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(54) CNOCIB IHAUKATOPHOIO BUABNEHHSA NIKPUHOBOI KUCNOTH

(57) Pedpepar:

Cnoci6 iHAMKaTOPHOro BUSIBNEHHS MIKPUHOBOI KUCMOTWU, SIKMW nondrae y TOMy, WO 3 MPUPOAHOro
ob'ekta BigbupaloTb npoby, roTylTb Taky npoby [0 npoBedeHHs JocnimpkeHHdA. [lpoBoasTb
OOCNIMDKEHHS | BU3HA4YaloTb KOHLEHTpaUito MiKPMHOBOI kncnotu y npobi. lMicna BunyveHHs npobwu
BOAM 3 NpupogHoro ob'ekta ii roTyloTb A0 OOCHIMKEHHS WNAAXOM BigOupaHHSA 3 Hei anikBoTy MipHUM
uuniHgpoMm. BBogATb BiOMIpsHY anikBoTy B KOHTaKT 3 MeMOpaHOK Ha OCHOBI MOMIENeKTPONiTHOro
komnnekcy (MEK) nonictupeHcynbdoHaty (PSS) Ta nonigianingMmetvnamoHito  xnopuay
(PDADMAC), monekynu niKpMHOBOT KMCMNOTU aacopOyloTbCa Ha MOBEPXHi Ta B TiMi Takoi MeMobpaHu.
Oani membpaHy BunmaroTb 3 Npobu Boau, BM3HAYalOTb BMICT CKOHLEHTPOBAHOI MIKPUHOBOI KMCMOTU
Bi3yarbHO, LUMNSIXOM NOPIBHAHHA 3a0apBneHHss MeMOpaHu i3 3pa3kamu 3a6apBreHHs.
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KopucHa mogenb Hanexmtb A0 iHAMKATOPHMX CrnocoOiB aHanidy Ha BMICT MIKPUHOBOI KMCIOTU
(MK), sika 3a neBHUX KOHUEHTpauin HabyBae XPOMOreHHWX BNACTUBOCTEW, SKi CNPUAMAOTLCH
noacbkMM  OokoM  Ta/abo  POTOMETPUYHUMUM  MpuNagamu  LWASXOM  KOHUEHTPYBaHHSA  Ha
nonienekTponiTHMX MembpaHax B NOMbLOBMX abo MPOMUCNOBMX YMOBax 3 METOK LUBWUAKOIrO
iHOMKATOPHOrO BUABMNEHHS NIKPMHOBOI KUCMOTKM Y LWUTYYHMX abo NpMpoaHUX BOAOMMAX Ta Y IPYHTOBMX
BOJax.

HasBHi mMeToaou KiNbKiCHOrO aHanisy Ha BMICT MIKPUHOBOI KWUCIIOTU Y BOAHWUX pPO3YMHAX €
OaraTocTagiiHMMy i BKMOYalOTb CTafii CENEKTMBHOIO BWUITYYEHHS, BMNacHe MiKPMHOBOI KUCMOTKM i
noganblioro  (OTOMETPUYHOIO BM3HAYEHHS 1i  KOHUeEHTpauii, abo mac-cnepKTpOCKOMiYHUX
pocnigpkeHb. CenekTMBHE BUITyYEHHST MIKPUHOBOI KUCMOTM 3 BOAHUX pPO34MHiB  nepenbavae
BUKOPUCTAHHSA, NepeBa)kHO, iIOHHOro obMiHy, copbuii, ekcTpakuii [1-4]. BkoHaHHS BULLlEHaBeOeHUX
onepauin BMMarae HasiBHOCTi BignoBigHOro obnagHaHHS Ta KBarnicikoBaHOro nepcoHarny, skui BMi€
npauoBaTt 3 UMM o6riagHaHHsAM.

B uactuHi BunagkiB notpeba y BU3HAYEHHI TOYHUX KifbKICHUX MOKa3HWKIB BMICTY MiKPUHOBOI
KMCNOTW y BOAI HE BMHMKAE, NPUHAWMHI Ha NepBMHHOMY eTani JOChifKeHb B NOMbOBUX ymoBax. B
NoNbOBUX YMOBaXx AOCTaTHbO ONepaTMBHO BM3HAYMTU HasAABHICTb/Ta abo NpnbnmnsHuii BMICT NiKPUHOBOT
KACMOTWU MEHL! TOYHWMM iHOWKATOPHUM METOAOM, i BXe B pas3i BUSBNEHHS MIKPUHOBOI KUCIOTH
BigibpaTtn npoby Boau 3a micuem ii BUSIBIIEHHSA B NPUPOAHIN fokaLii Ans nogansluoro JOChimpKeHHSA. A
BXe Yy nabopaTopHMX ymoBax 3a [OMOMOrOK CrneKTpOOTOMETPUYHMX abo Mac-CneKTPOCKOMIYHUX
npunagie TO4HO BCTAHOBUTM ii BMICT Y BigibpaHin npobi.

Bigomi MeToaMKM BM3HAYEHHS BMICTY MIKPUHOBOI KWUCMOTM Yy BOA4I €  KinbKiCHAMMK i
DaratoctagiiHumn. B Takmx metoamkax He BUKOPUCTOBYHOTb BUHWMKHEHHS XPOMOIEHHOIO CUrHamy Ha
OCHOBI BIacHOro »O0OBTOro 3abapBneHHs MiKpMHOBOI KucroTu. Bigomi mMeTtoamkm nepenbavatoTb
NpOBEeAEHHA LOAATKOBMX XiMIYHMX peakuii 3 MeTOH OTpUMaHHA 3abapBreHHA (XPOMOreHHOro
curHany).

Okpim TOro, B OCHOBY onepauii 6e3nocepegHbOro BMMIPIOBAHHSA BMICTY MIKPUHOBOI KMCMOTU B
BiJOMMX MeTOAMKax MiCrs HamnexHOoi NigrotoBku npobu noknageHo oO6OB'A3KOBE BUKOPUCTAHHSA
€rneKkTpoHHOro npunagy — cnektpodoromeTtpa. doTtomeTpuyHe abo TOYHE BUMIPIOBAHHA BMICTY
PEeYoBMHN, 30KpPEMa MIKPUHOBOI KMUCMOTKU, 3a AOMOMOrOK CNeKTpodoToMeTpa 3AINCHIOITL LUNAXOM
NMOPIBHAHHA NPV PEKOMEHAOBaHIN MEeTOOMKOK [AOBXWHI €neKTPOMarHiTHOI XBWMi y BUAMMOMY
AianasoHi WinbHocTi 3abapBneHHs (ONTWYHOI TYCTMHWU) MiAFOTOBMEHOrO 3paska 3i  LiMbHICTIo
3abapBneHHs1 Hanepen NpUroToBaHMX PO34MHIB MIKPMHOBOI KMCNOTKU 3 BXxe BigoMumu BMicTamu. Lle
pobuTb BiOOMI MeToAMKW, NO-MepLle, 3aneXHUMK Big AXepen enekTpUYHOi eHeprii ans poboTu
cnektpocpotomeTpa. [lo-gpyre, B MNOMNbOBMX YMOBax [Afi BUMIpIOBaHHS Tpeba maTn HeoOXigHi
peakTMBKM i cneuianbHU MipHWA Nocyd 3i Ckna Ans NpUrotyBaHHA cepil CTaHAapTHUX PO3YUHIB
NIKPMHOBOT KMCMOTW 3 Hanepes BiZOMMUMN KOHLIEHTpaLisiMA.

Ocob6nuBIiCTb BiAOMUX KifTbKICHUX METOAMK BU3HAYEHHSA BMICTY MIKPUHOBOI KMCNOTW Mnonsrae B
TOMY, L0 BOHW HE CNPsIMOBaHi Ha AKiCHEe BUSIBNEHHS MIKPUHOBOI KNCMOTH, @ 6a3yloTbCa Ha TOMY, LWO ii
HasiBHICTb Y 06'eKTi BXXe nonepegHbO BCTaHOBEHa. B 1o xe yac, iHOMKaTOpHI METOAMKN XOM i He B
MOBHIN Mipi, NPOTe BUKOHYIOTb i OYHKLUIT siKicHOro aHanisy: cebTo okpim iHopmauii npo NpMBnu3HUNn
BMICT MIKPUHOBOI KMCNOTW AaloTb OMNepaTuMBHY BiANOBiAb Ha MWTaHHS, YM MPUCYTHIA Y NPUMPOOHOMY
06'ekTi B3arani ToM rpaHWYHMIA BMICT MIKPMHOBOI KUCMOTU, SIKUIA BignoBigae YyTnMBOCTI iHOMKATOPHOI
METOLMNKN.

OGTKNMBICTL Ta 3anexHiCTb Big [Kepen enekTpU4HOro cTpymy (OTOMETPUYHUX METOLIB
BM3HAYEHHS BMICTY MIKPUHOBOI KUCIOTU He [a€ MOXIMBOCTI X onepaTMBHOro Ta edqeKTUBHOro
BUKOPUCTaAHHA B MOMNbOBUX YyMOBaX. |HAMKATOpPHI MeToaW, B OCHOBY $KMX MOKNageHo mnpoLec
KOHUEHTpyBaHHA Npobu BOAM 3 METOK MOCUIIEHHS BIIACHOMO >XOBTOrO 3abapBreHHsl MiKpUHOBOI
kncnotn 6esnocepedHbo y BigibpaHii Nnpobi Boan ax OO0 BMHUKHEHHS XPOMOFEHHOrO CurHany, sike
cnpunMae niacbke OKo, He OMucaHi.

Hanbnwmwkumn ananor onucaHui Buwe B poboti [1]. OJaHa meToavMka € (POTOMETPUYHOL,
MOB'I3aHOI0 3 MOMNEepeaHbOK  MiArOTOBKOK MPOGM | BMKOPUCTAHHAM  CMNEKTPOGOTOMETPUYHOIO
npunagy, kM € enekrpoeHepro3anexHum. PewTa pobiT 6a3yeTbca Ha TakoMy camomy crnocobi i €
noro Bapiauisgmn, OpieHTOBaHMMM Ha OB'EKT, B SIKOMY BM3Ha4aroTb BMICT MIKPUHOBOI KMCMOTU, Ta Ha
Oinblwy abo MeHLLY TOYHICTb BU3HAYEHHS KOHLIEHTpaLii NiKpMHOBOT KMCMNOTMK.

PoTOMETPUYHE BU3HAYEHHS BMICTY MIKPMHOBOI KMUCMOTU B MPUPOAHMX 06'ekTax, Hanpuknag B
rpyHTax, BoAgoMMax, nonsrae y Bigbopi npobw, nigrotyBaHHi i 4O nNpoBeOeHHs LOCHioKEHHS,
Oe3nocepegHbOr0 BUMIPIOBAHHA KOHLIEHTpaUii MiKpMHOBOI KMcnotu y npobi. MigrotyBaHHA npo6u
nonsirae y ekcTpakuii MiKPUHOBOI KUCIMOTWU HaneXHUM OpraHiYHMM pPO3YMHHUKOM, aueToHOM abo
iHWWM, OoAdaBaHHI peareHTiB, SKi BUKNMKaOTb 3abapBrieHHsl, IHTEHCMBHICTb $SIKOro npornopuiiHa
KOHUEHTpauii niKpMHOBOi KucroTwu. PiHiWHY npouedypy, a camMe BM3HAYeHHS BMICTYy MiKPUHOBOI
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KMCNotTn oTOMETPpyBaHHAM MPOBOAATL 3 BUKOPUCTAHHAM  CNeKTpodOTOMETPUYHUX npunagis.
BesnocepeaHbo oTOMETpyBaHHA OOOB'A3KOBO BKMOYAE NPUrOTYBaHHA cepii  kanibpyBanbHMX
PO3YMHIB 3 BIAOMMM BMICTOM MIKPUHOBOI KUCIOTWU, KOXHWA B OKPEeMOMY MipHOMYy nocyni. bes
ypaxyBaHHS MpUroTyBaHHA cepii kanidbpyBanbHUX pPO34MHIB, (POTOMETPYBAHHA KOXHOrMo 3 HUX Ta
nobynoBu kanibpyBanbHOI MiHil, TPMBaNICTb NULLIE OAHOrO aHanisy ckrnagae 6nm3bko 20 XBUMMH Ha
ofHy nNpoby camoi nikpuHOBOI kKucnoTu. Mpn poboTi 3 KOXHUM KanidpyBanbHUM PO3UYMHOM i 3 KOXKHOIO
npoboto 06OB'A3KOBMM € MPOMMBAHHA NOCYAY OMCTUMNBOBaHOK BOAOK. [1pOMMBHI BOoAM MICTATH
peakTuBW, siKi He MOXXHa BUMBATU Ha I'PyHT abo B BOAHI 00'€KTM B NPUPOOHNX YMOBAX, Ha TepUTOpil
3anoBigHUKIB Taki Aii npsMo 3abopoHeHi. Tomy B MOMbOBUX YMOBaX BWHMKAE HEOOXiOHICTb MaTu
A00AaTKOBO EMHICTb AN NPOMMBHMX BOA, SKi YTBOPIOKOTLCA Nif Yac npoBefeHHs POTOMETPUYHUX
aHanisis.

TpyAOMICTKICTb, 3HAYHMW 4Yac Ha NPOBEOEHHS TOYHOrO0 BM3HAYEHHS MIKPUHOBOI KUCAOTU Y
NPUPOOHNX YMOBaX, HEOOXIOQHICTb TpaHCMOPTYBaHHA €neKTPOeHepro3anexHoro obnagHaHHS,
CKMSIHOrO MipHOro nocyay, AMCTUNBbOBAHOI BOAM | 4OAATKOBUX EMHOCTEN AN NPOMUBHUX Bog, pobutb
BiJOMi METOAMKM BU3HAYEHHHA MIKPMHOBOI KUCMOTM Ha eTani adHanisiB B MOMbOBMX YMOBax
O6TAXMMBUMW. A BapTO 3a3HA4YUTW, LLO Ha CTadii NPOBEAEHHS aHanisiB B MONbOBUX YMOBaX B Takux
TOYHMX MeToaMkax noTpeba € ganeko He 3aBXxau.

B ocHoBy kOpuCHOI Mogeni nocTaBrneHa 3agava BUKOHATW CEPINHOro LUBUOKOrO, CENEKTUBHOIO Ta
HEeJopOororo iHAMKaTOPHOro BU3HAYEHHA BMICTY MIKPUHOBOI KMCNOTWM Yy 3paskax BOAM B MNONbOBMX
yMOBaXx.

MocTtaBneHa 3agaya BUPILLYETbLCA TUM, WO B Cnocobi iHAMKATOPHOro BUSIBIEHHSI MiKPUHOBOT
KMCMOTK, SIKUIA Nonsirae y TOMy, WO 3 NpupogHoro ob'ekta BigbupatoTb Npoby, roTyoTb Taky npoby Ao
NPoBeOEHHS AOCHIOKEHHS, NPOBOAATL OOCMIIKEHHS | BU3HAYalOTh KOHLEHTpPaLUito NiKPUHOBOI KNCNOTU
y npobi, 3rigHO 3 KOPWUCHOW MoAenso, nicns BUIyYeHHA npobw Boaum 3 npupogHoro ob'ekta ii
roTyltoTb A0 OOCHIMKEHHS LWNSXOM BigOMpaHHA 3 Hel anikBOTW MipHUM LUUNiIHAPOM, BBOAATb BiAMIpSHY
anikBoTy B KOHTakT 3 MembpaHol Ha ocHoBi nonienektponitHoro komnnekcy (MEK)
nonictupeHcynboHaty (PSS) Tta nonigianingumetunamonito xnopugy (PDADMAC), monekynu
NIKPMHOBOT KMCMNOTK aacopbytoTbCA Ha NOBEPXHi Ta B Tini Takoi MmembpaHn, gani membpaHy BUNMaloTb
3 npobu BOAW, BM3HA4YalOTb BMICT CKOHLEHTPOBAHOI MIKPMHOBOI KWCNOTM BidyanbHO, LUMSAXOM
NopiBHAHHA 3abapBreHHs MeMbpaHu i3 3paskamun 3abapBreHHs.

MopiBHAHHS 3abapBrieHHss MembpaHu i3 3pa3kamu 3abapBneHHs MPOBOAATE 3 BUMKOPUCTAHHAM
HaapyKkoBaHUX TUNorpadCbKkUM crnocobom 3paskiB abo Yepes koau KOombopiB.

PyHKUiA MeMOpaHu nonsrae B TOMy, LLO MOJSIEKYNM BOAM BiflbHO NPOX0OAsiTb Yepe3 membpaHy, a
MOJEKYNM MIKPMHOBOI KUCNOTU afacopOyloTbCsl HAa NMOBEpPXHi MembpaHu Ta B Tini membpaHu. Takum
YMHOM BiOOYBaETLCA KOHLIEHTPYBAHHA MOIEKYN MIKPMHOBOI KUCNOTU Ge3nocepeqHbo, NoYMHaum 3
noBepxHi MeMOpaHu i gani B ii Tino. B gaHomy cnoco®i iHguKauii NiKpMHOBOI KMCNOTWM Yy BOAOHMX
po3yMHax aHaniTMY4HUN CuUrHam BUHUKaE Yyepes Te, WO MNiKpMHOBA KUCOTa NPUPOAHO Mae BrnacHe
XoBTe 3abapeneHHs. Bigomo, WO y Ayxe po3sBedeHuX BOAHMX pO3vMHax Take 3abapBreHHs He
hikCyeTbCS NIOACHKMM OKOM, @ NPY KOHLEHTpaLisx Huxkye 1105 monb/gm® BnacHe npuMpoaHe XoBTe
3abapBneHHs NiKPUHOBOI KUCIOTU HaBiTb He dDiKCyeTbCs hoToMeTpu4HUMU Npunagamu [1].

Mpwn KoHTaKTi NIKPMHOBOI KMcnotTu 3 membpaHoto Ha ocHoBi NMEK PSS-PDADMAC Big6yBaeTbces
KOHLEHTPYBaHHSA NIKPUMHOBOI KMCMOTU Ha MeMOpaHi 3a paxyHOK agcopbuii Ta BMHWKAE aHamniTUYHUIA
curHan y Burnsigi »xoBToro 3abaperieHHs membpanu. Mig Yyac KOHUEHTPYBaHHS NIKPMHOBOI KUCHOTH i
BMnacHe oBTe 3abapBneHHs cTae BMAMMMM, ceOTO Takum, sike BFIOBMIOE NoAcbke oko. [ani BMmicT
CKOHLIEHTPOBAHOI MIKPUHOBO| KUCIOTK BU3HAYalOTh BidyarbHO, LUMASXOM MOPIBHSAHHA 3abapBneHHs Ha
noBepxHi MembpaHu i3 3paskamu 3abapBneHHs, HagpyKOBaHOro TunorpadcbkMM cnocobom abo
yepes Koau Konbopis.

Cnoci® iHAMKaTOPHOro BUWSBMEHHS MIKPMHOBOI KUCMOTU Yy BOOHWX CUCTEMax B [Aiana3oHi
KOHUeHTpauin Big 104 go 10-5Monb/gM3 BMKOHYIOTb TakMM YMHOM. 3 NpUpoAHoro ob'ekta BiabupatoThb
npoby Boan. 3 BigibpaHoi npobu BOAM MipHUM UMNIHAPOM abo MIpHOK NiNeTKow BiAdUpaTb
pekoMeHoBaHy anikeoTy, Hanpuknag, 5 cm3. B anikBoTy nomiwaTb 3pa3ok MembpaHu nnower 2
CM? Ta BUTPMMYKOTb npoTarom 15 xB. 3a 3MiHOK 3abapBneHHs KONbopy MemOGpaHM BM3HAYaloTb
KoHuUeHTpauito MK B gocnigxyBaHOMYy pO34mHi BiAMOBIAHO 0O KOAIB KONbOPIB, HaBegeHux B Tabnuui 3
KoJamu KonbopiB Ans Bi3yanbHOro iHAMKaTOPHOIO BU3HAYEHHS BMICTY MiIKPUHOBOI KUCMOTMW.
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KoHueHTpauis nikpMHOBOI KMcnoTu, Monb/gme Kog 3abapsneHHs (HEX-kogu)
0 (KoHTponb) b8b9b3
1-10° c2c5aa
2-10° b4b991
3-10° bbc28f
5-10° bOb67a
1-10+# a4a762

Y Bunagky, konu KoHueHTpauis K B pgocnigxyBaHOMYy pO34MHi He BignoBigae 3agaHoMy
AdianasoHy, a CTaHOBUTb MEHLLUE 3HAYeHHs, PEKOMEHAYETbCA BUKOPUCTOBYBATK BinbLuy aniksoTy Ta
yac OOCArHeHHs piBHoBarn agcopbuii, Hanpuknaga, 36inbWNTK anikBoTy B 2 pasn | Yac KOHTaKTyBaHHS
3 mMembOpaHo B 2-4 pasu. [Ana po3paxyHKy KOHLeHTpauii MiKpMHOBOI KUCIOTU BUKOPUCTOBYIOTb

¢hopmyny:

C=Co*2,
0 \"

Ae C — koHLeHTpauUisi NiIKpUHOBOT KUCNOTK, sika BUSHAYaAETLCS, MONb/AMS;

Co — KOHUeHTpauisa 3rigHo KanibpyBanbHOI nanitpyu npeacTaBneHoi y Burnsai tabnuusa koais
KONMbOpIB A4S Bi3yarlbHOro iHAMKaTOPHOIO BU3HAYEHHS BMICTY MiIKPUHOBOT KMCNOTW, MOMb/amS3;

V — BigibpaHa aniksoTa, AmS.

Y BUNagKy AOyXKe HU3bKUX KOHLEHTpauii, o AopiBHIOOTL MeHwe 1-106 monb/gm3, aniksoty
KOHUEHTpyloTb Ha membpaHi PSS-PDADMAC 3 BuKOpuCTaHHAM ynbTpadinsTpauinHoi KoMipku Ta
BPaxOBYKOTb CTYMiHb KOHLIEHTPYBaHHSI.

Akwo npobwn BoAM € NPO3OPUMM, aHaniau Ha BMICT MIKPUHOBOI KUCIOTW npoBoAsTb 6e3s
[00aTKOBOI NiAroTOBKM.

Akwo y npobi BoAM NPUCYTHI MexaHiYHi JOMILLKK, B TOMY YMCHli 3aBUCIi PeYOBUHU, SKi pobnsaTb
3pasoKk BOAM KanamyTHMM i, TUM CaMMM, 3aBaXalTb BM3HAYEHHIO MIKPMHOBOI KMCMNOTU, CEOTO SAKLLO
BOAa y BOAHOMY OO'eKTi BidyanbHO BUrNsiAae KanamyTHORK, ogpasy Micns BUMy4YeHHs npobu Boau 3
BogHoro ob'ekty uto npoby HeoOxigHO MpodinbTpyBaTM 3a AOMOMOrOK ManepoBoro dinbTpa Ans
BUOANEHHSI 3aBUCITUX PEYOBMH.
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®OPMYJIA KOPUCHOI MOJENI

1. Cnocib iHOUKaTOPHOrO BUSIBMIEHHS MIKPMHOBOI KUCIOTK, SIKMIA Monsdrae y TOMy, WO 3 NPUPOAHOro
obG'ekta BigbupawTs npoby, roTyloTb Taky MNpoby [0 NpOBEAEHHs OOCHidXEeHHH, NpoBOASATb
AOCHISKEHHS | BU3Ha4YaloTb KOHLIEHTPpaLUilo MiKPUHOBOI KMCMOTK Y Npobi, Skuii BiAPi3HAETLCA TUM, O
nicns BUNy4eHHs Npodu Boau 3 NpMpogHoro ob'ekTa ii roTyloTb 4O OOCHIIKEHHS LUAXOM BiaOUpaHHS
3 Heil anikBoTM MipHUM UMMIHAPOM, BBOAATL BigMipSIHY anikBOTy B KOHTAKT 3 MEMOpPaHOK Ha OCHOBI
nonienekTponitHoro komnnekcy (MEK) nonictupeHcynbdoHaty (PSS) Ta nonigianingMuMmeTunamoHito
xnopvgy (PDADMAC), monekynu nNikpMHOBOI KUCINOTWU afcopbyloTbCst HA MOBEpXHi Ta B Tini Takol
MeMbpaHu, gani memOpaHy BUNMatloTb 3 Npobu BOAW, BU3HAYAKOTb BMICT CKOHLIEHTPOBAHOI MiIKPMHOBOI
KMCMOTK Bi3yarbHO, LUNSXOM MOPIBHAHHA 3abapBrneHHs membpaHu 3i 3pa3kamun 3abapBreHHs.
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2. Cnoci6 3a n. 1, 9kMn BiAPI3HAETLCA TUM, LLO NOPIBHAHHA 3abapBneHHa MembpaHu i3 3paskamu
3abapBneHHs NPOBOASATb 3 BUKOPUCTaHHAM HaApykoBaHMX TunorpadCbkMMm cnocobom 3paskiB abo
yepes Koam Konbopis.
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