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JIABOPATOPHAA PABOTA Nod

VYriekuciaoTHas Koppo3usi 6eToHa

[ens pabotel: [lo »KcepUMEHTANbHBIM J@HHBIM PACCUUTaTh COJEpIKAHHE
arpecCUBHOM YTJICKUCIIOTHI B BOJIe. BBISICHUTH Kakoe JCHCTBHE OKa3bIBAET Takas BOJa

Ha OETOH.



BBenenue

Bo Bce BpeMeHa TexHMUYECKHI mporpecc Obul U OyJeT CBs3aH ¢ MPUMEHEHUEM
HOBBIX MaTepuanioB. Bo MHorom Onarojapsi 3TOMYy CTajid BO3MOKHBI JTOCTHKECHHUS
YEJIOBEUYECTBA B OCBOCHMM KOCMOCA, PAa3BUTUM AaTOMHOM  JHEPre€TUKU U
HaHOTexHoJNoruil. He Oyaer mnpeyBelWyYeHUEM CKaszaTh, YTO CO3/IaHUE HOBBIX
BBICOKOA((EKTUBHBIX MAaTE€pUAJOB: METAUIOB, CIUIABOB, TIOJUMEPOB, KEpPaMUKH,
KOMIIO3UTOB Ha MX OCHOBE — 3TO MAarucTpajbHOE HANPABICHUE HAYYHO-TEXHUYECKOTO
nporpecca.

HoBble MaTepualibl 3aBOEBBIBAIOT MPOYHBIE MO3UIMK BO BCeX 0€3 UCKIIIOYEHUS
OTPacisAX IMPOMBILIICHHOCTA U BBITECHSIOT TPAJULMOHHBIC, PEBOCXOAS UX MO DALY
cBoicTB. CHEUHaNIUCThI, HAlpPUMEpP, CUYUTAIOT, YTO AaBTOMOOWIM U JIeTaTeJIbHbIC
arraparbl BCKOPE CTaHyT LUEIUKOM HEMETAUIMYECKUMU: Ky30B U3 TEPMOILIACTa, KoJjieca
U3 TIOJINypeTaHa, AeTalld caJloHa U3 JIaKpoHa (JlaBCcaHa), JaXe JBUTaTElb U3 KEPAMUKH.
[IpakTruecku Bce 3T AETAIU CEMYAC BBIITYCKAET MPOMBIILIEHHOCTh PA3BUTHIX CTPaH.

Emé Oomnpiirie BO3MOXKHOCTH MPEJCTABISIOT KOMIO3UIIMOHHBIE MaTepHallbl,
M3rOTaBIMBAEMbIE HA pa3HOMl OCHOBE: MOJIMMEPHOH, MeTaumdyeckod u np. OHu
OTJIMYAIOTCSA IIUPOKUM pa3zHooOpasueM U O00JIaIal0T KOMIUIEKCOM YHUKAJIbHBIX
CBOWCTB, HE JJOCTUKUMBIX [P UCIIOJIb30BAHUHU UHAMBUAYAIbHBIX KOMIIOHEHTOB.

Marepuaniom Oyaymiero cieayer npu3Hath W kepamuky. [lo  cBoum
TEIJIOPU3NYECKUM  CBOMCTBAM OHA CYIIECTBEHHO TMPEBOCXOJUT METAUIBl U
macTMaccel. M3rotoBneHne w3 KepamMuKd HambOoJee TeMIlepaTypOHANPsHKECHHBIX
JeTajgedl Tra3oBbIX TypOMH TIO3BOJISIET TMOYTH BABOE YMEHBIIUTH HUX BeC, a
CJIE0BATENBHO, NOAHATH UX K. II. 1.

HoBble Marepuasibl 3¢ (PEKTUBHBI, HO UX HIUPOKOE HCIOJIH30BAHUE BO3MOKHO
TOJIBKO TIPU JETaJIbHOM HM3YYEHUM BCEX HMX TOJIE3HBIX CBOMCTB, & TAKKE YCJIOBHH,
MOTYIIIUX BBI3BAaTh UX KOPPO3MOHHOE pazpyiieHue. M3BecTHO, 4TO 0COOEHHO BEJIHMKHU

MOTEPU OT KOPPO3UU HA MPEANPUATUIX XUMUUYECKOH, KOKCOXUMUYECKOH, LEJUTHOJI03HO-
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OyMakHOM U HedTenepepadaThIBAIOLIEH TPOMBIIUIEHHOCTH, AJI1 KOTOPBIX XapaKTepHO
HaJIM4Yue CUJIbHOArpeccuBHbIX cpell. Lludpsl, xapaktepusytomiie yObBITKH OT KOPPO3UH,
0OIIIEN3BECTHBI U BECbMa 3HAYUTEIbHBI.

[loHATHE KOPpPO3UM TPAIULIMOHHO CBS3BIBAIOT C pa3pylleHUEM MeTauia. B
HACTOAIIEE  BpeMs  NPOMBIIUICHHOCTh  IIMPOKO  HMCIOJB3YET  Pa3IUYHbIC
HEMETAUIMYECKUE MATEpHANIbl, KOTOPBIE TOXKE MOABEPraloTCs pa3pylICHUIO B
paznmuuHbIXx cpenax. OOBEM HEMETalIoB, MCHOJIb3YEMbIX MPOMBIILIEHHOCTBIO,
HEYKJIOHHO pacTeT. Pa3BuUTHE MpakTUYECKU BCEX OTpACiEd MPOMBINUIEHHOCTH, a TaKkKe
BCEX BHJIOB CTPOUTEIHCTBA HEBO3MOXKHO O€3 IIMPOKOTO MCIOIb30BAHMS Pa3TUUYHBIX
HEMETAJUIMYECKMX MaTepHaOB, K KOTOPBIM OTHOCATCS OETOH U KEJIe300€TOH.
[InacTuueckue Maccel, pe3UHbI, CTEKJIA, KEpAMUKA U Jp.

Jns Hage:KHOW 3alMTBl OT KOPPO3HMOHHOIO Pa3pyLIEHUs ITUX MATEPHAIIOB
HEOOXOJMMO 3HAaHUE TEOPETUYECKUX OCHOB HMX XUMHYECKOTO CONPOTUBICHUS
arpeCCUBHOMY BO3JICMCTBHIO.

N3pennss 1 KOHCTPYKIMHM W3 HEMETAJUIMYECKUX MATEPHAJIOB IIPU JKCIUTyaTaluu
B3aUMOJECHUCTBYIOT C OKPYXKalOIIEW Cpefou, BCIEACTBUE 4YEro YyXYyIIIAKTCA HX
noJsie3Hsie cBoiicTBa. Hanbonee pacrnpocTpaHeHHBIM BUOM B3aUMOJICHCTBUS SIBIISIETCS
OKHCIIEHHE KHCIOpOAOM Bo3ayxa. llomuMo Kucnopoma BecbMa aKTHBHBI TakkKe
coJepkamiecst B arMocepe 030H, OKCUIBI a30Ta U CEpbl, COEIUHEHUs XJopa, Gropa,
aMMHMaKa, CEPOBOJIOPO/IA, PA3IUYHBIE YTIEBOIOPOABI U T. I. 3arps3HEHHOCTh BO3yXa
aKTUBHBIMM TPUMECSIMU B TOCJIEIHUE TOAbl CUJIBHO YBEJIMYUBAETCS, OCOOCHHO B
KPYIHBIX MHIYCTPHAJIBHBIX LEHTpax. I3 cepHHUCTOro rasa W JBYOKHCH a30Ta
o0Opa3yloTcst cepHass M a30THAsl KHCIOThl, C KOTOPbIMH, OCOOEHHO MpH HAIUYUHU
KHUCIIOpOoJia M yIbTpaduoJIETOBOrO M3Iy4YEHUs, B3aUMOJIEHUCTBYIOT KakK IHOJUMEpHBIE,
TaK ¥ MUHEPAJIbHbIE MATEPUAJIBI, @ TAKKE BCE BUJIBI APEBECUHBI.

Kpome arpeccuBHOro BO3AEMCTBUSI aTMOC(EpPHI, HEMETANINYECKHE MaTepUalbl,
HCIIOJIB3YEMbIE B PA3JMYHBIX TEXHOJOTHMYECKHX CXEMaxX, MOJBEPrarTCs BO3IECHCTBHUIO

Pa3HOOOpa3HBIX arpeCCUBHBIX Cpel. ATPECCUBHbBIE CPEbl B 3aBUCUMOCTH OT XapakTepa



B3aMMOJICUCTBHS C MAaTEPUAIIOM JIETATCA HAa (PU3NYECKU U XUMUYECKH aKTUBHBIE. XOTs
pPEe3yNbTaThl WX B3aMMOJICHCTBHSI MOTYT OBITh OJIMHAKOBBIMH (M3MEHEHHUE TBEPAOCTH,
pacTpecKMBaHKE, TOJHOE PACTBOPEHHUE), XapaKTep MPOTEKAIOIIMX B HUX MPOIECCOB
OyJeT pa3IMYHbIM.

®u3nyeckn aKTUBHBIC CPEJbI, KaK MPABUJIO, BBHI3BIBAIOT 0OpAaTUMBIEC M3MEHEHUS
Marepuana (HaOyxanue, copOuus cpeanl). HeoOpaTumple M3MEHEHHS B 3TOM Ciydae
BO3MOYKHBI TOJBKO TIPY BBIMBIBAHHH KAaKUX-TO KOMIIOHEHTOB M3 MaTepuana. OgHako B
OCHOBE W3 B3aUMOJCHCTBUSA  JIeKAT TOJBKO  (PU3WYECKHE TMPOILIECChl, HE
COMPOBOXK/IAIOIINECS PA3PIBOM XUMHUECKUX CBSI3EH.

XWMHYECKN aKTHUBHBIE CPEIbl BBI3BIBAIOT TOJBKO HEOOpATHMBIC W3MEHEHUS B
Marepuajie U B OCHOBE MX JEHCTBUS JIeXKAT XMMUYECKHUE Mpoliecchl. [lenenue cpen Ha
(OUBUYECKH W XUMUYECKA aKTUBHBIE OTHOCHUTEIBHO, T. K. XapaKTep IEHCTBUS CPEIbI
OTIPEIEISIETCS TI0 OTHOIICHHWIO K KaXJIOMy KOHKpeTHOMY Marepuany. OgHa U Ta XKe
cpella MO OTHOIIECHHIO K Pa3HbIM MaTepualiaM MOXKET ObITh Kak (DU3UYECKH, TaK U
XHMHUYECKH aKTHBHOM.

MHuoroo0pasue arpecCUBHBIX CpeJl MpeAroiaracT HCIOJIb30BaHUE OO0JBIIOTO
KOJIMYECTBA  PA3JIMYHBIX HEMETAUIMUECKMX MarepuanoB. Jlis  ycTaHOBJICHUS
3aKOHOMEPHOCTEH WX KOPPO3MOHHOTO pa3pylmICHHUsS W IS ONPEACICHHs] HaICKHBIX
YCJIOBUM WX JKCIUTyaTalldd MaTepuajbl KIACCU(PHUIIMPYIOT MO WX OCHOBHBIM OOIIUM
CBOWCTBaM Ha TPU TPYMIBL: MUHEPATbHBIC, OPTAaHMYECKHUE W KOMITO3MIMOHHBIE. K
rpynmne MHHEPATbHbIX MaTEpPHAIOB OTHOCAT OETOH U >KEJIe300€TOH, MPUPOJIHBIE
KaMEHHbIC MaTepHAJIbl, MJIaBJICHBIC CUIIMKATHBIE MaTepHaibl U KepaMuky. [lnaBneHHbIe
CUJIMKATHBIC MaTepuaibl B CBOIO OYEpEIb ACIATCS Ha KaMEHHOC JINTHE, Pa3TMYHbIC
BUJIBI CTEKOJI, CHUTaUIbl M NUIAKOCHTAIUIBL. Kepamuka Aenutrcss Ha KUPOUY U
0OJIMIIOBOYHBIE TIUTKH.

K rpynme opraHM4ecKuX MaTepuajoB OTHOCAT OWTyMHBIE H JCTTEBBIC

MaTCpHraJibl, IIOJJUMEPBI U JPCBCCUHY. KOMHOSI/II_[I/IOHHBIC MaTcpuajibl B CBOIO O4YCPCAb



JEJST Ha HECKOJIBKO TPYMI MO UX OCHOBE (MATpHIle): METAUIMYECKOM, MOJIMMEPHOU
W Jp.

Kaxxnplii KOHEUHbIH MaTepuall B TpyIe MOApa3eserca eue Ha OTIeIbHbIC
BUJIbI, COOTBETCTBYIOIIME KOHKPETHBIM YCJIOBHSM OJKCIUTyaTalluh: TEPMOCTOMKHUE,

KHUCJIOTOCTOMKHE U T. II.

1. MunepaJbHbIE MAaTePUAJIBI

Ocobennocmu Koppo3uu MUHEPATbHBIX MAMEPUATO8

[lepBas o011ast 0COOEHHOCTh MaTEPUATIOB MUHEPATBHOU TPYIIIBI — CIIOKHOCTh U
NOJIMMUHEPATIBHOCTh COCTaBa, T.€. MPAKTUYECKHW BCE 3TH MaTepuaibl NOJY4YEHBl U3
KOMOHMHAIINK OOJBIIOTO YHCIa MUHEPATbHBIX KOMIIOHEHTOB.

Kpome Toro, apyroii 0011eit 0COOCHHOCThIO MUHEPATBHBIX MAaTEPUAIOB SIBJISIETCS
UX TOpUCTOCTh. [IpakTHuecku Bce MHHEpaJbHbIE MaTepuaibl, 3a HCKIOYEHHEM
IUTABJIEHBIX, WMMEIOT BBICOKYIO TOPHCTOCTh. VIMEHHO 3TH JBE OCOOCHHOCTH U
OTIpPE/EISAI0T, B OCHOBHOM, KOPPO3HMOHHOE MOBEJIEHUE ATOM TpyMHIbl MAaTEPUAIOB B
arpeccUBHBIX cpefax.

Haubomnee momHo KOPpO3MOHHBIE MPOLIECCHI AT MAaTEPUAIOB MOKHO M3YYUTh Ha
npuMmepe OetoHa. [lng apyrux MaTepuaioB 3TOM TIpynmbl OyAyT XapaKTepHBI
aHAJIOTUYHBIC TPOIIECCH, HO B Pa3HOW CTEMEHM M C HEKOTOPBIMH CHEIU(PUICCKIMHU

OCO6€HHOCT${MI/I, 3aBUCAIIMMU OT MHAWBUYAJIbHBIX CBOMCTB KaXI0Iro MaTcprajia.

Bbemon u sicenezobemon

beToH MIMPOKO M3BECTEH KakK JOJTOBEUHBIM Marepual, HE HYKIAOLIUAKWCSA IPU
MPaBWJIBHOM JKCIUTyaTallu B KaKOW-TMOO 3alllUTe OT BO3JCUCTBUS BHEITHEW CpEIbI.
beton MoxeT ObITb M3TOTOBJIEH JOCTATOYHO MPOYHBIM U CTOMKUM K arpeCCUBHOMY

BO3JIEUCTBHIO.



JleficTBUTENBHO, OOJBIIMHCTBO CTapblX COOPYKEHHM, OTHOCSUIMXCS K TEPBBIM
AeCATHICTHSIM XX BeKa, IMOATBEPXKAAIOT pemyTanrio OeTOHa Kak JOJTOBEYHOTrO
mateprana. OIHaKO MpU HENPABUILHOM BBIOOpE YCIOBHM J3KCIUTyaTallud WM Habopa
KOMITOHEHTOB, OCOOCHHO B COYETAHMM C MEXAHWYECKUM BO3JCHCTBUEM, H3BECTHO
HEMHOTO CITy4aeB aBapHIHOTO pa3pyIIeHUs KOHCTPYKIUN U3 O€TOHA B KOPOTKUHN CPOK.

Jlnsi mpaBUIbHOM OLIGHKHM AarpecCMBHOTIO BO3JEUCTBHS Cpelbl HEOOXOAMMO
3HAHUE TEOPETUYECKUX OCHOB XMMHUYECKOTO CONPOTHUBJICHUS MATEpPHAIA U B IEPBYIO
ouepe/ib COCTaB U Ha3HAYEHHE OCHOBHBIX KOMIIOHEHTOB OETOHA.

CnoBo «beton» - (paniry3ckoro mnpoucxoxaeHus. OHO OyKBaJbHO O3HAYaET
«UCKYCCTBEHHBIM KaMeHb». MCIoiap30BaHWE TaKOr0 MaTepHalia HM3BECTHO €HIE C
JAJIEKOW JIPEBHOCTH, IPU BO3ACHCTBUM TAaKUX MACCHUBHBIX COOPYKEHHUH, KaK apkKu,
CBOJKM, KyIloJa €nle JIPEBHHE PUMISHE HCIOJIb30BAIN HCKYCCTBEHHBIM KAMEHb.
LleMeHT Torna emie U3BECTEH HE ObLI, O3TOMY B Kau€CTBE CBS3BIBAIOIIETO MaTepuasa
OHHU UCHOJIb30BAJIM INIMHY, U3BECTb, TUIIC WJIM IPUPOJHBIN acanbT, apMUPOBAIIA CBOU
W3JENNSl PACTUTEIIbHBIMU BOJOKHAMHU. C maneHueM PUMCKOM MMIEpUM NPUMEHEHUE
6etoHa 3a0bITO BO300HOBMIOCH b B X VIII Beka B 3amannoit EBporie mpaktuyecku
OJIHOBPEMEHHO C NOSIBJICHUEM LIEMEHTA.

Takum oOpa3oM, OETOHOM Ha3bIBAE€TCS MCKYCCTBEHHBIH KaME€Hb, MOJTYYEHHBIN B
pe3yabTare TBEPACHHUE CMECH, COCTOSIIMN U3 BSKYILET0, 3alIOJIHUTENS U BOAbl. Kpome
ATUX OCHOBHBIX KOMIIOHEHTOB B OETOH BBOJAT pa3iU4YHbIE J00aBKH, MPUIAOLINE
O0erony crnenuduyeckue corictBa. OCHOBOM O€TOHa SBISIETCA BSDKYIIEE BEIIECTBO,
oOpa3oBaHHOE W3 MOPOIIKOOOpa3HbIX pPACTBOPUMBIX CHJIMKATOB, JalOIIUX IpU
CMEIICHUH C BOJOM IUIACTUYHYIO BS3KYIO MaccCy, IPU TBEPACHUHM IEPEXOISIIYIO B
KaMHEINOoJ00HOe CcOCTOsHHE. B KadecTBe 3alOJIHUTENs Yalle BCEro MCIOJb3YIOT
1e0eHb, TPaBUi U MECOK.

[To Buay BspKyLIEro OETOHa AENSATCA HAa LIEMEHTHbIE, U3TOTOBJICHHBIE HA OCHOBE
M3BECTH; TUICOBbIE — Ha ocHoBe rumncoBoro (CaSO4) Bskymero. beiBaoT u

KOM6I/IHI/IpOBaHHBI€ BUAbI — I/IBBeCTKOBO-FJ'II/IHI/ICTBII\/'I, U3BECTKOBO-30JIbHBIN. KpOMC



TOT0, CYIIECTBYIOT U CIEIHUaJIbHbIC BUJIbI OCTOHOB: YKUJKOCTEKOJIbHBII — Ha OCHOBE
MOJIMMEPHBIX  BSOKYIIUX, a TaKkKe TMOJUMEPCIIIMKATOCTOH, W3TOTOBJIICHHBIH Ha
CMEIIIaHHOM CBA3YIOIIIEM, COCTOAIINM U3 MOJIMMEPa U CUJIIMKATHOTO BSKYIIETO.

B 3aBHCUMOCTH OT yCIIOBHMSI MX 3aTBEpJICBAHMS BSKYIIME BEIIECTBA JCIATCS HA
BO3AYIIHbBIC U THUApaBINYecKkre. Bo3mymiHbie BSXKyIIee 3aTBEPAEBAIOT TOJIBKO B CyXOM
atMocepe B TEUCHHHM [JIMTEIBHOTO BpEMEHU. [HIpaBinyeckue >Ke CIOCOOHBI
TBEPJETh HE TOJHKO BO BIAXKHOU aTMocdepe, HO naxe B Boje. [Ipu aTom maxe B Boje
OHU JUIMTEIBHOE BpPEMSI COXPAHSIOT CBOKO MNPOYHOCTh. M3 BO3AYIIHBIX BSDKYLIUX
Han0oJiee MIMPOKO MPUMEHSIOTCS JKUJKOE CTEKJIO, U3 TUAPABINYECKUX — pPa3IUYHbIC
MapKH IIEMEHTOB.

[lemeHT — 3TO mMopoIIKO0Opa3Has Macca (KJIMHKEp), MoaydyaeMas COBMECTHBIM
MPOKAJIMBAaHUEM JI0 CIIEKAHUSI U3BECTHSIKA W TJIMHBI, B pe3yJbTaTe 4ero oOpazyroTcs
CUJIMKATBhl W aJIFOMUHATHI Kaiblus. [Ipyu cmernieHnu 1EeMEHTHOTO KJIMHKEpa C BOJOU
00pa3yroTcs IIacTUYHas KJelKas Macca, Ha3bIlBaeMasi IIeMEHTHBIM TecToM. LleMeHTHOe
TE€CTO, OOBOJAKHBAas MOBEPXHOCTH 3€PEH 3alOIHUTENS, 3aMOJIHSAET MYCTOTHI MEXIY
3epHAMH, COCAUHSICT UX MEXKIy coOOM Tak, 4TOOBI MOCIE 3aTBEPJCBAHUS IOITYUYHIICS
MCKYCCTBEHHBI KaMHEMOI00HBINA KOHTJIIOMEpaT.

[Tpouecc B3aMMOJCHCTBHUS IICMCHTA, COCTOSIIIIETO u3 cMecHu

CaO+CaO-SiO, +CaO- Al,O, +CaO- Fe,O,, ¢ BOJON Ha3bIBaCTCs «3aTBOpeHHEM». Bona,

HeoOXxoaumasi JUisl MOJy4YeHUsl LIEeMEHTHOTO TEeCTa, Ha3bIBAaeTCsl BOAOW 3aTBOPEHUS U
Oepercs 0OBIYHO B HEKOTOPOM M30BITKE /JIs MOTYUYEHUS y1000YKIIabIBAEMON CMECH.
YacTb BOABI 3aTBOPEHHUS BCTYNMAET B XMMHUECKOE B3aMMOJIEHCTBUE C LIEMEHTOM,
4acThb OCTAa€TCi B OTHOCHUTEIHHO CBOOOAHOM COCTOSIHUM. DTO H30BITOYHAs BOJa
3arBopeHusa. M30bITOUHAs BOJIa 3aTBOPEHUS MIPU UCHAPEHUH 00pa3yeT pa3BETBICHHYIO
CeTh KallWUIAPOB M Mop B OeToHe. XMMHUYECKU CBsI3aHHAs BOJa, OTHECEHHas K Macce
IIEMEHTa, JaeT TaK Ha3blBaeMoe BojolieMeHTHOe oTHomieHue (B/LI), nmpencrapistoiiee
OYEHb BAXKHYIO XapaKTepUCTUKY OeToHa. BomoneMeHTHOE OTHOIIECHUE SIBISETCA, IO

CYIIIECTBY, pemIaoImuM (GaKTOPOM PEryTUpPOBaHUSI TOPUCTOCTH OeToHa. ONTUMAEHOE
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3Ha4Y€HUE BOJOLIEMEHTHOTro oTHomeHus mnopsaka 0,4 — 0,6. Ilpu cHmwxenun B/L]
YMEHBIIAETCSI TIOPUCTOCTh U MIPOHUIIAEMOCTh OETOHHON MAacChl, TaK KaK HM30BITOUHOMN
BOABI MeHbIe. OTHAKO OJTHOBPEMEHHO BO3PACTAET KECTKOCTh OETOHHOM Macchl, OHA
JieaeT MeHee YyN0OOYKIaJbIBAEMOM, YTO CO3HaeT TPYAHOCTH MpPU TMPOBEIACHUU
OETOHHBIX paboT.

[Tpu BeicokuX B/LI (>0,6) ykinaaka 6eToHa obyierdyaeTcs, HO TOCJIe 3aTBEPICBaHUS
MpU WCMApeHUW W30BITOYHON BOJBI OETOHHAs Macca WMEET BBICOKYIO TOPHUCTOCTD,

O6H€F‘{aIOHIYIO IIPOHUKHOBCHHC aneCCI/IBHOfI CpCIbI.

Ilpoyeccvr meepoenust 6 bemone.

Cam mporecc TBEpACHHUS BSKYIIETO MOXKHO pa3[eiuTh Ha JBa JTama:
CXBaThIBaHUE W COOCTBEHHO TBepjieHHe. CXBaThIBAHUE — €CTh MOTEPs MOJBIKHOCTH
OcTOHHON Maccel. BpeMs 10 Hayajlo CXBaTbIBaHHS TI03TOMY  OIpEIesseT
TEXHOJIOTUYECKHE CBOMCTBA OETOHHON MacChl, 4YeM OO0JIbIIIE 3TOT OTPE30K BPEMEHH, TEM
0oJiee TEXHOJIOTUYEH OETOH.

BpeMs 10 OKOHYATENBHOTO TBEPJACHUS OMNPENETSET €ro SKCIUTyaTallMOHHbIC
CBOMCTBA, TaK KakK JKCIUIyaTUPOBATh OETOHHYIO KOHCTPYKIIMIO MOXHO TOJBKO MPH
JOCTUKEHUU OKOHYATEJIbHOM TBEPJOCTH OETOHHOM Maccel. YeMm Kopoue JTOT
MIPOMEKYTOK BPEMEHH, TEM JIy4Ille IKCIUTyaTal[MOHHBIE CBOMCTBA OETOHA.

Haunbonee  mpocThiM  sBJISIETCS  MpOIECC  TBEpJEHUs]  OCTOHOB  Ha
KUJAKOCTEKOJIBHOM BSDKYIIEM, COCTOSIIIIEM BCEr0 W3 OJHOTO KOMIIOHEHTa —
PacCTBOPUMOTO CHJIMKATA KaJHs WA HATPUSI.

[Tpu cMemieHUM ¢ BOJOW B MpoIlecce 3aTBOPEHHS MPOMCXoauT ruaposm3 (1.1)
KHMIIKOTO CTEKJIa, B pe3ysibTaTe 4ero odpasyercst kpemHeBas kuciora H,SiOs, koTopast

MMeEEeT BUJ Teiisl (KOJUTOUIa):

Na,Si0, + H,0 — H,Si0, o, + 2NaOH (L.1)

OO0pa3yrommiics reabr KpEMHEBON KHUCIOTH M 00J1a1aeT BSDKYIIIUMHU CBOMCTBAMU.
C TeueHmeM BpPEMEHHM OH TPH BBICBIXaHWH IIpEBpaIacTcs B aMOP(HBIN KpeMHE3EM
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(SiO2) m oxoHuatenbHO 3aTBepiaeBaeT. [l yckopeHUs Impolecca TBepicHus. Yaie
APYTUX B OTOM KauyeCTBE MPUMEHSIOTCS KpeMHepropucThlii Hatpuii NaySiFs,
noJiyqaeMblid M3 OTX0JI0B cymnepdocdarHoro mnpousBoacTBa. [Iporecc TBepaeHus B
ATOM cllydae onpenensiercs peakuuei (1.2).

2Na,Si0; + Na,SiF, + 3H,0 — 6NaF | +3H,Si0, — (35i0, - H,0) (1.2)

Tak kak B pe3ynpTaTe peakiuu oOpa3yercs TPYIHO PACTBOPUMBIM 0OCaIOK
dropuna HaTpHUs, TO PaBHOBECHUE DPEAKIUU CIABUHYTO BIPAaBO, B PE3YJbTATE YEro
o0serdaercs 00pa3oBaHUE KPEMHEBOW KUCIOTHI U MIPOLIECC TBEPACHUS YCKOPSIETCA.

Ecnn B kayecTBe BSKYILIETO B3SIT LEMEHT, TO MPOLIECC TBEPACHUS 3HAUUTEIBHO
YCIIOKHAETCSA, TaK Kak COCTaB IIEMEHTHOIO KJIuHKepa Oosiee cioxeH. I[lpu
B3aMMOJICHCTBUH C BOJOW MUHEPAJBI, BXOJAIINE B €T0 COCTaB, IIEMEHTHOTO KIMHKEpa
6onee cnoxkeH. [Ipu B3aumonelcTBUU C BOJOM MUHEpasbl, BXOJAILIME B €r0 COCTaB,
THIPATUPYIOTCS, THAPOIU3YIOTCS M 00pa3yloT KOJJIOUJHYIO CHCTEMY, COCTOSIIYIO U3
CJIEYIOINUX KOMIIOHEHTOB:

- OCHOBHOT'O IPOAYKTa rujapaTtauuu nemeHTHoro kauHkepa Ca(OH);

- THIPOCHIINKATOB KalbIus pa3auyHoro coctasa: mCa0 - Si0, -nH,0

- THJIPOATFOMUHATOB Kajblius o01ero cocrapa: mal - Al,0; - nH,0

- ruapodepputoB Kanpuusa: mCal - Fe, 05 -nH,0

- ruapoamoModepputoB Kanpius: mCa0 + Al, 0, « Fe, 05 - nH,0

B mpouecce TBepaeHUS 3TH KOJUTOUIHbIE 00pa30BaHUsl KPUCTAJUIU3YIOTCA,

Tepsisi BOAY, W 3aTBepieBaloT. [IOCKONBKY OHHM HMMEIOT pPa3IWYHBIA COCTaB,
KPUCTAITM3YIOTCSI OHM C pPa3HOM CKOpPOCTBIO, T.€. CHCTEMa HMEET YacTUYHO
KpUCTAJLIMYECKHE  00pa30BaHUS, YaCTUYHO-KOJUIOMJHBIE, KOIJa OOJBIIMHCTBO
reneoOpa3HbIX BEMIECTB MEPEKPUCTAIIIM3YETCS, MpPEeBpaliasich B KPUCTALUTUYECKUE
CKOPOCTH, CHUCTEMa TBEpPJCET M LIEMEHTHBIH KaMEHb MPHOOpETaeT MaKCUMAaIbHYIO
MPOYHOCTh. TakuMm 00pa3oM, OETOH TOCHe 3aTBEpPACBAaHUSA MPEICTABISAET COOOM

KaUJUISIPHO-TIOPUCTOE TEJI0, COCTOSIIEE U3 ra30Boi 1 TBepAou (a3wl. ['azoBas daza —
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9TO 06I>II'IHO, BO3yX M BOJSAHBIC IIapbl, TBEPAAId (1)8,38, — OTO KOHIJIOMCpaT, COCTOHHII/Iﬁ

N3 KPUCTAJUIMYCCKUX U KOJUIOMIHBIX O6p330B3HHI>i.

Ilopucmocms bemona

[Topucteie MaTepuaibl OOBIYHO 3HAYUTEIBHO MEHEE CTOMKH K KOPpPO3HH, YeEM
MOHOJIUTHBIE TaKOTO JX€ cocTaBa. MeHbIIas CTOMKOCTh MOPHUCTHIX MATEpHUAIOB B
MEPBYI0 OYEPEIb CBA3aHA C BO3MOXXHOCTBHKO MPOHUKHOBEHHUSI arpeCCHBHOM CpEIbl B
OpPhl M KaNWJUISIPBI, B PE3yJIbTATE€ YEro 3HAYMUTEIIBHO YBEIWYMBACTCS ITOBEPXHOCTh
KOHTaKTa MaTepuasa c arpeCCUBHOMN CpeIoH.

Kpome Toro, B MOpPUCTBIX MaTepHaiaX BO3MOXKHO MPOTEKaHUE CHenU(PUIecKux
BUJIOB Pa3pyLICHUS, IPUCYILIUX TOJIBKO ITIOPUCTHIM TEJIAM:

- OCMOTHYECKas KOPPO3Usl, CBI3aHHAA C SIBICHUEM OCMOCA,

- pa3pylleHHE NpU 3aMOPAKUBAHWUU KUJIKOCTH B TOpPaxX, COMPOBOXKAAOIIECECA
PaCTPECKMBAHUEM H3-3a BOSHUKIINX HAIPSXKECHUN,

- pa3pylieHUuE BCIEACTBUE KaNWUIAPHOTO JAaBJICHUS, BO3HUKAIOUIETO IpPH
KOHJICHCAIIMY BOJSIHBIX MIAPOB B 3aMKHYTHIX I1Opax,

- pa3pyll€HHE, BBI3BIBAEMOE PACKIMHUBAIOIIMM JIEMCTBUEM BOABI IIPU €€
KOHJEHCAIlMM B BEpIIMHAX TpemnH. Boaa HecxkuMmaemas KXHUAKOCTb, MpPU €€
KOHJICHCAIIMY BO3HUKAIOT 3HAYNUTEIIbHBIE HAIIPSIKEHNUH.

Pazpymienuns, mpoucxoasiine B MOPUCTHIX MaTepHUAIaX, 3aBUCUT HE TOJBKO OT
00I11ero KoJM4ecTBa mop, Ho U OT UX pa3Mepa, POpMbI U PaCIOIOKEHUS.

OpHako CKOPOCTh KOPPO3MOHHOTO pa3pylIeHHs OETOHA 3aBUCUT HE TOJIBKO OT
CBOMCTB O€TOHA, HO U OT CBOMCTB arpeCCUBHOM CPEIbl.

[Ipy KOHTaKTe ¢ arpecCMBHOM CpeAOM TMPOMCXOJIUT pa3pylieHHue OeToHa
BCJICICTBUE XUMHUYECKUX MPEBPAIICHUN IEMEHTHOIO KaMHS M MOTEPU UM BSDKYIIUX

CBOWCTB.

Buowt kopposzuu bemona.
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AHanu3 HaKONMBILMXCS 3a MHOIME TOJbl HCCIEIOBAaHUI AT BO3MOYKHOCTH
BBICTUTh W3 OOJIBIIIOTO YHCIA Pa3HOOOpa3HBIX MPOIECCOB TPU OCHOBHBIX BHUIA
Koppo3uu OeToHa. B npenenax kaxoil rpymnmsl IPOLECChl KOPPO3UU OOBEAUHSIOTCS 110
OCHOBHBIM BEIyIIUM Npu3HaKaMm. Takas Kjaccugukanus Obuia IpeiokeHa JOKTOPOM
TeXHUUYECKUX HayK, mpodeccopom B.M. MocCKBHHBIM, BHECHIUM OOJBIION BKIaa B
UCCIIEJOBAaHUE KOPPO3UU OETOHA.

B mepByto rpynmny (Koppo3us MepBOro BuJa) ObUIM OOBEIUMHEHBI MPOLIECCHI
KOppO3UH, MpOTEKaIIue B OETOHE MOA JCHCTBHEM BOJbl C MaJlOl BpEMEHHOU
KECTKOCThIO. B 3TOM cilydae 4acTu IIEMEHTHOTO KaMHSI PacTBOPSIOTCS M YHOCSTCS
MPOTEKAIOIIEH BOJOM, T.€. KOppo3usl | BUIa ecTh paCTBOPEHHE KOMIIOHEHTOB O€TOHA B
MArKoM Boze. Takoill BuJ KOppo3uu HaOionaercss mpu (UiIbTpaluuu JOXKAEBBIX BOJ
yepe3 TOJILy OeTOHa.

Ko BrOpoil rpynme (Koppo3us BTOPOTO BHAA) OTHECIM BCE MPOLECCHI
XUMHUYECKOTO B3aUMOJICHCTBUSI OCTOHHOM Macchl C arpecCUBHON CpeloM, eciu B
pe3ynbTate B3aUMOJCHCTBHUS OOpa3yrOTCS JErKOPACTBOPUMBIE WM  aMOp(HbIE
IIPOJYKTHI, JIETKO yJIajdseMble NOTOKOM cpeabl. K 3Toi rpynme OTHOCAT KOPPO3HIO
0eToHa B pacTBOpaxX OOJBIITMHCTBA KUCIOT U MIEIOYEH.

K tperbeil rpynme (KOppo3us TpeTbero BuAAa) ObUIM OTHECEHBI MPOLECCHI
KOpPpO3UHU, €Cld B pe3yjbTaTe B3aUMOJEHCTBUS CO Cpenoil 0o0pa3yroTcs TpYIHO
pacTBOpUMBIEC MPOJIYKTHI, KOTOPbIE MOTYT HAaKallJIUBaTbCs B MOpax M KamuuisIpax
LIEMEHTHOTO KaMHsA. Kpuctaimmsanuss TakuX COJE€Ml BbI3BIBAET 3HAYUTEIIbHBIC
pacTIrvBaolllee YCHUJICHHUs] B CTEHKaX KamWUIIpOB U MOp OETOHA, YTO MPHUBOIUT K
pa3pylIeHUI0 €ro CTPYKTypbl. Takoi BUJ KOpPpPO3UHM pa3BUBAETCi B OETOHE MOJ
JIeMCTBHEM  pPAacTBOPOB  Cyib(aToB, MNPUBOASAIIMX K  OOpa3oBaHHMIO  THIICA
(Ca50,+2H,0) wm cynpdoamomunara kanpius (3Ca0 - Al,0; -3CaS0, - 31H,0),
B ecTecTBEHHBIX YCIOBHSIX OYEHb PEIKO BCTPEUAETCS KOPPO3UsI KaKOro-audo OJIHOTO
BHJIa, OJHAKO BCErJla MOXET OBbITh YCTAaHOBJIEHO MpeoliagaHue Kakoro-indo OJHOTO

BHUJa Hal BCEMHU OCTAJIbBHBIMU.
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Kopposzus 6emona nepsoeo suoa

[Ipuxoas B KOHTaKT C BOJIOM, COCTABHBIE YAaCTU LEMEHTHOIO KaMHsS HAaYUMHAIOT
pacTBopsThCs. Hanbosiee pacTBOPUMBIM KOMITIOHEHTOM SIBJISIETCA TUIPOKCHU KalblIUs,
KOTOPBIN JIErKO yHOCUTCS (puibTpyromeicss Bojgoil. OgHaKko TUAPOKCHU] KajblUs He
TOJIBKO OOECIEUYMBACT BSDKYIIUME CBOWCTBA OETOHHOM MAacChl, HO SIBISIETCS €IIe U
PEryJIsTOPOM YCTOMYMBOCTH BCEX JPYTUX KOMIIOHEHTOB, TaKXke O001aIarommx
BSDKYIIIMMU CBOMCTBaMH. /€710 B TOM, YTO OCTaJbHbIE KOMIIOHEHTHI [IEMEHTHOIO KAMHS
YCTOWYHUBBI TOJIbKO mpu ompeneneHHoil koHueHtpauuun Ca(OH), B cucreme. Ilpu
UHTeHCUBHOM BbIMbIBaHMU Ca(OH), oOHHM Jierko pasjiaratorcs, BCJCICTBHUE YEro
OeTOHHAs Macca TepsIET BKYIIUE CBOMCTBA U pa3pyIIacTCs.

Haubonee croiikuMu sBiIS€TCS TUAPOCUIMKATHI Kaiblus. OHM MOJHOCTBIO
TEPSIOT BSDKYLIUE CBOMCTBA NpH CHUKeHMU KoHUeHTpauuu Ca(OH), oT HackIleHHOro
cocrosaue (1300 mr/m) mo 1100 wmr/m. I'mapodeppuThl KalbLMs YCTONYMBBI O
koHneHtparuun Ca(OH), ne wmenee 900 wmr/m. Hawubonee CTOWKUMH SIBIISIFOTCS
TUAPOATFOMUHATEI KAJIBIHUSA, KOTOPBIE PA3JIaratoTCs TOJIBKO IPU CHUKEHNUH COJIEPKAHUSA
THJIpOKCHIa Kaibliusl B OeroHe Hmxke 560 wmr/a. ['mapoamtroModeppuThl KajlbLius
BHayaJle pasjiaratoTcsi Ha TUAPO(EpPpUTHl U TUAPOATIOMUHATHI KalblMs, a 3aTEM OHH
TEPSAIOT BSUKYLIME CBOVMCTBA IO BBIIENPUBEICHHON CXEME.

HNanbHeitmee camkenue conepxkanus Ca(OH), B 6eToHe MPUBOIUT K MOIHOMY
Pa3N0KEHHUIO BCEX KOMIIOHEHTOB, OT KOTOPBIX 3aBUCUT POYHOCTh OETOHA, OJIHAKO €I1Ie
33101r0 JO 3TOr0 ILEMEHTHBIM KaMEHb TEpsSeT MEXAHMYECKYI0 IPOYHOCTh U
pazpymaercs. Iloaromy Bce mpoleccsl, BIMSAIOIMIME HA CKOPOCTh BbIMBIBAaHUS
TUAPOKCUIA, OynyT OKa3blBaTh ACHCTBME Ha CKOpocTh Koppo3uu [ Buma. Takum
BIIMSIOUIUM (PAKTOPOM SIBJIIETCS HAJIMYME B (PUIBTPYIOLIEHCS BOJIE PA3IMYHBIX HOHOB.

OueHuTh uX BIMSIHUE MOKHO, pacCUUTaTh HOHHYIO cuily pactBopa I mo ¢popmyse (1.3).
=5 2m, 2. t3)
29

rae M — MOJIsIpHAs KOHLCHTpalUsAd KaXAO0ro HMOHa, IPUCYTCTBYIOIICIO B

pacTBope (MOJIB/JT)
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Z — 3apsi/ KaXJ0ro MoHa

UeM BbIlllE MOHHAS CUJIa arpECCUBHOM CpPEAbl, TEM CKOPOCTh Kopposuu | Buma
Bbilie. OJIHAKO 3HAYEHUE MOHHOW CHJIBI PACTBOpPA BEJIMKO MPU MENJIEHHOM TEYEHUU
KUJIKOCTH, TAK KaK B 3TOM CJIy4ae BO3MOYKHO JIBIDKEHUE paBHOBecHUs B cucreme. [Ipu
OBICTPOM TEUYEHUHU MOTOKA PACTBOP HE YCIEBAET JOCTUTATh HACHIIIICHHOTO COCTOSHUS U
BJIMSIHUE MOHHOW CHJIBI PacTBOpa NaJacT.

OT ckopocTH (PUIBTpAlMA arpecCUBHOM Cpeabl 3aBUCHUT HE TOJIBKO BIIMSHUE
MOHHON CHWJBI PacTBOpa, HO M CKOPOCTh BBIMBIBAHUSI THUIPOKCHIA Kalblus, C
coJiepKaHUEM KOTOPOTO U CBS3BIBAIOT CKOPOCTh KOPPO3UH nepBoro Buaa. ['padudecku
3aBUCUMOCTH mpoiiecca BeiMbiBaHre Ca(OH), 0T cKOpoCcTH NOTOKA MpECTaBIeHa HA

pucyHke 1.

[Ipu ManbIX CKOPOCTSIX TEUEHUE KUJKOCTU OHA YCIIEBAET IOCTUYb HACBIILIEHHOTO
coctosaus no Ca(OH), u BbITEKaroLEed pacTBOp YHOCUT U3 OeToHHOM Macchl 1300 mr/n
Ca(OH),. Dtomy cootBercTByeT yuactok AB. Ilpm yBenmuueHUH CKOpOCTH TOTOKa
pacTBOp HE YCIEBAET JOCTUraTh HACBHILIEHHOTO COCTOSIHUSI M KaXKIbIM JHUTP BOJBI

yrocut He 1300 mr Ca(OH),, a MeHbIIIe.

C

Tm
o

a b 2 d v

Pucynok 1. 3aBucumocts copepxxanus Ca(OH), B punbrpyrometics sxunkoctu C

OT CKOPOCTH MoTOKa V.
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[ToaToMy ckOpocTh KOoppo3uu niepBoro Buaa nagaet (yuactok BE). Hakonen, npu
JOCTaTOYHO OOJIBPIIUX CKOPOCTSIX (PHIIBTpAliiid MHTEHCHUBHOCTH BhIMBbIBaHHS Ca(OH):
NPAKTUYECKU MEePEeCTaeT 3aBUCETh OT CKOPOCTU TEUEHHUsS BOJbI, TaK KaK MOTOK MOXKET
BBIMBIBATh TOJILKO TO KOJIMYECTBO IMAPOKCU/IA, KOTOPOE JTOCTABISETCSA B 30HY KOHTAKTa
3a cuer auddys3un. Tak kak ckopocTh Mudy3un NpU MOCTOSIHHON TeMIlepaType
MIOCTOSIHHA, TO U CKOPOCTh BBIMBIBAHMSI, 3aBUCAILAS OT CKOPOCTH NU(PGY3UHr, BEIXOAUT
Ha nocrosinHoe 3HaueHue (ydactok CJI).

Eme omanum (axTopoMm, BIHSIONIMM Ha CKOPOCTh Koppos3uu | Buma, siBisercs
nporecc kapOoHmszanuu OetoHHOW Macchl (1.4), MPOUCXOAANIMKA TIMOJ JCHCTBUEM
YTJIEKUCIIOTHI BO3/AyXa!

Ca(OH), +CO, —CaCO, { +H,0 (1.4)

B pesynbraTe sTOrO mpoiecca MOBEPXHOCTh B KaNWUISIpax W IMopax OeToHa
MOKPBIBAETCS CJIOEM TPYAHOPACTBOPHUMOW coiM — KapOoHaTta Kaiblus. CKOpOCTb
pacnpocTpaHeHus mpolecca KapOOHU3ALMK B TOJILY O€TOHHOW KOHCTPYKUHU 3aBUCUT
OT IPOHUIIAEMOCTU OETOHHOU Macchl. YeM OoJiee MI0oTeH OETOH, TEM €ro KapOooHu3alus
uner wmenneHHee. KapOoHwusanusi OETOHOB BBICOKOW IIJIOTHOCTHM OTPaHUYMBAETCS
TOHKHUM MOBEPXHOCTHBIM CJIOE€M U MPAKTUYECKU HE PACIIPOCTPAHSIETCS BIUIYOb.

Kpome mnponuriaemoctd 6eTOoHa Ha CKOpPOCTh Mpoliecca KapOOHU3aLusl BIHSET
KOHLIGHTpalusl YIJIEKUCIOThl B BO3AyXe. B MpOMBINIIEHHBIX pailoHaxX KapOOHU3aIMs
uaer ObIcTpee, YeM B CEJIbCKOW MecTHOCTH, rae KoHueHtpanus CO; B aTtmocdepe
3HAYUTETBHO HIXKE, elle MEJIEHHEE CKOPOCTh MpoIlecca Mo OeperaM Mopei.

Cy1iiecTBeHHOE BIMSHHE Ha MPoLecc KapOOHU3AIMK OKa3bIBaeT TaKkKe BaXXHOCTh
aTMocepsl, Tak Kak B 3TUX YCIIOBHUSX MpoIiecc MpoTekaer no peaxkuuu (1.5).

CaCO, +H,0+C0, — Ca(HCO, ), (1.5)

['uapokapOoHaT Kajblvs, 0Opa3yIOIIMICS B 3TOM cCllydae, UMEET 3HAUYUTEIIbHO
aydiyro  pactBopuMocTh, 4deM (CaCQOs;. Kak moxkaszamum wuccrienoBaHus, KapOOHAT
KaJIbI[Usl 00pa3yeTcs TMpU OTHOCUTEIBHOM BIAXHOCTH Bozayxa g0 50%, mnpu

OTHOCHUTENbHON BiaxkHocTn Topsiaka 100% oOpasyercss Toiabko THApokKapOOHAT
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kajbiusa. OOpasyrommecs npu kapoonusaiuu CaCO; u Ca(HCOs3); BaustioT Ha
CKOpPOCTh TIpollecCa KOPPO3UU TNEPBOrO BHUAA MO-Pa3HOMY: TPYAHO PAaCTBOPUMBIMA
ocaniok CaCO3 3HauuTENBHO CHUXAET CKOpocTh BhiMbIBaHMS Ca(OH),, T.e. ckopocTh
Koppo3uu nepBoro Buja. CpaBHUTENbHO JerkopacTtBopuMbiii Ca(HCO3), mpakTuyecku
HE CHIKAET CKOPOCTH 3TOT0 Mpoliecca.

PactBopumocts CaCO3; mpu mpouyux paBHBIX yciaoBusax npumepHo B 100 pas
Hwke, yeM Ca(OH),. Iloatomy oOpa3oBaHue IUIGHKHM KapOOHATa KalbIUus Ha
MOBEPXHOCTH KAMWUIIPOB U TMOpP OETOHHOW Macchl JIOJKHO CHIXKATh CKOPOCTh
KOPPO3HUH TIEPBOTO BHUIA IPUMEPHO B TAKOE K€ KOIMUECTBO pa3. OHAKO, MOITYyYEHHBIE
MPAKTUYECKUE PE3YJIbTaThl TOKA3bIBAIOT, UTO IMOBBIIICHUE CTOMKOCTH O€TOHA MpHU
KapOOHM3alMU HAOIIOJAeTCss ATOT (aKT TeM, 4TO O0Opa30BABIIMIICS HA MOBEPXHOCTH
KapOOHATHBIA CJOM HMMEET JOCTAaTOYHYIO MMOPUCTOCTh, MO3TOMY YEpPE3 €ro IMOphl
MPOIOJIKAET BBIIIEIAYUBATHCS TUAPOKCU]] KAJIbIUs, YTO U HE MPUBOAUT K BBIUTPHIILY
crorikoctu B 100 pas.

CHIXEHUE CKOPOCTH KOPPO3UM B ATOM CIIy4ae pacTeT C YBEIMYCHUEM TOJIIUHBI
kapOonatHoro ciosi. Kpome cHuxenuss ckopoctu BeimenaunBanus  Ca(HO),
obpasyromuiit CaCOs3; TOBBIIIIAET TakXKe IJIOTHOCTh OETOHA, TaK Kak 3aIloJHSCT IOPBI
O0eTtoHHOM Maccel. Takum 00pa3oM MOXHO CYHMTaTh, YTO MpolecC KapOOHU3aLUU
TOPMO3HUT KOPPO3UI0 OETOHA MEPBOTO BUA U MOBBIMIAET XUMUYECKOE COMPOTUBIICHUE
OETOHHOM MaccChlI.

Omnako mporecc KapOOHM3AaMU  CIHOCOOCH OKa3blBaTh W HETAaTHBHOE
BO3JICHCTBHE, €CIIM PEUb HJET O KeJIe300€TOHE, UMEIOIIUM CTABHYIO apMaTypy. ITO
CBSI3aHO C TOHI)KEHUEM IIEJIOYHOCTH OETOHHOW MacChl B Pe3yJbTaTe CBSI3bIBAHUS
Ca(OH); B CaCOs. ITpu stom pH maccer magaer ¢ 14 no 9. Ho crambhHas apmatypa
HaXxOJUTCS B MACCUBHOM COCTOSIHUM TOJBKO npu pH 14. CHm>keHue 3TOM BEITUYUHBI
MPUBOJUT K YBEJIUYCHUIO CKOPOCTH KOpPpo3uu cTaiu. [IpoayKkThl KOppo3uu HMEIOT
3HAYUTETHHO OONBIIUNA O0BEM, YTO MPUBOJMUT K OTCIAWBAHHMIO OCTOHHOM MAacChl OT

apMarypsl, T.€. K pa3pyIICHHUIO JKele300eToHa.
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Kopposuu 6emona emopozco suoa

OTanumeM KOppo3uu OETOHA BTOPOIrO BHJIA OT MEPBOTO SIBISETCS MOCIOMHON
CTpaBJIMBaHUE OETOHHOM MacChl M3-3a 00pa30BaHMS JIETKOPACTBOPUMBIX MPOTYKTOB
KOPpO3uH. DTO HAanOoJIee YacTO BCTPEUAIOIIUIICS BUJT pa3pyLICHUS.

K 3TOoMy BuAY KOPpPO3HUH OTHOCUTCS YTIEKUCIOTHAS KOPPO3USs, PA3BUBAIOIIASACS B
OeToHe Mo AEUCTBUEM IPYHTOBBIX BOJI, COJIEPKAIIMNX YTIECKUCIOTY. Y TJIIEKUCIIBIE BOJIbI
ITUPOKO PACIpOCTpaHEeHbl B mpupoje. VCTOYHMKOM OOOTaleHUs MPUPOTHBIX BOJT
YIJIEKUCIBIM Ta30M SIBIISIETCS pa3iuyHble OMOXMMHUYECKHE Tpolecchl. ATMocdepa
TaKXe COACPKUT ONPEAEIEHHOE KOJUYECTBO YTIEKUCIIOro ra3a, OJHAKO B NPHPOIHBIX
BOJIaX €ro COAEPKaHUE 3HAYMTEIBbHO BBIIIE U MPOLECC NOTIIONICHUS €r0 U3 BO3lyXa HE
WIpaeT 3aMETHOW POJIK. YTOJIbHAsl KHUCJIOTA JIBYyXOCHOBHAs M JUCCOLMUPYET B JBE
CTaJN.

PaBHOBecue 4acTHIl B pacTBOpe Ompeeisercs KoHIeHTparued monoB H' . B
KUCJION cpefie MOHBI CO3% OTCYTCTBYIOT IIOJHOCTHIO. B HE3HAYUTENILHOM KOIMYECTBE

OHM MPUCYTCTBYIOT B cnadoienounoit cpeae (pH 8,5) u Tonbko nipu pH >10,5 aHUOHBI

CO3™ siBIIsIETCS OCHOBHO dbopmoii. [TosToMy B HayaIbHBIA MOMEHT BPEMEHU KOHTAKTa
O0eToHa ¢ yriekuciion Boaou pH cpeapl nMeeT MUHMMAaJIbHOE 3HAYE€HUE, TIPU KOTOPOM
BO3MOKHO 00pa3oBaHUE TOJBKO THUIPOKapOOHAT HMOHOB. ['MapokapOoOHAT KaibLus
CPaBHUTEIBHO JIETKO PACTBOPHM, 3HAYUT OETOHHAs Mmacca OyJeT HWHTEHCHUBHO
paspymatecs u3-3a nepexoma Ca(HCOs), B pactBop. Ecnu cpema HemoaBmkHa U
MPUTOKA CBEXKEH YIVIEKUCIOTHI HET, TO TMPHU CBSI3bIBAHUM YIJICKUCIOTHI B
rugpokapooHat kanbius pH cpeapl OyAeT yBelIMUMBAaTHCS U B KaKOM-TO MPOMEXKYTOK

BpeMeHHu mpu noctkeHnn pH 8,5 nemaercs BO3MOXKHBIM CyIIECTBOBAHMEM HMOHOB

CO;™ | uro mpuBOAMT K 06pasoBanmio CaCOs. KapGoHaT KalbLys HIMEET 3HAYHTEIBHO
MEHbBINYI0 pacTBOpUMOCTh, ueM Ca(HCO3)2, mo3ToMy OH OyIeT BBIACIATHCSA B TBEPIYIO
(da3y Ha TOBEPXHOCTH IIEMEHTHOTO KaMHsS B BHJE TUICHOK. Korma Bcs cBOOOmHAs
yIIeKHuCIIoTa OyeT cBsi3aHa B BUC KapOOHATa KajbIvs, Yepe3 MOPhl M HEMJIOTHOCTH

ATOM IJICHKH 6YJICT BBLICIIATHCA B paCTBOP THAPOKCHU KAJIbIHA U3 OCTOHHOM MaccChl.
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Ecnu moTOK rpyHTOBBIX BOJ JIBHJKETCSI HEMPEPHIBHO M MTOCTOSTHHO 00ECIIeYrBaeT
MIPUTOK CBEXXETO pPacTBOpa YTrOJIBHOW KHCIOTHI K MOBEPXHOCTH OETOHA, TO TPOIECC
KOPpO3uH OCTOHHOM MAacChl OyJIeT UATH HEIPEPHIBHO, T.K. 00pa30BaHUE TOPMO3SIIETO
nmporecca KapOOHaTa Kajblldsg HE IPOMCXOAUT, W KOHCTPYKIIMS B pe3yJbTaTe
VTIEKUCIOTHON KOPPO3UH MOXKET OBITh MOJTHOCTHIO Pa3pyIIeHa.

Kpome pacTBOpeHHON B BOJE YIJICKHCIIOTHI pa3pyliecHHe OeTOHa MOXXET OBITh
BBI3BAHO JCHCTBHEM M JIPYTUX KHCIOT. DTH MPOIECCHI TAKKE OTHOCSTCS K KOPPO3UHU
BTOPOT'O BH/JIA.

beroHn OyneT MHTEHCHBHO pa3pyllaThbCsd BCEMU MHUHEPATbHBIMH KHUCIOTAMH TIO
cxeMam (1.6).

Ca(OH), +2HCI — CaCl, +2H,0
U Jp. (1.6)
Ca(OH), +2HNO, — Ca(NO, ), +2H,0
[To Takoii ke kucimoTHOM cxeme (1.7) maer mporecc KOppo3WHM M B pacTBOpax
TUAPOJIM3YIOIIUMXCA COJIEH, JAKUIMX B PE3YJbTATe TUIAPOJIU3A COOTBETCTBYIOLIYIO
KHUCJIOTY:

Ca(OH), +2FeCl, — 3CaCl, + 2Fe(OH), (1.7)

Jlpyrue KOMIIOHEHTBI [IEMEHTHOTO KaMHS Tak)Ke IMOJBEPrarOTCs Pa3pyIICHHIO B
KUCIBIX cpenax (1.8).

CaO- Si0, - H,0+2HCI — CaCl, +SiO, +2H,0 (1.8)

MoryT BBI3BIBaTH KOPPO3UI0 OCTOHA M OPraHWYCCKUE KHUCIIOTHI, TaKhe Kak

YKCYyCHas, MOJIOYHAA, MaCJIsIHAsA U JPYIUc:

Ca(OH), +2CH,COOH —» Ca(CH,COO), +2H,0
Ca(OH), +2C,H,0COOH — Ca(C,H,0COO0), +2H,0 (1.9)
Ca(OH), +2C,H,COOH — Ca(C,H,COO0), +2H,0

Jlaxke pacTBOpPbl MHOTOAaTOMHBIX CHHPTOB, HampuUMep, TJIMLEPUHA, MOTYT
NPUBOJUTH K Pa3BUTHIO KOPPO3HUU BTOPOro Buna, oaHako mpouecc (1.10) uaer oueHsb
MEIJIEHHO.

Ca(OH), +2CH,,0H — CHOH — CH,,OH — Ca(CH,0 — CHOH — CH,,0H), +2H,0 (1.10)
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K mporeccy koppo3uu BTOpPOro BHAA OTHOCHTCS M paspyllieHHe OETOHOB B
pacTBOpax IIeI0Yeil, HECMOTPS Ha TO, YTO OCHOBHOM KOMITOHEHT OCTOHHOW MacChl —
Ca(OH); Toxxe oTHOCHUTCS K Kiaccy mienodyeit. OqHako 3TO He 03HAYaeT, YTO IIEJIOYHBIE
pacTBOpPbI O€3BpEAHBI sl OETOHA.

JleticTBre mmIenoyeit 3aBUCUT OT WX KOHIeHTparnuu. Ciaadble pacTBOPHI IMIeI0Ueh
yaiie BCEro He BhI3bIBAIOT pa3pylieHue 0eToHa. Pa3zpyiiieHne B 3TOM cily4yae BO3MOKHO
TOJIBKO 3a CYET HAKOIUICHUS 3HAYUTEIHHOTO KOJWYECTBA KapOOHAaTa KaJbIHs,
oOpa3oBaBIerocsi npu KapOoHM3aluu OeToHa YriekuciaoTod Bo3ayxa. C pocTom
KOHILICHTPALIMU IIEJIOYU C OJHOW CTOPOHBI 3HAUUTEIBHO CHHXKAETCS PACTBOPUMOCTH
TUIPOKCHUAA KAJIbLHMS 3a CUET NPUCYTCTBUSA 3HAYUTEIBHOTO KOJIMYECTBA OJITHOCEMSHHBIX
TUAPOKCUA-UOHOB, C JPYroM CTOPOHBI PE3KO BO3PACTAET PACTBOPUMOCTH JPYTUX
KOMITOHEHTOB LIEMEHTHOTO KaMHA — THUAPOCUIMKATOB U THAPOATIOMUHATOB KAJIbIUA
coryiacHo cxemam (1.11)

CaO- Al O, -4H,0+2NaOH — 2Na[Al(OH), |+ Ca(OH),
CaO-SiO, - H,0+2NaOH — Na,SiO, +Ca(OH), + H,0

(1.11)

OOpasyromiuecs: MO peakiusM IIeJ0YHO3EMENbHbIE CHUJIMKAThl M aTlOMHUHATHI
JIETKO YAQJISIOTCS TTOTOKOM >KHJIKOCTH, TaK KaK OHU 3HAYUTEIBHO JYUIlle PACTBOPHUMBI,
YeM MCXOHBIC BEIIECCTBA.

[Ipu oreHKEe BO3MOKHBIX pa3pylmICHWH B pacTBOpax MIEIOYEH CIIETyeT TakkKe
y4eCcTh HaJIMYue UCHApSIONed TOBEPXHOCTH B OETOHHOW KOHCTPYKIIMHU, T.€.
MOBEPXHOCTH KOTOpasik MOXET HarpeBaThCsl COJIHIIEM, B pe3yslbTaTe 4Yero ¢ OSTOH
MMOBEPXHOCTU MOXKET UJTH UCTIAPEHHE BOJIbI U3 PACTBOPA IICJIOYUH.

[Ipyn Hamuuuu ucHapsIomed TMOBEPXHOCTH JaXke ciabble pacTBOPHI IeNouei
MOTYT BBI3bIBATh 3HAUUTEILHBIC Pa3pyIICHHUS.

Kak mro0oit mopucteiii Marepuan, OeToH OyneT MPOMUTHIBATHCS PACTBOPOM
mienoun. [Ipu ucmapeHun BOJbI ¢ HAPYKHOW MMOBEPXHOCTH BCIICIACTBHC KAMILIIPHOTO
nmojicoca OyaeT MPOWCXOJIUTH JBM)KCHHS PAcTBOpAa INEJIOYHM B CTOPOHY HCHAPSIONICH

IMIOBCPXHOCTH.
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CKOpOCTh TaKoro JBWXKEHUS OYyJeT 3aBUCUT OT TpajJueHTa TeMIEepaTyphl,
MIOPUCTOCTU OETOHA, TOJIIMHBI CTEHKHM KOHCTPYKIIMM U CBOMCTB pacTBopa. Jlaxe ecinu
HavyaJIbHAsl KOHCTPYKILHMS IIeJIour Obl1a HE OOJBIION, TO pacTBOP, MOCTyHAIOMIEH MO
KaNWwUIIpaM K BHEIIHEH IMMOBEPXHOCTH, MPHU HUCIAPEHUH BOJbl KOHIIEHTPUPYETCS U
JEIUTCS BO3MOXHBIM TPOTEKAHHE BBINICHPUBEACHHBIX PEAKIUM, BBI3BIBAIOIINX
pa3pylleHne 3a cueT 00pa3oBaHUsl JIETKOPACTBOPUMBIX IIEIOUHO3EMENIbHBIX CUIMKATOB
Y aJTIOMUHATOB.

KpoMe TOro, KOHUEHTPUPOBAHHBIA PACTBOP IIEJIOYM HAPYKHOW IMOBEPXHOCTHU
UcHapsomel CTeHKd OyJIeT B3auMOJEHCTBOBATh C YIVIGKUCIOTOW BO3JyXa C
0o0pa3oBaHUEM TPYJIHO pacTBOpuMOro kapoonara kanbius. Kpucramnuzamus CaCOs B
opax MOXET MPUBECTH K BO3HHUKHOBEHUIO 3HAYUTEIIBHBIX Pa3phIBAIOLIUX YCWIHN U
pacTpecKUBaHUIO OETOHA.

Paznuumne B KOHIICHTpAIIMHU IIEJIOYH B IMOBEPXHOCTHOM CJIo€ OETOHA U y €ro
BHYTPEHHEW CTEHKH MPUBEAET K PAa3BUTHI0 OCMOTHYECKUX SBJICHHM, YTO BBI30BET
JIOTIOJIHUTEIIbHBIE Pa3pyIICHUs 32 CYET OCMOTUYECKOTO JaBJICHUS, T.€. OCMOTHYECKOU
Koppo3un. B cuity neictBusi Bcex 3Tux (aKTOPOB Jiaxke ciadble pacTBOPHI HIEIOYEH
MIpY HATUYUHU UCTIAPSIONIEH TOBEPXHOCTH OYAYT BBI3BIBATH pa3pylieHHe OeTOHA.

Koppo3zus 6emona mpemuvezo 6uoa

OCHOBHBIM MPHU3HAKOM IIPOIIECCAa KOPPO3UU TPETHETO BUJIA SIBISETCS HAKOIIJICHUE
B MOpax M Kanmwuisipax OeToHa KpucTawioB cosieil. OHM MOryT oOpa3oBaThbCsl Kak
BCJIEJICTBUE XMUMHUYECKOTO B3aMMOJICVCTBHS LIEMEHTHOTO KaAMHS C arpECCUBHOM CPEIIOH,
TaK M BCIEJICTBUE IIOCTEIIEHHOTO TMEPEChIXaHUsI PacTBOpa, IPU BBICBIXAHHUE.
Kpucrannuzanus 1 HaKOIJIEHUE COJIeH BBHI3OBET 3HAUYMTENIBHBIC PAa3phIBAIOIINE YCUITUS
B KalUIApax U Kak pe3yJibTaT — pacTpecKuBaHUe OETOHHOM MacCHhl.

[Iporecc Koppo3uu TPETHETO BUJIA OTIMYACTCS OT MEPBbIX ABYX. [Ipu koppo3uu
IIEPBOr0 W BTOPOTO BHJIOB pa3pylIeHUE IIEMEHTHOIO KaMmHsl OBLJIO CBSI3aHO C MPSMbBIM
PacCTBOPEHHEM €ro COCTaBHBIX dYacTeil, JUOO C pacTBOPEHHUEM OO0Pa30BABIIUXCS

MPOAYKTOB peaknuu. Ilpu Koppo3uu TpeThero BuAa pa3pylIeHHUE HIET 3a CYeT
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oOpaTHOro mpoiecca — KpHUCTaJIM3anus cosie. Ha HadanbHBIX CTagusiX pa3BUTHUS
ATOTO TIpoIecca HaOMIOMACTCS Jake HEKOTOPOe YIydIleHHE XapaKTePUCTHUK OeToHa,
YTO CBS3aHO C MOBBIIIEHUEM €r0 MUIOTHOCTHU MPH 3aMIOJIHEHUH TIOP COJSIMH.

[TOCKOJIbKY KpUCTAIIM3AMS COJEN IPU KOPPO3UU TPETHETO BUJIa HAUMHAETCS B
MycToTax OeTOHa, TO JJISI Pa3BUTHUSL 3TOrO BUJA KOPPO3HHM BaKHA HE TOJBKO OO0IIas
MOPUCTOCTh MAacCChl, HO U KOHGUTypalusi U B3aMMHOE pacnojiokenue mop. Kak yxe
OTMEYaJIOCh BBIIIE, TIPH M3TOTOBJICHUN OCTOHHOW MacChl Boga OepeTcsi B U30BITKE IS
NoJIy4eHHs yA00OyKIaibiBaeMoi cMecu. beToHHas Macca ipu yKjIaJKe YIJIOTHSIETCS C
MOMOIIbI0 BUOPATOPOB W M30BITOK BOJABI MPU 3TOM OTKHUMAECTCS K HAPY>KHBIM
MMOBEPXHOCTSIM KOHCTPYKIIMM, 3amojiHssi mycToThl. Ellle 10 3aTBepaeBaHusi O€TOHHOU
Macchl ATa BOJa HachlllaeTcs Hanbosee JIETKOPACTBOPUMBIM THIAPOKCUIOM KaJbIHS U
Mo, HapY>KHOM TOBEPXHOCTHIO  M3JEHUs O00pa3yroTCsI MECTHBIE  CKOILJICHUS
HacbleHHoro pactsopa Ca(OH),. UMeHHO B MecTax MECTHBIX CKOIUJICHUN THAPOKCHUAA
KaJIbI[Msl B TEPBYIO OYEpEIb M HAYMHACTCS KPUCTAIUIM3AUS TPYAHO PACTBOPUMBIX
coJieil, oOpaszyronuxcsi npu xumuueckom B3aumojerictBun Ca(OH), ¢ kommoHeHTaMu
arpeCCUBHOM CPEJIBL.

Haubonee  monaBep»eHbI  KOPPO3WMM  TPEThEro  BHUJA  KOHCTPYKIIHH,
AKCIUTyaTUpyIomuecs: B cyibdaTHbix Bogax. Cpenau pacTBOPEHHBIX CYJIb(PaTOB MOTYT
ObITh cynbGaThl HATpUsl, Kajdus W MarHusa. [WApOKCHUI KaibIMsi B KOHTAKTE C
cyJib(aTHBIMU BOJaMU 00pazyeT TPYJHO PAaCTBOPUMBIN JIByXBOJHBIN CyJb(aT Kaablus
— rurc. [1oaToMy 3TOT TUIT KOPPO3UHU TTOTYUHIT Ha3BaHUE CyJIb(ATHON WU TUIICOBOM.

JetictBue cynb(haTHBIX BOJ Ha OCTOH SBJISETCS OJHHM W3 HamOoJiee OIMacHBIX B
KOPPO3MOHHOM OTHOIIEHWM CJIy4aeB, TaK KaK MPU 3TOM YCKOPSIOTCA BCE TPU BHUJA
KOpPpO3UHU:

- TIPUCYTCTBHUE CYJIbh(HATOB CIIOCOOHO TOBBIINIATE PACTBOPUMOCTH COCTABHBIX
yacTeld LIEMEHTHOIO KaMHS 34 CYET YBEJIWYECHUsS UOHHOW CUJIOM pacTBOopa. B cBs3u ¢
3THUM YCKOPSETCS Ipouecc koppo3uu [ Bua.

- B Cy.]'IB(l)aTHBIX BOJAaX BO3MOKHO PAa3BHUTHC OOMEHHBIX peaKHI/II\/’I, MMPUBOAAIINX K
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3ameHe katuoHa Ca?* ma Na' uam K* B Ca(OH), .O0pasyercs TMAPOKCH Kalus W
HATpHs 3HAYUTENBbHO OoJiee pactBopuM, yem Ca(OH)2, To ecTb ycCKOpsieTCs mpouecc
koppo3suu Il Buna.

- JIecTBHE CyNb(aTHBIX BOJ MPUBOJUT K OOpPa30BAHUIO TPYIAHO PACTBOPUMBIX
COJIEH, HAKAaIUIMBAIOUIMXCS B KaMWUIApaX M MOpax OETOHA, TO €CTh MPUBOAUT K
pazsututo kopposuu Il Buza.

Kpucramnuzamuss coneit B TBepAylo (a3dy HayMHAeTCS W3 HACHIIIEHHBIX
pacTBOpOB, T.e. ipu coaepxkanuu CaSO4~210 mr/n. OHaKo B pacTBOP IPU KOHTAKTE C
GetoHoM OymyT mepexoauTh MoHbI Ca’* W3 I'MApOKCHMAA KalblUs. IPUCYTCTBHE B
pacTBOpe JApPYTUX HMOHOB MOXET CMEIaTh KOHCTAHTY pABHOBECHS CHUCTEMBI U
pactBopumocth CaSOs yMeHblIaeTcs, T.€. KpUCTAUIM3alUsl THUIICA HAYHETCs
3HAUUTEIBHO paHbllIe, 4eM OyJleT AOCTUTHYTO €ro HaChIIIEHHOE cocTosiHue. MMeHHo
»ToT (pakT ObLI 3aduKcupoBaH npu ucciegoBanuu cuctembl Ca(OH), - CaSO, - Hy0,
T.€. caMa O0EeTOHHas Macca CrocoOCTBYET MPOTEKAHUIO KOPPO3HH TPETHETO BUJIA 3a CUET
BO3HMKHOBEHUS 3(hPEKTa «BhICAIMBAHMS TUIICA.

OnHOBpeMEHHO C Cynab(}aToM Kalblus B CyJb(ATHBIX BOAAX MOXET HUATU
o0pa3oBaHME KOMIUIEKCHBIX cojiell Kanblus. M3 ux uucina HauOosblliee BIMSIHUE Ha
CTOMKOCTh IIEMEHTHOI'O KaMHsI OKa3bIBAaIOT CyJb(oaatoMuHaThl Kanbluss. OHU MOTYT

KpPUCTAUIU30BAaThCSI B JIByX  MOAU(DUKALUSIX: 3CaO- Al,O, -CaSQO, -12H,0 u
3Ca0- Al 0O, -3CaSO, -30 —32H,0. Pa3pyiieHune OeToHa, BbI3bIBAEMOE KpHUCTAJIU3AIUEH

TUX COJIEH, Ha3BIBAIOT CyibhoanmroMUHATHON Koppo3ueid. Haubonee omacHa
KpUCTAJUIU3AIMs BTOPOM MOIU(UKAIIMU COJIU, TOJYYUBIIUM Ha3BAHUE «ITTPUHTHUTY.
OTa Ccoib COACPKUT MHOTO KPHUCTAUTU3AIMOHHBIA BOJBI M TIPH €€ 00pa3oBaHHUU
3HAYUTEIHFHO YBEJIMUMBAETCS 00BEeM ocajka, mpuMmepHo B 4 — 5 pa3. O0beM TBepAoi
(a3el Bo3pactaeT emie Ooblle K3-3a GOpMbI 00PA3YIONIUXCS KPUCTAUIOB. DTTPUHTUT
KpucTaum3yeTcsi B (OpMe TEeKCArOHATBHBIX TPHU3M, KOTOPBIE 3aTe€M CpaIUBAIOTCS

BepUIMHAMU, 00pa3ysi chepoUThl — KPUCTAIIBI C PA3BUTON MOBEPXHOCTHIO, TOATOMY
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KpUCTAJIM3AMs 3TOM COJMM NPUBOAUT K BO3ZHUKHOBEHHMIO 3HAUMTEIbHBIX HANPSHKEHUN
B OETOHE U €r0 OBICTPOMY PaCTPECKUBAHUIO.

OnHako, oOpa3oBanue 3TTpuHruTa (1.12) BO3MOXKHO TOJBKO M3 BHICOKOOCHOBHBIX
TUAPOATTFOMUHATOB KaJlbIUs:

3Ca0- Al,O, -6H,0+3CaSO, +25H,0 — 3Ca0- Al, O, -3CaSO, -31H,0 (1.12)

BBICOKOOCHOBHBIE  TMIPOATIOMHHATBHl  KaJblUsl YCTOWYMBBI TOJBKO IPHU
onpeneneHHo koHueHTpauuu Ca(OH), B OetonHoi wMacce. Ilpu cHuxeHuun
conepxkanust Ca(OH), onn paznararorcsi, 00pa3ysl IBYXKaJbLUHEBbIA T'MIPOATIOMUHAT,
oOpa3oBaHME 3TTPUHIUTA U3 KOTOPOTO HEBO3MOXHO. DTO U IOJOKEHO B OCHOBY BCEX

MCTOOOB 3alIUTEI OT CYHB(l)OaJIIOMHHaTHLIﬁ KOPPO3HUH.

buonoeuueckas xopposus bemona

Cpean pa3nuyHbIX BHUJOB KOPPO3UM OETOHA CIIEAyeT OTMETHTh pPa3pyLICHUE,
BBI3BIBAEMbIC MHUKPOOUOJOTUUECKUM BoO3AeHCcTBUEM. TakoW BHA KOPPO3UH MOMKET
HaOMIOAAaThCS B PA3jIMYHBIX I[OYBAX M B TPYHTOBBIX BOJIaX, BBHI3BIBAIOTCS OH
AKU3ZHENIEATEIbHOCTHI0 MUKPOOPTaHU3MOB U Ha3bIBAETCS OMOJIOrHYECKON KOPPO3UEH.

WMHTEeHCUBHOCTh pa3pylleHusi B MEPBYIO OYepeab 3aBUCUT OT BUAA OaKTEpHId.
CunbHee Ipyrux pa3pyliaroT IEMEHTHBIN KaMeHb cepoOaKTEPUH, OKUCIISIOLINE CEpY 10
cepHoi kucinoTbl. CepHasi KUCIOTa UHTEHCHUBHO pearupyer ¢ LIEMEHTHbIM KaMHEM B
pe3ynbTare pa3BUTUS KOPPO3HH BTOPOrO BUAA.

3HauuTENbHOE pa3pyllleHHe OeTOHa MOTYT BbI3bIBATh TaKKe aHa’pOOHbBIE
a30THO(UKCUPYIOITHE OakTepud, BBIJICTISIFOIINE B pe3yJbTare cBOEH
KU3HEAESITENbHOCTH MaclIiHylo KucioTy. OOpa3zytomiecs: cojin — OyTepaTbl — JETKO
PacTBOPHUMBI U YHOCATCS (PUIBTPYIOLIEHCS BOJIOH, T.€. pa3pylI€HUE MPOUCXOAUT TaKKe
3a CYET MNPOTEKAHHMsS] KOPPO3UM BTOPOro BHJAAa. OnacHel TakXe YpOJIUTUUYECKHE
OakTepuu, BBIACIAIONIME aMMHAK M YIJIEKHUCIOTY. YTJIEKUCIOTa BBI3BIBAET Pa3BUTHE

YTJIEKUCIIOTHOM KOppo3uu 6eToHa. AMMHAaK, B3aUMOJICHCTBYSI C KOMIIOHEHTaMU OETOHa,
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oOpa3yeT JEerkopacTBOPUMBIE KOMIUIEKCHBIE COJIM, NPUBOIAIIME K ObICTpOMY
pa3pyieHnio 6E€TOHHON MacCHI.

BbI3bIBalOT OMOJIOTMYECKYIO KOPPO3UI0 OETOHA MUKpPOOPTaHW3Ma, UCTOYHHUKOM
OUTaHUS KOTOPBIX CIYyXKaT pa3Hble HEOPraHWYECKHe BEIIeCTBAa. JTa TIpymna
MUKPOOPTaHU3MOB MOJYYHJIO Ha3BaHHUE «JTUTOTPO(BI», UTO B MEPEBOJE C IPEUECKOTO
OYKBaJIbHO O3HAYAET «IUTarouIecss kKaMHAMW». OOHM U3 HHUX CIIOCOOHBI YCBauWBAaTh
yIAEPOA U3 YIIIEKUCIOTHI BO3/1yXa, HO UM, B OTJIMYME OT PACTCHUM, HE HyKHA JIJIsl 3TOTO
COJIHEYHas sHeprus. Jpyrue MoryT ycBauBaTh a30T M3 BO3[yXa, HE MEPEBOJS €ro B
pacTBopuMoOe cocTosiHue. TpeTbu ciocoOHbI U3BIEKaTh GOCcHOp U3 MUHEPAJIOB, YETO HE
MOTYT JelaTh IPYTHe J>KUBBIE OpPraHM3Mbl. Tak Kak yCBaMBaHHWE HEOPTaHUYECKUX
BELIECTB OaKTEpUsIMU CBS3aHO C NMPOTEKAHMEM XMMUYECKUX peaklMil B UX Ouomacce,
UX €IIIe Ha3bIBAIOT «XEMOIUTOTPOGaMM».

XeMoauToTpopsl — HEeoObIYHas (opMa CylIeCTBOBaHUE XMBOW Marepuu. OHH
KUBYT TaM, I/I€ JKU3Hb B HalleM IIOHMMaHUU HEBO3MOXKHA, HAIPUMEpP B TOPSIYUX
reiizepax, npu Temmneparype Boime 350°C, npu gasnennn mo 1000 atM., Ha riuyOuHe
0osee 2,5 KM U T.II.

Haubonee paspymieHue OeTOHa BBI3BIBAIOT TaK Ha3blBa€MblEe CIU3UCTHIC
OanmIuIBl, CIOCOOHBIE YyCBaMBAaTh KPEMHHM MPSMO U3 MHUHEpaANoB. OHU TOXKE OTHOCATCS
K TPYIIIE XEMOJIUTOTPO(DOB.

Jns O60ppOBl ¢ OHMOKOppO3WEel B OETOHHYIO MacCy BBOJAT pa3IUYyHbIC
aHTHCENTUKM, TMOJABIAIOIIME pa3yiokeHus Oakrepuil. WHorma  aHTHCENTUKU
00pabaTbIBalOT TPYHT, TJ€ NPEANoiaraeTcs MOHTAX IIOA3EMHBIX OCTOHHBIX
KOHCTpYKIMH. OlleHKa OMOJOTHYECKON aKTUBHOCTU TPYHTOB M TPYHTOBBIX BOJ TEMephb

oOs3aTeNbHA MPU BCEX BUJIAX CTPOUTENBHBIX PadoT.

Brusinue memnepamypul Ha Koppo3uto 6emoHna
beroH, kak mob6oe KanmuUIIPHO-TIOPUCTOE TEJIO, JIETKO aJCOpOMpYeT Blary u3

Bo3yxa. OT BJIAXKHOCTH OETOHHOW MAacChl 3aBUCUT WMHTEHCHUBHOCTH KOPPO3MOHHBIX
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nporeccoB. Ho BIaXXHOCTh BO3/lyXa CBSI3aHA C €ro TEMIIEPATypoOM, T.€. pedb HIET O
TEPMOBJI&)KHOCTHOM BO3J€HCTBUM Ha OeToH. I[Ipu HEU3MEHHOM TEPMOBIAKHOCTHOM
peKUME YCTaHABJIMBAETCS PaBHOBECHE MEXAY OKpyKarouied cpeaod u OeTOHHOMU
Maccou.

Opnako O€TOHHBIC KOHCTPYKIIMHM TPAKTHYECKH BCET/a OSKCIUTyaTUPYIOTCS B
YCIIOBUAX, JIOMYCKAIOIIUX KoJIeOaHUsI TeMIepaTyphl: CE30HHbIE (3UMa — JIETO),
CYyTOYHBIE (J€Hb — HOYb) M TEXHOJOTHYECKHE (HapUMep, MePUOINYECKOE 3aM0THEHNE
€MKOCTHU TOPSTYUM PACTBOPOM).

KpoMe wu3MeHEHHs JMHEHWHBIX pPa3MEPOB KOHCTPYKIMHU, 3aBUCSIIETO OT
Ko3(pduleHTa TEPMHUYECKOrO0 pacHIupeHus OETOHHOM Macchl, B O€ToHE mpH
KOJICOaHUSIX TeMIIepaTyphl MOXKET MPOUCXOIUThH UCIIAPEHUE BIIATH, €€ 3aMep3aHue Mpu
MOHM>KEHUH TEMIIEpaTypbl WM KOHAEHCAIMKA IapoB BOJbL. Bce 3TO mpuBeaer k
MOSABJICHUIO HECTAIMOHAPHBIX IMOTOKOB MAPOB BOABI U TOPOBOM KUJIKOCTH, YTO MOXKET
COMPOBOXKAATHCS (Pa30BHIMU U XUMHUYECKUMU TIPEBPAILICHUSIMH B CUCTEME.

[Ipy TOBBIIEHUU TEMIIEPATypbl OKpYKaroliel cpeabl OyIeT MPOUCXOIUTh U
MOCTENICHHOE TIOBBIILIEHUE TEeMIEpaTypbl B TOJdIIe OeTOHAa. ITO TMPUBEAET K
YBEJIIMYEHUIO YIIPYTOCTHM NApOB BOAbI, TAK KaK HAYHETCS €€ UCIIApEHUE U3 IMOPOBOU
KUJIKOCTH. JIBMKyIlleW cwiod 5Toro mporecca OyAeT TPaJIueHT NapiuOoHaTbHBIX
JNABJICHU BOJSHOIO mapa. DTOT MNPOLECC JOJKEH COMPOBOXKIAATHCA MOSBICHUEM B
OeTOoHE pacTAruMBarolmux HanpsbkeHud. OJHAKO Ha MEPBBIX MOpPax ATO HE BHI3BIBAET
3aMeTHBIX Jedopmaruii B O€TOHE, TaKk KaK OJHOBPEMEHHO C HCIAPEHUEM BOJIbI
MIPOUCXOUT M HEKOTOPOE PACIIMPEHUE TBEPIIOTO CKejleTa OETOHHON MacChl, TOITOMY
3aMETHOTO pOCTa JIaBJIEHUS B CHCTEME HE HaOI0JaeTCsl.

VYnanenue BOAbI NMPUBOAUT K IOBBIIICHUIO KOHLEHTPALMU COJIEM B IMOPOBOMU
KUJIKOCTH, YTO BBI3BIBACT HAPYLICHUE PABHOBECHUS MEXAY IOPOBOM >KUIAKOCTHIO U
cTeHkamu 1op. [Ipu goCTHMX)EHUU TpEeaeabHOM KOHLEHTPALUU COJICH, COJIepKAIINX B
MOPOBOM KHUIAKOCTH, HAYHETCS WX KpUCTAJUIH3alldsg B OCTOHHOW Macce. 3HAUWT, TPU

sTOM OyzeT pa3BuBatbesa kopposuu 111 Bua.
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VYBenuueHue KOHIIEHTPALMU BOJIbI U3 T'ellsl KPEMHEBOW KUCIOTHI B MAKPOIIOPHI U
YAAJICHUE €€ BCJIEICTBHE HCIAPEHUS, CONPOBOMKIAIOLIEECS CHKATHEM Telsl. JTO YXKe
OyJeT IPOSBIATHCS OCMOTHYECKAs KOPPO3HUSL.

Crnenyromuii 3Tan npoiiecca pa3pyiieHuss HaYHEeTCs TOria, Korjaa OyAeT ynaineHa
HE TOJIbKO CBOOOJHAs BOJa, HO U XMMHUYECKU CBSi3aHHAs. VIHTEHCHUBHOE CKaTHhe Tems
OpUBEACT K PA3BUTHUIO B OETOHE YCAaJOYHBIX SIBICHUW. 3HAUUT, TPHU IJTUTEIHHOM
BO3/ICHICTBUH TOBBIIICHHBIX TEMIIEPATyp U3 CUCTEMBbI (PaKTUUECKH yJalseTcsl OJHa U3
COCTAaBIIIOIIMX LIEMEHTHOTO KaMHSI — T€Jlb KPEMHEBOM KHCIJIOThI. DTO MPUBOIUT K
MEXaHUYECKOMY  HM3MEHEHHMIO CHUCTEMbl —  CXATHIO,  COIPOBOXKIAIOIIEMYCS
PacTpECKMBAHHEM MACCHI.

[Ipy moOHMWXKEHHMHM  TeMmmepaTypbl, KaK MpaBUJIO, BJIAKHOCTb OETOHA
YBEJIMYHMBAETCS, UTO MOXKET MPUBECTU K pa3BUTUIO Aedopmaruu HaOyxanus. OgHaKko
1Mo abCoJIIOTHOUM BenuuuHe AedopManuu HaOyXaHWs B OCTOHE 3HAUUTEIBHO MEHBIIIE,
yeMm AepopManus ycaaku. 3HaUYUT, HOHWKEHUE TEMIIEPATYPhI JO HEKOTOPBIX MPEIETIOB
(moctmxenus 0°) He MOYKET BBI3BATH 3HAYUTEIBHBIX M3MEHEHHI B OeToHe. [ToHmkeHne
TEMIIEpaTypbl J0 OTPULATENIbHBIX 3HAYEHUN BBI30BET YXKE BECbMa CYLIECTBEHHBIEC
U3MEHEHUs, CBA3aHHbIE ¢ (Pa30BBIM MpeBpalleHueM Boabl. Hanbonee onacHsl npu 3ToM
LUKJINYECKHE 3HAKONIEpEMEHHBIE KOJIeOaHUsI TEMIIEpaTyp.

Kak u3BecTHO, 00BEM BOJBI MPU 3aMEP3aHUU YBEIUUYMBACTCS MPUMEPHO Ha 9%.
EcTecTBeHHO. mpHM 3TOM B Kanmwuisipax M mopax OyneT BO3HUKATh 3HAYUTEIBHOE
NABJICHUE HA MX CTEHKH. MHOTOKpaTHBIE TEIJIOCXEMBI MPUBEAYT K PACIIATHIBAHUIO
CTPYKTYpPBI LIEMEHTHOTO KaMHsl, MOSIBJICHUIO TPEIIMH U CHIDKEHHUIO TPOYHOCTU OETOHA.

OOuuit ypoBeHb HaNpsiKEHUs OyAET 3aBUCETh OT MOPUCTOCTU OETOHHOU MACCHI.
YeM MEHbBIIE ITOPUCTOCTh, TEM MEHBIIE BEIWYMHA Pa3pbIBAIOIINX HANPSKEHUN.
Pa3pymaroniee neiicTBre MONEPEMEHHOTO 3aMOPAKUBAHKS U OTTAMBAHUS YCUIIMBAETCA,
€CIM BOJA COJEPNKHUT 3HAUYUTEIHbHOE KOJUYECTBO PACTBOPEHHBIX COJIEH, HalpuMmep,

MOpPCKasa HJIN apTC3HaHCKasd. HpI/I BBIMOPAXNBAHHWK BOAbI BO3MOJKHA KPHUCTAJLIM3allK:A

27



TUX COJIEM IMOpax, NPHUBOIAIIAS K IOSBICHUIO JOIOJHUTEIBHBIX HaIPSKEHUH,
YCWIMBAIOLUX pa3pylLICHUE.

Y CTaHOBIEHO, YTO 3HAYUTEIIBHYIO POJIb B Pa3BUTUHU MPOLECCOB Pa3pyLICHUs 1O
JEMCTBUEM OTPULIATEIbHBIX TEMIIEPATYp UIPAET HE TOJIBKO a0COJIIOTHAs MOPUCTOCTH
Marepuana, HO U pa3Mep Mop KanuuisapoB.

Bona, 3anosHsAromas mopsl HEMEHTHOTO KaMHsS, HAYWHAET NEPEXOAUTH B JIENA B
IEPBYIO OYEPENb B KPYMHBIX MOpax W mojocTax npu temmeparype ~0...-1°C. Ilpu
JaJIbHEHIIIEM MOHMWKEHUM TeMIlepaTypa JieJ oOpa3yercs B KaluuisipaXx 3HAYMTEIbHO
MEHBIINX pa3MepoB. B Hanbornee TOHKMX Kanwuigpax BOJa 3amep3ajia TOJbKO IMpHU
temmeparype ~-25°C, 9TO COOTBETCTBOBAIO COCTOSHUIO MEPEOXNAKIEHHON KUAKOCTHU
IIPU OTCYTCTBUU HEHTPOB KPUCTAIIU3ALINH.

CrnenmoBatesibHO, MOPO30CTOMKOCTh OETOHA 3aBUCHUT HE TOJBKO OT 0OmIei
IIOPUCTOCTH, HO B 3HAYUTEJIBHON CTEIIEHH U OT Pa3MEpPOB KallWJUIAPOB U NOP. 3HAYUT,
MOBBICUTh MOPO30CTOMKOCTh O€TOHAa MOXHO YMEHBIIEHHEM €ro HOPUCTOCTH, YTO
JOCTUIaeTCs YMEHBIICHHEM BOJOLIEMEHTHOIO OTHOUIEHWS IIPU €r0 M3rOTOBJICHHH, a
TaK)K€ CHUKEHHMEM HWHAUBUAYAJIBHOTO pa3mepa mnop. Jlocturaercs 3TO BBEIECHHEM B
cocTaB OCTOHHOM MaccChl J0OABOK — MHKPOMOpooOpazoBaTenei 00eCcreurBarOIINX
MIOSIBJIEHUE PABHOMEPHO PACIIPEIEICHHBIX MEJIKUX T10P.

[IOBBICHTh YCTOMYMBOCTh KOHCTPYKUMH K BO3JACHCTBUIO HHU3KHX TEMIEPATYyp
MOXXHO YBEJIMUYEHUEM IPOMEKYTKAa BPEMEHHU MEX]y HW3rOTOBJIIEHUEM OETOHHOMN
KOHCTPYKIMM M MOMEHTOM Hadajle BO3ACHCTBUS HM3KMX Temneparyp. lloatomy
OeTOHHbIE pabOThl PEKOMEHIYETCSI BO3BOJUTH B TEIIOE BpeMs roa, 4ToObl 10 Havaja
3aMOPO3KOB MPOILIET KaK MOKHO OOJIBIINI MPOMEKYTOK BPEMEHH.

[Ipy HEBO3MOXKHOCTHU BBIMOJHEHUSI ATOTO TPEOOBAHUS CJIEIYET BOCIOIb30BATHCS
«MPOTPEBHBIM» METOJIOM OETOHMPOBAHHUSA, 3aKIIOYAIOIIEMCS B MPOTrPEeBAaHUU BCETO
COOPY’KEHHS 10 MOJIOKUTEIBHBIX TEMIIEPATYp, HE JTOMYCKAIOIIMX 3aMEP3aHUE BOJIBI.

OpHako M3-3a 3HAYUTENIBHBIX JHEPro3aTpar «IPOTPEBHBIN» CMOCO0 3UMHETO

6eTOHI/IpOBaHI/I${ B IOCICAHCC BPCMS HC HAXOAUT IMUPOKOIro IIPHUMCHCHHAI. LIame
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npuMeHsieTcs OeCIpOrpeBHbIN COC00. 3aKIIOYAIONIUICS B 100aBKe K OETOHHON cMecH
MIPOTHUBOMOPO3HBIX KOMITOHEHTOB, MOHIDKAIOIINX TEMIIEPATypy 3aMep3aHus KUIKON
(da3bl 6eToHa, 4TO OOecreYnBaeT YCIOBUS 3aTBEpPAEBAaHUS OCTOHA MPU OTPUIIATEIBHBIX
TeMIiepaTypax. ITOT METO/I 0 CPABHEHUIO C MTPOTPEBHBIM 00JIee MPOCT U SIKOHOMUYEH,
HO ¥ OH HE JIUIICH HeJ0CTaTKOB. OCHOBHBIM €T0 HEJOCTATKOM SIBJIICTCS 3aMEIJICHHBIN
TEMIT TBEPACHHUS, T.K. CKOPOCTh BCEX (DU3UKO-XMMHUYECKUX MPOLIECCOB MalaeT Mpu
YMEHBIIIEHUN TEMITEPaTyPHI.

C npyroil CTOpPOHBI, TPOTUBOMOPO3HBIE JOOABKH OTPUIATENILHO BIMSIIOT U Ha
CTpYKTYpy OeToHa. B CBsI3M ¢ 3TUM pEKOMEHIyeTCsi B 3TOM Cllyyae NPUMEHSTH
KOMILJIEKCHBIC ~ JTOOABKH, COCTOSIIIIME W3 TPOTUBOMOPO3HOTO KOMIIOHCHTa |
miacTuduKaTopa, IMO3BOJIAIONIETO CHHU3UTH COJACpP)KaHWE BOABI MPHU H3TOTOBICHUU
O0eToHa 0€3 yBEIUYEHHUS )KECTKOCTH OETOHHON MacCCHI.

[IpoTHBOMOpPO3HBIMH JOOABKAMHU YaIlle BCETO OBIBAIOT: HUTPHUT KAJIBIHS, CMECh
HUTPUTA HATPUSl C XJOPUIOM KaJlbLIUS WM Jlaxe XJopuj Hartpuss. OIHAKO XJIOPHIBI,
MPUCYTCTBYIOINE B OETOHHON Macce, MOTYT CTUMYJIMPOBATh MMUTTUHTOBOE TIOPAKEHUE
CTaJIbHOW apMaTyphl, TO3TOMY UX MPUMEHEHHE 11€JIe€CO00Pa3HO TOJBKO ISl OETOHHBIX,
a He KeJIe300€TOHHBIX KOHCTPYKITUH.

Eme omHmMM cmocoOOM TOBBIMICHUS MOPO30CTOMKOCTH OCTOHA SIBIISCTCS €ro
ruapodoOuzaiysa, TO ecThb npuAaHue OCETOHHOW Macce BOJOOTTAIKHBAIOIINX,
ruapodoOHbIX cBOMCTB. ['mapodoOuzanus MOBEPXHOCTH CTEHOK KalWLIPOB U IMOP
MPUBOJUT K YXYIIICHUIO CMAaYMBAEMOCTH O0€TOHA BOJIOM M BOJHBIMH PACTBOPAMH. MPHU
ATOM BO3pacTaeT BEJIMYMHA MOBEPXHOCTHOTO HATSKEHMSI Ha TpaHUIle BOja — OETOH.
BmecTo BOTHYTOTO MEHHICKAa MpU CMAYMBAaHUW CTCHOK Kamwnisipa (a) BO3HHKAET
BBITTYKJIbI MEHUCK (0) B THAPOGHOOU3UPOBAHHOM KaNLIsIpe (PUCYHOK 2).

BBITTyKJIBIF MEHUCK MTPEMSATCTBYET MPOHUKHOBEHHIO KHUAKOCTH B TOJIITYy O€TOHA B
OTJIMYUE OT BOTHYTOTI'O, CIIOCOOCTBYIOIIETO TOJCOCY HUIAKOCTH B KamWuiape, M

YBEJIIMYEHUIO €€ KOJIMUeCTBa B OETOHHO Macce.
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Pucynok 2. Bnustnue ruapodobuzanuu Ha cMauynBaHue OeToHa

['uapodobuzarus OETOHHOM Macchl JOCTUTAaeTCs 0OpabOTKOW pacTBOpaMu
BEIIECTB, KOTOPHIE TMOCIIE yJAJICHUS PACTBOPHUTEINS OCTAIOTCA HA TMOBEPXHOCTH IOpP U
KamwuIsipoB, aJcopOupysAch Ha HEH WM JaXke BCTymas ¢ HEH B XUMHYECKOE
B3aNMOJCHCTBUA.

Hcnons3yembie ruapodoOU3aTopsl BechbMa pasHooOpa3Hbl. Yaiie apyrux
UCIIONIB3YIOT J00aBKM MOJIMTHUAPOCUIIOKCAHA, PACTBOPEHHOTO B  OPraHUYECKHUX
PacCTBOPHUTEISAX — KCHIIOJE, TOMYOJI€ UIN yalT-CIUPUTE.

['uapodobuzarus MokeT ObITh OOBEMHOM, BBITIOTHSAEMOM €Ie Ha CTaauu
M3TOTOBJICHUSI OETOHHOM CMECHU, UM TMOBEPXHOCTHOM, 3aKIOYaloIieiicss B oOpaboTke
MOBEPXHOCTU TOTOBOM KOHCTPpYKIMH. MOXHO HCHOJb30BaTh U 00a crnocoba
onHoBpeMeHHo. Hawnyummii spdext gaetr odbemHas ruapodobusanms, Tak Kak IMoJy
JEHUCTBUEM COJIHEYHOW paauanuu rugpodoOn3aTopbl CPaBHUTEIBHO OBICTPO TEPAIOT
CBOM BOJOOTTAJIKMBAIOIINE CBOWMCTBA B TMTOBEPXHOCTHBIX CJIOAX, OoJee TIyOOKHe CIoHu,
HEe 00JIy4aeMbI€ COJIHIIEM, COXPAHSIOT TUAPO(OOHBIE CBONCTBA €IIIe NTUTEIHLHOE BpeMs
1 00€CTeunBaIOT 3aUTHBIN 3(PPeKT.

Cnoco6  ruapodoOuzanud  XOopomr  TeM, YTO  OH  oOecleYnBaeT
OecrnpensTCTBEHHbI OOMEH BJarol BHYTPEHHMX CJIOE€B OETOHa C BHEIIHEH
aTMocdepoii, OTHOBPEMEHHO IMPEMATCTBYS MPOHUKHOBEHHUIO OOJIBIITNX KOJMYECTB BO/IBI
B TOJIIy OETOHA, YTO HE MOXKET OBITh JOCTHUTHYTO TMPHU 3aIUTE HEMPOHUIIAEMBIMU

IMOKPBITUAMHU HaA ITOBCPXHOCTU COOPYIKCHMUA.
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Opnako crnoco6 ruapodoOu3au HE yYHHBEpCajeH, TO €CTh OH MOXET OBbITh
MCIIOJIB30BaH HE Bceraa. Hanmpumep, ero He clieyeT MPUMEHSTh MPU 3aIUTE HATTOPHBIX
COOpPYKCHHI, paOOTAIINX TOJ] IaBICHUEM, a TaKKe B CHIBbHOATPECCUBHBIX Cpenax,
Tak KaK B 3TOM CIlydae MOXET MPOTEeKaTh XMMHYECKHWE PEaKIUH, MPUBOMASIINE K

MOCJIONHOMY pa3pyIICHUIO OETOHHON MacCHI.

Ocobennocmu Koppo3uu Opy2ux MUHEPAIbHbIX MAMEPUALO8

K rpyniie MuHEpanbHBIX OTHOCATCS MIPUPOJIHBIE KAMEHHbIE MaTepuanibl. 13 HUX
HauOOJbIIIEe MPUMEHEHUE HAXOJAT TPaHUT, Oa3aybT, KBapLUT, MECUAHUK U JPYTHE.
Hcnonb3ytoT 31U MaTepHualibl, B OCHOBHOM, B CTPOUTEIbHON MHAYCTpuu. [IpupoanbiMu
UX Ha3plBalOT IOTOMY, YTO HMX 00pabOTKa CBOJUTCS TOJBKO K NPUIAHUIO UM
OTpeIeICHHOU (POPMBL.

OU3NKO-XUMUYECKHE CBOWMCTBA ATHUX MAaTECPUAIOB OMNPEAEISIOTCA COCTAaBOM
TOPHBIX MOPOJI, U3 KOTOPBIX OHU 00pa3oBaHbl. OCHOBHBIMM MUHEpAJIaMH, BXO/SIINMHU B
UX COCTaB, SIBJISIIOTCA KBapll, MOJIEBOM ILIAT, CIIOJa U JPYTUe CI0XHbIE CHIIMKAThI U
AIIFOMOCHJIMKATHI.

B 3aBucumoctu OT ycnoBuil 00pa3oBaHUSA pa3iMuyalOT U3BEPKEHHBbIE U
OCaJIoYHbIE MPUPOJIHbIE KAMEHHbIE MaTepuaibl. MI3BepKeHHbIE MaTepHUalibl 00pa30BaHbI
u3 pacmiaBoB. OHU MOTyT UMETh Kak CTEKIOBUIAHYIO (aMOpdHYI0), TaKk U
KPUCTAJUIMYECKYIO CTPYKTYpPY. DTH MOPOJbI 00Ja1al0T BBICOKOM MIOTHOCTHIO, MaJION
IIOPUCTOCTBIO, @ 3HAYUT. M BBICOKMM XUMWYECKHM CONPOTUBIECHUEM arpecCHBHOMY
BO3/eHCTBHIO. OHH MMEIOT TaKKe XOPOLIYI0 TEIUIONPOBOJHOCTE U MOPO30CTOMKOCTD,
BBICOKYIO TBEPJOCTh M MEXAaHMYECKYI0 MPOYHOCTh. OJHAKO 3TH MaTepHalibl BEChMa
YyBCTBUTEJIbHBl K PE3KUM KOJEOAHUSM TEMIEpPaTypbl, YTO CBA3aHbl C Pa3IMIUEM
TEPMUYECKUX KOIPPUIMEHTOB pacCUIMPEHHs] MUHEPAJIOB, BXOJAIIMX HUX B cocTaB. B
pe3ynbTaTe BO3JCUCTBUS LMKIMYECKUX KOJIEOAaHMM TemmepaTypbl OHM MOTYT

PaCcTPCCKUBATLCA.
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OcagouHble MOPOJBI O0pa30BaIUCh B pe3yJbTaTe€ NPOTEKAHUS BTOPUYHBIX
MIPOIIECCOB — BBHIBETPUBAHMS, KPUCTAUIM3AINHN U3 PACTBOPOB | T.1. OHU 3HAYUTEIIHHO
Oosee MOPHUCTHI U OO0JAJAIOT TOHWKEHHBIM COMPOTUBJICHUEM pa3pyLICHUIO IO
CPaBHEHUIO C U3BEPKEHHBIMU MTOPOJAMHU.

OcanouHble TIOPOJBI JIETKO pPa3pyllIalOTCcs KUCIBIMU pacTBopamu. Hambornee
HU3KOM KHUCIOTOCTOMKOCTHIO 00JIafaloT TaKue OcaJoyHble KapOOHATHBIE MOPOJbI, KaK
m3BecTHskH (CaCQOs), marne3utslt (MQCOs3). Heckonpko MemjieHHEE pasiararoTcs
KuciaotaMu gojoMuthl (aBoiiHas conb CaMQ(COs);) M KpeMHHCTBIE H3BECTHSAKH
(CaSi0,), rurncossiii kamens (CaS0, « 2H,0) u anruapurst (CaSOy).

[TpoMexxyTOUHOE TIOJIOKEHUE MEXAY M3BEPKEHHBIMH M OCAIOYHBIMU TTOPOIaMHU
3aHUMAIOT TAaK Ha3bIBaeMble OOJOMOYHBIE TMOPOABI — TPABUM, MECOK. DTU TOPOJIbI
mpeTeprieny ApoOieHne Ha MaKpOYPOBHE, IMOATOMY COXPAHWJIM CBOHMCTBA MEPBUYHBIX
MOpoJl, U3 KOTOPBIX OHU 00pazoBaiuch. [loaTOMy OHM HUMEIOT Oo0Jiee BBICOKOE
XUMHUYECKOE COMPOTUBIICHHUE Pa3pYIICHHIO, YEM 0CaT0YHBIC TTOPOIBI.

[Ipu KOppO3WMM TPUPOTHBIX KAMEHHBIX MATEpPHAJIOB IPOTEKAIOT TaKHE JKE
XUMHUYECKUE TPOIECChl, Kak U B OeToHe. OJIHAKO CKOPOCTh ITHX MPOIIECCOB OyaeT
3aBUCUT OT WHAMBUAYAIbHBIX (DU3MKO-XMMHYECKUX CBOWCTB MaTepHaia, BaKHEHIITUM
U3 KOTOPBIX SIBIISIETCS XUMUYECKUN COCTaB M MPOUCXOKICHHE.

K rpynne MuHepadbHBIX MaTEpUaIOB OTHOCSTCS U TUIABJICHBIC CHJIMKATHBIC —
pa3HOTO BHUAA CTEKOJ, KaMEHHOE JUThE, CUTAIBI M MIIaKoCHTaLIbl. OCOOCHHOCTH
KOPpPO3UHU 3THUX MATEPUATIOB CBSI3aHbl C UX IUIOTHOM MaJONOPUCTOU CTPYKTYpOM, Tak
KaK OHHU TIIOJY4YaloTCsd HX PAcCIUIaBOB, TOJTOMY HMEIOT CBOKMCTBA, CXOJHBIE C
W3BEP)KCHHBIMU TTPUPOTHBIMA KAMEHHBIMU MaTEPHAJIAMH.

ArpeccuBHas cpefa JCHCTBYeT Ha HHUX TOJBKO C TMOBEPXHOCTU. B kucmbie
pPacTBOPBl TIPH 3TOM IMEPEXOJAT W3 TOBEPXHOCTHBIX CJIOEB PACTBOPUMBIC OKCHJIBI
MIEJIOYHBIX METAJUIOB, CBSI3aHHBIE C KPEMHE3EMHBIM KapKacoM, KOTOPBIA YCTOWYHUB BO
MHOTHUX cpefiax. B pesynbTaTe 3TOro Ha MOBEPXHOCTH (DOPMUPYETCS 3alUTHBIA CIION

Si0,, 3amMeIAIONTHi JanbHEHIIIee pa3pylIeHUe MaTepraia.
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[Ipn BO3AEHCTBMM HAa A3TU MaTepuasabl IUIABUKOBOM KHUCIOTHl WJIM TOPSYUX
ieja0o4ed KpEMHE3EeM PACTBOPSIETCA. ITO MPUBOJUT K HAPYIICHUIO 3AIUTHOTO CJIOSl U
WHTEHCUBHOM KOPPO3UU MaTepuaia. AHAJIOTMYHO JEUCTBYET Ha KpeMHe3eM (ochopHast
kuciora. Ilosromy npu aerictBuu Ha 3TH Matepuansl H,SO4 HCIl, HNO; ckopocts
KOPPO3HH MAJaeT ¢ POCTOM KOHIIEHTPAITUH KHUCJIOT, T.K. P 3TOM YCKOPSIETCS MPOIECC
oOpa3oBaHus 3alIMTHON TJICHKU KpEMHE3eMa.

[Ipu BosaeiictBun HF wmm H3POs ¢ pocToM uX KOHIIEHTpaIliu CKOPOCTH
KOPPO3HMH BO3PACTAET, TAK KaK CJIOM KpeMHe3ema He 00J1a/1aeT 3alllUTHBIMUA CBOMCTBAMHU
U pa3pyliaeTcsi B ’TUX PaCTBOPAX.

MOXHO CYHMTaTh, YTO CTOWKOCTh TIUIABJICHBIX CHJIMKATHBIX MaTEPHAIOB B
XUMUYECKU aKTUBHBIX CpelaxX OIpeaeaeTcs He TOJbKO UX COCTaBOM, HO U CBOMCTBAMU
oOpazyronieics MOBEPXHOCTHOM TIJICHKH.

K marepmanamM MUHEpaJIBHOTO MPOUCXOXKIACHHUS OTHOCAT W KEPaMHUKy. DTO BCE
BUJIBI KUPIIUYA U Pa3IMyHble OOJUIIOBOYHBIC IMIUTKUA. VIX Ha3BaHHE MPOUCXOIUT OT
IPEUYECKOT0 «KepaMOH», YTO 3HAYMT TJIMHA.

HauGomnbiliee mnpuMeHEHHWE HAaXOJUT KUPNHY. ITO IITYYHBIH MaTepua,
UCIIOJIb3yeMbIii BCEMM BHJIAMU CTpOUTENbCTBA. [0 cOCTaBy pa3iauvarOT KUPIHY
OOBIKHOBCHHBIH (TJIMHSHBIN) M CUITMKATHBIN (OBl ).

OOBIKHOBEHHBIM KUPMUY TOTOBAT M3 TJIUHBI CHOCOOOM IIJIACTHYECKOTO WIU
MOJTyCyXOT0 (DOPMOBaHUS C TOCIEAYIOMIM 00xuTroM. [Tpu mractnueckoM hopmMoBaHUHT
B IJIMHSHYIO Maccy J00aBIISIOT JOCTATOYHO OOJIBIIOE KOJIMYECTBO BOJBI U PA3JIUBAIOT
cmecb B ¢opmbl. Ilocme  9TOro  mpoBOAST — MPEABAPUTENBHYIO  CYIIKY
CBeKeC(HOPMOBAHHBIX WM3ACIUNA I YJAJICHUS 3HAYMTEIbHOH 4YacTH BOJBI TIPH
TeMIiepaTtype Hmwke, 4em oOxwurosas. [lpu momycyxoMm (opmoBaHuUM Maccy JIHIb
YBIQKHSIOT, a 3aTeM mpeccyloT B ¢opmax. [Ipm 3TOM MPOMEKYTOUHOW CYIIIKHA HE

TpeOyeTcs. 3aTeM KUPIUYK TOABEpPraroT OOXWUTy MpH Temmeparype mnopsiaka 900 —

1000°C.
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[Ipu 3TOM OCHOBHOM MHUHEpAJ ITIMHBI — KAOJIUHUT — ITOJABEPTaeTCsl TEPMUUYECKOMY
Pa3JI0XKEHUIO U, B3aUMOJICHCTBYSI C IPUMECSIMU CBIPhsI, 00pa3yeT CII0KHbIE CHIIMKATHBIC
U aJIOMMHATHBIE COCUHEHU. B pe3ynpTaTe 4aCTUYHOIO CIEKAHMS ITUX KOMIIOHEHTOB
1 00pa3zyeTcst MaTepual ¢ J0CTaTOYHO BBICOKOW MEXaHUYECKOM MPOYHOCTHIO.

[Ipu Gomee BBICOKOM Temmeparype obxkura (~1200°C) moryr o6paszoBaTbes
CJIOKHBIE aJTFOMOCHJIMKATHI ( CHUTMMAHUT U MYJUINT), 00JIaJatolie BbICOKOM KUCIOTO-
U IIeJI0YEeCTOMKOCTHIO BCIICJCTBUE OOJIee MOTHOTO ClieKaHus. Takoi KUPIUY Ha3bIBAIOT
«okene3Hsask». OH nMeeT U 0oJiee BBICOKYI0 MEXAHUYECKYIO IIPOYHOCTD.

OCHOBHBIM HEJOCTATKOM OOBIKHOBEHHOI'O KHpIIMYa SBIISIETCS OYEHb HU3Kas
CTOMKOCTb K BO3JEHCTBHUIO BOJBI U IPYTUX BOJHBIX PacTBOPOB. OH JIETKO pa3pyllIaeTCs
B pe3ysbTaTe PACKIMHUBAIOIIECTO IEWCTBHS BOJABI M KPUCTAJUIOMAPATOB cosiei. [Ipu
HacellleHnn BoJgoM Bcero Ha 6 % xuprmmu Tepser 20 — 20% mnepBoHaYaIbHOU
MEXaHUYECKOM MPOYHOCTU. He CTOEK OH M K NEUCTBUIO KHUCIOT KaK MUHEPAJIbHBIX, TaK
Y OPTaHUYECKUX.

KpoMe TIIMHSHOTO CyHmIEeCTBYET M TAaK HA3bIBAEMBIM CHUJIMKATHBIM KUpnu4d. Ero
TOTOBSIT U3 CMECH KBapleBoro necka (nmpumepHo 90% mno o0vemy) u OpicTporacsiencs
u3Bectu. [locne aBTOkIaBHON 0OpaOOTKM MpH HAarpeBaHUM Macca OBICTPO TBEPIEET B
pe3ynbTate npoTekanus peakiuu (1.13).

Ca(OH), + 5i0, — Ca0 - 5i0, - H, — CaC0, (1.13)

[Ipr B3aMMOJEUCTBHM C YTJIEKUCIOTOW BO3[yXa ITOBEPXHOCTHBIM CJIOU
kapOonusupyercs. IIpucyrcTBue B CHUJIMKATHOM KHUpIIMYE H3BECTH M KapOoHaTa
KaJIbIUsl JIeJIaeT €ro BeCbMa MaJIOCTOMKHMMHU Jake B CIa0bIX pacTBOpax KHUCIOT Kak
MUHEpaIbHBIX, TAK U OPraHUYECKHUX.

B mieno4HbIx pacTBOpax CHUIMKATHBIN KUPIIAY CTOEK, €CIIU 3TH PAaCTBOPHI cIabon
KOHLIEHTpauuu. Bo BIAXKHBIX YCIOBHUSIX OH TaKXe€ TEPSIET MEXAHWYECKYIO MPOYHOCTh
IIPU MOTJIOIEHNUH BOJIBI.

JIns  TNOBBILIEHHS XMMHYECKOTO  CONPOTUBIIEHUS KUPIUYA  HMCHOJB3YIOT

Ppa3INYHEBIC O6J'II/ILIOBOIIHBIG Tk, Ux HOBerHOCTHLIﬁ CJIOH OIJIABJISIOT MJIM HAHOCST
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Ha HETro clielralbHbIE TJ1a3ypOBOYHbIE cocTaBbl. [Ipu nmocnenyromem 00Kure 3ToT Ciaou
o0JaaeT CBOMCTBAMH IUIABJICHBIX MAaTE€pPUATIOB — OYEHb HHU3KOM MOPHUCTOCTBIO U
BBICOKMM XUMMUYECKUM COIIPOTUBJICHUEM arpeCCUBHOMY BO3JIECUCTBUIO. Takumu
IUINTKAMU  OOJIMLIOBBIBAIOT ~HApYXXHbIE IMOBEPXHOCTU KHUPIHUYHBIX COOPYKEHHM.
Bo3MOXHO Takke OIUIaBICHHE M TeX TIOBEPXHOCTEM KHUpMIHYa, KOTOpble OyAyT
KOHTaKTUPOBAaTh C OTKPBITOW aTMOC(Epo, 4YTO NPUBEIET K IOBBIIIEHUIO €ro

CTOUKOCTH.

2. IlToimMepHbIEe MaTepHUAJIbI

2.1 Ou3MKO-XUMMSA U AeCTPYKUMS MOJTUMEPOB

Onoxu pa3BUTHUS YEJIOBEYECTBA HE CIYYalHO HOCWJIM Ha3BaHHE TOI'O OCHOBHOIO
Marepuana, U3 KOTOPOro M3roTOBJSUIM OPYIUs MPOU3BOACTBA: KAMEHHBIW, OPOH30BBINH,
KEJIe3HBIN BeK. MaTepualibl BCEria Urpajid B )KU3HH YEJI0BEKA ONPEAECISIONIYIO POJIb.

HactynuBmmii BeK, 0 OLIEHKaM CIEHUAIUCTOB, C MOJHBIM OCHOBAaHUEM MOKHO
Ha3BaTh BEKOM HEMETAJUIMYECKUX W KOMIIO3ULMOHHBIX MAaTEpHAIOB, K KOTOPBIM
OTHOCATCS U MTOJIMMEPHBIE MATEPHUAIIBI.

[Tonumepsl TPOHUKAIOT BO BCe 0€3 UCKITIOUEHUST 00JIaCTU TEXHUKH U cpepbl ObITa
YesioBeKa: Ky30Ba aBTOMOOuIIeH, Kopiyca Kopabieil 1 caMOJIETOB U3 CTEKJIOIUIACTUKOB;
JeTand  KOCMHMYECKMX  allapaToB M3  MOJMUIPONWICHA, MOJUBUHUIXJIOPUA,
HaIlOJIHEHHBIX  CTEKJIIOBOJIOKHOM M 3alMUIEHHBIX  KPEMHHMHOpPraHU4eCKUMHU
MOKPBITHSIMH; TKAaHH U3 JIABCAHA U MTOJIMAKPUIIA; MSCHBIE POAYKTHI HA OCHOBE TIIFOTEHA
— MILEHUYHOro Oenka; kapTodenbHble U3enus ¢ J00aBKaMU KHUCJIOro MOJUcaxapua;
HaKOHeIl, 3aMEHUTEIN KPOBU Ha OCHOBE Nep(TopaHa, a cepAeyHble KJanaHbl U KOCTU U3
JAKpOHa. ..

Bc€ mmmpe mpuMEHsIOTCST MOHUTBI — BEIIECTBA, CIOCOOHBbIE OOMEHUBATh CBOU
MOHBI HA MOHBI BHEIIHEH cpeapl. Ha 3ToOM CBOMCTBE OCHOBaHBI COBPEMEHHBIE CIIOCOOBI

pasaciICHuA XUMHUYCCKHUX COG,Z[I/IHGHI/II\/'I, OYMCTKa JICKApPCTB, a TAKXC CTOYHBLIX BO. B
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CBSA3UM C JTUM IIUPOKO pa3pabaThIBAIOTCS TEXHOJOTUYECKHE CHUHTE3bl BCE HOBBIX
MOJIMMEPOB C IENBI0 CO3JaHMA HAa HMX OCHOBE MaTepHalioB Oosee ACMIEBBIX, YeM
MMEIOIIUECS, CO 3HAUUTEINIBHO JTyYIIMMH CBOMCTBAMMU.

Hanpumep, 10 HeAaBHETO BPEMEHU MOJUMEPHI HE MOTJIA BBIAEPKUBATh BHICOKHX
TeMreparyp. ITOT HEJAOCTaTOK ObT CBSA3aH CO CTPOCHHEM UX MaKpOMOJEKYI,
NPEICTABIIAIONINX JIMHEWHBIE 1IETM MOHOMEPOB. DTO, TaK Ha3blBaeMble, TMOKOIECITHBIC
MOJIUMEPBI, Y KOTOPBIX 3JIEMEHTAPHBIE 3BEHbSI MOTYT CBOOOJHO BpPAILATHCS BOKPYT
KOBAJICHTHBIX CBsizel. CpaBHUTENBHO HEJAaBHO ObLJI CHUHTE3UPOBAH HOBBIM Kiacc
MOJIMMEPOB, )KECTKOLEMHBIX, B KOTOPBIX BPAILICHUE 3BEHBEB 3aTPYAHEHO. DTH BEIIECTBA
IIPU  ONPEACIEHHBIX TEMIIEPATYpax MOTYT MEPEXOAUTh B JKHUIKOKPUCTAIIIMYECKOE
cocrosiHue. Ecimu mpomyckaTe TakoW IMONMMEp 4epe3 TOHKHE (UIIbTPhI, MMEIOIINE
muametrp oteBepcetrii ot 0,001 MM 10 3 MM, TO MOXHO IOJYy4YaTh CBEPX IPOYHBIC
BOJIOKHA.

Ha ocHOBe monuMepoB BO3MOKHO H3TOTOBJIEHHME Marepuala, 00JaJaroliero
OYEHb MAaJIEHbKUM KO3(Q(uUUEHTOM TpeHud. MX HCHOIB3ylOT B  KauecTBe
BBICOKOA((HEKTUBHOM CMa3KH.

M3BecTHO Takke, 4YTO MOJMMEPBl OO0NANal0T BBICOKUMHU AMAIEKTPUUECKUMU
cBorictBaMu. OTHAKO COBPEMEHHOM TEXHUKE HY>KHBI HE TOJIBKO IOJIMMEPBI-U30JIATOPHI,
HO M IIOJUMEPBI-IIPOBOJAHUKH, COYETAIOIIAE KOPPO3UOHHOCTOMKHE  CBOMCTBA
IIOJIMMEPOB € DJIEKTPUYECKOM IPOBOAMMOCTBIO, I YEro B IOJUMEPHYIO OCHOBY
BBOJSAT METAJUIMYECKUHN MOPOIIOK. HO momydarommics npu 3ToM MaTrepuan OTHOCUTCS
yKe K KJIaCCy KOMIIO3UTOB, XOTsI €r0 OCHOBOM SIBIISICTCS IUIACTHK.

Takum 00pa3zoM, MOKHO CUUTATh, YTO MOJIMMEPHBIE MaTEPUAIIbI TPOYHO BOILLIU B
Haly ku3Hb. OHAKO JUIs NOJIy4EHHUsS] KOPPO3UOHHOCTOMKUX MOJMMEPHBIX MATEpUasIoB
HEOOXOJAMMO YMETh OILICHUBAaTh UX OCHOBHbIE (U3HKO-XMMHUYECKHE CBOWMCTBA, OT

KOTOPBIX 3aBUCUT UX XUMHUUCCKOC COIMMPOTUBJIICHUEC aIr'pCCCUBHOMY BO3,Z[€I\/’ICTBI/I}O.

OcHosHnule ¢M3MKO'XMMM'—!€CKM€ ceoticmaea noauUMeEpPos.
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[Tonmumepbl — 3TO BBICOKOMOJIEKYJISIPDHBIE COCAUHEHUS, MOJIEKYJIbBI KOTOPBIX
COCTOSIT U3 MHOTOKPAaTHO MOBTOPSIIOIIMXCSA CTPYKTYPHBIX €IMHUIl WJIA JJIEMEHTAPHBIX
3BEHBEB. 3BEHbSI ITH COCAUHEHBI MEX1y CO00I KOBAaJEHTHBIMU CBA3SIMH, 00pa3ys LeNH
Pa3IMyYHON JIIMHBI U Pa3BETBIEHHOCTU. MOJEKYJIbl, COCTOSALIME M3 OOJBIIOTO YHCIa
MOBTOPSIONINXCS ()PArMEeHTOB, HA3BIBAIOT Makpomoaekyiamu. BEcou mMakpoMosekysa
COCTOUT M3 OJHMHAKOBBIX CTPYKTYPHBIX €AWHMUI] — 3TO 20MONOAUMEp, €CIU W3
Pa3JIMYHBIX, YEPEAYIOIINUXCA B ONPENEIEHHOM IOPSIKE — pecyaapHbli TIOJUMEp, IPU
YepEeIOBAaHUN PA3JIUYHBIX CTPYKTYPHBIX €IUHUIl B HEONPEACIEHHOM NOPSAIKE —
conoaumep.

MakpoMoJIeKyJIbl MOTYT UMETh Pa3IMYHYI0 (OPMY: JIMHEWHYIO WIH ¢ OOKOBBIMU
OTBETBJICHUSMU OT OCHOBHOM MAaKpOMOJIEKYJSIDHOM uenu. B HEKoTopbIX ciydasx
MEXIy MAaKpOMOJEKYJIaMH MOTYT BO3HHUKAaThb IIONEPEYHbIE CBSA3M, OO0Opa3ys Ha
IJIOCKOCTH CeTKy. Bo3M0kHO 0Opa3oBaHHME M MPOCTPAHCTBEHHOW CTPYKTYpbI, KOTJa
KOBAJICHTHBIE CBSI3U 00pa3yrOTCsl HE TOJIBKO MEXAYy MaKpOMOJIEKYJIaMH Ha IJIOCKOCTH,
HO M MEXIy MOJEKYJaMH, PACHOJIOKEHHBIMA B PA3HBIX IUIOCKOCTAX. [Ipn Hammuum
TaKOH MPOCTPAHCTBEHHOW TPEXMEPHON KOH(PUIypaluu TMOHATHE «MAKpOMOJEKYJIa»
BOOOIIIE TEpsieT CMBICI, TaK Kak MOJUMEpP B ATOM Cilydae (PaKTUUYECKH IPEACTaBISET
co00l OJIHY OYEHb PA3BETBIEHHYIO MAKPOMOJIEKYILY.

OT mpOCTpaHCTBEHHOM CTPYKTYpbl MOJMMEPOB 3aBUCAT MX CBoWcTBa. Tak, mpu
OJIMHAKOBOW MOJIEKYJISIPHOM Macce JIMHEWHbIE MOJMMEPbl 00J1aatoT 00jiee BBICOKOM
BA3KOCTBIO PACTBOPOB U PACILIaBOB, 00Jie€ BBICOKOM 371aCTUYHOCTHIO U MPOYHOCTHIO,
YeM Pa3BETBIIEHHBIE.

Certuarsle OJMMEPHI, UMEIOIUE MPOCTPAHCTBEHHYIO CTPYKTYPY, OTINYAIOTCS OT
JUHEHHBIX M IUIOCKO PAa3BETBICHHBIX HAJIWYUEM IIONEPEYHBIX CBS3E€H MEXIY
OCHOBHBIMU MaKpOMOJIEKYJISIPHBIMHU LETISIMU, YUCIO KOTOPBIX 3HAYUTEIBHO BIIMSIET Ha
uX cBoMcTBa. UeM MeHbllIe MOMepPEeYHbIX CBA3EH B MOJIMMEPE, TEM OH 00Jiee 3JIaCTUYEH.

C yBenuueHHEM TyCTOThl MOMEPEYHBIX CBSI3E€M MOJIUMEp TEpSIeT 3JIACTUYHOCTh U
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CTAaHOBUTCS Xpynku. Hannuue momepeyHbIX CBsA3EH JenaeT moiaumep Ooliee TPYIHO
PacTBOPUMBIM U 00JI€€ CTOMKUM B Pa3JIUYHBIX arpECCUBHBIX Cpeax.

CrocoOHOCTh TIOJIMMEPOB COMPOTHUBIATHCS JACUCTBUIO BHEIIHUX XWMUYECKHX U
AHEPreTUYECKUX (HaKTOPOB 3aBUCUT OT IMPOYHOCTH CBS3M KaK MEXIy aTOMamMHu B
OCHOBHOM IleMU, TaKk W B OTBETBJICHUSAX. [IpOYHOCTH CBSI3M MEXAYy aToMaMu
XapaKTEpU3yeTCsl BEIIMYMHON DHEPrUuH, KOTOPYIO HAJ0 3aTPATUTh JUISl TMCCOIUAIIUU
ATOM CBA3H ¢ 00pa30BaHUEM CBOOOJHBIX PATUKAIIOB.

[Ipu »TOM cienyeT pas3nuyarb BHYTPUMOJEKYISIPHOE MU MEXMOJIEKYISIPHOE
B3aumoiercTBrs. Cuila MEXKMOJIEKYJISIPHOTO B3aUMOJCHCTBUS 3aBUCUT OT XUMUYECKON
MIPUPOJIbI CTPYKTYPHOTO 3BE€HA MAKPOMOJEKYIbl. MEXMOJIEKYJISIPHOE B3aUMOICHCTBHE
OTJIMYAETCSI OT BHYTPUMOJEKYJISIPHOTO TEM, YTO OHO HE COMNPOBOXKIAECTCS
00pa30BaHUEM HOBBIX XUMHUUYECKUX CBA3€d. 37eCh pPabOTaOT CHUJIbI (PU3HUYECKOTO
B3aMMO/JICUCTBUSL — BaH-JEP-BAaajbCOBBI CHUJIbI, JEHCTBYIOIIME HAa PACCTOSIHUU BCETO
nopsanka 3-4A°. Dueprus >THX cui1 HeBenMKa, opAAKa 1-7 KKaji/Mollb, 4TO Ha HOPSIOK
HIKE, YEM Y CHJI BHYTPUMOJICKYJISIPHOTO B3aUMOICHCTBUS.

Ha mpouYHOCTP XMMHYECKHX CBS3€H OKa3bIBaeT BIMsSHHE Temmeparypa. [lpu
TETJIOBOM BO3JICMCTBUU OCHAOJISIOTCS KaK MEX-, TaK U BHYTPUMOJICKYJISIPHBIE CBSI3H.
I[Ipu  ocnabieHur  BHYTPUMOJICKYJISIDHBIX ~ CBSI3€H  CTPYKTYpPHBIE  €IUHMIIBI
MaKpOMOJIEKYJT MOTYT BpamiaThCsi BOKPYT KOBAJEHTHBIX CBsizeil. Bpamenue
MPOUCXOIUT 0€3 M3MEHEHHS BaJICHTHBIX YIJIOB, TO €CTh HAOJIOJAeTCs M3MEHEHUE
KOH(HUTyparuu MOJIEKyJIbl 0€3 pa3pbiBa XUMUUECKUX CBSI3EH.

MHTEHCHBHOCTh TaKUX MPEBPAIICHUM 3aBUCHUT OT THOKOCTH MAaKPOMOJEKYIL.
['ubkoCcTh MaKpOMOJIEKYJ OLEHUBAETCS BEJIMYMHOM CETMEHTAa, TO €CTh HaWuMEHBIIUM
OTPE3KOM TMOJMMEPHON IIeMH, BEAyIIUM Ce0s KaK CcaMOCTOATENbHAs KUHETUYeCKas
€MHUIIA TTPYU KOH(POPMAITMOHHBIX MpEBpalieHusIx. YeM MEHbIIE YHUCIIO JIEMEHTAPHBIX
3BE€HBEB BXOJUT B COCTaB CETMEHTa, TeM 0oJjiee THOKON OyIeT MaKpOMOJIEKYJIa.

[Ipu ocnabneHnr  MEXMOJEKYJSIPHBIX  CBSA3€H  MAKpOMOJIEKYJIbl  MOTYT

NEPEMEIAThCS APYT OTHOCUTEIBHO JIPyra, TO €CTh T€4b. TaKoe COCTOSHUE MOJIMMEpa
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Ha3bIBaeTCS @s3Komekyuum. llpu OXNaKAEHUU Takue MOJIUMEPbl U3 BI3KOTEKYYero
COCTOSIHUSL TepexolsaT B TBEpaoe. llepexon U3 ONHOrO COCTOSHUS B APYro€ MOXKET
HOBTOPSATHCS HEOJHOKPATHO, OJTHAKO ATO CBOMCTBO XapaKTEPHO TOJBKO ISl TMHEHHBIX
M IJIOCKO Pa3BETBIEHHBIX MAaKpPOMOJIEKYJ TOJIMMepoB. Takue MOJUMephl HPUHSATO
Ha3bIBATh MEPMONIACMUYHBIMU WU TIPOCTO MePMONIACMAMU.

[Tonumepsl, UMEIOIIME MPOCTPAHCTBEHHYIO CETYATYIO CTPYKTYPY, HE CIIOCOOHBI
IpU HarpeBaHUU NEPEXOIUTh B BA3KOTEKYYE€ COCTOSHHE M pa3Msrdyarbcs. Takue
HOJMMEPHI Ha3bIBAIOT MEPMOPEAKMUBHBIMU VI PeAKMONIACTNAMU.

Takum oOpa3oM, TMpH TEIJIOBOM BO3JACHCTBUM MaKpOMOJIEKYJIBl MOTYT
XapaKTepU30BaThCs KOJeOaHNEM CETMEHTOB U MEPEMEIICHHUEM IIeTIeld MaKpOMOJIEKYT B
IPOCTPAHCTBE. DTU Pa3HOOOpA3HbIE MEPEMEIICHUS NMPUBOAAT K TOMY, YTO MOJUMED, B
OTIMYHAE OT TBEPIABIX TEN, MOXET MPHU TEIJIOBOM BO3ACHCTBHM HAXOAUTHCS B
pa3INYHBIX (U3UYECKUX COCTOSHUSX.

dusnueckoe COCTOSIHUE MoJuMepa OyneT 3aBUCETh OT COOTHOLUEHUS SHEPruu
TEIUIOBOTO JIBIDKEHUSI M SHEPTUU MEXKMOJICKYIISIPHOTO B3auMozecTus. Ecnu sHeprus
MEXMOJIEKYJIIPHOTO B3aUMOJAEMCTBHSI HAMHOTO MPEBBIIIAET DJHEPIUI0 TEIUIOBOTO
JABMOKCHHUST MAaKpOMOJIEKYJ, TO MOJUMep OyJIeT HaXOAMTbCA B TBEPIOM arperaTHOM
coctosiHUHM. TBEPIOMY arperaTHoMy COCTOSHHMIO COOTBETCTBYET JBa (ha30BBIX
COCTOSIHUSL — KpUCTaJUIMUeCKoe M amopdHoe, crekinoobpasHoe. Ilepexon m3 ogHOro
¢$a30BOro COCTOSIHHS B JAPYroe COMNPOBOXKIACTCS CKAaYKOOOpPa3HBIM H3MEHEHHEM
CBOMCTB — IUNIOTHOCTH, BHYTPEHHEW SHEPrUH, SHTPOIIUU U T.II.

Ecin oHeprus TemjaoBOro JBHMXKEHUSI HAMHOTO  TIPEBBIINIAET  SHEPrHUIO
MEXMOJIEKYJIIPHOTO ~ B3aUMOJCUCTBUSA, W  MaKpOMOJEKYJIbl MOTYT  CBOOOJHO
nepeMeraThesi Apyr OTHOCUTEIBHO JIpyra, TO MOJUMEp OyJIeT HaXOAUTHCS B KUAKOM
arperaTHOM COCTOSIHMU. Ecnu mepexoi u3 JKUAKOTO COCTOSHUS B TBEpHOE Oyner
MPOUCXOAUTh 0€3 HM3MEHEHHs cocTaBa (a3, TO ATOT mpouecc OYyIET Ha3bIBATbCS

IIpOoHECCOM CmeKn106aHus, 3aTBCPACBaAHNA oe3 KpucCTallIn3aluu.
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[Ipu cousmMepuMbIX BEIMYMHAX HSHEPrUM TEIUIOBOIO JBMXKEHUS U DSHEPTrUu
MEKMOJICKYJIIPHOTO ~ B3aMMOJICUCTBUSA ~ COCTOSIHUE  TOJIUMEpPAa  MOXKET  OBbITh
MPOMEKYTOUYHBIM MEXIYy TBEPABIM TEJIOM M BS3KOM >KUIKOCTHIO. Takoe COCTOSIHHE
HA3BIBACTCS 8bICOKOIIACMUUECKUM.

["a3000pa3Hoe arperaTHOE COCTOSIHUE y MOJUMEPOB HE MOXKET OBITh PEAIN30BaHO
u3-3a OOJBIIOrO pa3Mepa MaKpOMOJIEKYJI U OTPOMHOM DHEpPruM, KOTOPYIO HaJo
3aTpaTUTh Ha X ucnapeHue. OHU paHbIIE MOJBEPralOTCs TEPMUUECKOMY PA3I0KEHUIO,
YeM UCHapsIFOTCA.

B kayecTBe KOHCTPYKIIMOHHBIX MAaTE€pPUANIOB MOJUMEPHI HCHOJB3YIOTCS KaK B
KpUCTAJUIMYECKOM, TaK M aMop@HOM TBEpAOM coctosinuu. K amopgrnuim oTHOCATCA
TaKue TMOJIMMEPHI, KOTOPbIE XapaKTEPHU3YIOTCS HAIUYUEM «OJKHET0» TOpsaKa B
pPACIlONIOKEHUM  MAKpPOMOJIEKYJN.  «/lampHMiID»  HOpANOK,  XapakTEpPHBIM U1
KPUCTAJUTMYECKUX MOJUMEPOB, Y HUX OTCYTCTBYET.

brvxuuit mopsaok B amMOp(HBIX MOJMMEpPax BbIpakaeTcsl B MapajljIeIbHOM
PaCIOJIOKEHUU OTPE3KOB MAKPOMOJICKYJIIPHBIX IIETNed, KOTOphIE€ BCIAEACTBUE THOKOCTH
U MO/l BIUSTHUEM MEXKMOJCKYJISIPHBIX CHII MPUOOPETAIOT CKIaa4aTyr0 KOH(PUTyparuro.
[Ipu stoM cTpoeHue amopdHOro mnoauMepa OYIET COCTOSTh W3 YIOPSAOYECHHBIX
obmacteit  wiaM  domenog,  OOpa30OBaBIIMXCA M3  IeNed  MaKpOMOJICKYII,
PACIOJIOKUBIIINXCS MApauIeIbHO APYT JPYTy; U MeHCOOMeHHbIX 00JacTei, MeHee
YHOOPSIAOUCHHBIX, TJE COCPEAOTOUYEHBI KOHIIBI MAaKpOMOJIEKYJ, Lenu ¢ 0ojee HU3KOU
CTENIECHBIO TMOJUMEPU3AIMU, a TaKXKEe TaK Ha3bIBaGMble «IPOXOIHBIC» IIENHU
MaKpOMOJIEKYJI, €CJIM OJIHa MaKpoMoJieKyia oOpa3yeT JBa WU HECKOJbKO JIOMEHOB,
COEIMHEHHBIX «ITPOXOJAHON» IIEMBIO.

Pasmepsl nomeHoB MoryT ObITe oT 30 mo 100A° . C kpucramiorpaguyeckoi
TOYKHU 3PEHUS 3TO BecbMa jJedeKTHask CTPYKTypa.

[IpenenvHas yHNOPSAOYEHHOCTh aTOMOB B  TOJHMMEPHBIX LEMmsaX Oyner
COOTBETCTBOBATh OOpa30BaHHWIO MOHOKpucTauia. OIHAKO U B KPUCTALTUYCCKUX

MoJIMMEpax BO3HHUKAIOT obiacTu ¢ paanquﬁ CTCIICHBIO YIIOPAAOUYCHHOCTH HM3-3a
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OOJNBIION JJIMHBI MaKpOMOJIEKYJI, MPENATCTBYIOMIEH MX CBOOOJHOMY IBUXKEHHUIO, B
pe3ynbTaTe Yero HaCTYIUIEHUE CTPOroil PEryIsipHOCTH B PACIIOIOKEHUU 3aTPYIHACTCS.
[ToaToMy KpucTain nojauMmepa — BecbMa JedekTHoe oOpaszoBanue. st ycpeIHEHHON
OLICHKH YIIOPSJOYEHHOCTH B PACIOJIOKEHUHU CTPYKTYPHBIX €IMHUIL KPUCTAILIMYECKOTO
MOJIMMEPA KCMOJIBb3YIOT TEPMHUHBI «CTENEHU KPUCTAUNIMYHOCTH». YeM BbIllle CTENEHb
KPUCTAJUIMYHOCTH TOJIMMEPA, TEM MEHbIIE AePEKTOB HMEET €ro KpUCTaIhyecKas
CTPYKTYpaA.

[Ipy »TOoM  crnemyeT  pa3iMyaTh  MOHATHS  «KPUCTAUIMYECKUI» U
CKPUCTALTU3YIOIUUCS» moaumep. Jleno B ToM, 4To (puU3HUECKOe COCTOSHUE MaTepuana
(dbopmupyeTcst B Ipolecce ero U3rotopieHus. Eciam MoneKysipHble [enu NoJIMMepa B
MIPUHITUIIE CHOCOOHBI OOpPa30BBIBATH BBICOKOYIOPSIOUYECHHYIO CTPYKTYpPYy, TO TaKOM
MOJIUMEP MO>KHO Ha3BaTh «KPUCTAILTUZYIOLIUMCS.

OpHako «KpUCTAUIMYECKUM» OH OYJET TOJBKO B TOM Cllydae, KOrja IMpHu €ro
MOJIy4YeHUH OyayT CO3/IaHbl TEMIIEpaTypHO-BPEMEHHBIE YCIIOBHS, JIOCTATOYHBIC ISt
MPOTEKaHUsl Mpolecca Kpucramm3anuu. To ecTb, €clii pacijiaB Takoro mnoJimMepa
OBICTPO OXJIAJUTh, TO YIOPSJIOYEHHAs CTPYKTypa B HEM HE ycIieeT o0pa3oBaThCs U
KPUCTAJUTM3YIOMIUICS TonMMep ocTaHercss amopbubiM. Ilpu  memneHHOM — xe
OXJIQXKJICHUH PAaCIlJIaBa BPEMEHH ISl IEPECTPONKHA MOJIEKYJ OyJIeT JOCTATOYHO U €ro
KpUCTaJUTMUeCKasi CTPYKTypa ycrmeeT CcGhOpMHpPOBATHCS IO TOro, Kak TMOJHUMEp
3aTBEpJIEET.

Kpome kpucCTalImu4eckoro u aMop(pHOro pa3iuyaloT M TaK Ha3bIBAEMOE
OpUEeHMUpPO8aHHoe  COCTOSHHE  IOJUMEPOB, KOTJAa  MAaKpOMOJIEKYJbl  MOTYT
pacnoJiaraTbCcs

BJIOJIb OJHOTO NPEUMMYIIECTBEHHOrO HampasieHus. lIpu 3Tom ocu 1nenei
MaKpOMOJIEKYJI, BBITSHYTBIX B OJIHOM HallpaBJIE€HUHU, OOECIEUMBAIOT AHU30TPOMHIO
CBOMCTB BJOJb M MONEpPEK 3TOro HampasieHUss. OpUEHTUPOBAHHBIE MOJHUMEPHBIE
Marepuanbl 00JaNal0T IEIbIM PSIAOM CHEMU(UUECKHX CBOMCTB 1O CPaBHEHHUIO C

HCOPUCHTUPOBAHHBIMHU  TAKOIro K€ XHMHYCCKOI'O COCTaBa. OpI/IeHTI/IpOBaHHBIC
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MOJIMMEPHI JIeT4e BCEro oOpa3yloTcs MNpU JUHEHHBIX (GopMax MaKpoMOJIeKyl 0e3

OOKOBBIX OTBETBJICHUH.

Lllonamue o koppo3uonHom paspyuieHuu NOJUMEPHbIX MAMeEPUALO8

[Ipuxonst B KOHTakT C arpecCUBHBIMU CpElaMH, IOJIUMEPHBIE MaTepHuabl
NOABEPTatOTCsl CTPYKTYPHBIM M XHMHYECKUM IPEBPAIICHUSAM, B PE3YJIbTATE YETO
M3MEHAIOTCS WX OKCIUTyaTallMOHHBIE CBOWCTBA, T.€. MaTepUalbl MOABEPraroTCs
Koppo3ur. Ho B mpaBuiIbHO BBIOPaHHBIX YCIOBHSX OJKCIUTyaTallud MOJIMMEPHBIE
MaTepuayibl  O0JaJal0T  JOCTAaTOYHO  BBICOKOM  KOPPO3MOHHOM  CTOMKOCTBIO,
OTpeNeNIIeMON XMMHYECKUM COCTaBOM IMojuMepa. [loaTomy 3aiorom mnpaBUIBLHOTO
noadopa Marepuaia K yCIOBUSM JKCIUTyaTalluu SIBJISIETCS YCTAaHOBJICHHE 3aBUCUMOCTH
MEXK]ly XMMUYECKUM CTPOCHUEM MaTepualia U ero CBONCTBaMH.

[Ipu ompeneneHuu CBOWCTB MOJIMMEpPA B NEPBYIO OYEPEIb CIEAYET pa3ivyarh
KapOoIlenHbIe M TeTepPOIENHbIE MOJUMEpHI. ['eTeporienHbie MOJUMEPhl B OCHOBHOM
MaKpOMOJIEKYJIIPHOM 1IENU COJIepKaT pa3InyHble F€TePOATOMBI: KUCIOPOA, CEpy a30T U
np. KapOorernnbie — TOIbKO aToMbl yriepoaa. K rerepornenHsiM mojmMepaM OTHOCST
MOJIMAMUJIBI, CHJIOKCAHBI, THOKOJIbI, MoaudGupsl u ap. Kak mpaBuiio, 3Tu MoarMMepbl
0oJjiee PpEaKIMOHHOCIOCOOHBI, YeM KapOoienHbie. OHU CpPaBHUTEIBHO JIETKO
pacnagaroTcs oI JeUCTBUEM rOpsiYEN BOJIBI, PACTBOPOB KHUCIIOT U IIEI0YEH.

KapOouenHsie moaumepsl B IEJI0M 00Jiee CTOMKU K arpeCCUBHOMY BO3/EHCTBUIO,
YTO CBSA3BIBAIOT CO 3HAYUTENBHO OoJbineil mpouHocThio cBs3u C-C. U3-3a ux
MHOTOYHUCJICHHOCTH KapOOIIeTHbIE MTOJIMMEPHI IETISATCS Ha TPU TPYIIIIHL.

K nepeoii epynne oTHOCAT MOAUMEPHI, MOJMyYaeMble U3 YrieBoaopoaoB. K HUM
OTHOCATCS TMOJIUATUIICH, TIOJIUTIPOTTIIICH, TIOIMU300yTHIICH U APYTHUE MOJINUO0Ie(HUHBI.

[TonudTUIEH WMEET BBICOKYID XHMHUYECKYI0 CTOMKOCTh B  Pa3IMYHBIX
HEOPraHMYECKUX KHUCIOTaxX (Jaxe B KOHIEHTPUPOBAHHBIX). CHIIbHBIE OKHUCIHUTEIIH

OKa3bIBAIOT 00JIee 3aMETHOE I[eﬁCTBHe, YCHIINBAIOIICCCA C pOCTOM TCMIICPATYPHhI.
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B opranmyeckux cpenax MOJMATHIEH MEHEE CTOEK, OCOOCHHO B apOMaTHYECKUX
U XJIopcoepKanmx yrieBogopoaax. OmHako B cnupTax, OCH3MHE W MUHEPATbHBIX
MacJjiaXx €ro XMUMHUYECKOE COMPOTUBIICHUE JOCTATOYHO BEJIMKO.

XUMHUUYECKasi CTOMKOCTh TMOJUMOPONMICHA JaXe HECKOJIbKO BBIINIE, YEM Y
nonudTUiIeHa. Bo Bcex MHUHEpalbHBIX M OPraHMYECKUX KHUCIOTaX, OCHOBAHUSX U
OKHCJIMTEIIbHBIX CpellaXx €ro CTOMKOCTh MEHSIETCS He3HauuTenbHO. JlelicTBue
arpeCCUBHBIX CpEll yCWIMBAeTCs TOJIBKO C POCTOM TeMmmeparypel. Jlpyrue
OJIHOJIe(PUHBI TAKKE JOCTATOUHO CTOMKH B Pa3IMUHBIX arpECCUBHBIX Cpe/iax.

Ko emopoii epynne oOTHOCAT KapOOIEIIHBIE TIOJUMEpHI, IOJYyYEHHBIE U3
YIJIEBOJOPOJOB  3aMEIICHHEM AaTOMOB BOJOPOJA HA PA3JIMYHBIE 3aMECTUTEIIH.
3amMecTUTeNIIMH MOTYT OBITH XJIOp, (pTOp, OEH30JIbHBIC KOJblIa. B 3Ty rpynmy BXoAsT
noauTeTPadTOPITUICH, MOJUBUHUIXJIOPU, TOTUCTUPOIT U JIP.

dTOpOoIIacTel — Hau0O0JIEE XUMUUECKH CTOMKHE MOJIUMEPHI U3 BCEX HU3BECTHBIX
TepmoruiacToB. Heopranndeckue cpeibl: BoAa, KUCIOTHI, OKUCIUTENIN — MPAKTUYECKU
HE JICHCTBYIOT Ha MaTepuad MpU HOPMAIBHBIX TeEMIlepaTypax, HO Jaxe IMpu
MOBBIIICHHBIX TEMIIEpaTypax CHUKEHUE UX XUMHUYECKOM CTOMKOCTH HE TIpeBbiaeT 3%.
B menounsix cpenax monurerpadTOpITUIICH MEHEE CTOCK, KaK U BCe (PTOPOILIIACTHI.

[TOMMBUHWIXJIOPUT HMEET CTOMKOCTh HECKOJIbKO MEHBIIYI0, YeM Jpyrue
kapOouertHple  monmMepbl. OH  JIeTKO  TMOJBEpraercs  TEPMOACCTPYKIHMH  —
JIETUAPOXJIOPHUPOBAHUIO.

[TomucTupos o6s1aiaeT JOCTATOYHO BHICOKMM XUMHYECKUM COIPOTHUBIICHHEM. 3a
PEIKMM HUCKIIFOYCHHEM — MOJIOYHAs KHCIIOTa, OCH3WH, TJie HaOJI0MaeTCs CHIKCHHE
XUMHYECKOU CTOMKOCTH M OHO MOKeT gocturath 10%. Takoe xe nercTBUE OKa3bIBaIOT
CUJIbHBIC OKHCIIUTEH.

Tpemvto  epynny  COCTABJISIOT  KapOOICMHBIE  KAay4yKH:  HM30IMPEHOBBIN,
OyTaJIuEeHOBBIN U Jp.

BopaHbie pacTBOpbl HEOPTAaHUYECKUX KHUCJIOT, MIECJIOYEH, COJEH M OPTaHUYECKUX

KHCJIOT MOTYT BBI3BIBATh ITPOLIECCHI JECTPYKIMM KaydykoB. IIpm 3TOM cBoOiCTBa
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Marepuaga IPETEPHEeBAOT  3HAUMTENbHbIE  W3MeHEeHWs. (OpHako, BCE ITHU
HE)KEJIaTEIIbHbIE W3MEHEHUs YCTPAHSIOTCS B pe3yJbTare IIPOLECCa BYJIKAHW3ALNH,
NPUBOJSAIIETO K OOpa30BaHMIO MPOCTPAHCTBEHHOM ceTdyaTtod CTpyKTyphl. [lpu sTom
CTOMKOCTh KayuyKOB OyJI€T 3aBUCETh OT TUIIA UCIIOJIb30BAHHOTO BYJIKAHU3ATOPA.

[Tpu o1ieHKE KOPPO3HMOHHOM CTOMKOCTH CIIEYET YYUTHIBATH TAKXKE CIIOCOOHOCTD
NOJIMMEPOB MOIJIOMIATh BOAY M BOJHBIE PAacTBOPBI, YA€ BCEro M MPEACTABIISIOLINE
pa3IuyHbIe arpeccuBHbIE cpenbl. OT KoauvecTBa NOTJIOMEHHON Cpeibl B 3HAUMTEIbHON
CTENeHU OYIEeT 3aBUCETh CKOPOCTh KOPPO3UOHHOTO Pa3pyllIeHUsI MaTepuaa.

[To cBoeit crtOCOOHOCTH MOTJIOLIATH BOAY MOJUMEPHBIE MaTepUalibl TAaKXKe JCIIAT
Ha TPU TPYIIIIHL:

K nepeoii epynne OTHOCAT MONMMEPHI, MOMIOLIAIONINE BOAY B 3HAUUTEIBHBIX
konuuectBax — Oonee 50% ot cBoeit Maccel. K HHUM OTHOCSTCS, Hampumep,
ITOJMBAHWIOBBIA CIUPT W LEJUI0J03a. OOHAKO 4YMCIO TakMX NOJHMEPOB BEChbMa
HEBEJIMKO.

Ko emoporti epynne 0THOCAT MONMMEPBI, OTPAHUYECHHO IOTJIONIAIOMINAE BOY — OT
1 1o 50% ot cBoeit macchl. K 3101 rpyIiie npuHaaiexaT moJIuaMubl, SITOKCUIBI.

K mpemveii epynne OTHOCAT MOJMMEpSHI, IUIOXO Torionjaromue Boay. K aroi
rpynmne OTHOCATCA OOJBIIMHCTBO MPUMEHSAEMBIX MPOMBIIIIEHHOCThIO MOJUMEpPOB. Mx
BOJIONIOTJIOLICHUE KOJIEOJeTcs OT JECAThIX N0 COThIX JAoJed mnpoueHta. 10 —
MOJMOJIE(PUHBI, TOIHALIETAIIN, TOJIMCUIIOKCAHBI, KAyUyKH.

[Tonumepsbl mepBOM W BTOPOM TPYHI OTHOCAT K THAPOPUIHHBIM, MOJIUMEPHI
TpeThel Tpynmbl — K TUApoPoOHbIM. OT CIOCOOHOCTH TOTJIONMIATh BOAY W BOJHBIC
PAcCTBOPBI PA3JIMYHBIX JJIEKTPOJIUTOB 3aBUCUT M MOBEICHHUE MMOJIUMEPOB B arpECCUBHBIX
cpelax, Tak KakK MpOLECC KOPPO3HH MOJMMEPOB KaTaJIU3UPYETCS KHUCIOTAMU U
HIET0YaMH.

C u3BeCTHbIM NPUOIMKEHUEM pacHpelielIeHUE JJIEKTPOIUTa MEXIY BOJHBIM
pPacTBOPOM U MOJIMMEPOM MOKHO IMPEACTABUTH KAK €T0 PACHPEACIEHUE MEKIY IBYMS

HECMEIIMBAIOIIMMUCS KUAKOCTSIMU. B 3TOM ciiyyae mepexoi 3JIEKTpOIUTa B MOJMMEP
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OyIeT 3aBUCETh OT IPaJIMEHTA AJIEKTPUUECKOTO IMOJsI, BOSHUKAIOIIETO MPU ABUKEHUU
3apsKEHHBIX YaCTHII.

Kpome XMMHUYECKOro CTpOEHHs MPHU OLIEHKE CBOWCTB MOJUMEPOB HEOOXOAMMO
YUHUTBIBaTh MOJSPHOCTh €ro MakpoMoyieKyd. OT MOJSPHOCTH MaKpOMOJIEKYd B
3HAQYUTEIBHOM CTENEHU 3aBUCUAT HMHTECHCHUBHOCTH B3aMMOJCHUCTBUS IIOJMMEpa C
arpeCcCUBHOMU CPEIOM.

[TonsipHOCTP MAKpOMOJIEKYJI 3aBHUCHUT OT YHCJa MOJSPHBIX ()ParMEeHTOB U OT
HNOJISIPHOCTH Ka)KJ0¥ TPYNIIUPOBKU aTOMOB, BXOJSIIMX B MakpomoJiekyiy. Hampumep,
NOJIMATUIIEH TMPaKTUYEeCKH HenoysipeH. [lomumepsl, coxepikamuye THIPOKCHIIbHBIE,
KapOOKCUJIbHBIE, aMUHOTPYIIIBI U TaK Jlajiee, 001a1atoT NOJSIPHBIMU CBOMCTBAMU.

Kpome mnonsipHOCTH TpynmupoBOK HEOOXOIUMO YYHUTHIBATH W HMX B3aUMHOE
pacrioyio)keHue B Mosiekysie. Hampumep, B Monekyie nmonuBuHmIXiIopuaa cessp C-Cl
pacIooKeHa HECMMMETPUYHO MO OTHOIIEHWIO K OCHOBHOM MAaKpOMOJIEKYJISIPHOU
LHeny, IMO03TOMYy THojauMep TnojsipeH. B Monekyne mnoauterpadTOpITHICHA
cuibHOMOMsIpHBIE CBsI3u C-F pacnosioxkeHbl CHMMETPUYHO MO 00€ CTOPOHBI OCHOBHOM
LETI1 MAaKPOMOJIEKYJIbI, B PE3YJILTATE YEr0 NOJIMMEDP HEMOJIAPEH.

Or11eHKa MOJISPHBIX CBOMCTB HEOOX0IMMa, TaK Kak oOIIen3BecTeH (akT, COTJIacCHO
KOTOPOMY TOJISIPHBIE TIOJIMMEPBI JIETKO Pa3pyLIAIOTCS B MOJIIPHBIX PACTBOPUTENSX, a
HENOJISIPHbIE — B HETIOJISIPHBIX, TO €CTh paboTaeT MPUHIIMII — OJOOHOE pacTBOPSETCS B
MOoA00HOM. 3HAYUT MpPH OLICHKE XUMHUYECKOH CTOMKOCTH MOJMMEpPHBIX MAaTepuasoB
HEOOXOJMMO YYHUTHIBATh CBOMCTBA Maphl «IOJUMEP-CpPeNa». ITU CBOMCTBA JOKHBI
OMUCHIBATHCS  TUDPY3MOHHBIMU, COPOIIMOHHBIMU, MEXAHUYECKUMU U JAPYTUMH
rapaMeTpaMy. 3HAHUE TaKUX [apaMeTpOB IIO3BOJINT NPOTHO3MPOBATH H3MEHEHHUE
AKCIUTYaTallMOHHBIX CBOMCTB Marepuajia B JaHHbIX yClIoBUAX. OIHAKO B HACTOSIIEE
BpeMs MOJIHBIA HA0Op TaKUX MMapaMeTPOB OMPEACNIEH TOJIBKO JJIs OTPAHUYEHHOTO Ynciia
cucTeM  «moiuMmep-cpena». [loaTromy B OCTalbHBIX  CIOydassX HMCHOJIb3YETCS

Ka4CCTBCHHAsA OLCHKa XMMHUUYECKON CTOMKOCTH MMOJIMMCPOB C IIOMOIIIBIO CHCTCMEI
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6amtoB. Haubonpliiee pacrnpocTpaHeHre MOAYyUYMId 3-X, 4-X U 5-TU OalbHBIC IIKAJIBI
OLIEHKM CTOMKOCTH ITOJIMMEPOB.

3-x OanpHas mIKajga, OOBIYHO, HUCIOJIB3YeTCs B crpaBoyHUKax. OHa HOCUT
onHcaTeNIbHbIN XapakTep:

o Marepuai cToek —0amn 1 ;

© OTHOCHUTEIIFHO CTOEK — Oayr 2 ;

o Hecrtoek — Oaun 3.

B HekoTOphIX CHpaBOYHUKAX OIEHKa B Oayuiax 3amMeHsieTcss Ha 0003HaueHHe
OykBaMu: Matepuai ctoek — «C», OTHOCUTENBHO CTOoeK — «O», HecToek — «H».

Haxonutr npumenenne u 4-x OanbHas MIKajla, KOTOpas HOCUT OIHUCATEIbHO-

Ka4eCTBCHHBIMN XapaKTep:

o Marepuai BrojiHe cToek (0e3 u3MeHeHul, cpeaa He AeiicTByer) — Oam 1.
o Marepuai croek (cnaboe AecTBHE Cpeibl) — Oamn 2.
o Matepuall OTHOCUTEIHLHO CTOEK (MaJlOCTOEK) — Oasn 3.

o Matepuail HecToeK ( HEMPUToJIEH K UCIOJIb30BAHUIO B JaAHHOU cpefie) — 6am 4.

3a pybOexxoM pacmpocTpaHeHa S-Tu OanbHas IIKaJa OIEHKH, OHA TakKXKe
onucaTeabHO-KauecTBeHHas. E€ kpurepuu:

o0 OTnuyHas CTOUKOCTh — 6amn 1.

o Xopolas CTOMKOCTh — Oamr 2.

O Y 1oBIETBOpUTEIbHAS CTOUKOCTh — OaJi 3.

o ITocpeacTBeHHast CTOMKOCTh — Oa 4.

o HeynoBneTBopHTelbHAS CTOWKOCTh — 0ast 5.

B oreuyecTBEHHON NpakTUKE MO S5-TM OaJbHOM MLIKajle OIEHUBAIOT CTOMKOCTH
3aIIUTHBIX TOJUMEPHBIX MOKPBITHH, B OCTAIBHBIX CIydasx, OOBIYHO, MOJB3YIOTCH 4-X
OanpHOM mKamon. OqHako Jr00asg M3 dTUX CUCTEM OaJUIOB HE B COCTOSHHUM OXBAaTUTH
BCIO TTOJIHOTY COCTOSIHMM TOJIMMEpa U, B U3BECTHOM CTEMEHH, YCIOBHA, HO 3TOT CIIOCO0

IIAPOKO MCIIOJB3YETCA JUISI NPEABAPUTEIBHOW OLICHKM XUMHYECKOM CTOMKOCTH

46



maTtepuana. J{ns mojgydeHus HaAEXKHBIX Pe3yJbTaTOB OLIEHKH CTOMKOCTH HEOOXOIUMO
MIPOBEICHHE KOPPO3UOHHOTO UCTIBITAHUS MaTepHraa.

Koppo3nonHoe pazpylieHue MOJIMMEPOB €CTh pe3yjbTaT MPEOJOJICHUS CHII
B3aMMOJICUCTBUS MEX]y TIpyIIaMd aTOMOB WM MaKpPOMOJEKYJIaMH IO JIEeHCTBUEM
pa3IMYHBIX arpeccuBHBIX cpea. Kak mpaBuiio, KOPpO3HOHHOE pa3pylleHHEe J000ro
MOJIMMEpa COMPOBOXKIAECTCI M3MEHEHUEM €ro CTPYKTYphI, TO €CTh COMPOBOKIAETCS
JNECTPYKTypHU3aluuen. B 3aBUCHMOCTH OT BHJIa arpeCCUBHOTO BO3JEHCTBHS B MaTepHUalie

Pa3BUBAIOTCs PA3JIIMYHBIC BUABI JCCTPYKIUH.

Buowr oecmpyxkyuu nonumepos

OxucnumenvHas 0ecmpyKkyus

[lon BnMsAHWE pPA3IUYHBIX OKHCIWTENIEHW — KUCIOpOJa BO31yXd, O30Ha — B
noauMepax OyAeT MpoTeKaTh MPOLECC OKUCIUTENbHOU necTpykiuu. Ho oObIuHO mpu
AKCIUTyaTallud OJHOBPEMEHHO C OKHUCIMTEISIMA Ha MaTepuan JACHUCTBYET H
yabTpadUoIECTOBOE U3TydYeHUE (COJHEUHBIN CBET), Biara U KojieOaHUsl TeMIepaTyphl.
N3menenusi, mpoucxoasinyue B MaTepualie Mpu COBPEMEHHOM JIEUCTBUH 3THX (DAKTOPOB,
MOJIYYIJIM Ha3BaHUE «cTapeHus». «CtapeHre» oObIYHO COMPOBOXKIACTCS YXYIIICHUEM
BCEX IKCIUTYyaTallHOHHBIX CBOMCTB MaTepuaa.

[lepBoHauanbHas cTaaus pa3pylICHUs MOJIUMEpPa HAYMHAETCS C MPUCOECINUHEHUS
KUCJIOPOJIa K HEKOTOPBIM 3JIEMEHTAPHBIM 3BEHBSIM MaKpOMOJIEKYIbl. CKOPOCTh 3TOU
peaKIMK OMPEeEeeTC XUMUUECKOW MPHUPOJON TMOJIMMEpa, CKOpOCThio auddy3un B
HEM KHUCJIOpOJa M BEJIUYMHOM IIOBEPXHOCTH B3aumozacuctBud. lIpucoennnenue
KUCJIOpOoAa MPUBOAUT K OOpa30BaHUIO PA3TUYHBIX (PYHKIHMOHAJIBHBIX TPYIIIL:
TUAPOKCUIBHBIX, KAPOOHHMIIBHBIX, KAPOOKCUIBHBIX, THAPOTIEPEKUCHBIX U TIEPEKUCHBIX.

[losiBieHre B MaTepuaje TaKuX TPYIIHUPOBOK YBEIUYUBACT €r0 MOJSIPHOCTb,
MO3TOMY OKHCIICHUE COMPOBOKIAACTCS H3MEHEHHEM XapakTepa B3aUMOJICHCTBUS
MOJIMMEPaA CO CPEIOM, YXYIIIAIOTCS TAKKE JUAIICKTPUYECKHUE CBOMCTBA, MOBBIIIAETCA

€T0 p€aKuoOHHasd CIIOCOOHOCTb.
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Haunbonee onacHo o6pazoBanue nepekucHbix R-O-O-R u ruaponepexucHbix R-
O-OH rpynmupoBOK, Tak Kak OHHU JIETKO PAacHaJaroTcs ¢ 00pa3oBaHUEM CBOOOIHBIX
paauKalioB, KOTOPBIC CIIOCOOHBI WHHUIIMUPOBATH NATbHEHINNN MpoIecc pa3pylieHHs
nosmMepa. PagukanbHble peakiiud UIyT ouyeHb ObICTpo. OHU MOTYT MPUBOAMTH KakK K
CIIMBAHUIO TOJUMEPHBIX IIENel, TaK W K OOPBIBY MaKpOMOJICKYJSAPHBIX IIETIEH ¢
TIOHIKEHUEM MOJICKYJISIPHON Macchl. M To u pyroe MeHsieT CBOWCTBa MaTepuraa.

B HachIEHHBIX MOIMMEpPAX THAPONEPEKUCHBIE TPYMHIBI OOBIYHO BO3HHUKAIOT Y
TPETHYHBIX YTICPOJHBIX aTOMOB, TaK KaK 3TH aTOMBI HanOoJiee peaKIIMOHHOCIIOCOOHBI.
OOpazoBaHue MEPEKUCHBIX U TUIPONEPEKUCHBIX TPYNIUPOBOK YCKOPSETCS C POCTOM
KOHIICHTpAIlMd  KHCIOpoJa W  TIOBBIMICHWEM  Temmeparypbl.  OOmydeHue
yIbTpaduoIeTOM WU JaKe BUAUMBIM CBETOM TAaKKe€ BEChbMa aKTHUBU3HPYET 3TOT
mporiecc.

OxucnutensHas ACCTPYKIMS — OAWMH M3 HanOoJiee YacTO BCTPEUAIOIIUXCS Ha
MIPaKTHUKE TMPOIIECCOB pa3pylieHus MmoiaumepoB. Kak mpaBuiio, oHa COMYTCTBYET BCEM

APYIruM BUJdaM ACCTPYKINH.

Paouayuonnas oecmpyxyus

PamnanmonHass JecTpyKmus pa3BHBAcTCS B IMOJUMEpax IO JACHCTBHEM
W3JIy4CHUNW BBICOKOW DSHEPIMM — IIOTOKA DJJIEKTPOHOB, HEWTPOHOB U APYIHUX
BBICOKODHEPTETUYCCKUX  YacTUIl. PaagmanmmoHHOE BO3ACHCTBHE 3aKIIOYaeTCs B
BO30YKJICHUH WJIM HOHU3AITUN OT/EIbHBIX 3B€HbEB MAaKpOMOJIEKYJbl. Bo30yxaenue, To
€CTh TIEepPEeBOJ YacTUll Ha OoJiee BBICOKMU DSHEPreTHUECKH YpOBEHb, OOJerdaer
JIECTPYKIHIO mojaumepa. [Ipu MoHM3amMM OT MaKpOMOJIEKYJbI MOTYT OTIICTUISITHCS
HanOoJiee TOABMXKHBIC U PEAKIIMOHHOCTIOCOOHBIE (hparMeHThl — CBOOOHBIC PaJHKAJIbI.
OHM WHUIMUPYIOT JadbHEHIIMH pacrmax MaKpOMOJICKYJbl WM TPHBOMAT K
00pa30BaHMIO TIPOCTPAHCTBEHHBIX CTPYKTYP B MaTepHae.

PanuarnmonHoi aecTpykiiuu Hanbosee MOABEP>KEHbI MOJMMEPHI, COIepKaIlIie B

OCHOBHOM e qCTBIpéXSaMCH_IéHHBIe ATOMBI YIJIEpOoJd, a TAaKXC CHUJIbHO IIOJIAPHBIC
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cBs3u. Tak, mpu oOMydyeHUU MOJIUTETPAPTOPITHIICHA Y — JTydaMH (IIOTOK 3JEKTPOHOB)
HaOIroAaJICs paciaj MaKpOMOJICKYJbI TI0 cBsi3siM C+F 1 oOpa3oBaHHE DIIEMEHTApHOTO
dropa.

PanuanmonHas AeCTpyKUMsl XapakTepHa TaKXKe i MOJMMEPOB, COJEpM KaIIUX
Apyru€  aToMbl  TajOMJOB  WJIA  TajJOMIOBOAOPOA  —  MOJUBHHWIXJIOPHUIA,
NOJIMBUHWIWJCHXJIOpUAA U T.I. B 3ToM ciydae mpu pagualimOHHOM BO3JIEUCTBHUU
OTLIETUIACTCA TaJOUAOBOAOPOJ, a OOpa3ylomuics HempeneabHbld  (pparMeHt
M0JIBEpraeTcsi UHTEHCUBHON OKUCIUTENIbHOMN JECTPYKIIUU.

[IpupoaHbie TOMMMEPHI, TAKME KakK IIEJUTI0N03a, KpaxMal, TakKe IMOJBEPKEHBI
Pa3NIOKEHHUIO MOJ H3aydyeHueM. lIpu 3TOM NpPOMCXOAUT pa3phiB MOJISPHBIX CBS3EH
C—OH.

[Ipu paguanmoHHOM OOJyYEHHMH MOJMATUJIEHA, MOJUCTUPOJA U Ap. MOJIUMEPOB
ATOM TPyNIbl BO3MOXKHO OTUICIUIEHHE BOJOPOJAa M 00pa3oBaHUE MaKpOPaIUKAJIOB,
MHULMAPYIOMINX 00pa30oBaHUE B MaTEpHUalle HOBBIX CETYATBIX CTPYKTYD.

PannanmonHasi necTpykuus, OJHAKO, HE BCErja MNPUBOAUT K YXYIUIEHUIO
AHTUKOPPO3UOHHBIX CBOMCTB MOJUMEPOB. Tak mpu oOpa3oBaHUU CETYATHIX CTPYKTYP
BO3PACTAaET MEXaHWYECKash MPOYHOCTh, MAJaeT PACTBOPUMOCTh MOJIUMEPA, CHUKACTCS
CIOCOOHOCTh K HaOyXaHHWIO, BO3PACTAET TEIJIOCTOMKOCTb, YJIYYILIAIOTCS aJr€3HMOHHBIE
CBOMCTBA Marepuaa.

OCOOEHHOCTBIO paTUAlIMOHHOW JECTPYKIUU SIBJSIETCS TakKKe TO, YTO MOJ
BIIMSIHUEM W3JIy4eHUs HW3MEHEHHWE Marepuana OyJeT TMPOUCXOJIUTh TOJBKO B
00JIy4EHHOM MECTe, a OCTaIbHbIE YYACTKU MOTYT OCTAaThCsl 0€3 U3MEHEHUIA.

JInst paaualuiOHHOM NECTPYKUMU XapaKTEPHO BBIACICHHE HU3KOMOJIEKYISIPHBIX
razoo0pa3HbIX NPOAYKTOB — BOJAOPOAA, XJIOpa, a30Ta, MeTaHa u Ap. OGHapyKeHHe 3TUX
MPOJYKTOB  MOXET  CIYXHUTh JOKAa3aTeIbCTBOM  MPOTEKAaHUA  PaJUAlMOHHOU
nectpykuuu. CKOpoCTb 3TOr0 Mpolecca 3aBUCUT, KpOME MPUPOIbI TOJMMEpPa, el U OT

HMHTCHCHUBHOCTH U AJIMTCIIbHOCTHU O6J'Iy‘-IeHI/I${.
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Mexanuueckas decmpykyusi

Mexanuueckasds  JECTPYKIMA  IOJUMEPOB  IMPOTEKAET TMOJ  JACHCTBUEM
MEXaHUYECKUX HArpy30K, aKTUBHPYIOIIMX XUMUYECKHE CBA3U. [Ipn MexaHnmueckom
BO3JICUCTBUM MOXKET TMPOUCXOIUTH Pa3pblB HauOoyiee HAMPSKEHHBIX XUMUYECKUX
CBSI3€M, YTO NPUBOJUT K TMOHWKCHHIO CPEIHEH MOJICKYJSIPHOM MAcChl IMOJUMEpPA U
OCJIa0JICHUI0  MEXMOJEKYJISIPHOTO  B3auMojeicTBusa. [losTomy  MexaHuueckas
JNECTpyKIUsl OyleT CONPOBOXKIATHCS  BSI3KUM ~ TEYEHUEM, KOTOpOE  ClHeJaeT
HEBO3MOHBIM oOpa3oBaHue HU3KOMOJIEKYJISIPHBIX IPOJIYKTOB pacmana.
OOpasyroniyecss Mpu MEXaHUYECKOM JIECTPYKIMU OCKOJKHA HMMEIOT MOJEKYJSIPHYIO
Maccy He 6osee 12000 equHuil.

MexaHnueckass JECTPYKIHUS OTIMYAETCA OT pPaJdaliOHHOW OTCYTCTBHUEM
ra3z000pa3HbIX OCKOJIKOB. OOBIYHO, YEM BBIIIE MOJISIPHOCTH MAKPOMOJIEKYJIBI TIOJIUMEDPA,
TEM BBIIIE MOJEKYJSIpHAs Macca OOpa3yIoIMXCs MPU MEXaHUYECKOW JeCTPYKIHH
OCKOJIKOB.

Cnemudurka MeXaHUYECKOM JeCTPYKIMM 3aKIoYaeTcss B TOM, YTO Takoe
pa3pyllieHre MaKpOMOJIEKYJ He TpeOyeT 3aTparbl JOMOJHUTEIBHOM DJHEPruu U
[IPOMCXOAUT B PE3YJIbTATE MPSIMOTO MEPEX0Ja MEXAHUYECKON DHEPIrUUA B XMMHUYECKYIO
SHEPrui0 o0pa3zyrIMXcs NpoAyKTOB. PaspylieHue npu MexaHWYEeCKOM BO3JICUCTBUU
3aBUCUT OT €r0 UHTEHCUBHOCTH U YCKOPSIETCS B IPUCYTCTBUU KHUCJIOPOJa BO3AYyXa, TaK
KaKk O0Opa3ylollrecsi OCKOJIKM JIErKO B3aWMMOJEHCTBYIOT C KHUCIOpPOJAOM, BbI3bIBAs

OKHUCJIMTEIbHYIO JECTPYKITHUIO.

buonoeuueckas oecmpyxkyus nonumepos

buosornueckass IeCTpyKLMs — 3TO pa3pylIeHUE IOJIMMEPOB IOJ IEHCTBHEM
Pa3IMYHBIX MUKPOOPTaHUW3MOB, TaK HA3bIBAEMbIX METa0OJIMTOB U 3H3UMOB. Hambomnee
MO/IBEP’KEHbl OMOJOTUYECKON JECTPYKLUMH TMPUPOJHBIE ToJuMepbl. CUHTETHYECKUE
MOJINMEPHI, KAK MPAaBUIIO, HE SIBISIOTCS UCTOUHUKOM IMUTAHUS 3TUX MUKPOOPTaHU3MOB,

HO OHM TAKKC MOT'YyT IMOABEPIraThCA OMOJIOTMYECKOMN KOppO31H BCICACTBHUC BBCIACHHA B
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CUHTETUYECKHE TIOJUMEPHI Pa3UYHBIX J00aBOK — IUIACTU(UKATOPOB, KpacHUTENeH,
HAITOJTHATEJICH, KOTOPBIE MCITOJIB3YIOTCS MUKPOOPTaHM3MaMH B Ka4eCTBE MCTOYHHKOB
nuTanus. [lodTOMy CHHTETHYECKHME TIOJMMEpPHBIE MaTepuanbl He OoO0JamalT HHU
(yHTUCHUIHBIMU (CITOCOOHOCTh YOHMBATh MHUKPOOPTAHU3MBbI), HU (YHTHCTATUUYECKUMU
(cIOCOOHOCTP 3a/IepKUBATHh PA3MHOXKEHUE MUKPOOPTAaHH3MOB) CBOMCTBAMU. B CBs3M C
STHUM JIJIS1 3aIIUTHI TOJIMMEPOB OT OMOJOTUIECKON JECTPYKIIUU HEOOXOIMMO MTPOBOHUTH
CHeIMaTbHBIC MEPHI 3AITUTHI.

buoxumuueckue TIPOIIECCHI, CBSI3aHHBIC C KHU3HEACITSILHOCTHIO
MHUKPOOPTAaHU3MOB, VXYAIIAIOT BHENIHWNA BHUJ TOJMMEPHBIX W3ACTUIH, MPUBOII K
norepe OJecka WIM Jake TPABICHUIO TIOBEPXHOCTH, TO €CTh K TMOSBICHHUIO
mepoxoBatoctd. MHorma HaOmogaeTcss  OKpalllMBaHHWE —IOJMMEpAa MMHUTMEHTOM
MUKpPOOpPTraHW3MOB. Pa3BuTHEe TpOIeCCOB OMOJIOTHYECKOW NECTPYKIIUU  MOXKET
OpUBECTM W K PACTPECKMBAHUIO MaTepuaja H3-3a YIJAJICHHS OJHOTO W3 €ro
KOMITOHEHTOB, MOTJIOINIEHHOTO MUKPOOPTaHU3MaMH.

Kpome Toro, OmomMacca crnocoOCTByeT KOHACHCALIUM BOJSHBIX IapOB, YTO
MPUBOJUT K POCTY BOJOMOIVIONICHUS U YXYAIIECHUIO IUAJIEKTPUUECKUX CBOMCTB

Marepuana.

Tepmuueckas oecmpyKyusi NOIUMEPOS

OmuuM 13 HamboJiee 4YacTO BCTPEUAOIIMXCS BUIOB SIBJISIETCS U TepMUYECKas
nectpykiys. OHa pa3BUBAETCA B Marepuasie Moj ASHCTBHEM TEIJIOBOIO IOTOKAa, HO
HaJIMYME JNaXe CJICAOB KUCJIOpPOJa MPU HAarpeBaHWUU BbI3BIBACT 3aMETHOE OKHUCIICHHUE
Marepualia, modTOMY TaKOW BUJT JECTPYKIIUH YaCTO HA3BIBAIOT TEPMOOKHUCIUTEILHOM.

[Ton nelcTBMEM TEMJIOBOTO M3JIYYEHHUS B TEPBYHO OYEpelb PpPa3pbIBAIOTCS
HavMeHee CTOMKHhe XuMHuueckue cBsizu. Kak okasanoch, cBsizb C-C MeX1y OCHOBHOM U
O0okoBbIMU LieTsIMU ciabee, yem cBsi3b C-C B ocHoBHOM 1enu. [losTomy, yem Oolee

Pa3BETBJICHA MOJICKYJIA ITOJIUMEpPA, TCM MCHCC OH CTOCK K I[GﬁCTBHIO TCILJIA.
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PaznuyHble 3aMECTUTENN MO Pa3sHOMY BIIMSAIOT HA TEPMOCTOMKOCTh cBsizu C-C.
Hanpumep, yBenuueHue KOJIMYECTBA METHIBHBIX TPYII YMEHBIIAET MPOYHOCTh 3TON
CBsI3M, a 3aMElICHHE aTOMOB BOI0POJia Ha (PTOp YBEJIMYUBAET €€ TEPMOCTOUKOCTb.

['erepouenHpie mosMMepsl 00Jalal0T BBICOKOM TEPMOCTOMKOCTHIO, OCOOEHHO
MOJIMOPTAHOCUIIOKCAHbI. JTO WX CBOMCTBO IIMPOKO HCIONB3YeTCS MpPU pa3paboTKe
Pa3IMYHBIX TEPMOCTOMKUX KPACOK MPHU BBINOJHEHUHM TEIUIOBOM 3aIUTHI JETATEIbHBIX
anmnaparos.

Urpaer  poap W NPOCTPAHCTBEHHBIE  CTPYKTYPbl  MaKpOMOJIEKYIL.
CrpykrypupoBaHHbIE  TpEXMEpHbIE  IOJUMEpbl  00JanaloT  Oosiee  BBICOKOM
TEPMOCTOMKOCTBIO, YEM IOJIUMEPHI C JUHEHHBIMH MakpoMoiieKyJaMu. CrocoOHOCTh
IIOJINMEPOB ~ CONPOTHUBIIITBCS  PA3pyLICHUIO IIPpM HArPEBAaHWU OLIEHHUBAECTCS HX
TEPMOCTOMKOCTBIO.

[lox mepmocmotikocmvo noaumepos IOHUMAIOT UX HECTIOCOOHOCTh pearupoBaTh
Ha BO3JCHCTBUE TEMIEpPATypbl. B MOHATHE «TEPMOCTOMKOCTE» BKJIAJBIBACTCS
COUYETaHUE JBYX CBOWCTB MaTepuaja «TEeIJIOCTOMKOCTh» U «T€PMOCTAOMIIBHOCTDY.

[Ton mennocmotikocmovio TOHUMAETCSI CIOCOOHOCTH OJMMEPHOTO MaTepHasa He
paszjmaraTbCsi NpPU  TMOBBIIIEHHBIX  TEMIEpAaTypax MW  COXPaHATb  TBEPIOCT,
o0ecrneunBaIIy0 pab0TOCIOCOOHOCTh U3enuid. TemIocToNKOCTh MaTeprualia 3aBUCUT
OT MHTEHCUBHOCTH TEIUIOBOTO BO3JEUCTBUS M  (DU3MKO-XMMUYECKHUX CBOWCTB
Marepuana. OHa TeM Bbllle, 4YeM OoJjblie THOKOCTbh MaKpOMOJEKYJbl, YeM
3HAYUTENIbHEE MEXMOJIEKYJIIPHOE B3aUMOJACWUCTBHE, TpPU OCIA0JIEHUU KOTOPOTO
MaKpOMOJIEKYJIbI MOTYT MEPEMEIAThCsl Pyl OTHOCHUTENIBHO JApyra, TO €CTh TEYb.
PacTér TemIocTOMKOCTh M € POCTOM TYCTOTHI NONEPEYHBIX CBSA3EH B MOJIEKYIIE,
MO3TOMY CE€TYaThIe MOJIUMEPBI BOOOIIE HE MOTYT pa3MArdyarbcs Mo AeMCTBUEM TEIUIa.

[lon mepmocmabunbhocmeplo  TOJMMEpPAa TMOHMMAETCSI €ro  CIoCOOHOCTh
CONPOTHUBIIATHCA TEPMUUYECKOMY PA3JI0KEHUIO MPHU BBICOKUX TemIeparypax. Tak Kak

pPa30KEHUE MAKPOMOJEKYJIBI MPOUCXOAUT TMPU PpPa3pblBE BHYTPUMOJIEKYJISIPHBIX
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CBSI3€il, HWMEHHO TNIPOYHOCTh BHYTPUMOJEKYISPHBIX CBS3€d W  ONpEnessieT
TEPMOCTAOMIILHOCTh MaTepHaa.

OneHuBaeTcs TEPMOCTa0OUIILHOCTh TaK HA3bIBAEMOW TEMIIEPATYpOil MoJIypacaia
T . Temnepamypoii nonypacnaoa Ha3bIBAIOT TaKyl TEMIIEpaTypy, MPH KOTOPOU
nosmmMep TepsieT 50% cBoell Macchl B U30TEPMHYECKUX YCIOBHX 3a 30 MUHYT.

TepMocTaOUIBHOCTH MaTepHaa MOXET ObITh OLIEHEHAa TaKXe OTPE3KOM
BPEMEHH, B TEUECHHE KOTOPOTO COXPAHAIOTCS HEU3MEHHBIMH (PU3UKO-XUMUYECKUE
napaMmeTphbl MaTepuaia Mnpu JaHHou Temmneparype. O603HaYaeTcst STOT KpUTEPU — Tt .
OTOT KPUTEPUN TMO3BOJIIET ONPEAEIIUTh ONTHUMAJIbHBIA PEXUM TeMIEpaTypHOU
00pabOTKM Marepuaina, TO €CTh IOKa3bIBAET BPEMs, B T€YEHUE KOTOPOr0 MaTepuai
OyAeT coXpaHsATh HEU3MEHHBIMU CBOU CBOICTBA.

XapakTepHOil OCOOEHHOCTh MOJMMEPHBIX MAaTEpPUANOB SBISETCA TO, YTO OHH
0o0Jagal0T camMbIMH  BBICOKUMH  KO3((QUIIMEHTAaMU  JIMHEWHOTO  TEPMHYECKOTO
pacUIMpPEHHUs], TOATOMY IOJ JCHCTBUEM ITOBBIIICHHBIX TEMIIEPATyp B HUX BO3HUKAIOT

SHAYUTCJIBbHBIC BHYTPCHHUC HAIIPSXKCHUA, IIPUBOAAIINC K KX I[C(l)OpMaI_[I/II/I.

Icr

Pucynok 3. Bua rTepMoMexaHMUEeCKUX KPUBBIX

I'paguueckas 3asucumocmv Oegpopmayuu noaumepa om memnepamypol

Hazvigaemcs mepmomexaHudeckol kpueou (pUCyHOK 3). Bua TepMoMexaHWYEeCKUX
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KPUBBIX 3aBUCUT OT MPOCTPAHCTBEHHOM CTPYKTYpbl U CTENEHU KPUCTAJUTMYHOCTH
MOJIUMeEpA.

[Ipy HU3KMX TeMmIiiepaTypax MOJUMEpP HaXOAUTCS B TBEPAOM COCTOSIHUH. ITO
COCTOSIHUE XapaKTEePU3YETCs MOJHBIM OTPaHUYCHHEM MOJABMKHOCTU BCEX CTPYKTYPHBIX
AJIIEMEHTOB TofuMepa. BO3MOXHBI TOJNBKO KoJeOaTerabHbIE IBUKEHHS aTOMOB. JTO
COCTOSIHME XapaKTEepPU3YEeTCS BBICOKMMU 3HAYCHHSIMHU MOJAYJIEH YINPyroctd U
npoyHocTH. [Ipyu orpaHWYEHHOW MOABMKHOCTH CTPYKTYPHBIX €IWHUIl AehopMarius C
POCTOM TeMIIepaTyphl YBETUUMBACTCSA HE3HAUUTENHHO — y4acTok OA Ha pucyHke 3.

[Ipu GoJiee BHICOKUX TeMIlepaTypax MOJUMEp MEePEeXOUT U3 TBEPAOTO COCTOSHUS
B BbICOKOIUIacTuyeckoe coctosiune BC. OHO BO3HMKAeT B TOM cClly4yae, KOrjaa
MOSIBJISIETCS. BOBMOYKHOCTh HEKOTOPOM CErMEHTaJbHOM MOJBUKHOCTH, a MOJBHKHOCTD
MAaKpOMOJIEKYJI em€ orpaHnueHa. llosBieHHe CErMEHTAIbHOM  MOABHKHOCTH
CTPYKTYPHBIX €IMHHI] MOJMMEpa MPUBOAUT K POCTYy JedopMaiiiu Ha MEPEXOHOM
ydqactke AB. BbICOKORIACTUYECKOE COCTOSIHUE XApPAaKTEPU3YETCS OTPOMHBIMH
oOpatumbiMu aedopmanuaMu pacTsikeHus — 10 100% oT ucxoaHoro.

[Ipy nanpHelIeM MOBBIIMICHUH TEMIIEPATypbl MOJMMEP MOXET IMEePEXOJUTh B
Bs3koe coctosHue (CD), korma TOABWKHBI BCE  CTPYKTYpPHBIE  DJEMEHTa
MaKpOMOJIEKYJIbI U CaMH MAaKpPOMOJIEKYJIbl MOTYT MEpPEMEIIaThCsid B MPOCTPAHCTBE —
teub. [lpu 3TOM B MaTepuane pa3BUBAIOTCS IUIACTUYECKUE AePOopMalMhd U OH
MEPEXOJIUT B XUAKOE cocTosiHUE. [lepexoapl MexX Ty ITUMU (PU3UUYECKUMU COCTOSIHUSIMU
HE SIBJISIIOTCA (pa30BBIMH, TaK KaK MPH ATOM HE MPOMCXOJUT M3MEHEHMs cocTaBa (as.
Ananmu3 kpuBoil | TO3BOJISIET MPOCHEAUTh HAIMYUE TPEX (PUBMUECKHX COCTOSHUMN
nojauMepa B 3aBUCHUMOCTH OT TeMIepaTypbl — TBEPAOrO CTEKJI0o0Opa3oBaHus — 1,
BBICOKORJIACTUYECKOTO —2, W BsI3KOTeKyuero —3. TemrepaTypHble 00JacTH Iepexoja
MEXIy Pa3sIM4HBIME (DM3MYECKMMM CcOcTosHMsAMHU cocTapiassior 20-30° u  Gonee.
O6nacte  TeMmIepaTyp  Iepexoja  MEXAy  TBEPABIM  CTEKIOOOpa3HbIM U

BBICOKODJIAaCTUYECKMM COCTOSIHMEM HasbiBaeTcss memnepamypoi cmexnosanus (Tcr).
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Temnepamypa mexyuecmu (Tt) — 3TO 00JaCTh Mepexoja OT BBICOKOIIACTUYECKOTO K
BSI3KOTEKYUYEMY COCTOSTHUIO.

VY HaTypaJbHBIX U CHHTETUYECKHUX KaydyKOB TEMIIEPATYPhI CTEKJIOBAHUS JIEXKAT B
007acT  OTpHMIATENbHBIX 3HadeHuH (okomo -70°), mosTOoMy OSTH MaTepuanbl B
HOPMAJIBHBIX YCJIOBHUSIX HaXOASATCSA YK€ B BBICOKODJACTUYECKOM COCTOSHHM, YEM U
OOBSCHSIOTCS WX YHHUKaJIbHBIE dJaCTHYECKUE CBOMCTBa. Temmeparypa CTEKJIOBaHUS,
TEeMIIepaTypa TEKYy4eCTU IOJIMMEPA — BEIMYHMHBI OTHOCHUTENbHbIE. OHU HE SIBISIOTCA
INOCTOSTHHOM XapaKTEPUCTUKON maTepuaia, TaK KaK 3aBUCIT OT Pa3JIMYHBIX YCIIOBHII.
Hanpumep, Ter mommmepa 3aBUCHUT OT CKOPOCTH HW3MEHEHHs Temmeparypel. [lpu
obicTpoM HarpeBe Tcr cMmemiaercs B 00yacTh 00Jiee BBICOKMX 3HAYEHUA W HA0OOPOT.
3aBucut Tcr M OT HAIMYKS MEXAaHUYECKOTO BO3JECUCTBUS, YTO CMENIAET BEINYUHY B
o0nacTe 0oJiee HUBKUX Temmeparyp. OTO 3HAYMT, YTO TEMIIEpaTypa CTEKJIOBAaHMS
MO3BOJISIET JIMIIb OPUEHTUPOBOYHO OIPEACIIUTh TEMIIEPATYpPy, IPH KOTOPOU MaTepuai
OyZeT coXpaHsTh TBEPAOCTb.

Ho Buxg | Oyner uMeTh TONBKO TEpMOMEXaHUYECKas KpuBas JIMHEWHOIO
amopduoro monumepa. s KpUCTALTUYECKUX TMOJUMEPOB IMOJYyYHUM 3aBUCUMOCTD,
onuchiBaemyto kpuBor 1. Kpucrammmdeckue nmonumepsl, Kak J00bIe KPUCTATUTMUECKHE
Marepuaibl, NEpPeXoAsST W3 TBEPAOTO B IKUAKOE COCTOSSHUE TIPU TMOCTOSHHOMU
temneparype — Temneparype 1aBieHus (Try), MHHYS BBICOKOXJIACTHUECKOE
COCTOSIHHE.

Jns monuMepoB, HUMEIOLIIMX IPOCTPAHCTBEHHYIO CETYATYH0 CTPYKTYpY,
TepMOoMexaHuueckass kpuBas Oyner umerh Bun III. OTu mommmepsl He CrOCOOHBI
pa3MsryaTbCsa, HE CIOCOOHBI MEPEXOAUTh B BBICOKOAIACTHUECKOE U BSI3KOTEKyuee
coctossHue. OHUM TIpU  BBICOKMX TEMIlEpaTypax MOJABEPralTcs TEPMUUYECKOMY
Pa3N0XKEHHUIO.

XapakTepHOil OCOOEHHOCTHIO TMOJMMEPHBIX MAaTEpPHAIOB SIBISIETCS WX HU3Kas
TEIIONPOBOAHOCTE. C POCTOM TEIJIONPOBOJHOCTH TOJMMEPOB CKJIOHHOCTh HX K

TEPMUUECKOMN AECTPYKIIMU BO3paCTaeT.
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JUis NOBBIIEHNS XUMHUYECKOIO CONPOTUBJIECHUS MOJIMMEPOB K TEPMUYECKOU
JNECTPYKLIMM B HHUX BBOIAT J00AaBKM MPOTHBOCTAPUTENEH M CTAOMIM3aTOPOB.
[IpoTtuBOCTapUTENN — 3TO BELIECTBA, 00JIEE NHTEHCUBHO PEArvpyroliue ¢ KUCIO0POI0M,
yeMm noiumep. VX Ha3HaueHHWe — CBA3BIBAHHME KHUCI0pPOAa, AUPGYHIUPYIOLIErO B
nonumepe. Ha3znauenue ctaOmnm3atopoB — BCTyNaTh B OBICTPOE B3aUMOJIEHCTBHE C
OCKOJIKAMU  MaKpOMOJIEKYJ, OOpa3yloLUMUCS TpPU TEPMHUECKOM  Pa3JI0KEHUU
MOJIUMEpPA, TaK KAaK OHHM CIIOCOOHBI MHULMUPOBATh €ro JalbHEWIIEe pa3pyLICHUE.
[ToaToMy BBIOOp CTAOMIM3AaTOPOB ONPENENSIETCI XMMHYECKMM COCTaBOM IPOIYKTOB
JIECTPYKIUH MOJIUMEpA.

KonudecTBo mpoTUBOCTApUTENEN U CTAOMIN3AaTOPOB OOBIYHO HE mpeBbiaeT 2%
OT MaccChl IMOJIUMEpa, TaK KaK OHM MOTYT yXyawaTh (PU3UKO-XUMHUYECKHE CBOICTBa
Marepuana. Yem akTUBHEE 3TH J00aBKH, TEM JOJIbLIE MOJUMEp OYyAET BBIICPKUBAThH
JEUCTBUE MOBBIIIEHHBIX TEMIIEpATyp. DTH AOOABKU PACXOIYIOTCS MPHU SKCILTyaTaluu,

4CeM U OIIPCACIISACTCA CPOK HUX CJ'IY)K6I>I.

Xumuueckas oecmpyKyus HOTUMEPHBIX MAMEPUATO8

[IprurHOM XMMHUUYECKOM HECTPYKIMHU SIBISETCS B3aUMOJCHCTBUE ITOJIUMEPOB C
arpeccuBHOM cpefoil. XuMHUYecKas IEeCTPYKIUs BbI3bIBAET HAMOOJEE 3HAUYUTEITHHOE
paspylIeHHe MOJIMMEPOB. B pesynbraTre B3aMMOIEHCTBUSA XUMHUYECKU AKTUBHBIX CPEJ
MIPOUCXOAAT HEoOpaTUMble U3MEHEHMsI CTPYKTYpbl U CBOMCTB Marepuana. Ilpu stom
MOXET IPOUCXOAUTH Pa3pblB OCHOBHOW MAaKpOMOJIEKYJSPHOM LIENU C YMEHbIICHUEM
CTEIIEHW IIOJIMMEPU3AlUK, OTLICIUIECHHE MOHOMEPOB OT KOHLIOB MAaKpOMOJIEKYI,
MeperpynnupoBka aToOMOB B 3aMECTUTENsIX Oe3 pa3pbiBa OCHOBHOW LIETH, a TaKKe
CIIMBAHUE MAKPOMOJIEKYJI IIONIEPEYHBIMHU CBA3SIMHU, TO €CTh CTPYKTypupoBaHue. Bcé
ATO NPUBEHET K 3HAYUTEIbHOMY U3MEHEHUIO CBOMCTB MaTepHaa.

CrnocoOHOCTh TMOJMMEpPOB BCTyHnaTh B XUMHYECKOE B3aUMOJEHCTBUE C
arpeCCUBHOM CPEIOW 3aBHUCHUT, IPEXKIAE BCEro, OT CTPOCHUS JIIEMEHTAPHOIO 3BEHA

MaKpOMOIJICKYJIbI, 4 HC OT eé JJIMHBI. HpI/I‘{I/IHa 9TOT0O B TOM, YTO IMOJMMCPLI BCTYIIAIOT B
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peaKkiMu C Pa3IUYHBIMU CpeJaMH HE MAaKpOMOJICKYJIOW B IICJIOM, a OTACIbHBIMH
SIIEMEHTAPHBIMU 3BCHBSIMH. B 3TOM OCOOCHHOCTh XMMHYECKOTO B3aMMOJICHCTBHS
HOJIMMEPOB CO Cpelor. B CBS3M ¢ 3TUM peaKIMOHHAs CIIOCOOHOCTh MOJUMEPOB U UX
HU3KOMOJICKYJSIPHBIX aHAJIOTOB — MOHOMEPOB — BO MHOTOM cxojHa. OJHaKO MOTYT
MOSIBIIATBCS. U HEKOTOPBIE OCOOCHHOCTH IO CPABHEHHIO C HHU3KOMOJCKYISPHBIMH
aHaJIOTaMH:

O Halu4yhe OOJBIIOr0 4YHciaa (YHKIMOHAIBHBIX TPYII TMPH CKIAT4aTOM
CTPOCHUU MaKPOMOJICKYJIBI MOXET MPUBOJIUTh K MX B3aUMOJCHCTBHIO JIPYT C JPYTOM,
YTO MPUBOJIUT K CHMKCHHUIO PEAKIIMOHHON CIIOCOOHOCTH 3TUX TPYIII MO CPABHEHUIO B
AHAJOTHYHBIMA MOHOMEPAaMH;

O pEaKIMOHHAs CIIOCOOHOCTh CTPYKTYPHBIX ©IHHHI[ IOJIMMEPOB MOXKET
OTJINYATBCSI OT PEAKIIMOHHOW CIOCOOHOCTH COOTBETCTBYIOIIMX MOHOMEPOB H3-3a
Pa3IMYHON «IOCTYIIHOCTH» XMMHUYECKMX CBs3€H. «J{OCTYMHBIMH» IS XHMHYECKUX
NpEBpaIlieHUH CBS3sIMH OYIYyT TaKHe, KOHIICHTPAILUs arpecCHBHOW CpPEIbl OKOJIO
KOTOPBIX 3HAYUTECIBLHO BBIIIE, YeM B cpeaHeM 1o 00wémy. KommuecTBeHHO
«IOCTYIMHOCTb)» K XUMHUYECKUM MTPEBPAIICHUSAM (YHKIINOHATBHBIX TPYIIIN JaHHOTO BUA
oneHuBaetcs cootHomenueM: d = n/ng, rae d — «AOCTYIMHOCTY K MPEBPALICHUSIM; Ng —
o0Iilee YMCIIO CBSI3eH JAHHOTO BHAA B MOJUMEPE; N — YHCIO CBS3CH, MOCTYIHBIX IS
MIPEBPALICHUM.

«JIOCTYITHOCTRY» XMMHUYECKON CBSI3U 3aBHCHT OT MPOCTPAHCTBECHHON CTPYKTYPHI
MaKpOMOJICKYJIbI. B ceTyarsix TmoOJMMepax OHAa HWXKE, 4YeM B JIMHCHHBIX WM
IIOCKOpa3BeTBICHHBIX. C  MOBBIIICHWEM  TEMIIEpPAaTypbl — HAOJMIOJAeTCA  POCT
«IOCTYIMHOCTH» HM3-3a YBEIWYEHHUS IMOABIKHOCTH CETMEHTOB MakpoMousekyil. Kpome
TOTO, «JIOCTYITHOCTH» — BEJIMYMHA OTHOCHUTEJIbHAS, TaK KAaK OHA HE OJMHAKOBa B

Ppa3INYHBIX arp€CCUBHBIX CPCAax.

Ocnoenvie munol pacnada NOJUMEDPHBIX MOJIEK)J]l npU XUMUYECKOL decmpykuuu
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XapakTep pacmaga IOJUMEPHBIX MOJIEKYJ 3aBUCUT OT  PEaKLMOHHOU
CIIOCOOHOCTH TPYNITUPOBOK, BXOASIINX B MAKPOMOJICKYITY.

Ecin Bce naieMeHTapHblE 3BEHbS MaKpOMOJIEKYJbI HMMEIOT OJMHAKOBYIO
PEaKIMOHHYIO CIIOCOOHOCTh, TO pacmaj MAaKpOMOJIEKYJbl B Pe3yJlbTaTe XUMHUYECKOU
ACCTPYKIIUU OYyIEeT MPOTEeKaTh MO «3aKOHY Ciydas». DTO 3HAUUT, YTO Pa3pbiB LIEMHU
MaKpOMOJIEKYJIbl OyAE€T NPOUCXOAMTH B CIydyalHOM MECTE M B pe3yJibTaTe pacmnaja
00pa3yloTCsl HEAKTHUBHBIE OCKOJIKM. TakoW THI pacmaja BCTPEYAeTCs y TOMOIICTIHBIX
HOJUMEPOB, COCTOSIIIMX W3 OJIMHAKOBBIX CTPYKTYpHBIX €IMHHUL. B 3ToMm ciydae B
pe3yinpTaTe pacmnajga o0pa3yloTcs HEaKTHBHbIE OCKOJKM. Ilpumepom pacnaga
MaKpOMOJIEKYJT TIO0 «3aKOHY CIydas» MOXET CIYy)XHTh KHCIOTHO-KaTaTUTUYECKUN
pacnaj (TUAPOIH3) HeIIToI036I (2.1)

(C10H1005)n + NH,O — nCg H1206 (21)

Ecin KoOHIIEBBIE TPYMIIBI MaKpPOMOJIEKYJT HMMEIOT OOJBIIYI0 PEaKIMOHHYIO
CIOCOOHOCTH IO CPABHEHUIO C OCTaJIbHBIMU (PparMeHTaMu, TO paciaj MaKpOMOJIEKYJIbI
IpU XUMHYECKON MECTpyKIMU OyneT MpOTEeKaTh MO «3aKOHY KOHIEBBIX rpymm». Ilpu
3TOM OYyJeT TMOCIEeI0BaTeNbHO OTIICIUIATECS OT KOHIIA MaKpOMOJIEKYJIbl OJHa
CTPYKTypHasi €lIMHHULA, YMEHbIIAsl CTENeHb MOJIMMepU3alnn Ha eauHully. [Ipumepom
TaKOTO pacrajia MOXKeT CIYy>KUTh JIECTPYKIHUS MOTHOKCUMETHIICHAa B BOJHBIX PacTBOpax
LIETI0YEH.

OnHaKo, JECTPYKIUS 0 «3aKOHY KOHIIEBBIX TPYI» B YHCTOM BHJIE BCTPEUACTCS
JOBOJBHO peako. OOBIYHO OHA COMPOBOXKIAETCS PACIagOM IO «3aKOHY Ciydash», a
OCKOJIKU 3aTeM JAETIOIMMEPU3YIOTCS IO 3aKOHY «KOHUEBBIX IPYIID».

Ecnu makpoMornekyina moaumMepa COCTOUT U3 CTPYKTYPHBIX €IMHHUIL C PA3IAYHON
PEaKIMOHHOMN CIIOCOOHOCTBIO, TO pachajl MPU XUMHUUECKON NECTPYKIUU OyIeT UATH 10
3aKOHY «cJa0bIX cBsizei». «CinaObIMU» CUMTAIOTCS HauOoJee peakIMOHHOCIOCOOHbIE
cBs3M. Takoil TWN pacmaja dYaiie BCTPEYaeTCsl Y TeTEPOIEHHBIX IMOJIMMEpPOB, TAC B
MECTE PpACIHOJIOKEHHUSI TeTepoaToMa BCETa XMMHUYECKas CBSI3b MMEET MOBBIIICHHYIO

PEaKIMOHHYIO CIOCOOHOCTh. Jlemonumepusanusi ¢ NEPBUYHBIM PACHaJOM «CIAOBIX»
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CBA3EH  XapakTepHa Takke Il  KapOOLENMHBIX  IMOJMMEPOB,  COJAEPKALIUX
HEHACBHIILICHHBIC CBSI3U WJIM CUJIBHO MOJISIPHBIE CBS3U.

BBIIO yCTAaHOBJIEHO TaK)KE, UTO Ja)XK€ B TOMOLCTIHBIX MOJIMMEPAX 4epe3 KaxKIble
200-250 3BeHBEB pacnojiaraloTcs 1enu 0osiee PeakIMOHHOCIIOCOOHBIE IO CPABHEHHIO C
OCTaJIbHBIMHU, XUMHUYECKHE CBSI3U, Pa3pblB KOTOPHIX MPU XUMHUYECKOH JECTPYKIUHU
IIPOUCXOJIUT B MEPBYIO OUYEPeIb. ITOT (PAKT ABISETCS CICACTBUEM IepepacipeieICHUs
AIIEKTPOHHBIX 3(PPEKTOB B IITMHHBIX MAKPOMOJICKYJIaX.

Bce ykazaHHble TUINBI pacmaja pEAM3YIOTCA, €CIU TMOJMMEP HAaXOAUTCS B
AKUJKOM COCTOSIHUM — B PacTBOpE WM paciuiaBe. Tunm pacnana B TBEPAOM MOJHUMEPE
AQHAJIOTUYHOTO COCTaBa MOXXET OTJIMYAThCS, TO €CTh OYyJIEeT MPOSIBISATHCS aHOMAaus
pacraja.

B pacTtBOpax mnm pacruiaBax XMMHUYECKA HECTOMKHUE CBSI3M HAXOMSTCA JPYT OT
Ipyra Ha PacCTOAHUSX, UCKITIOYAIOIINX UX B3aUMOACHUCTBHE. EcCu ke Takou moiauMmep
HaxXOJIUTCA B TBEPJOM CTEKJIOOOpPA3HOM COCTOSIHHMHM, TO €r0 MaKpOMOJIEKYJbl MOTYT
UMETh SIPKO BBIPAKECHHYIO CKiIaauaryio ¢hopmy. B 3TOM cllydyae XMMHUUYECKU aKTHUBHbBIC
CBSI3H, PACIIOJIOKEHHBIE B BEPIIMHAX CKIAJIOK, OyayT O0jee peakimoOHHOCTIOCOOHBI IO
CPaBHEHUIO C JAPYTMMH aHAJIOTHYHBIMHU CBS3SIMHU, PACIIOJIOKEHHBIMU B TIIyOWHE, MEHEE
JOCTYNHBIMM JJIsl XUMUYECKUX mpeBpainieHuii. KpoMme toro, OJM3K0 pacroioKeHHbIC
CBSI3U MOTYT B3aWMOJIEMCTBOBATH APYT C IPyroM. Bc€ 3TO MpUBEAET K CHUKEHHUIO MX
XMMHYECKON AKTMBHOCTH, M TOMOLECIHOW TMOJUMEpP, COCTOSIIUN W3 OJUHAKOBBIX
CTPYKTYPHBIX €IUHUI] B TBEPJAOM COCTOSIHUHM OYJIET NETOJSPU30BATHCS HE MO «3aKOHY

CITydas», a 1o «3aKOHY CJIa0bIX CBS3EHY.

Mexanuszm npeepawjerusi OCHOGHbIX XUMUYECKU HECMOUKUX C8A3ell
YToOBI MPOrHO3UPOBATh U3MEHEHHUE CBOMCTB MOJIUMEPHOTO MaTepuaja MpUu ero
JNECTPYKIIUM B arpecCHUBHBIX Cpelax HEOOXOJIUMO 3HATh MEXaHWU3M MPEBpAICHUS €ro

XUMHUYECKU HECTOMKUX CBA3EH.

59



Bonpmiass Tpymnmna MOTMMEPOB COACPKHUT aMUIHYIO TPYHIHUPOBKY. IlomspHbIii
XapakTep OJTOW TPYNIHPOBKU ONpenenseT €€ YyBCTBHUTEIBHOCTh K JICHCTBHIO
pPa3MYHBIX TMOJPHBIX CPEI — pPacTBOPOB KHUCIOT, Imejouedi u T.1. [losTomy
COCIUHEHMSI C AaMHJHON CBSI3pI0 OyAyT pacmamaThCsi, TO €CTh IOJBEPrarbeCs
THUAPOJIMTUYECKON JECTPYKIIMH KaK B KUCIIBIX, TaK M B IETOYHBIX Cpeaax.

B kucnoit cpeme OymeT MNPOUCXOAUTh MPOTOHHPOBAHWE AaMHIHON CBS3H.
DNEKTPOHHOE CTPOCHUE aMHUIHOW CBSI3W TPENONpEnesiseT JBa ITyTH BO3MOXKHOTO
IPOTOHHUPOBAHHUS: 10 KAPOOHUILHOMY KHUCI0pOoay (2.2) U 10 aMHIHOMY a30Ty (2.3).

O H O..H

v Y
~ C—NH———¢  NH— (2.2)

, Oo.H o

— C—NH———C—NH* — (2.3)

B sToMm ciyuae Bo3MoxkHO oOpa3zoBanue O-mipoToHupoBaHHOM (opmbl (2.2) u N-
npotoHupoBaHHOW QopMmbl (2.3). CrnekTpajabHBIMM METOJIaMU cyllecTBOBaHue O-
IPOTOHUPOBAHHOM (OPMBI JOKa3zaHO, oOpazoBaHue N-pOTOHUPOBaHHOU (POpMBI TOKa
J0Ka3aTh He yaanock. OIHAKO 3TO HE MCKIIOYAET BO3MOXHOCTH €€ CYyIECTBOBAHMS.
Bo3moxkHo, 3Ta (popma oOpaszyercs B TaKMX MalblX KOJMYECTBAaX, YTO JIEKHUT 3a
IIpe/eslaMd YyBCTBUTEIIBHOCTH TEIEPEUIHUX METON0B HccienoBaHus. C IMOBBIIEHUEM
paspeniaronieii cmocoOHOCTH METO/I0B MCCIIEIOBAHUS, BO3MOXKHO, OyJIeT OOHapyXeHa U
sTa dhopma.

Jns  OONBIIMHCTBA COCAWMHEHWM C aMHJIHOM CBS3BIO KOHCTAHTAa CKOPOCTH
peaklMy MPOTOHUPOBAHUS TPOXOJUT YEPE3 MAKCUMYM IPU YBEJIIMYEHUN KOHLIEHTPAUU
KHCJIOTBI, 4YTO CBSI3BIBAIOT C POCTOM KOHIIEHTPAallMM IPOAYKTOB  pacraja
MPOTOHUPOBAHHOU (POPMBI.

B menoyHelx pacTBOpax pacmaz aMuIHOW CBA3U IPOUCXOAUT 3a CYET
NPUCOCANHEHNUS HWOHAa TUIPOKCHIA K KapOOHMJIBHOM Tpymme ¢ MOCIeIYIOIUM

OTIICTUICHUEM MOJIEKYJIbI BOJBI (2.4).
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P O.. OH O— OH 0— |
—C—NH—> —C—NH— ,#HYQ:‘,*—C—NI—!— (2.4)
s 0—

KoHCTaHTa CKOpPOCTH pPEaKIMU pa3lOKEHHs B IIEJIOYHBIX CpElax pacTtér B
pa30aBJIEHHBIX pPAcTBOPAaX M BBIXOJAUT HA TIOCTOSHHOE 3HAYEHUE TPU BBICOKUX
KoHUeHTpauusax OH™ .

b3k 1o CBOWCTBAM COEOUWHEHHMSIM C aMUJHOW CBSI3bI0  ITOJMMEPHI,
coJiepKaliie UMUHBIE CBsI3U. JlJIsl pa3sioKeHUsl 3TUX COCTMHEHUN HEOOXO/IUM Pa3phiB
JBYX CBsi3e — UMHMJIHOUW M KapOokcuaMugHOH. [IoCKOJIbKY MMHAHAs TPYNIUPOBKA
MOJISIPHA, TO BO3MOXEH KaK KHCIOTHO- TaK M OCHOBHO-KATAIIMTHYECKWW pacnaj B
MOJSIPHOM cpene. 3HA4YMT, T[PYNNHUPOBKA OyAET NOJABEpPraTbCsi TUAPOIUTHUYECKOU
JNECTPYKIIMA KaK B BOJHBIX PACTBOpPax KHUCJIOT, TaKk W mienouer. OgHako, pa3anyue
KUCJIOTHO- W OCHOBHO-KATAIMTHUYECKOTO PA3JIOKEHUSI TPYHIUPOBKH 3aAKIIOYAETCS

TOJILKO B 00pa3yromuxcs npoaykrax peakmnuu (2.5):

s 0 Q \, s
+ /] /
—C H—C-N R\ H a .
Yy, N—R> T — _0+R—NH; (2.5)
~ C OH'—C—%H —C N
O « O p o)
a 0

B mienounsix cpenax pacman MIET 10 0Opa3oBaHUs MOJUAMHUIOKUCIOTH (a), B
KHCJIBIX cpefiax pacnaj npoAobkaeTcs 10 o0pa3oBaHus aHruapuaa (0), CyniecTBOBaHUE
KOTOpPOT0 JOKa3aHO METOJIOM MEUEHBIX aToMOB. KOHCTaHTa CKOpPOCTH pPa3yioKEHUS B
KHCJIBIX CpellaXx pacTéT ¢ yBeJMYCHHEM cojepxkanus H', , B IIENIOYHBIX cpemax ¢
pPOCTOM KOHIIEHTPALIMM TUIAPOKCHUI-MOHOB B PACTBOPE BBIXOJUT HA TOCTOSTHHOE

3HAa4YCHHUC.
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[Tonumepsl, conaepkaliye CIOXKHOIPUPHBIE CBS3M, TaKXKe I0JIBEprarTcs
Pa3JIOKEHUIO KaK B KHUCIBIX, TaK M MIEJIOYHBIX cCpelax. Pa3iIMuHBIMH METOJaMU
YCTAHOBJICHO, YTO B CHUJIBHOKHUCIIBIX CpPEAax CIOXKHBIE d(PUPHI MPUCOECTUHAIOT MPOTOH.
[Tpu 3TOM, B MPHHIHUIIE, BO3MOXXHO MPOTOHHPOBAHUE KaK MO KapOOHWIBLHOMY (2.6) ,
TaK W 1O alKoKcuiabHOMY (2.7) xucnopoxy. ®dopma, NOpOTOHUPOBAHHAS IO
AIKOKCUJILHOMY KHCIIOPOJYy B HACTOsIIee BpeMs He OOHapy’>KeHa, YTO MOXET ObITh
CBSI3aHO C €€ HE3HAUWTEIbHOW KOHIIEHTpAlMEH, JIeKaleh 3a MpeaeiiaMmu

YYBCTBUTCIBHOCTH COBPCMCHHBIX MCTOIOB.

, OH* 0..H*

R—0O—€=— R—-0—C— (2.6)
_OH HO .

R—O—C—» R—-O0—C— 2.7)

JlanpHeHmmii pacnag TPYNIUPOBKUM MOKET IMPOTEKATh JMOO IO CBSA3HM aluil-
KHCIJIOPOJ, TMOO MO CBSI3U alKWI-KUCIopoa. B oboux ciaydasx 310 OyAeT NPUBOAUTH K
o0pa3oBaHMIO AaKTHBHBIX pAJAMKAIbHBIX YAaCTUL. YCTAHOBJIEHO TakKXke, 4YTO
NpPOTOHUpPOBaHHAs (opmMa B JajbHEHIIEM TMpU pachaje MOXeT JaBaTb U
HEPEaKMOHHOCIIOCOOHBIE YACTHIIbI, €CJIM B PACTBOPE MPUCYTCTBYIOT AHUOHBI KUCIOTHI
WM JIaXK€ MOJIEKYJbl BOABL. OJTH YAaCTHUIBI MOTYT HEWTPaIU30BaTh IOJIOKUTEJIbHBIN
3apsA] MPOTOHA, YTO M MPUBEAET K 0OpPa30BAHMIO HEPEAKIIMOHHOCIOCOOHBIX YACTHI.
[Ipenmnonaraercst TakXke, 4TO KUCJIOTHBIM pacnaj CIOXHBIX 3(UPOB MOXKET MPOTEKATh
yepe3 O00pa3oBaHHE TMPOMEXKYTOUHBIX aKTUBUPOBAHHBIX KOMIUIEKCOB. (CKOpPOCTb
pacrajia 3Toi TpyIIUPOBKU PACTET C KOHUEHTPALMEN KUCIIOTHI.

Pacnag cinokHOO(HUPHBIX CBA3€H B IIENOYHBIX Cpelax MPOUCXOAUT OYEHb
obicTpo. [ToATOMY MEXaHU3M 3TUX PEAKUUN MOXKET ObITh UCCIEIOBAH TOJBKO B OYEHb
pa30aBJEHHBIX PAacTBOPAX, YTO 3aTPYIAHSET YCTAHOBIEHHWE HCTUHHOTO MEXaHHU3Ma

pacnana cs3u. [Ipeanonaraercs, 4To pacnaj B 3TUX CpeAax aHAJIOTHYEH Pa3pylICHUIO
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noJimaMusioB. TO €cTh MPOUCXOJIUT 3a CUET MPUCOEAMHEHUS THUIPOKCO-TPYIIbI IO
MECTY KapOOHUIIBHOTO KUCIOPOAA C MOCIEAYIOIUM OTIIEIIEHUEM MOJIEKYJIBI BOJIBI.
Oco0OeHHOCTh TOBEJCHUSI CUJIOKCAHOBOM CBSI3M B TOM, YTO OHAa pa3pyllaeTcs
TOJIBKO B KUCJBIX CpejlaX, YTO ONPEIEISIETCS BO3MOKHOCThIO KOOPAMHAIIUU MPOTOHA C
HETOJICTIEHHON DJJIGKTPOHHOM Mapodl KUCIOpoJa, NpUBOASAIIEH K 0Opa30BaHUIO
OKCOHHEBOro coeauHeHus. C THUAPOKCUA-UOHAMHU Takas KOOpAWHALWS HEBO3MOXKHA,
YeM U OOBSCHSIETCS YCTOMUMBOCTh CUJIOKCAHOB B IIEJIIOYHBIX cpeaax. [Ipeanomnaraercs,

4dTO PACHICINICHHUC OPTaHOCHUJIIOKCAHOB ITPOXOJUT YCPC3 HCCKOJIBKO PA3HBIX IO CKOPOCTHU

CTaJIuH:
H* H*
— OpIcTpoe npoTonupoBanue: =Si— 0 — Si=—+ =Si—0 - Si=;
— MEJIJICHHBIH paciiajl MPOTOHUPOBAHHON (POPMBI :
H*

=Si—O0-S=> =Si - OH + Si*= . Ilpu 3TOM 00pa3yercsi CHIAHOJI U CHJINJI-
KaTHOH;

— OBICTPOE B3aMMOJCWCTBUEC CHIIMJI-KATHOHA C JIHOOBIM HYKJICO(PHILHBIM
areHToM,

naxe ¢ MoJiekyJoi Boael: =SiT + H-Off  =SiOH + H'.

OcBOOOXKIAIONINIACS HA TTOCJIEIHEN CTaIuU MTPOTOH BCTYMAET BO B3aUMO/ICHCTBUE
CO CIEAYIOUIEN CUIIOKCAHOBOM IPYNIUPOBKOM, KaTaIM3UPYys €€ pacal, TO €CTh pacas

UIET B aBTOKATAIMTHYCCKOM PCKUME.

Ocobennocmu decmpyKyuu nOJUMEPO8 HEOOHOPOOHOU CIMPYKIMYPbl
B monmmepHBIX MaTepuanax MPaKTHYECKH BCErla MMEET MECTO aHO30TPOIHUS

CTPYKTYpPBI U CBOWMCTB 10 00bEMY. [IpUunH HEOTHOPOAHOCTH MaTEpHaia OY€Hb MHOTO.
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Jlaxe eciu maTepuan COCTOUT M3 OJHOTO IMOJMMEPHOTO CBS3YIOIIETO, B HEM MOTYT
OBITH HEOJHOPOTHOCTHU U3-34:

— pa3IMYHON JOCTYMHOCTH XUMUYECKHUX CBS3EH;

— pa3IMYHON CTENEHU KPUCTAILNTNYHOCTH;

— PpAa3JIMYHBIX BHYTPEHHUX HANPSKEHUH, BO3HUKIIUX MPU €ro MPOU3BOJICTBE U
AKCIUTyaTaluu.

Ecnu xe marepuan COCTOUT W3 HECKOJIBKHX KOMIIOHEHTOB — CBSI3YIOUIETO,
KpacuTeJsi, HallOHUTEs, TIacTU(dUKATOpa U T.I1. — KPOME YXKe MEePEUUCIICHHBIX PUYUH
HEOAHOPOJHOCTH BO3HUKAET U LIEJbIN PAI APYTUX:

— HEOJIHOPOJIHOCTh COCTaBa MaTepuasa o o0bEMy;

— paznuyne B K03 UIUEHTaX TEPMUUECKOTO PACIIUPEHHUS,;

— pa3nuyue no pazMepam 4acTUl] KOMIIOHEHTOB;

— pa3nuYue Mo arje3uy CBI3YIOMIEr0 U KOMIIOHEHTOB;

— pasnuyue Mo PeaKkuoOHHON clocOOHOCTH T0OABOK U T.I.

TakuMm o0pa3oM, MOJMMEPHBIM MaTepuall B CHIIY CaMbIX Pa3HOOOpPa3HbIX MPUYUH
[PAKTUYECKHA BCErJa HEOMHOPOJEH II0 CTPyKType. Hanuuue rpagueHtra CTpyKTYypbI
MIPUBOJIUT K TOSBJICHUIO aHU30TPOIHMH CBONCTB MO 00BbEMY MaTepuana. AHU3OTPOIHS
CBOWMCTB SIBJISIETCSI TPUYMHON PA3JIMYHOM CKOPOCTH JECTPYKIIMM MaTrepuaia B
Pa3INYHBIX €TI0 30HaX.

CKOpPOCTh XMMHMYECKOW JIECTPYKIIMH MOXHO BBIPa3UTh YEPE3 KOJIUYECTBO
XAMUYECKH HECTOMKHX CBSI3€HM, PACHaAroIMXCd B €QUHUIY BpeMmeHH. [lycTh nmeem
MaTepuall, BKJIIOYAIONIMA B ce0sf 1—€ KOJUYEeCTBO 30H C PAa3IUYHON CKOPOCTBHIO
nectpykuuu. Ecin 0003Ha4MTh CKOPOCTh JECTPYKIIMHM B JaHHOM 3JIEMEHTApHOM
00béMe uepe3 Vi, To moaydumM cooTHoIeHue (2.8):

dCi
V= —_ (2.8)
dr
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Tak kak XuUMHYecKas NECTPYKLHsS €CTb XHMMHMUYECKass peakuus, TO CKOPOCTb
0001 XUMHUYECKOM peaklMU paBHAa MPOU3BEACHUI0 KOHCTAHTBI CKOPOCTH 3TOM
peakuMM Ha KOHLEHTPALMI0 BCEX BEUIECTB. YYacCTBYIOUIMX B JAaHHOM pPEakLUU.

CnenoBatenbHO, 11 I-T0 00bEMa moayuum (2.9):

dC;
——=Kk (4; - Cil) " Cyar CpaCTB Vi, (29)
dt

rae K — KOHCTaHTa CKOPOCTH paciajia HECTOMKUX CBSI3eEi;
Ci® — HavanpHAs KOHIIEHTPALU XUMUYECKH HECTOMKMX CBA3EH;
Ci' — KoHe4Has KOHLEHTPAIMs XMMHYECKH HECTOMKNX CBSI3Ei;
(Ci? - Cit) — ob1ee umco pacmaBIIMXCcs HECTOWKHUX CBS3EH;
Ciar — KOHIIEHTpALUs DJIEKTPOJINTA B HOIMMEPE. DIEKTPOIUT KaTalU3HPyeT
pacnaj CBA3€EH;
Cpacrs — KOHIEHTpAIMs Tpoau(OyHANPOBABLIETO B MOIMMED PACTBOPUTEJIS;
V; — areMeHTapHBIi eTMHIYHBIN 00BEM MOIUMepa.
OGIIyI0 CKOPOCTh JECTPYKIMHM HoNuMepa Vz MOJTydHMM CYMMHUPOBaHHUEM

CKOPOCTEH pacrajia HECTOMKHX CBSA3EH BO BCEX AJIEMEHTapHBIX 00béMax (2.10):

1dGC; |
Vz=Y —=2k{(C°-C") " Car " Cpaers " Vi (2.10)
Odt O
Ho koHueHTpamusi 3J€KTpoJiUTa B TMOJIMMEPE HE OCTAETCA IMOCTOSTHHOW, OHAa
MEHSETCsl BO BpeMeHU. E€ n3MeHneHrne MOXXHO MPEACTaBUTh Pa3HOCTHIO MEXTY OOIIUM
KOJIMYECTBOM Mpoau(dyHAUPOBABIIET0 B TOJIUMED JJICKTPOJIHUTAa M KOJUYECTBOM
AJIEKTPOJINTA, BCTYNHUBILINUM B PEAKIIUIO C XUMUYECKU HECTOMKUMU CBA3SIMU MTOJIUMEPA:
dCi *Crar i
—KaT = Dy - ——AKi " Car - Ci") * Vi, (2.11)
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drt ox2 0

rac Cin — KOHIOCHTpaluA XHUMHWYCCKU HECTOMKMX CBSI3€H B IMOJIMMCPC,
CITOCOOHBIX BCTYIIaThb BO BBaHMOﬂeﬁCTBﬂe C KaTaJIn3aTOpOM;

ki — KOHCTaHTa CKOPOCTH IPOoHeccCca B33HMOI[€IZCTBH$I.

Ecan IMOJINMCP CIocob0eH BCTyI1IaTb BO BSaHMO,HGﬁCTBHG H C paCTBOPHUTCIICM,
HallpuMep Ipu rugpojin3c, TO €ro KOHICHTpALUA TAKIKC 6YI[GT MCHATBCA BO BPECMCHHU.

[To anayoruu JIsi U3BMEHEHUS KOHIICHTPAIIMK PACTBOPUTENs monyduM (2.12):

dc, PC e |
— pact=Dpaer© —=2. (Ki' * Cpaer * Ci' ) * Vi, (2.12)
dr ox? 0

rie Ki' — KoHcTaHTa CKOPOCTH THIPOJIN3A,;

Ci — KOHIIEHTpalUs XMMHYECKH HECTOMKHX CBA3€EH, TIOBEPTIINXCS TUIPOIIH3Y.

PemmiB cucremy ypaBHenuidt (2.11) u (2.12), mosyuum oOIIyI0 CKOPOCTh
necTpykuuu nonuMepa. OJIHaKo, MONB3YSACh ITUMHU YPABHEHUSMHU, MbI JI€JIaeM IIeJIbIN
A TOMYLICHUH:

— kodhdumment nuddy3uun D katanuzaTtopa W pacTBOPUTENS HE 3aBUCAT OT
KOHIIEHTpAIlMU. DTO CIPaBeIJIMBO TOJBKO s pa30aBieHHBIX cpea. Ho MockoiabKy B
ruipodOOHBIX TMMOJUMEPaX KOHIIGHTpAIUsl KaTajau3aropa U PacTBOPUTENS OOBIYHO
OYEHb MaJia, TO MOXKHO CUMTATh CUCTEMY “‘TIOJIMMEp-cpesia” BechbMa pa30aBIeHHOM, 4TO
OTIpaBIBIBACT CACIAHHOE JAOMYIICHNUE;

— CKOpPOCTh pacriaja XUMHUYECKA HECTOMKHX CBSI3€HM B MOJMMEpPE MOCTOSIHHA BO
BPEMCHHU. DTO MOXET OBITh CIPABEIJIMBO TOJBKO NPH MaJOM COACPKaHUHU CPEIbl B
noJmMepe, Korjaa BCs MOTJIOMIEHHAsT cpela cpa3dy BCTyHaeT BO B3aMMOJCHCTBHE, YTO

TaK)Ke CIPaBEIMBO JIJIsi THAPOPOOHBIX MTOJTMMEPOB;
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— peakius pacnajga XMMHYECKH HECTOWKHUX CBSI3€i MpaKkTHYECKH HeoOparuma.
Ha camom paeme mn€r m oOpaTHas peakmusi, HO €€ CKOpPOCTh HE3HAYWTEIbHA, YTO
TIO3BOJISIET €i IPeHeOpeYb.

B amopdHBIX monMMepax JMHEWHOTO CTPOCHHS, IJIe CKOPOCTH ICCTPYKIIMU B
OTJCNBHBIX JJICMCHTApPHBIX 30HAX MaJl0 OTIMYAIOTCA JPYr OT JApYyra, MOXHO
MOJIb30BAThCA CPEIHEH CKOpOCThIO Vz Tpolecca JSCTPYKIMH, KOTopas paBHA
OTHOIICHUIO CYMMBI CKOPOCTEH 0 BceM 00bEMaM K CyMMe 3JIeMEHTapHBIX 00BEMOB B
nojumepe (2.13):

[
Z [k (CiO - Cil) ) CKaT ) CpaCTB] ) Vi
0
Vz = (213)

2 Vi

Ocobennocmu nogedeHus 31acmomepos

B ornuume oT XKECTKHMX MOIMMEPOB 3JIACTOMEPHI B YCIIOBHUSX SKCIUTyaTallud
HaxXOJIATCSA B BBICOKODJIACTUYECKOM COCTOSIHHH, KOTOPOE XapaKTEepPU3YETCS BBICOKOM
MOJBM)XKHOCTBIO CETMEHTOB MAaKpOMOJIeKyJ. [lomuMepbl B BBICOKOZJACTHYCCKOM
COCTOSIHUM WMEIOT OYEHb BBICOKMU Tpenen oO0patumbix nedopmaruii, TO €CcThb UX
MOKHO TOJBEPraTh 3HAYUTENbHBIM JiepopMaIusiM pacTsHKEHUSA, HO TIOCJE CHSTHS
Harpy3Ku OHHM MPUHUMAIOT IIEPBOHAYATBHBIC Pa3MEphI.

DnacToMepbl COCTOSAT U3 THOKHUX MaKpPOMOJIEKYJI, CBSI3AHHBIX OUYEHb PEAKUMU
MOTICPEYHBIMU ~ CBSI3SIMH, TI03TOMY HE OOHApY>XHUBAIOT MKECTKOH MOJEKYISIPHOU
CTpyKTYyphl. Juddy3noHHbIC Mpomeccs B 3JIacTOMEpax MPOTEKarT OBICTpee, YeM B
CTEKJIOO0pa3HbIX TBEPABIX TMonuMepax. Beicokue kodhdumuentsr auddys3un

KHUJKOCTEH U ra30B B HUX 00YCIIOBIEHBI OOJIBIION THOKOCTHIO MAaKpPOMOJIEKYI.
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BaxHOU 0COOEHHOCTBIO 3JIACTOMEPOB SBJISETCS TO, YTO OHM COOHUPAIOT BOAY B
OUYEHb MaJIbIX KOJIMYECTBAX. DTO MAaTepHUAJIbl, UMEIOIIEE HAUMEHBIIIEE BOJIOMOTIIONIECHUE
Cpeay APYruxX MOJMMEPHBIX MaTepuaioB. KoanyecTBO MOriIomEHHON BOBI BO3pACTAET
TOJIKO B HAYaJIbHBII MOMEHT KOHTAKTa, C TCYEHUEM BPEMEHM BOJIONIOTJIONIEHHUE UIET C
YCTAHOBUBIIEHCA CKOPOCTBIO, HO €€ aOCOJIIOTHAs BEIMYMHA HE MPEBBINIACT JECATHIX
WJIM COTBHIX J0JIEW MPOIIEHTA.

Ecnu Matepuai Ha OCHOBE 3J1acTOMEpPA MPEICTABISET MHOTO(A3HYIO CUCTEMY, TO
€ro BOJIONOTJIONIEHUE MOXKET BO3pacTaTh M3-3a HaJW4Wsl BOJOPACTBOPHUMBIX
KOMIIOHEHTOB — KpacuTelield, craOuiau3aTtopoB U T.. [Ipu 3TOM TPOMCXOIUT
BBIMBIBAHUE BOJOPACTBOPUMBIX KOMIIOHEHTOB M HMX MECTO B 00BEME Marepuasa
3aHUMaeT Bojia. PocT BopomorsomeHuss HaOMI0JaeTCsS TaKKe MPU YBEIMUYCHUH YHCIIa
XUMHUYCCKHUX CBS3CH, CITOCOOHBIX TOJBEPraThCs TUAposn3y, Hanpumep, cBsazerr C—Cl
ninu C—Br.

Opranudeckue pacCTBOPUTEIN COPOUPYIOTCS dacTOMEpaMy 3HAYUTEIIBLHO JTyYIIle,
yeM Boja. [loxm [elcTBHEM OPraHUYECKUX PACTBOPUTENEH 3JIACTHI 3HAYMTEIHHO
HaOyXarT, YTO NIPUBOAUT K 3aMETHOMY CHIDKCHHIO HMX MPOYHOCTH. B mpenerne
BO3MO>KHO M PAaCTBOPEHHE JIACTOMEPOB B OPTaHUYECKUX Cpeiax.

Mexay cTeneHbi0 HaOyXaHUsi U MPOYHOCTHIO Y ATUX MaTEpPUATIOB CYIIECTBYET
HEMOHOTOHHAs 3aBUCHMOCTb: TIPH MajoW CTermeHn HaOyxaHus HaOIOgaeTCs
HEKOTOPBI POCT MPOUYHOCTH, C TOBBIINICHUEM KOJIMYECTBA COPOMPOBAHHON Cpebl
MPOYHOCTH MaJaer.

OOBsicHsIeTCS 3TOT (haKT HAJIMYHMEM BBICOKOTO Ipejeia BBICOKODIACTHYECCKOMN
nedopManuu, Tpu MaJIOM KOJUYECTBE COPOUPOBAHHON Cpe/ibl B MaTepHrajie BO3HUKAIOT
nedbopManuu HaOyXaHWs. DTO yIydllaeT pelaKCallMOHHBIE CBOWCTBA MaTepHala,
3aKJIFOYAIOIIEr0Cs] B CIOCOOHOCTU BBIPAaBHUBATh, YMEHBIIIATh HANPSIKEHUS BO BPEMEHH,
YTO W MPUBOJUT K POCTY €ro MPOYHOCTH.

[Ipyn 3HAYUTENHPHOM KOJUYECTBE COPOMPOBAHHOW CpPEIbl MEXKMOJICKYIISIPHBIC

CBA3HU B IIOJIMMEPE oCJIa0NArOTCSA HACTOJIBKO, YTO MaTc€purall TCPACT IMPOUYHOCTH BIIJIIOTH
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10 pacTBOpeHHs B mnorjouiaemMoi cpene. OJHAKO, CKIOHHOCTb 3JIACTOMEPOB K
HAOYXaHHUIO MOKET OBITh 3HAYUTENILHO OHKEHA TIPY YBEIIMUEHUH YHCIIA TTOTIEPEUYHBIX
CBs3€M B Marepuase, 4TO JOCTUIAETCS B pe3ysbTaTe Npolecca «BYJIKAaHU3ALUN,
IPUBOSAIIETO K 00pa30BaHUIO B MaTepHUalie MPOCTPAHCTBEHHOW CETYATON CTPYKTYPBHI.
Yame Opyrux B KayecTBE BYJIKAHM3aTOpa HCIOJB3YIOT CEpY, CO3JAIOIIYI0 B
MaTepuaie MPOCTPAHCTBEHHYIO NOIUCYIbGUAHYI0 ceTky. Opnako cBs3u C-S-C
HECKOJIBKO yCTymHaroT mo croiikoctu cBszu C-C, TO ecThb Hamuuue MOJUCYIb(UTHBIX
CBSI3€M CHMKAeT XMMMYECKOE COINpOTUBIEHHE MaTepuana. Ho cpaBHUTENbHO HHU3Kas
CTOUMOCTb CE€pbl NPUBOAUT K €€ IIUPOKOMY MHCIOJIb30BAaHUID B KadyecTBE

ByJKaHu3atopa. [IpuMepHO TakuMu e CBOMCTBaMU 00JIa/Ial0T U OJIUIPUPHBIEC CBS3U

O

—0—C—.

B 3aximoueHue pasznena 0 XMMUYECKOW AECTPYKIUU MOJMMEPHBIX MAaTEPUAIIOB
HaJI0 UMETh BBUJY, YTO STOT BUJ JIECTPYKIIMHU HE BCETJa MOXKET OBITh HEXKEJIATEIbHBIM
SBJICHUEM JUIs IPakTUKU. Hanpumep, 3TOT BUI AECTPYKLIMU HAXOAUT NPUMEHEHUE IIPU
YTUIN3AUU OTXOJOB MAaTepUajoB. 3a/auyd, €CTECTBEHHO, B 3TOM CIly4ae MpPsSIMO
MPOTUBOIOJIOKHBI: HEOOXOJMMO HE CHHUXXEHHE, & POCT CKOPOCTH JACCTPYKIIUU IS
WHTEHCU(UKAIMU TIPOoIlecCCOB yTuiau3anuu. Haubombiire TpyaHOCTH BO3HUKAIOT TPH
YTUIU3AIUU  HauboJiee XUMHUYECKH CTOMKUX MaTepuayioB. KpoMe XuMUYECKOu
JNECTPYKUMHU TPU  yTUIW3AUUM  OTXOJIOB IIOJMMEPOB M3BECTHO IPUMEHEHUE
MUKPOOPTaHU3MOB, CITIOCOOHBIX BBI3BIBATH MHTCHCUBHYIO OMOJIOTHUECKYIO JECTPYKIIHIO

MOJIUMEPOB.

2.2 IloBeneHne MOJMMEPHBIX MATEPHUAJIOB MO/ HATPY3KOii

I[O CUX IIOPp MbI paCcCMAaTpUBAJIU ITOBCACHUC ITOJIUMMCPHBIX MATCPHATIOB, CUMTAasd,

YTO Ha HUX )ICI\/’ICTByeT TOJIBKO arp€CCuBHaA Cpcaa, B PE€aIbHBIX YCIOBUAX IPAKTUUCCKHU
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BCErJa Ha MAaTepHUal OJHOBPEMEHHO C arpeCCUBHOM CpPENON NEWCTBYIOT U pa3IUYHbIC
MEXAHUYECKNE Harpy3ku. XUMHYECKOE COIPOTUBICHUA Marepuaiga IpH ITOM
mensierca. Crnaboe MeXaHWYEeCKOe I0JIE MOXKET BIMATH TOJILKO Ha BEPOSITHOCTHYIO
CTOpOHY mpolecca paspyuieHus. Hampumep, npu cinabom pacTATHBAIOIIEM YCUIUU
BO3PAaCTAET BEPOATHOCTD PA3PYLICHUS HMEHHO B 3TOM HaNPABJICHUH.

[Ipu Oonee KECTKOM BO3JEUCTBUM MNPOUCXOJUT 3HAYMTEIbHAS aAKTHBAIUS
XMMHUYECKUX CBSI3€M, CHIDKAIONIAs CONPOTHUBJICHHE Marepuana arpeCCUBHOMY
BO3JEUCTBHIO. HakoHen, mpu 3HAYMTEIBHBIX MEXAHWYECKUMX Harpy3kax MOXKET
POU30MTHU Pa3pblB XUMUUYECKUX CBA3EH B MOJUMEPHOM MATEpHAJIE.

N3MeHeHus, MpoOUCXOAIINE B MOJUMEPHBIX MaTepualiaX MpU OJHOBPEMEHHOM
JEUCTBUM MEXAHUYECKOM HArpy3Kh M arpecCUBHOM Cpelbl, Ha3bIBalOT MEXaHO-
XUMHYECKUMH. B 3TOM cllyyae TOJIBKO JBa KpalHUX BapUaHTA HE OTHOCST K MEXaHO-
XUMUYECKUM:

® cclid MaTepuan Tak OBICTPO pa3pyliaeTcs NpU MEXaHUYECKOM BO3JICHCTBUH,
YTO MPOYHOCTh XUMUYECKUX CBSI3€M HE MOXKET MOBJIUATH HA €r0 OBEICHUE,

® eciau Marepuan OBICTPO PACTBOPSIETCS B arpecCHUBHOM cpejie, TO Haludue
MEXaHUYECKOTO BO3JIEHCTBUSI TAKKE HECTIOCOOHO MPOSIBUTHCA.

OnHOBpEMEHHBIM Y4YeT BO3ACHCTBUS MEXAHMUYECKON HArpy3Kd M arpecCUBHOMU
cpeabl — JOCTaTOYHO TpyaHas 3amgaya. [losToMy OOBIUHO BHaAyajae pPacCMaTPUBAIOT
W3MEHEHUS, IPOUCXOIAIIME B MAaTEpUAIIE IO IEUCTBUEM MEXaHUYECKOM HArpy3kH, a
3aTe€M OIICHUBAIOT, KaK OSTU HU3MEHEHHUs TMOBJIUSIOT Ha CIOCOOHOCTh Marepualia
B3aMMO/JICMCTBOBATh C arPECCUBHOM CPEIOM.

[TonmumepHble MaTepUalibl 10 CBOMM CBOMCTBAM 3aHMMAIOT IPOMEKYTOUHOE
MOJIOKEHUE MEXKTY TBEPAbIMU TEJIAMH U BSI3KUMH KUJIKOCTSAMH, TOITOMY UX MTOBEICHUE
MOJI HATPY3KOM MMEeT HEKOTOphle OCOOCHHOCTH IO CPAaBHEHHUIO C TBEPJBIMH TEJIaMHU.
Ot crnenuduueckue OCOOCHHOCTH JIETKO TMPOCIEKUBAIOTCS Ha TaK Ha3bIBaeMbIX

aunarpaMmmax pacTsoKCHHA.
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Luazcpammer pacmsadicenus

JlnarpaMmMa pacTsKEHUs BBIPAKAET 3aBUCUMOCTh BO3HUKILIETO B MaTepuase

HanpspKkeHus: 6 oT aedopmanuu €. [Ipu pacTsKeHUM € BbIpa)KaeTCsl B BEJIMYMHE
OTHOCHTEJNBHOTO yiumHeHus, To ecth € = Al / |. Bun amarpamMmer pacTspkeHHs B
3HAYUTEIBHON Mepe ompeensercs Npupoaoil nonumepa. s muHelHoro amopgHOro
[IOJIMMEpA MOJIy4aeTCss HEMOHOTOHHAS 3aBUCUMOCTh B KOOpAMHAaTax ¢ — €. [Ipn ManbIix
pPACTATMBAOIINX YCUIUAX TMOKHE CKJIaa4aThble MaKPOMOJEKYJbl BBIIPSIMIISIIOTCA. JTa
3aBUCUMOCTb BBIPAXACTCA NPSIMOM JIMHUEH, HUCXOIAIIEH M3 Hadaja KOOPAHHAT.
HanpspkeHus, BO3HMKaroIMEe B Marepuale, MPONOPLUUOHAIBHBI AepopMmanuu. ITO
oOpatumble ynpyrue aeopmanuu, nomuuHsomuecs 3akoHy ['yka ¢ = E-e. Touka,
OrpaHUYMBAIOILIAS ATOT YYACTOK, €CTh IPEAEII yIPYTOCTH MaTepuaia.

[Ipu nanpHeleM yBEIMYEHUN PACTITUBAIOUIETO YCUIIMS MAaKpOMOJIEKYJIbl U3-32a
CBOEH 3JaCTUYHOCTU MOTYT BBITATUBATHCS. JlepopManny, BO3ZHUKAIOIIUE B MaTepuUase,
TOXKe oOpaTuMble, HO 3akoH ['yka 31ech yXe He BBINOJHSETCS, T. K. AepopMainus
HECKOJIbKO OOJIbLIE, UEM COOTBETCTBYET HANPSIKEHUIO. DTa 3aBUCUMOCTb OTKIIOHSETCS
OT NpPSIMOJIMHEWHOM, T. K. B MaTepuaje pa3BUBAIOTCS BBICOKOAIACTHYECKUE
nepopmaruu. Touka, orpaHMYMBAIOIIAs 3TOT Y4YacTOK, €CTh MpPEAes 3IaCTUYHOCTU
Marepuana. Jlonbllie ¢ pocTOM PacTATHBAIOLIETO YCHUIIUS BBINPSAMIICHHBIE 371aCTUYHbIE
MaKpOMOJIEKYJbl OyIyT OpPHEHTUPOBATHhCS BJOJb CUJIOBOrO TOJS, TO €CTh TEYb.
Hanpsixkenue B mMarepuasne nNpu 3TOM NPAKTUYECKU HE MEHSIETCs, a Ha rpauyeckoin
3aBUCUMOCTHM II0JIy4aeM YYacTOK, HapajulesibHbli ocu €. IIpu 3TOM B Matepuaine
pa3BuBarOTCs AedopMannuy BSI3KOro TeueHus. Touka, OrpaHMYMBAIONIAsl STOT Y4acTOK,
€CTh MpeJes TEKYYECTH MaTepHaa.

[Ipn npanpHEWIIEM YBEIMYEHHM YCUJIUS OPHUEHTHPOBAHHBIE MaKpPOMOJIEKYJIbI
OynyT commkarbesi, oOpaszys «iiedky». COMuKeHHe MaKpOMOJICKYJ MPUBOJIUT K HX
BO3MOKHOMY B3aMMOJIEUCTBHIO, TPUBOASIIEMY K HEKOTOPOMY CHUKEHUIO HAPSHKEHUS

B MaTepuaine. B caMoM TOHKOM MecTe MPU HEKOTOPOM 3HAYEHUU € MTPOUCXOUT Pa3pbiB
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marepuana. Touka, OrpaHUYMBAIOIIAS JTOT YYAacTOK, €CThb IMpEeAed NPOYHOCTU
MaTepuaa.

CymMmupyst Bc€, MOXKHO CKa3zaTh, YTO B JIMHEHHOM aMOp(HOM MOJIUMEpE OT
MOMEHTa HarpyKeHus JO0 pa3pylleHHUs pa3BUBAIOTCA Bce BUABL Jedopmaliuii:
oOpatumbie (ympyrass W BBICOKODJIACTHYECKas) M HeoOpatumasi (BSI3KOTO TEUYCHHS),
IPUBOSIIME K Pa3pYLICHUIO MaTepHaIa.

Ecnu B3ATh MOJUMEPHBIM MaTepuay, UMEIOIMNN NPOCTPAHCTBEHHYIO CETYATYIO
CTPYKTYpY, TO €ro JuarpaMma pacTsiKeHHUs: OyJeT OTpakaTh HAJIMYUE TOJIBKO YIPYTUX
nedopmaiuii, To ectb Marepuan OyAeT BeCcTH cedsi Kak ymnpyroe TBepioe Teno. Ero
paspyluieHrue OyAeT MPOUCXOIUTh MPU MAJIOM OTHOCUTEIBLHOM YJIMHEHUU U OOJIBIIIOM
3HAYEHUU BO3HUKILIETO HATIPSIAKEHUS.

Jns  mOIMMEpPHBIX  MaTepUaoB, HAXOASIIUXCS B BBICOKOAJIACTUYECKOM
COCTOSIHUM YK€ TMpU HOPMAIBHOM TeMIlepaType, TO €CTh KaydyKoB, Juarpamma
pacTshKeHUs: OOHApY’)KMBAeT HAJUYME TOJIBKO BBICOKOAJIACTUYECKOW jaedopMalud u
nedopManu BSI3KOTO TeUYeHHUs. YHpyrux aepopManuii mpu pacTsHKEHUM TaKHUX
MaTepualioB He BO3HKMKaeT. OHU pa3pylIatoTCs MIPU BEChbMa 3HAYUTEIbHBIX YJIMHEHHIX

U MaJIbIX 3HAYCHHUAX HaHpﬂH(eHHﬁ.

3asucumocms ouazpamm pacmsadiceHus om 6HEUHUX PaKmopos

Bun nuarpamMmbl pacTsSHKEHHUST 3aBUCUT HE TOJBKO OT CTPYKTYPBI MaKpPOMOJIEKYIT
Marepuaiga, HO U OT TeMmmepaTypsl. Hauboiiee TOJNHO BIMSHHE TEMIIEPATypPbI
MIPOSIBJISIETCS] B IOBEACHUH TEPMOIUIACTHYHBIX MaTEPUAJIOB.

Ecnu moaBepraTh pacTsHKEHUIO TaKOH MaTepual Mpu TeMIiepaType, 3HaAUYUTEIIBHO
MeHbIIIeH, yeM Temriepatypa crexinoBanus (T<< T,), To nuarpamma pacTspkeHus OyaeT
UMETh BHJI, COOTBETCTBYIOIIMH YIIPYyroMy TBEpAOMY TeEIy, KOTJa B MaTepHale
BO3HHMKAIOT TOJBKO yNpyTHE aAcPOpMaIliy, MPUBOIANINE K Pa3pyIICHHIO MPH MaJbIX
OTHOCUTEJIbHBIX Y/UTMHEHUSX W BBICOKMX 3HAYEHUSX HampspkeHud. To ecTh mpu 3Tux

TeMIlepaTypax JUHEUHbIA aMOp(HBINA MoIMMep BelleT ceOs T0JI0OHO TBEPAOMY TeEIy.
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[Ipu temmeparypax, OMU3KUX K Temmeparype crekioBanus matepuana (T=T.),
MOJIydeHHasi JuarpaMMa pacTsDKEHUsT OTpakaeT BO3HUKHOBEHHWE B MaTepuale
HEOONBIINX BBICOKOZJIACTHUUECKUX JAe(opMannii, 0OJJHAKO 3Ta AuarpaMma pacTsLDKEHUS
MaJIO OTIMYAETCS OT IPEIBIIYILEro CIydast.

[Ipu Temneparypax Bblmie Temneparypsl crekinoBanus (T > T.) momydeHHas
auarpaMma pacTsDKEHHMsS OTpa)kaeT BO3HMKHOBEHHE B Marepuajlie OT MOMEHTa
HArpy>KeHUsi 70 pa3pylleHHs BCeX BHJOB Aedopmaruu: OT oOpaTUMOHN YIPYro u
BBICOKOAJIACTUYECKON JJO HeoOpaTUMOH AepopMalviy BSI3KOTO TEUEHUSI.

Hakonen, mpu TemmepaTypax, 3HAYUTENIBHO MPEBOCXOASAIIUX TEMIIEPATypy
crexnoBanus matepuana (T >> T,), noiyyaem nuarpammy pacTsDKEHHS, XapaKTEPHYIO
JUISL  DJIACTOMEPOB,  OTPAXKAIOIIYIO  BO3HMKHOBEHHME B  Marepuajie  TOJBKO
BBICOKOAJIACTUYECKOHN Nlepopmanuu U nedopmanuu BI3Koro tedeHus. Pazpymenue npu
ATOM MPOUCXOTUT MPU OOJIBIINX YUIMHEHUSX U MAJIBIX 3HAYECHUSIX HAIIPSKEHUS.

Bun nuarpaMm pacTsKeHUs 3aBUCUT TAK)KE U OT CKOPOCTH HAJIOKEHHS HATPY3KH.
[Toa cKOPOCTBIO HAJIOKEHUSI HATPY3KH MOHUMAIOT €€ YBEIMYECHHUE B €IMHUILY BPEMEHHU.

[Tpu OBICTPOM HaAJIOKEHUU HArpy3KH IOJIydyaeM AMArpaMMy G — €, XapaKTEpPHYIO
JUI YIPYTUX TBepAbIX Ted. Takoil BUJ quarpammbl CBSI3aH C T€M, YTO MPHU OBICTPOM
HaJIO’KEHUU HArpy3KH HE YCIEBAIOT MPOSBUTHCS JIACTUYHBIE CBOMCTBA MaKPOMOJIEKYJI.
Harpy3ka BbI3bIBa€T TOJIBKO Je(pOpMAIMIO0 BaJCHTHBIX YIJIOB WM H3MEHEHUE
MEXMOJIEKYJIApHBIX paccTosHuil. [lomumep cebs B 3TOM ciayyae BedeT MNOJ00HO
YOPYroMy TBEPAOMY TEINY.

IIpy yMEHBIIEHMH CKOPOCTM HAJIOKEHMSI HArpy3Kd YXKe IPOSIBISIOTCS
AIACTHYECKUE CBOMCTBA THOKHUX MAaKpPOMOJEKYJ, YTO BBIPAXKAETCS B BO3MOKHOM
BpallCeHUU CTPYKTYPHBIX €IMHMI] BOKPYI KOBAJEHTHBIX CBA3€H, OJHAKO BHJ
IUarpaMMbl G — € MaJIO OTJIMYAETCS OT MPEbIIYIICH.

HakoHel, npu o4eHb MEJICHHOM YBEIMYEHUHM HArpy3Kd IOJIy4YaeM IOJHYIO
IUarpaMMy pacTSDKEHHUS, OTPaXKarollyld pa3BUTHE B MaTepuale BCEX BHIOB

nedopmariuii.
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Penaxcayua nanpsaosicenui 6 nonumepax

3aBUCHUMOCTh BHJA JUarpamMM pacTsHKEHUS OT CKOPOCTH HAJIOKEHUsS Harpy3Ku
CBsI3aHA C TEM, YTO MAaKpPOMOJIEKYJIbI MOJIMMEPOB CIIOCOOHBI BHIPAaBHUBATH BO BPEMEHH,
pENlaKCUpOBaTh BO3HUKIIWE HaNpspKEHUs. Penakcanus HanpssKeHUA MPOUCXOIUT
NOTOMY, 4YTO BO3HHMKIIEE B KAaKOM-TO MECTE HalpsHKEHHWE BO  BPEMEHH
pacnpoCTpaHseTCS Ha BCIO JJIMHY MAaKpPOMOJICKYJIbI, MEPEAABAsCh MO KOBAJIEHTHBIM
CB3AM. B pe3ynbrare 3TOro KOHILIEHTpAlUsl HANpsHDKEHUHM Ha EIWHULYY JJIAHBI
MaKpOMOJIEKYJIbI CHUKAETCH.

['paduyeckn mpoliecc penakcalvd HaNpsHKEHUH B MOJIMMEPHOM Martepualie
MOXHO TMPEACTaBUTh B BHJIE TaK HA3bIBAEMBbIX PEIAKCAIIMOHHBIX KpUBBIX. OHH
BBIPAKAIOTCSL TAKXKE B KOOpAMHATAX G — €. JlJISI MOJIydeHHsT peIaKCAIlMOHHOW KPUBOU
HEOO0XOJIMMO TOABEPrHYTh MaTepHasl MPOU3BOJbHOU AedopMallud U 3aKpPENUTh €ro B

3TOM TIOJIOKCHUH, HE CHUMasl Harpy3ku (PUCYHOK 4).

(o)

0 E B €
Pucynok 4. PenakcalinOHHbIE KPUBBIE TTOJIUMEPOB

[Ipu >TOM HampspDKeHMs, BO3HHUKIIME B MaTepuajie (Toyka A), ¢ TEUCHHEM
BPEMEHU yHaAyT U MaTepual BEpHETCs B UCX0/IHOe cocTosiHue (Touka 0). Ho cHuxkeHue

HaIpsOKEHUs MpU 3TOM OYJET OTpakaTbCsl KpUBOW OOpaTHOro xoja, oOpa3zyroiien
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TMCTEPE3UCHYIO TETIII0, TO €CTh MPU OJHOM M TOW ke JAedopMany B MaTepuase npu
psAMOM U 00paTHOM Xoz€e OyAET pa3uuHbIil ypoBeHb HamnpsbkeHue (Ac). Benmnmuuna Ac
XapaKTepU3yeT pejlakCallMOHHbIE CBOMCTBA Marepuana. Haumyumieil cnocOOHOCTBIO K
pellaKcalliy HanpspKEHUH 00J1a1at0T 2J1acTOMEpPhI-KaydyKH.

PenakcanmonHass cHnocoOHOCTh MOJUMEPHBIX MaTepUajoB  BO3pAcTaeT C
TEMIIEPATypol, T. K. MPU 3TOM pacTeT TMOKOCTb MAaKpOMOJIEKYJ, oOJjeryarouas
pacnpocTpaHEHUE HANPSHKEHU Ha BCIO JUNIMHY MaKpOMOJIEKYJIBI.

Ho penakcaunonnas nuarpamma Oynetr umerbh Bu 0AO TOiabKO B TOM ciydyae,
€CJIi B Marepuajie IOoJl Harpy3Koil pa3BUBAJINUCh TOJIBKO OOpaTHMbIE AepopManuu, U
Marepuan ¢ TEeYEHHEM BPEMEHHU BEPHYJICS B MCXOAHOE cocTosiHue. Ecnu B marepuane
pa3oBBIOTCA M HeoOpaTHMbIe Aedopmaluy, TO pejakcalMoHHas KpuBas OyAeT UMETb
sun OA'B, rme orpesok OB XxapakTepu3yeT ypoOBEHb OCTATOYHBIX HEOOPATHMBIX

nedopmanuii, CymecTBYOIHX B Matepuaie nmpu ¢ = 0.

Teopuu npounocmu mamepuanos

CnocoOHOCTh MAaTEpHAIOB  CONPOTHUBIIATHCS MEXaHHUUECKOMY Pa3pyIICHHIO
3aBUCUT OT WX IMPOYHOCTH. B Hacrosimiee BpeMsi pa3BUTHE TEOPUU MPOYHOCTH
MAaTEpPUaIOB UAET MO ABYM, MPAKTUUYECKU HE MEPECEKAOIMMCs HamnpaBiieHUus M. OIHO
HAIIpaBJICHUE H3Yy4YaeT IPOYHOCTh MaTepuaia C TOYKH 3PEHHUS B HEM Pa3JIMYHBIX
nedexToB, yeM Oosbliie AedEeKTOB, TEM MEHbBIIE MPOYHOCTb, DTO TaK HAa3bIBa€MbIC
nedEeKTHBIE TEOPHH MPOYHOCTH.

Hpyras rpynna Teopud paccMaTpUBAaET MPOILECC PA3PYLICHUS MaTepUalioB Ha
MOJICKYJISIPHOM YPOBHE, TO €CTh CUMTAET MPOLIECC Pa3PYLICHU MaTepraia XUMAYECKON
peaKkumei, yCKopsieMoil HaJTu4yueM MEXaHUYECKOIro BO3JCUCTBUS. ITO TaK Ha3bIBa€MbIC
MOJICKYJISIPHO-KMHETUUECKUE TEOPUM MPOYHOCTU. Hamo ckaszarh, 4TO Kaxaoe Hu3
Pa3BUBAEMBIX HAIIPABICHUI HAXOUT YKCIIEPUMEHTAIBLHOE MOITBEPKICHHUE.

PazButne Bcex AehEKTHBIX TEOPUH IMPOYHOCTH OepeT CBOE Hayajao ¢ TEOPUHU

I'puddurta. TomukoM K €€ pa3BUTHIO MOCTYKUN (AKT pa3pylleHHUs MaTEpHAIOB B
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peanbHBIX YCIOBUAX 3aJ0JIT0 JI0 TOro, Kak ObUT JOCTUTHYT TMpenen MPOYHOCTH
MaTtepuana. HampsbkeHue B MaTtepuane, Mpu KOTOPOM pPa3pylIauCh pealbHbIe Tena,
Ha3BJIM TEXHUYECKON TMPOYHOCTHIO Marepuana. ['pudduUtr npemiokusi TEopuro
pa3pylieHHs peaibHbIX TeJ U OOBSCHUI HAJTU4YHe TEXHUYECKOW MPOYHOCTH MaTepuaa.
OHn ucxonun u3 AByX (paxTopoB:

® pcalbHBIC TBEPHBIC Tella BCET/a UMEIOT Pa3jINdHbIe AEPEKTHI CTPYKTYPHI, TO
€CTh MaTepuaji Bcerja HEOIHOPOJeH. MexaHudeckoe MoJie, JEHCTBYIOIEE Ha TaKOM
HEOJTHOPO/HBII MaTepuaj, caMO CTAaHOBUTCS HEOJAHOPOIHBIM M JIOKATU3yeTcsl BOJIH3U
nedexkroB. To ecth BOMM3M Jr000r0 jaedexra HaOIMIOAACTCS  KOHIEHTpAIUs
HarnpspkeHui. HawmOompiiee HampspkeHue OyneT HaXOAWTHhCS B MECTE HAMOOJBIIETO
nedpekra. Hampumep, ecnm B MaTepuane HMEETCS TpEHIMHA, TO MaKCHMalIbHOE
HaIpsHKEHUs1 OyJIeT CKOHIIEHTPUPOBAHO B BEPIINHAX ITON TPEUTUHBI.

o JlokanbHble HANPsHKEHUS B BEPIIMHAX TPENIMHBI BCETJAa 3HAYMTENILHO BBIIIIE,
4eM CpeIHWe HaNpsHKeHHUS Mo 00bEMY MaTepHuaia, TO €CTh B TOYKAaX, YAAICHHBIX OT
TpemuHbl. [Ipu HajgoOXEeHUHM HArpy3Kd JIOKaJbHbIE HANpsDKEHHs B MecTe nedexra
paHbllle JOCTUTAIOT MPEAEIbHO JOMYCTUMBIX, TO €CTh Ipeaena npounoctu. [Ipu s3Ttom
MIPOUCXOUT PE3KUM POCT TPEIIMHBI, MPUBOAIINN K Pa3pylICHUIO MaTepHaia, XOTsS
CpellHUE HAMPSHKEHUS B MaTepHualie eIle 3HAYUTEIbHO HUKE MPEACIbHO JTOMYCTUMBIX.
Cpennue HampspKEHUS, TP KOTOPBIX JIOKATbHBIC HAMPSOKCHUS] JOCTUTIN TPEACITBHO
JIOTTYCTUMBIX 3HAYEHHM, U €CTh TEXHUYECKasi MPOYHOCTh MaTeprara.

Jlnst  cBomx BBIBOAOB ['puddur momp30Baics JOCTATOYHO — YHPOIICHHBIM
MaTeMaTUYecKuM ammaparoM. Hampumep, oH mpensiokusl Bce nedeKThl B MaTepuase
MPEACTABIATh B BUJE BBITSHYTHIX AJUTUICOB (pUCYHOK 5). IlycTh MMeeM MIacTHHKY
MaTepuaia TolmuHou |, kotopas umeet nedekt B Buje dsutunca aauHou C. Ecnu takoi
oOpasell moBepraTh MIOCKOMY PACTSDKEHHIO, TO OO0Iias ympyras 3Heprusi oopasma U

MOXeT OBITh MpeacTaBieHa B Bujae (3.1).
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Pucynok 5. Mogaens ['puddura

U=Uy—U;+ Uy, (3.1)
rie Uo — ynpyras sHeprus oopasia 6e3 nedekra,
U; — yObuIb yripyToil 3HEpryu 3a CUET HAIMYMS TPEIIUHBI,
U, — mpupocT sHepruu odpasna 3a cuet o0pa3oBaHMs HOBBIX TOBEPXHOCTEN. DTH
MOBEPXHOCTH — OOKOBBIC CTCHKH TpenuHbI (2-cl).
Bennuunel Uy u Uy s ynpyrux Teil ¢ 3JUIMITHYECKON TPEIMHON BhIPAXKaroTCs

cootHoteHusmu (3.2) u (3.3).

U, = nc:gzl' (3.2)

7€ G COOTBETCTBYET TEXHUYECKOM MPOYHOCTH MaTepHuaia,

E — monyns FOnra.

Uy =2-cly, (3.3)

rne Yy — YyHedbHas TIOBEPXHOCTHAsh OJHEPrus Ha BHOBb O00Opa30BaHHBIX
MMOBEPXHOCTSIX.

Orcrona cienyer (3.4).

U= Uy~ "2 4 2cly (3.4)

ITpu stom U = Uy, ecniu

ncjgzl = 2cly (3.5)
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Bripa3uB u3 cootHouieHus (3.5) BEMUUUHY G, MOTYyYUM TEXHUYECKYIO MPOYHOCTh

Marepuaia (3.6).

o= |22 (3.6)

e

Takum oOpa3om, ecnu yObUIb YHOPYrod 3HEpruM oOpa3la 3a cyUeT HaTU4Ms
nepEKTOB MPOUCXOMUT ObICTpee, yeM e€ MPHUPOCT 3a CYET O0Opa3oBaHUS HOBBIX
NOBEPXHOCTEM, TO MaTepraj pa3pyliacTcs Mpyu HANPSDKEHUSIX, 3HAYUTEIbHO MEHBIINX,
YEM 3TO COOTBETCTBYET IIPEAEITY TPOYHOCTH.

JlanbHeliee pa3BuTHE ACPEKTHBIX TEOPHM MPOYHOCTH OBLIO HAIPaBICHO Ha
YCOBEPILIEHCTBOBAaHUE MaTEMaTHUYECKOIro ammapaTta, UCHojb3oBaHHOro I'puddurom.
Hanpumep, nenanvce pacdersl ais Apyrux ¢Gopm Ae(eKTOB, YUYHUTHIBAJIOCh B3aWMHOE
pacrojoXKeHue TPellMH, HaJluyue KpaeBbix TpemwuH U T. 0. Ho Teopus I'puddura
ChITpajia OY€Hb BAKHYIO POJIb B PA3BUTUH TEOPUM ITPOYHOCTH 3TOI'O HANPABICHUS.

— I'pudput BriepBbie 0OBACHUIT HATUYUE TEXHUYECKOW MTPOYHOCTH MaTepuara.

— Ero Teopus co3nana npeanochlUIKy I y4eTa BIWSHMS arpeCCUBHBIX Cpel Ha
MPOYHOCTh Marepuana, T. K. Hapamerp 7Y, BXoAsmmid B BblpaxkeHue (3.6). 3To
IIOBEPXHOCTHAS SHEPTHUsA, KOTOPAsl 3aBUCUT OT IPUPOJIbI ATPECCUBHOM CPEJIBI.

B ocHOBY MOJIEKYISpHO-KMHETHUECKONH TEOpUU MPOYHOCTH MaTEpUajoB ObLIO
IOJIOKEHO YpaBHEHHWE, NpeIokeHHOe JKypKOBBIM [UIsi pacyeTa JOJITOBEYHOCTH
Marepuana. [loa qoJroBeYHOCTHIO B JAHHOM CJy4dae IMOHUMAJICS OTPE30K BPEMEHHU OT
MOMEHTA HArpyK€Husi Marepuajia [0 €ro paspyumeHus, MNO3TOMY BEIWYMHA
JOJITOBEYHOCTH 0003HAYaIach KakK Tp.

CornacHo mnpexncraBieHussM JKypkoBa JOJIrOBEYHOCTh MaTepuajga 3aBUCUT OT
CKOPOCTH pa3pblBa XMMHUYECKHUX CBS3EH B Marepuase IMoJ ACHCTBUEM MEXaHUYECKOU
Harpy3ku. BeIpakeHHe, CBS3BIBAIOIIEE T, C BEJIMYMHON HANPSDKEHUS, BO3HUKAKOLIETO

0] HArpy3KoH, mpeactaBieHo ¢hopmyioi (3.7).

Un—yl
Ty, = Tg exp (OTM) : (3.7)
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rne To — MepuoJl COOCTBEHHBIX KoJieOAaHUN aTOMOB, OOpa3yIOLIUMX JIaHHYIO
XUMHUYECKYIO CBSI3b,

Uo — oHeprusi akTUBallUM pa3pbiBa XHMHUYECKOW CBSI3U 0€3 MEXaHHUYECKOTrO
BO3JIeHCTBUSI, TO ecTh npu G = 0.

y' 6 — BelMYMHA CHMKEHUS DHEPIUM AaKTUBALMU 34 CYET HAJIHMYHS
MEXaHUYECKOTO BO3ACHCTBHS, aKTUBUPYIOLIET0 XUMUYECKHE CBA3U. Cio/la BXOJIUT G —
HaNpsUKEHHUE, BO3HUKAIOIIEE B MAaTepHalle I10J ACHCTBUEM MEXaHMYECKHX CHI U Yyl —
CTPYKTYPHO-UYBCTBUTEIbHBIN KOA(D(UIIMEHT, YYUTHIBAIOIIUNA W3MEHEHUE CTPYKTYpPHI
Marepuala rmoj MEXaHUYECKOW Harpy3Koi.

k — koHcTanTa BosbIiMaHa, yuauThIBaIOIIas pacipe/IeICHUE YaCTHIL TI0 SHEPTHSM,

T — remnepartypa, K.

Boipaxxenue Obuto mpensiokeHo JKypKoBbIM ISl ciiydasi, KOTrJa Ha MaTepuall
JNEUCTBYET TOJBKO MEXAHWYECKas Harpy3ka, aKTUBUPYIOIIAs XUMHYECKHE CBSI3U U
CHUKAIOIAsl MOTEHIIMAIBHBINA Oapbep WX pa3phiBa.

BripaxkeHue 111 pacuera JOJTOBEUHOCTU U OBLIO UCIOJIb30BAHO JIJI Pa3BUTHUS
MOJIEKYJIIPHO-KMUHETUYECKON Teopuu mpouyHoctu. Pacuer mo dopmyne (3.7) mokazadn,
yro BenuuuHa Up 3aBUCUT OT MPUPOABI arpecCMBHOM Cpelbl. JTa BeJMYMHA B
arpecCUBHBIX CpelaxX 3HAYMTEIbHO HWXKE, 4eM B Bakyyme. l[loaTomy B pamkax
MOJICKYJIIPHO-KHHETUYECKON TEeOpuH TmpeioxkeHo BenuunHy Up MHTEpIpeTHpoBaTh
KaKk »DHEPIruI0 aKTUBAlMU pa3pbiBa JAHHOW XHWMHUYECKOM CBA3U B KOHKPETHOM
arpeccuBHou cpene npu ¢ = 0.

Kosdppuuuent y' Taxke 3aBucen or mpupoAsl cpeasl. 1losTomy  ObLIO
MPEIOKEHO CUUTaTh, YTO ATOT KOIP(UIIMEHT YUYUTHIBAET W3MEHEHHE CTPYKTYPHI
MaTepuajga HE TOJbKO B 3aBUCMMOCTH OT HArpy3ku, HO M OT HaJIW4usd U NPUPOJbI
arpeCcCUBHOM CpPEJIbL.

[IpendKCIIOHEHIMATIBHBI MHOXHUTENb Tg TaKXKE€ HE OCTABAICA IMOCTOSHHOM
BEIIMYMHON B PA3IMYHBIX Cpelax, XOTs MEpPUOJl COOCTBEHHBIX KOJICOAHWI aTOMOB HE

JOJKEH 3aBUCETh OT MPUPOJbI cpeabl. O4EeBUAHO, 3TOT MHOXKHUTEIb YUYHUTHIBAI CIIIE
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OJIHO paHee He YYTEHHOE CBOMCTBO Marepuayia. MOJEKYISPHO-KUHETUYECKAs TEOpUs
MPEeJIOKUIA HHTEPIPETUPOBATH 3TOT MHOKUTEIh KaK BEIMYUHY, OOpATHYIO SHTPOIHH
AKTUBALlMM JAHHOM CBA3H, KOTOpas MOYKET 3aBUCETh OT IPUPOIBI CPEIbl, YUUTBIBAs
Mepy HEOJHOPOJAHOCTHU CUCTEMBI.

Takum 00pa3oM, MOJIEKYJIIPHO-KMHETUYECKAs] TEOPHsl MPOYHOCTH MaTEpPHAIOB
UCIOJIb30Baa paHee NPEUIOKEHHOE BBIPAXKEHHE, BIIOKMB B HEro Ooisiee MIyOOKHIA
CMBICII M PAcUIMPUB BO3MOYKHOCTH €ro npuMmeHeHusa. C 3THX MNO3ULUN pa3pylIeHHE
MaTepUaIOB €CTh XUMUYECKas peaKklus pa3pbiBa CBA3€H, CKOPOCTh KOTOPOU 3aBUCUT OT
BEJIMYMHBl HAIIPSDKEHUA, BO3ZHUKILETO B MaTepuase, IPUPOAbI arpeCCUBHOM Cpenbl U
TeMIEPATYpPHI.

Otpare NpEeAnoOYTEHUE KaKOMY-TO OJHOMY HAIPABICHHUIO B MCCIECIOBAaHUU
MIPOYHOCTH MaTEPHAIOB HEBO3MOXKHO, Ja M HET HEeo0XoauMocTH. OYeBUAHO, ITH
TEOPUHU OIMCHIBAIOT OJWH M TOT K€ IPOILIECC, PACCMATpPWBAsl €ro C Pas3HbIX TOYEK
3peHus. beccrnopHo, Ha NPOYHOCTH MaTepuala BIUAECT HAIWYKME B HEM DPa3JIMYHBIX
ne(eKTOB, a TaKKe MPOYHOCTh XUMHUYECKHX CBA3ed. BO3MOXXHO, B HacToslee BpeMs
elle He pa3paboTaH MaTeMaTHYECKHM ammapar, ClocOOHbIM OOBEAMHUTH ATH TOUYKU

3pCHHUSL.

Tlonzyuecmov noaumepos noo Hazpy3kou

Jlaxxe B OTCYTCTBHE CHIJIBHOATPECCHUBHBIX CPEJN IPU JUJIMTEIBHOM BO3JIECHCTBUU
HEOOJBIIUX HArpy30K B TMOJMMEPHBIX MaTepuaiax pa3BUBAIOTCS 3HAYUTENIbHBIC
aepopMaiuu. ITO SBICHHUE MOJIYYUIIO Ha3BaHHE MOJI3YYECTH MTOJIMMEPOB.

[Ipn KpaTKOBPEMEHHOM JIEWCTBUM TAKHE HArPy3KU HE BBI3BIBAIOT 3aMETHOIO
U3MEHEHMs MaTepuasna, IO0JI3yd4eCTb pa3BUBACTCA TOJIBKO IIPU JUIMTEIBHOM HX
BO3JCHCTBUM. 3HAYUT, IMOJ3YYECTh TBEPJBIX IMOJIUMEPOB MNPOSABISIETCI B MEMNJICHHOM
HAKOIJIECHUU BBICOKOXJIACTUYECKON JAedopMalMi MpU MalblX Harpyskax. OTHUM
IIOJI3Y4ECTh IOJUMMEPHBIX MATEPUAIIOB OTJIMYAETCS OT IOJI3Y4YECTH METaUIoB, IZIE

MIPOUCXOJIUT HAKOIUIEHWE MCTUHHOM oOcTaTouyHOW (HeoOpaTuMoi) aedopmaium.
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Bricokoanactuyeckast geopmanus, BO3HUKAaOLas B TOJIMMEPHOM MaTrepuane M|
HaKaluIuBaromasics BO BpemMeHu, oOpatuma. OHa COXpaHseTcs B MaTepuale
HEOrpaHMYEHHO JIOJITO TPU CHATUM HArpy3Kd M HCYe3aeT JHIb IpPU HarpeBaHUU

MaTCpuaia BbIIIC TCMIICPATYPbI CTCKIIOBAHUA.

I'paduuecku sBIeHHE MOA3YyYECTH MOXKET IPEACTABICHO B KoopAnHaTax o-€. Ha

KpUBOM (pHUCYHOK 6) BUJIHBI TPU XapaKTEepPHbIE 00JIACTH.

0]

€

Pucynok 6. KpuBas nonzydyectu noammepa

[lepBas o06macTh OTpakaeT CTaJAMI0 HEyCTaHOBUBIIEHCS mom3ydectd. OHa
BKJIIOYAEeT B ce0sd yOpyryl0 M BBICOKOANIACTHYECKYIO nedopmanuu. MimMeHHo B 3TOM
CTaJNH TOJ3y4eCTh HOCUT OOpaTUMbIN Xapaktep. Bropas o61acTe oTpa)kaeT CTaJIuIo
YCTAaHOBUBIIEHCS TIOJI3Yy4eCTH, Korjaa naedopmaius HapacTaeT MpH  NPAKTUYECKU
MOCTOSIHHOM HampsikeHuu. Pa3BuBaroimasics neopmainust ecth aedopmMaiiusi BS3KOTO
TeueHus. TpeTbst 00JacTh — 00JacTh HEOOPATHMMOW IIACTUYECKOHN aedopManuu,
MpEAIIECTBYIONIAs pa3pylIeHUI0 MaTepuana. Takum oOpaszoM, nonHas aedopmarius
MOJI3Y4YECTH SBISACTCS KOMOWHAIIMEH YIPYTroW, BBICOKORJACTUYECKOW U Aedopmanuu
BSI3KOT'O TEYEHUS.

Ecnu 0003HauuTh MNONHYIO JedopManuio MOJN3YyYeCTH Yepe3 €, YIPYTYIo
neGopMaluio 4epe3 €y, BBICOKOUIACTHUECKYIO YEpe3 &, a JAe(OpMAIMIO BSI3KOTO

TEUEHHUSI YEePE3 Exr, TO I UZOTEPMUUYECKUX YCIOBUM MOTYyUYUM ypaBHEHUE (3.8).
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€n = &y T &y T Exr (3.8)

Ynpyras cocTaBIIsIoIas onpeesiercs u3 3akona ['yka (o = E-g):

&g=0/E (3.9)

Bszkas cocrapmisiomas aehopMaiidd MOJ3YYECTH OINpeaeseTcs MO 3aKOHY
HproToHa, OTKPHITOTO UM ISl OTIMCAHUs JBUKEHUS BSI3KUX skuaKocTei (3.10).

€ = opdt /M, (3.10)

TJ€ G; — HANPSDKEHHUE B MATEPHUAJIE B TEKYILIMI MOMEHT BPEMEHHU,

T — TEKYIEEe BpeEM,

N — BSA3KOCTb KUIKOCTH.

Bsiskocts MaTeprania HplOTOH paccmaTpuBan Kak CBOMCTBO, 3aKJIFOYAKOIIEECS B
CIIOCOOHOCTH MaTepHuayia OKa3bIBaTh COMPOTUBJICHUE TEUYEHUIO, IMOITOMY BS3KOCTh
oOpaTHa TeKkyuecTH Marepuayna. [lpu 3TOM BsI3Kash COCTaBJSIONIAS TOJ3Y4YECTH
MPOIOPUHUOHAIBHA Gr.

BricokoamacTuueckass — coCTaBisifolias TOJHOM — gedopmaliuy  Mod3y4yecTd

onucbhiBaeTcs ypaBHeHueM KenbBuna-d@oiixta-Meiiepa (3.11).

1

€ = fOT exp (%t) o,dr, (3.11)

rae t — HagabHBI MOMECHT BPEMEHH.

T — t — OTpe30K BpeMeHH, 3a KOTOPHI HAKaIlJIMBACTCS BBICOKOAJIACTHYECKAS
nedopmarus,

O - BpeMs penakcari HanmpsHKeHUH B MaTepualie, yYUTHIBAOIIEe dJIAaCTHICCKUC
CBOMCTBa MaTepuana. BA3KOCTh CBsI3aHa ¢ BpEMEHEM pejlakcaliuy yepe3 Moayiab FOHra
(m = E-©). Orcrona nedopmarus Moa3ydecTd OT MOMEHTA HAarpyXKeHHUs 0 MOMEHTa

paspyuieHus Oyaet pasHa (3.12).

dr | 1 —t
& = % + an LS ;for exp (%) o.dt (3.12)

Bennuuna gedopManuu noja3y4ecTv 3aBUCUT OT TeMIIEpaTypbl. ITa 3aBUCUMOCTb

OMUCHIBAETCS SKCIIOHEHIINAIbHBIM ypaBHeHUEM (3.13).
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(3.13)

rae K — mapametp, 3aBUCSIIMI OT BpeMeHU U HampsikeHus B matepuaie (K =
f(o,7)).

U, — 3 dexTuBHas 3HEPIrUs aKTUBALMU NPOIIEcca MOI3yYeCTH.

[Tom3ydecTs 3aBUCHT OT XHUMHYECKOW CTPYKTypbl Martepuana. Hawuboiee
YCTOWYUBBI K TIOJN3YYECTH aMop(HbIE ceTyaTble TMOJUMEpPHl (PEaKTOIIACThI) U
aMmop(HBIC TEPMOIUIACTHI C BBICOKOW TEMIEpaTypod CTEKIOBaHUSA. 3HAYUTEIHHO
MEHbIIIEH CTOMKOCTBIO K MOI3y4eCcTH 00J1aat0T JUHEHHBIE aMOpP(HBIE TTOJIMMEPHI.

[Ton3yuecTs 3aBUCUT TaK)XK€ W OT CBOMCTB arpeccMBHOW cpenbl. Uem Oosblie
CHIKEHHE MEXMOJICKYJISIPHOTO B3aUMOJIEHCTBUS MIPU COPOLIMM KOMIIOHEHTOB CPElbl U
CHUKCHUE TOBEPXHOCTHOM DHEPrUU MPU HMX aJCOPOIMH, TEM BBIIIE CKIOHHOCTH
Marepuajia K MoJI3y4yeCTH B JaHHOM arpeccuBHOU cpene. OT mpUpPOJbl arpecCUBHOM
cpedbl 3aBUCUT HE TOJBKO aOCOJIIOTHAsh BEIMYMHA TOJ3YYECTH, HO W XapakTep
M3MEHEHHSI TI0JI3ydYeCcTH BO BpeMEHU. Hampumep, uHcCClIeOBaHUE MOJ3YYECTH
noymakpuiara ( - CH, — CH (COOR) - ), B Bojie 1 B CITUPTE MTOKA3aJ10, YTO a0COTFOTHAS
BeNMYMHA JedopMaIiK TOJI3YYECTH B CIUPTE OblIa MPUMEPHO B JIBa pa3a BHIIIIE, YEM B
Bojie. KpoMe Toro, kpuBasi moji3ydyecTd B CIUPTE MMeJa elle OAHY CHelu(UIecKyro
O0COOCHHOCTh — HAJIMYME WHIYKIIMOHHOTO MEpUOoIa Ha KPUBOHU €, — T, TJIe HAOII0AIICS
OUYEHb MEIJICHHBIN pOCT AedopMaIliu Mmoi3ydecTd. B BoJlHOM pacTBOpe TakOW y4acTOK
OTCYTCTBOBAJI,

YBenuueHue aOCOJIOTHOTO 3HAuYeHUs JAepopMalliyd TMOJ3Y4YeCTH B CHHPTE
OOBSACHSIETCS] 3HAYUTENHHO OOJBINEH COpOIMe cupTa MOJUMEpPaMH MO0 CPaBHEHUIO C
BOJIOM, MPHUBOJAIICH K OOJbIIEMY CHI)KEHUIO MEKMOJIEKYJISIPHOTO B3aUMOJICHCTBUS B
nonumepe. Kpome TOro, cnuprt sBIsSeTCS NOBEPXHOCTHO-AKTHBHBIM BEILIECTBOM,
CHIDKAIOIIUM TaKXX€ M BEJIMYMHY MMOBEPXHOCTHOM DPHEPTrUU HAa T'PaHUIIEC «IIOJUMEp —

cpena» B pe3yJsbTare aJcopOIHH.
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Hanuuue e WHAYKIMOHHOTO IEpHOJa B CHHUPTE OOBSACHIETCA pPA3IUYHOM
CKOpocThiO nudy3un cnuprta u BoAbl B nmonmumepe. Tak kak kodpduuuent nuddyzun
CIHMpTa MeHble, yeM K03 duuueHT nuddys3un Boasl, TO €T0 HAKOIUIEHHE B MaTepualie
UIET MeIJICHHee, YTO U TPUBOIUT K TOSBICHUIO WHAYKIIMOHHOTO MEPHOJa,
HEOO0XOAMMOro JJIsl COJAEpXaHHUA B IOJIMMEpPE JOCTaTOYHOIO KOJIMYECTBA CIUPTA,
CIOCOOHOTO BbI3BaTh M3MEHEHHE Marepuaia. [Ipu Bo3IeHCTBIM MHOTOKOMITOHEHTHBIX
CHUCTEM, K KOTOpPBIM OTHOCSAT M PAacTBOPHI 3JEKTPOJMUTOB, CIAEAYET YUHUTHIBATH HMX
BIIMSIHUE HA BEJIMYHMHY MOBEPXHOCTHOM SHEPrUM T'PAHUIBI pasfena, T. K. JIEKTPOIUT
MOYET OBITh ITOBEPXHOCTHO-aKTUBHBIM BEILIECTBOM.

[ToBbIlIIEHNE YCTOMYMBOCTH MaTepuaja K MOJI3y4eCTH MOXKET ObITh JOCTUTHYTO
KaK CO3JJaHHMEM IPOCTPAHCTBEHHOM CETYATON CTPYKTYpbl C MIOMOIIBIO BYJIKaHU3ALUH,

TaK U BEJICHUEM HAIOJHUTENEH, MTOBBIIIAIOMINX TEMIIEPATYPY CTEKIOBAHUS MMOJIUMEPA.

Koppozuonnoe pacmpeckusanue nonumepos

Kpome siBneHus moi3ydyecTd B MOJIMMEPHBIX MaTepualiax MpPU MEXAaHUYECKOM
BO3JICUCTBUM HAONIOMAETCS W KOPPO3MOHHOE pACTPECKUBAHHE, WHTEHCUBHOCTh
KOTOPOI'O 3aBUCUT OT MPUCYTCTBHS arpeCCUBHOM cpexpl. PacTpeckuBanue marepuana —
pe3yabTaT BO3ACHCTBHUS HA HEro BHEIIHUX M BHYTPEHHUX (PAKTOPOB. DTO OAUH M3
CaMbIX PaCHpPOCTPAHEHHBIX U OMACHBIX BUJOB Pa3pyLICHUs] MAaTEPUAIIOB.

AHanu3 HMEIOIMXCS [aHHBIX O Pa3pYLICHUSAX PA3IWYHBIX MaTEpPUATIOB MO
BIIMSTHUEM HANPSDKEHUM W arpecCUBHBIX CpeIl MOKas3aj, 4YTO KOPPO3MOHHOE
PaCTpPECKMBAHUE SABJISETCS W3 BUIAOB CTATUYECKOM YCTAIIOCTH MaTepUaioB, KOTOPOE
PE3KO YCKOPSIETCS BO3JIEMCTBHUEM arpeCCUBHBIX CpEel. XOTS MEXAHWU3M Pa3pyILICHUS B
pPa3IMYHBIX Cpeaax OTIWYAECTCSA, BCE MPOLECCHl KOPPO3UOHHOIO PACTPECKUBAHUS
XapaKTEePU3YIOTCS CIACIYIOIUMH OOLIMMHU MPU3HAKAMU.

o OcnabrmeHneM MPOYHOCTH XUMHUYECKMX CBSI3eM TOJ  JEHCTBUEM
arpeCcCUBHOM CPEJIbL.

o Jlokanu3arueit pa3pyiieHus B MecTe HauOobIero aedexra.
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o PocroMm  TpemmHBI < momepek  mons  HanpspKeHUM.  TOonpKo A
OpPUEHTHUPOBAHHOTO COCTOSIHUSA MOJIMMEPOB MOXKET OBITH OTKJIIOHEHHE OT 3TOTO MpaBUJIa.
B Hux poct TpeuuHbl 00JerYeH BAO0Ib OCH OPUEHTAIINH, a HE TOTIEpEK.

[Ipn Hamuyuu arpeccuBHOM cpelbl €€ JeHCTBUE MOXKET CBOJUTHCA KaK K
YCKOPEHHUIO pa3BUTUS YK€ UMEIONMXCS B Marepuaie AepeKkToB, TaK H K
BO3HUKHOBEHHUIO HOBBIX. HOBBIE AepEeKTbl MOryT BO3HHMKHYThb, HallpuUMeEp, HU3-3a
pPa3IMYHOM CIMOCOOHOCTH COpPOMPOBATH ArpecCUBHYIO CpeAy pPa3jM4yHbIMA 30HAMU
marepuanma. O06a »stu  3ddexra OyayT CHOCOOCTBOBATH  KOPPOSHOHHOMY
pPacTpeCKUBAHHUIO.

B cayyae JKMIKMX Cpel MOXET MpOsBIATBCA M APPexT mmacTupukanuu
MaTepuana, 4To NpuBEAET K 0Oojiee paBHOMEPHOMY paclpeesieHUI0 HaNpsKEHUN U
3aMEeJUICHUIO pocTa TpeuluH. Pe3ynbrupyromiee AecTBHE arpeccMBHOM cpena Ha
MPOIIECC KOPPO3HMOHHOTO PACTPECKUBaHUS OyIeT 3aBUCETh OT COOTHOIICHUS ITHX TPEX
¢ ¢pektoB. [ndPy3roHHBIE XapaKTEPUCTHKU arpecCUBHBIX CPEN TaKXKe MO-Pa3HOMY
OyAyT CKa3bIBaThCs HA CKOPOCTH KOPPO3UOHHOTO PACTPECKUBAHUSI.

o Eciu npeobnagaroT 3¢(dEeKThl YCKOpPEHHsS pPa3BUTHS YK€ HMEIOLIUXCA
neheKTOB U BO3HUKHOBEHMSI HOBBIX, TO B cpefiax ¢ 0oJyiee BBICOKUM KOI(PPHUIIMEHTOM
¢ ¢y3un nporecc KOPPO3UOHHOTO PACTPECKUBAHUSA OYIE€T YCKOPSITHCS.

o Ecnmu nmpeobnagaer sddext mmactudukanuu mMarepuana, TO B Cpeaax C
6onee BbICOKUM KodduimenTom auddy3un mporecc KOPpO3UOHHOTO PACTPECKUBAHUS
OyZeT TOPMO3UTHCS U CKIIOHHOCTb K 3TOMY BUAY pa3pyllIeHUs yraeT.

[Ipy KOPpPO3MOHHOM PACTPECKUBAHWU HE 3aBUCHUMO OT (U3MYECKON WiIH
XUMHUYECKON aKTHMBHOCTM cpeAbl B Marepuane OyayT HaONIoAaTtbCs TOJIBKO
HeoOpaTUMbIE HW3MEHEHHS, T. K. CcaM TIPOIECC 3apOXKICHUS U POCTa TPEIIUHBI
HeoOpatuM. MIMEHHO 3TUM OTIMYaeTCs MOBEICHUE HAMPSIKCHHBIX W HEHANPSKCHHBIX
MOJIMMEPOB B (PU3MUECKU aKTUBHBIX cpesiax. B HeHanpskeHHbIX mouMepax (GU3nuecKu

AKTHUBHBIC CPCAbl MOI'YT BBI3BATH KaK O6paTI/IMBIC, TaK U HCO6paTI/IMBIC n3MeHeHus. B
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Cllyyae HaIpsKEHHBIX MOJIMMEPOB (PU3NYECKH aKTUBHBIE CPEAbl BBI3BIBAIOT TOJIBKO
HEoOpaTUMbIE U3MEHEHUSI, 3 UMEHHO BOBHUKHOBEHUE TPEIIUH.

Kak B ¢u3myecku, Tak U B XMMUYECKH aKTUBHBIX Cpellax /il BOSHUKHOBEHUS U
Pa3BUTHS TPEIIMH HEOOXOJMMO HAJMYHUE PACTATHBAIONIMX YCHJIUA B MOBEPXHOCTHOM
cioe. [Ipu HAIMUKUK CKUMAIOUIUX YCUIIUNA 00pa3oBaHUE TPEIIUH HE HAOII0AAI0Ch. JTO
00CTOSITEILCTBO HCIOJIB3yeTCsI KaK OJIMH M3 CIOCOO0B OOpbOBI C KOPPO3HMOHHBIM
pacTpecKuBaHHEeM MOIUMeEpoB. OHAKO, €CIIM Pe3yJbTaT BO3ICUCTBHS (PU3UYECKA WU
XUMHYECKH aKTUBHBIX CpEll MPU HAIWYMAU PACTITMBAIOIIMX HANPSKEHUW OJIMHAKOB
(nosiBIeHHE TPEUIMH), TO CKOPOCTh Pa3BUTUS TPEUIUMH 3aBUCUT OT MPUPOABI U CBOMCTB
arpeccuBHOM cpenbl. [Ipn 3TOM XMMHYECKH aKTUBHBIE CpPEeAbl HE BCETJa OKa3bIBAIOT
OoJiee CHJIBHOE BIUSIHUME Ha TPOIECC PACTPECKUBAHUs, 4eM (PU3WYECKU aKTHBHBIC. B
HEKOTOPBIX CJydasX XHMHUYECKH aKTHUBHBIC CPEJIbl, BBI3BIBAIOIINE 3HAYUTEIBHYIO
IacTUPUKAMI0O MaTepualia, TOPMO3AT MPOIECC KOPPO3MOHHOTO PACTPECKUBAHUS.
NHorga B XMMHUYECKM aKTUBHBIX Cpellax IMPU OJTHOBPEMEHHOM JIEUCTBUU CPEIbl U
Harpy3ku BooOIle He HaOJI01aJIOCh MOSIBJICHUE TPEIIIUH.

Hampumep, npu AeicTBUU Ha HANpSOKEHHBIE PE3MHBI ra3000pa3HBIX OpoMa Wiin
Homa Ha MX TIOBEPXHOCTH OOPa30BBIBAJICS HEMPOHUIAEMBIN 3aIUTHBIA  CIION
BCJICJICTBUE TJIYOOKOrO XHMMHYECKOrO TIEPEpOXKICHUS Marepuala, JeIarolluid
HEBO3MOXHBIM TPOHUKHOBEHHWE B MaTepuall arpeCCMBHOW Cpellbl U YMEHbIIAIOLIUN
CKJIOHHOCTh K pPacTpeCKUBaHWUIO. BO3MOXHO, MpPU STOM CO3/1aBAJIUCh CXKUMAIOIIWE
YCUJIUS B IOBEPXHOCTHOM CJIO€ Marepuarna.

[ToBEepXHOCTHBIN CJION MOXKET OBITh HE TOJILKO TJIaJKUM U HETIPOHHUIIAEMBIM, HO U
JIUTIKUM U IIEPOXOBAThIM B 3aBUCUMOCTH OT MPHUPOJABI arPECCUBHON CPE/bl, TOITOMY
€ro 3alMTHOE JIEUCTBHE MOXKET OBITh PA3IUYHBIM.

KpoMme npupossl arpecCUBHOM Cpeibl MPOIEecC KOPPO3ZUOHHOTO PACTPECKUBAHUS
3aBUCUT M OT XapakTepa MEXaHUYeCKOro Bo3leucTBusA. Haumbosiee omacHb
MUKJINYecKue AedopMalvy, BOZHUKAIONIUE MMPU MHOTOKPATHOM HAJOXEHUU U CHSTUU

Harpys3kKu. HpI/I OUKINYCCKHUX ,Z[C(l)OpMaHI/IS{X B MAaTcpHajJi€ 3HAYUTCIbHO BBbIIIC
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HEPABHOMEPHOCTh PACIPEACIICHHUS] HAMPSHKEHUH, YeEM MPU OJHOKPATHOM HAJIONKEHUU
Takou e Harpy3ku. [[pudmHa B TOM, 9TO MEXIy MOBTOPSIOMIMMUCS HArPy>KCHHUSIMHU B
MaTepualie He YyCIeBaeT MPOM30NTH penakcalus HaNpsHKeHUWd U JIOKaJbHBIC
HanpsDKEHUsT B MeCcTaX JePEKTOB CKOpee IJOCTUral0T KPUTUYECKUX 3HAYEHUU, 4YTO
YCKOPSIET pacTpECKUBAHUE.

Pemmaroiiast poap npu 3TOM MPUHAAIIEKUT YACTOTE IMKIOB HArPYKEHUS, OJTHAKO
POJIb 3Ta MOXET ObITh pa3inuuHoi. C OMHON CTOPOHBI, YeM OOJIBIIIE YaCTOTa ITUKIIOB
Harpy>KeHuii, TeM OoJibllle HEPABHOMEPHOCTh pPACHpECICHUs] HaIpsSKEHUNW B
MaTepuaie, HO C JPYrod CTOPOHBI, C POCTOM YAaCTOThl ILHKJIOB YBEIMYHUBACTCS
BBbIJICJICHUE TEIIa B MeCTe JiepopMaiiviu BCIAEACTBUE BHYTPEHHETO TPEHUS B MaTepHaie.
C mnoBbIIIIEHUEM TEMIIEpaTypbl C OJHOW CTOPOHBI YCKOPSIIOTCS peaKCalluOHHBIC
MIPOIIECCHI, BEIPABHUBAIOIINE HAMPSHKEHUS, HO C IPYTOM CTOPOHBI, HHTCHCU(PHUITUPYETCS
«CTapeHue» Marepuana, T. K. JaXKe CIEIOBbIE KOJUYECTBA KHUCIOPOJa C POCTOM
TEeMIIepaTyphbl CHOCOOHBI BBI3BIBATh OKUCIUTEIBHYIO IECTPYKIIUIO.

Ecnau takue nuknuyeckue nedopmanuu OyayT HAOMIOAATHCS B HKUIKUX Cpeaax,
TO BCIIEJICTBUE UX BBHICOKOM TEIJIOEMKOCTH TIEperpeBa Marepuaia B MecTe JaegopManuu
npoucxoauTth He OyaeT. Ho oTBOA Terma mpu 3ToM Takke OyAeT UrpaTh ABOSKYIO POJIb:
C OJIHOM CTOPOHBI, OYJIET CHUXKATHhCS CIOCOOHOCTh K peJlaKCallud HANpSHKEHUH, HO ¢
JPYTOi CTOPOHBI OYAET TOPMO3UTHCS TEPMOOKHUCIUTEIbHAS JECTPYKIIUS.

PesynbTupyromiee AeCTBHE BCEX HJTHUX MHOTOYHUCIEHHBIX OJHOBPEMEHHO
BIUSIOMMX (AaKTOPOB HA CKJIOHHOCTh K KOPPO3MOHHOMY PACTPECKMBAHHIO MOKHO
OIICHUTH TOJBKO MO M3MEHEHHIO JOJTOBEYHOCTH MaTepHalia, TO €CTh M0 U3MEHEHUIO
OTpe3Ka BPEMEHM OT MOMEHTA Harpy»KeHHsl MaTepualia 10 MOMEHTa €r0 pa3pylleHUs.
Eciu BennumHa 1, OyneT Bo3pacTaTb B IPHUCYTCTBHE arpecCUBHOM Cpeibl, 3HAYUT
npeo0aaaaoT (PaKTOpkl, MOJIOKUTEIBHO BIHUSIOUIUE HA KOPPO3UOHHOE PACTPECKUBAHUE
U TopMoO3sliMe ero. Ecium BenuuMHa T, MaJaeT, 3HAYUT OOJIBIIYIO pOJIb HUIParOT

(hakTOpHI, CIIOCOOCTBYIONINE KOPPOSUOHHOMY PACTPECKUBAHUIO U YCKOPSIIOIIUE €TO.
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Kunemuxa paspywienus nanpsxiceHnbix NOIUMEPOB 8 A2PECCUBHBIX CPEOax

Kuneruka mporecca KOppO3HOHHOTO PACTPECKUBAHUS OIICHUBAETCS MO KPHUBBIM
crajia HaupspKeHUH B oOpasnax npu 00pa30BaHUU B HMX TPELIUH, KOTOPBHIE HA3bIBAIOT
KWHETUYECKUMU KPUBBIMU pacTpecKuBaHus. OHM BBIPAYKAIOTCS 3aBUCUMOCTBIO

o = f (1) (pucynox 7). Ha 3T0i1 3aBHCHMOCTH 3aMETHBI TPU XapaKTEPHBIX y4acTKa.
[lepBBlli y4yacTOK — HMHIYKIIMOHHBIM NEpHUOJ, B TEUEHUE KOTOPOTO HE HaOIOJaeTcs
BHUJIMMOI'O0 YMEHbILIEHUs HanpsbkeHuil B Mmatepuaiie (OA). OkoH4aHHe 3TOro nepuona B
TOYKE A COBHAaJaeT C MOMEHTOM IOSIBJICHHUsS BUAUMON TpemuHbl. [losToMy
MHAYKIMOHHBIA NEPUOJ €CTh OTPE30K BPEMEHM OT MOMEHTA HArpy»eHHs 10 MOMEHTa

ITOABJICHUA BHI[HMOﬁ TPCUIWHBI.

95

T Ty T
Pucynok 7. Kunernueckast KpuBasi pacCTpECKUBAHHUS

Bropoii yuactok (AB) — y4acTOK HENpepbIBHOIO YBEIUYEHHS] CKOPOCTH POCTa
TpemHbl. OH COOTBETCTBYET HECTAIMOHAPHOMY PACTPECKMBAHUIO. TPETHUH ydacTOK
(BC) — cranuoHapHBI y4acTOK pOCTa TPELIMHBI, KOTOPBIA XapaKTEepU3yeTCs
MOCTOSSHHOW BO BpPEMEHH CKOPOCTBIO pPOCTa TPEIIMHBI, OBICTPO MPHUBOIALICH K
pa3pyLICHUIO.

Bun kuHeTHYecKOW KPUBOW PACTPECKMBAaHHMS 3aBUCUT OT HA4aJbHOIO

HanpsoKeHUs, Bo3HUKIIEro B Marepuasie. C poctom o (Touka D) cokpammaercs

IPOJOJDKUTENLHOCTE MHAYKIMOHHOrO mepuoga (Touka Al) M HecTanuMoHapHOro
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yuactka pocta TpemmHbl (A'BY). Tlpum BBICOKMX HAYaJdbHBIX HANPHKEHUAX
MPOJAOJIKUTEIBHOCTD 3TUX YYaCTKOB MOKET YMEHBIIUTHCS 10 HYJSl U OCTAHETCS TOJIBKO
Y4acTOK CTAllMOHAPHOT'O POCTa TPEIIUHBI, OBICTPO MPUBOISAIINKN K Pa3pyIICHUIO.

C yMCHBIICHHMEM HAYajJbHOTO HAMNPSHKEHUS PACTEeT MPOJIOIKUTEIHHOCTh
WHYKIIMOHHOTO MEPUO0Jia, TO €CTh NMPU G, MPUOIUKAIOMICICS K HYJI0, PACTPECKUBAHUS
oOpa3Ia MporucxoauTh HE OyAeT. DTO 3HAUCHHE HAMPSIKEHUS MOXKHO OBLIIO ObI CUUTATH
KpUTUYECKUM, HIDKE KOTOPOTO MaTepwall He OyaeTr pacTtpeckuBaThes. (OmgHAKO,
coctosHue o = (0 B TMOJUMEPHBIX MaTepuagax HE JOCTHXKUMO, T. K. OHH
XapaKTEPU3YIOTCSI OU€Hb BBICOKMM YPOBHEM BHYTPEHHMX HANpPSIKEHUN, BO3HUKAIOUIUX
elnie MpU H3TOTOBJICHUM TMOJHUMEPHOr0 Marepuaia. DTO O3HA4aeT, YTO C TEUCHUEM
BPEMCHHU IOJMMEPHBIC MaTepuajbl 00s3aTelbHO OyAyT pPacTPEeCKUBATHCA JaKE IMPH
MOJTHOM OTCYTCTBUHM BHEIIHMX HAarpy3o0K, XOTs WHAYKIHUOHHBIA TEPUOJA TMPU STOM
MOXET OBITh BECbMa MPOIOKUTEIHHBIM.

Jnsd 1moauMepoB MpU  Pa3BUTHUM  KOPPO3UOHHBIX TPELIMH  CIPABEIJIMBO
BbIpaxkeHue (3.14).

Tp = Tu + Ton, (3.14)

€ Ty — MHAYKIIMOHHBIN NIEPHOJ] PaCTPECKUBAHUS.

Tgr — IEPUOJ POCTA BUIUMOU TPEUIUHBI BIUIOTH JI0 pa3pyIICHHUS.

Ecnu t, >> T4, TO 3aBUCUMOCTD Ty OT € U T, OT € OYJYT ONUCHIBATHCA MOHOTOHHO
najgarome kpuBo. Ecom 1, << Ty, TO 3aBUCUMOCTH JOJTOBEYHOCTH MaTepuaia OT
nedopManum OyJIeT ONMMCHIBATHCS KPUBOM ¢ MUHMMYMOM IIPH KaKOM-TO 3HAUYCHHUH €, TO
€CTh TPU HM3MCHCHUHU BEIMYUHBI JedopMalnyi OT MUHHMAJIBHOM KakK B CTOPOHY
YMEHBIIICHUS, TaK U YBEJIMUYECHUS OyJ1eT HAOMI0AaThCs POCT JOJITOBEYHOCTH MaTepuara.

CHuXeHHe A0ITOBEYHOCTH C POCTOM JAedopmaluu HOHATHO, a POCT T, IpHU
yBeIMYEeHUH  JedopManvi  BhIIE MHUHUMAJIbHOW  OOBSCHSIETCS, MCXOIi U3
MPEACTABICHUM O CTaTUYECKOM ycTajmocTu marepuana. OObSICHEHHE CBOJUTCS K TOMY,
9TO B 00JacTH MaiblX jJepopManuii pa3BUTHE TPEIIMH WHIUBHUAYaTbHO, TO €CTh

pa3BUBAIOIIMECS TPEUIMHbI HE BIUAIOT Apyr Ha Japyra. Ilpuw sTtom yBennueHwue
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nedopmalii  BEAET K POCTY CKOPOCTH pa3pacTaHus TPEHIMH U CHWKEHHIO
JOJITOBEYHOCTH.

Korma xe ¢ poctom nedopmaiii TpPEIIMHBI PACKPHIBAIOTCS HACTOJIBKO, YTO
HAYMHAIOT BJIMATH APYT Ha JApyra, pocT TpewmuH 3aMmemisiercs. [Ipu aTom Be coceqnue
TPEUIMHBI IPU pa3pacTaHuu OYIyT OKa3bIBaTh JAPYT HA JIpyra C:KUMarolee AEHCTBUE U
pOCT TpeuIvH OyAeT 3aMeISThCS.

[Ipu HEKOTOpOM 3HaYeHWU AehOopMaKi B BEPIIMHAX TPEIINH O] ACHCTBUEM
ATUX cui OyAeT pa3BUBAThCA MOJICKYJIApHAs OpPUEHTAllUs Marepuana BIIOJb OCHU
HaIpsDKEHU. DTO IPUBEIET K YIPOUHEHUIO MAaTepHUalia IONEPEK OCH OPUEHTALUU, YTO
Y BBI3OBET POCT JOJITOBEYHOCTH. 3HAYUT, MOKHO CUUTATh, UTO HAJIUYUE KPUTUUECKOU
ne(popMaIiH €y, BIIIE U HIXKE KOTOPON JTOJITOBEUHOCTh MaTepuasa pacTeT, CBI3aHO C
OPUEHTHUPOBAHHBIM  COCTOSSHUEM  TMOJMMEpa B YCIOBHUSIX  KOPPO3MOHHOTO
pPacTpECKUBAHMUSL.

Hanuure arpeccuBHBIX Cpel TOKHO CKa3bIBaThCs HA CIIOCOOHOCTH MaTepHuaia K
OpPUEHTAIIMM TPH PACTPECKUMBAHWUU. HarnsgHo mnpocnenuts BIWSHUE AarpeCCUBHOMN
Cpelbl Ha BEIMUMHY KPUTHUECKON nedopMallii MOKHO Ha luarpaMMe 3aBUCUMOCTH T,

oT € (pUCYHOK 8).

Tp

Pucynok 8. 3aBUCUMOCTb JJOJITOBEYHOCTH OT JiehopmManuu
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[Tpennonoxxum, Nnpu yBeIWdeHUM AeOpMalMd OpPHEHTAllMM B MaTepualie He
npoucxoaut. Torna 10aroBeYHOCTh MaTepHalia C pOCTOM € OyJI€T MOHOTOHHO NMajaTh U
ONMCBHIBATBCS TUIIOTETHMYECKOW KpuBod 1-1. Pas3BuBaromieecss OpUEHTUPOBAHHOE
COCTOSIHHE MaTepuaja J0JKHO IPUBOJUTH C POCTY AOJIrOBEYHOCTH. BiusiHue npornecca
TOJBKO YIPOYHEHUs MaTepuaja BBIPA3UTCA THIOTETUYECKOM KpuBOM 2-2. BHauane
Oyaer HaOJ0aThCsd MHAYKLUMOHHBINM MEpPUOJ, KOrJa TPEIIMHBl HE BIMSIOT IpYr Ha
Apyra. 3aTeM JOJTOBEYHOCTh OyJeT pacTH 3a CYET pa3BHUBAIOIICHCA OpPUEHTAIMH B
MaTepuajJle W BBIWJIET Ha IIOCTOSHHOE 3HA4YE€HHE, COOTBETCTBYIOLIEE IIPEIEIIBHO
BO3MOKHOI opueHTauuu PeanpbHO HaOmonaeMasi 3aBUCHUMOCTb C MHUHUMYMOM 3-3
noJTydaeTcsi TpaduIecKuM CyMMHUPOBAHUEM THIIOTETHUECKUX KpUBBIX 1-1 1 2-2.

B npucyrcTtBUM  arpecCHBHOM  Cpelbl  YMEHBINACTCA  MEKMOJIEKYJIAPHOE
B3auMojieiicTBue B mosmmepe. Ilpu 3TOM compoTuBieHue Marepuana aedopmanuu
NMajgaeT W TUMOTeTUYecKas KpuBas |-1 mepeliler B TMIOTETHYECKYIO KpUBYIO 4-4,
KoTopasi OyJeT pacmojio’)keHa HIKe, T. K. OJHOM M TOH ke aedopmanuu Oyaer
COOTBETCTBOBATh MEHBIIAS JOJITOBEYHOCTD.

B mpucyrcTtBum arpeccuBHOM cpenbl OyAer oOiierueHa U OpUEHTalMs
MaKpOMOJIEKYJl MaTepraia U KpuBas 2-2 mepensieT B KPUBYIO 5-5, JIeXKalllyl0 BBIIIE.
IIpr cyMMUpOBaHUY THMIIOTETUYECKUX KPUBBIX 4-4 M 5-5 MOJy4uM peEaIbHyI0 KPUBYIO
6-6, U3 KOTOpPOM BHUAHO, YTO BEJIMYMHA KPUTHYECKOW AepopMmaiiy CMECTHIach B
CTOPOHY MEHBIINX 3HAYEHWUM, TO €CTh B NPUCYTCTBUHU arpeCCUBHOU CPEIbl MATEPHUAI
OyAeT UMeTh MUHUMAJIbHYIO J10JITOBEYHOCTh MPU MEHBIINX 3HAYECHUAX Ae(opMalnu.

Ha BenuuuHe KpuTHueckodl nedopMaluy CKa3blBaeTCsl TakXKe KOHLEHTpalus
arpecCUBHOM cpenpl. Ee pocT MpHBOAMT K YCKOPEHUIO PACTPECKMBAHMSA, TO €CTh K
YMEHBUIECHUIO BEJIMUUHBI €. OIHAKO 3Ta 3aBUCHMOCTD HE BCETr/a JIMHEIHA, MHOT/AA OHA
HOCHT JIa’)K€ CTETIEHHOM XapakTep.

C yBenuueHueM cTeneHu nedopmanuu maTepuana 3aBUCHUMOCTb CKOPOCTH
KOPPO3MOHHOI'O PACTPECKUBAHUS OT KOHLIEHTPALIMU arpECCUBHOIO areHTa najgaeT v Mnpu

Oonpimiux AedopMalUiIX TMPOIECC PACTPECKUBAHUS TMPAKTUYECKU HE 3aBUCUT OT
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KOHIIEHTpauu cpeabl. Ha BeanmunHy KpuTHueckoi neopMalvy OKa3bIBAIOT BIUSHUE
TeMmreparypa M BO3MOXKHOE HaOyXxaHU€ B arpecCMBHOM cpeie, HO HX BIIUSHUE

HCOAHO3HA4YHO.

3. burymMHBIe MaTepHaJIbl

K marepuanaM OopraHM4ecKoro MpOMCXOXKIEHUSI KPOME MOJIUMEPHBIX OTHOCSTCS
u OutymHbIe MaTtepuaiibl. [lo cBoeMy MpOUCX0XKIEHNI0 OUTYMBI OBIBAIOT TPUPOTHBIMU
U HUCKYyCCTBEHHBbIMU. [IpupoaHble OMTYMBI 0Opa30BalUCh B PE3YJIbTATE Pa3NIOKECHHUS
KUBOTHBIX U PACTUTENIBHBIX OCTAaTKOB. OHM BCTPEYAIOTCS B BUJE MECTHBIX CKOIUJICHUMN
WM TPONUTHIBAIOT MOPUCTBIE TOpPHBIE MOPOAbL. J[0OBIBAIOT MPUPOIHBIE OUTYMBI,
oOpaOaTeiBasi TOpHBIE MOPOJBI ropsYeil BOAON WIM CyXUM IapoOM B CMECH C IapaMu
OpraHUYECKUX PACTBOPUTEIIECH.

[IpupogHbie OUTYMBI — 3TO BSI3KME WIJIM TBEPABIE CMECH BBICOKOMOJIEKYJISPHBIX
YIJIEBOAOPOIOB, COJIEPXKAIIMUX a30T, Cepy, KHCIOPOA U apyrue rerepoatomsl. CocrtaB
MPUPOJHBIX OUTYMOB 3aBHCHT OT T'€OJOTMYECKHX YCIOBHM HMX 00pa3oBaHus. ITO
KOJUIOUJHBIE CUCTEMBI, COCTOSAIIME U3 IUCIEPCUOHHOW Cpelbl U JIHCIEPIUPOBAHHON
¢da3bl. [ucriepcMOHHON Cpejioi SIBISIOTCS Pa3IMYHbIE BHICOKOMOJICKYJISIPHBIE Macia u
cMosbl. JlucneprupoBanHoil (azoi sBISIOTCA acanbTeHbl. DTO TEMHBIE MOPOIIKU
Hau0Oosee BEICOKOMOJIEKYJISIPHBIX COCUHEHH, UMEIOIINX CTENEeHb MOJIMMEpPU3alUU He
HUXE TPULATH.

B rycTteix wnM TBepAplX OMTyMax, coJepiKalux OOJIbIIOEe KOJIUYECTBO
JIUCTIEprupoBaHHON (a3bl, Macia U CMOJIbI BCJEJICTBUE COJIbBATAllMU HaXOIATCS
MPAKTUYECKH TOJHOCTHIO B CBSI3AHHOM COCTOSIHUM. IIpH 3TOM C MOBBIIIEHHMEM HX
MOJIEKYJIIPHOIM Macchl A3 (PEeKT conmbBaTaIlMU YCUIMBAETCSA M TBEPAOCTh OUTyMa pacTerT.
OpnHako, OCHOBHOE IMPOMBILIUICHHOE 3HAYEHHE MMEIOT UCKYCCTBEHHbIE OUTyMbl. OHU
ABJISIFOTCS TPOJYKTaMHU MepepabOTKU KAMEHHOTO YIJIsl U HEPTH.

CocTaB MCKYCCTBEHHBIX OWTYMOB 3aBHUCUT OT MPHUPOJBI MCXOJHOTO CBIPbS U

cnocoba ero nepepadoTku. McKkyccTBeHHbIE OUTYMBI TIOJYYalOT OKUCIEHUEM TyApOHa
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KHCJIOPOJIOM BO3ayXa. 'yIpOH — 3TO KPEKMHT-OCTaTOK HeTH W KaMeHHOro yrisi. B
COCTaB MCKYCCTBEHHBIX OUTYMOB BXOISAT Pa3IMYHBIC BHICOKOMOJICKYJISPHBIC >KUPHBIC
kucnoTsl oomen popmyroit CpHon1COOH, anudaruueckue cniupthl 06111e# Gopmyioi

CnH2n+10H u napadunossie yrieBoaopoasl CpHanqz.

CBolicTBa HMCKYCCTBEHHBIX OUTYMOB 3aBHUCAT KaK OT HMX COCTaBa, TaK U OT
creneHu mnoiuMepuzanuu N. C  yBelIMYeHHEM N pacTeT IUIOTHOCTh OUTYMOB,
MOBBINIACTCS TEMIIEpaTypa WX Pa3MSATUYCHHsSI, 3aTPYIHSIETCS PACTBOPCHUE B JIETYyUUX
OpPTaHUYECKUX PACTBOPUTENSIX. BUTYMBI CTaHOBATCS 0OJiee YCTOMYUBBIME K JICHCTBHUIO
APYTUX arpecCUBHBIX cpea. TBepiable OUTYMBI PacTBOPSIOTCS M Pa3MATYarOTCsS MPH
HarpeBaHUM C OOJBIINM TPYIOM.

OcHOBHBIE (UBUKO-XMUMHUYECKHE U XUMHYECKHE CBOWCTBA TMPUPOJHBIX U
HUCKYCCTBCHHBIX OWTYMOB TIPUMEPHO OJMHAKOBHI. OJTO BEIIECTBA C BBICOKOH
ruApoOOHOCTHI0, HO B OPraHUYECKHUX pacTBOpUTENsAX (OeH3uHE, OEH30I1e, CIUPTE) OHU
JIETKO PAacCTBOPSIOTCA. BUTYMBI C BBICOKOW CTEMEHBIO MOJUMEpH3aluu 00JagatoT
OTHOCHUTEIIBHO BBICOKOM KHCJIOTOCTOMKOCTBIO, OJHAKO MPHU JJIUTEIBHOM JI€MCTBUU
PacTBOPOB MUHEPAIBHBIX KUCIOT OHU pa3pyiatoTcs. JlJis MOBBIIIEHUS COMPOTUBICHUS
JICUCTBUIO KUCJIOT B HUX BBOJST KUCIOTOCTOMKME HATIOJIHUTEIH.

JlnutenbHOE IeHCTBUE KOHIIECHTPUPOBAHHBIX BOJHBIX PACTBOPOB CKHX INEIOUCH
1 KapOOHATOB IIEJOYHBIX METAJIOB MPU HOPMAJIBHON M TOBBIIIEHHON TeMIiepaTypax
BBI3BIBACT MX IIOCTEMEHHOE paspymieHue. Jlake HaChIIMICHHBIE PacTBOPHI H3BECTH,
HarpuMep B OeToHe, OMBUISIOT OuTymbl. Hanbonee ycToWuMBBI OMTYMBI B BOJHBIX
pacTBOpax MHHEpAJbHBIX W OpraHuyueckux cosiel. OHU XOpOIIO MPOTHBOCTOAT U
HEOKHUCITUTEIHHBIM OPTAaHWMYECKUM KHCIIOTaM, CHJIBHBIE OKHCIWTEIHM BBI3BIBAIOT WX
OKHUCIIUTENbHYIO IECTPYKIIHIO.

[Tpu MOBBIIICHUH TEMITEPATypPhl CTEIICHb TOJMMEPU3aAIMA OMTYMOB CHIYKACTCS U
OHHM Pa3MATYaAIOTCA. ITO WX OCHOBHOM HEIOCTATOK, T. K. OHM TEKY4YH HE TOJBKO TPH
MOBBIIICHHBIX, HO U P HOPMAJBLHBIX TeMIEpaTypax. Y MEHBIIIUTh UX XJIaJ0TEKY4ECTh

MOXXHO BBCACHUEM CIICTIUAJIBHBIX HaMoJIHUTEIEeH — aC6CCTa, IeCKa 1 1p.
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ITpu ucnonp3oBaHMK OUTYMOB OOJIBIIOE 3HAYEHHE HUMEIOT MX PEOJOIMUYECKHE
CBOMCTBA: BSI3KOCTb, 3JIACTUYHOCTh U TUKCOTpOINHs. THKCOTponus — 3TO CIIOCOOHOCTh
HEKOTOPBIX JIUCHEPCHBIX CUCTEM OOPATUMO pa3KMUKaTbCs INPU NEPEMEUIMBAHUM U
3aTBEpAEBaTh B IIOKOE. DTO CBOMCTBO OMTYMOB 3aBUCHUT OT UX XUMUYECKOU MPUPOJBI U
ctpoenusd. Ilox BiusiHMEM cBeTa, TEIUIAa M KHUCIOPOJA BO3AyXa OMTYMHBIE MaTEpHUAIIbI
craperoT. B mpouecce crapeHHss OJHU KOMIIOHEHTHI YJIETYYUBAKOTCA, Ipyrue
arperaTupyrorcss M YIJoTHstorca. [lmacTuyHOCTh OWTYMOB TIpH 3TOM  MAJaET,
XPYIIKOCTh pacTeT M pPa3BUBAKOTCA TpemuHbl. (OJHAKO, HECMOTps Ha BCE OTH
HEJOCTaTKH, OWTYyMHbIE MaTepuaibl HCHOJB3YIOTCA JOCTaTOYHO IIMPOKO U3-3a

HEBBICOKOM CTOMMOCTH U AOCTYITHOCTH.

Mamepuanwvl ha ocnoge bumymos

B HacTosimiee Bpemsi HaxXoAAT MPUMEHEHUE CIIEIYIOIINE JTUCTOBBIE HIIM PYJIOHHBIC
MaTtepuaibl Ha OCHOBE OUTYMOB:

— pyOepoua — 3T0 pyJIOHHBIA MaTepua, MOJydaeMblil MPOMUTKONH KPOBEIBHOTO
KapToHa HEPTIHBIMH OUTyMaMu C IMOCJIEAYIONMM HaHECEHWEM Ha 00€ CTOPOHBI
MOJIOTHA TYTOIJIABKOTO HE(DTSHOTO OMTyMa C HAIMlOJHUTENIEM. 3aTeM MaTepuall ¢ 00enux
CTOPOH 3allIMINAeTCs TIECUaHOW TMOCHIMKON, COCTOAIIEH W3 KPYMHO3EPHUCTOTO
KBapLeBoro mnecka. OJHaKoO KapTOH, SBJSAIOUIMIICS OCHOBOM pyOepouja, MOXKET
MOABEPraThCs OMOJIOTUUECKON KOPPO3UH.

— cTeKJI0pyOepoun 1 Mo3BOJseT U30€KaTh ITOr0 HEAOCTATKA. DTO TOXKE PYJTOHHBIN
KPOBEIBHBIM MaTepuaj, OJHAKO €r0 OCHOBY COCTaBIII€T CTEKJIOTKAHBINA XOJICT, HE
MOJIBEPTalOIIUNC OMOIOTHYECKOMY pa3pylieHno. Ha 0CHOBY ¢ IByX CTOPOH HAaHOCST
KUAKAA OUTYM, 3aTeM OoJiee TYroIUIaBKUK HEPTSHON OWUTYM M 3alUIAIOT C JIBYX
CTOPOH TOCHITIKOH MX KPYITHO3EPHUCTOTO KBAPIIEBOTO MECKa.

— THUAPOM30JI TOXKE OTHOCHUTCS K OHMOJIOTMYECKH CTOMKMM MarepuanaM. Ero

MOJIy4aroT MPONMUTKOM acOecToBoil Oymaru HedTaHbiMH Outymamu. OcTaabHbIE
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ornepaluy Kak y mOpeaplaynmx marepuanoB. OH MOXKET ObITh KakK JHCTOBBIM, TaK U
PYJIOHHBIM.

Bce 310 GuTyMHBIE MaTepuabl, UMEIoIIe 0CHOBY, CyllecTBYIOT U O€30CHOBHbBIE
matepuasibl. K HUM OTHOcUTCS OpU301 — PYJIOHHBIA MaTepHall, U3TOTOBJICHHBIN
METOJIOM BaJIbIIEBAHUsI CMECH, COCTOSIICH U3 HEPTIHOTO OUTyMa, TPOOICHON PE3UHBI,
acoecta W IUIacTUPUKATOpa. DTOT MaTepuan MpeIHa3HA4YeH i SKCIUTyaTallid B
MHTEpBAJIE Temmeparyp ot -15 mo 45°C.

K rpymnme O€30CHOBHBIX MaTepHalioB OTHOCUTCA W u30id. Ero momydaror
COBMECTHOM TMPOKATKON ChIpOH (HEBYJIKAaHM3UPOBAHHOW) pe3uHbl ¢ Outymom. [lpu
MPOKAaTKE BBOJAT IUIACTU(DHUKATOP, HAMOJHUTENIb W AQHTUCENTHUK JJII HCKIIOYEHUS
BO3MOKHOCTH OMOKOPPO3UH.

KpoMe NHCTOBBIX M PYJIOHHBIX MaTe€pUaJoB HAa OCHOBE OUTYMOB TOTOBAT
pa3iMuHble MACTHKH W OHMYJIbCUU. B cocTaB MacTUK KpomMe OuTyma BXOIST
[BUICBUJHBIE WM BOJOKHUCTBIC HAIOJHUTEIN: LIEMEHT, KBAapLEBBIA IIECOK U
XPU30JIMTOBBIN acOecT. DOMyJbCUU TOTOBSAT CMEIIEHHE OUTyMa C OPraHHMYECKUMH
pPacTBOPUTENISIMU B Pa3HBIX COOTHOIICHMsIX. Jlist Toro, 4ToObl 3TH MaTepuaibl
o0OecnieunBajii BBICOKOE 3alllUTHOE JEHCTBHE, HEOOXOAWMO CTPOTO BBIIEPKUBATH

OIIPCACIICHHYIO TCXHOJIOTUIO X HAHCCCHHA.

Hanecenue 3auumnvix OumymHvix noKpuimui

st obecriedeHus] JTOJITOBEYHOCTU 3AIUIIAEMBIX KOHCTPYKIHM OUTYMHBIC
MOKPBITHUS JIOJDKHBI MUMETh BBICOKYIO aare3uto. Jlist 3Toro HE0oOXOAuMO TPOBOIUTH
CHeIUaIbHYIO TIOJITOTOBKY IMTOBEPXHOCTH:

— BBIpaBHUBAHHE MMOBEPXHOCTU. DTa OmNEpaIys Mpu HEOOJIbIINX 00beMax padoT
MOXXET TIPOBOAMTHLCS IPOBOJIOYHBIMU MIETKAMH WA JPYTUM MEXaHU3HPOBAHHBIM
uHCTpyMeHTOM. [Ipu 60IbIHX 00beMax — MECKOCTPYHHBIMHE aIliTapaTaMHu.

— OYHMCTKA MOBEPXHOCTH OT MBUIH, 3aTPSI3HEHUN U MACIISIHBIX TSATEH. Y JajeHue

IbUIM IMPOU3BOAAT IMPOMBINIJIICHHBIMHA IBIJICCOCAMU HIIA O6ILYBKOﬁ CKaTbIM BO3YXOM.
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JKupoBble 3arpsi3HEHUs YOAISIOTCS MPOTUPKOM OPraHUYECKUMHU PACTBOPUTEISIMU.
[ToaroroBneHHas MOBEPXHOCTD JOHKHA OBITH YUCTOM U CyXOil.

[Ipy HaHeceHWHM OWUTYMHBIX TIOKPBITUH Ha TMOJATOTOBJICHHYIO ITOBEPXHOCTH
HEO0OXOIMMO BBITIOIHSATD P/l YCIOBUI:

— HAaHECEHUE 3allUTHBIX OUTYMHBIX MOKPBITUM MOXHO NPOU3BOIUTH MPHU
TeMmIiepaType OKpYKalollero Bo3ayxa He Hike 15-18°C ¥ oTHOCHTENBHOM BIAKHOCTH
BO311yXa He BbIe 60%.

— IPU HAHECEHUM MHOTOCJIOMHBIX NOKPBITUHA KAXKIAbIA MNPEABIAYIIAN CIIOU
JOJDKEH OBITh MTPOCYIIICH «JI0 OTJIMITA» BO3AYyXOM 0€3 IMoI0TpeBa.

— KQXIpld MOCIEAYIOIIWA CIIOM CJIEAYeT HAHOCUTh B  HANpPaBICHUM,
MEPIEHAUKYISIPHOM MPEABIAYIIEMY.

[Ipy HaHECEHUU PYJIOHHBIX U JUCTOBBIX THIPOU3OJIUPYIOIIUX CI0EB HEOOXOIUMO
MpelyCMaTPUBATh CICIYIOIINE ONCPALNU:

— HAHECEHHWE TPYHTOBOYHBIX CJIIOEB HA TOATOTOBJICHHYIO ITOBEPXHOCT.
IloaroroBka NOBEPXHOCTH AHAJOTMYHA NPEABIAYLHIEMY CIy4ar. | pyHTOBOYHBIN
Marepuana TOTOBST pacTBOpEHHEM JApoOsieHoro Outyma B Oensune. [lpu sTom
HEOOXOJAMMO CTPOro COOJIIOJaTh TMpaBUiia TEXHUKH O€30MaCHOCTH Tpu padboTe C
JIETKOBOCIUIAMEHSAIOIIAMUCS ~ BEILIECTBAMM. ['pyHTOBKY  JIyulie  BBINOJHSTH
JIBYXCJIOMHOM.

— CyIIKa TPYHTOBOYHBIX CJO€B. [IpOgOMKUTENbHOCT CYIIKH 3aBUCHUT OT
HCIIOJIb30BAaHHOTO TPYHTOBOYHOIO Marepuasia. MakcumaiabHOE BpeMsi Cylku 24 daca.
Cymiky mpou3BOJIUTh Ha BO3IyXe 0€3 Mmojorpena.

— HakJIEUBaHUE JTMCTOBOIO WJIM PYJIOHHOTO MaTepuasa Ha ClIoi ropsuero Outyma
¢ Temnepatypoit 130-190°C. ITokpsITHE MOKET OBITH MHOTOCIIONHBIM.

— repMeTH3alns CTHIKOBOYHBIX IIIBOB C MOMOIIBIO TOpsiuei OUTYMHON MAaCTHKH C
MOCJICYIOMIEH 3allUTOM KPYMHBIM KBaplUEBbIM IEeCKOM. OT KadecTBa BBINOJIHEHHOU

repMeTr3aly IMBOB 3aBUCAT 3allIUTHBIC CBOMCTBA HOKpBITHﬁ.
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4. KoMno3uumoHHbIe MaTePUAJIbI

Jlo cux mop pedyb IUia O TaK Ha3bIBAEMBIX TOMOTEHHBIX MOJIUMEPHBIX
MaTepuanax, TAe¢ MOJUMEp OBIT OCHOBHBIM KOMIIOHEHTOM, OIPEICISIIONIMM €ro
cBoiicTBa. BBOoguMBIC B monmmep J00aBKH TOJIBKO MOAU(PHUITUPOBAIN, YIYUIIAIA €ro
KayecTBO, oOpa3yss ¢ MOoIMMEpoM eauHyr ¢a3zy. B oTimume oT TOMOTeHHBIX
MaTepHaoB CYIIECTBYIOT T€TEPOTCHHEIE, T/I€ BBOAMMBIC JOOABKM HE COBMEIIAIOTCS C
OCHOBHBIM MaTepHaJioM, a 00pa3ylT CaMOCTOATENbHbIE (a3bl. DTHU Te€TEPOTrCHHbIE
MaTepuabl MOJYYIA Ha3BaHWE KOMITO3MIIMOHHBIX WM KOMITO3UTOB (OT JIATUHCKOTO
CJIOBA COCTABJISATh WJIU COYUHSATD).

KoMOunupyss o0bemMHOE cojepKaHue KOMIIOHEHTOB, WJIM MEHSISI MX TPHUPO.Y,
MOXHO TOJy4aTh MaTepuajabl ¢ HEOOXOIWMBIMH, 3apaHee 3aJaHHBIMH CBOWCTBAMHU.
Co3manne TakuxX MaTepuajoB O3HAYACT, YTO HAYAJICS HOBBIM 3Tam KOHCTPYHPOBAHHS
MaTepuaioB IOJ KOHKPETHBIE YCJIOBHUSI DSKCIUTyaTallMM, TOJ 3apaHee W3BECTHbHIC
KOHCTpYKIHH. [103TOMY HE0OX0AMMO 00€CTIeUnTh YCKOPEHHOE Pa3BUTHE TTPOU3BOICTBA
KOMIIO3UTOB M OJHOBPEMEHHO pa3paboTaTh HAy4YHbIC NTPHUHIUIBI WX CO3JaHUS U
AKCIUTyaTaIHH.

KoMIo3unuoHHbIe MaTepuaabl — 3TO JABYX- WM MHOTO(a3HBbIC KOMITAKTHBIC
MaTepHuabl ¢ CyIIeCTBOBAHUEM TPAHUIL pa3jiesia MeXy OTaeabHbIMU (pazamu. OCHOBOM
J000TO KOMIO3UITMOHHOTO MaTepuaia SBISETCS MaTpuila. MaTpuiieii MOKET CITYKHUTh
HETIpEPhIBHAS CBSI3yIOIIAsi KOMIIOHEHTa B TBEPJOM KPUCTAJUIMUYECKOM WM aMOpPGHOM
cocrosauu. OHa MpeaHa3HaueHa Il OOBEIWHEHHUS YaCTHUIl HAIMIOJHUTENEH B €IIMHOE
nejnoe. B kadecTBe MaTpHIBI MCHOJB3YIOT TMPAKTHYECKH BCE TEPMOIIACTUYHBIC U
PEaKTOIUIACTUYHBIE TOJIUMEPHI, METaUIbl U PA3JIMYHbIE OTBEPXKIAIOIIUECS CMOJIBI:
AMOKCUIHBIC , (heHOT0(POpMaTbACTUIHBIC, KPDEMHUHOPTAHUYECKUE U JIP.

KoMITOHEHTBI, BBOIMMBIC B MATPHITY, COCTABIISIOT (ha3bl HAIIOJHUTENEH, KOTOPBIX
MOKET OBITh HeCKOJIbKO. OHU 0053aTeNIbHO 00pa3yr0T COOCTBEHHYIO TPAHUIlY pa3iena.

910 MOTI'yT OBITh KakK AUCIICPTUPOBAHHBIC, TaAK M BOJIOKHHUCTBIC MATCpHAJIbl B JIF00OOM
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arperaTHOM  COCTOSSHMM. B KauecTBe  HAMOJHUTENICEM  HCMOJB3YIOT  TaKKe
MOPOIIKOOOpa3HbIE BEIIECTBA C PA3IUYHBIM pasMepoMm dyactuil. M3 BOJIOKHUCTHIX
MaTepuajioB HKCMOJIb3YyIOT AacOOBOJIOKHO, CTEKJIOBOJIOKHO WM TpadUTOBBIC WIH
METAJTHIECKUE HUTH.

CB0€00pa3HyIo IpyIy KOMIO3UIMOHHBIX MAaT€pUaAIOB MPEACTABIIAIOT TOJIUMEP-
MOJIMMEPHBbIE KOMMO3UTHL. Kak mpaBuiao, OHM HMMEIOT CBOWCTBA JIydIlle, 4YeM Y
WHIUBUYyAIbHBIX ~ KOMIIOHEHTOB. Hampumep, miusg  yiaydmieHuss 3JIacTHYHOCTH
CTEKJIOOOpA3HBbIX IOJUMEPOB K HHUM JI00ABISIOT KaydyKd, KOTOpbIe 0O0pa3yroT
AJACTUYHYIO JUCIEPCHYI0 a3y B JKECTKOHW MaTpHIle CTEKJI000pa3HOro MOoJIMMEpA.
Takoili KOMIIO3UT COBMEIIAET BBICOKOE XUMHUUYECKOE COMPOTHUBJICHUE, MPUCYIIEE
CTEKJIOTIACTaM, C JIACTUYHOCTHIO KaydyKa.

B nocnegnee BpeMs pa3pab0oTaH HOBBIM BUJ KOMIIO3UIIMOHHBIX MaTEPUAJIOB, TaK
Ha3bIBAEMbBIX THOPUAHBIX KOMIIO3UTOB. OHM COCTOSIT U3 JIBYX WJIM HECKOJbKUX THUIIOB
Pa3HOPOJHBIX BOJIOKOH, 3aKJIOUYEHHBIX B OJHYy Marpuily, M3 Hux Haubomee
pacrpoCTpaHEHbl KOMITO3UTHI, COJEpIKaIllMe IMOJIUMEPHBIE BOJIOKHA W3 TMOJIUMaMUJia B
COUYETAaHUU CO CTEKJISTHHBIMU UJIU YTIEPOIHBIMHU BOJIOKHAMHU.

OpHako HeNb3sl JymaTh, YTO MOXKHO IMPOU3BOJIBHO OpaTh Jt0ObIE BeIIecTBa U
KOMOMHUPOBaTh WX C IEJIbl0 TMOJYy4YEHUs MaTepuayia, HMEIOIIETO BBICOKYIO
KOPPO3HOHHYIO CTOMKOCTb. [I0CKOJIBbKY OTIMYUTEIIBHOW YEPTON KOMIIO3UTOB SIBJISICTCS
HaJlnuue MEeX(Pa3HbIX TPAHUIL, TO MPU IKCILTyaTallMUd UX Pa3pylIeHUE HAYHETCS UMEHHO
C TpaHullbl pasfena ¢as, T. K. OHa o01amaer U30BITKOM TMOBEPXHOCTHOW JHEPTHUHU.
[ToaTOMy 1711 TIOBBIIIIEHUSI CTOMKOCTH MaTepuala JO0DKHA ObITh B MEPBYIO O4Yepeib
obOecrieueHa BBICOKasi aJre3usi KOMINOHEHTOB Ha MexdazHoi rpanuue. [Ipu moadope
KOMITOHEHTOB KOMITO3UTa HEOOXOAMMO YUUTHIBATH Psijl TPEOOBaHUM.

— KonunuectBo a3l HAMOJTHUTENS TOJDKHO OBITh ONTHMAJIBHBIM, TP KOTOPOM
obecrieunBaeTCsl HEMPEPbIBHAS MPOTSIHKEHHOCTh (Da3bl MAaTPUYHOTO MaTepHuasia, TO €CTh
BEII[ECTBA MATPUIIBI JIOJDKHO XBaTaTh JUIsl OOBEAMHEHHUS BCEX YACTHIl HATIOJHUTEICH B

€INHOE 1IEJI0E.
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— HanonnuTtenun AOKHBI XOPOIIO CMAyUBATHCS MATPUUYHBIM MAaTEpPUATIOM,
4TOOBI aAre3us Ha TpaHulle pasena (a3 Obliia MaKCUMaIbHO BHICOKOM.

— Hamonuurtenu u maTpuiia JT0HKHBI ObITh YCTOWYUBBI B JIAHHOM arpecCHBHOM
cpene, B oaMHAKoOBBIX Tipenenax pH. Eciau xumMuueckass CTOMKOCTh KaKOro-TO
KOMITOHEHTa B JJAHHOW cpejie OyJeT HeIOCTaTOYHOM, TO OH OyAeT pa3pymiaThCs, MEHSS
CTPYKTYPY KOMIIO3HTA.

— Hanonautenn uW MaTpUyHBIA MaTepuan JOJDKHBI UMETh  OJIM3KHE
KO2(pUIIMEHTHI TMHEMHOTO TEPMUUYECKOTO PACIIMPEHUS, T. K. B IPOTUBHOM CiIy4ae Mpu
KOJIeOaHUAX TeMmIepaTypbl Ha (pa30BBIX TpaHUIAX OyAyT BO3HHKATh TPEIIWHBI,
o0Jieryaroiiyue NpOHUMKHOBEHHUE arpeCCUBHBIX CpeJl BITyOb MaTepHaia.

BaxxHedmuMyu METOJIaMHU TOJIyYEHUS KOMITO3UIIMOHHBIX MAaTEPHUANIOB SIBISIOTCS
CIEYIOIIHNE.

— IlponuTka apMUPYIOMIMX BOJOKOH KHUIKUM CBS3YIOIIMM MAaTEPHAIOM C
MOCJIEAYIOIIUM €TO OTBEPKICHUEM.

— @opMoBaHUE MAaTpUIBl M HANOJIHUTEIEH B TBEPJIOM COCTOSHHHM C
MocaeAyIoIIeH TepMUYECKO 00paboTKOM, MPUBOASAIICH K UX CIIEKAHUIO.

— CoBMecTHas MPOKATKAa MATPUIIbl U HATIOJIHUTENEH Ui MOJy4eHUsI TUCTOBOIO
WJIA PYJIOHHOTO KOMITO3MIIMOHHOTO MaTepurara.

— DIEKTPOXMMHYECKUN CMOCOO0 COBMECTHOTO OCAXKICHHUS METAJTMYECKOM
MATPUIBI U YACTHUL] HAMOJHUTEIEH. DTOT METOJ B MOCIEIHUE TOAbI MOJIYYUIT IITUPOKOE

pacrpocTpaHeHue.

llonyuenue KOMnO3UMO8 INEKMPOXUMULECKUM CNOCOOOM

KoMOuHupOoBaHHBIE AJIEKTPOXUMHUYECKHE TOKPHITHUS HAaUOOJIEe YacTo MOIyqaroT
Ha OCHOBE XpoMa, HHMKEJIs, Xejie3a WIM MEIU, Pee — Ha OCHOBE OJIAarOPOJIHBIX WM
apyrux meramioB. K KOMOMHUPOBAHHBIM TOKPBITHUSIM OTHOCSAT W MHOTOCJIOWHBIC
OCaJIK{, COCTOAIIME U3 JBYX WM HECKOJIBKHX Pa3MYHbIX MeTauioB. VX Ha3bIBaIOT

CJIOMCTBIMU KOMITO3UIIMOHHBIMH ITOKPBITHUAMMU. K »oToii ke rpyomnc OTHOCAT U
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AIIEKTPOXUMUYECKUE MOKPBITHUS, COJIEPHKALIUE B CBOEM COCTaBE Pa3IMUHbIE BKIOYEHMUS
U3 MPUPOIHBIX WIH UCKYCCTBEHHBIX XUMUYECKUX COCTUHEHUH.

W3mensast TteMmmeparypy, IUIOTHOCTh TOKa, KOHLIEHTPALMIO KOMIIOHEHTOB
AJIEKTPOJINTA, UHTEHCUBHOCTD €r0 MEPEMEIINBAHMS U T. Il. MOXKHO IOJIy4aTh MOKPBITHS
caMbIX pPa3HOOOpa3HbIX CBOWCTB U CTPYKTYPhL. DTH MOKPBITHS COBMEIIAIOT CBOMCTBA
METAJJIOB  (3JIEKTPOIPOBOAHOCTD, TEIUIONPOBOJAHOCTb, M3HOCOCTOMKOCTH M JAp.) CO
CBOMCTBaMH HEMETAJUIOB, BKJIIOYEHHBIX B OC3JOK IMpHU  BJIEKTPOOCAKICHUU
(>xapOCTOMKOCTb, TBEPIOCTh, XUMUUECKYIO CTOMKOCTB).

J1J11 BO3MOXKHOCTH BKJIFOUEHUSI HEMETAJUIMUECKUX YACTUIL] B AJIEKTPOJIUTUUECKHIMA
0CaJIOK HUX HEOOXOJWMO HEMPEPHIBHO MOJJEPKUBATh BO B3BEIIEHHOM COCTOSIHUM C
MOMOUIBIO IEPEMEILIMBAHUS, T. K. TH YaCTULBI BBOAAT HEMIOCPEACTBEHHO B 3JIEKTPOIUT
IUI OCAKIEHUS METAJUIA.

Bre16op cnoco0a mepeMemMBanus onpenensiercs (popmMoil u3aenus, yCIoBUSIMH
AJIEKTPOJIM3a U HKOHOMHUYECKOM ILerecooOpa3HOCThi0. B BaHHax Manoil emkocTu
MepeMENIMBAHNE MOKHO BECTU MEXAaHHUYECKHM CIIOCOO0M, B 00Jiee KPYIHBIX EMKOCTSAX
— C MOMOIIbI0 0apO0TaXka BO3AYXOM WM UHEPTHBIM T'a30M.

B kadecTBe HamoiHWUTENEH B 3TOM cCllydyae NMPUMEHSIOT TYroIUIaBKUE OOpHIBbI,
KapOuIbl, CHUIMLKIBI U T. T. Mcnonb3yemble CyCHEH3UM 3THX BEUIECTB Yalle BCETo
noguaucnepcHsle. MOXHO TMoJlydyaTb M MOHOIMCIEpPCHBIE  BemiecTBa  (a3bl
HaIlOJIHUTEJIEH, OJIHAKO OHU 3HAYMUTENbHO A0poke. [IoATOMy MX NPUMEHSIOT TOJBKO
JUIS  MOJEJIMpPOBAHMUS Ipoliecca C LENbl0 M3YYEHUS MeXaHu3Ma o0pa30BaHUs
KOMIIO3UIIMOHHOT'O TIOKPBITHUS.

@da30if  HAMOJHUTENS  KOMIIO3MIIMOHHOTO  MOKPBITHS ~ MOTYT  OBITh U
METaJJIM4ecKhe  Nopowku. VX  HeoOXonuWMas — JUCIEPCHOCTh  JOCTUTAETCA
M3MENPYCHUEM KPYMHBIX YACTHI] B KOJUIOMIHBIX MENbHUIIAX. DTH YaCTHIBI UMEIOT
BECbMa Pa3BUTYIO0 MOBEPXHOCTh M MO3TOMY OYEHb AKTUBHBI, HO TAKK€ CKIIOHHBI K

KOaryJsiguu, 9410 HCKCIIATCIIbHO.

100



Bruanue pasnuumvix ¢axkmopos Ha cocmaé U MexaHuzM 00paA308aHUsL
KOMOUHUPOBAHHBIX NOKPBIMULL

Bo3MoHOCTH 00pa3oBaHus MOKPHITUN 3aIaHHOTO COCTaBa 3aBUCHT OT MHOTHX
ycinoBuil. OnpeenaomMu U3 HUX SIBISIIOTCS. B3aUMOJCHCTBUE MEXAY 4YacTUIAMHU B
COCTaBE DJIEKTPOJIUTA, B3aUMOJICUCTBUE YACTUIl C MOBEPXHOCTHIO, OOpPa3yIOIIETOCs
ocajJKa, a TaKXe C BBIICIAIONIMMCI Ha Karoje BojopojaoM. [losromy HeoOXoaumo
VUUTBIBATh 3apsii YacTUI[ AUCHEpCHOM (ha3pl, aAre3ui0 dYacTHUI] K KaTomy,
CMaylBae€MOCTb YacCTHUI[ BTOPOM a3bl AJIEKTPOIUTOM M BO3MOXKHOCTH IPOTEKAHUS
XUMHUYECKUX peakiuii B pactBope. MHBIMU cli0BaMM, HEOOXOIUMO 3HATh, CYIIECTBYIOT
JIA OMPEAETICHHOE CPOJACTBO WJIM HECOBMECTUMOCTh MEXKIY KATOJHOW MOBEPXHOCTHIO U
3apammBaeMon Jactuien. [IposiBiieHre 3TUX CBOMCTB B MEPBYIO OYEPEIb 3aBUCUT OT
WOHHOW cuibl, pH W Hanuuug B SIEKTPOJMUTE IMOBEPXHOCTHO-AKTUBHBIX BEIIECTB.
Kpowme 31oro cyiiecTBeHHOE BIMSIHUE OKA3bIBAIOT CUJIa TOKA, MOTEHIINAN, TEMIIEPATYpa,
CKOPOCTb MEPEMEIINBAHUS CYCIICH3UU, IPUPOJA U PA3MEPHI 3apalllNBACMbIX YACTHII.

Hanpumep, nipu 6oJiee BHICOKMX IUIOTHOCTSIX TOKa BO3MOKHO 3apalllMBaHUE HE
TOJBKO YacTHUIl BTOPOH (ha3bl, HO M TBEPJBIX YACTHUII IJIamMa, 3arps3HSIONIUX OCaJIOK.
OTO NPOBOAUT K YBEIMYEHHUIO IIEPOXOBATOCTH OKPHITHUSI.

BnusiHne temmeparypbl pacTBOpa CKa3bIBa€TCs Ha BA3KOCTH JEKTponuTa. C
pOCTOM TEMIIEpPATypbl BS3KOCTh pacTBOpPa YMEHBINACTCS W IIPU HEIOCTATOYHO
MHTEHCUBHOM MEPEMEIIMBAHUU 3TO MOKET MPUBOJIUTH K CEAUMEHTALIMN YaCTUL] BTOPOH
¢da3pl. [Ipu sTOoM OyAeT yMEHBIIAThCS WX COJEp)KaHWEe B MOKPHITHH. [loBbIIeHHE
TEMIIEPATYPHI MOXKET TAKKE CHHKATh aJIM€3UI0 YAaCTHUIL K IOBEPXHOCTH KaTO/1A.

Heo6xo1uMo mpuHUMATh BO BHUMaHUE M AJEKTPONPOBOJHOCTH 3apaliiBaeMbIX
yactull. Hawnydire ycnoBHs 3apallliBaHUs PEATU3YIOTCS I SJIEKTPOIPOBOISIIUX
YaCTHIl, YTO CIOCOOCTBYET IMOBBIMICHUIO WX COJEpXaHUs B MOKPHITUU. OJHAKO ITO
TOKE€ MOXET YBEJIMUUBATH €TO IIEPOXOBATOCTD.

Ha kaudecTBO mOydaemMbIX KOMIO3WUIIMOHHBIX NOKPBITUM 3aMETHOE JCHCTBUE

CIIOCOOHO OKa3bIBaTh JOOABJICHHUE B JIEKTPOJIUT PA3IUUYHBIX MOBEPXHOCTHO-AKTHUBHBIX
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BemecTB. VX JAedcTBHE CBS3aHO C MW3MEHEHHEM IIOBEPXHOCTHOTO HATSHKCHUS
ANEKTPOJINTA, YTO O0JIeryaeT CMauyMBaHUE 3apalllMBAEMbIX YacCTHUI[ U CTUMYJIUPYET HX
BKJIFOYEHHUE B OCAJIOK.

Cy1iecTBEeHHYIO pojib UTpaeT U pazmep yacTull. OObIYHO AJIsi 3TOTO UCIOJIb3YIOT
yactuubl pasmepom ot 0,01 mo 10 Mxm. C TOYKM 3peHUST YCTOMYMBOCTHU CYCIICH3UU
ONTUMAJIbHBIM JI0JDKEH ObITh pazMep yactull 0,1-2 mxMm. ['pyOble yacTuiibl pazMepom
O6onmee 10 MKM TpymHEe 3apalllMBAIOTCS, JIErde CEAUMEHTHPYIOT W  CHIDKAIOT
YCTOMYUBOCTD CYCIICH3UU.

[[Inpokoe HMCHOJIB30BAHUE KOMIIO3UIIMOHHBIX MAaTEpPUAlIOB B BHUIE IOKPBITUN
OOBSICHSIETCSI TE€M, YTO M3JIeNIUs TMPHU SKCIUTyaTallid KOHTAaKTHUPYIOT C arpecCUBHOM
CpPEeAoil UMEHHO C MOBEPXHOCTU. KOMITO3UIIMOHHBIE TOKPHITUS YaIll€ BCETO JOCTATOYHO
KOPPO3UOHHOCTOMKH, T. K. YacCTUIIBI BTOPOM (a3bl U3MEHSIOT 3JIEKTPOXHUMHYECKUE
CBOMCTBa MaTpuuHOro Matepuaia. Kpome Toro, 3Tu 4yacTuibl caMmu 00J1aJJat0T BEICOKOM
XUMUYECKON CTOMKOCTBIO W MOTYT 3alluIIaTh METaul OT KOpPpO3uH Oyaromaps
3KPaHUPYIOLIEMY AEHCTBUIO.

[Ipy uCHONB30BaHUM KOMIO3UIIMOHHBIX MOKPBITHN OOJBIIYI0 POJIb HUIpaeT
MPUPO/IA 3aUINAEMOr0 MeTalljia, MOArOTOBKA €ro MOBEPXHOCTHU U aAre3us MOKPBITUS K
MTOJJIOXKKE.

OCHOBHBIE  3aKOHOMEPHOCTHM XUMHUYECKOTO B3aWMMOJECUCTBUS  IJICHOYHBIX
KOMIIO3ULIMOHHBIX MAaTE€pUaJiOB C arpecCMBHOM CpENOM Te ke, 4YTO M B Ciydae
MOHOJIMTHOTO KOMIIO3UTa TOTrO € cocTtaBa. OQHAKO, OMPENENSIONIMM MOMEHTOM B
ATOM ciiydae, OECCIIOpHO, ABJISETCS are3us MOKPHITHS K MoJjI0KKe. Ecinu mpouzomnuio
OTCJIAMBAHUE TIOKPBITUS OT MOJJIOKKH H3-3a HEAOCTATOYHOM aAre3ur, TO COXPAHCHUE

XUMHYECKOM CTOMKOCTH KOMITIO3UIIHMOHHOT'O IIOKPBITHA YK€ HC HMCCT CMBICJIA.

K]ZCZCCMQ()I/IKCZL;M}Z KOMNO3UYUOHHBIX Manmepualos
bonbiioe pa3H006pa3I/Ie KOMIIO3BMOUMOHHBIX MAaTCPHUAJIOB BBI3BAJIO IIOABJICHHC

HECKOJIBKHUX KHaCCI/I(l)I/IKaLII/IOHHBIX rpyomn  ajisd  HHX. HpG)K,Z[C BCCTO IIOABHIIACH
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Kjaccudukanus Mo TeOMETPUYEeCKON (opmMe YacTull HAMOJHUTENS: KOMIIO3UTHI C
HAllOJIHATENIIMA B BHWJE JUCIEPCHBIX YACTHII W KOMIIO3UTBI, apMHUPOBAHHBIC
BosiokHamMu. Ho 3To Obuia oueHb rpybOas kiaccudukanus. 3areM Obuia pa3paboTaHa
KJaccuduKaius, y4dThIBAIOIIAs HE TOJBKO (OpMY, HO M B3aUMHOE PAaCIOJIOKEHHE
YAaCTUIl HAMOJHUTENS. DTa KIacCU(pUKaLUs HCIOIb3yeTca U B Hacrosiee Bpems. [lo
ATOM KJIacCU(PUKALIMKU KOMIO3UTHI JEIAT Ha YEThIPE TPYIIIIHI.

— K mepBoii rpynme OTHOCSAT KOMIIO3UTHI, HATIOTHUTENSI KOTOPBIX HAaXOMATCS B
BUJI€ OTHCJIbHBIX JUCKPETHBIX YACTHIl, PA3ACICHHBIX MATPUYHBIM MaTEPHAIIOM.
Ha3Banue Takux KOMMO3UTOB MPOM3BOIUTCS OT HA3BaHMs MaTepuasa HaroJIHUTENS C
n00aBJIeHUEM CIOBAa  «HAITOJIHEHHBIN. Hanpuwmep, rpaUTOHANIONEHHBIN,
acOeCTOHAIOTHEHHBIN U T. 1.

— Ko BTOpOl rpymme OTHOCAT KOMIIO3UTHI C B3aWMOIPOHUKAIOIIAMH
KoMIToHeHTaMi. OHU XapaKTEPHU3YIOTCS HEMPEPHIBHOW MPOTSHKEHHOCTHIO BEIIECTBA
HaIlOJIHUTENE W MaTpuibl. VX Ha3BaHWe NTPOU3ZBOAMUTCS OT Ha3BaHHS MaTepuasa
HATIOJTHUTENA C J00aBICHHEM CIIOBAa «BOJOKHHUT». Hampumep, CTEKIOBOIOKHUT,
acOOBOJIOKHUT U T. II.

— K Tperpeli rpymme  OTHOCST  BBICOKOHAIIOJIHEHHBIE  KOMITO3UTHI.
HamonauTenssMu B 3TOM ClTydae TakKe SIBJISIOTCS OTIASIbHBIC TUCKPETHBIE YaCTHIII, HO
UX TaKk MHOTO, YTO OHU OOpa3ylT B MAaTpHIE BOJOKHA, COCTOSILIUME U3 OJIM3KO
PaCIOJIOKCHHBIX JUCKPETHBIX dYacThll. WX Ha3BaHWE NPOW3BOIUTCS OT Ha3BaHUSA
Marepuana HaIMOJHUTENsI C J00ABICHUEM «BBICOKO HAIOJHEHHBIH BOJIOKHUT.
Hampumep, BBICOKOHATTOJTHEHHBIN KapOOBOJIOKHUT.

— UYerBepras Tpynma — 3TO KOMIIO3UTHI, apMHUPOBAHHBIC MaTepHajaMH,
UMEIOIIMMH CTPYKTYpy TKaHW. WX Ha3BaHuWe NPOM3BOAAT OT HA3BaHUS MaTepuasa
HATIOJTHUTENA C J00aBIEHHEM CJIOBA «TEKCTOJHWT». Hampumep, CTEKIOTEKCTOJUT,
KapOOTEKCTOJIHT.

W3BectHe u  apyrue  KiacCHUKAIMM  KOMIIO3UTOB: IO  HA3HAYCHUIO

(>kaponpoyHbIe, KUCIOTOCTOMKHUE), IO CIOCO0Y MOJIy4eHHs (IIpecCOBaHHbIE, TIUTEHHBIE,
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AIEKTPOJIUTUUECKHUE), IO CXEeMe apMHUPOBaHUs (OJHOCIIONHBIE, TpexMepHbie). OaHaKo,
9TU KJIacCH(PUKAMKA HE HANUIM IHPOKOTO TMPUMEHEHHS, T. K. OHH OTPAXaloT YaIle

BCCT'O KaKOC-TO OJHO CBOMCTBO MaTcpuaiia.

6. Koppo3nonnbie pa3pylieHHusl METAJLI0B

Xumuueckas Koppo3usi

XuMuueckasi KOppo3usi — Ipolecc, NpH KOTOpOM OKucieHue M u
BoccTaHoBiieHHe OX KOppo3uOHHOU cpeapl ( yarie Bcero Oz) MPOTEKaeT B OJJHOM aKTE
Ipyd UX HENOCPEACTBEHHOM KoHTakTe. Haumbomee pacmpocTpaHeHa ra3oBas
BBICOKOTEMIIEpaTypHast Koppo3usa. Koppo3noHHass CTOMKOCTb NPU BBICOKHX T
Ha3bIBACTCS KAPOCTOMKOCTBIO, a CIIOCOOHOCTh COXPaHSATh MEXaHWYECKUE CBOMCTBA -

KapOIPOYHOCTBIO.

Tepmoounamuxa, KUHEMUKA U MEXAHUZMbL XUMUYECKOU KOPPO3UU
HeobxoaumbiM yCI0BHEM MPOTEKAHUS MpoIlecca SBISETCS TePMOAMHAMUYECKAs
HeycTounBocTh M B cpene, korma mpu okucienuu (1) AG < 0. U3 ypaBHeHus

M30TE€PMBbl XUMHUYECKON peakuuu (2) ciaeayeT YCIOBHE BO3MOXKHOCTH XUMHUYECKON

Koppo3uu (3)
mM + %oz = MuOmnrz (1)
AG = RTIn(Poz)™ - RTIn(P°oy) ™4 (2)
Po2 > P°02 (3)

rjae N —BajgeHTHOCT, M, Po; - maprmansHoe naBienne O, B raze , P°oy — ero
PaBHOBECHOE 3HAYCHHE, T.C. JABJICHUE JIUCCOIMAIMM OKcuaa. JIJIT TEXHUYECKHX
METaJuIOB B BO3AyHIHOW atmocdepe Pop >> P°pp. Uckmrodyenuwe cocraBimsaoT AU, a
taxxke Ag u CU npu MOBBIIIEHHBIX T.

KuHeTrka OKHCIICHHS, T.€. >KapOCTOMKOCTh CYIIECTBEHHO 3aBHCHUT OT CBOWCTB

oOpa3yroiencs MIeHKH OKCHJIA: CIUIONIHOCTH, OJTHOPOJHOCTH U MPOHHUIIAEMOCTH. Yem
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BBIIII€ 3alIUTHBIE CBOMCTBA IJIEHKU, TEM MEHBIIE €€ TOJIIUHA. Y CIOBUE CIUIOMIHOCTH
OCHOBAHO Ha COOTHOIIIEHUH A MOJIAPHBIX 00BeMOB MeTauia Vi u okcuaa Vmmomn/2

1< Vmmomn2/ Vm < 2,5 (4)

[Ipu A<l muieHKa HECIUIONIHAs, a €clid OHO Oojbiie 2,5 , BO3HHMKAIOIIWE
BHYTPEHHHME HAINpPSOKEHUSI pa3pylialoT IUieHKY. KuHeTwka Koppo3uu omnpenensercs
MEXaHU3MOM, T.€. [MOCJIeI0BATETLHOCTHIO CTAJNI C YKa3aHUEM JTUMUTUPYIOIIECH.

B obmeM cirydae UMEOT MECTO CIICIYIOITUE CTAIUN: MACCOTIEPEHOC OKUCIIHTEIS
B Ta30BOi (pa3ze kK MOBEPXHOCTU M, €ro nuccoIMaTUBHAS XEMOCOPOIMS, XUMUYECKas
peakius oOpa3oBaHUs OKCHMIA, MaccomepeHoc katmoHoB M™ m O% B Qase okcuna,
BO3TOHKA JieTy4yero okcuja. IlepBas u mocieaHsis cTagud OOBIYHO HE JUMUTHUPYIOT
npornecca. Kunetnka onuceiBaeTcs 3aKOHAMU POCTA IUIEHOK BO BPEMEHH T.

[Ipu mopucToi HE3aIMUTHON IUIEHKE HamOoJiee 3amMe/yieHa XUMUYECKas CTaius 1
KOpPPO3Usl ONKUCHIBACTCS TUHEUHBIM 3aKOHOM:

dd/dt = kCox ()

0 = 9p + KcCoxt (6)

rae O - TOJIIMHA TUIGHKH WJIM Macca OKHUCHUBIIErocs M, Op OTHOCHTCS K
ucxogHoMy 3HaueHuto npu T = 0 ( Bo3AyIIHas MmieHKa), 00bI9HO 80~0, K. — KoHCTaHTa
CKOpOCTHU. JIMHEWHBIN 3aKOH XapakTEepeH sl IIEJTOYHBIX M MIEJTOYHO3EeMEIbHbIX M
(xpome Be), rne A<1, mpu oOpazoBanuu netyunx okcuaos (W, M0) u npu Manbix T s
OoJsbIIMHCTBA M.

[Ipu o00Opa3oBaHWM TOJICTBIX TUICHOK (OKQJIMHBI) KOPPO3HUS TMPOTEKAET ¢
b Hy3MOHHO-KUHETUYECKUM Wi TU()PY3HOHHBIM KOHTPOJIEM. 30HA POCTa TUICHKH,
r7ie XUMUYecKasl peakius, HaX0JUTCsS BHYTPH, a PAaCCTOSIHUE 70 HEe OT IpaHull pasjesia
mwieHKka-M M TUIeHKa-ra3 3aBHCUT OT cooTHomeHuss Do> m Dy™. Yame 30HBI pocTa
OMke K HapyKHOM TOBEpXHOCTH. [Ipu CcOM3MEpPUMBIX CKOPOCTSAX OKHUCICHHS U

cTaiMoHapHou auddy3uu
dd/dt = k.C = D(Co-C)/5 (7)
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rae Co u C — KOHLEHTpaLUK peareHTa COOTBETCTBEHHO B 00BEME U B 30HE POCTA .
Beipazus C u3 paBeHcTBa (7) U MOACTaBUB €r0 B MPABYIO WJIM JIEBYIO YacCTbh, NOIYYUM

ITOCJIC HHTCTPHUPOBAHUA CHO}KHO-Hapa6OJII/I‘IeCKI/Iﬁ 3aKOH:

52/2D + &/ ke = const + Cot (8)

[Tpu const=0 ox 00bIYHO 3anKchiBacTCa ypaBHeHueM (9) unu (10)

52 + ki = kot 9)
oP = kr, (10)

rae 1 <p<2. Eciu D >> k., ypaBuenue (8) nepexoaut B (6), a mpu D << K, T.¢.
npu 1udPy3MOHHOM KOHTpoOJe ¢ yuyeToMm Toro, uro C=0, - B mapaOoinyeckuil 3aKoH
(12).

82 = 2DCort + const (11)

[Mpu muskux T < 150-300°C muddysus B mieHKe 3aTpyJHEHA, a SICKTPOHBI
TYHHEITUPYIOT 4Yepe3 Hee. 3a CYeT TMOBBIIICHHS KOHIICHTpPAIlMM HOHOB MeTajula Ha
IPaHUIIE METAI-OKCUJ M KOHIEHTpAIlMM HMOHOB KHCJIOpPOJa Ha TPaHUIE OKCUJI-Ta3
BO3HUKAET CHJIBHOE JJICKTPHUECKOE TOJI€ W yCKOpsieTcsl Murpanus uoHoB. [lpu stom
BO3MOYKHBI CIICYIOIINE BAPUAHTHI.

[Tpu xoHTpoOJIE mpoLecca NEPEHOCOM 3JIEKTPOHOB MyTEM TYHHENbHOTO 3¢ ¢eKTa
UMEET MECTO JIOTAPU(PMHUIECKHI 3aKOH:

dé/dt = ksC exp(-p) (12)

0= const + Kslgt (13)

[Tpu 3amemyieHHON CTaiuy NIEPEHOCa KATUOHOB B AJIEKTPUYECKOM I0JIe paboTaer
KBagpatuyHas napadona (14), (15) nns momynpoBOAHUKOB N- TUMa U Kyoudeckas (16),

(17) nnst moJynpOBOJHUKOB P-THIIA.

d5/dt = Au/5 (14)
52 = 2A;T + const (15)
d5/dt = Ay/3? (16)
52 = 3A,T + const (17)
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J171s1 OueHb TOHKHX IUIEHOK M3 MOJIYIPOBOJHUKA N-TUIA MPU BHICOKOM I'paJMEHTE
MOTEHITMANA, KOTJa MPOIECC JTUMUTHUPYETCS BBIXOJOM HOHOB C IOBEPXHOCTH M,
cobJrroaeTcss 00paTHBIN JIorapu(pMUUECKUN 3aKOH:

5= Az —kslnt (18)

3aK0H pocTa IUICHOK, OCOOCHHO TOJICTBIX, MOXET MEHSATHCS BO BPEMCHHU,
HaIpyMep B CIIEAYIONIEH MOCIeI0BATEIbHOCTH: JTUHEHHBIN, CII0KHO-T1apadOInYeCKUid,
napaboJIMUeCKUid, YTO COMPOBOXKIAACTCA POCTOM 3alUTHBIX CBONCTB IUICHKU. B
TOJICTBIE TUICHKU BXOJSIT BCE YCTOMYMBBIE OKCU/IBI U B HACATILHOM Cilydae 00pa3yroTcs
MHOTOCJIOWHBIE TUICHKH, TJI€ OT BHYTPEHHEW IPaHMIIbl K BHEIIHEW YOBIBAET COJIep KaHKe

M, nanpumep, Fe|FeO|Fe;04|Fe203|0:.

l'azosas evlcokomemnepamypHas Koppo3us

[To xapakTepy OKHCICHHSI METaJUIbl KIAaCCUDUIIUPYIOTCS CIEAYIOMIMM OOpa3oM.
ITpu A<1 nporiecc caMOyCKOpsieTCsl M HacTynaeT Bo3ropanue. J[is TEXHUUECKH BaXKHBIX
M ( Fe, Ni, Cu, Mn, Ti) npu cHmwkeHun T yBeIMYMBACTCS MOKa3aTelb CTCIICHU B
nmapaboJie 1 BO3MOXKEH IepexoJi K JiorapupmMuueckomy 3akony. IIpu pactpeckuBaHuu
IJICHKW TIOKa3aTejdb CTerneHu mangaer. HeOmaropojHele MeTalibl KaK KOMITOHCHTBI
KapOCTOMKHX CIUIaBoB M MOKpbiTH (ZN, Al, Cr) naloT MmieHKH ¢ BBICOKOHM 3aIUTHOMN
CITIOCOOHOCTBIO, KOTOpPBIE PAcTyT 1O Jjorapudmuyueckomy 3akoHy. Ilpu oOpazoBaHuu
netyuux okcuaoB Ha V, W, Mo, Ru, Os nporiecc onpenensieTcsi CKOPOCThIO BO3TOHKH.
bnaropoanbie MeTaIbl TEPMOAUHAMUYECKH YCTOMYNBHI.

IIpu ra3oBoii KOppO3WM BO3MOXXKHA BBICOKOTEMIIEpaTypHas IaccuBalus, KOrja
POCT CKOPOCTH TIO Mepe yBenudeHus Poy Mpu HEKOTOPOM KPUTHUECKOM €ro 3HaYCHUU
MCHSETCS Ha pe3Koe INaJeHHe 3a CYET CO3JaHusA YCIOBHH i1 (OPMUPOBAHUS
BBICOKO3aITUTHOM TIeHKH. KpuTnueckoe Poz magaeT ¢ pocToM ra3oBoro moToka.

B cnabGookuciauTenbHBIX Cpelax, riae o0pa3oBaHHE OKAJIMHBI 3aTPYIHEHO,

BO3MOYKHBI HAYTJIEPOKHUBAHUE U 00€3YTIIEPOKHUBAHUE CTAJICH C y4acTUEM IIEMEHTHTA:

FesC+CO, S 3Fe+2CO (29)
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Fe;C + H,O s 3Fe + CO + H» (20)

FesC + 2H, s 3Fe + CHy (21)

B ocHoBe 00€3yriiepoKuBaHus JISKHUT TPOIECC pa3ioxkeHus 1emMeHTuTa. Ctab
TEpsieT CIMOCOOHOCTh 3aKaNIMBAThCI M CHUXKAET MPOYHOCTh. [Ipu Bo3pacTaHum B rase
conepxxanusi CO, H, u CH, o6Ge3yriieposkuBaHue CHUKACTCS U CTAHOBUTCS BO3MOYKHBIM
HayTJIEpO)KUBaHUE.

OcoOpiMH  BUJAaMH Ta30BOM KOPpPO3WHU SIBISIIOTCS  Takke oOpa3oBaHUE
BOJIOPOJHON XPYIKOCTH W BaHaAHWeBas Koppo3us. B BogopomHoil atmochepe kpome
00e3yraepoKUBaHUS CHIKEHUE >KapOIPOUYHOCTH 00YCIIOBIEHO abcopOuuel Bo1opoaa,
o0Opa3oBaHHEM TBEPJOTO PacTBOpa BOAOPOAA B JKeJIe3€ U MOSBICHUEM PACTPECKUBAHHMS
M0 TpaHUIlaM 3epeH u3-3a oopazoanusi H,O u CHi. Hecmotps Ha ouMcTKy cTtanu OT
BaHAJIMs, OH TIOITa1aeT B BUJIEC MPOAYKTOB TOPESHHUSI )KUIKOTO TOTUTHBA. OKCHIIBI BaHAIHS
KaTaJIM3UPYIOT OKHUCIEHUE M0 peakiusaMm (22), (23), a nerkoraBkuii V205 , 0cOOEHHO
MIpY HAIUYUHU COCTMHEHUM 1EJIOYHBIX METAJUIOB, (DIIFOCYET COCTMHEHUS OKAJIUHBI.

4Fe + 3 V,05 — 2 Fe, 03 + 3 V503 (22)

V203 + O — V05 (23)

Koppo3zus 6 srcuokux cpeoax

Kopposzus 6 neanexkmponumax

Peub upmer 00 00€3BOKEHHBIX alPOTOHHBIX OPraHMYECKUX PACTBOPUTENSX,
KHUJIKOM OpoMe, pacIuiaBiieHHOM cepe U ip. OCHOBHBIMM CTaJUsIMU MPOLIecca SABIISIOTCS
muddy3ust OX K MOBEPXHOCTH, €r0 XEMOCOPOIIHS, XMMUYECKasi PEaKIus ¢ METaJIOM,
necopOuusi mNpoaykToB W ux auddysus B o0beM HednekTponuTa. [[Be mocnegHue
CTaJWd MOTYT OTCYTCTBOBaTh MpU OOpa30BaHMM IUIEHKU. B 3aBUCHMOCTH OT
pPacTBOPMMOCTH U 3AIIMTHOM CIOCOOHOCTH TUICHKM BO3MOXKEH KHHETHYECKHM,
1 y3MOHHBIA WIIM CMEUIAHHBIM KOHTpOJb. [Ipy HamWyuu mpoCHOWKH BOJBI MEXIY

MCTAJJIOM U HECOJICKTPOJIUTOM IIPOUCXOAUT IJICKTPOXUMHUICCKAA KOPPO3HUsl.

108



Kopposus 6 srcuokux memannax

OTOT PU3NKO-XUMHUUECKHI MPOIIECC MPOUCXOIUT B TEIJIOHOCUTENSAX, UMEET Pl
Pa3HOBHUJIHOCTEN U 3akitoyaercs JduO0 B mepexoje TBepaoro M B KuUIKui, 1100
HaoOopoT. Hanbosnee mpocThiM cilydaem SBISIETCS HEMOCPECTBEHHOE PACTBOPEHHE
tBEpaoro M B xuakom. KomnuecTBO pacTtBopuBIIETOCI M M CKOpOCTH mpouecca
OTPENENSIOTCA MPEeNeTbHON PaCTBOPUMOCTBIO, 00BEMOM KUAKOTO M U CKOPOCTHIO €T0
mUpKynsauu.  Bo3moxHa Takke KOppo3us TpU  OOpa3oBaHMM — PACTBOPHUMBIX
coenuHeHuit TBepaoro M c mpumecsmu B xugakoMm (Oz, Ho , N2 1 ap.), B oTcyTcTBUE
KOTOPBIX MpOIlecC OcNabiieH uin He npoTekaeT. Hanbosee omaceH u 4acTo BCTpevaeTcs
TEPMUYECKUN MEPEHOC MACCHI, KOTOPBIM UMEET He3aTyXaromuil xapakrep. [Ipu stom B
ropsA4ei 30HE JKUAKOMETAIUIMYECKOro KOHTypa TBepabld M pacrtBOopsiercs, a B
XOJIONHOM KpucTtaiumsyercs. Koppo3us pacTter mpu yBEIMYEHUM CKOPOCTH IIOTOKA,
rpagueHTa T u T npu nocTosTHHOM rpaaueHTe. M30TepMudecKknii MEpeH0C MacChl UMEET
CIEAYIOIINE PAa3HOBUIAHOCTU: BBIPABHUBAHUE KOHLEHTPALMNA METALUIMYECKUX U
HEMETAJUINYECKUX KOMITOHEHTOB CILIABOB, ITOIPYKEHHBIX B XUAKHK M; nepenoc M ot
OoJiee K MeHee HAPSHDKEHHBIM yYacTKaM KOHCTPYKIIMU; CAaMOCBapUBaHUE HAXOISITUXCSI
B KOHTaKTe TBepAbix M. Bo3morkna Takxke nuddysus xkunkoro M B TBepAbIA, KOTOpas
MIPOUCXOJMT MO BCEl MOBEPXHOCTH, HO C OOJIBIIEH CKOPOCTHIO IO TPAHULIAM 3EPEH, UTO
MPUBOAUT K MEXKPUCTAUIUTHON KOPPO3UH, OCOOCHHO MPU HAIWYUHU HAINPSIKESHUH.
Ecnu xuakuit M oOpa3zyet 0oJiee XpynKue HHTEPMETAJUIH]IbI UIU TBEPIBIE PACTBOPHI C
MPUMECAMH, JIOKAJIU30BAHHBIMU [0 TpaHMIAM 3€peH, TBepAblM M CHMIXKaer

AKApPOMPOYHOCTb.

Dnexmpoxumuyeckas Koppo3sus

DIEeKTpOXUMHYECKasi KOpPpO3Usl NPOTEKAaeT B PACTBOPAX AJIEKTPOJIUTOB B
OTCYTCTBHE HENOCPEACTBEHHOTro KOHTaKkTa M ¢ OX. AHOJIHas peakuusi pactBopeHuss M
W KaTOJHas peakuus BelaenaeHus R mporekaroT Ha pas3HbIX ywyacTkax. CieqoBaTelbHO,

KOppoaupyrommn M  Kak  NOJMABJIEKTPOX  SBISIETCS  OKUCIUTENIEM il M,
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BoccTaHoBUTENEM /711 OX M EPEHOCUT AJIEKTPOHBI OT aHOAHBIX K KATOJIHBIM yYaCTKaM.
[TockoMbKy OKHCIHTETEHO-BOCCTAHOBUTEIIbHASI CIIOCOOHOCTD AJIEKTpOa 3aBUCHT OT E,
CKOPOCTHU peaKkluii U KOPPO3UH TOXKE 3aBUCAT OT E.

llonnas anoonas Kpusas pacmeopenusi Memaia

HaunGonee dhyHmaMeHTAIBHON XapaKTEPUCTUKONW PACTBOPEHUS METaIa SBIISETCS
000011IeHHAsT 3aBUCUMOCTh €ro crainuoHapHoil ckopoctd oT E (puc. 9). Ona
XapaKTEPU3yeTCs PSIIOM KPUTHYECKUX TOYEK W OCHOBHBIMH yYaCTKaMH: aHUMAaJbHOTO
pactBopenust (1, 2, 3), SJIEKTPOXMMHYECKOTO aKTUBHOro pactBopeHus (4, 2, 5),
naccuBanu (5, 6), maccuBHoro coctossHus (6, 7, 8, 9) W BbIXOAa W3 TACCHUBHOTO
COCTOSIHUS TI0 MEXaHU3MaM JIOKaJIbHOM JenaccuBaiuu (muTtuHroodpaszosanus) (7, 10)
Wi TpaHcnaccuBanuu (8, 11). Ykazanasie o01acTv mpu U3MEHEHUH COCTaBa PacTBOpPa,
CIUTaBa W TEMIIepaTypbl MOTYT YacTHYHO HMcue3aTh. Hampumep, npu cHmwkennn pH u
yBemmuenuu [Cl] maccuBHas 007acTh COKpamiaeTcs; YBEIUYCHHE TEMIIEPaTyphbl
pactIMpseT y4aCTOK aHOMAJIbHOTO PAaCTBOPEHUS; YMEHBILIEHHE COACp>KaHUS Xpoma B
JETUPOBAHHON CTald CHW)XACT AaKTUBHOE pPACTBOPEHHUE, COKpAIAeT TaCCUBHYIO
obnacth, yBenuunuBaeT Ey, Eny, Iy ¥ Iy M yCTpaHSIET TpaHCIACCHUBAIIHUIO.

Cremyer OTMETUTh, YTO Ha puC. 9 naHa 3aBUCUMOCTDH Iy OT E. DakTHuecku
OOBIYHO CHUMAETCs TMoyspu3anuoHHas kpuBas 1, = f(E). Yacto mnpum aHomHOM
nojsipuzanmu I, = Ipv (puc. 1). OgHako poct i, B MAaCCHBHOW 00JacTH, KpoMme
MIEPEYHCIICHHBIX BBIIIE TPUYUH, MOKET OBITh CBS3aH C MPOTEKAHWEM JIPYrod aHOIHOMN
peakuuu BoiaeneHus Ox, Hanpumep, Oo.

B o0mem cinydae KpuBYIO Ha PUCYHKE 9 MOXKHO TOJYYHUTh TBYMS CIIOCOOAMH.
[lepBbIii HMcMONB30BaH Ha rpaduke W 3akiouyaercd B uU3MeHeHun E npu momouu
MOTEHIMOCTATA U ONPEAEIEHUA CKOPOCTH aHOHOTO pacTBopeHust M nipu kaxiom E. B
YIPOIIEHHOM BapuaHTe MPH JTOCTATOYHOM yIAJICHHH OT Eyop MOKHO MCTIONB30BATh Iy =
Ipm pyroit cmoco® He HyXIaeTcs B WCIOJIB30BAaHHU WCTOYHHUKA DJICKTPOIHEPTUU U
3aKJIFOYACTCS B M3MEPEHHUH IMOCIICIOBATEIIEHO MEHSIFOIIMXCS | TIPU BapbUPOBAHUU Eqp

3a CYET BBEACHUS B pacTBOP (MM pacTBOpbI) paznnuHbix Ox u yBenuuenus [Ox]. Uem
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Ewop. Eciu xpuBble, MosydyeHHbIE JBYMsI CIOCOOAaMH, MPAKTHUYECKH COBHAJAIOT, ITO

CBUCTEIHCTBYET O MPUMEHUMOCTH NIPUHIINTIA HE3aBUCUMOCTH DJICKTPOIHBIX PEAKITHIA.
lg l.p M
leig 7777777 10 11
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1 |
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gim 4'5' —1=
|

E,

SABEHCHMOCTh ETB.I_'[HOHB.pHO

&, Eim By, E, B

Puc. 2

3Has KpUBYIO 3aBUCUMOCTB Ipm OT E W Egp, MOXHO IJIErKO OIpEnenuTh
KOPPO3UOHHYIO CTOMKOCTh M WM CIJIaBa, OCOOCHHO MPH BBITIOJTHEHUU MPUHIUIIA
HE3aBHCUMOCTH JJIEKTPOJIHBIX PEAKIIHA.

PaccMmoTpum 6oJee 1eTaabHO OCHOBHBIE YHAaCTKU KPUBOW pacTBOpEeHHs M.

Pacmeopenue cnnasos

PacTBopeHHE TEXHMUYECKUX CIUIABOB, OOJBIIMHCTBO KOTOPBIX MPEICTaBIISIET
coOoif TBEPIBIC PACTBOPHI, OTJIMYACTCS OT TMPOIECCOB HAa YHCTBIX METalIax
CEJICKTUBHOCTBIO M TIOYTH OO0sI3aTeNIbHBIM HAapYUIEHUEM MPUHIMIIA HE3aBUCUMOCTHU
BJICKTPOXUMHUYECKUX PEAKIIUM.

Cenexmunocms pacmeopeHus - 3TO MPEUMYIIECTBEHHBIM IMEPEX0Ji B PACTBOP
AJIEKTPOOTPUIIATEIBHOTO ~ KOMIIOHEHTa A M HAKOIUICHHME Ha  IOBEPXHOCTHU

AEKTpornonoxkuTeapHoro B. OHa xapakrepusyercs Ko3(pPUIuEeHTOM CeIeKTUBHOCTH:

_ ([A]:[B])paCTBop
ZA N ([Aol:[BoD cnar (74)
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ipaAang[Blo
A alAl 7
ippApnalAlo (75)

A

riae: Ax u Ag Mossipabie Macchl A u B, [A], u [B]o — ucxoaHbIe KOHIICHTpaIuu A
u B B criaBe; ipa U Ipg — ckopocTu pactBopeHus. O0bdHO Za>1, X0Ts nipu HU3KHX [Alo
MOXeT ObITh MeHbIIE Ipg . COOTHOIICHNUE ipa ¥ Ipg M BeTMUHHA Za 3aBUCST OT XapakTepa
pacTBOpeHHs. Y XpPOMUCTHIX CTaliel B aKTUBHOU oOnactu Zc>1, a mpu nmaccuBaIi 1 B
ACCUBHOM COCTOSIHUM Zc<1.

CelleKTUBHOE PAaCTBOPEHHE OOBIYHO MMEET MECTO JJIsl CILJIABOB, KOMITIOHEHTHI
KOTOPBIX HMMEIOT CYIIECTBEHHO pasziuuHble pEwmnym. OHO  XapakTepusyercs
IIOCJIEIOBATEIbHON CMEHOM BO BPEMEHU CIIENYIOIIMX 3aMEIJICHHBIX CTaJWii: HOHU3AIUU
A, HectanmmoHapHOH W cranumoHapHoW muddysun A" B pactBope, TBepaodasHOMH
HECTAllMOHApPHOM B3auUMOAM(P(PY3UH KOMIIOHEHTOB M 3aBEpPIIACTCSI PAaBHOMEPHBIM ,
IPONOPUMOHANIBHEIM (Za=J) pacTBOpeHHEM cIllaBa, €CiIu Ipu JaHHOM E Moryt
pacTBOPATHCS 002 KOMIIOHEHTA.

JInst TyroruiaBKuxX CIUIAaBOB € HU3KOH [A ], CeleKTHBHOE pacTBOpEHHE OOBIYHO
JUMUTHPYETCS HECTalMoHapHOW TBepAodaszHon auddysueir u 3aBHCUMOCTD Ipa OT
BPEMEHHU ONUCHIBAETCS YPABHEHHUEM:

ipA = nAF[A]o\/ DA/T[T' (76)

T.c. KPHTEDHEM SBJIACTCSA IpAMAas ipa-T 2 SKCTPANOIMPYIOIAACS B HAdaio
KOOpPJIMHAT, YTO CBHUJIETEIbCTBYET O He3aBUCUMOCTU Da oT Bpemenu. [duddysus
IIPOTEKAET [0 BAKAHCHSAM B KPHUCTAUIMYECKOM pEIIETKE CIUIaBa, KOTOPbIE
reHepupyroTcss npu ero pactBopeHud. I[lostomy kosdduument guddysun Da
CYIIECTBEHHO 3aBUCHUT OT E.

Jlnst crutaBoB ¢ Bhicoko# [A]o, Hapsimy ¢ pacTBopeHHMeM A, Bo3MOXkHa (ha3oBast
neperpynnuposka B, a, HaumHas c Hekotoporo kputuueckoro E, mpoucxomut
pa3pyllieHHEe HEPAaBHOBECHOI'O IMOBEPXHOCTHOTO CJOS U Pa3BUTHE IOBEPXHOCTH, T.€.
oOpa3oBaHuE MOP U TPEIIHH.

JInsi HEeKOTOphbIX CIUIaBOB (JIaTyHEH) HakoruieHMe B Ha MOBEpXHOCTH cIiiaBa

MPOUCXOJUT 1O MEXaHW3MYy pPACTBOPEHHS - OOpaTHOTO  OCAXKICHUS WU
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TICEBIOCEIICKTUBHOTO PACTBOPEHMSI, KOT/Ia 3@ TIPOIIECCOM CEJICKTUBHOTO PACTBOPEHUS A
cnenyet ocaxnenue B. I[lpu coorBercTByromem E mexay 3TuMm 00JacTIMU MOXKET
HAXOJIUThCS 00JIACTh PAaBHOMEPHOI'O pAacTBOPEHHUs cCIulaBa. [IceBIOCENEKTUBHOE
pacTBopeHue W (ha3oBas TEpPErpyniupoBka B CBHIETENBCTBYET O 0oJiee BBICOKOM
aKTUBHOCTH B B CIUTaBe, 4eM B YHCTOM BHJIE.

[lpu paBHOMEPHOM PACTBOPCHHMHU CIUIaBa, KOTJAa €r0 MOBEPXHOCTh MPAKTHYCCKH
coctouT u3 B, ypaBuenue Tadens umeer Bu:

N = ag + bs Igis (77)

C yuérom Toro, uro mpu 3toM Zpa=1, m3 (74) cuemyer Ipa=Kalps

(ka=Agng[B]o/Aana[A]o) 1 ypaBHeHue (77) IpUMeT BU:

ne = ag + bg 1gia — bg Igka (78)

WM C y4ETOM BBIPKEHHS JUII CKOPOCTH PACTBOPEHUS CIUIABA Ipcny = Ipa + lpg =
Ipg (1+Ka)

Ns = ag + bg 1gip.cnn — be 19(1+Ka) (79)

VYpaBuenust (78) u 79) ykasplBalOT, 4TO PaBHOMEPHOE PACTBOPEHHUE CIUJIaBa U
KOMIIOHEHTa A NPOTEKAeT C KMHETUYECKUMH XapaKTEepUCTUKAMH KOMIIOHEHTa B, T.e.
HApyILIAeTCsl TMPUHLUII HE3aBUCUMOCTH JJIEKTPOIAHBIX PEAKUMUA 3a CUET W3MEHEHMS
COCTaBa IMOBEPXHOCTH CILIABA.

Ecnu KOMIIOHEHTHI crijiaBa OJIM3KU MO AJIEKTPOXMMUYECKUM CBOWCTBaM, 00J1acTh
CEJIEKTUBHOI'O PAacTBOPEHWs HEBEJIMKA WM OTCYTCTByeT. Ha 3THMX cruraBax mporuecc
NPOTEKAeT 10 MEXaHM3MY MOCIONHOTO PACTBOPCHUS U CYIECTBYET Kputuueckas [Alo,
710 KOTOPOH CIIaB BeaeT ceds kak B, a mocie koTopoii kak A.

DJIEKTPOXUMHUYECKOE TOBEJCHUE CEJICKTUBHO PACTBOPSIOUIUXCS OWHAPHBIX
CILUIaBOB XapaKTEepU3yeTcs psaaom O0COOEHHOCTEH. s AHOJHOM

XPOMOIIOTEHIIMOTPaMMBI TIpH 1;=const (puc.13)
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E Tapenmue iy 1,

0
¥ T
) ... ;

Pucynok 13 Pucynox 14

XapakTepHa oOnactb 3anepxkku E, oTBewaromas pactBopeHuto A. B oOmem
cllydae BhIPDOKEHHE JIIS 18 IMEET BUJL:

ia:ipA + ipB — iBR + i3 (80)

B orcyTcTBHE aHOAHBIX PEAKIIMI PACTBOPEHUS A U B IIIIOTHOCTH TOKA 3apsiKEHUS
I3 = Iy + Igr Benmka. C HavamoM pacTBopeHust A ipu Ex I3 = Iy + igr - Ipa pe3Ko namaet u
Ha E,t- kpuBoi peasnmsyercs 3aaepxka E. [Io mepe pacTtBopennss A U3 MOBEPXHOCTHOTO
crost Ipa CcHIDKaercs, I3 pactér u E cmemaercs no Ep, mpu KOTOpOM MPOUCXOIUT
OJTHOBPEMEHHOE MPOMOPIHUOHATIBFHOE pacTBOpeHue A u B, compoBoknaemMoe nageHnemMm
I3 1 BTOpruHO#t 3anepkkoii E nipu Eg. Ilpu Ex Za=00, a mpu Eg Za=1.

Xponoamneporpammbl (E=const, i3=0) (puc.14) umerot Buag 1 npu Eg>E>Ea u
Buz 2 pu E>Eg. KpuBast 1 s Manbix T npu ipa>igr XapaKTepu3yeT CHHKECHHUE Ipa BO
BpeMeHu. [Ipu ipa= igr 1:=Ik=0 , 4TO OoTBeuaer E.,p. C pocToM T MO Mepe TOoro, Kak
Ipa—0, yBenMuuBaeTcs Ix U CTPEMHUTCS K Igr. 3Has Igr U 3aBUCHMOCTH I OT T, MOYHO
MOJYYUTh 3aBHCUMOCTH Ipa OT T M MPOAHAJIM3UPOBATH €€, HampuMep M0 YPaBHEHHIO
(76). KpuBast 2, [uist KOTOPO#t 1;=Ipa + Ipg — Igr , IPH MAJBIX T XapaKTEPH3YEeT CHUKCHHE
CKOPOCTH CEJICKTUBHOTO PACTBOPEHUS CIUIABA, a IMPH JIOCTATOYHO OOJIBIIIOM T BEITMYMHA
la HE 3aBUCHUT OT T W YKa3bIBaeT Ha PaBHOMEPHOE PACTBOPCHHE CIIIIABA.

3aKOHOMEPHOCTH PACTBOPEHHSI CIUIABOB WCIOJB3YIOTCS B TEOPUM U TPAKTHKE

KOPPO3HWH CIINIABOB 1 MECTOAOB UX 3allIUThI
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