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Tema: [ToHATTS MPO KOPCTKICTh BOJM Ta CIIOCOOH i1 YyCyHEHHS.

Marepiaj 10 ypoky

TeepaicTs Boau 00yMOBII€HA HAasBHICTIO PO3UMHHUX Ta HEPO3UMHHUX COJIEH
MAarHiro Ta KaJbLio.

Po3pi3HsAI0Th TUMYACOBY Ta MOCTIMHY TBEPAICTh BOJIU.

TumyacoBa TBEpAICTh BOAY BUKJIMKaHA PUCYTHICTIO Y BOJII I'JIpOKapOOHATIB
MArHilo Ta Kajpllito. [i MO’kHA yCyHyTH IIPOCTUM KHII STIHHSM, TIPU IIbOMY PO3UMHHI
y BOJAl TiIpOKapOOHATH KaJbI[I0O Ta MAarHil0 NEPETBOPIOIOTHCS HA HEPO3UYMHHI
KapOOHATH:

Ca(HCOg3), = CaCO3; + CO,1 + H,O
Mg(HC03)2 = MgC03 + COzT + H,0O

Takoxx TUMYacoBY TBEpPIICTh BOAM MOXXKHA YCYHYTH JIOJaBaHHSM COIH
(Hatpiii kapOoOHaTYy):

Ca(HCOs3), + Na,CO3 = 2NaHCO; + CaCOs)

ToMy npu BUKOpHCTaHHI TBEPJOi BOAU ISl OXOJIOMKEHHS IBUTYHIB MalIUH
JieTalll TIOCTYIOBO BKPHUBAIOTHCSA IIapoM (HAJIbOTY) HAKHIY, IO CKIAJA€ThCs 3
KapOOHATIB MarHito Ta Kajblil0, a 1I€ MOKE MPU3BECTHU A0 MOJIOMKH.

[TocTifina TBepAICTh BUKIWKAHA MPUCYTHICTIO 1HIIUX COJEM MAarHiro Ta
KaJIbLII0 (B OCHOBHOMY XJIOpUAIB 1 cyib(ariB). [locTiiiHy TBEpICTh BOAX MOYHA
YCYHYTH JOJABaHHSAM coau (HaTpii kapOoHaty). IIpu 1bOMY YTBOPIOIOTHCS
HEPO3YMHHI KapOOHATH MarHilo Ta KaJbIlit0, [0 BUMIAJAAIOTh B OCAI:

MgSOQO4 + Na;CO3 = Na,SO4 + MgCO3|
CaCl, + Na,CO3 = 2NaCl + CaCOgi



Teepoicmb 600u BU3HAYAIOTH 32 KITBKICTIO COJIEH KaJbIliI0 1 MarHito B HIM.
Sx110 Bo/1a MICTUTh 3HaYHI KUTBKOCTI BAITHSKOBHX COJICH, TO TaKy BOJY Ha3UBAIOTh
TBEPAOI0 a KOJIM IIUX COJIeW 30BCIM HeMae, a00 BOHM MICTITHCS B HE3HAUHHMX
KUIBKOCTSX, TO — M'IKOIO0.

Binpizustorh THMYacoBy, abo kapOoHaTHY, TBEpIICTh BOJAM 1 CTaiy.
TumuacoBa TBEpPIICTh OOYMOBIIOETHCS  HASBHICTIO KHCIWX  KapOOHATIiB
(rizpokapOonariB) kambmito i MarHito: Ca(HCOs); i Mg(HCOs),, a crama —
HAsBHICTIO Cy/ab(aTiB 1 XJIOpHIiB Kajbilito 1 Maruiro: CaS0,; MgSO, CaCl; 1
MgCl,. 3aranpHa TBepaicTh BOAM SBISIE COOOK CyMy THMYAcOBOi 1 CTajoi
TBEPJOCTI.

TBepna Boja HempujaTHAa Maibke IJIs BCIX raiay3edl BUpoOHHIITBA. Tak,
HAIPUKJIa], TBEPy BOIY HE MOKHA BUKOPHUCTOBYBATH TSI IPAHHS O1TU3HU, MUATTS
mepeti 1 papOyBaHHS TKaHUH, 00 B Hil MUJIO BTpavyae CBOKO MUIHY 3AaTHICTh. Lle
MOSICHIOETBCS TUM, 10 pO3UYMHHUN y Bofl cteapar HaTpito Ci17HzsCOONa, skuit
CTaHOBUTH TOJIOBHY CKJIAJIOBY YaCTUHY MUJIA, IEPEXOIUTh Y HEPO3UNHHUN cTeapaT
KaJibliito (200 MarHiio), yTBOPIOIOUM TaK 3BaHE KalibllieBe (200 MarHi€Be) MUJIO:

2C17H35COONa + CaS0O, = (C17H35COO)2Cal + Na,SO,

[Ipu npboMy MuUJIbHA MiHA YTBOPIOETHCS TUIHKW TICJS MOBHOTO OCA/KCHHS
10HIB KaJIBI[IIO 1 MarHiio, Ha 110 HEMPOJIYKTUBHO BUTpadaeThcs OaraTto muia. Kpim
TOTO, YTBOPIOBAaHUM OCaJ KajJbLI€BOIO 1 MAarHi€BOro MHWJIa MII[HO OCIJIa€ Ha
BOJIOKHAX TKaHWH 1 3a0pyAHIOE iX, a mpu ¢apOyBaHHI YTBOPIOE TUISIMHU.

TBepna Boja HempuaatHa 1 JUIs I[UJIOTO PsAIY 1HIIMX BUPOOHUIITB:
MarepoBoro, MKIPSHOTO, KPOXMAIBHOTO, CIUPTOBOTO Tomo. BoHa HempuaaTHa i
JUTSI TIAapOCHIJIOBOTO TOCMOMAPCTBA, 00 MpU KUIM'ATIHHI BOJW yTBOPIOETHCS HAKHII,
KWW TIOTaHO MPOBOAMUTH TEIUIO, BHACIIJIOK YOTO 301JIBIIYETHCS BUTpATa MajuBa.
Hakun BUKJIMKaE 1HTEHCUBHE PYHHYBAaHHSI CTIHOK KOTJIIB, 110 MOKE MPU3BECTHU 10
aBapii.

JIist IpuUroTyBaHHA 1K1 TBEpAY BOJY TEX HE BXKHMBaIOTh, 00 B HIM MOraHO

PO3BapPIOIOTHCS M'SICO 1 OBOUI. /{71 MUTTS BOHA TEXX HENPHIAaTHA.
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TumuacoBa TBEpAICTh BOAM — KOMIIOHEHTA 3arajbHOi TBEPAOCTI BOAHM, IO
Moske OyTu ycyHeHa kun'sTiHHsAM. [loB's13aHa 3 HasBHICTIO po3unHHUX conerd Ca Ta
Mg, 3okpema Ca(HCO3),2, Mg(HCOs),.

CIIOCOBU YCYHEHHSA TBEPJOCTI BOJIU

JInst ycyHEHHS KOPCTKOCTI BOJIM, TOOTO ii MOM'SIKIIICHHS, 3 BOJW MOTPIOHO
BupamuTy ionn Ca®* i Mg?" y BUIIIA/i HEPO3UMHHHX COJIEH.

Tumuacosy meepoicmo 600u yCyBarOTh KU ATIHHSM:

C&(HCO3)2 = CaCO3l + H,O + COQT
Mg(HCOs3), = MgCO3| + H,O + CO,1

[lix wac HarpiBanus Houm Ca®" i Mg?* BMBOAATHCA 3 PO3YMHY y BHIJIAMI
HEpPO3UMHHMUX KapOoHaTiB. CaMe JIETKICTh YCYHEHHS TUMYacOBOi TBEPJOCTI BOJIU
M1J] 4Yac HarpiBaHHs 3yMOBJIIO€ HA3BY - «TUMYACOBAY.

Hocminny meepoicms 600u, 3yMOBIIEHY cCyinbpaTaMyd Ta XJOpUIAMU
Kanpuiro 1 Martito, HEMOXJIUBO YCYHYTH KHIT'SITIHHSIM, OCKUIBKM III COJI HE
po3kianaroTbes. Ha3Ba «mocTiiiHa TBEpAICTh» MOXOJIUTHh caMe Bij TOTO, IO ii He
MOYKHA YCYHYTH HPOCTUM HArpiBaHHAM BOJAH. li yCyBalOTh BBEJEHHAM Yy BOJIY
JEAKUX peareHTIB — HAaTpid KapOoHaTy (KaJbIIMHOBAHA COJA), KAJbIIM T1IAPOKCUTY
(BamHsiHA Bo/a), HaTpiil opTodocdary. OHOYACHO YCYBAETHCS K THMYACOBA, TaK 1
MOCTIiiTHa, TOOTO 3arajgbHa TBEPAICTh Boau. Hampukman:

C&(HCOg)z + Ca(OH)z =2CaCOs3] + 2H,0
MgSO4 + Na,CO3 = MgCO:gl + Na,SO,
C&(HCOg)z + Na,CO3 = CaCO3| + 2NaHCOs3
3CaS0, + 2NazPO, = Cag(PO4)2l + 3Na,SO,

CyuacHuit cnoci6 nom'akuienHa 600u 3aCHOBaHUN Ha BUKOPHUCTaHHI
10HOOOMIHHUX CMOJI — KaTIOHITIB. KaTioHITH — 11e TBEpAl PEUOBUHU, HEPOZUUHHI Y
BOJIi, 10 CKJIAJy SIKMX BXOJIATH PYXJUBI KaTioHH Na* y BUIJISAAI COJIeH OpraHiuHuX
KHCIIOT, 3a(iKCOBaHMX Ha MOBepXHi Hocisg. CrpoleHo ix mo3HayaioTh Tak: NagR.
Karionn Na® M0OXyTh OOMIHIOBATHCS Ha KaTIOHM HABKOJMIIHBOTO CEPEIOBHIIA,

nmanpukian Ca? i Mg?*. Ilig yac npomyckaHHS TBEPAOi BOAM KpPi3b KOJOHKY 3
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karionitoM Horu Ca®" i Mg?* 3aTpuMyIoThCS B HBOMY, a KaTionu Na* 3 kaTioHiTy
NEPEXOIATh y BOAY:

Na.R + Ca®" = CaR + 2Na*

KatioHIiT mepioguyHO pereHepyoTh, MPOMUBAIOYMA MOTO KOHIEHTPOBAHUM
PO3YMHOM HATPIN XJIOPUY.

Teepoicmb numnoi 60ou

o TBepmicTe TPUPOTHOT BOAM KOJIMBAETHCS B IMHPOKUX MeEXaxX; BOHA
HEOJ/IHAKOBA B PI3HUX MPHUPOJIHUX BOJIAX, B OJTHOMY 1 TOMY * BOJAHOMY OO'€KTi
BEJIMUMHA 11 3MIHIOETHCA 3a IOpaMH POKy. B moBepxHEBUX BOJIaX TBEPAICTD A0OCATAE
HalOUIBIIMX BEJIMYMH Yy KIHII 3WMH, HalMEHIIMX — Yy TMepioj MOBeHl. B
MOBEPXHEBUX BOJAaX 3BHYAWHO TMepeBakae KapOoHnatHa TBepaicTh. (70-80 %
3arajibHOi). MarnieBa TBepICTh BOJU piako nepesuirye 30 % 3aranbHoi, OHAK Y
nesikux pavionax ([on6ac, Kpusmii Pir) nocsirae 60 % 3aranbHOi. TBepaOCTi
MIJ36MHUX BOJ, OCOOJMBO B apTe31aHCBKUX KOJOJSA35X, MEHIIE 3MIHIOETHCS
MIPOTATOM POKY.

o TBepaicTh piuyKOBHX BOJ YKpaiHH, SIK 1 MiHepaji3aiisi BOJIU 3pOCTaE 3
MIBHIYHOTO 3aXOAy Ha MIBACHHUN cxif. Y piukoBux Bojax I[lomiccs TBepaicTh
CTaHOBUTH 2-3 MMoJib/aM?, y JIHinpi — 4-5 MMOJIB/AM?, @ B MAJIUX 1 CEpEHIX piuKax
[Tpuazon's — 15-30 mmous/am?3, 1110 0OMEXye MOKIMBOCTI BUKOPUCTAHHS MICIIEBHX
BOJHUX PECYPCIB.

« Teepuicts Mopchkoi Bogu: YopHe mope — Kanibliea 12,0 Mmons/mm?,
marHiesa 53,5 Mmous/MS, 3aransHa 65,5 Mmoins/nv®; Kacnilickke MOpe — KanbllieBa
36,4 mmons/om°, MarnieBa 30 MMmonn/am3, 3arampHa 66,4 MMOJB/IMS; OkeaH —

KasblieBa 22,5 mmonb/am, maruieBa 108 mmosns/mm3, 3araneaa 130,5 Mmmons/om>.
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