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BeepneHune

970 PYKOBOACTBO OCHOBAHO Ha nMpep/ioxeHun, npegcrtasneHHom EBponeiickoli Komuccuein B 1993 roay,
N yyuTblBaeT 3ameyaHus, cfenaHHble cTpaHamMu — uyneHamy OJCP. OnpepeneHHas [eATesIbHOCTb Mpej-
npuHumanace B EBponeiickom cot3e no paspaboTke 3T0ro Buaa ucnoiTaHnin. OHa BkAYana UHTEHCUBHbIE
nccnenoBaHnsa € y4acTMeM U B TECHOM cOTpyaHuMuyecTBe defepasnbHOro MMHUCTEPCTBA FepmaHun no oxpaHe
okpyxatwuieii cpegbl (UBA), yHuBepcuteTa Kuns, EBponeiickoit Komuccun n O6benmnHeHHoOro lMccnepoBa-
Tenbckoro LieHtpa Ucnpoel (UTanus) [1], [2]. B 1988 rogy UBA opraHu3oBasio KONbLEBOW TECT C yyacTuem 27
nabopatopuii ctpaH EBponeiickoro cotsa [3]. B 1995 rogy B Benrnpate (Mtanusa) 6bin npoBegeH ceMuHap
O3CP no BbIGOpy NoOYB ANA faHHOro tecTa [4], rae Takxke 6blM 0406pPEHbI OCHOBHBLIE €r0 3/1EMEHTHI.

[pyrue pykosBoacTBa Mo agcopbuuu-gecopbumy CylecTBYOT TO/IbKO Ha HauWOHa/lbHOM YpPOBHe U B
OCHOBHOM WCMOMb3YTCA A9 UCNbiTaHuin nectuumnaos [5]1—[11].

3HaYMMOCTb M MPUMEHMMOCTL MeToAa 3akK/4vyaeTcs B cnefyloLlem:

1 Aacop6unOHHO-AeCcOopOLMOHHbIE UCCIeA0BaHNS BECbMa NOMEe3Hbl A1 NOSYyYEHUS LEeHHON nHdopma-
Uun 0 NepeaBXEeHUN 1 pacnpeeneHnn XMMmyeckux BeLecTB B Noyse, Boge v Bosgyxe [12]—[21]. OHu moryT
MCMoMb30BaTbLCA A9 OLEHKM UM NPOrHo3a Cnoco6HOCTU XMMWYECKOTO BeLeCcTBa K pasfioxXeHuto, TpaHcdop-
Mauun Uau NorsoWeHN0 MUKPOOPraHM3mMamm, ero BbiMbIBAHUA W3 NOYBEHHOro Npoduns, ynetyuynsaHua us
MOYBbl 1 CMbIBA C €€ NOBEPXHOCTU B NPUPOLHbIE BOAOEMbI. AACOPOLMNOHHbIE AaHHble Takke MOryT 6biTb UC-
MoNb30BaHbl A/11 CPaBHEHUA XMMUYECKUX BELWECTB U ANA MaTeMaTUyeckoro MoAenimpoBaHnsa nx noBefeHus
B rnouse.

2 PacnpeperneHve XMMUYECKOr0O BelLecTBa Mexay TBepAoi M BOoAHOW dpaszaMy NOYBbl — 3TO C/IOXKHbIN
npouecc, 3aBUCALLMNIA OT MHOTUX NapaMeTpoB: XUMWYECKON MpMpoabl BewecTBa, CBONCTB NOYB M KaumMaTuye-
CKMX (DaKTOpOB, TakMx Kak TemnepaTypa, 0cajku, YpOBEeHb CO/IHEUYHOWN pajuaumn n sBetep. Takmm obpasom,
MHOXECTBO SIB/IEHWIA U MEXaHM3MOB BK/HOYAKOTCA B NpOLECC afcopoLuyM XMMUYECKUX BELLeCTB NOYBON U He
MOryT 6bITb B NOSIHON Mepe 06bACHEHbI NPV NOMOLLM YNPOLWEHHbIX NabopaTopHbiXx MoAeNnen, npepcras/eH-
HbIX B 3TOM PykoBogcTBe. OfHako, HECMOTPSA Ha TO, YTO TAKOro poja WCCNefoBaHWSA He MOryT onucaTtb Bce
BO3MOXHble B NpUpoAe c/iyyan, OHN BCE PaBHO Jal0T HaM BaxHyl MHdopmauuto 06 agcopbumm XMmmuyeckmx
BeLLecTB MNOYBON B €CTECTBEHHbIX YC/I0BUAX.
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M E X T OCVYAAPG CTUBETHH HBDB 1 CTAHOAPT

METO/b! VCMbITAHUA XUMWUYECKOW MPOAYKLUMW, MPEACTABASAIOLWEN ONACHOCTb
[U151 OKPYXXAIOLLEV CPEAbI

N3yueHne agcopbuum-gecopbumm 3aMKHYTbIM pPaBHOBECHLIM MeTOA0M

Method of testing the chemicals hazardous to the environment.
Adsorption-desorption using a batch equilibrium method

Jata BBegeHuna — 2023—12—01

1 O6nacTtb NpUMeHeHNs

1.1 [aHHbIl cTaHOgapT NpefHasHayeH ANA OUEHKUM COPOLUMOHHO-AECOPO6LUOHHOTO NOBEAEHUSA pas/iny-
HbIX BelecTB B noyse. C ero NOMOLLbID MOXHO MoayYyaTb 3HAYEHUS BENUUYUH copbuun Ans npejckasaHusa no-
BeJEeHMA BeLLecTB B pPas/IMUHbIX NPUPOAHbLIX YCNOBUAX: C 3TOW Lenblo KOIdUuNeHT paBHOBECHON copbuun
onpepensetTca Kak hyHKUUA NOYBEHHbIX XapakTepUCTUK (CofepxaHue opraHMYeckoro BeLLecTBa, rpaHysoMe-
TPUYECKNA cocTas, CnoxeHne noysbl, pH 1 gp.). MoaTomy NpMXoAUTCA UCMNOMb30BaTb Pas/fiMyHble TUMbl MOYB
C LEeNbl OLEHKN BCEX BO3MOXHbIX B3aMMOAENCTBUIA faHHOTO BeLLECTBA C MOYBON B €CTECTBEHHbLIX YC/IOBUSIX.

1.2 B gaHHOM cTaHfapTe aacopbuus npeactaBnisieTcsa Kak Npouecc CBA3bIBAHUA XMMUYECKOTrO BellecTBa
NOBEPXHOCTbIO MOYBEHHbIX YacTul,. 3[eCb OHa He pasfenseTca Ha pas/inyHbie CopoLMOHHbIE npouecchl (Pusmn-
yeckas n xMmumyeckas copbuus) n Takne SBJIEHUS, Kak NOBEPXHOCTHOE KaTa/iMTU4eckoe pasnoxeHne, o6beMHas
ancopbuma n NOBEpPXHOCTHbIE XMMUYeckMe peakuuu. Agcopbumsa, nponcxogsawas Ha NnoYBEHHbIX KOMNOUAHbLIX
yacTtuyax (< 0,2 MKM), MOCTOSIHHO FeHepupyeMbix NOYBOI, HE MPUHMMAETCA B pacyeT B MOJSIHOW mepe.

1.3 MouyBeHHbIE NapameTpbl, KOTOpble ABAAKTCA Haubosnee BaXHbIMU ANA U3y4eHUs copbuum, — 3TO
cogepxaHue opraHuyeckoro yrnepoga [3], [4], [12]—[14], [41], [43], [44]—[48], rpaHyNOMETPUYECKN COCTaB U
cnoxeHue noussbl [3], [4], [41]—[48], pH onAa BewecTs, cNOCOOHbLIX K MOHU3auun [3], [4], [42]. Apyrve noyBeH-
Hble XapaKTepucTUKN, KOTOpble MOTYT OKa3aTb BAMAHME Ha COPOLMOHHO-AeCcopbLUNOHHOE paBHOBecue, Takune
KaK apheKkTuBHas €MKOCTb KATUOHHOIO o6MeHa, coaep)XaHne aMopPHbIX TMAPOKCUAOB Xenesa n alloMUHUSA,
0COBGEHHO HYXHO MPWHUMAaTb B pacyeT Npu MccnefoBaHUM BYJ/IKAHUYECKUX, TPOMUYECKUX noys [4] U noyB co
cneundunyeckoin NoBepxHoOCTbo [49].

1.4 TecT, cnyxawuin ona oueHKM afacopobumm XMMMYecKoro BewecTsa noYyBamm pasHblX TUNOB, pasnnya-
IOLLLMXCA MO COAEPXaHUID OPraHM4yeckoro BelLecTBa, rpaHy/loMeTpuyeckoMy coCTaBy, CMIOXEHUO 1 pH, BKO-
yaeT B cebsa Tpu cTaaunu:

1) noagroToBUTENbLHAA CTaAUsA CAYXUT 41 onNpefesieHns:

- COOTHOLEHMS no4ysa — pacTBop;

- KONIMYecTBa uccnefyemMoro BellecTsa, copbupyemoro noysoi, 1 BpeMeHU YCTaHOBNEHWUA paBHOBECUS;

- KonmMyecTBa BelecTBa, COpbMpyemMoro cTeHkamu TECTOBOW MOCyAbl, U CTOWKOCTM BeljecTBa BO BPeEMS
npoBefeHNsI TeCcToB.

2) CKPUHUWHTOBBLIWA TECT: agcopbuuio nccnegyroT Ha NoyYBax NATM TUNOB NOCPEACTBOM U3YYEHUS KMHETUKU
cop6uun Ans oAHOW KOHLUEHTpauumn BellecTBa M pacyeta koaduumeHToB pacnpegenenuna Kdwu Koc;

3) nocTpoeHue n30Tepmbl copbuumn ®peliHannxa AN yCTaHOB/IEHUSA BAUSHUSA KOHLEHTpauumn BellecTsa
Ha cTeneHb agcopbuun ero NoYBON. ViccrnenoBaHe KMHETUKM AecopbLnm 1 NoCcTpoeHue 4ecopbuMoHHOR 130-
TepMbl ®petHaAnMXa NPUBEAEHDbI B NPUMOXEHNN A.

2 HopMaTUBHbIE CCbIJIKU

B HacTosileM cTaHfapTe HOPMAaTMBHbIE CCbISIKM OTCYTCTBYIOT.

M3gaHne opuunanbHoe



FOCT 33060—2014

3 TepMuHbI 1 onpenesieHus

OnpepgeneHusi, 0603HaYeHNa U edUHULbl U3MEPEHUA AaHbl B pasfene «[aHHble U oTueT» U Npunoxe-
HUM B. Macca nousbl B NPUBEAEHHbIX B HUX YPABHEHUSIX NpuBegeHa Kk abCcoMoTHO CyXOi mouyse.

4 MNpuHUUN TecTa

4.1 N3BeCTHble 06bEMbl pacTBOPOB TECTUPYEMOro BellecTBa (pagMoakTUBHO MeUYeHbIX NN HEMEeYEHbIX)
M3BECTHOI KOHUeHTpauun B 0,01 M CaCl2 go6aBnsioT kK o6pasuam MOYB U3BECTHON Macchl, 3apaHee ypaBHO-
BELIEHHOI € 3TUM Xe pacTBopoM. Cmecb B36anTbiBalT AOCTATOYHOE KO/IMYECTBO BPEMEHU AN yCcTaHOBe-
HUA paBHoBecus. [lasiee NOYBEHHYIO CYCNEH3UI0 LEeHTPUQYrnpyoT, UIbTPYOT U BOAHYI ha3y aHa/In3npyoT.
Cop6bupoBaHHOE KOIMYECTBO ONpeaensaT No pa3sHOCTU MeXAy M3HavyasibHO BHECEeHHbIM KO/IMY4eCTBOM Belle-
CTBa M KO/IMYECTBOM, OCTaBLIMMCS MOC/Ae OKOHYaHMS 3KcnepuMmeHTa (HENpsiIMOn meToa).

4.2 Kak BapuaHT, KONIMYeCcTBO aAcopOupOBaHHOrO BellecTBa MOXET ObiTb ONpeAesieHO U HanpsaMylo aHa-
Nn3oM nouBbl (NpAMO MeToa). XOoTa 3TO AenaeT npoueaypy onpegeneHus 6onee ANINHHOK M TPYJOEMKON, Tak
Kak nosensieTca Heo6XxoAMMOCTb NPOBOAUTL IKCTPaKLMIO BellecTBa M3 MNOYBblI COOTBETCTBYHOLMM pacTBopuTe-
Nem, TOT METOJ, MOXHO PeEKOMeHA0BaTb B TEX C/lyyasix, Korga pasHuly Mexay HayanbHOW U KOHEYHOW KOHLEH-
Tpauuei BeliecTBa TPyAHO onNpefenunTb C HYXXHOW TOYHOCTbI0. Mprumepbl Taknx crydyaes: agcopbumnsa seliectsa
CTEHKaMun nocyAabl; HeCTabuNbHOCTL BeLecTBa BO BPeEMS 3KCMepuMeHTa; cnabas agcopbuus, npuBoaswas K
He3HauynTeNbHbIM U3MEHEHUAM KOHLEeHTpaLuun BelecTsa B pacTBope; HA0b0opoT, cunbHasa agcopbuns, kotopas
OCTaB/SIET B pacTBOpPE He3HauunTeslbHble KONMYECTBa BEL|ECTBA, KOTOpPble TPyAHO onpefenuTb ¢ HE06XoAnMO
TOYHOCTbH0. pK UCNONb30BaHUM PAAMOaKTUBHOW METKM NPOLLEeCC 3KCTPaKLUM MOXET ObiTb 3aMEHEH CXUraHnem
NMOYBEHHON (hasbl U N3MEPEHVNEM PafNOaKTUBHOCTU CUMHTUANALMOHHBIM MeTogoMm. O4HaKo AaHHblA MeTon He
no3BosifieT oTAeNNTb pPafMoakTUBHOCTbL CamMoro BellecTBa OT pagMoakTUBHOCTU ero MetabosiMTos, NO3TOMY OH
MOXET NPUMEHATHLCA TOMIbKO AN BELEeCTB, CTabU/bHbIX B TEYEHUE BCEr0 3KCnepumeHTa.

5 NHgopmayma o TeCTUPYEMOM BellecTBe

5.1 XvMmunyeckme peareHTbl fO/HKHbI 6bITb @aHANMTUYECKON YMCTOThI. [pM MCNONb30BaHUN PaANOaKTUBHO
HeMeYeHbIX TECTUPYEMbIX BELIECTB M3BECTHOro cocTaBa PeKoMeHAyeTCcAa MCMNosb30BaTb 06pasubl He MeHee
95 % yucToTbl. Korga ncnosb3yT pagnoakTUBHO MeYeHble TeCTUPYEMble BELeCcTBa, TO OHU He AOJIKHbI 6biTb
M3BECTHOIO COCTaBa W He A0/DKHbI COoAepXaTb pafnoakTUBHbIX Npumeceil. B cnyyae ecnu BewecTBo pagno-
MeTKW MasnocTabuibHO, TO 3TO JO/KHO ObiTb COOTBETCTBYHOLWMM 06pa3oM yyTeHO.

5.2 MNepep npoBegeHnem Tecta no agcopoéuynmn-gecopbumm Heo6xoanMMo MMeThb caeayLwy nHgopma-
LU0 O TECTUPYEMOM BeLllecTBe:

- pacTBOpPUMOCTb B BOJE;

- JaBfieHne NapoB WM KOHCTaHTy [eHpu;

- PYHKUMIO 3aBUCUMOCTN abnoTnyeckoro rmgponusa ot pH;

- KoahhuuMeHT pacnpeneneHus n-oktaHon/soaa,;

- CNoco6HOCTb K 6buogerpagaumy nnn asapobHoin n aHaspobHOW TpaHcdopmaunun B NOYBE;

- KOHCTaHTy pKaans noHu3ylLWwmnxcs BeLecTs;

- npsAmMoi oTonms B BoAe (nornoweHne B YO 1 BUAMMOW 4acTu CnekTpa, KBaHTOBbIN BbiIxoad) U ¢hOTO-
perpajaumns B noyse.

6 NMpnmeHUMOCTb TecTa

6.1 [laHHbI TecT NPUMEHMM L1 BCEX BELLECTB, A8 KOTOPbIX pa3paboTaHbl AOCTATOYHO TOYHbIE aHANNTU-
yeckne MeToAbl UX onpepeneHus. BaxHblii napameTp, BAMAIOWWA HA AOCTOBEPHOCTb MOJIyYEHHbIX pPe3y/bTaTos,
0COGEHHO, €c/in UCNoJb3YHT HENPSIMO MeTO/, 3TO CTOWKOCTbL BellecTBa BO BpeMsl TecTa. [103ToMy B npeaBapu-
TeNbHbIX MUCCNeAoBaHUsX 06a3aTeNbHO A0/HKHA NPOBEPATLCA CTabubHOCTL BewecTBa. Ecnm o6HapyXeHo ero
pasfnioxXeHne B XoA4e 3KCNepMMeEHTa, TO PEKOMEHAYETCS aHaIM3NPOBaTh Kak BOAHYH, Tak U TBepAayt a3y MouBbl.

6.2 TpyfHOCTM MOTYT BO3HWKHYTb NpW NPOBeAEeHNUM TecTa C MasiopacTBopuMbIMK BelecTBamu (Sw< 10-4 r/n),
a TakkKe C CUMIbHbIMU 3NEKTPONUTAMU BBMAY TOFO, UTO MX KOHLEHTPaLUW B BOAHON (pase He MOTyT 6biTb M3MEPEHBI
C Heob6Xxo0ANMON aHaNUTUUYECKO TOYHOCTbIO. B TakMx criydasix NpuxoanTca npuéeratb K 4ONOSHUTENbHBIM Mepam.
Kak noctynatb B Takux ciy4vasx, nogpo6bHO onucaHo B COOTBETCTBYOLWMX pa3genax 3Toro ctaHgapra.

6.3 MNpu paboTe c neTyymmu BellecTBamu cobnfanTe OCTOPOXHOCTb, YTOOLI M36exaTb NOTepb Beule-
cTBa B npouecce TecTa.
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7 OnwucaHwue TecTa

7.1 O6opyaoBaHne N XMMUYECKME peareHTbl

CtaHpapTHOoe nabopatopHoe o60opyAoBaHNe NPUBELEHO HUXKE.

Mpo6upkn 1 Konbbl gNA NPOBEAEHUS 3KCNEPUMEHTOB. 3TM NPOOMPKM MM KONObI AO/MKHbI MMETb BO3-
MOXHOCTb HanpsMyl yCTaHaBWBaTbCA B LEHTpUdyry Bo nsbexaHve notepb npu nepeHeceHnn BelLecTsa U
[OJ/DKHbI 6bITb CAEeNaHbl U3 MHEPTHOrO MaTepuana, MMHUMasbHO afcopbupylowero TeCTMpyeMoe BeLLECTBO.

MepemewnBaluLee YCTPOWCTBO: KPYroBoli BCTpsiXMBaTesb WAW aHanornyHoe obopygoBaHue, cnocob-
HOe co3jaBaTb NOYBEHHYI CYCNEH3UH0.

LleHTpudoyra, nyywe BbICOKOCKOPOCTHas ¢ yckopeHuem 6onee 3000g, TepMmocTaTupoBaHHas 1M cnocob-
Has ocaxgjaTb U3 BOAHOIo pactBopa vyactuubl kpynHee 0,2 MmkM. B xoae B36anTbiBaHnsa 1 LEHTpUQyrnposaHns
nocyga Aos/HKHA ObiTb 3akpbliTa KpbllWKaMy BO M36exaHue noTepb pacTBopa W yneTyymBaHus BewecTsa U3
cycneHsmn. Ytobbl MMHMMU3NPOBATL afcopbuunio, cnefyeT UCNOMb30BaTb KPbIWKA M3 MHEPTHBLIX MOKPLITUA,
Takux kak TedpnoH (Teflon®).

JononHntensHoe obopyaoBaHue: (QUIbTPOBasibHAsA YCTaHOBKA; (MWUAbLTPbI C AMAMETPOM MNOp MeHee
0,2 MKM, 0AHOpa30Bble, CTEPU/bHbIE. UTOOLI n36exaTb NoTepb TECTUPYEMOro BellecTBa Ha unbTpax, cne-
ayeT o6patnTb 0co60e BHMMaHWEe Ha matepuas, U3 KOTOPOro OHW M3roTOB/EHbI. JNA ManopacTBOPUMbIX Te-
CTupyembiX BelecTB Cbl/ll'lepr N3 opraHN4Yecknx matepumasioB He peKOMeHAYHTCA.

AHanutnyeckoe obopypoBaHue: Npubopbl, CNOCO6HbIE ONpefennTb KOHUEHTpaLUK TEeCTUPYEMOro Be-
uwecTsa.

NabopaTopHbIli CYWNIbHbIA WKad AOMKEH nogaepxusate Temnepatypy 103 °C — 110 °C.

7.2 XapakTepucTuUKn no4vs u ux BbIGOP

7.2.1 MouBbl AOMKHbI O6bITb OXapakTeprM3oBaHbl N0 TPEM OCHOBHbIM NapameTpam, Hanbosnee CUNbHO BANSA-
IOLWMM Ha aACOpPO6UMOHHYK CNOCOBHOCTbL: COAEpXaHNe OpraHMYeckoro yrinepoga, rpaHyioMeTpuyeckuii cocTas,
cnoxeHvie nousbl 1 pH. Kak yxe ynomuHanoch B 1.3, gpyrue ou3nkKo-xmMuyeckne cBONCTBa NOYBbI MOTyT B/U-
ATb Ha agcopb6unio-gecopbLmio HEKOTOPbIX BELWECTB, K UX cnefyeT Takke yYnuTbiBaTb B TAKUX Clydvasx.

7.2.2 MeToapbl, KOTOpble MCNOMbL3YKTCA ANA aHanM3a NOYBEHHbLIX XapaKTepUCTUK, MUMEKT onpepensio-
wee BAWSAHWE Ha NONyYeHHble pesynbTaTbl. MMo3aToMy pekomeHayeTcs, 4To6bl pH onpegensnu B pacTeope
0,01 M CaC12 (TakoM Xe, Kak 1 B afCOpPOLNOHHO-4eCOPOLMOHHbIX 3KCNEepMMeHTax) B COOTBETCTBUM C METOA4OM
ISO [53]. Bce ocTanbHble napamMeTpbl Takke pPeKOMeHAYeTCs onpeaensTb B COOTBETCTBMU CO CTaHAAPTHbIMU
metogukamu (Hanpumep, ISO «AHann3 nousbl. CnNpaBoYHUK»). Bnarogaps aTomy pesynbTaTbl COPOLMOHHbIX
9KCMEePUMEHTOB MOTYT ONMMPAaTbCHA Ha CcTaHAapTHble Mo4yBeHHble ISO napameTpbl, 06WENPUHATLIE BO BCEM
Mupe. HekoTopble CywecTBYOLIME PYKOBOACTBA MO MPOBEAEHUIO NOYBEHHbLIX aHANM30B NpUBEeAEHbl B 6U6GIM0-
rpacoun [50]—[52]. Ons kanubpoBKM MeTOAO0B aHasM3a NoyYB MOTYT WUCMOMb30BaThbCA 3TaslIOHHbIE 06pasubl
nouB.

7.2.3 WHCTpyKuMs no BbIGOPY MOYB AN COPOLMOHHO-AECOPOLMOHHBIX 3KCMEPUMEHTOB MNpuUBELEHa B
Tabnuue 1. Cemb BbIGpaHHbIX NOYB OOLIYHO LUMPOKO pacnpocTpaHeHbl B YMEPEHHOW TeMnepaTypHoli reorpa-
hnueckoin 30He. 1N Bew,ecTs, CNOCOOHbLIX K MOHMU3ALUMN, BbiOPaHHbIE NOYBbI AO/MKHbI MOKPbIBATb AOCTATOYHO
WNPOKNIA MHTepBan pH, 4To6bl onpeAennTb aAcop6UUID OAHHOTO BellecTBa Kak B MOHU30BAaHHON, Tak U B
HEVWOHN3NPOBAHHOW (hopme. Yka3aHue, Kakoe KO/IM4eCcTBO NOYB MCMOMb30BaTbh Ha pas3/IMUHbIX 3Tanax akcne-
pumMeHTa, npuBefeHo B pasgene «lMpoBegeHue TecTa».

7.2.4 MHorga, KpoMe ykasaHHbIX MOYB, BO3HMKAET HEOOXOA4MMOCTb UCC/Ief0BaTh NOYBbLI XONOA4HbIX, YMe-
PEHHbIX UK Tponuyecknx nosicos ctpaH OICP. OgHako, gaxe ecnu BbiGUparwTca Apyrne NOYBEHHbIE TUMbI,
OHU [0/IKHbI XapakTepu3oBaTbCA CXOAHbIMW NMOYBEHHLIMW NapamMeTpamMu U MMeTb BapbupoBaHue 3Tux napa-
MeTpoB, NOA06HO NoyBam, NPUBEAEHHbIM B Tabnuye 1, Jaxe ecnu UX Henb3si CONOCTaBUTb B MOJIHON Mepe.

Tabnuuya 1— Bblibop noyus ansa tecta no agcopoéuun/gecopbumnn

Tvin nouBbl (f'&%gal\iocHaEZ) Cog&%‘?%;%ﬁ”&' e Cop,epx(a(l:/l: € [kHe, IpaHynomeTpuYeckuii coctasl)
1 45—55 1,0—2,0 65—80 nHa
2 >7,5 3,5—5,0 20—40 [ MMHUCTBIA CYTNNHOK
3 5,5—7,0 15—3,0 15—25 VAUCTbIA CyriMHOK
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OkoHuaHve Tabnuupl 1

Twn noussbl (f'g;ga'\;ogang) Coggeﬁijﬂgp%?qr;”;?e' Co,u,epma:/zle FNHbL, paHynomeTpuyecknini coctasl)
4 Sobh 3,0—4,0 15—30 CyrnnHoK
5 <4,0—6,02) <0,5—1,5223) <10—152> MecuaHbIin CyrnMHOK
6 >7.0 <0,5—1,02) 3) 40—65 FMHUCTBIA CYrMHOK/TMHA
7 <4,5 >10 <10 Mecok/cyrnMHNCTLIN Necok

1) Knaccndomkaumm FAO n US (85).

2) lyyile, ecnun 3HauveHve yknaaplBaeTcs B NPUBEAEHHbI UHTepBan. Mpu TPYAHOCTSIX C MOMCKOM Takoro o6pasua
MCNOMb3YIOT 3HAYEHNE HUKE MUHUMASILHOTO.

3) [lns NoyB € coepXXaHWeM opraHmnyeckoro yrnepoga meHee 0,3 % He Bcerga HabnogaeTcst Koppensuus 3Toro no-
KasaTtens c agcopbumeil. PekomeHayeTcst NCMO/b30BaTh NOYBbLI C COAEPXXAHMEM OpraHnyeckoro yriepoga 6onee 0,3 %.

7.3 OT6Op U XpaHeHUe NoYBEeHHbIX 06pasLOB

7.3.1 NMpo6ooT60p

Hukaknx cneuyudnyeckux TpeboBaHnini K 0T60py 06pasuoB He npeabsaBnseTca. TexHuka oTbopa npob
3aBUCUT OT LeNeil, NocTaB/IeHHbIX B nccnegosaHum [53]—[58].

[onxHbl 6bITb COGNOAEHBI cneaywwme npasmna:

- Heobxoguma feTanibHasA uMHopMauusas O nose, Ha KOTOpPOM Mpoucxofun oTéop npob; oHa [O/KHA
BK/IlOYATb B Ce6a pacnosioxeHne Nons, NponuspacTaloLlyto Ha HEM KyNbTypy, UCTOPUI0 BHECEHUSA yA0BpeHnid n
necTuumaoB, 3HaHMe 0 Buonornyeckmx fo6aBkax U TEXHOTEHHbIX 3arpsa3HeHuax. [ns onucanusa mecta otéopa
npo6 pekomeHAyeTCcA MCNONb30BaTb COOTBETCTBYHOLWME pekomeHgaumnmn [58];

- [O/MKHBI ObITb OnpefeneHbl reorpaMyeckme KoopaAmHaTbLl MOMA, HA KOTOPOM OTGupanucb obpasbl.
OTO NOMOXET BOCCTAHOBUTbL MeCTO Npo6ooTbopa B byaylieM, a Takke onpeaeinTb TUN NOYBbI NO Pa3/INYHbLIM
knaccudukaunsam, NPUHATBIM B pasHbiX cTpaHax mupa. OT6upaTb cnefyeT TO/IbKO BEPXHUIA FOPM3OHT A A0
rny6uHbl 20 cMm. UckntouveHnem asnseTca noysa Ne 7; B TOM cnyyae, ecnv ropusoHT Qh (noacTtunka) npepcras-
nsieT coboil YacTb NOYBEHHOrO Npodhunsa, oHa Toxe Ao/HKHa ObiTb 0OTOGpaHa B kayecTBe 06pasLa;

- oTO6paHHble 06pasubl cnegyeT TpaHCNOPTMPOBAaTbL B KOHTEMHepax M npu TemnepaTypHbIX YCNOBUAX, ra-
paHTMPYHOLLKMX, YTO B NpOLLecCce TPAHCNOPTMPOBKN HE NPON30MAET CyLeCTBEHHbIX U3MEHEHUI NOYBEHHbIX CBOWCTB.

7.3.2 XpaHeHue

[Ona aHanusa pekoMmeHayeTca 6paTb CBeXeoTobpaHHble obpasubl noys. B Tex cnyvasax, korga aTo He-
BO3MOXHO, MOYBY XPaHAT Npu TemnepaType okpyxaklieil cpefbl B BO3AYLIHO-CYXOM COCTOSIHMM. HeT makcu-
MasibHOro cpoka XpaHeHWs MOYBEHHbIX 06pa3LoB, 04HaKo AN NOoYB, XpaHAWMXca 6onee Tpex netT, HeobxoaMmMo
nepej TeCcTOM 3aHOBO OMNpefesninTb CoAepXaHue opraHuyeckoro yrnepoga, pH v eMKoCcTb KaTUOHHOro obMeHa.

7.3.3 NMopgrotoBka Npo6 noysB Ans TecTa

7.3.3.1 lMouBa f0/KHA HAXOANTLCA B BO3AYLUHO-CYXOM COCTOSHMU. TemnepaTypa B nabopaTopun L0X-
Ha 6bITb B nNpegenax 20 °C — 25 °C. [esarperauutd Heo6xo4MMO NPOBOAUTb C MUHUMAIbHBIMU YCUUAMU,
4YTO6bI CTPYKTYpa MOYBbl M3MEHUNaCb HACTO/IbKO €N1abo, HACKO/IbKO 3TO BO3MOXHO. oyBa Ao/KHa 6bITb Mpo-
cesiHa Yepes3 CUTO C AMaMeTpOM OTBEPCTUA 2 MM B COOTBETCTBMM C pekomeHgaumnamu [58]. MepemelwBaHme
noysbl cnefyeT NPoOBOAUTL TLLaTe/IbHO, 3TO MOBLICUT BOCNPOU3BOANMOCTL Pe3y/bTaToB.

7.3.3.2 BnaxHoCTb MoYBbl ONpPeaensanT B TPEX MOBTOPHOCTAX METOAOM BbICYLWWBAHUA B CYLUW/IbHOM
wkady npu Temnepatype 105 °C go Tex nop, noka Bec o6pasLoB He nepecTaHeT MeHATbCA. Bce pacueTtsl
cnefyet Npon3BoAUTL Ha abCOMOTHO CYXYH0 HaBeCKy.

7.3.4 TlogrotoBkKa TeCTUPYEMOTrO BelwecTBa A/11 BHECEHUSA B MOYBY

7.3.4.1 Tectnpyemoe BellecTso pactesopsAtoT B 0,01 M pacteope CaCl2, npurotoBsieHHOM Ha AUCTUININPO-
BaHHOW MAv 0EeNOHN3NPOBAHHON Boge. [laHHbIi pacTBOpP UCNONb3YIOT B KAYECTBE XMAKOM hasbl Ans obneryeHus
LeHTpUyrMpoBaHmsa M MUHUMMU3ALUN KaTMOHHOTO obmeHa. KoHueHTpauus ucxofHoro (rosIoBHOro) pacrteopa
JOMXHA ObITb Ha TpW nopsgka Bbille, YeM MUHMMasbHasA KOHLUEHTpaLus BelwecTBa, AeTekTupyemas BblOpaH-
HbIM aHanUTUYecKMM MeToAOoM. DTOT NOPOr rapaHTUpyeT TOYHOCTb udmeperHnsa (9.2.1.7—9.2.1.11). Kpome Toro,
KOHLLeHTpaLunss UCXOA4HOro pacTeopa A0/hKHa OblTb HMUXEe pacTBOPMMOCTU UCCefyeMOro BellecTsa.

7.3.4.2 NcxopHbl rON0OBHOW pacTBOp AOJ/DKEH 6biTb MPUIOTOB/IEH HENOCPEeACTBEHHO nepeg akcnepw-
MEHTOM U lO/IKEH XPaHUTLCA B TEMHOTE npu Temnepartype 4 °C. MakcMmasibHO BO3MOXHOE BpeMs XpaHeHus
3aBNCUT OT CTabUILHOCTN BeLLEeCTBa U ero KOHLEeHTpauum B pacTsope.
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7.3.4.3 Tpu npoBefeHUn TeCcTOB C MasiopacTBOpUMbIMUK BewecTtBamu (Sw< 10-4 r/n) MoxeT NoHapno-
6MTbCHA BBefEeHMEe B pacTBOp pacTBopslWuMX f06aBOK, obneryawwmx pacTBOpeHue BeuiecTsa. dTW Belle-
CcTBa AO/KHbI: CBOGOAHO CMelwmnBaTbCa C BOAOW (Hanmpumep, MeTaHOA WM aueTOHUTPU); MX coaepxaHne B
ro/IOBHOM pacTBOPE He A0J/IKHO npeBbiwaTth 1 % no 06beMy U COCTaBATL faXe MeHbluee KOJIMYECTBO B pac-
TBOpE, KOTOPbIii 6yaeT HeNocpeaCcTBEHHO B3aMMOAENCTBOBATbL C NoYBON (pekomeHayeTcsi meHee 0,1 %); OHM
He AO0/MKHbI 06najaTb NMOBEPXHOCTHON akTUBHOCTbIO UAW BCTynaTb B peakuun ¢ UccriefyembiM BeL,eCcTBOM.
Micnonb3oBaHWe JaHHbIX BELWECTB AO/IKHO OGbiTb ONpaBAaHHO M COOTBETCTBYHLMM 06pa3oM OTPaXeHo B pe-
3ynbTatax aHanusa.

7.3.4.4 AnbTepHaTUBHbI CNOCO6 MCMNOMIb30BaHUA MasiopacTBOPMMbIX BELWECTB B 3KCMNEPMMEHTE — 3TO
BBEAEHMNE TECTUPYEMOrO BeLllecTBa, PacTBOPEHHOrO0 B HEOO/bLIOM KOJIMYECTBE OPraHM4ecKoro pacTtBOpu-
Tens, B cuctemy noysa — 0,01 M pactsopa CaCl2. CogepxaHue opraHM4Yeckoro pactBopuTens He AO0JDKHO
npesbiwaTth 0,1 % oT obuwero obbema xXuakoi dasbl. OgHako uccregoBaTenb AO/MKEH MOMHUTb, YTO Takol
cnocob BBeAEHMS BellecTBa MOXET HeraTMBHO CKa3aTbCsl Ha BOCMPOW3BOAUMOCTM 3KCMEPUMMEHTa, Tak Kak
KOHLEeHTpauusa nccneayemoro Belecrtsa He Bcerga 6yaeT ogmMHakoBa BO BCEX 3KCNEpUMEHTax.

8 MpeaBapuTenbHble YCNOBMUSA A/ NPOBeAEHNS afcopbLUVMOHHO-AeCOP6LNOHHOIO
TecTa

8.1 AHanuUTU4YecKuin MeTop,

8.1.1 KnwouyeBbIMW napameTpaMu, BAUAKOWKUMU HA TOYHOCTb COPOLMOHHLIX MUCC/eA0BaHUN, ABNAOTCA:
TOYHOCTb @Ha/IMTMUYECKOro mMeToda onpegeneHns KOHLEeHTpauuu BellecTBa, kak B BOAHOW dhase, Tak 1 B no-
4yBe; YyncToTa M cTabunbHOCTb TECTUPYEMOTrO BelLecTBa; AOCTMXEeHNe COPOLUNOHHOIO paBHOBECUSA; BenYMHa
M3MEHEeHNA KOHLEeHTpaLuumnm pacTeopa; COOTHOLWEHMe noysa — pPacTBOp U U3MEHEHWE MOYBEHHON CTPYKTYpbl B
npouecce AOCTMXeHUSA paBHoBecusa (8.1.4, 9.2.1.12, 9.2.2, 9.2.3.1). HekoTopble nNpumepsbl, Kacawlmecs BoO-
MPOCOB TOYHOCTW pPe3y/bTaTos, NpuUBEAEHbl B NpuaoxeHun C.

8.1.2 BO3MOXHOCTb MCMOJIb30BaHWA TOrO WIN UHOTO aHa/IMTUYECKOro MeToda HeobXoAWMO OLeHuBaTb
C y4eTOM Tex KOHLEeHTpauuii, koTopble Heob6xogMmMo 6yaeT onpefenaTtb. Kaxablii uccnegoBatesib MOXET Bbl-
6paTb MeTof, NOAXOAALWMA eMy Mo TOYHOCTW, BOCMPOU3BOAMMOCTU, NMpefeny onpefeneHns U OTKpbiBaeMo-
CTU. HekoTopble pekoMeHAauuy No BbIGOPY MeToAa AaHbl HUXe.

8.1.3 Heobxoaumblii 06bem 0,01 M pactBopa CaCl2 (Hanpumep, 100 mn) B36anTbiBalOT B TEYEHUE YEThI-
pex yacoB C HaBeCKOW no4sbl, Hanpumep 20 1 (418 CUIBLHO COPOUPYIOLLMX NOYB C BbICOKMM COAEpXaHueM op-
raHM4yecKoro yrnepoga); aToT BeC 1 06beM MOXHO MEHSATb B LUMPOKUX Npegenax, HoO COOTHoweHne 1/5 06bI4HO
ABNAeTcA 06WenpuHATLIM. CycneH3nio LeHTpudyrupyoT u dunbTpyloT. Janee 6epyT Heobxoanmoe Konunye-
CTBO TOJ/IOBHOTO pacTBopa, A006aBnsAlT K PuUAbTpaTy A0 AOCTUXEHUA TeX YPOBHEN KOHUEeHTpauuil, KoTopble
npeanonaraeTca onpefenaTb B xofe Tecta. flo6asnsemblii 06beM He Ao/XeH npesbiwarte 10 % ot nosny-
YEeHHOro NOYBEHHOIO pacTeBopa, YTobbl CBECTU K MUHUMYMY HapylleHue paBHOBecus. PacTBOp aHa/M3npyoT.

8.1.4 OpguH pacTBOp (X0N0CTOlM BapmMaHT) aHaNM3upyoT 6e3 gobaBneHns TeCTUPyeMoro BelecTBa, YTo-
6bl onpefennTb BO3MOXHblIE MHCTPYMEHTa/IbHble OLWNOKKN, CBA3aHHbIE C MaTpuLei noysbl.

8.1.5 AHanuTnuyeckne MeTofbl, KOTOPbIE MOXHO UCMONbL30BaTh A/19 U3MEPEHUSA KOHUEeHTpaLun BELLEeCTs,
BK/1IOYAIOT B CE6S ra3oXunakocTHyt xpomatorpaduio (MKX), BbICOKOI hEKTUBHYHO XUAKOCTHYIO XpomaTorpa-
uto (BIXKX), cnekTpoMeTputo 1 CLUHTUANALNOHHbIE UccnefoBaHns (4N pagnoakTUBHO MEY€eHbIX BeLLecTB).
Hes3aBucumo OT BbIGpaAHHOro MeTofa onpefeneHns, oH gomkeH gasatb 90 % — 110 %-Hyl0 OTKPbIBAEMOCTb
A1 NCNONb3yeMbIX KOHUEeHTpaLuuii BelecTsa. UTobbl NpaBubHO paccuntaTb BENMUYUMHY copbummn, nocne Toro
KaK Bew,ecTBO pasfennnocb mexagy ¢asamu, Heo6xoAMMO, YTOObl MUHMMaNbHbLIA Npegen AeTekTMpoBaHus
6bl1 Ha ABa NOpsiAKa HWXe ero onpeaensiemMoil KOHLEeHTpauum.

8.1.6 3HaHMe xapakTepuCTUK W npepena AeTeKTUPOBaHUA aHaNUTUYECKOro MeTofa onpefesieHnsa He-
06X04MMO AN M3YyYeHUA afcopbummn n urpaet BaXHYH pOSb B 9KCMEPUMEHTANIbHON 4YacTh UccnefoBaHus B
uenom. flanee B 3TOM cTaHfapTe peyb NoingeT o6 OCHOBHOW YacTu 3KCnepumeHTa n 6yayT AaHbl pekomeHaa-
Lun ANa NPUroToBJ/IEHNSA aflbTEPHATUBHBIX PACTBOPOB /1A TeX 1abopaTtopuii, KOTOpble orpaHnyeHbl B UCNOJIb-
30BaHUN aHaNINTUYECKUX METOLOB U UMEKT HeL0CTaTOYHOE OCHalleHue.

8.2 BbI6Op ONTUMas/IbHOIO COOTHOLWEHUS NoyBa/pacTBop

8.2.1 BbI60p COOTHOLWEHMSA NOYBbI M pacTBopa B COPOLMOHHBIX 3KCNEPUMEHTAX 3aBUCUT OT KO3 uuu-
eHTa pacnpegeneHua Kd un ypoBHa agcopbuumn BelwecTBa NOYBONM. VI3MeHeHMe KOHLeHTpauuu mccriefyemMmoro
BellecTsa B pacTBope onpepesisieT CTaTUCTUYECKY TOYHOCTb M3MEPEHUS, OCHOBAHHYIO Ha BUAe COpPOLMOH-
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HbIX YPaBHEHUI M OTPAHMUYEHUAX METOAOB aHasM3a B ONpPeAesIEHUN KOHLEHTpauunm XMMUYECKUX BELLECTB B
pactBope. [103TOMy B NMOBCELHEBHON NpakTuKe AOCTATOYHO YAO0OGHLIM OKa3bliBaeTCHA YCTaHOBUTb pafg hukcu-
POBaHHbIX 3HAYEHWI COOTHOLWIEHUSI No4yBa/pacTBOpP, MPM KOTOPOM A0N5 COPOMPOBAHHOrO BellecTBa 60/blue
20 % (ny4ywe Bcero > 50 %) [62], n 4O TOro ypoBHSA, NOKa KOHLEHTpauusa BellecTBa B pacTBope No3Bonser
onpefennTb ee ¢ HeOH6XOAMMON TOYHOCTbLI. DTO 0COBEHHO BaXHO B C/yvasx, korga copbumns ovyeHb CusibHa.
8.2.2 Bbibop He06Xx04MMOro COOTHOLWEHMSA noyBa/pacTBop 6asnpyeTcs Ha oueHke BennymHbl Kd Kak ¢
noMoOLbl0 MpeABapuTeNbHbIX 3KCNEPUMEHTOB, Tak U Mpu MOMOLWM BbIGpPaHHOTO MeToga pacyeTa (npunoxe-
Hue D). BblGOp COOTHOLIEHWSI MOXHO NPOM3BECTM MpPWM NoMoLLM rpadimka 3aBUcUMocTU Kd OT COOTHOLIEHUS
nouysa/pacTtBop C JIMHUAMM, COOTBETCTBYHLMMMK ONpefenieHHOl [osie copbupoBaHHOro BeuwecTsa (pucy-
Hok 1). B aTom cnyvyae cumMtaeTcs, 4TO agcopbumsa onucbiBaeTcs JIMHEWHON 3aBUCMMOCTbLI. [prMBeAeHHbIE Ha
PUCYHKE 3aKOHOMEPHOCTU NonyyeHbl nogcTtaHoBkoin Kd u3 ypaBHeHus (4) B ypaBHeHue (1).

Vh
s, L™ (1
Tsoil  ywg - bl

unn B norapudmunyeckoin gopme, npuHas R = rmsoy/\/O n Aep%1100 = m~ds(eq)imO

100
logR = - logKd +lo
g g g Aeq (2)

100 )

KoadhdmumeHT pacnpegenenusa Kd, mn/r

PucyHok 1— CBs3b MeX/y COOTHOLLIeHneM nousa/pacTBop 1 Kd npy pasnnuHbIX NPOLEHTHBLIX COAepXKaHUAX
aACcopbMpoBaHHOTO TECTVUPYEMOTO BELLiECTBa

8.2.3 PucyHok 1 npepacrtaBriisieT HaM COOTHOLWeEHUe noysa/pacTBop B BuAe PyHKUUM BenuuuHbl Kd npu
pasnnyHbIX YPOBHAX agcopbunn. Hanpumep, gonyctum, gns cootHoweHusa 1:5 n Kd, paBHoro 20, agcop6ums
coctaBnsetr 80 %. Torga, ecnn Heobxoauma apcop6bumsa B 50 %, Heo6X0AMMO B3fAATb COOTHOLWeHue 1:25.
Takas BO3MOXHOCTb fiaeT uccnefoBaTtesito U3BECTHY TMOKOCTb NPy NPOBEAEHUN 3KCMepUMeHTa.

8.2.4 Oco6eHHO HENPOCTO UMETh Aesio ¢ TeMn obnactamu rpadmka, rae agcopbums ovyeHb cnabas unm
oYyeHb cunbHasA. Ecnm agcopbumna ovyeHb cnaba, pekoMeHAyeTCca MCNosb30BaTb COOTHOWeEHWe 1:1, xoTa Ansa
HEeKOTOpbIX MOoYB, 6orarbiXx OpraHNYeckum BELLECTBOM, NPV TakoM Y3KOM COOTHOLUEHWM noJjlyyaeTcs Mokpas
rnuHa. B nio6om cnyvyae Heob6xo4MMO COCPenOTOUNTbL BHMMAHUE Ha onpefesieHun cCBepxmasblX U3MEHEeHUN
B KOHLEHTpauun pacTeopa. B npoTnBHOM cnyyae namepeHus 6yayT oYeHb HeTOYHbIMWU. C APYrOi CTOPOHBI,
MOXHO [0BECTU COOTHOWeHne noysa/pacTteop Ao 1:100, HO npm 3TOM 60/bLIASA YacTb BeliecTBa OCTaHeTcsH
B pacTBope. Tem He mMeHee 0co60e BHUMaHWe [LO/DKHO ObiTb yAeNeHO KavyeCTBEHHOMY CMeLIMBaHui Uu Co-
OTBETCTBYIOLWEMY BPEMEHM YCTAHOBMEHWA paBHOBECWUS B cucTeme. ANbTepHaTUBHbIA MOAXO04 MOXeT ObiTb
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peann3oBaH B Tex cnyvasax, Korga aHanuTuyeckme MeToAbl MCCrefoBaHWs He MOryT 6biTb NPUMeHeEHbI. Ko-
3P hMUMEHT pacnpefenieHnsi MOXHO NPUBNM3NTENbHO paccymTaTb UCXOAA U3 3HAYEHU KoadhhuumeHTa pac-
npeaeneHns oktaHon/soga. 10 0CO6eHHO 3hheKTMBHO A1 MOMSAPHbIX BewecTB ¢ Pow < 20 n rmgpodo6HbIX
CU/IbHO cop6urpyeMbix BelecTs ¢ Pow> K04,

9 MpoBeaeHue TecTa

9.1 YcnoBus TecTa

9.1.1 Bce akcnepuMmeHTbl AO/DKHbI BbINOMHATLCA B nabopatopumn npu TemnepaTtype OKpyxawlwen cpe-
Abl. ECnn BO3MOXHO, OHa f0/HKHa ObliTb NOCTOSIHHOW M cocTaBnAaTb 20 °C —25 °C.

9.1.2 LleHTpudpyra fosmkHa MMeTb BO3MOXHOCTb OCaxaTb M3 CYCNeH3nn BCE MOYBEHHbIE YacTULbl Kpyn-
Hee 0,2 MKM. Takasi Be/iMuyMHa vacTul SBMSETCHA NOrpaHMyYHOn Mexay TBepAoh M KONnougHoi dhasoin nouBbl.
YKa3aHus, Kak onpefenntb napamMeTpbl LeHTpUQyrnposaHusa, npuseneHsl B NpuaoxeHum E.

9.1.3 Ecnu ueHTpucyrnpoBaHne He rapaHTUPYKT MOJSIHOFO yAaneHus W3 pacTBopa u4acTuy 6Gonee
0,2 MKM, TO OHO 06f3aTefibHO [0/KHO coYeTaTbCsA C (PunbTpoBaHMeM 4yepe3 (pUNbTPbl C NOpaMu MeHbLue
yKa3aHHON BennYmHbl. PUNbLTP AO/MKEH ObITb cAeNaH U3 NoAxXoAsLWero MHEPTHOrO MaTepuana, UckavarLwero
noTepr BelwecTBa npu cunbTpoBaHun. OgHako, B NO6GOM ciyyae, OTCyTCTBUE MOTEPb Npu hunbTpoBaHUK
[O/MKHO 6bITb NPOBEPEHO.

9.2 Cragma 1. MNpeaBapuTesibHbIi 3KCNEPUMEHT

Llenn npoBefeHns npeaBapuTeIbHOrO aKCcnepuMmeHTa ykasaHbl B 1.4. [lanee 6yget onncaHo npoBeje-
HMe 3KcrnepumeHTa.

9.2.1 BbI6Op ONTMManbHOro COOTHOLEHUA noyBa/pacTBop

9.2.1.1 [nA npoBefeHWA 3KCNepuMeHTa HeobXoAuMbl AiBE NMOYBblI Pa3HbIX TUMOB U TPU Pa3/INyHbIX COOT-
HOWeHns (MTOro WecTb 3KCnepuMeHToB). MNoysBa O4HOro TUNa AOJIKHA COAepXaTb MHOr0 OpraHn4yeckoro Beuie-
CTBa W He6O/bLIOE KOSIMYECTBO [/IMHbI; NoYBa APYroro Tuna, HanpoTuB, A0/IKHA ObITb C BbICOKAM COAEpPXaHUeM
rMUHbI 1N 6efHa opraHMyecknm Belw,ecTBOM. COOTHOLLEHNS, KOTOPble HEOBXOAUMO MONYUYUTb, NPUBELEHBI HUXE.
OpHako abconTHbIe Macca NnoyBbl M 06bEM MOTYT BapbupoBaTbCs C y4eToM nabopaTopHoin Heo6XoAMMOCTK:

50 r nousbl 1 50 Mn BOAHOrO pacTeBopa uccregyemoro seuecrtsa (1/1);

10 r nouBbl 1 50 Mn BOAHOrO pacTeopa mccnegyemoro seuwiectsa (1/5);

2 rnoysbl 1 50 Mn BOAHOrO pacTeopa uccnegyemoro seuwectsa (1/25).

9.2.1.2 MMHMUManNbHOE KOSIMYECTBO MOYBbI, KOTOPOE MOXeT ObiTb UCMONL30BAHO, 3aBUCUT OT nabopaTop-
HbIX BO3MOXHOCTEN 1 BO3MOXHOCTEN BbIGPAHHOIO aHanuTu4yeckoro metoga. OfHako A1 NOAyYeHUs peanu-
CTUYHbIX pe3ynbTaToB HE06X0ANMMO UCMONb30BaHNe He MeHee 1—2 r o6pasua nouysbl.

9.2.1.3 OauH KOHTPOJIbHbLI 06pasel, cogepXxalimii ToNbKO pacTBop uccregyemoro BewecTtsa B 0,01 M
CaC12, no/mKeH HapaBHe C OCTa/lbHbIMW 06pa3uamMu NPoiTK BCe CTaguM aHanuia gasa onpegesieHns ctabunb-
HOCTK BelliecTBa B BOAHOIN cpefe v onpefesieHns BeNnynHbl ero agcopbumm Ha cTeHkax nocygbl.

9.2.1.4 Ewe oauH obpasel, cogepxalwnii ToNbKo No4By U Heobxoaumblii 06bem 0,01 M pactBopa CaCl2
(6e3 nccnepyemoro BelLecTBa), Takke AO/HKEH MPOWTW yepe3 Bce CTafuu aHanuia, 415 BbIsIB/IEHUS MOYBEH-
HbIX KOMMNOHEHTOB WM 3arpsA3HALWMX BELLECTB, Mellalumx onpeesneHnto (Hanpumep, nornowawwme ms-
Nly4yeHue B TOM Xe AguanasoHe AJIMH BOJH, YTO U TECTUPYEMOE BELLECTBO).

9.2.1.5 Bce akcnepuMeHTbI, BK/IOYass KOHTPOJ/IbHbIE U X0/10CTble 06pasybl, HE06X0AMMO NPOBOAUTL, MO
KpaliHeii mepe, B ABYX MOBTOPHOCTAX. O6Wee KOAMYecTBO 06pasuoB, KOTOpble HEO6XOA4MMO MPUIOTOBUTH,
MOXHO paccyuTaTtb, UCNONb3yA TEXHUKY, NpUBEAEHHYO B 9.2.1.11.

9.2.1.6 MeToabl OCHOBHbIX MpeABapuTesIbHOrO0 U OCHOBHOTO 3KcnepuMmeHTa 06blYHO OAUHAKOBLI, KpOMe
Tex criyyaes, Korga aTo HeuenecoobpasHo.

9.2.1.7 Bo3gywHo-cyxue obpasybl No4yBbl B3GanTbiBalOT TeyeHne Houu (12 yacoB), mpegwecTByloLlel
[HI0 3KkcnepumeHTa, ¢ 45 mn 0,01 M pactBopa CaCl2. NMocne 3toro 06aBnsAT rO/IOBHON pacTBOp M A0BOAAT
06Wmnin o6bem fo 50 mn. JobaBnsaembiil 06bEM He AO/KEH npeBbiwaTh 10 % OT o6w,ero KosmyecTsa NOYBEH-
Horo pacTteopa (50 ms), 4TOBbl CBECTU K MUHUMYMY HapylleHUs B YCTaHOBMBLUEMCSH 3a HOYb PaBHOBECUW.
Monyyaemasn KOHUEHTpaLUuUs BelecTBa, Haxo4sALWeroca B KOHTakTe ¢ noysoli (CO), 4osmkHa, No KpaiHei mepe,
Ha [jBa nopsfka npesbillaTb 3HAYEHUS MUHUMANbHOTO Npejena AeTEeKTUPOBaHUA BbIGPaHHOIo aHanMTnyecKko-
ro metoga. 370 NO3BO/IUT NPOBECTU U3MEPEHUSA C HEOO6XOANMOI TOUYHOCTbLIO Aaxe B C/lydae CUbHON copb6umun
(>90 %) 1 nocTponTb MO3Xe M30TepMy copbumnmn. TakkKe pekoMmeHAyeTcs, 4ToObl nosyvyaemas KOHUueHTpauus
He npesbllWana Nos0oBMHbI PACTBOPUMOCTU UCCNefyeMOro BellecTsa.
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9.2.1.8 MpuBegem npumep pacuyeta KOHUEHTpauuu ronoBHOro pacteopa. MNycTb npegesn o6HapyxXeHus
aHanutnyeckoro metoga 0,01 mkr/mn m npoucxogut 90 %-Hasa copbumsa. Torga KOHUEeHTpauusa BelecTBa B pac-
TBOpE, YPaBHOBELIEHHOM C MOYBOM, A0/HKHa ObiTb Ha ABa nopsigka Bbiwe (1 mMkr/mn). Ecnu peweHo gob6aBnsaTb
K 45 mMn pacTBOopa MakcuMasibHO pekomeHayemyto yacTb (10 %), 3Ha4WT, KOHLEHTpaLMs rO/IOBHOIO pacTBopa
[O/DKHA ObITb 10 MKI/M, 4TO B KOHEYHOM MTOre Ha Tpu nopsgka 6osnblwe npegena AeTeKTMpoOBaHUS.

9.2.1.9 Heobxognmo m3ameputb pH BOoAHONM hasbl A0 M nocne gobaBneHuss pacTBopa McCAefyemoro
BELLECTBA, Tak Kak 3TOT napameTp CU/IbHO B/IMSET Ha cOopbLMio, 0COBEHHO MOHU3UPOBAHHBIX BELLECTB.

9.2.1.10 fanee npoBogAT B36anTbiBaHME CyCneH3nn 4S5 HACTyN/eHus paBHOBecusi. Bpems ero HacTy-
NNeHns BapbupyeT B LWNPOKMX npegenax, Ho 24 4yacoB 06bIYHO 3aBEAO0MO AOCTATOYHO A/1A €0 HaCTyn/eHus.
Ha npegBaputenbHOM 3Tane uccaefoBaHUs MOXHO MPOBECTU CEPUD 3KCMEPUMEHTOB C pasHbIMW BpeMeEHamMu
B36anTbiBaHWSA, Hanpumep, 4, 8, 24, 48 yacoB. OfHaKo Bpems aHasnza MOXeT OblTb TMOKAM B 3aBUCUMOCTU
OT rpadhmka paboTbl nabopatopuu.

9.2.1.11 CyuwecTByeT ABa cnocoba [/ onpefesieHMss Uccnefyemoro BellecTBa B pacTsBope: naparn-
NenbHbIl U cepuitHblii MeTogbl. CregyeT NoAYEepPKHYThb, YTO NapasnenbHblin MmeToq 6osiee Tpygo0eMKuii, HO Ma-
Tematuyeckasa nHtepnpeTaunsa pesynbTaTtoB npouie. OAHaKo KOHEYHbI BbIGOP ocTaeTcs 3a uccrienoBartenem,
KOTOPbIA AO/MKEH yYnTbIBaTb BO3MOXHOCTU U pecypchkl cBoel nabopartopuun.

(a) MapannenbHblin meTod. Ob6pasybl C COOTBETCTBYHOLWMM COOTHOWEHMEM No4YBa/pacTBop, NPUroTOBASA-
10T B TaKOM KOJSINYECTBE, CKOJIbKO OyAeT BbiGpaHO BPEMEHHbIX MHTEPBAIOB ANA U3YYEHUS KMHETUKN copbumu.
Mocne ueHTpucyrnpoBaHns 1, ecan 3To Heob6xoAMmMo, PUIbTPOBaHUA, BogHasa hasa M3 nepBoil NPoGMpPKY
aHanusnpyeTcs, ckaxem, yepes 4 yaca. To Xe NpPoOBOAAT CO BTOPOIi Npo6GupKoi yepes 8 yacos, C TpeTben —
yepes 24 yaca U T. 4.

(b) CepuitHblii MeToA,. MpUroTOBASAKOT TO/IBKO 04HY NPO6UpKY (B ABYX MOBTOPHOCTAX) 1 Yepe3 onpeaeneH-
Hble NPOMEXYTKN BPEMEHM PaCTBOP LEHTPUAYIMPYIOT N U3 XMAKOWK dha3bl 0TOMpaT HEGONbLUYIO asIMKBOTY,
KoTopass HeMeANeHHO aHanu3aupyeTtcs. JanbHelWwnii sKCNepuMeHT NPoAo/HKAETCS C UCXO4HON CyCMneH3uneil.
Ecnn Heobxoauma ewe v hunbTpauus, 1o nabopatopusa foshkHa pacnonaraTb COOTBETCTBYKLWMUM o060pyno-
BaHWeM ANna uabTpauum MMKPOKOINYecTB pacTtBopa. PekomeHgyeTcs, 4To6bl 06bemM annkBOTbl HE MPEeBbl-
wan 1% ot obwero o6bema pacTesopa, Tak 4TOObl N3MEHEHME COOTHOLIEHNUS No4YBa/pacTBOp, BAMUAKOLLEE HA
COp6UNOHHOE paBHOBECUE, He ObINI0 OYEHb 3HAYUTENbHbIM.

9.2.1.12 lMpoueHT copbupoBaHHOro BeuwiecTBa (At) paccumTbiBaeTcs A58 KaXAon TOYKM UCXOAS U3 Ha-
YyasibHOW KOHLUEHTpauumn BellecTBa B pacTBOpPE M BE/IMYMHbI KOHLEHTpauuu, NoayYEeHHOW nocne Kaxaoro Bpe-
MEHHOro uHTepBana. [lanee cTpoAaT rpaduk 3aBucumocTn At. oT BpemeHu (pucyHok F1 npunoxeHusa F) c
Luesiblo onpefeneHns TOYKU BbIXO4a KpMBOI copbuum Ha niato. B Touke paBHOBECUS TakXe paccyuTbiBaeTcs
kKoagppumumeHT Kd. C ncnonb3oBaHmem 3HavyeHus Kd nogbupatoT Heo6xoanmoe COOTHOWEHNe noyBa/pacTBop
(pucyHok 1) Takum obpa3om, 4YTobbl copbumsa 6binia Bbiwe 20 % (B ngeanbHom cnydvae 6onee 50 %). Bce He-
06xo4NMble YPaBHEHUSA U NPUHLMNbI MOCTPOEHMUSA MPUBEAEHbI B pasgene «[aHHble U oT4eT» 1 npusioxeHnn F

9.2.2 OnpepeneHne BpeMeHn aAcop6LMOHHOINO0 paBHOBECUSA U KONMYecTBa TECTMPYEMOrO Belle-
CTBa, aAcopbupoBaHHOro Npu paBHoBeCcumn

9.2.2.1 Kak yxe ynomuHanocb B 9.2.1.12, rpaduk 3aBMCMMOCTU At.OT BPeMeHW MO3BONAET ONpenesnTb
HacTyn/eHne paBHOBECUA M KOMMYECTBO COpObMpPOBAHHOrO BewecTBa B TOUYKe paBHOBecusi. PucyHkm F1 n F.2
npuNoXeHnsa F fatT npumepbl Taknx NOCTPOeHWA. Bpems paBHOBecUs — 3TO BPeMS BbiXO4a KpWBOI Ha nnaro.

9.2.2.2 Ecnu gnsa HekoTopbix 06pa3uoB paBHOBECME Tak M He HacTynuno, a o6HapyxumBaeTcs YyCTOW-
YMBbIA POCT, 3TO MOXET O6bITb CNefcTBMEM COBOKYMHOCTW (DakTopoB, TakMx Kak Guoperpajauvs wnu kpai-
He mMepgneHHaa guddysua. Ons ycTaHOBMEHUSA SIBMIEHMS 6uogerpagaummn, Heo6xoanmMo NOBTOPUTbL aKCnepu-
MEHT CO CTepu/ibHbIMKU o6pa3uamMy Mo4yBbl. B TOM cnyyae, ecnn n nocne Takol NpOBEpKW, paBHOBECWE He
AocturaeTcs, H606XOAMMO N3y4ynTb AaHHOE ABJ/IEHNEe C Ue/lbio HaXoXAeHua ApYyrnx BO3MOXHbIX BAUAKOLWLNX
hakTopoB. ITO MOXHO MOMbITAaTbCA cAenartb, U3IMEHAs TemnepaTypy, Bpems B36anTbiBaHUMA WM COOTHOLe-
Hue no4ysa/pacTBOp. B KOHEYHOM UTOre pelleHue 0 NPOAO/DKEHWUU UCCeA0BaHNsA, HECMOTPS Ha BO3MOXHbIE
owmnbKMN B AOCTMXXEHUN paBHOBECUS, OCTaeTCa 3a uccnegosaTenem.

9.2.3 Apcopbumnsa TeCTMpyeMoro BellecTBa Ha NOBEPXHOCTU MocyAbl U ero cTabuiibHOCTb

9.2.3.1 HekoTopas nHgopmaumnsa o cTabubHOCTU BeLLecTBa U ero copbunmn Ha cteHkax nabopaTtopHoli
nocyfbl MOXeT 6bITb MOSly4eHa M3 aHann3a KOHTPO/bHbIX 06pa3uoB. Ecnv obHapyxeHHas noteps coctaBns-
eT 60/blie cTaHAApPTHON OWNOKM BbIGPAHHOIO aHaIUTUYECKOro MeToda U3MEpPEHUs KOHUeHTpauun, To abu-
oTnyeckas gerpagauvsa w/unm copbuusa Ha CTeHKax nocyabl AO/KHbI 6biTb HEMPEMEHHO Y4uTeHbl. PasHuua
MexXxay 3aSTMuMn ABYMA ABNEHUAMU MOXeET ObITb onpeaneneHa TwartesnbHbIM NpoMbiBaHMEM CTEHOK nocyabl noa-
XO4ALWMM pacTBOpUTENEeM C NocneaywmnumMm aHann3om MoayvyeHHon xuakoctu. Ecnm copbumna He obHapyxe-

Ha, 3HauMT, BelecTBO cnocobHo kK abuoTuueckol gerpagauunun. Ecnm copbums mmeeT mMecto, HEO6XOA4MMO
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NOMEHATb MaTepuasn, M3 KOTOporo caenaHa nocyga. OfHako gaHHble MO copbuMM Ha CTEHKax COCyAOB He
MOTyT 6bITb NepeBefeHbl HA 3KCNEPUMEHTbI C NMPUCYTCTBMEM MOYBbI, TaK Kak ee NpucyTCTBME OObIYHO 3HAYU-
TEe/IbHO CHMXAaeT Takyl copbuuio.

9.2.3.2 flononHMTeNbHaa UHOpPMaLnsa 0 cTabuabHOCTM BewecTBa MOXET ObiTb NoJslyyeHa pacyeTom mac-
coBoro 6anaHca UCXOAHOrO BellecTBa C TEYEHWEM BPEMEHU. ITO 03HA4YaeT, YTO M BoAHas hasa, U NMOYBEHHbIN
9KCTPaKT, U CTEHKM COCYA0B AO/MKHbI ObITh MpoaHanu3nposaHbl. PasHuua mexay maccaMmu ckiafblBaeTca v nony-
YyeHHas cyMma macc uccregyemoro BeliecTBa B BOAHON pase, NOYBEHHOM 3KCTPaKTE W HA CTEHKax NocyAbl 9K-
BUBa/IEHTHA Macce pPas3/ioXMBLUErocs, U/unam ncnapusllerocs, uunm HesKkcTparmpoBaHHOro BewecTea. Ansa onpe-
[eneHns maccoBoro 6anaHca Cop6LMOHHOE paBHOBECUE AO/MKHO OblTb 4OCTUTHYTO B TEYEHME 3KCMEPUMEHTA.

9.2.3.3 PacuyeT mMaccoBoro 6anaHca A0/MKeH NpoBOAMTbLCSA AN 06eux nous ANs OAHOTO0 TakKoro COOTHO-
WweHnsa noysa/pacTBop, KoTopoe obecneuvmBaeT copbuuto 6onee 20 %, a B nyywem cnyvyae 6onee 50 %. Korga
3KCNEepMMEHT MO ONpeAesieEHN0 COOTHOLWIEHMA Mo4YBa/pacTBOp 3aBEpLUEH, MCCNefoBaHUe MpoAo/HKaeT aHanm3
nocnegHero obpasua NoOYBEHHONM cycneH3nn (48 yacos). BogHyo ¢asy oTAensoT LeHTPUgyrupoBaHnemM u, ecam
Heo6xoammo, unbTpytoT. Mocne yganeHns BogHON hasbl, HACTONBLKO MOJTHO, HACKO/IbKO 3TO BO3MOXHO, K No4Be
[006aBNAT pacTBOPUTENb C BbICOKOW 3KCTparuvpytoweli cunon (KosadhPuuneHT aKCcTpakumm, no KpamnHen mepe,
95 %). PekomeHayeTcsa cpenatb fBe nocrefoBaTesibHble 3KCTpakumu. KonuyecTBo mccrefyemMoro BeliecTsa B
no4yBe M Ha CTEHKax cocyfa onpeaensioT, U pacCunTbiBalOT MacCcoBbIii 6anaHc [ypaBHeHue (10) B pasgene «[aH-
Hble 1 oT4YeT»]. Ecnm oH nonyyaetcs meHee 90 %, uccnenyemoe BeELLECTBO CUMTAETCHA HECTAGU/IbHbIM B TEYEHUE
JKCnepunmMmeHTa. Op'HaKO QKCNEepnMeHT MOXeT ObITb npoaoJ/ikeH, NnpuHnmMmasa npu KOHe4YyHoOM pacyeTe 3TOT yCTaHOB-
NeHHbIN hakT. B Takux cnyyasix pekoMmeHAyeTcs aHa/In3npoBaTh Kak BOAHYH, Tak U TBepAayto a3y noussbl.

9.3 Craaua 2. KnHeTuka aacopouum npu oAHOM KOHUEeHTpauum TeCTMpyeMOro BellecTsa

9.3.1 Ncnonb3yloT NATb pasHbix NoyB. Kputepumn otbopa npuBedeHbl B Tabanye 1. PekomeHayeTcs, y4To-
6bl cpeamn 3TUX NO4B Obl/IM Takke HEKOTOpble WM BCE MOYBbI, KOTOPblE WCCeAoBann Ha npefBapuTesibHOM
aTane. B aTom cnyyae gna aTux NoYB NOBTOPATbH BTOPONM 3Tan mccaefoBaHUs HeT He0BXo4MMOCTH.

9.3.2 Bpems paBHOBeCUs, COOTHOWEHNe noyBa/pacTBoOp, Maccy NoYBeHHOro obpasua, 06bEM M KOHLEH-
Tpauunio pacTeopa, KOHTaKTUPYHLWEero ¢ NO4YB0oMi, BbIGUPAIOT NCXOAA U3 pe3ybTaToB NpefBapuTeNbHbIX Uccne-
AOBaHWn. AHann3bl XXenatesnbHO NPOBOAUTL cnycTsa 2, 4, 6, 8 1, ecnn Bo3MOXHO, 10 n 24 yaca. MakcumasnbHoe
BPeEMS aHa/nn3a MOXHO A0BecTV 1 Ao 48 yacos, ecnv 419 Bel,ecTBa XapakTepHO 40/roe ycTaHOB/leHne paB-
HoBecusi. OfHaKO yKka3aHHble 3HaYeHUS BPEMEHHbIX NHTEPBA/IOB MOXHO W3MEHATb MO CBOEMY YCMOTPEHMUIO.

9.3.3 Bce akcnepuMeHTbl (M C NOYBOI, U C PACTBOPOM) AO/DKHbI NPOBOAUTLCSA, NO KpaiHel mepe, B ABYX
NOBTOPHOCTAX, 4YTOObl MMETb BO3MOXHOCTb OnpefenuTb BapuabenbHOCTb pe3ynbTatoB. Bo Bcex akcnepu-
MeHTax napansienbHO UCCNeaylT ele 1 «X0/0CTol» obpasel, coaepxawmin Tonbko noysy u 0,01 M pacTtBop
CaC12. Ero Bec 1 06beM JO/IKHbI ObITb MAEHTUYHbI OCTasIbHbIM 06pa3uamM. KOHTPONbHbI 06pasel, COCTOAL MU
TO/IbKO M3 pacTBopa uccnegyemoro sewectsa (6e3 nouBbl), MCCEAYOT CXOA4HbIM 06pa3om, 4To6bl NpeaoTepa-
TUTb Pa3HOro poja HeoXnpgaHHoOCTU. MccnenoBaHus NPoOBOAAT CNOCO60M, onucaHHbim B 9.2.1.7—9.2.1.12.

9.3.4 TpoueHT copbMpoOBaHHOIO BeLWeCcTBa B KaXA0 BpeMeHHOW Touke At n/uam Ha Kaxgom BpeMeH-
HOM uHTepBasie At. (B 3aBUCMMOCTM OT HYXJ[ MCCNefOBaHWA) paccyuTbiBalOT U OTKIaAblBalOT Ha rpaduke
3aBucumocTn copbummn ot BpemeHu. KoapduuneHT pacnpegenenmsa Kd, a Takke koadduumneHT pacnpegene-
HWS, HOPMUPOBAHHbLIN No yrnepoay Koc, Takke f0/KHbl 6biTb paccyuTaHbl.

9.3.5 Pe3ynbTaTbl 1 06CYyXAeHME TecTa Mo KUHETUKe aacopbuunmn

9.3.5.1 JlnHeliHoe ypaBHeHue copbuun (1 ero koagppuyneHT Kd) 06bIY4HO AOCTATOYHO TOYHO OMUCHI-
BaeT copb6bunMoHHOe noBegeHue BewecTtBa [35], [78] n ero mobunbHOCTL B noyse. Hanpumep, BewecTsa C
Kd< 1 mn/r 06b14HO O4YeHb MOGUbLHBI. Knaccuukayma MobuabHOCTM BelecTs, 6asmpyollasca Ha 3HayeHun
napameTpa Koc, 6bi1a paspabotaHa McCall et all [16]. Kpome Toro, cyuw,ecTByeT Takke knaccugukaums crno-
COGHOCTM BellecTBa K BbIMbIBaHWNI, 6asupyowascsa Ha cooTHoweHun mexay Kdun DT50 [32], [79].

9.3.5.2 Kpome TOro, yuntbiBass NOrpeLwHoOCTb aHanmsa, 3HadyeHus kKoacpduumeHta KameHes 0,3 ma/r He
MOTyT OblTb OnpegesieHbl C NPMEeMIEMOA TOYHOCTbIO MO M3MEHEHWI0 KOHLEeHTpauuy BeliecTBa B pacTBope
Jaxe npu camMoOM MpeAnovYTUTENIbHOM COOTHOWeEHMK noysa/pactsop 1:1. B TakuMx cnyyasax peKkomeHpyeTcs
aHanusnposaTtb 06e hasbl.

9.3.5.3 B cooTBETCTBMN C BblLLECKa3aHHbIM pPEKOMeEHAYyeTCs, YTo6bl uccneposaHne agcopouum n nose-
JeHunsa BeliecTBa B No4Be 6bI10 NPOLO/IKEHO MOCTPOEHMEM M30TepMbl PpeiHaMXa, 415 KOTOPOi BO3MOXHO
TOYHOe onpegeneHne KAnpu noMmoLm NpMBeAEHHOr0 B 4aHHOI MHCTPYKUMM npoTokona. ToyHoe onpejenexHne
BO3MOXHO, ecnnm npu nepemMHoxeHun Kdun cooTHOWeEHWS nouyBa/pacTBOp nosyvaeTtcs BenunyuHa > 0,3, ecnu
N3MepAOT ybbiNb KOHUEHTPaUUM B XMAKO dase (Henpsmoit meTton) unm > 0,1, ecnu uccrenytoT obe gasbl
(npsamoii meToa) [61].
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9.4 Ctagua 3. iI3oTepMbl agcopbunmn, KNHeTUKa gecopobunm n nsotepmbl gecopobunmn

9.4.1 N30Tepmbl agcopoummn

BbibupaloT nNATb 3HAYEHWUIA KOHLUEeHTpauunm TecTMpyemMoro BeLlLecTBa, XXenaTesibHO MOKpbiBallwWwme WH-
TepBan B ABa nopsafka. KoHueHTpauuu BellecTBa crnegyeT BblbupaTb C yYyeToM €ro pacTBOpMMOCTU W BO3-
MOXHOCTU WX onpefesieHns nocsie HacTyn/jeHus paBHOBecus. B TeyeHue BCero 3akcnepumeHTa [OJIKHO
noggepXnBartbCs OAMHAKOBOE COOTHOWeHWe noysa/pacTBop. AACOPOLMOHHbLIA TecT MNPOBOAAT COr/1acHo
9.2.1.2—9.2.1.11 c TOi NUWb pasHuUEN, YTO aHa/IM3 NPOBOAUTCA TONMbKO OAWH pa3 MO UCTEYEHUU BPEMEHMU
HacTyn/sieHnss paBHOBecUs, onpefesieHHoro paHee Ha BTOPOM 3Tane uccrnegosaHusa. Konnyectso BellecTsa
B pacTBope onpefesnsT 1 Mo ero ybbin B pacTBOpPe paccYMTbiBalOT KOMYECTBO afAcopbypoBaHHOro No4BoW
BellecTBa (MOXHO BOCMONb30BAaTLCA TakxXe U NPAMbIM MeTOoL0M onpefeneHnsa). CTpoaTt rpaduk 3aBMCUMOCTH
paBHOBECHO KOHLlEHTpauuu BeljecTBa B pacTBOpPe OT KO/IMYecTBa BeLlecTBa, COPOMPOBAHHOIO efuHuL el
Macchbl noyBbl (CM. pasgen «JaHHble U O0TYET»).

9.4.2 Pe3ynbTaTbl NOCTPOEHUS U30TEPMbl aacopbLmnm

Cpean Bcex matemaTuyeckux mogenein copbumn nsotepma dperiHgnuxa ynorpebnserca Hanbornee ya-
cTo. Bonee nogpo6Hy MHOPMaLM0 0 COPOLMOHHBIX MOAENSIX MOXHO HaTh y aBTopoB [41], [45], [80]—[82].

BaxHo: CnepyeT ynoMsHyTb, YTO cpaBHMBaTb BenuunHol KF(koadduuneHT agcopbunn dpeiiHgnuxa)
AN pasHbIX BelecTB BO3MOXHO, TO/IbKO €C/IM OHW NpuBefeHbl B O4WHAKOBbIX eAnHuLax nsmepexnus [83].

9.4.3 KnHeTnka gecopbuumn

9.4.3.1 Llenbio gaHHOro aKcnepumeHTa ABASETCA onpejenieHne, copbéupyeTca M uccnegyeMmoe Bele-
CTBO MOYBOW HeobpaTumo. [JaHHasA uHopmauMsas OYeHb BaxHa, TakK Kak gecopbuus urpaeT OYeHb BaXKHYIO
ponb B NoBefeHMN BellecTB B noyse. bonee T10ro, 4eCOpOLMOHHbIE faHHbIE YacTO UCMONb3YIOT ANA pacyeTa
BblLLe/auymBaH1A 1 NIOCKOCTHOIO CMblBa MpU MOMOLWM MaTeMaTnyeckoro mogenuposaHus. Ecnu gecopbuum-
OHHble uccnegoBaHua 6yayT NPOBOAUTLCA, TO PEKOMEHAYETCH, YTOObl 3KCNEPUMEHT, ONUCAHHBIN HUXe, Oblf
npoBefeH A1 KaxAOW cucTeMbl, AN KOTOPOl/ BO3MOXHO TOYHOE OonpejesieHVe B npouecce MccrefoBaHuns
KMHETUKN copbunm.

9.4.3.2 TaKk Xe Kak WU B c/iyyae KUHeTWKM copbuumu, cyllecTByeT ABa MeTofa MCCefoBaHus: napan-
nenbHbIli U cepuiiHblii MeToAbl. BbibOp OA4HON U3 NPUBEAEHHbIX HWXKE MEeTOAMK 3aBUCUT OT BO3MOXHOCTEWN
aKcnepmMeHTaTopa, Mcxo4sa M3 MMeLWuxcs pecypcos un obopygosaHus. CnegyeT MMeTb B BUAYy 3ameyvyaHus,
caenaHHble B 9.2.1.11.

(a) MapannenbHblii MeToh. W3 Kaxgoi MNoYBbl, ANA KOTOPOW OblI0 NMPUHATO peleHne NpoBecTu uc-
cfegoBaHne KUHeTWKW gecopbumn, roToBAT o6pasubl C COOTBETCTBYHLMM COOTHOLWEHWEM noysa/pacTBop B
KonmyecTBe, paBHOM KONIMUYECTBY BPEMEHHbIX NHTEPBAsoB, BblOpPaHHbLIX ANA NPOBEAEHNA UcnbiTaHua. flydwe
BCEro, ec/qin ato 6yAyT Takume Xe WHTepBasbl, Kak 1 Npu n3ydyeHum agcopbumm. OfHaKo NosiHoe BPeMs 3KC-
nepumeHTa MoXeT 6bITb YBE/IMYEHO, ec/in Heob6Xxoa4MMo, YTobbl yCTaHOBUNOCH AecopbuMoHHOe paBHOBECKE.
Bo Bcex akcnepumeHTax napasnfiefibHO UCCNeaylT elle U «XOnocToli» obpasel, cogepxaluini ToNbKO MoYBy
n 0,01 M pactBop CaCl2. Ero Bec n 06beM A0/KEH ObiTb MAEHTUYEH OCTasibHbIM 06pa3uam. KOHTPObHbIN
o6pasel, COCTOALLMI TO/ILKO M3 pacTBopa uccnegyemoro seuwiectsa (6e3 nouysbl), TakKe NPOBOAAT yepes Bce
cTagum nccnepgosaHusa. Bece nouseHHble cycneH3ny B36anTbiBaT A0 AOCTUXEHUA COPOLMOHHOIO paBHOBECUSA
(cnocobom, npusefeHHbIM paHee). [lanee BOAHYW (ha3y LEHTPUAYTUMPYHOT M OTAENAT HACTO/IbLKO MOJIHO,
HaCKO/MIbKO 3TO BO3MOXHO. V3BneyeHHy daly 3aMeHsT B Kaxaoi npobupke Ha 0,01 M pactBop CaCl2, He
copepxawunin nccnegyemoro seuwectsa. CycneHsun B3b6anTtbiBaloT BHOBb. Pa3y M3 nepsoii Npobupku mccne-
OyloT, AonycTuM, cnycTa 2 yaca, U3 BTOpOil — 4yepes 4 yaca W T. 4. 40 Tex Nop, Noka He ycTaHOBUTCA gecop6-
LMOHHOE paBHOBECKE.

(b) CepuiiHblii meTog. lMocne akcnepumeHTa MO U3YYEHU KMHETUKM aacopbumun, cMecb LeHTpudyru-
pylOT 1 yaanaT Xugkyw dasy. YaaneHHy galy 3amelalT Ha Takoli xe o6bem 0,01 M pactBopa CaCl2, He
cogepxawiero nccnegyemoro seuwecrsa. CycneHsnn B36anTbiBaldT BHOBb 40 AOCTUXEHUS 4eCOpPOUMOHHOr0
paBHOBecus. B TeyeHne 3Toro nepuoga yepes BblOpaHHbIe NPOMEXYTKN BpeMeHn hasbl pasfensiT LEeHTPU-
dyrnpoBaHnem n oTéMpaloT M3 BOAHON hasbl HEGOMbLUYI0 annKBOTY U HEMEAJIEHHO ee aHanm3upylT. O6bem
anMKBOTbl He fO/KeH npesbiwaTtb 1 % oT nonHoro o6bema pacteopa. Bo msbexaHune M3MEHEeHUs COOTHO-
WeHMa noysa/pacTBOp M3BJIEYEHHbIR 06BbEM anukeoTbl BocnosHAT 0,01 M pactBopa CaCl2. B36anTbiBaHUe
NPoLONXAKT A0 HACTYN/IEHUA CNeAyoLLero BpeMeHHOro nHTepsana.

9.4.3.3 TMpoueHT fecopbrMpoBaHHOIO BewecTBa B KaxAoli BpeMeHHON Touke Dt.n/wnu Ha kaxaom Bpe-
MEHHOM MHTepBasie DAL (B 3aBUCMMOCTM OT HYX/ NCCef0BaHnsa) paccunTbiBaOT 1 OTKNaAbIBAKOT Ha rpaduke
3aBucUMOCTU fecopbuumn ot BpemeHn. KoadpdurumeHT gecopbunn Kdes, Takke paccymMTbiBalOT B TOYKE paBHO-
Becus. Bce Heob6xoaumble ypaBHEHMA NpuBefeHbl B pasfene «JaHHble 1 0T4eT» U NpunoxeHun F
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9.4.4 Pe3ynbTaTbl 3KCNepuMeHTa rno AecopbLNOHHON KUHETUKe

OO6bIYHO Tpadmkn 3aBUCMMOCTM MpoueHTa agcopbunn n npoueHTa gecopbunmn BewecTBa OT BPEMEHMU
nokKasblBalT XxapakTepucTnky obpaTtumocTu 3TOro npouecca, faxe ecnu gecopbunoHHoe paBHOBeCUe HacTy-
naeT B ABa pasa no3xe, 4yem agcopbuunoHHoe. Ecnm obuwasa gecopbums coctaBnseT 6onee 75 % oT obuiei
agcopbunmn, agcopbumna cumtaeTca ob6paTuMOil.

9.4.5 N30Tepmbl gecopbunmn

N3oTepmy gecopbunm dpeilHgNmMxa onpenenstoT A5 NOYB, NCMNOJIb30BaHHbLIX B U3YYEHUN afcopouunu.
[ecopbLUNOHHBLIA 3KCNEPUMEHT NPOBOAAT NO CXeme, NpuBefeHHON B pasgene «KnHeTuka gecop6uun» (9.4.3)
C TOW NNWb pas3HuUei, 4TO aHann3 BOAHOW ha3bl MPOBOAAT TO/IbKO OAUH pa3 B TOUKE AeCOPOUMOHHOIO paBHO-
Becus. PaccunTbiBalOT KOIMYECTBO AECOPOMPOBAHHOIO BELWECTBA, a COAEepPXaHWe TeCTUPYyeMOro BeLecTBa,
ocTaBLIEerocs copbmMpoBaHHbIM, paccynTbIBaOT Kak PYHKLMI0O OT COAEepXaHnsA BelwecTBa B paBHOBECHOM pac-
TBOpe (pasgen «[aHHble U OTYET» U NpunoxeHue F).

10 JaHHble u oT4eT

AHanuTnyeckue gaHHble NpeacTaBnalT B Buge Ttabnuy (npunoxeHune G). Takke NpuBOAAT UHAUBMAY-
anbHble U3MEPEHUS W pacyeTbl CpefHUX 3HaveHuii. M3oTepmbl agcopbunm npeactaBnAlT B rpaduyeckom
Buae. PacyeTbl npoBoAAT, Kak onucaHo B 10.1.

B gaHHbIX MccnefoBaHusx nonaraetcs, 4To 1 mn BogHoON dpasbl BecUT 1 1. [103TOMY COOTHOLIEHMUE MOo-
yBa/pacTBOp MOXeT 6bITb yKasaHO B /T uan B /M, 4TO 34€Cb MO CYyTU OAHO U TO Xe.

10.1 Apcopbums

Apcopbunio At onpefensaoT Kak NpouLeHT aAcopbMpoBaHHOIO BeLW,ecTBa B KaXAoii BPEMEHHOW Touke,
M ecnun BeLLecTBO CTabunbHO M He ocefaeT Ha CTeHKax MocyAbl, TO pacCunTbiBaeTcs ANA KaXAOro BPeMEHMU
no ypasHeHuto (3).
m fs(tj)-100

+0 (%). (a)

roe At.— npoueHT copbuun BO BPEMEHHOWN Touke tjt %;
msds (*) — macca cop6bupoBaHHOrO NO4YBOI BELLECTBA K MOMEHTY BPEMEHWU I MKT;
TO0 — Mmacca uccnenyemoro BelecTsa B Hayane aHanusa.
JeTtanbHaa nHopmauma no pacyety At.ansa napannenbHoOro n cepuiiHOro MeTooB NpuBefeHa B npu-
noxexHun F
KoathpuuneHT pacnpegenenms Kd — 3TO COOTHOWEHWE MexAy KONM4ecTBOM BellecTBa B TBEpAoON
hase n ero cogepxaHuem B paBHOBECHOM pacTBope.

_ Cads(eq)_mads(eq) Y0 [/ 3.r-1\

— 4)
C ffH ) mads(eq) ">sail
roe C/ds(eq) — cogepxaHne afcopbmupoBaHHOrO MOYBON BelecTBa B TOUKE paBHOBECUS, MKI/T;
Cads(eq) — maccoBasi paBHOBecHas KOHLUEHTpauusa BelwecTBa B pacTBOpe; Npu pacyete Heo6xoaMMo

NPUHUMATb BO BHMMAaHWe pe3ysibTaTbl, NMOMYYEHHbIE NPU UCCNEAOBAHUN «XOMNOCTbIX» 06-
pasuoB, MKr/mu;
m fds(eq) — Macca cop6upoBaHHOrO NOYBOI BewecTBa B TOYKE PaBHOBECUS, MKT;

magS{es) — macca uccrnefyeMoro BelecTBa B PpABHOBECHOM PacTBOPE, MKT;

msoii — Macca TBepaoit asbl NouBbl, T;
VO — ob6bem paBHOBECHOrO pacTBopa, M.
CooTHoweHne mexay At n Kd onuceiBaetcsl cnegyowmum ypaBHEHUEM:

W

- €g
Kw = (|00-A6Q) rrisoji (5)

roe Aeq— npoueHT a,ﬂ,COpGI/IpOBaHHOFO BellecTBa B TOUYKe paBHoBecus, %.
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KoadhpmumeHT copbummn Koc, HOpMUpoBaHHbI Mo yraepogy, 3aBucut ot Kd u cogepxaHus opraHuyecko-
ro yrnepoga cnegywowmm o6pasom:

K°c=Kd (cm3'r_1) <B

roe %oc — cojepXxaHue B NoyBe opraHuyeckoro yrnepoga, %;
Koc— koathpuumeHT, BennyYnHa KOTOPOro oTpaxaeT, B OCHOBHOM, rMapodo6Hble B3aMMOAeNnCcTBMS
Mexay uccnegyembim BeLWwecTBOM U OpraHNYeckM BelecTBOM B NOYBE WU JOHHbIX OT/IOXKEHU-
AX. AACOpP6LMOHHAA eMKOCTb 3TUX KOMMOHEHTOB KOPPENMpyeT C CoOAepXaHMeM OpraHnyeckoro
BellecTBa B TBepaoli hase copbeHTa [7].
Takum o6pa3om, 3TOT KO3I(PPULNEHT CUAbHO 3aBUCUT OT Cneunduyeckux CBOWCTB pas/inyHbIX dpakuuii
rymyca, 3HaunTeslbHO OT/IMYalLWMXCA No COPOLMOHHON EMKOCTH, @ Takke Mo CTPOEHWIO, MPOUCXOXAEHNIO U T. 4.

10.2 WV3oTepmbl agcopbuunn

N3oTepma agcopbuun ®peiiHanvxa nokasbiBaeT COOTHOLWEHUE MeXAY KOMY4ecTBOM afcopbupoBaHHO-
ro BewecTBa U ero KoHueHTpaumein B pacTtBope B TOYke paBHoBecus [8].

[ns Kaxpon TecToBOi NPOGUPKM paccyMTbiBalOT KOIMYECTBO BeLWecTBa, COPOUPOBAHHOroO B pesysbTarte
akcnepumeHnTa [Cfds(eq), nHorga euwe o603HavaroT kak x/T]. MNMpepnonaraeTcs, YTO paBHOBECUE HACTYNWUIo u
3HauyeHune Cfds(eq) ABnseTcs paBHOBECHOW BENYUHOINA:

C fs(eq) m fs(eq) (GO~ Cag))U) mrer |- @)

m soil Msoil

YpaBHeHune nsotepmbl ®petHanmxa (8):

c fs(eq)=K|tfs.C |f((e 4))» wmr-Tt ®)

B /IMHEHOI dopme:
\ogClds(eq) = \ogK”ds - 1 <logCfjf5(eg>), 9)
rae Kpds — koadhchuumeHT dpenHannxa; mamepsetcsa B MA/M TONbKO korga 1/n = 1, B ocTasibHbIX Caydasx

(Mkr1-1/n e mnl/n mr ~1)
n — xkoadhpunuymeHt perpeccun. OO6bIYHO KO3thduuymeHT 1/n HaxoauTca B WHTepBane 0,7— 1,0,
yKasblBas Ha TO, YTO 3aBUCUMOCTb 4acTO MMEET c/erka HesiMHelHbIli xapakTep.
Mo ypaBHeHusaM (8) un (9) cTpoAaT rpacdukn, 3HadyeHns KF un 1/n paccunTbiBaloT, UCNOb3ysi PErpecCcuoH-
HbIi aHann3 rpaguka ypasHeHus (9). MNMpumepbl Taknx rpatukoB AaHbl Ha PUCYHKe 2.

A Asoil log CAsoil

PucyHok 2 — HopMasibHbIil U TMHeapu30BaHHbI rpadiuky n3otepM ®peiiHamxa

10.3 banaHc macc

BanaHc macc paccunTbiBalOT Kak MPOLEHT BeLlecTBa, OCTaBLIErocs nocfie afgcop6GLMOHHOro 3kcne-
pYMeHTa OT HauyafibHOro KO/MMYEecTBa BelecTBa, BBEAEHHOTO B 3KCMEPUMEHT.

O6paboTka faHHbIX HECKOMIbKO OT/IM4aEeTCsl B 3aBUCMMOCTU OT CBOMCTB pacTBoputens. B cnyuvae wuc-
no/sib30BaHUsl pacTBOpuUTessi, CBO6G0AHO CMeLIVBaloWerocss ¢ BOAOW, KOMYECTBO IKCTPArMpoBaHHOro Belle-
CTBa MOXeT 6bITb paccuMTaHo, Kak npueeAeHo B nogpasgene «Aecopbumsa». Ecim pacTBopuTelb HE CMeLu-
BaeTCs C BOAOM, pacyeT KO/iMYecTBa WM3BIEYEHHOTO BeLecTBa 40/KeH GblTb NPOU3BE/EH.
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BanaHc macc paccunTbiBalOT CNeayoLwmum o6pa30M — TepMuHoMm TE o603HavarT CyMMy MacC Belle-
CTBa, 3KCTparmpoBaHHOIo M3 NO4YBbl U CMbITOIO CO CTEHOK Nocyabl opraHNM4YeCcKMM pacTBOpUTeem:

tac-C #s(eQ)+mE)-100

MB= (%).
vO'n0
roe MB — 6anaHc macc, %;
TE — o6uwas macca BellecTBa, 3KCTparnpoBaHHOIo M3 MOYBbI M CMbITOrO CO CTEHOK Mocy/Abl B ABa 3Tana,
MKT;

0 HavyanbHas MaccoBas KOHLEHTpauus BellecTBa B pacTBOpe, KOHTAKTUPYHOLLEM C MOYBOWA, MKI/M;
VQ— o6bem cynepHaTaHTa, BBeAeHHbIi nocsie agcopbUMOHHOro TecTa, M.

10.4 [Odecopbums

Jecopbuuio onpeaensoT Kak NPoLeHT AecopbupoBaHHOTO BelllecTBa OT NpeABapuTeibHO COPp6MPOBaH-

HOIo B YC/ZIOBUAX SKCNEepUMeEHTa:
des

Taq
D, = M . 0(%), (11)
ads
T |/|)
roe Dt.— npoueHT gecopbunn BO BPEMEHHOI TOUKe
maqgS(tj) — macca gecopbupoBaHHOro M3 NOYBbLI BeleCTBa K MOMEHTY BPEMEHU H MKT;
m~ds (eq) — Macca uccregyeMmoro BewecTBa, NpegBapuTesisHO COP6MPOBAHHOTO MOYBOWA, MKT.

[eTanbHaa uHgopmauma no pacyety Dt gna napansienbLHOro u cepuinHoro MeToAoB NpuBeAeHa B Npu-
noxexHun F

KoaphuuymeHT gecopbuum Kdes B yCnoBuAX aKCnepuMeHTa — 3TO COOTHOLIEHUE MeXAY KONMYecTBOM
BellecTBa, OCTaBLIErocs B copbupoBaHHOM COCTOSSHUM B MOYBE, M MAcCCOBOM KOHUeHTpauuein BeuiecTBa B
pacTBope B TOUkKe fecopbLMOHHOIo paBHOBECUS.

T3S M m ff(eq) v
Kdes ngs ¥ ) Teoi (12)
roe Kdes — koathpuumneHT gecopbuunu;
magSiecl) — o6uwasa macca AecopbnpoBaHHOro M3 NOYBbI BelLLeCTBa B TOUKE PaBHOBECUS, MKT;

Vij{eq) — obwunii 06beM Xnakoi pasbl, KOHTAKTUPYOLWEH C NOYBOW B IKCMEPUMEHTE MO KUHETUKE
pecopbuun, mn.

Yka3aHue, kak paccuntatb mdqS(eq), 4aHO B NpunoxeHun F nop 3aronoBkom «Jecopbunsa».

3amedaHune. Ecnn aacopOuUMOHHbI TecT 6bl1 MPOBEAEH C MCMOMIb30BAaHMEM NapassiesibHOro meTtoga
nccnepoBaHus, To VT COOTBETCTBEHHO A0J/IKEH ObiTb 3KBMBasneHTeH VO.

10.5 WN3oTepmbl gecopbumm

N3oTepma gecopbuumn dpeiHannxa nokasbiBaeT COOTHOLEHWE MeXAy KO/IMYeCcTBOM BellecTBa, OCTaB-
WwmMcs aacopbupoBaHHbIM MOYBOM, M KOHUEHTpauuen BewecTBa B pacTBOpe B TOYKe AeCOPGLUMOHHOrO paB-
HoBecusa (12).

[Nns Kaxgolh npobupkn cogepxxaHne TeCTUPYeMOro BeLLecTBa, OCTaBLUIEroCcs B MOYBE, pacCUMUTbIBAKOT Kak:

wes m fs(eq)-m "*s(eq) A
M = MT-T (13)
m soil
m des paccunTbIBalOT Kak:
maqS{eq) = mdes™ -m " q(mr) (14)
yr
roe Cdes(eq) — coaepxaHue TECTUPYEMOrO BeLLECTBa, OCTABLUErocs B NOYBE B TOYKE paBHOBECUS, MKI/T;

m des(eq) — macca BellecTBa B pacTBOpe, onpejesieHHass aHa/IMTUUYECKN B TOUKE PABHOBECUS, MKT;
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m”g — macca TecTMpyeMOoro BellecTBa, OCTaswasnca B a,CI.COp6U'I/IOHHOM paBHOBECUN WMN3-3a He-

MOJIHOTO 3aMeLlLeHnss pacTBopa, MK,

magS(eq) — macca TeCTUPYeMOro BellecTBa B PpaBHOBECHOM pacTBOpe, MKI.
A ads Vg-Vr'
maq ~ maq W ) V

(15)

roe VIF — o06bem pacTBopa, 0T6MpaemMoro A/ M3MepPeHUst KOHLEeHTpauu nccaeayemMoro BelecTsa npu ge-

roe

C0p6LI,I/IOHHOM paBHOBECUN, M,

HEHHOro Ha aHaslornyHbIi 06bem 0,01 M CaCl2, mn.

[JecopbunoHHasa nsotepma dpeiiHgnmxa:

BECUWN, MKI/MII.

VR — 06beM cynepHaTaHTa, yAa/leHHOro 13 npo6upku nocne afcop6UUOHHOIO 3KCNepuMeHTa U 3ame-

C fs(eq) =K fs-Cfgs(eq” "M i-T-1). (16)
B nuHeiHon dopme:
logCsles (eg) = logK f5+~\og C *s(eq), a7
K"es — koagphuymeHT gecopbunn dpeiinanuxa, malr;
n — KoathuyuneHT perpeccuu;
CggS(eg) — MmaccoBasi paBHOBeCHas KOHLEHTpalusa BellecTBa B pacTBope npu AecopbLMOHHOM paBHO-

Mo ypaBHeHuAM (16) u (17) cTpoaT rpacdukn n 3HadyeHna K”~es un 1/n paccuntbiBaloT, UCNOMb3YSA perpec-
CUOHHbIN aHanun3 rpaduka ypasHeHus (17).
3amedaHune. Ecnn nokasaTtesib CTENEHM B YpaBHEHMSAX U30TepM copbuunm n gecopbumn 1/n paseH 1, 10
kKoadhpuyneHTol PpeiHannxa K ds n KMes akBuBasieHTHbl KOHCTaHTaM paBHoBecus Kd u Kdes, a rpacuku Cs
oT Cagq mmeloT nnHeiiHyo dopmy. Ecnu nokasatenb He paBeH 1, To rpadukm Csot CaqHenuHeliHble n agcopb-
LUOHHbIE M AeCOopO6LNOHHbIEe KO3IhMULUEHTbI M3MEHSIOTCA NO BCE ANMHE N30TEPMbI.

11 OTueT O TEecTe

OT4YeT 0 NPOBEAEHHOM TecTe A0/IKEH coAepXaTb creaylLy nHpopmMaumnio:
- MOJIHOE onMcaHne NCMNoIb30BaHHbIX MOYBEHHbIX 06pa3L0B;
reorpadpuyeckoe nonoxexHve nons (WupoTta, 4ONroTa);

- paTy oT6opa npoo;

npoucxoxaeHne ob6pasLoB (Ce/IbCKOX03AMCTBEHHbIE 3€M/IN, JIECHbIE MOYBbLI U T.4.);
rny6uHy ot6opa npob;

rpaHy/sioMeTpuyeckuli cocTas;

pH (0,01 M CaC12);

cofepXaHne OpraHM4Yeckoro yriepoaa;

cofepXaHne OpraHM4Yeckoro BeLLEeCTBa,;

cojepxaHune asoTa,;

cooTHoweHune C/N;

€MKOCTb KaTMOHHOro 06MeHa, MMOJIb/KT;

BCO MHopMaumo o cbope 1 xpaHeHUn ob6pasLoB.;

3ynbTatbl COPOUMOHHO/AECOPOLNOHHBIX UCNbITAHWIA;
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- MEeTofibl, UCMO/Ib30BaHHbIE AJ1S ONpeAeNIeHUs KaXA0ro 13 napameTpos;
- UHopMauuo 06 nccnelyemMoM BeLLecTBe;

- TeMnepaTypy 3KCNepuMeHTa;

- YCNOBUS LEHTPUYINPOBAHUS;

roe Heo6XxoAuMO, BCH AOMOSIHUTESNIbHY MHGOPMAaLMIo, CNOCOGHYK MOMOYb UHTEPRNpPeTUMpoBaTh pe-

- A0Ka3aTesibCTBO HeO6XO,CI.VIMOCTVI MCNoJsib30BaHNA paCcTBOPAKWNX areHToB AJ1d NPUTroTOBJ/IEHNA TO/10B-
HOro pacrteopa unccnenyemMmoro sewiecrtea;

- 06bACHEHNE BCEX MNOMNPaBOK, BHECEHHbIX B pacyeTshl;
- faHHble B BUAE 3anofIHEHHOro 6naHka n3 npunoxenus G;

- BCE AaHHbIE U Ha6ﬂPOAEHI/IF|, nomMmorawuwme NHTepnpeTupoBaTtb pe3y/bTaTbl aHa/n3a.
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MpunoxeHue A
(o6sa3aTenbHOE)

Cxema TecTta

YcTaHOBNEHUE NPUTOAHOCTM aHa/IMTUYECKOrO MeToaa
MpurogeH

/

Ja HeT---—- » HeTt akcneprMMeHTOoB

MpeaBapuTe/ibHbIE IKCNEPUMEHTI

2 MNoyBbl

I
| t } \

Bbi6op onTyManbHOro Mposepka
C(E)OTHOLIJEHVI q Onpepenexve MpoBepka copbuun CTabWILHOCTY
) BPEMEH/ PaBHOBECWSI  Ha CTEHKax Mocydbl  BELUECTBa C pacHeTom
ro4salpactsop MaccoBoro 6anaHca

Ecnn MB meHbLue 90 % -
i BELLECTBO He CTabWubHO
BO BPEMSI aHa/m3a.
AHanusy cnepyet
noagepratb 06e hasbl

PaBHOBecve [OCTUTHYTO?

KuHeTuka aacop6uum

1

5 nous

Ecu:
Kd-msoilV0 > 0,3 - Henpsimoii MeTo, U3MepeHne KOHLEHTpaL N B pacTBOpE;

Kd'msoi/VQ > 0,1 - npsimoit MeTog, aHann3 obonx ¢as

| Ecnu Bce B nopsiake

M3oTepma agcopbumu KnHeTuka pecopbumm

M3oTepma gecopbumm

15
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Tabnunuya

Cumson

A,
Aaq

m~ds Ati
m”ds(eq)
mO
TT%)

< s(eg)
msoil

(60)

Cst

ca ()

Cfddeq)
Cads (eq)
"0

va

Kd
Koc

KOT

Kads

Mn

Kdes
Kdes

<*()

< SH)

m des(eq)

16

MpunoxeHve B
(o6sa3aTenbHOeE)

OnpefeneHns v eguHULbI U3MepeHUs
B.1
Onpepenexve

MpoueHT copbummn BO BPEMEHHOIN Touke &
|_|p0LI,eHT BellecTBa, COp6VIpOBaHHOr0 KO BpeMeHN HacCTynieHnsa paBHoBECUA
Macca copbupoBaHHOro NoYBOI BELLECTBA K MOMEHTY BPEMEHMN i
Macca BellecTBa, COp6I/IpOBaHHOFO NoYBOil B TeUeHue BPEMEHHOIo MHTEPBas1a N,-
Macca BellecTBa, COp6I/IpOBaHHOFO NoYBOI B TOUKe paBHOBECUA
Macca nccneagyemoro eeulectea B Hadasie aHa/im3a
Macca BellecTBa B aJINKBOTHOM pacTBope, onpeaesieHHasd B TOUKe f(

Macca BellecTBa B pacTBOpe B TOUKE paBHOBECUS!

Macca nouBbl B a6COIOTHO CYXOM COCTOSHUM
HauasnibHas MaccoBasi KOHLEHTpaLysl BELEeCTBa, KOHTAKTUPYIOLEro C NoYBOi
MaccoBasi KOHLEHTpaLWs ro/IOBHOTO CTaHAapTa

MaccoBasi KOHLEHTPALIMA BELLecTBa B PacTBOPe B MOMEHT BpemeHH tt

CofepxaHre copbMpoBaHHOTO MOYBOI BELLECTBA B TOUKE PABHOBECUS

MaccoBas KOHLeHTpauus BeLLecTBa B pacTBOPE B TOYKE paBHOBECUSA

O6beM paBHOBECHOIO pacTeopa

O6bem anmMKBOTbI, B KOTOPOIi N3MEPSIOT COAepXaHne UCCefyeMoro BelecTsa
KoathchuumeHT pacnpeneneHus

KoadhdhmumeHT pacnpeneneHunsi, HOPMUPOBAHHLIN NO CoAePXaHWIo yriepoaa

KoathdpnumeHT pacnpegeneHusi, HOpMUPOBAHHbIA MO COAEPXKAHMNIO OPraHNYeCcKoro
BeLlecTBa

KoathdomumeHT agcopbummn dpeiiHgmnxa

Mokasaresib cTeneHn 13oTepmbl PpeliHamxa
MpoueHT AecopbLuyn BO BPEMEHHOI TOUKE 1j
MpoueHT gecopbuun 3a Bpems Afj
KoathdomumeHT gecopbunn

KoathomupmeHT gecopbumnmn dpeiHgmxa

Macca BellecTBa, AeCOp6UPOBaHHOIO NOYBOI K MOMEHTY BpemeHu tf

Macca BellecTBa, 4eCOpOMPOBaAHHOIO NOYBON, NO ncteveHun k-

Macca BelLecTBa, aHaNMTUYECKN onpegensemas B BO,IJ,HOVI (base B TOYKe ,qecop6-
LMOHHOIo paBHOBECKA

EAvHMLA n3MepeHus

%
%

MKF

MKF

MKr

MKF

MKF

MKr

r
MKr/Mn
MKr/Mn

MKr/Mn

MKr/T

MKr/Mn

M1
M1
mn/r
mn/r

mn/r

MKri-1/n
mnlin r-1

%
%
mn/r

MKr- 1n
MIln -r-1

MKr

MKr

MKr



OkoHuyaHve Tabnuupl B. 1

Cumson

médgs (€Q)
m”es(Atj)

C fs(eq)

caTwn)

MB

mE

Kec

POW
pKa

OnpepenexHne
O6Lasa macca BewecTsa, AeCopbrpoBaHHOro MOYBO K MOMEHTY paBHOBECUSI
Macca BeLlecTBa, OCTaBLUErocsi COPOUPOBaHHbLIM MOYBOM MO UCTEYEHUN BPEMEH-
HOro MHTepBasia Af:

Macca wuccrnegyemoro BeLlecTBa, OCTaBLUaACA B a,qCOp6MpOBaHHOM COCTOAHNN
N3-3a HENMOJIHOINo 3aMeLlleHna pacTteopa

KonnyecTtso BewecTBa, ocTaBLlerocs COp6VIpOBaHHbIM MoYyBOI B TOUKE ,u,ecop6u,|/|-
OHHOIro paBHoOBeCHKA

MaccoBasi KOHUEHTpauusi BellecTBa B BOAHONM (ha3e B TOUKE AEeCOPOLMOHHOrO
paBHOBeCUSI

MonHbIi 06bEM pacTBopa, Haxo4AWMIACA B KOHTaKTe C MOYBOA MpV NpPOBeAeHUN
3KCMEPUMEHTA N0 KUHETVKE AeCopOLMM CepUiHBIM METOAOM

O6bem cynepHaTaHTa, YA&/IEHHOTO M3 NPOGUPKM nocrne afcopObLMOHHOro
3KCMneprMeHTa U 3aMEeHEHHOr0 Ha aHa/10rnYHbIi 06bem 0,01 M CaCl2

O6bemM aHaIM3MpyeEMOI a/IMKBOTbI, OTOMpPAeMOli Ha aHanv3 U3 NPo6upkK /, Npu
npoBeAeHNM 3KCNepMMeHTa No KNHEeTUKe Aecopbuuy cepuiiHbIM MeToLoM

OGBbEM pacTBopa, B3ATbIi 13 NPOGVPKY /, MPW NPOBEAEHUN IKCNIEPUMEHTA MO KUHE-
TVKE Aecopbumny napasinenbHbIM MeToL0M

OG6bEM pacTBopa, 0TEUPAEMOro [i/1s U3MEPEHVISI KOHLEHTPALMK UCC/elyemMoro Be-
LecTBa Npy Aecop6LMOHHOM paBHOBECUY

MaccoBblii 6anaHc

O6Lasi Macca BeLLecTBa, IKCTParMpoBaHHOTO M3 MOYBbI U CMBITOTO CO CTEHOK Mo-
cyabl B ABa 3Tana

O6bemM cynepHaTaHTa, YAa/IEHHOrO 13 NPo6upKM nocsie agcopOLMOHHOIO paBHO-
Becus

KoadhdomumeHT pacnpenenenns oktaHon/soga
KoHcTaHTa guccoupaumm

PacTtBopumocCTb

FOCT 33060—2014

EavHnua namepenus

MKr

MKr

MKr

MKr/T

MKF/MAN

%

MKr

r/n
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MpunoxeHne C
(pekomeHgyemoe)

BnnaHue ToOUHOCTM aHaIUTUYECKOro metoga um N3MEHEHUI KOHUEeHTpaunn Ha TOYHOCTb pe3y/ibTaToB
IKCNnepnmMmeHTa

V13 npuBegeHHol Tabnuubl C.1 CTaHOBUTCA OYEBUAHBLIM TOT (DaKT, YTO MPY HEBO/LLLOW pasHULLE MeXay HauaslbHOM

maccoli BeulectBa (TO0 =

110 MKr) ” paBHOBECHOW

KOHUEHTpauueii uccregyeMoro BellecTsa B pacTBope

i magS(ec?) = FOO mkr], owmnbka B 5 % Npu n3mMepeHUn KOHLEHTpaLuM BELLEeCTBA B pacTBope NpmBoauT k 50 %-Hoi owmn6-
Ke npu pacyeTe mMaccbl COpobupoBaHHOro BewlecTea un 52,4 %-Hoii owmnbke npu pacyete Kd.

Macca nouBbl 10 1.

O6bem pacteopa 100 m.

Tab6nuya C1

< ::r" , C;'—’Kr/'/'w: ' R % mas (eg_ma  CItB (69, Ri, %
T0=110T, Ana 4=9%
€0= 1,100 100 1,000 NcTuHHoe 10 1,00 VcTuHHoe
MKr/Mn
101 1,010 1 9 0,90 10
105 1,050 5 5 0,50 50
109 1,090 9 1 0,10 90
Ona A =55 %
50,0 0,500 McTnHHOE 60,0 6,00 NcTuHHOE
50,5 0,505 1 59,5 5,95 0,8
52,5 0,525 5 57,5 575 4,0
55,0 0,550 10 55,0 5,50 8,3
Ons A =99 %
1,100 0,011 WcTnHHoe 108,9 10,89 WcTuHHoe
1111 0,01111 1 108,889 10,88 0,01
1,155 0,01155 5 108,845 10,8845 0,05
121 0,0121 10 108,790 10,8790 0,10
T3 oq) =m0 -rrigq  (eg);
*ads{eq) _ (Co-Cff(eq))'/0
Mol
W = maa;jss{eq) "Y?c M 3-r1),
Mg M msoil *
roe m fs(eq) - Macca copbupoBaHHOrO MOYBOM BELLECTBA B TOUKE PABHOBECUS, MKT;
< s(<?) - Macca BellecTBa B BOAHOW (hase TOUKe paBHOBECUS, MK,
C fs(eq) - coaepxaHue COpOMPOBAHHOIO BELLECTBA B NMOYBE B TOUKE paBHOBECUS;
Cff) ~ MaccoBas KOHLEHTpaLus BeLecTsa B BOAHON hase B TOUKe PaBHOBECHS;
R — aHanmtnyeckas owmnobka;
Ri — owwn6Ka pacyeToB, BbIYMC/IEHHAS HA OCHOBE aHAIMTUYECKON OLUIMOKM.
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Kd

0,891
0,476
0,092

12,00
11,78
10,95
10,00

990
980
942
899

Ri, %

10,9
52,4
90,8

18
8,8
16,7

1,0
4,8
9,2

C1

(C2)

(€3
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MpunnoxeHue D
(pekomeHpyemoe)

TexHuKa oueHkn Kd

1 Cnoco6 npuban3nTenbHol oLeHkM KoadhdmumeHTa Kd 6a3upyeTcsi Ha ero koppensymmn ¢ Takumy nokasaTensimu,
Kak Pow, [12], [39], [63]—[68], pacTBOpuMOCTb B Boge [12], [19], [21], [39], [68]—[73], W AaHHbIMM O NOASAPHOCTM BeLe-
CTBa, KOTOpbIE MOJyYaoT METOAOM O6paLLeHHO-thasHoin BIXKX [74]—[76]. Kak nokazaHo B Tabnuuax D.1 n D.2, koadhdu-
LmeHTbl Koc 1 KOT MOXHO HaliTW MO 3TUM YpaBHEHUSIM, W OT HX NOTOM MepeiTu Kk Kd no ypaBHEHUAM:

100 7ema r 1 (D.1)
%o0c
Kd 100 /
ot ~ 1/24 0oac(cm3r 1), (D.2)

2 TeopeTuyeckn faHHan Teopus 6asupyeTcs Ha ABYX npeanonioxeHusax: (1) OCHOBHbIM (DakTOPOM, BAMSIOWMM Ha
afcopbumio BELLECTB NOYBON, SB/ISIETCA COAEPXaHME B HEli opraHnyeckoro BellecTsa (2). BsaumopelicTBusi B 601bLUNH-
CTBE CBOEM HenonspHbl. [o3Tomy, faHHasA KOppesnsuna He pacrnpoCcTpaHsaeTCs, TObKO B PefKux crydyasx, Ha nonspHble
BelllecTBa M He NpYMeHnMa B Criydasx, Korga cogepxaHve B MoyBe OopraHM4eckoro BelecTBa odeHb mMasio [12]. Kpome
Toro, ecnn mMexay Pow n copGUMOHHO CNOCOGHOCTHI0 0BLIYHO NPOCNEXNBAETCA YAOBETBOPUTENbHAA KOppensauus, 1o
0 CBSI3 aAcopbumm ¢ PacTBOPMMOCTLIO TaKoro ckasaTb Hesb3s. [laHHble MccnefoBaHuii Ha 3TOT CYeT BecbMa MpPOTUBO-
peumBbl.

3 HekoTopble KOppensunoHHbIE YpaBHEHWS, CBS3biBAKOLME COPOUMOHHbIE KO3dhdmumeHTsl ¢ PQNVu pactBopu-
MOCTbIO, NpuBeeHbl B Tabnuuax D.1 u D.2.

Tabnunuya D1 — KoppensuMoHHble YpaBHEHNWS, CBA3blBatOLLME COPOLMOHHbIE KO3DULMEHTbI C Pow (40NOHWTENb-
Hble Npumepbl AaHbl B [12], [68])

BelecTtBa KoppensaunoHHble cBA3n McTouHuK
3aMelLeHHbIe MOYEeBUHbI KoT= 0-69 +0,52 log Pow [39]
ApomaTunyeckme xaopcogepxaime Koc=- 0,079 +0,904 log Pow [65]
PasnuuHble nectuumabl 109 Ko =4,4 +0,72 log Pow [66]
ApomaTuyeckue yrnesoLopoabl Koc=-2,53 +1,15 log Pow [67]

Tab6nunya D.2 — KoppensiumoHHble YypaBHEHWS, CBSI3biBAKOLLME COPOLMOHHBLIE KOI(MIUUMEHTbI C PacTBOPUMOCTbIO
(gononHMTeNbHbIE NPUMEPbI AaHbl B UCTOYHUKaX [68], [69])

BeuiecTtBa KoppenaunoHHble CBA3N MIcToUHUK
Pa3nnuHble nectmumapl log KoT=3,8- 0,561 log Sw [66]
AnvdhaTnyeckune 1 apomatuyeckue xnopcogepxawe Kot = (4,040 + 0,038) - (0,557 + 0,012) log Sw [70]
A-HadyTONbI log Koc = 4,273 - 0,686 log Sw [71]
Livknnyeckme anudatnyeckne n apomartmyeckme log Koc=-1,405 - 0,92 log Sw- 0,00953 (mp-25) [72]
Pa3nnuHble BellecTBa Kom=2,75 + 0,45 log Sw [73]
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MpunoxeHne E
(cnpaBo4yHOE)

PacueTbl Bbl6opa ycroBuii LeHTpudyrmposaHus

1 PacueT BpemMeHn LeHTpudyrnpoBaHmns nposogutcs no copmyne (E.1) gnsa yactuu, cgoepryeckoin hopmbl:
y

(E.1)
2 Q2/p(ps—Pag)

rae @ — YI/10Bas CKOPOCTb BpalleHus (2n rpT/60), pas/c;
rpT — KOMMYECTBO OGOPOTOB B MUHYTY;
0 — BSI3KOCTb pactBopa, r/(ccm);

P — pajuyc YyacTuu, cwm;
PS — MNAOTHOCTb NOYBbI, r/CM3;
pagq — nAOTHOCTb pacTeopa, r/cm3;
Rt — paccTosiHMe OT ueHTpa BpalleHns A0 NMOBEPXHOCTU MOYBEHHOWN CYCneH3un, Cm;
Rb — paccTtosiHue oT LeHTpa BpalleHus A0 AHa LeHTpudyXHoM Npobupkn, cwm;
Rb- Rt — paccTosiHMe OT NOBEPXHOCTU CYCNEH3NN A0 AHA NPO6UPKK, A/IMHA NYTH, CM.
[na ynobcTBa Bce eauHMLBI U3MeEpPeHUst AaHbl He B cucteme CUL.
B noBcefHeBHOI NpakTUKe MOJly4YeHHOE TakvM 06pa3oM BpeMS yABauBakT, A/ TOro YTobbl ocaxaeHue 6bi1o ra-
pPaHTUPOBAHHO MOJHbIM.
2 B faHHOM ypaBHEHWN Takke MPUHUMAETCS, YTO BA3KOCTb M M/IOTHOCTb pacTBOpPa 3KBUBASIEHTHbI BA3KOCTW 1 M/10T-
HocTu BoAbl npu 25 °C, cooTBeTcTBEHHO 8,95 r/(c cm) 1 1,0 r/mn.
Vcxoasa v3 aToro Bpemsi LeHTpUdyrmpoBaHmns 6yaeT paBHO:

(E2)

3 W13 nonyyeHHoro ypasHeHus (E.2) CTaHOBUTCA OY4EBUAHO, YTO Ha BPEMS LEeHTPUYrmpoBaHnsa BMSIIOT ABa OCHOB-
HbIX NapameTpa: 1) N10THOCTb MOYBLI; 2) A/IMHA CYCNEH3UN B LEHTPUYXHOW Npobrpke (pacCTosH1E OT MOBEPXHOCTH Cy-
CNeH3un A0 AHa NpobupKn). FCHO, YTO 4718 NOCTOAHHOrO o6bema 3To paccTosiHWe GyaeT 3aBuceTb OT paauyca nNpooupku.

4 Hwxe Ha pucyHKax npeacras/ieHa 3aBMCUMOCTb BPEMEHW LEHTPUDYrmpoBaHns oT Konnyectsa 060poToB B MU-
HYTY 4719 pasHbIX NA0THOCTEW nousbl (PUCYHOK E.1) 1 ana pasHbiX pacCTOsHUI OT NOBEPXHOCTW CYCMEH3WW A0 AHa LeH-
TpUQRYXHOW npobupku (pucyHok E.2). Hanpumep, npu knaccuueckoi ckopocty B 3000 060p0OTOB B MUHYTY BPEMS LiEH-
TpUdpyrmpoBaHna Ans noys NOTHOCTLIO 1,2 r/cM3 6yaeT paBHATLCA 240 MUHYTaM, a Ai/1e NoyBbl C M/IOTHOCTLIO 2,0 r/cm3,
Bcero 50 MUHYT. AHa/IOTMYHO MO PUCYHKY E.2 nmonyyaem, 4To npw TOW e CKOpOCTU Cfoi cycneHsmn 10 cM HeobxoauMo
ueHTpudyrposatb 50 MUHYT, Torga Kak Ans ¢nos 1 cM AoCTaTtoyHO BCero 7 MuHyT. OfHaKo HeO6XOAMMO MOMHUTL, YTO
NPV C/IMLLKOM M&/IEHBKOM C/10€ MOTYT BO3HWKHYTbL CIOXHOCTY MpY pasfenieHnn a3 nocse LeHTpudyrmposaHums.

5 Kpome Toro, npv nogbope ycnosuii LEeHTPUGYrmpoBaHns HeobXoaMMO Takke YuuTbiBaTb HasMune B Mouse Tpe-
Tbell nceBgodasbl: MOYBEHHbIX KO/IOMAOB. 3T YacTuLpl pasmepoM MeHee 0,2 MKM OKasblBatOT 3HAYUTENIbHOE BAVSHME
Ha aAcop6UyI0 BELLECTB MOYBEHHON cycneH3neid. Ecnm ueHTpudyrmposaHve npoBoAnTb CNOCO60M, NPUBEAEHHBIM BblLLE,
TO KOM/IOUAHbIE YacTULbl OCTAOTCA B PACTBOPE M aHa/IM3UPYIOTCA COBMECTHO C HUM. Takum obpa3oM, MHdopMaumsa o6
UX BKNage B agcopbumio TepseTca. Ecnv nabopaTtopus pacrnonaraet npuéopamv AN NpoBefeHus yrbTpaueHTpudyrm-
poBaHVA v ynbTpadunibTpaumn, To UccnefoBaHus CopoLMOHHO-AEeCOPOLMOHHBIX NMPOLIECCOB MOXHO NMPOBECTU Gosee
rny6boko, nosnyyvs nHgopmaumio 06 afcopbumy Ha NOYBEHHbLIX Ko/louaax. B aTom cnydvae ynbTpaueHTpudyrmposaHme
Ha ckopocTn 60 000 060pPOTOB B MUHYTY WK ybTpadunbTpaumsa yepes punbtp noposHocTbio B 100 000 AasibToH MOXeT
NO3BOMNTb pasfenuTb Bce Tpu hasbl. VITOrOBbLIN NPOTOKON MCCNEeA0BaHNS B TAKOM Crlydae AO/DKEH ObiTb U3MEHEH COOT-
BETCTBYIOLLMM 06pa3omM.
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PucyHok E.1 — 3aBMCUMOCTb BpemeHu LieHTpudyrmposaHus (f) OT CKOpoCTU BpalleHus (rpT) 418 pasHbiX NA0THOCTEN
nousbl (ps). Rt=10 cm, Rb- Rt= 10 cm, N = 8,95 r/(c-cm), pag = 1,0 r/mn npu 25 °C

PucyHok E.2 — 3aBMCMMOCTb BpEMEHMN LieHTpUdyrnpoBaHns (/) OT ckopocTy BpaweHnst {rpT) 418 pasHbIX 3HAYEHNIA
OWHbI UeHTpuddyxHoi npobupkm (L). Rb- Rt=L, Rt= 10 cm, g = 8,95 r/(c cm), pag= 1,0 r/mn npu 25 °C n ps= 2,0 r/icm
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roe

MpunoxeHne F
(o6sa3aTenibHOe)

Pacuet agcop6uunmn A (%) n gecopbuun D (%)

1 Cxema akcnepumeHTa

Jjul At2 [+l Y

U h h ™l k1l

2 Bo Bcex pacueTax NpUHUMAETCS, YTO BELLEeCTBO CTabWU/IbHO M HE3HAUUTENIbHO COPBUPYETCA CTEHKAMU Nocypbl.
ACOPBLINSA A (%)

a) MapannenbHblii MeToa

3 MpoueHT aacopbuuy cunTaeTcs Ans Kakaol Npo6upky / Ans Kakaoli BpeMEHHOW TOUKM MO YpaBHEHUIO:

A= " » (VY (F.1)*
1 T0
UneHsbl OaHHOro ypaBHEHUA MOXHO pacCumnTaTb Kak:
T0=CO * VO (Mn); (F2)
m fs(tf) = TO-C ff (tj)-VO(mr), (F.3)

At, — MpOLEHT copbLuMn BO BPEMEHHOI TouUKe tr %;

mf ds(tj) — Macca cop6ypoBaHHOro nNoYBol BELLECTBA K MOMEHTY BPEMEHU tV MKT;

T0 — Macca vccneyeMoro BELLEeCTBa B NPOOMPKE B Hauasle aHa/In3a, MK,
CO — HavasbHasi MaccoBasl KOHLEHTPALMS BELLECTBA, KOHTAKTUPYIOLLEro C MOYBOWA, MKT/MIT;

Cgds (tj) — maccoBasi KOHLeHTpauusi BELWECTBa B pacTBOPE B MOMEHT BpeEMEHMU tjt MKr/Mn;

\/0 — HavasibHbI 06bEM pacTBOpa, KOHTAKTUPYHOLLEro C NOYBOMA, M.

CTposiT rpachmky 3aBrucumocTy At.uim Cgds(tj) OT BpemeHu 1 onpeaensitoT TOUKy JOCTVKEHUs! CUCTEMOW paBHO-

Becus. Mpumepbl Taknx rpadonkoB nNpvBeAeHbl Ha pucyHkax F1 n F.2.
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KoHueHTpaupa Cads, Mkr/mn

PucyHok F.2 — 'padvk 3aBrcumoctn Cads OT BpeMeHu

b) CepuiiHbIin mMeToz

4 Cnegnyrowye ypaBHeHVss CnyxaT 47151 pacyeTa copbummn npu NpoBeAEeHUN SKCMEPUMEHTa CEepUHBIM METOAOM,
Korga usmepeHvie KOHLeHTpaLummn UccnesyemMoro BeLecTsa NpoBOAMTCS B HEGO/bLUMX a/IMKBOTAaX, OTGMPaeMbIX 13 BOAHOM
(hasbl, Yepes onpefesieHHble BPeMEHHbIE MHTEPBASIbI.

Konnuectso mccnenyemoro BelecTsa, COpobMpoBaHHOIO NOYBOW B TEYEHWE KaKO0ro BPEMEHHOrO MHTepBasia, pac-
CUMTBLIBAIOT MO C/IEAYIOLMM YPaBHEHUSM.

[na nepsoro nHrepsana: =" - 1Q

mads(At,)=m0-m T {ti) (F.4)

[na BToporo vHTepeana: At2 =t2-t

(w ) CPNETAN
XA .- < ds(t2y vo AK (F.5)
va \ a J

[na Tpetbero nHrepsana: At3 =t3- t2:
. nn AN
~ W- 2-v
TO(A (=TT ((2 W7V& 2 o)
\ va

[nsa n-ro MHTEpBaa Atn=tn- fn-1:
V,-(n-2)-v n VO -(n-1)1, n
( ) -T ads U ( ) (F.7)

MpOLEHT BellecTBa, COPOMPOBAHHOTO B TEUEHME KaKAO0ro BPEMEHHOro MHTepBasia (AAL), paccuuMTbIBaKOT Creayio-
LM obpasom:

mads (At:)
Am = 4 -100(%).
MpoueHT BewecTtBa (4Af), copbUpoOBaHHOrO KO BpeMeHM tjt Mo ypaBHEHWIO:
Ali w
1 <*(Nn
nn, -“U.I --------- 100(%). (F.9)»
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3HaueHust AAt un At, B 3aBUCMMOCTU OT HYX[, UCC/Ie0BaHUs, OTKNAAbIBAOTCA Ha rpacuke 3aBUCUMOCTM OT Bpe-
MEHU, 1 Mo rpadouKy HaxXoaUTCS BPeMsi HaCTYMeHUs] paBHOBECHS:

B TOUKE paBHOBECHS:

macca 1ccnefyemoro BeLecTBa B NoyBe:

mads{eq)= £ mads(Af); (MO)*
Af, =1

macca 1cceflyeMoro BeLlecTBa B pacTBope:

mads(eq) =mO0- f > f s(Af); (F.11)*
Af, =1

MPOLIEHT aacop6LmM 1CCelyeMOro BeLlecTBa:

w r ™M 100% t
q T0

OnpefeneHns 1cnosib30BaHHbIX BbILLE NapaMeTpos:

mads(Ati) Macca BeLLecTBa, COp6bVMPOBaHHOIO NOYBOW B TEYEHVE BPEMEHHOTO MHTepBasia Ath Mkr;
Macca BeLlecTBa B a/IMKBOTHOM pacTBope VE, onpefesnieHHas B TOUKe 1S MKT;

m fs(eq) Macca BeLLecTBa, COPObMPOBaHHOIO NOYBOWA B TOUKE PaBHOBECUS, MKT;

mads (eQ) — Macca BeLlecTBa B pacTBOPE B TOUKE pPaBHOBECUS, MKT;
VE — 06bEM a/IMKBOTbI, B KOTOPOI M3MEPSIIOT CoAepXaHne Uccrefyemoro BelecTsa, M,
AAt. — npoueHT copbummn Bo Bpems [tr %,
Aeq — npoLEeHT BelllecTBa, COPOUPOBAHHOIO KO BPEMEHW HACTYM/ieHUs paBHoBecusl, %.
Hecopbuua D (%)
5 BpemeHem Havana AecopOLMOHHOro 3KCnepumeHTa cuMTaeTcs BpeMms, korga BogHas ¢hasa u3 obpasua, B KOTO-
pPOM HacTynuio aAcopbLUMOHHOe paBHOBECUE, 3aMeELLAETCs Ha 3KBMBa/IEHTHOE KOMMYeCcTBO pacTteopa 0,01 M CaCl2.

a) MapannenbHoblii MeToq
6 Bo BpemeHHO Touke f( NpOBOAAT M3MepeHMe Macchbl MCCNeQyeMOro BewecTBa B BOAHONW hase, 0TOOpaHHON 13
npo6upkn / (V'), a Maccy 4ecopbupoBaHHOro BELECTBA PACCUMTLIBAKOT MO YPaBHEHWIO:

4
< su)=m 1 ;V; “Tag (F.13)

B TOUKe 4ecopbuUMOoHHOro paBHoBecus f-= teq u, cooTBeTcTBeHHO, Mdys (f,) = mdas (eq);

mdas (Ati) — macca BellecTBa, AeCOPOMPOBAHHOIO NOYBOI B TEYEHVE BPEMEHHOIO MHTepBasia At, paccumMTbiBaeTcs Mo

YPaBHEHWIO:
/-1
(F-14)
j=1
7 MpoueHT gecopbumm Dt paccunTbIBaOT MO YpaBHEHMWSM:
KO BpEMEHU t-
< (.00 % (F.15)
mlds(eq)
3a Bpems Aff.
C TagS(tj) +100 %, (F.16)
mads(eq)
rae Dt, — npoueHT gecopbunm BO BPEMEHHO Touke tjt %;

DAL. — npoueHT gecopbunu 3a Bpems Atjt %;
Macca BeLLecTBa, [ecopbmupoBaHHOro NOYBON K MOMEHTY BPEMEHU 1, MKT;

Macca BeLlecCTBa, AeCOp6MDOBaHHOFO MOYBOM, MO UCTEYEHUU ,ﬂf& MKT;
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m£fs(eg) — macca BellecTBa, aHa/IMTUYECKM OMnpefensieMasl B BOAHO (haze B Touke AeCOPBLMOHHOTO paBHO-
BECUS], MKT;
Taq Macca Mcc/iefyeMoro BeLLecTBa, OCTaBLIascs B aficOpP6YPOBAaHHOM COCTOSIHUM M3-3a HEMOJSIHOrO 3a-

MeLleHna pacTtBopa, MKr:

A _ ads
Mag = Tag m - (F.17)
I Vo VY
roe mggS(ep) — Macca BelecTBa B pacTBOPE B TOUKE pPaBHOBECUS, MKT;

VR — 06bEM cynepHaTaHTa, YAa/IEHHOro 13 MPO6GUPKM Nocse afacopOLMOHHOMO SKCNeprMeHTa M 3aMEHEHHO-
ro Ha aHasIorMyHbIA 06bem 0,01 M CaCl2, mr;

V' — o6beM pacTBopa, B3SITbIi U3 NPOOGUPKKU /, NPy NPOBEAEHUN 3KCMEPUMEHTA MO KMHETMKEe Aecopbummn
napasnnesibHbiM METOAO0M, M.

3HayeHns DAL v Dt B 3aBUCUMOCTY OT HYX[, UCCIef0BaHNS OTKNaAbIBaloT Ha rpadhuke 3aBMCMMOCTU OT BPEMEHU
1 no rpadirky Haxo4AT BPEMS HACTYNIEHNS paBHOBECHS.

b) CepuiiHblli meTop,

8 Cnepytowye ypaBHEHUs Cnyxar AN pacyeta copoumu npy NpoBeLEHUN 3KCNepuMeHTa CepUiHbIM METOAOM,
KOra M3mMepeHue KOHLEHTpaLUmmn uccneayemMoro BeLecTsa npoBOANTCA B HEOOMbLUIMX annKBOTax, OTOMpaeMbIX 13 BOAHOM
hasbl, Yepe3 onpepesneHHble BpeMeHHble MHTepBasbl. MonaraeTcs, 4TO CynepHaTaHT, YAaseHHbli 13 Npooupky nocne
a[COPOLMOHHOTO 3KCMEPMMEHTA, 3aMEHeH aHas1I0rMyHbIM 06bemom 0,01 M CaCl2, n nosHbin 06beM BOAHOW hasbl, KOH-
TakTmpyowen ¢ nousoin (\/T), ocTaeTcs NOCTOSIHHLIM 1 PaBHbIM:

VT = (F.18)
=i
9 B Touke fj:
Macca BeLlecTBa B a/IMKBOTE CBA3aHa C Maccoil lecopbypoBaHHOroO BeLLecTsa No ypasHEHWIO:
D/l
<*('/)y=<4"]) Maq Vi (F.19)
B TOUKe fecopOumnoHHOro pasHoBecus f-= teq n cootsetcTBeHHO rriggs (f,) = rriggs (eg).
MpoueHT fecopbumn Dt. paccunTbiBAETCA MO YPaBHEHWIO:
D = mMagS{ty 100 oo (F.20)

"< ' (eq)

10 Ha uHTepBasie At
KonnyectBo nccnegyemoro BeLlecTsa, 4eCOpPOMPOBaHHOIO MOYBOI B TEYEHME KaKAOro BPEMEHHOro MHTepsana,

paccynTbiBaOT NO Criegyrwnm ypaBHEHNAM:

~0
cfes v ; ,des ,des (F.21)
Wa y

[ns BToporo uHtepeania: At2 =t2- tf:

G-\ vT-v @\ Vi .y P
C 1 cofe ) - D maqgS{Atl) " RLLLIPYS
Va3
< Sfe)=< S(<*?)-«’ (AF2)). (F.22)
[na n-ro nuntepsania Atn =tn- tn y
AVT-(n-l)VD\ n-1 ( |
<U (=™ r(n —ag al - Y L £ z 'h Imfgs{Atl)
Kva ) \ /=1,n*1
C

ms (eg)- X (F.23)

/=Ll
B kOHEeYHOM uTOre NPOLEHT AecopbrpoBaHHOro BellecTBa DAL paccumTbIBalOT Kak:
25
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m if
Dél: = - 245 m100 %; (F.24)
m"*{eg)
NpOLEHT AecopbupoBaHHOro BellecTsa Dt.ko BpemeHMu t-
At,
mggs U)
j=At
D, =™ 100= =100 %, F.25
mads eg) macgs ( )
rae m es(Atj) Macca BeLLEeCTBa, OCTaBLLErocsi COP6UPOBaHHbLIM MOYBON MO UCTEUYEHUN BPEMEHHOIO MHTEpBasia Atr MKr;

o6Las Macca BellecTBa, AecopbupoBaHHOIO NMOYBOI 33 OTBEEHHOE BPEMS], MKT;

Macca BELLECTBA, aHAIMTUUYECKN onpefernisieMas B BOAHONM hase B TOUKe tr MK

VT  NOMHbIA 06beM pacTBopa, HaXOAALMIACA B KOHTaKTe C MOYBON MPU MPOBEAEHNN KCNEPUMEHTA Mo Ku-
HeTUke AecopOLMN CEPUNHBIM METOAOM, M/,

mMacca WUccnefyemoro BeLLecTBa, OCTaBLIAsCS B 8fCOPOMPOBAHHOM COCTOSIHUM W3-3a HEMOJIHOMO 3a-
MeLLEHUS pacTBoOpa, MKT.
( n ~ N

K)-1<(/) Wwr
A v HA
ag ( n S (eg), (F.26)

Vo-Ivk 0
1 A )

rae VR — 06beM cynepHaTtaHTa, YAa/IeHHOro M3 Npobupky nocne afcopOLMOHHOTO 3KCNEPUMEHTA M 3aMEHEHHOTO Ha
aHaNorn4YHbIn 06bLem 0,01 M CaCl2, MKr;

VE — 06beM aHa/IM3NPyEMOI a/IMKBOTbI, OTOMPAEMOil Ha aHa/IM3 U3 NPOGMPKK /, NpU NPOBEAEHNN SKCNEPUMEHTA Mo
KMHETUKE Aecopbuun CepUitHbIM METOAO0M, M.

T

vg <0,02 VT, (F.27)

I pnmevaHne — CuMBO/IOM * OTMEYEHbI YpaBHEHNA, NpUroAaHble ONA NpAMOro v And Henpamoro Mertogos
aHanunsa. OctasibHble YpPaBHEHUA NPpUMEHNMbI TO/TbKO ANA HenpAamMoro metoja.
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MpunoxeHne G
(ob6s3aTenbHOE)

Copbuus n gecopbumns B noyse. [laHHble OTYeTa

Viccnepyemoe BeLecTBO:

Viccnepyemble noysbl:

BnaxHocTb nousbl (105 °C, 12 yacos), %:
Temnepatypa, °C:

MpUMEHMMOCTb aHa/IMTUYECKOTO MeToAa

Macca nousbl r
Macca abCcoNTHO CyXOi MouyBbI r
O6bem pacTtBopa CaCl2 M1
HomuHanbHasi KOHLEeHTpaLuus MKr/MT
OnpefeneHHas KoHUeHTpauusi MKr/MT

MpUHLUMN BbIGPAHHOTO aHa/TUTUYECKOTO MeToda:
KanmbpoBka aHa/IMTUYECKOTO METOAA:

Viccnepyemoe BeLecTBo:
Viccnepyemble nouysbl:
BnaXHoCTb MouBbl: %
TemnepaTtypa: °C
MeTop aHasm3a:

HenpsiMoii napasinesnbHblii CepUiiHbII npsMoii

Ta6bnuua GI1 — AcopOLMOHHBIA TECT: Uccnepyemble obpasLbl

Bpewms Bpewmsa Bpewmsa Bpewmsa

Cumson En. n3m.
A paBHOBecUs paBHOBecusA paBHOBecCKs paBHoBecus

Mpo6upka Ne

Macca BNaxHON NnoyBbl r
Macca Cyxoi nouyBbl m soil r
O6beM BOAbl BO BriaXkKHONM no4Be Ks M1
O6bem pactBopa CaCl2, B3ATbIl w1
[ANS ypaBHOBELUVBaHMS C NOYBOM

O6bem rosloBHOroO pacTeopa M
O6wumii 06beM BOAHON Basbl B Vo M
KOHTaKTe C Mo4BoW

HayanbHas KOHUEHTpauus Te- co MKr/MN
CTOBOIO pacTeopa

Macca uccnefyemoro BellecTBa T0 MKF
B HaYasle aHasm3a

Mocne B36GaNTbiBaHWS N LEHTPUAYTMPOBAHMS
Henpsimoli meTop,

MapannensHblii MeToq,

KOHUEHTpauysi vccrieqyeMoro Be- MKF/M”

LLECTBA C YUYETOM UMCTOro 06pasLa
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OkoHuyaHve Tabnuupl G. 1

CepuiiHblii METOA,
Macca BeLLlecTBa B a/IKBOTE
Mpsimoin meTog,

Macca copGMpPOBaHHOTO MOYBON
BellecTBa

Pacuet copbuun

Apcopbuus

cpeaHee

KoadpcpmupmeHt

cpefHee

KoathchuupeHt

cpefHee
Wccnepyemoe BeLLecTBo:
Wccnepyemble noyBb!:

BnaxHocTb MouBbI:
Temnepatypa: °C

Cumson En. n3m
™) MKF
m fs(t) MKF
\ %
%

K6 mn/r
Koc mn/r

%

Tabnunuya G.2— AACOPOUMOHHLIN TecT

Mpo6upka Ne
Macca BnaxHol nousbl

O6beM BOAbl BO BNaXHON noyse

O6bem pactBopa CaCl2, B3ATbI ANA ypaBHOBELUUBa-

HMS C NOYBOWA

O6beM r0M0BHOrO pacTeopa

OO6LWKit 06bEM BOAHON Basbl B KOHTaKTe C NOYBONA

HauanbHas KOHLEeHTpauus TeCTOBOro pacTsopa

Mocne B36aNTbIBAHNS U LLEHTPUIYTMPOBAHMS

KoHLEeHTpauysi B BofHOI chase

Wccnenyemoe BeLlecTso:
Wccnesyemble nousbl:
BrnaxHOCTb NOYBbI:
Temnepartypa: °C

%

Tab6nunuya G.3— MaccoBblii 6anaHc

Mpo6upka Ne

Macca BfiaxHol nouyBbl

28

CumBon

Bpewmsa
paBHOBECUA

EAn. vam.

M1 0
M1

MKT/M/

MKr/Mn

En. n3m.

Bpems Bpemsa
paBHoOBeCUSs paBHOBeCUSI
YncTblii YncTblii
0

Bpemsa
paBHOBeCUA

KoHTposnb



OkoHuaHve Tabnuupl G.3

Macca cyxoii nouBbl
O6bem BoAbl BO BNAXHOI Nouse

O6bem pactBopa CaCl2, B3ATbIn Ans
ypaBHOBELUMBAHNSA C NOYBONA

O6beM ro/IoBHOMO pacTBopa

O6wwii 06beM BOAHOW Basbl B KOHTaKTe
C NO4BOWA

Haua/ibHasi KOHLEHTpauusi TecToBOro
pacTeopa

Bpems pasHoBecus

Cumson

m soil

VW

co

T0

Mocne B36aNTbIBaHWS U LLEHTPUCDYTMPOBAHMS

KoHUEeHTpauysi ncciefyemMoro BellecTsa
C YYETOM 4mucToro o6pasua

Bpems pasHoBecus

YpaneHHblii 06beM BOAHON hasbl
Job6aBneHHbIn 06bemM pacTBopa
MepBas 3KCTpakums

CurHan npubopa, nonyvaemblii OT pac-
TBOpUTESA

KoHUEeHTpauysi nccnedyemoro BewecTsa
B pactBopuTesie

Macca BellecTBa, 3KCTpParMpoBaHHOMO
M3 NMoYBbl, N CMbITasd CO CTEHOK NOCyAbl

BTopoe pasBefieHne ¢ pacTBOpUTENIEM
YaaneHHblii 06beM pacTBOpUTENS
[ob6aBneHHblli 06beM pacTBoputens
BTopas akcTpakums

CuvrHan npubopa, nosyyaembllii OT pac-
TBOpUTENSI

KoHLEeHTpauysi nccnedyemMoro BellecTsa
B pacTBopuTesie

Macca BellecTBa, 3KCTparnpoBaHHOro
M3 NMoYBbl, N CMbITasd CO CTEHOK NOCybl

O6Llas mMacca BellecTBa, 3KCTparupo-
BaHHas B fiBa aTana

MaccoBbIin 6anaHc

Viccnepyemoe BeLecTBO:
Viccnepyemble noysbl:
BnaxHOCTb NOYBbI: %
Temnepatypa: °C

req

AV

SE:

AV’

SEi

=)

MB

Ef. n3m.

r

M1

§

S

§

MKr/Mn

MKr/M

§

§

pasH.

MKI/M

MKr

§

§

pasH.

MKr/Mn

MKI

MKI

%
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Tabnuya G.4— M3oTepma agcopbumm

Cumson En. n3m.

Mpo6upka Ne
Macca BNaxHON Nousbl r
Macca cyxoit noussbl msail r
O6beM BOAp! BO BaXHON NoyBe Wis w1
O6bem pactBopa CaCl2, B3AATbIN w1
AN ypaBHOBELUMBAHWSA C NOYBOIA
O6beM ronoBHOrO pacTeopa w1
O6wmit 06beEM BOAHON Basbl B Vo M
KOHTaKTe C Mo4Boi
HavanbHaa KOHLEeHTpaLuus TecTo- co MKr/Mn
BOr0 pacTsopa
Bpemsa pasHoBecus — Y
Mocne B36anTbiBaHNA U LLEHTPUGYTMPOBAHNS
KoHueHTpauusi B BogHol hase MKr/Mn

LieHTpay aHO b Cfas (eq)
Temnepatypa
Cop6uvpoBaHHO e, Maccoi NoYBbI MKr/Mn

povp A C fs(eq)

Viccnepyemoe BeLecTBo:

Viccnepyemblie noysbl:

BnaxHoCTb MoyBbI: %

Temnepartypa: °C

MeToz aHanm3a: HenpsiMoi napasinesibHbli CEpUIAHbIN

Tabnunya G.5— [OecopOLMOHHbIA TecT
Cumson Eannmua Bpems
n3mepeHuns

Ne npo6uvpku, 6epeTcs 13 aAcopoLMOHHOro aTana aKkcneprMeHTa

Macca BellecTBa, COp6GUPOBaAHHOIO NOYBON B
TOUKEe paBHOBECUS

O6beM ypaneHHol U3 NpPoOBUPKM  BOAHOM
chasbl, 3aMeHeHHbI Ha 0,01 M CaCl2

MonHbIA 06BbEM pacTBopa, Haxogs- PM
LLMIACA B KOHTaKTE C MOYBOWA om

MacCa nccnegyemoro eellectba, octaBLllasaACA
BaACOp6MpOBaHHOM COCTOAHUN KN3-3a Henon-
HOro 3amMeuleHna pacrteopa

KuHeTuka gecopbuum

M3vepeHHas macca BellecTBa, [ecopbupo-
BaHHOO MOYBOI K MOMEHTY BPEMEHN

30
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OkoHuyaHue Tabnuupl G.5

Cumson EanHmua Bpems Bpewms Bpewms Bpewms
n3mMmepeHns
O6beM pacTBopa, 0ToMpaembiii 3  PM Vi Mn
nNpoobVpoK Ha aHann3
SM y?
Macca BelLecTBa, AecopOUpoBaHHOIO NOYBOWA MK
K MOMEHTY BpeMeH/ /m(paccumnTbIBaeTCs)
Macca BelLecTBa, 4ecopbypoBaHHOIO No4BOWA MK
3a Bpems A,
MpoueHT aecopbunn
NPOLEHT gecopbLummn BO BPEMEHHOW TOUKE /o %
npoueHT gecopbumm 3a Bpems A/m e, %
Ko3apchuumeHT aecopbumnm A des mn/r

PM — napannenbHblit MeTog, SM — CcepuiiHbIii MeTog,
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