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BbITOBBIE ®UJIbTPI 1JIS1 BOABI 1 UX HCIIOJIbB30OBAHHUE
VIS YCTPAHEHUSA KAPBOHATHOU )KECTKOCTH

B smoxy, korja 1ocTym K YUCTOH MUTHEBOW BOJIE CTAHOBHUTCS INIOOANIBLHBIM MPUOPUTETOM, Pec-
ny6nuka benapych cTankuBaeTcsi ¢ YHUKaJIbHBIMH BBI30BAaMH, CBSI3aHHBIMHU C OCOOCHHOCTSIMH CBOMX
BOJIHBIX pecypcoB. HecMoTpst Ha obmine pek, 03€p W MOA3eMHBIX HCTOYHUKOB, ITpobiiema KapOoHaT-
HOU KECTKOCTH, 00YCJIOBICHHON T'€OJIOTHYECKUM CTPOCHHEM TEPPUTOPHHU, OCTAETCS KIIIOYEBOU ISt
MHOTHX PETHOHOB. V3BECTHSKOBBIE IIACTBI, XapPaKTEPHBIE AJISI LIEHTPAIBHBIX U CEBEPHBIX 00JIacTeH,
HACBHILAIOT BOAY MOHAMHU KajbLUsA M MAarHus, cO3[aBas KOMIUIEKC IOCIEICTBHH: OT OBITOBBIX He-
ynoOCTB, TAKMX KaK HAKUMb B YaHUKAX M CHIDKEHHE S(P(PEKTUBHOCTU CTUPAIBLHBIX MOPOLIKOB, J0
MOTEHIUAIBHBIX PUCKOB JUIS 370pOBbA. MENUIMHCKUE HCCIEAOBAaHUSA YKa3blBAIOT HAa KOPPEISLHIO
MEXIY YHoTpeOiaeHrneM XECTKOW BOABI M YBEIMUCHHEM CIy4aeB MOUCKAMEHHOW OOJIe3HH, a TaKxKe
HapylIIeHUH MHUHEPAIbHOTOo oOMeHa. DTH (HaKTOPHI IeNaloT ObITOBBIE (PHIBTPBI HE MPOCTO yIOOHBIM
pelIeHHEM, HO BaKHBIM 3JIEMEHTOM NPO(UIIAKTUKH 340pOBbsl HacedeHus. OmHAaKo pacTymiasi momy-
JSIPHOCTh TAaKUX CHUCTEM TpeOyeT TIIATENbHOW OLIEHKM MX BIMSHHUA HAa XUMHYECKHH COCTaB BOJBI,
0CcOOEHHO B JOJITOCPOYHOM NEPCIIEKTHBE.

OcnoBHast yactb. KapOoHaTHas KeCTKOCTh GOPMHUPYETCS B PE3yJIbTaTe PACTBOPEHHUS KabIIH-
ta (CaCO3) u nomomuta (CaCO3xMgCOs) B moa3eMHbIX Bojax. B bemapycu 3ToT mporiecc ycuanBa-
eTcsl 0COOCHHOCTSIMU IOYBEHHOT'O MOKPOBAa M AKTHBHBIM HCIIOJIB30BAHUEM APTE3MAHCKUX CKBAXKUH
Ut BojocHaOxkenus. Hanpumep, B ButeOckoii obnactu, rae nposeaeHsl uccnenosanus, 70 % Bomo-
MIPOBOJHOM BOABI TIOCTYMAET M3 MEJIOBBIX TOPU30HTOB, OOTaThIX KapOoHaTaMH. JTO MPUBOIUT K Cpe-
Helt xecTtroctH 5,8—6,3 mr-axB/mm® npu HopMe CanlluH 4,0 mr-ske/mm?. [loTpedutenu, meITascey pe-
HIMTH TPOOJIEMY, MacCOBO YCTaHABIMBAIOT HOHOOOMEHHBIE (PHIBTPHI, HO PEIIKO 3ayMBIBAIOTCS O XH-
MHUYECKHX TpoIieccax, MPOUCXOAAIINX BHYTPH 3TUX YCTPOUCTB.

OunbTp! HA OCHOBE KATHOHOOOMEHHBIX CMOJI padOTalOT 110 NPUHLIMITY 3aMelneHust HoHoB Ca?*
u Mg** na nonsl Na* unu H*. OnHako 3TOT mpouecc He SIBISETCS H30JUPOBAHHBIM — B HET'O BOBJIEYE-
HBI ICCATKHU COMYTCTBYIOIIMX peakiuidi. Hanpumep, pu pereHepanuy cMOoJIbl XJIOPHIOM HaTpus o0pa-
3YIOTCS TIOOOYHBIE TIPOIYKTHI, BKIIIOUAs XJIOPHUJIBI KANBIU, KOTOPbIe MOTYT HAKAIIUBATHCS B CHUCTE-
Mme. bosee Toro, MHOTHE MPOU3BOIUTENH NOOABISIOT B KapTpHUIKK NHonupochaTHble WHTHOUTOPBI,
npeZI0TBpalIaone 00paTHOE OCaXKJeHUE KapOOHATOB. MIMEHHO 3TH J00aBKH CTAaHOBSITCS CKPBITHIM
UCTOYHUKOM (POC(aTOB B OUHMINEHHOW BOJIE, YTO IMOATBEPAMIM Ja00paTOPHBIC UCCIICAOBAHUS.

MeTtogponorusi: CUHTE3 TEOpUH M NpakTHKHlIccienoBaHHE OCHOBBIBAIOCH HA MEXXKIHCLUILIU-
HapHOM MOJX0Je, 00BEANHHUBILIEM THAPOre0JIOTHIO, aHATMTHYECKYI0 XUMHUIO U 3Kosoruto. Teoperu-
YyecKasi 4acTh BKJIFOYaa aHanu3 45 Hay4dHbIX paboT, MOCBAMIEHHBIX HOHOOOMEHHBIM TEXHOJOTHUSIM, U
cpaBHenue 20 moaeneil puiabTpoB, JocTynHbIX Ha peiHKe CHI'. OcoOblil akIeHT cienaH Ha U3y4eHUH
TeXHUYECKuX perijameHToB EADC, KoTOpbIE, B OTIMYHE OT €BPOICHCKUX JUPEKTHB, HE OIpaHUYHMBA-
10T cozepxanne pocdaroB B muTheBOH Bojie. DTO cO3MaET MPABOBOI BaKyyM, TIO3BOJISIONIMN TTPOU3-
BOJIUTENISIM HCIIOJB30BATh AEMIEBbIE, HO MOTEHIIMAIBHO OMACHBIE PEareHTHI.

OKcrepuMeHTanbHas paboTa npoBoaniIack B Tpu 3tana. [lepBbiii atan — 3a00p npob u3 necstu
Touek ButeOckoi o0macTH, BKIIOYAsi TOPOACKHE BOJOIIPOBOIbI, CEIBCKHE KOJOIBI M apTe3UaHCKHe
CKBa)XMHBI. BTOpOii 3Tam — cepus u3 37 MUKIOB GUIBTPAIUH C HCIIOIB30BAHUEM TOMYISPHBIX MOJIe-
neit «eitzep-Ilpectmx» u «AxBadop-Kpucramm, IMATHPYIONINX peabHBIE YCIOBUS IKCILTyaTalllnu
(mepeMeHHas TeMIiepaTypa BOJbI, KoueOaHus JaBiieHus). TpeTHii 3Tal — KOMIUIEKCHBIH XUMUYEeCKUI
aHallM3 ¢ NMpPUMEHEHUE WOHHOW Xpomarorpaduu Ui BBISABICHHS aHWOHOB ((ochaToB, HUTPATOB,
Cynb(arToB).

Ucxonneie mpoObl BOABI MOKA3ald 3HAYMTENBLHBIE Pa3finuusl B XMMHUYECKOM cocTaBe. ['opon-
CKHE BOJIONIPOBO/IBI JIEMOHCTPHUPOBAIIM CTAOMIIBHO BBICOKYIO KECTKOCTD (5,7—6,1 Mr-akB/mm?), Toraa
KaK KOJIOJIe3Has! BOJa U3 CEIHCKUX PAiOHOB OTJIMYAJach MOBBIIICHHBIM COAEP)KaHWEM OPTaHuKH (10
8,2 Mr/mM® mo mepmaHraHaTHoi oxucisiemoctn). Ilocne o0paboTku puiabTpamu oOmias >KECTKOCTD
CHWXKanach 10 2,3—2,8 Mr-skB/aM®, 9T0 COOTBETCTBYeT HOpMaTtuBaM. OHAKO MapaliebHO (PUKCUPO-
BaJINCh TPEBOXKHBIE U3MEHEHHS:
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—ypoBenb ocdaTos Bozpacrtan ¢ 0,09 £0,03 1o 0,41 £0,07 mr/mm3;

— KOHIICHTpaI¥sI HaTpHs yBeJIn4KMBajiachk B 4—5 pas (¢ 12—15 mr/am® go 50-65 mr/nm3);

—B 30% mpob 0OHAPYKUBAINCH CIIEIBI CHIMKATOB — KOMIIOHEHTOB 3aIIUTHBIX MTOKPBITHNA KapT-
PUIDKEH.

Ocoboro BHIMaHHS 3aCITy)XHBaeT AWHAMUKA Tporiecca. B mepebie S0 muTpoB GHIETPOBaHHOM BOJIBI
conepxanne GocdaroB 0CTaBaIOCh CTAOMIBHEIM, HO Tocie 100 JIMTpOB HAYMHAICS 3KCIIOHCHITHATHHBII
POCT, CBSI3aHHBIN ¢ paspylieHneM nonudochaTHbIX TpaHyl. TO yKa3blBaeT Ha HEOOXOAUMOCTb CTPOTOro
KOHTPOJISl pecypca KapTpuaxKeH, KOTOPBIi MPOM3BOJUTENH YaCTO 3aBBIILIAOT.

IToBemmentoe comeprkanue (ocdaroB cozmaér xackamubid 3ddekr. B oprannsmMe demoBeka OHU
CBSI3BIBAIOTCS C KAJIBIMEM, 00pa3yst HEpaCTBOPHMBIEC COSAMHEHNS, KOTOPhIE MOTYT HAaKaIUTBAThCS B ITOY-
Kax M cocyaax. DNMIEMHOJIOTHYecKOe MCCleIOBaHUE, TPOBEAEHHOE B COTpyAHUYeCTBE ¢ [ pogHEHCKUM
MEIUIIMHCKUM YHUBEPCHTETOM, BBISIBUIIO, UTO Y KHUTEINEH, NCTIONB3YIOMNX HOHOOOMEHHBIE (DUITBTPHI 00-
nee 3 JeT, YacToTa MOYeKaMeHHOM Oome3rr Ha 18 % Bhiiie, 4eM B KOHTPOIIFHOM TpyTIITe.

Okonoruueckue nocneacTsus emé macmradHee. Pocdarel, monagas co CTOYHBIMU BOJAMH B
peku U 03épa, MpOBOUPYIOT IBTpoduKanuio. B benapycu, rae 40 % HaceneHus MPOXKUBACT B CEJIb-
CKOM MECTHOCTH, a CHCTEMBI KaHAJM3AI[H YaCTO OTCYTCTBYIOT, 3TO MPHBOJUT K I[BETEHUIO BOJOEMOB.
SApkuii npumep — o3zepo Jlykomnbckoe, rae B 2022 rony 3aduKCHpoBaHa MaccoBasi THOETb PHIOBI H3-32
aHa’pOOHBIX MPOIIECCOB, BRI3BAHHBIX U30BITKOM (ochopa.

CpaBHUTENBHBINA aHAIN3 TEXHOJIOTUH YMSTUEHUS BBISBIJI WX CKPBITHIE MTPEHMYIIECTBA H OTpa-
HUYCHUS:

—OO0patHbIii ocMoc — ynanser 98-99 % coneit, HO TpeOyeT MUHEPATU3allUU BOJbI, TaK KaK
MOJIHASL AeMUHEepau3alys HapyiaeT QU3H0IOTHIECKUH OanaHe.

—MarauTtHas 00paboTKa — MEHSIET KPUCTALTHIECKYI0 CTPYKTYPY KapOOHATOB, IpeIOTBpaIas
HAKWUIIb, HO HE BIUAET Ha )KECTKOCTD.

— DNEKTPOKATAIUTHIECKHE CUCTEMBI — d(P(PEKTUBHBI IPOTHB OaKTEPHii, HO CITab0 BO3ICHCTBRY-
I0T Ha HOHBI KaJbIIHsL.

I/IHHOBaL[I/IOHHBIM HanpaBJICHUEM MMpEACTaBIACTCA FI/I6pI/IIlI/I3aHI/ISI TEeXHOJOTHUH.
Hanpumep, koMOuHaIUsg MOHOOOMEHHOW CMOJIBI C IICOJUTOBBIM COPOSHTOM TO3BOJISET CHU3UTH
xKEcTKOoCTh Ha 45% 0Oe3 mpumeHeHus ¢ocdaToB. DKCHEPUMEHTH C OHOTIOJIMMEpPAaMU Ha OCHOBE
XHUTHHA IMOKa3aJIn CHOCO6HOCTB CBA3bIBATh HOHBI MarHus, XoTs UX Sq)(l)eKTI/IBHOCTL IoKa yCTynact
TpaAUIIUOHHBIM MCTOJaM.

Pexomenanuu 715 moTpeOUTENEH U PETyIITOPOB

J1s MUHUMH3aUKA PUCKOB TIPEIIOKEH KOMIIJIEKC Mep:

— JIJIsl HACEJICHHMSI: PeTyJIsipHas MpoBepka (GHIBTPOBAHHON BOJBI HA (GocdaThl ¢ UCIOIH30BA-
HUEM TeCT-IIOJIOCOK; 3aMeHa KapTpuikeil mpu 70 % ucuepnaHus pecypca; yepeloBaHue (UITb-
TPOB Pa3HBIX THUIIOB;

— UL TIPOW3BOJIUTEIICH: Tepexo/1 Ha IUTPATHbIE HHTHOUTOPHI BMeCTO monmdocdaTos; paspa-
00TKa KapTpUKeH ¢ HHANKATOPaMH U3HOCA,

— Ui TocynapcrBa: BHeceHHe (oc]aToB B CIIUCOK KOHTPOJIMpYeMbiXx mnokaszatencii CaunlluH;
cyOcuaupoBaHue pazpadoTKH SKOJIOTHYHBIX QUIIBTPYIOIIUX MaTEePUANIOB.

CoBpeMeHHbBIE HCCIIe0BAHNS OTKPBIBAIOT HOBBIE TOpU30HTHL. Ha 6aze MHcTuTyTa OHMoopra-
Huueckoir xumun HAH benapycu BenyTcs paGoThl IO CO3/IaHUIO «yMHBIX» CMOJI, CTIOCOOHBIX Ce-
JEKTUBHO YAAIATh UOHKI KECTKOCTH. [lepBbie 00pa3nbl Ha OCHOBE MOAM(HUIIMPOBAHHOTO TpadeHa
JeMOHCTpupytoT dddexkTuBHOCTE 89 % 0e3 mobGouHbIX mpoaykToB. [lapamnensHo pa3pabaThiBa-
IOTCSl CHCTEMBI OMOJIOTHYECKON JTIOOYHCTKHU C MCHONb30BaHWeM Bojopocieii Chlorella, mormomra-
romux Gocdarsl.

3akarouenue. [IpobieMa OYHCTKH BOJIBI OT KapOOHATHOM KECTKOCTH mepecTaT OBITh YH-
CTO TEXHHYECKOH 3a1ayeil — oHa MpeBpaliaeTcsi B MHOI'OACTIEKTHBIN BBI30B, TPEOYIOMMI COTaco-
BaHHBIX JICHCTBUHI HaykH, Ou3Heca u obOmiectBa. Mcrnonp3oBanue OBITOBBIX QHUIBTPOB, 0€3yCIOB-
HO, yJIydliacT Ka4€CTBO XHU3HU, HO oe3 FHy6OKOFO IMMOHUMAaHUA XUMHUYCCKHUX MIPOHECCOB U 3KOJIO-
TMYECKUX TOCJIEJCTBUI OHO MOXET CTaTh «MEIJIEHHOM MUHOW». PelieHue NexXuT B MIOCKOCTH
00pa30oBaHUA: OT IIKOJBHBIX YPOKOB JIKOJIOTHH JO MyONWYHBIX JIEKIUHA O MPUHIUIIAX PaOOTHI
¢unbTpoB. TONBKO coueTaHWE TEXHOJOTMYECKUX WHHOBALUi, OTBETCTBEHHOTO MOTpeOJIeHHS U
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MPOJYMaHHON PETYISATOPHOU MOJUTUKH TO3BOJIUT COXPAHUThH BOJY — OCHOBY JKHU3HU — YHCTOU H
Oe3omacHOU MJIs Oy IyITUX TTOKOJICHHH.
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KOOPJMHATHBII METO/I KAK CIIOCOB IIPEOEPA30OBAHUSA
IFEOMETPHYECKHUX 3AJTIAY B AJITEBPANYECKHE
VI YCIHIEHIHOU TIOAI'OTOBKHU K OJIMMIIMAJIE

Mo nmocrymienus B Jinueit BI'Y nmenu II.M. MamepoBa Mbl nocemany Kypcsl IO MO O-
TOBKE K BCTYNHTEJBHBIM 3K3aMeHaM. Ha omHOM u3 3aHsATHH ObUIa MpeIoKeHa reoMeTpudecKas
3a/1a4a, peleHue KOTOPOoi OblJI0 EPEHEeCEeHO Ha KOOPAMHATHYIO IUTOCKOCTh M 0Ka3aJoCh MPOCTHIM
Y TIOHATHBIM.

Texct 3agaun ObUT CIEAYIOIINM:

bokosvie cmopoust mpaneyuu ABCD pasnvl, AD=10 u BC=24, npu smom npamvie AD u BC
63aUMHO nepnenouxyasipusl. Hatloume paccmosnue mexncoy cepedunamu ocnosanuti AB u DC.

Hac 3amHTepecoBan yka3zaHHbIM MeToA. M3yduB jMTepaTypy IO PELICHHIO 3a1a4 KOOPJHHAT-
HBIM METOZIOM, MBI IIPUIIIJIM K BBIBOY, YTO MIPAKTUYECKHU JIF00asi TEOMETPUUECKAsl 3a1a4a MOKET OBITh
nepeHeceHa Ha KOOPAUHATHYIO IIOCKOCTb.

Llens pabOTHI: IOKA3aTh BO3MOKHOCTH KOOPAWHATHOTO METOAA Kak crocoba nmpeodpa3zoBaHus
reOMETPHUECKHX 3a/1a4 B a/lre0OpanydecKue ISl YCICIIHOM MOATOTOBKY K OJIMMITHAJE.

3amaun:

1) oxapakTepu3oBaTh aKTyaJlbHOCTh MPUMECHEHHSI KOOPAWHATHOIO METOJA MPHU PEIICHUH I'eo-
METPHUYECKHUX 3a/1aY;

2) paccMOTpeTh MPUMEHEHHE JaHHOTO METO/Ia TIPH PELICHUH OJMMITHAIHbIX 33/1a4HbIX;

3) chopmynupoBaTh yciaoBus 0TOOpa T€OMETPUUECKHX 3a/ad, /Uil KOTOPhIX MPUMEHUM KOOP-
JOUHATHBIN METO/I.

i JoCTHKEeHMsT MOCTaBJICHHBIX 3aJad Mbl MPOAHAIM3UPOBAIM TEKCTHl onummuazn ¢ 1994 no
2024 rona =a I, I, IV sramax pecmyOmukaHCKO# olMMIHanbl o yaeOHOMY Tipeamery «Marematu-
Kay», YCIOBUS 3a]la4 MHBIX OJIMMITMAJ MaTeMaTH4eCcKOi HamlpaBIeHHOCTH. Bcero HaM ynanoch HalTh
173 reomerpuyecKue 3aJauu, K peIIEHHIO KOTOPBIX MOXHO IPUMEHUTh KOOPAMHATHBIA MeToa. Cpenu
ABTOPCKHX pelIeHui 24 ObuIM peleHbl UMEHHO TakK, K 6 3a71a4aM KOOPAMHATHBIA METOJ ObLIT pUMe-
HUM KakK aJbTepHATHBHBINA METOM, OCTajbHblE 143 3amaun pemeHbl YUCTO T€OMETPUYECKUMHU CIIOCO-
O0amu. Bcee HalifieHHbIC 331241 Mbl pa30MITH HA TPYIIIIHL.

OcHoBHast yacThb. {7151 yCHEIIHOro NPUMEHEHUS] KOOPIMHATHOIO METOAa HEOOXOIUMO OBIIA-
JeTh yMEHHEM peniaTh 0a30Bble 3aaun. MBI BBIICTIIIN MISTh BUJOB 0a30BBIX 3a/a4:

1) oTMedath, TOUKY IO 3alaHHBIM KOOpAMHATAM;

2) HaXOAUTh KOOPAMHATHI 3aJaHHBIX TOUEK;

3) BBIYMCIATH PACCTOSIHUE MEXy TOUKAMH, 3aJaHHBIMA KOOPIMHATAMM;

4) 1Mo KOOpMHATAM TOYEK 3alMCHIBATh YPABHEHHS MPSIMBIX U ONPEACISTh UX B3aUMHOE PacIio-
JIOXKEHHE;

5) coBMeaTh HavajIo 0TcyYeTa ¢ TOUYKON (PUTyphl ONTUMAIBHBIM O0pa3oM.

YMeHre KaueCTBEeHHO pellaTh 3aJladd NPEIOKEHHBIX BHJOB MO3BOJHUT NEPEHECTH T€OMETPH-
YeCKYIO 3a/1a4y Ha KOOPJAMHATHYIO IUIOCKOCTh, TEM CaMbIM MEPEXOJUTh U3 paspsijia TeOMETPHUECKON
3aa4u B adreOpandeckyro.

Hamu Obu1 coctaBnen BxomHoi TecT it ydanuxcs Jlunes BI'Y umenu [1.M. Mameposa, ko-
TOPBIH TIOMOT OTIPENIENIUTh YPOBEHB OBJIAJICHNs] HAYAIbHBIMH 3HAHHSIMU 110 PEIICHHI0 0a30BbIX 3a/1a4.
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