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BBEOEHUE

@dusndeckas ¥ KOJJIOUAHAS XUMUS SBISETCS TEOPETUYECKOH OCHO-
BOM Ui m3ydeHHs (U3UKO-XUMHUYECKHX SBICHHH H TPOIECCOB, IPOTeE-
KaloIIUX B J)KUBBIX OpraHU3Max M 00BEKTaX OKPYKAIOIIEH CpeIbl, 9TO CO-
CTaBJSIET TEOPETHUYECKYI0 OCHOBY NPO(ECCHOHATRHON NESTENEHOCTH OY-
IYIIETO CIIEIHANINACTa — BEITYCKHUKA OHOJIOTHYECKOTO BY3a.

dusznyueckas XMMHI — HayKa O 3aKOHOMEPHOCTSIX XUMHUECKUX MPO-
1eccoB U sABieHUil. dusnueckass XUMHUS U3ydaeT MPOLECCH], IPOUCXOJ-
ye B JIOOBIX CHCTEMax U COIMPOBOXKIAOMINECS MEPEeX0J0M XUMHUIECKOH
SHEPTUH B Pa3IMYHbIC APYTHE POPMBL

Bo3HukHOBeHHE (U3NIecKOl XuMHuN oTHOCUTCS K cpenune X VIII B.
1 cBs3aHO ¢ mMeHeM JlomoHOcoBa. OH BIEpBBIE ANl ONpeaeieHue Hu3u-
YecKOW XUMHM Kak Hayku: «Dusndeckas XUMUSL €CTh HayKa, OOBACHSIIO-
I1asi HA OCHOBAHHH IOJIOKECHUH U OMBITOB (DU3UKHU TO, YTO MPOHCXOAUT B
CJIOKHBIX TellaX MpU XUMHUYECKUX onepanusx». B 1752—1754 rr. JlomoHo-
COB YHTAI JICKINH, COJep)KaHNe KOTOPHIX MPHUBEACHO B ero padore «Bae-
JICHHE B CTUHHYIO (U3MUECKyI0 XUMHIoy». B 3amannoit EBpone Tonbko B
1887 r. (bosee yeM yepe3 cronerue mociie JIoMOHOCOBA) HEMEIKUH yUe-
=Bl B. OcTBanp Havya yuTaTh Kypc QU3HIecKoi XUMUH B JleHmurckom
YHHUBEpCHUTETE.

CoBpemeHnHast (hu3uuUecKas XHUMUS pa3/ieiisieTcs HAa MPAKTUYECKH Ca-
MOCTOSITENIbHBIE 00JIACTH — XUMHUYECKYI0 TEPMOJUHAMUKY, XUMHUUECKYIO
KHHETHKY, JJIEKTPOXUMUIO, (POTOXMMMIO, YIEHHE O PacTBOPAX, XMMHUeE-
CKHUX ¥ (ha30BBIX PaBHOBECHSX, KaTaIH3e.

XuMHuYecKasi TEPMOAMHAMHKA M3y4aeT dHEPreTHIECKUe d(PPEKTHI
XUMHUYECKUX MPOLECCOB; MO3BOJIAET ONPENEIUTh BO3MOXHOCTD, Halpas-
JICHUE U TIyOMHY NPOTEKaHHs XUMHUYIECKOTO IpoIiecca B KOHKPETHBIX YC-
JIOBUSIX.

XumMuuyeckass KHHeTHKA M3y4aeT CKOPOCTh M MEXaHHU3M IMpOTeKa-
HUSI XUMUYECKUX TPOIECCOB B PA3IMYHBIX Cpelax MPH PasUdHBIX yCIIo-
BHSIX.

DJIEKTPOXHMHSA M3yJIaeT 0COOCHHOCTH CBOHCTB pacTBOPOB — DJICK-
TPOJIUTOB, SIBJICHUSI AJICKTPOIIPOBOAHOCTH, JIIECKTPOJIHN3a, KOPPO3UH, pado-
Ty raJlbBaHU4ECKUX JIEMEHTOB.

YueHue 0 pacTBOpax paccMaTpUBAaeT MPOLECCH 00pa30BaHUs pac-
TBOPOB, WX BHYTPEHHIOIO CTPYKTYpPY M BaKHEHIINE CBOWCTBA, 3aBHCHU-
MOCTB CTPYKTYPBI 1 CBOMCTB OT HPUPOJIBI KOMIIOHEHTOB PACTBOPOB.

3HaHNe (QU3NYECKON XHMHH COBEPIICHHO HEOOXOIMMO HE TONBKO
OuoIory MHUpoKoro npodwis, OHOXUMHUKY, HO M BpadaM BCEX CIICIHANIb-
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HOCTed. B npakTudyeckoil MEAULIMHE U BETEPUHAPUH, BETEPHUHAPHO-CAHU-
TapHOH PKCIIEPTHU3E, B TEXHOJOTUAX MTEPEpadOTKH MPOTYKTOB U 3aTOTOBKH
KOPMOB MIMPOKO TPUMEHSIOTCS (PH3UKO-XHMHUYECKHE METO/BI UCCIe0Ba-
HUH. [T1aBHOW 0COOCHHOCTEIO W OOJIBIION [IEHHOCTBIO 3TUX METOIOB SIB-
JSIETCS TO, YTO OHU IMO3BOJIAIOT M3YyYaTh CBOMCTBA M (PH3UKO-XHMHUYCCKHE
MPOIIECCHI B OMOIOTHYECKUX 00BEKTaX, HE HAPYIIasl LEIIOCTHOCTH KHBOTO
OpraHu3Ma.

KomnonmHast XuMus — caMOCTOSITENbHas 0071acTh (BH3UKO-XUMUYe-
CKOW HayKH, M3ydaromas yCJIOBHS 00pa30BaHUs, YCTOWIMBOCTH M KOary-
JSIOUM KOJUIOMJIHBIX CHCTEM, IIOBEPXHOCTHBIE U JIEKTPUUYECKHUE SIBICHUS,
00pa3oBaHUE M CBOWCTBA CTAOWIIM3UPYIOMIMX MEK(Pa3HbBIX CIIOEB CTPYKTY-
PUPOBaHHBIX JUCTIEPCHBIX CUCTEM U T. [I.

I'omoM BO3HUKHOBEHMS KOJJIOMIHONM XMMHUM Kak HAayKd CUUTAIOT
1861 r., KOTAa aHIIMHCKUM y4eHBbIM [ pemoM ObuTH cHOpPMYIMPOBaHBI OC-
HOBHBIE MIPEACTABICHNS O KOIJIOUAHBIX CUCTEMaxX U BBEIEH TEPMUH «KOJI-
noum». B Poccun 0CHOBOIIOTIOKHUKOM KOJUTOMIAHOW XUMHH ObIT OOTaHHK
u xuMuk Kuesckoro yausepcutera U. I'. Bopmios (1833—1878).

3HaHNe KOJUIOMAHOW XMMHUH JUIs OHOJIOTa MMeeT 0co0oe 3HAuCHHE,
TaK KaK 3Ta HayKa M3y4aeT CBOWMCTBA U MOBEACHHE B H3MEHEHHBIX YCIOBHSIX
KOJUTOMTHO-AUCTIEPCHBIX CHUCTEM U BBICOKOMOJIEKYJISIPHBIX COEJUHEHUH.
B Guonorndyecknx o0bEKTax K HUM OTHOCATCS Takue BaKHbIE OHOJIOrHYe-
CKHe COCJIMHEHNS, KaK OeNKHM, HyKJIEWHOBBIE KUCIIOTHI, MONNCAXapuIbl U Jp.
B mienmoM Bce OMONIOTHYECKHE TPOLIECCHI, IPOTEKAIOIINE B KIETKAX, TKAHAX
U OpraHax, INPOMUCXOIAT C BEIECTBAMM, HAXOASIIUMUCS B KOJIJIOUIAHOM
COCTOSIHUU. XapakTepHble M3MEHEHHs KOJUIOWAHBIX CHUCTEM, TaKHE Kak
HaOyXaHue, KOAryJsus WU ApP., MOCTOSHHO IPOUCXOIAT B OPraHU3ME H
TECHO CBSI3aHBI C IIpolleccaMu OOMEHa BEILIECTB U SHEPIUH, IPOSIBICHUEM
(GyHKUHMI KIETOK, TKaHEeH U OPraHOB B )KUBOM OpraHH3MeE.



TEOPUA CTPOEHUA BELLECTBA

Teopust cTpoeHus BemecTBa ABISIETCS OJHUM U3 BaKHEHIINX pa3ze-
JIOB Kypca PU3NUecKoil xumuu, 6e3 3HaHUH B 3TOM 00JacTH HEBO3MOXKHO
pa3BUTHE CaMBIX pa3HOOOPa3HBIX €CTECTBEHHBIX HayK. I myOokoe 3HaHWE
OCHOB TECOPHH CTPOCHHUS BEIIECTBAa OTKPHIBACT OOJBINNE BO3MOKHOCTH HE
TOJIBKO s OYAYIINX MHKCHEPHBIX MPOQECcCHii, HO 1 ONOJIOTOB IIPOKOTO
pOQHIISL.

MexMoneKynsipHoe B3aumogencTeune

Bo3MokHOCTB CyliecTBOBaHUsI OOJIBIIMHCTBA BEIIECTB U B TBEPJIOM,
U B JKUJKOM COCTOSHUM OJHO3HAYHO CBUJETENIBCTBYET O TOM, YTO MEXKIY
YaCTULAMH ATHUX BEIIECTB ACHCTBYIOT CUIIbI IPUTSHKEHUS, KOTOPBIE IIPU-
HATO Ha3BIBaTh MEXMOJIEKYISIpHBIMH B3amMojeicTemsiMu (MMB). Bce
MEKMOJIEKYJIIPDHbIE B3aUMOACHCTBHS, KaK M XMMHYECKHE CBS3H, UMEIOT
JNIEKTPUYECKYI0 TPHPOIY, COTJACHO KOTOPOM DPa3HOMMEHHBIE 3apsijibl
MIPUTATUBAIOTCS, & OJHOUMEHHBIE — OTTalKuBaroTcd. MMB ornnyatorcs
OT XUMHMYECKHX TE€M, 4TO MPOSBIAIOTCA Ha 3HAYUTENBHO OOMIBIIMX pac-
CTOSIHHSIX, XapaKTepU3YIOTCSl OTCYTCTBHEM HACHIILIAEMOCTH W crenuduy-
HOCTH, UMEIOT HeOOIbIIINE BeNNIUHBI SDHEPIHH. Pa3nn4aioT 1Ba OCHOBHBIX
TUIIA MEKMOJIEKYJISIPHBIX B3aUMOJCUCTBUN: OTTAJIKUBAHUE U IIPUTSIKECHUE.

Cunvr ommanxkuéanus TPOSBIAIOTCS Ha KOPOTKHX PACCTOSHHSAX.
[IprdrHa MX NOSBIEHUS — OTTAIKMBAaHHE MEXKAY 3alOJHEHHBIMH DIIEK-
TPOHHBIMH 00OJIOYKaMH aTOMOB M MEXIy sAApaMH aToMoB. CHIIBI OTTal-
KHBaHUs OITUCHIBAIOTCS (HOPMYJIOit

Wy = be ar,
TJIe ¥ — pacCTOSIHUE MEXIy aTOMaMHM; @ U b — KOHCTAHTBI, 3aBUCSIIIIAE OT
XUMHUYECKOU NIPUPOJBI YACTHILL.

Cunvl npumsoicenus TPOSBIIAIOTCS HA JOCTATOYHO OONBIIUX pac-
CTOSIHMSAX M 00yCIIOBICHBI CHHXPOHHU3AINEH IBMKEHIS 3JIEKTPOHOB Ha 3a-
TIOJTHEHHBIX OPOHTAIISIX B3aNMOACHCTBYIOMMX aTOMOB. CHIIBI IPUTSDKEHAS
OIHCBIBAIOTCS (HOPMYJIIOH
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rAe r — pacCTOAHNUC MEKAY aTOMaMU; d— KOHCTaHTa, 3aBuUcCsiAIIas OT XHU-
MHYECKOMH MpUPOAbL B3aPIMOZ[CfICTBy10H.IPIX YacCTHI.

B 3aBucuMocTH OT NPUPOBI B3aUMOJEHCTBYIOLIMX YACTHLL UX MOXK-
HO PAa3JIeNIUTh Ha CIIEAYIONIME OCHOBHBIE BU/IBI.



1. Junonv-ounonvnoe (CaMblii CHIIBHBI BUJ HPUTSDKEHHSA) — ITO

B3aUMOJICHCTBHE MEXK/LY TIOJISIPHBIMU MOJICKYJIaMH.
& DEF D

B OCHOBE IMIIONb-IUMONBHOTO B3aUMOICHCTBHS JISKUT OPHUCHTALIM-
oHHbIA 3pdexT (3pdexT Kbezoma), 3aimouaroniuiics B JIEeKTpOCTaTHYC-
CKOM HPHUTSHKEHUH TPOTHBOIOIOKHO 3apsHKEHHBIX YacTel MOJSIPHBIX MO-
JIeKyIL.

2. ITocmosnuwitli Ounoib — HageoeH vl OUNolb — B3aNMOJCHCTBUE
OCYILECTBIIICTCS. MEXY ITOJIAPHOI U HEMOIAPHOI MOJNICKyJIaMH. DTO HPH-
TSDKEHHE OOYCIIOBICHO MHIYKIUOHHBIM 3¢ dekToM (3ddext debast), ko-
TOPBIA 3aKIIIOYAEeTCsl BO B3aMMOJECHCTBUHM MOCTOSHHOTO AWIOJNS OJHOMN
MOJIEKYJIbl U HaBEJEHHOI'O MM JIUIIOJSI BTOPOW MOJIEKYJIBI, HOJISPHOM WIIN

HETIOJISIPHOM.

3. [lucnepcuonnvie e3aumooeticmeusi (3¢¢dext JIoHm0HA) ABIAIOTCS
CaMbIMH CJIA0OBIMM IO CHJIE ¥ BO3HHKAIOT MEXK/Y HEHOJISIPHBIMU MOJIEKY-
Jamu. VX npuyrHa — MTHOBEHHas JedopMalius 3JIeKTPOHHOTo obiaka,
CO3/1afoIast aCHMMETPHIO 3aps/I0B Ha YaCTHIAX.

JlucriepCHOHHOE B3aUMOJICHCTBUE UMEET YHHBEPCAIbHBIN XapakTep,
OHO CYIIECTBYET MEXKAY JIIOOBIMU MOJICKYJIAMU.

Oob1ee (pe3yabTUPYIOLIEE) B3aUMOACHCTBUE CUCTEMBI ONIPEEIsIeTCs
KaK CyMMa CHJI MPUTSKCHUA U OTTaJIKUBAHUA:

W06LL1 = WOTT + Wnpm‘-

B 1930-x rr. Hemenkuil ¢usuk Ppurr JIongoH paccunTan SHEPruro
B3aMMOJICHCTBHS MeX Iy aToMamu remus (puc. 1). Ecmu atomsl remust Ha-
xomaTcst Ha GnuskoM paccrosiann (7 < 2A, 1A =10""m), o B crcreme
NpeoOaaoT CHiIbl OTTAJIKUBAHUA. [IpH MeKaTOMHOM paccTosHuM 3A
CHUJIbI IPHUTSDKCHUS NPEBAIMPYIOT HaJl CHIAMH OTTAIKHUBAaHUS, MOITOMY
aTOMBI TeNus, CONM3MBIIUCH, O0OpPasylOT TBEPJAOE COCTOSHHE BEIIECTBA,
a BcA CHUCTEeMa HaXxOAWTCA B NMOTeHHMaNbHOH sive. Ilpu yBenudeHun pac-
CTOSTHHSL MEXIY aTOMaMH IPOUCXOIUT IEPexXo] BEIIECTBA B JKHIKOE CO-
CTOSHHE, a 3aTeM B ra3oobpasHoe mpH 7 6oxee 10A, kxoraa cuimsl mputs-
KEHHUS CTpeMATcs K Hymro. TeMrieparypa KHIECHHUS TS COCTaBIsET
4.6 K.
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Puc. 1

3asucumocms snepeuu 63aumooeticmeust (W, [oc/monn)
om paccmosnus (v, A) mexcoy amomamu 2enus

AHanornyHas 3aBUCHMOCTb XapakTepHa W Ui Apyrux cucrem. On-
HaKO C MOBBIIICHHEM MOJEKYJSIPHBIX MAacc 4acTHIl SHEPIHs HMPHUTSHKCHUST
CTAHOBHTCS BbIIIE (IOTCHIMAIbHAS SIMA CTAaHOBUTCS TIIyOXke), a Mex-
aTOMHBIE PACCTOSHUS yBennuuBaroTcs. [ cucteMsl Ar—Ar cuia npuTs-
JKEHUS AaTOMOB, HAXOAAIIMXCA B IOTEHIHMAIBHOH $Me, JOCTUTAeT
1000 JIx/Mons, » = 4A, a Temneparypa xunenns — 89 K. B cioydae mMHo-
TOATOMHBIX MOJIEKYJT YTJICBOAOPOJOB A3TH IOKA3aTEIH YBEIHMIMBAIOTCS,
HarpuMmep TemIiepaTrypa KumneHus rekcana 342 K.

OOmell 3aKOHOMEPHOCTBIO SBISCTCS TO, YTO MEXMOJEKYJISIpHbIC
B3aUMOJICHCTBHUS TEM CHIIbHEE, YeM OOJIbIIE Pa3sMephl YaCTHII.

4. Hon-ounonvHele 63aumooelicmauss UTParoT OONBIUIYI0 pOJb B pac-
TBOpax OJJIEKTPOJIWTOB B MOIAPHBIX PACTBOPUTENSX, IPH OOpPa30BAHUH
JOCTATOYHO CTAOMIBHBIX 00pa30BaHMII HOHOB C MOJIIPHBIMH MOJIEKYJIAMH
pacTBOpUTENS — COJIbBATOB MJIM B CIIy4ae BOABI T'MIpaToB. Bzaumoneiict-
BHE HOCUT 3JIEKTPOCTATHYECKUH XapaKTep C YepTaMH JJOHOPHO-aKLETTOP-
HOM CBS3H.

5. Booopoonas c6513b BO3HUKAET B acCOLMUPOBAHHBIX JKHIKOCTSAX,
SIBIISIETCS CIIEHU(HUIECKIM BHJOM MEXMOJIEKYJISIPHOTO B3aHMMOIEHCTBHS.
OcoOeHHOCTh ee 3aKIIouaeTcss B TOM, 4TO OHa o0pa3yeTcs MexXIy Io-
JIOKWUTEJIFHO TIONSPU30BAHHBIM aTOMOM BOJOPOAA OJHOW MOJICKYJIBI
(R17H5+) U OTPULATENIBHO INOJIIPU30BAHHBIM aTOMOM JpPYIrOil MOJIEKYJIbI
(R-0%).

R-H" ..>0O-R,

OcHoBHOH BK/aj B 00pa30BaHUE CBSI3H BHOCHUT 3JIEKTPOCTATHIECKOE

NIPUTSKEHKUE, HO HapALy C HUM IPOMCXOLUT ACIOKAIU3aLusl JIEKTPOHHO-
& 8+

ro 3apsama oT Monekynsl R,—O” k monekyne Ri—H™', uto npunaer mexa-
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HU3MY (POpPMUPOBaHUS BOJOPOIHON CBSI3M JOHOPHO-aKIIENTOPHBIN Xapak-
Tep.

BaxxkaelmmrM KOMIIOHEHTOM OHMOJIOTHYECKUX CHCTEM SIBIISIETCS BOJA.
IToaTomMy B KadecTBe MpHMepa pacCMOTPUM OCOOCHHOCTH €€ arperaTHBIX
cocTossHUNA. MOJIEKyJBI BOJBI 00JaAal0T CIOCOOHOCTBIO K 0Opa3OBaHUIO
BOJIOPOJHBIX CBs3cil. BomopomHbie CBsi3u 00pa3yroTcs MO CXeMe, Mpef-
CTaBJICHHOH Ha PUCYHKe 2.

Bopopoanasicesaze HG +

— 0 o+ \76

O—H--—--*---0
s /10099}1}}. 0.177 uu '\ -
Puc. 2

Cxemamuueckoe uzobpaicenue oumepa MoieKyi 600bl

OHeprusi BOAOPOIHBIX CBs3ei coctaBisier oxono 20 k[ X/MOIb.
CriocoOHOCTh MOJIEKYN BOIBI 0OPa30BEIBATH MEXIY COOOH BOIOPOIHBIC
CBSI3H OIpEJEIsieT CYIECTBOBAHIE €€ B BH/C JIbAa WIH KUAKOCTH. Kak-
Jasi MOJIEKyJia BOJbI MMEET YeTHIPE CBS3U C COCEITHHMH MOJICKYJIaMH, B
pesyJbTate 4ero obpasyercst IpOCTPaHCTBEHHAs CTPYKTYpa Jibaa (puc. 3).

¢ b Pt

-l? @ ,,d:w\g 0

Puc. 3
Bnuoicaiiwue coceou (a) u ezaumnoe pacnonodicenue (6)
MONEKY 800bL 8 CIPYKMYpe 1b0d

Braromapst IpOYHOCTH BOJOPOIHOM CBSI3M MOJIEKYIIBI BOJBI B CTPYK-
Type JibJia CIIOCOOHBI COBEpIIATh TOJIBKO KoliebaresbHble IBrkeHus. [Ipu
IUTaBJICHUH B CTPYKTYpE JIbJa pa3pymiaeTrcsa okoso 15% cszeit.

B pesynbrare 00pa3yloTcs Tak Has3bIBaeMble KIACTEPbI, MMEIOLINE
JLIOMOIOOHYIO CTPYKTYPY (puc. 4). Mexay KiacTepaMu MPOUCXOANUT He-
MPEepPBIBHBINA Mporiecc 00pa3oBaHMsl U Pa3pylLICHHsS BOJOPOIHBIX CBsI3EH
(«MepliaHue KI1acTepoBy).

BoHble KiacTepsl CrIOCOOHBI COBEPIIATH BpaIlaTe/IbHbIE U TOCTYIIA-
TenbHbIe IBMKeHMs. C MOBBIIIEHHEM TeMIIepaTyphl Bece OoJblee KoIude-
CTBO BOJIOPOJIHBIX CBSI3eH pa3pyLIaeTcs, pa3Mep KIacTepOB YMEHbBLIACTCS,

_ 8



" MOCJIE TOCTHMIKCHHUA TEMIICPATyphbl KUIICHUA BOJa HAXOOUTCA B razoo0-
Pa3HOM COCTOSIHHUHU B BUAC MOHOMEPHBIX MOJICKYJI.

Meprarouie KAZEWEPS

Puc. 4
Knacmepnas modens 600vl

Hanuuue BOJOPOIHBIX CBSI3€H B CTPYKTYpE JbJa U KHUIKOU BOJBI
ompenenseT ux temnepatypsl wiasneHus (273 K) u xkunenns (373 K), ro-
pa3mo Oornee BBICOKHE, YeM BEIIeCTBa ¢ ONM3KOHM K BOJIE MOJEKYIAPHOM
maccoid. Hampumep, temneparypa mnasneHuss merana CH, cocraBnser
Bcero 91 K, a temneparypa kuneans — 111 K.

Arpe ratTHble COCTOAHUA BellecTBa

B 3aBUCHMOCTH OT BHEIIHHX YCIOBHU (TEMIIEpaTyphl M JaBIICHHU)
MOYTH Ka)XKJO€ BEIICCTBO MOXET HAXOIHMTHCS B ra3000pa3HOM, JKHUIKOM
WM TBEPAOM COCTOSIHUU. DTO €CTh acpecamubie COCMOSHUS BEIIECTBA.
ArperatHoe COCTOSIHUE XapaKTepusyeTcs AByMs (pakTopaMu — CHIIaMHU
MEKMOJIEKYJIIPHOTO B3aUMOJIEHCTBUS M KUHETHYECKOW 3HEpPrueil Teruio-
BOTO JIBIKCHHS MOJIEKYJI.

Tazoobpasnoe cocmosinue. 110 OCTYDKEHUN TEMITEPATypPhl KUTICHUS
YaCTHIIBI BENIECTBA MPAKTHYECKH TEPSIOT CIIOCOOHOCTh K MEKMOICKYJISIP-
HOMY B3aUMOJICHCTBHUIO, OOJIANAIOT OONBIION KMHETHYECKOH SHEpPruci u
MOTYT CBOOOJHO U XaOTHYHO TepeABUTaThbCca BO BceM 00beMe. MoeKyibl
ra3a HaxoJSITCSl Ha CPABHUTENBHO OONBIIMX PACCTOSHUSAX APYT OT ApYra,
MO3TOMY CHJIBI B3aUMOJICHCTBHSI MEXKIY HUMHU OUYeHb cia0ble. ['a3bl He
HUMEIOT HU (OopMBI, HU 00beMa. BeriecTBo B 1a3000pa3HOM COCTOSTHUU 00-
JalaeT CIIOCOOHOCTHhIO OCCHPENATCTBEHHO PaCIIUPATHCA U CTPEMHTCS 3a-
HATHh BECh IPEIOCTABICHHEIH eMy 00beM. [Ipu MOBBIICHUN aBJICHHS Ta-
351 JIEFTKO MU3MEHSIIOT CBOM 0OBEM.

JKuokoe cocmosanue. B KUIKOCTAX MOJEKYJbl Oojiee COMMKEHBI U
CHJIBI MEXKMOJIEKYJISIPHBIX B3aUMOJICHCTBHM OolbIle, YeM B razax. OgHaKo
MOJISKYJIBI MX HE 3aKpeIUICHbI B ONpECNCHHBIX TOYKaxX IMPOCTPAHCTBA
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Y QaHAJIOTUYHO Ta3aM HaxXOJATCS B XaOTHYECKOM MOCTYTATENIbHOM JIBIKE-
HUH (3TUM 00YCIIOBIICHA TEKYIECTh KHUIKOCTEH).

Kunkocts mpuHUMAET GopMy 3aKITIOYAIONIETO €€ CoCya, HO coXpa-
HSET TOCTOSHHBIM CBOH 00BeM. [IpH NOBBIIICHWH NaBICHUS XHIKOCTH
JMIIh HE3HAYUTEIEHO U3MCHSIOT CBOW 00BEM, IMOCKOJIBKY 3TOMY IIPETIST-
CTBYIOT CHJIBI JIEKTPOCTATHYECKOTO OTTAKUBAHHUS, YBEIUYMBAIOIIUCCS
TpHu COMDKEHUH MOJEKYJ. VMIHBIMH CIIOBaMHM, KUAKOCTH SIBISIOTCS Mpak-
TUYIECKH HEC)KUMAEMBIMH BEIIIECTBAMHU.

Teepooe cocmosnue. CUIBI MEKMOJEKYJISIPHOTO B3aMMOACHCTBH
MEXIy YacTHIAMH HACTONBKO BEJHMKH, a WX KWHETHYecKas SHeprus Ha-
CTOJIBKO MaJIa, YTO YAaCTHUIIBI JKECTKO 3aKPCILUICHEI B ONPEACIICHHOM ITOJIOXKE-
HUH TIPOCTPAHCTBAa H MOTYT COBEPIIATh TOJIBKO KOJCOATEIbHBIC IBKCHHUS.
IosToMy TBepabie Telia UMEIOT CBOXO (popMy U 00beM. CHITbI IPUTSHKECHUS
MEXIy MOJIEKYJaMH B TBEPABIX TeJIaX YPaBHOBEIIMBAIOTCS CHUIIAMHU OTTall-
KUBAHUA. DTHM OOBSICHAETCS] TEOMETPUIECKH TIPAaBUIBHOE PACIIOIOKEHUE
YaCTHI[ KPUCTaJIa B OMpPEIEIEHHBIX TOYKaX MPOCTPAHCTBA, 00pa3yIONINX
MIPOCTPAHCTBEHHYIO KPHUCTAUTIMYECKYIO PEIIETKY.

He Bce BermecTBa cIOCOOHBI HaXOIUTHCS BO BCEX TPEX arperaTHBIX
cocTosiHUAX. 1711 HEKOTOPBIX BEIECTB BO3MOXKHBI TOJBKO OJHO WIIM JIBa
arperatHbiX coctosius. Tak, kapOoHaT kanbius CaCO3 MpakTUYECKH He-
BO3MOJKHO TMOJyYUTh HU B KUAKOM, HH B Ta3000pa3HOM COCTOSIHUSIX, TO-
CKOJIbKY TIpY HAarPEBaHWW OH pa3iaraeTcsl Ha HEJETYIyI0 OKHCH KaJIbITHsI 1
ra3000pa3HyI0 ABYOKHCH yTIIEPOa.

Kpome mepedrciieHHBIX BBIIIE TPEX COCTOSHHM BEIIECTBO MOXKET Ha-
XOAWUTBHCS B YETBEPTOM arperaTHOM COCTOSHHU — MId3MEHHOM, KOTOPOe
OTKPBUIN CPAaBHUTEIHHO HEIABHO.

Ilnazma. CocTosiHWE TUTa3MBl BO3HHKAeT B TOM Ciydae, €ClIM Ha
BEIIECTBO B ra3000pa3HOM COCTOSHHH JIEHCTBYIOT TaKde CHJIbHBIE MOHHU-
3UpyOIIUe (QaKTOPhl, KaK CBEPXBBICOKHE TEMIEpaTypbl (B HECKOIBKO
MUJUTHOHOB TPAIyCOB), MOITHBIC JIEKTPUYICCKUE Paspsibl WA 3JICKTPO-
MarHuTHele u3nydeHus. [Ipn 3TOM IPOMCXOIMT paspylIeHHE MOJEKYT H
aTOMOB BEICCTBA W MPEBPAICHUE €r0 B CMECh, COCTOSIIYIO U3 TOJIOXKH-
TENBHO 3apsKEHHBIX P U DIICKTPOHOB, MBIDKYIIMXCS C KOJOCCATEHBIMHU
ckopoctsMu. [lo STOW mpuuMHE Mia3My MHOTZA Ha3bIBAIOT JJEKTPOHHO-
SIIEPHBIM Ta30M.

Pasznu4arot Ba BU/A MIIa3Mbl: H30TEPMHUUECKYIO U Ta30pa3psaIHyIo.

Hzomepmuyeckas niasma ModydaeTcs TPU BBICOKUX TeMIIEpaTypax,
O] BIMSIHUEM KOTOPBIX UMEET MECTO TepMHUUECKast TUCCOIHAINS aTOMOB
BEIIECTBA, M MOXET CYIIECTBOBATh HEOTPAHHMYCHHO a0Nro. Takoil BuA
IUTa3MBbI IPEJICTABISICT COOO BEIIECTBO 3BE3I, 4 TAKIKE LIAPOBBIX MOJIHUH.



Honocdepa 3emmu — 3T0 Takke ocobas pasHOBUAHOCTH ILIA3MBI;
OTHAKO B TaHHOM CJIIy4da€ MOHU3aIUA MPOUCXOIUT IO BIUAHUEM YJIbTpa-
¢uoneroBoro m3nmyderns CoiHIa.

Tazopaspsionas naasma oOpazyercsl IPH ICKTPHUYECKOM paspsiic H
MMOATOMY YCTOHYMBA TOJBKO NPH HAIUYUH AIIEKTpUYEcKoro moisi. Kak
TOJIBKO MPEKpaIIaeTCs NCHCTBHE BHEIIHETO OIS, Ta30pa3psaHas mia3mMa
BCJICACTBHEC O6pa3OBaHI/I5[ HeﬁTpaJII:HI)IX aTOMOB M3 MOHOB U DJICKTPOHOB
ncuesaer B Teuenne 10°—107" c.

Xapaxmepucmuxa 2az006paznoeo (napoobpasrozo)
COCMOsHUSA euecmea

Cuia B3amMOJICHCTBUS MEKIY MOJISKYJIaMHU, KaK U3BECTHO, 3aBHCUT
OT PacCTOSIHUS, HA KOTOPOM OHH HaXOIATCA APYT OT apyra. CHIIBI MeXMO-
JICKYJIIPHOTO B3aHMOJCHCTBHS (TaK Ha3bIBaGMBbIC CHJIBI KOTE3HMH) 32 Ipe-
JeTaMH PACCTOSIHMS 6OMbIero 107/ ¢M OT LEHTPa MOJIEKYIIbI HACTOIBKO
0c1a0eBaroT, YTO UMH MOXKHO NpeHeOpedb.

T'a3, HaxonAIIMICA B TAKOM COCTOSIHMM, IIPU KOTOPOM MOJKHO IIpe-
HeOpeuYh CHIAMH MEXMOJIEKYISIPHOTO B3aWMOJICHCTBHA M COOCTBEHHBIM
00BEMOM €ro MOJIEKYJN, Ha3bIBaeTCs udedanvHuim. CBOWCTBA HIEATBHOTO
rasa ONpeAessIFOTCS TeMIICPaTypOi M JIaBICHHEM, IIPH KOTOPHIX Ta3 HaXo-
JUTCS B JAHHBI MOMEHT.

I'a3pl, peabHO CYIIECTBYIOIIUE B MPHPOJAC, WIH pednbHble 2d3bl, B
GosbIlIel TN MEHBLIEH CTENEeH! OTCTYMAIOT OT I'a30BbIX 3aKOHOB.

I"a3pl MIMPOKO pacTIpOCTpaHEHB! B IPUPOJE U UCIIONIB3YIOTCS B pas-
JMYHBIX OTPACIIAX HAPOAHOTO XO3AHCTBA, MOATOMY HEOOXOAMMO 3HATH 3a-
KOHBI, KOTOPBIM OHH MOTUUHSIOTCS. OCHOBHBIC T'a30BBIC 3aKOHBI BBIBE/IE-
HBI 715l HACANBHOTO ra3a.

OcHogHbie 2a308ble 3aKOHbI

1. 3akon boiina — Mapuomma. Obvem dannou maccel easa (V) npu
NOCMOSHHOU memMnepamype U3MeHAemcs: 00pAmHO NPONOPYUOHATLHO
dasnenuio (P), noo xomopwim eaz naxooumcs.

i _A
A
HITH
PV = const.

Takum 00pa3zoM, npoussedeHue obvema 2aza Ha e2o 0asieHue npu
NOCMOAHHOU memnepamype ecimb 6eIUdUHa NOCMosHHAs. BenninHa KoH-
CTaHTHI B YPaBHEHHMHU 3aBUCUT OT IPUPOJIBI Ta3a, €r0 KOJINUECTBA U TeMIIe-
paTypsl, HO He 3aBHCHUT OT M3MEHEHHS 00beMa WITH JTaBIICHHS.



N3 3akona boitns — MapuoTra BbITEKAET CIEAYIOLEee: KOHYEHMpa-
Yus U NIOMHOCMb OAHHOU MACCbl 2a3ad USMEHAIOMCA NPpU NOCHOAHHOU
memnepamype npAMO NPOROPYUOHATLHO USMEHEHUIO OABIeHUs U 0OPAMHO
NPONOPYUOHATLHO USMEHEHUI0 00beMd.

2.3akoH [eit-Jlroccaka. Obvem u OasnieHue USMEHSIOMCA NPIMO
nponopyuUoOHAaAIbHO USMEHEHUIO abconomuou memnepamypbl casa.

Wk,
v, T’
R_T,

BT

U3 3akona ['eii-Jltoccaka BeIT€KaeT: MIIOTHOCTh U KOHLIEHTPALUs ra-
33, HaxOMAIIErocsl MOA IOCTOSHHBIM AaBJIEHHEM, OOpaTHO IPOIOPINO-
HaJIbHBI A0COIIOTHBIM TEMIIEpaTypaM.

3. 3akon Knaitnepona — MenzneneeBa. CocTosiHHE Ta3a XapaKTepH-
3yeTcs TpeMs BeITHYMHAMU: JaBieHneM P, o0seMoM V 1 remneparypoit 7.
OTH TpU BENMYMHBI CBA3aHBI ypaBHEHHEM, KOTOPOE TTOJYUYHIIO Ha3BaHWE
YpasHenus cOCMosHUsA U0eanbho2o 2azd. OHO BBIBOAUTCS ITyTEM 00BEIH-
HeHus 3aKoHOB boiins — Mapuortra, I'eif-Jlroccaka u ABorazpo.

P=CRT,

rae C — KOHIEHTpauus rasa; R — yHHMBepcallbHasi ra30Bas MOCTOSHHAs
(R = 8,313 Ix/mMonbXrpan).

OCHOBBI MOJIEKYJISIPHO-KHHETHYECKON TEOPHH Ta30B, KOTOpasi 00bsic-
Hua (GU3UYECKUI CMBICT Ta30BBIX 3aKOHOB, OBUIH 3aJI0JKEHBI ellle B pado-
tax M. B. JlomonocoBa. B 1744—1748 rr. o pa3zpaboTan TEOPHIO aTOMHO-
MOJIEKYJIIPHOTO CTPOCHHMS BEIIECTBA, BIIEPBEIC 00OCHOBAJ KHHETHIECKYTO
TEOPHIO TETUIOTH U HAa OCHOBAaHWH ATOTO OOBSCHHUI MHOTHE HE M3BECTHEIC
no Hero sBineHus. B XIX B. MOJNEKyJIspHO-KMHETHYECKas TEOpUsl Tra3oB
MOJIyuniia CBOE JajibHelliee pa3Butue B pabotax Kiaysuyca, Makcemna
u bonbumMana. Ha HoBelilem ee sTame 3Ta Teopusi Oblia B COBPEMEHHOM
Buje paspaborana . Y. @penkeneMm. B ocHOBe KMHETHYECKOW TEOpUHU
HEANbHBIX Ta30B JISKAT CJICAYIONINE IOCTYIATHI.

1. Kaxnplil ra3 cOCTOMT U3 MOJEKYJ, KOTOPblE MOXHO paccMaTpH-
BaTh KaK OJHOPOJHBIE COBEPIICHHO ympyrue mapuku. Ilpudyem pazmepbl
STUX LIAPUKOB-MOJEKYJ HACTOJIKO Majbl [0 CPABHEHHUIO C MEXMOJIEKY-
JSIPHBIMU PACCTOSHUSIMH, YTO UX MOKHO paccMaTpuBaTh Kak OTAEIbHbIE
MaTe€pUuaJIbHbIC TOYKH.

2. CTOJKHOBEHHE MOJIEKYJ MEXIy COOOH MOAYHHACTCA 3aKOHAM
yaapa ylnpyrux mapos.



3. Monekymsl He B3auMOAEHCTBYIOT APYT C APYroM, IOKa HE CTOJIK-
HYTCS.

4. JIBmkeHHe MOJIEKYN B Ta3e XaOTHYHO M HEMPEphIBHO TOCTYIIa-
TEIBHO.

MouneKynsipHO-KHHETHYECKasi TEOPHsl OOBSICHUIA MHOTHE CBOMCTBa
ra3oB, HallpUMep CTPEMIICHHE UX 3aHSATh BO3MOXHO OOJIBIINNA 00BEM, BO3-
HUKHOBEHME JIaBJIEHHs Ha CTEHKU COCYyJa, MEAJICHHBIN XapakTep Mpolec-
ca, nu¢dy3un, pocT AABICHUS C TOBBIIICHHEM TEMIEPaTypHl U Ap.

Peanvnvie 2azvl. Kak n3BecTHO, B MOBEJCHUH Pa3INYHBIX Ta30B Ha-
OmrofaroTcst OONBIINE OTKIOHEHHS OT 3aKOHOB MACANIBHBIX Ta30B. DTH OT-
KJIOHEHHS TeM OOJIbIlle, YeM HIDKE TEMIIepaTypa W BBIIIC AABJICHUE, IIPU
KOTOpPBIX HaxoxuTcs ra3. OTKIOHEHHS pealbHBIX T'a30B OT HIEATBHOTO CO-
CTOSIHMSL 00YCJIOBJICHBI B OCHOBHOM JABYMsSI NPUYMHAMHU: CHUJIAMH MEXMO-
JEKyIIpPHOTO B3aUMOIEUCTBUS (NPUTSKEHHsI) U COOCTBEHHBIM 00BEMOM
MOJIEKYJ PEeaIbHOTO rasa.

B KW3HM OYEHb YaCTO MPUXOANUTCS MMETh JEJ0 HE C YHCTHIMH Ta3a-
MY, a ¢ uX cMecsiMA. OCOOEHHO HIMPOKOE PacHpOCTPAHEHUE T'a30BbIE CME-
CH TIONYyYMJIM B TeXHUKe. ONHM M3 HUX CIYXaT HEHHBIM XMUMHUYECKUM
CBHIPBEM M HCIIOJNB3YIOTCSI IPH CHHTE3€ psijia BeliecTB (HedTsHbIE rasbl,
BO3JyX), APYTUE SBISIOTCS XOPOLIMM Ia3000pa3HbIM TOILIMBOM (IPHPOA-
HBIH, JOMEHHBIN, T'eHepaTOpHBIN ras3bl). OCHOBHBIM 3aKOHOM TIa30BBIX
cMmeceil aBisieTcs 3aKoH JlambTOHA, KOTOPHIM HMeEeT CIeRyIoNIyo GhopMy-
JHMPOBKY: obujee oasnenue 2a3o60u cmecu Py, pagno cymme napyuais-
HbIX 0a61eHUll 6cex 6X00AUUX 8 Hee 2A308.

Hapyuaneheiii 06vem — 310 00BEM, KOTOPHIN 3aHAMAI ObI OTICIb-
HBII Ta3, BXOJIIMN B COCTAaB CMECH HACAIBHBIX Ta30B, €CIH OBl TP TOM
e KOJIMUECTBE OH MMeJI IaBI€HHE U TeMIIEPaTypy CMECH.

Xapaxmepucmuxa meep0o2o coOCmMoAHUS

Kak u3BecTHO, MpH I0CTATOYHO HHU3KOH TEeMIIEpaType BCE BEIIeCcTBa
MEPEXOIAT B TBEPJOE COCTOsIHKE. [IpH 3TOM CKOPOCTH JBHIKCHHS aTOMOB,
MOJIEKYJI WJIM MOHOB, U3 KOTOPBIX COCTOMT JIaHHOE BEIIECTBO, HACTOJIBKO
YMEHBILIAETCS, YTO CHIIbI B3AMMHOIO IPUTSKEHHUS, CHIIBI CIETICHHST MEXITY
HUMH CTAHOBSITCS COM3MEPUMBIMU C CHIIAaMH OTTajKuBaHus. Teno B pe-
3yIbTaTe ITOTO MPUOOPETAET OnpeaeaeHHy0 GpopMy, KOTopast He H3MEHSI-
ercs. Kpome Toro, TBep/iple BelecTBa 00J1a/Ial0T CIIOCOOHOCTHIO BOCCTA-
HaBJIUBATh MPEXKHIO (OPMY MOCTIE CHATHS ACHCTBUS CHUJI, HATIPABICHHBIX
HA e¢ M3MEHCHHUE, T. €. I TBEP/BIX BEIIECTB XapaKTEPHO SIBICHHUE Oe-
¢dopmayuu. Tlo criocodHOCTH K AedopMaIi Bce TBEpbIe Tela MoIpase-
JSIIOTCS. Ha ynpyaue, niacmudtble i XpynKue.



YacTuisl TBEPABIX TEJ HACTOIBKO IPOUYHO CBSI3aHBL APYT C IPYIOM
CWJIaMHU B3aMMHOTO NPUTHKCHHA, YTO I HUX HCKIIOYACTCA MOCTyHa-
TEJIFHOE JIBIKEHHE M UMEET MECTO JIMIIE KoJIeOaTeIbHOe IBIKEHHE OKOJIO
onpeneneHHslx Touek. [log geficTBueM BHENIHHUX CHJ 3TH 4aCTHLBI MOTYT
HECKOJIBKO CMENIAThCSI U3 CBOETO NMEPBOHAYATIBHOIO MOJOXKEHUS, HO MPH
CHATHU Harpy3KH OHU BHOBb BO3BpAILAlOTCS B HEro ooparHo. Takum 00-
pa3oM, I BCAKOTO TBEPJOTO BEIeCTBA XapaKTepHa He TOJIBKO COOCTBEH-
Hasi GopMa, HO U CIOCOOHOCTH K Iedopmaruu. TBepasle Tena OOBIYHO
MOAPA3AEIIIOT HA KPUCMALIuuecKue u amoppuule.

JI1s KpUCTAIIIMYECKHX TENl BECbMa XapaKTEPHO SABICHUE AHUZOMPO-
nuu, CyIHOCTb KOTOPOTO COCTOUT B TOM, YTO KPUCTAJI B Pa3IMYHBIX Ha-
MIpaBJICHUSX 00J1a1aeT HEOMHAKOBBIMHU cBOHCTBaMH. Takue cBOiCTBa, Kak
TEIUIO- U DJIEKTPOIPOBOJHOCTb, MEXaHUYECKasl IPOYHOCTD, KOA(DPUIUESHT
TEIJIOBOTO PACIIMPEHHUs, CKOPOCTh PACTBOPEHUSA U Ap., B PA3IMYHBIX Ha-
MIpaBJICHHUSAX KPHUCTAUIA Pa3Iu4Hbl. Hampumep, Cifofa CpaBHUTEIBHO JIETKO
pa3zmensercst Ha IUIACTHHKU TOJIBKO B OJHOM HaIpaBJIeHWH (TIapaijiebHO
MIOBEPXHOCTHU), B APYTUX )K€ HANPABICHUAX Pa3pyLICHHUE CIIOIbI TpeOyeT
ropaszo Oonpmmx ycunuid. Ecim 13 Kakoro-To Kpucrajuia BBITOUUTS IIap,
a 3aTeM ero Harperb, TO IIap U3MEHHT CBOIO (POPMY M IPEBPATHTCS B 3JI-
aunconn. M3Menenue BHeIIHel (GopMBI Tela B JAaHHOM Clly4ae IPOH30M-
JeT TMOTOMY, YTO K03(h(HUIMEHT JIMHEHHOTO PACIIUPEHHs 10 Pa3IHIHbIM
HaTIpaBJICHUSAM KPHCTaNJIa HE OIMHAKOB.

Amop(dHBIe BEmeCcTBa, B OTIMYHE OT KPUCTAJUIMYECKHUX, HE MMEIOT
SCHO BBIPAKEHHOTO MOPSAJKA BO B3aUMHOM PACHOJI0KEHHH CJIATaloInX UX
yactul. Kpome Toro, amopdHsie Tena usomponnuul, T. €. UIX CBOHCTBA CO-
BEpPIIEHHO OJUHAKOBBI 110 BCEM HANpPaBICHUSIM BHYTPH Tella. DTU BELIECT-
Ba HE UMEIOT [IOCTOSIHHOM TeMIepaTypsl IL1aBieHus. [Ipu HarpeBaHuu oHU
CHayajla pa3MsAr4aroTcsl B ONpPEIEIICHHOM MHTEpBaje TeMIIepaTyp, 3aTeM,
TIOCTCTICHHO YMCHbBINIAA CBOIO BA3KOCTH, NEPEXOIAT B KUAKOTCKYYEE CO-
CTOSIHHE.

CoBpeMEHHBIE METOABI HCCIIEN0BAHUS KPUCTAIIIMYECKOTO COCTOSHUS
BEIlleCTBA MOATBEPAMIN, YTO YaCTHIBI B KPUCTAIUIAX (aTOMBI, MOJEKYJIbI
WM HOHBI) PACIONaralTcs 3aKOHOMEPHO, 00pa3ys Tak Ha3bIBAEMYIO IIPO-
CTPaHCTBEHHYIO pELIeTKy KpucTaula. BHemmHsst reomerpuyeckas popma
KpHUCTaJIa TECHEUIIMM 00pa3oM CBsI3aHA C €ro BHYTPEHHEH CTPYKTYpPOH.
B kpucramummieckoi peneTke J000ro Tella MOXKHO BBIICIUTH OIpe/IeIcH-
HYI0 4acTb, KOTOpPasi HOCUT Ha3BaHUE d1eMEeHmapHou Auelky. JTa sueiika
MIPe/CTaBIsAeT cO0OH HAaMMEHBIIMH 00BEM KPUCTAIUIMYECKOH pEIIeTKH
BEIIECTBA, KOTOPBIM TOYHO OTpa)kaeT €ro XMMUYECKUIl COCTaB U BCE OCO-
OEHHOCTH BHYTPEHHEH CTPYKTYpBI JaHHOTO KPHCTAILIA.
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C TOUKHM 3peHHs CTPYKTYPHBIX 3JIEMEHTOB U JEHCTBYIOIIUX MEXIy
HUMU CHJI Pa3iMyaroT YEThIpe TUIA KPUCTAJIOB: MOJEKYJSPHBIE, aTOM-
HbIE, HOHHBIE U METAIIIMYECKUE.

Monexynapnas pewemxa. MonekynsipHble KPUCTAJUIbl UIMEIOT B yT-
Jax MPOCTPAHCTBEHHOH PEIIeTKU MOJSPHBIE MU HETIONSPHBIE MOJIEKYJIbI,
CBsI3aHHBIC MEXIy co00l cunamu Ban-nep-Baanbca. B kauectBe npumepa
MOJKHO yKa3aTb Ha TBEPJYIO ABYOKHCH yriiepoja (Cyxoi Jyiexm), HadranuH,
nen. [TockonbKy CHUiIbl B3aUMOJEUCTBUS MEXKAY MOJIEKYJIAMU CPaBHUTEIb-
HO ca0bl, TO W BEIIECTBA C JAHHBIM THUIIOM PEUISTKH O0IaJaroT Mayoi
TBEPIOCTHIO, HU3KUMH TEMIIEPATyPaMH IUIABIECHHUS U KHUIIEHHs. PacTBOpEI
9THUX BELIECTB, KAaK MIPAaBUIIO, HMEIOT CPABHUTEIBHO MAIYIO 3JIEKTPOIpPO-
BOJHOCTb.

Amomnas pewtemxa. B y3nax KpUCTaIIMUECKUX PEIIETOK 3TOT0O TUIIA
PAacToNoXKEHbl HEUTpardbHBIE aTOMBI, OINpEAENEeHHBIM 00pa3oM OpPHUEHTHU-
POBaHHBIE B IPOCTPAHCTBE U CBSI3aHHbIC KOBAJIEHTHBIMU CBs3sMU. K unciy
BEIIECTB C aTOMHOM PENIeTKOW OTHOCSTCS, HapUMep, KpeMHUMH, Tpadurt,
anmas, 60p u Jp.

Puc. 5
Kpucmannuueckas pewémra anmasa

KoBaneHTHast CBsI3b, KaKk M3BECTHO, O4eHb npouHas. [losTomy Bce
CBSI3M B KpHCTaJJIe paBHOLICHHBI M OYCHb NIPOYHEL. BemecTsa, o6pa3oBaH-
HBIE aTOMHBIMHU PEIIETKAMH, UMEIOT OOJIBIIYIO TBEPIOCTh, BBICOKYIO TEM-
nepaTypy IUIaBICHUS, Mayl0 PaCTBOPUMOCTb U MAITyIO JIE€Ty4YeCTb.

Honnas pewemra. VIoHHBIE KPHCTANIIBI UIMEIOT B Y3/1aX MPOCTPAHCT-
BEHHBIX PEIIETOK MOJIOKHUTEIFHO U OTPUIATENIFHO 3apsKEHHBIC HOHBI, KO-
TOPBIE CBSA3aHBI MEXIy COOOH 3JEKTPOCTaTHYECKHMH CHIIAMH TPUTSIKE-
HUSI OJHOMMEHHBIX 3apsioB. CHiIbl B3aUMOJECHCTBUSL B HOHHBIX KPHCTAN-
JaX BeChbMa 3HAYUTENBHBI, OJlarofaps 4yeMmy BEIIeCTBAa C MOHHBIM THIIOM
penieTky 00JagaloT BBICOKOW MPOYHOCTBIO, BBICOKMMH TEMIIEpaTypaMu
IUTaBJICHUS U MaJIOH JIeTy4ecThIO.

VloHHBIC pEeIIeTKH XapaKTePHBI JUIl OOJBIIMHCTBA HEOPTaHHMYCCKUX
coeMHEeHNH (COoJM, OKCUABI M APYTHE KJIaCChl COeNMHEHHI). MHOTHE MH-
Hepaibl Tak K€ MMEIOT MOHHOE CTpoeHWe. Tak, KpHCTalUIbl, NMEIOIIeE
HOHHYIO PEIIETKY, KaK IPaBHIIO0, XOPOIIO PACTBOPHMBI B BOJIE, & PACTBOPHI



ux 00amaroT BBICOKOH 3JIEKTPOIPOBOAHOCTHIO. B TBepAOM BHAE HOHHBIE
KPUCTAJUIBI HE IPOBOJAT 3JEKTPUUYECKHM TOK, TaK KaK B HUX 3JIEKTPOHBI
MIPOYHO YAEPKUBAIOTCS B aTOMHBIX OPOHTAJISIX OTHENBHBIX MOHOB. B pac-
MJIaBJIEHHOM COCTOSIHMM KPUCTAJUIMYECKHE BEILECTBA IPOBOIST JIEKTPU-
YECKHUH TOK, MPUYEM JIEKTPONPOBOAHOCTb OCYILIECTBISIETCS 3a CUET Nepe-
HOCa HMOHOB. OJEKTPOIPOBOJHOCTh PACIUIABOB SIBJSIETCS XapaKTEPHBIM
CBONCTBOM JIOOBIX HOHHBIX CTPYKTYP.
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Puc. 6
Kpucmannuueckas pewémxa xaopuoa Hampus

Memannuueckaa peutemxa. DTOT THI KPUCTAJUIMYECKUX PEIIETOK
OTJIIMYAeTCS OT BCEX PACCMOTPEHHBIX BBIINIE THUIIOB CTPYKTyp. CoriacHo
COBPEMEHHBIM TPEJCTABICHISIM, B Y3J1aX IPOCTPAHCTBCHHOW pPEIIeTKU
THUIIMYHBIX METAJIOB B OCHOBHOM HaXOMATCS TIOJIOKUTEIBHO 3apsHKEHHEIC
HOHBI, YNAKOBAaHHBIE 10 NPHHLUILY IUIOTHEWIIEH YNaKOBKM HIapoB, a B
MIPOMEKYTKaX MEXTy HUMH HaXOAATCS 3JIEKTPOHBI B CBOOOIHOM COCTOS-
nuu. ITocnenHue o0pasyroT cBOe0Opa3HbIH «IJIEKTPOHHBIN I'a3», KOTOPBIH
Kak OBl CKpeIlIseT OJHOMMEHHO 3apsKeHHBIE MOHBI MeTa/lla B IUIOTHYIO
KpUCTAIMYECKyto pemeTky. C Ipyrod CTOPOHBI, W CaMH 3JIEKTPOHBI
YIePKHUBAIOTCS KATHOHAMH METAJIIA, B CHJIy Y€ro OHH HE MOTYT CBOOOIHO
MOKUHYTh KPHCTAJUTMYECKYIO0 pemeTKy. VIMEHHO HammdueM CBOOOIHBIX
UIEKTPOHOB OOBACHAETCS XOpOIIas OJIEKTPO- M  TETIONPOBOAHOCTS,
a TaKKe MHOTUE XMMUYECKUE CBONCTBA METAIIOB.

+
3 ol .
A o tdo AR
oo * o
o k.o
v 2 Yo . £}
o
gL
O ofkl =
@ =
i
+ —7
Puc. 7

Memannuueckas Kpucmaniudeckas pemémka

Mertauibl, KaK U3BECTHO, OT BCEX M3BECTHBIX IIPUPOAHBIX MaTEPUAIIOB
OTJIMYAOTCA BBICOKOH IIPOYHOCTBIO HAPALY C XOPOLIEH IUIACTUYHOCTBHIO
KaK B XOJIOJHOM, TaK M B rOpsY€M COCTOSHMU. BbICOKas TeMmeparypa



TIJIaBJICHUA MCETAJIJIOB YKA3bIBACT HA 3HAYUTCIIbHYIO MMPOYHOCTH METaJIN-
YeCKOH PCIIETKN U TAKXKE O00BIACHSIETCS HATUYHUEM «QJICKTPOHHOT'O Tra3a» B
HCM. HOJI BJIMAHAEM PA3HOCTH NOTCHIIMAIOB JJIEKTPOHBI B METAJJIC HAYN-
HAroT NEPEABUTATHCA B ONIPCACIICHHOM HaIlpaBJICHUHW, YTO ABJIACTCA IPH-
YUHON BO3HUKHOBEHHUS DJICKTPUYECKOT'O TOKA.

Xapakmepucmuka HCUOKO20 COCMOSIHUSL

KuakocT Mo CBOMM CBOMCTBAM 3aHUMAIOT MPOMEXKYTOUHOE IOJIO-
KEHUE MEXJy TBEpIbIMHU TelaMU U razamu. [Ipu HU3KHUX TeMmepaTypax Mo
HEKOTOPBIM CBOMCTBAM KUAKOCTH CXOAHBI ¢ razamu. OHU TekyuH, He
HMEIOT OIpeeneHHOH (hopMbl, aMopdhHBI 1 n30TponHbL. C apyroit cTopo-
HBI, JKUIKOCTH 00JamaroT 00BbEeMHOI yIpyrocThio, KaK W TBEpABIE Tela.
Monekyibl UX CTPEMSTCS K HEKOTOPOMY YIOPSJOYEHHOMY PacIOyIOKe-
HUIO B IPOCTPAHCTBE, T. €. KUAKOCTH UMEIOT 3a4aTKU KPUCTAIIIMYECKOTro
CTPOEHHUS.

TennoBoe ABMXKEHUE YACTHUIl KUIKOCTH HECKONBKO OTJIMYACTCA OT
TaKOBOT'O B TBEPABIX TeJax, TaK KaK >KUAKOCTH 00JagaeT Ooiee phIXIOH
CTPYKTYypo#. B Hell Bcernia ecTb «CBOOOHBIE MECTa, OJIaroaapsi KOTOPhIM
MOJIEKYJIBI MOTYT ITIepeMemmaThcs. TakuMm 00pa3oM, TEIIoBOE JBHKEHUE
MOJIEKYJI )KUAKOCTH COBEPILAETCS B BUJIE NIEPEMEILICHUHN 3TUX MOJIEKYJI U3
OJIHUX BPEMEHHBIX IOJIO)KEHUH paBHOBECHUS B IPyrHe U TEIUIOBBIX KOJe-
0aHUi B MPOMEKYTKAX MEKAY IMepeMelleHusIMU. VIMEHHO 1o 3TOi nmpuyu-
HE JKUJAKOCTH OTJIHYAIOTCA TEKy4eCTbI0 U NMPUHUMAIOT (OPMY TOTO COCY-
J1a, B KOTOPOM OHU HAXOMASATCSL.

OTrpoMHYIO pOJIb B CBOMCTBaxX >KHAKOCTEH HTpaeT 00BEeM MOJICKYI,
nx (opma u moIsApHOCTE. Ecim MOJIEKyITbI JKUIKOCTH TIOJIIPHBL, TO TIPOHC-
XOIWT acCcOUHMANys ABYX MM OoJiee MOJIEKYT B CJIOKHBINH KOMIUTEKC. B Ta-
KHX XHIKOCTAX, KaK BOJA, )KUIKUI aMMHaK, OOJIBIIYIO POJIb B ACCOLUALINH
MOJIEKYJT UTPaeT BOJOPOAHAs CBsi3b. CBONCTBA KUAKOCTEN B 3HAUUTENBHOM
Mepe 3aBHCAT OT CTEHNEHU accoLuanuu ux Mmoyekyn. Kak mpasuio, acco-
[IMUPOBAHHBIE KUAKOCTH 001a1at0T OoJiee BHICOKOM TeMIIepaTypoil Kure-
HUS, MeHbIIEH neTydecTbio. C MOBBIMICHHEM TEMIIEPaTypbl KOMILIEKCHI
pacmamaroTcs U TeM CHIbHee, YeM cilabee CHIIBI B3aUMOJCHCTBHS MOJIEKY T
B KOMILJIEKCE.

Haubonee mHTEpecHON 0COOCHHOCTBIO JKUAKOCTEH SIBISICTCS HAaJH-
yre cBOOOIHON moBepXHOCTU. JKUAKOCTh, B OTIMYUE OT ra3oB, HE 3aIoji-
HSIET BeCh 00BEM COCyJla, B KOTOPBIN OHAa HanuTa. Mexmy >KHIKOCTBIO U
razoMm (WiaM mapom) oOpasyercs rpaHula pasjielia, KoTopas HaXOIUTCs B
0COOBIX YCIIOBHUSX IO CPAaBHEHHIO C OCTAILHOW Maccoi >KuaKocTH. Mode-
KYJIBI B TIOTPAaHAYHOM CJIO€ JKHUIKOCTH, B OTIIYHME OT MOJICKYJ B e¢ TIIyOu-
HE, OKPY>KEHbI APYTUMH MOJIEKYJIaMU TOM K€ XKMJIKOCTH HE CO BCEX CTO-



poH. Critbl MEXMOJIEKYJISIPHOTO B3aUMO/ICHCTBHS, ISHCTBYIONIHME HA OJTHY
U3 MOJIEKYJI BHYTPH JKHKOCTH CO CTOPOHBI COCETHUX MOJIEKYJI, B CPEIHEM
B3alMHO CKOMITEHCHPOBaHbI. JIf00asi MojieKyna B MOrPaHUYHOM CIIO€ HPH-
TSATUBAETCS MOJICKYJIaMH, HAXOUIIIMMHCS BHYTPH XKUIKOCTU. B pe3ynbrare
TIOSIBJISICTCSL HEKOTOPAasl paBHO/CHCTBYIONIAsl CUJla, HAIPaBJIEHHAs BIITyOb
XKHUAKOCTH. [I0OBEPXHOCTHBIC MOJICKYJIBI CHJIAMH MEKMOJIEKYJISIPHOTO TIPH-
TSDKEHUS! BTSITUBAIOTCS BHYTPb *KUAKOCTH. HO Bce MOJIEKYIIBI, B TOM YHCIIE
U MOJIEKYJIbI TIOTPAHUYHOTO CJIOSI, TOJDKHBI HAXOAUTHCS B COCTOSIHUM PaB-
HOBecHsi. DTO paBHOBECHE JJOCTUTAETCsI 32 CYET HEKOTOPOTO YMEHBILCHHUS
PacCTOSIHUS MEXITy MOJIEKYJIaMH ITOBEPXHOCTHOTO CJIOS M MX ONKaHIIIMU
COCEISIMH BHYTpPH JKHIKOCTH. TakuM 00pazoM, MOJIEKYJIbI TOBEPXHOCTHOTO
CJIOSl YIaKOBaHBl HECKOJIBKO IUIOTHEE M TOATOMY OHH 00JIa/IatoT AOIIOIHHU-
TEJIbHBIM 3aI1aCOM IIOTEHIMAJIbHON YHEPIUH 10 CPAaBHEHUIO C BHYTPECHHHU-
Mu Monekynamu. IloTeHuuanbHas 3Heprust £, MOBEPXHOCTH KUIKOCTH
MIPOTIOPLHOHAIBHA €€ TIOIIAIH.

W3 MeXaHUKH HM3BECTHO, YTO PABHOBECHBIM COCTOSHHSM CHCTEMbI
COOTBETCTBYET MHHHUMAJIHOE 3HAUCHHE €€ MOTCHINaNbHOI sHepruu. Ot-
CroJla cielyeT, 4TO CBOOO/(HAsl MOBEPXHOCTh KUAKOCTH CTPEMUTCS COKpa-
THUTB CBOIO IuIoNIab. I1o 3TOM npuunHe cBOOOIHAS KAl XKHUIKOCTH IIPH-
HUMaeT Imapoodpasnyro dhopmy. JKuakocTs Benet cedst Tak, Kak OyaTo mo
KacaTeJIbHOW K ee NOBEPXHOCTH JICHCTBYIOT CHIIBI, COKpaIaoIue (CTArH-
BalOII[KE) ATy MOBEPXHOCTh. DTH CHJIbI HAa3bIBAIOTCS CHUIIAMH MTOBEPXHOCT-
HOT'O HATSDKEHHSI.

Hannuue cmim MOBEpXHOCTHOTO HATSDKEHMS JIeNIaeT ITOBEPXHOCTD
XKHMIKOCTH HOXOXEH Ha YIPYTyI0 PacTsAHYTYIO IUIEHKY, C TOH TOJIBKO pa3-
HUIEH, 9TO YIPYIUe CHIbI B IUICHKE 3aBHUCST OT IUIONIAIH €€ TOBEPXHOCTH
(T. €. oT TOrO, KaK INICHKa Ae(OPMUPOBaHA), a CUIbI HOBEPXHOCTHOTO Ha-
TSDKEHUS! HE 3aBUCSAT OT IUIOLIAJIM TIOBEPXHOCTH KUIKOCTH.

Buympennee mpenue (6éa3xocms) oicuokocmeti. Bceskoe Teno mpu
JIBHKEHHH HCIIBITBIBACT CONPOTUBIICHUE CPEJIbl, B KOTOPOil OHO JBHIKETCS.
Cuna, IpOTHBOJACHCTBYIONIAs IBWKEHHUIO TEld, HOCHT HAa3BaHHWE CHIIBI
TPEHHSI.

Korza Teno MCHBITBIBACT CONPOTUBICHUE JIBIKEHHIO CO CTOPOHEI
CBOMX JK€ YacTHII, IIPOTHBOJCHCTBYIOIIAsI CHIIA HAa3bIBACTCSl BHYTPEHHUM
TPEHHEM, WM BSI3KOCTBIO. TakuM 00pa3oM, BSI3KOCTb — 3TO BHYTpEHHEE
TPEHHUE, MPOSIBIISIOIIEECs PH OTHOCUTEIBHOM JIBIDKEHHUH COCEHUX CIIOEB
KHUIKOCTH M 3aBUCSIIEE OT CHJI CLEIJICHHs (B3aUMOCHCTBHS) MEXKIY MO-
JEKyJIaMHu.

Bs13K0CTB XKHAKOCTEH B 3HAYUTENHFHOW CTENEHH 3aBUCUT OT TeMIIepa-
Typbl. C HOBBILIEHHEM TEMIIEPATypbl BA3KOCTb JKHIKOCTH IMOHHMXXACTCS U
YBEJINUMBAETCS TEKY4ecThb. TeKyuecTh — BEJIMYMHA, 0OpATHAS BI3KOCTH.



3HayeHHe BA3KOCTH XKUAKOCTEH B MPHPOJE O4YeHb Beluko. B 6uomo-
THYCCKUX CHUCTEMAaxX OHa BIIMACT Ha IPOTCKAHUC pAOa OMOXMMHYECKUX H
(PU3MOIOTHYECKIX TIPOIIECCOB.

Hoeanvnas scudkocms — XUIKOCTb, MEXIY YaCTHIIAMH KOTOPOH OT-
CYTCTBYIOT CUJIbI BHYTPEHHETO TpeHHs. BeneacTue 9Toro takas *KHIKOCTh
HE CONPOTHUBIISAETCA KacaTelIbHbIM CHJIAM CIBHra M CUJIaM pPacCTSKEHUS.
WneanbHast 5KUIKOCTb COBEPIICHHO HE CHKMMAETCs, OHA OKa3bIBaeT OecKo-
HEYHO OOJIBIIOE CONMPOTUBIICHHE CHIIAM CKaTUsl. Takol KHUIKOCTH B TIPUPO-
Jie He CYIIECTBYET — 3TO HaydHas aOCTPaKITHsl, HEOOXOoauMast ISl YIpoIe-
HUS aHAJIN3a OOIUX 3aKOHOB MEXaHNKH IIPUMEHUTENBHO K SKHIKUM TEJIaM.

Peanvnas srcuokocms — KUAKOCTb, KOTOpask HE 00JalaeT B COBEp-
LIEHCTBE CBOMCTBAMH HACAIBHOM JKHJIKOCTH, OHA B HEKOTOPOH CTeneHH
COIIPOTUBJIACTCA KAaCAaTCJIbHBIM U PACTATMBAONIUM YCUIIUAM, a4 TAKKE OT-
YacTu CXKHMACTCA. I[J'lﬂ peIICHUd MHOI'UX 3aJad r'uApaBJIMKN 3TUM OTJIH-
YHeM B CBOICTBaxX HACANBHON M peanbHON >KHAKOCTEH MOXKHO MpeHeo-
PCUb. B cBs3u ¢ aTHM (1)I/ISI/I‘ICCKI/IC 3aKOHBI, BBIBCACHHBIC JIA H}IeaﬂbHOﬁ
XKHUAKOCTH, MOTYT OBITh NPUMEHEHBI K )KUAKOCTSIM PEabHBIM C COOTBET-
CTBYIOIUMH MOMPaBKaMH.

dasoBble NpeBpaLleHus

daza — 4acTh TEPMOIUHAMHUYECKON CHCTEMBI, 00JIaaromeil oiHa-
KOBBIMH (PM3UYECKHMH CBOMCTBAMH. JTO MOHATHE IIMPE MOHSITHS «arpe-
ratHoe cocrtosiHue». Hampumep, B COCyZe HAXOJMTCS BOJA W HaJ Hei
CMECh BOISIHBIX MApOB U BO3yXa. 9Ta TEPMOAUHAMHNYCCKAsA CUCTEMA SB-
nsiercst nByx¢aznoi. OqHa daza — Bona (kuakas ¢asa), a Apyras — CMech
BO3/yXa C Mapamu Bozbl (Tazoo0OpasHas ¢asza). bpocum B Bomy Kycoukm
mpaa. OHK 00pasyroT TpeThio a3y (TBepayro). Ecim k aToli cucteme nobda-
BUTH CITHPT, TO KOIHYECTBO (a3 HE M3MEHHUTCS, TaK KaK CIHPT XOPOIIO
CMeIIUBaeTCs ¢ BOJIoi (kuakas ¢asa, tBepaas (asa, razoobpasHas — BoO-
JsHOM map u cnupt). Ecnu BMecTo cniupTa HanuTh O€H3HH, TO TEPMOIU-
HaMHUYecKasl cucTeMa Oy/eT Tenepb COCTOSATh M3 ABYX XHUAKHUX (a3 (Bona
u OeH3WH), OAHON TBepAOW (Jel) U OJHOW Ta3000pa3Hoil (BO3MYyX, Mapbl
BOJIBI M OCH3MHA).

W3BecTHO, YTO HEKOTOPBIC BEIIECTBA UMEIOT Pa3iIMYHbIe KPUCTAIIIN-
4yeckue MoauduKkanuu. ITo Toke paznuuHbie Ga3pl. Hanpumep, y xkenesa
ux 4,y cepbl — 9, anma3s u rpaduT — 370 JBe MOAU(DHUKALMH YIIEepOoIa.

B TepMOIMHAMUYECKOH CHCTEME MOTYT OBITh HECKOJBKO TBEPIBIX U
KUIKUX (ha3, HO TOJNBKO OJ[HA ra3000pa3Hasi, TaK Kak ra3bl BCEra CMEIIH-
BAIOTCSI MEXY CO00M, 00pasys OJHOPOJTHYIO CMECh.



Pasnosecue gpas. Ilpu onpeneeHHBIX YCIOBUAX pa3HbIe (a3bl OAHO-
TO M TOTO € BEIIeCcTBAa, HAXOJSICh B COMPUKOCHOBEHUH, OCTAIOTCS B PaB-
HOBECHH JIPYT C APYToM, T. €. HX Macchl He MeHsoTcd. Hampumep, mpu
temnepaTtype 0°C B paBHOBECUM HaXOAATCS JIEA U BOJA.

PaBHOBecne nBYX (ha3 HaOJFOMAETCS TOJBKO MPU OMPEIeIICHHBIX
3HaueHMsX JAaBieHus P u temnepartypsl 7. [loaTromy cocTosiHue paBHOBe-
cus a3 Ha auarpamme PT n3zo0pakaeTcs TOYKOI, a COBOKYITHOCTb TaKHX
COCTOSTHMH — JIMHHEH, T. €. rpaduxom P = f(T).

Daszoevie npespawyenus. Ilpoueccsl, B pe3ynbTaTe KOTOPBIX IPOUC-
XOIWT TIpeBpaIleHre OTHOH (as3bl BemlecTBa B JAPYIyIO, Ha3BIBAIOT (a3o-
BBIMU TIPEBPAILCHASAMHE WIN (a30BBIMH MEPEXOJaMHU.

Daszosvimu nepexodamu I pooa Ha3bIBAIOT MEPEXOIBI BEIICCTBA, CBSI-
3aHHBIC C W3MEHEHUEM PACIIOJIOKEHUS €ro aTOMOB MM MOJIEKYNI. OTH
MIPEBPALICHUS COMPOBOXKIAAIOTCS MOTJIOIEHUEM WU BBIICICHUEM OIpeie-
JICHHBIX KOJMYECTB TEIUIOTHL. Hampmmep, miaBieHHEe W KPUCTAIIH3ALNS,
HCTIapeHUE U KOHACHCAIHS.

Da3zosvie nepexoovt I poda — 3T0 TIepeXobl, TP KOTOPBIX HE MPO-
HCXOIUT TOTJIONICHUSI WX BBIACICHUS TEIUIOTHI, a HaOMIOIaeTCsl CKavuKo-
0o0pa3HOe HM3MEHCHHE HEKOTOPBIX (DM3UYCCKHX CBOMCTB BemiecTBa. Ha-
MIpUMEpP, BOZHUKHOBEHHE y HEKOTOPBIX MPOBOAHUKOB COCTOSIHUS CBEpX-
MIPOBOJMMOCTH, KOT/Ia MPH OINpPENeNICHHONH TeMIlepaType COIpPOTHUBICHHUE
MIPOBOJHUKOB CKaYKOOOPa3HO MagaeT NMPAKTHIECKH 10 HyJIs.

Hcnapenue u xonoencayusa. IlapooOpazoBaHue — IEPEX0OA BEIIECT-
Ba M3 )KUAKOTO COCTOSHHS B Ta3000pa3Hoe, a 00paTHBIN MpoIecc IpeBpa-
IICHUS BELIECTBA W3 Ta3000pa3sHOTO COCTOSHHS B JKHUIKOE HAa3bIBACTCS
koHneHcanuel. CyIIecTBYIOT [[Ba BHIa Mapo0Opa30BaHusI — HCHAPCHUC U
KHIICHUE.

Hcnapenuem Ha3bpIBaeTCs MpolLecc NMapooOpa3oBaHMs, MPOUCXOJS-
M ¢ OTKPBITOW TOBEPXHOCTH JKUIKOCTH TPHU IOOOH TemIeparype.
C touku 3pernss MKT 3T mporecchl 0OBSICHAIOTCS TaK: MOJEKYJIBI JKUI-
KOCTH, y4acTBYsl B TEIUIOBOM JBIM)KEHUH, HENPEPHIBHO CTAJIKUBAIOTCS Me-
KTy c000#. DTO MPUBOIHUT K TOMY, YTO HEKOTOPHIC U3 HUX IPHOOPETAIOT
KHUHETUYECKYIO DHEPTHUI0, JOCTATOUHYIO AJISl MPEOJOJICHUS MOJIEKYJIAPHO-
ro npuTsbkeHus. Takue MONeKylbl, HAXOASICh y TMOBEPXHOCTH KHJKOCTH,
BBUICTAIOT U3 Hee, 00pa3ysl HaJ JKUIKOCTHIO map (ra3). Mosekynsl napa,
JBHUTasICh XaOTHYECKH, yIAPAIOTCS O MMOBEPXHOCTH JKUAKOCTH. IIpm 3TOM
4acTh U3 HUX MOXKET TEePEHTH B >KUAKOCTh. DTH JiBa Tporiecca (BbUIETa
MOJIEKYJT U3 )XHIKOCTH M X 00paTHOE BO3BpAILCHNE B JKUIKOCTH) IPOUC-
XOIAT OIMHOBPEMEHHO. Ecii 4mciio BeUTETArOMIMX MOJIEKYI OOJIBIIEe YucIa
BO3BPAILAIOLIMXCS, TO MPOUCXOIUT YMEHBUICHHE MAacChl XKHUIKOCTH, T. €.
KHUJIKOCTh UCTIAPSIETCs], €CIH Ha000POT, TO KOTUYECTBO >KUAKOCTU YBEIHU-



4YHUBaeTcs, T. €. HabIrogaeTcs KOHAeHcalus napa. Bo3moxkeH ciydail, ko-
TZla YUCII0 MOJIEKYJI, TOKUAAIOIINX KHUIKOCTh, PABHO YHCITy MOJIEKYJI, BO3-
BpaIAlONINXCA B Hee. Takoe COCTOSHHUE Ha3bIBAETCS COCTOSIHUEM IHHA-
MUYECKOro paBHOBecHs. [1ap, HaxoasAmencs: B JMHAMUYECKOM PABHOBECUH
CO CBO€I! KUIKOCTBIO, HA3BIBAIOT HACLIUEHHBIM.

N3orepma HacelmieHHOro mnapa npu 7 =const B miuockoctu P—V
IpeAcTaBIsIeT co0o0il MpsAMyIo, MapaIebHyI0 ochk V (yuacTok 3—2, puc. 8).
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Puc. 8
Hzomepma nacviyennoeo napa

C TIOBBIIIEHNEM TEMIEpaTypsl TEPMOANHAMUYIECKON CHCTEMBI HCUO-
KOCMb — HACLIWEHHbIN nap YUCI0 MOJIEKYJ, NOKMIAIOIIUX >KUAKOCTD,
MIPEBBIIIAET KOIMYECTBO MOJIEKYJ, BO3BpAILAIOIIUXCSA M3 Mapa B KH[-
KOCTb. DTO NMPOAOIIKAETCS A0 TeX MOp, MOKa BO3pacTaHHE TIIOTHOCTH Mapa
HEe TNPHUBOAMUT K YCTAaHOBIICHHIO JUHAMHYECKOTO paBHOBEcUs Ipu Ooiee
BBICOKOH TeMmneparype. IIpu 3ToM yBeIMUYUTCS U NaBICHUE HACBIIEHHBIX
11apoB.

[Ipn ncmapeHu# >KUAKOCTH MOKHIAIOT Hanboisiee OBICTPhIE MOJEKY-
JIBI, BCIIEACTBUE YETrO CPeIHsAs KUHETHYECKas SHEPIHs IOCTYNATEIbHOTO
JBKEHHST OCTABIINXCS MOJIEKYJT YMEHBIIAETCS, a CIEA0BATENBHO, H TEM-
nepaTypa *KHUIKOCTH TOHMXaeTcs. Ecu cpeaHsas KMHETH4ecKash SHEprus
MOJIEKYJI ra3a OnpeAemseTcsl TOIbKO TeMIepaTypoi, To A NOAAep KaHHs
IIOCTOSIHHOM TEMIIEPaTypbl UCHAPSIOIICUCS KUAKOCTU K HEl Halo Hempe-
PBIBHO IOJIBOJUTH OIPENEICHHOE KOJUYECTBO TeIIoThl. KonndecTBo Temn-
JIOTBI, KOTOpOE HEOOXOANMO COOOIMINTH CIMHHUIIE MAcChl JKHAKOCTH IS
NIpEBpAIllCHUsl €€ B Iap IpU HEU3MEHHOM TeMIleparype, Ha3blBaeTCs
YyoenvHol meniomou napoobpazosanus. IIpyn KOHIEHCAIUH KOJIMYECTBO
TEMIOTHI, 3aTPadeHHOE Ha HCTIAPEHHE KUIKOCTH, BBIAEIAETCS.

Kunenue — 310 mponecc mapooOpa3oBaHMs, MPOHCXOAAMIMN IO
BCEMy O0BEMY JKHIKOCTH IIPHU IIOCTOSIHHOW TeMIeparype, Ha3bIBaeMOi
TEMIEpaTypOi KUIICHMs, 3aBUCSAIINECH OT IpUpoAbl xuaxkocTd. Kunenue
BO3MOXKHO B CIIydae, €CJIM B JKUIKOCTU MMEIOTCS Iy3bIPbKH BO3yXa WU
JPyToTo rasa, T. €. TePMOJMHAMUYECKasi CUCTeMa JIOJDKHA OBITh IBYX(a3-
HOM.



Kumnenue HacTymaeT B TOT MOMEHT, KOT/Ia JABJICHUE HACBHIIEHHBIX
MMapoB XHUIKOCTH BHYTPH IMy3bIPHKOB CTAHET PABHBIM BHEIIHEMY [aBlic-
Huto. Temrmeparypa, COOTBETCTBYIOIIAs NaBJICHUIO HACHIIICHHBIX MApOB,
SIBIISICTCSL TEMIIEPATypOl KUTICHUS KUIKOCTH. OYEeBUIHO, UTO C M3MECHCHH-
€M BHEIIIHETO JABJICHUS KUIICHUE TPOUCXOIUT MPU PA3IHMYHBIX JABICHUSIX
HACBIIICHHOTO Tapa B BO3AYIIHBIX Iy3bIPbKaX, a CIICAOBATENBHO, U MPH
pa3HbBIX TeMIeparypax.

Jluacpamma nepexoda sxncudxocmos — 2a3. I'padhuk 3aBUCHIMOCTH JIaB-
JIEHUS! HACHIIICHHBIX MapoB P OT TeMriepaTypsl 7' XapakTepHu3yeT Mmpolecc
KaK UCTIapeHUs, TaK U KUITCHHS.
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Puc. 9
Tpaghuk 3asucumocmu 0a61eHUs. HACLIWEHHBIX NAPOS OM MEMNEPAMYPbl

3aBI/ICI/IMOCTL, Ha3bIBACMYIO KpuGOIZ ucnapeHus, MOXXHO paccMaTpu-
BaTh KaK COBOKYIHOCTBH TOYCK, 1/13o6pa>1<a10m1/1x PaBHOBECHOE COCTOSITHUE
KUAKOCTHU U HACBIIICHHOT'O I1apa.

TO‘{KI/I, JICKAIKUE Haa KpPIBOI>'I HCIIapCHUA, H306pa)I(aIOT KHUIOKOEC CO-
CTOSAHUEC BCIICCTBA, @ TOYKHU, JIC)KAIIHUEC I10T KpPIBOﬁ ucnapeHus, COOTBCT-
CTBYIOT ra3006pa3HOMy COCTOSAHHIO BCUICCTBA.

Ilnasnenue u Kpucmaniiusayus

IInasnenue — mpouecc nepexoja BEIIeCTBa U3 TBEPAOI0 COCTOSHUS
B xkuakoe. CyIIecTBYIOT ABa BHAA TBEPABIX TEN: KPHCTALIMYECKUE H
amop¢usie. IlnaBneHne KPUCTAIUIMYECKUX TEJI MPOMCXOAUT MPHU OIpese-
JICHHOH JUTs JII0O0TO BEIIecTBa TEMIIEpaType, Ha3bIBaeMOi TeMITepaTypoid
IUTABJICHUS], M TpeOyeT 3aTpaThl HEKOTOPOTO KOJIMYECTBA TEIUIOTHI — TeTI-
70THI TiaBieHus. [lnaBnenne aMmopdHBIX Tea HE TPeOyeT OIpeiesICHHON
TEMIEPaTyphl ISl IEPEX0a B AKUIKOCTb, MOKHO YKa3aTh JIUIIb UHTEPBA
TeMIepaTyp, IpU KOTOPOM MPOUCXOJUT Pa3MArYCHUE Teda. DTO CBSI3aHO C
T€M, YTO, B OTJINYUE OT KPUCTAJUIMYECKUX TeJl, B KOTOPBIX aTOMBI 00pasy-



10T peleTKy, aMOp(HBIe Tella OTINYAIOTCS OT XKHJIKOCTH TONBKO CTere-
HBIO [OJIBUKHOCTH MOJIEKYJL.

C toukn 3perns MKT (MonekyspHO-KHHETHYECKash TEOpHs) IUIaB-
JeHne 0OBACHSETCS TaK: IIPU HarpeBaHUM KMHETHYECKasi SHEPTHs aTOMOB
(Monekyn) Tena yBenuuuBaeTcs. YacTb aTOMOB IPHOOpETaeT SHEPruio,
JOCTAaTOUHYIO ATl NMPEOJONEHHs CBSI3H ¢ cocelsMU. B pesymprate 3TOrO
OHHU 00pa3yIoT XUAKYI0 (ha3zy. B ciyuae kpUCTaIIMYECKUX Tel KUHETHUe-
CKH€ HEPI'HH, KOTOPBIMH JOIDKHBI 00J1a1aTh aTOMBI, OJHAKOBEL. [loaToMy
IIJIaBJIEHUE HAuMHAETCS NPU AOCTHKEHHM OIPEIEIIEHHON TeMIepaTypsl,
KoTopass M Oyner TemmepaTypod IuiaBieHus. JlanmbpHeiniee moaBeacHHe
KOJIMYECTBA TEIUIOTHI IIPUBOJUT K TOMY, YTO Bce OOJIbIIasi 4acTh aTOMOB
MIepEXOANT B XHAKYIO (a3y. Bes momBoammas TemoTa pacxolyercst Ha
paspylLlieHHEe KpUCTauIndecKoi pemeTky. [103ToMy moka Tea0 MOJHOCTbIO
HE PacCIUIaBUTCS, €ro TEMIIEPATypa BMECTE C PACILIaBOM HE ITOBBILIACTCA.

Kpucmannuzayua. Ilpouecc mepexojga BEIECTBA U3 KUAKOTIO CO-
CTOSIHUSI B TBEPJIOE HA3BIBACTCS omeepoesanuem. B pesynbrate oTBepae-
BaHMS MOTYT 00pa30BaThCs KaK KPUCTAIMIECKHE, TaK U aMOp(HBIE Tena.
[Mpouecc oOpa3oBaHUS U3 KUIKOCTH KPUCTAJUIOB HA3BIBAIOT KPUCHALIU-
3ayuet.

PaccMmoTpuM MexaHU3M KpucTauusanuu. [Ipu oxnaxaeHuu xKUIKo-
CTH YMEHBIIAECTCA KUHETUYECKAas JHEPIus IOCTYNATENbHOIO JBHKCHUS
MOJIEKYJI, IPOUCXOAUT yMEHbIIEHHE UX NoABMKHOCTU. Korna temnepary-
pa JKUAKOCTH CTAaHOBUTCSI PaBHOM TeMIEpaType, IpU KOTOPOH IPOMCXO-
JUJIO TUTABJIEHHE, HA3bIBAEMOM B 3TOM CIIy4dae TEMIIEPATypoi KpHCTaLIU-
3alUM, HAYMHAETCS POCT KPUCTAIIIMKOB BOKPYT LIEHTPOB KPUCTAJITU3ALUY,
KOTOPBIMU MOTYT CIY>KUTb B3BELICHHBIE B JKUAKOCTU TBEPIbIC YACTHILIBI
(IBUTHHKN).

IIponecc xpucTamIu3anuu COIPOBOKIACTCS BBLACICHUEM TOIO XKe
KOJIMYECTBA TEIIOTHI, KOTOpoe OBIJIO 3aTpadeHo Ha IuiaBieHue. Ecimm ox-
JaXXIeHUe YKUIKOCTH HE COMPOBOXKIACTCS 00pa3oBaHWEM KPHCTAIJIOB, TO
MIPEBPALICHUE €€ B TBEPIOE COCTOSHHE MPOUCXOIUT 33 CUET YBEIUYEHHS
BSI3KOCTH (BBIJEIICHNUE TEIUIOTHI IPH 3TOM HE IIPOHCXOJINT).

TemmnepaTypa miaBleHUs KPUCTAUIMYECKUX TeN 3aBHCUT HE TONBKO
OT CTPOEHMS KPHCTAJUIOB, HO U OT jAaBieHus. Kpupas 3aBUCHUMOCTH TeM-
NepaTypsl IUIABIEHHS OT JIABJICHUS Ha3BIBACTCS KPUBOLL NIABNCHUSA.

VY OONBIIMHCTBA BEIIECTB C IOBBIIICHWEM [aBIICHHUS TeMIeparypa
IUTaBJIeHUs Bo3pacraeT. OHAKO y HEKOTOPHIX BEIIECTB HA000POT (BOIa,
YyryH, BACMYT, CypbMa).

Touka kpuBOll mnaBneHust (Touka A) COOTBETCTBYET PABHOBECHBIM
IBYX(a3HBIM COCTOSHHSM KPUCHAAUYECKOe Meno — JHcuokocmy. Touku



BHE ITOW KPHUBOH M300paxar0T WM TBEPJOE, WIN KUIKOE COCTOSHHE Be-
1eCTBa.

Puc. 10
Huazpamma nepexoda Kpucmani — JHcuOKocms (Kpueas niagienus)

TO‘{KI/I, HaxXogAIuecs JIEBEC M BBIIIC KpHBOfI IIJIaBJICHUS, COOTBCT-
CTBYIOT KPUCTANIMICCKOMY COCTOAHHUIO BCIICCTBA, 4 TOUKH HMIXKXC M IIpa-
BC€C KpHBOﬁ IJIaBJICHHUA O3HAYalOT ) KUAKOC COCTOSAHUE BEIICCTBA.

HpOBe,I[SI AHAJIOTMYHBIC PACCYKIACHUS IJId BCIIECTB, Y KOTOPBIX C 11O~
BBINICHUEM JABJICHUS TEMIICpaTypa MUIaBJICHUA MOHMXKACTCS, MOXKHO IIO-
Ka3aTb, YTO TOYKH, JIC)KAIIUC BBIIIC U ITpaBEC KpPIBOfI IJI1aBJICHHUA, COOT-
BETCTBYIOT XKHUJAKOMY COCTOAHHIO, @ HMKE U JICBEC 3TOH KpHBOfI — Kpu-
CTAJNTHYCCKOMY.

Cybnumayusa. Juazpamma nepexooa kpucmani — 2a3

[Ipn HarpeBaHMM TBEpAbIC TeIa CHAYaNa IUIABSTCS, a 3aTEM HCTaps-
torcsa. OfHAKO HEKOTOpBIE BelecTBa (Jen, Hox, OpoMm, HadTaIUH ¥ Ap.)
MIpeBpalaoTcs B ap, MUHYS JKuIKoe cocTosiHue. [Iponece mepexona Be-
IECTBA U3 TBEPJIOTO COCTOSHUS B ['a3000pa3HOE HA3BIBACTCA CyOIUMAyUeti
UIIH 80320HKOU.

JlaBneHne HaCBHIICHHOTO Tapa HaJ KPUCTAIIOM, T. €. Iapa, HaXoAs-
IIEeToCs] B AMHAMUYIECKOM PaBHOBECHH C TBEPBIM TEJIOM, 3aBHCHUT OT TEM-
TIepaTypel.

Toukn, HaxomsAmuecs BBINIE KPHBOHW CyOJIMMAamiM, COOTBETCTBYIOT
KPHUCTAIIMYECKOMY COCTOSTHHIO BELIECTBA, & HMWXKE 3TOM KPHBOW — Ta3o-
00pa3HOMY COCTOSIHHIO.

IIpu noBbllIeHNM aBieHHsA (Touka B) ra3 mpeBpamaercs B KpH-
CTaJUI, TOCKOJIBKY C MOBBIIMICHUEM JABICHUS PACCTOSHHUE MEXKIY MOJIEKY-
JIaMH Ta3a YMEHBINACTCS, 3HAYMTENBHO BO3PACTAIOT CHJIBI HMPUTSDKCHHS,
YTO ¥ IPUBOANT K KPHCTAIUTH3AITHH.

[Tpn moBbImIEHNH TeMNEpaTypbl NPH MOCTOSHHOM JaBICHUH (TOY-
ka C) KpUcTaJul IpeBpalaeTcs B ras.

Y



Puc. 11
Jluaepamma nepexoda kpucmann — 2as (Kpusas cyoaumayuu)

Takum o6pa3om, (azoBble Mepexoabl NEPBOro poAa OCYIIECTBISIIOT-
Csl TIPH MIOCTOSIHHOM Temriepatype. DHTponust 1 00beM COBEpIIaloIIeil e-
PEXOA CUCTEMBI IIPETEPIEBAIOT U3MEHEHUs. Da30BbIE IEPEXOAbI BTOPOrO
poZa XapaKTepU3YIOTCs IOCTOSHCTBOM 00beMa U SHTPOIMHUH, HO CKa4Ko00-
pa3sHBIM M3MEHEHHEM TerutoeMKocTH. K (a3oBEIM mepexomamM BTOPOTO po-
Jla OTHOCATCA: IEPEXObl MEXKIY Pa3IMYHBIMU KPUCTAUIMYECKHMMHU MOJIU-
(UKaMAMHE BEIIECTBA; IIEPeX0] MEXIy ABYMs XuAKMMH (azamu re-
nus — He-1 u He-1I, BTOpas u3 koTophix 00NagaeT CBOMCTBAMU CBEPXTeE-
KY4ECTH.

PaccmoTpuM nuarpaMMy COCTOSHUM, IPEACTaBIAIOILYI0 KPUBBIC 3a-
BHCHMOCTH TEMITEpaTypbl ()a30BOT0 Iepexoia OT JaBlICHHSA. JTH JHHUH
Pa3IEIAIOT IUIOCKOCTh HA 00JIACTH, COOTBETCTBYIOIIHE PABHOBECHOMY Cy-
IIECTBOBAaHMIO 0JHO(a3HOI crucTeMbl. TUNMYHBIN TpUMeEp JUarpaMMbl CO-
cTosiHuH ((ha30BOIl JUarpaMMBbl) IPUBEACH HA pUCYHKE 12.

JKHIOKOCTh ___
Ph i i3
TBEpIOe LR
TEeno |
274
P
p T
ras
Tm ¥
Puc. 12

Kpusvie 3asucumocmu memnepamypul pazoo2o nepexooa om 0asneHus

W3 nHauana KoopAMHAT K TPOMHOU Touke 7 UIET KpUBasl IEPeEXoa U3
TBEPION B Ta3000pasHylo a3y — KpuBas BO3TOHKH. B TpoifHO# TOoYKe
MOTYT OTHOBPEMEHHO COCYIIECTBOBATh TPU (pa3bl — TBepAasi, KAAKAS H
razoo0pasHas. [Ipu maBieHHAX OOJlee HU3KHUX, YEM JaBJICHHE B 3TOH TOUKE,



KHUJKOCTh He cymecTByeT. OT TpoiHOIl TOUKM HIYT ABE KPUBBIC: ILIaBIIE-
HUS W WCHApeHHs KUAKOCTH. Bee Tpu KpHBBIE MMEIOT IOJIOKHUTEITHHBIN
HakJIOH. J[eiCTBUTENHHO, TIepexoa K Oollee BBICOKOTEMIIEpaTypHOH (a3se,
TpeOyromui moxsoaa temia (S, —S; > 0), compoBoxmaeTcss OOBIYHO H
yBennuenneM obbema (V, — V> 0). KpuBas mmaBieHus HAET Tropasio
Kpy4e JBYX OCTAJIbHBIX, HUTJIe HE KOHYAETCSL.

Kpusas ucnapeHus uMeeT mpenen B HEKOTOpoH Touke K, Tak Ha3bl-
BaeMOM Kpurudeckoi Touke. IIpu Temneparypax Bblllle KPUTHYECKOH HE
Op1BaeT (ha30BOroO mepexona. ITo 03HAYAET, YTO U3 KHJIKOTO B ra3000pas-
HOE COCTOSHHE BELIECTBO MOXKHO MEPEBECTH, MHUHYS KPHUBYIO KHIICHHS.
Tak, n3 cocrostHust / BEIIECTBO MOXXHO NEPEBECTH B COCTOSTHHE 2 Kak I10
IIPSIMOH, KOTZla B HEKOTOPOH TOUYKE MPOMCXOAUT (Pa3oBoe MpeBpalieHHe,
TaK ¥ 1o MmyTH /—3—4—2, Korja coCTOSIHHE MEHSETCsI HePepbIBHBIM 00pa-
30M. B onpezneneHHOM cMBIC/IE MOXKHO CKa3aTh, YTO pa3jIMuue MEXIy ra-
30M ¥ )KHAKOCTBIO CKOpee KOJMYECTBEHHOE, YeM KauecTBeHHOe. OTCyTCT-
BHE «OOPBIBOBY» Y KPWBHIX IUIABJICHHUS W CYOJIMMAITNH 3allpeliaeT Hempe-
PBIBHBIN MEPEXOA MEXIY TBEPIBIM U XKHUAKHM U MEXAY TBEPIBIM H Ia30-
00pa3HBIM COCTOSTHUSMH.



XUMNYECKAA TEPMOOUHAMUKA

Tepmoounamuxka — Hayka, HW3ydarolias B3aUMHbIE I[PEBPAIICHUS
Pa3IMYHBIX BUJOB DHCPTUH, CBA3AHHBIC C IEPEXOAOM DHEPTHUU MEKIAY TC-
namu B (hopMe Teruta u paboTHI.

TepMmoauHAMUKA COCTOMT U3 IByX OCHOBHBIX Pa3/IeiIoOB:

o husnueckas TepMoOIMHAMUKA — HayKa, M3ydarolias Haubosee 00-
IKe 3aKOHBI TIPEBPAICHHS YHECPTHU;

® XUMHUYCCKasd TEPMOAUHAMHKA — HayKa, IpeIAMCTOM U3YUCHUS KO-
TOpOf/'I ABJIAIOTCA NPEBPAICHUA PA3JIMYHBIX BUAOB DHCPTrUU IIPU XUMHUYC-
CKHX PEaKIHsX, T. €. XHMUYECKOI SJHEPIUH.

XuMuueckas TepMOJHHAMUKA H3y4aeT HE TOJbKO COOTHOIICHHS Me-
Ky XUMHUYECKOW M JPYTUMHU BUAAMH SHEPTHid, HO M MCCIEIYET BO3MOX-
HOCTH | TPe/ie CAMOIPOU3BOIBHOTO MPOTEKAHUS XUMHIECKOTO Mpoliecca
B KOHKPETHBIX YCJIOBHUAX, 4 TAKKC COCTOTHUEC XUMUYECKOI'O paBHOBECHUA U
yCJI0BUA €T0 CMEHICHUS. Taxum 06pa30M, XUMHYCCKasA TEPMOAMHAMUKA
TIO3BOJIICT TPEACKA3bIBaTh BO3MOKHBIC HAIIPABJICHHUA W CO3HATCIIBHO
YIPaBIATh PU3NKO-XUMHUUYECKUMH MPOILIECCAMH, JISKAIMMH HE TOJBKO B
OCHOBE XHMHYECKOrO MPOM3BOJCTBA, HO M B JKU3HEACATEILHOCTH Opra-
HU3MOB. B HacTosimiee BpeMsi TEpMOJWHAMHKA OHOIOTMYECKHX CHCTEM
paccMaTpHBAEeTCs Kak OT/esbHAs HayKa, N3yJarolas PEeBpalieHue SHep-
THH U e TpaHC(HOpPMAIUU B AKHUBOM OpPTaHU3ME.

OCHOBHbIEe NOHATUSA TepMmoaAnNHaMUKU

OOBEKTOM HM3y4eHHS B TEPMOAMHAMHKE WM MPEAMETOM H3y4dEHHS
HayKH sIBJIS€TCS TEPMOJMHAMHUYECKasi CUCTeMa. DTO Teso (MM COBOKYII-
HOCTb TeJ), KOTOPOE MOXKET OOMEHUBATHCS DHEPTUEH C IPYyTHMMH TellaMu
WM BEIECTBAaMH U YCIOBHO BBIJICJICHHOE OT OKPYKAIOIIEro MPOCTPAHCTBA
Ui Oojee ymoOHOTO PAacCMOTPEHHS MPOIECCOB, MPOTEKAIOMINX B HEH.
B TepMoagnHaMuKe CHCTEMBI Pa3elsIOTCs Ha TPH BHAA.

1. H30nuposannasn cucmema — 3TO CUCTEMa, KOTOpasi He OOMEHHBa-
eTcsl ¢ OKpYy’Karolleil cpenoil HU Maccoil, Hu sHeprueil (cocya droapa).
W3onmpoBaHHas cUCTEMa CO BPEMEHEM IIEPEXOJUT B COCTOSTHUE TEPMOIH-
HAaMHUYECKOr0 paBHOBecUs. B 3TOM COCTOSHMHU, KaKk U B CTal[HOHAPHOM,
mapaMeTphbl CUCTEMBI COXPAHSIOTCA HEM3MEHHBIMHU. [lepexoa cHCcTeMbI U3
OJTHOTO PaBHOBECHOTO COCTOSIHHS B JPYroe PaBHOBECHOE COCTOSIHHC Ha-
3BIBACTCS TEPMOIMHAMHIECKHAM ITPOIIECCOM.

2. 3akpeimas cucmema — 3TO CHCTEMa, KOTOpas OOMEHHMBAETCS C
OKpY XKarollel cpemoil ToIbKO dHeprueil (Jrboe Teno, OTAANIee TEIIOTY
OKpY’Karollel cpejie iIM NPUHUMAIOLIEE e U3 CPEAbl).



3. Omkpvimas cucmema — 3TO CHUCTeMa, KOTOpasi MOXKET OOMEHH-
BaThCA C IPYTUMH CHCTEMaMH U MacCOH, U SHEpIuei.

CocrosiHUE CHCTEMBI ONpenienseTcs TepMOAMHAMHYECKAMH Mapa-
METpaMH COCTOSIHUSI — TEMIIepaTypoii, JaBIeHHEM, KOHIIEHTpaIeH, 00b-
eMoM H T. . CucTeMa XapaKTepHu3yeTcs, KpoMe TOro, TaKMMH CBOWCTBa-
MU, KaK BHYTpeHHss dHeprus U, sHranenus H, sutponus S, sHeprus ['uo6-
6ca G. IlepeuncrneHHble CBOWCTBA CHCTEMBI 3aBHCAT OT TEMIIEPaTypBbI,
JIaBIICHMS, KOHIIEHTPALMH, HE 3aBHCAT OT MEXaHMW3MOB IIyTeH Iporiecca,
OTIPEIIETISIFOTCS TOJIBKO KOHEYHBIM M Ha9aJbHBIM COCTOSTHUSMH CHCTEMEBI, 1
MIO3TOMY MX MOXHO CUHTAaTh (PYHKIUSIMHI COCTOSIHUS CHCTEMBI.

Tepmoounamuyeckue yHKYUU COCMOSIHUA — ITO JIOOBIC TIEPEMEH-
Hble (pU3MUECKHE BEJWYUHBI, 3HAYECHHS KOTOPBIX OINPEAEISAIOTCS dYepe3
TepMOJMHAMHUYECKHE MapamMeTpbl. MIX BeIM4YMHBI 3aBHCAT TOJIBKO OT Ha-
YaJbHOTO U KOHEYHOT'O COCTOSIHHSI CUCTEMBI M HE 3aBUCST OT IIyTH Iepe-
XOZ1a U3 OTHOTO COCTOSIHUS B JIPYyTOE.

Ecnm mapaMeTpsl CHCTEMBI ITpH B3aMMOIEHCTBUH €€ ¢ OKPY KarOIIMHU
TEIaMH HE M3MEHSIOTCSA C TEUCHHEM BPEMEHH, TO COCTOSHHE CHCTEMBI Ha-
3bIBA€TCS CTallIOHApHBIM. V3MeHeHne X0Tst OBl OJTHOTO IapameTpa HpHBO-
JMT K U3MECHEHHUIO COCTOSHHSI CUCTEMBI. VI3MEHEHHE COCTOSHUSI TePMOJIH-
HaMHYECKON CHCTEMBbI, CONPOBOXK/IAIOIIEECS] N3MECHEHUEM XOTsI OBl OJJHOTO
13 TapaMeTPOB BO BPEMEHH, HA3bIBACTCS MEPMOOUHAMUYECKUM NPOYECCOM.

B 3aBucuMocTH OT yCJIOBUHM IEpEXoAa CUCTEMBI U3 OJHOIO COCTOS-
HUS B IPYTO€ B TEPMOAWHAMUKE PA3NINYa0T CICIYIOMINE MPOIECCHI:

® U30TEPMHUYECKHE, MPOUCXOAAIINE IPH IOCTOSHHONW TeMIleparype:
T = const;

® y300apHsIe, MPOTEKAOIINE TIPU MOCTOSIHHOM JIaBJIeHUH: P = const;

® 130XOpHBIC, MPOTEKAIOIUE [IPU IIOCTOSIHHOM 00BbeMe: V= const;

e anrabaTHBIE, IPOTEKAONINE B YCIOBHAX MOIHOTO OTCYTCTBHS TEI-
JI000MEHa ¢ OKPYKAFOIIEH Cpemoi.

Jnst npeanbHOTO Ta3a M30TEPMUYECKHH IIPOIECC ONMUCHIBACTCS 3a-
koHoM Boiina — MapuoTra: npu nocmosnnou memnepamype u Heus-
MEHHBIX 3HAYEHUAX MACCbl 2a34 U €20 MOJAPHOU MACCbl NpousseoeHue
00véma 2aza Ha e20 0agieHue 0CMaémcs NOCMOSHHBIM.

VYpasuenue uzorepmsr: PV, = P,V,.

KrnaccugecknM TprMepoM H30TEPMHYECKOTO TpoIecca SBISETCS
KUIIEHNE KUIKOCTH WIH TUIaBJIEHHE TBEPIOTO Tella MPH MOCTOSHHOM JIaBlie-
nun. [Ipu n3oTepMudeckoM mpouecce K CHCTEMe TTOJBOJUTCS TN OTBOIUT-
Csl OTPEZICNIEHHOE KOJIMYECTBO TEIIOTHI U COBEPLIAETCS BHEIIHSIS padoTa.

IToBeneHne uaeaNpHOrO ra3a Mpu U300apUIecKoM Ipolecce MOIIH-
usiercs saxony I'eit-/Iroccaka: npu nocmosannom 0aeieHuu U HeusMeHHbIX



3HAYEHUAX MACCHL U 2a3a U €20 MOJAPHOLU MACCHl OMHOUeHUe 00béma 2a3a
K €20 abconomuotl memnepamype ocmaémes NOCMOAHHbIM.

Ypasuenue uzobapsr: Vy/T) = V5/T,.

[Ipocreiimmiie mpruMepbl H300apHBIX MPOIECCOB — HATPEBAHUE BOIBI
B OTKPBITOM COCYZE, paclIMpeHUe Taza B IFUIMHIpPE CO CBOOOIHO XOIs-
oMM mopirHeM. B o0oux ciydasix naBieHue paBHO atMocdepHomy. Jlis
OCYIIECTBIICHHS H300apHOTrO MpoIecca K CUCTEME TaKKe HaJ0 MOBOIUTh
WIA OTBOIUTH TCIUIOTY, KOTOPas PacXOMyeTcsi Ha paboTy W H3MCHEHUE
BHYTPEHHEU SHEPIUH.

[ToBeneHne raza mpu ITOM H30XOPHYECKOM MPOIIECCE MOTINHACTCS
3axony Hlapna: npu nocmosHHoM 006bEMe U HEUSMEHHbIX 3HAYEHUAX MAC-
Cbl 2a3a U €20 MOJAPHOU MACChl OMHOUIeHUe 0asNeHUs 2a3d K e2o abco-
JIHOMHOU meMnepamype 0Cmaémcst ROCMOSIHHbIM.

VYpauenue uzoxopsi: Py/T) = P,/T,.

B 0oTCyTCTBUE BHENIHHUX TOJICH (IJEKTPUIECKOTO, MATHUTHOTO U JIp.)
HM30XOPHBIA MPOLECC MPOMCXOAUT 03 COBEPINCHHs BHEIIHEH paboThI, a
HM3MEHEHHE BHYTPEHHEH SHEPTHUH CHCTEMBI B M30XOPHOM IIPOIECcCe PaBHO
MTOIBEIEHHOMY KOJIMYECTBY TEIUIOTHL.

[pu agmabaTHOM MpOIECCEe CHCTEMa MOXKET BBIITOJIHATH paboTy Haj
BHCIIHUMHU TEJTaMHU TOJBKO 3a CYeT YObLIM CBOEH BHYTpPEHHEW JSHEpPIHH.
Takum 00pazom, npu aduabamuom pacuiupeHuu 2a3 cogepuiaem pabomy
u cam oxaascoaemcs. Haobopot, npu aduabammuom cocamuu A <0 nao
2aszom cosepuiaemcs paboma u 2a3 Hazpesaemcs.

JaBnenne u 00beM B amuabaTHOM MpoIlecce M3MEHSIOTCS COTJIACHO
ypaBHeHuto [lyaccoHa:

PV =PV,

rJe Y — IOKa3aTeNb aJunadaTUIecKOro IMpoIecca, OMPENeNATCS OTHOIIe-
HUEM MOJISIPHBIX TEIUIOEMKOCTEH ras3a Ipru MOCTOSAHHOM JaBJICHUU U I10-
CTOSTHHOM 00OBeMe.

OcymecTBUTh anuadaTHBIN MPOLIECC MOXKHO, OKPYKHB CHCTEMY TEll-
nousonupytomnieir 00omoukoii. CaMblii TIPOCTON MpuMep Takoi 0005104-
k1 — TepMoc. Ho agmaGaTHRIM MOXeT OBITh W IPOIECC, MPOTCKAFOIIUHA
TaK OBICTPO, YTO TEIUIOOOMEH C OKPY’KaloIIei cpemoil He yCIeBaeT Mmpo-
M30MTH WM HACTOJBKO Majl, YTO UM MOXKHO IpeHeOpedb. OmBIT MOKa3bl-
BaeT, YTO MpH afuabaTHOM IIPOIlecce U3MEHSIOTCSA BCe TPH IMapaMeTpa co-
CTOsTHMSA: Temneparypa 7, naBienue P, 006ém V. Hanpumep, npu OsicTpoM
CKaTHM Ta3za ero TeMIlepaTypa IOBBIIIACTCS, a TMPH OBICTPOM pacIIHpe-
HUHM — TIOHmkaeTcs. IIpu anmabaTHOM pacIIMpeHHH BO3IyXa ero TeMIle-
patypa MOXeT IOHH3HUThCS HACTONBKO, 4TO 0oOpa3yeTcs TymMaH. Harpersie
CIIOM BO3IyXa OT 3eMJIM OBICTPO HOAHUMAIOTCS BBEPX, PACIIHPSIOTCS



B 0oJiee XOJIOJHBIX CIOSIX U OXJIaXAatoTcs. Tak o0pa3yroTcst KydeBble 00-
naka. HarpeBanue Bo3ayxa TpH OBICTPOM CHKATHU HWCIIONB3YETCS B -
3CJIBHBIX ABUIATCIIAX IJI 3aKUTaHUSL I‘Op}O‘-IGﬁ CMECH.

TepmoanHamuka Oa3WpyeTcs Ha NIBYX OCHOBHBIX 3aKOHAX, ITOJNY-
YHBINHMX HA3BaHHE TIEPBOTO M BTOPOTO HavYall TEPMOTUHAMUKH.

MNepBoe Hayano TepMoAMHAMUKM
(3akoH coxpaHeHuUs 3Heprumn)

[lepBoe Havamo TEepMOAWHAMUKH, OOOCHOBaHHOE JIOMOHOCOBBIM,
Maiiepom, I'eccom, JIkoyseM U IIp., U €CThb 3aKOH COXPAHEHUS DHEPIHH.
DTOT 3aKOH BBIMOIHAETCS BO BCEX SABJICHUSX MPHUPOIBI U TOATBEPIKIAETCS
BCEM OIIBITOM YEJIOBEUECTRA.

TepMoanHaMuKa paccMaTpHBaeT MPEHUMYIIECTBEHHO IBE (DOPMEI, B
BHZIE KOTOPBIX HMPOUCXOIUT NPEBPALICHNE 3HEPTHH B TEIIOTY M PadoTy.
IlepBoe Hayano TEPMOAMHAMUKU U YCTAHABIMBAET COOTHOLIEHHE MEXAY
TEIUIOBOM 3Hepruei (Q) u padotoit (4) mpu U3MEHEHUU OOIICH MM BHYT-
penHeii snepruu cucremsl (AU).

IlepBoe Hauano TEPMOAMHAMMKHM UMEET HECKOIBbKO (hOPMYIHUPOBOK,
OJTHAKO BCE OHM BBIPAXKAIOT OJHY H Ty XK€ CyTh: HEHCUE3a€MOCTb U IKBH-
BaJEHTHOCTh PHEPIHH IIPU B3aMMHBIX IIEPEXOAaX Pa3lUYHBIX BHUIOB €€ B
Ipyr apyra. Ho mepBeIii 3ak0H He 00BSICHAET, B KAKOM HaIlPaBJICHUH IIPO-
HUCXOZST IIPOLIECCHI.

JInist TEeTUTOBBIX MPOLIECCOB IEPBOEC HAYAIO0 TEPMOIUHAMUKH (popmy-
JHUPYeTCs CICAYIOUIMM O00pa3oM: KOAUUeCmeo Menjiomvl, NepeoaHHoe
cucmeme, udem HA U3MeHeHUe HYMPEHHell FHePIUU CUCeEMbL U cogepule-
HUe cucmemou pabomol:

O0=AU-4.

Ilon BHyTpeHHeU sHeprueill cucTeMbl MOHMMAKT CyMMY KHHETHYe-
CKOHM M NOTEHIMAJbHOM SHEPIMH YacTHILl, U3 KOTOPBIX COCTOMT CHCTEMA.
BHyTpeHH:s SHeprus sBuseTcs (QYyHKIHEH COCTOSHUS CHCTEMBI W JUISA
JTAHHOT'O COCTOSIHMS SIBJIIETCSI BIIOJIHE OIpeleseHHOW BenuuuHou. AU —
€CTb Pa3HOCTh JIBYX 3HAUEHHH BHYTPEHHEW SHEPrHUH, COOTBETCTBYIOILUX
KOHEYHOMY M HaYaJIbHOMY COCTOSIHUSIM:

AU= Uz*Ul.

Bripaxenue, ob6o3Haudaroniee >JIEMEHTApHYI0 CyMMY BHYTpPEHHEMH
SHEPTUH U NPOU3BEICHHOI pabOTHI, HA3bIBAIOT 9HMANbNUEN U 0003HAUAIOT
OykBoii H.



CymecTByeT M ApPYroe OINpeleNieHHe SHTANBINK — 3TO CBOICTBO
BEIIIECTBA, yKa3bIBAIOIIEEC KOIWYECTBO YHEPTHH, KOTOPYIO MOXKHO Ipeod-
pa3oBaTh B TEIUIOTY, ONIPEEIAETCS KaK:

H=U+P/,

rae P — naBsienune; V — 0OBEM CHCTEMBI.

IIpy mocTostHHOM JaBJICHUH U3MEHEHHE DHTAJBIIUU PABHO KOJIMYe-
CTBY TEIUIOTHI, OJBEACHHOW K CHUCTEME, IOITOMY DHTANIBIIUIO YacToO Ha-
3BIBAIOT TEIUIOBOI (hYHKLIMEH WIIM TEINIOCOAEPKAHUEM, T. €. 9TO CBOMCTBO
BEIECTBA, YKA3bIBAIOIIEE KOJIUYECTBO DHEPTUU, KOTOPYIO MOXKHO Mpeod-
pa3oBarh B TEILJIOTY.

B cocTostHuM TepMOAMHAMHYECKOTO PABHOBECHUS SHTAJBIHS CHUCTE-
MBI MUHUMAJIbHA:

AH=AU.

OHranbnus u3Mepsercs B kanopusx. Hanpumep: 1 kan narpesaer 1 r
Boxsl Ha 1°C.

KonuuecTBo SHTANIBNUY BEIIECTBA OCHOBAHO HA €T0 JAHHOM TeMIle-
parype. [annas memnepamypa — 3TO 3HaUCHUE TeMIEpaTypsl, IPH KOTO-
POl 3HTaNbIMs BELIECTBA paBHA HyJO. J[pyrMMM €JI0BaMu, y BEIIECTBa
HET JOOCTYHHOH SHEpPruy, KOTOPYI0O MOXHO IpeoOpa3oBaTb B TEIUIOTY.
JlanHas TemmepaTypa y passIM4HbIX BellecTB pa3Has. Hanpumep, nanHas

TeMIiepaTrypa Boasl — 310 TpoitHas Touka (0°C), azora — —150°C, a xman-
areHToB Ha OcHOBe MeraHa u 3TaHa — —40°C u ap. (M. B. CmupHOBa,
2020).

Ecnu Temneparypa BeljecTBa BBIIIE €r0 JAaHHOH TeMIeparypsl, 3H-
TaJIBIVS BEIPAKACTCS TOJOKUTEIBHBIM, a TIPH TEMITEpaType HIDKE TaHHOH
SHTAIBIN BEUIECTBA BBIPAKACTCS OTPUIATENBHBIM YHCIOM. OHTAIBIIH
HCIIONB3YETCSl B BBIYUCICHUSAX JUIA ONpPEAENEHHs Pa3HHULBI yPOBHEN 3HEp-
THU MEXIY JBYMsI COCTOSIHMSAMH. DTO HEOOXOJMMO ISl HACTPOHKH 000py-
JIOBaHMS M ONpeAeNeHUs Ko (UIMEHTa M10Ie3HOr0 ISHCTBHS TpoLecca.

OHTaNbNUs ABISAETCS MPEINOYTUTEIBHBIM BBIpAXKEHHEM HU3MEHEHHS
9HEPrHU CHUCTEMbl BO MHOIMX XMMHYECKHX, OMOJIOTMYECKHX M (u3nye-
CKMX M3MEPEHHSX MNpPU IOCTOSHHOM AABICHHH, TaK KaK ATO YIPOIIAeT
OIHCAHUE MEPENAaUYN SHEPTHU.

MpunoxeHune nepBoro Havyana TepMOAUHAMUKM
K XMUMUYECKMM NpoLeccam

3akon I'ecca. Kak m3BecTHO, OOJNBIIMHCTBO XUMHYECKUX PEAKIHH
COIPOBOX/JAIOTCS BBIJICNICHUEM (IK30TEPMHUUIECKHE PEaKIUN) WM IOTIIO-



meHneM (SHAOTEPMUYECKHE Peaklnu) TeroTel. [lepBoe Hauano Tepmo-
JMHAMHKH AeT BO3MOKHOCTh PACCYMTATh TEIUIOBOH 3()(DEKT XUMHIESCKOM
PeaKIny MPH Pa3IMIHbIX YCIOBHUSAX €€ TPOBEICHHUS.

TerutoBoii 3pdekt (Termnora) XUMUISCKOH PEaKIUH — KOJIUIESCTBO
TETUIOTHI, BBICIUBILEHCS JTNOO MOTIOTUBIIEHCS B X0le peakuuu. Termto-
BO# 3(PEKT OTHOCAT, KaK MPABHIO, K YUCIY MOJEH MPOpearnpoBaBILETO
HCXOTHOTO BEIIECTBA, CTEXUOMETPUUCSCKIH KOG GHUIMSHT TIepe ] KOTOPhIM
MaKCHMAaJICH.

Hampumep, peakinio OKHCICHHs BOAOPOIa B XMMHUYECKON TEPMOIH-
HaMHKE 3aIMCHIBAIOT B BUJIE!

H2 + 1/202 = Hzo

1 TETUTOBOH 3((EeKT pacCUUTHIBAIOT Ha | MOJIB BOJOpO/Ia.

TemnoBeie 3heKTH, COMPOBOKIAIOIINE MPOTEKAHHE XUMHYCCKHX
peaKuuii, IBISIOTCS MPEIMETOM OJHOTO U3 Pa3feiioB XHMHUYECKOU TepMO-
JUHAMHUKA —  TepMOXuMuH. OCHOBHBIMH TOHATHSIMA  TEPMOXHMUH
SIBJISIIOTCS CIIETYIOILIHE.

1. Tennoma obpasosanus eewjecmea — TEIINOBOH dPPEKT peaknnu
oOpa3oBanusi 1 MOJISI CIIOXKHOTO BEIECTBA M3 MPOCTBIX BellecTB. Teruora
00pa3zoBaHMUs MPOCTHIX BEHIECTB MPHHUMACTCS PaBHOU HYIIO.

2. Tennoma ceopanus eewjecmeéa — TeIIOBOH 3PdekT peakuun
OKHCJIeHUs | MOJIS BEIIeCTBa B M30BITKE KUCIOPOIA 10 BBICIIUX YCTOHYU-
BBIX OKCHJIOB.

3. Tennoma pacmeopenus — TEIIOBOH dPPEKT mpoliecca pacTBOpe-
Hust 1 Mouist BeliecTBa B GECKOHEUHO OOJIBIIOM KOJIMYECTBE PACTBOPHUTEIIS.
Ternora pacTBOpeHHsT CKJIAIBIBACTCS W3 JABYX COCTABIIIONINX: TEIUIOTHI
pa3pyUICHUs] KPUCTAIUTMYECKON peIIeTKH (IJIs1 TBEPIOTO BEIIECTBA) M TEl-
JIOTHI CONbBAaTalUK. Tak Kak Ha pa3pyllcHHE KPUCTAJUTUYECKON pPEIICTKH
HEOOXOMMO 3aTPaTUTh SHEPTHIO, & IPU COJIBBATAIIMN YHEPTHSI BHIACISCT-
Csl, TO B 3aBUCHUMOCTH OT COOTHOLIEHHS 3TUX BHJOB SHEPTHH IPOLIECC pac-
TBOPEHHSI MOXKET OBITH 3H/I0- WJIN SK30TEPMHUIECKHIM.

YacTHBIM ClTy4yaeM MepBOro Hayalla TePMOJANHAMUKY SIBISIETCS 3aKOH
I'ecca — OCHOBHOI 3aKOH TEPMOXHUMUU:

Tennosoii s¢hpexm xumuueckoil peakyuu, nPOBOOUMOU 8 U300aPHO-
U30MEPMUYECKUX UAU  USOXOPHO-U30MEPMUYECKUX YCI08UAX, 3A6UCUM
MONILKO OM GUOA U COCMOSIHUSL UCXOOHBIX eujecme U NPoOYKmMos peaxkyuu
U He 3a8Ucum om nymu eé npomexaHus.

Panee ObUTO MOKa3aHO, YTO M3MEHEHME SHTANbIMU AH (TEMnoBoi
s ekt usobapuoro npouecca O,) ¥ KI3SMEHEHUE BHYTpeHHEH sHeprun AU
(TeroBoit A PekT n30xopHOTO Mporecca (,) He 3aBUCAT OT MYTH, IO KO-
TOPOMY CHCTEMa IIEPEXOAUT U3 HAJaIbHOTO COCTOSHHS B KOHEUHOE.



PaccMOTpuM HEKOTOpBIH 00OOIIEHHBIH XMMHUYSCKHH MpoLecc Ipe-
BpAIICHUS] UCXOTHBIX BEIIECTB A1, A,, As, ... B IPOAYKTHI peakuuu By, B,,
Bs, ..., KOTOPBIN MOXET OBITh OCYIIECTBICH PA3IMYHBIMH IyTSAMH B OITHY
WJTM HECKOJIBKO CTaJHi:

A
Y %
AHy

ApAgAg... B1,B2,Bs...

AHp AHy

CornacHo 3akoHy I'ecca, TeruioBble 3PQEKTH BCEX 3THX PEaKIUH
CBSI3aHBI CIIEAYIOLINM COOTHOIICHUEM:

AH, = AH, + AH; = AH, + AHs + AHj.

[IpakTHueckoe 3HaUeHHWE 3aKOHA ['ecca COCTOMT B TOM, YTO OH IO-
3BOJIICT PACCUUTHIBATH TEIUIOBBIC 3(M(EKTHl XUMHYCCKUX MPOLECCOB.
B TepMOXUMHUYECKHX pacueTax OOBIYHO HCIIONB3YHOT PsNl CICACTBUIA W3
3akoHa I'ecca.

1. TernoBoi#t 3¢ dext mpsAmMOit peakuy paBeH MO BEIWYNHE U IPOTH-
BOTIOJIOXKEH TI0 3HAKY TEIUIOBOMY 3P QeKTy oOpaTHO# peaknuu (3akoH Jla-
Byasbe — Jlamaca).

2. JInst IBYX peaknuii, AMCIOIINX OAWHAKOBEIC UCXOHbIC, HO pa3HBIE
KOHEYHBIC COCTOSHHS, PAa3HOCTh TEIUIOBHIX 3((EKTOB MPEICTABIET CO-
00i1 TeroBo# AP deKT mepexoa U3 OJAHOrO KOHEYHOTO COCTOSIHUS B JIPY-
roe.

C+0,—-CO+,0, AH,
C+ 02 — COz AHQ
CO+',0,—CO, AH;
AH3 = AHZ — AHI

3. nst AByX peakiuii, IMEIOIINX OJMHAKOBbIE KOHEUHbIE, HO pa3HbIe
HUCXOJHBIE COCTOSHUS, Pa3HOCTh TEIJIOBBIX 3(P(HEKTOB MPEICTABIAET CO-
0011 TerIoBO# 3PdeKT mepexona U3 OJTHOTO UCXOJHOTO COCTOSIHUS B JIPY-
roe.

C(ammaz) + O, — CO, AH,
C(rpadur) + 0> — CO, AH,
C(anmmaz) — C(rpadut) AH;
AH; = AH, — AH,



4. TernoBo#t 3(h(heKT XUMUIECKOH peakIMd PaBeH Pa3HOCTH CYyMM
TETIOT 00pa30BaHMs HPOAYKTOB PEAKIMH M HCXOIHBIX BEIIECTB, YMHO-
JKEHHBIX Ha CTEXHOMETpHIEeCKHe KO PHUITHESHTHI.

AH = Z(ViAHot')p)npon S\ AH06p)ncx~
5. TeroBo#t 3pPeKT XUMHUECKOW PEaKIMH PaBeH Pa3HOCTH CYMM
TETIOT CTOPaHMs MCXOJHBIX BEIIECTB M NMPOAYKTOB PEaKIUH, YMHO)KCH-
HBIX Ha CTEXHOMETpHIECKUe KOd(PUIIIEeHTHI.

AH = Z(vi APlcrop)mcx - Z(vi AHcrop)npoa-

3axon Kupxeogpgha. 3asucumocmov mennogozo s¢pghexma peaxyuu om
memnepamypbl.

B obmem ciydae TernoBoid 3QPEeKT XUMHUIECKOH peakiii 3aBUCHT
OT TeMIIepaTyphbl U JaBJCHHs, IIPU KOTOPHIX MPOBOAUTCS peakius. Bims-
HueM gaBneHus Ha AH u AU peakiuu oObIMHO TpeHeOperaroT. BimsHue
TEMIEPaTypbl Ha BEIMYUHBI TEIUIOBBIX 3((EKTOB ONHUCHIBACT 3aKOH Kupx-
rogoda:

TemnepamypHoiii K03¢hpuyuenm mennogozo 3ghgekma xumuyeckou
peaxkyuu pasen UsMeHeHUI0 Meni0emMKoOCmu CUCIeMbl 8 X00e PeaKyui.

AHTZ = AHTI + ACP(TZ - Tl),

AUTZ = AUTI + ACV(TZ — Tl))
rae ACP n ACV — HU3MCHCHUC TCIINIOEMKOCTH CHUCTCMBI B I/I306apHLIX nu
HN30XOPHBIX YyCJIOBUAX.

ITockonbKy M3BECTHBI TAOMHMYHBIC 3HAYCHUS CTAHAAPTHBIX TEILTOBBIX
3¢ pextoB AHCy9g5 1 AUp9g, 3TH BBIPAXKECHUS MOXKHO MPEICTABUTH B BUJIE:

AH°t = AH®7;3 + AC°p(T — 273),
AU°t = AU®,73 + ACW(T —273).

IIpu pacyere W3MEHEHHS TEIUIOBOrO 3((peKTa peakuuu B OONBIIOM
HHTEpBaJle TEMIIEPAaTyp HEOOXOAUMO YYUTBHIBATH 3aBHCHMOCTb TEILIOEM-
KOCTH OT TEMIIepPaTyphl, KOTOpas BBIPAXKACTCS CTCNCHHBIM PSIIOM:
Cop=aTl + bT + ¢T°; k0>dUUMCHTH @, b, ¢ IPUBEICHB B CIPABOUHH-
Kax.

BTopoe Hauyano rTepMoanHaMUKKU

Bropoil 3ak0H TEpMOAMHAMMKH, KaK ¥ IEPBbIA, YCTAHOBJIEH SMIIU-
pudeckuM nmyreM. Bropoe Hagano TepMOANHAMUKY [103BOJIET OIPENENATh
HamnpaBJIeHHE NPEBPaIIeHNs JHEPTHH, T. €. IPEJCKa3aTh, KAKON MPOLECC U
B KaKOM HaNpaBJICHUU MOXKET MIPOTEKATh NP JaHHBIX MapaMeTpax TEpMO-
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JUHAMHYECKOH cucTeMbl. BaxkHOe mpakTHYecKoe 3HAYSHUE e€r0 COCTOUT B
TOM, YTO OH pa3peniaeT BOMPOCH 0OpaTHMOCTH M HEOOpaTHUMOCTH (H3H-
KO-XHMMHYECKUX MPOIECCOB, ITepexo/ia TeIUIOTH B padoTy M 0OpaTHO. 3Has
HaTIpaBJICHHE TIEPEX01a YHEPTHH B ONPEACTICHHBIX YCIOBUIX, BCETIa MOXK-
HO TIOJYYUTh MOJIE3HYIO padoTy.

CylecTByeT HECKONBKO (hOPMYIHPOBOK BTOPOTO Havajga TEPMOJIU-
HaMUKH.

1. Termora cama co0oif HE MOXKET MEPEXOAUTHh OT TeNa C MEHBIIEH
TeMIepaTypoil K Temy c Oosiee Bbicokoi Temmepatypoi (P. Kmayswmyc,
1850).

2. HeBO3MOXEH TePMOAMHAMUYCCKUHA MPOLECC, SANHCTBEHHBIM pe-
3yJIETATOM KOTOPOTO OBUIO OBI IPEBpAIICHHE TEILIOTH B paOOTy BCIICACT-
BHe oxyaxaeHust ogHoro tena (Y. Tomcon, 1851).

CMbICT BTOpPOro Ha4dajla TCPMOAUHAMHKHN 3aKIHOYaCTCA B TOM, 4YTO
BCE TIPOIECCHl TPEBPAIICHHUS IPOTEKAIOT C PACCEMBAHHEM HEKOTOPOH
OHEPTUHU B BUJIC TCILIA.

MOXHO TIPEATIONOKHTE, YTO MPEBpAIIeHNe Pa3IHIHBIX BHIOB dHEP-
THH B TEIUIOTY MPUBOIUT K 0OCCIICHUBAHMIO dHeprun. Ho Termno kak onuH
U3 BUJIOB DHEPTUH, B 3aBUCHMOCTH OT TEMIICPATYPHBIX YCJIOBHUI, MMEET
Pa3NMYHYI [EHHOCTh. Hampumep, MOHMXECHHE TEMIepaTypbl CHCTEMBI
MOJKET OBITh CBSI3aHO C MIEPEX0J0M HEKOTOPOTo KOJIMUECTBA TeIIa B pabo-
Ty, IEHHOCTh ero OyJeT ropas3io BBIIIE OCTANLHOM, HE MOoJBepraBIIeiics
MIPEBPALICHUIO TEIUIOTHL. B CBSA3M C 3TUM [UIA ompenesieHus Mephl HeoOpa-
TUMOTO paccessHus sHeprun B 1865 1. P. Kimaysnycom ObUTO BBEACHO TO-
watue sumponuu (S). Torna oHa MMena y3koe 3Ha4eHHE U HCIOIb30BalIach
TOJBKO B Ka4YEeCTBE OIHOW W3 BEJIMYHMH IJISI OMUCAHUS COCTOSIHUS TEPMO-
JUHAMHYCCKHUX CUCTEM, T. €. (PM3UYCCKUX CUCTEM, COCTOSIIMX U3 OOJBIIO-
I'0 KOJIMYECTBA 4YaCTUll U CIOCOOHBIX OOMEHHBATHLCS 3Heprnel71 1 BCUICCT-
BOM C OKpy»atomieit cpenoil. [Ipobiaema 3akiarodanack B TOM, 9TO 10 KOH-
na copMyIHpOBaTh, YTO UMEHHO XapaKTEepPH3yeT SHTPOIHS, YUICHBIN He
CMOT.

VYrpouieHHO 3Ty (GopMyITy MOXKHO 3aIlUCaTh KaK:

AS=AQIT.

3T0 03HAYaeT, YTO pa3HHLA B SHTPOIMHU JBYX COCTOSHHH TEpMOJIM-
HaMu4ecKoi cuctemsl (AS) paBHa OTHOLIEHUIO KOJIMYECTBA TEILIA, 3aTpa-
YEeHHOTO Ha TO, YTOOBI M3MEHHUTH IepBOHaualbHOE cocTosHME (AQ), K
TeMIIepaType, pu KOTOpoH MpoxoauT m3MeHeHue coctosaus (7). Hanpu-
Mep, YTOOBI pacTONHUTH JIeA, HaM TpeOyeTcsl OTAAaTh eMy HEKOTOPOe KOJH-
4ecTBO Teruia. YToOs! y3HATh, KaK M3MEHHIIACh SHTPOIHS B IPOIIECCE Tast-
HUSL, HaM HYXXHO OyZIeT OAEIUTh 3TO KOJIMYECTBO Teruia (OHO OyleT 3aBH-



CeTb OT Macchl JIbJja) Ha TeMIepaTypy IUIaBlIeHHs JbAa 1o KenbBuHY
(0°C=273,15K). Otcuer maer or abcomoTHOro Hyns mo KenbBuHy
(=273°C), mocKoNBKyY TpH ATOH TeMIepaType SHTPOIHS JF00T0 BelecTBa
paBHa Hymo. Tak kak 00€ BEIMYMHBI MOJOKUTENIBHEI, TIPH MOACYETE MBI
YBHINM, YTO SHTPONHUH CTAJIO OOJbIIE. A €ClU IIPOBECTH OOpaTHYIO OIe-
panuio — 3aMopo3uTh Boay (T. €. 3a0paTh y Hee TeIio), BennuuHa AQ
OyzeT OTpHLATEIbHOM, a 3HAUNT, M SHTPOIIMU CTAaHET MEHBIIE.

OHTpOIHSI €CTh Mepa HeoOpaTHMOTO pacCesHHs YHEPrHH, KOTopas
MIPECTaBIsIET cO00M (PYHKIIUIO COCTOSIHUSI TEPMOTUHAMUIECKOW CHCTEMBI.
C Touku 3peHus GU3MKU SHTPONHMS IIPEACTABISACT co00H Mepy Heymops-
JIOYCHHOCTH CHCTEMBI, Mepy xaoca. Tak, mpu KpHCTaJUIM3alii PacTBOPa,
MIePEX0/Ie €r0 B OPraHM30BAHHOE KPUCTAIMYECKOE COCTOSHUE SHTPOINS
cucteMsl yObiBaeT. Takum 00pa3oM, yMEHBIIEHHE SHTPOIMU TOBOPUT 00
YBEIHYICHUH YIIOPSAA0YCHHOCTH. [ 0OpaTHMBIX IPOIIECCOB SHTPOIMS OC-
TaeTCsI IOCTOSIHHOM, a JJIs1 HeoOpaTHMBIX IIPOIECCOB — Bo3pacTaeT. B pe-
3ynbTaTe (PU3MUECKOro MM XMMHYECKOTO MPOIEcca BCEraa MPOHCXOIUT
W3MEHEHNe SHTponuy. M3MeHeHne SHTPONIN MOKA3bIBAET, KaKOe KOJINIECT-
BO DHEPTUM OECHOPSIOUHO PACCEMBACTCS B OKPYKAOLILYIO CPEy B BUJIE Te-
IUla TIpY OTpEJIeIeHHOM TeMneparype. B cBs3u ¢ 3TuM Tpetbio (GopMyIu-
POBKY BTOPOT'0 3aKOHA TePMOANHAMHUKU MOXHO CBECTH K CIEIYIOLIEH.

3. B M30/IMpOBAaHHBIX CHCTEMAx SHTPOINHUS HE MOXET YMEHBIIAThCS
HU TIPU KaKUX Tporieccax WM JJs JoObIX mporeccoB. AS > 0 — ypaBHe-
nHue Kimay3uyca (3aKoH HEyOBIBaHHUS SHTPOIIHH).

Bropoii 3ak0H TepMOJMHAMUKH HENb3sl 0€3 OTJIAIKH MPUMEHSTh KO
BCEM SIBJICHUSIM U MPOLIECCaM Halllero Mupa. XOpoLIuii TOMy HpUMep TpH-
Ben cam Knaysuyc: oH cuutan, 4ro 3HTponus BeeneHHol mocTosHHO pac-
TET, a MOTOMY KOT/a-HUOYAb HEM30EXKHO JOCTHIHET CBOET0 MaKCHUMY-
Ma — «TEIUIOBOM CMepTH». DTy THUIOTE3y HE MOTJIH OIPOBEPTHYTH 10
1920-x rT., TOKa aMEepPUKAHCKIH acTpOHOM DJBHH Xab0J He J0Ka3all, 4To
BcenenHast pacmmpsiercs, a 3HaYWT, €€ HEIb3s Ha3BaTh M30JIMPOBaHHOMN
TEPMOANHAMHUYECKOHN CUCTEMOH.

1872 r. aBcrpuiickuii ¢pusuk Jlroapur boibiiMaH BeIBEIT HOBYIO (op-
MyJIy, TO3BOJSIONIYI0 PAaCCUMTHIBATH A0CONIOTHOE 3HAUEHHE SHTPOIHU.
Omna BBITTISINT TakK:

S=k-InW,

rne S — SHTpomus; kK — KoHCTaHTa boipliMaHa, nMeromas Hen3MEHHOE
3HaYCHUC, W — CTaTUCTUYCCKHUM BEC COCTOSHHS.

Koncranra bonbimana — ¢u3ndeckas MOCTOSHHAS, ONPEASIISIONIast
CBSI3b MEXJy TeMIiepaTypoi u sueprueil. E€ 3nauenue B MexxayHapoiHoi
cucreme exunui CH pasno 1.38 - 102 Jx/K.



IlocrosinHas bonbiMaHa SBISETCS YacTblO 3HAUYUTENIBHOIO YHCIA
dbopMyn B ¢usuke. YHUBEpCaNbHAs ra3oBas MOCTOSHHAS OMpEAeIseTcs
KakK IpoM3BeieHUE TOCTOsIHHON bosbliMaHa Ha yncino ABoraapo. OToT Ko-
3¢ }uUIMEHT BXOJUT B YpaBHEHHS CPEJHEI SHEPIHU MOJIEKYJIbI, COCTOSTHUS
HEaNbHOTO ra3a, KWHETUUECKON TeOpUH rasa, pacipeaencHus bombuMa-
Ha — MakcBelna 1 MHOTHE JIpyTue.

Bnaronaps stoit opMmyse SHTpONHS U cTajla MOHUMATHCS KaKk Mepa
YIOPSAZOUYEHHOCTH CHCTEMBI. CTaTHCTHYECKUH Bec cocTosHus (W) — 310
YHCIO0 CIoco00B, KOTOPBIME MOXKHO €ro peann3oBars. Hampmmep, ecim
MIPEICTaBUTh CBOW pabOUMil CTOJI, HE TPYJHO IMOHSTh, CKOJIBKUMHM CIIOCO-
06amMM Ha HEM MOKHO HaBECTU OTHOCHUTEJILHBINA IOPSIOK U CKOJBKHMH —
noiHbIN Oecnopsiok. Ilomydaercsi, 4To CTATHCTHYECKHH BEC «XaoTH4-
HBIX» COCTOSHMI Topa3no Oouibllle, 3HAYUT, OOJIBIIE M HMX JHTPOIHMS.
B 3TOM KOHTEKCTe HOBBIM CMBICT MPUOOpPETaeT U BTOPOI 3aKOH TEPMOIU-
HAaMUKU: IPOLECCHl HE MOTYT CAMOIPOM3BOJBHO IPOTEKATH B CTOPOHY
YBEIMUeHNS Topsaka. TakuM oOpa3oM, dyeM OOIbIIe yIopsIOYeHHOCTh B
CHCTEME, TEM MEHBIIE €€ TEPMOAMHAMHYECKAask BEPOSATHOCTb W, CIENOBa-
TEJIbHO, TEM MEHBIIIE YHTPOIMHS.

Co BpemeHnu nosineHust GopMyisl borbiMaHa TEPMHH «3HTPOIIHS
MIPOHUK MPAKTHYECKH BO Bce 00JIACTH HAYKH M 0OPOC Pa3HBIMHU MapasioK-
camu. ['maBHBII napagokc, UAYIIUN Bpa3pe3 CO BTOPbIM HAa4alOM TEPMO-
JUHAMHKH, — 3TO CYIIECTBOBaHHWE M (YHKIIMOHWPOBAHHE >XHBBIX CY-
HIECTB.

TpeTbe Hayano TepmMogUHaAMUKU

BHyTpeHHIOI0 3HEPTUIO0 CHCTEMBI MOXXHO YCIIOBHO TIPEICTAaBUTH B
BHZIE CYMMBI JIByX BEITMUMH «CBOOOTHON» M «CBSI3aHHOW» SHepruu. Bos-
MOYKHOCTb PAacCUHTaTh BEIIMYMHY «CBOOOITHOI» DHEPTHH, T. €. TOW YaCTH
BHYTPEHHEH 3HEPTHU CHCTEMBI, KOTOPYIO MOXKHO NPEBPATUTh B PadoTy,
Jaet TeruioBas Teopema HepHcra, Ha3biBaeMasi TakKe TPETHUM HAYAIOM
TEPMOTMHAMHUKH.

OCHOBHBIE TIOJOXKEHUSI TEIUIOBOW TEOPEMBI 3aKII0YaroTCs B Clie-
IYIOIIEM.

1. IIpu abCoMIOTHOM HyJIe TeMIIepaTypsl cBOOOIHAs SHeprusi X pas-
Ha TeruioTe nporecca: Xy = Q.

2. Ilpu TemmepaTypax, ONU3KUX K aOCONIOTHOMY HYIIIO, TEIUIOCM-
KOCTb CHCTEMBI PaBHA HYJIIO.

OpHoit n3 GOpMYIHPOBOK TPETHETO HAuaila TEPMOJUHAMUKU SIBIIS-
eTcsl Takke rmoctynat [lmaHka: SHTpONHs WAeaTbHOTO KpHCTalia MmpH ad-
COJIIOTHOM HYJI€ TEMIIEpaTyphl paBHA HYIIIO.



Ctporo roeops, TerioBas Teopema Heprera u moctynat [lnanka sB-
JISFOTCS CACACTBHSAME M3 BTOPOTO Hadajla TEPMOAWHAMHUKH, HO HE3aBHCH-
MO OT ATOTO OHH MMEIOT OOJIBIIIOe 3HAYCHHUE, ITO3BOJISIA PACCUUTHIBATH a0-
COJIFOTHYIO DHTPOIIHIO CHCTEMEI U, CJICIOBATCIBHO, BEIMINHY CBOOOTHON
SHEPTUH CUCTEMBI.

Tepmoounamuueckue nomenyuansvi. VI3MEHEHHWE SHTPONHUU OJHO-
3HA4YHO OIpeAesseT HalpaBlIeHHE U IpeJesl CaMOIPOU3BOJIBHOTO HpOTe-
KaHUs TIporiecca JIMIIb JUIT HanOosee MPOCTHIX, H30IMPOBAHHBIX CHCTEM.
Ha mpaktuke e B OCHOBHOM IIPHUXOAWTCA MMETh IEJO0 C CHCTEeMaMH,
B3aUMOJICUCTBYIOLIUMU C OKPY KAIOIIEH CpeIo.

[ToBeneHue mr000H TSPMOANHAMUYICCKOW CHCTEMBI B OOIEM ciIydae
oIpeeNseTcss OMHOBPEMEHHBIM JICHCTBHEM NBYX (DaKTOPOB: SHTAIBITHIA-
HOTO, OTPaXKaroOLIET0 CTPEMIICHHUE CHCTEMBI K MUHUMYMY TEILIOBOM 3Hep-
THH, ¥ SHTPOINHHMHOIO, OTPAYKAIOIIET0 MPOTUBOMOJIOKHYO TEHACHIIUIO —
CTpeMJICHHE CHCTEMbI K MAaKCUMAJIbHOW HEYIOpsioueHHOCTH. [y n3omu-
poBaHHBIX cucteM (AH = 0) HampaBileHHE W TPEIeNT CaMOIPONU3BOIBHOTO
MIPOTEKaHM IIPOIIecca OAHO3HAYHO OTPENEIIAIOTCS BETHIMHON U3MEHEHHS
SHTponHH cucTeMbl AS. B ciydae 3aKphITBIX CHCTEM IIPH TEMIIEpaTypax,
HE PaBHBIX HYJIO, HEOOXOIMMO OJHOBPEMEHHO YYHTHIBATH 00a (hakTopa.
Hamnpagsnenue u npeaen caMOnpOU3BOIBHOTO MPOTEKAHUS MPOIIecca B JIFO-
ObIX cucTeMax OmpenesioT Oosiee OOMIMIA MPUHIIMII MHHUMYMa CBOOO/I-
HOM SHEPIUH.

CaMOnpoOn3BOIIEHO MOTYT ITPOTEKATh TONBKO TE€ MPOILECCHI, KOTOPHIE
MIPUBOIAT K TTOHIKEHUIO CBOOOTHOMN SHEPTHH CHCTEMEBI; CHCTEMa IIPUXO-
T B COCTOSIHUC PaBHOBECHs, KOTJIa CBOOOIHAS DHEPTHs TOCTHTacT MU-
HUMAaJIBHOTO 3HAYCHHS.

Jlns 3aKpBITBIX CHCTEM, HAXOAAIIMXCA B M300apHO-U30TEPMHUECKUX
00 M30XOPHO-U30TEPMUUECKUX YCIOBHSX, CBOOOAHAS HHEPTHUsl MPUHU-
MaeT BHA H300apHO-M30TEPMUYECKOro, JHOO H30XOPHO-H30TEpPMHUYE-
cKkoro morteHMana (T.e. cBoOomHas »Heprus [mObca wm ['enpMrombia
COOTBETCTBEHHO). /laHHBIe (DYHKINH HA3BIBAIOT MHOTAA IPOCTO TEPMOIH-
HAMHUYECKHMH MOTCHIATAMH, YTO HE BIOJHE KOPPEKTHO, ITOCKOJBKY Tep-
MOJIMTHAMUYECKHMH TTOTEHIUAIAMH SIBIISIOTCS TAKXKE BHYTPCHHSS SHEPrHst
(M30XOPHO-U30HTPONMUIHBII MOTEHIMAN) U SHTANbIUS (M300apHO-U309H-
TPONHUITHBII MOTEHIIHAT).

[Ipomeccsl, KOTOPBIE COMPOBOXKAAIOTCS YBEIMYCHUEM TEPMOIMHA-
MHYECKUX TOTEHIHAJIOB, IPOTEKAIOT JIUIIG IPH COBEPIICHUHN PadOTHI M3-
BHe Haj cucteMoid. B xuMum Hambojiee 4acTo HCIOIB3yeTcs H300apHO-
M30TEPMUYCCKUIA TMOTCHIHAN, ITOCKOJNBKY OOJBIIMHCTBO XUMHYCCKHUX
(1 OMONIOTHYECKUX ) MPOLECCOB MPOUCXOIAT IIPU TIOCTOSIHHOM JIABJICHHH.



BenuunHa CTaHAApPTHOTO HW3MEHEHHsS H300apHO-U30TEPMHUYECKOTO
MOTEHIMANIa B XoJle 00O xmMmudeckoil peakmum AG°;3 ecTh Mepa
XMMHYECKOTO CPOJICTBA MCXOMHBIX BEUIECTB. MOXKHO OLIEHWTH BIHSHHE
SHTAJIBIUIHOTO W SHTPONMHUUHOTO (akTOpoB Ha BenmdnHy AG W cHenaTh
HEKOTOpBIe 0000IIAroNINe 3aKIFUYSHHS O BOSMOKHOCTH CaMOIPOU3BOIIb-
HOTO MPOTEKAHHUS XMMHYCCKHX MPOLIECCOB, OCHOBHIBAsCH HAa 3HAKE BEIU-
yuH AH u AS.

1. Ox3oTepmuueckue peakuun; AH < 0.

a) Ecmm AS > 0, To AG Bcernia oTpunaTenbHo; 3K30TEPMHUYECKUE Pe-
aKIMH, COIPOBOKAAIOIINECS YBEIMUCHUEM SHTPOIHH, BCETIA IPOTEKAIOT
CaMOIIPOU3BOJIBHO.

0) Ecm AS <0, peakius OyneT MATH caMONPOH3BONBHO mpu AH >
> TAS (Hu3KUE TeMIIepaTypsl).

2. OHpotepMuueckue peakuu; AH > 0.

a) Ecmu AS > 0, nporiecc Oyaer camonpou3BodbHBIM Tipu AH < TAS
(BBICOKHE TeMIIEpaTyphl).

0) Ecmu AS <0, To AG Bcerna MmoJIOKUTEIHHO; CaMOIPOU3BOILHOE
MPOTEKaHUE YHIOTCPMHIUYCCKHX PEaKIU, COMPOBOKIAONINXCS YMEHBIIIE-
HHUEM DHTPOIIHHU, HCBO3MOXKHO.

TepMO,qVIHaMVIKa 6MoNorM4YecKknMx cucTem

TepmoauHamMuKa GHOJIOTHYECKUX CUCTEM — 3TO pasJiesl OMo(pHU3UKH,
W3yYalOIMi NpEeBpaIlleHne 3HEPTUH U ee TpaHC(HOpMalUK B )KUBOM Opra-
HU3ME.

[Ipobiema MPOMCXOXKICHUS U CYIIHOCTH JKU3HH BCETAa HAXOAWIACh
B IIEHTpE BHUMaHHA QIIOCO(OUN U €CTECTBEHHON HayKH M BCETAa B 00b-
SCHEHNN (DEHOMEHA >KU3HM CYLIECTBOBAIN JIBE MPOTHBOIOIOXHBIE TOUKH
3pEHUsI — MEXaHMWIM3M (WM MaTepHaIUCTUYECKas) W BUTAIN3M (WIN
neanCcTHYECKast).

MexanuimsMm (0T epey. mechane — opyane, CoopykeHHe) 00bACHSI
KHM3Hb MCXOJSl U3 OOBIYHBIX MEXaHMYECKHX WM (U3H4ecKux (Gopm nBH-
JKCHUS W TIPEBPALICHNs MaTepuy. MeXaHHUIIM3M OTBEpraeT BCAKOE IMPOTH-
BOIIOCTABJICHHE JKHBOTO M HEXXHMBOTO MCXO/S U3 TOTO, YTO OMOIOTHYECKHUE
SBJICHHS TIOJHOCTBIO OOBACHUMBI (PU3UKO-XMMHUECKUMH 3aKOHOMEPHO-
cTsMH. Ycrexu (U3NKH U XuMHH B KoHIe XIX — Havyanme XX B., OTKpPbI-
THE B XHBBIX TeJlaX CBOWCTB M 3aKOHOB JBM)KCHHSI HEOPTraHUYECKUX Tell
CII0COOCTBOBAJIM BO3HUKHOBEHHUIO M Pa3BUTHIO (PM3MKAM3Ma KaK €CTecT-
BEHHOHAYYHOTO MHPOBO33peHus. g dusmkanmuima, Kak ¥ AT MEXaHU-
IU3Ma B IeJIOM, XapaKTepHO OTPHIIaHWE KAa4eCTBEHHON crenn(uku doiee
CIIOKHBIX MAaTepHaFHBIX O0pa30BAHUM, MOCKOJBKY CIIOKHOE CBOIUTCS



K Ooiee MPOCTBIM 3JIE€MEHTaM, Ienoe — K cymme ero uacreil. CormacHo
MIPEICTaBICHUAM (H3UKAIHNCTOB, XM3Hb PAa3BHBACTCS, HO 1O CYyTH OHA
MIPECTABIIET TPOCTHIE (PU3UKO-XUMHUECKHE IPOoIecchl. J[oCTOMHCTBOM
¢dU3UKaIN3Ma SBISETCS TO, YTO MPOOY)KHACT CTPEMIICHHE K 3MIHpHYe-
CKOMY 3HAHHMIO KaK OCHOBE HAay4HOTO IO3HaHWs. BechMa mokazaTenbHbIM
B 3TOH CBSI3M SIBISIETCS BBICKAa3bIBAHWE U3BECTHOIO aBCTPHHCKOrO (u3nKa
Opsuna Illpenunrepa: «Kupas Matepus, XOTsI OHa M HE OTKJIOHSETCS OT
YCTAHOBJICHHBIX K HACTOSAIIEMY BpeMEHH (PH3NIECKNX 3aKOHOB, BEPOSATHO,
MTOIMHSETCS U APYTHM, €Ile He OTKPHITHIM (PM3MYECKUM 3aKOHaM, KOTO-
pble, KoTrJla OHM OyZIyT SICHO INOKAa3aHbl, COCTaBST TAKylO JK€ HEOTbEMIe-
MYIO YacTh ()M3HMKHU, KaK U TIEPBBIEY.

Butannim — koHIenuus, KOpHU KOTOPO# YXOIAT B KIIACCHYECKYIO
AapeBHOCTb. Benukuii antuunsiid duiiocod Apucrorens (IV B. 1o H.3.)
BBEJI MIOHSTHE «IHTENIEXUs», KOTOPOE IIPOTUBOIIOCTABIISAETCS «MATEPHN» U
O3HaYaeT KOHEUHYIO IPUYHHY, IIeJIb, HICI0 O COBEPIIEHCTBE (hOPMBI Opra-
HHU3Ma, KOTopast ¥ ympasisieT pazButueM. [lo ompeneneHuio ApHCTOTEN,
YKUBOW MIPUPOJIC MPHUCYINA «IIEJTb B CaMOH cedey.

Buramusm (0T zam. vitalis — KXU3HEHHBIH, )KHUBOH) YTBEPKAALT, UYTO
KHMBOE HE CBOJAUTCS TOJBKO K (PU3UKO-XMMHUUYECKUM SIBJICHHSIM, B HEM JICH-
CTBYIOT ellle U 0co0ble «ku3HeHHble crutbhy. [1o IllTamo, Hemerkuii Bpau
U XMMHK, aBTOpP BUTAINCTUYECKOW TEOPUH B MEULIMHE, TIABHOE VIS HKHU-
BOTO OpraHW3Ma — €Tro AyIla, OHAa YNPaBJsAeT TEJIOM U HE JOIMYCKAaeT ero
pacmiaza.

IMonoxwurenpHOE 3HAUCHNE BUTATN3Ma COCTOSUIO B KPUTHKE MEXaHH-
CTHYECKHX B3IVIAN0B Ha OMOJOTMYECKYIO NPHYNHHOCTH, B CTHMYJINPOBA-
HUH PabOT 10 OHOJIOTHYECKOI HH(POPMAIIHH.

B coBpeMeHHOM 001IecTBE 3HAUUTEIBHO BO3POCHIa Poilb Hayku. Pa3-
BUBAIOTCS KOMIUIEKCHBIE M MEXIUCIHUIUIMHAPHBIE WCCIIEI0BAaHHS, HOBBIC
CTIIOCOOBI I METOMBI TIO3HAHMUS, METOIOJIOTHUECKIE YCTAHOBKH, TTOSIBIISIOT-
Cs1 HOBBIE DJIEMEHTHI KapTHHBI MUPA, BRIICIISIOTCS HOBBIC, O0Jiee CII0KHBIC
THIBI OOBEKTOB ITO3HAHMS, XapaKTEPU3YIOIIHUECS HCTOPH3MOM, YHHBEp-
CaJIbHOCTBIO, CIIOKHOCTBIO OopraHu3anuy. OHO U3 TaKMX HOBBIX Halpas-
JIEHUH B COBPEMEHHOM €CTECTBO3HAHHUH ITPEACTABIEHO CHHEPT€THKOM.

CuHepreTuka — HOBasi Hay4YHasi JUCLUIUINHA, HAyKa O CAMOOPTaHU-
3alUH U YCTOWYMBOCTH CTPYKTYpP Pa3lUYHBIX CIOXKHBIX HEPaBHOBECHBIX
cucTteM: (HU3MYECKUX, XUMHYECKHX, OWOJOTMYECKMX W COIHAIbHBIX.
C pa3BUTHEM TaKOTO CHCTEMHOTO TIOIX0a M COBPEMEHHOTO yUeHHS O ca-
MOOpPraHM3alWN NPUYMHBI CTICNU(UIECKON >KHBOW OpraHW3alliy CTaJIN
UCKaTh HE BO BHEIIHWX CHJIAX, & B CAMOIPOM3BOJIFHO BO3HHMKAIOIIMX HO-
BBIX CBOMCTBAX CIIOXXHBIX cHUcTeM. «OKHBOE COCTOSIHHE» MpENCTaBIAETCS
KaK eCTeCTBEHHOE CBOMCTBO HauboJIee CI0KHO OPTaHU30BaHHOW MaTepHu.



OmnperesieHHbIH yPOBEHb CI0KHOCTH B OPTraHU3AIMU OPTaHUYIECKUX MOJIe-
KyJ U ABISIETCS TOM I'PaHblO, 33 KOTOPOH BO3HUKAET HOBOE KayeCTBO —
KHBOE COCTOSTHIE MaTEPUH.

CoBpeMeHHast OMOIOTHS AaeT ONpeeIeHIEe XU3HU, B OCHOBHOM IIe-
peducnss XxapakTepHble 4epThl MM CBOWCTBA XKMBOW MaTepuH, Cpeau Ko-
TOPBIX OCHOBOIIOJIArampouieii, 0e3yclOBHO, SBISETCS OOMEH BEIIECTB U
sHeprun. OOMeH BemecTB U YHEPruH (MIH METaboIn3M) eCTh He UTO UHOE,
KaK COBOKYITHOCTB BCEX (PM3MKO-XMMHYECKHUX IIPOIECCOB, MPOUCXOAAIINX
B opranm3me. TakuM oOpa3om, pu3HIecKre SBICHIS U XUMUIECKHE peak-
LUH, TPOUCXOASANIINE B OCHOBHOM M€Ky OPraHUYECKUMHU MOJIEKYIaMH, U
JexaT B OCHOBE KH3HH. [103TOMy 3aKOHBI U MPUHLUIMBI XMMUYECKON KU-
HETHKU U TEPMOAUHAMUKU MOKHO CYMTATh OCHOBOIOJIATAIOIIUMHE B «CIIO-
cobax cylecTBOBaHHs OCJIKOBBIX TEID».

Kusoil opeanusm — smo mepmoounamuieckas cucmemd, COCTOS-
mas U3 MHOTOYHCIICHHBIX KOMIIOHEHTOB, CBOICTBA M CIIOCOOBI B3aUMO-
JEWCTBHSI KOTOPBIX BECbMa CIIOXKHBI M HEIOCTATOYHO H3ydeHBl. Kpome To-
0, B OMOJIOrN4ECKOH TEPMOINHAMHIECKON CUCTEME HaYaIbHbIC 3HAUCHUS
apaMeTpoB, HE MOJHOCTBIO ONPEAENIOT €€ COCTOSIHUE.

C TouKM 3peHus TepMOAUHAMUKHU SKUBBIE OPTraHU3Mbl OTHOCATCS K
OTKPBITHIM CHCTEMaM, TaK KaK UX CIeln(pUIeCKOH OCOOCHHOCTBIO SIBIISIET-
cs1 OOMEH BEILECTB U DHEPTUel ¢ okpyxaromei cpenoir. CaMo CymiecTBo-
BaHHNE JKHBOTO OPraHW3Ma M BCE TPOIECCH KU3HEAEATEIHFHOCTH B HEM
TECHO CBSI3aHBI C U3MECHEHHEM SHEPreTHIecKoro OajaHca B CHCTEME OKH-
BOM OpraHu3M — cpenay.

Tak, oOMEH BELIECTB CONPOBOXKAACTCS IIPOLECCAMH ITPEBPAILCHUS
SHEPrHH, T. €. OOMEH SHEPIMU M BEUIECTBa NPEJCTaBISIET €IWHBIH Mpo-
1iecc, JISKAIUil B OCHOBE KU3HECSTEIbHOCTH.

JKuBoit opraHu3M pacxogyeT XUMHYECKYI0 SHEPIUI0 MHUTaTEeIbHBIX
BEIIIECTB, PEBpaIas 3TOT BU PHEPTHH B PHEPTHIO BCEX Pabodnx mporec-
COB, ¥ BBIJICNSAET H30BITOYHOE KOIMIECTBO TEIUIA, II03TOMY TEPMOJIMHAMHU-
YeCKHEe METO/IbI IIUPOKO UCIIONB3YIOTCS IPU U3Y4YEHHH MTPOLIECCOB XKU3HE-
JESITEeNIbHOCTH KUBBIX OPIraHU3MOB.

Ho paccmarpuBaTh *KHMBOM OPraHU3M TONBKO KaK OTKPBITYIO CHCTEMY
HE COBCEM IIPAaBOMEPHO, TaK KaK OH OTIMYAETCS OT APYTUX OTKPBITBIX
CHCTEM PSIOM NIPHU3HAKOB, 00YCIOBICHHBIX TEM, YTO KHBBIE OPTaHU3MBI
ABILTFOTCSL 0C000# (hopMoit cymecTBOBaHMS OEIKOBHIX Tesl. MIMeHHO Omo-
JIOTHYECKHEe OCOOEHHOCTH pa3BUTHA M (QYHKIMOHHPOBAHHS KUBOTO Opra-
HU3Ma ONPENENSAIOT CTPOTyI0 OPraHU3alMI0 U KOOPJHHUPOBAHHOCTH pas-
HOOOpa3HBIX U MHOTOYHCIICHHBIX PeaKknuii 0OMEHa BEIIECTB.

HecMmoTpst Ha BCIO CIIO)KHOCTH OMOJIOTHYECKHX CHCTEM, SHEpreTHye-
CKHU€e IPOLECCH], MPOUCXOIAIINE B KUBBIX OpPraHU3Max, B IIEJIOM YHHUBEp-



CaJIbHBI, JOCTATOYHO KOHCEPBATHBHBI M IOAYMHSAIOTCS OOIIMM 3aKOHAM
TepMOJMHAMUKH. Ha OCHOBaHMM 3THX 3aKOHOB MOXHO:

® TIPEeyCMOTPETh, BO3MOXKEH JIM TaHHBIH MpPOIECC M B KaKOM Ha-
TIPaBJICHUH OH OYZAET pa3BUBATHCS;

® paccuuTaTh HHEPreTHYECKHE IPEBPAIICHHS B JKUBOM OpPTaHHU3ME,
OTAETBHBIX €r0 CUCTEMaX U OpraHax B IOKOE U IIPH COBEPLICHUH PAOOTHI.

B xuBOM opranm3me paboTa COBEpIIACTCS 3a CUET U3MEHCHHS BHYT-
PeHHEeil PHepruH, KOTOPOe IMPOUCXONT Olraroiaps pasIndHoro poaa Omo-
XMMHYECKUM IpoueccaM. JKnBoi OpraHu3M He MOXKET paboTaTh MO MPHUH-
LIUITy TETUIOBOH MAIIMHBI 33 CUET ITOCTYIUICHUS TeTlla u3BHE. B opranmsme
Onarozapsi mporeccaM OMOJIOTMYECKOr0 OKHCIIEHHs OPraHUYecKuX Moie-
KyJl BEICBOOOXKIAETCSl XMMHYECKasi SHEPIusl, 4acTh KOTOPOH IpeBpariaer-
Csl B TEIUJIO, a 4acTh 3aTPauyMBaeTCs HAa 00eCIeUeHUE KU3HEIECITeIbHOCTH
U mporieccoB cuHTe3a. bonee 40% o5Toii SHEprUM 3amacaeTcsi B MaKkpodp-
THYECKUX CB3IX Hykieosunrpudocharos (ATD). [Ipu paspriBe 3THX
CBsI3el TaKXKe BBHICBOOOXKHACTCSI BHEPTHs, 32 CUET KOTOPOH COBEpIIAETCS
nosne3Has pabora W BHOBB Bhlaensercs: Temio. CiemnoBaTenbHO, MEpBBId
3aKOH TEPMOJMHAMHUKH ITIOJTHOCTHIO NPUMEHUM K OMOJIOTHYECKHM CHCTE-
Mam.

Taxum 00pa3oM, B KUBBIX OPraHU3MaX UCTOUHUKOM PAaOOTHI SIBISET-
Cs1 XMMHUUECKast SHEPTHs, KOTOpas MepexoIuT B paboTy U TemioTy. Temio
pacceuBaeTcs, ¥ 3TOT MPOLECC B LEIOM, KaK U Apyrue (QU3NKO-XUMHUe-
CKHE IIPOLECCHI, MPOUCXOMAAIINE B OpraHU3Me, HEoOpaTUM H, CJIElOBa-
TEIIbHO, IPOTEKACT C yBEJUYCHUEM SHTpOIMH. OJHAKO MOCTOSIHHOE YBe-
JMYEHHE SHTPOIHMU OHOJIOTMYECKHX CHUCTEM HEpa3phIBHO CBS3aHO C IIO-
BBIIIICHUEM TEMIIepaTyphl Tela OpraHu3Ma U HEMUHYEMO MPUBOJUT K €€
rubenu. ITpomeccs! e, MpU KOTOPBIX HTPOINHUS YMEHBIIAETCS, CAMOIIPO-
M3BOJIBHO TPOTEKATh HE MOTYT, T. €. TEPMOINHAMUYECKH HEBO3MOKHEI.

Jns oOBsICHEHHs STOH MapaJoKCaIbHOW CHTYyaIllMd HEO0OXOINMO
MIOMHHTh, YTO YHUKAJIBHOCTb OMOJOTHYECKOW CTPYKTYphl COCTOHT HE
TOJIBKO B TOM, CKOJIBKO SHEPTHH B HEHl COJEPIKUTCS M HACKOJIBKO U3MEHH-
Jach SHTPONHUS NIPH ee 00pa30BaHUMU, HO U B TOM, YTO 3TA CTPYKTypa UMe-
€T TaKHe KaueCTBEHHBIE 0COOEHHOCTH, KOTOPBIE TIO3BOJISIOT €if BBINOIHSTh
KOHKpeTHbIe Omojorndeckue (yHKIUH. DHEPreTHdeckuil oOMeH y HHX
OpPTaHW30BaH TaKUM 00pa3oM, YTO OHHM MOTYT COBEpIIATH HE TOJIBKO BO3-
MOXHBIE, HO ¥ HEBO3MOJKHBIE C TEPMOJMHAMUYECKOI TOUKH 3PEHUSI peaK-
M.

JIro6ast )xuBast KJIETKa, HEe TOBOPS YK€ O LIEJIOM OpraHU3Me, CO BCEMH
ee JIUNUAHO-OUCIOWHBIMU MeMOpanamu, monekynamu JJHK u yHuxams-
HBIMH OEIKOBBIMU CTPYKTypaMH H Ap.— 3TO BBICOKOYHNOpPSJOYEHHAS
CTPYKTYpa, T. €. CUCTeMa, 00Jaaronasi MaKCHMalbHO HU3KOH SHTPOIHUEH.



3a cUeT 4ero CymecTBYeT CUCTeMa C TaKOi HU3KOH dHTpomuei? DTuM BO-
TIPOCOM B CBOE BpeMs 3aj1aBaiica 3HameHuThI DpBuH lllpenunrep B cBoeit
kHUTE «YTO TaKoe W3Hb ¢ TOUKHM 3peHus ¢pusukm». Llpeanarep roBoput
0 JKH3HH KaK O 3aKOHOMEPHOM IOBEJCHHM MAaTEPHH, MOJAEPKHBAIOLIEM
CBOIO YIOPSIIOUEHHOCTh 33 CUET U3BIEUCHUS OTPULIATEILHON SHTPOIUH U3
IUIIY ¥ COTHEUHOro cBeTa: «JKuBoil opraHusM HenpepsIBHO YBETUYUBAET
CBOIO SHTPOIIHUIO, UJIH, HHAUE, IIPOU3BOIUT MOJIOKHUTENbHYIO SHTPOIHIO 1,
TakuM 00pazoM, TPUOIMIKAETCS K OMACHOMY COCTOSIHUIO MaKCHMalbHOMN
SHTPONNH, MIPEACTaBIIIomeMy coboi cMepTh. OH MOKeT M30eXKaTh ITOTO
COCTOSIHHSA, T. €. OCTaBaThCs KHUBBIM, TOJIBKO MOCTOSHHO HM3BIIEKas U3 OK-
pyXaromieil ero cpeibl OTpULATENbHYIO 3HTponuio. OTpuuarensHas dH-
TPONHUSA — 3TO TO, UYEM OPraHU3M MUTAETC».

OnHako SHTpoNUS Kak (pU3M4ecKas BEINYUHA HE MOXKET ObITh OTpPH-
LATeIbHON, TaK KaK MPONOPLUOHANBHA HAaTypaJlbHOMY JIorapudMy ducia
MHKPOCOCTOSIHUH. JIpyruMu cioBaMHu, 3TO BCE PaBHO 4YTO, HAIpUMeEp,
KIIOYKH OyMaru cobepyTcsi oOpaTHO B IIeIbIN JHCT. TeM He MeHee TOHs-
THE «OTpHLATENIbHAS SHTPOIMS» HAaXOJUT Bce OoJjblIee NMPUMEHEHHE B
OOBSICHEHNSIX (YHKIMOHMPOBAHMS PA3INYHBIX TEPMOJUMHAMHUYECKUX CHC-
TEM.

VYreepxnenue lllpenunrepa o TOM, YTO «OTpHLATENbHAS YHTPOIUS —
9TO TO, YeM OPTaHM3M IHMTAETCS», YCIOBHO MOXKHO CUUTATh NPABIIIBHBIM
TIPUMEHHUTENIHHO K PAaCTUTENFHBIM OpraHu3MaM. 3eJIeHbIe PacTeHHs JUIS T0-
BBIIICHHS YHEPTETUIECKOTO MOTEHIINAJIA UCTIONB3YIOT COTHEYHYIO SHEPTHIO,
T. €. HENIPEPHIBHO MOTJIOIIAIOT CBOOOIHYIO SHEPTUIO M3 OKpYXKaromieil cpe-
Jbl, TEM CaMbIM YMEHbILAs SHTPOMUIO OpraHu3Ma. JKMBOTHBIA OpraHU3M
ITUTAETCsl YTIIEBOJIAMH, )KUPAMH M OeJIKaMH, MOJIEKYJIbl KOTOPBIX, KaK H3-
BECTHO, MPEJCTABISAIOT COOOH BBICOKOYMOPSAAOUEHHbIE U BBICOKOOPraHU-
30BaHHBIE CTPYKTypHl. HecMOoTps Ha TO 4TO 3TH BellecTBa 00JaJar0T
CPaBHHUTEJIFHO HU3KOHM 3HTPONHEH, HO, YUUTHIBAsI, YTO JIFOOOH OpraHmniM
BEIJICNIICT B OKPYXKAIOIIYIO Cpely ropas3io 0Oojiee NMPOCTHIE BEIIECTBA C
GonbIel HTpoONHEHl, B KOHEUHOM HTOTE MPOHCXOIUT MOCTEIIEHHOE yBe-
JMYEHHUE SHTPOIINH OPraHnu3Ma B IeJIOM. Takum 00pa3om, AJst OObSCHEHUS
OCHOBHOTO NapaJioKca TEPMOJMHAMUKH — CYLIECTBOBAHHA W (YHKLIHO-
HUPOBAHUS JKUBBIX CYIIECTB — HEOOXOIMMO OoJee JeTalbHOe paccMOT-
peHne 0COOCHHOCTEH MPOTEKAHUS (PU3UKO-XHMMUYECKUX MPOLECCOB, MPO-
HCXOJAIINX B )KUBOM OpTaHU3ME.

Bce xmMudeckue peakiiny B IPHUPOJAE COIPOBOXKAAIOTCS 00pa3oBa-
HHUEM JIH00 pa3pbIBOM XMMHUYECKHX CBs3ed. Pacmieruienne cBsizeil Bcerna
COIPOBOXA€TCsl C BEIJEICHHEM, 2 00pa30BaHNE — C IMOTJIOIEHUEM dHep-
run. KieTku KxuBOTHOTO opraHus3Ma 001aJaroT CIIOCOOHOCTBIO CBSI3BIBAThH
SHEPTUIO0, BHICBOOOXKIAEMYIO MIPU PACILEIUICHUH XUMHUYECKUX CBS3ed op-



TraHMYECKUX MOJIEKYJ, U HCIIOJb30BaTh BBHICBOOOXKIAEMYIO DHEPIHUIO IS
OCYIIECTBJICHHS TIPOLIECCOB JKU3HEAEATENbHOCTH. Kak mpaBmio, peakuuu
00pa30BaHUsl XUMHYECKHX CBSI3eH CONPSDHKEHBI C MPOIECCaMH CHHTE3a,
T. €. 00pa30BaHUsI HOBBIX OPraHWYECKHX MoKyl CIenoBaTellbHO, peaK-
MM CHHTE3a CIIOXHBIX XMMHYECKUX COCIMHEHUI IMPEeACTaBIAIOT co0oi
onHy M3 (DOPM YNOPSIIOUMBAHUS MAaTEpUH M CHIKEHMsS SHTponuu. Peak-
LIMA CHHTE3a KaK CIOCcO0 CBS3BIBAaHMS DHEPTUH B CTPYKTypax >KHBOHW Ma-
TEpHU COMPOBOXKAAIOTCS HAKOINICHHEM OHOMACCHI.

OCOOEHHOCTBIO OMOOTHYECKUX CHCTEM SIBIISIETCSI TO, YTO B OTpEe-
JEHHBIX CTPYKTypax KIJIETOK Ul TEIUIOOOMEHa M OCYIIECTBICHHS XKU3-
HEHHBIX IIPOLIECCOB PACXOAYETCS TOJBKO YacTh SHEPIUH PACLICIUICHUS
XMMHYECKUX CBSI3eH B CIIOXKHBIX OPraHMYECKHX MOJIeKynax. B pesyibrare
obpa3zyercsi cBOOOJHAS XUMUYECKAsl SHEPTHS.

JKusnedessmenbHocms  JCUGbIX  Cyujecms, Ul QYHKYUOHUPOBAHUE
JUCUGOTL Mamepuy, HANPAMYIO 3A6UCUM OM CHOCOD0G UCNONb30BAHUA
€c60000HOU IHepeUl U HAKONIeHUsI OUOMACCYL.

ITpy mpoTeKaHNHM XUMHYECKUE PEaKIUH €IMHOBPEMEHHO COBEpIIa-
I0TCS B IBYX HalpaBJICHUSAX: CTPEMIJICHHE TIPOCTHIX YacTHIl OObEANHNUTHCS
B OoJiee CIIOKHBIE M CTpEMJIEHHE CJIOXKHBIX YacTHIl K pacnaiy Ha Ooiee
npoctbie. OHU HE 3aBHUCST JPYT OT APYra ¥ UX BEIWYUHBI IPOTHUBOIIOIOXK-
HBI, 2 IPOLIECC MAET B CTOPOHY TO# peakiuu, NPU KOTOPOH U3MEHEHHE Be-
JMYMHBL Oonbie. Pa3HOCTh MeXIy ITUMH BEJIMYMHAMH W ONpEIesseT
CBOOO/HYIO SHEPTHIO PEAKIMH TPH MOCTOSIHHBIX 3HAYCHHSX TEMIIepaTyphI
U JIaBIICHUSL.

C Touku 3peHHs (U3NKH CBOOOAHAS SHEprus, wiu >Heprus ['uooca,
G — 3T0 Ta 4acTh BCEH PHEPTUH CHCTEMBI, KOTOPYIO MOXKHO HCIIOJIB30BATh
JUIL COBEpPILICHUS MaKCUMalbHOIl pa®oTel. Pa3znuyaroT Taxke 3HEPruIo
I'enbmronbiia A — 4acTh BHYTPEHHEW SHEPTHM CUCTEMBI, ONPEIeIIomas
paboTococoOHOCTh, MOXKET OBITh NMPUMEHEHA JUII COBEPIICHHS MAaKCH-
MalibHOW paboThl. Ee M3MeHEeHHe B peakiMu ONPEACNSeTCS Pa3HOCTHIO
cyMM 3Hepruii ['m60ca KOHEYHBIX HMPOAYKTOB PEAKIUH M HCXOIHBIX Be-
IIECTB:

AG= Gxou - Gncx~
HpI/I TIOCTOSTHHBIX TEMIEPATYpE W HNAaBJICHUW HU3MEHECHUE JSHEPTUH
I'u66ca cBsI3aHO C PHTAIBIINEH U 3HTpOHHeﬁ CJICAYIOIIUM BBIPAXKECHUEM:
AG=AH-TAS.
31aech U3MEHEHUE OHEPTUn I'u66ca YYUTBIBAET OAHOBPEMEHHO U3ME-

HEHHME JHEPreTHYecKOro 3amaca CHCTEMBl M CTETEeHb ee Oecropsika
(caMOIIpOM3BOIBHOCTh MPOTEKAHMS IIpoliecca). XapakTep H3MEHEHHS

Y -



sHeprun ['n66ca mo3BongeT CyIuUTh O MPUHIMUIHAIBHOM BO3MOXKHOCTH
ocymecTBieHus nporecca. Eciim AG otpunarensHo (AG < 0), To peakuus
MPOTEKAET CaMOIIPOU3BOJILHO B MpsiMOM HarpasieHuu. Eciun AG paBHO
Hymo (AG = 0), To peakIys HaXOJUTCS B PABHOBECHOM COCTOSHUH. Eciu
AG nonoxurensho (AG > 0), To peakiusi MPOTEKaTh CAMOIIPOU3BOJILHO B
IIPSMOM HampaBlIeHUU He MoxkeT. HbIMU c1oBaMu, ecii dHeprus ['m66ca
B UCXOJHOM COCTOSIHUH CHUCTEMBI OOJIbIIIE, YeM B KOHEYHOM, TO IpoLecc
MIPUHIMITHAIBHO MOJXKET IIPOTEeKaTh, €CJIM HA00OPOT — TO HE MOXKET.
Krnaccuaecknm onpenenennem sHeprun I n60ca sBiIseTcs BRIpaXKeHne

G=U+PV-TS,

rae U— BHyTpeHHsS dHeprus; P — naBienue; V'— o0bem; T— abco-
JIFOTHAS TEMIIePaTypa; S — SHTPOIHS.

K OHOXUMHYECKUM peaklysM, MPH KOTOPBIX SHTPOIHS YMEHBINACT-
csi, a CBOOOJIHASI DHEPTHsI YBEIUYUBACTCS, OTHOCATCS OMOCHHTE3 pasiInd-
HBIX BeILECTB, paboTa CUCTEM aKTHBHOIO TpaHcHopTa U T. A. [IpoTekaHue
TaKUX peakIMi OKa3bIBaeTCs BO3SMOXKHBIM Onarojaps MEXaHH3My Tak Ha-
3BIBAEMOTO SHEPTETHUECKOTO COMPSIKEHUS, T. €. B3aHMOCBA3aHHOCTH IIPO-
TEKaHWs PEAKIUH, BOSMOXXHBIX M HEBO3MOXKHBIX C TOYKH 3PEHHUS TEPMO-
JUHAMHKH. [Ipy 5TOM BO3MOXHas C TOYKH 3pCHUS SHTPOIHUIHOTO KpHTe-
pus peakuus oOecIeYrBaeT YHEprueil peakund TepMOTUHAMHYECKH He-
BO3MOXKHBIC. J[JIs1 OCYLIECTBICHHS TAKOTO SHEPIETHYCCKOTO COMPSIKCHHS
HEOOXOIMMBI J[Ba yCIOBUSL:

1) cBobonHast sHeprus, JaBaeMas TEPMOIMHAMHYECKH BO3MOXKHOM
peaxiuei, ToKHA MPEBBINIATh SHEPTHIO, TOTPEOIIEMYI0 peakiueld Tep-
MOJMHAMHYECKH HEBO3MOXKHOH, T. €. TOJDKEH OBITH HEKOTOPBIH H30BITOK
SHEPTHH C YIETOM BEPOSATHBIX ITOTEPh IIPH ee Ieperade;

2) obe compsraeMble peaKIuy JODKHBI IMETh OOIIUA KOMITOHEHT.

Takoe siBIeHHE, KaK JHEPTeTHUSCKOE COINpPSDKCHHE B OHOCHCTEMAX,
OCYIIECTBIAETCS OOBIYHO MPU YYACTHHU CTPYKTYPHBIX 3JIEMEHTOB KIICTKH.
OCHOBHBIM NIPUMEPOM TaKOT'O COMPSKEHUS SBIIAIOTCS MPOIECCHI, IIPOUC-
XOMSIINE B IBIXaTEIBHOMN LEH KIETKH, WM KIICTOYHOE JIbIXaHHUE.

JpIxaTenpHas Lelb MPEICTaBIsIeT CO00H CIeMU(PHISCKYIO CHCTEMY
OKHCIIATEITFHO-BOCCTAHOBHUTENBHBIX (DEPMEHTOB, TECHO CBS3aHHBIX C Oe-
KaMU BHYTpEHHEW MeMOpaHBI METaxXOHAPHHA M CIYXalluX IJIs MepeHoca
BOJIOPOJIOB U JJIEKTPOHOB OT CyOCTpaTa K KHCIOPOJY C OKHCIHUTEIBHBIM
dbochopunmpoBanueM. JlpixaTenpHasi LEMb C OKUCIUTENBHBIM (hocdopu-
JMPOBAaHUEM COCTABISIET OCHOBY a3poOHOMN (ha3bl OGHOJIIOTHUECKOTO OKHC-
JICHUSI M SBISETCS CYIIHOCTBIO JKU3HEICATEIBHOCTH BCEX a’POOHBIX KITe-
ToK. HecMOTpst Ha upe3BBIYaiiHYIO CI0KHOCTD OPTaHHU3aIlIH 3TOH CHCTEMBI
C TOYKH 3pEHHs (U3MYECKOW XUMHH, CMBICT MPOLECCOB, MPOMCXOISIINX



B Hell BeChMa MPOCT M OOBACHSETCS CIeXyIOUMM 00pa3oM: (epMEeHTHI B
JIBIXaTEITHHOMN [EMH PACcIIoNIaraloTcsi TAKUM 00pa3oM, 4TO TIPH KaXKII0H pe-
aKI[MH BOCCTAHOBJICHHUS 3aTPAYMBACTCS MEHBIIIE YHEPTHH, YEM BEINICIIAETCS
B MPEIISCTBYIOMECH peakuny okucieHus. Co3maercst CBOOOIHAS XUMUYe-
CKasl HEPIHs, KOTOpas UCIOIB3YeTCs UIS OKUCIUTENbHOrO (ochopuu-
posanust AII® c obpasoBanueM ATD. Okono 60% 3Hepruu, BHICBOOOXK-
JaeMoM B JIBIXaTEJIHON LeMHM B Pe3yJbTaTe OKUCIUTENBbHO-BOCCTAaHOBU-
TENBHBIX PeaKIui, Ucrmonb3yeTcst st pochopummpoBanuss AJID ¢ obpa-
3oBanueM AT®; 40% BbIAENsIEMON YHEPTUU PACCEHBAETCSI B BUJIE TETLIA.
AT®, ageHo3uHTpUOCHAT — MaKpOIPTHUECKOE, T. €. OoraToe XUMHUe-
CKOH sHepruei, coeJMHEHUE, UCIOAb3yEeMOe B JalbHEHIIEM I COBEp-
LICHUS caMOH pa3sHOOOpa3HOH padoTHL

W3 BCcero BBIMIEU3I0KEHHOTO BBITEKAET, YTO MCIONB30BaHUE SHTPO-
UM KaK MepbI YHOPSIOYEHHOCTH IPUMEHUTENIBHO K OMOCHCTEMAaM HeNb3s
CUNTATh JIMIICHHBIM CMBICIA, W HE CIy4alHO B TEUYCHUE TUTEIHHOTO
BpPEMEHH CUWTAJH, YTO BTOPOH 3aKOH TEPMOIWHAMHKH HEIPUMEHHUM K
OMOIOTHYECKUM CHCTEMaM.

3aKoHBI TEPMOAWHAMUKN OBUTH pa3paOOTaHBI Ui H30JIHPOBAHHBIX
CUCTEM, a JKMBOW OpPraHU3M SIBJII€TCA OTKPBITON cucremoil. Teopus ot-
KPBITHIX CHCTEM ObLIa CO3JlaHa aBCTpHUiickuM OuosioroM Jlromsurom Qon
Bepranandpu B 1930-x rr. «OTKpBITast cuUCTeMa, — TOBOPHUI OH, — 3TO
CHCTeMa, KOTOpasi UMEeT BXOJ M BBIXOJ, OOMEHHMBAETCS C OKpYXaromen
Cpeloif BEIIECTBOM W JHEprHeil W MOANEep)KUBAcT BHYTPEHHEE pPaBHOBE-
cue». bepranandu ycremHo IpUMEHUIT IPUHIAIT TEOPHH OTKPBITHIX CHC-
TEM U aHalu3a psiaa OHMOJIOTHYECKHX MPOOJIeM — TKAaHEBOTO MUTAHUS,
COOTHONICHUs] 0OMEHA BEIIECTB U POCTA Y JKUBOTHBIX, SMOPHOHAIBHOTO
pa3Butus u ap. XKuBoit opraHu3M B 3J0pPOBOM COCTOSIHUH NOJAEPKUBAET
paBHOBecHe B (opMe IOCTOSHHOW TeMIlepaTyphl Tela HEe3aBUCHUMO OT
TEMIIepaTypbl OKpy’karomei cpeasl. Kak 6nosora ero 6osble HHTEpECO-
BaJIM IPOIIECCHl HAPYIICHNS BHYTPEHHETO PaBHOBECHS OpPTaHM3Ma M IIpo-
LIECCHI TIOJIEP/KaHUsI paBHOBECUSI — FOMEOCTA3HUC.

B sToMm ke HanpaBiennu padortan U. P. [Ipuroxxun — Oenpruiickuit
¢u3uK 1 QUIMKOXMMHUK POCCUIICKOro mpoucxoxaeHus. OH Ha OCHOBE
U3y4eHHs OTKPBITBIX cucteM B 1945 r. copmyipoBain IPUHIMI MHHH-
MyMa IPOM3BOJCTBA SHTPONHU. B CTAllMOHAPHOM COCTOSHHH CKOPOCTH
BO3pacTaHUsl DHTPOINHUH, OOYCIOBICHHOH NPOTEKaHHEM HEOOPATUMBIX
MIPOIIECCOB, MIMEET IMOJIOKUTEIFHOE ¥ MUHUMAIIFHOE M3 BO3MOJKHBIX 3HA-
yeHUH. DTO TMOJIOKEHHUE MOJIYYHSIO Ha3BaHue Teopembl [Ipuroxuna. CyTh
TeopeMbl [IpUroxrnHa 3akiiroyaeTcs B TOM, YTO CTAllMOHAPHOE COCTOSIHUE,
K KOTOpPOMY HEOOPaTUMO CTPEMHUTCS] OTKPBITasl JIMHEHHAas: TePMOIUHAMU-
yeckas CUCTeMa, JOJDKHO OTIMYAThCS TeM, YTO B HEM NEPEHOC SHTPOIUH



WM PACcCEMBAHUS SHEPTUU B OKPY>KAIOLIYIO Cpeay ObIBaeT MHHUMAIBHBIM
HACTOJIBKO, HACKOJIBKO MO3BOJIAIOT HAJOKEHHBIC HAa CHCTEMY TpaHWYHEIC
ycnoBus. JKUBOW opraHu3M BCeTr/ia CTPEMHTCS paboTaTh Ha HauboJee BhI-
TOJHOM DHEPrETUYECKOM YPOBHE.

BaxHOCTB 3TOr0 MON0XKEHUS APKO OMUCAT U3BECTHBIN OHMO3HEPreTHK
A. Kauanbckuii: «9TOT 3aMeyaTeNbHbIN BBIBOJ MPONHMBAECT CBET HA MY[-
pPOCTh KUBBIX OpraHu3MoB. JKM3HB — 3TO TOCTOsIHHas Gopbba HpPOTUB
TEHJICHIMN K Bo3pacTaHMio dHTponuH. CHHTE3 OOoNbmKX, OOraTeIX 3HEp-
ruell MakpOMOJIEKYJ, 0Opa30BaHHME KJIETOK C MX CJIOKHOH CTPYKTYpOH,
Pa3BUTHE OPTaHU3ALUH — BCE 3TO MOIIHBIE aHTUIHTPOIMIHBEIE (PaKTOPHI.
Ho nockonbKky cOrimacHo BTOPOMY 3aKOHY TEPMOJMHAMUKH, CIpaBeId-
BOMY JUISi BCEX SBICHUH IPUPOIbBI, M30€XKaTh BO3pAcTaHUS SHTPOIHHU
HeJb34, JKUBBIE OPraHU3MBI U30pany HauMEHbIIee 3]0 — OHM CYIIECTBY-
10T B CTAIIMOHAPHBIX COCTOSHUSX, Il KOTOPBIX XapaKTepHAa MUHUMAaJIbHAS
CKOPOCTH BO3PaCTaHHS YHTPOIIHI.

CrpemiieHHe PHTPONMH K MUHMMAQJIFHOH BEMYMHE BEIET K TOMY,
YTO MPH JIFOOOM OTKJIOHEHUH OT CTAlMOHAPHOT'O COCTOSIHHS B CUCTEME Ha-
CTYNAloT TaKHWe BHYTPEHHUE N3MEHECHUS, KOTOPBIE OyyT CTPEMHThCS Bep-
HYTh €€ K MUHUMYMY IPOU3BOJACTBA HTPONUU U NMPUOIMKATh CUCTEMY K
CTallMOHapHOMY cocTosiHuI0. CHcTeMa caMOHacTpauBaeTcsl Ha Hauboiee
BBITOJHBIM, yCTOWYMBBIA TEPMOAMHAMHUYECKUN pexXuM (YHKIHOHHPOBA-
HUSL.

OTKIIOHEHHS OT CTaIlMOHAPHOTO COCTOSHUS, WM HEPaBHOBECHEIC
MIPOIIECCHI B OTKPBITBIX CHCTEMAX, M M3ydaeT TepMoauHamuKa [Ipuroxu-
Ha. Knaccuueckyro tepmoavHamuky IIpurokuH Has3Ban Teopuell paspy-
LIEHUs] CTPYKTYPBI, UTO O3HA4YaeT pa3pylIeHHE YMOpPsAIOYeHHOCTU CHCTe-
MBI U, KaK CIEICTBHE, NMOBbILEeHUE dHTpornun. C 3TOI TOUKU 3pEeHHs Teo-
pust IIpuroxxuHa, HECOMHEHHO, TEOPUS CO3aHUA CTPYKTYpbl. OObeIUHUB
o0a moaxofa, OH Jajll YeTKYI0 €CTeCTBEHHOHAYYHYIO0 ()OPMYJIMPOBKY KOH-
CTPYKTHUBHOI POy HEOOPAaTHMBIX IPOIIECCOB Ha BCEX YPOBHSX NMPHUPOABI U
MPEIIOKKMI OCHOBBI Oymyiiel BceoOmed Teopuu (GpopmMooOpa3oBaHus.
Heobpatumocts Obuta BBelleHA B YPOBEHb (yHIaMCHTAJIbHBIX 3aKOHOB
¢busuky.

CrnenoBaTenbHO, OCHOBHBIM OTJIMYUTENBHBIM TIPU3HAKOM IKHUBOMH
CHCTEMBI SIBJISETCS CBOMCTBO, 3aKIIIOUAIOIEeCs B CIIOCOOHOCTH K CBS3BI-
BaHUIO CBOOOTHOI SHEPTHUH M HAKOIUICHHIO CBS3aHHOW YHEPTUH B OHoMac-
ce, a TAKXKe K yAepKaHHUIO CHCTEMBI B HEPaBHOBECHOM COCTOSIHUHM, B KOTO-
poe cucTeMa NPUXOAUT BCIIEICTBUE HAKOIUICHUS H30BITOUHOM SHEPTUH.

B yeM ke 3akmodaeTcs MpHUpPOJA COCTOSHHS HEPaBHOBECHOCTH, B
KOTOpOE )KMBasi CUCTEMa IIPUXOMUT BCIEICTBUE HAKOIUICHUS U30BITOYHOM
SHEPTUH, U MPHPOJA «CACPKUBAIOIIETO YCIOBUS), MO3BOJSIOIIETO MOJ-



JIEPKUBATh CUCTEMY B COCTOSIHMM HepaBHOBecHocTn? U. [IpuroxuH ot-
medan: «CHIIBHO HEepaBHOBECHBIE HEOOpATHMBIE MPOIECCH MOTYT OBITh
HCTOYHUKOM KOTE€PEHTHOCTH, T. €. CAMHM YCJIOBHEM OOpa30BaHUS OTPOM-
HOTO MHO)KECTBAa THUIIOB CTPYKTYPHPOBAaHHOTO KOJUICKTHBHOTO IIOBEJIE-
Hus» [3].

HepaBHOBECHOCTh MOJICKYJSIPHOM CTPYKTYpPBI JKHBOTO OpraHM3Ma
3aKJIIOYAETCS B COBEPIICHHHM KOTEPEHTHOTO ABIIKEHHSI MOJEKYJ, ydacT-
BYIOIIMX B TPOIECcCe CBSA3BIBAHHS CBOOOJHON 3HEpPruu. MepTBas KIIETKa,
HUMEIONIast TIOJIHBI HA00p HEOOXOIMMBIX OpTaHel U OJUHAKOBYIO C JKH-
BOM KIIETKOM (PM3MUECKYIO0 CTPYKTYPY M XMMHUYCCKHH COCTaB, HE MMEET
BO3MOKHOCTH BO3BpaTa B JKUBOE COCTOSIHHE, BCICICTBUE TOTO, YTO Iepe-
cTaja OBITh CIMHBIM IEJBIM M OKa3aJIaCh B KauyeCcTBE Pa3pO3HCHHOIO Ha-
00pa CTPYKTYPHBIX KOMIIOHEHTOB.

48—



XUMNYECKAA KWUHETUKA U KATANN3

XUMHYECKHE PeakIMy MPOTEKaloT ¢ Pa3IHMYHBIMU CKopocTsiMu. He-
KOTOpbI€ M3 HHX IIOJIHOCTBIO 3aKAaHYMBAIOTCS 3a Majble JOJIM CEKyHJBI
(B3pBIB), OpYyTHE OCYHIECTBIIOTCS 32 MHHYTHI, 9achl, THH W OOJBIIHE
MIPOMEXYTKU BpeMeHH. Kpome Toro, ofHa U Ta ke peakuus MOXET B OJl-
HUX YCJIOBUSX (HampuMep, NpH NOBBIMIEHHBIX TEMIIEpATypax) MPOTEKaTh
OBICTPO, a B Jpyrux (Hampumep, MPH OXJIAXKICHUW) — MeuieHHO. [Ipu
9TOM pa3IH4YUe B CKOPOCTH OJHOM M TOHM *ke peakIMU MOKET OBITh OUeHb
00IbIIUM.

Xumuueckaa kunemuxa — pasnen QU3NIECKOH XUMHH, H3yYaroIIHi
3aKOHOMEPHOCTH MPOTEKAHUS XUMHYECKIX peakuuii (IIpoIeccoB) BO Bpe-
MeHHU. XUMHYeCKasi KHHETHKAa — 3TO YYEHHE O CKOPOCTH XUMHUYECKHX pe-
aKLUH, pacCMaTpUBAET U YCTaHABJIMBAET 3aBUCUMOCTb CKOPOCTU XHUMMYE-
CKHX PEaKIMU OT KOHUEHTpAIMHM PEareHTOB, TEMIIEpPAaTyphl U OT APYTUX
yCIIOBUil IPOBEICHUS PEaKIIHUU.

C uccnenoBaHUAME KUHETUKH XUMHYCCKHX PEAKIIMH CBS3aHBI BaXK-
HeWIlue HamnpaBleHUsI COBPEMEHHON XMMHH U XUMUYECKON MPOMBIILICH-
HocTH. OCcOOCHHOE 3HAUCHHNE HMEIOT 3aKOHOMEPHOCTH XUMHUYECKOH KHHEe-
THKH W KaTalu3a B HM3YYCHHH OMOXUMHYECKUX IPOIECCOB M (PH3HKO-
XMUMUYCCKUX SBICHUN B OMOJIOTHYCCKUX CUCTEMAX.

OtnenpHBIe pabOTHI B 00NACTH XUMHYECKOW KHHETHKH OBLIH BbI-
nonHeHbl emE B cepeanne XIX B. B 1850 r. Hemeukuit xumuk JI. Buib-
TelIbMH H3Y4YHMJ CKOPOCTh HWHBEPCHHM TPOCTHHMKOBOTO caxapa, B 1862T.
M. Beptiio — ckopocTs peakimii stepudukanuu u ap. B 1880-x rT.
S. Baar-T'opd u C. Appenuyc chHopMyTUpOBAIA OCHOBHBIC 3aKOHBI,
YIPaBJSIIOIIME NPOCTHIMU XUMUYECKUMHU PEAKLUUSAMHU, U JaIH TPAKTOBKY
9THX 3aKOHOB UCXOJISl U3 MOJIEKYJISIPHO-KMHETHYECKON TEOPHH.

XuMu4ecKkas KHHETMKAa U TEPMOAMHAMHKA AAIOT LEJIOCTHOE Mpen-
CTaBICHUE O 3aKOHOMEPHOCTSIX NMpoTekaHus peakiuid. Eciu tepmoauHa-
MHKa PEIIaeT BOIIPOC O BO3MOXHOCTH WIJIM HEBO3MOXKHOCTU ITPOTEKAHHS
MIPOIIECCOB, TO XMMHUUYECKast KHHETHKA YCTaHABIMBAET, B KAKOM HaIIpaBJIe-
HUU U € KAaKOI CKOPOCTBIO MOMIET NaHHBINA BO3MOXKHBIH ITpoLECC.

V3yueHne KUHETHKH PEaKLUUil MPEACTaBIsIeT cOO0M OONBIION WHTE-
pec Kak ¢ TEOPeTUYECKON CTOPOHBI, TaK U C MPAKTUYECKOH. 3Has OCHOB-
Hble OCOOCHHOCTH KHHETHKM TOH WM HHOW pEaklUH, MOXHO CyIUTb
0 MEXaHM3Me 3TOH peakLuH, T. €. PemaTh BOIPOC, Yepe3 Kakue CTaauu, ¢
00pa3oBaHMEM KaKHX IMPOMEXKYTOYHBIX HPOJYKTOB NPOTEKAET PEaKIHs.
B cBoto ouepenp, 3HaHHE MEXaHW3Ma W 3aBUCHMOCTH CKOPOCTH PEaKIIUH
OT Pa3UYHBIX (AKTOPOB ACT BO3MOXKHOCTB YIPABIATH XOIOM XHUMHYE-



CKOT'0o Ipormecca. XHUMHYECKass KMHETHMKAa M KaTaJu3 HE TOJBKO HAIUIU
MIPUMCHCHNE BO MHOTUX pasfciiax XUMHUHA U XUMHUYCCKOro IMpOnu3BOACTBA,
HO W IIUPOKO BHEIPSIOTCS B OMOJOTHIO. B HacTosimee BpemMs Kak OTIeb-
HBIA pa3jieNn JAaHHOM HayKH BBIICISIOT OMOXUMHYECKYIO KHHETHKY, H3Y-
YaOIIYI0 XWMHYECKHE pPEaKIHH, OWOXMMHYECKUE IPOIECCHl MpoTe-
Kamolllue B >KUBOM oOpranu3Mme. buoxumuueckas KWHETHKa HCIOJIb3YET
TCOPETUYCCKUEC U SKCIICPUMCHTAJIBHBIC TOCTHKCHUSA XUMHYECKON KHUHETH-
KU TIpU U3YyYCHUU SaKOHOMepHOCTeﬁ 1 MEXaHU3MOB XMMHYCCKUX MPOLECC-
COB in Vivo | JUISI MOJISIIUPOBAHUS MX TIPOTEKaHUSA in vitro. OCOOEHHOCTHIO
OMOXUMHUYIECKOW KHHETHUKH SBISETCS TO, YTO U OOBSCHEHHUS IIPOIECCOB
KH3HEACATSIFHOCTH BaXKHOE 3HAYCHHE MMEET KHHETHKA M MEXaHH3M 00-
pa3oBaHUs HE TOJILKO KOHEYHBIX MPOIYKTOB OOMEHA BEIIECTB, HO U IPEXK-
A€ BCETO IMPOMEIKYTOYHBIX MeTa6OJ'lI/ITOB.

OCHOBHbI€ MOHATUA XMMUYECKOMN KUHETUKMU

Xumuueckas peaxyuss (XAMHYECKUI TPOIECC) — 3TO MPEBpAIICHUE
OJTHOTO WJIM HECKOJBKHX XMMHUYECKHX BEIICCTB, HA3bIBAEMBIX UCXOOHbIMU
eewjecmeamu UnU peazenmamu, B OJHO WM HECKOJIBKO APYTUX, OTIIH-
YaOUTUXCS 10 XHMHYECKOMY COCTaBY WM CTPOCHHIO M HA3BIBAEMBIX NpO-
OYKMamu peakyuu.

XuMHYEeCKOe TPEeBpamicHue OT (U3HYECKOTO BCErJa MOXKHO OTIH-
YHUTH 110 HAIMYHIO OJHOTO WIIH HECKOJBKHUX ITPU3HAKOB:

® II3MCHCHUE [IBETA;

® BEHITIA/ICHUE OCATIKa;

 BBIJICTICHIE Ta3a;

® 00pa3oBaHUEe CITa00MCCONMUPYIONIUX BEIIECTB (HAIIPUMED, BOBI);

® BBIJICJIEHUE SHEPIHH (TEIJIOBOM UM CBETOBOIN).

Cy1miecTByeT MHOXECTBO CIIOCOOOB KIIACCH(PHUKAIMUA XUMHYECKHX
peaxuuii. HanpumMep, MOXHO Knaccu(UIMPOBATH MO:

® YHCITy ¥ COCTaBY PEarnpyIomnX U 00pa3yIonXcs BeIeCTB;

® TCIUIOBOMY 3P PEKTY;

® arperaTHOMY COCTOSIHHIO PEarHpyIOIINX BEIIECTB;

® YYACTHIO KaTaJIu3aTopa;

® HaIPaBJICHUIO;

® I3MEHEHHMIO CTETIICHN OKUCIICHHUS 3JIEMEHTOB U JIp.

B OompmmHCTBE CilydacB XUMHYECKHH IIPOLECC COCTOUT W3 He-
CKOJIbKHX CTa[INii, Ha3bIBAEMBIX YIIEMCHTAPHBIMH AKTAMU HIIH CTAHSIMU.

B aneMeHTapHOM aKTe peakiMd MOTYT MPUHHMATh y4acTHE OJHA,
JIBE WU TPU MOJIEKYJbl. [Io 3TOMy MpH3HAKY pa3mu4aioT MOHOMOJEKY-



JsIpHBIE (OJHOMOJIEKYJISIPHBIE), OUMOJIEKYJIIpHBIE (IBYMOJIEKYISIpPHbIEC) U
TPHUMOJIEKYIIIPHBIC PEaKIIHH.

MouneKynIpHOCTBIO PEaKIIMN Ha3bIBACTCSA YUCIO MOJIEKYJ, OXHOBpE-
MEHHO BCTYNAIOIINX BO B3aUMOJICHCTBHE.

MoHOMOJIEKYISIPHBIE PEAKIIMU — 3TO 3JIEMEHTapHbIE PEaKIiH, B KO-
TOPBIX U3MEHSETCS] COCTaB MIIM CTPOCHHUE TOJIBKO OIHOM MOJIEKYJIbI, pay-
Kajga Wik noHa. IIpumepamMu MOTYT OBITH peakIHU Pa3JIOKEHUS U U30Me-
pH3aIHy.

st :H2 +S.

BuMonekynsapHble peakiuy — 3TO XUMHYECKUE PEAKIINU, B DJIEMEH-
TapHOM aKTe KOTOPHIX MPEBPALICHUIO TIOABEPTAIOTCS JBE YaCTHUIIBI (MOJIe-
KYJIBI, paJyKajia Wik HoHa). [IpuMepamMu MOTYT OBITh pEaKIUy MPHUCOETH-
HEeHHs1, 0OMeHa U Jp.

CH;Br + KOH = CH;0H + KBr.

TpumonekynspHsle peakMi — 3TO XMMUYECKHE PEAKLUH, HIEMEH-
TapHBIN aKT KOTOPBIX OCYLIECTBISAETCS MPHU B3aUMOJEHCTBUU TPEX YaCTHIL
(Monexymbl, paguKaia Uil HOHA).

COBOKYNTHOCTD JIEMEHTAPHBIX PEAKIUi HA3BIBAIOT MEXAHUSMOM pe-
axyuu. Kax 1paBuiio, CiI0kHas peaklys COCTOUT U3 HECKOJIBKHX 3JIEMEH-
TapHBIX PEeaKLUi.

XapakTepHasi 0OCOOCHHOCTb CIIOKHBIX PEAKIMH 3aKJII0YAeTCsl B TOM,
YTO Ha OTHEIBHBIX CTaIUAX 00Pa3yIOTCS NPOMEICYMOUHbIE YaACmuybl, KO-
TOpBIE 3aTE€M PacXOAyIOTcs B APYrux craausax. Kak npaBuio, 3TU 4acTHLEI
00JIaIal0T TOBBIINIEHHON PEaKIMOHHOW CHOCOOHOCTBIO U O0ECHEeUUBAIOT
Pa3BUTUE CIOKHOU peakLuu.

VYpaBHeHHE XUMHUYECKOM peakiuu He oTpakaeT e€ mexaHusM. llo
YPaBHEHUIO PEAaKIMU HEJb3sl CKa3aTh, ABIECTCS pEAKLMs DIEMEHTApPHOM
WJIM CIIOXKHOM.

O npHHIUNUANBHON OCYLIECTBUMOCTH MPOLECCA CYAAT IO BEINUUHE
n3MeHeHus sHepruu ['n66ca cucrempl. OHAKO 3Ta BEIMYMHA HUYErO HE
TOBOPHT O peanbHON BO3MOXKHOCTH MPOTEKaHUS PEaKIUU B JAaHHBIX KOH-
KpPETHBIX YCIIOBUSX, HE Ja€T HUKAKOI'O IIPEJCTABIECHUS O CKOPOCTU U Me-
XaHMU3Me Ipolecca.

Cropocmuio Xumudeckoti peaxyuu Ha3bIBA€TCS M3MEHEHHE KOHLEH-
TpalliM PearupyroliuX BELIECTB B €AMHHIy BPEMEHU IPU HEU3MEHHOM
00beMe CUCTEMBI.

V: (CKOH - Cﬂa‘i)/(tKOH - tua'i)-
CKOpOCTL XUMHYECKOMN peaKkuru 3aBUCUT OT MHOT'UX (l)aKTOPOB, cpe-
A1 KOTOPBIX:



® IPHUPOJIA U KOHIIEHTPAIUs Pearupyroux BEIIecTs;

® TeMIIepaTypa;

® aBIeHHE (U1 peakuuii ¢ yyacTHeM ra3oB);

® NIPHUCYTCTBHE KAaTaIU3aTOPOB;

e cpena (A7 peakiuii B pacTBOpax);

® MHTCHCUBHOCTH CBETA (B POTOXUMHUYECKUX PEAKIINAX).

CKOpoCTh TOMOTEHHON PEAKIMH ONpPENENsAeTCss KOIMYECTBOM Bellle-
CTBA, BCTYMAIOIIETO B PEAKIMIO WIIM 00pa3yoLIerocs Mpy peakiiuy B -
Hule o0beMa cucteMbl. CKOPOCTb FeTepPOTreHHON Peakluu ONpeAenseTcs
KOJIMYECTBOM BELIECTBA, BCTYIAIOIIEr0 B PEaKLUIO MM 00pa3yrolerocs
IpU peaKknHy 3a eAUHMIy BPEMEHHM Ha IOBEPXHOCTH (a3bl, HaIpHMeEp
Fe + 2HCI = FeCl, + H,, peakuus MeTamuia uaeT TOIbKO Ha TIOBEPXHOCTH
MeTajla, TONBKO 3/IeCh CONMPUKACAIOTCS JPYT C JAPYTOM pPearnpyrolie
BEIIECTBA.

CKOpOCTh CI0KHON peaKklMu ONpenenseTcsa CKOPOCTBIO CaMOW MeJ-
JIeHHOU e€ cTaauu (IMMUTHPYIOIAs CTaIus).

3aKoHBI XMMUYECKON KMHETHKH OCHOBAHBI HA JBYX MpPHUHIMIAX (IO-
CTyJIaTax).

1. CKOpOCTh XMMHYECKOW pPEaKIUU IPOMOPIIHOHAIEHA KOHIIEHTpa-
UM PEareHTOB.

2. CymMapHasi CKOPOCTb HECKOJBKHX IOCIEI0BAaTENbHBIX MpPEBpa-
LIEHUH, Pa3INYaIoIINXCs 110 CKOPOCTH, OMpEJeIsieTcss CKOPOCThI0 Hanbo-
Jiee MEJJICHHOM CTa M.

OCHOBHBIM 3aKOHOM XHUMHUYECKON KHHETHKH SBISETCS OTKPBITHIHA
HOPBEXXCKHUMH YYEHBIMH MaTeMaThkoM ['ympnbeproM m xumukoMm Baare
(1867) 3aK0H IeHCTBYIONIMX Macc, COTTIaCHO KOTOPOMY CKOPOCTh XUMHYE-
CKOM peakUHH NpPOMOPLMOHANBHA IPOU3BEACHUIO KOHLIEHTpALUil pearu-
PYIOIIMX BELIECTB, BO3BEJCHHBIX B CTENEHH MX CTEXMOMETPUYECKUX KO-
3¢ PHULNUCHTOB.

VYpaBHeHuUe, CBS3BIBAIOIIEE CKOPOCTh PEAKLUH C KOHIEHTpaluein
pearupyrommx BEIIECTB, Ha3bIBaeTCA KUHETHYecKuM. Hampumep, mms
JIByMOJIEKYJISIPHOU peaKLuy, IPOTEKAIOIIEeH B TOMOI€HHOM cpefie:

mA+nB=pC+qD,

CKOPOCTH TIPSIMOI M OOpaTHOM peakiuii BHIPA3sTCs CIEAYIONMMHA KHHETH-
YECKUMH YPABHEHUSIMU:

V=kl1-CAm-CBn;
V=K -CCp-CDaq,
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rne CA, CB, CC u CD — xoHnenTpanuu peareHToB A, B u npoxyktoB C
u D; m, n, p,  — cTexuoMeTpudeckue K03hUIHEHTHI;, kK — K03 humn-
€HT TIPOITOPIIMOHANBEHOCTH, KOTOPHIH Ha3BIBAETCS KOHCTAHTOH CKOPOCTH.

KoHcTaHTa CKOpPOCTH — 3TO CKOPOCTbH PEaKIUH NMPH KOHICHTPALUIX
pearupyomux BEIIECTB, PaBHBIX | MOJIB/JI, 3aBUCHT OT NPUPOIBI pearu-
PYIOIIMX BEIIECTB U TEMIIEPATYPhl, HO HE 3aBUCUT OT KOHLIEHTPALINH.

ITo BuAYy KMHETHYECKOTO YPAaBHEHMS OIpPEAESICTCS NnopsadoK peak-
Yuu, KOTOPBIA MOYKHO HAaWTH U3 KUHETHUYECKUX YPAaBHEHWM, MOJIyUYEHHBIX
SKCHEepUMeHTaNbHO. [TopsIoK peakuy 1Mo JaHHOMY BEIIECTBY paBeH CTe-
TICHU, B KOTOPOH KOHLEHTpalus JAaHHOTO BELIECTBA BXOAUT B ypaBHEHHE
ckopoct peakuuu. CyMma IoOKa3arenel CTEleHEeH, B KOTOPhIX KOHIICH-
Tpalnusi BCEX MCXOIHBIX BEIIECTB BXOJHUT YpPaBHEHHE CKOPOCTH PEAKIIHH,
paBHA NOPAJKY PEaKIHH B LIETIOM.

Jl1s IpOCTBIX TOMOTEHHBIX PeaKLuil, MPOTEKAIOMKX B OHY CTaJHIO,
MOJIEKYJISIPHOCTD U MIOPAZOK PEAKIIUH COBIAAAOT, T. €. MOHOMOJIEKYJISIpHAS
peaKmusl COOTBETCTBYET pEakIMy 1-ro mopsaka, OMMoJeKynspHas peak-
LM — Peaknus 2-To MOpsAKa, TPUMOIEKYISIPHAS — peakiys 3-To Mopsa-
Ka. JIns Takux peaknui MopsaoK XUMUYECKOH peakIuy 10 BEUIECTBY COB-
IaJlaeT co CTEXUOMETPHUYECKUM KO3 UIeHTOM.

Jnst CHOKHBIX peaknuii, MPOTEeKalomnX B HECKOJIIBKO CTajuH, ¢op-
MaJIbHOE TIPEJICTaBICHUE O MOPsAKE HE CBA3aHO C MCTHHHON MOJCKYJIIp-
HOCTBIO peaknui. COOTBETCTBEHHO OONTMH TMOPSAIOK PEakMy OOBIYHO HE
paBeH CyMMe CTEXHOMETPHUYECKUX KOA(P(PHUINEHTOB YPAaBHEHHUS PEaKIHH.
IMosToMy BcTpedaroTcst peaknuH ApOOHOTO, HYJIEBOTO M JaXke OTpHIla-
TEIBHOI'0 MOPSAKA M0 OJHOMY M3 KOMIOHEHTOB. [Topsiok peakuuu ompe-
JeTsieTcsl TOIbKO M3 AKCIIEpUMEHTAIbHBIX JaHHBIX. Hampumep, katanuTu-
YeCKOe pa3lIoKEeHUEe aMMHUaKa Ha MOBEPXHOCTU BOJIb(pamMa OMHUCHIBACTCS
ypaBHeHUEeM V =k, cKOpOCTh HE 3aBHCUT OT KOHIIGHTpPAIlUM PEareHTOB,
T. €. PeaKnusl HyJIeBOTO MOpPsAIKa.

CrexuomeTpreil Ha3bIBAIOT CHCTEMY 3aKOHOB, ITPABWI M TEPMHHOB,
00O0CHOBBIBAIOIINX PACYETHI COCTaBa BEUIECTB M KOJIMYECTBEHHBIX COOT-
HOIICHUH MEXIy BEIIeCTBAMM B XMMHUYECKHMX peaknusx. OCHOBOH cte-
XMOMETPHH SIBIISIETCSI aTOMHAsi ¥ MOJICKYJISIpHast CTPYKTYpa BEIlecTBa, COo-
XpaHEHHE aTOMOB NPHU XMMUYECKUX PEeaKIUsIX U BaJICHTHOCTh aTOMOB, KO-
TOpast XOTd M MOXET M3MEHSTHCS, HO BCETZa BBIPAKAeTCs HEOONBIINMHU
LIEJTBIMHU YHCTIaAMH.

KonmgecTBa BemecTB — peareHTOB M MPOTYKTOB — HAXOIATCA B
CTEXMOMETPUUECKUX OTHOLICHHSAX, KOTOPbIe (PUKCHPYIOTCS KO3 (PHIUCH-
TaMH B YPaBHEHHUSX XUMHYECKHX PEAKIINH.

Cmexuomempuyeckuii ko3 guyuenm — Kod3pPUIMEHT, crosmmi
repes; CUMBOJIOM WM (hOPMYJION BELIeCTBa B XMMHYECKOM YpaBHEHHH,



OTpa)KaIOHII/Iﬁ OTHOCUTECJIIBHOC KOJMYCCTBO YYACTBYIOUIMX B PCAKIIUU BE-
IICCTB.

dHepreTuyeckun bapbep peakuum
M 3HEepruAa akTMBauuu

CkopocTh 0001 XMMHUYECKOH PEeaKIUH 3aBHCUT OT YHCIIA CTOIKHO-
BEHHUH pearnpyromnx MOJEKyJ, HaXOAAIINXCA B PAa3IMYHBIX dHEpreTHye-
CKHX COCTOSHHSX, B €JUHUIY BpeMeHH. CpemHee YHCII0 TaKUX CTOJIKHO-
BEHUI COCTaBJIIET JOBOJHHO OOJNBIIYIO BeIH4YHHY. Hampumep, moacunra-
HO, YTO JUI MOJIEKYJ] ra3oB npu temneparype 0°C u naBienuu 1 at™ uuc-
o cronkHoBenuii cocrasiser 10 B 1 c. CrieoBaTenbHO, €clid OBl BCE
CTOJIKHOBEHUSI COIIPOBOXKAAINCH B3aUMOJCHCTBHEM, TO PEaKIUH IIPOTeKa-
nu OBI B OYE€HBb KOPOTKHE OTPe3KH BpeMeHn. OTHAKO B IEHCTBUTENEHOCTH
JIAJIeKO He BCE PEAKIMH 3aKaHYWBAIOTCA OBICTPO. DTO OOBICHSAETCS TeM,
YTO HE KaX0€ CTOJKHOBEHHE MOJICKYJ MPUBOIUT K XUMHYECKOW peax-
LU

B 1889 r. C. Appenuyc BBIIBHHYJI TEOPHIO, OOBSCHSIOIIYIO CYIL-
HOCTh XUMHUYECKUX peakiuid. CoryiacHO 3TOM TeOpHH, TIPU CTOIKHOBCHHUAX
BO B3aMMOJICHCTBHE BCTYIAIOT TOJBKO TE MOJEKYJBI, KOTOphIe 00IaaloT
OTIpE/ICJICHHBIM 3aI1acoM 3HEPTUH, HEOOXOIUMOM IS OCYIIECTBICHUS TOH
WIM WHOHM peakunu. DT MOJIEKYJBl OH Ha3BaJl aKTHBHBIMH, a CBOIO TEO-
PHIO — TeOpHeH aKTHBAINH.

[Ipu xaXJOM CTOIKHOBEHHH MOJIEKYI SHEPTHS MEKIY MOJCKYIaMHU
nepepacnpenenseTcs pasiIuuHbIM 00pa3oM, B 3aBUCHMOCTH OT YCJIOBU
CTOJIKHOBEHUsI. 3arac dHEpruu IpH BCTpede aKTUBHBIX MOJEKYJ JOJDKEH
OBITH TakuUM, YTOOBI Pa3pyLINTh CYIIECTBYIOIIHE XUMHYECCKHAE CBS3H.
B peaxiiro BCTYNarOT TONBKO T€ aKTHBHBIE MOJIEKYJIBI, KOTOpBIE 00ana-
0T OOJBIINM 3aracoM SHEpruu. [ mpoTeKaHus peakuy pearupyromas
YacTHIa IOJDKHA MPEoJoeBaTh JSHEPreTHUeCKuid Oapbep, Ha3bIBaCMBIH
SHEPTUCH aKTHBAIHH.

Dunepeuss axkmueayuy — dSHEPTUsi, HEOOXOMUMAS JUIL JOCTHKCHUS
CHCTEMOM NepPeXOoAHOr0 COCTOSHHUS, Ha3bIBAEMOTO EPEXOJHBIM MIIH aKTH-
BHPOBAHHBIM KOMITJIEKCOM, KOTOPBIN IIPEeBpaIlaeTcs B MPOIYKTH PeaKIH
CaMoIpou3BoIILHO (puc. 13).

Tepmun «dHeprusi aktuBauum» BBenEH CpaHTe ABrycroMm Appe-
HuycoM B 1889 . DHeprusi akTHBaLMM — XapaKTEPUCTUKA PEaKLUU B
LIEJIOM, a HE BCINECTBAa. DHEPTUsl aKTUBAIMHM XapaKTEPHU3YyeT CBOWCTBA
BEIIECTB TOJIBKO B CMBICJIE AKTUBHOCTU UX BCTYIUICHHS B PEAKIIUIO MEX-
Iy co0oii.
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JHepreTMYecKan AWArpanMa peakumn
A+ B2 — 2AB

NepexogHE
KOMMAEKE

E IIepex.cocT.

Az + By
woxoge o 28R
BEWECTER

E HCX.COCT.

A — Exomew.coct.
[T

HOJ, PEAKLIAN

Puc. 13
Duepeemuueckas ouazpamma Xumuieckou peaxyuu

CormnacHO MOJEKYIAPHO-KHHETHIECKOW TeoprH AppeHHyca, dHep-
IUs aKTUBAllMM paBHA PA3HOCTH MEXIy CpEHHEH JHepruedl akTHBHBIX
CTOJIKHOBEHHUH M CpPEHEN 3HEpPrueil Bcex CTOJIKHOBEHMM. J[01s1 aKTUBHBIX
MOJIEKYJI, KaK MOKAa3bIBAIOT PACUETHI, COCTaBsIeT mpumepHo ot 1072 1o
10", Ecrir 5Ta 107151 MeHbIIe, TO CKOPOCTh PEaKIHH Maja, €C/IH JKe OHa
0obIle, TO peakiusi MPOUCXOAUT ObICTPO, WHOT/A MPAKTHYECKH MTHO-
BeHHO. UeM BHIIIE DHEPTUs aKTUBAIlMK JaHHOW peakiuu, TeM mpu Oolee
BBICOKHX TEMIIepaTypaX OHa COBEpIIAeTCS. DHEPrHs aKTUBAUU HIDKCE
SHEPTUH IUCCOIMALNH PEarnpYIOIIUX MOJIEKYJ, TaK KaK JJIS MPOTEKaHHs
PeaKluu JOCTaTOYHO TAKOTO OCNA0ICHUs CBsI3ei B MOJICKYJIax, IIPH KOTO-
POM HAYMHAIOT MPeoOIagaTh CUIIbI 00pa30BaHUsl HOBBIX CBSI3EH.

Ilepexoonoe cocmosnue (nepexoouslll, Ui aKMugUPOBAHHBII, KOM-
njaeKc) — COCTOSIHUE CHCTEMBI, TIPH KOTOPOM YPaBHOBENICHBI pa3pyIIeH-
HBIC U CO3IaHHBIC CBSI3H. B epexX0qHOM COCTOSHUM CHCTEMa HaXOAUTCS B
Teuenne HeGombmoro (107" ¢) BpeMeHH. B 1eI0M CKOPOCTh PEaKIIUy 3aBH-
CHT OT KOJIMYECTBA PEarupyIOUIMX YACTHI, HAXOAAIIUXCS B MEPEXOIHOM
cocrosinuu. Ecnu npu pacnazne akTUBUPOBAaHHOTO KOMILIEKCA BBIIENACTCS
OOITbILIC SHEPTUH, Y€M 3TO HEOOXOMUMO JUIsS aKTHBAIMK YACTHII, TO peak-
IUsl DK30TePMUYECKasi, €CIi HaoOOpOT, TO MPOIECC SHAOTEPMHUUYECCKHU.
YBennuuBaTh ke KOJMUECTBA YACTHUI], HAXOISIIUXCS B TEPEXOIHOM CO-
CTOSIHHH, TIPH TOCTOSHHOM KOHIIGHTPAIMH pPEardpyronIfx BEHIECTB BO3-
MOJKHO, YBEIMYMBAsl SHEPTUI0 aKTHBAI[MH WM CHIDKAs DHEPreTHYCCKHUI
6apbep. O4eHb YacTo 3TH [[Ba MOHITHS OTOXKICCTBIAIOT. KOHEUHO, B 3TOM
HeT OOJBIION OMMOKH, TaK KAK MAaTEeMaTHYECKHd OHH PaBHBI, HO (U3UYe-
CKUI cMbICI pa3Hbli. Eciin, Kak y»xe ckasalld, SHEprus akTUBallUd — 3TO
SHeprusi, HeoOXoauMast A1l JOCTHKEHUSI CHCTEMOIl IepexoJHOTO COCTOS-
HUS, & DHEPreTHIecKuii 0apbep — YPOBEHb IMOTEHITUAILHONW SHEPTUH Jac-



THII, TI0 IPUOOPETEHUIO KOTOPOH YaCTHUIIBI JOCTHIalOT IEPEXOJHOrO CO-
CTOSTHHSL.

PaznugarorT 1Ba OCHOBHBIX YCIIOBHS BBIOJNHEHHS 3THX LeNeil: no-
8blUeHUe MeMNepamypbl Cpeosl U NPUMEHEHUe KAMAaiu3amopos.

BnusiHne TemnepaTtypbl
Ha CKOPOCTb peakuuu

CKOpOCTh XHUMHYECKUX PEaKIMi CHIIFHO 3aBHCHT OT TEMIIEPaTypHl.
[Ipu MOBBIMICHUH TEMITEPATyPHl YBEINIUBACTCS CKOPOCTH IABIKCHHUS MO-
JICKYJI, BO3PACTaeT YUCIO CTOJKHOBEHHN MEXIY HHUMH H COOTBETCTBCHHO
9TOMY JIOJISl aKTUBHBIX MOJICKYJI, YTO OOYCIIOBIMBACT YBEINYCHHE CKOPO-
CTH XMMHYECKUX peakuui. Hampumep, ecim oCylIeCTBUTh CHHTE3 BOJIBI
cormacHo peakuuu 2H, + O, =2H,0 mpu ¢=20°C, To ee NpaKTUIECKH
OCyIIeCTBUTHh HeBO3MOXKHO. [Ipu ¢ = 500°C — Heobxomumo Bcero 50 MuH,
anpu t = 700°C — peakuus IPOUCXOJUT MTHOBEHHO.

KonnuecTBeHHasi 3aBUCUMOCTh CKOPOCTH T'OMOTEHHBIX PEaKIMid OT
TEMIIEPaTypPbl MOXET OBbITh BhIpakeHa mpaBuwioM Baurt-T'odda: mpu mo-
BBIIIICHUH TeMIepaTypsl Ha Kaxsle 10°C ckopocTh TOMOTeHHON XMMUUe-
CKOM peakIuu yBeIW4yuBaercs B 2—4 pasza. MaremaThyeckd MpaBHIIO
Banr-T'odda, MoKET OBITH BRIPOKEHO CICAYIONTIM 00pa3oM:

BT,

_ 10
Vo =Vpy

TJIe Y — TeMIepaTypHbIH KO3 QUIIMEHT CKOPOCTH PEaKknuH, KOTOPBIH IMo-
Ka3bIBaeT, BO CKOJIBKO Pa3 YBEJMYHUTCS CKOPOCTh PEaKIWH IIPHU ITTOBbIIIE-
HuUM TeMiepaTypsl Ha 10°C.

Jns GoNpIIMHCTBA OMOXMMHYECKHX PEAaKIHH TEeMIIEepaTypHBIH KO-
s duunent Bant-I'odda Bapsupyer ot 1,5-3,0. [TosTomy, eciu B pesyib-
TaTe Kakoro-1ubo 3a0osieBaHus TEMIIEpPATypa YEIOBEYECKOTO Tela IOIHSA-
nach, Hampumep, ¢ 36,50 mo 39,5°C, 3T0 3HAYUT YBEIWYCHHUE CKOPOCTH
MIPOUCXOAAIINX OMOXUMHUYECKHX MpoLieccoB B 1,4 pasa.

Bonee crporast 3aBUCHMOCTb KOHCTAHTBI CKOPOCTU OT TE€MIIEPaTyphl
BBIpa)KaeTcsi ypaBHEHHEM AppeHHyca, KOTOpOe MOKa3bIBaeT, 4TO JIOra-
pudM (HaTypaIbHBIA U IECSITUYHBIN) KOHCTAHTHI CKOPOCTH JIMHEHHO 3aBH-
CHT OT 00paTHOH a0COIOTHO TeMITepaTyphL:

InK =-1/T.
DKCIIEpUMEHTANIBHbIE UCCIIEOBAHUS MTOKA3aJId, YTO, HOJIB3YACh YPaB-

HCHHUEM AppeHHyca, MOXHO JOCTAaTOYHO TOYHO OIIPECACINTDb HCﬁCTBH-
TCJIbHbIC UBMCHCHUSA CKOPOCTHU peaKuHﬁ C UBMCHCHUEM TEMIICPATYyPhbI.




BnusiHne KaTanu3aTopoB Ha CKOPOCTb
XUMUYECKUX peakuumn

CkopocTh XMMUYECKOH peakIy IpU JaHHOW TeMIeparype ompese-
JsIeTCs CKOPOCTBIO 00pa30BaHMsl aKTUBMPOBAHHOI'O KOMILIEKCA, KOTOpast
3aBHUCHUT OT BEIWYMHBI YHEPIUM aKTUBAIUU. BO MHOTHMX XMMHUYECKHX pe-
aKIUAX B CTPYKTYPY aKTHBHPOBAHHOTO KOMIUIEKCA MOTYT BXOJIUThH Bellle-
CTBAa, CTEXHOMETPHUYECKH HE SBIAIONINECS pearcHTaMH, HO BIMAIONINE Ha
BEIMYHMHY SHEPTUH aKTHBAIMM U HAMPABIIAIONIME PEAKIUH 10 ITyTH C Hau-
MCHBIIUM aKTUBAllMOHHBIM OapbepoM. B pesyibrare MOBBIMIACTCS CKO-
POCTh XMMUYECKON peaKItu.

BemmecTBa, KOTOpBIE YCKOPSIOT XUMHUYECKHE PEaKIMU, HO CaMU IIpU
OTOM HE PaCXOIYIOTCs, Ha3bIBAIOTCSA Kamanu3amopamu, PEaKlyH, CKO-
POCTh KOTOPBIX M3MEHSIETCS MOJ CHCTBHEM KaTallU3aTOPOB, — KAMAMU-
muyeckumuy. A cam IpoLEcC U3MEHEHUS CKOPOCTU XUMUYECKOH peakuu B
MIPUCYTCTBHUHU KaTaJIN3aTOPOB HA3BIBAETCA KAMNAU3.

KaTanns — yHuBepcanbHOe M O4€Hb pa3sHOOOpa3HOe SIBJICHHE, IIN-
POKO paclpoCTpaHEHHOE B MPUPOJE U UCIONIB3YEMOE 4EIOBEUECTBOM 3a-
JIONTO JI0 CO3JaHUS TEPBBIX HAYYHBIX OCHOB XUMMH, 0 OCO3HAHUS CYTH
KaTaJIUTHYecKuX mponeccoB. C OpeBHUX BpPEMEH JIIOAW HCIIOIB30BAIH
OnonornyecKre KaTairn3aTopbl — (PEPMEHTHI B MIPOIECcCax OpOKeHUS Ui
MIPUTOTOBIICHUS MOJIOYHOKHCIIBIX MPOXYKTOB, AJIKOTOJBHBIX HAIMTKOB
U JIp.

Cuuraercs, 4TO HEOPraHUYECKHE KaTalu3aTOPbl HAYall PUMEHATh-
csi B koHe XVIIIB., a TepMHH «KaTanu3» BIEPBbIC ObUT MPUMCHEH B
1835 r. mBenckuM ydeHsM Sko6om bepuennycoM. YCIOBHO pa3mnyuaroT
NOK0CUNENbHBIL I OMPUYAMENbHbIl KATaNN3, XOTs Y4acTO I10J TEPMUHOM
«KaTalm3)» MOAPa3yMEBAIOT TOJBKO MOJOKUTEIbHBIH Katamm3. Orpura-
TEIIbHBIN KAaTallN3 Ha3bIBAIOT UHSUOUPOBAHUEM.

Katammzaropamu MoryT OBITH pa3sHOOOpa3HBIE BELIECTBA, KaK Opra-
HUYECKOrO, TaK M HEOPTaHWYECKOTO IPOMCXOXKACHHS, U B JIIOOOM arpe-
raTHOM COCTOSIHMHM. MHOrna katanusarop oOpa3yeTcss B XO€ CaMOro Xw-
MHUYECKOro mporecca. Takue peakiul Ha3bIBaOTCS aBTOKATATUTUYECKU-
MH, a caMoO SIBJI€HHE — aBTOKaTanu3oM. Hampumep, peakuus ruaponmnsa
YKCYCHOITWIJIOBOTO d(upa. B 3TO# peaknuy Kataam3aTopoM CIYXKHT YK-
cycHas kucnota, Tounee H', oGpasyroniuecs B X0/e PeaKiuu.

Jlnst BceX KaTaaM3aTOpOB XapaKTEpPHBI TaKhe OOIIHEe CBOWCTBA, Kak
crier(pUIHOCTh U N30MPATEIBHOCTD MIIH CEIEKTHBHOCTB.

Cneyuguynocms KaTanusaropa 3akiO4yaeTcs B €ro CHOCOOHOCTH
YCKOPATH TOJBKO OHY PEAaKIHIO MU TPYIIY OAHOTHUIIHBIX PEAKIHH U He



BIIUATH HAa CKOPOCTh APYrux peakuuil. Tak, HampuMep, MHOTUE MEPEXOI-
HBIE METAJUTHI (TIATHHA, MEe/Ib, HUKETb, JKENe30 U T. J1.) SBISIOTCS KaTalld-
3aTopaMu AJIs IPOLIECCOB THAPUPOBAHUS; OKCH] AJIFOMUHUS KaTaJIU3UpyeT
peaKkIuy ruapaTaluy U T. 1.

CenexmugHocmp KaTalln3aTopa — CHOCOOHOCTh YCKOPSTh OJHY U3
BO3MOXKHBIX MPU JAHHBIX YCJIOBHUAX IapaUleNbHBIX peakuuil. brnaromaps
JTOMY MOKHO, IIPUMEHSIS pa3IMyHble KaTalIU3aTOpbl, U3 ONHUX U TEX KE
HCXOJHBIX BEUIECTB [10JIy4aTh pPa3IUuHbIe IPOAYKThL. B 3TOM ciiydae kax-
JIbII KaTaau3aTop BBI3BIBAET YCKOPEHUE PEAKIMU TOJIBKO B OJTHOM M3 BO3-
MOJKHBIX HampasieHui. Hanpumep, peakuns B3auMOAEHCTBHS OKHCH YT-
Jepoja ¢ BOAOPOJOM MOXKET UATH IO HECKONBKHUM HalpaBICHUSM B 3aBU-
CHMOCTH OT YCIIOBUH U NPUMEHSEMOro KaTanus3aropa. Mcnonb3ys B kaue-
CTBE KaTajau3aropa Mellb, HUKEIb WIKA APYrHe KaTalu3aTopbl U MEHSS yC-
JIOBHS1, MOXKHO IIOJIyYHUTb METAHOJL, BHICIINE CIIUPTHL, METaH, AJIKAHBI U JP.

MexaHu3M JeicTBUS KaTajlu3aTopa Ha CKOPOCTh XUMUYECKOHN peak-
U OOBSCHIETCS TEOpHeH MPOMEXYTOUHBIX coenuHeHnd. KarammsaTop ¢
OJJHUM U3 PEarupyloLIUX BEIIECTB 00pa3yeT HENPOYHOE MPOMEKYTOUHOE
COEIMHEHNE, KOTOPOE JIETKO pearupyeT co BTOPHIM KOMIOHEHTOM peak-
1y, CXeMaTHYHO BECh IIPOLECC MOXKHO M300pasHTh CIEIYyIOMUM 00pa-
30M:

A +K=AK;
AK+B=AB+K,

rae A u B — xomnonenTsl peakiuu; K — karanuzarop.

OCHOBHOI TPUYMHON YBEIHYCHHS CKOPOCTH PEAKIMU IIPH TOJIOXKHU-
TEIILHOM KaTaJiu3e SBJISICTCS YMCHBIICHUE YPOBHS 3HEPIEeTUUECKOro Oaphe-
pa. C oOpa3oBaHHEM MPOMEKYTOYHOTO KOMIUIEKCA C YYaCTHEM KaTaiu3a-
TOpa ¥ KOMIIOHEHTOB PEAKIMU PearnpyeMble YacTHUIIbl TEPEXOAAT B aK-
THUBHOE COCTOSIHHE Ha 6oJiee HU3KOM YHEPreTHIeCKOM YPOBHE.

Heo0xoauMo OTMETHThH, YTO HaIW4YHE KaTaju3aropa He BIHSET Ha
BEIMYMHY HM3MEHCHUS TEPMOAWHAMUYECKOTO MOTCHIHANa M HH OIUH
KaTaJl3aTop He MOXET CAeNaTh BO3MOXKHBIM CaMOIPOU3BOJIFHOE MpOTe-
KaHUE TePMOJIUHAMHUYCCKH HEBO3MOXKHOIO Iporiecca. Karanusarop He u3-
MEHSIET BEJIIMYMHY KOHCTAHTBHI PABHOBECHS ISl OOpaTHUMBIX peakiluii;
BIUSTHHE KaTalIM3aTopa B 9TOM CIIydae 3aK/II0YaeTcs TOIBKO B YCKOPEHUH
JIOCTHYKEHUST paBHOBECHOTO COCTOSTHHUSI.

B 3aBucuMocTH OT (pa30BOr0 COCTOSIHHS PEareHTOB M KaTal3aTopa
KaTaINTHIECKHE PEaKIUH TOIPa3elIIoTCs Ha PEeaKIUH TOMOTEHHOTO H
TeTEPOTeHHOTO KaTajIu3a.

Tomocennwbiti kamanuz — KaTaJIUTUUECKUE PEAKIMH, B KOTOPBIX pea-
TCHTBI M KaTalIu3aTop HAXOAATCS B OAHOW (ase, T. e. 00pa3yroT OJHOPOI-



Hylo cucteMy. OHH MOTYT HaXOIUTHCA B Ta3000pa3sHOM COCTOSHHM HIIH
00pazoBaTh OAHOPOIHEIA PACTBOD.

Hanpuwmep, okucnenne CO no CO, B IpuCyTCTBUYU NIAPOB BOABI WIH
THIPOJIU3 CI0XKHBIX YTJIEBOJIOB B IPUCYTCTBHH CEPHOI KHCIIOTBI.

T'emepozennulii kamanuz — KaTalUTHYECKHE PEaKIHUM, UAyIIHMEe Ha
MIOBEPXHOCTHU pa3zena (a3, 00pa3yeMbIX KaTaIu3aTOPOM M pearupyrouy-
MU BemecTBaMu. [Ipu rereporeHHOM KaTajaM3e 4Yallle BCEro KaTalu3aTo-
pOM SBISETCS TBEpAOE TEJIO, A PEardupyronife BEIeCTBA HAXOAATCS B
KHUJIKOM MM Ta3000pa3HOM COCTOSIHHH. MEXaHN3M reTeporeHHO-KaTalli-
THUYECKHMX IMPOLIECCOB JOCTATOYHO CIOKeH. [IpH reTreporeHHOM KaTause
OoIbIIIOE 3HAUCHUE HMEET CTPYKTYpa, XMMHYECKHH COCTaB M BEIMYMHA
MIOBEPXHOCTH KaTanu3aTopa. B HEKOTOPHIX cilIydasX poib KaTaau3aTropa
MOTYT MI'paTh U CTEHKU COCYZa, B KOTOPOM IPOUCXOJUT XUMHUECKas pe-
akius. Kak npaBuiio, reTeporeHHble KaTATUTUIECKUE PEaKIUU IPOTEKaroT
B HECKOJBKHX CTAIMAX, BKIIOYAIOMNX B C€0SI M MPOIECCHl aAcOpOLUH |
JIeCOpOLIMH YaCTHII PEATUPYIONINX BEIIECTB U MPOIYKTOB PEAKITHH.

Jnst oOBsICHEHHSI MEXaHMW3Ma KaTalu3a B IIEJIOM, M T€TEPOTEHHOTO
KaTallu3a B YACTHOCTH NPEUIOKEHBI B Pa3HOE BPEMsI HECKOJIBKO HAy4HBIX
Teopuil. Haubonee BaXHbIMU SBIAIOTCS TEOPHs MPOMEXKYTOUHBIX COEIU-
HEHUH, afcOpOLUOHHAs TEOpUsl, IEKTPOHHAs TEOpUS U MYyJbTHIIIETHAs
TEOpHUs KaTaln3a.

AncopOImoHHasi Teopusl SBIsETCST HamOoJiee BaKHOW B ONMCAHUH
MeXaHW3Ma T'€TePOTeHHOTO KaTaji3a, MPH KOTOPOM afcopOuus SBISIETCS
OJHOW W3 BaKHBIX CTagWil. ANCOPOIMOHHAs TEOPHsS OCHOBBIBACTCS Ha
JBYX OOIIMX IOJOXKEHWSIX: 1) Karanu3 cBs3aH C ajcopOuuel pearupyro-
IIMX BEIIECTB HAa BCell MOBEPXHOCTH KaTanM3aTopa; 2) B KaTalUTHYECKOM
peaKkuuu NpUHUMAIOT Y9acTHe OTJAENbHbIE YJAaCTKH KaTaau3aTopa, Ha3bl-
BaeMble aKTHBHBIMU IIEHTPaMH.

OJNeKTpOHHAS TEOpHS MEXaHW3Ma KaTalu3a HUCXOJUT W3 TOTO, YTO
CBOOOMHBIC AJIEKTPOHBI METaJUIa OINPEIEISAIOT KaTaTUTHYECKYI0 aKTHB-
HOCTh KaTaju3aTopa, Omarofapst ueMy KOBAJICHTHBIE CBSI3H aJIcopOmpo-
BaHHBIX WJIM OPHEHTHUPOBAHHBIX MOJEKYJ Ae(OPMHUPYIOTCS, IpeTepreBa-
0T IIEPECTPONKY M IIPOUCXOAUT 00pa30BaHNE HOBBIX MTPOJYKTOB.

MyJIBTHIUIETHYIO TEOpHUIo, pazpaboranHyio B 1929 r., MoxHO pac-
CMaTpUBaTh KaK CBS3BIBAIOIIYIO aICOPOLMOHHYIO TEOpUIO U (hepMeHTa-
TUBHBIN KaTajlu3. B OCHOBY MyJIbTUIUIETHON TEOPUU I1OJIOKEHBI IPUHIUIL
TEOMETPHUIECKOTO N CTPYKTYpPHOTO COOTBETCTBHS M HMPHUHIWI 00pa3o-
BaHHs MYJBTHIUIETHBIX KOMIUIEKCOB. T€OpHIO MyIBTHUILUIETOB Ha3bIBAIOT
MHOTJIa TeOpHel TeOMeTPUUECKOro MoA00us aKTUBHOTO LEHTPa U pearu-
PYIOLIMX MOJIEKYL.



depMeHTaTUBHbIN KaTanus

DepmeHmamugHblli Kamaiuz — KaTaJUTHUYeCKHe PeaklHH, MpoTe-
KaIOIIKE C y4acTHEM (PEPMEHTOB.

DepMEHTHl  MPEJCTABISAIOT €000  BBICOKOCTICIUAIN3UPOBAHHBIN
KJIACC BEUIECTB OEIKOBOW MPUPOABI, UCIOIh3yEMbIX JKUBBIMH OpTaHHU3Ma-
MU JUIS OCYIICCTBIICHHS MHOTHUX TBICSY B3aMMOCBSI3aHHBIX XUMHUYECKHX
peaknuii, COBOKYITHOCTb KOTOPBIX COCTABIISIET CYIIHOCTh OOMEHA BEIICCTB.
Depmenmol — OUoROUYECKUE KAMATU3amopbl, QyHKINOHAIBHBIC SINHH-
LBl KJIETOYHOTO MeTabonu3ma. J[eficTBys B CTPOro OMpeesieHHOM HocIie-
JIOBATEIbHOCTH, OHU KATAJTU3UPYIOT COTHH MHOTOCTAIMIHBIX peakiuil, B
X0JIe KOTOPBIX PACIIEIUISIOTCS MOJISKYJIbl MUTATENLHBIX BEIECTB, 3amaca-
eTcs M Tpeodpa3yeTcs XUMUIecKasi SHEPTUsl, U3 MPOCTHIX MOJEKYJ-TIPeI-
IIECTBEHHUKOB CTPOSATCS MaKPOMOJIEKYJIbI, BXOJSIINE B COCTaB KJIETKH.
TTogcunrtano, 4TO XMBasi KieTka MoxeT coaepxaTth 10 3000 paznuuHbIX
(epMEHTOB, KaXKIBIii U3 KOTOPBIX YCKOPSIET Ty WIH HHYK XHUMHYECKYIO
PEaKIHIo, T. €. BBIMOIHICT (QYHKIUIO OMOJIOTHYECKUX KaTamu3aropos. [1o-
JI0OOHO HEOPTraHMYECKUM KaTalu3aTopaM, (epMEHTHI MOBBIIIAI0T CKOPOCTh
XUMHUYECKUX PEAKIUi 3a CUET MOHKEHHS SHEPTUuH akTuBamuu. Kak u ka-
TaIM3aTOPhl HEOPTaHWMYECKOW MPHUPOJIBI, OHW HE BBI3BIBAIOT KaKUX-THOO
XUMUYECKUX PEAKIUH, a JHUIIb YCKOPSIOT CYIIECTBYIOIINE U HEU3MEHHBI
mocie peakuu. OZHAKO OHOJIOTHYECKHE KaTAIU3aTOPhI IO sy MpH3HA-
KOB PE3KO OTJIMYAIOTCS OT HEOPraHUYECKHX KaTalu3aTOPOB.

Cesoticmea ¢epmenmos

[lepBoe pasnuuue COCTOMT B TOM, 4YTO ()EPMEHTHI «paboTaroT» B
OYeHb MSTKHX YCIOBUSIX U NPOAGTAIOM UPE3BbIUAUHO BbICOKYIO KAMANU-
muueckylo akmugrnocms. Tak, HaIIpuUMep, THAPOTUTHIECKHUIT pacnas O6enka
JI0 aMMHOKHCJIOT B TIPUCYTCTBHUH HEOPraHNIECKUX KaTaJIH3aTOPOB (KUCIOT
WM TeNioueit) ocymiecTBisieTcs npu temmeparype 100°C u Boilie 3a He-
CKOJIBKO 4acoB. DTOT K€ IMPOIIECC MPH KaTATUTHYECKOM YYacTUH CHeru(H-
4yecKnX (PepMEHTOB TPEOYET BCETO HECKOJIBKUX MUHYT M IPOUCXOIUT IIPH
temmnepatype 30—40°C. IlpuHaro cunTath, YTO HEOPraHUUECKUN KaTau3a-
TOP MOXKET yCKOPHTh XUMHHdecKre peaxin 10 10°, depment — 10 107 pas.

Bropoe pasmmume 3akirodaeTrcss B TOM, 4TO (EpMEHTHI obnadaiom
HEOOBLIKHOBEHHO 8bICOKOU cneyuguunocmyvio Oeticmausi. Kaxapiii pepMeHT
KaTaJIu3upyeT, KaK MPaBHUII0, OJHY-CIUHCTBEHHYIO XUMUYECKYIO PEAKIIHIO.
OmnH ¢epMeHT — ofHA peakuys. TeM He MeHee IO CIelU(PHIHOCTH
(epMeHTHI MOAPA3JEIAIOTCS Ha JBa BUAA: 1) GepMEHTHI ¢ aOCOIIOTHOM
Cenu(pUIHOCTBIO; 2) (PepMEHTHl C OTHOCHTENBHON WM TPYMIIOBOH CIe-
IU(UIHOCTHIO.



Jiis hepMEeHTOB ¢ OTHOCHTEIBHON CHEeNU(PUIHOCTBIO CyOCTpaToMm
SIBJISIETCSl TPYINa aTOMOB B MOJIEKYyJe HJIM CBs3b. Hampumep, mnerncus.
Cy0GcTpaToM [uisi HErO SIBJISETCS MENTHIHAS TPYNIUPOBKA aTOMOB HIIH
MenTHAHAS CBA3b. [lencuH paciuensier, Kak H3BECTHO, OEIKH, T. €. TE MO-
JIEKYJIbI, B KOTOPBIX IIPUCYTCTBYET MENTHAHAS TPYIITHPOBKA.

Jnst pepMEeHTOB ¢ aOCOTFOTHON CHEUU(PHUIHOCTBIO CYOCTPATOM SIBIISI-
eTcsl caMa MOJIEKYJIa BCTYHAIOIIEr0 B XMMHYECKYIO PEaKIMIO BEIIECTBa.
BonpmmHaCTBO (hepMeHTOB 00:1a1at0T a0COMIOTHOH cenn(pUIHOCTHIO.

OIHO M3 BaXXHBIX PA3IUYUi MEXIy HEOPraHWYECKUMH KaTajIn3aTo-
pamu u QepMeHTaMH CBsI3aHO ¢ OEIKOBOW NpUpPONOH mocienHux. Pep-
MeHmbl NPOAGIAIOM CE80I0 AKMUBHOCMb MOALKO 8 YCI0BUAX BOOHbIX PAC-
Meopos u npu uzuonocuveckux suavenusx pH u memnepamypuoi cpeodul.

Knaccuguxayus u nomenxnamypa pepmenmos

Mo crpoennio hepMEHTHI MOTYT OBITH MPOCTHIMU U CIIOKHBIMH Oell-
kamu. HeOenkoByro yacTb CI0XKHOTO (DEpMEHTa, KOTOpas JIETKO MOXET
OTAETATECS OT anodepMeHTa (OemKoBas JyacTh (pepMeHTa) U KoTopasi, Kak
MIPaBMJIO, TIPEJCTABICHA CIOXKHBIMUA OPTaHMYECKUMH COCAWHCHUSMH, Ha-
3BIBAIOT «KOPEPMEHTOM.

XOMOGEPMEHT
(CnoxHbm (hepMeHT)

AMO®EPMEHT + KO®EPMEHT
(BenkoBas uacTb) (Hebenkosas YacTb)

Puc. 14
Cmpoenue cnodicHo2o benka-ghepmenma

HeGenkoBast yacTh epMeHTa MOXKET OBITH IPECTaBIECHA U IIPOCTHI-
MU BCIICCTBAMH HeOpFaHH‘ICCKOﬁ pUpoOJbI, Yale nOHaM METAJIJIOB, KO-
TOpPBIE OKA3BIBAIOTCS MIPOYHO CBA3AHHBIMH C armodepMeHToM. B atom ciy-
4ae e Ha3BIBAIOT KOPECPMEHT.

W3 6onbuioro yncia pepMEHTOB MOKHO BBIIEIUTH OCOOBIH Ki1ace —
perynsTopHble (PepMEHTHI, KOTOPBIE MOTYT BOCIIPUHAMATH Pa3iIMYHbIE Me-
TabOJIMYECKHE CUTHAJIBI U B COOTBETCTBHU C HUMH H3MEHSTH CBOIO KaTa-
JUTHUYECKYI0 aKTUBHOCTb. bnaromaps aAedcTBUIO TakuxX ()epMEHTOB BCe
(hepMEHTAaTUBHBIEC CHUCTEMBI B KJIETKE (DYHKIHMOHHPYIOT KOOPAWHHPOBAH-
HO, YTO ABJIACTCA HeO6XOI[I/IMBIM U TOAACPIKaAHUA JKA3HECITOCOOHOCTH
OT/EJIBHBIX KIIETOK H IIEIBIX OPTaHU3MOB.

Pa3nuuaroT HECKOJIBKO TPy PeryasTopHEIX (epmeHToB. Hanboss-
Iee 3HaYeHHE M3 HUX MMEET aJuIoCTepuUecKre (PepMEHTHI, KOTOPbBIE KPO-
Me aKTHBHOTO LIEHTpa COJepKaT euié BTOPOM IIEHTP, Ha3bIBAEMBIH ayo-
CTEPUYUECKUM. Aniocmepuieckuil yeHmp — 3TO y4acTOK MOJISKYJBI dep-



MEHTa, CIy)Xallui A NPUCOCAMHEHHs OIPE/ICICHHOIO HU3KOMOJIEKY-
JSIPHOTO BelIeCTBa — MeauaTopa. Meauatopbl ObIBAIOT ABYX BHIOB: aK-
THBATOPbI U HHTUOUTOPBI, KOTOPHIC BBI3BIBAIOT H3MEHEHUE KOH(DHUTYpaIu
aKTHUBHOT'O IICHTPAa M COOTBETCTBEHHO JIMOO yBEJIMYEHHE, TMOO CHIDKCHHE
KaTATUTHYECKOH aKTHBHOCTH (hepMeHTA.

B Hacrosiniee BpeMs u3BecTHO 0koyio 5000 pazinyuHbIX (QepMEHTOB.
CornacHo MEXIyHapOIHOW cUcTeMe KIacCH(HMKALMU M HOMEHKJIATYPBI
pa3IHyaoT IecTh KiaccoB (epmenToB. Kaxnplil kiacc monpasnensercs
Ha MOJAKJIACCHI, @ MOAKIACCH — Ha IPYIIIBL

1. Oxcuaopenykrassl — KaTaIM3UPYIOT OKHCIHTEILHO-BOCCTAHO-
BUTENBHBIE PEaKIINH.
2. TpaHcepasbl — KaTaIM3UPYIOT pEaKIUH IepeHoca (yHKIHO-

HAJIBHBIX TPYIII U OCTaTKOB MOJEKYIL

3. 'maponassl — KaTalIU3UPYOT peakuu TUAPOIIN3a.

4. JIna3sl — KaTaTU3UPYIOT HETHAPOJIUTUYECKOE PACIICIICHHUE CBS-
3eit, 00pa30BaHHBIX C YYaCTHEM YTIEpPOaa.

5. N3oMepaspl — KaTaMM3UPYIOT PEaKIUU U30MEPU3AIIH.

6. Jlurazpl (cuHTETa3bl) — KaTaJM3UPYIOT PEAKLIUM CHHTE3a WM
00pa30BaHUs HOBBIX CBA3EH.

ITo MexnyHaponHoil cucreMe KiacCH(UKalUK OKCHAOPETYKTa3bl
noapasaessroTes Ha 23 mojaknacca, Tpancdepassl — Ha 10, ruaponassl —
Ha 13 mT. 1. B tabnuie 1 npencraBieHsl Ha3BaHMS HEKOTOPHIX ITOKIIAC-
COB OKCHIOpenyKTas, B3areie ¢ caiita NC-IUBMB (Nomenclature Com-
mittee of the International Union of Biochemistry and Molecular Biology).

Tabnuya 1
Oxcupopenykrasbl

EC 1. Oxidoreductases

EC 1.1. Acting on the CH-OH group of donors

EC 1.2. Acting on the aldehyde or oxo group of donors
EC 1.3. Acting on the CH-CH group of donors

EC 1.4. Acting on the CH-NH, group of donors

EC 1.5. Acting on the CH-NH group of donors

EC 1.6. Acting on NADH or NADPH

EC 1.7. Acting on other nitrogenous compounds as donors
EC 1.8. Acting on a sulfur group of donors

EC 1.9. Acting on a heme group of donors

EC 1.10. Acting on diphenols and related substances as donors
EC 1.11. Acting on a peroxide as acceptor

EC 1.12. Acting on hydrogen as donor

Other oxidoreductases




CuctemHble Ha3BaHUS (PEPMEHTOB YKa3bIBAIOT HAa THUIl KaTalH3HUpye-
MOW peakIiy, Ha XapakTep cyOcTpara U mpoaykra peakun. OdeHp gacTo
9TH Ha3BaHWA OBIBAIOT [UIMHHBIMH U B CBSI3M C 3TUM HEYyAOOHBIMH LTI HC-
M0Ib30BaHMsA. MexlyHapoaHas cUCTeMa KilacCu(UKauu 1 HOMEHKIIATy-
pBl (PepMEHTOB TpEIoaraeT IMPUCBOCHNE KaXKI0MY (pEepMEHTY KOJOBOTO
HoMepa (udpa) u3 yersipexsHayHoi mudpsl. Iepsas mudpa koga yka-
3BIBa€T Ha KJIacc, BTOpasi — Ha MOAKJIAcC, TPEThs — Ha IPYIITy, a 4eTBep-
Tasi — TMOPSAKOBEINH HOMEp (pepMeHTa B rpymie.

Mexanuzm Oeticmeus pepmenmos

[lepBBIM mIaroM B MeXaHHU3ME JICHCTBUS (pepMEHTOB Beeryia SBISEeTCS
CBsI3BIBaHKE (PepPMEHTA CO CBOUM CHEIM(DUIHBIM CyOCTpaTOM M 00pa3oBa-
HHUE (hepMEHT-CyOCTPaTHOrO KOMILIEKCA.

O0pazoBanue (epMEeHT-CyOCTPaTHOrO KOMIDIEKCA COMPSDKEHO C Ha-
JMYHEM B €r0 MOJEKYJIe 0COOBIX YYaCTKOB, OTBETCTBCHHBIX 3a CBS3BIBA-
HHUC cy6CTpaTa u 3a HeHOCpe,HCTBeHHblﬁ KOHTAKT C HUM — aKTHUBHBIC LICH-
TPEBL. Cix) YHUKAJIbHOC COYCTAaHUEC aMHUHOKHUCJIIOTHBIX OCTATKOB, pacnojia-
TafOIIUXCS B ONPEIETICHHON 9acTH OSIKOBOM MOJIEKYJIBI, CIO/Ia e BXOIAT
1 HeOEeIKOBBIE KOMITOHEHTHI ()epMEHTA.

depMeHT-CyOCTpaTHBI KOMIDIEKC BCET/la paciajaercss Ha cBOOOI-
HBIA ()EPMEHT U MPOAYKTHI pEaKIUH.

PapreHT- GepmenT
Pepment cyBeTpaTHLIH P
KOMNNeKc

>

e ¥+ @
CyGeTpar MpoayxTe!
pPeaKL UM

Puc. 15
Cxema mexanuzma oeticmeust pepmenma

MexaHu3M JIeHCTBUST (DEPMEHTOB MOXKET OBITh PACCMOTPEH C JIBYX
MO3UIMH: C TOYKH 3pPEHUsI COOBITHH B aKTUBHOM LIEHTPE M HM3MEHEHUS
SHEPTreTUKU XUMHYECKHUX PEaKIIHH.

HccnenoBanne 3aBUCHUMOCTH CKOPOCTH ()epMEHTaTHBHON PpEaKIHUU
OT KOHIIEHTpAIMK cyOcTpaTa IpH HEM3MEHHOW KOHIEHTpanuH (epMeHTa
MI0KA3aJI0, YTO C YBEIMYCHHEM KOHIEHTPAIUHU CyOCTpaTa CKOPOCTh pEaK-
LM CHAaYaJa yBEJIMYMBACTCS, a 3aTEM IIEPECTacT U3MEHSITHCS, U 3aBHCH-
MOCTb CKOPOCTH PEaKIH OT KOHLEHTPAlMK CyOCcTpaTa ONMUCHIBACTCS Clie-
JYIOIIMM YPaBHEHHEM:

K
V=vr_(1+=2)",
mdx( C )

s



rae K, — xoHcTanTta Muxasnuca, YMCICHHO paBHasl KOHIEHTpAIMH Cy0-
ctpata nipu V' = 1/2V,.x. KoHCcTanTa MHuxasmuca CIry>)KUT MEpOH CpOJCTBa
MeXay cyoctparoM u pepmeHTom: ueM MeHbIne Ky, TeM OoipIie ux cro-
COOHOCTB K 00pa3oBaHMIO (PEPMEHT-CYOCTPATHOTO KOMILICKCA.

C 3HepreTUYECKON TOYKH 3peHUs (pepMeHTHI 00eCIeYHBaIOT BHICO-
KYIO0 CKOPOCTh PEaKLUil MPH ONTHUMAIBHBIX YCIOBHAX, CYHICCTBYIOIINX B
KJIETKe, IMyTEM IMOHMKEHHs YPOBHS SHEprum aktusanuu (puc. 16). dep-
MEHTHI CHIDKAIOT BBICOTY SHEPreTHIECKOro Oaphepa, B pe3yIbTaTe Bo3pac-
TaeT KOJIMYECTBO PEaKIIMOHHOCIIOCOOHBIX MOJEKYJI, CIIeI0BATEBHO, yBe-
JINYUBAETCS CKOPOCTH PEAKIINH.

AKTHBAITMOHHBIH Dapeep

AN

DHEPIHMA aKTHBAITHMH

3

=

@

=

©
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B, W PeaKITHn
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g cobogHOMH
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XoJ peaKkIuua

Puc. 16
Cxema mexanuzma 0eicmaust pepmenma no UsMEHeHUI0 IHeP2emuKu
Kamanuzupyemotul peaxyuu

daxropamu, crioCOOCTBYIOLIMMHU CHU)KEHHIO SHEPreTUUECKOro Oapbe-
pa, MOJKHO CUUTATh:

® MaKCHUMallbHOE COJIMKEHNE U CTPOTYIO OPHEHTAIMIO B3aUMOJIEHCT-
BUSI MOJIEKYJI CyOCTPaToOB B aKTHBHOM LICHTPE;

® TTOBHIIICHUE BEPOATHOCTH CTOJIKHOBEHHS YaCTHII CyOCTpPaTOB;

® JIeiicTBUE TOJIBKO Ha OMpE/CICHHBIC aTOMBI CyOCTpaTa aToMaMH
AKTHBHOTO LIEHTPA;

e MOJIIpU3aIM KOBAIEHTHBIX CBs3ed cyOcTpaTta moj AeHCTBHEM
AIIEKTPUIECKOTO TIOJISI aTOMOB aKTUBHOTO LIEHTPA.

MoJeKyIsIpHBIMH MeXaHH3MaMHU WIH (GakTopamMu (HepMEHTATUBHOTO
KaTaJiu3a MPUHATO CYUTATh:

1) a¢pdexr opueHTaIMIK pearcHTOB;

2) 3¢ ekt uHAYHUPOBAHHOTO COOTBETCTBHS CYOCTpaTa U aKTUBHOTO
nenTpa (3¢ dexr gedopmarum);

64—



3) OKUCITUTETBHO-BOCCTAHOBUTEIBHBIA KaTaJIH3,;

4) KOBaJICHTHBII KaTaIu3.

AKTHBHBIN [IEHTP Ha BCEX dTamax (epMEHTATHBHOTO KaTaji3a Helb-
35 paccMaTpHBaTh KaK MAacCHBHBIN y9acTOK AJs CBA3BIBaHMA cyOcTparta.
3T0 KOMIUIEKCHas MOJEKYJSIpHAsl «MallhHa», HCIOJb3YIomas pa3Hoo0-
pa3HbIe XUMHYECKHE MEXaHU3MbI, CIIOCOOCTBYIOIINE TPEBPAILCHUIO CYO-
CTpata B IIPOAYKT.

B axTuBHOM meHTpe (epMeHTa CyOCcTpaThl pacloiIararoTcs TaK, 9To-
OBl yJacTBYIOIIME B peakiny (pyHKIHOHANBHBIE TPYHIIIBI CyOCTpaTOB Ha-
XOJWIINCH B HETIOCPEACTBEHHON OJIM30CTH APYT K APYTY. AKTHBHBIA LIECHTP
(depMeHTa TaKkkKe CIOCOOCTBYET AecTaOMIM3alMi MEXATOMHBIX CBS3CH B
MoJIeKyJe cyOcTpara, 4To obJeryaeT IpoTeKaHne XUMUYECKOH peakun 1
00pa3zoBaHue MPOTYKTOB.

MexaHu3Mbl (DepPMEHTATHBHOIO KaTalu3a OMpPEAEISIOTCS POJIBI0
(YHKIIMOHATIBHBIX TPYIII aKTUBHOTO LEHTpa (hepMeHTa B XUMHUIECKOH pe-
aKIMX TpeBpaIieHus cyocTpara B IPOAYKT. BEIIENAIOT 1Ba OCHOBHBIX Me-
XaHN3Ma (PEepMEHTATUBHOTO KaTajH3a: KHCIOTHO-OCHOBHOM KaTaJln3 M KO-
BaJICHTHBIH KaTaJH3.

Kpome akTHBHOTO LEHTpa HEKOTOpbIE (PEPMEHTHI UMEIOT IOINOJIHHU-
TENBHBIN, PeryNsaTOpHBINA, WK amioctepuyeckuii (allos — npyroii, ste-
r0s — MPOCTPAHCTBEHHBIH), IIEHTP, ¢ KOTOPHIM B3aUMOJECHUCTBYIOT aJlIo-
CTEPUUYECKHE PETyIATOPHI WM MOIYIIATOPHI (aKTUBATOPHI M HHTHOUTOPHI).
AnnocTepudeckne GpepMeHTHI MOIPa3AessIoTCs Ha ABE TPYHIEL: 1) romo-
TPOITHBIE; 2) TETEPOTPOIIHBIE.

I'omoTpornHbIe (epMeHTH aKTHBU3MPYIOTCS CBOMMH e cyOcTpara-
MU, T. €. Y HUX cyOCTpaT U aKTUBaTOpP OJHO M TO € BEIIeCTBO. AKTUBHBIH
LIEHTP OIHOBPEMEHHO MOYKET BBIOJIHATH (PYHKLUH aJUNIOCTEPUUECKOTO.

W3yueHne amiocTepHUuecKoll perysiiuéd aKTUBHOCTU (EepMEHTOB,
0COOECHHO MPOIECCOB WHTHOMPOBAHUS, MMEET OOJNBIIOE MPAKTUYECKOE
3HayeHre. OHO MO3BOJSAET OMPEAETATH IMOCIEN0BATENLHOCTh PEAKLU B
CIIOXKHBIX MHOTOCTYIIEHUYATBIX OMOXMMHYECKHX MPOIECCAaX, BBIABIATH
n30(opMBl pazaHuHBIX (GepMeHToB. Kpome Toro, paznniHble HHTHOUTOPHI
(epMEHTOB IIMPOKO MPUMEHSIOTCS B MEMIMHCKOM MpaKTHUKE Kak Tepa-
NEBTUYECKHE CPEJCTBA IIPU MATOJOTMAX WH(EKIMOHHON M He3apa3HOH
STHOJIOTHH.

Onpedenenue akmusHocmu (hepmenmos

OI[HI/IM nu3 HaHpaBJ'IeHI/Iﬁ OH3UMOJIOTHHU ABJIICTCA DH3MMOIUArHOCTHKA,
KOTOpas pa3sBUBACTCs, BO-IICPBBIX, 110 MYTH NPUMEHCHNA BBICOKOOYHIIICH-
HBIX (bepMCHTOB B Ka4C€CTBEC H36I/IpaTeJ'ILHLIX pCarcHToB AJisd OTKPBLITUA H
KOJIMYCCTBCHHOI'O ONPCACIICHUA C ,Z[Hal“HOCTPI‘lCCKOfI OCJIbK0 XMMHWYCCKHUX



BEIIECTB B OMOJOTHUYECKUX JKUIKOCTSAX; BO-BTOPHIX, MO MyTH OOHApYyKe-
HUS ¥ OTIpeIeTICHHsI aKTUBHOCTH CaMUX (DEPMEHTOB B pa3IMUHBIX TKAHSX.

JIJIss TUarHOCTHKH Pa3JInIHBIX MAaTOJIOTHIECKHX IMPOIECCOB B Opra-
HU3ME IIHPOKO HCIOJB3YIOTCS (DEPMEHTHBIC TECTBI, OTIHYAIOIIAECS OT
JOPYTHUX XUMHYECKHX JTUATHOCTHYCCKUX TECTOB BBHICOKOW UYBCTBHUTEIBHO-
CTBIO U CHICHU(UIHOCTBIO.

B Hacrosiiiee BpeMsi H3BECTHO MHOXECTBO Pa3IUYHBIX TECTOB, OC-
HOBaHHBIX Ha KOJIMYECTBEHHOM OTpEACICHUN aKTUBHOCTH (PEpMEHTOB B
Pa3TUYHBIX TKaHIX W OMOJIOTUYECKUX KHUIKOCTSX. [Ipu nuarHoctuke pas-
JUYHBIX 3a00JICBaHUH HCIONB3YIOT IMOKA3aTeNId aKTUBHOCTH JIECATKOB
(depMeHTOB 1 uX M30(epMeHTOB. B KIMHHYECKOH MPaKTHKE YacTo OIIpe-
JENSI0T aKTHBHOCTh aclapTaTaMHHOTpaHC(epasbl, alaHHHAMHHOTPAHC-
(epassbl, TaKTaTICTHIPOTCHA3bI, APTUHA3BI, AJTKOTOJIbACTHPOTCHA3BI, 1[H-
TOXPOMOKCH/JIA3bl, aMHUJIA3bI U JP.

B ocHOBe BCAKOT0 KOJIMYECTBCHHOTO ONPEACTICHUs (hepMEHTaTHBHO-
TO JIEHCTBHS WM aKTUBHOCTH JEHCTBUS (pepMEHTa HaXOATCS H3MECHEHUS,
KOTOpBIC TIPOUCXOJAT C CyOCTPaToM COOTBETCTBYIOUICH (DepMEHTATHBHOMN
pEaKIUH.

Hawubonee yacTo akTHBHOCTh JICUCTBHS (PEPMEHTOB BBIPAXKACTCS KO-
JMYECTBOM BEI[ECTBA, KOTOPOE 32 CTPOrO OMPECICHHOE BPEMSI U B CTPOTO
OTIPE/ICIICHHBIX YCIIOBHSIX IMOABEPrajoch TOMY WM WHOMY W3MEHEHHIO.
depMEHTaTUBHOE JIEHCTBHE MOXKET OBITh OIICHEHO TAaK)Ke BpEMEHEM, He-
00XOMMBIM TSI CTPOTO OTNPEIeNICHHOTO N3MEHEHHs cyOcTpara.

CornacHo 3axmoueHuio Komucenn mo gpepmeHTaM MexayHapoIHO-
ro OMOXMMHYECKOTO coro3a, exuHuna aktuBHocTH (E) depmenTa — 310
KOJIM4ECTBO (epMEHTa, KOTOPOE KaTaIM3HPYET IPEBpalICHUE OIHOTO
MHUKpPOMOJIS CyOcTpaTa 3a | MUH NpU CTaHAAPTHBIX YCIOBHUSX.



YYEHUE O PACTBOPAX

PacTBopbl — (PU3MKO-XMMHYECKHE TOMOTEHHBIE CHCTEMBI, COCTOSI-
Me u3 IByX WM 0ojee KOMIIOHEHTOB; T€ OAWH U3 HUX Ipeobiagact, He
MEHSIET CBOE arperaTHOE COCTOSHHE M HAa3BIBACTCS pacimeopumens, OC-
TaJlbHbIE PABHOMEPHO PaCIPEEISIFOTCS [0 BCEMY 00bEMY PACTBOPHTEISI U
HAa3BIBAIOTCA pacmeopernbimu eeujecmeamu. C TEpMOTUHAMUYECKON TOU-
KM 3pEHUs TaKOe JIeJICHUEe KOMIIOHEHTOB PAcTBOpa HE UMEET CMbICTA U TI0-
3TOMY HOCHUT YCJIOBHBIH XapakTep. YUYEHHE O pacTBOPAaX — OJHUH U3 BaXK-
HEHIINX pa3fenoB pU3n4ecKol XUMHH.

PacTBOpBI CXOHBI KaK ¢ MEXaHHYECKUMH CMECSIMH YaCTHIl, TaK M C
XMMUYECKUMH coeuHeHHAMHU. Koraa ydeHne o pacTBopax BBIIEITHIOCH B
CaMOCTOSITENIBHBIH pa3zieNl (pU3MUeCKOH XUMHH, PaccCMaTpUBAINCh [BE
TOYKH 3pEHUsI Ha IIPUPOJY PACTBOPOB — (hu3mueckas 1 xumuueckas. Co-
IJ1acHO (pU3NYECKON TEOPHUH PACTBOPHI MIPEACTABISUINCH KaK OJHOPOIHBIC
CMECH MOJIEKYJ, a TPOLecC PaCTBOPEHUs pacCMaTpHUBAaJICA KaK YHCTO (H-
3WYECKUH IPOIIECC PABHOMEPHOTO PACHPEAEICHISI YaCTUI] PaCTBOPSEMOTO
BEIIIECTBA [0 BCEMY 00BEMY PACTBOPHUTEIIS.

CoriacHO XUMHYECKOH (WJIM THIAPATHON) TEOPUU MEXITYy MOJEKyJa-
MU KOMIIOHEHTOB pacTBOpa CYLIECTBYET XHMHUYECKOE B3aUMOJACHCTBUE,
IIpUBO/AsIIEEe K 00Pa30BAHHMIO HECTOMKNX COCIMHEHUH.

B Hacrosiiiee BpeMsi pacTBOPBI pacCMaTPHBAIOTCS KaK (PM3UKO-XUMH-
yeckue cucteMsl. [Ipu pacTBopeHHH UMEIOT MEeCTO Kak (pu3ndecKue, Tak u
XMMUYECKHe B3aMMOJICHCTBHUS YacTUI] PAacTBOPAEMOro BEIIeCTBA M pac-
TBOPHTEIIS.

PacTBOpenne TBEPABIX TENl B JKUAKOCTAX MPOUCXOIMUT MYTEM CaMO-
MIPOM3BOJIBHOTO MEPEX0Jia PACTBOPSAEMOro BEIECTBA B KHUIKOCTb. Mexa-
HU3M IpOLIECCa PACTBOPEHUS TBEPABIX TEIN B KUIKOCTAX MOXKHO NpeJCcTa-
BUTH CIEYIOIIUMH CTaJUSIMU:

o 1 dy3ust MOJIEKyJ PACTBOPHUTENS K IOBEPXHOCTH TBEPJIOTO Tea;

® a1cOpOIMs MOJIEKYJT PACTBOPHTEIIS K TIOBEPXHOCTH TBEPAOTO TEa,

® OaronpusATHAs OPHEHTALNS MOJIEKYJI PaCTBOPHUTEINS B TOJIE TIOJH-
31pOB (KPUCTAUIMUECKOHN pelIeTKN) TBEPAOTO TeNa;

® OTPBIB MOJIEKYJIAMU PACTBOPHUTENS YacTUI] (MOHOB MM MOJIEKY)
TBEPIOTO TeJ1a OT MOBEPXHOCTH IOJIU3/IPOB;

® COJIBBATAIHS YaCTHIl TBEPIOTO TeTa MOJIEKYJIaMH PaCTBOPUTEILS;

o muddy3us coabBATOB IO BCEMY 00BEMY .

IIponecc pacTBOpeHUs YaCTO COMPOBOXKIAETCS BBIACICHUEM WU MO-
TJIOLIEHUEM TeIla. OTO CBUICTENBCTBYET B IONb3Y XUMHUECKOH TEOpUH
pactBopoB. IIpu pacTBOpeHMH, yalle BCETO UIEKTPOIUTOB, IMPOHCXOAUT



pa3phIB CBsI3€H Kak B PAacTBOPSIEMOM BEIIECTBE, TaK M B ACCOIMAIIIX
MOJIEKYJT pacTBOopHTeNnsa. B oOpasyromeMcss pacTBOpe BO3ZHHKAIOT HOBEIC
ACCOIMAINH, COCTOSIINE W3 MOJIEKYJ DPAaCTBOPUTEISI M PACTBOPEHHOTO
BelIEeCTBA. B 3aBUCUMOCTH OT COOTHOLUEHMS KOJIMYECTBA SHEPIUH, 3aTpa-
YEHHOW TpW 00pa30BaHUM W BBHIICICHHOW MPU Pa3pyIICHUH CBs3eH, pas-
JIMYAIOT 9K30- ¥ SHAOTEPMUUECKHE MPOLIECCHl PACTBOPEHUSI.

[Ipu pacTBOpeHHH HEDINIEKTPOIMTOB MOJEKYJBbl PAacTBOPSIEMOTO Be-
IIeCTBa, HaXOAIIHECS Ha TIOBEPXHOCTH KPHUCTAIIIOB, MOMafas B BOAY, 00-
pa3yioT ¢ MOJEKYJIaMH BOJBI MEXMOJIEKYJISIPHBIE (BOJOPOIHBIC) CBS3M.
IIpu 3TOM € OIHOM MOJIEKYJION BEIECTBA CBSI3BIBAETCS HECKOJIBKO MOJIE-
KyJa BoJbl. TemioBoe ABM)KEHUE MOJIEKYJ BOJbI 3aCTaBISET CBSI3aHHbBIE C
HUMH MOJIEKYJIBI PACTBOPEHHOI'O BEIECTBA OTPHIBATHCSA OT KpUCTala U
MIEPEXOIUTDH B TOJIIILY MOJIEKYJ PaCTBOPUTEIISI.

BaxHeiime# xapakTepHCTUKON TI000T0 pacTBOpa SIBISETCS €ro KOH-
neHTpanus. KoHneHTpanus pacTBOpa MOKa3hIBAET, B KAKOM COOTHOIICHUH
HaXOJIATCS PACTBOPEHHOE BEIIECTBO M PACTBOPUTENH. DTO COOTHOIIEHHUE
MOJKET OBITh TIOKa3aHO Pa3HBIMH CIIOCOOAMH.

1. Maccosas oons unu npoyenmnas xonwyenmpayus (®). ITOT BUJ
KOHLEHTpAIMU MMOKa3bIBAET COOTHOLIEHHE MAacC PACTBOPEHHOI'O BEIIECTBA
U pacTBopa:

Taxk xak Macca paCTBOPEHHOT'O BEILECTBA BCET/1a MEHBILIE MAcChI pac-
TBOpa, 3TO COOTHOILIEHHE Bcerja MeHblle eauHunbsl. IlosTomy, Kkak
IIPaBUJIO, €r0 BBIPAXKAIOT B IIPOLEHTAX, U B 3TOM CIy4ae MacCOBYIO JOJIIO
PacCTBOPEHHOI'O BEIIECTBA MOYKHO Ha3BaTh IPOLICHTHOW KOHUEHTpalMen

6 C%: C% =100%
pacTBopa u ucnonb3oBaTte obo3HaueHne C%: C% 0.

2. Monapnas KoHyenmpayus, uiu MOJIAPHOCHb, — 3TO KOJIUYECTBO

MOJIEH PaCTBOPEHHOTO BEIIECTBA B OJHOM JINTPE PacTBOpa:

c=2,
%

rae C— MoJspHas KOHIEHTpAlMs PAacTBOPEHHOIO BEIIECTBA, MOJIB/J
(Bo3MOXKHO Takxke 000o3HaueHue M); 7 — KOJIMYECTBO PACTBOPCHHOTO Be-
ecTBa, MOJb; V' — 00BEM pacTBOpa, JI.

PacTBOp Ha3BIBAaIOT MOJIIPHBIM HJIH OJTHOMOJIIPHBEIM, €Cld B 1 1T pac-
TBOpa PacTBOPEHO | MONb BeIecTBa.

3. Monsanvhas konyenmpayusi (MOJSUIBHOCTB) pacTtBopa C(x) moka-
3bIBa€T KOJIMYECTBO MOJEH 1 paCTBOPEHHOTO BelecTBa B | KT pacTBOpH-
TeJs m:



n

Clx)= ;
m

p-ist

rre C(x) — MOJSIIBHOCTB, MOJIB/KT; 71 — KOJIMYECTBO PaCTBOPEHHOTO Be-
IIECTBA, MOJIb; 1y — MACCa PACTBOPHUTENS, KT.
4. Tump — coneprkaHue BEIECTBA B IpaMMax B 1 MIT pacTBopa:

T= %’
Vom
rae 7 — TUTp pacTBOPEHHOTO BEIECTBA, I/MIT; M, 5, — MAcca pacTBOPEH-
HOTO BELIECTBA, T; V), — 00BEM pacTBOpa, MIL.

5. Hopmanvnasa konyenmpayus pacmeopos (HOpMaibHOCHb, Uil MO-
JAPHAS KOHYEHMPAYUS IKGUBAIEHMA) — YUCIIO TPAMM-IKBUBAJIEHTOB JIaH-
HOTO BEI[ECTBA B OJJTHOM JIUTPE PacTBOpA.

I'pamm-sK6ueanenm gewjecmsea — KOJIUUECTBO TPAMMOB BEILECTBA,
YHCJICHHO PaBHOE €T0 SKBUBAJICHTY.

Dkeueanenm — 3TO yCIOBHAsl €ANHMIIA, PABHOIICHHAS! OTHOMY HOHY
BOJIOpOJia B KHCJIOTHO-OCHOBHBIX DPEAaKLIMSIX WIM OJHOMY 3JIEKTPOHY B
OKHCITUTENIbHO-BOCCTAHOBUTEBHBIX PEAKIIHSX.

Jlns 3anmcu KOHIEHTPAIMK TaKUX PacTBOPOB HCIOIB3YIOT COKpalle-
nus # uian N. Hanpumep, pactBop, coneprkamuii 0,1 MOnb-9KB/J1, Ha3bIBa-
IOT ICIIMHOPMAJIBHBIM H 3aIUCHIBAIOT KaK 0,/ H.

C =—,
Vo
rae CH— HOpMaJibHass KOHOEHTpalusd, MOHb-BKB/H; Z — YHCJIO DKBHUBaA-
JIEHTHOCTH; V. py — 00BEM pacTBOpa, I1.
Pacmsopumocmp BemecTBa S— MaKCHUMallbHas Macca BEIIeCTBa,

KoTopast MOXxeT pacTBoputhesa B 100 T pacTBopuTens:
8§ = (My 5o/ Mp5) - 100.

Kosgppuyuenm pacmeopumocmu — OTHOLIEHHE MacChl BEILECTBA,
00pa3yIomero HachIIEHHBII pacTBOP NMpU KOHKPETHOH TeMIepaTrype, K
Macce pacTBOPHUTEIIS:

ks = Myga/ My 55



Buabl pacTBopoB.
CBoiicTBa BOAHLIX pacTBOPOB

PacTBOpBI MOTYT CYILIECTBOBATh BO BCEX TPEX arperaTHBIX COCTOSHHU-
six. [IpuMepamu TBEpABIX PACTBOPOB MOTYT CIYXHTh HEKOTOPBIC CILIABBI
METAJLIOB, a ra3000pa3HbIX — BO3/YX.

B pacTBOpax BEHIECTBA MOI'YT HAaXOAUTHCA B PA3JIMYHBIX CTCIICHAX
JTUCTIepcHOCTH  (pas3apobneHHocT). BenmmunHa YacTHIl pacTBOPEHHOTO
BEIIIECTBA SBJIIETCS] BAKHEHIIUM MTPU3HAKOM, O00YCIIOBIHBAIOIINM OCHOB-
HBIC (PH3UKO-XHMHUYECKUE CBOWCTBA PACTBOPOB.

[To BemMYMHE YACTHUI] PACTBOPEHHOT'O BEIECTBA PACTBOPHI ACIATCS
HA TpU BUAA:

® CTUHHBIE PACTBOPBI — pa3Mepbl UaCTULl MeHee 1 MMK;

® KOJUTOUIHBIE PACTBOPHI — pa3Mepsl 4acTull oT 1 10 100 MMK;

® CYCIICH3HMH U SMYJIBCHH — pa3Mepsl yactull 6omnee 100 MMK.

VcTrHHBIC pacTBOPHI MOAPA3ACIAIOTCS Ha HOHHBIC W MOJICKYJISIPHBIC.
VOHHBIMH SIBJISIOTCSL PACTBOPBI JAHMCCOLMUPYIOIIUX, MOJCKYJISAPHBIMUA —
HEAUCCOLMUPYIOIINX HA NOHBI BEIICCTBA.

KostonHble pacTBOPBI PE3KO OTIMYAIOTCS [0 CBOHCTAM OT OCTallb-
HBIX BHAOB pacTBOpoB. OHM ropasno 0ojiee MIMPOKO PACIpOCTPaHEHBI B
MIPUPOJIC ¥ UMEIOT OTPOMHOE 3HaueHHE B OMOIOTHH M TPaKTHUYECKOH J1es-
TEJIEHOCTH YEJIOBEKa.

Xots olmiee MOHATHE O PAaCTBOPAX BKIIOYACT B ce0sI (DH3UKO-XUMH-
YCCKUC CUCTCMbI, HAXOAAIIUCCA B JIFOOBIX arperaTHbixX COCTOAHHUAX, OCO-
60ro BHHMaHHS 3aCIy’KUBAIOT KUIKHE PACTBOPHL, T. €. TAKHE PACTBOPEI,
Y KOTOPBIX PACTBOPUTEIIEM ABJIAIOTCA KHUIKOCTH. }KI/IIIKI/IC pacTBOpPLI, B
CBOIO Ouepe/ib, MOPA3/ICIAIOTCS HAa PACTBOPHI I'a30B, KUIKOCTEH U TBEp-
IBIX BEIIECTB B 3aBUCHMOCTH OT TOTO, YTO SIBJISICTCS PACTBOPEHHBIM Bellle-
cTBoM. Hambonee W3y4YCHHBIMH SBIIIOTCS pa30aBICHHBIC PAaCTBOPEIL.
B HUX YacTHIIBI PACTBOPCHHOIO BEIIECTBA HACTOJBKO OTHAJICHBI JAPYT OT
Jpyra MOJIEKyJIaMU PaCTBOPUTENS, YTO B3aUMOACHCTBUE MEKIY HUMU Bbl-
paKeHO OYeHb c1abo M MPHPOJIAa PACTBOPEHHOI'O BELIECTBA MPAKTHYECKU
HE OKa3bIBAaeT BIIMSHUS HA CBOMCTBA pacTBOpa, 1 OHU IMMOAUYNHAIOTCA 3aKO-
HaM HJICTBHOTO Ta3a (WcaabHbIe paCTBOPHI).

U3 orpomHOro pazHooOpasus pacTBOPOB HawOoiee BaKHBIMH IS
OMOIIOTHH SBISTIOTCSI BOIHBIE pacTBOPHI. [lomaBistomniee OOIBITHHCTBO (H-
3HKO-XMMUYECKUX MPOLECCOB B JKUBOW MPHPOJC MPOUCXOAAT B BOIHOM
cpexe.

JKupoit opraansm Ha 6osee uem 60—70% cocrout u3 Boxel. Hexoro-
pad 4aCTb BOJBI B OPraHU3ME MOXKET 0Oosiee WM MEHee IMPOYHO CBA3BI-



BaThCA C PACTBOPEHHBIMU B HEH BEIIECTBAMM U C IOBEPXHOCTHIO OHOIO-
JMMEPHBIX MaKpPOMOJIEKYJI ¢ MOMOIIBIO KaK BOJOPOAHBIX CBS3CH, Tak W
CHJT HOH-IUTIOBHOTO B3aMMOICHCTBHSL.

Bona — yHuKanpHOE BEIIECTBO M BCe €€ aHOMaJbHBIE CBOMCTBA:
BBICOKAsl TeMIlepaTypa KUIEHUs, 3HaUUTENIbHas PacTBOPSIOMAs U AUCCO-
LUHPYIOLIasi CIIOCOOHOCTh, MaJlasi TEIUIONPOBOIHOCTh, BBICOKas TEILUIOTa
HCTapeHHs U Jpyrue, o0yCIOBIECHbI CTPOSHUEM €€ MOJIEKYJIbI M IPOCTPaH-
CTBEHHOU CTPYKTYpOMH. Y OTAEIBHO B3STOM MOJIEKYJIbI BOJBI €CTh KAUECTBO,
KOTOPOE€ TIPOSBIAETCS TOJIBKO B MPHCYTCTBHH JIPYTHX MOJEKYI: CIOCO0-
HOCTb 00pa30BBIBaTh BOJOPOJHBIE MOCTHKH MEXKIY aTOMaMM KHCIOPOJIa
JBYX OKa3aBIINXCS PSAZOM MOJEKYJI, TaK, YTO aTOM BOAOPOJA PacIoaraer-
Csl Ha OTpPE3Ke, COCIMHSIIOEM aTOMBI Kucioposa. CBOHCTBO 00pa3oBBIBATH
TaKkHe€ MOCTHKHM OOYCIOBJICHO HAIM4YUEM OCO00ro MeEXMOIEKYISIPHOTO
B3aUMOJIEHCTBHSA, B KOTOPOM CYILIECTBEHHYIO POJIb UTPAET aTOM BOJOPOJA.
OT0 B3aMMOAEHCTBHE HA3BIBACTCS BOAOPOIHOHM CBs3bI0. Kaxmas u3 mpu-
COeMHEHHBIX K JaHHOH MOJIeKyJie BOJIBI caMa CIOCOOHA K IPHCOSIHHE-
HUIO JAJIbHEHIINX MOJIEKYJ. DTOT IPOLECC MOXKHO Ha3bIBaTh MOJIMMEPU3a-
nued. Ecam Todabko ofHa M3 OBYX BO3MOXHBIX CBSI3€H y4yacTBYeT B IpH-
COEJMHEHUHU CIEAyIoIell MOJeKynbl, a Apyras ocTaéTcid BaKaHTHOIA,
TO «HOJIMMEpHU3aLMs» NPHUBEAET K 00pa3oBaHMIO JIMOO 3UT3arooOpazHOi
1enu, au00 3aMKHYTOro Kosblla. HauMmeHslee KOJbLO, IO-BHINMOMY,
MOJKET COCTOSITh M3 YETHIPEX MOJICKYJ, HO BelMn4nHa yria 90° memaer Bo-
JIOPOJIHBIE CBS3M KpaiiHe HanpspKEHHBIMH. [IpakTideckn HeHaNpsKEHHBI-
MH JOJDKHBI OBITH TSTH3BEHHBIC KoOJbIa (yros 108°), a mrecTu3BeHHBIC
(yrox 120°), Tak e Kak ¥ CEMH3BEHHbBIC — HaNPsIKEHHBIC.

Bona — mpeBOCXOAHBIH PAcTBOPUTENb AN TOJSPHBIX BELIECTB.
K HUM OTHOCATCSI HOHHBIE COEMHEHHUs], TAKHE KaK COJIU, Y KOTOPBIX 3apsi-
JKEHHBIE YacTUIIBI (MOHBI) TUCCOLMUHUPYIOT B BOJE, KOTJIa BEUIECTBO pac-
TBOPSIETCS, a TAK)Ke HEKOTOPbIE HEHMOHHBIE COSANHEHNUS, HAlIpUMeEp caxapa
W TIPOCTHIE CITUPTHI, B MOJIEKYJIe KOTOPBIX IPHUCYTCTBYIOT 3apsyKEHHBIC
(nonsipusie) rpynmsl (—OH).

Pe3ynpTaThl MHOTOYHCIEHHBIX UCCIEIOBAaHHHA CTPOEHHS PAaCTBOPOB
AJIEKTPOJIUTOB CBUACTENBCTBYIOT, YTO MPU T'MApPATallid HOHOB B BOJIHBIX
pacTBOpax OCHOBHYIO POJIb UI'PAeT OJMKHSAS TMApaTalys — B3aUMOJCH-
CTBHE HOHOB C OJIDKAWIIMMHU K HUM MOJIEKYJIAMH BOJIBL.

Korza BemecTBO pacTBOPSIETCS, €r0 MOJEKYJIB WIM HOHBI MOTYYaloT
BO3MOXKHOCTH JIBHTAThCS 0oJiee CBOOOHO, H COOTBETCTBEHHO €T0 PeaKI-
OHHasl CIIOCOOHOCTh Bo3pactaeT. o 3Tol mpuuYMHE B KJIETKE OOJbIIast
4acTh XMMHUUYECKHX peaklUil MpoTekaeT B BOJAHBIX pacTBopax. Hemomsp-
HBIE BEILECTBA, HANPUMEpP JTHUIUABL, HE CMELIMBAIOTCS C BOJON M MOTOMY
MOTYT pa3felsTh BOJHBIC PAacTBOPHI Ha OTAENbHBIE KOMIApTMEHTHI IO-



J00HO TOMY, KaK MX pa3fensioT MeMOpaHbl. HenmomspHble 4acTH MOJIEKYT
OTTAJIKUBAIOTCS BOJOH M B €€ IPUCYTCTBUH NIPUTATUBAIOTCA APYT K APYTY,
Kak 3T0 ObIBaeT, HAaIpUMep, KOT/ia KalleJIbKd Maciia CIIMBAaIoTCs B Ooiee
KPYIHBIC KaIUlM; MHA4e TOBOPS, HEMOJISAPHBIC MOJEKYJbl T'MAPO(GOOHBI.
[Mono6HbIe rAPOhOOHBIE B3aNMOCHCTBHS UTPAIOT BaXKHYIO POJIb B 00ec-
NIeYeHUH CTaOMIBHOCTH MEMOpaH, a TakKe MHOTHX OCNIKOBBIX MOJIEKYII,
HYKJICMHOBBIX KHCIIOT U APYTUX CYOKJIETOUHBIX CTPYKTYP.

MoHHOe nponsBeaeHue BoAbl.
AKTUBHasA peakuus cpeabl

AKTHBHas peakuusi cpeJsl 3aBUCUT OT COOTHOIIEHUS KOHLIEHTpauit
H' u OH woHOB. B uncne pasiuyHbIX (DU3HKO-XHMHYECKHX 3alIHTHBIX
KOHCTaHT OpraHU3Ma MMeeT 0c000 BaXHOE 3HAYCHUE JJISI OMOJIOTHIECKUX
TIPOIECCOB OpraHn3Ma. DUIUKO-XUMHYECKOE COCTOSIHHE OENTKOB, KaTalld-
TH4YecKass QYHKIUS (EpPMEHTOB, aKTHUBHOCTh COJICBBIX MOHOB 3aBHCAT OT
KOHLIEHTPALMU HOHOB BOIOPOJA.

TouHble M3MepeHus MOKa3bIBAIOT, YTO YUCTas TUCTWIIMPOBaHHAS
BOJIa B HE3HAUHMTENIBHON CTENEHHU IeKTponpoBogHa. ClienoBaTeNbHO, BO-
Jla B HEKOTOPOIl CTEeNeHN TUCCOLUPOBAHA, YTO MOXKHO MPEICTaBUTh ypaB-
HEHHEM

H0 =—= H" + OH

Jnst 0OpaTHMBIX MPOLIECCOB KOHCTaHTA AUCCOLMALNK K BBIPAKACTCS
YpaBHEHHEM

x - [H']-[OH]
[H,0]

b

rae [H'] u [OH ] — xonnentparmu uonos H u OH npu ycTaHOBHBIIEM-
Csl PaBHOBECHUHU [IMCCOLMUPOBAHHBIX M HEIUCCOLMUPOBAHHBIX: MOJIEKYI
BOJBL. BhIpaskaeTcsi 3Ta KOHICHTpAIUs B T-MOHAX Ha JUTp (T-HOH/I),
Ir-mon H = I, 1 r-non OH = 17 r. [H,0] — paBHOBeCHas KOHIIEHTpa-
[IUsT HETUCCOITUPOBAHHBIX MOJICKYJT BOJIBI, MOJIB/JI.

[IpyHrMas BO BHMMaHUE, YTO U3 555 MIIH MOJIEKYJ BOJbI TUCCOLH-
PYeT TOJBKO OHA, MOKHO JIOIYCTUTh, YTO KOHIICHTPAIUS HEIUCCOIUPO-
BaHHBIX MOJICKYJ BOJBI IIPAKTHYCCKH paBHA OOILICH KOHIICHTPAIIUH BOJIBI.
Konnentpanus BoAbl onpenensercss KOJINYecTBOM T-Mojei Boasl B 1 .
Taxum oOpazom, 3uas 3nadenus K u [H,O], MOKHO onpesienuTh BETUINHY
npoussenenns [H'] u [OH ] — nonnoe npoussenenue Boasi (K,,):

HJ[OH ]=K-[H,0]=1,8-10"-5556=1-10",



K, =[H7-[OH]=10"

[Ipu temneparype 25°C dopMyna HOHHOTO MIPOU3BEICHNS BOABI OC-
TaeTcsl MPaBUIIBHOM JJIs BCeX pa30aBIICHHBIX BOTHBIX pacTBOpPOB. CBs3aH-
HBIE MEXIy co00l KOHIIEHTpAIMH THAPOKCHI-HOHOB M MOHOB BOAOPOJA
SIBIISTIOTCSL BETIMYMHAME CONPSHKEHHBIMH: C JT0OABIICHHEM KHCIIOTHI YBEIH-
YHBAETCS KOHIICHTPAIMS HOHOB BOJOPOJA U HA CTOJBKO JKE YMCHBIIACTCS
KOHIIEHTpaNus THAPOKCUA-UOHOB, U Ha000poT. [Ipu moBsImIeHUH TeMmIie-
paTypsl HOHHOE ITPOU3BEICHUE BOABI CHIIBHO BO3PACTAET.

ITo xoHueHTpanuu H" u OH HOHOB MOXHO CyOUTh O XapakTepe
CpeabL:

|H']=[OH ]= 10" — cpena HeiitpansHas;
IH]>[OH]> 10" — cpena kucmas;
IH] < [OH] < 10~ — cpena menodnast.

Onnaxo, yuntsiBas, uto |[H'] u [OH ] — BelHUMHBI CONpSIKEHHBIE,
GoJIbIIIe TIPMHATO OMPEENIATh XapaKTep CPelbl uepe3 KoHueHTpamuo H
noHoB. [loaToMy mon akmugHotl peaxyueti cpedbl TOHUMAIOT KOHIIEHTpa-
o H' MOHOB cofepKamuxcs B JaHHO# cperie.

Crenyer OTMETHTB, YTO XapaKTePHU30BaTh aKTHBHYIO PEAaKIHIO pac-
TBOpa YHCJIaMH C OTPHLIATEIBHBIMU ITOKA3aTeJIIMH CTEIICHH OYeHb He-
ynoOHO. [103TOMY aKTHBHYIO PEaKIUIO CPeIbl MM CTCIIEHh KUCIOTHOCTH
pacTBOpPOB MPHUHSTO BhIpaKaTh HE KOHIIEHTpanueil nonos H+, a ee necs-
THYHBIM JIOTapr(HMOM, B3STHIM C OOPaTHBIM 3HAKOM. DTy BEIMUYHMHY Ha3bl-
BAIOT BOJOPOJHBIM MOKa3zaTeseM U 0003HavaroT uepe3 pH:

pH=-Ig|H],

noJCTaBAsA B OPMyYIy KOHKpETHbIe 3HaueHus [H'], 1erko MoxkHO J0Ka-
3aTh 49T0:

pH HeliTpansHOTO pacTBOpa paBeH 7,

pH kucnoro pactBopa MeHsblie 7;

pH menounoro pactBopa Gombie 7.

Memoowvl onpedenenus pH cpedvt

Pa3nuuaror 1Ba OCHOBHBIX cIIOC00a onpeeeH s akTHBHOW peaknuu
Cpeabl: KOJIOPUMETPUUECKHE U TOTEHIUOMETPHUECKHIE METOIBI.

JIroGast KuCIOTa WIM IIENOYb COJACPKUT B CBOOOJHOM COCTOSIHUU
omnpesieNenHoe KommuecTBo HoHoB H' (Tounee H;O', MOH THAPOKCOHHS)
mwm OH . KucnoTtHele cBOHCTBa 00YCIIOBIICHBI IPHCYTCTBHEM B PacTBOPE
HOHOB BOJOPOJa, B PACTBOPE CI1a00H KHUCIIOTHI TOJIIBKO Ta YacTh €€ aKTHB-



Ha, KOTOpas pacrajach Ha MOHBL. B cBA3M C 3TUM BBEJCHBI MOHATHS aK-
MUBHOU KUCIOMHOCMU T 00Wyell KUCTIOMHOCMU.

Axmuenas Kuciomuocms paBHA KOHICHTPAIlMH CBOOOJHBIX HMOHOB
H' (B r-HOH/TT) U HEMOCPEICTBEHHO CBA3aHA C B0OOPOOHBIM NOKA3AMENEM
pH pactBopa, Tak kak pH paBeH oTpHUIATEIHHOMY JOTapu(pMy aKTUBHOM
KOHLEHTpaLUK HOHOB BOAOPOAA:

pH = —Ig[H"], um pH = —IgCy,
Cy+ MOXXHO BbIpa3uTh uepe3 pH:
Cy = 107",

Bemnunna pH BrITFO9aeT KOHIIEHTPAIMIO BOJOPOAHBIX HOHOB M MO-
JKeT u3MeHsAThes B mpenenax ot 0 mo 14: pH, paBHbIi 7, COOTBETCTBYET
HEUTpaJIbHOM cpefie, HIKe 7 — KHUCJIOH, BBIIIE7 — IIEJIOYHOM.

Obwas . mumpyemas KUCIOmMHOCMb PaBHA KOHICHTPAI[MH KH-
CIIOTBI, BBIPAXXCHHOM B 2-9K6/1 (HOPMAIILHOCTH pacTBopa). Tak, THTpyemast
KHCJIOTHOCTh HOPMAJIbHBIX PACTBOPOB BCEX KHCIOT OJUHAKOBA U paBHa 1 T
KHCIIOTHOTO BOJOPO/A Ha | J1 pacTBOpA, Y IEIIMHOPMATIBHBIX PACTBOPOB —
0,1 /muonoB H u . 1.

Mertons! onpenenenns pH cpensl, O0CHOBaHHBIE Ha H3MEHEHUH OKpa-
CKU UHIIMKAaTOPOB, Ha3bIBAIOT KOJIOPUMEMPULECKUMU.

WunukaTopaMu Ha3BIBAIOTCS BEIIECTBA, CIOCOOHBIC HU3MEHATH CBOIO
okpacky B 3aBucuMocTu oT pH cpenpbl. Kaxplii HHIUKaTOp XapakTepusy-
eTcsl ONpe/ie]IeHHbIM HHTEPBAIOM Tepexojia okpacku. Tak, Gpenondranaent
MEHSIET CBOIO OKpacKy OT OeclBeTHOHM 10 KpacHO# B mpenenax pH 8,2—
10,0, a metnnopamx — B npenenax 3,1-4,4. J{ng pacmmpenus padodero
uHTepBaia usMepeHus pH HCHONB3yHOT YHUBEpCaJIbHBIA WHIUKATOP,
TIPEICTABIIIOMNN CO00 cMech W3 HECKONBKHX HHIWKATOPOB. YHHUBEp-
CJIbHBI MHIUKATOP MOCJIENOBATEIbHO MEHSET LBET C KPacHOIro yepes
KENTHINA, 3eNEHBIN, CHHUA 10 (PUOJETOBOTO MPHU IEepexoie U3 KHUCIOH 00-
JacTd B meno4nyro. Onpenenenne pH MHANKaTOPHBIM METOJOM 3aTpya-
HEHO JUI MyTHBIX WJIM OKPAIICHHBIX PACTBOPOB.

IToTeHmomMeTpruyeCKuii METOJ, HAMHOTO TOYHEE M B 3HAUUTEIHHOU
Mepe JIMIIeH BCEX MEePednCIICHHBIX HE0CTAaTKOB, HO TpedyeT obopyaoBa-
HUS JTa0OpaTopHil crienuanbHBIME npudopamu — pH-merpamu. Iloten-
LIMOMETPUUYECKUI MeToJl ocHOBaH Ha usMepeHuu D/IC anekTpoaHoit cuc-
TEMBI, COCTOSIICH U3 UHIUKATOPHOTO 2JIEKTPOA U DJEKTPOIa CPABHEHHUS.

B Guonornueckux mpomeccax KaxIblif MOH HUrpaeT ocoOyro pob,
OJTHAKO BOJIOPOJHBIC HOHBI 3aHUMAIOT 0coboe nonoxkerne. Konmnentpamms
BOJIOPOJHBIX MOHOB SBJISIETCS OTHOW W3 BaXHEHIINX KOHCTAaHT BHYTPEH-
Hel cpenbl opranu3ma. Tak, pH kpoBu yenoBeka coctasiser 7,36. Ma-
Jefiue OTKIOHEHHSI OT 3TOT0 3HAUEHUs BEAYT K CEPhE3HBIM HapyILIECHUSIM
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KU3HEAEATeTbHOCTH. Kak IOKa3BIBAaIOT CHEeNHalbHBIE HCCIICOBAHUS, B
KIBOM OpraHH3Me B IIpoliecce 0OMEHa BEIIECTB 00pa3yroTCsi B OONBIIOM
KOJIMYECTBE KHCIIBIE IPOIYKTHL. Tak, B OpraHM3Me YesIoBeKa 3a CYTKH 00-
pasyercs TaKoe KOJINYECTBO KHUCIIBIX COCANHEHHH, KOTOPOE SKBUBAICHTHO
20-30 1 ogHOHOpPMAaNIBHON CHUIBHON KHCHOTHL. CoXpaHEeHHE MOCTOSHCTBA
pH nnm akTUBHOW peakumu cpeabl BHYTPH OpraHu3Ma oOeclieuMBaeTCs
Oy(hepHbIMH CUCTEMaMHU.

BydepHble cuctemnl

bypepuvimu cucmemamu (6yghepamu) Ha3bIBaIOT pacTBOPHI, 00Jia-
JIAl0IINe CBOWCTBOM MOAIEPKHUBATh (B OIpENeCHHbBIX Mpenesax) HocTo-
ssHHOe 3HaueHue pH cpenpl.

Bydepnbie pacTBOpEI B 3aBHCHMOCTH OT CBOETO COCTaBa AEJATCS HA
JIBa OCHOBHBIX THITA: KUCIIOTHBIC U OCHOBHEBIC.

Kucnomnuvie 6ygepuvie cucmemvr 00bIMHO 00pa3oBaHBI cIa0O0H He-
OpPTaHUYECKOI WM OPraHUYeCKOW KHUCIOTOH M COJIBIO ATOMH K€ KHUCIOTHI C
CHJIbHBIM OCHOBaHHEM.

Hanpumep, ayemammnuiii 6ygep:

CH,COOH + CH;COONa.

Kucnotnas 6ydepHas cucrema MOkeT OBITh 00pa30BaHa M CMECHIO
IBYX COJIEi MHOTOOCHOBHOH KHCIIOTBHI, COOTBETCTBYIOIIMX Pa3IHIHBIM
CTaausIM HeWTpalu3aliy 3TOH KUCIOTEL. B 3TOM cirydae KHCIOTHBIH OcTa-
TOK OJIHOM M3 coJici (MEHEee 3aMEIICHHBIN) UTPAET POJIb c1ab0¥ KUCIIOTHI,
a KHMCJIOTHBIM OCTaToK BTOpOH conu (Oosee 3aMEIIeHHbIH) — CONpPSDKEH-
HOT'O €l OCHOBAHHUS.

[TpuMepoM TakuX CUCTEM MOTYT CITY)KHUTh:

1) xapboHaTHast Oy¢epHast cucTeMa, IpeACTaBIsIomas co0oi cMech
kucinoi (NaHCO;) u cpenneii (Na,CO;) comnei yrobHOM KUCIOTHI;

2) bocdarubie OyhepHbIe pacTBOPHI:

NaH2P04 + Na2HP04.

Cremyer OTMETUTD, YTO HE TOJNBKO CMECH, HO M PacTBOPHI HEKOTO-
PBIX HHAWBUIYaJIbHEIX colieil (Hampumep, Tetpadopara Hatpus (Na,B,0),
kapoonata ammonust ((NH4),CO;) u np.) Toxke obnanaioT OyhepHbIMU
CBOICTBaMH, KOTOPBIE OOBSCHSIIOTCS CHIBHBIM THAPOJIM30M 3THX COJICH U
o0pa3oBaHHEM BCIIEACTBHE ITOTO KOMIIOHEHTOB, HEOOXOIUMBIX ISl Oy-
(epHOTO NEHCTBUS:

(NH4)2CO3 + HOH < NH4HC03 + NH4OH



Ocnbgnvie Oyghepnvie cucmemvl 00pa30BaHbl CIa0BIM HEOpPraHUYE-
CKUM HJIH OPTaHMYCCKUM OCHOBAHHEM M COJIBIO STOr0 OCHOBAHHS C CHJIb-
HOM KHCIIOTOM.

Hanpumep, avmuaunsiii 6yghep:

NH,OH + NH,CI.

OmnpeneneHHbIM Oy(hepHBIM ACHCTBHEM 00JamaroT TakkKe W PacTBO-
PBI MHOTHX OPTraHUYECKUX BEIIECTB, MOJECKYJIBI KOTOPHIX OJHOBPEMEHHO
COZIEpKaT B CBOEM COCTaBE (pyHKLHOHAIBHBIEC IPYIIIBI, IIPOSBISOLINE KaK
cnabeie kucnotHele (COOH rpymmsl), Tak u ocHOBHbIE (NH, rpymmsr)
cpoiictBa. [lo cBOel mpupoae JaHHBIE COCTUHEHHS SBISIOTCS aMdonmnTa-
Mu. K HIM OTHOCSTCS aMUHOKHCIIOTHI, OSIIKH, TIETITH/IBL.

Taxum obpazom, 1106as1 KUCTOMHO-OCHOBHAsL Oy(epHas cucmema a6-
JISIeMCsi PABHOBECHOU CMeChblo, COCMOosiyell U3 OOHOPA U aKyenmopa npo-
MOHO8.

Mexanusm oeticmsust 6ygepnvix cucmem

Cymsocts OydepHOro nelcTBust cMecu c1aboil KHUCIIOTHI C €€ COJNBIO
MOKHO PacCMOTpeTh Ha MpHUMepe aleTatHoro Oydepnoro pactsopa. I[Ipu ro-
GaBJIeHNN K HeMy CHJIbHOM KucnoTs! (Hanpumep, HCI) nporcxoauT peakims

CH3;COONa + HCl = NaCl + CH;COOH.

Taxum o6pa3oM, pu K00aBIEHHH K KHCIOTHBIM OydepaM CHIBHBIX
KHCJIOT B PE3yJIbTAaTe 3TOTO BO3ACHCTBHS CHIIBHAS KHCIIOTA 3aMEIIaeTcs Ha
9KBHBAJIEHTHOE KOJMYECTBO IUIOXO AWCCOLMMPOBAHHOM C1abOH KHUCIOTHI
GydepHOii CHCTEMBI, TI0TOMY KOHIEHTpamus HoHOB H' (akTHBHas Ku-
CIIOTHOCTB) B PaCTBOPE CYILIECTBEHHO HE U3MEHACTCH.

IToka coneBoii KOMIOHEHT Oy(epHOl cucTeMbl He OyAeT ncuepraH B
JAHHOU peaxIMu, PacTBOP B TOM MM MHOM CTENeHU OyIeT COXPaHATh CBOE
OydepHoe neiicTBue.

[Ipn nobaBnennn k OydepHOI cMecH CHIBHOTO OCHOBAaHUS (HAIpH-
mep, NaOH) poucxoIuT peakius

CH;COOH + NaOH = CH;COONa + H,0.

B pesynbrate CHIBHOE OCHOBaHHME 3aMELIAeTCS Ha SKBHBAJICHTHOE
KOJIMYECTBO HEHTpaibpHOH comu Oy(hepHOil cHcTeMbl, MO3TOMY KOHIICH-
Tpauys HOHOB BOJOPOJA B HEil Takke He U3MEHUTCS WM M3MEHHTCS He-
3HAYUTCIIbHO.

Bydepnoe neiictBue pacTBOpa mpu 3TOM OyAeT HabIoAaThed, TTOKa
HIOJIHOCTBIO HE U3pacxomyercs ciabas KHCIOTa.

Ecmu x OydepHOMY pacTBOpY IOIEPEMEHHO NOOABIATH B HEOONb-
IIMX KOJUYECTBAX CHIIBHYIO KUCJIOTY WM LIENOYb, TO ero OydepHoe neii-



CTBHE CMOXET COXpaHAThCA OoJiee UTUTENBHOE BpeMs, TaK KaK B pe3yiib-
TaTe MPOTEKAIONIMX peaknui OydepHas cuctemMa OyleT MEepHOAMYECKH
BOCCTaHABJIMBATh CBOW MEPBOHAYAIBHBIN KOJIMYECTBEHHBI M KaueCTBEH-
HBIH cocTaB.

Jns xkucnoTHOM OydepHoi cucTeMbl, 00pa30BaHHOM ABYMs COJISIMH,
MeXaHHU3M JCHCTBUS OyaeT aHaIorHYHbIM. J[0OaBIicHHAs K HEMY CHIIbHAsS
KHCJIOTA B3aUMOJEUCTBYET C OJHUM U3 COJIEBBIX KOMIIOHEHTOB CUCTEMBI U
3aMECTUTCS Ha SKBUBAJICHTHOE KOJIMYECTBO KOMIIOHEHTA, WIPAIOLIETO
poJb craboit KUCIOTHI.

BHeceHHas 1m1enods, HAO0OPOT, 3aMECTHUTCS Ha SKBHUBAJICHTHOE KO-
JIMYECTBO KOMITOHEHTA, UTPAIOIIETO POJIb C1a00r0 OCHOBAHUSI.

MexaHu3M JEUCTBHS OCHOBHBIX Oy(epHBIX CHCTEM PacCMOTPHM Ha
MpUMepe aMMHAaYHOTO Oydepa.

Jlo6aBieHHass K HEMy CHJIbHasi KUCIOTa B3aHUMOJCHCTBYET CO cia-
OBIM OCHOBAaHHMEM U 3aMECTHUTCSI Ha 3KBHBAJICHTHOE KOJIMYECTBO COJIEBOTO
KoMIOoHeHTa Oydepa:

NH; + HCI = NH,CI.

[I{eT09p BCTYIHT B PEAKIUIO C COJIBIO Oy(hepHOi CHCTEMBI B BMECTO
Hee 00pa3yeTcst 5KBUBAJICHTHOE KOJIMYECTBO CIIA00T0 OCHOBAHUSL:

NH,Cl + NaOH = NHj; + H,0 + NaCl.

Takum oOpa3oMm, OydepHOe IeiicTBHE PacTBOPOB HE3aBUCHMO OT HX
cocTaBa 00yCJIOBIEHO B3aHUMOJIEHCTBUEM BHECEHHBIX B HMX HOHOB H' mmm
OH ¢ COOTBETCTBYIOIIMM KOMIIOHEHTOM Oydepa. B pesymprare 3toro
MIPOMCXOAUT UX CBA3BIBAHUE B PACTBOpPE 3a cUeT 00pa3oBaHUs Cl1aboAuC-
COIIMMPOBAHHOTO MIPOAYKTA PEAKINH, T. €. IEPEBOJ] B MOTCHIIHAIBHYIO KH-
CIIOTHOCTH MO0 OCHOBHOCTB. BCllecTBHE 3TOr0 aKTHBHAS KUCIOTHOCTB
(ocHOBHOCTB) camoii OydepHOH CHCTEeMBI CYIIECTBEHHO HE M3MEHIETCS U
OCTaeTcs Ha IePBOHAYAIILHOM ypPOBHE.

Ceoticmea 6ygepHuvix cucmem

JIroOoti OydepHBI pacTBOp 00NamacT ONPECICHHBIM 3HAUYCHHEM
pH, KoTOpoOE 1 cTpeMUTCS MOIEP)KUBAThH Ha TOCTOSIHHOM YPOBHE.

Ha BenuuuHy akTMBHOH KUCIOTHOCTHU IIPEXJE BCETO BIUSAECT JUCCO-
[UAIMs IePBBIX KOMIIOHEHTOB (KUCIIOTa WM OCHOBaHHe) OydepHoil cuc-
TEMBI, YTO SIBIISIETCS OOpaTHMOW M XapaKTepH3yeTcs KOHCTAHTOM AMCCOo-
nuanuu — K. Mcxonst u3 aToro, anst KUCIOTHEIX OydepoB C, MM aKTHB-
Hast KHCIIOTHOCTb paBHa!

C
_ CH;COOH
C, =K,

CH,C00™



rie Cycoo- M Cencoon PABHOBECHBIC MOJIAPHbIE KOHUCHTPALMH MOHOB

CH;COO™ 1 HeIMCCOUMUPOBAHHBIX MOJIEKYJ KUCIIOTHI.

KpoMe KUCTIOTHI B pacTBOPE MPHUCYTCTBYET €€ COJIb, HAIIPHMEP, €CITU
paccmartpuBath anetatHeiii 0ydpep — CH3COONa. Ona sBnsieTcs CHIlb-
HBIM DJIEKTPOJIUTOM M TIOJHOCTBIO paclajaercs Ha MOHBL B pe3ynbrate
storo koHneHtpanus annoHoB CH;COO™ pe3ko Bo3pacTaeT M COTJIACHO
npuaimmny Jle [llaTense paBHOBeCHE peaKIUH TUCCONUAINN YKCYCHON KH-
CIIOTBI CMEIACTCs BJIEBO, T. €. B CTOPOHY 00pa3oBaHMs ee MOJeKys. I1pu-
YeM JIMCCOLMAIMS YKCYCHOW KUCIOTHI B IPHCYTCTBUU COOCTBEHHOM COIH
MOXET 6I>ITI) HaCTOJIBKO HO,HaBJIeHHOﬁ, YTO PaBHOBECHYIO KOHICHTPALUIO €€
HEJIUCCOLIMUPOBAHHBIX MOJIEKYJ] B PAaCTBOPE MOXKHO CUMTAThb PaBHOH KOH-
nearpamun CH3;COOH, a paBHOBECHYIO KOHIICHTpAIMIO alleTaT-HOHOB —
HCXOIHOW KOHIICHTPAIMH CONU. B CBSI3M ¢ 3TUM BBIpakeHHE, TT0 KOTOPOMY
paccunTHIBaETCSA KOHIEHTpAIHs HOHOB H', MOJKHO 3ammcaTh HHAve:

C,
CH+ — Ka glc:loﬂ:l ,

conm
111 Cyucnorsr U Coonn — UCXOHBIE KOHLIEHTPALUH KOMIIOHEHTOB Oy(epHoit
CHCTEMBI.
Ecnm pacTBOPEI KHUCIOTHI M CONU NIPUTOTOBJIECHBI B PABHBIX KOHIICH-
TpaLysAX, TO KOHIEHTpalus BOIOPOIHBIX HOHOB PaBHa:

[H+] — K VM.’I KHCJIOTBI )
MJI COJIH

W3 mpuBeACHHBIX BHINIE ypaBHEHHWH cienyeT, 4to pH 6Oygephoi
cucmembl 3a8UCUM OM KOHCMAHMbL OUCCOYUAYUYU C1ab020 31eKmpoaumad,
6X00514e20 6 ee cOCMAg, U OM COOMHOULEHUS] KOHYESHMPAayu KOMNOHEH-
mos 6yghepa, npu 00UHAKOBbIX KOHYEHMPAYUAX KOMNOHEHMO8 — Ol CO-
omHouleHUs1 06beM08 KOMHOHEHMO8.

Pacuer pH OydepHBIX cUCTEM OCYIIECTBISETCS IO YpaBHEHUIO [ eH-
nepcoHa — ["accenpbaxa:

® IS KHCITOTHBIX OY(EepHBIX CHCTEM

pH=pK, + lg—c“’“" ;

KHCJIOThI

® [T OCHOBHBIX Oy(hepoB

pH=14-pK, —lgﬁ.

OCHOBaHUsI



3nagenue pK mms cmaboro »JIeKTponuTa SBISIETCS BEJIHMYHHOM MMO-
CTOSIHHOM, HE 3aBHCHUT OT KOHIIEHTPAL[MU 3TOTO JJEKTPOJIUTA B PACTBOPE U
TPUBOAUTCA B COOTBETCTBYIOIIUX CIIPABOYHHUKAX. 3Has €ro, MOXXHO C IIO-
Molplo ypaBHeHUs ['ennepcona — I"accensbaxa paccunrats pH Oydep-
HOTO PacTBOpa, €CIIM M3BECTEH €ro KOJIWYECTBEHHBIH COCTaB MM, Ha000-
POT, ONpPENEIUTh COCTaB PAacTBOPa (MCXOJHbIE KOHICHTPAUU €ro KOMIIO-
HEHTOB), KOTOPBIH OyneT obecrieunBaTh 3afaHHOE 3HadeHue pH.

Ha mpakTike OOBIYHO MOJB3YIOTCS TOTOBBIMH TAaOJIMIIAMH, B KOTO-
PBIX YKa3aHO, B KAKOM COOTHOIICHHUU JOJIKHBI OBITH B3ATHI KOMITOHEHTEI
JUIsL TIOJTy4eHust OyepHoro pacTBopa ¢ xenaeMbIM 3HaueHneM pH. B Oy-
(epHBIX CHCTEMax, MCIOJIb3YEMBIX Ha MPAKTHKE, KOHIEHTPALUH KOMIIO-
HEHTOB HE OTJIIMYAIOTCS ApYT OT Apyra 6oxee yem B 10 pas, T. e. ux pH He
OTKJIOHSIETCST OOMIbIIIE YeEM Ha CANHUILY OT BCJINYNHBI pK CBOEro cjaaboro
anekTposiuta. Takum oOpa3oM, 001acTh IpakTHueckux 3Hadenuil pH Oy-
¢epHBIX cucteM (06macTs OydepupoBanms) JexkuT B nHTepBane pK + 1.

Ecnn koHIEHTpanuu KOMIIOHEHTOB Oy(epHOTO pacTBOpa pasimya-
fotes 6osee yem B 10 pas, To Takoi pacTBop oOnagaer ciadsiM OydhepHBIM
JIECTBUEM.

ITpn pas3baBneHUM KOHLEHTpaUMH OOOMX KOMIIOHEHTOB OY(epHBIX
pacTBOPOB YMEHBIIAIOTCS B OJJMHAKOBOE YHCIIO pa3, TI03TOMY UX COOTHO-
IIEHHEe OCTaeTcsl Hem3MeHHbIM. ClieZIoBaTeNbHO 110 ypaBHEHHIO | eHaepco-
Ha — [accenpOaxa BenmmunHa pH Oy epHOTro pacTBOpa MpH ITOM TOXKE HE
m3mensiercst. OnHako mpu OonbieM pasbaBieHHH HaOIrOmaeTcss HEOOIb-
moe yBenudeHue pH pactBopa, KOTOpoe CBSI3aHO C BO3PACTAHHEM CTETICHU
JHMCCOLMALNK CIIa00To IIEKTPOJIUTA M YBEJIMUCHUEM KOHCTAHTBI €To JIc-
COLIMAIINH.

Bygepnas emxocmo

CrniocoOHOCTE Oy(epHBIX CHCTEM MPOTHUBOJCHCTBOBATh W3MCHEHHIO
pH mpu nobaBieHUH K HUM CHIIBHOM KHCIIOTBHI WJIM OCHOBaHHS SIBIISICTCS
orpanndyeHHoi. KonmnuecTBeHHO OydepHoe JeiicTBUE pacTBOpa XapakTe-
pusyetcs GU3NUECKOH BeTHINHON — OyhepHOit eMKOCThIO B.

Bygepnasi emxocmp onpenensiercsi KOJIHYECTBOM CHIIBHOW KUCIOTHI
WIA OCHOBaHMA (B MOJB/J), KOTOpoe HY)XHO TpHOaBIATH K 1 1 Oydepa,
4TOOBI CMECTHTH €ro pH Ha OfHY eAWHUILY.

_ C
- b
pH, —pH,
rae C — 9uciio Mosteld IpruOaBIeHHON KUCIOTHI T OCHOBaHHUSI.

Benuuuna 6ygheprnoii emxocmu 3aeucum om KoHyeHmMpayuii KOMno-
HeHnmog 0yghepHOll cucmembl U OM UX COOMHOULEHUSL.



UYeMm Oojiee KOHIIEHTPUPOBAHHBIM siBNIsAeTCS OydepHbIi pacTBOp, TEM
BhIe ero OydepHas eMKOCTh, TaK Kak B TOM Cilydae NOOaBJICHHE He-
OOJIBIINX KOJIWYECTB CHIIBHOM KMCIOTHI MM IIETOYH HE BBI30BET CYIIECT-
BEHHOT'O M3MEHEHHS KOHIICHTPALUi €ro KOMIIOHCHTOB, a 3HaYHT, H UX CO-
OTHOILICHUSL.

W3 OydepHbIX pacTBOPOB C OJAMHAKOBHIMU KOHLEHTPALUSIMU HX
KOMIIOHEHTOB HauOOJbIIEH €MKOCTBIO OyayT 00iagaTh Te, KOTOPhIE CO-
CTaBJICHBI M3 PABHOTO YMCIIAa MOJIEH caboi KHCIOTHI U €€ COJIM WM Clia-
00r0 OCHOBAaHHS W €ro coiid. To ecTh ueM OJvke 3Ha4eHue JAPOOH ITOTo
COOTHOIIICHUS K €UHHMIIC, TeM BbIIIe OydepHas eMKocTh OydepHoro pac-
TBODA.

buonozuueckas ponv Oygepuvix cucmem

buoxumuueckue npouecchl B OpraHu3Me *HBOTHBIX MOTYT IIPOUC-
XOJUTb TOJIBKO IIPH CTPOTO ONpeesieHHbIX 3HaueHus1x pH.

Hanpumep, nencus »xemyqo4Horo coka aktuseH npu pH 1,5-2,0, ka-
Tanaza kpoBu — npu pH 7,0, amunaza — npu 6,8. MHOTHE TpOIIECCHl B
JKHBOM OPTaHM3MeE MPOTEKAIOT MPH CTPOTO OIpPEIeTICHHOM 3HaueHHH pH
cpenpl. Tak, xemyaouHblid cOK XuBOTHBIX uMmeeT pH 0,9—-1,5. [ToBeimenue
1 TIOHIDKCHHE KHUCIIOTHOCTH €T0 BBI3BIBACT OOJIC3HEHHBIC H3MEHEHHUS B Op-
raHu3Me. AMuias3a CIIOHBI ONTUMANBHO padoTtaeT npu pH 6,8. CHmkeHue
PH xpoBu maxe Ha necsthie 1oy pH cymiecTBeHHO BIUsET Ha olIiee co-
CTOSTHHE OpraHu3Ma.

Taxum oGpazoM, pH XHUAKUX cpel M KIETOK OpraHu3Ma sBISETCS
BaXHEHIIINM IOKa3aTeJIeM 20Me0Cmasd.

B oprannsmMe >KMBOTHBIX M YEJIOBEKA B PE3yJIbTaTe MPOTEKAHUs pas-
JMYHBIX METa0OIMIECKIX MPOIECCOB TOCTOSHHO o0pasyercs OOoIbIIoe
KOJIMYECTBO KHCIBIX NPOAyKTOB. CpeHecyTOUHass HOpMa UX BBIIEIICHUS
cootBerctByeT 20-30 11 0,1 H. pacTBOpa CHJIBHON KUCIOTHL. B coctaB kuc-
JBIX MPOJYKTOB OOMEHa BellecTB BXOAAT Kak Heopranmueckue (H,COs,
H,SOy4), Tak m opranmueckue (MOJIOYHAsA, MacisHAs, MHPOBUHOTPaTHAS
u ap.) xucioTel. Hampumep, npu katabommsme 100 r Genmka BBIAEIIETCS
okoJ10 60 MMOJIb XMMHUUECcKOro 3kBuBajcHTa H,SOy,.

Hecmotpst Ha Takme OonbIie OOBEMBI KHCIBIX IPOIYKTOB, BBIAE-
JSIEMBIX B Tpoliecce MeTabomn3Ma, 3HaueHus1 pH Oomblei yacTu BHYTpH-
KJIETOYHBIX JKMJKOCTEH HaxomsTcs B HHTepBajie oT 6,4 mo 7,8, Mexkie-
TOYHOM KHAKOCTH — 6,8—7,4 (B 3aBUCHMOCTH OT BuAa TKaHei). OcobeH-
HO KECTKHE OIpaHMYEeHUS Ha BO3MOXHbIC KoieOaHusa 3HaueHuit pH Ha-
KJIaIBIBAlOTCS Ha KPOBb. COCTOSIHMIO HOPMBI COOTBETCTBYET HHTEpPBAI
3Hauenuii pH = 7,36+0,05.



ITocTOSHCTBO KHCIOTHO-OCHOBHOTO COCTaBa OMOIOTHYECKUX XKUIKO-
CTel XKMBOTO OpPraHW3Ma IOCTHTAeTCSI COBMECTHBIM ICHCTBHEM pa3iInd-
HBIX Oy(epHBIX CHCTEM U psiia PU3HOIOTHYECKUX MEXaHU3MOB.

OcHOBHBIMU Oy(epHBIMH CHCTEMaMH KPOBH M OpPTaHHM3Ma B IIEJIOM
SIBISIIOTCS:  euopokapbonamuas (buxapbonamuas), gocpamuas, oOeaxo-
8as, 2eMO2NOOUHOBAS U OKCUCEMO2N00UHOB8as. B Pa3InIHBIX KOIMYECTBAX
U COYETAHUSX OHU MPUCYTCTBYIOT B TOM MM MHOM OGHONIOrHUYECcKOl Xuj-
Koctd. IIpiueM TOIBKO KpPOBB COJACP)KUT B CBOEM COCTaBE BCE YETHIPE
CHCTEMEI.

Buxapbonamnas 6ygepnas cucmema SABIAETCS CaMOH peTyIHpye-
Mol cucteMoit kpoBH. Ha ee momto npuxoantest okono 10% Beeit Oydep-
HOHM eMKocTH KpoBH. OHa MpeJcTaBisieT co00i CONpsHKEHHYI0 KUCIOTHO-
OCHOBHYIO Mapy, cocTosyto u3 rugpatoB Moaekyn CO,(CO; - H,O) (BbI-
MIOJHSAIONINX POJb JIOHOPOB HMPOTOHOB) M THApokapOoHaT-moHOB HCO;~
(BBITIONHSAIOINX POJH AKIEITOPA TPOTOHOB).

I'mppokapOOHATEI B I1a3Me KPOBU M B APYTHUX MEKKJICTOYHBIX >KHUI-
KOCTSIX HaXOJATCS TTIaBHBIM 00pa3oM B Buje HatpueBoi cosim NaHCO;, a
BHYTPH KJIETOK — KaJIME€BOH COJIH.

Konnentpauus nonos HCO; B mna3sme KpoBHU NpPEBBINIAET KOHIEH-
Tparuro pactBopeHHoro CO, npumepHo B 20 pa3.

IIpu BBIIENEHNM B KPOBb OTHOCHUTEIBHO OONBIINX KOJHYECTB KHC-
JBIX TIpoyKToB HoHbl H' B3ammogeiictyror ¢ HCO;

H+ + HCO37 = H2C03.

IMocnenytoriee cHMKeHHE KOHIEHTparuu oOpaszoBasiierocs CO,
JIOCTUTAeTCs B TPOIIECCE €r0 YCKOPEHHOTO BBIJIEIICHUS Yepe3 JIETKUE B pe-
3yJbTaTEe UX TMIEPBEHTHIISALIUY.

Ecnu e B KpOBH YBEIMYMBAETCS KOJIUYECTBO OCHOBHBIX POAYKTOB,
TO MPOUCXOAUT UX B3aUMOJEHCTBUE CO CIa00H YrONbHOM KHCIOTOM:

H2C03 +OH — HCO37 + HzO

IIpu 5TOM KOHIIEHTpAIHs PACTBOPEHHOTO YTIEKUCIIOTO ra3a B KPOBU
yMeHbInaercs. s coxpaHeHUs: HOPMAJIBHOTO COOTHOIICHHS MEXIY KOM-
MoHeHTaMH Oy(pepHOH CHCTEMBI MTPOMCXOANT (HU3MOIOTHYECKAs 3aIepKKa
B IU1a3Me KpoBU HekoToporo konmuectBa CO, 3a cHeT THUIOBEHTWISALINU
JETKHX.

Dochamuas b6ygepnas cucmema TPEICTABIICT COOOH COMPSHKEH-
HYIO KUCIIOTHO-OCHOBHYIO Tapy H,PO, /HPO,”".

Ponb xucnotsl BeinonHser quruapodocdar narpus NaH,PO,, a ponb
ee comu — ruapodocdar Harpust Na,HPO,. ®ocdarnas 6ydepnas cucre-
Ma cocTaBisieT Bcero Jumb 1% OydepHoit emkocTH kpoBu. DocdaTHas



OydepHas cuctemMa WUrpaeT PEHIAIONIYI0 POJb B JAPYTUX OHMOJIOTHYECKUX
cpelax: HEKOTOPBIX BHYTPUKIETOUHBIX JXHIKOCTSX, MOYE, BBIJICICHHSX
(Wnu cokax) MUIIEeBapPUTEIHHBIX JKeJe3.

FBenxosuvtii 6yghep npeacTaBisieT cOO0H CHCTEMY M3 OSIKOBBIX MOJIC-
KYJI, COAEp)KAIMX B CBOMX AMUHOKHCIIOTHBIX OCTaTKaX KaK KHCJIOTHBIC
COOH rpynnsl, Tak 1 ocHOBHbIE NH, rpymnmnsl, BEINIOIHSAOMIME POIb Cla-
00l KUCIIOTHI U OCHOBAHHUS.

Taxum obpa3om, OeKOBEI Oydep o CBOEMY COCTaBy SBISAETCS aM-
¢dotepubiM. TIpy yBeNTMUEHUH KOHIEHTPALMU KUCIBIX TPOJYKTOB C HOHA-
mu H' Moryt B3ammoseiicTBoBaTh kak Genok-conb (Pt-COO"), Tak u Ge-
nok-ocHoBanue (Pt-NH,):

Pt-COO + H" — Pt-COOH,
Pt-NH, + H” — Pt-NH;".

Hefitpanuzanuio 0CHOBHBIX MPOAYKTOB 0OMEHa BEIIECTB OCYIIECTB-
JSFOT 3a c4eT B3amMozeicTBus ¢ moHamun OH  kak Oemox—kucmora (Pt-
+
COOH), Tak u 6enok—coub (Pt-NH;3 ")

Pt-COOH +OH —Pt-COO ™+ H,0
Pt-NH; +OH —Pt-NH,+ H,0O

Bnaronaps 6enkxaM Bce KJICTKH M TKAHHM OpraHU3Ma 00JIafaioT ompe-
JIeTICHHBIM Oy(epHBIM JeHCTBHEM. B cBA3M ¢ 3THM Momanaoliee Ha KOXy
HEOOJIBIIOE KOIMYECTBO KUCIOTHI HIIN IIEJIOUH, JOBOJIBHO OBICTPO OKa3bl-
BACTCsl HEUTPAM30BAHHBIM M HE BBI3BIBAET XHMHUYECKOTO OJKOTa.

HawnbGonee Moryunmu OydepHbIMH cHCTEMaMu KPOBH SIBIISIOTCS Te-
MOTJIOOMHOBBIN U OKCHUTeMOTJIOOMHOBEIH Oydepa, KOTOpble HaXOAATCS B
sputpounTax. Ha ux momro mpuxomurcst npumepHo 75% Bceil OydepHoit
emkoctu kposu. Ilo cBoell npupoje U MEXaHU3MYy JEUCTBUS OHU OTHOCST-
s K OeTTKOBBIM Oy(hepHBIM CHCTEMaM.

[Mocrymnaromue B BeHO3HYI0 kKpoBb CO, U ApyTrHe KHUCIbIE TPOLYKTHI
0o0OMeHa BELIECTB PearupyroT ¢ KAIHEBOH COIbIO TeMOTIIO0HHA:

KHs +CO, —» KHCOj; + HHB.

IMomanmas B KamWJUIAPHI JIETKUX, TEMOTIIOOMH MPEBpAIaeTCcs B OKCH-
remoriiooud HHBO,, npucoeannss x cebe mMonekynsl O,. OKCHreMorio-
OuH oOmagaeT Oojiee CUIBHBIMU KHACIOTHBEIMH CBOMCTBAMM, YEM IE€MOIJIO-
OuH U yrosibHas kuciotra. OH B3aUMOJICUCTBYET ¢ THAPOKAPOOHATOM Ka-
mus, BeiTecHss u3 Hero HyCOj;, koTtopas pacnanaetcs Ha CO, u H,O. O6-
pa3oBaBmmiicst n30bITouHb CO, Uepes JIeTKHue yAAIIeTCS U3 KPOBH.

HHB02 + KHCO3 — KHBOZ + H2C03



CucremMsl reMOTJIOOMHOBOTO U OKCHI'€MOTIIOOMHOBOTO Oy(hepoB sB-
JISIFOTCSL B3aMMOIIPEBPAIIAIONIMMHUCS M CYIIECTBYIOT KaK €IUHOE IIeJIoe.
OHM B 3HAYUTENBHOW CTENEHH CIIOCOOCTBYIOT MOJIEPXKAHUIO B KPOBH
KOHIIeHTpauu Tuapokapoonar-uoHoB HCO;  (Tak Ha3bIBaGMBI MIEITOY-
HOM pe3epB KPOBHU) Ha MOCTOSTHHOM yPOBHE.

Korza xomneHcaTopHble MEXaHM3MBl OpraHU3Ma HE CHOCOOHBI Ipe-
JOTBPAaTUTh CABUI'M KOHIIEHTPAIMH BOJAOPOJHBIX HOHOB, HACTYIAeT HAPY-
IIEHHE KHUCIOTHO-OCHOBHOTO paBHOBecHs. lIpm 3TOM HaOmiomaroTcs 1Ba
TIPOTHUBOTIONIOKHBIX COCTOSIHUS — ayud03 U AIKa103.

IIpn anmpose KOHLEHTpALUs BOJOPOAHBIX HOHOB IOBBIIIAETCSA, ClIe-
nosarenbHo pH ymenbinaercs. CHmkenue BenuuuHbl pH Huke 6,8 BBI3HI-
BaeT CMEPTb.

CocrosHue anmkano3a HaOMO#aeTcs NMPHU YMEHBIIEHHHM KOHIIEHTpa-
1 noHoB H' (pH COOTBETCTBEHHO BO3PACTAET) O CPABHEHHUIO C HOPMOIA.
YBennuenue 3Hadennii pH 10 8,0 mpUBOAUT K JIETATLHOMY HCXOJTY.

B 3aBuCHMOCTH OT MEXaHM3MOB Pa3BUTHS HAPYIIEHWH KHCIIOTHO-
OCHOBHOTO DPaBHOBECHS DPA3[CIAIOT [BIXAaTENbHBIM W METaOONMYeCKUi
aly03 UK alKaos.

Mvixamenvuwiti ayuoos BO3HUKAET B PE3yJbTaTe YMEHBIIEHUS MH-
HYTHOTO 00beMa JpIXaHus (HalmpuMep, NP OpPOHXUAJIBHON acTMe, OTEKe,
sMdu3eMe JEerKuxX, aChUKCUU MEXaHWIECKOro Iopsaaka U T. 1.). Bee atu
3a001eBaHNs BEAyT K THIOBEHTWIAIMM W TIOBBIIICHHUIO IMapIHaIbHOTO
nasnernss CO, aprepuanbHON KpoBH WM conepkanus B 1mrazmMe HCO;-
HOHOB.

Hvixamenvuviii ankano3, Ha000pPOT, BOSHUKAET NPH BIBIXaHUHM YHC-
TOTO KHCJIOPO/A, KOMIICHCATOPHON OJIBIIIKE, COIPOBOXIAOMIEH psin 3a00-
JIeBaHUi, TpeObIBaHUU B pa3psKEHHOI aTMocdepe.

IIpu mpIXaTeTbHOM ajKano3e B KPOBH yMEHBIIAeTCs KOHIIEHTpa-
nust pactBoperHoro CO, u ruapokapOOHAT-HOHOB (IIETOYHOW pe3epB
KpOBH).

Memaboauueckuii ayuoos — camast 4actasi ¥ TsDKenas Gpopma Hapy-
LIEHUH KHCIOTHO-OCHOBHOTO paBHOBecus. OH 00YCIIOBJICH HaKOIICHHEM
B TKAHSX U KPOBH OPTaHUUYECKHUX KUCIOT. DTOT BUJ al[U103a CBSI3aH C Ha-
pylieHneM oOMeHa BEIeCTB U BO3MOXKEH IIpH JuadeTe, rojolaHuH, JINX0-
panke, 3a00JI€BaHHUAX KEIyJOYHO-KUIIEYHOTO TPAKTa H T. 1.

Memabonuueckuii ankano3 pa3BUBAETCS NPHU MOTepe OONBIIOTO KO-
JIMYECTBA KHUCIOTHBIX SKBHBAJICHTOB W BCACHIBAHWH B KPOBH OOJIBIIOTO
4KcIa OCHOBHBIX AKBHBAJIEHTOB KHUILIEYHOIO COKA, a TAKKE MPH HaKOILIe-
HHUH B TKaHSAX OCHOBHBIX IPOIYKTOB OOMEHA BEIIECTB.



KonnuratuBHble CBOMCTBA pacTBopa

Bce pacTBopbl 00:1a1a10T HEKOTOPEIMHU CBOMCTBaMH, KOTOpHIE HE 3a-
BUCSIT OT NPUPOABI PACTBOPEHHOTO BEILECTBA, a 3aBUCAT TOJIBKO OT KOH-
neHTpanun: 1uddy3us 1 0CMOC, TaBJICHHE 1apa, TeMIepaTypa KUIECHUS ’
3aMep3aHus. DTH CBOHCTBA HA3BIBAIOTCS KOJJIUTATHBHBIMH.

Hugghysus u ocmoc. Ocmomuueckoe oasnenue

Jlugppysus (pactipocTpaHeHue, pacTeKaHHe, PacCeHBAHHE; B3aHMMO-
JeWCTBIE) — MPOIECC B3aMMHOTO NPOHUKHOBEHUS MOJICKYJI W aTOMOB
OJTHOTO BELIECTBA MEX/IY MOJICKYJIaMU HJIM aTOMaMHM JPYroro BEIIecTBa,
MIPUBOASIINI K CaMOIPOU3BOJILHOMY BBIPABHUBAHHMIO MX KOHLIEHTpPALMI
1o BceMy 3aHMMaeMoMy o0béMy. [uddys3us Bo3HHMKaeT B pe3ynbTare Te-
IUIOBOTO JBIDKCHUS YACTHIL, IIPU 3TOM NEPEHOC BEIIECTBA MPOUCXOIUT U3
00J1aCTH ¢ BBICOKOI KOHIIEHTpaIiel B 001aCTh ¢ HU3KOW KOHIIEHTpaIueH.
Ona OpICTpee BCero MpOTEKaeT B rasax, MeJJIEHHEe — B JKUAKOCTAX H
OYEHb MEJUICHHO — B TBEP/BIX TEJaX.

Ckopocts muddys3nn yBennuuBaeTcs Ipy HOBBIILICHUH TEMIIEPATYPBI
W TpaJyieHTa KOHIEHTPAlUH M YMEHBIIAETCS MPH YBEJINUCHUH BSI3KOCTH
cpensl 1 pazmepa 1ud yHANPYIOMNX YaCTHII.

3aBucuMocTs KodhdunueHta aupQy3un OoT MPUPOIBI CPEIbl, OT
npupoasl AU HYHIUPYIOMEro BEIIeCTBa U OT YCJIOBHH, KOTOPBIX HAXO-
naTes cpena ¥ audGyHIUpYyIOmee BEIeCTBO, BIEPBBIE ObUIa ONMHCAaHA B
1855 r. Hemenkum ¢uszukoM u pusnoaoroM Anonbhom OUKOM U U3BECT-
Ha Kak 3akoH Duka.

JAunddy3ust mmpoko pacnpocTpaHeHa B mpupoje. OHa JeXUT B OCHO-
BE MHOTUX TEXHOJOTHYECKUX IPOLECCOB — ajacapOIMy, IEeMEHTAalNH,
nuddy3nonHoil cBapku, nuammsa, ocmoca u ap. C auddysueil cps3aHbl
MHOTHE OHOJIOTHUECKHE NPOIECCH B )KUBOM OpraHU3Me, TaKHue Kak Bca-
CBIBAaHME IIPOIYKTOB MHIICBAPEHUS, BBIICICHHIE ITPOIYKTOB METaboMM3Ma,
MIUTaHNE KIETOK U Jp.

Jnddy3ust MOXKET MPOXOANUTH TaKKe, €CIM Ha TPaHUIE pacTBOpa U
YHCTOTO PACTBOPHUTENSI WM JIByX PAacTBOPOB PA3IMYHON KOHLECHTPALUU
IIOMECTUTH MOIYIPOHUIIAEMYIO MEMOpaHy.

Camonpoun3BosibHasA, OJHOCTOPOHHSS IuGQy3us 4acTUI[ PaCTBOPU-
TeNs 4epe3 MOJTYNPOHHUIaeMyl0 MeMOpaHy W3 pa30aBJICHHOTO pacTBOpa
WM 9UCTOTO PacTBOPUTENS B KOHIICHTPHPOBAHHBIN PACTBOpP HA3bIBACTCS
ocmoc.

Ponp monynpoHnIiaemMbIx MeMOpaH Ui BOJHBIX PacTBOPOB MOTYT
BBITIOJIHSATD KaK >KUBOTHBIC M PACTUTEJILHbIE MEMOpaHbI (000J104Ka ObIube-
rO My3bIpsi, CTEHKH KHUIIEYHUKA, 000JIOUKH KJIETOK), TaK U UCKYCCTBEHHBIE
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MeMOpaHbl (IJICHKH W3 KOJJIOAWs, IeluiodaHa, KeIe3uCTOCHHEPOTUCTOM
mean). [lomynporniiaemsle MeMOpaHbI CIIOCOOHBI IPOITYCKATh TOJIBKO MO-
JIEKYJIBI PACTBOPHUTENS M HE MPOIYCKAIOT YaCTHIBI PACTBOPEHHOTO Bellle-
cTBa. MeXaHM3M OCMOCa MOXKET OBITH Pa3iIMdeH M 3aBHCHT OT HPHPOMBI
MeMOpaHBI, HO BCeraa o0yCIIOBIIEH CTPEMIIEHHEM CHCTEMBI K TEPMOANHA-
MHUYECKOMY PAaBHOBECHIO U BBIPAaBHUBAHUIO KOHIIEHTPALlUU pacTBOpa MO
00€e CTOPOHBI MEMOPAHBIL.

OcMoTHYecKre CBOMCTBA PacTBOPA KOJIMYECTBEHHO XapaKTePH3YIOT-
Cs1 BeTIMYMHON OCMOTHYECKOTO aBieHns. OCMOTHYECKOE TaBIEHHE — 3TO
JABIICHNE, KOTOPOE OKA3bIBAET PACTBOPHUTEIND Ha MOIYTPOHULIAEMYIO MEM-
OpaHy mpu nepexozie u3 o0JIacTH C MEHbIIEH KOHIEHTpalield pacTBOpPEH-
HOTO BEIllecTBa B 00J1aCThb ¢ OOJIbIIEH €ro KOHIEHTpaueH.

B ¢u3nueckom cMmbIciie OCMOTHYECKOE JABJICHWE PaBHO TOHM cuie,
KOTOpYI0 HEOOXOAMMO MpPUIOXKUTh K KOHLEHTPHUPOBAHHOMY DPacTBODY,
9TOOBI BOCTIPEIIATCTBOBATH TIEPEHOCY PacTBOPHUTEIIS yepe3 MemoOpany. Ero
0003HAYAIOT TPEUECKOM OYKBOH 7.

OcMoTnueckoe JaBlIeHHE ABISAETCS KOJUIMTaTHBHBIM CBOWCTBOM, I10-
CKOJIbKY OHO 3aBHUCHT TOJIBKO OT KOHLIEHTPALUN PACTBOPEHHBIX YACTHII, a
HE OT UX XUMHUYECKOT'0 COCTABA.

TONYTIPO-
HHIIaeMasn
membpana
OCMOTHHECKO
JapjeHue

PACTEOP C BRICOKOH pﬂc’{‘BD;‘l.
KOHILEHTpamnuei ¢ HUSKOH
coJtei KOHIIEHTPA-
nueii conei
HAIDABISHHE
LOTOKA BOIEL
Puc. 17

Cxema ocmoca u OCMOMUECK020 OABIeHUs

OcMmoTHYecKoe JaBjieHHe OIpejeiseTcs [0 YypaBHEHHIO BaHT-
Todda. Usyuas ocmoTuyeckue sinenus, Bant-I'odh¢ ycranoBun ux nosn-
HYIO aHaJIOTHIO C 3aKOHAMH IOBEJIEHUS W/ealbHBbIX Ta30B. 3aKOH BaHT-
TFopda: ocMoTHyeckoe HaBiIeHHE pa30aBICHHBIX PACTBOPOB HEAIEKTPOIIHU-
TOB NIPSMO NPONOPLHOHATIEHO MOJIAPHOI KOHIEHTpAlUH pacTBopa H ab-
COJIIOTHOM TeMmepartype:

1 =cRT,
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IJie T — OCMOTHYECKOE JTaBJICHHE; ¢ — MOJIIPHAs KOHILIEHTPALUS PAacTBO-
PEHHOTO BelecTBa, R — yHHBEpcanbHas ra30Basi HOCTOSHHAS, B CHCTEME
CH 00BbI9HO UCTIONB3YIOT BEIHINHY, paBHYIO 8,31 JI>K/MOITb.

HHTepecHO OTMETHTB, YTO AaXKe€ HPH CPABHUTEIBHO HEOOIBIIMX
KOHIEHTPAMsIX PacTBOPHl MOTYT 00JIafaTh 3HAYUTENBHBIM OCMOTHYE-
CKMM JiaBjieHHeM. Tak, OCMOTHYECKOE AaBJICHHE OJHOMOJIIPHOTO PacTBO-
pa riroko3sl mpu 0°C cocraBnset 22,4 atM.

W3mepenne OCMOTHYECKOTO HABICHUS PAacTBOPA HCIIONB3YETCS IS
OTIpEIIeTICHNST MOJICKYJIAPHBIX Macc Jaxke pa30aBICHHBIX PAaCTBOPOB, UTO
MI03BOJISIET OLICHUBATH MOJICKYJISIPHBIC MAaCChl PACTBOPUMBIX BBICOKOMOJIE-
KyJSIpHBIX COEAMHEHHH, B yacTHOCTH Onomnonmmepos. 3amenuB C (B) B
¢dopmyne Bant-I'odpda coorHomenuem (m (B) - 1000/ p (B) - V), nony-
YUM ypaBHEHHUE, MO3BOJIAIONIEE BBIYUCIATH MOJICKYJISIPHBIE MAacChl pac-
TBOPEHHBIX BEILECTB:

u(B) = MB)-R-T-1000
MooV

OCH

rne m(B) — macca pacTBopeHHOTr0 BemecTBa; J'— o0beM pacTBopa.

H3BecTHO, YTO pacTBOPBI XapaKTEPU3YIOTCS OAUHAKOBBIMU OCMOTH-
YeCKUMH IaBJICHUSMH, TaKHE PACTBOPHI HA3BIBAIOTCS H30TOHHUYCCKUMHU.
HeszaBucumo 0oT mpuUpoOAbI PaCTBOPEHHOTO BEIIECTBA, W30TOHUYHOCTH SIB-
JSIeTCs CIEACTBUEM OJIMHAKOBOI'O YHCIIA 4YacTUl B pacTBope. IIockoibky
IIPH PACTBOPEHUH PEAIBHOE YHCIIO YAaCTHI[ MOXKET OTIMYATHCSA OT 4YhCia
PacTBOpPEHHBIX MOJeKyJ, Bant-I'odd BBen MOHATHE M30TOHUYECKOTO KO-
s¢dummenra i. [To onpeneseHNIO 3TO OTHOLIEHHWE YHCIA BCEX YacCTHIl K
YHCITy PACTBOPEHHBIX MOJIEKYIL:

YHCII0 YACTHI] B PACTBOPE

YHCJIO MOJICKYJT B paCTBOpPEC

B menoM M30TOHHMYECKHH KOA(QQUIIMEHT TMOKA3bIBaeT, BO CKOJIBKO
pa3 YBEIMUYMBACTCS YMCIO 3JEMEHTApHBIX YacCTHULl PAaCTBOPEHHOTO Bellle-
CTBa 3a CYET AIEKTPOJIUTUIECKON TUCCOLUAINH.

Cy1iecTByIOT Tpu crioco0a pacuera H30TOHUYECKON KOHIIEHTPAIUH:

e 110 3axoHY Banr-T'odda;

® 110 3aK0oHYy Payis;

® C HCIIOJIb30BAaHUEM M30TOHUYECKOI'O HKBHBAJIECHTA JIEKAPCTBEHHBIX
BELIECTB [0 HATPHUIO XJIOPHUY.

Pacuer n30TOHMYECKOI KOHLIEHTpAIlMM Ha OCHOBaHMM 3aKoHa BaHT-
T'odda npumenseTcs K uaeaIbHBIM PAaCTBOPAM M OCHOBAH Ha TOM, YTO IIPH
pactBopeHHr 1 MoJs JTI000TO BemiecTBa HEdJIEKTpoiauTa B 22,4 1 BOIBI



mnpu Temneparype 0°C co3maercs naBlIeHHE, paBHOE OJJHOM aTMochepe HiIH
9,8-10* Ia. Hampumep, ocmoTndeckoe naBieHue KpoBu — 72,82 10° ITa, u
YTOOBI €r0 IOCTUTHYTh, HEOOXOMMO YMEHBIIUTL 00BEM BOABI B 7,43 pa3a
(22,4/7,4) = 7,43 pa3a.

Pac4€r n30TOHMYECKON KOHLIEHTpalUU HAa OCHOBaHUM 3aKoHa Payis
OCHOBaH Ha TOM, YTO M30TOHUYECKHE PACTBOPHI PA3IMYHBIX BELIECTB 3a-
Mep3af0T IPH OAWHAKOBOM TeMIIepaType, CIIEAOBATEIbHO, UMEIOT OJMHA-
KOBYIO0 TEMIIEpaTypHYIO Aelpeccuro. 3akoH Payns ompeznensier 3aBHCH-
MOCTb TEMIIEPATYpPhl 3aMEP3aHUs PACTBOPA OT €r0 KOHLUEHTPALMH H BbI-
paxaercst popmyoi

At=K-C,

rae At — nenpeccus (MMOHWKEHHUE TEMIIEPaTyphl 3aMep3aHus PacTBOpa Mo
CPaBHEHHIO C YHCTBIM pacTBoputeneM); C — KOHLEHTpalus BeIlecTBa,
MOJIB/11; K — KpHOCKONMYECKasi KOHCTaHTa PacTBOPUTENs (IS KaXKIOro
pacTBOPHUTENS CBOS M TOCTOSTHHAS).

Hanpumep, menpeccust ceiBopotkn kpoBu 0,52°C. CremoBaTenbHO,
€CITH PacTBOp JICKAPCTBCHHOTO BEIIECTBA HMMEET TEMIIEPaTypHYIO Ie-
mpeccuto 0,52°C, To OH OyIOeT HM30TOHHYEH CHIBOPOTKE KpPOBH. 3Has
nenpeccuto 1%-HOro pacTBopa JIEKapCTBEHHOTO BelecTBa (BeIMYMHA
HaXOAUTCS B CIPABOYHUKE), MOXKHO OINPEIEIUTh €Tr0 H30TOHHUYECKYIO
KOHIICHTPALHIO.

[Ipn TpeTbeM cnocobe pacdeToB MCXOAAT U3 M30TOHHYECKOTO IKBH-
BaJICHTa BEUICCTBA 110 HATPHIO XJIOPHIY. VI30TOHUYECKNM SKBHBAICHTOM
(9KB) IO HATPUIO XJIOPUAY HA3BIBAIOT KOJIMYESCTBO HATPUS XJIOPUAA, KOTO-
poe B pacTBOpe IpU OJUHAKOBBIX YCIOBHUSIX CO3[AaCT OCMOTHYCCKOE JaB-
JIeHHe, PAaBHOE OCMOTHYECKOMY JaBieHHIo 1,0 I' JIeKapcTBEHHOTO BEIECT-
Ba. Hanmpumep, 9KB TJII0KO3BI 1O HATpUIo Xjopuay paseH 0,18. Dto 3Ha-
YHUT, 9YTO | T TIIFOKO3BI CO3/1aeT TakKoe K€ OCMOTHYECKOE NaBIICHHE, KaK
0,18 r HaTpus xI0pUIA.

B 1mienoM TOHHYHOCTE — Mepa TpaJieHTa OCMOTHYIECKOTO JaBIICHNUS,
T. €. Pa3NU4us BOJHOTO MOTEHIHANA JBYX PAaCTBOPOB, pa3feiéHHBIX IIO-
JyHOpOHUIIAeMON MeMOpaHoil. JJaHHOe MOHSATHE OOBIYHO MPHMEHSETCS IO
OTHOILICHUIO K PACTBOpaM, OKpYKaroluM KieTku. Ha ocMoTnueckoe nas-
JIEHHE ¥ TOHUYHOCTh MOTYT BIIUSITH JIMIIb PACTBOPBI BEIIECTB, HE TPOHHU-
Karome depe3 MeMOpany. I1o TOHHYHOCTH WM B 3aBUCHMOCTH OT KO3(-
¢unreHTa M30TOHUYHOCTH PACTBOPHI IONPA3IEIIOTCS Ha H30TOHHYE-
CKH€, THIEPTOHUYIECKIE W THIIOTOHIMYECKHE PACTBOPHI.

Hzomonuueckumu, Wi uzoocmomuyeckumu (U30c — NO-2pedecKu
pasnblil), HA3BIBAIOTCS PAcTBOPHI MMEIOIINE OJMHAKOBOE OCMOTHYECKOE
JlaBJIeHHE HE3aBUCUMO OT COCTaBa PacTBOPEHHBIX BeliecTB. Hampumep,



OCMOTHYECKOE JaBJIEHHUE IIa3Mbl KPOBH B HOPME COCTABIISET B CpPeTHEM
paBHo 7,7 at™, mimm 5600 mwm pT. cT., mwiu 745 k[la. Ero Bemmumnaa 00y-
CIIOBJICHA KOHIICHTPAIIeH OCMOTHYECKH aKTHBHBIX BEUIECTB (RJICKTPOIIH-
TOB, HEAJICKTPOJIIUTOB, OEJIKOB), PACTBOPCHHBIX B IUIa3ME KPOBH, U pETy-
JMpPYET TPAHCHOPT BOJBI U3 BHEKJIETOUYHOH JKUIKOCTH B KIETKH M Ha000-
poT. PacTBopbl, ocMOTHYECKOE JaBIeHHE KOTOPBIX TaKOE K€, KaK IIa3Mbl
KPOBH, Ha3bIBAIOTCSl M30TOHUUECKUMH OTHOCHUTEIBHO KPOBH, WIN (hH3MO-
normyeckuMu pactBopamu. K anm otHOCAT 0,85-0,90%-HBIH pacTBOp Ha-
Tpus xnopuaa u 5,2%-HeIi pacTBOP TIFOKO3HI.

PacTBOpPEI ¢ OCMOTHYECKHM JaBlIeHHEM 00jIee BHICOKHM, YEM B CTaH-
JapTe, Ha3bIBAIOTCS 2UNEPIMOHUYECKUMU, C MEHBIINM JIaBICHUEM — 2u-
nomonuueckumu. Hanpumep, 0,1%-HbIil pacTBOp HaTpus xnopuia OyaeT
runoronnyeckuM, a 10%-HbI pacTBOp — THUNEPTOHUYECKUM OTHOCH-
TEJIbHO IJIa3MbI KPOBU.

bBuonocuuecroe snauenue ocmoca
U OCMOMUYECKO20 OABIICHUS

Ocoboe 3HaueHHE B BOJHOM OOMEHE MEXIY KPOBBIO M TKAaHEBOH
JKUJIKOCTBIO MMEET YacTh OOINEro OCMOTHYECKOTO [aBJICHHUsS, KOTOpas
obycnoBieHa BMC — GenmkaMu. JTa 94acTh OCMOTHYECKOTO JaBJICHHUS Ha-
3BIBaCTCS oHKomuueckum naBieHreM. OHO HEBEJIMKO, COCTABIISI B HOPME
Bcero okoi1o 0,004 at™ (T. e. B 200 pa3 HUKEe OCMOTHYECKOTO JaBJICHUS), U
TE€M HE MEHEe UTPAET ONPEAETCHHYIO POJib B OMOJOTHYECKUX MPOIECcCax.
Onkotnyeckoe aaBieHne pacTBOpoB BMC 3HaUMTENbHO YBEIHMYUBACTCS
C POCTOM KOHIIEHTpAIMA U MOXKET OBITh PacCYMTaHO O ypaBHeHHIO [ aj-
nepa:

:OﬂH(CZ,

s
rae C— mMaccoBast Jonis moiauMepa; M — MonsipHas Macca MOJIUMEpa;
R — yHnuBepcanbHas ra3osas nmocrosiHHast; T — abconoTHas Temiiepary-
pa; K— KoHcTaHTa, oTpakaromasi CBOWCTBAa PacTBOpUTENs (yUHTHIBAIO-
1ast THOKOCTB ¥ (hOpMY MAaKpOMOJIEKYIEI B PaCTBOPE).

U3 3ot GopMyBl BUAHO, YTO YE€M BEIIIE MOJIIPHAs Macca IOJIMMe-
pa, TeM MEHBIIE OCMOTHYeCKOoe AaBieHHE. OHKOTHYECKOMY IaBICHHIO
MIPUHAUIEKUT OCHOBHAS POJIb B MOCTYIUIEHUH BOABI B KPOBSHOE PYCIIO M3
TKaHEBOH KUAKOCTH. DTO OOYCIIOBIEHO TEM, YTO HHU3KOMOIEKYISIPHBIE
BEIIECTBA IIa3MbI, B OCHOBHOM O3JIEKTPOJIHUTHI, SIBIAIOTCS OCMOTHUYECKH
HEaKTHBHBIMH B JAHHBIX YCIOBHSIX 11O OTHOIICHUIO K TKAHEBOH KHIKOCTH,
TaK KaKk OHM OECHPEeNnATCTBEHHO IPOHUKAIOT Yepe3 CTEHKH KPOBEHOCHBIX
KaluJuIIpoB.



OHKOTHYECKOE MM KOJJIOHIHO-OCMOTHYECKOE JIaBJICHHE KPOBH ue-
JoBeka mpuMepHO 30 MM PT. CT., & TKAHEBOH KUJAKOCTH ¥ JTUMQBI BETHIH-
Hoil B 10 MM pT. c1. Ilox nelicTBUEM Pa3sHOCTH OHKOTUYECKOIO IABJICHUS
KPOBH ¥ JMM(BI BeJIMUMHON B 20 MM PT. CT. BOJIa OCTYIAET U3 TUMQHI B
KpOBb, T. €. K MecTy Ooiblieil KoHIeHTpauuu OenkoB. IIpy moHmkeHHN
coziepkaHus Oenka B KPOBH (T. €. IPH THIIONPOTCHHOAHEMHSIX) BCIIEICT-
BHe 3a00JIeBaHUS OPraHOB MHUIIEBAPEHHS WIK IOTepH Oellka ¢ MOUoH (IpH
3a00JI€BaHMAX ITOYEK) BOSHUKACT PAa3HUIA B OHKOTHYECKOM JIAaBJICHUHU B
TKaHEBOH JKUIKOCTH M B KpOBH. Boma ycTpemisieTcst B CTOpoHy Oouree BBI-
COKOT'O JIaBJICHUS, U B TKAHW BO3HHKAIOT OHKOTHYECKUE OTEKH MOAKOKHOM
KJIETYATKHU (KTOJIOJHBICY U KIIOYEUHBIE» OTCKH).

B opranmsMe ocMOTHYECKOE AABJICHHE JOJDKHO OBITh MOCTOSHHBIM
(7,7 atm). IlosToMy mareHTaM BBOISAT M30TOHMYECKHE PAcTBOPHI (pac-
TBOPBI, OCMOTHUYECKOE IaBJICHUE KOTOPBIX PAaBHO p MIa3Mbl 7,7 aTM —
0,9%-nsp1it NaCl — ¢usnonormuecknii pactBop, 5%-HBI pacTBOP TIIFOKO-
3b1). ['mmeproHuYeckre pacTBOPHI, Y KOTOPHIX p OOJNBIE, YeM OCMOTHYE-
CKO€ JIaBJICHHE IIa3Mbl, IPUMEHSAIOTCS B MEAMIMHE IUISI OYUCTKH PaH OT
rHost (10% NaCl), nns ynanenus amieprudeckux otékos (10%-naprit CaCly,
20% TrOKO3BI), B KadecTBe ciaduTeNbHBIX JekapcTB (Na,SO4 10H;0,

OcMoc urpaet BaXHYIO POJIb BO MHOTHX OMOJIOTHYECKHX MPOIIECCax.
MewmOpaHa, OKpy’Karomias HOpMaIbHYIO KJIETKY KPOBH, IIPOHHIAEMA JINIIb
JUISL MOJIEKYJ BOJIBI, KHUCIIOPOJa, HEKOTOPBIX M3 PacTBOPEHHBIX B KPOBHU
IIUTATENIbHbBIX BELIECTB U MPOAYKTOB KIETOYHOH >KHU3HEACSATEILHOCTH; IS
OonbIIMX OENKOBBIX MOJIEKYJ, HaXOSIIMXCS B PACTBOPEHHOM COCTOSTHUH
BHYTpHU KJIETKH, OHA HempoHunaema. [1o3tomy Oenku, CTOIb BaXKHbIE IS
OMOIOTMYECKUX MIPOIECCOB, OCTAIOTCA BHYTPH KIICTKH.

OcMoc y4acTByeT B IIEPEHOCE ITUTATEIBHBIX BEIIECTB B CTBOJIAX BHI-
COKHX JIEPEBBEB, I'/le KaMJUIIPHBIN IEePeHOC He CIIOCOOEH BBIOIHUTD 3TY
¢ynxuuio. KieTkn pacTeHnii NCTIONB3YIOT OCMOC TAaKXKe JUIS YBEIHMUCHUS
00BéMa BaKyoIl, 4TOOBI OHA pacnupalia CTeHKH KJICTKH (TypropHoe JaB-
nenue). KileTkn pacTeHuid fenaroT 310 IyTEM 3alacaHus caxapo3bl. YBe-
JIWYHMBAs UM YMEHbINas KOHIEHTPALUIO caXapo3bl B IUTOILIA3ME, KIETKH
MOTYT PeryJIHpOBaTh OCMOC. 3a CYET 3TOrO MOBBIIIAETCS YNPYTOCTh pac-
TeHHs B 1e7oM. C N3MEHEHMSIMU TYPrOPHOTO JaBJICHUS CBA3aHBI MHOTHE
JBWXEHHSI PacTeHUH (HampuMep, OBIKEHHS YCOB ropoxa W JIpyrHX Ja-
3aI0IUX PACTECHUI).

OcMoc Takxke UrpaeT OONBIIYIO POJIb B 9KOJOTMH BOmoéMoB. Ecnn
KOHIIGHTpPAIUsl COJIM M JIPYTUX BELIECTB B BOJC MOAHUMETCS HIU yHa-
€T, TO oOMTaTeNH 3TUX BOJ MOTMOHYT H3-3a MaryOHOro BO3AEHCTBUA
ocMoca.



OcMoc MIMPOKO UCTIONB3YIOT B TAOOPAaTOPHOU TEXHUKE: MPH OTIpee-
JICHUU MOJIAPHBIX XapakKTEPUCTHUK IMOJIUMEPOB, KOHIOCHTPUPOBAHWUHN pac-
TBOPOB, UCCIICJIOBAHUH Pa3HOOOPA3HBIX OMOJIOTHUECKUX CTPYKTYP.
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KOJNNOUAHAA XUMUA

OucnepcHble cucTeMbl.
O6wue cBegeHns

Konnoungnas xumus Bo3nukia B cepeaune XIX B. B 1861 r. uzBect-
HbIU aHrIUiickuil xumuk T. I'pam, usyyas nuddy3uro pa3indHbIX BEIICCTB
B BOJHBIX pacTBOpax, OOHAPYKWI, YTO HEKOTOpHIC BEIIECTBA (KeIaTHH,
arap-arap " T. 1.) 7uQQyHAUPYIOT B BOJEC BO MHOTO pa3 MEAJICHHEE, YeM,
HampuMep, COIM M KUCIOTHL. Kpome Toro, 3T BeliecTBa IpH IEepPEeHACHI-
IIEHNH PacTBOPOB HE KPHCTAJUIM30BAINCH, a (JOPMHUPOBAIH CTyIHEOOpa3-
HYIO KIIeiiKyro Maccy. cxos u3 Toro, 4To B MEPEBOJIE C APEBHEIPEYECKOTO
KJIell Ha3bIBaeTCS «KOJUIA», ITH «OCOOBIe» BemiecTBa ['paM Ha3Bay KO-
nounamu. Tak HOSBUIIOCH Ha3BaHME HayKu — KoyounHas xumus. Ha oc-
HOBE CBOUX OIBITOB I'p3M BBIIBUHYJI TUIOTE3Y O CYIECTBOBAHUH B MpU-
pole OBYX XMMHYECKHX BEIIECTB — KPHCTAUIONIOB M KOJUIOWZOB. JTa
nzes BbI3BaJia OOJBINON WHTEPEC MHOTHX YYEHBIX, I BO BTOPOH IOJIOBHHE
XIX B. KOMIOMAHAs XWUMHS CTajla Pa3BUBATHCS OYCHb OBICTPO M INIOMO-
TBOPHO. B 3TH rozpl OBUIM OTKPHITHI MHOTHE BEIIECTBA C THIMYHO KOJUIO-
UIHBIMU cBOWCcTBaMH. BMmecTe ¢ TeM ObUIM pa3paboTaHbl pa3IHiHbIE METO-
JbI OYMCTKH U CTaOMIM3AIMU KOJUIOUAOB (HEOPraHMUYECKUX, OPTaHUUECKUX
1 OeNKOBBIX BEIIECTB), CO3MAHBI OPHTHHANBHBIC M BBHICOKOTYBCTBHUTCIIb-
HBIE METOJBI MCCIIEIOBAaHHS KOJJIOMIOB JUIS M3MEPEHHs Pa3MepoB AHUC-
MIEPCHBIX YaCTHII, TOBEPXHOCTHOTO HATSHKEHHUS YMCTHIX XKUAKOCTEH M pac-
TBOPOB, CKOPOCTH 31eKTpodopesa U psia APYyrux IapaMeTpoB KOJUIOWA-
HbIX cucTeM. OJHAaKO MO Mepe Pa3BUTHs KOJIOMIHOM XUMHHU THUIOTE3a
I'pama mocTeneHHo yTpavnBaia cBorw 3HaunMocTh. C 1860-x rr. 6narona-
psi paboTaM PYCCKHMX YYCHBIX HA CMEHY €l NpHIIIa KOHLEIIHS yYHUBEp-
CAJIBHOCTU KOJIJIOUAHOTO (IMCHEPCHOT0) COCTOSHUS BellecTBa. TepMuH
«KOJUTOMITHOE cocTosiHuey ObuT BBezeH JI. 1. MenneneeBbiM. Pemraromryto
pOTb B YTBEPXICHHH HOBOM KOHIICTIIIMH CHITPANN SKCIIEPUMEHTAIBHBIC
paboThl poccuiickoro yueHoro I1. IT. Beiimapnaa (1906-1910). Ha MHOXe-
CTBE IIPUMEPOB OH IOKA3aj, YTO AaXKe THIHYHBIE KOJUIOMIBI (HAIpUMep,
JKEJTATUH) MOXKHO BBIIENUTHh B KPUCTAJUIMYECKOM BHJE W, HANPOTUB, W3
«KPUCTAIJIOUIHBIX» BELIECTB MOKHO IMPUTOTOBUTH KOJUIOUAHBIA PacTBOP
(manpumep, oBapeHHOH conu B OeHsone). KoHmenius yHuBepcaaIbHOCTH
3HAYNUTEIBHO PaCIIUpIiIa 00JIaCTh 00BEKTOB KOJUIOWIHOW XMMUH M OKa3a-
na OoJpIIOE BAMSHEE Ha ee pa3BuTHe. Ha mepBblif miiaH OBUTIO BEIIBHHYTO
MOHSATHE TUCIIEPCHOTO COCTOSHUS BELIECTBA U, KaK PE3yJIbTaT, OCO3HAHHUE
Ba)KHEHIIEH pOIM MOBEPXHOCTHBIX SIBJICHUU.
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Bce xummueckue BeIlecTBa CYLIECTBYIOT B 3€MHOM NpHpoie Ipe-
HMMYIIECTBEHHO B COCTAaBE PA3NMYHBIX AWCIEPCHBIX CHCTeM. B HacTosmee
BpeMs B cepe M3ydeHHS M MPOM3BOACTBA IHCIEPCHBIX CHCTEM IIPHMe-
HseTCsl OONBIIOE KOJIMYECTBO TEPMHHOB M CYIIECTBYET OIpEICICHHAS
nmytanuna. O4YeHb 4acToO AWCIIEPCHBIE CHCTEMBI HA3bIBAIOT MHOTOKOMIIO-
HEHTHBIMH reTepo(asHbBIMU CMECSIMH, YTO SIBISETCS HE BIIOJIHE KOPPEKT-
HBIM OMpeAeTIeHUEM.

Jlucnepcuvimu Ha3pIBaIOTCS (U3UKO-XUMHYECKHAE CHCTEMBI, B KOTO-
PBIX OTHO (MUIM HECKOJBKO BEIIECTB) B Pa3ipoOJICHHOM (AUCHEPTHPOBAH-
HOM) COCTOSIHHM PaBHOMEPHO PACHPENEIICHO B Macce NPYroro BEILIECTBA.
BemecTBo, KOTOpOE pacpeneseHo B Macce APyroro, Ha3pIBaeTCsl Oucnepc-
HOU ¢haszoil, a cpena, B Macce KOTOPOH paclpezeneHa aucrepcHas ¢asa, —
oucnepcuoHHol cpeooll.

JucnepcHas cucremMa — 3TO HE 4TO HMHOE, KaK PacTBOP, B IIHPOKOM
CMEBICIIE TOTO CNIOBa. Eciy MpoBeCTH aHANOTHH MEXAY TUCIEPCHOI CHC-
TEMOIl M pacTBOpaMH, TO AWCIEpPCHas (a3a W pacTBOPEHHOE BEIIECTBO,
JVCIIEPCHOHHAS CpeJla U PAaCTBOPHUTEIh COBIIAJAOT.

JncriepcHble cuCTeMBI (Kak M pacTBOPHI) B NMPUPOJE YPEe3BBIYAIHO
pacnpocTpaHeHsl U MHOroo0OpasHbl. IIpakTiuecku mobasi peanpHas cHc-
TeMa XMMHYECKHX BEIIECTB sBIseTcs aucnepcHod. Hampumep, 3emuas
aTMocdepa, IpUPOTHBIE BOIBI, II0UBA, TPYHTHI, PA3IHMYHBIC H3/ENUSI U Ma-
TEpUasBl M JIPYroe OTHOCSTCS K AWUCIEPCHBIM cucteMaM. CyIIecTBYIOT
pa3nu4HBIE CIOCOOB! KiIacCH(UMKAINU IWCIEPCHBIX CHCTEM. B kauecTBe
HanboJee XapaKTEePHBIX IPU3HAKOB MOXHO BBIICIUTE!

1) pa3Mmep gacTuIy qUCTiepcHOH (askbr;

2) arperaTHOe COCTOSIHHE YacTHIl JUCHEepPCHON (a3l M AUCIICPCHOH-
HOH cpenpl;

3) ¢opma wacTun AUCHEpCcHO (a3bl;

4) MTHTEHCHBHOCTH MeK(a30BOro B3aNMOICHCTBNS;

5) Hanu4YHe CTPYKTYpPOOOpa3oBaHUs MEXIY YaCTHIAMH IHCIEPCHOM
(hasbl.

Hawnbonee BaKHBIM CHIOCOOOM KIIACCU(DHKALIUK SBISACTCS KIacCH(H-
Kalysl TUCIIEPCHBIX CHCTEM I10 pa3Mepy YacTHUIl AUCTIEPCHON (a3l

Hucnepcrnocmo (0T 1am. dispersus — paccestHHbIN) — XapaKTepUCTH-
Ka pa3MepoB YaCTHIl B TUCIIEPCHBIX cucTeMax. JlucmepcHocTh D oOpaTHO
IIPONOPIHOHATBHA CPEHeMy JuaMeTpy dactuil o: D = 1/o, M ', u onpese-
JAETCs yJIeNbHOH MOBEPXHOCTBIO Sy, T. €. OTHOLIEHHEM OOLIEH ITOBEPXHO-
CTH YacCTHIl K eINHUIIE 00beMa (MM MHOTAa MacChl) TUCIEPCHOM (a3l

B 3aBHCHMOCTH OT CTEIICHU AUCIIEPCHOCTH U 0COOCHHOCTEH MoBejie-
HUS BCE JUCHEPCHBIE CUCTEMBI OOBIYHO MOAPA3AEISIIOT HAa MOJIEKYJIISIpHBIE,
BBICOKOJIMCIIEPCHBIE U IPyOOIHCIICPCHEIE.



Tabnuya 2

Knaccudukanus aucnepcHbIx cucreM

JucnepcHas Pasmepsl | CocTosinue
PacrBop
cucTemMa YaCTHIL CHCTEeMbI
MonekynspHo- u Oosee TOMOT'€H- HUCTHUHHBIE
nonHojucnepcHeie | 100 HM HBIC pacTBOpBI
Beicokonucnepcusie | 1-100 HM | yiabTpa- B | KOJUIOM-
(xomongHO- MHUKpOTe- | Hble pac-
JHCIIEPCHBIE) TEpOreH- TBOPBI
HBIC
I'pyboaucnepcHble | MeHee reTeporeH- | B3Becu
1 Hm HBIE

OCHOBHBIM OOBEKTOM H3YYEHHUS KOJUIOMIHOW XUMUH SIBISIOTCS BbI-
COKOJIMCIIEPCHBIEC WM yIbTPa- U MUKPOT€TEPOTCHHBIC CHCTEMBI. DTH CHC-
TEMBI 00JIAAIOT caMoi OOJNBIION yIETbHON MekK(pa3HOH MOBEPXHOCTHIO,
BEIMYMHA KOTOPOIl COCTaBNIseT NECATKH U COTHH KBaJpaTHBIX METPOB Ha
OJMH TpaMM AHCIIEPCHON (ha3bl, U BBICOKMM H30BITKOM MOBEPXHOCTHOM
sHeprun. Ilo Tpaaummu KX HA3BIBAIOT KOJJIOMIHO-AUCIEPCHBIMH, HIH
IIPOCTO KOJUTOMTHBIMH CHCTEMaMH.

nOBerHOCTHbIe ABNeHunsA

Tlogepxrnocmubimu Ha3BIBAIOTCA (U3UKO-XUMHUYECCKHE SBICHHSA, KO-
TOpbIe O0YCIIOBJICHBI OCOOBIMH CBOICTBAMH ITOBEPXHOCTHBIX CIIOEB KHJI-
KOCTEeH M TBEpIbIX TeJ Ha rpaHuie paszgena ¢as. Hanbonee BbIpaskeHBI B
TeTepOreHHBIX CHCTEMAaxX C CWIILHO Pa3BUTOH MIOBEPXHOCTHIO paszaena das.

IToBepXHOCTHBIE SIBICHMS OOYCIIOBIEHBI ITaBHBIM 00pa3oM H30bI-
TO4YHOI! cBOOOAHOI moBepxHOCTHOM 3Heprueit (CIID). Jlrobast moBepx-
HocTh umeet CIID, xoTopast paBHa:

ClID =063,

IZie 6 — CHJa ITOBEPXHOCTHOTO HATSHKEHUS;, S — IUIONIAaIb IIOBEPXHOCTH
paszaena das.

CaMonpon3BOJIbHbBIE IOBEPXHOCTHBIE SIBJIEHUS IIPOUCXOIAT BCIEICT-
BHC YMCHBIICHUS TOBEPXHOCTHOM 3Hepruu cucteMbl. OHU MOTYT OBITH
OOYCJIOBIICHBI YMCHBIICHUEM OOLICH IOBEPXHOCTH CHUCTEMBI JHOO
yYMEHbIICHHEM OBEPXHOCTHOTO HATSDKEHUsI Ha TpaHULIe paszena ¢as.

Tlogepxnocmuoe namsdicenue — TEPMOJUHAMHYECKAs XapaKTepH-
CTHKa TIOBEPXHOCTH pa3jena ABYX HaXOISIIMXCS B paBHOBecwH ¢a3. [lo-
BEPXHOCTHOE HATSHKEHHE MMEET TBOWHON (pU3WYIEeCKUil CMBICT — SHepre-
THYCCKHU (TEPMOIMHAMUYICCKHN) M CHIIOBON (MEXaHHYCCKHH).



Duepeemuyeckoe (mepmoounamuyeckoe) ONpeneTeHne: MOBEPXHO-
CTHO€ HATSDKEHHME — 3TO yIeabHas pabora A yBEeTMUYCHHUS MMOBEPXHOCTU
IpU €8 PacTSHKCHNN WM HeoOXOAMMast JUTs co3anms 1 M° ITOBEpXHOCTH
[IPU YCIIOBHH MOCTOSIHCTBA TEMIIEPATyPhI.

o= A/S (Jlx/v?)

Cunoeoe (mexanuueckoe) OIpPENEIEHHE: ITOBEPXHOCTHOE HATSKE-
HUE — 3TO CHJA, JEHCTBYIOIIAsd HA €AMHULY JUIMHBI JTMHHUU, KOTOpPas Or-
paHUYMBAET MOBEPXHOCTh KUAKOCTH, WM TO U3OBITOUHASI 3HEPIUs, OT-
HEeCEHHasl K eIMHUIIE IIOIAAU IIOBEPXHOCTH pasaena das.

o = E/S (Jlx/v?),

rae 6 — Ko3(h(UIHEHT MOBEPXHOCTHOTO HATSHKEHHS, YNCICHHO PaBHBIA
CHJIE TIOBEPXHOCTHOTO HATSDKCHUS MM pabOTHI 10 M3MEHEHUIO IIIOMATH
ITOBEPXHOCTH.

Bnaronmapss 3¢ ¢exTy NOBEpXHOCTHOTO HATSDKCHHS IIOBEPXHOCTH
KHUIKOCTH 00pa3yeT IUICHKY, TaK KaK CHJIa HATSHKEHHS ACHCTBYET Hapal-
JIETbHO MOBEPXHOCTH U3-3a CYLICCTBYIOIIUX MEXIY MOJICKYJIaMHU JKUIKO-
CTH CUJI TIPUTSKECHUS.

Ecmn Obl MOBepXHOCTHAs SHEpPrusi ObUla €IMHCTBEHHBIM BHIOM
SHEPTUH, ONPESIIAIOMNM ITOBEICHHE KHUIKOCTH, TO Jr00as Macca KHUAKO-
CTH BCerja JOJDKHA Oblia ObI MPUHUMATH Takyio (opMy, NMPH KOTOPOWM
IJIONIAb €€ MOBEPXHOCTh Obula Obl HaMMeHbIIeH. Takol ¢Gopmol, ode-
BHIHO, SBIsieTCs cepudeckas MOBEPXHOCTh, KOTOpas 00JiaacT MHHU-
MaJIbHON IUTOLIAJbI0 MPH 3aJaHHOM 00beMe >KUAKOCTH. OIHAKO Kpome
BHYTPEHHHX CHJI B3aUMOJEHCTBUA MEXIy YacTUIAMH, W3-32 KOTOPBIX U
BO3HHKAIOT CHJIBI TOBEPXHOCTHOTO HATSHKEHHS, HA XXHIKOCTh OOBIYHO
JEWCTBYIOT eIl W BHEIIHHE CHIIBL. DTO, BO-TIEPBBIX, CHJIA TSDKECTH M, BO-
BTOPBIX, CHJIBI B3aUMOJACHCTBUS YaCTHII )KUAKOCTH C YaCTHUIIAMH TBEPIBIX
CTEHOK COCyJa, B KOTOPOM OHa coiepkuTcs. [losTomy meHcTBHTENBHAS
(dopma, KOTOPYIO MPUHHMAET KHUIKOCTh, OMPEACISACTCS COOTHOIICHHEM
9THUX TPEX CHIL

K moBepXHOCTHBIM SIBICHHMSM, CBSI3aHHBIM C YMEHBIICHUEM OOLIei
ITOBEPXHOCTH, OTHOCHT:

1) KanmsIpHBIE  SIBICHHS, B YAaCTHOCTH IIPHOOPETEHHE KaIUIIMH
(B TymMaHax) W Ta30BBIMH ITy3BIpbKaMH (B XHIKOH cpene) chepraeckoi
(hopMbr;

2) KOAJECUCHIUS — CIHUSHUE Kalelb B OMYJBCHSX (MM Ta30BBbIX
My3BIPHKOB B MICHAX) NP UX HEMTOCPECTBEHHOM KOHTAKTE;

3) criekaHMe MENKHUX TBEPABIX YacTHUI[ B MOPOILIKAX MPH AOCTATOYHO
BBICOKHX TEMIIEPaTypax ! JIp.
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Camonpon3BONIbHBIE TOBEPXHOCTHBIC SBJIEHUS, B KOTOPBIX H3MEHS-
€TCs TIOBEPXHOCTHOE HATSDKCHHE!

1) oOpazoBanue orpaHku (paBHOBECHOW (HOpMBI) KpHCTaLIOB. PaB-
HOBECHOH (popMe COOTBETCTBYET MHHHMMYM MOBEPXHOCTHOH SHEPrHU
(npuaIn ['n66ca — Kropu — Bynbda);

2) KOaryJjisius 4acTHILl B 30JI51X, CYCIIEH3HSAX;

3) agresus — MPWINIAHUE XUIKOCTH K TBEPAOMY Telly, KOTOpas
oIpesieNsieT BEMMYNHY KPaeBoro yIila CMadHBaHUS;

4) oOpa3oBaHNE MapOBBIX ITy3BIPHKOB IIPH KHUIICHWH, POCT KPHCTaN-
JIOB Ha 3aTPaBKax;

5) pacTeKkaHue XXMIKOCTH C MEHBIINM MOBEPXHOCTHBIM HATSDKCHUEM
I10 TIOBEPXHOCTH APYTOH KUIKOCTH (HaIpUMep, HeTH Mo BOAE);

6) ancopOuus u zp.

Copoyus. Copbyuonuvie npoyeccul

Copbyust (0T 1am. sorbeo — MOTTIONIal0) — MOMIONICHHE T'a30B, Ma-
POB ¥ PacTBOPEHHBIX BEIICCTB TBEP/BIMH TEJIaMU M KUAIAKOCTSIMHU. Pa3niu-
YaIOT CJEAYIONMe BUABI COPOIMU: adcopoyuto, abcopoyuro, xemocopo-
Yuio, KaWUIPHYIO KOHOEHCAYUIO.

Adcopbyuss — TIOTTIONICHUE BEIIECTB M3 PACTBOPOB IJIM Ta30B Ha
MTOBEPXHOCTH TBEPIOTO TeJa WM XKUIKOCTH. Haxomsdmuecs Ha mOBEpXHO-
CTH TBEPJBIX TEJI MOJICKYJIBI 00JIaIAt0T (KaK M y KHUIKOCTEH) MOBBINICHHON
sHepruen (nosepxnocmmotl suepeueti). B pesyabrate HaKOIUIEHUS (adcopo-
yuu) MOJEKYJ W3 MPUIIETAIONIeH KUJIKOW W Ta30BOU (ha3bl MOBEPXHOCT-
Hasi DHEPTUS TIOHIKAeTCs. AICOpOUpyeMoe BEIECTBO HA3BIBACTCS A0COPO-
mueoM, TeJ0, Ha KOTOPOM IIPOUCXOIUT aCOPOLIHst, — adcopbeHmom.

Kak pa3HOBHIHOCTE afcOpOLUH pacCMaTPUBACTCS KANULIAPHASL KOH-
OdeHcayuss — CKVDKEHHE TIapa B KaIMLIIPAaX, MIEISIX WM [TOpax B TBEPIBIX
tenax. KanmuisipHas kKoHIeHcanus 00yCIOBIICHa HATMIHEM Y acopOeHTa
Menkux mop. Ilapel ajcopOTHBa KOHACHCHPYIOTCS B TaKUX IOpax IMPH
JABICHUSAX MECHBIIC [ABJICHUS HACHIICHHOTO T[apa HajJ IUIOCKOM
MMOBEPXHOCTHIO, BCIICACTBHEC 00Pa30BaHUS B KAMWLISIPAX BOTHYTHIX MCHU-
CKOB. BO3HHMKHOBEHHE 3THX MCHHUCKOB CJEAYET MPEACTABIATh Kak
pEe3yNbTaT CIHAHUS KUIKAX CIOEB, 00pa30BaBIIMXCS HA CTEHKaX Kallwll-
Jsipa BCIEICTBHE acopOIMy napoB. Bo3HUKHOBEHHE BOTHYTHIX MCHUCKOB
BO3MOKHO TOJIBKO B TOM CIly4ae, eciii 00pa30oBaBIIAsICS KHUIKOCTh CMadH-
BaCT CTCHKU KaIMJUIAPA.

Abcopbyuss — TOTJOIICHNE BEIIECTB U3 CMECH Ta30B KHIKOCTBIO.
B otnmmame ot agcopOiuu, abcopOuus MPOUCXOAUT BO BCEM 00BEME TIO-
motutens (ancopoenTa). AGCOPOITMOHHBIC MPOIECCHl MIMPOKO MPHMEHS-
FOTCS B IPOMBIIITICHHOCTH.



PazmugaroT ¢GU3MUECKYI0 M XHUMHUYECKyI0 copoOuuro. Dusuyeckas
copbyusi XapaKTepu3yeTcsl HEBBICOKMM TeTIOBBIM 3 dexTom 1 oOpaTtumo-
ctpio. OHa 00ycIOBIEHA CHIaMH MEXMOJIEKYSIPHOTO B3aHMMOJIEHCTBUS,
KOTOpBIE CBSI3BIBAIOT MOJIEKYJIBI B KHJKOCTSAX W HEKOTOPBIX KPUCTAIIIAX U
TIPOSIBIISAIOTCS B TIOBEJCHUH CHJIBHO CXKAaTBIX Ta3oB. XemocopOyus MpoTe-
kaeT HeoOpatumo. TemnoBoii 3ddexT ee ONU30K K TEIIOBOMY 3ddekTy
XUMUYECKUX peakuuil. DHeprust B3auMOJAEHCTBUS IpU XeMocopOIuu co-
craBister 40400 x/[x/Momb, T. €. Ha 1-2 mopsaka OoJdbIIe ITOH BEIHYIH-
HBl 1 usngeckoi axcopoim (10—40 x/x/Mons). [Ipr moBsIIeHNH
TEMIEPATYPbl XEMOCOPOIHS YCKOPSAETCSL.

Cremyer oJuepKHyTb, YTO SIBICHHS (HU3MUECKON 1 XUMHUIECKOH aj-
copOLyy 4€TKO Pa3INyaroTCs B OYEHb PeIKHX cirydasx. OObIYHO OocyliecT-
BIISIIOTCSL TIPOMEXYTOUHbIE BapHaHTBI, KOIZla OCHOBHAsi Macca aacopOoupo-
BaHHOT'O BELIECTBA CBSI3bIBACTCS CPABHHUTEIBHO C1a00 M JIMIIb HEOOJbLIas
4acTh — MPO4YHO. [Ipy MOBBILIEHUH TEMIEPATypbl yBEIMYECHHE XMMHYE-
CKOW a/IcopOIM ¢ HEKOTOPOH TeMIepaTypsl HAUMHACT MepeKphIBATh Ma-
JeHue (U3NYecKoi azcopOnmy, MO3TOMY TEMIEpaTypHas 3aBHCHMOCTh
a/IcOpOLUH B 3TOM CIIy4ae MMEET YETKO BBIPAXEHHBIH MUHUMYM.

KonyecTBeHHO acopOIMI0 MOXHO BBIpaXkaTh B MOJISIX aAcOpOTHBA
HA eIMHHIY [UIOMAIH WIM MACCHI aiCOpOeHTa (MOJIb/CM® MM MOIb/KT).
OKCIepUMEHTAIBHO BEINYUHY aJICOPOIMU ONPENEIISAIOT, 3Hasi Ha4YaJIbHYIO
KOHIICHTPALUIO PacTBOPa, 00BEM pacTBOpa U Maccy aJiIcopOeHTa:

cC-C)YyWw
r :—( 0= 5,) MOIB/cM;
CcC,-C)YyW
F:u MOJIB/KT,
m

rae I' — Bemuumna agcopOuum; Cy — HavaibHas KOHIICHTpAIHsS acopo-
THBa, MONb/I; C, — pPaBHOBECHas KOHIIEHTPAIMA, MONbL/N; V — o0beM
pacTBopa, JI; B — miomans agcopOeHTa; m — Macca aJcopOeHTa.
AncopOnus 3aBUCHT OT IPUPOJIBI aIcopOeHTa U aicopOTHBa, TeMIie-
patypsl ¥ KOHIIEHTPAITNH WK JaBlieHHs ancopOtmBa. KpuByro 3aBucHMO-
CTH BEJTMYUHBI aJicopOumu I~ oT KoHIeHTparwid C WId JaBJICHUH p ancopo-
THBA TIPH IOCTOSIHHOH Temriepatype 7 Ha3bIBAIOT U30mepmMotl a0copoyuu:

I'=fC) wma I'=fp) npu T = const.

Enunoii Teopun, KoTopas onuchiBaiga Obl Bce BHABI afcopOIuu Ha
Pa3HBIX MOBEPXHOCTSX paszena (a3, He cymiecTByeT. Haunbonee pacmpo-
CTPaHEHHBIMU TEOPHSMH, ONMCHIBAIOIIMMHU PA3IMYHBIE BHUJIBI aICOPOLUH
Ha MOBEPXHOCTU pa3fieNia «TBEpIOe TeJI0 — Ta3) HIH «TBEpAOoe TeIo —



PacTBOpPY, SIBISIOTCS TEOPUS MOHOMOJIKYJISIpHOU ancopouuu JleHrMiopa u
TEOPHs TIOJIUMOJIEKYIIIPHOH ancopoumu [lonsHn.

Teopusi MOHOMONEKYAAPHOU A0COpOYUU, KOTOPYIO pa3paboTai aMe-
pukaHcKui XxuMuK . JIeHrMIOp, OCHOBBIBA€TCS Ha CIICAYIOIIUX IOJIOXKe-
HUSIX:

1) amcopOnus sBISETCS JIOKAJIM30BAaHHOW M BBI3BIBACTCS CHIIAMU,
OJIM3KUMHU K XUMHUYECKUM;

2) ancopOrust MPOMCXOANT HE HA BCEH MOBEPXHOCTH afcoOpOeHTa, a
Ha aKTUBHBIX HEHTpPaAX, KOTOPBIMHU SABJIAIOTCSA BBICTYIIBI J'II/I6O BIIaAWHBI HA
MTOBEPXHOCTH aIcOpOeHTa, XapaKTepU3YIOMINecs] HATMINEM TaK Ha3bIBae-
MBIX CBOOOJHBIX BAaJICHTHOCTECH. AKTHUBHBIC I[CHTPHI CUHTAIOTCS HE3aBU-
CHMBIMU (T. €. OIMH aKTHUBHBIH IICHTP HE BIUSACT HA aJICOPOIIOHHYIO CIIO-
COOHOCTB IPYTUX) U TOXKCCTBCHHBIMHU;

3) Kax/Iblii aKTUBHBIA HEHTP CIIOCOOEH B3aMMOAEHCTBOBATH TOJIBKO C
OJTHOM MOJIEKYJIOH afcopOeHTa, U B pe3ysbTaTe Ha MOBEPXHOCTH MOXET
00pa3oBaThCsl TOJIBKO OIWH CIOW (MOHOCTION) aJcOpOMPOBAHHBIX MOJIE-
Ky

4) mporuecc agcopOIUH SIBISIETCS 0OPaTUMBIM H PABHOBECHBIM — aJI-
copOUpoOBaHHas MOJICKYJIa YACPKUBACTCS aKTHBHBIM IIEHTPOM HEKOTOPOE
BpeMsi, TIOCIIE Yero AecOpOUpyeTcs, T. €. Yepe3 HEKOTOPOe BPEeMs MEXITy
MpoLeccCaMy aJIcOpOLIMK U AECOpOIMH YCTaHABIUBACTCS AMHAMUYECKOE
paBHOBecHE.

rJL

b o4
Puc. 18
Hzomepma moHomonexyispHol aocopoyuu

Teopust MOHOMOJIEKYIAPHOH afcopbuuu JIeHrMIopa npuMeHnMa s
OIIMCAHUS TOJIBKO HEKOTOPBIX MPOIECCOB aJCOPOINH Ta30B U PACTBOPECH-
HBIX BEIIECTB MPU HEOOIBINNX JABICHUIX (KOHIIEHTPAIUIX) aIcOpOTHBA.

Ha mpaxTrke 9acTo BCTpedaroTesi S-00pa3Hble H30TePMBI aJIcOpOUT
(puc. 21), popMa KOTOPBIX CBHICTEIHCTBYET O BO3MOKHOM B3aUMOICHCT-
BHU aJICOPOMPOBAHHBIX MOJICKYJI C aICOPOTHBOM.



P

Puc. 19
H3omepma nonumonexyisapHou adcopoyuu

Jinst ommcaHus TakWX HM30TEPM ancOpOIMH BEHTePCKO-aHIIIMHCKUIA
¢usnkoxumuk Maiiki TTonstan (TTostaHu) TIPEUIOKUT meopuio noaUMoe-
KVIapHOU aocopOyuu, OCHOBAHHYIO Ha CIEAYIOIIMX OCHOBHBIX IOJIOXKE-
HUSX:

1) agcopOrust BeI3BaHA YMCTO (PU3UIECKUMU CHIIAMH;

2) IOBEPXHOCTH a7cOPOEHTa OJJHOPOIHA, T. €. Ha HEH HeT aKTHBHBIX
LIEHTPOB; aJCOPOIMOHHBIE CHIIBI 00pa3yroT HETPEpHIBHOE CHIIOBOE ITOJE
BOJIM3H TIOBEPXHOCTH a/ICOPOEHTa;

3) ancopOLMOHHbIE CHIIBI JEHCTBYIOT Ha PacCTOSHUH, OOJIBIIEM pa3-
Mepa MOJIEKYJIBl ajfcopOTuBa. MHa4ye roBopsi, y MOBEPXHOCTH aJcopOeHTa
CYIIECTBYET HEKOTOpBIil aicOopOLUOHHEBIN 00BEM, KOTOPBIN NIpH ancopo-
L[UH 3aMOJTHSACTCA MOJIEKyJIaMH aicOpOTHBA;

4) nIpUTSHKEHNE MOJICKYJIBI aJICOPOTHBA MOBEPXHOCTHIO aJcopOeHTa
HE 3aBUCHUT OT HalW4Msi B afcOpOIMOHHOM 00BEME APYTHUX MOJEKYII,
BCJIC/ICTBUE YET0 BO3MOXHA ITOJIMMOJIEKYIIAPHAs aICOPOLIHS;

5) apcopOLMOHHbIE CHIIBI HE 3aBUCAT OT TEMIICpaTyphl, U, CIIEl0Ba-
TEJIbHO, C U3MEHEHHEM TEMITepaTyphl aJIcCOPOLIMOHHBII 00beM HE MEHSIETCS.

Teopuu npencraBieHHsle Jlenrmiopom u llonsiHu, B 3HauMTENbHOU
CTEIICHH WACANN3UPYIOT U YNPOIIAIOT NCTUHHYIO KapTHHY afacopbunu. Ha
caMoM JeJie TIOBEPXHOCTh aacopOeHTa HEOAHOPOIHA, MEXIY aacopompo-
BaHHBIMH YaCTHI[AMH MMEET MECTO B3aWMOAEHCTBHE, aKTHBHBIEC IICHTPHI
HE SIBIISIFOTCS TIOJHOCTBIO HE3aBHCHMBIMH JIPYT OT JApyra H T. A. Bce 3To
YCIIOKHSIET BUJL YPaBHEHHS H30TE€PMBI.

B 1920-x rr. Hemeukuii ¢usnkoxumMuk ['epbepr PpeitHmmx moka-
3aJ, 4TO MPH MOCTOSHHOM TeMIepaType YHCIO MoJeH agcopOHpOBaHHOTO
ra3a WIM PacTBOPEHHOI'O BEINECTBA, NMPHUXOISIIIEecs Ha CAUHHILY MacChI
ajcopOenTa (ynenbHas afacopOIus x/m), MPOMOPIIHOHATEHO PaBHOBECHO-
My AaBieHHIO P (Ui ra3a) WM paBHOBECHOH KoHIeHTpanuu C (Juist Be-
IIECTB, aICOPONPYEMBIX U3 pacTBOpa) afcopOCHTA, BO3BEJACHHBIM B HEKO-
TOPYIO CTEIEHb, KOTOPAsi BCET/Ia MCHBIIE SANHUIIBI:
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IMoka3zarens creneHd n U KO3()GHULUEHT MPONOPLIHOHAIBHOCTH d B
ypaBHeHUHN OpeiHITNXa OIPEAENAIOTCS HKCIIEPUMEHTABHO.

CyIIecTBYIOT JIBa THIIA aJICOPOLIMHU: ancopOIusl Ha TBEPIOH MOBEpX-
HOCTH ¥ a/icopOIHs B TIOBEPXHOCTHOM CIIO€ JKHIKOCTH (aacopOmms rasa
Ha TIOBEPXHOCTH JKUIKOCTH). Hanboee m3y4eHHOI 1 Ba)KHOH B OHOIOTHH
SIBIISICTCSL aficOpOIMs Ha TPaHHIE «TBEpPAOE Telo — pacTBopy». [loBepx-
HOCTb TBEPABIX TeN, KaK U KHUIKOCTEH, o0nanaer u30bITOUHON >HEprueit
I'u66ca. TenaeHUS K YMEHBIIEHUIO W30BITOUHON MOBEPXHOCTHON JHEP-
run 'nb0ca mposBIsIeTCs Y TBEPABIX TN B CIIOCOOHOCTH YICP)KUBATh Ha
TTOBEPXHOCTH MOJIEKYJIBI Ta3a MM PAaCTBOPEHHOTO BEIIECTBA.

[Ipn n3ydeHnn ancopOIMK W3 PacTBOPOB Ha TBEPIBIX aICcOpOEHTax
Pa3UYAIOT MONEKYAAPHYIO aocopbyuto (ancOpOIMI0 HEdIEKTPOIUTOB) H
UOHHYI0 aocopbyuto (aACOPOLUIO TCKTPOIIUTOB).

ITpu MonexyssipHOI afgcopOIMU M3 pacTBOPOB BO3MOXKHBI TP CIIy-
4asi ¥ B 3aBUCHMOCTH OT ATOT'0 TP BHJA aACOPOIIH.

1. IlonoxxutenspHast agcopOLUs — PacTBOPEHHOE BEIIECTBO aJCcOp-
OupyeTcs CHIbHEe PaCTBOPHUTEIIS.

2. OTpunaTenpHas aacopOIUs — PacTBOPHUTENs  aJcOpOUpyeTcs
CHIIbHEE PaCTBOPCHHOTO BEIIECTBA.

3. HyneBas ancopOuus — KOHLEHTPALUK PAaCTBOPCHHBIX BEINECTB
Ha MOBEPXHOCTH pazjeia (a3 U B paCTBOPE OCTAIOTCS OJJMHAKOBBIMH.

IIpu apcopOruy U3MEHSAIOTCSI CBOMCTBA MOBEPXHOCTHOTO CNOS, T. €.
MTOBEPXHOCTHOE HATSDKEHHE. ACOpPOMpYIONIHecs BEIIeCTBa MOTYT ITOHHU-
KaTh MOBEPXHOCTHOE HATSHKEHHE (3TO MOBEPXHOCTHO-AKTHBHBIE BEIICCT-
Ba— I[IAB), moBhImaTh TOBEPXHOCTHOE HATSKCHUE (TIOBEPXHOCTHO-
WHAKTHUBHBIC BEUICCTBA) U HE BIMATH HAa MMOBEPXHOCTHOE HATsHKEHUE (T10-
BEPXHOCTHO-HEaKTUBHBIC BemlecTBa). Kak mpasmio, k [IMAB otHocsTCs
BEIIECTBA, BBI3BIBAIOIINE OTPULATENIbHYIO afcopouuto, a k [IAB — Beme-
CTBA, BBI3BIBAIOIINE MTOJIOKUTEIBHYIO aJICOPOIIHIO.

OO01eit 0COOEHHOCTHI0 TOBEPXHOCTHO-AaKTUBHBIX COCTMHEHHUN SIBIISI-
eTcs TO, YTO MX MOJEKYJBl CofiepKaT 000COOJICHHBIE aTOMHBIE TPYIIIIE,
10-pa3HOMY B3aMMOJIEHCTBYIOLIME C pacTBopsoulel cpepoil. Hanpumep,
HETIOJIIPHBIC YTIICBOAOPOIHBIC PaTUKalbl UMEIOT MOBBIIICHHOC XHMHYeE-
CKO€ CpOJICTBO K HEIMOJSIPHBIM CpellaM W ONPEACIAIOT PAaCTBOPUMOCTH
ITAB B «MacnsHOI» (a3ze. IlomspHble (0OBIYHO KUCIOPOACOCPIKAIINE)
TPYMIIBI, HAIPOTUB, MPOSBIIAIOT XUMUYIECKOE CPOJICTBO K MOJIIPHBIM Cpe-
JaM | OTmpenessiioT pactBopuMocth ITAB B BomHo# (haze. HemonspHbie
panvKanbl Ha3bIBAIOTCSA JIAMOPWIBLHBIMU (THAPOGOOHBIMU), IOJIIPHBIC



rpynmnsl — ruapodunsHeiMU. TakuM 00pa3oM, XapaKTepHBIH MPH3HAK
«kmaccnaeckux» IIAB — mudunpHOCT WM aMQUIATHYHOCTH, T. €.
JIBOMCTBEHHOCTh CBOMCTB M CITIOCOOHOCTh K MHIICIUIIPHON OpraHW3aIlny.
CooTHoOLIEHHE MOJSPHBIX U HEMOJIAPHBIX aTOMHBIX I'PYIIl B MOJIEKYJax
[TAB ompenensier uX OCHOBHBIE (PU3UKO-XUMHUYCCKHE U TEXHOIOTUICCKUC
CBOJCTBA.

B pacTBOpax CHJIBHBIX 3JIEKTPOJIUTOB PAaCTBOPEHHOE BEIECTBO Ha-
XOAWUTCS B IMOJTHOCTHIO MOHU3MPOBAHHOM COCTOSHHMH. IlosToMmy ero an-
copOIMsI UMEET PSJT XapaKTEPHBIX OCOOCHHOCTEH: MOHBI aJICOPOUPYIOTCS
JWITH Ha MOJPHBIX M MPAKTHUECKH HE aICcOpOMPYIOTCS HA HETONSPHBIX
agcopOenrax. [Ipu 3ToM peraromuii BKJIaJ B aacOpOLMI0 BHOCSAT 3JICK-
TPOCTATHYCCKUE B3AUMOICHCTBHS. AICOPOIHS ACKTPOIUTOB IPOUCXOIUT
TakuM 00pa3oM, YTO Ha TBEPAOM ancopOeHTE U3 pacTBOpa aaCcopOUPYIOT-
Csl IPEUMYIIECTBEHHO MOHBI OJHOTO BuAa. MexaHH3M aacopOLMU HOHOB
oTIpesesnsieTcsl IPUPOAOH agcopOeHTa U AEKTPOIINTA.

Paznmgaror 1Ba OCHOBHBIX BHIA aICOPOIIMH CHIIBHBIX JIEKTPOJIUTOR:
usbUpamenvHyIo u 06MeHHYI0.

Oco0eHHOCTBI0 N30HMpaTeNbHON aICcOpOIMH SBISIETCS HEPaBEHCTBO
azcopOLMK KaTHOHa U aHMOHA. [loyTH Bceraa ouH U3 HOHOB aAcoOpOUpY-
eTcs W30UpaTeNbHO (CENEKTHBHO). DTO HMEET OOJBIIOE MPAKTUYECKOEe
3HaveHue. [lonbupas HyXHBIE aICOPOEHTHI, MOXKHO U3BJIEYb U3 CIOKHBIX
cMeceil cTporo onpeaeIeHHbIe BEIIeCTBa.

AncopOnnsi MOHOB Ha TMOBEPXHOCTH TBEPIOTO Tela ITOTYHHSACTCS
npasuny Ilanema — Dasnca, no KOMopomy u3 pacmeopos npeumywecn-
BEHHO A0COpPOUPyemcsi mom UOH a0copomuea, KoOmopbiil Modxcem oopazo-
8amb ¢ UOHAMU HPOMUBONONONCHO20 3HAKA KPUCMALIUYECKOU peulemKu
aocopbenma mpyoHOpACMBEOpUMOe CoeOuHeHue, 00CMPausas Kpucmaiiu-
YecKylo peuemxy.

OCHOBHBIM (haKTOPOM, OOYCIIOBIMBAIOIINM CHEIH(PUIHOCTE ancopo-
UM MOHOB, SIBIISICTCS 3HAK 3apsia Ha IIOBEPXHOCTH ITOJIIPHOTO afcopOeH-
Ta. Ha NOJ0XKUTENbHO 3apsHDKEHHBIX yyacTKax IOBEPXHOCTH M3 PacTBOpa
aJIcOpOUPYIOTCS. aHUOHBI, HA OTPUIIATEIFHO 3aPsKEHHBIX — KATHOHEL.

YBenuueHue 3apsaa MOHa YCHIIMBAET €ro aJicoOpOLMOHHbIE CBOMCTBA,
M03TOMY MHOTO3apsiiHbIe MOHBI aJICOPOUPYIOTCS JIyYIlle, YeM OHO3apsia-
Hele. IIpu onuHAKOBOM 3apsiie HOHOB Ha aJICOPOIMIO BIMSIOT UX Macca H
pamuyc. C yBenmndeHHEM aTOMHOM MacChl M pajnyca HOHOB aacopOmms
yBenmmauBaercst. OOBSACHAETCS STO TeM, YTO HMOHBI OOJBIIETo pajmyca
CWJIbHEE TOJSIPU3YIOTCS M TNPUTATHBAIOTCS K IOJSPHOW IMOBEPXHOCTH
ancopbenrta. Kpome Toro, ¢ pocToM pamuyca HOHa YMEHBIIACTCS €ro TH-
patauus u Oojee TOHKas rUApaTHas 0OOJOYKa B MEHbLICH CTENEeHH Ipe-
IATCTBYeT ajncopOruu. KaTHOHBI M aHHOHBI OAMHAKOBOTO 3apsiia MOXKHO
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PacToyIOXKUTh B TaK Ha3bIBaeMbIe JTHOTPOHBIE psizibl (psabsl ['odmeiicTepa)
B ITOPSIIKE YMEHBIICHUS X CPOACTBA K BOZAE (KaXKIBIM MTOCIEAYIOMNI HOH
THIPATHPYETCS XyKe, YeM IPe BTy NI ):

Li*>Na">K'>Rb">Cs"
ycuieHue aHCOp6HI/IOHHLIX CBOMCTB
Jlns ByX3apsAAHBIX KATHOHOB JIMOTPOIIHBIN P UMEET BU:
M g2+ > Ca?t> 2> Batt
yCuJIeHHE afcOopOIIMOHHBIX CBOWCTB

AHanoru4ysnie PpAABI COCTABJICHBI U [1JI1 @aHUOHOB. HaanMep, OJIHO-
3apsAHbIC aHMOHBI PACIIOIaratoTCsa B CIACAYIOMIEM MMOPAAKE:

CI'>Br—>NO; >J >SCN"
yCHIICHHE a/ICOPOIIMOHHBIX CBOUCTB

[on moHsATHEM O0OMEHHOM WM HOHOOOMEHHOH aacopOLuy MOHUMA-
IOT IPOIIECC IKBHBAJCHTHOIO 3aMCIICHUS Ha aIcOpOCHTE OJHOr0 MOHA
JIpyTuM, Korjaa 0ojee CHIBHBIA HOH BBITECHSCT Oosee ciabbiil. [Ipu koH-
KypeHIIMH 3a aJCOPOIIMOHHBIC IIEHTPHI Ha aJCOPOCHTE B UTOTE OKAXKYTCS
00a MOHA B KONWYECTBAX, MPOMOPIIMOHATIBHBIX UX COPOIMOHHOM CrOCO0-
HoctH. KOoHKYypupyromuii MOH MOXKET OKa3bIBaTh BIISIHUE, M3MEHSIOIIEE
MIPOTIOPITOHATIFHOCTE aICOPOIMA HOHOB, T. €. OJWH MOH MOXET CIOCOo0-
CTBOBATh aJCOPOIMHU JPYroro (SBICHHE CHHEPru3Ma), WM ONUH U3 HUX
MPEISTCTBYET HAKOIUICHUIO BTOPOTO (SBICHUE aHTATOHU3MA).

OOMeH MOHOB — PAaBHOBECHBIM 00paTUMBII mpolecc, HallpaBIeHUEe
KOTOPOTO OIpefemsieTcsl IIaBHBIM 00pa3oM KOHIIEHTpaIlueil oOMeHuBae-
MBIX HOHOB. [Iporiecc ocymecTBIsIeTCsI IOCTOSHHO OJarofapsi TEII0BOMY
IBIDKEHHMIO. [Ipr 3TOM 00OMEHHMBAIOTCSI HOHBI KaK OJHOTO Buja (Hampumep,
K" na K"), Tak 1 pasHoii mpUpOJIBI, HO C TEM e 3HAKOM 3apsiaa. OOMeH-
Has ajcopOuus crienuuIHa U B 3HAYUTEIEHONH Mepe 3aBUCHT OT MPUPOJIBI
TBepI0H (a3l U aCOPOUPYEMBIX JICKTPOIUTOB.

J1st OCyIECTBICHUS UOHOOOMEHHOU a0COPOYUU 8 MEXHOIOSUECKUX
npoyeccax ouenb yacmo Ha ajICOpOEHT, KaK Ha MAaTPHIly, XMMHYECKUM
CTII0COO0M TIPHUBSI3BIBAIOT MOHOTCHHBIC IPYIIIBI, CIIOCOOHBIE K JHCCOIHA-
UM 1 00OMEHY CBOMX HOHOB Ha OJJHOMMEHHO 3apsUKeHHBIE MOHBI pacTBOpAa,
¢ OOJIBIINIM CPOJICTBOM K aJICOPOCHTY.

AncopOeHTHI, criocoOHbIE K 0OMEHY HOHOB, HA3BIBAIOT UOHOOOMEH-
Hukamuy WA uoHumamu. Kak mpaBuio, 3T0 HaTypajbHbBIC MM CHHTETHYC-
CKHME COEMHEHHs HEOpraHW4ecKOW WM opraHmyeckoil mpupoasl. Heop-
TaHUYECKUE HOHUTHI MMEIOT KPUCTAIIMYECKYIO0 CTPYKTYPYy, B pelIeTKax
KOTOpPOW CoJepkarcs CIOCOOHBIE K OOMEHYy HOHBI. K HUM OTHOCSTCS
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AITFOMOCHIINKATBI, THAPOKCHUIIBI aIIOMUHHUS, JKejle3a, TUTaHa, CUINKAreib,
[IeJUTIONI03a M MHOTHE Apyrie. OpraHmdeckre MOHUTHI UMEIOT IMPOCTpaH-
CTBEHHYIO CTPYKTYpPY, COCTOSIIYIO M3 CIIUTBIX MOJMUMEPHBIX IIeTieH, Ha
KOTOPBIX KOBAJIEHTHO 3aKpEIUICHHI TPYIIBI aTOMOB R, Hecyme monoxu-
TeNbHBIN (+) WK OTpULATENbHBIN (—) 3apsaapl (HOHOT€HHBIE TPYIIIBI). DTH
3apsIbl KOMIIEHCHPYIOTCSA TIPOTMBOMOHAMH HOHOTEHHBIX rpymm: H' wmm
OH, rne H' 1 OH — o6MeHHBacMble KAaTHOHEI M aHHOHBEL B KadecTse
HMOHOTEHHBIX TPYTII UCTIONB3YIOTCSl OCTATKU YTOJBHOM, cepHOH, pochopHOit
KHCJIOT, TPYIIITBI aMMOHHUEBBIX WIH CYJTb()OHHUEBBIX OCHOBAHHA, aMHHOTPYTI-
Il Pa3HOW CTENEHH 3aMeIleHHs, a TaKKe MUPUANHOBBIE OCHOBAHUS.
B 3aBHCHMOCTH OT MX IPUPOJIBI HOHUTHI MOAPA3ICISAIOT Ha KAMUOHUMbL |
AHUOHUMbL.

Kamuonumer — 310 ancopOeHThI, Y KOTOPBIX HATypaJibHAsl WU T10-
JUMEpHas OCHOBa — MaTpHIla — KOBaJEHTHO CBSi3aHA C KUCIOTHOM HO-
HOTEHHOHW TPYMIOW: KapOOKCcHIbHOH, (ocdarHoit mnm cynbdarHoii. Ka-
THOHHTHI OOMEHHMBAIOT KATHOHBI M MOTYT HaXoauThcst 6o B H' dopme,
T. €. COJIep)KaTh CIIOCOOHBIE K 0OMEHY MOHBI BOJOPOJa, JHOO B COJECBOH,
nMest KaTHOHBI MeTajlia.

AHUOHUMBI — 3TO aJCOPOCHTHI, Y KOTOPBIX MAaTpHUIla HOHUTA KOBa-
JICHTHO CBsI3aHA C OCHOBHBIMH HMOHOTCHHBIMHU TPYIIAMHU: YSTBEPTUUHBIX
AMMOHHUEBBIX OCHOBaHWH, 3aMEIICHHBIX aMHHOB, MUPUAUHOM. AHUOHUTHI
o6menuBaroT armousl (OH, CI', CO5” M T. 1.) Ha APyTHE HOHbL.

B mocneHne roap! MOMyYeHbl HOHUTHI, B KOTOPHIX OOMEHHBIE CBO-
CTBa aJCOpPOCHTOB COUETAIOTCS C M30MpaTenpHON amcopOmmeii. Joctura-
€TCs 3TO 32 CYET KOBAIICHTHOTO CBSI3BIBAHUS MOJIOKHUTEIBFHO HIH OTPHUIIA-
TEJIFHO 3apsDKCHHBIX MOHOTEHHBIX TPYII C MaTpulaMu (KpUCTaIaMu),
XapaKTepU3yIOIUMHUCS U30UpaTeIbHON afcopOIueit.

OCHOBHBIMH JOCTOMHCTBAMHM HOHHUTOB KakK aJCOPOCHTOB SIBIISIOTCS
ux Oonpias 0OMEeHHass eMKOCTh, XUMUYECKasi CTOMKOCTh U MEXaHHYECKast
MIPOYHOCTh, Pa3HOOOpa3We KHUCIOTHO-OCHOBHBIX CBOHMCTB, BO3MOXKHOCTB
MHOTOKpaTHO# pereHepanui. C WX ITOMOIIBIO B IMPOMBIIUIEHHOCTH OYH-
IIAIOT PAacTBOPHI OT MPHUMECEH AIIEKTPOJIHUTOB, BBIICILIIOT PEIKHE METal-
JIBI, TIOJTyYArOT MOJNHOCTBIO IEMHHEPAIN30BAHHYIO BO/Y, HE YCTYMAIOIIYIO
110 CTEMEHN YUCTOTHI JUCTUNIMPOBAHHOM, UCIIONB3YIOT KaK KaTaau3aTophbl
B peaknusx dTepurKaluy, THApaTallid W JAeTHaparanuu. B momympo-
MBIIUICHHOM MacliTabe HOHUTHI IPAMEHSIOT JUIS TTOJTy9IEeHUS OUUIIEHHBIX
BHTaMHUHOB, ()€PMEHTOB, TOPMOHOB, AJTKAJIOHJIOB, NPYTUX OHOIOTHUECKH
aKTHBHBIX COCIMHCHHWI. B MemuimHe — Ui KOHCEPBHUPOBAHUS KPOBH,
0€330H/I0BOTO OIpE/IEICHHS KHCIOTHOCTH JKEIYIOYHOTO COKa, IETOKCH-
KallUK TIPU OTPABJICHUSX TOKCUYHBIMU SJICKTPOITUTAMH.
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CpoiicTBaMH MOHUTOB O0JIaJIAfOT TKaHW PACTEHUIl U JKMBOTHBIX. VX
KaTHOHOOOMEHHbIE HapaMeTphbl OIMpPEACNSIOTCS MPHUCYTCTBHEM KapOOK-
CHIIBHBIX M (pOC(haTHBIX TPYIIT; CIOCOOHOCTH K 00MEHy aHMOHaMH obec-
MICYMBAIOT AMUHOTPYTIIIBI OEIIKOB.

SIBnenue ancopOIMH JISKHUT B OCHOBE NPUCEHOYHO20 NUWEBAPEHUS
B TOHKOM OTJENE KUIICYHHKA YEIOBEKa M >KUBOTHBIX. PYHKIMOHHPOBa-
HHE OMOJIOTMYECKHX MeMOpaH KJIETOK W 3alllUTHBIE PEakKMyd OpraHu3Ma,
HampuMep UMMYHumem, CBA3aHbI C SBICHUSAMH afCcOpOIUH. AICOPOIHs
JEKUT B OCHOBE MHOTUX HPOIECCOB ACCUMUNAYUY U OUCCUMUAYUY TTEOOO-
T'O JKMBOTO OpraHU3Ma.

Ha sBnenun wu30OuparesnbHONW aacopOLMM OCHOBAaHO INPUMEHEHHUE
MHOTHX JIeKAPCMBEHHbIX 6eujecmé B MEAULMHE W BeTepUHApUH. MHOrHe
afcopOeHThI (aKMUBUPOBAHHDIL Y20b, KAOAUH, UOHUMbL) UCTIONB3YIOTCS B
KauyecTBE NPOMuBosouti TpU KEJTyJOYHO-KUIICUHBIX OTPAaBJICHUSX, TaK
KaK OHH 00J1alal0T OTPOMHOM NMOBEPXHOCTHIO, OOIbUUM 3aNACOM C80000-
HOU 9Hepauy ¥ CTIOCOOHBI TIOTTIOMIATh STOBUTHIE BEIIECTBA ITyTEM aJIcopo-
LU, [IPEIOXPAHss OPraHu3M OT THOCIIH.

KonnouaHo-gucnepcHble CUCTeMbI
UNU KONNouaHble pacTBOpPbI

[IpencraBienne o KoJUIoHIax Kak 00 0coOoi TpymIie BEHIECTB IMO-
SBWJIOCH B Hayke B cepeanHe XIX B. Uranbsackuilt yueHsii @paHuecko
Cenbmu B 1845 1. 00paTil BHUMaHUE Ha «aHOMAJIBHBIC» CBOMCTBA HEKO-
TOPBIX pacTBOpoB. M3yuas cBoiicTBa cMecell M3 BOIBI, XJIOpHIa cepedpa,
OepJIMHCKOM J1a3ypH W Cepbl, OH YCTAHOBMII, YTO IIPH OIPE/ICICHHBIX YyC-
JIOBUSIX 00pa3yIOTCsl CHCTEMBI, IT0 BHEIITHEMY BUY ITOXOXHE Ha PaCTBOPEI,
HO, B OTJIIMYHE OT BOAHBIX PACTBOPOB COJICH, TH CHCTEMBI HE 00pa3yIoTCs
caMoIIpon3BOJIEHO. [10/100HEIE CHCTEMBI OBIIITM HAa3BaHBI MM IICEBIOPACTBO-
pamu. [lozxxe anrnumiickuii yuensrii M. dapaneil OTKpbIT OTIMYUTEIBHBIN
MIPU3HAK TICEBIOPACTBOPOB — CHIIBHOE paccestHUE CBeTa. AHIIIMICKUIN XU-
MUK ['paM monpoOHO HCCIe0Ball CBOWCTBA 3THX PACTBOPOB U YCTAHOBHII,
YTO YaCTHIIBI 3THX PACTBOPOB HE MPOXOAAT depe3 MOPUCTbIE MEMOpaHBI U
BBINAJAIOT B OCAJOK OT MPHOABICHUA K HUM HEOOJBIINX KOJUYECTB CO-
nei.

KomtonmHo-tuciepcHBIME Ha3bIBAIOTCSI CHCTEMBI, ¥ KOTOPBIX pas-
MepBI YaCTHII JUCIIEPCHO# (asbl iexkar B peaenax ot 1 qo 100 am.

B nienoM xapakTepHbIC CBOWCTBA KOJUIOUAOB, KaK U 'y BCEX JUCIIEPC-
HBIX CHCTEM, 3aBUCAT OT pa3MepoOB U OCOOCHHOCTEH CTPOEHUS YaCTHII.
K cnenuduueckuM CBONHCTBaM KOJUIOMJHO-TUCIEPCHBIX CUCTEM MOXKHO
OTHECTH:

— 103 —



® CIIOCOOHOCTD K ONAJICCIICHIINH;

® CTIOCOOHOCTH K THANTH3Y;

® crt0cOOHOCTH KOJUIOMIHBIX YacTHUI] K AJIeKTpodopesy;

® KOATyJISIIHIO.

KonnounnHo-nucnepcHble CUCTEMbl YpEe3BBIYANHO ILIMPOKO pPacIpo-
CTPAaHCHBI B MPUPOAC U UIPAIOT OTPOMHYIO POJIb B KXKU3BHEACATCIBHOCTU
4eloBeKa. VICKITIOUUTENBHYIO POJTh UTPAIOT KOJIOUIHBIE CUCTEMBI B OHO-
noruu. Kpome TOro, caMu XHMBBIE OpTaHH3MBI MIPEICTABIIIOT COO0H KO-
JIOUTHO-TUCTIEPCHBIE cUCTeMBl. O HIMPOKOM PACIPOCTPAHCHUH M 3HAYU-
MOCTH KOJUIOMJHBIX CHCTEM CBHUICTEIBCTBYIOT TNPHHIMIIEI M CIIOCOOBI
KJ1acCH(PUKALUH.

Knaccudmxau,vm KonnomngHo-aucnepcCHbIX cuctem

KonnougHo-aucnepcHpie CUCTEMBI Pa3AeisiioT Ha KJIAcChl MO arpe-
raTHOMY COCTOSIHHIO JIHCIICPCHO# (ha3bl U JUCIICPCHOHHOM CpeJbl, NHTCH-
CHUBHOCTH B3aHMMOJICHCTBUS MEKAY HHUMH, OTCYTCTBHIO HJIM O0Opa30BAHHIO
CTPYKTYP B JTUCIIEPCHBIX CHCTEMaX.

1. Kitaccu¢ukanus mo arperaTHoMy COCTOSTHHIO (has3.

Krnaccuguxkanus mo arperaTHoMy COCTOSIHUIO (a3 ObITa IMpeaioxKeHa
HEMELKUM XUMHKOM Bonbdranrom OCTBaabIOM U B HACTOSINEE BpEMs
sBrsieTcst oOmenpu3HanHoi. OHa oka3anmach BechMa YIOOHOW uisi pac-
CMOTPEHHUSI BCETO MHOTOOOpa3Hsi BO3MOXKHBIX TUCHIEPCHBIX CHCTEM. ATpe-
TaTHOE COCTOSTHHE IHCIIEPCHON CHUCTEMBI OMpEAeNseTCs] arperaTHbIM CO-
CTOSIHUEM JMCIIEPCUOHHOM CPEeIbl, T. €. OHH MOTYT OBITH TBEPABIMH, KU
KHMH U Ta3000pa3HBIMH. THIT TUCTIEPCHON CHCTEMBI MPUHATO 0003HAYATh
IBYMs OyKBaMH, IepBasi U3 KOTOPHIX OTHOCHTCS K TUCIICPCHOHHOM cpee,
a BTOpas — K JHCIEPCHOH (ha3e. B menom BO3MOXXHBI Bce KOMOWHAIIWHY,
KpoMe ra3z/ra3. Bo3MokHbIC KOMOWHAIIMKM MPEACTABICHBI B BUAC TaOIu-
16l 3.

3071 — CEeTMMEHTaIMOHHO-YCTOMYUBBIE BBICOKOUCIIEPCHBIE CHC-
TEMBI C TBEPJAOH aucniepcHOr (Pa3oi W KUIKOH AMCIIEPCUOHHON Cpemoi.
B cunmy cnmoxuBOIEHCS TPaaWIIMA 30JM YacTO HA3BIBAIOT KOJUIOMIHBIMH
pactBopamu. Cpean BceX AUCHEPCHBIX CHCTEM OHHU OJIMDKE BCEro K OHOIO-
ruyeckuM oO0bektaMm. OCOOEHHO Te, y KOTOPBIX NUCIIEPCHOHHAS Cpeia —
BOJA, a qucrepcHas (pasza mpejicTaBicHa BHICOKOMOJEKYIISIPHBIMU COCIHU-
HEHUSIMH.

A3po305M — [JUCIEpPCHBbIE CHCTEMbI, B Ta30BOM JUCIEPCHOHHOU
Cpelie KOTOPHIX HAaXOMAATCS BO B3BEIICHHOM COCTOSTHUM TBEPJbIC FITH KU
KHe YaCTHUIIBI TUCTIEPCHON (a3bl.
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Tabnuya 3

Knaccudukanus KoJUIOMIHBIX CHCTEM N0 arperaTHOMY COCTOSIHHIO a3

Auc. Auc. Tun IIpumepbl ANCHEPCHBIX CHCTEM
cpena daza
a3 JKupakocts | r/r Abdp03011H, TYMaH, TOIFIMBHO-BO3/AYIIIHASI CMECh
Tsepnoe /T [Ie116 B BO3YXE, IBIM, CMOT
BEIIECTBO
Kun- T'a3 K/T [lluny4re HaOIUTKH, IEHbI
KOCTh KuzkocTb | kHK | OMyIIbcuH, OHOKHUIKOCTH
Teepnoe |x/T | 301u (KOJJIOHIHBIE PACTBOPEI), T€JIH, MACTHI
BEIIECTBO
Tepmoe |I'a3 T/T ITouBa, mopucTble MaTepHabl, KHPIHY, TOPOLIKU
Bemie- Kunakocts | /% MeauIMHCKHE 1 KOCMETHUECKUE CPEICTBA
CTBO TBepmoe | T/T I"opHBIE TOPO/IBI, IBETHBIE CTEKIIA, CILUIABBI
BEIIECTBO

I'enu — BBICOKOIUCHEPCHBIE CHCTEMBI C XHAKOH AUCIICPCHOHHOM
Cpenol, comepxalieil CTpyKTypHYIO CEeTKy (Kapkac), 0Opa3oBaHHYIO dac-
THLAMHU JUcTiepcHON (a3bl. TUNMYHBIE renu B BUE CTYACHHUCTBIX OCAIKOB
00pa3yroTcs U3 30JeH MpU UX KOATYJAILUH, WIX KOT/Ia IPU OMpeaeIeHHbIX
YCTIOBUSX KOJUIOMIHBIA PacTBOP TepsieT CBOIO TEKY4YECTh M 3aTBEpCBACT.
Ecmu nucniepcronHas cpena ra3oo0pasHasi, To 00pa3yoTcs a3poreiH.

IMopouikn — AByX(a3HbIE CHCTEMBI, IIPEACTABIISIONINE COOOH TBEp-
JIble YaCTHIIBI TUCTIEPCHON (ha3bl, PacTIpeAEICHHBIC B BO3AyXE WM IPYTOi
ra3oBoii cpezxe. Wm, qpyrumu ciioBamMH, IMOPOIIKH NPEACTABIAIOT co00i
COBOKYMHOCTb HAXOJSIIUXCS B COINPUKOCHOBEHHUHM HHIMBUAYaTbHBIX
TBEPIBIX TEJI WM UX ariomeparoB (arperaroB). OOBIYHO K MOPOIIKaM OT-
HOCAT OOJBIIMHCTBO CHITYYHMX MaTrepuanoB. OIHAKO TEPMHH «IIOPOIIKK
KOPPEKTHO TPUMEHSThH K BBICOKOIUCIIEPCHBIM CHCTEMaM C TAKHUMH pa3Me-
paMH 4acTHL, P KOTOPBHIX CHJIA MEXYaCTHIHOTO B3aMMOJIEHCTBUS CTa-
HOBUTCSI COM3MEpHMa WJIM MEHbIe MX Beca. [lopomiku, cocrosimue u3
4acTHI ¢ pa3MepoM MeHee 10 HM, B3BEIICHHBIC B Ta30BOH (aze M ydact-
ByIOLINE B OPOYHOBCKOM JIBUJKCHUH, 00Pa3ylOT a3pO30JIH, MbUIH U JABIMBI.

2. Knaccudukarus mo Mexx4acCTUYHOMY B3aUMOJICHCTBHIO.

CornacHO 3TOH KiacCH(pUKALUN AUCIEPCHBIE CHCTEMBI IOApa3Je-
JISIOT Ha:

® CBOOOJHOMCTIEPCHBIC (0ECCTPYKTYPHBIC);

® CBSI3HO/UCIICPCHBIE (CTPYKTYpHPOBaHHbIE).

B cBoOOHOIMCHIEPCHBIX CHCTEMAX YacTHIBI JUCIEpCHON (asbl He
CBSI3aHBI JIPYT C JPYTOM U CIIOCOOHBI HE3aBUCHMO IE€PEIBUIaThCS B JIUC-
MIepCUOHHOM cpene. K HIM OTHOCATCS pa3imwyHbBIE 307H (a9pO30JIH, JHO-
30J1H).
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B cBA3HOAMCIEPCHBIX CHCTEMaxX YacTHUIIBI AUCTIEPCHON (ha3bl cBsA3a-
HBI IPYT C JPYTOM 3a CHET MEKMOJEKYJISIPHBIX CHJI, 00pa3ys B ITUCIIEPCH-
OHHOH cpeme cBOoeoOpa3HBIE MPOCTPAHCTBEHHBIC CETKH MIM KapKachl
(ctpykTypsl). YacTHisl, oOpa3yrolmue CTpyKTypy, HE CIIOCOOHBI K B3aHM-
HOMY IIEpEMEIIEHUIO 1 MOTYT COBEPIIATh TOJIBKO KOJIeOaTebHbIE JIBHKE-
Hus. K KoJmoniHpIM crucTeMaM 3Toro Kiacca OTHOCSITCS Tellu.

3. Knnaccudukanus mo B3auMMOJEHCTBUIO AUCHEPCHON (a3bl U AUC-
TIEPCHOH cpenpl (10 MexX(a3HOMY B3aNMOJCHCTBHIO).

Ora knaccuukanys MPUToTHA TOJIBKO JIJISI CHCTEM C YKUIKOH IIHC-
TepcHoHHOM cpenoi. Ilo xapakTepy B3aMMOIEHCTBUS MEXKAY YacTHIAMHU
JMcepcHOi (a3bl M IUCIIEPCHOHHOM Cpe/ibl KOJUIOUIHBIE CHCTEMBI O/~
PpaslernsroTCs Ha 1Ba Kilacca:

e m1ooOHbIE, B HUX MOJHOCTBIO OTCYTCTBYET B3aMMOJEHCTBHE
MEXIy YacTHLAMH TUCTIEPCHOH (a3sl M MOJNEKYJIaMH JHCICPCHOHHOM
cpenpl. K HIM OTHOCATCS KOJUIOMIHBIE PAacTBOPHI, T.€. T€ KOJUIOWIHO-
JVCIIEPCHBIC CHUCTEMBI, B KOTOPBIX IUCICPCHOHHAS Cpela — XHUAKOCTh
(Boma), a mucniepcHas (haza — TBEpPAOE BEIIECTBO;

¢ mnoduibHbIe, B HUX JUcnepcHas (a3a MHTCHCHBHO B3aWMOJCHCT-
ByeT ¢ AUCHEPCUOHHON CPeNoil U NMpU ONpeeNCHHBIX YCIOBUAX CIIOCOOHA
B HEU pacTBOPSTHCAL.

B Hacrosmiee Bpems JeleHHE KOJUIOMAHBIX CHCTEM Ha JIMO(UIBHBIC
1 1o oOHbIE TPYIIIBI CINTACTCS HE COBCEM KOPPEKTHBIM, TaK Kak:

® BO-TIEPBHIX, €Ile B MEpBOil MONOBHHE XX B. OBIIO JOKA3aHO, UTO
TMO(WIbHEIE KOJUIOMJHBIE PacTBOPHI (30J1M) MPECTABISIOT CO00H HE YTO
MHO€, KaK HCTHHHBIE PaCTBOPBI BEICOKOMOJIEKYIISIpHBIX coequHenuit (BMC);

® BO-BTOPBIX, JIMOPOOHOCTh (HEPACTBOPUMOCTD) SIBISICTCS. OJTHUM U3
OCHOBHBIX (DaKTOPOB TOIYYCHHS KOJJIOMAHBIX PAacTBOPOB (30ieil MeTai-
JIOB U JIp.).

XOTst TepMUHBI «THO(OOHBIE» U «INODUIBHBIE 30JIM» IIMPOKO pac-
MIPOCTPaHEHbI B Y4eOHON M HAyYHOW JIMTEpaType, MOXKHO CKa3aTh, YTO 110
WHTEHCUBHOCTH B3aMMOJAEHCTBHS YacTHIl JUCIIEpCHON a3kl U aucrepcH-
OHHOH Cpefibl Bce KOJUIOMIHBIE CUCTEMBI OAPA3ACNAIOTCS Ha KOIOUOHbIE
pacmeopwl 1 pacmeopwvt BMC.

Hony'-leHMe KonnoungHo-guCcnepcCHbIX CUCTEM

Konnounausle pacTBOpBI IO CTENEHU AUCIEPCHOCTU YACTHLl 3aHUMA-
0T TIPOMEKYTOYHOE IIOJIOKCHHE MEXIY IpyOOJHCIICpCHBIMH M HOHHO-
MOJIEKYJIIPHOAMCIIEPCHBIMU cucTeMaMU. [103ToMy MX MOXHO IOJIydaTh
JBYMsl IPUHLIUIIMAIBHO PA3JINYHBIMH Ty TAMHU.

— 106 —



1. Ipobnenue Gonee KPYMHBIX 1O pa3Mepy HYacTHIl JO KOJUIOHIHOH
CTETICHH ANUCTIEPCHOCTH — Memoobl OUCHEePSUPOBAHUSL.

2. VKpyTHeHNE YacTHIl B pe3yibTaTe OObeINHEHNSI aTOMOB M MOJIe-
KyJl B arperaTbl KOJUIOMJHON CTEIEHH IUCHEPCHOCTH — Memoobl KOHOEH-
cayuu.

C oMOIIBI0 METOAOB AMUCIEPTUPOBAHUS MOXKHO I0OJTy4yaTh KOJIIO-
UIHBIE PacTBOPHI U3 IPyOOTUCIIEPCHBIX CHUCTEM, a C IIOMOIIbIO METOJOB
KOHJICHCAI[NH — W3 MCTHHHBIX pacTBOpoB. Ilompasmenstorcs Ha ¢usmye-
CKHE U XUMHIECKHUE METO/BI.

[Tpu monmy4eHnn KOJIONIHBIX PACTBOPOB JIOKHBEI COOIOIATHCS J1Ba
OCHOBHBIX yCIIOBUS:

1) KOJUTOMHBIE YACTUIBI JOJDKHBI OBITH HEPACTBOPHMBI MIIM IIJIOXO
PacTBOPUMEI B TUCIIEPCHOHHOM cpelie (JTH0(pOOHBI), XOTs ObI B MOMEHT HX
MOy 4EHUS,;

2) He0OXOANMO TIPHCYTCTBHE CTAOMIM3aTOPOB.

Crabum3aTopbl HEOOXOAUMBI JUTS CO3AaHusI TOTSHITHATBLHOTO Oapbepa
OTTAJIKMBAaHUS KOJUIOMIHBIX YAaCTHI] U OOECIECUCHHUS TEM CaMbIM arpera-
THBHON ycTroWunmBocTH. CTaOMIM3aTopaMM KOJUIOMIHBIX CHCTEM MOTYT
OBITh HJICKTPOJIUTHI, TOBEPXHOCTHO-AKTHBHBIC BEILECTBA M BBICOKOMOJIE-
KyJspHble coenuHeHus. [Ipu momydyeHuM KOJIJIOMIHBIX PAacTBOPOB METO-
JaMU XHMHUYECKON KOHAEHCALUH CTAOMIN3aTOPOM MOXET CIIY>KHTh OJIUH
13 MCXOAHBIX JJIEKTPOJIUTOB. [ 3TOr0 HY>KHO OpaTh €ro B M30BITOYHOM
KosmdecTBe. VIOHBI 37E€KTPONUTOB HA MOBEPXHOCTH KOJUIOMIHOH YaCTHIBI
00pa3yloT HOHHO-THAPATHYI0 O0OJOYKY, MpPEMATCTBYIOIIYIO CIMIAHHUIO
YaCTHIL IPU UX B3aUMHOM CTOJIKHOBEHUH B PAaCTBOpE.

ITpu coGmoaeHNnH 3THX YCIOBUH (POPMHUPYIOTCS KOJUIOUIHBIE YaCTH-
LIbl — MHULEIJIBI ¢ JBOWHBIM 3JekTpuueckuM cioeM ([DC) u ruapatHoit
000JI04KOH1, UTO SABJIAETCA OCHOBHBIM (DAaKTOPOM arperaTMBHOM yCTOMUH-
BOCTH.

Memoowl oucnepeuposanus — Qusuyeckue

Mexanuueckoe usmenvuenue. Coco0 3aKiIrOUacTcss B JHEPTUIHOM U
TIPOJIOJDKUTENILHOM PAaCTHPAHHUH, Pa3MabIBAHUN WM PACIBUICHUH BEIIle-
CTBa JHCIEPCHOM (pa3bl M CMEUIMBAHUH €r0 C JKHUIKOCTBIO, KOTOPas CITy-
JKHUT TUCIIEPCHOHHON cpenoi. st yCTOHYMBOCTH 30151 JOOABISIOT cTaOu-
nu3arop. KpymnHbie yacTUIlBI APOOST, MONB3YCh CTYIMKAMH, KPACKOTEpKa-
MH, KOJUTOMIHBEIMU MEJILHHULIAMH U T. II.

Crioco6oM MEXaHM4YECKOTO U3MENbYSHHS TIOTYYaroT CMa30uHbIe Ma-
Tepuaibl, (apMaleBTHUECKUE TMpenaparhl, MUAMIEBbIE MPOAYKTHI (TIPSHO-
CTH, Kode, Kakao H T. IL.).
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Jucnepauposanue ynompaszeykom. B mocnenHee BpeMs ISl AUCTIEp-
THPOBAHMS BEUIECTB BCE Yallle UCIIONB3YeTCs YIbTpa3ByK. Jucmepruposa-
HHUE TIPU TIOMOIIHN YJIBTPa3ByKOBBIX KOJICOaHM, T. €. KoJIeOaHni ¢ 9acTo-
toit Beime 20 000 B 1c. YiubTpa3Byk He yJaBIUBACTCS YEIIOBEYECKUM
yXoM, 3(p(heKTHBEH JIUIIB IS BEIIECTB ¢ HEOOIBIION NMPOYHOCTHI0. K HIM
MOXHO OTHECTHU Cepy, TpauT, KpacKu, HEKOTOPhIE METAJUIbI (PTYTh, CBHU-
HeIll U Jp.).

MexaHu3M JEHCTBUS yIbTPa3ByKa CIOXKEH U IIOKA €lle Hel0CTaTOY-
HO m3yueH. [Ipeamomnararor, 9To AUCIIEPTHPOBAHHE BEUIECTB MPOUCXOIUT
O] BJIMSHHEM 3BYKOBBIX BOJH, CO3/IAIOIIMX B Cpelle MECTHBIC OBICTPO
CMCHSIIOIINECS CKATHSI M PACIINPEHUSI CUCTEMBI, YTO COIPOBOXKIAETCS I0-
SIBIICHAEM Pa3pBIBAIOIINX CHJI, BEAYIINX K H3MEIEYCHUIO BEIICCTB.

Memoodsl oucnepeuposanus — xumuyeckue

Ilenmusayusa. TlenTuzanueil Ha3bpIBAIOT NEPEXO B KOJUIOMIHBIN pac-
TBOP OCaJIKOB, 00pa30oBaBIIMXCs Npu Koarysiuud. [lenTuzamnus nporekaer
MO/ BIMSIHUEM JUCTIEPCHOHHOM CpeJbl, COJepIKalleil crenuaibHoe Juc-
neprupyloniee BeniecTBo — mentu3atop. CynHOCTh MEeNTHU3alnuu 3aKITIo-
Y4aeTcs B TOM, UTO K CBEXKEIOJYIEHHOMY PBIXJIOMY OCAJIKy TUCTIEPTHUPYe-
MOTO BEIIIeCTBA MPHOABIISIOT HEOOJBIIOE KOJIMIESCTBO MENTH3aTOpa, KOTO-
PBIfl YMEHBIIAET B3aMMO/ICHCTBHE MEXKTy YaCTUIIAMU OCajKa M 00Jierdaet
UX TIEPEX0]] B PacTBOP.

OpHako He Bce OCaJKu TMOBEpPraroTcs NMenTu3aluuu. Prixibie u cBe-
JKHE OCAJIKH JIETKO MEePEXOIAT B 30J1b, a OCAJKH, IIOABEPIIINECS CTAPEHUIO,
Kak TPaBWJIo, HE MEeNTH3UpyoTcs. [lenTu3anuio MOKHO HaOII0AaTh MpH
«BOCCTAHOBJICHHUWY CYyXOT'0 MOJIOKA, TJIe TIETITH3aTOPOM SIBJISIETCST OEIIOK.

Konoencayuonnvle memoodst — gusuueckue

Dnekmpuueckoe oucnepeuposanue. Memoo bpeouea. JIBa snextpona
U3 MeTallla, 30JIb KOTOPOTO XOTAT MOIY4HTb, MOTPYKAalOT KOHLAMH
B )KHIKOCTb, 3aTE€M COJIMKAIOT MX U MPOITyCKAIOT TOK cuiioit 5—10 A u Ha-
IpshKeHUeM Ha anekrponax oxosno 100 B. B obmactu Bo3HMKIIEH »iek-
TPUYECKOW JYrM IIOJ BO3ICHCTBUEM BBICOKOH TEMIIEPATypbl MeETalll
9JIEKTPOJIa MCHAPSIETCS, YaCTHIBI 3JEKTPOAOB MOCTYIAIOT B Cpexy, KOH-
JIEHCUPYIOTCS B 00pa3yroT 301b. TakuM crocoOOM MOTYyYaroT THAPO3OIIH
OJaropomHBIX METAJUIOB: cepebpa, 30y0Ta, ImaTuHbL. KoitommHele pac-
TBOpPBI cepebpa NMPUMEHSIOT B MEIUIMHE B KAaueCTBE AHTHUCENTHYECKHX
JIEKapCTBEHHBIX BELIECTB.

Memoo 3amenwvt pacmeopumens. Eciu UCTUHHBII pacTBOp MOBapeH-
HOM cOMH B aOCOJIFOTHOM 3THJIOBOM CIIHPTE 10 KaIIsIM JOOABIATH B 2(up,
TO 00pa3yercs 3016 MOBAPEHHOH coyn B 3¢dupe. B maHHOM citydae HOHBI

— 108 —



Na' u CI” o6pasyroT arperathl (KOITOMIHBIE YACTHIIBI) H3-3a TLIOXOH pac-
TBOPHMOCTH XJIOPHIa HATPH B 3upe.

W3BecTHO, 9TO 3(DMpPHBIE Macia XOPOIIO PacTBOPUMBI B CIIHPTE, HO
HepacTBOpUMSBI B BoAe. CHHPT e M BOJAa B3aMMHO PAaCTBOPSAIOTCS B IIIO-
ObIX COOTHOLIEHHAX. Tak, eclii B CTakaH C BOJOW NPH IepeMelINBaHUH
J00ABIIAT ONEKOJIOH WM JyXH, TO 00pa3yercs MyTHOBATHIi, OUCHb ycC-
TONYMBBIH 301b. [Ipy 5TOM MoOJEKybl 3()UPHBIX Maces, Monajas B BOAY
(wmu B pa30aBICHHBIN COUPT), OOBETUHAIOTCS B arperarsl, JOCTHTAIOIIHE
pa3MepoB KOJIOUIHBIX YaCTHII.

KOH()eHC(ZL[MOHHble Memoobl — XumuyecKkue

B ocHOBE XMMHYECKMX METOIOB KOHAEHCALUM JIEKUT IOITy4YEeHUE
KOJIJIONIHBIX PAcTBOPOB C HCIIOJIb30BAHHEM KIACCHUECKMX XUMHYECKHX
peaKIuii: OKUCIEHHUsI 1 BOCCTAHOBIICHUS, TUAPOIM3a, oOMeHa u 1p. B me-
JIOM € MOMOIIBIO JI0O0H XUMHYECKOH peakiy MpH COOM0AEHUN HE00X0-
JUMBIX YCIOBUH MOKHO IIOJIY4MTb KOJUIOMIHBIA pacTBop. IlomydeHue
KOJITIOMJIOB CTIIOCOO0M XMMHUECKOH KOHJEHCAI[MH CBOAWUTCA K 0Opa3oBa-
HUIO MOJIEKYJ HEPACTBOPUMBIX BELIECTB B PE3yJIbTaTe XUMUYECKOU peak-
MM C TOCJEeAYIOUIEH KOHJIEHCAIMeN MX JI0 pa3MepoB KOJIJIOMJIHBIX dac-
thL. [lodydeHne KOJUIOMAHBIX PAacTBOPOB 3THM CHOCOOOM 3aBHCHT OT
KOHIIEHTPALUU PEAKTUBOB, MOPsAKA CMELIEHUS U TEMIIEPATyPBI.

CTpoeHMe KonmnounaHbIX Yactuy

KommonnHble pacTBOpHI (30J1M) COCTOSAT U3 AUCTICPCHON (ha3bl U JHcC-
NIepCHOHHOM cpeabl. JlucnepcHast pa3za cOCTOMT M3 KOJUIOMIHBIX YacTHIL,
Ha3bIBaCMBIX MUYETTAMU.

Munenia npencTaBisieT cOOOW KOMIUIEKC, COCTOSIIUA M3 HOHOB,
aTOMOB HJIH JJayke MOJIEKyJ1. MuIieina umMeeT cioxHoe crpoerne. CocTout
U3 S7pa U ABYX MOHOTEHHBIX CIIOEB: afcOpONMOHHBIN cioit 1 auddy3HbIH
CIIOH.

Snpo cocTaBisieT OCHOBHYIO Maccy MHUIEIUIBI U IIPeJCTaBisieT co0oi
KOMIUIEKC, COCTOSIIIMH M3 aTOMOB WJIM HEHTpaJbHBIX Mojekyin. Obmiee
YUCJIO BXOAAIMIMX B SIIPO ATOMOB MM MOJEKYJI MOXET AOCTUTaTh He-
CKOJIBKMX MMJUTMOHOB U 3aBHCHUT OT CTENEHM AWUCIEPCHOCTH 30 U OT
pa3MepoB CaMHX aTOMOB WJIHM MOJIEKYN. SIapo, Kak IpaBmIO, UMEET KpH-
CTAJUTMYECKOE CTPOEHHE, SBISETCS SIEKTPOHEHTpaNbHBIM. Smpo Koiuro-
UIHOHM CTETIEHH IMCIEPCHOCTH SIBISIETCS HOCHTENIEM CBOOOIHOM IOBEpX-
HOCTHOW 3HEprHH, MO3TOMY HA €ro MOBEPXHOCTH HAET aJICOPOLMOHHBIN
npouecce u GopMHUpyeTcest adcopbyuonnsiii croil. CornacHo npasuny [laHe-
Ta — QPasiHCa, HAa MOBEPXHOCTU AJpa MHLEIUIBI OOBIYHO aJCOPOUPYIOTCS
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HOHBI, UMCIOIIHECA B COCTABEC sApa 4aCTHll, U TC, KOTOPBIC HAXOAATCA B U3-
OBITKE, T. €. BXOMSIIHE B cocTaB crabmim3aTopa. MoHBI aacopOIMOHHOTO
CIIOS HA3BIBAIOTCSL nomeHyuanonpedersiowumy. Bmecre ¢ aapom amcopo-
OUOHHBIA CJ0H 00pa3yeT OrpOMHBIX pa3MEpPOB MHOTO3apsIHBIA HOH,
HA3BIBACMBII 2paryioti. 3apsil TPaHyJdbl KOJHYSCTBEHHO M Ka4eCTBCHHO
3aBHCHUT OT MOTCHIMAIONPEICISIOMNX HOHOB. B 1ienoM rpanysia U ecTb
cOOCTBEHHas! KOJUIOWIHAS YacTUIla, OT KOTOPOW 3aBUCST Bce crienuduye-
CKHE CBOWMCTBa KOJUIOMJHOTO pPAcTBOpa. B IpakThKe MOJ BbIpaKEHHEM
«ompezieneHre 3Haka 3apsjia KOJUIOMIHOM YacTHIbD» BCeraa MOHUMAIOT
3HaK 3apsana rpaHy’ssl. [IoTeHIa rpaHyibl Ha3BIBACTCS DJICKTPOKHHETH-
YECKUM WJIH J3€Ta-MOTCHIHANIOM. KHHETHYECKUM ero Ha3hIBalOT IMOTOMY,
YTO OH MOXET OBITh OOHAPYXKEH W HM3MEPEH MNpPH IBIKCHUU YaCTHI[ B
aneKTpryeckoM mojie. [10CKoIbKy BCe 4acTUIlbl (POPMUPYIOTCS B OJMHAKO-
BbIX YCJIOBUAX, TO U 3apsiiKarOTCs OAMHAKOBO. 910 HE ﬂaéT UM BO3MOKHO-
CTH CIIMIIATHCS MIPU CTOJIKHOBEHHAX M, 00pa3ys Oojee KpyIHBIE arperaTsl,
BBINIA/IATh B OCA/IOK, CIEOBATENLHO, YCTONYMBOCTh KOJUIOMIHOTO PACTBO-
pa HeToCpeICTBEHHO 3aBHCUT OT KOJIMYECTBA 3apsia TPaHyI bl 3apsykKeH-
Has TaKUM 00pa3oM MOBEPXHOCTH TPaHyJ HPUTATHBACT U3 PacTBOpa IPo-
TUBOWOHBI, T. €. HOHBI, 3apsHKCHHBIC MPOTHUBOIIOJIOKHO 3apsiy TPaHyJIbl.
Dopmupyercst dugghysHwiil cotl, PACTIONOKEHHBIN 32 TIIOCKOCTHIO CKOJIb-
JKCEHU. HpOTI/IBOI/IOHaMI/I MOT'YT CIIYKUTb JTI00BIE HOHBI TEX QJICKTPOJIMTOB,
KOTOPBIC YUACTBYIOT B PECAKIIUAX 06p330BaHI/IH JaHHOI'O 30JIA UJIN XK€ IpHU-
CYTCTBYIOT KaK ITOCTOPOHHHE IpuMecH. KonnaecTBo mpoTHBOMOHOB OyieT
TOYHO TaKHM ke, KaKoe HeOOXO0ANMO I HeWTpaTN3auy 3apsia TpaHyJIbl.
[TosTOMY KOJIOAHAS YacTUIIa — MHIIEIUIa — BCETIa 3JICKTPOHECUTpAIIbHA.

[ockomeky B 0Opa3oBaHuu AUGGY3HOTO CIOS MOTYT y4acTBOBATh
Ppa3HbIC MPOTUBOUOHBLI, B CHUIIY HCUACHTUYHOCTU HX KpHCTaHHH‘{eCKOﬁ
PELIETKY, MOJHOW HEWTpanu3aluy 3apsja Ha IIOBEPXHOCTH HE IPOHUCXO-
muT. TonbKO YacTh (n—X) W3 YMCIIa TMPOTHUBOMOHOB YIEPKUBAETCS HETO-
CPEICTBEHHO OKOJIO MOBEPXHOCTH YACTHUIBI M BMECTE C MOTEHIHANIOINpE-
JENSIOIAMH HOHaMH 00pa3yeT ancopOIuoHHEIA cioil. OcTanbpHas xe
4acTh (X) MPOTHBOMOHOB, HE YACp)KHBaeMas MOBEPXHOCTBHIO, OCTaETCs B
pacTBOpe M PaBHOMEPHO PACHpEACISIeTCS BOKPYT TPAHYJBI 32 CUET HJICK-
TPOCTATUYCCKUX CHUJI.

TakuMm 00pa3zom, Ha TpaHuUlle pasfena TBEPAON U KHUIKOH (a3 3a cueét
n30UpaTeNbHON afcopOIMy MOHOB BO3HHKACT JBOWHOW JIIEKTPHUECKUI
cioit (J12C), cocTosmmmii U3 TOHKON aacopOIMOHHON (HETIOIBHKHOMN) Jac-
TH ¥ NpOTsDKEHHON auddy3HOoM (moaBrUx)HON) yacTH. Mexay (azamMu Bo3-
HUKaeT Pa3HOCTh JCKTPHUYCCKUX MOTCHIMAIOB. MaKkcuMalbHas pa3HOCTh
MMOTCHIIMAIOB MEX/Ty BCEMH HOHAMH HAa3bIBACTCS JICKTPOIIOBEPXHOCTHBIM
Wi TEPMOAMHAMUYCCKUM MOTCHIHAIOM. PazHocth QJICKTPUYCCKUX T10-
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TEHI[MAJIOB Ha TPAaHMIE TOJIBIKHOTO M HENOJBM)KHOTO CIIOEB MHILIEILIBI,
T. €. Ha 2panuye CKOIbHCeHUs, U eCTh MIEKTPOKMHETHUECKUHN 3apsi WiH &
(m3eTta)-moTeHITHAIT.

CTpoeHHEe MUIICIUTBI PACCMOTPUM Ha HpuMepe 00pa3oBaHUS 301
Homucroro cepedpa, KOTOPHIA MOMyYaeTcs MPH B3aHMOJCHCTBHH OYCHb
pa30aBJIeHHBIX PACTBOPOB HUTpATa cepedpa U HOAUAA KA

AgNO; + KI = Ag| + KNO;,
Ag"+NO; +K'+T =Agl+K' +NO; .

Eciu moana kanusi 1 HUTpAT cepebpa B3sIThl B IKBHBAICHTHBIX KO-
nr4ecTBaX, J9acTHIsl Agl pacTyT, DOCTHWTas 3HAYHTEIBHON BEIMYMHEI,
MPEBOCXOAAIICH pa3Mephbl KOJUIOMTHBIX YACTHIl, H OBICTPO BBIMANAIOT B
ocanok. Ecim ske peakuuio mpoBOIST ¢ OYCHb pa30aBICHHBIMU PacTBOpa-
MU IpU HeOONBIIOM M30BITKE OJHOTO U3 PEareHTOB, TO OCA/I0K HE BbIIA-
JlaeT, a 00pa3yeTcst KOJUIOUIHBIH pacTBOp Hoanaa cepedpa.

CornacHo TEOpUH CTPOCHHS MHUIEIUIBI SAPO KOJUIOWAHBIX YaCTHIL
OyJeT COCTOATh U3 HEUTPaIbHBIX MOJIeKYJT: m (Agl).

Ecmu mony4yats KOJUTOMIHBIA pacTBOP IPH M30BITKE MOAWAA Kaius,
TO Ha TIOBEPXHOCTH SIIpa MHLEIUIB OyIyT ancopOUpOBaThCS MOHBI HOJA,
nbo OHM HaXoAATCS B M30BITKE (BXOAAT B cOCTaB cTabmimsaropa). VloHbI
MOJa JIOCTPAauBAIOT KPUCTAUIMYECKYIO PELIETKY s/pa, MPOYHO BXOISIT B
€ro CTPYKTYpY, 00pa3yst aicOpOIMOHHBIN CIIOH, ¥ MPUAAIOT SIAPY OTpHUIia-
TenbHbIN 3apsaa: m[Agl|nl™ (nomenyuanonpedensiiougue uomnwt).

B IaHHOM TIpHMepe MPOTHBOMOHAMH OyayT KaTHOHBI K', KoTophie
ANIEKTPOCTATUICCKH MPUTATUBAIOTCS MOTCHINATONPEICIIFOIIMA HOHAMH
azicopbuuonHoro crnos. YacTs npoTHBOMOHOB K IIPOYHO CBA3BIBAaETCS
ANEKTPUYCCKUMH M aJICOPOIIMOHHBIMU CHJIAMH M BXOIUT B aJCOPOLUOH-
HBII CIIOH, U pOpMUpYeTCs TpaHya;

{m[AgInl (n—x)K}.

B ancopOIuoHHOM cioe TpaHyiIsl Ipeo0IafaT NOTeHIIHAIONpeae-
JISIFOLIME MOHBI, YHCIIO KOTOPBIX MOXXHO 0003Ha4uTh nl, a KOJHYECTBO
MIPOTHBOMOHOB — (n—X). OcTaBmascs 4YacTh HPOTHBOHMOHOB 00pa3yeT
TG dy3HBIH clol, 1 GopMUpPYETCS MUTIEIIIA:

{m[AglInI (n—x)K"}xK".

Ecmu monmyvats 30716 HomucToro cepedpa mpu W30BITKE HUTpaTa ce-
pebpa, T.e. mpu u3bbITKe Ag , TO KOJJIOMIHAS 4aCTHMIA OJiarojaps aj-
copOuuy HOHOB Ag’ Ha MOBEPXHOCTH A/[pa MONYUHT TIOTOKUTEBHBIN 3a-
psn.
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Munenna

Komnounuas
YACTHIIA

TuddpyaHbiii caoit
AncopbIMOHHLIN cII0i

Puc. 20
Cxema cmpoeHus muyennsl

Uucna m, n U X B 3aBUCUMOCTU OT YCJIOBUH IIPUTOTOBIECHUS 30JI€H
MOTYT U3MEHATHCS B IIUPOKUX IpeJieNax, T. €. MULEIIA HE UMEET CTPOro
OIIPEJEIIEHHOTO COCTAaBA.

CBouncTBa KONNOUAHO-AUCNEPCHbLIX CUCTEM

Kak YK€ OTMCYAJIOCh BBIIIEC, KOJJIOUIHO-ANCIIEPCHBIC CUCTEMBI 00-
JagarT pAIoM CHCHI/IQ)I/I‘ICCKI/IX CBONCTB W3 Tpynrbl ONTUYCCKUX, DJICK-
TPHUYICCKUX, MOJICKYJSIPHO-KUHCTHUYCCKHUX, 4 TAKKC INOBECPXHOCTHBIX ABJIC-
HI/Ifl, O6YCJ'IOBJ'IGHHLIX HX CIIOCOOHOCTBIO norjomaTrb HIn COp6I/IpOBaTB
JApyrue BeUICeCTBA.

Onmuueckue ceolicmea KOﬂJZOudeZXpdCWlSOpO@

ITo onTHYECKHM CBOMCTBAM KOJUIOHIHBIC PACTBOPBI CYLIECTBEHHO
OTIIMYAIOTCA OT APYIUX NUCIICPCHBIX CUCTEM. OnTuyecKkre CBOMCTBA KOJ-
JIOUJTHBIX PACTBOPOB OCHOBAHBI Ha MX CIIOCOOHOCTH PaccerBaTh M IOIJIO-
math (abcopOUpOBaTh) CBETOBHIC JIYUH, YTO CBA3AHO C ONPEHETIEHHBIM CO-
OTHOLICHUEM Pa3MepOB KOJUIOUIHBIX YaCTHI] U JJIMHOH CBETOBOM BOJIHBI.

Paccesnue ceema, ujiu onaiecyeHyus

1o 3akoHaM ONTHKH, €CIIN CBETOBasl BOJIHA BCTPEYAET HAa CBOEM ITyTH
NIPEMATCTBUE, OHA €ro OrndaeT W 4aCcTUYHO OTpakaeTrcs. B 3aBucHMocTH
OT pa3Mepa 3TOTO MPEMATCTBUS 0N KaKIOT0 U3 ITHX MPOLIECCOB MOXKET
ObITh paznuuHOd. Tak, ecmu pa3Mep 4acTUIl HAMHOTO MEHbBLIE JUIMHEI
BOJIHBI, CBET IMPOXOAUT CKBO3b TAKYIO CUCTEMY, «HE3aMeE4asy MNPEHsATCT-
BUi. [I03TOMy HCTUHHBIE PaCTBOPBI CBET HE pacceuBaroT. Eciu e pasmep
JaCTHI] HA MHOTO OOJIbIIIE JUTMHBI BOJTHBI MaJaOMIETO CBETa, HAOMOIaeTcs
IIPEUMYILECTBEHHO OTPaKEHHE.
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B toMm ciywae, ecau pasMep 4acTUIl CONOCTAaBUM C JJIMHOM BOJIHBI
CBETa M MEHBIIIE JJIMHBI TIOJyBOJIHBI NAJAIOIIETO CBETA, TO CBETOBBIE BOJI-
HBI aKTHBHO OTHOAIOT TaKHe MPETSATCTBYSI H U3MEHSIOT CBOE HaIpaBJICHNE,
HaOmogaeTcss JUQPPaKIIMOHHOE pPacCeWBaHUEC CBETa WM OMAJICCIICHITHUS.
B pesynbprare paccenBaHus CBeTa Ka)kJas 4acTHIIA CTAHOBUTCS UCTOYHHU-
KOM HOBBIX, XOTSI U MEHEE€ MHTEHCHUBHBIX BOJH, T. €. IPOUCXOIUT KaK Obl
caMOCBE€YCHHME KaXKI0M YaCTHIIBI.

M N

Puc. 21
Cxema pacceusanusi ceéema yacmuyell, MeHbuiel C8emosotl NOIY8OHbI

OmnasnecreHnus MpUCyIla BCeM KOJUIOWAHBIM PacTBOpaM B BHIMMOM
CBCTC, TaK KaK pasMep KOJUIOUAHBIX YaCTHUL] COIOCTaBUM C ,HJ'IHHOﬁ BOJIHbI
Bugumoro ceera (350-750 um). Teopuio cBeTopaccestHUS Ha 4YacTHIAX,
pa3sMep KOTOPBIX MCHBIIE JJIMHBI BOJHBI MaJaroIero CBeTa, pa3padoTan
. Paneit, 1 o0CHOBHOE ypaBHEHHE JIJIsl pACCESHUS CBETA HOCUT €TI0 UMSI.

ny?

7\‘4
rae [ — MHTEHCHBHOCTh paccesHHOro cBera; K — const, BKIIIOYaroLas
ToKasaTejib NpeIOMJICHUS CPEibl U (1)8.31)1; n — YUCJIO0 YacCTUull B CANMHUITLY
obbema; A — JUIMHA BOJHEI MAJAIOIIEr0 CBeTa; V — 00beM KaXIol yac-
THIIBIL.

U3 ¢opmynsl BHIHO, 9TO HamOoIee MHTCHCHUBHO IMPOMCXOAMT pac-
CeHBaHME CBETa MAJBIX JJIMH BOJH. B BUIMMOI 4acTH CIIEKTpa MEHBIIYIO
JUIMHY BOJIHBI UMCIOT FOJ'ly6ble JIy4yu, CJI€A0BATCIbHO, OHU 60ﬂblﬂe noa-
BEP)KCHBI PACCCUBAHMIO, YEM JKEJITO-KpPAacHBIC. DTUM OOBICHSACTCS OpaH-
JKEBO-KpaCHOBATasi OKpPacKa MHOTHX OECIIBETHBIX 30JIci W MHHEPAJIOB B
MPSIMOM TIPOXOSIIEM CBETE (KpacHbBIE JIydd c1ab0 paccemBaroTCs) U TO-
nmyboBarast — mpu HaOmoAeHUU cOOKY. C 3TUMU SIBICHUSIMH CBSI3aHBI TO-
ny0oii 1BeT Heba M KpacHBIE I[BETa BOCXOAOB U 3aKkaToB. J[eno B TOM, 4TO
aTMoc(epa — 3TO KOJUIOMIHAs CHUCTEMa, IAe rerepodasy COCTaBISIOT
YaCTHIIBI MBUIH, Jb/Ia, KaIUId BOIbI U p. COTHEYHBIH CBET pacCceHBaCTCS B
aTMocdepe, ¥ MBI HabIIOaeM OIaJIeCeHINI0. MeHee Bcex B aTMocepe
paccenBaeTCsl KpaCHBIM CBET (JUIMHHOBOJHOBBII CIIEKTP BUIMMOTO CBETa),
[TO3TOMY €r0 BHIHO Jaiibilie Bcero. I103ToMy He Cay4aiiHO, YTO BCE CHI-
HAJTBI OIIACHOCTH WMEIOT KpPacHBIA IIBET (CTON-CHTHAJBI MAIINH U CBETO-
(hopoB, orau, 0603HAYAIONIHE BBIIIKA U MAYTHI H JIP.).

I=K

>
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SIBnenue OonaJICCICHINU IO CBOMM BHCHIHUM IIPpHU3HAKaM CXOAHO C
SIBIICHUEM (DITyOPECUEHITNH, PUPOJIa KOTOPOTO CBsI3aHa C BHYTPHUMOJICKY-
JSIPHBIM TporieccoM. B cirydae dmyopecnieHnny 4acTh majaloniero CBETo-
BOT'O JIyda CHavaja U30MpaTesbHO MOTJIOMAeTCs, a 3aTeM BHOBb HUCITYCKa-
eTcs (pacceuBaeTcs), HO yKe ¢ MHOM [UTMHOM BONHBI. SIBIeHMe (iryopec-
LCHIUY TPHUCYIIE B OJMHAKOBOM Mepe KaK KOJUIOMIHBIM, TaK U MOJEKY-
JIAPHBIM pacTBOpaM.

Ontndeckue cBoiicTBa BHepBble HaOmoman M. B. JlomoHOCOB.
IMo3anee, B 1857 1., M. @apaneii, a Hanbosee NETATLHO SBICHHUE OTaec-
MEHITNH JUTS KUAKUX U Ta3000pa3HBIX KOJUIOUIHBIX CUCTEM OBbLIO H3YYEeHO
Tunnpanem.

He ciyugaiiHo, 4T0 pacceMBaHHE CBETA MPU MPOXOXKICHUU CBETOBOTO
My4yKa 4epe3 ONTUYCCKU HEOJHOPOJHYIO cpeny HasbiBaercs dpdekt Tun-
nans. OObrHO HabIrOAaeTCs B BUE CBETSIIErocsi Konyca (konyc Tunna-
JI5T), BUAMMOTO Ha TEMHOM (hoHe. XapaKTepeH ISl pACTBOPOB KOJIOMIHBIX
cHcTeM (HarpuMep, 30716l MeTaJIoB, pa30aBIeHHBIX JIATEKCOB, TabaqHOTO
JIbIMa), B KOTOPHIX YACTHIIBI U OKPYXKAIOIIas WX cpela pasiIHdaroTcs 1Mo
nokasatento npenomiieHus. Ha s dexre TuHmans ocHOBaH psj ONTHYC-
CKUX METOJIOB OIPEICICHUS Pa3MepoB, (GOpMBI U KOHIIEHTPALUU KOJLIO-
UIHBIX YaCTHUIl U MAKPOMOJICKYJI.

T 2 korye THHAanRA

=

Puc. 22
Konyc Tunoana:

1 — UCTHUHHBIN pacTBOP; 2 — KOJJIOMHBIHA pacTBOP.

Oddext TuHANT BOSHUKAET ITPU PACCEHBAHUH Ha B3BEIICHHBIX Yac-
TULAX, pa3Mepbl KOTOPLIX IPEBBIIAIOT Pa3Mepbl aTOMOB B JIECSATKU Pas.
[Ipn ykpymHEHNH YacTHI[ B3BECH 70 pa3MepoB nopsaka 1/20 aiauHb! cBeTo-
BBIX BOJIH (IIPMMEpPHO OT 25 HM M BEHIIIE), PACCEUBAHUE CTAHOBHUTCS IOJIH-
XPOMHBIM, T. €. CBET HAUNHAET PACCEMBATHCS PABHOMEPHO BO BCEM BHIANMOM
JMara3oHe IBETOB OT (DHOJIETOBOTO 110 KpacHoro. B pesynbrare sddext
Tunpans nponagaer. Bor mouemy rycroil TymaH WM KydeBble oOiiaka
KaXyTcsl HaM OeIBIMH — OHU COCTOSIT U3 IUIOTHOI B3BECH BOISHOW NBLIH
C IMaMETPOM YacTHUIl OT MUKPOHOB JO MH/UIMMETPOB, YTO 3HAYUTEIILHO
BBIIIIE IIOpOra paccesHus no Tunaamo.

SIBiieHHs, CBA3aHHBIE C PACCEMBAHHEM CBETA, ITMPOKO UCIONB3YIOTCS
B KOJUIOMJHOM XUMHH ISl yCTAHOBJICHHS Pa3MepoB, (OPMBI U KOHILECH-
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Tpaluu AUCTEPCHBIX yacThll. OCHOBHBIMU METOJIAaMH HCCIIEOBAHUS KOJI-
JIOUJHBIX CHUCTEM SBISIOTCS HedemoMeTpus, TypOUAMMETpHs, yIbTpa-
MUKPOCKOITHS, DJIEKTPOHHAS MHUKPOCKOITHS H JIp.

Tak kak pa3Mep KOJJIOMIHBIX YacTHI] HE MO3BOJIICT HAOIIOAATh MX
MIPH TIOMOIIY OOBIYHOTO MHUKPOCKOIA, TO UX HAOIIONAIOT B yIBTPAMUKPO-
ckorie. Eciu B 00bIYHOM MHKpOCKOIIE 00BEKT HAOTIOMAIOT B IPOXOASIICM
CBETe, MOATOMY TI0JIe 3pEHUs OCBELICHO sipue n300pakeHus: 00beKTa, TO B
YIBTPAMHKPOCKOTIE TIPIMEHSIOT OOKOBOE OcBemieHHe. [Ipu 3ToMm cBeT He
rormagaeT B 00BEKTHB MUKPOCKOTIA W B TJIa3 Habmrogarens, modToMy GoH
TOJIS 3peHUsT MUKpOCKona TeMHBIH. Ha o0meM TeMHOM (OHE CTaHOBUTCS
3aMETHBIM CITa0bIil CBET, pacCEMBAEMBIN KOJUIOMIHBIMA dacTHIaMu. OHH
MIPEICTABIIIOTCS HAOMIOJATENIO B BH/IE OTJCIBHBIX CBETSIIUXCS TOYCK.

Paccmotpers ocobeHHOCTH (HDOPM U CTPOCHHE KOJUIOUIHBIX YACTHUI]
BO3MOJKHO TOJBKO C TIOMOUIBIO AJIEKTPOHHOI'O MUKPOCKOIIA, B KOTOPOM Ha
OOBEKT HANpAaBISIETCS TMYYOK DJIEKTPOHOB, (POKYCHPYEMBIX HE CTEKJISH-
HBIMH JIMH3aMH, a dJICKTPUICCKIMH U MarHUTHBIMU MTOJISIMA. B HacTosiee
BpeMsl BBIIYCKAIOTCS JJIEKTPOHHBIE MHKPOCKONBI C YBEIMYCHHEM B
250 000 pa3 u Gojee, 4TO MO3BOJAET BUIACTh KOJJIOWIHBIC YACTHIBI U HE-
KOTOpPBbIE MAaKPOMOJICKYJIBI TOJIMMEPOB.

Hedenomerpus u TypOUIMMETPHsI OCHOBAHBI Ha MCIOIB30BAaHUH 5IB-
JICHUS PacCeMBaHUs WM TOTJIOIIEHHS CBeTa TBEPABIMU WIIM KOJUIOUHBI-
MU Y9acTUIIAMH, HAXOJSIIUMHUCS B KUAKON (ha3e BO B3BEUICHHOM COCTOSI-
HUU. THTEHCUBHOCTh PAcCEsSHHOTO CBETa C YBEIMUYCHHEM YHCIIA Pacceu-
BaIOMINX YaCTHI] BO3PACTaeT, M Ha 3TOW 3aKOHOMEPHOCTH OCHOBaHBI IBa
POICTBEHHBIX aHATUTHYCCKUX METOJIa ONpeeNICHHs KOHLICHTPALUH Bellle-
CTBa: HedeIoMeTpHs U TypOuauMeTpus. MeTo;, B KOTOPOM HCIIONB3YIOT
JUHEWHOE U3MEPEHHUE, Ha3bIBAIOT TYPOUIUMETPHUEH, a METOA C U3MEPEHU-
eM o1 yrioM 90° (M1 KaKuM-JIH00 IPyruM) — HedeloMeTpuei.

QﬂekmpOKuHemuquKue CBOLICMBA KOJIOUOHBIX CUCTEM

K 251eKTpOKMHETHYIECKUM SIBIICHHAM OTHOCST 3()(EKTHI, CBSI3aHHBIC
100 ¢ OTHOCHTENBHBIM JABMKEHHEM IBYX (a3 moj meficTBHEM MTOCTOSH-
HOTO JJIEKTPHUYECKOTO TIOJIS, TUOO ¢ BOSHWKHOBEHHEM DPAa3HOCTH IIOTEH-
LMAJIOB NPH OTHOCHTEIBHOM CMEIICHHH IBYX (a3, Ha TPaHHIEC MEKTY
KOTOPBIMHU CYILECTBYET IBOMHOM 3JIEKTPUUECKUI CIOH. DIEKTPOKUHETU-
YecKHe SBJICHUS IOJpa3/esiloT Ha ABE TPYMIbBL npsmvle U 0OpamHbie.
K npsamsim OTHOCAT Te PIEKTPOKUHETUYECKUE SBICHHS, KOTOPhIE BO3HU-
KaloT MOJ JefiCTBHEM BHEILIHETO 3JIEKTPUIECKOro MO (91ekmpodopes u
anekmpoocmoc). Obpamuvimy Ha3BIBAIOT IEKTPOKMHETUICCKHE SIBICHUS,
B KOTOPBIX IIPH MEXaHUUECKOM MEPEMEIICHIH OJHON (ha3bl OTHOCHUTEIHEHO

— 15—



JpyToii BOSHUKAET ICKTPUUECKUH MOTSHIUAT (nomeHyuan npomekanus u
nomeHyuan ceOuMeHmayuul).

ONeKTPOKUHETHYECKHE SBJICHUS B KOJUIOWIHO-IAMCIEPCHBIX CHCTe-
MaxX U CBA3aHHOE C 3TUMH BJICHUSIMH HAJIMYME DIEKTPHUUECKHUX 3apATOB y
koimtonnoB otkpeul @. Peiice (1808). OH 00Hapy W1, YTO €CIIK BO BIIaXK-
HYIO TNIMHY NOTPY3UTh JBE CTEKISHHBbIC TPYOKH, 3allOHUTh UX BOAOH U
MIOMECTUTh B HUX JJIEKTPOJBI, TO MPHU MPOIYCKAHUH MOCTOSHHOTO TOKa
MIPOMCXOANT ABIDKCHHUE YaCTHYEK TIMHBI K OJHOMY M3 DJICKTPOJIOB.

SIBrieHMe MepeMenIeHnsT YaCcTHIl TUCIIEPCHOH (ha3sl B IOCTOSTHHOM
IEKTPUIECKOM MOJIe OBUIO HA3BAHO 971€KMPOPOpe3oM.

ITpu snexrpodopese MpoUCXOaUT HANIPABICHHOE NIepeMelIeHHe Yac-
THI JUCIIEPCHOH (a3l B 3JIEKTPUUECKOM I10JI€ ITOCTOSIHHOTO TOKA K 3JIEK-
TPOAY, 3HAK KOTOPOTO NMPOTHBOIONOXKEH 3HaKy 3apsiaa yactull. IToasmk-
HOCTh YacTHUI] B 3JIEKTPUIECKOM I10JIe 00yCIIOBIE€HA Te€M, YTO IPH HaJIOXKe-
HUHM BHENIHEH pPa3sHOCTH IMOTEHIMAIOB IPOUCXOTUT Pa3pblB ABOHHOTO
QIIEKTPUIECKOTO CJIOS TI0 TPAHMIIE CKOJHKEHMS W YacTHIA IOTyJaeT 3a-
psim, coOTBETCTBYIOMMK ee &-moteHnuany. [IporuBonoHsl auddy3HOTO
CIIOS TIEpEMEINAIOTCA MPH ATOM K MPOTHBOINOJIOKHOMY 3n1eKkTpoxy. Oue-
BUJIHO, YTO CKOPOCTb JBMIKEHMSI YacCTHI[ AMCIIEPCHOH (a3l IMPOIOPIHO-
HallbHA BeNMYMHE WX &-moreHumana. HaOmomas snextpodopernyeckoe
JBIDKCHHE YaCTHUIl, MOXKHO ONpPEAEIUTh 3HAK M BEJIMYMHY &-TIOTEHIMaja
KOJUIOMTHOW 4aCTHLIBI.

B npyrom ombite cpenHsis yacth U-o0pa3Hoi TpyOKH, coaepKamiei
BOJIy, ObIlIa 3aIT0JTHEHA TOTYECHBIM KBApLEM, B K&KI0€ KOJIEHO TPYOKH Io-
MeILEH AIEKTPOJ] U NPOIYILIEH MOCTOSIHHBIN TOK. Uepe3 HEKOTopoe BpeMs
B KOJICHE, I'JIe HAXOWIICS OTPHLATENBHBIA 3JIEKTPOJ, HAOII0AaI0Ch HOA-
HATHE YPOBHS BOJBI, B IPYyroM — omyckaHue. [locie BBIKITIOUeHHS dIIeK-
TPHUYECKOTO TOKA YPOBHHU BOJBI B KOJIEHAX TPYOKU YPaBHUBAIIKCE.

SIBneHne mepeMeIneHus TUCIIEPCHOHHON Cpelsl OTHOCHTENBHO He-
TTOJBIDKHOM THCTIEPCHOM (ha3el B IMOCTOSHHOM AJIEKTPUYECKOM IIOJIE Ha-
3BAHO 3/1EKIMPOOCMOCOM.

MexaHu3M 3JIEKTPOOCMOca 3aKiodaeTcsa B ciaeqyromeM. Hepactso-
PHMBII MaTeprasl MeMOpaHbl IPH KOHTAKTE C )KUIKOCTBIO (BOIOMH) aucco-
LUUPYET ¢ MOBEPXHOCTHU, OTLICIUIAS B KUAKOCTh T€ WIAM APYrHe HOHBI.
Bo3HukaeT TBOWHOMN 3MEKTPUYECKUH CIIOH, BHYTpPEHH:S OOKIagKa KOTO-
pOTo BXOIWT B COCTaB TBEpAOH (pa3bl, a MpOTHBONOHK AN PY3HO pacmo-
JararoTcsi B XKHUAKOCTH. [Ipy BKIIIOYEHWH MOCTOSHHOTO 3JEKTPUIECKOTO
TOKa MPOTHBOHOHBI AU (HY3HOTO CIIOS IIEPEMEIIAIOTCS K AIICKTPOLY COOT-
BETCTBYIOLIETO 3HaKa. Tak Kak MOHBI B BOJE BCETZa I'MApPaTHPOBAHBI, TO
IIPY ABM)KEHUH MOHA C HUM YBJIEKACTCs ONpEJIeNICHHbIH 00beM ANUCTIEPCH-
OHHOH CpeJibl 3a CUeT CHUJI MOJIEKYIIPHOTO TPEHHs (BS3KOCTH) MEXIY TUA-
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paTHOH 000JIOUKOH HMOHA W OKPYKAIOWIEH XKUIKOCThIO. O4YeBHUIHO, YTO
4yeM Oosblie ToIHA AU GY3HOTO CIIOS U MEHBIIIE TUIOMIA b IIOTIEPEYHO-
TO CECYCHHMA KallWJuIgdpa WIN ITOPBI MCM6paHBI, TEM CHJIBHEC TPOSABIIACTCA
JIEKTPOOCMOTHUYECKUH MEPEHOC KHUIKOCTH.

Io3xe Keunke (1859) oOHapyxkun sBICHHE, OOpATHOE 3IEKTPOOC-
MOCY, Ha3BaHHOE nomenyuaiom npomexanus. OHO COCTOUT B TOM, YTO
NPU TEYSHUH KUAKOCTH MOJ JaBICHHEM 4Yepe3 IMOPHCTYI0 auadparmy
BO3HMKAET PA3HOCTh MOTEHIHANIOB. B KauecTBe Matepuaina auadparm Obl-
JIM MCTIBITAHBI TJIMHA, TIECOK, AePeBO, TpaduT.

SBnenue, odpaTHOE 31eKTpOdOpe3y U HA3BAHHOE HOMEHYUATIOM Ce-
OJumenmayuu, 06110 OTKpBITO JJopHOM (1878). Ilpn ocenanun yacTuI cyc-
TICH3WH KBapla IO JCHCTBHEM CHJIBI TSDKECTH BO3HHMKATIa PA3HOCTB I10-
TEHLUAJIOB MEXy YPOBHAMU Pa3HOU BBICOTHL B COCYE.

Bcee QJICKTPOKMHETUYCCKUEC SABJICHUSA OCHOBAHbI HAa HAJTUIUU ﬂBOﬁHO—
T'O 3JIEKTPUYECKOTO CJIOS Ha TPaHMIIE TBEPAOI U KUAKOH (as.

W3 ommcaHHBIX SBICHWHA 3IEKTpOdope3 U IIEKTPOOCMOC HMEIOT
HanboJiee MIMPOKOE NMPAaKTHIECKOE M TEOpeTHdecKoe 3HaueHwe. Hampu-
Mep, METOABI 1eKTpodope3a SBISIOTCS HE3AMECHUMBIMHU B (DPaKIIOHUPO-
BaHMU M M3YyYECHUH BBICOKOMOJIEKYJISIPHBIX COCIMHEHUH; METOJ] 3JIEKTPO-
ocMoca numeeT OOJbIIoe MPaKTHYecKoe NMPUMEHEHUE B TIpolieccax 00e3Bo-
JKUBaHUA U CYHIKU MHOTHUX HNOPUCTBIX MAaTE€pUaOB WM BECbMa KOHICH-
TPUPOBAHHBIX KOJUIOUIHBIX CUCTEM.

Yemotiuusocmo u KoazynAayus KOMIOUOHBIX CUCTEM

KosouHpie CHCTEMBI, B OTIIMYHAE OT UCTHHHBIX PACTBOPOB, BCIICI-
CTBHE OOJBIIONW YIEILHOW MOBEPXHOCTH 00JIaMaloT OOJBIIMM H30BITKOM
ITOBEPXHOCTHOM 3HEPTMH W TO3TOMY, COTJIACHO BTOPOMY 3aKOHY TEpPMO-
JMHAMUKH, OTHOCHTEIHHO MAalOyCTOHYMBBI. Ha OCHOBaHWMH MPHHIMIIA
MHHAMYMa CBOOOJHOM 3HEPTUM TUCIEPCHBIE CHCTEMBI CTPEMSITCS CaMo-
MIPOM3BOJIBHO MEPEHTH B YCTOHYMBOE COCTOSHHUE MyTEM yYMCHBIICHUS 3a-
rmaca CBOOOIHOW ITOBEPXHOCTHOH SHEPTUH.

YCTOHYHBOCTD TUCIIEPCHBIX CHCTEM — 3TO BO3MOXKHOCTH HX HAaXO-
JKICHHUS B HCXOIHOM COCTOSHHHM HIJIM CIIOCOOHOCTH YaCTHIl AMCIICPCHOM
(a3sl HAXOIOWTHCS BO B3BEIICHHOM COCTOSHHM B JMCIEPCHOHHOW Cpejie
HEOIpeIeJICHHO JI0JIT0e BPEMSI.

Y CTOHYMBOCTD AUCTIEPCHBIX CUCTEM MOXKET OBITh:

® CeMMEHTALIMOHHAS WM KUHETHUECKAS,

® arperaTHBHAs.

Kunemuueckas ycmoiiuueocms XapaKTepu3yeT CIIOCOOHOCTh JIHC-
MEPCHON CHCTEMbI COXPAHSITh PABHOBECHOE pacrpe/eieHue (aspl mo 00b-
eMy JUCIIEPCUOHHOM cpeibl Gnarogaps KMHETHYECKOW SHEPrHH YaCTHIL

— M7 —



WK TIOA BIMSHHEM OpPOYHOBCKOro NBIDKeHHs dactulil. Kpome OGpoyHOB-
CKOTO JIBIDKEHHSA, (DAaKTOPaMH KHHETHYECKOW YCTOMYMBOCTH SIBIISIOTCS
JCIIEPCHOCTD, BS3KOCTH JIUCIIEPCHOHHOM Cpenbl, Pa3sHOCTh IUIOTHOCTEH
JWCTIEpPCHOI a3kl M IUCIEPCHOHHOW cpenbl u Ap. M3 mepedncieHHbIX
(axTopoB HamOoJblIee BIMSIHUE HA CKOPOCTb OCAXKIECHHUS KOJIOMIHBIX
YaCTHIl OKa3bIBaeT CTENEHb AUCIIEPCHOCTH BellecTBa. Yem MeHblIe pas-
Mep YacTHIl, TeM BBIIIE YCTOMYMBOCTH CHCTeMbI. CHUCTEMBI, B KOTOPBIX
CKOPOCTh OCQKICHUS B3BEUICHHBIX YACTHI{ IO/ BIHSHUEM CHIBI TSDKECTH
HACTOJIBKO MaJa, 9To €10 MOXKHO NPEeHeOpeyb, MPUHATO HA3hIBATh KHHETH-
YECKH YCTONYUBBIMH.

[on aepecamuenoii ycmotiuugocmuvio MOHUMAIOT CIOCOOHOCTB Yac-
THIl JHUCHEPCHOI (a3bl NMPOTHBOAEHCTBOBATH YKPYIHEHHIO, CIHIAHUIO
(xoarynsauu) U yAep:KUBaTh ONPEAEICHHYIO CTENIeHb TUCTIEPCHOCTH.

IloTepst arperaTuBHON yCTOHYMBOCTH NPUBOJUT K B3aUMHOMY CIIU-
MIAHWIO KOJUTOMIHBIX YacTUI] ¢ 0Opa3oBaHHeM Oojiee KPYIMHBIX arperaTos.
dakTOopaMy arperaTUBHON YCTOWYMBOCTH JUCIIEPCHBIX CUCTEM SIBIISIFOTCSA:

® HaJIMYHe OAHOMMEHHBIX 3apsI0B y YaCTHII;

® HAJIMYKME COJBBATHBIX (TMAPATHBIX) 00OIOYEK, COCTOSIIMX W3 -
MOJISIPHBIX MOJIEKYJI IUCTIEPCUOHHOMN CPEIbL.

3apsi NPemATCTBYET CIUIAHUI0 U YKPYTTHEHHUIO KOJUIOMIHBIX YaCTHUI]
B 0ojiee KpyHHBIE arperartel, T. €. MPenATcTByeT Koarymamuu. C apyroi
CTOPOHBI, arperaTHBHYI0 YCTOHYMBOCTH MOXKHO OOBSCHUTH TEM, 4YTO
BOKPYT KOJUIOWAHBIX YAaCTHI] 00pa3yrOTCSI TECHO CBSI3aHHBIC C HUMHU COJIb-
BaTHbIE (TUPaTHBIE) 000JIOUKY U3 MOJIEKYI pacTBoputensi. OHHM He M03BO-
JSI0T TPOTUBOMOHAM JAU(QY3HOro CJ0osl BHEAPATHCS B aJCOPOLIMOHHBIN
CIIOH M HEUTpanu3oBaTh IOJHOCTBIO 3apsl] MOTEHIMAIONPEAEIIOIUX
noHoB. O6nasast yIpyruMH CBOMCTBAMH, CONBBAaTHBIC 00OJIOYKM OKa3bIBa-
10T Kak OBl pacKIMHUBAIOIICE IEHCTBHUE, MPETATCTBYS COMMKECHUIO HOHOB
TG PY3HOTO CIIOSI C TPAHYJIOH.

Takum o0Opa3om, arperaTuBHasi yCTOWYMBOCTb MOXKET OBITH OIpee-
JeHa M KaK CHOCOOHOCTh CHCTEMBI K COXPAHEHHUIO CTETIEHH AHMCIIEPCHOCTH
U MHAMBUIYAJIBHOCTH YacTHI] ucniepcHoi ¢asbl. Yem Toumme muddy3Hbiit
CJIOH, TeM Oojiee yCTOMYMB KOJJIOUA, TEM MEHEe BEpOSATHO CIUIAHUE Yac-
THII.

Kommonasr 00yafaloT pa3nuyHOW arperaTMBHON yCTOWYHMBOCTEHIO.
HexoTtopsle 3011 *KHBYT JIUIIb CEKYHABI, HO €CTh KOJIJIOUIHBIE PACTBOPEI,
CYIIECTBYIOIINE BECbMA JUINTEIBHBIN MPOMEKYTOK BpeMeHH. Tak, HampH-
Mep, 301 30J10Ta, IPUTOoTOBIEHHbIE DapageeM CTO JIET Ha3al, COXPaHUIH
CBOIO YCTOMYUBOCTH JIO HACTOSILETO BPEMEHH.

HcTtunHbIe pacTBOpBEI Onaromaps CBOCH TOMOTE€HHOCTH OOJIafaroT
4YpE3BbIYANHO BBICOKOH arperaTMBHOM U KUHETUYECKOM YCTOMYHMBOCTBIO.
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Konmonnasr xe, BISSICh TETEPOTeHHBIMU CHCTEMaMH, 00J1aJal0T HE TOJIBKO
HECPAaBHEHHO MEHbIIEH KMHETUUECKON yCTOMUMBOCTBIO, HO U OTPaHUYEH-
HOM arperaTMBHON YCTOMYMBOCTBIO, UTO IMPOSIBIISIETCS B UX CKIIOHHOCTH K
YMEHBIICHUIO CTETICHH TUCTIEPCHOCTHU B MPOIECCE KOATYJISIINH.

Koazynayus xonnouonvix pacmeopos

Kommonaaple cucTeMbl 00J1a1al0T Pa3IMIHOW yCTOMYUBOCTHIO. Bee
OHM CTPEMSTCS K YMEHBLICHHIO CBOOOAHOI MOBEPXHOCTHOM SHEPrHH 3a
CYET COKpALIeHUs YACTbHON MOBEPXHOCTH KOJUIOMAHBIX YAacTHUL, YTO MPO-
HUCXOJAMT MPHU UX CTPEMIICHHH K 00BEANHEHHIO.

IIponiecc 0ObeTMHEHNS, B3aUMOCITHUIIAHNST KOJUTOMTHBIX YaCTHIL TTO]T
JEWCTBIEM BHEIITHUX BO3/IEHCTBUI MM naxe 0e3 BUANMBIX IIPHYUH B 00-
Jiee KpYIIHbIEe arperaThbl Ha3bIBACTCS KOa2yiAyuell.

ToxpKO OYEHB Malloe YHCIIO CTONKHOBEHHU MPUBOIHUT K OOBCIUHE-
HUIO YacTUL, IOITOMY MHOTME 30JIM YCTOHYMBBI. Ecnu ke moHU3UTH Be-
JUYMHY 3apsja KOJUIOWIHBIX YAaCTHIl, TO TAKUE YACTHUIBI OyAyT Jierde u
CHIIbHee KoarynupoBaTh. C HauOOJNBIIEH CKOPOCTHIO KOATYIUPYIOT KOJI-
JIOWJHBIE YACTHUIII, Y KOTOPBIX 3aps]] TPpaHysl paBeH HYIIO, T. €. YaCTHIIbI,
HaXOSIIUECS] B HM303JIEKTPUUECKOM COCTOSHUU. OTCYTCTBHE 3apsnua y
TpaHyJbl O3HAYaeT, YTO Y YACTHIBI HET MPOTHBOMOHOB B IH((Hy3HOHHOM
CIIO€ U, CIe0BATEIbHO, X BOTHOM 000JIOUKH, T. €. HEHTpaI30BaHbI (ak-
TOPBI arperaTUBHON YCTOWYUBOCTH.

[Ipu xoaryisiuuu ABYX YacTHIl 30151 (TaK Ha3bIBAEMBIX YaCTHI] Mep-
BOTO MOpsAKA) oOpa3yeTcs Oojee KpyIHas JacTHIIAa BTOPOTO MOpsaKa, KO-
TOpasi MOXKET OOBEIAMHATHCSA C €II€ ONHOW YAaCTUIEH TEepBOTO TOPSIKA,
00pazys 4acTUITy TPEThEro MOpsaKa, KOTOpas BHOBH IPHCOCIHHSIET Yac-
TULy [IEPBOTO MOpSAAKA U MPEBPALIAETCS B YaCTUIYy YETBEPTOrO MOpsAKa
UT. O

Pacu€tpl mokazanu, 4To MPHUCOEIMHEHHE YACTHI MEPBBIX MOPSAKOB
MIPOUCXOUT Jierde, yem o0beAnHEHHE YacTul] 0oJiee BHICOKHX MOPSIKOB.
CyMMa Bcex 4acTHIl B 30JI€ MPHU KOATYISIIIAN HETPEPHIBHO YMEHBINASTCS,
Npu4EM €CIIM YMCJIO MCXOIHBIX YacTHUIl IepBoro nopsjaka nl Bc€ Bpems
yOBIBaeT, TO YHCIIO YACTHI] BTOPOTO MOPSIKA N2 BHAYAIE YBEIUIUBACTCS,
a 3aTeM yMeHblIaercsa. UyTb oTCTaBasi O BpEMEHH OT n2, pacTéT KoiIuye-
CTBO YaCTHILl TPETHETO Mopsaka n3, KOTOpoe, MPOias CBOH MakCUMyM, Ha-
YUHAET NajaTh. B 9T0 Bpems Bo3pacTaeT KOJINYECTBO YACTHIL CIETYIOLIETO
TOpSJKA U T. II.

B pesynbpTare mpu KoaryJsiuM 0Opa3yIOTCsl PHIXJIbIE arperaTsl pas-
JINYHON BETMYWHBI, B KOTOPBIX YACTHIIBI HETIPOYHO CBS3aHBI MEXKIY CO-
6oi1. KpynHble arperaTsl moJ JEHCTBHEM CHITBI TSDKSCTH HAUYMHAIOT OITyC-
KaTbcsl Ha JHO cocyna. [Ipoucxoaut nporece ceIMMEHTALUU.
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Ceoumenmayus (OCaXIACHUE) — OCEeIaHUe YacCTHIl TUCTIepCHON (ha-
361 B JKHIKOCTH WJIM Ta3e IOJX JCWCTBHEM TPABUTAIMOHHOTO MO HIIH
EHTPOOEKHBIX CHIL.

CKopoCTh CEAMMEHTALMU 3aBHCUT OT Pa3MEpOB M IUIOTHOCTH 4ac-
THII, OT UX 3apsiJia U BSI3KOCTH PacTBOPA U T. II.

@akTOoph! KOAryJISALUH KOJJIOMIHBIX CHCTEM OBIBAIOT BEChbMa pa3HO-
o0pa3HbiMi. OHM MOTYT OBITH Kak (PU3MYECKOTO, TAK M XUMHUYECKOTo Xa-
pakTepa. Y CIOBHO MOKHO BBIAEIHUTH TPH OCHOBHBIX BH/Ia KOATYJISAINH:

® CCTECTBEHHAS KOATyJISAIMS WU CTApCHNE KOIJIOUIHOTO PacTBOPa;

® B3aMMHasl KOaryJysuus;

® JIEKTPOJIUTHAS KOATyIISAIHS.

Ecmecmeennas xoazynayus. YCTOWIMBOCTh KOJUIOMJHBIX CHCTEM
OOBACHSETCS B3aUMOJCHCTBHEM MEXMOJICKYISIPHBIX CHJI HPUTSDKCHUS
MEXIy YaCTHI[AMH M 3JIEKTPOCTATHYECKUX CHJI OTTAJIKUBAHUS, MIPEISATCT-
BYIOIIUX KOAryJsinuy. VIHTEHCHBHOCTh NPUTSDKEHNS M OTTAJIKUBAHUS 3a-
BUCHT OT PAacCTOSHHS MEXIy YacTHLAMU: HA OTHOCUTEJILHO OOJBIINX pac-
CTOSIHMSX NPe00iIaaeT OTTAIKUBAHUE, a HA MAJIBIX — HPHUTSDKEHHUE.

IMo teopum woarymsuuu b. lepsruna u JI. Jlannay, npu OpoyHOB-
CKOM JABIXCHUH KOJUIOMIHBIC YaCTHIBI CBOOOJHO COMMIKAIOTCS Ha pac-
crostme 10 107 M, OHAKO JaNbHEMIIEMy HX COTHKEHUIO TPEMSTCTBYET
TaK Ha3bIBaeMOE PACKIMHHUBAOUIEE JaBJICHHE, BO3HHUKAIONIEE B TOHKHX
CIIOAX BOJBI, HAXOAAIMXCS MEXKIY MOBEPXHOCTSMH CTAIKHBAIOIINXCS Yac-
THL (TuzapaTHas oOosouka). [lox BIMSIHMEM 3JIEKTPOCTATHYECKHX MOJICH,
CO37]aBa€MbIX HMOHAMH, PACHOJIOKEHHBIMH Ha MOBEPXHOCTH KOJIOMIHBIX
YaCTHUI], MPUJIETAIONINEe K HUM MOJEKYJIbl BOJIbI CUJIbHEE MOJISPU3YIOTCS U
pacronararoTcs 0ojee yHopsA0ueHHO, YTO YCUINBACT CBSI3b MEXIy AUIO-
JSIMH BOJBI M KOJUIOMIHBIMH YacTHUIIAMHU. B pesynpraTe mpuierarommi K
YJacTHUIlE CIIOW BOJABI MpruoOpeTaeT ocoOble CBOWMCTBA (TIOBEHIMICHHAS BSI3-
KOCTb, YIPYTOCTb), YTO HPEMATCTBYET OOBEIMHEHUIO YACTHUII,

Ecnm wacTHiel 001a1a10T 1OCTaTOYHOM IJIst IPEOIOTIEHHS IaBICHUS
PacKIMHMBaHUS 3HEPrHel, TO Ha PACCTOSIHUHM, PABHOM JUAMETPy YacTHII,
T. e. npumepro 107 u 107 cM, HaumHatoT npeoOyafiaTh CUIBI MEXMOJIe-
KYJISPHOTO NPUTSKEHUS U IPOUCXOIUT KOATYIISALUS KOJIOUIHBIX JaCTHII.

Camonpon3BosibHas KOATryJISAIMsS MHOTHX 30JIefi 9acTo IPOTEKaeT
MemneHHO. E€ MOXXKHO yCKOPHTB, HOBBIMIAs CKOPOCTH ABHMKEHUS YaCTHII.
OTO NOMOXET UM IPEOJOJETh PACKIMHHMBAIOLIEE JABJIECHHE. YCKOpEHHE
JBIJKEHUS YaCTUI] MOXKHO BBI3BATh, HAIPUMED, MOBBIIICHUEM TEMIIEPATY-
psl pacTtBopa. [loBbIIIeHNE KOHLIEHTPALUH 3011 TaKXKe MPUBOJUT K YCKO-
PEHHIO €ro KOaryJsIiH, MOCKOJIBKY C YBETHUCHHEM KOHIEHTpPAIHH pac-
TET YuciI0 3PPEKTUBHBIX CTOIKHOBEHUI MKy MUIIEIIAMH.
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Bzaumnas xoazynayus. BzauMHas KoaryJsiusi HPOUCXOMUT IIPU
CMEIIMBAHUH 30JICH C IIPOTHUBOIIOJIOKHO 3apsAKCHHBIMU YaCTUYKaAMH. Ve-
TAaHOBJICHO, YTO 30JIX ITPOABJIAIOT MAKCUMAJIBHOC BIIMSAHUE APYT HA Apyra,
€CIIM CyMMapHBIH 3aps]] UX YaCTHYEK PaBHACTCS HyJIO. DJIEKTpOCTaTHYe-
CKO€ NMPUTATHBAHNE — HE €ANHCTBEHHAs! IPUYMHA B3aNMHOI KOAryJIsIIAH.
HaGuonaercst B3auMHasi KOAryJisiliisi OJHOMMEHHO 3apshKEHHBIX 30JIeH,
KOTOPYIO OOBSCHSIOT XUMHUYECKUM U aICOPOIIMOHHBIM B3aUMOJICHCTBHEM.

B3anmHass koarymsinus KOJUIOMIHBIX PAacTBOPOB HMMeEET OOJbIIoe
TPAKTUYCCKOE 3HAYCHUC. HaHpHMep, Ha MHOTHUX BOJOOYHCTUTCIIBHBIX CO-
OPY)KEHHUSIX K BOJE, COAEPXKaIleH OTPHLATENIFHO 3apsDKEHHbBIC OpTraHHuYe-
CKHE CMECH, JOOAaBIISIOT MOJIOKHUTEIBHO 3apsHKEHHBIC 30JIM THIPOOKHCH
AMOMUHMS Win xkene3a. Ilociae B3aMMHOW Koaryisiuu o0pa3oBaBIIHECS
XJIONbS JIETKO (DUIIBTPYIOTCS.

QﬂekmpOﬂumHaﬂ Koazyisiyus. Hpouecc KoaryJsiiuu O4€Hb 41yBCTBU-
TEJICH K JOOABICHUIO 3JICKTPOIUTOB. DIEKTPOIUTHAS KOATYIALUS MMEeT
Hanboliee BOXHOE TEOPETHYECKOE M MpakTHdeckoe 3HaueHue. Jlaxke He-
OonbIIe KOJIMYECTBA BJIEKTPOIMTOB MOTYT PE3KO YCKOPHTH CKOPOCTb
koaryssinuu. CiiefoBaTebHO, ¢ OAHON CTOPOHBI, JICKTPOJIUTHI HEOO0XO-
JUMBI JUISL CTa0MIN3aUuy 30J1€H, a ¢ Apyrod — ux u30bITOUHOE 0baBie-
HHUE BEeAET K KOaryJisiMu 30jed. BiusHue pa3muyHBIX 3JIEKTPOJIMTOB Ha
9TOT MPOLIECC HEOMHAKOBO.

UroOBI BBI3BATH KOATYIAIMIO 30J€H JOOABIEHHEM JIIEKTPOJIHUTOB,
He00X0aMMO OpaTh AJIEKTPOIIHT B ONPENIEICHHOM KomdecTBe. [Ipu Mabix
KOHIIEHTPALMSX HJIEKTPOIUTOB HACTYIIAET TOJNBKO HAadallbHAsl CTaIMs KOa-
TYJISILMY, KOT/Ia CIMIIaHWE YacTHI] MPOMCXOIUT He3HauuTenbHo. Havaib-
Hasl CTaJus KOaryJsUu IPOTEeKaeT He3aMEeTHO ISl HEBOOPYKEHHOTO Tia-
3a M Ha3bIBACTCSH CKpuIMOU Koazyiayuetl. YBEIUYEHUE KOHLECHTPALUH
DJICKTPOJIMTA BEACT K ,HaﬂbHefIHIeMy Pa3BUTHUIO KOAryJjasaiuu, MOBLIIICHUTO
€e CKOPOCTH M COIIPOBOXKIAETCS MOSBICHUEM OoJyiee KpPYIHBIX YaCTHII.
ITpu 3TOM 3051 MyTHEET. DTa CTAAMs MPOLECCa HA3bIBACTCS SIGHOU KOA2Y-
aayuetl.

O koarynsuuu 30Jei Moz AeHCTBHEM 3JIEKTPOIMTOB OBUIO M3BECTHO
O4eHb JaBHO. [Ipnyem ObUIM yCTaHOBJIEHHBIE 3aKOHOMEPHOCTH KOaryJisi-
WU BJICKTPOJIUTAMU, U3BECTHBIC 110 HA3BAHUCM IIpaBUjia KOAryJialuu.

1. Koarynsamuio BeI3OBYT JOOBIE DIEKTPOJIUTHL, HO C 3aMETHOW CKO-
POCTBI0O OHA HAYMHACTCA IPU OJOCTHIKCHUN onpe;[eneHHoﬁ KOHIICHTpAauH.
MunumainbHas KOHIOCHTpAUA SJCKTPOJINUTA, MPU IPECBBINICHUN KOTOpOﬁ
HaOJII0AaeTCsl KOAryJIsius, Ha3bIBACTCS «IIOPOTOM KOATyJLsIum». Y 3071ei
TIOPOT KOATyJISIIMKM OOBIYHO HEBENIUK M BBIpa)KaeTcs B AOJISIX MHJUTIMOJIEH
UIEKTPOJIUTA HA JIUTP 30i1s. BennumHy, oOpaTHyI0 MOPOTY KOaryJisluH,
Ha3bIBAIOT Koarymupymomei crnocobHocTsro. Koarynupyromas croco6-
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HOCTb V' — 9T0 00BEM 30151, CKOATyJTUPOBAHHOTO | MOJIEM DJIEKTPOJIUTA.
Hagano xoarynsnum MOXKHO OIPEIETHUTh MO Pa3HBIM NPH3HAKaM: 110 U3-
MEHEHHUIO OKPACKU 307151, BOSHUKHOBEHHIO MYTH, 10 HAYaIy BBIICICHUS
ocaJKa U T. [I.

2. Koarynupyromee neiicTBue MMeeT JUIIb TOT HMOH AJIEKTPOIINTA,
3apsii KOTOPOro MPOTUBOMOIOXKEH 3apsAay KomouaHoH gactuisl. Koary-
JUpYIOIas CIIOCOOHOCTh HOHA TeM OoJIbIlle, yeM OoJblle ero 3aps. JTa
3aBUCUMOCTb HasbiBaeTcs npasuiioM Illynsue — I'apau. IIpu sToM koary-
JUpyomiee AeHCTBHE HOHOB PE3KO BO3PACTACT C YBEIHMUCHHEM UYHCIIA MX
3apA70B B IPOTPECCHH, KOTOPYIO IpyOO MPHHMUMAIOT 332 COOTHOLICHHE
LIECThIX CTENEHEN uucia 3apsa0B UOHOB: 1:2°3° ur. o Koarynupytomas
CIIOCOOHOCTh JIBYX3apsSJHBIX MOHOB B JICCATKH pa3, a TPEX3apsIHbIX HO-
HOB — B COTHH a3 BBIIIE, UM y OJHO3aPSJHBIX HOHOB.

C HanbounbIell CKOPOCTBIO KOATyIUPYIOT 3IEKTPOHEHTpaIbHBIE Yac-
TUIBL. Takoe COCTOSHME YacTHUIlBI, 3apsHKEHHON 10 Havajla KoaryJIsmuy,
HaTpuMep MOJIOKUTEIHHO, CTAaHET BO3MOXKHBIM B TOM CIIydae, €CIH BCE
MPOTUBOMOHBI UM (Y3HOTO €105, 3apsHKEHHBIC OTPUIATEIBLHO, OYyAyT IIe-
pEeMEIIeHBI B aJICOPOIIMOHHBIN CITOH.

UYeM BbIIIE OKaKETCS KOHIEHTpalys A00aBIEHHOIO 3JIEKTPOIINTA,
TeM cuibHee Oyner cxar Au(pQY3UOHHBIH CIOH, TEM MEHbIIE CTaHET
{-nmoreniman u 6pIcTpee MOUAET KOATYIIAIHS.

IIpu nocTaTo4HON KOHIEHTPALUU IEKTPOIUTA IPAKTUYECKH BCe €€
MIPOTHBOMOHBI OKAXXYTCS B aICOPOIIMOHHOM CIIO€, 3apsl YaCTUIIBI CHU3HT-
cst 1o Hymst. OtcyrerBue nuddy3HOro cinos 00yCIOBAT 3HAYUTETHHOE HO-
HIDKEHHE JAaBIICHUsl PACKIMHUBAHMSA, U KOATYIALUSI HOUAET C MaKCUMallb-
HOH CKOPOCTBIO.

3. Y HeopraHHYECKHX HMOHOB C OJMHAKOBBIM 3apsOM KOaryJIHpylo-
mee JeicTBHE BO3pacTaeT ¢ YMEHBIIEHHEM THApaTaluu. BeI3BaHO 3TO
TEeM, 4YTO THApaTHas o00O0JOYKAa MPENSITCTBYET aACOPOLUMM HOHOB Ha
ITOBEPXHOCTH YACTHI[ TUCTIEPCHON (a3bl. PsAmpl, B KOTOPHIX MOHBI OJMHA-
KOBOTO 3apsjia pacHoiaraloTcsi MO0 YMEHBUICHHIO CTENEHM THIpaTaluy,
HAa3bIBAIOTCA JIMOTPONHBIMU. CTeneHb ruapaTtaly yMEHbIIaeTcs, a Koa-
TyIUpylollee JeHCTBUE YBEINUUBACTCS C BO3pAaCTaHUEM pajuyca HOHA.

IonoxuTenbHbIE HOHBI: OTpunaTenbHble HOHBIL:

Cs'>Rb">K">Na >Li" CI'>Br >NO; >I >CNS~

Ba2 > S > Ca2t > Mg2+

4.V opraHnmYeckHX HOHOB KOaryJjupymliee IeHCTBHE BO3PACTaeT C
TIOBBIIICHNEM aCOPOIMOHHON CIOCOOHOCTH.

5. Havamy xoarynsiliMu OTBEYaeT CHIKEHHE [I3€Ta-NOTEHIHANa 0
KPUTHYECKOW BeuuHbI (~ 30 MB).
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6. B ocagke, 06pa30BaHHOM IIPH KOATYJISINH, BCETAA IPUCYTCTBYIOT
HOHBI, KOTOPHIE €€ BBI3BAIIML.

Takum 00pa3oM, B MEXaHH3ME KOATyJIHUPYIOIIETO JEHCTBUS JIEKTPO-
JUTOB MOXXHO BBIACIUTE TPH (aKTOpa.

1. Cxarue auch(y3HOHHOTO CIIOS.

Yem OoJiblie 3apsi KOAryJInpyroLUX HOHOB, TEM CHIIbHEE OHH CXKHU-
MaroT 1u(dy3HBII CIOH MTPOTHBOMOHOB.

2. AncopOrist HOHOB Ha KOJUTOMJHOI YacTHIIE.

Ha xomnounzHo# gacTuiie mpoTekaeT u30nupaTenbHas afcopOnus Tex
HOHOB JOOaBJICHHOTO 3JIEKTPOJINTA, KOTOPBIE UMEIOT 3apsil, IPOTHBOIIO-
JIO>KHBIH rpaHyie. UeM BbIIIe 3apsA HOHOB, TEM MHTCHCHBHEE OHU a/ICOp-
6upyrorcs. [Iporcxonsiee B a1cOpOMPOBAHHOM CJIO€ HaKOIJIGHHE HOHOB,
3apsDKEHHBIX [IPOTUBOIOIOKHO YaCTHIIE, COMIPOBOXKIAETCS COOTBETCTBEH-
HBIM YMCHBIICHUEM (-MIOTCHIMANA U, CICeI0BaTeNbHO, nuddy3HOro cuos.
A 3T0, B CBOIO OU€peb, TOBBIIIAET CKOPOCTH KOATYJISIIIUHU.

3. IIporecc HOHOOOMEHHO¥ ancopOnny.

[omumo cxatust udGy3HOTO CI0s U ACOPOIH HOHOB MPH KOary-
JSIMUM 30JI€d 3IIEKTPOJIMTAMHU TIPOMCXOIUT HPOIlecC MOHOOOMEHHOH an-
copOuuH, IPH KOTOPOM HMPOTHBOMOHBI aJICOPOLIMOHHOTO CJI0si OOMEHHBa-
I0TCS Ha OJHOMMEHHO 3apsDKEHHbIE MOHBI JI0OABIEHHOTO 3JIEKTPOJIUTA.
Ecmu 3apdad DOCJICAHETO BBIIIE, YEM Y IMPOTHBOMOHOB, TO TaKas 3aMCHa
TPUBOAUT K 3HAYUTECIIbHOMY IMMOHUKCHUIO (;-HOTeHHI/IaHa.

KOaZyJZ}ZL{M}Z CMECAMU INNEKMPOIUMO6

B03MOXHEI TpH CIIydas COBMECTHOTO JEHCTBHS CMECH M3 ABYX WU
OoJree MEKTPOIUTOB HA KOJJIOUIHBIN pacTBOP.

1. AIIUTHBHOCTE — CYMMHpPOBAHHE KOATYJIHPYIOIIETO JeHCTBUSA
AJIEKTPOITUTOB.

2. AHTaroHu3M — OJIFH JICKTPOJIHT OCIA0ISIET NCHCTBHE APYTOTO.

3. CuHeprusm — OAUH 3JEKTPONIUT yCUINBAET AEHCTBUE JPYTOro.

Ecnu paccmarpuBaTh KaXKIbli 3JIEKTPOJIUT B OTIEJIBHOCTU OT OC-
TaJIBHBIX, TO CYIIECTBYET TaKas €ro KOHIEHTPALHs, KOTOpasi OyAeT BBI3bI-
BaTh OBICTPYIO KOATYJIALUIO 307151, IIprMeM 3TO KOJIMYECTBO DIICKTPOIINTA,
BEI3BIBAIOIEE OBICTPYIO KOaryisnuio, 3a 100% u paccMoTpuM Temephb co-
BMECTHYIO Pa0OTy IBYX Pa3IMYHBIX JICKTPOIHTOB.

Aodoumusnocme. B ciydae aJIMTHBHOCTH TIOMBITKA TOOUTHCS KOAry-
JIAIUK 3011 OJHUM M3 3JIEKTPOJIUTOB IPH KOHICHTPAIMH MEHBIIEC YeM
100% mnoTpedyeT 100aBICHNUS COOTBETCTBYIOIIETO KOJIUYIECTBA BTOPOTO.

Hampumep, ecnu ogHOTO B3sTO0 70% OT KOHIIEHTPAITUH KOATYJISIIUH,
TO BTOpOTO MoTpedyercs nobasuts 30% (B cymme 100%).
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Anmazonuszm. Ilpn aHTaroHM3Me B JEHCTBHM 3JIEKTPOJIUTOB OKa3bl-
Baercsi, uTo Ha 70% KOHIIEHTpAIlMU OJTHOTO M3 HHUX HYXHO yxe He 30%
KOHIIEHTpAIMH KOATYJISIIMKA JAPYroro, a Ooibine, Hanpumep 55%. Takum
00pazoM, cyMMa MX KOHIIeHTpanuii ctareT 6omipmie 100%.

Cunepeuszm. Tlpu cuHeprusme, sl TOTO YTOOBI MOJTYYUTH OBICTPYIO
Koaryyauuio 3051 Ha 70% OT KOHUEHTpalHuy KOAryJsiUH OJHOIO DJIeK-
TPOJIUTA, AOCTATOYHO N00aBUTh, HanpuMep, 15% OT KOHLEHTpaLUHu Koa-
TYJIALIUN BTOPOTO »JekTpoinuTa. CyMMa KOHIIEHTPAILUi B pe3ynbrare Oy-
net mensmre 100%.

[Ipu Koarymsmuu 30J€ld CMECSIMH 3JICKTPOIUTOB OOBIYHO HAOIIOHA-
€TCsI CHHEPI'H3M WM aHTArOHU3M. AJJTIMTHBHOCTB JKE MPEICTaBIIEeT COOO0M
penKoe sSBICHHE.

SIBneHue cuHepruzMa MOXKeT ObITb 00yCIOBIEHO 0Opa3oBaHHEM U3
JOOABIEHHBIX JIEKTPOIUTOB MHOT03apsSIHBIX KOMIUIEKCHBIX HMOHOB, 00-
JIaAFOIIIX CHIIBHBIM KOATyJIHPYIOIINM IeHCTBHEM.

AHTaroHm3M OOBSACHAETCS, B YAaCTHOCTH, OOpa30BaHWEM U3 STHX
QIIEKTPOJUTOB MM KOMIUIEKCHBIX COCIMHEHHH MEeNTH3aTOPOB, WIH CI1a0o-
JIFICCOLIMMPOBAHHBIX YaCTHII, HE BIMSIOMINX Ha KOJUIOMIHBIN PacTBOP.
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PACTBOPbI BbICOKOMOJIEKYNAPHbBIX
COEAMHEHUU

IIpuponnsie BbrIcOKOMONEKyIsApHble coenuHeHus (BMC) uzBecTHbI
OueHb AaBHO. Takue NMPHUPOJHBIE MAaTEPHAIBI, KaK Pa3IMYHBIC BOJIOKHA,
KOXXa M KaydyK, HCIOJIB30BAINCE eIle B ApeBHUE BpeMeHa. OnHaKO XU-
muss BMC kak camocrosTenbHas HayKa Hadajla pa3BUBAThCA JIMIIG B
1920-x rr.

Onpenenenne ctpoenuss BMC u onucanue ux CBOWCTB J0JITO€ Bpe-
Ms 3aTPYAHSINCh HEBO3MOXHOCTBIO BBIIENEHHS X B UUCTOM BHUIE METO-
JaMU KJIaCCHUYECKOIl OpraHn4ecKoi XUMUH U HaXOXAEHHUS UX TOYHBIX (U-
3U4YeCKUX KOHCTaHT. V3yuenne crpoenus u cBoiicte BMC crano Bo3Mox-
HBIM TOJIBKO C Pa3BUTHEM (PU3NIECKON XUMHH U TOSBICHUEM TaKUX METO-
JIOB HCCIICIOBAHMUS, KaK peHTreHorpadus, seKkTpoHorpadust u ap. beum
CO3J1aHbI TaK)Ke CHELMAIBHBIE METOMABI ONPEIEIEHUS MOJIEKYIAPHON Mac-
Cbl, (JOPMBI M CTPOCHUSI THTAaHTCKHX MOJIEKYJI, HEH3BECTHBIX B KilaccHye-
CKOH XUMMH.

IepBbie momeiTku onucanus csoiictBa BMC Ha ocHOBe mpejcTaBie-
HUN KJIACCUYECKOM XMMHUM IPUBEIM K KOJUIOUJHOM TEOPUU CTPOEHUS
BMC. Hanbosnpiree 3Ha4eHNE TS TOCTEAYIOMIEro pa3BuTHs XxuMun BMC
uMenn muyennapuas meopus K. Meiiepa 1 0cOOEHHO Makpomonekynapnas
meopus I'. lImayouneepa.

CornacHo munenspHoit Teopurn BMC nmocTpoeHs! U3 MUIE, KOTo-
pble IPENCTaBISAIOT COOOM IMyYKH JKECTKHX Makpomonekyd. lltaynunrep,
HaOI0ast OYEeHb BBICOKYIO BS3KOCTh JaXe HU3KOKOHIIEHTPUPOBAHHBIX
pactBopoB BMC, BbICKa3an TpPENoNoKeHHe O CYIIECTBOBAHHU OYEHb
JUTHHHBIX, HEACCOIIMMPOBAHHBIX MEXKIY COOOH MOJEKYJ, pa3Mepbl KOTO-
PBIX 00YCIIOBIIMBAIOT Bce ocobeHHocTn BMC.

Ha ocHoBe pe3ynbTaToB NanbHEHINNX HCCIENOBAHUN CTPYKTYpBHI U
cBoiicte BMC cdopMupoBaiuce COBpeMEHHBIC IPEICTABICHUS O CTpOE-
nuu BMC.

BbIcOKOMOTIEKYIISIPHBIE COEMHEHNUSI — 3TO BEIIECTBA, MOJICKYJIBI KO-
TOPBIX XapAKTEPUZUPYIOTCSI OTHOCUTEIBHO BBICOKOW MOJIEKYJIIPHON Maccoi
(OT HECKONBKMX THICAY O MHJUTHOHOB) M XapaKTEPHOH OCOOEHHOCTBHIO
KOTOPBIX SBISIETCSI TO, YTO OHM COCTOST OOJBIIOTO YHCIa MHOTOKPATHO
MOBTOPSIOIUXCS OJMHAKOBBIX 3BEHBEB, Pa3MePhl KOTOPBIX COU3MEPUMEI C
pasMepaMu 4acTHll YIbTPaMHUKPOTeTepPOreHHbIX cucteM. IloaToMmy BBICO-
KOMOJIEKYJISIPHBIMH SIBIIIIOTCS. BCE MONMMEpHBIE cOeTUHEHUs. MoeKybl
BMC npunsaTO Ha3elBaTh MakpoMoiiekyidaMu. CroiictBa BMC 3aBucar ot
BEJIMYMH U (OPM MaKPOMOJIEKYII.
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Knaccuguxayus 6b1cokoMoneKyIsApHbIX coeOUHeHU

Kraccugukarys BHICOKOMOJICKYJISIPHBIX COCMHEHUH MOXKET IPOBO-
JUTHCS IO Pa3INYHbIM NPUHIHUIIAM U IPU3HAKaM, 3HAHHE KOTOPBIX MO3BO-
JSIeT OTy4aTh LIEHHbIE CBEIEHHS O CTPYKType U OCHOBHBIX CBOMCTBAaX Ta-
KHUX COCIMHCHMI M KOMITO3UIUH, TIOJTyYCHHBIX Ha UX OCHOBE.

1. I1o npoucxostcoenuro BBICOKOMOJIEKYISPHBIC COSTUHEHHS ACIAT Ha:

1) mpupoxHbEIe WK OHOTONMUMEPHI. XapaKTepHBIMU IPEICTaBUTENS-
MH TaKMX COCIVHEHHI SBIAIOTCS NPUPOIHbIE OENKH, HYKJICHHOBBIE KH-
CIIOTBI, TIOJIUCAXapHUIIBI U JIP.;

2) HCKYCCTBEHHBIC, MOJy4aeMble IIyTeM XUMHYECKOH 00pabOTKH Ha-
TypaJIbHBIX BBICOKOMOJIEKYIISIPHBIX coequHeHHH. K uncimy takux marepua-
JIOB OTHOCSITCSI: HUTPOLIGJUTION03a, BUCKO3a U JIp.;

3) cuHTEeTHYEeCKHE, TPEACTABIIONHE cOO0OH MPOIYKTH IPOIECCOB
TTOJIMMEPH3AIH WX TTOJIMKOHICHCAIIMA HU3KOMOJICKYIISIPHBIX COEIHMHE-
. K sTromy Hambosee BakHEHIIEMy KIaccy BBICOKOMOJIEKYIISIPHBIX CO-
€IMHEHUH OTHOCSTCSI MOJIMATHIICH, MOJMBHHIIXJIOPH, MOJHUAMHIBI, HO-
JUCTUPOIIBI, (EHOTOPOPMANBIACTUAHBIE CMOJIBI, MOJINYPETaHbl U MHOTHE
JpyTHe COeAUHEHUS.

II. ITo cmpyxkmype makpomonexyn BBICOKOMOJIEKYIISIPHBIC COEIUHE-
HUS MOTYT TTOZIPA3eNAThCS Ha:

1) muHelHBIe, XapaKTEPHU3YIOLUIUECS MOJIEKYJaMU BBITSHYTOH WIIH
3Ur3aroo0pasHoit (opMbl 6e3 OOKOBBIX OTBETBICHHH MM C OTBETBICHHSA-
MU MaJol AnuHBL. [IpeacTaBUTENsIMH 3TOrO Kiacca SBISIOTCS: HOJIUITH-
JIeH, 1[eJUTI0J103a, aMUII03a, 6eKH U Ap. JInHeHHOCTs MoNeKy onpeaenser
TUINHWYHBIE CBOMCTBA IOJIMMEPOB: 3JACTUYHOCTH, CIIOCOOHOCTH 00Pa30BHI-
BaTh NIPOYHBIC IJICHKU U HUTH, Ha0yXaTh, TaBaTh BSI3KHE PACTBOPEI,

2) pa3BETBIICHHBIE BBHICOKOMOJICKYIIAPHBIC COCIUHEHUS, Y KOTOPBIX
JUTMHA OCHOBHOHM IIEMM COW3MEpHMa C JUTMHOW OOKOBBIX OTBETBJICHHUH.
K Takum coenMHEHMSAM OTHOCHTCA psAA HOJMAKPHIATOB, PA3IHIHBIC
COIIOJINMEPBI, aMHIIONIEKTHH, TJIMKOTEH H JIp.;

3) mpocTpaHCTBEHHBIE (CETYAThIE, TPEXMEPHOCIINTEIE) BHICOKOMOJIE-
KyJISIPHBIC COCAMHEHUS], TIPEICTABIIAIONINE COOOH CBSI3aHHBIC XMMUUCCKUMHU
CBSI3IMH BO BCEX TPEX HANPABICHUSIX MIPOCTPAHCTBA OTPE3KH MAKPOMOJIe-
kyn. IlpencTaBuTens MM 3TOTO Kiacca COEIUHEHUH SBIIOTCS (EHOI-
(opManbIeTHIHbIE, TTOKCUIHBIE, KapOaMHUIHbIE CMOJIBI, MOJIEKYJIbI Oel-
KOB C TPETUYHOM M YETBEPTHUYHOH CTPYKTYpoH M Ip. MaKpoMoJeKyJbl
MIPOCTPAHCTBEHHBIX (CETYATHIX) MOJMMEPOB 00pa3yloT TPEXMEPHYIO MpO-
CTPAHCTBEHHYIO CEeTKy. Takue MmoauMephl He CIIOCOOHBI PaCTBOPATHCA, HE
TEKy4H, OTPaHHYCHHO HaOyXxaioT. Pa3BeTBIICHHbBIE MOTUMEPHI COCTOST M3
MaKpOMOJIEKYJI C OOKOBBIMH OTBETBIICHUSAMH, IPUIeM OOKOBBIE BETBH MO-
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TYT UMETh JUIMHY TOTO Xe MOPS/KA, YTO U OCHOBHAS IeNb. DTUM MOJIHMe-
paM TIPHCYIIH TNPOMEKYTOYHBIE CBOWCTBA MEXKIY JHHEHHBIMH M TIPO-
CTPAHCTBEHHBIMH ITOJIMMEpaMH (HallpuMep, Kpaxmai).

I11. ITo xumuuecxoii npupode MOAPA3NCIAIOTCS HA:

1) opraHu9ecKkye, THIMIHBIMH IIPEACTABUTENISIMH KOTOPBIX SIBIISFOT-
cst OenKH, MOoJNMoNe(HHBI, MOIUBUHIWIXIOPUL, GeHono(GopMaIbaeruIHbIe
U 3MIOKCHIHBIE CMOJIBI U T. 11.;

2) HeOpraHNYECKHe, K KOTOPBIM MOXHO OTHECTH COSAMHEHHUS Ha OC-
HOBE CepBl, KpeMHUs, (ochopa U IPyTruxX HEMETAIIIOB;

3) 271eMEHTOOPTaHNYECKHE, K YHUCITY KOTOPBIX OTHOCSTCSI BBICOKOMO-
JEeKyJSIPHbIE COSIMHEHUsI, MAKPOMOJIEKYJIBI KOTOPBIX COAEPXKAT Hapsy C
YTJICBOAOPOAHBIMU TPYNIIAMH HEOPraHWYecKHe (parMeHTHI, B IEPBYIO
o4yepeab aTroOMbl IIOJMBAICHTHBIX METAUIOB (L[MHKA, MarHus, MeIH),
aTake KpemHus, ¢ocdopa unp. K Takum CcoeIMHEHHSM OTHOCSTCS:
KpeMHHUOpraHndeckue (TOJMOPraHOCHIIOKCaHbl), 0op- u Qocdopcoaep-
JKaIe TOINMEpPHI.

KrnaccnpunupoBaTs BBICOKOMOJICKYNISPHBIE COSAMHEHHS MOXXHO H
TI0 sy APYTHX MPU3HAKOB, HAIIPHMEP I10 THUIY PEAKIUH MOIyYeHHUs, 0
OTHOILECHHUIO K JEHCTBUIO HOBBIILICHHBIX TEMIIEPATyp, B 3aBUCHMOCTH OT
COCTaBa OCHOBHOM (TJIaBHOM) IIENH U JP.

XapakTtepHas ocobeHHOCTh GonpimHcTBa BMC mnu noiuMepos —
CTIOCOOHOCTH HaXOJIUTHCS B IPHPOJE TONBKO B KUAKOM HIIH TBEPIOM CO-
CTOSIHHU.

Y MakpOMOIEKYJ SIPKO BBIpaXkKe€Ha CIIOCOOHOCTH K CONIbBATAIUH MO-
JeKyJaMi PAacTBOPUTENS, B OTIMYHME OT THUIMYHBIX JHO(POOHBIX CHCTEM.
PactBopsr BMC, siBnssick TMO(MIBHBIMU ANUCTIEPCHBIMH CHCTEMaMH, CO-
YETAIOT CBOIMCTBA KaK MCTHHHBIX PACTBOPOB, TaK M JIMO(OOHBIX 30JICH.

Bzaumooeiicmeue BMC ¢ pacmeopumenem

B3anmogeiicTBre mommuMepa C pacTBOpHUTENEM HadMHAeTCs ¢ Haly-
XaHUS.

Habyxanue — ocmomuueckuti npoyecc, npu KOMOPOM HPOUCXOOUM
ougpysus monexyn pacmeopumens ¢ BMC, T. e. IpOUCXOIUT MOTTIOLMICHUEC
pacTBOpPUTEIIS BELIECTBOM, 00bEM M Macca KOTOPOTO HPH ITOM YBEIHYH-
BAaIOTCSL.

HalOyxaHnune xapakrepusyeTcs CTeleHbl0 HaOyXaHus 0, KOTopas MpH-
paBHHUBaETCS Macce KHUIKOCTH, OTIIONIEHHOH eIMHAIICH MacChl BeIecTBa
Ha JIaHHOW CTaJIu¥ HaOyXaHUs NIPU JAHHOW TeMIIeparype.

Halyxanne MoeT ObITh MEXCTPYKTYPHOE M BHYTPHCTPYKTYpPHOE.
[Ipn MeXCTpYKTYpHOM HaOyXaHHH MOJEKYJbl pacTBOpuTens IudyHIu-
PYIOT BHYTPb aMOP(HOT'0 MOJIMMEpa U 3aHUMAIOT CBOOOHOE ITPOCTPAHCTBO
MEXIY 3JIeMEHTaMH HaJMOJNEKYISPHBIX CTPYKTYyp. IIpu BHYTPUCTPYKTYp-
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HOM Ha0yXaHHH MOJICKYJIBI PACTBOPUTEINS MPOHMKAIOT BHYTPh HaIMOJIE-
KYJISIpHBIX 00pa30BaHMH, pa3iBUTasi CHa4yana OTACIBbHBIC YIACTKH MaKpo-
MOJIEKYJI, a 3aTeM W IEeJIWKOM JUTMHHBIE TONIMMepHBIe IlenH. JTo Habyxa-
HHE CONPOBOXIACTCS 3HAUUTEIILHBIM yBEINUCHUEM 00beMa, 1 €CIIH CBA3H
MEK/ly MaKpOMOJIEKYJIaMH CTAHOBSITCSI MEHBIIE OCMOTHYECKUX CHJ, TO
MaKpOMOJIEKYJIbl OynyT andQpyHIUpoBaTh B PacTBOPUTENL U HaOyXxaHHE
NIEPEUIET B PACTBOPEHUE.

PaznmugarorT Taxke HEOTpaHHYEHHOE M OTpaHMYCHHOE HaOyXaHWE.
HeorpanndyenHoe HaOyxaHHe XapaKTEpPHO IS JTMHEHHBIX aMOP(HBIX IIO-
JMMEPOB, COIBBATHPOBAHHBIE MOJIEKYJIBI KOTOPBIX JIETKO INEPEXOAAT B
pacTBOp. DTOT MPOLECC aHAJIOTMYEH B3aUMOPACTBOPCHHUIO JBYX HEOIpa-
HUYECHHO CMeLIMBaronmxcst skuakocreil. Tak HaOyxaioT 0enok B Bofe,
Kaydyku B OeH301e, LeI0I03a B MeJHO-aMMHaYyHOM pacTBope. IIpu or-
paHUYEHHOM HaOyXaHHUM IIPOIECC HE MEePeXOJUT B MOJHOE PacTBOPEHHUE.
Tax HaOyxaeT jkeJIaTHH B BOJIE IPH KOMHATHOH TeMIiepaType.

C yBenn4eHHEeM TeMIIepaTyphl PacTBOPHMOCTH ITOJIMMEpa PacTeT |
[P HEKOTOPOH TEeMIIepaType 3TOT BUA HaOyXaHHS NEPEXOJUT B HEOTpa-
HUYEHHOE.

OrpannueHHOe HaOyxaHKe PHUCYIIE TPEXMEPHBIM noiaumepam. Ecin
LIENH MTOJIMMEPOB «CIIUTHIE», T. €. UMEIOT MOCTUKOBBIE CBSI3H, TO JIAXKE I10-
BBIIIICHNUE TEMIIEPATypsl HE MPHUBOAUT K HEOIPAaHWYCHHOMY HaOyXaHHIO.
[Ipu HEOorpaHWYEHHOM HaO0yXaHWH CTENCHb HAOyXaHMS JOCTHTaeT MaKCH-
MaJIBHOTO 3HAYEHH, a 3aTeM YMEHBINAeTCs 3a CUeT pacTBOpeHHsA. B aTom
cirydqae HaOyxaHHe SIBJISICTCS] IEPBOM cragueil pacTBopenus. [Ipu orpanu-
YEeHHOM HaOyXaHHM CTENECHb HaOyXaHMS NOCTHIaeT MaKCHMAaJILHOTO IIPU
JaHHOHM TemIiepaType ¥ KOHIIEHTPAI[MW 3HAUCHUS W jJanee He MEHseTcs.
OrpannueHHOE HaOyXaHHe IPUBOJUT K 00Pa30BaHUIO CTYIHS.

IIponecc HabyxaHus U30UpaTeNeH B 3aBUCUMOCTH OT Ipupo 161 BMC
u pactBopuTens. Bug HaOyxaHUS W €ro CKOPOCTh ONPEAesSOTCS TeMIle-
patypoii pactBopurens. [Qnst onnoro m toro ke BMC u pacrBopurens
MOXXHO HaOII0JaTh OJHOBPEMEHHO OTPaHHYEHHOE M HEOTPAaHMYEHHOE Ha-
Oyxanue (pactBopenne). Yacte xpaxmana 10-20% (macc.) mocie obpa-
0OTKM TeIIoH BOAOW pacTBOpseTcs (HeorpaHHMYeHHOe HalyxaHue), a
OoJibllIasl YacTh €ro0 HEPACTBOPUMA M CIIOCOOHA K OrpaHUYCHHOMY Haly-
xaHuto. HabyxaHne COmpoBOXIaeT KU3HEAEATEIBHOCTh BCEX PACTHUTEINb-
HBIX ¥ )KHBOTHBIX OPTaHU3MOB. SIBJIeHHE HaOyXaHH HCHOIB3YIOT IS Ol-
peneneHus BeIMYNHBI TapaMeTpa pacTBOPHMOCTH IOJIMMeEpa, €ro TUIOTHO-
CTH CIIMBKH U CTEIICHU OPHEHTAIINH.

Halyxanne siBisiercst cnenupuueckuM AJIs TOJIMMEPOB HPOSIBICHHU-
€M 3aMe/UICHHOW KMHETHKH CMEIICHUs JBYX KUAKUX (a3 — pacTBopuTe-
JI. ¥ MCXOJHOTO TOJMMepa, KOTOPBIH MOTEepsUl CBS3HOCTh U TBEPAOCTS.
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IMepexox ot HabyxaHMs K HOJHOMY CMEIICHHUIO C PACTBOPHUTENIEM Ha3bIBa-
€TCs pacmeopenuem noaumepa.

CaMomnpou3BOJIbHOE HM30TEPMHUYECKOE CMEILICHHE JIBYX KHUAKOCTEH
OyJIeT TpOHCXOMUTh JHOO ¢ yMeHbIIEHHWeM OJHepruu [mnbbca (mpu
p = const), OO ¢ YMEHBIIEHUEM CBOOOIHOM sHeprun [ enmpmromnbua (Ipu
V' = const). 310 peanu3yercsi B HECKOIBKUX CIIy4dasx:

® PacTBOPEHUE COMNPOBOXKIACTCS BBIJECICHHEM TEIUIOTHI (IK30TEpPMHU-
YECKOEe) ¥ BO3pacCTaHWEM SHTponuu. [Ipu 3TOM dHEprus B3amMOACHCTBH
MEX/y pPa3HOPOAHBIMH MOJIEKYJIaMH OOJIbILIE, YEM MEXAY OAHOPOIHBIMH,
YTO TPOMCXOIUT NPU PACTBOPEHUM JKECTKOLENHBIX MOINMEPOB (3(GHUPOB
LIEIUTIOJIO3b]; TIOJIMMETAaKPUIIaTa);

® PacTBOPCHUE IK30TEPMHUECKOE, OJIHAKO COIPOBOXKIAETCS YMEHb-
LIEHUEM OJHTPOIHMU BCJIEACTBHE WMMOOWJIM3ALMU pacTBopuTeis (T. e.
YMEHBIIEHNS €r0 MOABIXHOCTH) B 00pa3yIOMMXCsA COMBBATHBIX 000JI0Y-
Kax BOKpPYT' 3B€HbEB MaKpOMOJIEKYJI. DTO HAOIFOaeTCsl IPH PACTBOPEHUU
TIOJIAPHBIX TTOJMMEPOB B MOIAPHBIX PACTBOPUTEINSX, YTO OCOOCHHO BayKHO
B IIpoLIECCE PACTBOPEHHS OHMOJOIMYECKHX IOJMMEPOB U B OOBACHEHHH
TEPMOIMHAMUKHN OMOJIOTUUECKUX CHCTEM;

® PacTBOPEHUE IHIOTEPMHUUECKOE, CONPOBOXKAACTCS BO3PACTAaHUEM
SHTPOIUH, YTO COOTBETCTBYET PACTBOPEHHIO I'MOKOLEIHBIX MaJIOMOJISIpP-
HBIX TIOJIMMEPOB B HEMOJLSIPHBIX KHUAKOCTX (MONKUOYyTaIUeH, HOJIUH30IPEH
B OcH30171¢).

Takum 00pa3zoM, clIOCOOHOCTH MOJIMMEpPA PACTBOPATHCS ONpEIeIsIeT-
Csl COOTHOILIEHHEM MEXIy M3MEHEHUsIMHU TerioBoro sddekra (AU n AH)
u sHTponU. OYeHb BaXKHBIM IIPU PACTBOPEHUH NOJIMMEPOB SBJISAETCS BO3-
MOYKHOCTb BIIMSIHMS B3aMMOJEHCTBHSI MEXIy MOJIEKyJIaMH HOJUMEpa U
pacTBOpuTelsi Ha TMOKOCTh LIEMHBIX MOJIeKyJs. Hamuuune rubkoctd Mole-
KyJl TOJIMMEPOB MOXET BBI3BaTh, C OJHOW CTOPOHBI, HX PacTBOPUMOCTh
IIPU SIBHO HEBBITOJHBIX JHEPTETHUYECCKH YCIOBHAX B3aUMOJCHCTBHSA, a C
JpYTroil CTOPOHBI, HEPACTBOPUMOCTh HPH SBHO BBITOTHBIX B3aUMOJEHCT-
Busix. [ToaToMy 3HaK TemioBoro 3d¢dexra 1 HaTMYKe PACTBOPUMOCTH HU3-
KOMOJIEKYJISIPHBIX TOMOJIOTOB HE SIBJISIFOTCS PEIIAIONIMMU JUISl PacTBOPH-
MocCTH nosiuMepoB. Tak Kak pacTBOpPEHHE COMPOBOXKAACTCS YMEHbIICHHEM
cBOOOIHOM 3Hepruu, pacTBopsl BMC sBISIOTCA TEpMOJUHAMHYECKH yC-
TOWYMBBIMH M He TpeOyroT MpHCYTCTBHA cTabmam3aropos. bomee Toro,
pactBopsl BMC camu gacTo HCHONB3YIOT Kak cradminsaropsl. PacTBopu-
MOCTb TIOJIIMEPOB 3aBUCHT OT CIIEAYIOIHNX (PaKTOPOB:

® [IPUPOJBI ITOJIUMEPA U PACTBOPUTEIIS;

® rMOKOCTH IIeNH MOJIMMEpa W HaJIWYUs IMONEPEYHBIX XHUMHYECKUX
CBSI3EH;
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® MOJICKYJISIPHOI MacChl U XUMHYECKOTO COCTaBa MOJINMEpa;
® KPUCTAUIIMYECKOI CTPYKTYpHI OINMEpa;
® TEMIIEPATypbl PACTBOPEHUSI.

CsomucTtBa pactBopoB BMC

s pactBopoB BMC xapakTepHbl TpH I'pyImibsl cBOHCTB. IlepBbie
JIB€ TPHUCYIIN HCTUHHBIM U KOJJIOHIHBIM PacTBOpaM, a TPETbs IpyIma
CBOICTB XapakTepHa TonbKo A pactBopoB BMC. OtiauuurensHele cBOii-
ctBa BMC 110 cpaBHEHHUIO ¢ UCTUHHBIMU U KOJUIOMHBIMU PAaCTBOPAMHU:

e 00naaroT OOJBIION BA3KOCTBIO, TaK KaK IPH B3aHMOJCHCTBUH
MaKpOMOJIEKYJI 00pa3yloTcsi acCOIMaThl (HaJMOJICKYIIApPHBIE CTPYKTYPBI)
Pa3HBIX pa3MepoB U (HOPMBI;

® TepMOJIUHAMHUYECKH yCTONYHBEL;

® criocOOHBI K HAOyXaHHUIO;

® OCMOTHYECKOE JaBJICHUE BCJICACTBHE B3aUMOMACHCTBUSI MEXIY MO-
JIEKyJIaMH OTKJIOHSETCS OT JIMHEHHOM 3aBUCHMOCTH C POCTOM KOHIICHTpA-
IHH;

e coOmoaetcest mpaBuiio ¢a3 'mdoca;

® MaJIble BEJIMYMHBI cCKopocTed quddy3nm;

® KOJUIOW/AHAS 3alIUTa.

Cnenuduueckne cBOWCTBa MONIMMEPOB OOYCIIOBIEHBI TJIaBHBIM 00-
Pa3oM IByMsI OCOOCHHOCTSIMH:

1) cymecTBoBaHHEM JABYX THUIIOB CBSI3€il — XMMHUYECKHX U MEKMO-
JEKYJNAPHBIX, YAEPKUBAIOUMX MaKpOMOIEKYISpHBIE IIEMU APYr OKOJIO
Apyra,

2) THOKOCTBIO IIeTICH, CBA3aHHOW C BHYTPECHHUM BpAIICHUEM 3BECHBEB.

Bsaskocmos. BA3KOCTB pacTBOPOB, XapaKTEPU3YIONIasi COMPOTUBIICHHE
Cpenbl ABMKEHHIO, BO3PACTAET C yBETMIEHHEM MOJISIPHOI MacChl IOJIMMEpa
U 3HAYUTENIBHO BBIIIE, Y€M y PACTBOPOB HH3KOMOJEKYISPHBIX COEIHHE-
HUI TexX ke KOHIeHTpauui. llens MakpoMoJIeKyIbl pacrnoaaraercs cpasy B
HECKOJIBKHX CIIOAX >KUAKOCTU U MPEMSATCTBYET UX MEPEMELIEHUI0 OTHOCH-
TEJIBHO APYT ApyTa.

Bs3k0CcTh BOZHOTO pacTBOpa Oenka MUHHMAlbHA, KaK U ero Ha0yxa-
Hue, npoucxoaut npu pH = pl, uro cBs3aHO ¢ Hambomee KOMITAKTHBIM
CTpoeHHeM MakpoMojekynl. C TedeHHeM BPEMEHH B pacTBOpax OHOITOIH-
MEPOB NMPOUCXOAUT 3HAYUTENBHOE UX CTPYKTYPUPOBAHUE, YTO MIPHUBOIUT K
YBEIHUCHUIO BSI3KOCTH.

TemmnepaTypa no-pa3HoMy BIMsIeT Ha BA3KOCcTh pacTBopoB BMC. Ec-
J¥ pacTBOpP 00pa30BaH CHIIBHO Pa3BETBICHHBIMU MOJIEKYJIaMU, yBEIUUe-
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HHE TeMIIepaTypbl, YMEHbBINAs BO3MOXKHOCTh CTPYKTYPHPOBAHHS, YMEHbB-
[IaeT ¥ BA3KOCTh. ECIIM MONMMMEp COCTOUT U3 UTMHHBIX HEPa3BETBICHHBIX
LIeTel, MOBBIIICHHE TEMIIEPATyPhl CIIOCOOCTBYET YBEIMUCHUIO HHTCHCHB-
HOCTH JBMIKCHHS OTICIBHBIX (DparMeHTOB MaKpOMOJIEKYIIBI, IIPESATCTBYSI
€€ OPHUEHTAIIMH B MOTOKE M YBEIMUYMBAs BI3KOCTb.

Ocmomuueckoe Oagnenue. OCMOTHYECKOE MHaBJICHUE pACTBOPOB
BMC cyniecTBeHHO OTIHYACTCS OT PACCUUTHIBAEMOTrO COTJIACHO YpaBHe-
uuto Bant-T'odda: n = cRT.

DTO 00BSICHSAETCS OTHOCUTEILHON HE3aBUCUMOCTBHIO TEIUIOBOIO JIBH-
JKCHUSI OTICIBHBIX YYaCTKOB IIOJMMEPHOM MOJeKysl. VHade roBops,
KaX/as MaKpOMOJIEKYJ1a BeJIeT ceDsi KaK COBOKYIMHOCTh HECKOJBKUX MO-
JIeKyJl MEHBIIEr0 pa3Mepa, 4To M HPOSBISETCS B YBEIUYCHUH OCMOTHYE-
CKOI'O JaBJICHHS.

s pacueTa OCMOTHYECKOTO JABJICHHS TPEUIOKCHO YpaBHCHUE
Tannepa:

n=((RT)/M)c+ B,
rne ¢ — KoHIeHTparust pactsopa BMC, r/im; M — ero momsapHas macca,
r/™Mone; B — xo3dpdunuent (xoddpdunment [amiepa), yInTHIBAIOIIUA
rHOKOCTH U (hopMmy MoJieKysisl BMC B pactBope.

[Ipu HEOONBIINX KOHICHTPAIMAX MOJHMepa 3HAYEHHE JTOrO Cia-
raeMoro HEBEJMKO U ypaBHeHUE ['ajuiepa coBmajaeT ¢ ypaBHeHHeM BaHT-
Todda.

Membpannoe pasnogecue fomnana. B cucteme pacTBOpoOB, pasze-
JICHHBIX MEMOpaHOH, KoTopasi HEeNpoHHIIaeMa XOTs OBl U OJHOTO BHIA
HMOHOB, YCTaHABIIMBACTCS PaBHOBECHE, KOTOPOE HA3BIBACTCS MEMOPAHHBIM
pasHnogecuem JJonnana. Hampumep, MOHBI OEITKOB B KJIETKE, B OTIMYHE OT
HU3KOMOJICKYJISIPHBIX HOHOB OOBIYHBIX 3JICKTPOJIHMTOB, HE MOTYT AUPPYH-
JIUPOBaTh CKBO3b MEMOpaHy, TOTJa KaK MOIBIXKHBIC HOHBI AUGOYHAUPY-
10T U3 OJJHOTO PacTBOpa B APYroi. /IBiskeHHe HOHOB OyAeT MPOUCXOIUTH
JI0 TeX MOp, MOKa NMPOU3BEICHUE KOHIEHTPANUil HOHOB MO 00€ CTOPOHEI
MeMOpaHBI HE BEIPOBHHUTCSL.

[epepacnpeneneHne MOABMKXHBIX HOHOB BeiencTBUE dpdexra J[oH-
HaHAa TPUBOJUT K TOMY, YTO OCMOTHYECKOE JABJICHHE BHYTPH KIICTKH
MTOBBIIIACTCS, & CHAPYKU KICTKA yMEHBINAeTCs. Pa3sHHIIA KOHICHTPAIUHA
HMOHOB BHYTPY M CHAPYXH KJIETKU MPUBOIUT U K BO3HHKHOBCHUIO Pa3HO-
CTH NOTEHIHAJIOB MEXIy BHYTPEHHEH M Hapy>KHOH CTOpOHaMH MeMOpa-
HBI, KOTOpas Ha3bIBACTCS MeMOPAHHbIM NOMEHYUANOM, UTPAIOLINM OT-
POMHYIO POJTb B KH3HEACATCITHHOCTH KIICTKH.

PactBopsr BMC o00naiatoT abCONIOTHOH arperaTUBHON YCTOHYMBO-
CTBIO, YTO OOBSACHACTCS MPEKIC BCETO aBTOHOMHOCTBIO (PaKTOPOB YCTOM-
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uynBocTH. [Ipu ucyesnosenun 3tux akropoB BMC craHOBATCS HauMeHee
YCTOWYIHMBBIMA: X PACTBOPUMOCTH, HAOYXaHHE, BI3KOCTh CTAHOBSITCS MH-
HUMAaJBHBIMH, 8 OCAK1aeMOCTb, HAIPOTHB, MaKCUMAJIEHOH.

Kak n3BecTHO, peaknny OCaKACHHS HMEIOT OOJIBIIOE 3HAUCHUE IIPH
Ka4eCTBEHHBIX M KOJIMUYECTBEHHBIX METOJaX HCCIEA0BaHUH, a TaKkke MpH
npakTH4eckoM ucrnoib3oBannn BMC. C Ouosnoru4eckoil TOUYKHM 3pEHHUS
Hanbosee BaXKHBIMU U3 3TOU TPYIIIBI SBISIOTCS OEIIKH.

Benku ABIAIOTCS OCHOBHBIMH HOCHTEIISIMH OTJIMYUTEIHHBIX CBOWCTB
KUBOH MPUPOJBI, HanboJIee BaXKHON COCTABHOI YacThIO KIJIETOK BCEX JKHU-
BOTHBIX TKaHeW. OHM BBINOIHAIOT B OPTraHU3ME MHOTOYHCIICHHBIE JKH3-
HEHHO BaxkHble (QyHKUMH. OOnagas pazHOOOpa3HBIMH IO XUMHUYECKUM
CBOMCTBaM paJuKalaMHd aMHUHOKHCIOTHBIX OCTATKOB, OEIKOBBIE MOJIEKY-
JBI B I€JIOM U OTJEIbHbIE UX YaCTH CIIOCOOHBI BCTYNaTh B Pa3HOOOpa3HbIe
XMMHYECKUE U (PU3NUECKUE B3aUMOJCHCTBUS KaK C IPYT C JPYroM, TaK U C
HYKJICHHOBBIMH KHCJIOTaMH, MOJIHCaXapuAaMHy, JTUITHAAMHE | T. 1., 00pa3ys
HA/IMOJICKYIIAPHBIE KOMIUIEKCHI, COCTABIIIIONIAE OCHOBY CYOKIJICTOUHBIX
CTPYKTYP.

@dakTopaMH yCTOWYMBOCTH SBISIOTCS, BO-TIIEPBBIX, HAMYUE OJHO-
HMEHHBIX 3apsioB Ha OENKOBBIX YAacTUIAX, KOTOpble MPEMSITCTBYIOT
CONMKEHNIO M 00BETMHEHNIO MaKPOMOJIEKYJI B O0Jiee KpYITHbIE arperarsl,
CTIIOCOOHBIE BBINAJATh B OCAZOK; BO-BTOPBIX, MOIIHBIC COJIBBATHBIC 000-
JIOYKH, KOTOPBIMH OKPYXXEHA KaXkKAas MaKpoMoJIeKya Oenka.

3Hak 3apsga OEIKOBOM YaCTHIBI 3aBUCHT OT COOTHOIICHHS KOJH-
YEeCTB aMHUHHBIX U KapOOKCHIIBHBIX T'PYIHII, B COOTBETCTBHH C 3THUM Pa3iH-
YaloT OENKM KHCIIbe, HEHTpanbHbIe U 1eno4Hble (0cHOBHBIE). KucinoTHo-
OCHOBHBIE CBOHCTBa OelKa, CJIeIOBAaTEIbHO, U 3apsiJl €ro MOJICKYJIbI 3aBU-
cat ot pH cpensl.

KucneiMu Has3bIBaroTcs O€nKH, KOTOpble B Oojee MM MEHee He-
TpaJbHOU Cpele NpOSBIIOT KUCIble cBoicTBa. IllenouHsIMu COOTBET-
CTBEHHO OCJNKH, TPOSBISIONIAE MpPH TAaKUX K€ YCIOBUSAX MICTIOYHBIC
CBOMCTBA.

ITpu ompexneneHHoM s Kaxkzaoro Oenmka 3HaueHun pH cpeznpl ero
MOJIEKYJbI OKa3bIBAIOTCS ANEKTpOHeHTpansHbIMU. Takoe cocTosiHuMe Oen-
KOBOM MOJEKYNbI (CyMMapHBII 3apsa]] paBeH HyJI0 WM ONU30K K HYIIIO)
Ha3bIBaeTcs u3oanekTpuieckuM cocrosaueM (19C). 3nauenue pH cpensl,
IIPH KOTOPOM OEJOK HAaXOAWTCS B HW303JIEKTPHIECKOM COCTOSIHUH, Ha3bl-
BAlOT M303JIEKTPUIECKOW TOUKOH M oOo3HawatoT pl. M3o3mexTpmdeckas
TOYKa OeJKa 3aBUCUT OT YHCJIA M IIPUPOJBI 3apsUKCHHBIX TPYIIT B MOJIEKY-
ne. benkoBas Monekyna 3aps>keHa MOJOXKUTENbHO, ecnu pH cpens Huxke
pl, n orpunarensHo, eciu pH cpenst Boiwe pl.
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Jyis GONMBIIMHCTBA MPUPOJHBIX OEIKOB M30JIEKTPUUYECKAs TOUKA Ha-
XOAWUTCS B CIaOOKUCIION 30HE W B MEHBIIEM KOJIMYECTBE — B ciaboiie-
no4yHo#. Hampumep, u30351ekTprdeckas TOYKa JJIs SIMIHOTO ajhbOyMuHa —
4,6; xa3zenHa Mojioka — 4,6; remMoriioOuHa Jiomaan — 6,6, CBIBOPOTOYHO-
ro rio0ynuHa jomaau — 4,7, raMMa-riio0yJrHa 4eaoBeka — 7,3, THCTO-
HOB — 8,2 u ap. OJHAKO HY>KHO MOMHHTB, YTO M303JIEKTPHUUECKAsi TOUKA
KHUCITBIX OEJIKOB BCErja JIXKUT B KUCIOH cpene, H309JIeKTpHUecKas TOUKa
MIETIOYHBIX OEJIKOB — B IIEJIOYHOM Cpee.

3¢ heKTUBHOCTh OCaXKAEHUS, KaK 0OpaTMMOro (BbICATMBAaHHA Oel-
Ka), TaK U HEOOPaTHMOTO, HANPSIMYI0 CBS3aHA C KHCIOTHO-OCHOBHBIMH
cBoiictBamu Oenka. HeoOpaTmMoe ocakJeHHE Bcerga COMPOBOXKAACTCS
JICHaTypale Oenka.

Jenamypayus — notepsi 6€JIKOM BCeX €ro MPUPOAHBIX CBOWCTB U3-
3a paspylICHUHA YPOBHEH CTPYKTYPHOM OpraHu3aunuu Moiekyisl. Hapy-
MIAI0TCS. BCEBO3MOXKHBIE CTPYKTYPBI KpOME MEPBHYHOM.

Bovicanusanue BMC (obpamumoe ocasicoenue) — TPOIIECC BBICIIC-
Hus BMC u3 pactBopa noj; BAUSIHUEM 3JIEKTPOIUTOB.

B ocHoBe mexanusma BoicaniuBanusi BMC nexur nporecc aeruapa-
tanuu. MoHBl BBEZIEHHOTO 3JIEKTPOJIUTA U MOJIEKYJIBI CIIUPTa KaK Obl «OT-
HUMAIOT» OOJIBIIYIO YacTh PACTBOPUTEINS OT MAaKpOMOJEKYJIbl MOJUMepa.
KoHueHTpanuio 31eKTponuTa, Ipu KOTOPOH HacTymaeT OBICTpoe Oocaxe-
HHUE TIOJIMMEpa, Ha3BIBAIOT nopozom evicarusanus BMC. BricanmnBaromee
JIEHiCTBHE MOHOB M3MEHSETCS B COOTBETCTBHH C UX THIPATHPYEMOCTHIO.
BricasmBanne BMC uMeeT 0oJbiioe mpakTHYeckoe 3HaveHue. Ero mpu-
MEHSIFOT JUIS (ppaKIHOHHPOBAHHS OCIIKOB, IOJMCAXapUIOB M APYTHX Be-
LIECTB.

Koayepsayus. B pactBopax ¢ BeIcokoit koHIeHTparueir BMC, oco-
06eHHO OMOIONMMEPOB, HAOIIONAETCS CaMONPOU3BOJIBHOE PACCIOCHHE Ha
JIBE HECMeINBAroImuecs (a3bl: OJHA U3 HUX — KOHIIEHTPUPOBAHHBIN pac-
TBOp TOJIUMEPA, ApPyras — €ro pa30aBICHHBIA PacTBOp, WIH OJHA IPEI-
cTaBisieT coboii pactBop BMC B pactBopuTene, a apyras — pacTBOp pac-
tBOopuTesisi B BMC. Dt10 siBneHue Ha3bIBaeTcs koauepeayueii. IIponeccy
KOallepBalliK CIIOCOOCTBYET HU3Kas TeMIleparypa, u3meHenue pH cpeasl,
BBEJICHUC HH3KOMOJICKYJISIPHBIX JJICKTPOJIUTOB U JPYyrHe (PaKTOPhI, BHI3bI-
BAIOIIUE JIOMOJHUTEIBHYIO arperauio MUIEIUT WK MakpoMosekyn. Haun-
Oosree M3ydeHa KoanepBaIyst OEIKOB U MOJFICaXapoB B BOAHBIX PACTBOPAX.
KoarnepBaruio MCIoNB3yIOT, HApUMEpP, TIPU MHUKPOKAIICYJTHMPOBAHUN JIe-
KapcCTB.

B3aunmoeiicTBre YacTHIl JUCTICPCHOM (a3bl B CBOOOIHOIUCIICPCHOM
CHUCTEME MOXET B OIPEJCIICHHBIX YCIOBUSAX NPUBOAUTE K 3aCTYJHEBAHUIO
U Teeo0pa30BaBHUIO.

— 133 —



CryneHp — TOMOTeHHas cucrtema, cocrosimas u3 BMC u pactBopu-
TeJsA, Y KOTOPOH MEeXIy MaKpOMOJEKYIaMH ITOJIMMEPa BO3HUKAIOT MOJIe-
KYJISIpHBIE CHUIBI CIIETUICHHS, IPUBOISIIINE K 00pa3oBaHUIO IPOCTPAHCT-
BEHHOT'O CETYaTOro Kapkaca, S4eiKH KOTOPOTO 3aIlOJHEHBI XKHUIKHM pac-
TBOpoM. CTyZeHb MOXHO paccMaTpuBaTh KaK OIPaHUYCHHO HaOyXIIHit
TIOJIMMEp WM KOHIICHTPHPOBAHHBIH PacTBOP HOJIMMEPA.

3acmyonesanue — obpa3oBaHHE CTYAHS, MOKHO pacCMaTpUBATh Kak
HAYaNbHYIO0 CTAAMI0 KOAryJSIMM WIM KaK HadaJlo Ipoliecca pa3ieieHUs
pactBopa BMC Ha nBe ¢a3pl. CTynHH HpEeHMYNIECTBEHHO O00pa3yroTCs
BBICOKOIIOJIMMEPAMH C THOKMMHU MakpoMoJieKyiamu. brarogaps ru6koctu
IIPOCTPAHCTBEHHON CETKH CTYAEHb IIPU BBICYIIMBAHHH JIETKO NeopMupy-
€TCsl, CKUMACTCS, TAK YTO MOXKHO BBICYIIMBAHUEM IOJYYHUTh COBEPIICHHO
CyXOH IoJIMMep, KOTOPBIH COXpaHsieT 31acTuiHOCTh. OH CHOBa CHOCOOEH
HaOyxaThb B HoAXosIeM pacTBoputene. IIponecc o0paTHM U MOKET OBITH
MTOBTOPEH HEOTHOKpATHO. CTyTHH U CTyAHEOOpa30BaHUE MMEIOT OOJIBIIOE
MIPaKTHUECKOEe 3HAUYEHHUE U UTPAIOT BAXXHYIO POJIb B OMOJIOTHH, METUIINHE,
Pa3IMYHBIX NIPOU3BOJCTBAX. JKUBBIE OPraHU3MBI COCTOSIT U3 CTyIHEH pas-
JMYHON CTENEHH HACHIIIEHHOCTH. J{a’ke KOCTHasl TKaHb MMEET HEKOTOPYIO
YIPYrocTb U 3JaCTUYHOCTh Onarojapsi BXOASIIEMY B HEe CTYIHIO — OC-
centy. Koctu cTaHoBsITCS K cTapocTH Ooliee XpYIMKUMHU U3-3a2 TOTO, YTO B
HUX YBEINYHBACTCS COACPKAHUE TBEP/IBIX MHUHEPAIBHBIX BEIIECTB.

T'enb — c6A3H00UCHEPCHAA CUCMeEMA, COOepICAUdsl CHIOWHYIO NPO-
CMPAHCMBEHHYIO CEMKY U3 Yacmuy OUCNEpCHOU (hazvl, 6 AUElKax KOmo-
POl 3aKTI04eH pacmeopumens.

I'enp MOXXHO paccMaTpuBaTh Kak KOJUIOMAHBIN pactBop BMC, koto-
PBIi IO BO3JEHCTBHEM BHEIIHHUX (PaKTOPOB IOTEPSUT CBOO TeKydyecThb. Ho
rejlb MOXKET 00pa30BaThCs M B MPOLIECCE OTpaHUYCHHOTO HaOyxaHus. Js
Ka)XJJOr0 MOJIUMEpa CYLIECTBYET MOUKA 2e1e00pa306anus, KOTopas cooT-
BETCTBYET MOPOTOBOMY 3HAYEHHIO KOHIICHTPAIIMX PAacTBOpPA, IPHU IPEBHI-
IICHUHN KOTOPOI pacTBOp MEPEXOTUT B Teltb. J[JIs BOAHOTO pacTBOpa arap-
arapa Ipy KOMHATHOH TEMIIEpaType TOYKa IeleoO0pa3oBaHUsI COOTBETCT-
ByeT KoHUeHTpauuu 1,2%, a ams xenatusa — 0,5%.

[ToHmwxeHne TemMrepaTypsl yMEHbIIAET TTOIBIKHOCTH MAaKPOMOJIEKYJT
u crocobcTByeT reseobpazoBaHuio. Haumbonee jerko reneoOpazoBaHue
mpoTekaeT npu pH, cCOOTBETCTBYIOIIEM H303IEKTPUIECKOH TOUKE, KOTJa
MaKpoMoJIeKyJla OeJKa 1o BCceH UTMHE COAEPKUT IMPOTHBOIOIOXKHO 3apsi-
JKCHHBIE (DYHKITOHAJIBHBIE TPYIIIHI, CKIIOHHBIE K 00pa30BaHUIO MEXMOJIe-
KyJSpHBIX cBsized. CriocoOCcTByeT Treseo0pa3oBaHHI0 TaKXKe PHOABICHHE
K PacTBOPY AJIEKTPOJIUTOB, YbH MOHBI, CBSI3bIBAst BOJY, YACTHYHO JETHUAPA-
THPYIOT TosuMep. ['ensiMu B opraHum3Mme SIBISIFOTCSL MO3T, KOXa, XPSIIH,
rIa3sHoe s10J10Ko.
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s GonbIIMHCTBA Tellell XapaKTepHa 3JIaCTUYHOCTh. [Ipu pe3xom
MEXaHMYECKOM BO3ACHCTBHU HA Tellb MPOUCXOIUT €Tr0 Pa3KIDKCHHE, HO
9TOT TIpOIecC OOpaTHM, M B COCTOSHHUH MOKOSI 00pa30BaBIIUICS PacTBOP
CHOBA ITPEBPALIAETCS B TEIb.

MHorue reny ¥ CTyAHHU MOJ, BAMSHUEM MEXaHHUECKHX BO3AEHCTBUIL
IIPU TIEPEMELINBAHUM, BCTPSIXMBAHUU CIIOCOOHBI Pa3kKMKATHCS, MEPEXo-
JUTh B 30JM UM PACTBOPHI IMOJUMEPOB, a 3aTeM IIPU XPaHEHHH B MOKOE
OIAATh 3acTyAHeBaTh. [logoOHOE TpeBpamieHHe MOXKET IPOUCXOTHUTH
HECKOJIBKO pa3, OHO MPOTEKaeT M30TEPMHUYECKH W Ha3BIBACTCS THKCOTPO-
muedl. TukcoTponust HaOMIOAAETCS HMPH COTPSICEHWH MO3Tra M IMOCIEAyIo-
1M BOCCTaHOBJIEHUH €0 CTPYKTYP.

TukcoTponust — OAHO U3 JOKA3aTeNbCTB TOTO, YTO CTPYKTYypooOpa-
30BaHUE B CTYAHIX U IefsIX MPOHCXOIUT B OCHOBHOM 3a cueT cuil Ban-nep-
Baarnbca, KOTOpbIe CpaBHUTENBHO JETKO paspymarorcs. [lomHas nzorepMmu-
yeckasi 00paTUMOCTh MIEPEX0a Teib — 30J1b (CTYJeHb — PacTBOpP) — 3TO
TO, 9TO OTJINYAET TUKCOTPOITHIO OT IIPOIECCOB 3aCTyIHEBAHUS W IUIaBIIE-
HUS, KOTOpPBIE YT HEM30TEPMHUYHO, T. €. TOJbKO IPH W3MEHEHHHU TEMIIE-
paTypsl.

[Tpy mMTENnEHOM XpaHEHHWH Telis, CTYAHS NPOMCXOIUT HeoOpaTH-
MBI IPOLIECC €T0 CTapeHUs], KOTOPBIH BbIpaXkaeTcs B AalbHEHIIEM ynops-
JOYEHHHU CTPYKTYPBI, CXKaTHUU CHCTEMBI U BBIICJIICHUH U3 HETO PacTBOpPHUTE-
751 DTOT TIporiece HasbIBaeTcs cunepesucom. CTapeHHUIo rens (CTyIHSA) MOo-
KeT CIIO0COOCTBOBAaTh HU3Kas TEMIepaTypa, BBICOKas KOHIIEHTpAUHUs II0-
JIMMepa, KHUCIOTHOCTb, COOTBETCTBYIOINAS H30JIEKTPUYECKOW TOYKE, H
JUTUTENILHBIN MTOKOH B cHCTeMe (OTAEIECHHE CBIBOPOTKHU IIPU CBEPTHIBAHUU
KpOBH). B KHBBIX TKaHSIX CHHEPE3HUC MPOSBIACTCA B YIUIOTHEHUS Msca
CTapbIX )KUBOTHBIX U YTOHUEHUH UX KOCTEil.

Y CTOHYMBOCTD KOJUIOMIHBIX PACTBOPOB MOKHO HMOBBICUTH H00aBie-
HHEM K HIM HEKOTOPBIX BBICOKOMOJICKYJLIpHBIX coequaeHni (BMC). Do
SBJICHHE TIOMYYWJIO HAa3BAHHUE KOANOUOHOU 3auyumbl. 3aIUTHOE IEHCTBHE
BMC o0sbsicHsIeTCS TeM, 9TO OHHM aJICOpPOMPYIOTCS Ha ITOBEPXHOCTH KOJI-
nougHbIX yactull. [Ipu aToMm runpodoOHbBIe Y4acTKu MX CTPYKTYp (yrie-
BOJIOPOJIHbIE paJyKajbl) OOpalleHbl K 4YacTHLaM JucriepcHol dassl,
a ruapo¢uibHbIe GparMeHTh! (MOJISPHBIE TPYNIBI) 0OpaleHbl HapyKy, K
Bozie. Bokpyr muienisl o6pa3yeTrcs IONOTHUTENbHAs 000JI0YKa U3 Mak-
pomonexyn BMC u ux coOCTBEHHBIX THAPATHBIX 000JI0YEK, KOTOpas Ipe-
MIATCTBYET COMMKEHHIO KOJUTOMTHBIX YaCTHII.

KonnonnHas 3ammura BO3MOYXHA IMPU JOCTATOYHO BBICOKOM KOHIIEH-
tpamn  BMC, obecneunBaromeii o0pa3oBaHHE MOHOMOJCKYIISAPHOM
3aIIMTHON 000JI0YKK BOKpYr Muneiuisl. HeGonbmas nodaska BMC npu-
BOJHT K 00paTHOMY 3((eKTy: MakpOMOJIEKYJIbl B3aUMOJICHCTBYIOT OJHO-
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BPEMEHHO C HECKOJBKUMHU KOJUIOMIHBIMUA YaCTUI[AMH, CBSI3bIBasi UX C 00-
pa30BaHMEM PBIXJIBIX XJIOMBEB. Aepecuposaniue yacmuy OucnepcHou gazvl
8 TUOPOOHBIX KOINOUOHBIX PACHBOPAX NOO Oelicmeuem HeOOIbUUX KOU-
yecme BMC nasvieaemcs gpnoxynayuei.

KonmnuectBennoit Mepoit 3amuTtHOro aeiicteusi pactsopos BMC sB-
nsieTcs 3010moe (PyOuHo8oe U JHcele3HOE) YUCTO.

3on0moe yucio — MUHHMAJIBHOE YMCIIO MUJUIUTPAMMOB 3allUIIAI0-
IIEeTO IMOJIMMepPa, KOTOPOE SBISIETCS JAOCTATOYHBIM, YTOOBI BOCTIPETISITCT-
BOBaTh M3MEHEHUIO KPACHOTO IBeTa B (PHoNEeTOBBIA y 10 MI ruapo3051st
30J10Ta OT Koaryiupymouero aeicrteus 1 ma 10%-Horo pactBopa xiopuia
HaTpusl.

3ammTHOE JelicTBHE HauOolee CHJIBHO BBIPAXKEHO Y OCIKOB U
B MEHbBIIIEH CTENEeHU — Y BBICOKOMOJEKYJSIPHBIX YIJIEBOAOB (Kpaxmal,
JIEKCTpUH U 1p.). 3o0i0Toe ymcio >kenatuHa paBHo 0,008 mr, kasenHata
Hatpus — 0,01, remorno6una — 0,25, stmaHoro ane0ymuna — 2,50, kpax-
mana — 25,0 mr.

SIBneHue KOJJIOWAHOM 3allMThl UTPAET OUYEHb BAXKHYIO POJIb B pAIE
(PU3UOOTHYECKIX TPOLIECCOB, COBEPIIAIONINXCS B OpraHM3Max UYesloBeKa
U >KUBOTHBIX. Benky KpoBHU SBISIIOTCS 3aLIUTOM AJIS AKHUPa, XOJIECTEpUHA U
psana npyrux ruapodoOHsIx BemecTB. [loHMKeHHE 3alIMTHOW poiu Oern-
KOB M JPYTUX CTaOWIM3HPYIOIIUX BEMIECTB B KPOBH MOXKET MPHUBECTH K
00pa30BaHWIO0 KaMHEH B MOYKaxX, MEYEHH, MPOTOKAX, MUIIEBAPUTEIHHBIX
xkene3ax. CrocoOHOCTh KPOBHU YACPKHBATH B PACTBOPEHHOM COCTOSIHUH
KHCJIOPOJ] M YIJICKHUCIIBIA Ta3 Takke 00yCIOBIEHa 3allUTHBIM JICHCTBHEM
OCJIKOB.

B ¢dapmanuu 3ammrtHbe cBolicTBa BMC HCHONB3YIOTCS IS TOBBI-
IIEHUS YCTOWYMBOCTU JIEKAPCTBEHHBIX IMPENapaToB, HAXOAALIUXCS B
KOJUTOMTHOM COCTOSIHUH.
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CJNIOBAPb BA30OBbIX TEPMUHOB

Anre3usi — CIEMJICHHUE NPHUBEICHHBIX B KOHTaKT Pa3sHOPOIHBIX Tel
(pa3HOBUIHOCTH KOHTAKTHOTO B3aMMO/ICHCTBUS).

AncopdeHT — KOHAEHCHpOBaHHAs (ha3za, Ha TIOBEPXHOCTH KOTOPOH
MIPOUCXOINT aACOPOLHSI.

AncopdTHB — BEIIECTBO, aficopOupyemMoe Ha aJcopOeHTe.

Adp030JIb — KOJJIOUAHO-AUCIIEPCHAs CUCTEMAa C ra3oBoil qucrep-
CHOHHOM cpeoi u TBep0it WM KUAKOM MOIBIKHOMN TUCTIEpCHOH (a3oif.

BpoyHoBckoe aBH:KeHHE — OECMOPSAOYHOE JABIDKEHHE YaCTHIL
JUCIIEpCHOM (ha3bl, KOTOpOE BBI3BIBACTCS COYNAPEHHMSAMH 3THX YacTHI] C
HaXOJAIIUMHUCS B HETPEPHIBHOM TEIUIOBOM JABHMKEHUHM MOJIEKYJIaMHU JHUC-
MIEPCUOHHOM Cpefpl.

BannepBaajabcoBbI CHIIBI — CHIIBI, 00YCIIOBICHHbIE JJICKTPOCTATH-
YECKUM MPUTSHDKEHHEM OTPHLATENBHO 3apsKEHHBIX AJIEKTPOHOB OIHOTO
aTOMa MOJOXKUTEIBHO 3apsDKEHHBIM SIIPOM JPYToro aroMa.

BHyTpeHHSsIS JHeprusi — KIOPHUYCCKUNA TIapaMeTp, XapaKTepH-
3YIOIUI COBOKYITHOCT HEPTHHU TEIUIOBOTO JBI)KEHHUS MUKPOYACTHUI] CHC-
TEMBI.

BricanuBaHue — BbIIENIEHNE B 0CaI0K PACTBOPEHHOIO KOMIIOHEHTA
BBICOKOMOJICKYJISIPHOTO COCAWHEHMS I0J] AeHCTBHEM OOJbIINX KOHLCH-
TpalUi ANEeKTPOIUTOB MM HEIIEKTPOIUTOB BCIEACTBUE pa3pyLICHUS 3a-
LIUTHBIX COJBBATHBIX 000J049eK Mosekyn BMC.

Bricokomoiekyasipublie coennHenuss (BMC) — mpupoassie u
CHHTCTHYECKHE BEIIecTBa, OOpa3OBaHHBIE M3 IIEMHBIX MaKPOMOJIEKYI,
Macca KOTOPBIX COCTAaBIIIET JECATKH M COTHHU THICAY €IUHHUL], a Pa3MepBI
COOTBETCTBYIOT pa3MepaM YacTHI 30JIeH (TTIoJIMMepBH!).

Bsi3kocTh — CBOWMCTBO KHIKOCTEH M ra30B OKa3bIBaTh COMPOTUBIIE-
HUE MEPEMEICHUIO OTAEIbHBIX YacTell OTHOCUTENIBHO APYT ApyTra MOA Ha-
rpy3koit. KonmuecTBeHHO BS3KOCTh MPEACTAaBIIIOT KaK CUILy TPEHHs, BO3-
HUKAIOIIYI0 MEXAY IBYMS JIAMHHAPHO ABIKYIIUMHUCS CIOSMH KHIKOCTH
WJIY rasa.

I'enn — cTpyKTypupOBaHHBIE OUCIIEPCHBIE CUCTEMBI C KHIKOU JHC-
TIEPCHOHHOM cpe/oii, 00pa3oBaHHbIE B PE3yJIbTaTe KOAryJIsUy 30JICH.

I'eTeporennasi cucTeMa — CHCTEMa, COCTOSIIAS U3 PA3IUYHBIX 110
CBOMM CBOMCTBaM yacTel, pa3/ieJI€HHbIX [IOBEPXHOCTBIO pa3/ena.

I'uapouIBLHOCTE — CPOACTBO MOJIEKYJT ITOBEPXHOCTHO-aKTHBHBIX
BerecTs (ITAB) x Boze 3a c4eT MONIPHBIX IPYIIIL.

JlaBienne — Qu3nyeckas BEIMYMHA, XapaKTEepHU3yIOmas Harps-
JKEHHOE COCTOSIHUE CIUIOLIHBIX Cpel, YHCIEHHO — 3TO HHTEHCHUBHOCTH
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HOPMAJBHBIX CHJ, C KOTOPBIMH OIHO TEJO NEHCTBYeT Ha IOBEPXHOCTH
JpyTOoro.

JBu:xenne — B ¢maocopun: ¢(opma CyIMIECTBOBAHUS MAaTEpHU;
B U3MKe: M3MEHEHHE IOJIOKECHUS TeNa WIM €ro 4acTeil OTHOCHTEIBHO
JpYTHX Tel. JIBUkeHHe B MPOCTPAHCTBE CBSI3aHO C JUIMHON MPOHAEHHOTO
IIyTU U BPEMEHEM, 3aTPaue€HHbIM Ha 3TOT Iy Th.

JleHaTypanusi — 4aCTUYHOE WU MOJTHOE pa3pylleHHe MPOCTPAHCT-
BEHHOH CTPYKTYpHI MOJEKYIBI IOJMMepa IIPH COXPAHCHHH IIEPBHUIHOM
CTPYKTYPBHI.

JecopOuust — mporecc, 0OpaTHBIH aacopOnNK (4acTO BBITOIHSIIOT
IyTEM BBITECHEHHMS aJICOpPOEHTa PYI'MM BELIECTBOM, YMEHBIICHHEM JaB-
JICHUS WJIM TIOBBIIICHUEM TEeMIIEpaTyphbl).

Junann3 — nuddy3ns HU3KOMOJIEKYJISIPHBIX BELIECTB (MOHOB, PEXe,
HEOOJBIINX MOJIEKYJT PAaCTBOPEHHOI'O BEILECTBA) Yepe3 MONTyNpOHHIae-
MYI0 MEMOpaHy.

JucneprupoBanue — TOHKOE W3MENTbUEHHE TBEPABIX TN WK pac-
MIBUICHNE XHUIKOCTEH, IPUBOAAIIEE K 00Pa30BaHUIO AUCTIEPCHBIX CHCTEM.

Juddy3ns — caMonpou3BOIbHOE BBIPABHHBAHUE KOHIEHTpPAIMU
BellecTBa (MOHOB, MOJICKYJI, YaCTUI] AUCTICPCHON (pa3bl) B MCXOAHO HEOA-
HOPOJHOM cHCTeMe MOoJ JeHCTBHEM IpaMeHTa XUMUYECKOro MOTeHIUaIa
1 TEIUIOBOTO JBIDKCHUS MOJICKYII.

301 — KOJUIOWIHO-IHMCIEPCHBIE CHUCTEMBI, ¥ KOTOPBIX AHUCIEPCH-
OHHasl CpeZia IPECTABICHA KUAKOCTSIM.

KoaryasiHTbI — 3JIEKTPOJIUTHI MM APYTHE areHThI, OKa3bIBAIOIINE
Koarynaupylolee JeiicTBUe Ha KOJJIOHIHO-TIUCIIEPCHBIE CUCTEMBI.

Koaryasiuuss — ykpynHeHHEe 4acTHIl 3a CUeT MX 0ObeANHEHHS IpH
B3aUMHBIX COYJAPEHUSX WM yMEHBIIEHHE CTEHNEeHU TUCIIEPCHOCTH KO-
JIOUTHO-AUCTIEPCHBIX CHCTEM.

KoaunepBatbl — pactBopsl BMC, B KOTOPBIX NPOHCXOIHUT Koarep-
BaITHSL.

KoanepBauus — paszgeneHne cucteMsl Ha Be (a3bl, U3 KOTOPBIX
ojHa sBisiercs pactBopoM BMC B pacTBopuTeEne, a Apyras — pacTBOPOM
pactBopurens B BMC.

JlaMuHapHoOe IBHKeHUE — JBIDKCHME, IPH KOTOPOM HE HapyllaeT-
Cs1 HEIIPEPBIBHOCTH CIIOEB KHUIKOCTH.

Macca — B ¢uiocopun: KOIMYECTBEHHas Mepa MaTephH Tena,
B (M3MKe: Mepa MHEPTHOCTHU Tella TI0 OTHOIICHHIO K AeHCTBYIOIIEH Ha He-
ro Cuile, Mepa rpaBUTAlOHHBIX CBOMCTB TeNa, a TAKXKE Mepa DHEProco-
nepxkanus. B CU 3a equHUIly MacChl IPUHAT KHUJIOTpaMM (KT).

Matepnsi — OOBEKTHBHAs PEaTbHOCTh, CYLIECTBYIOILAS HE3aBUCH-
MO OT YeJIOBEYeCKOro CO3HaHUs U oToOpaxkaemas uM. HeoTbemiieMbIM
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CBOWMCTBOM MaTepuu, BceoOmeil (popMoil ee CyliecTBOBaHWUS, SBISETCS
JIBI)KEHUE B IIPOCTPAHCTBE M BO BPEMEHH.

Muuejibl — HEHTPAITbHBIE YaCTHIBI JUCTIEPCHON (ha3bl KOJUIOWI-
HBIX Pa3MepOB, NMPEACTABIIONIHE cOO0H KOMIUICKCH HEUTPAIEHBIX MOJIE-
KyJ WM @TOMOB M HOHOB C XapaKTEPHBIM Il HUX CTPOCHUEM.

MuueJisipHasi Macca — IPOU3BEACHUE MAaCChl MULIEIUIBI HA YUCIIO
ABoranpo.

Hadyxanne — caMONpOH3BOJIFHOE IMOTJIONICHUE XHUIKOCTH U €€
MapoB TBEPABIM TEJIOM, CTPYKTypa KOTOPOTro 00pa3oBaHa MOJEKYJIaMH
BMC.

OmnanecueHnus — paccessHUC cBeTa (B MPOCTEHIEM ciIydae 3a CUeT
IuQpaKum).

Ocmoc — opHOCTOpOHHSIST TU(dy3Hs YacTUIl PACTBOPUTENS depes3
MOJIyTIPOHUIIAEMYI0 MeMOpaHy U3 cj1ab0 KOHIEHTPUPOBAHHOTO UCTHHHOTO
WM KOJJIOWTHOTO pacTBOpa B Ooiiee KOHIEHTPHPOBAHHEIH; IpoIece mpo-
TEKaeT CaMOMPOU3BOIBHO ¥ HOCHUT TU(D(PYy3NOHHBIH XapaKTep.

OcMoTHYecKoe AaBieHne — (U3NUECKas BEIMYMHA, XapaKTepH-
3yloLIasi CTpEMJIEHUE PacTBOpa K MOHMKEHUIO KOHLIEHTPALUU IPU CONpPU-
KOCHOBEHUU C YUCTHIM PaCTBOPUTEIIEM.

IloBepxHocTHO-akTUBHBIe BewecTBa (ITAB) — BemecTBa, KOTO-
pBIe XOpOUIO afcOopOUpYIOTCS Ha TpaHHMIle pa3fena (a3, yMeHbIIas MO-
BEPXHOCTHOE HATSDKEHHE.

IloBepXHOCTHOE HATSKEHHME — TIOBEPXHOCTHas »Heprus [ubOca
eIMHUIEI TIOBEPXHOCTH, paBHas paboTe, 3aTpadeHHOH Ha 0oOpa3oBaHHE
€MHUIIBI TOBEPXHOCTH.

HoauTponHbIii Mpomecc — 0OpPaTUMBIIT MpoIiecc mepexoaa padoue-
ro Tela U3 HayaJIbHOTO PAaBHOBECHOT'O COCTOSHUS B KOHEUHOE paBHOBEC-
HOE COCTOSIHHE TIPU YCIOBUU HEM3MEHHOU TETIOEMKOCTH.

Pa6oTa — KoNIMUYECTBO SHEPTUH, KOTOPOH TEPMOIMHAMHIECKAs CHC-
TeMa 0OMEHHBAETCs C OKPY’KaloIel cpeoif B pe3yIbTaTe MaKpOCKOITHYe-
CKOT'0 YIOPSIZIOYEHHOI0 HallpaBJIEHHOIO JBY)KEHUSI.

Pabouee Teno — MmaTepualbHOE TENO, MOCPEICTBOM KOTOPOIO B
TEPMOJJMHAMHYECKOM MPOLIECCE OCYIIECTBISIETCS MPeoOpa30BaHUE TEILIO-
ThI B pabOTy WK pabOTHI B TEILIOTY.

PaBHOBecHOe cOCTOSIHME TePMOAUHAMHMYECKON CHCTEeMbI — He-
M3MEHHOCTh MapaMeTPOB CHUCTEMbI BO BPEMEHH NPHU OTCYTCTBUU BO3JEH-
CTBUS BHEIITHEHN CpPEJIbI.

PaccTrosinue — reoMETpUUECKOE IMOHATHE, COIEp’KaHHE KOTOPOro
3aBHCHT OT TOTO, JJIs KaKuX OOBEKTOB OHO ompexaensercs. Hampumep,
paccTosiHie MEXIY AByMs TOUYKaMU — JJIMHA COEAMHAIOLIETO UX OTpe3Ka
MIPSIMOM; PacCcTOSIHUE OT TOYKHU JI0 MPSIMOU (MK TJIOCKOCTH) — JJIUHA OT-
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pe3ka MepHeHuKyIapa, OMyIEHHOTO U3 3TOH TOUKH Ha JAHHYIO MPSIMYI0
(WM TTOCKOCTB).

Cpo0oaHOAUCIIEPCHBIE CHCTEMbl — CHCTEMBI, B KOTOPBIX YaCTHUIIbI
JHCTIEPCHOH (ha3bl HEe CBSI3aHBI MEXKIY COOOH M MOTYT CBOOOIHO TepeMe-
IIaThCs B AUCTIEPCHOHHOU cpere.

CBsI3HOANMCIIEPCHBIE CHCTEMbI — CHUCTEMBI, YaCTHIBI JIUCICPCHOM
(a3bl KOTOPBIX CBS3aHBI MEXIY COOOH MOJIEKYJISIPHBIMH CHJIaMH U 00Opa-
3YIOT IPOCTPAHCTBEHHBIE CETKH WIIH CTPYKTYPHI.

CuHeprusM — yCHWJIE€HHE KOATyJIHPYIOIIETO ASHCTBHUSA OIHOTO MOHA
B IIPUCYTCTBUH JPYTHX HOHOB.

CuHepe3nc — CaMOIIPOM3BOJIBHOE BBIACICHUE XKHIKOCTH U3 KOary-
JSIMAOHHO-THKCOTPOITHOH CTPYKTYPHI.

Temneparypa — ckanspHas (u3M4ecKas BEIWYUHA, XapaKTepH-
3yI0Ias TEIJIOBOE COCTOSIHUE cUcTeMbl. COrNIaCHO MOJEKYJISIPHO-KUHETHU-
YEeCKOW TeOpHHU TeMIlepaTypa CBsi3aHa C MHTEHCHMBHOCTBIO JABM)KEHUSI MUK-
POCTPYKTYpPHBIX YacTHI] MaTepud. UmcieHHOe 3HaueHWEe TEeMIIepaTyphl
TIPECTaBIsIeT COOOH BEIHYMHY OTKJIOHEHHS TEIUIOBOTO COCTOSHHS Tela
OT TEIUIOBOTO PABHOBECHS C IPYTUM TEJIOM, COCTOSHHAE KOTOPOTO IMPHHATO
3a Havajo orcyera. [llkanma mjst M3MEpPEHUs TeMIICPATypPhbl OMpPEACISICTCS
BBIOpaHHBIM HayalloM ee OTCYeTa. B Hacrosiee BpeMs CHCTeMa €IMHUIL
CH mpenycmaTpuBaeT MpUMEHEHHE ABYX TEMIICpaTypHBIX IIKAJ: mepmo-
Junamuyeckas (aOCONIOTHAS IIKANA) U MeNCOYHAPOOHAs NPAKMUYEeCKAasl
(MITLIT). ITo mepBoii mKaje 3a Ha4ago OTCUETA yCIOBHO NMPHHUMACTCS
aOCOJIOTHBIN HONB TeMIlepaTypbl. EnMuanIia H3MepeHus TepMoJIHAMITYE-
CKOW TeMmepatrypsl — KeJbBHH, o0o3HaueHue: 7. Ilo BTOpoii mikaie 3a
HAYaJI0 OTCYETa BBHIOPAHO COCTOSIHUE, COOTBETCTBYIOIEE TASHHIO JIbAA B
Boze, 3710 273,15 K. TemnepaTypy o 3ToM IIKale BBIpakaroT B rpaaycax
Henbcus (0°C) u o603HayaroT ¢. B psige cTpan emre UCmonb3yeTcsi BHECUC-
TeMHasl IIKana, BeIpakeHHas B rpaaycax Papenreiita (0°F). Ilepecuer
TeMIiepaTypsl co mkansl ®apenreiita Ha mkary Llenbcus MpoBOIUTCS MO
BBIpaKeHHIO ¢ = (¢tF — 32).

Tenmoo06MeH — 3TO CaMONPOU3BOJIBHBI HEOOPATHUMBIH MPOLIECC
IepeHoca TEIUIOTHl B NPOCTPAHCTBE C HEOJHOPOAHBIM IOJIEM TeMIlepa-
TYPBL

Tenjora — oxuH M3 cHOCOOOB Tepenadd SHEPTHH OT CHCTEMBI K
cucreme. [Iporecc nmepenayun TEIIOTH HA3BIBAETCS TEIUIOOOMEHOM.

TepmoanHamMmka — 3TO Hayka 0 HanOoJiee OOIINX CBOWCTBAX Mak-
POCKOTIMYECKUX (PU3UYECKUX CHUCTEM, HAXOISIINXCS B COCTOSHHUH TEPMO-
JUHAMHYECKOTO PABHOBECHS, U O MpPOLECCcax Mepexoja MeXIy 3TUMHU CO-
CTOSIHUSIMH.
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TuxcoTponusi — CHOCOOHOCTh JHCIEPCHON CHCTEMBI 00pPa30BHI-
BaTh CTyIHEOOPa3HYyI0 MaccCy, KOTOpasl IPH MEXaHHYECKOM BO3JICHCTBUH
WM TIPA HarPEeBaHMH JIETKO IIEPEXOANT B COCTOSTHHE BSI3KOM )KUIAKOCTH.

YnenbHasi ra3opasi NOCTOSIHHASI — (DU3MUECKas BEIMYNHA, paBHAs
OTHOILICHHUIO NPOM3BEACHHS JaBICHHs Ha YACNBHBIH 00beM rasa k abco-
JIOTHOM TeMImeparype.

YaeibHasi NOBEPXHOCTh — OTHOIICHME OOLIeH Iuromaay Mexdas-
HOM moBepxHOCTH (S) kK 00BeMy (V) nim Macce (m) AuCIepcHON Gassl.

@u3uyecKkuii 3aKOH — 3TO HAalJEHHAs Ha ONbITE U YCTAaHOBJICHHAS
ITyTeM 00OOIIEHHS OIBITHBIX JTaHHBIX KOJIMYCCTBEHHAS MM KadeCTBEHHAS
OOBEKTUBHAS 3aBUCHMOCTb OIHUX (PU3MYECKUX BEINYUH OT JPYTHUX.

XpomaTorpadgusi — METOJ pa3feleHus CIOXKHBIX cMecell pacTBO-
PEHHBIX M B3BEIICHHBIX BELIECTB ITyTEM COPOLMM WM SKCTPAKLHUU C I10-
MOIIbIO CHENUABHO OA00PaHHOTO copOeHTa MM HKCTpareHTa U mocie-
OYIOMHAM JIPOOHBIM W3BIEYCHHEM CKOHIICHTPHPOBAHHBIX KOMIIOHCHTOB
TTOJTXOISAIINM PACTBOPHUTEIIEM.

Hukn, niam Kpyroesoii mpouece, — COBOKYITHOCTb TEPMOAMHAMUYE-
CKHMX IIPOLIECCOB, B PE3yJbTaTe OCYIIECTBICHHS KOTOPBIX padodee Teno
BO3BpAlllaeTCs B CBOE EPBOHAYAIBHOE COCTOSIHHUE.

JjekTpod)ope3s — JIBIKEHHE 3apsHKEHHBIX YaCTHIL JUCHepCcHON (a-
361 B JAUCIIEPCUOHHOHN cpefie MOf AEHCTBHEM BHEIIHETO 3JIEKTPUYECKOro
TIOJIS.

JHeprus — 3T0 00Ias KOJMYESCTBCHHAS Mepa JIBIDKCHHS U B3aUMO-
JEUCTBHS BCEX BHJOB MaTepHU. DHEPIusl, 3aTpadyeHHasl CHCTEMOMW IPH Iie-
peMelIeHNH TOYKH BeaeACcTBUeE npuioxenus cunsl 1 H Ha paccTosHue 1 M
B HalpaBJIeHUU AeHcTBUS cuibl, paBHa 1 [Ix, 1.e. 1 Jbk=1H - 1 m.

JHTAIbNUA — KAJIOPHUECKUN MapaMeTp TePMOIUHAMUYECKON CHC-
TEMBl, PaBHbIM CyMMe BHYTPEHHEW SHEPIMU U IOTCHLMAIbHON 3HEPruu
JaBIICHUS.

IOHTpONHUA — KaJIOPHYECKUI MapaMeTp COCTOSHHUS TepMOAWHAMU-
4ecKOi cucTeMbl (QyHKIMS COCTOSIHUS), XapaKTEePU3YIOIIIH HalpaBIeHHE
MIPOTEKaHUs Mpolecca TeII00OMeHa MEXKTy CHCTEMOM M BHEIIHEH cpe-
pi(0)78
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