qopmyasr (5.4) BenmumHa 3apsfa Ha HOBEPX-
HOCTH 9aCTHIH IIPUHATA mocTossuHoA. Ha camoM fere ¢ yMeHb-
LIeHHEM . pasMepoB TacTUI HANPAKEHHOCTh 3JIEKTPUIECKOTO
moJig cpepuIecKoro KOHAEHCATOPA pacTeT W 3apam Oymer
«CTEKaTh» C dacTUIbl. BeiencTBue 3TOro 3aBHCHMOCTH PacT-
BOPUMOCTH OT pPa3MepoB KPHUCTAJLIOB II0 ypaBHEHUIO (5.9).
mMeeT MaKCUMyM H fBe (a He OfHY) o6jacTH yCTONIUBOrO
PaBHOBECHA — IS KDPYOHEIX H OYEeHb MEJKHAX YaCTHI]
(pmc. 52). YacTumsl, pasMepH KOTOPHX COOTBETCTBYIOT 00-
nacta 4, OyAyT HAaXOTUTHCA B paBHOBeCUM C 60Jiee KPYIHBIMHA
KaK yrOJHO MOJTO.

Hdpyram BecbMa BaKHHIM (aKTOPOM, BIMAIOIAM HA PacT-
BODHMOCTH TBEPABIX T€JI U HE YYATHBAEMEIM YPaBHEHUAMU
(5.2) m (5.5), nABAsgerca apgcopbumsa Ha MX IOBEPXHOCTH
KaKuX-1u60 aKTHBHHIX BemecTB. AncopOuus mpUBORUT, Kak
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OpPaBHWIO, K YMEHBIIEHNI0 PACTBOPUMOCTH MEJIKHX KPHCTALIOB

U TOBHINAET CTemeHb IepecHmeHus pactsopoB. CBogka

NAHHBIX IO TOMY Bompocy mmeerca B kHure bakam [145].

Biusnue nmoBepXHOCTHO-aKTHBHHIX BEI[ECTB HA IepecHIieHNe

pacTBOPOB U KPHUCTAJIM3ALUI0 THICA 0COGEHHO IOXPO6HO

r usydeno PartunoBoiM, 3abexumHCKAM
7 u PozenGepr [146].

B pacuerax pactBOpmMOCTH dYa-

CTI KaK (YHKOUA WX pasMepoB

00BIYHO NPEeAmOJaraloT IOCTOAHCTBO

4/ moBepXHOCTHOH sHepruum. OngHAKO

' 5 IJIs 09eHb MeJKuX wactumr [147]

2 ds/dr+# 0. IloaToMy cienyer mucaTh:

~  dE =S8rordr + 4xr2 2 dr, (5.6)

Puc. 52. 3asucumocts AA — M .ﬂ.:y_(z_c_i__’)i .
pactBopumocTit(C) OT pas- dMy Dy \r or

MEepOB YacTHI| 110 ypaBHe-
IIHI};M @Opeitnpnuxa (1) B ¢opmynax Juid pacTBOPHMOCTH
[141] u Kuanma (2) [144]. TOABHUTCA BTOPOU WIEH:

wG=rin[m (-] oo

Co, M 2q 0o q2 ,
In Co DIRT[T+F— Bneor‘ir]' (5:57)

Ornocutenruo saBucmmoctd o (r) IlepGaxos [147] mpen-
moJiaraer, 4ro ¢ JOJDKHA yOHBATH ¢ yMEHBIOIEHHEM pagmyca
9acTUI] ¥ 9TO OHA o0pamaercs B HYJIb OPU I'=r,, Tae I, —
pasMep accomuaTUBHHX KOMIUIEKCOB. B mporumBoromnomuocTs
oromy 3amymrkmi [148] camraer cnpaBefIEBHIM MOJIOMKeHHe,
penBuayTOoe IllepmenckuM [149] u oGocHoBaHHOE TeopeTm-
gecku I'opGagessim [150] u MapreimoBeM [151], 06 yBeamge-
HUU MOBEPXHOCTHON HHEPIMH KAIeJdh M KPUCTAJIOB C YMEHb-
LIeHHEeM HX Pa3MepoB. JTO HPOUCXOJUT BCIEACTBHAE YMEHb-
MeHHs 9YHCIA cocefiedl KajKOOro MOBEPXHOCTHOTO aToMa
M yBeJIMYEeHUS IIOTHOCTH HOBEPXHOCTHOIO CJIOSL C POCTOM €ro
KpuBUBHE. B wuHTepuperanmum 3ajyMKuHA QopMyna mIiaA
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cBOOOJ{HO# BHEPrmA HNeeT BHJ,
G =09 (1 +8 "Tm) wnm o =0y (1 + B,r,S), (9.7)

rge B, m B, — NOCTOAHHEE MOPANKA eNWHHUIH, I, — PamgHyC
chepr MouexymspHOro pmeiicTBusa, S — ynAedabHad IOBEPX-
HOCTh. (DUBMYECKUA CMBICA POCTA IOBEPXHOCTHON SHEPTHUU
C YMEHBHIEHHEM pa3MepPOB KPUCTAJJIOB CTAHOBUTCSA SICHEIM,
ecqyu OPUHATH BO BHUMaH@e, 9TO aTOMH Ha pebpax m yriax
KPHCTaJIa mMMEIT 00JbIie PACTAHYTHX M 00OPBAHHBIX CBS-
3eil W, caemoBaTeNbHO, 00aTalT OONbIIEH CBOOOTHOHE sHEpP-
rueii, ueM Ha rpauax. G yMeHbIIeHmEM Pa3MePOB OTHOCHTENb-
HOE CoflepKaHMe TaKHX aKTHBHHIX aTOMOB Boapacraer. Hak
BHEAHO U3 (5. 7), o OTIMIAETCA 3aMETHO OT G, TOJIBKO JJIA 09€Hb
Maxnbix gacrun. [las kpucranmos NaCl, sanpumep, ¢ yaenb-
HOil moBepxHOCTBI0 ~ 100 M%/e o mpeBocxomuT o, BCETO
Ha HECKOAbKo npomentoB [148].

N36rTounas MolbHAS NOJIHASA 9HEPTHAA CHCTEMEl, COf[eprKa-
mas 9YacTHHHl pagayca r, ¢ yIeTOM BO3MOJKHOH 3aBUCHMOCTH
c (r) paBHa

su—{aa ()t [ 2 ar (5
—rir)— Tarm— Dl (34353 (7))
AT

—af (4243 g_)] (.8)

1 or oo
ITAie 0 ==— = — JTUHeHHbli Koo(PuIMenT pacmupeHns. Cyue-
Js
TOM TOTrO, 9TO (cs —7T E'T—) = E, (£, — nonHas noBepxHOCTHAaA

9HEpTrus), MMeeM:
M [2E, | OE, s ds
Au:D—l[r —{-W——aT(lLT—}—B—d—r-)]. (.9)

Jns wmsorepMumueckoro o6paTEMOro Ipolnecca COTJIACHO
ypaBEeHmio I'uG66ca—TI'ensMroasma Au=Q — ero Temiro-
Bomy addexty. B cayqae q)aaoBmx mepexofioB IepPBOr0 pojaa
Au=AQ — yMeHBINEHUI0 CKPHITOX TEIIOTH (a30BOro Ipe-
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BpaM[eHHA B CACTEMe W3 MEJIKHUX JaCTHUI IO CPABHEHUIO C CH-
CTEeMOMl MAaCCHBHEIX YaCTHII.

Qopmyana (5.9) mepexofHT B BEIpAKEHHE, NOJIYYEHHOE
IIlep6akossiM m PrikosmMm [152] mas Temmorn memapenms
MaJHX . Kamelb, €CIW TEIVIOBOe pacIlimpeHme TeJ Maio
(3aT < 1). B Tom caywae, xorga dc/0r m OE, /0r maumsr,
9TO 3aBEMOMO CHOPAaBEJINBO MAJS HE OYeHb MaJHX YaCTHII,
a Taxske mpu T 00/0T <€ o Bupamenme (5. 2) mepexoguT
B ¢opMmyny, monydeHnyio B cBoe BpeMsa Cpesmesckmm [153],
Teapmronpuem [154] m Yamesmrom [155]:

AQ = Zf‘f (1 — 2a7). (5.9')

Jls pacuera yMeHBIIEHAA TeMIEPaTyPH IPOIECCA ¢ YMEHb-
HIeHWeM pasMepa JacTuI cjlefyeT MCXOAWTHh U3 YCIOBHUA pas-
HOBECHA MEKAY CHCTEeMOH# M3 MeJKHMX JacTUI OpPH TeMmepa-
type I, ¥ miocKo#l moBepXHOCTHI0 npu Temmeparype T.
B sTOoM cirygae noTennmaisl 00eMX CHCTEM PAaBHHI M BeJIAYMHA
MOJIbHOM M30HITOYHON DHEPTUU AUCIHEPCHON CUCTEME ypaBHO-
BEMIMBAETCSA IPUPANIEHWEM CBA3aHHON sHeprmm. ¥ CiaoBUeM
paBHOBeCHA ABIAETCA pPABEHCTBO DJHTPONHWI IpeBpaNeHus
MaJBX ¥ KPYNHHX "acTun. Ecium nmpeHeOpeds 3aBHCHMOCTHIO
SHTPONMY OT TeMIepaTypH U CYATATh TAK}Ke HE3aBUCHMON
pasHoOCThL TemiaoeMKocTeil obeumx ¢as or TeMmeparypsl (4To
3aBe[OMO CIpaBeJIMBO A HebGoapmux sdPeKToB), TO

E'4+AA — T (Ty, r)=E'— T (T)),
M=—n(T,—Tg), 19

rge 7n — sHTpomua ¢aszoBoro mpeBpamenus. [laa o6partu-
MBIX H30TepMHIecKnX mponeccoB N=Q,/T, rae Q, — Moab-
nasg Temirora (azoBOro mpeBpameHuA. IlosTomy
M (2 | 0o QAT
M= (T H3)=—%"
AT M (2 | 0 (5.11)
ﬂ_—l)_@)('r_ 7)‘

Qopmyna (5.11) coBmagaeT ¢ BHpasKeHHEM, MOJIYYEHHBIM
Moxsmepom [156] mpu 0o/0r=0. Boaee Tounoe BHpaskeHme
pas AT/To=—AQ/Q, (u3 ycumoBusa v (T;r)=n(T)) Moxer
OHTh MOJNIy4eHO € ydJeTroM cooTHomeHEA (5.9) wmam (5.9)
U 3aBACHMOCTH HTPOIME OT TeMIEPATypPH U pPa3Mepa JacTHIl,
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Gopmyna (5.11) B nmpumbnmwxenumu @DonbMmepa JaeT HABHO .
sasumierssie 3Havenna AT/T.. B stom jerxo y6enurnes,
AHAJIMBUPYA SKCIEPUMEHTANBHEE [AHHBIE [0 BIAAHUIO W3-
MenpueHUs Ha o —> B-mHBepcmi0 kKBapua npm 848° K.

TepMoguHaMUKa JUCIEPCHEIX CHCTEM IOJYYMJIa PasBUTHE
B CBfA3M C 3aJlauyeil 0 BOBHHKHOBEHHM M POCTE KOHIEHCHPO-
BauEmx (a3 (xamnw, kpucramns) [157—161]. Ilonropax
[161] cmenan mombiTKE 0006IIEHUA TEPMOSUHAMUKY TUCIEPC-
HBIX CHCTEM C yYeTOM M3MEHEHHUs ILIOTHOCTH BemecTBa B TOH-
KOM NPHUIOBEPXHOCTHOM CJI0€, a Takike pe0epHO dHEDIuH.
ITonyuennoe uM BEpa)kenuwe [isi W3GHTKA XUMUIECKOTO
MOTEHIUAJa OFHOTO W3 KOMIIOHEHTOB B MAJBIX YacTHIAX
[0 CPaBHEHHIO C KDPYOHEIMA HMEeT BUJI

V; /2 1
Ap.j:—vi(—g : 35°i.“|"3—§"klk>» (5.12)

\

rae V — obwem wactumsr, V ;) — NapIUaTBHbLA MOJIAPHEIR
06beM j-TO KOMIIOHEHTA B nncnepcnon ¢dase, cpegHHI 1O
BHYTpeHHEMY 00beMy X 00beMy IOBEPXHOCTHOTO CIOS TOJ-
muHoit d, s; — mIomaAb IOBEPXHOCTH TpaHM, [, — AiInHa
pebpa, o, U T, — COOTBeTCTBYIOIIUe TPaHAM M pebpaMm 3Ha-
4eHHUA YOeJbHOW IMOBEPXHOCTHOH u pebepuoit sHeprum. Cym-
MHUpPOBaHUe MPOM3BOJUTCA 10 BceM pebpaM u IpaHAM JaCTUI[H.

Ecau BBIpasurs Vj (r) 9epe3 TOMIMUHY MOBEPXHOCTHOTO CJIOA,

pasMep 9acTUIBl X KOHIEHTPAIUIO j-TO KOMIIOHEHTA, TO JIS
u30BITKA XMMHIECKOTO HOTEHIWAaJa IIOJNydaeTcs BHIpakeHue,
KOTOpOoe B IPHUOJIMKEHHOM BHUJE PaBHO

Ap, = ( 20,s,+ : 2 . ,c) . 019

roe V? — MapIUAIbHEIA MOJAPHEN 00b€M B IMOBEPXHOCTHEIX
CJI0oAX.

Ecau 651 IIJIOTHOCTL B DOBEPXHOCTHHIX CJIOSIX OBLIA IOBLI-
meHa, TO v5+V>1 ¥ TONHBIA XUMUYECKHN IOTeHIual
BEMIeCTBA IIPW 3aJaHHOMN MCTIePCHOCTH okazamca 6u Gosee
BBHICOKMM, 9e€M pPaCCYUTAHHHEIA II0 YPaBHEHUIO T'ub6ca.

OfHako IOJIOJKEHWEe O NOBHIIEHHOW IJIOTHOCTH IOBEPX-
HOCTHHIX CJIOEB BBICOKOJUCHEPCHHIX (a3 BpsA[ JU IPUMEHUMO
K CHCTeMaM, HOJYYeHHHIM B IHpOLECCe MEXAaHHIECKOTO H3-
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meapuenus. Brme 6our paccMoTpen psm paGoT, B KOTOPHIX
SKCHePAMEHTAJNbHO MOKA3aHO YMEHBUIEHHE IIOTHOCTA II0-
BEDXHOCTHEIX CJIOEB M3MEJbYEHHHIX TBEPAHX Tex. ToaMen m
Kupxsyn (cm B [162]) cumraior, wto Ha rpaHuue pasgena
KOHJEHCHPOBAHHO® ¢)a3hl ¢ IapoM WJIM pacTBOPOM Cymie-
CTBYET CJIOH TOJIIIUHEL 2—5 MOJEKYJISPHHX TUAMETPOB C He-
IPEPHBHHM yMeHBUIEHUEM IIOTHOCTA. PAn skcnmepuMeHTamib-
HHX (AKTOPOB HAXOOWT OGBACHEHHWE B CBETE 3TOrO IIOJIO-
JKEHHSA.

Hasn muormx tem M=30—80, D,=2—3 2z/cm? upnm
T'=300° K, s=100—1000 spe/cm?. Ha ocHOBaHUH Kiaccmde-
cKoil ¢opmynn (5.2) Ge3 ydeTa CHEJaHHHX IIO3QHEE IIO-
IpaBOK

c Ay

ln——:ln—P—z—-
Cm Pm r ’

rae A, cocraBiasier or 10-% mo 10-7 cm. CuemoBsarenbHo, 3a-
METHOTO M3MEeHEeHUA AKTHBHOCTM MOKHO OMKUMATh JUINL I
apesBbYaiino Mannix dwactmy mopsagka 10-% em m  Mmenee.
Ha ommre ke maGarogaeTcs MOBHIIEHHE PEAKIMOHHOM CIIO-
cOOHOCTH 3HAYUTENHHO 0O0Jiee KPYIHHIX YacCTHII.

OrcyTcTBHE IPAMOIL CBA3YM MEKIY AMCIEPCHOCTHIO W PeaK-
IUOHHOM CIOCOGHOCTHIO TBEPHABIX TeJA OCOGEHHO HATJIALHO
IOPOABJIAETCA NPU OYeHb [IUTENbHOM mmoMoae. B atom ciy-
Yae HaCTymaeT OpefieJ M3MeJbYeHHs WM Jayke HEKOTOpPoe
yMenblieHue (mOCie 3HAYUTENBHOTO POCTA) MUCIIEPCHOCTH,
KOTOpOe IPOMCXONUT B pe3yJbTaTe O4YeHb IJIOTHOM arpera-
X BHICOKOJUCIEPCHKX dacTui. BMecTe ¢ TeM ymeiabHas
PeaKIUOHHAS CIOCOGHOCTH C YBEIWIEHUEM IIPOMOIKUATENb-
HOCTH M3MeJbYeHUs, KaK noKkasan I'per Ha mpuMepe KaoluHa,
nenpepsiBHO Bospactaer [163]. Ilocme 1000 uac momosa
(puc. 53) cremens pacrBopeHus kaoamHa B 0,75 N-coasmoii
KucjoTe 3a 48 gacoB gocTurana 58%, Torma Kak pacTBOpeHUe
HEMOJIOTOTO KAaoJMHA B TeX jKe YCIOBHAX HE3HAYUTEIHHO.
AHaJIOTUYHO 9TOMY HOHIKAETCS TeMIepaTypa, Opu KOTOPOi
HAYNHACTCSA YHajeHue KOHCTUTYIuouHo# Boan (mocae 1000 uac
¢ 820 mo 520° K). CumkaeTca u TemioTa yoajJeHUA 3TOH
Bogel. Bce 3To yKasbBaeT Ha Tiy0OKMe H3MEHEHHsA CTPYK-
TYpHl TBEPIBIX TeJ, IPOUCXOAAMNE B IPOIECcCe M3MeTbIeHNA.

Hax ormeuamnoch BhIe, B psAfe MCCIETOBAHUA GHIO ycTa-
HOBJIEHO, 9TO B NPOIECCE U3MEJIbUYCHUA B Pe3yIbTaTe yMEHb-
HIeHNsA Pa3MepoB M JECTPYKIUM IOBEPXHOCTH TBEpPHAbIE Teja
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npuo6peTaoT MOBHUIEHHY) XUMHYECKYH0 AaKTHBHOCTH. Ham-
Goyiee meTaNIBHO 9TO SBJIEHUE U3YYCHO HA IPUMEPE PacTBODHU-
MOCTH KBaplia, KOTODHU o0xagaeT O0OJbIIOH XWMHYECKOR
CTOMKOCTHIO, €r0 IpeBpalieHrMe OpU M3MeJIb4eHNH B BechMa
aKTHBHYI0O (OpPMYy KpeMHe3eMa  O09eHb  II0Ka3aTelbHO.
[ns KBapia, KpoMe TOTO, CPaBHHUTEIBHO XOPOIIO paspabo-
TaHB METO/IHl OIpefelleHUA DPa3MepOB JaCTHI[, COJepIKaHUSA

amopduoit aspl m cre-
4/ ~ UEHA PacTBOPEHMA IO
KOJIWIECTBY KPEMHEKHC-
JIOTHL B pAacTBope, 49TO
00JIer1aeT SKCIEePAMEHTH,

Ilocne wmccaemoBanuis
Jlenxepa [73] paGora mo
W3y4eHTIO CBOHCTB IBLIE-
BUIHBIX 9aCTAL CHJINKA-
TOB pPa3BUBAJUCH B CBA-
31 ¢ IpobBIeMOil CHIMKO-
3a. Kak rorma momarasnn,
A A A A CUJIMKO3 BOBHUKAaeT B

z, v pesyibTaTe OTpaBJIEHUA
v OpraHmaMa NPOAYKTaMu
Puc. 53. Oddexr maMenbuenmsa kao- B3aMMOAENCTBUA KBapla
' nmaa  [163]. ¢ GeJKaMH B KUBHIX TKa-
1 — yHeNbHAA TMOBEPXHOCTb (S) MO alcopd-  HAX (sz7,4 npu 37° C),
uuy asora npu 90° K, 2 — creneHb pacTBO-
penus (C/S) B BeCOBBIX IIPOUEHTax 3a 48 ya- B CBA3X C 3THM B pAue
cos B 0,75%-Hoi T}‘gcrl)la%pppéxoumamoﬁ TeM- pa60T 65LIa HCCIIeI0BaHa
PacTBOPUMOCTH U3MEJb-
9eHHOT'0 KBapuna Y IpHU-
pomHEIX nEIIedt B 6yQepHHIX pacTBOpax ¢ pasiaudnbivMu pH,
a Tak)Ke BIWSHMe DOCTOPOHHUX ImpuMeceid M cmoco0oB obGpa-
GOTKH MOPOIIKOB Ha BeJWIMHY B3TO#l pactBopumoct: [82—86,
164—168]. Xotss B jmanbHeHIIeM BHISICHUIOCH, YTO KpeMie-
Basg KUCJIOTa, 00pasyloImascs OPU PacTBOPEHUM CUJIMKATOB,
0o4eHb OBICTPO yAAJNsAeTCA U3 OpraHM3Ma U, CIEOBATENbHO,
He MOJKeT BRI3BIBATH CUJIMKO3a, 3TH PabOTH OKazaiu 6oiablmoe
BIUAHME Ha Pa3BUTHUE NIPEACTABJIEHUI KaK O IPUPOJE, TAK I
0 CBOMCTBAaX HBIIEBHIHOI'0 KBapIa.

Brino moxaszaHO, 9TO BBICOKas DPACTBOPHMOCTH KBapIle-
BOA OBUIM OO0YCIOBJIEHA HaJIMYMeM HA IOBEPXHOCTH JaCTHI]
TOHKOTO aMOpP(QHOTO CIOS, yHaJeHHe KOTOPOTO IIyTeM ero
pacTBopeHUs BO (HTOPUCTOBOLOPOAHOM KHCIOT€ MPHBOLUT

S
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K PEe3KOMYy YMEHBIIEHHI0 pPAaCTBOPUMOCTH [0 HOPMAaJbHON
BEJIMYMHEI, CBOMCTBEHHON KpucTadindeckoMy kBapuy.IloBepx-
HOCTHBIE CJIOH OTJIMYATCA OT aMOPPHOTO KBAPIEBOTO CTEKIA
3HAYNTENBbHO OOJBIIEH XUMHUIECKON AKTUBHOCTHI0O U PAKOM
OPYTUX NPHU3HAKOB. BHACHMIOCH, 9T0 MOBEPXHOCTHEE CJIOHU
11a 9aCTUIAX KBApIa aHaJOrdIHH cioAM Beinnbu, mossusio-
MUMCA Ha MOBEPXHOCTH TBEPIHIX Tel B Pe3yJbTaTe MX IIOJNU-
POBKH.

PacTBOpuMOCTh aMOPOU30BAHHOTO CJIOS CHIZKAETCS MOCHe
TEIJI0BOM 00pabOTKY MOPOIIKOB. Y BeJHICHHE TeMIEepaTypPH U
IVIUTEJIHHOCTH 000rpeBa MPUBONUT K COOTBETCTBYIOIIEMY IIO-
HIDKEHUWI0 PacTBOPUMOCTH. ITOT 3PPeKT 00bACHAETCA u3Me-
HEHHMEM COCTOSANUA aMOPPHOTO CJIOH, MOJEKYJIH KOTOPOTro
npm oforpese mMOJyd4aloT BO3MOMKHOCTh 3aHATH MECTa C MEHb-
IIMMHA 3HaYeHHAMH cBoboxmoit sumeprmm [166].

Hamm wusywanach KUHETHKA pPACTBODPEHHMS M PacTBOPH-
Mmocth B Bozie m 20 %-uoM BomnoM pactBope NaOH xBapuesnix
MOPOMIKOB PA3JIUYHOA NPOAOIKUTEABHOCTH M cmocoba m3-
MelbYeHUA NPM ABYX 3HAUYEHUAX TEMIEpPaTypsl pacTBopa —
20 u 100° G [169]. HUccaepyemere mopomku Becom 10 2
MOMEeMmAJNNCh B CTEKISHHbBE NUWIAHAPH, 3amuBanuch 300 ma
OUCTHIIIMPOBAHHON BOXBI WJIM PACTBOPA IIEJNOYA W BCTPAXH-
BaJIACh HA MEXAaHMIECKOH MemlajJKe B IPOJOJKeHHNEe HECKOb-
KHX 9acoB. B pmajpHeifimeM pacTBOPH XpaHmiuch 0e3 mepe-
MemuBanusa. KOHTDPONBHKEMU ONHTaMu OBIJIO IOKa3aHO, YTO
nepHOiHIECKOe IepeMemuBaHue NPH MIUTEJIBHEIX CPOKaX Xpa-
HEHHs HE OKAa3hiBaeT CYIIECTBEHHOI0 BIUAHHA HA CKOPOCTH
pacrBopenusi. Ilpo6r oTOmpanmch NHUOETKON u3 BepxHei
9acTH COCY[OB, TINATENbHO NEHTPUQYTUPOBAIUCH M IOIBEp-
raauch pasbasienmio B 1000 pas. [lns ompesmeieHmsi pacTBoO-
PUMOCTH KBapua OBl HCIOAb30BaH (OTOKAIOpPHUMETPHIe-
CKUil MONHMOMATHHIAL METOX OIpPEIeNeHHS CONePKaHUSA KpeM-
He3eMa B pacTBope. Humsagenwme oTHEHTPEOYTMPOBAHHEIX
PacTBOPOB B NPOAOJIKEHHE HECKOJIBKUX JacOB HE YBEIUIU-
BAJIO COEPIKAHHMA B HAX KPEMHEKHMCIOTH, 9TO yKas3HBaeT Ha
OTCYTCTBHE 3aMETHHIX KOJMYECTB B3BEIIEHHEIX YaCTHUII.

Biansinme cTexyia COCYyOB M KPEMHHUA, COJEPIKAIMEerocs
B craju (momagammeil B HOPOIIKH 3a CYET M3HOCA MEJIHHUI[HI
M LIapOB), HA M3MEPEHHHEE BEJHIWHH COJEep/KaHUA KpeMHe-
3eMa B pacTBope OBIJIO YYTEHO B ONBITaX, B KOTOPHIX BMECTO
KBapIEeBOr0 IOPOIIKA HPWMEHSJICS HOPOMOK KOpyHma. Is-
MeJb9eHME KOPYHAA W H3MEPEHHS C HUM OBUIN. IPOU3BeIeHbl
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B aHAJOTMYHEIX C KBapIeM YCJIOBHAX, a COIepPKaHUe HAMOJa
cTajld B MOPOIIKE KOPYH/A 3HAYATENHHO MPEBHILIAJIO COMEPIKa-
HE€ CTaJIK B KBAapPIEBHX MOPONIKaX. OTH ONHITH IOKa3aJlH, 9T0
KOJIMIEeCTBO KPEMHEe3eMa, IepeIle/iiiero B PacTBOP B Pe3yib-
TaTe PacCTBOPEHHS CTEKJa COCYHOB M KPEMHUs, He IIPEBHINIAET
4 me/a. UsBectro [168], uTo Hanmame icene3a U €ro OKHUCIOB
B HccaeqyeMelx mpo0ax He OKasHBaeT 3aMETHOTO .BIMAHUA
HE Ha PaCTBOPHUMOCTh KBaplia, HU HA BeININHY KOHIEHTPALUK
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Puc. 54. Kunernka pacTBOPeH®A B BOJEe IIPM KOMHATHOM TeMmepaType

KBaplla Pa3/MYHOTO BPEMEHU H3MENbIeHWH, YKABAHHOTO HA PUCYHKO,
B YKCI@HTPUKOBOH MEJIBHMALE.

KPEMHEKHCJIOTH, OIIpe/leIAeMyI0 MOIAGnaTHEIM MeTomoM. M 3-
MepeHns, NPOBEIEeHHLEE C HEeMOJIOTHIM KBAapIEBHIM IIECKOM B
KBapUEBOM HUWIKHIpE, TOKA3aJl HHITOKHO MAJIyI0 BEeJIUIUHY
eru PacTBOPUMOCTH B BOJle M MEJIOYHON cpefe NpU KOMHATHOR
TeMIepaType, HaXOJAMYICA B IpefelaX IyBCTBUTEIbHOCTH
merona (oxoxo 1 me/a).

Ha pmc. 54 npuBeneHs KpuBhe KHHETMKU PacTBOPEHHSA
B Bojie 00pa3i[oB KBapIeBOro IEeCKa, MOJYIeHHHX WU3MeJbue-
HHEM CYXHM CIOCO00OM B 3SKCIEHTPMKOBON BUOpDOMEJBHHLE.
ITpomo/mxuTeIPHOCTS MOMOJNOB paBHsIACh 2, 4, 8 m 16 mun
npu acrore Koaebaumit 50 2y u ammiauTyne 5 mm. Bupg xune-
THNYECKHUX Kp]?IBLIX OOoATBEpKOaeT o6paaoBaHne HUCTHUIIHBIX,
a HE KOJUIOMIHHIX PAacTBOPOB. B mpOTMBHOM cilydae MOKHO
6BL10 OBl OKUJATh YMEHBIIEHUsI U3MePsIeMEIX BeJUIHH PACTBO-
PAMOCTH CO BpEMEHEeM IIOCJHe OKOHYAHWUA IepeMeITMBAHUA.

Kpussie, nmpefcrasiennse Ha puc. 54, XOPOIIO OIMCHBA-
0TCA KMHETHIECKUM ypaBHEHHUEM

C=C,(1 —e*t), (5.14)
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rpe C — KOHIEHTpAIUA KPeMHe3eMa, Iiepelleillero B PacTBOP
3a Bpems ¢, C, — pacTBOPEMOCTH, k) — KOHCTAaHTa CKOPOCTH
pacrBopenua. Beawumnwni C, MO}HO ONpeNeNHTh HyTeM HH-
TEPHOJALUA JAHHKHX pHC. 4, U3 KOTOPHIX BUAHO, 9TO B yCJO-
BUAX HAUIMX OIBITOB KOHIEHTPALMS KPEMHEKHCIOTEL B pac-
TBOPE CTAHOBHUTCA MOCTATOYHO OJMBKOM K HACHINEHWI0 IPH-
Oausurensuo gepes 60—80 cyrTox.

Hasa rpadugeckoro mnpencraBienus ypaBHenme (5. 14)
ynobuo sanucats B Bupe In C,/(C,—C)=kyt, xoTopoe B moIy-
JlorapupMuIecKoM MaciuTabe ONMCHIBAeTCA OPSAMOi, HPOXO-
named depes madano xoopammar (t; In C/(C,—C)) ¢ Tan-
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Puc. 55. Kusernka pacTBopenus KBaplia, M3MeJIbYaBIIETOCA Pa3IUIHOE

BpeMsi B DKCLEHTPUKOBOi (I) u BuGpanuonnoi tuma M-10 (2) mMeabHuU-
nax (mo masHKM puc. 54 u 57).

rencoM yria HAaKJIOHA, DABHHIM k,. IJKCIEPHMEHTAJIbHbLIE
Janubie, IPUBEJEHHbIE HA PUC. OO, MOATBEPMAAT CHOPAaBE-
auBocTh ypaBHenus (5. 14) mpmMeHUTENBHO K paccMaTpHBae-
MOMY CJIY9al0 ¥ HO3BOJISIOT PACCIUTATH KOHCTAHTY k,, Beju-
9uHA KOTOPOH He 3aBHCUT OT BPEMEHH W3MeJbYeHWS KBapia
¥ B ycaoBmsax Hammx onbToB paBHa 0,056 (cymru)-l.
MosxHo mosaraTh, YTO BeJIMYMHA DPACTBOPUMOCTH B BOJE
IpU KOMHATHOM TeMimepaType oOmpefexseTcs, B OCHOBHOM,
PUBMKO-XMMAYECKUME CBOIICTBAMU IOBEPXHOCTHHEIX CJIOEB 9a-
CTHI[ KBapua, W3MEHSIOMUMUCHA B Ipolecce H3MEeJIbYeHHUs.
9TO TOATBEPIKTAETCS ONBITOM, B KOTOPOM MCCIEL0BAlOCh
o0paTHoe sBJIeHHWE — yMEHbIIEHWe KOHIEHTPAaNUd KpeMHe-
KHCJOTH B BOJHOM DAacTBOpPEe B 3aBUCHMOCTH OT HPOMOJIKU-
TeJIPHOCTH XpaHeHWsA npo0 Hpu KOMHATHOH TeMmeparype.
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Ta6uanuia 12

BansHne TeMmepaTyps pacTBoOpa Ha pacTBOPMMOCTb MOPOIIKOB KBapua
B Bojie (Mm2/a)

Kunsagenne (100° C) Xpa"eHue npu 20° C
C
r 1 gac ' 3 yaca 11 cyTok 25 CyTOK
33 60 109 — —
60 82 169 — 77
73 176 222 109 87
89 160 210 126 115

Hax moxasmBalioT nmpefcraBiennsie B Tabiu. 12 manune, Xpase-
nge npo6 mpu KOMHATHOM TeMIepaType BhI3bBaeT MOCTEmeH-
HOe YMEHbIIEHNe CONEpPKaHmA KPEMHEKHCIOTH IOYTH O HOP-
MaJIbHOY pPaBHOBECHOM KoHIeHTpanuu. TaxkuMm o6pasoM, siBie-
HUe PacTBOPEHHA KBapla o6paTMMO OTHOCHUTENBHO TeMliepa-
Typhl. XapaKkTepHO, 9TO 3aMETHOE YMEHbIIEHNE KONIEHTPaIuK
OPOMCXOAUT TOJBKO B NPUCYTCTBUM TOHKON3MEJIHYEHHOIO
kBapua. Ha HeMoNOTOM KBapieBOM I€CKE BLIKPUCTAJIM30-
BHIBAHME KpeMHe3eMa u3 YHCTOr0 pPacTBOPa, IOJYYEHHOTO
KUNSAY€HHEM B BOJe TOHKOMOJOTOTO KBapia ¥ MOCJIENYIOIIuM
neHTpuyrupoBaHUEM, OPOMCXONMAT KpaiiHe MeJIeHHO.
PacTBOpuMOCTh TOHKOMBMEIBYEHHOTO KBapl{a B BOje TPHU
KOMHATHO# TeMIepaType II0 HANIMM JTAHHLIM JOCTUTaeT B He-
KoTopuix caydaax 120—140 me/a, aro B 20 pas mpeBocxomuT
PacTBOPUMOCTh KPHUCTANIMIECKOTO KBapua. Pacdersr mo ¢op-
myine HKenpBuma, IpouwsBeeHHEE NPU YCIOBUU HE3aBUCH-
MOCTH IIOBEPXHOCTHOT'0 HATSKEeHUA IPAHUIBI pasjesa KBapI —
BOJla OT pa3MepOB 9aCTHI[ B MCCIeNyeMoil oGaacTu maucmepc-
HOCTH, IIOKa3bIBAIOT, 9TO TaKWe (0JblIne 3HaYEHUsI PACTBODPH-
MOCTH HEe MOT'YT OHITH IOJYYEHH TOJHKO 3a CIET BEICOKOM Auc-
NEePCHOCTH YacTHI KBapua. 3HAYeHUsA PaCTBOPUMOCTH, BEHI-
9MCJIEHHEIE IO BTOM OPMYyIIe ¢ IOMOINBI0 HBMEPEHHEIX BeJINIUH
VIeJbHEX IOBEpPXHOCTe#, M 3HAaYeHUs, HabIIOTaeMEe KCIe-
PUMEHTAJNbHO, OTAMIAIOTCA MOy coboit B 16 pas. Ecau e
yuecTh HAJIWYUe HeU30eKHBIX 3IEKTPUIECKUX BapsAfoB Ha
NOBEPXHOCTH 9aCTHUI[, TO 3Ta PasHMI[A eme 0ojiee BO3PaCTaer.
Ciemyer oTMeTHTH, YTO IpUBefleHHOE B KHuUTe Aitepa [64]
3HAYEHWE PACTBOPUMOCTH KPYIHOKPUCTAJIMIECKOTO KBapIia
pu KOMHATHOM TeMmepaType, paBHoe 6 mz/4, SBHO 3aBHIIIEHO.
JTa BeIMYUHA, [0 BCEH BEPOATHOCTH, TaK;Ke OTHOCHTCS K BHI-
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COKOpaCTBOPUMOI IUIEHKe HA DOBEPXHOCTH KpPEMHE3eMa.
ITocne ymajneHus TaKOH IJIEHKM IyTeM IPOMHIBKHA KPHCTAJ-
JIOB BOJO# PacTBOPUMOCTH KBapua B Bope cHmkaercsa. ITo Ha-
OIMM JaHHBIM PacTBOPUMMOCTH IPOMEITOTO KBApPHEBOTO IIECKa
JloGepenkoro kapsepa He mpeBrmaeT — 1 me/s, a pasam-
uye MeKAY BHYUCIeHHEME mo ¢opmyie HenbBmHa m mame-
PEHHLIME HKCIEPUMEHTAJIHHO B3HAYEHWSIMA PACTBOPHUMOCTH
TOHKOM3MEJbYEHHOTO KBapHa Ha CaMoM Jeje ropasgo 0oJb-
mee (B ~ 100 pas).

YBenuueHne pacTBOPUMOCTH B pe3yJbTaTe M3MEJIb4eHHA
He yHOaeTcs Take OO0BACHUTH HaawdneM QpaKmuil 09eHb BEHI-
COKOJQUCIIEPCHBIX YaCTHI[ B HCCIENYyeMHX mopomkKax. Ecam G
PacTBOPUMOCTH OIpefessAlach TAKMMHU JacTHUAMHA, TO CIELO0-
Bajo0 OB OKUMATH YMEHBIIEHUS KOHIEHTPAIMA KPEMHEKNC-
JNOTH B PacTBOPE B CBS3M C SBJIEHMEM IePEKPUCTAIU3AMUN
MeJKuX dactul] B Kpynusie, CpDaBHUTEIBHO BHICOKasg PacTBO-
PUMOCTh TaKUX 9YacTHI[ JOJDKHA OblIa OH 00ecrneYmTs 3HAYH-
TEJIBIYI0 CKOPOCTH Ipomnecca mepexpuctainmsanmm. Ommaxo
yMeNbUIEHUS KOHIIEHTPalMKM B HAIIMX ONIBITAX He Ha0MIoma-
JOCh fayKe NpH OYeHb JUINTEeNbHBX HAOMOeHUMAX (0KO0JIO
ropga). Hpome Toro, yneabHble OBEPXHOCTH [[€3aTPETAPOBAH-
HBIX TOPOLIKOB, NPOCTOSBIIMX [0JT0€ BpeMs B BOME, KAk
II0KA3BIBAIOT DKCOEPUMeNTANbHbe JJaHHbe, TAKKe He Iperep-
neBaloT 3aMeTHBIX m3MeHeHuii. C IPyroil CTOPOHbBI, BEAUIHHEI
PaBIOBECHON KOIILEHTPAIuK, KaK BUJHO M3 puc. 56, 3aMeTHO
3aBHCAT OT NPOJONM{UTENBHOCTH WM3MEIbYeHUsA INECKa, TOTHAA
KaK ero yJeJbHasd IOBEPXHOCTh YBEJIMIUBAEGTCHA OYEHDL Me-
JIGHHO.

' AnoManbHO BBHICOKAs pPaCTBOPHMOCTb TOHKOMOJOTOTO
KBapla B BOJIe W PE3KUI POCT ee C yBeJIMIEHHEM IIPOIOIKHU-
TeJBHOCTY M3MEJIbYeHUA HAaXOOUT OOBACHEHNE B CBETE W3-
JIO?KEHIBIX BBIIIE MCCIETOBAHMIA ATOTO IPOLECCA, B KOTOPHIX
OBLJI0 TOKA3aHO, YTO NPU PA3PYIIEHUU KBapua NPOUCXOMHT
e TOJIBbKO yMEHBIDEHHe PasMepoB JacTHIl, HO M HAPYyIIeHUe
KPHUCTAJUIMYECKON CTPYKTYPHl €ro HOBEPXHOCTHHIX CIIOEB.
IMIpu mocratogno OGoabpIION HPOZOKUTEIHHOCTH IIOMOJIA
KBaplia B CYXOM BO3IYyX€ IIPOIECC Pas3pyLIeHUS KPUCTAJIM-
YeCKON CTPYKTYpH 6e3 HapyLUIeHUA CILUIOMIHOCTH CTAHOBUTCH
npeo6aafaomuM ¥ OPOROJIKAETCS BIJIOTH A0 IOJHOIO Ipe-
BpameHusi KBaprna B aMOPPU30BAHHYI0 PAa3HOBHAHOCTH KpeM-
neseMa. Bmecre ¢ TeM HE00XOQUMO OTMETUTH, 9TO IS HAOII0-
JIABIIErOCS yBEeJWIEeHUA PACTBOPMMOCTM LPOCTOTO HEpexoja
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KBapua B aMopdHoOe COCTOSHNE HeTOCTaT0IHO. PacTBopuMoCTh
IJIaBIEHHOTO KBapua (KBapIieBoTO CTeKJa) B Tpydoaumcmepc-
HOM COCTOSHUN KpaiilHe HeBeJIMKa, M BHICOKasg PacTBOPMMOCTH
DOPOIIKOB KBapIEBOT0 CTEKJa, KaK X MOPOIIKOB KBapia,
JOCTHUraeTCA OyTeM ©nX HW3MeJbYCHHs.

Kpusast 3aBUCHMOCTH pPacTBOPUMOCTH OT IIPOAOJIKUTENb-
HOCTH u3MejbueHusa (puc. 56) mMmeer BUJ, XapaKTEPHBIA s
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Puc. 56. Bausanue HPOAOIKMTENLIIOCTH HM3MEILICHUsSI KBapia na cro
pacTBopumMOCTh (C), yAEIBIYI0 MOBEPXIIOCTD liefie3arpernposaninix (S,)
u fesarpermpoBaHuHX (S;) mopomkos, amoppusanuio (Q); cpasuenue

pocTa yAeNbHOH MOBEPXHOCTU M pacTBOpuMocTH KBapuma Q (S,).

xpusoit C,=B (1—e™*'), mpmuem cKOpOCTH pocTa pacTBOPHU-
moctn dC,/dt 3HAYWTENBHO YMEHbIIAeTCA B WHTepBalle IpO-
OOJKUTEIBHOCTH U3MeJbueHus oT 2 o 16 munyr. 3a aToT sKe
OTpPEe30K BpPEMeHHU cofeps;Kkanme amopdusoBamioil ¢assl (Q)
pacrer JuHeiino, yBeamauBasch oT 7T—8% mo 33%. Bwmecte
¢ TeM B HAUIMX ONBITAX B PacTBOP IEPEeXONUI0 TOJIBKO OT
0,1 mo 0,025% tBepmoro BemiectBa. CiemoBaTenabio, pacTBo-
PUMOCTH B BOJIe NOPOLIKOB KBapHa Kak 2-, Tak u 16-mMumyt-
HOT0 HM3MeJbIelns IEJINKOM OHpeaesseTcs CBOMCTBAMU IOJ-
HOCTHI0O aMOP(U30OBAHHEIX CJO0EB, a NOBLIIEHHE pPAaCTBOPH-
MOCTH TAKHX aMOP(HBEIX CJIO0EB C yBeJIMYeHHeM IIUTeIbHOCTH
U3MeJbYeHNsA CBHUIETEIHCTBYeT 00 WM3Melennu AaKTHUBHOCTH
aMopHOTO CJIO0A.

Jauune, mpexcraBieHHble Ha puc. 56, MOKA3HKIBAIOT, 9TO
MeIy BeJMIMHAMM PACTBOPUMOCTH B BOJ€ IOPOUIKOB CYXOro
U3MENbYeHUST U BEJIMYUHAMU WMCTHHHHIX YAEJIbHBIX IOBEPX-
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HocTell Haburomaercda JamHeliHas 3asucuMocTh. OpHAKO IH-
HeiiHag 3aBHCHMOCTD MEMKIY 3HAYCHUSAMM HCTHHHOM YMIeib-
HOM IOBEPXHOCTH KBapma U ero pacTBOPEMOCTHI0 HMeeT
MECTO JHINb /i ONpPEeeNIeHHHX YCJIOBUHM W3MEIbYeHHA.
Tax, nanpumep, maMeibdenne KpapieBoro necka ¢ 80% Bomu
[O03BOJISAET TOJNYYaTh IOPOUIKM C YIEAbHOA IOBEPXHOCTHIO
mo 140 m?%/2, 9T0 B HECKOJIBKO pa3 MPEBHINAET YAEIHHYIO IO-
BEPXHOCTH IIOPOLUIKOB TAKOTO K€ IO IPOROJIKHATEIBHOCTH CY-
X0ro msMejbueHusd. TeM He MeHee 5TO He NMPUBOAUT K yBEIH-
9eHUI0 PACTBOPHMOCTH HOPOIIKOB MOKPOIO IIOMOJIA IO CPAaB-
nenuio ¢ cyxuM. HaoGopor, Kak aTo BuHO U3 puc. 57, pacTBo-
pPUMOCTH HMOPOIUKOB, moaydeHHbX B MeasHuie M-10, Goasmre
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Puc. 57. KuneTuka pacTBOPEHMsA KBapra, M3MEIbIeHHOTO 0e3 mo6aBoK

B Teuenue 8 uac (19 n?/2) (1), ¢ 80% Bopsr B Tegenne 11 uac (74 m2/e) (2),
¢ 80% Bopu B Tedenne 5 uac (37 m?/z2) (3).

IS TIOPOIIKOB, U3MEIBYEHHBIX CYXUM CIOCOGOM, XOTA Yeb-
11ad TOBEPXIIOCTh B MOCJEIHEM CIIy9ae BO MHOTO Pa3 MeHbIIe.
K ToMy sKe mpofOKATEIBHOCTh CYX0T0 N3MEIbUEHU MEHBIIE
NpPONOJKUTENBHOCTA H3MeJBbYEHUs € BONOHW. AHAJIOTHYHEIE
pe3yJabTaTH IOJYIeHH OPH W3YIeHUH PACTBOPEMOCTH II0O-
POINKOB, M3MEJIbUYCHHHIX B HKCIEHTPHKOBON MeJbHUIE. 3Ha-
9eHIA PACTBOPUMOCTA B JTOM Clydae NPH IPOYAX PaBHEIX
YCIOBUAX ONDPENEIAITCA B OCHOBHOM IIPOLOKATENBHOCTHIO
W3MeJbUeHNA W HE 3aBUCAT OT KOHIEHTpAmuM BOAH B Gapa-
faHax W [OJIy9aeMOT0 II0 STO¥ NPUYMHE IPUPOCTA YHAEeNBHOM
TOBEPXIOCTH.

HKoncraita CKOpPOCTH pPacTBOPEHHS HOPOIIKOB, H3Melb-
gepusix B Meabuune M-10, paBmaa 0,095 cymru=' (wiux
10-7 cex~1), Kark 5To BUAHO U3 pHC. 55 (KpuBasg 2 IIOCTPOEHA
[0 TOYKAM KPMBHIX pHC. D7), HE 3aBMCUT OT BEJIMYMHHI JEii-
CTBYIOIIEHA IIOBePXHOCTH MIOPOIIKOB WM IPOJODKATEIBHOCTH
nomMoJ0B. BMecTe ¢ TeM, KOHCTAHTH CKOPOCTH PACTBOPEHUS



198 OUBNKO-XVMUYECKIE CBOMUCTBA IIOPOIIKOB [rI. V

MOPONIKOB, IMOJYYEHHHX B OKCOEHTPHKOBOM MEIbHHIOE W
B MeasHmme M-10, 3aMeTHO pasimualoTcA MeEXAYy coboii.
9T0 mOKAa3HBaeT, 9YTO KOHCTAHTA CKOPOCTH PAaCTBOPEHHs,
KaK H 3HAYeHWe PacTBOPMMOCTH, 3aBHCHUT JHIMb OT (QU3UKO-
XAMATECKHAX CBOMCTB KBaplma, a HE OT €ro MHWCIEePCHOCTH.
YBennueHne YAEIHbHOA HOBEPXHOCTM B IIPOMECCEe MUCHIEPrH-
POBAaHHSA C BOJON He NPUBOAHUT, KAK MOKHO OBLIO OKEAATH,
K YBEIWYEHHWI0 KOHCTAHT CKOPOCTH DACTBOPEHMHS.

Benmumus pacTBOPMMOCTM W KONCTAHTH CKOPOCTH pac-
TBOPEHHA KBAPIEBOTO ITECKA B BOJlE XaPaKTePU3YIOT CBOMCTBA
JMIOp er0 HOBEPXHOCTHHIX cjoeB, cocraBasoomux mo 0,2%
Beca seped. IlpefcraBiusiao mHTEepec M3YYUTL CBOMCTBA TIIy-
O0OKO JIeKAImuUX CJI0EB M TO KOJMUIECTBO BEMECTBA, KOTOPOE
CI0COGHO IEepeXOofuTh B PAcTBOP M BCTYNATh B COCNMHEIHSA
¢ pyruMd pacTBopeHHEME BemecTBamMu. C 3TO# Meabi0 HaMm
6L MCCAEeTOBAH NPOIECC PACTBOPEHUSA KBapUEBHIX MMOPOII-
KOB, HM3MeIbYeHHHX B pasiImuanix yciaoBumax B 20%-Hom
pPacTBOpe €[KO# Mmej049M, IPH B3aMMOMEHCTBHH C KOTOpOWH
B BOJIHOI cpefle KpeMHeBad KHCJIOTa o0pasyeT XOpPOMIO pac-
TBOpHEMEIE coiim. KoamuecTBo meroun B pacTBoOpax OBIIO B3ATO
3aBeOMO GOJBIINM TOr0, KOTOPOE CIIOCOGHO CBA3aTh BECh
KpeMHe3eM, MepexoiAmmii B PacTBOP.

BenemeTsume 3TOTO CKOPOCTH mEpPexXofa B PACTBOP HOBHIX
HMOHOB C TBEpMOil IOBEPXHOCTH OPH IIPOYAX PABHHX YCIO-
BuAX 00yCIOBJIEHA, B OCHOBHOM, CBOMCTBAMH CJIOEB, a HE fB-
NenmeM HacHmeHHA. ToT PaKT, 9TO MOJEKYJIH KPEMHEKHC-
note B pactBope NaOH me oxashBaim 3aMETHOTO BIHSHHUSA
HA pPacTBOpEHHWE, HOATBEPIKLAETCS KOHTPOJBHEIME OIBITAMHU,
B KOTOPHX 00pasmsl KBapmeBOT0 MIOPOIIKA COMEPIKAIACH
B pactsope meaouar npu 100° C B Tezenme aByx 9acos, mocie
4ero ONpefesANach KOHIEHTPANUA KpEeMHe3eMa B JKEIKOR
¢dasze. XpaHenme TakuxX Ipo6 B TeIeHHME HECKOJBKHX CYTOK
OpY KOMHATHOH TeMIepaType NPHBONWIO K YMEHBIIEHUIO
KOHIIEHTPAUMA KPEMHEKHCJIOTH B pacTBope. BenuumHa KOH-
[EeHTpalMK II0CJIe KUUAYeHHs paBHANach 2 2/4 u Goiee,
49T0 MHOTO GOJIbIIE ee 3HAYEHHUH, MOJYydaeMHX B IMIEJIOYHON
cpele OpW KOMHATHOH TeMImeparype 3a HPOMOJKATEIBHOE
BpeMsa. B caygae 3aMeTHOTO BIAMAHHMA HACHOEHASA CIELO0-
Bal0 OH OKMIATh YMEHBINEHWSA KOHIEHTPAIWH KPEMHEKMC-
JIOTH, KaK 3TO HAGJIOJAJ0Ch B ONBITaX C BOXOM.

Ha pmc. 58 mnpemcraBieHH JaHEHHE IO PAacTBOPEHUIO
KBapia B IMeJ0YHO# cpefle. HuEeTHKa pacTBOpPeHUA B MIEN0Y-
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HOHl cpefle, KaK M KHHETHKAa pPAacTBOPDEHHA B BOJe, ONpeJe-
JISI€TCSL NPOAOJKUTENbHOCTHI0O HM3MEJbYCHHS W OPAKTHYECKH
OMHAKOBA MJA HOPOLIKOB, M3MEJIBYEHHHX B BOJe W CYXOM
Bosfyxe. Meskay TeM BeNWIMHEI YHEABHHIX NOBEPXHOCTEH
B BTHX CIyYadX pAas3aWIaOTCA MEKAYy €000l B HECKOJBKO
pas. PacTBopEMOCTh meCKa B IIEJOYHOM Cpee IPH OfMHAKO-
BHIX 9HEPro3yTparax u

pasiImIHHX  SHeproma- 7 °
NPAKEHHOCTAX IpoIlecca
W3MEJbYEHNUSA BHIIE B
cllydae MeHbIIell dHepro-
HaOPSKEHHOCTH. ITO CO-
raacyerca ¢ Gosbliei
PaCTBOPDHMOCTBI0 TAKHUX
006pasmoB B BOJe.

[1pm pacTBOpeHMY TOH-
KOM3MEeJbUYEeHHEIX II0POII-
KOB KBAapIa B MIEJIOTHOM
cpefie IpH KOMHATHOM
TeMImepaType 3a LepHON
OKOJIO JBYX MecCAIeB B

Eﬁc}‘g%}; li&p e);;)g;l. g eI"I‘ela Puc. 58. Kumeruka pacTBOpeHHA u3-
MesabderHOro KBapma B 20%-moM pac-
He MeHee, YMEHBIIEHUA tpope NaOH npm KoMHATHO# Tem-
CKOPOCTH  pacTBOPEHUA mepaType:
OOPOIIKOB HeE HaOMIOOa- 1 m 2 — usMenbueHHOrO B BKCIIEHTPMKOBOM
nock. Ma mocrosmerBa  JeTRENCC S TERRE 10 B2 M o epro-
CKOpoCT: paCTBOReHHH 83;};}%’1;?8)30200 fe:gmu{‘m v;orépung?n'lf/f;??;ﬁgcm
cileqyer, 4dYTO0 CBOHMCTBA ’ ’
HOBEPXHOCTHHIX CJIOEB He
U3MEHAITCA B3aMeTHHIM 00pa3oM mo KpaitHer Mepe [0
ryOuHBI, COOTBETCTBYIOmEeR ypaidenuio 15% BemecTBa ¢ mo-
BEPXHOCTH YAaCTHI[ HOPOMIKA, M3MEJIHFIEHHOTO B MPOHOJIIKEHME
16 mun, m 5% — nasa gByx mMumyT. U3 comocTaBieHms sTHX
IaHHBEIX C JaHHEIME HuddepeHnmaIbHOIO TepMUIECKOI'0 aHa-
Jau3a CJeAyeT, 94TO KOJHMIECTBO pacTBOpeHHOTo KBapma (15
u 5%) cocraBiasger 3maumTeabHYyI0 dacTh (mpmmepuHo 30%)
aMopdraoBaHHO# 06OJOYKHM TaCTHII.

Ceegenmss o pacTBopEMOCTH 0osiee TIIyOOKO JIerKamumx
C0eB OBLIH IIOJYYEeHH W3 ONBITOB II0 PACTBOPEHHMIO TOHKO-
U3MEJIBYEHHOTO KBapuma B mexosnoit cpeme mpu 100° C.
Ionimenue Temmeparyps go 100° C Bo MHoro pas ysenn-

’, z2/n
<
X

w
T, cumnu
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YUBaeT CKOPOCTh IpoOIlecca ¥ HPUBOJUT B DAAe CJIydaes
K HOYTH IIOJHOMY pPACTBOPEHUMI0 W3MeJIb4eHHOI0 IOPOIIKA.
IIpencrasiennsie Ha puc. 59 MaHHHE NOKA3LBAOT, YTO X
B 3TOM Cly4ae, KaK ¥ B JPYTUX OIHITaX, CKOPOCTH PacTBOpe-

20t ba
sa
sa

2a 3

L, e/

27

J
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T, vac
Puc. 59.  Hunermka PacTBOpeHus
kBapna B 20%-HoM pactBope NaOH
opu 100° C.

1 — ¢parumua yactTul pasmepom 60—_88 mxrm,
2 — ¢pakKuua yacTal pasMepom 25—30 mrm,
3 — TOPOIIOK  CTPYIHOrO  M3MCJbYCHMA,
4 — 2 mun cyxoro Iomoma, S=11 wm?/e,
5—8 mun BubGpomsMenbueHusa, S=17 m?/e,
u ¢ 80% Bombl, S=50 Mm%/, 6—16 wmun
B cyxoM Bo3pyxe, S=20 m2?/z, u 32 mun
B cyxom Bo3nyxe, S=22 m?/e, 7—4 Mmun
B cyXxoMm Bo3nyxe, S=14 m2/2, u ¢ 80% BomHI,
S=:=20 m?/e; BepXHMC rpadMKM — KUHCTUKA
PACTBOPEGHUA KBaplia C ITOJOBUIIHON KON~
LICHTPALNCHi.

HHA IEJINKOM OIpefie-
JsIeTCSA IPHU MPOYUX PaB-
HHIX YCJIOBHMAX IIPOJOJ-
JKATEIBbHOCTHIO JUCIEePTU-
poBaHUSA M He 3aBUCHT
OT pas3uuubl B yJeJIbHEIX
MOBEPXHOCTAX MOPOLIKOB
MOKpPOTO U CYXOro us-
meawvuenussi. Hapagy c
BTMM yMEHbIIEHUEe COmep-
JKAHUS KBapua B CYCIEH-
suzx B 2 pasza (¢ 9 [0
2,5 2) nmpu ToM 3Ke copep-
JKAHUU JKMAKOCTU IPHU-
BOIUT K YMCHBLIIGHHIO B
2 pasa cKopocTH pPacTBO-
pesusa. ITO CBUAETENb-
CTByeT O MNOCTaTOYHOM’
9yBCTBUTENHHOCTH METO-
Jla 0 OTIIOLIEHMIO K (aK-
TOpaM, ONpefeNdIIuM
CKOpPOCTH PAaCTBOPEHHA.

B onmiTax mo usyue-
HHAI PACTBOPEHHUs MOPOII-
KOB B INEJOYHO# cpefie
npu 100° C caenyer or-
MeTuTh (QaKT Iepexoja
B PAcTBOP TAKOr0 KOJII-
9eCcTBA KpeMHEe3eMa, KO-
TOPOE 3aMeTIIO IPEBOCX0-
OUT copepskanue aMopQ-
HO#t ¢assl. ITO 0coGeHHO

HaTJAAMHO TPOABJIsAETCH A TIPYyOONUCHEPCHHIX HOPOIIKOB
CO CPaBHUTEJNBHO HeGOJBIMIUM COfep:KaHUHeM aMOpPPHOI ¢aswl.
BMmecte ¢ TeM npu KUOsAYeHUHW B MEJO0YHOH Cpefie HEMOJOTOTO
KBapIleBOTrO IecKa Jajke B MPOJOJKeHHe MHOTHX JacoB B pac-
TBOP HEPEXOAUT KpaliHe HE3HAYUTEJIHHOE KOJIUIECTBO KpPeM-

nesema.
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IIpoBenennbie OUBITH CBUAETEIBCTBYIOT O HAJIWYUH He-
KOTOPBIX 0COGEHHOCTEl B CTPOEHHH U (PUBMKO-XAMUIECKUX
CBOMCTBAX IIOBEPXHOCTHHIX CJIOEB W3MEJBbUYEHHOT'O0 KBapIa.
Ha ‘ocHoBanumm 9»THX ONBITOB MNPEICTABIAETCS BO3MOMKHBIM
NPEeNIOKATH NPOCTYI0 CXeMy, IO03BOJAIIMYI0 IHCTO Kade-
CTBENHO O0BACHUTH HabmomaeMble sBieHumA. Hak usBecTHO,
sueiika KBapia npejcTaBiseT co00il TeTpasap, B UEHTpPe Ko-
TOPOTO PACIOJO/KEH aTOM KPEMHUA, 8 B BePIIMHAX—AaTOMBI
rkucsopona. Mojkito npeamosaraTe, 970 B IPUCYTCTBUH BJIATU
MOBEPXIIOCTh, JUCTOr0 KPEMHe3eMa BCerfia IOKPHITA aTOMaMu
KHUCIOPO/ia WM THAPOKCHIbHNX Ipynn. OgHaKo ofHOM rumpa-
TalMM KPUCTANINICCKOA IOBEPXHOCTH eIMe HEeTOCTATOIHO
Iy o6ecriedeHnsT BOBMOKHOCTH TIePeXoia MOJERYJ, COfepIKa-
mux aToMbl KpeMmHmA, B pactBop. CiemoBaTenbHO, M3MeHe-
HHE CTPYKTYPHl MOBEPXHOCTW HOPHU JUCHEPTUPOBAHUM, OTBET-
CTBEHHOE 32 IEePEeXoji B PACTBOP MOJEKYJ C aTOMaMM KPEMHUSA,
MOJKHO 3aKJI09aThCSI B HAPYOIEHAW CBA3H I[OBEPXHOCT-
IBIX aTOMOB KPEMHHUA CO CBOUMMU COCENMU, BEPOATHO, B 06pa-
30BaHUNU ele OJHOU CBOOONION CBA3M, KOTOpPAsg NPHU COIPU-
KOCHOBEHMM IIOBEPXHOCTH C BONOI 3amOJHAETCHA THAPOKCHIb-
1oit rpynmnoii. MoJeKyJIE KPeMHUSA ¢ ABYMS THIPOKCUIbHBIMU
rpynnamMu @ TOJLKO JBYMA CBA3SAMH CO CBOUMH COCEIAMM 3Ha-
9YUTEJBHO JICTYe NEePEXOMAT B PACTBOP, I€M MOJEKYJH C TPeMs
CBA3AMHU CO CBOMMU COCEIsIMH U C OHOH THUAPOKCHILHON
rpynnoii. Ilepexop omHOrOo M3 aTOMOB KpPeMHMS € OBYMA
FOPOKCHIBILIMA TIPYyOOaMHI B PAacTBOP CONPOBOMKIAETCH
ofbHa)kenueM IBYX /[PYLUX CBf3e# I1a HOBEPXHOCTH TBEPHOTO
cJ0s, 9T0 obecrmegnBaeT IUEMHON XapaKTep PEeaKIUH PacTBO-
peuns. IloBepxHOCTHAS NJIOTHOCTH ATOMOB KPEMHHSA C OBYMA
THAPOKCUIBHEIME TPYIIIAMU ONPEeNsieT CKOPOCTh mpoIlecca
pactBopenus. Hapsany c¢ oGpasoBaHmeM B mpoiecce MmOMOJa
YV HEKOTOPHIX aTOMOB KPEMHHUSA ABYX CBOOOMHEIX CBSI3EH MOYKHO
O}KUJATh IOSBIEHUS HEKOTOPOTO KOJMYECTBA AaTOMOB KpeM-
uuA ¢ TpeMs CcBOOORHHIME cBa3aMu. OMHAKO TaKume aTOMEI,
mepexois B pAacTBOpP, OOHAJKAIOT TOJBKO OQUH PAaIUKal,
9T0 MPUBOAUT K JIOKAJBHOMY NPEKPAMEHHIO IIpoIecca.

IToBepxHOCTHAsL WJIOTHOCTH CBOOGOMHEIX CBSI3ed ompese-
JqseTcs, KaK MOYKHO IOJaraTh, MHTEHCHMBHOCTHI0O M XapakTe-
POM MeXaHWYeCKHX BO3HEHCTBMH HA €NMHUIY MOBEPXHOCTH,
a TaKKe IIPoIecCaMM PeKOMOWHAmuu OOOpPBAHHEIX CBA3EH.
ITosToMy, BEepOATHO, IPW OMHOM W TOM K€ BPEMEHH HM3MeJb-
9eHUA COOTHOIIEeHHWE INIOTHOCTEH CBOOONHHEIX CBsA3edl Ha
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MOBEPXHOCTHA IOPOMIKOB CYXOI'0 M MOKPOTO OMOJOB 06paTHo
MPOOOPUUOHANBHO WX YAEIHHEIM IOBEPXHOCTAM, YTO 00BsAC-
HAET OJUWHAKOBOCTh PACTBOPUMOCTH U KOHCTAHT CKOPOCTH
PacTBOpEHHWsI TAaKHMX NMOPOMmEKOB. I[0CKONBKY pacTBOPEMOCTH
OIpeNeiseTcsl PABEHCTBOM CKOPOCTEl NIpPAMOro mpolecca
mepexofa MOHOB B PAacTBOpP W 00PaATHOIO MpoIecca KPHCTAJ-
JAu3anuu, HEe3aBHCHMOCTH PACTBOPUMOCTH OT BEJIWYHHH Jieii-
CTBYIOIIEH NOBEPXHOCTH UPH OJMHAKOBOM MPOJOJIATENb-
HOCTM H3MEIbYeHUs YKa3HBAET, 9TO BO3MOKHBIME IEHTPaMI
KPUCTAJIM3ANAN TaK:Ke ABJIAITCA IIOBEPXHOCTHEIE aTOMB!
KPEeMHHA ¢ IBYMA CBOGONHHEIME CBA3AMH. Takag TOUKa 3pe-
HUS HAa OPONECC KPHCTAJIM3AMAM COTJacyeTcs ¢ obmumu
MOJIOKEeHUAME Teopun 00pasoBanms TBepHOil Gassl U3 pacTBOpa
(kpEcTanNIM3aNAS HA CTYNEHBKAX, TEOPHA NMCIOKAIMIA).
Wnrepecro oTMETHTH, 9TO 0CANOK, HMOJYYeHHBIA BLIIApPU-
BaHMEM Ha BOAAHOU GaHe OTHEHTPUYYTHPOBAHHOIO PACTBOPA
KpeMHe3eMa, COflepKuT, moMmmo amopdmoit ¢asm, 3ameTHOE
KOJMYEeCTBO KPHCTANI0B. PemTrenorpaduueckoe mcciemnoBa-
HIE TaKOr'0 0CaJKa II03BOJAET OTOMIECTBUTh HTH KPHCTAJJIELI
¢ KpHCTAIJIaMH KPHCTOGalnTa MM KBapma. Y 3Kue HepasMEI-
THE JUHAM ¥ Halmgume pedieKcoB CBUAETENbCTBYIOT O 3HAYM-
TEIbHOU BeIMYIMHEe KPHUCTAJJIOB, NPEBOCXOAAMEH IO Kpaii-

meit mepe 200 A. ITOT pe3yabTaT yKa3HBaeT HA BO3MOKHOCTH
MOJYYeHHA KPUCTAIIMICCKHX POPM KpeMHe3eMa U3 MaJOKOH-
[EHTPUPOBAHHEIX BOJHBIX PAaCTBOPOB NPU HOPMAJHHOM [aB-
JIeHWM W HEBBHICOKHMX TeMIepaTypax.

Beamuuua pacTBOpPEMOCTH TBEPHOrO B ;KUIKOM XapaKTepH-
3yeT IpPH IPOYHAX PABHHIX YCIOBUAX IPOYHOCTH CBA3H MoJe-
KYJI TBEPIOTO Tejla CO CBOMMMU COCENAMH, ociaabeBamomei mpu
yBeIMYEHUH CPeIHEro PacCTOsAHWA Mexay aromMamm. Ilocie-
HmoBaTeJIbHEIE MEXAHWIECKHME BO3[MEACTBUS HA MOBEPXHOCTHHIM
CIOl B Ipomecce W3MENbYEHHs WM3MEHSIT €ro ILIOTHOCTb,
KOTOpasi mpumONMIKAeTCs K BeJWYMHE, SBJIAIENHCS PaBHO-
BeCHOH mpu paHHOM cmocobe m3MedbdeHms. B pesyabrare
3TOTr'0 MPOIECcCa MPOIHOCTH CBA3EH YMEHBIIAeTCA, 9TO W 00BsC-
HeT POCT PACTBOPAMOCTH C YBEJIMIEHHEM NPOKOJIKHUTENb-
HOCTHA IIOMOJIOB.

Mexanmgeckass o6paGoTKa 3HAYATENHHO IOBHIIAET TAKIKE
H XUMHIECKYI aKTHBHOCTH HOPOIIKOOGPA3HOIO jKeiesa, 4TO
mMeeT GOJIBIIOE 3HAYEHME NP MCIOJb30BAHAM €r0 B KAaYecTBe
BoccranoBuresia [170]. AKTHBHOCTD ONIpPENENANM METOLOM
pacrtBoperus mopomkoB B 1 N-coasmoit kmcaore mpum 94° C



§11 PACTBOPHUMOCTSH JUCIEPCHBIX IIOPOIIKOB 203

U W}3MepAIHM CKOPOCTH BHexeHus Bogopoma. Illopomxu
’Kejle3a, BeJMIMHA JacTUn Koropux cocrasisaa 0,1—0,2 ux,
mocje H3MeJNbUeHNSA NPOKAIMBAJW pPAa3IMIHOE BpeMs NpHU
950° C anA ynameHns HapyuleHWi CTPYKTypH. PesyabraTsl
ONEITOB, IpeACTaBJeHHHE ma puc. 60, MOKa3HBAWT, 9TO XU-
MuYecKad AKTMBHOCTh MEXaHHIECKU Ie(OpPMUPOBAHHOIO Jiie-
Jie3a 10 CPaBHEHUIO C He-
nedOpMUPOBAHHEIM B He-
CKOJBKO pa3s Brime. Ilpu
3TOM BJIMAHUE MeXaHUde-
CKoil 00paboTK: McaIesaer
J{IIb TOCHe MPOKaIMBa-
uus upu 950° C B Tegenue
100—120 uac.

Hax 6rmo mokasaHo
BHILIE, CTENEeHb M XapakK-
Tep HapyLIeHWi KpHUCTaI-
JIHIECKOM CTPYKTYPH
TBEPABIX TeJd IPH UX H3-
MeJbYeHUH OImpPeNeIAeTcs
0CO0EHHOCTAMI MeXaHU- V/4
9eCKOr0 UX paspylueHus,
a TaKKe IPHPOAOH m
COCTOAHHEM  CpelH, B
KOTOPOH! 0CYIEeCTBIAETCS
paspymenme. MoyxHO GHI-
0 OKHIATH, 9TO YCIO-
BUS H3MEJbY€HUs, B da-

1 1

P

N
5 7 9 n 13l
T, MUK

Puc. 60. Bauanue TemioBoi 06paboT¥n
Ha CKOPOCTH PaCTBOPEHHS H3MEJIbUeH-
HHX mopomkos sxeseza B 1N HCI [170].
CI{OpOCTb pacTBOpeHMAa ¢ u3MepAdx II0
KOJIMYECTBY BBIIEJIEHHOr0 Bogopoxa (B 1 cm?
NIpY HOPMAJIBHRIX YCJOBMAX), T — IMPOHOI-

JKUTEJIBHOCTh pacTBOpeHus. Kpusag 1 —
CBe)em3MeJIbYeHHBI MMOPOMOoK, 2, 3, 4 U §

CTHOCTH, COCTaB M KOH-
LeHTpanusa AKTHBHBIX
?RHRKOCTG]Z, OKa3bIBAIOT
BJINAHNAE HE TOJBKO HAa

COOTBETCTBYIOT 2 mun, 15, 30, 50 u 100 uac
omxura npu 950° C.

H3MEHEeHHWe CTPYKTYpH, HO M Ha

aKTHBHOCTH TBEPJBIX TeJ.

IKCHepHMEeHTANbHO MCCIENOBAHO BJIHMAHUE CpPEabl IPHU
H3MeNbUeNUE HA XHMUYeCKYH0 AKTHBHOCTh KBapma [171].
B kavecTBe XapaKTePHCTHKM AKTHBHOCTH IPUHATA €ro pac-
TBOPHEMOCTH B BOJ(e IIPX KOMHATHOR Temneparype. Ilpamensnn
KaJIOPAMETPUYECKHHA — 10 BOCCTAHOBJIEHHOMY KPEMHEMO-
aubIaTHOMY KOMILIEKCY — MeTOJ] H3MEpeHHs KOHIeHTpa-
UU¥ KPEeMHEKHCJIOTH B pacTBope. PesyabTaTH BHIpayKkaln
B OpPOLEHTaX K B3ATOH KoHmenrpanumm. CooTHoIIeHme mo-
pourka m BofgH B cycmensmax cocrasasano 1 : 50. CnenuanbHo
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GBLIIO YCTAHOBJIEHO, YTO MHTEHCUBHOCTH CMEIIMBAHHUA HE OKa-
3HIBAET CYMIECTBEHHOTO BJIUAHMWSA HA CKOPOCTH PACTBOPEHUS
yiKe depe3 HECKOJBKO JacOB IIOCIE IPUTOTOBIEHHS CYCIEH-
suit. HaGnroenns Bedqu B TedeHHe Iofia, HAYWHAsA BO MHO-
THX CAy9afgX C OEPBLIX YacOB M MHHYT IOCHe CMeleHus
KOMIIOHEHTOB.

Crexonpubii mecoxk JloOepemkoro Mectoposxpenusa (co-
nepramuil He MeHee 98 % KpucTanIMIECKOT0 KBApIla) U3MeEJb-
gajgu B TepMeTHINbBX GapaGanmax BUOPOMEJHHUI[ CTAIBITEIMHI
mapamu. CBoGomgnoe mnpocTpaHcTBo GapabaHOB 3amoNLAIH
CyXuMM Ta3aMy WIX BIQKILIM BO3LYXOM, a TalyKe BOXOI,
aUeTOHOM M ITIIIOBRIM cnupToM. B psijic onbiToB uaywanuch
cMech KBapla C KaJbIUTOM B BO3JYILION cpeje.

B cepuu onniToB Bce 00pasubi MSMCILYAIH B SKCUEUTPH-
KOBOM MeJbHHUIIE OO0 OLMHAKOBOM Y/eJbIO NOBEPXIIOCTH,
pasuoit 2,5 Mm%/ npu msmepenmm MerogoM Bpymayopa, 9m-
merra u Temmepa (N,). Ilomon 1o sToit pucmepcuocTH nPHU
prnaykHoctu Marepuaia 0,05% npogoiskaics 4 mum, a BLI-
CYLIEHNIOTO JI0 abCONIOTHO CYXOTO COCTOSHHA — O MUH.
Jnsa cpaBHeHHA: y[edblas IOBEPXHOCTh 00pasuma O-MHIYT-
HOTO u3MejdbueHuss B Bope cocramiser 30 m%/e. Cycueunsuio
9acTAL] KBapua, H3MeJbYENHOTO C BOJOMl, NPUTOTOBIAIN
B OIHOM CJIy4ae M3 IOPOLIKA, IOJYYEHIIOT0 BHICYIIMBALUEM
mactet mpu 90° C B TeueHune 1eCKOILKUX JaCOB, & B APYTOM —
HEIIOCPe/ICTBeHHHM pa30aBieHUEM ee ImOCJe U3MeJbYeHHUs BO-
MON M0 HPUHATOH KOHIEHTDPALWU.

Brito obHapyskeHo, 49TO KUHETHKA pacTBOpeHUsa mpoo,
u3MeNbUYCHHKX B NPUCYTCTBHH BOAEI, UMEET B psAIe CIYIaeB
MaKCHUMyM: HaOJIOflaeTcsi CHAadala POCT, 3aTeM yMeHBIIeHUe
(a 3aTeM CHOBa pOCT) KOHI[EHTpPAIlMM KpPeMHe3eMa B pPacTBOpe
(puc. 61, xpusse 3, 4 u 6). B mpoBegeHnLIX paHee 3KCIEePH-
MEHTaX, B KOTOPHX M3yYaJUCh JAIMb HPoOH abCOMIOTHO Cy-
XOT0 M3MEJIbYCHWST M BEICYIIEHHEE NPOOBI MOKPOr0o M3MeJb-
geHus1, 9Ta ocobenHocTs He Oblia 3aMedena. Huuermaeckue
KPHUBHle, OTHOCAIMUECH K IIOAYI€HHHIM TAKUM IIyTeM MOPOLI-
KaM, He UMEIOT dKCTPeMalIbHbIX To4eK (kpuBwie I u 7). Baus-
Hue BOIHI OPU W3MeJIbIeHUN KBapLa HA KMHETHKY eTr0 PacTBO-
peuus (pPaBHOBECHYI0 KOHIEHTDAIMI0, CKOPOCTH IIpOIlecca,
[OJIOKEHNe M BeJIWIUHY MAKCHMMyMa) HpPOABIAETCA OYEHb
pesko. [ua xBapia, uM3MeabUYeHHOTO B BOjie, YCTAHOBJEHO
Hajuqme OCTPOTO MaKCMMyMa B IepBHle Tpoe cyTok. B cay-
qae jKe M3MeJbYeHMsS BO BIAyKHOM BO3LYXe—MaKCUMYM HOJO-
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THil, a ero MmOJIO}KeHMe Ha KHHEeTHYECKOH KPHBOA COOTBETCT-
ByeT mpuMepHO 45 CyTKaM.

Ha ocHoBaHum 5KCHepMMEHTAJBHHX [NAHHHX, IPHUBEJEH-
HHIX HA pmc. 61, MOKHO mOJIaraTh, 9YTO B IpoIiecce U3MeJabye-
HUA B NPUCYTCTBHH BOAH Ha CBe;keoOpa30BAHHON IOBepX-
HOCTH YAaCTHI[ BO3HMKAIOT OYeHb AaKTUBHEE U HECTOWKHe

T, MECIYBI

Punc. 61. KuneTuka pacTBOpPeHHsA KBaplia B BOJe IPH KOMHATHOH TeM-
meparype.

Conepanue SiO, B pactBope (C) mpu SiO,/H,0=1/50. 1, 2 — 1OMOJI B CYXOM BO3-

nyxe, 3—5 — B Bo3nyxe ¢ 0,05% BoOmBI OT Beca KBapua, 6, 7 — B Bome; I — 1 uac,

2 —1 rog, 3 —1 wac, 4 — 1,5 mecaAna, 5 — 3 MecsAla BHAEPKKMA HA BO3OYXC

rnocac usMeJbyeHUsA, 6 — pa3baBlIeHHasA CYCIEH3UsA, 7 — BHICYIIEHHBIA IIpu
90° C mopomoxK.

rujpaTHse coefuHeHnsa kpeMuesema [172]. Makcumymnl KmHe-
TUYECKHX KPHUBHIX 06YCIOBJIEHH WX PACTBOPEHHEM W IIOCJ]e-
aylommuM pacmamoM. C TaHHBIM MEXaHU3MOM COIJIACYIOTCA T
Apyrue 0cOGEHHOCTH M3MEHEOHAA aKTUBHOCTH KBapma. Tak, BH-
Iep/KUBaHUE HA BO3NyXe («crapeHme») o6pasioB, W3MeIbUeH-
HbIX C MaJbIMH [[03aMH BOJIbl, NPHUBOJAMT K IIOCTEIEHHOMY
HCYE3HOBEHMI0 MAaKCHMMyMa KUHETHYECKOM KpHBO, HO He
cHIKaeT aGCONIOTHOTO COf[ePKaHUs KPeMHe3eMa B PacTBOpe
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Opu  AauTeNbHOW BHuepkke (puc. 61, xpmBre 2—5).
Jlis ycTpaHeHus MOBHINEHHOM (B HAaYalbHOM CTAqUuU) BKCTpPE-
MaJIBHOX PACTBOPHMOCTH KBaplia MOKPOTO W3MEJIbYEHHUA J0-
cratoano narpesanus o 90° C B Tewenme mMeCKONBKIX 9acCOB
(kpuBse 6, 7). Bunumo, pacmaj mOBEPXHOCTHHIX THAPATHBIX
COEMHEHMI NMPOMCXOQUT B N060il cpeme — CyXoil, BiayKHOI
wiu B BogHoM pactBope. OTMETMM Takie, 9TO AKTHUBHOCTD
KBapIia CyXoro moMojia yMEHbIIAeTCs CO BPEMEHEM XpaneHnus
npo6 (kpusee I, 2).

Pasnuuue B Beqmyune W HOJOJKEHHH MaKCHMYMOB, OTIIO-
CAMHUXCA K IOPOIIKAM BI&)KHOTO M MOKPOTO W3MEJbYeHUS,
03BOJIAET II0JAraTh BO3MOIKHEIM 00pasoBanue CYMECTBEHHO
PasHHIX IIOBEPXHOCTHHIX T'HPATOB, COCTaB KOTOPLIX OIpepe-
JINTH U3 HAIIMX ONBITHHIX NAIHEIX He yaaercsa. He uckiogeno,
9710 (0Jiee BEICOKAf MX YCTOMYMBOCTH HA KBaplie, H3MeJIbUeH-
HOM C MaJIHIMH J03aMH BOJH, BEI3BaHA XeMocopOiueit azora u
KHCJOPOIa BO3AyXa, BeJIMYMHA KOTOPOH B [JAHHOM CJydTae
B HECKOJBKO pas 6oJplle, 9eM OpPA W3MEIbICHHHU MOPOLIKA
B BOJie¢ M B CYXOM BO3[yXe.

Kaxk noxasmBaioT sxcnepuMeHTadbHbe faHHBE (puc. 61),
HMeeT MeCTO CJHeNyIINUHA 3a MaKCHMYMOM POCT KOHLEHTpa-
OHH KPEMHEKHCJIOTH B PACTBOpE /IS IOPOIIKOB, U3MEJIbYeH-
HEIX W C MaJBIMH U ¢ OOJbIIMME [H00aBKAMM JKUIKOCTEM.
9ror sQPeKT Heab3s 0OBACHUTH HHAYE, 9eM YBEIHICIIHEM
aKTHBHOCTE KBapIia ¢ TeYeHUEM BPEMEHH, MPOLIEIINM IIOCIe
M3MeJIbUeHNsA. B NpOTMBHOM cily4ae KOHUEHTPAUHS KpeMmie
3eMa B pacTBOpPe yMEHBINAJach OBl aCUMOTOTHIECKH 10 PaB-
HOBECHOM PaCTBOPUMOCTH.

AKTMBHOCTHh TIOPOLIKOB, M3MEJbYEHHHX B BOjJe, M3Mepse-
Mafg KBasHPABHOBECHOHM KOHIEHTpalume#l KpeMHeseMma (Iim-
TeJbHEIE BHIJEP/KKH), BO3PACTaeT TaKKe B DE3YJIbTaTe UX
peicymnBanua mpum 90° C. Hak ormegamochk pamee, mpoxa-
nuBanme (mpm TemmepaType, He npepnmatomeir 600° C, B Te-
9eHUe HECKOJBKUX YaCOB) B PAJE CIYyIaeB TAKIKEe 3HATUTEIHHO
AKTHBM3HPYeT mopomku KBapma. Ilpm sToM cymecTBeHHO
MOBHIIAETCA CKOPOCTh PACTBOPEHMS KBAapIlla, M3MeJbYeHHOTO
B BOJle, ameToHe, COUPTe, T'enTaHe, X He WM3MEHAETCH WIH
yMeHbIIAETCS [Js IOPOIIKOB, M3MEJbYEHHHX B CYXHX Tra-
3ax (rabu. 13).

N3menenume CKOPOCTH pPacTBOPEHWS B HAYAJbHHIA HEPHUOL
mpoimecca ¢ TedeHWeM BPEMEHHM XPaHeHWs IOPOMKOB B CY-
XOM BO3[yXe XapaKTepHu3yeTcsa JaHHBIMU pHuc. 62, Ha KOTOPOM
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Ta6amma 13

3menenne pacrBopnmoctu (KoHmentpauunm SiO, B pactsope (B %)
3a yKasaHHOe BpeMA pacTBOpPeHMA) KBapLa, M3MeJIbUeHHOro B pas-
JMYHBIX YCJHOBHAX, B Pe3yJbTaTe NMpOKAaaWBaHuA *)

IIpOmOKMTEIBHOCTD pacTBopenus

21 meHs 1,5 Mecana 3 MecaAna 6 mMecaues
*% 1 [} ' '
ugggggqgg ﬁn SMZ/L, x| x| S| =S5 =8| .=
od <3 o3 L ¥ < 3 o3 < 3
2k | 5k | &b | =5 | ek | 2E | 2E | =&
85 |85 |EE | 85 | E5 | 85 | E8 | &%
k| B8 |8 | ER [ ER | BB | 28 | BR
Cyxoit Bo3IyXx 2,110,161 0,19) 0,21 |1 0,23 | 0,24 | 0,24 | — —
» » 2,410,48(0,21(0,23/0,25]0,29| 0,27 — —
» » 2,510,47(0,26 | — — 10,35(0,36 | — —
Cyxoit asor 5,010,147 {1,14(0,26 | 0,47 | — — 10,45 0,37
Cyxoit aprox 9,010,33(0,36|0,280,31| — — 10,511 0,49
» » 11,01 0,37{0,2010,39 | 0,24 | — — 10,50 0,49
Boma 0,05% 0,5{0,03{0,06| — — 10,0810,10| — | —
K KBapuy
» » 1,110,04|0,13| — — (0,410,417 | — —
» oy 7,210,40 [ 0,47 | — — 10,580,809 — —
Bopa 45,510,06 | 0,14 0,10 | 0,22 | 0,42 | 0,26 | 0,14 | 0,28
» — 10,49(0,40 | — — 10,2010,46 | — | —
Auerod 9,710,04|0,100,05| 0,41 (0,09 | 0,42 0,141 | 0,13
drunosnii crmpr| 6,4 | 0,07 | 0,21 | 0,07 | 0,32 [ 0,09 | 0,32 0,16 | 0,35
Tenran 9,010,09|0,16 0,141 | 0,48 | 0,44 | 0,21 | 0,48 | 0,22

*) Hpapu npoxanmsasica B TeyeHue 2 uac 1upu 500° C.
**) VpenpHas noneExnocTL He/[e3arPernpOBaHHEIX NOPOMKOB,
naMepenHasa MerogoM Bpymayspa, Ommerta m Temepa (N,).

npuBefeHsl 3HAYEHNS KOHIEHTPalUM KPEeMHEeKHCJOTH B pac-
TBope uepes 21 JeHp mocle HPUTOTOBIEHHUSA CYCHEH3WH.
Kax caenyer ms pmc. 62, HadanbHadg CKOPOCTH PAaCTBOPEHHU:A
HOPONIKOB KBaplia cyXoro momosa u usMmeasueHunix ¢ 0,05%
BOJILI IIOCTENEeHHO yMeHbIIaeTcA (cp. ¢ puc. 61).
ITpoBefenHble ONEITH JAIOT OCHOBAHME MJA COCTABIEHUS
IpeJCTaBICHNA 0 MeXaHU3Me yBeJUdeHNA aKTHBHOCTA KBapIa
BO BpeMeHHU U 06GHADYKEeHHOH paHee TePMHUYECKOM aAKTHBAIUH.
MoskHO mosaraTh, 4TO MOJIEKYJIB KEJKOCTEH 1 raszoB, copom-
poBaHHbIE Ha CBeKeoOpa30BAaHHEIX IIOBEPXHOCTAX (B COOT-
BETCTBHM ¢ yxe obcy:xmaBmmmcs MmexarumsmoM [173]), muc-
CONUUPYIOT, a IPOAYKTH [AmcCconmanum AUPPYHAEPYIOT B
o6beM wacrmi. Ilpomecc nuddysmum snagmTenbHO O6IErUYeH
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MHOKECTBOM [e()eKTOB B KpMCTANJINIeCKOdl pemerxe, o06-
pa3oBaBIIMXCA B pesyabTaTe IUIacTHIECKOd AedopManum
NOBEPXHOCTHEIX cJa0eB. B paccMaTpuBaeMbix ciaydadax Hau-
Golee BepoATHA MUTpanus aToMHoro Bojopona. Ouenmpno,
4TO HEIOCPE[CTBEHHO IIOCJje PaspylleHWd IJIOTIHOCTDL JIHCIO0-
IUPOBAHHEIX IIPUMECHHIX AaTOMOB B IIPUIOBEPXIOCTHOM CJIO€
gacrun Hamboabmas. Byaydu pacTBopeHH B pellleTKe, OHHU
06pa3yioT CBA3U, yMeHBUIAMOI[Me BEPOATIOCTL BLIXOAA MO-
JeKyJl KpeMmeseMa B pa-

f"i— crBop. Opmako BCIeAcT-
Q\S Bue qudpdysun (ocobernuo
S

IIpu HaTPeBAaHUM) IPUMeEC-
HBIE  aTOMBI IIE€PeMeINalnT-
csa B Goiee rry6oKoIeKa-
mue, HO TaKyKe BechbMa
/7 He(eKTHEIE CI0M TBEP/IOro
rena. Tarkasa pudpdysus,
BoOOmE TOBOpSI, MOKeT
TIPOUCXOAUTH 32 CIET DII-
tTponuiinioro gaxropa 6es

5
T

5 4 W
T, MECAYb

2 4

Puc. 62. II3MeneHue aKTHBHOCTH IIO-
poukoB (C, — copepskanne SiO, B pac-

TBOpe Yepe3 21 HEHb IOCHEe IIPUTOTO-
BI€HHA CYCIEeH3MU) B 3aBHUCHUMOCTH OT
BPEMEHM, MPOIIEALIero IMOCJIe M3MeNL-

u3MeINenuss BHYTpPEHHE
sHeprum Bcero cios. Brr-

qenus. X0/ IPUMECIHIX aTOMOB

I M 2 — COOTBCTCTBCHHO 3 M 7 Muit U3MCJIID- Ha (i)aBOByIO rpanumny
yeHUsA B CYXOM BO3RYXC, 3 — 4 mun I1Ipu

Brauoctm 0,059%. IIpouCcXoguT TaKKe 3a

CYeT DHTPONMIAHOTO (aK-

TOpa, HO C YyBeJIHNYEeHHWEM BHyTpeHHeﬁ 9Heprum CJaoA.

B pesyapTaTe THX mpoIleccoB cBOOORHAS SHEPIUSA U AKTHUB-
HOCTh (B /JAHHOM CIydae — PACTBOPUMOCTH) MOBEPXHOCTIIOTO
ciosa dgacTmm pacTeT., IIoCKOABKY ¢ poOCTOM TeMmepaTypst
CKOPOCTh MWI'DAI[UM NpUMEced M MecopOIuu ¢ MOBEPXHOCTH
YBEJIMIMBAECTCA, HArpPeBaHuWe IOBHIIIAET CKOPOCTh aKTUBa-
nuu kBapua. IPPerT MpoKaTMBAHUA OCOGEHHO IPOABIAETCSH
npu Temmeparype mopsaxka o00° G (rabm. 13).
Heob6xonumo oTmerutrsh, dT0o AuPY3MOHHBIA POCT AKTUB-
HOCTH 3aMeTeH JWIIb TOTJa, KOT[A OH HEe MacCKUpyercs s@-
¢exTOM pacmaja THAPATHHIX coemmHeHuwir (cM. pmc. 62).
Hak oTmeganoch BHIDe, Taroit pacmajy NPUBOIAUT K CHIKE-
HAI0 PACTBOPUMOCTH KBapla, NPHIEM BeJUYUHA CHIKEHUA
B ONpefeJeHHEE IIPOMEKYTKM BPEMEHU BHAYUTENBHO IIpe-
BOCXOAMT BO3MOKHBIN -TUPPY3UOHHEIA POCT AKTUBHOCTIH.
licrecTBenno, uTo HapaAmy ¢ Auddysmeir mpomcxoguT u pe-
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nakcanua fedeKTOB TBEPHOTO Tejla MU BCIEICTBHE JTOTO
o0bIuHOe «CTapPeHHMEe» — YMEHbBIIeHUe AKTHUBHOCTH W3-3a YIIO-
pAgouenus cTpyKTypel. Cmajg aKTMBHOCTM OpPU KOMHATHOW
TeMIepaType B pe3yJbTaTe «CTAapeHWsA» XOPOLIO 3aMeTed
B npoGax cyxoro msmeabdeHns (cM. puc. 61 u 62). IToT adh-
¢deKT nabaomaeTcs WHOTAA OPA MPOKATMBAHUM IIPU TeMIepa-
type menee 500° C (taba. 13) u Bcerga mpu 700° C u BhIIe
B Teuenue Gomee 2 uac [70].

Bricokasg KOHUEHTpalus IPUMECHHIX aTOMOB B IOBEpX-
HOCTHBLIX CJIOAX YACTHI|, MOJYICHHHX M3MEJIbUCHHEM IOPOII-
KOB B BOJC, OOBACHSET NX MEHBIIYIO, 9eM JIJIsI CyXOT0 M3Melb-
qcnus, PacTBOPUMOCTH, HecMoTpsa Ha Goapmryio (B8 10 pas)
nucmepenoctb. K aToMy ciemyeT m0o0aBHTH,9TO M TOJNMIMHA
aMOpPU30BANHBIX JIECTPYKTHPOBAHHHIX CJI0EB HA YaCTUIAX,
HOJIYy9eHHKIX MOKpHM uamenbdenmeM, B 10—20 pas Hmxe,
9eM IpHU CYyXOM, U cocTaBiaseT okoxo 15—20 A, r. e. npumepuo
4—5 MoneKyaApHHX AHaMeTpoB. J[OMyCTUMO IPEIIOIOMKUTS,
9TO0 TAKOM TOHKHI CIION HACHIMEH NpUMECAMH W uUX Aupdy-
31A B HEM le3NaduTesibua. PacTBOPUMOCTH YaCTHUI[, M3MeJb-
9deninnix B BOfIe, PacTeT IPEMMYLIeCTBEHHO B Pe3yJbTaTe BHI-
Xo/la MPUMECHLIX aTOMOB Ha rpammiy ¢as um ux gecopbumum,
KOTOpas CYIIECTBEHHO 00Jerdaercss HArpeBaHUEM MOPOLIKOB
B CyXOM COCTOSHWH.

Ha akTuBHOCTH AMCHEPCHBIX YACTHUI[ OKA3LIBAET BIUAHIE
(npu mx paspylienuu) HPUCYTCTBUE HE TOJBKO Ta30B U KUJI-
KOCTell, 110 M JAPYTHX TBePAHX Tei. Paunee ObLIO IMOKa3aHO,
9TO COBMECTHEI TIOMOJ C KBapUEM IPUBONAT K 3HAYUTEIHHO
GOJNILIINM, YeM IIPHU PasfAelbHOM WM3MEJbUeHNHU, UCKAKEHUAM
KPHUCTAJNINIECKON PEIIeTKH KaJbIuTa. ITOT 3PdeKT 06ycioB-
JleH B3aIMOJIeCTBHEM MOBEPXHOCTHBIX CJI0EB YaCTHI[ KOMIIO-
mentoB. Kax cmemyer m3 tabm. 14, Takoe B3auMmojeilicTBue
OPUBOAUT K CYIECTBEHHOMY CHIKEHWUI0 aKTUBHOCTH KBapIia.

KouTpoabusIMu ONBITAMEA CHENMANBHO YCTAHOBJIEHO, YTO
PACTBOPUMOCTH KBApIEBHX IOPONIKOB IPAKTUIECKHU HE H3Me-
HAETCSA, eClIM K HUM 00aBIsSeTCS OTHEJIBHO HN3MEIbYeHHHIH
KaapuuT (tabm. 14). MexaHu3M [EHCTBUS KaXbIWTA, MOMKHO
[0JIaraTh, 3aKI0YaeTCA B OJOKMPOBAHUM AKTHBHEIX IEHTPOB
Ha MOBEPXHOCTH KBapIila MOJEKYJaMH KaJbI[UTa WIM IPOLYK-
TaMd X [JUHCCOIMALWY, KOTOPHIE BHEAPANTCS B KBapI[ IpH
MeXaHUYeCKOM BaamMmomeicTBum dacTun. O6BeM Kaapumra,
BCTYIAIOMEro BO B3auMofeiicTBme ¢ KBapmeM IIpu H3Melbye-
HOH, Kpafine HesHaumTedeH. HecMoTpA Ha 9TO CKOPOCTH B3au-
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Ta6auma 14

BayAHMe KaJlbIATa NP COBMECTHOM €ro M3MeJbYeHHH C KBapueMm
(15 Mun B IKCHEHTPHKOBOI MelbHHUIE) HA gacrnopnmocu KBapIia
(Cocras cmecm: SiO, — 84 9/, CaCO35— 16 9/)

Conep:xanne SiO, B pacTnope, Y,
Cooco6 mpuroToBJIEHAS -

[IOPOIKOB 8, w'jz
21 mesb | 3 mecsina | 6 mecanes

W3MenpueHre INCTOTO KBapIa 0,32 0,46 0,51 3,2
CoBMecTHOE NM3MeJILIeHNe 0,13 0,11 0,15 2,6
KOMITOHEHTOB :

CMmemieEwe  pasfejbHO W3- 0,38 0,46 0,50 —

MeJIbYEHHBIX KOMIIOHEHTOB

MOJIEHCTBUSI KOMIOHEHTOB IIPA TNPOKAJWBAHUM IOCJIE COB-
MECTHOTO HW3MEJhYEHNs CYIMEeCTBEHHO 0oJiee BHICOKAs, dUeM
NpA Pa3gelbHOM W3MEJIHYEHUN [0 TOU K€ JUCIePCHOCTH H
mocienyomeM ux cmemenmum [60, 174].

Taxum o6pa3oM, ¢pefia, B KOTOPOH IPOBOMAHUTCA U3MCIAbIE-
HHe KBaplla, OKAa3hBaeT CYIeCTBEHHOEe BO3MIeHCTBUE Ha ero
AKTUBHOCTH. BinsAnme BOAH 3HAYMTENBHO [a)ke NOPH OYEHD
MaJBX ee COJep/KaHMAX B M3MeNbYaeMOM MOPOLIKE — IIO-
pagka 0,02—0,05%, 9To cooTBeTCTBYET BO3MOKHOCTH 0Opa-
30BaHUA OJHOTO-IBYX HACHIIEHHHX MOHOCJIOEB Ha HOBEPX-
Hoctn vacTwi. FRUOKOCTH, WX HApH W TBEPAHE Teja, C KO-
TOPHIMM KBapIm, W3MelbYaeTcd, MOTYT BEI3BATh KaK yBejmue-
HUe, TaK M YMeHbIIeHHe KBa3MPABHOBECHOU KOHIEHTDAIUM
KpeMHe3eMa B PacTBOpe M CKOPOCTM PACTBOPEHHUA IIOPOIIKOB.
Kunernueckue KpmBHE PacCTBOPEHWsS NOPOUIKOB, M3MeENbYell-
HBIX C MaJbHMH J0o0aBKaMm WX B BOJe, MMEIOT MaKCHMYM,
KOTOPHIA mcYe3aeT MpH JJIATENbHOM XpaHeHuM o0pasioB mpu
KOMHATHOM TeMIepaType Wid npu HarpeBaHmm. ITOT aPPexT
o0bacHeH 06pa3oBaHKMeM B IPOLECCe M3MEIbUCHNUSA U PACTIaToM
Ha MOBEPXHOCTM YACTHI[ AKTUBHBIX UM HECTOMKUX THAPATHBIX
coequHEeHMI KpemHeseMa. VIMeeT MeCTO POCT aKTUBHOCTHU IIO-
POINKOB KBapia, U3MeJIbYEHHHX B IPUCYTCTBUU MAJHX 106a-
BOK ¥ B cpejie BOIH U APYTHUX JKUNKOCTeH, B IPOIecce PacTBO-
peHms, a Tak;e IPYM HaTPEBAHWU W IPOKAJUBAHUY IPH TEM-
nmeparype, ne mpesnimatomeir 600° C. 9ToT pocT aKTUBHOCTH
o0bsacHeH pupdysmeit mpumeceit B HECTPYKTYPHPOBAHHOM
BepXIIeM Cjoe W fecopbumeil MX ¢ IMOBEPXHOCTH 9aCTHII.
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§ 2. MexaHoXMMHYECKAsA AHCCOLHALNA
HEOPraHuYeCKAX TBEPHAbIX Telx

Coobmenus 00 sdderTe AUCCONMANUA COCAUHEHME B pe-
3yJIbTaTe MEXAHHYECKUX BO3LEHCTBUII Ha TBepAHE Teja IO-
SBIJINCH B KOHI[E IPOILIOTO BeKa ¥ OBLIM BIEpPBHIe CHCTEMAaTH-
supoBansl B pabore JIu [175], Beumenueitr 8 1893 r. UM 6sut0
0Ka3amo, 9YTO TaJloTeHHBIE coefmHeHuUs cepebpa, 30J0Ta,
IJIATMABL ¥ PTYTH OPU PACTUPAHUM B CTYIKE PasjaralnTcA
C BBHIIEJIENIHeM METAJJIOB, HPUYEM TAKOe PACTUPAHUE OKAa3bl-
BaeTcs ropasmo Gosee dpPeKTMBHEIM, 9eM NIpPUMEHEHUE CTa-
[UOIIaPHOTro (faske OYeHb BEICOKOTO) HaBieHusi. HexoTophie
U3 Ha3BaHHHIX COEMUHEHUH He pasiaranTcs [Jayke OPHU BI-
cokux Temmeparypax. CiemoBaTeibHO, MEXaHHYECKHE BO3-
HeMCTBUA HEBO3MO)KHO CBECTH K TEIUIOBHM. B masibHeiinmem
Obr OOHAPYIKEeHH W APYyrue 0COOEHHOCTM XMMHIECKHX pe-
aKkIuil, IPOTEKAIIAX B NPOLECCe PACTHPAHMUA, Pa3gaBlIHUBa-
nua u usmenpuenusa [170, 175—178]. PesyuabraTom 3THX
ncciefoBanuii GhUI0 MOABJEHME IOBOH HaywHO#l obmacrh,
molnyuuBineii mo Kiaaccupuxaruu Xiorrura [179] massamue
MEXaHOXUMUH.

K s¢dexry mucconmanum npuBOgAT MeXaHWIECKHE BO3-
HefCTBUA PA3HOTO pOJA, OTIMYANINUECS HHTEHCUBHOCTHIO
M XapakTepoM mnpmioKeHWs Haupssxenmit. OOHapyxeHo,
HampuMep, pasioKeHne KapOoHaTa KaJbIHA OPHU IapamaHuy
xpuctamiaos [180]. HaubGonee sBHHE m 3HAYMTENbHEE 3(-
(EeKTH MONYYeHH IPH TOHKOM H CBEPXTOHKOM M3MEJIbYCHNU
[170, 177, 180—182]. Ilerepc [176, 182] mayumn Bausanme
U3MeJIbYeHUsA B BAKYYMHON IMapoBOil MeabHHWIE Ha Hexapbo-
Husanuio cugepura (Fe,O;) m coobmun o mabmomeHmm uM
cXOTHHX 30PeKTOB NP M3MENbICHUN U IPYTUX KapOOHATHBIX
MHUHEPAJIOoB ([OJIOMATA, MATHE3WTA, AHKEPHUTA, KaJbIUTA U
Mpamopa).

B onmitax Ilerepca B BakyyMe mpu KOMHATHO#l TeMmepa-
tType pacmagainochk go 20% yriexucioro kenesa, TOrga Kak
UCIAHICKMI AT B TEX K€ YCIOBUAX NCOKTHBAJ 3HAIUTEIHHO
MEHBIOYI0 cTemeHb Aekapbonmsanuu. I{exapOonusanus cupie-
puTa He HmpeKpamaeTcd ¢ OKoHYaHWeM usMeibieHmA. Orme-
YeHO BHIIeJIeHHe YTIEKUCIOTH B CTPYI HHEPTHOI'O Tasa eme
OPOMOJKUTEIFHOE BPEMS IOCTEe OKOHYAHUA WM3MEIbYeHHA.
[lo mpemmonoykenuio Ilerepca mnpm MexaHWIecKOM paspy-
menux KapGouatoB wmoul CO, moaBepramwTCs HACTONBKO
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CUJIBHBIM JieOpMAI[iAM, 9TO CTAHOBUTCA SHEPreTHIECKM BEI-
rogubiMm ux pacmapy Ha CO, M MOHB KHCIOPOJA, KOTOpPHIE
3aTeM BAaJeNITHO CBA3LIBAIOTCA C MeTaJJOM.

UccnepoBanusa nexapbodmsanum B Ipolecce H3Mesbye-
HUS TpoBemedkl u ¢ pApyrumu KapGomaramm [183, 184].
3a 20 gacoB mcrupanus B BuGpoMeabuuie KapOoHATH pas-
Jaraiores: kapbouar marua na 28,9%, kapboHaT Kaabuusg—
Ha 13,9%, xap6onar crponnus — ua 10,8%, rkapGouar Ga-
pus — Ha 8,4%, wkapGoumar matpusa — ua 0,22%, xapGouar
ranua — na 0,16 %. DPasmoycenue mjuer (0 OKMCIOB U KMC-
Jopofa.

Boutn cpenansl mpsMble Macc-CIIEKTPOMCTPUYECKHC W3-
Mepenus NPOAYyKToB pasuaoskeuust [185], xoropuie uoxa-
3aJM, UYTO pAasJOoKeHUe IIPOMCXOMMUT Ha IOBEPXIOCTAX pa-
ckosa. Cpejiitee 4mMCiio PasiOKUBIIMXCS MOLOCIOEB NPU pa-
CKAJTHBAHUU KPUCTANIOB KapOOUATOB CBUUIA, Marudsg X
Kasblusa paBHO coorsercrseniio 2; 0,39; 0,09.

ITaubosiee moapo6IO MeEXauOXUMUTCCKAS JIUCCOIUATIUA
6vima usydena Illpajiepom [186—188]. B rauecrBe Mopeis-
1OTO MaTepuaja UM HCIOJb30Bail U3BECTIAK, lia TepMmde-
CKYIO JUCCOLMAIAIO KOTOPOTO 3aTpauuBaerca 42,5 kkaa/monv.
UsBecTHAK mnepuojuyecks W3MeNLUAJM B BUOGPOMENLHUIC.
YieapHyio TOBEpPXIIOCTh U3MEPHIH METofoM D pymayapa,
Immerta u Temnepa mo apcopOuuu asora. Ilo penrrenoBcxkum
TAHHBIM OIpPENeNAdn pasMep NePBUYHLIX uyacTui; (B arpera-
TaXx) M BEYUCJAIM COOTBETCTBYIOU[YI0 MM YI€JIBbHYIO MOBEPX-
HOCTh. IIpoBOomMIN cemUMEHTOMETPHYECKHI aHAJU3 I'PAHYJIO-
MEeTPHYECKOTO COCTaBa BTOPUYHBIX IOPOLIKOB (arperatosn)
M BHYUCJIANM HX yledbHylo moBepxuocthb. Cremenb mapyiue-
HOA PEINeTKM OLEHMBAJACh HA OCHOBAHUU alajiu3a pPeHTIre-
HOBCKOI'0 CIIEKTPa C UCIIOJb30BAHWEM I'PafyMpOBOUIHIX ONBI-
TOB €O CMeCAMH.

Kax suguo us puc. 63, ymeabuas HOBEPXHOCTH, BLIIUC-
JIeHHAs 10 pasMepaM NepPBHINLIX 9aCTHI[, CHadaja OLICTPO,
a 3aTeM MeJIGHHO pacTeT co BpemeneM uaMmeabuenus. Cso-
GomHas yHeabHAas MOBEPXHOCTH IIOCTEIEHHO BO3PACTaeT
¢ 3,4 m?/z mo 13,5 m?/e. lnmrenbHoe maMelnbdenme (CBBIILE
100 mun) npUBOAUT K YMEHBIIENWI0 CBOOOJHOU YHeIbHOH
nmoBepxuocTm (depes 140 mun — 12,4 m?/e).

YnenpHasgd MOBEPXHOCTH BTOPMYHLIX YaCTHI[, BEIHCJIEH-
Hasfg M0 QYHKIMAM NX pacmpefesenusi, NOJYIeHHHIM M3 Ce-
OUMEHTAMOHHEIX [JAHHBIX, uUMeeT MaKcuMyM (paBHBIA
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0,45 m%/e). Ilpu mnuUTENbHOM W3MEJIBYCHUH YCTAHABIMBAETCA
NOMOJIBHOE PaBHOBECHE, OIPEeIsIeMOe PABEHCTBOM CKOpPOCTeit
pacmajga BTOPMYHBIX JacTul| (arperaToB) W WX MOJEKYJSIPHO-
nioTHOM arperanuu[177].

QDyHKIUA H3MEHEHUS &1y
CTeleny HapyUIeHHi Kpu- w0l
CTAIIMIECKON  pPemeTKH
HMEET pPe3Kuil MHHUMYM. f/z/g
lledexTsl 3aneguBaIOTCA, vt
KOI/la M3MeJbYeHue B 0C-
IIOBIOM NI PEKpau[aeTcs.
Aunajormausii _XO1 Kpu- gk
BOIl HIAPYLUIEHUA pelIeTKA
obnapysKkeH u g Apyrux
marepuanoB [186]. 0'!/#/24”/2%

WN3menenne aKTHUBIIO-
CTH M3BECTHAKA B peaynb- [ b wils
TaTe MBMENBUCHHA XaPAK-  syylodyy 4 ! '/
TE€PU30BATIOCH BlaYeHMA- e y //’4’
MU  pABIIOBECHOTO JlaB- 4 v
senua upu 700° G. Kax yaryy — 24y
Bugio u3 puc. 63, 3ua- 55 W ow w

Yelue paBIOBECHOIO /IaB- z, muy

JenusA HpU ITOH TeMie-
parype ¢ yBeam4eHHEM
NIHMTEJBIOCTH U3MeJbue-
IMA IIeNpPepHBHO Hapa-
cTraer oT 3uauycnus 85 1o
192 mm pm. cm. (mop).
Hmeer MecTO 3HAYUTEND-
Hast cuMOATHOCTH KPUBHIX
pocta  AKTUBHOCTH X

Puc. 63. l3Menenwme ¢uauro-xumude-
CKMX CBOHCTB M3MEJbIEHHOI0 KaJb-
guta [186].

a — yAenbHasdA IOBEPXHOCTb ICPBUYHBIX Yac-
THL, 6 — cBoOOMHAA yAeJbHAA IMOBEPXHOCTH
no merony BpyHayaspa, dmMmerra u Temnepa,
6 — yHeJbHasA IIOBEPXHOCTb BTOPUYHBIX Hac-
TUI[ II0 CEeAUMMEHTALlMOHHBIM JAaHHBIM, 2 —
PaBHOBECHOE IaBJICHME YIJIEKMCJIOTO rasa
npu 700° C, & — cTeneHb HapymeHUsa pe-
IUeTKU.

YOEJBIONA MOBEPXHOCTH TEPBUYHEIX YaCTHUI[, YTO CIYMKUT
OCHOBAHMEM [IJIA NPEIOJOKEeHUS O NPUIMHHON CBA3H aKTUB-
LOCTH U [IMCIEPCHOCTH HePBUYHBIX JacTum. Poct akTuBHOCTH
U3BECTHAKA IPU MAaJOU [JIUTENHHOCTU M3MEJIbYCHUSA BHI3BAH,
M0 MHEHMIO aBTOpA, HAPYIIEHUAMH PEIIETHH.

O6ierdenue mpoiecca TEPMUIECKOH TUCCONUALUE B pe-
3yJIbTaTe M3MeAb4eHUS 00YCJOBIEHO YBEJIHMYCHHEM BHYTPEH-
Hell sHepruyu MaTepuaja, aKKyMyJIUpyeMoi 3a cdeT o6pasoBa-
HHUA HOBBIX CBOOOMHBIX IOBEPXHOCTEH dWacTmm u AedeKToB
KPUCTAJIMYECKo cTpyKTypsl. Ha ocHoBauum sKcumepuMeH-
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TAJIbHEIX WN3MEPEHHMA pPABHOBECHBIX [ABJIEHHHA YTJIEKHCIOTO
rasa Hajl COBEPIIEHHHIMH KDHUCTAJJIAaMU KalbI[UTA OPH pas-
HEIX TeMmeparypax (mapaMeTp — BpeMs M3MeJbUeHHA) OBIH
paccuaTaHbl TemioBhe JPPEKTH  pasioyKenus  KaJIbIHUTa-
(puc. 64).

Koauuecrso Temna, neo6xomumoe JiiA pasiioskenus rpy6o--
IOUCIEePCHOro KalbIUTa, KaK 3TO BUAIO U3 puc. 64, ¢ pocToM
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Puc. 64%. 3aBUCMMOCTDL 3HTAJIBIUA TEPMUYECKON MMCCOLMALIMM KaJih-
mura [186] oT TeMmepaTypH AJA TOPOLIKOB PA3IMYHON MPOOJIKH-
TEJLHOCTH H3MeJIb49elus.

TeMImepaTypsl HECKOJBKO YMEHBINAeTcs, CIeJysA NpAMOIN-
HeiHOM  3aBUCHMOCTH, u ompu  625° G cocraBaser
41,1 rraa/moan. Ilocme 15 mum usmenwvuenms TtpeGyercs,
onHako, Toabko 26,0 kkaa/moawv, a mocme 140 muwm — Bcero
21,9 kkaa/moav D[S DABIOKEHWSA KaJNBIATa OPU TOH sKe
tremneparype. CieoBaTelbHO, B IIOCIEJHEM CiIydae, B pe-
3yJbTaTe U3MEJNbYeHHA KAJIBIUTOM IOIJIOMEHO M aKKyMyJIHd-
posano 19,2 kkas/moav. Ilo Mepe moBBIIIEHHS TeMUepaTyphl
PA3HOCTH TEIJIOT AMCCOLHAIMHN M3MEJIHbIEHHOTO M HEeHU3Melb-
gegHOro o0pasunoB KaJbOUTa YMeHbIIaeTcsi. ABTOpP o6BAC-
HAET BTOT PAKT PeKpHCTANIM3anued W YKPYIHEHHEM JaCTHIL
KaJbIUTa IpPU BHCOKHX TeMIepaTypax.

Taxum obGpasoMm, nmo ganEmM pabor Illpagepa m gpyrmx
[187, 188] B pesyaprate u3MeAbYeHUS NPOMCXOOAT BeChMa
3HAYMTENHHOE CHIKEHNEe KaK TeIUIOTH, TaK U TeMIepaTypsl uX
TepMUIECKO [ucconuanum. Hak OHII0O NOKa3aHO BHIIIE,
MeTOlaMHI TEPMUYECKOT0 aHAJIW3a OBIO OCHADYKEHO, 4UTo
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peamumHa 3TUX 3PPeKTOB BHAYUTEIHHO BO3PACTAeT, €Ciu
KapGoHaTH M3MeJbYaloTCS COBMECTHO C KBapIeM, KOPYHIOM
uz xaoamuutoM [174, 190]. Beauumna sddexToB 3aBHCHT OT
yCIOBUiI HM3MEJIBbYEHUS ¥ COOTHOINEHUS KOMIOHEHTOB.

B mamwux omeITax M3MeJNIb9EHHME IPOUBBOLMIOCH B DKCICH-
TpuKoBoil BuOpamuonHoil MenbHune. lamepenue cremenn
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Puc. 65. Tepmuyeckaa paucconumanusa KaJabLATa:

1 — cMechb C OKMChIO Kanbimsa 1 : 5, BpeMA M3MENbYeHUA 5 MuH (TPEYrOJIbHUKU),

M3MCJIbYCHHBIN KaJbUUT (KBAAPAThi) U CMECh Pa3[eJIbHO M3MeJbYEeHHBIX KaJbLRMTA

¥ KBapua (CBeTJbIC KPYMXKH); 2 — ¢ IJmmHo3eMoM 1 : 5, 32 mun, 3 — ¢ KBapuem
1:5, 4 mun; 4 — c kBapuem 1 : 5, 12 mun, 5§ — ¢ kBapuem 1 : 20, 12 mun.

nexap6oHM3anWy NPOBOAUIM B BAKYyyMHOH yCTaHOBKE C I'pa-
IyupoBaHHEIM o0bemoM. IIpoOH moMemalaum B KBapueBYIO
ammyay, koropas Harpesaiack mo 1000° C. Beaumuuna npo6
BHifpaHa C TaKMM pacdeToM, 4To0OBI CONEpIKaHME KaJbIUTa
B Heil U, CJIeI0BaTeJIbHO, PABHOBECHOE [(aBJIEHHE MAapPOB
VIJIEKHCJHOTH B YCTAHOBKE C IOCTOAHHEIM 006heMOM OBLIO
BCeTa OMMHAKOBHM. Haskmo#l Touxke KpuBEIX puc. 65, moay-
YEeHHBIX B JTHX YCJIOBUAX, COOTBETCTBYET YCTAHOBHUBIIEECH
OpE 3aJaHHOM TeMmepaType DABHOBECHOE [aBIEHWE yIJe-
KHCJOro rasa.

N3 pamuanx pme. 65 caenyer, aro mexapGoumsamus P (T)
“3MeJNbIeHHHX IOPOLIKOB IPOWCXONUT IPH 3HAYATEIHHO
CHW/KEHHHBIX II0 CPABHEHHUIO ¢ OOHIYHHIM KAJBIUTOM TeMIepa-
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Typax. OgHaKo mpW JOCTATOYHO BEICOKOW TeMmepaType 3Ha-
YeHWS PaBHOBECHOTO [aBJEHUA I pPa3HOTO COCTOAHUSA
KaJbIATA CTAHOBATCA GIUBKMMHU MEXAY Co6O0# W ¢ pacueTHoit
sBenmanHoii. CiemoBaTesbHO, CTENEHDb eKapGonusanuu B mpo-
mecce M3MeJNbIEHUSA BO BCEX W3YYEHHLIX YCJIOBUAX OLuta 1e-
3HAYNTeNbHON. X apaKTepHO TaK)Ke, 9TO M3MeJbdenue Kpauie
Majo BiusAeT Ha 3aBucuMmocTb P (7)) mis 9uCTOro KajbIuTa.
dpdexrT wmaMenpueHHA BeCHMA HEBEJIUK, €CIH COJeprKarime
KBapIa B CMeCH COCTaBJIsAeT MeHee Z2/,, u OGEHICTPO pacTeT 110
Mepe yMeHBbINEHHs COIepyKaHmsa Kaibrura. Mexay TeMm mpo-
CTOe CMeIleHWe M3MeIbYeHHLIX KOMIOHEHTOB IPM JIOOBIX MX
COOTHOIIEHUAX He BiamseT Ha Xox KpuBeix P (7). Tepmorpa-
¢uueckmit anaaus cMecei (pumc. 66) mokasmiBaeT, 4TO, KpoMe
CHIDKEHMS TeMIepaTyphl AeKapOOHM3amum, IO Mepe M3MeJb-
9eHHsI YMEHBINAeTCA TaKKe BeJIWMIUMHA DHIOTEPMUIECKOTO
NUKa pasioKeHns KapOoHaTa BOJIOTH 70 MOJHOTO €ro MCYe3-
HOBEHUA.

CMecy mpeqBapuUTENbHO HW3MEJIHYEHHHX  KAJUbBIUTA U
KBapia, MOABEPTHYTasg [MOIOJHHUTEIHLHOMY COBMECTHOMY W3-
Menpyenmioo, upu Temoeparype 860° C ma ¢ome suporepmMu-
9eCKOr0 NHKa [aeT bsk3oTepMuieckuit spdext (puc. 67).
C yBenwmdeHwmeM JJIATEIHHOCTH 00pabOTKM CMeCH dK30T€pPMHU-
geckuil 3PexT pacTeT, HO ero BeJMIMHA HUKOTMIA e IIPeBHI-
maer sHgoTepMuuecKmit addexT mexapboHmsammm. ITa 0CO-
GeHHOCTH CBOMCTBEHHA CMECAM KaJIbI[UTa He TOJBKO C KBap-
[eM, HO M ¢ KOPYHZOM U riuHo3eMoM. Ilo Mepe mamenapuenus
o6a spexTa yMEHHIIAIOTCA IO BEJIMYMHE W CMEIaloTCsa B 00-
JacTh HUBKMX TeMmepaTyp. MojKHOo mojaraTh Ha OCHOBAHUH
H3JI0KEHHOTO, 9TO yMEHBIIEHWE 3aTpaT BHEIOHEro TemiIa Ha
neKapO6oHM3anui0 BEI3BAHO TOSABJIEHMEM WCTOYNUKA DHEPIHUU
B CMeCH, NpUIEM WHTEHCHBHOCTH TAKOTO WMCTOYHUKA IIO
Mepe U3MeJbIeHHA BO3PACTAET, HO KOJIMIECTBO BEHIAEJSIEMOI0
UM TeIIa HUKOT[A He IPeBhINIAeT 3aTpaT SHEPTUM Ha JleKap-
0OHMB3ALHUIO KaJbIUTA.

Brito BrICKa3aHO mpefmoNoKeHnue, 4TO IOSBJIEHHE IK30-
TEPMUIECKOTO 3(PPeKTa BHBBAHO XMMUIECKHM B3aUMOJEil-
CTBUEM KpeMHe3eMa Wid IImHo3eMa ¢ oxuehio Kaxsnmsa [190].
Onuako 3To OOBSCHEHHWE HENb3SI NPH3HATH PUEMJIEMEIM,
TaK KaK Ha TepMOrpaMMax cMeceil OKMCH KaJbIAfg C KpeM-
HEe3eMOM ¥ TJIMHO3€MOM 3K30TePMHYECKHAA OUK OTCYTCTBYeT.
ITo pmaHHBEIM TepMWYECKOTO W TepMOrpapmIecKoro aHaiIusa
MHTEHCHBHOE B3aUMOJEHCTBHE KOMIOHEHTOB ¢ 00pa3oBaHUEM
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CUJIMKATOB WJIHM AJOMHUHATOB KAaJbLUsA HAYMHAETCA IPU TeM-
neparype He Hmxe 850° C. K MoMenTy gocTmxeHms Temmepa-
TYPH, OPH KOTOPOil HAGMOJAIOTCA PeaKIud B3amMOAeHcTBHA,
nponecc AexapbOHH3AUEA 3aKAHIUBAETCA.
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Puc. 66. TepmorpamMma cmeceit Pmc. 67. Tepmorpamma cmeceit
KBapLa ¢ KaJbUUTOM U C OKMCHIO KBapma ¢ KaiasnutoM (5 : 1),
kanprua (5 : 1): mpeaBapUTeSbHO M3MeJbICHHBIX

1, 2, 3 — C KaIbUUTOM; 4, 12, 20 mun B Tedenme 12 mun.

M3MCJILYCHUST COOTBETCTBEHHO; 4 — 1 — cmech, 2, 3, 4 — HOTOJNHATEb-
C OKMCBLIO KajJabUuda, 4 mun uU3MeNb- HOe wu3Menbuenue cmecu 80 cew,
uyenms, 17, 2°, 3’ — COOTBETCTBYIO- 3 U 6 mun.

e IIoTepu Beca.

O6cyxpaemMuit apderT He 00ycHOBIEH Takke dHeprueit
IedeKTOB B BeI[eCTBaX, COBMECTHO H3MEJNbJIaeMBIX C KalbI[H-
ToM. O0 5TOM CBHJIETEIBCTBYIOT OLKITH CO CMECHI0 BBICOKO-
JUCIIEPCHBIX PasfedbHO UBMENBbYCHHHIX IIOPOIIKOB. ¥ TAaKOI
cMecH He OOHAPY)KMBAETCA YMEHBIIEHUSA HHU TEMIEpPaTypH,
HM TEIJIOTH [JeKapOoHM3anum.
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CymecTBeHHHM CJEACTBHEM COBMECTHOTO C KBapmeM H
KOPYHOM wu3MelbdeHHA KapOoHATOB (HE3aMEUYEHHBHIM B pa-
f6oTax, B KOTOPHX pAacCMaTpPHBAJIOCh BIUAHHE H3MeJbYeHUA
Ha 0CO0EHHOCTH TePMHYECKOH NUCCOLNUANuM) ABIAETCA CPaB-
HUTEJIBHO OYeHBL OOJBIIOE HMCKA)KEHMe HX KPUCTALIHIECKOH
crpykTypsi. Onmcannsie B 1. 111 skcnepmments (cMm. pue. 27)
IOKA3KBAIOT, YTO CTeNeHb HAPYNIEHUA peIIeTKH KaJbIUTa
Opd COBMECTHOM M3MENbYeHHH C KBapIeM HECPaBHUMO
Oosblle, YeM OPH U3MEJbUYEHHH TOJHKO OJHOTO KAaJbINTA.
AHanm3 NONYyYEHHBIX PE3YJIbTATOB I03BOJAET IIPELIOJIO-
JKUTH, 9TO MMEHHO 3TH HAPYIIEHWS DEIIeTKU ABJIAIOTCA IpU-
quHOil HabJ0gaeMoro TepMuueckoro dddexta. Marcumansb-
HYI0 BEJIMIUHY DHEPruHM NeeKTOB KaJBIUTA, PEalU3yeMyio
IpU TeMIepaType AWCCOLMAINY, MOKHO OIEHUTH KaK 6ama-
Kyl K Teminore pexapbonusanuu, (180 rdac/moav).

B 3aBumcuMocTEm OT yCIOBUH, B KOTODHIX HOPOU3BOJUTCA
MexaHHIecKass 00paboTKa, MOTYT OHTH HOJYYIEeHHl PA3TUYHEE
NPOAYKTH MeXaHOXMMAIECKOoi fuccorumauu KapoouaTos [191].
Ilpu pasnoxenmu KapGoHaTa jKexesa (CHAepuTa) Ha BO3LYXe
nonygaercs okucex Fe,O;, a B NPHUCYTCTBUU BIaru MOJY-
gaercsa ruppooxkuch Fe (OH),. Ilpu uamenpgennu kapbonaToB
B BaKyyMe YIJIEKHCJIOr0 TIa3a BEIEJIAETCA HA IMOPALOK
Ooxplne, YeM mpud aTMOCHEPHOM [aBJIECHUH.

ITporexaromme npm Mexauwdeckoir 00paboTke pearuuu
ABasiorcsa obparumeiMu. HanpuMep, 00paboTKa OKHCH IIMHKA
B NPUCYTCTBMM YIJIEKHCIOTO Tada NPHUBOJAUT K 00pasoBaHUIO
KapOoHaTa IUHKAa, B BaKyyMe ke HJeT Jucconumamusa Kapoo-
HaTa OUWHKA. Lcaum cropocTm mpsAMoOi M o0paTHOH peakmuu
PaBHEI, TO 0o0mee MaKpOCKOOHYECKOE WM3MEHEHHE B CHCTEMe
oTcyTcTBYeT. Takoe COCTOSIHHE SBIAETCA COCTOSHWEM MeXa-
HOXUMHUYECKOTO paBHOBecHsA. B oTiudme 0T TepMUIECKOroO
pPaBHOBECUSA MEXaHOXMMHUIECKOEe DAaBHOBECHE 3aBHCHUT OT CO-
craBa TBepmoit dasmr [182, 191].

UccnemoBaunsa MeXaHOXHMHYECKOTO pasjoKeHUA HUTpa-
TOB OBUIM NOCTABJEHH JJisl BHISACHEHHWS MeXaHHU3Ma MX CaMo-
OpOM3BOJIBHOrO pasiokenms (Bs3puBHOro) [178]. IsBecrHo,
9TO TepMHUYECKOe PA3JI0)KeHWe HUTPATOB IPOUCXOAUT B [Be
craguma [192]. IlepBoit cragmeir ABIseTCA mOTEPS KHUCIOPOAA
u obpasoBaHme HHUTPHUTA:

MINO;—> MINO, 4 5-0,,  MI(NO,),> MIINO, +- O,
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Ilpu Gomee BBHICOKMX TeMmepaTypax NPOUCXOAUT Pasio-
JKeHNe N0 OKWCJIOB METAJIa, a30Ta M OKHCJIOB a30Ta:

2MINO, > M,0 -+ N, -+ 2,50,;
MI(NO,), - M0 + NO, + NO + O,

TepMuueckas crabuIbHOCTH HUTPATOB YBEIHIMBAETCA C
YMEHbUIEHUEM IOJAPHU3YIOMEro [elcTBUA KaTtmoHa. Taxoe:
noBeJieHNe HUTPATOB B 3aBUCHMOCTU OT NIPHUPOAH KaTHOHA
00BACHAETCA TEM, YTO WPOHMCXONUT «KOHTPIOJNAPU3AMUIY
KHUCJIOPOIEIX MOHOB KaTHOHOM, KOTOPAas BedeT K 0CJIa0IeHuI0
CBA3KM BHYTPM AHUOHHON TPYNNMPOBKE W DPA3JIOKEHHWIO Be-
IeCTBa.

Mexanusm pajguonusa uurpatoB [193—195] sBaserca
CHIOKIBIM M HPOXOMUT Yepe3 HECKOJIBKO IIPOMEKYTOIHHIX
craguii. Ilog BIuAAmeM 001y9eHUs MPOUCXOIUT BO30OY:KIeHMEe
Holla — HATPATA, Pacmaj, KOTOPOTO 3aBUCHUT OT BeJMYMHBI
cobommoro obonema [196]. Uem Goanmme BeauduHa CBOGOJ-
noro obmeMa, TeM cirabee B3amMOJEHCTBHE Ppaclafaiomerocs
nolia ¢ OKpy»eHmeM u GoJblle BEepOATHOCTH TOr'0, 9TO BO3-
Oyxjiennass 9YacTHIa pacmafgaercsi. IIOCKONBKY BelmuuHa
cB000/(HOTO 00BEMa B HUTpaTax yBeJIWIMBAETCA C yMEHBIIe-
HUEM MOJAPU3YIOUIEro [eWCTBUA KaTHOHA, TO U3MEHEeHIe
paiuauonHoil cTabMiIbHOCTH B DALY HUTPATOB C YMEHBIIAIO-
MAMCA TOJAPUIYIOMUM [EHCTBHEM KaTHOHA SBJISAETCA IIPO-
THUBOIIOJIOKHLIM W3MEHEHHI0 TePMUIECKOod crabmabHocTu. M3-
MeHenne (OTOXMMUIECKOX YCTOHIMBOCTM B 3aBHUCHMOCTHU
OT HPUPOAH KATHMOHA COBIALaeT ¢ U3MEHEHWEM pPaIMal[dOH-
IO yCTONYMBOCTH.

Husa npoBefeHHsA MeXaHOXMMHIECKOTO pA3JIOMKEHUS MUC-
NO0JB30BaHA NEHTpoOekHAas miaHeTapHas MeapHmma [197].
HaBecka mmTpaTa mim cMecu HmTpaTa ¢ HoOaBKaMu, mpenBa-
putensno Bhicymenubix mnpum 120° G, momemanace B cocyn
13 KBApI[EBOTO CTEKJAa AMAMETPOM 45 MM M BEICOTOM 55 MM,
HAXONAMUMCA B CTaJbHOH 00oiiMe, BaKpPEIJIEHHOH Ha MeJjb-
uuie. BuyTpu cocyma, xpome o6pasia, ImOMemAJIHUCh KBap-
1eBble IMAPAKU AMAMETPOM 3—5 MM, C IOMOMIHI KOTOPHIX
OpU BpAmEHWM MEJLHUIB M MNPOMCXOAUIO PpAaCTUPAHUE.
Koucrpykiusa mcnosnp3yeMoil MeJXbHUUB! NO3BOJSET TOCTUYD
Narpy3oKk BHYTPU COCYHA, COOTBETCTBYOIIUX YCKOPEHUIO
B 40 g. Ilocme m3Menb4eHUS OMpPENENAIA COHNEepPKaHme MPO-
OYKTOB pasiokeHmsa. Bpegenme roModasHBIX [06GaBOK B
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HATPATH IIPOBOAMIOCH METO[OM M30TEPMUYECKOTO CHATHUSA IIe-
PECHINEHNs, TT03BOMAIMAM B KOPOTKOE BPeMs MOJYIUTh PaB-
HOBECHO€ pACIpPEeeJeHAEe KOMIIOHEHTOB MEKIY SKUAKOA T
TBepHo# daszamu.

XuMuYecKuil aHaluW3 NPOAYKTOB pAasiOMKEeHHA IOKasal,
9T0 B YKA3aHHBIX YCJIOBUAX HATPATH INEIOYHHX METAJJIOB
pasiaralTcA JI0 HHUTPUTOB,
a HATPaTHl CTPONIMA U JAll-
TaHa — A0 OKHCJIOB MeTallia
U OKHCJOB a30Ta.

Kax moxasamo ua puc. 68,
MEXaHOXMMHUYECKOEe PasiioyKe-
HAe HUTpaTa NATPUSA B 3aBU-
. CHMOCTH OT IPOJOJKUTENBIIO-

CTH U3MEJbYEHWS MMEET MaK-

CUMYM, TOJOKEIINC KOTOPOTO

NPUMEPHO COBIAJIAeT ¢ MaKCH-

MYMOM KDHBOH HM3MEICHUA

/4

&N, yAeabHo# moBepxmoctu. Mojxk-
0 W 2 WA HO IIOJNIATaTh, 9TO TAKOUW XOJ
z, My KPHUBHIX 06YCIOBIIEI IIPOI[CCCOM

Puc. 68. Kumermra pasioke- PEKPUCTATIMSAIIII Jrpara

HUA UuTpara uaTpma IpuU pas-
JINYHOM HANPSAKEIHOCTH MPOoIec-
ca usmeabpuenusa [178].

1 — ycrkopenue 20g, 2 — 40 g, 3 —

50 £, 4 — M3MCHCHMC YIOCJIBHONE MO~
BEPXHOCTM HUTpATA HATPUA.

narpusa. C yBeiamuenmem na-
OPsDKENIOCTH NpOoIecca JIUC-
MEPCHOCTh, M BLIXOJA IUTpaTa
natpua yBexamumBawrtcsa. De-
KPUCTANIU3AIUA HUTpPATA Iia-

TpuA HaOIIJaeTcsi NpH BCeX
HCCIe[OBAHHBIX YyCKopeHusax. Hpusble MeXaHOXHMHYECKOTO
pasioyKeHUus APYTUX HUTPATOB TAKKe NPOXONAT Yepe3 MaKCH-
mym [178].

Jaunbie mo BIUAHUIO TeTepodasuLIX J00aBOK Ha MeXaHo-
XMMUYeCKOe pasio;Kellme HHUTPATAa HATPUA NOKA3LIBAIOT, 4TO
XapaKTep [eifiCTBUA OHUX U TeX Ke M00aBOK Ha TePMUIECKOe
U MeXaHOXMMHUYeCKOoe pa3loyKkenue 1e coBmajgaer. Ilpu mexa-
HOXIMUYECKOM DAa3ioyKeHUHM HUTpPaTa HATPUA KaTaJIUTHIEC-
KuUM JeiicTBueM o0061afaoT o6aBKM OKUCIOB HHUKENIs, Map-
ramia M Mej(d, a OKMCJLL jKeje3a W IUIIKa TOPMO3AT IPOIECC
pasioenusi. [Ipn TepMIIeCKOM DaBIOKeINM OKUCEI JKere3a
ABJSAETCA BeChbMa CHIBHEIM KaTaJW3aTOPOM, B3aKHUCh jike
jKesie3da TOPMO3UT pacmaj Hurpara HaTpma [198—201].
IloGaBku, o6nagaomue GoabuUION >PPEKTUBHOCTHIO KaTa-
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JIATHYECKOTO MEHCTBMS, XapaKTePU3YIOTCA W GOJBIION Bejm-
9uHO PaGOTHl BHIXOfla BJIEKTPOHA. JTO MO3BOJAET HMPENIosa-
rarb, 9TO [efCTBME KaTalUTHIECKUX [06ABOK NIpH MeXaHO-
XUMHYECKOM DAaB3JIOKEHWU CBSI3aHO C HPOTEKAHWEM OKMCJIH-
TeJILHO-BOCCTAHOBATEIBHKIX IPOIECCOB B CHCTEME, a MEXaHMA3M
HefcTBEA N00AaBOK — C WX SJIEKTPOHHBIMA CBOMCTBaMH.

YUro6s yOequThCs B HPABUWIBHOCTH CHEJAHHOI'O IIPE-
OOJIO}KeHMs, OLIIM TPOBENEHHl ONEITH, B KOTOPHX Ao0GaBKa
3aKMCA HEKeJs OBIa JONMPOBAHA MOHAMI XPOMa W HOHAMMU
autuAa. Haxk usBecTHo, BBeJeHme B OKHUCh HUKeIA N00aBKH
XpoMa IPUBOJAT K yMEHBIIEHWI0 KOHIEeHTpalun moHoB Ni*3,
noBnimasa ypoBens @DepMmm, a mobaBKa MOHOB JHUTHA, Hao00o-
pOT, yBeNWYMBAET WX KOHIEHTPAINI0, NOHIKAsd YPOBEHb
Depmu.

Kak moxasmiBaioT sKCmepHMEHTAJbHEIE [aHHEE, 5Qdex-
THBHOCTh KaTaJUTHICCKOTO [edcTBUSA N0GaBKM NPH IOMHEPO-
BAIMM YBCJAMYUBACTCSI IO Mepe YBEJIUICHWS KOHIEHTPAIIH
Ni*® B cucreme [198].

B yxasaminix omniTax j106aBKH K OCHOBHOMY BemECTBY
COCTABIANM BIAYUTENBHYIO €r0 Hoal. BciaemcTsme 3TOro
IIYKHO YIUTHIBATH TakyKe jleficTBme Takmx H00aBOK Ha Ipo-
ece M3MeJbUCHUSA OCHOBHOTO Marepmaia. OmHako yrxe
1la OCIIOBAHUHU TOJIYYENHHIX JAHHHIX MOYKHO CHENaTh BLIBOJ,
00 OTJIHMYIUU MCXAHOXHAMUIECKOTO PA3JIOKEHHWS OT YUCTO Tep-
MHUYECKOT0. BMecTe ¢ TeM MeXaHM3M MeXaHOXMMUYECKOTO
PAa3JIoyKeHUA IIeé MOYKEeT OBITH OTOMKIECTBJIEH M C MEeXaHH3MOM
PaJIIaMOLLO-X UMITIECKOTO PacIafa.

MexanoxuMnaeckast Aerugpatanus THAPOOKMCEN HaAXOLAT
npuMernenye Kak crnocold MONydeHUsT OKUCHBIX KaTajld3aTopoB
n mnunesaeir [202, 203]. Bausume msmenvueHusa Ha TepMu-
UeCKYI0 IUCCONMALNMI0 TUAPATHHIX COGIWHEHHWHA MHOAPOGHO
maydeno na mpumepe ruppooxucu maruus [204]. dror marte-
puaj, NPUTOTOBJIEHHELIA [JIA ONBITOB IyTeM XHMUIECKOTO
OCQKIEHUS W3 PAcTBOPA, MOMOGHO IpadUTy UIM KAONHHHATY
UMeeT CJIOUCTYI0 CTPYKTYpy. OTHOCHTeNBHO TpOCTAs XHMU-
9ecKas CTPYKTYypa THAPOOKMCH MarHUSA OMPEIeJseT BO3MOM-
HOCTH CPaBHHUTEJBHO MPOCTO WITEPHPETAlUd ero TepMorpa-
BAMETPUYIECKOTO AalaJjnsa.

B paGore I'pera u 3aenma [204] Bubpoumsmenvuennnie
3a OIpefieJieHHbIe IPOMEKYTKY BpeMeHu (1o 733 uac) oGpasusl
OBLIE MOABEPTHYTH PEHTTeHOCTPYKTYpHOMY aHanusy. V3zme-
pPeHa uX yAeJIbHAs HOBEPXHOCTH MeTomoM Bpynayapa, dMmerTa
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un Tennepa, pa3MepH NEePBUYHHIX YaCTHI, IO JAHHHIM DEHT-
TeHOBCKOTO pacCesHHsA U TpaHyJIOMETpHYECKMII COCTaB II0
ceUMEHTANMK B TpaBATALMOHHOM moje. PeayiapraTel mame-
peHU#l yneapbHOH HMOBEPXHOCTM HOKA3BBAKOT, 4TO B IPOILEcce

Il 1 J I
/4 200 W7/4 Wy /4
I, T
Puc. 69. TepmorpaBuMeTpudIecKUil aHAIU3 NU3MCIBICHHONA I'MAPOOKUCH
margma [204].

Unrerpanbuble (crpaBa BHU3Y) M puddepenimannibie (cJcBa BBEPXY) KPUBbIEC Te |-
MHYCCKOTrO pasyioykenusi. Kpuskbie 1, 2, 3,4, 5u 6_0001‘110'1‘01‘3)7101' BPCMCHU U3MCih-
yeuua 0,211, 350, 530, 650, 733 wuac.

M3MEJLYEHNsI [UCIEPCHOCTh MOPOLIKA CHAJajla yMeHbIla-
erca (c 80 m%/z mo 40 m?/e 3a 200 yac momoma), a 3aTeM CHOBa
BospacraeT (mo 60 m%/2) m ocTaeTcs HPUMEPHO MOCTOSHHOM
upu pansueiimeMm (Gosee 400 uac) mamenpueHUHU.

Janubie TepMOrpaBUMETPUIECKOTO AaHANMA33 HPUBELEHBI
na puc. 69. Bugno, 910 mMeeTcs ABa TeMuepaTypPHHIX MHTEP-
Baja, B KOTOPHIX IIPOMCXONMUT OBICTpas moTeps Beca oOpas-
110B. Mesxay sTUMHU MHTePBalaMu BeC U3MEHAETCA MeJJIeHHO.
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IIpu camMbix BBHCOKEHX TeMmepaTypax, OPH KOTOPHIX IDPOBO-
mmiIcsa amaius, obpasimbl Bce eme TepAlT Bec. Jlaa Tpex
o6pasuos (0,350 u 530 uac mamenapdeHUs) TeMmepaTypa Oblia
nmosemena mo 1020° C m mopmep:kmBasnack Taxkod 30 Mmuw
IJIA ompefelieHHA IOTePh Beca B HMHTEPBAJNE MEXKIY TOYKOU
D 7 1020° (B mpemosoKeHUu, 9YTO FOCTUTAETCA MOJHOE Pas-
J0}KeHme). JTH IOTepH COCTaBWIU cooTBercTBeHHO 30,9,
31,1 u 31,1% u, Takum o6pasom, ObiM OJIU3KU K TEOPETH-
geckomy suadenmioo 30,88% [gnA HoaHOro mnpeBpamieHUs
Mg(OH), B MgO.

Bricokoremneparypusiit nmk (Q)), O0YEBHJHO, COOTBET-
creyer pasiaoxkenuio Mg(OH), B8 MgO, Torma xak Hu3KOTEM-
mepaTypusii nuk (P) ommcrHBaeT moTep ancopOHpOBaHHOR
Bogsl. C DOOBHILEHMEM JJIMTEILHOCTH H3MENbYCHHA NHKH
Me[JIENIHO CMEIMAITCA B CTOPOHY HUBKHX TeMIeparyp.9To
03HA4aeT, 9YTO OPH HM3MeJbYelMd OPOUCXOJUT HAJbHeiInee
HapylleHne KPUCTAJJIMIECKON CTPYKTYPH, YTO HOATBEPIa-
€TCH PEeHTTeHOBCKUM aHaJIM30M.

Jlanubie peHTreHOBCKOTO aHAJAW3a MOKA3HBAKIT, YTO IEp-
BUYNbIE YACTUIBI T'MAPOOKHUCH MarHUS COCTOAT M3 MAalbIX
naveK IIaCTMHOOGPa3HBIX KPUCTAJNIOB, KayKABIA M3 KOTOPHIX
o6JrajaeT BHICOKOM CTENEHBIO COBepLIeHCTBA. IlmacTuHKEU coe-
auusaoTcs cBoumu noBepxHoctaAMu (001), HO B Kakoit-To
Mepe 3aKPY4eHBl OKO0JIO [-0ce#l. AHAIU3 PEHTTeHOBCKUX CIEK-
TPOB T03BOJAET NPOCIEIUTh H3MEHEHWE CTPYKTYPH TaKUX
KPUCTAJJIOB B pe3yJbTaTe WM3MeJbYeHUs.

O MexaHH3Me MEXaHOXHMHMIECKHX NPOIECCOB BEICKABHI-
BaJINCh pasiuyuue rumoresnl. Jlonroe BpeMsa IoJiarajm, 9TO
€IUHCTBEHHO BO3MOKHON MX NPUIMHON ABIAETCS JOKAIbHBIA
pasorpeB B MecTax KOHTakToB. OfHAKO MPOTEKAHME HEKOTO-
PHIX XMMHYECKMX peaKknuil Hedb3s OOBACHHETH TOJIBKO Ipe-
BpallleHUeM MEeXaHUYECKON HSHEPTUM B TEIJIOBYH. 3aMedeHo,
HallpuMep, 4TO XJOPHJ PTYTH IPU PACTHPAHMM Pasiaraercs,
XOTA IpHU HarpeBaHmm cyOammupyeT Oe3 pasioxkenus [176].
9To BeMIECTBO HE MBMEHsieT CBOMX CBOMCTB [ajke IpH [aBie-
auu mo 70 TeIC. amMm.

Tumoresa 0 TepMUYECKOM NPOUCXOKICHHEM MEXAaHOXUMMU-
yeckuX a¢¢erToB OblIa BuepBhe Bhickazana Boymenom u Taii-
Gopom [205]. VIMu mokasaHo, YTO OPH TPEHHM CKOJbKEHHA
TeMmepaTypa B MeCTaX KOHTAKTOB MOKeT MOBHIIATHCA [0
TOYKM IJIABJIEHUS TPYUIUXCS MaTepuaioB. IlJs TyromiaBKuX
BEMECTB MOJKeT OHTH JOCTHIHYTO MTHOBEHHOE JIOKAJbHOE
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Bospacranume TemmepaTypst ;o 1000° C. Bpems cymectBoBa-
HUS TaKUX TeMIepaTypHHX BCOHIIeK HA mromamu 10-3—
10-5 cm mmeer mopsmox 10-* cex.

Ilpu paspymienuum TBepAmX Ted meper (POHTOM HU3IOMA
pacmpocTpaHseTcd miacTudecKas nedopManus, Ia CO3LaHUE
KOTODO# 3aTpadMBaeTCA Sueprus Ha ONUH-TPH MOPATKA
GosipIe, 9eM MOBEPXHOCTHAs dHEePrds TBepAHX Tea. MoycHO
moJlaraTh, 4TO pas3pylleHHe OCYI[ECTBIAETCHA CO CKOPOCTHIO
pacupocTpaHeHMsI YOPYTHX BOJH U NOYTH BCA DHEPrusA
IJIaCTUIECKOTO [eopMUPOBAHUS IEPEXOAUT B TEILIOBYIO
3a BpeMsA pacmpocTpaHeHus TpemuHL. Hak ITOKa3HBAIOT
pacueTHl, TeIJIOBOW 3Heprmu OyjeT AOCTaTOYHO MJIA OIJIaBJe-
HUA TOBEPXHOCTHOIO CJIOS TOJIMUHON OT [EecATd [0 CTa
aHTCTpeM.

OnHaxko OAHOM TOJBKO TEIUIOBOM THIOTE30d HelIb3sd
00BACHUTH MeXaHOXUMUIeCKue 3PPeKTs. ITO 0COGEHHO OTHO-
CHTCA K pAacCMOTPEHHHM 3JieCh SBIEHNAM IOCHefeiicTBUsA,
KOIJla BJIUAHUE UCIEPTEPOBAHUA HAOIIOfAaeTCsA He TOJBKO
B IIpoIecce, HO M 3HAYUTEJIHHOE BPEMS IOCHE OKOHIAIIUA
usMenpuenus. Habaromaemoe SKCIEPUMENTANbIO CHUKEHHE
TeMIepaTyphl U TEILIOTLH TePMUYECKOH JUCCOIMAIMYE M3MEeJb-
4eHHEIX BeIeCTB MOeT OBITh OOBACHEHO TEeM, YTO IPOHUC-
XONUT OCBOOOMK[EHMEe AKKyMyJHPOBAlLHO# B mpolecce pas-
PYlIeHUs SHEPTHuM, JOKAJIM30BAHIION B OCTAaTOUYHEX AcdopMma-
IUAX ¥ CBe;KeoOpPasoBaHHBIX HOBEPXHOCTAX.

B Mecrax KOHTaKTOB TPYIUXCA TeJ OJIIOBPEMEHHO C BO3-
HUKHOBEHHEM BHICOKOM TeMmepaTyphl HabII0JjaeTcsi KpaTKo-
BpeMeHHOe Bo3pacTanue JaBieHus. BeaudauHa aTOro jaBiie-
uus ouenena B pabore [206]. Byt B3sAT psAj BemECTB ¢ U3BECT-
HBIME JaBieHusaMu $asoBex mpespamenuii: PbO — 5,5 Thic.
amm; MnF, — 9,5 toic. amm; Sb,0, — 10,8 THIC. amu;
SiO, — 13,5 the. amm; BeF, — 17,5 toic. amm; B,0; —
18,5 reic. amm; BAsO, — 30 Toic. amm. Ilocae mcTmpanus
BeLIeCTB B MEJbHUIE B HPOXYKTAaX IOMOJA JJIA BCeX BelNecTs,
3a mckiarogenueM BAsO,, obnapyskennl Mogudpuranuu, cyime-
CTByIOIIME IpM BHICOKUX [faBienusx. Ha ocHoBaHmm BTHX
TaHHBIX OBLT cHesaH BEIBOJ O TOM, 9TO Ha KOHTAKTe TPYMuUXCH
TeJl B MEJbHHUIE DPa3BUBAIOTCA AaBieHus Ko 15 Toic. amm.

ITpu Tpenuu TBepABIX T NPOUCXOAUT HUX DIEKTPUBALUA.
IIpuaunEl BOBHMKHOBEHUS DIEKTPHIECKUX 3aPANOB Ha IOBEPX-
HOCTAX pasHooOpasubl. Biaromapsa HaJIWIUIO CTPYKTYPHHBIX
nedeKTOB TBepble [UAJIEKTPUKM HUMEIOT HA IOBEPXHOCTH
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3apAK, KOTODHIU KOMIEHCHDYeTCs WOHAMH, afAcopOMpoBaH-
usiMu 13 Boamyxa [207]. Ilpu TpeHUE npOUCXOOUT HapyIIeHHE
KOMIEHCALUMHA COOCTBEHHBIX 3apSANOB M BO3HHUKAET DIEKTPH-
sauusa. OJIEKTPUYECKMH 3apsAf BO3HUKAET TaKKe NPH yHape
nnu pedopmanuu monuoro Kpucraiia [208]. Ilpu paspyure-
UM KPHUCTAJJIIOB MEKIY pPAasjaMBIBAEMBIMU JaCTAMM LPOUC-
XOQUT DJEKTPUIeCKUNl paspaAxg W HabIofaeTcs BH3BaHHAA
um Ttpuboaomuuecuennusa. Ilpm Mexanmdeckoit o6paboTke
METAJIJIOB MMEET MECTO TAaKyKe SMHUCCHA DJIEKTPOHOB, IPHIEM
DJIEKTPOHH MeXaHooMuccuu oO6JamaoT O6oJbHIOE dHeprmei
(10 [EeCATKOB KHJIOIJIEKTPOH-BOJBT), HOJyYaeMoil 3a cUeT
PasToHA B IOJIe (MUKPOKOH/IEHCATOPA», NIACTHHAMHI KOTOPOT'0
ABIAKTCA pasbeIUHAEMble IMOBEDPXHOCTH PAacKoJa.

C y4eToM mpOTEKAINUX IPU H3MeJIbYeHWH (QU3UIECKUX
ssnenuit Tuccenom, Maitepom u Xaitnuke [209] npemnosxena
«MarMamiasma», Mofiellb MeXaHoXUMmIecKuXx mponeccos. Cor-
JIaCHO BTOM MOJENN BHIJENAOMAsACH IPU ygape WIM HCTHPA-
HUM DHEPTUA, BCIENCTBUE CNab0ofl TEIIOMPOBOIAHOCTHA TBEP-
[BIX TeJ, TPHBOAUT HE TOJNbKO K JIOKAJIbHOMY IOIbEMY
TEeMIePaTyps, HO M K BOBHUKHOBEHHIO TAaKOTO COCTOSHUA
BEINeCTBA, B KOTOPOM OHO HAXOJWTCA B BU/E MOHOB W BJIEK-
TpoHOB (miasma). Ecau ke o6paGoTka mpoBoguTCsA B BOA-
HOIi cpefie, TO CO3MAIOTCSA YCJIOBUA [JA THEPOTEPMAaJbHEIX
peaxIuii.

IIpu o6GbAcHenunm npHPOXHI mpolecca pasprlBa CBs3ei
B MeXaHMYECKUM HAOmpSAKeHHHX Moiekyiaax sHyprosem [210]
C/IeTaHO TPENIOJOMKeHHe, 9TO IOf [eACTBHEM HAUPSIKEHMS
F sueprus casu Q ymeHbIIaeTcA Ha BeIUIUHY SHEPIHUH
nepopmanuu eF, a KOHCTAHTA CKOPOCTH pasphiBa CBszedl k
YBEJIMYNBAETCH B COOTBETCTBMM C yPAaBHEHHEM

k =k, exp(—o ETEF>,

rae k) — KOHCTaHTa, IO NOPAAKY BEIWIMHE GIM3Kasg K dac-
ToTe kKodeGaHmit (~10'% cex~1).

MexanoxuMugecKkue peakIuu Majo 3aBUCAT OT TeMmepa-
TYypH oKpyKatomeir cpenst [211—214]. Ha ocuoBanmm atoro
A O0bACHEHWS NPHPORH MEXaHOXHMAYECKHX IPOIECCOB
Byrsaruasim [215] mpuBieueHsl mpeacTaBieHHsA O HEPABHO-
BECHBIX COCTOSIHMAX CBsieil B Mojekyuaax. Ilpm Mexaumuec-
KOM BOBJleficTBHE dHeprus fedopManud CBA3H HpPeBPAIIAeTCs



226 OUBNKO-XUMUYECKHE CBOMCTBA IIOPOIIKOB [T, v

B TeIIOBYI0 M IepepacupefeisieTcs MeKOy APYTEMHU CBs-
3iMu. IJToHl WM3OHITOYHON 3HEPIMM, KOTOpas IO BeJIWIWHE
MOKeT GHITH 3HAYUTENHHO MEHbIIEe IPOYHOCTH CBSA3eH, MOMKET
OBITH JOCTATOTHO JIJISA pa3PHIBA CBsA3ei, HAXOAAMUXCSA B HEPaB-
HOBECHOM cOCTOAHHUH. [{JI KOHCTAHTH CKOPOCTH MeXaHOXUMH-~
9eCKOl peaKIUA WM IOJYIeHO ypaBHEHHE

k,EL,
k:Aexp(— i ),

rre E, — MOHEManbHAag MeXaHHYeCKas SHEPrus, HeoGXo-
AuMas JJIA paspEBa CBA3M, kK, — KOICTAHTA CKODOCTH pelaK-

cangu HanpsyKkeHu#d, / — MHTEHCHBHOCTH INOJBOJA MeXaHH-
decKoil sHepruum, Y — Oe3pasMepHHi K0d)PUIMEHT, yIATH-
BalmMuil 3QPEKTUBHOCTH MOTJOIIEHUS MEXAaHUIECKOH »sHep-
ruu. Onpenensisi KOHCTAHTY CKOPOCTH MeXaHOXMMHYECKOH
PeaKknuu B 3aBUCUMOCTH OT KOJMYECTBA IOABOJUMOIl MeXaHU-
9eCKOA OHEePrud, MOMKHO BHUUCIUTH 3HAYEHNHA BEJHIUH
A, E, u k. OkcnepuMeHTalIbHbIe [ANHbe, NOJYYEeHIHe NJIA
KBapla U NIOJUMETHIMETaKpuiaara, AaoT 3sHadenus: K ~
~10* kaa, ky=~10"1—10-* cex, A=4-10"5 cex. Bemmumna
E’ cymecTBenHO Menblle sHeprum cBs3u (), a BeaumduHa A
OTJINYAeTCS OT k£, Ha HECKOJBKO IOPSIKOB.

AnajormgHsie InpeNCcTaBJEHMS pPA3BUTHL B KOHIEMIUH
¢ononnoro paspymenus xpynkmx tea [216]. Cumraior, dro
OpH paspyuleHMH HEO0XOJHMO paccMaTpHBaTh PacIpoCTpa-
HeHue, B3amMmojeiicTBue U resepupoBanme ¢omonos. Cramunm
paspylueHus TBepmoro Teixa (mepBasg — oGpasobanme HedeK-
TOB, BTOpPAasg — POCT U3 3TUX JePEKTOB MUKPOTPEIUH) MOKHO
paccMaTpMBATh KAaK HE3aBUCHMEIE TOJBKO B CaMOM HAdalb-
HoM mepuoje. Ilo Mepe pasBuTHA [ePEKTOB BHIEIAIMAACH
Ipu paspeiBe dHEPrusi NPUBOAUT K MOBHINEHUWI0 NJIOTHOCTH
($OHOHOB OHpEIENEHHKX YacToT (HEepPaBHOBECHHIX (DOHOHOB).
JTa TOAKAYKA DHEPTMM BJMAET KAaK HA Da3BUTHE CaMOIO
medexTa, reHepupymoImero (OHOHH, TaKk W Ha pPa3BUTHE
cocenamx. TakuM o0pasoM, MMeeTcsi NPUHUMNMAIBHOE pPas-
JAuYde IPU PasphiBe CBA3ed B TBEPIOM Tejle W Pa3phiBe CBA3EH
MeKIy W30JHPOBAHHBIME aToMaMu B MoJuexyiae. Ilepexon
K (OHOHHOH KOHI[ENIMM MO3BOJAET MCIOJb30BATH NI CO3[a-
HUA TEOPHH IPOMECCOB pPaspymIeHUs NOCTUIKEHUS COBPEMEH-
HOH KBAHTOBOH TeOpHH TBEPZOTO TeJa.
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§ 3. OmepreTHueckoe cocTosIHHME TBepHoii (asbl,
aMop(hu30BAHHOI HPH M3METbYCHHH
/7

IIpamoe ompepeseHne CTPYKTYPHHIX M DHEPTETUICCKUX
ocobenHocTeir aMoppu30BaHHOM IPH W3MeJbUeHNT a3kl Ipej-
CTaBJsAET 3HAYUTENBHEE OKCIEPUMEHTANBHHIE TPYHIHOCTH.
CBsazanbl oHM JuOO ¢ HEOOXOTUMOCTHIO CTPYKTYDPHOTO aHa-
au3a aMOpPHEIX CHCTEM — METONMIECKH HEe0CTaTOYHO XO-
pouro paspaboTamHoro, ambo, HampuMep, ¢ HEOOXOMUMOCTHIO
OpUMeHEeHHUs BechbMa CJO)KHON BHICOKOTEMIEPATYPHOH KaJo-
pumerpuu. IlonbITKYE HCIONB30BAHUA METONOB PAJHOCIEKTPO-
CKOIMM B O0IEM CJIyJae OKa3aJUCh TAKKe 0e3yCIemIHEIMH.
Bonee miooTBOPHEIM [IJis HOCTABJEHHON 3ajadd SIBJIAETCH
KOCBEHIBI METOJl, OCHOBAHHHI Ha HAOJIOEHWM IIpoliecca
crnexaHuda mopoimkoB. Hpome Toro, mcciegoBanme B3aKOHO-
MepIoCcTedl CIeKaHUA B 3aBUCHMOCTH OT CTEIEHH H3MeJbde-
1A IIOPOIIKOB MMeeT M CaMOCTOATeJIbHOe 3Hadenue. MaBecTHo,
uTO0 TemmeparypHas o6pafoTKa M3MENBYEHHOTO MaTepmalaa
CHHUMaeT HANpPSKeHWs KPUCTAJNINIECKON peIIeTKH, YMeHb-
maer ee gedextHocth u T. m." [166]. IToatomy mpemcTaBisamo
TaK)Ke MHTEPeC BBIACHWUTH, COXPAHAITCA JHU PA3jIMdUsi B aK-
TUBHOCTH BeIeCTB, IpuoOpeTeHHble B pe3yJbTaTe H3MeJbye-
HHUA TPH BBICOKOTEMIEPATYyPHEIX MpOIEccax CIEeKaHUA, U
KakuM o0pa3soM peakIMOHHAS CIIOCOOHOCTH MOPOIIKOB CBA-
3aHa ¢ HAJMIUeM B HUX aMOpPu30BaHHON (a3l U ee CBOI-
CTBAMH.

Hccenenosanue OBIO MpOBEIEHO Ha NpHMepe KBapIeBOTO
11eCKa M KOPYHJA, M3MEJbYCHHHIX PAa3IMIHBIM CIOCOOOM —
MOKDHIM M cyxuM B BubGpoMexsuunax tuma M-10 m Gouee
DHEepPromanpsKeHHO# — dKcueHTpukoBoit. Cmoco6 m3Melb-
YeHUA W JUCHEePCHBIE XapPaKTePHCTHKE 00pasmoB mpHUBEIEHBI
B Tabx. 15. Cremens amopduzanuu HOPOLIKOB KBapma ompe-
JIeJIAMM  TepMOorpaduIecKUM MeTOJOM II0 BeJWIMHEe OHKa
a — B-uuBepcum npm 848° K. Amopdmsanus KopyHma He
usMepsiaacb. PacTBopuMOCTH HCCIENOBAJIX IPH KOMHATHOU
TeMIepaType U OTHOLIEHUM Beca TBePAOro BemecTBa K 00beMy
Bombl, paBHomy 0,02.

I'panynomMerpuueckue COCTaBH HOPOIIKOB, OIPE/IEIEHHbBIE
METOJ0M CEeOVUMEHTALMH, OKA3aJUCh [JOCTATOYHO OJIMBKUMU
MeKIy coboii. B mopomkax KBapma KOJIMYeCTBO YaCTHUIL
cr <2 mkm cocraBasnno 656—70%, or 2 mo 10 mrm — 25—
30%, Gomee 10 mrm — 5—10%.
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Kax Bumno us Taba. 15, usmensuenme ObLUIO NOCTaBIEHO
TaxmM o00pasoM, 9TOOH JUCIEPCHOCTH (yHAeNbHAA IOBEPX-
HOCTh W I'PaHYJIOMETPUYECKHA COCTaB) A Bcex 0oGpasmoB
Obla NpPaKTHIECKW OJWHAKOBOH, a CTemeHb aMopduaamuu
cymecTBeHHO pasnoil. Pasnmume B cremenm amopdumsanmmm
00yCIOBIEHO HE TOJBKO BpEeMEHEM WM3MEIb4YeHUs, HO W TeM,
9TO0 NPH CYXOM M3MEJbUCHUNM HapyIIeHWe KPUCTAJIMIECKON
CTPYKTYPH IIPOMCXOIUT 00jiee WHTEHCHBHO.

Ta6aumima 15
XapaKTepuCTNKA NOPOLIKOB KBapLa M KOpYHAA

I
IIpomou- L0 Ni a §|°\° PacTBoO-
Croco6 KuTeNb- | 8% 3| B&s | pumocts
Marepuan Turn MenbHUIH n3Medb- HOCTh Sok|ln 28 yepes
q9enuA nsmeab- | 38 | £§5 |3 mecaua,
yerna | »EE (OIS | m2/100 ma
Ksapn, | sKCIeHTPMKOBasi| MOKpHIA 3 mun | 9,0 | 5—10[ 2,68
» SKCIEHTPUKOBasA| CyXo# 7 mun | 6,8 40 4,84
» BUOpanMOHHAs cyxoit 8 uac 7,2 60 —
» BUOpaIIOEHAA cyxoit | 50 uac 8,8 70 7,64
HKopysx | skcieHTpUKOBas| MOKpHIi S5 mun | 2,4 — —
» KCHOEHTPHKOBaA| cyxoir | 15 mur | 2,3 — —

AKTHUBHOCTH IIOPOIIKOB KBapma IpHW BEICOKHX TeMIepaTy-
pax OIpefessAiy IO CBA3HBAHUIO OKHCH KaJbI[UA B CMECAX
C MEJIOM WJIU M3BECTHI0, PACCIMTAHIIEIX HA 00pa3oBanue JBYX-
raaprmeBoro cmiukara (2Ca0 Si0,). Cmecu roToBmiu BCTpsA-
XWBaHWEM KOMIIOHEHTOB B Koxbe B Tegenme 1,5 uac. Ilopouku
BO BCeX CIyd4asAX MNpPEeJBapUTEJIBHO OTMHIBAJIU OT HAMOJA
enesa conssHoi Kuciaoroit. Cmecu mena (S=1,7 m?/e) (wnn
MW3BECTH) M KBApIa IPECCOBAJHM B TaONETKH HPU YAEIHHOM
nasaennu 300 xe/cm? m oGuranu npu TemmepaTypax 873—
1373° K. B cmekax ompeaensiioch cofepykaHue CBOOOIHOMI
OKHCH KAJbIUS 3TUIOBO-TIUIEPATHHIM METOLOM.

MccnenoBanue xunHeTuxku cBsasbnBanusa uaBecTu (puc. 70)
MOKAa3aJi0, 9T0 CKOPOCTh PEeAKIMHU 3aBUCUT OT PesKUMa [UC-
neprupoBanus mecka. IlecOK HIMTENBHOTO CYXOTO IOMOJA
OKaszajcsa Haubonee PEAKIMOHHO COOCOOHEIM, IECOK MOKPOTO
moMosa HauMeHee aKTMBHEIM. Jlanubie puc. 70 mMOKasHBaIOT
TaK}Ke, YTO B3aMETHBIE OTJWYUS B AKTUBHOCTH HOPOIIKOB
KBapIja, U3MeJbYCHHEX B PA3JIMIHEIX YCIOBHAX, B COOTBET-
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CTBHM C COJiep:KaHHEeM B HHX aMOp(HOA (a3H HmPOABIAITCA
u npm Buicokmx (1373° K) temmeparypax.

JlnAa ONeHKM AKTHBHOCTH KBAapIOEBHX IIOPONIKOB OmLIm
JCHOJBL30BAHK TOJNOMKEHUA Teopu:m AEPPYsHEm B TBEPAHX
TejaX, KoTopasd B o0meM BHJe ONHECHBAETCA yDaBHEHHEM

D:)\Ziz;i;— exp (—,%".—), (-019)

rae D — xosddunment ampdyswmud, X m@ h — DOCTOAHHEIE
Bonwnmana u Ilmamka, T — Temumeparypa, E, — sHeprus

/4 ?_-——---—-——---

T, MUK
Puc. 70. Kunetnka B3aMMOMIEHCTBUA OKHMCHM KAaJbI[UA C KBApIUeM U KO-
PYHAOM B 3aBACHMOCTH OT CII0CO0A WX H3MEIbYeHUS.

1—7 cmecn CaO umm CaCO,; ¢ kBapleMm, 8 1 9 — ¢ KOpyHOOM; I — OOGKUT Ipu

870° K, kBapl usMenbyasica 50 wac, 2 — oGxur npu 1170° K, usmenbpyenue 3 MuH

c Bomoit, 3 — 1170° K, 50 wac B cyxoM BOo3myxe, 4 — 1370° K, 2 mun ¢ BOROit,

45— 1370° K, 7 mun B cyxoMm Bo3gyxe, 6 — 1370° K, 8 uwac B CyXOoM BO3AYyXe,

7 — 1370° K, 50 wac B cyxom Bo3gyxe, 8 — 1270° K, 7 mun ¢ Bomoit, 9 — 1270° K,

15 Mun B CyXOM BO3JyXe, MITPMXOBblE KPUBBE — CMCLIEHNC B MEJbHULE, CIJIOMI-
Hble — CMeLIeHNe BPYYHYIO.

aKTUBAIMM MPOIECCA, A — PACCTOAHME MEKLY NBYMA O6im-
JKANIOVMA [OJ0KEeHUSAME PABHOBECHS, KOTOpPHE MOKET 3aHMU-
MaTh fupyHIUPYOmMasa JacTuOa B TBepaom teae, F* m F —
CTATHCTHIECKHE CYMMHEI COCTOSIHHA AaKTHBHOTO KOMILIEKCA
1 HmCXogHbIX Moaexyax [217].
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Kax 6rumo moxkasano Beprom m 3umepom [218], oTHOmIE-
gue F*/F ~exp(A7/R), rie n— m3MeHeHHe MOJBHOM 3HTPO-
ona. B HeGoabmoM wWHTEpBale TeMIepaTyp, B KOTOPOM
OTCYTCTBYIOT (hazoBEie mepexonsl, A ci1aGo 3aBUCHT OT TeM-
mepaTypsl. 3HadeHUE A OHPEEeNseTCH CTPYKTYpOil TBEporo
rena. [na caygasa mudpdysum mo MexaHW3MY ATOMHOTO 3aMe-
meHnsa oHA OAUMBKA K MEKAaTOMHOMY PACCTOSHHUIO B KPUCTAJ-
audeckoil pemetke. B 1060M ciydae A HemOCPEICTBEHHO
CBA3aHA C MOJIEKYJSPHHIM CTPOGHHEM Tela, B KOTOPOM OCY-
mectBasercsa nudpdysusa. Beamuunur F*/F, A u E, xapaxTte-
PH3YOT, CIEeJ0BATEIbHO, Ba)KHEHIIMe CTPYKTypHble CBOii-
CTBAa TBEPHBIX Tel.

ITpouecc tBepmodasuoit peaxmmm CaO--SiO,, rkar 6sLIO
nokasano pauee [219], mummrupyercsa mo Kpaiimeil Mepe
B HaYalbHO# cramuu ckKopocthio nuddysuum CaO B pemerky
Si0,. OcobennocTs AUPGY3MONMHEIX NPOLECCOB B DTOM CuC-
TeMe COCTOMUT B ToM, 4To Mojekyins CaO muddyumupyior, B
OCHOBHOM, HE Pa3[eJfAsaCch HA MOIKI, 9T0 00bACHAETCA GOJIBUION
npounoctbio cBasm Ca—O, cocraBasaomeir 481 kdac/moav,
TOTfa KAK SHEPTHA akTuBAaUuu AuPPy3uHd OKICH KaJbUUSI B
kBapue — 226 xkdxc/moav. EcrecTBemno, uro mpm Temmepa-
rypax Hamwux oumbToB — Ko 1373° K (RT'=10,5 kdac/moav)
crenens pameconmanuu Moiekya CaO wmama.

Bruto ycTamoBiieHO, 9TO COCTAaB M CTPOEHHE IPOAYKTOB
psaumoneiicrBuss CaO u SiO, He 3aBUCUT OT IPOUCXOIKAEHUS
(kpucramaugHocT mium aMopdHoctm) KBapma. IlocKoabry
cofiepKaHMe U CTPOEHME OKMCH KaJbOuA B 00pasnax ojuHa-
KoBO, OymeM cumTaTh HUPPY3MOHHOE CONPOTHUBIEHUE CIOEB
HOBOOOpPa30BaHUN (CHIUKATOB KAJBIHA), 3aBUCAOIUM TOJBKO
OT MX TONMUHH. B 3TOM ciydae pasHuna B KodQPuIueHTax
nuddysum B HAYAJIBHOH CTAJUU ‘TIPOIECCA OIPE/eNsIeTCH
TOABKO cBoiicTBamu KBapua (F*/F, A m E,) u TeMuepaTypoii
onbiTa. IlpM AAMTENbHEIX BBEIIEPIKKAX CJI0H HOBOOGpa3oBa-
HUA [oCTHraeT 3HAYUTENBHOM TOJMIMHLI, & OKHCH KAJbIUs
mpeTepneBaeT NePEKPUCTANIN3ANNI0, YMEHBIIAOIIYI0 ee aK-
TUBHOCTh U CKOPOCTh camopudoysuum. IlosToMy mas mHammx
nexeil memecoo0pa3HO paccMaTpUBAaTh COEKaHWEe B CPABHU-
TeJIbHO KOPOTKHUHA HAYaJTBHHI IEPUON PpeaKIuHu.

Ecanm k 5TOMy ke CIMTaTh TEIJIOBOE pacHIEmpeHye TBePHOTO
SiO, He ogenp GoapmuM, T. €. A — He 3aBUCAIEH OT TeM-
mepaTypsl, TO OTHomeHHe KodpdmmumenToB mudpdysmu upu
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pPasIMIHHX TeMIepaTypax IO3BOJHUT OIPENeJHTh YHEPTUI0
AKTHBAL[AH:

D) Tyoxp(BokTy) Ty oy [Bo (L L]
D(Ty) — Teexp (—EofkTy) Ty P | % \T;  T; /)

W g ToT D(Ty) Ty
Ey= ke n (i 75)-

Corunacuo Bropomy ypaBHenmio Dmkra OTHOIIEHWE CKOPOC-
Teil MupPysHOHHOTO HpoILecCa PABHO OTHOIIEHMIO K03pdum-
nueHToB AudPy3uM OpU YCIAOBUHM PaBEHCTBA B paccMaTpH-
BAaeMHX CiIydasX KOHIEHTpAaUm# ¥ TPaJUeHTOB KOHIEHTpa-
nuit gudpdyHampyomux BemecTB. IloaToMy [ias pacderoB
oo (5.16) 6blIM HMCHOJNB30BAHEL YYACTKU KDPHUBHIX KHHETHKHI
CIEeKAHHA C PABHHIMA 3HAYEHHUSAMU 33BEPIIEHHOCTH DPEAKI[AM.
MoskHo 6GBUIO mOJIAaTaTh TaKKe, YTO B HAINMX OMBITaX, KOTAA
pasusocts (I',—T,) Omina He o4eHb GONBIIONR, AJNA PaBHEX
rkounenTpanuii CaO B SiO, rpafmeHTH KOHIEHTpALUW LPH
T, n T, Taxoxe 6butu paBun. Ha aToM ocHoBaHUM mpm ycio-
BUM COGJIOAaBIIErOCA B ONEITAX pPAaBEHCTBA IOBEPXHOCTeH
paspgeia TBepAHIX (a3 moACTaHOBKA B (9.16) oTHomeRnus cko-
pocTeil ycBoeHusA u3BecTH (f) BMECTO OTHOIIEHUA KO3(PUITeH-
T0B qupdy3uM UpH COOTBETCTBYIOMMX TeMmepaTypax [gaeT
BO3BMOYKHOCTH ONpPEIeJUTh BHEPTUI0 AKTUBAI[HM.

Ias KBapueBOro mecKa, MBMEILYEHHOTO B TeICHHE 3 MUH
B OPHCYTCTBMM BOJH, CTeNE€Hb aMoppusanmm KOTOPOTO He
npeBnmana 10%, 6w BeOpaH y9acToOK, TAe peaKknusa
OIJIa yKe 3aBeIOMO II0 KpPHCTAJLIHIecKoil ¢ase (cTemeHb
ceasuBanua msBectu 20—25% (pume. 70)). B sToM cayuae
nofcranoBka B (5.16) ormomemms  D(1373)/D(1173)=
=p(1373)/p(1173)~23 naeT mas sHEPTHA AKTUBALAY BEIHIAHY
E,=22048 kdauc/moab, aro GIM3KO K BeJUMIMHE, H3BECTHOU
U3 JMTEPATypPHHIX [aHHHIX.

B peakumu oxmcu Kanboma ¢ aMopdHOI FacThIO KBApma,
n3Meabdapmerocsa 50 yac B BmOpoMeabHuUIe (CTeNEeHb CBS3H-
BaHUA N3BECTH TAK ke, Kak W B mepBoM ciydae, 20—39%),
BeJIMYMHA SHEPIMH aKTUBAaOWM OKasajach paBHo# E|=177+
+16 xdxc/monn.

Cronp Manasg TOYHOCTH B ONpENeJeHWM SHEPTHH aKTHBA-
nuu obycnoBieHa omuOKaMU HM3MEPEHUA CKOPOCTeH CBA3HI-
BAaHUA OKUCH KaJbIWA B MAJble IPOMEKYTKA BPEMEeHH Ha9alb-
Hoi cramuu peakmuu upu 1373° K.
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Kax Bupuo m3 pme. 70, CKOpOCTH B3aMMOMIEHACTBUA OKUCH
Kaupuusd ¢ KBapmeM, maMmeiabuaBmmMcsi S50 9acoB, B HaYalb-
Hui nepmoy (15—40% cesasuBanmsa CaO) B8 5—6 pas mpeBs-
IaeT CKOPOCTh B3AaUMONEHUCTBUA ¢ KPHCTANIUIECKHM IIOPOII-
KOM paBHO# pmcuepcHocTu mpm Temmeparype 1173° K m
B 2—3 pasa — npm Temuneparype 1373° K. Taxoe yBenuge-
HUe CKOPOCTH IPOIecCa MOKET OHTH IEJIMKOM BH3BAaHO pas-
HONE# B 9HEPrHAX AKTUBAMEA X OHTPONHH MAaTEpPHAJOB.
HeiicTBrTennbHO, coriiacHO (5.15) mpm oguHAKOBO# TeMmepa-
Type oTHomeHue KosppuuuentoB amdpdysmum ABYX MaTepHa-
J10B mpomopruonansuo exp((E;—E,)/RT), B HameM ciydae
paBHOMYy exp(43 +24/RT). Ilpu 1173° K sT0 MOXKeT BHI3BATh
yBeJIMdeHWE CKOPOCTU CHEeKaHHs MEHOMYM B 9 pas.

Pasumna Memny HaOM0[aeMEM yBeIMIEHUEM CKOPOCTH
IpOIecca M OKUJAEMHM H3-3a YMEHbIIEHUS SHEPTHH AKTHBa-
1[I, MOKHO IIOJAraTh, B 3HAYMTENBLHOH Mepe o6ycioBiieHa
SHTpONMAHEM MHOMKHATENeM F*/F ~exp(Av/R). Benmauna
U3MEeHEHHA dHTpoumm A7 B mpoueccax Auddys3uu B KpPHCTAJI-
JAYeCKUX TeJIaX BCEIrAa MOJOKHUTeabHA. II0CKOIBKY KOHEIHHIT
npoxpykr BzammopeiicTsusa 2Ca0 SiO, ogEHAKOB A KpUCTAJI-
JAIECKOTO U aMOPHOro KBapla (ITO CoenuaabHO OBLIO IOJ-
TBEDIKIEHO DKCIEPUMEHTOM), M3MEHeHHe HSHTPONUA B CIyIae
amopdHoro obpasua MeHbLIE, YeM [IA KPUCTALIUIECKOTO,
Ha BeJIMYUHY yBEJIUYCHNUS JHTPOIMM IPH IePexo e OT KPUCTA-
JMIECKOTO cocToAHMA B aMopduoe. Tak, mas KBapua m KBap-
I[eBOT'0 CTEKJa PAa3HOCTh B BHTPONMH COCTOSTHHS COCTAaBJsET
An=5 Oxc/moav-2pad [219, 220]. B peaxknmu obGpasoBaHUA
coequuenuss CaO SiO,, manpumep, A1=5,84 dac/moav-2pad,
ecaum KBapn Kpucrajumieckuit, m An=0,84 0xc/moav-epad,
ecaun amopdubiit. IloCKOABKY KOHEUYHHE NPOAYKT peaKnuu
B obodmx ciIy4asx OQHH M TOT jKe, DHTPONHAHNA (axTop
cocraBiser, ciefgoBareabHo, exp(A7/R)~ 2, 410 B 3Ha-
9UTENBbHOX Mepe OOBACHSIET SKCHepUMEHTAJbHEE [aH-
HEIE,

Onenxa nqupPysHOHHEX XapPAaKTEPHCTHK KBapna OklIa
NpOBeJieHa JIUINL [JIA ABYX KPAWHHMX CIyIaeB — aGCONIOTHO
KpHCTaJImYecKkoir m amopduoit ¢as. Ilo mamumim pume. 70
JeTKO BHUIETb, YTO IJs MeHee aMOPPM30BAHHHX IIOPOUIKOB
3HaueHHsA AUPPY3HOHHEIX XAapaKTePUCTHK OyAyT IpoMe-
KYTOYHHIME Mekny BramcaeHunMu. IlomyTHO HeoGxommmo
OTMETHTBh, 9TO [Aa’Ke OPH MAJIHTEIbHHIX 00)KUrax CcTemeHb
aMopdusanuu CyImECTBEHHO BIHsSET HA KOJUYECTBO CBA3AH-
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Hoit usBectm (Kpusbie I—4). IIpu 3TOM CKOPOCTH YCBOGHHA
M3BECTH KPHCTANIMYECKMM KPEMHE3eMOM II€pecTaeT 3aBUCETh
OT CTemeHM NEPBOHATANBHOW ero aMopuaamud.

Ilonydenusie maHHble CBHIETEIHCTBYIOT O OOJBIIOM BIUfA-
HHN aMopdmsanuu, BO3HHKAWMEH B TpONEecce U3MEeJIbYeHUS
TBEPALIX TeJ, Ha KuHETHKY cuexkanma. CiemoBaTeabHO,
OJHOM TOJNBKO XapPaKTePUCTUKU MO AUCOEPCHOCTH HELOCTa-
TOYHO JJIA ONMCAHWUA BIWAHUS WM3MeJNbIeHHA Ha TBepHodas-
HOe B3auMopeiicTBue mopomkKoB. CremeHbh aMopdpuaanmm He
00513aTeIpH0 IPONOPIMOHATIBHA JUCHEPCHOCTH X 3aBUCHUT
KAaK IOKAa3bIBAKT OMBITH, OT YCIOBHI M3MEAbYEHHS W TUOA
MeabHUOE. MoyKHO moNaraTs, YTO HEydYeT 3TOro (axKTopa
ompefeNsieT  PACXOKIEHAe MHOTHX 9KCIEPHAMEHTAIBHEIX
JaHHBEIX B o0OmacTu TBepHoda3HBIX peaKnuii, upm KOTO-
PHIX, Ka3axoch Obl, BHIJED/KAHH OJMHAKOBEIMH BCE YCIIOBHS
OTBITOB.

Hab6aronennnie 0co0eHHOCTH MeXaHMYIECKON aMmopdumaammm
00/1afal0T 3HAYMTEJIHHOX OOMHOCTHI0O W CBOUCTBEHHHI, IIO-
BUIMMOMY, MHOTHM MaTepmajiaM, IIPOIIeJInM CTaghi0 MeXa-
HHU9ecKoit o6paborku. Tak, Hampmmep, KaKk IIOKasaHO Ha
puc. 70 (xpuBbie 8 u 9), CKOPOCTH B3aUMOMEHCTBUI OKHUCH
KaJplAA C IOPOIIKAMHA OKHCH ajioMHHHMA (KOPYHA) NpHm
1273° K — cymecTBeHHO pasHaA I PA3IMIHHEX YCJIOBHIA
U3MeJbY9eHNA, XOTH NUCHEPCHOCTh 00pasiloB, KAK M B Ciydae
KBapua, OQMHAKOBA.

Taxum o6pas3oM, HWCCIENOBAaHME BIMAHUA YCIOBUM Mexa-
HU9eCKoil 00paGoTKM HAa PEaKOEOHHYI0 AKTHBHOCTH KBapIie-
BHX W JPYTUX HOOPOIIKOB MOKAa3ajl0, YTO IPH ONMHAKOBOL
IUCIEePCHOCTH MaTepmaja pasimausi B cmoco0ax AWCHepru-
pOBaHHA O00YCIOBIMBAIOT PA3IUIHYIO CTENEeHb aMopdumsanuu
U COOTBETCTBEHHO 3TOMY PEAaKUHOHHYIO aKTHBHOCTH. Iloka-
3aHO TaKKe, YTO OTJIMYUEe B AKTHBHOCTH KBAPIEBHX IOPOII-
KOB, M3MEJbUIEHHHIX B PA3JIMYHBIX YCIOBUAX, COXPaHAETCSA
OpPU [JOCTATOYHO BBICOKMX Temmeparypax (mopsgxa 1100—
1400° K). IsBectHo, OmHAKO, 49TO OGMUI H3MEIHICHHOIO
kBapua npu 1373° K 3HauuTeIbHO CHIMKAET ero aKTHBHOCTD,
KOTOpas, KaK CJeqyeT U3 ONpefeJeHu:A pPacTBOPUMOCTH,
OpubImKaeTcd K aKTHBHOCTH KBapmeBoro crekiaa. IlosTomy
B PeaKI[Ud B3aUMOJEeACTBUA OKACH KAJIbIUs C N3MEJIbIEHHEIMHY
HDOPOIIKAMI KBapHa OPH 9TO# TeMmepaType HPMHHMAET ydac-
THe aMopdu3oBaHHASA, HO YyKe B 3HAUATEJIHHOH CTEmEHH
anmeHHaA m36HTKA aKTHBHOCTH, (asa.
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Paznuaue B KuHeTWKe CBSIBHIBAHWA H3BECTH KBapueM
C pas3IMIHBIM copfep;kaHueM amop¢Hoit ¢assr mpum 1373° K,
ONMCaHHOE BHIIE, BEI3BAHO, HANO [OJAraTh, MMEHHO pPa3HU-
Leldl B KOJUIECTBEHHOM ee COlepKanuu. ITO MOATBePIKIaeTCs
ONBITaM#, B KOTOPHIX M3MeJbYeHHBIE MOPOUIKM KBapIa IOf-
Beprajuch mpeaBapuTeabuoMy mporamusanmio mpum 1373° K
B Teuenue 20 mun. KuneTuka peakuuu B CMECAX OKUCHU Kallb-
mua ¢ takumu nopomwkamu npu 1373° K oxasamace mouano-
CTHIO COBIANAIOMEl ¢ KPUBHMM, IOAYICHHLIMEA JIS COOTBET-
CTBYIOIUX HEO0O0MKEHHbX IpPeJBapUTENbHO 00pasIoB.

ITpu temmeparype 1173° K cumkenme aKTHBHOCTH IIpo-
HCXOOMT 3aMeTHO Mejiensee. He wmckiaiowenmo, 4Tro B mmpo-
necce obxura cmecu npu 1173° K usbniTounas akTMBIOCTD
DOPOLIKOB KBapia HMrpaeT, 0co0EHIO0 B HAYAJIBHHIA MEPUON,
3ameTHyl poab. (Bo Bcakom caywae, scumo, 9T0 4eM mnmsie
TeMIepaTypa peaknud, TeM 0oJjiee CYIMEeCTBEHHON ABJIAETCA
Takag [ONOJHHUTENbHAs axKTuBHOCTh.) Ilo 3TOl mnpuummue
OpU HUBKHX TEMIepaTypax, BO3MOKHO, CKOPOCTh AuPysuu
CaO pmus cBeKEHM3MEIBUYEHHOTO KBaplia BHINE, a JHEPIHSA
AKTUBHOCTH PEAKOUU HIJKe, 9eM [Js IPeIBapUTEJIbHO IPO-
KajJeHHoro. JlefACTBUTENBHO, Pa3HOCTH SHEPTUM AKTUBALUU
B3aUMOJEACTBUA OKHCH KaJbOUs C KPUCTAINIECKIM U
aMOpQHEIM IOPOIIKOM KBapua OO NPUBEIeHHHIM BHIIIE Aall-
HEM cocTaBiseT 43 +24 kdxc/moav (4TO 3HAYMTENBHO Hpe-
BOCXOJIMT TEILUIOTY IJIABJEHHUSA KBapla, paBuyio 9,2 kdac/moav).

JIia BHIACHEHUA POJIHA HOMOJHHUTEIbHON aKTHBHOCTH aMoOp-
¢usoBaHHO# (assl B Ipomeccax COeKaHMs GBIIU IIOCTABJIEHBI
ONBITH [0 M3yYEHWI0 PEAKIUU YCBOEHHUSA W3BECTH B CMeCH
Ca0+4-Si0, mpm TemMoepaType, OpPU KOTOPOHM IO [JAHHBIM
M3MEPEeHHA DPACTBOPHMOCTH eH[e He IPOUCXOIUT CHIKEHUS
akTuBHOCTH amopdusoBanHOro Kpemuesema (973° K). Onbitnt
OPOBOMMANCH C HOpPOImKoM KBapua 50-9acoBoro moMoia
B BuGpomensumne M-10, o6pasibl KOTOpPOTo mpefBapUTEIbHO
obxuranuch 20 mur u 1 uac npu 1273° K. Taxoit oGsur,
KaK IIOKAa3hBalOT [JaHHHE IO PACTBOPUMOCTM, 3HAYUTEIBHO
CHIYKAeT HaBENEHHYI0 NPH M3MeJbIeHHHM aKTHUBHOCTH. Jlumc-
MepCHOCTh jKe MOPOINKOB KBapla B pesyJibTaTe TaKOro o06-
JKHTA OCTaBajJach mNpaKkTmdecKu 0e3 wusMeHenums. Vamepe-
HOA YHelbHOl MmOBEPXHOCTM Kak mo Merony Bpymayspa,
Immerra u Teanepa, Tak U 0 METORY BO3AYXONPOHULAEMOCTH
He OOHAPYRWJIH CYMECTBEHHOO HM3MEHEHHSA HH B pasMepax
[EePBHYHHIX JaCTHI[, HU B pasMepax arperaroB. V3 pesyisbra-



§ 3] COCTOAHUE AMOP®N30BAHHOU ®A3BL 235

TOB H3MEPEHHS KOJIMYeCTBA OKHCH KAJbIHUA, BCTyNHBIIEH
B PEaK[ui0 C KpeMHe3eMOM, HpeJCTaBIeHHHX B Tabx. 16,
cilemyeT, 9TO NIpPEfBapUTEIbHOE IPOKAJUBaHMWE KBapra B Te-
geHne 1 uac moYTH BABOE CHEJKAET HAYAJIBHYI0 CKOPOCTH
B3auMofeiicTBusa ero ¢ usBectbo mpm 973° K.

Ta6numa 16

BiausHue NPOXOKHTEIBHOCTH NpegBapuTe]bHOr0
o0kura KBapma (Tp) M CMecHm HA CBA3bIBaHUE
ussectn (%) mpum 973° K (mopowox kBapua

u3meapyaaun 50 wac, Ca0:Si0, =1:3) -

II pomOMmKUTEeIBHOCTD 00KMUra cMecu

o 30 mun 1 wac 2 uac
0 11,8 21,3 33
20 mun 10,4 — 27
1 uac 6,6 12,6 31

[lonygennsie mannbie MO3BOJAIT OLEHUTH Pa3HOCTh HEP-
Uil aKTUBALUM CIEKAHUS H3BECTH CO CBEKEH3MeJbIeHHBIM
U TpefBapUTeNbHO 000iKeHHBIM KBapreM. [laa pacuera
CHOBA MO{II0 BOCIIOJIb30BAaThCA ypaBHeHUeM Auddysuu (5.16).
IIpu orom, opgmako, Heo6xomumo yO6emuTHCH, YTO- DHTPO-
OUAHKA (QAKTOpP M CPefHAA [JINHA TPAHCIANUE HE OYeHb
CyIecTBeHHO MEHAITCA B Impolecce mnpoxanmsaumsa. Cmpa-
BE[IJIABOCTD 3TUX IIOJO0KEHMH MOKeT OHITh MOKAa3aHA KOBOJBHO
npocro. JleficTBATENbHO, KaK YKa3HBAJOCh BhHIE, IpHpa-
HleHMe BHTPONNME B IPOIeCCe B3aMMOJEHCTBHA aMOP(HOro
Kpemiesema ¢ u3BecTblo paBHO 0,84 duwc/moav-2pad. Ilpm
IPOKAJMBAHUA IIOPOIIKA CBOOOJHAA OHEPIWS €ro moBepx-
HOCTHHIX CJ0€B ¥ IOJHHI TepPMOZMHAMUYECKMI IOTEHIIHAAJ
yMeHbIDAIOTCA (IPOMCXOAMT BEIleJIeHME TEeIJIa) 1, CliefoBa-
TeJIBHO, ODHTpPONUA Bo3pacraeT. BsaumopeiictBme wm3BecTH
C KBapueM NPOMCXORMT TaKKe C BHJEJEHHEeM Temia, T. e.
¢ yMeHbIIeHNeM cBOOOHOA 9HEPTUU CUCTEMBI, CJe0BaTedbHO,
u3MeHeHUe JHTPONUU B 3TOM CJIydae BCeraa IOJOKHUTENBHO.
TakuM 06pasoM, uBMeHeHNe SHTPONMIAHOrO aKTOpa HE MOMKeT
npeBumath exp (An/R) =~ exp (0,84/8,31) ~exp (0,1) ~1,1.
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Jns OmeHKU N3MEHEHHsA A OPH NPOKANMBAHHH LOPOIIKA
Heo0XouMO NPHHATH BO BHAMAaHWe, 9TO IJIOTHOCTH aMOp-
¢m30BaHHOT0 HpHW H3MeJbYeHHH KBapma (2,45 2/cm®) Hec-
KOJbKO BHIIE IIOTHOCTH KBapmeBOoro crexaa (2,25 z/cmd)
M HWKe IUIOTHOCTH KpmcTamwioB (2,65 z/cm®). Ilockombky
A~1~3 ompepiensieTcd CPeIHHEM DACCTOSHUEM MEKAY MOJEKY-
JlaMd B TBED[OM Tejie, 9Ta BeJWIMHA HE MOKET IIpeTepie-
BaTh CYMECTBEHHHX UN3MEHEHMA B pe3yJbTaTe IPOKAJIHU-
Baumsi. Ha 9TOM ocHOBaHMH MOYKHO YTBED)KAATh, 9TO MJfA
OIHOH M Toll ;Ke TeMmepaTyphl

AE,RT = In (Dy/Dy). (5.17)

B namem cayuae u3 gauusix tabm. 16 otnomenme Dy/D,,
npubamxaercs K 2 (A HadadbHOUR cragum nporecca). Cie-
noBaresnsno, npu I'=1000° K AE,=8,4-0,7=5,9 xdxc/moarv.

IdTa BelIMIMHA CPAaBHUMA C MBMEPEHHON KaJIoPUMETPUIeCKI
JHepruei, samaceHHON MeTaJjIaMHM OPH KX MeXaHMYeCKOou
o0paboTKe, KoTOpas [OCTHUTaeT HECKOJBKMX COT KaJopui
uHa Moab [239]. He uckiaroueno, 4To maabHeiilnee IPOKaIUBa-
HEe KBapma eme 00Jibllle CHM3AT CKOPOCTh er0 B3amMOJei-
CTBUSA C HM3BECTHIO M, CJIELOBATEIbHO, BeauInHa 5,9 kdxc/moqvn
npeacraBiseT co00d HIKHIOI TpaHUNy oHepruu AedeKToB
aMop(pu30BaHHOX OpU M3MeabdeHMUM (ass KBapla.

OcoGennoctu amMopdHO#l a3k KBapia, NPOABIAOIIUECS
U B Ipoleccax CnexkaHus, HaGJI0JalTcs 0CO0EHHO OTYETINBO
opu TepMmorpadumueckoM uccaenoBanmm (puc. 71). 3 Tepmo-
rpapmIecKux KpuBHX BuAHO, uro mup:m 1153° K mmeer mecto
XO0pOIIO0 BHPQKEHHHA OUK, KOTOPHIA MOKHO OTHECTH 3a CUET
B3aHMOJIECTBHA OKHCH Kainbousa ¢ KpeMmHe3zeMoM. Temiora
COeIMHEeHUA OTHX BemecTB oneHmBaerca B 146 kdxc/moav
mnu [219] B 210 xdac/moas. Tennora o6pazoBanusa aJOMAHATA
ranpnua npu cmexanmd CaO m Al,O, B coorHomenuu 1 : 1
npumepro B 10 pas menpme, 9To, KaK BuAgHO W3 pmc. 71,
00yCJIOBIEBAET COOTBETCTBEHHO MEHBINAE VKA Ha TePMOI'DaM-
Max. BepmumHs nDHKOB COOTBETCTBYIOT TOoYKaM mepermba
Ha KPHUBHX TEIJOBHeIE€HAA BO BPEMEHH, a INIOMAAb, OTpa-
HOYZmBaeMas KDHUBHIMH, IO3BOJIAET ONEHHUTH [OJI0 IpOpearu-
poBaBmux BemecTB. [lasg 9TOTO, ORHAKO, HEOOXOXMMEL
IpaflyupOBOYHEIE JaHHEIE, B KAZECTBE KOTOPHX HaMU MCIIOJIb30-
BaHH TEePMOTPAMMH KaJibOuTa. Temiora TepMUYIECKOH HuC-
commanmu Kaabnmra (184 xdac/moav) xopomo wu3BecTHA.
Ha ocHoBanmm rpagynpoBOYHEIX ONHITOB TENJIOTA 3JK30Tep-
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MHYeCKOi peaKkiuu B:06JacTU TEMOEPATyp M BpeMeHH, COOTBeT-
CTBYOIHUX TeIIoBOMYy 3Q(eKTy Ha TepMorpaMmax, OIeHH-
Baercs B 4+10% doc/e pis mopomka 50-4acoBOTO M3MEIbICHUA
u 10% dxc/2 (s moOpolIKa TPEXMHUHYTHOTO MOKDPOTO IIOMOJA.
310 coorBercTByeT 0GpasoBanmio 40

n 10% cuamxaTa KaJdpmuad B KasK-
noM u3 00pasIoB, ecau npeHeGpedb ~ 2
appexToM cauAHEA 3epeH (yMeHb- —_ g
UIeHUEeM HOBEPXHOCTH).
MoskHO mOKasaTh, 4TO IK30TEpP-
MHUYeCKUA 5PPEeKT YMEHBIIEHHA IIO-
BEPXHOCTH 3ePeH B pe3yibTaTe HX
CIeKAaHHA CpPaBHUTEJIHLHO HEBEIHK. 4

HeiicTBUTENBHO, IO JAaHHHM H3Me-
PeHHUA YAeJIbHON TOBEPXHOCTH [0 ‘ 3z
X OoCjie COeKaHHsA NPH YCIOBUH,
9T0 HOBEPXHOCTHAsS sHeprua Oiu3ka Z
K 10~* daxc/cm®, ymeHnpIIeHEe IOBEPX-
HOCTH NDPHBOAMT K BELJENEHUIO He
oonee 10 dxc/z (AS ~10 m?/2). I10 7

IO KpaifHell Mepe.Ha HOPANOK MEHb-
ule SHepruM, BHJENSEMON 3a c4er w 617 ﬁf %z
B3aMMOJieHCTBUA KOMIOHEHTOB. s
Brinie 01 OLlEHEHE dHEPreTH-

YecKHEe XapaKTepHCTHKH amoppumso- LHC- T71. Tepmorpamme

o cMeced OKHUCH Kajabousa
BAQHHOH @HpH U3MeNbYeHEH QaBEH ¢ ypapuewm (2—4) u wo-
KBaprna. DBriumcnenus npoBommiIn pyugoMm (5—6).
I0 9SKCIEPUMEHTATBHEIM [AHHHIM, 7 — upcras OKMCH KANBINA;
OTHOCAIMUMCA K CHEKAHHIO KBapIe- 2 — 3 Mull M3MeNbYeHHsd ¢ BO-

noit, 3 — 8 wuac M3MeJIbYeHUsT
BbIX HDOPOIIKOB C NIOPOUIKAMU OKHMCH B CYXOM BoO3Oyxe, 4, § —
KalnblusA mpu Temmeparypax 900— 7 MW ¢ DOXOH 6 15
1400° K. Ilomyuenntile XxapakTepu-
CTUKU — CPeJHHUe IO BCeH TOJNIMuHE

aMOp(U30BAHHOTO CJIOS Ha HOBEPXHOCTH KPACTAIIAICCKUX 9a
cruly, 00KYHO HpeBHINalomei npu cyxoMm uameabaenunn 200 A.
CocrosiHEE CaMBHX BEDXHHMX IIOBEPXHOCTHEIX CJIOEB 3€peH
KBaplja, MOABEPIHYTHX MEXAaHUIECKON M TepMUIECKOU 00pa-
00TKe, NpPEefCTABIAETCA BO3MOKHEIM OLEHMUTH IO PACTBOPH-
MOCTH MX B BOJe IPU KOMHATHOMN Temmepartype. B aTux ycio-
BHSX B Ipoliecce PACTBOPEHHUS [0 PABHOBECHOTO COCTOAHUA
B pPacTBOP IEpPeXOfUT MaTephaj BEpPXHero CJIOs YaCTHIl,

TOJNIOUHA KOTOporo He mpeBuimaer 10 A.
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CornacHo TepMOmWHAMMKE HNEATbHHIX pacTBopoB [221]
3aBUCHMOCTH PaCTBODPMMOCTU TBEPHOrO TeJa OT TeMIepaTyphl
BBIDQyKaeTCsA ypaBHEHUEM

(2%’)1):%, (5.18)

rge pacrBopumocts C=N,/(N;+N,), N, — pasuosecnoe
9UCIO0 MOJEKYNI B pacTBope, N, — 9HCIO MOJEKYJ PacTBOPH-
tensi, AH — m30HTOK MapuMaJIbHOTO MOJBHOTO TEIJIOCOHEp-
JKaHUA PaCTBOPEHHOI0 BEMECTBAa B PAcTBOpE IO CPABHEHMIO
C €ro MOJBHEIM TEIUIOCOJeP}KaHUEM B TBEPAOM Tejle IIpU
Toit ke Temueparype. [aa ognokoMnoHenTubix cucreM AH —
MOJIbHAA TEIJIOTA PACTBOPEHHS, DaBHAasg CyMMapHOil sHep-
Iuyu pa3phiBa MOJEKYISPHEIX CBA3eil B TBepaoM Teje. Ilpu oT-
CYTCTBMM aCCOIMAldd MOJIEKYJ B pacTBOpe M pacIiuiaBe
nus kpucramaoB AH=L, rge L — Temwaora miaBieHUA IPU
TeMuepaType pactBopenms, () — Temiora pacTBopenus amopg-
Hoit Mogupuranuu. 3aBucumocth L (T) BoipakaeTcs 1o 3a-
rony Hupxropa: L=L, ,—Ac(T,,—7T), rne L,, — Temmora
nIaBjeHns npu Temnepartype naasiaenus T, Ac,=c,—c, —
PA3HOCTh TEIJIOEMKOCTEeH NPU MOCTOSHHOM J(aBJE€HHH pac-
mnasa (c,) ¥ KPUCTAJIOB (c,) MU TeMImepaType pacTBOPEHH.

IToncranoska AH=L B ypaBuenue (5.18) mpu ycaosum, 9to
Ac, oT TeMmepaTypH He 3aBHCHUT, I03BOJIAET IIyT€M MHTETPU-
POBAHUA MOJYIUTh 3aBHCHUMOCTH PACTBOPUMOCTU KPUCTAJIOB
OT TeMmepaTypsl B spuoM Buae. Hax moxaseiBaiorT TaGuuanbe
nammele [222] mus kBapIja, TeMmepaTypa ILIABIEHUS KOTO-
poro T,,=1973° K, npu o6HYHHX TeMIepaTypax Hajke 0YeHb
Magble 3Ha9eHuA Ac, mopAgka 2—4 Ooc/Moab-2pad nIPUBOLAT
K 3HAYATEJIbHHIM HM3MEHEHUAM B TEIIOTe PACTBOPEHUA.

B o0meMm caydae pasHOCTH SHTAJABIUN COCTOSHUA, a, Cle-
JOBATENbHO, M XUMHUYECKHX IOTEHI[MAJOB, ONpeHelsdeTcs
rTakske M sHeprmeii medexToB E, KOTOPHIMHU, COOCTBEHHO, U
06ycioBlIeHA TIOBHIIEHHAA PACTBOPHUMOCTH aMOP(PU30BAHHOIO
NpU W3MeJbIeHUU KBapIia:

AH!«':Lun_Ac(TM_T)'—EK—I_Q’
AH,—Q—E, (5.19)
AQH) =L, +E—Ac,(T,,—T),

rie AH, u E, — COOTBeTCTBEHHO N3MEHEHWE DYHTAJBNUU U
sHeprusA [AeeKToB aMOPPHOTO KBapIa.

nx na
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CorsacHo TaGJIMYHBIM [aHHBIM TEIJIOEMKOCTH KPHUCTAJJIH-
9eCKOr0 KBapla M KBapIEBOT0 CTEKJA OTIUIAIOTCA MEIKIY CO-
Goit Be Gomee uweM Ha 8,4-10-% kdoc/Mmoav-2pad. Ecau cronn
CyIeCTBeHHOe H3MEHEeHHWe CTPYKTYDPH, Kak aMmopdusamus,
MajJl0 U3MEHSeT BeJWIMHY TEINIOEMKOCTH TBEpPHOIro Teia,
MOJKHO TI0JIaTaTh 09eHb MaJIEIM M3MEeHEeHUe TEeIIOeMKOCTH B pe-
s3yapTate MeXaHMYECKHX Bo3felcTBHU, Korja HapymeHus
B CTPYKType He 0oJee CYIECTBEHHBI, 9eM aMOpQuU3amus.
Ha 5ToM ocHOBaHHU BeJIMYUHH TEIIOEMKOCTEdl KBapmeBOro
CTeKJa M aMOP(U30BAHHOTO NIPM MBMENbYCHWUH KpEMHEe3eMa
B JAaHHOM cly9ae NPHUHATH paBHEMH. Torga mjs pacTBOpu-
MOCTe#l MOPOIIKOB KBapIa B COCTOSHUW YHCTO KPHCTAJIU-
qeckoM (C,) u amopduom (C,) ¢ medexTaMu mpH OTUHAKOBOI
temneparype (yamteiBasg, aro T! < T-1) MoskHO HammcaTh:

nx

Tyx
|n_&_E+Lnn_S (ca_cx)(Tmr‘T) aT ~
C.~ RT RT? ~
T
NE + Ly, AcuTnn
Ay S (5.20)

Ac,, — Pa3HOCTH TEIJIOEMKOCTEA aMOpPPHOTO M KPHCTAJIH-

9eCKOr0 KBapIa.

Ha ocHOoBaHMM 3KCHepHMEHTAJbHHX MAHHHX PAacTBOPH-
MOCTh M3MelbueHHOro kBapma nmpmmepuo B 100 pas mpesoc-
XOIMT PacTBOPHMOCTh KPHCTANJIHMIECKOro KBapma. IlosToMy

—(a—c) Ty +E+L,~RTIn100=~ 12,5 kdx/morv.

IMonyuenHoe 3HaYeHME HECKOJBKO 0OJBIIE TEIJIOTHL ILJIaBJIE-
umsa kBapua (9,2 xdxc/moav).

Takum o6pasoM, BKJIajy sHEPTUM HeQEKTOB IIPH YCIOBHUU
¢,—c,=0 cocraBaser 3,3 kdac/mosn. OMHAKO HA CaMoM Jeine
Ac,,=(c,—c,) cocraBiser 2—4 0Ooc/Mmoab-2pad, a 3HadYeHHE
nuTerpana B (5.20) Bcerga mososxurensHo. IlosTomy sHawe-
Hue 3,3 K0oc/Moab SABISACTCA JUIID HUYKHEH TDAHUIEH dHEp-
rod feeKTOB NPH MeXaHHIeCKOH aMmMopdpuaanuu KBapIa.
Bosnee peanpHoe 3HaueHue dHeprmu AeEKTOB C yIETOM Trpa-
HUYHBIX 3HAYeHU# Ac,,, paBHBIX 2 u 4 Oxc/moav-epad, Gymer
HaxomuTheAa B mpepmenax 7 < E < 11 kdac/monw.

ITomyTHO 3ameruM, 4To HaGJI0aeMOE HA ONBITE OTHOMIE-
HUEe PacTBOPHMOCTeH KBapma W KBApIEBOTO CTEKJa IMpPH KOM-
HaTHOI TeMIepaTrype cocTaBjasdeT jumb npumepHo 10, a mpm
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100° C — oxomno 25. PacxoxpmeHne ¢ BHYUCIEHHHIM 10 (op-
myne (5.20) orHomeHmeM pacTBOpPUMOCTell (IpPH YCIAOBUM
c,=c¢,, E=0), cocraBaaomum He Meree 30—40, Takske MOKHO
00BACHUTH TeM 00CTOATENbCTBOM, 9T0 Ac ~ 2 dxc/moav-2pad.

N3bnrounas Beamaumua cBoGoqHOI sneprum xkBapua E 3a-
BHCHUT OT YCJIOBH ero msMesnbueHus. Brime Gbiio moxasamo,
9T0 B 3aBHCHMOCTH OT CTEIIEHUW W3MEJIbUIeHUsA U MeXaHUIECKHUX
mapaMeTpoB M3MeJNbYUTeNs pPAaBHOBECHAsE PacTBOPHUMOCTH
KBapa usMeHsercA B Heckoabko (wHorna B 10) pas. Ilpu sTom
BO BCE€X CJIY9asfiX MOBEPXHOCTH YACTHI[ MOJHOCTHIO aMOpduso-
Bana. CrmemoBaTenbHo, HabiaomaeMoe yBeIWIeHHE PAaCTBODPU-
MOCTH 00yCIIOBJIEHO TOJBKO H30HITKOM cBOOOHOM (Koudurypa-
IIMOHHOH) SHEPTUM Y M3MeJBIeHHOTO0 KBapIa TOH JKe aucmepe-
HOCTH.

Ilpm ogmHakoBo# cTemenu aMopduU3alUy OTHOLIEHHME pac-
TBOPHEMOCTE ABYX 00pasI0B IEJUKOM OOYCIOBIEHO pasim-
4qmeM B sHepruu fedexToB (TemroeMKocTr ux paBHH). [lomcaer
mo popmyane (5. 20) upu ycnoBuum Ac=0 noxkassBaer, 9T0 pas-
HOCTh B JHEPIMH HeQEeKTOB B DTOM CIydae MOYKET J{OCTUTATI
6,3 Kdac/Moab. DTO 3HAYEHME DHEPTUM NePEKTOB IIOBEPXIIOCT-
HOTO CJIOSI BechMa OJIM3KO K BeJHIMHE, IOJYICHHON U3 ONLITOB
mo cuexauuio (5,9 kdxc/moav). Takoe coBnameHme yKas3bIBAET
Ha CXOJICTBO CTPOEHUS M SHEPTeTUIECKOTO COCTOAHUS aMopdu-
30BaHHEIX CJI0€B WO TOJIIWHE.

UccnemoBannsa pacTBOPUMOCTH H3MEJIHIEHHOTO KBapla
B Bofie W IMexodHoil cpeme (§ 1) mo3BOJASAIOT KOHCTATHPOBATH
DHEPreTHIeCKyI0 U CTPYKTYPHYI0O HEOJUHAKOBOCTH IIOBEPX-
HOCTHHIX CJIOEB KBApIEBBHIX 9aCTUI[, U3MEJIbIEHHHEIX B Pa3iInd-
HBEIX yCIOBHAX (HAIpHMEp, NPHM PA3HOM BpEMEHHU H3Melbye-
Hust). B aTOM oTHOmIEHMM UPENCTaBISET MHTEPEC BBIACHUTH
Bausinue paboumx mapaMeTpoB U3MeNbUUTENsA (Has BubGpo-
MEeJIbHUIB — 9HeprosaTpaT W aMIUIMTYALl KoxebaHmil) HA co-
cTosiHUe moBepxHocTeill. Brina maMepeHa KuUHETHKa pacTBOpe-
N KBAapIEBHIX IOPOIIKOB, W3MEJIHUEHHHIX C TaKMM pacye-
TOM, 9TOOHL IS PaBHBIX 3aTpaT dHEPTUU UMEJUCH ABE IPOGLI,
U3MeIbYeHHbe C PAa3JIMYHON aMIIUTYXOM (MOMeHTOM BuOpa-
tTopa) Koiebanuil. 113 mauupix tabx. 17, BUAHO, 9TO C yBEJIU-
geHueM aMIIATYAH KoJaeGaHuil mpu sHeprosarpaTax, COCTaB-
astomux 100 xkeu/m, pacTBOpMMOCTH pacTeT, a B OCTAIHHBIX
ciydasx puasg  GoaplIMX BHEpPro3aTpaT — magaeT. Y Be-
JIMYeHme Ke 9HeprosaTpaT Hpu HOMoJjie B 00meM ciaydae mOBH-
IMaeT PacTBOPMMOCTH W3MeNbUYeHHHIX IIOPOTIKOB KBapla.
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AKTEBHOCTD KBapia, npmobpeTaeMas MM B IPOMECCEe U3MEIb-
9eHUsA, SABISETCA OCHOBHEIM TEXHOJOTHIECKHM HApaMeTpoM,
ONpPEfeNAIUM II0Je3HOCTh er0 IPAKTHIeCKOro IpHMeHe-
mua [223]. TlosTomy maumbie, mpuBefennsie B Tabma. 17, yka-
3HBAIOT Ha HEOGXOMUMOCTH KOHCTPYUPOBAHHA MEJLHHAL M
PeryJanpoBKU YCIOBUil M3MEJIbYEHHS B HHX TakmM o6pasoM,
9T100B MaTepual nmpuobperan HamboabpNIyi0 akTuBHOCTH. Cile-
JyeT YYUTHBATH TOT (aKT, 9TO ONTMMAJbHBEE [IOKA3aTeJH IO
[AMCIIEPCHOCTH U 110 aKTHBHOCTYU HE 00S3aTeNIbHO COBHALAIOT.
9T0 0CO6EHHO OTHOCHTCH K CBEPXTOHKOMY M3MeJIb4eHHI0 6e3
n06aBOK KMIKOCTEH, IIOCKOJBKY [HCIEPCHOCTh MaTepUaja
CO BpeMeHeM M3MeJbYeHUSA MePecTaeT H3MEeHATHCA.

Ta6numa 17

Kunernka pacTBopeHMA mNOpOmKOB KBapua (B m2/100 aee)
B 3aBHCHMOCTH OT NapaMeTPOB M3MeJbuyeHHA (TB. uak. = 1:50)

IIpomomKUTeIbHOCTD PACTBOPEHM A,
OHepro- MoMmeuT | YoenbHasa CYTKHN
3aTpaThi, pubpa- noBepXx- -
remu/m TOpa, %X2M |HOCTb, M*/2 15 52 90 135 255
100 4 5,5 0,88 0,98 | 1,28 | 1,30 | 1,56
100 8 51 1,18 1,34 |1 1,54 | 1,66 | 2,12
200 2 44 2,14 2,18 | 2,62 | 2,74 | 3,12
200 8 4,6 1,42 1,70 | 2,36 | 2,44 | 2,98
400 4 5,7 2,40 2,40 | 3,40 | 3,72 | 4,38
400 16 4,3 1,20 1,24 | 1,84 | 2,22 | 2,68
800 4 49 2,46 3,04 | 3,78 | 3,04 | 4,68
800 16 2,2 1,30 1,20 | 1,52 | 1,62 | 1,98

OnenKa HIVKHEHW I'DAHWIEI dHEPIUU JePeKTOB MOKeT OHIThH
IpomM3BefeHa TaKyKe IyTeM WM3MEPEeHUsS pPaCTBOPMMOCTH W3-
MelIbYeHHOT0 KBApIEBOTC IIeCKA HEIOCPENCTBEHHO MOCJe
moMoJia u mocie npoxanuBaHms (puc. 72). Kak moxasniBaer
OIILIT, OTHOLIEHME PAacTBOPHMOCTel 06pa3IoB B psAje ciaydaeB
cocraBuser ~ 3. CienoBaTesbHO, OPH TAKOM IPOKAJHBAHUH
(B Tewenue 1 waca upm 1273° K) mpomcxopur pexomGmuanus
nedexToB, cymMMapHas cBOOOJHAA BHEPIHS KOTOPHX OKOJIO
3—3,5 kdxc/moav. U3 puc. 72 BugHO, 970 mpoKadmBaHuE GO-
Jee IMpPOROJKMUTEJIbHOE WJIM Tpu Gojlee BBHICOKOH TeMmmepa-
Type OPHBOAMT K eme GoJbIIeMy CHEJKEHHI0 PacTBOPHMOCTH.
CrnemoBaTeIbHO, BeJMYMHA DHEPTUHE AeeKTOB, omperensgeMasn
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M0 3HAYEHMAM pPacTBOPMMOCTH, (AKTHYECKH OymeT BHiIle
3,5 kdxc/moaw.

3aBUCHMOCTH PACTBOPHUMOCTH B CKOPOCTH CIEKAHUs KBapa
C M3BECTHI0 OT TEMIEPATYPH U HPOJOJKATEABHOCTH €T0 IIPejl-
BapHUTEIbHOTO IPOKAJMBAHUA DO3BOJAET CJeJaTh BhIBOJL,
YTO MeXaHWUeCKM aMoppM30BAHHHI KBapl[ obaagaer 1mabo-
POM 1eeKTOB B MOBEPXHOCTHOM CJIO€, PA3IUIAKIIUXCSI CBOUM

w20 30 0 S 6 00 800 S 000
L7
Puc. 72. Bamanme TeMnepaType IpPOKainmBaHdA (B TeueHue 1 uac)
f. Ha PpacTBOPHMOCTh R YAENBHYI0 NOBEDXHOCTH KBapia.

1, 2, 3, 4 NIPOAOINKUTEJIBHOCTb PACTBOPEHUA COOTBCTCTBeHHO 14 mueit, 1, 2 u 3 mc-
cAlla, 5 — N3MeHeHMWe YAeNbHOM IOBEPXHOCTH.

sHepreTuIecKuM cocTossHmeM. MoKHO mojaraTh, 4TO 1o Mepe
NOBHIIEHUA TEMIepaTyphl PeKOMOMHMPYIOT CHAYalla caMble
HEYCTOMYMBLHIE W AKTUBHBIE AePEKTH, a 3aTeM U MeHee Ha-
npssykeHnble. OHAKO, KAaK TOKA3HBAIOT IpeNCTaBICHHbIE
Ha puc. 72 u 73 paHHBe, HOBHIIEHWE TEeMIEPATYPH IPOKAIHU-
anma 70 770° K BEHIBEIBaeT He YMeHBbIIEHHE, a POCT PACTBOPHU-
MOCTH KBapIleBOT0 mOPOImKAa. AHAJOTHIHEIM 00pa3oM BJIMAET
7 yBeJHYeHHE IPOJOJIKATENBHOCTH IPOKAIMBAHUA HPHU TEM-
meparype 770° K. Jlmmp nmpokanmBaHme mpm TeMmmeparype
poimie 870° K BHBEIBaeT yMeHbIIEHWEe AKTHBHOCTH KBaplie-
BOro mopomika. PeaynpTaTs mo pacTBOPMMOCTH COINIACYIOTCH
¢ 50peKTOM BHICOKOH aKTHBHOCTH aMOPPH30BAHHOTO NPU W3-
MeJIbYEHHH KBAapOa B OpPOIECCaX ero CIEKaHHA C OKHCHIO
kansnuaA npu remnepatype Hmxe 1000° K. Peskoe ymenbie-
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HUe YHeJbHOX MOBEPXHOCTH (CIUAHUE 3ePeH) HAIMHAETCSH
Opm HECKONbKO 06osee BhicOKoH Temmeparype — 1100° K
(puc. 72). CregoBaTenbHO, IpPOIECCH caMoaudy3uu B KBapie
Pa3BUBAKTCA ImoCie pexoMOuHanuud AePEeKTOB, MPUOOpPETEeH-
HBIX NpH WM3MeJIbYCHUH.

IloBHeHMe aKTUBHOCTH KBapa B pesyabTaTe IPOKAIUBA-
uusa B uarepBame Temmeparyp (570—770° K) MoskHo, oge-
BHAIIO, O0BACHUTH IIPEIK-

Jie BCero TepPMUYECKUM r =TS .y
aKTHBUDOBaHMEM dactuu. /[ ,~ .l
Onnako B 3aBHCHMOCTH -

OT YCJIOBHU M3MeJbueHUus /| 7
(cpema, mo6aBKH) yBeau-

YeHme  PacTBOPUMOCTH A
pasauyno. ITO JAaeT oc-
HOBAaHWE TNPENNoNaraTh, g7
YTO NPHMPOCT PACTBOPU-
MOCTH IIPH HArpeBe CBA- '
3aH TaK/Ke C OYHCTKOMH /274 5 o
IOBEPXHOCTH IIOPOIIKA K 7 Y g
yhaleHueM 3arpsA3HeHmi T, MECAYSI

C IIOBEPXHOCTHOTO CJIOS,

mponszorsyioux paor. P15 19, Noerwa pucropen uy
Bopenuio. B obmeMm cay-

OT YCJHOBUIl ero TepMUYeCKOil o6pa-
93e TaKUMU 3arpsAsHe- 60TKH.

HUAMH MOTYT OKa3aTbhb- 1 — npomoinKUTENBHOCTD M3MeJIbYeHn A

- 30 mur ¢ BOMOit, 2 — TO Ke, IPOKAJEHHBIA
€A [ayKe MOJEKYJbl KUC npu 770° K B Teyenme 2 uac, 3 m 4 — cyxoc

JIOPOJla U a30Ta BO3AyXa, MoMerwuene, I}énapuucxonﬂgm M TIPOKaJeH-
HBIA DK B TedeHme 2 vac, 5 — u3Me-
aficopbupoBaHHEE HAQ  penme pacTBOPUMOCTH B 3aBUCHMOCTH OT 1pO-

Han60nee aKTHBHBIX Me- nonmmenw%ci;r&a % ng}{cfxx) TIPOKaJIMBAHUA
CTaX  IOBEPXHOCTH M

IPOYHO C HEI0 CBABAH-

uue [294]. Tak, manwe (o 2%) mobaBKuU KEAKOCTEH, aj-
copOupoBaHHbIE HAa MOBEPXHOCTH B IIpOIlecce H3MeJbIEHUA,
NPAKTUIeCKHU IIOJHOCTHI0 PACHANAIOTCHA, 8 AX OCKOJKH BCTY-
HaloT B XMMHYeCKOe B3aMMOJEHCTBHE C KPEMHE3eMOM. JTHM
00BACHAETCA TOT PAKT, ITO BEJIHIUHEI PACTBOPUMOCTHA IOPOII-
KOB KBapIma, M3MeJbYeHHKX ¢ MAJIKIMA T00aBKaMU Pas3amIHBIX
sKUIKoCcTel (BOJA, AaLeTOH, STHJIOBHIA cnumpT, 6€H30J U AP.),
NPAKTUIeCKU HE pPasimIainTcsi Mesxay coboil. OgHAaKO KOH-
CTaHTa CKOPOCTH PACTBOPEHMS y HHUX, €CTECTBEHHO, Pa3Has
(ta6a. 18). IIpokanuBaHWe B 3TOM CiIydae yAaIsAeT MPOAYKTHI

0, me/n
’\Q
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Ta6mnuia 18

Kunernka pactBopenns mnopomkoB kKeapua (mr/100 a.i), usmenn-
gaBmuxceAa 10 MuM B H9KCIEHTPHKOBOIf BUGpOMEIbHHULE B NPUCYTCTBUI
MaJXBIX JM00aBOK OPraHMYECKHX JKMIAKOCTell (TB./:KHAK.=1:50)

Kounuge- IIponoMmKUTEIbHOCTh PACTBOPEHUs, CYTKU
CTBO
Bun no6aBsox nobasku,
% 22 60 105 150

— 4
Bona 2 3,26 4,80 5,00 5,08
Aneron 2 2,50 4,40 4,70 4,80
ITHIOBHI COHPT 2 3,14 3,40 5,40 5,4
Benson 2 2,24 3,40 4,60 4,8
IMuxnoparan 2 1,76 3,40 4,90 5,16

OUCCOUMAIMA M 3HAYUTENHHO -IMOBHIIAET pPAaCTBOPUMOCTH
KBapIa. '

B pesyabrare msMenbpueHUs KBapma ¢ OOJBIIAM KOJH-
9EeCTBOM KUIKOCTHA IOBEPXHOCTH MOPOLIKA, KPOME IPOLYKTOB
IUCCONAANUU, MOKPHTA, IO-BUUMOMY, KUAKOX NIIEHKOMH.
ITosTomy mporanmeaume upu Temmeparype ue Biime 900° K
B oTOM ciaydae Haumbosee sdpdextuBHo. Tak, oGmur xBapua,
DOJyYeHHOT0 gucmeprmposanmeM B Bopme, mpum 770° K mpm-
BOMHUT K YBEJIMIEHHI0 PAcTBOPEMOCTH Oojiee 4eM B 2 pasa,
B TO BpeMsA KaK IPOKaJIHBAHME KBapIa CyXOTO IOMOJIA yBeIu-
qmBaeT pacTBopmMmocTh Ha 15% (pmc. 73).

ITpoxkanmBanme nmpm Temneparype Brime 1000° K nesaBm-
CHMO OT YACTOTHl MOBEPXHOCTH BHIBHIBAET CHEYKEHNE PaCTBOPH-
MocTu. VI3MeHeHme ye/lbHOM MOBEPXHOCTH HIPH IPOKAJIHBAa-
HOO, 10-BUAVMOMY, HEe HMeeT IPH 5TOM peNalomero 3Hade-
HOfA, KaK 9TO0 BHAHO M3 CPAaBHEHUsA YHEJbHHIX MOBEPXHOCTEH
DECKOB MOKporo um cyxoro momoxa (60 m%/z u 4 m?/e coorBet-
CTBEHHO) M 3HAYEHUN HMX PACTBOPUMOCTH IO pHC. 73.

Buausaune cmoco6a M OPOXOKUTEIBHOCTH M3MeJNbYeHUA
Ha (UBUKO-XMMHUIECKHE CBOHCTBA XAapaKTEPHO He TOJBKO
s kBapua. B pame mccmegoBanumit (Opumuwr [225], Hasep u
[onsr [170, 226], lllpagep m Temuep [227] u apyrue [228,
229]) noxazaHo, 4TO M3MeJb4eHHE BeCbMA CYIIECTBEHHO M3-
MEHSeT XapaKTep MHOTUX TeXHOJOTMYIECKUX IPOIECCOB ¢ yda-
CTHEM [UCHEePrupOBAHHEIX MaTepwaloB. B mpoiecce cmexa-
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HAA, HaOpuMep, OKasaloch, KaK 9TO BHAHO U3 puC. 74, 4TO
OPOYHOCTh WU3NENUil W3 CHIMKATa AJIOMHHHAA pE3KO pas-
NWYHA - JIA TOPOIIKOB, IOJYIEHHHIX B PA3HEIX arperarax.
PaznugarnTcs Mesxny co00if M KpUBHE U3MEHEHUSA HPOTIHOCTH
KepaMUKU OT IPOJOJIKHUTENBHOCTH WM3MEJIbYEHHS HOPOIIKOB.

Ilnsa kpuBHX puC. 74, KpoMe 3aBHCHMOCTH OT CI0Oc00a W3-
MeJIbYeHHsI, CAMEIM OPHMeJaTeJbHEIM SIBIAETCS UepefoBaHEe

N
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20 40 & T, muw

Puc. 74. Bausanue usMelbueHNs MHUXTH HA IMPOYHOCTH M3HENUH U3 CH-
JuMKaTra amomMuEHA [226].

1 — 11coGOMOKEHHBIE CIIpecCOBaHHble 00pasubl, 2 — 06pasusl O06O0MIKEHB INpH
1300° K, 2 uwac. I — crpyitnana, II — BubpauuonHas, II11 — njaaHeTapHaA MeJlk-
HULBI.

pocTa m yMeHbIIEHHe NPOYHOCTH C yBeJHIEHHEM er0 IIPOj0J-
sxuTenbHocTa. IlomoOubIi XapaKkTep HM3MeHEHHS CBOMCTB IO-
pomkoB Habmaromaercs W B Apyrmx caygaax. OrmedeHo, Ha-
npmMep, MEPHOAMIECKOe U3MEHEHMe JHTAIBINHA U YAEIbHON
OOBEPXHOCTH MOBAPEHHOH COJHM M SHTAJBIMH OKUCH LWHKA
npu ux maMennvyenun (pmc. 75). IlepmopmanocTs 3aBHCEMOCTH
(UBUKO-XMMAYECKUX CBOMCTB TBEPABIX T€JI OT HPOMOJKHATEH-
HOCTH M3MeJIbYeHUs HaXORUT 00bsCHEHNe B CBETE IIOJYJEHHBIX
HaMM TAHHBIX 00 SHEPreTHIECKOM COCTOSHHH IOBEPXHOCTHHIX
CJI0eB W3MEJIbUYEHHHX MaTepmaaoB. Mo»KHO mojarath, 4To
B CAMOM aKTe paspylmIeHHs NPH OYeHb OBICTPOM CHATHH Ha-
OPSMEHNA KOJIMIeCTBO aKKyMYJHPOBAHHOM 9acTHIAMHU BHEP-
TUM 3HAYUTENBHO MPEBHIIAET JKCOEPUMEHTANBHO WN3MEpPEeH-
Hoe. /lmccumanmus sHEpPTHHU, CONPOBOMKAAIOMAs peJaKCaluio
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HaNpPs)KeHNH 1 KOHPHUTyPaNEOHHEIX UCKAYKEHMI B IOBEPXHOCT-
HEHIX CJO0fIX, NPOMCXOMHT B Pe3yibTaTe MHOTOYUCIEHHEIX,
HO MaJbX IO BeJIMIMHE, MEXaHWIeCKHX M TEIIOBHIX BO3[eii-
crBuii. MeXxaHm3M 3TOTO SABIEHUS OCIOIKHAETCH INPOIECCOM
o6pa3oBaHus W PaspyIIEHUS MOJEKYJIAPHOIJIOTILIX arpera-
TOB, MHTEHCHBHOCTH KOTOPOLO ONpeAeaseTcsi, B YaCTHOCTH,
9HePTeTUIEeCKUM COCTOSIHMEM IIOBEpPXHOCTEIl.

”ﬂt{,&
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Puc. 75. Uamenenne 3uTanbnuym U yAeJbHOW IMOBEPXHOCTU NOBaPEHHOMN
conu (I, 2) U PHTANBIUE OKHCHM LUUMHKA (3) mpu m3MeJb4eHUM IOPOMI-
KoB [225].

Ilpenmoscennas cxeMa MexaHM3Ma aKTUBAI[UM HO3BOJIAET
OJKUOATh, 9YTO AKTHBHOCTh MATEpPHAJOB, IIOJYyYIaeMHIX IpPH
OJHOKPATHOM WX HeOOJHUIOM dYucjie BO3MEHCTBUN IIPU UX
u3MeJbYeHud, OyjeT BHIE, 9eM y PABHHIX IO JUCIIEPCHOCTH
NOPONIKOB, WMCHBITHBABIIMX MHOTOKpDaTHHe BoafmeiicTBua. U
DelCTBUTEIbHO, HAIMKM ONBITH IIOKA3aJHd, YTO IPH PaBHOW quC-
MepPCHOCTH, HAIpPHMEp, KIWHKED, NOJYJYeHHHIH WM3MeJbde-
HUEeM B CTPY#HOH# MeJbHWIE, 3aMETHO AaKTHBHEe, IeM IOJY-
9eHHH# BUOGPOIOMOJIOM. i

K coanennmio, skcmepmMeHTaJbHEIE MCCIETOBAHUA 5TOTO
0Y€Hb HHTEPECHOTO ¥ MPAKTHIECKH BayKHOTO 3PPeKTa eime
HEeJOCTAaTOYHO TIJIy0OKM, a MexaHm3M ero cioske”. IlosTomy
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KaKoe-1m00 060CHOBAHHOE eT0 AHAJIHUTHIECKOE OIHCAHEEe BCe
elle He MpeAcTaBIgeTcs BO3MOKHBIM. I[Ipomoixenme mccie-
IOBaHMU HO3BOJUT, BEPOSATHO, JNy4lle HOHATH, a B HaJbHel-
meM ¥ MOJHOCTHI0 O00BACHUTH CTOIb HEOKHMIAaHHBIE CBOICTBA
TOHKOM3MEJIbYCHHBIX TBEPAHX Tell.

§ 4. OcoGenHocTH coOpOuMH ra3oB M MapoB
HA TOHKOM3MEJIbYEHHbIX MOPOIIKAX

Kax 6n10 mokasawno B ra1. IT m IV, copOuus mapos Ha cesxe-
00pa30BalHEIX IOBEPXHOCTAX SABIAETCA OJHUM M3 CaMBIX
nelicTBeHHEIX (akTOpoB B mpomecce wmaMeabyenus. Dusu-
gecKad afcopOumsA mapoB HMCIOJIB3YyeTcs B KadecTBe sddex-
THBHOTO Cc0c06a M3MepeHus AUCIePCHOCTH HOPOMKOB. B 3Ha-
9UTEIbHON Mepe COpOLMOHHEIE CBOMCTBA IIOBEPXHOCTEH
XapaKTepU3yoOT UX SHePreTHIECKOe M KOHPUI'YPANUOHHOE CO-
CTOSIHUE, XWMHWYIECKYI M KATAJIUTHIECKYI0 aKTHBHOCTH. Ilpm
N3MeJbYeHNN yeNbHbEe COPOIMOHHEIE XapPAKTePUCTUKHA TBEP-
ABIX Tel MOTYT W3MEHATHCA BCIENCTBHE TpeX (aKTOpPOB:
yMeHBIIEHAsI pasMepa 9YacTHI[, MX MOJEKYJIsSPHOH arpera-
U M JeCTPYKOUM HOBEPXHOCTHHIX CJOEB.

Brio obmapymeno [167], aro amcopbuma Kpacureneit
11a MOJIOTOM KBapme ¢ pasmepamm gactmy 125—200 mrx 3a-
METHO YMEHBIIAETCS MOCJe TePMHIECKO# 06paboTKA mOpomKa
npu Temneparype Bomte 600° K. Pasmeps gacrur u, ciemosa-
TEJIBHO, WX Y[AeJIbHas HOBEPXHOCTh B IPOLECCE TAaKOH oOpa-
00TKM He M3MeHWIHUCHh. K aHamormaHoMy 5QdeKTy HpPUBOIAT
¥ yHaJleHWe aKTABHOTO MOBEPXHOCTHOIO CJIOA KUCJIOTHOM IIpPO-
MEIBKO#. VM B 5TOM ciyuae yMeHBIIEHHEe DPasMEpOB YaCTHI]
npenebperxmmo Mano. Taxkmm oGpasoMm OHLIO MOKa3aHO, 9TO
afcopOUmOHHAS CHOCOOHOCTH HEIOCPECTBEHHO CBA3aHA C aK-
THBHOCTBI0O IOBEPXHOCTHEIX CJIOEB.

OcobeHHO YYBCTBUTENBHA K COCTOSHUI0 IIOBEPXHOCTH
amcopbuus mapos Bomsl. sHpmanos [230] myrem cpaBmenma
u30TepM afcopOumM BOAH HA KBapIe, [POOIEHHOM B BaKyyMe,
Ha CHJIUKareje ¥ HAa IOPHCTOM CTEKJIE YCTAHOBUI 3HAYM-
TeJbHO Go0Jiee BHICOKYIO YIENBHYI0 afCOPONUOHHYIO CIOCOG-
HOCTH B IEPBOM ciydae. VI3 mONydeHHBIX MM JaHHBEIX Cle-
AIyeT, 9TO IOBTOPHBIE M30TEPMEI IIaPOB BOAH HA MPAKTHYECKHU
mpefelbHO THAPATHPOBAHHON HOBEPXHOCTH MOJIOTOIO KBapua
JIeyKaT 3HAYATEJIHHO BEIIIE M30T€PM HA APYTHX PopMax Kpem-
nesema. Ciemyer oTMeTHTh MeJIEHHOCTH Ipomecca THApara-
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I MOJIOTOTO KBapIna, 9T0 00hACHAETCA MHUTPALUedl MOJIEKY I
BOJIH ¢ MOBEPXHOCTHOFO CJI0OSI B GoJjiee TiIy0OKO Jieskamae CJIon
u y3kue nopsl. Heo6xoxgumo o6paTuTh BHHMaHME HA TOT QaKT,
9TO0 BO BCEX ONMMCAHHBIX BHIIE CIydaAXx Jub0 IOBEPXHOCTHHIE
caod gacray GHIM aMODQHBIME B pe3yJbTaTe M3MeIb4eHUsd,
nuGo camu o6Gpasusl ObLIM HOJIYYIeHH B aMOPPHOM BHIE.

Pasnuume B ymeabHON amcopOUMOHHON CIOCOOHOCTH,
CBOMCTBEHHOE PA3HEIM 00pasiaM KBapia, 3aBHCUT OT YCJIO-
Buii ero nonydenns. Haubosee cuibHOe BIUAHNE HA X0 M30-
TepM amcopOuuu OKaskBaeT cpega, B KOTOPOA HPOH3BOMAT
usMeJbdeHue. Tak, OPU mOMOJIE ¢ MAJLIMU [06aBKaMU BOJEI
yhneasHas ancopOumoHHAas cmoCOGHOCTh 3aMETHO BO3PacTaer.
Cnoco6 MexaHmYECKOTo JpoOJeHUsA W BEAWIMHA IMOBEPXHOCTH
TaKsKe BJIMAKT HA afcopOoumonHylo cmocobmocts [231].

IIpn msmenbpYeHME KBapOa, KAk 0TMEYAI0Ch, KPOME YMEHb-
INeHAs Pa3MepoB YAaCTHI], TPOMCXOAMT aMOPPHM3AUA ero Io-
BEDXHOCTHBIX CJIOEB, 9YHEPTeTHYECKHe CBOMCTBA KOTOPHIX
CYINECTBEHHO 3aBHCAT OT cmocoba wmamenbueHus. Ilpexcras-
lifeTcd BEPOATHHIM BJMAHUHE O0COOEHHOCTEH CTPOEHUA IIO-
BEDXHOCTHHIX CJIOEB M Ha aJCOPOIMOHHBIE XapPaKTePUCTUKH.
Mesxny TeM B GOJIBIIMHCTBE HCCIELOBAHMA HPUPONA M CTPOE-
HUe IOBEePXHOCTH ¥ €€ BIUAHWE Ha af[COPOLMOHHEE CBONCTBA
He IOABEpPrajnch N3YIEHHUIO.

Nmeromuecas B JuTepaType AaHHbE YKa3hBalOT Ha 3Ha-
9UTEJbHEIE PACXOKICHAA B OL€HKE BEJIMYUHK CTEIEHU IUapa-
TaiU ¥ yAeJIbHEX W30TePM COpOmUE BOXH HA KBaple. JTOT
$aKT o0GbsAcHAETCA Jau00 BIMAHHEM INIMHUCTHIX IpUMeEcel,
au6o HanuIueM CYOMEKPOCKONMMECKMX TPENIMH B KPHUCTAJ-
nax. OgHAKo B pAfe CIyJIaeB TaKWe PACXOKICHUS MOM{HO
06bACHUTh 3)PEeKTOM arperanuu IacTul 1 amopdusanmein mx
NOBEPXHOCTH.

[as WCRIAOUEHUS BIMAHASA arperauu Ha OCOGEHHOCTH
copbuun mopomKu ObLIM IOJYYeHH H3MeJlbdeHMeM obpasia
ropHoro xpycransa ¢ usbmTkoM Bomel [232]. Bce o6pasimbl
0YMIIAJINCh OT mnpmMecell jxenesa. Vamepenums apcopOuuu
[IapoOB BOJHI ¥ a30Ta, a TAK)Ke OIpeJleIeHre B HAX CTPYKTY pHO
BOABl IPOBOAWINMCH B BAKYYMHOX O00BEMHOH yCTaHOBKe.
Il oleHKM TOJIMUWHEL aMOPQHOro CJI0A HA JAaCTHIAX MOPOII-
KOB mIpmMeHAnu AupdepeHUAATbHEA TePMUAICCKHA AaHAIU3,
a [JIA oOupefeJeHHs PACTBOPUMOCTH B Boje — MOJmHOJAT-
HHIT MeTox. Pe3ynbpTaTH m3MepeHmil npefcTaBleHs HA puc. 76
nm raba. 19.
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Hax Bupgmo m3 pmc. 76, HadalbHBE YJaCTKH NIEPBUYHHIX
H30TepM [iA Bcex o0pasmoB, mpokaidenHux mpu 473° K, xe-
YKaT 3HAYUTENbHO BHIOIE COOTBETCTBYIOMHUX OOPATHMEIX M30-
TepM, HOJYYeHHKIX IOCJIe IIUTEABbHOTO BREPKUBaHUA 06pas-
OB B mapax BOAH IpH
P/Ps=1u remneparype 293° K
(20°C). 910 mpomcxopmt, mO-
BUJMMOMY, BCIEJCTBHE HAJIHU-
9MA HA OOBEPXHOCTH YaCTHI]
KBapia [EHTPOB, pasj;miai-
IMUXCA SHeprueil CBA3U C af-
COpOUPOBAHHBEIME MOJIEKYJIaMHM.
IIpu umsxoi TemmepaType Ba-
KYyMIPOBAHHSA HOBEPXHOCTh
COlEP)KAT €IMe MHOTO CHJIa-
HONBHHIX TpPYOO, B pPe3yib-
TaTe 9€ro MeKIy HHUMHA MOTYT
BO3HUKATh BOJOPONHEIE CBA3M.
ITO NPUBOOUT K CHIDKEHUIO
sHeprum ancopbium m amcop6-
nuoHHOM cmocob6roct [2331.

Benuguns neo6parumoii aj-
copbuum Ha kBapue (tabix. 19)
3HAYUTENbHO BHIIE, 9eM y CH-
JUKarejaeil, IPOKaJEHHHX MPH J
Tex ke Temmeparypax [233].

W3 raba. 19 m puc. 76 caenyer,

970 CTENeHb THApaTallUd IIo-
BEPXHOCTH M y[eJbHHE BeIHd-

IMHBI HA9aIbHOM 9aCTH H30TEPM
azicopbuuu B OJHUX M TeX e pyc. 76, W3oTepMH  mepBmu-
yCIOBHAX HEONWHAKOBH [ wHoit (a) m obparmmoit (6) ap-
pasHEIX 00pasmoB. YKasagHOe COPOIMEM IapoB BORH HA 00-
PacxosKIeHne B JaHHOM Cilydae pasnax ksapua [232].

He MOJKeT OBHITh 00'bSICHEHO pas- Eg&%ﬁgm Y pupkix  CooTBeTeTRYIOT
JUYHEIM OPOUCXOKNEHHEM 00-

pasmoB m 3PPEKTOM MOIEKy-

JIAPHOIIOTHO! arperammu. Mo)XHO HOJAraTh Ha OCHOBAHHUU
HNAHHHIX O BJIMAHUM M3MeNb4eHHA HAa CTPYKTYPY TBEDPHAHIX
Tell, 9T0 OHO CBS3aHO C PA3JIAIdEeM B CTPOEHNH IOBEPXHOCTH.

YMecTHO OTMETHTD, 9TO CTENEHDL I'HAPATAIUH eUHEIEL 110-
BEePXHOCTH U aAcopOOMOHHASA CHOCOGHOCTH YMEHBHIAIOTCS

Y, mamoms /mé
3
T

3
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Ta6auma 19

AneopOuuoHHEIE N CTPYKTYpPHBIE XapaKTepPHCTHKH
KBapLeBbIX IOPOIIKOB

06pa-|y . [mie awope-| Tommmia | ruyipn'as | Temmeparypa | Garagums mo-
gew |S» M2 [ wott paarr,|AMODPHOLO | coponus, | TPOKAMM- BEDXHOCTH,
% caod, mrmoan,m:| Bammsg, °K MEMOAL!M?
1 50,8 50 45 0,7 473 5,8
573 5,3
2 53,0 45 39 0,9 473 6,7
573 5,4
3 | 31,7 28 40 1,7 473 9,9
. 573 7,4
4 2,4 10 190 — 473 12,4
573 8,2

C POCTOM JHMCIEPCHOCTH 00PAasioB, TOTAA KaK PAacTBOPMMOCTH
UX YBeJIMYUBAETCHA. ITH Pe3yJIbTATH COLIACYIOTCH MEKIY CO-
60it B ToM cMBICIe, 9TO 00a YKA3HIBAIOT HA MEHBUIYIO DIIEPTUIO
CBA3M IOBEPXHOCTHHIX aTOMOB ¢ mopios;kkoi. IloaToMy 3aBu-
CHUMOCTH COPOUUOHHONA CHOCOGHOCTH OT [UCIEPCHOCTH O0CO-
O0eHHO 3aMeTHA [JisA NEerAfPATAPOBAHHEIX 00paslOB U yMelb-
maerca ¢ poctoM rmpparanuu. Hax 6Gymer moxasano jpaiee,
copOuus NapoB BOAH HA MOJHOCTHIO TMAPATUPOBAHHEIX [ie3a-
TPETUPOBAHHBIX IIOPOIIKAX HE 3aBHCUT OT UX IPOHCXOMKIAEHUS.

HleranbHEle pacdeTH CTEMEHH THUIPATAllMd IOBEPXHOCTH
Ha OCHOBE pPACCMOTPEHHS KPHUCTANIOrpaduIecKnx CedeHuit
HleaJIBHOTO KPHUCTajia KBapna Ouim mposefgentl X. 3eiiep-
tom, P. Bynom u K. 3eitdpeprom [234]. Ognako mcmonbso-
BaTh HTH pacdeThl [JIA MOPOIIKOB KBapla 3aTPyAHUTEIBHO,
IOCKOJIBKY HEM3BECTHO PACIpeleeHue IOBEPXHOCTU JACTHIL
oo WX KpucTajuiorpadmieckuMm ceseHusM. llomydenHsie maH-
HBIe MOTYT JaTh JUIIH NPECTABIEHUS O BEPXHEM U HIDKHEM
npefenax (IpH OTCYTCTBHH TepMUIeCKo# 06paboTku), B KOTO-
PHIX MOJKET JI€KaTh CTENEeHb THApPATANUH IIOBEPXHOCTU IO-
POIIKOB KBapua. YTOYHEHHE 3TUX MaHHHIX caenano sHmaxo-
BoiM u Hucenessm [235], mcxoms m3 npemmososKeHuss 0 HEKO-
TOPOM BEpPOSATHOM pacupefejeHUH MOBePXHOCTH JACTHUI] IO UX
KPHCTAJIOrPaPUIECKUM CEICHUAM.

CorsacHO COBPEMEHHHM OpeACTaBICHWAM IOBEPXHOCTH
KpHUCTaJLIa, B IPUHIUIE, HEJIb3S PACCMATPUBATh KaK HEHApy- -
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IIeHHYo CTPYKTYpy. Beitnp [236], ucxons ms yciosuit onru-
MaJbHON SKpaHmpoBKu Si** moHa, yKaskBaeT, 9TO ONHEM
W3 OyTefl NOHMKEHWS NOBEPXHOCTHON DHEPIMM KpHUCTAILIa
ABJSETCA MECTPYKLMS ero peLIeTKH, NPUBOASNIAS K Jydiiei
SKPAHMpPOBKe KATMOHA, HpWYeM B CJIydae KpeMHe3eMa mepe-
CTpPOiiKa IIOBEPXHOCTHEIX TeTpasapoB Si0, mpoumcxommr Ta-
KuM 06pa3oM, 9TO Ha IOBEPXHOCTH GYAYT BCETa HAXOOUTHCH
aToMbl Kucsaopoma. Ha OTHOCHTENBHO JETKYI0 IOABUIKHOCTH
reTpasapoB SiO, B 060beMe yKa3HBaeT CYMECTBOBAHUE IOJU-
MOpP(HEIX IpeBpaIeHul IJIA KPUCTAIIAIECKOTO KpeMHe3eMa,
IIPOTEKAIIUX IIPY CPABHUTEIHHO HEBEICOKHX TEMIIEpaTypax.
ITepectpoitka Terpasppos SiO, Ha moBepxHOCTH OyHmeT obJer-
9aThCA X ONHOCTOPOHHEH CBA3BI0 C 00HEMOM.

Ha ocuoBanuu mcciaenoBaHuil DHEPTETUIECKOTO COCTOSHUA
NIeCTPYKTUPOBAHHEIX NPH M3MEJIbIEHUN CJI0EB U afcopOIuoH-
HBIX U3MEPeHHn MOJKHO IPECTABUTH B HEKOTOPOM 00ImeM Buje
MeXanu3M M3MEHEeHHS ajcopPOIUOHHON ClI0COGHOCTY IO PONIKOB
npu ux wusmeibdenuu. Bosee BricOoKas ux amcopOuumoHHAA
CIOCOOHOCTH M CTENeHb TUAPATAIUN NMOBEPXHOCTH CBUIETENb-
CTBYIOT O TOM, 4YTO Ila IOBEPXHOCTH pacKoja obpasyTcs
AKTHBHBIE IEHTPHI, ILIOTHOCTH KOTOPHX 3HAYUTEJHHO BHIIIE,
9eM Ha NMOBEPXHOCTU cuiukareias. Ilo mMepe usMenabueHus —
pocTa YHENBHON TOBEPXHOCTH — COJEPIKaHWe B MOPOINKe
9acTHI, IOBEPXHOCTh KOTOPHIX IOJBEPrajach MHOTOKPATHEIM
MeXaNM4eCKUM BO3feHCcTBUAM, Bce yBeamuuBaercsa. IloBepx-
HOCTIIbIE CJIOM CTAHOBATCHA, KaK OBLIO IIOKa3aHO BHIIIE, BCe
MeHee IUIOTHBIMH, a CTeNeHb [ECTPYKUUH B HUX CTPEMUTCH
K BeJUYUHEe, PABHOBECHON JJIA NAHHHX ycaoBuii. B pesyin-
TaTe TOr0 NOBEPXHOCTHAS DHEPTUA YMEHBUIAETCS, 4TO ecTe-
CTBEHHO NPUBOAUT K YMEHBIUEHHWIO afCcOPONMOHHOM CmOCo6-
MOCTH U K POCTY aKTUBHOCTH (PACTBOPUMOCTH 1 JIp.) IIOPOINKOB.
K ostomy ke caenyer po6aBuTh, d9To ciaabble MeXaHWu-
JecKue BO3JEHCTBHA, HALO IOJaraTh, KAK M TeMJOBBIE, CIIO-
COOCTBYIOT PEKOMOMHAINN AKTUBHEIX [EHTPOB, 06Pa30BaHHLIX
B IIPOLIECCE PACKOJA TBEPALX Tesa. Brian smeprum amopdusa-
nun 1 gefeKToB CTPYKTYPH B o0muii 6ajlaHC MOBEPXHOCTHOIM
pHEpPTUM 3HauuTedeH. Tak, eciam cuaTaTh [JIA  KBapua
o~1000 spz/cm? 1 OTHECTH €e TOJBKO K BepXIeMy CJIOI0 aTo-
MOB, TO MOJIbHasA CBOOOJHAsS SHEPTUS IOBEPXHOCTU COCTABUT
~ 60 rooc. Husxuss jxe rpaHnna CyMMapHOM sHEPIUH aMopdu-
3anuy ¥ NedeKTOB KBapma, KaK IOKA3aHO M3 OMBITOB II0 CIie-
KaIuio u pacTBopmMocTh, Onmska K 15—20 kdxc/moas. Xors
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JaHHbIE PAacYeTH CHOEJaHH CO 3HAYATENLHOX MEpOil mpoms3-
BOJBHOCTH B JONYMEHHWAX, OHH TeM He MeHee YKAa3HBAaloOT
Ha HEMalOBa)KHOCTh 9HEPTHH JECTPYKIWH PEmeTKH B 00meM
Oanance CBOOONHON 3HEPTMM IIOBEPXHOCTH.

O6uapyeHHOE B mpoIlleccax M3MeJbUeHHs SBJIEHHE MoJie-
KYJAPHOILUIOTHOM arperanyuy, KaK ONUCAHO BEINIE, MPUBOJUT
K YMEHBINEHHUI0O B HECKOJbKO pa3 BeJWYMH afcopOuum as3oTa
npu asotHod Temmeparype. C meapl0 M3yYeHUS ITOTO sBIE-
HHA, a TakyKe QIS OIpENeJeHMsS BO3MOKHOCTM HPUMEHEHUS
aNCcoOpPOIMOHHEIX METOOB MJS M3MEPEHHS JUCHEPCHOCTH II0-
POLIKOB IIPEICTaBIANOCH IeJeCO00PasHKM PACCMOTPETh BJIMA-
HHME MOJIEKYJAPHOMJIOTHOM arperanmumm Ha aacopOIMOHHEIE
CBOMCTBA TBEPABIX TeJ IO OTHOIDEHHUIO HE TOJHKO K a30Ty,
HO U K apyruMm apgcopGaram. OcobeHHO Ba)KHO GBHLIO yCTaHO-
BUTH, B KaKOil Mepe arperanus 9acTHI[ CKa)K€TCA Ha copo-
uuu mapoB Bopabl. PasMepsl MosieKysn ¥ cnenuduKa copoOmum
BOJABl W a30Ta CYMECTBEHHO PAa3IHTHBHI.

CopOumoHHEe CBOMCTBA eJUHUIBI IOBEPXHOCTM KBapla
[0 OTHOLIGHHWIO K IIapaM BOMbl HEOQHOKPATHO m3ydajuch. Co-
[OCTABJIEHHE IIOJYyYEeHHBIX pPe3yJabTaTOB, IPOBELEINOE IJIA
TeIJIOT afcopOuuy HapoB BOAH U JJIA TEILIOT CMAYMBAIIUA BO-
I0H, YKashiBaeT Ha CMJBHYI0 3aBHCHMOCTb II€PEUUMCIIEHIIBIX
BeIMYUH OT JUCIEPCHOCTH U MeToxa aucmeprupoBanuda. Ilpu-
9UHY TaKOil 3aBMCHUMOCTH «abCOIOTHBIX)» M30TEPM afcopOuuMu
DAPOB BOMbl 0OBACHAIT MHOIMA HAJWIMEM B HEKOTOPHIX NPH-
POmHBIX o00pasnax Ksapla «CyOMUKPOCKONMIECKUX» Tpe-
IUH, HOCTYIHHIX JJA MOJEKYJ BOMAB, HO HENOCTYIHHIX JIJIA
mosnexya asora [230]. ITocmemuee MpUBOGUT K 3aHMKEHHBIM
3HAYEHUAM YeJIbHON HOBEPXHOCTH, OIIPENeJEHHON U3 U30-
TepMHl afcopbuuu asora, W, CIENOBATENbHO, K 3aBBILICHHBIM
«abCOMIOTHRIMY BeJWYMHAM afcopbuuu mapoB Bopael. Takoe
00bSCHEHHE KayKeTCSI MAallOBEPOATHHIM, IIOCKOJBKY B -IIPO-
1[ecce TOHKOTO M3MeJbUYeHUsA PACKOJ YacTUI[ KBapla IIPOUCXo-
TUT UMEHHO II0 TAKUM MUKPOTPeIHHAaM, ABJIAIUMCA Han6o-
jJee ciabRHMU MecTaMu, M, CJI€I0BaTEIbHO, AUCIEPTHPOBAHUE
coco0CTBYeT YMEHBIIEHWI0 Pas3iuduil B IOPUCTOCTH IIOPOLI-
KOB pasjUIHOr0 mpomcxokaenus. Huxaxkux skcmepumeH-
TaJbHBEX IOATBEP)KIeHNN HAAWIUA YJIHTPANOpP B HCCIEJOBAH-
HBIX 00pasnax He MPUBOTUTCA.

Jna usyuenus BAUAHEUA arperanuu 9acTHI] KBapIa Ha ero
amcopOIuoHHbIe CBOMCTBA M0 OTHOMEHUIO K IapaM BOJHL B TaH-
Hoit pabore OBIIM HMCHOJB30BaHH ABa o6pasma kBapma. Ilep-
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BHIT o0Opasern ORI IOJydeH IOMOJOM KPHCTAIINIECKOrO
KBapIa ¢ m36KHTKOM BOJAH B YKCOEHTPUKOBOA BHGPOMENBHHEIE
I UMeJ YAeJbHYI0 IOBEPXHOCTH 1m0 BpyHayspy, OMmerty
n Tennepy 53 m%/e. Bropoit oGpasel; OHJI molydeH IyTem
maJpHeHIIero moMoJia XopoIno MpoCyHIeHHOro oGpasia B Tede-
Hue 16 Mmum, 9TO MpPHBENO K yMEHBIIENHIO €ro yAeIbHOH mo-
BepxHocTH 1m0 39 M%/e. OGa ofpasma KBapia OYUIIANACH

4’-

S

V, mumams /2
X

Puc. 77. UsorepMn agcopbuum mapoB Boanl (Geixble 3HAa9KM) M a30Ta
(depHEIe 3HAYKM), OTHECEHHHE K Becy afcopOeHTa (a) U K COmepKaHUI0
CTPYKTYPHOH BORH (6).

1 — na ofpasue KBaplLa, ©3MeJb4eHHOM B BOJle, 2 — HA TOM K¢ o0pasue, arperun-
POBAHHOM CYXMM OOMOJIOM.

OT NMPUMECH ’Kejie3a U er0 OKHUCIOB 06pabOTKOME COMAHOM Kuc-
JOTOR C IOCJIENYIMUM OPONYCKAHMEM Yepe3 XpoMoTrorpadu-
9eCKYI0 KOJOHKY, BamOJHEHHYI0 KAaTHOHUTOM. Vl3mepenue
amcopOuuy NapoB BOJH M a30Ta NPOU3BONHIOCH B 0GHEMHOMN
ycranoBke. HojdmuecTBO CTPYKTypHO#I Bomsl B o0pasmax
oupenensau mo o6BEMy mapoB BOMH, BHEIWBIIAXCHA LPH
npokammBauuz oT 600 mo 1400° K. YnenbHass moBepXHOCTDH
paccauTHBaNach 10 MeTony Bpymnayspa, ImMMerra u Temiepa
U3 M30TePMBl HHU3KOTEMIEPATypHO#l amcopbuum asoTa.

Ha puc. 77 npepncraBiens: o0paTumMble BETBE U30TEPMEI aji-
copbuu mapoB BOAH W a30Ta Ha obomx o6pasiax, paccum-
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tanHee Ha 1 2 agcopberTa. M3orepMa agcopOuum mapoB BOIb
Ha arperupoBaHHOM o0pasiie WAET 3HAYUTEJHHO HIKE, 9eM
g mexomaHoro o6pasma. B coorBeTcTBUM ¢ 3THM B mpolecce
maJTbHeHIIero moMoJia CYXOro IOPOIIKA €ro y/eJbIas IIo-
BEPXHOCTH II0 30Ty yMeHbIIUIAach npuMepio B 1,5 pasa 3acuer
arperanum dgactmu. JlsorepMma ke mapoB BOABI Ha arperu-
poBaHHOM o00pasie, Hao00pOT, UJET BhHIlle, YeM Ha Iearpe-
TIPOBAHHOM. OTH OIIBITHL I[IOKA3HIBAIOT, YTO B pesyJbTare
arperanuu 9acTull B IIPOLECCe UBMENBYCHUS aIcopOIMOHIbIe
CBOUCTBA KBaplla M3MEHAKTCA HEOJUHAKOBO MO OTIIOIICIINIO
K amcopOIuu BOABI U as0Ta.

YuauteiBasg, 9T0 pasMepH MOJEKYJ a30Ta U BOJLI 3IAYU-
TEJIBHO Pa3NUIAIOTCA MEKAY co00i, 3TOT pes3yinbTar MOIKIIO
OPUNONCATH JYINIeMy IPOHUKHOBEHUIO MOJEKYJ BOAEI B y3Kue
DOpHl arperupoBamHoOTo o6pasina mo OGHYHOMY MeXaHusMy
HOBEPXHOCTHOM MHUTpAalyM. ¥ BeJHIeHHe Ia HeM YJIeJbIIOro
KOJIMYecTBa afcopOIMOHHO#t BOAH (110 CPaBHEHHUIO C Hearperi-
pPOBaHHEIM 00pasnoM) OOGBACHAETCA 3HAYUTENBHHIM YBEJN-
YeHrHeM MCTUITHOM HOBEPXHOCTH BO BPEMs IOMOJHUTEIHHOTO
noMoJia.

'Arperanus YacTHI[ KBapLa NpPUBOJUT, CJeJ0BaTeIbIIO,
K 3aHIDKEHHDBIM 3HAYEHUSAM UCTUNHOMN YeJbIION MOBEPXHOCTH,
BHUMCHEHHO# u3 m3prepM apxcopbuum asora. CoBepurerrno
AICHO, 9TO €CJIM, MCXO/ U3 ONPEJeJIeHIIHX TaKUM IIyTeM Be-
JUYMH yOeNbHONX MOBEPXHOCTH, PACCYUTATHh aGCOIIOTHHIE U30-
TepMBl afcopbuuy ¥ CTemeHb THAPATAIUU IOBEPXHOCTH, TO
PACXO)KleHAe B CTEeNeH! THAPATAl[UX IIOBEPXHOCTH arperu-
POBAHHBIX M [(€3arPEeIMPOBAHHEIX 00pasiOB MOKET ObITH
BechMa 3HA4MTeNbHHIM (puc. 78). OTcyrcTBmEe B psjie HC-
cjlefoBaHMii Ha KBapHe MAHHBIX 00 YCIOBUAX HOMOJA
nHeydeT sdexTa arperamuu, KOTOPHIA NPUBOAUT K 3allmrie-
HUI0 3HAYEHWH YMeJbHON ITOBEPXHOCTU, M3MEPEHHOW IO Me-
TONY afcopbIum a3oTa, He IO3BOJAIOT CONOCTABIATH MEMKAY
coGoif paccauTaHHBIe B 3THX paboTax yHeJbHBIE BEIHIWHHI
afcopOuUuy U TEIJIOTH cMaduBauus. BosMmoykmo, 9To arpera-
U U ABJISAETCA OTHON W3 NPWIMH PACXOKIEHUA KaK amcopo-
IIOHHHKX, TaK M ODHEPTeTUYECKUX BENUIUH, IOJYYEHHBIX
B pasHbIX mcciaefoBaHusax. U3 pumc. 78 BumHo, 9To abcoiaioT-
HBIe H30TE€PMBI afCcOPONMEM NpPKM YCIOBUM IpeHebperkeHus
speKToM arperaquu INPUBOLAT K BHBOLY O COBEPIIEHHO
PAa3IMYHOMl MJIIOTHOCTH afCOPOMPOBAHHBIX ITapOB BORBL IIPU
ogHmx u Tex ke P/Ps Ha o6pasmax KBapua, H3MeJbdeH-
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HOM B BOJie M LPHHYJUTENHHO arPerHPOBAHHOM CYXHM [0-
MOJIOM.

WnTepecHo 6BIIO CPaBHHETH LOCTYIHOCTH HIOP B arperu-
poBauHOM o0pasie KBapma AJs MOJEKYJ BOOH B sdderTax
amcopbuuu m rupparanuu. G 5Tof [eabi0 BeIWYHAHHL amcop6-
[M¥ BOAH Ha arperupOBAaHHOM H [€3arperupoBaHHOM o6pas-
Iax OBIIM OTHECEHH K KOJHWIECTBY CTPYKTYPHOH Bomsl. Haxk
BHIHO W3 puc. 77, B HavaiabHOi ob6aactu mo P/Ps=0,1 uso-
TEPMEI COBIIAIAIOT. JTO CBH-
JeTeJbCTBYET B IIOJB3Y TO- 20
ro, 9T0 BCA OOBEPXHOCTH, "\
coiepKamas CTPYKTYPHYIO 3
BOAY, MAOCTYIHA afcopom- §
pylomuMmcss MoleKyjaM BO-  §
nel.  JlampHeiiliee pacxom- 0
JeHue m30TepM, MO-BULUMO- ‘; : - 27
My, CBA3aHO C HEONMHAKO- ,

BOil ‘KOHIeHTpanuei u To- 7 q ]
norpapmeit OH-rpynn ma P/
TIOBEPXHOCTH, 4YTO M HAYH- Pyc. 78. AGCOMIOTHHE WM30TEPMH
IMaeT CKa3bBAThCs NpH 00- amcopbuum mapoB Bojs  (Geukle
Jnee Boicokux P/Pg. 3HAYKHN) M a30Ta (IepHHE B3HATKM).

Onmaxo He BCA mepBNY- 1 —na mapuc, moMenciomow  noie,
Hafg II0BEePXHOCTH arperu- HOM CYXHM JIOMOJIOM.
POBAHHBEIX TOHKOMOJIOTHIX
MaTepuajoB MocTymnHA amcopbium napoB Bope. W3 pman-
NEX, OpuBemeHHHXx Ha pmc. 79 u 80, BmgHo, dTO [O-
CTYIHOCTh BHYTPEHHEH MOBEPXHOCTH arperaToB MOJEKYJIaM
BOJHI ONpEAeJsieTcsi BO MHOTOM YCJIOBWAME HW3MeJIbYEHUS,
B 9aCTHOCTHM, H00aBKaMU II0BEPXHOCTHO-AKTHBHHIX BEMIECTB,
M ero NIHTeNbHOCTBIO. ANCOpOIUOHHASA CIOCOOGHOCTH K Ia-
paM BOAHI €NMHMIIE IOBEPXHOCTU afgcopOenta (M3MepeHHOM
no agcop0Ium a30Ta) OpHM JONOJHUTENBHOM CYXOM IIOMOJIe
BCerjla yBeJIMYHBaeTcsd, TOTMa KaK BeJWdmHa afcopOIuu BOIsI
Ha equHAINy Beca agcopbeHTa MOKET YMEHBIDATHCH.

KouTpoabHbe ONBTH HOKa3alM, 9T0 06paGoTKa HIOPONIKOB
KBapla MOBePXHOCTHO-aKTHBHHEIMHM BemecTBaMu 0e3 cyiie-
CTBEHHOT'0 U3MEHEHHUA €ro y[eJbHON MOBEPXHOCTH He BIHSET
3aMeTHHIM 00pa3oM Ha BeamdumHy afcopbmumm Bomei. Paspyme-
HEe arperaToB KPaTKOBDPEMEHHEIM JOMOJIOM MaTepuaja C Bo-
OO OPUBOAMT K PE3KOMY YBeJIHW4eHHIO ero yAeJbHOU Io-
BEePXHOCTH, H3MepsaeMod MeromoM Bpymayspa, IMmerra u

/54
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Tennepa (N,). B pesynbrarte nesarperaium BeJuIMHE afgcop6-
o@u BOAH HA €IHHUNY Beca afcop0eHTa 3HAYHTENHHO yBe-
auauBaporcs. Ilpm aToM ynenbHble (OTHECEHHBIE K efMHHUIE
IMOBEPXHOCTH [[€3aTPETHPOBAHHEIX MOPOIIKOB) H30TEPMH afl-
copOruu BofAs Ha 06pasiax, MOJIOBIIUXCA B PA3ITUIHEIX YCIO-
BUAX, II0CJE [e3arperalda UX CTAHOBATCHA BeCbMa GIH3KAMU

J 7 Z 5
- V%4

Puc. 79. Nsorepmy amcop6mmu mapoB bopsl mpu 293° K egunuieii mo-
BEPXHOCTM KBapna.

1 — usmennbueHue 10 mun 6e3 mo6aBok, S=11,2 m2/2; 2—4 mun c 4% oGe3BomeH-

HOT'O 3TUJIOBOro cumpra, S=9,7 m?/e; 3—4i mun Oe3 mobaBok, S=5,9 m?/e; 4—

10 mun ¢ 4% cnmpra, S=15,0 M’ée; 1655—102/»“1.11. c 2% cnoupra u 2% BOHH,
=16,3 m?/e.

npyr k gpyry (pumc. 80). Ha sTom ocHOBanmE MOXHO, mO-BH-
IWMOMY, IOJIaraTh, YTO JOCTYIHOCTh IMOBEPXHOCTH Je3arpe-
TUPOBAHHHEIX IOPOIIKOB B 3dderTax agcopbumm BOAE X a30Ta
coorBercTBenHo mpm 293 m 78° K ommHakoBa, M uW3MepeHHS
meronoM Bpymayspa, Immerra um Temaepa (N,) mpasmiabHO
OTPaKAIOT BeJIWYMHY MX MCTHHHOM pucuepcHoctd. B npy-
rux ke CaIydYasgx o0pasoBaHme arperaToB He IIO3BOJISAET OIpe-
IDeNnTh JUCIEPCHOCTh HePBHYHHIX JAaCTUI HA IO ancopomum
BOJH, HE IO afcopOmum asora.

Hpyrme apcop6aTel, Takme, KaK BOROPON M YIJIEKUCIHIH
ras, o0JagalOT 3aMETHO MeHBIIeW, YeM mapH BOJHI, HO 060Jb-
mief, 4eM maph a30Ta, CIOCOOGHOCTHI0 NPOHHKATH B IODHL
arperatos. JlONONHUTENBHHII IOMOJ KBapIEeBOrO NOPOMKA
OPUBOAMT K YMEHBIIEHHIO YHEJIbHOU (Ha eIWHUITY Beca afi-
copbGenrta) amcoplIum rasoB, OJHAKO BEJHIMHH afcoponumm
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CO, mpuz 293° K u H, npm 78° K Ha enmumny miromajna uo-
BePXHOCTH, Kak ciaefyeT u3 pmc. 81, 3aMeTHO HMOBHILAITCH.
Takum o6pasom, pusudeckoe yMeHbIIEHNE HOBEPXHOCTH TBEp-
AHX Tel IPH HX IOMOJE ABIAETCA OOmMUM A MHOTEX
agcop6aros.

V]

r 7
4)

@

Y

£ rop

Puc. 80. Nsorepmur agcopbuuu mapoB Boaul mpu 293° K eaunumeir 1mo-
BePXHOCTHA (@) M eguHMIEH MacCH HOpoImmKa KBapua (6).

1 — KBapIl UCXOOHLIA, S=49 m?/e; 2 — pmomoJioThlil, S=7 m?/2; 3, 4, 5 — mesarpe-

TMPOBaHHbIE MOPOUIKN, u3MeJbueHHble 10 Mur, 3 — ¢ 4% 06e3BOKEHHOI0 3TUJIOBOI'0

coupra, S=42,2 m?/2, 4 — Ge3 nodaBok, S=26,4 m?/e, 5 —c 2% crnupTa u 2% BOXHI,
S=46,5 m?/e.

Cpasuenue mzorepm apcopbuum CO, mpm 233° K m CO,
ompu 195° K (pumc. 81) ma arpermpoBaHHOM (OOMOJOTOM) H
HearperupoBaHHOM (HMCXOIHOM) MOPOMIKAX KBapiia HOKa3khl-
Baer, uro pacxoxkmenme msorepm CO, mpm 195° K mHa stmx
obpasnax sametrHo MeHbmne, yeM npm 273° K. Otu namune
MO3BOJAIT IM0JAaraTh, 9YTO C MOBHIIEHHEM TeMIepaTypH
HMeeT MeCTO HEKOTOPOe YBeIWIeHue CIOCOOHOCTH agcopOm-
POBaHHBLIX MOJIEKYJ IPOHHKATH B YJbTPAIOPH arperaTos.
OnEITH IOKa3bBAIOT, 9TO aAcopOnusA H MOCHeAyIomas [e-
copbiua BOXBI, asoTa, YIMIEKHCIOT0 Trasa H BOJOPOJAA
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(mecopbmua mpm 470° K) He BAmAKT 3aMeTHHIM o0pas3oM Ha
usMepseMyio MmerooM Bpyrayapa, Ommerra n Teanépa yreas-
Hy10 nosepxHocTh. Cle0BaTeIbHO, 3AN0JHEHEE KaK IPA HH3-
kux (195 m 78° K), Tak ¥ npd CpaBHHTEIHHO BHICOKHX TeMIIE-
parypax (273 u 293° K) gacTu yasTpanop afcopGupoBaHHRMMY

s w 2w aw P g,
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Puc. 81. MN3orepMu amcopbuuu emgunuieil MOBEPXHOCTH arperupoBan-
HOro (S=17 x?%/2) (4epHEIe 3HAYKM) M HearpermpoBaHHOro (S=177 x2%/z)
(cBeTsIHI®e 3HAYKM) KBapua.

a) 1 — mnapsl Boghl npm 293° K, 2 — yraexkucdaslit ra3 npn 273° K, 3 — BOmOpoOR
npu 78° K; 6) yraexucasit rasz npa 195° K.

mapaM; He OPEBOJAT K PaspyUIenuIo arperatos. Pacxokme-
ume maorepm mapos H,, CO, u H,0 ma arpermpoBanunoM u
HearperupoBaHHOM HOPOIIKAX OGYCIOBIEHO, MO-BHAAMOMY,
PasIZIHOM CIOCOGHOCTBIO MX MOJIEKYJ] NPOHUKATH B YILTpPa-
[DOPHL, Pa3Mephl KOTOPHIX COMBMEPHUMEI C pasMepaMu agcopom-
pyeMex Mosekya. C 9Toil TOYKY 3PEHUSA CTAHOBUTCS MOHATHOM
CcpaBHUTENBHO GoJiee BHICOKAsg CHOCOOHOCTH BOAHI amcopom-
poBaThca B yabTpamopax. Ilo-BmguMoMy, MOJIEKYJHI BOJBI
Ha IOBEPXHOCTAX TBEPAHIX TeJd JUCCOLNMUPYIOT M MUIDH-
PYIOT B BHAE MOHOB, pa3MepHl KOTOPHX 09eHb Maibl. Murpa-
oas MOJEKYJ BOAB IO IOBEPXHOCTH 006Jerdaercs BO3MOK-
HOCTBIO 06MEHa MOHAa KHCJIOPOJAa MOJIEKYJIH BOJLI M HOHA
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KHCJI0pPOfa pemleTKH TBepmoro Tena. llpomecc oGMeHa cy-
MECTBEHHO ofJergaercad MeXaHHYeCKoX o0paboTKo#, B pe-
3yJabTaTe KOTOPO# MOBEPXHOCTHEIE CJIOW TBEPALIX TeJ paspy-
[IAI0TCA W B HUX CO3JAETCSA MHOTO JeeKTOB: AMCIOKAIUH,
BAKAHTHHX Y3JI0B U HAPYTHX.

Taxkum oOpasoM, [aHHHE IO W3MEDPEHMIO afcopOmmm pas-
JUYHHX NapOB HA TOHKOMOJOTHIX MOPONIKAX IIOKA3KBAaIKT,
9T0 aJicOPOIMOHHbIE METONH HE MO3BOJIAIT iI0Jy4aTh HCTHH-
HEle 3HAYEHUSA YJAeNbHOX MOBEPXHOCTA BHICOKOMUCIIEPCHEIX
MarepuanoB. AHAQJIOTHYHHIE TPYAHOCTH BO3HHKAKT H NPH
ompefeleHAM JECHePCHOCTH meonutoB. OOmuM pmias 3TEX
CIydJaeB ABIAETCA HAIWIAEe OOP, PasMephl KOTOPHX Cpas-
HOMEL C pasMepaMH MOJIeKYJ ancop6aTa HMJIH MeHBIIE HX.
Hamnyymuv npubimxerreM K ACTUHHOR MOBEPXHOCTH MOTYT
CIYKUTH, [0-BESEMOMY, IOBEDXHOCTH TOHKOMOJOTHX IIOPOMI-
KOB, /le3arPernpOBaHHEIX IyTeM [0MOJa B BOJE.



TIABA VI

PEARIIIOHHAA CIIOCOBHOCTD
CBEJREOBPA30OBAHHBIX

P U3MEJBYEHUN IOBEPXHOCTEN
TBEP/IbIX TEJI

B ra. V 6suio moxaszaHo, 9TO BHICOKAs peaKIuoIlias
agcopOuuontas crnocoOHOCTh TOHKOU3MEILYEHHBIX IIOPOIIKOB
obycioBiieHa, B OCIOBHOM, [ECTPYKI[MEH MOBEPXIIOCTIHIX
CJIOEB, 9TO NPUBOAUT K 3HAUYMTENHIOMY CHIBKENHUIO JICPTUM
aKTUBAUUHU PsAfa mpolieccoB ¢ ux ydacrtueM. Ojaxko B mpeq-
CTABJIEHHBIX WUCCJIEIOBANMAX CaMblii BEPXHWI CJIOH aTOMOB
B TOM COCTOSHUHU, B KOTOPOM OH HAXOJUTCA B MOMENT Bpe-
MEHHN HEemOCPEeICTBEHHO IOCJe pa3pyllieHus YacTHILI, 1ie TOJ-
Beprajcsi pacCMOTPEHHIO.

JleiicTBUTEIBHO, IO YCIOBUAM MOJYdYEHUS IOPOUIKOB
3TOT CJIOH K Ha4daldy dKCICPHMENTa ycIeBal CcopOupoBaTh
U3 ras3oBoil ()asbl pasjadunble Hapbl, W I03TOMYy Haubolee
AKTHBHblE I€HTPH HA HEM OKAa3hBAJUCh II0[ABICHHBIMA.
Kpome Toro, mo ycmoBusAM NpPOBEIEHUA ONBITOB, B KO-
TOPHIX M3ydajach PEaKIUOHHAs CHOCOOHOCTH, BKIAL BepX-
HUX IIOBEPXHOCTHBIX CII0EB aTOMOB B WU3MepSAEMEIE BeJu
gyuHBE OBLT pgocTraTouHo Mata. HMccaenoBanme ocobeHHocTel
(PUBUKO-XMMHUIECKUX CBOWCTB CBEKeOOPa30BAHHOTO MOBEpPX-
HOCTHOTO CJIOSI €CTeCTBEHHee BCEro OBIJIO BECTH HEmOCPeICT-
BEHHO B IIPOIECCE M3METbIeHUA.

Huas »Tofi uenm OBIM MCOONB30BAHEL afCcOpPOIUOHHbIE
JaHHEIE, a TAKKe pe3yJbTAaTH B3aWMOJEHCTBUA  CBEKe-
00pa3oBaHHHX IOBEPXHOCTEl TBepAHIX TeJ C Iapamw,
JKUMAKOCTAMHA IJIX APYTUMHU TBEPABIMA TOHKOU3MEJIbYeHHBIMU
MaTepmajJaMu.
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§ 1. CopOuna razosB B mponecce
N3MeIbYEeHNs TOPOLIKOB

Crnenupura cTpoeHus 06pa30BAHHHIX HPU WM3MEIbYCHHUU
MOBEPXHOCTeH, KaK MOKAa3aHO BHIIIE, 3aKJIHYAETCSH, B OCHOB-
HOM, B pasyIoOpsAJOYEHHOCTH IIOBEPXHOCTHHIX CJIOEB, o00Jia-
NAIOMMX 3HAYUATENBHHIM M3GEITKOM II0 CPABHEHUIO C HOPMOWM
cBoGonHoit sHepruu. Jloxammsanus NOBEPXHOCTHHIX aTOMOB
B HeOOBIIHBIX IIOJOKEHUAX NPUBOAUT K WBMEHEHHUI0 B HHUX
pacnpenenenus 3iekTponoB [236]. CsesxeoGpasoBanHEE Me-
XaHMYECKMM U3MeJbIeHWeM IIOBePXHOCTH TBEPABIX TeJ CyIle-
CTBEHHO OTJMYAIOTCS 110 CBOMM CBOMCTBAM OT BCEX APYLHUX
uX MoAmpHRALUA, IOJTydaeMBIX TEPMHYECKMM WJIM XWUMH-
qeckuM nyTeMm. [lo psARy mpU3HAKOB MX CTPYKTypa momobHa
TOH, 9T0 mocTUraercs o6paboTKOM TBepABIX Ted 06ayIeHHeM
B peakTopax, CIeACTBHEM KOTOPOTO ABIAETCA TaK:Ke KOHQPH-
rypaiyonioe W3MEeHEHNe COCTOSHWUS MOBEPXHOCTHHIX aTo-
moB [237].

Copbiuss Ha cBeskeo0pA30BAHILIX MOBEPXHOCTAX CyIIe-
CTBEHHO OTJHYAETCA OT COPOIUU Ha YUCTHIX, 00e3TajkeHHbIX
TEII0oBOM 06paboTKOW W BaKyyMHUPOBAHWEM IOBEPXHOCTAX
tBepabix Ten. Tepmuueckas 06padoTka NPy BaKyyMUPOBaHUH,
OpOBOAMMAs [JA YAAJeHUs cOpOUPOBAHHOIO rasa, MPUBOIUT
K paccachlBaHUI0 IMOBEPXHOCTHBIX [AePeKTOB — K BO3Bpa-
IEeHUI0 aTOMOB B 00bIYHOE ycToWdmBoe cocrosanme. IloaToMy
@cciemoBanue COPOIMOHHBIX CBOHCTB CBEKEOOPA30BAHHBIX
MOBEPXHOCTE!l TpemycMaTpuBaeT HeoGXOAUMOCTH TIPEOT-
BpalleHWsI CONPUKOCHOBEHHUS IMOPOIUIKOB CO CpeNod BHE MH3-
MepUTEeNbHON cucTeMHE. Boisee Toro, fajke B OGBIYHEIX YCJIO-
BUAX BO3MOKEH MePexoj BO30Y)KIEHHBIX MeXaHWIeCKOU 00-
paGoTKO#l aTOMOB B COCTOSIHME C MEHBIINM ypPOBHEM CBOGOM-
HOUA BHEPTHUU.

Bmepsrie 3amada u3ydeHuHss ocoGenHocTeim copOuum Ha
CBEKe00PA3OBAHHEIX IOBEPXHOCTAX HEOPTAaHMIECKUX MaTe-
puanoB Obura mocraBieHa B pabotax 3apudbanma, Huce-
aesa u Memoposa [238, 239]. Umu umccaemosana copbuus
KHUCJOPOJa, HapOB BOJbI, OKUCH a30Ta, BOXOPOAA U HEKOTOPHIX
yIJIeBOMOPOAOB Ha IOBEDPXHOCTU CBEKEro packoja rpadura.
I'padur wmamenpuasncs B aTMocdepe aproHa M TPAHCIOPTH-
poBaJicad W3 MEIBHUIE B YCTAHOBKY 0e3 CONPUKOCHOBEHUSA
¢ Bo3nyxoM. B caywae agcopoiun okucu azora rpaduT u3Mesb-
gajicAd B BaKkyyMe. DBHIN M3MepeHH KUHETHKA M BEJIUIMHA
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XUMHIECKOX U (Pu3MIecKod copOUUMM KHUCIOpPOga, a TaKKe
auddepeEnHaTbHbE TEMIOTH COpPOIUM.

HKonmgecrso (Q) Heo6paTuMo afcop6upoBaHHOTO KHCIOPOA
Ha rpajure, M3MeJIbIEHHOM B arMocepe aproHa, oKasaloch
pPaBHEIM ~ 2 mrMmoav/m® (puc. 82) [238], uro cocraBumser
oko0y10°0,2 MOHOCIOA U HA MOPSAMOK BHIIIE BEJIMIUHBI XeM0COp6-
OMd KHCIOpOAa Ha rpaduTEmpoBaHHEIX caykax. Temnora xe-
MocOopOLUME KHCJIOpOZAa B Hadajle 3alOJHEHHA COCTABIAET

Q memons /M2
~N

o1

1
7 a w0 V7%
A rop

2 1

Puc. 82. Yaenpuue n30TepMbl XAMAYOCKOA copbnnu Kucaopoga [238].

Ha moBepxHocTh rpapura — 1 (S=275 m2/2) u 2 (S=400 m2/2), HCOKMCIIEHHOTO
NpPOKajeHHOro — 8 m 4 (S=400 m2?/2; 50 wac npu 300° C m 24 vac npn 800° C),
OKNCNEHHOro — 5§ (S=400 wm2/2); 4epHble 3HAYKM — JECOPOLIUA.

~ 460 xdsc/Mmoab, ITO HECKOIBKO BHIIIE TEILIOTH XeMOCOopOouuu
KHUCIOPOfa HA aKTHBHHIX Yriaax (~ 418 xdxc/moav). Ilo mMepe
3aMOJHEHHMA TeIloTa cOpOumE pe3KO majgaeT, yMeHbIIAACH
GoJiee 4eM BJ[BOE, a 3aTeM YMEHBIIAETCSA TOBOJIHHO MEMJIEHHO.
Beamumsa xemocopbuum B MOJNAX HA eJUHUIY WJIOMANH 3a-
BHCAT OT cmocofa MeXxaHWdecKOo# o06paGoTKH mOpOIIKa.
Ona 3HAYATENHHO HIDKE A 00pa3mOB, MOJTYICHHHIX M3MENb-
JeHHEeM B MAaJIOHANPAKEHHON CTEKJIAHHOX MeJbHHUIE.

B maganbHO# cTagwd XeMocopOoEA paBHOBECHE YCTAHAB-
nmBaeTcsi MOBOJBHO OwicTpo (3a 40 Mmum), 9TO yKasHBaer
Ha HH3KYI0 SHEPIHI0 aKTEBammd upomecca. OTHAKO BHIUC-
IUTH €¢ BeJIMYMHY W3 JAHHHX 0 KMHETAKE He yHadoch. Bo
BCSIKOM CJIyYae OHA 3HAYMTENHbHO HIKe SHePTHH CBI3H B MoJIe-
Kyie Kacioposa ( ~ 460 kdxc/moav). Temnora copboum mapos
BOAH HAa OKHCJIEHHOH M CBeKeil moBepXHOCTH rpaduTa HpH
KOMHATHO# TeMmepaTrype B~ HaYaabHO# 00JacTm OKOJIO
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117 kdxc/Moab, 9TO 3HAYATENIHHO BHIIE TEIUIOTH (PU3MYECKOR
copbuum mapoB Bombl, paBHO# 45—50 kdxc/mors. Xemocop6-
OHUA KHUCIOPORA HA TMAPATHPOBAHHOW IOBEPXHOCTH yMEHB-
maeTcsd BIBOE [0 CPAaBHEHWIO CO CBe)keidl. Benmumna mHeo6-
paTuMoil copOIUE BOXHL COCTABIAET OKOIO 1 MEMOAL/M2.
MuddepennmanbHEle TEIIOTH COPOMME BOOH HA OKHCICHHOM
U rEapatmpoBaHHOM o0pasue Ommsku K 40 kdac/moav, a Ha
HEOKHCIEHHOM, HO THAPaTHPOBAHHOM —K 45 Kdwc/Moab.
Tensora cop6bmuu Kuciaopoga Ha THIPATHPOBAHHOM olOpasie
B HadalbHOU oOmactu ~ 355 kdwc/moav.

XapaKTepHO, 9TO IpU HU3KUX TeMmeparypax (78—200° K)
nHabaromaerca o0paTuMasi, HO ¢ XOPOUIO BEIPAKEHHOH meTJei
ructepesuca copbmmsa kucaopoxpa. IIpm 200° K m Gosee Hms-
KHX TeMIepaTypax HMeeT MeCTO CYIEeCTBeHHasA pa3HUIa
B BeJINYMHE COPONUM Ha OKMUCIEHHOM M HEOKHCJIEHHOM 00-
pasmax. [I'pammma xemocopOuum HaxomuTcsa Mexpy 230
u 200° K. Hagaapuble TemioTH XeMOCODOIUHM B3aBHCAT OT
TeMmepaTypsl mpomecca. HajopuMerpmdecKme [aHHHE CBH-
NeTeJbCTBYIOT O MHOT000pasmd TUIOB XHMHMYECKOH CBA3H
KHCIOPOJa U BOJOpOfa Ha moBepxHoct:m rpadmra. Kommue-
CTBEHHHH BKJaJl KayKIOTO THIA CBA3HM MOJKET OHITH OIle-
HeH Ha OCHOBAHUM YMCIEHHBIX JAHHBIX MJIA Ka)KIOTO dTama
copbmum.

Jlns BHIsACHEHUs HPHUPOAB aKTUBHEIX I[EHTPOB Ha MOBEPX-
noctu rpadmra 3apudeaun u KuceneB mpumenmim copommio
oKHucH a3oTa, mosxexryia koropoit (NO) ob6nagaer HecCapeHHBIM
CIOHHOM M, CIe[0BaTelbHO, BEChbMa PEAKIHOHHOCIOCOOHA.
MosexynsapHasi OKHCh a30Ta CHIABHO IAapaMarHMTHA, a COe-
JAMHEHHUA, BKINYAKIMUE OKMCH a30Ta, AUaMaTHUTHH. I30-
TepMa copOLMM OKHMCH a30Ta, KAk H B clydae KHCIOPOJA,
XapaKTepusyeTcsd BePTUKAIBHBIM YIacTKOM (o 3 MEM0.4b/M?)
U IOJHON HeobpaTuMoil copbruei (mo 4,8 mrmoan/m?). Mar-
HUTHBIE M3MEpPEHHs IMOKA3HBAIOT, 9TO BCA HEOGPATHUMO COp-
OUpOBAHHAS OKMCH a30Ta CBABHIBAETCA XMMHUYECKHU (C moTepeis
napaMarserusma). KajgopuMeTpudecKUMH H3MEPEHHAMH OII-
pefelleHa dHePTUs CBA3W, OKAa3aBIIascA B HAYAJIbHOMU 00-
nactu 3anoinsenus 6auskoit k 210 xdac/Mmoab (BepPTHKAIBHBIN
y9acToK copbuumonnoit usorepmsr). Hak u B caygae kuciropona,
HMeeT MeCTO PaBHOBECHAs, HO 9aCTHIHO HeoOpaTuMas coponus
Ha DOBEPXHOCTH rpadura. _

Ha ocnoBanuu mccieqoBaumii mpoiecca copbuym Kucio-
pofia, OKHMCH a3oTa, a TaKKe aTOMHOTO M MOJIEKYJSPHOTO



264 AKTHBHOCTDH IIOBEPXHOCTEM [ra. vi

Bomopopa [240] ymamoce ycTaHOBUTH mpHUPOAY LEHTPOB HA
mOBePXHOCTU rpaduTa, HAa KOTOPHIX HPOUCXOJUT XeMOCOpG-
nusa raszos. OTMedeHO HaIMYNEe aKTUBHBIX TOYEK JBYX TUIOB.
OpHU ¥3 HUX BHIBBAHHEL Pa3pPHIBOM PEryJspPHOCTH TPadUTOBOI
peueTku, Apyrue — CBOGOITHBIMU CBS3SAMHM YIJIOBHIX aTOMOB
yraepofa, HAXOAAIIMMEHCH B [BYXBAJEHTHOM CUHILJIETHOM
COCTOSHUM.

Xemocopbuusi Kuciopoma u Bomopoma mpu ~ 300° K
NPOMCXOMUT HA YIJIOBBIX aTOMax, MU3MepeHiass KOHIEHTpaluysa
KOTOpsIX cocraBiasger ~ 3-10%% cu—2 CsoGomgubie pagumKajbl
Ha ofpasne rpadura, U3MeNbICHHOM IPU KOMHATHON TeMIe-
patype, He o0uapyskeHe. B JjanpueiimieM Ha ocHoBamuu
COPOIMOHHBIX M3MEPEeHMH, a TaKyKe WMCCIeJOBANMIL JIEKTPO-
¢usmyeckux CcBOMCTB MOPOUIKOB OBITO IOKAa3amo, 4TO Ha
MOBEPXHOCTU U3MEJIHYEHHBIX IOPOIIKOB 06pasyioTcss AONOA-
Hnreipusie ypoBuu Tamma — llowkau.

B namwux omsitax k 6apabaHy repMeTHIHO 3aKPHITOR-BUG-
PaUMOHHON MEJIbHUIB IPUCOETUHAICT MAHOMETP C HEKOTOPOI
HW3BECTHOH eMKOCTBIO, HAmOJHAEMOl MCCIeyeMbIM Ta30M
no armocepHoro pmasienus. KoaumdgectBo copGupoBauIoro
B Ipolieccce M3MeJbUEHUS ra3za M3MepsIoch 0 YMEHBUIEHUIO
HaBIeHUA Ipu KOMHATHOI Temmepatype. V3-3a marpeBanus
MOPOIIKOB NpPHU HU3MeJbYelluu TaKas TMOCTAllOBKA OIBITOB,
OpU KOTOPOU WM3MEPHUTeNbHAs CHCTEMA COeJUHEIa C HOMOJb-
HOW KaMmepoil, He II03BOJIAET COOMIOCTH YUCTHIE YCJIOBUS IO
TeMImepaType U BCIEACTBHE 3TOI'0 NPOUTPHIBAET B TOYIOCTH
usMepenuii KuHeTuku copbumu. OgHAKO OHA TAeT BO3MOJK-
HOCTh HAGJIIAaTh MOPOLIKYM HEIIOCPEICTBEHHO B MOMEHT ofpa-
30BaHUA IMOBEPXHOCTH, IT0, KaK OyeT BUIHO U3 JaJbHEHIIEro,
OKyIaeT 3TOT HELOCTATOK.

B xagectBe amcop6aroB Oblim BHOGpaHB 09€HH HWHEPTHBIE
B XHMUYECKOM OTHOUIEHUU Tas3bl — aprOH U MOJIEKYJIAPHBIA
a30T. CroNbKO-HUOYIH BHAYNTENHHOTO B3aUMONEHCTBUA BTUX
rasoB B OOLIYHBIX YCJIOBUAX C TBEPABIMU, KUIKUMU VJIA Ta30-
of6pasHBIMU MaTepuajiaMu paHee He Habmmopmanock. VI3BecTeH
TONBKO (AKT XMMUYECKOTO YCBOEHUS aTMOC(PEpHOro asoTa
MOYBE HHBIMU OaKTepUsAMEH M JPYTUMH MHUKPOOPraHU3MaMU.
OpHako MeXaHM3M 9TOrO SABJENUs, KOTOPOe Bce ele He
yIaeTcsa BOCHPOM3BECTH B JaGOPAaTOPHBIX YCIOBUAX, OCTAETCA
HensBecTHbIM. CoefuHEHUA aproHa, Kak M APYruX 6Jaropop-
HBIX Ta30B, MOI'YT ObITh MOJYYEHHl IPU HEKOTOPHIX 0COOBIX
yeaosusax. Ilpm sToM coefuHeHUs aproHa faske C a30TOM
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OKa3BIBAIOTCS KpallHe HeyCTOMYMBHIMEH ¥ JIETKO pacmagaro-
mumucs [241, 242].

Bo Bcex ombiTax ucxojHbe H3MeJIbYaeMble MaTepPHAJIBl
TIIATEJAbHO BHICYUINBAJUCH WM TNPOKAIUBAINMCH, KOTA 3TO
6BII0 BO3MOKHO. BapabaHbl MEIBHUIB ¢ MENIOIMME LIapaMu
TaKJKe TIATeJIbHO BEICYIINBAINUCH, T€PMETU3MPOBAIUCH BMECTE
¢ MaTepHaJOM W MHOTOKPATHO NPOMBIBAJIUCH MCCIENYEeMBIM
raszoM. JVsMmeinbdeHWE BeJIOCH B YCIOBHAX, MCKIHTAIONIAX
3HAUYMTEJBbHOE HATpPEeBaHWe B Iponecce maMeabueHus. Mzy-
4aJ0ch B3amMofeiicTBUE a30Ta M aproHa co CBekeoOpas3oBaH-
HOH IOBEPXHOCTHIO Ipadura, Pa3aUIHBIX 006pPasI[OB YEPHBIX
CayK, KBapIa, KOPYHAA, KaXbLUWTa, KPEMHUSA, JJIEKTPOJUTH-
9eCKOr0 Keje3a U HEKOTOPHIX [PYTUX MIHEPAJIOB U UX CMECeH.

B atmocdepe Toro rasa, B KOTOPOM OHH WM3MEJbHYAJUCH,
IOPOLIKY BHITPY;KAIUCH U3 MEJBHUIBI U MOMEIAJINCh B KBap-
UeBylo ammyny o6meMHOU ycTaHoBKM. HBapmueBasa ammyia
narpesasach o 1400° K. Brigensiemsle npu sTom rassi cobu-
pajuch B TPENBAPUTENBHO BAKYyYyMUPOBAHHOU YCTAaHOBKE,
¥ jlaBjenue WX, PABHOBECHOE NPHU YCTaHOBUBIIEHCA TeMIie-
paType, M3MEpsIOChH.

B pesynprare mpoBeJeHHLIX ONBITOB OBLIO O00HApPY/KEHO
311aUKATENHHOE NOTJIONIeHNe NHePTHBIX ra30B cBe;KeobpasoBai-
HLIMHI TMOBEPXHOCTAMM TBEPALIX TeJ NpPH TeMIeparypax,
6muskux k 300° K. 9to ueobOniuHOoe sABJIeHHE OTIMIAETCA
CIeIYIOUIMEA 0COGEHHOCTAMMU.

AsoT copbupyeTcsi Npu U3MeJbYeHUN BCEX U3YIEHHBIX MH-
1epalioB, MPUYEM KOJIMIECTBO COPOGUPYeMOro rasa mpoOmop-
NMOHAJIBHO WHTEeHCHBHOCTH wu3Meiabuenusa. CopOuus asora
naufosiee 3HAYUTENIbHA Ha TpaduTe, M3MEIbYEHUE KOTOPOTO
B CyXOM rase IPOHCXOJUT Jierde, 4eM APYTUX TBEPOBIX Tell,
X MeHbIle — Ha KpeMHuUu, KBapue u Kaiapuure. CopOuus
azora rpaguroM mpuGIM3UTESbHO B [BA-TPH pa3a IPEBOCXO-
mut copbuuio na HeM aproua (puc. 83), a KBapueM — B 5 pas.
O61eM copOupoBaHHOTO a30Ta U aproHa Ha rpaduTe U KBapie
pacreT UPAKTHIECKU IPOMOPIUOHATHHO NPONOJKUTENBHOCTH
UX U3MeJbYEHNsI, NPUIeM HPOMOPIUOHAIBHOCTh COXPAHAETCH
u B Toil obsacTm, rae usMepenHas meromoM Bpymayspa, IM-
merra u Temnepa ymenpHas IIOBEPXHOCTH IEPeCTaeT PacTH.
IIpexpamenne pocTa AUCHEPCHOCTH BHI3BAHO HENOCTATOYHO-
CTBI0 CO3MaBaeMbIX WM3MEJIbYMTENIEeM [JIA PA3PYLNIEHUS YaCTHUI]
HanpspReHui, B pesyiabpraTe (Kak mokasano B ra. III) pocra
3aTpaT SHEPTrUU HA IIPefleJbHOE IUIacTuIecKoe medopMupoBa-
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Bme. IlonydenHkle JaHHEE IMOKA3HBAIOT, 9TO KOHIEHTPAMUS
IEeHTPOB, Ha KOTOPHX IPOMCXOJAT cOpOmms a3oTa M aproHa
IpH KOMHATHOM TeMOepaType, yBeJHYHBAETCA IPH JECTPYK-
OUA KPHCTAIIMIECKOH DPEIIETKH TBEPHAHX TeJ.
KounenTpanua asora Ha mOBEPXHOCTAX IPH AJIHTEIHHOM
namenbgeEnn (~ 30 mun) mocrmrana 0,2 eMKOCTM HACHIDIEH-
HOTO MOHOCJ0s Huskoremmneparypuoi (78° K) amcopbuun
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Puc. 83. Hmmetuxka cop6nuu asora ¥ aproHa CBe;Keo06pasOBAHHEIMI
IOBePXHOCTAMH TBEPHHX TeJ.

14 2 — a30T M aproH Ha rpadure (mepBag Jesad mKajda), 3 B 4 — a30T Ha
KpemMHuM B KBaple, (BTOpas jieBad MKaja), § — yAeJbHad II0BEPXHOCTH rpaduTa
(upaBas IKaja).

asoTa, H3MepAEMON MO OKOHYAHMH Jecopbmum moche mpej-
BapHETEJIbHOT0 BAaKYyMHAPOBaHUA 06pasnos. B cayzae rpadura
KOJIMYeCTBO COPOGHPOBAHHOTO a30Ta cocTaBisio g0 30 mea/e,
T. e. 1o 3% ero Beca, a aproma —1,5—2%. B o6aactu
OPONOPIUOHAJILHOTO POCTA TOBEPXHOCTH M copOumum npu
U3MENbYeHAW TBEPAHX Tea (HAYAJbHHA YYACTOK KPHBHIX
pac. 83) KOHIEHTpAIAA AKTUBHHEIX IIEHTPOB IPAMEPHO B 2 pasa
MeHbIIe. 3aMeHa CTaJbHHX IDapOB MEJIbHANE HA KepaMu-
9ecKme, TBEPAOCIIABHLIE MM THTAHOBEHE He M3MEHSET CyIe-
CTBEHHHIM 00pa3oM yKa3aHHHX cooTHomeHmi. CoemmaibHO
OBJIO TIOKA3aHO, YTO NIPONYKTH M3HOCA MENIOMEX Tel He
copOUpyIOT B 3aMETHEIX KOJMYECTBAX a30T M aproH, XOTA
B Cllyyae CTAQJbHEIX M TBEPHOCIIABHEIX IIapOB KHUCIODPOXR
BO3MlyXa IOIJOMAETCA UMM B 3aMETHOM KOJHYECTBe.
Cop6uusa npu mocTosHHO# TeMmepaType asoTa rpaduroM,
KODYH/IOM, KBapIleM, KDeMHHEM U aproHa rpapmToM U caei
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npoucxonut HeoGpaTumo. Ilpu HarpeBaHuH 3Ke BAKY yMUPOBaH-
HHIX IOPOIIKOB B KBApIEBOM aMmmyie 00BEeMHOH yCTaHOBKH
BHJIeJIeHHe COPOHPOBAHHEIX Ta30B HAYHHAETCA NPHMEPHO
¢ 473° K um mpopmosxaerca no Temumeparyps Brme 1400° K
(pmc. 84). O6parsas copbnua HekoHAgeHcupyeMEux mpu 78° K
Ta3oB IOCJe HArpeBaHAA O JIO-
Goit TeMuepaTyphsl He MMeeT MecTa.
O6GBeM BHIIEJIEHHOTO TPH Ha-
TPEBAaHHH Tasa  IPEBOCXOIAT
o0BbeM copOupoBaHHOTO Traza —
Kak asoTra, Tak m aprona. Ya-
CTHYHO 3TO pasamame 06yciaoBJIe-
HO, BH/IEMO, pPAa3JO0KEHHEM Ha
mOBepXHOCTH rpaduTa CiIemoB
BOJH M mocJeayomuM o6pasoBa- ..,Q/ﬂ -

3

Ny

Vs

nmeM u BhaenenmeM CO m CO,
IpH HarpeBaHmH. B03MOKHO TaK-
K€ MOIOJHATEJIHHOE IOTJIOMmEHNE
M3yJaeMoro rasa OpPUH MaHHOY- st
aangaax c¢ ob6pasmamm. Opuako
cpaBHeHHe  BHJ[EI€HAS T'a30B
¢ rpadpmTa, UBMEJBYEHHOTO B
atMocdepe aproua 1 B armocdepe
a30Ta, IOKA3HIBAET, 9TO IIPH OJIH- Vi 0 V74
HaKOBO# BIQKHOCTH HCXOTHEIX A
o6pasnos m mpu GimsKEX Bexm- Puc. 84. Brpjenenme ras3or
YMHAX HX YAENBHHX HOBEDXHO- ypy’ parpepamms  rpadura,
creit Brpenesme CO u CO, He msmeapuemmoro B asore (I
MOKeT IIOJHOCTHI0 O00YCIOBUTH u 2) 1 B aprome (3).
PasHHANY MEXOy obbeMaMu cop6n— 2——-HeR0HJ;7e81§CIIa{p¥ZIgbm _ mpu
POBAHHOTO ¥ BHEJEHHOTO IIPH :
HarpeBaHA® Tasa. ITOT u30H-
TOK MOKHO OOBACHATH PAacOajfioM Ha IOBEPXHOCTH Tpa-
¢nTa WacTH MOJEKYJ a30Ta W 00pasoBaHUEM C HOCJIENYIo-
OEM BHJeJ€HAEM IDH HAarDEBAHWH MOJIEKYJN W PagAKAIOB
rana X—C=N. Hanwmame mnopmo6HOoro poma coenmHEeHHHA
obHapy:kuBaeTcA B JieCOPGUPOBAHHOM rase MeTolIoM HmHPpa-
KpacHo# cnektpocKonmu. (Jluumm mnormomenua 2202 u
2158 cm1).

Copbuus asora Ha obpasmax KBapna NPOHCXONHT aK-
THBHEe, €CJd N3MeJbuieHHe BeCTH B NPHCYTCTBHH HEGOIb-
muX KoamdecTB ;RUAKocTH (~ 1%). 9T0 MOKHO OGBACHATH.
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KaKk yBeJMYEHHMEM HNHTEHCUBHOCTH [MCOEPrHpOBaHUA, TakK
u o0pa3oBaHWMEM [OIOJHHUTEIBbHHIX AKTUBHBIX I[€HTPOB 3a
c4eT pacmaga JKMIKOCTH HA IOBEPXHOCTH U3MeJIbYaeMoro
mopoluka (B caydae fo6aBok OeH30/a U JPYTUX OPTaHUIECKUX
FKHKOCTel). .

IMonydennsie naHHbe DO3BOJAIT CIEJIaTh BHIBOL O Ha-
0JI0leHUY HEW3BECTHOTO paHee SABJIEHUS HOTJIOIEHUS XUMHU-
YeCKM HHEPTHHIX Ta30B CBeyKeo0pPa30BAHHBIMA IOBEPXHO-
CTAMM TBEPIBIX MaTEPUAJOB NPU OOBITHOM [aBJEHHU U TeM-
neparype. Monxexynsi raza o6pa3yoT NIpPOYHEIE COENUHEHUA,
9HEPIUsA KOTOPHIX HA OCHOBE TEPMUYECKUX [AHHLIX MOJKET
oniTh oneHena B 200—400 rkdxwc/moav.

ITockonbky moriouenue rasoB HabaOmaeTcss HEIOCpen-
CTBEIHO B IIPOLIECCEe PA3PYLIEHMS TBEPIBIX TeJ, T. e, B IPO-
1ecce 00pa3oBaHUs HOBOU IOBEPXHOCTH, OHO GBHLIIO OTHECEHO
K IOBEPXHOCTHOH copOumu. OTO He HCKIYAeT, OJHAKO,
BO3MOYKHOCTH HEKOTOPOTo OOGBEMHOr0 IIOrJIOUIEHUS TIa30B
B ciaydae rpaduTa W cajk, KOTOpHE CHOCOOHH HabGyXxaTh
B artMmocdepe kumciopoga [43]. Menee BeposaTHO O0GBEMHOE
NOTJIOIIEHNE B YCHOBUAX HAIUMX OILITOB a30Ta U apromHa
KpeMHe3eMoM u MeTassiamu. VI3BecTHo Takyke, 970, B OTJIHIME
OT MOJIEKYJ BOMABI, MOJEKYJBl a30Ta B OOBIYHLIX YCJIOBUAX
HE TPOHUKAKT *B MEKIUIOCKOCTHOE IPOCTPAHCTBO Tpa-
dura [243].

IMpu Mmamom 3amosinenuu copOUMA IPOUCXONUT U IIOCTE
OKOHYAHUA u3Meabuenus. [l KOJMIECTBEHHOTO H3YydeHU
aToro apdexra mociaemeidcTBUA IpaduUT U3MeNbUANM B BaKy-
yMe, W IO NpPOIIECTBHU 3aJalHOr0 IPOMEsKYyTKA BpPeMeHHU
Iocje OKOHYAHUA moMoJga B OapabaHBl IyCKaJuM HCCIenye-
Mble Tassl npu arMochepHoM masienuu. O6DbeM MOTIOIEHHOTO
rasa Onpejessin 1m0 yObUIU [aBIEHUS.

Pesynbratsl onniToB, mpencraBiaenubie Ha puc. 85 u 86,
IIOK a3BIBAIOT, 9TO copbIusA as3oTa W aproHa IPOMCXOLUT
3HAYUTENBHOE BpeMs mocie oxomuamnus usmenabuenus. Cie-
ZIOBATENIbHO, 9Ta COpOUMA He BHI3BAHA HOABJIEHUEM (TOPAIUX
Touek» o Boymeny, BpeMs KU3HR KOTOPHIX MOKHO OIIEHUTH
TOJAMHU CeKYHAH (0co00eHHO B o0JjajammeM BBHICOKOI TeIo-
npoBogHocThi0 Tpadure). Ha ToM sie ocHoBaHuUE 0GBACHEHUE
3TOT0 ABJIEHUA «MarMa-mjaasMEeHHOU» MOJENBI0 TAKKe CIelyeT
OTBEPTHYTh.

HaBenennas npu wusMenbdeHHum aKTUBHOCTH Trpadura,
KaK CJefyeT M3 JaHHHX puc. 85 u 86, mpu KOMHATHOH TeM-
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mepaType CIajlaeT BO BPeMeHH IPAMEPHO II0 9KCIOHEHI[HAlb-
HOMY BaKOHY, IPHWYEM KHUHEeTHKa copbmum o6iamaer Toi
0CO00EHHOCTBIO, YTO IPH HEIPOJOJIKUTEIHHOM IMepUoge Bpe-
MeHH, OTHEJNSAMEM MOMEHT KOHI[Aa H3MEJbYeHMSA U IyCKa
rasoB, B IepBHe CEKYHJH IIOCIe MX HYCKA MMEET MeCTO 0CO-
0eHHO UHTEHCUBHOE TIIOTJIOIEHHe. B pesyibraTe KpUBHE
DKCTPANOJIUPYIOTCA K 0CH
OpAMHAT, OTCeKas Ha Hel
OTpe3Ku, paBHEE 3HaYE-
HHUI0O cOpPOIUE B HadYalb-
HBII MoMeHT. B maubneii-
meM IOTJIOIIEHHE MPOMC-
XOJUT CPABHUTEIHHO Me-
mredno. Haceimenue mo-
CTUTAeTCA IPUMEPHO 3a
70—80 mur. Kpussie xu-
HETUKU copOmuu Ha rpa-
¢uTe, MIUTEIHHO BHIIEP-
JRAHHOM B BaKyyMe, dKC-
TPanoJIUPYIOTCA B HAGAJIO . .
KOOD/MHAT. 7 &
CocraBasiiomas cop6- T, MUt
uu, uaMepseMasa OTpes- Puc. 85. Kuneruxa copGum{ asoTa M
KaM Ha ocHu OpJ:(I/IHaT, aprosa HU3MeJb9eHHBIM I‘paq)P[TOM.
TOJYHCHHBIMU OKCTPANO- .0 = MO0 & L o SO rasta ho-
JAanuen KUHETHIEeCKUX meabuyeHust; 1 — 15 mun, 2 — 0,3 — 30 mun,
KpuBbIX (6yIeM Ha3bBaThH 4 — 60 mun.
ee (MTI'HOBEHHOI» copb-
nueil) yMEHBIIAETCS C MPOTOJKUTEIBHOCTHIO BHIIEPsKKHE CBe-
JKeM3MeJNbYEHHOTO IrpaduTa B BaKyyMe 3HAUUTEJIBHO GBHICTpee
€e yCTaHOBMBIIEIroCs 3HadeHMsI. Tak, mepuHoAbl oJypacmaga
CcOpOIMOHHO AKTUBHOCTH 10 KBa3MYCTAHOBUBIIUMCH (COP O
3a 1 uwac MO0 KUHETUYECKUM KPUBBIM) 3HAYEHMAM IS a30Ta
¥ aproHa COOTBETCTBeHHO paBHBL ~15 mw ~30 muw, a ee
MTHOBEHHAs cocTaBiasiomas piasg asora ~10 muw, pas
aproua ~7 mun. Ilpu wyneBoit BHepskKe rpaduTa B BAaKyyMe
moiss copbumm asoTa 3a CY€T MTHOBEHHOM COCTaBJIAIONIEH
pasaa ~70%, a aproma ~30% oObemMa HaCHIIEHNA.
" Il'yreM mpocTOro BEYMTAHUA U3 YCTAHOBUBIIUXCA 06HEMOB
€OpO 1A COOTBETCTBYIOIMX 3HAYEHU MTHOBEHHON COCTABIIAI0-
meill IOJy4eHbl KUHETHKM «MeJJIeHHOU» copOIuM U ee 3aBU-
CUMOCTH OT [JIATeJBbHOCTM BHIIEPKKHM Tpadura B BaKyyme
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mocae usmenbuenus. Hak caegyer us puc. 86, odbemn mep-
JIeHHOHA copOuUU MPUMEPHO OJUHAKOBH [JA a30Ta W aproHa,
a Tmepuoj mojypacmalga aKTHBHOCTH, ee BHISHBawmed, 6iu-
30K K 60 Mmun.

HKoMnonenTa akTMBHOCTH, BHIBHIBAIOIIAs MTHOBEHHYIO COPO-
nuo u OblcTpo yOBBamIas BO BpPEeMEHH, CBf3aHa, MOKHO
mojiaraTh, € OPOIECCAMEH Ha IIOBEPXHOCTH 9YacTHMI[, TOTAa
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Pnc. 86. 3aBucumocTs ypenpHoro oGbeMa copOupoBaHHHX rasos (V)
OT NPOXOJIKNTEIBHOCTH BHAEPKKM rpaduTa B BaKyyMe IIOCJIe OKOHYA-
HOSA M3MENbUeHUA T,.

CnulomHbe KpUBHIE — KBasMpaBHOBEeCHas copOumsa (cop6uma 3a 1 uac), MTPUXO-
BHle — MTHOBeHHaA cop6uusd, I — a3oT, 2 — aproH, NBOWHAA JIMHUA, 3 — pas-
HOCTb KBA3MPaBHOBECHOI M MIHOBEHHOW copOumMM JJiA a30Ta M aprosHa.

KaK Me[JeHHasg — ¢ Murpamnueil Bo30y)KIeHUH U3 BHYTpPEH-
HHUX CJ0€B K IIOBEPXHOCTH. J3HAYUTEJIBHOE BPEMsA IKU3HU
BO30Y)KIEHHBIX COCTOSIHUI I03BOJSET WX NPUIUCATH KBaH-
TOBHIM 3JIEKTPOHHBIM mepexomaM. IlockoabKy dmcio cocepeit
B030Y KIEHHOT0 aTOMa Ha I0BEPXHOCTH MEHbIE, 9eM B 00peme,
B030ysKeHne peanusyerca B ¢opMe BHICBEIMBAHUA anex’rpona
WA DHEPTUYHOTO 7-KBAHTA.

MosxHO TakKe moJaraTh, 9TO MOBEPXHOCTHIO 9aCTHI 3aXBa-
THIBAIOTCA TOJBKO T MOJIEKYJIbI, KOTOPEE OBLIM IpeJBapATEIb-
HO aKTMBU3MPOBAHHEL B pe3yjibTaTeé B3aMMONEHCTBUA C BEICBE-
9eHHBIM 3JeKTPOHOM WU Y{-KBAHTOM. IJTO NPEAINOJOKEeHHe
COTJIacyeTcsi ¢ poCTOoM oGbeMa copOuuu ¢ HaBiIeHHEM Tasa
(pmc. 87). C yBenudeHmeM ILIOTHOCTH Ia3a pPacTeT BEPOAT-
HOCTb aKTHBU3AINH €ro MOJEKYJ WIX aTOMOB BOJM3HU MOBEpPX-
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HOCTH ¥ B aJCcOPOHpPOBAHHOM COCTOSHHUU U, BCIEJCTBUE
aToro, — ux 3axsaT. OOHYHBIA mporecc XeMocopomuMm OT
MaBlIeHUA ra3a He 3ABHCHT.

Ha6nogaemas 3mech copOuus rasoB He 00YCIOBIEHA
HX OOHIYHEIM PACTBOPEHHEM. JTO I0JIOKeHWe I10;[TBEP:KAaeT
TOT (aKT, UTO KHHETHIECKHe Pa3MepH MOJEeKyJ asoTa,
aprosa M YIJIEKUCIOTO rasda HaXORATCA MeXAY coboil B coor-
HOeHMH, 00paTHOM W3MEePEHHHIM 06BeMaM HX MOTJIOMEHUS.

N
S
N

7
2, am o MUK

Puc. 88. Binsnue mpOXOIKATONb-

Puc. 87. 3aBUCUMOCTb PaBHO-  pocry yamenpuenus rpadura Ha

BECHOM COPOUME OT JaBIe-  yronpupi 0GhEM COPOLUH YITIEKHC-

HUA ra3os. noro rasa (I), azora (2), aproua (3)

1 — a3oT, 2 — aproH. (B cm3/e rpadpmra, B MAIEMOIAX

Ha Mouabrpadura M HPOMEHTaX OT
Beca rpadmra).

ITopsmox copOumoOHHOA CmOCOGHOCTH, COBHATAKIMUEA C IO-
PANKOM XMMWUIECKONX AKTHBHOCTH, HMeET MECTO HEe TOJBKO
opm m3MeiabueHnH rpadura (puc. 88), HO U APYrUX TBEPHEIX
TeJ — KPeMHH#A, KBapna, Kaiapuumra. Bmecre ¢ TeM, Kak us-
BECTHO, IJIA PAfWAMOHHON aKTHBM3ALMU aproHa TpeGyioTcsa
3HAYATENIHHO 0oJiee BEICOKWME SHEPIWH, 9eM HJs a30Ta u yrie-
KHCHOTH. BcaencrBme sToro o0bmeMH copOuum aproHa HpH
OpPOYMX PABHHIX YCJIOBHAX MeHbIe. IIpoBeeHHEIe ONEITH He
MO3BOJAIT HCKJIIYATH, OXHAKO, BO3MOJKHOCTH PAacTBOPEHUA
aproHa KaX OPUYMHY ero mOIVIOMEHAs |, CIeJ0BaTeIbHO, Pas-
JAYHHE MeXaHU3MH copOouEm aproEa H [JpYrax rasos.
HeobxogmMo Takxe OTMETHTh, 49YTO, KAaK MNOKA3HBAIOT
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DKCIEPUMEHTAJbHbIE JaHHEE, a6CONIOTHEE 00BeME copOIuu
3aBUCAT, BOOOImEe TOBOPSA, OT PEKMMAa M3MEIbICHUS, KOTOPHIT
XapaKTepusyeTcs COOTHOIIEHUEM MePUOI0B PabOTH M OTHBIXa
9acTOTOH ¥ AMIIUTYHOH KoJe6aHWi, KOJMIECTBOM B MeNb-
HUIe MaTepuaja U IapoB U T. . ITOT GaKT HaXOAUT 00BAC-
HeHUe B CBeTe OIIMCAHHBIX BHIIIe 3aBHCUMOCTEH MOIJIOIIEHUSA
ra3oB OT BpeMEeHU peJaKCAI[UW AKTHUBHOCTH.

Ilpo6iema XMMHUYECKOTO CBA3BIBAHUA MOJEKYIAPHOTO
a30Ta BHE OMOJOTUMYECKHUX CHCTEM B MATKUX YCIOBUAX M3Y-
ganack BoapmumueiMm u Ilypom [244]. mu Gnima mokasana
BO3MOKHOCTh CHHTE3a aMMUAaKa HA KOMILIEKCHBIX KaTajlu3a-
TOpax, B KOTOpHIE BXOAWJIM XJOPHUOL HEKOTOPHIX IEepexoj-
HbIX MertamnoB. Brixonq NH, npu maBmenuu aszora B 1 amm
ObLI 11€BEJWK, HO 3HAYMTENHHO BO3PACTA] NPH MOBHIICHUU
naBaenusa 1o 150 amm. MexanuaMm axkTHBALMU MOJEKYJIAD-
HOrO a30Ta B JaHHBIX . CHCTEMAaX HEsSCeH. ABTOPHl Npeno-
JlaraloT BO3MOKHOCTh 00pa30BaHUA m-KOMILIEKCA MOJEKYJIBI
a30Ta C AJKUIBHBIM IIPOU3BOJHBIM IEPEXOMHOTO MeTaJjljia
WO €T0 TUIPUIOM.

'I/Iayqeno B3auMOJIeMiICTBHE a30Ta C AMPOTOHHOU KUCIOTOH
(BF;), rap6enom (CH,) # cBoGomueiM meramiaom (Ni, CO)
[245]. WccaegoBanus wuHOpPaKpacHHIX CIEKTPOB IOKA3alu
HEe3HAYUTeJIbHOCTh B3aUMOJENCTBUA a30Ta € AaNpPOTOHHBIMU
KICJIOTAMM, MOJIEKYJIBI KOTOPHIX 00JafalT MCKIIUTEJTbHO
BJIEKTPOHHO-AKIIETITOPHBIMU CBONCTBAMI.

IIpu B3aumopeiicTBum ¢ Kapbenamu o6GHapPYIKEHBI COENU-
wenus, obpasymomuecs no peakuuun CH,+N, - CH,N,, npu-
9eM OHeprHs AaKTUBAUUU 9HTOH pearkuuu He MpPeBbIIaeT
20 kOxc/moav. BzaumomeiicTBHe asoTa € IMOBEPXHOCTHIO HU-
Kensa U KobGanbra ¢ 00pasoBaHHEM MOBEPXHOCTHBIX KOMILJIEK-
COB IPOMCXONUT O0OpaTUMO M NPaKTUYECKU 0€3 dHepPrum
akTuUBaUuu. I[l0OBEPXHOCTHBIE KOMILIEKCH HMMEIT JUHEAHYIO
rouduryparnuio (Ni—N=N).

Copbuusi asora Ha CBeKeoGpPa30BAHHON MTOBEPXHOCTH
TBepAHX TeJ 00ycloBJIeHa, MO-BUAWMOMY, TeMH jKe (arTo-
pamMm, 49TO M COeIMHEHHe ero ¢ MeTajjJaMu U KapOeHamu.
Bo3MosKHOCTD MeTaNIM9IeCKOW CBA3HM MOKET IPOSABIATHCA
B rpaduTax u caskax, a He TOJBKO y MeTAIJOB M KPEMHHUSA.
Kak umsBectHo, y rpadura m-3J€KTPOHBI YACTHIHO KOJIIEK-
THBH3UPOBAHE W B HANpaBieHWH O0A3MCHOH NIOCKOCTH OH
obsiajjaer 3HaYUTENbHOI HpoBoguMocThi0. CiaeqyeT OTMETHUTH,
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970 BBHUAY aMOpdU3amMM NOBEPXHOCTHHIX CI0EB W3MeJIb4eH-
HBIX YaCTHl, IPWMEHEeHHe K HUM pacueToB, CIIPaBeIIMBBIX
TOJNBKO JJIA KPHCTAJIMIECKOro rpaduTa, BPAJ JX OIPAaBLAHO.
OnHaxko B MOMEHT paspylleHUs B JIOO0OM CIydae HECOMHEHHO
MOABJIEHNE 3HAYUTEJHHOTO YHMCIa ATOMOB C HECKOMIIEHCH-
POBAHHBIMU CBSIBSIMHU, KOTOPHIE MMEIOT OLPELEIEHHYI0 BEpOsT-
HOCTH HACHIIEHUS He TOJbKO 3a CYET COCENHUX aTOMOB Ha
TOBEPXHOCTH WM IIEPECTPOAKM aTOMHOH 00009KM (yrie-
poma), HO W '3a CYeT NPUCOEJUHEHUS MOJEKYJ W3 ra3oBoOil
¢dassl.

IIpu paspyulennun KpeMHe3eMa, Kak moxasano Benrypom
[246] Ha ocmoBammm paGor Beitms [236], mpoucxomur obpa-
30BaHHUe MOBEPXHOCTEN ABYX TUIOB — OKAHYUBAIOI[UXCS ATO-
MOM KHCJIOpoJa u aroMoM Kpemuusi. Taxkum obpasom, u Ha
KBaplie MMEITCSA YYaCTKU, AaHAJOTHIHEIE METAIMYECKIM U yT-
JIEPOIHBIM IIOBEPXHOCTAM, CIOCOOHBIE IIPHUCOETUHATH MOJIe-
KyJasapueii asor. CBoOogHble paguKajbsl Ha KBapue ObUIH
HEIOCPEICTBEHHO 0GHAPYKEeHbl- METOLOM 3JIEKTPOHHOTO Hmapa-
MArHUTHOTO PE30HAHCA IOCJEe WU3MEeJbUYEeHUs ero NPU HUBKHX
tremneparypax [247)]. C nossienuem TeMmuepartypsl CBOGOLHEIE
pPafMKaJbl MCYE3a0T, BEPOATHO, B pe3yJbTaTe NOBOPOTa
TeTpasapoB KpemueszeMma (nmo Beiiar) mop meiicTBueM mosspu-
3aluoHHBIX cui. Kartanutuueckoe [eiictBue cBexkeoGpaso-
BaHHHEIX IIOBEDPXHOCTEH O0CTAeTCA IOKA HEUCCIeIOBAHHBIM.
Hecomuennsl, ogHako, 3HAYUTEIbHBIE BO3MOKHOCTH HCIIOJb-
30BaHUsA TOHKOTO M3MEJbYEHMS B 3TOM HAIPABIEHUU.

Mexanusm o0pasoBaHUsA COeNUHEHUH OJAaTOPOSHEIX Ta3oB
C aToMaMu TBEPHAbIX Tes Ha CBe;eo6pasoBaHHOW MOBEPXHOCTH
eme Mano usyden. Crenyer oTMeTHTb, 9TO XUMHA 6Iaropof-
HBIX Ta30B IOJYYIMJIA PA3BUTHE TOJIBKO B IIOCTEIHUE TOJIBI.
o 1962 r., xorma mosBmauch paborsl Bapraerra, 'maccena
n Yepuura [242], xmMuueckme coemuHeHUs O6JIATOPOITHBIX
ra3oB Kasajmch odeHb npobiaeMatTuuHbiMu. [lo aTOro GhuIM
M3BECTHHI JIMIIb KpailHe HEeYyCTOWYIMBHIE MOJIEKYJSPHbBIE COe-
ouHeHus O6JarOPONHBIX Ta30B, TAaK Ha3bIBaeMble KJATPATH.
Boarpwmoii Brkiaxg B xumuio wiaaTpaToB BHec Hukmtun [248],
MOJNYIUBIIUH MOJIEKYJIsIpHEIE COGIMHEHHUS PAaJOHA M KCEHOHA
¢ ¢enomom u ToryosoM. OH HAlIeN, 9YTO XMMUIECKAsT AKTUB-
HOCTb GJIaTOpPOXHBIX Ta30B PAcTeT OT aproHa K pamony. B ma-
cTosmee BpeMsi XUMHEs 0JaropONHBIX Ta30B HAXOAUTCA B CTa-
nuu pa3BuTusa. CHHTE3MPOBAHE MHOTHME COEIMHEHHUS KCEHOHA
co Topom, KucaopoproMm, meraiiamu. OnpeferneHa CTPyKTypa
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MOJIEKYJ W W3MepeHa SHeprdAd CBASH I3TUX COeJHHEHHH,
OKa3aBIIasficsi MO BeJIMYWHE OJMBKOH K YHEPTHH OOGHYHEIX
xumugeckux cssaseir (~ 120 rdxwc/moav). Cpenana momeTKa
TEOPETHIECKOr0 DPACCMOTPEHUA XWMHUYECKHX CBOHACTB Oira-
TOPOJHEIX Ta30B B CBA3H C XX OCOOHIM MECTOM B MEPHOTAICCKOR
cucreme 3neMentoB. IlpenmoxeHo HECKOIBKO MoJened XWMH-
9eCKUX COeIMHEHHN OJaropomEbIX razoB. B ocHoBe mpesn-
CTABJIEHHA O CBA3H MEK[IY IOJOKEHUWEeM GJIaropofHBIX ra3oB
B IEePHOAWYECKOH cucTeMe WM WX cmocoOHOCTHI0O K 00pasoBa-
HOI0O MOJIEKYJ JIeKHUT TAnoTe3a 00 OfHOBPEMEHHON 3JEKTPOH-
SIIEKTPOHHOH KoppeiaAnuu. JacTh 3TOH KOPPENANAA MOKET
OBITH IPEACTABIEHA ABONHON cmcTeMoit p-opbur. Pamuansmas
$yHKUHUA ofHON W3 p-opbur ciabo BHTAHYTA, a APYrod —
ci1abo pacmmpeHa IO CPABHEHHI0 C HEBO3MYINEHHOH p-0p-
6uTo#. ITO JaeT mMOUPABKY OKOJO 1 36 [Js CIMHOB KOpPpeIH-
POBAHHHIX, PACMEmJIEHHHX X NYCTHX p-0opOUT W YypPOBHEH.
YacTs KOppPeIAMAOHHOTO 3PPerTa mpuUBOAUT K 00pa30BaHMUIO
uoHHO# cBsAsH. [lpyrme Teopermdeckme BO33PEHHS HMCXOMAT
W3 IPELIOJNOKEeHHSI O IepPeXofe 3JIEKTPOHOB GJaropogHOrO
rasa ¢ p-opbuT Ha mycTHE d-OpOHMTH, 9TO IO3BOJIAET UM
00pa30BHBATh HOPMAJBHYI0O KOBAJIEHTHYI CBfA3b. OHEPIHA
mepexofa ¢ p-opOUTH Ha d-0pOUTY C TeM jKe TIaBHHIM KBaH-
TOBBIM 9HCJIOM [IJISI HEOHA, aPTOHA, KPANTOHA U KCEHOHA PaBHA
coorsercreenno 20; 13,8; 12,07 u 9,9 s6. Ita sHeprusa BmoaHe
cpaBHuMa ¢ sHeprmeit 6,5 76, TpeGyeMoil JiiA mepexoga aToMa
yriaepoga B cocrosHme ¢ Spi-rmbpugusaumed. B oriamume
OT aToMa yriepoja y 6JIaropomHBIX ra30B HHTErpajl mepe-
KpHTHA nd W np opéUT Malx u, cieZoBaTeNbHO, 3PeKTHBHAA
pHeprus mepexofa OymeT sHaduresnbHO Bbime. OgHAKO, KaK
mokaswBalT BhauciaeHus I'muse u Ilurmepa [242], Takue
nepexofsl BIOJHE BO3MOJKHEL.

Ha ocHOBaHHZ M3/I0/KEHHEIX MaHHBIX MOKHO I10JIATaTh, 9TO
B3auMojeiicTBme aproHa ¢ IIOBEPXHOCTHIO TBEPAOr0 TeJa
OpPOXOQUT, BEpPOATHO, B ABa 3rama. CHagana oOpasyiorcs
MOJIEKYJIAPHbIE COG[WHEHHWS THOA KJIATPATOB, KOTOpPHE NpH
6/1aTONPUATHHX 00CTOATENIHCTBAX, €CAA B OKPECTHOCTH COP-
OMpOBAHHOIO aTOMa aprOHA OKAaKeTCA IOBEPXHOCTHHIA BO3-
OY;KIeHHEI aToOM, LEPEeXOAAT B XHMHIECKOE COeJHHEHHE.
JeranbHOE pacCMOTpeHEEe MeXaHE3Ma B3aUMOAEHCTBAA HHEPT-
HEHIX Ta30B CO CBe;KeoODA30BAHHHIMA MOBEPXHOCTAMH TBeEp-
IOHX TeJX CTaHeT BOSMOKHEIM [0 Mepe HAaKOIVIeHHA JKCIepH-
MEHTAJIbHHX NAHHHX 00 WX COCTOSAHHM.
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§ 2. JIncconmamus sKRUAKOCTElH
Ha CBe;Ke0GpPa30BaHHBIX MOBEPXHOCTAX

B paGorax B. @. HuceneBa um ero corpymuukos [249]
HCCJeNOBAaHE 0C00EHHOCTH cOpOUME DAapOB BONEL M PsAAA yI-
JIeBONOPONOB Ha IIOBEPXHOCTH CBEKEr0 packoja rpadura.
Bruia obfnapyskena HeoGpaTuMas afcopOLUs MOJEKYJ BOIH
¥ HempeleJbHbIX YTJIeBOXOPOXOB, 00pasylomux OpOYHEE
CBASM C KpaeBhIMH aToMamm Oa3WCHHIX TIpaHeil rpadura.
Ancop6uns Gyrena, paBHas 1, conpoBoKIaeTCA AUCCOLMAIAEH
IOBOMHON CBA3HM, OpPH 3TOM B ancopOMPOBAHHOHA MOJIEKYJIe
ocTaeTcsA OJHA HEHACHIMEHHasA o-CBA3b. B ciydae mpemeis-
HHIX YTJEBOJOPONOB CYMECTBEHHOX HeoOpaTmMoil copOumu
ge npoucxoaut. OOBITH OPOX3BOJUINCEH IyTeM IpPEfBapH-
TEJIBHOTO M3MEJbUYCHHMS NOPOIIKOB B aTMocdepe MHEPTHOTO
rasa, a amcopbuua HabJgomajach B OTHENBHONX YCTaHOBKE.
Ilpu TakoM BefeHMM 3KCIEDPUMEHTA HeU30€KHO HPOUCXONAT
3arpsAsHeHue Hambojiee aKTHBHBIX MECT IIOBEPXHOCTH COpPG-
el ra3oB, a TaKKe pelaKcanus HAUPIKEHHUA B IIOBEPXHOCT-
HBIX CIOAX C TeYeHUeM BpeMeHHM. Jlormuuo OBLIO, MOmOGHO
TOMY KakK 3TO CHEJaHO ¢ rasaMi, H3yYuTh B3aUMOMEACTBHE
cBe)Keo0pPa30BaHHBIX MOBEPXHOCTEH € MKUAKOCTAMHU Hemocpe[-
CTBEHHO B NpoIecce M3MeabueHus. Ha OCHOBAHHE mCCIemo-
Banuil CBOMCTB TOHKOM3MEJIbIEHHBIX MATEPUAJIOB U MEXaHH3Ma
U3MeJIbYCHHEA MOMKHO OKHIATh KaK 3HAYUTEJIHHOM XeMocop6-
[UHU MOJEKYJ YKUAKOCTH HA aKTUBHEIX MEHTPAaX HOBEPXHOCTH,
TaK ¥ MEXaHMYECKOrO0 pPaspyIIeHWs HEKOTOPOH YacTH amcop-
OMPOBAHIEIX MOJEKYI.

O pmucconumanuum amcopOMpOBAHHEIX HA IOBEPXHOCTHU
KBaplla >KHAKOCTe# — BOINHI M METAaHOJAa — IPH €ro IIpo-
KaJuBaHUA B BakyyMe coobmanoch B paborax Muuiepa [250]
u llIToGepa [251]. B mocaenyromem [252, 253] 65110 yeranos-
JIeHO, 9TO HeKoHmeHcupyembiii mpu 78° K ras, BeImesseMbli
NpX NPOKAJMBAHUE F'HAPATHPOBAHHOTO KBapla, MpefCTaBiIsaerT
c0060i1, B OCHOBHOM, BOIOPOJ, MEPBOHAYAJBHO PACTBOPEHHBIN
B NPUPOSHEIX KPHCTAJJIax KBaplua, WIM OKUCH YTIepoja,
BBICBOOOYK/IAaEMYI0 B pPe3yJbTaTeé OKUCIEHUSA M TePMUYECKOR
IUCCOUUANMM 3arpPSA3HEHNA MOBEPXHOCTH YACTHI[ OpraHude-
CKUMHU BemecTBaMm. Bo03MOKHOCTH 00pa3oBaHMS HEKOH-
mencupyembix mpu 78° K rasoB B mpouecce M3MeIbYEHHUSA
TBEPALIX TeJ B pe3yJbTaTe MEXaHOXUMUIECKON MMCCONMATIUE
afcopOUpPOBAaHHBIX HA WX MOBEPXHOCTH MOJCKYJ KUAKOCTEH



276 AKTHBHOCTh MOBEPXHOCTEN ra vl

He paccMarTpmBagoch. Meskay TeM, Kak IOKasaHO BHIE,
9acTHIBl TBEPALIX TeJ P TOHKOM M3MEJIbY€HUH HCILITHBAIOT
3HAIUTEJbHEIe [gedopMaluu, OPUBOAAIMMUE K pas3pyOIeHUIo
KPUCTANINIECKON CTPYKIYPH M K 3HAYUTEIBHOMY IIOBBILIE-
HUI0 XHWMH9ECKOl AaKTHBHOCTH aMODP(PM30BAHHEIX HOBEpX-
HOCTHHIX cJ0eB. M0)KHO OBLIO OKHIATh, 9TO M MOJIEKYJIHI
MKHUIKOCTeH, afcopOupoBaHHEe HA TBEPABIX YacTHUIAX, OYymyT
paspymarecsi B mpolecce uaMeabueHus. IIpomyKTHl amcco-
quanuy KATKOCTeH 061agaloT B MOMEHT HMX HBO3HUKHOBEHMA
BHICOKOI aKTUBHOCTHIO U IO3TOMY MOTYT 00pa3soBBIBaTH IpPOI-
HBEIe COETUHEHUS ¢ MOJEKYJaMU TBEPAbIX Tel, HaXONAIUMUCH
B HOBEPXHOCTHHIX CI0sAX. B03MOHO, mO-BHAMMOMY, H mpoO-
HUKHOBEHME UX B 00beM 1o JepeKTaM CTPYKTYpHI.

HccaenoBanuch MpOAYKTH HUCCOLUAINH KAMTKOCTEH, B3a-
HMOJIEACTBOBABUINX CO CBEXe06Pa30BAHHBIMUA MOBEPXHOCTAMM.
Jist 3TOr0 HmOJyYeHHEE MOCHe M3MEJbIeHHS C PA3IUIHLIMU
JKITKOCTAMHI TOPOLIKM IOMEINaJ’Ch B KBapUEBYI0 aMIyiy,
OPUCOETUHEHHYI0 K BAKYYMHO# yCTaHOBKE, BAKYYMUPOBAJUCH
npu Temmeparype 423—473°K, a satem nus ormenenus
NPONYKTOB MUCCOLMANUN MOABEPrajJuCh IPOKAJUBAHUIO M0
1320° K B Bakyymuoit yctanoBke. OKasanoch, 9TO IpU 3TOM
U3 TMOPOIIKOB BHIIEJIAETCS 3HAYUTENHHOE KOJIUYECTBO TasoB,
ompejeisaeMoe BBOAUMOU [06aBKOU JKUIKOCTH M YCJIOBUSAMHA
n3MeabIeHuA. Bo MHOrHX ciiygasax Oojbllafg 9acTh BhIIeJeHUH
HE KOHMEGHCHPYETCSA IpH TeMIepaType KHIEeHUS IKULKOTO
asora. _

Ilepen mamenpueHumeM [AJIS yHAJIEHUS OPraHUIeCKUX 3a-
rPABHEHUN NOPOIIKU HOABEPTAIHUCH [UIMTEIbHOMY IPOKAaJIM-
panuio npu temneparype 1300° K. Ilokasano, 4To mpu aroit
TeMIepaType pPacTBOPEHHbIE B KPHUCTAJIaX rassl yIaJAKTCA
DOYTH IIOJIHOCTHI0 HE3aBHCHMO OT pa3MepoB KpPUCTAJJIOB
[253]. CaregoBaTenbHO, BHIAENUBIINECHA Ta3bl OBLIN TaK)Ke He
re0JIOTHIECKOTO HpoucXoaenusa. OmeITH DPOBOAMINCH TaK,
9TO 9acTh CHCTEMHBI OMEINAJach B JKUAKUA a30T, a TeMmepa-
Typa B KBapIleBO# aMoyje HOOTJHUMAJIach HOCTATOIHO MeJ-
aenno. Tem cambiM Gblia 06ecnegeHa BO3MOKHOCTh MEPETOHKA
JKUITKON (assl m PUMIECKH cCOPOMPOBAHHON JKUIKOCTH B XO-
JOIHYI0 9acTh YCTAHOBKH, W CJIEIOBATENbHO, NOSABJIEHUE He-
konnencupyemuix npu 78° K rasoB He Morao GHTH BBI3BBAHO
0GBIIHBIM BBICOKOTEMIEPATYPHHIM KPEKHHIOM. ITO MOATBEPIK-
TaeTcs ONBITAMH, B KOTOPHIX mpokaiennsie mpa 1170° Brico-
KO[IUCIIEPCHLIE MOPONKH CMA9YUBAIHNCh JKUAKOCTAMH U HOJ-
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BeprajJiuch onmmcaHHoi Beimie ob6paboTke. [layke mpu ycaosunm
OPefUIeCTBYIOMEr0 0GKUTYy KPaTKOBPEMEHHOTO IOMOJa I0-
POIIKOB BHIIEJNEHUSA B CPABHUMEBIX KOJWIECTBAX HEKOH/IEHCH-
pyemux npu 78° K rasoB mpu stom ne Habaoganocs. Ecan xe
JKAKOCTHI0 CMAYMBAJIUCH CBexeoGpasoBaHHbE (e3 q06aBOK
MOPOIIKK, IPHA TOX 3Ke 00padoTKe (¢ KPATKOBPEMEHHEIM I0MO-
oM unm 0e3 Hero) W3 HAX BHEIANOCH 3aMETHOE KOJIMIECTBO
razos, Hexomjencmpyemux mnpu 78° K. 3tu komTpoabHHIE
OIBITH II03BOJIAIOT TAK/Ke IPAKTHYECKH HMCKIIOYUTH BIUSAHUIE
HaMoJIa jKele3a Ha TepMHIECKYI0 [UCCOLHAIIMIO.

Brigenenne Ta30B npH OPOKAJUBAHMYM M3MEJbYEHHEIX
C JKMAKOCTAMHE TBEDAEIX TeJ M3y4aJoCh HAMHU I1a IIpEMepe
KBapua, rpagura, KajabOudTa ¥ KOPYHAA, OOABEPraBUIMXCSH
OUCHePTHPOBAHHUIO C BOMO#, GEH30J0M, AleTOHOM, IeNTAHOM,
OKTAaHOM, CIHMPTOM M YETHPEXXJIODHCTHM yriepopoM. B psame
OIEITOB MaTepual BMecTe ¢ OapabaHaMu M IIapaMu MeJIBHHIEI
mepen uwsmeabuenumeMm cymmiacs mpu 420° K. Kpome Toro,
9acTh ONHTOB NPOBOAMIACH B YCIOBHAX, MCKINYANIAX
BIMSAHNE KHCJI0poja, — B atMocdepe azora. ua wmekirouenns
BINSAHUSA NpUMeced jxejie3a HPOBOAMINCH [[OMOJHHUTENbHEIE
KOHTPOJBHEIE ONEITH, B KOTOPHX HOPOIIKA HM3MEJIbYaJIUCh
B ¢dappopoBoii MeJIbHUIE KOPYHTOBEIMU IIapaMd HMIM OUH-
LIAJUCH OT IPOAYKTOB N3HOCA 00PabOTKON CONAHONA KHUCIOTO.

IIpun mabarofeHUM TepPMUIECKOTO BHEJEHUS Ia30B C IO-
BEDXHOCTM MOPOIIKOB OTMEYEHO, YTO XaPAKTEPHOE MHTEHCHB-
HOe BhIfjeneHue HeKoHpeHcupyeMuix mpud 78° K rasos maum-
HaeTcsa mpm TemmepaType okoso 670° K m pesko Bospacraer
C IOBHUIEHHEM TeMIepaTypH. BHeneHne KOHIEHCHPYEMEIX
opu 78° K rasoB maummaerca mpu 470° K. B murepsame
remneparyp no 1320° K yMmenbmenus pocra BE[eIeHUsI Ia30B
¢ TOBHIIEHWEM TeMmepaTypsl He Habmiomaercs (puc. 89).
9TO CBHMIETENHCTBYET O TOM, YTO B YCJIOBHSX HAUIMX ONEITOB
BHIIEJAETCA JUIIb 9aCTh NPOAYKTOB JACCOMAANHAN KUTKOCTEH,
cocTaBisgiomas B page caydaes go 00—70% mnpepmenabHo Bo3-
MOKHOTO KOJHMYECTBA, BEITUCIEHHOTO U3 YCIOBUA HX IOJHOTO
pacmaga.

CropocTh BEIIeJIeHHS T'a30B, KAk BHAHO u3 pumc. 89, mo-
BOJIPHO HM3KA W JUMUTHPYETCS, HO-BUAMMOMY, AuddysmoH-
HEIMU IpolueccaMu. BMecTe ¢ TeM KayK[oil TeMmepaType B yKa-
33aHHOM HHTEPBAaJe COOTBETCTBYET HEKOTOPOEe IPAKTHIECKH
YCTaHOBHBIIEECHd 3HAYEHWE KOJUIECTBA BHJENMBIIAXCH Ta-
30B. Hpome Toro, mpoiecc He sBiasercsa O0pPaTEMEM — OPHA
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MOHW/KEHNN TeMIePaTypHl BHIEeJINBIIXECSA I'a3hl IOPOIIKAMHE He
IOTJIOMAIOTCA B 3aMETHHIX KOJMYECTBAX M HE OKA3KIBAIOT BIIUA-
HEA Ha npomecc gerazanuu. CiaeqoBaTeJbHO, MOJEKYJH rasa,
mogBepraomuecss TePMUIECKOMY BHIIEIEHUI0, 06J1aTa0T pas-
JIMYHOM SHEpPTHel CBA3U ¢ TBepAbIM TeaoM. OIeHKA BeIMIMHB

:)//,,‘/’4‘
/i /
3

V/Aay

z 7
fT-Kv“ I~
g
4.
{ 1 nlﬂy/ﬂ

J 74 20 A/ /4
T, MuH 7, v

4)

!

V, tmi/z

NN

Pnc. 9. 3aBucEMOCTb 06heMa BHIIEJIEHHOILO ¢ IOBEPXHOCTH HMOPOIIKOB
raza OT NPOAOJIKUTENBHOCTH (@) M TeMOepaTypH (6) MPOKAJUBAHHA
(paBHOBECHEE 3HAYEHHUS).

a) 1 — TeMmreparypa NpoKaqMBaHUA KBapia 300°C; 2u 5 —600°C; 3,67 —

900° C; 4 — 1050° C. 1—4 — usmenbyeHue ¢ 1,3% 6eﬁaona 16 mun, HEKOHOEHCU~

pyemasa npm 78° K wactb rasa, 5 m 6 — c 1 3% 6ensora 32 mux, 5=0,86; 7 —

c0,49% Gensona 10 mun. 6) 1—4 — KBapu; I — usaMenbyeH ¢ 1,3% 6eu30na 16 mun;

2 — 32 mun, HeKOHHeHcupyemasa npu 78° K vacts rasa, $=0,86; 3 — ¢ 1,89% Ged-

30ja 12 mun, $=0,99; 4 — ¢ 0,25 9%-Hoit CCl, 12 mun, $=0,77, HEKOHAEHCHUpYyeMa s
npn 78° K 4gacThb rasa; 5 — KOPYHA ¢ Bopmo#t 10 mun, 3=0,92.

5TO# HEPTWHU HA OCHOBE aHAJIM32 KPUBHX TEPMEIECKOTO BHIfE-
JeHus rasoB jgaer upaMepHo ot 0,5 [0 4 26, 9T0 B HECKOIBKO
pa3 BHIIe MAKCMMAaJbHOW 3HepPrmHM (HU3WIECKOd amcopOmum
Ha KBapme.

. XpaHeHHe NIOPOIIKOB IPXM KOMHATHHIX TeMOepaTypax Ha
BO3AyXe B TeueHHEe HECKOJIbKHX JIeT He CKa3bBaeTCA 3aMeT-
HEIM 06pa3oM Ha HX CHOCOOHOCTH BEHIENATH Ta3 IPH IIPO-
ranuBaaud. OOpaGoTKa IOPOIIKOB, M3MENBIEHHHIX C Opra-
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HOYEeCKMMHU T00aBKaMH, CONSHOH KHUCIOTOM HOpPW KHOAYCHHAH
¥ NPOMHBKA WX BOJOH TaKKe He YHHYTOKAKT CHOCOOHOCTH
BHIJIJIATH Ta3hl npd npokaduBaHun. HoiamdecTBo BHEIIEMEIX
rasoB IpH 5TOM yMEHBIIAETCsI MPUMEPHO B 2 pasa, 4TO, Ofi-
HaKO, CONPOBOKAETCA mOTepeil BMecTe ¢ QMIBTPATOM CaMBIX
TOHKMX (pPaKOEA W BCIENCTBHE 3TOT0 O6OIUM yMeHBUIEHHEM
IMCOePCHOCTH HOPOMIKA.

HouugecTBO 1 cocraB rasoB, KOTOpHeE BHIEISAIOTCA U3 MO-
POlIKA, 3aBHCAT OT IPUPOAH U COXEp/KAHUA NOOABOK KMII-
KOCTH, OT IPHPOAB TBEPAOTO Teda M 3QPEeKTHBHOCTH €ro m3-
MenbueHuA. [IpuwBemenHble B KadecTBe mpumepa B TaGia. 20
OaHHEE TOKA3HBAKOT, YTO C YBEJUICHUEM [JIIATEIHHOCTH IIO-
mosa (kBapua ¢ 1,3% 6Gensona) KoIMYeCTBO BHIAECAAEMHEX IPU
npoxkanuBanuu (1200° K) rasoB pacrer. Bmecte ¢ Tem ko-
IM9eCTBO rasa Ha equHumny moBepxuoctu: (V/S) mesarperumpo-
BaHHHIX IIOPOLUIKOB OCTaeTCsi INPAMEPHO  NOCTOSHHEIM.
Beanuuna (V/S) npu 1100—1200° K coorsercTByer 06pasosa-
HUIO HACHINEHHOT0 MOoHOcaos. [Ipu Gosee BEICOKMX TeMmepary-
pax BHIEJAAETCS ra3a 3HAYATENbHO (OJbINe TOro, 4TO Heol-
X0oauMo Iis 06pasoBaHUA MOHOCIOA.

TaG6unuima 20

Koanuecrso Boigeasiomuxeas mnpu 1200°K  raszos wu ymeabnas
nosepxHoctb S KBapua, msmeiabuensoro c¢ 1,39, Gensoxa

IIpogomKUTENbHOCTD M3MENIbYeHUA (MUH)
IlapaMeTpH
rasa
2 4 8 11 16 32

S, m?/2 10 17 28 36 45 62
V, cudle 2,3 4,6 6,0 12,0 12,6 | 16,2
V/S, cm3/m? 0,23 0,27 0,21 0,32 0,28 ( 0,26
3%) 0,75 | 0,84 0,87 0,99 0,92 0,86

*) 3-moyA HeKOHAeHcupyemoro mpu 78° K rasa.

B ciyuae opranmgeckux q06aBOK — OKTaHa, TeKTaHa, OeH-
30712, KaK HDOKa3HBAeT XMMHYECKUU M MacC-CIEKTPOMeTpUYIe-
CKUil aHAIM3, OCHOBHAA 9acTh HEKOHOeHcupyemux npu 78° K
rasoB cocrour u3 CO u H,, B ciygae no6asoxk CCl, — us CO,
KICJIOPO KOTOPOI'0 MOJYYeH, HO-BUAUMOMY, IPU H3MEJIbICHUN
U3 BO3[yXa WM 3a CIeT BOCCTAHOBIEHWS KpemueseMa. AHa-
aormgHoe Bhigesenne CO mMeeT MeCTO Hpu DPOKAJIUBAHAA
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TOHKOMOJIOTOTO Tpadura. OKUCIEHHAEIE Ha BO3JyX€e aTOMHI yIJIe-
pofa [IOBOJBHO IPOYHO CBS3AHH € IPaQUTOBOM IOMJIOMKKOM
u ypansiores jgummb npu Temmepartype 800° K. Kpome CO,
u3 maMeabueHHOro ¢ mobaBkoit CCl, kBapua BHeaseTCH He-
KOTOPOE KOJIWYEeCTBO KOHAEHCHPYEMOT0 Tra3a — BO3MOKHO,
xnopa. OCHOBHOE jKe KOJHIECTBO XJOpa COENHHACTCA C Ke-
J1e30M — OPOAYKTOM H3HOCA MeJNbHUOH. Ilpm HarpeBaHUm
XJIOpPHOE jKejie30 BO3TOHAETCsA, o6pasys HaleT B XOJOJHOM
gacTH amMoynasl. B GonbOIMHCTBE ONEITOB HPUCYTCTBHE KHCJIO-
pona He oOHapy;KUBaJOCh. BEieneHne Kuciopora B pesyiib-
TaTe TePMUYECKOTO PAa3JIOKEHNUSA TaKKe OTHOCHTEIHHO He-
BEJINKO.

Tab6anuiua 21

Macc-ananu3 rasa, HoJyJeHHOro TepMooOpadoOTKoOif KBapua,
usMeabuenHoro ¢ 2%, oensona

Conep- Copep-
M Bo03MOKHHIT HOH maor/me, M BO3MOKHHIH HOH ma:;nc,
78 CeH, 04 || 16 CH,, O, NH, 5
44 CO,, N,0 0,2 || 15 CH, 3,5
32 0,, CH;0H, SiH,| 8 14 N, CH, 1,4
29 C,Hj 0,8 12 C 0,8
28 CO, N,, C,H, 50 2 H, 29,9

N3 npusegennsnix B Tabn. 21 mamHHX Macc-aHajausa rasa,
BHIJIEJIEHHOTO IPH TePMUYECKO# 00paboTKe B BAKyyMe KBapIa,
usMeapIeHHOT0 12 Muk ¢ 2% GeHsona, KaKk W U3 TAHHHIX APY-
ruX ONIEITOB, CJeIyeT, 9TO Macce 28 MOKeT COOTBETCTBOBATH
ue Toabko CO, HO m N,. O6 5TOM CBUIETEIBCTBYET OOIBIIOE
cofiepKanue MOHOB ¢ Maccoil 14, KOTOpHle XOTA 6B IACTUIHO
MOTyT GHTH UAEHTHPUIAPOBAHLI KAK ATOMHBIA a30T, MOSABUB-
muicA B IpoIecce Macc-aHaJIu3a.

Bo3MoKHOCTS OABIEHNUS a30Ta M KUCIOPOKA B MPOAYKTAX
IUCCONUAIMA CTAHOBUTCA IOHATHOH, €CIU y4ecTh 3HATHTENb-
HYI0O XeMOCOPONMI0 TMX Ta30B B MPOLECCe M3MENbYEHUS II0-
POIIKOB ¥ TOCJEIYIMEro nX NePeHeCeHus B BAKYYMHYIO ycTa-
HOBKY B BosmymHo# cpene. [IpuBegennsie Ha puc. 90 mamuEe
IOKA3HIBAIOT BHAYUTEIbHYI0 copbImio a3oTa 06pasIoM KBapua,
m3MepuaBmuUMEs ¢ foOaBKo# GeHsosa B cpege asora. (OmbIT
OBLI MOCTaBIEH, KaK onucano B § 1 aroit raasel.) O6pamaer Ha
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ce6s BEEManme GaKT POCTa TaBieHHs ra3a B 065eMe MeJbHAIE
B HauaJle m3MeabueHnsa. Taxoit poct MoykeT GHITH BHBBAaH Ya-
CTHYHOM Jucconyanueil MOJIEKYJ KHAKOCTH yKe B mpormecce
usMesapueHns. llpm panpHelimeM noMoJe MaBlIeHHe Ta30B

/s

A rgp

=

=200

I 1 —

/4 V//4 74
z, MUK

Puc. 90. Ilornomenmne rasoB kBapmeM (I—9) u xamsuutom (I0) npm
HX H3MeJNbYeHUH C PA3IMIHEIMA NO0ABKAMH JKAJKOCTEH.

1--5 — u3Menbucnue B aTrmocepe azora, 6—10 — B aTtmochepe aproma. I —

usMebucsue ¢ 4% Oewsona, 2 m 9 — kBapl 6e3 mo6asok, 3 — ¢ 0,2% Oensona,

4nm6—c2% Bompl, 5 M 7 —c 1% Bombl, 8 — ¢ 4% BOIBI, 10 — KaubLUT Oe3
no6aBOK.

OHICTPO IajaeT 3a c4eT COPOIMM Ha CBe}KeoOpPa30BAHHOM IIO-
BEDXHOCTH KaK NMPOAYKTOB AUCCONMANMK, TaK u aszora. Ecam
KOJIM9ecTBO 0EH30J1a B MeJbHUIE OBUJIO 0Y€Hb Majio, TO, KaK
BunHo u3 puc. 90, pasinoskenme uner 6e3 BULAMOTO YBEIUIEHUS
JaBiaeHusa. XapaKTepHO, 9TO cOPOIMA a30Ta IPU K3MEIbICHUN
KBapla B IPUCYTCTBAM MAJOr0 KOJMIecTBa GEH30J1a MU BOILL
uper GuicTpee, 9eM mpu cyxom momode. Ilpu muuTensHOM H3-
MeJbueHNH ¢ Jo0aBKaMd BOAH HaGIIOIaeTCsA yBeIUICHHE CO-
HeprKaHusa razoBoil gpassl B cucreme. Ilo-BuqumMomMy, HEKOTOpOE
KOJIMYeCTBO BOMBI B3aUMOJEWCTBYET C JKENE30M, 4TO WPHUBO-
IUT K BHAexenuio Bogopona. (BosMmosusl, ogHako, @ Apyrue
PapHAHTH 00BACHEHNS HAGIIOIEHHOTO SABJIEHHA, AJA BHSICHE-
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HHESA MeXaHH3Ma KOTOPOTO HEOOXOQEMEI MOMOJHUTEINbHEIe
ounite.) IlpmBenenunie Ha pme. 90 pesayiabraTs H3MeAbYEHUA
KBapra ¢ fo6aBKaM¥ BORH B Cpefie aprOHA, KOTOPHIA MOTJI0-
maeTcsA NpY W3MeJbUeHWZ 3HAYMTEJHHO MEHbBIIe a30Ta, I0-
Ka3HBaIOT, 9T0 Pa3JIO}KeHMe BOMKI, KAK M Pa3jokenue 6ensona,
HAUMHAETCA y)Ke Ha HepBHX craguaXx maMeiabderumsa. OmHako
OPOAYKTH ee pa3joyKeHusd, HaxofAmuecs B rasoBoil dase,
1160 He MOTIOIMAKTCA, JING0 0YIeHb MAJIO MOTIOMAIOTCA CBee-
o0pasoBaHHOU noBepxHOCTHIO. IIpu maMenbuennu KBapma ¢ Bo-
Ooi B cpeme a3oTa 3TOT 3¢PeKT He HabIOmaeTcs IO U3Mele-
HHUI0 [aBlIeHUA M3-3a OBICTpoit copOmum asoTa.

Tabmnuma 22

KoanuecrBo rasos, Bbigexsaembix mpu 1070—1170° K u3 xBapnua,
M3MeJbYEHHOT0 € Ppa3INIHbLIMU J00aBKaMM BOJABI, 0EH30JIa M OKTaHa

rogmmon | o | G| 5 | sa0m 5@ 60 M85 10
Boma V|1,7 |26 |44 |34 | 36| — |26 [13 | 1,8
810,97 0,74 | 0,95 | 0,76 | 0,97| — | 0,68 [ 0,0 | 0,0
Bemson V|1,7 | — | — |82 [12,0 [11,2 | 7,03 |6,9 | 8,2
3097 — | — |077] 0,99 0,95| — 0,9 0,86
Oxram V|1,7 | — | — |74 |94 [102 |92 | — | —
3097 — | — |092] 094| 092|089 | — | —

TepMuueckoe BhHIeleHNe T'a30B C IOBEPXHOCTH KBapla,
U3MeJLYEHHOTO ¢ No6aBKaMU BOJBI, OTIMIAETCA PALOM 0CObeH-
nocreii. K amM oTHOCHTCA, KaK 3T0 BUAHO U3 Tabx. 22, mpeskae
BCEro, 3aBUCHMOCTh COCTaBa M KOJMIECTBA IPOJYKTOB pPasiio-
JKEHMA OT CONepKaHusA BOAH. JTa ocoO0eHHOCTH OHIa 00BsC-
umena panee [173] o6pasoBanueM u pacmafoM B OPUCYTCTBUH
mapoB CHUJIAHOB, COCTABJAIIUX OCHOBHYIO MOJNI0 KOHJEHCU-
pyembix npu 78° mapoB. OgHako B TO BpeMs elle He OBLI u3-
BecTeH 5P¢eKT copOumum aszoTa B HpoIecce H3MeIbYeHUA.
Bo3MosxHO, 9TO 0COGEHHOCTH B3aMMONEHCTBUA HApPOB BOAHI
C MHOBEPXHOCTBI) KpeMHe3eMa OO0YCIOBJIEHH MMEHHO STUM
spdexrom. Ilpm mHarpeBaHHM NOPOMKOB, U3MeJIbUYEHHBIX
¢ [PYTUME >KHIKOCTSMH, KOJUIECTBO BHIJEJIEHHHIX Ta30B
3HAYATENLHO TPEBOCXONMIO KOJIHXIECTBO afCOPOMPOBAHHOIO
1a HUX a3oTa (3a mcriawgenmeM nopomka ¢ CCl,). Brinenenue
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ra3oB ¢ IOPONIKOB KOPYH/Aa M KAJBIUTA, H3MEJIbIEHHHX C J0-
GaBKaM® BOJII, IPOUCXOAUT AHAJIOTAYHO TOMY, KaK 3TO HMeeT
MECTO [JIA MOPOIIKOB, HM3MEJbYEHHHX C BOLOCOAEDP;KAIUMU
JKUTKOCTAME, — a3 COJEeP/KUT 3HAYATENHHOE KOJIUIECTBO He-
KoupmeHcupyemux mpu 78° K razoB u odeHb Maijgoe — KOH-
INeHCHpyeMHIX (cM. puc. 89).

Boga oxasbiBaer wHrmbmpyromee AEHCTBHE Ha pPasJioKe-
HEEe OpPTaHmIecKUx ;KugKocTei. Tak, KOJIUIECTBO TEPMUIECKH
shenennoro npu 1170° rasa m3 mopomiKa KBapia, M3MeJb-
geHHOro ¢ 2% OeH30/a, yMEHBIIAETCA B 3 pasa, €Cid B MeJb-
guny nobasuth eme 2% Bomsl. Boga, ognaxo, He OKaskBaeT
CYINECTBEHHOI0 BIMAHMS, €CIU pasiosKeHme GeHs0Ja, OKTaHA
¥ renTaHa ys;ke mpomsomuio. JoGaBieHme BOAH K IOPOIIKY,
H3MEJIbYaeMOMY CO COUMPTOM, TAKIKE CHIIKAET KOJMIECTBO BHI-
IelAeMOro IPH ero HarpeBaHWHU rasa IPUMEPHO B TPH pasa.
JloMoa B IPOMOJIKEeHMEe HECKOJBKHIX JECATKOB CEKYH] ¢ BOJOI
NOPOIIKOB, IPeIBAPUTENbHO U3MEIbICHHEIX CO CIEPTOM, alle-
TOHOM M MAJBIMHU KOJMYECTBAMHI BOJH, PE3KO YMEHBIIAEeT CO-
HepkaHMe ra3oB B TAaKHX IOPOIIKaX. Bo3MoxHO, 94TO 3TOT
a)PeKT BEHI3BAH pPAaCTBODEHHEM B BOJe IOBEPXHOCTHHEIX CO-
e[UHEHUHA ¥ 3aMeNIeHHeM WX THAPATHHMEA 00pa3soBaHUAMI.
Ilpm DpoxanuBaHMM TaKMX NOPOIIKOB, KAaK M IOPOIIKOB,
U3MEJIbYEHHBIX C BOJOA, M3 HHUX BHIIENACTCSA 3HAYUTENBHOE
KOJIMIECTBO BOMHL.

Boigenenuwe raza nmpum NPOKAJMBAHAYU H3MEJIHYEHHOTO Ge3
7n00aBOK IpeBAapPUTEIbHO HIPOKANEHHOTo KBapma (Tabm. 22)
O00BACHANOCH CIYYaliHBIMA HEYYTeHHHIMU 3arPA3HeHHAMU.
OfHaKo, KaK MOKA3aJd ONEITH IO COpOUUE Tra3oB W LAPOB
OpH W3MeIbYEHUH, M3JIOKEHHHe B § 1 HacToAme#d riaasH,
3TOT 3PeKT ciemoBano 0O0BACHUTH copbimeir asora.

Js BEIsICHEHMST PAPOAEL COEIUHEHMIT, KOTOPBIe 06pasyoT
OPONYKTHL PasiioKeHUsI ¢ MOBEPXHOCTHIO TBEPAHIX TeJ, Cle-
J0BaJI0 OB MOABEPTHYTH MOPOLIKM HCCIEJOBAHMIO METOAaMMI
“HPpPaKpacCHOH CHEKTPOCKONUA M PagHOCHEKTpOCKomum. Pspm
ycmemHEX paboT, oco0eHHO ¢ upEMeHeHueM uHPpaKpac-
HO# cmekTpockommu [254, 255], cBHIETENBCTBYET 0 KOPPEKT-
HOCTH 3THX METONOB JJIsi aHAJIH3A COCTOSAHHUA afcopbumpoBaH-
HEIX IIaPOB HA HOBEPXHOCTH TBepmoro rtema. OgHAKO Takoi
BO3MOKHOCTH HAaM He NPEACTaBMJIOCH U NPUILIOCH OTPaHH-
quTHCA 6oJiee TPOCTEIM W IOCTYIHHIM CPEACTBOM — TEPMO-
rpadEIecKUM aHAIU30M. ITOT CIOCOG He TaeT ACHOU KapPTHUHE
HOBEPXHOCTHLIX COEJUHEHHN, OHAKO IOJYYEeHHHE TaKUIM
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IyTeM pe3yJbTaThl MOr'YT CIY)KHATH B Ka4eCTBe peJBapUTeb-
HEIX JJIA fajdbHeHmux ucciemoBanuii. Bmecte ¢ Tem oHE mpep-
CTaBIAIT c060H ¥ CaMOCTOATENbHHIA NATEPEC [JIA TPAKTOBKHA
apdexTa B3amMopeicTBEA
JKOTKOCTE co CBekeol-
PA30BAaHHBIMH IIOBEPXHO-
CTAMHI TBEPHHX Tel.
Tepmorpadpmaeckmii
aHaIu3 pAfa IOPOIIKOB
(puc. 91) moxasmBaer,
970 OpM UX HarpeBaHUHA
B BO3yIIHOM cpefie MMeIoT
MeCTO3HAYUTEeJbHbBIE 9K30-
TepMmIecKue  dPPEeKTEH.
Oum =He mOABAATCA,
€CJiM HarpeBaHue BeCTH

VAN
[N\

\,
)
u(\*\

(

B atMmocdepe aprona, u
B CHJIy 9TOr0 MOTYT GHITH
OTHECEHH K TOpPEeHHIO ra-
30B B BO3JIyXe HJIU OKUC-
JIEHH)  IOBEPXHOCTHBHIX
Ve Q COeIUHEeHUNA.
Ha6aonennsie adpder-
— TH O00YyCJIOBJIEHE pa3im-
v B ugeM B TeMIepaTypax
%  BOCHJIaMEHEHHWS W IPHADPO-
W 70 K7/ o
W & IO0# MOBEPXHOCTHHIX CO-
Puc. 91. Tepmorpamms mOpOMmMKOB CAMHEHNM 1 BLIASJAEMBIX
kBapna (I —I0)u kap6uga kpemaus (7). [IPY HAarpeéBaHuM TIa3oB.
IloaTomy, mcxops u3 npm-
1 — usmenbyesue ¢ 1,3% rpadura n 3,5%
Poasl m06aBOK M BO3MOM-

BOOB B TeyeHne 10 mumn, 2 — ¢ 109% OeH-
30J4a, 10 mun,3—oaTaJIOHHBIN TOPOIIOK (Al,0,)

¢ 1,3% roukomosiororo rpagura, 4 —c 1,5%
6ensona, 10 mun,nm KOMOJIOT ¢ BOXOI 20 cex,
5— ¢ Oensonom (1 : 1), 10 mun, 6 — c 1,5%

HOCTH [0 OIIBITA KOHTAKTAa
OOPOLIKOB C BO3OYXOM ;I
MOXHO

mapaMdm  BOJHI,
CeJaTh HEKOTOpPHE BH-
BoOH 00 mX cocTase.
ITopomxm kBapma, us-
MeJb9aBiInecsa ¢ HeGONb-
UM KoJrIecTBOM Gersoina (mo 4% oT Beca mOpPOMKA), AAIOT HA
TepMOTpaMMaX PE3KO BHpPayKeHHHH 3QPeKT, MAKCHMYM KOTO-
poro npuxoxutcsa Ha ~650° K, 910 6:1M3K0 K TeMmepaType BocC-
[mJIaMeHeHusa MeTaHoJga. Hak BHOHO U3 HanILIX Macc-aHaJau3a,

rpadura, 10mun,?— ¢ 10% 6Gensona, 10 mun,

8—c1,5%06ensona, 4 mum, 9 —U3MeJbUeH

u momoJoT ¢ 1,5% Oensona 20 cex, 10—c1,5%

oKraHa, 10 mun, 11 —xapbum KpeMHUsA C
BOmOit, 10 mun.
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macce 32 (Boamoxxkuo, CH,OH) coorBeTcTByeT 3HaImTEIBHOE
KOJMYeCTBO BHiiedseMoro raza. OCHOBHOH jKe, IO [aHHEIM
Macc-aHalu3a, KOMIIOHEHT Ta30BOH CMecH — BOXOPOT —
uMeeT TeMmmeparypy Bocmiamenenus ~780° K. Orcyrcreme
TepMageckoro sdpdexra mnpu 780° K Momuo 06BACHATH
TOJIBKO T€M, 94TO BOXOPOJ BHIAENSIETCA B ATOMHOM BHAE W
cropaer mo Mepe Brmeaenus. Ha puc. 91 gns cpaBHenms
npuBefieHa TepMorpamMMa rpadura, u3MeJIb4eHHOr0 06e3 o-
0aBOK, IpPH NPOKAJINBAHUU KOTOPOTO B BO3AYyX€ BEIIEIAETCH
toabko CO, u CO, mpmuem uuTencuBHoe Bripeaenume CO Ha-
aunaercsa okoao 800—900° K m pmocTuraer HAaCHINEHHA pH
~1000°. MuTepecHO TaK;Ke OTMETHUTH, 9TO Pa3JI0KEHHE IPHU
HarpeBaHMU TOHKOU3MEJILUYEHHOTO B BOJe KapOmma KpeMHus
npoucxoquT (KaKk W B CIAyJae IOBEPXHOCTHHIX COEIUHEHHMI
¢ OPOAYKTAMH pas3pyuIeHUs GEH30J1a) CO 3HAYMTENBHHIM BK-
30TepMUIeCKIM B3PPEKTOM, MAKCHMYM KOTOPOTO HAXOTUTCH
tak ke BONm3u ~850° K. ITo-BmgumMomy, mpu m3MeJbYeHHH
Kapbuaa KpeMHHUSA ¢ BOJMON NMPOMCXOIUT OKUCJIEHHE KPEMHHS
¥ yriepoga mo cBexeo0pasoBAaHHBIM IOBEPXHOCTAM. B mpo-
necce npokanuBanna 10 1300° K ToukomsmenbaeHHEIR KapOmy
KPEMHHUA IIOJHOCTBIO CrOpaer.

CrnemoBarensno, npm temmeparype Beime 770° K ¢ mo-
BEPXHOCTH KBapia BHIIEIAETCA B OCHOBHOM HETODIOYMA ras,
KOTODHIL MO)KHO CYMTATh MOJEKYJNSPHHIM a30ToM. JlaHHEbIe
MacC-aHaJAW3a W ONBITH II0 HOIJVIONIEHWI0 a30Ta IPH H3Melb-
9eHOW He NMPOTHBOpeYaT dTOMY mpenmosoxenmioo. Hpome Bo-
IOpofa, BIOJHE OJHO3HAYHO MIEHTHPUIUPYEMOTO MacC-CleK-
TporpaguvecKu, OKHCH YIiepofa, as3oTa W MeTaHoJNa, Kak
BufHO u3 Tabu. 21, B ra3oBoil gase CONEPIKUATCA B IEIOM He-
00JIBIIOE KOJMYECTBO [PYTMX OPraHWYECKHX COCMMHEHMIA,
B OCHOBHOM, METaHA.

Benmauna u momoxkenme tepMuueckumx 3PPeKTOB, Kak
BUIHO u3 puc. 91, 3aBUCAT OT KoimuecTBa H0OABOK IKUIKOCTH
¥ OT NPOROJKUTEIbHOCTH M3Meabdenus. Jammeie Tepmorpa-
¢uE JAX0T OCHOBAHWE CIATATH ITO OOCTOATENBCTBO CBA3AHHLIM
¢ IOCJIe/[0BATENbHOCTHI0 M IOJHOTOM WX PA3JOKeHUS HA IO-
BepxHoCcTH. JleiicTBHTENBHO, ONMHAKOBOE IO TeMmeparype
cMelleHne MAKOB MPOMCXONUT KAK DA YMEHBIICHUY BPEMEHU
M3MeJNbUCHHUSI, TAK W HOPH yBEeJWICHHH KOJIMIecTBa J00aBOK.
XapaktepHo, uto sddexr mpu 650° K mmeer mecro, xorma
yoeJTbHAA HOBEPXHOCTh KBApIa MOCTATOYHA AJAA 00pasoBaHus
TOJIBKO HaCHMIEHHOTO MOHOCH0s1 Gensoua (Mo ~4%). Ecam e
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Gensona Goasire, To addext npm 650° K pasmensiercsa ma asa
mpm 600 u 715° K. Temuneparypa 600° K coorBercTByer BoC-
minamenenuio anerunena (C,H,), a 7415° K — Gyrunena (718°)
n mpoumiena (728°).

dxsorepMuueckue d3PPEKTH, aHAJIOrHYHbE HAGIIOTAEMEIM
Opu U3MeNbIeHNH KBAPIa ¢ GEH30J0M M OKTAHOM, UMEIOT MECTO
¥ B ciydae m3Menbuenus KBapua ¢ HeGoabmumm moGaBKaMu
rpagura u Boxsl (puc. 91). 3mech MOKHO BHIAEIUTH 4 MaKcu-
myma: ~600°; 650°; 710°; 970°. Ilocnemunit apdert (970° K)
o6ycioBIeH, MOKHO moJsiarath, ropenuem CO, BhIelieHHe Ko-
TOpPOT0 NpPH HW3MEJIbYeHMHM TpaguTa C KBApPIEM HMEET MeCTO
npu 0ojiee BEICOKON TeMmepaTrype, 4eM MIJiA YHUCTOro rpadmra.
Pasamunme B TemMmepaTypax MaKCHMYMOB 3K30T€PMHUYECKUX
sdPexToB rpadmTa BEIBBAHO, BO3MOMKHO, OOJBLIOA TPOY-
HOCTBI0 CBA3M MOJIEKYJH OKHCH YIJIEpOda C MOBEPXHOCTHIO
rpadura. NsMenruenne kBapua ¢ rpagurom 6es [o6aBoK BOIH
TaKsKe IPUBOTUT K 00pa3soBaHUIO0 HK30TePMUIECKOTO PdeKTa
npu 970° K. Taxoit sxe sdpdext mpm 800° K wnabGuromaercs
B Ccilydae KBapla, U3MeJbYeHHOTO C OKTAHOM.

IlpumeuaTensHO, 9TO TAKOTO pofa GOTaTHil CIEKTpP Tep-
MugecKux 5PdexToB HaOI0JAeTCA TOJIBKO B CIyJae M3MEJb-
aenusa rpadura ¢ xBapueM. Hak Bumno ums pmc. 91, rpadur,
n3MeJIbUeHHbIH 6e3 106aBOK, JaeT NUIub ONUH HK30T€ PMUICCKIIL
apderr, obycioBnennnit BrinenenueM CO. Coequnenus yrie-
pofia ¢ BOTOPOOM IO YIAIOTCA B 3aMETHOM KOJIMIECTBE TONBKO
npu m3MeJb4eHUH IpaduTa ¢ BOMOW B MPUCYTCTBUHM HAPYTOTO
TBEPAOTO Teja, HampuMep, kKBapma. O O0oJbIIOM 3HAYEHHHU
B Ha0/I0aeMoM ABJIEHHH B3aUMOJEHCTBUA KBapia C BOMOM
CBUMIETEJBCTBYET cienyiomuit mpoctoir onwT. Ilopomku
KBapOa, U3MeJIbYEHHOTO C BOOW, u rpadmra, U3MEALIEHHOTO
B CYyXOM BO3[yX€, CMEIINBAJIN B BUGPOMEIHHUIE I IOBEPran
OPOKAJINBAHMIO B BaKyyMe o OOBIYHOM s MaHHON PaGoThH
cxeme. Oxasaxoch, 9TO YAEIHHOE KOJWIECTBO BHIJEIEHHOTO
[IpU NPOKAJWBAHUM Fa3a B 9TOM cjaydae B 2—3 pasa IpeBo-
CXONHT CyMMapHO€ KOJHIECTBO Ta3a, BHENSIEMOTO U3 KayK-
IOT0 HOPOIIKA B OTHEJIBHOCTH. IIpm 5TOM Takoe yBeJIUYeHWEe
mMeeT MeCTO BO BceM fAmamasoHe Temmepatyp mo 1300° K,
T. €. [IA TeMIOepaTyp S3HAYUTEJHHO (0Jiee HU3KHX, 9eM IpH
TAIPOTeHU3ANUHA YIasA. OITOT (QAKT 00yCIOBIEH, BEPOATHO,
KaK JecTPyKIzeil mOBePXHOCTHEIX CI0EB, YMEHBIIAOMEH aHep-
TUI0 aKTUBAIliM, TAK W y4aCTHEM B PEaKIHU BMECTO BONSAHOTO
mapa AaTOMHOTO BOJOPONA ¥ THAPOKCOHAA — MEPBATIHEIX
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OPOAYKTOB feTUpaTanuu KpeMHe3eMa. AHAIOTHIHOE yBeande-
HUe BHIIeJieHHsl Ta3a HAOJIONAaeTcsa W B CIydae COBMECTHOTO
HarpeBaHUsA CMECU MOPOIIKOB KBapIia, X3MEJIbYeHHEIX IOPO3Hb
¢ ManemMm noGaBkamMm Gemsona um Bomsl (B 1,3—1,5 pasa).

OnucaHHEIMHU 3[eCHh ONBITAMHU YCTAIIOBIEH, MOKHO IOJa-
raTh, QaKT QUCCOIUANNM KUIKOCTeH Ha cBeKeoOpazoBaHHEIX
MOBEPXHOCTAX TBEPABIX Ted. Hak BHACHUIOCH, IPOLYKTH
JUCCOIUALUY JOBOJHHO IPOYHO CBABAHEL C IIOBEPXHOHOCTHIO
TBEPAOTO Teja, NpUIEM HHEPrus CBA3U NOPANKA dHep-
TMA XMMOYecKoil cBA3u. B pApme ciayuaeB ompereneH cocTas
OPOAYKTOB AMCCOIUAIUN U TeMIepaTypHEeE TPAHUIB MX BhHI-
meeHusi. PacCMOTpPeHEI HEKOTOpPHle OpUMepH CHHTe3a Ha
CBeKeoOpa30BaHHKIX NTOBEPXHOCTAX, IPOTEKAIOINNE HOPHU 3Ha-
4uTeNbHO GoJiee HU3KMX, 9eM OOBIIHO, TEMIepaTypax M Io-
HIDKeHHOM faBiaeHun. HabuiofeHHOe sABIEHNE IPENCTABIAET
HHTEpeC s MOHUMAHUA IPOIECCOB COPONUU KUIKOCTeH Ha
«IUCTHIX» CBEKe0Opa30BAHHBIX IIOBEPXHOCTAX, 00JIamarommux
u30BITKOM CBOOORHOI 5HEPTMH B CBA3H C MEXaHMYECKOH Jie-
CTPYKRIMeH dYacTuil.

BMmecre ¢ TeM, uccieoBaHWe 3TOTO ABJIEHHWS MO3BOJAET
Jydille IOHATH OCOOEHHOCTH IPOABIEHUS afCOPOIUOHHOIO
sdpderTa moHmKeHus pPabOTH paspylleHHsA B MpOLeccax u3-
MeJb9eHHMA TBepHbX Tel. McciemoBanme pacmamga IOBEpXHO-
HOCTHO-aKTUBHBIX BEIECTB Ha CBeXe00pasoBAaHHHX NOBEpX-
HOCTAX I03BOJAET OOBACHUTH KaK OYeHb 3HAYUTEJBHYIO Be-
apagHy afcopbumoHHHX 3¢PeKrToB, Tak u (PaKT IPEMEPHO
PaBHOrO [eificTBUA TaKHX BeChMa Pa3iUIHHX OO0 QH3MIECKIM
M XAMZYECKMM CBOMCTBAM JKUAKOCTEH, Kak BOja, aleToH,
0€H30JI, COMPTH, OJEUHOBAs KUCIOTA, TPHITAHOJAMUH H JIp.

§ 3. O mpupoae MexaHOXMMHMYECKHX pearmmii

Cunraerca o0MIENPUHATHM, 9T0 OONIBIIMHCTBO XUMUIECKUX
peaknuil Kak B rasoBo#, TaK X B KOHJEHCHPOBAHHEIX CUCTE-
Max OPOTEKaeT HOPU IOCPECTBe CBOOOMHBIX PaJUKaJIOB, KH-
HeTHKa 00pa30BaHMWA U ABIDKEHUSA KOTOPHIX XapaKTepH3yeT
aKTUBHOCTh MaTepHajJoB B PasIMYHHIX Ipomeccax. B cBsasu
¢ 9THUM BIIOJIHE €CTEeCTBEHHHl HCCIENOBAHIA, CTABUBIIFE 3aja-
Iavy BHIACHHUTH, B KAKOW Mepe BHCOKAas XHMHWYECKAas aKTUB-
HOCTH TBEPAHX Ted o06s3aHa 06pa30BaHUI0 B HUX CBOGOTHBIX
PAIMKAJIOB IPKX Pa3PYUIEHNH MK JECTPYKIUA TOBEPXHOCTHHIX
CIIOeB. :
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UccnemoBannss CcBOGONHO-paJMKAJIbHEIX CBOMCTB C€aMoOro
BePXHETo CJOS YACTHI[ B COYETAHHUH ¢ U3yICHHEM €ro ancops-
MUOHHO# cmocobHOCTM Obim mpoBefensl ByrarmamiM [256 ],
a raixe Kuceaesum m Hukmrumoit [257]. Omurer Kmcenesa
u HukuraHo# ¢ rpagmroM, Kak 4 OOKTH ByTaArmHa ¢ KBapuemM,
MOKa3aJIX, YTO H3MEJbYeHNe OPH KOMHATHOH mam Gojee BEHI-
COKOHl TeMmepaTypax He IPHUBOAMT K 00pa30oBaHMI0 TAKUX
YCTOAYMBHIX CBOOOJHBIX DPafMKAJOB, BPEMS KHU3HH KOTOPHIX
HNOCTaTOYHO, 9TOOB OHEM OB 3apPETMCTPHPOBAHEL METOLOM
5JeKTPOHHOr0 IIaPAaMAaTHUTHOIO pPE30HAHCA IO OKOHYAHHHU
usMeapdeHnsa. IlodToOMy MOKHO CYMTATh, 9TO BLICOKAfg XH-
MHYecKasd AaKTUBHOCTh H3MEILUYEHHS KBaplia B IIPOIECCax
CIeKaHUA W PACTBOPOHHA, a Takxke Ooublmasg ancopOUMOHHAA
CI0COGHOCTh M3MENbYEHHOTO KBapua, rpadura U JPYTHX IIO-
POINKOB HE CBSI3aHE HECIIOCPEACTBEHHO C HAJUIMEM WJIHM OT-
CYTCTBHEM HA MX IIOBEPXHOCTA CBOGOJHO-PANUKAJIbHEIX I|@HT-
pos.

JTH ONBITH He WMCKIIYAT, ONHAKO, BO3MOMKHOCTH 0Gpa-
30BaHAA KOPOTKOIKUBYIINX CBOOGONHEIX PAJAKAaIOB B IPOLEcce
u3MeJb9eHNA M IpuU OOHYHEIX Temmeparypax. Ilpm 6Gaaro-
OPUATHHIX YCIOBHUAX TaKWe PAJMKAJb MOI'YT OKasaTh pella-
jollee fAeficTBUEe HA B3aUMOJEHCTBHE IOBEPXHOCTHHIX CJIO0EB
9aCTHUI ¢ OKPY’KAIOIIel cpeloil HEIOCPEeLCTBEHIO B Mpolieccax
ux m3Meabuenusa. Boamoykuo, uTo ommcanHsle B § 1 u 2 cop6-
IUA U PasloKeHue JKUIKOCTeH u rasoB Ha CBemxeoOGpa3oBaH-
HEIX TOBEPXHOCTAX XOTS OBl 9aCTHIHO HMU U OGYCIOBIEHBI.

CpoGofiEEE pafgMKAIL, KOTOPHIE MOKHO 3aPETUCTPUPOBATD
MeTOLOM 3JEeKTPOHHOI0 IIaPAMATHATHOTO PE30HAHCA, BO3HHU-
KalOT B TBEPMABIX TeJaX, €CIH M3MeJbYeHHe NPOBOLUTH HPH
mm3kux (78° K) remmeparypax. Takxme cBoGonHEe pafgmKalIbl
XOpOIIO COXPAHAIOTCA IPH IOBHINEHNW TeMIEPATypPHl BIIOThH
mo 300—400°, a moMHHIA MX OTKHUT (HA IpaduTe) HIPOUCXOLUT
aums opu 800° K. B cayuae opraHm4ecKmX mOIHMEPOB CBO-
GoaHEIe PAJUKAaJIbEl COXPAHAIOTCSA BIJIOTH 0 TeMIIePATY PH CTEK-
JIOBAHUA.

KoHmeATpanus CUMHOBEIX IEHTPOB, €CIH BCE MX OTHOCHUTH
K amcopOnaoHHO-aKTUBHOR NoBepxHOCTH, HeBeauka. Ilo man-
M HKncemesa m HuxmTuuo# oma cocraBaser Toabko 20%
9pCiia AKTABHEIX MEHTPOB, HA KOTOPHX IIPOACXOMAT XeMOCOop6-
A KAcaoposa u okucu asoTa. CopOmUOHHBIME M3MEPEHUAMU
nokasano, uto curuax IIIP obycnoBien papukanamu, BH-
XOomAmuMM Ha moBepxHOCTh. He wucKiar9eno, omHako, dTO
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9acTh UX PaCHoiaraeTcda u B 00beMHBIX JedeKTaX MOBEPXHOCT-
HOTO CJIOA 9AaCTHII.

ITo-BumuMoMy, posb CBOOOJHEIX pafMKaloB Hamboiee Cy-
I[ECTBEHHA IIPM M3MeJbYeHHH OPTaHMYEeCKMX MAaTephaioB
U, 0C00EHHO, IPH COBMECTHOM HX M3MeJbIeHNHU C HEOPTaHW-
yecknmu. Ilof BAusAHWEM CBOOOMHEBIX PaJUKATIOB OCYIIECTBIA-
eTcsi, HAampuMep, MEeXaHOXMMHYECKHH CHHTe3 NOJMMEPOB —
npusuTaAa noxumepusaunums. Habmopmanack peakuua moimme-
puU3anuu CTUPOJA, METHIAKPUIATA M METIIIMETAKPUIATA IPU
KOMHATHO# TeMiepaType Hpd BuUOpoOmOMOJie WX C KBapIeMm,
rpadmTOM MIUM HOBApeHHOH coxabio [258].

BsaumopeiicTBie M3MeIbIeHHBIX YaCTHI[ METAJJIOB ¢ HpO-
CJIOMKAMK IOJHMEPOB NPHUBOAUT K PARY 0COGEHHOCTeH mMOoJy-
NIPOBOJHUKOBEIX CBOMCTB Takux KoMmmosunuil [259]. Cucremsr,
HoJydeHHbIe NP BBefeHUM s o0pasoBaHMA IUIEHOK HA
YaCcTUIaX MOPOLIKA yKeJie3a T'OTOBOTO MOTMI30NPeHA (HaTy Pajib-
HGLIl KAydyK), OTAUIAIOTCA OT HOJYYEHHHIX II0 METONY IIOJIH-
Mepusanuu u3onpeHa mpu BubGpomomode. B mepsoM caywae
oTMeYeHa IPOBOJUMOCTH R-TUIA, BO BTOPOM — p-THOA. 3HA-
4eHme TepMO-3. . C. D MK8/epad B mepBOM ciydae yBelud-
amioch 10 12—14 mke/epad Bo BTOpOM. YIeabHOE CONPOTHB-
jlenue BO BTOPOM CJIydae Takke O0oJplle, 9eM B IIePBOM.
9tu pasnuumsas CBUAETEIBCTBYIOT, BO3MOKHO, 0 Gosiee Ipod-
HOI CBA3H MEMKIY METAJJIOM H OPTaHWYeCKUM BeMecTBOM
u o0 Gojilee PAaBHOMEDHOM pacHpeieleHHH IOJTEMEPa B Pe3yib-
TaTe NPUMEHEHHA BHOPAIMOHHOTO cmoco0a CMeIIeHHSA M aK-
THBALMM OOBepXHOCTEH.

CBo6opubie MAKPOPAANKAIE XUMIIECKU B3aUMOJIEACTBYIOT
C mOBEPXHOCTHIO HANOJHHTENSA 1 06pasyioT TeM CaMbiM mpod-
HBle coefHeHuA. [103TOMY [ HANOJHEHHEX BHICOKOIIOJIHIME-
POB 3HAYMTENbHOE BJIUAHHE HA HX HPOIHOCTH OKA3HIBAIOT
PuUBHKO-XUMUIECKHE CBOMCTBA MOBEPXHOCTH M CTPYKTypa Ha-
nonuuTeas. VccienoBanue BAMAHUA MOMOJA Ca’k B IIAapOBOI
MeJbHULe HA CBOMCTBA OYTHIKaydIyKa IIOKAasago, 4TO NpHU
JUINTEIbHOM U3MEJbIeHUM CA)KHM MCOBITHIBAIOT 3HAYUTEIBHEIE
u3MeHeHUs (UBNIECKMX U XuMudecKmX cBoiictB. Dopma uwa-
cran u3 cpepudecKoil CTAHOBHUTCH HENPABUJILHON, ¢ HEPOB-
HBEIMI KPasMHU, yBEJINYMBAETCHA NUCIEPCHOCTb, YMEHBUIAETCH
CTPYKTYpHEII (aKTOP—CeTIaTOCTh CTPYKTYDHI, paspylia-
JOTCA arperaThl, YMEeHbINAeTCHA MacJOMmOIJIONeHHe, YBeandu-
BaeTCA ILNIOTHOCTh YHNAKOBKU CasKeBHX dactur. IlomoGubie
usMeHeHus HabmofaoTeA 1 npu Bubpomomone cax. Ilpm B3a-
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MMOJICUCTBAE M3MEJIbYEHHHX CAK C OYTHIKAYIYKOM KOJIUde-
CTBO «YCJIOBHO CBABAaHHOTO KAayYyKa — CayKeBOT0 TeJisi» IO-
BHINAETCH B 2 — 3 pasa IO CPABHEHHUIO C HEMOJIOTHIMHU Ca-
JKaMM, 970 3aMETHO YJydYINaeT IPOYHOCTHHIE W TEXHOJIOIHMIe-
CKHe IIOKAa3aTeJM BYJIKAHU3AaTOB.

IlpounocTs m ypiuHeHEmE ByJKaHHm3aTa OYTHIKaydyKa,
HAaNOJHEHHOTO 00paboTaHHON caKell, YBeJIMINBACTCH 110 CPaB-
HEHHIO C BYJIKAHM3aTOM, HAIOJIHEHHBIM OOHYHOA caxeir. Mc-
moJib30BaHme 00paGOTaHHBIX Cayk MPUBOJUT K 3HAYUTENBHOMY
YAYYIIEHNI0 TAKKe U TWHAMHIECKUX CBOMCTB OyTMIKaydIyKa:
Bo3pacraeT rmfKOCTh, YMEHbUIAIOTCA IOTEPH SHEPTUH B BUJIE
TeIIa NPH HePHOIUIECKOM HArPYKeHHUH, CHIDKACTCA YIPyroe
nociepieiicteme. Beaencrsue Toro, 9To MpH JOCTATOYHO IIPO-
TOJKATENBHOM IIOMOJIE CayK IIPOYHOCTHEIE IOKA3aTeNH BYJIKa-
HU3AaTOB HEPeCTAI0T 3aBHCETh OT BPEMEHM BYJIKAHU3AIUM, yII-
polaeTcA W TexHoJormueckas o0paboTka OyTHIKaydyKa.
Cokpalmenye MEHUMAJBHOTO BPEMEHM BYJIKAHH3ALUM IIPU
140° C ¢ 92 1o 26 Muk mMO3BOJAET MOJAYIATh UBNAENUA C YIyd-
UIeHHBIMU cBoiicTBaMu. Tak, CTOMKOCTH BYJKAHU3aTOB K MCTU-
panuio yseauauBaerca Ha 25—30% , yaeanHoe BI€KTPOCOIPO-
THBJIEHUE HmOBHIIaeTcs Gojee 4eM Ha 2 MOPANKA.

IucneprupoBanue caj W APYrAX COCTABJAKMUX 6Jaro-
NPUATHO CKA3HBAETCA HA yriaerpaQUTOBHX 3JIEKTPOTEX-
HUYeCKUX uafenmax (meTKH, siaexTpopsr). IIpoumocts ux
BO3pacTaeT B 2 pasa, TBEPHOCTh — B 3 pasa, yHelbHOE dJIeK-
TPOCONPOTHBIEHAE YMEHBIIAEeTCA B 2 pasa.

Pa3spuiB MoJeKysl BBHICOKOMOJMMEPOB WPOMCXONMT M IIOJ
meilcTBUEM BBICOKHX [aBieHHmii. B 3TOM ciyduae umMeer MecTo
«(XUMHUYECKOEe TEUYEeHHe» II0JIMMEPOB, CYMHOCThH KOTOPOrO CO-
CTOHUT B TOM, YTO TeUEHHE MOJUMEPOB IPH JOCTATOYHO BHICOKHX
NABIEHMAX OCYMIECTBJIACTCA HE TOJNBKO IyTeM IepeMemeHus,
HO W B pe3yJbTaTe MEXaHWIECKOTO Pa3phiBa MOJEKYJ U Ie-
pEeMeIEeHns OCKOIKOB APYI OTHOCHTENBHO Apyra. B oramunme
0T OGBHYHOrO—BABKOTO—XHMMHYECKOE TEYeHHE IIPOUCXONUT
U B OPOCTPAHCTBEHHO CTPYKTYPHPOBAHHEIX CHCTEMAaX.

CBofogHble MaKpOpafWKAJIH 00pa3yoTcs W IPH APYTHX
MeXaHWIeCKHUX BO3IEHCTBUAX, TAKNX, KAK IIEPETHPAHHUE, BAlb-
neBanme, cMelenne, Kpuoans. ONHCAHUIO HTOTO MHTEPECHOIO
ABJEHUA, UCPAIOMET0 BAYKHYI0 POJb B XHMHH IOJHUMEDPOB,
MOCBAINEH PAM coenuaibHHX 0630poB. Heobxogmmo, oguako,
OTMETHUTH, 9TO MEXAHN3M BIHAHUA CBe;KeoOpPa30BaHHHIX H0BE-
HUJBHBIX TOBEPXHOCTeil u CBOGOMHBIX pafgmKajioB HA CHHTE3
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moauMepoB ®m ob6pa3zoBaHmWe IWHEHHHX CTPYKTYD OCTaeTca
eme HeACHHM. MaJjas mI0THOCTh aKTHBHHEIX IIEHTPOB IO CPaB-
HEHMIO C YACIOM aKTOB MOJUMEPU3ANUA YKA3HBAET HA MEIHOIM
XapakTep STOTO IIPOIECCa, B KOTOPOM CBOGORHEIE PaTWKaJIBI
WrpaoT POJb MHUNUATOPOB nenubix peaknuit. C 3Toi Toukm
3PEHHA MOKHO OOBACHUTH [IEMICTBUE PA3IUIHOTO POLA AKIEIN-
TOPOB CBOOOMHKIX DPAafAWKANOB NOPH MeXaHOJECTPYKIWH II0-
ammepos [211].

PesynpraToM usMenbueHUs — KAk CJIENCTBEE B3amMO-
IeiicTBUA TBEDPAHIX MOBEepXHOCTeR (1mbo OXHUX TACTHUIL C APY-
ruMu, am6o YacTAI ¢ MeJTIMUMHA TeJIaMH) — SBISAETCH TaKKe
BMHUCCUSA DIEKTPOHOB ¥ TPUGOIIOMUHECHeHOUA. ITA 3P HEKTH
OhIM BIepBHie OOHAPYKEHE IPH WCCIEJOBAHAYW BIMAHUA
MeXaHWMYeCKo# o06paboTKE KaTomoB CcUeTIMKOB [eiirepa—
Mroanepa Ha umx TemHoBoil ¢oH. B pmanpmeiimem (1949 r.)
Kpamep [260] obuapymua sMmccui0 5JIEKTPOHOB C Mexa-
HAYecKH o0paboTaHHEIX TBePAKX TeJ OPH WX HATpeBaHHUH.
OMHECCHA JIEKTPOHOB U TPAOOIIOMUHECHEHIUA HCCIIEeT0BAHEI
KaK ¢ 9HePreTUYecKoM, TaK U ¢ KMHETHIECKON CTOPOHK. JHep-
I'UA 3JEKTPOHOB He mpeBHInaeT 06GKHO 1 96, U CIeOBATENBHO,
HabaionaeMblil 9P¢deKT BH3BAaH SMHUCCHEN U3 TOHKOTO HOBEpPX-
HOCTHOTO CIIOSI 9acTHI[. JJIEKTPOHH U3 0osee IIyGOKoIexKa-
IMMX CJI0EB INOTJOMMAITCA B MaTepmaine. B saBmcmMoctm oT
[DPUPOAH U3MeJIbYaeMOT0 MaTepraia SHePrud aKTHBANAN (WK
Temmeparypa), TpebyemMas [as Bo30OYKOEHHWA WIIYy4eHUA,
BeCchMa Pa3iN9HA, 3 NHTEHCUBHOCTh M3JIYICHUA PE3KO IajaeT
BO BpeMelu. ’

MexaHuaM SMUCCHH DIEKTPOHOB, BO30YIKAaeMO# JeCTPYK-
el Npu M3MeNbIEHUH, BCe elle 0 KOHIa He maydeH. Ilpen-
moJiaraeTcs, 9To 3ToT 3PeKT cBA3aH ¢ 00pa30BaHAEM IEHTPOB
OKpamMBaHWA, a TaKKe ¢ 3a6pOCOM DIEKTPOHOB HA BHICOKHE
SHEpPreTHIECKUEe YPOBHHU, ¢ KOTOPHX OHM HePeXofsaT Ha Golee
crabmiabube JIu060 CHOHTAHHO, AuG0 B PE3YJIBTATe BHEIIHEro
Bo36y:xaenma. OcBoboskgaeMad IpH 3TOM YHEPIHS PacXOmy-
eTcs Ha W3JIyUeHHe.

IMHuCCHI0 DIEKTPOHOB CBASHBAIT TaKiKe ¢ 00pazoBaHEEM
OBOMHHIX BJIEKTPHIECKHX CJIOEB HA IOBEPXHOCTH YAaCTHII.
Ilpegnonaraercsa, 9To HapY)KHHHA HOOBEPXHOCTHHIH CJO#A 3a-
PAKEH IOJIOKATENbHO. JJIEKTPOHH SMATTAPYIOT, PasTOHASACH
MeKIy OOKJIagKaMm BTOTO CBOeoOpasHOro KOHAeHcaTopa. Bos-
MOKHO, YTO TaKue CIOW 06pasyoTcs B Pe3yIbTaTe JOKAIb-
HOTO HarpeBa HOBePXHOCTeH 9acTHI[ OPH UX paspyIIeHHH,
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9TO BHIBHIBAET SMHCCHIO C HUX 3JeKTPOHOB. Ilocie ocTeiBanus
TaKMe DOBEPXHOCTH OYAYT, €CTECTBEHHO, BaPSAIKEHBI MOJNOMKM-
rexpHo. CumTaeTcs BO3BMOMKHBIM [a)Ke CO3[JAaHME B MOMEHT
paspylmeHma IUIa3MeHHHIX TeMmepartyp [262].

Oco0enHO 6IArONPHUATHEIM MJIA HPOBEHEHUS MEXaHOXM-
MOY€CKHX NPOTECCOB OKA3aJOCh IPWMEHEHNEe BHOPAIMOHHBIX
[263] u nnamerapupix [198] meapnun. Bruio o6mapysxeno,
9T0 Ipu BAOpOW3MEIbYEHUH B HOPMAJBHLIX YCIOBHUAX HAYT,
HanpuMep, peaknuu o0pazoBaHUA KapOoHmIA jKexe3a M MO-
aubjeHa myTeM B3aWMOJEHCTBAA METANIOB C OKUCHIO YIJe-
pora: Me+CO=Me(CO),. Cunre3 xapGoumioB Ge3 MexaHu-
YeCKHUX BOBJENCTBHA HPOXOAUT B B3aMETHHIX KOJIMYIECTBAX
npu paBiesmu mopsagka 200 amam M TeMmepaType OKOJIO
200° C [263].

CKOpOCTh MeXaHOXMMAYECKHX peaxunuil, Kak BHOHO Ha
OpUMepe PeaKud OKMCIeHHs PsAna MeTaswioB (puc. 92), ompe-
IeasAeTCSa MPUPOJON MOPOINKA, Pa3MepoM ero 9acTHI[ M, 0CO-
0GeHHO, — YCJOBHAMM W3MeJb4eHUsA. KpuUBHE 3aBHCHMOCTU
CKOPOCTM OKHUCIEHHA OT IIPOAOJIKMTEIBHOCTH W3MEeJbYeHUs
UMEIOT 3KCTPEMAJbHEA BHM, NPWIEM IIOJOKEHUE M BeJUYUHa
MaKCEMyMa [/l MEJbHUI[ Pa3IUIHOA SHEPrOHANPHKEHHOCTH
CYIIECTBEHHO pAa3JWYHbl. TaK, OTHOIIEHME MAaKCHMAJbHBIX
CKOPOCTEeil OKHWCIEHHMS HUKEJA AJA MEJHHUI[ ABYX THUIOB [O-
cturaer gecatd. Ias GONBIIMHCTBA IIOPOIIKOB KPHBHIE CKO-
pocTH OKHMCIeHUS B Goliee HANPSIKEHHOW MeJBHUOE OTIMYIa-
I0TCA HE TOJBKO GOJbINell BeIWMINMHON, HO U GONBIIEN KPYTH3-
HOM.

IKCTpPEMAJBHEA X0 KPHBHIX CKOPOCTA OKMCIEHWS IO
BpeMEHU N3MeNbYeHNA, XapPaKTePHbIH U [ APYIUX MEXaHo-
XUMUIECKUX NPOLECCOB, OOBACHAETCSA TeM, UTO CKOPOCTH 00-
Pa30BaHUA CBeKell MOBEPXHOCTH, KAK M CTENEHb JeCTPYKI[UK
IOBEPXHOCTHHIX CIIOEB YACTHI[, B HAYAJbHbIA II€PHOJ H3MEJb-
geHns OHICTPO pacTeT, a 3aTeM H3MeJbUYEHHE 3aMeJJIsercs
U Jajke OpeKpamaercsi. Bo3MokHO, Takke yMeHbUIEHHE IHC-
NePCHOCTH BCJECTBHE MOJEKYIAPHOIIOTHOR arperanmy ga-
cTuI], 0COOEHHO MHTEHCUBHO B CIyIae MIACTAYHEIX METAJLIOB,
u3MeJbIaeMHIX B cyxoM rase. Eciu jke maMeapieHNEe METANIOB
BefieTCsI B NPUCYTCTBUM AKTHBHHIX A HUX KAAKOCTeHd (Kak
MPaBWJIO, KUMKAE METAJJIE), HX arpeTupOBaHNe B 3HATUTEIb-
HO# Mepe IpefoTBpAaIIaeTcs.

CropocTh MEXaHOXMMUIECKOTO0 B3aWMOJEWCTBUA Ta30B
U KAKOCTEH ¢ IOBEPXHOCTHHIMY CJIOSIMH YaCTHI] TBEPABIX Ted,



O IIPUPOJE MEXAHOXVMUYECKUX PEAKIIAIL 293

§3]

TWNW ()G~ NHLOEh WOALOWBMT O O€oIrdXK J0MOORMIML'odiMare — (2) 94 ‘BUMHOQAEM WIMHAKOL
-gedOWdAL WHIYHHOhALOI ‘Bedlrayk Momodou — (r) 9 ‘evow 7‘'Q — eIreddoleW OJOWIBRIIOWEM OHLOJRUION

*[€92] (9) monEaBdmEH

-o¥MeHH H () onmHIrroWodgoua MoHHAXMEJIEHOIdoHE0MO0OMME d HOLIBION OMHOLOHMM( ‘g6 'OHJ

W 42 (7 W “2 (v
UL 6L 0850 QoL a6 ol 05 0F 0L W5l EL O 06 . 08 08 0/
f - o T M T [ T T T J T T T T T ® T T *9 |
by PP ) & v By ®

J—-
oy

~
HIHY YO (7 -



294 AKTHBHOCTb IIOBEPXHOCTEM [TII. VI

KaK M JPYTuX TeTepPOTeHHEX XUMUIECKUX IPOIECCOB, 00yCI0B-
JIeHA KaK CKOPOCTBIO mepeHoca (IOZBOLOM B3aMMOMEACTBYIO-
mMUX KOMIOHEHTOB OJWH K IPYIOMYy W yJAaJieHHEM IIPOLYKTOB
peaxnum), TaK ¥ MHTEHCHBHOCTHIO B3AUMOIEHCTBUA KOMIOHEH-
TOB, OIpefedsdeMONl MX KOUMEHTpanued M KOHCTAHTOH CKO-
pocTu peaknud (B KuHeTHIeCKoil obxactn). B BubpammonHoi
¥ IPYTUX BHAAX MEJbHUI] MHTEHCHPUIHPYIOTCA 00a yKasaH-
HHIX IpoIiecca.

CKOpOCTh mepeHoca pacTeT B pesyJbTaTe MHTEHCUBHOTO
HnepeMeIuBAHAA M YOAJEHHA TBEPABIX IPOAYKTOB peaKIuu
Opu HCTEpaHum dacTum. Ilociemnee 0COGEHHO CYIIECTBEHHO
OJas OKHCJIeHHuA MeTaJJjoB, CROPOCTB KOTO-pOI‘O B 061‘)1‘{HHX
YCIOBHAX JIUMATHPYETCS YAajJeHHeM OKHCHOH ILIeHKH, 006-
pasyemoif Ha WX IOBEPXHOCTH. B CBA3H ¢ 3TUM MOKHO GBLIO
0/KUJATh, YTO H3MEJIbYCeHNE METAIJIOB ¢ abpasuBaMu cooco6HO
YCKOPHTH OKHCJIEHHE IPH BUOpom3MebueHUN. BHCOKHTA TeMn
H3HOCA CTAJBHHX IMAPOB NPH H3MENbYCHHMH aGpasMBHHX Ma-
TepHaNoB B AKTHBHHIX CpefaX MOATBEPHKIAeT 3TO IPEMmoJo-
wenme [264].

Ilas moHEMaHHA MeXaHH3MA MEXaHOXMMHUIECKUX PearIuil
BayKHO 3HATH COOTHOLIEHME MKy LOTJIOI[aeMOil MaTepraioM
SHEPrHell BHENIHWX MEXaHHIECKUX BOBHEACTBHI M BHIXOJOM
OPONYKTOB peakuud. VIzamepenme coo0maemMoil MaTepmaiy
BHEPTHH [0 HOTpebiaseMoil MeJIbHHIEH MOIMHOCTA BechMa He-
TOYHO B CBS3M C IOTePSAMA HA UPUBOJ U APYTUMH, BEJIMIMHA
KOTOPHIX 3aBACAT OT MHOTHX TPYAHO YYHTHBAEMHX NPUYMH
I He MOKeT OHTH H3MepeHa C JOCTATOYHOHU HOCTOBEPHOCTHIO.
B cBsAsm ¢ 9TEM [y M3MepeHHs IOJNE3HO mOTpeGiaseMoil Ma-
TepPHAIOM dHePruH GBI MCHOMb30BAH TOT (AKT, 9TO MONABIAIO-
as 9acTh ee B KOHEIHOM UTore mepexoaut B Temio. Ciemgosa-
TeJABHO, IO TeMIepaType B H3MeIbYaeMOM MaTepuaje 1
[aHHBIM MPeIBaPHTENIbHON TpafyHpOBKH, IPOBEIEHHOU HATpe-
BaHMEM 3JIEKTPOCHMPAIBIO C U3MepsieMoil moTpe6aseMoil Mo -
HOCTBIO, MOKHO WBMEPHTH NOCTATOYHO HANEKHO M IIOJE3HO
3aTPaYMBAEMYI0 DHEPIHIO.

OubiTH 10A00HOTO pofa ¢ BUOpoOMeabHUNEH TOKa3adu, ITO
noTpebiisieMass €10 MONIIHOCTh IIPOHOPIHOHAIbHA KBajfpaTy
9acTOTHl W IePBOH CTENeHHM AaMILIATYAH KojeGaHmid,
T. €. IEeHTPOOeKHOMY ycKopenmio — A w?/4g, tne A — am-
IVIATY/a KPYTOBHX KOJeGaHWA MeNbHANE, ® — YIJI0Basg CKO-
pocts [263]. CrOpOCTh MeXaHOXMMHIECKUX PeaKHuid OKHmcJIe-
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HOA pAJa METANJO0B TaKKe OKasajlach NIPOIOPIHOHAIBHOI
KBaJipaTy 9acTOTH KoxeGamuit (pmc. 93). i

Hax ykassBanoCh BHIIe, IIPH W3MEJBICHMIN oﬁnapymeua
BO3MOKHOCTH NPOBEJEHAS PEAKIAi, KOTOPHE B UNCTO TEPMU-
YeCKOM IIPOoIecce He UAYT WX HAYT B 0OPATHOM HAIpPaBJIEHAN.
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Puc. 93. 3aBUCHMOCTh CKODOCTH OKHCIEHHMS MeTalIoB (a) M Bexnm-
9AHH CKOPOCTH OKMCJIEHWs, OTHECeHHOW K KBafipaTy d9acToTH (6),
OT 9acTOTH KoseGanuit BubpoMenbuuns [263].

K ux dmeay OTHOCHTCA PearIWsa OKHUCIECHHA MeNH ¥ HUKEJS
B aTMoc(epe YIIEKHCIOTO rasa ¢ 06pa3soBaHMEM OKMCIOB Me-
TAJJIOB U Yriepoaa. JKCIePUMEHTAJIbHEe JaHHbE II0OKa3EBA0T
4TO ¢ yBeJHMIEHWEM AMINIATYAHl KoJeGaHmil BUOPOMeEIbHUIIE
CKOPOCTh 0GDA30BAHUA OKHCIOB B 3THX pEAKOHUAX pacTer
no auueitnomy saromy [263]. Koncranra ckopocTm Mexauu-
9eCKO eCTPYKLHAA MAaKPOMOJIEKYJ TaKyKe PacTeT MPOIOPIHo-
HaJBHO MHTEHCUBHOCTH IOJBOJA MEXaHMYECKO! HHEPLUH KaK
B ciiyuae BHOPAMOHHOIO, TAK U IS YJbTPAa3BYKOBOTO KHC-
neprupoBanusa [256].
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MoskHO mosaaraTh, 970 ¢ POCTOM HOTPeOIAeMOi MOMHOCTH
pacTer o0mee YWCIO HAOPAKEHHHX M PA30PBAHHEIX MEKMO-
JeKyJSAPHHX cBfA3eil B o6pabaThiBaeMOM MaTepHaje M CKO-
pocTh mepeHoca HPOAYKTOB peakmumu. C Apyroil CTODOHH,
CKODPOCTh MEXaHOXHMHIECKMX pEAKNAN OrpaHMYeHA peIaK-
camueil BOBHUKAIIAX MEXaHWYECKHX HANDSKEHHA, dHEepPrus
KOTOPHIX IpeBpamaercd B KOHEYHOM HTOre B TEILIOBYIO-

72r Kak 6n0 moxasaHo BHI-
me (ra. IV u V), penaxk.
caysa HAOps/KEeHU#A B
TBEPOLIX TeJax He 00#A-
3aTe/IbHO HOPOMCXOAUT CO
cKopocThio 3ByKa. Ocra-
TOYHBIE HANPSKEHUSA MO-
I'yT 3aMeTHO BIUATH HA
X0 XUMHUYECKOrO IIpo-
necca cnycTa Joiroe Bpe-
MA mOCJe KOHIA H3MeJh-
9eHAA (9eMy COOTBETCT-
BYeT IOJIHOE YCTPaHEHWE
BHEIIHHX HAarpysox). B

p YCTAHOBUBILEMCH  PEyKH-
uc. 94. 3aBHCHMOCTH CKOPOCTH pPeaK-
num B cucteme Ca®-CO, 2 CaCO, M€, OFEBUIHO, KaKAOMY
or gamnenns CO, as pasimdHoro co- AAHHOMY YPOBHIO OTpe6-
craBa TBeppoi ¢dasm [265]. JIAeMOil MOIIHOCTH COOT-
VkasaHa moabHaa moasa CaCOs "[2631. BETCTBYET HEKOTOopoe
PaBHOBECHOE COCTOAHTE,
IpA KOTOPOM CKOPOCTH IOABOAMMOM BSHEPTUH ¥ CKOPOCTH
ee IpeBpalleHHs B TEILUIOBYI0 NIyTeM peJaKcanud Ha-
OpsKeHH#E ofmHAKOBa. HekoTopas JacTh HOABOAHEMOM SHEp-
THM PAacXofyeTcs HA WHANWUPOBAHWE pPeaKN@i, mpHIeM He-
IIOCPeACTBEHHO, a He Yepe3 mepexon ee B TemiaoByno. O6 srom
CBU/IETENbCTBYIOT 9YKCIEDPEMEHTANBHbIE [NAaHHBIE, KOTOPHIMMU
YCTaHOBJIEHA HE3aBHCHMOCTH CKOPOCTH pPAfA MeXaHHMIECKHX
peaxuuit or Temmeparypsr [261].

MexanoxmMuuecKue peaknuu ABIAA0TCA o0patumeiMu. Ha-
nmpuMep, M3MeJbYeHHE KapOOHATOB B BaKyyMe OPHBOXHT K HX
IMCCOIHAIINN, A MBMeJbYeHHEe OKHUCIOB B Cpefie YIIEeKHCIOTro
raza — Kk xkap6ouusauun. Ha pmc. 94 npnBenena saBmcaMocTh
crkopoctu peakmuu CaO-+CO, = CaCO, or gaBieHmA yrie-
KHCJIOTO ra3a [JIA pPasjiumdHoro cocraBa Teepmoir ¢assi. Ilo-
JOKUTEJAbHEE 3HAYEHUS OPAMHATH 03HAYAT IPOTEKaHME
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PeaKuu@ B OPAMOM HAOPABJIGHHN, OTPALATENbHEE — B 00-
patHOM. HyieBre 3HAYeHUs CKOPOCTH ONpEAENAIT PaBHO-
BECHOE COCTOSIHHE, KOTOpPOe B OTJIMYAE OT OOBIYHOIO XUMUYe-
CKOTO PABHOBECHS B3aBHCAT OT cOfepykaHUs KapOoHara B
cucTeMe, IpuUIeM 3HaueHue paBHoBecHOro pasienus CO, m3-
MEHSeTCS IPA M3MEHEHHH COCTABA TBEPAOH (assl B HECKONBKO
pas.

Boapeipes ¢ AsBakyMmoBuiM [261] m Bytsrunm [256] Bu-
CKa3anZd MHCIb 06 O0MHOCTA MeXaHOXUMUYOCKUX SIBJIEHUH,
K KOTODHIM OHH OTHOCAT TAK/K€ PEAKIMU, UHUIMUPOBAHHEE
VIBTPa3BYKOM, yAAPHHIMH BOJHAMHM, BEICOKUM [JaBJIEHHUEM CO
COBHUIOM, KOPPO3HMIO LOJ HAOpPSKEHHEeM, NeTOHALHUIO YHapoM,
kpuonusd u nap. Byrarum [256] ompepmenser- MexaHOXUMUIO
KaK HayKy 00 YCKOPeHHM U HHMIVHUDOBAHUM XAMHYECKUX
peaKkumil B razax, sKMAKOCTAX M TBEPAEIX TeJaX IOJ BO3[eiicT-
BueM yupyro# sHeprum. Ilpm sToM caepyer mMeTh B BHAY,
4TO ympyras 9Heprus OKashiBaeT BIMAHHE HA X0 B3aUMOMEH-
CTBHA He 0053aTeJbHO NYTEM TOJbKO MEXaHHIECKOTO Pa3pHBa
# 1eQOPMUPOBAHUA MEKMOJIEKYJIAPHHX CBA3eH B TBEPIHIX
Tenax. MOKHO OKH[aTh, 9TO BO3HUKAKOIIEe OPU HX paspy-
LIEHAM M3JIyIeHHEe M, BO3MOKHO, KPATKOBPEMEHHEE IL1a3-
MEHHEIE TeMIEpaTypPH B MECTaX KOHTAKTa COYAapAMIUXCH
9acTHI[, a TaK)e BHICOKHME JIOKAJbHHE ABIEHUA M3MEHAIOT
KUHETAKY ¥ BHIXOJ{ I'eTepOreHHHIX IpPONECCOB, BO3JEHCTBYA
He TOJAbKO HA TBEPAYIO, HO U Ha KUAKYIO K razoo0pasHyo askl,

Hayka 0 MexaHOXHMHYECKHX SBJIECHHUAX HAXORUTCA ele
B CTa[ UM H3Y4YeHHA M CTAHOBJIEHHA, HO Jake HA NAHHOH CTa-
UM ee PasBUTHA MeXaHOXAMHYecKHe 3PQEeKTH HAXOJAT mpH-
MeHeHHme B HEKOTOPHX mpomeccax [198].

MexanoxuMudecKkue fABIEHHS MHEPOKO PACIPOCTPAHEHHI
B npmpofe. EcTh ocHOBaHMA mOJAraTh, 9T0 C HEMH CBA3AHEI
npomeccll o6pazoBanus HeTH M MHOIAX OCafOYHHX IIOPOJ,
a TaxsKe HEKOTOphe Omoaorudeckue sasiaeHus [265]. Mexa-
HOXUMOYECKHE ABJEHUA MMEOT GOJIbLIOe 3HAYCHHO MJIA mpol-
JieMbl IPOYHOCTH TBEPABIX TeJ, TPEHHsS M M3HOCA, KAaTajmsa,
agcopbmuu um apyrux obnacTedl HAYKHM W TeXHUKH.
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