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fnasa 4
METOZBI 3KOTOTHYEIIT0 MOHWUTOPHHIA

B skomornyeckoM MOHUTOPUHTE MCIIOJIb3YIOT Pa3any-
HBIEe MeToAbl HccienoBaHus. Cpeay HUX MOXHO BBIICIUTH
JUCTaHIIMOHHBIE (adPOKOCMMUYECKHME) U HAa3eMHbIE METO-
npl. K Ha3eMHBIM METOIaM OTHOCSTCSI OMoJIorndecKue (0mo-
WHIVKALIMOHHBIE) U PU3UKO-XUMHUYEeCKUe MeToabl. I1po-
CTeHIIIMEe BapMaHTHI HAa3eMHBIX METOIOB KOJOTHMYSCKUX
WUCCJIENOBAHUM TOCTYIIHBI B IIKOJbHOU MPaKTUKE O U3Y-
YEeHUIO TIPUPOAHON Cpelbl cBoeil MecTHOCTU [7].

1 4.1. buanyuupoHHbie MeTobl

411 Kwew nuw IHHwnymm sBcmmin!

O BO3MOXHOCTHU HCIIOJIb30BaHUS XM BBIX OPraHN3MOB
B KauecTBe IMoKa3aTeJiell orpenaeeHHbIX MPUPOIHBIX YCIIO-
BUIi ucaiu euie yueHble lpesHero Puma u I'petiu. B Poc-
cuu B pykonucsax XV u XVI BB. yxe yNOMUHAIUCh TaKUe
MOHSATUS KaK «JIeC MallleHHBIN» U «JIEC HEMAILIEHHBIN», T. €.
Y4acCTKH Jieca, TIPUTOJHBIE UISI €70 CBEACHUU IMOJ MaIlHIO
1 HEMPUTOIHBIE.

B tpynax M.B. JlomoHocoBa u A.H. Paguiesa ecTb
YIIOMUHAHMS O PAaCTeHUSIX — YyKa3aTeJIsIX OCOOEHHOCTeM
MOYB, TOPHBIX MOPOJ, TTOA3EMHBIX BOI.

B XIX B. ¢ pa3BuUTHEM 3KOJIOTMM pacTeHUI OblLIa IOo-
Ka3aHa CBSI3b pacTeHM ¢ (paKTOpaMU OKpyxKalolieit cpe-
Ibl. O BO3MOXHOCTH PACTUTEIbHON OMOMHAMKALIMY ITHCAIT
reosior A.M. Kapnmackuii. Ipyroir reosor — I1.A. Ococ-
KOB — MCIIOJIb30BaJ XapakTep paclpeaeieHus] pacTUTeIb-
HBIX COOOIIECTB ISl COCTaBACHUS F€0JIOTMYECKUX KapT, a

M9T0)Ibl IKOI0THYECKOr0 MOHHTODHHIA

nmouBoBen C.K. YagHOB — mouBeHHBIX KapT. bosbiroi
BKJIaJl B pa3BUTUE OMOMHIMKAIIMY BHEC PYCCKUN YYEHBIN
nmouBoBen B.B. lokyuaes.

B nHavane XX B., B mepuoj, Korga Havyajaoch OCBOE-
HME OKpauH Halllell cTpaHbl, OMOMHAMKALIMOHHBIE UCCIe-
JIOBaHUS CTAJIM pa3BUBaTbCSI 0COOEHHO MHTeHCUBHO. [lox
OMOMHIMKAIIMEN B 3TU TOIbl B OCHOBHOM ITOHMMAaJU pe-
TUCTpALIMIO HAJWYUsl WIM OTCYTCTBUSI TOTO WM MHOTO
sIBJIeHUST (MPUPOAHOTO WJIM aHTPOMOreHHoro ¢akTopa
cpenbl), oTMedasi B TEpMHHAX «eCTh» — «HeT». K KOoHILY
XX B. OMOMHIMKAIIMOHHBIE 3aKOHOMEPHOCTH TpeTepIie-
JIM KaueCTBEHHBI cKayokK. B HacTosIee BpeMs I 1e-
JIOTO Kjlacca MHAMKATOPHBIX BUAOB PAaCTeHUN U KUBOT-
HBIX 11€JIeCO00Pa3HO rOBOPUTH HE TOJIBKO O HATUYMU WU
OTCYTCTBUM (haKTOpa, HO U O CTEIIEHU €ro BIMSIHUS Ha
MPUPOIHBIN KOMIUIEKC. Pa3Hble cTemeHUW BIAMSHUS Ha
OKpYXaIollyio MIPUPOAHYIO Cpely, perucTpupyeMbie C
TMOMOIIbIO 3TUX BUIOB, IMO3BOJSIOT BBECTU IIKaJlIy BO3-
neficTBUi (Hampumep, HET BO3AeMCTBUS — ciaboe —
cpenHee — cuiabHOe). Hanmune mikaabl 9KOJIOTUUECKOTO
¢akTopa Mo3BoJsIeT HAMHOTO 0oJiee BEPHO OlLIEHMBAaTh
ucciaenyeMylo Tepputropuio. B Takom ciaydae ciaenyeT
TOBOPUTh HE 0 OMOMHAMKALIMM, a O OMOANATHOCTUKE Tep-
PUTOPUN — METOAE KOJUYECTBEHHOU OLIEHKU CTEIEHU
BO3ICHCTBUS 3KOJOTMYECKOro (hakKTopa Ha OKPYXKaloIIylo
MIPUPOIHYIO CPENy.

4.1.2. Buny K Mmeroml OMmampK

ITo coBpeMeHHBIM MpeACTaBICHUSIM OUOMHAMKATO-
Pbl — OpPTraHU3MBbI, IPUCYTCTBUE, KOJIUYECTBO MU OCOOEH-
HOCTM Pa3BUTUSI KOTOPBIX CIyXaT IOKa3aTeJlsIMU ecTe-
CTBEHHBIX TPOIIECCOB, YCJIOBUN WJIU AHTPOIMOTEHHBIX
M3MEHEHUI cpenbl oouTaHus. buonHauKaus — mMeTol, Ko-
TOPBI MTO3BOJISIET CYAUTh O COCTOSIHUM OKpYXKaKIlel cpe-
IbI TI0 (haKTy BCTPEUM, OTCYTCTBUSI, OCOOCHHOCTSIM pa3BU-
TSI OPTAaHU3MOB — OMOWHAMKATOPOB.

VYcnoBus, onpenesieMble ¢ TOMOIIbIO OMOMHAMKATO-
pOB, Ha3bIBalOTCsI 0ObEKTaMU OMOMHAUKAIIMU. VIMK MOTyT
OBITH KaK OMpeAeIcHHbIE TUTIBI IIPUPOIHBIX OOBEKTOB (I10-
YBa, BOJIA, BO3MYX), TaK U pa3jMyHbIe CBOMCTBA 3TUX 00BEK-
TOB (MEXaHMYECKUM, XMMUUYECKHNI COCTaB U JIp.) U OIpee-
JICHHBIE TIPOLIECChI, MPOTEeKaloIIKe B OKPYXaloIllei cpene
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(spo3us, gedadius, 3adojladMBaHue U T. I.), B TOM YUCIe
MIPOUCXOISIINNUE IO/ BIMSIHAEM YeJI0BeKa.

I1pu BeIOOpPE OMOUMHAUKATOPOB OAUH U3 KPYITHENIIINX
aMepuKaHCKUX 9KoyioroB FO. OayMm mpenjiaracT y4uThIBaTh
clieayonme cooopaxXeHusl.

1. CteHOTONHBIE BUIBI (TO €CTh BUAbI, IIPUCIIOCOOIEHHbIE

K CYILIECTBOBAHUIO B CTPOTO OIPEeICHHbIX YCIOBUSIX),

OoJice peaKue B COOOIIECTBAX, KaK IIPaBUJIO, SIBJISIOT-

cd NYYIIMMM MHAMKATOPaMU, HEXeJIW 3BPHUTOIHBIC

(IIMpOKO pacIpocTpaHeHHbIE, 00JIaAaloNIe ITUPOKUM

I1Mana3oHOM 9KOJIO0TMYeCKO BEIHOCIUBOCTH).

2. bonee KpynHbie BUABI SIBISIOTCS OOBIYHO JIYYIIMMU
WHAIWKATOPaMH, 4eM MeJIKHe, TaK KaK CKOPOCTh 000-
poTa MocjaeaHUX B OMOLICHO3aX BBIIIIC U OHU MOIYT He
IOIIacTh B IIPOOYy B MOMEHT MCCJICAOBaHMUIl (IIpy Ha-
OJIOAECHMSIX C MIMTEIbHOM MEePpUOAUIYHOCTHIO).

3. IIpu BeIACACHUM BUAA (WU TPYINbl BUAOB), UCIOIb-
3yeMOT0 B KauecTBe MHIMKATOpa BO3IAEHCTBUS TOTO
WX UHOTO (hakTopa, HEOOXOAMMO UMETh IMOJIeBbie U
9KCMEepUMEHTAIbHbIE CBEAEHUS O JUMUTUPYIOIINX
3HAYEHUSIX JaHHOTO (haKTopa ¢ YYeTOM BO3MOXKHBIX
KOMIMEHCATOPHBIX peaKiiii OpraHu3Ma U TOJepaHTHO-
CTU BUna (TPYyMIlbl BUAOB).

4. YuciaeHHOE COOTHOIIEHUE Pa3HbIX BUAOB (TIOITYJISIIIMIA
WIX cooOIecTB) OoJiee MoOKa3aTeIbHO U SIBJSIETCS
6oJiee HaJeXHBIM WHIMKATOPOM, HEXKEIU YUCICH-
HOCTh OJHOTO BuAa («...IIeJIOE JIy4llle, YeM 4acTh, OT-
paxaeT OOLIYI0 CYMMY YCJIOBMIA»).

buouHauKaluoOHHBIE UCCIEA0BaHUS ITOAPA3ACISTIOTCS
Ha IBa YPOBHSI: BUAOBOI M OMOLIEHOTUYECKUI. BugoBoii
YPOBEHb BKJIIOYAeT B ce0s1 KOHCTaTallMi0 MHPUCYTCTBUS
opraHu3Ma, y4eT 4acTOThl €r0 BCTPEYaeMOCTH, U3yYEeHUE
€ro aHaToMo-MopdoJIorMyecKux, (U3N0Ja0ro-0MOXNUMHUUIECKUX
cBoiicTB. I1pu OMOLIEHOTHUYECKOM MOHUTOPUHIE YUYUTHIBA-
IOTCSl pa3jIMuHbIe ITOKa3aTeJau pa3Hoo0Opa3us BUIOB, ITPO-
NYKTUBHOCTb JAHHOTO COOOIIeCTBa.

Cy1iecTBYIOT pa3inyHble BUIbl OnonHaukauuu. Ecau
OJIHa Y Ta XK€ peaklus BbI3bIBAIOTCS pa3IMYHBIMU (PaKTO-
paMM, TO TOBOPST O HecreUu(PUUIEeCKO OMOMHIMKALIUU.
Ecnu xxe Te uau uHble IPOUCXOISIINE U3MEHEHUST MOKHO

IIN cBsA3aTh TOJBKO C OMHUM (])aKTOI)OM TO p€4Yb UAECT O CIIC-

METAMONTCEwWN) MOHMOpATA

nudpuyeckoit omonHaukauuu. Hanpumep, auimaiHUKu U
XBOMHBIC IePeBbsl MOTYT XapaKTepU30BaTh YMCTOTY BO3-
yXa M HaJIMYKe IPOMBILIJICHHBIX 3arpSI3HEHUI B MeCTax
MX IIpou3pacTaHus. BumoBoil cocTaB XKMBOTHBIX U HA3IIMX
pacTeHuii, OOMTAIOIIMX B ITOYBAX, SIBIISICTCS CIIELIM(PUIECKUM
IIJIS1 pa3JIMYHBIX TOYBEHHbBIX KOMILJIEKCOB, II03TOMY U3MeE-
HEHUSI 3TUX TPYNIIMPOBOK U YMCJICHHOCTH BUIOOB B HMX
MOI'YT CBUACTEIbCTBOBATh O 3arPsSA3HECHUU ITOYB XUMUYEC-
KMMHU BEILIeCTBAaMU WM U3MEHEHHMHU CTPYKTYPbI IIOYB ITOA
BIIMSTHUEM XO35iICTBEHHOI 1eSITeIbHOCTH.

Metonbl OMOMHAVMKAIIY IOAPA3AeIISIIOTCS Ha 1Ba BUAA:
perucTpupymoias OMOMHANKALINUS M OMOMHAMKALIMS I10
aKKyMyJsiLuu. Perucrpupyonias 6MOMHINKALIS IT03BOJIS-
€T CYIUTb O BO3ACUCTBUM (DAKTOPOB CPEABI II0 COCTOSTHUIO
oco0eil BUa WIM IMOMYJISILUK, a OMOMHIMKAIIMS 10 aKKy-
MYJISILMY MCIIOJIb3YeT CBOMCTBO PAaCTEHUI M KMBOTHBIX
HaKaIUIMBaTh T¢ WIM MHbIE XMMMYECKME BellleCTBa (HAIIpu-
MEp, COoJepKaHWEe CBHMHIIA B IeYEHU PbIO, HAXOMSIIMXCS
Ha KOHIle NUIEeBOM LIeMOYKU, MoXeT gocturath 100 — 300
IIAK). B cooTBeTCTBUM C 3TUMU MeTOAaMM pa3inyaroT
peTUCTPUpPYIONIMEe U HaKaIUIMBAIOIIKE NHANKATOPHL.

Pecucmpupyrouwue o6uouHouxamopsl pearupyiorT Ha
M3MEHEHUS COCTOSIHUSI OKPYKAIOIIC cpelbl U3BMEHEHUEM
YKCJIIEHHOCTH, (heHOOOIMKA, TTIOBPEXICHIUEM TKaHel, coMa-
TUYECKUMMU MIPOSIBICHUSIMU (B TOM YHUCJIE YPOIIMBOCTHIO),
M3MEHECHHUEM CKOPOCTH POCTa U APYTMMHM XOPOIIO 3aMeT-
HBIMM IIpU3HaKaMu. B KkadecTBe IpuMepa perucTpupyio-
IIMX OMOMHAMKATOPOB MOXHO Ha3BaTh JIUIIAWHUKN, XBOIO
IepeBbeB (XJI0p03, HEKPO3) U MX CYXOBEPIIMHHOCTh. On-
HAKO C IIOMOIIbIO PETUCTPUPYIOIINX OMOMHANKATOPOB HE
BCErga BO3MOXHO YCTAHOBUTH NPUYMHBI U3MEHEHUIA, TO
eCTh (DaKTOPHI, OIPEIeIMBIINE YUCICHHOCTh, PaCIpoCTpa-
HEeHUe, KOHEYHBI 001K Win popMy OMOMHAMKATOpa. DTO
OJIMH U3 OCHOBHBIX HEIOCTATKOB OMOMHINKALIMY, IIOCKOJIb-
Ky HaGmogaeMblii 3(p¢heKT MOXET IMOPOXKIAThCS Pa3HBIMU
MPUYMHAMM WIM UX KOMILJIEKCOM.

Hakanausaowue unoukamopbi KOHLICHTPUPYIOT 3ar-
pS3HSIOLIME BEllleCTBAa B CBOUX TKaHSIX, OMNpeleJeHHBIX
OpraHax M 4acTsiX Tejla, KOTOpPhIe B IIOCJIEAYIOIIEM UCITOb-
3yI0TCS [UIS1 BBISICHEHUSI CTEIIEHU 3arps3HEHUST OKPYyXalo-
el cpeabl IpU MOMOIIM XUMUUYecKoro aHanusa. [lpume-
POM ITOJOOHBIX UHAMKATOPOB MOIYT CIYKUTh XMTUHOBBIE
HaHLMPU PaKooOpa3HbIX U TMYMHOK HACEKOMBIX, OOUTa0-
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IUX B BOJIE, MO3T, TOYKHU, CeJe3eHKa, MeYeHb MJIEKOUTa-
IOLUX, PAKOBUHBI MOJUTIOCKOB, MXHU.

Kakoit 6bl coBpeMeHHOW HHU OblIa ammapaTypa s
KOHTPOJISI 3aTPA3HEHUS U ONpeaesIeHUS BPpEeIHbIX MPpUME-
Cell B OKpyXalllell cpeae, oHa HE MOXET CPAaBHUTHLCA CO
CJIOXHO YCTPOEHHBIM <«XWMBBIM Ipubopom». IIpaBma, y
XKUBBIX MPUOOPOB €CTh CEPbE3HBIM HENOCTATOK — OHU HE
MOTYT YCTAHOBUTbH KOHILIEHTPalLlMI0 KaKOTo-a11u00 BellecTBa
B MHOTOKOMIIOHEHTHOU cMecu, pearupysi cpa3y Ha BecCh
KOMILJIEeKC BellecTB. B To e BpeMs ¢pU3UUYECKUE U XUMU-
YyecKue METOAbl AAal0T KOJUYECTBEHHbIE U Ka4YeCTBEHHbIE
XapaKTepUCTUKU (aKkTopa, HO MO3BOJISAIOT JUIIb KOCBEHHO
CYOUTH O ero 6uojaoruueckom aeiictBuu. C mMoMoIbio OU0-
MHAMKATOPOB MOXHO MOJYYUTh MHPOPMAILUIO O OMOJIOTH-
YeCKUX MOCIENCTBUSIX U CleaTb TOJbKO KOCBEHHBIE BbI-
BOIBl 00 0COOEHHOCTSIX caMoro ¢akTopa.

MOHUTOPUHT C IPUMEHEHUEM HaKalJMBaWOIIUX O1O-
WHIWKATOPOB 3a4acTylo TpeOyeT MPUMEHEHUS CIOXHBIX
U JOPOTOCTOSIMUX NMPpUOOPOB, 000OPYAOBaHUSA, TPYILOEM-
KUX METOAUK, YTO MOJ CUJY TOJbKO CIelMaJbHbIM Nab0-
patopusiM. Ho B 0CHOBHOM MeTOIbl OMOMHIMKAIIUU HE
TpeOyIOT 3HAUYUTENbHBIX 3aTpPaT TPpyda, CJIOXHOTo W AO-
porocTosimero o60pyaoBaHUs, a MO3TOMY MOTYT IIUMPO-
KO MCMOJb30BaThCS B IIKOJbHOM 3KOMOHUTOPUHTE.

Haunbonee KOHCTPYKTUBHO UCIOJb30BaTh OMOMHAMKA-
TOPbHl OTHOBPEMEHHO C MHCTPYMEHTAJIbHBIM KOHTPOJIEM 3a
COCTOSSHMEM OKPYXKaIOIel MPUPOIHOM Cpelibl, IPUMEHSIEMbIM
MpU JOKaJTbHOM MOHUTOPUHIE UCTOYHUKOB UJIU OOBEKTOB
3arpsi3HEHUS .

MeTtonbpl OMOMHAUKALIMU, TO3BOJSIONINE U3YYaTh BIU-
SHUE TEXHOTEHHBIX 3arps3HUTENiell Ha pacTUTEJbHbIE U
KVMBOTHBIE OPTAaHU3MBbI, HAa HEXUBYIO MPUPOIY, SABISIOTCS
HauboJiee TOCTYIMHBIMU s IIKOJbHUKOB. B rmaBax 5 —7
JAaHHOW KHUTU OMUCAHBl HEKOTOPbIE METOAMKU UCCIEN0-
BaHUiA, BKJIOUEHHBIX B MPOTPaMMYy IIKOJbHOTO 3KOJOTHU-
YeCcKOro MOHUTOPUHTA, C UCMOJb30BaAHUEM OMOUHAUKATO-
POB COCTOSIHUS OKpYyXalouleil cpeiasbl.

1 4.2, Ousnko-xumuyeckue MeTomsl

Haub6onee mOCTYNHBIM B IIKOJbHBIX YCAOBMSIX SIBIS-
eTcsl KaueCTBeHHBI aHanu3. OH Bcerma MpealiecTBYET

MeTobl 3w ansB W0 MOHUTOHHTA

KOJMYCCTBEHHOMY, TaK KakK BHIOOD MeTOda KOJIUYECTBEH-
HOTO OIIpeneieHMsT 3aBUCUT OT OJaHHBIX KaueCTBEHHOTO
aHanu3za [8].

KauecTtBeHHEBIE p€aklMy Ha KaTUOHBI

Li+ — miaMs (KpacHoe)

Na+ — miams (kenroe)

K+ - miamMs (duoaeToBoe)

Ca’+ — TIaMa (KUpIUYHO-KpacHoe)

KapOoHaT-MOHBI (Oe/blid 0CamoK)
oKcaylaT-uoHbI (OeJIblii 0CagoK)

Ba’+ — m1aMs (XeNTo-3eJIeHOe)
cynbdar-noHbl (OeJblii 0CamoK)
XpOMaT-MOHBI (KEITBIA 0CamoK)

Cu’+ — Twiams (3eJeHoe)
B BOIHOM DAacTBOpE TMApaTUPOBaHHBIC
nonbl [Cu(H20),]’" umeor ronybyo
OKpacKy
BOJIHBIM pacTBOp aMMMaka
(cuHe-(uoseToBas okpacka)

Pb’+ — cynbhUI-UOHBI (YEPHBI 0CamOK)
MOIUI-UOHBI (KETHI 0CamoK)
XpOMAaT-UOHBI (KENThIA 0CamoK)

An+ — XJI0puUA-UOHBI (Oenblil 0caloK)
XpOMAaT-UOHBI
(KMpPIUYHO-KPACHBII 0CaOK)

Fe’+ — KpacHasl KpoBsIHas COJIb (CMHUIA 0CamoK)
Fe'+ — 3XeJTasi KpoBSIHasl COJIb (CUHUIA 0CamoK)
POIAHUA-NOHBI (KpacHOE OKpallMBaHME)
Ccd’+ — cyab@uI-uoHbl (KEIThIA 0CAIOK)
Zn’+ — cyab®uI-uoHsl (OeNblil 0camoK)
NH, — pacTBOp LIesouM (3amax aMMMAaKa)
[Hz] *+ — pacTBOp 1eJ0o4Yd (YEepHBI 0Camok)
XpOMAaT-UOHBI (KpPacHbBI 0CaIO0K)
Hn’+ — cynab(hUI-UOHBI (YEPHBI 0CATOK)
MOAUI-VOHBI (KPaCHBIA 0CamoK)
Sn’+ — CepoBOLOPOL
(TeMHO-KOPUYHEBLIA 0CAIOK)
Sn'+ — cepoBOmOpOn (KENThI 0CagoK)

KauecTtBeHHBIE p€aklMyM Ha aHUOHBI

SOo* — conu Oapust (Oesblil 0camoK)
co™ — COJITHasl WU CepHasl KUCIOThI
s (BBIIENISIETCS YIIEKUCIIBIN Ta3)
HM3BECTKOBOE MOJIOKO (OeNblii 0camok)

CoO
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PO — MarHe3uasbHasi CMeCh:
MgCl, + NH,OH + NH,CL
(GembIii 0camoK)
HUTpAT cepedpa (KeIThbI 0CamoK)
SiO - pasbaBlieHHBIE PacTBOPbI KUCIOT
(CTymeHUCTBIl 0CamoK)
COJIM aMMOHUS (TO Xe€)

B40O — IU1aMs (3eJIeHOe OKpalllMBaHue)

u BO" — HUTpaT cepedpa (KENThbIil 0CaIoK)
COJIM CBUHIIA (KEATBHI OCaIoK)

J- —XJIOpHas Boma +
KpaxMmaJl (CuHee OKpalllMBaHueE)

(0] — HuTpatr cepedbpa (Oeablii 0camoK)

Br’ — HUTpaT cepebpa (KeaTOBaThI 0CamTOK)

NOT" — MeTajinuyeckas Melb

B KOHLIEHTPUPOBAHHOM CEPHOM KUCIOTE
(raz Oyporo 1iBeTa)

METAUIMYECKUN aTIOMUHUI

B CWJIbHOLLIEJIOYHOW cpefe

(3amax amMmMMaKa)

cmece H,S0, + FeSO0,

(okpacka oT (pHOJIETOBOI 10 KOPUUYHEBOM)

NO" — cynbaHuaoBas Kuciora +
a-HadTUIaMMH (KpacHOe OKpalllMBaHUE)

CrO — couii OGapusi (KEIThI 0CamoK)

u Cr,07"

S — COJIM KagMusl (KeIThbI 0ocamoK)

coiii cepedpa (YepHBI OCamoK)

M3 KoJnvecTBEHHBIX METOIOB B IIKOJbHOM MpakKTUKeE
MOTYT OBITh PEKOMEHOBaHbl TPAaBUMETPUYECKUI, TUTPUMET-
pudeckuit (00beMHBIN) U METOI BU3yaJbHOW KOJOPUMETPUMU.

I'paBuMeTpUYecKHii METO

CyTb MeTOla — ompeaesieHue Macchl U MPOLEHTHOTO
coliepXKaHUs KaKoro-aubo 3jeMeHTa, MOHa UM XMMUYECKO-
o COeIMHEHHUsI, HaXOIS1Ierocs B uCIbITyeMoii mpobe. Uc-
KOMYIO 4aCTh BBIAEJASIOT MO0 B YMCTOM BUIE, TUOO B BUIE
COeIMHEHM s U3BECTHOTO cocTaBa. [paBUMETPUYECKUM Me-
TOJOM OTpPENENsIOT comepXaHue psjaa TSIKeIblX METalIoB,
aHMWOHOB, CYXOTO BellleCTBa B MJ0OJaX U OBOLIAX, KJIeT4yaT-
KM, <«CBIpO#» 30Jbl B pacTUTeJbHOM MaTepuaie. Kpome
TOrO, 3TUM METOJOM OMNpPEeAesIOT KPUCTAIIU3alUMOHHYIO
BOAY B COJISIX, OOIIYI0O MU TUTPOCKOMMYECKYIO BIaXHOCTh
MOYBHI U T. II.

WWTThI3WONHEOO0r0 MOHUTOPHHTA

I'paBuMeTpUYeCKMit aHANU3 MPOBOJST MO CIEAYIOLIUM
CTalusIM:

a oTbop cpenHell MpoObl M MOATOTOBKA €€ K aHajlIu3y;
* B35ATHE HABECKW;

pacTBOpeHNE HABECKU,;

a BbIOOp OcaauTeNsl U 0CaxXJeHUe ONMpeaesseMoro aje-

MeHTa (C mpo0Ooii Ha MOJHOTY OCaXIAEHMUS);

a ¢duiabTpoBaHuUe;
a mnpoMbIBaHME ocaaka (¢ MpoOoii Ha MOJHOTY IPOMBI-

BaHUs);

a BbICYLIMBaHHWE U MPOKaJMBAHUE OCANKa;
B B3BCLIMBAHUE;
a BbIUMCJIEHUE Pe3yJbTaTOB aHaau3a.

AHaIUTUYECKON MpPaKTUKON YCTAHOBJIEHO, UTO IpU
MpPOBEAEHUU I'PaBUMETPUUECKOro aHajau3a HauboJliee yno0-
Hbl HaBecku oT 0,5 mo 2,0 r. HaBecky BeliecTBa cienyer
OpaTh U3 pacuyeTa, YTOObI MOCJE MPOKAJMBAHUS MOJYUYUTH
rpaBUMeTpuYecky ¢opmy maccoit okoso 0,1— 0,3 r musa
aMop¢HOro ocagka u Mmaccoit okojao 0,5 r — ajast Kpucral-
JINYECKOTO.

»

TurpuMmeTpuyeckuii (00beMHBII) METO

DTOT METOA MMeEeT DPSAA NMpeuMyllecTB Mepen IpaBu-
MeTpuyeckKuM (OBICTpPOTA aHaIM3a, OTHOCUTEbHAS IIPOCTO-
Ta omepalnuii, 1ocTaTouHasi TOYUHOCTb), B CBSI3U C YEM OH
JOBOJILHO IIMPOKO MPUMEHSIETCS B 1abopaTOpHOU Mpak-
TUKe. B 2TOM BuIe aHanu3a B3BeIIMBaHME 3aMeHSETCS
u3MepeHrneM 00beMOB KakK OTNpeaesieMOro BelllecTBa, Tak
W peareHTa, UCIOJb3YyeMOTO MPU JaHHOM OIpeaeJeHUN.
Ecniu Tpebyercss mpoBecTM 00BbEMHBIM METOIOM aHaJIu3
CYyXOTO BelllecTBa, TO OEPYT €ro TOUYHYI0O HaBEeCKY Maccoi
0,1 —0,2 r, pacTBOPSIOT €ro B MEpHOI K0JOe, mepeMeln -
BalOT, NUIIETKOM OTOMPAIOT U3BECTHHIM 00BEM MOJYYEHHO-
ro pacTBopa, IIpu HEOOXOAMMOCTU A00aBSAIOT OydhepHYIO
cMecCh, MHAMKATOD W MpP. U MPOBOASAT TUTPOBAHMUE.

MeToabl TUTPUMETPUUECKOTO aHaau3a pa3aessioT Ha
4 rpynmnsl.

Memodst Kucaommno-ocnoénoco mumpoganus. B oc-
HOBY 3TUX METOJOB MOJIOXEHbl PeakKllUU HEUTpaaiu3auuu.
Touka 3KBUBAJE€HTHOCTU (GUKCUPYETCS NMPU MOMOUIU UH-
JUKATOPOB, KOTOPbIE MEHSIOT CBOIO OKPACKy B 3aBUCUMO-
CTU OT peaklMu cpeabl (BeaundyuHsl pH). DtuMu metonamu
OIpeaeIIIOT KOHUEHTPpAMU KUCIOT, IIEeJIOYEeH U COJieHd,
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TUApaJIM3YIOLIMXCS B BOAHBIX pacTBopax. B kauecTBe pa-
0oYMX paCTBOPOB MKCIIOJbL3YIOT TUTPOBAHHbBIE PAaCTBOPLI
KMCJIOT U CUJIBHBIX OCHOBAHMUIA.

Memooot ocaxicoenus. MeTonoM oCaguTeIEHOTO TUTPO-
BaHUS ONPENE/ISIOT JIEMEHT, KOTOPbIN, B3aMMOIEICTBYS C
TUTPOBAHHBIM PACTBOPOM, MOXET OCAXKAAThCsI B BUE MaJlo-
PacTBOPMMOIO COEIMHEHMST; IIPY 3TOM M3MEHSIIOTCSI CBOMCTBA
cpeibl, 4TO MO3BOJISIET YCTAHOBUTD TOUKY SKBUBaJIEHTHOCTH.

Memoobt oxucaenus-eoccmanogéienus. DT METOIBI
OCHOBAaHbI Ha OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX pPeaK-
LIMSIX, KOTOPbIE MPOTEKAIOT MEXAY UCKOMBIM BEIlIECTBOM
M BelleCTBOM paboyero pacrtBopa (IiepMaHraHaTO-MeET-
pus, MOAOMETPHUSI, XpOMaTOMETPUS U ap.). X ncrob3y-
0T i1 OOHapyXeHUs pa3IMYHBIX BOCCTAHOBMTEJEM
(Fe’ +, C204™, NO2" u gp.) wiu okucauteneit (CrzO!,
MnC>4 , CIO3, Fe’+ u T. 1.). Touka 5KBUBaJI€HTHOCTH OTIpe-
JeJISIETCS IO U3MEHEHMIO OKpackKu JIMbO caMoro pacTBo-
pa, Tnb0o peaoKCc-MHIUKATOpA.

Memoost komnaexcoobpaszoeanus. T METOOBI JAIOT
BO3MOXHOCTb OIIPEAESTD Leblil psii KaTuoHOB (Mo’ + ,
Ca2+, Zn2 + , Hg2 + , A13+ uap.) u annonoB (CN-, F-,
C1-), xoTtopbele 00J1amaloT CITOCOOHOCTBIO 00Pa30BHIBATH
MaJIOAUCCOLMUPOBAHHBIE KOMIUIEKCHBIE MOHBI. OCOOBI
nHTepec mpeacrapasieT KommuiekcoH I (tpumon b), mmpo-
KO MCIIOJIb3YEMBIIA B KOJMYECTBEHHOM aHaiau3e. Touky
9KBUBAJIEHTHOCTHU Yallle BCETO YCTaHABJIMBAIOT 110 MCYE3-
HOBEHMIO aHAJIU3UPYEMOI0 KaTUOHA B PacTBOPE C IIOMO-
LIbIO TAK Ha3bIBAEMBIX METaJUI-MHIMKATOPOB. B KauecTBe
WHIMKATOPOB [JIs1 ONpeAeIeHUSI CYMMapHOTO COAepXaHUs
KaJIbLMS M MarHusl MOTYT ObITh B3SITbl PUOXPOM Y€PHBIM
T ¥ XpOMOBBI TEMHO-CUHUM, 1T OOHAPYKEHUST Kallb-
LS — MYPEKCHUJ, Xejie3a — pOoJaHUI aMMOHUS B CYJib-
¢aHUITOBOM KMCIOTE U T. II.,

KosopumeTpuueckKkue MeTOdbI

KonopuMeTpuss — onvH U3 HanboJee IMPOCTHIX METO-
OB aOCOpOILIMOHHOTO aHaiaM3a. B MKoJAbHOW MpakKTUKE
MOXHO PeKOMEHI0BATh UCITOIb30BaHNE METOJA BU3yallhb-
HOW KOJOPUMETPUM, B YAaCTHOCTH, METOJ CTaHAAPTHBIX
Cepuii: McclaenyeMblii pacTBOpP CpaBHMBAIOT C HabopoMm
CTaHIAPTHBIX PACTBOPOB, KOTOPHIE JOJDKHBI OBITh CBEXKE-
MPUTOTOBJICHHBIMU 1 OTJIMYATHCS IPYT OT Apyra He MEHee,
yeMm Ha 10-15%.

MeTobl 3LSMUELITC MOHUTOPHTE

Hanpumep, konopumerpudeckoe onpeneiaenue pH no
JnaMOBCKOMY OCHOBAHO Ha CBOMCTBE MHAMKATOPOB U3Me-
HATHh CBOIO OKPackKy B 3aBUCHMOCTHU OT KOHIIEHTpaluu
MOHOB BOAOPOJa, MPUCYTCTBYIOIIIMX B pacTBOPE.

[lIkana mpubopa AJISIMOBCKOTO TIPEICTaBIISIET U3 Ce0s
P 3amasTHHBIX TPOOMPOK, 3aIMOTHEHHBIX OKpalIeHHBIM
pacTBOpPOM. DTOT YCTOMYMBBIN K AEWCTBUIO CBETA PACTBOP
WUMUTHUPYET OKPacKy YHUBEPCAJIbHOTO MHAWKATOpA IpU
onpeneseHHoM 3HadyeHuu pH. UcmbiTyemblii pacTBop
CPaBHMBAIOT CO IIKAJOK M HaXOAAT B HEl MPOOMPKY, Hau-
OoJiee coBmagamoulylo ¢ HUM 1o uBeTy. Eciau okpacka
KMIKOCTU HE COOTBETCTBYET IIBETY PAaCTBOPOB IIKAJbI, TO
OepyT cpenHee 3HAYEHME MEXIY IBYMST TTPUOIMKAIOIIN -
MUCS TI0 1IBETYy MpobupkamMu. MHOTIa MOXET BCTPETUTh-
cs1 Habop AJISIMOBCKOTO, B KOTOPOM CTaHIapTHasl 1IBET-
Has LIKaja MpeacTaBjieHa He aMIlyJlaMU C pacTBOpaMmu, a
CTEKJSIHHBIMU TIJIACTUHKAMU C IIBETHBIMU TUICHKAMU.

s ynoOGcTBa cpaBHEHMsS K MpUOOpY Mpuaaraercs
KOMITapaTop, HO TeXHUKA CPaBHEHUS PACTBOPOB CO IIKa-
JIoil B 3TOM ciiydae apyras. [IpoOupky ¢ okpallleHHBIM
HUCHBITYEeMBIM PACTBOPOM HYXXHO IMMOMECTUTH B JIEBOE THE3-
J0 koMnaparopa. B npobupky u3 npaBoro riesua Komma-
paTopa HaJuBaIOT 5 MJI IMCTUNIMPOBAHHOM BOAbI. B ma3bl
KOMIIapaTopa BCTABJSIOT CTAHIAPTHYIO IIBETHYIO LIKaly,
npu 3TOM €€ OKpallleHHas 4acTh JOJIKHA HaXOAUThCS
NPOTHUB NPOOUPKHU C TUCTUIMPOBAHHOU BOIOM, a OeCLBET-
Hasg — MPOTUB UCHbITyeMoro pacteopa. Kommnaparop 6e-
PYT JIEBOU PYKOU M MOAHMMAIOT 40 YPOBHS IJ1a3, Aepxka
IIKaJI0i OT cebsg U moBepHYB ee K cBeTy. IlepenBuras
CTAaHAApPTHYIO WIKaJy BBEPX M BHU3, HaxXoOdT Ty €€
4acTh, KOTOpas MO OKpackKe COBMAJAET C UCIIBITYEMbIM
pactBopoM. [ToBepHYB KoMIapatop uikajioi kK cebe, oT-
CYMUTHIBAIOT 3HaueHUWe pH m 3anuceiBalOT pe3yjbTar
aHaIn3a.

s 6oJjiee TOYHOTO ONpele/eHUs aHAIU3UPYEMOTO
3JIEMEHTa MPUMEHSIOT CIielanibHble TpUOOpPHl — GHOTO-
anekTpokoaopumMerpbl (POK). I1pu padbore Ha POK yaiie
BCETrO MCHOJIb3YIOT METO IPaayupPOBOYHOU KPUBOM, OCHO-
BaHHBII HA ITOCTPOEHU M KaTUuOPOBOYHOTO I'padrKa B 0CIX
«OIITUYECKAs TIOTHOCTh — KOHILEHTpaLMsl» (I CTaHaap-
THBIX pacTBOPOB). M3MepUB ONTUYECKYIO IIOTHOCTD aHa-
JIU3UPYEMOI0O pacTBopa, no rpaduky HaXxoAdT €ro
KOHLIEHTpALKIO.



