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MNMpeaucnosune

Llenu, OCHOBHbIE MPUHLUMMbLI U OCHOBHOW MOPSAAOK NPOBeAeHUs paboT No MEXTOCy4apCTBEHHOW CTaH-
aaptusaumn ycraHosneHbl FOCT 1.0—92 «MexrocygapctBeHHasa cuctema craHgaprudauymm. OCHOBHbIE NO-
noxeHua» n NOCT 1.2—2009 «MexrocyaapcTBeHHaa cucrema craHgaprusaumu. CtaHgapTbl MeXrocyaap-
CTBEHHbIE, MpaBuia U PEKOMEHZAUMM MO MEXIOCyAapCTBEHHOW cTaHaaptusauuu. lMpasuna paspaboTku,
NPUHATUS, MPUMEHEHMNSA, OOHOBIEHUS U OTMEHBLI»

CBeoeHuA o cTaHgapTe

1 NOAIrOTOBINEH ®eaepanbHbIM rocyaapCTBEHHLIM YHUTaPHbLIM Npeanpusatuem «Bcepoccuincknin Ha-
YYHO-UCCNeaoBaTenbCKUn UHCTUTYT cTaHdapTusauumn marepuanos U TexHonorui» (eryrl «BHUM CMT») Ha
OCHOBE CODCTBEHHOIO ayTeHTUYHOIO NEePEBOAAa Ha PYCCKMI A3bIK CTaHAAPTA, YKa3aHHOTO B MyHKTE 4

2 BHECEH ®eaepanbHbIM areHTCTBOM MO TEXHUYECKOMY perynupoBaHuio n metponoruun (PoccraHaapt)

3 MPUHAT MexrocyaapCTBEHHbIM COBETOM MO CTaHAapTU3auumn, METPONOrMnm u ceptudpukaymm (Npo-
TOKON OT 27 okTaAbpsa 2015 r. Ne 81-1)

3a NpuHSTUE NPOronocoBanu:

KpaTKoe HalMeHOoBaHWe CTpaHbl Koa CTpaHbl NO COKpau.|eHHoe HalMeHOBaHWe HalMOHaNbHOIo opraHa
no MK (MCO 3166) 004—97 MK (MUCO 3166) 004—97 no cTaHJapTusaumu

Benapycb BY loccrangapt Pecnybnuku Benapych

KazaxcTaH KZ lNoccrangapt Pecnybnuku KazaxcraH

Kupruaua KG Kblprelactangapt

Poccus RU Pocctangapt

TagXxukncTtaH TJ TagxukcTangapT

4 lMpukasom PegepanbHOro areHTCTea N0 TEXHUYECKOMY PErynupoBaHuio U MetTponorun ot 17 mapra
2016 r. Ne 174-cT mexrocygapctBeHHbin ctaHgapt FOCT 33587—2015 BBeaeH B AelCTBUE B Ka4eCTBe Ha-
umMoHanbHoro craHgaprta Poccuiickon ®epgepauunn ¢ 1 anpena 2017 r.

5 Hacroawun ctaHgapt naeHtuyed craHgapty ASTM D 5919—96 (Reapproved 2011) Standard Prac-
tice for Determination of Adsorptive Capacity of Activated Carbon by a Micro-Isotherm Technique for Adsor-
bates at ppb Concentrations (CtangaprHas npaktuka ans onpeaeneHms agcopbumoHHON cnocoBHOCTU ak-
TUBUPOBAHHOTO YIS NyTEM MNOCTPOEHUS M30TEPMbI aACoPOLMU NPU MarnbiX KOHLUEHTpauusax agcoponpyembix
BELLECTB).

Cranpapt paspaboran komutetom ASTM D28 «AKTUBMPOBAHHDIW Yronby», U HENOCPEACTBEHHYIO OTBET-
CTBEHHOCTb 3a pa3paboTky meroga HeceT noakomuteT D28.02 «OueHka xunakon gasbly.

MNepeBOA C aHrMMIACKOro A3blka (en).

HaumeHoBaHMe HaCTOALLEro cTaH4apTa UBMEHEHO OTHOCUTENBHO HAMMEHOBaHUS YKA3aHHOTO CTaHaap-
Ta ang npueegeHusa B cooteetrcTeue ¢ FOCT 1.5—2001 (nogpasaen 3.6).

OdmuymanbHble ak3emnnapsl ctaHgapta ASTM, Ha OCHOBE KOTOPOro NOArOTOBSIEH HACTOALLUIA MEXTOCY-
OapcCTBEHHLIN CTaHAapT, u ctaHgapToB ASTM, Ha KOTOpbIE AaHbl CCbINKK, UMELoTCa B deaepansHOM UHAOP-
MaUUOHHOM hOHAE TEXHUYECKUX PETNTAMEHTOB M CTAHZAPTOB.

CBefeHnsa 0 COOTBETCTBUM MEXTOCYAAPCTBEHHbLIX CTAHAAPTOB CCbINIOYHLIM CTaHAapTaM NpPUBEAEHLI B
JOMONHUTENEHOM NpUnoxxeHun JA.

CteneHb COOTBETCTBUA — naeHTuyHas (IDT)

6 BBEJEH BIEPBbIE

UHbopmayusa 06 usMeHeHUsIX K HacmosauwemMy cmaHdapmy nybrnukyemcs e exxea00HOM UHhopmalu-
OHHOM yKa3zamerne «HauyuoHanbHble cmaHdapmbl», @ mekem U3MeHeHUl U nonpasok — 8 €XeMeCayYHOM
UHpOpMaUUOHHOM yKasamerne «HauyuonanbHble cmaHdapmbi». B cnyyae nepecmompa (3ameHbl) unu om-
MeHb! Hacmosueao cmaHdapma coomeemcmeyiouiee yeedomneHue bydem onybrukoeaHo 8 eXemMeCca4YHOM
UHpOpMayUOHHOM yKa3zamene «HayuoHarnbHble cmaHdapmebl». Coomeememaeyrouias uHgopmayus, yeedom-
NleHue U mekcmbl pa3melwaromes makxe 6 UHQOPMayUoOHHOU cucmeme obuiez0 rosib3osaHus — Ha ou-
yuansHoM calime ®edepanbHo20 aeeHmemea o MexXHUYECKOMY peaynuposaHuio U Memposiosuu e cemu
UHmepHem

© CraHgaptuHdopm, 2016

B Poccuiickoin degepaumm HaCTOALMIA CTAHAAPT HE MOXET ObITb MOMHOCTLIO UM YACTUYHO BOCNPOU3-
BEAEH, TUPAXXMPOBAH M PacnpoCTPaHEH B KAYECTBE 0IMLMAanbHOIO n3gaHud 6es paspelueHns degepansHoro
areHTCcTBa No TEXHUYECKOMY PETyNUPOBAHUIO U METPONOTMU
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M E X T oOCVY.LAPCTHBETHTHUBbB # C TAHAOAUPT

Yroflb AKTUBUPOBAHHbIN

CtaHpapTHbIA MeTOoA onpeaesrieHus aacopOLUMOHHON CMOCOOHOCTU NPU MarnbiX KOHLEHTPAaLUAxX
agcopoupyeMbix BelecTs

Activated carbon. Standard method for determination of adsorptive capacity for adsorbates at trace concentrations

Hara BBegeHua — 2017—04—01

1 ObnacTtb NpUMeHeHus

1.1 Hacrosiwmn craHaapT yCTaHaBMMBAET METOA OLEHKM CMOCOBHOCTM akTMBUPOBAHHOIO yrnsa agcop-
OMpoBaTb KOMMOHEHTbI, COAEPXKALLMECH B BOAE U CTOYHBLIX BOAAX B HU3KMX KOHLEHTPaUMAX, NyTEM NOCTpoe-
HUA M30TepMbl agcopbuun. MeTog NpUMEHSIOT ANS XapakTEPUCTUKM aaCcopOLUOHHBLIX CBOMCTB HEOTpaboTaH-
HbIX M BOCCTAHOBIEHHbIX aKTUBUPOBAHHLIX YIIEN.

1.2 Hacrosiwmn metoa MCnonb3yloT B Cpeaax ¢ cogepkaHnemM aacopbmupyemMoro BeLlecTsa Ha ypoBHE
MarnbIX 3HAYEHUIA MUIITMIPAMMOB Ha NUTP UM MUKPOrPaMMOB Ha NUTP.

1.3 Hacrosiwmn metoa MOXeET 6bITb UCNONBL30BAH ANsl onpeaeneHns aacopbUMOHHON CNOCOBHOCTM ak-
TUBUPOBAHHLIX YINEW U KOHCTAHT ypaBHeEHUs agcopbummn dperingnuxa, npyu ycrioBUM NpoBeaeHusa npoueayp
B CTPOrOM COOTBETCTBUM C TpeboBaHMAMM JAHHOIO CTaHJapTa.

1.4 B HacTosllleM CTaHgapTe BCe eAuHUUblI U3MepeHus npueedeHbl B cucteme CU. Hukakue gpyrue
eUHULbl UBMEPEHUI B HACTOALLUI CTAHAAPT HE BKIMIOYEHbI.

1.5 B HacTosweM cTaHJapTe He MpeayCMOTPEeHO pacCMOTPEHME BCex BOMPOCOB obecneyeHus Oes-
OMAacHOCTM, CBA3AHHbIX C €r0 Mcnonb3oBaHmeM. MNonb3oBaTenb CTaHaapTa HECET OTBETCTBEHHOCTbL 3a 00e-
CrneyYeHne COOTBETCTBYIOLLUX Mep 6e30MacHOCTU M OXPaHbl 340POBbLA U ONpeAenseT LenecoodpasHocTb npu-
MEHEHMA 3aKOHOAATESNbHbIX OrPaHUYEHNIA MEPES €ro UCMONb30BaAHNUEM.

2 HopmatuBHbIe CCbINIKM

N npUMEeHEeHNs1 HAaCTOSILLErO CTaHaapTa HeoBX0AUMbI CNEAYIOLLME CCbINIOYHbIE JOKYMEHTbI. [ns Heaa-
TUPOBAaHHbIX CCbINOK MPUMEHSIIOT NOCINeAHEE N3JaHME CCbITOYHOIO AOKYMEHTA (BKMOYasi BCE €0 M3MEHEHNST).

2.1 Crangaptbl ASTMY

ASTM D 1129 Terminology Relating to Water (TepmuHonorus, oTHocALWAACH K BOAE)

ASTM D 1193 Specification for Reagent Water (Cneundukauymna nabopaTtopHon Boabl)

ASTM D 3370 Practices for Sampling Water from Closed Conduits (IMpaktukn otéopa npo6 BoAbl U3
3aKpbITbIX BOAOBOAO0B)

ASTM D 2652 Terminology Relating to Activated Carbon (TepmuHonorng, oTHOCAWAACA K aKTUBUPO-
BaHHOMY YITIIO)

ASTM D 2867 Test Methods for Moisture in Activated Carbon (Metoabl onpeaeneHusa Bnaru B akTuBK-
pPOBaHHOM Yrne)

1) YTouHWTL cobinkn Ha cTaHaapTel ASTM MoXHO Ha caiite ASTM: www.astm.org nnu B cnyx6e NoaaepxKn Kiu-
eHToB ASTM: service@astm.org. B nHpopmalmoHHOM ToMe exerogHoro cbopHuka ctaHgaptoB (Annual Book of ASTM
Standards) cneayeT obpalyatbcs Kk CBoAKe CTaHAapToOB exXerogHoro cOopHuka CTaH4apToB Ha CTpaHule caiiTa.

M3paHue ocdouumanbHoe
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3 TepMuHbI 1 onpeaeneHus

3.1 Onpepenexun

3.1.1 OnpepeneHns TEPMUHOB, OTHOCALLMXCA K aKTUBMPOBAHHbLIM YIMIAM U UCNOSIb30BaHHLIX B HACTOSA-
wem craHgapte, npuseaeHsl no ASTM D 2652.

3.1.2 OnpegeneHns TEPMUHOB, KacalLLMXCA BOAbl U UCMOMbL30BAHHLIX B HACTOSALWEM CTaHaapTe, npu-
BedeHbl N0 ASTM D 1129.

4 CywHoOCTb MeToaa

4.1 CyLHOCTb METOAA 3aKII4YaEeTCsa B onpeaeneHum aacopoLUMOHHON CMOCOBHOCTU aKTUBUPOBAHHOTO
yIis NyTeM MOMELLEHMSA €r0 B EMKOCTb, 3aMnOfHAEMYIO NPaKTUYECKU OBEPXY BOAHLIM PACTBOPOM, cogepa-
WMM agcopbupyemMble BELLECTBA, M ONPEAENEHNM KONMYECTBA aaCcopOmnpyemblx BELLECTB, yaaneHHbIX 13 pac-
TBOpA. M0 pe3ynsratam UCMbITaHUS BbIYUCASIOT a4COPOLMOHHYIO aKTUBHOCTL, CTPOAT U30TEPMY agcopduum u
rpacdmuyeckum cnocobomM onpeaensoT KOHCTAHTbI ypaBHeHUst PpenHanuxa K u 1/n.

4.1.1 Maccy HaBeCKM akTUBUPOBAHHOIO YINs, UCMOMNb3yeMY ANS UCMbITaHUA, Noadupator Takum 00-
pa3som, 4ToBbl AOCTUYbL NPUEMITEMBIX OCTATOYHBIX KOHLEHTpauui agcopbupyemMeix BELLECTB B pacTBope. Mpu
NpaBUSILHO NOAOOPAaHHLIX HABECKAX aKTUBMPOBAHHOIO YIMS U3 pacTBoOpa AOMKHO yaansTecs He 6onee 90 %,
HO He meHee 10 % agcopbupyeMbiX BELLIECTB.

4.1.2 Ecnu macca HaBeCKW akTUBMPOBAHHOIO YIS, YAOBAETBOPAIOLAA YKa3aHHbIM YCIOBUSAM, OKaXeET-
cs1 MeHee 1 Mr, 06beM BOAHOIO pacTBOpa MOXHO YBENUYUTbL, HanpuMep, 4o 1000 cms.

5 Ha3HayeHue U NnpuMeHeHue

5.1 Hactosiwun metoa no3BoOnseT onpeaenuTb PABHOBECHYIO aACOPOLIMOHHYIO CMOCOBHOCTbL aKTUBUPO-
BAHHOTO YINsi NO OTHOLLUEHUIO K aacopbupyembim BELLECTBAM, COAepPXKalMMCs B Boae. KOHCTaHTbl ypaBHEHUSA
®pennanuxa K n 1/n, BbluUCNAEMble, UCXOAS1 U3 AAHHbIX, NOMYYEHHbIX HACTOSLWMM METOAO0M, MOTYT ObIThb UC-
Nonb30BaHbl ANS OLEHKNU TpebyeMOoro Konu4ecTra akTMBUPOBAHHOIO YIMs U NEPUOAUYHOCTM €ro 3aMeHbl Npu
OYUCTKE BOA, COAepKALLMX APYrMe KOHLUEHTpauumn agcopbupyemMbix BELECTB.

6 OrpaHunuyeHus

6.1 Boga He gomkHa cogepxaTb HEPACTBOPUMBIX NPUMECEN.

6.2 WccnegosaHusa nokasanu, 4TO NPUCYTCTBME B BOAE NPUPOAHBLIX OPraHMYECKUX BELLECTB, TAKUX Kak
FYMUHOBBIE KMCIOTbI, MOXET OKa3blBaTb 3HAYUTENLHOE BMSAHWE HA CMNOCOOHOCTL yrnen agcopbuposarb Apy-
rMe BeLecTsa. PesynbraThl, NONyYeHHbIE NS BOAbI, CTENEHb YNCTOTLI KOTOPOIW OTNIMYHA OT CTENEHU YUCTOThI
BOAbI ANS aHanM3a, MoryT ObITb HE MPUMEHWMbI ANSA APYIMX BOAHbLIX CUCTEM.

6.3 Ha pesynbrarbl, NoNy4aemMbl€ HACTOALWMM METOAOM ANA NOCTPOEHUA M30TEPMbI agcopbuun, BNus-
0T MOHHasa cuna, pH 1 Temnepartypa BOAbI, a Takke NPUCYTCTBUE M Pa3BUTME B BOAE MUKPOOPTaHU3MOB.

7 Annapatypa

7.1 MNepemeLlumBaroLee yCTPONCTBO, NPUCNOCOBNEHHOE ANS YCTAHOBKU B HEM U30TEPMUYECKUX CKIIs-
HOK M NEPEMELLMBAHUSA UX COAEPXKUMOTO 40 NOMYyYEHUA OQHOPOAHON B3BECU NOPOLLKA aKTUBUPOBAHHOIO YIMA
B BOAE NYTEM BCTPSAXMBAHMA UMK NEPEBOPAYMBAHUA STUX CKITSIHOK, COBEpLUaoLLee 25 ABUXXEHUN B MUHYTY.

7.2 VamenbunTenb, CNOCOBOHLIN M3MenbYaTh Marepuan Tak, ytobbl 90 % Matepuana npoxoauno yepes
cuto 325 meww (45 MKM).

7.3 N3oTepMunyeckne CKNAHKU — CKNAHKU U3 AHTApHOro (TEMHOrO) CTeKna C y3KMM rOprioM U KpbILLKaMM,
rePMETUYHO 3aKPbIBAIOLUMU CKMSHKM Brarogapsa nonmTeTpadTopaTUNeHoBLIM (TENIOHOBLIM) BKNaAbILaM,
BMECTUMOCTbIO 250, 500 n 1000 cm3, KOTOPbIE MOXHO MOMELLATb B LIEHTPUGYrY, BPALLAIOLLYIOCH CO CKOPO-
cTbto 2000 06/MUH.

7.4 TuTalowwmii pesepeyap Ans pacTBOpa — KOHTEHEp BMECTUMOCTbIO 10 AMS U3 HepxaBeloLLen cTa-
nun 316 ¢ nnaearLen KPbILLKOW, 0BNMLOBAHHOW TeNOHOM, CHAaOXEHHbIN LUAPOBbLIM KNanaHoM U3 HEPXXaBeto-
wen ctanu 316 onga perynMpoBKK NOTOKa Npu 3anofHeHUn N30TEPMUYECKON CKNAHKK (7.3).

7.5 Bechbl ¢ npeagenom gonyckaemon norpewHoctu £ 0,1 mr.
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7.6 CylwmnbHbIA WKad ¢ NPUHYAUTENBHON LMPKYNSLUMER BO3ayXa, CNOCOOHLIN NOAAEMKUBATL TEMIE-
patypy Ao 250 °C.

7.7 Uentpudpyra c yacroron spaweHna 2000 06/muH, npurogHas Anst pasmeLleHns B HERM N30TepMuYe-
CKMX CKMSIHOK BMECTUMOCTbIO 70 1 amS.

7.8 MarHuTHble MeLIankM U MeTannuyeckue Bpycoyvku, UCNONb3yemble ANS NepemMeLMBaHna Ha mar-
HUTHbIX MELLIAsKax.

8 PeakTuBbI

8.1 Boga guctunnuposanHagq, Tun Il no ASTM D 1193.

8.2 MeTaHON BbLICOKOW CTENeHWM YUCTOTbl (OUULLEHHBIA METOAOM BbICOKOINMEKTUBHON XKUAKOCTHOW
Xpomarorpadcun).

8.3 OgHoocHOBHBIW docchar kanus (KH,PO,), pacteop 1 Monb/am3.

8.4 Muapokeug natpua (NaOH), pacteop 1 monb/amS.

9 Mpouenypbl OUNCTKN

9.1 Hacroawmi MeToa UCNONb3yOT ANA onpeaeneHna agcopbUnoHHONW aKTUBHOCTU aKTUBUPOBAHHOTO
YIS N0 OTHOLLEHUIO K agcopOupyembiM BELLECTBAM, COAEMKALLMMCH B BOAE B KOHLUEHTPAUMAX HA YPOBHE
ppb? (mkr/am3). MosToMy BCe 060pya0BAHUE U CTEKMAHHYIO MOCYAY, CONPUKACAIOLLMECS NPU UCTILITAHUN C
AKTUBUPOBAHHbLIM YIIIEM UJIM O4MLLAEMON BOAOW, TLLATENLHO 0OpabaTbIBaloT ANA OYUCTKM OT CNEeA0B OpraHu-
YECKNX COeaUHEHUN.

9.2 ObopyaoBaHue U Nocyay OYMLLAIOT B COOTBETCTBUM C pekoMeHaaumsimm EPA (Environmental Pro-
tection Agency — AreHTCTBO N0 3aLUUTE OKPYXaloLen cpeabl), AaHHbIMU ANS aHanuTU4YeCcCkux MeTogoB onpe-
JerneHus 3arpa3HeHuit, a UMEHHO: obpabaTbiBaloT NOCNeA0BaTENbLHO rOpAYE BOAON, MOKOLLUM CPELCTBOM,
OUCTUNNUPOBAHHON BOAOW U pacTBOpUTENEM (METAHOSIOM BbICOKOW CTEMNEHM YNCTOThI), a 3aTEM BbICYLLMBALOT.

9.3 CTeknaHHyI0 nocyay cywart B CyLuMnbHOM wkadpy npu Temnepatype 250 °C He meHee 1 4. N3penns
13 TedonoHa u HepxaBeloLwen cranu cywar npu temneparype 110 °C B TedeHue 1 4.

10 MNMoagroroBka akKTUBMPOBaHHOIO YIns

10.1 B HacTofeM METOAE MUCMONb3YIOT XOPOLLO MPOMbIThIA aKTUBUPOBAHHLIA YroNb, U3MENbYEHHbIN
00 npoxoxaeHusa He meHee 90 % vacTuy vyepes cuto 325 mew (45 MKM), NOABEPrHYTLIA MOKPOMY NpoceunBa-
HUIO MITM SKBMBANEHTHOMY CNoOcoby paccesa.

10.2 B yeTblpe cknsHkM (7.3) BMECTUMOCTbIO 250 cMm® kaXkaas NOMEeLaoT nNpubnMauTensHo no 25 r
NOPOLWKOOBPA3HOro akTUBMPOBAHHOTO yrns. OCTaBWMICA OOBbEM CKMAHKW 3aMONHAKT AUCTUANMPOBAHHON
BOAOMN.

10.3 CKNSHKM repmMeTU4HO 3aKpbiBalOT KpbiKamMu u 3—>5 pa3 nepeBopayMBaloT Ana nepemMeLlumBaHua
COAEP>KUMOTO.

10.4 CknsHKkM NOMELLAKT B UEHTpudyry u npu ckopoctu BpaweHuss 2000 o6/MuH BblaEpPXKMBAIOT
15 MUH, uTOGbI AaTb AKTUBUPOBAHHOMY YIMNIO OCECTb Ha AAHO CKMSHOK. He oceBLUMin HAa AHO NOPOLLIOK CnuBa-
0T U MOBTOPSAIOT LEHTPUDYrMpoBaHUe 4O TeX NOp, MOKa BEPXHUIA CIOW BOALI B CKISAHKAX HE CTAHET YNCThIM.
JaloT akTUBUPOBAHHOMY YITIIO €LLEe HEKOTOPOEe BPEMS OTCTOSATLCA U AEKAHTUPYIOT XUAKOCTb, HAXOASALLYIOCH
Hazg 0cagkom.

10.5 BnaxkHbli akTUBMPOBAHHbLIN YrONb BLICYLLUMBAKOT B CYLUMILHOM WKadyy npu Temnepatype 110 °C go
NMOCTOSIHHOM MACChl U NEPEHOCAT B 9KCUKATOP AS1S OCThIBAHUA.

10.6 AnbTepHaTUBHO aKTMBMPOBAHHbLIA Yrofib NPOMLIBAKOT 9KCTpakuuen B annapare Cokcrnera ¢ auc-
TUNAUPOBaHHOW BOAON (8.1) B TedeHne 1 Hegenu.

10.7 BbICYLUEHHbIN aKTUBUPOBAHHbLIN YIONb NEPEHOCAT B BAHKU U3 KOPUYHEBOTO BOPOCUNUKATHOTO CTEK-
na BMECTUMOCTbIO 1 AM3 € TehrIOHOBLIMU BKNAAbILLAMN B KPbILLKAX U A0 UCNONL30BAHUA XPAHSAT B UHEPTHOM
aTMmocdepe, HanpuMep, B aTmocdepe asora.

2) ppb — parts per billion (41cno vacTeit Ha MUANNapPA).
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11 B3BewwuBaHMe aKTUBUPOBAHHOIO YISl ANsl UCMNbITaHUS

11.1 [aHHbli pasgen yctaHaBnuBaeT npoueaypy B3BELUMBAHUA aKTUBUPOBAHHOIO YrNa B atmocepe
naboparopuu ¢ BBEAEHWEM NOMPABKU HA NOTMOLLEHHYIO YIMEM Bnary U3 Bo3gyxa.

11.2 MpoBy nopoLKoOBPA3HOro aKTUBMPOBAHHOIO YINA Ha 24 4 NOMELLAIOT B 9KCUKATOP C HACbILLEH-
HbIM PacTBOPOM COMM, KOTOPbIA CO34AET B SKCUKATOPE Cpeay C BNAXKHOCTbLIO, CPAaBHUMON C BIAXKHOCTLIO ar-
mMocdyepbl nabopaTopumn. B TeyeHue 3TOro BpeMEHM, MOKA aKTUBMPOBAHHLIA Yrofb NPUXOAUT B COCTOAHME
paBHOBECUA CO CPEAON B 9KCMKATOPE, HEMb3SA AONYCKATb KOHTAKTa YA C mapamu OpraHn4eCcknx BELLECTB.

11.3 [na onpeaeneHua Bnaru, NorfoLeHHONW aKTUBUMPOBAHHLIM YIFIEM B Npouecce AOBEAEHUA ero 4o
COCTOSHMS PaBHOBECUSA, B3BELLMBAIOT NpubnmantensHo 500 Mr 4OBEAEHHOTO A0 PaBHOBECUS YITA B NpeaBa-
pUTENbHO B3BELLEHHOM BIOKCe, cyLuaTt OloKC C HABECKONM B TeveHue 2 4 npu temneparype 110 °C, oxnaxkgator
B 9KCMKATOpE U CHOBA B3BELUMBAIOT ANA onpeaeneHnsa nameHeHna macceol (B cootsetcteun ¢ ASTM D 2867).
BbIMUCRAT OTHOLLEHME MACC HABECKM A0 W NOCAE CYLLKW, KOTOPOe Janee UCMONb3YIoT B KAYECTBE KOPPEKTHU-
pyoLlero dakropa npu otéope HaBeCOK aKTMBUPOBAHHOTO YIMs, HAXOAALLErocs B COCTOSAHUM PaBHOBECUSA C
OKpy>KatoLen cpeaon.

11.4 HaBecku paBHOBECHOIO akTUBUPOBAHHOIO YrNA AN UCMbITaHMSA OTOUPAloT cneayowmm o6pasom:
HeoOXxo0AMMOE KONMMYECTBO YIMNA B3BELLUMBAIOT B NPEABAPUTENBHO B3BELUEHHOW NOA0YKE, NEPEHOCAT Yronb B
CKNAHKy (7.3), nocne 4ero noaoyky cHoBa B3sewmBaloT. Maccy HaBeCKM BbIMUCAAKT Kak pPasHOCTb Macchl
NOAOYKU C YIMEM M KOHEYHOW MacChl TOAOYKK. 3aTEM MacCy HaBECKM NMEPECHUTLIBAIOT C MOMOLLLI KOPPEKTK-
pytowiero daktopa, NoNy4YeHHbIN pe3ynsTaT 3anucbiBaloT.

12 AnbrepHaTuBHas npouenypa noMmeweHns B CKIAHKU U3BECTHOro
KOriMyecTBa akTMUBMPOBAaHHOIO YISl

12.1 AnbTepHaTuBHasa npoueaypa No3BOSIAET UCNONb30BaTh MPOMbITbIA U BbICYLLUEHHbIA aKTUBUPOBAH-
HbIW Yromnb, MPUTOTOBMNEHHLIA B COOTBETCTBUM C pasgenom 10. Ee cyTb 3akntovaerca B 40OaBNEHUN B CKNAHKY
onpeaeneHHoro obbema yronbHON CyCneH3nn U3BeCTHON KOHLEHTpauun.

12.2 KOHLEHTpaLmn YrofbHbIX CYCeH3n BoIBUPatoT Takum 06pa3om, 4tobbl 5, 10 u 20 cm3 kaaoii cy-
CMEH3MM COAeKanyU Takoe KONMYECTBO akTMBMPOBAHHOIO YA, KOTOPOE HEODX0AUMMO MOMECTUTL B CKMSHKM
BMECTUMOCTbI0 250 cm3.

12.3 Heobxoaumblin 06beM CycneH3nn oTOUPatoT NUNETKOW U NEPEHOCAT B NPEABAPUTENBHO B3BELLIEH-
HYI0 CKNAHKY. CKMSHKY C CyCneH3nein NoMeLatoT B CyLUMIbHBIA WKad, rae BblaepXuBatoT 40 NOCTOAHHON Mac-
cbl Npu Temneparype 105 °C, nocne 4Yero oxXna)xaawT U B3BELLMBAIOT, YTOObl onpeaennTb TOUHOE KONUYECTBO
aKTUBUPOBAHHOIO YIMs B CKNsHKe. Takas npoueaypa otbopa HaBecku agcopOeHTa NO3BOMSET HE NPOBOAUTL
onpeneneHne cogepXXaHus Bnarm B akTMBUPOBAHHOM YIMe, KONMUYECTBEHHO NEPEHOCUTL YIofb B CKMSHKY My-
TEM MPOMbIBAHUSA MUMETKM B TY XK€ CKITAHKY, 8 TAKKE NPUBOAMT K NPUIMNAHUIO YaCTUL, YIS K CTEHKAM CKITAHKHU,
YTO AenaeT noTepu yrms Npu 3anofHEHUW CKITSAHKM BOAOW MUHUMATbHbLIMU.

12.4 CKNSHKM C aKTUBUPOBAHHLIM YITIEM 4O BHECEHUS B HUX BOAbI AepXKaT repMETUYHO 3aKPbITbIMU.

13 BbluucneHue KonuyecTBa akTUBUPOBAHHOIO Yriis, HEO6XoAUMOro ans
UCNbITaHUA

13.1 Ona npegBapuTenbHbIX PACHETOB 3HAYEHUs1 KOHCTAHT ypaBHeHus dpeiHanuxa K u 1/n 6epyt u3
0nyBNNKOBAHHBIX MCTOYHMKOB MMM OLIEHUBAIOT C MOMOLLLIO TEOPUM MONMMONEKYNAPHON aacopbumun Monsuud).

13.2 BblMUCHAIOT HAMMEHbLLYIO U HAMBONbLUYKD MACChI aKTMBUPOBAHHOIO Yrns, HeoOxoauMble ANS no-
rnoweHuns cootTBeTcTBeHHO 10 % u 90 % aacopbupyemoro BellecTsa. Maccy akTMBUPOBAHHOTO YIS, KOTOPYHO
HE0OX0AMMO NMOMECTUTL B KOHKPETHYHO CKMNSAHKY ANS NOMYyYEHUs MOCNEe UCMbITAHUS KOHEYHON KOHUEHTPaLmm
aacopbupyemoro BeLecTsa, paBHol C,, BIYUCNAIOT Mo chopmyne

3 Speth, T. F., «Predicting Equilibria from Single Solute and Multicomponent Aqueous Phase Adsorption onto Acti-
vated Carbon», Master’s Thesis, Michigan Technical University, Houghton, Ml, 1986.

4
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rae M — HeobOxoaumas macca akTMBUPOBAHHOIO YIMs, T;
V — BMECTUMOCTb CKISIHKW, AMS;
Cp — HavanbHasi KOHUeHTpaums agcopoupyemoro BeLIecTsa, Mr/am3;
C, — KOHe4Has KOHLUEeHTpauusa agcopbupyemoro BeLlecTsa, Mr/ams;
Kun 1/n — KoHCTaHThI, onpeagensemble no 13.1.

14 lMpuroroBneHue pacTBopa AJiA UCNbITaHUA

14.1 [Ona npoBeAeHUs1 UCNbITAHWSA HACTOSALLMM METOAO0M UCMNOMb3YIOT NPOBY CTOYHbIX BOA, OTOOpPaHHYHO
B cooTBeTcTBUM CASTM D 3370, unu pacteop, NpuUroToBMNEHHbIN B naboparopun u3 AUCTUNNMPOBAHHOI BOAbI
(8.1) M XMMHUYECKM YNCTbIX peakTMBOB. B niobom cny4vae pacTBop AN UCMbITAHWUI HE AOIMKEH COAEpPXKaTb Npu-
Mecen B BUAE TBepAbIX YacTuy. pH pacTBopa nNpoBEPSAIOT U YyCTAHABMMBAIKOT B COOTBETCTBMU C HACTOALLIMM
CTaHZapTOM.

14.2 B nabopartopun pacTBOp rOTOBAT B KOHTeNHepe (7.4) BMeCTUMOCTbio 10 AMS U3 HepxaBeroLLei
ctanu 316, 06opya0BaHHbIN MNABAIOLLEN KPbILLKOW U LLAPOBLIM KManaHoM ANsl PErynmpoBKM NoTOKa.

14.3 Ecnu agnsa npurotoBrneHUSA pacTBopa UCMONb3YKT AUCTUNNUPOBaHHYO Boay (8.1), To B Hee fo-
6aBnsaoT 6ydep Ana ycrpaHeHus BnusiHua pH Ha aacopbumio opraHudeckux npumecen. Ha 1 am3 Boabl ao-
6asnsoT 1 cM3 pacTBopa 04HOOCHOBHOrO hocdata kanus (8.3), nocne yero gosoaat pH pacreopa 4o 6,0
nobaeneHneM pacrteopa rugpokcuaa Hatpusa (8.4). Mcnonb3oBaHue docdartHoro dydepa MEHAET UOHHYIO
CUIy pacTBoOpa U MOXET akTUBM3UPOBATb DMONMOTMYECKYID aKTUBHOCTL. [ONyCKaeTca MCNONbL30BaTh APYrue
OydbepupyioLime pacTBOPbI, €CNIM OHU HE BIWSIIOT HA Npouecc agcopdunu.

14.4 VcxoaHbli pacTBop, coaepalumin agcopbupyemMble BELLIECTBA, FOTOBAT B CKISIHKE BMECTUMOCTbHO
250 cm3, B KOTOPYIO HANMWBAIOT AUCTUMNMPOBAHHYIO BoAy (8.1) U BHOCAT yucCTble BellecTBa. Ecnu BewecTea
MIOX0 PAcTBOPUMbI B BOAE, CKIAHKY FEPMETUYHO 3aKPbIBAIOT U HArpeBatoT A0 TeMnepatypbl He Bonee 40 °C.
Mpu HeoBxoammocTn, 4OBABNAIOT COPACTBOPUTENb — METAHON BbICOKOW CTENEHWU YNCTOThI (8.2). 3anonHeH-
HYIO MOYTU JAOBEPXY CKISHKY FEPMETUYHO 3aKPbIBAKOT U NOMELLAIOT B NEpeMeLImMBatoLlee ycTporcTBo 40 Nof-
HOro pacteopeHusi 406aBneHHbIX BelwecTB (06blMHO Ha 1—3 aHA). CoaepkaHue aacopbupyembliX BELLIECTB B
UCXOAHOM pacTBOPE ONPEeaensioT aHaNMTUYECKUMKU METOAAMM.

14.5 B KOHTEWHED, CoAepKaLLMiA ANCTUNNUPOBAHHYIO BOAY ¢ A00aBkoin Bydepa, BHOCAT MCXOAHbIN pac-
TBOP, NPUrOTOBIIEHHbLIA N0 14.4, 1 NOMeLWAOT NOBEPX pPacTBOpa NaBaloLLy0 KPbILWKY AN9 npeaoTBpalleHns
ucnapeHus.

14.6 CoaepxMMOe KOHTEeNHepa TwaTtefbHO NnepeMeLmMBatoT Ha MarHMTHOW MeLlanke ¢ NOMOLLbLIO Me-
TannuM4eckoro 6pycka B TedpnoHOBON 060M104Ke, MOMELLEHHOTO B pacTBop. MNepemelumBaHmne npoaormKaT 40
TeX Nop, Noka aHanus nopuui pacreopa, oToMpaemMsix C NOMOLLLIO LUIAPOBOrO KranaHa, He MOKaXeT NOCTOSAH-
CTBa KOHLUEHTPaLMin pacTBOPEHHbIX BELWECTB. [ocne 3Toro pacTteop rotoB AN 3anOfHEHUS UM M30TEPMUYE-
CKUX CKIISHOK.

15 3anonHeHue U30TePMUYECKUX CKITSTHOK U NepeMelliMBaHue UX coaepXxmmoro

15.1 N3oTepmMuyeckme CKNAHKK 3anOnHAT Yyeped TeNOHOBLIW LUMaHT, COEANHEHHbIN C LUAPOBbLIM Kila-
NaHoOM MUTAIOLLETO KOHTEWHepa. 3anofiHeHne NPOBOAAT HACTONbKO BLICTPO, HACKOMLKO 9TO BO3MOXHO, YTOObI
BO3MYLLEHME pacTBOpa ObINI0 MUHMMATbHbLIM. TEOHOBLIA LUMAHI HE AOJDKEH KacaTbCA pacTBopa B M3oTep-
MMWYECKOWN CKMSHKE BO M30exaHWe NMPUIUNaHUsa K HeMy 4acTuLl aKTUBUPOBAHHOIO YIMA U M3MEHEHUA Maccehbl
HaBeCKW yrns BCReACTBME 3TOro. Ond npeaoTBpalleHus MoTepb akTUBMPOBAHHOIO YIMA NPU repPMETUYHOM
3aKynOPUBaHUM U30TEPMUYECKNX CKMSIHOK NPUBNM3nTensHo 1 cM® 06bema CKNSIHKKM OCTaBASIOT CBOBOAHBIM.
Takow Manblii 00beM NyCTOro NPOCTPaAHCTBA B CKIAHKE CMOCOOCTBYET NepPEMELLMBAHUIO COAEPXKUMOTO U, B TO
e BPEMS, AeNaeT HE 3HAYUMbIMMW NOTEPU JaXKE OUYEHb NETYUNX aacopOmpyembix BELLECTB.

15.2 MNpu 3anonHeHUn CKNSHOK B Ha4arne, cepeanHe U B KOHUE 3TOW Npoueaypbl pacTBOPOM 3aNOSTHAOT
CKITSIHKM, HE COAeprKaLLme akTUBMPOBAHHOTO YIS,



rOCT 33587—2015

15.3 Ona npoBeaeHus ABYX XONOCTbIX UCMbITAHWM B Ha4ane U B KOHUE Npoueaypbl 3anofiHeHUs Mo
OOHON CKMNsIHKE 3anOnHAKT AUCTUNNUPOBAHHOW BOAON ¢ aobaekon Bydepa, He coaepKallen pacTBOPEHHbIX
agcopbupyembix BELLECTB.

15.4 VN3oTepmudeckue CKNsAHKWM B3BELLMBALOT TPUXAbI: 40 U NOCse NOMELLEHUS B HUX aKTUBUPOBAHHOIO
YITIS, a TaKKe Nocne 3anonHeHUs Ux pacTBopom. Mo pesynsratam 3TUX B3BELLUMBAHWI BbIYMCASIOT Maccy pac-
TBOPA, BHECEHHOTO B KAXKAYIO CKINSAHKY.

15.5 U3oTepmudeckue CKNAHKA NOMELLalOT B NepemMeLlMBatoLLiee yCTPOMCTBO, YCTAHOBIIEHHOE B MOMe-
LLEHUN C MOCTOSAHHOW TeMnepatypon (006bivHO 20 °C £ 1 °C), n NnepeMeLLMBaloT COAEPXKUMOE B TEYEHUE MATU
CYTOK CO CKOPOCTbIO 25 nepeBopadnBaHuii B MUHYTY. Takas NpOoAOMKUTENBHOCTL Npoueaypbl NO3BONSET A0-
CTMYb NOMHOIMO NEPEMELLUBAHUSA COAEMKUMOrO BO BCEX Cnydasx. B oTCyTCTBME nepeMeLumMBaioLLero yCTpon-
CTBa Nnepej 3anosiHEHWEM CKITSIHKM PACTBOPOM B KaKAYIO U3 HUX KNaayT MeTannuyeckuin Opycok B TedrioHo-
BOM 0B0M0YKe U NPOBOAAT NEPEMELUMBAHNE HA MArHUTHOW MeLLanke.

15.6 MNocne nepemMeLluMBaHUA CKIMAHKM NEPEHOCAT B LEHTpUdyry u ¢ yactoton spaileHus 2000 06/mMuH
LEeHTpUMYrMpytoT B TeueHne 15 MuH anst oceaaHnsa akTUBMPOBAHHOTO yrns. 3T0 No3BonseT usbexarb gpunb-
TPOBaHMA pacTBOPOB, 06paboOTaHHbIX aKTMBUPOBAHHLIM YITIEM, Nepes ux aHanm3om. Bmecto ueHTpudyrupo-
BaHUS AN yaaneHus u3 pacTBopa YacTul aKTMBUPOBAHHOIO Yris MOXET ObiTb MCMONbL30BaH LUApUL, CHab-
>KEHHbIM unsTpom. Bapecb 06paboTaHHOrO pacreopa U akTMBUPOBAHHOTO YIS HANMMBAKOT B LUMPUL, U M04
JaBneHneM NOPLUHS NPOMyCcKaoT Yepes punstp.

15.7 110 OKOHYAHWUM UCMBITAHUA CKITAHKM OTKPLIBAIOT U U3 KaXKOOW OTOMpPAlOT No ABe nopuuu pacteopa
06bemomM TouHo 40 cm® ana panbHenwero ananusa. Mpoueaypa oTéopa anukBoT AOMKHA BbiThb TLLATENbHO
oTpaboTaHa, 4ToObl HE AONYCTUTL MOTEPb MNETYYUX OPraHUYECKUX COEANHEHNN.

16 Ob6paboTka pe3ynbratoB

16.1 Konu4yecTBO BeweCTBa, aACcOPOMPOBAHHOIO AKTMBUPOBAHHBIM YIMIEM B KaXXAO0M OTAENbHOM UC-
NbITAHWUK, BLIYMCASIOT NO hopmyne

X=C,V-CV, @)

raoe X — macca aacopGuMpoBaHHOIO BELLECTBA, MTF;
C, — HavarbHas KOHLeHTpaLus aacopGupyeMoro BELLECTBa B PacTBOPe, Mr/aM>;

V — obbem pacTBOpa, MOMELLEHHOTO B AAHHYI0 U30TEPMUYECKYIO CKIISIHKY, BbIYUCISEMbIA gENEeHUEM
Macchl pacTeopa (Kr) Ha MAOTHOCTb AMCTUNNMPOBAHHON BOAbI (KI/AM3) Mpu TeMneparype ucnbita-
Hus, am3;

C; — KOHUEHTpauusa aacopbupyemMoro BelecTsa B pactsope nocrne o6paboTku pacTBopa akTMBUPOBAH-
HbIM yrnem, mr/gms.

16.2 Maccy BewecrtBa, aacopbupoBaHHOIO €AMHULIEN MAaCCbl aKTUBMPOBAHHOIO YINS, BbIYUCISAIOT MO
dopmyne

X _CV-CV
7T ®)
rae X, Cy, C,u V — cm. onpenenexun s 16.1;
M — macca cyxoro akTMBUPOBAHHOIO YA, MOMELIEHHOTO B AaHHYI0 N30TEPMUYECKYHO CKISH-
Ky, I. ECn HaBECKy akTUBMPOBAHHOIO yrns OTOMpPAalOT B COOTBETCTBUM C pasgenom 11,
M BbluucnsoT no cdopmyne [M = M, (100 — % Bnaru)/100], B kotopoi M, — macca ak-
TUBUPOBAHHOTO YIS, JOBEAEHHOTO 40 COCTOSHWUS PABHOBECUSA CO CPeaon dKcukaTopa ¢
HaCbILEHHbIM PacTBOPOM CONU, T.

17 MNpepcraBneHue pesynsLraTtoB

17.1 Pe3ynbraTbl UCMIbITAHUI pEKOMeHAYyeTCst 0hOpMIATL B BUAE Tabnuupl 1.
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Tabnuuya 1 — Pesynbrarsl UcnbiTaHWIA

Macea OBLem KoHueHTpaumsa PasHoCTb KOHUEHTpauui
NaeHTndnkauuon- pacteopa nocne pacreopa 0 u nocne XM,
. aKTUBMPOBAHHOIO pacreopa V,
HbIil Ne 3 obpabotku yrmem Cp, o6paborku yrmem C, — Cy, mr/r
yma M, v AM mr/gm3 mr/gm3
231 0,0102 0,247 4,0024 4,118 101,1
23-2 0,0219 0,247 1,9953 6,125 70,02
23-3 0,0562 0,247 0,5022 7,618 33,94
23-4 0,1005 0,249 0,1531 7,967 20,01
23-5 0,2003 0,247 0,0382 8,082 10,10
23-6 0,5007 0,249 0,0031 8,117 4,09
23-7 0,7508 0,247 0,0015 8,118 2,71
23-8 1,0002 0,247 0,0006 8,119 2,03
B AaHHBIX UCMBITAHUAX MACCOBas AONSA Brary B aKkTMBUPOBAHHOM YITie, NPUBEAEHHOM B PABHOBECUE CO Cpenom
akcukaropa, pasHa 0,040 %, a C, = 8,1196 mr/am>.

17.2 PesynbraTbl UCMbITAHUA OOPMAAIOT B BMAE rpaduka U onpefensitoT KOHCTaHTbl ypaBHEHUS
dperiHpnuxa.

17.2.1 Pesynerathl NnepeHocAT Ha Gymary ¢ norapugpmuyecKkon KoopauHaTHon ceTkoi (log/log), roe no
ocu abcumce onpenensioT sHaveHua Cp, mr/am3, a no ocu opamHat — XIM. CTposT nsotepmy ancopbuum B
BUAE NPAMOA NMHAW, HaMNy4LwUM 06pa3oM NpuBnmKaloLEenca Ko BCeM TOMKam (PUCYHOK 1).

1000

XM, mrir

100 -

10 L

yrrnem U3 KOKoCcoBoW ckopniynbl
[

Konunuectso 6eH3ona, aacopbupoBaHHOro akTMBUPOBAHHBIM

1
0,0001 0,001 0,01 0,1 1 10
OcraTouHas koHueHTpauma Gensona Cy, Mr/p,M3

PucyHok 1 — Usotepma apcopbuun

17.2.2 3 Touku Ha ocu abecumcce, rae C;= 1, NpoBOAAT BEPTUKaNbHYIO JIMHUAIO A0 NepecedeHnst ¢ uso-
Tepmoi agcopbuuu, a 3ateM onpenenaT Ha ocu OpAMHaT 3HadeHne X/M, cooTBeTCTByloLWEee STOM TOUKe.
OnpefeneHHoe TakuM obpasom 3HayeHue X/M npeacraensaer coboil KOHCTaHTy K ypaBHeHusi agcopbuuun
®periHanuxa. TaHreHC yrna HaknoHa NpPsiMOi, NOCTPOeHHOA no 17.2.1, npeacrasnsaet coboi KOHCTaHTy 1/n
ypaBHeHus aacopbumu PpeinHgnuxa (tabnuua 2). MNpacuyeckn TaHreHe yrna HaknoHa onpeaensoT AeneHu-
€M pasHOCTM fiorapndmMoB AByX 3HaueHwmid C; (0Cb abcumnce) Ha pasHOCTb ABYX COOTBETCTBYIOLLMX norapudg-
MOB 3HauyeHuin X/M (ocb opavHar).
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Tabnuya 2 — KoHcTaHThl ypaBHeHUs PpeiiHanmxa, BbIMACIEHHBIE C MOMOLLBIO U30TEPMbI, U30OPaKEHHOR Ha pUCYyHKe 1

K = 49,2 (Mrfr)(r/m3)
1/n=0,44
CpepHekBagpaTudHoe oTKNoHeHne = 0,9964

17.3 Ucnonb3oBaHue ypaBHeHUsA U30TepMbl PpernHanuxa

17.3.1 Konnyecteo munnurpamm agcopbupyemoro Bewecrsa, nornow@aemoe 1 r akTMBUPOBAHHOTO

yrna (XIM), BblMUCHIAIOT ANg MO0 KOHUEHTpauun agcopbupyemMoro sewectsa (C) ¢ NOMOLbIO YPaBHEHUS
dperiHgnmMxa

XIM = KC'n, @)

rae Kun 1/n — KoHCTaHTbl ypaBHeHUA dpenHanuxa, onpegensemMole no 17.2.2.



Mpunoxexnue OA
(cnpaBouHoe)
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CBeOeHUsA 0 COOTBETCTBUM MEXIOCYyaapCTBEHHbIX CTAHAAPTOB CCbINMOYHbIM cTaHaaptam ASTM

Tabnuya OA1

OBo3HaYeHWe cCbInNoYHOro ctaHja pTa

CTeneHb
COOTBETCTBUSA

OBo3HayYeHne N HauMeHoBaHue COOTBETCTBYHOLLEro
MeXrocygapcTBeHHOro ctaHgapTa

ASTM D1129

*

ASTM D1193

*

ASTM D3370

*

ASTM D2652

*

ASTM D2867

*

BaTbk NepeBod Ha pyCCKI/II7I A3bIK JaHHOro ctaHjapTa.

* COOTBETCTBYIOLLWI MeXTOoCyLapCTBEHHbIA CTaH4apT oTCyTCTBYeT. [1o ero NpUHATUS peKOMEHZYETCS UCTIONb30-
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