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BBEJAEHHE

BOHpOCBI XWMHUHU BOJbI U BOAHBIX paCTBOPOB, IMO3UIIMOHUPOBAH-
HBIC KaK THAPOXUMMUs, CBA3aHbI C TaKUM rI100aIbHBIM IIPpUPOAHBIM
oOpa3oBanueM, kak rujapochepa. [log 3TUM TEPMHUHOM MOHUMAIOT
BOJIHYIO 000JIOUKY 3eMJIH, MPEJCTABIISIONYI0 COOOW COBOKYITHOCTD
OKEaHOB, MOPEil M BOJHBIX 00BEKTOB CYIIH (PEKH, 03€pa, BOJOXPAHHU-
nuia, 60J10Ta, MOA3EMHbBIC BOJIbI), BKIIFOUAs CKOIICHHS BOJBI B TBEP-
noH Qaze (CHEeXKHBIM OKPOB, JICAHUKH).

Bompockl BIusiHHS JIESTEIBHOCTH YEJIOBEKa HA BOJIHYIO CpE.y,
B TOM YHCJIE Ha €€ XUMUYECKHUI COCTaB, BECbMa aKTyaJIbHBI. FI/IIIPOC-
(depa cIyKHUT eCTECTBEHHBIM aKKyMYJISITOPOM OOJIBIIMHCTBA 3arpsi3-
HSIIOIIUX BEIIECTB, MOCTYAIIKMX B arMochepy wiu iurochepy. 1o
CBSI3aHO C HAJIMYHEM TJI00abHOTO KPYTrOBOPOTa BOJIBI, CO CIIOCOOHO-
CTBIO BOJbI K paCTBOPCHUIO PA3JIMYHBIX I'a30B, MUHCPAJIbHBIX conef/i,
HEKOTOPBIX OpraHnYecKux coequHeHni. Kpome toro, mo6oii BooeM
CITy’KUT CBOETO POJia SIMOii, KyJ]a BMECTE C TOTOKaMH BO/IbI ITONAAaI0T
C CyllIr BCEBO3MOKHBIC TBEPABIC YaCTHULILI 1 HEPACTBOPUMBIC KUJIKO-
ctu. Boaa B cuity CBOETro MIMPOKOTO MCIOIb30BAHUS B IPOMBIIILICH-
HOCTH, CCJIIbCKOM XO3$II>'ICTBe, B GBITy IMOABEPIKEHA U HETIOCPCACTBCH-
HOMY aHTPOIIOTEHHOMY 3arpsi3HeHHI0. Bmecte ¢ TeMm, Oymyun ecre-
CTBEHHOH Cpeol OOUTAHHUS >KUBBIX OPraHU3MOB (2uUOpOOUOHMOS),
BOJIa HAXOJUTCS B JUHAMHYECKH PABHOBECHOM COCTOSHUU OOMEHa
OMOreHHBIMH BelllecTBaMu ¢ Ouotoii. [IpucyTcTBHE B BOJHOM cpene
3arpsA3HAOMX BEUICCTB, TYKAbIX JKUBOM MIpUPOJC, OKA3bIBACT BIIUSI-
HHUC Ha IPOUECCChI )KUBHCACATCIILHOCTHU OTACIIbHBIX OPTraHM3MOB U Ha
(YHKIMOHUpPOBaHKE BCel BOJHON 3KocUcTeMbl. OTPOMHYIO POJIb
urpacTt BoJaa BO BCCX JKUBBIX CHUCTEMaAx. HpaKTI/I‘IeCKI/I BCC XUMHUYC-
ckue, GU3N0JIOTMIECKHE U KOJUIOUIHBIE MPOLIECCHI B OPTaHU3Me Mpo-
TCKAIOT B BOAHLIX PACTBOpax HUJIU IIpU O6H3aTeJ'II)HOM y4aCTuu BOABI.

Bopa — 3T0 eMHCTBEHHOE BENIECTBO Ha 3eMiie, CYIIEeCTBYIOIIee
B IIPUPOJC BO BCEX TPEX arperaTHbIX COCTOAHUAX: KUJIKOM, TBEPAOM
u razoobpasznom. lloj gelicTBHeM COMHEYHOTO Teryia BOjAa Mcmaps-
€TCs U3 €CTECTBEHHBIX BOJOEMOB M BOJIOTOKOB, M3 ITOYBKEI. BoasHO
nap, Oy y4w jierde Bo3yXxa, IOJHUMACTCS B BEPXHUE CIJIOU aTMocde-
PBI U KOHZICHCUPYETCS B MeJIbUaiIline Karik )KHUJIKOW BOJbI, 00pasys
obnaka. M3 o0makoB BoJia BO3BpalIaeTcsi HAa 36MHYIO TIOBEPXHOCTb
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B BUje aTMOoC(epHBIX OCaJKOB — JOXJEW U cHera. Beimanarorias
BOJa TIOCTYIAET HEMOCPEICTBEHHO B BOJHBIE OOBEKTHI, COOMpaeT-
Csl B BEPXHUX CJIOSIX TIOUBBI, 00pa3ysl MOBEPXHOCTHBIC U TPYHTOBBIC
Bozbl. [locnemHue, B3auMOIEHCTBYSI C MUHEPAILHBIMA U OpraHuYe-
CKHMH BEIIECTBAMH, YACTHYHO PACTBOPSIOT UX, GOPMUPYST XUMHUIC-
CKUH COCTaB MPUPOIHBIX BOJI.

Takum oOpa3om, Boma urpaetr B omochepe 3eminm YHUKAITBHYIO
POJIb. DTO CBSI3aHO C €€ CTPOSHUEM, (PU3MUYSCKUMHU U XUMHYCCKUMHU
CBOWMCTBaMHU.

[poreccrl GopMUPOBaHUS XUMHUYECKOTO COCTaBa BOJBI M €r0
MeTaMopU3aIUK; XUMHUECKAH COCTaB aTMOC(EPHBIX OCAJIKOB, IO~
3eMHBIX BOJ], BOJIBI PEK, 03€p, BOJOXPAHMUIIHII, OKEAHOB M UX THUAPO-
XUMHUYCECKUH PEIKUM; METObI XUMUYECKOTO aHAJIHM3a U METOI0JIOTHS
WICCIIEIOBAHUS TIPUPOTHBIX BOJ: MPOTHO3MPOBAHWE W3MEHEHWH XU-
MHYECKOI'0 COCTaBa MPUPOIHBIX BOJI; BOIPOCHI PAllMOHAIILHOTO HC-
TOJIE30BaHUS M OXPaHBI MPUPOJTHBIX BOJI OT 3arPS3HEHUS B YCIOBUSIX
AQHTPOIIOT€HHOI'0 BO3JIEHCTBHSI HANPSMYIO CBSI3aHbI C TUAPOXUMHEM.
B cucreme Hayk o 3emiie OHa 3aHMMAaET JIBOMCTBEHHOE TOJOXKCHHE
U SIBJISIETCA 4YacTblO, C OJHOW CTOPOHBI, FT€OXUMHUH, a C APYrol —
KOMITIEKCa TUCIMIUIMH O TUApochepe — THAPOJIOTHH. [ HapoXumMus
M3y4aeT Bce BOABI ruaApochepsl, OAHAKO U3yUeHHE THIPOXUMHH He-
KOTOPBIX BOAHBIX 00BEKTOB BXOAUT B COCTaB CMEKHBIX C HCHO HAYK:
OKEaHONOrHH (M3y4aeT (pu3MUecKue, XMMHYECKUE, TeOIOTUYECKUE,
OMOJIOTHYECKUE TTPOIIECCHI OKEaHOB, MOPEH), 03epoBeIeHUS (JTUMHO-
JIOTUH ), TEOTUIPOXUMHUH, KOTOpask M3ydaeT MOA3eMHYI0 THapochepy.

1. CTPYKTYPA U CBOVYICTBA BOJbI

DU3NKO-XMMHUYECKHE CBOMCTBA BOABI 110 CPAaBHEHHIO C WHBIMH
XKHUJIKOCTSIMH, BEPOSATHO, CaMble HEOObIUHBIE, @ TEPMOAMHAMHYCCKHE
MapaMeTpsl Pe3KOo BBIIEISIIOTCS U3 psiia THAPHUIOB, COETUHEHUH BO-
nopoaa ¢ cocesmu no [lepuoanueckoit Tabnuue. Hampumep, sxcTpa-
MOJIALUS TOYKH KHUIEHUSI 3THX BELIECTB OTHOCHUTEIBHO MOJEKYJISIp-
HOM Macchl 1aeT A7 BOJIbI TEMIIEPATYpy MOYTH Ha JBE COTHH Ipay-
COB HIKE (DaKTHUECKOro 3HaueHHs. Boja ruioTHee bja, YTO Takxke
HEOOBIYHO, T. K. TEIUIOBOE JBIKEHHE MOJICKYJ IIPH KPUCTAIUIN3ALNH
OTpaHUYUBACTCS, IPUBOJIS K O0JIee MIIOTHOH yIaKoBKe.
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Bona (H,O, monexynspnas macca M = 18) — ycToi4nBo€e XMMH-
YECKOe COEIMHEHHE BOJIOpOJa ¢ KHCIopoaoM. Moiekyna BOfbl Co-
CTOUT U3 JBYX aTOMOB BOJIOPOJIa M OJHOTO atoma Kuciopona. Ilpu
9TOM BOJIOpPOJ MPEJCTaBICH TpeMsl H30ToNnamMu. B coctaBe 0OBIYHOM
Boabl H,O mmeercs HeGoJIbIIOE KONMYECTBO Tskenok Boasl D,0O
(BMecTO OOBIKHOBEHHOTO BOAOPoAa H — MmpoTHst BXOAMUT €ro TshKe-
Jneiid u3oton D — nefitepuil) U cCOBCEM HE3HAUUTEIIBHOE KOJIUYECTBO
ceepxTspkenoi Boael T,0 (B ee cocTaB BXOIMT elle 60Jiee TSKENIbli
nzoron Bogopoaa T — tpuruii). B nmpupoanoii Boxe na 1 000 mo-
nexyn H,0 npuxonutcs ase monekyisl D,O u Ha oaHy MOneKyiy
T,0 — 1019 monexyn H,O.

HecmoTps Ha mpocTyro XUMHYECKYIO (OpMYITy, BOJa — Belle-
CTBO C OYEHb HETPUBHAILHBIMU CBOWCTBAMHU. B 3HaUUTENBHOM CcTEMe-
HU HaOop e€ CBOICTB onpeaessieTcs] CTPYKTYPOH 3TOr0 COeANHEHHUS 1
MEKMOJIEKYJIIPHBIMU B3aUMOACUCTBUSIMU B CUCTEME.

Morekyiia BOIBI MPEACTABISICT COOOW MaJCHBKUI IHUIIONb, CO-
JEpKaLUi MOJ0KUTEIBHBIA U OTPULIATEIBHBIN 3apsbl HA MOTIOCAX
(puc. 1). DaeKTpOHHOE 00IAKO CTATUBACTCS B CTOPOHY KHUCIOPOJIHO-
ro sapa. [Ipu 3ToM sipa BOJOpOAa «OroJistoTcs». TakuM o0paszom,
AJIEKTPOHHOE 00JIAKO MMEET HEOJHOPOIHYIO IIOTHOCTE. OKOJIO sijiep
BOZOPOJa UMEETCsl HEJJOCTATOK 3JIEKTPOHHOM MJIOTHOCTH, @ Ha IPOTH-
BOTIOJIO’KHOW CTOPOHE MOJIEKYJIbI, OKOJIO siipa KUCI0poAa, Halmona-
€TCsl U30BITOK AJIEKTPOHHOU IJIOTHOCTH. FIMEHHO Takasi CTpyKTypa U
oTpesieNsieT NOIIPHOCTh MOJIEKYJIbl BOJbl. HekoTopsle sHepreTnye-
CKHE U T€OMETPUUECKHIE TapaMeTPhl MOJIEKYJIbl BOJbI IIPEICTABICHBI
B Tab. 1.

Puc. 1. CtpoeHre MOJEKYIBI BOJBI
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Tabmuma 1
Hekomopuie napamempul moJieKy/ivl 600bl

Juna cesa3u OH, HM 0,0942
Yroa HOH, rpag 106
JlurionbHbI MOMEHT, [] 1,85
DHeprus aucconuanyu, 5B 4.8
OHeprust HOHU3aLuH, 5B 12,6
Omneprus Bo1opoaHo# cBsasu B aumepe (H,0),, 5B 0,24

Hanuune 3apsA10B HAa aTOMax KHUCJIOpOJa U BOAOpOJAa MPUBOAUT
K UX B3daMMHOMY IPUTSKCHUIO U 06paSOBaHI/IIO BO,I[OpO,Z[HOﬁ CBA3U

(puc. 2).

Puc. 2. BogopoaHas CBS3b MEXKAY MOJIEKYIaMHU BOIBI

Ceiiuac HayKoOil yCTAHOBJEHO, YTO OCOOCHHOCTH (PH3MUYECKHX
CBOWCTB BOJIbI U MHOTOYHCJICHHBIE KOPOTKOKUBYIIHME BOJOPOIHBIC
CBSI3U MEXJy COCEIHHMH aTOMaMH BOAOPOJA M KUCIOpOJa B MOJie-
KyJI€ BOABI CO3/1AI0T OJIArONPHUSITHBIC BO3MOKHOCTH AJIs1 00pa30BaHMs
0COOBIX CTPYKTYp — acCOLMaTOB MOJIEKYJ BOABI (KJIacTEpoB), CIIO-
COOHBIX BOCIIPUHUMATbh, XPAaHUTh U MEPEAABATh CAMYIO PA3IUYHYIO
UHGOPMALIUIO O BHYTPEHHUX M BHELIHUX BO3ACHCTBUSX.

HenocpeactBenHo#l npuynHOM 0Opa30BaHMs BOASHBIX KIacTe-
POB SIBIISIIOTCSI BOJOPOAHBIC CBSI3M MEXKAY MOJEKylIaMu BOjbl. OHHU
BO3HHUKAIOT MEXIY SIpaMU BOJOPOJA OJHMX MOJIEKYJI M «CTYIe-
HUSIMH» 3JICKTPOHHON IUIOTHOCTH Y SIICP KUCIOPOAa IPYTUX MoJie-
KyJ BoJbl. BomopoaHbie ¢BA3M JIETKO pa3pyLIAlOTCs o[ AeHCTBUEM
TEIJIOBBIX KOJICOaHMH MOJIEKYJ M OBICTPO BOCCTAHABIMBAIOTCS, YTO
JieNlaeT CTPYKTYPY BOJbI UCKIIOUUTENILHO U3MEeHYHBOM. MiMenHo Oina-
roAapsi 3TUM CBS3SIM B OTIEJIBHBIX MUKPOOOBEMAax BOJIbI HETIPEPHIBHO
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BOBHHKaKﬂTCTPYKTyprﬁiSHGMGHTLI——-KHaCTCpLIBOﬂBL:BO3HHKHO—
BCHUC U pacliaJ] KJIaCTEPOB MOKHO BbIPA3UTh CXEMOM:

x-H,0 (H,0),

B pesynbrate B KHIKOM (M JakKe 4aCTHYHO B ra3000pa3HOM,
rze HaOJIIoAIOTCS U IMMEPBI) COCTOSIHUM BOJa MPEICTaBIseT coboi
CJIOKHYIO M TUHAMWYECKH MEHSIOLIYIOCS CeTh U3 BOAHBIX KJIaCTEPOB.
B xuakoM cocTostHUM BOAa — HEYNOPSAJOYEHHAs XKHUAKOCTh; 3TH BO-
JOPOJHBIE CBSI3U — CHOHTAHHBIE, KOPOTKOKHUBYIIUE, OBICTPO PBYTCA
u 00pa3zyroTcst BHOBB (puc. 3). Bc€ 3To MpUBOAUT K HEOAHOPOIHOCTH
B CTPYKTYpE BOJIBI.

Knactep

Moneicynsl,cBsaaHHLIe
TETPAIAPUHECKHMK BOACPOOHEIMA
CBAZAMM

OTaeneHble
MONEKyNbl BO4bI

Puc. 3. Ctpykrypa Bozbl

C cOBpEeMEHHOI TOYKHU 3pEHUsI BOJIA — 3TO IPOMaIHbINH MOJIUMED
MHO)KECTBA MOJIEKYJI BOJbI, CBS3aHHBIX JIPYT C APYTOM BOJOPOAHBIMH
CBSI35IMHU, KOTOPBIE IIOCTOSIHHO PBYTCS M 00pa3yloTcsi BHOBb, UTO M 00b-
SICHSIET MHOTHE aHOMaJIbHBIE CBOMcTBa BOojabl. Ho kiaccmueckuit mo-
JIMMEP — 3TO MOJIEKYJIa, BCE aTOMbI KOTOPOH 00BEIMHEHBI KOBAJICHT-
HBIMH CBSI3SIMH, @ HE BOAOPOJHBIMHU, KOTOPBIE /IO HETAaBHETO BPEMEHH
CUUTAIUCh YHUCTO dMeKTpocTatnueckumu. OaHako B 1999 r. Obu10 9KC-
MEPUMEHTAIFHO TOKa3aHO, YTO BOJOPOAHAS CBSI3b MEKAY MOJICKYJIa-
MU BOJIbI BO JIbJly MMeeT yacTu4HO (Ha 10 %) KOoBaJIeHTHBIN Xapakrep
(Isaacs E. D. et al.,1999). U ato «pa3penraer» 1o menbliei mepe 10 %
MOJIEKYJT BOJIbI OOBEIUHATHCS B IOJMMEPHBIE YCTONUMBBIE ACCOLUATHI.
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[To mkane llenbcus TemmnepaTtypa IUIABICHUS BOJBI MPUHSATA 32
0 °C, a temneparypa kuneans — 3a 100 °C. TemnepaTypa KUneHus
BOJIBI SIBJIICTCSI aHOMAJILHOM U B TO %€ BpeMs HanOoJjiee BaXHOM, T. K.
MMEHHO TIO3TOMY CTaJI0 BO3MOXHBIM CYIIIECTBOBAHHE Ha 3eMJIC BOJIBI
B sxuaKkol (ase. Eciu cpapuute H O ¢ OmmkadmumMu XMMHYECKH-
MH aHaJIOraMHi — BOJOPOJHBIMH COEIAMHEHUAMH Xanbkorenos (H,S,
H,Se, H,Te), To cpa3y OpocaeTcs B I1a3a, 9T0 IPH aTMOC(HEPHOM J1aB-
JICHUM U KOMHATHOM TeMIepaType OHHU MPHUCYTCTBYIOT B Ta3000pas3-
HOM COCTOSIHUU. DTO OOBSICHSETCS HATUYUEM JOCTATOYHO CHILHOU
BOJOPOJHOM CBSA3U Y BOJBL.

Bricokasi TemIoeMKOCTh BOJIbI CIIOCOOCTBOBaa TOMY, 4TO0 Mu-
POBOM OKeaH CTaJl PeryjasTOpoM KJIMMaTa, epepacIpeneisis Terio
1o nmoBepxHocTH 3emuin. Cpeiu CYIIECTBYIOUINX B MPUPOJIEC JKUKO-
cTel BoAa 00/1aaeT HauOOJIBIIEH TEIJI0EMKOCTEIO. DTO €€ KaueCTBO
OKa3bIBaCT CYIICCTBEHHOE BIMsHHE Ha KiuMmar. OCHOBHBIM TEPMO-
PEryJIATOPOM KIIUMaTa SBJISIOTCS BOJBI OKCAHOB U MOpEW: HaKarlIu-
Basl TEIUIO JISTOM, OHU OTHAIOT ero 3uMod. OTCyTCTBHE BOJIOEMOB
Ha MECTHOCTH OOBIYHO TPUBOJUT K OOPA30BAHUIO PE3KO KOHTHHEH-
TAIBLHOrO KJIUMATA.

Beuta ycraHoBieHa mpupojia 3TOW aHOMAIBHOW TEIIOEMKOCTH.
Kak ObL10 TOKa3aHO, CBSI3M BOJOPOJA MEXKIy MOJIEKYJIaMH BOJbI Ha-
XOJSATCS B TIOCTOSIHHOM JIBUYKEHHUH, TIOCTOSIHHO Pa3phIBAlOTCSI U MEHSI-
torcs. [Ipu kakaoM 3HaYeHUH TeMIIEpaTyphbl B BOJIE YCTaHABIUBACTCS
CBOE JMHAMHYECKOE paBHOBecHE B 3TOM mporiecce. [Ipu HarpeBaHun
BOJIbI YacTh TEIUIOTHI 3aTPAuyMBACTCSI HA Pa3pblB BOJOPOIHBIX CBS-
3edl B kiactepax. [Ipy 3TOM Ha pa3pbiB KakIOW CBSI3H PAaCXOIyeTcs
0,26-0,5 5B. DTiM 1 00BICHIETCS aHOMAJIBHO BBICOKAS TEIUIOEMKOCTD
BOJIBI TI0 CPABHEHHIO C PacCIUIaBaMH JIPYTUX BEIIECTB, HE 00Pa3yIOIINX
BOJIOPOJIHBIX CBsi3eit. [Ipy HarpeBaHUM TaKUX PacIUIaBOB SHEPTUs pac-
XOJyeTCs TOJIbKO Ha COOOIIEHHE TEIJIOBBIX JIBUKCHHI UX aTOMaM HJIH
MoJieKyiam. Ha mpaBHIbHOCTh TaKOH TOUKH 3pEHHS YKa3bIBACT U TO 00-
CTOSITENILCTBO, YTO YAETIbHAS TEIIOEMKOCTh BostHOrO mapa mpu 100 °C
MPAaKTUUECKH COBIAJIACT C YCTbHOM TeIUIOEMKOCTRIO Jibja rpu 0 °C.

W3BecTHO, 4TO MOJIEKYJIbI, HAXOISAIINECS Ha TTIOBEPXHOCTH KH/I-
KOCTH, UMEIOT M30BITOK MOTEHIMAILHOW 3HEPTUU U MO3TOMY CTpe-
MSTCSI BTTHYThCSI BHYTPb TaK, YTO IIPU 3TOM Ha TIOBEPXHOCTH OCTACTCS



HE3HAYUTEIbHOE KOJUYECTBO MOJIEKYJI. 3a CUET ATOT0 BAOJb TOBEPX-
HOCTH JKUJKOCTH BCETAa JAECHUCTBYET CHJIa, CTPEMSIascs COKpaTUTh
MOBEPXHOCTh. DTO sIBICHHE B (PU3MKE MOIYYMIO Ha3BaHUE MOBEPX-
HOCTHOT'O HaTsDKEHUs KuAKocTH. Cpenn CyIIecTBYIOIINX B IPUPOAE
YKUJIKOCTEH MOBEPXHOCTHOE HATSHKEHUE BOABI YCTYMAET TOIBKO PTY-
TH. C MOBEpXHOCTHBIM HaTSKEHUEM BOJIbI CBA3aHO €€ CHIIBHOCMaYH-
Baroliee ACUCTBHE (CIIOCOOHOCTh IIPHIIUIMATHY K MOBEPXHOCTH MHO-
TUX TBEPJBIX TEN).

[Ipu 3amep3anum yucras BoJa paclIupsieTcs, MOpckas — Ha
MEHBIIYI0 BenuuuHy. [lockonbKy BoJa MpH 3aMep3aHUU paciliupsi-
€TCsl, YBEJIMUEHNE BHEIIHEro JNaBJICHUs TMOHW)KAET TeMIIEpaTypy ee
3aMep3aHusl; TeMIeparypa IUIaBJICHHUS JIbJa, HA000POT, MOBBIIIACT-
csl ¢ AaBleHueM. B 1abopaTopHBIX YCIOBHAX NpH AaBICHHU Oosee
40 TpIC. aTMOC(hEp MOXKHO MOJYYUTD JIe, KOTOPBIA OyIeT MIaBUTh-
cs pu temneparype 175 °C. TemnoeMKoCTh U TEIUIOTa MJIaBJIEHUsS
JIbJia YMEHBIIAIOTCS ¢ TEMIIEpaTypoH, TEIIONPOBOIHOCTD e MOUTH
HE 3aBHCUT OT Temreparypbl. Korga TonmuHa baa Ha TOBEPXHOCTH
BOJZI0€Ma JIOCTUTAET 15 CM, OH CTAaHOBUTCSI HA/IEKHBIM TEILJIOU30JIATO-
POM MeXly BOJOH M BO3TyXOM.

Mopckas Boga 3amep3aet npu Temnepatype —1,91 °C. [Ipu gans-
HeHIIeM MOHMKEHMH TeMIIepaTypbl M3 pacTBOpa BBINAAAET XJIOPH-
cThIil HaTpuil. Tak Kak yacTh paccosia Ipy KPUCTATU3ALUN YXOAUT
130 JIbJIA, COJIEHOCTh €r0 MEHBIIE COJIEHOCTH MOPCKOM BOJbI. MHOTO-
JIETHUA MOPCKOH JIeJT HACTOJIBKO OMPECHSIETCs, YTO U3 HEr0 MOYKHO
[0JTy4aTh MUTHEBYIO BOJY.

Wnoraa Boga 3amep3aeT M MpH IUIOCOBON TemmepaType. Takoe
sIBIICHHE HAOII0IaeTcsl B TPyOONPOBOIAX U MOYBEHHBIX KaMUIAPaXx.
B tpy6onpoBoaax Bojia MOXKET 3aMep3HYTh pu Temnepatype +20 °C.
OOBsicHsETCS ATO MPUCYTCTBHEM B BoJie MeTaHa. [ [0CKOIbKY MOJeKy-
JIbl METaHa 3aHUMAIOT MIPUMEPHO B 2 pa3a 0onbIIuil 00beM, 4eM Mo-
JIEKYJIbI BOJIbI, OHH «PACTAJIKMBAIOT» MOJIEKYJIbI BOJIbl, YBEINUNBAIOT
paccTosiHUE MEXTy HUMH, UTO IPHUBOANT K MOHWKEHUIO BHYTPEHHETO
JIaBJIEHUS M TIOBBIIIEHUIO TEMIIEpaTyphl 3aMep3aHus. B mouBeHHOMH
BJIare MOJOOHYIO POJIb BBITIOIHSIOT MOJIEKYJIbI Oenka. 3a cyeT BIUs-
HUSl OENKOBBIX MOJIEKYJI TEeMIIepaTypa 3aMep3aHusi BOJbI B IMOYBEH-
HBIX KaWJIJIsIpax MoxeT Bo3pactu 1o +4,4 °C.



Hawubonbiyro miotHOCTh Boga umeeT nipu 4 °C (1 000 xr/m?).
ITnotHOCTH JBAa MipH 0 °C coctaBmiset 916,8 kr/m*, a IIOTHOCTH BOJIBI
— 999,968 kr/m*. Takas yHUKaIbHAS 3aBUCUMOCTH TIOTHOCTH BOBI
OT TEMIIEpaTypPhl MO3BOJISIET COXPAHUTHCS B XOJIOHBIEC IEPUOIBI BCEi
BozHoM 6uocdepe. [Ipu Temneparypax 10 4 °C IIOTHOCTS JibAA CTa-
HOBUTCSI MEHBIIIE IJIOTHOCTU BOABI U Jied BCIuibiBaeT. [loBepxHOCT-
HBII CJIOW BOJBI Jierue TIyOWHHBIX CJIOEB, YTO MPUBOJUT K 00pa3o-
BaHUIO JIbJIa Ha MOBEPXHOCTH BOAbI. [lo00HOE pacnpeneneHue mpu
BO3pacTaHuU TIyOWHBIL: Jie]l — Boja ¢ temreparypoit 0 °C — Bozaa
¢ temnepatypoii 4 °C — sBISETCS TEIUIOBBIM 0apbepoM, 3allUIIar0-
UM TUApocdepy OT MOTHOTO BEIMEP3aHUs U MEPEOXIIAKICHUS.

Pasragka cTpyKTypbl TBEpAOH BOIBI KPOETCS B CTPOCHUH €€ MO-
aeKyIbl. H O MOXHO ynpoLIeHHO NpeICTaBUTh ce0€ B BUIE TETPadapa
(mupamMuabl ¢ TPEYroJbHBIM OCHOBaHHEM). B 1leHTpe HaXOAUTCS KHUC-
JIOPOJ, B ABYX BEPIIMHAX — IO BOAOPOIY, TOUHEE — MPOTOHY, JJICK-
TPOHBI KOTOPBIX 33JICHCTBOBAHBI B 00pPa30BaHHU KOBAJICHTHOW CBSI3H
¢ KHUCIOpoJoM. JIBe ocTaBIIMecs BEPIIMHBI 3aHUMAIOT Maphl BAJICHT-
HBIX 3JICKTPOHOB KUCIIOPOa, KOTOPhIE HE YYaCTBYIOT B 00pa30BaHUH
BHYTPUMOJIEKYJISIPHBIX CBS3EH, OTUET0 UX HA3bIBAIOT HETIOACICHHBIMHU.
IIpu B3aumoIelCTBUM TPOTOHA OJJHOM MOJIEKYJIBI C AP0 HEMOAEIEH-
HBIX JIEKTPOHOB KUCIOPOa IPYroi MOJIEKYJIbI BOSHUKAET BOAOPOIHAS
CBsI3b, MCHEE CHJIbHASL, YEM CBSI3b BHYTPUMOJICKYJISIPHAS, HO JOCTATOY-
HO MOTYIIICCTBEHHAs1, YTOOBI YACPKUBATH PSJIOM COCEIHUE MOJICKYJIbI.
Kaxxias MoJieKysia MOKET OJTHOBPEMEHHO 00pa30BbIBATh YETHIPE BOJIO-
POIHBIEC CBSI3U C IPYTUMH MOJEKYJIaMH MO CTPOro ONpeAeIeHHBIMU
yIaamu, KOTOpbIE HE MO3BOJISIOT MIPU 3aMEP3aHUH CO3aBaTh IIOTHYIO
CTPYKTYpPY. DTOT HEBUIUMBIN KapKac U3 BOAOPOIHBIX CBS3EH pacmoia-
raet MOJICKYJBI B BUJIE€ QKYPHON CETKH C MOJBIMU KaHadaMmu. Takum
o0pa3om, Oyiaroiapsi HAIMYHUIO BOJOPOHBIX CBS3EH KaXKIash MOJICKY-
7a BOJIBI 00pa3yeT BOAOPOIHYIO CBSI3b C 4 COCEIHUMH MOJICKYJIaMHU,
00pa3ys axXypHBIH CeTyaThlii Kapkac B MoJieKyJe Jibaa (puc.4). Crout
JIel HarpeTh, KaK KPYKEBO PYIIUTCS: MOJIEKYJIbI BOJbI HAUMHAIOT MIPO-
BaJIMBAThCsI B IyCTOTHI CETKH, MPUBOS K OOjee IUIOTHOW CTPYKType
JKUKOCTH, — BOT MOYEMY BOJa TsbKeJee Jbaa. B mpolecce raBaeHus
JIbJa YETKas, HO PhIXJIas TeTpadapudecKasl CTPYKTypa 3aMEHsIeTCs Me-
Hee OIPE/ICJICHHOM, HO 00Jiee KOMITAKTHON CEThEO BOJIOPOIHBIX CBS3CH.
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BoAopoAHbIe CBA3M MeXaY CrabunbHble BOAOPOAHbIE CBA3N

NOABWKHBIMU MOMSKYNaMi1 Boabl MEKLY MOneKynamm Boabl,
¢ OpMUPYIOLL e reKcaroHarnbHyH
M KpUCTaNMNY eCKyto PELUETKY Nbaa
\\ 1

Monekynel H:O

od )

3HaYuTeNbHbIE

Mexy Mmonekynami Hona csoﬁop,Horo
BOAp! NpocTpaHcTBa

Puc. 4. CpaBHeHHE CTPYKTYPBI XKUAKOH BOABI U JIbJA

Boma, BcnescTBre CBOETO CTPOCHHS, UMEET BBICOKOE 3HAUCHHE
TUDIIEKTpUYECKO TpoHuIIaeMocTd. C 3TUM CBs3aHa CHOCOOHOCTH
BOJIBI PacCTBOPSITh OYEHh MHOTHE BEIIECTBA HOHHOTO CTPOCHHS JINOO
VMMEIOIIHE CHITEHOTIONSAPHBIE CBSI3U. DTO TTO3BOJISIET B JIF000M TPHUPOI-
HOH crucTeMe (GOpPMHUPOBATh BOJHBIA PACTBOP AJIEKTPOIUTA, B KOTO-
POM BO3MOJKHO TIPOTEKaHHE Psi/ia TIPOIIECCOB, HE PEaln3yeMBbIX B 0e3-
BOJHOM cpezne.

2. OCHOBHDBIE ITOHATHUA
U TEPMUHBbI T'HIPOXUMHUH

Boanbie 00beKThI, BO0eM, BOAOTOK. K BOJHBIM 00BEKTaM OT-
HOCATCS PEKH, 03€pa, BOJOXPaHWININA, MPYIbI, KaHAJbI, JIEIHUKH,
MOpsi, OK€aHbl, TPYHTOBBIE H MTOJ[3¢MHBIE BOJBI. Bogoem — Geccrou-
HBII WK C 3aMEJIICHHBIM CTOKOM BOJIHBIH O0BEKT (MOpE, 03ep0, BO-
JOXpaHWJIHIIC U T. 11.). BOJOTOK XapakTepu3yeTcs akTHBHBIM JBHIKE-
HHUCM BOJIbI B HAIIPABJICHUU €CTCCTBEHHOI'O YKJIOHA 3eMHOM IMOBEPX-
HOCTH (peka, KaHal).
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I'mapoxumuyeckuii pexxuM. ['MIPOXUMHUECKUN PEXUM — 3TO
3aKOHOMEpPHOE U3MEHEHHE XUMHYECKOTO COCTaBa BOJbI BOTHOTO 00b-
€KTa BO BpEMEHH, 00YCIOBICHHOE (PU3UKO-TeorpapuIecKUMHU YCIOBH-
ssMU OacceiiHa M aHTPOIOTeHHBIM Bo3jeicTBHeM. [ MapoxuMmyeckuit
PEeXUM NPOSBISIETCS B BUIE MHOTOJIETHUX CE€30HHBIX U CYTOUHBIX KO-
ne0aHuil KOHIIEHTPALUH KOMIIOHEHTOB XMMHUYECKOT'0 COCTaBa M MOKa-
3aHUN (PU3MYECKUX CBOMCTB BOABI, UI3MEHEHHUH B MpoLieccax 3arpssHe-
HUSI ¥ CAMOOYHIIEHHSI OOBEKTOB, YPOBHS 3arpsI3HEHHOCTH BOJIBL.

I'maposiornyeckuii pexxum. ['UApONOrMYEeCKUl PEXKUM BKIIIO-
YaeT MHOTOJIETHHE, CE30HHBIE M CYTOYHbIC KOJeOaHHs YPOBHS BOJIBI
(pexuM ypOBHS), PacxofoB BOIBI (PEKHM CTOKa), JICAOBBIX SIBIIE-
HUH (JIeOBBI peXHuM), TeMIepaTypbl BOIbl (TeMIIEpaTypHBIA pe-
KUM), KOJMYECTBA M COCTaBa IEPEHOCUMOI0 IOTOKOM TBEPJOrO
MaTepuaia (peXKUM HaHOCOB), U3MEHEHHH pyclla peKu (PexHM pyc-
JIOBOTO Tporecca). ['MaponoruuecKuii pesxumM 00yCIIOBIIEH (PH3HKO-
reorpaduyeckuMu, B IEPBYIO o4Yepeib KIMMATHUECKUMHU yCIOBUSIMH
Oacceifna. ['onuuHbId MHTEpPBAJ, BKIIOYAIOMINN MEPUOJBI MOTOJIHE-
HUS U PACXOJOBAHUS BOJBI, HA3bIBAETCS T'MIPOJOTMYECKUM TIOJOM.
B Hero BXomAT BECEHHUN, JIETHE-OCEHHUN W 3UMHHN T'MIPOJIOTHYeE-
CKHE CE30HBI. [ MIPOIOrnYecKUuil PeKUM HEPEAKO CYLIECTBEHHO U3-
MEHSETCs M0J BIUSHUEM JEATENBHOCTU YenoBeka. [loatomy pasnu-
YalOT €CTECTBEHHBIN U 3aperyJIMPOBAHHBINA PEKUMBI.

MuHepanu3anusi IPUPOJHBIX BOJ — 3TO CYMMAapHOE COJIEP-
JKQHUE BCEX HAWJEHHBIX NPU XUMUYECKOM aHAIU3€ BOJbl MUHE-
panbHBIX BemiecTB. Boipaxaercss B mr/am® (mo 1000 mr/am®) u %o
(6onee 1 000 mr/kr).

/KecTkocTh BOABI TPEACTABISET COOON CBOMCTBO MPHPOTHOH
BOJIbI, 3aBHCSIIIEE OT HAIMYHUS B HEH, IIaBHBIM 00pa3oM, pacTBOpPEH-
HBIX coJiell Kanblus U Maraus. CyMMapHoe coJiepsKaHue 3THX cojlel
Ha3bIBAIOT 001Iel KecTKOCThI0. O0IIast )KECTKOCTD MMOIPa3IeIIsieTCs
Ha KapOoOHATHYI0, 0OyCIOBJICHHYIO KOHIIEHTpaluel Tuapokapoo-
HaToB (1 kapOonatoB mpu pH 8,3) kanbpuust U Maraus, 1 HeKapoo-
HATHYI0 — KOHIICHTPALUIO B BOJE KAJIBLMEBBIX U MArHUEBBIX COJIEH
CHIIBHBIX KHCIHOT. [I0CKONBKY MpH KUISIYEHWH BOABI THAPOKapOo-
HaTBl TIEPEXOJAT B KapOOHATHI, KOTOPBIE BHINAJAIOT B OCAJOK, Kap-
OOHATHYIO JKECTKOCTb Ha3bIBAlOT BPEeMEHHOIi, MM YCTPAHMMOI.
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Ocraromiascs mocje KUIITUeHUs )KECTKOCTh Ha3bIBaCTCsl IIOCTOSHHOMA.
PesynbTarhl onpeneseHus )KeCTKOCTH O0BIYHO BBIPAYKAIOT B MT-OKB/JI.
B ecrecTBeHHBIX YCIOBUSX HOHBI KalbIUsl, MAaTHUS U JAPYTUX
IIEJIOYHO3EMENIbHBIX METAJUIOB, 00YCIOBIUBAIOIINX )KECTKOCTb, I10-
CTYMAaIOT B BOJIY B pe3yJIbTaTe B3aUMOJICHCTBUS PACTBOPEHHOTO TUOK-
cujia yriepoja ¢ KapOOHATHBIMH MHUHEpAJaMH U JAPYTUX MPOIECCOB
PACTBOPCHHS U XUMUYECKOT'O BEIBETPUBAHUS TOPHBIX MTOPOJI.

JKecTrocTb BOJIBI KOJICOJIETCS B IIMPOKHX ITpenenax. Boxac xecrt-
KOCTBIO MEHEE 4 MIr-3KB/J CUMTAETCS MSATKOH, OT 4 10 8 Mr-3KB/I
— CpeIHEeH KEeCTKOCTH, OT 8 70 12 Mr-aKB/1 — KECTKOW M BBIIIEC
12 Mr-skB/1 — O4YeHbL KeCTKOH. OOmas >KECTKOCTh KOJaeOmeTcs
OT eIMHMIL JI0 JIECATKOB, WHOT/IA COTEH MI-9KB/IM®, mpudyeM KapoOo-
HAaTHas )KECTKOCTh cocTaBisieT 10 70—80 % oT o0Iiel KECTKOCTH.

BenuunHa 0o01ieit :KeCTKOCTH B MUTHLEBOM BOJIC HE JIOJDKHA TIpe-
Boimath 10,0 mr-oks/in. OcoOble TpeOOBaHUS NPEABSIBISIOTCS K TEX-
HUYECKOH BoJie (M3-32 00pa30BaHMS HAKHUIIN ).

JKecTkoCTh BOJBI BBIpAXKAETCS B MMOJb-IKB/I, MI-3KB/1. ECTb
W Ipyrue enuHuIbl (HeMeukui rpagyc, H®: anrnuiickuii rpanyc, Obl-
BAaIOT U JIpYTHE).

B ruipoxuMuueckoil mpakTHKe 9acTo UCTIOIB3YIOT KIIaCCU(UKa-
uuto Box o O. A. Anexkuny, I/ie BeIUYUHA KECTKOCTU MPUPOIHBIX
BOJI BBIPAXKACTCS B MT-9KB/JI:

1o 1,5 Mr-9KB/J1 — O4Y€Hb MATKasL,
1,5-3,0 Mr-3KB/71 — MSITKas,

3,0—6,0 Mr-oKkB/I1 — yMEpEeHHO KecTKasl,
6,0—9,0 Mr-sKB/J1 — KeCTKasl,

oosee 9,0 Mr-3KB/IT — OYCHB JKECTKASI.

Ecth npyrue knaccuduraiuy mpupOIHBIX BOJI 110 )KECTKOCTH.

IlesI04HOCTh BOABI — 3TO CBOKMCTBO OOYCJIOBJICHO HAINYHEM
B HEl coJieid, 00pa30BaHHBIX KATHOHAMH CHIILHBIX OCHOBAHUI (TJIABHBIC
katuonbl: Na', K*, Ca**, Mg*) u aHHOHaMH CTa0bIX KHCJIOT, TJIABHBIM
00pa3oM yroipHOHU (KapOOHATHI, THIPOKAPOOHATHI, CUITUKATHI, OOPATHI,
¢ocdater). 1O 00LIAs IETOYHOCTD, O0YCIOBICHHAS THAPOIN30M Ha-
3BaHHBIX coselt (ALK o6mr). Ee onpeaenstoT KommuecTBOM BelecTBa —
9KBHUBAJICHTA CHJIBHOM KHMCIIOTHI, HEOOXOAMMOTO ISl THTpoBaHust | v’
BojIbI 10 pH = 4,0, u3MepsieTcsi B MMOJTb-3KB/IM>, MT-9KB HCO3'/ 100 1.
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KucaorHocrs npupoasbix Boj. [loHsATHE, CBS3aHHOE C HalU-
YleM B HUX CBOOOJHBIX KHUCIOT WU COOTBETCTBEHHO HMU3KMMH 3Hade-
HussmMu pH BoOJbI (OpraHHUYECKUE KUCIIOTHI, TJIABHBIM 00pPa30M TyMH-
HOBBIE, yTOJIbHAS, @ WHOT/IA M COJSHASsI KUCJIOTa B KHUCIBIX PYIHBIX
M IIAXTHBIX BOJAX BYJKAHUYECKOI'O MPOMCXOXKAeHHUs). [IpupoiHbie
BOJIbI, 00J1a/IaI0IIHE CBOMCTBOM KMCIOTHOCTH, Ha3bIBAIOTCS KUCIIBIMH
(pH 5,0). Ob11yro KHCIOTHOCTE ONPEACIISIIOT KOJTUMISCTBOM BEIIECTBA
— 9KBHBAJICHTa CHJILHOTO OCHOBAHUS, HEOOXOJUMOTO AJISl THTPOBA-
uust 1 ov® Bogpl 1o pH=8,3, n3Mepsiercst B MMOJIB/ iM>.

Kene3ucrocth omnpeneisercs copepkaHneM KaTHOHOB JKele3a
(8 mr) B 1 am® npupoaHoii Boabl. DOpMbI IPUCYTCTBHSI pa3HOOOpa3-
Hel: noasemubie Boasl — Fe(HCO,),, mosepxnoctabie — Fe(OH),
(pH=8,0, a npu pH< 8,0 — B BUzE coJicli, B OOJOTHBIX BOJIaX B BUJIC
KOMIUIEKCOB C COJISIMA TYMHUHOBBIX KHCIIOT).

ArpeccMBHOCTb — O3TO CIOCOOHOCTH BOJBI M PACTBOPEHHBIX
B HEH BEIIECTB pa3pyliaTh XUMUYECKHM ITyTeM pPa3IndHbIe MaTepHa-
nbl (0ETOH, U3BECTKOBBIC KIIAJIKHU, METAUIBI U Jp.). Pasnuuaror BbI-
[IeIAYMBAOIIYI0, MarHE3UAJbHYI0, OOMICKUCIOTHYIO, Cylb(aTHYO,
YTIEKHUCIOTHYIO arpeCCHBHOCTH MPUPOAHBIX BoJ. [IpenBapurensHas
OLIEHKA arpecCMBHOCTH BOJbI MMeET OOJbIIOE MPAKTUYECKOEe 3Ha-
YeHHE MPHU TOJIOTOBKE MPOEKTOB TUAPOTEXHUYECKUX COOPYKEHHM
(sBysIeTCS 00S3aTENBHOM).

T'omoTepMust — 3TO sIBJIIGHUE TTOCTOSIHCTBA TEMITEPATYPhI BOJIBI
10 TITyOMHE BOJ0€Ma, KOTOPOE HAOIIIOIaeTCs OCEHBIO, TTOCIIE TTPSIMOM
cTpaTUUKAIUH (OCCHHSISI TOMOTEPMUSI); BECHOM, TIOCIIE Pa3pyIICHUs
o0OpaTHO# cTpaTUdUKANK (BECEHHSSI TOMOTEPMUS) U B TCUCHHUE BCe-
IO JIETa Ha MEJIKOBOJIHBIX, OTKPBITHIX JICHCTBHIO BETPA BOAOEMAX.

Meramopdu3zanuss XHMHUYECKOI0 COCTaBa BOJ0OeMa — 3TO
MpoIIecC HANPABICHHOTO U3MEHEHHUSI XUMUYECKOTO COCTaBa MOJI BO3-
neiicTBUeM (U3UKO-Teorpaduueckux yciaoBuil. ConpoBokaaeTcs mne-
pEX0IOM CoCTaBa BOIBI B Ipyroi kimacc. Hampumep, ot ruapokap6o-
HATHOTO K CyJb(aTHOMY, a 3aTeM — K XJIOpHIHOMY. Takoe Hampas-
JIeHNe MeTaMop(HU3alii XUMHUIECKOTO COCTaBa HA3bIBACTCS IPSIMBIM
i HopManbHbIM (1-ro poma). HaGmomaeTcst mpu cyxoMm Kiumare
Y B HANpaBJICHUU CBEPXY BHU3 (IIOJ3eMHBIC BOJBI). OOpaTHBIN TpO-
mecc (TaKke pacIpOCTpaHEHHBIN) HA3BIBACGTCS OOpAmIeHHBIM (2-TO
POJla) U CBSI3aH C YBIAXKHCHUEM KJIMMATa.
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3. P OPMUPOBAHHUE
XUMHNYECKOI'O COCTABA ITIPUPOJHBIX BOJL

q)OpMI/IpOBaHI/Ie XUMHYCCKOI'0 COCTaBa MpUpPOAHBIX BOJ] — BECh-
Ma CIIOXKHBIH npotiecc. OH ompenenseTcs:

- npsimbimu HAKTOPaMU: HEMOCPEACTBEHHO BO3ACHCTBYIOT Ha BO-
JIHBIA OOBEKT TOPHBIC MOPOJIbI, TOYBA, KUBBIC OPraHU3MBI, XO3sii-
CTBCHHAasA ACATCIIbBHOCTD YCIIOBCKA,

- KocgeHHbiMu (HAKTOPAMHU: ONPEACISIIOT YCIOBHUSl, B KOTOPBIX
JEUCTBYIOT TpsMbIe (KIUMaT, penbed, THIPOJIOTHUYECKUN PEeXUM,
PacTUTENBHOCTD, THAPOT€OJIOTHUECKUE YCTIOBUS | T. 11.).

[Mon ¢usuko-reorpadguyeckuMu ycIoBUIMHU (HOPMHUPOBAHUS CO-
CTaBa IMPUPOAHBIX BOJ CIICAYCT IOHUMATDL!:

Penvegh. OT HEro 3aBUCHUT:

a) pa3Mep MOBEPXHOCTHOTO CTOKA,

0) ApeHUPOBAHKE TOJI3EMHBIX BO/I,

B) IiepepacipeiefieHne BBIMABIINX Ha 3€MHYIO TOBEPXHOCTH
0CaJIKOB,

T') COJIEBOM PEKUM TIOYB,

1) 3200JI0Y€HHOCTh MECTHOCTH.

Kaumam. On omnpenensieT METEOPOIIOTUYECKUE YCIOBUS, OT KO-
TOPBIX 3aBUCUT BOI[HBIﬁ PEXKUM MMOBEPXHOCTHBIX M IMOJA3EMHBIX BOI.
K OCHOBHBIM METEOPOIOTMYECKAM YCIIOBUSIM OTHOCSTCSI arMocdep-
HBIE OCaJIKH, TeMIlIepaTypa, ucrnapeHue. ATMocqepHbIe 0CaIKH (JOXK/Ib,
MOPOCH, CHET, TPAJl U T. JI.) HAUMEHEE MUHEPATN30BaHbI, SBIISIOTCS O/T-
HUM U3 TJIaBHBIX (aKTOPOB (POPMUPOBAHUSI XUMUUECKOTO COCTaBA 110~
BEPXHOCTHBIX M YaCTH IOJI3eMHBIX BOJI. VcnapeHne — MoIHbIH (ak-
TOp (POPMUPOBAHUS XUMHUYECKOIO COCTaBa MOBEPXHOCTHBIX U IPYH-
TOBBIX BOZA. OCOOEHHO CHJIBHO OH TPOSIBIISIETCS B 30HAX ITyCTHIHb,
MOJIYIIyCThIHb M CyXuX cTenei. Temmeparypa BojloeMa ONpeneseTcs
LEJIBIM PSIZIOM OJTHOBPEMEHHO MPOTEKAIOIIMX MPOIECCOB: CONHEYHAs
panuanus, ucrapeHue, TypOyJIeHTHbI 00MeH ¢ arMocdepol, TypOy-
JIEHTHOE TepEeMEIMBaHNe BOJHBIX Macc U T. 1. C TeMmepaTypoii cBsiza-
HO IMPOTCKAaHUC MHOT'UX q)HSI/I‘{eCKI/IX, XUMHUYCCKHX U 6I/IOHOI‘I/I‘ICCKI/IX
MIPOIIECCOB, YTO ONpENENSeT B 3HAYUTEIBHOW Mepe (OpMHUpOBaHHE
XMMHYECKOTO COCTaBa BOJIbI.
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Ilpoyeccwr svisempusanusi. Paznmudaror Gusndeckoe (MexaHuve-
CKOE), XMMUYECKOe M OMOJIOTHYecKoe BhIBeTpHBaHHe. Dusmyeckoe
BBIBETPHBAHHUE MPOMCXOMUT I0JI BIMSHHEM KoleOaHWil Temrepary-
PpbI, HEPaBHOMEPHOT'O MPOTPeBa MOPOJI, YTO MPUBOJMUT K UX MEXaHH-
YeCKOMY pa3apo0ieHnI0. XMMUUECKOe BBIBETPUBAHUE COBEPIIACTCS
NPY BO3JICHCTBUY XMMHUYECKHX BEUISCTB OKpYIKarolIel cpesl (yrie-
KHUCIIBIH Ta3, yrojibHasi KUCIIOTa, OKCUJIBI CepBl, a30Ta K COOTBETCTBY-
IOIINE UM KUCIIOTHI, BOJIa KaK PaCTBOPHUTEIb, KUCIOPOI, COIH, OCHO-
BaHMs1). bruonornueckoe BBHIBETPUBAHUE MPOMCXOIUT MO BIUSHHEM
KHMBBIX OPTaHU3MOB (KUBOTHBIC M PACTEHHMs) U MPOJYKTOB UX KU3-
HEJIeSITeIbHOCTH.

Tousennwiii noxkpos. I1o4Bbl 000TaIAIOT BOAY MOHAMH, Ta3aMH,
OPraHMYECKHMH BEIIECTBAMH, B YACTHOCTH TYMHUHOBBIMU U (DyJIbBO-
KHCJIOTaMH, 00pa3yIOIMMHKCS B TOYBAX MPHU PAa3JI0KEHHN PaCTUTEIb-
HBIX ¥ )KHBOTHBIX OCTATKOB.

Hapsiny ¢ ¢usuko-reorpaduyeckiMu yCIOBUSIMH, HAa XHUMHYE-
CKHIi COCTaB MPUPOIHBIX BOJ BIIUSIOT:

- 2opuvle nopoovl. B BOZOHOCHBIX TOPH30HTAX, 3AKITIOYEHHBIX
B OCAJI0YHBIX TOJIIAX, IPOMCXOAUT 00OTAIICHUE BOJI HOHAMH 32 CUET
BBILICTAYMBAHUS PACTBOPUMBIX MHHEPAJOB, HAXOISLIMXCS B IO-
ponax. OCHOBHBIMH MUHEpaJaMH, ONPEICISIFONIMMH COCTaB TPH-
poanbix Bof, apysirores ranut (NaCl), runc (CaSO,*2H,0), xanpuur
(CaCO,), momomur (CaMg(CO,),). Ectb pacTBOpHMBIE MUHEpPAIBI,
MMEIOIINE Y3KOE JIOKAIIBHOE paclpocTpaHeHHe, HalpuMep MUpadu-
aut. [lyTn BeIlIeNaYnBaHus M PAaCTBOPECHUs pa3nuyuHbl. Hampumep:
CaCO, + H,0 + CO, = Ca(HCO3),;

- cmewieHue 600. ITO SBICHWE UMEET MECTO B PeKax M 03epax
MOJ] BJIMSTHUEM UX TIPUTOKOB, 00JIa/IA0IINX Pa3INUYHBIM XUMHYECKUM
coctaBoM. OCOOCHHO CHIIBHOE BIIMSHHE OKa3bIBACT MEPEMEIINBAHIEC
MO/I3EMHBIX BOJI;

- buonoeuneckue gpaxmopel. O0yCIOBINBAIOT OMOTEHHYIO MeTa-
MOp(dHU3aIHMIO TPUPOAHBIX BOJ. PacTHUTEILHOCTh OKa3bIBACT BIUSIHUC
Ha HaKOIUICHUE OPTaHWYECKOTO BEIIECTBA B BOJOEMAX, XapaKkTep Mo-
YBEHHBIX peakuuil u T. A. Hanpumep, XBoiHbIE Jleca ClIOCOOCTBYIOT
YCUIICHHIO KUCJIOTHOCTH, JIMCTBEHHBIC Jieca M TPaBsIHASI PaCTUTEIb-
HOCTb — OCHOBHOCTH T04B. HEeKOTOpBIE pacTHTEIbHbIE OPraHU3MBbI
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o0oramarT BoJAbl MUKPOKOMIIOHEHTaMH (Kele30, MapraHel, Mejab
u 1p.). Baxkna ponb MHUKpoopraHusmoB (Aecyibdaruzupyromue,
cyadarpenyuupyoomme OakTepurd, aMMOHU(UKATOPBI, ACHUTPH-
(uKaTOpbl, HUTPUPHUKATOPHl U MHOTHUE JIpyTue). MUKpOOpPraHU3MBbI
MIPUHUMAIOT aKTHBHOE y4acTHe B MPOLECCaX eCTECTBEHHON OYMCTKU
3arpsI3HEHHBIX TPUPOIHBIX BOJI.

4. COCTAB INTPUPOAHBIX BO/,

[IpuponHeie BOIABI TPEACTABISAIOT COOOM CIIOXKHBIE CHCTEMBI,
coJieprKalllieé pacTBOPEHHBIE BEIIECTBA B BHAE MOHOB W MOJIEKYIL,
MUHEpaJbHbIE W OpPraHNYeCKHe COeAWHEHHUS B (opMe KOJIIOWIOB,
cycrnieH3ui u amynbcuil. [Ipexae Bcero pasinyaroT COJEHYI0 BOIY
Oxeana u npecHyto Bony cymu. Okean 3anumaet 71 % moBepxHOCTH
3emim, ero cpeaHss riayomHa 4 kM, macca Boasl 1,5%10" 1. 3amacer
BOJIBI B THapocdepe cocrapstor mouru 1,5%10° km?, mpu sTOM 3ara-
CBI COJIGHOM BOJIBI KOJIOCCANIBHBI, a IPECHON BOJBI OYEHb MAJIbl M CO-
CTaBJIAIOT JIUIIH 0KOJIO 3 % oOmiero oovema Boa. Kpome Toro, 3Ha4m-
TeNbHAs 9aCTh PECHON BOJBI c71a00 JOCTYITHA — 3TO BOJIBI JIETHUKOB
Y OCHOBHOM YacCTH TIOA3eMHBIX BOJ. B HacTosmee BpeMs: 00beM MpH-
TOJHBIX ISl UCTIONB30BAHMS TMPECHBIX BOA cocTaBiseT okono 0,3 %
obmero 3amaca rugpocdeps! (mpumepro 4*10° kv?).

XWUMHUYECKHe KOMITOHEHTHI MPHUPOIHBIX BOJ YCIOBHO JIENAT HA
math Tpynn (O. A. AJEKWH): TJIaBHBIE WOHBI, PACTBOPEHHBIC Ta3bl;
OMOTEeHHBIE BEIECTBA; MUKPOIJIEMEHTHI; OpraHMYECKHE BEIIECTRA.

I'nasHvle uoHbl — 3TO MOHBI, COAEPIKAITUECS B MIPUPOIHBIX BO-
Jax B HAMOONBINNX KOHIEHTpanusx: katuousl: Na®, K¥, Ca?", Mg>;
annonsl: Cl -, S0,>, HCO,, CO,*.

B okxeanuueckoil Boae momosiHUTENbHO: Br, F- u HekoTopsie
IpyTHE.

K riaBHBIM MOHaAM OTHOCSTCS Te€, CO/Ep)KaHNWE KOTOPBIX PaBHO
i 6osiee 25 % OT KOJIMUYECTBA BEIIECTBA dKBUBaNeHTa B 1 1M mc-
CJIelyeMOU BOJIbI.

B npupoHbIX BOAaX MOCTOSHHO MPUCYTCTBYIOT HoHBI Ca?" 1 Mg?*,
KOTOpBIE OOYCIIOBIMBAIOT OOIIYIO KECTKOCTH BOABI. OCHOBHOM WC-
TOYHHK WX TIOCTYIIIEHHUS B BOJY — PAaCTBOPEHHE MTOPOJ, COACPIKaIINX
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W3BECTHSIKH, JIOJIOMHT, THIIC, CIOXHbIC amroMocuukatbl. Monbr Ca**
XapaKTepHBI I MaJo- U CpeHEMHUHEPATN30BaHHbIX BO. IIpu moBbI-
IICHUH COJIECOICP)KaHuUst 10 | T/ KOHLEHTpaims noHoB Mg?* yBenu-
ynuBaeTcs. B MUHepann30BaHHBIX BOAAX OHU CTAHOBSTCS Npeodianato-
LIMMH, YTO CBSI3aHO C Jy4Iled pacCTBOPUMOCTBIO B BOJIE COJIEH MarHusl.

Nounsl Na* n K" BeTpeuaroTcst Ho4YTH BO BCeX MPUPOAHBIX BOAAX.
Conu HaTpus, NPUCYTCTBYIOLIME B BOISIHOM Iape, 00yCIOBIMBAIOT
MEHHUCTHIN mepedpoc coneid. [locnennee nenaer HeKeNATEIBHBIM UX
MIPUCYTCTBHE B BOJIE, UAYILIEH Ul MUTaHUA NapOBBIX KOTJIOB CpEHE-
IO ¥ BBICOKOTO JIaBJICHUS.

“Keneso Bcerjga npucyTCTBYET B IPUPOJIHBIX BOJAX, T. K. OHO TO-
BCEMECTHO PACCEesiHO B FOpPHBIX MOpoAax. B cremenm oxucnenus 2+
JKeJe30 HaXOAMUTCSI JIMIIb B KHCIbIX Bogax (pH < 5,5) B ycnoBusix mo-
BBIIIEHHBIX KOHIIEHTPALMI pacCTBOPEHHOTO yIJIEKHUCIIoro raza. B noa-
3eMHBIX BOJIaX ITPH 3TUX YCIOBUAX U B OTCYTCTBHE KHCIOPOa KOHIIEH-
Tpanus runpokapoonara xenesa (I1) MoxkeT mocTHrath HECKONBKUX
JIECSITKOB U COTEH MI/IM® — 3TO IIAaXTHBIC, pyaHbIe Boabl. [lepexon
Fe? <> Fe*" mmpoko pacnpocTpaHeH B MPUPOJE U UMEET OrPOMHOE
3HaueHue. [Ipomecc ocymiecTBiseTCs NPH YYaCTHH JKeNe300aKTepri,
IIPYU BBIXO/IE€ MOJ3EMHBIX MPHUPOIHBIX BOJ HA MOBEPXHOCTh U JOCTa-
TOYHOH a3pauuu. B mocnenHem ciaydyae mpoTeKaroT MPOIECCH:

Fe(HCO,), =Fe(OH), | + CO,1+H,0
Fe(OH), + 0, +2H,0 = 4F¢(OH), -

IIpu pH = 8 ocHOBHOI (QopMOii SIBISIETCS TUAPOKCUA Kele3a
(L), pactBopuMBIii B Bojae Mano. [Ipu yMeHbIIEHUH KHCIOTHOCTH
Cpeabl MPOUCXOUT U3MEHEHHE COOTHOUICHUSI MEXIy (OpMaMu Ke-
nie3a B IPUPOAHOH BOJIC M CHIIBHO TMOBBIIIACTCS A0JISI CBOOOHBIX HO-
HOB Fe3+.

ConepxaHre coeIMHEHHUH Kele3a B MOBEPXHOCTHBIX BOJAX, Ha-
HPUMEP PEK, COCTABIISICT ISCATHIC IOJIU MI/M?, BOJHM3U 00JIOT — €111~
uutel Mr/ame. TloeiieHHoe comepikanne (> 1 mr/aM?®) yxymammaer ka-
YECTBO BOJIbI U BO3MOKHOCTh UCTIONIB30BAHUS €€ JUISl IUTHEBBIX U TEX-
nuueckux neneit. IIIK 8 Fe*'= 0,5 mr/av?, TIIKB Fe3* = 0,05 mr/ am>.

I'unpokapOoHaT-nOH YacTo npeobiagaeT B MpecHbIX Bogax. Ha-
JIUYHE ero B MPUPOAHBIX BOJIAX CBSA3aHO C pacTBOpPEHHEM KapOOoHaT-
HBIX IOPOJ] IO I CTBUEM THOKCUA yriepoaa. Mon HCOS'YCTOP'IHI/IB
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B IPUPOJHBIX BOAAX B MHTepBaje 3HaueHuil pH 4,2—12. Bmecre ¢ no-
Hamu Ca’*u Mg?* oH 00ycCIIOBIHMBaeT KapOOHATHYIO )KECTKOCTh BOIBI.
Jnst OonmbIIMHCTBA MPHUPOIHBIX BOJ COACpKaHHE THAPOKapOOHAT-
MOHA XapaKTepU3yeT UX OOLIYI0 MIETOYHOCTb.

[lepBUYHBIMU HCTOYHUKAMHU XJIOPHIOB B MPUPOJHBIX BOJAX SIB-
JISIIOTCSA MarMaTU4ecKue MOpoJbl, B COCTaB KOTOPBIX BXOMAAT XJIOP-
coJiep)Kalliie MUHepasibl, HAlpUMEp XJIOpPaMaTHT, COJCHOCHBIE OT-
noxxenusi, B ocHoBHoM raimj (NaCl), cunoun (KCl), xopHammut
(MgCl1*KCI*6H,0) u ap. 3HauuTeIbHBIC KOIHIECTBA XJIOPHJIOB I10-
CTYHAaloT B IPUPOAHBIEC BOJBI B PE3YJIbTAaTe IPOMBIBAHUS MOYB (TaJi ]l
— OJVH U3 TJaBHBIX MHHEPAJIOB B COJIOHYAKAX), & TaKXKe TMOYB, 3a-
COJICHHBIX aTMoc(epHBIMU ocaakaMu. OnpeaeneHHbIi BKIIaJ BHOCAT
CTOYHBIE BOJIBI.

XJI0pUA-UOHBI OTHOCSTCS K TJIABHBIM MOHAM XHMHYECKOTO CO-
cTaBa mOpUpoAHOW Boxbl. KoHLEHTpaumusi XJIOpHIOB Kosebiercs
OT JIOJIeH MT JI0 IECSITKOB, COTEH, @ HHOTA U THICSY MT B 1 M* BOJIBI
(0o0b1uHO 10 40 Mr/am?). Pek, OTHOCSIIMXCS K XJOPHIHOMY KJaccy,
HEMHOTO (TIpuMepHO 7 % MIIoNIa 1 BCeX PeYHbIX 0aCCEHHOB CTPaHbI).
[loBpIIeHHOE COEPKAHUE ITHX HOHOB J€aeT BOJAbI MAJIOMPHUTOA-
HBIMH AJI1 TUThEBOro BojocHaOkeHust M unHbIX neiei. [1K B Cl
cocraiset 300 mr/am®. CoxepkaHue XJIOPHI-HOHOB MOJBEPIKEHO
3HAYUTEJILHBIM CE30HHBIM KOJIEOAHUSIM H COOTBETCTBYET M3MEHEHUSIM
MHUHEpaJIU3aLIH BOJbI.

Cynbdar-uoHBI SBISIIOTCS, KaK U XJIOPHI-UOHBI, [NIABHBIMHU aHU-
OHaMH U TPHCYTCTBYIOT MPAKTHUECKH BO BCEX MPUPOAHBIX BOJAAX.
HcTouHnKM MOCTYMJIeHWs: MHOTOOOpa3Hbl. JTO MPOIECChl XUMHYE-
CKOTO BBIBETPUBAHMS U PACTBOPEHHMSI CEPOCOJECPIKALINX MUHEPAIIOB,
B 0CHOBHOM rurnca u anruapura (CaSO,*2H20 u CaSO,), oxucnenue
CyNb(UIOB U CepBL.

Conepxanue cynb(daT-noHa 3a CYET ITUX MPOLECCOB MOXKET J0-
cTUrHyTh 3—4 T/Kr. Bozbl ¢ BBICOKMM COZEp)KaHHEM Cylb(ar-HoHa
MOTYT (DOPMHUPOBATHCS MPU PACTBOPCHHUU 3alIeKE W BKIIOYCHHH
mupabunura (Na,SO,*10H,0), sncomura (MgSO,*7H,0) u mp.

3HaunTENbHBIE KOIMYECTBA CYNIb(ATOB MOCTYNAIOT B IPUPOIHBIC
BOJIBI 32 CUET OKHCIICHHS BEIECTB PACTUTEILHOTO M KUBOTHOTO MPO-
ucxoxaenus. OnpeaeneHHbli BKIa] BHOCAT U CTOYHBIE BOJIBI.

19



[Iponeccyl BoccTaHOBICHUSI Cynb(paTtoB (cynbhaTpeayKIus)
HUMEIOT 0OJIbILIOe 3HAUYCHHE B TEOXUMHUYECKOM OanaHCce COCTUHEHHM
CEpBbI B IPUPOJIE.

Honnas ¢opma cyibpdaToB XapakTepHa Ui MaJOMUHEPaTU30-
BaHHBIX BoA. CozmepkaHue cylb(aToB OrPaHUUNBACTCS CPABHUTEIb-
HO MaJoi pacTBOPUMOCTBIO Cyjb(ara KambLus. B pedyHbIx Bojmax
U B BOJE MPECHBIX 03€p KOHIEHTpALUs Cylb(aT-HOHOB KOJIeOsIeTcs
oT 5 10 60 Mr/om?®, B MOA3EMHBIX BOJaX — JI0 HECKOJBKHX JICCATKOB
npomuiuie. CynbhaT-noHBI IPeo0IaAaloT B IPUPOAHBIX BOAAX MOBHI-
LIEHHOW MuHepanu3anuu (J0 5 %o), OTHOCSIIMXCS K CyJb(aTHOMY
knaccy. [loBbieHHoOe cofepikaHue Cyab(aT-mOHOB yXyALIaeT opra-
HosenTtrueckue cBoicTBa Bopbl. I1JIK B SO 42 cocrasisieT 500 mr/om3.
Conepxanue cynb(haT-uOHOB B TIOBEPXHOCTHBIX BOJAX MOIBEPIKEHO
3HAYUTEIILHBIM CE30HHBIM KOJICOAHUSIM U OOBIYHO COOTBETCTBYET H3-
MEHEHHSIM MUHEPATU3AI[UH BOBI.

buozennvie sewyecmsa. K 3101 rpymnmne oTHOCAT COEAMHEHUS, HE-
00XoauMble ISl KU3HEACATEIbHOCTH BOJHBIX OPraHU3MOB M 00pa-
3yeMble IMH B TIpoliecce 0OMeHa BemecTB. A30T U Gochop OTHOCATCS
K OMOTEHHBIM dJIEMEHTaM B IPUPOJHBIX BOJAX.

Asor npucytcteyet B Bune NH,*, NO, ", NO,", asorconepxamniue
OpraHWYeCKHE COeIMHEHH HaXOATCs B BOJIE BO B3BEILIEHHOM M pac-
TBOPEHHOM COCTOSTHUM.

KonuenTpanus obuiero a3ota B BUAE OpraHUYECKUX (Ha IOIIO
OpPTaHMYEeCKOro a30Ta MPUXOJUTCs A0 75 % OT o0LIero coepKaHusl)
1 HEOpPraHWYECKHUX COCAMHEHUHN KOJeOJIeTCsl B IIUPOKUX Mpeaenax
U 3aBHCHT OT TPO(GHOCTH BOJHOTO OOBEKTA: AJISI OMUTOTPOPHBIX —
0,3-0,7 mr/am?, s me3otpodubix — 0,7—1,3 Mr/am?, i eBTpohHBIX
— 0,8-2,0 mr/mm>.

Ammuax B IpUPOJHBIX BOAAX 0Opa3yeTcs MpH pa3ioKEeHUH a30T-
COAEpIKaIlIMX OpraHMYecKUX BewiecTB (amMmoHupukanus). [IpunsTo
OIPEENATH AaMMUAK M aMMOHMIHBIH a30T (NH, *) 6e3 pazOapienus.

[loBblIeHHOE  coAepkaHME aMMOHHMHHOTO asora  (Oomee
n*10° —n*10? mr/am’) ykaspiBaeT Ha yXYALICHHE CAHUTAPHOTO
COCTOSIHMSL BOAHOro o0bekTa. B aspoOHbIX ycnousx ammuak NH,*
OKHCIISIETCA IO HUTPUTOB U HUTPATOB. DTOT MPOLECC HA3bIBAETCS HU-
TpuUKaLUeH 1 OCyIECTBIACTCS HUTPUDUIUPYIOIUMH OaKTEPHSIMHU.
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Hutputbl — HEyCTOWYMBBIE KOMIIOHEHTHI MPHUPOAHBIX BOJI.
[Ipu OnaronpusATHBIX YCIOBUSX HX OKHCICHHUS, XapaKTEPHBIX LIS
MMOBEPXHOCTHBIX BOJI, HUTPHUTHI COAEPKATCS B HE3HAUNTEIBHBIX KOH-
LEHTpaIMAX (COThIE M THICAYHBIC JOIM Mr/am’). B mom3emMHbIX BO-
Jlax, OCOOCHHO B BEPXHHMX BOJOHOCHBIX T'OPHM30HTAaX, COAEPIKaHHE
3HAUUTENBHO BBIIIE (AECAThIC M COThIe 0yu Mr/am?). TloBbleHHOE
Coiep’KaHe HHUTPUTOB YKa3bIBa€T Ha HEONAronpHATHOE COCTOSHHE
Bozoema. I1JIKs NO, = 0,08 mr/am®. Ce30HHbBIE KOJTeOaHUsI CoMepiKa-
HUSI HUTPUTOB XapaKTePU3YIOTCS UX OTCYTCTBHEM 3UMOM, TOSBJICHUEM
BECHOH MpPU Pa3sIo’KEHUH HOBOTO OPTaHMUYECKOTO BellecTBa. Makcu-
MaJIHO COJIepKaHue B KOHIIE JIeTa, OCEHBIO COJIEpKaHUE HUTPUTOB
YMEHBLIACTCSI.

Humpampei, xak 1 HUTPUTBI, 00pa3yloTCsl B NPUPOIHON BOJE
B pe3yJibTaTe HUTPU(PUKAIUM aMMHaKa M aMMOHHUHHBIX HMOHOB ue-
pe3 TpoMexxyTouHoe oOpa3oBaHHE HUTPUTOB. B  Hezarps3HeH-
HBIX TOBEPXHOCTHBIX BOJAAX KOHLEHTpALUS HUTPATOB COCTABIISCT
n * 102 —n * 10 mr N/nm’. [Ipu nepexojie 0T OIUTOTPOPHBIX K ME30-
U eBTPO(HBIM BOJOEMaM KOHLEHTpPAIUs HUTPATOB BO3PAcTacT,
nocturas 3HadeHuit n * 10" mr N/nm’. TloBblieHHOE CconepikaHue
HUTPATOB yKa3bIBACT Ha YXYAUICHUS] CAHUTAPHOTO COCTOSIHUS BOJO-
ema. [TJIK B NO3' cocrasisier 40 mr/mv?.

Jenutpudukanms — mporecc BOCCTAHOBJICHUSI HUTPATOB U HU-
TPHUTOB JJO CBOOOAHOrO a30Ta (B OCHOBHOM) MJIM aMMHAKa.

Opranndeckre GOpMbI a30Ta MPEICTABICHBI OeTKaMH U MPOIYK-
TaMH UX pacnaza. B pe3ynbrare OMOXMMHUYECKOT0 pacraja OHH Iepe-
XOAST B MHHEPAIbHBIE COSTNHEHUSI.

BakHbIM OMOT€HHBIM 3JIEMEHTOM sBJIsieTcst hochop, onpeaesio-
IIMH TIPOAYKTHBHOCTH Bojoema. KoHIeHTpanusi o01ero pacTBOpeH-
Horo ¢ocdopa (B MUHEPAIBHBIX U OPTaHMYECKUX COCAMHEHUSIX) 3a-
BUCHT OT MHOTHX (DaKTOPOB: MIPOLIECCOB BHIBETPUBAHHMS TI0UB U TOPOJ
(Baxneimme GochopHble MUHEPATBI AaTOTUTHL U POCHOTUTBI), CKOPO-
CTH pacrlaja OPraHNYeCKUX BELIECTB, THAPOOHOIIOTHYECKHUX MPOLEC-
COB U Jip. B He3arps3HEHHBIX MPUPOAHBIX BOAAX €ro KOHIEHTpaIus
00BIYHO M3MeHsieTCsl B mpezenax oT 5 1o 200 mxr/nm®. BaxkabiM ax-
TOPOM TOBBIILICHHOTO COAEPKaHus GocopcoaepKaluxX CoeTMHEHUH
B BOJIC SIBJISICTCSl XO3IHCTBEHHAS IESATEIBHOCTD YeJIOoBeKa (MCIOIb30-
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BaHue pocdopcoaepramx y1o0peHHid, MOIOIINX CPEACTB). ITO NPH-
BOJIUT K €BTPO(UPOBAHHHIO BOAHOTO 00BEKTa. B 3arps3HEeHHBIX BOAaxX
KoHueHTpauus GocdartoB (MuHepanbHOTO hochopa, hroTopcareHTOB
U JIp.) MOXKET JJOCTUTaTh HECKOJIBKO MI/IM’.

Coedunenusi kpemHusi BCTPEUAIOTCS B IPUPOIHBIX BOAax B (op-
M€ Pa3IMYHbIX MHUHEPAIbHBIX M OPraHHYECKHX COEIMHEHUH. IJTo
KpEeMHHUEBasi KMCIIOTa, €€ CONU (THAPOCHIIMKATBI U CHIIMKATBI ), 8 TAKXKE
YaCTHILIBI PA3TMYHBIX ATFOMOCHIIMKATOB B KOJUIOWJIHOM M B3BEILIEHHOM
COCTOSIHUM W OpraHuYecKue coeAuHeHus kpemHus. KoHueHTpaums
KpEeMHUsI B PUPOJHBIX BOAAX OOBIYHO HE MPEBBIIIAET HECKOIBKUX
MUJUTATPAMMOB B JINTPE, HO B BOJaX CEBEPHBIX PEK OHA BBIIIE K MOKET
JOCTUTATh AecATKOB Mr/1. CoeAMHEeHNs] KpEMHUSI BBI3BIBAIOT 00pa3o-
BaHHME Ha CTCHKaX TEMJIOOOMEHHOH amnmaparypsl TPYAHOYCTPaHUMOM
HaKHIH, UMEIOLIEH MalTylo TETIONPOBOAHOCTb.

Opeanuueckue sewjecmea. OCHOBHYIO 4aCTb OPraHUYECKOTO Be-
LIECTBA TPUPOJHBIX BOJ COCTABIISIOT IYMYCOBBIE COCJHHEHHMSI, KOTO-
pble 00pa3yloTcs MpY Pa3IoKEeHUH PACTHTENBHBIX OCTaTKOB. BomHbII
TYMYC COAEPKHT B OCHOBHOM JIMTHHHO-TIPOTEHHOBBIC COCAWHEHUSI.
B ero cocTtaB BXOIST TakKe YII€BOJBL, JKUPBI U BOCK. [l0UBEHHBIH Ty-
MYC BKIIIOYAeT B ce0s1 HepaCTBOPUMBII I'yMUH, TIEPETHOMHBIE KHCIIOTHI
U IpyTrHe NPOIYyKTHI paciaia CIOKHbBIX OpraHndeckux BemiecTs. [lepe-
THOMHBIE (TYMYCOBBIE) KHCIIOTHI JEISTCS Ha 2yMUuHOgble (TyMUHOBAS
U YIBMHHOBAs) U ()y1b80KUCIOMbL (KPEHOBAS M alloKpeHoBast). [ 'ymu-
HOBBIE KHCJIOTHI — BBICOKOMOJIEKYJISIPHBIE COEAMHEHUsI, MPOILYKTHI
KOHJICHCAIIMU apOMaTHYECKUX COeTMHEHH THUTIa ()eHOTIa C aMUHOKHC-
JOTaMH U MIPOTenHaMu. B 3aBHCUMOCTH OT pazmepa MOJIEKyJ TYMHUHO-
BbIE€ COCIMHEHHUSI MOTYT 00pa30BbIBaTh B BOAE UCTUHHBIE, KOJUIOUIHbIC
pacTBOpHI 1 B3BecH. | yMHHOBBIE KUCTIOTHI CIOCOOHBI, BCJIECTBUE MEK-
MOJICKYJISIPHBIX B3aUMOJICHCTBHUH, 00pa30BBIBATh arperaTbl MOJEKYI
— Muuesutbl. OyIbBOKHCIOTH — BBICOKOMOJIEKYJISIPHBIE COSANHEHUS
THUIa OKCUKapOOHOBBIX KUCIIOT, COJIEpIKaIIne a30T, C MEHBILUM KOJIU-
YECTBOM YIJIEPOJHBIX aTOMOB, YeM I'YMHHOBBIE. KHCIOTHBIE CBOMCTBA
y HHX BBIPKEHBI TOCTATOYHO CHJIbHO. KOHIIEHTpays opraHmyecKux
BEIIECTB (BOAHOTO TyMyca) MOXKeT focturats 50 Mr/mn u Boime. ['ymu-
HOBBIE KHCJIOTHI COCTaBIISIIOT HE3HAUUTEIBHYIO YacTh BOJHOTO TyMyca,
OCHOBHasl 4acTb €ro IpecTaBieHa (hyIbBOKUCIOTaMH.
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OpraHn4eckoe BEHIECTBO TPEACTABICHO B MPHUPOAHBIX BOAAX
B pa3Hoo0Opa3Hbix ¢popmax. [logpaznensercs Ha 2 rpymnmsl:

- IPOAYKTHI pacmaja pacTUTENbHBIX U )KUBOTHBIX OCTATKOB;

- IPOAYKTHI Pa3iI0KEHUs] pazHOOOPa3HBIX OTXOIOB, MOMaaalo-
LIMX B BOLY CO CTOKaMH.

Honvr memannos (Hampumep, MeIb, JKeJIe30 U Ap.) SBISIOTCS
HENPEMEHHBIMH KOMIIOHEHTAaMH NPUPOAHBIX BoA. B 3aBucumocTH
oT ycnoBuii (pH-cpenbl, Hanu4Ke TMraH 0B U Jp.) OHU IPUCYTCTBYIOT
B BOJJOEME B pa3HbIX CTENCHSX OKHCIICHUS M BXOJST B COCTAB Pa3HOO-
Opa3HbIX HEOPraHWYECKUX M MeTaJuloopranndeckux BemecTB. Coe-
JUHEHUSI MOTYT OBITh TPE/ACTaBIICHB! B BUAE WCTHHHBIX PacTBOPOB,
KOJIJIOMIHBIX CHCTEM HJIM BXOJIUTH B COCTaB B3Becel. PacTBopeHHbIE
(hopMBI METAIIIOB, B CBOIO OY€pE/Ib, BECbMa Pa3HOOOPa3HbI U 3aBUCAT
OT MPOLECCOB I'MAPOIIN3a, 00Pa30BaHMUs MOJIUSACPHBIX THIPOKCOKOM-
IUIEKCOB M KOMIUIEKCOOOpa30BaHUs ¢ Pa3IHMYHBIMK JIUTaHJaMH.

OnHOI M3 OCHOBHBIX XapaKTEPUCTHK MPUPOAHON BOABI, CBSI3aH-
HOM ¢ )OpMaMU CyILIECTBOBaHMS METAJIIOB, SIBISETCS €€ KOMILIEKCO-
oOpaszyromasi crocoOHOCTh. Ee KOMMUeCTBEHHBIM BBIPAKEHUEM CITY-
KUT MakCHUMalbHasi KOHIIEHTpalus GopM HOHOB MeTail1a (B T-HOH/T)
B MPHUPOJHOIN BOJE B BUAE KOMIUIEKCHBIX coequHeHui. [Ipu takom
OIpeleNiecHn KOMIUIEKCOOOpa3yromias CHOCOOHOCTh pa3inyaeTcs
JUISL pa3HBIX METAJUIOB U 3aBHCUT OT MPUCYTCTBHS B BOJEC KOHKYPEHT-
HBIX HOHOB, 00Pa3yIOINX KOMILIEKCHI C MPUPOAHBIMH JIUTAHAAMH.

OCHOBHBIMH TMPHPOAHBIMU JIUTAHAAMHU SIBISIOTCS (DyJIbBOKHC-
noTel. BenepcTBue Hanmumuus B cocTaBe (yIbBOKUCIOT (DEHONBHBIX
1 KapOOKCWJIBHBIX TPYIII 3TH BELIECTBA 00pa3yloT C HOHAMH MHOTHX
METAaJUIOB MPOYHBIE XeJIaTHbIe KOMIUIEKCH. B obmactu pH 5-9 ¢dynb-
BOKHUCIIOTBI HAXOJSTCSI B paCTBOpE B BHJE ACCOLMATOB U3 HECKOJIb-
KHX MOHOMEpHBIX 3BEHBEB, OTHOCUTEIbHAs MOJEKYJsIpHas Macca
Kax11oro u3 kotopeix cocrasiget 10 300. C poctom pH 3HaueHue oT-
HOCUTEIBHON MOJIEKYJISIPHOH Macchl (DyJTbBOKHCIOT yBEITHMUUBACTCS,
JOCTHTasi HECKOJIBKUX Thicad eanHui. KommiuekcooOpazoBaHue me-
TaJIJIOB C TYMYCOBBIMHU COEIMHEHUSIMH BO3MOKHO MO JIBYM THIIAM —
canunuiaatHoMy (a) unu ¢granatHomy (0) (puc. 5).
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Puc. 5. CTpyKTyphI KOMILIEKCOB HOHOB METAJIJIOB
C TYMYCOBBIMHU COCJMHEHUSIMH

B cBsa3pIBaHMM METaJLIOB MOTYT HNPHUHHUMATb Y4YaCTUC TaKKe
BXOAAIIUE B COCTAaB I'yMYCOBBIX COCIIPIHGHHIZ AMHWHOT'PYTIIIEBIL. KpOMe
(hyJTBBOKHCIIOT, IPUPOJHBIMU JIUIAHJAMH CIIY’KaT a30TCOJEpIKaIIne
OenKOBbIE BEIIECTBA, UMEIOIINE, KaK MPABHUIO, OTHOCUTEIHHYIO MO-
nekyspayto maccy < 10000.

PacTBopenHble ra3pl. B MOBEPXHOCTHBIX BOJAX PACTBOPEHBI
KHCJIOPO/I, YTJIEKUCIIBIN Ta3, B TIOJ3EMHBIX — CEpEBOIOPO/I, METaH,
WHOTJa YTIEKUCIbIN ra3 B BOJaxX IIyOOKHX TOpHU30HTOB. B moBepx-
HOCTHBIX BOZaX PACTBOPEH B HEOOIBIINX KOJMYECTBAX a30T (BO3YII-
HOTO TIPOUCXOXKICHUS).

Kucnopoo. Kucnopon B IpupOAHBIX BOJIAX HAXOIUTCS KaK B CBSI-
3aHHOM, TaK U B CBOOOJHOM COCTOSTHHH. Y ObLTb KHUCJIOPOJa B aTMOC-
(hepe (oxucnenne, rHuEHNE, TOPEHUE, TBIXaHUE) BO3ZMEIIIACTCS 32 CUET
€ro BBIJICNICHUS] pacTeHUAMHU Ipu dorocuntese. Kucmopos mocrosu-
HO IIPUCYTCTBYET B PUPOJHBIX BoAaX. Ero pexxuM B 3HAUUTEIBHOMI
CTEIEeHHU OMpeAeNsieT XUMUKO-OMOIOTHYECKOE COCTOSIHIE BOIOEMA.

Coneprkanue KHCIOpOJia B MOBEPXHOCTHBIX BOJOEMax 3aBHUCHT
OT TIOCTYIUIEHHEM €T0 M3 BO3IyXa, OT JKU3HEAEATeIbHOCTH BOJHBIX
Makpo- 1 MUKPOOPraHUu3MOB. Cumxenue KOHICHTpalun paCTBOPCH-
HOTO KHCJIOPOJa MOXKET YKa3bIBaTh Ha 3arpsA3HEHNE BOJOEMa OpraHu-
YECKNMH COCIMHCHUAMU. B IMPUAOHHBIX CJIOAX KHUCJIOpPOJa MCHBIIEC,
T. K. OH IMOTPeOIIAETCS B MPOIIECCe OKUCICHHSI TOHHBIX OTIOXKECHHM.
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MakcuMyM cojepiKaHusl pacTBOPEHHOTO KHCIOpoJa Hadoaa-
eTcs JIETOM, B TMEPHOJA MHTEHCUBHON (DOTOCHMHTETHYECKOU NesTelb-
HOCTH PACTHTENBHBIX OPraHU3MOB. B 3uMHHUI mepuoj conepikaHue
KHCJIOpOJia B BOJIE PE3KO YMEHBIIAETCS W3-3a TPYAHOCTH peadpaliiu
U B CBSI3U C TNOCTYIUIEHHMEM MPAaKTHYECKH TOJNBKO MOJI3EMHBIX BOJ,
MOYTH HE COJIEPIKAIMX KHCI0poaa. biarogaps BEBICOKOH XMMUYECKOH
AKTHUBHOCTHU KUCIIOPOJ YCUIMBAET KOPPO3HIO METAILIIOB.

KoHnenTpanusi pacTBOPEHHOTO KHCIOPOJa B MOBEPXHOCTHBIX
BoJax m3Mensercs ot 0 1o 14 mr/om® M noaBep)keHa 3HAUYUTEITbHBIM
CE30HHBIM M CYTOYHBIM KosieOaHusiM. OHH OIpenesnstoTcsl COOTHO-
LICHHEM WHTEHCHUBHOCTH IPOLECCOB MPOAYLHPOBAHUS KHUCIOPOIa
u ero noTpedienHus. B peunsix Bonax Hanbonee BHICOKME KOHIIEHTpa-
LUK KACJIOpOo/ia HAOII0AaI0TCsl OOBIYHO B OCEHHUH Meprol, Hanbomee
HU3KHE — 3UMOM, KOTla B pe3yJbTaTe 00pa3oBaHus JICASTHOTO TIOKPO-
Ba IpeKpamiaeTcs MoCTyIUIeHHEe KUciopoaa u3 arMocdepsl. Jleduuur
KHCJIOpOoJa yaile HaOIoJaeTcsi B BOJOEMAax C BHICOKUMH KOHIIEHTpa-
LUSIMH 3arps3HAIOUIMX OPraHUYECKUX BellecTB. MUHMMAaNbHas KOH-
LEHTpaLusl paCTBOPEHHOTO KHUCIOpoa, HeoOXoauMasl il HopMalib-
HOTO pa3BUTHsI PbIO, COCTaBIsAeT OKOIO 5 Mr/am?. [IpolieHT HackIe-
HUS BOJABI KHCIOPOIOM OINPEIEISIOT 1Mo opmyIie:

C, *100
Y =——"%*100%
G

C, — HaiileHHast KOHLEHTPaLKs KUCIOPOa, MI/II;

C, — KOHIEHTpalMs KMCI0PO/a, B3ATask U3 TaOIMIbI IS TEMIIE-
paTypsl BOJIbl, M3MEPEHHOH MpH 0TOOpPE MPOOKI, MI/;

100 — mepecueT Ha MPOLIEHTHOE HACBIILIEHHE.

Jluokcuo yenepoda. DTOT ra3 HaXOOUTCS B BOJE Kak B PacTBO-
PEHHOM BHJE, TaK ¥ B (OpMe YroiabHOW KUCIOTBL. CyMmapHoOe co-
nepxxanue CO, + H,CO,, KOTOpOE ONpenenseTcs Npu aHaanu3e BOJbI,
00benHsIeTCS TIOHATHEM «CBOOOIHASL YTOJIbHAS KUCIIO0Ta». OCHOBHBIM
HCTOYHHMKOM JMOKCHJA YIJIEpoJia B TIOBEPXHOCTHBIX BOJAX SIBISIOTCS
OMOXMMHYECKHE TMPOLIECCHl paciiazia OpraHn4ecKux BemecTB. Kpome
TOTO, OH MOMNaJgaeT B MOBEPXHOCTHBIE BOJOEMBI C MIOA3EMHBIMU BOJIA-
MH, IIOTJIONIAETCSl BOJOM U3 BO3AyXa. PesknM U3MEHEeHUs ColepKaHus
JMOKCHIA YIIIepo/ia B BOJE SIBISIETCS TPOTHUBOIIOI0KHBIM aHATIOTHYHO-
My Tpoleccy Al KUCIopoaa. B MOBEpXHOCTHBIX BOJAAX COAEPKAaHUE
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JIMOKCcHU/Ia yriepoaa oobraHo cocraniset 0,5-2, makcumym 20-30 mr/.
B noa3emHbIX Bojax ero KoHIeHTpanus Boite (50 Mr/i u 6osee).

Ceposodopoo. B Bogax, He coAepiKalluX PacTBOPEHHOTO KHC-
JIOpPOAa, CO3AAI0TCS YCIOBUS I TOSIBIEHUS cepoBogoponaa. OH 00-
pasyercsi B pe3yibTaTe pacTBOPEHHs CYJIb(OUAHBIX MUHEPAJIOB MOJ
JeiCTBUEM YTOJBHOM KHCIOTBHI, IPU OMOXUMHUYECKOM Pa3ioKEeHUH
cepocoiepKalX OPraHMYECKUX COEAWHEHWH B OTCYTCTBHE KHCIIO-
pofa, HampuMep B JOHHBIX OTIOKEHUsX. Tak Kak CepoBOAOPOJ SIB-
JSIeTCs. TOKCUYHBIM COCAMHEHHEM U MPHUAACT BOJAE HENPHSTHBIN 3a-
nax, KOTOpbIi 0OHAapyXUBAETCsI YK€ MPU KOHLEHTPALUK €r0 B BOJC
oonee 0,3 mr/x, To Hanuuue H,S B mUTEEBOM BOJE HE JIOMYCKAETCA.
Kpome Toro, cepoBoiopo] BeI3BIBAET KOPPO3HIO Kelle3a U CIOCO0-
CTBYET pa3BUTHIO cepobakTepuii. Kpome pacTBOpeHHOro cepoBojo-
poza, B BOJIE MOTYT HAXOAHUThCS CYIbGUI-S* U THIPOCYIb(PU-HOHBI
HS-, 1. x. pacTBOp cepoBoIOpOa MPOSIBIISIET CBOMCTBA cnaboil Kuc-
notsl. [Ipu pH 5-9 B Boze npucyTcTBYET CEpOBOJOPOA B PABHOBECHH
¢ ruapocyabpua-uonom. [Ipu pH<S B Boge HaXoaAUTCS TOIBKO cepo-
BOJIOPO/I, a Cyb(UA-UOHBI IOSBISIIOTCS B 1enoyHol cpeae (pH>9).

Muxkposnemernmoi (M1 MUKPOKOMIIOHEHTHI). MUKpO3JIEMEHTaMH
YCIIOBHO Ha3bIBAIOT AJIEMEHTBI, BXOSIIIUE B COCTAB COCAUHEHUH, KOH-
LEHTpaLus KOTOPbIX B MPUPOJHBIX BOAAX OYeHb Mana (MeHee 1 mr/i).

@dopMbl HaXOXKIIEHHS CaMble pa3HOOOpa3HbIE: B3BEIICHHBIC Be-
LIECTBa, PACTBOPEHHBIE B ()OPME KOMILIEKCOB, 00pa30BaHHBIX C TY-
MHUHOBBIMHU M APYTHMMHU OPTaHUYECKUMH KHCIOTaMH, B BUAE HETUCCO-
LUUPOBAHHBIX MOJIEKYJI, HOHHOM BHJE.

MHUKpO3JI€MEHTHI BXOJAT B COCTaB COCTUHEHUH, 00JIaAalolInx
cneunpuueckuMu QyHKIUIMHE ((epMEHTOB, BUTAMUHOB, TOPMOHOB).

O. A. AJIeKHH BBIJEISET CIEAYIOMINE TPyl MUKPO3JIEMEHTOB:

1) tunmnunsie katnonsl (Li*, Rb*, Cs*, Ba*", Sr¥'u ap.);

2) uonsl TsDKENbIX MeTaioB (Cu?', Ag*, Ni**, Cd*'u np.);

3) amdorepubie komiiekcoobpazosarenu (Cr, Mo, V u np.);

4) tunmunsie anuonsl (I, F-, Br u ap.);

5) paanoaKkTUBHBIE 3JI€MEHTHI (YpaH, paauil).

BaxHoe rurueHMuecKkoe 3HAYCHHWE HMEIOT COEIWHEHHUs Hona
u ¢ropa. CoeauHeHus Hona coaepkaTcs B MOBEPXHOCTHBIX BOJAX
B KOJMYECTBE HECKOJIBKUX THICAYHBIX Aoned Mmr/i. KoHumeHTpanus
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10/1a B MOPCKUX BOJIaX MCUYUCISETCS COTHIMH JTOJissMu Mr/it. [Ipu He-
JIOCTATOYHOM COJICPIKaHUU 10/ia B MMUTHEBOW BOJIE HAOJIIOAaeTCS Ha-
pyILIeHHE ACSITeIbHOCTH MIUTOBUIHOMN *kKele3bl (FHIEMUYeCKHuid 300).
B Boze Hiox cosiep:KUTCst 0OBIYHO B POPME MOIU-UOHA.

dT1op B MPUPOAHBIX BOJaX BCTpedaeTcs B opme QTopua-noHA.
Ero conepxkanue u3aMeHsIETCSI OT COTBIX JIOJICH JI0 JAeCATH MT/I u 00-
nee. KonneHntpanus ¢ropa B IpupoHbIX Bojax Poccun cocraBuser
ot 0,01 mo 12 mr/n. Coenuuenust (propa aKTUBHO Y4aCTBYIOT B TIPO-
1eccax MUHEpaIu3allii KOCTHOW TKaHU W 3y0oB. [lpu HemocraTou-
HOM coJiep:kaHuu (propa B MUTHEBOH BOjE HAOIIOJACTCS KapHec 3y-
00B, a mpu U30BITKE pa3BUBACTCs 3a0ojeBaHKE 3y00B — (IIHOOPO3
(TIsITHHUCTAS AMATTh).

5.THAPOXUMHUYECKHUE IIOKA3ATEJIN
KAYECTBA BO/J bl
U INIPEACTABJIEHUE PE3YJ/IbTATOB
XUMHNYECKOI'O AHAJIM3A BO bl

[TokazaTenn XapakTepusyroT (HH3UYECKHE CBOWCTBA W XHUMH-
YeCKHIl COCTaB BOBI: TEMIIEpaTypa, MpO3padyHOCTh, 3amax, BKYC,
AIEKTPUYECKast MPOBOANMOCTD, OKHCIHUTEIbHO-BOCCTAHOBUTEIIbHBIN
noterran (Eh), Bomopomusi mokazarens (pH), riraBHBIE HOHEI,
OMOTEeHHBIE 1 OPTaHUYECKHE BEIIECTBA, PACTBOPEHHBIE Ta3bl, 3arps3-
HSIOIIME BEIIECTBA.

Cnoco6blI BbIpaXKeHUs1 KOHIEHTPaL Ui PpacTBOPEHHbBIX
BelllecTB (r/1aBHbIE HOHBI, PACTBOPEHHbBIE Ia3bl, GUOTeHHbIEe
BelllecTBa)

B ruapoXuMHUYecKoil MpakTHUKE [T BBIPAKCHUS KOHICHTPAIUU
BEIIIECTB, OTMPEICIIIONINX €€ MHIPOXUMHUCCKHI COCTaB, MPUMEHSIIOT
pa3NuYHbIE CIIOCOOBI:

- COJIepKaHUE TITABHBIX MOHOB MIPU MUHEPAIHM3AIUHU BOJIbI O0JIee
1 r/nm® B mpomuiiie (%o, vt 1/kr), MeHee 1 r/nm® B Mr/am3;

- PaCTBOPCHHBIC Ta3bl — B MT/IM’, B OKEAHHUYECKON MPAKTUKE —
B MII/IM;

- OMOreHHBIE BEILECTBA — B MI/IM’, HHOIIA B MKI/IM?;
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- MHKPORJIEMEHTBI — B MI/M® HJIM MKI/M?.

Kpome MaccoBoil KOHLEHTpalM{, HCHOIb3YIOT MOJSAPHYIO
(mMonb/mm® mnn Mmosb/aM?). [Ipu 3TOM KOHIEHTpaNusl BbIpayKaeTcs
KOJIMYECTBOM BELIECTBA YKBHBaieHTa B 1 1m* Boabl. [ oqHO3apsi-
HBIX HOHOB 3Ta (hopMa TOKAESCTBEHHA MOJISIPHOM.

B anrnos3srdHOM nMTEpaType pacnpocTpaHeHa eIWHHLA ppm
(parts per million) — gacTs Ha MIIDIHOH YacTel pacTBopa. CoOTHO-
menne eaunull caeayromme: [ r/kr =1 %o = 1 000 mr/xr = 1 000 ppm.

Crioco6bl HarJIAAHOTO npeacraB/J€HUA pe3yJabTAaTOB XU~
MHUY€CKOro aHaJin3da BO/ bl

Tabnuunviil Mmemoo npedcmasieHus pe3yibmamos XuMuiecKko-
20 AHAU3A 800bL

B Tabmuiyy, kpoMe pe3yiabTaTOB XUMHUYECKOTO aHAIM3a BOJBI
(MMoIB/IM?, %), BHOCSIT CIICIYIOIINE CBEICHHUS:

- 00BEKT U €eT0 MECTOPACIIOIOKEHHUE;

- maty oToopa mpo0 BOJEI (TOI, MECSII, YHUCTIO);

- TIOTOJIHBIC YCIIOBUSI.

Pe3ynbrarer BHOCAT B TaONMUITy B TakuX (hopmax:

- Mr/aM?, T/aM? um M/

- MOJI-DKB/IM®  WJIM  MMOJTB-DKB/IM®  (KOJHMYECTBO BEIIECTBA
9KBHBAJICHTA);

- % — MaccoBast J10Ji1 OT CYMMbI BCEX MOHOB (KaTHOHOB WIIH
AHHWOHOB), HAWJCHHBIX B TIPUPOIHOM BOJIC.

DopmynvHblll CNOCOO NPeOCmABNIeHUs XUMUYECKO20 COCmasa
npupoonsix 600. [lpumepom Moxket cimykuth Gopmyna M. I'. Kypio-
Ba, KOTOpas MPEJICTaBIAET COOOH TICEBIOAPOOL. XUMUYECKH COCTaB
MIPUPOJIHBIX BOJ] C TOMOIIBIO 3TOH (hOPMYJIBI MOYKHO H300pa3UTh TaK:

B uucnurene YKa3bIBaCTCA MaccoBas JOJIsA T'JIaBHBIX aHHMOHOB
B MOps/IKe YOBIBaHMS MX coaepx aHus (OKpyTJISeTcs J0 LEbIX YH-
cen), a B 3HaMEHaTelie — TJIaBHbIC KaTHOHBI. YKa3aHa 00Inas MH-
Hepanusanus Boasl (M ,). Ota GpopmyIia HEOAHOKPATHO COBEPIICH-
CTBOBAJACh (BBEACHBI JOMOTHUTEIHHBIC TOKA3AHMUS ).
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I'paguueckue memoovl npedcmasienus pe3yibmamos Xumuye-
CcK020 aHanuza 600vl. I'paduuecku pe3ynbraThl MOTYT OBITH TIPE-
CTaBJICHBI CIEAYIOMMMHU urypamu: mpeyeorvrux Peppe (puc. 06),
epaguk-keaopam Torcmuxuna, epagux Pooscepca (puc. 7).

Puc. 6. Tpeyromsuuk ®eppe

Touka 1 Ha TpeyrompHuKe Deppe Moka3bIBaeT cOCTaB MPUPOI-
HBIX BOA. B 000uX citydasix 3TO cMelIaHHbIC BOIBI.
I'pagpux Poosicepca OKa3bIBACT COCTAB COJEH B IPUPOJIHBIX BOJIAX.
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Puc. 7. I'padux Pomxepca
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I'pagpux-keadopam Torcmuxuna (puc. 8) UCNIOMB3YETCS IS H30-
OpaskeHHsI pe3ybTaTOB XUMHUECKOT0 aHal3a MOJA3EMHBIX BOJ. JTO
KOppeJsIIMOHHAsT TuarpamMma, MO3BOJISAIONIAs COMOCTaBIATh AHHOH-
HBIM U KATHOHHBIN COCTABHI U BEIMYMHY MUHEPAIN3ALNHU TTOA3€MHBIX
BOA M T. 1. ['paduk-kBagpaT 4acTo UCMONB3YIOT AJISl IEPBUYHOMN CH-
CTEMAaTH3aLMU Pe3yJbTaTOB XUMHUYECKUX aHAIN30B TMOJ3EMHBIX BOI.
Haunbonee wacro mons3yrotes rpapuk-kBagparom H. M. Tonctuxuna
u rpaduk-kBagparom bpoackoro.

100 3kB. % <€——— Na'+K* «—— 03kB.%
wgle|7|e s 47|21
SO\IG V18 \7/7 V76 |75 74 {/F | /2471
JO 29188 \27 2625 |24 23 (22 \2t
40|39 |37 |37 |36 | 75 | F¢ |FF |72 |57
SO\ 49 |48 |47 |46 | 45 |94 |47 |42 147
L0\ 53|58 |57 | 56|55 |54 (5T |52 |57
7O\ EG |68 |67 |66 |85 |64 |£F |62 |67
BO\78 |78 \77 |76 \75 |74 |73 |72 17/
SG\ 88 |88 |87 \86 (5’5-5’4‘ 87 162 187
| 700| 58 |98 |87 |96 | 85 |94 |9F |92 |97

-

—— > HCO3+CO3
|

Cl"+ S04

03kB. % — Catt+Mgtt ——— 10023k8. %

Puc. 8. I'paduk-kBagpar

I'paduueckre MeTOIBI MCIONIB3YIOTCS, KaK MpPaBUIIO, AT MEp-
BUYHOM 00pabOTKM pEe3y/nbTaTOB aHAIM3a M JAIOT HATJISIAHOE Ipen-
CTaBJICHUE O MOJIyYEHHBIX pe3yIbTarTax.

OCHOBHBIMHM XUMHUYECKHMHU CBOMCTBaMH BOJIbl, KOTOPBIE ONIpe/ie-
JSIFOTCS. MAaKPOKOMITOHEHTAMHU, SIBIISIIOTCS LEJIOYHOCTD, KECTKOCTD,
KHCJIOTHOCTB M COJIeHOCTh. Ha puc. 9 moka3aHel OCHOBHBIE COJIM U UX
co4eTaHus, 00yCIIOBIMBAIOILNE YKA3aHHbBIC XapAKTEPUCTHKH.
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Puc. 9. Coueranue pa3nuuHbIX cOJEH,
00YCIJIOBITBAIOIINX HEKOTOPHIE TIIaBHBIC CBOWCTBA BOJIBI

6. KIACCU®PUKALUA TIPUPOJHBIX BO/|

Knaccupukauum npupoaHbIX BOA MO XUMHYECKOMY COCTaBY
OCHOBBIBAIOTCSl HA CaMbIX Pa3lMYHBIX MPU3HAKAX: MUHEPATU3ALUH,
KOHIIEHTPAMK NPeodIaiaoniero KOMIOHeHTa WM UX TPy, COOT-
HOILICHUU MEXIY KOHIECHTPAUMsIMU Pa3HbIX MOHOB, HAJTMYUH MOBHI-
LICHHBIX KOHIEHTPAIMK KaKuX-JIn0o crenu(pruIeckux KOMIIOHEHTOB
rasosoro (CO,, H,S, CH, u np.) nnu munepansnoro (F- u ap.) cocra-
Ba. M3BeCTHBI MOMBITKH KIacCU(UIUPOBATH MPUPOAHBIC BOJBI B CO-
OTBETCTBUU C OOIUMH YCIOBHSAMH, B KOTOPBIX (OPMUPYETCS UX XU-
MHUYECKUI COCTaB, a TaKXKe M0 THAPOXUMUYECKOMY PEKUMY BOIHBIX
00OBEKTOB.
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Knaccudpukanus O. A. Anexkuna — Hanbosee 4acTo UCTOJb3ye-
Masl B HaCTOsIIIee BpeMs KiacCu(pUKalus — coyeTaeT NpUHIIUII Jerie-
HUSL XUMUYECKO20 COCMABa 600bl NO NPeooaoaiowum UOHAM C Oele-
HUeM o KOIU4eCmeeHHOMY COCMABY MeHcOy HUMU.

[To npeobianaroieMy aHHOHY IPUPOJHBIE BOJBI ACTATCS HA TPU
KJacca:

- rugpokapbonatHeie U kapooHatHble (C) (Oomblnas 4acTb Ma-
JIOMUHEPAIN30BaHHBIX BOJ PEK, 03€p, BOJOXPAHIIHUIL U HEKOTOPBIE
MOJI3eMHBIC BOJIbI);

- cyabdartHblie BoAbl (S) (IpOMEXyTOUHBIE MEXIY THIPOKapOo-
HATHBIMHU U XJIOPUIHBIMH BOJIAMH);

- xnopunasie Bogasl (Cl) (BBICOKOMUHEpAIN30BaHHbBIE BOJBI MO-
peil, OKeaHOB, COJICHBIX 03€p, HEKOTOPBIE MOI3EMHBIE BOJIBI).

Kaxnaplii knacc mo mpeoOnagaromeMy KaTHOHY JIEJIUTCS Ha TPU
rpynnsl: kanbuuesas (Ca), maraueBas (Mg), natpueBast (Na).

Kaxnast rpynma, B cBOO ouepeib, MoapasessieTcst Ha 4 TUIa BOJ,
OIIPEAEIAEMbIX COOTHOILICHUEM MEXIy COICPKAHUEM HOHOB:

[ HCO, > Ca* + Mg* (4amie Bcero MalOMUHEPAIU30BaHHBIE);

IT HCO, < Ca® +Mg** < HCO, + SO,* (cMemaHHble BOJBI,
3TO BOABI OOJILLIIMHCTBA PEK, 03€p, MMOJ3EMHBIX BOJ MaJloil H yMme-
PEHHOH MHUHEpaIN3aLuHn);

IITHCO; +S0,* <Ca® +Mg* umu CI' > Na' (Bozsl MeTamop-
(u3MpOBaHHbIC, BKIIOYAIOT B ce0s1 CHIIbHOMUHEPATU30BAHHbIC BOABI.
3T0 BOABI MOpEM, OKEaHOB, MOPCKUX JIMMAHOB H T. I1.).

IV IVHCO, = 0 (3710 KuCyble BOJBL: OOJOTHBIE, MIAXTHBIE, BYJI-
KaHUYECKHUE, BOJbI, CUIBHO 3arpsA3HEHHbIC TPOMBIIUICHHBIMH CTOY-
HBIMHU BoiaMu. [IpuHamnexar TonbKo K Cyab(paTHOMY U XJIOPHUIHOMY
KJlaccam).

Jis kpaTkoro o60o3HaueHHs 27 BUIOB NPUPOAHBIX BOJ UCIONb-
3YIOT CUMBOJIBI, Hanmpumep, C, © — 3T0 ruApoKapOOHATHBIH Kiacc,
rpynna xansius, tun I, CIS ™ — cynbdarno-xnopuaneii kiacce,
rpymmna HaTpueBas U Marauesas, T III. Bropoil aHnOH unyu KaTuoH
BBOJIUTCSI B MUHAEKC B TOM CJIydae, €ClIi €ro coJiepKaHHe JIUIIb HEMHO-
ro (B mpeaenax 5 %) ycrynaer nepsomy. Kpome toro, o603Hayarot
MuHepanu3anuio (%o) — BHU3Y U OOLIYIO KECTKOCTh (MMOIIb-IKB/IM?)
— BBepxy (puc. 10).
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l MpupogHbie BD,[IbI—I

| MppokapboHaTHble (C) | |Cyj1b€|3aTHble (S) | |Xnopu,qub|e (Cl)l

7
[ Mg |[ Na
g

Puc. 10. Kmaccudukanus npupoaHbIX BOJT

BBIACISIOT HECKOJIBKO KIIACCH(UKAIIMI IPUPOIHBIX BOJI IO CTe-
nienu munepanuzayuu. [1o O. A. ANexuHy NPEeAIOKEHO CleayIoIIee
ACJICHUEC TPUPOJHBIX BO/ IO MUHEPpAIN3allUU (B Ka4yeCTBC €IUHUII 13-
MCPCHUA UCIIOJIB3YCTCA %0 — IMPpOMUILIC, WJIN ThICSTYHAs I[OJ'DI):

1) paccoms (coneHocTs > 50 %o);

2) mopckue (comeHocTb 25-30 %o);

3) cononoBatsbie (coeHOCTh 1-25 %o);

4) npecHble (conaeHoCcTh 10 1 %o).

7. ATMOC®EPHBIE OCAZIKH.
®OPMHUPOBAHUE XUMHNYECKOT'O COCTABA
ATMOC®EPHbBIX OCAAKOB

IlepBas cramust GOpMHUPOBAHHUS XUMHUYECKOI'O COCTaBa MOBEPX-
HOCTHBIX M IOJ3EMHBIX BOJ OCYILIECTBJISIETCS B aTMocdepe. ATMOC-
(epHbIe BOIBI, HaXodIuecss BOJIM3HM OT MOBEPXHOCTH 3eMid, 00s-
3aTelIbHO COJEepXKaT PacTBOPEeHHBIH a3oT (15-20 wmr/m), Kucmopon
(10—15 mr/m), yrnexucinbiii ra3 (okono 1 mr/m), apros (oxoo 0,5 mr/m).
Kpowme Toro, armocepa Bcerna conepKuT Meabyaiine MUHEepaabHbIe
YaCTHLBI — a3p0o30JHd. [ 1aBHAs UX POJIb: OHU — A1pa KOHICHCALIUH
BozsiHOTO mapa. [Ipu 3Tom 06pasyercst 001aKO U TyMaH M BbIIALACT
JOXIb WK cHer. OHM e SIBJISIOTCSI HCTOUHMKOM COJIEBOI'O COCTaBa
aTMoc(epHBIX ocankoB. [IpUUMHBI OABICHUS a’3pO30JeH B BO3IyXE
pasHbIe: BETPOBasi 3pO3Usl 3eMHOI TOBEPXHOCTH, BETPOBOH BBIHOC CO-
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Jieil ¢ MOBEPXHOCTH OKEAHOB, MOPEH, COJIEHBIX 03€p, BYJIKAHNYECKHE
W3BEPIKEHUSI, BBIHOCSIUE B aTMOC(Epy OrpOMHOE KOJIMYECTBO ra3oB
U MeJKOIUCIepcHOro Matepuana. OrpoMHOe 3HaueHHE TpHOOpera
HapsAay CO CKa3aHHBIM BBIIIE AEATEIBHOCTh YEJIOBEKa: MPOMBIIIICH-
HBIe BBIOpOCH B atMocdepy okcuzaa cepbl (IV), yrimekucnoro rasa,
yrapHOro ras3a, aMMHaKa, OKCU0B a30Ta U JIp.

ATMocepHbIe OcaKi MaTOMHUHEPATU30BaHHbL. 110 Xumudeckomy
COCTaBY OHM KpaliHe M3MEHYMBHI BO BPEMEHHU M B mpocTpaHcTBe. Ha-
TIpUMep, 0KAb WIN CHET 10 Mepe JIBM)KEHMS K IMOBEPXHOCTH 3eMIIH
pacTBOpsIET COJM a3p030Jiel, W MX MHUHEpAIM3aLMsl YBEINYHBACTCS.
[Ipu 3TOM MHHEpanu3aiys yMEHbIIAETCs ¢ YBEIMUYEHUEM KOIUYECTBA
BBINAIAIOLINX B €IMHUILY BPEMEHH 0caakoB. OfHaKo B 00IIEM COCTaB
XapakTepeH ISl KOHKPETHOW MECTHOCTH, OTpaXkaeT THIl ee reorpadu-
yeckoro nanamadra. Hampumep, Ha ceBepe MuHepanusaius atMochep-
HBIX OCAJIKOB COCTaBIISIET OKOJIO 10 MI/aM®, K FOry OHa yBeTHYUBACTCS
10 60 Mr/nM?, a B yCTBHIHHBIX M MOJIYIYCTHIHHBIX paiilOHAaX OHA BBIIIIC.
XUMHUYECKUI COCTaB: Cpear aHUOHOB MPe0dIafatoT cyab(aTHbIC U TH-
JpOKapOOHATHBIE MOHBI, CPEM KATHOHOB — MOHBI KaJIbLHS U HATPHSL.

[TpunsTO nenenne aTMOCQEPHBIX OCAAKOB HA 6 epynn.:

1 rpynmna — 3To NpUMOpPCKHE paiOHBI ceBepa eBpOIENHCKOoil ya-
CTH CTpaHbl ¥ T0Oepekbsi YepHOTO MOPS;

2 Tpynmna — 9TO pailoHBI ceBepa U CEBEPO-BOCTOKA ITON TEppH-
TOPHUU;

3 rpymnna — LeHTpaJIbHBIN paiioH eBpONelcKOoN YacTH CTpaHbl;

4 rpynmna — 1or eBporneickoi yactu crpansl U CeBepHblil KaBkas;

5 rpynna — ropssle paifonsl KaBkasa;

6 rpynmna — nobepexbe Kacnmiickoro u YepHoro Mopei.

8.THAPOXNMMUA PEYHBIX BO/]

Pexa — 3T0 BOJHBIN MTOTOK, KaK IPaBUJIIO, TOCTOSIHHBIHN, TUTAIO-
ITUHCS CTOKaMH aTMOC(EPHBIX 0CATIKOB CO BCETO BOIOCOOpa U HMETO-
IIUH TOI3eMHOE NMUTaHKe, TeKYIIUi B pa3pab0TaHHOM pycIIe.

Paznnuaror pexn: paBHUHHBIC, TOPHBIE, O3¢pHBIC, OOIOTHBIE, Kap-
CTOBBIC. B 3aBHCHUMOCTH OT pa3Mmepa pa3IudaroT OOJBINHE, CPEIHHE
1 MaJjible PeKH.
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[lo munepanuzayuu BoAbl peKH IEISITCA HA Yemblpe epynnul:

- ¢ Masoi MuHepanu3aiei, 10 200 mr/am?;

- co cpeanedt munepanuzaiei, 200500 Mr/am?;

- C MOBBIIIEHHOW MuHepau3arueit, 500—1 000 mr/am?;

- ¢ BBICOKO# MuHepasu3arueit, 6omee 1 000 mr/mv?.

B npenenax mepBo# rpyIbl BELIEISIOT PEKH ¢ OY€Hb MAJIOW MU-
Hepanuzarueir — 10 100 mr/am®. Manast U cpefiHsss MUHEepaTH3aIyst
BOJIbI XapaKTepHa Ui OOJIBIIMHCTBA PEK 36MHOTO IIapa.

[To xuMHuYecKOMy cOCTaBy OOJIBIIMHCTBO PEK OTHOCHTCS K TH-
JPOKapOOHATHOMY KJIACCY Y TIOYTH UCKIFOYUTEIBHO TPYIINES KaTbIIHS
Y KpaiHe PeJKo — MarHusi U HaTpus. B peyHBIX BOJAaX MOBBIIICHHON
MHUHepanu3auuy Hapsy ¢ vonamu HCO,” mOMUHHPYIOMIMMU SIBIISIOTCS
noubl SO,> u Cl'. Takum o6pazom, 1y GONBIIMHCTBA PEK TUIMYEH
CIEIYIOUINI MOPSIIOK PACTIONOKECHHUSI TIABHBIX NOHOB:

HCO,; >SO/>>Cl; Ca*>Mg">Na"+K"

Peku uMeroT Tpu OCHOBHBIX MCTOYHWKA MUTAHUS: ITOBEPXHOCT-
HBIC BOJIBI, TIOJI3¢MHBIE BOJIBI, aTMOC(EPHBIC OCAJIKH.

B TeyeHue rona 3HaYGHWE 3TUX TUIIOB B BOJHOM OajlaHCE PEKH
pe3ko KoJedaeTcs. DTO ONpeNelisaeTcss M3MEHEHHSIMU B MUHEpaJIn3a-
LMY U XUMHYECKOM COCTaBE PEUHBIX BOJ. B 1emom sxe runpoxummye-
CKHUI PeXKUM TJIABHBIX HOHOB OIPEJISIISIOT YCIOBHUS O0JIACTH MTUTAHUS:
KJIUMAaTUYECKUE, T€0JIOTUUYECKUE, TUAPOTeOI0rHUECKIUE.

CHeroBoe MuUTaHUE CO37AaCT MAIYH) MHUHEpAIM3aIlUI0 C Tpeoo-
namaaremM HCO3- u Ca?*-uoHoB. J[0kaeBoe MUTaHHE O0YCIIOBIIHMBA-
€T MaJIyr0 MUHEPAIHM3AIHI0, HO OOJIBIIYI0, YeM CHErOBOE IHUTAHUE.
['opHO-CcHEroBOE U NTEAHUKOBOE MUTAHUE TAKKE OMPEICIAIOT MAILYIO
MUHEpaJIM3alui (BBICOKOTOPHBIE oOsactu). ['pyHTOBOE mNHTaHME
00eCreunBaeT JOCTaTOYHO BBICOKYH MHUHepaln3aiuio. B 1emom Bo
BpeMsl TOJIOBOJIbSl M TABOJKOB MUHEpAIM3AlUs PEK MUHUMAIbHA,
a B MEXKIaBOJIKOBbBIE TIEPUOJIbI (3UMHSISL U JICTHSISI MEXKEHB) JIOCTUTaeT
HanOONBIINX 3HAYCHUH.,

O. A. AJNIeKUH YCTaHOBWII UeCb MUNOE SUOPOXUMUUECKOSO pe-
JlcuMa pex, OCHOBAaHHBIX HA BYX MPU3HAKAX:

XapakTepe M3MEHEHUSI MUHEPAIU3allui B TSUCHUE TO/1a;

peo0IaIatoleM BHUJIC aHHOHOB B COCTAaBE BOJIBI.
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1 mun: BOCTOYHOEBPOTEHCKHH (MUHUMYM MUHEPATH3AIUU TI0-
CTYMaET B MEPUO,T MAKCHMATLHOTO PACcX0/1a BOJBI B peKe; HabIo1aeT-
Csl CPaBHUTENBLHO OOJTBINAS aMIUTUTY 1A KOJICOAHUSI MUHEPATU3AIHH );

2 mun. xa3axXxCTaHCKUH (OBICTPOE HApacTaHWE MHHEPATH3AINU
MoCJIe MAaKCUMyMa PAcX0/1a BObI; aMILTUTY/Ia KOJICOaHUsSI MUHEPaITH-
3aIUU CPABHUTEIIBHO BEITHKA);

3 mun. cubupckuii (MHHUMYM MHUHEPATH3AI[HHA HACTYTIACT MOCIIE
MaKCHMyMa Pacxoja; aMIUTUTy1a KoJcOaHus MUHEPATH3AIUN CPaB-
HUTETBHO BENHKA);

4 mun: TaTbHEBOCTOYHBIN (CBA3b MEKIY PACXOAOM M MUHEPAIU-
3aIell HeueTKasi, OYeHb MaJiasi aMIUTUTY/1a KoJIeOaHuss MUHepaan3a-
IIUH BO BPEMEHH);

5 mun: aepHOMOpPCKHiA (KpalHsIst HEYCTOHYUBOCTD BOJHOTO PEKU-
Ma, KOTOPBI MOYTH HE BIMACT HA M3MCHEHHE MUHEPATHU3AIMN BOIbI);

6 mun: TAHL-IIAHBCKUN (MUHUMYM MUHEpPATH3AI[HA HACTYIACT
BO BPEMST MaKCHMyMa pacxojia BOJbI, KpUBAsk YMEHBINCHUS U YBEITH-
YCHUST MUHEPATU3AIUH CUITLHO PACTSIHYTA BO BPEMEHH).

ITo mpeobnamaroieMy aHUOHY MPH HATWYHHM THAPOKApOOHAT-
Horo (C), cynedarnoro (S) u xmopumaHoro (C1) kmaccoB BOJABI BO3-
MOJKHBI CEMb KOMOWHAIIMI COCTABA PEYHOMN BOJIBI B TCUCHHUE TO/IA:

C;C,S.CL:S,C1;C, S; C, CI; CL.

B Teuenwe roja (1o ce3oHam) 3TH KOMOUHAIMH MOTYT MCHSCTCSI.

9.TUAPOXUMMUA O3EP.
XUMUYECKHUH COCTAB BO/bI O3EP.
TPO®PHUYIHOCTD O3EP

0O3epo — eCTECTBEHHBIN BOIOEM, KOTOPBIN MPEACTABISIET COOOM
yIIIyOJICHHE B 3€MHOW IMOBEPXHOCTH, 3aIOTHCHHOW BOJOW. Xapak-
TEPHOW OCOOCHHOCTHIO 03epa SBISETCS 3aMEIJICHHBI BOJOOOMEH.
OcCHOBHBIM (haKTOPOM, OTIPENEIISAIONINM MHHEPATN3AINI0 U XUMHAYe-
CKHI COCTaB 03epa, SBJIAETCS MPOTOYHOCTh. B 3aBUCUMOCTH OT Hpo-
TOYHOCTHU 03€pa JEJAT HA mpu epYynnbwl:

- MPOTOYHBIE — MPUTOK U OTTOK OCYIIECTBISETCS MOBEPXHOCT-
HBIMH Y TIOA3EMHBIMU Ty TSIMU;

- OeCCTOUHBIE — MMEET MECTO TOJIBKO MPUTOK, OTTOK OTCYTCTBYET;
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- MPOMEKYTOUHOTO THUITA — OTTOK MPOUCXOIUT JIUIIb B OT/EITb-
HBIE CE30HBI [O/Ia, HAMPUMEP BECHOM. X HA3BIBAIOT TAKIKE BPEMEHHO-
CTOYHBIC.

ITpoMeXyTOUYHBIC 03epa XapaKTEPHBI JJISI 30HBI M30BITOYHOTO
YBIQKHEHUSI, UX CPETHSS MHHEPATU3aINs HEBEJIUKA U OJIM3Ka K CPe/I-
Hell MUHepaTu3auy MPUTOKOB.

Beccrounbie 03epa XapakTepPHBI JJs 3aCYILUTHBBIX paiOHOB.
CubHOE HCTMAapeHHe CMOCOOCTBYET MOCTOSHHOMY MOBBIMICHUIO MU-
HEepaNnu3aluy 1 K3MEHEHHI0 HOHHOTO COCTaBa BObIL. [1pu aToM Bey-
1ast poJib MPUHAICKUT MUHEPATO00pa3oBanuio. BeimaaeHue comeit
U3 BOJBI PAJAMKALHO MEHSET €€ COCTaB.

Osepa MPOMEKYTOUHOTO THIA PACTONOKEHBI B 30HE HEIOCTA-
TOYHOTO YyBIAXHEHHs. HempepsIBHOTO HAKOTUICHHSI MHUHEPATbHBIX
BEIIIECTB HE TMPOUCXOIUT, HO B IEJIOM MUHEpAIU3aIis BOABI 03epa
BBIIIIE MUHEPATU3AI[MH BOJIBI TIPHTOKOB.

[lo munepanuzayuu O. A. AnexuH noapasaenser o3epa:

- Ha ripecHsbIe (10 1 %o);

- costoHoBathIe (10 25 %o);

- conenble (cBbIIie 25 %o).

XUMHUECKHI COCTAB, KAK 1 MUHEPATU3AIIHSI, 3aBUCUT OT IMTPOTOU-
HOCTH 03epa, ero TAyOHHbI ¥ KOH(DUTYPAIIUK, XUMHYECKOTO COCTaBa
BOJIbI TPUTOKOB, & TAKIKE OT BHYTPUBOJAOSMHBIX MPOIECCOB.

JIyist IpecHBIX 03ep THITHYEH CIEAYIONINI MOPSIOK pacmpeaese-
HUS TJIABHBIX HOHOB:

HCO,; >SO,>>CI
Ca* > Mg* >Na"+K*.

C pocToM MUHEpaIM3alMy 03epa yKa3aHHbIN OPSAA0K HAPYILIAETCsL.

Anuonwvi. Ecnn MuHepanuzanuus cBbime 1 %o — 3T0 yaire Bce-
ro cynbdaTHeie HOoHbL. [Ipy Munepanuzammu 3—5 %o — cynbdaTHbIe
1 XJIOPHIHEIC.

Kamuonwi. Tlpeobnanaromasi poib KaTHOHOB KajbLMs COXpa-
HseTCs B 03epe 1o MuHepanuzauuu 1-2 %o. Ilpu ganpHeimem pocte
MUHEpaIu3aliy yBEJINYUBAETCS KOJIMYECTBO MOHOB HATpHUs B BOJIE.
VoHbl MarHusi COXpaHsIOT MPOMEXYTOYHOE IMOJIOKEHUE TPH JTH000MH
MuHepanuzanuu. [loaToMy mpecHbie o3epa SBISIOTCS KapOOHATHO-
kanbuuessiMu (baiikan, Jlanoxckoe, Muuuras u ap.).
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HonHblil cocTaB BOJBI HEOJHOPOJEH 110 aKBaTOPUHU H T'TyOHHE.
CreneHb HEOJHOPOJHOCTH 3aBHUCHT:

- OT COOTHOIIECHUs 00beMa 03epa U 00beMa MOCTyMAroIIeH ¢ pu-
TOKaMHU BOJBI (HampuMep, Ui OOJBIIMX 03€p HEOAHOPOTHOCTH CO-
CTaBa BOJBI IOCTATOYHO 3aMETHA JIUIIb B IPUYCTHEBBIX YUacTKaX);

- pa3nuuMs B MUHEpaIN3aliuy BOABI B 03€pe M BHOCHUMOM € TpH-
TOKaMH;

- kKoHurypanuu (popmsl) ozepa. BeitsHyTeie o Gopme 03€pa,
Haauyue 0O0OCOOJICHHBIX IIJIECOB CHOCOOCTBYIOT HEOTHOPOJHOCTH
B COCTaBe€ BOJIBI;

- HEOJJHOPOJIHOCTh XMMHUYECKOT0 COCTaBa HaOII0JaeTcs Mo Tiy-
OuHe (BepTHKaIbHas THAPOXMMHYECKasi 30HaJbHOCTH). OHa Hambo-
Jiee OTYETIMBAsl B MAIIBIX 03epax.

KonuuecTBo u cocTaB OpraHn4eckux U OMOTeHHBIX BELIECTB Xa-
paxkTepu3yeT KOPMHOCTh (TPOPHUYHOCTH) MUTAHHUS BOJHBIX OpraHU3-
MOB B 03¢epe. Paznuuaror:

- ryMH(UIMPOBaHHBIE 03epa co c1abo pa3BUTHIMU BO3ZMOKHOCTSI-
MU [IUTaHUS BOTHBIX OPraHU3MOB (OTHOCATCSI K AUCTPO(HBIM 03epam);

- 03epa ¢ Oosnee OoraToOl KU3HBIO (IBTPOGHEIE);

- 03epa ¢ Masiol TPO(PUIHOCTHIO ¥ HETYMH(DUIIUPOBAHHON BOAOH
(onmuroTpodHbIe).

10. OCHOBHBIE 3ATPA3HUTEJIN
IT'NAPOCPEPDI

AHTpOTIOTeHHOE BO3ACHCTBHE Ha THAPOCHEPY BEChbMa MHOT000-
pasHo. 3HAYHMTENHFHOE BIUSHHE Ha BOJHBIC 3KOCHCTEMbI OKa3bIBACT
BMEIIATENLCTBO YEJIOBEKa B T'HJPOJAWHAMUYCCKUN PEXKHM BOI000-
MeHa W Tpolecc NepeHoca Macc BOJbL. Kpome TOro, mpHCYTCTBHE
pa3HOOOpPa3HBIX KCEHOOMOTHKOB WM HApYyIICHHE THIPOXUMHUYCCKHX
0aJaHCOB CHIILHO BJIMSIET HA KH3HEICIATEIbHOCTh KaK OTJEIbHBIX Op-
TaHWU3MOB, TaK U (YHKIIUOHUPOBAHUS BCEX BOJHBIX YKOCHUCTEM.

K OCHOBHBIM 3arpsi3HHTENISIM BOJIOEMOB OTHOCSITCS He(TEnpo-
JYKTBI, COJIM TSDKEJIBIX METAJIOB, HEOPTaHHMYECKUE KHCIIOTHI, XJIOPOp-
TaHUYECKHE COCUHEHHS, CUHTETHYCCKHE MOBEPXHOCTHO AKTUBHBIC
BellecTBa, (DeHOJBI U PsiT Ipyrux. B HacrosmieM pasnene OyaeT pac-
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CMOTPEHO SIBIICHUE, TOCTATOYHO CeH()UUSCKOe MIMEHHO ISl BOAHBIX
CHCTEM U CBSI3aHHOE C BO3JCHCTBUEM aHTPOIIOI€HHBIX 3arpPSI3HUTEIICH
W HapylIeHHeM OallaHca THAPOXUMHYECKHUX TPOIIECCOB. ITO MPOIIECC
AHTPOIIOT€HHOTO 96Mpoduposanus (M1 IBTPO(UKALINK) BOTOSMOB.

CyTb 3BTpOHUKAIMU 3aKII0YAETCS B MOBBIIICHUH YPOBHS HeEp-
BUYHOHM MPOIYKLUUH BOJ OJarofaps yBEJINYEHHIO B HUX KOHILIEHTpa-
MM OMOTEHHBIX 3JIEMEHTOB, INIaBHBIM 00pa3oM azora u ¢ocdopa.
[Tpu He3HAYUTETBHOM COJIEP)KaHUU B BOJE YKa3aHHBIX OHOTCHOB
NPEHMYIIECTBEHHO Pa3BHBAIOTCS OCHTOCHBIC pacTeHHs (CBSI3aHHBIC
C IOHHOW MOBEPXHOCTHIO M COOTBETCTBEHHO IOJIy4alolue asorT,
dbocdop u np. uepe3 KOpHEBYIO cucTemy). Boja B Takux Bojoemax
JOCTATOYHO IpO3payuHas, Kak CJIeACTBHE, B HEll MHOIO KHCIIOPOJa,
oTMeuaeTcs 0onbplIoe pazHooOpasue peld U MOMUTIOCKOB. [lomoOHOe
COCTOSIHME BOJJOEMOB HasbIBaeTcs oucompoguuvim. Korna comepxka-
HHe B Bozie hochopa, a30Ta U HEKOTOPBIX IPYTUX IEMEHTOB, HAIIPHU-
Mep Kallusi, IPEeBBIIIACT KPUTHYCCKUI YPOBEHb, YCKOPSIOTCS JKU3-
HEHHBIC TIPOIECCHl BOJHBIX PACTUTEIBHBIX OPraHU3MOB, CYIIECTBY-
IOIIUX B TONIIE BOABL [IpM 3TOM MpPEUMYIIECTBEHHO Pa3BHBACTCS
(PUTOIUIAHKTOH M YMEHBILACTCS MPO3PaYHOCTh, YTO MPUBOIHUT K CO-
KpalieHno (OTOCHHTE3a M COAEpKaHUs Kuciopoaa. VHTeHcHBHOE
pa3BHUTHE PACTCHUI MPUBOJHUT K HAKOIUICHUIO OPTaHUYECKOTO Belle-
CTBa BCJIC/ICTBHE HETOIHOM MuHepaiu3auu. [lepexon BogoéMoOB oOT
OJUroTpo(HOrO COCTOSIHUS Yepe3 Me30TpodHoe (YMEpEeHHOE COAep-
’KaHHe B BOJE OPraHMYECKUX M OMOT€HHBIX MHHEPAJIbHBIX BEIIECTB)
K 3BTpodpHOMY (BOABI OOrarhl a30ToM U (GOchOpPOM, YMEHBIIACTCS
COZIEpKaHUsI KUCIOPO/ia B INIyOMHHBIX CJIOSIX BO Bpems (a3 3acTosi)
CBSI3aH C HAKOIUICHUEM B HUX JIOHHBIX OTJIOXKCHHH M BO3pacTaHUEM
KOHLICHTPAIIMU OMOTEHHBIX JIEMEHTOB.

AHTpOTOreHHOE 3BTPO(UPOBaHHE BEChbMa OTPHLIATEIBHO BIHSET
Ha MPECHOBOJIHBIC YIKOCHCTEMBI, IPUBOJS K MEPECTPOHKE CTPYKTYPhI
TpoUUECKUX CBsI3el TUIPOOHMOHTOB, PE3KOMY BO3PACTaHHIO OHO-
Macchl (UTOIUIAHKTOHA. biaroiapsi MaccoBOMy pa3MHOKEHHUIO CHHE-
3€JIEHBIX BOAOPOCIIEH (BBIACIAIONINX OMACHBIC HE TOJIBKO JJIs THAPO-
OMOHTOB, HO M JUIS YEJIOBEKAa TOKCHHBI, HAIPUMEP MHKPOLMCTHH),
BBI3BIBAIOIINX «LBETEHHE» BOJIbI, YXYyIIACTCS €€ KauecTBO U yCIO-
BUSI J)KU3HU THAPOOMOHTOB. Bo3pacTanue mMacchl (PUTOIIAHKTOHA CO-
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MPOBOXKAAETCS YMEHBLICHUEM Pa3HO00pa3usi BUAOB, YTO MPUBOIUT
K HEBOCIOJHHMMOHW yTpaTe TeHO(OH/A, YMEHBIICHUIO CIIOCOOHOCTH
9KOCHUCTEM K TOMEOCTa3y U CaMOpeTyJISIHU.

OCHOBHBIM 3BTPO(UPYIOIINUM DIEMEHTOM JUII MOPCKUX BOJIOE-
MOB CITYXKHT a30T, I MPECHOBOAHBIX — (ochop (MHOTAa a30T, Ka-
nuit). Hakorienue GMOT€HOB B BOJOEMAax — pe3yJIbTaT HAPYILICHHS
OanaHca MOCTYIUICHUS U BBIX0Ja OMOTEHOB U3 BOAHOM cucTeMbl. Oco-
OeHHO SIpKO 3TO HposBisieTcs aist hocdopa: razoBoit (asbl 1is Bcero
MPUPOAHOTO HAabOpa MpeBpalleHnui (B OTJIMYME, HAIPUMED, OT a30-
Ta) U CBOOOAHOTrO MepepacnpeneneHus B skocucteMe HeT. [lomanas
B 3aKpBIThIE BOJOEMBI, POC(hOp HACBHIIIAECT U MEPECHILIAECT CHCTEMY.
docdop u Apyrue MUHEpaabHble OMOTEHBI HUPKYJIUPYIOT B CHCTEME
JHIIb B TOM CJy4Yae, €CHM COJAepiKallhue UX OTXOABI KU3HEAeSTEIIb-
HOCTH OTKJIAJBIBAIOTCS B MECTaxX IOTJIOIICHHUS JaHHOTO 3JIEMEHTA.
B ecrecTBeHHBIX 3KOCHMCTEMax MOJOOHOE paBHOBecHe coOmoaa-
eTcs. JTO KacaeTcsl KaK OpraHu4ecKod, TaK W YHCTO MUHEpPAIbHON
¢dopmbl hochopa. esTenbHOCTh YenoBeKa NPUBOIUT K HAPYIICHHIO
ecTecTBeHHOro 1ukia ¢ocdopa. OHa pasnenser mecta norpedie-
HUS Y yTUIM3aluKu OuoreHa, B 4yacTHOCTH (ocdopa. Ypoxait BMecTe
¢ OMoreHamu, M3BJICYCHHBIMH M3 MOYBBI, NIEPEBO3UTCS HA OOJIbLINE
paccrosHus K nmotpeOuTemsM. [IpoayKThl KU3HEASSITEIbHOCTH YeT0-
Beka, coaeprkamue ¢Gocdop, cOpachBarOTCS B BOJOEMBI H, IIEPECHI-
11asi UX 3TUM 2JIEMEHTOM, BBI3BIBAIOT IBTPO(UKAIHIO.

11. 3A'PA3HEHUE BOJOEMOB
U IMTOKA3ATEJ/IM KAYECTBA BO/Ibl

AHTPOIIOTEHHBIC 3arPsS3HEHUS OKA3bIBAIOT 3HAYMTEILHOE BIIHS-
HUE Ha KOHI[CHTPAIIUIO HOHOB BOJIOPO/a B BoJie. 3HaueHue pH B peu-
HBIX BOJaxX OOBIYHO BaphbUpPYET B Ipenenax 6,5-8,5, B aTMochepHBIX
ocankax 4,6—6,1, B 6omorax 5,5-6,0, B Mopckux Bomax 7,9-8,3. Kon-
LEHTpaIUsi HOHOB BOJIOPOJIA TIOABEPIKEHA CE30HHBIM KOJICOAHHUSIM.
3umoii BennumHa pH Ui OONBIIMHCTBA PEYHBIX BOJ COCTABISET
6,8-7,4, netom 7,4-8,2.

B cooTBeTcTBUM C TPeOOBAHUSMH K COCTaBY U CBOWCTBAM BOJIbI
y TMYHKTOB THTHEBOTO BOJOIMOJIL30BAHUS, BOJIBI B 30HAX pEKpeallyy,
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a Takke B BOJI0EMAX PhIOOXO3MHCTBEHHOTO Ha3HAaYCHUs 3HaueHus pH
HE JIOJDKHBI BBIXOJHUTH 3a MpeAesbl uHTepBaia 6,5-8,5. TIpupoHbie
BOJIBI B 3aBUCHMOCTH OT pH panuoHambHO AENIUTh HA CEMb TPYIII
(tabm. 2).

Tabmuma 2
TI'pynnot npupoonsvix 600 6 3asucumocmu om pH
I'pynna pH Ipumeuanue
CHUITBHOKHUCITBIE <3.0 PesynbTaT ruaposm3a coneil TSKEbIX
BOJIBI ’ METaJUIOB (IIIaXTHBIC U PYAHUYHBIC BOJIBI

[Toctynnenue B BOAY yroiabHOM KHCIIO-

ThI, QyJILBOKHCIIOT M APYTHX OpraHuve-

CKUX KHCJOT B Pe3yIbTaTE Pa3I0KEHUSA
OpPraHUYECKUX BEIIECTB

Kucnbie Bob 3,0-5,0

Crnaboxucisre 5.0-6.5 [IpucyTcTBHE TYMYCOBBIX KHUCTIOT B TTOYBE
BOJbI o 1 OOJIOTHBIX BOJAX (BOJIBI JIECHOM 30HBI)
HetiTpanbHbie 6.5-7.5 Hammune B Bogax Ca(HCO,),,
BOJIBI - Mg(HCO,),
Cnabo1enounsre 7585 Hannune B Bomax Ca(HCO3)2,
BOJIBI o Mg(HCO,),

[llenounsie Boabl | 8,5-9,5 [Ipucyrctere Na,CO, nmn NaHCO,

CHIIBHOIIEJIOYHBIE
BOJIBI

9,5 [Tpucyrcteue Na,CO, umn NaHCO,

WHTerpaibHbIMU  XapaKTEPUCTHKAMU OOIIEro KOJIUYECTBa Be-
IIECTBA B MOJ3EMHBIX BOJAX SIBIISIIOTCS PACUCTHBIC BENUYMHBI: M-
Hepanuzayusi (CAHOHUMBL: 00IIas Wi CyMMapHas MHUHEpAaIn3aIusl,
CTeNeHh MUHEPAIU3aIK) U CyMMa MOHOB, a TaKXKe OTpeIesieMbIi
IKCIIEPUMEHTAIILHO CYXO# 0CTaTOK.

CyMMapHOe coJliepKaHue BCEX HAWJCHHBIX MPH XUMHYECKOM
aHaM3e BOJBI MUHEPAJIBbHBIX BEIIECTB OOBIYHO BBIpAXKAETCS B MI/IT
(mo 1 000 mr/mm) 1 %o (pu MuHEpanu3anuu 6omee 1 000 mr/im).

[peanpusiTusi MUTHEBOTO BOJIOCHAOKECHUS MPEIBSIBISIOT OINpe-
JIeTICHHbIe TPeOOBaHUS K KauecTBY BOJI, B YACTHOCTH K MUHEpaliu3a-
UM, T. K. BOJIBI, COJIEpIKAIie OONBIIOe KOJMYECTBO COJIEH, OTpHIla-
TEJILHO BIUSIIOT Ha PACTHTENILHBIE U )KUBOTHBIC OPTaHU3MBI, TEXHOJIO-
THIO TIPOU3BOJICTBA U KAYECTBO MPOIYKIIMH, BBI3BIBAIOT 00pa30BaHKe
HaKHUIH Ha CTEHKaX KOTJIOB, KOPPO3HIO, 3acojieHne TouB (Tabi. 3).
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Tab6nuua 3
Knaccugukayusa npupoonvix 600 no munepaiuzayuu

Kamezopus 600 MuHeijj/faWﬂ’
VYabTpanpecHbie <200
[IpecHsie 200-500
ﬁgﬁ; (;;;{;Hcplg;nbﬂo TOBBIILIEHHON 500-1 000
CostoHOBaTHIC 1 000-3 000
Conenble 3 000-10 000
Bo1bl TOBBIIIEHHOM COJICHOCTH 10 000-35 000
Paccombr > 35000

B cooTBeTCTBHM C IMTHEHUYECKUMH TPEOOBAHHSAMHU K KaueCTBY
MUTHEBOW BOJIbI CyMMapHasi MUHEPAIU3aIisl He JO/DKHA MTPEBBIIATh
BennuuHbl 1 000 mr/o.

Oxucnsemocms — 3TO BelIMUMHA, XapaKTEPU3YIOIIasi CoaepKa-
HUE B BOJIC OPraHUYECKUX M MUHEPAIbHBIX BEIIECTB, OKUCIISIEMBIX
(TIpu  OTIPENIENICHHBIX YCJIOBHUSAX) OJHUM U3 CHIIBHBIX XUMHYECKHX
oKHcHTeNel. Bripaxaercst 3TOT mapaMeTp B MIJTUTPaMMax KHCIIO-
poJa, MOIeAIero Ha OKUCIICHHE TUX BELIECTB, COAepKaMXcst B 1 1
BOJIbL. Pa3nnyaloT HeCKOJIBbKO BUIOB OKHCISIEMOCTH BOJBI: IIEpMaHTa-
HaTHYI0, OMXpoMaTHylo, HoJaTHylo, epueByto. Hanbomnee Bhicokas
CTEIeHb OKHCIICHHUS TOCTUTAETCs OMXPOMATHBIM U HOJATHBIM METO-
Jnamu. B mpakTuke BOJIOOYMCTKHU JIJISl IPUPOJIHBIX MaJI03arpsi3HEHHBIX
BOJI ONIPEEIISIOT IEPMaHTaHATHYIO OKUCIISIEMOCTh, a B OoJiee 3arpsi3-
HEHHBIX BOJAaX — KaK MpaBUJIO, OMXPOMATHYIO OKUCISIEMOCTh (Ha-
3piBaeMyr0 Takke XITK — «xuMudeckoe norpeOIeHne KUCIOPoaay).

B cooTBeTcTBUM ¢ TpeOOBaHMUSMHU K COCTaBy M CBOWCTBAM BOBI
BOJIOEMOB Yy TIYHKTOB MHUTHEBOTO BOAOMOJIb30BaHus BennunHa XIIK
He J0JDKHA npeBbIaTh 15 mr O/1; B 30HaX pekpeannu B BOAHBIX 00b-
extax pomyckaercs Bennunaa XIIK no 30 mr O/x (tadun. 4).
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Tabmnuma 4

Beauuunvt XIIK ¢ 600oemax
C PA3UYHOU CHENEHBIO 3A2PA3ZHEHHOCIU

Cmenenv 3aepaznueHus XIIK,
(knaccol 6000eMm08) me O/n

OdeHb YNCTHIC 1
Uucreie 2
YMepeHHO 3arpsi3HEHHbIE 3
3arpsi3HeHHbIe 4

I'psi3HBIC 5-15

OdeHb Tps3HBIC >15

CremneHb 3arpsi3HEHNS BOJIbI OPraHUYECKUMH COCTUHEHUSIMH TaK-
e OMpPEACISIIOT KaK KOJIMYECTBO KHCIOPOJAa, HEOOXOJUMOe sl UX
OKHCJICHUSI MUKPOOPTraHU3MaMH B adpPOOHBIX YCIOBUSX (Ouoxumuye-
ckoe nompebnenue xuciopooa (BIIK)). Buoxumuueckoe oKuCICHHE
Pa3NMYHBIX BEMIECTB MPOMCXOAUT C Pa3luuHON cKopocThio. K mer-
KOOKHCIISIOIMMCST («OMOJIOTHYECKH MSTKHM») BEILECTBAM OTHOCST
(dbopmanbaerny, HU3MKe anudaTunaeckue cnupTel, Gero, Gpypdyporn
u 1p. CpenHee MOJIOKEHUE 3aHUMAIOT KPE30Jibl, HAQTOJNbI, KCHIICHO-
JIbI, PE30PIIMH, TUPOKATeXUH, aHnoHakTuBHBIE [IAB u np. Memienno
paspymaroTcs «OHOJIOTHYEeCKH JKECTKHE» BEUIeCTBA, TAKUE KaK T'HI-
POXUHOH, CYJIb(OHOI U JIp.

Honuvim Ouoxumuveckum nompeodnenuem xuciopooa (BIIKII)
CUUTAETCS KOIMUYECTBO KUCIOPOa, TpeOyeMoe sl OKUCIICHUsI opra-
HUYECKUX IpUMecel 10 Hadana npoieccoB HuTpudukanuu. Kommue-
CTBO KHCIIOPOAA, pacXoyeMoe JUIsi OKHCICHUS! aMMOHUITHOTO a30Ta
JI0 HUTPUTOB M HUTpaToB, npu onpexaeneHnu BIIK He yuutbiBaercs.
BIIK, 11s BHyTPEHHUX BOJOEMOB PHIOOX03SHCTBEHHOIO HA3HAYEHHUS]
(I'm II xareropun) ipu 20 °C He pomkHa npesbimarh 3 mr O, /1.

B naboparopubix ycnosusx Hapsay ¢ BIIKn onpenensiercs BIIK
— OnoxumHUecKas NOTPeOHOCTh B KHCIOpoe 3a 5 cyTok. B moBepx-
HOCTHBIX BOjiax BenuuuHbl BITK, u3Mensiorcs oObIMHO B Mpejenax
0,5-4 mr O,/1 ¥ MoABEPKEHBI CE30HHBIM M CYyTOYHBIM KOJIEOaHUAM.
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Ce30HHBIC KOJICOAHUS 3aBHCAT B OCHOBHOM OT HM3MEHEHHUS TEMIIe-
paTtypbl ¥ OT UCXOJHON KOHIIEHTPAIUH PACTBOPEHHOT'O KHUCIOPOJA.
Brnustnue Temreparypbl CKa3bIBaeTCs Yepe3 ee BO3JCHCTBHE Ha CKO-
pPOCTh Tporiecca MOTpedieHHs, KOTOpas YBEIUIUBAaeTCS B 2—3 pasza
MpU MOBBIIIEHUH TeMiepaTypbl Ha 10 °C. BnusHue HayaibHON KOH-
[EHTPAIUU KHUCIOPO/a Ha MPOIECC OMOXUMHUYECKOTO MOTPEOICHHS
KHUCJIOPOJia CBS3aHO C TEM, YTO 3HAUUTETIbHAs YacTh MHKPOOpPTa-
HU3MOB MMEET CBOU KHCIOPOAHBINA OMTUMYM JUIS PA3BUTHS B IEJIOM
U st GU3UOTIOTUIECKON U OMOXUMIUYECKON aKTUBHOCTH. CyTOYHBIC
xoneOanus BenuuuH BIIK, Takxe 3aBUCAT OT MCXOJHOM KOHIIEHTpA-
UK PACTBOPEHHOTO KHCJIOPOJA, KOTOpas MOYET B TEUCHHE CYTOK
U3MEHAThCs Ha 2,5 Mr O,/ B 3aBUCUMOCTH OT COOTHOILEHHUS HHTEH-
CHUBHOCTH TMPOIECCOB €ro MPOayNHUpOBaHUs U MOTpebIeHus. Becbma
3HauYMTeIbHbI 3MeHenus BenuuuH BIIK, B 3aBucuMocTH OT cTeneHu
3arpsA3HEHHOCTH BOJIOEMOB.

B 3aBucuMocTu 0T KaTeropuu Bojgoema Bemuunna bIIK, perna-
MEHTHPYETCsl CIeAyomuM obpazom: He Oonee 3 mr O/n ans Bo-
JIOEMOB  XO3HCTBEHHO-TIUTHEBOTO BOJOIMOIB30BAHUS W He Oojee
6 Mmr O,/n 118 BOJOEMOB XO3AHCTBEHHO-OBITOBOTO M KyIbTYyPHOIO
BOJIOTIOJIE30BAHHS.

Oxucnsiemocms npupoOoHvix 600 (OUXpoMaTHas M IepMaHraHaT-
Hasi). DTO BEMYMHA, XapaKTEPU3YIOIas COJCPIKaHIEe B BOJIC OPTaHH-
YeCKUX M MUHEpaTbHBIX BeliecTB. OHU B OMPEIEICHHBIX YCIOBUAX
CMOCOOHBI OKUCHATHCS CHIBHBIMA XHUMHUYECKAMHU OKUCITUTEIISIMH.,
B ruapoXuMuUecKkoil MpakTHKE, KaK MPaBHIO, OTMPEACIISIOT MEPMaH-
raratnyto (I10) u buxpomaruyro (bO) okuciasiemocts. OKUCIIEMOCTD
BbIpakaeTcs B Mr O /v’ (Tabi. 5).

Tabnuma 5
OKucnaemocms RPUPOOHBIX 00
110 bO

MpeJIeNIbHO YHUCTast BOJIa MeHee 2 MmeHee 7
qucTas Boja no 4 o 12
YAOBJIETBOPUTENHHON o 10 1o 30

YUCTOTHI

YMEPEHHO 3arpsi3HEHHAs Jo 15 1o 40

Tps3Has Oomnee 25 6oiree 80
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OKHCISIEMOCTD 3arPSI3HEHHBIX TOBEPXHOCTHBIX BOJ MPOSBIIAET
JOBOJIGHO OTYETIIUBYIO (PU3UKO-reorpapuuecKyio 30HaIbHOCTh. BbI-
JIENIAI0TCS 30HBI:

- OYEHb MAJIBIX 3HAUCHUI (10 2 MT OZ/L[M3);

- MaJbIX (2—5), 9TO BOAHBIE OOBEKTHI TOPHBIX 00JIACTEH;

- cpeaaux (5-10), 3T0 BOJHBIE OOBEKTHI 30HBI ITHMPOKOIHCTBEH-
HBIX JIECOB, JIECOCTEIH, CTEIH, TIONYITyCThIHH, & TAKXKE TYH/IPHI;

- noBbImeHHBIX (15-20), 3T0 BoagHbIE O0BEKTHI 30HBI CEBEPHOUH
U KO’KHOU TaWry.

Oxuciumenvro-6occmanosumenvhwvitl nomenyuan (Eh) — mepa
XMUMUYECKOW aKTHUBHOCTH DIIEMEHTOB HJIM UX COCTUHEHUH B 00OpaTH-
MBIX XUMHYECKHX IMPOIECCaX, CBA3AHHBIX C U3MEHEHHEM 3aps/a 1o-
HOB B pacTBOpax. 3HaUEeHUsI OKUCIINTEIbHO-BOCCTAHOBUTENBHBIX (pe-
JIOKC) TMOTEHIMAJIOB BBIPAXKAIOTCS B BOJIbTaX (MUJUIMBOIBTAX).

B mpuponnoii Bome 3Hauenune Eh xoneOmercs ot — 400
1o + 700 MB u onpenensieTcst Bcell COBOKYITHOCTBIO MPOUCXOASIIINX
B HEll OKHCIIMTEIBHBIX U BOCCTAHOBUTENBHBIX MPOIIECCOB, U B yCIIO-
BHSAX PaBHOBECHs XapaKTEpPHU3yeT Cpeay Cpa3y OTHOCUTEIBHO BCEX
3JIEMEHTOB, UMEIOIINX MEPEMEHHYIO CTETIEHb OKHCIICHMS.

Nzyuenne penokc-moTeHIMaNa MO3BOJISAET BBIIBUTH MPUPOAHBIC
Cpezbl, B KOTOPHIX BO3MOKHO CYIIECTBOBAaHUE XUMHUYECKHX 3JIEMEHTOB
C NIEPEMEHHOM CTENEHBIO OKHUCIICHHS B ONpeeTIeHHOH (opMe, a Takke
BBIJICTIUTH YCIIOBUSL, IPH KOTOPBIX BO3MOXKHA MUTPAIIHs METAJIJIOB.

PaznnyaroT HECKOJIBKO OCHOBHBIX THIIOB T€OXMMHUYECKUX 00CTa-
HOBOK B MPUPOTHBIX BOJAX:

OKUCIUMeNnbHLII — XapaKkTepusyemblit 3HaueHusiMu Eh + (100—
150) MB, mpucytcTBueM CBOOOAHOTO KHCIOpOJa, a TaKkKe LeNo-
ro psiia 3JIEMEHTOB B BhICHICH (hopMe CBOEH CTENEHH OKMCIICHHS
(Fe3+, M06+, ASS+, V5+, U6+, SI'2+, Cu2+, Pb4+);

nepexoonblll OKUCIUMENbHO-80CCMAHOBUMENbHbI — OIpeJie-
nsiemblit Benmnuunamu Eh + (100-0) MB, HeycTOWYHMBBIM reoXuMuye-
CKHM pEXXHMOM U MEPEMEHHBIM COJEpKaHUEM CEPOBOAOPOA U KUC-
nopoaa. B aTHX ycrnoBHSX MpOTeKaeT Kak cinadoe OKUCIEHHE, TaKk
u cnaboe BOCCTAHOBJICHHUE LENIOTO PsiJja METaJUIOB,

680CCMAHOBUMENbHBIN — XapaKTEPU3YEMbI OTPHULIATEIbHBIMU
3HaueHusiMu Eh. B mom3eMHBIX BoJax MpHCYTCTBYIOT METaUIbI HH3-
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kux creneneit okucnenus (Fe?*, Mn?*, Mo*, V#, U*), a Takxe cepo-
BOZOPOI.

PacTBOopeHHBI KHCJI0POA HAXOIWTCS B NPHUPOAHON BOJE
B Bujie Monekyn O,. Ha ero comepikanue B BOJ€ BAMSIOT JBE TPYIIIbI
IIPOTUBOIIOJIOKHO HAIMPABJICHHBIX MPOIECCOB: OJIHU YBEIUYHBAIOT
KOHIICHTPAIIMIO KUCIOPOa, Ipyrue yMmeHbinaroT ee. K nepBoi rpym-
Ie TPOIIECCOB — 00OTaIarOIIUX BOJAY KUCIOPOIAOM — CIEAyeT OT-
HECTH: Tpoliecc abcopOImu KUCIopoaa u3 aTMoc(hepsl; BhIICICHHE
KHCIIOPOJIa BOJHOM PacTUTEIHLHOCTHIO B IIpoliecce POTOCUHTE3A; T10-
CTYIUICHHE B BOJOEMBI C JIOMKJICBBIMU U CHETOBBIMH BOJIaMU, KOTOPBIC
OOBIYHO MEPECHIIIEHBI KUCIOPOIOM.

B moBepXHOCTHBIX BOJaxX COJCpXKAHHE PACTBOPEHHOTO KHCIIO-
polla BappUpyeT B MUPOKUX mperaenax — ot O mo 14 mr/m u noj-
BEPIKEHO CE30HHBIM U CYTOUYHBIM KojeOaHusIM. KoHIeHTpaIus Kuc-
JOpoJia OMpPE/EIIIeT BEIMYUHY OKHCIUTEIbHO-BOCCTAHOBUTEIHLHOIO
MOTEHIIMAJIA ¥ B 3HAYUTEIIBHON Mepe HalpaBICHUE H CKOPOCTh TPO-
LIECCOB XMMHYECKOTO U OMOXUMHUYECKOTO OKHCIICHHSI OPraHHYECKUX
Y HEOPTaHWYECKHX COeAMHEHUU. KUCIOpOJHBIN peXUM OKa3bIBacT
IyOOKOE BIIMSHUE HA KU3HBb BoJOeMa. MUHHMAaIbHOE COJCPIKAHKE
PACTBOPEHHOT'O KHCIIOPO1a, 00ECIIeUHBAOIIEe HOPMaIbHOE Pa3BUTHE
pBIO, coctaBisieT okoiio S5 mr/i. [loHmkeHHe ero 10 2 Mr/i BbI3bIBa-
€T MaccoByIO THOeNb (3amMop) priObl. HebnmarompusTHO cka3biBaeTcs
Ha COCTOSIHUU BOJIHOTO HACEJICHHS M MEPECHIIICHUE BOJBI KUCIOPO-
JIOM B pe3yJIbTaTe MPOLECCOB (DOTOCHHTE3a MPU HEIOCTATOYHO WH-
TEHCUBHOM TICPEMEIINBAHUU CIIOEB BOJIBI.

B cooTBetcTBUM ¢ TpeOOBaHUSIMH K COCTaBY U CBOHCTBAaM BOJIbI
BOJIOEMOB Y ITYHKTOB TUTHEBOTO ¥ CAHUTAPHOTO BOJIOTIOJIL30BAHUS CO-
JIepKaHue PaCTBOPEHHOIO KUCIIOpo/ia B ipode, 0ToOpanHO# 10 12 va-
COB JIHSI, HE JIOJDKHO OBITh HUXE 4 MI/JT B JIF00OW TIEPUOJ] rojIa.

Bseeuwennvie meepovie 6eujecmaa, MIPUCYTCTBYIONIUE B MIPUPOJI-
HBIX BOJIaX, COCTOSIT U3 YAaCTHUI[ IJIMHBI, TIECKa, WA, CYCIICH3UPOBaH-
HBIX OPTaHMYECKUX W HEOPTaHWYECKUX BEIIECTB, IJIAHKTOHA U Pa3-
JUYHBIX MHUKPOOPraHW3MoB. KOHIIEHTpalMsi B3BEIICHHBIX YACTHII
CBsI3aHa C CE30HHBIMHU (DaKTOPaMHU U PEKUMOM CTOKA, 3aBUCHT OT I10-
PO, ClararIuXx Pycio, a TAKXKe OT aHTPOIOTCHHBIX (PaKTOPOB, Ta-
KHX KaK CeJIbCKOE XO35HUCTBO, TOPHBIC pa3pabOTKH U T. II.
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B3BemieHHbIC YacTHIBI BIUSIOT Ha MPO3PAYHOCTH  BOJIBI
Y Ha MPOHUKHOBEHHE B HEE CBETA, HA TEMIIEPATypy, COCTAB PaCTBO-
PEHHBIX KOMIIOHECHTOB MTOBEPXHOCTHBIX BOJI, aJICOPOIIMI0 TOKCHYHBIX
BEIIECTB, HA COCTaB W DPACIPEEIICHUE OTIOXKCHHIH U HA CKOPOCTh
ocaakooOpa3oBanus. Bona, B KOTOpOH MHOTO B3BEIIEHHBIX YACTHII,
HE TIOJIXO/IUT JUIsl PEKPEallMOHHOTO UCTIOIB30BaHHUSI IO ICTETUYCCKUM
COOOpaKCHUSIM.

B cootBercTBUM ¢ TpeOOBaHHSIMHU K COCTaBYy U CBOMCTBaM BOJIbI
BOJIHBIX OOBEKTOB Y ITYHKTOB XO3SIICTBEHHO-ITUTHEBOTO U KYJILTYPHO-
OBITOBOTO Ha3HAUYCHHUS COJICPKAHUC B3BEIIICHHBIX BEIICCTB B PE3yJib-
TaTe CITyCKa CTOYHBIX BOJ HE JIOJDKHO YBEIIMYHBATHCS COOTBETCTBEHHO
oosee yem Ha 0,25 mr/n u 0,75 mr/i. JInst BOJoeMOB, cofiepiKaiux B Me-
*eHb Oosiee 30 MI/1 IPUPOIHBIX MUHEPAIBHBIX BEIIECTB, JIOMYCKACTCS
YBEIMUEHHE KOHIICHTPAIINHU B3BEIICHHBIX BEIIECTB B mpesenax 5 %o.

12. KJIACCU®UKAILIAA U COCTAB
MO/A3EMHBIX BO/I

ITonzemMHble — 3TO MPUPOJHBIE BOJbI, 3aJErarolIUe B 3€MHOU
TOJIIIE B )KUIKOM, TBEPJIOM U IMapoodpa3zHoM coctosHnu. [lom3emubie
Y TIOBEPXHOCTHBIE BOJBI TECHO B3aMMOCBS3aHBI U SBIAIOTCS €AMHOW
CUCTEMOM. BpIIenstoT 1Ba TUNA MOA3EMHBIX BOJI:

- TPYHTOBBIE BOJIBI,

- apTe3naHCKue (HAITOPHBIC) BOJIEI.

B oco0yro rpymimy BEIIENSIOT MHHEPAIbHBIE BOJIBL.

I'pynmossie — 3TO TOA3EMHBIE BOJBI IEPBOTO OT MTOBEPXHOCTH
3eMJTH TIOCTOSTHHOTO BOJIOHOCHOTO CIIOSI, BOJBl WHTEHCHBHOTO WIIH
cBOOOIHOTO BOAO0OOMeHa. [IoBEpXHOCTh TPYHTOBBIX BOJ B OOIIHX
gepTax MOBTOPSET GOpMy 3eMHOTO penbeda, Uil HUX XapaKTepHO
OTCYTCTBHE Hamopa (ecil ecTb, TO MECTHBIH). YPOBEHb IPYHTOBBIX
BOJ 3aBHUCHUT OT THIPOMETEOPOIIOTUIECKUX (PAKTOPOB (TEMIEPATyPHI
BO3/yXa, aTMOC(HEPHOTO AaBIICHUS, KOJIMYECTBA BBHITIABIINX OCAIKOB).
Jis TPYHTOBBIX BOJ XapaKTepHa THUIAPOXWMHYECKas 30HAIBHOCTD:
C ceBepa Ha IOT eBpOIEHCKON YaCcTH CTpaHbl YBEITMYUBAECTCS TITyOHHA
3aJieraHus TPYHTOBBIX BOJ U MUHEpAIH3ays BOABI (TOPHU30HTATbHAS
THIPOXUMHYECKasi 30HATLHOCTE). BBIAENSIOT 1B 30HBI:

47



- 30HY TPYHTOBBIX BOJ BhILIeNaunBaHus (popMHUpYIOTCS B 00-
JacTsAX U30BITOYHOTO YBIXKHEHHSI, B 00JIACTSIX YMEPEHHO BIAKHBIX,
HO XapaKTEePHU3YIOIUXCSI HATMYUEM XOPOLIO MPOHHUIIAEMbIX OPOJI,
BBICOKOH IMHAMUYHOCTBIO BOJ, aKTHBHBIM JIBHKeHUEM). X MuHepa-
JM3aIMs, KaK MPaBUIIo, He MpeBbImaeTt 1 r/am’;

- 30Hy TPYHTOBBIX BOJ] KOHTHHEHTaJILHOTO 3acoieHus (popmupy-
I0TCS B YCIIOBHSIX apHHOTO KIIMMaTa Ha TEPPUTOPUH ITyCThIHb, TOTYITY-
CTBIHB M CYXHX cTerneil). bonee Munepani3oBaHHa, 4eM B TIEPBOH 30HE.

Apme3uanckue — TOJ3eMHBIC BOJIBI, 3aJ€raloIie MEKIy BOJIO-
YIIOPHBIMU CJIOSIMU 1 uMerorie Hamop. OcHoBHas (hopma 3alieraHus
— BOJIOHAINOpHBIE (apTe3naHcKue) OacceiHbl. [lnana3oH M3MEeHEHUs
MHHEpaIH3alMy apTe3UaHCKUX BOJ BENUK (noiu r/am° 10 650 %o).
Briienstor BogbI:

- ipecHbie (10 1 %o);

- costoroBateie (10 10 %o);

- conensble (10 35 %o);

- paccombHbIe (0omee 35 %o).

I'pyHTOBBIE BOABI BBHILIETAUYNBAHUS COJIEPKAT B CBOEM COCTABE
nonbl HCO3™ Ca*', B 10)KHBIX pailOHaX 30HBI U30BITOYHOTO YBJIaXKHE-
HUs BCTpeyaroTcs Bozibl, cofepskarme uonsl SO,>, Cl, Na*; SO, CI,
Ca?", st 310 e 30HbI XapaKTePHO OOJIBIIOE KOJINYECTBO PACTBOPEH-
HOT'O OPTraHHUYECKOro BelecTra (10 35 mMr/am?).

I'pyHTOBBIC BOJbI KOHTHHEHTAIBHOTO 3aCOJICHUS XapPaKTEPHBI JJIS
apUIHOTO KJIMMaTa, pa3HooOpa3Hbl MO COCTaBy: THApOKapOaHaTHO-
cynbdarHbie. cyibdarHble, cyiabdaTHO-XIopuaHbie. OObYHO 00OTa-
LICHBI MUKPOAJIEMEHTAMHU.

Hanopnule (apme3uarnckue) BOIbL:

- IpecHble BOIbI cosiepxkar ooeruno HCO, , Ca*'; HCO, ", SO,*,
Ca*; SO, HCO,, Ca*" u 61au3ku Mo COCTaBy K MOBEPXHOCTHBIM
BOJIaM;

- COJIOHOBATBIE BOJIBI BEChbMa pa3HOOOPAa3HBI [0 XUMUIECKOMY CO-
CTaBy: THJIpOKapOOHATHBIC, Cylb(paTHBIE, pexe XiopuaHsie. Katu-
OHHBIII COCTaB: B HUX MOTYT npeobianats Ca?*, Mg* u Na'. B razoBom
COCTaBe THX BOJ yBenuuupaetcs coaepsxanne H,S, CH,. BOmusu ne-
(TSHBIX U Ta30BBIX 3AJISKEH BOABI MOTYT COJEPKATh YIIICBOAOPOIHbIC
KOMITOHEHTHI,
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- COJICHBIC ¥ PACCOJIBHBIC BOJIBI 3aHUMAIOT OCHOBHOI OOMEH MO/~
3eMHOH runpocdepsl, 00pa3yroTcs B 30He HanboJiee 3aTpyTHEHHOTO
BosooOmena. IIpeamonaratot oosrano HoHbI ClI° 1 Na* Ca**. B MeHb-
LINX KOJIMYECTBAX coaepkaT HoHbI SO 42‘, HCO,, CO32', Mg u K*. Co-
JIepIKaT Pa3HOOOpa3HbIe pa3HbIe MUKPO3JIEMEHTHI. M3 Ta30B copepxar
METaH, CEpOBOJIOPO/, YTICKUCIIBINA Ia3 v a30T.

13.THAPOXUMHUNYECKAA 30HAJIbHOCTb

dopmupoBaHTE XUMIYECKOTO COCTABa 3aBICHT BO MHOTOM OT T€0-
rpaduIecKoii 30HbI, B KOTOPOIl pacIo0KeHbI TPUPOTHBIE BOIBI.

I'mapoxumuyeckas 30HaILHOCTh — 3TO YACTHBIA CiIydail mpo-
SIBJICHHSI OOTIIET0 3aKOHA 30HAIBHOCTH (TeorpaduIecKoil U Te0Ioru-
geckoh). [ MapoXUMUIecKyI0 30HATBHOCTD OTIPEACIISIOT:

- KIIMMaTHYEeCKHE YCIIOBHS;

- IOYBEHHBIN MOKPOB;

- PacTUTENEHOCTb.

ApunHbIi (ITyCTBIHHBIN) KITAMAT (OPMHUPYET 3aCOICHHBIC TTOYBBI
(COMOHYAKH, COOHIIB), TOBEPXHOCTHBIE 1 TPYHTOBBIE BOZBI BRICOKON
MUHEpaTH3aInH.

['ymMunHBIH KIHMAT, XapaKTePU3YIOMHUHCS OOIBITNM KOJIHYIE-
CTBOM BBIMTAAIONINX OCAAKOB, (OPMHUPYET Mallo- WIH yMEpPEeHHO-
MHHEpaJIN30BaHHbIE BOJBI (KaK TOBEPXHOCTHBIE, TaK U TPYHTOBBIE).
[Ipu TpoIBIKEHHH C ceBepa Ha FOT HAOIIOJAeTCs IIOCTEIICHHBIN POCT
MUHEpaIN3alnuy MIPUPOJHBIX BOJ, U3MEHSAETCS WX XUMHUYECKUH CO-
CTaB, T. €. IPOUCXOANT CMEHA THIPOXUMHUIECKIX 30H. Boasl Tymua-
HOW 30HBI MEHEE MUHEPAJIM30BaHHbI, Y€M BOJIbI apyUIHOM 30HbI. Hau-
OoJee ApKo BeIpakeHa reorpaduieckasi 30HaILHOCTh Y 03€PHBIX BOJ
(cunpHOE BIMSIHUE WCTIAPCHHS M 3aMeJICHHBIM BOMOOOMEH). 30HA
COJITHBIX O3€p OXBATHIBAET CTemb A30BO-UYepHOMOpCKOTro mobepe-
*Kbsi, [lpukacnusi, nmomynycteiHM KazaxcTaHa, MyCTBIHHO-CTEITHOU
gacti Cubupu n 3abaiikanbs. OTHAKO B apUIHBIX KIMMATHICCKUX
YCIIOBHAX CYIIECTBYIOT M IMIPECHBIE 03epa, KOTOPBIE MUTAIOTCS ped-
HBIMH U TPOTOYHBIMH BOJAMH.

J11s1 30HBI, COBIATAIOIIEH C TMCTBEHHBIMH JIECAMH U JIECOCTETISIMH,
XapaKTepeH r'uIpOKapOOHATHBIN KaIbIINEBbIN HITH THAPOKapOOHATHO-
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MarHueBO-KaJbIIUEBbIH COCTaB BOJ C MHUHEpajdu3alued MHopsii-
ka 200-600 mr/om®. CeBepHee, B MOJIOCE TPOU3PACTAHHS XBOHHBIX
JIECOB, pacrojaraeTcst 30Ha BOJ C €lle MEeHbIIEH MUHepanu3auuei.
JU11 HUX XapakTepHO OTHOCHUTEIBHO BBICOKOE COJEpKaHHE OpraHH-
YEeCKUX BEIIECTB B BOJAE M ee Kucias peakuus. Ilo xumuyeckomy
COCTaBy OHHM KPEMHE3EMHO-THIPOKapOOHATHBIE WM CHIMKATHO-
rugpokapOonaTHele. B o0nactu TyHApPHI PacloIOKEHBI MPECHBIE
W yJibTpanpecHsie BoAbl (MuHepanuzamus 10-20 mr/aM?, xucmas
peakuust). OHM 6OraThl OPraHUYECKUM BELIECTBOM.

BepTukanbHas rugpoxuMudeckas 30HAJIBHOCTH COCTOUT B 30-
HAJIBHOM H3MEHEHHWH COCTaBa M MHHEpPANIM3alUM TOA3EMHBIX BOJ.
BeprukanbHas ruapoXUMHUYecKast 30HaJIbHOCTh XapaKTepHa ISl apTe-
3uaHCKHuX OacceitHoB. C mMpHONMMKEHUEM K KPUCTAIUIMYECKOMY (yH-
JaMEHTY MUHEpaIn3alys BO3pacTaeT. Pa3nnyaioT Tpyu ruipoxummuye-
CKHE 30HBI:

- BEpXHsisl 30Ha MPECHBIX BOJ ¢ MUHEpanu3alueii menee 1 r/om’;

- CpeIHsIsl — COJIOHOBATHIX BOJ ¢ MUHepanu3auueii ot 1 10 10 %o;

- HIKHSST — COJIEHBIX BOJl — pPaccoJioOB ¢ MHUHepaau3anuen
cBeime 10 %eo.

CocraB BepxHel r’HIpOXUMUYECKON 30HBI ONPEAEISIETCS] B OCHOB-
HOM KJIMMaTHYECKUMH (haKTOpaMu (KOJTMUECTBOM BBIIABIINX OCA/IKOB).
310, KaK MpaBuIIo, MPECHbIE THAPOKAPOOHATHO-KAIBIIUEBBIE BOJIBI.

[ToazemHbIe BOABI BTOPOI TMAPOXMMHUYECKON 30HBI (4aCTO MH-
HepanbHble Je4eOHbIE BOABI) HWMEIOT OOJBIIYI0 MHUHEPATU3AIHIO
(o 10 %o), mpeobnasaor B Hux nonbl SO, u CI.

[TonzemHble BOABI TPEThEH 30HBI OOBIYHO BHICOKOMHHEPAIH30-
BaHHBIE U, KaK MPAaBHJIIO, XJIOPUAHO-HATPHEBEIE.

14. OLIEHKA KAYECTBA BO/IbI
JUUTS MATHEBBIX LEJIENA

OmHO¥M M3 MEHTPATBHBIX MPOOJIEM IKOJIOTHH YeJIOBEKa M OXpa-
HBI OKPYIKAIOIIEH Cpeibl sIBIsieTC 00eceyeHne pecypca MUThbeBOM
BOIbI. BBIOOp M oOIleHKa KadyecTBa MCTOYHWKA BOIOCHAOXKEHHUs Oa-
3UPYIOTCSI HA pe3yNibTaTaX W3yueHHs €ro CaHHUTAPHOTO COCTOSHUSI.
[Tpu 3TOM MCCIEeqYIOTCS BO3MOXKHbBIC HCTOUYHHUKH 3arpsI3HEHHUST BOJIO-
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eMa, MMPOBOJIUTCS XUMUYECKHI U OAKTEPUOJIOTMUSCKU aHaTU3 BOJIBI,
YKa3bIBAIOTCS MEPOIPHSITHS, HANPAaBICHHBIC Ha IMPEAOTBPAIICHHE
3arpsi3HCHHS BOJOEMa, PACCMATPUBAIOTCS MIPEIOJIAraeMbIe METO/IbI
OUYHUCTKU BOJIbI U IACTCS X TEXHUKO-IKOHOMUYECKOE 00OCHOBAHHE.

K nmuTheBoit Bojie IPEABSBISIOT CIICIYIONUE TPSOOBAHUS:

- OHa JIOJDKHA OBITh IPO3PAvHOM, OECIBETHOM, OCBEKAIOIIECTO
BKyca, Oe3 3amaxa;

- IPUCYTCTBHE BEIIECTB, OOBIYHO PACTBOPEHHBIX B IMPHPOJIHOM
BOJIE, HE JIOJDKHO IPEBBINIATh HEKOTOPBIX MPEACIOB (CTaHAapPTHI Ka-
yectBa nutheBor Boabl, [OCT 2874-73, MexnyHapoausiii (BO3),
EBpomneiickuii, CLLIA);

- COJIEp)KaHUE BPEAHBIX JUIsl 3J0POBbsl 4YEJIOBEKA BEIIECTB
HE JIOJDKHO TIPEBhINIATh ycTaHoBIeHHbIX 3HaueHui ([1/1K);

- BOJIa HE JIOJDKHA COJIEPXkKATh OOJIC3HETBOPHBIX MUKPOOPTaHH3-
MOB. MuHepanu3aiusi BOJbI HEe JOJDKHA ObITh BhImE 1 %o. O4eHb
Manas mMuHepaiguzanus (10 100 mr/aM®) Toke yXymairaeT KadecTBO
Boibl. JKEeCTKOCTh BOJIBI JUISI IIUTHEBBIX IIEJIeH JODKHA ObITh HE BBIIIE
7 mmons/niv®. AxTHBHAs peaknus cpeasl (pH) momkHA HaXOIUTCS
B mpenenax 6,5-9,5.

KauecTBO BOJIbI 00YCIIOBIMBAETCS COBOKYITHOCTBIO PAacTBOPEH-
HBIX B HEll MUHEPAIbHBIX U OPTaHUYECKHUX BEIIECTB, I'a30B, KOJUIOH-
JIOB, B3BCIIICHHBIX BEI[ECTB U HAIMYHNEM MUKPOOPTAaHU3MOB.

Ilokazamenu xkauecmea numveeoil 800bl KnaccupuUpyroTCs
10 TPEM IpyTIIIaM:

1) opraHosenTu4eckue; 2) TOKCUYHBIE XHUMHYECKUE COCIUHE-
HUS; 3) OaKTEPHOTIOTHUECKHE.

[MuTheBast Boga — 3TO BOJA, B KOTOPOW OaKTEPHOIOTHUYECKUE,
OpraHOJICTITUYECKHE TI0KA3aTeIy W TOKa3aTeld TOKCHYHBIX XUMH-
YECKUX BEILECTB HAXOISTCS B MPEJEiax HOPM MUTHEBOTO BOJOCHA0-
eHus (OTCYTCTBUE 3alaxa, BKyca, IIBeTa, MUHepaiu3aius He 00-
nee 1 000 Mr/im, »ecTKOoCTh HE JOJDKHA NpeBbImaTh 7,0 MMOJIB/I,
pH B mpenenax 6,5-9,5, KOHIEHTpanuss HUTpAT-UOHA HE OoJjee
45-50 mr/n, xomu-unaekc! He 6osee 3, koau-TuTp He MeHee 300).

1KOJ’II/I-I/IHHGKC, KOJIU-TUTP — KOJIMYCCTBCHHBIC I1OKa3aTCIn (beKaJ'IL-
HOI'0O 3arps3HCHUA BOJbI, MMIICBLIX NPOAYKTOB, IIOYBbI U APYTHUX 00BEKTOB
oxpyxcaromeﬁ Cpe€abl, OCHOBAHHBIC Ha HCCIICAOBAHHUU COACPIKAHUSA B HUX
KUILIIEYHOM MMaJOUKH.
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OneHka KayecTBa BOJIbI HAUMHACTCS C XapaKTEPUCTHKH (prsnde-
CKHUX TOKa3aTelel (LBET, BKYC, 3amax, TeMIepaTypa, Mpo3pavyHoOCTb,
coJiep>KaHue B3BELICHHBIX BELIECCTB).

Tpybooucnepeuposannvle npumecu (4acTUIBI TUAMETPOM OoJiee
100 HM) 00YCIOBIMBAIOT MYTHOCTH BOJIbI. OHA MOXKET OBbITH BBI3Ba-
Ha NPUCYTCTBHEM TaKMX HEOPTaHMYECKHUX YACTHII, KaK TIECOK U TJIH-
Ha, HEKOTOPBIX OPraHWYECKUX KOMIIOHEHTOB, HapUMeEp MPOAYKTOB
pacmaga pacTUTENbHBIX M KMBOTHBIX OpPraHu3MoB. KauecTBeHHOE
orpenesieHHe MPOBOAAT OMHUCATENBHO: ciabas onmaaecueHIys, orna-
necueHnys, ciaabas, 3aMeTHas U CWiIbHAs MyTh. B cooTBeTCTBHU C TH-
THEHUYECKUMH TPEOOBAaHHUAMH K KQ4eCTBY IMMUTHEBON BOJbI MyTHOCTb
He JIOJDKHA TpeBblmath 1,5 mr/a. BennunHa MyTHOCTH 3aBHCHUT OT
XapaxkTepa NUTaHUs BOJ0eMa, CBOWCTB OEpPEeroBbIX MOPOJ, KIMMAaTH-
YECKUX M MOTOAHBIX YCIOBHHA. MakcuMallbHble 3HAYCHHST MYTHOCTH
BOJIbI HAOJIOJAIOTCS B IPEINaBOAKOBBIN MEPUOJ U BO BpeMsl [TaBOIKA.
MyTHOCTb BOJBI JOCTHTAET IIPH 3TOM THICSYH MI/I 1 OoJiee.

W3MepstoT MyTHOCTD Pa3iTUdHBIMH METOJaMH, OCHOBAaHHBIMH Ha
CPaBHHUTEJIBHOM OLIEHKE HCCIeAyeMOH MPOoObl CO CTaHAAPTHBIM pac-
TBOPOM, MYTHOCTb KOTOPOTO CO3AaeTCsi BHECEHHMEM B AUCTHILUIUPO-
BaHHYIO BOJY CTaHJAPTHOW CyCIIEH3MH JUOKCUAa KpeMHus. Hamnuue
B BOJIE HEPACTBOPEHHBIX M KOJJIOMAHBIX MIPUMECEH MOXKHO OLICHUTH
U TIO CTENEHHU MPO3PauyHOCTH MPOOBI.

MyTHOCTb BOIBI OMNPEHENSAIOT TakkKe TYypOUAMMETPUUECKU
(o ocnabneHuIo MpoxoAsIero yepes npody ceeta). TypOuaumeTpu-
YecKoe ONpesieNieHue MPeaHa3HaueHo IJIsl BOJ, UMEIOLINX IepeMeH-
YHBBII COCTaB M OPMY TOHKOIUCTIEPCHBIX IpuMecei. be3 mpensapu-
TEJNLHOTO (PUIBTPOBAHMS POOBI TYPOUAMMETPUIECKU OYIyT Oonpee-
JSITBCSL HE TOJNBKO KOJUTOUIHBIE, HO M TPYOOJHCIIEpCHBIE YaCTUIIBI.

MyTHOCTb BOABI ONPEACIAIOT T'PaBUMETPUUYECKUM H Hedeno-
METPUYECKUM MeToJaMH. | paBHMETPUUECKUIl METOJl, OCHOBAHHBIH
Ha B3BEIUMBAHWU OCAJKa, MPOCYLIEHHOIO 10 TOCTOSHHON Macchl,
JOBOJILHO TOYHBIM, HO TPeOYET MHOTO BPEMEHH ISl BBIOJHEHHUS.
B npakTuke BOZOOYMCTKH MCHOJIB3YIOTCS TaKKe BU3yalbHBIA U (o-
TORJIEKTPOKOJIOPUMETPUIECKUI (HedeToMeTPHUECK i) METOIbI.

doTodneKTpOHE(PETOMETPUUECKUI METO ONpEeAEIeHUs] MyTHO-
CTH OCHOBaH Ha CIIOCOOHOCTH B3BELICHHBIX YACTHUI] PACCEHBATH CBET.
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Bonapl, cogeprkaiiye He3HAUUTENFHOE KOJIMYECTBO B3BEILIEHHBIX
YacTull, Ipo3pavHbl. [103TOMY KauecTBO TaKHX BOJ XapaKTePHU3yeTCs
BEJIMYMHOM, 00OpAaTHON MyTHOCTH, — IPO3PAYHOCTHIO.

IIpo3paunocTb (WM CBETONPOITyCKaHWE) NPHPOIHBIX BOZ 00Y-
CIIOBJICHA MIX LIBETOM M MyTHOCTBIO, T. €. COZEPKaHUEM B HUX Pa3INUHbIX
OKpAIICHHBIX 1 B3BEIICHHBIX OPraHUYECKIX U MHUHEPATBHBIX BEILIECTB.

Ona BBIpaXKaeTcsl BBICOTOM cTONI0a BOABI, Yepe3 KOTOPBIA Mpo-
CMaTpHBaeTCs «KpecT» (TONIMHA TUHAK | MM), HAHECCHHBIN YepHON
Kpackod Ha Oenyio GapdopoByI0 IUIACTHHKY (METOJA ONpEIeIICHHS
MIPO3PAYHOCTHU IO KPECTY»), WK ONpeAeTeHHbIN Wpu@T (ompenene-
Hue «1o mpudty»). Boga, naymas nist Xo3sHCTBEHHO-IUTHEBOTO BO-
JIOcHa0XKeHUs, T0JKHAa UMETh PO3PAYHOCTh IO KPECTY» HE MEHee
300 cm, a «mo mwpupTy» He MeHee 30 cMm.

I'ymuHOBBIE U (DYTBBOKUCIIOTH M KX PACTBOPUMBIE CONH (TyMaThl
1 (ynbBATHI XKeJe3a), BOAOPOCIH, MOTYT cOO0IIaTh Bojie OKpacky. VH-
TEHCUBHOCTb OKPACKHU LIBETHBIX BOJ XapaKTEPU3YETCsI IBETHOCTBIO.

L{gemnocmsb TOBEPXHOCTHBIX BOJI B OCHOBHOM OOYCIIOBJIEHA MPH-
CYTCTBUEM T'YMHHOBBIX BELIECTB, HICTOUHUKOM KOTOPBIX SIBISIOTCS
TOP(QSHUKU U COeNMHEHUs Kene3a. L[BeTHOCTh 3aBUCUT U OT I'eoJio-
THYECKHX YCJIOBUI BOJIOHOCHBIX TOPH30HTOB. OHA BBI3BIBAETCS TAKKE
MPUCYTCTBHEM B BOJE MHUKPOOPraHM3MOB (OakTepui, HuTO- U 300-
IUTAHKTOHA), YaCTHUYEK HJia M Pa3IUYHBIX MpUMecel, Monajaromux
CO CTOYHBIMH BOAAMH NpeAnpusTHid. [109TOMy OTTEHKH BOIBI MOTYT
OBITH Pa3IMYHBIMH.

L{BeTHOCTH OMpeenseTcs Mo MIaTHHOBO-KOOAIbTOBOH IIIKajIe U BbI-
paxaercs B rpagycax. OJJuH rpalyc TaKOH ILIKaJIbl COOTBETCTBYET COACP-
Kanuto B 1 11 pactBopa 2,49 mr rekcaxnopriatnnara Kamus K [PtCl ]
1 2,018 mr xnopuza kodansra CoCl,#6H,0. Onpenenenne ocymecTss-
€TCsI IIyTeM CPaBHEHHSI OKPACKHU UCIIBITYEMOI BOABI C 3TaJIOHAMH.

Pa3nuyaroT «ICTHHHBIN BET, 00YCIOBICHHBIH TOIBKO PACTBOPEH-
HBIMH BEIIECTBAMH, U «KaXKYILIMHCSD) 1IBET, BHI3BAHHBIN NPHCYTCTBUEM
B BOJIE KOJUIOWAHBIX M B3BELICHHBIX YACTHUII, COOTHOLICHHUS MEXKIY KOTO-
PBIMHU B 3HAUUTEIILHON Mepe ONPEAETSIOTCS BenmIrnHoMi pH.

Bbicokass 1BETHOCTh BOZBI YXYyIIIAET €€ OPraHoJeNTHYECKUE
CBOICTBa M OKa3bIBACT OTPHULATEIILHOE BIMSIHUE HA Pa3BUTHE BOJTHBIX
pacTUTENBHBIX U )KHBOTHBIX OPTaHU3MOB B PE3YJIbTATE PE3KOTO CHIKE-
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HUSI KOHIIGHTpAIIMKA PACTBOPEHHOTO B BOJIC KHCIOPO/a, KOTOPKIH pac-
XOJIyeTcs Ha OKUCIICHUE COSIMHEHHH JKelle3a U T'yMYCOBBIX BEILIECTB.

3anax u 6xyc TPUPOAHBIX BOJ OOYCIOBJIEHBI PacTBOPEHHBIMU
COJISIMH, Ta3aMH, OPraHMYECKUMHU COCITUHCHUSMH, O0pa3yHOIUMHUCS
B TIpOLIECCE KU3HEASSATENLHOCTH BOAHBIX OPraHu3MoB. B cooTBeTCTBIH
C IPOHMCXOXK/ICHUEM 3aIlaXOB MX JICIIST Ha €CTECTBEHHBIC H HCKYCCTBEH-
Hble. EctecTBeHHbIe 3amaxu (pbIOHBIN, THIJIOCTHBIHN, OOJOTHBIM, TUIEC-
HEBBIA U JIp.) BOSHUKAIOT B PE3yJIbTATE KU3HEIEATCIBHOCTH BOJTHBIX
OpPraHU3MOB, MPH PA3JIOKESHUN OPraHHMYECKHUX BellecTB. ckyccTBeH-
HbIe 3araxu ((heHONBHBIN, XJIOPPESHOIBHBIN U JIP.) TOSBISIFOTCS ITPH 3a-
IpsA3HEHUH UCTOYHUKOB cTOYHbIMU Bojamu. CormacHo 'OCT 2874-73
oTpeieNIeHHE 3araxa IpoBOANUTCs Ipu Temneparype Boasl 20 °C u npu
nonorpese a0 60 °C. IIpu a3ToM naeTcst KauecTBEHHAs! U KOJITNYECTBEH-
Has xapakTepuctuka. OnpeieneHue 3anaxa 1 BKyca Mpou3BOIUTCS Op-
TaHOJICNITUYECKHU; Y BOJbI OTMEUAIOT TOPbKHIA, CIAJKUN, KHCIBIH WK
COJIeHBIM BKyc. Bce ocTanbHble BKYCOBBIE OIIYIICHHS OIPEACISIOT-
Csl KaK MPUBKYChL. KOMMUECTBEHHO 3amax W BKYC BOJIbI OILICHUBAKOTCS
IO MATHOAJUTBHOM IIIKaJIe 3a1laX0B U BKYCOB (Ta0lI. 6).

Tabnuua 6
Onpeoenenue UHMEHCUBHOCMU 3ANAXA 600bl
Hnmencues-
Oyerixa Xapaxmep
UHMEHCUBHOCMIUL HOCMb DORETCHILS AN
3anaxa, 6aniiol sanaxa P
0 Huxkakoro OrcyTcTBHE
3amaxa OIIyTUMOTO 3araxa
1 Ouenp 3amax, He 3aMeYaeMblid TIOTpeOuTeNIeM,
cna0bIi HO 0OHAPYKUBAEMBbIN CIICIUATNCTOM
o 3arax, oOHapyKUBaeMbIH IOTpeOUTE-
2 Cna0s1it i Py P

JIeM, €CITi OOpaTHTh Ha ATO BHIMAaHUE

3amax, Jerko oOHapyKUBaeMbli, MO-

3 3aMeTHBIN JKET OBITh IPUYMNHOHN TOTO, YTO BOJA
HETIPUATHA JJIS TITHS

3armax, oOpaliarnmii Ha ce0sl BHUMA-

4 OTYeTNuBbI | HUE, MOXKET 3aCTaBUTh BO3JEPKATHCS
OT ITATHS
5 OueHp 3arax, HaCTOJIbKO CHIIBHBIH, YTO Jie-
CHJIBHBIN JIaeT BOJTY HEMPUTOMHOM [T TUTHS
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HHTEeHCMBHOCTS 3amaxa BOJbl JOJKHA ObITh He Oosiee 2 OaNoB MpU
60 °C. Bkyc Bo/ibI TOXKE HE TOJDKEH ObITh Oostee 2 OayutoB (ripu 20 °C).

XuUMH4ecKre COeJMHEHNs, COJIepKaIlMecs B TUTHEBOM BOAE, TPU
JOCTHKEHHUHU TIOPOrOBOI KOHLIEHTPALUU MOTYT CUIIBHO U3MEHSATh Op-
raHoJIENTHYECKHE CBOWCTBA BOABI U YXYIIATh €€ KauecTBo. [loaTomy
MpelyCcMaTpUBAIOTCs MpeieNbHO JomycTuMble KoHueHTpanuu (IT1K)
TaKWX KOMIIOHEHTOB WJIM pEerjaMeHTHPYETCsl ONpEeJeNIeHHBIH MoKa-
3aresib KauecTBa BoAbl. Ilpexxae Bcero — obluiee conecomepikaHue
WM MUHEpaIu3aus Bosl. MUHepalIn30BaHHBIE BOJIBI, COJIEpIKaIIIMe
Oonee 1 r/n pacTBOPEHHBIX COJIEH, UMEIOT COJIOHOBATHIM MM BSDKY-
MK TIPUBKYC, XyXKe YTOISIOT KAy, OTPAHUYEHHO MPHUTOTHBI JUIS
XO3AHCTBEHHO-OBITOBBIX HYK/I.

Oouiee copepKaHue HENETYYNX MUHEPATbHBIX M YAaCTHYHO Opra-
HUYECKUX COEAMHEHHUH B MUTHEBON BOJIE XapaKTepU3yeTcs BETUUMHON
cyxoro ocratka. OHa ompezessieTcs Maccoil ocaaka, o0pa3yloLero-
Csl TIOCJIE BBITIAPUBAHMS M BHICYLIMBAHMS O MOCTOSHHOW Macchl MpU
105 °C nmpodwibTpoBaHHOW POl BoAbL. [Ipy wMcroap30BaHUM 3TON
METOAMKH ONPE/IETICHUS B TOMYUEHHBIN pe3yIbTaT BKIIOUAIOTCS U KOJI-
JIOUJTHBIE IPUMECH BOJbI, T. K. OHU HE yIAISIOTCS IIPU (PUIBTPOBAHHU.

BakupIM noka3zaTeneM 4MCTOTHI U CBOWCTB COCTaBa BOJBI SIBIIS-
ercsa pH. Cornacno 'OCT nomyckarorcst konebanusi pH B mpenenax
6,5-8,5. Otknonenne pH oT 3TuX 3HaYeHHWH yKa3bIBaeT Ha Hapylle-
HUE CTaOMIILHOCTH BOJIBI M BO3MOXHOE ee 3arpsisHeHue. Conepikanue
MOHOB BoJopoa (ruapokconuss H,O") B npupoaHbIX Bojax ompese-
JII€TCSl B OCHOBHOM KOJIMYECTBEHHBIM COOTHOLIEHHEM KOHLEHTpAIUil
YTOJIBHOM KHCIIOTHI U €€ HOHOB:

CO,+H,0 <> H" + HCO, «<» 2H" + CO*

J1J1s TOBEPXHOCTHBIX BOJ, COJACPIKAIINX HEOOIbIINE KOJTMUECTBA
JUOKCHJA YTIepo/ia, XapakTepHa IienoyHas peakuus. Mzmenenns pH
TECHO CBA3aHbI € Tpoueccamu porocunTesa (mpu norpednenun CO,
BOJIHOW PacTHUTENLHOCTBIO BbIcBOOOKAaroTesi ol OHY). HMcrounu-
KOM HMOHOB BOJOpPOJa SBJISAIOTCS TAaK)K€ T'yMYCOBBIE KHCIIOTBI, NPH-
CYTCTBYIOIIIME B TOYBaX. [ MAPOIN3 coel TSHKEIBIX METAJIIOB UTPAET
pOJIb B TE€X ClTyyasix, KOrja B BOIy MOMAJAI0T 3HAYUTENbHbIE KOJTHYe-
CTBa CyJb(AaTOB XKeJe3a, AITIOMUHUS, MEIU U APYTHX METaLIOB.

Fe* +2H,0 < Fe(OH), + 2H",
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15. XAMMUYECKU AHAJIU3 IPUPO/IHBIX BOJI,.
OTBOP ITPOB U ITIOATOTOBKA K AHAJIN3Y

B 3aBucumocTHu oT meneil XUMHUYECKHX MCCIIEOBaHUN HEO0XO-
JTUMO YCTaHOBHUTH CPOKH M MECTO O0TOOpa Mpod Ha aHanm3, TTyOuHY
0oT0OOpa, KOJIMYECTBO MPOO, OTMETUTh TEMIEPATYPHBIA PEKUM BOJIBI,
MTOTOJTHBIE YCIIOBHSI, OCOOCHHOCTH BOJOEMa, HEOTHOPOTHOCTh BOJIOE-
Ma U JIpyrue 0coObIe YCIOBHS, PU KOTOPBIX OepeTcs mpoda. [Ipody
BOJIBI HYXKHO B3SITh TaK, 4TOObI OHA MaKCHMaJbHO COOTBETCTBOBaA
COCTaBY HMCCIIEyeMOW BOJbI, YCTPAHHUTh CIIy4aHHOCTH: BPEMEHHYIO
B3MYYCHHOCTbH, (DUTO- U 300IIAHKTOH, HAJTMYME UCTOYHHKOB BHEIII-
HUX 3arpsA3HEHUM U T. II.

J1is1 B3sTHS IPOO BOJIBI MCTIONB3YIOT OaTOMETphI cucTeMbl CKa10B-
ckoro — 3epHoBa win Pytrepa. [Ipu orcyTcTBHM 6aTOMETpa MOKHO
WCTIONB30BaTh OOBIYHYIO OYTHIIbL 00BEMOM 2—3 J1 ¢ pe3MHOBOM MPOO-
koil. Ee 3aKpbIBarOT, BCTABILIIOT B (DYTIISIp, HA JHE KOTOPOTO MPHKPE-
TUIEH TPY3, CIIOCOOHBIN OIyCTUTH IyCTYIO OyThUIb Ha ONPENENICHHYIO
riyouny. Ha HyXHO# riyOuHE NMpOOKY BBIICPTHUBAOT M3 TOPJIBIIIKA
1 Boja HamoiHsAeT OyTeuth. [Ipn TakoMm crmocobe B3ATHS MPOOBI BOAa
MePEeMEIINBACTCS C BO3AYXOM, YTO MEIIACT ONPECTICHUIO COICPKAHMS
ra30B, HOHOB jKeJie3a W JISTKOOKHCIISFOIITUXCS BeIecTB. Bece CKIsTHKH
JUIA XpaHCHUA BOJABI JOJIKHBI OBITH YUCTBLIMU U MMPOHYMEPOBAHHBIMH.

Takue nmokasarenu, kak peakuus cpenst (pH), conepxxanue pac-
TBOPEHHBIX Kuciopoaa (O2), yraexucnoro rasza (CO,), cepoBogopo-
na (H,S), Heobxoxumo ompenenaTs cpasy mocie or6opa. He momy-
CKaeTcs Oomnpe/ieNieHue ITHX MoKa3aTesel mo3agHee 4eM depes 2 gaca
nocie 0Toopa mpoos.

Xpanenue (koncepsayus). Ilpu onpeneneHuu pacTBOPEHHO-
TO B BOJIE KHCIIOpOZa OTOOpaHHBIE MPOOBI HEOOXOoAMMO 00paboTaTh
(3aduxcupoBaTh) peakTBamMu BunkIepa cpasy mocie otoopa.

Amnanus HekoTopsix nonoB (Fe**, Fe’*SiO > u np.) mpousoautcs
He no3Hee 1 9 mociie orbopa mpod. OOpa3ibl MOXKHO XPAHUTh HeE-
CKOJIBKO 4acoB Tipu oxjaxaeHuu 110 0 °C, HECKOJIBKO MeECSIeB MpU
oxyaxnenuu g0 —20 °C.

[TpoOsI, B KOTOPBIX OYAYT ONpPENEIsiTh OKUCIIEMOCTh, aMMHAK,
KOHCEPBHUPYIOT pacTBOpoM 25 %-ii cepHoii kucmotsl (Ha 500 mur uc-
cnemyemoil Bonbl 1 M 25 %-it cepHON KUCIIOTHI).
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Jiis ompenienieHUst HUTPUTOB, HUTPATOB, (hocdaToB mMpoOBI BOIBI
KOHCEpBUPYIOT aHTucentukamu (Ha 500 M uccaexyeMoil Boasl 1 M
TOJyOJIa, KCUJI0ia Witk Xjaopodopma). st crabunuzaunu GopMm Mu-
HEepanbHOrO a30Ta MpuOaBiIAroT Ha 1Mut uccnexyemoit Boasl 0,1 T Ok-
cHula pTyTH.

[TpoOb1 11t aHanu3a MIETOYHOCTH, APYTHX KATHOHOB U aHHOHOB
KOHCEPBUPYIOT XJIOPOPOPMOM.

Temnepamypa — HeoTbeMIIEMas YaCTh THAPOXUMHUYECKOTO aHa-
nu3a Boabl. Ee n3Mepenue npoBOAUTCS B MECTax B3STHS POO Ha TOH
XKe TayOuHe, uTo ¥ 0TOOp BoAbl. M3mepeHue Temmeparypsl Ha IO-
BepxHocTH (Ha TiyOmHe 10—15 cM) MOXHO TPOBOIUTH OOBIYHBIMH
TepMOMeTpamMH, (pUKCHUpPYs TOKa3aHUs B BOAe. TepMOMETp CleayeT
Jep>KaTh Ha TIyOuHe B3sTHA poObl He MeHee 7—10 MuH.

Ecnu poOb1 Bozbl GepyTcCst ¢ omnpeesieHHOM TIyOuHBI, HE00X0-
JUMO CHaOAWUTH TepMOMETp 0co0ol My(TOH Il COXpaHEHUs B HEH
HEKOTOPOTO KOJMWYECTBAa BOABI C MCCIEIyeMOH INyOMHBI BOAOEMA.
Bona, 3anonuuB mydry, B TeueHne 5—10 MUH MOXET COXPaHUTD I10-
Ka3aHUs TepMoMeTpa 0e3 H3MEHEHHSI.

Ilpo3paunocms. Bo3MOXHOCTD TIPOXOKACHUSI CBETOBBIX U COJI-
HEYHBIX Jy4el uepe3 CIIo BOABI BO MHOI'OM 3aBHCHUT OT €€ LBEeTa
1 MyTHOCTU. Mepo# CBETONPOITYy CKaHUsI CITYKHT BbICOTA CTOJ0a KU/
KOCTH, CKBO3b KOTOPBI MOYKHO HaOIr0aTh OBl JUCK OTpeieseH-
HBIX pa3MepoB. Yarie Bcero AJ1s onpeaesieHus Mpo3pavyHOCTH UCIIOIb-
3y1oT auck Cekku (Oenas miacTuHa quaMeTpoM B 20 cM, 3aKperuieH-
Has Ha MEpHOH BepeBKe WiH Tpoce). [Ipu u3mMepeHnu npo3pavuHOCTH
BOJIbI YKA3bIBAIOT CIIOCOO U3MEPEHHS], BPEMs CYTOK, OCBELICHHOCTb.

[ImacTuHY OCTOPOKHO OIYCKAarOT B BOAY NPH PACCESTHHOM JTHEB-
HOM cBeTe. Onpenensior rinyonHy (0 MepHOH BEepeBKe), MPH KOTO-
PO MmacTuHa nepectaia ObITh BUANMOW. Mi3MepeHus MOBTOPSIOT He-
CKOJIBKO Pa3, 3alIMCHIBAIOT U BHIYUCIISIFOT CPETHIOIO BBICOTY.

I[eéemnocms. OmpeneneHue UBETHOCTH BEIyT IO-pa3HOMY:
B €CTECTBEHHOM, B MPOQUILTPOBAHHON, B OTCIOCHHOM Boje. L{Bet-
HOCTh BOJBI OMNPEACITSAIOT B HEKOHCEPBUPOBAHHOM NpoOe CIycCTs
2 4 nocne orbopa. Eciu onpeneneHne HBETHOCTH BOABI HE BXOIUT
B OCHOBHYIO CXE€My THIPOXHMHYECKHX HCCIICIOBaHUH, €€ MOKHO
OTIPEIeNUTh BU3yallbHO, paccMaTpuBasi MpoOy B LMIMHAPE CBEPXY
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Ha OesioM (oHE MpH THEBHOM OCBeIlleHHH. boiee TouHble onpesene-
HUS CBOASATCS K CPAaBHEHHIO OKPACKH HCCIEIYyEeMON BOJIBI C IIBETOM
MIPUTOTOBJICHHBIX CTAHJAPTHBIX PACTBOPOB.

Busyansnoe onpeodenenue. llpoOy BOJbI HATUBAIOT B IMIIMHAP
C TUIOCKMM JTHOM, BbIcoTa ctonbuka — 10 cMm. PaccmarpuBaiot mpo-
Oy cBepxy Ha OenoM (oHE MPH PACCESTHHOM ITHEBHOM OCBEIICHHUH.
Pesynprar onpeaeneHusi ONUCHIBAIOT CIOBECHO C YKa3aHUEM WHTEH-
CHBHOCTH OKpalllMBaHMs M OTTEHKa (OecLBeTHas1, 3eJieHoBaTas, cla-
Ooxxenras, Oypas u T. [I.).

Onpeaeﬂelme IBETHOCTH
nyTeM CpaBHEHHA CO CTaHAAPTAMHA

Cmecov xnopnaamunama Kanus u xaopuoa kooanvma. [1poObt
BOJIBI, OJIN3KO OTBEYAIOIINE ITO OKPACKE OJTHON M3 psijia MPUTOTOBIICH-
HBIX CMeCel CTaHAAPTHBIX PACTBOPOB, CPABHHUBAIOTCS B IMIIMHAPAX
I'enepa ¢ »tum cranmapToM. PesymbraTel BIpakatoTcss B mMr Pt/m.
Ecmn okpacka 1 mur mcciemyemMoil mpoObI COOTBETCTBYET OKpacke
CTaHAAPTHOTO pacTBopa, comepskamero 0,1 Mr miaTHHBL, TO MHTCH-
CHUBHOCTBH OKpPACKH{ MCCIIeyeMOU BOJIbI OTBeYaeT 1 Tpaj 1BETHOCTH.

Ooopyoosanue u peakmuewvl. MepHbIE KOJIOBI, MUITHHAPHI | eHe-
pa, munetku 1 M — 1 mt., 5 mot — 1 mr., 10 Mot — 1 m.

CrannapTHblil pacTBop, (0,5 Mr Pt/Mir), rOTOBHTCS TyTEM pacTBO-
penns 1,246 v K PtCl, u Ir CoCl *6H,0 B 11 quctumimpoBanHon
Bozbl, conepxkamerd 100 mi xonnentpupoBanHoid HC1 (mmotHOCTH
1,17). Takum oOpa3oM, HHTEHCUBHOCTh OKPAacKH | MJI CTaHZapTHOTO
pacTBopa OyZIeT COOTBETCTBOBATH 5 I'Pa/l. IIBETHOCTH.

X00 onpeoenenusn. Paboune cTaHIapTHBIC PaCTBOPHI JJISI OTIpe-
JIEJIEHUS IBETHOCTH BOJIBI TOTOBAT CIEIyIOMNM 00pa3oM. B mepHbie
k01061 Ha 100 Mi1 nociemoBaTeabHO BHOCAT 0,5; 1; 2... 20 muI cran-
JApTHOTO PAacTBOpPa M JOOABISIOT 0 METKH JUCTHIUIMPOBAHHOW BO-
noi. IlpuroroBneHHble TakKuM 00pa3oM CTaHJIAPTHBIE PACTBOPHI Tie-
pEeNMBAIOT B BHICOKHE IIMIIMHAPHI U3 HEOKPAIIIEHHOTO CTEKJIA PAaBHOTO
TaMeTpa.

LpettocTs, s 10 15 20 25 30 40 50 60 70 8 9 100
rpaj.
Cr. pact- 2 3 4 5 6 8 10 12 14 16 18 20
BOP, MIT
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[ToaOuparoT OJMH U3 CTAHAAPTHBIX PACTBOPOB, OJIM3KUI 110 IIBE-
Ty K UCCIeTyeMOW BOJIe U MepenuBaioT B muuuap ['enepa. Boay u3
MEPHOW KOJIOBI TAKOTO K¢ 00beMa MEPENUBAIOT B IPYTOil HUIHHAD U
paccMaTpUBAIOT PACTBOPHI CBEPXY, YPABHHBASI HHTCHCUBHOCTH OKpa-
CKH, CITyCKas 4acTb BOJBI M3 MPOOBI WM CTAHIAPTHOTO PacTBOpA.
Eciiu HHTEHCHBHOCTH 1[BETA MPOOBI BBIXOHUT 3a TMPEACIbI IPUTOTOB-
JICHHBIX CTaHJAPTOB, TO €€ Pa30aBISIOT AUCTU/UTUPOBAHHOW BOOMN
OTIPEICICHHOE YHCIIO Pa3. Pe3yibTaThl CPaBHEHUS MEPECUHTHIBAIOT
¢ yueToM pa3basieHus. [[BETHOCTh HCCIIEIYEMOI BOIBI OTIPEICIISIOT
o popmyie:

*
cT

IIBeTHOCTB = rpazn,

rje her — BbICOTa cTO0a KUAKOCTH B cTaHAapTe (00BbeM), MIT ;

C — LBETHOCTh CTaHIAPTa, TPal.;

hu — BBICOTa CTONIOA HCCIIeAyeMOH BOJIBI (00BEM), MIL.

Bkyc BoIbI ONpeAenaOT opranonentudecku. OnpeaeneHue mpo-
BOJSIT B MOMEHT OTOOpa MpoObI MPpU KOMHATHOW TeMIIepaType clie-
IyrommM oopazom. B pot OepyT HeOoubinoe konmuyectBo (10—15 M)
BOJIbI, HECKOJIBKO CEKYHJ[ JiepKaT €€, a 3aTeM BBUIMBAIOT OOpPAaTHO.
Pot npononackuBaroT u onats onpeaenstoT. [Ipouenypy ciaeayer mo-
BTOpUTH 3—4 paza.

BpinendroT 4eTblpe OCHOBHBIX BHJA BKyCa: COJIEHBIM, KUCIIBIM,
cinagkuii U ropekuid. OCTaJIbHBIC OUIYIICHUS — TPUBKYCHI (3KeNe3-
HBI, XJIOPHBIN, METAITMYECKUH, IIEJTOYHOM, 3EMIIUCTHIN H T. 11.).

3anax. Yuctble pPOAHUKOBBIC, APTE3UAHCKHUE, PEUHBIC BOJIBI
HE UMEIOT 3anaxa. B 03épHbIX, NpyA0BBIX BOJAX 3alMax MOKET AaBaTh
METaH U CEepOBOJIOPOJ, BBIICISIONIUECS CO THA BOJOEMA B pe3yIbTa-
T€ THHEHUS OCTaTKOB BOJIHBIX OPTaHU3MOB B aHAAPOOHBIX yCIOBHSX.
[MuTheBas Boja, moy4YeHHas yTEM 00pabOTKH MOBEPXHOCTHBIX BOJ,
MOXKET UMETh CIEIU(PUISCKUAN 3araX, BEI3BAHHBIA TEXHOJIOTUYCCKHM
MPOLIECCOM YIIYUILICHUS KadecTBa. 3amaxX BOJbI MOKET BO3HUKHYTh
B pe3yJIbTaTe 3arpsA3HEHUs €€ MPOMBIIIICHHBIMU CTOYHBIMU BOJAMHU.

[Ipu onpenencHun 3amaxa MCCIEAYEMBIX BOJl HEOOXOJUMO CHa-
yajia yCTAHOBUTH XapaKTep 3amaxa BOJbI, 3aT€M €r0 HHTEHCUBHOCTD.
XapakTep 3anaxa onpeaessitor npu 20° u 60°, onuckiBas ero cioBec-
HO, HAalIpUMEP: 3€MJIIMCTBINA, THUJIOCTHBIH, TPaBIHUCTBIN, (EHOIBHBIH,
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3amax HeTH, PbIOHBIA U T. A. MHTEHCHBHOCTH 3amaxa ONpeAessioT
OpTaHOJICTITHYECKH IPH TOH JKe TEMIIEpaType, YTO U XapaKTep 3araxa.

Onpeoenenue 3anaxa npu 20 °C

B k0510y ¢ nputéproii mpookoit Ha 250350 ma ormepsitoT 100 M
uccnenyemoii Boasl. KonOy tepmoctatupytot npu Temneparype 20 °C.
Bony B k0110€ HECKOIBKO pa3 NepeMELINBAIOT, OTKPHIBAIOT U ONpee-
JSIFOT XapakTep 3araxa u ero HHTCHCUBHOCTb.

Onpeoenenue 3anaxa npu 60 °C

Konby co 100 mn uccnemyemoii Boasl HarpesatoT 10 60 °C. Co-
Jep>KUMOe KOJI0BI TIepeMEeINBAIOT U ONPEACIISIIOT XapakTep U ero nH-
TE€HCUBHOCTb.

MHTEeHCHBHOCTB 3amaxa OIEHUBAIOT 10 6-0a/UTbHOM IiKae (Tadm. 7).

Tabmuma 7
0uem<a UHMEHCUBHOCmMDb 3anaxa l’lp06bl 6000l
Xapaxkmep
bann HUumencusnocms 3anaxa
npOsIGNeHUs 3anaxa
0 HHMKAKOI0 3araxa OTCYTCTBHE OIIyTHMOTO 3aIaxa
. 3arax, He 3aMe4YaeMbIid IOTPEOUTEIEeM,
I 0OYEeHb CJIa0BIA N
HO OOHAPY)KUBAEMBIH CIIEIIUATIUCTOM
. 3amax, 00OHapy >KUBaeMBbI [TOTpeOUTeIIEM
11 ci1a0bIi i Py p ’

€CJIn 06paTI/ITB Ha 3TO BHUMAaHUC

3amax, JerkKo OOHapyKUBaeMBbIi,
I 3aMETHBII MOJKET OBITh IPHYUHOHN TOTO,
YTO BOJIAa HENPHUSITHA IS TUTHS

3arax, oOpaIIarii Ha ce0sl BHUMAaHHE,
MOJKET 3aCTaBUTh BO3IECPIKATHCS OT IMUTHS

I\ OTYETINBBIN

3ariax, HaCTOJBbKO CHHLHBIﬁ, 4qTO AcaacT

A\ OYCHBb CHIILHBIN .
BOJY HETIPUTOIHON I TUTHS

pH. Dto ycnosnas Benmmunna (pH = — Ig [H *]). Eciiu pH =7,
TO peakLusi cpelbl cuuTaeTcsi HelrpaipHo. Ecnu Boma mmeer kuc-
nyto peakuuto, pH menbiue 7, menounyio — Oomnbiie 7.

OpueHTHpOBOUYHBIC 3HaUeHUsI pH MOXHO MOJIyYUTH ¢ TOMOIIBIO
YHHMBEPCAJIBHOTO HMHAMKaTopa. CMauyuBas MOJOCKY WHAWKATOPHOM
Oymaru uccieryeMoi BOIOM, IOyvaroT 1ojiocy okpacku. CpaBHHUBas
3TY MOJIOCKY CO CTaHAapTOM Ha MpujlaraeMoi HHANKaTOPHOM LIKae,
onpenensitoT pH ¢ Tounoctsio 10 0,5.
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[Tocne rpyGoro omnpeesneHus ¢ MOMOIIBI0 YHHBEPCAILHOTO WH-
JIMKaTOpa MPOBOST OoJiee TOUHOE onpeaeneHue Ha pH-merpe.

OnpepesieHNe pAaCTBOPEHHOrO B BOJe KUCJIOPOAA
no Bunkiepy

[IpuHIIMTT METO/Ia OCHOBAH Ha MPOBENICHUN TPEX MOCIEI0BATEIb-
HBIX (0OMEHHOM M OKUCITUTEIFHO-BOCCTAHOBUTEIBHBIX ) PCAKIIHIA:

- CBSI3BIBAETCS KUCIOPOJ, PACTBOPEHHBIH B BO/IE ((pUKCAIHS):

2MnC1, + 4NaOH =2Mn(OH), +4NaCl
4Mn(OH), + 0, + 2H,0 = 4Mn(OH),;

- 0CBOOOXTaeTCsI CBOOOIHBIN WO B SKBUBAJICHTHOM 3a(pHIKCHPO-
BaHHOMY KHCIIOPOY KOJTUYECTBE:

2Mn(OH), + 2KJ + 3H,S0, = K,SO, + 2MnSO, + 6H,0 +J;

- OTTUTPOBBLIBAETCS CBOOOMHBIA HOM pacTBOPOM THOCYIh(hara
HaTpUs, ¥ TI0 ero 00beMy, MOIIeANIeMYy Ha THTPOBAHHNE, BHIYUCIISICT-
sl CO/IepKaHUE PACTBOPEHHOTO KACIOPOa:

J,+2Na,S,0,=Na,S 0, +2Nal.

Oobopyoosanue u peakmuenl. llepen onpenencHueM KaTuOpyOT
MMMKHOMETP — OMPEJIENSIOT ero TOUYHbIH 00beM. CyXoi MHKHOMETP
¢ TIPOOKOI B3BEIIMBAIOT, HATIOMHSIOT TUCTHIUTMPOBAHHON BOJIOM TaK,
YTOOBI 1MO/1 TPOOKOH HE OCTANIOCh MY3BIPHKOB BO3/1yXa, U B3BEIINBA-
HUE TOBTOPSIIOT. Macca BOABI B MTUKHOMETPE BBIYMCISETCS MO pas-
Hute. [lukHOMETp W BOAA MOJDKHBI MMETh TemmepaTtypy 20 °C
(moTHOCTH BOJBI IpH dTOK Temmeparype 1,0027). O6beM nukHOME-
tpa V =m/1,0027. Eciu TemnepaTypa uHas, TO IpU pacuere o0bema
Oepercst COOTBETCTBYIONIAS TNIOTHOCTH BOJIBI M3 CIIPAaBOYHUKA.

IMunerkn 1 Mo — 5 mr., 3 mn — 1 mt., 20 M1 — 1 mT.; KOHUYe-
ckue koaobl (V =250 mi); 6ropetka (V = 25 m).

32 %-it pactBop xmopuna mapranma (I1): pacteopsitor 32 T conmu
B 68 MJI TUCTHITUPOBAHHON BOJIBI.

32 %-it pactBop ruapoxcuna Harpus + 10 %-it pactBop loguna
kayms. ['otoBsaT paznensHo: 32 T NaOH pacTBopsoT B 68 M TUCTHII-
nupoBanHOH Bozps! 1 10 r KJ pactBopsior B 90 Mt TMCTHIIMPOBAHHOM
BOJIBI, 3aTE€M COEIMHSIOT B PABHBIX 00BhEMax.

Cepnast xucnora, pa3baBinenHas 1:1 WM KOHIEHTPHPOBAHHAS
thocdopnas (85 %o-1).
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0,2 %-1i pacTBOp KpaxmaJia (CBeXXenpuroroBiaeHHbIN): 0,2 T kpax-
Maja pacTBopstoT B 100 My Terioi JUCTUILTUPOBAHHON BOJIBI U JI0-
BOJISIT 10 KUTICHHUSL.

Tuocynbpar narpus, 0,01 N: 2,48 r Na,S O, * 5H,O pactops-
0T B KOJIOE Ha 1 JI, TOJMBasi KUTISYCHOW AUCTUINIMPOBAHHOW BOIOM
10 METKH. PacTBOp XpaHAT B IJIOTHO 3aKPBITON TEMHOM CKISHKE.

buxpomar kanus, 0,01 N: 0,4903 r o4eHb MENKOTO KPUCTAJUIIH-
geckoro K,Cr 0, pacTBopsoT B MepHOi KonbOe Ha 1, nonuBas auc-
TUWJUTUPOBAHHOM BOJIOM 10 METKHU.

15 %-#t pactBop Hoamuaa kamus: 15 r KJ Gemoro mBera pacTBo-
PAIOT B 85 MIT AUCTHIIUPOBAHHOMN BOJIBI.

25 %-s cepHas KMCIOTa 10 00beMYy: OJJMH 00BEM CEpHON KUCIIO-
ThI (98 %) BHOCST B TpH 00beMa TUCTUIUTMPOBAHHOMN BOJIBI.

OrmnpezneneHre MOMPAaBKU Ha MOJSPHYIO KOHILIEHTPAIUIO SKBU-
BaJieHTa THOCYJb(paTa. B kondy mocnenoBaTenbHO HanmuBaroT 20 Mt
0,01 N muxpomata kamus, 3 ma 25 %-ii cepHOM KUCIOTHI U 1 M
15 %-ro Hoauna kanus. BeIAEASIOUIUIICS B pE3yNIbTaTe XUMUYECKOU
peakuuyd MOJA OKpalIMBacT PACTBOP B JKEITO-KOPUUHEBBIM IIBET.
Kon0y 3akpbhIBalOT 4acOBBIM CTEKIIOM, YTOOBI HE YIETYYHIICS HOJ,
1 OCTaBISIIOT CTOATH 3 MuH. [locie 3Toro copepkumoe KoaObl TUTPY-
FOT PacTBOPOM THOCYJIb(aTa HATPHsI B IPUCYTCTBUU Kpaxmalia JI0 UC-
YE3HOBEHUS CHHEH OKpAacKH (J00aBIISIOT B KOHIIC THTPOBAHUS ).

rae 20 — o6wvem 0,01 N pacTBopa nuxpomara Kajiusi, MT;

V — o0beM THOCyIb(haTa, MOIIEIIIEr0 Ha TUTPOBAHUE, MIL.

Xo00 onpedenenusa. B muxkHOMETpHI pH oMoy cudona (omy-
LIIEHHOT'0 Ha YPOBEHb JIHA) OCTOPOMKHO HAJIMBAIOT HCCIIEyEMYIO BOAY.
Bopna meyieHHO NOAHUMAETCSI M BRITECHSIET BEPXHHUE ClIon BOJIbL. [1pu-
MepHO 1/3 oO6beMa JoKHO BeITeUb. [IMKHOMETp 3aKphIBAIOT MPOOKOH,
yCTaHaBJIMBasi TOYHBINH 00beM uccieyeMoi Bojpl. [Tocie aToro, octo-
POXHO OTKPBIB, MPUOABIIAIOT peakTuBbl Bunkiepa: 1 mi pactBopa ru-
JIpoKcHaa HaTpus ¢ MoauaoM kamust U 1 mut xopuna mapranma (M).
Komnern nmumeTku ¢ peakTHBOM NOTPYXKatoT Ha 1/3 BBICOTBI CKIISTHKH H
ME/JICHHO BBIHMMAs TMHIETKY, NPHINBAIOT PACTBOP. 3aTe€M CKIISTHKY
OCTOPOKHO 3aKPBIBAIOT TaK, YTOOBI HE OCTANIOCH MY3bIPHKOB BO3/yXa.
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[Ipu 3TOM BBUTMBaeTCS 2 MII aHAU3UPYEeMOH BOJbI (00beM mpubaB-
JICHHBIX PEaKTUBOB), YTO YUYHMTHIBACTCS B pacueTHOU (opmyne. Tia-
TEJIEHO MEPEMEIINBAIOT COACPKUMOE, U MPO0Y C 3apUKCUPOBAHHBIM
KHUCIIOPOJOM CTaBAT B TeMHOe MecTo Ha 40—60 muH. [lo ucreuenun
ATOrO BPEMEHM MUKHOMETPHI OCTOPO’KHO OTKDBIBAIOT, HE JOIMYyCKas
B30aITBIBAHUS OCAJIKa, U PUOABIISIOT | MII KOHIICHTPUPOBaHHOU (hoc-
(hopHovi wim cepHoit kucnothl (1:1). [MTunerky omyckarot Ha 1/4 BbI-
COTHI CKJISSHKH. KUCIIOTY BBUTMBAIOT MEIJICHHO, YTOOBI HE JOMYCTHTh
B30anThIBaHus ocajika. [locie mepeMeninBanus U MOJHOTO PacTBOPE-
HUS 0CaJIKa COJIEPKUMOE MMKHOMETPA BEUIMBAIOT B KOHUYECKYHO KOJI-
Oy ¥ TUTPYIOT U3 OIOPETKU THOCYIH(ATOM HATPUS JIO TOJTYUYCHUS eie
3aMeTHOro entoro 1gera. [lorom mpubdasisttor 0,5 M 0,2 %-ro pac-
TBOpa Kpaxmajia U MOJYYHBIIUICS CHHEBATOTO IIBETa PACTBOP OCTO-
POXKHO TUTPYIOT JO MOJHOTO oOeciBeunBanus. [locie 3Toro dactsb
0ECILIBETHOTO pacTBOpa MEPeIrBarOT 00paTHO B MUKHOMETP. PacTBop
4yTh cuHeeT. [Ipo0y MOTUTPOBBIBAIOT JIO TMOJHOTO OOECIIBEUYUBAHHS
pactBopa. ConepkaHue paCTBOPEHHOTO KUCIOPOa:
v*0,08* K %1000
V=",

rne V— o0beM Tnocybdara HaTpus, TOMIEANIEH Ha TATPOBAHKE, MIT;

0,08 — macca kucmopoza, kotopas coorBercTByeT 1 M 0,01 N
pacTBOpa THOCYyNIb(haTa HaTPHs, MT;

K — mompaBka Ha HOpMaIbHOCTH THOCYIb(]ATA;

1 000 — mepecuer Ha 1 15

V, — 00beM MMKHOMETpA, MJI;

V, — 00beM npubaBIeHHBIX PEaKTHBOB Bunkiepa, mil.

Yacto mone3HO 3HATH HE abCONOTHOE COAEpKaHHE KHCIOPO-
Jla B MICCTIeyeMOi BOJIe, a OTHOCUTEIHFHOE — TIPOIICHT HACHIIICHUS
BOJIBI KUCIIOPOIOM OT HOPMEBI TIPH TaHHOW TeMIIepaType.

W3 TabauIe! (CM. IpHUII0’KeHNE) HAXOISIT, CKOIBKO JOHKHO OBITH
PacTBOPEHHOTO B BOJI€ KHCIIOPO/a IpH JaHHOH TeMrieparype (B mpo-
0e B MOMeHT B3aTus). Hachlmenune Boabl KHCIOPOAOM, Y%o:

¢, ¥100

C
2
e C, — HalIeHHast KOHLEHTPALKsI PACTBOPEHHOTO KUCIIOPOJIA, MI Oz/n;

X:

, mMr O,/n,
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C, — KOHILEHTpaMs KMCIOPO/Ia, B3ATask U3 TaOIMIbI IS TEMIIE-
paTypbl BOJIbI, K3MEPEHHOM IIpu 0T60pe mpobkI, Mr O, /1 .

Hamnpuwmep, npu Temneparype 1,5 °C KoHLIEHTpaIusi paCTBOPEH-
HOTO Kuciopoaa coctaniseT 14,04 mr OZ/J'I, Onpe/elieHHasl KOHLICH-
Tpalys pacTBOPEHHOTO KKCIopoza pasHa 13,98 mr O /.

~ 13,98%100
14,04

B nepuon ycmiiennoro ¢ortocunreza Y OviBaer Oonbiue 100 %
(mepechllieHHBIH pacTBOp). B HOYHOE BpeMsi MPOLEHT HACHILICHUS
BOJIbI KMCJIOPOIOM CHMKAETCS. 3UMOH 3Ta BEJMUYMHA CYLIECTBEHHO
mensbIre 100 %. Benmunna nedurnra xucnopoaa (100 — Y) nnorma
nocturaet 85-95 % (B Takux ciiydasx B BOJOEME HAOIOAIOT 3aMOp-
HBIC SIBJICHWS).

Ipumeuanue. OnIpeIeICHUIO COAEPKaHNS PACTBOPEHHOTO B BOJE
KHCJIOpO/Ja MELIAl0T B3BELICHHBIC BEIIECTBA, KOTOPBIE CIIOCOOHBI aj-
cOpOMpOBATH HA CBOEH MOBEPXHOCTU MOJ, U PE3yJbTAT 3aHMKACTCS.
Bony, coneprkalityro B3BEIIEHHbBIE BEIIECTBA, HEOOXOIUMO IIPpeBapH-
TEJILHO OCBETINTH IIpubasieHueM K 1 11 mpo6st 10 mit 10 %-ro pactBo-
pa cynbdara amromunusa-kams (10 r KA1(SO,),*12 H,O pacteopsiror
B 90 MJI IMCTHITMPOBAHHOM BOJIBI) M 2 MJT KOHIIEHTPUPOBAHHOTO pac-
TBOpa aMMHaKa. byTbUIb 3aKpbIBatOT MPOOKOH Tak, YTOOBI HE OCTa-
JIOCh MY3BIPBKOB BO3/1yXa, M COAEpKUMOE mepeMemnBaroT. [locie
OTCTaMBaHMsI NPO3PAuHyI0 MPOOY HaJ OCaJAKOM C IIOMOILBIO cu(oHa
OepyT Ha aHAIU3.

OnpeneseHnIo TakKe MEIIAIOT BOCCTAHOBUTENH, Pearnpyromne
C BBIJCISIOMINMCS HOZ0M B KUCIIOH cpene (Cynb(uThI, THOCYIb(a-
Thl, CyJb(UAbI, HEKOTOPblE OPraHWYeCKUE COCAMHEHUs). MemaroT
1 OKUCIIUTEIH, BBLACISIONINE B TEX e YCIOBUIX HOI M3 Hoanaa Ka-
nust (cBOOOAHBIN XJIOp, TMITOXJIOPUTHI, XJIOPAMUHBI, JUOKCH]L XJIOpa,
HUTPUTHI, TIEPOKCUBI, TUXPOMAT- U NEepMaHIaHAT-HOHbI, HOHBI JKe-
nesa (L)). Psax oprannueckux coeMHEHUH BCTYIIACT C BBIACICHHBIM
HOJIOM B PEaKLUH 3aMEILEHHS WIN IPUCOCTUHEHMUS.

BnusiHue BoccTaHOBUTENEH YCTPAHSIOT NMPEABAPUTEIIBLHBIM OKHC-
JICHUEeM TIepMaHraHaToOM Kanus B Kucion cpeze. [Ipnbasnenuem poxaa-
HUJIA KaJInsl MOYKHO YCTPAHUTh BIMSHUE BCEX CUIIBHBIX OKHUCIIHTEIICH.

=99,57 %
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buoxumuuecrkoe nompebdnenue kucnopooa (bIIK) — 310 xomye-
CTBO KHUCIIOPOJIa, MOTpediisieMoe 3a omnpeseneHHoe Bpems (5, 20, 30 cy-
TOK) MPU OMOXUMHYECKOM OKHCIICHHH COJICPIKAIIXCsl B BOJIC BELIECCTB
B a3poOHBIX ycrnoBusX. Beipaxaercs B mr O, /mv®. 3nauenus BIIK uc-
TIOJIB3YIOTCS JIJIsI OLIEHKH CTENEHH 3arpsiI3HEHHOCTH BElIecTB. B mosepx-
HOCTHBIX Bojax 3Ha4yenus BIIK; konebmores ot 0,5 no 4,0 mr O,/ I3
1 MOJIBEPKEHBI CE30HHBIM HM3MeHeHusIM. [locnenHme 3aBUCsAT B OCHOB-
HOM OT M3MEHEHHMS TEMIIEpaTypbl U OT UCXOJHOW KOHIIEHTPAIMU pac-
TBOPEHHOTO KHCIIOPOAa (COOTHOIIEHHE WHTEHCHBHOCTH TPOLIECCOB
MPOIYLHMPOBaHKs KUCIOpoaa U noTpednenust). CyToyHble U3MEHEHUS
TaKKe OTPENEISIOTCSI STUMU COOTHOIICHUSIMU.

Obopydosanue u peaxmuenol. VIHKyOanMOHHBIC CKJISIHKH C IIPH-
TEPTHIMHU ITPOOKAMH, TEPMOCTAT C BOJSHBIM OXJIKICHUEM.

O0opynoBaHne W PEaKTUBBI IJISI ONPEACTICHUSI PACTBOPEHHOTO
KHcinopoa no Bunkiepy.

Bopa ans pazbaBieHus: TOTOBUTCSI M3 TUCTHITUPOBAHHOU, Ha-
CBIIIEHHOH KUCIIOPOAOM BO37yXa BOJE, Ha | J1 KOTOpOW J00aBISIOT
mo 1 MJ U3 YeThlpex yKa3aHHBIX pacTBOpOB: GocdaTHbIi OydepHbIi
pactBop (pacteoputhk 8,5 r KH,PO,; 33,4 r Na2HPO,; 1,7 r NH,Cl
u 21,75 r KHPO, B quCTUIIIMPOBaHHON BOJE U J0BeCTH 10 | 1),
pacTBop cynb(ara maruus (pactoputh 22,5 r MgSO,*7H,0 B amc-
TUJUIMPOBAHHOM BOJE M AOBECTH 70 1 JT), pacTBOP XJIOpUAA KaTbIHs
(pactBOopuTh 27,5 r CaCl , B TUCTUJUIUPOBAHHOM BOJIE M JIOBECTH J10
1 1), pactBop xsopuaa xenesza (I11) B 1 1 tucTramupoBaHHON BOJBL.
0,05 %-ii pacTBOp ATHICHTHOMOYEBUHBL. 500 MI' STHICHTHOMOYCBHU-
HbI PaCTBOPSIFOT B 1JI AUCTUILTUPOBAHHOW BOJIBI.

Buoxumuueckoe noTpebieHre KUCIOpoa ONpeeNsieTcsl Coaep-
JKaHMeM Kucnopoaa B Bojie (Mr O,/11), KOTopblii TpeOyeTcs s IbIXa-
HUSI MUKPOOPTaHNW3MOB, a TaK)Ke Ha OKHUCIICHUE JIETKO OKHCIISIFOIIIX-
Csl BEILIECTB JI0 Havaja HUTpU(UKAIUK NpU WHKyOAllMd B TEMHOTE
npu temneparype 20 °C. BIIK onpenenstor no yObUIM pacTBOpEH-
HOTO B BOJE KHCIOpOAa 3a JII000€ YHCIO CYTOK, HO, KaKk HpaBHIIO,
3a 5 (BIIK), 3a 20 (BIIK, ) wm 30 cyrok (BIIKnonn.). 3nauenne BITK
3aBUCHT OT IPOLIECCOB, MPOTEKAIOIIUX B POOE B IEPHOI MEXKTY €€ OT-
0opoM u 00padoTkoii. [ToaTromy poOBI HEOOX0IMMO 00padaTHIBATH
HemeuieHHO. [lepea aHanmmM3oM mpUpoHAas BOJA HACHIIIAETCS KHC-
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JIOPOJIOM TIyTeM a’paluu (coAep:KaHHe PACTBOPEHHOTO KHUCIOpOa
ne nwxe 8 mr O,/n npu temneparype 20 °C. ITorpebnenue kucnopona
BO BpeMS HHKYOAlMOHHOTO Meproa T0JHKHO ObITh 0K0i10 50 %, ero
OCTaTOYHass KOHLUEHTPALMs TOCIe MATHIHEBHON HHKYOaluu He MeHee
3 mr O/n. Onpenenenye NPOBOJAT B HaTypalbHOM MJIM pa30aBiieH-
Holi mpobe. [{nsa ee paz0aBiIeHUs] MPUMEHSIOT UCKYCCTBEHHO IMPUTO-
TOBJICHHYIO pa30aBIAIONIYIO BOIY, KOTOPasl COAEPKUT MUHEpabHbIC
MUTaTeIbHbIC BEIIECTRA.

Xo00 onpeoenenusa (6e3 pazoasnenus1). Mccnenyemyio Boay Ha-
JMBAIOT B OYTHUIb (2/3 00beMa), yCTaHABIMBAIOT TEMIIEPATYPY BOJBI
20 °C, BHocaT 0,25 M1 3THIEHTHOMOYEBUHBI Ha Kaxkapie 200 mu1 uccie-
JyeMOM BOZIbI, CHIIBHO BCTPSIXMBAIOT B T€UEHUE | MUH /17151 HACBIIICHHS
e€ xucinopoaoM. 3ateM cu(pOHOM OTOUPAIOT MPOOBI B YETHIPE WHKY-
OalMOHHBIC CKISTHKU. B IBYX M3 HUX cpa3y ONnpenessioT KOHIIEHTpa-
LU0 PaCTBOPEHHOTO B BOJIE KUCIOPOJa, IBE JPYTHE CTABST B TEPMO-
ctar (20 °C) Ha 30 cyTOK M TI0 HCTEUYEHUH TOTO CPOKA OMPEACISIOT
coJIepKaHhe OCTABILErocs B BOJE KUCIOPO/a.

OmnpeneneHne pacTBOPEHHOTO B BOJIE KUCIOPOJa BEAYT IO Me-
tony Bunkiepa.

Bemmunna BITKmonm. :
BlIKnoms. = C,— C,, Mr O/,
rae C, — coaepkaHue paCTBOPEHHOIO B BOJE KUCJIOPOJA JI0 UHKY-

Oauuu, mr O,/1;

C, — T0 e nocie HHKyOaluu, Mr.

[Tpu onpenenenun BIIK ¢ pa3baBieHreM ee BeIMYMHA ONpEC-
nsieTcs o opmyoie:
(C,—C)—(c,—c,)) #1000

4

rae C, — cozepkanne pacCTBOPEHHOTO B BOJIE KMCIOPO/A JI0 MHKY-
Oaun, mr O,/11;

C, — 70 xe nocne unkyOauuu, mr O,/11;

C, — COZIEp)KaHWE PACTBOPEHHOTO B BOJIE KMCIOPOJa B pa30as-
JAIOIEN BoJE 10 MHKyOauuu, mrO, /i,

¢, — To *e nocye neKybauuu, mr O, /i,

V — 00beM IpHUPOTHON BOIBI, COAEpIKaIIeHcs B 1 1 TpoOsI moce
paz0aBICHUS, MIL.

BIIKnoiH. = mrO, /i,
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CoeauHeHud a3ora. OnpeJesieHue aMMUaKa

Ilpunyun memooa. AMMUAaK U MOH aMMOHHsSI ONPEACISAIOT Oe3
paznenenus. HanOomnee HaieKHBIM METOZOM SIBIISIETCS] KOJIOPUMETPU-
YecKHi MeToJ1 ¢ peakTuBoM Hecciiepa. DTOT peakruB — OeCIBETHBIH
IIEJI0YHOM pacTBOp KoMILIeKCHO# comn K, Hgl,, koTtopsIit, pearnpys
¢ MH3 u NH 4*, JaeT HOJUCTBIA MEPKYpPaMMOHUH KeaToro 1usera. Mu-
TEHCHBHOCTbH OKPACKHU MPOIIOPLMOHAIbHA KOHLIEHTPALlH aMMHUAaKa.

2K,[HgI,] + NH, + 3NaOH = [Hg,ONH,] I +4KJ + 3Na I + 2H,0

KonopumerpupoBanue npoBoJsT B LMHApax ['eHepa win Ha
¢doroanekrpokonopumerpe (OIKe).

Obopyoosanue u peaxmuewt. Mepubie kon0b1 (V=100 M), KOHH-
yeckue Koyobl (V = 250 M), mumetrku 1 mor — 1 mT., 2 Mi1 — 2 ImT.,
5wmin— 1 wr., 10 M — 2 wt., nunuaapst I'enepa, ®OK .

B umnmHApel HANMMBAIOT OKpAIICHHBIE PACTBOPbI;, B OJUH IIH-
JUHAP — CTaHJAPTHBIN pacTBOp, a B APYrod — OKpAILEHHYIO MPO-
Oy. 3aTeM CpaBHMBAIOT UX OKPAaCKH (KOJIOPUMETPUPYIOT), HAabtoAas
cBepxy Ha Oesnom ¢one. Eciin pacTBOpBI OTIMYAIOTCS 110 HHTEHCHUB-
HOCTH OKpacKH, yepe3 KpaH CIMBAIOT TOT PaCTBOP, KOTOPbIH OKpalleH
cuiibHEe, 10OMBasICh PAaBEHCTBA OKPACOK KHUIKOCTEH B 00OMX LMJIMH-
Jpax. 3anKChIBAIOT BBICOTHI CTOIOOB XKHUIKOCTEH B CTaHAapTe U Ipode.

CranmapTHblil pacTBOp XJopuaa ammoHus: 3,819 r uumcroro
NH,CI pacteopstioT B 1)1 1MCTUIIMPOBaHHOM BOJBL. M3 HEro rorosr
pabounii pacTBop myTeM pasBeaeHust 10 M1 cTaHAapTHOTO pacTBOpa
10 1 J1 IuCTUIIMPOBaHHOM BOJOH. 1 M1 pabodero pacTBOpa COACPKUT
0,01 mr asora, uro sxkBuBazeHTHO 0,0129 Mr NH.,.

Peaxtu Heccnepa: 250 r cernerosoit comu (NaKC,H,0*4H,0),
pacTeproil B CTyIIKE, paCTBOPSIOT IPU HAIPEBAaHUU U JOBOIST IMC-
THUJUITMPOBaHHOW BOJOW 10 1 1. 3areM mpuOaBisioT 25 MII peakTHBa
Heccnepa nist yaanenust ammuaka. PactBop 1o/keH OTCTOSIICS B Te-
YeHHUE 3 CyTOK, IOCIIE Yero AeatoT Npo0y Ha MOJHOTY yJaJICHHUs aM-
Muaka peaktuBoM Heccnepa.

Cyabdar nunka: pactsopsror 100 r ZnSO,*7H,O B 1 1 qucTun-
JIUPOBAHHOM BOJIBL.
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Ilocmpoenue kanuoposouHoll Kpueoi (s OTPEICIICHUsI a30Ta
¢ ucnoiab3oBanreM ®OKa). B mepubie kon6b1 emrocThio 100 Mt mmo-
cieoBaTenbHo BHOCAT 1, 2, 3... 20 M pabodero pactBopa, 100aBs-
10T AMCTUJTUPOBAHHYIO BOJY M PEaKTUBBI A onpeneneHus. JloBo-
IST 00bEM pacTBOpa A0 METKH, mosydas cofepkanue azora ot 0,01
1o 0,2 Mr B kaxaoi konbe. OmpenensioT ONTHYECKYIO MIOTHOCTb
pactBopoB Ha ®OKe. CTposiT KanMOpPOBOYHYIO KPHBYIO — Tpaduk
3aBHUCHMOCTH ONTHYECKOW MIIOTHOCTH PAacTBOpa OT COJIEP’KaHUs a30-
Ta ammuaka. Paborarot Ha cunem cBetodunbTpe, A =410 Hm, 1 =1 cm.

Xo00 onpeoenenua. B 3aBUCUMOCTH OT COJEp)KaHHUA aMMHaKa
OoepyT 100 M1 MM MEHee UCCIIeyeMOU BOJBI (B 3TOM cllydae 00b-
eM 10BoAAT 10 100 M TUCTUIIUPOBAHHOM BOIOM). ['OTOBSIT pacTBOp
1uis cpaBHeHH: OepyT oT 1 10 10 M1 1 6onee pabodero pacTBopa XJjo-
puna ammonus, 1 mi kotoporo cogepxkut 0,01 Mr a3ora, u JOBOJAT
JUCTUJUTMPOBAHHOM BOJION B MepHO# koiioe 710 100 mi1. OqHOBpeMeH-
HO B UCCIIElyeMYyIO BOJY M pacTBOp JAJISl CPAaBHEHHs BHOCSAT 1O 2 MII
CETHETOBOW COJIM JJIsl CBsi3bIBaHMs KaTHOHOB Ca* m Mg?* , a 3arem
o 2 mi peaktuBa Heccnepa. [lepemermmBarotr copepxumoe komub. Ye-
pe3 10 MUH POU3BOJAT KOJOPUMETPUPOBAHHE ITUX JABYX PACTBOPOB
B munHApax ['enepa.

ConeprxkaHne aMMOHHMITHOTO a30Ta:

Cer* 1% her* 1000

hu*V
rae Cer — KOHIIGHTpAIFsI a30Ta B padoueM pacTBOPE, MI/MIT;

n— o0BeM pabodero pacTBopa, B3SITOTO IS OnpeaecHus (n = 2,
ecimm utst ipurotoBiaeHus 100 Myt pa36aBiieHHOTO pabodero pacTBopa
B35TO 2 MII), MIT;

her — BBICOTA cTOI0A KUAKOCTH PabOUETO pacTBOPA B IIIHHIPE
I'enepa nipu paBeHCTBE OKpacok (00BEM), MIT;

hu — BBICOTA cTONOA )KUIKOCTH MICCIIEAYEMON BOIBI B IIMITUH/IPE
I'enepa nipu paBeHCTBE OKpacok (00BEM), MIT;

1000 — nepecuer Ha 1 1

V — 00beM nucciieyeMoi BOMIBI, B3ATHIN JIJIsT OTIPECIICHUS, MIT.

B 1abGopaTopHBIX YCIOBUSX ISl OTPENENICHHs COJepKaHus aM-
MOHHIHOTO a30Ta W3MEPAIOT ONTUYECKYIO TUIOTHOCTh MCCIIEyeMOTO
pacTBopa rmocie pudaBIeHUs CETHETOBOM CONTU M peakTrBa Heccrnepa.

mr N/i ,
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CO,[[Cp)KaHI/Ie aMMOHHUMHOIO a30Ta:
*

A
X= ?1000 mr N/,

rae A — conepikaHne aMMOHUIHOTO a30Ta, OTPEJIEIIEHHOTO 0 Ka-
JTTHOPOBOYHOIN KPHUBOH, MT;

V — 00beM HucciieayeMoit BOIBI, MIT.

Ipumeuanue. OnpeneneHnio aMMOHHITHOTO a30Ta MeIIaeT MpH-
CYTCTBHE OOJBIIIOT0 KOJMYECTBA MOHOB JKeile3a, Cylb()hHI-MOHOB,
B3BEIICHHBIX BemecTB. VX ycrpanstor npubasnenueM k 100 mur uc-
ciemyemoit mpoObI 1 Mt pacTBopa cyib(dara IMHKA, pacTBOPHI TIIIA-
TeIRHO TepeMemuBaroT. 3ateM pH mpoOsr oot mo 10,5 mpubdas-
nenneM 25 %-To pacTBopa ruapokcuaa HaTpus wiu kamus. [locre
B30aNTBIBAHUS W OOPa30BaHUS XJIONBEB OCANOK OT(HMIETPOBBIBAIOT
yepe3 ¢ubTp lorTa. @UabTpaT NCHIOAB3YIOT AJIS OTIPE/IEIICHUS aM-
MHaka. YBeJandeHne o0bheMa KHUIKOCTH 3a CUET MPHOABICHHBIX PeaK-
THUBOB YUYHUTHIBACTCS MTPH pacyeTe.

OnpepaesieHUe HUTPUTOB

Ipunyun memooa. Hanbonee 4yBCTBUTEILHBIM METOZOM OIIpE-
JIEJIEHUs] HUTPUTOB siBiIgeTcst MeToA ['pucca. OH mo3BoJIseT onpee-
JISITh a30T HUTPUTOB ¢ TOUHOCTHIO 10 0,001 Mr N/m.

DTOT KOJIOPUMETPHUYECKUI METOA OCHOBAH Ha CIIOCOOHOCTH HH-
TPHUTOB U CyIb(PaHUIOBON KUCIOTHI 00pa30BHIBATh AUA30COCTUHEHUE
B KHCIIOH cpefe. Peaknys mporekaeT Mo cxeMe: BHaYaje MoIyqaroT
JNa30COEIMHEHNE, a 3aTeM SIPKO OKpAIlEHHbIE B KpPacHO-PO30BBIN
LBET a30COCANHEHHUS NIPU Peakuu ¢ o-HadTUIaMUHOM. MHTeHCHB-
HOCTb OKpacKH MPONOPIHOHATIBHA COJEPKAHNIO HUTPUTOB.

0Obopydosanue u peakmuewvl. Mepubie xonobl (V. = 250 mon),
koHnyeckre konowl (V = 100 m), mumHapsl ['enepa, nunetkn 1 M
— 1 wT., 5 M1 — 2 wr., BoasHas 0aHs WK TEPMOCTAT.

PeaxTus ['pucca (rotoBar aBa pacTBopa):

pactBop cyibdanunosoii kucnorer: 0,5 r SO.HC6H NH, pac-
TBOPSIIOT Npu HarpeBaHun B 150 mi 12 %-ii ykCycHOM KHCIOTBI
(motHOCTH 1,04);

pactBop a-HapTmiamuna: 0,25 r o-HadTHIaMHUHA PacTBOPS-
I0OT B HECKOJIBKMX KaIlJISIX YKCYCHOM KHCJIOTBI, 3aT€M CMEIIMBAIOT
co 150 mi 12 %-ii ykCycHOI KUCIIOTBI.
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[lepen ymorpebnenuem oba pacTBOpa CMEIIMBAIOT B PAaBHBIX
oobemax. PactBop I'puicca npuroneH, eciny oH OeCLBETEH WA UMEET
c11a00p030BbIi 0TTeHOK. CyIecTByeT rOTOBBIH (B BUIE TOPOLIKA) pe-
aktuB ['pucca. B aToMm cioy4ae rotoBst 2 %-ii pactBop.

CraHgapTHBI pacTBOpP HUTPUTA HATPHUs, colepkamuii B 1 mi
1 mr asora uutpuros: 0,4927 r NaNO, pactBopsitoT B 1 1 aucTui-
JMPOBAHHOM BoAbL. JIsl 3alIUTHI HATPUTA HATPHUSL OT pa3pylLEHHS
MHUKPOOPraHU3MaMH MPUOABISIIOT 7 M XJopodopma MK TOTyosa
K 1 11 pactBopa. MlHOT1a CTaHAApPTHBINA pacTBOp FOTOBAT Oolee pas-
0aBIeHHBIM, YeM yKa3zaHo. Ho pacTBOpBI ¢ MeHbILIEH KOHIIEHTpaen
a30Ta HUTPUTOB MaJjlOycToW4YMBEI. Pa30aBieHreM CTaHIapTHOTO pac-
TBOpa B 10 miu 20 pa3 nmomyyaroT paboune pacTBOPHI, 1 M KOTOPBIX
conepxkut 0,01 mnu 0,005 Mr a3oTa HUTPUTOB COOTBETCTBEHHO. Pa3-
OaBneHHBIC paboure pacTBOPBI TOTOBSTCS MEPE ONPEACICHUEM.

I'mapoxcup amomunus. PacTBopsiioT 125 T anroMUHUEBBIX KBac-
LOB B | 71 TUCTUIIIMPOBAHHON BOABI H OCAXKIAIOT THIPOKCHU]L ATFOMH-
HUS pacTBOpoM aMMuaka. OcaJ ok TIIaTeIbHO IPOMBIBAIOT.

Ilocmpoenue kanudposounoii Kpueoii (IpyM ONpeAeIeHUH HUTPU-
TOB ¢ ucnosnb3oBanueM ®OKa). [lnsa ee mocrpoenus Oepyt 1, 2, 3....
10 mut pabouero pactBopa, uto coorserctByet 0,0005; 0,0010; 0,0015
... 0,0050 Mr a3ota HUTpUTOB. [/lasiee MPOBOJAT ONpEIEIEHUE HUTPH-
TOB C peakTUBOM [ prcca, onpeaenstoT ONTHYECKYIO MIOTHOCTD pac-
TBOpoB Ha PDOKe (3enensiii cBeTopuIbTp, A= 520 HM, | — 1 — 5 c™m)
U CTPOST KATMOPOBOYHYIO KPUBYIO — Ipa)MK 3aBUCHMOCTH OITHYE-
CKOM MJIOTHOCTH pacTBOpa OT COAEP KaHUSA a30Ta HUTPUTOB.

X00 onpedenenus. I'0TOBAT pacTBOp ISl CPaBHEHUsSI: OEPYT OT
1 mo 5 ma pabouero pactBopa, 1 ma kotoporo coaepxkut 0,005 mr
a30Ta, ¥ AOBOJAT 10 METKH B MepHOM Koyioe Ha 100 M JUCTUILITUPO-
BaHHOU BoJoH. B apyryro mephyro kondy (V=100 Mi1) HamuBaroT uc-
cienyemyto Boay. IIpurorosiaeHHbIe pacTBOpPHI EPEIUBAIOT B KOHH-
YecKre KOJObI U B KaXIyI0 MPUOAaBISIOT O 5 Mil peakTuBa [ pucca.
Copnepxxumoe KoJ0 MepeMeIInBaioT, CTaBIT Ha BOASHYIO OaHIO WIIN
tepmocTatT npu tremrneparype 60—70 °C Ha 15— 20 munyT. PacTBOpHI
KOJIOpUMETPUPYIOT B HunuHapax ['enepa nnn na ®OKe. MHTEHCHB-
HOCTb OKpPACKH, a CJIeJOBaTeIbHO, KOHIIEHTpAIUs a30Ta HUTPUTOB B
HCCIIeAyeMOH BOJIE U PacTBOpE AJISi CPAaBHEHUSI TOJIKHBI OBITH OJH3-
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ku. B mpoTuBHOM cilyyae rOTOBSIT HOBBI pacTBOpP ISl CPAaBHEHUS
Uy pa30aBIsSIOT UCCIICYEMYIO BOIY.
Coneprkanue a30Ta HUTPUTOB:

Cer* 11 % her %1000
X:

mr N/,
hu =V
rie Cer — KOHIIGHTpaIus a30Ta B pabodeM pacTBOpe, MI/MIT,
n — o0beM pabodero pactBopa, B3SATHIA ISl TPUTOTOBICHUS

100 M7 pacTBOpa A7l CpaBHEHUS, MIT;

her — BbIcoTa cT0J10a )KUAKOCTH pacTBOpa JAJsl CPAaBHEHUS B 1IH-
nuHApe ['eHepa npu paBeHCTBE OKPacoK (00BEM), MIT;

hu — BbIcoTa CTON0A JKUAKOCTH MCCIETyEMON BOABI B IIMIMHIPE
I'enepa npu paBeHCTBE OKpacok (00beM), MJT;

1000 — mepecuer Ha 1 1

V — 00beM uccaeryeMoi BoJbI B3SITON I ONpEaeICHHS, MJI.

Ecin ompenenenue coaepxaHuss HUTPUTOB B BOJE BEIYyT
Ha @OKe omnpenenss oNTHYECKYIO IUIOTHOCTh pacTBOPA, TO COJEpkKa-
HHUE a30Ta HUTPUTOB PACCUUTHIBAIOT 1O (OpMyJIe:

A*1000
X=———— Mr N/m,

rne A — coJiepKaHue a30Ta HUTPUTOB, ONPEEIICHHOE 110 KalnoOpo-
BOYHOW KpUBOH, M

V — 00BeM nccieayeMoil Bojbl, B3ATOM Ha OINpe/ieieHne, MIl.

Ipumeuanue. OnpeneneHnIo a30Ta HUTPUTOB MEIIAIOT B3BEIICH-
HBIE BEI[ECTBA M MYTHOCTh BOJIBI. B 3TOM citydae mccnemyeMyro BoIy
Tepe] aHaIM30M OT(PHIBTPOBBIBAIOT. ECIIN 3TOT0 HEAOCTATOUHO, TIPO-
Oy cieyeT OCBETIUTh KOATyJIUPOBAHUEM, UCIIONIB3YS JJIS ATON LeNn
THIPOKCH/] ATFOMUHHSL.

OnpepaesieHUe HUTPATOB

Ilpunyun memooda. B 0CHOBE 3TOro METOAa JIEKUT B3aUMOACH-
CTBUE HUTPATOB C CEPHOM KUCIOTOH. BhITeCHEHHast cepHOM KHCIO-
TOW W3 COOTBETCTBYIOIUICH COJM a30THAsl KHCIOTa HUTPUPYET (PeHOIT
B TpuHHTpO(dEeHON (MMKPUHOBYIO KUCIOTY). llocnemnuii, pearupys
C aMMHaKOM, 00pa3yeT MUKpaT aMMOHHSI, OKPAIITHBAFOIINN KUIKOCTh
B XKENTHIN 11BeT. IHTEHCHUBHOCTH OKPAcKH 3aBUCHT OT KOHIICHTPAIHH
HUTPATOB B UCCIIETyEMOM BOJIE.
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2KNO, + H,S0,=K SO, + 2HNO,,
3HNO, + CH,OH = C H,(NO,),OH+3H,0,
TPUHUTPODEHOT
CH,(NO,),OH + NH,OH = C,H,(NO,),ONH, + H,0.

Obopyoosanue u peaxmuebl. PapPopoBbiec YalKK C MECTHUKA-
MH, MepHbIe kKoa0bI (V = 100 mi), mununaps! ['enepa, nunetku 1 min
— 2 mt., Smiu — 1 ., 10 M — 5 1T, HarpeBaTesIbHbIN TPUOOP.

CynbdodeHon0BbIN peakTuB: 3 T YUCTOro OecIBETHOTrO (eHosa
pactBopsitoT B 20 Mi1 cepHoii kucaoTel (TwioTHOCTH 1,84). Konby co
cMechio (DeHOJIa U CePHOW KHCIOTHI 3aKPBIBAIOT BO3AYIIHBIM XOJIO-
JUITBHUKOM, CTaBSIT Ha KHUILIIYIO BOJSHYIO OaHIO U HArpeBaloT B Te-
YyeHue 6 yacoB. XpaHsAT B CKISTHKE U3 TEMHOTO CTEKJIa.

CranaapTHBIN pacTBOp HUTpaTa Kajwsl, coaepskantuii B 1 mi 0,1 mr
asora: 0,7216 r KNO, pactBopsitoT B 1 11 IMCTUIIMPOBAHHON BOJIBL.
Jlyis koHCcepBaIu NpuoOaBiIsFOT 1 MIT TOJTyOIIa Wik XJiopodopma.

Jnist monmydeHust paboyuero pacTBopa ¢ MEHBIIMM COJICpKaHHEeM
a30Ta HUTpaTa CTaHJIAPTHBIN pacTBOp pa3daBistoT B 10 wim 20 pas,
noJiydasi paboune pacTBopsl, B 1 Mt koTopbix coaepxkurcs 0,01 mm
0,005 Mr a3oTa HUTPATOB COOTBETCTBEHHO. Paboune pacTBOPHI TOTO-
BAT HEIIOCPEJICTBEHHO TIEPE]] ONIPEACTICHHEM.

15 %-i1 pactBop ammuaka: oepyt 60 mi 25 %-ro pactBopa am-
Muaka u 10BoasiT 10 100 M IUCTUITMPOBAHHOM BOJOM.

Ilocmpoenue kanuoposounoii Kpueoit (py ONpeIeICHUH HUTPATOB
na ®3OKe). B mepnsie ko661 emxocTsio 100 mia BHocst 0,1, 0,3, 0,5...
20 M pabouero pactBopa, uro coorBercTByet 0,001, 0,003, 0,005...
0,2 Mr a30Ta HUTPATOB, BBIIAPUBAIOT M JIOOABIISIOT 2 MJI CyJibhode-
HOJIOBOTO peakTuBa, 10 MJI TUCTIUTMPOBAHHOM BOJIBI ¥ 6—7 MII aMMHa-
ka. PacTBopbl nepenocst B MepHbie Konobl Ha 100 M. [{jist moctpoenus
KaIMOPOBOYHOW KPUBOH M3MEPSIOT ONTHYECKHE TIOTHOCTH OKpaIleH-
HBIX pacTBopoB Ha ®IKe (cunmii cBeropmibTp, A =410 HM; 1 = 3-5 cm)
U CTPOSIT KATMOPOBOYHYIO KPUBYIO — I'padMK 3aBHCUMOCTH OITHYE-
CKOM TUTOTHOCTH OT KOHIIGHTPAIIMU a30Ta HUTPATOB.

X00 onpedenenua. B 3aBUCUMOCTH OT 0KHAAEMOTO COJIEp KaHHA
HUTpaTOB B Bojie OepyT 10—100 M ncciemyemMoil BOJIbI, TOMEIIAIOT
B (hapopoByIO YalKy M yIapHBalOT Ha HAarpeBaTeIbLHOM MpHUOOpeE.
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3arem yaniky octysxatoT. [lapamnensHo ynapusarot pabouuii pacTBop
C U3BECTHOW KOHIEHTparei HuTpatoB (1— 20 mi1 B 3aBUCUMOCTH OT
coJiep>KaHusl HUTPATOB B MCCIEAYEMOH BOZE). YTIapUBaIOT OCTOPOXKHO,
HE JIOITyCKasi IPOKAJIMBAaHUs cyXoro octatka. Cyxol ocasiok uccienye-
MOW Bojbl U paboyero pactBopa oOpadareiBatoT 1 M cyibhodeHo-
JIOBOTO PEaKTUBA, pacTUpast €ro MEeCTUKOM 10 BCeil moBepxHOCTH (ap-
¢dopoBoii wamku. OOpadaTHIBAIOT OYEHb aKKypaTHO W BHUMATENBHO.
OcCTaBJISAIOT CTOSTH YallKy ¢ nectukamu 5—10 MuH, 3aTeM npudaBis-
10T 10 MJI TUCTHIIITMPOBAHHON BOJBI, BO M30€KaHUE pa3OpbI3rUBAHUS
COZIEP’KUMOTr0 4YallleK TpH TOCIeIyIoed HeWTpalu3alud KUCIOTHI
nepeMernBaroT 1 npuodasisitor mo 10 M 15 %-ro pacTBopa aMmuaka.

OkpallleHHbIE B JKENTHIN 1IBET PAacTBOPHI MEPEHOCIT B MEpHbIE
kool 00bemMoM 50 mir 100 M1, 0OMBIBast YalIKy U IIECTUK HECKOJIBKO
pa3 IUCTUIUTMPOBAaHHON BOJOH. JIOBOAAT comep>KuMOoe KOO 10 METKH
JUCTUIUTPOBAHHON BO/IOM.

OKpacku HCCIIEAyeMOT0 M Pabodero pacTBOPOB CPAaBHUBAIOT
cpasy ke B iuimHApax ['enepa nnm vHa GOKe.

CopneprxkaHue a30Ta HUTPATOB:

Cer* > her 1000
X:

mr N/m,
hu*V
rae Cer — KOHIIGHTpAITUS a30Ta B pabodyeM pacTBOpE, MI/MIT;
n — o0beM pabodero pacTBoOpa, B3SITOTO IS OMPEICICHHS

(n =5, ecim 1715 ICTTAPEHUS B3ST TaKOH 00BeM pabodero pacTBopa), M,
her — BBICOTA cTOI0A )KUAKOCTH PabOYEro pacTBOPA B IMIHHIPE
I'enepa mpu paBeHCTBE OKPACOK (00BEM), MIT;

hu — BBICOTA CcTONOA )KUIKOCTH MCCIIEAYEMON BOJIBI B IIMITUHIIPE
I'enepa mpu paBeHCTBE OKPACOK (00BEM), MIT;

1000 — niepecuer Ha 1 1

V — o0beM wmcciemyeMoll BOIBI, B3SATOW ISl OMpeesieHUs
(ucrapeHus), M.

B 1aGopaTopHBIX YCHOBUSX JJIsl OTpENeNeHHs COoJepKaHus HU-
TparoB ucmonb3yeTcss GOK. M3mMepsroT onTHIecKyto INIOTHOCTh HC-
CJIEZIyeMOT0 PacTBOPA ITOCTIE BHITAPUBAHNS 1 TPUOABIICHNS PEaKTHBOB.

Coneprkanue a30Ta HUTPATOB:

A*1000

= ——— wmr N/,
%
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rae A — conepkaHue HUTPATOB, OMPEICICHHOE 110 KaluOPOBOYHOM
KPUBOM, MT;

V — 00beM uccieryeMoii BOJbI, MII.

Ipumeuanue. Ecnu uccienyemasi mpoda BOABI COACPKUT B3Be-
LICHHBIEC BEIIECTBA MM OKpalleHa, e MPeABapUTEIbHO 00padaThiBa-
10T CyCIIeH3Uel THIPOKCHIA aTIOMHHUSI.

OnpeaeneHue HeopraHudeckoro ¢pocpopa
(meTopn [lennxke — ATKUHCA)

Ipunyun memooa 3axaovactcs B criocooHocTr docdaros 0oOpa-
30BBIBATH C COeMUHECHUAMHE MoroaeHa (VI) B mpucyTcTBUH XIopuaa
0JI0Ba KOMIUICKCHBIE COJIH, OKPAIIICHHbIC B CHHUH IIBET.
2(Mo0O,*4Mo0,) + H,PO, +4H,0 = (MoO,*4Mo03), H, PO, * 4H,0

dochop opraHmuecKnX COSAUHEHNN CHavajia MepeBoAsT B (hoc-
(baTel HarpeBaHMWEM C KOHIICHTPHUPOBAHHON CEPHOM KHCIOTOW W 3a-
TEM KOJOPHUMETPUUYECKH OMPEeNIoT CyMMapHOE COJAep)KaHue
(dhocdaroB (MHUHEpATHFHOTO W OpraHudeckoro) B Boje. Ilo pasnoctn
(cyMMapHBIi — MUHEPaJIbHBIN) MOKHO BBIYHCIIATH KOJINYECTBO (OC-
(hopa B OpraHUECKUX COCTUHCHHSX.

Oobopyoosanue u peakmuegsl. Mepubie koyos! (V = 100 mi), mu-
merku 1 mir — 2 mt., 2 M1 — 1 r., 5 mo — 1 mrr., 10 ma — 2 .,
umrHAps! [enepa, ®OK.

Pacteop momOnara ammonust: 100 mi 10 %-ro (NH,),MoO, cme-
mmBaroT ¢ 300 M 50 %-ii o 06wemy H,SO,. Ecin pactBop nosyuutest
MYTHBIM, €r0 HEOOXOIMMO MPO(HILTPOBATh, MOMHS, YTO OOBIYHAS
¢unpTpoBasibHas Oymara 3arpsizHeHa (ocopHoi kucimoroi. [loa-
TOMY €€ TIPE/IBAPUTEIEHO MTPOMBIBAIOT PACTBOPOM CEPHON KHCIIOTHI
(1:20), a 3aTeM OTMBIBAIOT OT KUCIOTHI JUCTHUTHPOBAHHOMN BOJIOM.

Pacteop xmopuna onosa (IT) (SnCL): 0,15 r meramnuyeckoro
oJtoBa ((poJBTH) PacCTBOPSIOT B 2 MiT KoHIIeHTpupoBanHoit HC1, k kxo-
TOpPOH B KauecTBE KaTanmnzaTopa npubasisior 1 xamto 4 %-ro pac-
tBopa CuSO, * 5H,0.

[Tocme pactBopenust Goasru 00beM pacTBOpa AOBOAAT 10 10 mur
TUCTUILTUPOBAHHOW BOJOW. llpyn OTCyTCTBHMM (POJBIM TONB3YIOTCA
METAUTHIECKAM OJIOBOM. MeNKyIo CTPY:KKy HarpesaioT mo 250 °C
Y Cpa3y pacTUpalOT B CTYIKE 0 IMOPOIIKOOOPAa3HOTO COCTOSHHUS.
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Janblie mocTynaroT Tak ke, Kak U ¢ ¢poibroi. PacTBop gomkeH ObITH
CBE)KEIIPUTOTOBJICHHBIM.

CrangapTHelii pacTBOop ruapodochaTa HATpHs, COACPKAIINN
B 1 M 0,1 mr PO, 0,5047 r Na,HPO, * 12H,0 (x. 4.), pacTBOpsrOT
B | 1 quctminmpoBanHoi Bojbl. [Ipy HEOOIBIIOM cosepkanuu Qoc-
(aToB B HCCIeAyeMO BOJE PEKOMEHIYETCSI CTaHAAPTHBIA PacTBOp
pazb6aButh B 10 wim 20 pa3. B pesynpTaTe monydaror pabodme pac-
TBOpHI, TAe conepxkanne pochatoB B 1 ma — 0,01 mr u 0,005 mr co-
oTBeTcTBeHHO. Ecnu comepkanne ¢ocdopa HE0OXOAUMO BBIPa3UTh
ne B popme PO, a B hopme P, To HaBecka 11 CTaHIapTHOTO pac-
TBOpa JOJKHA OBITH yBenuueHa B 2,31 pasa.

1 %-it pactBop ruapokcuaa Hatpus: 1 T NaOH pactBopsror
B 99 MJT AUCTUIUTUPOBAHHON BOJIBI.

Ilocmpoenue kanudposounoi Kpueou (111 onpeneneHus Gpoc-
(atoB Ha ®DOKe). B mepHyro konby emkocthto 100 M BHOCHT 1, 2,
3..20 M pabodero pactBopa, Kotopblie coorBercTByrOT 0,05, 0,1,
0,15...1 mr docdaros, mo0aBstoT 50 M AMCTUILIUPOBAHHON BOJIbI
u BenyT ompeneneHue. s mocTpoeHus KalauOpOBOYHON KpHUBOM
M3MEPSIOT ONTHYECKHE TUIOTHOCTH pacTBopoB Ha DPOKe (kpacHo-
opamkeBbli cBeTOQMIBTp A = 670 HM, 1 = 1 cM) 1 cTposT KanuOpo-
BOUHYIO KPHBYI0 — Tpa(yK 3aBHCUMOCTH ONTHYECKOW IJIOTHOCTH
ot copepkanus ¢ochaTos.

Xo00 onpeoenenusa. B mepnayio konoy ooremom 100 mit HanuBaroT
HECKOJIBKO MJI MCCJeyeMO BOMBI (B 3aBUCHMOCTH OT COZIEpKAHUS
¢dochaToB), npubOaBIAIOT MpH B30ANTHIBAHUU 2 MI PacTBOpa MOJIHO-
JaTa aMMOHMsI, 4 Kaluld pacTBOpa XJOpHZIa 0JI0Ba, JIOBOAAT 00BbEM
pacTBopa 10 MeTKH. [lapaienbHo rOTOBAT pacTBOPHI /Il CPAaBHEHUS:
B MEpHYI0 K0J0y BHOCAT OT 1 10 10 Mut pabodero pactBopa, 2 M1 pac-
TBOpa MOJIMOJIaTa aMMOHUS M 4 KaIuId XJIOPHJIA OJI0BA, TTOJTyUeHHBIH
pacTBOp JOBOJAT AUCTHIUIMPOBaHHOM Bomoil g0 100 M. PacTBOpBI
B KOJI0aX mepeMemunBaroT. B mpucyrerBum hochaToB MOSBISIETCS CH-
Hee OKpalllMBaHWe Pa3TUYHON WHTCHCUBHOCTH B 3aBUCHMOCTH OT UX
conepxkanust. Yepes 5 MUH 1ociie NpruOaBiIeHNs] PEaKTHBOB IPOBOASAT
KoJIOpUMeTpHupoBaHue B nwinHApax ['enepa mnmmu na @OKe. Conep-

xanue gocdaros:
Cer * 1% her 1000
X= vV mr PO/,
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rne Cer — KoHIEeHTpanus ¢pochaToB B pabodeM pacTBoOpe, MI/MI;

n — o0beM pabovero pacTBOpa, B3ATOrO AJSl MPUTOTOBICHHUS
100 M7 pacTBOpa 111 CPaBHEHUSI, MIT;

her — BBICOTa cTONI0A JKUAKOCTH pabovero pacTBopa B IUIHMHIPE
I'enepa npu paBeHCTBE OKPAcoK (00beM), MIT;

hu — BbIcOoTa CTON0A JKUAKOCTH MCCIETyEMON BOABI B IIMIMHIPE
["enepa npu paBeHCTBE OKpacok (00beM), Mi;

1000 — mepecuer Ha 1 1

V — o0wveM wuccienyeMol BOABI, B3ATOH Ui ONpEACICHUs
(ucmapeHws), M.

B nabopaTopHBIX YCIOBHSAX JIsi ONpEAETCHUS COAepKaHUs
¢dochatoB ncnonszyercs GOK. M3mepsoT ONTHUECKYIO MIOTHOCTD
HCCIIEyEeMOro pacTBOpa Mocie NpudaBICHUS! pEaKTHBOB.

Conepxxanue pocdaros:

A*1000
X = T mr PO, /n,

roe A — coxepkanue GocdaToB, onpeaeIeHHOE 0 KaTHuOpOBOY-
HOM KPUBOM, MT;
V — 00beM HucciieayeMoi BOIBI, MIT.

Onpepenenue opranndeckoro pocpopa

dochop opraHnYecKUX COSAMHEHUHN TIEPEBOIAT B MUHEPATbHBIH
IIyTEM MOKPOI'O C3KUTaHUs ¢ KOHLEHTPUPOBAHHOU CEpHOM KUCIOTOI.
3aTeM OompenesstoT ero no Mmetony Jenmxe — ATKuHca.

Ipumeuanue. OnpeeneHUIO0 MEIIACT IPUCYTCTBUE CEPOBOAOPO-
Jla ¥ TAKUX UOHOB, KaK CyJb(OHUIBI, XpPOMAThI, XPOMHTHI U apCCHATHI.

Mermaroniee BIUSHUAE COCAMHEHUN KPEMHUS YCTPAHSIOT IIPOBEIe-
HUEM peakliuy B KUCJIOU cpenie. B cinyuae npucyTCTBUS 3HAUUTEIBHO-
o KOJIMYECTBA COCIUHCHUN MBIIIbSIKA UX YCTPAHSIOT BOCCTAHOBIIC-
HHUEM CEPHUCTON KHCIOTOW MU THUOMOYEBUHOM. A30THYIO KUCIOTY
YAAJISIFOT TOOABJICHUEM CYITh()aMHUHOBOM KHCIIOTHI.

Heo0xo011M0 0cBOOOAMTHCS OT B3BEIICHHBIX BelecTB. JlocTura-
€TCsI 3TO PrIIbTpaleil BoJbI Yyepe3 (PUIbTp, MPOMBITHIA CEPHOM KUC-
noto# (1: 20) u 3aTeM aHATM3UPYEMOI BOJIOH.

Ecnu Boma oxpamieHa, HEOOXOUMO TIPH KOJOPUMETPHUPOBAHHIH
yHOTpeONaTh B KauecTBe ()OHA IBETHYI Oymary, MMUTHPYIOIIYIO
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OKpacKy BoAbl. [lunuHap ¢ pacTBOpOM Jis CpaBHEHUS pPacloJIaratoT
HaJ| OKpaIICHHOHM OyMaroi, a HWIHHJP C UCCIEAYEeMOU BOIOH — HaJl
Oemnoii Oymaroii. [[BeTHOCTB HCcIieayeMOl BOJBI MOXKHO yCTPaHHTh
KoaryJsinuei ¢ cyabparom Oapus.

OnpepesieHUue XJ10pUA0B
O6wemHblll Memod Mopa c HumpamoMm cepebpa

Ipunyun memooda. ITOT METOJ OCHOBAH Ha 00pa30BaHHU MaJIO-
pacTBOPUMOTO OcaKa XJIopuaa cepedpa, MoaydyaeMoro o peaxiuu:

NaCl + AgNO, =NaNO, +AgCl|

B kauecTBe nHIMKATOpa JOOABISIFOT XpOMAT KaJlusl.

Xpomat cepedpa (0camok KpacHO-Oyporo 1BeTa) He o0pazyercs
JI0 TEX IOp, TTOKa B PACTBOPE BCE XJIOPUA-UOHBI HE TIEPEUYT B 0CAT0K
xJjiopuza cepedpa.

K,CrO, + 2AgNO,= Ag,CrO, | + 2KNO.,.

D10 00yCIIOBIIEHO OOJIBIIIEH PACTBOPUMOCTHIO XpoMaTa cepedpa.

Oobopyoosanue a peakmuenvt. Konmaeckue konosl (V = 250 mi),
MepHbIe KoJIowI (V = 100 M), munetku 1 mur — 1 mt., 10 Mot — 2 .,
OropeTka miis TutpoBanus (V = 25 mr).

PactBop xmmopuma HaTpwst: 1 MiI pacTBOpa COACPIKUT | MT XITOPHUI-
noHoB; 1,6486 r NaCl (X. 4.) pacTBOPSIIOT B TUCTHLTHPOBAHHON BOJC
B MepHOH Koybe Ha 1 1.

Pacteop nutpara cepedpa: 4,791 r AgNO, pacTBOpSIIOT B MEPHOH
KoJ0€ B 1 JT AUCTHIUTHPOBAHHON BOJIBI.

Pacteop xpomara kanmust: 100 r K,CrO, pacteopsroT B HE60IBLIIOM
KOJIMYECTBE AMCTUIUIMPOBAHHON BOJIBI, JOOABJISIOT 1O KAIUISIM pac-
tBop AgNO, 110 osiBNEHNs c1aboro kpacHo-Oyporo ocanka. Yepes
1-2 mHS pacTBOp GUIBTPYIOT U TOBOISIT 00beM 10 1 1.

OmnpejesieHUe NONPABKH HA MOJIAPHYI0 KOHLEHTPALUIO
3KBHUBaJIEHTa HUTPATa cepe6pa

B mMepnyro xonOy HanmuBator 10 M pacTBopa XJOpHaa HATpUS
u aoBoaAT o0beM q0 100 M IUCTHILIMPOBAHHON BOJIOW, PacTBOP
MEePeMBAOT B KOHUYECKYI0 KOJOY JJIsi TUTPOBAaHHS, MPUOABISIOT
1 M3 Xpomata Kallds U TUTPYIOT MPU TMOCTOSIHHOM TEepEeMEIINBAHUN
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pacTBOpoM HHUTpara cepedpa A0 MOSIBICHHUS yCTOWYMBOTO KpPacHO-

Oyporo ocanka. Onpenenenue nonpasku (K) mosropsirot 3 pasa.
10
=5
rae 10 — oObeM XJtopuaa HaTpus, MIT;

V — o0BeM pacTBopa HHTpara cepedpa, MOMEANIET0 HA TUTPO-
BaHUWE, MJL.

Xo00 onpedenenus. B 3aBUCUMOCTH OT CONEPKaHUS B UCCIEAye-
Moii Bosie xiopua-uoHoB OepyT ot 10 mo 100 mu Bogsr. Ecim comep-
YKaHWe XJIOPH/I-MOHOB 3HAYUTEIHHO, TO 00bEM HCCIIeyeMON BOIBI Oe-
pyT Menbiue 100 M u foBoadr A0 100 M AUCTUILITMPOBAHHON BOJIOH.
[IpubaBnstoT 1 M pacTBOpa XpomaTa Kajusi U TUTPYIOT MIPH TIOCTO-
STHHOM TIepeMEeIINBaHNU PAaCTBOPOM HHTpara cepedpa /0 mepexoia
OKPACKH W3 KEJITOW B YCTOWYHMBYIO KpacHO-OypoBaryto. OTTUTPOBaH-
HYT0 Tpo0y CJIeIyeT OCTaBUTh B KAYECTBE CBUCTEIS IS MTOTYICHUS
0oJiee TOYHBIX PE3YNBTATOB MPH MOCIEAYIONUX TUTPOBAHUSIX HIC-
ciemyembIx mpo0 (He meree 3 pas). ComepikaHue XJIOPHIIOB:

v*1*x K 1000
= - mr Cl/m,

rae v — o0beM pacTBOpa HATpaTa cepedpa, MOIMIEIIeT0 Ha THTPOBA-
HHE TIPOOBI, MIT;

1 — macca XJIOpUI-MOHOB, DKBUBAJIICHTHAsI Macce KaTHOHOB ce-
pebpa, comepramuxcs B 1 M1 pacTBOpa HUTpaTa cepebpa:

K — momnpaBka Ha KOHIIEHTPAIIMIO pacTBOpa HUTpaTa cepedpa:

V — 00beM uccneayeMoi BOIBI, B3ATON IS aHAIN3a, MIL.

Ipumeuanue. ONIpeJICNICHUIO XJIIOPHI-HOHOB MEIIAIOT CEPOBOJIO-
pon, CyiabQHI-HOH, OPraHMYECKUE BEIIECTBA, OYCHb BBICOKASI KHC-
JIOTHOCTh W HICTIOYHOCTh HCCIEIYyEeMOH BOJBI (peakiusi cpelibl; He
JOJKHA BRIXOAUTH 3a npezaensl pH 6—-10), Oonbiioe coaepxanue no-
HOB JKelle3a, IIBETHOCTh BOJIBI. B 3THX cityuasix BOJy MpelBapUTEIb-
HO HEUTpanu3yioT OMKapOOHATOM HATPUS WM a30THOM KHCIIOTO;
HOHBI JKeJe3a OCaXKIAI0T OKCUAOM IIMHKA U 3aTeM 0CaZioK OT(UIIb-
TPOBBIBAIOT; CYJIb(UABI OKUCISIFOT MEPMaHTaHATOM Kajusl Ha XO-
JIOJTy; OpPTaHUYeCKHE BENIeCTBA OKHUCIISIOT TepMaHTaHATOM Kallus
npu HarpeBaHuU. OKUCIATH MOKHO M TIEPOKCHUIIOM BOJ0poa (2 M
Ha 100 M Bogb! ipy KumisTdyeHnH B TeueHue 10 Mun).
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Onpepenenue cyibdpaToB

Obvemusiit memoo. llpn nobGasienun xpomara 6apus K Bojie, CO-
neprkaiiel cynbhaT-noH, IPOUCXOIUT PEAKLUS HOHHOTO OOMEHa:

2BaCrO, + 2K,S0, + 2HC1 = 2BaS0,| + K,Cr,0, + 2KCI + H,0.

Benencteue Toro, uro IIP(BaCrO,) < I1P(BaSO,), B pactsope
MOSIBISIETCS] IMXPOMAT-HOH B KOJIMYECTBE, SKBUBAIICHTHOM CyJb(haT-
HoHy. Peakius mpoTeKaeT B KUCIIOW Cpejie U XpOMAaT-HOH MEePEXOTUT
B JINXPOMAT-HOH, YTO MOKHO HAOJI0JIATh M0 H3MEHEHHUIO [BETA pac-
TBOpa 710 OypOBaTOTO:

2CrO,” +2H" < Cr,0.> + H 0.
HKe. OpaHX.

OO0pa3oBaBIIMIiCS TUXPOMAT-HOH OTPEACISIOT HOIOMEeTpHUe-

CKH, OTTUTPOBBIBASI BBIICIUBIIICHCS WO THOCYJIL(HATOM HATPHUS

K,Cr,O, + 14HC1 + 6KJ = 2CrCl, + 7H,0 + 3J, + 8KCl:
I, +2Na,S,0, = 2Nal + Na,S, O,

Oébopyoosanue u peaxmuewvl. HarpeBarenbHblii mpubop, Ko-
Hudeckue Kool (V = 250 u 500 mur), mepusie koi0b1 (V =100
u 250 mu), munetkn 1 M1 — 3 mr., 5 v — 1 mT., 10 Mot — 2 miT.,
BOPOHKH, OropeTka aist TutpoBanus (V =25 mi).

Comnsinas kucnota 2,5 N (2,5 monb-3kB/1): 6epyT 20,8 MI KOH-
LIEHTPUPOBAHHON COJISTHOH KHUCIOTHI (IioTHOCTh 1,17) m moBoast
10 100 M1 IUCTUIIMPOBAHHON BOIOM.

Cycnensus xpomara 6apus (BaCrO,): 6epyr 19,44 r xpomara Ka-
ms (KCrO,)) (x. 4.), 22,44 r xnopuna 6apus (BaCl, * 2H,0) (x. 4.)
U PaCTBOPAIOT KaXAbIH U3 HUX B | J1 AMCTUIUIMPOBAHHOM BOJBI. 3aTeM
HarpeBaroT J0 KUIIEHUS U CIUBAIOT 00a pacTBOpa B MEPHYIO KOJIOY
Ha 3 1. O0e TUTPOBBIE KOJIOBI OMOIACKUBAIOT JUCTUILTUPOBAHHOM
BOZIOW M BBUIMBAIOT COACPKUMOE B TPEXJIUTPOBYIO KouOy. Jlaror
HEKOTOPOE BPEeMsI ITOCTOSITh, YTOOBI KHJIKOCTh HAJ OCAJKOM XpoMa-
Ta Oapus MOCBeTIIeNna, 3aTeM ee ciuBaroT. OCTaBIIMIACS 0CaI0K TPO-
MBIBAIOT 3—5 pa3 TUCTHIUIMPOBAHHON BOJOW M MEPEHOCAT B MEPHYIO
K0JI0y, TOBOAAT 00BEM CYCHEH3HH JI0 | JI JUCTUILTUPOBAHHOM BOIOH.
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5 M1 cycnensuu Xpomata 6apus ocaxiaroT 96 mr SO,*, cnonb3yroT
U TOTOBBIA Xpomar Oapus (X. 4.). Torma Gepyt 0,5 r xpomara Gapus
Ha 200 M uccneayeMoi BObL.

10 %-#1 pactBop Hoauaa kanusd: 10 r KI pactopsttot B 90 mi uc-
THJUTMPOBAaHHOM BOJIBL. DTOT pacTBOP HEOOXOAMMO XPaHUTh B TEMHOTE.

5 %-1i pacTBOp ammuaxa: 6epyt 20 mi 25 %-ro pacTBopa amMmmua-
Ka 1 IOBOJAT 00beM 10 100 MiT IUCTUIITMPOBAHHOM BOJIOM.

PactBop tHocynbsdara vatpus 0,05 N (0,05 monb-3KkB/1): pacTBo-
pator 12,40 r Na,S, O, * SH/O nucTuimpoBaHHON BOJOH B MEPHON
Konoe Ha 1 1.

2 %-i pacTBOp Kpaxmasa: 2 T Kpaxmaina pacTBopsitoT B 100 mn
TEIUION JAUCTUIIMPOBAHHOW BOJBI M AOBOAST 10 KuneHus. PactBop
JOJKEH OBITh CBEKENPUTOTOBICHHBIM.

Xo00 onpedenenusn. [{nsa onpenencenusi cynbhaToB B KOHUYECKYIO
kosi0y oosemom 300—400 mut 6epyT 200 mut uccnenyemoit Boasl. Eciu
HCCIIeyeMOd BOABI MEHbLIE, TO €€ 00beM JAOBOJST IUCTUIITMPOBAH-
Holi Bojo# 1o 200 mu. HarpeBaroT 1o KumeHus, a 3aTeM NpuOaBIIsIoT
OCTOPOXHO, TOHEMHOTY 5 MJI B30OJITaHHOM CycneH3uu xpomara Oa-
pust u 1 M 2,5 N pactBopa constHON KUCIOTHI. OCTaBISIOT KUAKOCTb
kunets emte 3—4 muH. [TosBrsieTcs xKenTo-KpacHas Wi Oypasi OKpacka
KHUJIKOCTH.

3areM, MpeKpaTHB HarpeBaHHWE, HEHUTPAIN3YIOT TOPSUYIO KH[I-
KOCTb 5 %-M pacTBOpOM amMMuaka, 100aBiIsis ero mo KaruisiM, A0 Te-
pexona OKpacku U3 OypoBaToil B TUMOHHO-KeNTyto. [ ynaneHus
n30BITKAa AaMMHaKa pacTBOP MPOAYBAIOT C MOMOIIBIO MUNIETKU U IPY-
. Heo6xomumo, 4To0bl pacTBOp MMeI ClabOoLIeNOYHYI0 PEaKLHUIO.
3TO POBEPSIIOT C MOMOILBIO0 YHUBEPCATIBHOW UHIMKATOPHON OyMmarH.
OcTpIBIIYIO IPOOY MEPEHOCST KOJINYECTBEHHO B MEPHYIO KOJIOY 00be-
MoM 250 MJT ¥ TOBOJAT 10 METKH AUCTUINIMPOBAHHOM BO/IOM.

ConepxuMoe MEpHOW KOJIOBI B30AITHIBAIOT U (QHUIBTPYIOT de-
pe3 ckiaguateiii GuIbTp, oTOpackiBas mepBble MOpPUKMU (HUIbTpaTa.
U3 ¢punbrpata B MepHyto kondy otoupatot 100 mMa pactBopa, nepe-
JMBAIOT B KOHMUYECKYIO KOJIOY C mpUTepTOi MpoOKoii. 3aTtem npudas-
as1t0T 10 Mot 10 %-ro pactBopa Hoanaa kamust u 10 mit 2,5 N pactBopa
COJISIHOM KHCJIOTBHI U OCTABISIIOT MPOOY B TEMHOTE B MPOXJIAJHOM Me-
cte B Teuenue 15-20 mun. [locre 3Toro BeIAEUBIINNCS O OTTUTPO-
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BeiBatoT 0,05 N pacTtBopoM THOCYJIb(haTa HATPUS IO CIa00-XKEITOrO

uBera. 3aTeM npuiuBaroT 1 M 2 %-ro pacTBopa Kpaxmasa U 3aKaH4Yu-

BalOT TUTPOBAHHUE MPH HCYE3HOBEHUH cuHel okpacku. Oobvem 0,05 N

pacTBopa THOCYJIb(aTa HATPUs, MMONICAIINNA Ha TUTPOBAHHUE, YKBUBA-

JICHTEH COJICPKAHUIO CYJIb(aT-nOHA B UCCIICAYEMOH BOJIC.
Coneprxanue cynb(aToB B BOJE:

96V, %0.05%2.5%1000 )
X = mr SO, > /i,
V%3 :
rae 96 — mousipHas Macca cylib(haT-uoHa, I/MOJIb;

V, — 00beM THOCYIb(aTa HaTpys, HOIIEAINN Ha TATPOBAHHE, MJI;

0,05 — konuenTpanus Tuocynbdara HaTpusi, N (MOJIb-9KB/7);

2,5 — ko3 PHULMEHT, yUYUTHIBAIOLIMMA, 4T0 13 250 MII uccnenye-
MOT0 pacTBOpa Ha TUTpoBaHue B3sT0 100 mit;

1000 — nepecuer B Mr/1;

3 — YHUCIO PKBUBAJICHTOB XpOMaTa KaJlusi;

V,— 00bem uccnemyemMon npodbl BOJBI, MIL.

Ipumeuanue. Ins onpeneneHus Cyiab(paToB MCHONB3YIOT U Be-
coBoii Meroa. Conepskaiiyecs: B IPUPOIHON BoJe Cylb(ar-uoHbI 00-
PasyloT MalopacTBOPUMBINA Cyib(ar Oapus, KOTOPBIA ONPeNesioT
KOJINYECTBECHHO.

Ocanok cynbdara Oapus OTHUIBTPOBBIBAIOT, OCBOOOXKIAIOT
OT TIOCTOPOHHUX MIPUMECEH MyTeM MIPOKATMBAHUS U B3BEILIMBAIOT.

OnpejesieHUe CBOGOAHOM YyrOIbHOM KHC/IOTBI
(PacTBOpPEHHOT0 YIJIEKHUC/IOrO ra3a)

Ilpunyun memooa. K npo0e npubaristoT UHIUKATOP peHondTa-
JIEVH U OCTOPO’KHO TUTPYIOT PACTBOPOM IIEJIOUH JIO c1a00-PO30BOTO
1Beta (OypHOe repeMennBaHie HeIOIyCTHMO, T. K. COITPOBOXKIAeTCA
pacTBOPEHUEM YTIIEKUCIIOTO r'a3a U3 Bo3ayxa). CBOOOIHYIO YTOIBHYIO
KHCJIOTY TIepeBosaT B OukapOoHaThl. KoHer peakiuu Qukcupyercs
10 U3MEHEHHIO I1BeTa uHankaropa (pH 8,37):

CO,+H,0=H,CO,;
H,CO, +NaOH = NaHCO, + H,0.

O0beM pacTBOpa IIENOYH, MOMIEAIIeH HA TUTPOBAHHUE, SKBHBA-

JICHTEH COJIEPKaHUI0 CBOOOTHOHN YTrOJbHOM KUCIIOTEI.
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0Obopyoosanue u peaxmuenbt. Konnueckue xonosl (V = 250 m),
runerka 20 M — 1 mIT., MEpHBINA [UJIUHP, OFOPETKU ISl TATPOBA-
Hus (V =25 mn).

I'mapoxcun natpus 0,02 N(0,02 monb-3kB/1): 0,8 r NaOH pac-
TBOPSIOT B 1JI TUCTHIUTHPOBAHHOW BOJIBI.

WNunukatop Genondranenn: 1 %-it ciupToBOii pacTBOp (CIUPT
60 %-i1).

Cousinas kucnora 0,1 N (0,1 Moib-3kB/11): 8,9 MJI CONSTHON KHUC-
N0ThI (TWIOTHOCTH 1,17) pa30aBisifoT JUCTUINIMPOBAHHOW BOJIOH U JI0-
BOIAT 10 1.

Onpeaeﬂelme MOJIﬂpHOﬁ KOHIECHTPAIlUU 3KBUBAJICHTA
THAPOKCHUAA HATPUA

B xonmueckyro konOy numnetkoil HanmuBatoT 20 M pacTBopa Tu-
JPOKCHU/IAa HATpHA, MPUOABIAIOT 3 Kaluli WHANKATOpa GpeHondTanen-
Ha. TUTPYIOT pacTBOPOM COJISTHOM KUCIOTbI, KOHIIEHTpaIMs KOTOPOU
YCTaHOBJIEHA IO PacTBOPY OYpHI, 10 NCYE3HOBEHHS PO30BOM OKPACKH

WHIUKATOpA. Vl % 0.1
(NaOH) V2 >

rne C(NaOH) — KoHIeHTpaiusi pacTBOpa THUAPOKCHUIA HATPHS,
N (Mob-3KB/1);

V, — 06bem 0,1 N constHOl KUCIIOTBI, MOIIEAIIUA Ha THTPOBA-
HUE, MIT;

0,1 — XoHIIEHTpamus PacTBOpa COJITHOW KHUCIOTHI, N (MOIb-
9KB/M);

V, — o0bem pacTBOpa rMIPOKCHIA HATPUS, B3ATBIA [UIs THTPO-

BaHuA, 20 M.
X00 onpedenenun. B koHNUECKYI0 KOJIOY OCTOPOKHO HAJIHBa-

o1 100 M uccnemxyemoit Boabl. [IpuOaBisioT 4 karm WHIANKATOPA
(enondranenna u TuTpyroT pody u3 Oropetku 0,02 N pactBopom
THIPOKCHIa HATPHUS J0 CI1a00-pO30BOTO OKPAIIMBaHUS, KOTOPOE HE
M3MEHSETCS B 3aKPBITON KOJIOE B TEUEHHE 5 MUHYT.

Coneprkanne CBOOOTHOM YTOIBHOM KUCIIOTHI:

< 44 * CNaoH  *V; %1000
£

mr CO, /n,
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rae 44 — ko3¢ GUIKEHT, MOMyYeHHBIN U3 pacyeTa, 4To | MOJIb yroiib-
HOMW KUCJIOTBI SKBUBAJICHTEH 44 T YIIIEKHUCIIOTO ra3a;

C(NaOH) — xoHUeHTpauusi pacTBOpa THUAPOKCHAA HATPUS,
N (MOJB-2KB/M):

V|, — 00beM ruapoKcuIa HaTpys, HOIEAIIMI Ha THTPOBAHKE, MJI;

1000 — mepecuet Ha MI/I:

V, — 00bem uccnemyemMo Bobl, MIL.

OnpejesieHUE COAEePKAaHUA THAPOKApPGOHATOB

Ilpunyun memooa. bukapOOHAT-HOHBI OTPEJENSIOT TUTPOBA-
HHUEM HCCIIETyeMOM BOJIBI KHCIIOTOM:
Ca(HCO,), +2HC1 = CaCl, + 2H,0 + CO,

Komnerr peaknyu onpeaensioT Mo U3MEHEHHUIO 1IBeTa HHIANKATopa
METUJIOpaHkKa U3 KeNITOTo B po3oBbIii (pH 4,46).

Oobopyooeanue u peakmuewt. Konmueckue xomosl (V = 250 mi),
munerka 20 M1 — | 1T., MEPHBINA HWIMHAP, OIOPETKH sl THTPOBA-
Hus V 25 Mg — 2 .

Counsinas kucnora 0,1 N (0,1 Moib-3kB/11): 8,9 MJI CONSTHON KHUC-
J0THI (TIOTHOCTSE 1,17) pa3daBnstoT B 1 J1 AUCTHITMPOBAHHOM BOJIBL.

Wnauxatop: 0,1 %-#1 BOAHBIN pacTBOp METUIIOpAHKa.

Pacteop Oyper 0,05 N (0,05 monb-5xB/m): 7,7 r Na,B,O, pactso-
PSIIOT B HEOOJBIIOM KOJMYECTBE AMCTHIUIMPOBAHHON BOABI M 3aTEM
IIOBOIAT 00beM 110 1 1.

CBujeTens: MOJKUCICHHAs AUCTULTUPOBAaHHAs BOJia C METHIIO-
paHXeM B IUIOTHO 3aKPBITOM KOHUYECKOH koioe (pH = 4).

OnpejesieHUE MOJIAPHOIN KOHIEHTPauu
3KBHUBAJIEHTA COJIAHOM KHUC/IOThI

B 1pu k011081 mumretkoi HamuBaioT mo 20 mi1 0,1 N comnstHOM K-
J0THI. B Kax1yto K010y 100aBISIOT 10 3 Karuli MHINKAaTOpa METHIIO-
patka. PacTBOp KMCIIOTBI OKpAIIMBAETCSA B PO30BbIM IBET.

CouHyI0 KUCIIOTY TUTPYIOT PacTBOPOM OypbI, MPHOABIISIS T10-
CIIETHIOI0 TIO KAaIUIsAM JIO TIOSIBICHHUS JKENTOH OKpacKH pacTBOpa
OT OJHOU TTPUOABIICHHON KaTlUTH.

V,x0.5
(HCD) V2
— KOHIICHTPAITUS COJITHON KUCTOTHI, N (MOJIBb-9KB/M);

b

rIe C(HCI)
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V, — 00beM pacTBopa Oypbl, MOIIEAIMA Ha THTPOBAHKE, MII;

0,05 — xoHueHTpauus pactBopa Oypsl, N (MOIb-3KB/1);

V, — 00beM pacTBOpa COJISHON KUCIIOTHI, B3ATBIA 1711 TUTPOBA-
Hus, 20 ML

Xo00 onpedenenuusn. B xonndeckyto xondy HamusaioT 100 mi
HCCIIeyeMOU BOJIbI, MPUOABIISIOT 3 Kalli WHAWKATOPAa METUIIOPaH-
xa 1 TATpYIoT 0,1 N pacTBOPOM CONSHON KHCIOTOH IO MOSIBICHHS
y UHAWKATOpa 1IBETa, aHAJOTMYHOTO IBETY CBHIETENs (M3 JKEITOro
B PO30OBEIH).

Conepxkanue OMKapOOHATOB B UCCIICAYEMOI BOJIC:

< — 44 * Cpcr *V, %1000
£

roe 44 — ko3 UIMEHT, TOTyYeHHBIH W3 pacdera, 4yTo 1 MOJb
OukapOoHaTa npu JIeHcTBUU | MOJIb CONISTHOM KHCIIOTHI SKBUBAJICHTECH
44 T yTIeKucIoro rasa;

C(HCI) — xoHIeHTpaIus pacTBOpa COJSTHOM KUCIOTHI, N (MOJTb-
9KB/1);

V, — 00beM pacTBOpa CONAHOM KMCIIOTHI, TIOMIE/NIEH HA TUTPO-
BaHUE, MIT;

1000 — mepecueT Ha MI/JI;

V, — 00bem uccineryemMoi BOIbI, MIL.

mr CO,/n,

OnpepaesieHue HIEJI09YHOCTHU

Obopyoosanue u peaxmuewl. Konnueckue konosl (V — 250 mi),

MEPHBIN [HJIHMHIP, OIOPETKU TSt TATPOBAHUS 25 M — 2 TIT.

Comnsaas kuciota 0,1 N (0,1 Monb-3kB/1): 8,9 MIT CONSTHOM KHC-
J0THI (TWIOTHOCTH 1,17) pazbasistor B 1 71 TUCTHIUIMPOBAHHON BO/IBI.

CMmentanHbIl UHAMKATOp: 1 T MEeTUIOpaHka 1 2,5 T UHIUTOKap-
MHHA PacTBOPSIOT B | J1 AMCTHUIUIMPOBAHHOH BOJIBL.

WNnauxatop: 0,1 %-11 BOAHBIN pacTBOpP METUIOPAHIKA.

Wnnukatop: 1 %-i ciupToBoii pactBop (eHondranrenna (coupt
60 %-i1).

Pacteop Oypsr 0,05 N (0,05 monb-3k8/1): 7,7 r Na2B,0, pactso-
PSIIOT B HEOOJIBIIOM KOJIMYECTBE AMCTHIUIMPOBAHHOM BOJBI U 3aTEM
JIOBOIAT 00BeM 10 1 1.
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OnpejeseHre MOJISIPHON KOHLEHTPAL MM IKBUBaJIEHTa
COJITHOM KHCJIOTBI

B tpu ko0n0b1 u3 Gropetrkn HanmmBaroT 1o 20 mi 0,1 N comnstHO#H
KUACIOTHIL. B kaxkayto kon0y 100aBIsIOT 0 4 KaIuii MHOUKAToOpa Me-
THJIOpaHKa. PacTBOpP KUCIIOTHI OKpPAIINBACTCS B PO3OBBIN IIBET.

CoJisiHy10 KHUCJIOTY THUTPYIOT Oypoii, mpuOaBiisisi IMOCIEIHIO
10 KaIUIsIM JI0 MOSIBJICHUS JKEJITOH OKPAcKH PacTBOPa OT OJHOM HpH-
0aBIIEHHOW KaIlIM pacTBopa Oyphl.

V%05
(HCI)_ Tz

rae C, — KOHIEHTPALHs COISHOM KUCIOTHI, N (MOJIb-OKB/I1);
V,— 00beM pacTBopa Oypbl, MOIEAIMA Ha THTPOBAHKE, MII:
0,05 — xoHueHTpayst pactBopa Oypsl, N (MOJIB-9KB/M):
V, — 00beM pacTBOpa CONSIHON KMCJIOTHI, B3AThIA [JI1 THTPOBA-
Hust, 20 M.

Xo00 onpeodenenusn. B xonndeckyto kondy HammsaroT 100 mi
BOJIbI, TOOABJIAIOT 3 Karuy HHAMKaTopa GeHondranenna. Ecnu mosiBut-
Csl PO30BOE OKpAIIMBAaHUE, IPUPOIHYI0 Boay TUTpYtoT 0,1 N pactBo-
POM COJISIHOM KUCTIOTHI IO 00eCIBeUBaHMUs. 3aTeM K pacTBOPY J00aB-
JSIIOT 5 Karesiab CMEIAaHHOTO MHAMKATOpa U MPOJOJIKAIOT TUTPOBATh
JI0 TIepexozia OKpacku u3 3eseHoit B ¢uonetoByto (pH 3,7). [pu tu-
TPOBaHMU 3€JIE€HBIN [[BET pacTBOpa CHayaja epeXoUT B CEpBIi, a 3a-
TEM OT OAHOMW KaIUlh COJITHOM KUCIOTH — B (uoneToBsiil. Ecnu npu
no0aBIeHNH HHAMKaTopa GeHondranenHa po30BOro OKpaluBaHus He
HaOMoaaeTcsl, TO TUTPYIOT Cpasy CO CMEIIaHHBIM HHIUKATOPOM.

Yucno mi 0,1 N pacTBopa CoJIIHONM KHUCIOTHI COOTBETCTBYET 3Ha-
YEeHHUI0 00LIeH MEeN0YHOCTH B Mr-9KkB/1 (pu K = 1).

2

Orlpe,quIelme KEeCTKOCTH BO/bI

Tpunonomempuueckuti Memoo

Ilpunyun memooa. OCHOBaH Ha CIOCOOHOCTH PacTBOPOB KOM-
IUIEKCOHOB, B YaCTHOCTH TpuiioHa b (AByHaTpreBas coib 3THIICHIUA-
munTeTpaykeycHor kucnorel — C, H  O,N Na *2H, O), 06pasoBbiBath
C WOHAMH METAJUIOB TPOYHBIE BHYTPUKOMIUIEKCHBIE COEIWHEHWS.
IIpu TUTpOBaHMM IPUPOHOM BOBI pACTBOPOM TpUIIOHA b HCTONB3Y-
I0T METaJUTHHANKATOPHI, KOTOPbIe C HOHaMHU 00pa3yloT OKpaIleHHbIe
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COEMHEHHNs, HO MEHee IpoUHble, ueM ¢ TpuioHoM b. IIpu noctuxke-
HUH SKBUBAJICHTHON TOUYKH MPOUCXOIUT U3MEHEHUE OKPACKH, T. K. BCE
nonbl Ca?* u Mg>*OyayT cBsi3aHbI ¢ KOMIUIEKCOM. MICIONB3YIOT Xpo-
MOT€H WM XPOM TEMHO-CHUHHH KUCIOTHBIM. OHM 4yBCTBHUTEIbHBI
Y K IPUCYTCTBUIO HEKOTOPBIX APYrHX MOHOB MetawioB (Cu*, Zn*,
AP, Fe**, Mn*"). TlocieaHie MENIalOT OMPEACICHUIO HOHOB KANbIIHSI
1 MarHusi, HO3TOMY WX HEOOXOANMO YCTPaHUTb.

0Obopyoosanue u peakmuenbt. Konnueckue xonosl (V = 250 m),
etk 1 mun — 1 ., 5 Mot — 1 wr., 10 ma — 1 mt., Groperka s
tutpoBanus (V = 25 mi), mepable ko0 (V = 100 mn).

Tpunon b 0,1 N (0,1 monb-3xB/1): 18,612 T Tpunona b pacteo-
PSIOT U IOBOAST A0 | J1 TUCTUIIIMPOBAaHHOK Boaol. PacTBop oTduib-
TPOBBIBAIOT.

Cynbgar marnus 0,1 N (0,1 monb-3k8/1): 1,232 r MgSO,* 7H,0
pactBopstoT B 100 M1 TUCTHIUITMPOBAHHOMN BOJIBI.

XnopuaHo-aMmuaunbii Oydep: ememmparor 100 mu 20 % NH,CI
co 100 mx 20 % NH,OH u noBoasar o6beM pactBopa 1o 1 1 qucTuim-
POBAaHHOH BOJIOM.

Pacteop cynbduna natpus (Na,S * 9H,0): 1-2 r cynsduna na-
Tpust pacTBOpA0T B 100 M1 AMCTUIITMPOBAHHOM BOABI.

Iappoxcunamun consnokucneiii (NH,OH * HCI): 1 r pactso-
pstoT B 100 M1 TUCTUITUPOBAHHON BOJIBI.

WNnaukaTop XpoM TEMHO-CUHUHN KHCIOTHBIN: 0,5 T XpoMma MHU-
KaTopa pacTBOPsIOT B 10 MII XJIOpHIHO-aMMHAaYHOTO Oydepa, JOBOIIT
10 100 M1 STUIOBBIM CIIUPTOM.

Ilposepxa oucmunnuposannoii 600l Ha codepricanue 8 Hell uo-
no¢ Ca’*u Mg>*. bepyt 100 M1 TUCTHUTHPOBAHHOW BOJIBI, IPUIUBAIOT
K HEl 5 MJI XJIOpHIHO-aMMHayHoOro Oydepa u 6 Kameiab WHAMKATOpa
XpOMa TEMHO-CHHEr0 KUCIOTHOTO U TiepemernBatoT. Eciu nonsr Ca**
u Mg?* OTCYTCTBYIOT, TO BOJa B IPUCYTCTBHU MHIMKATOpa OKPAIINBA-
ercsi B cuHui 1BeT. Ecim Boja npuHsiia KpacHO-(HOIETOBYIO OKPACKY,
TO €€ TUTPYIOT pacTBopoM TpwiioHa b. O0weM, momeamend Ha TUTPO-
BaHME TUCTUIUTMPOBAHHON BOJBI, HE IOJDKEH MPEBbIaTh 12 Kamnesb.

Onpedenenue nonpasku Ha MOJAAPHYIO KOHUEHMPAUUIO IKEU-
eéanenma mpunona b. bepyr 10 ma 0,1 N pacTBopa cepHOKHCIOrO
Maraus ¥ I0BoJsAT 00beM g0 100 M1 TUCTHIUTMPOBAHHOM BOJ0M. 3a-
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TEM MePEIMBAIOT B KOHMUECKYIO KOJIOY, MPUOABIISIOT 5 M XJIOPUIHO-
amMMmuauHoro Oydepa, 6 Kamenb MHAMKATOpPa XpoMa TEMHO-CHHETO
KHCI0THOTO U MeuieHHo TUTpytoT 0,1 N pactBopom Tpuiiona b go ne-
pexoaa OKpacky U3 pO30BOM B yCTONYHBYIO CHHIOIO.

%
=
4
rie K — mnompaBka Ha MOJSPHYIO KOHIEHTpAIMIO SKBHBaJIEHTA
TpuiIoHa b;
V — o0beM pactBopa cyibdarta maraus — 10 mir;
V|, — o0nem pactsopa TpuioHa b, nomenmuii Ha THTPOBAaHUE

pacTBopa CepHOKUCIIOTO MarHHs.

Xoo0 onpeoenenus. [1poOy npupoHOit BoibI OepyT 00HEMOM OT
10 mo 100 mn, pa3nuuHbie 00BEMBI UCCIIETYEMOH BOJBI OEpyT B 3a-
BUCUMOCTH OT BEJIMYMHBI OOIIEN JKECTKOCTH.

XKectkocts Boabl o O. A. Aneknuny

Oovem 600vl1 012 ananuza, mi

1o 1,5 Mr-sks/1 — O4YEHb MATKast 100
1,5-3,0 mr-sks/a — MsTKas 100
3,0-6,0 Mr-sKxB/1 — YMEpEHHO JKeCTKas 50
6,0 —9,0 Mr-skB/a — JKeCTKas 25
6omee 9,0 — OYEHb JKECTKas 10

HUccnenyemyro Boxy oobemom Meree 100 mi cieyeT 1oBecT 10
3TOro 00beMa AUCTUILTUPOBAHHOMN BOJIOM.

Ecnu B ucciiengyeMoil Bojie NMPUCYTCTBYKOT MOHBI MEAM, LIMHKA
W Maprasua, /Ui UX YCTpaHEHHUs] K OTOOpaHHOH mpobe mpuOaBisIIoT
1 M1 pactBopa cynbduaa HaTpus U S5 Kamenb COJSHOKUCIIOTO TH-
JpOKCHIIaMUHA. 3aTeM BHOCST 5 MJI XJIOPHIHO-aMMHayHOro Oydepa
1 6 Kanesb HHAUKaTOpa — XpoMa TEMHO-CHHETo kuciaoTHoro. [Tocie
atoro npooy tutpyrot 0,1N pacTBopoM TpriioHa b 10 mony4enus cu-
HEl OKpacKu OT 0HOW PUOABICHHON KarlIH.

’KecTkocThb nccneayeMoil Bojbl:
vl * K *1000
= MTI-2KB/J1,

v

rjie v — o0beM TpuioHa b, momieqiumii Ha TUTpOBaHUE, MIT;

87



0,1 — xoHUeHTpauus pactBopa Tpuiona b, N (Monb-3kB/1);
K — monpaBka Ha HOpMaJILHOCTh pacTBOpa TpuiioHa b;
1000 — mepecuet Ha 1 15

V — 00beM npoObI UccaeyeMol BOIBI, MII.

Onpeaeﬂelme KeJie3da

Ilpunyun memooa. Hambornee pacmpocTpaHEHHBIM METOIOM
omnpeneneHust noHoB kene3a (III) B Boge siBiseTcss KoIopuMeTpHde-
CKHUH C POJIaHUJIOM KaJIus:

FeCI, + 3KCNS = Fe(CNS), + 3KC1.

Ponanuy xenesa (I11) [Fe(CNS)3] B kucio# cpeme KpacHOTO IBe-
Ta. Boxy, conmepxkamryto monsl xene3a (III), moaKUCISIOT COMSHOM
KHCJIOTOH W T00ABIISIIOT pOJaHu aMMOHHUs. PacTBop okpammBaeTcs
B KpaCHbIﬁ OBET pa3JIH‘IHOI>'I HWHTCHCHUBHOCTHU B 3aBUCHUMOCTH OT KOH-
LIeHTpanuu noHoB xene3a (111).

Obopyoosanue u peaxmuest. Konndeckue konost (V = 250 mi),
mepubie Koa0b! (V = 100 ), munetku 1 M — lmt., 2 Ma — 3 mrT.,
5 mMa — 1 wrT., HarpeBaTenbHbINA IpHUdOp, HuIUHAPHI ['enepa, GOK.

Crangaptueiii pactBop nonos xenesa (III): 0,8636 r xeneszo-
ammonminbx kBacuos [Fe,(SO,),(NH,),SO, * 24H,0O] pactopsitoT
B | J1 AMCTHIUIMPOBAHHOM BOAbI. KpHcTamibl TOMKHBI OBITH CBETIIO-
¢uorneroBoro nBera. OTCyTCTBHE OKPACKH CBUACTEILCTBYET O IOTEPE
KpUCTAJUTM3alIMOHHON BO/IBL. 1 MiT Takoro pactBopa cojaepkut 0,1 mr
noHoB >kenesa (III).

50 %-ii pactBop pomanmma ammonus (NH,CNS) wnn xanus
(KCNS).

Consnas xkucnota (1:1): 1 00bemM CONTHON KUCIOTHI (TNIOTHOCTh
1,17) pacTBOPSIOT B OJJHOM 00bEME AUCTHIUIMPOBAHHOM BOJIBI.

BeproneroBa conp (KCIO3) nnm nepokcoaucyabhaT aMMOHUS
win kanust (NH,),S,0,) B kpuctamnax.

Ilocmpoenue kanuopoeounoil Kpueoul (Ui ONpPEACICHUS NOHOB
xenesza (III) ma ®OKe). B mepHyto xondy emkocthio 100 M BHO-
cat 0,5... 2 MJI CTaHJApTHOTO PacTBOpa, KOTOPHIE COOTBETCTBYIOT
0,05... 0,2 mr uonos xene3a (III), moBogsar oobem mo 100 mu mauc-
TWIJIMPOBAHHOM BOJIOM U MPOBOJAT ompeneneHue. s nocrpoenus
KaJTMOPOBOYHOM KPUBOW HM3MEPSIOT ONTHYECKHUE TUIOTHOCTU PACTBO-
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poB Ha ®DKe (3enenslii ceeropunbTp, A = 540 M, | = 1 cM) u cTposT
KaJHMOPOBOYHYIO KPUBYIO — rpaMK 3aBHCUMOCTH ONTUYECKOHN TIJIOT-
HOCTH OT KOHIIEHTpalnu MOHOB xene3a (L).

Xo00 onpeodenenusn

Onpeoenenue uonoe sxeenesa (111)

[ onpeneneHus TOTOBAT paboyMe pacTBOPbI M3 JKeNe30-
aMMOHHMIHBIX KBacuoB. s storo Oepyr 3-4 wMepHble KOJIOBI
Ha 100 mi, B koTopsie BHOCAT OT 0,5 10 2 MJI CTaHIApTHOTO PACTBO-
pa u poBoAsaT oobem g0 100 MII TUCTHILIMPOBAHHOM BOJOH. 3aTem
B MepHyIo KonOy Ha 100 My HalMBaroT ucciexyeMoi Boasl. Bo Bce
KOJIOBI TPUOABIISIOT 2 MJI COJISTHOM KUCIIOTBI M 2 MJI pacTBOpa pOAaHu-
Jla aMMOHUs U niepemernBaroT. [losBisieTcs KpacHOe OKpalllBaHue.
CpaBHEHHE MHTEHCUBHOCTH OKpPACOK MPOU3BOJAT HEMEAJIEHHO B IH-
muHapax ['enepa niau Ha GOKe.

Conepxanue noHoB sxenesa (I11):

Cer* 1% her 1000
X =
hu*V
rne Cer — KoHIeHTpanus HoHoB jkene3a (1) B pabouem pactBope,
MI/MII;

n — 00bEM CTaHAAPTHOTO PACTBOPA, B3ATOIO ISl IPUTOTOBJIE-
HUs paboyero pacTBopa, MJ;

her — BbICOTa CTONIOA XKUAKOCTH Pabovero pacTBopa B UIMHIPE
I'enepa mipu paBeHCTBE OKpacoOK (00bEM), MIT;

hu — BBICOTA cTONOA KUIKOCTH MCCIEAYEMOTO PacTBOpa B -
nmuHape ['eHepa mpu paBeHCTBE OKpacok (00beM), MIT;

V — o0beM ucciieyeMoii BOJIbI, B3STHIN /ISl aHATN3a, MIT;

1000 — nmepecuer Ha 1 1.

Onpeodenenue coemecmnozo cooepicanusn uonog sxcenesa (I11)
u uonoe xcenesa (1)

Ponmanua aMMOHMSI 1aeT KpacHOE OKpAIIMBAaHUE TOJIBKO C HOHO-
amu xene3a (II1), mosTomy monsr xenesa (1) HeoOxoauMo cHauana
OKHCINTB. JIJ1sl 3TOM 1esin MCIIONB3YIOT OEPTOJIETOBY COJb, & OKHUC-
JICHUE MTPOBOJAAT IPU HATPEBAHUH.

KCIO, + 6 FeCl, +6HCI = 6 FeCl, + KC1 +3H,0.

B mepayto kosnOy Ha 100 MI HaJMBAIOT 0 METKH NPHPOTHON
BOJIbI, & /IBE APYTHUE 3aMOIHSIIOT CTAaHAAPTHBIM PacCTBOPOM HOHOB XKe-

mr Fe** /m,
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nesa (1) (1 u 5 M) u noBoasiT 006BeM 0 100 M TUCTUIUTUPOBAHHOM
BozioH. [lepenuBaroT pacTBOPBI B KOHMYECKUE KOJIOBI U BO BCE 100aB-
JISTFOT TIO 2 MUJT COJISTHOM KUCIIOTHI M HECKOJIbKO KPUCTAJLIOB O€PTOIIETO-
BOH cosn (Ha KOHUMKE CKaJIbIeNs) U KUIATAT B TedeHue 10—15 muH.
[Tocne oxnaxkneHus ConepPKUMOE TIEPETUBAIOT B IMIMHIPHI [ eHepa.
CTeHKH KOJIO OIMOJIACKUBAIOT HEOOJBITUMHE MOPLUSMU JTUCTHILTHPO-
BAHHOU BOJBI, 1 CMBIBHBIC BOJBI TAKXKE BBUTUBAIOT B LILIIUHID. 3aTeM
B KQXKIBIH HWJIVHJP NPHOABIISIIOT 2 MJT pacTBOpa POJaHK1a aMMOHHUS,
MEePEMEIINBAIOT U KOJIOPUMETPUPYIOT.
Cooepoicanue uonos sucenesa (1) (oowee):

Cerxn# her %1000
M

hu *V
rae Cer — KxoHueHTpauus noHoB sxenesa (I11) B pabouem pactBope,
MTI/MIT,

n — 00bEeM CTaHAAPTHOTO PACTBOPA, B3ATOTO JJIS IPUTOTOBIIE-
HUS paboYero pacTBOpa, M,

her — BBICOTaA cTONOA KUIKOCTH PabOYero pacTBopa B IIHHIPE
['enepa npu paBeHCTBE OKpacoK (00BEM), MJT;

hu — BbIcoTa cToM0a JKUIKOCTH HCCIEIYEMOTO PACTBOPA B IIMIIMH-
ape ['eHepa npu paBeHCTBE OKPACOK (00BEM), MIT;

V — o0beM uccnenyeMoi BOAbl, B3STHINA ATl aHATIM3a, MJI.

1000 — mepecuer Ha 1 1.

B n1abGopaTopHbIX yCIOBUSX IJIsi ONPEAETICHUsI COACPIKAHUS HO-
HoB >xene3a (I11) ucnons3yercs GIOK. M3mepsroT onTHYECKYHO MIIOT-
HOCTB MCCIIEyEMOT0 pacTBOpa Mociie MpHOaBIeHHS PEaKTUBOB.

Conepxanue noHoB sxenesa (I11):

_ 4*1000

X = r Fe¥* /m,

X mr Fe*'/n,

rae A — coxepxkanue noHoB sxenesa (II1), ompenenenHoe mo Kamu-
OpOBOYHOM KPUBOM, MT;

V — 00beM ucciieyeMoii BOIbI, MJI;

1000 — nepecuer Ha 1 1.

Coneprxanue noHoB xene3a (I1) HaxoasaT mo pazHule.

Ipumeuanue. Tlpu omnpeneneHun pasHbIX (BopM sxene3a HEoo-
XOJMMO COOJIFOJIaTh PSIIi HpenocTopokHocTel. [lpu B3sTHU Tpod
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BOJIBI CIIEAyeT u30eratb NepeMelIuBaHus MPOObI ¢ BO3JYXOM, YTO-
Obl He oKuCIUTh MOHBI Xkele3a (I1) B mons xenesa (I1I). Onpenensts
noHnsbl xkene3a (1) HeoOxoaumo Ha MecTe 0TOOpa MPOOHI.

16. METOAbI OYNCTKH BO bl

[Tox 3arpsi3HEHHEM BOJHBIX PECYPCOB NOHUMAIOT JIFOOBIC U3Me-
HEeHHs (PU3MYECKUX, XUMUYECKUX U OMOJOTHYECKHX CBOWMCTB BOJIBI
B BOAOEMAX B CBA3HU CO C6paCI>IBaHI/IeM B HUX XUJIKUX, TBEPABLIX U I'a-
3000pa3HBIX BEIIECTB, KOTOPBIC JEIAIOT (WJIM MOTYT C/ENaTh) BOAY
JaHHBIX BOJOCMOB onacHou JJIs )KUBBIX OPTraHU3MOB (BKHIO‘-IaSI YqeJ10-
BEKa) W/WIM HENPUTOIHOW B XO3HCTBEHHBIX EIISX.

3arpsi3HEHHE MOBEPXHOCTHBIX U MMOJ3EMHBIX BOJ MOXKHO KJIaCCH-
(UIHMPOBATH CIEAYIONIMM 00pa3oM:

MexaHuyeckoe — TIOBBIIIEHHE COAEPKAHUS MEXAHMUECKHX
IIpUMeECEei, CBOMCTBEHHOE B OCHOBHOM IOBEPXHOCTHBIM BHUJAM 3a-
IPSA3HEHUN;

Xumuieckoe — HAIW4YME B BOJE OPraHUYECKUX M HEOpraHude-
CKHX BEILECTB TOKCHYECKOTO M HETOKCUYECKOTO JIEHCTBUS;

baxmepuanvHoe u buoao2uiecKoe — HaJIM4IKUe B BOJIE Pa3Ho00pas-
HBIX NATOT€HHBIX MUKPOOPTaHU3MOB, TPHOOB 1 METIKUX BOJIOPOCIIEH;

paduoakmueHoe — HAJIMYUE PaJUOAKTUBHBIX BEILECTB B IIO-
BEPXHOCTHBIX MJIM TIOJ3€MHBIX BOJAX;

mensiogoe — BBIIIYCK B BOJOEMBI MOAOTPETHIX BOJ| TEMJIOBBIX
Y aTOMHBIX 3JIEKTPOCTAHIINH.

OCHOBHBIMH UCTOYHHMKAMHM 3arpsi3HEHUS U 3aCOPEHUS BOJAOEMOB
SIBJISIIOTCSI HEOCTATOYHO OYMILECHHBIE CTOYHbIE BOJbI. 3arpsI3HSIOILNE
BEIIEeCTBa, MoMaias B MPUPOIHBIE BOJOEMBI, TPUBOAT K KaueCTBEH-
HBIM U3MEHEHHSIM BOJIbl, KOTOPBIE MPOSBIISIIOTCS B U3MEHEHUH XUMHU-
YECKOTO COCTaBa MPHUPOJHON BOJBI, B HAJMYMHU IUIABAIONIUX HA II0-
BEPXHOCTH BOJIBI BEIIECTB M HAKOIUIEHUH UX B JIOHHBIX OTJIOKEHUSX.

Yrunnzauus u 00€3BpeKUBAHNE CTOUHBIX BOJ COCTaBIISIET OJHY
13 CaMBIX Ba)KHBIX 3KOJIOTHUYECKHUX MPOOJIeM HACTOSILIET0 BpeMeHH,
U B 3TOM HaIpaBJICHUM Pa3pabOTaHO MHOXKECTBO Pa3HOOOPA3HBIX
TEXHOJIOTUYECKUX TPHEMOB, B OCHOBE KOTOPBIX JIEKAT (QUIUKO-
XUMHYECKUE WIH OMOXUMHUYECKHE MPOLECCHl Aerpagallii BPEIHbIX
KOMIIOHEHTOB CTOUYHBIX BOJ.
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MexaHn4YecKas OYHUCTKA

[IpumensieTcsi, Kak MpaBuiIO, Ha 1-OM 3Tare OUYUCTKH Ul U3BJIC-
YeHHsI TPyOOUCIIEPCHBIX MTpUMecel U HePTenpoayKToB. DddexTus-
HOCTb cocTaiseT 5099 %.

Ilpoyesrcusanue OCymecTBISCTCS C HOMOIIBIO PELIETOK (HETo1-
BI)KHBIE, MaJIOra0apUTHbIE, BEpTHKaJIbHbIE, HAKJIOHHBIE). JlJ1s n3Bie-
YEHUS 3a/lePKaHHBIX 3arPsA3HEHUH IIPU ITUX PELIeTKaxX yCTaHaBIIUBa-
10T 1poduiku. [luprHa npo30poB peleTok 10/bKHaA ObITh He Oojee
16 MM mipu ckopoctu nBrxkenus xuakocta 0,6—0,9 m/c.

Omcmausanue TPoTEKaeT B anmnapaTtax (OTCTOMHUKAX) HEpHO-
JUUYECKOTO WJIM HEIPEPBIBHOTO JEHCTBUSL.

OTCTOMHUKN NEPUOANYECKOTO ACHCTBUS B OOJIBLIMHCTBE CIIyda-
€B MPECTABISIOT cOO0M HU3KUE pe3epByaphl 0€3 MepeMeINBaOIINX
yCTpoiicTB. B 3THX anmaparax nogada CyCHeH3HH, CIIUB OCBETICHHOM
KHUJKOCTH U yJaJIleHUE OcajJKa NPOUCX0AaT nepuoauyecku. [Ipu BoI-
JEJICHUN U3 CTOYHBIX BOJ HE(TEIPOAYKTOB OTCTOMHHUKH (MAaCIIOOT-
CTOMHMKH, HE(TENOBYIIKN) YacTo 00OPYAYIOTCS yCTpOCTBaMH ISt
[IOJI0TPeBa CTOYHOM BOABI.

Ocasicoenue 6 zudpoyukionax (1o MPUHIUIY JTSUCTBUS HUYEM
HE OTIMYAIOTCS OT COOTBETCTBYIOILMX arperaTos JjIsi OYMCTKHU I'a30B).
I'mapourkioHsl pegHa3Ha4YeHbl JUIS BBIACICHUS W3 CTOYHBIX BOJ
MpUMeced ¢ THIPABIMYECKON KPYIMHOCThIO? 5—25 Mm/cek. Hcnonb3y-
IOTCSI HAIIOPHBIE U HU3KOHANOPHBIE (OTKPBITHIE) THAPOLUKIIOHBI.

Quasmpayuro NPUMEHAIOT KaK Ha IPEIBAPUTEIILHON, TaK U Ha
3aBepIIAIOIIECH CTaJuK1 OYMCTKHU BOABI OT B3BecH. [Ipu ¢punbTpoBannu
yepe3 cloi (QUIBTPYIOLIEro MaTepraia B3BEILICHHbBIC BEIIECTBA MO-
I'YT 33JICp>)KUBATbCS Ha MOBEPXHOCTH (QMIIBTPYIOLIETO CII0s (IIEHOY-
HOe (PWIBTPOBAHUE), B IOPaX (DPUIBTPYIOILETO CJI0sl U OAHOBPEMEHHO
Ha MOBEPXHOCTH U B IIOPaX 3arpy3KH.

Quasmpyrougue yenmpugyzu, Kax NpaBUIo, IPUMEHSIIOTCS VIS
00e3BoKMBaHuUs ocaska. [IpuMensiercs 1Ba BUga — MEepUOIUIECKOTO
1 HEIIPEPHIBHOT'O JIeHCTBUSI.

Dnomayus. Vimeer mMpokoe NpUMEHEHHE B Bogoouuctke. dio-
TalIMOHHBIE IPOLIECCHI ONPEIEIIAIOTCS KaK MPOLIECCHl MOJICKYJISIPHOTO

2 CKOpOCTh OCEJaHHs YACTHIIBI B BOJIC XapaKTepU3yeT AuaMerp, Gopmy
U TUIOTHOCTB YaCTHII.
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MPWIMIIAHKUS YacTUl GIOTHPYEMOro MaTepraia K IOBEPXHOCTU pa3-
nena 1ByX (a3 — yaine Bcero rasa u Bojasl. CyTh croco0a 3aKkiovaeT-
Cs B CO3/IaHUH TIEPEHACHIIIEHHOTO PaCcTBOPa BO3/lyXa B CTOYHOM BOJE.
Brinenstonecs: my3bIpbKH BO3AyXa IOAHUMAIOTCS BBEPX, K HUM
MPUWIMIIAIOT 3arps3HEHUs, Ha TOBEPXHOCTU (uoTaTopa obpasyercs
TIEHHBIN CJION, KOTOPBIA YIAAISAETCA.

CrniocoObl (hIIOTalIMOHHON OYHUCTKH U TIPUEMBI.

1. ®noTauus npy BBIIEIECHUH BO3/AyXa U3 pacTBOpa:

a) BaKyyMHbIE yCTaHOBKU;

0) HaropHbIe YCTAaHOBKH;

B) 3piu(THBIC YCTAHOBKH (C MOJICOCOM BO3/1yXa).

2. ®dnoTtanys ¢ MEXaHUYECKUM JUCIIEPIHPOBaHUEM BO3/IyXa!

a) UMIIEJUIEPHBIE YCTAaHOBKH (TIOJTy4€HHE ITy3bIPHKOB ONpe/IeIeH-
HOU BEJIMYMHBI);

0) OGe3HamopHbIEC YCTAHOBKH;

B) MHEBMATUYECKUE YCTaHOBKH.

3. daoTauus npu mojayve Bo3ayxa depe3 MOpUCThIe MaTepHabl.

4. DnekrpodoTanusi.

5. buonornueckas ¢orarus.

6. Xumuueckas GpraoTarus.

OcHoBHOE Ha3HaueHue (GIoTauy — yaaneHue U3 BOJIbI B3BECEH,
HEPTEPOAYKTOB, KHUPOB. DPPEKTUBHOCTH OUUCTKH MOXKET OCTH-
ratb 99 %.

XuMHuyecKast OUMCTKa

IIpn XMMHYECKOH OYUCTKE HCHOJIB3YIOTCSI pEarcHThl, BO3ACH-
CTBHE KOTOPBIX Ha BOJAY M3MEHSET €€ (PH3MKO-XMMHUYECKHE TOKa3a-
tenu. [lpn XUMUYecKol OYUCTKE TOCTUTAETCS TITyOOKasi OYMCTKA BOJI
C M3BJICYCHNEM PACTBOPEHHBIX NMpuMecer. DPPEeKTUBHOCTh OUNCTKH
MOXET JOCTHUTaTh mpaktudecku 99,99 %. K xumudeckum Metomam
OTHOCSTCS CJeIyoIIue:

Heimpanuzayua. CanutapHsIME HOPMaMH TIPETyCMOTpeH cOpoc
HEWTPaITbHBIX TIPOMBIIUICHHBIX CTOYHBIX BOJI B KAHATU3AIUIO WJIH B OT-
KpBITHIN BojioeM. [10 cTerneHr akTHBHOCTH CTOYHBIC BOJIBI ITPOMBIIIIICH-
HBIX IPEIIPHUSTHI IensaTcs Ha criibHOKHCbIE (pH < 6); cmaboarpeccus-
HeIe (cmadbokucieie — pH=6,0. .. 6,5); HearpeccuBusie (pH =6,5...8,0);
cmadomienounsie (pH = 8,0...9,0); cunmsHomenounsie (pH >9,0).
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CrniocoObl HeWTpaIU3aLuu:

- B3aMMHasi HEUTpaau3anus KUCIBIX U IEJIOYHBIX CTOYHBIX BOJ;

- HEMTpanu3anus peareHTaMu;

- (hunpTpoBaHME Yepe3 HEHTpaIM3YIOIIUe MaTephalbl (M3BeCT-
HSIK, IOJIOMHUT, MarHe3uT, 000X KeHHbI MarHe3ut — MgO).

Okucnenue u 6occmanoginenue. CTOUHbIE BOJABI OKHCISIIOT-
sl XJIOPOM, TUOKCHAOM XJIOpPa, O30HOM, TEXHUYECKUM KHCIOPOJIOM
U KUCIIOPOAOM BO3IyXa.

Haubonee pacmpocTpaneH METOA OKUCICHHS LUAHHIOB C IO-
MomIpio xyiopa. OKUCIeHHE MPOBOJAT 10 00pa30BaHUs MPOCTEHIINX
MIPOAYKTOB PEaKIHH.

Boccmanosenenue TpUMEHSIOT TSI OYHCTKHA CTOYHBIX BOJ
OT TOKCHYHBIX COCTUHEHHUH, KOTOpble B BOCCTAHOBJIEHHOW (opme
MeHee TOKCHYHBI. BoccTaHOBIIEHNE IPOBOAAT COJISIMU JKeJe3a, ra300-
Opa3HbIM OKCHJIOM CEpBI.

Corcuzanue. B ocHOBe METO/a JIe)KaT TEPMOOKUCIUTEIBHBIE pe-
akuuy. Boja B pacnbUIEHHOM COCTOSIHUM BBOJHTCSI B BBICOKOTEMITE-
paryphyto 3ony (800-900 °C), rae ona mcnapsieTcs, OpraHu4ecKue
MIPUMECH CTOPaIOT, @ MUHEpaJIbHbIE 00pa3yl0T TBEP/blE PaCTIaBIICH-
HBIE YaCTHUIIbI, KOTOPbIE BBIBOAATCS U3 padoyell 30HBL. JTOT METOX
1es1eco00pa3Ho MPUMEHSITH!

- Ipu 00pabOTKe HEOOIBILIOr0 KOJIMUYECTBA CTOUYHBIX BO, COAEP-
KaIX OpraHNYeCKHe 3arpsi3HEHNUS;

- IPY U3BIICUYEHHUH U3 CTOYHBIX BOJ| LICHHBIX MHUHEPAIbHBIX MpPU-
Meceu;

- IPY HAJIMYUH TOPSAYUX MPOU3BOJICTBEHHBIX OTXOJ0B, KOTOPHIE
MOTYT HCIIOJIb30BATHCSI BMECTO TOTLIUBA.

®u3uKOo-XxMMHUYecKast 0O4YMCTKa

UrpaeT 3HaUMTENBHYIO POJIb MPU OYUCTKE MPOU3BOJCTBEHHBIX
CTOYHBIX BOJ. DTOT MOAXO] MPUMEHSIETCS KaK CaMOCTOSTENBHO, TaK
Y B COYETAHUU C IPYTUMH METOJAMH OYHCTKH.

Ikempakyua. llpumensiercs s OYUCTKH CTOYHBIX BOJI, CO-
JepXKamuxX OOJbIIOe KOJIMYECTBO PACTBOPEHHBIX OPTaHMYECKUX
BEIIECTB, MMEIONINX TEXHUYECKYI0 IIEHHOCTb ((hEHOIBI, KXUPHBIC
KHUCJIOTBI). DKCTPAKITHIO (M3BJICUCHHE) MMPOBOAT, KaK MPABUIIO, Op-
TaHMYECKUMH peareHTamu (IKCTpareHTaMu). MeTo OCHOBaH Ha pac-
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MpeeNIeHNN 3arps3HSIOIEro BEeIIeCTBa B CMECH JIBYX B3aUMOHepa-
CTBOPHUMBIX KHJKOCTEH COOTBETCTBEHHO €0 PAaCTBOPUMOCTH B HHUX.
CKOHILIEHTPUPOBAHHOE B DKCTPAreHTe BEIIECTBO OTAENSAETCS OT pac-
TBOPHUTENS U MOKET OBITh YTHIIM3UPOBAHO MIIM MCIIOJIB30BAHO B TEX-
HOJIOTHYECKHX TMpOoIeccax.

Copoyus. D10 mpoLecC MOTIOMICHUS BEIIeCTBA U3 CTOYHBIX BOJ
TBEP/BIM TEJIOM WIH )KUAKOCTHIO. [lornomaromniee BemecTBo Ha3bIBa-
eTcs copOeHTOM, a moryomaemMoe — copbaroM. Paznuyaror morno-
LICHUE BEIIECTBA BCEH Maccoi JKUAKOTro copdeHTa (abcopOums) u mo-
BEPXHOCTHBIM CJIOEM TBEPAOTO MJIH KHIKOTO copOeHTa (aacopOrmms).
Copbuusi, conpoBoXkaaeMas XMMHUYECKHM B3aUMO/ICHCTBHEM COpOeH-
Ta 1 cop0aTa, Ha3bIBAETCS] XeMOCOPOLHEH.

[TpumensieTcst 1uisi OYMCTKU CTOYHBIX BOJ OT MHOTOKOMITOHEHT-
HBIX cMecell. B kauecTBe cOpOEHTOB MPUMEHSIIOT KOKC, TOP(Q, CeuKa-
reil, akTUBHpOBaHHbIe yriiu. CopOuust — mpouecc 00paTUMBIi, T. €.
copOaT MOKET MEepexoAnuTh U3 copbeHTa 00paTHO B pacTBOp. ITO MO-
3BOJIIET BOCCTaHABIMBATH COPOSHTHI Mocie mpouecca copouunu. [Ipu
WCTIONIb30BaHUU ATOTO METOJA JUIsl OYMCTKHU CJ1a00 KOHIEHTPUPOBAH-
HBIX CTOYHBIX BOJ| JOCTUTAETCS OYEHb BBICOKAs CTENEHb OYMCTKH
(10 99,99 % B OBITOBBIX HUIBTPaAX).

Honnwtii 0omen. B ocHOBY crioco0a IMOIOXKeHa MOHOOOMEH-
Hast ancopouus. [Ipu 00paboTke CTOUHOM BOJABI MPEUMYIIECTBEHHO
a7copONpyYIOTCs KaTUOHBI WJIM AHMOHBI, KOTOPBIE 3aMEHSIOTCS Ha
9KBHBAJCHTHOE KOJMYECTBO MOHOB TOTO K€ 3HaKa M3 aJcOpOeHTa.
[Tpu 5TOM pacTBOp OcTaeTcs AeKTpoHeHTpanbHbIM. [1o 3HaKy 3apsaa
0OMEHMBAIOIINXCSI HOHOB HOHUTBI AT HA KATHOHUTHI M aHUOHHTBI,
MPOSIBJISIFOIIME COOTBETCTBEHHO KUCIIOTHBIE M OCHOBHBIE CBOWCTBA.
WoHunTe! AensTcst Ha TPUPOAHBIEC, UCKYCCTBEHHbBIE U CHHTETHUECKHUE.
B mpakTHke BOAOMOArOTOBKM Yalle HCIOJIB3YIOT CHHTETHUYECKHE
OpraHu4ecKre MOHUTHI — HOHOOOMEHHBIE CMOJIbL. Vcmonb3oBaHue
9TOTO METOJa TO3BOJISIET U3BIEKATh U YTHIN3UPOBAThH LIEHHBIEC PH-
MecH (COeIUHEHUs MbIIbsiKa, hocdopa, XpoM, [IMHK, CBUHELL, PTYTh
U JIp. METaJuIbl). DTUM METOAOM MOXKHO OYHMIIATH BOAY A0 3HAUCHUH
[TIJIK cooTBeTCTBYIOIIMX IMpUMECEH ¢ MOCIEAYIOUUM €€ HCIOIb30-
BaHUEM B TEXHOJIOTMUYECKUX TMPOLECccax MM cHucTeMax 000pOTHOTO
BO/IOCHA0KEHUSI.
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Koazynayus u pnoxynsyun. Koazynsiyuss — onuH u3 Hauoboee
pacnpocTpaHeHHBIX CHOCO00B OOPaOOTKH MPUPOAHBIX M CTOYHBIX
BOJ. DTO Mpolecc YKPYIMHEHUs! JTUCIEPCHBIX YacTUI] B pe3yibTaTe
UX B3aMMOJICHCTBUS MeXIy co00ii n 00beANHEHHS B Oosiee KpyIHbIe
arperaTtHele COCTMHEHUS. B ouncTKe BOJ KOAryJSIHUIO NPUMEHSIOT
JUIsL YCKOPEHUSI TIpOoLiecca OCaXACHUSI TOHKOJUCIIEPCHBIX MPHUMECceH
W SMYJBTUPOBAHHBIX BelIecTB. Koarymsmus 4yacTUIl MOXET MPOHC-
XOAMUTH CAaMOIPOM3BOJIBHO MU TIOJ BIMSHUEM XUMHYCCKUX U (HU3U-
Yyeckux mpoueccoB. [Ipyu ouncTke BOIBI, Kak MPaBUIO, MPUMEHSIIOT
CrielMallbHBbIE BEUIeCTBA — KOATYJSIHTBL. B KauecTBe KOaryisHTOB
HCTIONB3YIOT CYIb(aT aJIOMHUHUS, ATIOMHUHAT HATPHSI, THAPOKCOXJIO-
pHI aJIOMHUHUS, Cynb(daT XkeJe3a, XJIopHoe xkene3o u ap. KoarymsH-
TBI B BOJIe O0pa3yoT XJIONbS THAPOKCHIOB METAIIOB, KOTOPHIE CIIO-
COOHBI COPOMPOBATH KOJUIOMIHBIC U B3BEUICHHBIC YaCTHIIBI Ha CBOCH
MOBEPXHOCTH U arperaTupoBarh UX ¢ MOCIEAYIOIUM OCeJTaHUEM TI0/T
JeWCTBUEM CHII TSXKECTH.

DnoKynayua — 3TO MPOILECC arperauy B3BEIICHHBIX YaCTHIL
pu A00aBJICHUU B CTOYHYIO BOJY BBICOKOMOJIEKYJIAPHBIX COEAMHE-
HUH, Ha3bIBaeMbIX (IOKyIsiHTaMU. OCHOBHBIM OTJIMYKEM OT KOary-
JSIIUAY SIBIISIETCS TO, UTO arperauusi IporucXoJuT HE TOJIBKO IPH HEMo-
CPEACTBEHHOM KOHTAKTE YaCTHII, HO U B PE3yJIbTaTe B3aUMO/ICHCTBHUS
MOJIEKYJ, aACcOpOMPOBAaHHBIX Ha yacTUUax (UIOKyJstHTa. DioKys-
LUIO MPOBOJAT JJISl MHTEHCH(UKALMKU Tpoliecca 00pa3oBaHUs XJIO-
MBEB TUAPOKCHUIOB METAJIOB M, COOTBETCTBEHHO, MOBBIIICHHUS CKO-
POCTH UX OCAXKJICHHUSI.

Haubonee pacnpocTpaHeHHBINH (IIOKYISIHT — MOJIHAKPHIAMH
(ITAA).

Onekmponus u rnekmpoouanu3. OCHOBY IJIEKTPOIN3a COCTAB-
JISIIOT JIBa ITpoliecca — aHOAHOE OKUCIICHHE U KaTOTHOE BOCCTaHOBIIC-
Hue. Ha aHoze, BBIMOTHEHHOM M3 MaTepUaiOB, HE TOBEPTalOIMXCS
ANEKTPOJIMTHYECKOMY PACTBOPEHUIO (MJIaTWHA, TpaguT, Yroib), BbI-
JeTsieTCs: KUCIOPOA W TaJIOTEHBI, & TAaKXKE OKHCISIFOTCS HEKOTOpbIC
OpraHnyecKHe BemlecTBa. B mpukaronHoi 006JacTé MPOUCXOAMT BbI-
JelieHHe Ta3000pa3HOro BOAOPOJA M BOCCTAaHOBJIEHHE HEKOTOPBIX
MOJIOKHUTENBHO 3apsKEHHBIX HOHOB. [Ipolecc OYMCTKH CTOUHBIX BOJ
ANIEKTPOANAIN30M OCHOBaH Ha Pa3lelIeHMH HOHWU3UPOBAHHBIX Be-
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LIECTB MOJ1 ICHCTBUEM DIIEKTPOIBMKYILEH CHITBI, CO3/1aBaeMOH B pac-
TBOpE 10 00e cTopoHbl MeMOpaHsl. [Ipomecc ocymiecTBisieTcs B 3J1€K-
TPOAUAIN3ATOPAX. ITOT MPOLECC IUPOKO HCIOIB3YIOT ISl OTIPECHe-
HUS COJICHBIX BOJI, B MOCJIETHEE BPEMs OH CTall UCIOIb30BaThCS IS
OYHMCTKU IPOMBILIICHHBIX CTOYHBIX BOI.

Macnumnan oopadomka. Ita 00pabOTKa IPUMEHSETCS TPEKIIC
BCEro [UIsl YAAJCHUS JKEJIe30COAepKaIX NpUMeceil (3arpsi3HeHus,
obnagaronte (GeppoMarHUTHBIMK — cBoiicTBamu). OOopyHoBaHHE:
MarHUTHbIE QUIBTPHI-OCAAUTEIH.

BuoJsiornyecKkas oO4McCTKa

CoopyXCHHUSIM OHMOJOTHYECKOM OYHCTKH OTBOJUTCS TJIABEH-
CTBYIOIIAsi POJIb B OOIIEM KOMIUIEKCE COOPYKEHHH KaHAIW3aInOH-
HOW OYHCTHOW CTaHIMU. B pe3yibrare mporeccoB OMOIOTHICCKOM
OYUCTKHU CTOYHAaA BOJAa MOXECT OBLITH Oo4yraiCHa OT MHOI'UX OpraHu4c-
CKMX ¥ HEKOTOPBIX HeopraHmdeckux mnpumeceil. Ilpomecc ouncTkn
OCYIIECTBIIIET CIIOKHOE COOOINEeCTBO MUKPOOPTaHU3MOB — OaKTe-
puii, mpocTelmuX, psiia BBICIINX OPTaHW3MOB — B YCIOBHUSAX adpo-
0mo3a, T. €. HAIWYKS B OYUINAEMOH BOJE PACTBOPEHHOTO KHUCIOPOAA.
3arps3HEHHs] CTOYHBIX BOJ ABJISIOTCS TSI MHOTHX MUKPOOPTaHU3MOB
VMCTOYHUKOM MUTAHUA, TIPY UCTIOIH30BAHUN KOTOPOTO OHU MOIYYai0T
Bc€ HEOOXOAMMOE IS X JKU3HH — SHEPTUI0 M MaTepuai Uil KOH-
CTPYKTUBHOTO OOMeHa (BOCCTAHOBJICHHUS PACMa/IaloNIUXCs BEIIECTB
KJIETKH, TpUpocTa 6uomaccel). M3piMas u3 BOJbI MUTATEIbHBIC Be-
ecTBa (3arpsA3HeHus ), MUKPOOPTaHU3MBI OUYHIIAIOT OT HUX CTOYHYIO
BOJY, HO OJTHOBPEMEHHO OHH BHOCST B HE€ HOBBIE BEIIECTBA — TPO-
TYKTBI OOMEHa, BBIJIEIISIEMbIE BO BHEIITHIOIO CPELTy.

CnocobHoCMb K ha10KyAYUU

CBoeoOpa3Hble YCIOBHS CYIIECTBOBaHHS (OPMHUPYIOT aKTHB-
HBII UJT ¥ €r0 CIIOCOOHOCTD K (PIIOKYJIISILIUH, KOTOPast SBJISIETCS OHOM
13 BAKHEHIINX XapaKTePUCTUK COCTOSHUS Ononenosa. CTpyKTy-
pa u OMOJOrHMYEecKHe CBOMCTBA XJIONBEB MJIa ONPEIENSIOT dPdek-
TUBHOCTb U KayeCTBO OMOJOTMYEcKOil o4yucTkH. [Ipm HOpManmbHO
HIYIUX MpoLeccax OYUCTKH Macca aKTHBHOIO HMJIa MpejCcTaBlIeHa
XJIOTIBSIMH € TUTIOTHOCTBIO B cpenHeM 1,1-1,37 r/cm® u pasmepom ot
53 no 212 mxM. bakrepuanbHble KIETKH pacloyIoKEeHbl BHYTPH, Ha
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MOBEPXHOCTH XJIOTbEB MOTYT OBITH MPEACTABICHBI HE3HAYUTEIb-
HBIM KOJIMYECTBOM HE CBS3aHHBIX C XJIOMbSIMU OAMHOYHBIMH OaK-
TEPUAMU: MMAJOYKAMHU, KOKKaMH, CIUPOXETaMH 1 MHUKPOKOJIOHHUSIMH
13 najouek. bakTepun akTMBHOTO Mja CUHTE3UPYIOT U CEKPETHPY-
10T B Cpely BHEKJIETOYHBIN OMOMONUMep — MOJUCaxXapuIHbIN Telb.
Hmenno nanuuue renst 00yclOBIMBAET arperanuio MUKPOOPTaHH3-
MOB ¥ 00pa30BaHHUE XJIONbEBUAHBIX CKOTUIEHUI — (PIIOKyJ. AKTHB-
HBII MJT TOJBKO B (PIIOKYJTMPOBAHHOM COCTOSTHUHM MOXET 00ecredn-
BaTh BBICOKHE CKOPOCTH OKHCJIEHHS 3arpsA3HSIOLUINX BELIECTB, U IO
CYLIECTBY KaueCTBO OUMIICHHON BOJBI OMpPENENsieTCs ero crocoo-
HOCTBIO K (PIIOKYJISIIUH.

Ipoyecc noaHoll mpéxcmadutiHoll 6U0102Uu4ecKoll 04UCmKU

[Iponecc momHOM OMONIOTHYECKOW OYMCTKH MPOTEKAET B TPH
cranuu. Ha mepBoil craauu, cpasy ke MOcCje CMEIICHUS CTOYHBIX
BOJI C aKTHBHBIM HJIOM, Ha €T0 MOBEPXHOCTH MPOUCXOIAT afcopo-
WS 3aTrpSA3HSIONINX BEIIECTB W WX Koaryysiius (YKpymHEHHE da-
CTHII, HECYIIUX OPTAaHUYCCKUE BEIIECTBA), IPUIEM afcopOus obe-
CIIEUMBACTCS KaK XeMOCOpPOIHeH, Tak U OMOCOpOITHel ¢ MTOMOIIIBIO
MTOJINCAXaPHUIHOTO Tellsi aKTUBHOTO HMJ1a U OJarogaps OrpoOMHOI TTo-
BEPXHOCTH HJIa, OJUH rpaMM KoTtoporo 3anumaer 100 m?. Taxkum
o0pa3oM, Ha TEPBOW CTAIWU OYHUCTKH 3arps3HSIONINE BEIECTBa
B CTOYHBIX BOJAX yJAJSAIOTCS Oiarogaps MEXaHHYECKOMY H3BATHIO
WX aKTUBHBIM WJIOM W3 BOJIBI W Hadally Ipoliecca OMOOKHCICHUS
JIETKOpasJiararomeicsi opraHuku. Beicokoe copepxaHue MmoCcTynaro-
IIUX 3aTrPSA3HSIONINX BEIIECTB CIIOCOOCTBYET Ha MEPBOW CTAUH BBI-
COKOM KHCIIOPOJIOTOIIONIAeMOCTH, YTO MPHUBOJIUT K MPAKTUIECKU
MTOJTHOMY TOTPeOJIeHUS KUCIOPOIa B 30HAX MOCTYIUICHUS CTOYHBIX
BOJ B adpoTeHKkax. Ha mepBoii craamm 3a 0,5-2,0 gaca cogepxanme
OpPraHMYECKHUX 3aTrPA3HAIONINX BEIIECTB, XapaKTepHU3yeMbIX MOKa3a-
tenem BIIK,, chmkaercs na 50-60 %.

Ha BTOpOi#i cTamuu MOHON OMOJOTHYECKON OYHUCTKH TIPOJOJ-
KaeTcsa OMmocopOuus 3arpsA3HAIONINX BEMIECTB M HUAET UX aKTUBHOE
OKHCJICHHE 3K30(epMeHTaMu ((hepMeHTaMH, BBIICTIEMBIMH aKTHB-
HBIM HJIOM B OKpYXaromyio cpeny). brarogapsi cHusmBIeiicss KoH-
LEHTPAIUN 3arps3HSIONINX BEIIECTB HAYMHAET BOCCTAHABIMBATHCA
AaKTUBHOCTH HMJIa, KOTOpas Oblja MojaBlieHa K KOHITY TIEpBOM CTaanun
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ouucTKU. CKOPOCTh MOTPEOJICHUS KUCIOPO/ia Ha ATOW CTaJUH MEHb-
1Ie, YeM B Havalle IMpolecca, U B BOJIC HAKAIUIUBAETCA PaCTBOPEHHBIM
kuciopo. B cirydae Gnarormoirydrst BTOPOH cTauu 3K30(pepMeHTaMH
OKHUCIseTCS A0 75 % OpPraHMYecKUX 3arpsi3HAIONINX BEIIECTB, XapaK-
TEPU3YEMBIX IMOKa3aTelIeM BHKS. IIponoiKUTENbHOCTD 3TON CTaINU
pa3iuyHa B 3aBUCUMOCTH OT COCTaBa OUUIIAEMBIX CTOYHBIX BOJI U CO-
crasiser ot 2,0 no 4,0 yacos.

Ha Tperbeli cTamuu OYMCTKU TPOUCXOTUT OKUCICHUE 3arpsi3-
HSIIOIUX BEUIECTB 3HA0(DepMeHTaMu (BHYTPH KJIETKHU), IOOKHCICHHE
CJIIOKHOOKHCIIIEMBIX COCTMHEHU, MPEBPAICHUE a30Ta AMMOHUMHBIX
coliell B HUTPUTHI U HUTPATHI, pereHepanusi akTuBHoro mia. Mmen-
HO Ha ATOW CcTajuu (CTaaui BHYTPUKICTOYHOTO MUTAHHUS aKTUBHOIO
Wja) MPOUCXOAUT 00pa30BaHUE TOTUCAXAPUTHOTO TeIlsl, BBIICISIEMO-
ro OakTepuanbHbBIMU KieTKaMu. CKOPOCTh MOTPEOJICHUST KUCIOPOa
BHOBB Bo3pacraeT. OOIIas MpoJo/KUTENBHOCTh MPOIecca B a’po-
TEHKAaX COCTaBISET 6—8 4acoB JIJisi OBITOBBIX U MOXKET YBEIINYHBATHCS
10 10-20 u 6oee yacoB IPU COBMECTHOM OYUCTKE OBITOBBIX U IPOU3-
BOJICTBEHHBIX CTOYHBIX BOA. IIpoqomKUTENbHOCTh TPEThEH CTaIuH,
TakuM 00pa3oM, COCTaBJISIET OT 4—6 YacoB NP OYHMCTKE OBITOBBIX
CTOYHBIX BOJ M MOXET YJUIMHSITHCS 10 15 yacos.

Bbrnaromonyuue ¢a3bl 3HIOTEHHOTO MUTAHUS ONPEILSISICTCS Be-
JIUYMHON HArpy3KH, BO3pacTOM aKTHBHOI'O WJIa U BPEMEHEM IIpe-
OBIBaHHMSI €T0 B adPOTEHKAX. Y BEIMYCHHE BO3pacTa aKTUBHOTO WJIA,
BPEMEHU €ro NpeObIBaHUSI B CUCTEME OYHMCTKH, IMaJICHUE YICIbHOM
Harpy3Ku Ha HEro mpojyieBaeT a3y SHJOTeHHOTO MUTAHUS U CO3/1a-
€T ONaroNpUSATHBIA PEXUM JJIs e€ MPOTEKaHMs, YTO CIIOCOOCTBYET
AKTUBHOMY TeJIcOOpa30BaHUIO0, YKPYITHCHHIO XJIObEB aKTUBHOTO
uia, YIydlieHuro ero (Gpuokynmupyrommx cBoicTB. BHe3anmHoe yBe-
JIMYEHUE HATPY3KHU, COKpAIIEHUE BO3PACcTa, TOKCUUECKUE BEIIECTBA,
MPUCYTCTBYIOIINE B TMOCTYMAIOMICH HA OYUCTKY BOJE, OKA3bIBAIOT
ITO/IABJISIFOIIIEE BO3JICHCTBHE Ha Tpolecc (epMEHTATHBHOTO OKHC-
JICHUS B LIEJIOM U Ha (a3y 3HJIOTCHHOro NuTaHus. TakuMm oOpa3om,
(bIOKYJISALUS XJIOMBEB, & CIeN0BaTEIbHO, 3P(HEKTUBHOCTh OYUCTKU
3aBUCHUT OT XapaKTEPUCTUK MOCTYIMAIONIUX CTOYHBIX BOJ, yCIOBHIl
BBEJICHUS TEXHOJOTHUUYECKOTO MPOIECCa OUYUCTKU U OT ACHCTBUS T'H-
JPOIMHAMUYECKUX CUII B a3POTCHKE.
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Budoeoe pazHoobpasue op2aHu3Mo8 aKmueHo20 uad
Boraroe BumoBoe pazHooOpasue (He MeHee 25 BHIOB MPOCTEH-
LIMX) OPraHU3MOB aKTUBHOTO HWJIA CBHICTEILCTBYET O OJIaromoiy-
YK OMOJIOTMYECKON CUCTEMBI adpPOTEHKa, BHICOKOH 3¢ dekTuBHOCTH
OYMCTKA M YCTOMYHMBOCTH OMOLIEHO3a K IMOBPEXKIAIOIIEMY BO3IEH-
CTBHIO TOKCUYHBIX CTOYHBIX BOJI.

Kak u B Apyrux BOJHBIX COOOIIECTBAX, XapaKTep pPeakiyuu Ouo-
LIEHO3a aKTUBHOT'O MJ1a Ha HEOJIaronpusITHOE BO3/ICHCTBHE, IPOSIBIISIET-
Csl B CHW)KEHMHU BHIOBOTO pa3Hoo0Opasusi. UyBCTBUTENbHBIE K HeO1aro-
MPUSTHOMY BO3IEHCTBHIO BHJIBI MOTYT MCUYE3HYTh COBCEM WIIU PE3KO
CHH3UTH YHCIICHHOCTb, B TO BPEMsI KaK YCTOMYMBBIC CTAHOBSTCS €IIé
obunbHee. Ecnu peiicTBue HeOiaronpuaATHOro (akropa HapacTaer
WM JIOJITO COXPAHSETCsl, 3aTParkBaroTCsl BCe HOBBIC BUJIBI OMOLIEHO3a,
U B pe3yJbTaTe NP MUHUMAJILHOM BHAOBOM pa3HOOOpa3uu HaOIrona-
eTcsl MaKCUMaJIbHasl YMCIEHHOCTh HanOoJIee yCTONYMBBIX BHIOB.

VYcnoxHeHne OMOLIEHO3a COMPOBOXKAACTCS IMOCIEA0BATEILHBIM
BKJIIOYEHHEM B HEro Bcé 0oJiee COBEPIICHHBIX BUIOB BIUIOTH 0 XHIII-
HUKOB:

300T7IeM — HUTYaTble OaKTepUH —> MEJIKHE >KTYTHKOHOCLBI —
MeJIKHE PaKOBHHHBIE aMEOBI — CBOOOAHOIIIABAOLINE — Oproxopec-
HUYHBIE — MPHUKPEIUIEHHBIE U cocyle NH(Y30pHUH — KOJIOBPATKH
— YepBU — BOJHBIC KJICHIM — MPEICTaBUTENN TPETHETO TpOodHUe-
ckoro ypoBHs. CBoeoOpasue OHOIeHO3a aKTUBHOTO WMjia B HaWOOIb-
LIel CTeTeHH OIpeaeNnsieTcss Harpy3Koi 0 OpraHu4ecKuM 3arpsi3Hsi-
IOLIMM BeIecTBaM U 3 (GEKTUBHOCTHIO UX Pa3I0KEHHS.

Huouxamopuwvie opeanuzmvl akmuerozo una (puc. 11, 12). Hut-
yatele Oaxktepuu (p. Sphaerotilus, p. Cladothrix) 4acTo BCTpeyaroTcs
B CTOKaX KpaxMaJlo-NaTOYHBIX, TUAPOIM3HBIX U JAPYTUX MpeanpHs-
THH, cofepKalnx 00JbIIoe KOJIMYECTBO YIIIeBOJOB. MaccoBbIe CKO-
IUIEHUS] HUTYATBIX OaKTEepUH B a9POTEHKE BHI3BIBAIOT BCIyXaHHE HJIA.
Hutuateie cepobakrepun (p. Beggiatoa, p. Thiothrix) BcTpeyaroTcs
B CTOYHBIX BOJAAX, COJEPXKaIlMX BOCCTAHOBUTENH (CEPOBOIOPOL,
cepa, THOCYIb(ATHI).

[InecHeBemnble rpUOBI BCTPEYAIOTCS B MJIE B IIMPOKOM AHANIA30HE
TEMIIEPaTyp U MPH Pa3TUIHON peaKMy CPeibl, HO Yalle BCEro B KUC-
JIOH (ITPOMBIIIJICHHBIE CTOYHBIC BOABI).
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7 8

Puc. 11. HekoTopble HHINKATOPHBIC OPTaHU3MBbI aKTHBHOTO HJIa:
1 — Amoeba proteus;, 2 — Arce lla vulgaris; 3 — Difflugia sp.;
4 — Bodo globosus; 5 — Opercularia coarctata; 6 — Vorticella
convallaria; 7 — Paramecium caudatum,; 8 — Aspidisca costata.
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Puc. 12. Oprannsmsl — mokazaTenn padoThl a3pOTEHKA

a) xoporeir: 1 — Arcella discoides; 2 — Aspidisca turrida;

3 — Opercularia glomerata; 4 — Epistylis plicatilis;
5 — Oxytricha pellionella;, 6 — Tokophrya lemnarum;
0) twioxoit: 7 — Litonotus lamella; 8 — Colpoda steini;

9 — Podophrya collini; 10 — Bodo edax
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3ooruien, oOpazoBanuble Zoogloea ramigera u aAp. B BUAE KOM-
MAKTHBIX [IAPOBUAHBIX CKOIICHUH, Y3KUX MJIOTHBIX TSHKEH WK Jpe-
BOBHJIHO Pa3BETBICHHBIX JOMACTEH, MOCTOSIHHO MPUCYTCTBYIOT B UIIE,
paboTaroreM HOpMaJIbHO.

Kopuenoxku wiu ame0s! (Arcella vulgaris, Pamphagus hyalinus,
Amoeba proteus, Amoeba radiosa) BcTpedaroTcsi B XOpoIIo paboTaro-
I[eM aKTHBHOM HJIC B 3aMETHOM KOJMYECTBE, & TAK)KE B HUTPU(HUIH-
pYIOIeM; MPUCYTCTBYIOT B €IMHIYHBIX SK3EMITISIPaxX B HEYIOBJIETBO-
PHUTETBHO pabOTAIOIEeM aKTUBHOM HIIE.

JKryrukossie OecueTHblie (Bodo, Monas, Hexamilus) B 00ombImx
KOJIMYECTBAX BCTPEUAIOTCS B MEPErPYKEHHBIX MiaxX. EAUHUYHBIE 3K-
3eMIUTAPHI €CTh B HOPMATIBHO pabOTaIOIIeM HJIe.

Kpyrnopecanunbsie undysopuu (Opercularia coaretata) nodtu
MOCTOSIHHO MIPUCYTCTBYIOT B CO3peBIneM uite. [Ipu HebIaronpusTHbIX
YCIOBUSAX PECHUYHAS 30HA 3aMKHyTa. [IpH yBETHUCHHH HATPY3KH
OTICPKYJISIPHS CKMMAETCsl M MHIMCTHpYeTcs. Vorticella microstoma
pa3BUBACTCS B MEPETPYKEHHBIX MIAX C HEAOCTATOYHBIM COJIEPIKAHU-
€M pacTBOpEHHOro kuciopona. Vorticella convallaria — xapaktep-
HbIE MPEICTABUTEIN XOPOIIETO Ui, TIPH PEreHEPAIIUH BCTPEUAIOTCS
CKOTIJICHUSIMH; YyBCTBUTELHBI K TOKCHYHBIM ycaoBusM. [Ipu Hemo-
CTaTKe KHUCJIOPOJIa OTPHIBAIOTCS OT CTeOeIbKa U 00pa3yroT CBOOOIHO
IUTaBAIOUIYI0 POpMY.

CriupansHopecHuuHble HHGY30pun Aspidisca costata BRIHOCIU-
BbI K U3MEHEHHUSIM YCIIOBUHM CPE/Ibl U Yallle BCErO UX MPUCYTCTBHE SIB-
JISIETCS TIOJTOKUTETBHBIM MPU3HAKOM JJIS1 OI[CHKH Ka4eCTBa MIa.

PaBHopecHnunbie undysopuu Paramecium caudatum — onHa
u3 GpopM, Hauboiee BRIHOCIUBBIX K HEAOCTATKY KHUCIOPOAA, Xapak-
TepHa Ui Tioxoro wia. Kak v Apyrue KpymHbIe CBOOOHOILIABAO-
e HH(PY30pHUU, BCTPEYASTCSI B MPUCYTCTBUH OOJBIIIOTO KOJHYECTBA
OakTepuil, HAXOAIIUXCS BO B3BEIICHHOM COCTOSHHH.

Cocymue uadysopuu (Podophrya fixa) pa3BUBarOTCS B yCIOBH-
SIX HEZIOTPY3KH COOPYKEHHHU, MAPA3UTUPYSI HA IPYTUX HHPY30PHUSIX.

[Muctel uHbpy30puii 00pa3yroTCss TMPU HEOJATOMPHUSITHBIX YCIIO-
BUAX (PE3KOE M3MEHEHHE COCTaBa CTOKA, HEMOCTATOK MUTATEIBHBIX
BEIIECTB U JP.).
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Konospatku (Philodina roseola, Callidina vorax) naxopsarcs
B HUTPU(DUIUPYIONIEM aKTHBHOM HJIE MIPH JIOCTATOUYHON oOecreyueH-
HOCTH KHCIIOPOJOM. MeHee, YeM MPpOoCTerIIne, 9yBCTBUTENBHBI K TOK-
CHUYHOCTH B cTOKe. [Ipy HEOMaronpusITHBIX YCIOBHIX CKUMAIOTCSL.

Kpyrisie uepBu (Nematoda) B a3pOTeHKax BCTPEUAIOTCS B 3aMET-
HBIX KOJIMYECTBAaX B HEJAOCTATOYHO a3PUPYEMOM HIIE, B KOTOPOM €CTh
30HBI 3ayIeKel. EAMHUYHBIC SK3eMIISIphI MOTYT OBITH B HOPMAJIBHO
paboTarormieM uje adpoTEHKOB.

MarnometnHkoBble YepBu (Aeolosoma, Nais) B 3aMETHBIX KOJIH-
YecTBaX MOTYT Pa3BHUBAThCA B WIAaX C YCTOMYMBON HUTpUHKALUEH,
MIpY HU3KOW HArpy3Ke Ha Wil

Bopusie ket (Hydracarina) BCTpE4arOTCs B TOJIONAIOIIEM HJIIC
MpY HU3KOW Harpys3Ke.

Pauku (Cyclops) OTCYTCTBYIOT B HOPMaJbHO Pa0OTAroOIIEM HIIE,
a pa3BUBAIOTCS TOJIBKO B TOJOAAIONIEM, TIPH HU3KOM Harpys3Ke.

Xapaxmepucmuxa pabomuvl axmuenoeo una. HopmanbHO pa-
OOTarOMIMK M COACPKUT B CBOEM COCTaBe OOJIbIIOE pazHOOOpas3ue
MPOCTEHIINX 1O BUAOBOMY COCTaBY IPU HEOOIBIIOM KOJTHYECTBEH-
HOM Tpeo0IaJaHuH KaKoTo-TM00 n3 HUX. Bee oprann3mel JocTaTou-
HO MOJBMKHBI. [ITOTHBIA KOMITAKTHBIH XJIOMOK MIa OBICTPO OCEIaeT
B BHUJIE KPYIHBIX TSDKENBIX XJONMbEB. Bona Hax wioMm mpo3payHasi.
Jiist TuapoOHuoNornyeckol KapTHHBI HAPYHICHUH TEXHOJIOTHYECKO-
ro pexkuMa paboThl a3POTEHKA XapaKTepHO MacCOBOE PAa3BUTHE MEJI-
KHX XT'YTHKOHOCIIEB, MEJIKHX aMe0, a Takxke peobiaianue YucieH-
HOCTH CBOOOJHOTIIABAIOUINX MH(Y30pHH HaJ YUCICHHOCTHIO MPH-
KpEIUICHHBIX.

[Ipu xoporeii pereHepanuy akKTUBHOTO Mjla B HEM HaOJronaeT-
sl KOJIMYECTBEHHOE MpeodiiaiaHie MPUKPEITICHHBIX HH(Y30pHid Hal
CBOOOTHOTIIIABAIOIIUMH. Y BETHUMBACTCS YUCIIO PUKPETUICHHBIX WH-
(by30puil u 300rJ1€H MO CPAaBHEHHUIO ¢ WIOM a3poTeHKa. OpraHu3Mbl
MOJIBMKHBIC, XJIOTIOK HJa KPYMHBINA, XOPOIIO OCa)KAaeTCs, BOJa HaJ
WJIOM TIpO3padHasi, cepa B KJIeTKaX HUTYATBIX cepobakTepuil ncuesa-
eT. [Ipu riryOoko# pereHepanny HabIOAACTCS y KPYIMHBIX CBOOOAHO-
aBaromux uHQy3opuid yBenuuenue pasmepos (Vorticalla, Opercu-
laria), pacniax una Ha Gojee MeNKHe, BoJa HaJl WIIOM UMEET MEJKYIO
HEOCEAIOIIYI0 MYTh.

104



lonoparomuii Wi xapakTepu3yercss MEJIKHMH pa3MepaMu Ipo-
CTEHIITUX, OPraHU3MbI CTAHOBSTCS MPO3PAYHBIMU, MTUIIICBAPUTEIHHBIC
BaKyOJIl UCUYE3aI0T, YACTUYHO MH(PY30pHUU NPEBPAIAIOTCS B I[UCTHI.
KonoBpatku Takke oOpa3ylOT IUCTHI, HO MO3KE YeM HH(Y30pHUH.
3o0reu 1 XJIOMKY Wia Mpo3pavyHbie. Bona Haj HIIOM UMEET MEJIKYIO
HEOCEIAIOIIYIO MYTh.

B nutpodunupyromemM wuie MOCTOSHHO TPUCYTCTBYIOT B 3a-
METHBIX KOJIHMYECTBAX KOJOBPATKH, MPEOOJIAAI0T MPUKPEIUICHHBIC
nH(py30puH, KpyrHbIe amMeObl. BO3MOXXHO MPHUCYTCTBHE B OOJIBIINX
KOJIMYECTBAX MAJOIIETHHKOBBIX YepBeit. VT pBIXJIbIii BCIUIBIBACT MPH
OCaXJICHUU.

[leperpyXeHHBI W KMMEET Majioe KOJMYECTBEHHOE pPa3HOO-
Opasue mpu KOJMYECTBEHHOM Ipeo0iafaHuu 2—3 BHJIOB, COACPIKUT
00JIBIIIOE KOJMYECTBO OCCIIBETHBIX KT'yTHKOBBIX, MEJIKHX ame0, UH-
(hy3opuii. IHOT1a B 3aMETHBIX KOJIUYECTBAX MPUCYTCTBYIOT Podoph-
rya, Chilidon, Vorticella micostoma, Opercularia.

lunpoOuonoruueckass KapTHHA BO3pPACTaHUS HArpy30K Ha WII
XapaKTEePU3yeTCsi MACCOBBIM Pa3BUTHEM HUTEBUIHBIX OPraHU3MOB,
B niepByto ouepenb Chamidobacter eriales, yBenuueHEM YUCICHHO-
CTH paKOBUHHBIX ame0. Wit 3arpsi3HeH pa3HOOOpa3HbIMH BKITFOUCHHUSI-
MU: OPraHUYECKUMH YaCTHIIAMHU, BOJIOKHAMH, MYCOPOM. XJIOIIKH Miia
TEMHbIE, IJIOTHBIE.

[Tpu 3anmoBoM cOpoce MPOMBIIICHHBIX CTOYHBIX BOJl B aKTUB-
HOM WJI€ PE3KO CHUXKAETCS pPa3sHOOOpa3ue BUJOB, OPraHWU3MBI H3-
MenbuaroTces. ['uapoouonoruyeckas KapTUHa «TOKCUYECKOTO CTOKA
XapaKTepPU3yeTCsl Pa3BUTHEM HUTYATBIX BOJOPOCIEH, rpuOOB, pako-
BUHHOW ameObl Ceromia negieta. Ha OYMCTHBIX COOPYXKEHUSIX, TJIe
3HAYUTEINbHAS J0JsI — CJIOXKHBIC TI0 COCTAaBY MPOMBIIUICHHBIC CTO-
KM, HaOJIFOJIaeTCsl «BOJOPOCIEeBOE BeiyxaHue». O0Iiee KOIHMuecTBO
OpPraHU3MOB PE3KO YBEIUYUBACTCS HITH YMEHbBIIAETCS B 3aBUCUMOCTH
OT TOKCUYHOCTH CTOKA. IH(y30pHUM HMEIOT HETIOABIIKHOE COCTOSIHUAC
pecHuuek. W1 Menkuid, 3arps3HEH BKIFOYCHUSMHU POMBIIUICHHBIX
CTOKOB, OcaxaeTcs mioxo. Boia Haj niioM MyTHasl.

[Ipu HepocTaTKEe KHCIOPOIa HAOIIOJAIOTCS PE3KHE HApyIICHUS.
Vorticalla paznyBaeTcs B BUje 11apa, HEKOTOPHIC JIONAIOTCS U HCYE-
3ar0T. Opercularia HETIOABWKHBIC, 3aCTHIBIIIUE B BHITIHYTOM COCTOSI-
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HUM, oTMUpatomue. Vi nmeer 60IbIIoe KOMUYECTBO Pa3sHOOOpa3HBIX
KTyTUKOBBIX. VI3 nHY30puil 3HAUNTETHHO TOCTIOACTBO Paramecium
caudatum Kax O4eHb BBIHOCIHMBOM K HEJOCTATKy KUCIOpoaa (GOPMEI,
CIIOCOOHOH OKMBJICHHO IJ1aBaTh B THHUIOIIEM Miie. XJIOMKH Mia pac-
MaIal0TCsl, BOJIAa HAJ UIOM MyTHEET.

I'mapoOuonornyeckuii aHanu3 aKTHBHOTO WJIa MMEET OOJbIIOoe
3HA4YEHUE JUIS OTIEPATUBHOTO KOHTPOJIA 38 COCTOSIHUEM TIpoliecca OHo-
JIOTHYECKON OYMCTKU. MIHAMKATOpHBIE OPraHU3MBI XOPOLIO pearupy-
10T HAa U3MEHEHHUE YCJIOBH CYyIECTBOBAHMS: HArpy3Ky Ha Wi, o0e-
CTIIEYEHHOCTh KUCIOPOAOM, HAINYHE TOKCUKAHTOB B CTOKE, CTEIICHb
pereHepanyy akTHBHOTO 1ia u T. M. O0Iee KOJIN4eCcTBO MPOCTSHIITNX
1 pa3HooOpas3ue BUIOB MEHACTCS M MO ce30HaM roja. Jlerom Habiro-
naercsi HanOombllee pa3HOOOpa3ue BUAOB MPH HEOOJIBIIOM 0O0IIEM
KOJIMYECTBE OPraHU3MOB. B 3uMHUI mepuoja, Hao0opoT, odiee Ko-
JIMYECTBO OOJIBbIIIE, YEM JIETOM, OJIHAKO UX Pa3HOOOpa3ne HEBEIHKO.

Peocum pabomvr akmuenoeo una. Cymmapssiii 3 dext Bo3aeii-
CTBHS Pa3HOOOpa3HBIX (PAaKTOPOB, OCHOBHBIM M3 KOTOPBIX CIIEIyET
CUUTATh yJEeNbHBIC HATPY3KH, (GOPMHUPYET CICHUPHUSCKHNA IS KaXK-
JIOTO OYMCTHOTO COOPYKCHHsI aKTUBHBIH HJI, KOTOPBI MOXKET OBITH
noJpa3enéH Ha TP OCHOBHBIX THIIA!

A. PaboTaromuii Ha HETIOJIHOE OKUCIICHHE OPTaHMYECKHX 3arpsi3-
HEHUH.

b. ITonnoe okucnenue.

B. IonHoe okucieHue ¢ mocieayromeil HuTpupuKanme.

CoopysxeHust OMOIOTrMYECKON OUYUCTKH, padoTaloue B peKuMe
HETIOJIHOTO OKHMCJICHUS, KaK MPaBHJI0, HMEIOT BHICOKUE YAEIbHbIC Ha-
rpy3ku (400-600 mr BIIK Ha rpamm aktuBHOTO Mina). [Ipu atom dop-
MUpyeTCsl OMOIIeHO3 ¢ OSIHBIM BHJIOBBIM pazHooOpazuem (5—13 Bu-
JIOB) TIPOCTEHIINX M YUCICHHBIM MpeodaajaHreM OTACIbHBIX TPYII,
TaKUX KaK KT'yTUKOHOCIIBI, pAKOBUHHBIC aMEOBI, HUTUAThIE OaKTEpUH,
KpYITHBIE CBOOOIHOIIIaBAONINE HH(PY30pUH, «OCHTOCHBIC) PaKOBUH-
HbIEe aMEOBI, MEJIKHE KOPHEHOKKH.

[Ipu cHIWKeHHBIX Harpy3Kkax Ha ui, 10 250-300 mr/r, obecrieun-
BaeTCd MOJHOE OKHCIICHHWE PAacTBOPEHHBIX OPraHMYECKHX BEIIECTB.
Takue coopykeHHsT OOBIYHO OYMIIAIOT CTOYHBIC BOJBI CMEIIAHHOTO
coctaBa (OBITOBBIE M MPOM3BOACTBEHHBIE). HeomHopoaHnoe, MHOTO-
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KOMITOHEHTHOE 3arpsi3HeHUE cpelbl OOMTaHUS NAaET BO3MOXKHOCTD
OpraHu3MaM Hja MPHOOPECTH M COXPaHATh HEOOXOJUMBIH YPOBEHb
MPUCHIOCOOIEHHOCTH B IIUPOKOM CIIEKTPE HEMPEPHIBHO MEHSIOLIMXCS
yCcIOBUH. BHOIIEHO3bI HAa TAKUX OUYHUCTHBIX COOPYKEHHSX pa3HO0Opa3-
HBI 110 BUJ]aM, AMHAMUYHBI, TOJBUKHBI U YyTKO pearupyroT Ha BHEII-
Hee Bo3aeicTBue. [Ipr HOpMaabHO IPOTEKAOIIEM IIPOLIECCE OUUCTKU
B HUX OTCYTCTBYIOT YMCJIEHHO JOMUHUPYIOIINE BUJIbI MU TaKOE J10-
MUHUPOBAaHNE MUHUMAJBHO.

[Tpu yneneHBIX Harpyskax 80—150 mr/r obecneuuBaercsi MOJ-
HO€ OKHCJIEHHE W HHUTPU(UKALMS a30TOCOACPKAIUX 3arps3HEHUH.
[Ipu moNTHOM OKHCJIEHHH MOCTYMAIOIMX HAa OUYUCTKY PAacTBOPEH-
HBIX OpPraHMYEeCKHX BEIECTB, HEHAPYILIEHHOM OajaHce MX COpOLUH
1 OKHMCJICHUH, HU3KUX Harpy3kax Ha aKTUBHBIA WJI M Pa3BUTOM IIpO-
necce HUTpuuKauu GopMupyercsi Hanboee SKOIOTHUECKH COBEP-
LICHHBIN OMOLIEHO3 — HUTPU(UIMPYIONH aKTUBHBIN Wi1. Hutpudu-
LUPYIOLINE XJIOMbS WA KPYITHbIE, KOMITAKTHBIE, XOPOIIO OCENIAIOIIHE,
HaTIOJIHEHHbIE MY3bIPbKaMU ras3a, HaOJI0JaeTcsi CaMONPOU3BOJIbHAS
¢oTauus mna, BeI3BaHHAsS Mporeccamu aeHuTpudukanuu. [Iponece
JEHUTPUPHUKALNY, TPOTEKAIOIINH BO BTOPUYHBIX OTCTOWHHUKAX, MO-
KET yXyALIaTh KaYeCTBO OYHMILEHHON BOBI 32 CYET M30BITOUHOTO BbI-
HOCa aKTHBHOTO MJIa, 0COOEHHO B TEIUIOE BPEMs TO/1a.

Buoneno3 HUTPUPHUUUPYIOWIETO aKTUBHOTO HJIA XapaKTEepH3y-
eTcsl B 11eJIoM HanboJiee CI0KHON SKOJIOTHUECKOH CTPYKTYpOii C BbI-
COKMM TaKCOHOMHYECKUM pa3HooOpasuem (0 45 BUAOB MpOCTEii-
mux) 0e3 YMCICHHOTO Mpeodnaganusl pa3inyHbIX BUI0B. HuTuaTeie
OaxkTepuu, MeJIKie OEeCLBETHBIE KI'YTHKOHOCIIBI, MEJIKHE (POPMBI KaK
TOJIBIX, TAK U PAKOBUHHBIX aMEO MPAaKTUYECKH MOTHOCTHIO BBITECHSI-
I0TCSl U3 OMOLIEHO3a, WIIM MX YUCIEHHOCTh MUHUManbHa. 13 nndy-
30pHii Mpeo0IagaloT OPIOXOPECHUYHBIC H PUKPETIEHHBIE (DOPMBI,
KHU3HEACATEIBHOCTh KOTOPHIX TECHO CBsi3aHa C XOPOLIO CHOpPMH-
POBaHHBIMH, (QJIOKYJITUPOBAHHBIMHU XJIOMBbSIMH aKTHBHOTO mia. [Ipu-
CYTCTBYIOT IPEJICTAaBUTENN BBICIIETO 3B€HA — XMIHUKH, YTO IO-
JIO)KUTETILHO BIMSIET HAa CTENEHb OYHUIIEHHSI BOJBI OT OPraHUYECKUX
3arpsI3HAIOMIMX BEUIECTB 32 CYET MOBBIILIEHUS! HHTEHCUBHOCTH O0Me-
Ha. B HuTpuduumpyomem uie Bceraa NnpucyTCTBYIOT (HE JOCTUTAs
MacCOBOTO Pa3BUTHA) XULIHBIE KOJOBPATKH, cOCylIre HH(DY30pHUH,
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XUIIHBIE TPUOBI U YepBu poaa Chaetogaster. lleproaudecku BCTpe-
YarOTCSI THXOXOIKH.

B 1enom, B HU3KOHArpy»)aemMbIX Miax 3a cuéT OoraToro BUI00-
Opas3usi pacmupsieTcsi BO3MOKHOCTh HJIa aJICKBAaTHO pEarupoBaTh
Ha HEOJaronpusITHBIC BO3JCHCTBUS U YBEIUYHBACTCS €ro CIOCO0-
HOCTb MOJICPKUBATH IPPEKTUBHOE U YCTONYMBOE KAYECTBO OYHCT-
ku. [Ipu BO3AEHCTBUM KOHIEHTPUPOBAHHBIX TMPOU3BOJACTBEHHBIX
CTOYHBIX BOJI OMOIIEHO3 YCTOMYHUBO COXPAHSIET CBOI CTPYKTYPHYIO
LIEJIOCTHOCTh M YJOBJICTBOPUTEIILHBIN YPOBEHb (PEPMEHTATUBHOTO
okucieHus. Pa3pymieHue craOuiIbHOCTH M CIIOCOOHOCTH K OBICTPO-
MYy BOCCTAQHOBJICHHIO Y TaKOTO OMOIICHO3a BO3MOXKHO TOJILKO TIPH
YpEe3BBIYAMHOM BO3JCHCTBUU: B PE3YyJbTAaTe PE3KOr0 BO3PACTAHUS
yACIbHON HATPY3KU HA AKTUBHBIN W1, BO3JCHCTBUS CUIBHO TOKCHY-
HBIX (TP aBapUUHBIX COPOCax) CTOYHBIX BOJI, HEAOCTATKE U qUCcOa-
JIaHCE MTATATEIbHBIX BEIIECTB.

B ycnoBusix ycTOMYMBBIX HArpy30K Ha aKTHUBHBIM HII MPU OT-
CYTCTBUHM TOKCHYHBIX NMPUMECEH B CTOUHBIX BOJaX, MOCTYHAIOIIUX
Ha OYHUCTKY, 3HAUUTENIbHAs YaCTh MUKPOOHOW IOMYJISIIIUUA CBS3a-
Ha C XJIOKOM aKTUBHOTO Wjia. XJIOMbs WA KPYMHbIC, KOMIAKTHEIE,
xopomio (iaokynupyrpoimue. B OuorieHo3e Bo3pacTaeT YMCICHHOCTH
OpPraHU3MOB, HETIOCPEICTBEHHO CBSA3aHHBIX C XJIOMBSIMU, — MOI3aI0-
X OPIOXOPECHUYHBIX WH(Y30pHiA, MPUKPEIUIEHHBIX WHPY30PHiA,
HEMAaTOoJ, KOJIOBPATOK U T. II.

OpHaKo B HEOIATOMPUATHBIX YCIOBUSX MEPETPY30K, IPH TOCTY-
IUICHUH Ha OYUCTKY TOKCUYHBIX CTOYHBIX BOJI, Pa3JIMYHBIX HApyIIIe-
HUSIX TEXHOJOTHYECKOTO PEKMMa OUYUCTKHU XJIOMbSI aKTUBHOTO Hja
JUCTICPTUPYIOTCS, U3MENIBUAIOTCSI, BO3PACTAET YHUCIO OaKTepull, HE
CBSI3aHHBIX C XJIOMbSIMU aKTUBHOTO WA U, CJIEIOBATEIbHO, BO3pac-
TaeT YMCJIO UX ToenaTteieii — CBOOOMHOIIABAIONUX WH(Y30PHIA,
MEJIKUX PaKOBUHHBIX aMEO, )KT'yTHKOHOCHEB U mpod. [Ipu ouunctke
CTOYHBIX BOJI, COJCPXKAIIUX CHEIUPUUSCKUE CIIOKHOOKUCIISIEMBIC
coenuHeHus (peHosconepxkamue, crounbie Bojsl LIBK u T. 1.), x0-
poio (GIIOKYIHPYIONIME XJIOMbs WA, KaK MpaBuio, BOOOIIEe HE 00-
pa3yroTcs, U OYUCTKA OCYIIECTBISACTCS NUCIEPTUPOBAHHON MUKPO-
¢nopoii. [Ipu mojgave M3OBITOYHOTO AKTUBHOTO HJIA B «TOJIOBY»
COOPY)KECHUH TUTAHUE aKTUBHOTO HJIA B a3POTCHKAX JIUCOAIIaHCUPY-
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€TCsl, YTO MPUBOJIUT K Pa3BUTHIO HUTYATOTO BCIYXaHHS WM Hapy-
LICHUIO (JIOKYJISILUHU XJIONBEB, KOTOPHIE MPUOOPETAIOT MEPHUCTYIO,
BBITSHYTYIO OpMYy.

Dopmuposanue pazruunbvlx munog buoyenosa. ONUCaHHbIE TPU
OCHOBHBIX THIIa OMOLIEHO3a aKTUBHOI'O Mja (OPMHUPYIOTCS B CBOCO-
Opa3HBIX SKOJIOTHMYECKUX YCIOBHUSAX, 00ECIICUUBAIOIINX ONpEeAeIEH-
HOE KauecTBO 0unCTKU. Ha (hoHe onrcaHHbIX 00MIKX 3aKOHOMEPHO-
CTeil OMOIIEHO3 aKTUBHOIO MJIa Ha KaKJOM OYHUCTHOM COOPYKECHHUU
CBOECOOpa3eH MO CBOEH CTPYKType M aJanTalMOHHBIM CBOWCTBaM
1 YHUKAaJIeH, MOCKOJIbKY COCTaB CTOYHBIX BOJ M PEXHUM IKCIUTya-
TalUK KaXJI0TO KOHKPETHOTO COOPY)KEeHHUs clieu(pUUICH, a UX KOH-
CTPYKIUSI OTHOCUTCSI K OJHOMY U3 HECKOJBKHUX ONpEACIEHHBIX TH-
noB. Takum o6pazom, Ha popMUpOBaHUE OHOLIEHO3a, €T0 CTPYKTYPY
OKa3bIBAIOT BIMSHHUE MPOEKTHBIC apaMETPhl, COCTAB CTOUYHBIX BOJ
U CcOOJIIOIeHHE TEXHOJIOTUYECKOT0 PEKUMa IKCIUTyaTallid OYUCT-
HBIX COOPYKCHHH, Ille pelaroiiee 3HaueHue UMEET MOAJepKaHue
HE0OXOIMMOro KadecTBa U KOJIMYECTBA aKTHBHOTO HJIA, KOTOPHIE
OTIPENIETSIOTCS TAKUMHU TMOKAa3aTeNsIMHU, KaK 7103a Wa, WIOBOH WH-
JIEKC, 30JbHOCTH, BO3PACT, MPUPOCT WJIA.

Taxke Mpu MHIUKATOPHOW OLEHKE Ipolecca OMOJOrHYecKOr
OYHCTKH CJIEAYET yUYUTHIBATh H CE30HHbBIC M3MEHEHHsI OMOLIEHO3a UJIa,
YTO XapaKTepHO JIsi HEOOJBIINX COOPYKEHUH, OUMIIAIOIINX MEHEe
10 ThIC. M* CTOYHBIX BOJ B CYTKH. JIeTHHI OMOLICHO3 aKTHBHOTO HJIa
[P MPOYMX PABHBIX YCJOBHUSX (COCTaB CTOYHBIX BOJ, PEKUM IKC-
IUTyaTald COOPY>KEHHUH) MO BHJOBOMY COCTaBYy HECKOJIBKO Oorade
3uMHero. CMeHa OMOLIEH03a [T0 Ce30HaM T'o/ia MPOUCXOIUT 110 3aKOHY
reTEePOreHHOM CYKLIECCHHU, OJJHAKO Ha KPYIHBIX OUYHUCTHBIX COOPYKe-
HUSIX, B YCJIIOBHSAX TOPSYEro BOAOCHAOXKEHUSI, CE30HHBIC M3MEHEHHS
MeHee 3HauuTebHbI (puc. 13)
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Puc. 13. Cykueccuu OMoIieHO3a aKTHBHOTO HJIa
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KOHTPOJIbHBIE 3AJAHUA

3aoanue 1

[IpoBecTn KOHCEPBAIHMIO UCCIIETyEMbIX IPOO MTPUPOJTHON BOJIBI
a) Julsl aHalIM3a HEKOTOpbIX MoHOB Fe'?, Fe*, SiO* u np.;

0) aHanM3a Ipod Ha OKHCIISIEMOCTh, AMMHUAK;

B) aHaJIM3a Ha HUTPUTHI, HUTPATHI, Pocdarsl;

T') OTIpeACIICHHS IEIIOYHOCTH.

3aoanue 2

Onpeennre MBETHOCTH BOJI TI0 IIIKaJIE I[BETHOCTH:
a) IS €CTECTBEHHOM BOIBI;

0) mpoIETPOBAHHON BOJIBI;

B) OTCTOCHHOM BOJIBI.

3aoanue 3

1. Ompenenure COCTaB TMOBEPXHOCTHBIX U TOJA3EMHBIX BOJI
I10 TJIaBHBIM aHHOHAM U KaTHOHaM.

2. BeisiBuTE U OOBSICHUTE Pa3iM4Msl 3TUX BOA IO COJCPKAHUIO
KaTHOHOB U aHHOHOB.

3. Ilo ruaApOXMMHUYECKOMY COCTaBY NMPHUPOAHBIX BOJI COCTABbTE
rpaduxu Pomxepca, Tpeyronsauku @eppe, kBaapart Tonctuxuna.

3aoanue 4

[IpoBenuTe OLIEHKY KauecTBa BOJBI AJIsl TIMTHEBBIX LIEJIEH 110 cie-
JOYIOLIMM TIOKa3aTelsIM:

- 10 IPO3PAYHOCTH,

- 10 BKYCY, 3a1axy,

- 10 KECTKOCTH,

- no pH,

- [I0 COJEPIKaHUIO KHCIOPO/a,

- 10 APYTHM HIOKa3aTeIIsIM.

3aoanue 5

[IpoBenuTe cpaBHUTENHHBIN aHAIN3 ONPEeICHHUs Pa3HBIX (popM
YIOJIbHOW KUCJIOTBI:

a) TUTPOBAHUEM C TIOMOIIBIO HHANKATOPOB;

0) KOHAYKTOMETPHYECKUM THUTPOBaHKEM M0 Tiporpamme L-Micro.

111



BOIIPOCHI K 3AYETY

1. OcHOBHBIEC MOHATHS TUAPOXUMUU. TeopeTuueckoe 3HAaUCHUE
TUIPOXUMHUHU.

2. CtpoeHue BOJbl. YHUKAJIbBHbIE CBOMCTBA BOJIBI.

3. OuU3UKO-XUMHUYECKass XapaKTePUCTHKAa TPUPOIHBIX BOJI.
YcaoBust popMupoBaHUS TPUPOIHBIX BOJ.

4. XuMHU4YeCKUe UHTPEANUCHTHI IPUPOTHBIX BOJI.

5. XUMHUYECKUN COCTaB NPUPOJHBIX BOJ.

6. [Tonmnas knaccudukanus npupoaHbix Bog o O. A. Asnekuny.
XapaKkTepucTHKa MPUPOIHBIX BOJI MO KJIaccaM, TPyIIaM, THIIaM.

7. I'padnaeckoe n300paskeHNE TPUPOTHEIX BOI.

8. [Tokazarenn kadecTBa MPHUPOTHBIX BOJM. JKECTKOCTH BOIEI.
Kitaccuduxkarus 1o »xeCTKOCTH.

9. Iloka3aTenu KauecTBa NpUPOIHBIX BO. LI[en09HOCTH BOBI.

10. PacTBOopeHHsIi B Boae Kucinopoa. OnpeneneHue pacTBOPEH-
HOTO KHCIIOpo/a B BoJie o Bunkiepy. PacTBopeHHbBIE Ta3bl.

11. IlokazaTenu KadecTBa NPUPOAHBIX BOJ. Temmeparypa.
Peaknus cpenpl. Kimaccudukanus Bojsl o pH.

12. Iloka3arenu kauecTBa MPUPOIHBIX BOJI. 3amax v BKYC BOIBI.

13. [lokazarenu kauecTBa MPUPOJIHBIX BOJA. MyTHOCTh U IIBET-
HOCTb BOJIBI.

14. Tloka3zaTenu KadyecTBa NPUPOIAHBIX BoJA. MuHepanuzanus.
Kiraccudukarus mpupoaHbIX BOJ MO MHHEPATU3aIINH.

15. CoennHenus »xene3a, Maprania U KpeMHHS B TIPUPOJIHBIX
BOJIaX.

16. [Toka3zarenu kadecTBa MPUPOAHBIX BOJ. bUOreHHBIE Be-
mectBa. Coennuenust azora u ¢ochopa. KauecrBeHHble peaxuu
Ha KATHOH aMMOHWS, HUTPUT-UOH U HUTPAT-HOH.

17. Metonuka ompejeseHusl KOHIIEHTpallMu aMMHaka B TMpH-
POIHBIX BOIAX (POTOIIEKTPOKOTOPUMETPHICCKAM METOIOM C peaK-
tuBoM Heccrnepa.

18. MeTos! onpeaescHrs HUTPATOB U HUTPUTOB B MPUPOTHBIX
BOJIaX.
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19. lokazarenu KayecTBa MPHUPOJHBIX BOJ. BUIbI oKUCIsIEMO-
¢ty Bojbl. [lepMaHTraHaTHAS! OKUCIISIEMOCTb.

20. Ompenenenne 6umxpomatHoi okucisiemoctr Bogs! (XIIK).

21. buoxumuaeckoe motpednenue kuciopona (BIIK).

22. Koarymsmwsi.

23. OnoTanus.

24. DAeKTPOXUMHUYECKASI OUUCTKA.

25. O4ncTKa CTOYHBIX BOJ| C TOMOILBIO YIBTPA3BYKa.

26. DIEKTPOIU3 KaK METOJ OUMCTKH CTOYHBIX BOJI.

27. CopOuws.

28. DKCTpaKIus.

29. AncopOrius.

30. UouHnsrit oOMeH.

31. Mexaanuyeckue METOIbI OYUCTKHU.

32. MeMmOpaHHBIE METObI OYNCTKH CTOYHBIX BOJ.

33. Heifrpanuzarmus.

34. O30HUPOBAHNE U XJIOPUPOBAHUE.

35. O06patHBIit ocMoC.

36. KoHCTpyKIIMH a3pOTEHKOB, OKCHTCHKOB, OHMOJIOTMYECKUX
MIPY/I0B.

37. Auctumsinus (TIeperoHka) W peKTU(UKAIs B OYUCTKE
CTOYHBIX BOJ.

38. Bunsl 3arpsizaeHuit BoAsl. OnpeneeHne CTOYHBIX BOI.

39. Knaccudukanusi CTOYHBIX BOJI.

40. OCHOBHBIC METOJIbI OUUCTKH CTOYHBIX BOJ| (MEXaHHYECKHE,
XUMHUYECKUE U (DU3UKO-XUMHUYECKHE, OMOJIOTHYECKHE, JIOKAJIbHBIC
METO/IBI).

41. bruonorndeckuii METO] OYMCTKHA CTOYHBIX BOJ (OmOIOTHYE-
ckue GUIbTPBI, OMOJOTHYCCKUE IPY/IbI, [10JI (QHIBTPAIUH).

42. KoHCTpYKTHBHBIE OCOOCHHOCTH a’poTeHkoB. Kiaccuduka-
LU TI0 THAPOJUHAMUYECKOMY PEXKHUMY, 110 Harpy3Ke Ha aKTHUBHBIH
WJ1, TI0 TUITY adpaliu.

43. AKTUBHBIN WI: ONpeaeieHue, BUTOBOU COCTaB.

44. OCHOBHBIE JKOJIOTHYCCKHE TPYIIBl MHKPOOPTAaHU3MOB
AKTUBHOTO HJIA.
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45. BzauMoneicTBUe OaKTepHil U MPOCTEHIINX aKTUBHOTO HWJIA.
Cyxkueccust OMo1eH03a aKTUBHOI'O HIIA.

46. OueHka (pU3MOIOTHYECKOTO COCTOSHUS OPTraHU3MOB AKTHB-
HOTO WIIa.

47. CxeMa OYHCTHBIX COOPYKEHUH.

48. OcHOBHBIE 3TaIlbl OYUCTKHU CTOYHBIX BOJ (MeXaHHUYecKas,
XUMHYECKasi 1 OMOJIOTHYECKast OUHUCTKA).

49. Ilpouecchl HUTPUPHUKALUH U ACHUTPUDUKALNAN [IPH OYHCT-
K€ CTOYHBIX BOJI.

50. OcHOBHBIE NPUHIUIBI HYHKIMOHUPOBAHUSI aKTUBHOT'O HJIA.

51. ®akropsel, BiHAONME HA (QYHKIMOHUPOBAHUE AKTHBHOTO
nia, — OMOTEHHBIC DIIEMEHTHI, KUCIIOPOIHBIN PEKUM, aKTHBHAS pe-
akLMs U TeMIlepaTypa Cpe/bl.

52. OCHOBHBIE MOJIO’KEHUSI OMOJIOTMYECKON OUMCTKH CTOUHBIX BO.
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Ipunooscenue

Tabnuna

Hacviuenue npectoii 600bl KUCI0POOOM U3 8030yXaA, M/MJI

Pacmeopennviii kKuciopod, me/n

—
)

P N
2, | 1547 | 1543 | 1538 | 1534 | 1530 | 1525 | 1521 | 15,17 | 15,13 | 15,08
1,1 0,04 | 0,00 | 1496 | 1492 | 14,88 | 14,84 | 14,80 | 14,76 | 14,72 | 14,68
0 | 1464|1460 | 56 | 52 | 48 | 44 | 40 | 36 | 32 | 28
Ll 24 | 20 06 | 12| 08 | 04 | 00 | 13971393 | 13,89
2, | 13,85 | 13,81 | 13,78 | 13,74 | 1371 | 13,67 | 13,63 | 60 | 56 | 53
3,0 49 | 45 | 4 | 38 35 31| 28] 24 | 21 | 17
4,0 04 |0 |07 |04 |01 1297 | 12,94 | 12,91 | 12,88 | 12,84
5, | 12,81 ] 1278 | 12,74 [ 1271 [ 12,68 | 64 | 61 | 38 | 55 | 51
6, | 48 | 45 | 42 | 39 | 36 | 33 | 30 | 27 | 24 | 2l
7,0 a8 | s | 2 ] 09 | 06 | 03 | 01 | 11,98 11,95 | 11,52
8, | 11,89 | 11,86 | 11,84 | 11,81 | 11,78 | 11,75 | 1,73 | ;70 | 67 | 65
9, | 62 | 59 | 57T | 54| 51| 48 | 46 | 43 | 40 | 38
10, 35 | 32| 30 27 25 2] 20 0715 12
1, 00 | 08 | 05 | 03 | ,00 | 1098] 1096 10,93 | 10,91 | 10,88
12,] 10,86 | 10,84 | 10,81 | 10,79 | 10,76 | ;74 | ;72 | 69 | 67 | .64
13,0 621 60 | 57| 55| 53| 50 | 48 | 46 | 43 | 41
4,0 39 | 37 35 | 3 31 28] 26 24 2 20
15, | 10,18 | 10,16 | 10,14 | 10,12 | 10,10 | 10,07 | 10,05 | 10,03 | 10,01 | 9,99
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