IT'nasa 12
MEXAHOXUMHNYECKUE ITPOIECCHI

§ 12.1. TepMopuHaMuKa MeXaHOXHMHYECKMX IPONECCOB

B npemgeimymux rmaBax pacckazaHo, Kak XHMHYEeCKad oHeprud,
sanacennasa B riaeTke B Mouexymax AT®, rpamcopMmpyercs B oc-
MOTHYECKYI0O M JJIeKTpHuYECKYI0 pabory. Temeps Mul ofparuMca X
MEXaHOXHMHYECKIM TIPOIEeccaM, B KOTOPBIX XMMHYECKasd oHeprusd
npeoGpasyerca B MeXaHHYECKYIO pabory.

MHuser nesosMomHa 663 MEXaHUYECKOTro ABMeHHA., IaeTkm m
OPraHU3Mbl BLIIONHAIOT MEeXaHWIeCKYI0 paloTy, ABUTAACh KaK N0
¥ mepeMeifagd CBoU (PYHKIOUOHANLHLIE YACTH B IOJI€ TATLGTEHUA, Lpe-
ojlolieBadA COUPOTURJICHNE BO3TYHMIHON WM JKUIAKOH cpemsl M T. 1.
Mexannieckad paGoTa NPOU3BOAUTCA B M30TEPMHUYECKHX ¥ H3006a-
pUYeCKNX yciaoBHAX. TeM caMpIM OHA COBEpIIaeTCA HE 3a CYET TEIio-
BOIi, 2 32 CUET XUMHYECKOH SHEPTHMU.

HoudopMmanuoHHLle TnpeBpamieHnsa OEXKOB 03HAYAOT I1POCTPaH-
CTBEHHOE TiepeMernieHUe aTOMOB, 0GPa3yIOIINX MaKpoMoneryasl. Ecan
OHO NPOUCXOAUT B HOJE BHEMIHMX CHJ, TO COBEPIIAETCA MeXaHHYe-
crasg paGora. Ke mcTouHmKOM MosKeT OBITH cBOOOgHAsA PHEPTHsdA, BhI-
Remsemas B XoAe ¢epMeHTaTHBHOI pearnuu. MomHo, caegoBarensHo,
TpaKroBarh KoH(pOpMamHoHHOE upespamieHue Genrra Kaxk MeXaHOXH-
muveckdii npomece. OpuHaro mora peds wupeT o QdepMeHTATHBHOIT
peaKqui B pacTBope, TaKoe TONKOBaHME He mMMeerT cMbicia. B mioboit
XHMUUECKOH pearmuu HPOMCXOMUT IepeMemeHHe aTOMOB, HO 9TO
eme He JaeT OCHOBAHUI HA3LIBATP pPEAKIHI0 MeXaHOXMMHYeCKIM
IPOIECCOM.

ToBopa o mexanmueckoii paGoTe, MBI mMeeM B BHAY HAJMOJEKY-
JAPHYIO, MaKpocKonwdeckyw cucreMy. Ecam Momewymst ¢depmenTa
BXOJAT B COCTAB TaKoil CHCTEMEI, TO TIpW HaJAeRamiedl ee opraHm-
BAaMH OHA MOJKET OCYLIECTBJATH MEXAHMYECKoE [BIVKEHHE W OPOM3-
BOJUTL paboTy 3a cYeT CBOOOMHOI SHeprum (PepMEHTATHBHON peax-

B 1400 CJIGJIOB&TGJIBHO, paﬁoqne BeljecTBa MEXaHOXMMHYECKHUX CHCTEM

B JKHBLIX OprammsMax Moryrt 6wiTh Oemkamu — depmentamu. Bonee
TOro, OHH JO/KHBI MMHU ObiTh. VCTOYHHK MeXaHOXMMHYECKOH pabo-
ThI — XUMH4ecKaa oHeprud. Ho mnodule GHOXMMHYECKHWE pearmuu
UPOTERAOT ¢ HempeMeHHLIM YyuactmeM ¢epMeHToB. MexaHoxmmust
IKHMBLIX CHCTEM ecTh (hepMeHTATHBHAA MEXaHOXHMUA.
MexanoXuMHYECKHH [PONECC MOMKET BHIIONHATHCA MHKIMYECKH
paboraiomeit Mmammuoil, BO3BpammaiOmeiicAa HmOCA® KasKAOro WHKIA
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B HUcXOfHOe cocroAnme. llepexompl palovux BemecTR OoT OTHOrO XII-
MUYEeCKOro MOTeHNHUAala K APYroMY ¢ O JHOBPEMEHHBIM MPOU3BOACTBOM
paboTel OPOUCXOAAT B Cpeje, BHEITHEIl 0 OTHOIIEHMIO K MalIfHE.
Takodl Mamuso#t Momer GbIThH, HaupuMep, NOIUMEPHOE, IIOJTUAIEKT-
PONUTHOE BOJIOKHO, [IMHA KOTOPOro M3MeHAercAa npu isMenemmn pH
cpeJibl.

Ofmee m3Menenme BHYTPEHHE DHEPIUH CHCTEMBI

dE =T dS — dW + 2pdn; +pde +- . .. (12.1)

3mecs dW — pabora, npouwsBogMMasg cucTemoil, dn; — KOJUTECTBO
BelecTsa !, BBeMEHHOTO H3 pe3epByapa B CHCTEMY NPH XUMHIECKOM
moTenuuaie iy, VPde — anenTpuieckan pabora. OrpaHumuyumca Tep-
MU9YeCKUMM, MEXAHMYECKUMM M XUMHYECKMMH [POIECCaAMU M OTBIE-
geMcA 0T P de ¥ NOCTeNyOMUX 4WwieHos ypasHenud. Bymem paccua-
TpHUBATHL OJHOPOJHOE BOJOKHO [JHHEL [, pacTAriBaeMoe CII0il f.
Nmeem

dE =TdS —pdV +fdl+ Zpdn;. (12.2)

WNaterpanbrad gopMa sT0ro ypaBHEHUA

E =TS8 —pV +jl+ 3 pin;s + pong, (12.3)

The N, — TUCI0 MOJEeKYJ, 00pasyoiux BOJOKHO.

HdouycruM, uro mMeeTcsA JHIML ONHR PEArupyrINasd KOMIOHEHTA.
TeM caMbiM IPH NOCTOAHHBIX p u I cuCTEMa MMPET [BE CTENEHil
ceobojpl, ckameMm, [ u p. Moo msobpasurr pabounit kI Mexa-
HOXMMHYECKOH Mamunue Ha nmockocta f, I Wampomy apauvenuio u
GymeT oTBeuath Kpupasa [(f), KOTODYIO MOMKHO Ha3BaTh WU3OROTEH-
yuatom (mofobmo maeTepMe HA IUTOCKocTd p, V mua rtemsoBoro Jsu-
ratens). Bce ToyKm TaKoil KpIBOH MOTYyT OBITH IOJYUCHRI W3 Me-
 XaHHYECKOro OIEITR, IPOBOAWMOTO IPH IOCTOAHHOM B3HAYEHUIT .
HaoGopor, kpusaa [(f) npm mocToAHHOM 3Ha4eHHN % noA06HA agua-
6ate. Takaa xpupaa umenyerca uszogopoti, Ha mmocxocru y, n uso-
OOTEHIMAAL ¥ u30(OPH NPEICTABATCA NPAMBIMU JIMHHAMH, Lapaji-
dencHBIMH ocAaM Koopiaumar (puc. 12.1). Hpmeseie p(n) ma raxoii
IIOCKOCTH MOMHO H23BaTh UZOTOHUYECKUMU NPH IOCTOAHHOII cure
H LSOMETPUYECKUMI NPH HOCTOAHHOI JUIMHE o0pasia.

lukn ma nxockocrn f, | uzoGpamen Ha puc. 12.2. PaGora npen-
CTABUTCA BHIPAKEHHEM

W=—§rdi={ndn+ [udn=@ —p)an, (12,4
1 2

CXOTHKIM C BRIpasKeHHeM i paGorsl B nukiae Hapuo
W=$pdV = (T, —T,)AS.

CymmecTBeHHOe OTIMYME COCTOUT B TOM, YTO MEXAHOXUMUUECHAS Ma-
IIMHA HE MOKeT GLITh 0XapaKTepH30BaHA Kop(d(UIueHTOM MOJEe3HOr0
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peficTBns, nogo0HBIM
Nrepm =(Ti - Tz)/Th

TaK KaK XUMHYeCKUii noTeHmnan ue uMeer abcomornoro nynsa. K. m. x.
MeXaHOXHMHYeCKoro Iupolecca MOKHO IPeJCTaBUTh OTHONICHHEM
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Prc. 12.1. MexanoxmsMryuecknit Pme. 122 MexanoX BMEYECKHIT

IUKI HA RBIOCKOCTHA WU, I IWKI pa #aockocty f, 1

paboThl, nolyUeHHOil B pealbHOM muKie, K pabore maeainaoro obpa~

TUMOI'0o NKJIA
v = —§ 7 alf$padn. (12.5)

IepeiineMm x nepaBHOBECHON TepMoORMHAMEKE. PacTameHue wojinA-
MEPHOTO MeX2HOXMMHYeCKOTo BOJOKHAa B usobapmueckoM W m3oTep-
MITMECKOM lporeccax jiaeT maMeHenye csobogmoil smeprum

(dG)z,» = [ dl — 54 dE, (12.6)
rae S — cpoacTBo, E — KoOpAmHATA XMMHYeCKoll peaRnuu. ¥ paBHe-

ane (12.6) oupepensder BRYTpEeHHION MeXaHOXHMHUYECKYI0 CHAY U
CpOJICTBO

= ( ){E T (12.7)

B PaBHOBECHOM COCTOAHHMH S5TH BEJHMYHMHLI DABHEI BYJIO. Nmeem

()= (22 (s () (2]
), o= "o (1) )3

3pech 3MAY0K e OTHOCHTCA K DaBHOBeCHOMY cocroaumio; 8, §E —
orkncuenus I u E or paBHOBecHHX sHavemwid. 3 manmcaHHEIX co-

OTHOIlIeHI/Iﬁ cilegyer
af ¢ \9 (am)
(@)F(ﬁéﬁ) =—\ar )i (12.9)
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3gaunr, ecam (0f/0%), oramumo oT myAs, TO cpoAacTtso S¢ BaBmCAT
o7 puuHsl L.
Havaneckmit 1 Onjlarka mOCTPOMIE HeNpepHBHYIO paboTaiomyio
MgmuAay, B KOTOPoOil nonnanemponmﬂoe BOJIOKHO (KOJJIareH) mome-
- PeMEHHO NOrpYKaerca B pacr-
Bop conm (LiBr) u B wmecryio
soay (pmc. 12.3). Pabora ma-
MAHBL IPeKpaliaeTcsa, Korga
B pe3yibTaTe mmepeHOCa Ma-
ABIX HOHOB B BOJAY BOJOKHOM
XAMHYECKHEe TOTEHIHANLI 000-
HX pesepBYyapoB  BHIPABHH-
Baorca. byayum nyimesa B
o0paTHYI0 CTOpOHY, MAIlXHA
MOKeT CHYMRATH [UIA H3BIE-~
JeHHA COJIM H3 PacTBOPA.
ITonuammonnoe BOJIOKHO
COKpAINAeTCA IPH IOHAKESHAH
pH, crameMm, npu pmobGasie-
mnun HCL ¥YBenngennme npc, ymennmaer ! npm mocTogsnoi cuie f, 1. €.

Pua. 12.3. MexamoxmMmyecKas MAampHa
Kagannckoro u Omiarkn

al
0.
(6”1101 )/<
Hanporus, B msoMmerpudeckmx ycmopusax pobasmenme HCl yBenmum-
BAGT CUIY:
af )
>0,
(3”ch !

O6paTuuiit oddekrt cocromr B mamenmenuma pH cpepwi, oxpymaoimei
NOAMAEAOHHOE BOJIOKHO, €Cad ero pacTArmsaior. Tanum ofpasom,

()0
ngaly  \of Jnpq

MexamoxaMuIecKasd OPHPONA (HOJOrAYeCKON COKpPATHTENLHOH CH-
creMbl OniIa OTKpeITa JHrensraparoM u Jllo6umosoit (1939), may-
gapmuME MU03UH — GeJoK MBIIeYyHoro Boxoksa (cM. c¢. 394). Ipm
mo6apmennr ATQ mpoucxommT COKpalneHN® MHO3HHOBHIX BOJIOKOH,
mMeloinee oOpaTEMEBI XapaxTep.

MexanoXuMHA [ONHMSIEKTPONIHTOB ONpefendeTca KOHJOPMANUHOH-
HEIMH IPeBpalleHuAMH MaxpoMonexrysn. llpespamenns aTu Koomepa-
rupALL. HOHCTaRTH AHCCOMAANAA MOHWSYEMBIX TIPYON B IOXHMepe
OTIAMYATCA OT TAKOBHIX /A MOHOMEpAa, BCIENCTBHE DIEKTPOCTATH-
9YEeCKOr0 OTTAJIKHBAHAA COCE[HAX 3APMKEHHBIX TI'PYON, 3ABHCAIIETO
or xonopmanmit memm. ITH ABIEHMA HAXONAT CBOE BLIDAKEHHE B
KPHABHIX mOTeHmHOMeTpuYeckore turpoBanma (cm. § 3.7).

Ilpn me ovenmr MameIx cuwiaax f, AOCTATOMHBIX JJIA OPHEHTALKH
OONMDAEKTPOIMTHON IlenM KAaK Iellore, [UIMHA IjelH BHIPArKaeTCH
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ypapmenmeM (cM. § 3.1)

z =l k2. (12.10)

CpeniHEil KBAApaT PACCTOSHHA MEKIY KOHIAME IeNH Ky 3aBUCHT OT

cremenn mopmsammm o, T. e. or pH cpeper. Ecnm dhi/da> 0, To
TOJNH3JIEKTPONUTHBIE HeNu PACTATHBAIOTCA HPH HOHH3AUUH TIOJ Aeii-
CTBHEM TOCTOAHHOM CHJBI M COKPAIMAIOTCA IPH YMEHLIICHMM CTOIICHH
noensanuu. Ecnim 3max mpomssopmoit oTpunatenen, 1o sdpdexr pH
nporuBonono:ked. Bropoit caydail peanmsyerca y CHBTETHYECKHX
MOAUIETITH/OB — Pa3Mepsl XIyOKa YMEHBIIAIOTCA ¢ POCTOM O, TaK KaK
YBeJINUEHHe CTENEHN HOHHBANHH PaspylIaeT CHHEPAILHEYIO CTPYKTYPY.
B o6mem cayuae

- (T ’AE
hl 2 (h2) e €Xp (_ ‘i;.T_)J (12.11)

rne AE — pa3noCTL SHEPruil B3aUMOJGHCTBHA CBOGONBLIX 3apAA0OB B
CBEPHYTOH u.BHITARYTOH Komdopmanuax nenu; AE ecth Mepa Koome<

2
patEBpocTH cEcTembl: eciim AE =0, To mens mekoonepaTwsHa, #) He

BAaBHCHT 0T o.. 3Hax mpomssoanoil dh/da sasucur ot smaka AE. Ta
JKe TeopuA NMO3BOJLAET ONpeneNnTs,, Kax msmenserca pH cpenwr npm
PACTAKEHAN MEIIH.

OnncasHLId KOOEPATUBHBIA MeXaBU3M Be eUBCTBEHHELIA — BO3-
MOKHLI TaKiKe IOJUDIEKTPOJNUTHEIE MEXaBOXHMUYECKHE MpOneccsl,
onpeseNnsaeMule B3MCHEBAAMHA CTENEeBH CBA3LIBAHHA HOHOB.

Taxnm o0pasom, uamenesnsa xoadopManuil nenu, BLI3BAHHLIE W3-
MEHEHHEM XHMHYECKOTO OKPY/KeHHSA NPHM BO3[EHCTBMH HOCTOAHHOM
CHJILI, TIPOM3BOAAT MexaHuueckylo pabory. B cpow ouepens, peitcr-
BYOIaA CHJA JOJIKHA MEHATh KopdopMmanmu uenu. Teopusa moxasei-
BaET, UT0 €CHM TPWIOKEHHAA CHJIA He 0YeHb BEJINKa, TO 0Ha CTalu-
nusyeT cnEpanbHy0 Kondopmanuio nenu. Hamporms, OGonbmas cmna
crabunnayer, xoudopManuo CWILHO BLITAHYTOr0 EKiayOxa. B 3aps-~
JKEBHLIX nenAxX He odYenh GoJLIIas BHENIHAA CHNAa TPHBOIAT K yBe-
JIMYEHHIO CTENEHA HMCCONMUANMH, BLI3LIBAKINECH TMEpexon COUpaib—
¥ny6ox npu d¢urcmposapHoil Temnepatype. llpu Gonbmoi cuie
CTENEHL JUCCONAANME, BLILIBAIOINAA TEpPEX0s, MokeT OBITL MeBbIme,
¥eM B OTCYTCTBHE CHJLI. B 3aBHCEMOCTH OT BeNHYUHH NPUI0KEHHOM
CHUNbI TP TIEPEXONie CIHUPAJNb — BLITAHYTHIH KayGox mo:ker Habuio-
JaTbCA KaK YBeNM4YeHHe, TAK B YMEHLIIEHWE pasMEpoB nemm B Ha-
I PaBJIeEUH CHIIbI.

Buonornueckne COXpaTHTEJIbHLIE CHCTEMbLI, BHINOJNHSION{HE MeXa-
HOXMMHYECKAE NPOLECCH, NalleKH 0T IPOCTLIX TOJNADIEKTPOMUTHLIX
mopeneit. Onmaxo cBOiicTBA MOJMU3JIEKTPOJNHTOB CYOECTBEHHBI A
IHOBUMAHNA MEXAaHOXHMMUYCCKMX ABJICHUIL

Hmerorca Bce 0CHOBAHHA CYMTATL, 9T0 B ME€XaHOXMMHEYecKux OHO-
JIOTHYECKEX NPONECcCaX MCTOYHHKOM HEoOXommMoil XHMHYECKOH dHEp-
TAH ABJIAOTCA MaKpospruuecKkume BemecTsa, npemne mcero ATO.
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T'upponns AT® npoumexoput ¢ yuacruem AT®d-azer. PaGouwmu pe-
mecTBaMyd MeXaHOXHMIYECKAX TPOLECCOB CHYMAT COKPATHTENbHBIE
Genkn. Orxpoitne AT(D-a3Hoil aKTHBHOCTH OJHOro M3 HUX — MHO3H-
Ha MBHIUOB, CAeJllanHoe JHreabraparoM m JIOOMMOBOH, #ABIAETCA
KIIOYEBBIM JJIS BCeil GMOJIOFHYECKO MEXaHOXMMUH.

PaccmarpuBasi GHONOTAYECKAE MEXaHOXMMHYECKHE TIPOLECCHl, MBI
YAeJNM riapHOEe BHNMAaHHEe MLIIIEYHOMY COKPAICHHIO.

§ 12.2. CrpyrTypa MblIHUB ¥ MBIHEYHHX (EIKOB

TlosBoROUHEE KUBOTHBICE WMEIOT TPM BHAA MBI, — FAAJKUE
MBIINH B CTEHKAX NOJBIX OPraHOB, NONEPEeYHO-HONOCATHIE MbIIIITEI
cepina W TONEPEYHO-TIOJNOCAThle CKeJleTHsle MBmbl. [locmemyromniee
M3/I0HeHNe OTHOCHTCH NPEMMYMEeCTBEHHO K IOCIHENHUM.

Meimner mMeloT BoJOKEUCTOE crpoerHMe. 1lox oOmgEBIM MuEpO-
croriom Ges Tpyna Habnopaercs HONEepeYHO-TONOCATAH CTPYKTYpa
MBINTeYHEIX BOJOKOH. OT/elbHOE MBIIMEYHOE BOJIOKHO MMEeT JUaMETp

Er

Puc. 12.4. dnextporras Mukpodotorpadus Muo(ulpriasl MeII6! JATYIIKA

0,02—0,08 MM (20—80 mrm). Ono oxpymeno mMeMGpaHOil, uMeomelk
o6bryny0 Tonmury okono 0,01 mxm. Bonoxmo coctomt mz 1000—2000
Gonee TOBKHX BOJOKOH — MuoPubpusra nuamerpom 1—2 mrm. Pub-
pWuIEl UMEIOT 000J049Ky, 00pasosaHayio rTpybouraMu W IysbIpbKaMu
CAPEONAAIMATUNECKO20 PpeTukyayma. MUKpOCKOmmIeckoe CTpOeHHe
MHOQHOpUIIEI TOKasamo Ha puc. 12.4. B ceoio ouepens, Mao@uGpun-
JIa COCTOMT M3 pAfla GENKOBBHIX HHTEH — TONCTEIX M TOHKAX. Cmm-
MEeTpHH WX DACHONOMKEHHA B DONEPEYHOM CeYeHHH TeKcaroHajbLHaf
(puc. 12.5). Ha puec. 12.6 noxasano DpojonbHOe ceueHHe MHOPHG-
pwamiel, a Ba pHc. 12.7 — ee cxemarmueckoe crpoeume. UepHrle nH-
und Ba puc. 12.6 (omm orversmpo BuEHL M Ha puc. 12.4)— ar0 Tak
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