IO.M. Yepnooepexckuii, F0.J1. Mopesa,

A.H. HuxkoJsaes

TEOPETUYECKHUE OCHOBbDI
OUYUCTKHU U OBE3BPEKUBAHUA
BbIBPOCOB U CHPOCOB

Yacrts 1

Y4yeOHOC MOCOOHE

Caunkr-llerepOoypr
2012



MUHHUCTEPCTBO OBPA3OBAHMS 1 HAYKH POCCUICKOM ®EJEPAIIMA
OEJEPAJIBHOE I'OCYJAPCTBEHHOE BIOJ’KETHOE OBPA30BATEJIbBHOE
YYPEXJIEHHUE BBICHIETI'O ITPO®ECCHOHAJIBHOI'O OBPA30BAHUSA
«CAHKT-IETEPBYPI'CKUM FOCY}IAPCTBEHHLIFI
TEXHOJIOTUYECKHWA YHUBEPCUTET PACTUTEJIbHBIX
IMOJIUMEPOB»

FO.M. Yepnobepexcknii, FO.JI. MopeBa, A.H. Hukosnaen

Teopernyeckue 0CHOBbI OYUCTKH

1 00e3Bpe;KUBAHUSI BLIOPOCOB M COPOCOB

Yacte 1

Y4yeOHOE MOCOOHE

Cankr-IlerepOypr
2012



YK 628 (075)
BbBK 26.22 a7
Y 493

UYepnobepexckuit F0.M., Mopera 10.JI., HukomaeB A.H. Teoperuueckue
OCHOBBI OYUCTKH U 00€3BpEkKUBaHUA BBIOPOCOB M COPOCOB. YacTh 1: yueOHOe
nocooue / CII6 I'TY PII. - CII6., 2012.- 100 c.

B ydyeOHoM mocoOuM paccMaTpuUBaIOTCS BONPOCHI  3arpsi3HEHUS U
CaMOOYHIIICHHS BOJIHBIX 00BEKTOB, KPYTOBOPOT BEIIECTB, TEOPETUUECKUE OCHOBBI
(UBUKO-XUMUYECKUX M OWUOJOTMYECKUX METOJOB OUYHUCTKHA CTOYHBIX BOJI B
COOTBETCTBHM C pabouel nporpaMMoi IUCHUILTUHBI «TeopeTudyeckue OCHOBBI
OUYUCTKH U 00€3BpEKUBAHUS BHIOPOCOB U COPOCOBY.

[IpeqnazHavaeTcss il CTYJCHTOB OYHOW, OYHO-3a0YHOM M 3a04HOM (hopm
oOydyenus mno crenuanbHOoCcTH 280201.65 «OxpanHa oOKpyXKarolen cpeabl u
palMoHaJbHOE WCIOJIb30BAHHE  MPUPOJHBIX PECYpPCOB» W TO HAIPaBICHHUSIM
280200.62 «3ammurta okpyxatoment cpeapl» u 241000 «DHepro- u
pecypcocOeperaronyue nporecchl B XUMHUYECKOH TEXHOJIOTUH, HeDTeXUMHUHU U
OMOTEXHOJIOTUM.

PerieH3eHThI: ucnoJHUTENbHBIA JupekTop OO0 «DIeKTPOIKOIOTHSIY
kaua. xuM. Hayk JI.}O. barypenko;

npodeccop kadeapbl OXpaHbl OKpPYXKAIOIIEH Cpeabl U
pPalMOHAILHOTO HCIOJIb30BaHUSI MPUPOJHBIX PECYPCOB
CII6 I'TY PII, xana. texn. nayk JI.M. HcsHos.

[loAroToBIEHO U PEKOMEHIOBAHO K MeyaTH Kadeapoil OXpaHbl OKpYyKarolen
Cpeabl U palliOHAIBLHOTO UCTIONb30BaHus MpUpoaHbIX pecypcoB CII6I TYPII
(mpotokoi Ne 8 ot 16.05.12).

YTBEpKIEHO K H3JAHUIO METOJMYECKOM KOMHUCCHEW HHYKEHEPHO-
skosorudeckoro ¢akymnprera CII6 I'TY PII (mpotokon Ne 9 ot 26.06.12).

PexomenmoBano K wu3gaHWi0 PenakimOHHO-M3IATENTbCKUM COBETOM B
KauecTBe yueOHOro mocoousl.

© Yepuoobepexckuii FO.M., Mopesa 10.J1.,
Huxomaes A.H., 2012

© Cankr-IletepOyprekuit

rOCYAapCTBEHHBIN TEXHOJIOTUYECKUI
YHUBEPCUTET PACTUTEIBHBIX OJIMMEPOB, 2012



1. OBIIME MMOJIOKEHHA 11O OXPAHE BOJIHBIX OFBEKTOB

[Tpupona mnpencraBisier cOOOHW MEJIOCTHYIO CHCTEMY C MHOXECTBOM
cOaslancupoBaHHBIX cBsa3el. CTabwibHOE coCTOsIHME Ouocdepbl, BKIIOYAS
atmocdepy, ruapochepy u nurochepy, AOCTUTAETCS 3a CYET HENPEPHIBHOTO
KpyroBopoTa BemlecTB W dHepruu. OOHAKO pOCT HACEICHUs, pa3BUTHE
MIPOMBIIIJICHHOCTH ¥ CEJIbCKOTO XO3SIICTBa MPUBEIM K PE3KOMY YBEIMUYCHHIO
aHTPONOT€HHON Harpy3Kd M CEpbe3HbIM HapYLIECHUSM MPUPOJHOTO KPYroBOpOTa,
ocobeHHo B Bogoemax. [IpoOnema coxpaHeHHS BOJIOEMOB cCTaja OJIHOM U3
Ba)KHEHIINX 3aa4.

Boga urpaer Gonbiiyio poiib B KU3HHU oOniecTBa. OHA UCIIONB3YEeTCS IS
MUTHS], TOPOACKOTO, MPOMBIIIIJIEHHOTO W CEITbCKOX03HCTBEHHOTO BOIOCHAOKEHUS,
0e3 Hee HeMBICIIMMA KU3Hb OOWTAIOIIMUX B BOJAE XUBBIX OPTaHU3MOB, a TaKXKe
OTABIX JIIOJEH.

Bo MHOrMX ciydasx BO3MOXHOCTh HCIIOJIb30BaHHS BOIBI IS TEX WU
WHBIX IleJiell orpaHWuYMBaeTcs €€ KauecTBOM. Bce BospacTaromiee 3arpsisHEHHE
BOJI0EMOB 00YCIJIOBJIEHO COPOCOM HEOYHMIIEHHBIX WJIM HEAOCTATOUHO OYMIICHHBIX
CTOYHBIX BOJI, a TAK)KE MOCTYIJICHUEM B BOJIHbIE OOBEKTHI TOBEPXHOCTHBIX CTOKOB.

Hns  oxpaHbl ~ BOOHBIX  OOBEKTOB  HCIONB3YETCSI  KOMILIEKC
OpraHN3alMOHHBIX U TEXHUYECKUX MEp, BKIIOYAIOMUN KIAaCCHU(UKAIINIO BOIAHBIX
HCTOYHUKOB MO HA3HAYCHHIO, YCTAHOBJIEHHWE CTaHJapTOB Ha BOJIY U HOPMAaTHBOB
Ha cOpOC CTOYHBIX BOJ, KOHTPOJIb KAYECTBA BOABl U €€ HCHOJIb30BAHMS, OUYUCTKY
CTOYHBIX BOJ M BOJABI BOJOEMOB, pa3pabOTKy TEXHOJOTHH, MpeJOoTBpAIIArOIINX
cOpOC CTOYHBIX BOJ U .

B kayecTBe 9SKOHOMHMYECKMX CTHMYJOB COKpalleHusi cOpoca CTOKOB
WCTIONB3YIOTCSl JIMMHUTHI ¥ HOPMATHBBI TIJIaThl 3a 3a00p CBEXEH BOIBI, HOPMBI
JIOIYCTUMOI0 c¢Opoca W HOPMATHBBI IUIAThl 32 COPOC CTOYHBIX BOJ B BOJIHbBIC
OOBEKTHL. 3a 3arps3HEHHE BOJOEMOB JICHCTBYIOMIMM 3aKOHOJATEIbCTBOM
MPeayCMOTPEHAa AJMUHUCTPATHUBHAS M YrOJIOBHAsE OTBETCTBEHHOCTb, & TaK¥Ke

MIPUOCTAaHOBKA U 3aKPBITHE MPEANPHSITUH.



OpHako s peleHusl CYLIECTBYIOIIMX HpodjeM 1[0 OXpaHe U
BOCCTaHOBJICHHIO BOJAHBIX 0OBEKTOB NOTPEOYETCS NITUTENBHBINA EPUO BPEMEHU U
3HauUMTENbHBIE 00beMbl (uHaHCcUpoBaHud. B mnepcrnektuBe pa3paboTka u
peanu3zanusi MajJOOTXOJHBIX TEXHOJIOTMYECKHX MPOIECCOB MO3BOJUT HE TOJBKO
CHU3UTH 10 MPUEMIIEMOr0 YPOBHs Harpy3Ky Ha BOJHBIC OOBEKTHI, HO U MOJYYUTh
SKOHOMHMYECKUH BBIUTPHINI 32 CYET PalMOHAIBHOTO HCIOJIB30BAHUS BOJHBIX
pECYpPCOB M YTWIM3aLlMM YJIOBICHHBIX U3 CTOYHBIX BOJ MpoAykToB. [lpm sTOM
OYUCTKAa CTOYHBIX BOJI MOXET CTaTh COCTABHOM YacCThIO IPOU3BOJACTBEHHOTO
LIMKJIA, & yAAJIIeMble U3 BOJBI MIPUMECH - CBIPbEM JJIs MPOU3BOICTBA PA3IUUHBIX
TOBapOB.

B HacTosimiee BpeMs OYMCTKA CTOYHBIX BOJ SIBJISIETCS OCHOBHOW MeEpOid
CHIDKCHHS 3arpsi3HCHHS BOJHBIX OOBEKTOB M OCTAaETCsA, B OOJBIIMHCTBE CIIydaes,
3aTpaTHOM TexHoyorued (3aTpaThl Ha OYMCTKY CTOKOB jgocturaror 20%
ce0ECTOMMOCTH TPOAYKIHMI MPOMBIIUICHHOrO MNpeanpusTusi). DPQGEeKTUBHOCTD
OOJBIIMHCTBA CYNIECTBYIOLIMX OYUCTHBIX COOPYKEeHUN HejoctatodHa. [Iporecch
Jerpajallid  BOJOEMOB  MPOJODKAIOTCS M MOTYT  CTarh  IPAaKTHYECKU
HEOOPATUMBIMU.

Bce 310 TpebOyer nmnpumeHeHHs HOBBIX Oosiee A PEKTUBHBIX U
HKOHOMHUYECKH OIpPAaBJAAHHBIX TEXHOJOTHH OYHCTKM CTOYHBIX BOJ U METOJIOB
BOCCTaHOBJICHHSI BOJIOEMOB, pa3pabOoTKa KOTOPBIX HEBO3MOXKHA 0€3 3HAHUS TEOPUI

IMpOoLECCCOB, MO3BOJIAOIINX YIAJIATh U3 BOIAbI BPCIAHBIC ITIPUMCCH.

2. KPYT'OBOPOT BEHECTB U IOCJIEACTBUSA CBPOCOB
B BOAOEMBbI
2.1. BoaHble 3K0CHCTEMbI M CAMOOYHILIEHHE BOT0OEMOB
2.1.1. DkosioruyecKkue CUCTEMbI IPECHBIX BOIOEMOB
Bonnble opraHu3Mbl CyIIECTBYIOT B TECHOW CBSI3U C OKPYXKAIOWIEH Cpenoun
U JApyr ¢ JpyroM, oOpasys cooOmecTBa WM OHOLIEHO3bl, 3aHUMAIOUIUE
OTPEJICNICHHOE TMPOCTPAHCTBO, Ha3biBaeMoe OuotonoM. buoiieHo3 u O6uoTonm B

COBOKYITHOCTH 00pa3yIoT 3KOCUCTEMY.
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DKOCUCTEMBI 0OBIYHO CKJIAJIBIBAIOTCS B PE3YJIbTATE JUIUTEIBHOU DBOJIIOIUU
U HaXoAsATCS B TMOCTOSHHOM pa3Butuu. OHU  o0jagaroT CBOWCTBAMU
CaMOPETYJISIUK U 10 HEKOTOPOM CTENEHHU CIIOCOOHBI MPOTUBOCTOSTh U3MEHEHUSIM
OKPYXKAIOIIEN CPEBI.

B mpenenax omHOro BojoeMa MOYKHO Pa3iIHMYUTh HECKOJIBKO BXOISIIHMX
JpYT B JApyra 3KOCUCTEM, Ka)/Jas U3 KOTOPhIX UMEeT CBOW OMOLEHO3 U OHOTOIL.
Pa3smepsl OmoToma MOryT CHJIBHO OTJIMYATBCA - OT BOJOeMa B IIEJIOM JIO
pasiarariierocs >KMBOTHOTO WM PACTUTEILHOTO OCTaTKA.

Haubonee paznuyaroliuMucs MeEXIy coOoil OuoTrornamMu B BOJOEME
SBJISIIOTCS TIeJlaruajib (TOJIIA BOJBI) U OCHTaIb (THO BoJOEMa). DTHUM OHOTOIIAM
COOTBETCTBYIOT JiBa KPYIHBIX COOOIIECTBA: Ienaroc (0OUTaTe M TOMIIH BOJbI) U
oentoc (obmratenu nHa). [lemaroc moapasnmensercss Ha IUIAHKTOH W HEKTOH. B
MJIAHKTOH BXOJST OPraHU3MBbI, HECIOCOOHBIC TMPOTHBOCTOSATH TEUYCHUIO U
MEPEHOCUMBIC BMECTE C IIOTOKOM BOJABL. K HEKTOHY OTHOCSTCS JOCTATOYHO
KPYIHBIC dKUBOTHBIC, TEPEABUTAIOIINECS HE3aBUCHMO OT TOKA BOIBI.

B mporeccax camoouuiiieHus] MPECHOBOIHBIX BOJOEMOB OCHOBHYIO POJIb
UTPAIOT OPraHu3Mbl OEHTOCA M IJIAHKTOHA. PacTUTENbHBIM MHP - Ha3bIBAIOT,
COOTBETCTBEHHO, (PUTOOEHTOC M (PUTOIIIAHKTOH, a >KMBOTHBIM - 3000€HTOC U
300IIJIAHKTOH.

B pexax ¢uTo- ¥ 300M7IaHKTOH JIOBOJBHO PaBHOMEPHO paCHpPENENICHBI 10
BEPTUKAIN ¢ HEKOTOPHIM IPeoOiaJaHueM B MPUOPEKHBIX 30HAX. DUTOMIAHKTOH
MPEICTaBIICH B OCHOBHOM JIMATOMOBBIMH M 3€JCHBIMH BOJOpOCTSIMH. B
300IUIaHKTOHE  JOMHUHUPYIOT KOJOBpPaTKH, MHOTO BETBUCTOYCHIX PadKOB,
KOJMYECTBO TpocTeimux Heenuko. CocTaB OeHTOCA OMNpEeNessieTcss KaueCTBOM
rpyaTa. HauOonbiiee BHAOBOE pa3sHOOOpa3ue OpraHU3MOB HaONOJaeTcs Ha
KaMEHUCTOM TPYHTE, a HauOoJIbllIee KOJUUYECTBO OMOMACCHI MPU MaJIOM BUJI0BOM
pa3HOOOpa3uu XapakTepHO IS WIOBBIX T'pyHTOB. Conepxkanue OakTepuil B BOJIE
PEK JIOCTUTaeT HECKOJIBKUX MUJIJIMOHOB Ha | MJI U 3HAYUTENLHO YBEJIUYUBACTCS BO

BpeMsl TaBOJKOB, a TaK)Ke BOJIM3U MECT COpOca CTOYHBIX BOJI.



B o3epax ¥ BOJOXpaHWJIMILAX HW3MEHEHMS COCTaBa IUIAHKTOHA IIO
BEepTUKaNU 0OoJiee CYUIECTBEHHbBI, YTO CBS3aHO C OOJBIIUMHU TEMIIEPATYPHBIMU
pa3iauuusaMU, OO0ECIEYEHHOCThIO KHUCIOPOJOM (KOHILIEHTpAlUsl PacTBOPEHHOIO
KHCIIOpOAa BBIIIE Y TIOBEPXHOCTH), YCJIOBUSAMH OCBELUIEHHOCTH W JPYTUMU
¢dakropamu. BecHoil HaOII0a€TCS MACCOBOE PA3BUTHE ITUATOMOBBIX BOJOPOCIEH.
Korma Bomoém mporpeBaercs, UMX CMEHSIOT LMAHOOAKTEpUH (CHHE-3elIEHbIe
BOZiOpocin). B 300mmaHkTOHE TpeoOianaioT KOJIOBpPAaTKU U paykd, HO MHOTIA

SHAYHUTCIIBHOI'O PAa3BUTHUA JOCTUTAIOT IIpOCTGI\/’IHII/IG.

2.1.2. Kpyropopor BeliecTB B BOA0EMe

CamoounieHrne BOLOEMOB JOCTUTACTCS MYTEM BKJIFOYCHMS MMOCTYIAONIUX
3arpsA3HEHUH B KPYrOBOPOT BEIIECTB B BOJOEME, HA3bIBAEMbIA MallbIM
KpyropoporoM. (OCHOBHBIMH COCTABHBIMM 4YacTsIMH MaJloTO  KpyroBOpoOTa
SIBJISIFOTCSI CUHTE3 M JIECTPYKIIMM OPraHUYECKUX BEIIECTB.

Oprannueckoe BellecTBO, oOpasyolieecs B BOJOEME MNpH (UKCALUU
YIAEKUCIOThl B Tpolieccax (OTO- MU XEeMOCHHTE3a, HOCUT Ha3BaHUE TMEPBUYHON
nponykuu. OCHOBHAsi macca NMEPBUYHOM NPOAYKLIHMM CHHTE3HPYETCA 3a CUET
pacTeHuii, B 4acTHOCTH, Bojopociiedl. Ponb aBroTpodHbIx Oakrepuii B 3TOM
IIPOLIECCE OTHOCUTEIIBHO HEBEIHUKA.

bromacca aBTOTpO(HBIX OpPraHM3MOB (BOAOPOCIEH, BBICIIMX BOJHBIX
pacTeHuil u 6akTepuil) U MPOAYKTHI €€ pacraja Ciay>kKaT UCTOYHUKOM MUTaHUs s

reTepoTpodHBIX OPraHU3MOB: OaKTepHii, TpHOOB, 300IUIAHKTOHA U HEKTOHA.

2.1.3. Poab OTACJbHBIX I'PyIl OPraHMsMoB B CAMOOYHINECHHUHN BOAbI

[locTynaromue B BOJOEM OpraHWYecKHE BEIIECTBA, pPAaBHO Kak M

oOpasyromuecss B HEM B pe3yjbTaTe€ CHUHTE3a MEPBUYHOM MPOAYKIMH,

MOABEPraloTCsl BO3JCHCTBUIO BOJHOIO HaceineHus. Hawubonee axkTUBHBIMU



JECTPYKTOpaMH OpPraHMYECKUX BEIIECTB SBISIOTCA reTepoTpodHble OakTepuw,
CrIoCOOHBIE pa3pyIiaTh U YCBAUBATh PA3HOOOPA3HBIC OPraHUYECKHUE COSTUHECHMS.

C nomolipio OakTepuil B BEPXHUX CIOSIX BojoeMa, Oojiee OoraTbix
KHCJIOPOJIOM, TMPOUCXOJUT adpOOHOE OKHUCIECHWE OPraHMYeCKUX 3arpsi3HEHUi, a
TaK)K€ XEMOCHUHTE3 (HUTpU(PUKALM, OKUCICHHE cepoBoAopoaa). BOnu3u qHa u B
JIOHHBIX OTJIOKEHUSIX HUJET aHa’dpOOHBIM pacraji OpPraHUYeCKUX BEIIECTB,
NPUBOAAIIMNA K OOpa30BaHUIO PA3IUYHBIX MPOAYKTOB HEMOJHOTO OKUCICHUS,
METaHa, CEPOBOIOPOIA.

Opranu3mbl  300IJIAHKTOHA y4YacTBYIOT B Mpoleccax ACCTPYKLUHH
OpraHNYeCKUX BEUICCTB, MUTAACHh (DUTOIIIAHKTOHOM U OakTepusMu. OuibTpaTopbl
U CEeIMMEHTATOPhl 300IIAHKTOHA (Pauku, KOJOBPATKH, MPOCTEHIIHNE) BHOCST
OCHOBHOM BKJaJ B OCBETJIICHHE BOJbI, CHWXKAas YHUCJICHHOCTb OaxkTepuii u
Bojiopociieit Ha 90 — 99 %.

baxkTepuu M 300IUIaHKTOH aKTUBHO MOTPeOA0T Kuciaopoa. Iloctynnenue
KUCJIOPOJa B BOJOEM IPOUCXOAUT MYTEM Maccomepeaadyd U3 BO3JAyXa M 3a CUET
BbIJICNICHUA NTPU (DOTOCHHTE3E.

DUTOIUIAHKTOH HE TOJILKO 00Oramaer BOJy KUCIOPOJ0M, HEOOXOAUMBIM
JUI. adpOOHON JECTPYKIIMU OpPraHWYECKUX BEIIECTB, HO M SBISIETCS OCHOBHBIM
noTpeduTesieM OMOTreHHbBIX DJIEMEHTOB.

UpesmepHoe pa3Butue (PUTOIUIAHKTOHA, BBI3BAHHOE U30BITKOM OMOTEHHBIX
AJIEMEHTOB, NPHUBOJUT K BTOPHUYHOMY 3arpsA3HEHUIO0 BoAoeMoB. OOpasyromuecs
MIPU Pa3JI0KEHUU OPraHU3MOB (DUTOIIAHKTOHA JIETKOOKHUCIISIEMbIE OpPraHUYeCcKue
BelIeCTBAa (pacTBOPUMBIC TMPOAYKTHI JECTPYKLHMHM YIJIEBOJOB U  OEIKOB)
3arps3HSAIOT MPEUMYIIECTBEHHO TOJIY BOJBI, a 0ojiee TPYyAHOOKHUCISIEMBIE, B
YaCTHOCTU KJI€TYaTKa, OMYCKAalTCid Ha [HO, T€ Y4YacTBYIOT B 0Opa30BaHUU
CTOMKHUX JIMTHUHOTYMYCOBBIX KOMIUIEKCOB U CIIOCOOCTBYIOT 3aWJICHUIO BOJOEMOB.
[IpenoTBpamieHre BTOPUYHOTO 3arpsA3HEHUS MOXKET ObITh JOCTUTHYTO YJAJICHUEM
n30bITKa (PUTOTUTAHKTOHA WM CO3JJaHUEM YCJIOBUM, IPU KOTOPBIX BCS MEPBUYHAS

MMpOAYKIUA 6YI[€T YTUIIN3UPOBATHCA BOOAHBIMU OPraHU3MaMH.
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2.2. Kpyrosopor yriiepoaa
2.2.1. Kpyrosopor yrJepoaa B 0uocgepe

B3anMoCBsi3b BCEX JKMBBIX CYIIECTB Ha 3eMJjie HaXOAUT Haubosee spKoe
BBIpAXXEHUE B KPYroBopore yriepoaa B Ouocdepe. 3enéHble pacTeHUS WU
BOJOPOCIN CUHTE3UPYIOT OpraHUYECKUE BEUIECTBA, UCIIONB3Ys SHEPTUIO COJIHLIA U
VIIEKHUCIOTY, TMOITOMY HMX HAa3bIBAIOT NpoAyLEeHTaMU. KUBOTHbBIC SABISIOTCS
norpeduTenssMu  (KOHCYMEHTaMHu); OHHM  PacXOAYIOT 3HAYUTENbHYIO 4YacTh
MEePBUYHON OMOMACCHI ISl TOCTPOCHUSI CBOEro Teia. Tesa )KMBOTHBIX U pACTCHUM
B KOHIIE KOHIIOB IOJABEPraloTCs pas3loKEHUI0, NMPU KOTOPOM OpraHUYecKue
BCIICCTBA TMPEBpAlIAlOTCAd B MHUHEpalbHbIE. JTOT TMPOILECC, Ha3bIBAEMBbIN
MUHEpaIn3aIend, OCYHIECTBISIOT OaKTepuu U IpUObI, B OanaHce MPUPOJbI OHU
CILy’KaT I€CTPYKTOPAMH.

B xpyrosopote BemiectB (puc. 2.1) MUKpoOpraHu3MaM MPUHAJJICKUT HE
MEHbIIAs  pojib, 4YeM  (POTOCUHTE3UPYIOMIMM  3€IEHBIM  PACTCHHSM.
dotocuHTeTHYECKAsT (PUKCAIUsl YTJEKUCIOTHl 3€JIEHBIMU PACTEHUSIMU OBICTPO
ucrormiana Obl €€ 3amackl B aTtMocdepe, eciu Obl OpraHMYeCKHe COSTUHEHHS He
pazjarajiuch MUKpOOPraHU3MaMu U He OKucsuiuch 10 CO; .

JesaTenpHOCTh YenoBeKa BHOCUT CYHIECTBEHHBIN aucOanaHc B KpYroBOPOT
yraepoja Ha ruiadHete. C)KUraHuE YIIIEpOACOIEPHKAIEr0 MCKOMAeMOro TOIUIMBA
(HedTH, TPUPOTHOTO rasza, yriisl) MPUBOJUT K MOCTEIIEHHOMY POCTY COJEpPKAHUS
CO, B armocdepe. Kak BumgHo u3 cxembl (puc. 2.1), mpoueccol hoTocuHTe3a, C
JpPYyroil CTOPOHBI, M [JbIXaHUS C MUHEpalu3aluen, ¢ APYrod CTOPOHBI,
cOaaHCHPOBAHBI (129-109237-109+92-109), U COKUTAHHUE TOIUIMBA MPHUBOAUT K
€XKEroJIHOMY TMOCTYIUIEHHIO B aTtMocdepy 18:10° TCO,. Ecim 6B Bech 3TOT
n30biTok CO, coxpansiics B atMocdepe, To yxe dyepe3 140 met mpousonuio Obl
yIBOECHUE COoZep KaHusl TUOKCUIa yriepojaa B armocdepHoM Bozayxe (¢ 0,03 % no

0,06 %). Ognako Qgaktuueckuii poct coaepxanus CO, B aTMOochepe NPOUCXOIUT



3HAYMTENIFHO MeJJICHHee, Oyarogapst ero abcopOIMu U HAKOTUICHUI0 B MHUpOBOM

okeane, rae koiandectBo CO, B 50 pa3 GobIire.

ATMOCSEPA
QV 2600 - 10° 1 €O,
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128+ 10° 1€O,
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MAKPOOPTAHM3M Hetxae 100,

YTONb, HESTE g
NPUPOLHbIA A3, } 10000 10" r CO;

OCABKM 10-2 500 000 » 10° 1 €0,

Puc. 2.1. Kpyrosopor yriepoaa B Ouocdepe.
Hudpsr 0ko0 CTpEenok yka3biBatoT rooBoit 06opoT CO,, TCO, /rom.

MupoBoii okeaH mpencTaBiseT coO0i MoOIHYI OydepHyro cucremy,
KOTOpasi CTpeMUTcsl ToaaepkuBaTh coaepxkanue CO, B arMmocdepe B cuily
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paBHOBecHs B CUCTEME BO31yX-BoJa. OJHaKO BO3MOXHOCTH MUPOBOro oKeaHa He
6e3rpannynbl. K ToMy ke B razooOMeHe okeaHa ¢ arMoc(hepoil ydyacTByeT JIUIIb
TOHKUU MOBEPXHOCTHBIN clod BOJbl. OrpomHoe kojuuectBo CO, HaxoauTcs Ha
OOoNbIIMX THYOMHAX (HWKE CJOsI TEMIEPATypHOro CKadka) M BBIXOJUT Ha
MOBEPXHOCTh B HEMHOTHX oOnacTsax (3amannas Adpuka, Unnm). Cnegyer Takxke
YYUTHIBATh, 4TO OK0JIO 20 % MOBEpXHOCTH BOJBI Ha 3emiie MOKPHITO HePTIHOU
MJIEHKON U MPAaKTUYECKU BBIBECHO U3 ra3000MeHa ¢ aTMochepoil.

Ve Ha NpOTSKEHHMM MHOTHX JIET COAEP)KAHME NHMOKCUIA YIJEpOoJa B
BO3[IyX€ HEYKIOHHO Bo3pactaeT. Kpome yka3zaHHBIX BBILIEC MPUYHH (CKUTAHUE
TOTUIMBA, 3arpsA3HeHrne MupoBoro okeaHa He(ThIO), HTO CBSI3aHO C YMEHBIICHUEM
dboTocuHTeTHYECKOW (UKcalMu yriiepoa B pe3yJbTare CBEACHUS OOIBIITUX
JIECHBIX MAaCCHUBOB (B YaCTHOCTH, BBIpYOKH JiecOB B OacceiiHe AMAa30HKH) U

Jlerpajialiiy MOYBHI.

2.2.2.KpyroBopor yrJjiepoaa B BOgoémMe

B Bomoéme kpyrosopor yriepoaa (puc. 2.2) olbecrneuuBaeTcs JIByMS
OCHOBHBIMHU TIpolieccamu: (porocuHTe3oM W MuHepanusamnueil. Kpome Toro, B
aHa’POOHBIX 30HAX NPOUCXOJUT COpPa)KMBAHME OPraHUYECKUX BEHIECTB C
oOpa3oBaHrMEeM MeTaHa U JHOKCHIA yriepoja, a Takke omooccranoieHue CO,
JI0 METaHa METAaHOBBIMU OAKTEPUSMU, UCITIOJIB3YIOIINMHI BOIOPOT
(4H2 + C02 - CH4 + 2H20)

COpoc  CTOYHBIX  BOJA, COJACP)KAIUX  OpPraHMYECKHWE  BEIIECTBA,
MHTEHCU(ULIMPYET MPOLECC MHUHEpATU3AUN, YTO CYIIECTBEHHO HapylIaeT
KHCIIOPOAHBIN OanaHC B BOJIOEME.

OO61iee cojepKaHMEe OPraHMYECKUX BEIIECTB B BOJAE OMNPEIECISIOT C
MTOMOIIIBI0 KHUCJIOPOAHBIX HKBUBAJICHTOB - Tokazateneid BIIK (Gumoxumudeckoe

notpebsenue kucaopoaa) u XIIK (xumuyeckoe noTpedaeHue KUCIopoaa).
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ATtMmocdepa Copoc
CH, O6men CTOYHBIX BOJ

[ - , oy
Bonoem :
1
]
1 CDI/ITOHJ'IaHKTOH 3oomiankTod HexTon '
\L\ / m“e"“"“mm \ / o A3p06Ha$1 30Ha
el DR . o ——
C OpraHudeckue 5
BEIIeCTBa AHaspoOHas 30Ha

%77////77//7////'11////////f//f/7/./77/7/////7/"/1 (G E BT TR ETIE T EEFHTTE LT 7777777

Puc. 2.2. KpyroBopot yriiepoja B BOgOEME

BIIK - 3TO KOJIMYECTBO KHCIOPOJA, MOTPEOJEHHOTO MHKPOOpPTaHM3MaMH Ha
OnookuciaeHue (MUHEPAIU3aIMI0) OPraHUYEeCKUX BEIIECTB, COJIEPKAIIUXCS B BOJIE.
Tak kak mnpu onpeneneHun BeanunHbl BIIK  momHON  MuHepanuzauu
OpraHMYeCcKUX BELIECTB HE JOCTHraercs (Y4acTb OpPraHUYEeCKUX BEIIECTB
TpaHchopMHUpyeTCs B OMOMAacCy MHUKPOOPTraHM3MOB, a 4YacThb - HE MOJJAETCA
OMOOKHCIIEHUI0O B ycioBusix aHanuza), To bIIK sBigercs kucmopoaHsiM
HKBHUBAJICHTOM HE BCEX, a JIUIIb YaCTH OPraHMYECKUX BelecTB (cuuTatot, 4ro bIIK
XapaKTepu3yeT COJIepkKaHUE B BOJI€ JETKOOKHCIISIEMbIX OPraHUYECKHX BEIECTB).
[Ipu cranmaptHom ananu3ze XIIK (okuciieHHe OpraHMYecKUX BEIIECTB
OMXpPOMATOM Kajusl) MPOUCXOAUT MPAKTUYECKH MOJHOE OKUCICHHE OpraHuYeCcKuX
BemectB. lloaromy XIIK  cnyXHT  KUCIOPOAHBIM  DKBHBAJIEHTOM  BCEX
OpraHMYECKUX BEIIECTB, COJEPXKAIIUXCA B BoJA€ (Bcerga BBINOJHAETCH:
XIIK>BIIK).

Bwmecte ¢ tem, ananmu3 BIIK sBisiercss mpocToil W ynoOHOW MOMAENBIO
nporecca a3poOHOTr0 OKUCIIEHUS OPraHMYECKUX BEIIECTB B MPUPOJIHBIX BOJOEMAX.
C moctatoyHOMN 111 OLEHOYHBIX PAacuy€TOB TOYHOCTHIO, YMEHBIICHUE KOJINYECTBA
KHCIIOpoAa B BOAOEME B pe3yibrare cOpoca cTokoB paBHO BeianuuHe bBIIK

cTOUHBIX BoA. Hampumep, ecim B Bomoém noctynuiao 1000 M CTOYHBIX BOX C
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BIIK=300 F/M3, T.€. COpOIIEHO OpraHMYecKux BemlecTB B kKoaudectBe 300 Kr mo
BIIK, To KommyecTBO KUCIOpOaa B BogoéMe yMeHbIuTcs Ha 300 Kr.

Conepxanue pacTBOPEHHOTO KHUCIOPOJa B BOJAEC BOJOEMA OIMpPEACIsIeTCS
TpeMsi OCHOBHBIMH (pakTopamMu: aOcopOIMsl KHCIOpOoaa U3 BO3ayxa (peasparius),
BBIJICJICHUE KHUCTOpoJa (OTOCHHTEIUPYIOIMIMMHU OpraHU3MaMH, TMOTpeOIcHue
KHCJIOPOJIa a3pOOHBIMU MUKPOOpPTraHu3MaMu (B Mpoliecce MUHepanu3amnuu). Jis
03¢p W BOJOXPAHWIHUIN 00a HCTOYHUKA TOCTYIUICHHs Kuciopoja (peadparus,
(hOTOCUHTE3) WUrparoT CYHIECTBEHHYIO pPOJib. J[JI1 peK OCHOBHBIM HMCTOYHUKOM
KHCJIOPOJIa SIBJISIETCS peasparius.

Pexa, B KOTOpYHO OT KpYyImHOTo OOBEKTa COpachIBAlOTCS CTOKH,

COoACpKAIUC OPraHUYCCKHUC BCOICCTBA, HMCCT YCTBIPC TOBOJIBHO XOpOIIO

BBIpa)KEHHBIE 30HHI (puc. 2.3).

Co

.
e - e e e o ok e - e

1" BIIK

P .

[

A baxrepuu

- -

-

e - = - - -

t Bpewms uinu paccTosiHEE BHU3 110
Touka cOpoca TEUEHWTHO

Puc. 2.3. TlocnencTBust copoca B peKy CTOUHBIX BOJ, COAECPKAIIUX
OpraHUYeCcKHUe BeIeCTBa. |- 30Ha Pe3KOro yxXyileHus; 2 — 30Ha aKTUBHOTO

pacnaga OpraHn4CCKUX BCIICCTB, 3 —30Ha BOCCTAHOBJICHHA, 4 — 30HA YUCTOM
BOJHBI
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HECKOTO YHA

I TIENTTLAL
A BJl Vil

B 30He pe3koro yxyIaumieHus: CKOPOCTh pea’palud 3HAYUTEIbHO MEHBIIE
CKOPOCTU TOTPEOJICHUsI KHUCIOpOAa Ha OUOOKHCIEHHE OPraHMYEeCKHX BEIECTB,
KOHIEHTpAIMsi PACTBOPEHHOIO KHUCIOpoAa ObICTPO MajgaeT (BO3MOXKHO TOJIHOE
ucuepnanue kuciopona), cHmxkaerca BIIK Boawsl m Habmronaercss OBICTPBIA POCT
a’pOOHBIX TeTepOTPOPHBIX OaKTEpHUil.

B 30He akTMBHOrO pacmajga OpraHMYECKHX BEILECTB CKOPOCTb pea’paluu
IPUMEPHO paBHA CKOPOCTM  OMOOKHCICHMs, KOHLIEHTpalMs  KUCIOpoJa
CTAOMIM3UPYETCS HAa MUHUMAJIbHOM YpPOBHE, YBEIHUYHBACTCS O0BEM aHA’POOHBIX
30H, MOXET HOSBIATbCSA JTypHOW 3amax B CHIy BbIOpoca B artMocdepy
JYpHOIIAXHYIINX NMPOJYKTOB aHa’pOOHOI0 pacmaja OpraHM4ecKuX BelecTB. s
MHOTUX BBICIIUX (POPM JKU3HHU, OCOOEHHO AJis phIO, Takas cpefa HeOJaronpusaTHa.
HopmanbHas >KU3HEAEATEIBHOCTh IEHHBIX MOPOJa pbl6, Takux Kak (¢opeb,
BO3MO’KHA IIPY KOHIEHTpAlM PacTBOPEHHOIO KHCIOpoJa He MeHee 6 mr/n. Jlis
TOJIEPAHTHBIX (YCTOMYMBBIX) MOPOJ, TAKUX KaK OKYHb, IJIOTBA, TpeOyeTcs 4-5 mr/n
pacTBOpéHHOro kuciopona. Emé Oonee TonepaHTHBIE NMOPOAbI (Kapm, Kapach,
OBIYOK) XKUBYT MPHU COJIEPKAHUU Kuciaopoaa 2-3 mr/in. Opranu3mbl 300IUIAHKTOHA
HOPMAJIbHO PAa3BUBAIOTCSA IPU KOHLEHTpAIMU PACTBOPEHHOTO KHCIOpoAa He
menee 1-2 mr/n. Ecim B pesynbrate cOpoca CTOYHBIX BOJA  KOHUEHTpALMs
KUCJIOpoJa TMajaeT a0 1 Mr/in, TO TPOUCXOIUT MaccoBasi THOEIb poIO U
300IJIaHKTOHA, a BOJa 00Oramaercss TOKCUYHBIMU IIPOAYKTaMH aHa’pOOHOIO
pacriajia 0MOMaccChl.

B 30HE BOCCTAHOBIEHHS CKOPOCTb pEadpallMd IPEBBIMLAET CKOPOCTh
a’pOoOHOTO0 OKHUCJIEHHS, COAEpKAaHWE PACTBOPEHHOTO KHCIOPOJAa MEIJIEHHO
BO3pacTacT. BHOBb NOSBIAIOTCS OpraHU3Mbl 300IUIAHKTOHA W TOJIEPAHTHbBIE
nopojasl pbi0. B 30He u4McTON BOJBI OOMTAET MHOKECTBO BOJHBIX PACTEHUH WU

YKUBOTHBIX, BKIItoUas 0osiee TpeOOBATENbHBIX K KAYECTBY BOJIbI IIOPOJIbI PhIO.
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2.3. Kpyrosopot azora

B xpyrosopote azota (puc.2.4) 1eHTpadIbHOEC MECTO 3aHUMAeT aMMOHUM,
KOTOpBIﬁ ABJECTCA IMPOAYKTOM KakK 33p06HOF0, TaK U aH33p06HOTO Pa3JI0KCHUA
O€JIKOB M aMUHOKHUCIOT OMOMacchl BOJHBIX opranu3moB. [IpeBpaienue azota
OpPraHNMYCCKHUX BCHICCTB B a30T aMMOHUMHBINA HA3BIBAIOT aMMOHI/I(I)I/IKaLII/ICI\/II.

COpoc CTOYHBIX BOJ ATMOCOEPA

OoOme
(NH,") M ::I

300IUIaHKTOH _ \

'

DuUTOImIaHKTOH
(opr. N) l

A

ACCUMMIIANUA

Puc. 2.4. Kpyroopot azora B BOgoeMe
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B a’pOOHBIX YCIIOBHAX AMMOHUHBIN azor OKHCIAETCA
HUTPHPUIUPYIOMIMME OaKTEpUSIMH JI0 HUTPUTOB, a 3aTeM JI0 HUTpaToB. [Iporiecc
HUTPUPUKALMH, TAKKE KAK U a9pOOHOE OKHCICHUE OPTraHUYECKUX BEIIECTB, BEAET
K CHWKEHHUIO COJIEp)KaHHUS PACTBOPEHHOIO Kuciopoaa B BoaoéMme. IIpana,
HUTPUTBl U HUTPAThl B COCTOSIHUM OOECIEUUTH 3amac CBSI3aHHOTO KHUCJIOPOJa,
KOTOPBIH MOXET OBITh UCITOJIB30BaH JIJIsI OMOOKUCIICHUSI OPTAHUYECKUX BEIIECTB B
mpolecce  JEHUTPU(PUKALMKM, €CIU  YCIOBUS  CTAHOBATCA  aHa’3pPOOHBIMHU.
MouiekynsipHbIid @30T, BBIACISIONIMNACA NpHU ACHUTPUPUKALMK, MOCTYNAeT B
atMocepy, TeM caMbIM O0ecneYrBaeTCs BbIBOJ H30BITKAa a30Ta W3 BOJOEMA.
Casi3pIBaHUE MOJICKYJIIPHOTO a30Ta U BKJIIOYCHHUE €r0 B KPYrOBOPOT B BOJOEME
OCYIIECTBIISIIOT a30TPUKCUPYIOIINE OAKTEPUHU.

Oco0eHHO 3P (HEKTUBHO CBA3BIBAIOT MOJICKYJISIPHBIA a30T OakTepuu pojia
Azotobacter (oxosio 20 mr Ny Ha 1 T UCTIOTB30BAaHHOTO OPTaHUYECKOT0 CyOCcTpara).
CnocoOGHOCTRIO K a30TduKcanuu 00JIaal0T W MHOTHE JApYyrue OakTepuu
(mmaHobGakTepuu, Cyiab(aTpelylupyoliue U MeTaHOoOOpasyrwlinue OakTepuu u
ap.). dns puxcanuu MoaeKynsapHOro a3ora He0OXOIMMO MPUCYTCTBUE MOIHOICHA
B BOJIC. DTOT TSKENBIA METAI BXOJUT B COCTaB HUTPOTEHa3bl - (HEPMEHTHOTO
KOMIUIEKCA, CBS3BIBAIOIIETO MOJIEKYJISAPHBIH a30T.

Bo MHOrMx BHYTPEHHUX BOJIOEMax W HEKOTOPHIX OOJACTAX OKeaHa
€XEroJTHO B TEIUIBIN meproj HaOIogaeTcsi MacCoBOE pa3BUTHE IHaHOOAKTEpPHH,
TaKk Ha3blBaeMoe 'IBeTeHHE BOIbI". B mepuon LBETEHUS BOABI BO3MOXKHO
HAKOTUICHHE a30Ta B BOZOEME 3a CUET a30THUKCALINH.

DOTOCUHTE3UPYIOUINE OpPTraHW3Mbl M OaKTepuu MOTPEeOSAIOT a30T Ha
cUHTe3 OMOMAacchl (ACCUMIIMPYIOT) B OCHOBHOM B BHJIE aMMOHUS, a TAKXKE B BUJIC
HUTPATOB (CM. puc.2.4).

3a UCKITIOYEHHEM CEJIbCKOTO XO3SHUCTBA U MPEANPUSTHI 1O TPOU3BOJICTBY
yIOOpEeHMi, CTOYHBIE BOABI OT HACEIEHHBIX MYHKTOB M TPOMBIIIJICHHBIX
KOMIUJIEKCOB ~ COJEpPKaT a30T B BOCCTaHOBJIEHHOM (opme — B cocTaBe
OpPraHMYeCKUX BEIIECTB W aMMOHHMHHBIX coenuHeHHid. COpOC TakWX CTOKOB

YBCIIMYHUBACT KOJIUYCCTBO aMMOHHMIMHOIO a30Ta B BOJOEME U MOXET HNPHUBECTH K

16



OypHOMY pa3BUTHIO (PUTOIJIAHKTOHA, €CJIA €r0 POCT ObLI JUMUTHUPOBAH IO a30TY.
Kpome Ttoro, mnteHcudpunupyetrcss Hutpudukanus. B pesynbrare a’spoOHOTO
pasnokeHus oOpa3oBaBlIeics Ouomacchl (UTOIUIAHKTOHA M 300IJIAHKTOHA, a
TaK)Ke MOTPEeOJICHUs KUCIOpoaa Ha HUTPUUKAIMIO, €r0 KOHIEHTpAIlMs B BOJIE

BOJI0EMA CHIKAETCS, YTO MPUBOJUT K THUOEIH KUBOTHBIX (PBIO, 300MJIAaHKTOHA).
2.4. Kpyrosopot ¢ocdopa

Bonnbie opranu3mbl ucnonb3yroT dochop B Bune pocdaroB. B kimeTkax
dbochop Bxoaut B coctaB Mosiekyl AT® u nykmenHoBwix kucior (JJHK, PHK).
[Tocne oTMupaHwust KIETOK MPH pacmane 6uomaccsl Gochop BO3BpaIIaeTcs B Cpeay

B BHJIc aHUOHOB (ocHOpHOM KUCIOTHI (puc.2. 5).

COpoc CTOYHBIX
Box (PO )

yy
. |

ATMOCOEPA

{
i
t
..__._-_..._..}_-‘

BOJIOEM

aCCUMMIIANUA

/v;:—/_.—“\\
3..
docdop
OMOMacCChI

.~
st
"

Yl

TN CCUMMIISIINS

Me

- ——

Coé A UH

HepacTaopumble eHua

Puc. 2.5. Kpyrosopot ¢gocdopa B Bogoeme
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C xaruoHamMu MeETaJUIOB (Kene3a, Kaiblius, adtoMuUHUA) (docdaThl
00pa3yioT MajJopacTBOPUMbIC U HEPACTBOPUMBIC B BOJIe KOMILIEKCHI. CBS3aHHBIN B
HEPacCTBOPUMBIE coeluHEeHUsT (GocPop BBHIBOAUTCS U3 KPYroBOpoTa, TaK Kak
HEJIOCTYTIEH JIJISI )KUBBIX OPTaHU3MOB.

B MupoBoM okeaHe U B OOJBIIMHCTBE BHYTPEHHUX BOJOEMOB HMEHHO
cojiepkanue nocTymHbiX ¢hopm docdopa (pocdaToB) orpaHuIMBaET POCT BOHBIX
OpraHu3MoOB (BTOPBIM JIMMHUTHUPYIOIIMM POCT BJEMEHTOM SIBISETCS  a30T).
[TpOMBIIUIEHHOCTh TTPOU3BOACTBA MUHEPAIBHBIX YyA0OpeHui nepeBoauT ¢gocdop
U3 HEJAOCTYHHBIX JJI MUKPOOPTaHU3MOB (hOpPM, TaKHX KaK amaTUThI, B JOCTYITHbBIE
dopwmnbl - pochatsl. Bo mHOrHMX Mectax ¢ocdar u3 ynoOpeHuil monaigaer B peku u
o3epa. Tak Kak KOHIIEHTpalldsg KaTHOHOB jKelie3a, KalbLHUs W aJIOMUHHS B
BOJIOEMAaX HEBBICOKA, pocdaT ocTaeTCcss B paCTBOPEHHOM (popMe U BBI3BIBAET POCT
doroTpodHBIX Opranu3mMoB. bypHoe pa3BuTHE (UTOMIAHKTOHA IMOCie cOpoca
docdhaTtoB MOXKET NPOUCXOAUTHh JAXE MPU HEJOCTATKE B BOJOEME aMMOHHUS U
HUTPATOB, TaK KaK MHOTHE OaKTepuu CrOCOOHBI MOTPEOSATh MOJEKYJISIPHBINA a30T
(Hambosiee yacTto HAOMIOJACTCS PA3BUTHE A30T(PUKCHPYIOMMX [HAHOOAKTEpHUiA).
PesynbraTomM  sIBASieTCS  3arpsA3HEHHME  BoJloéMa  OMOMAccoW  MEPBUYHBIX
MPOIYIICHTOB, PA3J0KECHUE KOTOPOW BBI3BIBACT CHIDKCHHE KOHIICHTPAITUH

PAcTBOPEHHOTO KUCIOpOAa U 000TaIeHre BOIbl TOKCUYHBIMU MPOTYKTAMHU.

2.5. Kpyrosopor cepbl

B  xuBBIX KJIeTKaX cepa MpeACTaBicHa, TIJaBHBIM  00pa3oM,
CyTbGTHIPIILHBIME TPYIIIAMH B CEPYCOACpKAIINX aMHHOKUCIOTaX (UIHUCTEHH,
METHOHUH, TOMOICcTenH). [Ipn aHaspoOHOM pa3ioKEeHUU OpPraHHYEeCKHX BEIIECTB
Omomacchl CyNbPTUAPUIBHBIC TPYIIITHI OTIICTUISIFOTCS dbepMeHTaMU
necynbypazamu.  I[loatomy  mpomecc  oOpazoBanHusi  cyiab(puaoB  (mpu
MUHEpaIH3AIUU  CEPYCOACPKAIMX OPraHWYECKUX BEIICCTB B  aHA3POOHBIX

YCJIOBUSIX) HA3bIBAIOT Aecylibdypaiiuei (puc. 2.6)
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Puc. 2.6. KpyroBopor cepbl B BOJoEME

a2t
..-——-—;Me

Opnako Haubosblllee KOJUYECTBO CEPOBOAOpOJAa oOpaszyercs mpH
aHa’poOHOM OMOBOCCTaHOBJICHUU cynb(haToB, OCYUIECTBIISIEMOM
cylb(aTpeAylMpYIOMKUMU  OakTepusiMu.  ITOT MPOIIECC  HA3bIBAIOT
cyJbdaTpeayKIue Wik TUCCUMUISIIMOHHON CylbhaTpeayKIIUeH.

Ha cunTte3 OuoMacchl KIETKH MCHOIB3YIOT cyib(dar. B npouecce cunresa
OuMomacchl TMPOUCXOJUT ACCUMUJISLIIMOHHAS cylbdaTpeaykius - cyiabdar
BOCCTaHaBIMBAETCA 10 Cylb(huaa u B 3To ¢GopMe cepa BKIIOYAECTCS B COCTAB
AMUHOKHCJIOT U OEJIKOB.

B a»poOHbIX yCIOBUAX CyIb(UI OKUCTACTCS OakTepusIMu (THOOAIMIIIIAMU,
cepoOaKTEPUSIMHU) 10 JIEMEHTAPHOU cepbl U cynb(paToB (puc.2.6).

B Bomoémax okucieHue CcepoBOAOpOAA MPOUCXOAUT U 03 ydacTus
MUKPOOPTAaHU3MOB (XMMHUUYECKOE OKHUCIICHHE MOJEKYISIPHBIM Kuciaopogaom). Ho

CKOPOCTb XHMMHYCCKOI'O OKHCJIICHUSA MCHBIIC, YCM onostornyeckoro. OCHOBHBIM
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MPOJYKTOM XHMHUYECKOTO OKHCICHUS CEPOBOJOPOJA SBISIOTCA THOCYIb(ATHI
D
(S,057), kotopsie THOOAMILIAMH OKUCIISIOTCS 70 CYIb(aToB.

B Bozie cepoBog0OpOI MOKET HAXOAUTHCS B TpeX (hopmax:

ATMOCOEPA
H,S (ra3)

e

gt e e e Pt —

BOJIOEM

e b e e A i

| - Lit
H,S<=——=H +H SL
(MonrekyAaPHoO t A 2
POICTBOPEHH bl ) =H" + S
CooTHoI1IeHNE MCKAY pPaA3JIMYHBIMHU Q)OpMaMI/I CCpoBOAOpOaAa OIPCACIIACTCA

BenuuuHoM pH Bojwl (Tabm. 2.1).

Tabnuna 2.1
CootHomienue ¢popM cepoBoIopoa
npu paznnyHbix 3HaueHusax pH (t =25°C)

dopma 3nauenue pH
CEpOoBO- 4 5 6 7 7,5 8 8,5 9 10
0poJia Conepxanue, %
H,S 99,9 198,9 |91,8 (52,9 |26 10,1 (3,4 1,1 0,1
HS 0,1 1,1 8,2 47,1 |74 89,9 (96,6 198,89 99,8
S* - - - - - - - 0,01 0,1

bnaromapst oomeny ¢ armocdepoii (cMm. puc.2.6) cepa MOXKET BBIBOJAUTHLCS
U3 KpyroBopoTa B BOJOE€ME IyTeM JjecopOuuu cepoBogopoaa. Kpome Ttoro,
Ccylbpuapl 00pa3ylOT C KaTHOHAMHU METAJJIOB HEPACTBOPUMBIC COETUHEHMUS,
BBITIJIAIOIIHNE B OCATOK (3TUM MTyTEM 00pa30BLIBATIUCH CYIb(OUIHBIC PYIbI).

B  kpyroBopore cepbl HamOOJBIIYID  OMNACHOCTH JUIsl  BOJOEMa
MPEACTaBIAIOT MPOIECChl, BeAyllMe K O00pa3oBaHUIO  CEPOBOAOPOAA -
BBICOKOTOKCHYHOTO BeEIIeCTBa (MPEeACIbHO JOMYyCTUMAasi KOHIIEHTpAIlUs B BOJIE

BOJI0OEMOB paBHa Hy:10). Cojepkanue cynb(paToB B BOJE BIOJIHE JOCTATOYHO JUJIS
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pocta Mukpoopranu3mon. IlostoMmy wux cOpoc €O CTOYHBIMU  BOJAMHU
HECYILECTBEHHO BIMSET Ha BojioeM. Ho ecnu B cTOKax MPUCYTCTBYIOT MPUMECH,
BBI3BIBAIOIME YMEHBIIEHUE KOJMYECTBA KHUCIOPOJAa B BOJOEME, TO B CHILY
BO3HUKHOBEHHUSI aHA’POOHBIX YCIOBHH Cyib(haThl BOCCTAHABIMBAIOTCA O
CEpOBOJIOPONA, TyOMTENbHO JEHCTBYIOLIETO Ha oOWTareneil Boxoema W

BBI3BIBAIOIIETO HEMPUSITHBIN 3amnax (3amax TyXJIbIX SHIT).

2.6. DOBTpOdUMKALMS BOIOEMOB

TepMuH 3BTpOdMKaLMA, BBEAEHHBIN I 03EP, HHOTAA UCIIOIb3YETCS I
JPYTUX MAJONPOTOYHBIX BOJOEMOB B YACTHOCTH, BOJTOXPAHWIHIL, KAHAJIOB.

DBOMIOLHMIO 03¢pa MOXKHO MPEACTABUTH CIEAYIOUUM 00pa3oM:

- M0J10/10€ TIyOOKO€E 03€po SBISETCS OJUTOTPOQPHBIM: BOJa B HEM rojry0as
U TIpo3payHasi, pPaCTBOPEHHBIM KHCIOPOJ NPHUCYTCTBYET IO BCEW TIIyOMHE [0
caMoro JiHa, bruomMacca He3HauUUTebHA, IPUCYTCTBYIOT IIEHHBIE TTIOPO/IbI PHIO;

- B MpOILIECCE CTapeHUs 03epO 00OramaeTcss OpraHuyeCcKUMH BelIeCTBAMHU
BCHeACTBUE (POTOCHHTE3a M, BO3MOXHO, OJylarojiapsi NOCTYIUIGHUIO UW3BHE
(TOBEpXHOCTHBIM CTOK, CTOYHBIE BOJBI); STO COMPOBOXKIACTCS IMOCTEIICHHBIM
YMEHBIICHUEM TJYyOUMHBI B pe3yJibTaTeé HAKOIUICHUs] JIOHHBIX OTJIOXEHUH,
W3MEHEHHEM IIBE€Ta BOABI JO 3€JICHOT0 WJIM KOPUYHEBOI'0, CHIDKCHUEM
MPO3PAYHOCTH, MCTOLICHUEM 3amaca KUCIOopoAa B TIYOMHHBIX CIOSX BOJBI,
yBEJIMUYEHHEM OHMOMAacChl; 03€pO TMOCJIENOBAaTENBHO MpEBpallacTCsl CcHavajla B
Me30TpO(HBIN, 3aTEM B 3BTOTPOQPHBIN BOJOEM;

- KOHEYHOU cTaguel sBIISICTCS IPEBpaIlieHue 03epa B Py U OOJIOTO.

PaccmoTpensslii  mponecc MIOCTENEHHOTO oOorameHus  o3epa
MUTATEJILHBIMU  BEUIECTBAMU M CBS3aHHOM € O3TUM Jerpajalud Has3bIBaOT
sBTpodukanuen. [lepexom or ogHON cTaauu 3BTpodUKALMKN K APYroil - mporece
OYeHb JUIMTEJbHBIN, COCTaBISAIOIIMA B mpupojae Teicsyenetus. Ho B pesynbrare
JIeATEIIbHOCTA 4enoBeKa (cOpoca CTOYHBIX BOJI) ITOT MPUPOAHBIM MPOIECC

YCKOPpWJICA HACTOJBKO, YTO MHOI'Ja U3MCPACTCA ACCATHIICTHUAMHU M JaKC roJaMu.
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beicTpyto 3BTpodHKalKiO, BHI3BAHHYIO JEATEIBHOCTHIO YEIOBEKA, HAa3bIBAIOT
aHTPOIIOTEHHOH 3BTpOPUKAIMEH BOJOEMOB.

[IpyunHON  AHTPOMOTrE€HHOW  IBTPOPUKAIMM  MOXKET ObITb  cOpoc
OpPTaHWYECKUX BEIIECTB, HO 4Yalle OHa BBI3BIBACTCS COPOCOM OHMOTEeHHBIX
3J7IeMEHTOB (a30Ta u (ocdopa) u ocoberno docdaron. Jleno B ToM, 4TO UMEHHO
OuoreHHsle 31eMeHThl (0co0eHHO Qocdop) JUMUTHPYIOT POCT OPraHU3MOB B
IpUPOTHBIX Bomoemax. Kpome Toro, cymectBywomme B Poccuu OYMCTHBIC
COOPYXKEHUS MPU JT0CTATOUHO (P(PEKTUBHON OYHCTKE OT OPraHUYECKHUX BEIICCTB
(cBeimie 90 % mo BIIK) He oOecrnieunBarOT HEOOXOIUMOTO yIaleHUsI U3 CTOUYHBIX
Bog azora u  (Qochopa, a  Oorarbie  OMOreHHBIMH  DJIEMEHTaMU
CENIbCKOXO3SIMCTBEHHBIE CTOKM YacTO TMOCTYMAIOT B BOJOEMBI MpaKTHUECKH Oe3
OYHCTKH.

Jlst coxpaHeHUs CBOMCTBEHHOTO MPUPOHBIM BOJOEMaM JTUMUTHPOBAHUS
pocta opranu3moB 1o ¢Gocpopy H a30Ty HEoOXoamma IIyOOKas OYHCTKa OT
OMOTEHHBIX JJIEMEHTOB CEIILCKOXO3SIHCTBEHHBIX, MPOMBIINIJICHHBIX U TOPOACKHX
CTOYHBIX BOX. BoccTaHOBieHHE yke IBTPO(PHUIMPOBAHHBIX 03Ep IMPEACTABISACT
CIIOKHYIO 3aJauy W CBSI3aHO CO 3HAUUTENbHO OOJIBIIUMH 3aTpaTamH, YeM
npenoTBpalieHne ABTpodukanud. Jlemo B TOM, YTO €cld 03epo  CTajlo
IBTPO(UIIMPOBAHHBIM, TO OHO TaKUM M OCTAHETCS B TEUEHHUE OYCHBb JIOJITOTO
BpeMeHH (cToneTus!) Jaxke, €Clid YMEHBIIUTCS KOJIMYECTBO TOCTYMAIOIINX B HETO
CO CTOYHBIMH BOJIAMH MTUTATEIIbHBIX BEIICCTB.

JIisi  9aCTUYHOTO BOCCTAHOBJICHHMS KauecTBa BOJABI M YMCHBIICHHS
HETPUATHBIX CBOMCTB 3BTPOPHUIIUPOBAHHBIX 03€P U BOIOXPAHWJIHII MPUMEHSIOT
TaKMe MEphbl, KaK HWCKYCCTBEHHOE IEePEeMEIIUBaHUE BOABI (MCKYCCTBEHHAs
asparusi), cOOp pacTeHHM W BOAOpOCIHEH, yOaleHHWe OHHBIX OTJIOKEHHUH,
XxuMuyeckas 00padoTKa BOJIbI.

[TepememnmmBanue CONEHCTBYET MOCTYIICHUIO PACTBOPEHHOTO KHCIOPOa B
ryOWHHBIE CJIOW BOJABI M TMOHM)KEHHUIO TEMIIEpaTypbl BEPXHHX CJIOEB (3a cuer
cMelieHus ¢ Oosiee XONOAHOM TiyOMHHOM Bojoif). IloHmkeHue TemmepaTypsl

BbI3bIBACT H3MCHCHUC B  IIOIIYJISIIIHUH BOI[OpOCJIefIi CTaHOBHUTCA  MCHBUIC
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HEXENaTeIbHbIX  CHUHE-3CJICHBIX  BOjopocied  (1maHoOakTepuii), OOBIYHO
MPUIAIOIIMX BOJIE HENPHIATHBICE TIPUBKYChI W 3alaxd U CIHOCOOHBIX K
a30TQUKCAIMK, YBEJIUYUBACTCS KOJUYECTBO HE CTOJNb BPEAHBIX 3EJICHBIX
Bozopociiet. llepememimBaHue MNPOU3BOAAT MNEPEKAYKOW BOJIbBI WIIHA a’palve
(HarHeTaHMEM  CXKaTOTO  BO3AyXa B  TJIyOMHHBIE CJIOM  BOIBI  4epe3
neppopupoBaHHbIe TPYObI WIIU IPYTHE YCTPOICTBA).

Jns cOopa BOAHBIX pacTeHUN MPUMEHSIOT CHEHUAIbHBIC MAallUHBbI.
CpesaHHble pacTeHUSI TPAHCIIOPTEPOM MoAaroTcs Ha Oapxu. COOp HeIb3s CUUTATh
3¢bPeKTUBHBIM CPECTBOM yaaneHus UTATEIIbHBIX BEIIECTB u3
ABTPO(UIIMPOBAHHBIX BOJOEMOB. JIBE TOHHBI BOJHBIX PAacCTCHUU (B CHIPOM BHUJIC)
comepxxut Tosibko 0,45 xr ¢ocdopa u 4,5 kr azora. YnameHue OHOTEHHBIX
AJIEMEHTOB MYyTEM OTJOBa pPHIOBI TAaKXKE OrPaHUYEHO, TaK Kak CBekas pbiOa
conepxkut Toibko 0,2 % dochopa u okono 2,5 % azora. Yaaienue Boaopocieit
naet oonbiui 3¢ dexT, HO TpeOyeT OrPOMHBIX 3aTpart.

Jnst xumudeckodt oOpabOTKU TPUMEHSIIOT CyJib(paT MEIu U TepOuIUIbI.
DTOT MPOIECC CTOUT OYEHb JIOPOTrO W MO3BOJSAECT JIUIIb MPEAOTBPATUTH CE30HHBIC
BCIIBIIIIKK PAa3BUTHUSI BOJIOPOCICH, KOTOpHIC JIENAIOT BOJAY HETPHUTOJAHOW JUIst

BOJIOCHAOKEHHUS.

2.7. buopacnaja KCeHOOMOTHKOB B OKpPY:KaKlIei cpeje

BemecTBa HENMPUPOTHOTO MPOUCXOXKACHHUS, CO3JaHHBIC YEIOBEYCCKOM
NESTEIBHOCTHIO, HAa3bIBAIOT UYXKEPOAHBIMU COSTUHEHHUSIMH W KCCHOOMOTHKAMH.
K HHMM OTHOCATCS CHHTETHYECKHE TIOBEPXHOCTHO-aKTHBHBIC  BEIIECTBA,
NECTHIMIBI, TPOAYKTHI, TOJTydaeMble U3 HeTH, raza u Jp.

Eciu Bce TmpUpOAHBIE OpPraHUYECKWE COEJUHEHUS YYacTBYIOT B
KPYTrOBOPOTE BEIUIECTB, TO BKIIOUYEHHE B KPYTOBOPOT KCEHOOMOTHKOB 3aBHUCHT OT
ux criocobHoctu k 6uopacnany. Henonnarommuecs Ouopacnaay coeguHeHus OyayT
BBIBOJIUTHCSI M3 KPYrOBOPOTa BEIIECTB, HAKAIUIMBASCH B OKPYXKAIOMICH cpene u

Hapyliasi npupojHbli OanaHc BemiecTBa M dHepruu. [lostomy Bompoc o
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BO3MOXHOCTH OHOIErpajialiui KCEHOOMOTUKOB MO/ JEHCTBUEM MUKPOOPTaHU3MOB
SIBJISICTCSI YPE3BBIYAHO BaKHBIM JIS Pa3BUTHS 36MHOMW ITUBUJIN3AIIHH.

OaHO3HAYHOTO OTBETA HA ATOT BOMPOC NOKa HeT. Tem Oonee, uto Ha 3emiie
€XKEroaHO o0pa3yeTcss M TMOCTYIaeT B OKPYXKAIONIYIO CPey OKOJIO COTHH HOBBIX
coenuHeHuil. Bwmecte ¢ Tem, yke HM3yUYCHHbIE IyTH OWOJAErpajaluu
KCCHOOHMOTHKOB M W3BECTHBIC CBOWCTBA MHKPOOPTaHW3MOB M HMX OHOIICHO30B
MO3BOJISIIOT C ONITUMHU3MOM OTBETUTH Ha MOCTABJICHHBIN BOIMPOC.

3nech MBI pacCMOTPHUM HEKOTOPBIC MPEUMYIIECTBA, KOTOPBIE MOIYy4YarOT
MHUKPOOPTaHU3MBbI, OO0BEAMHSACH B cooOmiecTBa (OMOIEHO3BI), W Oraromaps
KOTOPBIM JOCTUTAETCs Ouopacnaji KCEHOOMOTHKOB. AHAJOTUYHBIC MPEUMYIIIECTBA
OMOLICHO30B HAJl YMCTHIMU MHUKPOOHBIMU KYyJbTYpaMH WIPAIOT BAXKHYIO pOJb B
nporecce OMOJIOrMUeCKOW OUUCTKU CTOYHBIX BOJ.

1. CoolimiecTBa, B KOTOPBIX OJIMH WJIM HECKOJIBKO YJIEHOB HE CIIOCOOHBI K
CUHTE3Y Te€X WJIH WHBIX KOMIIOHEHTOB, HEOOXOIUMBIX ISl POCTA, U ATOT ACPUIUT
MOKPBIBACTCS 3a CUCT META0OIMYECKONW aKTUBHOCTH JIPYTHUX YJICHOB COOOIIIECTRA.

Hampumep, coolmiecTBO U3 JBYX MHUKPOOPTraHM3MOB, pacTyliee Ha
[UKJIOTeKCaHe, BKJIOYaeT oJuH U3 BUAOB Nocardia, CMOCOOHBIH OKHUCISITH
IIUKIIOTeKCaH, HO HE CTIOCOOHBIM K POCTY Ha HEM OJTHOM, a TaKKe OJMH U3 BHUIOB
Pseudomonas, KOTOpBI MOCTaBiIsieT MEPBOMY BUJY HEOOXOIUMBIE JUJIsi POCTa
CO€JMHEHMNS, BO3MOXKXHO OMOTHH.

2. CooOmectBa, B KOTOPBIX META0ONMUTHI, MONABISAIOIIUE POCT
MHUKpPOOPTaHU3MOB, OCYIICCTBISIONNX Onopacrag KCeHOOMOTHKA, YAAISIOTCS
OCTaJIbHBIMU YJIEHAMHU COOOUIECTBA.

3.  ConpsbkeHHBIH METa0OIU3M: OHH M3 WICHOB COOOIIECTBA PACTyT HA
IPUPOAHOM CYOCTpaTe, HO IPH 3TOM MPEBPAIIAIOT KCEHOOMOTHUK B XOAE OJIHOM
WM HECKOJbKHX (EPMEHTATHUBHBIX PEAKIMH B TMPOMEKYTOUHBIE TPOIYKTHI,
KOTOpBIE CIIYKaT CyOCTPAaTOM ISl IPYTUX YJICHOB COOOIIECTBA.

4. Ilepemaua BOCCTAaHOBUTENBHBIX WM OKHCIUTEIbHBIX SKBUBAJIEHTOB B

aHa’POOHBIX YCIOBUSX.
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HeBo3moXHOCTH pacmaza KCEHOOMOTHKAa MOXKET OBbITh CBS3aHa C
OTCYTCTBHEM TOAXOJSAIIETO OKUCIMUTENS WJIM BOCCTAHOBHUTENS (B Mpolecce
Opoxenus). Takue COEAMHEHUS OJHU BHJABI COOOIIECTBA MOTYT IIOCTaBJIATH
JPYTHUM, BKJTIOUYasi TEM CaMbIM TMPOIECC COpakMBaHUSI KCEHOOMOTHKA.

5. OOpa3zoBaHue HOBBIX IITAMMOB OakTepuil B pe3yibTaTe OOMEHa
reHEeTUYECKON HH(pOopMaIel MexX 1y WieHaMu coo01ecTBa (TIepeHoC mia3Mu/).

B OaktepuanbHbIX KieTKax Hapsgy c¢ xpomocomHoil JIHK conepsxkutcs
HeOonbimas konblieBas wmosekyna JIHK, naspiBaemas mmazmumoi. Ilnazmuas
MMEIOT Pa3IMIHYI0 MOJEKYIIpHYI0 Macey (ot 10° 1o 200-10°%) u MoryT comepxatsb
uH(pOpMAIUIO O CTPYKTYpe OT OAHOro-aByx OenkoB a0 300 OenkoB. KpymHbie
IIa3MUJbl MOTYT KOJIHWpOBaTh MHOXECTBO (EPMEHTOB, B TOM YHCIE IIEJIbIe
(GepMEHTHBIE KOMIUICKCHI, OCYHICCTBIISIIOLIUE JECATKA  MOCIEI0BATEIbHBIX
peaKlMi MPEBPALIEHUS HCXOJHOTO coeauHeHus. M3 OMHOW KIIETKHM IazMuia
MOXET MEPEHOCUTHCS B APYIYyIO0 KIETKY U BHEApAThCA B XpomocomHyto JHK. B
pe3yibTate 00pa3yeTcss MyTaHT (HOBBIN IITAMM) C HOBBIMH CBOMCTBaMH.

OO6meH re”HeTHuecKod HH(OpMaNUeld MOXKET MPUBOAUTH K MOSBICHUIO B
COoOOIIECTBE  MUKPOOPTaHU3MOB,  CIIOCOOHBIX  OCYIIECTBIATH  OuoOpacmaj
KceHoOnoTuka. Tak, B OJHOM W3 OIBITOB B TEUEHHE MHOTUX TOKOJICHUMU
BBIpAIIMBaIN CMEIIaHHBIE HETIPEPBHIBHBIE KYJIbTYPhl Pa3HbIX BUJIOB OaKTepuil pojia
Pseudomonas. OxuH UB BUJIOB MOT pacTH Ha XJIOpPKaTeXoJiax, a Ipyrou - odiaman
miasmugorn TOL, Hecymeit ren ¢depmenTta OeH3onauokcureHaspl. Ha  4-
XJIopOeH30aTe HE MOT PacTH HM OJWH W3 BHUAOB. [locie qIuTeNnhbHOrO nepuoja
HEMPEPBIBHOTO KYJIbTUBUPOBAHUSA B CHIIY MEPEHOCA TUIa3MUIbI yIAJIOCh TOJTYYUTh
MYTaHT, CIOCOOHBIN K pocTy Ha 4-xiopben3oate. Bunumo, nepBbiit BUj, MOIYYHB
mwiazmy 7OL, npuobpen cnocoOHOCTh K OKUCIUTEILHOMY JeKapOOKCUINPOBAHUIO
4-x710pOEH30MHON KUCIIOTHI, a CJIeJ0BAaTENbHO, U K POCTY Ha Hel, ubo Mor pactu
Ha XJIOpKaTexose, o0pa3yromnieMcs nociie 1eKapOOKCUINpOoBaHus 4-xI0pOeH30arta.

6. "Metabonuueckas ataka" Ha cyOCTpar.

Unensl  cooOlecTBa  OCYHIECTBISIOT  Ouopacmag  KCEHOOMOTHKA

COBMCCTHBIMH YCUIINAMM: Ka)KJIbI M3 YJICHOB CUHTC3UPYCT OAMH WM HECKOJIbKO
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(bepMeHTOB, KOTOPBIE B CyMMe 00pa3yloT (hepMEHTHbIN KOMIUIEKC I Ornopacnaza
KceHoOnoTnka. [Ipym 3TOM BO3MOXHO 0Opa3OBaHHE CIIOKHBIX (DEPMEHTOB,
COCTOSIIIUX Ha HECKOJNBbKUX CYOBEIMHHI], TOCTABISAEMbIX pa3HbIMH BUIAMHU

MUKPOOPTraHU3MOB.

3. TEOPUTHYECKHUE OCHOBbBI OYUCTKHA CTOYHbIX BO/]

3.1. Knaccupukauuss npuMeceil 1 MeTOIbI O4UCTKH

B 3aBucumocTtH OT pa3Mepa YacTHUL, COJCP)KAIUXCS B BOJE, MOXHO
BBIICNIUTh  KPYIIHbIE TIPUMECH, TpyOOAMCHEpCHBIE U  MEIKOAUCIEPCHBIE
B3BCIICHHBIC BEILIECTBA, KOJUIOUIHBIC YAaCTHIIbI, PACTBOPEHHBIC BEIIECTBA M HOHBI
(Tabmn. 3.1).

B3BenienHpie BeniecTBa 00YyCHABIMBAIOT MYTHOCTH BOJBI, a IMPOLECC UX
yllaJieHUusl Ha3bIBAlOT OCBeTJIEHHEeM. JlelieHue Ha MEJKO- W TPYOOIUCIICPCHYIO
B3BECh CBS3aHO CO CIOCOOHOCTBIO YACTHUIl OcCenaTh IMpu oOTcTaumBaHuu. C
YMEHBIICHUEM pa3Mepa YacTUIl CKOPOCTh MX OCaxKJeHHs majaer. Kpome Toro, B
BOJIC YACTHIIBI pa3MepoM MeHee | MKM TOJBEp)KEHBI OPOYHOBCKOMY JIBH)KCHHUIO,
KOTOpPOE JIOTIOJHUTEIHLHO CHIIKAET CKOPOCTh OCXK/JICHUS W HE T03BOJISET
JOCTUTHYTH 3 (deKTUBHOTO pasziesieHus (a3 npu orctauBaHuu. [loaTomy mMeton
OTCTaWBaHUS HE UCIOJb3yeTCSd JUIsI OYMCTKH BOJbI OT MEJIKOIUCIECPCHBIX
pUMecei.

Oxpacka BOABI CBsSI3aHa C HaJIMYMEM B HEW KOJUIOMAHBIX YaCTHII.
CHuKeHHE OKpPACKM HA3bIBAlOT 00eCHBEYNBAHMEM BO/IbI.

MeTonbl OYMCTKM CTOYHBIX BOJ  JCNATCS HA YETbIpe TPYIIBL:
MeXaHuuyeckue, PU3NKO-XUMHUUECKUEe, XUMHUUECKUe U Ouonoruyeckue (tadi. 3.1).

Mexanuveckasi O4YHCTKa — 3TO YAaJCHHE INMpUMEced M3 BOABI 3a CYET
rpaBUTALMOHHBIX CUJI (OTCTAaMBAHUE), LIEHTPOOEKHBIX CUl (LIEHTPUDYrupoBaHuUe,
OYMCTKA B THAPOIMKIOHAX), a TaKKe IyTeM MEXaHMYECKOro 3aJiepKaHus Ha

pelieTkax u curax (mpouexuBaHue), puiabTpax (puibrpoBanue). MexaHuueckas
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OUHCTKA [O3BOJISIET YAQINTH U3 BOJbI KPYIIHbIE IPUMECH W B3BEIICHHBIE YaCTHULIBI.
OHa 4YacTo TIpUMEHSIETCS Kak TepBas CTyHeHb OOpaOOTKH CTOYHBIX BOJ, IS
JIOOYUCTKU OT B3BEUICHHBIX BEIIECTB, a TAKXKE BXOJUT B COCTAB CUCTEM (PU3HMKO-
XUMHUYECKOM, XUMHYECKOH M OHMOJIOrMYECKOM OYHCTKH. MexXaHHYeCKHEe METOJIbI
IIMPOKO  UCIONB3YIOTCA JJIA  YIUIOTHEHUST U O0E3BOKHUBAHUS  OCAIKOB,
00pa3yroHMXCs IPU OUYUCTKE CTOYHBIX BOJI.

POu3NKO-XMMHUYECKAsA OYHCTKA 00bEIUHICT OONBIIYIO TPYIITY METOMOB,
B KOTOpPBIX YJaJCHHE MPHUMECEH IOCTUTraeTcsi 3a CYET Pa3IMYHbIX (PHU3UKO-
XUMUUYECKUX TIPOIECCOB: Koaryisuus, ¢Giaokymsius, daoTamus, aiacopOuus,
HMOHHBIA OOMEH, 3JIeKTpoaMainu3, o0paTHbIl ocmoc U nap. Kaxnplii U3 MeToq0B
UMEeeT CBOIO O0JacTh NPUMEHEHHs, a B LEJIOM (PUIUKO-XMMHUYECKas OYMCTKa
obecrieunBaeT yAaJIeHUE U3 BOIbI JTHOOBIX nmpuMmecei (Tadm. 3.1).

XumMuueckasi OYMCTKA BKIIOYAET TaKHe METOJbl KaK HEUTpaau3aruio
BOJIbI, OKHCJICHME M BOCCTAHOBJICHHE TpUMEceH, peareHTHas oOpaboTtka. B
KaueCTBE OKHCJIMTENICH NPUMEHSIOT Ta3000pa3Hblii M CXKUKEHHBIH  XJIOP,
TUTOXJIOPUTHI, MEPOKCHI BOJIOPOAA, KUCIOPOI BO31yXa, 030H M np. PeareHTtHas
00paboTKka MO3BOJSIET TEPEBECTH MPUMECH U3 PACTBOPEHHOI'O COCTOSIHUSI BO
B3BEIIICHHOE, 00Pa30BaBINAsICA B3BECh OTHENACTCS OT BOABI MEXaHUYECKUMU
METOJIAMH.

Buonornueckas OYHCTKA OCYILECTBIISIETCS C MOMOIIBIO
MHUKpPOOPraHU3MOB, PEKE HUCIONb3YIOTCS BOJHBIC PACTEHUS U JIPYTUe OpraHU3MBbl.
buonorndeckue METOAbI MNPUMEHSIOTCS [ OYMCTKA CTOYHBIX BOJ OT
PacTBOPEHHBIX OPraHMYECKUX BEIECTB, OMOTCHHBIX 3JIEMEHTOB (COJel aMMOHUS,
HUTPUTOB, HUTPATOB U (ochaTroB), HEOPraHUYECKUX KUCIOPOACOAEPKAIIUX
(HKCA) u TsDKeITbIX METAILIOB.

JleneHre METOJOB OYMCTKM HAa PACCMOTPEHHBIE YETHIPE IPYIIbI UMEET
OTIPEICICHHYIO YCIOBHOCTh, TaK KaK yKa3bIBA€T TOJIBKO HAa OCHOBHOM MpoIiecc,
oOecreuuBaroIMid yaneHue npuMeceil u3 Bojabl. Hapsiy ¢ OCHOBHBIM MPOLIECCOM
OOBIYHO HMMEIOT MECTO W JAPYTHe Mpollecchl. Tak, Mpu MEXaHMYECKOW OUYUCTKE

MOI'yT HPpOTCKaTb IIPOUCCCHI aJICOPGHI/H/I, KOaryJsiunu, HWOHHOIO 06MeHa,
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HECKOTO YHA

I TIENTTLAL
A BJl Vil

XHUMHUYECKOT0 OKMCIEHUS U OMOOKMCIEHMS, JAIOlUe 3aMETHbIM BKJIaJ B 0OIIUI
3hdexT ouncTKu (Hapsily CO B3BEIIEHHBIMHU BEIIECTBAMHM YAaCTMUYHO YAAJSIOTCS
KOJJIOUJIHbIE ¥ pacTBOpPEHHbIE BellecTBa). B cucremax OMOJIOrMYECKONH OYUCTKU
BAXKHYIO POJIb UTPAIOT (PU3UKO-XUMHUYECKHE MPOIECChl (PIOKYISAIUU U acOpOIInH,
Omarogapsi KOTOPBbIM IPOUCXOAUT OUYMUCTKA BOJBI OT B3BELICHHBIX M KOJUIOMIHBIX
npumeceil. GU3UKO-XUMUYECKUE, OUOJIOTMYECKHE W XUMUYECKHUE METOJIbl 4acTO
BKJIIOUAIOT MEXAaHUYECKHE CIIOCOOBI OTHENIEHHs OT BOJBl OOpa30BaBIIMXCS
B3BECEH.

PacnpocTpaHeHHBIM NIPUEMOM SIBISETCS OJHOBPEMEHHOE (COBMECTHOE)
IIPUMEHEHUE PAa3IUYHbIX MeTonoB. Hampumep, miId OYUCTKH OT KaTHOHOB
TSKEJIBIX METAJJIOB B BOAY BBOASAT peareHThl (THAPOKCUABI WIH CYIb(PHUIbI HATPUS
u 1p.), obecneduBas IMEPEBOJ METAUIOB B HEPACTBOPUMBIE COEAMHEHUS —
THAPOKCUJBI WU CyAb(QUIb METAUIOB. Tak Kak THIPOKCUABI U CYIb(UIbI
METAJJIOB  00pa3yloT  YCTOMYUBBIE  KOJJIOWJHBIE COEIMHEHUs, TO  JJs
MHTEHCU(UKAIMU Tpolecca HUX OCAXKIAEHUS B CTOYHYIO BOJY [100aBISIOT
KOaryJssHTbl ¥ (IOKynsHTB. B pe3ynbrare odmMCTKa  OCYIIECTBISETCH
MPUMEHEHUEM  Cpa3y HECKOJbKMX METOJOB: XHMMHYECKOro (peareHTHas
00paboTKa), (PU3UKO-XUMHUYECKUX (KOarylsuus, (QIOKYISIHsS), MEXaHUYeCKOro
(oTcTanBaHue).

CoBMecTHOE MPUMEHEHHUE PA3IUYHBIX METOAOB JIEKHUT B OCHOBE MHOT'HX
CIIOCOOOB OYHMCTKH BOJBI, TAKUX KaK aJCOpPOLMOHHO-KOATryJSIIMOHHAs OYMCTKa,
O0noaacopOIMOHHAsT OYUCTKA, XUMHUKO-OMOJOTMYEeCKas OYHMCTKa (COBMEIIECHHE
IPOLIECCOB KOATYIIALNH, (PIOKYIAIUN U OMOJIOTHYECKON OYMCTKH), (PIIOTalMOHHO-

(GuIbTpallMOHHAS OYHCTKA U AP.
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ni

Tabnuua 3.1.
Knaccudukanus npumeceii o ¢pazoBo-IUCIIEPCHOMY COCTOSHHUIO
WMEHSIEMbBIE METOABI OYUCTKHU

Pa3- | Mertonbl OUUCTKH
mep
I'pynna Kpatkas
qac- dusnko- Xumu- buoio-
npuMeceit XapaKTepUCTUKa MexaHuueckue
THII, XHUMHUYECKUE 4ecKue THYECKHUE
MKM
I'ereporennsie cucTemsl
KpymHsie [Tpumecu, 6onee | [IpouexuBanue | -
puUMecH CIIOCOOHBIE 10* Ha pelieTkax
3aCOpPUTH TPYOBI U
KaHAJIBI 10*- | Ipouexupanue | -
10* Ha CHUTaX,
OTCTauBaAHUE,
HeHTpudyrupos
aHue
I'pybomucnepch | CycneHsuu, 1-10* | Otcrausanue, Koarysstmms,
BI€ B3BECU SMYNbCUH, HEeHTpUyrupoB | Quokyssauus,
00yClIaBIMBaIOIINE aHue, ¢orarms
MYTHOCTB BOJIBI ¢buIbTpOBaHME
Tonkonucnepc 107-1 | ¢punsTpoBanue Koarymsmus,
HbIE B3BECU Gutoxynsus,
(dnoTanus
Komnnounnsie Bomi u pactBOpsI | 107- - Koarysstms,
YaCTHIIBI BhICOKOMOMNEKysp | 107 GutokysHs,
HBIX COCIMHEHHH, ajcopouus,
00yCIIaBIINBAIOIIHX yIbTpadUIBTPAIL
LBETHOCTbH BOJIBI st
I'omorenHbIe cUCTEMBI
MornexynsipHO I"a3pl, 107- - ajcopouus, Okxkuc- AbpobOHast u
pacTBOpPEHHbIE | OpraHW4ecKue 107 yabTpaduibTpa- | JieHue aHaspoOHast
BeleCTBa Bemiecta (OB) musi, or IIAB- OUHCTKa OT
¢oranus OB
Honst Conun, OCHOBaHHS, 10 - Honnrlii ooMeH, | Pearenr- | Buomoruuec
KHCJIOTHI, 10° 0OpaTHBIN Has Kasi O4YUCTKa
’KECTKOCTb, 0CcMOC, 00pabot- | or  HKCA,
IIETOYHOCTD  HJIH ANIEKTPOIN3 Ka OMOTeHHBIX

KHUCJIIOTHOCTH BOJBI

OJICMCHTOB H

MCTaJIJIOB
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Bb160p METOZI0B OUMCTKHU MPOU3BOIAUTCS B 3aBUCUMOCTH OT KaYECTBEHHBIX
1 KOJMYECTBEHHBIX XapaKTEPUCTUK CTOUYHBIX BOJ, HEOOX0AUMOUN 3 PeKTUBHOCTH
OUMCTKH, a TAKKE JKOHOMUYECKUX I10KA3aTEIECH.

B o6miem cityyae, HaMMEHBIIINX 3aTpaT TPEOyeT MEXaHHUeCKas OYMCTKa, a
CaMbIMH JTOPOTOCTOSIIIUMH  SIBJIISIOTCA  XUMHUYECKHE U (PU3MKO-XUMHUUYECKHE
MeTosbl. Mcxonss M3 MUHMMYyMa 3aTpar, pa3jIM4yHbIE METOJbl MPUMEHSIOTCA B
OMPENENICHHON TMOCIENOBAaTENbHOCTH. IIpy 3TOM  JOpOrocTodline METOJIbI
UCIIOJIB3YIOT TOJILKO TOrja, Korjga apyrue (Oomnee xaemieBbie) HE I(PPEKTUBHBI.
Hamnpumep, ecnu HeobXxomuMa riryOoKash OUYMCTKAa CTOYHOM BOJIBI, CoJeprKaiiei
B3BCILIEHHBIC BEUIECTBA U PACTBOPCHHBIC OPraHUYECKUE BEIIECTBA, TO CHaydaja
MEXaHUYECKUMH METOJAaMH YIAISI0T OCHOBHYKO YacTh B3BEUICHHBIX BEIIECTB,
3aTeM MPOBOASAT OHOJOTMYECKYI) OUYHUCTKY OT PACTBOPEHHBIX OpPraHMYECKHUX
BEIIECTB, & JIOOYUCTKY OT OCTABLIMXCS PACTBOPEHHBIX BEHIECTB OCYLIECTBISIOT

(I)I/I3I/IKO-XI/IMI/I‘I€CKI/IMI/I MCTOJaMHM.

3. 2. Koaryisiusi ¥ reTepoKoaryJisusi

[log koaryjasiuMed ITIOHUMAIOT MPOLECC CIUINAHHAS OAWHAKOBBIX 10
XUMHYECKOW MPUPOJIe YacTHll, HNPUBOASIIUA K 00pa3oBaHUIO 0oJjiee KPYMHBIX
yacTUIl - arperaroB. Ecium XOTAT NOAYEPKHYTh, YTO CIHIAKOTCA YaCTHUIIBI,
3HAYUTENNBHO pa3Inyaroluecs o pasMepam, TO IPUMEHSIIOT TEPMUH aAaryJisaius.

Crumanue pa3HOPOIHBIX IO XUMHYECKON MTPUPOJIE YaCTHUI] HOCUT Ha3BaHUE
rerepoxoaryasuus. Hakonen cimnanue pasHOPOIHBIX YaCTHIL, Pa3IndarOlIuXcs

10 pazMepam, Ha3bIBaeTCs rerepoaaaryasinuei (puc. 3.1).
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KOaryJisiius .
+ >
O L . TCTCPOKOAT YA IUSI “

Q n Q azgaryisinus R
Q +‘ reTepoafaryJisaing O.

Puc. 3.1. Cxema MMpoHecCCOB KOAryJIsiuH, TICTCPOKOATrYyIIIIUH, aNaryjisiiun H

reTepoagaryJsiuH.

Pasnuuaror  gBa  BHMIAa  YCTOWYMBOCTH  JTUCHEPCHBIX  CHCTEM:
ceIMMEHTAIHOHHYIO u arperaTuBHYIO. [Mox CeIMMEHTAI[MOHHOMN
YCTOMYMBOCTHIO TOHHMAIOT CIIOCOOHOCTh CHCTEMBI COXpaHSATh BO BPEMEHHU
HEU3MEHHBIM paclpeicieHue KOHIEHTPAIlMM YacTUIl 10 BBICOTE, KOTOpPOE
MoJTydaeTcsl cpa3y IMociie mepeMernmBanus cuctemMel (puc.3.2 a, B). JucnepcHbie
CHCTEMEI SIBJISIFOTCSL B OOIIEM Cilydae CeAMMEHTAllMOHHO HeycToiunBhIMU. [locie
NpeKpalieHus IEPeMEITUBaHUs YACTUIIBI B HUX HAUYMHAIOT CEJUMEHTHPOBATH, YTO
MPUBOJIUT K pa3/IeNIEHNI0 CUCTEMBI Ha JIBE YaCTU: 0CaJ0K U OTCTOM (puc.3.2 6).

B ciydae MenkMX YacTHI], MOJBEPKCHHBIX OpPOYHOBCKOMY JBIKEHHIO,
yCTaHABIIMBACTCS CeJIMMEHTAIIMOHHO-TU(PHY3MOHHOE paBHOBECHE,
XapaKkTepu3yroleecss HEPaBHOMEPHBIM pacCHpeeICHHEeM YacTHI[ IO BBICOTE

(puc.3.21) ¥ nogUUHSIONIEECS CISAYIONIEMY 3aKOHY:

C, mg (h, — h))N(d —d,)

In = (3.

C, RTd

rae C; u C, — KOHIICHTpAIIMU YacTHIl Ha ypoBHsIX h; u hy; m — macca gactuirer; N-
yuciao Aoraapo; d u dy — TUIOTHOCTH YacTUIBI U cpelbl; R — yHHUBepcanbHas
razoBas mnocrosiHHas: T — aOcomioTHas TemIeparypa; g — YCKOpPEHHUE CUIIbI

TSAOKCCTH.
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U3 (3.1) cnemyeT, 4TO €ciy IUIOTHOCTh YaCTHIl COBMAAAET C MIOTHOCTHIO
Cpeabl, TO KOHIIEHTpAIMsI YacTHUI[ HA BCEX YPOBHAX SIBJSIETCS OAWHAKOBOW M HE
MEHsETCS BO BpeMeHu. TakuMm oOpa3om, B oOmieM ciydae npu d=d, nucnepcHas

CHUCTCMa C PaBHOMCPHBIM pacnpeaciCHucm HaCTHUI] CCAMMCHTAIMOHHO

HEYCTONYHBA.
- G B r
o =1
oco « v °
ooo e .
oo Pole) Oq :.. :
ool s 884 e s

Puc. 3.2. Cxema pacnpeneneHust KpynHbIx (a, 0) 1 MeJIKHX (B, I') 4aCTHUIL 1O
BBICOTE B HaYaJIbHBII MOMEHT IIOCJIE MIEpEMEIINBAHNS (a, B) U IIPU
yCTaHOBJIEHUHU paBHOBecus (0, T).

[Tpu HEOOIBITUX KOHIICHTPAIUSAX YACTHUII, KOT/Ia B3aUMOJICUCTBHEM MEXKIY

CEAMMEHTUPYIOLIMMHU YACTULIAMU MOXHO MPEeHEeOpeUb, MX OCAXKICHUE MPOUCXOTUT
. 4

CO CKOPOCTBIO, KOTOpas IpH MaibIX 3HaueHus uncia PeitHonpaca ( 107 < Re < 1)

MOJKET OBITH BbIpA’KCHA YPABHCHUCM !

U:ggazd_do ’
9 n (3.2)

rne U — CKOpoCTh CeIMMEHTAINH YacTHUIIbl; a — PagnyC YacTHUIIBI, 1 - BSI3KOCTh
cpeabl (BOJIbI).

N3 ypaBuenus (3.2) cienyer, 4TO ceIUMEHTalUs (OCaXJICHUE) YaCTHII
MIPOUCXOJIUT, €CIU TIIOTHOCTH YacTull d 6ombIe mioTHoCcTH cpelibl dy. B oOpatHOM
ciyuae (d < dy) Habsro1aeTcs BCIUIBIBAHUE YACTHI] IUCTIEPCHOM (a3bl.

[Ton arperaTWBHOW yCTOHYMBOCTHIO JTUCHEPCHBIX CHUCTEM IMOHUMAIOT
CIIOCOOHOCTh YacTHI[ He ciaunathcsi. Bce BoaHble aucnepcuu TUApoGOOHBIX
gacTtull (cmabo B3aMMOJEHCTBYIOMIMX C BOJAOW) arperaTUBHO HEYCTONYMBHI.
Yactuirel, HaXoAsImuecss B OPOYHOBCKOM JIBIDKEHUH, MPH CTOJIKHOBEHHH JPYT C
APYroM KOaryaupyloT, a oOpa3oBaBIIMECs B pe3yibTaTe »JTOrO arperatsl

CCANMCHTHUPYIOT. VBennueHne MHTEHCUBHOCTH 6pOYHOBCKOFO JABHXKCHHUSA 4YaCTHUI]
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IIpU TOBBILIEHUH TEMIIEPATYphbl, NEPEMEUIMBAHUN JUCIIEPCHOW CHUCTEMBI,
MPUBOJSIIIME K YBEIUYCHUIO YaCTOThl CTOJKHOBEHHUM 4YaCTHIl, YBEJIUYUBAIOT
CKOPOCTh KOAaryisiui. BBeneHue 5JIE€KTPOIUTOB TaKKe MPUBOAUT OOBIYHO K
YBEJIMYEHHUIO CKOPOCTU KOATYJISILIUU, & CJIEI0BATENbHO, 1 CKOPOCTH CEIUMEHTAlUN
YacTHll.

Teopust arperaTuBHON yCTOMYMBOCTHU U KOATYJISIIUK THAPO(OOHBIX CUCTEM
owputa pasButa JlepsrunbiM, Jlanmay, depseem, u OBepOekom (teopust JIDO).
Ona ocHOBaHa Ha PAacCMOTPEHHUUM HM3MEHEHHS CHUJI (SHEPruii) B3aUMOJEHUCTBUS

YJaCTHII TT0 Mepe UX B3aUMHOTO NMpuoamkeHus (puc. 3.3).

Puc. 3.3. CxeMa B3auMOJ€UCTBUS ABYX KOJJIOUIHBIX YaCTHIL

CymMmapHasi 3Heprusi B3auMOIEUCTBHS ABYX YaCTHI] MOKET OBITh 3amurcaHa
V=V +V, (3.3)
2

Tac Vm u Ve - MOJICKYJIpHAA WM HMOHHOJJICKTPOCTATHYCCKAA COCTABIIAIONINC

OHCPTUHN BSaHMOIICfICTBHSI HJaCTHII.

Al 247 2a° | R* —44° (3.4)

"T6|R-4 B\ R
rie R- paccrosHme Mexay UEHTpaMH 4dYacThi; A — KOHCTaHTa CHII
MEXMOJIEKYJIIPHOTO B3auMojielcTBUs (KoHcTaHTa ['amakepa). YpaBHenue (3.4.)

IpU MAJIBIX PACCTOAHUAX MCKAY HaCTUIAMU ICPCXOAUT B (bOpMyJIyZ

A
yo= - 24 (3.5)
12 H
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B ciiydae B3auMoOAEWCTBUS ABYX OJAMHAKOBBIX MO0 XUMHUYECKOM MPUPOIE
YJacTHUIl, HAXOJAIMMUXCSA B JIOOOH cpexe (B ToM umcie U B Boae), A > O.
CnenoBarenbHo, V,, < 0 U Bo3pacTtaeT Mo aOCOJIOTHOW BEJIUYUHE IO Mepe
ymenbiiennst R (dVy, /dR > 0). Tak kak cuia B3auMojelcTBUsl dacTul] F = -
dV./dR, 10 mpu ycmoBum dV.,/dR > 0 Bosumkarmas cwia F < 0, dro
COOTBETCTBYET MpUTsDKeHHIo dacTull. M3 ypasnenuit (3.4) u (3.5) cienyert, uto
cuia TMPUTSHKEHUS BO3PACTAET MO MEPE YMEHBIICHHS PACCTOSHUSA MEXKIY
YaCTULAMH.

Bropas cocraBisiomas 3HEPrUM  B3aUMOAEHCTBHS 4YacTHUL - V.
00yCIIOBIIEHA IEPEKPHITUEM JIBOMHBIX AeKTpruueckux ciioéB (JIC), okpyxkaromux
yacTtuibl. E€ BenmnunHa npu MaiblX NOTEHIIMAIaX YaCTHI] MOKET ObITh pacCuMTaHa

1o cieaymoliei gpopmyie:

e

V = %gt//lza ln(l +e ) (3.6)

rjIe € - JUPJICKTPUYECKas MPOHUIIAEMOCTh Cpelbl (BOJbI); Y| - TOTCHIIHAI
muddysnoit yactun, JIDOC; y- oOparHas mnpuBenaeHHas toimuHa JIOC; H —
KpaTJauiinee pacCTOSTHUEC MEXKTY TTIOBEPXHOCTIMHU YaCTHII.

Kak cnenyet u3 popmyisl (3.6), V. Oosibllie HyJIs U BO3pacTaeT Mo Mepe
commkenust yactuil. Tak kak B aTom ciydae dV, /dR < 0, to Beauuuna F > 0, uro
OTBEUYACT OTTAJIKUBAHUIO, BO3PACTAIOIIEMY MPU COMKEHUN JaCTHII.

B dopmyny (3.6) BxoasT mapameTpsl y; U ¥, xapaktepusytomue J19C.
PaccMoTprM KpaTKo €ro CTpOeHHE.

JIrobas 4vacThila, HaxosAmIascs B Boje, HecET Ha cebe 3apsj, KOTOPBIH
BO3HHMKAET TMYyTEM JUCCOIMAIIMM HWOHOTCHHBIX TPYMN, HAXOAINIUXCS Ha
MTOBEPXHOCTH YACTHIIBI, MJIU MIPEATIOYTUTEIIFHON aIcOpOIIMK Ha HEH MOHOB OJTHOTO
3HaKa. VOHBI MPOTHBOMOJOKHOTO 3HaKa (TIPOTUBOMOHBI) HAXOIATCS B BOAC U
KOMIICHCHPYIOT ~ 3apsij  IOBEPXHOCTH. B 1emoM  cucrtema  SBISETCS
DJIIEKTPOHEUTPATIBLHOM.

Cxematndecku crpoeHue JI9C MOXKET OBITh NPEICTABICHO CJICTYIOIIHM
obOpazom (puc.3.4). Paznuuaror cienyromue noreHimaisl [I9C: yy — mexdazubiit
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(2JIEKTPOTEPMOJIMHAMUYECKHI) TOTEHIMAal Wi ToTeHuuan HepHera; o —
MOTEHIIMAJI TTOBEPXHOCTH YACTULBI; i - moTteHmuan auddysnoit vactu [ADC

(morenuman Ilrepna); £ - aNEKTPOKMHETHUECKHUM MOTEHIIMAN, COOTBETCTBYIOIIMIMA
Pa3HOCTH MOTEHLMAJIOB MEX]y TPAaHUIEH CKOJIBKEHMS YaCTUIA-BOIA U TIIYOHHOMN

BOJIHOM (ha3bl.

Yo

IEIIIIIII[IIIIHIHILIIIHIII!IIlll-é

Puc.3.4. Cxema ctpoenus JI9C.

BaxnsiM mapamerpom, xapakrepusyromuM [[9C, sBasercsa npuBeacHHAs

tommuHa JI9C - 0 :

1 1 |eRT
O0=—=—.— (3.7
x zF \8nC
rae z — 3apsan npotuBoumoHoB; F — uwmcmo @Papanes; C; — KOHUEHTpauus

AIIEKTPOJIUTA.
N3 dopmyner (3.7) cinenyer, uto mnpuBeAeHHas tonmuHa JOC & sABiseTcs
GyHKIMEH BHIAa W KOHICHTPAIIUU JJICKTPOJIUTA, YMEHBIIAETCS C POCTOM 3apsia
MIPOTUBOMOHOB ¥ KOHIICHTPAIIMH JJICKTPOJIUTA B TUCIIEPCHON CUCTEME.
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B otHomenun Bnusinus Ha crpoeHue JIOC pa3auyaroT claenyronme BUibl
noHOB. [loTeHUAaoONpeneJIIOIIMMU SIBJISTIOTCS MOHBI, CIIOCOOHBIE JOCTPanBaTh
KPUCTATUYECKYIO PemETKy YacTuil. VX mpucyTcTBHE BIUSET HA WYy ,Yo V|
noteHnan. Cnenuduyecku aacopoMpyroluecsi MOHbI — COpPOMPYIOTCS Ha

JacTHUIIaX Kak 3a CYET KYJIOHOBCKUX, TaK U CIEMUPUUSCKUX XUMHUUECKUX CHl. WX
aziIcopOLMsl He BIMSET HAa BEJIMUMHY Yy TOTEHIMANa, HO U3MEHSET Y| TTOTEHIHAI.
NuauddepeHTHBIE HOHBI HE OKA3bIBAIOT BIUSHUS HA Yy U Y| MOTEHIHANT, HO
cxumas JI9C, npuBoIAT K yMEHBIIEHUIO O U { — TOTEHIMAA.

YuuteiBas (3.3) , (3.4) u (3.6) u 3Has A, a, €, Y, ¥ , MOKHO HaWTH
3aBUCHMOCTh DHEPTUH B3aUMOJICUCTBHUS JIBYX YACTHUIl OT PACCTOSHUS MEXKIY HUMH,

KOTOpasi B 00I1IeM ciiydae uMmeeT Buf (puc.3.5).

Vi
A
N
N
\\(3
S
3 H"‘--..__h_-
0 m - -
I 111 H
N
/
/

Puc.3.5. 3aBucuMocTh 3HEPTrUM B3aUMOACHCTBHS JBYX OJIMHAKOBBIX YacTull (V) ot
paccrosinusi Mexny Humu H: 1 - MomnekylnspHas cocTaBisionias;, 2 - HOHHO-
AIIEKTPOCTATUYECKas COCTABIAIONIAs; 3 - CyMMapHasi KpuBasl.

N3 puc. 3.5 cnenyer, YTO HAa CyMMapHOM KpUBOW DHEpPruu
B3aMMOJIEUCTBUSL MOTYT OBbITh BbIAEJIEHBI TpU oOnacTh. Ha manbix paccTrosHusx

(ob6macte 1), rtne V < 0 (mepBasi MOTEHIMalbHAs sMa), MNPEOOJIaatOT CHUJIbI
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npuTshkeHus. Ha mpoMexxkyTouHbsix paccrosHusx (oOmacts II) cymectByer
DHEPreTUIYCCKU Oaphep, MPENATCTBYIOIMIMNA CIUNAHUI0 YacTUIl. YeM BBbIIIe
BennunHa O6apbepa (Vs), TeM MEHbIIEe CKOpOCTh Koaryisiuu. CBsi3b Mexay Vg U

CKOPOCTBIO KOATYJISIIUA UMEET CICAYIONTUNA BUI:

V 1
6 ~ Vo /kT
W=—=——2c°¢ (3.8)
v, 2xa ’
rie W — kodpdUIMEHT 3aMeUICHHUS KOaryisiuH, «(pakTop yYCTOWYHUBOCTHY,

PaBHBIN OTHOLIEHUIO CKOPOCTEN OBICTPOH (Vg) U MeasIeHHOH (Vp,) Koarymnsiuu; k —
nocrossHHas boneimana. [log ObICTPOI KoaryasinMeil MOHUMAIOT MPOLIECC, KOT1a
BCE CTOJIKHOBEHHUSI YACTHUIl SABISIIOTCS S()QPEKTUBHBIMU, T.€. TMPUBOAIT K HUX
cnunanuo. OHa MPOUCXOAUT, KOTa SHEPreTHIeCKuil 6aprep oTcyTcTBYET (V=0).
PocTt Gappepa MpUBOAMT K yMEHBIIEHUIO 3((EKTUBHOCTH Ipoliecca CIUNaHus,
IIpU 3TOM NPOTEKAECT MeAJIeHHass Koaryasiuus. [Ipu OvicTpoii koarynsauuun W=1.
Yem MeHbIlIE CKOPOCTh KOAryJsiUUA MO CPABHEHMIO C OBICTPOM KOAryJssiuei, TeM
BbIlIE W.

[Ipy OGonbmIMX PACCTOSAHUSX MEXKAY YaCTULAMU CYHIECTBYET Tak
Ha3bIBacMasi BTopas MoTeHuuaibHas siMa (o6sacte III). I'myOuna e€ HeBenuka u
OOBIYHO COCTAaBIIIET HECKOJbKO eauHul KT. Hannuume e€ MOXeT NpUBOAUTH K
00pa30BaHUIO PBIXJIBIX, HEMPOUHBIX arperaTtoB, YacTHIbl B KOTOPBIX pa3eiCHBI
BOJHBIMU TIpociiolikamu. B »3Tom ciiydae o0ObIYHO HaOJrOgaeTCs oOpaTumasi
KOAryJsillMs, INpU KOTOPOW YCTAHABIMBAETCS JMHAMHYECKOE pPaBHOBECHE B
CUCTEME, OTBEUAIOIIEE PABEHCTBY CKOPOCTEN arperaluy 1 pacrajaa arperaTtos.

Kak cnenyer w3 ypaBuenuit (3.3) — (3.7), o maHHOW JUCTIEPCHOMU
CUCTEMBI BeJIMUYMHA Vg 3aBUCHUT OT | U ). YMEHbILICHUE Y | I YBEIUUYCHHE Y
JOJKHBI TPUBOAMTH K YMEHBIIEHUIO Vg M, CIEIOBATENbHO, K YBEIMYECHHIO
CKOPOCTH KOAaryJiduuu. B cBsi3W ¢ 3THUM pa3iauyaroT ABa BHUJA KOATYJSIUU MOA
JEHUCTBUEM DIIEKTPOJIUTOB: KOHIEHTPALMOHHYI0 1 HEHTPAIU3aALMOHHYIO.

IIpy KOHIEHTPAIMOHHOW KOAryJIAUA YMEHBIICHUE Vs MPOUCXOIUT 3a

cuér cxatus [IOC (yBenmuueHuss ) TpU BBEeICHUH HHAUPHEPEHTHBIX
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ANEKTPOIUTOB (MOHOB). COrIacHO TEOPUM JUIsl KOHIEHTPAIMOHHOW KOAryssiiuu

CUJIIBbHO 3aps’KCHHbIX YaCTHUIL:

B const
o 6
z

C, (3.9)

b

rie Cy — mopor KoaryJjsiud, HauMEHbIas KOHIICHTPAIUS JJICKTPOJIMTA, TMPHU
KOTOpOU HACTyMaeT ObICTpasi KoaryJssius.

VYpaBuenue (3.9) HOCUT Ha3BaHHWE 3aKOH IecToi cremeHu JlepsirmHa. U3
ATOrO0 YpaBHEHHS CIlEAyeT, YTO COOTHOIIeHue BenuyuH Cy Aisg OJHO-, ABYX- U

TpéX?)apSIIIHBIX IMPOTUBOHOHOB (I/IOHOB, HUMCIOIIUX 3apAa, HpOTPIBOHOHO)KHBIﬁ I10

1 1
3HAKYy 3apaay IIEICTI/IIIBI) COCTaBJIACT 1: a : ﬁ 910 XOpOoHIo MOATBEPKAACTCA

skcnepuMmenTanbHo (npaBwio [lymeie — apau). Benmnuuna 1/Cy xapaktepusyer
KOaryJIMpyIIyl0 CIOCOOHOCTh AyekTpoiuTa (moHa). Takum o0pa3om, mpu
KOHIICHTPAIITMOHHOM KOAryJisiiiuy MpOTUBOMOHBI, UMEIOIIHNE 00Jiee BHICOKUM 3apsl,
o0JamaroT O0JBIEH KoaryJIMpyroile ciocoOHOCThIO.

B ciyJae HEUTpaIu3aluOHHON KOaryJisiiuu YMEHBIIICHUE
SHEPreTUIECKOro Oaphepa Vi MPOUCXOIUT 3a CUET YMEHBIICHUS \J; TOTEHIIMAa
MpU  BBEJCHUMU CHEHUPUUECKH aacopOUpyOmMXcss HWOHOB. [l pa3muyHbIX
pUMecei, HaXOSIIUXCS B BOJIE, 3TO MOT'YT ObITh MOHBI H', OH, Ca2+, Mg2+, Al3+,
Fe’' u Ip.

B kauwectBe mpuMmepa, WUIIOCTPUPYIONMIETO KOHIICHTPAIIMOHHYIO U
HEUTPATU3AIMOHHYIO KOAryJslMh, PACCMOTPUM KOAryJslHMI0 OTPHUIATEIBHO
3apspkeHHBIX yacTull Agl(Cl) pactBopamu NaNO;, Mg(NO;), u AI(NO,); npu

pasznuuHbIX 3HadeHusx pH (puc.3.6).
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Puc.3.6. 3aBucuMocTh opora KoaryJsiiud OTPULATENBHO 3apsKEHHBIX 30018 Agl
ot pH pactBopamu: NaNOj; (I), Mg(NOs3), (IT) u AI(NO,); (I1I).

Kak BunnHo u3 puc.3.6, 1o pH 3 cooTHOlIEHNE BEIUYUH 1JIsI OAHO-, ABYX- U
TPEX3apsIHBIX HOHOB COOTBETCTBYET NMpuOIn3uTenbuo npasuiy lymneie — [Mapau,
CIIPaBEJIMBOMY ISl KOHLEHTpaUUOHHOW koarymsiuu. Onpnako npu pH > 3
KOaryJIMpymoIias CiocCOOHOCTh MOHOB allFOMUHUS 3HAauuTeNbHO Bo3pactaeT (Cy -
yMEHbIaeTcs). OTO OOBSCHSAETCS MPOXOXKJICHHEM Tpoliecca TUIPOJIU3a COJIU
amoMuaus.  OOpaszyronuecss  MHOTO3apsIHbIC  MOJMSACPHBIE  KOMILICKCHI
ATIOMUHUS  (HalpuMep, Alg(OH)z()‘H) o0JalaloT  BBICOKOW  crenuduyeckoi
aacopOuumeit. HMx amgcopOiuss Ha  OTPUIATEIBLHO 3apsSDKEHHBIX — YacTHIAX
3HAYUTEIBHO TMOHWXAET Y| TMOTEHUMAJI 4YacTUl, YTO ¢ MPUBOJAUT K
HEUTPAJIU3aLMOHHON KOATyJISALIUY.

Takum oOpa3oMm, BBEACHUE OJJICKTPOJIUTA MPUBOJUT K YMEHBIICHUIO
SHEpreTudeckoro Oapbepa b0 3a cu€t cxatus JIC (KOHIEHTpalMoHHAas
KoaryJysiiusi), JiMOO yMEHbIIEHHs  aOCONMIOTHOUW BenuuuHbl W, moTeHIHana
(meriTpanu3anuonHas koaryssiiusi) (puc.3.7). YMeHbIIEHUE SHEPreTUYECKOro

Oapbepa IpUBOJUT, B CBOIO OUYEPE/Ib, K POCTY CKOPOCTH KOATyJISLIUU.
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Ha mpakTuke mpu Oo4MCTKE CTOYHBIX BOJ| M BOJIONOJATOTOBKE B KAaueCTBE
KOAaryJsiHTOB IIHMPOKO MPHUMEHSIOTCS COJIM alfoMuHUS (kene3a). B mocnennee
BpEMsi HAUYMHAIOT MCIOJB30BATHCS TAKXKE MPEABAPUTEIBHO TUIPOIU30BAHHbBIC
dopmer (Hanpumep, Al,(OH)sCl), o6nanaromue 6osee BBICOKOW KOaryJIUpyIOMeH
CIIOCOOHOCTBIO 10 CPAaBHEHUIO C HETUAPOIN30BaHHBIMU QopMamu. [IpumeHsiemble
7036l ATUX KoaryisiTHOB (B mepecuére Ha Al,O; onum cocraistor 25-50 mr/im)
ABIIAIOTCS JIOCTATOYHO BBICOKMMH, TaK YTO B CHUCTEME OOpa3yrOTCS HE TOJBKO
TUIPOJIU30BaHHBIE (POPMBI ATFOMHUHMS, HO U BBIJEISETCS HOBas (daza — THIAPOKCHU]T
amomunuss — Al(OH);. B astoM cayyae mporekaromuii mpouecc sBIsSeTCS
(aKTHUYECKH reTepoKOoarysifeil — B3auMOoJACHCTBUEM YaCTUIl PA3HOU XUMUYECKON

MIPUPOBI: YACTHUIIBI TpUMecel — cBexeoOpazoBannbie yacTuilbl AI(OH);.

///\&7

Puc.3.7. Bausinue xoHleHTpanuu BBenEHHOTO ekTposmta (C; < C, < Csz)
Ha DHEPTHUIO B3aUMOJICHCTBUS ABYX OJIMHAKOBBIX YACTHII.

3aKOHOMEpPHOCTH TETEpOKOAryIsiiuid MOTYyT HMETh OO0Jee CIOXKHBIN
XapakTep IO CpaBHEHHMIO C OObuHOM Koarymsiued. Teopus mnpouecca
rerepokoaryisiquu  Owiia  paspabortana JepsrunpiM. CyMmapHas 3SHeEprus
B3aMMOJICUCTBUS YACTHUL], KaK MpPU KOAryJsUU, ONUCHIBaeTCs ypaBHeHUEM (3.3),

OOHAaKO BBIPAKCHUSA JJIA MOJICKy.]'IHpHOﬁ u I/IOHHO3JICKTpOCTaTH‘I€CKOﬁ

COCTaBIAIOIINUX UMCIOT 0oJ1ee CI0KHBIN BUA:

Aa,a
V - _ 1772
" 6H(a, +a,) (3.10)

T7I€ a; ¥ ay— paANyChl B3AUMOJECUCTBYIOIIMUX YacTull 1 u 2, u
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¥+ )| 29 K
v :‘9“1“2( 1 2) T ln1+e_ - +1n(1—e‘2"“) (3.11)
Na,+a,) |P+¥ l-e™ ’

rae Y u y,— norennuai llrepna wactun 1 u 2.

IIpy B3aMMOAECUCTBAM Pa3HOPOAHBIX YACTHULl KOHCTaHTa I'amakepa MeExXer
OBITH KaK OOJIbIlIE, TAK U MEHBIIIE HYJIA. B mociennem ciydae, Kak 3TO CIEIYET U3
ypaBHeHus (3.10), MONEKYJISIpHBIE CUIIBI ABJIAIOTCS YK€ CUIaMH OTTAJIKMBAHMSL.

[Ipy B3aMMOAEHCTBUM PA3HOPOAHBIX IPOTHUBOIIOJIOKHO 3apsSKEHHBIX
YaCTUL] MOHHO-3JIEKTPOCTATUUECKNE CHIIBI, KaK 3TO cieayeT u3 ypaBHeHus (3.11),
ABIIAIOTCS CUJIaMU TPUTSOKEHUs. Takum oOpa3oM, BO3MOKEH cliydaid, Korja B
V0, a V. < 0, T.e. MOJNEKYJspHbIE CHJIbIl, B IPOTHUBONOJIOKHOCTH CIy4alo
OOBIYHOM  KOAaryJjsiliud, TMPUBOAST K OTTAJIKMBAHMIO YacTHI, a HOHHO-
JJEKTPOCTATUYECKHE — K UX IMPUTSDKEHHI0. B 3TOM cilydae yBEIWYEHHE
KOHILEHTpAIMU BBEAEHHOTO 3JIEKTPOJUTAa OYyIET MPUBOAUTH HE K YMEHBIICHHUIO
(kak B ciydae koarymsmuu) (puc.3.7.), a K YBCJIMYCHHUIO BEIUYUHBI
sHepreTuyeckoro d6apoepa Vg (puc.3.8) u, cienoBateabHO, K pOCTY arperaTuBHOMN
YCTOMYMBOCTU CMELIAHHOW aucrepcHou cucreMsbl. llocnennee orBewaer

oOpamenuto npasmiy [ynsre-Iapan.

Vs
C, G, C;

S £ TR H
N

Puc.3.8. 3aBHCHMOCTh SHEPruu B3aUMOJCUCTBUU JIBYX Pa3HOPOIHBIX YaCTHI
(cmywait V>0, V.<0) 0T paccTOSHHS MEXKIy HUMU TMpPU Pa3IAYHBIX
KOHIIEHTparusax BBeAEHHOTo AekTposnta (C; < C, < Cy).
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B kauectBe mpumepa, JEMOHCTPUPYIOIIETO 3TO SBJICHUE, PACCMOTPUM
BO3MOXHYIO 3aBUCHMOCTh CKOPOCTH arperamiy 4acTHIl CMEIIaHHOW JUCTICPCHOM
CUCTEMBI, cojiepalieid JacTuipl 1 U 2, oT KoHIeHTparuu 3iekTpoiaurta (3.9). B
obylacTl MajbIX KOHIEHTpanui 3nextponuta (puc. 3.9, obnacte 1) mageHue
CKOPOCTH arperainuu (B JaHHOM CJydae T'eTEepPOKOAryJsIUH) CBSI3aHO C POCTOM
DHEPreTUYECKOTO Oapbepa JUIsl B3aWMOJICHCTBUS PA3HOPOJHBIX dYacTuil 1-2,

npeCcTaBIeHHBIM Ha (puc.3.8).

Uarp

Puc.3.9. 3aBUCUMOCTh CKOPOCTH arperaiyd 4acTUll B CMEIIaHHOW JUCIEPCHOU
CUCTEME OT KOHIICHTPAIIUU BBEJACHHOTO AJICKTPOJIUTA

B o6nactu xonuentpamuu anekrpoiuta Il sHepreTmueckuit Oapnep
HACTOJBKO BBICOK, YTO Pa3HOPOJHBIE YACTHULBl | M 2 MPaKTUYECKH IEPECTAIOT
arperupoBath (CKOPOCTh FeTEPOKOATYJISLIUH MPAKTUYECKH PABHA HYIIIO).

[Tpu em€ GonpIIMX KOHIIEHTpaUuaxX ekTponauta (obmacts I1I) Bennuunsbl
DHEPreTUYECKUX OaphepoB IS B3aUMOJICHCTBUS OJWHAKOBBIX udactuil 1-1 u 2-2
HAaCTOJBKO CHWXXAIOTCS, YTO HAYMHAIOT MIPOXOAUTH C 3aMETHOM CKOPOCTBIO
npouecchl arperanuu (koaryisuuu) vactun 1-1 m 2-2, CKOpOCTH KOTOPBIX
BO3pPACTAIOT C POCTOM KOHLIEHTPALIMU BBEIAEHHOIO 3JIEKTpoiuTa. B TOoM ciyuae,
Korga moporu koarymanuu — Cy JaHHBIM DJIEKTPOJUTOM [ 4yactul | u 2
3HAYMTENIBHO PA3JINYAOTCS], BO3MOXKHA KOATYJISINUSA U, CIEN0BATEIBHO, OCAXKICHUE
B CMEILIAHHOM CUCTEME YaCTHL[ TOJIbKO OJHOr0 Buaa. Takou mponecc, Ha3bIBaeMbIi
CCJIEKTUBHOM KoaryJsinuei, IPUMEHSETCS HAa NPAKTUKE, HAIpuMep, Ui

yAAJIEHUs U3 KOAJMHOBOM CYCIIEH3UH 3arpsA3HSIOIINX €€ OKPALIEHHBIX [IPUMECEH.
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3HaHWe MapameTpoB JMCIEPCHON cUCTeMbl (MIPUPOIHOM WJIM CTOYHOUN
BOABI) a, A, W, % TO3BOJSIET pAacCYUTaTh HSHEPreTUYECKUE KPHUBBIC
B3aMMOJEHCTBUS YAaCTHI] U HAa OCHOBAHMHU MX IIPEACKAa3aTh BIUSHHUE BBOJIHUMBIX
JJIEKTPOJIUTOB HA arperaTMBHYK0 YCTOMYMBOCTb cuUCTeMbl. llocinennee naér
BO3MOXHOCTh HAYYHO OOOCHOBAHHO BBIOpAaTh BUJA U KOHIIEHTPALIMIO BBOIUMOTO
JJEKTPOJIUTA JUIsL arperauMd MNPUCYTCTBYIOIIHMX YacTHL € IOCIECAYHOUIUM

yJageHueM 00pa30BaBIIMXCS KPYITHBIX arperatoB MyTEM CeIMMEHTAlIUU.

3.3. Daokyasauus

ITox ¢puoxkyasiumeit TOHUMAKOT YKPYIIHEHUE 4acTHUIl 3a CUYET BBEACHUS B
CUCTEMY PpACTBOPHUMBIX B BOJE BBICOKOMOJEKYJISPHBIX COCOUHECHHM —
(paokyJassHTOB. XapakTepHON 0COOCHHOCTHIO (DJIOKYJISITHOB SIBJISIETCS UX BBICOKAS
MOJIEKYJIIpHAsi Macca, COCTaBJISIOIIasl IECATKH, COTHU THICSY M Ja’K€ MHUJLJTUOHBI.
DNOKYISHTBI MOTYT OBITh KJIACCU(DUIIMPOBAHBI HA JBE TPYIIbI: MPUPOIHBIE U
cunretnueckue. K npupoansiM GiaoKyinstHTaM MOTYT OBITh OTHECEHBI OOBIYHBIN U
MOAU(PUIIPOBAHHBIN KpaxMalibl, KapOOKCUMETUILICILTIONO3BI,
OKCUATHJILIEIUTIONO3bI U Jp. B KkauecTBe mpumMepa CHHTETHYECKUX (DIIOKYISIHTOB
MOYKHO MPHUBECTU MOTUAKPUIIAMUL U MOJIUITUICHOKCH.

Paznnyaior HemoHHbIE (DJIOKYISIHTBI, MAKPOMOJIEKYJIbl KOTOPBIX HE UMEIOT
3apsna (MOJMATUIICHOKCU U JIP.), U (PIOKYISHTBI — HOTUAICKTPOIUTHI, UMEIOIINE
B CBOEM coCTaBe (PyHKIMOHANIbHBIC TPyNIbI, oOnagatomue kucnotHeimu ( -COOH,
-SO,0H, -PO(OH), ) u ocuHoBueiMu (=NH, -NR, -NR;OH, -NHR,OH)
cBoiicTBaMHU. B 3aBUCMMOCTH OT XapakTepa 3THX IPYII Pa3iMyalOoT aHUOHHbBIE U
KaTHOHHbIE (JIOKYJSHTBI, KOTOpblE NpPH JHMCCOLUMALMU B BOJAE OOpPa3yloT
COOTBETCTBEHHO MAaKpPOAaHHOHbI W MaKpOKaTHOHbL. HexoTopeie mnosuMepsl
(amdoTrepHble (DIOKYISHTB) WMEIOT B MOJEKYJIE OJHOBPEMEHHO KHUCJIOTHBIC U
OCHOBHBIE Ipynibl. B 3TOM ciiydae 3HaKk 3apsiia MAaKpOMOHA 3aBUCUT OT 3HAUYECHMS
pH Boawl u TakuM 00pa3oM OJIMH U TOT e (JIOKYJISIHT MOKET BBICTYNATh B BUJIE

KakK KaTHOHHOTI'O, TAaK 1 aHHMOHHOI'O (bJIOKYHﬂHTa.
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dopMyIibl HEKOTOPBIX (PIIOKYISIHTOB NPUBEICHBI HUXKE:

[— CH,-CH, - O]n - nosmaTriieHokcua (I120)

CH;—HC

NH - nonuakpmiamua (ITAA)

BBICOKOMOHCKYHHPHBIﬁ MMOJIN3TUIICHAMHWH COCTOUT H3 3BCHLBCB JIBYX THUIIOB U
COACPKUT NICPBUYHBIC (Ha KOHIax LeIm u OOKOBBIX OTBCTBJICHI/ISIX), BTOPUYHBIC U

TPCTUYIHBIC ( B MCCTC paSBCTBJIGHI/IH) AMHWHOTPYIIIBI.

~CHoCHy-WH-y -CH,-CH, - /IV
CH,-CHu- W

K  neopranmueckum  GJIOKYJISTHTAaM  OTHOCHTCS  aKTHBHpPOBAaHHAs
KPEMHEKHUCIIOTA, IIoJlydyaemas U3 CHJIMKaTa HaTpus MOYTEM  4YaCTUYHOM
HEUTpAIU3ALUN.

Mexanusm aeicTBus (QIOKYISIHTOB COCTOUT B ciienyromieM. BeeaéHHbIC B
JUCTIEPCHYI0O  CHUCTEMY  MAaKpOMOJICKYJIbl  TOJIUMEpa  aJICOPOMpPYIOTCS  Ha
MMOBEPXHOCTH YaCTHIl 3arpsi3HEHUS. Takas aJicopOIus MOXET OCYIIECTBIATHCS 3a
CUYET DIIEKTPOCTATUCTUYECKOTO B3aUMOJCUCTBUS MAKPOMOJEKYJ C YacTUIlAaMH
3arps3HEHUM, HECYIIMMHU 3aps/bl MPOTHUBOIMOJOXKHOTO 3HaKa, oO0pa3oBaHUs
BOJIOPOJTHOM CBSA3M MEXKIYy MAaKpPOMOJIEKYJIaMM W YacTULUAMU U B PE3yibTaTe
crenuPUIecKoro XUMHYECKOTO B3aMMOJIEHCTBUSI MAKpOMOJEKYJT C YacTUIIAMU
3arpsA3HCHUS.

[Tpumepom agcopOIu MaKpOMOJIEKYN 3a CYET 00pa30BaHUsI BOJOPOTHOU
CBSI3U SBJISICTCS aJICOpOIMs TMOJUaKpWIaMuaa Ha YacTUIaX KBaplleBOro Iecka.
[IpruMepoM XUMUYECKOM CBSI3U ABISIETCS aJCOPOLMS MOIMAKPUIOBONW KUCIOTHI Ha
IJIMHE, WU3BECTHSAKE © Jpyrux Ca-comepkalux MHUHEpPaIbHBIX YacTHIIAX,
NpUBOsIIAsS K O0Opa30BaHMIO HA TMOBEPXHOCTH YACTHIl HEPACTBOPUMOU CONH —

akpuiata (ToJIMaKpuiaTa).

44



AncopO1usi MaKpoOMOJIEKYJ CIIOCOOCTBYET arperaiuu 4acTull. Bo3mMoskHbI
JIBA MEXaHHM3Ma 3TOro IMpollecca: HEUTpaIU3alMOHHBIM, KOT/Aa MaKpOMOJIEKYIIbI
UMEIOT 3apsiji, MPOTHUBOIOJOXKHBIN 3apsay 4YacTUl] IpuMeceil, u oOpa3zoBaHUE
MOCTHUKOBBIX CBs3e€d MeXAy 4dacTHUIlaMH. B mepBoM ciiydae ajacopOIus
MaKpOMOJIEKYJl MPUBOAUT K YMEHBIICHUIO TUIOTHOCTH 3apsja Ha YacTUlax (HUX
“pazpsike”) W TOCHEAYIOLIEWM HUX arperaud 10 PacCMOTPEHHOMY BBIIIE
MEXaHU3My HEWTpalIu3allMOHHON Koaryisuud. Bo BTOpoM cilydae JIMHHBIE
MOJIEKYJIBI ~ TIOJIUMEpa  aJICOPOUPYIOTCS  CBOMMM  YacTsMU  (CErMEHTaMu)
OJTHOBPEMEHHO HAa HECKOJbKMX YacTULaX, 00pa3ys pbIXJIbII  OBICTPO
CEeIMMEHTHPYIOIIUM arperat — parokyJy (puc.3.10).

Teopust mpomecca GIOKYIAUMM 1O MOCTUKOBOMY MEXaHU3MY Obuia
pa3paborana Jla Mepam u Xwunu. CorsiacHO 3TOH TEOPUH CKOPOCTh (IOKYJISLIUU

4acCTuIl vy, Kak 1 B CJ1y4ac 6LICTpOI>i KOoaryisinu, MOXET OBITH 3aIlMCaHa:

:—@:kqanO(l—Q)) (3.12)

,
¢ dt

II€ N — KOHIEHTpalus 4acTHll IpUMecei B Boje; t — BpeMs; ky; — KOHCTaHTa
CKOpPOCTH Tiporiecca (QIOKYyIsamuu; O - 07 TMOBEPXHOCTH 4YACTHUII, 3aHsTas

CCIrMCHTaAMH q)HOKYHSIHTa; 1-6 - A0J1 TIOBCPXHOCTHU YACTHIL, CBO6OI[H35{ oT

MAaKpPOMOJICKYII (I)JIOKYJ'IHHTa.
- T &
\7, Q,,, C .
" - )
A= \Jp/;l >
S

Puc.3.10. Cxema (iokynbl, 00pa30BaBIICiiCs 10 MOCTUKOBOMY MEXaHU3MY

HpI/I IepeMennuBaHu CUCTEMbI CKOPOCTD paciiaZia arperaTtoB v, paBHa:
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dn R’ R
Vp:_:sz—:Kp— (313)
dt R*6(1-6) 6(1-0)-
rae K, — koHcranTa ckopocTH pacnaja arperatoB; R — paanyc obpaszosaBmierocs

3

arperara ((hJIoKyIbl); m

- XapPaKTCPU3yCT COOTHOMICHHUC CHII pa3pbIBa

(4MCNIUTEIb) U CUJI CBSI3M (3HAMEHATEIIb) (PIIOKYJ TIPU UX TIEpeMEITUBaHUH.

HpI/I AOCTHKCHHUH TUHAMHYCCKOI'O PaBHOBCCHA B CUCTEMC Up = Vg,

R
K ———=k,n*0(1-60
Torma P Q(I _(9) @ ( ) (3.14)
qu
[Tpuaumast, 4to K_ =K OKOHYATEJIbHO TTOJTy4aeM
p
R=kn*0*(1-0) (3.15)

N3 ypaBuenus (3.15) caenyet, uto paamyc ¢iokyn R mpomopuuoHaieH
KBaJIpaTy KOHIIEHTPAIIMM YAaCTHI] IPHUMECEH W MPOM3BEICHUIO KBaJIpaTOB JOJCH
3aHATBIX W CBOOOMHBIX MecT. I[lpm 6=0, 4YTO COOTBETCTBYET OTCYTCTBHIO
aJIcopOIIMu MaKpOMOJIEKYJI Ha YacTUIaX 3arps3HeHuid, R Quokyn paBeH HyIIO.
D10 o03HAYaeT, 4To (IOKYNISIUS HE MPOUCXOAUT U B CHUCTEME IPHUCYTCTBYIOT
TOJIBKO TIEPBHYHBIC YaCTHIIBI. DTOT BBIBOJI JIETKO MOHATH, TAK KaK B 3TOM CJydae
HE 00pa3yeTcss MOCTUKOB MKy YaCTHUIIAMHU.

[Tpu 6=1, Korma MakKpOMOJICKYJbl (DIOKYJSHTA IMOJHOCTHIO TOKPBIBAIOT
YaCTHIBI, YTO MOXET TPOUCXOIUTh TIPU HEOOJBIIOW 103¢ (IIOKYJISHTA,
00J1a1atoIIeTro BEICOKON aIcOpOIIMOHHON CTIOCOOHOCTBRIO, THOO TP BBICOKOH 103€
Oosiee cnabo ajmcopoupyromero ¢GiaoKyisHTa, U3 ypaBHeHus (3.15) cimemnyet, uTo
R=0 m mpomecc QIoKymsImuu TakkKe HE MPOUCXOAUT. [IpUUMHON OTCYTCTBHUS
GIOKYIAIMA B OTOM  CiIydae  SIBISETCSA  IOJIHOE  TOKPBITHE  YACTHII

MaKpOMOJICKYJIaMH, KOTOPbLIC B JAaHHOM CJIy4dac MPCIATCTBYIOT CIMIIAHHUIO YaCTHI]
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U SBISAIOTCS (PaKTUUYCECKH yKe HE (DIOKYISIHTOM, a CTaOWIM3aTOPOM JIUCIICPCHOM
CUCTEMBI.

B mpomexytounbix cinydasx, korma 0 < 6 < 1 B cucteme ImpPOUCXOIUT
npouecc GIOKYISIHUUA, ONTUMYM KOTOpo#l coriacHo Teopuu Jla Mepa u Xuiau
orBeyaeT 0=0,5. D10 mnomoxenue wmnroctpupyer (puc.3.11), Ha KOoTOpOM
MIPE/ICTABIICHbl 3aBUCUMOCTH IOpOra KOAryJslUd CHUCTEMBbI (CTOYHOM BOJIbI)
AIIEKTPOJIUTOM OT KOHIIEHTPAIMU BBEAEHHBIX (DJIOKYJISIHTOB, 00JIaIal0IINX Pa3HOU

aHCOp6HHOHHOﬁ CITOCOOHOCTBIO Ha JacTumax 3anﬂ3HCHHﬁ.

Cqmmc.

Puc.3.11. 3aBucumocts mnopora koaryisiiuu (CK) IUCTIEPCHOW CHCTEMBI
AIEKTPOIUTOM OT KOHIEHTpalMu BBeAeHHOro ¢uokyisHra. Kpussie 1 u 2
COOTBETCTBYIOT (JIOKYJIsTHTaM ¢ Oosbieit (1) u Menbiei (2) ancopOIHMOHHOM
CMOCOOHOCTRIO HA YACTHIIAX.

B orcyrctBue ¢uokynsHTa (Cguoc = 0) yacTHIBl 3arpsi3HEHUIl MOTryT OBITBH
CKOAaryJIMpOBaHbl M yIAJIEHBI U3 CUCTEMBI IIPU BBEICHUH HEKOTOPOT'O AJIEKTPOIUTA
IIPU €ro KOHLUEHTPALUH B CUCTEME, COOTBETCTBYIONIEN nopory koaryssaiauu — Cy.
Beenenue ¢nokynsHTa (JieBble BETKH KPUBBIX | M 2) IPUBOJUT K YMEHBIIECHHUIO
Cx, KOoTOpOE fABISIETCST TeM 0OoJsiee 3HaYMTEIbHBIM, YeM OOJbIIe 7032 BBEAEHHOTO
dbnokynsuta. [Ipu nozax 1 u 2 prnokynsaHToB, coorBeTcTBYIOMMX Ha puc.3.11 C; u
C, ,yacTuipl mpuMecel MOryT OBITh arperupoBaHbl ((PIOKYIUPOBAHBI) U yIAJICHBI
U3 CUCTEMBbI B OTCYTCTBHE 3JieKTposnuTa. DTH KoHleHTpauuu (C; u C,) oTBeHaroT
ONTUMAJIBHBIM  JI03aM TNPUMEHEHHBIX (IIOKYISHTOB, Mpu KOTOopbhix 0<0,5.
JlanbHeiiliee yBeIUYEeHHE J03bl (DIOKYISIHTOB (MpaBble BETBH KPUBBIX 1 U 2)

NPUBOJIUT K HenmpepblBHOMY yBenuuenuto 0 (0>0.5) m pocty arperaTuBHOM
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YCTOMYHMBOCTU CHCTEMBI, YTO KOHEUYHO, OYJET OTpULATENIbHO CKa3blBaThCs Ha
CTETNIEHN OYUCTKU BOJBI OT IPUMECEii.

[Ipn aHanu3e 3aBUCUMOCTEMN, MpelacTaBieHHbIX Ha puc.3.11, moxer
BO3HUKHYTH BOINPOC O BbIOOpe duiokyinsinta. Kakoit u3 atux dioxynsaros (1 wiu
2) sBusierca OoJiee MPEANOYTHTENBHBIM JJIsI OYMCTKU JaHHOM Boabl? Pernenue
ATOr0 BOIPOCA HE SIBJISIETCS MPOCTHIM, KaK 9TO MOXET MOKa3aThCi Ha TMepBbIN
B3rsi. C OMHOW CTOPOHBI, €CIM CTOMMOCTh (JIOKYIAHTOB 1 M 2 oauHakoBa (B
INPOTUBHOM  Ciydae Mbl JIOJDKHBI  YYUTBIBaTH 3TOT  (akTtop), Ooiee
MPEANOYTUTEIIPHBIM SIBIIIeTCS (IOKYJISIHT 1, Tak Kak OH o0OiamaeT OoJblieil
baokynupymome crnocoOHOCThIO M ero onTumanbHas go3a C; MeHblle, 4em
ontuManbHas no3a daokymnsata 2 (C,). OpHako, kak cieayer u3z puc.3.11,
HEOOJIBIIOE OTKJIOHEHHE OT ONTUMalbHOM J03bl C; MOXET TMPHUBECTH K
cymiecTBeHHOMY yxyamieHuto s¢pdekra ouuctku (pocty Cy). Takum o006pazom,
s dexTuBHOE HCTIONB30BaHUE (GIOKYIIHTa 1 TpeOyeT CTpoOroro KOHTPOJS 3a
BBOJUMOMN  J1030M  (uokyasHTa W 3(Q(EKTUBHOCTHIO TMpoliecca OYUCTKHU
(meooxogumocts Hamuumss KHWII wu  aBTOMartWku, BBICOKOH  KYJIBTYpbI
MIPOU3BO/ICTBA).

B nporuBomnonoxHocTs GIOKYISHTY 1 onTtumanbHas go3a (prokynsHTa 2
HaxoJuTcs B Oosee MUPOKOM HMHTepBaje KoHueHTpauuu (C,), 4TO 3HAUUTEIHbHO
oOneryaer ero mpumeHeHue. Takum oOpa3om, BbIOOp (uokymsHTa (1 wam 2)
JIOJDKEH peliaThcsl UCXOAS U3 PEaNbHBIX YCIOBUHM, CYIIECTBYIOIIMX HAa OYMCTHBIX
COOPYKEHUSAX TPEINPUATHUSA.

[IpaBunbHBIA BBHIOOP BHAA W 03B (PIOKYJISIHTA MOXKET OOECIeUHTh
3 PeKTUBHYI0O OYMCTKY CTOYHBIX BOJI. B 3aBucMMOCTH OT Buaa (JIOKYJsSIHTA U
CTOYHOM BOJBI OINTHUMAJbHbIE 03Bl (JIOKYJISAHTOB COCTABJISIOT OOBIYHO OT
JIECATHIX JOJIEN 10 €IUHHULL MI'/JI OYUIIAEMOU BOJIBI.

BaxxHpIM mapaMeTpoM SBISETCS M CKOPOCTb IMEPEMEIINBAHUSA CHUCTEMBI,
OKa3bIBaOIas BIMsiHUE Ha BenudyuHy 0. OObl4HO mociie BBeAEHUS (DIOKYISTHTA
MPOU3BOIUTCS MHTEHCHUBHOE mepememnnBanue cuctembl (10 — 15 c.) ¢ nensio

paBHOMEPHOTO  pacmpeseneHus (IOKyNIsHTa, TIOCJIe KOTOPOTrO CHCTEMa
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nmoABepraeTcs “‘MAIrkomy”’ TepeMelMBaHui. B 3TOM ciydae oOpasyroTcs
HamOoJiee KPYIHbIE, JIETKO CeUMEHTUPYIOLTUE (QIIOKYIIbI, KOTOPbIE YAAISIOTCS U3
BOJIbl B OTCTOMHHUKAX.

Hcnionw3oBanue (JIOKYISHTOB TO3BOJSET YBEJIUYUTH THIPABIUUYECKYIO

KPYIHOCTD (CKOPOCTh OCAXICHHS) YACTHUIl B JIECATKU U COTHH pa3.

3.4. ®aoranus

Eme omauM cmioco6oM OYUCTKH BOIBI OT HAXOIANIUXCS B HEW HYaCTHUIl
npuMeceld sBisercss (roranus. MaoTamusi OCHOBaHA Ha TMPWIMIAHUU YaCTHIL
3arps3HCHU K BBOJUMBIM B CHCTEMY WJIM OOpasylonuMcs B HEH Iy3bIpbKam
BO3yxa (Tasza) ¢ MOCIeAYIONINM WX BCIUTHIBAHWEM Ha MOBEPXHOCTh CTOYHOM BOJIBI
1 cOOpoM.

HeoOxogumpiM  ycnoBueM (pIoTanu SIBISICTCS HEMOJHOE CMavHWBaHUE
JacTHIl BOJIOH. PaccMOTpWM OCHOBHBIE TPEACTABICHHUS O CMadWBaHWM. Ecin
KaIUTIO BOJBI HAHECTH Ha TTOBEPXHOCTH TBEPJIOTO TEJIa U OCTaBUTH €€ B TIOKOE, TO

OHa MPUMET OJIHY U3 NPUBEAEHHBIX Ha (puc.3.12) ¢popm.

T

Puc. 3.12. Kamg Boabl Ha TOBEPXHOCTH TBEPIOTO TEJA:
a — cMauyuBaHHue; O — HECMauMBaHHUE.

BeKkTopbl G , Oy H O MPEACTABIAIOT COOOH IMOTpAaHUYHBIC HATSKCHUS
COOTBETCTBEHHO Ha rpaHuUIax paszzaena ¢a3: TBEpAOe — ra3, )KUJIKOCTh (Boja) — ra3
U TBEPJIOC — JKUIKOCTh. YTOJI MEXKIY KacaTeIbHOW K MOBEPXHOCTH KaIlIM B TOYKE

CONPUKOCHOBEHHUS TPEX (a3 M MOBEPXHOCTHIO TBEPAOTO Teja, M3MEPEHHBIN B
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CTOPOHY KHJAKOCTH (BOJbI), 0003HaYaeTcss O U HOCUT Ha3BaHHE KPaeBOro yrJa

win yrna cvaumBanms. Ecim 0° <0< 90° — HOBepXHOCTh HAa3bIBACTCS
ruapoduiabHoii. B cayuae  90°<0<180° — mOBEpXHOCTH HA3BIBACTCS
ruapo¢ooHOH.

JIerko nmokasartb, 4TO

— O

TK

o
cosfh = ———
(3.16)

KT
>

PaGota orpsiBa oHOM (ha3bl OT APYroil MpH CEUEHUU pa3pbiBa, paBHOU 1
cM°, HOCHT Ha3bIBaHHE PabOTHI aAre3mn. PaccMOTpUM PaboTy ajresun mys3bpbka
BO3JlyXa K MOBEPXHOCTH TBEpOTO Tena (puc.3.13).

X

YR T
i -
Puc. 3.13. Cxema oTpbIBa Iy3bIpbKka OT IOBEPXHOCTH TBEPAOTO TENIA

Kax BuaHO 13 puc.3.13, npu pa3pbiBe KOHTAKTa MEXKIY TBEPIABIM TEIOM U
ra3om obOpasytorcs rpanuubl pazzaena ¢a3 T-K um K —I', u ucyesaer rpanuna

paznena T —I'. Pabora ajnre3uu B 3TOM ciydae paBHa:

W, =0 +04p +0. (3.17)

aoe

VYuuteiBas (3.16), nonydaem:

W, =0, (1-cos0) (3.18)

a

N3 (3.18) cnenyert, uto npu nojHoM cmaunBanuu (0 =0, cosO = 1) W, =0
U My3BIPEK HE 3aKpeIUIsieTCsl Ha MOBEPXHOCTH TBEPOTO Teja (YacTHIaX MPUMECH).
PaGoTa ajre3nn BO3pAcTaeT IO Mepe pocTa KpaeBoro yria O (tak mpu 6 = 90° u
cosO = 0 Wy = Gy ) U SBIACTCS MAKCUMAJIBHOU U PaBHOU 2Gy, npu 0 = 180°.
Taxum 006pa3zoM, Asist HIOTAMOHHOTO yJAICHHS IPUMECcei HeOOX0IUMO HEIOJIHOE
CMa4YMBaHUE YaCTUI[ BOAOW. JIJIsl yMEHBIIEHUS CMaYUBaHUS YaCTHI] MOTYT OBIThH
HCITIOJIb30BaHbl JOOABKUA MOBEPXHOCTHO-AKTUBHBIX BEIIECTB, TUAPO(HOOUPYIOIINX

yacTuilbl. BBenenne (JIOKYISHTOB TakXKe MOXKET WHTEHCHU(UIIMPOBATH MPOIECC
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(GIOTAIMOHHON OYMCTKH Kak 3a CYET YacTUYHOW TuapodoOu3anMyM YacTull
(yBenmmueHHs KpaeBoro yria 0), Tak W MOsABICHUSA Oojice KPYIHBIX YaCTHII,
KOTOpBIC 001a1af0T O0IBIION (HIOTAIIMOHHON CITIOCOOHOCTBIO.

B HekoTophix ciydasx ¢GpiIOTHPYIOTCS M MOJHOCTHIO CMauuBaeMbIe BOJIOU
gacTunpl. [IpuBiIeUeHUE TIPEACTABICHUN O TETEPOKOAry/IAIMU (B3aUMOJCHCTBHE
my3bIpék-yacTuia) naér oObsicHeHwe d5TuM ¢axtaMm. [lpuyuHON 3akperieHus
YacTHMII HAa IY3bIPhKaX BO3JlyXa B 3TOM Cjy4yae SBJSCTCS HaJMYUEe BTOPOH
MOTEHIIMATBHONU SIMBI (M, CJICIOBATEIILHO, CHJI TNPUTSHKCHUS) HA 3HAYUTCIBHBIX
PACCTOSIHUSIX MEX/Yy TTy3bIPHKOM BO3/1yXa U YAaCTUIICH, Pa3AeIEHHBIX MPOCIONKON
BOJIbI. DTO OTHOCHUTCSI, OTHAKO, TOJIBKO K MEJIKUM YacCTHUIIAM, TUAPOIUHAMUYCCKUC
CWJIBI OTPBIBA JIJII KOTOPBIX OT BCIUIBIBAIOIIETO ITy3bIPbKA M CHJIBI TSDKECTH HE

MPEBBILIAIOT CUJT TPUTSHKEHUS YaCTULIBI K TTY3bIPBKY.

3.5. MoJexkyasipaas aacopouust

Jns ymaneHus W3 BOIBI MOJICKYJSIPHO pAacTBOPEHHBIX KOMITOHCHTOB
ITUPOKO MpUMEHsieTcs MeToJ afcopOumu. [lormomaromnieit ¢gazoii (agcopOeHTOM)
OOBIYHO SIBIISCTCS AKTHBHUPOBAHHBIN YTrOJib, OONAMAIONINI BBICOKOW YAEIBHOM
IOBEPXHOCTHIO (COTHH M’/T), Ha KOTOPOii POUCXOIHUT aACOPOIIHSL.

[lpu  ycraHOBNCHMH  aACOPOLIMOHHOTO  PABHOBECHH B CHCTEME
COOTHONICHHE MEXKIY KOJIMYECTBOM MOTJIONIEHHOTO BelecTBa - I (B I' WM MOb
Ha 1 M° NOBEPXHOCTH ancopOeHTA) M pPABHOBECHOIN KOHIICHTpALHEH 3TOro

BEIIECTBA B BOJIE - ¢ OMUCHIBaeTCs ypaBHeHueM Jlenrmiopa (puc. 3.14).
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Puc. 3.14. U3otepma ajcopOiuu

KC
I'=I,6 —— (3.19)
1+ xc
rae [, - MakcuManbpHas afcopOIus; K - KOHCTAaHTa PAaBHOBECHS.
N3 ypaBuenus (3.19) cienyer, uro npu xc << 1 cyliecTByeT JHUHEWHas

cBsi3b Mexkay I’ u C:
I'=1, kc. (3.20)

[Ipu ycnoBuu xc >> 1 (Oomblas KOHUEHTpPALMS - ¢ WIM 3HAYUTEIbHAs
BEJIMYMHA KOHCTAaHTHl K) ypaBHeHHe ympomaercs g0 I' = I, , T.e. BenInunHa
afcopOLMM MaKCUMaJlbHA M HE 3aBUCHT OT KOHIICHTPAIIMU aJCOpOUPyeMOro
KOMIOHEHTa. DU3NUECKUN CMBICIT 3TOTO MPOCT - BCE aKTUBHBIE MECTa aJICOPOCHTA,
Ha KOTOPBIX MOXKET MNPOU3OUTH ajcopOLHUsl, yXKe€ 3aHIThl aJCOPOUPOBAHHBIMU
MOJIEKYJIAMH.

Bemuuunst [, W  x wMoryr OBITb HaiieHBI Ha  OCHOBaHUU
HKCIIEPUMEHTANBHBIX JaHHBIX M ypaBHeHus (3.19). HambGonee mpoctoit croco0
HaxoXxnaeHuss [, U k cocTouT B JauHeapusainuu ypaBHeHus (3.19), xoropoe
npuoOpeTaeT BUA

c 1 1
— + —
I I' 'k I,

oo}

c (3.21)



[Ipsimast nuHMSL, HE MPOXOAsIas Yepe3 Havajao KoopauHat (puc. 3.15), nmo3Bosser
1o yrily HakjoHa — o (ctgo) HaiiTh [, U Jasee 1Mo oTpe3Ky, OTCEKaeMOMY Ha OCH

OpJIMHAT — K.

Puc.3.15. JluneapuzoBannas ¢hopma u3oTepMbl afacopOunu JIeHrMopa

I[J'ISI OoIrcCaHuA IIponccca az[cop6u1/11/1 9aCTO IMOJIB3YIOTCA OSMIIMPUYCCKUM

ypaBHeHueM PpenHnmxa:

[ = Kcl/n (3.22)

)

rae Kk u 1/n - KOHCTaHTEL.

JlorapudmupoBanue ypaBaeHus (3.22) npuBOJUT K JTUHEHHON 3aBUCUMOCTH:

ol =lgK+1C (3.23)
n

OTpe3ok, OTCEeKaeMblil Ha OCH OpIMHAT, COOTBETCTBYET [gK, a TaHreHc yria

HaKJIOHA NpsAMoit - I/n (puc 3.16).
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Puc.3.16. N3otepmbl azcopOnuu OpelHaIMXa B JIBOMHOM
norapudmuyeckoMm maciitade

[Ipu paBHOBECHOIW KOHIIGHTpAIlMH C, paBHOHW 1, BenmndmHa aacopOIMU paBHA K.
Takum oOpa3om, x XapakTepu3yeT aKTHBHOCTh aJCOpPOCHTa MO OTHOIIECHHIO K
azicopOupyeMoMy KOMIIOHEHTY.

MornekynspHO-pacTBOPEHHBIE BEIIICCTBA o0mamaroT pa3IMYHOM
ajgcopOumonHoii  crmocoOHocThio.  CornmacHo mpaBuwiny Jroxmo-Tpaybe, B
TOMOJIOTUYECKOM psily (CIUPTOB, OPraHUYECKHX KHUCIIOT), YBETUYCHHE ITUHBI
YIJIEBOJOPOIHON IIenH (MOJEKYJISAPHOW MacChl) MPHUBOJUT K POCTY BEIUYHHBI
afgcopOuuu. DTO MpaBWIO COOJOMACTCS MpU aACcOpOLMM HA TpaHUIE paszena
KHUIKOCTh-Iap (ra3). Jus rpaHumbl paszena TBEpIOE TENO-KUIKOCTh (BOjA)
BO3MOXKHO OOpaimieHue 3TOro MpaBuia - POCT MOJEKYISIPHOW MacChl MOXKET
OPUBOANTh K YMEHBIICHUIO BEIUYHHBI aJICOPOIUU. DTO MOXET OBITh CBA3aHO C
POCTOM HEJIOCTYMHOCTH YaCcTH MOBEPXHOCTU aJcOpOeHTa (TOHKUX TOp) i OoJiee
KPYIHBIX MOJICKYJI.

Eme ogHMM KOMIIOHEHTOM, OT KOTOPOTO JOJDKHA OBITh OUYHMIIEHAa BOJA,
ABIIAIOTCSL PACTBOPEHHBIE JIEKTPOJIUTHI (COJHU, KUCIOTHI, MIEN04YHN). DTO Hauboiee
TpyAHas 3a7a4a, OJHaKo Oe3 ee pelIeHus BOJIa 4aCTO He MOXET ObITh BO3BpallleHa
B IPOM3BOJCTBO MWIM cOpomeHa B BojoeMm. Jlis pemieHus SToil 3anadu
UCTIONB3YIOTCSL  CACAYIOUIME METONbl: HWOHHBIH OOMEH, DIEKTPOJUaNIn3 |

runepduibTpanus (0OpaTHBI 0CMOC).
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3.6. UoHHLIii 00MeH

Nonubiii 0OMEH - 3TO OIWH W3 METOJOB yJalleHUs MpPUMECEH,
HaxoJSIIUXCsl B HMOHHOW (opMe, OCHOBAaHHBIH Ha MPOIECCe HOHOOOMEHHOM
angcopOuuu. CylmHOCTh €r0 COCTOUT B cieaytomieM. Jlrodast gacTuiia, HaXoasIasics
B BoJie, HeceT Ha cebe 3apsana. M30BITOK HMOHOB MPOTHBOIOJIOKHOTO 3HAKa
(IPOTUBOMOHOB) HAXOJUTCS BOJHM3U 3apsSHKCHHOM YacTUIBI U KOMIICHCHPYET ee
3apsin. Eciam B BOJOy BBECTH DJIEKTPOJUT, TO €r0 HMOHBI MOTYT OOMEHHUBATHCS
MeCTaMUu C MPOTHBOMOHAMH, OKPYKAIOIIUMH YaCTUIYy. ITOT OOMEH MPOTEKaeT B
CTPOTO SKBHUBAJICHTHBIX KOJUYECTBAX U MOXKET OBITh MPEACTABICH CICAYIOIICH

cxemotii (puc. 3.17):

" W

H + - P
iju* Na O /»ju* ut
A+ + ap~ 'ZH*
/HJ- Jfﬁ/ ﬂ& .4/‘44 /+ CL-'
7/”4-”" 4 *’.‘/Hf + -
9 A A wt T
AN T ’/H+
T ML At Matoe-
A =L

Puc.3.17. Cxema oOMeHa HOHOB

Xorss 0OMEH HMOHOB TMPOTEKAaeT B OSKBUBAJIECHTHBIX KOJIMYECTBAX,
ancopOLMOHHAs CIIOCOOHOCTh OTIENBHBIX MOHOB pa3inyHa. Tak, B ciaydae IOYB,
YaCTHUIIbl KOTOPBIX 3apsDKEHBI OTPUILIATENIbHO, KATUOHBI 10 CBOEH aJcOpOLIMOHHOMN

o LAt 2+ 2+ 2+ +
CIIOCOOHOCTH pacrosiaratores B cienyromui psia: AI” > Ba™ > Ca™ > Mg~ >K' >
+ -+ o
Na > Li'. IlpuBeneHHbIN psi MOKA3bIBAET, YTO YeM OOJIBIIIE 3apsi MOHA U MEHbIIE

€ro ruAPOAMHAMUYECKUHN paanyc, TeM OO0JIbIlIe BEPOSATHOCTh MEPEX0/1a ITOr0 HOHA
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3 pactBopa u AUGPY3HOTO €0 B aJCOPOIMOHHBIN CJIOM M BBHITECHEHHE UM
OJIHOMMEHHO 3apsHKEHHOT'0 HOHA B PAcTBOP.

BemectBa, cocoOHble kK OOMEHY HOHOB, XapaKTEPU3YIOTCSI €MKOCTbIO
o0MeHa - KOJMYECTBOM TI'PAMM-3KBUBAJICHTOB HOHOB, KOTOPOE€ MOXET OBITh
HOTJIONIEHO (0OMEHEHO) OHMM KHJIOTpaMMOM MOHOOOMEHHUKa. [Ipumensiemble B
HACTOsIIIIEe BpeMsi Ha NPaKTHKE MOHOOOMEHHUKH O0JaJal0T €MKOCTI0O OOMeHa,
cocrasisomen 1-10 r-skB./Kr.

[lpy  [DOCTHXKEHWUW  TEPMOAMHAMHYECKOTO  DPAaBHOBECHUS  MEXKIY
MOHOOOMEHHUKOM M J>KUIKOW cpefoi (BOJoi), B KOTOPOM MPHUCYTCTBYET
AIEKTPOJIUT, CIIPABEIJIUBO CIIEAYIOIIEe COOTHOIICHUE, MoTydyeHHOe HUKOMbCKUM:

1 1 1 1

g 121 / g 222 — ka 121 / a 222 (324)
rie g M g - KOJWYEeCTBAa TpaMM-IKBHBAJIEHTOB IEPBOIO M BTOPOTrO HOHA B
a7IcCOpOMPOBAHHOM COCTOSIHWM; @) U A, - aKTUBHOCTU MOHOB 1 M 2 B pacTBOpe; K -
KOHCTaHTa OOMEHaA; Z| U Z, - BaJIGHTHOCTH UOHOB | 1 2.

[Iupokoe nmpuMeHEeHrEe Ha MPAKTHKE B KaUYE€CTBE MOHOOOMEHHUKOB HAIIIH
MOHOOOMEHHBIE CMOJIBI - TMPOJAYKTHI TOJUMEPHU3ALMU U TOJUKOHACHCAIIUN
MOHOMEpPOB, conepxkamue nonorennsie rpynmnsl (-COOH, - SO3;H, amunorpymnmb
—NR3;, =NH, =N). PaznuyaroT KaTHOHHUTBI - MOHOOOMEHHHMKH, CIIOCOOHBIC K
0OMEHY KaTHOHOB, 1 aHHOHMTBI - OOMEHUBAIOIINE AHHUOHBI.

HNoHooOMeHHBIE CMOJIBI IIUPOKO HMCHOJB3YIOTCS I YMSTYEHHUS BOJbI
(ynanenns monoB Ca’  m Mg®"), a Takoke I MPAKTHYECKH IONHOTO yAalCHHS
PacTBOPEHHBIX JJIEKTPOJIUTOB. B mocrnennem ciyyae mnojydeHHas BOJAa HMEET
Ha3BaHHE "NEMOHN3UPOBaHHAsA" WM "IeMUHEpaIu30BaHHas .

[Ipouecc ynaneHuss H3 BOJBI AJIEKTPOJIUTOB MOXET OBITh 3alKCaH

CJIeAYIOIHUM 00pa3oM:

ILH + NaCl— II;Na + HCI U Jajee
II,OH + HCI —I1,Cl1 + H,O
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OOpabartbiBaeMas BOj1a NMPOIYCKAETCS Uepe3 KaTUOHUT, Haxoaduuiics B H-
dbopme (IItH) wu nmamee wuyepeB ammonutr B OH-popme (II,OH). Ilocne
M3pacXoJI0BaHus BCeH (MM 4acTu) OOMEHHOM €eMKOCTH MOHUTOB (3amenieHus H u
OH wonoB Ha woHsl Na u Cl) oHM MOTYyT OBITh pPETEHEPUPOBAHBI IyTEM
MPOIYCKAaHUs Yepe3 KOJOHKH C HMOHOOOMEHHBIMU CMOJIAMH PacTBOpa KHUCIOTHI
(uepe3 katuoHUT B Na-popme) u menoun (uyepe3z aHuoHuT B Cl-popme) c
MOCIIEAYIOMIEN UX OTMBIBKOM BOJOM.

B03M0XHO HCNOIB30BaHUE CMECH KATHOHMTA W AHUOHUTA B OJHOM
anmapare. JTO 3HAYMUTEIbHO YIPOLIAeT (KOHCTPYKTHUBHO) MPOIECC YHAJICHHUS
npuMeced, OJIHaKO TMNPUBOJUT K OOJee CIOKHOMY TPOLECCY pereHepanuu
CMENIaHHOTO WOHOOOMeHHUWKa. /[l TpoBeleHUs pereHepanuu HEoO0XO0IUMO
paszereHue CMECH Ha KOMIIOHEHThl (KaTHOHUT W AHHOHHUT), HUX pa3jeiibHasd
pereHepanus M jajee nojiyuenue cmecu moHooomennukoB B H u OH ¢opmax.
[IpuBeaeHHBIC BBIIIC 3aTPYyAHCHUS MPOIlecca pereHepalud CMEeCU HOHOOOMEHHBIX
MarepuajioB  MOTYT ObITb  pElIeHbl IyTeM  MCIOJIB30BaHMS  Mpolecca

JJICKTpOaAIIN3A.

3.7. Dnekrpoauaiaus

DJIEKTPOAMAJIN30M HAa3bIBAETCS MPOLECC OYMCTKU BOJBI OT 3JEKTPOIUTOB
IpHU MPOIMYCKaHUM Yepe3 Hee dJieKTpuueckoro Toka. Ha puc.3.18 a mpencrasien
MpoLecC 3JIEKTPOJU3a BOJHOrO pacTtBopa cyibdara nHatpus. [lpunoxenue
Pa3HOCTH MOTEHIIMAIOB BBI3OBET MEpEMEIIeHUE KaTHOHOB K KaTOAy, a aHHOHOB K
anony. IIponyktel snekrponuza NaOH, H,;, u H;SO4 O, Bbeiaenstorcs
COOTBETCTBEHHO Ha Kartoje M aHojae. OOpazoBaBUINECs ra3000pa3Hble MPOIYKTHI
(H, u Oy) BbLAENSIOTCS Ha 3JEKTPOJAax, a UIeJNoYb U KHUCI0Ta, AUPGYHAUPYS B
CPEIIHIOI0 4acTh almapaTa, o0pa3yloT UCXOAHYIO COJb - cynb(ar HaTpus. Takum
o0pa3oM, B OJIHOKAMEpPHOM afmapaTe O4YMCTKa BOJABbI OT D3JEKTPOJIUTA He

IMPOUCXOAUT, a BCA IJICKTPUUCCKAA SHEPTHA TPATUTCA HA IJICKTPOJIN3 BO/bI.
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Brenenue B anmapat MmemOpansl (M), pa3zenstoiiei ero Ha JBe 4acTu (puc.
3.18 6) u mpomycKarImeld UOHBI 3JIEKTPOIUTA, TIO3BOJISET Pa3IeIUTh UCXOTHYIO
conb — Na,SO,4 Ha menoyb U KUciaoTy. OJHAKO OYUCTKH BOJIBI OT SJEKTPOIUTA IIPU

9TOM TAKXXC HC ITPOUCXOOUT.

N ; H b, ; )
' “ s v | ¥
e Hy & x i A ot = e
=, i
\ JJ a SOI; | N32%04 l Wﬁz 50,
Mo/ S\O,," / \ ‘,~
o] SOy
nga’ DH mbjm Ha SOy
Ha DH=> +H. S0, NeDH | 4,80y -4l 8 3

Puc.3.18 Cxema, mNosCHAOIIAS pa3Inyue MEXAY DJIEKTPOIU30M U
ANEKTPOAUAIM30M: a — OJHOKaMepHbI; O — JABYXKaMEpHbId; B —
TpeXKaMEPHBII ammapar.

Bona MoxeT ObITh OYMINEHA OT AJIEKTPOJIMTA B TPEXKaMEPHOM ammapare
(puc.3.18 B), pazmeineHHOM JIByMsi MeMmOpaHamu. B sTom ciydae ynaneHue u3
cpenneii kameps! HoHOB Na™ 1 SO4” mpuBeeT K 00eCCOIMBAHUIO BOJBI B CPEIHEH
Kamepe, a B OOKOBBIX KamMepax OYyIyT HAaKaIlJIMBAaThCS MPOAYKTHI JJICKTPOJIM3a
NaOH u stO4.

Heob6xoaumo ydecTs, uto nonsl OH u H , COOTBETCTBEHHO M3 KATOAHOU U
AHOJHOW Kamep, MOTYT MEPEHOCHUTHCA TMOJ NCHCTBUEM NPUI0KEHHOW Pa3HOCTHU
MOTEHIIMAJIOB B CTOPOHY aHOJHOM M KaTojaHOW kamep. Takoi mporecc TpeOyet
JOTIOJTHUTENIBHON 3aTpaThl SHEPTUU U €T0 CIAEAYET M0 BO3MOXHOCTH U30eraTh. ITO
MOXHO CJelaTh, MOCTaBUB Ha KATOJHYIO M aHOJHYK) CTOPOHBI MEMOpaHBI,
MPOMYCKAIOIINE COOTBETCTBEHHO TOJIKO KAaTHOHBI WM aHWUOHBI. B 3TOM ciyuae
BCSl DJIGKTpUYECKasi HSHEprus (3a HCKIIOUCHHEM TEIUIOBBIX IMOTEph) Oyner

pacxodoBaThCs Ha TMOJNE3HbIM mpouecc yaaneHus saekrponura (Na,SO4) u3
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cpelHel kaMephl. B cBsizu ¢ 3TUM BONpPOC O MpaBUILHOM BBIOOpE MEMOpaH UMEET
BAXXHOE MTPAKTUUYECKOE 3HAYEHHUE.

[lo >1MeKTPOXMMHUYECKUM CBOMCTBAM MEMOpaHbl AENSATCS HA TPU TPYIIIbI:
JIEKTPOXMMHYECKU HEaKTHBHbIE, JJIEKTPOXUMHYECKH AKTHBHBIE H
HACAJTBbHO JJICKTPOXMMHYECKH AKTHBHbIC. DJICKTPOXUMHUYECKH HEAKTHBHBIE
MeMOpaHbl HE M3MEHSIOT YMcja MepeHoca MOHOB, T.. YHMCla MepeHoca MOHOB B
HUX HE OTJIMYAIOTCS OT YMCEINl MepeHoca 3TUX HMOHOB B CBOOOJHOM pacTBOpE, C
KOTOpbIM MeMOpaHa HaXOAMTCS B PABHOBECUHU. DIIEKTPOXHUMHUYECKH AKTHUBHBIC
MeMOpaHbl ~ U3MEHSIOT 4Yucia MepeHoca HOoHOB. HakoHen, wuaeasbHO
ANEKTPOXUMHUYECKH AKTUBHbIC MEMOpaHbl MPOIYCKAIOT HOHBI TOJBKO OJHOTO
3HaKa.

HanomHuMm, uyTo uwMcioM nepeHoca 1-MOoHa (n;) Has3bIBaeTCs OIS
AJIEKTPUYECTBA, MEPEHECEHHAss MOHAMHU JAHHOTO BHUJA, OT OOILEro KOJIWYECTBA
MpoIIeanero snekTpuuectsa. CyMMa gucell epeHoca BCeX HOHOB, HAXOIAIIUXCS

B CUCTEMC, paBHa CAHHUIIC, T.C.
Do =1 (3.25)
i

I[JISI ciy4dasa, Koraa BOIAa COIOCPXKHUT OJHH DJJICKTPOJIUT, CyMMa YHCCII

MepeHoca KaTHOHOB (nKO) U aHHOHOB (na0 ) paBHa €JUHULIC
0 0
n, +n, =1 (3.26)

rae" 0 " - yucio nepeHoca HOHOB B CBOOOTHOM pacTBOpE.
O0603HaYMM YKCIIa IEpeHoca KaTHOHOB M aHWOHOB B MeMOpaHe uepes 1, U
n,. Torma s SIeKTPOXHMHYECCKH HEAKTUBHBIX MEMOPaH 71, = n U ng = ng’. Jls
SNIEKTPOXHMHYCCKH AKTHBHBIX MEMOPaH 1, # n' W ng # ng, a IS HACAIbHO
ANEKTPOXUMHUYECKN aKTUBHBIX MeMOpaH n, = 0 u n, = I(MeMOpaHbl MPOMYCKAIOT
TOJILKO aHUOHBI) WU 1, = I, n, = () (MeMOpaHbl MIPOMYCKAIOT TOJBKO KATUOHBI).
[IpuMeHeHne 3IeKTPOXUMHUYECKH aKTUBHBIX MEMOpaH MOXKET 3HaYUTEIbHO
MHTEHCU(ULIMPOBATH MIPOLECC OUUCTKU CPEJIHENH KaMephl 3JIEKTPOAUaIn3aTopa OT

NIeKTpoauTa. /s 3TOro Ha KaTOAHYIO CTOPOHY ammnapara CTaBUTCS MeMOpaHa,
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YBEJIMUMBAIOIIAs YUCIIA TIEPeHOCa KAaTHOHOB, @ Ha AHOAHYIO - YBEJIMYMBAIOIIAS
YHCIIa TIePeHOCa aHHOHOB, T.€. UL KaTOJHOW MeMOpaHsI 1, > n’ u n, < n,’, a s
aHonHOM n. < m W n, > n,. B 9TOM ciyuae katomHas MemOpaHa Gymer
NpOTNycKaTh TIPEMMYIIECTBEHHO KaTHOHBI (MOHBI Na') | 3ajepKuBaTh
npoxoxaeHue noHoB OH', obOpa3zyromuxcs B KatogHou kamepe. s aHOIHOM
MeMOpaHbl OyJleT CIHpaBeIJiuBO 0OpaTHOe - OHa OyAeT MpOoIycKaTh
MPEUMYIIECTBEHHO AHHMOHBI ~ yAQIsAeMOro oiektpomuta (uombl  SO,7) 1
TIPEenATCTBOBATh NPOXOXKACHHI0 HOHOB H', obpasyrommuxcss B aHOMHOH Kamepe
NeKTpoanain3aTopa. B pe3ynbraTe 3TOro OojbImas dYacTh IPOXOJSIIETO
JJIeKTpUYeCcTBAa OymeT cBs3zaHa ¢ yganeHumeM moHoB Na' m SO~ u3 cpemmeil
KaMepBhl.

B wupeanbHOM ciiydae kartojgHas MeMOpaHa JOJDKHA MPOIYCKATh TOJIBKO
KaTHOHBI, a aHOJHAs - aHUOHBL. [Ipu 3TOM U151 KaToAHOM MeMOpaHsbl 1, = 1 u n, =
0,a nnst anogHom - n, = 0 u n, = 1. BelmeckazanHoe noaTBepxkaaercs puc.3.19, us
KOTOPOT'O CIIEJIYET, YTO MEePexXo OT IEKTPOXUMUUECKU HEAaKTHUBHBIX (KpuBas 1) k
AICKTPOXUMHUYECKA aKTHUBHBIM (KpuBasg 2) M HUICAIBbHO DJICKTPOXUMHUUYECKHU
aKTUBHBIM (KpuBas 3) MemMOpaHaM CYIIECTBEHHO YBEJIMYHUBAET A(HPEKTUBHOCTH
MpoIiecca OYMCTKUA BOJIBI OT AJIEKTPOJIUTA, a OJTHA U Ta K€ CTENEeHbh OUUCTKU MOXKET

OBITh JOCTUTHYTA MPU MEHBUIUX 3aTpaTax JIeKTpuuecTBa (q;>q2>q3).

Co

S E— ‘_
43 % o Pt

Puc. 3.19 3aBuCHMOCTb KOHUEHTpPAIIMU OJJEKTPOJUTA B CpPEAHEH Kamepe
TPEXKaMEPHOI0 JIEKTPOANAIA3ATOPA OT KOJIMYECTBA MPOLIEANIEr0 3JEKTPUIECTBA
(g=I't) mnpum npuMeHeHHH JABYX DJIEKTPOXUMHYECKHM HEaKTUBHBIX (1),
AIEKTPOXUMHUYECKH aKTUBHBIX (2) M HJICATBHO DJIEKTPOXUMHYECKUA aKTUBHBIX (3)
MeMOpaH.
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Ha mpakTuke 9acTo UCTIONB3YIOTCS MEMOpaHbI, H3TOTOBICHHBIC HA OCHOBE
KaTHOHOOOMEHHBIX M aHMOHOOOMEHHBIX CMOJ. B 3TOM ciiyqae wmemOpaHa,
W3TOTOBJICHHAS HAa OCHOBE KAaTHOHWTA, MOMEIAETCs Ha KaTOJHYIO CTOPOHY, a
W3TOTOBJICHHAS HA OCHOBE AaHMOHUTA - HA aHOTHYIO.

TpexkaMepHbIe 3JIEKTPOAMAIA3ATOPHI MPHUMEHSIOTCS B J1a0OPATOPHBIX
YCIOBUSX JUISI OYUCTKH HEOONBIINX KOJWYECTB BOJBL. B MPOMBIIUICHHBIX
IEKTPOIMATM3ATOPAX YUCIO KaMep OOBIYHO COCTABISIET MHOTHE JECATKU. B aTOM
ciydae katonHele (KM) u anomgueie (AM) meMOpaHBI YepeayroTcs, Kak 3TO

cXeMaTU4YeCKH n300paxkeHo Ha puc.3.20.
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KoHUeHTPUpOBAaHHEIA ObecconeHHan
paccon BOAAa

Puc.3.20. Cxema MHOTOKaMEpPHOTO 3JEKTPOINAIN3aTOpa
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[IponyckaHue DJIEKTPUYECKOrO TOKAa MPUBOJUT K  YMEHBIICHUIO
KOHIICHTPAIIMU D3JIEKTpoJnTa B Kamepax 2, 4, 6 m pocty - B Kamepax 3, 5.
ColOpannas u3 kamep 2, 4 u 6 Bojaa sBISAETCS 00ECCOJICHHOM, TOT/Ia KaK BOJa W3
Kamep 3, 5 mpejacTaBisieT co0oii 00siee KOHIIEHTPUPOBAHHBIN PACTBOP AJIEKTPOIUTA
- paccon.

O¢ddextuBHOCT  pabOTHl  BJIEKTPOAMANIM3ATOPA  XapaKTepuzyeTcs
BEJIMYMHON  KAaKYWIErocss BbIX0AA MO TOKY (TMax), NPEIACTABIAIONICH CcoOO0M
BBIPA)KEHHOE B TMPOLIEHTaX  OTHOUIEHHWE  KOJMYECTBA  DJIEKTPUYECTBA,
HeoOxonumoro coriacHo Papanero [ yAaJeHUS KATHOHOB WJIM aHHUOHOB

QJICKTPOJINTA, K (I)aKTI/ILICCKI/I 34aTpauYCHHOMY

Mo = LC0 T C’)Z * 90599 160 0 (3.27)

II€ Co M C; - KOHIIEHTpAIlMU YyOaJIeMOTO HOHA COOTBETCTBEHHO JIO U TOCIE
Juann3a, T-3kB/IM°; V - 00beM Kamep obeccoiuBaHus, am; 1 - cuna Toka, A; t -
JUTUTEIHHOCTH DJICKTPOIMAIIN3A, C.

[IpumeHeHHE HDIEKTPOXUMHYECKA aKTHUBHBIX M OCOOCHHO HJEalbHO
AIEKTPOXUMHUYECKH AKTUBHBIX MEMOpaH 3HAYUTEIbHO TOBBINIACT BEIMUYUHY
Ka)XYIIErocss BBIXOJAa MO TOKY M TEM CaMbiM YBEIUYHUBACT 3S()PEKTUBHOCTH

nponecca OUYUCTKU BOJBI ITPHU TCX KC SHCPICTUICCKUX 3aTpaTax.

3.8. YabTpadpmwibTpanus u 00paTHbIH 0CMOC

duiabTpanued Ha3bIBACTCs ABWKECHUE Yepe3 IOPUCTYIO IEPEropolKy
(MmeMOpany, nuadparMmy) >KHIKOCTH WJIHM ra3a, COMPOBOXKIAIOIIEECS OTIOKESHHEM
Ha HEW B3BEIICHHBIX TBEPJBIX YACTUI. DTUM METOJOM MOXKET ObITh IMPOBEIECHO
paszeneHne Wik CrylieHue cycrneH3uidl. MOoXHO Ha3BaTh YETHIPE OCHOBHBIX THUIIA
MOPUCTBIX MEPErOpPOJOK, CTPYKTYpPbl KOTOpPbIX H300pakeHsl Ha puc.3.21:

CETOYHBIN, TIYOMHHBIN, MUKpPO- U yibTpaguibTp. Hanbosnee npocTsiM cpenn HUX
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SIBJISIETCS CETOYHBIN MJIM CUTYATBIM (UIBTp, HANIpUMeEp, U3 HeioHa (puc.3.21 a).

Taxoit puinbTp 0OBIYHO 3a/I€PKUBAET YACTHUIIHI TUAMETPOM OKOJI0 60 MKM.

{ 500 it L

A
, !

MuxkpodoTtorpadus
TPEKOBOI MEMOpPaHbI

————

Il |t||i Ii |“|
f"l |
il
I‘ l\.llll\ g

Puc. CTtpykTypa OCHOBHBIX THUIIOB
MTOPUCTBIX MEPETOPOIOK

JpyruM HIMPOKO U3BECTHBIM (DUIBTPOM, UCIOJB3YEMbIM Jii OOBIYHOIO
OCBETJIEHUs, siBNsieTcs TIyOuHHBIA (unbTp (puc.3.21 6). I'myOuHHbBIE QUIBTPHI
MPUMEHSIOT TIABHBIM 00pa3oM JUisl TMpeABapUTENbHON (uiIbTpauuu B LENAX
3aJIepKKM  KPYIHBIX YacTUL, 4YTOObl YMEHBIIUTh 3a0MBaHHE MEMOpPAHHBIX
¢bunbTpoB. MUKpPOGUIBTPBL, KOTOpHIE NPUMEHSIOTCS B OOBIYHBIX TIpOIECcCax
(GUIBTpallMM YaCTHUL, KaK MPaBUIO, UMEIOT OTKPBITYIO CTPYKTYpPY KOJUIOMIAHOTO
tuna (puc.3.21 B). YubTpaduabTpsl — OOBIYHO TMOJMMEPHBIE IUIEHKH, KOTOPbHIE
UMEIOT IUIOTHYIO CTPYKTYpy C pa3MepaM MOp CpPaBHUMBIMU C pa3Mepamu
MOJIEKYJI, TPUYEM MOPbI paclpeedeHbl III0THO U peryiisipHo (puc.3.21 r).

[Ipu ¢unpTpauu IYOMHHBIM  (QUIBTPOM  OOJBIIMHCTBO  YaCTHI]
BBIJICJIAIOTCS. HE HA €ro MOBEPXHOCTH, @ OKa3bIBAIOTCS MPUIMIIIMMHU K BOJIOKHAM

BHYTPHM KaHajoB, oOpasyromux jJabupuHT. B ciayuae memOpaHHOUN (dunbTpanuu
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OOJIBIIMHCTBO YACTHUI] OCTAETCS Ha IIOBEPXHOCTU MEMOpaHBIL, a UX IPOHUKHOBEHUE
BIUIYOb MaTpPHIIBI JTMO0 OUYE€Hb MaJlo, INOO BOBCE OTCYTCTBYET.

Kak npaBuno, nopsl MeMOpaH MUMEIOT JI000€ CeUeHHE, KPOME KPYTJIOro.
HckiroueHne cocTaBisiioT TPEKOBbIE MEMOpaHbI (MITH siIepHbIE QUITBTPHI),
puc. 3.22. X mnomy4aroT MyTeM MPOTPABIUBAHMS TPEKOB, OOpa3yloOLUIUXCs B
MOJIMMEPHON IUJIeHKe (HarpuMmep, MOMMAITHIEHTepedTanaTHOW) B pe3yjbTare ee
OOJy4eHHUs OCKOJKAaMHU SAJIEPHOTO MACNECHUS WU OOpaOOTKH IYYKOM TSIKEIBIX
HOHOB.

TpexkoBbie MEMOpaHbI UMEIOT, KaK MPaBUIO, OYEHBb Y3KOE paclpeeieHue
IOp MO pa3Mepy, YTO O0OecrneynuBaeT MX BBICOKYIO CEJIEKTHBHOCTh. llpu
CYLIECTBEHHOM BBIUTPBHIIIIE B CEJIEKTUBHOCTH TPEKOBbIE MEMOpaHbl 3aMETHO
YCTYMaT B NPOU3BOJUTEIBLHOCTH Tipoliecca ¢punbTpanuu. [lo cpaBHeHuI0 ¢ HUMU
riyOMHHBIE QUIBTPBI XapaKTEPU3YIOTCS BHICOKUMH CKOPOCTSIMM  IIPOITYCKAEMbIX
yepe3 HEero MoTOKOB JKUJIKOCTH U YCTOMYUBHI MPOTUB 3a0MBaHUs. TpaauIIMOHHbBIC
MUKPOIIOPUCThIE MEMOpaHbl o0ecreynBaloT 0ojiee HU3KUE CKOPOCTH MOTOKA, YEM
rIIyOuHHBIE QUIBTPHI, HO 60JIee BRICOKHUE, YeM TPEKOBBIC MEMOpPaHBI.

[Ipouecc ynanenus OoJsiee TOHKOJMCIEPCHBIX YACTHUI[ - KOJUJIOMJIOB
Ha3zbiBaeTcad yJabTpadmibrpamueir. OunbTpoM MOryT OBITH 3aJ€pXKaHbl TaKkKe
pPacTBOPEHHbIE BBICOKOMOJIEKYJISipHbIe BemecTBa. C  yMeHbIIEHHEM pa3Mepa
yaalsieMblX YacTULl pa3Mepbl MOp MeMOpaHbl AOKHBI yMeHblIaThes. Tak, B
cllydae yabTpadUIbTPALEH OHH COCTAaBIAT 0T 2:107 10 3-107 M.

Mukpo- u ynbrpadunbTpanusi — 3T0 OapoMeMOpaHHBIE ITPOLIECCHI
paszesneHusi, B KOTOPhIX MEMOpaHbl HE MPOIMYCKAIOT YacCTHUIBl U PACTBOPCHHBIC
MakpoMoJieKyibl pasmepom cBbimie 0,1 mMxm (Mukpodunbtpanus) u 0,003 MM
(yneTpadunbrpanus). bapomemMOpaHHBIE TPOLIECCHl  OCYHIECTBISIOTCS O]
neucteueM mnepenaga pgasineHuil. [log  BausitHMEM  ABMKYIIEW CHIIBL, T.€.
MIPUJIOKEHHOTO J1aBJICHUS, PACTBOPHUTENIb U MOJEKYJIbI HEKOTOPBIX PACTBOPEHHBIX
BELECTB MPOHUKAIOT Yepe3 MeMOpaHy, TOrJa KaK JPyrue MOJIEKYJIbl WIM YaCTULIbI
B Pa3IMYHON Mepe 3aJEPKUBAIOTCA MEMOpaHoil ( TOUHEee HE MPOXOIAT Yepe3 Hee).

Kpome  mukpodunbrpanuu ©  yiabTpa@uUIbTpallid  CYUIECTBYET  JIpyroi
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OapoMeMOpaHHBIN TIpoliece - 00paTHBIN ocMoc. Pa3Mephl OTACIsIEMBIX YaCcTHI] TIPU
nepexoje OT MHUKPOPWIBTpAMK K OOpaTHOMY OCMOCY YMEHBIIAIOTCSA W,

CJICOOBATCIIBHO, pPa3sMCp II0Op TaKXKC HCO6XOJII/IMO A€JIaTb MCHBIIHNM. Kaxk

CJIICACTBUC 6y,JIeT BO3pacCTaTb COIIPOTHUBIICHUC MGM6paH MacCCOIICPCHOCY. n

COOTBCTCTBCHHO HOTp€6y€TCH Ooiece BBICOKOC JaBJICHHC. CpaBHI/IM

MI/IKpO(i)I/IJ'II)TpaIII/IIO C ApyrumMm mnponcccaMm I10 HCCKOJIBKHMM XapaKTCPUCTUKAM

(Tabm. 3.2).

Tabmuma 3.2
CpaBHeHue 6apoMeMOpaHHBIX MPOIECCOB
Xapaktepuctuka | MukpodpunbTpaumsa | Ynotpadunbtpauus | O6paTHbIN OCMOC
OObeKTbI Yactuupl  (Gaktepuu, | MakpomoneKysibl HuskomonexyinspHbie
pazzneneHus TPOAOKHN ) (Oenxm) pacTBOpPEHHBIE B-Ba—
COJIU, caxapa u Jp.
OcmoTHueckoe Ou. HU3KOE Ou. HU3KOE Bricokoe (5-25 AT)
JIaBJICHUE
Pabouee naBnenue | <2 Ar 1-10 At 10-60 At
Mopdonorus YacTo romoreHHsIe AcuMMeTprUYHbIE AcuMMeTpruYHbIE
MeMOpaH
Tonmua padouero | 10-150 mxm 0,1-1,0 mxm 0,1-1,0 mxm
clost
Kpurepuit ITo pa3mepy vactuig ITo pa3mepy vactuig Paznuuus B
pazzeneHus ko3¢ duLreHTax
PacTBOPUMOCTH u
b dy3un

I'unepuabTpanus - enie 0onee TOHKUN MPOLECC OYUCTKH KUIKOCTEH OT
MOJIEKYJ PACTBOPEHHOTO BEILIECTBA U 3JEKTPOIUTOB. DTOT MPOLECC TAKKE HOCUT
Ha3BaHHE 00PATHBIH OCMOC.

Ecnu pactBop anekTposnnTa B BOJE€ OTACIUTH OT BOJbI MeMOpanoit (M),
MIPOHULIAEMOM ISl BOABI, HO HE MPOHUIIAEMOM 1JI OTACIBbHBIX HOHOB (pa3Mep mop
B MEMOpaHe B 3TOM ClIy4ae COCTABIISIET = 1 HM), TO HaYHETCS MEPEHOC BOJABI U3
KaMephbl C YUCTON BOJOW B Kamepy, CoAepXKallyr aieKkTpoiuT (puc.3.23 a, 0).
DTOT npouecc, Ha3bIBAEMBII 0CMOCOM, IIPEKPATUTCS, KOTJa BO3HUKILAS PA3HOCTh
ypOBHEW BOIBI MO 00€ cTOopoHBl MeMOpanbl (h) ypaBHOBECHUT OCMOTHYECKOE

nasnenue P, (puc.3.23 0).
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Ecnu x kamepe, copepskaiieil pacTBOp AJIEKTPOIUTA, TPUIIOKHUTH JTABICHHUE
P, 6onbmiee, yem ocmotuueckoe (P > P,.), TO BOBHUKHET 0OpaTHBIN mpolecc -
MEPEHOC BOJBI U3 KaMEPHhI C DJIEKTPOJIMUTOM B KaMepy ¢ YUCTOM Bojo# (puc.3.23 B).
OO6BeM uncTOr BOJIBI B JIEBOM Kamepe Oy/IeT YBeNMUUBaAThCS ((PUIBTPYETCS YucTast
BOJA), @ KOHIICHTpALMs 3JEKTPOJIUTA B TMPaBOMl Kamepe - MOBBIIATHCA. Takoi
Mpoliecc, HA3bIBAEMbI O0OPATHBIM OCMOCOM, OyJIET MPOJOJDKATHCA 10 TEX TOpP,
MOKa TPUIIOKEHHOE U3BHE JIaBJIEHWE HE YPaBHOBECUTCA OCMOTHYECKHM
JaBJIeHUEM, KOTOPOE HEMPEPhIBHO OyAET BO3pacTaTh MO MEpe KOHIIEHTPUPOBAHUS

AJIEKTPOJIUTA B TIPABOM Kamepe.
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Puc.3.23 Cxema BO3HMKHOBEHHUS OCMOTHYECKOTO JABJICHHUS W OOpaTHOTrO
ocMoca: a — UCXO/Has cucreMa; O — paBHOBECHAsl CUCTEMa; B — OOpaTHbIN
0CMOC.

IIpomiecc oO6paTHOTO OCMOCa MOXET OBITh TAaK)Ke MPUMEHEH IJIi OYHUCTKU
BOJIBI OT MOJIEKYJISIPHO-PACTBOPEHHOTO BEIIECTBA, MOJIEKYJIbl KOTOPOTO HE MOTYT
MPOXOJIUTH Yepe3 MeMOpaHy.

JUist  MOJIEKYJIIDHO  pacTBOPEHHOro, HE AMCCOLMUPYIOIIET0 U He
aCCOIMMPYIOUIETO BEIIECTBA BEIMYMHA OCMOTHYECKOTO MaBJICHUS MOXET OBITh

paccuMTana 1o cienyoiei popmyIe:

P = A CRT (3.28)

oCcMm
" 3
rae AC - pa3HOCTb KOHIIEHTpALM MEX]ly KamepaMu, MOJib/M”; R - yHuBepcanbHas

ra3zoBas noctosuuas, 8,314 Ji/mons-K; T - abcontoTHas Temneparypa, K.
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Kak cnenyer u3z dopmynsr (3.28), dyem Bblllle MOJEKYJspHas Macca
PacTBOPEHHOIO BellecTBa (IIPU TMOCTOSSHHOM €ro BECOBOM KOHIICHTpAIlMH), TeM
MEHBIIEC BEJIWYMHA OCMOTHYECKOro naBieHHs. C 3TUM CBSI3aHO YMECHBIICHUE
HEO0OXOIMMOT0 MPUKIAJIBIBAEMOTO JAaBJICHUSI MPU TIEPEX0Jie OT runepPuibTpanuu
K yIbTpadUIbTpallUK U 1ajiee K 0OBIYHOM (hUIBTpaIUH.

B ciywae accomumanvu wWid JUCCOLMALIMM  MOJIEKYJ PAacTBOPEHHOTO
BEI[ECTBA BEJIMYMHA OCMOTHYECKOTO IaBlieHUsI OyAET COOTBETCTBEHHO ITOHHU-
KAThCS WU MOBBIIIATHCS IO CPABHEHHUIO C paccUuTaHHOM 110 dhopmyiie (3.28)

OcMoTHYecKoe JaBJieHHE PacTBOPOB, OJM3KHUX MO COCTaBY K MPHUPOIHBIM
BOJlaM, JaX€ MPU HMX CPABHHUTEIIBHO HEOOJBIIION MHHEpAIH3AUH JOCTATOYHO
BeJIMKO. Tak, It MOPCKOM BOJBI, coaepkaiieit 10 3,5 % comneil, OHO COCTaBIsET
npumepHo 2,5 MIla. PaGodee naBieHue B ycTaHOBKax IO ONPECHEHHUIO B 3TOM
ciaydae TOIJEpPKHUBAETCA OKOJIO S5-5,5 Mlla, Tak Kak NpOU3BOAUTENBHOCTh HX
omnpeAesieTcss pa3HOCThIO AaBiieHUH, AP = P — P,

D} dexTuBHOCTH 0O0OPATHOTO OCMOCAa B 3HAYUTEIBHOW Mepe OOYCIOBJICHA
CBOWMCTBaMU MeMOpaH, XapaKTePU3YIOIIUMUCS ux YACIbHOU
MPOU3BOAUTEIIBHOCTHIO - G U CEJIEKTUBHOCTBIO - .

YaeabHasi MPOU3BOAMTENbHOCTh IIPHU 33IAHHOM JIaBJICHUM ONPEAECIAETCS
KOJIMYECTBOM BOJbI W, TMOJYy4YeHHBIM C €IUHUIBI IUionaau memoOpansl F B

€IUHUIlY BpEMCHHU — t.

G = —. (3.29)

o =1 - —2 (3.30)

rae Cy 1 Cyex - KOHIEHTPAUK YAAIIEMOro BEIECTBa B (QMIIBTPATE U B UICXOJHOU
BOJIE, COOTBETCTBEHHO.

[Ipy ouucTtke BOJABI OOpaTHBIM OCMOCOM HaOJIIOAETCS  SIBICHHE
KOHLIECHTPALMOHHON NOJSIPU3AaLMHU, COCTOSIIEE B MOBBIILICHUH KOHLIEHTPALMU

YAaIa€MOTro KOMIIOHEHTA HE TOJIBKO B KaMCPC€ KOHLCHTPUPOBAHHWA, HO U BOJIM3H
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MeMOpaHbl BCJIEICTBUE MPEUMYLIECTBEHHOTO EPEHOCA Yepe3 HEE MOJIEKYI BObIL.
OTO0 NPUBOJUT K YBETUUEHUIO OCMOTHYECKOTO JIaBJICHUS, MaJIeHUI0 3(PPEKTUBHOTO
napineHust (P - Poey), MO JdeWCTBHEM KOTOPOTO MPOUCXOAMT (PUIAbTpalus H,
CJIE/IOBAaTEIbHO,  JOTOJHUTEIIBHOMY  YMEHBIICHHIO  IPOU3BOJIUTEIBLHOCTH
anmapara. /[lns ycTpaHeHHs 3TOro HexejaTelbHOro dddexra MpoBOAUTCS
TypOyiu3aius norpannysoro cios (Re > 2000), npousBogumas 0ObIYHO 33 CUET
JOTIOTHUTENBHOTO0 TAHTC€HIIMAIBHOTO 10 OTHOUICHUIO K MOBEPXHOCTH MEMOpaHbl
MOTOKA (PUIBTPYEMOIl BOJIBI.

CymiecTByeT psAI TPEICTABICHUNM O MEXaHW3ME CHTOBOTO JEHCTBUS
(cenektuBHOCTH) MeMOpaH. [IpocTelum U3 HUX ABIAETCS YUCTO MEXAaHHUUECKUH -
3a7lep’KKa YacTull (MOJIEKYJ), UMCEIOIIMX pa3Mep OOJbIINi, 4YeM pasMmep Iop
MeMOpaHBbI.

BTopoii BO3MOXHBIM MEXaHW3M - HAIMYMAE HA MOBEPXHOCTH KANWILISIPOB
IPaHUYHBIX CJIOEB BOJAbl C U3MEHEHHOM CTPYKTYpOH, 00JalarommX MOHMKEHHON
pacTBopsroniel cnocoOHocThi0. B aTom ciiydyae uepe3 memOpany ¢uiabTpyercs
pacTBOp, OTBEYAIOLIUI 110 CBOEMY COCTaBY PaCTBOPY B TOHKMX KaNMJUIIPAX.

Tperuil MeXaHu3M - 3yeKTpocTaTHYeCKUil. OH CBA3aH C BOBHUKHOBEHUEM
Ha noBepxHocTu KanuuisipoB A2C. U3 teopuun IIC creayet, 4T0O KOHUECHTpAIUA
MOHOB BOJIM3M CTEHKM KalWuisipa, MMEIOUIMX 3apsj, OJMHAKOBBIA 1O 3HAKY C
3apsAIOM CTEHKHM KalWUISIpOB MEHBIIE, a IPOTUBOMOHOB - OoJibllie, YeM B
cBoOOgHOM pactBope. Tak Kak 4yepe3 MeMOpaHy B CTallMOHApHBIX YCIOBHUAX
buabTpyeTCs 3IEKTPOHEUTPANbHBI pacTBOp, TO €ro KOHILEHTpauus OyaeT
MOHIKEHA TE€M OOJIbIIIEe, YeM MEHBIIIE KOHIICHTPALUs OJHOUMEHHO 3apsSKEHHBIX C
MeMOpaHOil HMOHOB B Kamwjuisipax. B ciydae 31€KTpOCTaTHUECKOTO MEXaHM3Ma
CEJICKTUBHOCTH MeMOpaHbl, MOHMKEHHE TUIOTHOCTH €€ MOBEPXHOCTHOTO 3apsia,
POCT KOHUEHTpaluK (PUILTPYEMOTO AeKTpoiuTa (mpuBoasumi k cxatuto J[9C)
JOJKHBI IPUBOIUTH K YMEHBIICHUIO CEJIEKTUBHOCTH MEMOPaHBHI.

PaccMmoTpennbie BbIILIE (U3BUKO-XUMHYECKUE METO]1bI npu
MOCJIEIOBATEIbHOM HMX MCMOJB30BAaHUM WM PAa3yMHOM COYETAaHUU TIO3BOJISIIOT

OYUCTUTL NPUPOAHYIO UKW CTOUYHYIO BOJAY OT UMCIOIIMXCS B HEH HpHMGCGﬁ.
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3.9. MuxpooOuosornyeckue u GU3NKO-XMMHYECKHEe MPOIECChI
npu OMOJIOTNYECKO OYHUCTKE

3.9.1. O0ue NPUHIUIIBI OMOJIOTHYECKOH OUYUCTKH

B ocHOBE OMOJIOTHYECKON OYMCTKH JISXkKAT JBa CBOMCTBA MUKPOOPTaHU3MOB:

- CITIOCOOHOCTH TIpeBpaIIaTh MPUMECH BOJBI B OMOMAcCy KJIETOK M BHEKJICTOYHBIC
TIPOIYKTHI;

- CIOCOOHOCTH CHHTE3UPOBATHh OMOQIIOKYISIHTEI M C MIX MMOMOIIBI0 00pa30BHIBAThH
MHOTOKJICTOYHBIC arperaThl, JIETKO OTACISIEMbIC OT BOJIBI.

OuncTka CTOYHBIX BOJ TMPOUCXOAUT B PE3ydbTaTe OMONOTHUECKHUX
nporeccoB (OMOCHHTE3, OMOOKUCIEHUE U OMOBOCCTAHOBIICHHE MPUMECEH BOIbI) U
(bu3uKo-xuMHUUeCcKux TpoieccoB (dbaokymnsuus, ajacopOuus). ['azoo06pasHbie
OPOAYKTBI  KJIETOYHOTO  MeTabomm3ma  (MPOAYKTHl ~ OMOOKHUCICHUS U
OMOBOCCTaHOBJICHUS) JIECOPOUPYIOTCS M3 BOJbI, a HEPACTBOPUMBIE B BOJE
IPOAYKTHI M KIETOYHBIC arperaTtbl yHajsSioTcs MyTéM OTCTamBaHHs. B ocamox
MIEPEXOISIT TAKKE B3BEIICHHBIC BEIIECTBA CTOYHOM BOJIbI, KOTOPBIC C MOMOIIBIO
OMO(IIOKYIISIHTOB BKJIFOYAIOTCS B KJIETOYHBIC arperatbl, a TaKKe HEKOTOPhIC

copOupoBaHHbIE OnomMaccol npumecu (puc.3.24).

CUCTEMA EWONOI'MYECHON |
QUUCTHKM: OuocuuTes,

CTOUHAA BOjA OMOOKMCIEHHE U B1o- QUMUIEHHEA Boaa
BOCCT@HOBNEHUe, quio- o
Kyaawmsa, ancopbumn

ocaiok
(Murpooprauuamu, B3BENEeHHH
BELECTREA U JpyPue npuMecH

Puc. 3.24. O000ueHHas cxema OMOJIOTUYECKON OUMCTKHU
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B ominune oT XUMUYECKUX M (PU3MKO-XMMUYECKUX METOJIOB "peareHThl"
(MUKpOOpPraHu3sMbl MW HMX OHOMOJIEKYJNBI), OCYIIECTBISIONINE OHOJOTUYECKYIO
OYHUCTKY, HE JOOABJISIOTCA K BOJE, @ CAaMOIPOM3BOJIBHO Pa3BUBAIOTCS B OUUCTHOM
coopyxxeHuu. [TorTomy st QyHKIIMOHUPOBAHUS CUCTEM OHOJIOTUYECKON OUUCTKHU
BaXHO NOINEPKUBATh YCJIOBHA, B KOTOpPBIX 00pa3yrorcs 3(¢¢EeKTUBHbIE
"peareHtbl" - aKTUBHbIE MUKPOOHBIE OMOIIEHO3bl. K TakuM ycrloBUSIM OTHOCSTCS
XapaKTEepUCTUKU CTOYHOM BOABI (COmepKaHUE TOKCHYHBIX Ipumeceil, pH,
TEMIEpaTypa, KOHLUEHTpaLus KUCIOpoaa U Jp.), PEKUM Ipoliecca OHOJI0rn4ecKon
OunCTKHM. B mepByro ouepenp HEOOXOOUMO YAOBIETBOPATh IOTPEOHOCTH
MHUKPOOPTraHU3MOB B MAKpO- U MUKPO3JIEMEHTaX, 0€3 KOTOPHIX KIETKH HE MOTYT

pacTH.

3.9.2. IToTpeOHOCTH MUKPOOPTraHU3MOB B MAKPO- H MUKPO3JIeMEeHTAX

[To KonMUYEeCTBEHHOMY BKJIaJy B IMOCTPOCHHUE KIETKU Pa3INYaloT MaKpo- U
MUKpodJieMeHTBl. K MakposjaemMeHTaM  OTHOCATCS — JCCSATh  DJIEMEHTOB,
COJIEP>KAIMXCSl BO BCEX MUKPOOPTAHM3MAX: YTIIEPOJl, KUCIOPOA, BOJAOPO, a30T,
dbochop, kamuit, cepa, MarHui, KaJdbllUh, keine30. YeTblpe MEpBHIX 3JIEMEHTa
(yrmeposd, KHCIOpOJ, BOJOPOJ, a30T) HAa3bIBAIOT OCHOBHBIMHU, TaK KaKk OHHU B
HanOOJIBIIEM KOJUYECTBE NMPUCYTCTBYIOT B KJIIETKE, cocTaBiisia 95 % ee macchl (1o
a0COJIFOTHO CYXOMY BEIICCTBY).

MUKpO3IEeMEHTBl - 3TO JJIEMEHTBI, TOTPEOHOCTH B KOTOPHIX OUYEHB
HEBEJIMKa MW KOTOpble HYKHBI HE BceM Mukpoopranusmam. Cpenu
MUKPO3JIEMEHTOB WHOT/Ia BBIACISIOT 3 TPYIIIH:

a) MUKPODJIEMEHTHI, 0OBIYHO HEOOXOJIMMBIE JIJIsi pocTa (MapraHel, LUHK,
MeJlb, KOOAJIbT);

0) MHUKpPOdIJIEMEHTHI, penko Tpedyemble sl pocTa (O6op, HaATpHid,
ANIOMUHUMN, KPEMHH, XJIOp, BaHAUH, XPOM, HUKEJIb, MBILIbSIK, CEJIEH, MOJIUO/IEH,

CBHHEII, HOT);
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B) MHUKPODJIEMEHTBI, KOTOpbIE, BEPOSATHO, PEAKO TPEOYIOTCS ISl pocTa
(Oepmnuit, prop, TUTAH, TepMaHU, OpPOM, ITUPKOHUI U JIp.).

CopepsxaHue pa3IMYHBIX AJIEMEHTOB B OMomacce OakTepuil MPUBEICHO B
tabn. 3.3. Jlanubie Tabs. 3.3 MO3BOJSIOT OIEHUTH MOTPEOHOCTH B dJIEMEHTaX Ha
KOHCTPYKTHBHBIH ~00MeH (cuHTe3 HOBOM Ouwomaccel). Ecmu  snemeHt
OJTHOBPEMEHHO PacXOJyeTCs B PHEPreTHUEecKoM OOMEHe, TO 00IIasi MoTpeOHOCTh

0; COCTaBHUT.

a, =a, +a, (3.31)

1 19 »
IIe Oj - pacxoa i-dJeMeHTa Ha KOHCTPYKTHUBHBI OOMEH (comepikaHue B
O6uomacce), I/ GUOMaCCHI; O, - PACXOJT Ha SHEPreTHYECKU 0OOMEH, T/T OGMOMACCHI.
HeoOxommmoe copepxaHue »dJIEMEHTa B BOJE, IOCTyMaromed Ha

6I/IOJIOI‘I/I‘IGCKYIO OYUCTKY, MOXKHO paCCUNUTaTh, 3HAA ITPUPOCT OMOMACCHI.

C =, ®Ax (3.32)

- 3
rjae o; - HeoOXOaUMOE COJEp)KaHHWE i-dJIeMEHTa B BOJE, I'/M; AX - TPHUPOCT
GHOMACCHI B CHCTEME OHOIOTHYECKOM OUHCTKHI, I/M° CTOYHOM BOIBI.

Hanmpumep, mpu a’spoOHO# ouncTke OT opranmdeckux BemiecTB (OB),

YKPYIHEHHAs] cCXeMa MUKPOOMOJIOTUUECKHUX MTPEBPAILICHUI UMEET BUI:

CO,, H,O
N, P, K, S, Mg, Ca, Fe, buomacca
MUKPO3JIEMEHTHI KJIETOK

Kak BHIIHO W3 CXeMbl, KUCIOPOJ, YTIEPO U BOJOPOJ PACXOAYIOTCS U Ha
DHEPreTUYECKUM U Ha KOHCTPYKTUBHBIA OOMEH, & OCTaJbHBIC DJIEMEHTHI - TOJIBKO

Ha KOHCTPYKTHBHBIN 00OMeH (o, = 0).
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[Ipu cpeaHem pacxojie KUCIopoaa Ha OMOOKHUCIIEHUE o, = 1 T/T,

o ypapHenuto (3.31) nmonyuum: o, =«a,, +,, =0,31+1=131r/r 6Guomaccsl.

Paccuntannoe mno ypaBHeHuio (3.32) HEOOXOAUMOE  COJCPIKAHHC
AJICMCHTOB B CTOYHOH BOJE, ITOCTYIAIOIICH Ha a’poOHYH OYHCTKY OT
OpraHUYeCKUX BEIIECTB, MOKa3aHO B Ta01.3.3.

[ToTpebHOCTE B KHCTOpOJEe obecrednuBaeTcsl 3a c4eT ero abcopOiuu u3
BO3JlyXa B IIpolecce a’panuu. HemocTaTok Apyrux 3JEMEHTOB BOCIOJHSIOT,
100aBJIIsAst K CTOYHOM BOJIE COOTBETCTBYIOIIIHME COJIH.

BonpmmHCTBO OakTepuil M JAPYrHX MUKPOOPTaHHU3MOB YCBAaWBAIOT a30T B
BOCCTaHOBJICHHOW (opMe: B BHJE COJICH aMMOHHS, MOYCBUHBI, aMHUHOKHUCIIOT.
Cpenu OKHCIICHHBIX (OpM a30Ta MHOTUMH OaKTEPHUSAMH MOTYT IOTPEOSIATHCS
Hutparel. OJHAKO, B KJIETKaxXx HEOOXOAUMO HX BOCCTAHOBJICHHE, TaK KakKk B
KOHCTPYKTHBHOM OOMEHE a30T HCIIOB3YyeTCsSd B BHJE aMMHaka. [loaToMy a3or
JydIre J00aBIsATh K CTOYHOM BOJC B BUC COJICH aMMOHHUS.

dochop  Xopomo  ycBamBaeTCs ~ MHKPOOpPraHM3MaMd B BHJE
(I)OC(I)aTOB(POf' ,HPO42' , HoPOy4 ), cepa - B Buze cynabdatoB. Metamisl (Kaaui,
MarHui, KajabIlUid, >KEJIe30 W JIp.) MOTPEOJISIOTCS KIETKaMH M3 Cpelbl B BUJC
KaTHOHOB.

[Tpu HETOCTATOYHOM COJICPKAHUU B BOJIE KAKOTO-JIM0OO 3JIEMEHTa CKOPOCTh

pocTa MUKPOOPIraHU3MOB IMaJaCT B COOTBECTCTBUU C YPABHCHUCM Mono

lumci
= 3.33
ST R ¢ (333

-1 -1
rac u- yaciibHad CKOPOCTb poOCTa, 4acC ; Uy~ MAKCHUMAJIbHAA CKOPOCTb POCTa, 4acC
; Ci - KOHICHTpALUA 1-TO QJICMCHTA, JIMMUTHUPYIOMICTO POCT MHUKPOOPTAHU3MOB,
I‘/M3; Kj - KOHCTaHTa MOHO, I‘/M3.

CHmkeHue CKOpPOCTH poOCTa MPHUBOAUT K YMCHBIICHHUIO CKOPOCTH H

3 PEeKTUBHOCTU OMOJIOTMYECKON OUUCTKH.
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Ta0mmuma 3.3

[ToTpeOHOCTH MUKPOOPTaHU3MOB B 3JIEMEHTAX MUTATEIBHONU CPEJIbI
(ycpenHeHHbBIC TaHHBIC)

Heo0xogumoe coaepxanue B
CcTOUHOIi Boje (MI/J) ¢
N Cojiepskanue B KJI€TKaX, MI/T BITKs=500 mr/a,
GuomMaccsl nocTynaomeii Ha 3podHyI0
OYHUCTKY OT OPraHnvIeCKux
B(}lll(ECTB1
MaxkposneMeHTHI:
yTJIepOJ 480 -
BOJIOPOJ 70 -
KHUCJIOPO/T 310 328
azoT 100 25
docdop 20 5
KaJIui 15 3,75
cepa 3 0,75
MarHum 2 0,5
KaJIbIU 1 0,25
)KeIe30 0,15 0,038
MHUKpO3IIEMEHTHI:
Maprasert 0,05 0,013
IIUHK 0.05 0,013
MeJlb 0,01 0,0025
KOOAJIbT 0,01 0,0025
MOJIHOJIEH 0,01 0,0025
povmne menee 0,01 menee 0,0025

! Paccunrano, mo ypasmenmio (3.32) mpu Ax=0,5BITKs=250 wmr/m. Heo6xommmoe

COJIep’KaHHE B CTOYHOM BOJE yriiepoJia M BOJIOPO/a HE MPUBENIEHO, TaK KaK MOTPEOHOCTh B HUX

YAOBJIETBOPSIETCS 32 CUET OPTraHMYECKUX BEIIECTB CTOYHOM BOJIBI.
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3.9.3. Tunel pocTa MUKPOOPraHU3MOB

Tum pocta xapakTepu3yercst CIocoOOM TMOJTyUEHHUsI YHEPTHUH U HCTOUHUKOM
yriaepoja AJjii KOHCTPYKTUBHOTO 0OMEHa.

B 3aBUCMMOCTH OT HMCTOYHHMKA HSHEPTrUM MHUKPOOPTaHU3MOB AT Ha
¢otoTpodoB (MCTOYHUK PHEPTUU - CBET) U XeMOTPOGoB (MCTOUYHUK DHEPTUU -
OKHUCJIMTEIbHO-BOCCTAHOBUTENbHbIC ~ peakuuu). Opranusmel, Yy  KOTOPBIX
HMCTOYHUKAMHU (IOHOpPaMH) 3JEKTPOHOB B JHEPreTHUYECKOM OOMEHE SBISIOTCS
HEOPraHWYECKUE BEIIECTBA, HA3BIBAIOT JIMTOTPO(MPHBIMH; €CIU  JIOHOPOM
AJIEKTPOHOB CIIYXaT OpraHMYecKue BeliecTBa - opranorpogamu. Otciona, B
3aBUCUMOCTH OT WCTOYHHMKA YHEPIrUU U MPHUPOJIBI JOHOPA DIECKTPOHOB BO3MOXKHBI
YeThIpe OCHOBHBIC THIIA DSHEPreTHYECKOro MeTaboym3Ma: XeMOIUTOTPOodus,
xemoopranotpodusi, goromurorpodus u doroopranorpodus. Kpome toro, Tur
PHEPreTHYECKOTO OOMEHa 3aBHCHT OT aklenTopa »dJeKTpoHOB. Hampumep,
XeMOOPraHoTpO(HbBIE MHKPOOPTaHU3Mbl B KA4eCTBE AaKLENTOPAa 3JICKTPOHOB
OKHCIISIEMbIX OpPraHWMYECKUX BEHIECTB MOTYT HCHOJB30BaTh MOJICKYISIPHBIH
KHucopoA (a3poOHOe JbIXaHWE), HEOPraHUYECKNUE KUCIOPOJCOAepKAIINEe aHUOHbBI
(aHaspoOHoOe AbIXaHue) U OpraHuyecKue BeuiecTra (OpoxkeHue).

HctounnkoMm yriepoma Mg CHHTE3a OHOMAacChl MOTYT  SIBISITBCSA
opraHuyecKkue BeniecTBa (rereporpogusi) u yriekuciaora (aBTorpogus).

Coueranne 4-Xx OCHOBHBIX THUIIOB IHEPreTUYECKOro oOMeHa M 2-X THIIOB
KOHCTPYKTHUBHOTO OOMEHa JaeT 8 OCHOBHBIX THIIOB POCTa MHKPOOPTraHU3MOB:
XEMOJUTOABTOTPOUS, XEMOJUTOreTepOTpOPus, XeMOOPraHoaBTOTpous,
xemoopranorereporpodusi,  doronuToaBToTpodUs,  oroauTOoreTepOTPOPU,
dboroopranoaBrotpodusi, ¢otoopraHorereporpodusi. C ydeToM paszIUYHBIX
aKLENTOPOB DJEKTPOHOB B DJHEPreTHYECKOM oOOMeHe oOmiee KOJUYECTBO
BO3MOXHBIX TUIIOB POCTa COCTABISIET 16.

MHuoroo6pasue THIOB pOCTa MO3BOJSET MHUKPOOPTaHU3MaM MPOU3BOIUTH

IpCBpaIlICHUS PA3JINIHBIX HpHMCCCfI BOAbI, OCYHICCTBJIAA TCM CaMbIM €€ OYHCTKY.
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Tunel pocta, urparonie OCHOBHYIO pOJb B IpoIlecce OMOJOTHYECKONH OYUCTKHU
CTOYHBIX BOJI, IPUBEJEHBI B Ta01.3.4.

AspobHas  ouucmxka om  OpeaHUYECKUX 6eujecme  OCYIIECTBISCTCS
xemoopranorereporpodamu. I[lpumMepHO TMOJOBUHA OPraHUYECKUX BEIICCTB,
MOTPEOJICHHBIX KJICTKOW, OKUCIISETCS B DHEPreTHYECKOM OOMEHE MOJEKYJISIPHBIM
kuciaopogoM g0 CO, m H,O, a U3 OCTAIbHBIX OPraHMYECKUX BEIIECTB
cuHTe3upyercs Omomacca. Takum oOpa3oMm, B CHUCTEME a’3pOOHOM OYUCTKHU
OpraHWYeCKHE BEIIECTBA MPEBPAIIAIOTCS B HOBBIC KIICTKH, OTIEISEMBbIC OT BOJIbI
OTCTaBaHHWEM, U JUOKCHU] yTIEPo]ia, YaCTh KOTOPOTO OTAYyBaeTcsl B aTMocdepy, a
4acTh ocTaeTcs B Boje (pH Bonbl cHUXKaeTCs).

[Tpu Bo3pacTe OGWoMacchl CBbBIIE 7 CYyTOK (BO3pAcT - BEJIMYMHA OOpaTHas
yIEIbHOM CKOPOCTH pPOCTa) M KOHIIEHTpAlMM KHUCJIOpoAa HE MEHee 2 MI/II B
a’poOHBIX CHUCTeMax pa3BuBaercsa HuTpudukauus. B 30Hax ¢ HuU3KOU
KOHIICHTpAaIMel pacTBOpeHHOro kuciopona (menee 0,2 - 0,5 wmr/m) moryr
MPOTEKaTh MPOIECCHl  aHA’POOHOrO  JIBIXaHUS, HWHTEHCUBHOCTh KOTOPBIX
BO3PACTACT C YMEHBIIICHUEM KOHIIEHTPAIIUHU MOJICKYJISIPHOTO KUCIOPO/Ia.

AH03p06Ha}Z oducmka om opearHudeckux eeujecme OCYHICCTBIISICTCA B

HECKOJIbKO CTaui C y4acTueM XeMOOPraHoreTepoTpodon "
XEMOJIUTOABTOTPO(DOB.
Arnietat, GopMHAT, METAHOI. > gueTaT, R CH.,,
OpMHaT, d CO
METaHOJ. 3a 2
A
Auerar
OB OpraHuueckue >
(monmuMepsI) > KHCIJIOTHI U ~
1 |l cmupThl 7
A 4
H29 > CH49

C02 36 HQO
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Ha cragum 1 mnox pedcTBUeM THAPOIUTHYECKUX OaKTepud MPOUCXOIUT
COpaXMBAaHUE CJIOKHBIX OPraHMYECKUX MOJICKYJ /10 HHU3KOMOJIEKYJISIPHBIX
COCJIMHEHUI, B YAaCTHOCTH, OOpa3yloTCid OpPraHUYEeCKHME KHUCIOTHI (yKCycHas,
MPOMMOHOBAs, MaclisiHasi, KalpoOHOBasi, MypaBbHUHAs, MOJIOYHAs, sIHTapHAas),
COUPTHI U KETOHBI (METAHOJ, 3TaHOJI, U30MPOMUIOBBIA COUPT, OYTaHON, AllETOH,
rinepud). C; -coequHeHust (popmuaT, METaHOJ) U areTaT MOCTYHarT Ha 3-10
CTaauIo, a 0osee CIIOKHbIE OpraHUYECKUE BEIIeCTBA HA 2-1 cTaauu cOpakKMBaIOTCS
reTepoaleTOreHHbIMU OaKTepUsIMHU J0 YKCYCHOM KUCIOTHI (auerara). Hampumep,
MPEBpAILCHUE TPOMTMOHOBONW U MACIAHOM KUCIIOT MPOTEKAET TAK:
C2H5 COOH + 2H20 — CH3COOH + C02 + 3H2

C;H,COOH + 2 H,O — 2CH3COOH + 2H,.

Hakannusanue Bonopoza (H,) B cpene octaHaBiauBaeT wiM J1axe odpaniaet
9THU PEaKIuu, T.€. CTa/IUsl 2 HAPYIIACTCs, a B CPeJIe HAKAIIMBAIOTCS POYKTHI |-
cTaaiuu OpOKeHHsS. ITOro HE IMPOUCXOAMUT, €CIU BOAOPOA MOTpedigercs
XeMOJIUTOABTOTpOaMU - METAHOBHIMU  OAaKTEpPUSIMH,  OCYIIECTBISIONIMMU
nipeBpaireHue (crtaaus 3 0):

CO, +4H, — CH, + 2H,O0.

B3anMooTHOIIEHHE MEXKAY XEMOOPraHOreTepPOTPOGHBIMU alleTOTCHHBIMU
OakTepussMU W XEMOJUTOABTOTPO(PHBIMU METAHOBHIMU OAKTEPUAMHU  SBJISIET
npuMep cuMmOuo3a; nepBas TIpyrna OakTepui MOCTaBIISIET BTOPOW cyOcTpatr s
JHEpreTuyecKkoro obmeHa (BOJOPOA), a BTOpas TpyMIa, NOTPedsiss BOAOPOL,
CHUMAaeT WHTHOMpPOBAaHUE pOCTAa MEpPBOM Tpymnnbel OakTepuil (MHrHOMpOBaHME
BOJIOPOJIOM - MPUMEP UHTHOUPOBAHUS MTPOIYKTOM PEAKIIUH ).

Cragun 1 u 2 00BeAUHSAIOT OOIIMM Ha3BaHMEM KHCJIOTHOE OpokKeHHE.
Cranuro 3, Bximtodas 3 a v 3 6, Ha3bIBAIOT METAHOBBIM OpPOYKECHUEM.

Ha craguu 3a C; - coeauHeHus W anerar COpakUBalOTCs /10 METaHa U
auokcuaa yriuepona. Hampumep, s yKCyCHOM KHCIIOTHI ypaBHEHWE KOHBEPCHUU
MMEET BUJ:

CH3COOH—>CH4 + COZ
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HAYUYHO-UHOOPMALIMOHHBIV LIEHTP CAHKT-METEPBYPICKOIO MOCYIAPCTBEHHOMO TEXHOMNOMMYECKOIO YHUBEPCUTETA PACTUTENBHBLIX MOMMMEPOB

LL



Tabmuna 3.4

Tunel poCcTa MUKPOOPIraHn3MOB B IIPOLCCCC OMOJIOTMYECKON OYMCTKU CTOYHBIX BOA OT pa3JIMYHbBIX HpHMCCCfI

Hcrounux DHepreTuyeckuii 0OMeH IIpumeyanue
YRIPORA B 1 Fcrounmk sHeprum JloHop 3JIEKTPOHOB | AKIENTOp 31MeKTpoHoB | OCHOBHBIE IPOAYKTH | Ha3BaHme
KOHCTPYKTHB- (oxucsieMoe BenecTBO) | (OKHCIHUTEINb)
HOM OOMeHe
1 2 3 4 5 6 7
OB OBP OB 0, CO,, H,O AdpoOHOE JIbIXaHHe AdpoOHasl O4YHCTKA OT
OB
OB OBP OB OB! Opr. k-Tbl (koHeuHble | bpokeHue (kucioTHOe | AHa’poOHasl OYHCTKA OT
NPOAYKTHI- alerar | | OpokeHue) OB (cramust KHCIOTO-
¢dopmuar), CO,,H, 00pa3oBaHus)
OB(amerar u | OBP OB (arterar u ¢popmuar) | OB’ (amerar u | CO,, CHy4 Bpoxenne (MeraHoBoe | AHa’poOHAs OYUCTKA OT
(dopmuar) (hopmuar) OpoXKeHMe) OB (ctamus wmeraHo -
o0pazoBaHust)
CO, OBP H, CO, H»O, CH,4 AnHas’pobHOe gpIxaHue | AHadpoOHAs OYUCTKA OT
(xapOoHaTHOE OB (cramus wmeraHo -
JIBIXaHHE) o0pazoBaHust)
OB OBP OB HKCA CO,, H,O, mnpomyktsl | AHa’pOOHOE NBIXaHWE Ounctka or HKCA,
BOCCTAHOBJICHUS aHadpoOHast OYHMCTKa OT
HKCA OB
OB OBP OB NO,", NO;5” CO,, H,0, Ny, NO,™ | Anaspobnoe jpixanue | OuucTka 0T  a3ora,

, NO, N,O

(meHuTpUdUKANUSA WITH

HUTPATHOC Z[I)IX&HI/IG)

aHa’poOHAsl OYUCTKA OT

OB




OxkonuaHue Ta0IuIb 3.4

1 2 3 4 5 6 7
OB OBP OB SO42' CO,, H,0, H»S AHa’poOHOe JpIxaHue | AHadpOOHAs OYMCTKA OT
(cymegatHoe nprxanue | OB, OUYHUCTKA oT
w cynbdarpenyknus) | cyaphaToB W KAaTHOHOB
TSDKEIBIX METAJJIOB
CO, OBP NO,, NH4" 0, NO,, NOs", H,O AspobHoe  jpIxanue | OYHCTKA OT a30Ta
(auTpuduKanys)
CO, OBP H,S 0, H,0, SO42' AdpoOHOE JTbIXaHHe Ouncrtka oT
cepoBoIoposa
CO, OBP S, 82032_, CNS” NO5 SO42', SO, AnaspobHoe apixanue | OuucTka OT a30Ta U
(menutpuduranms) COEJIMHEHUN cephbl
CO, CoJiHeuHBIH CBET H,O CO, O, (u 6uomacca) orocumuTes Oumctka oT asora H
dochopa
Oo6o3nauenusi: OB — opranuueckue Bemectsa; OBP OKHuCIHTEIbHO-BOCCcTaHOBUTENbHBIE peakiun; HKCA — Heoprannueckue

KHCJIIOPOACOACPKAIINC aHUOHBI.

! TIpu 6pOKCHHH aKIEITOPOM HIEKTPOHOB CIIY)KHT MPOLYKT PACIICIUICHHS HCXOJHOTO OPraHMYECKOTO BEIIECTBA (HOHOPHI U AKIEITOPHI HICKTPOHOB
00pa3yrTCs B KJIIETKE U3 MCXOTHBIX OPraHUYECKHUX BEIIECTB, BHENTHUI aKIENTOP IEKTPOHOB Ha TpedyeTcs, Hampumep, GopMUaT pacIIeriseTcs Ha
H; u CO», 3atem H; BoicTymaer nonopom, a CO; akiienTopom 3JIEKTPOHOB).

2, [Mpu nenutpuukanuu (HATPATHOM JBIXaHWN) B CIA0OMIEIOYHON Cpejie BOCCTAHOBIIEHUE HUTPUTOB U HUTPATOB UAET J0 MOJIEKYJISPHOTO a30Ta; B

crnabokucioi cpene oopasyrorcest okcusl azota (NO, N,O) wim HUTPHUTHI (0 HUTPUTOB BOCCTAHABIMBAIOTCS HUTPATHI)
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Ha cragusax 1, 2, 3 a nnsg cuHTe3a Ouomacchl OAaKTEPUU HCIOJB3YIOT
OpraHMYeCcKHE BEIEeCTBA, a JHEPrus, HeoOXoauMmas g CUHTe3a OHoMacchl U

KU3HCACATCIIBHOCTU KIICTKU, 06pa3yeT051 B ITponecce 6pO)KCHI/ISI:

| ITpoayKTEI
OR - L1POOY

Bvﬁx‘/eﬁﬂg’// OpOXKEHHS

k ',/

|- Ll
.h\\\\ .
Buoem—u0-_

CUnTeg———_ Buomacca

Ha ctaguu 3 6 sHeprust obpazyercs npu OKUCIEHUU BOAOPOIa KapOOHATOM
(IMoKCHUIIOM YTiiepoja), @ UCTOUHUKOM YIJIepoJa JIJIsi CUHTE3a OMOMAcCChl CIYKUT

OMOCHHTE3 yTIepoa:

CO CH,
’ _ Oﬂomeuue
q  puoBocel
2 s L =
- BuUODKUCAEHue H,O
CO, JHePrug
BUDCLIHTE3 * Buomacca

Cwmecs razoB (CHy , CO,, H, , mpuMecu apyrux ra3oB), BBIICISIONIUXCS B
MpoIiecce aHa’pOOHOM OUMCTKU CTOYHBIX BOJ, @ TakKXe aHadpOOHOU 00pabOTKU
OpraHUYeCKUX OCAJKOB M TBEPABIX OTXOJOB, MOJyYWIa Ha3BaHue Oumoras. B
pe3yibTaTe CXKUraHus OuMoraza MOXHO MOJy4YaTh TEIUIOBYH) U JJIEKTPUUYECKYIO
SHEPTHI0, YTO SIBISETCS CYIIECTBEHHBIM MPEUMYIECTBOM aHa’poOHOro mpoiiecca

B CPaBHCHHUHU C aBpO6HBIM.



Ouucmxa om azoma MemooomM HUmpupurkayus-oeHumpugpukayus -

OCYIHICCTBIACTCA B HECKOJIBKO CTa)II/Iﬁ corjiacHoO CXEMC:

ST T 3 3
Opr, N 2em N, A V20—

‘ L———*/VOQ“—““"‘-“ Nz

l-as  craguss - a’poOHBIM WM  aHA’POOHBIM  pacmajg  OpraHUYECKUX

a30TCOJIEPKAILUX BEIIECTB, B pe3yJbTaTe KOTOPOro 00pa3zyeTcsi aMMHUaK (KaTHUOHBI
amMmoHusi). Ha 2-i1 crtamgum B pesyibTare HUTPUPUKAIMU AMMOHUMHBIA a30T
OKHCJISIETCS] MOJICKYJISIPHBIM KHUCJIOPOJOM JI0 HUTPUTOB (CTaaus 2 a), a HUTPUTHI -
1o HuTpatoB (ctaaus 2 6). Ha 3-it craaum npoTtekaeT neHUTpUUKAIUS, BeIyIas
K OMOBOCCTAaHOBJICHUIO HHUTPUTOB (cTamus 3 a) U HUTpaTtoB (ctamus 3 0) 1d0
MOJICKYJISIPHOTO a30Ta, KOTOPBIH OTAyBaeTCsl M3 CTOYHOM BOJIBI B aTMOC]epy.
baktepuu-HUTPpUPUKATOPEI OTHOCATCS K OONHMTaTHBIM  aBTOTpodam,
HY)KJAQIOIMIUMCS B JIOCTATOYHO  BBICOKMX  KOHIICHTpAIUSX  MOJICKYJISIPHO
pPacTBOPEHHOI0 KUCIOpoa (He MeHee 2 Mr/1). JleHuTpudukaTopsl - reTepoTpodsl,
OONBIIMHCTBO M3 KOTOPBIX NpPH KOHIIGHTpAIMM Kuciaopona cbeime 0,5 mr/ia
MEePEeXOJUT C HHUTPATHOTO [bIXaHUS Ha a’poOHoe nbixanue (cMm. Tabm1.3.3).
CnenoBaTesibHO, TMpPOILIECChl HUTPUPUKALMH U  JCHUTPUDUKATUU TPEOYIOT
Pa3IMYHBIX YCIOBHA U HE MOTYT IPOTEKATh OJJHOBPEMEHHO.
OB O, CO, NHy NO,y NOy
Hutpudukanmus - + + + + -

JNEHUTpUPUKALIUS + = g - + +

HOBTOMY IIpu OYHUCTKC CTOYHBIX BOJ OT asoTa HI/ITpI/I(bI/IKaI_II/IIO )51
IIGHI/ITpI/I(I)I/IKaL[I/IIO MMpOBOIAT 100 B Pa3HbIX 6I/IOp€aKTOan, 100 B Pa3JINYHbIX

30HaX OJIHOTO PEaKTOPA.

Ouucmka om aszoma u ¢pocghopa ¢ NOMOWBIO BOMOCUHMEIUPVIOUSUX

MUKDOOP2AHU3IMOE MOKET OBITh MPEACTaBIEHAa CXEMOM
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CoJIHEYHBIN CBET

/éﬂeprnﬂ

CO ‘ e : il bunomacca

W buocunTtes
prg
p’

BoBnekasch B KOHCTPYKTHUBHBIM 00MeH, a30T u (ocdop (O6moreHHbIe

AJIEMEHTHI) BKJIIOYAIOTCA B OHMOMAaccy MHMKPOOPTraHHM3MOB, KOTOpPbIE 3aTEM
OTJICNIAFOTCS OT OYMWIECHHOW BOABL. EcCiIM B CTOYHONW BOJAE HMEIOTCS TOJIBKO
docdatel, To NOTPEOHOCTh B a30T€ MOXKET OCYIIECTBIATHCS NMyTeM (UKCALUU

MOJICKYJISIPHOT'O a30Ta.

Ouucmxa om HeopeaHUyeckKux Kuciopoocooepxcawux anuornos (HKCA)

OCHOBaHa Ha MX OMOBOCCTAHOBJIEHHH B Imponeccce aH33pO6HOFO JAbIXaHUA:

ITponykTsl
HKCA e HuE BOCCTAHOBJICHUSA
1anoeh
Buoaocﬁ - HKCA
OB ' . =
"~ BUDDKUCAEHUE ~ CO, H,O
\ énfprua
BUnCLIHTE3 * Buomacca

["az000pa3ubie mpoaykThl BoccTaHoBieHUss HKCA ynansioTcs w3 BOJbBI
MyTEM JIeTa3allii, a HEPaCTBOPUMBIE MPOAYKTHI CBSI3BIBAKOTCA KJIETOYHBIMHU
OvoInoNMMepaMu M OTIEISAIOTCS OT OYMIIEHHOW BOJbI BMECT€ C OHOMaccou.
Hanpumep, npu OYMCTKE CTOYHBIX BOJ OT COECAMHEHHII BBICOKOTOKCHYHOIO
IIECTUBAJICHTHOTO  XpoMa - XpOMaroB ©M  OMXpOMATroB  MpEeBpallcHUs

OCYHICCTBIIAIOTCSA IO CXEMC!
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: H,0
Cr,0; , e C1,05 Dt Cr(OH); |

OHOBOCCTAHOBJICHUE
2-
504 "‘“"'\- v Cry(SO4)s |

Ouucmka om cepo8odopoda TPOUCXOIUT B PE3yJIbTaTe €ro OKHUCICHHS

XEMOJIUTOABTOTPODHBIMHU OAKTEPUIMH - THOOAMIIIIAMH - 110 CYJIb(aToB:

S* +20, . SO,*
SHEpPIrus

CO, . ————— ) ; (s} V- T v
buocunTtes

B HJaHHOM CJIY4a€ BBICOKOTOKCHUYHOC COCIMHCHHC (CGpOBOJIOpOJI) HC

BBIBOJIUTCS U3 BOJIbI, @ TpaHcPopMupyeTcs B 0€3BpeIHOE COeTMHEHHE — CYJib(ar.

3.9.4. MukpoOHbIii OMOLEeHO03

CoopyxeHus: OMOOTUYECKOW OYUCTKH SIBIISTFOTCSI OTKPBITBIMU CHCTEMaMH,
Ky/la MHKPOOPTaHU3MBI MOTYT TMOMaAaTh CO CTOYHON BOJOW W W3 BO3AyXa.
Pa3MHOXasich, MUKPOOPTaHU3MBl 00pa3yroT coolIecTBa (OMOIEHO3bI), KOTOPHIS
pa3BUBAIOTCA B HapaBICHUU oOoranieHus TIOJIOKUTEITIEHBIMH
B3aMMOOTHOIICHUSMH BHIIOB, TAKUMH Kak CUMOMO3 M KoMeHcanm3M. IIporecc
pa3BUTHs OWOIIEHO3a HA3bIBACTCS  IKOJOTMYecKoil cykueccueii. BepumHoi
AKOJIOTUIECKON CYKIIECCHH SBISETCS KIMMAKC - COCTOSTHUE OMOIIEHO03a, KOTJa OH
MaKCUMaJbHO HACHIIICH TMOJOXUTEIHHBIMA  B3aUMOOTHOIICHUSIMU  BHJIOB,
3aTpauyMBaeT  MHHHMaJdbHOE  KOJMYECTBO  HHEPrUM  HA  MOJAJEp)KaHUE

AKU3ZHEACATEILHOCTH U HanboJiee MOJHO UCIONb3YyeT MOTOK BellecTBa (CyOcTparta)
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HECKOTO YHA

I TIENTTLAL
A BJl Vil

u sHepruu. B ximmakce MUKpOOHBIH OHMOlLIEHO3 Hanbosee yCTOWYUB K BHEUIHUM
BO3MYIIICHHSIM.

B cocrap GuolieHo3a cucteM a’poOHON OMOJIOTMYECKONW OYMCTKU BXOMST
Oaktepuu, TpUOBI, BOJOPOCIH, MPOCTEUIINE W HEKOTOPblE MHOTOKJIETOYHBIE
KUBOTHBIE. B  aHa’poOHBIX CHCTEMax pa3BUBAIOTCS  OaKTEpHH, MOTYT
MPUCYTCTBOBAaTh TpuObl. JloMHMHHpPYIOT B OHOLIEHO3aX OakTepuu, KOTOPHIM
MIPUHAJICKUT OCHOBHAS POJIb B OUUCTKE CTOYHBIX BOJ. B 3aBUCMMOCTH OT cocTaBa
CTOKOB M PEKHUMa OYUCTKU OMOIIEHO3 conepkuT 10 8-10 pogoB 6akTepuii, a uucio
BUJIOB COCTABIISIET OT HECKOJIBKUX JECITKOB A0 HECKOJIBKUX COTEH.

B cocrossHum, OMuM3KOM K KIMMAaKCy, KOTOpPOE JOCTUTaeTCs MpH
CTaOMIBPHOM (KBa3HUCTAllMOHAPHOM) pEXHUME OHOJOTHUECKOW OYUCTKH, OOIIHe
XapaKTepUCTUKN OHOIIeHO3a, TaKHe KaK CKOPOCTh poOcTa Bcero OHOIEHO3a,
SKOHOMHYECKUH M IHEPreTHYCCKUN KOIP(UIIMEHTHI, MOCTOSIHHBI M OJHO3HAYHO
OTIPECIISIIOTCS BXOJHBIMH IapaMeTpamMu (XapakTepUCTUKAMU CTOYHOM BOIBI) U
PEKMUMOM OYUCTKH. DTO TIO3BOJISICT MPOU3BOJAUTH MATEMAaTHUYECKOE ONMHUCAHUE U
pacyeT OYMCTHBIX COOPYKCHMIl, paccMaTpuBas BCE MHUKPOOHOE COOOIIECTBO Kak
LEJIOCTHYIO CUCTEMY, TO €CTh KaK HEKUU €JIUHBIN OPTaHU3M.

Korzma Bxo/iHble nmapaMeTpsl HECTAOWIBbHBI, HAIPUMED, KOJEOJIETCS pacxo
M 3arpsA3HEHHOCTh CTOKOB, BelnunMHa pH, TOo OHMOIEHO3 BBIXOJUT M3 KIMMaKca U
HaXOJIUTCS B COCTOSIHUM TIEPECTPOUKH, CBS3aHHOH C W3MEHEHHUEM BHUIOBOTO
COCTaBa M B3aMMOOTHOIICHWH BHUJOB B OTBET HAa H3MEHEHHUE XapaKTEPUCTUK
CTOYHBIX  BojA. UYem  Oomnbiie  Auana3oH  kojebanuit  (ko3dpduimeHT
HEPaBHOMEPHOCTH) XapaKTePUCTUK CTOYHBIX BOJI, TeM OobIIe
JlecTaOuNM3upyeTcss OHOIEHO3, Tepsisi CBOK AaKTUBHOCTh M YCTOWYHMBOCTH K
BHEIIHUM BO3MylIeHUsM. ClencTBueM sBisieTcs mnajgeHue 3¢p@Qexra OUUCTKH C

pocToM K03 uImeHTa HepaBHOMEPHOCTH (puc.3.25).
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2.0.%

100

[V

1 2 3 4 Ky
Puc.3.25. 3aBucumocth dddekra Ouonornueckot ouuctku (2.0.) oT
kod(unnenta nHepaBHoMepHocTH (K): k0d3dduImeHT HEpaBHOMEPHOCTH —
OTHOIIICHHE MaKCHMAaJIBHOTO KOJIMYECTBA MPUMECEH K CPETHEMY KOJUYECTBY

MIpUMeECei, MOCTYNAIIUX CO CTOYHOW BOJOM B CHCTEMY OHUOJIOTHYECKOM
OYUCTKH.

[Ipu OGonbmiom ko3dduimente HepaBHoMepHoctn ( Ky > 1.5)
1eJ1eco00pa3Ho MPOBOANTH YCPEAHEHHE CTOYHBIX BOJ TMeEpel WX Tojadyeid Ha
OMONIOTMUYECKYI0 OUYMCTKY WJIH WCIIONb30BaTh OHOpEakTopbl-cMecuTenn. B
MOCJIETHEM CIlyyae YCPEIHEHHUE MPOMCXOJIUT HEMOCPEJICTBEHHO B COOPYKEHUU
OMOIOrMUYECKOM OYNCTKH, U OTJCIbHBIN YCPETHUTETHh HE TPEOyeTCsl.

[Iporiecc mpucmocoOyieHnss OMOIEHO3a K HOBBIM TPUMECSM WM HOBOM
KOHIICHTpAIIMM TPUMECe CTOYHOW BOJBI, a Takke K JIPYIHM YCIOBUSIM
(M3MEHEeHHE TIepHoJa OYMCTKH, KOHIIEHTpAaIMH OMOMAacchl W T.I.) Ha3bIBaeTCs
agantanueii. B rmpouecce amanTanuu  CKIaAbIBAETCA HOBOE MHKpPOOHOE
coobmiecTBo, crnocoOHoe Haubonee 3PGEKTUBHO YTHIM3UPOBATh MPHUMECH
CTOYHBIX BOJl. AJamnTalMOHHAas MepecTpoiika OuoleHo3a TpeOyeT JOCTaTOYHO
MHOTOo BpemeHHu (6-20 cyrok misi a’poOHbIX cucteM u 10 100 cyrtok s
aHadpoOHBIX cucteMm). [loaTOMy B OT/IMYME OT CHCTEM XUMHUYECKOW W (PU3UKO-
XUMHAYECKON OYHMCTKH B CHUCTEMaX OMOJIOTHMUYECKON OYHMCTKH MEepPeXoja OT OJIHOTO

peXHMa K IpyroMy OBICTPO OCYIECTBUTH HENb3d. boiee Toro, pe3koe U3MEeHEHHE
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peKMMa MOJXKET BBI3BaTh TMOCIIH OMOIICHO3a M IOJHOE HapyIICHHWE IIpolecca
OHMOJIOrNYECKOI OYUCTKH.

Hanpumep, npy U3MEHEHUU KOHIICHTPAIUH MPUMeECcEl, KOTOPBIC B CHCTEME
OMOJIOTUYCCKON OUMCTKH IOBEPTAIOTCS OMOOKHUCIICHUIO HITH OMOBOCCTAHOBJICHU O
(OnookucicHUE OpPraHUYECCKUX BEIIECTB, aMMOHHMITHOTO a3oTa,
OMOBOCCTAHOBJICHUE HUTPATOB), OTBETHOEC M3MEHEHUE CKOPOCTH OYUCTKHA 3aBUCHUT
OT HCXOJTHOTO COCTOSHUS OWOIICHO3a, CTEICHW W3MCHCHHUS KOHIICHTPAIIMU
pUMECeH M JUTMTCIIBHOCTH aJanTallid K HOBOMY pexumy (puc. 3.26). Ilpm
3HAYUTEITLHOM YBEIMYCHHH KOHIICHTPAIIMU MPUMECEH CKOPOCTh OYMCTKH CHavaja

nagaetr (puc. 3.26, kpuBas 2) B CHIy CyOCTpaTHOro HMHrHOMpPOBAaHHS pOCTa

MHKPOOPraHu3MoB.
Ui oy
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Puc.3.26. 3aBUCUMOCTH CKOPOCTH OYUCTKH (v ) OT KOHIIEHTpaluu npumecei (S)
CTOYHOM BOJBI: 1- TmoOcCiIe 3aBEpLICHUS aJalnTallMOHHOW NEPECTPONKH
OuoleHo3a; 2- cpa3y IOclie U3MEHEHUsl KOHIIeHTpauuu npumecedt (0e3
alanTalln); S,.- HUCXOJHAs KOHUEHTpalMs IpUMEced, K KOTOpOW ObLI
aanTHUpOBaH OWOILIEHO3 JI0 HW3MEHEHHUS peXHMa; 7 - MEepUuoj aaanTaluu
(7; =0z, > 7, 275 20)
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Ha BugoBoe pa3HooOpasue OMOLIEHO3a OKa3blBAa€T BIMSHUE TEMIEpATypa.
[Tpu Temneparype Huxe 10°C crnocoOHBI pacTH TOJNBKO OOJMraTHbIE U
¢bakynbTaTuBHBIE nicuxpoduisl. B unteppane 10-20°C pa3zBuBaroTcs o0nHUraTHbie
U (pakynbTaTUBHBIE TICUXPOPUIBI, ME30OPUIBI U TEPMOTOJIEPAHTHBIE TEPMOQHUIIBI.
I[Ipu  20-35°C  pactyr  ¢akyIbTaTUBHBIC  NCUXPODUIIBI,  ME30(HUIbI,
TEPMOTOJIepaHTHbIE U PakynbTaTHBHBIE TepModuiibl. [Ipu Temmneparype Bbitie 35-
37°C daxynbTaTUBHBIE ICUXPOGUIBI OTCYTCTBYIOT, a MPU TeMIIepaType Bolie 42-
45°C B O6HOLIEHO3€ OCTAIOTCS TOJIBKO TepModuibl. CKOPOCTh pocTa BO3pacTacT B
pany  '"mcuxpoduyibl-Me30PuIB-TepMOPIIIBIT,  TIO3TOMY C  TOBBINICHHUEM
TEMIEPATyphl YBEJIMUUBAETCS CKOPOCTh POCTa BCEro OMOIIEHO3a IIPU YCIOBUH €0
aJlanTalyuy K HOBOW TeMIiepaType.

OpHako CKOpPOCTh OHMOJIOTMYECKOW OYHCTKM HE BCErja BO3pacTacT C
MOBBIIIEHWEM TeMmrneparypbl. B dyacTHocTH, Tpu BBICOKOM KO3 uimeHTe
HEPaBHOMEPHOCTH BAXXHYIO POJIb UTPACT YCTOMYMBOCTH OMOILICHO3a K BHEIIHUM
BO3MYUIICHUSIM,  KOTOpas ~ BO3pacTaeT C  yBEJIMYEHUEM  4YHUCIa  BUJOB
MHUKPOOPraHU3MOB.

BonbmmnHcTBO Gakrtepuil OTHOCATCS K Me3odpuiam U (PakyJlIbTaTHUBHBIM
ncuxpodunam. CreiactBueM >TOro spisercs (opmMupoBaHue OUOLEHO30B C
OOJBIIMM pa3HOOOpa3veM BHJIOB Ha CThIKE NCUXPOPUIBHBIX M Me30(DHIbHBIX
ycioBUid, TO ecTb B oOsactu temneparyp 20-30°C, rme daxkynbTaTuBHBIE
ncuxpouiasl ¥ Me30(HIbl UMEIOT OJNM3KHE 3HAYEHUs CKOpOCTell pocra (puc.
3.27).

Taxk xak Oombiioe pazHooOpa3ue BHIOB CHOCOOCTBYET MOBBILICHUIO
3¢ (PEKTUBHOCTH U YCTOMYMBOCTH OMOLIEHO3a, TO C YBEIUYeHHEeM KoddduiuenTa
HEpPaBHOMEPHOCTH 00JacTh ONTUMAJbHBIX TEMIEpaTryp, TI/A€ CKOpOCTb U
3} (PEKTUBHOCTh OYUCTKUM MakKCHMallbHa, CMellaeTcsi B 00JacTh MaKCUMaJIbHOTO

qucia BUI0B B OuorieHose (puc. 3.28).
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Puc.3.27 3aBucumocTh ymcia BUAOB OakTepuil (n) B OHOIIEHO3E
CUCTEMBI a3p00HOI ouucTkH OT Temneparypsl (T)

3aBUCUMOCTH Ha puc. 3.28 copaBelIMBBI [JI1  aJalTHPOBAHHBIX
MUKPOOHBIX cucTeM. Cpa3dy Tocie pe3Koro H3MEHEeHus TemrepaTypbl (0e3
ajganTanuu OWOIEHO3a) CKOPOoCcTh M 3(h(EKTUBHOCTh OUMCTKU ManaroT. Takas
CUTyalusi UMEET MECTO Ha MPAKTUKE B MEPUOJ| OBICTPOro MmojbeMa (BECHOMN) WU
YMEHBIIICHUST (OCEHbIO) TeMIlepaTypbl CTOYHBIX BOJ, a TaKXKe MpU cOpoce Ha

OYUCTHBIC COOPYIKCHUA TCIINIBIX CTOKOB.

)
2
0 10 20 ) 40 T,°C

Puc.3.28. 3aBucumMocts ckopoctu (v ) adpoOHOM ourcTku oT Temnepatrypsl (T):
1- mpu koapduimente HepaBHOoMepHOocTH Ky = 1 (cTaOunbHbIl pexum
ouncTkn); 2- npu K> 1,5 (Gonpiire konedaHus XxapaKTepUCTUK CTOYHBIX BOJ)
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3.9.5. ®opmbI CylIeCTBOBAHUA MUKPOOPraHM3MOB

B cucremax 6MONMOrHYeCcKOil OYUCTKM OCHOBHAsI 4YacTh MUKPOOPTaHU3MOB
(B 4acTHOCTHM, OaxkTepuu) HaxoAuTcsi B (opMe XJIONbEB AaKTUBHOTO WJa,
OWOIJIEHOK, a Takxke Ouorpanyn (OuorpaHyisl oOpa3yloTcs TOJIBKO B
CHELMATIBHBIX  aHa’poOHBIX  Oumopeakropax). DopMmupoBaHME  Ha3BaHHBIX
KJIETOYHBIX arperaTtoB sIBISETCS HEOOXOAUMBIM yCiIOBUEM 3(D(eKTHBHON paboThI
OUYHUCTHBIX COOPY)KCHMM, TaK KaK MO3BOJIAET OTHENIATh MHUKPOOOB OT OUMILEHHOM
BOJBI IIyTEM OTCTauBaHUA (AHUCIEPCHBIE KJIETKM OaKTepuil NIpPaKTHUUECKH He
OCEJAIOT IIPU OTCTAUBAHKM ).

OOpazoBaHue pa3InYHbIX KIETOYHBIX arperaToB MPOMCXOIUT B PE3yJIbTaTe
GbrokynsuMyd 1oj JeHCTBUEM BBIJCNISIEMbIX MUKPOOPraHU3MaMH OHONOJIUMEPOB
(monucaxapusioB, O€JIKOB, HYKJIEHMHOBBIX KHCIOT). Tak Kak (UIOKYJISHTbI UMEIOT
OHMOJOTUYECKOE MPOUCXOXKICHHE (CUHTE3UPYIOTCS KieTKaMu OakTepuid, TrpuOoB,
IOPOCTEMIINX), TO HX Ha3bIBalOT OMOQUIOKYJISHTAMH, a Ipouecc (GIOoKyIAIun
KJIETOK OakTepuil u apoxokeit — onouaokyasuueit. O6pazoBanue OakTepuanibHbIX
arperaTtoB CXeMaTHYECKH MMOKAa3aHo Ha puc. 3.29.

Haubonee koMmakTHbIE, XOPOILIO OCEJAIOIIME XJIONbS Wiia 00pa3yroTcs IpH
noze Ouwoduokynsiuta  20-30 % ot wmaccel  kietok. I[lpu  cBepxcuHTese
NOJIMCaXapuioB (HaIpUMep, B cllydae JUMUTHPOBAHUSA pocTa IO a30Ty) [103a
OMO(IIOKYNISIHTa TPEBBIIAET ONTUMAJIBHYIO, YTO BBI3bIBAET CTAOMIM3AIUIO
JUCIIEPCHOM cUCTeMBI (00pa3yeTcs CIUIOIIHASL HeoceAarolas rejxeoopasHas macea,
KOTOPYIO  Ha3bplBalOT "Bemyxmmii akTuBHbId  ma”). Ilpu  HenoctaTke
OuoQIOKyIsIHTa O00pa3yloTCs OYEeHb pBIXJIBIE  XJIONbSA, KOTOpBIE JIETKO

JUCIICPIrUPYIOTCA NpU NEPECMCIHIMBAHUN W MCAJICHHO OCCAAalOT IIPHU OTCTaMBAHUH

(puc. 3.30)
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Puc. 3.29 Cxema o06pa3oBaHus XJIOMbEB aKTUBHOTO Wia, OMOTICHOK U OMOTpaHyI:
1 - nucnepcHbIe KIETKU OaKTepuii; 2 - KJICTKU, MIPUKPETUBIITUECS K TOBEPXHOCTHU
TBEPAOTO HOCHUTENS 3a CYeT aJre3uu; 3 - MPUKPEIUICHHbIE KIETKH O00pa3yloT
OonodaoKynsHThI;, 4 - copMHUpOBaBIIAsACS OUOIIEHKA; 5 - KIETKH, OKPYKEHHBIE
OMo(IOKYISTHTaMU (CIIU3UCTBIM CIIOEM); 6 - MUKPOXJIONIKH; 7 - XJIOTIOK aKTUBHOTO

una; 8 - Oworpanyna; 9 - KIETKH, NPUKPEIJICHHbIE K IMOBEPXHOCTH 3a CUET

OMOTOIUMEPOB.
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Puc.3.30. Bnusaue pn03e1 Ouodiokynsuta Ha SPekT GIOKYIAIUA TpH
o0pa30BaHNU XJIOMBEB aKTUBHOTO WiIa: 1- 001acTh TUCIIEPTUPOBAHUS XJIOTIHEB;
2- o6nacTh 00pa3oBaHUS KOMIAKTHBIX XJIOMBEB; 3- 00JIACTh BCIIyXaHUS HIIA.

XJI0Mbsl WJia ABJISIIOTCA JTMHAMUYHBIMU CTPYKTypamu. B nepemenimBaemon
Cpele OHU HEMPEPHIBHO pa3pyIIAlOTCS Ha MEJIKuE (parMeHThl, KOTOpPhle BHOBH
CIIMMAIOTCS MPU COyAapeHUH. BpeMs K13HU XJIOMKa OT MOMEHTa 00pa30BaHUsl J10
MOCHEAYIOMIETO  pachaaa  cocTaBisieT okojgo lc. YeM  MHTEHCHBHEE
NepeMeNIMBaHre, TEM MEHBIIE BPEMS KU3HU XJIOTKa.

[Tox nevicTBUeM OMOQIOKYISHTOB B XJIOIbS WJIa BKIFOYAIOTCS B3BEIIICHHbBIC
M KOJUIOMJHBIE YacCTUIBI CTOYHON BOIBI. BOJbIIOE KOIMYECTBO B3BEIICHHBIX
YaCTUI] TPUBOJIUT K MOSIBIICHUIO CKHHMH-I(PeKTa — S5KpaHUPOBAHUIO KJIETOK OT
MOTOKa cyOcTpara, TPUBOASIIEMY K YMEHBIICHUIO CKOPOCTH OHOJOTHYECKOU

OUYUCTKH OT PaCTBOPEHHBIX BemecTs (puc. 3.31).
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Puc. 3.31. BausHue KOHIEHTpanuu B3BelleHHbIX yacTull (B) Ha ckopocTh
OYUCTKH OT PACTBOPEHHBIX BEIIECTB (v | ): a - 3aBUCUMOCTH v _ (B), rae By -

nonyctumasi (HE OKasblBarolas OTPUIATEIBLHOTO BIIWSHHS) KOHIEHTPAIUS
B3BeCH; O - XJIONMOK WA, COJIEp KAl B3BEIICHHbIE YacCTULbI (CTpeIKaMmu
MOKa3aH IMOTOK PAacTBOPEHHBIX BeIIECTB). B3BemieHHbIE YacTHUIIBI, MOJO00HO
9KpaHy, MPEHSTCTBYIOT MOCTYIUICHUIO PACTBOPEHHBIX BEIIECTB K KIETKaM,
HaXOJISIIIUMCSI BHYTPHU XJIOTKa (CKUHUH-2()DEKT).

CxuHUH-3(phEeKT 3acTaBisieT OTPAaHUYMBATH COJAEPKAHUE B3BEIICHHBIX
BEILIECTB B CTOKAaX, MOCTYMAONIUX HAa OMOJIOTMYECKYI0 OYUCTKY (IIpeaBapUTEIbHO
MPOU3BOIAT MEXaHMUYECKyI0 OuMCTKY). Hampumep, mpu a’poOHON OYHCTKE OT
OpraHn4eckux BemecTB By, =0,5°bI1K5 cTouHOl BOIBI.

KoHnmeHnTpamusi pacTBOPEHHBIX BEIIECTB Ha TOBEPXHOCTH JIHUCTIEPCHBIX
KJIETOK OaKTepHil MpaKTUYECKU paBHA KOHIICHTpAIlMU B Macce >XuakocTu. Korma
KJIETKH OOBEAUHSIOTCS B KPYIIHBIE arperathbl, TO BaKHYIO POJib HAUMHAET UTPaTh
muddy3us cyocTpara BHYTPU XJIONKA, OWOIUICHKA WJIM OWUOTPAaHYNBl K
MOBEPXHOCTH KJIETOK. [Ipu 5TOM KOHIIEHTpAIlUsl BEHIECTB HAa MTOBEPXHOCTHU KJIETOK
OKa3bIBACTCSl 3HAYMTEIHLHO MEHbIIIE, YeM B Macce MKHUJIKOCTH; Maccoliepenaya
cyOcTpata K KJIETKaM HA4YMHAET JIMMUTHUPOBATH POCT OakTEepuil U CKOPOCTh
OMOJIOTMYECKON OUHUCTKHU.

Ecnu xnombss akTMBHOTO Wjla pacCMaTpuBaTh Kak CPEPUUYECKUE YACTHUIIBI
pamuycom R (M), BHYTpU KOTOPBIX HAXOJSITCS KJIETKH C IJIOTHOCTHIO YHMaKOBKU

p(kr/M), a cybcTpar J0CTaBNseTcs K BHYTPEHHHM TOYKaM cdepbl IyTeMm
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MoleKysIipHOit quddysun (kodbduuuent auddy3un BHYTpH xiIomnka — D, m7/c),

TO pelieHue ypaBHeHus 11U y3un MPUBOJUT K BBIPAKEHUIO

u, S
= 3.34
. K¢+ S %

. U pR’
K;=K;1+0,016 22— 3.35
§ =Ky ) (3:35)

N

9

e u -yHeNbHAs CKOPOCTh POCTa, C ' i, - MAKCHMasbHas yACIbHAS CKOPOCTH
pocta, ¢'; S — KOHIIEHTPAIMsS JHMHTHPYIOEr0 POCT CyOCTpaTa B SKHAKOCTH
(BONIM3M TOBEPXHOCTH XJIOMBEB), kr/m>; Kg — xoncranta Mono, kr/Mm>; V. —
HKOHOMHYECKUH KO3 OUIIMEHT, KT OMOMACCHI/KI cyOCTpara.

®opmanbHo ypaBHeHue (3.34) coBmagaer ¢ ypaBHeHHMEM MOHO (cM.

ypaBaenue (3.33)), Ho BMecTo KoHCTaHThl MoHO Kg ncnons3yeTcst KOHCTaHTa K,

KOTOpad 6I)ICTpO BO3pacTacT C YBCIMUCHHUCM pasMcpa XJIOIbEB aAKTUBHOI'O HJIa

(puc. 3.32).

CKOpOCTB OYHUCTKH v, CBA3dHA CO CKOPOCTBIO pOCTAa COOTHOIICHUCM

_fex
y 2

vy (3.36)

3
rac X — KOHINCHTpAlHA aKTUBHOTO WJia, KI/M".

Ks', Mr/m ,
15
|
10 !
I
5 [
Ks- 1 ;
0 50 100 R, MkMm

Puc. 3.32. 3aBUCUMOCTb KOHCTaHThl Ky OT paJuyca XJIONbEB aKTUBHOIO MJIA:
paccuutano no (3.35) npu u, =10"%" p =50kr/M>, V=0,5, D=10""M%/c
(k03 unment nuddy3un BHYTPU XJIOMBEB MPUMEPHO B 5 pa3 MEHBIIIE, YEM
B Bozte), Ks=10"kr/m’
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Tak kak ¢ yBelIMueHUEM HHTCHCUBHOCTH TIEPEMEIIIUBAHKS Pa3Mep XJIONbEB
uia yMmMeHblnaeTrcs, To K, magaeT, 4to corjacHo (3.34) u (3.35), nmpuBoguT K
BO3PaCTaHUIO CKOPOCTH OMOJIOTHYECKON OYMCTKH OT PACTBOPEHHBIX BEIIECTB (pHC.

3.33)

NHTEHCUBHOCTD
repeMenIBaHus

- Puc. 3.33. BnusHue MHTEHCHBHOCTH II€PEMEIIMBAHMA CPENbl Ha CKOPOCTh
(vy) OMONOrMYECKO OUYMCTKH OT PACTBOPEHHBIX BEIECTB C KOHIIEHTpaLUenH S

B CUCTCMAax C aKTUBHBIM HJIOM.

B a’pol6HBIX cucTeMax 0coOyro poJib UTpaeT Maccorepeaaya Kuciopoaa. B
CBSI3U C HM3KOW PACTBOPUMOCTBIO KHCJIOpPOJia B BOJIE CKOPOCTh ero auddy3uu B
XJIOMbSIX AKTHUBHOTO Wja U OWOIUICHKAX YacTo JIMMUTHUPYET OOIIYyI CKOpPOCTh
OMOJIOTMYECKON OYUCTKH. {1 CHATUS TUMHUTHPOBaHUS 10 JudPy3un KUCIopoja
B CHUCTEMAX C AKTHMBHBIM HWJIOM TMOBBIIIAIOT MHTEHCUBHOCTH IIEPEMEIINBAHUS W
YBEJIMYMBAIOT KOHIIEHTPALMIO PACTBOPEHHOI'O KHUCIOPOAA, MPOM3BOIS adpALUIO
BOJbIl HE BO3JYXOM, a YHCTBIM KHCJIOpoioM. B cuctemax c OHOIJICHKaMU
CTPEMSTCS CHHU3UTHh TOJIIMHY OWOIJIEHOK M YBEJIUYUTh HMX [OBEPXHOCTD,
WCIIONB3Yysl 3arpy3ku ¢ OOJIbIIONW YACIBHOM TMOBEPXHOCTHIO (HAMpUMep, B
OMOpeakTopax B KaueCTBE 3arpy3Ku MPUMEHSIOT KBAPIIEBBIM MECOK C pa3MepoM
JacTHIl MeHee 1MM).

B aHa’poOHBIX peakTOopax ¢ OUOrpaHyJiaMHu, HMEIOIMUMHU 3HAYUTEIbHO

OOIBIINI pasMep W IUIOTHOCTb, 4YEM XJIOIIbA WJIda, MOBBIIICHUE CKOPOCTHU
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auddysun B OuoMarepuane JOCTUTACTCS 3a CYET BBICOKMX KOHIIGHTpaIui
PacTBOPEHHBIX BEIIECTB W TPOBEJICHUS OYUCTKU B TEPMODHUIBHBIX YCIOBHUSAX (C

YBEIMUYECHHEM TeMIepaTypbl pacteT kodppuuuent nuddysun).

3.9.6. AxcopOumsi Ha KIETKAX MUKPOOPTAaHU3MOB

Kierku u kietouHble 00pa3oBaHUs (XJIOIbs, OMOIUICHKH, OUOTPaHYIIBI)
CIIOCOOHBI CBA3BIBATH HA CBOCH MOBEPXHOCTH OPraHUYECKUE BEIIECTBA U KAaTHUOHBI
METaJNIOB. JTOT MPOLIECC HA3BIBAIOT OHOCOPOLMEIA.

buocopOuuss opraHMuecKkux BEHIECTB OCYIIECTBIAETCS 3a CHET HX
B3aMMOJICHCTBHS C BHEKJIETOYHBIMH OHOMONMMepaMu. /s cucTteM ¢ aKTHBHBIM
WJIOM paBHOBecHe IMpu Ouocopbuum nocturaercs 3a 5-10 MuHyT, H30TEpMa
OouocopOMu omuUChIBaeTCS ypaBHeHWeM Jlenrmropa. MakcumanbHasi ajcopOrms
OpraHMYeCcKUX BEIECTB CTOYHOW BOABI Ha akTUBHOM mie nocturaer 0,3 - 0,4 r
XTIIK/r.

CopOupoBaHHbIC OpraHUYECKHUE BEUIECTBA 3aTEM MOTPEOIISIIOTCS KICTKaMHU
MUKpoopranu3MoB. [1pu s3Tom copOimoHHast ciocoOHOCTh BoccTaHaBIMBaeTcs. 1o
aHAJIOTUX C JPYTUMHU aJcopOEHTaMHU TIPOIECC BOCCTAHOBIICHHUS COPOIMOHHOM
CHOCOOHOCTH  aKTUBHOTO  WJja  Ha3bIBAlOT  pereHepanueii.  buocopOums
OpPraHUYECKUX BEIIECTB U pereHepanys akTHBHOTO Mjla ITUPOKO UCIIOIB3YIOTCS Ha
MpPaKTUKE JIJIs1 MHTEHCU(UKAITUN OMOJIOTHYECKON OUUCTKH.

Karnonsl MeTaiioB aacopOMpPYROTCS TIO JBYM OCHOBHBIM MEXaHHM3MaM:
MyTEM HEIMOCPEICTBEHHOI'O CBSA3BIBAHUS C KapOOKCUIBHBIMU M THAPOKCHUILHBIMU
rpynnamMd  BHEKJIIETOYHBIX OHWOMOJMMEPOB W TIyTEM  B3aUMOACHCTBUS C
KJIETOUHBIMU MeTa0oIuTaMu ¢ 00pa30BaHUEM METAILIOPraHUYECKUX KOMILIEKCOB,
COpOUPYIOLIUXCS HA KJIETKaX.

Benuunna OuocopOuuu MertamuioB 3aBUcHT oT pH u  komuuectBa
BHEKJIETOYHBIX OuomonnuMmepoB. Hampumep, ontumanbsHble 3Hadenus pH nns

afgcopOLMM ypaHa, KaJAMHUST M MeIM Ha OakTepusx, o0pasyromux O0JbIIoe
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KOJIMYECTBO 3K30I0JUCaXapua0B, COCTaBIAIOT, COOTBETCTBEHHO, 3,5; 5,5 u 6,5, a
BennuuHa ajgcopoiuu qocturaet 0,2-0,4 1/ Grmomaccsl.

JIJ1s1 OYUCTKU CTOYHBIX BOJ OT KATHOHOB TSDKEJIBIX METAJUIOB MCIOJB3YIOT
OMocopOIMI0 HAa AaKTUBHOM WJIe, OHWOIUICHKAaX, a Takke Ha OuocopOeHTax,
MOJTy4aeMbIX B BHUJE TpaHyl U3 KIETOYHBIX OwuornoauMepoB. Pereneparus
OMOMacChl OCYIISCTBISIETCS KHUCJIOTHOH O0OpaOOTKOW, B pe3yibTaTe KOTOPOH
COpOUpPOBaHHBIE METAJIIBI MIEPEXOSAT B pACTBOP.

B ana’poOHbIX ycinoBusx 3(pGEeKTUBHBIM METOIOM OYHCTKH CTOYHBIX BO/I
OT KaTHOHOB TSKEIBIX META/UIOB SIBISIETCS HMX TIEPEeBOJ B HEPACTBOPUMBIE
CyJIb(UIBI METAILJIOB, KOTOPHIE MO ACHCTBHEM OMO(DIIOKYISIHTOB aacoOpOUpyIOTCS
Ha KJIeTKax (XJombsX akTtuBHOro wia). Cynbduasl o0pa3ylTcs Mpu
OouoBoccTaHoBIeHUU CyibdaroB (cMm. Tab6m.3.4). Ilpomecc OYHUCTKH MOMKHO

npeacTaBuUTb CXEMOM:
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3.10 MeToa XuMHYECKOro MyTareHe3a JJist HHTeHCHpuKanumn

OMOJIOrHYeCKON OYHUCTKH
O} heKTUBHOCTh U CKOPOCTh OMOJOTUYECKON OYMCTKH MOKHO MOBBICHUTD,

ecn  oboramarb  CIOHTAHHO  Pa3BUBAIOLIMNCA  MUKPOOHBIA  OMOLIEHO3

BBICOKOAKTHBHBIMHU MYTAHTAMMU.
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MyTaHTOM Ha3bIBaeTCs KIETKa, 00pa30BaBIIAsICS B PE3yJIbTaTe MYyTAllUH -
HacJie[yeMOT0 U3MEHEHUS TeHOTUIa. Eciin MyTaIuy BeI3BIBAIOT UCKYCCTBEHHO, TO
UX Ha3plBAIOT HHAyHUpoBaHHBIMU. [Ipomecc uMHAYUMpOBaHUS  MyTalui
XUMUYECKUMHU pEareHTaMy Ha3bIBAETCSd XHUMHMYECKHMM MYTAareHe3oM, a caMu
BEIIECTBA BBI3BABIIME MYTAllMU - XUMHYECKUMHU MyTareHamu. K Xumuueckum
MyTareHaM OTHOCSITCS HUTPO30METHIMOYEBHHA, TUMETHICYIb(AT, STUIICHUMUH.

[lon peiicTBHEM XWMHUYECKMX MYTAareHOB TMPOUCXOAUT MHOXKECTBO
pas3nu4HbIX MyTanuil. OTOOp MyTaHTOB, MOJYYUBIINX MOJE3HBIE CBONCTBA, MOXKHO
MIPOU3BECTH B XEMOCTaTe, TJl€ HAKAIUIMBAIOTCS MHUKPOOPTaHU3MBI, HMEIOIINe
yIEeTbHYI0 CKOPOCTh POCTa HE MEHee 3aJaHHOM CKOpOCTH paszdamienus: | > D.
Hampumep, mpu odHMCTKE OT OpPraHUYECKHX BEIIECTB MOXHO HaIpaBUTh B
XEMOCTaT 4acTh MOTOKAa CTOYHBIX BOJA U OTOOpaTh Cpeiu MyTaHTOB Te€X, KOTOpPbIE
MMEIOT HauOOJIBIIYI0 CKOPOCTh POCTA U, CJIEIOBATENBHO, 00ecreyaT HaubOoIbIIyIO
CKOpPOCTh OHMOJOTMYECKOM OuYuCTKH. B OHOIEHO3€ OUYUCTHBIX COOPYKEHHM
OTOOpaHHBIE AKTUBHBIE MYTAHTBhI COXPAHSIOTCS OTPAHUUYEHHOE BpEMsl, MOITOMY
TpeOyeTcss WX HENpepblBHAs WJIM T[EpPUOJMYECKasl TMojaya B CHCTEMY

Oouosiorndecko ouncTku (puc. 3.34).

CrouHas BoJia Cucrema OuwniieHHas Boaa '
- —#—  OHOJIOTHUYECKOU
=~ OUYUCTKU >
M30BITOUYHBIH

AKTUBHBIU WIT

t—- XUMHUYECKAU

Xemocrar IToyuyenue MyTareH
(oTOOp aKTHBHBIX ~ MYTAHTOB
MYTaHTOB)

Puc.3.34. Cxema OGMOJOTUYECKON OYMCTKU C PUMEHEHUEM XHUMHYECKOTO
MyTareHesa
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Merox XMMHYECKOrO MyTareéHe3a MOKHO TakKe MCIOIb30BaTh Ul
MOBBIILIEHU 3(¢deKkTa OT OHOJOTUYECKH TPYAHOOKHCIISIEMBIX OpPTraHUYECKUX

BEIIECTB, KOTOPbIE MEIJIEHHO OMOJErpaupyIOT B OOBIYHBIX CUCTEMAX.

3.11. CoBMenieHHME NIPOLECCOB KOATYJIALUM, aACOPOIUHT

M OMOJIOTHYECKOU OYHUCTKH

MeTonbl, TIO3BOJISIONINE YOAIsATh U3 CTOYHBIX BOJ Pa3iINYHbIEC MPUMECH,
MOTYT TIPUMEHSTHCA HE TOJBKO IOCIEIOBAaTEIbHO, HO U OJHOBPEMEHHO.
CoBMelieHHE HEKOTOPBIX TIPOLIECCOB  TO3BOJIIET HE TOJBKO COKPAaTHUTh
HEOOXOIUMBIH 00bEM COOPYKEHUH, HO U TTOBBICUTH 3P(EKT OUUCTKH B CPAaBHCHUU
C WX MOCJIEI0BATEIbHBIM MPUMEHEHUEM.

CoBMecTHOE TIpUMEHEHHE aJICOPOCHTOB M KOAryJsHTOB Ha3bIBACTCS
a1copOMOHHO-KOATYISINMOHHOM ouncTKOM. KoarynupoBanue ynanser U3 BOJbI
MPEUMYIIECTBEHHO  BBICOKOMOJICKYJISIPHBIC ~ COCIIMHEHHUA, a aacopouus -
HU3KOMOJIEKYJIsipHble. OJIHOBpEMEHHOE HCIOJb30BaHUEe OOOMX METOJIOB JaeT
3O PEKTUBHYI0O OYHCTKY OT BCEro KOMIUJIEKCAa OPTraHUYECKUX BEIIECTB CTOYHOMU
BOjbl. [Ipuuem, eciiu UCMONB3yeTcs MOPOUIKOOOpa3HbIM aJIcOPOEHT, TO MOA00HO
3aMYTHHUTENIO, OH CIOCOOCTBYET YIIYHUIIEHUIO KOAryJsilUH, KOTOpas MHTEHCHUBHO
MpOTEKAeT Ha dvacTtuuax ajacopOeHra. B pesynpraTe 3ddexr aacopOIMOHHO-
KOaryJsITUOHHON OYMCTKA MOXET OBITh BBIIIE TOCIEAOBATEIBLHO IPOBEACHHON
KOAaryJsiiMOHHOM U aIcOPOLMOHHON OYUCTKHU.

CosBMelnieHue azcopOuuu U OMOJIOTUYECKOU OUYHCTKHU -
OmoaacopOIMOHHAS OYUCTKA - OCHOBAaHA Ha JIydIlled COPOIMOHHON CIIOCOOHOCTH
AKTUBMPOBAHHBIMU  YIJIIMM OpPraHUYECKHUX BELIECTB, IUIOXO MOAAIOIIMXCS
ouopacnany. Ha nmoBepxHocTu ancopOeHTa, Iie KOHLEHTPUPYETCS B pE3yibTaTe
aacopOMu  OUOJIOTMYECKH  TPYJHOOKHUCISIEMbIE  BELIECTBA,  CO3JAIOTCS
OylaronmpusiTHbIE YCHOBUA Uit  (OpMHUpOBaHUsT OHMOIIEHO30B, CIHOCOOHBIX K

YTWIM3allMM 3TUX BewecTB. B pe3ynbrare, MUKPOOPraHU3MbI, MNOTPeOss
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COpOMpPOBAaHHBIE  BEIIECTBA,  HEMPEPHIBHO  OCYIIECTBISAIOT  PEreHepaluio
azcopOenTa (rporiecc Ha3bIBalOT OMOpereHeparnueii), 1 OH COXpaHsIeT aKTUBHOCTh
B T€YEHUE MPOJIOJKUTEILHOTO BpeMeHHU (MecsIibl, roibl). [Ipu nocienoBareabHOM
MPUMEHEHUN OWOJIOTHYECKOW M aJCOPOIMOHHON OYHCTKH, aJCOpOEHT CKOpPO
MoTepsisl Obl CBOIO aKTUBHOCTH B CHIIY HACBHIIMICHHS COPOILMOHHON €MKOCTH, YTO
moTpeboBasio ObI BHIBOJIA €TI0 U3 OUYMCTHOM YCTAHOBKHU Ha PEreHEpaInio.

J1s OMTHOBpPEMEHHOW OYMCTKM CTOYHBIX BOJ OT OPraHUYECKUX BEIIECTB U
¢docdhaToB MUPOKO TPUMEHIETCS XMMHUKO-0MOJI0THYeCKMd METOI, IIPU KOTOPOM
KOAryJsiHT BBOJUTCS TPSIMO B a3pPOTEHK (METOJ M3BECTEH TaKXe I0J Ha3BaHUEM
CUMYJIbTALMOHHOE ocaxaeHue). KoaryiasHTel Ha OCHOBE aJIOMHUHHUSA M Kelie3a
obOpazyroT ¢ ¢ocharamMu HEpacTBOPUMBIE KOMIUICKCHI, KOTOPBIE CBSI3BIBAIOTCS C
OuornonMMepaMu M BKJIIOYAIOTCA B XJIOMbS aKTUBHOrO uia. B manHOM ciyuae
aKTUBHBIH w1 (ero OuWomoguMephl) BBICTYNaeT B  poidud  (DIOKYIISHTA,
MHTEHCUPUIIMPYS oOcCaxiacHue oOpa3oBaBmuxcs coenuHeHud ¢ochopa. B

pesynbTate 3pdekT ounctku oT PochaToB MOBHIIIACTCS.
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